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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 fluidized-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.e. 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)
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The process should also allow simplification of the integrated process for producing zeolite-
_ containing shaped bodies as a whole, c.g. by omitting intermediate calcining steps. The process
C-. 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 (I)

_ 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 inio 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 m xture.
This procedure allows auxiliaries, in particular tenplate COWDOlﬂdDSEE 2006
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crystallization step (1). The solid described in the present invention
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step (S): shaping subsequent to step (IT) or (1II);
step (C): calcining subsequent to step (11I) 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

contexits.

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

C‘ | 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 (I). For the purposes of the
present invention, a mother liquor 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 (1),
the permeate essentially consists of mother liquor. '
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(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
C,' 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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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
C 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 (D) 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 (II): concentrating the solid present in the mixture (I) by ultrafiltration 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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their preparation are described, for exanple, in WO 98/55228, WO
C@B/B@Sﬂaa‘e noygstoghians 3ath, reged Ao thezt Jeaspanegreolir. which i5gs be Peescrttia theotnlid of
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2l rhclﬁm un}porate n fr}n cgnrtext o?%aeupr{)ese%t app cesltlilorr? OApalstlfron(l: 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 usvally from

C 0.01:1t00.1:1.

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, niobjum, 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 titani um and/ or vanadi um and/ or zirconi um and/ or chrom um and/ or
niobiumis usually from 0.01 : 1 to 0.1 :1. Titaniumzeolites h v.}ﬁg 5
the MFI structure are known to be identifiable froma parti cul arazp %?[N
in their X-ray diffraction diagrans and, in addition, by a skeletal
vibration band in the infrared (IR} at about 960 cm 1, and thus differ
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to pore formation. Exanples of suitable tenplate conpounds include
t et rapropyl ammoni um hydr oxi de, tetrapropyl ammoni um broni de,
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preferred enbqdi nent, the at geast onﬁ zeolitic material obtained is a
z e FHICPRIVEFARAE Feoliies havines Benalorsofiersmgiogs 11 pretiftlanihe typRes Aasienseh
t el byiXirayanal i@ dha ABW,cACONMMEMAELD | AEN, UAE T anBG, AFT, GdN, U@, kR AlFS1g
zeo S Vi [ eqQl r u Iy B | r t S
FechbEEAPRUAPS, AR, ApErphl AT, AR 0. WESPRYT SAZaWIE AWRES
AFIBEAFRIK, A0S, BRESCANAEAS, AFX, CEENCGAHTHAANNL GRC, CAPDCZRSPAGTN,
ATGHDRTBFOADET, HOH, HYQ, EARNM=DIBERFT, BiPK EBOEs vBETO, By, FER\ GISAGMEC!
CGF "CH,. ’ . DDR "DET, " POF, X B,
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MER A Y REs Mibn, Ui, P AR TR UMD, RAS,; RONRsMT RTeVRYE, B, sao, sar,
SBE, SBS, SBT, SFF, SGT, SOD, STF, ST1, 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, SSZ-24, TTM-1,
~ UTD-1, CIT-1 or CIT-5 structure are furthermore possible for use in the process of the invention.
| C 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 MFI/MEL mixed structure are preferably
used in the present invention. Specifically, the titaniom-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. '

Ste : 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



NAT, NES, NON, OFF, Osl, PAR, PAU, PH , RHO, RON, RSN, RTE, RTH, RUT,

SAO, SAT, SBE, SBS, SBT, SFF, SGI, SOD, STF, STI, STT, TER THOZ T 2008
TSC, VET, VFI, VNI, VSV, WE, WEN, YUG or ZON struct ure and to nixe
structures conprising two or nore of the abovenentioned structures.
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of the invention. Further titani un%cont ai ning zeolite
mentioned are those with the structture of ZSM 48 or ZSM 12. Titanium
zeolites having the MFl or MEL structure or MFI/MEL m xed structure are
pr eflepaBpticr liged, isnsubsequenrtds senargted, blitfilsptiongsentrifugsdl kyray+dred or spray-

tlt%fbhﬂl&teﬂ%&cﬁrﬂﬁ%'ﬂ@c&ﬁz@hﬂi&ﬁlﬁéﬂﬁhyﬁS which are generally referred to
S-1, TS-2 and TS-3, and titanium zeolites having a skel etal
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spray-dried or spray- granul ated according to conventional methods. In

the process of the invention, an ultrafiltration step (I1) to
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separated or concgarrttrate prlmarlly owng to particle size. A pressure
gr at® ang 4s of Rrticulpr Jupeyéance, a5 dissised bergy ¥ne. The smaller the pore
si ze of the nenbrane, the | ar ger the energy input, determ ned by the

pres dient t cessar to ef t .the separati
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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.

C, The solids content in the permeate should not exceed 5% by weight, in a preferred embodiment it
should not exceed 1 % 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 am 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.
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different materials than the separating layer. Examples of possible combinations of materials are

given in the table below:

Sepératingﬁyer Substrate (coarser than separation layer)
C Metal Metal
Ceramic Metal, ceramic or carbon
Polymer Polymer, metal, ceramic or ceramic on metal
Carbon Carbon, metal or ceramic '

Ceramic: e.g. o-Al,Os, 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
abovenentioned materials. Furthernore, all materials which constzgt[}gcemgﬁ
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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/m’/h.

Examples of membranes which can be employed are:

.. |Manufacturer Membrane Cutoff limit (kD)
(‘.1 Pore diameter {(nm)
Atech Innovations GmbH |UF/TiO, on 0-Al,04/1,2 20kD
UF/Z10; on AlLO4/1,2 50 nm
MF/a-Al,O5 on 0-Al,Os/1,2 0.1;0.2;04;0.3; 1.2 um
Rhodia/Orelis MFE/ZxrO, or TiO, on 0.1; 0.2; 0.45; 0.8 pm
ceramnic/1,2

UF/Z:Q, or TiO, on ceramic/1,2 | 15, 50, 150; 300 kD
UFIZrOz;TiOZ on carbon/1 50; 150; 300 kD
ME/Zr0,-TiO; on carbon/1 0.14 pm

Graver Technologies UF/TiO; on steel/1 100 nm

Bekaert MF/metal on metal 0.2-1 pm

NADIR Filtrations GmbH |UF/polyethersulfone or 10-150 kD




The operating tenperature (filter tenperature) depends on the nenbrane
stability and the tenperature stability of the synthesis m xture. The
tenperature is preferably between room tenperature and 150C, taﬁWWEEZ%B
care that the solvent present in the synthesis m xture does not
evaporate to an unacceptabl e extent. Tenperatures between 30C and 80C
are particularly preferred. H gher tenperatures usually |ead to higher
perneate fluxes. The perneate fluxes which can be achi ongly
dependent on the type of nenbrane gpd nenbrane geonetrgﬁﬁﬁg¥@§§ﬁiﬁ&%he
process conditions and the feed conposition (essentially the zeolite
conpcentration). The | perneate fIUXes arej typicatty between and 500
kglnRlh_ Exanpl es of |Polsslpesths which can| he enpl oyed are: nuf act ur er
Menbrane Cutof f | i mitypigelbtefifoRe/di amet ef4o( fymkp At ech | nnovati ons GrbH
UFTT Q2 on a- ATZ037 71, 2 20 KD UF/"Zr0Z on ALZ037 T, 2 50 nm MF/ja- A1203 on
a- AYSB% 1,2 0. 1; 0.2PF@Y§'L:°1D‘¥ LOjasl o RISt elis M/ ZrQ or Ti02 on
0.1, 0.2; 0.45; 0.8 |meal/geramc/1,2 OF/zZrQ2 or Ti02 on ceramc/1,2 15,
o T TR, SIS B Tlgheer, Carbo 30, 150 300 KD WEY 2r02-Ti 2
DUTIT L U. L= T\ av el LAAZRLEAYA] Ugl oo T TT UL UTT U CCT 71 ™
Bekkaert M-/ netal on [BEWFVMDRB 2-1 sm NADI ROKEDI trati ons GrbH |UF/ of
et hersul fone or 10- 1pRAkRh@s 7 DEC 2006 R 00053736/ Kg 12
polrysut-fomers—uEf s [ O 20 46 R e 2102 on

a- pdchamachery 25 80 nHF/ TR a2y aparsmicdl? Pelhind P hmol ysul fone/ 3 40 rim
"~ |MF/0-Al O on ceramic 100 and 200 nm

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.

C

Step (IID): 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)  spray drying;

(i) fluidized-bed drying;

(iif)  spray drying with integrated fluidized bed;
(iv)  batchwise vacuum contact drying;



UF/ PVDF/ 3 10 kD M/ PVDF/ 3 300 ran Schumacher UF/Ti02 or ZrQ2 on
ceramc/1,2 5, 10 and 50 nm M/ a- A1203 on ceram ¢ 100 and 200 ran? 2:3£c 2008
tubul ar nenbrane; 2: multichannel elenent; 3: flat nenbrane for rolle
nodul es, bag nodules, plate stack nodul es or special nodules with
agitated nmenbranes or stirrers between the nmenbranes; UF: ultra
Filtration; M= mcro Filtration Solid/liquid separation. | her,
optional, step which typically foll ﬁ/s the step of concgﬁtopﬁ‘?%:?ég g
ultrafiltration and forns part of e above-defined step (I1), the
solids content of the retentate suspension can be further increased by
convent i dhhl PeBdEEBEs. This can be achieved, for exanple, by separating

the susgensi gmidddbdatgrdybrthudatdn@rdhst y of parts and then separating
of f the zo..id contained in . one part by cake-formng filtration,

centrifudlly SABUBPALFOMAN: (5% et hods. The filter cake thus obtai ned
or the sddiijrerotntomous prete hidl dygended in the remai ning part of the

suspensi g, if . A f hing step. Step (H):
Aggl orrerg{}?on g%ﬁ%ﬁ%@ﬁ%ﬁ q%g?g‘ﬁﬁﬁ’ to step (11) of concentrating
and/ or séPpar atgglgmeratien bppdditipmet 4 bindes; can be enl arged by any known

aggl oner atih ON 3381 SnBeatiSh BH Bh 1%1 h@pRpcess. Explicitly included are drying
process @él'? epsg%\llhi ch typ?cal I%%/ eag to at |east parti al
aggl oner ati on/ granul ati on and/or are carried out subsequent to the

aggveéitte regaid o/ peinr uliadrndofvi)s tieprelSuahcgntat @f THS- 187 6116271 @al$@ 106 8084s
f ol A = |1t j i strativeq: . List o {1) spray drying, (ii)
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V) aﬂgigaﬁg[_yi ng; (vi) fluidized-bed spray granulation drying; (vii)
cont1 nuous contact drying; '
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 (I11).
Aftertreatment

In order to improve the catalytic behavior, step (I}, step (IIT) or both, in each case optionally in

C/ 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 (8): Shaping

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



(viii) continuous paste mll drying; (ix) mcrogranulation in a spray
tower; (x) aggloneration by addition of a binder; (xi) aggl oner qimlﬁ%
changing the pH Wth regard to points (i) and (vi), the rel evan

content of DE-197 31 627 or US 6 106 803 is hereby fully incorporated
in the context of the present application. Wth regard to point (xi),
the relevant content of EP O 638 362 Bl is hereby ful Ly, 1 rafjed in
the context of the present applicagion. For all poi ntﬁ(é@gﬁwgﬁé@f at
| east 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
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aqugaYsmsMb¥Entisthokd, 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, ﬁseudoboehmite and
(,/ trialkoxyaluminates, preferably aluminum triisopropylate.

These binders can be used cither 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.



required a m xture containing at | east one al cohol and water, if
required one or nore organic viscosity enhancers and further additives
known fromthe prior art. The plastically deformable material obtafmgd s
by thorough m xing, in particular kneading, of the above conponents is
preferably shaped by extrusion and the shaped body obtained is
subsequently dried and finally calcined. Useful binders are in principle
any substances which inpart a stronger adhesi on and/ or i

between the particles to be bound, fzere the (pulveruleH§§6§§F$37y§%%n

t he physisorption which is present anyway w thout the binder. Preferred
bi nders are selected fromthe group consisting of orthosilicates,

t etraal koxysi |l anes, tetraal koxytitanates, tetraal koxyzirconates or a
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kaol i ns, bentonites, halloysites, dickites, nacrites and ananxites. The
shapedsth@dyentfis furthermore mkédoin the wbdnaioh ol dershapedbodp of theadantioRO,
particularly preferably from about 10 to about 75, in particular from
about 25 to about 45% by wei ght of binder, based in each case on the
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m xtyres of twq or nore . . . .
polyacrylates, polymethacrylates, polyvinyl alcohol, polyvinylpyrrolidone, polyisobutene and
polytetrahydrofuran. These substances primarily promote the formation 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

C 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
95/19222, 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



of the abovenentioned binders. In the process of the invention, it is
possible to add polyners for establishing a specific pore size, PPOEC 2008
size distribution and pore volunme, if this is desired, polyners
di spersi bl e, suspendable or enulsifiable in aqueous sol vents being used
according to the invention for this purpose. The polyner is preferably
sel ected from polyneric vinyl conpounds, e.g. polystyr
pol yacryl ates, pol ynet hacryl at es, @%Iyolefins, polyaniéggm%%@53TMng
pol yesters. These polynmers are substantially renoved fromthe shaped
body again dur ing calcination. If present, the polynmer content during
the%ﬁﬁﬂﬁﬂ6¥P%Wﬁ@ﬁmﬁﬁéhgﬁﬁﬂ@éwﬁody is fromabout 5 to about 90,
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surfaces of the present shaped bodi es.

£

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
C der Technischen Chemie”, 4th Edition, Vol. 2, page 295{f, 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, roil



It is possible to use further additives and sol vents which help to
plastify the material to be shaped. Such solvents and additives 7ar $; ﬂ%
known to the person skilled in the art. It is of course al so possible
use m xtures of two or nore of the abovenenti oned additives. The order
of addition of the conmponents of the zeolite-containing material

(m xture) is not critical. It is possible either to fi

bi nder, then the mater-dispersibIeq7water-enulsifiablelﬁ§&lﬁﬁg@%ﬁﬁkg

wat er - suspendabl e pol yner, the organic viscosity enhancer and, if

requi red, the ad tive and finally the pasting agent, or, to |nterchange
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and (iii) sintering, i.e. the mat eri al to be conpacted is subjected to a
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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 andfor 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 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;



pressing, annular-roll pressing, binderless briquetting; pelletizing,

mel ting, spinning nethods, deposition, foam ng, spray drying; biﬁm 2’8@%
a shaft furnace, convection oven, travelling grate, rotary-tube ,
mul I'i ng. Conpacting can be carried out at atnospheric pressure or
super at nospheric pressure, for exanple in a pressure range from1 bar
to several hundred bar. Conpacting can furthernore be arrieg out _at
anbi ent tenperature or a tenperaturg above amnbi ent tenpéﬁ 37308
exanple in a tenperature range from 20C to 300C. If the shaping step
conprises drying and/or baking, tenperatures of up to 1500C are

concei vable. Finally, conpacting can take place in the anbient
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step (C): calcining subsequent to step (IIT) 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
CJ 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,0O,, the hydroxylation of aromatics, e.g. the preparation of
hydroquinone from phenol and H;O, or the conversion of toluene into cresol, the conversion of
alkanes into alcohols, 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



step (11): concentrating the solid present in the mxture (1) by
ultrafiltration to produce a retentate and a perneate; this steﬁ DEC 200
optionally includes a solid/liquid separation, for exanple of t g ol (§
fromthe nother liquor; step (I11): agglonerating or granulating or

aggl onerating and granul ating the solid particles in the concentrated
retentate fromstep (Il1); this step optionally includes_dryi

solid particles. In addition, the i ocess optionally c%ﬁ@é@%ﬁ%&g
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aldehydes and acids, for the ammoximation of ketones and for the preparation of amine N-oxides.

t he

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,
C? having a pore size of 50 nm is applied to the inside of the ceramic tube made of 0-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
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and in particular for possible oxidation reactions, by B. NOtarQWﬂECZWB
Stud. Surf. Sci. Catal. 37 (1987), 413 to 425. The above- descri béd
solids or shaped bodies containing at |east one zeolitic material are
particularly suitable for the epoxidation of olefins having from2 to 8
carbon atons, nore preferably of ethylene, propyl ene din
particul ar of propene to give the ﬁorrespondlng oIeflﬂﬁwiﬁﬁggﬁgﬁﬂg
Accordingly, the present invention relates in particular to the use of
the zeolite-containing solid or shaped body described herein for the
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C;‘pplk%/&@'/m Qhichgs pBfbdIen Bk vERRaCAI@AN ¢ tube made of a-A1203. The synthesis
sol ution contained about 6.9% by weight of zeolite and about 3.4% by
wei ght of tetrapropyl ammoni um hydroxi de (details can be found in EP-B O
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 nmenbrane and a pressure nai ntenance valve. Furthernore, a flow
neter, a thernoneter and a manoneter were positioned upstream of the
menbrane, and a manoneter was positioned downstream of the nmenbrane. The
suspension to be concentrated was punped through the inside of the

- tubul ar nenbrane, a uubttream passing through the nenbrane as perneate
and being renoved through the ceramic 27 DEC 2006 PF 0000053736/ Kg 20




support material and being collected on a balance. The flow velocity of
the suspension in the tubular nenbrane was adjusted to 5 nm's, th
filtration tenperature was adjustegito 60C, and the transrrerrbrani7 DEC 2006
pressure was adjusted to 1 bar. 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 tetrapropyl amoni um hydroxi de (TPA)
content being 3.4% The solids (zeolite and TPA) contBE0GARB73@Ker ni ned
by drying or, for the TPA, by titration. The perneate -was free from
zeolite beyond the experinental limt of detection and contained

- tetrapropyl ammoni um hydroxide in a concentration of about 3.4% Figure
1. The total solids content (zeolite plus TPA, in % by weight) obtained
- wWith this experinental setup is plotted on the horizontal axis as a
function of the perneate flux (in kg/n2/h) which is plotted on the
vertiWalgagi s. 21 2 7 D E C 2006 PF 0000053736/ Kg W claim 1 An
integrated process for producing a solid containing at | east one
zeolite, which process conprises at least the follow ng steps: step
(!y: ht | cexintepatedipabcessripsprathicingad solid caftaining at Jeakt oxndealite] wijiclaprobesast one

zeolite frcgﬂkp- ' ) ., to produce the mxture (1) conprising
at | east sal %%%ﬁ%@%gﬁgﬁq%g%g one auxiliary; step (11):

concentrating the solid present in the mxture (1) by ultrafiltration to
prod u?:e_t a sfe(@nt at lem fad partt ; Eﬁé&ﬁdﬁﬁﬁﬁ blﬁ’%c_flih ch%namﬁgalt gg%ﬁé ke}[%;ﬁtelcﬁom -
granul ating or agglonerating an ranul.ati.n e sol.i, articles in e
retentate from steﬁ‘sé'ﬁ‘ti’ SIS Jpray PrPg?‘ﬁ'ée%W%theéB&BFWWt%ﬁ%ﬁo@l) or
at | east an auxili anyademtartaukiiayein is at |least partially recycled
into step (1). 2. The process as clained in claim1, wherein the solids
content in the mxture prior to step (I!) is from]| to 20% by wei ght,
and the s&®p Y conrcaspentaingbe salid present guthe cuiarm B Pysvlspfilugtion 19 s from
50 to 80% by wei ghtpro@&mcehtamealpa@ﬁgtepn the total weight of the

m xture or the retenate, respectively. 3. The process as clained in
claim1l or 2, wherein the at |east one nenbrane used for the

ul trafiltstap I8y conggldmeratingoon greiulginigayrcigglomanating) apd granelatingethe selibf from
10, m. to 500 NM particles in the retentate from step (IN), -

wherein the permeate obtained in step (II) or at least an auxiliary' present therein is at least
partially recycled into step (I).

2. The process as claimed in claim 1, wherein the solids content in the mixture prior to step
| (1) is from 1 to 20% by weight, and the solids content in the retentate subsequent to step
(11) is from 50 to 80% by weight, in each case based on the total weight of the mixture or

the retenate, respectively.

3. The process as claimed in clait | or 2, wherein the at Jeast one membrane used for the
ulrafiliration contains separating layers having pore diameters of from 10 nm to 500 nm,
preferably of from 50 nm to 200 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-clement, 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.



preferably of from50 nmto 200 run. 4. The process as claimed in claim
3, wherein the geonetry of the at | east one nenbrane is select ed”gg 006
the group consisting of flat, tubulag, nultichannel-elenent, capi g}l
and wound geonetries. 5. The process as clained in any of clains | to
4, wherein the transnmenbrane pressure is from0.5 to 20 bar. 22 2 7 DEC
2006 PF 0000053736/ Kg 6. The process as clainmed in any of clainms | to

5, wherein at |east one.of the steps of agglonerating BFogQuoasm#3aikigng or
at least two of these steps which are carried out in series, .is/lare

- selected fromthe group consisting of (i) spray drying; (ii) »
fluidized-bed drying; (iii) spray drying with integrated fl uidi zed- bed,;
(iv) batchwise vaccum contact drying; (v) belt drying; (vi)

f1 ui di ged- betf Bpresy a@r‘:‘éﬂ%ﬁda{“i & qi’rc}ﬁ!ﬁ@;(l t)O(-‘viwl)ere@bﬁit leasiome of b geps of

dryi ng; (Vidgglomeeiinj ot grafulpagior atledst tvell ofithae stepohith &e QEFiBAbhiah bdies,i N a

spr ay tom.riS/a&@lc%%%ﬁéxp raqtr%’{%nc 'ti%fst%gd'.ti on of a binder; (xi)

aggl oner ati on by he process as clained in claimbé,
wherein in steps (i) to (xi), at |least one additive is added prior to,

Qﬁdﬁgﬂﬁr to and after, or prior to and during, or

during or afyter,
during anda(,?aft%f;,_ ior to, during and after the respective

0
dryi ng/gran(ﬂ) at i M@F@Mii ng step. 8. The process as clained in any

of clainms Xiif)0 praypisin withSih@prafel fluidefedst®p (111) is followed by a
shapi ng st %(Sﬁ? lE)h.e at Ieastt one, shapi ng step being selected fromthe.
group con At i REe WISHYACHIR EQH G Y8t | eti zi ng and sintering. 9. The

process as (&) ai bedtddiyimgel ai m 8, wherein the shaping step conprises the
formation qf;a IhEd terial, which contains at |east
Q)2 oaloBBhERLI AShAAR ly

one zeolite-gontaining s nmore a binder, wherein
preferred BYiNdeFdtppeiscaptactdei®Hxysi | ane, tetraet hoxysil ane

(viii) continuous paste mill drying;

(ix)  microgranulation in a spray tower;

(x)  agglomeration by addition of 2 binder;

(%)  agglomeration by changing the pH.

7. The process as claimed in claim 6, wherein in steps (i) to (xi), at least ope additive is
added prior to, during or after, or prior t¢ and afer, or prior to and during, or during and
after, or prior to, during and after the respective drying/granulating/agglomerating step.

8. The process as claimed in any of claims 1 to 7, wherein step (II) or step (I} is followed
by a shaping step (S), the at least one shaping step being selected from the group
consisting of briguetting, pelletizing and sintering.

9. The process as claimed in claim 8, wherein the shaping step comprises the formation of a
plastically deformable material, which contains at ]east one zeolite-coptaining solid and
furthermore a binder, wherein preferred bindets are tetramethoxysilane, tetraethoxysilane
and silica sol.

10.  The process as claimed in any of claims 1 to 9, wherein at least one of steps (II) and (I1I)
or step (S) is followed by a calcining step (C) at temperatures in excess of 400 °C.

11, The process as claimed in any of claims 1 to 10, wherein the auxiliary is a templating
agent. '



and silica sol. 10. The process as clainmed in any of clainms | to 9,

wherein at | east one of steps (I1) and (I11) or step (S) is foll gggﬂ%
a calcining step (C) at tenperatureg3in excess of 400 C. It. The S‘ry\g é

as claimed in any of clains | to 10, wherein the auxiliary is a
tenplating agent. 23 2 7 D E C 2006 PF 0000053736/ Kg 12. The process
as claimed in any of clains 1 to 11, wherein the mxture (1) is a nother

| i quor obtained by crystallization, containing a soli UF S0600SATekK ¢
therein and the at | east one aUX|I|ary 13. The process as clained in
claim 12, wherein the nother liquor contains up to 5%by weight of

parti ghes any
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or MEL st rﬂhﬂlmde b crystaiipenm, carRismesh palidt werendeds therpifoanst @e@éeaésom ai msd
in any of gixdiase |to 14, wherein during uItraflltratlon a relative

vel ocity between nenbrane and suspension of 0.1-10 m's is generated by
punped circul ation, nechani cal novenment of the nenbrane or stirrers

bet wedh. t hEhenprobesane claindt inTdlampi2) cdersin theahatherelihuon cammnotp 6 8oy | to

15, wherei I re.(filter tenperature) during
ultrafilt r‘gt Fﬁ%fﬁﬁ"ﬁgl@% J\)/\f/;e}gcr‘{‘E nﬁ{‘ésgﬁ C.
14.  The process as claimed in any of claims 1 to 13, wherein the zeolite is a titanium zeolite
baving MFI or MEL structure or a MFI/MEL mixed structure.

15.  The process as claimed in any of claims 1 to 14, wherein during ultrafiltration a relative
velocity between membrape and suspension of 0.1-10 m/s is generated by pumped
circulation, mechanical movement of the membrane or stirrers between the membranes.

16, The process as claimed in any of claims 1 to 15, wherein the operating temperature (filter
temperature) duting ultrafiliration is between 30 °C and 80 °C.



