16 FES 2004 Method For Producing Crystalline, Zeolitic Solid Matter The
present invention relates to an i nproved process for the preparation]&ffEd 2004
crystalline solid, conprising at |eastjone zeolitic material, the reaction
di scharge fromthe crystallization being fed, directly and w thout renoval
of any conponents, to a continuous drying, the solid per se prepared in
this manner and its use as a catalyst, as support material for catal ysts,
as a sorbent, as a pignment or as a filler for plastics, in particular for
the preparation of epoxides fromolefins, and in turn the preparation of
propyl ene oxide starting frompropene with the use of a hydroperoxide, in
particular H eottes—are knownr—tobe—crystatt-ine—atunmirostt+i es
havi ng ordered channel and cage structures whose pore openings are in the
range of micropores SwethedFof Pagy i+ 1k Aot such zeolites is
conposed of Si %- and Al &4- tetrgﬁ%ﬁ?gétww%h%g@g%@ﬁ%@k&i a conmon oxygen
bri dges. #An overview of the known structures is to be found, for exanple,
in MW Mier, DH dson, Ch. Baerlocher, "Atlas of Zeolite Structure
Types", 4th Edition, Elsevier, London 1996, pages 9 to 229. Exchangeabl e
cations are prhesprssentnnyssdiont retatésntooaml emptayed qrrpesss doe thehprapegéivh v a

el ectroval en "{EF'@ Lon;:«Qf L e | i (LV)
silicate | at ﬁ{—}(lzsgf{mﬁﬁg%gdrﬁé cu| alrnlgn%siglﬁagi)%g% jzgﬂg&rﬁ;‘é{ e&él’é%% #%E@O%P ggl?d%m of
pot assi um offrom; thei wrysspllizrionebring, fefbpdienthy 298 vAkopr apmexali ®f process.
I f these|gat i@hfpoaéss, B8%CEMMAREus @Wing! HeOdHid feP ke PrepaRUSn INis 3RarineP and
exchange, the correspo eolite structure,

g?i n%lgy aci di c .sotLi ds ijaw ?ﬁg a {3 i
i .e. the HfdFHSe&F @ BBIEhRe SUPPOFEBpteriakiof iRl SSoAt 25XDFY- 2 HIRIEMAM &hd i n
Wh: ch sorr:s ofastahBli&i (olr\;S)ash'ﬁ.ﬁ ib@ﬂic;:ta@ﬁ'bﬁﬂ'ecbrbyarhﬂidrﬁﬁf el;mx@(ﬁes'lﬁdrh\é)leﬁn’s,][ he
silicate latt] [ elhe titani . zeolites, in. ticul ar
t hose having agﬁgp%ﬁéﬁé ifep&r@ﬁﬁﬂé}f&opﬁfﬁe&emﬂ&t iﬁ)?émgg Ch pboggger H’l"{ﬁ%? & f or
t heir prepar atfiadrydenperakeds in preticulirod2@Xanpl e, in EP-A 0 311 983 or EP-A 405
978. In dition to silicon and titanium such materials may al so contain
addi tional elenents, such as, for exanple, alum num_ zirconium tin, iron,
cobal t, ni ckeleoljies|areikpowntoRc SFysavig algmymaicales Pryige jordered ghansei ard| i t e
catal yst usedapd structures whose pore openings are in the range of micropores smaller than

0.9 nm. The network of such zeolites is composed of Si04- and AlO4- tetrahedra
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which are linked via common oxygen bridges. An overview of the known

20 structures is to be found, for example, in M.W. Meier, D.H. Olson, Ch. Baerlocher,
"Atlas of Zeolite Structure Types", 4th Edition, Elsevier, London 1996, pages 9 to
229,

Exchangeable cations are present in zeolites in order to compensate the negative
25 electrovalency produced by the incorporation of AI(III) into the Si(I'V) silicate
lattice; in particular, said cations may be cations of sodium, of potassium, of
lithium or of cesium, depending on the preparation process. If these cations are
exchanged for protons, for example by an ion exchange, the correspondingly acidic
solids having a zeolite structure, 1.¢. the H-form, are obtained.
30
Zeolites which contain no aluminum and in which some of the Si(IV) has been
replaced by titanium as Ti(IV) in the silicate lattice are also known. These titanium
zeolites, in particular those having a crystal structure of the MFI type, and
possibilities for their preparation are described, for example, in EP-A 0311 983 or
35  EP-A 405 978. In addition to silicon and titanium, such materials may also contain
additional elementx, such as, for example, aluminum, zirconium, tin, iron, cobalt,

nigial, pailium, boron or small amounts of flusrirg, In (he geglite gainiycie used iR



18FEB2004 2 t he novel process, sone or all of the titaniumof the ze blkg
may be replaced by vanadium zirconium chrom umor niobiumor a m Eré 2004
of two or nore thereof. The nolar ratio of titanium and/ or vanadi um
zirconium chromumor niobiumto the sumof silicon and titanium and/ or
vanadi um and/ or zirconium and/or chrom2um and/ or niobiumis as a rule from
0.01: 1to 0.1 : 1. It is known that titanium zeolites can be identified
froma specific pattern in the determ nation of the X-ray diffraction

di agr ans and theldovdl gnedess; sbmemraalk &kthettihniumi off diei zeolitsamal be replaced rifyr ar ed
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titanates or Crys al I ne or anor pnous I ¢ phases. { 'S known | a

titani um zeolThegvolhnmatngfitianinm andfor yenadiemariecogtin.adhramiam craniabyst o f or
oxi dation reqgd i QRS of THiSon fAH AR Candi- afthdhld %\%ﬁ;}ragg drhirf Ghak@0 119

di scl ose process in whig¢h prqopene can be epoxidiz n the aqueous phase
Wi th hydrgger? iy FeVgveebivmises yile Bem ¢85 t i §lvé- propyl ene oxi de. The
preparation of cyclohexanone oxinme from cycl ohexanone by reacti on amoni a

and hydroge roxide is descrihed in EP-A Q_2 311. Further reactions
used in suchr}t Esglf‘ﬁﬂ%ﬁ‘?‘ tiagim &%‘Hitﬁ%cqwg‘? H@Wg‘fqogﬁn’b? SRECHaPITEEn hihe he

oxi dati on of dettrmiratien of2he D@ra@]gﬂfﬂacdbm@w@nﬂﬂam hhldiﬁlaﬁh?llyfifr@nchhsﬁlasled in
GB-A 2 116 9 ] - A ..0.376 respectivel y..-Typi ca L
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m xture B} anisinggishedirem alkalitrn¢taktitamatesordey salbn@aomimoerph@is- 1002 tphastsng
organi ¢ base, such as, for exanple, tetrapropylamoni um hydroxide, in the
presence or absence of an alkali solution in a pressure-resistant contai ner
at el evated telsgaesmthaditiaumysobieahating ths MF! srcie dsg/snitablemswatalystsi ne

product bei ngor kAR actidtsSTiss, #r Skafpl€ Ho-At®@16¢ 10 hnd WRSReth @d odr i ed
and cal cined at el evated .te ratures tﬁasrem),ve t he mtrogen-cont ai ni ng

h
organi ¢ phas&1ScI95¢ AHRIOGRSHARL W OPES3P ReFPOXdized 48 thes aneoyst Phage With ani um
i s present wilydiageh Iperoxilel dveetifanamewasikes 10 giwapropyignpoxipQriteqispatatida f our -,

Commun, - (1905 o 7HR0 il R EReRIn i b reacilf IR T RER A or
this may be flyHrogar getpyxidedpdescaided ireEP e Rt208)3 lhaBiritheg redctinsaussd limsuadn  of
o e, P Sl i 8 b o RSpUL R Shd i gl . povee
276 362. The 10 Cl8-hydrocarbons with H202 are disclosed in GB-A 2 116 g%f and EP-A
20 0 376 453, respectively.
Typically, the abovementioned titanium zeolites are prepared by rcaéting an
aqueous mixture of an 5102 source, a titanium oxide and a nitrogen-containing
organic base, such as, for example, tetrapropylammonium hydroxide, in the
presence or absence of an alkali solution in a pressure-resistant container at
25 elevated temperatures for several hours or a few days, a crystalline product being
obtained. This is as a rule filtered off, washed and dried and calcined at elevated
temperatures to remove the nitrogen-containing organic phase. In the powder thus
obtained, at least some of the titanium is present within the zeolite framework in
varying proportions with four-, five- or six-fold coordination (Behrens et al., J.
30 Chem. Soc., Chem. Commun. (1991) 678 - 680). In order to improve the catalytic
behavior, this may be followed by repeated treatment by washing with a solution
of hydrogen peroxide in sulfuric acid, after which the titanium zeolite powder has
to be dried and calcined again, as described, for example, in EP-A 0 276 362. The
titanium zeolite powder thus obtained must finally be processed with addition of
35  suitable binders in a shaping step in order to make it available as a catalyst in a
form capable of being handled. One method for this purpose is described in EP-A 0
200 260.



titanium zeolite powder thus obtained nust finally be processed with

addi tion of suitable binders in a shaping step in order to nake it 18FEB 200
avai l able as a catalyst in a formcapable of being handl ed. One nethod for
this purpose is described in EP-A 0O 200 260. 1 8 FEB 2004 The
above-described crystallization of the titanium zeolite fromsuitable
starting materials by hydrothermal reaction is generally carried out at
from50 to 250C over a sufficiently |ong period, an autogenous pressure

bei ng est abl i Sheabaye-descrited crysellisdtionhef the tiseniamgeelite bmesuitable starting
crystallizati ﬁlﬂtenﬁﬁ%)ehj'cﬁoﬁlgﬁna‘?rr@ﬂli%m19 eRERTY Shrried otuhg ﬁ%ﬁl 564 ES(X@ al l'ine
solid, having partnge si.zes of, .as a r& e, substantla ess t

fromthe st ro¥eg 3 sEfigienilydons prred 4%3@98@1%|pr%s@mealpqwgmgstsblge@nd @s 3

tenpl ate. Forﬁmamguﬂuhpgggmnnﬁﬁ A 0 893 158 describes, in the exanples,
either the separation by conventional centrifuging and subsequent washi ng
of the sofid or the addition of flocculants wth subsequent centrifuging.
According to Aﬁhmhﬁtdaysitalazeitmn, thefeeis Shd BRIBIAHN bf S¥patdlitiy thé dEsiicli eghtdllite DY
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does not  havgith BfbsBQRHE (BT fupfipd Albsrd %ttﬁ‘igﬁﬁbmﬁohrl Palisk ages

wi t hout additional . intermedi ate steps betwee zat | yi ng.
W have foundiSt FITCd W BY;j WEaY- ‘il%’l%cﬁr e@t@mnganﬁmﬁc%sﬂmétzcﬁbéd pﬁpé?)ar ation
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stage. Hdfe, whehtetime-cdhsuadhg yid erpandvd.hat no renoval of any conponents
is effected between crystallization and drying, and preferably the product
of the crystallizationis fed to the drying stage without a further

i nt er medi at e Bisngeobjgtief thapresent invagfianstopprevide aipragesst foe teaptepayatinnafsr of
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© N TRY e CHhe Iagove?n%nnoned disadvantages and in particular manages without

20 additional intermediate steps between crystallization and drying.

We have found that this object is achieved by a process for the preparation of a
crystalline solid comprising at least one zeolitic material, in which the solid is
crystallized from at least one precursor compound and the reaction discharge of the

25 crystallization is fed directly to a drying stage. Here, the term "directly” means that
no removal of any components is effected between crystallization and drying, and
preferably the product of the crystallization is fed to the drying stage without a
further intermediate stage.

30 The novel drying is preferably effected by means of spray-drying or drying by
means of fluidized-bed spray granulation, each of which may be carried out
continuously or batchwise. The drying is dried while maintaining a temperature in
the range of from 100 to 350°C, preferably from 100 to 250°C, while maintaining
the safety conditions necessary in the process, until the free-flowing powder is

35  obtained. The drying is preferably carried out in an aunosphere which comprises
oxygen and at least one inert gas. This atmosphere is preferably circulated as a
carrier gas stream. Conventional inert gases, such as, for example, nitrogen, carbon



continuously or batchwi se. The drying is dried while maintaining a
tenperature in the range of from 100 to 350C, preferably from 100 tjo§ RPEO®M(L
while maintaining the safety conditions necessary in the process, unti
the free-fl owi ng powder is obtained. The drying is preferably carried out
I n an at nosphere which conprises oxyged and at |east one inert gas. This
at nosphere is preferably circulated as a carrier gas stream Conventi onal
i nert gases, such as, for exanple, nitrogen, carbon 1 8 F E B 2006 4
nonoxi de, camwxweoszarb@n digeridew helium 2ad graenor mixkITes 65 vt ot meroherrsf.e

t her eof r
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ensures that §RREChAIRg BTEX & Whidd aﬁh&eﬁhmcr@a:m@c;ﬁésmmﬁmb]e%s it
bei ng possible to obtain such a stack g usti pn of natural
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dryi ng accordi lﬂ to t?ﬁe |nveni ft S essent rP??hat m)s here be
adj ust ed, i n SPAFTAERM Y AGPHE e%‘SE&Yt f Hﬂeteﬂgrgg)eg}ﬁgﬂ"%gﬁ%eg el%f"?"ﬁ it the
procedure Is carried out safely outside the explosion limts. If the
crystallizati s..car ce of a
Cenpl ate comant ik d8¢orfie: Gong dboltich™ ST ARaP U b plifoshS IATC,

t he crystl | iadpsted] lmpﬂt;clﬂaxywwlmr@petalto ﬁamomw @amemdw thag theopwasedusain st ep
by nmeans of %E?Eﬁgkéu%?déemé‘é)hﬁl@ﬁgn figit i on and can be recycled to the
crystalli zation st main part of the tenplate is renoved
during the drying of the reaction discharge, the condensable tenplate

conmpounds t hep 1R g§Siallizatlor A8scEiBEd 1aBlthe BaSetSls@aRdSING Gersteanes optat The
present invention thus al 5o rel at s to an‘ngc{] rat ed gﬁ%c?ﬁﬁ for t
preparation ‘GPPAtTIRRaNni; this g ?}e EBHBP H’S‘ﬂr?tmf“%é g 1q
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(i) the reacty 6‘ “di'sc e fromtihe Cr I nuous spray-
dried, no corﬂmmam, be mam patof itbh t@hsleWarSg@nwfved Hblrmgy@? aryingaef 818 bei ng

separat ed of fr. D&hRURCh{Ee, 4h Edtliensable template compounds then present in the carrier
gas stream being condensed out.

20
The present invention thus also relates to an integrated process for the preparation
of a crystalline solid comj:rising at least one zeolitic material, in which
1) the solid is continuously crystallized from at least one precursor
compound in the presence of at least one template compound,

25 (i1 the reaction discharge from the crystallization is continuously spray-
dried, no component of the reaction discharge of the crystallization being
separated off before the drying,

(iii) the drying is carried out in an atmosphere comprising oxygen, preferably
less than 10% by volume of oxygen, and at least one inert gas, this

30 atmosphere being circulated as a carrier gas stream,

(iv} template compounds condensable from the carrier gas stream after
contact of the stream with the reaction discharge 1o be dried are
condensed out and are recycled to (i),

(v) the spray-dned crffstalline solid from (ii) is subjected to a continuous

35 wash process in which template compounds which are included in the

crystalline solid are separated off and recycled to (i), and
(vi) the crystalline solid obtained from (v) is calcined, the energy released as a



(tii) the drying is carried out in an atnosphere conprising oxygen,
preferably Iess than 10% by volune of oxygen, and at |east one ineriaéggzmﬁ
this atnosphere being circulated as a carrier gas stream (iv) tenplate
conpounds condensable fromthe carrier gas streamafter contact of the
streamwi th the reaction discharge to bg dried are condensed out and are
recycled to (i), (v) the spray-dried crystalline solid from(ii) is

subj ected to a continuous wash process in which tenplate conpounds which
are included in theresdlt gfbanirigne thokdraiamg sepat af ®thpddté camgowelsyheingd t o
(1), and (vi) the Cfﬁ?%@%@ e solid obtained from(v) is calcined, the
energy released as a 04 5 result of burning of the remaining anount
of tenplate conpounds being fed back to (i). In addition, additives which

serve for bingi &giﬁélf‘ Mﬁﬁ%s hﬁﬂ M@rfbxa'bnhdmé the 555313{ daagrﬂa?&mn . gal

stability to sal mat’e or doping t material Wth
catal ytical | ymémngerr@@)}m@mbrstabﬂmarto osrald:@w@éﬂ,aps éorbéomaethe tsprayhdnied

reaction di sGhacgs Wik eatarchmwmﬁe caﬂe)oﬁaﬁs 2RPbi ea&g@msefbe nRhed fo fier the
use of the resultln solid a %g oxi dati1on catalyst according to DE-A 44

25 672 shoul de#won SbAgH@AORE: FineThad theamplisrsioned rsiale e e af fhew ¢ h
regard to theaeaiysd sdlid Maﬁekﬂddﬁoﬂ\lhatﬁl?stai&oﬂlﬁﬂgad) DELA prepsiced shyulhte novel
process and conprise, at | east one zeolitic material. The follow ng

zeol i tes nay’B%R fhﬂﬁed individually. Ti, Ge, Te, Ta, V, C, Nb and Zr
zeolitesl@nd in particular Ti zeolites are preferably wused. These I ncl ude

Cype amw ALdneREiTe ngapiifs Yyl By o ERMER sllgs MR e W o

AFY, AHT, ANA’T mmredAbaDtheAwel PPeEss And compse AlTEast ANy zeommnamw BEA Bl K,

BOG, BPH,  BREp160Mg 2edimes EED{rrbe feitioddndiAdRally. CHl . CLO CON. - CZP, DAG, DDR
DFO, DFT, DOH, DON, "EAB, EDT, EPI, ER,” ESV, EUO, FAU, PER Q'S GV

&0 HEU, TFR, 1SV, |ITE, JBW KFl , LAU LEV LI G LGS, LOV, LTA, LTL, LTN,
MAZ, MEI 15 MELT, %PTe, Ta, V, Cr, Nb and Zr zeolites and in particular Ti zeolites are preferably

used.

These include specifically Ti, Ge, Te, Ta, V, Cr, Nb or Zr zeolites of the structure
type ABW, ACO, AEI, AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS,

20  AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV,
AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFI, CGF, CGS, CHA,
CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,
EPI, ERI, ESV, EUO, FAU, FER, GIS, GME, GOO, HEU, IFR, ISV, ITE, JBW,
KFl, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP,

25  MER, MF], MFS, MON, MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT,
NES, NON, OFF, OSI, PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT,
SAOQ, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO, TON,
TSC, VET, VFI, VNI VSV, WEIL, WEN. YUG, ZON and ITQ-4 or of a mixed
structure comprising two or more of these structures or a mixture of two or more of

30 these zeolites, where those having the MFI structure, BEA structure, MEL
structure, ITQ-4 or MFI/MEL mixed structure in turn are to be regarded as
particularly preferred. Zeolites of this type are described, for example, in the
abovementioned publication by W.M. Meier et al.

35  Particularly preferred catalysts are specifically the Ti-containing zeolite catalysts,
which are generally referred 10 as "TS-17, "T$-2", "T$-3", "ZSM-48" and "ZSM.-
127, in each cage with Ti, TIM-1, Ti-RUT, Ti-MCM-33, Ulanium-containing



MER, MFI, MFS, MON, MOR, MO, MIF, MIN, MIT, MW MM NAT, NES, %
Osl, PAR PAU, PH, RHO RON, RSN, RTE, RTH, RUT, SAQ SAT SBE, SBé8F 'ﬂ[i[}l.
SFF, SGI, SOD, STF, STI, STT, TER THO TON, TSC, VET, VFI, VN, VSV. VEl,
VEN, YUG ZON and 1 TQ 4 or of a mxed structure conprising two or nore of
t hese structures or a mxture of two orénore of these zeolites, where

t hose having the MFI structure, BEA structure, MEL structure, 1TQ 4 or
MFI/MEL mixed structure in turn are to be regarded as  particuyl arl1
preferred. Zemlitcsegf die tpies"Uipd "ar€lTuésciGided, andr S%&*&ﬁplaéd Tinzeo és
aboverent | ongg,ipyBlsk ek fuchife VebMorp¥Rius fwithtbed-zeoRter t i cul ar Iy preferred

catal ysts are specifically the Ti-containing zeolite catalysts, which are
generally referred to as "TS-1", "T$-2", "TS-3", "ZSM48" and "ZSM 12", in

each case W trh; dtampld Yhaniurhize&ifls 25T sAV 3For eidxﬁ@@lnﬂ@&@ﬂwnm ag uked FEB
2004 6 zeol ites of thg ‘é‘%"a "UTD- 1" "ClT-5" ﬁgi(] 'Fg]t SSZ- 4"t and T

zeol i tes > havh H e REsushatitarinm zsolites. SUBFSE Bifovisl Wi THBLY P5E8 1 e For
exanmpl e, tit gilcaenizdaed istreslacd Witialiomed Tifl¥). exanple, in US 3 329 481 are
used. In the case of such titanium zeolites, sonme of the Si(1V) origi nal I'y

present in the silicate lattice is replaced by titaniumas Ti (| Further
titani um zeolFuttha, titamupardolics) ar partod® thasei lm;’mg ¢ exystah straatwrg ol the t he

MFL t bi_| t
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001 038,10 t h&JSchAi@a01,EP-H) 3hl P83, US 4 6p6 6P EiA 3947 dB% of BE L 09 hE%8.por at ed
by reference gidednfifit of QBRI 195 r @ctwﬁe%ew iy RhépéaRA byfuferdiRE in the

titani um contai ni ng zeoI ites V\/il ? be.readily. used L t he resent
i nventi on an@OM&¥eotsthe presept ARpligatione FAReT HaRPPReontaepe 269 38‘? wigh an
described, fee readiliphed ihthEPrelel fOMIDAGNd| Mavaddbtnichre tdiffering Gom twed
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363). Regardipg the zegldLes d#n'iPEi Qerd HBeL Q,r irhgsﬂoghl@ﬁlfrn pip-ahe 266
applications “described above’'is alsd hereby i’ncor por at eg%oﬁy@'?
e

reference in32hk hooen ENB 51060 HP2)h 08 sEmil maawrtr» &it wyine (EPrAdy 2
catal ysts whigBa @y R 26801 idesdribed Rh@eehs dhtenhef Mieeamiicatidhsedstritied

above is also hereby fully incorporated by reference in the context of the present

20 apphcation.

Further zeolite catalysts which can be used in the process of the present invention
are described, inter alia, in US-A 5 430 000 and WO 94/29408, the content of
which in this context is hereby incorporated by reference in the present application.

25
Examples of further titanium-containing zeolites are those having the structure of
ferrierite or B-zeolite or of mordenite.
Furthermore, the following zeolite eatalysts may be used in the novel process:

30

Catalysts having a zeolite structure, as are described in DE-A 196 23 611.8, which
is hereby fully incorporated by reference, with respect to the catalysts described

therein, in the context of the present application.

35 These are oxidation catalysts based on titanium silicates or vanadium silicates
having a zeolite structure, reference being made to the structures stated above as
being preferred with regard to the zeolite structure. These catalysts are



are described, inter alia, in US-A 5 430 000 and WO 94/ 29408, the con%el:ni3
of which in this context is hereby incorporated by reference in t hel 8 FEB 2006
present application. Exanples of further titaniumcontaining zeolites are
those having the structure of ferrierite or 13-zeolite or of nordenite.
Furthernore, the following zeolite catallysts may be used in the novel
process: Catalysts having a zeolite structure, as are described in DE-A
196 23 611 which is hereby fully incorporated by reference, with respect

to the cat al yharacterazegr ihdbat theyr ajen formeds e desatibse infdetaib 1pribsethove
application. ;dheagoR s i biRBssealvhl hSinpaRdg&uen titaniumsilicates or
vanadium silicates having a zeolite structure, reference being nade to the
structures stated above as being preferred with regard to the zeolite
structure. TiFaRReraRiél oxsdation catalystt hesEd 3R Gidanfur RAlcatk & vagsiinm silhatest hey

are fornmed, as .descri i)ed i n det a(i_ll in the abogﬁ agB}:) ﬁ)gti Oa], gy shapi ng
processes whiiRHNE BZeofites§ruche gnd eoneining g 081 1o 3000 RY Mgt \pE1088 Pised  on
titani um sil inaaé @sblermyaRaflom thé ighdupadamsisting v Aghenidfp Hiddeurst palladiwre and
containing from 0.01.3.0 BO%oap wei %pt- of orII(F: or, myre n\%)lc et :ili%gwgs[aomthe
group consi stPAGGF PURen? ur\l?(“r?’h(f IR gAY &% Y os 1u§1 i°r i ar um

pl ati num r heharacterized| o thatdthsy [have beethiwmedrty $hakimgi precessdsawhich amipagd i n
that they ha b i (o) WRHeh | t th, may
be- used. . SuckiSarEmor B Hual BRUDG: e AgRngen TSR LIPS b0 RARE' [ Coy
ful ly i ndor péy herely Bylly wremperaed byirefarenes prigh respeatfie theacaplysis degraihed| bed
therein, in {HieifGRkRXEondxt bhhepr&eRppPRloncat i on. Regarding the shaping
processes which inpart strength, the binders and the assistants and the
structure of the oxidation catalysts, reference may be made to DE-A 196 23
611.8. The oRedadingn tieatigipist petessses belich Nnipart AstiedBth? 3hé Minderc @nt ashes from

0.01 to 30, _in rticular fromQ.05 tqg 15, cialkly fromQ.1 to.S, % by
wei ght . based et enichRE ofhe bfndor e HAREE, Rehes o B ek
zeol i tesl5 of HaAdI %3 e lifet al s. Here, palladiumis particularly preferred.

The noble netals can be applied to the catalyst in the formof suitable

nobl e netal conponents, for exanple in the form of o
The oxidation catalyst described in DE-A 196 23 609.6 contains from 0.01 to 30,

in particular from 0.05 to 15, especially from 0.1 to 8, % by weight, based 1n each

case on the amount of the titanium or vanadium zeolites, of said noble metals.
20  Here, palladium is particularly preferred. The noble metals can be applied to the

catalyst in the form of suitable noble metal components, for example in the form of

water-soluble salts, before, during or after the shaping step which imparts strength.

Furthermore, the following catalysts can be used according to the invention:

25
A molding containing at least one porous oxidic material and obtainable by a
process which compnses the following stages:
()] addition of a mixture containing at least one alcohol and water to a mixture
containing a porous oxidic material or a mixture of two or more thereof,
30 and
(I kneading, molding, drying and calcining the mixture added according to
stage (I).

Details of this catalyst are to be found in DE-A 197 23 751.7, which is hereby fully
35  incorporated by reference in the context of the present application.

According to the invention, it is furthermore possible to use silica-containing solids



wat er-sol ubl e salts, before, during or after the shaping step which inparts
strength. Furthernore, the follow ng catal ysts can be used accordinglngBQ@g
invention: A nolding containing at | east one porous oxidic material an
obt ai nabl e by a process which conprises the follow ng stages: (I) addition
of a m xture containing at |east one al dohol and water to a m xture
containing a porous oxidic material or a mxture of two or nore thereof,
and (11) kneading, nolding, drying and calcining the m xture added

accor di ng t o whiehagan temrepaned by # sragessywiish eqmpnises thefplovpestagedind i n DE- A
197 23 751.7, which is hereby fully incorporated by reference in the
context of the present application. Accorgi g to the invention, it is
furthernore fbssi hrsging gisleasti prec AIEHRPR P isﬂtfas’é'Fq gentactgwihptgleayoppeg whi ch

can be prepared byuactarotffier Whiliqeianaediess chitcitrddow gt 3hageudible: (1)
bringi ngesat | east one prec rs‘?}rE of, silica Lntooig@t act with at |east one
structure former iAMEETS 4 BPNCHRIGPEING oA REtue ) L3O PRMORREReRE st ruct ure

former is a polyethyleneinmine or a mxture of two or nore thereof. Details
of this soli r.e to, he found in DE- 3 t e ichin
Phi s respoct RERRSInESplf %0 kB R In 4 fo P37 860 B Bt pRin .

appl i cati on. tEar¢spest is berelby ﬁullusimrporefadé)wsé@naﬂ: mtortlegiresgnt apiplic#iononpri se
an inert support and, applied thereon, at |east one silicate, preferably a
crystalline silicate, obtajinable by applying a mxture containing at |east
one sil i tht e Fanbenrcadibautablsrratalystiaire aeqlgings wbich eompgise pa iRart SPOR @BGuCt

thereof or aooRhl MefcbRNatAbasiBhcdiliddtd, préfetably 28 staMhe allicaies obtainablé Wy
thereof to an'1nert support, as described jn DE-A 197 54 924.1, .t he cont ent

d
of this appl iFPEYEA confaiupg at lepst opgsuisatsand gt frastny MerASbrifed by
reference i nfa Hyislwiepedictalbgpbdfaata @mbitaionrofinngaltaoid dyeriand dpdiobisis it is

[ her e ReSfl P SaE BB SRR o SRBELEL Boe ek bFRE0SbheR o
f ol | owi nif st adehif iappliqatipn i tiin gespéet tlikewise bergsherehyeingprppratadebynieftrende | east
one netal Oxiifle 0hrWh: GBpiication.
According to the invention, 1t is furthermore possible to use moldings comprising
at least one silicate and at least one metal oxide, preparable by a process which
20  comprises the following stage (i):

@ mixing of the at least one silicate with at least one metal oxide sol which

has a low content of alkali metal and alkaline earth metal ions,
25 as described in DE-A 198 15 879.3.

The content of this application in this respect is hereby likewise incorporated by

reference in the context of the present application.

30 According to the invention, it is furthermore possible to use titanium silicalites
having an RUT structure, preparable by a process which comprises the steps (i)
and (ii):

(i) preparation of a mixture of at least one SiO2 source and at least one
35 titanium source; '

(i)  crystallization of the mixture from (i) in a pressure-resistant container with



has a | ow content of alkali netal and al kaline earth netal ions,

described in DE-A 198 15 879.3. The content of this application |n t1ha KEB 2004
respect is hereby |ikew se incorporated by reference in the context of the
present application. According to the invention, it is furthernore possible
to use titaniumsilicalites having an KRUT structure, preparable by a
process which conprises the steps (i) and (ii): (i) preparation of a

m xture of at |east one Si2 source and at |east one titaniumsource; (ii)
crystal lization ofdditien nf at least dnedemplaje compoupd £ suspensies bsmg ibtagmdt ai ner
with 1 8 FEB 2004, SH'B’HRQJ m%Enek%QS%nﬁBﬁ&th% 28 HOR O e For
suspensi on bei ng OBt Ai ne aracterize at am nes oOr ammonium salts
whi ch are suit abl gabifiringsegasiafithe sifjcategiouctae [#4¢62] and 66618 |iatenised

[ 445462] and [44566481erdp @{eQOH%ggnd as the tenplate conpound. Details of
these catalysts are to be found in DE-A 198 39 792.5. According to the

i nventio it i's noreover possible to use the silicas described in DE-A
198 47 630. 2Dbak egmwm?%am@lwmme@@oﬁs‘a 1wRi3gtyogisl i cas preferably

have one or nmore of the following features (i) to (iii): (i) a sumof the
specific surface areas of the nesopores and mcropores of at |[|east 200

e/ g; (i i) aAscording tb hiee mrlemmmlnuirmﬁoreebvdripesmeoomse&eamlﬁhas‘idemmae‘ms of at

| east ) X aneter distri

reeopor o5 at PEeA1 86t 530 A e e ThEiorbiEs a0 SPG Fopet, SHid M w¥lerdf o be
found i A0t hehzaft@mnememqrmﬁthe falppiing feanwes (1} tediigont ext of vx,h| chin this
respect is hereby fully incorporated by reference into the present
application. As stated at the outset, the zeolite-containing crystalline
sol i ds prepafibd by aisHE ofrfbe speciiconisiace aiaas eethe SieaoRResANIIRIFEIRONSIEIat manner
as catal ysts, suppgﬁ@tmmmﬁmﬁeﬂs for catal ysts, sorbents, as a pignent or as
a filler for plastics, the use for the

15 (ii) a sum of the pore volumes of the mesopores and micropores of at least
0.2 ml/g;
(i) a maximum of the diameter distribution of the mesopores at at least 3 nm.

20 Further details of these catalysts are to be found in the abovementioned
application, the context of which in this respect is hereby fully incorporated by
reference into the present application.

As stated at the outset, the zeolite-containing crystalline solids prepared by the
25  novel process can be used in a conventional manner as catalysts, support materials
for catalysts, sorbents, as a pigment or as a filler for plastics, the use for the
preparation of alkylene oxides starting from alkenes with the use of a
hydroperoxide, in particular for the preparation of propylene oxide by reacting
propene with H202, being mentioned in particular.
30
The present invention is to be illustrated with reference to an example,

EXAMPLE

35 11.98 kg of tetraethoxysilane, 240 g of tetracthyl orthotitanate and a mixture of
7.06 kg of tetrapropylammonium hydroxide (40% by weight in water) in 10.54 kg
of demineralized water were mixed in a stirrable steel pressure-resistant container



preparation of al kyl ene oxides starting from al kenes with the use of a
hydroperoxide, in particular for the preparation of propylene oxide Py FEB 200
reacting propene with H202, being nentioned in particular. The present
invention is to be illustrated with reference to an exanple. EXAMPLE 35
11.98 kg of tetraethoxysilane, 240 g of 1betraethyl orthotitanate and a

m xture of 7.06 kg of tetrapropyl ammoni um hydroxi de (40% by wei ght in
water) in 10.54 kg of demineralized water were nmxed in a stirrable steel
pressur e- r esiastl ammagenizad rfer one SomER! 2G04 tgMperatiré ohly elspkedformed ovs hour

at room t enpey: ’ -3 §otatli DR l[due was
made up to 1?‘%%&’% T%{cg#rd E‘g%gﬁﬁgi@ﬁoﬁﬂf g?\'ﬁggéreagg 19: fé%%taégéh?]r?ﬁﬁdés course
of 24 hours affecrd @ thsicourse of 24 howys arh® *eryhslestimingat i on product was
transferred without further separation or purification steps, via a
pipeline, intg a spray dryer (fromNro) and was sprayed at a rate of 3

| /h via a nozPee crystadlizatiot Prosvgler ey r@%§§cé36@how ?‘%:}“g?f cGparaon  or

tenperature ificAg st Gia h4felint NiptcCasprh Afroth lrodasd Miak & wth 2%
by vol une o?jugxl % 5 he arm%glgi glté dr i]ingf?ggg S\fr/as 72;&'6%8' Thpgg?ﬁi t he
dryi ng gas lf"efar% g cHBate @ Rerzie eb@/%at Crgurg RS 30 Ly 3dh 41 Qullgte| g of
Si2 in the ttempsrature aLHbint 6 0awd20tOeThedarderagas dissd eps nivfogeheavith 2% by

crystallization and.spra ryin 949% bhas N~ . B 2004
- 11 we cl aivr?‘ﬁlulﬂc. oﬁoﬁ’rgg}c(‘e@%ey%%ﬂ\{\%gdﬂ?%%ﬁr a‘f’igsg%(?rgé @a@%ﬁ)ﬁﬁ g‘? F%ﬁ@ g olid
conpri si by atbeirggstheated to 240G by meamstafitheadxit gas. which the solid is
crystallized fromat |east one precursor conpound and the reaction

di scharge of the crystallization is fed directly to a drying stage, drying
bei ng carri edThsuvleﬂCK oA nSie2mivs phe rtdanismnpeqlie myer dbe intearptedosiepy Qfgmfms of
oxygen and atcr{@ARsatdNAnd 98l d8asy wa?94%, BseC 89 SiGBuseai med in claim 1,
characterized 1n that the drying 1s spray- drying.



3. A process as clained in any of clains | and 2, characterized in tggg 9@
crystallization is carried out in the presence of at |east one tenpl E U
conmpound. 4. A process as clainmed in.ghaim 3, characterized in that, after
contact with the atnosphere in the formof a carrier gas streamw th the
reaction discharge to be dried, condensable tenplate conpounds present in
the streamare condensed out. 5. A process as clainmed in claim3 or 4,
characterized in that tenplate conpounds which are included in the dried
crystalline solid are separated fromthe solid by nmeans of at |east one
wash process.Wéclafncrystalline solid preparable by a process as clained in
any of clains | to 6, characterized in that the zeolitic material is a Ti,
Ce, Te, Ta, V, C, No or Zr zeolite of the structure type ABW ACO AEHEl,
AEL, AEN,5 AET. AFG pfess RERhe premraemrof ARS/SANE solEXompRyingmtfeashie  APC,
APD, AST, ATN A | B

o cas. ol o ois el ofhief i A it g arpleE oS

DON, EAB, EDI EMPreqamor cmpountkand theyreactippdischarge ofyhe crméhm@@ isfed) | ER

:\/EI\_/ :\/EE \IQ/E\I/?V KFIdlre'ct% tOBW ded 4, dﬁﬁ/ﬂ'&% chitdd bifilin HNtherM'

NES, NON, OFF, OSICOMPARINgRRS, tﬁm()% RH@OILRG\Pfq?éS&Fn ﬁgﬂt liz?FFPﬂe 1R€J’roa%Ao SAT,
SBE, SBSjg SBT, SFF, SGI, SOD, STF, STI, STT, TER 1 8 FEB 200 -12- THQ,

TON, TSC, VET, VFI, VN, VS\, nd or m xed
structure corfri sith@RES QCIW\% ‘ch\o%ﬁ’ebeclﬁgfatcﬁgﬁﬁcfg‘sthgl’ El?a(ﬁmnb%tlﬁlsgragf t Wo
or nore of these zkegingtes. 7. A solid as clainmed in claim®6, characterized
in that the zeolitic material conprises at |east one elenment selected from
the group consisting of alumnum titanium boron, iron, gallium

vanadi um  zi riconi Wnpredess as claimed ireiupf ghime drandn?,ueharaciariged an that bt al

and a mxjure of té@?stﬂhzémfn is Tc £80%ut ANHeOpre8inck €4St 988t @heNBple! ect ed

fromt he group consistin Ium potassium nagnesium calcium netals
of groups Ib, |lb RPN a

4. A process as claimed in claim 3, characterized in that, after contact with the

atmosphere in the form of a carrier gas stream with the reaction discharge

20 to be dried, condensable template compounds present in the stream are
condensed out.

5. A process as claimed in claim 3 or 4, characterized in that template
compounds which are included in the dried crystalline solid are separated
25 from the solid by means of at least one wash process.

6. A crystalline solid preparable by a process as claimed in any of claims 1 to

6, characterized in that the zeolitic material is a Ti, Ge, Te, Ta, V, Cr, Nb or

Zr zeolite of the structure type ABW, ACO, AEI, AEL, AEN, AET, AFG,

30 AF1, AFN, AFO, AFR, AFS, AFT, AFX, AFY, AHT, ANA, APC, APD,
AST, ATN, ATO, ATS, ATT, ATV, AWO, AWW, BEA, BIK, BOG, BPH,

BRE, CAN, CAS, CFI, CGF, CGS, CHA, CHI, CLO, CON, CZP, DAC,

DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT, EPI, ERI, ESV, EUO,

FAU, FER, GIS, GME, GOQ, HEU, IFR, ISV, ITE, JBW, KFI, LAU,

35 LEV, LIO, LOS, LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP, MER,
MFI, MFS, MON, MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT,

NES, NON, OFF, OSi, PAR, PAU, PHI, RHO, RON, RSN, RTE. RTH,

RUT, SAQ, SAT, SBE, SBS, SBT, SFT, SGT, SOD, STF, STI, STT, TER,



and a m xture of two or nore thereof. 8. The use of a solid preparable as
claimed in any of claims 1 to 5 or of a solid as clained in claim 718FES 2004
as a catalyst, as a support material fgr a catalyst, as a sorbent, as a
pignent or as a filler for plastircs. 9. An integrated process for the
preparation of a THYRtBDN| T8CSAIET, €BhpYN$ WV, VEEL | W&, Y&, Z&ul i anidc
material, in whic i) the solid is caontinuously cryst Lzed from at | east
one pracur sor ' coneiAr ata e SricukdamsnoRt il o€ imeR 8 Gt bR ound.
(i) the reacti onagugtihasiyevofaremrt néthesy sdohitdsi zati on i s conti nuously
spray-dried, no conponent of the reaction discharge of the «crystallization

bei ng separated off before the drying, (iii) the drying is carried out in
an at nospher @ conpr salidngs oxingeeinin clpine e chirhgtefizgisint thantht02gobyic vdtema of
oxygen. and at | eBshoflS ol NS ofPSIerldll SRLABSANET BeDEI AhikUhAIA, a5
carrier gas stream EIV “enpl'at e conpounds condensabl ® Tromthe Tarrier
gas stream af ter aluonimeny tigfuurhdoser, deom, ghllinm, venadeemt rissprdinsctiat.giént o be
dried are conderaadrg _%égﬂmﬁunﬁ FREYEHRAEAI g a(Miel@ S RIGYT 4o
crystalline solid from (i 'S subjected to a continuous wash process in
whi ch tenpl ate cofseehdandigi a Heask ene elsmegtisdegted fram beymew Fervstieg|afd are

separ at g¢ of f andssReMChRakshPn, rhdghesiaRdcdMiin, HRei€syEbapd bNEbLSAl 1abt ai ned
from(v) is calcined, the energy rel aseg as a result of burni ng of the

remai ni ng amount 8&#d 3 PERHIERIIVE OFBEHHETE ng fed back to (i).

8. The use of a solid preparable as claimed in any of claims I to 5 or of a solid
as claimed in claim 7 or 8§ as a catalyst, as a support matenal for a catalyst,

15 as a sorbent, as a pigment or as a filler for plastics.

() the solid is continuously crystallized from at least one precursor
20 compound in the presence of at least one template compound,

(i1) the reaction discharge from the crystallization is continuously
spray-dried, no component of the- reaction discharge of the
crystallization being separated off before the drying,

(1i) the drying is carried out in an atmosphere comprising oxygen,

25 preferably less than 10% by volume of oxygen, and at least one
inert gas, this atmosphere being circulated as a carrier gas stream,

(1v) template compounds condensable from the carrier gas stream after
contact of the stream with the reaction discharge to be dried are
condensed out and are recycied to (i),

30 {(v) the spray-dned crystalline solid from (1) 1s subjected to a
continuous wash process in which template compounds which are

included in the crystalline solid are separated off and recycled to

(i), and
{v1) the crystalline solid obtained from (v) 15 calcined, the e¢nergy
35 released as a result of burmning of the remaining amount of

template compounds being fed back to (i).



