-1- WEMS The present invention relates to seals and in particular to
mechani cal face seals for gases, in which grooves are provided in one of
the seal faces to establish a cushion of gas between the seal faces, when
one seal face rotates relative to the other. Wile particularly suitable
for use in sealing gases, seals of this type may al so be used for other
fluids. A seal according to the preanble of claiml is known from

US- A- 2623 35;i %ﬁiﬂlagﬁif of this type, the pressure of gas between the
seal faces af#2 y the filmthickness, is a function of the

rel ati ve speed of rotation of the faces and the design of the grooves.

Is desirable that at slow speeds sufficient pressure wll

be devel oped

between the faces to provide |ift-off in order to mnimse damage to the

seal
S
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faces on start-up and shui-down. Furthernore, when the filmihni cCKkness
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Molding and its production

The present invention relates to a molding containing at least one porous oxidic
material, a process for its production, and its use for the reaction of organic
compounds, in particular for the epoxidation of organic compounds having at least
one C-C double bond. The molding described herein has high abrasion resistance and

excellent mechanical properties.

Abrasion-resistant moldings comprising catalytically active materials are employed in
many chemical processes, in particular in processes using a fixed bed. Accordingly,
there is a huge wealth of literature on this subject. There is significantly less literature
on the use of catalysts based on porous oxidic materials, for example zeolites, and

especially relating to the molding of such materials.

For the production of solids, a binder, an organic viscosity-enhancing compound and
a liquid for converting the material into a paste are generally added to the catalytically
active material, ie. the porous oxidic material, and the mixture is compacted in a
mixing or kneading apparatus or an extruder. The resulting plasﬁc material is then
molded, in particular using an extrusion press or an extruder, and the resulting mold-

ings are dried and calcined.

A number of inorganic compounds are used as binders.



smal |, particularly at |ow speeds, a filmof high stiffness is required to
prevent contact in the event of an instability during the running of the
seal faces. At hi gher speeds, the filmthickness nust be sufficiently

| arge to make the seal insensitive to mnor variations in counterface
surface finish and to cope with swash of “the seal faces and surface

wavi ness. The running gap nust also be stable to give a predictable

trolled | eak dt i nt ai t f.l .of . l,i
Che whol o f aceP", SHepPIe ACTBIBR D iS40 SO0 Sitpripdy SiPeidS & Jorfuch ReRtmg
avoi d hot Spoligxibisifledithd biabS Exdnile i@ bribh bigakrshages.  Htherto,

these conflicting requirenents have been accomiodat ed by conprom se in the

desi gn of t he, O A0 fimina of68RE it SRBIANPEGLO WGBSR | NVenti on,

mixtures of silicon and aluminum compounds (WO 94/13584);

5 silicon compounds (EP-A 0 592 050);
clay minerals (JP-A 03 037 156);

alkoxysilanes (EP-B 0 102 544).

The organic viscosity-enhancing substances used are generally hydrophilic polymers,

10 eg. cellulose or polyacrylatés.

The Applicant itself, in DE-A 196 23 611.8, furthermore describes an oxidation
catalyst having a zeolite structure and molded by compacting shaping processes, and
its use in the preparation of epoxides from olefins and hydrogen epoxide, and, in DE-
15 A 196 23 609.6, an oxidation catalyst which is based on titanium or vanadium silica-
lites having the zeolite structure and which has likewise been molded by compacting
shaping processes and contains from 0.01 to 30% by weight of one or more noble

metals as defined therein.

20 In all publications according to the prior art cited above, water is used in the
preparation of the moldings described there, as a liquid for converting the material

into a paste (pasting agent).

However, the moldings described above and based on a porous oxidic material, for

25 example zeolites and in particular titanium silicalites, have several disadvantages.



-2- nmechanical face seal for providing a seal between a pair of relatively
rot at abl e conponents conprises; a first sealing ring adapted to be nounted
non-rotatably and sealed with respect to one of said conponents, a second
sealing ring adapted to be nounted non-rotatably and sealed with respect to
the other conponent, said second sealing-fing being nounted in axial
aligrnentlmﬁth the first sealing ring and neans being provided to
resiliently urge a sealing face of .th econd seali ring,axiallyinto
seal i ng engag mapy (of e spgldings ‘Feéﬁ’gb Iy Iﬂ? ?‘6‘?"& H% -egbavrei Hﬁ?ﬁﬁmen%

char acter i SEdm%&agRafs&thmsE@gakaa@sahaqri@d%d.t he sealing rings has a
first and a second set of grooved areas, the grooved areas of each set
bei ng spaced angul arly around the circunference of the sealing face the
grooved areas of one set being spaced angularly of the grooved areas of the

ot her set, thg grooved areas being segparated by |ands, the grogved areas of
both sets ope .glstE)"‘IB‘ﬂ’ga’ dé‘é‘p%?a"?h‘gg%eé?qoﬂ g@éab%a %’if%‘??éi‘ﬁ‘a“%é? tThay
across the Seﬁﬁde@l_ﬂaa‘l@&?d fRUGE rSHG0Waledd] B8esIsH Hindedg witich' @b Hinpért §8Rient
relative to the direction of rotation of one seal face relative to the

other, the trstidngthgtoesigh bmikiing rastrioh bel vsed, thre exrnaple betaush of ntheriadyersace at
A oPuSe 2O Sahled " Fof BUASHL, Abumbdifn Bichbing'vibdlS LASHEY bR"s0H il B fre?! ! 10
paration of titanium silicalite which is used as a catalyst for the epoxidation of, for

example, propylene with hydrogen peroxide, since the acidity induced by the
10 aluminum-containing binder results in a greater degree of ring cleavage and
formation of by-products. Moreover, titanium-containing binders can lead to high
decomposition rates of the hydrogen peroxide used if these titanium-containing

binders result in detectable titanium dioxide contents in the molding.

15 It is also undesirable to use binders which contain > 100 ppm of alkali metals or
alkaline earth metals. By using such binders, the catalytic activity of, for example,
titanium silicalite can be severely adversely affected since the catalytically active Ti

centers are inactivated by the alkali metal or alkaline earth metal ions.

20 It is thus an object of the present invention to provide a molding which contains at
least one porous oxidic material and has sufficient mechanical stability to be used as a
catalyst in a fixed bed. When it is used for catalytic reactions, the activity or
selectivity losses due to secondary reactions of the added binder should be avoided in

comparison with the prior art catalysts. A process for its production is also provided.
25

We have found surprisingly, that this object is achieved and, a molding which
contains at least one porous oxidic material and exhibits virtually no activity and
selectivity losses, or none at all, when used as a catalyst can be obtained if a mixture

containing at least one alcohol and water is used as a pasting agent in its production.
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pasting agent defined above.

Accordingly, the present invention relates to a molding containing at least one porous

oxidic material and obtainable by a process which comprises the following stages:

D addition of a mixture containing at least one alcohol and water to a mixture

containing a porous oxidic material or a mixture of two or more thereof and

(I)  kneading, molding, drying and calcination of the mixture according to stage
(D after addition,

and

a process for the production of a molding containing at least one porous oxidic

material, which comprises the following stages:

¢)] addition of a mixture containing at least one alcohol and water to a mixture

containing a porous oxidic material or a mixture of two or more thereof, and

(II)  kneading, molding, drying and calcination of the mixture according to stage
() after addition.

The novel preparation of the moldings described above starting from a porous oxidic
material in powder form comprises the formation of a plastic material which contains
at least one porous oxidic material, a binder, a mixture containing at least one alcohol
and water, if required one or more organic viscosity-enhancing substances and further

prior art additives.

The plastic material obtained by thorough mixing, in particular kneading, of the
above components is preferably molded by means of extrusion pressing or extruding
and the resulting molding is then dried and finally calcined.

gap
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Preferably the first set of grooved areas have an axial depth of |ess than
10[err]mand nore particularly of from2.5[errJmto 7.5[err]m while the
second set of grooved areas have an axial depth of greater than 10[err]m
and nore particularly of from25[errJmto _125[err]m A further set of
grooved areas which extends the full w dt'® of the seali ng face, may al so be
provi ded at angul arly spaced |ocations, in order to further increase

rooved ar eacTirt AechEPRng el Siichof ik Festt BORR sRR BB Sl Rl s >
250[err]m  rhhg bk ned biothel srof@tiod &FChé REel ioldmy, a§ 16hEAaP tes Yaksible Wb t h

reference to the acconpanying draw ngs, in which:- Figure 1 illustrates
in part sectiRyARare amojeing andescrbed hesein startingcfeam thase majdrials. t he present
i nvention; Figure 2 is a section along the line Il - Il of Figure 1;

5 The porous oxidic material is preferably a zeolite, particularly preferably a titanium-,
zirconium-, chromium-, niobium-, iron- or vanadium-containing zeolite, in particular

a titanium silicalite.

Zeolites are known to be crystalline aluminosilicates having ordered channel and cage

10 structures which have micropores. The term micropores as used in the present
invention corresponds to the definition in Pure Appl. Chem. 45 (1976), p. 71 et seq.,
in particular p. 79, and denotes pores having a diameter of less than 2 nm. The
network of such zeolites is composed of SiO, and AlQO, tetrahedra which are linked
via common oxygen bridges. An overview of the known structures is given, for

15 example, by W.M. Meier and D.H. Olson in the Atlas of Zeolite Structure Types,
Elsevier, 4th Edition, London 1996.

There are also zeolites which contain no aluminum and in which some of the Si(TV)
has been replaced by titanium as Ti(IV) in the silicate lattice. The titanium zeolites,
20 in particular those having a crystal structure of the MFI type, and possibilities for
their preparation are described, for example in EP-A 0 311 983 or EP-A 0 405 978.
Apart from silicone and titanium, such materials can also contain additional elements,
such as aluminum, zirconium, tin, iron, cobalt, nickel, gallium, boron or small

amounts of fluorine.
25

In the zeolites described, some or all of the titanium itself therein may be replaced by
vanadium, zirconium, chromium, niobium or iron. The molar ratio of titanium and/or

vanadium, zirconium, chromium, niobium or iron to the sum of silicon and titanium



Figure 3 is a partial section (on enlarged scale) along the line IIl - |11

of Figure 2; Figure 4 is a partial cross-sectional elevation of a gas
turbine with a seal in accordance with the present invention,; Figure 5 is
a section along the line V - V of Figure 4, Figure 6 is a partial section
(on enlarged scale) along the line VI-VI-®f Figure 5; and Figure 7 is a
viewsimlar to Figure 2 illustrating a .

-4 and/or vanadium, zirconium, chromium, niobium or iron is generally from 0.01:1 to
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0.1:1.

Titanium zeolites having the MFI structure are known to be identifiable by a certain
pattern in their X-ray diffraction photographs and additionally by a structural
vibration band in the infrared region (IR) at about 960 cm™ and thus differ from alkali

metal titanates or crystalline and amorphous TiO; phases.

Usually, the stated titanium, zirconium, chromium, niobium, iron and vanadium
zeolites are prepared by reacting an aqueous mixture comprising an SiO, source, a
titanium, zirconium, chromium, niobium, iron or vanadium source, for example
titanium dioxide or a corresponding vanadium oxide, zrconium alcoholate,
chromium oxide, niobium oxide or iron oxide, and a nitrogen-containing organic base
as a template, eg. tetrapropylammonium hydroxide, if necessary also with the
addition of basic compounds, in a pressure-resistant container at elevated temperature
for several hours or a few days, a crystalline product being formed. This is filtered
off, washed, dried and subjected to combustion at elevated temperatures to remove
the organic nitrogen base. In the powder thus obtained, some or all of the titanium or
of the zirconium, chromium, niobium, iron and/or vanadium is present within the
zeolite structure in varying amounts with 4-, 5- or 6-fold coordination. To improve
the catalytic behavior, repeated washing with hydrogen peroxide solution containing
sulfuric acid may also be carried out subsequently, after which the titanium or
zirconium, chromium, niobium, iron or vanadium zeolite powder must once again be
dried and subjected to combustion; this may be followed by a treatment with alkali
metal compounds in order to convert the zeolite from the H form into the cationic
form. The titanjum or zirconium, chromium, niobium, iron or vanadium zeolite
powder prepared in this manner is then processed to give a molding as described

below.



further nodification to the seal illustrated in Figure 1. As illustrated
in Figure 1, a nechanical face seal for. providing a gas-tight seal between
a shaft 10 and a housing 11 conprises a first sealing ring 12, which is

| ocated on a collar 13 secured to the shaft 10, in known manner. A sealing
ring 12 is sealed with respect to the cotTar 13 by neans of an el astoneric
O-ring 14 or simlar device and a pin 15 located in a bore 16 in the collar

13 extends igo a .‘gorr,espond,i ng bore 17 in sealing ring 12, to prevent
rel ative rot aTEfHeD 2eqlibesAre Handws Zigenivmy ghromiyndniebikm; orpgnadipmergelitts whi ch

s secured t ol phdtelaBly blethle FRARKH ARIRY SAIEth BuBMP Rl the

sealing ring 12. second seal 1 ng-ri‘ng ocate ar ng ring
21 which i s sassignesihyi ¥-ray amatysisto2Re BEADMGR AHON]IMTW, EER| MIFI,eMBERNCEIA, The

el astoner' ¢ 02 08B v ERE el sl AT doBl MiRuRE Hress "2
the seal}ng Vg, eMbalns, ofF dabyEbOCRFSI MRS MBIMEZ hiflthdlnflel | N1 N0

the recess 25, in axially opposet relatiohship to the sealing ring
plurality of ZeobtespBthisrtypgaredesteitiedfor dxemples i thé abmiemetfiored pabkehtioy byi ng

20, the ribs en [,ng i _correspondin rooves i u per.i.phery of
the sealing rI\I?I%lar 5%? tg%so%r g\? -con?ammg zgolgres (I?xavmg tl!I'e UET-? E??’[‘-l, %’IJI' -%}2
ZSM-48, MCM-48, ZSM-12, ferrierite, B-zeolite or mordenite structure are also
possible for the present invention. Such zeolites are described, inter alia, in US-A 5
10 430 000 and WO 94/29408, the content of which in this context is fully incorporated

by reference in the present Application.

There are also no particular restrictions with regard to the pore structure of the novel
moldings, ie. the novel molding may have micropores, mesopores, macropores,
15 micro- and mesopores, micro- and macropores or micro-, meso- and macropores, the
definition of the terms mesopores and macropores likewise corresponding to those in
the abovementioned literature according to Pure Appl. Chem. and denoting pores

having a diameter of from > 2 nm to about 50 nm and > about 50 nm, respectively.

20 Furthermore, the novel molding may be a material based on a mesoporous silicon-

containing oxide and a silicon-containing xerogel.

Silicon-containing mesoporous oxides which also contain Ti, V, Zr, Sn, Cr, Nb or Fe,
in particular Ti, V, Zr, Cr, Nb or a mixture of two or more thereof, are particularly
25 preferred.

Suitable binders are in principle all compounds used to date for such purposes.
Compounds, in particular oxides, of silicon, of aluminum, of boron, of phosphorus, of

zirconium and/or of titanium are preferably used. Of particular interest as a binder is



relative rotation between the sealing ring 20 and housing 11. A series of
angul arly spaced springs 30 act between the closed end of annul ar recess 25
and a thrust ring 31 which acts against the back of sealing ring 20 to urge
the face 32 of sealing ring 20 into seali ng engagenent with the opposed
face 33 of sealing ring 12. The thrust -
- 5- r1ing 31 is sealed with respect to the mall 26 of annul ar recess 25
and the sealiﬁ% ri.ng s of . an el ast ric rin

s

.34. As
illustrated W i ey be P S B Shang maﬂﬁgcwl PE By ded
Wi th two set o of RitalkofyHARS Gfides of magnesium and of beryllium and clays, for

example montmorillonites, kaolins, bentonites, halloysites, dickites, nacrites and

anauxites, may furthermore be used as binders.

However, a metal acid ester or a mixture of two or more thereof is preferably added
as a binder in stage (I) of the novel process. Particular examples of these are
orthosilicic esters, trialkoxysilanes, tetraalkoxytitanates, trialkoxyaluminates,

tetraalkoxyzirconates and a mixture of two or more thereof.
10

However, tetraalkoxysilanes are particularly preferably used as binders in the present
invention. Specific examples are tetramethoxysilane, tetraethoxysilane,
tetrapropoxysilane and tetrabutoxysilane, the analogous tetraalkoxytitanium and
tetraalkoxyzirconium compounds and trimethoxy-, triethoxy-, tripropoxy- and
15 tributoxyaluminum, tetramethoxysilane and tetraethoxysilane being particularly

preferred.

The novel molding preferably contains up to about 80, particularly preferably from
about 1 to about 50, % by weight in particular from about 3 to about 30, % by weight,
20 of the binder, in each case based on the total mass of the molding, the binder content

being calculated from the amount of metal oxide formed.

The metal acid ester preferably used is employed in an amount such that the resulting
metal oxide content in the molding is from about 1 to about 80, % by weight, prefer-

25 ably from about 2 to about 50, % by weight, in particular from about 3 to about 30, %
by weight, based on the total mass of the molding.

As is already evident from the above, mixtures of two or more of the abovementioned

binders may of course also be employed.



and 41. The grooves 40 and 41 of each set are spaced angularly of each

ot her, the grooves 40 alternating with the grooves 41. Both sets of grooves
extend fromthe outer periphery of face 33 and are inclined rearwardly
relative to the direction of rotation D of shaft 10, so that upon rotation
of shaft 10 and sealing ring 12, gas wlI-%be induced to flow into the
grooves 40 and 41 fromthe outer peri phery of sealing ring 12. The grooves
40 and 41 extend only part-way across the face 33 to forma dam fornmation
42, which will interrupt the flow of gas and produce high pressure zones
whi ch oppose i he | oad ap plied to the sealing ring 20, by neans of spring
30, thereby u g? Fﬁjelitﬁé fordbg pregent investion thane mn&@a@mammgmtdmsueneaalpml ng

Chatl ow havi n s i 8 58 e et S FrolhoE s & 258 Blhe. Thdcp

of 25[err]m albehok hadterawf ghis miemredi§ inighheral fashiaolt Dfb sH0RS S0r % ByowEshat | ow

rotatlonal speeds wi | | intain @ thin stiff filmof air between the
faces 32°and @ggrah%égra ngrtﬁo‘ib@g 49, % by wsighti in parkgnlan @wnr%hoesl%ﬁo
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between the faces 40 and strate ures 4 “a gas
turbine includes a rotor 111 nobunted for rotation on shaft 110. A static

The alcohol used prefe;ably corresponds to the alcohol component of the metal acid

ester preferably used as the binder, but it is also not critical to use another alcohol.

10
There are no restrictions at all with regard to the alcohols which may be used,
provided that they are water-miscible. Accordingly, both monoalcohols of 1 to 4
carbon atoms and water-miscible polyhydric alcohols may be used. In particular,
methanol, ethanol, propanol, n-butanol, isobutanol, tert-butanol and mixtures of two
15 or more thereof are used.

The organic viscosity-enhancing substance used may likewise be any prior art
substances suitable for this purpose. Those preferred are organic, in particular
hydrophilic polymers, eg. cellulose, starch, polyacrylates, polymethacrylates,
20 polyvinyl alcohol, polyvinylpyrrolidone, polyisobutene and polytetrahjdrofuran.
These substances primarily promote the formation of a plastic material during the
kneading, molding and drying step by bridging the primary particles and moreover
ensuring the mechanical stability of the molding during the molding and drying

process. These substances are removed from the molding during calcination.

25

Amines or amine-like compounds, for example tetraalkylammonium compounds or
aminoalcohols, and carbonate-containing substances, such as calcium carbonate, may
be used as further additives. Such further additives are described in EP-A 0 389 041,



ring 112 is located in juxtaposed relationship to the rotor 111. Air at
hi gh pressure is provided froma radially inwardly positioned chanber 115
and is arranged to pass through passages (not shown) in the rotor 111, for
cool i ng purposes. 10 -6- The chanber
115 is defined by an annul ar seal 120 which extends between the static ring
112 and rotor 111. The seal 120 conprises a sealing ring 121 having an

outvardiy di 5ocd 9001280 qggkﬁ@%?ﬂg@ﬂz,@ﬁggﬁgg@o’gg@%g@#ﬂ%' FURAEL 3 i ect ed

fl ange formation e other end. engages the

i nt ernal di acmftedt of thé podsent Apglichtion. f or mati on 125 on static ring 112, a
plurality of angularly spaced axially extending ribs 126 on the internal

di aneter of tubular formation 125 engaging in correspondi ng grooves 127 in
the flange formation 122, so

Instead of basic additives, it is also possible to use acidic additives. These can effect,
5 inter alia, a more rapid reaction of the metal acid ester with the porous oxidic
material. Organic acidic compounds which can be burnt out by calcination after the
molding step are preferred. Carboxylic acids are particularly preferred. It is of
course also possible to incorporate mixtures of two or more of the abovementioned

additives.
10

The order of addition of the components of the material containing the porous oxidic
material is not critical. It is possible either to add first the binder, then the organic
viscosity-enhancing substance and, if required, the additive and finally the mixture
containing at least one alcohol and water or to interchange the order with respect to

15 the binder, the organic viscosity-enhancing substance and the additives.

After the addition of the binder to the porous oxide powder, to which the organic
viscosity-enhancing substance may already have been added, the generally still
pulverulent material is homogenized for from 10 to 180 minutes in a kneader or
20 extruder. As a rule, temperatures of from about 10°C to the boiling point of the
pasting agent and atmospheric or slightly superatmospheric pressure are employed.
The remaining components are then added, and the mixture thus obtained is kneaded
until a plastic material capable of being molded in an extrusion press or extruder is

formed.
25

In principle, the kneading and the molding can be effected using all conventional
kneading and molding apparatuses or methods, many of which are disclosed in the

prior art and are used generally for the production of, for example, catalyst moldings.



that sealing ring 121 will be axially slidable but rotationally fixed with
respect to the static ring 112. Aresilient netal bellows unit 128 is fixed
at one end to the static ring 112 and at the other end to flange formation
123 of sealing ring 121, to provide a flqh - tight seal between the static
ring 112 and sealing ring 121. The resilTent netal bellows unit 128 is
assenbl ed under conpression, so that it biases the end face 129 of flange
formati on 123 psndiQ i & L4 np . : on
the rotor 1117 HRaSFHAGRA BIGUEE Brotitdd nBlesRRRE ek U Sudd) pu PR ds
sealing ring tffdctéds byromudied in ténvehti@al extradepd, fopiekahpler woges ddfudatk86 and
137, the grooyes 135, 136 and 7 of each set being spaced angul arly of
each ot her anéavﬂ%agFBﬁW¥§’i ally, {rom glont 4sto abguit 10 Fap, 18 Particulsf frophakout set s

of grooves 133, tolgoud™ mi’ ‘Si&&l?f&tﬁﬁ@ﬁ%??ﬁaﬂu@é}e%rfep%gﬁ%g{ %fcrno%ﬁﬁ-ﬁl‘é, 9.

forwardly relative to the direction of rotation so t hat
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th 1 6 d 13 fromch r 115. Grooves 13 d 136 extend
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periphery of faegldiag.

After the end of the extrusion pressing or extruding, the resulting moldings are dried
10 at, in general, from about 30 to 140°C (for from 1 to 20 hours at atmospheric
pressure) and calcined at from about 400 to about 800°C (for from 3 to- 10 hours at

atmospheric pressure).

The resulting moldings or extrudates can of course be comminuted. They are
15 preferably comminuted 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 moldings produced by another method contain
virtually no fractions and particles finer than those with a minimum particle diameter
20 of about 0.1 mm.

The moldings according to the invention containing a porous oxidic material or
produced by the novel process have improved mechanical stability while at the same
time retaining the activity and selectivity in comparison with corresponding prior art

25 moldings.

The moldings according to the invention or produced according to the invention can

be employed for the catalytic conversion of organic molecules. Reactions of this type



-7- As illustrated in Figure 6, the grooves 135 are relatively shall ow,
having a depth of 5[err]mto 6[err]m while grooves 136 have a depth of
25[err] mand grooves 137 have a depth of 50[err]m Upon rotation of the
rotor 111, air is drawn into the grooves_ 135, 136 and 137. Wen the air
reaches the closed ends of grooves 135 and 136, high pressure zones are
formed which oppose the |load applied to sealing ring 121 by resilient

bel ows _uni ¢ adcior MRRIS WddafibD i GRAMASn BE SIeRGE Yob bldrlpld d FrebdiichONeS.

the faces 129 and 130 are noved apart to create a running cleara The
shal | ow gr oowé pr@tylasiel dxige Gubor propylphe mnd 4410-¢ theomelroxaiatioavefr aropatics) dbr
Speeds and Welxlzmgi%i Hyyﬁti)crl]uir?or}eh iﬁ%ms tpll'Lfexflol and H,O,, the conversion of alkanes into
alcohols, aldehydes and acids, isomerization reactions, for example the conversion of
5 epoxides into aldehydes, and further reactions described in the literature with such
moldings, in particular zeolite catalysts, as described, for example, in W. Hélderich,
Zeolites: Catalysts for the Synthesis of Organic Compounds, Elsevier, Stud. Surf, Sci.
Catal., 49, Amsterdam (1989), pp. 69 to 93, and, in particular for possible oxidation

reactions, by B. Notari in Stud. Surf. Sci. Catal., 37 (1987), 413 to 425.
10

The zeolites discussed in detail above are particularly suitable for the epoxidation of
olefins, preferably those of 2 to 8 carbon atoms, particularly preferably ethylene,
propylene or butene, in particular propene, to give the corresponding olefin oxides.
Accordingly, the present invention relates in particular to the use of the molding
15 described herein for the preparation of propylene oxide starting from propylene and

hydrogen peroxide.

The present invention in its most general embodiment moreover relates to the use of a
mixture containing at least one alcohol and water as a pasting agent, preferably in
20 combination with a metal acid ester as a binder, for the preparation of moldable

mixtures which contain at least one porous oxidic material.

EXAMPLES

25 Example 1

910 g of tetraethyl orthosilicate were initially taken in a 4 | four-necked flask and 15 g
of tetraisopropyl orthotitanate were added from a dropping funnel in the course of 30

minutes while stirring (250 rpm, paddle stirrer). A colorless, clear mixture formed.



filmof air betweeen the faces 129 and 130, thus producing the requirenents
for start-up and shut-down conditions. The deeper grooves 136 wll permt
high flow rates at higher rotational speeds to produce a relatively thick
stable filmof air between faces 129 and 130, during normal running of the
t ur bi ne. The grooves 137 are sized to'd rmt the passage of debris, which
may ot herw se cl og grooves 135 and 136, fromthe high pressure chanber 115

across the.s : . rovi de. fl ow, of..ai r, acr pss.t he
faces 129 anﬁ‘%fgé%? 4 %_)%%tggngg‘ n%’églgt t%%%ﬁ&%’“@c?&‘ﬁ"hgydmmfjﬁ splyron, i ment
il lustrated imetd gmtent % 10t pgm) svertsthdD addetl fivl Mhfing Wi @hiawdsfofQ fRderdl are

of differing w dths, the |ands 43 foll|low ng the shallow grooves 40 rel ative
to the directio¥h ﬁ?e %@al %Ws(éa%ao%)rﬁom fromethe hydrolyaiseasalistilled o&ni ng

t he deeper gr | @b e Th miRGredi ' t 3t D, Typically the
shal | ow gr oovag?éggg%ﬁdlfbge%pgpggr oofg*s’gsiﬁééﬂq{h &Lﬂé@gfo ?tt‘%agé}sagﬂéh%/\ﬁgﬁﬁmfl%e
ratio of5t he slighttyhopatiué $vb vasabisfgredav as 14fitlesswied! firfdd dubRldvands 43 being
of the order of 1:1 while the ratio of the width

The closed autoclave (anchor stirrer, 200 rpm) was brought to a reaction temperature
of 175°C at a heating rate of 3°C/min. The reaction was complete after 92 hours.
The cooled reaction mixture (white suspension) was centrifuged and the sediment
10 was washed several times with water until it was neutral. The solid obtained was

dried at 110°C in the course of 24 hours (weight obtained 298 g).

The template remaining in the zeolite was then burnt off under air at 550°C in 5 hours

(calcination loss: 14% by weight).
15

According to wet chemical analysis, the pure white product had a Ti content of 1.5%
by weight and a residual alkali content of less than 100 ppm. The yield was 97%,
based on SiO; used. The crystallites had a size of from 0.05 to 0.25 um and the
product showed a typical band at about 960 cm™! in the IR.

20

Example 2

120 g of titanjum silicalite powder, synthesized according to Example 1, were mixed
with 48 g of tetramethoxysilane for 2 h in a kneader. 6 g of Walocel (methyl-
25 cellulose) were then added. For conversion into a paste, 77 ml of a water/methanol
mixture containing 25% by weight of methanol were then added. The material ob-
tained was compacted for a further 2 h in the kneader and then molded in an extrusion
press to give 2 mm moldings. The moldings obtained were dried at 120°C for 16 h



-8- of the deeper grooves 41 to the width of the lands 44 is of the order
of 1:1.5. In the enbodinents illustrated above, the ratio of grooves 40
to grooves 41 is 1:1; and the ratio of grooves 135 to grooves 136 to
grooves 137 is 1:1:1. These ratios may however be varied to give the

required performance at start-up, shut-dd$n and under nornal

ru

nni ng of the

seal. The ratio of grooved area to ungrooved area is preferably fromO. 75:1

enbodi nent, grooved areas of other configurations,
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as catalyst A in the epoxidation of propene with hydrogen peroxide.

Comparative Example 1

120 g of titanium silicalite powder, synthesized according to Example 1, were mixed
with 48 g of tetramethoxysilane for 2 h in a kneader. 6 g of Walocel (methyl-
cellulose) were then added. For conversion into a paste, 80 ml of water were then
added. The material obtained was compacted for a further 2 h in the kneader and then
molded in an extrusion press to give 2 mm moldings. The moldings obtained were
dried at 120°C for 16 h and then calcined at 500°C for 5 h. The lateral compressive
strength of the resulting moldings was tested. The lateral compressive strength was
3.59kg. 10 g of the moldings thus obtained were processed to give chips (particle
size 1 - 2 mm) and used as catalyst B in the epoxidation of propene with hydrogen

peroxide.

Example 3

120 g of titanium silicalite powder, synthesized according to Example 1, were dry-
blended with 6 g of Walocel (methylcellulose) and mixed with 48 g of tetraethoxy-
silane for 30 min in a kneader. For conversion into a paste, 75 ml of a water/ethanol
mixture containing 50% by weight of ethanol were then added. The material ob-
tained was compacted for a further 1 h in the kneader and then molded in an extrusion
press to give 2 mm moldings. The moldings obtained were dried at 120°C for 16 h
and then calcined at 500°C for 5 h. The lateral compressive strength of the resulting
moldings was tested. The lateral compressive strength was 3.08 kg. 10 g of the



While the present invention is particularly useful for use in gas turbines
It may be utilised for sealing any fluid where controll ed | eakage of the
fluid can be tol erated. -9- CLAIMS

1. A mechanical face seal for providing seal between a pair of

rel atively rotatable conponents (10,11; 1I0, 112) conprising a first
sealing ring (12; 111) adapted to be nmounted non-rotatably and sealed with

121) “adapt ed P3RS S BURRLRRE Brdchtes o oo BudBRARG: $47 L Bubie et
ot her conponestcatalyst Cid Be eposidntorsefyRoskns edth Hydrdgen gerorde. 121) bei ng
nmounted i n axial alignnment

Comparative Example 2

W

120 g of titanium silicalite powder, synthesized according to Example 1, were mixed
with 48 g of tetraethoxysilane for 2 h in a kneader. 6 g of Walocel (methylcellulose)
were then added. For conversion into a paste, 79 ml of water were then added. The
material obtained was compacted for a further 1 h in the kneader and then molded in
10 an extrusion press to give 2 mm moldings. The moldings obtained were dried at
120°C for 16 h and then calcined at 500°C for 5 h. The lateral compressive strength
of the resulting moldings was tested. The lateral compressive strength was 1.92 kg.
10 g of the moldings thus obtained were processed to give chips (particle size 1 - 2

mm) and used as catalyst D in the epoxidation of propene with hydrogen peroxide.

15

Comparative Example 3

120 g of titanium silicalite powder, synthesized according to Example 1, were
compacted with 6 g of Walocel (methylcellulose), 30 g of silica sol (Ludox AS-40)
20 and 85 ml of water for 2 h in a kneader. The material thus obtained was then molded
in an extrusion press to give 2 mm moldings. The moldings obtained were dried at
120°C for 16 h and then calcined at 500°C for 5 h. The lateral compressive strength
of the resulting moldings was tested. The lateral compressive strength was 0.89 kg.
10 g of the moldings thus obtained were processed to give chips (particle size 1 - 2

25 mm) and used as catalyst E in the epoxidation of propene with hydrogen peroxide.

Examples 4 to 8



with the first sealing ring (12; 111) and neans (30; 128) 'being provided.to
resiliently urge a sealing face (32; 129) of the second aling ring (20;
121) axially into sealing engagenent with a sealing face heet cop Regldreq
first sealing ring (12; 111); characterised in that the s Co
129) of one of the sealing rings (12; 1241 has a first an ' of
grooved areas (40, 41; 135, 136), the grooved areas (40, 41; 135, 1 f
each set being spaced angul arly around the circunference of the sealing

face (33; 12%atalysts §riodk srereinstalleddn a stee))autclayigewith baskst ingers sad gassing

N9 Y O s B A0Y 8 SRSl i B U Gl bR RRUE
41; 135, 136)ilblitboids Gelgs The autoglave var dilRdowitlpfl 00 ReoSmethanel, theal =B,

129) and extendi ntg par t wa¥ across the seal i°2§ face (33; 129), each grooved
area (40, 41;testegsfor lepkngeyeflt Wahdhen heatgd ind0Cdgadrid| gtof iguid propeneliweest i on

of rotatjon (D .one,seal.i I nga( 12, 1) relative to the.pther..(20;
121), the tral %t?r% 3¢ gtehseb%ftﬁ%g‘l’%icl ?'geé ?fn%%h%uﬁ?lgnéy%f)g%ge?éé G A utl‘éﬂ:e
(33; 129) at (aypiredenseeoddtentém dflike belogem BO¥! byt beiga?ivvéreqﬁeni pirBpeeltd on of
the trailing edge with said one edge of the sealing face extending in the

direction of theAwqalays bymyeans pbamkPC prepp.iang the klregenperaxide residugsip the) 35)

‘ig 6t he first f?e%tlir%?ivs}%?e e AubiAnt e AtoRlave 8P 1ikal of {6 rlP MEBhnBL Offe (41
) of the second set.

initial hydrogen peroxide content of the reaction solution was 2.5% by weight. After

10 a reaction time of 2 h, the autoclave was cooled and its pressure let down. The liquid
discharge was investigated cerimetrically for hydrogen peroxide. The analysis and

the determination of the propylene oxide content were carried out by gas

chromatography.
Catalyst Propylene oxide content Residual hydrogen peroxide
(% by weight) content (% by weight)
A 1.42 0.99
B (comparison) 1.19 1.12
C 1.28 1.10
D (comparison) 1.15 1.20
E (comparison) 1.49 0.98

15
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- 10 - 2.
that the grooved ar
l ess than 10[err] m
characterised in tha

A mechani.cal. .

A

the first set have an axi al

face seal .according to Caim1l1 characterised in

dept h of

cal face seal according to Claim?2
reas (40; 135) of the first set have an

axi al

depth of from2. 5[err]mto 7.5[err]ih

4. A nechani cal

face seal

according to any one of the preceding clains characterisesd in that the
grooved areas (41 136) of the second set have an axial depth of greater
than 10[ err] mVeclam- A nechani cal face seal accor di ng to Claim4
characterised in that the grooved areas of the second set (41; 136) have an
axial depth of from20[err]mto 125[err]m

L. A molding containing at least one porous oxidic material and obtainable by a

process which comprises the following stages:

() addition of a mixture containing at least one alcohol and water to a
mixture containing a porous oxidic material or a mixture of two or

more thereof, and

10 (II) kneading, molding, drying and calcination of the mixture according to
stage (I) after addition.

2. A process for the production of a molding containing at least one porous

oxidic material, which comprises the following stages:
15

() addition of a mixture containing at least one alcohol and water to a
mixture containing a porous oxidic material or a mixture of two or

more thereof, and

20 (II) kneading, molding, drying and calcination of the mixture according to
stage (I) after addition.

3. A process as claimed in claim 2, wherein a metal acid ester or a mixture of

two or more thereof is additionally added to the mixture in stage (I).
25

4, A process as claimed in claim 3, wherein the metal acid ester is selected from

the group consisting of an orthosilicic ester, a tetraalkoxysilane, a tetra-
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6. A nmechanical face seal according to any one of Caims"1to 5

characterised in that the lands (44) follow ng the m l41)
relative to the direction of rotation (D), are vvidel ﬂﬂm"mmmmm (43)
following the shallow grooves (40) relatiye to the diréctton” ofs rétation

(D). 7. A nmechanical face seal according to Claim®6 characterised in
that the ratio of the wdth of the |ands (43) follow ng the shall ow grooves

(40) 10 the rati0 Aol uilislhlisakob ARk CAIQL Ol e elRORLSE

grooves (41) is of thé order of mlgc ani cal face seal
according to any o @fmerathepeadcedi ng cl ai ns characterised in that said
sealing face (129) of one of the sealing rings (121) is provided with a
third set of grooved areas (137), the grooved areas of the third set being
spaced angul arly around the circunference of the sealing face (129) and

fromthe 5. A process as claimed in any of claims 2 to 4, wherein an organic hydrophilic
5 polymer or a mixture of two or more thereof is additionally added to the

mixture in stage (I).

6. A process as claimed in any of claims 3 to 5, wherein the alcohol in the
mixture containing at least one alcohol and water corresponds to the alcohol

10 in the tetraalkoxysilane.

7. A process as claimed in any of claims 2 to 6, wherein the mixture obtained in

stage (I) is molded by extrusion pressing or extruding.

15 8. A process as claimed in any of claims 2 to 7, wherein the porous oxidic
material is a zeolite, preferably a titanium-, zirconium-, chromium-, niobium-,
iron- or vanadium-containing zeolite, a mesoporous silicon-containing oxide

or a silicon-containing xerogel, in particular a titanium silicalite.

20 9. A process as claimed in any of claims 2 to 8, wherein the molding containing
a porous oxidic material has micropores, mesopores, micro- and mesopores,

micro- and macropores or micro-, meso- and macropores.

10.  The use of the molding as claimed in claim 1 or of a molding produced by a

25 process as claimed in any of claims 2 to 9 or of a mixture of two or more
thereof for the epoxidation of organic compounds having at least one C-C

double bond, for the hydroxylation of aromatic organic compounds, or for the

conversion of alkanes to alcohols, ketones, aldehydes and acids.
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~a ot

groovedsareas (135, 136) of the first and second sets, the grooved areas

(137) of the thir ' omthe I nner periphery to the outer
peri phery of the ﬂf‘ﬂ hw !lli 9. A nmechanical face seal according
to daim8 in whi as(]_:’l;) of the third set have an axi al

depth of from25[err]mto 250[err]m

11.  The use of the molding as claimed in claim 1 or of a molding produced by a
process as claimed in any of claims 2 to 9 for the epoxidation of an olefin,
preferably for the preparation of propylene oxide starting from propylene and

5 hydrogen peroxide.

12.  The use of a mixture containing at least one alcohol and water as a pasting
agent, preferably in combination with a metal acid ester as a binder, for the
preparation of a moldable mixture which contains at least one porous oxidic

10 material.
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