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for example when they are being separated off. '

"It is an object of the present invention to provide epoxidation
catalysts which no longer have the disadvantages of the prior -
25 art. '

We have found that this object is achieved by an oxidation
catalyst based on titanium silicalites or vanadium silicalites
having a zeolite structure and containing from 0.01 to 30 % by
30 weight of one or more noble metals selected from the group
consisting of ruthenium, rhodium, palladium, osmium, iridium,
platinum, rhenium, gold and silver, wherein the oxidation
catalyst has been molded by a compacting shaping process.

35 Compacting shaping processes which may be used are in principle
all methods for appropriate shaping, such as those which are
usual for catalysts. Processes in which the shaping is effected
by extrusion in conventional extruders, for example to give
extrudates having a diameter of, usually, from 1 to 10 mm, in

40 particular from 2 to 5 mm, are preferred. If binders and/or
assistants are required, the extrusion is advantageously preceded
by a mixing or kneading process. If necessary, the extrusion may
be followed by a calcination step. The extrudates obtained are,
if desired, comminuted, preferably to give granules or chips

45 having a particle diameter of from 0.5 to 5 mm, in particular
from 0.5 to 2 mm. These granules or these chips and also catalyst
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The molded oxidation catalysts prepared in this manner have a
high mass-specific activity and hardness and abrasion resistance
25 sufficient for all reaction procedures and reactor types.

The molded oxidation catalysts are based on titanium silicalites
or vanadium silicalites having a zeolite structure. It is known
that zeolites are crystalline aluminosilicates having ordered

30 channel and cage structures whose pore orifices are in the range
of micropores, which are smaller than 0.9 nm. The network of such
zeolites is composed of S$i0; and AlO; tetrahedra, which are linked
via common oxygen bridges. A review of the known structures is
given, for example, in W.M. Meier and D.H. Olson, Atlas of Zeo-

35 lite Structure Types, Butterworth, 2nd Ed., London 1987.

Zeolites which contain no aluminum and in which some of the
Si(IV) in the silicate lattice is replaced by titanium as Ti(IV)
are also known. These titanium zeolites, in particular those

40 having a crystal structure of the MFI type, and possibilities for
their preparation are described, for example in EP-A 311 983 or
EP-A 405 978. In addition to silicon and titanium, such materials
may also contain additional elements, such as aluminum,
zirconium, tin, iron, cobalt, nickel, gallium, boron or small

45 amounts of fluorine.
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few organic nitrogen base. In the powder thus obtained, the titanium
or the vanadium is present at least partly within the zeolite
skeleton, in varying proportions with four-, five- or six-fold
25 coordination. To improve the catalytic behavior, a repeated wash
treatment with hydrogen peroxide solution containing sulfuric
acid may be carried out subsequently, after which the titanium
zeolite or vanadium zeolite powder must again be dried and
calcined; this may be followed by treatment with alkali metal
- 30 compounds to convert the zeolite from the H form into the
cationic form. The titanium zeolite or vanadium zeolite powder
prepared in this manner is then molded as described above for the
purposes of the present invention.

35 Preferred titanium zeolites or vanadium zeolites are those having
a pentasil zeolite structure, in particular the types assigned by
X-ray diffraction to the BEA, MOR, TON, MTW, FER, MFI, MEL or
MFI/MEL mixed structure. Zeolites of this type are described, .for
example, in W.M. Meier and D.H. Olson, Atlas of Zeolite Structure

40 Types, Butterworth, 2nd Ed., London 1987. Titanium-containing
zeolites having the ZSM-48, 2SM-12, ferrierite, p-zeolite or
mordenite structure are also possible for the present invention.

The novel oxidation catalyst contains from 0.01 to 30, in partic-

45 ular from 0.05 to 15, especially from 0.1 to 8, % by weight, _
based in each case on the amount of the titanium zeolites or va-
nadium zeolites, of the stated noble metals. Palladium is
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The novel molded oxidation catalyst is very useful for epoxidiz-
25 ing olefins by means of hydrogen and oxygen. The present inven-
tion therefore also relates to a process for the preparation of-
epoxides from olefins, hydrogen and oxygen, wherein the olefins
are converted under heterogeneous catalysis using a novel oxida-
tion catalyst.
30
The novel process for the preparation of epoxides can be carried
out in principle by all conventional reaction procedures and in
all conventional reactor types, for example by the suspension
procedure or in a fixed-bed arrangement. Continuous or batchwise
35 methods may be employed. However, the epoxidation is preferably
carried out in a fixed-bed apparatus.

Depending on the olefin to be converted, the novel epoxidation
can be carried out in the liquid phase, in the gas phase or in

40 the supercritical phase, reaction of the olefins with the hydro-
gen/oxygen gas mixture in a liquid phase or a gas phase procedure
being preferred.

If the novel epoxidation is carried out in the liquid phase, it
45 is advantageous to operate at from 1 to 10 bar and in the pres-

ence of solvents. Suitable solvents are alcohols, eg. methanol,

ethanol, isopropanol or tert-butanol or mixtures thereof, and in
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25
Typical examples of such olefins are ethylene, propene, l-butene,
cis- and trans-2-butene, 1,3-butadiene, pentenes, isoprene,
hexenes, octenes, noneneé{mdecenes, undecenes, dodecenes,
cyclopentene, cyclohexene, dicyclopentadiene, methylenecyclo-

30 propane, vinylcyclohexane, vinylcyclohexene, allyl chloride,
acrylic acid, methacrylic acid, crotonic acid, vinylacetic acid,
allyl alcohol, alkyl acrylates, alkyl methacrylates, oleic acid,
linoleic acid, linolenic acid, esters and glycerides of such
unsaturated fatty acids, styrene, o-methylstyrene, divinyl-

35 benzene, indene and stilbene. Mixtures of the stated olefins may
also be epoxidized by the novel process.

The novel process is particularly suitable for epoxidizing pro-
pene to give propylene. oxide.

40
The novel molded oxidation catalysts have a number of advantages.
As stated above, the oxidation catalysts have a high mass-
specific activity, which furthermore does not substantially
decrease in the course of time, and sufficient hardness and

45 abrasion resistance, which makes them particularly interesting
for use in fixed-bed apparatuses. Because the catalyst moldings
have no fractions of small and very small particles which may
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25 ture (about 450 g) formed as a result of the hydrolysis was dis-
tilled off at from 90 to 100°C. The mixture was made up with 1.5 1
of deionized water and the now slightly opaque sol was introduced
into a 2.5 1 stainless steel stirred autoclave.

30 The closed autoclave (anchor stirrer, 200 rpm) was brought to a
reaction temperature of 175°C at a heating rate of 3°/min. After
92 hours, the reaction was complete.' The cooled reaction mixture
(white suspension) was centrifuged and the solid product was
washed neutral with water. The solid obtained was dried at 110°C

35 for 24 hours (weight 149 g). '

Finally, the template still remaining in the zeolite was removed
by calcination under air at 550°C in 5 hours (calcination loss:
14 % by weight).
40
Wet chemical analysis showed that 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 Si0O; used. The crystal-
lites measured 0.05 - 0.25 pym and the product showed a typical IR
45 band at about 950 cm-l.
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ammoni um hydr oxi de sol uti on (al kaI I content < 10 ppnm) were added and
stirring wadScBReypifed for a further hour. The al cohol mix- 25 ture (about
450 g) forned as a result of the hydrolysis was dis- tilled off at from

90 to 100[ err] 650 Teofrivitahfuiasiliedeity ShomhEtahple 2 wetedfispenged iwmten
and the now sl bﬂhSH{ PRIRGER bR iGRE F¥HiaRdacetdtd Rotufioh inskatdt ead
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was brought to
20 flltered off with suction. This process was repeated twice more.

The titanium silicalite treated in this manner was then suspended
in 6 1 of water, refluxed for 30 minutes and filtered off with
suction. This process, too, was repeated. The titanium silicalite
was then dried at 150°C and calcined at 500°C.

25 :

Example 4

100 g of titanium silicalite from Example 3 were dry-blended with
5 g of methylcellulose. This mixture was compacted in a kneader
30 with the addition of 95 ml of water and processed at a mold
pressure of 30 bar to give extrudates of 2 mm diameter. These
extrudates were dried overnight at 110°C and calcined for 5 hours
at 500°C. The lateral compressive strength of the extrudates with-
out a binder was 9.5 N.
35
Example 5

100 g of titanium silicalite from Example 3 were dry-blended with

5 g of methylcellulose. This mixture was compacted in a kneader
40 with the addition of 70 ml of water and 12.5 g of ammonium-stabi-

lized silica sol (Ludox® AS-40, DuPont, 40 % by weight of Si0Q;)

and processed at a mold pressure of 30 bar to give extrudates of

2 mm diameter. These extrudates were dried overnight'at 110°C and

calcined for 5 hours at 500°C. The lateral compressive strength of
45 the extrudates containing 4.8 % by weight of binder was 22.5 W.



reaction tenpco@s0/46998 175[err]C at a heating rate of 3[err]/min. After
92 howrs, the reaction was conplete. The cooled reaction m xture (white
suspensi on) was centrifuged and the solid product was washed neutr al
wi'th water. The solid obtained was dried gt 110[err]C 35 for 24 hours

(wei ght 149 g). Finally, the tenplate still remaining in the zeolite
was renoved bé %glgination under air at 550[err]C in 5 hours

(cal cination | P 14 % by weight). 40 Wet chem cal anal ysis showed
that the pure white product had a Ti content of 1.5 % by weight and a
resi dual al kal 11X @noéninobded asitanium el it@0ippraccbirding etal Bxaspd€ S4weresed
on Si (2 useds fhercduyediainto a blhes tERSWieH Dhd¥rporfitdd dwiss] Erabcadde

gr Odug( afrgfg’eg cGvd i Gatn! a‘lr.l‘ét gﬁ.Pgm%Is Is%*i‘agi?x??f %”begxclf Pdcl afiPHY 46998
suspended in a® %rerﬂg%?'ng %?lgté’t agredsy a&m§ ?lﬁl °n\/\%as stl V}Aﬁlgculgcﬁe 8
and 600 g of thpughsthafgtilled glaghituhe drﬁ Eé% ?FH%' YﬂﬁHPPéﬁYa?&i
stirred at 80[epakladium had mﬂmreﬂh@@m th? Hélrtqutlahi'-Mn Liquidat Bhe cata-
treated i n b dystextrudases iWeirer ehlemwfWashetihcslotiides faae witdateatier @n the

further three L;uw tabed efld IdaRd1ydb certiruantes siddtedl ih etnias mhnbharere
suspended in 6401 _ﬂ_lr‘ﬁ.@heﬁt &d°cr ﬁﬁﬂe@tre%%sg i&éﬁréf@?%ﬁ g, filtered

off with suction. IS process was repeated once. There- ter t he
solid treated in this manner was dried at 150[err C and then cal ci ned at
500[ err] C for BRiRJPPOTABRFY Qven (quartz, glpgsg diameyey L0 gm, ilepgeh Rf
silicalite fibohe#tdngplzeng kram)subPeddeld the Bd&mOdlﬁMEdapnpd%Q§:M@ﬁgttﬁ%ﬁ#ed
wei ght sodi um inetl eonpseitoDH 0 ninates and0°C wisdhl axgals fmixtAentongcising

after which thegotitiRsuR)ciddeinlanticl B 43 hivhieget a@f hnVotdh Bpebliops This
process was regga{.ﬁg tw ce nore. The titaniumsilicalite treated in this
manner was then s spen,ded

20 Comparative Example A

To impregnate titanium silicalite powder from Example 3, a flesh-
colored solution was first prepared with 0.515 g of palladium(II)
chloride and 120 g of ammonia solution (25 % strength by weight

25 in water) with stirring at room temperature. In a round-bottomed
flaék, 60 g of the freshly prepared titanium silicalite from Ex-
ample 3 were suspended in 130 g of demineralized water. The total
amount of the prepared tetramine-chloro-palladium complex solu-
tion was added and stirring was carried out for 1 hour in a

30 rotary evaporator at room temperature and atmospheric pressure.

' Finally, the suspension was evaporated down at from 90 to 100°C
under reduced pressure (from 5 to 19 mbar). The white product was
used directly for the reduction.

35 In a laboratory oven (quartz glass, diameter 5 cm, length of
heating zone 20 cm), 20 g of the Pd-modified product were reduced
in the course of 90 minutes at 50°C with a gas mixture comprising
20 1/h of nitrogen and 1 1/h of hydrogen at an oven speed of
50 rpm.

40
Comparative Example B

In a pressure-resistant glass reactor, 2 g of catalyst from Com-

parative Example A were suspended, while stirring, in 1650 ml of
45 methanol as solvent. At 60°C and 5 bar, a gas mixture comprising

5 1/h of propene, 0.25 1/h of hydrogen, 1 1/h of oxygen and

0.5 1/h of nitrogen was then passed in. With an exit gas stream



in 6 1 of watgpsos4a6998ed for 30 mnutes and filtered off with sucti on.

This .process, too, was repeated. The titaniumsilicalite was then dried
at, 150[err]C and cal cined at 500[err]C. 25 Exanpl e 4 100 g of
titaniumsilicalite from Exanple 3 were giry-bl ended wth 5 g of

met hyl cel l ul osge.. This m xtur C JJY 85 agdely 3039

addi ti on of Q%fe rﬁ'-go 'V\%ﬁser‘:?fgﬁﬂamg$%lga§srﬂgﬁd£§¥w£s ﬁgﬁf @?ééapﬁgﬁgﬁiﬁg to
gi ve extrudat®s BEPPYLaRE AxAAE: 8F eTrids 80urs o) -ply t R VB4 Pl erni ght
at 110[ err] C exidec aftendBY §ouss ndln5d % butveauEePf| RroBEne,pX1dg after
conpr essi ve s27Em@ubsodnd e 3exsrbylatcdamei ofi-propydene codidedeftans 9.5 N. 35
Example 5 5 3dP%otrsl FHisAQdembhsirtdtedl at substantisangécrehsecin aetiviltgnded

W th 590 h Thd IgX Wwas conpacted in a kneader 40
wi th the addi Ill(;r!rillteo&ggéém%fg ﬁﬁ/zﬂ]t';eﬁréazlr?g ?ngﬁgsg of amoni um st abi - lized
silica sol (Ludox AS-40, DuPont, 40 % by wei ght of Si O2) and processed
at a nold preB%amrdeof 30 bar to give extrudates of 2 mmdi aneter. These
extrudates were dried overnight at 110C and calcined for 5 hours at

500[ err] C. 18he. $ aj ofak carglyatsfvem Bxampdehé oferts inhbatked ddameglagmt ai ni ng
4.8 % by wei ghfaforPaidSer$188d6d Vrith a soldrY 4€288m of 4.5 kg/h of an

8 Exanpl e g eou%lﬁle?hggolmloqggié%t M StdAdity hBtR6E U Rile! Rikeudep| €
5vvere5|ntro%ce, I o&%gs %u th 1 nc rzgrtgg %at ang /n
covered with \j?%s%“iﬁb‘gf‘“?e ¢ SOl u?( n°€fpr§.p§n§'o . g@[ eri &%3‘ g 0h°
strength by wef gHAregeBovRreMASRTEdsHINR itBR 48 ™ Gfl §OLTFu 2k &8 T93fough
this fill ed5gtessinletewirh tpreszaraoregnlaripnuat |3 barl. Earcentyatian® Bf had
been renoved Hromg hy obleme aifi pgopyleneal oxille warten-fob0d| imtthexexitagass wer e
then washed chiofifenibeeonids awher 130 Hdes. gl ass tube. The catal yst

extrudates treated in this manner were then dried at 60[err] C under
reduced pressure for 16 hours.
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I'n a Iaborat quwmqm@-ass% er 10 cm |
zones20 cm, 50 of the Pd-nodified ﬁOdUCt

of 90 ninutes at 50[err m ﬂ““um I ture
nitrogen and 1 I/h of h

15 heat i ng
@SSﬂEﬁaHRg BEENiln t he course
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Conmparative Exarrple A To |rrpregnate titaniumsilicalite powder from
Exanpl e 3, av; colored solution was first prepared wth 0.515 g of

pal I adi un(11) 8ﬁ1nbr| de and 120 g of amoni a solution (25 % strength by
weight 25 in water) with stirring at roomtenperature. In a raqund-bottoned
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In a | abor 30ory olmch shapang PrAcess. diameter 5 cm |ength of heat i ng
zone 20 cm), 20 g of the Pd-nodified product were reduced in the course

of 90 m nuteszat ﬁ@[cﬁﬁrdh@whtéhﬁlga& 8% Xd1HifedoDMIdIing1, wiitH hasok
nitrogen and 1 '/xF rﬁénum’ﬁﬁ?gfé‘lé‘fdﬁmeeé@fbﬁ@egdmﬁf 50 rpm 40

Conmpar ati ve Exa n a pressure-resistant gl ass react or, 2 g of

catal yst from Com parative Exanple A were syspended
1650 m of 1853 pet Aarftidasien) cakalysk: ag(fiaimpe éﬁgc gt o %a S“Rni? ‘P‘g

conprising 5 | taing uer bpehl, t Gy29eight ofagedr o che totah r&?sso%fgéheand
0.5 I /h of nitrogatldeas cakebypiasofdbiindesth an exit gas stream

0050/ 46998 _ _ 9 of 6.8 I, gas .
chromat ogr aphj,c aﬂﬂjégﬁéiﬁigg'5§%§¥§§%'§Q APhe¥OiH®1aim 3, which contains,
20 as the binder, a compound of silicon, of aluminum, of boronm,

of phosphorus, of zirconium or of titanium.

5. An oxidation catalyst as claimed in any of claims 1 to 4,
which additionally contains one or more elements selected

25 from the group consisting of aluminum, boron, fluorine, zir-
conium, gallium, tin, iron, cobalt and nickel in the zeolite
. skeleton.

6. An oxidation catalyst as claimed in any of claims 1 to 5,
30 having a molar ratio of titanium or vanadium to the sum of
silicon and titanium or vanadium of 0.01:1 to 0.1:1.

7. An oxidation catalyst as claimed in any of claims 1 to 6,
obtainable by applying the noble metals in the form of suit-
35 able noble metal components to the catalyst before, during or
after the compacting shaping process.

8. A process for the preparation of an epoxide from an olefin,
- hydrogen and oxygen, wherein the olefin is converted under
40 heterogeneous catalysis using an oxidation catalyst as
claimed in any of claims 1 to 7.

9. A process as claimed in claim 8 for the preparation of an
epoxide, wherein the reaction is carried out in a fixed-bed

45 apparatus.
TN




of propylene 00504469981 44 valune of propyl oxi de
after 139 hours, 0.50 % by mﬂ“ﬁlllml@mmne GHISISHBET $AS BEENO| hour s and
0..32 % by vol une of propyl ene o%ide after » 360 hourgePLAGEB denppstrates a
substanti al decrease in activity in theg cours hour s.

Exanple 7 10,8 8, §pQce g Cééatl:]yagﬁnetirwaﬁmjbeoﬁ 9y ithetptdRiaktiiond @ ass

reactor and were 1l 00 v eamof 4.5 kg/h of an aqueous
met hanol sol uti onplfﬁp r?ngsgiélﬁd n%%me ﬁ%%é}a%]d the m xture was circul at ed.

6.2 | /h of propene, 1.2 I/h of oxygen and 0.3 |/h of hydrogen were -
nmetered into the 210 m of solvent at the reac- 15 tor inlet with pressure
regul ation gt 5 bar. Concentrations of 0.11 % by vol une of propyl ene

oxide were found in the m&sheﬁmsBeenBT&reda durati on of about 120 hours.
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45 00500059986998 Ve claim 1. An oxidation catalyst based on

atitaniumsilicalite or vana- 5 ‘diumsilicalite having a zeolite
structure assigned by X-ray diffraction to the MFI, MEL or M-I/ MEL
m xed structure and containing fromO0.01 to 30 % by wei ght of one or
nore nobl e rret aI s selected fromthe gr oup consi sting of rut heni um

r ho- d| u osm u i r| I at hen| and
107 si1ver Ovaheblhm SEhEN st e Bhentneh OB of & R igr e
conpacting sh&5PEep rﬂ*"tS’c@%‘Xgen u512’g they 5 thBnC%%f"t]é'Wst as clained in
claim1, which has-a m ni mum particle dianeter of 0.5 nm 15 3.
An oxidatiors absatyst as clainmed in claim1 or 2, which con- tai ns
up to 10 %by wei ght, based on the total mass of the nol ded

catal yst, of Binggfgarigh é ﬁgktoé'agéﬁ'&{‘ t&%ﬁ%ﬁ ﬁﬁ%.cﬁhilké@%ff Qzafak&i&ﬁ 3,

whi ch conta ns

of boron  Bili s?lﬁ%sf}ﬁmg 2 GROLLEE FHRAGEBFS NG [PRKRORIRG £rom 0,

oxi dation cat #Py3P hPYWeighE 9% oagyopimeteyngble merals sslectedyfiren the
addi ti onal |30 goeuRicensdissing obmutberivent shodlivnt gphlladium, fosyhum;eigidip
consi sting of ul, upiatimum)orhénivn,Uugblacandisilver has beeni WMoldghlbyl dntori+ N,
iron, cobalt aadtihékilapifigthrodrdl.ite skel et on.

This oxidation catalyst is used for the preparation of epoxides,
15 in particular propylene oxide, from olefins, hydrogen and oxygen.
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3056. ~ An oxi 085P4A6898al yst as clained in any of CI ai s 1—to05;

having a nolar ratio of titanium or vanadlunlto silicon
and: titani umor vanadiumof 0.01:1 to 0.1: 1. M cat al yst
as clained in any of clainms 1 to 6, 35 1 obtalna t he nobl e
metals in the formof suit- abl e nobl e netal corrponentstothe

cat al yst befoag,cEFang or after the conpacting shapi ng process.
8. A process fTor € preparation of an epoxi de froman olefin, 40.
hydrogen and oxygen, wherein the olefin is convertied, under

het er ogeneous leat AnyexidatdongcatrlyatdRared AmEatytaninm silicalite,or yapa-
any of claims 1 tdium silic@like phatiagsaageeditienstirietuteriagsdgnest hyh&-ray
preparation of andﬂ5fract1‘ﬁh03ébdﬁle \MFII, EMEL tdye MFEAMEL Qiidesl earudtarteoandi n a

]:L'i)xeg\' bed RPA{BArdS from 0. OIOQ:goééGQ% weight of one or more noble 2
' process as ﬁgﬁ]afg el%c%ga' f%%l %Be %&{p t&% 5@%% Qﬂtﬁ’énlum, rho-
propyl ene oxi de f J) 3 T
1um, o) lladlum, osmium, iridium, platinum, rhenium, gold and
10 'silver, wherein the oxidation catalyst has been molded by a
compacting shaping process.

2. An oxidation catalyst as claimed in claim 1, which has a
minimum particle diameter of 0.5 mm. '
15 ' ’
3. An oxidation catalyst as claimed in claim 1 or 2, which con-
tains up to 10 % by weight, based on the total mass of the
molded catalyst, of binder.

20 4. An oxidation catalyst as claimed in claim 3, which contains,
as the binder, a compound of silicon, of aluminum, of boron,
of phosphorus, of zirconium or of titanium.

5. An oxidation catalyst as claimed in any of claims 1 to 4,

25 which additionally contains one or more elements selected
from the group consisting of aluminum, boron, fluorine, zir-
conium, gallium, tin, iron, cobalt and nickel in the zeolite
skeleton. C

30 6. An oxidation catalyst as claimed in any of claims 1 to 5,
having a molar ratio of titanium or vanadium to the sum of
silicon and titanium or vanadium of 0.01:1 to 0.1:1.

7. An oxidation catalyst as claimed in any of claims 1 to 6,
35 obtainable by applying the noble metals in the form of suit-
able noble metal components to the catalyst before, during or
after the compacting shaping process. '

8. A process for the preparation of an epoxide from an olefin,
40 hydrogen and oxygen, wherein the olefin is converted under
heterogeneous catalysis using an oxidation catalyst as
claimed in any of claims 1 to 7.

9. A process as claimed in claim 8 for the preparation of an
45 epoxide, wherein the reaction is carried out in a fixed-bed
apparatus.
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10. A process as claimed in claim 8 or 9 for the preparation of

propylene oxide from propene.
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