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-Epoxi dati on Reactions The present invention relates to the manufacture of
solid materials or shaped bodies 10 containing at |east one zeolitle ¥RI2007
being at least partly crystalline. Furtlrernore, the present invention
relates to the solid materials or shaped bodies as such and to the use of
these 'matgrjal Qr. .reactions Qf conmpounds having at | east one C C double
bond wi t ASORIGINALLYFIEED de. Specifically, the present invention
relates to a process for the manufacture of a solid material containing at
‘| east one zeolite and being at |east partly crystalline, 15 wherein the
synthesis of the said solid material involves at |east one partial step of

~contacting at |least one transition netal oxide source with at |east one
epoxi de or hydrolysate thereof prior to or, during the at |east partial
cryst@l|ization of sai doyupyed Cﬁg'{lﬁrtlfﬂﬁ'EPQ’é‘l‘m@‘ Reaetiansi s of solid materials

“containing at least Si and Ti, in particular of titanium zeolithes used for
applications In catalysis, 1s aof particular conmercial [ nportance and has
resulted in a |large body of prior art. By way of exanple, US 4,666,692 and
US 4,410,501 are cited in the general context of the manufacture of
titani umysi | gréhi Gi8%ntid® rélates NbeBE ah&ehfREORESS sbIRT nidit@HIC 0P Ghegdd Bodigd eri al s
containing Si _and Ti and shaped bodies produced therefromis described,
e.g. 1Pn ventaigirpsy Jepst qeazegbiteand being ab laast paatly enystalingdFarthegmore theyerenesi s of

titanium.sjli I TS 1" .fr ralq et | i 92) 943
ffl™yela eghitl%@zgé l%tfg%}:oe l?rlsé)hpo %E‘teha%ls r?-ll-$g£t%ﬂ @éndée%ea;sﬁguc%@g ?ﬁé t%ereg%elléﬁ éhé S on of
tit-ani umpedriids fdu feabtorishef chnpomdsdiasingfat 1dast drel®Xd dirble Bondheitisytriedsesnes

m xture is_mnimnmzed or_avoi ded by adding, inh a separate_step, isopropyl

al cohol t¥depgroxides Ipfcifiralp the eresrpfrinyentipn;rslates to gypreresh K themagRistite of

metal oXifg RiACKRIL E&Raa"hiﬁ%eﬁ HEHCARG beiAk SR 1bAR Erylfaning, bui | t
into the si Iﬁlal ]:'utg ?l?amewor : e%veverg, salﬁgﬂdmgil-:I 8%%005392%’/%% ' e
15  wherein the synthesis of the said solid material involves at least one partial step of

contacting at least one transition metal oxide source with at least onme epoxide or
hydrolysate thereof prior to or during the at least partial crystallization of said solid

material.

20 The synthesis of solid materials containing at least Si and Ti, in particular of titanium
zeolithes used for applications in catalysis, is of particular commercial importance and has
resulted in a large body of prior art. By way of example, US 4,666,692 and US 4,410,501 -

o are cited in the general context of the manufacture of titanium silicalites. -

25  An integrated process for producing solid materials contaiining Siand Ti and shaped bodies
produced therefrom is described, e.g. in WO 98/55229. ' \

The scientific publication "Studies of the synthesis of titanfum silicalite, TS-1" from A.

| Thangaraj et al. [Zeolites 12 (1992) 943 ff] relates to a procedure to obtain TS-1, wherein
30 the precipitation of titanium oxide during the hydrolysis_df the alkoxides in the synthesis
~ mixture is minimized or avoided by adding, in a separate step, isopropyl alcohol to the
titanium source. Not 6ﬁ1y is it found that the amount of metal oxide precipitation indeed

decreases, but al'so t_hat more Ti is built into the silicalite framework. HoWever, said



2 1 3 MAR 2007 publication is silent as to the use of other conpounds to be
added to a transition netal oxide source and is silent as PBOWDE3I¥RBect such
«treatment has on the catalyst actually used in a chemcal reaction, e.g. an
epoxi dation reaction. 5 Referring to said scientific publication, JUSMAR %0[17
application 2001/0041162 Al descri bes-£he use of al cohols havi ng a pKa

val ue | ower ‘than that of water, nore specifically the use of 2- .

et hoxyet: %tioank alele E\%E@ﬂ?evﬁéedofpétﬁ&j Brh@undf 1@be TREA P itﬁﬁ%ﬁ%ﬁ%ﬁbtﬁs
anatase, fromthe ‘synthesis solution. As a result 1t 1s tound that 1 ndeed
t he nol apxifle sercaanddt silerd @b pi thatefidctBuch treatmeat lxsenfibe patalystsicgrllf nsetinl vy
reduced. I—gwa no signi fi ca{&t .effect on inportant 10 performance

char act eff ?I?I\égr%‘?mf’ﬂee AOLPYEAUR ILAFYAN- sed for epoxi dati on reactions were

i-dentified, in particular on epoxide selectivity. The object of the present

invention is to provide a catalyst, and a process for the manufacture
t her edf Rifesing tosaidtssientific ppblicagidndeé applination 2000162 iAsh desetilish thenese

cat al yst based .on zepljte terd al i rticul ar t espect. 4§ 0
el oo P SRR BERE A0 s TeE ohad it bE pBRE: i Bseichity S RECS: 3
Sur pri si sibyyethanohas obdeno fa@biidpiebipitatioh afifiety dxitRes @6 hél@ndthal fiog tHee
product of the desired catalyzed epoxidation reaction, or a hydrolysate

"t her eof , synshesisesolufignchs ¢ Bisuliiia foung;that indegd e melar fraption el rregipiated Ti in
A ot op i . | ; b vt hoc s r s
conpr st s et i< BEfRAY Soa Q3 MR O AR BACER, O Mitbofian

i nvemt i vperfuromes charscteristips @f ébk oaelysinactoaliye agednfihir regogiahtidny sdactmsciwetead not
be“ép subjected to the inventive step. of adding an epoxi de.or hydrol ysate

t he eof.%dﬁn?lﬁ@’ﬂﬁﬁ%?qlmpmesﬁkF Ysource. 25 The catalytic materi al
(solid material or shaped body) obtainable by the inventive process of

addi ng an epoxi de or hydrol ysate thereof can be used for any catal ytic

r eact i onThe pbgicerdhy fresent ivednsibytis ctor prwideon ¢atalydti ehd ia provpsoVastimt | east

one reactio ar te r, catal.yst performance characteristi.c. sych as

cel et 1 vingutadiRishEredt piih i Sn b Sinpfiop erBRifcS Shodr LSt dhe e g

cat akyti Bas@&foﬁrie@htetrﬂéﬂériﬁlla,sinn?ﬁ:ﬁ&ﬁﬁnwﬁﬁQhﬁféb@% §eBectiRRy IaBY @BEVIHE over fHeeat ment
of addi ng an epoxi de or hydrolysate thereof to the transition netal oxide

sour ce. fatalygeohibe prior sy

Surprisingly, it has been found that by adding the epoxide that is the product of the desired

catalyzed epoxidation reaction, or a hydrolysate thereof, to the transition metal oxide
20  source, the performance characteristics of the catalyst obtained from the synthesis mixture r

comprising the transition metal oxide source'tréated according to the mventive process, is
) improved over a correspbnding catalyst which had not been subjected to the inventive step

of adding an epoxide or hydrolysate thereof to the transition metal oxide source.

25  The catalytic material (solid material or shaped body) obtainable by the inventive process

| of adding an epoxide or liydrolysate thereof can be used for any cataljrtic reéction,
preferably for a catalytic reaction in which it improves at least one reaction parameter or
cafalyst performance éharacteristié, such as selectivity, yield, activity, over the respective

values obtained using catalytic material that has not been subjected to the inventi_ve

30  treatment of adding an epoxide or hydrolysate thereof to the transition metal oxide source.




1 3 MAR 2007 -3 Preferably, the catalytic naterial obtainable by the
i nventive process is used in reactions of conpounds cont aPRD#gOs922{Swast one -
~C- C-doubl e bond with at | east one hydroperoxide, i.e. in epoxi diai< 8@ 007
reactions. 5 In the follow ng, a gl ossgry of the nost i nportant € M ;gl ons
used in the context of the present invéntion are defined. A "synthesis

m xture" as used in the context of the present invention pertains to any

m xture wRifGAbly] ﬁk‘éﬁtalﬁﬂé REA o@faix?dbl/éﬂ)aﬂe'ﬁ@hti@é‘pro%e@iﬁéérd%ﬁ%ﬁ@ﬁ%fﬂ9 a
solid material ° 10 whi'ch is at least partially crystalline, and a fluid

mat er i al corppafnds sphtgininghat lsashone §i-6-dovkieldrandowith af legstame |hydeperox8le, sour ce
(Si precurso;%, .a tra&sition net al oxi de source (transition netal : <
precursof’%epé’n ALORFRENAS 2 ng and/or structure formng agent. In particular,
reference is namde to all synthesis mxtures known to the expert in the

field_of _zeolite preparation artjicularly to synthesis mxture ed for
the hydr Bt Aermlp™ e Areeney i b afost pplant cxghniiahs e ia eroted] ob BES oof
gel , "sol Yk inwition SéRARG. On.- The synthesis m xture may be obtained by

m xing two or nore separate solutions. "Zeolites" as used in the context of

the present invention are crystalline alunosilicates wwth well-ordered

" or opore SHEESS A B8 SETE SHBkELL R BRrent IFuPE P ReMP dopdias <o
the defi iiktu@nwhickeyielis) ByPuensApPEiyveilicheon, & fmyxtureMntaidifg apsoli@lméterial i n
particular p. 79 (1976). According to this definition, mcropqores are pores

Wi é hl1@ pHhichds ah@gss @am)ally é%t@%g'zd # diid material, Reafesiaklye theisypibesiy Bi¥titces | s
madey of S e:hr ' bonds.
A over vEStaf BB s hEEE NS Rtk df) 2 efsoh ARG oXidd SR Ry kIR 010"
D. H. A sprecumsor)Atnldas noherdléxihg tied/6t strodiureefofmpesigent| Inepartieulard rdfededee il ondon -
1996. In ddition to mcropores, saolid material r. shaped. bodi es .accordi ng
Lo the | MRGRTP Gl WEYESEIRPRRRS FROBRAPeBe FRBD L e P PLEstlis REPRTaioso | d |~
mat eri al SartidPlafPl @ BRfhesl:OmMiSUARPLIRA Bt e hitRoGEMSdIakbdmahd B Lis. TR

synthesis 30 nixture, are to be understood in the context of the present
i nvend i opynikesismiNtirewmayhea @ selapel, solution, or a suspension. The synthesis mixture may-

be obtained by mixing two or more separate solutions.

“Zeolites” as used in the context of the present invention are crystalline alumosilicates with
well-ordered channel or cage structures containing micropores. The expression

20  “micropore” as used in the context of the present invention corresponds to the definition
given in “Pure Applied Chemistry”, Vol. 45, p. 71 ff., in particular p. 79 (1976). According

) to this definition, micropores are pores with a pore diameter of less than 2 nm The
network of these zeolites is made of Si04 and AlOy4-tetrahedra that are bridged via shared

oxygen bonds. An overviéw of the known structures can be found in, e.g., W.M. Meier unci

25 D.H. Olson in "Atlas of Zeolite Structure Types", Elsevier, 4 Ed., London 1996, In
addition to micropores, solid materials or shaped bodies according to the invention may

contain mesopores and/or macropores as well.

“Solid materials” as obt'ained,- for example, after the crystallization of the synthesis
30  mixture, are to be understood in the context of the present invention as any known material
which displays at least the following properties: (i) it contains at least one zeolite material

and (ii) is different from the synthesis mixture described before in the sense that a



‘whi ch displays at least the followi ng properties: (i) it contains at |east
one zeolite material and (ii) is different fromthe synt hBBO®OIEBRLSKE
-descri bed before in the sense that a PF 0000053922/ Sw 4 13 MAR 2007
separation of said solid material fromits nother Iiquor is possib{gMRpdinr
concentrating of the solid materi al byf"e. g., ultra-filtration is possible.
Typically, the solid material prevails as particles suspended in the nother
i quor. B, A. -l ] . : : i .on i any
i qui d prgAtiBp R ehid sbf Blaterlal i BRR g s BERERBL: LONERNAGR T, T0Y

t her ei n, theonbd exatérial bysegf uits-filtation issprissilileniypically, thd solplhmbiedal @Eeyaitshe

not her |1 quor. .may cont aln,adj uvants di ssolved therein. In the sense of the
present P@Rﬂé{ﬁlF%%{SP?ﬁﬁ‘gP}@Ffdl#’aﬁigﬂu8ﬁn only occur after step (1) of the

i ntegrated process as descri bed above. Typically, a nother liquor is the
liquid phase in 10 which the solid material is suspended in the form of
parti%l ed. “mpther hquariide tiel Fortextt dfethe psesspleinventianoissanypliquid )phase theparaat i ng

and/ or concentrating, of t sQlid materj.al,.i I xture (1).. .The ter
onowt doSOHER Al mieifer ot Byt i B ek wbid in RS Hola
conpoundsoli hktedil. e psticklug tiadinagenliqearhancatansdjmhas dissolatd tRagh. ahose
two carbon atons are, at 15 |east partly, chemcally bound to one nutual

oxygen athsrsengyolyie prescak amysneon.pt saphes detuop gi @nlys O¢ruf taftensigp (B of the

"hydroly ) e | ' : : . epoxi de
W t h anyﬁlgéﬁﬁ%%(gﬁrd?cgsesa%fjé‘%sgﬁg&ﬁi% r ol @é’? %Hﬁ)géagim\%\}gs? elgq%%g/é %yﬂ{)uf‘&. )E%Sr?plﬁe,

pr opyd enehighythelsolid nmaeridl dnedspeadddhin thg divah wsfagaticlés. tSaid atiove: (Ipid thened

propyl ene oxi de. 20 [Sée (1'1). of the present invention relates. to

concent r HHGEFIIAGIBI eg%ﬁP&'EaPH%aB Of fraceRifatiae ofecolidmaterial emitRdD- | i quor
and/or fromthe nother liquor, wherein the mxture (1) containing the solid
material is obtained fromstep (1). The term "concentrating and/ or

separ at i b term "gpoxide " asdsed irothd comexthe thoptesont ipfentitme refers $@ any compounidon as

St { t | t t ' that, .at h d of st 1), th [id
Tt eri o B 6t (9 Aecol SRVPR okl Bcieif an b GRS Bt BHrEBu oy whe @ ol |
sepaift efafigfakly cRémRAY bena fof e rhlhﬁalrﬂ?@E&f atohrd B way 3 &xabipIe) ipedSiene

"separation” of the solid material fromthe mxture (the suspension) is
expl i ci t pyide dhimgntienpd; i alrelzsate); f o epaxide nike mredict 9f theareagtiopet thiej ¢

case. Su&;tbx'ﬂ?é W?ﬂsar%t compound leading to hydrolysis, e.g. water. By way of example,

propylene glycol is mentioned as the hydrolysate of the above mentioned propylene oxide.

20  Step (I) of the present invention relates to concent:rating and/or separating of the solid
~material in the mother liquor and/or from the mother liquor, wherein the mixture (I)

j containing the solid material is obtained from step (I). The term “concentrating and/or

separating” is to be understood in the context of the preseﬁt invention as any step that at
" least results in that, at the end of step (II), the solid material content in the mixture is

25 increased and/or the solid material is separated partly or entirely from the mother liquor.

The complete “separation” of the- solid material from the mixture (the suspension) is
explicitly contained in the definition of “concentraﬁng” asa spéciﬁc case. Such methods of
separating and/or concentrating include, but are not limited to, spray-drying or ultra-
30 - filtration and will be described in more detail below. The terms “filtration”, “ultra-

filtration”, and “spray-drying” as well as other methods of concentrating and/or separating ‘



ST

‘separating and/or concentrating include, but are not limted to,
spray-drying or ultra 30 filtration and will be described pRosossesxIaHai |
.below. The terns "filtration", "ultra- filtration", and "spray-drying" as
wel | as other nethods of concentrating and/or separating PF 0000058 RAp Sy 1
3 MAR 2007 the-solid material fromthé@-nother liquor are described in
detail in DE 102 32 406.9, the respective content of which is hereby

i ncor por at ed:khy. r.efar ! j of, t he
present isohe i e o ReuRP RGP ukraes 15 86kal i o sPEAG A0l ¢
whi ch carespectiobtantesichftwhicinis hefebly ecosfrapicd Oy 2éferacd.S) nentioned bel ow. The
shaped body is obtained in a typical manner by neans. of conpacting of the
solid material described above. Said solid material may originate from
steps (Il «@BliHBody® bl hsed'Ri RO OREL U he ?fe?&t%ve?lﬁl)ﬁ:ijﬁnfo% largerstc;cgl R
expressi on anuf at1ng” and "aggl onerating” as used 1n the context of the
preseft anynveetidionemionat entily wheh ca by wbmymduby angt dether shapingr espse(R)i vel vy,
-any concei vabl rocess that .can be used to.increase the diameter of,the
oo ¢ £ ol o el BBoRs ohies Shiper Py St it Ao BTG HaMSr oY dIEng et o
can be aghhfyfidgRY tRAKIIROMERAIPRLEASLISHOVO.I: N SE1icP Mmateil Hfag%i%ﬂla%’frbllﬂe
particles |ayer by |ayer. The process of granul ating thereby includes, but
15 i s nosteps dDtaad/or (L) prshegepiionak Wi ofraloiming{@ge of the phenomenon of
wetting of the particles by at |east one |liquid. Furthernore, binding
‘materials my be added to the mxture in order to enhance or enable the
aggl eorer The mgp=saidmr “gamaatingt iand “agglomerapingt as bheed. inAh¢ bomdkingf thatpesseatl " as
used, i n the contexi 3’% t he é)resent i nventi on i.bS to be.understood to 120 be
any-mat e TEPUYH AT L d51 ¥&0 5o RYPORYEPUS @R {CEFIoe: SPSBSRYEG aflYe RRMEEAP I ond
bet ween phRessSHRSEANLSscH AP Shdréadb itddiaiRted B the pAticlSy 6btaltied didig sRBLENI al S
may be uSed in the step ('Siﬁng shaping or formng the solid material into a
shaped b&did inereogs) of thrppdickndiampier sabe pehieted bsﬁbg@rrg i nsrticdes togethenes

ol i _ : . _ . i d
o by oy Ehphig b SR0pAICIes Rlerttabeh PAE bitBel P UL In R PR, GO U
part 19f @&mndthinggdabestogisesaslsing advamtage af thepiepoabash ¢f WeEAg of Heqtbilesg a

nechani cal I%/ stable solid materi %l or a shglped body containing at |east. one
by at least one liquid. Furthermore, binding materials may be added to the mixfure in order

to enhance or enable the agglomerating and/or granulating of the particles.

A “binding material” as used in the context of the present invention is to be understood to

20 be any_maferial that enables a physical, chemical, or physical-chemical bond between the
substances constituting the particle. Such binding materials may be used in the step (S) of
__ ) shaping or forming the solid material into a shaped body as well. Reference is made to the

description of binding materials in that context.

25 The inventive treatment of adding an epoxide or hydrolysate thereof to the transition metal
oxide source is preferably part of an integrated process, namely an integrated process
producing a mechanically stable solid material or a shaped body containing at least one
zeolite material. Schematically, such an integrated pfocess can be characterized by the

following steps

30



zeolite material. Schematically, such an integrated process can be
characterized by the follow ng steps 30 PF 0000053922/ Sw PF30MBRIBY -6
(1) at least partial crystallization of at |east one solid materi aI
containing at |east one  zeolite out of a synthesis m xture, resul 3%&&?&131
mixture (1) containing at least said <blid material and a nother liquor; 5
(') separating and/or concentrating of the solid material frommxture (1);
(W bri ngl ng the solid materjial_ fromste in contact with a conposition
cont ai ni wet dgast pagtiql| qrystal Hé‘ﬁt%n%fraétl?%gon"o?(’l@r At FoainBe ah deasbPRs at i ng
and gr anul ati ngolat Ohh@f aQbfmtﬁe31§f&ilﬁﬂiJref;l|re§u[tﬁ@ BRI dnwiehgiahleatiepsd (W
and (I1Il) are 018# dﬁh‘“ﬁg’% Ml may additionally include the drying

and/ or washi ng ang} BT possi bly also in several iterations.
15 Additionally and/or optlonally, the fol |l ow ng steps may be part of the

I nt egr.at pr . | f al into shaped
bodi eé S g&qugﬁa@& “%S‘"‘“?y% ?Rﬁﬁ%@&%‘?%@&% "5?3134 cining {% the solid

mat eri al and/ or the shaped body at tenperatures higher than 400 C, wherein

the Step () ®hingRltho il ABKARPEBRAGY g?Cin%BnﬂaE@ﬁith <a|rt)q>e1p%§1t1eﬁ catr(d ast one

of the follow ng steps of the integrat process T% 25

In a preferreéfvaéeﬁ?bodl ment, step (W is perforned after step (S) of shaping

the solid material. In t he pr esent appl i cation, the inventive solid
mat erl'()aI nt al | QJ%ra%ng, %?Sérar? aettng?oor agglomeratmg and granulatmg of the solid
o materlal from step (W);

i)

wherein steps (W) and (II) are optional . Step (JI) may additionally include the drying
and/or Washing of the solid material, possibly also in several iterations.

15 | |
Additionally and/or optionally, the following steps may be part of the integrated process as _

well:

(S)  shaping of the solid material into shaped bodies subsequent to steps (W) or (I1I);
20 (C) Calcining of the sq]id material and/or the shaped body at temperatures higher than
400 °C;

) wherein the step (C) of calcining may be performed at least once after at least one of the
following steps of the integrated process: (IL), (W), or (III).
25 |
In a preferred embediment, step (W) is performed after step (S) of shaping the solid

materiél. '

In the present application, the inventive solid material containing at least one zeolite
30  material or the shaped body obtainable therefrom is discussed in the context of applications
in the field of catalysis. This, however, cannot be construed as a limitation of the use of the

solid material and/or the ehaped body to the field of catalysis. The explicit discussion of



30 material or the shaped body obtainable therefromis discussed in the
context of applications in the field of catalysis. This, howewessgzgannot be
construed as a limtation of the use of the solid material and/or -}fﬁlAR 2007
shaped body to the field of catalysis. The explicit discussion of F;
0000053922/ Sw 1 3 MAR 2007 _7_ exanpl-€s-in the field of catalysis is
illustrative onIy The inventive material nay be used in other fields as

well. In the Wi i ndi vj. dua f. th i nt ted process for
bt oduci ng 4TRkt inhesett okt Ry B g v b AR e BRETL n t he
sol i d matggidr feldaRdmell. t he shaped body contain(s) at | east one zeolite
material and is/are at |least partially crystalline. O particular

i nportance is step (1) containing the inventive parti al step (I b). Step I:
(parti al O n i n t he

pr esent ?lP\\C/té%ff %)@J?\‘JV e ﬂ“ﬁ){ldézﬂ St%%é {)f;g%t ﬁmg'r%%l alP ?%Creés(s)tfga%l Al%% %ﬂ% 4 Séﬁ)

| east 5 ongat&tdl Iadd/ﬁaﬁlﬁipealbo@pmte@mmlzaa xbms;h t@élﬁ)litﬁﬁhﬂehﬂ amuromﬁe ¢hapydt hesi s
m xture, resulting .in mxtureegil) containing at |least said solid materi al

and a motRAY PRGN dolersti weszealitd watsrial pad iy Bvipany ppily Arysiillige QF (| a)
f i . i
andl of SEFpf AibodiaEe AR CRRiRng e SOBIRRRI M U B, 1" Cne t ransit i on

nmetal oxide source with an epoxide or a hydrolysate thereof; 20 (I c)

m xi ng of t ] , _ . so that at least a part of the
hydr ol yz 25§ @ABLca¥staiizatio C PP IS | |ing at | east parts of the
al cohgl that has been formed as a result of the at |east partial

hydTﬂI ysation of at |east part of the hydrolyzabl e conpounds;
s According to the present invention, step (I) of the at least partial crystallization of at least

one solid material containing at least one zeolite out of a synthesis mixture, resulting in

mixture (I) containing at least said solid material and a mother liquor comprises at least the

~ following partial steps
15 '
(Ia) Imxmg -of -at least one hydrolyzable silicon source with a
mineralizing and/or structuring agent and water;
(Ib) mixing of at least one transition metal oxide source with an epoxide
or a hydrolysate thereof;
20 | (Ic) mixing of the mixtures from (I a) and (I b) so that at least a part of
L the hydrolyzable compounds hydrolyzes; '

_ ) ' ~ (Id) distilling at least parts of the alcohol that has been formed as a result
of the at least partial hydrolysation of at least part of the
hydrolyzable compounds; '

25 (Ie) adding water to the bottom of (I d);
(Ify reaéting of the synthesis mixture resulting from (I e) at a temperature
elevated with resp'ect to room temperature.
Preferably, steps (I a) and (I b) are performed in separate cdntainers.'
30

In a preferred embodiment, the hydrolyzable silicon soufce'compﬁses at least one silicon

oxide, ‘the mineralizing andfor structuring agent comprises at least one



25 (1 e) adding water to the bottomof (I d); (I f) reacting of the
synthesis mxture resulting from (|l e) at a tenperature ePBUY@OE&dI2RSh
respect to roomtenperature. Preferably, steps (I a) and (I b) are %M&H HTn,d'
in separate containers. 30 In a preferred enbodi nent, the hydrol yg 0
silicon source conprises at |east one-$i-licon oxide, the nmineralizing

and/ or structuri ng agent conprises at |east one PF 0000053922/ Sw. 1 3 MAR

2007 - ﬁ|§¥ r | sour ce
conpri ses a%ﬂ(?eas éone (E%Sféé)aﬁgﬁ r;en%f)acl)x e or &c??ltl Esggié{eij%% te‘%%of :
conpr i segtaahtel Aaisthet b;mxﬁmom tigdotyshisethetepd rcohipsisdseatt h:amethfe &foxideecor émct i on
for which the solid material is uItlnB,tﬁlﬁ%used as a_.catalyst. 5 1n a
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party cul ar those having a crystalline ructure of the MI-type as well as
ways’ for producing them are described, for exanple, in WO 98/55228, 20 WO

99755229 4 ¥R RUSHNE8t oI SAGRAN BRI DS SaidFnenBis Bop (0 10ondied, e

no limitations exist. Preferably, a zeolite containing titanium, zirconium, chromium,
niobium, iron, bor, and/or vanadium is employed. Particularly preferably, a zeolite

15 containing titanium is employed, wherein zeolites known to the expert in the field as
"titanium silicalites” (TS) are especially preferred.

Such zeolites containing titanium, in particular those having a crystalline structure of the
MEFI-type as well as ways for producing them are described, for example, in WO 98/55228,
20 WO 99/55229, WO 99/29426, WO 99/52626, EP-A 0 311 983, or EP-A 405 978. The

respective content of these documents is hereby incorporated by reference. In addition to Si

J

L - and Ti, said zeolite materials may contain additional elements, such as aluminum,
© zirconium, tin, iron, cobalt, nickel, gallium, bor, or small amounts of fluorine. It is possiblé
that the titanium of the zeolite is partly or completely replaced by vanadium, zirconium, or

25  niobium, or any mixture of two or more of these components.

Zeolites containing titanium and displaying a MFI-structure are known to yield a '
characteristic pattern in X-ray diffraction. Furthermore, these materials d15p1ay a vibration
band in the infrared (IR) at approximately 960 cm’, Therefore, it is possible to distinguish

30  the zeolites containing titanium from crystalline or amorphous TiO,-phases or from alkali

metal titanates.
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two or
15 VNI-, VSV-, WIE-, WEN-, YUG-, ZON, as well as mixed structures of at least two or

moré of the aforementioned structures. Furthermore, it is conceivable to use zeolites
containing titanivm with the structure of ITQ-4, ITQ-9, SSZ-24, TTM-1, UTD-1, CIT-1 or
CIT-5. Further zeolites containing titaninm are such of the structure types ZSM-48 or
ZSM-12.
20 _

4 Zeolites containing titanium of the structure MFI, MEL or MFI/MEL mixed structures, as

j : well as MWW, BEA or mixed structures thereof are preferred in the context of the present
invention. Further preferred in the context of the present invention aré these zeolite
catalysts containing t1tan1um that are referred to, in general, as "TS- 1", "TS-2" or "TS-3",

25 as well as zeolites containing titanium having a structure that is isomorphous to B-zeohte

If necessary, or advantageous, additional compounds may be added. The reaction or
mixing of each partial step of step (I) is performed in an open container or in a pressure-
tight container (autoclave), opﬁonally at elevated temperatures, over the course of several

30  hours or days. Thereby, a product that is at least partly crystalline is obtained.



nmore of the aforenentioned structures. Furthernore, it is conceivable to use
zeolites containing titaniumwth the structure of | TQ 4, PHIMQ®3923SK- 24,
ITM 1, UTD-1, CT-i or CIT-5. Further zeolites containing titani ynd mieagprch
of the structure types ZSM 48 or - ZSM 12. 20 Zeolites containing titani um of
the structure MFI, MEL or IVFI/NEL merpStructures as well as MAW BEA or
m xed structures thereof are preferred in the context of the present
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Ther eby, gast stal.l.ine is.obtained. . PF
00000056 9Rl EEbel iR B HvebFATbaRR et Y ShPkH OF hRhbRl RGlile
partial sie@) d:5d€R0GRENSHR the dpbxide adr BYdroLide Sdnd SErring Nghtil ahe t utRAr s al
step results in an inproved perfornmance of the catal yst over a catal yst that
had not Heespargbjosbeere-to that partial step. As a nmeasure for the increased

performance, activity, selectivity and/or yield nmay be used. Increased
mechani cal 'stabi lity or inproved 5 properties that are otherw se rel evant

for tibe process of interest can be used as well. In a preferred embodi nent,
the™nventive partial step (I b) consists of mxing the transition netal
oxi de soekPdliyiseparaung adion CQECEEalig r oxj de and stirring until the sol ution

Is transparent to the eye. 10 Step (1): separating and/or concentrating In
step (11) the solid material is separated fromthe nother |iquor and/or is.
concent r 3 stdp K1) the solid material is separated from the mother liquor and/or is concentrated in

the mother liquor. Step (II) is performed with mixture (I) from step (I}). Methods of
15  separating andfor concentrating include, but are not limited to, filtration, ultrafiltration,

diaﬁltration, centrifuge methods, spray drying, spray granulating, etc.

This step (IT) of concentrating and/or separating is preferably performed prior to step (W)
_ of bringing the solid material in contact with a composition containing water and after the
20 step (D) of crystallizing the solid material. The purpose of step (If) is to increase the solid

content in the mixture resulting from step (I). For details of filtration and/or concentration,

W

reference is made to DE 102 32 406.9, the respective content of which is hereby

_incorporated by reference.

25  Preferably, the solid material is concentrated first and then separated from the mother
liquor by filtration. For example,. the method of vltrafiltration may be used for
concentrating the solid material in the retentate, while the solid material may be sépa-mted
frnom all or parts of the mother liquor by means of conventional filtration. With respect to
conventional filtration, all methods known to the expert in the art may be used such as‘ cake

30 filtration or methods involving a centrifuge. -



the mother liquor. Step (11) is perforned with mixture (1) fromstep (1).

Met hods of 15 separating and/or concentrating include, butPF&9a8053832/39% mi t ed
to, filtration, ultrafiltration, diafiltration, centrifuge mathoda,gJ AR &7
drying, spray granulating, etc. This si)fp (I'l') of concentrating and/or '
separating is preferably performed prior'to step (W of bringing the solid
material in contact with a conposition containing water and after the 20
step (1) I@fanéthé!lsfn%fértea' dbddiBemOkicf (IMRLEKIM of PRAgRY dA0REN %ﬁpﬁrﬁ@o&y‘ In isto
increase the solid content in the mxture resulting fromstep (1). “For
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406.9, the_ respecti.ve. content. of, which i.s hereb incorporated by reference.
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0000053922/ Sw 1.3 MAR 2001 it I.n angther preferred enbodi nﬁnt, step (1)
consi st s 2bflumasiligaisFermichalkalisipmeriicals agtamics. ABIRIANM idnbIsse cefftitfesi
mxture fg MRfIER rﬁég)nei;iﬁﬁl §iﬁ5at@i gé.gestédﬁ@,eé&mﬁﬂep%g REDE stdafit of HARE Red. O
limtationS exist, as long as t nert support body does not react

not i aeablpyeferéd. [Baidmestysuppes i twdiws xhay be goras yorcdampe nehdreinhtbe ené ofinktnsai d

i Néry support bady.is capgble 5 of accommvpdating, at |east partly, the solid
material S Rﬂﬂ“al?o%é%lﬁw fqli](%asynt hesis mixture fromstep (1), preferably in
the formof a (thin) film Such inert support bodies may include, but are
not limted to, beads or pellets nade form:technical ceram c materials such

as al unoSaid wapert bedighmey be breught im¢antass Withdhe symbesihmgguredramisieprDoxi de

based cerani . | 1jt) NES| il (e. teati.t, '
cordieri tn?e %Scrﬁfealég%e%%nglsfgpgg]%i tP e%? nu Pll%trg Oﬁgexié?%%égélﬁrag%hﬁgflad& ]%]r?g}l ac%upport
bodi @s mithde fIpY MEinGL. SPRIYER; ofhersghifedif enikibite OhtodBE SEpport bodies, dipping

the support bodies into the synthesis mixture or saturating/soaking of the inert support

bodies in the synthesis mixture are preferred. In case the method of bringing in contact is
soaking/dipping/saturating, in a preferred embodiment, the soaked/dipped/saturated
support bodies are exposed to an atmosphere with a partial pressure of the liquid medium
20  of the synthesis mixture (e.g. water) lower than the pressure of the pure liquid, so that the

liquid medium may, at least partly, evaporate.

As a result of said step of bringing inert support .bodies in contact with the synthesis
-mixture fro_m step (I), a (thin) film containing the solid material containing at least one

25 zeolite and being at least partly crystalline forms on the support bddy and/or in thé pores, if
the support body is porous, The thickness of the film so formed may range from 1 pm to

1500 pm. In a preferred embodiment, the thickness of the film fangcs from 5 gm to 50 pm.

The result of this embodiment is referred to a "solid material” in the context of the present
invention and is processed the same way the solid material obtained by spray drying or

30  ultrafiltration.



support bodies is preferred. Said support bodies may be brought in-contact
with the synthesis mxture fromstep (1) by neans of all REOHOERSIRMAEHWN t O
expert in the context of bringing a solid body in contact 15 with 1a3MA&‘i@7
medi um Spraying of the synthesis m'xtﬁe onto the support bodies, di pplrz
t he support bodies into the synthesis i Xxture or saturating/soaking of the
i nert support bodies in the synthesis mxture are preferred. In case the
met hod OfrhBbA® nagrial ob@Hed Gl Siep DALY ALHI Hapdr;ﬁ%ﬁgs} HiAckdiro dtTeadt BET er red
enbodi ment, the soaked/ di pped/saturated .support bodies”are exposed to an
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step (1), a (thin) filmcontaining the solid material containing at |east
one 25 zeolite and being at |east partly crystalline fornms on the support
body and/or in the pores, if the support body is porous. The thickness of
the filmso forned nmay range from1l p.mto 1500 gm In a preferred
enbodi meStep (We tieitnekneSthe odlid hetefial with aogmpoditigmedntginietwatd0 p. m-  The
result of this enbodinent is referred to a "solid material” in the context
of the present invention and is processed the sanme way the solid materi al
- obt ai ned Yo | VA S af | . PR MAR
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dryimg of the.solid material. Furthernore, after the at |east one step of
drying, CRUYYIE¥2 Haterial may al so be cal cined at tenperatures of 400C and
hi gher (see description of the step (C) of calcining given below). 5 Step
(W: treatnent of the solid material with a conposition containing water
Subsequenrts fapassthe ger '[bringingdn wertaet! it ¢angemmad, any method istdonggivetie inothich

mat eri al tlgea%lig.ematerial is brought in physical contact with a composition containing water. This

15  includes, but is not limited to: forming a slurry, suspension or mixture of the solid material
in or with the composition containing water, the composition being preferably in a liquid
phase, spraying the solid matérial with the composition containing water, subjecting the
solid material to the composition containing water in the form of vapor and/or steam. It is
particularly preferred to form a slurry of the solid material with the composition containing

20  water in a stirring tank.

_j Preferably, the same stirring tank is used for step (W) that has a]réad’y been uvsed for
" crystallizing the solid material out of the synthesis mixture. For additional physical contact
be'tv?éen the solid phase and the composition containing water, any means for stirring or
25 otherwise mechanically acting the mixture containing the solid material and the
composition containing water known to the expert in this ﬁeid can be employed. Other
methods of mixing and/or agitating, such as ultrasound agitation, magnetic stirring and the
like are conceivable as well. Preferably the shirry of the solid material is brought in contact
with a composition containing water in a tank vessel with a mechanical stirring device.
_30 _ |
As far as the composition containing water is concerned, any 'substanpe can be used that

contains, at least in parts, water in any of its modifications. These modifications include



10 subjected to a treatnent of bringing the solid material in contact with a
conposition ~1) containing water. As far as the term "bri ¥§OPR§0I32EoNnt act "
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t he m xture contal ni ng material ‘and t conposi tion containing
water known to the expert in this field can be enployed. O her nethods. of

m xi ng and/ or agitating, such.as ultrasound agitation, magnetic stirring and
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tank vessel wth™a nechanical stirring device. 30 As far as the conposition

cont dbni ndhevean ghre ¢antent of emmedia inyatn @ vemineodgnwhight wddt respeet toctbatetains, at

| edsy in_parts, water i of. 115 di ficajions. These nodif.icatiqns
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m xed with other substances. Preferably water is used as such in the liquid
phase or to agbicnipassure anggios pxqegdigg sevaral bupdrelibglii d phase, dei oni zed water is
preferred. Any nethod to deionize water known to the expert in the art is
I ncl uded, such as distillation or renoving

15  As far as the ratio between the amount of solid material and the composition containing

water is concerned, no principal limitations exist, save for the fact that the mixture or

slurry should have viscous or hydraulic properties conducive to mechanical stirring.

Furthermore, it is preferred that the treatment of bringing the solid material in contact with
20 a composition containing water is performed at a temperature €levated with respect to

- TOOm tcmpérature. Temperatures between room temperature and 750°C are preferred.

(Y

Temperatures between 100°C and 250°C are particularly preferred, while tempei'aturcs
between 120°C and 175°C are further preferred.

25
Thé treatment (W} of the solid material with a composition containing water can be
performed with any type of solid material. The solid material may be the material obtained
from step (I) without drying or calcining. However, it is preferred that the solid material
from step (I} has been dried and/or calcined before the treatment. It is further preferred
30  that the solid material has been washed, dried and optionally calcined prior to step (W). ¥
is further preferred that the solid material has been obtained by spray granulation and/or

ultrafiltration (in conjunction with conventional filtering).



5 of electrolytes over an ion exchanger. Wiile not preferred, the use of
wat er containing salt and/or of water that is acidic or b&ELeOODF22/Sw
-concei vabl e as well. For specific applications, bringing the solid ﬂ?@ﬁéi@t
in contact with an aqueous ammonia solution may be preferred. Int 3 ,
a solution of amonia in water is preferfred, 10 wherein the content of
ammonia in water, given in % by weight with respect to the total weight,
ranges fromb5 to 60, preferably from10 to 30. If a composition containing
water and ammonia is used, step (W is preferably carried out at pressures
el evat ed After Hhe eppemt stapo(Wirihiae beep pefoumed, died afient thexsndiddinatgrigb et dkethundr ed
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25 The t CENPREIRD Wit corveponal fltrafiopglt ayhe oply spbiectedipsentsnsanaldHiraion ng
wat er cagechep performed with any type of solid naterial. The solid naterial
may be the material obtained fromstep (I1) wthout drying or calcining.
However, it is preferred that the solid material fromstep (11) has been
dri"""?é‘)j and/ or cal cined before the treatnent. It is further preferred 30 that
the-solid material has been washed, dried and optionally calcined prior to
step (W std i: SoblofdePfin o Afulfiingd that the solid material has been obtained
by spray granulation and/or ultrafiltration (in conjunction with
‘conventional filtering). PF 0000053922/Sw 1 3 MAR 2007 -14 After the

optional ogh &Rl 138 (RBCHeRSIh SRR chn Be ifidala f\Rei® Ak UsllBaRY Rlmdlps been

15  of agglomerating and/or granulating known to the expert in the field. For a list of methods

used in this context, reference is made to DE 102 32 406.9, the respective content of which

is hereby incorporated by reference.

Post-treatment -
20
In order to improve the catalytic performance of the final product, subsequent to step (W)
j or to step (IIT) or subsequent to both, it is opﬁonally possible to perform at least one stép of
" post-treatment of the material, including, but not being limited to, drying, washing,
calcining, treating of the solid material with a hydrogen peroxide solution. Any
25  combination of these steps is conceivable as well. It is also possible to treat this solid
material containin g at least one zeolite material with compounds containing alkali metal, in
. order fo transform the zeolitic material from the H-form iﬁto the cationic form. The solid _

material obtained after step (W) or after step (III) or after any of the two steps in
conjunction with any of the steps of post treatment mentioned here, can then be processed

30  further to a shaped body, as described below.

Step (S): shaping of the solid material
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per f of naﬁbﬁlecﬁchqﬁrélﬂglmgT@hod\ﬁcﬁ hag \pseie gueationadoabnvepif( thy prmess &0 Sardps( 11 1)

013U CANERE LG Sl oD, STLROR! ¥ BREFIS et S SlorheRRionorS

step of treatment °Ri t ed
to, dryi &gltamﬂlgmv:ﬁ’t@n, theCﬁiaﬁeln@l agtmﬂedeﬁfer Bigp @F) Hbs mlnedd rmibe rsuagbctw Ttdﬂ ad
hydr ogen peroxi de sol ution. 5 conbi nation of these steps is conceivable

as well . stPP (Wé Boweyepds &ewphd Wt%rraéa@ far jhag nefdrepry subjpgted fosthe EgafmenhiWy at
| east on fﬁn@ﬁﬁﬂeaéha dd t Icgpfﬁp&lﬁ&% W(ft?l%?ée{gf Bl @Jnlﬁ?hém&la%@dtmﬁng or der

to trans ormt e z fromthe orminto e catronic-form
The sol i Watemhbetol @ peofotmbd efferahe step<Spaf {Hidpingrthafdler mateeipl ¢rldffey sad s@bt er any
of - 31 .steps in unc on with any of the steps of post treatnent

i onefPHBFP J“’&%Wnt"ﬁg# Jocessed 30 further to a shaped body, as
descrl bed below. Step (9): shaw ng of the solid material PF 0000053922/ Sw 1

3 MAR 2007
In any case, the step (S) of shaping the solid material involves at least one step of fonmng

a three-dimensional material that contains at least one zeolite material. As far as this
15  specific (at least one) step of shaping the solid material is concerned, reference is made to
WO 98/55229 and to DE 102 32 406.9 whose respective content is incorporated into the

present application by reference.

Preferably, a binding material is added to the solid material resulting from any of the steps
20 mentioned above. Further adjuvants that may be added to the solid material prior to the
step (S) include, but are not limited to, mixtures containing at least one alcohol and water,
) if suitable one or more organic substances increasing the viscosity, and further substances

known from the prior art.

25  Preferably, the solid material is milled and mixed with silica sol, a dispersidn of
polystyrene, cellulose and polyethlylene oxide (PEO), as well as with water. Said mixture
is homogenized in any type of kneading apparatus. In lieu of or in addition to kneading,
any method of bringing the substances into physical contact may be used. Préferably, the
mass obtained by this method shows plastic flow. The shaped body can then be obtained

30  from this mass, e.g., by means of molding, in particular extrusion molding, or by any other
method of extrusion known to the expert in the field.



-15 The starting point for the process to produce a shaped body cont ai ni ng
at | east one zeolite is either the solid material after sPERNOPIEPRMHw t he

solid material after step (W or the solid naterial after step (|155)MARZ{]

optionally involving any of the steps_ngéf post-treatment mentioned i'n tplg
preceedi ng paragraph. As it has been tioned above, if the process so far
has involved at | east one step (W of bringing the solid material in

contact wistfar as eBIAGink i Riterifl AfcAbdHeBBlelBinSrincdiIe, dREEIRtaneb Rl Besaf ter
step (S) does not need to be subjected to a  step (W. However, if the solid

mat eri al thb apkipvassohpven bemrecn s pstides et ihiactentcs; oweR the sghesion ipehisveh of -
bri ngi ng_t:he. - it et g of
20 ot of wiflGubEREACRAE thlnfil ke’ ol iidin® REGOINAS WLibATa ARRE &1 N1 N0

mat eri al tigy g@hip @ondsting oft kpirate@kilica gehnyilicic tabid torahtkoay silieptes,Getradikiony
case, the step (S)é@]_%f shaping the soljid material involvyes at |east, one step
of fof mi Hgpnaesyt iefreAlkegreenarsl andat dRixEIre (of Vo B Mmgre, Of ke pEemegtansdo| j t e

mat er i al b& PtraaltoR ARCEIdH G5 tatarh&RSEy Q t ' t he
solid rral?léhrﬁsi%%nl@slrs coancer%'e%l?cref er encse i@% magcz)zyt oﬂ%e 8%%&%%8’%2” idta%SDE 102
32 406. 9 tettapsipore Splimtasver tonbetoky i slicatasoapop@fetd Metratmbthoxprsdléeuds or
applicatiaon ref.erence. .Preferably,. I ndin terial is added to the

sol i d naf@aedxy siligates g § %ogsrﬁeghﬁl@ﬁgp&fggmgg ‘menti oned above. Further
adj uvants that may be added to the solid material prior to the jj step (S)-

include, but are not limted to, mxtures containing at |east one al cohol
and \iat eFurthér preferrad bindingematerialy are ynpaiphidic substaneas.ds. motacules with a pelar

o

Vi scysi t and further bst ances ., .known fromthe i preoart 5 Preferably,
Uhe 2ol | 809 ReprmalatE, THE B S inmieas iphPEld FouBL Rl ool i

pol yst yr eigeridle bleUtsernafdrefabnRt i8] nihdN o WOUIR/45420) andaso DB L0R 206D wat er .
Said m xture is honogenized in any type of kneadi_ng{ioapparat us. In lieu of
or in adWhopoiespestivg emeds incamporatet lﬁ%;ﬁthéﬁ)f%ﬂltr?@l’k@ﬂ RdySelssnsdces into
physi cal contact may be used. Preferably, the nmass obtained by this nethod
shows plastic flow The shaped body can then be obtained 30 fromthis mass,
e. g. ,15 by Saibbiadiof mandrihlngan benused reithendlone exdsraimixtorensf] tdiorg mae thyeahyr ot her
met hod Ofthe%rxéagubsel L?srédl%gget ert‘gitltlr(]) C?X aef\érialsl Po Q %sgd ?c!rdénabling or enhancing the
binding of materials containing zeolite, such as oxides of silicon, bor, phosphor, zirconium,

and/or titanium. By way of example, clays are also to be mentioned.

20 In the process of shaping the solid material into a shaped body, up to approximately 80%
by weight of binding materials with respect to the total mass of the shaped body may be
gj used. It is preferred to use from approximately 10 to approximately 75 % by weight of

biﬁding materials, while using 25 % to approximately 45 % is particularly preferred.

25  The binding material may be added to the solid material before, or during, or before and
during the step (S) of shaping the solid material.

In the process to produce a shaped body, polymers may be added to create pores of a
certain size, a certain volume and/or a certain size distribution. In the context of the present
30 invention, polymers are preferred that can be dispersed, emulsified or suspended in
aqueous solvents. Said at least one polymer is preferably selected from the group of

polymer vinyl compounds, such as polystyrene, polyacrylates, polymethacrylates,



PF 0000053922/ Sw 1 3 MAR 2007 -16 As far as the binding nmaterials are
concerned, in principle, every substance can be used that PEEMI0EMEE/Ssohesi on
between the particles that is increased over the cohesion achi eved{ i ag!
the presence of the binding material. fzef erred binding materials are
selected from the group consisting of “hydrated silica gel, silicic acid,

" tetraal koxy silicates, tetraal koxy 5 titanates, tetraal koxy zirconates and a
m xture 951ybmn9rpa95@1d@f aﬁch%oﬁzfe%ﬁ‘ MBRkd 93%@ RS FANGRE - frd@t hdadhksory
silicateS such as tetranethoxy 'silicates, tetraethoxy silicates,

t et r apr oposigs giterjthe pewsessrof deaning atlfysasfslyﬁpmgdm meangof cplciieg ﬂﬂédhawdthf)éﬁet hoxy

or et or 1 odf Detyaply fREORE Yot s el ok Br B, BE R b bty

subst ancagouhts 6o ff@hezppms Swiot &ppao;pwml% b3 weighta pfufa-apm ﬁbmp@:fp&ox Tisetuse of
graphite is conceivable as well., As far as further binding materials are

concef nedPPIPEf &7 Rcly (Weighid ¥hewimg 9‘81@52@98%& drem e t‘l(ﬁ % byoweight {fhose

respecti r

ot or enc LS EANE oo A0 BRAGLCENER S Wil P ETEHo, AERLLEA P fifier in

m xt ur e dfe solid noateriad centhinarpembliteorespachieylycan be used together w th other
materials to be used for enabling or enhancing the binding of materials
containing zeolite, such as oxides of silicon, bor, phosphor, zirconium
and/ or 1 iptARriBre, Bis WRForRéd @6RAET fastifty A5t AsFaPhsSihe ggstﬁag i ecﬁf%émeao In
the process of shaping the solid material into a shaped b up t

appr oi manye|syb8awkes Bsmowal from dfc piiediargtonitnprovelthe \mmingl; é@pabng,t@r ﬂhw t ot al

f th b f
appr bt mBREE e B the 55 e bt PRty e BYArORR e g R pugy
whi | e ushfigcelmldde! OstadeR! Opdlyari-dhits, 4%o%mahmymte§ulwltm?ﬁm6mr eﬁblyﬁﬁyﬂhe
ore

bi ndi ng mat eri al i/be added to the solid nateri al or during, or

- bef or e aRyroliinnen gohyisebyicas p@)ﬁeaﬁhgdﬁa%wg Rrivearily) thesprepubstinges enablener

| ‘ f
Cervarn pRveHE frfhafORBF (IRAY B0 dUTRE I BOCAE RUGERILS, BRERKCaROGED O 2
cont ext dfyith by pneme mif brﬂ@mgrlhe rpﬁlm;r paticyese Moreswer, pthedecadjevhntshatabkase be

dis ersed enmul sified or
P enhance the mec%amcal sta ﬂlty gthe shapecl body during the steps of forming or drying.

These substances are removed from the shaped body by means of calcining after the step
of shaping. Further adjuvants are described in EP-A 0 389 041, EP-A O 200 260, and in
20 WO 95/19222, the entire contents of which are hereby incorporated by reference.

) In a preferred embodiment, after having added the binding material to the solid material
‘containing at least one zeolite, the organic substance increasing viscosity is added and the
mass is homogenized for 10 to 180 minutes in the kneading apparatus or in the extruder.
25  The température_ applied to the mass is typically about 10 °C under the bqiling point of the
pasting agent. The pressﬁre is either ambient pressure or slight o_ver-pressuré. In principle,
the order of adding additional components to the solid material and the binder is not
believed to be critical. The mass obtained as described above is kneaded until a plastic
mass can be extruded.
30 _
- In the context of the present invention, those methods for forming a shaped body from a

solid material are preferred, in which the forming can be performed in commercially



aqueous solvents. Said at |east one polymer is preferably selected fromthe

group of polyner vinyl conpounds, such as pol ystyrene, polRFEBOPFARAEIY

pol ymet hacryl ates, PF 0000053922/ Sw 1 3 MAR 2007 -17 polyol efins, {3 MAR 2007

pol yam ds, and pol yesters. These polyngrs are renmoved fromthe sha ed

bodi es after the process of formng an Por shapi ng by neans of caIC|n|ng t he

shaped body. |[If polyners are added, the content of polyner during the
product i oa04hi¢ E'ﬁnﬁi%?s.p%&fa& eﬁfﬂ?ﬂdfé& of b Qi 4P 3R b0 %Sgﬂoﬁa%&gh@gm%o % by
wei ght, preferably from appr 15 to 5 approx. i ght rein a

content ridhgimage fus@hp%lctﬂ@rlss»r@i@md oweiehrndates wphudtarmwramqgu}g fspwrapptdx. The

at or i a1 “HOPRI RETei e e (el R ot PR e e BB 1o

add a pasdekéitbeddRPExaniise, flar'tmlahh% Bha§klopshi@@etechhisGRACHASE, 4™ Halitany
substances known fromthe prior art to inprove the mxing, kneading, or flow

3 proper tYels2.d% 20h&. (¥92)-can be used. Preferably, organic hydrophilic

pol ymers are used, such as cellul ose, starch, polyacrylates,
polynethacrylates, pol yvi nyl al cohol , polyvinyl pyrrolidone, polyisobutene,
pol yt et r dhypdinoiple, abh mefticddRifishaping hrbfermingshaneekn@naty e expert Mthoue che
fornatlon of a plastic mass during the process of kneading, form ng, and/or
15 dryi ngdebysetedledt & cBHPgRnetheh g“%‘f"il FasHodsa pic; Brigieting, &@Hm , RIGSHE

adj uvant s ]&&%2% Sti!J%;;rjhance t he nechanical stability of the shaped body
during the st m ng or drying. These substances are renoved from
t he skvaped body by neans of calcining after the step of shaping. Further

adj'uyant s_are descri in EEI-A 0 389 041, EP-A f—Iﬁo 260, and in 20 WO
95/ 19222, Then ECRHYG 8 &8rﬁ"!fH go‘fan\/\ﬁ‘i Emplaved s B EorlB8raEtals ¢ &Per ence.
In a pr efewlaéh QIAGhERRly. BEfepibliaté NEorddidefbdd SollieN tatia RERHd Alatdrfal t he
solid material containi ng at | east one zeolite, the organi c substance

i ncr easi rﬂgcmﬁmdglthglmvgnme&l eatmﬂesiﬁegeﬂmsmth 8n mwéﬁtmzledef @man@lal 61a180
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pasting &Eﬁghed J&ﬂlaﬂﬂﬁsa‘étiﬁeemaﬁerﬁl Ishatrudetaseilayr 65 $éf iGer® inaldriallTherefore,

over-pressure. In principle,
strands result whose core is made of the inert matenal and whose outer layer is the active -

solid material. In a preferred embodiment, the tlnckness of the active layer ranges from 1
to 1500 um, preferably from 5 to 50 pm.

20  'The use of binding materials or other adjuvants is in any event optional. The materials to

be compacted may be dry or moist or may prevail as a slurry.

"

The step of shaping and/or forming can be performed at ambient pi'essure or at a pressure
that is elevated with respect to ambient pressure, for example, in a pressure range from 1
25  bar to 700 bar. Furthermore, the shaping and/or forming can be performed at ambient
temperature or at a temperature increased with respect to ambient temperature, e.g., a
temperature which is ranging from 20 °C to approx. 300 °C. If drying and/or -sinte:ring is
part of the shaping and/or forming step, temperatures of up to 1500 °C are conceivable.
Furthermore, the step of compacting and of forming can be performéd at ambient
30  atmosphere or in a controlled atmosphere. Confrolled atmospheres include, but are not

limited to, inert gas atmospheres, reducing atmospheres, or oxidizing atmospheres.
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the order of adding additional components to the solid material and the
bi nder is not believed to be critical. The mass obtai ned &¥00¥88PI%ed above
is kneaded until a plastic nass can be extruded. 30 In the contexqumAngﬁ
present invention, those nethods for f énlng a shaped body froma sol
material are preferred, in which the fofmng can be performed in
commercially PF 0000053922/ Sw 1 3 MAR 2007 -18 avail abl e extruders.
Preferably, extrudates of a dianeter ranging fromapprox. 1 to approx. 10
" nm are used partrcularly preferred are extrudates with dianmeters ranging
Fos 7 bod¥i Extruders that can be used |n t he cont ext
of -t he steps descrrbed here are described, for exanple, in "UIlmann's
Enzykl opadi e der Techni schen Chemie", 0' Edition, 5 Vol. 2, p. 205 if.
(1972) . | Akqer formiifd eandfr| shupidpodS) abe sdbapéchdbodind, fibeymiang dypihliprdriddnamn t o
the expert in the art can be used  Next to extrusion, other knomn met hods
are bPi quenpsTAyesjangiag ifrogn aBPré’ss?%gC tosaprres i1AQ°C dor @ diamg infrgvabtymigally The
techniqu twd C n i@ lL.s are
co- extrgﬁg%Pé?%ﬁﬁﬁaﬁegﬂg f? @%@E ﬁc o?%d% ?ﬁéégyg%??@gﬁﬁgtgr.a
(solid nu¢mpératuresaenginglirom atpprcbhéOﬁ)"rﬁ/m*appmx) 808"Cemdimdad1me)@mmﬂrrmgmg1 an

i nert nmateri al a materia does no tlceb with the
active neff‘%‘illaQmePSePetr"amWOX t Lﬂeﬁin%lrlamgf cainbe @ P eﬂ%senééersaﬁed so
that the p@&fki’aﬁ ek lifh nﬁlﬁtu?é‘édn%ﬁﬂ %ﬁcﬁ‘uhééireiﬁer%bﬂdﬂ?ods”e” material .

Ther ef or €, strands result whose core is made of the 1 nert material and
whoselbout er |ayer is the active solid material. In a preferred enbodi nent,

L R S58E  5 RSl i S BRSSPSR o

event lc’ptdnﬂl@ﬁbll'usﬂ'éﬂ% THE bt Tlinglafd/of crubiEing préFacbdedi Yo Berdhiat® withRihSiverdge MY
revail as a_slurr
P particle d1ame¥er ranging from 0.1 to approx. 5 mm. Particle diameters ranging from

approx. 0.5 to 2 mm are partieularly preferred.

15
Subsequent to the step (S), or subsequent to said step (S) in conjunction with any step of
post-treatments such as (in particular) drying and calcining, the treatment of bringing the
solid material, in this case a shaped body, in contact with a material containing water, ie.,
the step (W) may be performed.

20

If the step (W) is performed at this point, i.e. after the step (S) or the steps (S) and (C) in

) conjunction, everything that has been disclosed before about the specific eﬁlbodjments of

said step of (W) is valid here as well. In a preferred embodiment, the shaped body is

charged into the reactor that is used for the desired reaction, typically an epoxidation

25 reaction, and said shaped body is subjected to the treatment with the composition
containing water in the reacter. Preferably the treatment consists in exposing and/or

bringing in contact of the shaped body with water steam.

In addition to the process for producing a solid material and/or a shaped body as described

30  above, the present invention also relates to the respective material or shaped body as such.



The step of shaping and/or form ng can be perfornmed at anbient pressure or
at a pressure that is elevated with respect to anbi ent pr 90008539328 w
exanple, in a pressure range from1l 25 bar to 700 bar. Furthernong MAfg7
shapi ng and/or form ng can be performeq at anbient tenperature or at a
tenperature increased with respect to~ prt‘)l ent tenperature, e.g., a
tenperature which is ranging from20 C to approx. 300 C. If drying and/or
Si Nt er i NQn ipariicAB. thsolid AR AP LAGDr@RE 1O hel AV i¥ oBRindb RTAPE AbiIeAE: gf up to
1500 C are conceivable. ~Furthernore] the step of conpacting and of form ng
can be pdhd fllowingstersnbi ent 30 at nosphere or in a controlled atnosphere.
Control |l ed at nospheres include, but are not limted to, inert gas

at nospheres, reducing atnospheres, or oxidizing atnospheres. PF

0000053928/ Swai 135tV stalh%a%oﬁ%‘taﬂléaﬁﬁbﬁ@gﬁlupﬁlafeﬁgl MEngﬁqyas%ﬁ@ r

form ng and/ or shapi ng_( he shaped bodies, t] are dried at 5
t enpefat ures PSHFE MYt PFBW‘&B&?‘%W@W @Sﬂjkfm&ﬁﬂr%mila(? mggta]t t %4k val
typically ra@gllmglafefmmmmzﬁ wor; Subsequent to this step, the shaped
body is calcined at tenperatures ranging from approx. 400C to approx. 800C
and for a tinme interval ranging fromapprox. 3 h to approx. 10 h. Cal cining
can be pdil} or sephratingamidioe conqenesting af, the polef matebidlyfrom ndktureof);i n a m xture
containing air or under.inert conditions. 10 In another step of
post-treatnent, the extrudates obtained as described above nay be mlled
and/ df cr(¥hedringing the bolideaterial Bemasteps@Drig cpriacievith ycompesition soptaipingul at e
with an averaggrparticle diameter ranging fromO0.1 to approx. 5 mm
Part}cle di aneters ranging from approx. 0.5 to 2 mmare particularly
preferred. 15 Subsequent to the step (S), or subsequent to said step (S) in
conj unct (A Wagg\lomayatmg,e@r Oframyflairig, t dre agglembmitiag cdndagrapulatipar éfi el aslid dryi ng
and cal cini ng., enal reaéttrreﬁpof bringing the solid material, in this case a
shaped body, R W ‘a material containing water, i.e.,

15

* wherein the steps (III) and (W) are optional Step (II) may additionally include the drying

and/or washing of the solid Ihaterial, possibly also in several iterations.

‘Here, the inventive partial step (Ib) is part of the above mentioned step ():

20

(Ta) mixing of at least one hydrolyzablé | silicon source | with a

mineralizing andfor structuring agent and watéi;
\) (Ib) mixing of at least one transition metal oxide soufce with an epoxide
- or a hydrolysate thereof; '
25 (Ic)  mixing of the mixtures from (I a) and (I b) so that at least a part of
the hydrolyzable compounds'hydrolyzes;

(Id) distilling at ieast pai'ts of the alcohol that has been formed as a result
of the at least partial hydrolysation of "at least part of the
hydrolyzable compounds;

30 o (Ie) adding water to the bottom of (I d);

(If) reacting of the synthesis mixture resulting from (I ¢) at a temperature

elevated with respect to room temperature.



‘the step (W may be perfornmed. 20 If the step (W is performed at this
point, i.e. after the step (S) or.the steps (S) and (O i nFPFO&RPIFHEISvonN,
-everything that has been di scl osed before about the specific enbodf?ﬁgkﬁmﬁf
said step of (W.is valid here as well,. In a preferred enbodi nent,

shaped body is charged into the reacf%}’that is used for the desired
reaction, typically an epoxidation 25 reaction, and said shaped body is

subj ect eghubcrhfdfe, { h8EERAE iWdnlioh NB1aER RS dhapdi bB@;PTo‘B{agiieg?fféﬁf e bdlid he.

reactor. Preferably the treatnent consists in exposing and/or bringing in
cont act ofaterk desstipedianydy The shapedabady 18 obtained by sabjigrtingothe solid mategiabtogss f or

duci ¥ ; i al /. . d dy. ib o) , th
Dot " el S P e B RS o PRI R BT oR S BBRECs, e
such. PFTB00&Re3& A thykstdpsdis MRn2fiRdlly shokvnl Belar ticul ar, the solid materi al

according to the invention is obtainable by a sequence of the follow ng
stepsS5(l) at least partial crystallization of at |east one solid materi al

cont ai ni ng at. | eastnone | 1 I S;p: LQ, dlfing in
m xture (1) contai LII) ng gtlg?%ggl{mfsgry%{%%%hn?ﬁﬁ%%{%wa %Hg]ng&érgoﬁﬁgéﬁﬁllmﬁmr;
(1) separating and/or aolesstiohé atdlivg oaf oft heymimdsisdnixairer dsalesérlach aboxd itr e (1) ;
10 (W bringing the solid material fromstep (Ilﬁ| in contact with a .

conposi tion containi ng Yvittertt fhmesulting in greies (D gontginng ah,lepsit said solish

aggl onerating and granu jo f ifd. material fromstep (W; 15
wherein the steps (111 )h%%egﬁ%%@%@gﬁgg{} %dr%él Step (11) may additionally

i nclude the drying and/or washing of the solid material, possibly also in

sevétral ite i i i i 'S,
el oS e LS WP LG R Rl o i Sl 2T 1P

(I  agglomerating or granulating or agglomerating and granulating of
the solid material from step (W);
15
S) shaping of the solid material from step (IT) or (III)

Hereby, the following step (W) can optionally be performed after step (II) or after step (S)
20  or after step (II) and after step (S):

.

(W)  bringing the shaped body from step (S) in contact with a composition

containing water;

25
Finally the present invention relates to the use of the inventive materials, i.e. the solid
material and/or the shaped bodies as catalysts. The materials obtainable by the inventive
process or the inaterials obtained by the inventive process are particularly suited for -
catalytic reactions involving compounds with at least one C-C-double bond. Particularly
30  preferred is the reaction of at least one compound containing at least one C-C-double bond
with at least one hydrogen peroxide. These reactions are also referred to as epoxidation

reactions. As far as further possible reactions are concerned for which said catalysts may



20 (I a) mxing of at |east one hydrolyzable silicon source with a

m neralizing and/or structuring agent and water; (I b) mni xPREPOBISIZL/Sweast
-one transition netal oxide source with an epoxide or a hydrolysate¢ 3 Mgt ¢mf;
25 (I c¢) mxing of the mxtures from(l,a) and (I b) so that at |east a part
of the hydrol yzabl e conpounds hydrolyzes; (I d) distilling at |east parts
of the al cohol that has been forned as a result of the at |east partial

hydr ol ysg§ apidld afefdrestis Ridde t@fDE h@z émirﬁ@ HeaRkiRcE TBOMBHSE Wik Kin)

addi ng wat er to the bottom of (r dy; reacting of the synthesi's m xture
resul ti ngaltlﬁ@mpage@Wwd&S)tlehgébﬁmwa)oraéﬁ barederenget h respect to room

t enperature. PF 0000053922/ Sw 1 3 MAR 7007 -21 Furthernore, the present

i nvention relates to a shaped body obtained fromthe solid material

descri beBXa4MPEE (Th&cosipapgide boshipley obt ai ned by subjecting the solid
materjal to.a step (S) of shaping, as described in detail above, and
(opU%naI I y) to a step (C of calcining. The sequence of the steps is

schemati ga, O(?ﬁ }Q&Y\’?a&e b 0? tétljalatl‘ﬁ)%yélﬁiﬁé %V@P@'E:ﬁi&ll with ﬁ? ;[Staée&t) tﬁ?ﬁ%t?ﬁoﬁﬂo—at

|1 east one s eri a ont al ni ng | east one zeo a synthesis
m xt ur e, tinatde Whilebidriad) avelution - ¢f 34,0) gtotﬁ tfttaptopylaneachininhgdiosidel (40 W dy( | )

containin | east, saj soI mat.erial and uor; X10 J (I1)
separat i Hi g@ﬁd?&’rateé J‘Jdr%b‘mé?edt"f‘?ée %?rﬁﬁdﬁ?Fé][@?‘f‘r}]g’lth?rﬁ ixture (1); (I111)
aggl onerating or granul at| ng or agglonerating and granul ati ng of .

10  The solution was stirred at room temperature for 1 hour. Subsequently, the alcohol formed

3 J due to hydrolysis was distilled at a bottom temperature of 92°C. The bottom (915 g) was
filled with water to 1600 g.

This batch was reacted in a steel autoclave at 175°C and for 24 hours while being stirred.
15 After the mixture had cooled down, it consisted of a white suspension. Therefrom, the
so]id_ material was filtrated, rinsed with water and dried at 120°C for 24 hours.
Subséquently, said material was calcined in air twice times for 5 hours, respectively, at a

temperature of 450°C.

20  The yield of isolated solid material was 190 g. The content of Ti of the zeolite of MFI-
structure thus obtained was 2.1 % by weight.

The following test of the catalytic material as described above had been performed: In a
pressure-tight glass reactor, 0.5 g of said catalyst was mixed with 45 ml of methanol. At a

25  temperature of 0°C, 20 ml of propylene were dosed in and subsequently, by means of a
pump, 18 g of hydrogen peroxide (30 % by weight, in water; Merck) were meteréd in.
After a reaction time of 5 hours, the mixture was expanded (pressure released) and the
liguid phase was analyzed by means of gas chromatography. The reaction mixture .
contained 8.7 % b.y weight of propylene oxide.

30



‘the solid material fromstep (W; 15 (S) shaping of the solid material from
step (I1) or (111) Hereby, the following step (W can opti Brelopas3gga/Sw

.perforned after step (I1) or after step (S) 20 or after step (I1) a‘?ﬁA@BtDJfr
step (S): 0 (W bringing the shaped bg fromstep (S) in contact v‘!n 0

conposition containing water; 25 Finaf1y the present invention relates to
the use of the inventive materials, i.e. the solid material and/or the
shaped bodi es as catal ysts. The materials obtai nable by the inventive
process or the materials obtained by the inventive process are particularly
suited for catalytic reactions involving conmpounds with at |east one

C C-doubbiAg?pEEderticul- arly 30 preferred is the reaction of at |east one
conpound contarning at |east one CC-double bond wth at |east one hydrogen
peroxi de. These reactions are also referred to as epoxidation reactions. As
far as further possible reactions are concerned for which said _catal ysts may

PF 00D00%59 93talys) matgrinhas duseribed. abpve avas shansydato ¢ giaped Redy pecording te #iepE 102
32 406.9 : LV, whieh (0. rLd . Y 28) is
ner aby i g BREGH 0GR ER by Lof ot BR Ak P ln BAGGTC €11 B8R 2D |
four nechiillddamid m6e8 wittofhetfellowaizsniytandean®s. Sugr of sificaesd] WiLidox28S 0% dfy
tetraethyl ortho- .titanate. Wi tirring, a solufion, of 34 . Qf
tetrapr oé’ﬁgéﬁgb%)u ﬁﬁg)@f dRioyat 953230 Byt %ﬁ?lgfmenp rfﬁw&f%% (‘gﬁq?oj wight gedtt
dei oni zego Rk 2 s 6f RS FcThk YWAREB 0 0168 ¢ SPBoisahichoBxifRTPED).ped at
room t en‘g%ygltte% ewf%r 1 h u?. Sub)s(?(:]uengl y, t heg al %ﬁol yg‘eor rr)éld %_: )5 due to
hydr 8¢ ysgof water aiiest added o the mashRaidmassewpehanegenizefl 102 Bieatting dpptiabm (915 )
vvas"i)fl lled with water to 1600 g.

However, the materials were not added at the same time. Specifically, during the process

of kneading, the polystyrene dispersion was added within 5 minutes, and after 10 minutes

the silica sol was added slowly. After 10 further minutes of kneading, the PEO was added

15  and gobbled for a further 10 minutes. Subsequently, water was added in portions of 5 ml,

respectively.

The paste so obtained was _for:iled after a total of 60 minutes of kneading and at an
extrusion pressure of 70 bar via an extruder having a matrix of 1.5 -mm holes. This way the

20  solid material was alternately formed into strands.

M,

The shaped body obtained this way was dried for 4 hours at 120°C (heating ramp of 2 K
per minute). Finally, the shaped body was calcined at 490°C for 4 hours (heating ramp 1 K
per minute). The atmosphere was air. The yield.was 65.24 g. The content of titanium of the
25  shaped body produced this way was 1.4% by weight.

‘Said shaped body was subjected to a long term test for selectivity: 13.5 g of thé shaped
bodies were loaded into a tube reactor (1.3 m length). The catalyst was exposed at a
pressure of about.'20 bar to a feed of 48 g/hour of methanol, 8.2 g/hour of hydrogen
30 peroxide (40% by weight) and 4.7 g/hour of propylene (96% by volume of propylene).

Temperatures were regulated between 20 and 40°C.



This batch was reacted in a steel autoclave at 175C and for 24 hours while
being stirred. 15 After the mixture had cooled down, it c8&REJ08BW2EN a
-whi t e suspension. Therefrom the solid naterial was filtrated, ri nﬁgcﬂ,‘mﬁzbﬁ
wat er and dried at 120C for 24 hours. 4Subsequently, said material was
calcined in air twice times for 5 hou'r%,' respectively, at a tenperature of
450C. 20 The yield of isolated solid material was 190 g. The content of Ti

of the zgpéiahflyff oMie SlobibG kxRt Qﬁﬁ:@ﬁ% Fone theRactdr festirdd in\@hO ¥er B0E
fol |l ow ng test  of the catalytic material as descri bed above had been

per f or melour.ihe selpptivdly foe propylene grided withaesnset todl).y was 9 & dhedoapafion was

m xed W . 0 a r r f - i

propyl en épc\/’\}éae@mésoegéecg ‘{Fﬁ% t;!‘gr{rilldﬂ eg%e@[s teoqfl}ééng I x%/a,%r%%sﬁ%sg r{; § bng'Lg%p El'l% n(g tﬂél"hl“éjl%efl

hydr ogensige paxiucianétBOx P proyanut mab fornied Wit £scledRite o} 38e%e metered in.  After
a reaction tinme of 5 hours, the m xture was expanded (pressure rel eased) and
the {iquid phase was anal yzed by neans of gas chromatography. The reaction
m xture contained 8.7 % by weight of propylene oxide. 30 PF 0000053922/ Sw 1
3 MAR 2007 -23 EXAMPLE C 2 5 The catalyst material as descri bed above was
shaped | BKAMPEEd[ealalysichecardingrtditiegprteent imerentiaal)| ow ng procedure: 60 g of the
inventive solid material as described in Exanple C 1 were mlled and m xed
with the foll ow ng substances: 56.5 g of silica sol (Ludox AS 40 % by

wei ght Shpg')fou@nécﬁtﬁdsk,a@wgtof Qétra%ﬁm%yﬂlﬁfz WerP Hhi¥sd Widne sslusnens s o o(4i3- 5
wei ght % of polyner), 2.7 g of methyl cellul ose (Wl ocel) and 0.8§ g of

pol y&d hytetmapropylatengrEg)ydroxidd (10y7%dYy weigkts inmeater) add 623 gof dhienired wate§ai d nass
vva-'s"‘"’jmrmgeni zed in a kneadi ng apparatus. However, the materials were not
addéd at the sane tinme. Specifically, during the process of kneading, the

pol ystyr siurdieBpe8 i ©6f waabasiethoiahite wdre WisRolved in 209 gadft wbpylibhatiREdles the
silica sol was added__g)sl ow y@After 10 further m nutes gf klge%%li nd;? t he PEO
was adde#ntil a clear solution forms: _

15 Said solution was dosed dropwise into the mixture of tetracthoxysilane aﬁd
tetrapropylammoniumhydroxide described above. The resulting solution was stirred for 30
minutes. Subsequently, the alcohol formed due to hydrolysis was distilled at a bottom
temperature of 92°C. The bottom (953 g) was filled with water to 1600 g. -

20 - This batch was reacted in a steel autoclave at 175°C and for 24 hours while being stirred.
The cooled down mixture consisted of a white suspension. Therefrom, the solid material

) was filtrated, rinsed with water and dried at 120°C for 24 hours. The yield of dried product
| was 209°C. Subsequeﬁtly, said material was calcined in air twice for 5 hours, respectively,

at a temperature of 450°C. The mass loss due to calcination was measured to be 13 % by

25  weight. -
The content of Ti of the zeolite of MFI-structure thus obtained was 1.9 % by weight.

The following test of the catalytic material as described above had been performed: In a
30  pressure-tight glass reactor, 0.5 g of said catalyst was mixed with 45 ml of methanol. At a
temperaturé of 0°C, 20 ml of propylene were dosed in and subsequently, by means of a

pump, 18 g of hydro gen peroxide (30% by weight, in water; Merck) were metered in. After



15 and gobbled for a further 10 m nutes. Subsequently, water was added in
portions of 5 nml, respectively. The paste so obtai ned was FFE0088392fSver a
.total of 60 m nutes of kneading and at an extrusion pressure of 7 33@4 iﬁ
an extruder having a matrix of 1.5 mmjples. This way the 20 soli A
was alternately forned into strands. Tfe shaped body obtained this way was
dried for 4 hours at 120C (heating ranp of 2 K per mnute). Finally, the
shaped bqd¥airs 1GA¢ oF Besbudd, thdAGxfud wis @Q%Hnﬁe& b@ﬁ&@?@ra@dg&)%ﬁ th@§iqui nute) .

The atmosphere was air. The yield was 65 e content of titani um of
the 25 phessewrsywalyzed bylmeans pheas %WWanmhm%hWemognmxu&pqn@m@Q& body
Wassubjtd t ~f (A of .t h

bodi o5 wdf &1 Baibuf of MG G Deine s 50l chifeprii Thibg the APUR, HES
exposed aiveauvqoea&alwr@a@éhoasbpm be? Sighidiicaiitty mofeaetivef thd® (g feopuctiod camlysanol
8.2 g/ hour of hydrogen 30 perOX| de (40% by wei ght) and 4.7 g/ hour of
propyFen@OPQ@%CBEﬂP%PYﬁ@‘%‘?P%deyI ene). Tenperatures were regul ated between
20 and 40C. PF 0000053922/ Sw 1 3 MAR 2007 -24 The analysis of the product
m xture energing fromthe reactor resulted in that after 230 hours, the

- sel ecti vEXAMPLE® @piplystaecondinteto(the plesene &peation)o H202) was 91% The
formation of oxygen (selectivity wth respect to H202) was neasured to be
2.4 % and the unwanted side product methoxy propanol was formed with a

sel ecti virhy cQJ g%t %a?&aﬁas@é@% ik ExptpR! ¥ Slas @Eé;ﬁfl%tﬁ‘éh $Ha éd‘ﬁ‘od%zr £26¢ing

i nvention). four neck flask, 613 ¢ of t et raet hoxysi | ne wWer e mxed wth
a sollot i mtmffom@mg p@tbcedm 6atgrofpth@pyfmtmmmhdmgtdmba5dbsqmed% Byampleght , in

d 5 f. d
ot Ok but et st s Rach b Yo Rfng o RRRREL Sh X g o Dliadar ASAO Hunc i1
clear sobyty@ghiSI05F a 1l &%bdntséﬂ 3.9 @oiMBSolgasRee UiPBIMEE(BIH Reishe%TbKt Ur e

of tetraet hoxyS| | ane and
polymer), 2.7 g of methyl cellulose (Walocel) and 0.88 g of polyethylene oxide (PEO). 20

g of water were added to the mass. Said mass was homogenized in a kneading apparatus.

15
However, the materials were not added at the same time. Specifically, during the process
of kneading, the polystyrene dispersion was added within 5 minutes, and after 10 minutes
the silica sol was added slowly. After 10 further minutes of kneading, the PEO was added
and gobbled for a further 10 minutes. Subsequently, water was added in portions of 5 ml,

20  respectively.

The paste so obtained was formed after a total of 60 minutes of kneading and at a extrusion
pressure of 70 bar via an extruder having a matrix of 1.5 mm holes. ThlS way the solid
material was alternately formed info strands. ‘

25 | | | |
The shaped body contained this way was dried for 4 hours at 120°C (heating ramp of 2K
per minute). Finally, the shaped body was calcined at 490°C for 4 hours (heating ramp 1 K
per minute). The atmosphere was air. The yield was 65.24 g. The content in titaninm of the
shaped body produced this way was 1.1 % by weight.

30 L _ _

Said shaped body was subjected to a long term test for selectivity: 13.5 g of the shaped

bodies were loaded into a tube reactor (1.3 m length). The catalyst was 'exposed at a



"t et rapr opyl ammoni unhydr oxi de descri bed above. The resulting sol ution was
stirred for 30 mnutes. Subsequently, the al cohol forned &#EE000E53PRAHvOI ysSi s
-was distilled at a bottom tenperature of 92C. The bottom (953 Q) ﬁml é@ed
with water to 1600 g. 20 This batch wa 3 reacted in a steel autocla 4075
and for 24 hours while being stirred.” %he cool ed down mi xture consisted of
a white suspension. Therefrom the solid material was filtrated, rinsed

with wat gfesﬁi?él JArdned: ab blazQ&af f%d%t A0 Yfdur Deendth&lodl 95 gﬁbﬁdoﬂoagﬁegén vas

209C. Subsequent | ;bsal materi.al was Calcined in air tw ce hour s,
%

respect i petoyide (40%aby svgighthend é.70g/hawodf propelens$26% dysvaluwetaf prapdensit i on
was neasuyred to be 13 % t. content of Ti of the zeolite of
MFI - st ructUure ™ %ssw%rgtr%guﬁ%tadﬁégfeing& %I‘Sﬁl ght. The follow ng test of the
catalytic material as described above had been performed: In a 30

pressure- tlght gl ass reactor, 0.5 g of saj d cat al yst was mxed with 45 m of
met hahol Tha@nalysis @iy Blodnet Bixtge empuging femm Hheorprion ecsplied in the aftem2 Bnd

subseque DRAAS wei ght ,
in water H&k% %elwere nf‘g{%l‘ragggl n. 1}1%?\3 Egﬁp%%g%gggaéga%g\?v@@ggﬂ 3@’% 2007
a reacti ofiokyger (sdledivitg writh rebﬂit&tlﬁlﬂbﬂﬁ)ewmmemnddﬁ(wr%aﬁwm uetassked) and
the liquid phase was anal yzed nmeans Of ga1 chror%a fgraphy The reaction
m xture é@ﬁﬁ’&?dﬁéﬁngth‘?xy %%@Ma@ﬁ?maﬁd Wit p S¢ler g0t d¢t “pespite the | ower
content in Ti of the zeolite, the inventive catalyst was shown to be
significantly nore active than the respective catalyst 5 fromthe

conpad at Thercfora,thé eatlyit ofEkANMBIcHtiGn @oamzdbzwmwed: owraksaadtivity heepa eaw}ySt

i nvéntion st .mater.i as descr was, sha into a
shapbd bOMF UG BRT Sutirte e RYEMEH FRTEr b, WO pGegids SURESE Wont i ve
sol i d mat@hd ahy Qﬁtggggmmniﬁﬂo@g@mlcﬁvﬁ were mlled and m xed with the:

fol |l ow ng substances 56.5 g of silica soI (Ludox AS 40 % by weight Si Q2),

a total amount of 32.9 g of a polystyrene dispersion (43.5 wei ght % of
polymer), 2.7 g of nmethyl cellulose (Wal ocel) and 0.88 g of polyethyl ene
oxide (PEO. 20 g of water were added to the nmass. Said mass was
honogeni zed i n a kneadi ng apparatus. 15



However, the materials were not added at the sane tinme. Specifically, during
the process of kneading, the polystyrene dispersion was added within 5

m nutes, and after 10 minutes the silica sol was added slowy. Aft ﬁ&%ﬁ
further m nutes of kneading, the PEC)mag added and gobbl ed for a &7 10
m nut es. Subsequently, water was added h" portions of 5 m, 20
respectively. The paste so obtained was forned after a total of 60 m nutes
of kneading and at a extrusion pressure of 70 bar via an extruder having a
matrix of 1.5 mmholes. This way the solid naterial was alternately fornmed
into strands. 25 The shaped body contained this way was dried for 4 hours at
120C (heating ranp of 2 K per mnute). Finally, the shaped body was
calcined at 490C for 4 hours (heating ranp 1 K per mnute). The atnosphere
was air. The yield was 65.24 g. The content in titaniumof the shaped body
produced this way was 1.1 % by weight. 30 Said shaped body was subjected to
a long termtest for selectivity: 13.5 g of the shaped bodies were |oaded
into a tube reactor (1.3 mlength). The catalyst ‘was exposed at a PF
0000053922/ Sw 1 3 MAR 2007 -26 pres§“@é”@m about 20 bar to a feed of 48

g/ hour @f nethanol 8.2 g/hour of hydrogen per oxi de (40% by wei ght) and 4.7

g/ hour of pyl ene {96% b voI I | ene eratures
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si de product niRERYCORUBER G 1%&%1?6 Al o phag F%%WPW“B?V% logst 10
Ther ef ape, t heomealtaahamtepaff dohtaciingy stritdso onepdnsitioh ynailoxdde sonroeavitdest legt | vity
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step, but was

crystallization of said synthesis mixture into said solid material, and wherein the at
least one epoxide is the product of said epoxidation reaction,

15 2. Process according to claim 1, characterised in that step (I) comprises at least the
following partial steps

(Ia) mixing at least one hydrolyzable silicon source with a mineralizing
and/or structuring agent and water;
© 20
(Ib) mixing at least one transition metal oxide source with an epoxide or
a hydrolysate thereof;

(Ie) mixing the mixtures from (Ia) and (Ib) so that at least a part of the
25 hydrolyzable compounds hydrolyzes;

- (Id) - distilling at least part of the alcohol that has been formed as a result
of the at least partial hydrolisation of at least part of the hydrolyzable
compounds;

30
(Ie) adding water to the bottom of (Id);

(If)  reacting the synthesis mixture resulting from (Ie) at a temperature
elevated with respect to room temperature.



sanme way, but also showed inproved selectivity. -27- 1 3 MAR 2007 W claim
5 1. Process for preparing a solid material for use as catalytic material in
an epoxidation reaction, the solid material containing at |east one zeolite
and being at |east partially crystalligg, wherein a step (1) of dnd MéR MgAst
partial crystallization of at |east one“$olid material containing at |east
one zeolite out of a synthesis mxture involves at |east 10 one partial step
of contacting at |east one transition netal oxide source with at |east one
epoxi de or hydrolysate thereof prior to or during the at |east parti al
crystallization of said synthesis mxture into said solid nmaterial, and

wherei n thg, at prdce@SdcctdimgaB UdifE2, i chataltBriRddOd URdt 186 h?&bﬂ;zﬂﬂ@?éili@@ﬁ lsGuitce

tion. 15 2. P ding to claimi,.ch i hat st |
Compri 905 ar | BSPRERCR TR 100 Abaphid e oienfill fddn Hrodringiieentnt ('

hydr ol yzabl e skémprisgs stlaast enevetrialiylaimeniatn inidnaxiden antl the transitiar metahoxidgent
and water; 20 gl (fgn? rldtk Aleak&@sltit@a transition netal oxide source with an
3 a P%y"gre Y “%IBC)

epoxi de or ol ysate thereof; m xing the m xtures from (la) and
(I'b) so that at least a part of the 25 hydrolyzabl e conpounds hydrol yzes;
(1d) distild i n@raessl asidingantclain 3, vhaatiedrd intthatt the hgdrobenblé Gilietal sefca

result of the . 245 L8l ral Lsatd on . 1 of fhe

hydr ol yzabl e 5@#5%%%&&;IQ%E)H%‘:?&eeshlaﬁg3?%5%/\/%4%‘@’?%”%@ %gf?§ro%%g#%gd§gent I f)

reacting the syempisss gt legsk famaproplemmonivgn Rydsexide, dhe tansition mepad oxide seurce

el evate@ W th cempRes ot RastQafabusidtoditatite and the epoxide or the hydrolysate thereof
comprises at least propylene oxide or propylene glycol.

5. Process according to any one of claims 1 to 4, characterized in that the at least one
zeolite belongs to at least one of the following structure classes: MFI, MEL, MWW,
15 BEA or any mixed structure thereof,

6. Process according to any onc of claims 1 to 5, step (I) of the at least partial
crystallization resulting in a mixture (I) containing at least said solid material and a

mother liguor, said process further comprising the step

20
(I)  separating and/or concentrating the solid material in mixture (I).
7. Process according to claim 6, characterized in that, after step (II), at least one of the
following two additional steps is performed:
25
(W) bringing the solid material from step (II) in contact with a
-~ - gomposition containing water; . -
() agglomerating or granulating or agglomerating and granulating the
30 solid material from step (W) or from step (II).

8. Process according to claim 7, characterized in that, after step (W), the solid material

is separated from at least part of the composition containing water.



1 3 MAR 2007 -28 3. Process according to claim2, characterized in that the
hydr ol yzabl e silicon source conprises at |east one silicon oxide, the
m neralizing and/or structuring agent conprises at |east one
t et raal kyl anmoni um hydr oxi de, and the tégnsi tion metal oxide 5 sduf MaR 7007
conprises at |least one titanate. 4. Pro€eSs according to claim 3,
characterized in that the hydrolyzable silicon source conprises at |east
tetraethoxy silicate, the mneralizing and/or structuring agent conprises
at | east tetrapropyl anmoni um hydroxi de, the transition netal oxide source 10
conprises at |least tetrabutylorthotitanate and the epoxide or the
hydr ol ysat @, t h@rseess acesrtineits €laing 6, dptiosdllyltompyisiag hed¥dpde or propyl ene gl ycol .
5. Process according to any one of claims 1 to 4, characterized in that the
at | east one zeolite belongs to at |east one of the follow ng structure
cl asses: M, MEL, el M0 %{;‘{, r ocess
according to any ong/wolyv cal'ggiﬁjms 1 nt%bmg@méﬁﬁgﬁt ?Ll)ség’ tﬁé&a% gﬁe@%iulaptglgttﬁil
crystal I5i zati on resul ti nepolid materiak frometepi(M)icont ai ning at | east said solid
material and a nother liquor, said process further conprising the step 20
(I'l') separating and/or concentrating the solid material in mxture (1). 7':
Process accor ds#id ptovess| faitiar @omphisingtheetepzed in that, after step (IT), at
| east one of the following two additional steps .s performed: 25 (W
bringing the solid material fromstep (I1) in contact with a conposition
containing water; - (sg (1 dhlaping GKH wmarxﬂateﬁwﬁ@mgela?%aﬂ(m?o%rﬁ%% &@t 1 ng
and granul ating the O solid material fromstep or fromstep (I1). 8.
Processt®according to cl ai®dy. characterized in that, after step (W, the
solid material® is separated fromat |east part of the conposition
cont ai ni ng water.

10. Process according to claim 9, characterized in that the following step (W) is

performed after step (I), or after step (S), or after step (II) and afier step (S)

15 (W) Dringing the solid material from step (II) or the shaped body from

step (S) in contact with a composition containing water.

11. Process according to claim 9 or 10, characterized in that step (S) is selected from the
group consisting of pelletizing, pressing, extruding, sintering, roasting, and
20 briquetting.

oy
¥

Process according to claim 11, characterized in that before, or during, or before and

during the step (S), a binding material is added to said solid material.

25 13, Process according to any one of claims 6 to 12, characterized in that after at least one
of the steps (I0), (W), (IT) or (S), a step (C) of caicining the solid material, or the
shaped body, or the solid material or the shaped body is performed.

14. Process according to claim 13, characterized in that step (C) is performed at
30 temperatures higher than 400°C.



-29- 1 3 MAR 2007 9. Process according to claim®6, optionally conprising
the step (111) agglonerating, or granul ating, or agglonerating and MAR 7007
granulating the 5 solid naterial fromstep (I1); said process furtﬂé#
conprising the step (S) shaping the solidomaterial fromstep (11) or (I11)
obtaining a shaped 10 body. 10. Process according to claim9, characterized
inthat the followng step (W is perfornmed after step (11), or after step
(S), or after step (Il1) and after step (S) 15 (W bringing the solid
material fromstep (11) or the shaped body from step (S) in contact with a

conposi ti cgnt ai cess. aceordi L O aim 9 or
character?ged9 s%ﬁﬁgéﬁﬁﬂségy%ﬁi Eé ;l?ég}ﬁ£5h%?ﬁ%ﬂ%§¥@hu ?F%?%Hﬁagf
pell etizing, figastedproceddruding, sintering, roasting, and 20 briquetting.
12. Process according to claim11l, characterized in that before, or during,
or before and during the step (S), a binding material is added to said
solid material. 25 13. Process according to any one of clains 6 to 12,
characterized in that after at | east one of the steps (Il1), (W, (Ill) or
(S), a step (C of calcining the solid material, or the shaped body, or the
solid material or the shaped body is perforned. 14. Process according to
claim 13, characterized in that step (C) is perforned at 30 tenperatures

hi gher than 400C. 1 3 MAR 2007 -30 15. Process according to any one of
clainms 6 to 14, characterized in that the process is an integrated process.
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