- 1 - METHOD FOR PRODUCI NG PROPYLENE OXI DE The present invention
relates to a process for preparing propylene oxide, in which propene
is reacted with a hydroperoxide in a solvent which either is a
nitrile or conprises a nitrile. This reaction is catalyzed by a
zeolite catal yst of the X-ray-crystallographic structure type MW
The present invention relates quite genérally to the use of a zeolite
catal yst of the X-ray-crystallographic structure type MW for the
epoxi dati on of propene by nmeans of a hydroperoxi de. The epoxidation
of laths using hydroperoxides in the presence of a catalyst and at

| east one solvent is dealt wth in many docunents of the prior art.
Thus, for exanple, WO 02/ 28774 A2 describes a process in which a
zeolite cat i

epoxi dati on of a conpound having a C C doubl e bond. Here, the

conpounds to be react ggTidst rdiavE Mt N FROPYRENEORISI®UDl € bond but

al so, mandatorily, at |east one further functional group. As further
functi onal groups,—a-series of further groupsincluding—halogen——
al dehyde, ketone, ester, am de or am ne groups are disclosed. In the
catal ytic pr 7 . A i:al

the zeolite ﬁg‘gE’Zegg‘;“qé%e\ﬁ@%’ggéégsa‘i%sﬁgﬁeég?Aéélél{%@ﬁg%?%%@g%ﬁé W&Jh
produced frobrapeee forcaeisd mithey hydroparexidsfnda selnent pEHcSEiIeR d$ p Jifgife of
novel Ti tanogbﬂnbﬁﬁ%ga ﬂitﬁlb.b'BMW\ﬁ%ﬁ@ﬂ Isgrbﬁfalyz@heﬂi Sidolitd eftdlgst of ZROW rapp.
774-775, Wi et . cribe the pr [ Q 11t ani .
silicalite h&@i@&%‘ﬁ%ﬁcﬁ%tﬁﬁ%.wﬁ% i ipé%.ﬁglfl?gﬁ/\l%éuép]%’ e‘%%#egghmte
di fectly usi gepdsdbote the wserafcx eaoditef eataliysigpldhe At-rayTmstallographic stracture

titani um conkgeNrow iithe é}?&ﬁdidartj;én Bf §RAER by eah§bfa Malfopefoxidst ed for
its catalytic activity in the |iquid-phase oxidation of allcenes.
These catalytic tests are carried out using only the porous materi al
of the zeol i Thg ephripsibnoetoddfins using diyéwperonides/ rthe aresenvotof prea@liseand

fromthe por Qyﬁaﬁ%hgfél@éélg is-ll;cﬂﬁt Qb ¥y g{laﬁfg&gﬂéh&fbf b gedoPhiCi tly

di scl osed by Wi et al. el ng oxi di ze y nmeans of the MAW zeolite
is cyclohexene. Wi et al. describe cycl ohexene as part of a series

i ncl udi ng t olThes efor ixbmpley@E0 dOBIBTTP 0A2 i desmatbes] abyrocess dn - wiiiela ras zeplite
1VIWN zeol it I St g‘g ﬁ@«@ﬂ L of
MMW zeol i te%%tg.%gfé/%?lse ) e% L&ﬁ?ng t ilgémmg@% ggirgg?%r??faﬁ)éiogﬁta ﬂ?
reaction of &yansR&xErouhiettend e Jbhcorpnriye begedcid Tyt hrEsnOnhe
undesi rgbl e mh ¢ HeRR Bbﬂﬂwaﬁswhﬁahhbﬁoxglbf)/ﬁq{aﬁt ofie airghbeamt;t_iaal Vigrmiup.
accepted, in,t eactign with terf- .

| east 4% It A eﬁbélg‘g:{{on\érf g{qunlgg’p‘lr1 esg iéi%\ of n%\g]gtgr%&ioga?%%qg?%%%ehagégcfl’
process by meblakydst ketenehestar, amidsner aminebgrovpsaare edisciesed.hby thepeatalytic

sel ectivity tenbiies URGRSIg2aR794 Hy ealy theafkduInale) T B RRdHi® Ueded; | S
| ess than that t he

i nvention ref ng%gt%fygt dﬂ%ge%’g’%?’ :&8518%%9?%9%’%;@% ﬁ%@“%%@%,g‘?m ch

conprises at least the steps (i) and (ii):
In “Hydrothermal Synthesis of a novel Titanosilicate with MWW Topology”,
Chemistry Letters 2000, pp. 774-775, Wu et al. describe the preparation of a novel
titanium silicalite having an MWW structure. This silicalite is prepared directly
using boron as structure-forming agent. The titanium-containing MWW zeolite
prepared in this way is tested for its catalytic activity in the liquid-phase oxidation
of alkenes. These catalytic tests are carried out using only the porous material of
the zeolite; shaped catalyst bodies, however, are not produced from the porous
material. The only alkene which is explicitly disclosed by Wu et al. as being
oxidized by means of the MWW zeolite is cyclohexene. Wu et al. describe
cyclohexene as part of a series including tolnene, which was disproportionated by



“(i) providing a catalyst conprising at |east one porous oxidic
material; (ii) reacting propene wth a hydroperoxide in at |east one
nitrile as solvent or in a solvent m xture conprising at |east one
nitrile in the presence of the catalyst of (i), wherein the at | east
one porous oxidic material is a zeolite which is assigned
X-ray-crystallographically to the MAWtgpe. In the process of the

present inventi ' - Of r | | e
o T enct ed + Sa pEMIFVERNEL LG anT SCIARE WHOS L LRMRLEY REGPEE
to the proceddWoV gaelite cpiebysipl Bihen gipg dhip M@ma@‘@é@%@%ﬁn theaeastien eht
i nv]i;nt i gln i stcngimh@;{eﬁé ga%@l%gdﬁfg@ﬁ peaiide, Qe%ledti?_ﬂi%& £ B ek Bt domtsRéany
preferably a as 0 sed qn starti mat.eri al. .

hydr oper oxi dé’,roc{’e“ﬁté of g‘i‘ee%ly?‘g? P atﬁ%as{ %%%’élﬁco‘?ﬁcffggdr’é%@}eir S UG WA L R
product s f or imgdroperokide spHetlest 4@t t he present invention is not nore

than 10% nore preferably not nore than 8% even nore preferably not

nore than 6% and particul arl referably nof, nore than 5% .
Accor di ngl y, TR EDiEsk At e mRSARY IBYPRLPR & PISyide Aaprovss o ety vich an
descri bed abalkené ramihiecleadtére ss ehae che welegtivitg tbhthe epdesiratde dibyuos reastion

products is | . I.de. - 3 - the
pr opyl ene ox:aggn%%aﬁleé}%%#gqg@sf @%&gﬁcgﬁﬁé@?@ﬁﬁr%ﬁé reactor in
whi ch the reaction of propene with the starting hydroperoxide is
C?r ri Ied Ogt : Tlﬁbl%&ﬁc,&h@pfebéhlt RavehiiciHeiies tgbypestlss fgﬂpﬂ&l\iﬁmgﬁfrwéxfmidea
gl ycol and pol.yet her po ng/or,. r.gper oxi des ich are forme
fromthe pr owgﬁcé’nwgﬁse%ﬁ%agﬁgggé%%&%e (ﬁgdr oper oxi de _used, for
exanpl e hydr égen pervidingle catglyst comipasing ¢t legst pee paeusyjdiomasiahist r eam
products fromggy her&&ﬁy%)p@{ae&nﬁm SRy dOYRISE AERAM RaSibhe tnfirileSas ROIve iR
than 5% preferably not, nore than 4% rm{ee pr ef e{rzilbl.ﬁ/ glot nore %i{ﬁm
3% and particul ar FWB"PB‘? é‘P’é{tBTeyc‘?mnsﬁigr & ERY PRSoptttle 1n the presenee ol the
catalyst of (i),
wherein the at least one porous oxidic material is a zeolite which is assigned

X-ray-crystallographically to the MWW type.

In the process of the present invention, the conversion of hydroperoxide with

which propene is reacted is at Jeast 90%.

Based on hydroperoxide, the selectivity to the process product propylene oxide in
the process of the present invention is at least 80%, preferably at least 85% and
particularly preferably at least 88%.

Based on the starting material hydroperoxide, the selectivity to the epoxide
reaction downstream products formed in the process of the present invention is not
more than 10%, more preferably not more than 8%, even more preferably not more
than 6% and particularly preferably not more than 5%.

Accordingly, the present invention also relates to a process as described above in
which the selectivity to the epoxide downstream products is not more than 10%,
based on hydroperoxide.

The term “epoxide downstream product” as used in the context of the present
invention refers to all conceivable downstream products which can be formed from



The catal yst which is provided in (i) and used for the reaction in
(i1) conprises a porous oxidic material which in turn is a zeolite of
a particular structural type. Zeolites are, as is known, crystalline
al um nosi | i cates having ordered channel and cage structures and
having, for exanple, mcropores which are preferably smaller than
about 0.9 nm The network of such zeoli-Bes is made up of Si.04 and

A104 tetrahednd pydiiviche aix@de frmed dwligy SHiafeadiodXyigen thy te@lg:els in Ahich the

overvi ew of the kno struct ound or ex in WM
Ve bn R et Sl R sRbne Ry B ad Mser M By e A,
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no al um num Q{}ﬂrd roMtes Nwiibe apl (th¥edl Hoﬁahﬁaes%lob%ﬁé ok et fceBed SnBaht | Y

repl aced by t| tanl um are ew se own. These titanium
zeol i tes, |n11¥5¥°£PFE°Eﬂ usfdag%rgxﬁ%*eﬁéd%’g‘&?%?’é‘ ©structure of the WTW

type, and possi bl e vvays of preparing them are described, for exanple,

th b t i d |
ot ol the. r o Ekctilet 8 ol aflngddesh GoBRA o) BECAES \of okile M
context of tHOWSSERERPrIdhcE s Nefhmele ?héf‘ér'erﬂf%fer b nQtBPES| than é%@é‘i‘qf?c

synt heses of phéfeMyMWolrreibas Biad pufticadsdplefiaatily hot thoelthad@992/ 28774
A2.  Apart from silicon and titanium such materials can further

conprise additional elenents such as alum num zirconium tin, iron,
cobal t, ni ckélhe agtalyst miichge Pravidednp () @nd risest fos thel teaciion um (id) eomprises 2

fluorine. In t&stdﬁcﬁalmu@rmwmérﬁllpﬁhahwtz&owo@fa @&@cm{resmﬁtam y)(pes

in the proce sSe | nve tl 0 %m Um O ?Bﬂé

cari be pamﬁfeaﬁ leg gito PRt SR s e Blirgeiidete Bod s

or ni obi um orcage stiuctureseangif haviag, 6 epamplet mareieics Wiieh psl Iaoferaabn snadler

titanium and/tagn x@oﬂa@'w% Thé ORI oHMLf SIHOIHOHIDS B ﬂh@%t&f@@ LRE A3EM

of silicon t| t ani_.um and/ or vanadlbuH1 [or” z] rcotgth;g}x

and/ or chromtEfFﬁhﬁ‘l’F&/ ChiTg peinehH via s ﬁ%P’éXﬂeQ FRE PEAJEY P B 1

to 0.1:1. It suactkmvmayt bat fotiid, afor Lxemplel i 6. MaMam INHMO¥esit ek Ol €

can be identi a j5f th SO
éefeﬁg AﬁasB@f gle&i{!a &l 2y E18Gkd:08 ( {%%&oﬁ ﬂgggégdagﬂ

via a latticée vi Inthe infr edrelon
cmd, and in t23P% vvay differ fromalkali netal titanates or
crystalli ne and anor phous Ti Q2 phases such as rutile, anatase or

br ooki t e. pﬁ%ﬁ%%%)hichaéon@?g né QI%mm ngﬁdj % | ?ﬁ% %ﬁ% 11% ?’l% sﬁ[ca{qutuw

structure type proCess 0 i"nventi on.
Pref erence i 9s gavbnreptpced |b|i'lgtl‘lﬂnltu§h s Mhid¥ 0| are dikewise closion dibgse titpgium

present i nvenkyass, thphrﬂ&la@ttﬁésetﬁhvﬁlgpﬁ Qeed BB RS 6F Uﬁemvﬁel Bnd
whi ch t he zeollt a.tltani

|
par t1 cul ar| y BOFEHIE sk AR e Spepadspifed), R S50 5. the'abayg citghy
type which i SVOdREE7M tAReorpn deeatovetitedhatiple dyelNt et al dretiespectingscontept

folil owi ng chemiagalh i€ HBPDEAdCRtd the cQitektir e presedd Pdedtibat) reftelee. For
example, specific syntheses of Ti-MWW are described in examples 1 to 5 of WO
02/28774 A2.

um

Apart from silicon and titanium, such materials can further comprise additional
elements such as aluminum, zirconmium, tin, iron, cobalt, nickel, gallium,
germanium, boron or small amounts of fluorine. In the titanium zeolite catalysts
which are preferably used in the process of the present invention, the titanium of
the zeolite can be partly or completely 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 niobinm to the sum of silicon



where 0.0001 5 x 5 0.2, or x Ti2 y MO03 (1-x-2y) Si020:0 where
0.0001 5 x 50.2 and Q.0001 5y 50.1 and Mis at |east one el enent
fromthe group consisting of alum num boron, chromum gallium
germanium and iron. The variables x and y are the respective nole
fractions. Further details regarding the structure type MW may be
found in the abovernentioned reference -B- WM Mier, D.H dson and

Cg- . Baer | oc hee[ndztgézﬂ ifdh z@;ﬁ{)o?%%dd‘iﬁn %ﬁ&/ﬂﬁ&&%ﬁmﬁif Eﬂﬁﬁ&" chﬁhﬁiﬁtﬁi ﬁfdlor%‘ic{bim?
edition, pages : e respective conten

of which is |1ﬁ§6‘?e|5 éﬁe aﬂgeﬁﬁm@ @3@1‘9% lication by reference. -
5 - In the process of the present invention, it is also possible to

use titani Umﬂ?s%{o(v?q RS SRl WW%PL]&EW oGRBE idoHOf ik e

titanium zeolites. o osition

titani um zeol RarEdlast Xyrpp def&ﬁﬁ&n PatisEn pnd alsp Vi 2| lathise Vd?ﬁ@nqq bagd; ignthe
Zﬁol ite of t hﬁfr@temltegmﬁl(m 4t 9605 ain” 11 @ed in die walyt differufromedkall enepl

t he conpositi r QUS r n

used as such ngnag%st 2)’I! @g&l&g Leél ?)lr%é@gélgs g% Plﬂla%és gsen%snnﬁj\;‘lén |ong 0?he
prepar ati on ditoekie. porous oxidic material is subj ect to essentially
no restrictions, as long as a zeollte and preferably a titanium

zeolite of t stru ard to the
Zo e O e SN VLB PO i Vil SHELS, 05
exanpl e, to tused abtheerodeseof WOPGREMSTRALIAR Pacfdree igtgiveh.tp using titanium
rel evant contgpfigs of which are hereby fully incorporated by reference
into the present patent application. In a particularly preferred
enmjodi ment of the process of the present invention, the titanium
zeolite of theccoydieglAillé preaparnedntiboplsexanpd & a pocess aV\QeLPbaBaAe AR
i s separated r E R b abl e nmet hod and,
nor e preferab%éh{hg g%llhggf%g one %}@%E%%%Q}S{l&?% a§1“t§ nmet hods and once
again preferably is subsequently cal cined. The calcination is
preferably Celhr z@ﬁi:umﬂy, ple@dire@x@idemerits) the Sardngh| Rol8 Sofatha EPNET @pe

particularly )fn ldiSI%n C asls rof uéngsen n%nnﬁlel rha@%hftgﬁioé’g mgﬂgfrﬁquor

Al methods o ara ing t I tani zeol rom-i

are conceivabbém0$ﬁey0®ﬂtﬂnde, for exanpl e, f||trat|on
ultrafiltration, diafiltration and centrifugation methods or, for
instance, spray drying proces S y granul ati on processes._The
titanium zeolite is preferaﬁliﬁgﬁggg%tgﬁﬁoff fromthe nother |qupd
by spray drying or by ultrafiltration. Before separating the zeolite
from the not hgr.d § 8@ < xido.3,9cPOSSi bl e to increase the zeolite
content of the nDther [1quor by concentrating. It is |ikew se
possi bl e to enpl oy exclusively one or nore concentration processes

i nstead of the separation ok *tTi®; zedLQ:q1&xDn*the@, not her | i quor . (1)
Det.ails regarding the separation of the zeolite fromthe nother
l'iquor may also be found in DE 102 32 406.9, which is hereby ful

i ncor por at ed Vﬁ}“&‘éﬂ@@‘eﬁééQ%%@Qﬂ@kﬁ%él%Wé& atrleast gnecdeapant Famdhe

appl i cation. glrasup* eirisiiEhg df YiuAgnirs, B&oh, dtomi@!, KA c%@nﬁirﬁlﬁﬁ BB e,
dryi ng, the anluti zeo arate off fromthe

not her Ilquor e E H Bb%rﬁgeaﬁ%fpffcweorﬂ?e]ggmi:% "$60C, preferably from
90 to 145C and particularly preferably from 100 to 130C. The

cal cination w6t RERHET RRANINGC Y SurSUBREAHRNIMWW SmBPNRr #nd &Rrhd ed
abovementioned reference by W.M. Meier, D.H. Olson and Ch. Baerlocher “Atlas
of Zeolite Structure Types”, Elsevier, 5™ edition, pages 202 and 203, Amsterdam,
2001, the respective content of which is incorporated in the present application by
reference.



- 6 - out at from400 to 750C, preferably from 450 to 600C and
particularly preferably from490 to 530C. In further enbodi ments of
the process of the present invention, the zeolite can, after it has
been separated off fromthe nother |iquor, be brought into contact
with a water-containing conposition. This contacting can |ikew se be
carried out for the first tinme or repeatded after the above-descri bed

drying procedﬁfﬁegp&]{e fﬂﬁ@g?&@%ﬁn%ﬁﬁﬁ'lp?sda&@t&smé teite ik G2 Blite
cases, one or nor ove-described trea mantcg

concentr at i Onca(ga,lyqt%q:o%gbsgfgaqﬁhgﬁatd%t P Plole tifrei At léqs,qféhwqqxp%mn
wat er - cont ai n{ingr stoleRO Wb ichithe Wanival fiolits f aiencongposiniopdF) bi anleast one
preference T SglaNedl o AR RNTHCind 4ohd ok difnibuKRiRCE the
possi bl e to uSe agueous amne s amne or amn
present can b@@l@ﬁ@ﬁnéﬂ) an organic aliphatic amne or a quaternary
ammoni um hydr oxi de, where the nitrogen i n t hese nitrogen conpounds

can bear, for_.exanmple th thyl or di cal.s _as
radical s and IHwoP sr’rBT"ge F%{eg?'g?ﬁn By WC %c‘ﬁi@ a‘r“rﬁk}cl};\f’lssfja@gﬁb]@ut}}a
to one nitrogencesThétheqmessot inveptiont Fhe proparaticmel ibe mn@ﬂlépaidiwmam/aales

itsel f generaliect @K%s%enam%;ﬁo %ufcﬁ&m RORAE fa@%@éiﬁé ‘dﬁ& fe&r 1t1tan1um
preferably fro

and refer fro
e aher el PO SR pBF aé’a‘ o Pl s E R *ﬁrsymﬁ? e,
48 hours. Thiporosnddditi mgeng; sefqarct inoay by h:ﬁdqarfef exaaiqbly, tbahe sbpleadted i n

an aut ocl ave.whf o herAeRb i vis: heatk Aidatt RNLRY Rl SRRl oy

bei ng separate from quor a sequently been
br dught i nt o BepPerated Ry rreRIGRINKY he Biscat FRtR aEP#ﬁ?HQ?tl on, anot her
drying and/ or cal cination step can follow. This drying is generally

carried out rﬁur@ugalg fﬁeﬁeﬁgf Bﬁgécﬁm%g%%lt%r%%g@s g tﬁe r&s%ﬁtha&q.lon the

particul arly era rom
whi ch prefer atuwuwd@gh@ df sheyone MBIV, prepared.dfar @mmm, ap ﬁ@WQ@@’ZSY?‘%@c

preferably friomhbfed o R@Cits aﬂmepﬁqadr%ylaadnitxblaﬁx&-ftmfdadmhymﬁfequé&w 0

530C. In addltlon O _Oor _instea
nat 6 - cont o iE e bP By Sl mEBMRa oAk el bbbty js sybsequgpty
exanpl e, hydratardpEhoxildaatie utprtfnl;abb!r@fmdawtyf% L@Kaimplﬂcmhfyﬁh@g]ergas
per oxi de sol Uattfngébhex'et pdrﬁcﬂlhjl‘ﬁﬁ‘eﬁ?a | Dlifarlafortié ok 4shas #RRkpHekS
material with alkali nmetal iohs to convert the zeolite fromthe H
forminto the cationic form - 7 - the zeolitic naterial obtained
has, when usedllimethbés mf oepamting thd eitpriws ezdoliten\ieomt iisn mothiee lighoardrage
over nt r.eat &hnzeolld Ghel hﬁém&ehgor%ﬁ%ﬁgly ﬁm% o@fm&ﬁﬁgamcmamahgn the
0 gen ase

undesi rabl e by- uct o roper oxl
signi ficantl W%&@Eﬁ?@ﬂn WF @S tHe Wx;}@%@césels%t’l diving iPFOCEHtES 28de SR an
untreated zeokridudatios Boceesa| THe itifanivde zedlNges prefratly separdtbdiofft fiem the
contacting wt n r

{;]}ger aeu\é\@kg spra &?fn Q%&r Hgtgﬁ"aﬁé ']36%}'6%@ z{ramg tﬁg %Eélﬁ?

according to 7 uce t
to not nore tfem ﬂmwthpt bqtmr,alb ispassiblertd ﬁ@anﬁ‘aﬁwg%JhW@t%tr@ftb? mﬂy‘r

not nore than;@ a@éor&eﬁt&mﬁlhgl nrlé Mke%@ef ﬁfs@abieﬁoréﬁ{ 1@&7@1@%} of¥or Hige

ot her paraneters er est

Sel ect Ll ty GG RIGES b IIREES EE L BaraNor, b AR JF R b Tt
oxi de sel ect iliguby Detailai mgandinpitie scpaaadmvﬁﬂxerztmlmmnpmemth@dlqnmeﬁ.

The porous oxjidik f3RLERH ]9# 163 3% h6s. 9'%13 WHeZD9 thil PircapoRRAS At e%en@@

used as such as catal yst POXI t|on as 1s al'so desScribed in
t he abovenentip@rilgdi V@W?@?‘?erﬁ@ltP@?nttaﬁﬁllqaga’&tl on of ol efins having
at | east one further functional group or in the |ikew se

b t

cyol ohexene. 1 Atker Aeftad o et R exiflotb e 398y Shubd bt WPkt dedlle
i nvention, t nehlpioh@d@ewmmedmﬁf droppthe mather ltqh@r iadiried at g@ﬁﬁaﬁéﬁwn &
the zeolite Gat@OHUS! prefefabMP oS 80l i 34578 A/ BirtiiinBE bleYerdly fom 100 to

130°C. The calcination which preferably occurs subsequently is generally carried
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Accordingly, the present invention also relates to a process as
descri bed above in which the production of the catalyst provided in
(i) conprises at least the steps (a) and (b): (a) preparing the at

| east one porous oxidic material; (b) producing a shaped body using
the porous oxidic material obtained in (a). The shaped catal yst

bodi es can in general be produced by ald6suitable nethods. As regards
the specific FTetele) 6, fRHENCS

made to WO 98%%2%8&5? QQ%@@B?;&%%%%}B vvhotggd?(eci %@aﬁﬁ{t con g,%%f gllaglre
i ncor por at ed BYmA9PEP e¥EE i nto the context of the present patent
application. Preference is given to adm xing the zeolitic materi al

whi ch has b f & '
Abronr at o, T AFREL BRI bRE W, pldsfti i, b0 zootte can,
treatments, eafegr ﬂwus hp%sepaﬁagaﬂméf frera ity matbpiotiquosdigtbietghhfito congact wijiht h

a }Nat er- Cont aa Waf&ﬁc@r%mﬁ@ 31ﬁ6n trmsaadoﬁaaﬁngme&ahlkbme%sem@ bevfofige
sol uti on,

ddi t
m xt ur es of ‘ES {ﬁmgﬁareae ‘iﬁg‘fr %%boé{F Légsf%:gﬁe%aryg'to ;}récg sucgj of the above-
vi scosi t y- i ncdeedbadg cdrigativnc  otpseindsesr @t beasere ople thyo rboveoteserihgd

conpound, as RALEKROVEE écrneénutahsn Bf & sepdrhtionCeh follkHWhe Eorhﬁ‘ctﬁ%%ér théS
binder, it is 1n princip SS to use any. conpound wh

i ncreases thewétﬁﬁ%%qt%ﬂlnﬁeWKg@ﬁlt‘PHe%‘ﬁa}"f‘t%?‘é?éa’ gtfffmpi’é’fﬂop’ti’

material . Pregeéd, €dr bxamiste so avaerlitselel 3s Sikbweist edssitlom nke agroupamine
consi sting of Totl\?:fg)%?tﬁdwﬁbﬁ tfy agﬂe’ 015 hﬁﬁﬁeb r8&hdcard :bk'aﬁﬂn&ﬁg,’an organic

t et r aal koxysi tetraa kox tanates, tetraa zirconates and
m Xtures of t&lphatic #ping wawe@*narwmp@umd?ydmwe@ Wé‘ﬁ’@é EI‘IQE%’H these
tetramet hOXySmtrbgéﬁt ﬁ)mﬁcﬁhﬂﬁehhaws fdrlsxaﬁlple ety pethyosy siobylcatieals as

t et r abut oxysi | ol féf i

t et ranet hoxys?qq?l ?888 illraet o>?§/%| eretn g&gﬁﬁd rﬁéfﬂ&iebé ﬁo‘g"lﬁl tgqﬁng

sol bei ng veryitrpgant |Tbg| contpstingrveifte rfcpreq;ample preferably, water 1tself generally takes
place at from room temperature to 750°C, preferably from 100 to 250°C and

erence is

particularly preferably from 120 to 175°C, wherein contacting preferably lasts for a
period of from 12 to 48 hours. This contacting very particularly preferably takes
place in an autoclave.

If the zeolite has been dried and/or caicined after being separated off from the
mother liguor and has subsequently been brought into contact with a water-
containing composition, another drying and/or calcination step can follow. This
drying is generally carried out at from 80 to 160°C, preferably from 90 to 145°C

I and particularly preferably from 100 to 130°C. The subsequent calcination which
preferably occurs is generally carried out at from 400 to 750°C, preferably from
450 to 600°C, and particularly preferably from 490 to 530°C.

In addition to or instead of contacting with the water-containing composition, the
zeolite can be washed with, for example, hydrogen peroxide solution, preferably
sulfuric hydrogen peroxide solution. It is likewise possible to treat the zeolitic

- material with alkali metal ions to convert the zeolite from the H form into the
cationic form.

If the zeolite is, according to the preferred embodiment, brought into contact with
the water-containing composition after being separated off from the mother liquor,



Further binders are described in WD 98/ 55229 and DE 102 32 406. 9,
whose rel evant contents are incorporated by reference into the
context of the present patent application. The binders nentioned can
be used either alone or as m xtures of two or nore thereof. Further

bi nders such as oxides of silicon, boron, phosphorus, zirconium
and/ or titaniumcan be used in addition7-The production of the shaped

body accordi g%bo/tz@oﬂtﬂ:e nkRRE flibtai;cirib\deﬂ:lisi, thehSu?& nigr ﬂi%%«ro@@s&rétemﬁowsem
usi ng upto 0 | t rerera ro t 0 - We t a
bartocul ar Ly Tora a5 Narisht St ien ATt fu BieBVinhBl B0 eRlth
the total weitghhe cfidesheble hyprddusd dyygdon baseflom hdroparextide.ris gignificantly

enbodi ment  of.di3gd PHASIEShe Ofx B sBILASER! inl eBist VY. atunkOAST z0818e ROT €
former is adéed %[E zeol i fi

th c te |, Preference is in this,.case
given to usi ERTENY Hee TRkt HOBy B or Ly D% SPRRENG Wit U welFF-Gpateiniag
di spersed, eruhpoditiedwhichsis ppferdeidaccordingt te rthepresoph éoesti@otanariwe thdi s
pol ynmer or t p i I r.ef.e I h&z.g
consi sting OITB ﬁggerrllg Iépéglggltfret&r’ Z{Oglfgﬁgggnpg?%zl rﬁegé}gftngg y(gg%afna?yeo’s H&J@
pol yret hacr y pEafe@bly gt yere thansS % sor narticylealy mefersbl K ot iraots thary %y The
pr oduc;I i ?n Ofotl'%]elﬂ 9a1’:§h hﬁgag@lgbg@&rﬁﬁ,, fof lbm@_ 1P Bydofedntiie) gorvelsiuie kdedtivity to
renoved fromythe s i nathon at p [ . .
t enper at ur es.th?l fp%%‘?emr?rlg‘rmsl%s\rég éﬂ’@fi& a?%p%? r rl%\:%r ép%@ ﬁg%gtéﬂlg adged
in a proport imﬂummegé@wnymfdrmﬁsedmw% by wei ght, preferably from
7 to 35% by weight and particularly - 9 - preferably from10 to 20%

by wei ght, in, each case.based o he t.otal i ght of e inorganic
cofponent s ofF AR Oaile DesnPE teriebia el E el e thdR b ER R &
addi ng at | eastalysndoexhe ugioaitation. afsisexiss udssaibedi iy the wveoentiobéd
to use essenty:aldh)rsany AGHP HiNEaBh GF oleBidBavif) ANecdsMBROVSIB  funtibonkle
m xi ng, kneading or, f]ow prpgg&tl es. _Pr%fer,qn e sdeglra#/en 0 or%?g}:’lc
hydrophi | i ¢ B5MPrris e dkeyise abpyemegtigned axfigle by J¥u VAtRg £8e &
exanpl e al kyhkeetibubfsekhesinar ch, pol yacryl ates, pol yrnet hacryl at es,
pol yvi nyl al cohol, polyvinyl pyrrolidone, polyisobutene or

pol yt etrahydrof uran. According to the present invention, these
conpounds ar dn yspigferigfl sanndimen ooft the procaesr dade RreenhinyEatane dhe porous
st gbijl ity of o%ﬂﬁ: shapiel x@@dhea%ﬁ@r@fnq;roaﬁmfdw peugites baplystg isodsd wed/ kg
an uring subsequent .use_a e | e S
are remved FRait SN aRehCHEHARE, b dhal Shasdd afifuee BURSCE HIBRLAY
t enper at ur es frofuthe perous guidid metsrial ie agjedsditiqnplpyo¢assimpstgp.389 041 A, EP O
200 260 A and WD 95/19222, whose rel evant contents are incorporated
by reference jntq.the context.of the _present patent applicatign. In a
ot ef erred entSATAERY- e PRET IDERIE g1 (ISP BT A reril ke
addi ti on of twhéchthe geduciondfiitie raalys prévideddold) comprisaset leabt thesteps (a)
folil owed by &1@1 on of at |east one organic viscosity-increasing
conpound and horogeni zation of the resulting conposition in a

kneadi ng appé¥at UEIeBmlé%(@FGH]é?StPB‘?P‘?IP'bsrﬁxi@C?f@te’I ) minutes. This
honogeni zat i @) i spsdocihgd shafed dbdy edimetha poroesoxitiicaimtaiat obmived & (ay
about 10C bel ow the boiling point of the extrusion aid. The pressure
enpl oyed is %ener ally approxi mately anbient pressure or slightly
super at mos phdhg ghaped safakyat badiescan i seneral pe prodpgeddyeathudrble mretherds (A

process of dt Iy aRs Ui PecilfiB & tdf@fbduﬁtﬁdrﬁéf'a)’shhﬂbgh@gﬁ,%feﬂn% ﬁgzg@gmaaaﬁ
or conpounds u f r_or_.hinder re added to, the
zeolitic mat ﬁﬁ%ﬁ%ﬁgifgﬁﬂe ey%@zﬁ%% V&pﬁ%gmﬂt.coﬂ%t“%rm? HESTOFAIGDY
been added, tdferenvatinto-theotrdéxtiof theqoespuipiatentapplicativonposi ti ons,
preferably water, is/are added in one or nore steps. In a further

preferred enbodi nent, firstly the pore-form ng, conpound or co unds

and subsequeRfafgrencgris gB‘Fntt%éXIB’ere eé?“ﬁ?ﬁ’é?é‘?’%%(‘%@‘a‘?fd&’&%ﬁ?@?%a o

kneadi ng, angopafie afottehcigumk emdc ohbppropritge, caubjeortt foomt toust one of the
abovementioned further treatments, e.g. washing, drying, calcination, contacting




- 10 - Preference is given to adding silica sol and/or a polystyrene
di spersion and/or cellul ose and/or, a cellul ose derivative such as an
al kyl cel I ul ose and/ or pol yet hyl ene oxide and/or water to the zeolitic
material. For exanple, the zeolitic material is preferably adm xed
with silica sol, a polystyrene dispersion, nethylcellul ose and water
and then honogeni zed by kneading in a s8itabl e apparatus.

Accordingly, wilhe: WaBSEHtaihiAY @BinbeNMicH GAred@fent WiE Sy@opisesSdasolution,

descri bed above i ich the uction of the sh e%é 0 i
Conpr | ses at WiExitnedshaSe piner RS CAuOReCtoch S SRRBR o D 4D 4yl
mat eri al obt ahneltohel qradf leest tneadstiositypincishsiag ofganistcogipeutsl ou@rieast ozt
| east one ex%zbfésﬂoﬂﬂing'cgm?_ﬁurﬂi ad £8%ho W EoREPHR ACEarAkeFise be added.
wat er - cont ai hi ng conposition or a mxture of"two or nore thereof. In
a nore preferred enbodi nent, the conposition which has been kneaded
as descri bed Aabisinder] & isHapeuniciple possitleci® e sing pechpoonty whidhi imceases the
general ly be i e A i . r

oSt ®rQlln Bte pAYRY e ARt oORLd Atkferial NPl BRI GRS

the present Invention, Jies are _prerera produced by
nmeans of an Bipdersdelectepiiopihe geuipiconyiting ot hydipied gilicp aélit?lﬁ@el&t ghicd
gavi ng a di a§a\ &Era@lﬁo;liﬁﬂilcﬁt@ﬂgﬁ?efm@gjl/ﬁaﬁ@csJ-@tj)jﬁﬂlkoﬁéﬁﬁi’rﬁ)rﬁfeﬁfa:ﬁi_f abltiyred mgm
to mm an articu r-ef er roml to aping can _be
carried out Wga?ﬂ)f‘}?ﬁ? até?ré%fgﬁ%u%ﬁarai{m%r%lf Bs'E u‘?lgenabrpé]vtgé%%b%%ﬁw%e’
pressure, getatagthpyysiliqatee tettapreppxysitisater ighgantdxysilicate 1oy sitige splaparticular
Furt her nore, Rf‘e?&@ﬁdégs GRRN NS (G ARRAbx Qlilicatd, tARRHBRYsilicARPAIA SR wild a
tenperature i:]1igher bthan anbi erﬂ%élt enperagure, generally at a
t efiper at ure PHCE #R DPRRJE S RATH LB Shapi ng can al so be carri ed
out in a controlled atnosphere, generally an inert gas atnosphere, a
reduci ng at mpgpller sy fis 3k QXcHbEd 9 vAO RIS Gma THE 103dby i4dsa! whbaped
bodi es can in_genera %e separated off fromthe strand of l din
conposi ti on FEEKMHEOREES &4 MFEACTARAE BY |r6{5{9§gq B e CHYEE. OT{FT%% present
paste-|i ke spaamdpplicaiohdi ng conposition in the extruder is
particularly preferably separated off by bringing the paste-like
mol di ng conposition into contact with at | east one stream conpri sing
at | east oneThe binderse@putianed cap Dp deed eitheralong |ohiag THEHITeMPS §vahef wore

pref erP ab:c y ati:ﬁﬁb%_f.oﬁ'ﬁ?r_ﬁhlfi' bitded, suplR b ioﬁidbﬁbf mﬁwr@gbefc?nb bﬁos@:ﬁ&ﬁﬂt :ii:libilu(i)dm
alr. rererenceg | Jkew se glwven.t.0 the strand of the paste-IlIKe
For Baviienh B pdhidEdedfon

nol di ng conp%% eriodically. This nmethod nakes it
possi bl e to produce shaped bodi es which have a hi gher bulk density

than is obt airhegrdatctidhCoiTRE BALL BbdyPRR &R 8 Thd EreOAE fvehtidnhi@ generally
carried out using up to 80% by weight, preferably from 10 to 75% by weight and
particularly preferably from 20 to 40% by weight, of binder, based on the total

weight of the shaped body.

In a further preferred embodiment of the process of the present invention, at Jeast
one pore former is added to the zeolitic material. Preference is in this case given to
using polymers, more preferably polymers which can be dispersed, emulsified or
suspended in water or aqueous solvents. This polymer or these polymers is/are
preferably selected from the group consisting of vinyl polymers such as
polystyrene, polyacrylates, polymethacrylates, polyolefins, polyamides and
polyesters. After production of the shaped bodies, these pore-forming polymers are
removed from the shaped body by calcination at appropriate temperatures. If
polymers are added as pore formers, they are added in a proportion of generally
from 5 to 50% by weight, preferably from 7 to 35% by weight and particularly



- 11 - prior art. This is particularly advantageous when the shaped
bodi es are used in fixed-bed reactors. Accordingly, the present

I nvention al so describes a process as descri bed above in which the
production of the shaped body in (b) conprises at |east the steps
(aa) and (bb): (aa) kneading the porous oxidic nmaterial obtained in
(a) with addition of at |east one binder9-or at |east one extrusion

aid or at le r : i.Ni b did r
fePibBy BOMCL(f 97208/ b;%czl%%gfvﬁ{ %’Eﬁ ERBHAA RGNS RN Rl dl 81

a mxture of two or” nore thereof; shapi ng the kneaded mXxture
obtained in (@Sﬁga?lﬁca?]@@ne&?squ’ I ¥ieei8ped body. The present

I nvention therefore also relates quite generally to a shaped cat al yst
body conpri si ﬁ.ﬁth%é\#c?e@éﬁce ?sné%ﬂésad%g% %a&%&@ Ekt?dsiq%saj&%saéx%%i&? LiaYit
active material, wherern porous Gxidic materital 1s a zeolrte

whi ch can be iapsssiier neereaseatight 200 utpaprd whichJeads tq preinpagyaaséin the
Apart from t hgixa@0 lknb&liNd be Rowagtopetiess Prefereice is given to organic hydrophilic

X-ray-crystall ographically t.o ?ﬁe t ype, .the shaped bo of,. t he

v count | mverRTUREHER i srulofd ssiices BBy B BREGpE Phupengleits,
the above- destarlhauladdilates gslymsitehrybies, belyvisgldalcohobrisdinenitpmnradidond e
shaped body. JhgssHiaReh: 5RAirRENARLETSE ablne Sleded idfendidOhedl
to 140C, prefierably from™ aﬁo 35C atgd artlcwlﬁarltﬁwgrglferagl yff om
90 to 130C, VEiFHOEHE HFWM® % e EF A FICfFape (rgmprhapicel sl o B 1
to 20 h, prefshapdd hodiespprerdbiy diding shaping and dwyingaant yuping fwbhsedleyt dseam 3
to 5 h. The ' r i, n,
preferably f%%ﬁg_éfnf%(t)ﬁ4 Ewdﬁ%}%%g?ﬁc%ﬁﬁgr yr@%lbyé?({aﬁrglg} tge ?tr.ag)%i ?Sy tB %
3CHm n. Accorgloinption at IProprieSdemPSAVESt i on al so describes a process
as descri bed above in which the production of the shaped body in (b)
conprises at 2.5t e ( . (;eCls adi r
oxidic materi aﬁ% t%‘ilyri%%gi IIr%iﬁs'( a%%\ﬁﬂ%ﬁ% alﬁdﬁpi %%@2)(’}4526? Ic%#;‘ggéd(;%go ‘%i %ﬁ‘zr
or at |east ONO® V13232 shoss eployenigeonterys arco fsofporaieds by rafieregee anto the
wat er - cont ai NoA@xESITRO Blebdn®Patéiit applidaibslr € of two or nore thereof;
(bb) shaping the kneaded m xture obtained in (aa) to give at |east

one shaped body;
In a preferred embodiment of the process of the present invention, the addition of

the binder or binders to the zeolitic material is followed by addition of at least one
organic viscosity-increasing compound and homogenization of the resulting
composition in a kneading apparatus or extruder for from 10 to 180 minutes. This
homogenization is carried out at temperatures which are generally about 10°C
below the boiling point of the extrusion aid. The pressure employed is generally
approximately ambient pressure or slightly superatmospheric pressure.

In a further preferred embodiment of the process of the present invention, firstly
the pore-forming compound or compounds and subsequently the binder or binders
are added io the zeolitic material during the kneading procedure. After these have
been added, the water-containing composition or compositions, preferably water,
is/are added in one or more steps. In a further preferred embodiment, firstly the
pore-forming compound or compounds and subsequently part of the binder or
binders are added during kneading, and part of the water-containing composition
or compositions, preferably water, isfare then added in one or more steps. The
remainder of the binder is then added, followed by the remainder of the water-
containing composition or compositions, preferably water, in one or more steps.



- 12 - (cc) drying the shaped body obtained in (bb). The dried shaped
bodi es are then preferably calcined at from 400 to 800C, preferably
from425 to 600C and particularly preferably from450 to 500C, with
the calcination times generally being in the range from1l to 20 h,
preferably from2 to 10 h and particularly preferably from3 to 7 h.
The heating rates enployed are general t¥0from 0.25 to 2C/ min,

preferably frogfdeneesti® glvenGoMdaingndliRasdli mkloard Yolpsipless Adp¥rsion OmMdlds 75
to 1.25C/ mn. ﬁe par {1 cul ar @refe ence is given to ab:chrﬁ:qneg tgF
dri ed shaped FURPSUnALFOrait SIHPS: qeBNiNE; Suctha o AUPIPEllERe diog
i nventi on al smlptlsdenehmsdeaandiaoeds tashalzslitic battriab doe exampiti thh zediisic
producti on of S i HREkSe SRt 4 |

(aa) to (dd) :m%tgg Eﬁg@gﬁ‘:ﬂﬂ%’hﬁgﬁ’mﬁ%ﬁ oX| g@cé%t%r?ﬂﬁ%%?ﬁi%ge%?sﬁ%n’
(a) with addi®rErcelfulese pachfates fandnfiep drompeenied dyskngfselrt fugitghe
aid or at |eagpaens. pore fornmer or a water-containing conposition or
a mxture of two or nore thereof; (bb) shaping the kneaded m xture

obtained in (aa) to give at |east one shaped body; (cc) drying the
shaped body obtcardieglyi the ppisynt invention also describes a process as described above in

which the production of the shaped body in (b) comprises at least the step (aa):

(aa) kneading the porous oxidic material obtained in (a) with addition of at least
one binder or at least one extrusion aid or at least one pore former or a
water-containing composition or a mixture of two or more thereof.

In a more preferred embodiment, the composition which has been kneaded as
described above is shaped to produce a shaped body. This can generally be carried
out by any suitable methods. In the process of the present invention, the shaped
bodies are preferably produced by means of an extruder. Preference is given to
producing extrudates having a diameter in the range from 1 to 10 mm, more
preferably from 1 to 5 mm and particularly preferably from 1 to 2 mm.

Shaping can be carried out at ambient pressure or at a pressure above ambient
pressure, generally a pressure in the range from 1 to 700 bar. Furthermore, shaping
can be carried out at ambient temperature or at a2 temperature higher than ambient
temperature, generally at a temperature in the range from 20 to 300°C. Shaping can
also be carried out in a controlled atmosphere, generally an inert gas atmosphere, a

reducing atmosphere or an oxidizing atmosphere.

The individual shaped bodies can in general be separated off from the strand of
molding composition leaving the extruder by all possible methods. The paste-like
strand of molding composition in the extruder is particularly preferably separated
off by bringing the paste-like molding composition into contact with at least one
stream comprising at least one fluid medium to divide it. The fluid medium is more
preferably a gas or a liquid, particularly preferably essentially air. Preference is
likewise given to the strand of the paste-like molding composition being divided
periodically. This method makes it possible to produce shaped bodies which have a
higher bulk density than is obtained by the mechanical separation methods of the



(dd) calcining the dried shaped body obtained in (cc). Accordingly,
the present invention also describes a shaped catal yst body as

descri bed above which is obtainable by a process conprising the step
(aa) or the steps (aa) and (bb) or the steps (aa), (bb) and (cc) or
the steps (aa), (bb), (cc) and (dd). Before or after the drying

and/ or calcination of the shaped bodi eslibbtained in (bb), they can,
as described ghave: wWitidid Saas VARt g @Rk ivlich BIBAdealbockes 2R Gaanh
i nto contact gﬁ?ﬁﬁéwﬁgfgi-coﬁggﬁﬁ%%g c%ﬁgosition. I#ithg dried and/ or
cal ci ned shap iTgR°t¥-e brought into contact with the

wat er - cont ai ni ng conposition, this is preferably followed by anot her

R R i Mo el

under (cc) and/ \ ) )

provi des a shwpich thearaguesion phily shaped badsin kR rommsises ailsastihs geps (aa) and

obt ai nabl e by(®):process conprising the step (aa) or the steps (aa)

and (bb) or t steps..(aa), (bh) and (cc .t he )

(cc) and - 1 S)_ (%?gmﬂ%rpé)ﬁ%stoﬁ@msﬂétﬁr%lQ%é%‘%/e@ 1@@‘3@%{@.@0&0@3@%& _

contact with a watene-binderairrit Aepsiconepariusion raicipr ek lesiteque (iok) fasmes pep

(cc) or hst eg ( dg_) -wibwﬁgdeﬁﬁﬁﬁgamﬁ;ﬁosim &ﬁ%ﬁﬁtﬂ?el bIWB Rk hdke tﬁéx%ﬁelr ?bl y

gi ves shape ie e ave pores ose V.o S are _genera

the range frotPd. & %‘n%.ﬂ?f Pr‘l‘?a ?dDB‘P@I’rérO fmed; i @%‘eetorgéﬁeg% ?Sgr?P?).s‘gaPFg

1.4 mM/g and partilmdyarly preferably in the range from0.9 to 1.3

m /g. The pore volunes are in the present context the val ues

determ ned by _nmercury porgqsinmetry in accordance vm'%;;an DI NﬁgGl 3. In

thé shaped boBiecRrEHIEAREARPY hegfere méw, relars BrignErerllpio d58emedsirl st

the pores is bodytdomprisinget lgasa gorows éxidikinarrial he cpalyteallyaactivaatenalial

di stribution j i t hum t. R Uhaels bd t 6Q, nm

and the nini n‘&ﬁﬁ%r%% tglg gg?&.ﬁg&{fl% t&ial 19% Potite a5l be ﬁss&gg&' X 9‘8;
crystallographically to the MWW type.

Apart from the zeolite which can be assigned X-ray-crystallographically to the
MWW type, the shaped body of the present invention can further comprise, for
example, at least one of the above-described additives which can be used in
production of the shaped body.

The shaped bodies are then preferably dried at from 30 to 140°C, preferably from
60 to 135°C and particularly preferably from 90 to 130°C, with the drying times
generally being in the range from 1 to 20 h, preferably from 2 to 10 h and
particularly preferably from 3 to 5 h. The heating rates employed are generally
from 0.5 to 5°C/min, preferably from 1 to 4°C/min and particulasly preferably
from 1.5 to 3°C/min.

Accordingly, the present invention also describes a process as described above in
which the production of the shaped body in (b) comprises at least the steps (aa) to
(ce):

(aa) kneading the porous oxidic material obtained in (a) with addition of at least
one binder or at least one extrusion aid or at least one pore former or a
water-containing composition or a mixture of two or more thereof;

(bb) shaping the kneaded mixture obtained in (aa) to give at least one shaped
body;



In preferred shaped bodies in the formof extrudates havi ng a
dianeter of 1.5 nm the lateral conpressive strength, determ ned
using a hardness neasuring instrunment fromZw ck, U m nodel

Z2.5/ TS1S at a prelimnary advance rate of 10 mimn and a test
advance rate of 1.6 mmknin, is in the range from2 to 9 N. Details of
this apparatus may be found in the "Teehirsches Handbuch 441801".
Accordingly, p I i ahsqdassribes a process as

descri bed aboglcg?i n &/ﬁl%g%e %}ﬁégd(}?dé%g)tber of1 go%& of the binodally

di stributed pores of the shaped body is in the range from4 nmto 1
Rin. The presehd dris¥ ehipednbddiar &kothen Iprdferablyecdlchal as fiom 406 ha@ed°C,
body as descri bed .above i ' . e %% Of bo |y
distributed p %egegabg}' ?IP ﬁl&%ﬁ%@%%@fpzﬁg&ﬁ%& Igﬁﬁagﬁgfe{&ﬁﬂghﬁg Sﬁémq)%
p.m In the ptecelsinaien times panexditbeingietieirenge feam | &n2Q haweferably from 2
hydr opter 0><It dettd 0 Hiﬁﬁ&biﬁﬁcmﬂﬁ ie@?aﬂl& %ﬁﬂ? to FO. Thﬂﬁeﬂiﬁ"g?@t%@&:[nﬁlfoyéch&c
present patent a ica , .erm. roper ".Jefers to a
conmpound of tﬁeéle%@?'rﬁﬂn?ab 5%@‘1‘% Hrgfcﬁaé%ﬁ rq\gl)}’dtf)ﬁes S R e
hydr oper oxi deprefenably digan 0.7y thy U25§¥moxi Yey particHar grefirenagssd givemtter
alia, in the &Hl&ﬁﬁ?%he%eﬁ@ﬁﬁ%ﬁ%ﬁ@f‘ﬁndepéﬁ?Qﬁdl&rleélpe}z{r.be found in DE 198

35 907 A, whose refevant corntents are 1 ncorporated by reference into
the context of the present patent application. Exanpl es of
hydr oper oxi descodrdiaflycae phesentsiaderdtion alshalepuibpos @socefs dshiesqribed ebdve in

invention are,,j i a - I Lde,
hydr oper oxi de‘?V cgtrﬂg%rr%l}&ﬁ?&?g%eérﬂ%%ﬁc})gwgwbﬁ%@h%gra(t)g%%%%)gg&etgs fo
cydl ohexyl hyd@dbperoxi de, nethyl cycl ohexyl hydroperoxide, - 14 -
tethrflhydrﬁnﬁp hj"ahﬁi&@dihgdfeqm R0l nﬁ@ﬁﬁ%&ﬂitﬁ&ﬁﬂ@@ﬂ@ﬁdﬁﬁﬁr@?ﬂ Best
et hyl - napht hal ene r.oper oxi de. . peracids s racetic.aci r
hydr ogen per oxi de.o%ldgffugelrt%‘. aégeatﬁ Ifep?’&'f?g]lpg‘ #@8{' gf)]e ng(?ng éjr%goﬁ&g ts)rogbe
used accordi ng to wier-gmédeing compasitianegs a nPK@feeidweer morgyiheealit o usi ng

hydr ogen per oebb?e dapihy ORI B8xthR JHiEnddl RA@SStoOdivd BElehdt @96 Rhaped
invention, and further preference is given to using an aqueous

hydr ogen per oxi de Yution. Accordingly, the present invention al so
descri bes a pfcoresdyiag tibeshepidiedy abmired im(bbhi ch t he hydroperoxide is

hydr ogen per oea'ﬁge. ca]éﬂﬁﬁﬂfe‘ﬁ?i@&gl&%r@&igwfﬂﬁéagnt(&)ﬁ he present

invention for the conversion o operie into propyl ene oxide is at
| east one nitrile or a solvent m xture conprising at | east one
nitrile. Exanptesdioglys deh prasédti ineentian ealac elbsunibes ial shappd @piabyst body es

and benzoni t r&ésgﬁbed above which is obtainable by a process comprising the step (aa) or the
steps (aa) and (bb) or the steps (aa), (bb) and (cc) or the steps (aa), (bb}, (cc) and
(dd).

Before or after the drying and/or calcination of the shaped bodies obtained in (bb),
they can, as described above with regard to the zeolitic material, be brought into
contact with a water-containing composition. If the dried and/or calcined shaped
bodies are brought into contact with the water-containing composition, this is
preferably followed by another drying and/or calcination step which is/are carried
out as described under (cc) and/or (dd).

Accordingly, the present invention also provides a shaped catalyst body as
described above which is obtainable by a process comprising the step (aa) or the
steps (aa) and (bb) or the steps (aa), (bb) and (cc) or the steps (aa), (bb), (cc) and



If a solvent m xture conprising at |least one nitrile is used in the
process of the present invention, any solvents suitable for the
conversion of propene into propylene oxide can be used in addition to
the nitrile or nitriles. Exanples which rmay be nentioned are: water;
al cohol s, preferably al cohols having |less than 6 carbon atons, for
exanpl e net hanol, ethanol, propanols, btdanols and pentanols; diols

or polyols, 3’9& %IM tﬁmga@eﬁao\spgq%ne Eﬂﬁ@c@n&&rﬁﬂﬁ' o248 cor®AkiRE S

such as neth am des suc
di net hylforrreg@msmammmefé aFeRdcer Mepédhy | pyrrol i done; ket ones
such as acetone m Xt ur es of t wo or nore of the aforenentioned

conpounds ticular preferen |ve [
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acetonitrile. The present r
oscr i bed abv g Ve GOt HAVEEH GBnip hF RIEIE CBREh 1 Valson PePaiae! B
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In the shaped bodies preferably obtained, the diameter of about 80% of the pores is
in the range from 4 nm to 1pm. The pores have a bimodal distribution in which the
maximum of the pore diameter is about 60 nm and the minimum is about 20 nm.

In preferred shaped bodies in the form of extrudates having a diameter of 1.5 mm,
the lateral compressive strength, determined using a hardness measuring
instrament from Zwick, Ulm, model Z2.5/TS1S at a preliminary advance rate of
10 mm/min and a test advance rate of 1.6 mm/min, is in the range from 2 to 9 N.
Details of this apparatus may be found in the “Technisches Handbuch 4418017,

Accordingly, the present invention also describes a process as described above in
which the diameter of 80% of the bimodally distributed pores of the shaped body is
in the range from 4 nm to 1 pm.

The present invention therefore likewise relates to a shaped body as described
above in which the diameter of 80% of the bimodally distributed pores of the
shaped body is in the range from 4 nmto 1 pm.

In the process of the present invention, at least one hydroperoxide is reacted with
the propene. For the purposes of the present patent application, the term
“hydroperoxide” refers to a compound of the formula ROOH. Details regarding the
preparation of hydroperoxides and regarding hydroperoxides which can be used,
inter alia, in the process of the present invention may be found in
DE 198 35 907 A, whose relevant contents are incorporated by reference into the
context of the present patent application. Examples of hydroperoxides which can
be used for the purposes of the present invention are, inter alia, tert-butyl
hydroperoxide, -ethylbenzene hydroperoxide, tert-amyl hydroperoxide, cumene
hydroperoxide, cyclohexyl hydroperoxide, methylcyclohexyl hydroperoxide,



- 15 - The present invention therefore also relates to a process as
descri bed above in which the hydroperoxide is hydrogen peroxide and
the at least one nitrile is acetonitrile. The reaction in (ii) can in
general be carried out in any appropriate way. Thus, for exanple, it
can be carried out in a batch reactor or in at |east one continuously
operated reactor. Particularly, when usi$g the above-described shaped

catal yst bodiggan a0 WAIRARIE! APBRADLAE] ShREGERRIS. ethyl-

Accordi ngly, the pres I nvent S escri bes a, pr Ss as
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enbodi nent s ckccohtingly.dbe geeserft inventipn else desciihssenpioosss as Hescribed ahayn i s
carried out ajhitieHReSALHESRSIdR IhRESRA YERRIdR! Whi ch the reaction
mxture is liquid and consists of & single phase. Accordingly, the
present invention also describes a process as described above in
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general |y contains ) re, preferably fromQ.1 taq
10% by vol une, i napdes; sushaps dimgihyliarmagnide, gpnchylacrmided ofoanethyl-
preferably from Opdrrbldot®p by vol ume, of oxygen. Preference is given
to.using a mxture_ of air espective volunes of nitrogen. The
term "mass- based f(gt e%bimh igfcr{ao'ng’used for the purposes of the present
i nvention refers twuxtupes of (e or peretd dhecadprgmgationgé sempauads.) di vi ded by
the mass fl ow (Mjases) of the gas used in the regeneration. In
general, the regeneratjon is carried out so that the pressuyre dro
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bar and i n pacétbmitiiass subtentdor ¢het fvapos2s & thapresent invention.

Accordingly, the present invention also describes a process as described above in
which the at least one nitrile is acetonitrile.

The present invention likewise describes a process as described above in which the
solvent mixture comprising at least ope nitrile is a mixture of water and
acetonitrile.



In a |likewi se preferred enbodi nent of the process of the present

I nvention, the reaction of the propene can be carried put in two or
nore stages. A two-stage reaction takes place, for exanple, as
follows: (A) propene is reacted with a hydroperoxide, preferably
hydr ogen peroxide, in at |least one nitrile as solvent or in a solvent
m xture conprising at |least one nitrilelsn the presence of the
catal yst as provided in (i) to give a m xture conprising propylene
oxi de and unreact ed hydroperoxi de, preferably unreacteg hydr ogen
per oxi de; ( B)Theneresfiif eRicpEen FRFB&BHSe‘?R%%(F oS {5 PO § HEFaRgefpove in
peroxi de, is widpankd dsdobérokidens tHydrogex tparaxideeand thengs feasinoreAditrilé Gy
t he hydroper%é%gﬁﬁﬂlreferably hydr ogen peroxi de, which has been
separated of f  from(B) is reacted with propene. It is |ikew se
possi ble to have nore than two reaction stages and nore than one
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carried out iygRs fth¥esnieshs RaE!IRopeab] isoriratddy preferably a |
fi xed-bed tube reactor. In particular, the reaction in (A is carried

out in an isothermal fixed-bed reactor and the reaction in (C is
carried out iAccerdirgdy,abapreserit inedtitheelso desctibes. a process as described above in

which the reaction in (ii) is carried out in at least one continuously operated

{ reactor.

In a preferred embodiment, the reaction is carried out in a single continuously
operated reactor. In this embodiment, the reaction is preferably carried out at from
20 to 80°C, more preferably from 25 to 70°C and particularly preferably from 30
to 65°C. The pressures in the reactor in this case are in the range from 15 to 45 bar,
preferably from 20 to 40 bar and particularly preferably from 25 to 35 bar. In
particularly preferred embodiments of the process of the present invention, the
reaction is carried out at temperatures and pressures at which the reaction mixture

is liquid and consists of a single phase.

Accordingly, the present invention also describes a process as described above in
which the reaction (ii) is carried out at from 20 to 80°C and pressures in the range
from 15 to 45 bar.

The present invention therefore also relates to a process as described above in
which the reaction in (ii) is carried out in at least one continuously operated reactor
at from 20 to 80°C and pressures in the range from 15 to 45 bar.

The operating life of the catalyst in the reactor is generally at least 24 hours,
preferably in the range up to 200 hours, more preferably in the range up to
500 hours and particularly preferably in the range up to 1000 houss,

After the reaction, the catalyst used in the process can be regenerated by one or
more suitable methods either in the reactor or outside the reactor or both in the



In this enbodi nent, the reaction in (A) is preferably carried out at
from20 to 80C, nore preferably from25 to 70C and particularly
preferably from30 to 65C. The pressures enployed in the reactor are
in the range from 15 to 45 bar, preferably from20 to 40 bar and
particularly preferably from25 to 35 bar. The reaction in (C) is
preferably carried out at from20 to 80 -nore preferably from25 to
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type for the Igpolkedadd Qﬂfeﬁfedm&lﬂ&nbhﬁf mamcsa&. ohﬁﬂ‘fpg@ﬂt RRESKdng €hel N
acetonitrile %tlgl?loil%ﬁg It'Op Ogeeéamgci E] Ieglto c rF}aentl ORJV &Qge

al so be carri&d out eas ohé reac u5|ng a St

di f f erent zeé?ﬁcﬂ@nt?&ﬁaﬂﬂ?@sﬁbféilamﬂi#,@lﬁf@iowseast two are used phy5| cally
separately fromone another. At |east one of the zeolite cat aI ysts IS
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gmpnsmg propylene oxide and unreacted hydroperoxide, preferably

unreacted hydrogen peroxide;

(B)  the unreacted hydroperoxide, preferably hydrogen peroxide, is separated
off from the mixture resulting from (A);

(C)  the hydroperoxide, preferably hydrogen peroxide, which has been separated
off from (B) is reacted with propene.

It is likewise possible to have more than two reaction stages and more than one
separation stage. With regard to a multistage reaction, reference may be made to
DE 198 35 907 A, which is hereby incorporated by reference into the disclosure of
the present patent application.

The reaction is in this case preferably carried out in four, more preferably three and
particularly preferably two, stages with a separation stage in between, as described



-~

Differences in respect of the zeolitic materials are, for exanple,
the titaniumcontent of the zeolitic material; the content of
chem cal elenents other than titanium the porosity of the zeolite,
with the porosity being able to differ, for exanple, in terns of the
geonetry of the pores of the different zeolite catal ysts and these
accordingly being able to have, for exahpre, differing pore vol unes,
di f }‘ ering por gbotte.aNes Ragiods il(AY &1d (@ f@&ﬁf@%ﬁ&bﬁ:ﬂ? péfelably qaok eaicd Ee
zeolites can d re po ; e
rystal st ructiirs bioeheed Sl bERRRENY B LR Che! Wbt oh
of the zeol i tpatisvdaretheaactionén &oiislicayied put inan isasharmalciiredtbsd iregetor and

Di f ferences i e k@eh6itin (0f isldficaapPRdnbatbas Bic8-bell RacRXanpl e, the
geonetry of the shaped catal yst bodies; the porosity of the shaped

bodi es; the nechanical strength of the shaped bodi es;
In this embodiment, the reaction in (A) is preferably carried out at from 20 to

80°C, more preferably from 25 to 70°C and particularly preferably from 30 to
65°C. The pressures employed in the reactor are in the range from 15 to 45 bar,
preferably from 20 to 40 bar and particularly preferably from 25 to 35 bar.

The reaction in (C) is preferably carried out at from 20 to 80°C, more preferably
from 25 to 70°C and particularly preferably from 30 to 65°C. The pressures

{ employed in the reactor are in this case in the range from 15 to 45 bar, preferably
from 20 to 40 bar and particularly preferably from 25 to 35 bar.

The hydroperoxide used can be separated off in (B) by any suitable methods. The
hydrogen peroxide which is preferably used is preferably separated off by
distillation using one or more distillation columns, preferably one distillation

column.

If two or more reactors are used for the reaction, the reactors are preferably
operated so that a hydroperoxide conversion in the region of 85-95% is obtained in
the first reactor and the remaining conversion is achieved in the further reactor or

reactors.

The catalyst used in the respective reactor can be regenerated as described above,
and the catalyst of one reactor can be regenerated in the same way as or in a
different way from the catalyst of another reactor.

In a further embodiment of the process of the present invention, the reaction of the
propane with the hydroperoxide can also be carried out in one or more reactors as
described above, with at least one of the reactors being operated in the suspension

mode.

The present invention relates quite generally to the use of a titaninm zeolite which
can be assigned X-ray-crystallographically to the MWW type for the epoxidation



t he bi nder content of the shaped catal yst bodies; the type of binder
mat eri al used for producing the shaped catal yst bodies; the content
of catalytically active zeolitic material in the shaped catal yst
bodi es; the carbon content of the shaped bodies. - 19 - For the

pur poses of the present invention, the term"different zeolite ]
catal ysts" al so enconpasses two catal ystl8ni xtures which differ from
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Differences in respect of the zeolitic materials are, for example,

- the titanium content of the zeolitic material;

- the content of chemical elements other than titanium;

- the porosity of the zeolite, with the porosity being able to differ, for
example, in terms of the geometry of the pores of the different zeolite
catalysts and these accordingly being able to have, for example, differing
pore volumes, differing pore diameters or differing surface areas of the
pores; the zeolites can likewise differ in respect of the pore distribution;

- the crystal structure of the zeolitic material;

- the surface modification of the zeolitic material;

- the acidity of the zeolitic material.

Differences in respect of the shaped bodies are, for example,

- the geometry of the shaped catalyst bodies;

- the porosity of the shaped bodies;

- the mechanical strength of the shaped bodies;

- the binder content of the shaped catalyst bodies;

- the type of binder material used for producing the shaped catalyst bodies;

- the content of catalytically active zeolitic material in the shaped catalyst
bodies;

- the carbon content of the shaped bodies.



In a particularly preferred enbodi ment, this conpartnentalization is
achi eved, for exanple, by neans of a structured bed of different
catalysts. A first zone of the reactor is in this case provided by a
bed of a first zeolitic catalyst which represents the first catal yst
compartment. A second zone of the reactor is subsequently produced by
pouring the second zeolitic catalyst wiwch differs fromthe first,
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content and @g@@ftqﬂﬂ@gﬁ(yna hi gh activity in respect of the reaction of
propene with hydroperoxide in a first conpartnment of the reactor and
a titaniumzeolite catalyst of the crystal structure type Ti- MW
havi ng a | ow€loripated rio wonvantiveal tprodeases tit eviiidhr 5 reatior aneqmipped obitlt enly a

catalyst in gnsRCang  QBRALL RRL strdchird 'bbd DMeRE aRY Shhfe6 RALLARNT

selection of the catalysts used in various reactor zones enables, for example, the




-21 - titanium zeolite catalysts have different crystal structures,
for exanple a crystal structure of the MR type in the case of the
catalyst in the first conpartnent and a crystal structure of the MW
type in the case of the catalyst in the second conpartnent. It is

| i kew se possible for the catalyst in the first conpartnent to have a
crystal structure of the M/\Wtype and tfe- catalyst in the second
conpartment to have structyre o

enbodt mont s, Gareren i fRhtiondh B GOl { Sodite MBI st
firstly passmgnmwweughcqshemf rhich dhmpeactantsnpropent s bydreprrpxide are
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two physi cal Ipyogeqsaxfﬁtee"pacﬂoﬁfer ent zeolite catalysts of the crystal
structure type IVIWW The conpartnentali 7ati on accordi ng to the
present invention can also be achieved, for exanple, use of at

| east two redbisehus RAsHRlsCIo8 GXITPIEelPiBR0se fhe Frofite qatalyst lfbﬁgfsi &0e Giche
cat al yst bei fgactesenlwhivh thd@ontemedtion Bf itegctdd xeaitantﬁamigwmaﬂda avay east
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t he catal yst or ex;gio e use
inert woven AU<KaRPky by caalysiasivitypves thefediis made of rret aI s
pl asti cs, aI um num oxi des, glass fibers, carbon fibers and/or

graphi e Baggo ks, VL o GERLLIG, STLRIbcE Vil IR he o
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ind vinysof B Qb P eRGpEaSer 55 BEsia ipRs 6B Aty Bisnilhd ¢
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context of tlf&c@(sﬁeﬁané rpae@ycﬁfbu RGHO ! qucétlaﬁl lyq%qglt dsﬂyen%ron
al so descri bes assenb %gq&ors c nnected in ri es fo

reaction of f¥ ?ré"\‘z%f% IS FRCLRT %OBFrﬁP HAsegen r&%%‘?f
two react or szeamedto mseva diffea&ntlmhte taﬁmiysteah:bh)rmllcmﬂmeﬂ ithe f feactiont of

zeol i te cat a%c%ﬁ r?ﬂa%%ﬁébfyg‘afﬁc%%hﬁhé(ﬁ ﬁut"i@ eQ@reWh f:és@é&%ff thd Rﬁ@&he

zeolite catalyst o ruct

may be nmade SECHGR Enihewndesgra lﬁmmﬁﬁrean% BIIOﬁ%ﬁtuthﬁels t%m&tm%wlyst in the
chrom um, nifigdkdabor e, Zi r coni um cont ai ni ng zeolites having a

pent asi | zeolite structure, in particular the types which can be
assigned X-ray-crystallographically to the Al3W ACO AEl, ALL, ARM
AFT, AR), AFPref@pceArg veniiny exdmgle, AFNSing AmniyvaE YeolisRTatalppymf tlmystalPD
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catalyst in a second compartment. In a likewise preferred embodiment, the two




Details of these structure types may be found in the aboverentioned
reference WM Meier, D.H dson and Ch. Baerlocher "Atlas of Zeolite
Structure Types", Elsevier, 5th edition, pp. 202 and 203, Ansterdam
2001. Titanium zeolites, in particular those having a crystal
structure of the MFI type, and possible ways of preparing themare
described, for exanple, in WO 98155228,2EP-A 0 311 983 or EP-A 0 405
978, whose r t t f porated i.ntg.th

di scl osur e o]ﬁlt?‘h% zc%ﬁ{} cfa?alpgs fleﬁ/ ciﬁf{erlxréta &al S EJE for exa{nlqﬁe a crystal
assenbly of rS@@@tﬂJ@r@f tb@i?vﬂﬂdr@dnuthﬁ @@p pete |cata1y§t ipabssfitst @ompmegkarrﬂpa e,

to carry out &Mrﬁﬁh@ﬁt@%ﬂtﬁb WW'tfr}_’fénf BRCERE dfNhé r&@tal%fs@%?'ﬂfées&f)n@

br esence. of  EoBBEBAR, It b FeVRG TR HEe UL, BB B G TR RS o
for exanple, ltame Lﬁsmr;gta&rssttﬂmmm obrthey MBtWatypt / andt de catalysire ts swbrdent
in the first c‘b Qﬁﬁéntatﬁ%a% al @GR PG dtftht %?Flpgbé %Qf?éséf embodiments,

acetonitrile, Ernltl’l e/ water m xture é
acetonitril e/P\ﬂ;&tcé RrsEeTgRes, IS%V%%WWOQ ﬁéﬂg@c@ﬁ YrPé%ﬁ&goﬁhm“BP thes
l'i kewi se posdirkcomipartuset @l eutsahrhils paseing threu AN tecpad compdnencht sisits

react or and the TS-1 type in the second re tor. The
SRR el

foll ow ng exa rate the invention. Exanples Exanple |a:
Activity test using TS-1 in nethanol as solvent In a 2 1 steel

aut ocl ave pr Q\bceikhgly,t dhe Gprésbhmﬁllventﬂcﬁioalga ﬁéscﬁ@ésahl Tédct@ dfor @il dab@sh of

titanium zeolite conte t par.e rding to
the vor ki o @Rt evith “Desiopgbiadl Fml ot ST RBG PhBERRL ehftek:
108 g of annlﬂrﬂf%telst@?»@htbéﬁﬂo'%%@?Cmiabﬁﬂycwﬁﬁfpgwof dei oni zed
wat er at 300 rpm and rral nt ai ned at 125C for 24 hours. After the

reacti on was I et cont ent of the reactor,were filtered th
o o ama e el ot Didinatl the Felh v Riohigs 2150 5t SUugt o
of dei oni zed fm&mmpleTﬂw e bof efr legsh ltwo weestody candedted mi seried, Wi@04E 1€ast om:

hours and fi pabiwy &Ry B8 dstd Rlr'theadRRGn b st Ie IR aRd at least one further

zeolite catalyst which differs from the zeolite catalyst used in the first reactor being

used for the reaction in at least one further reactor and at least one of the catalysts
being a zeolite catalyst, preferably a titanium zeolite catalyst, of the crystal
structure type MWW,

In this embodiment, it is possible, for example, to use a first catalyst in at least one
first reactor and in at least one second reactor to use a second catalyst different
from the first catalyst, with the catalyst in the first reactor being able to be, for
example, in the form of zeolitic material or shaped bodies or a mixture of zeolitic
material and shaped bodies and the catalyst in the second reactor being in the form
of zeolitic material or shaped bodies or a mixture of zeolitic material and shaped
bodies.

Likewise, the catalyst can, for example, be used as a mesh catalyst based on inert
woven meshes such as inert woven meshes made of metals, plastics, aluminum
oxides, glass fibers, carbon fibers and/or graphite. Based on the weight of zeolite
catalyst, such mesh catalysts preferably have an alkali metal content of less than
500 ppm. These mesh catalysts are preferably produced by a process in which at
least one zeolite, preferably at least one titanivm zeolite, is crystallized onto an
inert woven mesh. Mesh catalysts of this type and ways of producing them are



The wei ght of the product was 93 g, and the material had a Ti content
of 1.5% by weight. In the catalytic activity test, 0.5 g of titanium
zeolite TS-1 prepared as descri bed above were introduced together
with 45 m of methanol into a glass pressure-proof reactor, and 20 m
of propene were introduced at OC and 18 g of hydrogen peroxide

( Mer ck, 3096by wei ght in water) were sultsequently fed in by neans of

a punp. Aft e %@@gﬁ !E,‘P'b gi;%%’f;l %E&H [ Slevdnb Sothatl %?g@?@coapomtcd by

depressurlze hase was ana

chr onat ogr apHyferenﬁ@mtfeﬁ@tcp@}ﬁxtﬁfkhem@eefdﬁmpﬁ@d 6. 2% by wei ght of
propyl ene oxi de. Exarrpl e I'b: Activity test using TS-1 in acetonitrile
as sol vent Ex s repeated with, the catal tica | Vi

being carrie ngli rt%?’ ng%ggéctsg% nve?téonl ﬁlgsf) e %fag‘%es‘_ h&Ror I%soéﬁ?a\?g)ﬁﬁ
The react i on coiectedeinc sgrieai foe dhel repobidry ofvgirepene ofitlp okpdrenseoxide, dich

Exanpl e 2a: AghinMbdsar i€t wdé%a&or;rand fir WiV \ad 1eas@%% %btbfs' doﬁtaﬁqsd@e}en@ nt
The preparatlogl was carried out as described in Exanple 1 of

02/ 28774. 117°Y5FAAYSsi| were used as silica source. The wei ght of
Ti - MAW product was 70 g and the naterial had a Ti content of 4.6% by

wei ght and di cAMys AN f ﬁﬁ#e Atk &JeBride YA pf %g[wv
In a catal yt I}%p%ict %I tg\;\th’%’é C}gh;g (il httjlﬁ?gln?lumezeo dﬁa@ﬁ#o I\/T/%(/\l/:
i ntroduced t GHBEWE YRF $Aecife na@élpa At b Eagls, pf tifpnipmys germanium-,
pressur e- pr oadlinfi@ac! tnadaiigh, 28roMindf, HOBIPRNanderifohinin ettty akoldes
and 18 g of o) k
subsequent | yq%%é %r#}g&%%eng%@go&ml% S’&@ﬁ% t%ltﬁjn’gctl h"‘@},%-,%)as\ﬁ‘gﬁ%
hodrs, the m&mr@ﬂﬂéud@bﬁégxmﬁhﬁﬁ ndGh Bl JELdABNadETWATG, AFL,
anal y_zed by a8y, AROMAFRYKESNARTT REXT, Tt i AT MAKIAU AP HIRI AST AT8Y0
by wei ght of JOPMHERTPXATE; AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS,
CFI, CGF, CGS, CHA, CHI, CLO, CON, CZP, DAC, DDR, DFO, DET, DOH,
DON, EAB, EDI, EMT, EPI, ERI, ESV, EUO, FAU, FER, GIS, GME, GOO,
HEU, IFR, ISV, ITE, JIBW, KFI, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN,
MAZ, MEI, MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MTF, MTN,
MTT, MTW, NAT, NES, NON, OFE, OSI, PAR, PAU, PHI, RHO, RON, RSN,
RTE, RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT,
TER, THO, TON, TSC, VET, VFI, VNI, VSV, WIE, WEN, YUG, ZON structures
and to mixed structures derived from two or more of the abovementioned

structures. It is also conceivable to use titanjum-containing zeolites having the
ITQ4, SSZ-24, TTM-1, UTD-1, CIT-1 or CIT-5 structure in the process of the
present invention. Further titanium-containing zeolites which may be mentioned
are those of the ZSM-48 or ZSM-12 structure.

Details of these structure types may be found in the abovementioned reference
WM. Meier, D.H. Olson and Ch. Baerlocher “Atlas of Zeolite Strncture Types”,
Elsevier, 5™ edition, pp. 202 and 203, Amsterdam 2001.

Titanium zeolites, in particular those having a crystal structure of the MFI type,
and possible ways of preparing them are described, for example, in WQ 98/55228,
EP-A 0311 983 or EP-A 0405 978, whose relevant contents are fully incorporated
into the disclosure of the present patent application.



Exanpl e 2b: Activity test using Ti-MWin nethanol as sol vent Exanple
2a was repeated with the catalytic activity test being carried out

usi ng nmet hanol instead of acetonitrile as solvent. The reaction

m xture contained 1.9% by wei ght of propyl ene oxide. Exanple 3: 35 g
of the Ti-MW powder prepared as described in Exanple 2a were m xed
well with 45 g of silica sol (Ludox(r)-ZS 40, 40% by wei ght of )
silicon dioxi : 5 : S

di spersi on (Jg%&?‘%gm\kg (gﬁf acit(%s \%\g%r%%tf@gln% gﬁégplo.ggmgé’ %%Egﬁﬁple’ to carry
met hyl cel | ul d8% thevigresiom) ip 1thy figsh geagtor an re mupserse ofa HISk satalyst of the TSnly
kneadijng{‘ t1 heypohndsinythe Becodd Sé%fdi ii® mem&ea@w@mh3 m}pﬁd a%myala tﬁB/MWde .
period o ut r : " udox r e
slomy. After”] hefg%tlg%qc? 25:]; tg1§/e ’uf}o ﬁgéjl%@%’rﬁonﬁstuggs fﬁle%nlal of avi(ll)la%ﬂ\églom‘é]?%r
added and af treirtuge mo?mt inthe fshigaetor andat leest ong nijriles praferably agetogital¢ded

sggwdy- OIAf E ﬁroranmi;et/\bﬁer é&a&,@i&ﬁﬁwd&mé@@t&?m%r %ﬁkm&@am%yeﬂﬁ% the
added an e remai ni ng.wat.er was subseque ed i i ons over
2 ber i od of | SRS R EROTIE Postiolo his D! §F e bl it e
dri ed powder first redveoriane dbanatalyAf oithe AStldyed inkimesmdomigret dtore of 70

m nutes, the resulting paste was extruded in a ram extruder under a
pressure of 60 bar through a die having 1,5 mmholes to form
extrudat es. THe HQying expples ifadiratethe ventigly was dried in air at a
heating rate of 2C/ mn to 120C for 4 hours. It was subsequently
calcined in %{anﬂ}lesa heating rate of 1C/ mn to 490C for 5 hours. The
yi %I d was 41°9

Example 1a: Activity test using TS-1 in methanol as solvent

In a 2 1 steel autoclave provided with a stirrer, 100 g of spray-dried, calcined,
titanium zeolite (T1 content: 1.5% by weight) prepared according to the working
example in DE-A 199 39 416, were stirred together with 108 g of ammonia
solution (25% by weight) and 972 g of deionized water at 300 rpm and maintained
at 125°C for 24 hours.

After the reaction was complete, the contents of the reactor were filtered with
suction and the solid was washed three times with a total of 1500 ml of deionized
water.

The filter cake was dried in air at 120°C for 4 hours and finally calcined in air at
550°C for 3 hours.

The weight of the product was 93 g, and the material had a Ti content of 1.5% by
weight.

In the catalytic activity test, 0.5 g of titanjum zeolite TS-1 prepared as described
above were introduced together with 45 ml of methanol into a glass pressure-proof
reactor, and 20 ml of propene were introduced at 0°C and 18 g of hydrogen
peroxide (Merck, 30% by weight in water) were subsequently fed in by means of a
pumnp. After a reaction time of 5 hours, the mixture was depressurized and the



The titanium content of the catalyst prepared in this way was 2.8% by
wei ght and the pore vol une determ ned by mercury porosinetry in
accordance with DIN 66133 was 1.2 nm/g. Exanple 4: 15.1 g of the
catal yst obtained as described in Exanple 3 were installed in a tube
reactor having a length of 1.3 mand, at a pressure of 20 bar, 66 g/h
of acetonitrile, 8.9 g/h of hydrogen pelzepxi de (40% by weight) and 7

g/h of propeng ,S136 ywa\é%nkﬁg?% s%ﬁr%?n? &%rwa?géy 4 ans g%qiog\vﬁe&ture contained

catal yst at te es’in nge
cont i nuous opérzﬁftbjbwc%bwfmmpsldeanal ysis of the product mxture
| eaving the reactor indicated a nean selectivity to propyl ene oxi de,

based on hydr of 81. nd a ne electivity to
epoxi de domsﬁg@'ﬁlﬁregllﬁ’o%gﬁéy t%%gﬁsjﬁi?ﬂw?@@éﬁnﬁéf?}ﬁnae of 4.7% The
mean selectivity to glycol as epoxi de downstream products was 1.4%

The sel ecti vi r
Beanpl e &t o lan ﬁéaﬁ%qtg?&fte@*#%%‘b MRS aGNAY 08 bishe Thinod o siine

with 100 g of a‘i?éqnbtﬁ e/n3fedfhe é?3¢%°h?f38UF%tcl ave while stl rring and
stirred for a period of 36 hours. The m xture was subsequently
cool ed, the sglid

cal ci ned inair P%@@uﬁ:ﬁé&&g?&%l@?ﬁ%@& %&%\Aggglgg(gé%&oangrg 6:

8.8 g of the catal yst obtained in Exarrple 5 were installed in a tube

reactor (| engERampleatihcavith te@tusA0 TRAMW Wi Re@niilehd s@éht Of
acetonitrile, 5.5 gth of hydrogen peroxide (40% by weight) and 4.5
g/ h. of propene (96% by vol une of propene) was passed over the

catlal yst at t Ehpereparaitanswasrcartfed qubsisséribediBBxample s ©f WP 0828774, 112 g

fontl nuogﬁ op@frﬁéﬂognwfefarus%ta?as faméa%ura@q*hxs::{e% lﬁfoft'l?ww ct”%v%stﬂ{j
eavi ng the reac i ndi.cat.ed nmean s Vv o pr i de,
based on hydrﬂ'gie eﬁ@?S&?ld]éad bf é’?m@% ﬁlﬁé%gf’ hﬁa"ﬁ 1gh) ‘?%gﬁi R-ray
epoxi de downsdiffemtioppattac typjcabefSEMBWhydr ogen per oxi de, of 6 0% The

mean selectivity to glycol as epoxi de downstream products was 1.6%

The sel ecti vi i n respect oxygen was on average 6.5%
{nya catalytic pact1v1ty test, 8’ g g of titanium zeolite Ti-MWW was introduced

together with 45 ml of acetonitrile into a glass pressure-proof reactor, and 20 ml of
propene were inftroduced at 0°C and 18 g of hydrogen peroxide (Merck, 30% by
weight in water) were subsequently fed in by means of a pump. After a reaction
time of 5 hours, the mixture was depressurized and the liquid phase was analyzed
by gas chromatography. The reaction mixture contained 5.3% by weight of
propylene oxide.

Example 2b: Activity test using Ti-MWW in methanol as solvent

Example 2a was repeated with the catalytic activity test being carried out using
methanol instead of acetonitrile as solvent.

The reaction mixture contained 1.9% by weight of propylene oxide.
Example 3:

35 g of the Ti-MWW powder prepared as described in Example 2a were mixed
well with 45 g of silica so] (Ludox® AS 40, 40% by weight of silicon dioxide) and



- 1. A process for preparing propyl ene oxide, which conprising at

| east the step (i) and (ii): (i) providing a catalyst conprising at
| east one porous oxidic material,conprising at | east the steps(a) and
(b): (a) preparing the at | east one porous oxidic material; (b)
produci ng a shaped body conprising the porous oxidic materi al
obtained in (a), conprising at |east thessteps (aa) to (dd): (aa)

kneadi ng the c..materi abt ai in (a)  .-wWth additi of
2t east one biokadr 2 LeSpERtde sheedthtiLrdpviy Bl M el BRE A £
pore former o:rflaethﬁc@hﬂqmﬁ‘t‘faquﬂl@ apd 4D g of waeningy kngadrxt ure of two or
nore thereof; (bb) shaping the kneaded m xture obtained in (aa) to

igInV((a bg; , | eaStDL?rTr?g lgnheg 1gg, th g&ystgu%ﬁg dglgéi'lsxgxg wtasr,] gd ednuggs oggtaaplerqgg
of 1 minute and, after 3 minutes, 37.5 g of Ludox® were added slowly. After
kneading for a further 2 minutes, 10 g of water were added and after a further
10 minutes another 15 g of water were added slowly. After a further 10 minutes,
the remaining silica sol was added and the remaining water was subsequently
added in portions over a period of 10 minutes. Methylcellulose was firstly mixed

with the dried powder in the kneader.

After a total kneading time of 70 minutes, the resulting paste was extruded in a ram
( extruder under a pressure of 60 bar through a die having 1.5 mm holes to form
extrudates.

The product obtained in this way was dried in air at a heating rate of 2°C/min to
120°C for 4 hours. It was subsequently calcined in air at a heating rate of 1°C/min
to 490°C for 5 hours. The yield was 41 g.

The titanium content of the catalyst prepared in this way was 2.8% by weight and
the pore volume determined by mercury porosimetry in accordance with DIN
66133 was 1.2 ml/g.

Example 4:

15.1 g of the catalyst obtained as described in Example 3 were installed in a tube
reactor having a length of 1.3 m and, at a pressure of 20 bar, 66 g/h of acetonitrile,
8.9 g/h of hydrogen peroxide (40% by weight) and 7 g/h of propene (96% by
volume of propene) were passed over the catalyst at temperatures in the range from
30 to 60°C.

After continuous operation for 400 hours, analysis of the product mixture leaving
the reactor indicated a mean selectivity to propylene oxide, based on hydrogen
peroxide, of 81.5% and a mean selectivity to epoxide downstream products, based
on hydrogen peroxide, of 4.7%. The mean selectivity to glycol as epoxide
downstream products was 1.4%. The selectivity in respect of oxygen was on
average 13.8%.



(dd) calcining the dried shaped body obtained in (cc), wherein in
step(aa) at |east one pore forner is added, and/or wherein after one
of the steps(bb), (cc), or (dc) the shaped body is brought into
contact with a water-containing conposition at a tenperature of from
100 to 250C; (ii) reacting propene with a hydroperoxide in at |east
one nitrite as solvent or in a solvent-#xture conprising at |east
one nitrite in the presence of the catalyst of (i), wherein the at
| east one porous oxidic nmaterial is a titanium zeolite which is

assi gned X- r §%BWBI8Ha| | ographically to the MW type, and wherein the
at least one pore former is a polystyrer e dispersion. 2. The
process of cl t LY t r i de
products for gigg}:r om S?hjam ﬁ’%‘“ﬁ% g%}e h%%rdrrtlga(}hgﬁ %ﬁﬁ%ﬁg érfggi% ?o%
(ii), based dﬂatemw%@é V‘%ié"hﬂPsSUﬁ‘él’éo méﬁqrfrdaforlaownod@f Fhdioprsodbss
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use ased o e tot 0 e process
of any of cla Qﬁﬁel}gﬁ’ﬁ“ﬁ? &% %Xft WSt Bgen

per oxi de and the at Ieast one nitrile is acetonltrlle 5. The
process of armgypinieai ms 1 to 4, wherein the reaction in (ii) is
carried out in at | east one continuously operated reactor at frcm 20
to 80 C and pressures in the range of from 15 to 45 bar. 6. A shaped
cat al yst bodg.& gwpthiesiatafysabdbthiaed in Bxapgplos sremxinstbliedrinbenbieatacts (length:
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After continuous operation for 325 hours, analysis of the product mixture leaving
the reactor indicated a mean selectivity to propylene oxide, based on hydrogen
peroxide, of 87.6% and a mean selectivity to epoxide downstream products, based
on hydrogen peroxide, of 6.0%. The mean selectivity to glycol as epoxide
downstream products was 1.6%. The selectivity in respect of oxygen was on
average 6.5%.



(a) preparing the at |east one porous oxidic material; (b)' producing
a shaped body using the porous oxkdjg taterial obtained in (a),
conprising at least the steps (aa) to (dd): (aa) kneadi ng the porous
oxi dic natqﬁg btained in (a) with addition of at |east one binder
or at |east xtrusion aid or at |east one pore forner or a

wat er - cont ai ni ng conposition or a mxture of two or nore thereof;
(bb) shaping the kneaded m xture obtained in (aa) to give at | east
one shapedAifugesg doy paeparigg propyiapedsidey volsichi desiprisinbtit 1eadtihe
calcining the dried shaped body obtained in (cc), whéerein’in
step(aa)tép (eaad (¢ne pore former is added, wherein the at |east one
pore former is a polystyrene dispersion. 7. A shaped catal yst body
conprising at |east a porous oxidic naterial as catalytically active

mat eri al oz ' e Lous oxidic material is a titaniym zeolite
whi oh s QEBREAdInL 1 RBATER o8It i Claady ong Peronamwidipe. sai d
shaped cat al yst body, bei na%)lObt ai nabl e by a process conprising at

| east t RRAIErEICEPTAEE @h)least te ptepsdn) aodt@d: at | east one porous
oxidic material ;

(2) preparing the at least one porous oxidic material;

(b) producing a shaped body comprising the porous o:ddic material obtained

in (a),
comprising at least the steps (aa) to (dd):

(28) kneading the porous oxidic material obtained in (a) with addition of at
least one binder or at least one extrusion aid or at least one pore former or a

water-containing composition or 2 mixture of two or raore thereof;

(bb) shaping the kneaded mixture obtained in (aa) to give at least one shaped

body;

(cc) drying the shaped body obtained in (bb);

(dd) calcining the dried shaped body oiatained in {(cc),
wherein in step(ae) at least one pore former is added,

and/or wherein after one of the steps(bb), (cc), or (d¢) the shaped body is
brought into contact with a water-containing composition at a temperature of

from 100 to 2507C;



(b) producing a shaped body using th orous oxidic material obtained
in (a) conprising at |east the steﬁ%a(@a) to (dd): - o (aa)

kneadi ng the porous oxidic naterial obtained in (a) with addition of

at | east,..qne hinder or at |.east oge extrysiqn aid or at |east one

pore for rre(?Pt]é]g/\Bf%P@I&%h’f‘gﬁrﬁ hydropsieside dp &rleashprentitrits aswolvent or
nmore thereof; (bb) shaping the kneaded mi xture obtained in (aa) to

gi ve at inemsel v mhupee duuprising)atdegsngnehd tsbapedhbedpsobiaionete

in (bb); (dd) calcining the dried shaped body obtained in (cc),

wher ei n cafiaBrst @T(iPf the step(bb)(cc), or (dd) the shaped body is
brought into contact with a water-containing conposition at a
tenperature of from 100 to 250C. 8. The shaped catal yst body of
claim?7, P he ter-containing canposition.is water. 9. The_.
Shaped ca Db el GR Bot o (e Bl Rbit 8 Hanaisgzeplitawhich
shaped body with the water-containing conposition takes place in an

aut ocl av@ 2ssignedrifera)igsvatal o gapdichldshtooth ec VEBWAWVOLpehamel n t he

shaped body is brought into contact with the water-containing
conposition afier step (cc) or (dd), said bringing into contact being

followed byherdifirtheedt Wa¥t BlepBHeOforg@Cl 2 AYStyHe8 R dispersion.
2. The process of claim 1, wherein the selectivity to the secondary epoxide
products formed from the propylene oxide formed during the reaction (ii),

based on hydroperoxide, is not more than 10%,

3. The process of claim 1 or 2 wherein in step (aa) 10 to 75 wt.-% of binder

are used, based on the total weight of the shaped body.

4. The process of any of claim 1 to 3, wherein the hydroperoxide is hydrogen

peroxide and the at least one nitrile is acetonitrile.

5. The process of any of claims 1 to 4, wherein the rezction in (ii) is carried
-out in at least one continuously operated reactor at frcm 20 to 80C and

pressures in the range of from 15 to 45 bar.

6. A shaped catalyst body comprising at least a porous oxidic material as
catalytically active fnaterial, wherein the porous oxidis material is a titanium
zeolite which is assigned X-ray-crystallographically to the MWW type, said
shaped catalyst body being obtainable by a process comprising at léast the

steps (a) and (b):



- 31- 11. The shaped ctal yst bodyngiqany of claims 7 to 10, wherein
in step (aa) at |east one pore for I s added, wherein the at |east

one pore former is a polystyrene dispersion.
(2) preparing the at least one porous oxidic material;

(b) producing a shaped body using the porous oxidic material obtained in (a),

comprising at least the steps (aa) to (dd):

(22) kneading the porous oxidic material obtained in {'a) with addition of at
least one binder or at least one extrusion aid or at least one pore former or a

water-containing composition or a mixture of two or more thereof:

(bb) shaping the kneaded mixture obtained in (aa) to zive at least one shaped

body;
(cc) drying the shaped body obtained in (bb);
(dd) calcining the dried shaped body obtained in (cc),

wherein in step(aa) at least one pore former is added, wherein the at least

one pore former is a polystyrene dispersion.

7. A shaped catalyst body domprising at least a porous oxidic material as
catalytically active material, wherein the porous oxidic material is a titanium
zeolite which is assigned X-ray-crystallographically to the MWW type, said |
shaped catalyst body being obtainable by a process comprising at least the

steps (a) and (b):
(a) preparing the at least one porous oxidic material;

(b) producing a shaped body using the porous oxidic raaterial obtained in (a)

comprising at least the steps (aa) to (dd):
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(ea) kneading the porous oxidic material obtained in (&) with addition of at
least one binder or at least one extrusion aid or at least one pore former or a

water-containing composition or a mixture of two or more thereof:

(bb) shaping the kneaded mixture obtained in (aa) to give at least one shaped

body;
(ce) drying the shaped body obtained in (bb);
(dd) calcining the dried shaped body obtained in (cc),

wherein after one of the step(bb)(cc), or (dd) the shaped body is brought
into contact with a water-containing composition at a temperature of from

100 to 250,

8. The shaped catalyst body of claim 7, wherein the water-containing

composition is water.

9. The shaped catalyst body of claim 7 or 8, wherein the containing of the
shaped body with the water-containing composition takes place in an

autoclave.

10. The shaped catalyst body of claim 9, wherein the shaped body is brought
into contact with the water-containing composition afier step (cc) or (dd),
sald bringing into contact being followed by a further drying and/or

calcinations step.
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11. The shaped ctalyst body of any of claims 7 to 10, wherein in step (aa) at
least one pore former is added, wherein the at least one pore former is a

polystyrene dispersion.



