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US 6 106 803 describes a process for preparing titanium silicalite granulates comprising
crystallizing a synthesis gel (=synthesis mixture; Si and Ti source, templating agent, base and
water) under hydrothermal conditions, thereby producing a zeolitic suspension, and subjecting
said suspension to spray-drying or fiuidized-bed spray granulation drying after optionally
concentrating and/or adding further substances. The solids content in the mixture prior to the
spray drying step is in the range near 10%. Such a comparatively low solids content eventually
leads to an unnecessarily reduced catalytic activity per unit mass in the shaped body, in particular

when additives are added to the mixture for granulating.

EP-B 0 638 362 relates, inter alia, to a method for preparing a titanium silicalite catalyst, and
here in particular the agglomeration of the primary particles, i.c. the microparticles which form
during the crystallization step of the titanium silicalite synthesis. This agglomeration is achieved
by reducing the pH of the solution containing the primary particles (zeolitic suspension) to values
ranging from pH 5 to pH 10. The agglomeration forms part of an integrated process in which (i)



ranging frompH 5 to pH 10. The aggloneration forns part of an integrated
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The process should also allow simplification of the integrated process for producing zeolite-
containing shaped bodies as a whole, e.g. by omitting intermediate calcining steps. The process
should furthermore lead to minimization of the consumption of potentially expensive or

environmentally harmful chemicals, such as templating agents.

We have found that this object is achieved by ultrafiltrating, after a step (I), a mixture ([)
comprising at least one auxiliary and the at least partially crystalline zeolite-containing solid in a
step (II) to divide the mixture into a retentate and a permeate, i.e. to concentrate it, the solids
content in the retentate being higher than that in the mixture (I) originating from step (I) and the
solids content in the permeate being lower than that in said mixture. This procedure allows
auxiliaries, in particular template compounds, present in the permeate to be recycled into the

abovementioned crystallization step (I).

The solid described in the present invention can be compacted in a further step to produce a



solids content in the perneate being lower than that in said mxture. This
.procedure allows auxiliaries, in particular tenplate conpounds, present in
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and il.pary. : t I t in
the i bR G Be kLT el Bh A8t bt or STRERAIA iepSel Mo b eS|
t hi s prepgringpan @madionyrdsisting sleaped bedy whtjchi agniainssé frastearieasoliiomatesinh hyrl aof
the sglbdsTaPpe LdtRiviBdd Rra furdly Qhentihie Pndnhbd ihio BOBIRWRAR4ERY Or granul ating
or agglonerating and granulating the solid particles '1n the concentrated
retentate fromstep (Il1); this step optionally includes drying the solid
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step (III): agglomerating or granulating or agglomerating and granulating the solid particles
in the concentrated retentate from step (II); this step optionally includes drying the
solid particles;

step (S): shaping subsequent to step (II) or (111);

step (C): calcining subsequent to step (III) or (S);

the steps (S) and (C) being optional in each case.

The present text discusses the zeolite-containing solid of the invention and the shaped body
obtainable therefrom in the context of applications in catalysis. However, this is not to be
understood as meaning that the solid and/or shaped body cannot be used in other applications or

contexts.

The present invention therefore provides a process for concentrating an at least partially
crystalline solid containing at least one zeolite from a mixture comprising at least one auxiliary
and said solid, which comprises ultrafiltrating the mixture in a step (I) to divide the mixture into
a retentate and a permeate, the solids content in the retentate being higher than that in the mixture

and the solids content in the permeate being lower than that in the mixture.



a retentate and a perneate, the solids content in the retentate being
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collected by the membrane filter used in the process of the invention (during ultrafiltration or
diafiltration). The size of the particles still to be regarded as a solid shall be at least 2 nm. A solid can

be present as “primary particle” (after crystallization) or as “secondary particle” (after an

agglomeration and/or granulation step).

For the purposes of the present invention, a “mother liquor” is any liquid phase which may contain
any substance in dissolved form, but is free from particles of more than 2 nm in size. Here, the
mother liquor may contain up to 5% by weight of particles of more than 2 nm in size. For the
purposes of the present invention, the mother liquor may contain unreacted components of the
synthesis mixture, i.e. auxiliaries, for example at least one compound which was used as a
templating agent for the synthesis of the zeolite-containing solid in step (D). For the purposes of the
present invention, a mother liguor is present only after completion of step (I), i.e. typically in
connection with a suspension which contains solid particles of the above-defined type. In step (II),

the permeate essentially consists of mother liquor.
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filtraphr@bledsmd@bindR@ules, etc.) and solvent(s) are separated primarily owing to particle size
(and where the charge of the particles has little effect). A pressure gradient is applied across a
typically anisotropic, semipermeable membrane. The smaller the pore size of the membrane, the
larger the energy input, determined by the pressure gradient to be applied, necessary to effect the
concentration. Microfiltration processes, i.e. filtration ultilizing membranes having a pore
diameter in the micrometer range, are explicity included in the ultrafiltration method of the
invention as long as they are distinguished from conventional cake filtration as defined

hereinbelow.

There is no difference in principle between “diafiltration” and ultrafiltration, in particular the
former likewise utilizes the membranes described further hereinbelow with the pore sizes
specified there. In contrast to ultrafiltration, diafiltration is characterized by a different procedure,
namely by the fact that the permeate (see definition hereinbelow) is continuously or partially
replaced by water or another solution. This is then a purification step which for the purposes of
the present invention can optionally be carried out subsequent to a concentration step i.e.

ultrafiltration.
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Granulation encompasses, but is not limited to, processes which involve wetting the particles
with at least one liquid. Furthermore it is possible, but not absolutely necessary, to add binders
which promote or enable agglomeration or granulation.

A description of the individual steps of the integrated process for producing a shaped body
containing at least one zeolitic material and the associated embodiments is given hereinbelow. Of
particular importance is the novel process of the present application which essentially
corresponds to step (I). As already mentioned above, the integrated process can be subdivided in
a purely schematic manner into the following substeps:

step (I): at least partial crystallization of a solid containing at least one zeolite from a
synthesis mixture to produce the mixture (I) comprising at least said solid and at
least one auxiliary;

step (IE): concentrating the solid present in the mixture (I) by ultrafiliration to produce a
retentate and a permeate; this step optionally includes a solid/liquid separation, for
example of the solid from the mother liquor;
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present application which essentially corresponds to step (I1). As al ready
menti oned above, the integrated process can be subdivided in a purely

schematic manner into the follow ng substeps: step (l): at | rtjal
crystallization of a solid containing_at |east one zeoli ti’ﬁ%%’gﬁﬁ&g

synthesis m xture to produce the m xt dre (1) conprising at least said solid
and at |east one auxiliary; step (H): concentrating the solid present in
the miwgp (1 (| )agglomeraties o1 grasulatmg ooagplaveraingand prasniptngethersdlid ppeicimsat e;

this step opti i ' L O4d [ of
the sol i d from LR seRErHRF el ol bHPURSHE Tl iy WelydcF UV e
aggl oner at i ng oolidpaniglest i ng or aggl omerating and granul ating the solid
particles in the concentrated retentate fromstep (I1); this step
optionally includes drying the solid rticles; step (S): shaping
subseﬁ%?%’ to sthepingsyhsegyent fq step ( )s‘lréﬁﬂ( C): cal cining subsequent to step
(1) or (S). Step (l1): Synthesis M xture There are no restrictions with
l.east one z Is to be present in the solid or

regard tg.the at lite |

shapegefb&fy of cEa}]]Cénlpg.%Wg%erPo&é?q gﬁgﬂg(le%)‘i s given to using a titanium,
zirconium, chromum, niobium, iron-, boron- or vanadi unm containi ng
zeol i ' ' atitaniumsilicalite. Such titanium zeolites, in
parti S b s Mixhire a crystal structure of the MFI type, and
possibilities for their preparation are described, for exanple, in WO
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scope of which in this context is hereby fully.incorporated in the context
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zirconium tin, iron, cobalt, nickel, gallium boron or snmall amounts of
fluorine. In the zeolite catalysts preferably regenerated by the process
of t hBudhntitaniunp reolilesreinopartifylarothost daying ot icTHH b fStURHre, @b the é‘XEIaWPSe and
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fully incorporated in the context of the present application. Apart from silicon and titanium, such
materials may also contain additional elements, for example aluminum, Zirconium, tin, iron,
cobalt, nickel, gallium, boron or small amounts of fluorine. In the zeolite catalysts preferably
regenerated by the process of the invention, some or all of the titanium of the zeolite can be
replaced by vanadium, zirconium, chromium or niobium or a mixture of two or more thereof. The
molar ratio of titanium and/or vanadium, zirconium, chromium or niobium to the sum of silicon

and titanium and/or vanadium and/or zirconium and/or chromium and/or niobium is usually from
001:1t00.1:1.

Titanium zeolites having the MFI structure are known to be identifiable from a particular pattern in
their X-ray diffraction diagrams and, in addition, by a skeletal vibration band in the infrared (IR) at
about 960 cm', and thus differ from alkali metal titanates or crystalline and amorphous TiO; phases.

Said titanium, zirconium, chromium, niobium, iron and vanadium zeolites are usually prepared by
reacting an aqueous mixture of an SiO; source, of a titanium, zirconium, chromium, niobium, iron or
vanadium source, eg. titanium dioxide or an appropriate vanadium oxide, zirconium alkoxide,
chromium oxide, niobium oxide or iron oxide, and of a nitrogenous organic base template, eg.
tetrapropylammonium hydroxide, with or without adding basic compounds, in a pressure vessel at
elevated temperature for several hours or a few days, resulting in an at least partially crystalline



and titanium and/or vanadi um and/or zirconi um and/or chrom um and/ or
,niobjumis usually from 0.01:1to 0.1:1. Titanium zeolites having the M-I
structure are known to be identifiable froma particular patternin their
X-ray diffraction diagranms and, in addition, by a skeletal vibration band
inthe infrared (IR at about 960 cm 1, and thus differ fromalkali netal
titanates or crystalline and anorphous Ti 02 phases. Said RF 8e053{36/Kg

zi rconium chronmium niobium iron an8 vanadium zeolites are usually
prepared by reacting an aqueous nixture of an Si Q2 source, of a titanium
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include t et rapr opyl ammoni um hydr oxi de, tetrapropyl anmoni um brom de,
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further at e conpounds’ known romt Iterature. In a nore Erefe{gred
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NAT, NES, NON, OFF, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT, SAQ, SAT,
SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VNI,
VSV, WIE, WEN, YUG or ZON structure and to mixed structures comprising two or more of the
abovementioned structures. Titanium-containing zeolites having the ITQ-4, S8Z-24, TTM-1,
UTD-1, CIT-1 or CIT-5 structure are furthermore possible for use in the process of the invention.
Further titanium-containing zeolites which may be mentioned are those with the structure of
ZSM-48 or ZSM-12.

Titanium zeolites having the MFI or MEL structure or MFIYMEL mixed structure are preferably
used in the present invention. Specifically, the titanjum-containing zeolite catalysts which are
generally referred to as TS-1, TS-2 and TS-3, and titanium zeolites having a skeletal structure

isomorphous to B-zeolite, are furthermore preferred.

Step (ID): Ultrafiltration

In the processes of the prior art, the mixture which is obatined by the hydrothermal reaction in
step (I) and which is typically a suspesnion of at least partially crystalline zeolite-containing solid
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granu?ﬁ’f Il ‘%@ b conventional methods. In the process of the
invention, an ultrafiltration step (I1) to concentrate and thus to increase

the ﬁma'f%au%ﬂ%ﬁ Yiafl1Fatfot! e{ré%gm%?ﬁves SEIUERwHilh %lﬁpp;fr&éle@ﬁg sBpdredbp the

agglorreratlon ranul at1 on step I'n contrast to prior art, this
conc eganeentraigd P%mé'ah/r PWIREOIQt PAKiEE Si7e: AoBSSIEF gradient is apphed across a porous

gr anuindinbié a0 m&ame re dikd éfahé hlefbrdnetha Mo geti tad erletrg)a:hpmn daeeniaedect i ve
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menbr membrahb és afiparticalartimpoparce, wdx&uss&dhhembelm ane, the larger the energy
input, determined by the pressure gradient to be applied, necessary to
effect the separation. Here, the choice of nenbrane is of particular
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(1), berﬁrcat'ésﬂﬁlsbbfd@c&iﬂéﬁ?ﬁ‘ﬂi&@tcntaﬁe BliNg Hipfied [l\h@ tlﬁt ﬁlﬁ'ﬂféﬂhﬁ&lﬁe and e solids
per neat e, t he solids conte |nhth ret ent at {g%t%agtht |enthe
mi xt uFRRIEN 40 (the PeTEeates beTg, fi Vet than, aﬁé“@bﬁ'%ﬁ? rPée e L L
t he niotids eOntehinahgreadneite ecthe rinbdi srep(l]), t.hiafter at least one pass of ultrafiltration or
diafiltration, is from 20% to 80%, the solids content prior to step (II) being from 1% to 20%. In a
particularly preferred embodiment, the solids content in the mixture prior to step (II) is from 1 to
20% by weight, and the solids content in the retentate subsequent to step (II) is from 50 to 80%
by weight. The weight percentages are in each case based on the total weight of the mixture or

the retentate, respectively.

The solids content in the permeate should not exceed 5% by weight, in a preferred embodiment it
should not exceed I % by weight, in each case based on the total weight of the permeate. In a
more preferred embodiment, the solids content in the permeate is so low that the permeate is
optically clear (i.e. when observed using light of wavelengths ranging from 400 nm to 800 nm) or

that the solids content cannot be detected by drying.

To avoid appreciable build-up of a covering layer (“secondary membrane™) of the zeolite-
containing solid on the surface of the membrane, which would lead to a significant decrease in
the permeate flux, a relative velocity between membrane and suspension of 0.1-10m/s is
generated by pumped circulation, mechanical movement of the membrane or stirrers between the

membranes.



solids content in the retentate at the end of step (Il1), i.e. after at

.l east one pass of ultrafiltration or diafiltration, is from20%to 80%
the solids content prior to step (Il) being from1%to 20% In a
particularly preferred enbodi nent, the solids content in the m xture prior
to step (I1) is froml to 20% by weight, and the solids content in the
retentate subsequent to step (I11) is from50 to 80% by wdiF000537d64k& ght
percentages are in each case based onl@he total wei ght of the m xture or
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multilayer substrate layers made of the same material as the material of the separation layer or of
different materials than the separating layer. Examples of possible combinations of materials are

given in the table below:

Separating layer Substrate (coarser than separation layer)
Metal Metal

Ceramic Metal, ceramic or carbon

Polymer Polymer, metal, ceramic or ceramic on metal
Carbon Carbon, metal or ceramic

Ceramic: e.g. a-Al;03, ZrO;, TiO,, SiC, mixed ceramic materials
Polymer: e.g. PP, PTFE, PVDF, polysulfone, polyethersulfone,
polyetheretherketone, polyamide

The membranes can be used in any geoemtry known to the person skilled in the art. Preference is
given to flat, plate, tubular, coil, multichannel-element, capillary or wound geometries. It is
essential that the chosen geometry is suitable for the corresponding pressure housing which
allows separation between the retentate (rich in zeolite) and the permeate (low-zeolite or zeolite-



per cursor conpounds, and conbi nations or m xtures of at |east two of the
.abovenmentioned materials. Furthernore, all naterials which constitute the
menbrane nust be practically inert and stable in the feed nedium i.e. in
the present case in the above-described synthesis m xture. For machani cal
reasons, the separating |ayers are usually applied to one or
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I ncredasi ng perneate pressure.
preferred.

Higher temperatures usually lead to higher permeate fluxes. The permeate fluxes which can be
achieved are strongly dependent on the type of membrane and membrane geometry employed,
the process conditions and the feed composition (essentially the zeolite concentration). The

permeate fluxes are typically between 5 and 500 kg/mth.

Examples of membranes which can be employed are:

Manufacturer Membrane Cutoff limit (kD)
Pore diameter {(nm)
Atech Innovations GmbH |UF/TiO, on a-Al,04/1,2 20kD
UF/Zr0Q; on Al,04/1,2 50 nm
MF/a-Al,O; on 0-Al,04/1,2 0.1;0.2;04;08; 1.2 um
Rhodia/Orelis MF/ZrO; or TiO, on 0.1;0.2; 0.45; 0.8 pm
ceramic/1,2
UF/ZrOQ, or TiO; on ceramic/1,2 | 15, 50, 150; 300 kD
UF/Zr0Q,-TiO; on carbon/! 50; 150; 300 kD
MF/ZrO,-Ti0, on carbon/1 0.14 pm
Graver Technologies UF/TiO, on steel/1 100 nm
Bekaert MF/metal on metal 0.2-1 um
NADIR Filtrations GmbH | UF/polyethersulfone or 10-150 kD
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1: tubular membrane; 2: multichannel element; 3: flat membrane for rolled modules, bag
modules, plate stack modules or special modules with agitated membranes or stirrers
between the membranes; UF: ultra Filtration; MF: micro Filtration

Solid/liquid separation:

In a further, optional, step which typically follows the step of concentrating by ultrafiltration and

forms part of the above-defined step (II), the solids content of the retentate suspension can be

further increased by conventional processes. This can be achieved, for example, by separating the

suspension obtained into a plurality of parts and then separating off the solid contained in one

part by cake-forming filtration, centrifuging and other suitable methods.

The filter cake thus obtained or the sediment can then be suspended in the remaining part of the

suspension, if necessary after a washing step.

Step (II1): Agglomeration/granulation

Subsequent to step (II) of concentrating and/or separating, the solid particles can be enlarged by

any known agglomeration and/or granulation process. Explicitly included are drying process

steps which typically lead to at least partial agglomeration/granulation and/or are carried out

subsequent to the agglomeration/granulation step. Such processes are indicated in the following

non-limiting, i.e. illustrative, list:

(i)

(i)
(iii)
(iv)

spray drying;
fluidized-bed drying;
spray drying with integrated fluidized bed;

batchwise vacuum contact drying;
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particles b aggl onerati on and/ or granul ation
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(V) bgldiciofl n9:

For all points (i) to (xi), at least one additive is added prior to, during or after, or prior to and
after, or prior to and during, or during and after, or prior to, during and after the respective
drying/granulating/agglomerating step. Such additives may be selected, for example, from the
following group: binders, fillers, pore formers. With regard to the selection of these additives, the
remarks made in the next but one section for shaping apply.

In a preferred embodiment, some or all of the agglomerate/granulate is returned to step (HI).
Aftertreatment

In order to improve the catalytic behavior, step (II), step (ITT) or both, in each case optionally in
combination with a drying and/or calcining step, it is possible to carry out a subseqeunt treatment
by washing repeatedly with a solution of hydrogen peroxide and sulfuric acid after which the
solid can be redried and subsequently baked (calcined). This can be followed by treatment with
alkali metal compounds to convert the zeolite from the H form into the cation form. The resulting
solid can then be processed into a shaped body as described below.

Step (S): Shaping

The process of the invention for producing a zeolite-containing shaped body starts from the
concentrated, optionally agglomerated solid after step (II) or (II) or from a dried and optionally
calcined and/or aftertreated agglomerated powder.



(vi) fluidized-bed spray granulation drying; (vii) continuous contact
.drying; (viii) continuous paste mll drying; (ix) mcrogranulation in a
spray tower; (x) aggloneration by addition of a binder; (xi) aggloneration
by changing the pH. Wth regard to points (i) and (vi), the rel evant

content of DE-197 31 627 or US 6 106 803 is hereby fu"ﬁ*“@ﬁﬁﬁﬁfh%?ﬁg in

the context of the present appllcathﬂ Wth regard to p

rel evant content of EP O 638 362 Bl i's hereby fully |ncorporat ed in the
context of the present application. For all points (i (xi), at |east
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Aftertreatnent In order to inprove the catalytic behavior, step (Il), step
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af t ersupdeigGdhtiylieied a6d fidalbaduldiged. edri ed and subsequent I y baked (cal Ci ned).
Thi s can be gol | owed by treatnment with alkali nmetal conpounds to convert
the zeolite fromthe Hforminto the cation form The resulting solid can
t hen Usefud bolessael in principle shppetstanoes,whish dopant atstrangse adhesiont and/of Sphesiiapi ng
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agg! mmbsitieded) @MAaIkoxysflalils, GORARDBYIAGAdLE, tetraalkoxyzirconates or a mixture of two
or more thereof, preferably tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane and
tetrabutoxysilane, the corresponding tetraalkoxytitanium and tetraalkoxyzirconivm compounds
and trimethoxy, triethoxy, tripropoxy derivatives, with tetramethoxysilane, tetraethoxysilane and
silica sols being especially preferred. Further preferred binders are amphiphilic substances, i.e.

molecules having a polar and a nonpolar component, and graphite.

Preferred binders used for producing the shaped bodies of the invention are aluminum-containing
binders. Examples of these are in particular clay minerals and synthetic or natural aluminas, e.g.
alpha-, beta-, gamma-, delta-, eta-, kappa-, chi- and theta-alumina, and their inorganic or
organometallic precursor compounds, e.g. gibbsite, bayerite, boehmite, pseudoboehmite and

trialkoxyaluminates, preferably aluminum triisopropylate.

These binders can be used either alone, as a mixture of two or more thereof or together with other
binders used for zeolitic materials, e.g. the abovementioned substances and/or oxides of silicon,
of boron, of phosphorus, of zirconium and/or of titanium. Specific examples in this context are in
particular silica, it being possible to introduce the SiO; into the shaping step as silica sol or in the
form of tetraalkoxysilanes, and clays, e.g. montmorillonites, kaolins, bentonites, halloysites,

dickites, nacrites and ananxites.

The shaped body of the invention preferably contains up to about 80, particularly preferably from
about 10 to about 75, in particular from about 25 to about 45% by weight of binder, based in each
case on the total mass of the shaped body.



In each case, the shaping procedure conprises the formation of a
.plastically deformable material which contains at | east one
zeolite-containing solid and furthernore a binder, if required a pore
former based on polyners di spersible, suspendable or enmulsifiable in

aqueous solvents, if required a mxture containing at ég
and water, if required one or nore organic Vviscosity enhgﬁgg&gﬁaﬁ rther

additives known fromthe prior art. TRe pl astically deformable materi al
obtai ned by thorough m xing, in particular kneading, of the above
conponents is preferably shaped by extrusion and the shaped body obt ai ned
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trimethoxy, triethoxy, tripropoxy derivatives, with tetranethoxysil ane,
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bi nders. Exanples of these are in particular clay mnerals and synthetic or
natural alum nas, e.g. alpha-, beta-, gamm-, delta-, eta-, kappa-, chi-
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be usf'@ahersmarthea%?retOééeoaltrrpafttamegospllﬂrrbthsrnlﬁﬁr% t hereof or together with
ot her binders used for zeolrtrc naterrals e.g. the abovenentioned
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silica, it being possrble to introduce the SiQ2 into the shaping step as

silic
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about yteErzci)hy%r(%ran X V\%s%ngeSOfpntr)rlia% erpror%%?ee%e ri“ormfz(ftron of a plastically
deformable material during the kneading, shaping and drying steps by bridging the primary
particles and furthermore ensure the mechanical stability of the shaped body during shaping and
drying. These substances are removed from the shaped body again during calcination.

Amines or amine-like compounds, e.g. tetraalkylammonium compounds or aminoalcohols, and
carbonate-containing substances, such as calcium carbonate, may be introduced as further
additives. Such further additives are described in EP-A 0 389 041, EP-A 0 200 260 and WO
9519222, the relevant content of which is hereby fully incorporated by reference in the context

of the present application.

Instead of basic additives, it is also possible to use acidic additives. These may result in, inter
alia, a faster reaction of the metal acid ester (=binder) with the zeolite-containing solid.
Preference is given to organic acidic compounds which may be burnt off after the shaping step by
calcination. Carboxylic acids, e.g. formic acid, are particularly preferred. Such acids also modify



case on the total mass of the shaped body. 15 PF 0000053736/ Kg As can
.already be seen fromthe above, it is in any case possible to use m xtures
of two or nore of the abovenentioned binders. In the process of the
invention, it is possible to add polyners for establishing a specific pore
size, pore size distribution and pore volune, if this ispggab(ﬁg7mgﬁlyners
di spersi bl e, suspendable or enulsifi;able in agueous sol vents beéi ng uged
according to the invention for this purpose. The polyner is preferably

sel ected from pol yneric vinyl conpounds, e.g. polystyrene, polyacrylates,
pol ynthe Reréaops at e prasentysbapedibediespol yani des and pol yesters. These pol ymers
are substantially renoved fromthe shaped body again during calcination.
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For the purposes of the present invention, for the methods in the shaping step, preference is given
to methods in which shaping is effected by extrusion in conventional extruders, for example to
form extrudates having a diameter of typically from about 1 to about 10 mm, in particular from
about 2 to about 5 mm. Such extruders are described, for example, in Ullman’s “Enzyklopidie
der Technischen Chemie”, 4th Edition, Vol. 2, page 295ff, 1972.

In principle, however, all conventional kneading and shaping devices and methods, as generally
known in great numbers from the prior art for the production of, for example, shaped bodies, can
be used for the shaping. The following procedures may generally be distingiushed: (i) briquetting,
i.e. mechanical compression of a pulverulent material with or without a binder and/or other
materials, (ii) pelletizing, i.e. compacting of a wet oder wetted pulverulent material by
circular/rotating movements, and (iii) sintering, i.e. the material to be compacted is subjected to a

heat treatment.

Specifically, the shaping step (S) can be selected from the following group, the combination of at
least two of these methodes being explicitly included: briquetting by stamping pressing, roll



cal cination. Carboxylic acids, e.g. formc acid, are particularly

. preferred. Such acids also nodify 16 the surfaces of the present shaped
bodi es. PF 0000053736/ Kg It is possible to use further additives and
solvents which help to plastify the material to be shaped. Such solvents

and additives are known to the person skilled in the art.ﬁéhmg{?&ﬁurse
g

al so possible to use m xtures of two nore of the above
additives. The order of addition of the conmponents of the
zeolite-containing material (mxture) is not critical. It is possible
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heat treatmnme
commmuted to give granules or chips having a particle diameter of from 0.1 to 5 mm, in

particular from 0.5 to 2 mm.

These granules or these chips and also shaped bodies produced by other methods contain
virtually no finer fractions than those having a minimum particle diameter of about 0.1 mm.

The shaped bodies of the invention or the shaped bodies produced by the process of the invention
have good mechanical stability in combination with improved activity and/or selectivity
compared with corresponding shaped bodies of the prior art.

In addition to the above-described process for producing a zeolite-containing solid, the present
invention also encompasses said solid as such, obtainable by a process which comprises at least

the following steps:

step (I): at least partial crystailization of a solid containing at least one zeolite from a
synthesis mixture to produce the mixture (I) comprising at least said solid and at

least one auxiliary;



Specifically, the shaping step (S) can be selected fromthe foll ow ng
.group, the conbination of at |east two of these nethodes being explicitly
i ncl uded: briquetting by stanping pressing, roll 17 PF 0000053736/ Kg
pressing, annular-roll pressing, binderless briquetting; pelletizing,

mel ting, spinning nethods, deposition, foam ng, spray dryjng. J in a
shaft furnace, convection oven, traveléi ng grate, rot ary}ﬂtl:;tg@o@sﬁr?,gﬂ(g
mul 1'i ng. Conpacting can be carried out” at atnospheric pressure or
super at nospheric pressure, for exanple in a pressure range from1l bar to
several hundred bar. Conpacting can furthernore be carried out at anbient
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tenmperature range from Z20C to 30QC. If the shaping step,conprises. drying
and/ or baki ng, T&Herad gPedie: Hys 516P 9B lé{r"gd‘&‘%ﬁ@e‘ioﬁﬂ(ﬁﬂglﬁ SPP%%‘I“?’&?‘(OT

conpacting can ésdagplpbiihe solid fro@ thermodrt ligadrposphere or in a control |l ed
at nosphere. Controll ed atnospheres are, for exanple, protective gas

at nospheres, reducing and/or oxidizing atnospheres. Aftertreatnent of the
shapedtebddi): andageldroémtingjor gfanelatinger aggloroérating and glaguleting the solid pariigles
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to 140C (for from1l to ours, atnospheri’c press d calc
from 400 to abotRlidg@gElest or from 3 to 10 hours, atnospheric pressure). O
course, the strands or extrudates obtained can be conm nuted. They are

preferably. comm nuted t.o gjive granules or _chi having a.particle di ameter
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t hese goinbjasdaontid paticleshaped bodi es produced by ot her net hods contain
virtually no finer fractions than those having a m nimum particle dianmeter
of about 0.1 mm The shaped bodies of the invention or the shaped bodies
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correspondi ng shaped bodies of the prior art. In addition to the
above-descri bed process for producing a zeolite-containing solid, the

pr esentep (Snvent slopirg) sibsegpentpaep €8) agild); sol i d as such, obtainable by a
process which conprises at |least the followi ng steps: step (1): at |east

partial crystallization of a solid containing at | east one zeollte froma
step (C%lz calcining subsequent to step (III) or (S).

What was said above applies with regard to the substeps which can be used for shaping and the
conditions under which the agglomerated or unagglomerated solid or the compacted solid can be
calcined.

Finally, the present invention provides the use of the zeolite-containing solid produced by one of
the above-described processes or the solid or shaped body itself as likewise described above. The
solids or shaped bodies of the invention or the solids or shaped bodies produced according to the
invention can in particular be used for the catalytic conversion of organic molecules. Reactions of
this type are, for example, oxidations, in particular the epoxidation of compounds having at least

one C-C multiple bond.

In a preferred embodiment, this relates to the epoxidation of olefins, e.g. the preparation of
propylene oxide from propylene and H,O,, the hydroxylation of aromatics, e.g. the preparation of
hydroquinone from phenol and H,O2 or the conversion of toluene into cresol, the conversion of
alkanes into alcobols, aldehydes and acids. Furthermore, the present catalyst can be used for:
isomerization reactions, for example the conversion of epoxides into aldehydes, and further
reactions described in the literature and using zeolite-containing catalysts as described, for



synthesis m xture to produce the mxture (1) conprising at |east said solid
.and at | east one auxiliary; 18 PF 0000053736/ Kg step (H): concentrating
the solid present in the mxture (1) by ultrafiltration to produce a
retentate and a perneate; this step optionally includes a solid/liquid

separation, for exanple of the solid fromthe nother |iquor.: l):
aggl onerating or granulating or aggl ]?arati ng and granul anrqaoﬁ?‘ég%@Hgd

particles in the concentrated retentate fromstep (I1); this step

optional Iy includes drying the solid particles. In addition, the process
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epoxi reparation of “propy oxi de from
propymélﬁﬂmﬂﬂmmﬂl@&% Qﬁ@ﬂ@ﬂﬁon of aromatics, e.g. the preparation of
hydr oqui none from phenol and H202 or the conversion of toluene into cresol,

t he conversi on of . nes i ntp al cohols, al deEé{ﬂﬁg}?ﬁ CI ds. Furt htﬁr nor e,
the p %emser&amnygfe rpgre fefssig the usesofthe s yosds hg BRENtNQT S 2 rpl e
t he cshaped Bodnpoiiuedaxtadng tottiee Alveetiyndesof aamiktdra rof Ineo or more thereof for the

hydroxylation of aromatic organic compounds, for conversion of alkanes into alcohols, ketones,
aldehydes and acids, for the ammoximation of ketones and for the preparation of amine N-oxides.

Example:

The membrane used for the ultrafiltration according to step (II) was a ceramic one-channel
tubular membrane from Atech Innovations GmbH having an external diameter of 10 mm, an
internal diameter of 6 mm and a length of 750 mm. The actual filtering membrane made of ZrO,
having a pore size of 50 nm is applied to the inside of the ceramic tube made of o-Al,Os.

The synthesis solution contained about 6.9% by weight of zeolite and about 3.4% by weight of
tetrapropylammonium hydroxide (details can be found in EP-B 0 991 469).

The membrane was inserted into a pump circulation consisting of a storage container, a pump, a
heat exchanger, a pressure tube for the membrane and a pressure maintenance valve.
Furthermore, a flow meter, a thermometer and a manometer were positioned upstream of the
membrane, and a manometer was positioned downstream of the membrane.

The suspension to be concentrated was pumped through the inside of the tubular membrane, a
substream passing through the membrane as permeate and being removed through the ceramic



reactions described in the literature and using zeolite-containing

.catal ysts as described, for 19 PF 0000053736/ Kg exanple, in W Hol derich,
"Zeolites: Catalysts for the Synthesis of O ganic Conpounds", Elsevier,
Stud. Surf. Sci. Catal. 49 (1989), p. 69 to 93 (Ansterdam), and in
particular for possible oxidation reactions, by B. Notar égurf
Sci. Catal. 37 (1987), 413 to 425. The above-described so‘%”fh@”@%@?

bodi es containing at |east one zeolithc material are particularly suitable
for the epoxidation of olefins having from2 to 8 carbon atons, nore
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rrenbrane made of Zr02 havi ng a pore size of 50 nmis applied to the inside
of the ceram c tube made of a-Al1203. The synthesis solution contained about
6. 9% by wei ght of zeolite and about 3.4% by wei ght of tetrapropylamoni um
hydroxi de (details can be found in EP-B 0 991 469). The nenbrane was
inserted into a punp circulation consisting of a storage container, a punp,
a heat exchanger, a pressure tube for the nenbrane and a pressure
mai nt enance valve. Furthernore, a flow neter, a thernoneter and a
manonet er were positioned upstream of the nenbrane, and a manoneter was
posi ti oned downstream of the nenbrane.



The suspension to be concentrated was punped through the inside of the
-tubud ar nenbrane, a substream passing through the nenbrane as perneate and
bei ng renoved through the ceram c 20 PF 0000053736/ Kg support naterial and
being coll ected on a bal ance. The flow velocity of the suspension in the
tubul ar nenbrane was adjusted to 5 m's, the filtration te

adj.usted to 60C, and the transnmenbraje pressure was adj ugﬁm%gﬁ%@@ The
flux during the batch concentration was about 90 kg/n2/h at the start and
about 4 kg/n2/h at the end, the zeolite content being 62.5% and the

t et rapr opyl ammoni um hydr oxi de (TPA) content being 3.4% The solids (zeolite
and T claiment ent was determ ned by drying or, for the TPA by titration.
The perneate was free from zeolite beyond the experinmental limt of
detection and contai ned tetrapropyl anmoni um hydroxide in a concentration
of abbut 3A4frecdss dam eontentifhieg taotatleasopartisily onysatline(sobd|cohmimihigiat [ERBAonen %
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one zeolite froma. mxture copprising at Eeast oneg auxiliary and said

sol i d. whi SHOEGHFILER e REPpealy Pipe Jouen Sranbatit MATPBOR. & step (11) to
divide the mxture into a retentate and a perneate, the solids content in
the retentate i.n ' . 1 L: ' . ' nt ent
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(1) is framidebm P 40% pewaidhi, idRacH Bite i bn BO M Rbeikhl of MR HBkedlat €

subsequent to ste 1 s from50 to 80% by weight, in each case based on
the total WErgrMAorePRdiei%ture or the retenate, respectively. 3. The
process as clainmed in claiml or 2, wherein the at | east one nmenbrane used

for the wulirafiltrati i [: \Y i r i ers
(97 LR SN AL RGNS GeRSRLR R BB NN Rl 15
geonetry ofiltrafiliragipn renjains saparatippiaygrschaving pore diameters of from 10 nm to 500 nm.

4. The process as claimed in claim 3, wherein the geometry of the at least one membrane is
selected from the group consisting of flat, tubular, multichannel-element, capillary and

wound geometries.

5. The process as claimed in any of claims 1 to 4, wherein the transmembrane pressure is
from 0.5 to 20 bar.

6. An integrated process for producing a solid containing at least one zeolite, which process

comprises at least the following steps:

step (I): at least partial crystallization of a solid containing at least one zeolite from
a synthesis mixture to produce the mixture (I) comprising at least said solid
and at least one auxiliary;

step (EI): concentrating the solid present in the mixture (I) by ultrafiltration to
produce a retentate and a permeate;

step (I1I): agglomerating or granulating or agglomerating and granulating the solid
particles in the retentate from step (II).



selected fromthe group consisting of flat, tubular, multichannel-el enent,
»capidlary and wound geonetries. 5. The process as clained in any of clains
1 to 4, wherein the transnmenbrane pressure is from0.5 to 20 bar. 6. An

i ntegrated process for producing a solid containing at | east one zeolite,

whi ch process conprises at least the follow ng steps: st Y ast
partial crystallization of a solid copy ai ning at | east ongegggéqsgzg?lk%m a

synthesis m xture to produce the mxture (1) conprising at |east said solid
and at | east one auxiliary; step (I1): concentrating the solid present in
the mxture (I) by ultrafiltration to produce a retentate and a perneate;

step fl11)A preckOaRE13imddtn Qlai Gl G Mtlepdin At Rirmeste loBiiieatih RE: a(ﬂlg ofheRktahi Ng
the solid %@ trticles in the retent at.%rom s(he{]g %I I 22 IEF 000053736/ Kg
7. A proce ﬁggy preseahiherein 15t deast partgihurecysleqd o 6P Hat e obtained in step
(I'l) or at least an auxiliary present therein is at |east partially

recycled igfo : T I i | ai rein
LoV ehet oMOpbERal bmél in Ml GEF MG Rullihe o ife BhDl aBftorheralBE 0
of these seregsanuiatingtorat deagtdmo @dhesatstapn vdegh arg cansd pubinsenes tigare stleetad t he

group consg&hichOeBiip cédslstipfby drying; (ii) fluidized-bed drying; (iii)
spray drying wwth integrated fluidized-bed; (iv) batchw se vaccum cont act
drying; (v) belt drying; (vi) fluidized-bed spray granul ation drying;
(vii) cont@nuouwprpadiyimgl drying, (viii) continuous paste mll drying; (iX)
lrjni(r:]ace)?;ranuﬂiﬁlt| %uihﬂe&bét?ﬁr%}'ngt;omr’ (x) aggloneration by addition of a

(ili)  spray drying with integrated fluidized-bed;

(iv)  batchwise vaccum contact drying;

) belt drying;

(vi)  floidized-bed spray granulation drying;
(vil) continuous contact drying;

(viii) continuous paste mill drying;

(ix)  microgranulation in a spray tower;

(x) agglomeration by addition of a binder;
(xi}  agglomeration by changing the pH.

9, The process as claimed in claim 8, wherein, in (i) to (xi), at least one additive is added
prior to, during or after, or prior to and after, or prior to and during, or during and after, or
prior to, during and after the respective drying/granulating/agglomerating step.

10. The process as claimed in any of claims 1 to 9, wherein step (I} or step (III) is followed
by a shaping step (S), the at least one shaping step being selected from the group
consisting of briquetting, pelletizing and sintering.

11. The process as claimed in any of claims 1 to 10, wherein at least one of steps (I1) and (11I)
or step (S) is followed by a calcining step (C) at temperatures in excess of 400°C.

12. A solid containing at least one zeolitic material obtainable by a process which comprises
at least the following steps:

step (I): at least partial crystallization of a solid containing at least one zeolite from
a synthesis mixture to produce the mixture (I) comprising at least said solid



(xi) aggloneration by changing the pH 9. The process as clainmed in claim
-8, wherein, in (i) to (xi), at least one additive is added prior to,
during or after, or prior to and after, or prior to and during, or during
and after, or prior to, during and after the respective
dry|ng/granulatlng/aggloneratlng step. 10. The process as | [ y of
claims 1 to 9, wherein step (Il) or sjep (I11) is follomegﬁogbﬂ&gﬂhgﬁ
step (S), the at |east one shaping step being selected fromthe group

consi sting of brlquettlnq elletjzing and sintering. 11. The process as
claimed in any of cl & Wmﬁﬂwf@x‘ﬁﬁ@reln at | east one of steps (I1) and
(Ir1r) or step (S) is foIIovved by a calcining step (C) at tenperatures in
excess of 400 12. A soli taini.n t on eqlitic er| aI

obt ai nabl esﬁﬁ‘a&) pr ocEWEERIAU ﬁ @Srftﬁ’? fls&gsenétm 55?“"?'11{5 ﬁi)lqyov& trapg © step
(1): at |east parti aprodugest @ientaraindorpepieatesol i d cont ai ni ng at I east one
zeolite from a synthesis mxture to produce the mxture (1) conprising at
| east said solid 23 and at | east one auxiliar PF 0000053736/ Kg step (I1):
concent r at $%9 (Mhe s orgedpperating, or gwnﬂhengnoxtaaglénxemﬂnsyﬂim grapylating thej %’El
produce a retentate gifcles RehdRainRate fbAktdd () : aggl onerating or

granul ating or agglonerating and granulating the solid particles in the
retentate fromstep (11). 13. A shaped body containing at |east one

zeol i 1IBc ekt eliapad boly a:ionmhhmg fat domst bee gedlitid materiel ebtaindble nfrathathensblid aasd by
carrying o | Lt shapi ng
subsequent%E“If:ilédtmeﬁa?ﬁtnllgzha(?ld b? Wﬂgg%lg%q%%&gg@oﬁlﬁ %cédnglﬁj seqﬁent to step
(I11) or (F). 14. Use of a zeolite-containing solid or shaped body produced
by a pr 0CeSRp S): cl ai gedidgubuedio gg@(mysorl(m)o |1 or the solid as clained
in claim12 or the shaped body as claimed in claim13 as a catalyst in at
| east one of the follow ng reactions: epoxidation of conpounds having at

| east one Gep(Oul ti ptacibimgdubsequent tostep (M) of (K3=O gr oups, hydroxyl ation of
organi ¢ conpounds having at |east one aromatic functionality, preparation

of  hydroxyl am ne.
14. Use of a zeolite-containing solid or shaped body produced by a process as claimed in any

of claims 1 to 11 or the solid as claimed in claim 12 or the shaped body as claimed in
claim 13 as a catalyst in at least one of the following reactions: epoxidation of compounds
having at least one C-C multiple bond, ammoximation of C=O groups, hydroxylation of
organic compounds having at least one aromatic functionality, preparation of

hydroxylamine.



