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conpri sing provicdiahgt,a catal yst containing the titanium zeolite;
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present mventlon relates to a process for the preparatlon of propylene oxide in the

presence of a catalyst containing at least one titanium zeolite and carbonaceous mate-
rial, the catalyst comprising said carbonacecus material in a range of from 0.01 o 0.5
25 % by weight based on the total weight of titanium zeolite, the process comprising

(i) providing a catalyst containing the titanium zeolite;

ii) depositing carbonaceocus material on the catalyst according to (i) in the range of
from 0.01 to 0.5 % by weight based on the fotal weight of titanium zeoclite con-
tained in the catalyst by contacting said catalyst, prior to using the catalyst in

30 said hydrocarbon conversion reaction, with a fluid containing at least one hydro-
carbon in an inert atmosphere, to obtain the carbonaceous material containing
~ catalyst,

(iif) \ contacting the catalyst obtained according to (ii) with a reaction mixture com-
prising propylene, hydroperoxide, and at least one solvent,

35  whereinin (ii), the catalyst is not contacted with an oxygen containing gas

Catalysts for the use in hydrocarbon conversion processes which have been pretreated
with a hydrocarbon prior to their use have been previously described.

40 A process for the preparation of a pre-coked catalyst has for example been described
in US 4,001,346, which discloses a process for modifying a catalyst comprising an



prising propyl ene, hydroperoxide, and at |east one solvent, 35wherein in
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ether derivatives (e.g. dinethyl ether). US 4,638, 106 describes a 30 two
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obt ai ned ¢ Af 1§ su eat treated in an inert At pSphere i n
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it was an object of the present invention to provide a process for the
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A Ak SOAVELS Bl GRS ra S Dl Vb R RleSie b "oy
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epoxi daoi onwefstaeaPydRiits, wherein initially a low amount of a coke precursor is deposited on

the external surface of the zeolite and wherein the such obtained catalyst is subse-
quently heat treated in an inert atmosphere in order to convert the coke precursor to
coke.

35 In view of this prior art, it was an object of the present invention to provide a process for
the preparation of a catalyst having improved catalytic properties when used in a hy-
drocarbon conversion reaction. Additionally, it was an object of the present invention to
provide the improved catalyst as such and the use of said catalyst for the conversion of
a hydrocarbon, in particular for the epoxidation of propylene.
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i nproved catal yst can be prepared by a specific pretreatnment process
wher ei n caiokonzesedus material is deposited on the catal PSUI/EPRI10/061987 use of
said catalyst in the hydrocarbon conversion reaction. 5Accordingly, the
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the total weight of titanium zeolite contained in the catal yst, the process
conprising 10(i )preg%éi ng a  cat al%/st containing the titani um zeolite,;
(ii)dep8si ﬁCHérd&‘&}yb RIEERIY IMENEPT BIOVISES EOESSdPY b RIBRBRIAMEY & 6285t i n an
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tion step nor subjected to a thermal treatment as described in US 4,638,106 after de-
positing the carbonaceous material. Surprisingly, it has been found that the catalyst
prepared by the process according to the invention, when used in hydrocarbon conver-

30  sion reactions, preferably oxidation reactions and even more preferably epoxidation
reactions such as epoxidation of propylene, provides highly selective conversion while
maintaining high activity.

According to step (i) of the process of the present invention, a catalyst containing a

35 fitanium zeclite is prepared. As far as the titanium zeolite is concerned, no specific re-
strictions exist with the proviso that the catalyst containing said titanium zeolite can be
employed as catalyst for the desired hydrocarbon conversion process.

As far as the at least one titanium zeolite according to {i) is concerned, no limitations
40  exist.



Titanium zeolites are zeolites which contain no alum numand in which the
Si(lV) inthe silicate lattice is partly replaced by titaniumas Ti(IV).
These ti twoi2amvasedii tes, in particul ar those having a cPgSiERR019W0651981 ur e of
t he M/\Wtype and possible ways of preparing them are descri bed, for

exanpl e, 2 74 A2 i i ,

Cnaor por at SATHICERRES ap reat Sy BTE L E8 FORRGR adh wilFhills sRanin ey
sui t abl e t istligateulpitizedri pasty aerlagrcx Pyirteanigh gsnd I(B1)- ﬁb?@ dfanivie seoligseini al s,
for exam @Jaeuculamttmeeﬂwé»qu mm@rm@m@dfmhe MW PREeOdad thokeibieUnavieel i t es

are used. ;Hf'?p%r'?‘lé e BRORAL ﬁﬁed ol e‘}ﬁﬁ‘wgle' th \Fv'ﬂfoé?%‘ilﬁ"/iz ‘Pr(e Fe@ﬁeé?@@?&ﬁ'tbn&

i nventign t 0 pores having t he
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DOH, Dl @%BBaEFRbeheEMTAt[Em ze'éﬁ% StEB{ureE 5" EEiSRvide LD odifidh, LEEﬁ%n fdo8. G S,
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KFl, LAU, LEV, LIO LIT, LOS LQ\/ LTA LTL LTN, MAR, MAZ, MEl, MEL, MEP,
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SFFE. SEG, %m'gﬁ{? %St @gp“a@@@ %@%‘ hé@é St@@%”'a@% t@JBr?a”:?E V'a%QHEEF TON,
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preferred iDOHhBON EABK EDOfEMREPNe EBNERINESNT EGR, EBEY FACLIFER, R, ¥l8r abl e
the at dseashomsve GaN, WOGEAEUL &R SIHRV,Z6¥ it (TAYVITg, Mk, arwMMB(erka, m xed

1 s o i, (TR EaPLELeLBY Y o8 Vi CHOGAH Biar Y. wew meep eR,

descri bes aMipr 4F&s YIOMNEOR MQzhdMe@t M s Do MTH, WETVikt MVMSNABNNAT i NESi um
zeol i te hawoy, NPe, NIIUOBW eOME1OsSMbsO MIA/, PBEAPAD, PER PONaRMO GON,

structure ofpbWRsy ¥ & NBsER! RyBATRGUIAT Yo it eler ALY dherend bhie

t al t tain
O o S © S (S, B P HVEE NS SF GG a0, 505! S8Rt 1 ST Ib§ Thebid, BiOa.
speci fic x-TGy, HEfUBRCUFDHQIRLISEr UTIaS/Be MFLANIDYSYAME, CFEM| BUE, ZON drend i n

the i nf rar g—ﬁleu?gb%ea&r n‘?é?@'tﬁ ?gro cm The titanium zeolites thus differ from

al kali met titanates as we as fromcrystalline and anor phous
Ti 02- phases.
Titanium zeolites having the structure MFI, MEL, MWW, BEA or FER or a mixed struc-

35 ture of two or more thereof, as for example a mixed MFI/MEL-, MFI/MWW-, MFI/FER-,
MFI/BEA-, MEL/MWW-, MEL/BEA, MEL/FER, MWW/BEA-, MWW/FER- or a
MFI/MEL/MWW-structure, are preferred in the context of the present invention. Particu-
larly preferable the at least one titanium zeolite is a zeolite having MFI or MWW or a
mixed MFI/MWW-structure, more preferably a MFI| structure.
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10 The at | east one titanium zeolite can additionally contain elenents
sel ected fromthe group consisting of the groups 11A [|VA VA VIA VIIA
Vi 11B, | Byo2aB/osk19nB, |VB, and VB of the periodic tabl epPCIEPR0IO®E7IRDI
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titani um zeotiatrerpteus ng.tdhesast ructure MF1, MEL, MMV BEA or FER or a m xed
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i ncl ude si ldf Satsanddill i ca hydrogel, silicic acid, colloidal 40silica, funed
silicapptetraal koxysil anes, silicon hydroxides, precipitated silica and
clays. Both.so-called "wet:.process, sili.cpn dioxide" and, so-called .
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such as’f orleBREFHITES I3 P@Mple CBEEIWERN BfBRILMh TetT B RyACAntfro ATElRR-
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35  hours or a few days until the titanium zeolite is obtained. According to a preferred em-
bodiment of the present invention, the synthesis generally proceeds at elevated tem-
peratures wherein the temperatures during the hydrothermal crystallization step are
typically in the range of from 150 to 200 °C, preferably in the range of from 160 to 180
°C. Usually, the reaction is carried out for a time in the range of a few hours to several

40  days, preferably for a time in the range of from 12 h to 48 h, more preferably from 20 to
30 h.
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Spray-drying is a direct method of drying slurries, suspensions or solutions by feeding
a well-dispersed liquid-solid slurry, suspension or solution, often additionally containing
a binder, to an atomizer and subsequently flash-drying in a stream of hot air. The ato-
35  mizer can be of several different types. Maost common is wheel atomization which uses
high-speed rotation of a wheel or a disc to break up the slurry into droplets that spin out
from the wheel into a chamber and are flash-dried prior to hitting the chamber walls.
The atomization may also be accomplished by single fluid nozzles which rely on hy-
drostatic pressure to force the slurry through a small nozzle. Multi-fluid nozzles are also
40  used, where gas pressure is used to force the siurry through the nozzle. The sprayed
material obtained using spray drying and spray granulation methods, like for example
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can, optionally, be subjected to at least one wash process and/for treatment with at
least one acid. If at least one wash process and/or treatment with at least one acid is
carried out, preferably at least one drying step and/or at least one calcination step fol-
lows.

35
The at least one crystalline titanium zeolite, optionally obtained by spraying methods,
can further be subjected to at least one calcination step, which is carried out according
to a preferred embodiment of the invention subsequent to the drying step, or instead of
the drying step. The at least one calcination step is carried out at temperatures in gen-

40  eral in the range of from 350-750 °C, preferably form 400-700 °C, particularly prefera-
bly from 450-650 °C.
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in general, in case a molding is employed as catalyst, said catalyst may comprise all

conceivable further compounds in addition to the titanium zeolite according to the in-
vention, for example, infer alia, at least one binder and/or at least one pore forming

35 agent. Furthermore the catalyst may comprise at least one pasting agent instead of the
at least one binder and/or the at least one pore forming agent or in addition to the at
least one binder and/or the at least one pore forming agent.

As binder all compounds are suitable, which provide adhesion and/or cohesion be-
40 tween the at least one titanium zeolite to be shaped which goes beyond the physisorp-
tion which may be present without a binder. Examples of such binders are metal ox-
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preferably this silica is amorphous silica, the size of the silica particles being, for exam-
ple, in the range of from 5 to 100 nm and the surface area of the silica particles being in
the range of from 50 to 500 m?/g.

30
Colloidal silica, preferably as an alkaline and/or ammaoniacal solution, more preferably
as an ammoniacal solution, is commercially available, inter alia, for example as Lu-
dox®, Syton®, Nalco® or Snowtex®. “Wet process” silica is commercially available, inter
alia, for example as Hi-Sil®, Ultrasil®, Vulcasil®, Santocel®, Vairon-Estersil®, Tokusil® or

35 Nipsil®. “Dry process” silica is commercially available, inter alia, for example as
Aerosil®, Reolosil®, Cab-0-Sil®, Fransil® or ArcSilica® Inter alia, an ammoniacal solu-
tion of colloidal silica is preferred in the present invention. Accordingly, the present in-
vention also describes a catalyst containing a molding, as described above, said moid-
ing comprising a titanium zeolite as described above and additionally SiO, as binder

40  material wherein the binder used according to (1) is a binder comprising or forming
Si0;.
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by calcination to give the porous catalyst shaped body. Preferably, pore forming agents
which provide mesopores and/or micropores, particularly preferably mesopores, are
added to the mixture of at least one binder and titanium zeolite for shaping the titanium
zeolite.

40
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25  According to a further embodiment of the present invention, at least one acidic additive
can be added to the mixture which is shaped to obtain the melding. If an acidic additive
is used, organic acidic compounds which can be removed by calcination, are preferred.
In this context carboxyli¢ acids, such as, for example, formic acid, oxalic acid and/or
citric acid, may be mentioned. It is alsc possible to use two or more of these acidic

30 compounds.

The order of addition of the components to the mixture which is shaped to obtain the
molding is not critical. If for example, a combination of a binder, a pore forming agent, a
pasting agent and optionally at least one acidic compound is employed, it is possible

35  both first to add the at least one binder then the at least one pore forming agent, the at
least one acidic compound and finally the at [east one pasting agent and to interchange
the sequence with regard to the at least one binder, the at least one pore forming
agent, the at least one acidic compound and the at least one pasting agent.

40  After the addition of at [east one binder and/or at least one pasting agent and/or at least
one pore forming agent and/or ai least one acidic additive to the mixture comprisisng
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35 gas atmospheres, reducing atmospheres and/or oxidizing atmospheres.

When shaping is carried out, the shaping step is preferably followed by at least one
drying step. This at least one drying siep is carried out at temperatures in the range of
in general from 80 to 160 °C, preferably of from 90 to 145 °C and particularly preferably
40  of from 100 to 130 °C, usually for 6 h or more, for example in the range of from 6 to 24



After the treatnent with water the catalyst is being preferably dried

and/ or cal cined, 10wherein drying and calcination is carried out as already
descri bedwakzougesdecor di ngly, the present invention al seCTaPaM16O6EWSPr 0CESS
as descri bed above, wherein, prior to (45), the catalyst is subjected to
hydr ot hermal treatnent, the drothermal  treat ment preferabl onprj sing
TSt £ eat ThgobRger gk G YR i G Topteh SELE S 6 Bed aBr iR -a
pressure ofing iroes. BUsh 89 fg axampleagbeuttle Apdréerdy e aferalstheossitge of from 100 to
200 C and for a period of from1l to 48 hours; (lIl)drying the catalyst, and

(111) cal cigi , ' .nre ' of the
nvent i on. EfaeaDR By hind e T bictal BB RLLSE SRR LT

cat al ysf skFemhBded; Prefaratiy esarigs or chirehaving @ rartisteidigmetgr offtam Pd tadj ust ed
to a stirrinmg, indiaeicslac bf frdra.3 10 2aviol, dreaditsingd tweredy. f ar as possible. If the
catalyst is used in formof cylindrical extrudates, however, sone attrition

i s desired dordhm BUbRIREEMRIHER of ¥ bradatiasvdayh Nhe !aﬂmbdsﬂmgmé.- Wth
such extrudat es havi ng{ rounfde efj esé h Ighqr blée'@ﬁ('d NSi ag. .

Sl evad " s TasaamaR 5 oraSrLCioRr e B ALEos aro el RIaD SibaCaRineDen fed

cat al yg0 i wariedidut ablempetsidesin gersalds therrange abieom 8804760 °Cronefdiabivfores, t he
dugt . fo[ Hatzuoorrogfm@eﬂic@@ﬂ@byesérﬁbuymdmqsbwsbhe.r TRE Q@%ﬁ@ﬁ%% f&gﬁ Heneffécﬁaf[%i g i)
an In e C V. Ccl]. | I ce e It e
vt of | HOdeL SRR IR NS AR SRS A A R e e Ee Ry o
t he i nvent i"¥Heaha cBlsinabiers iscPreferapditicariiedoytdn anauifie furtacs, edolbey lhaieireo
obtain a abetlcdicming famadesehdérbiadhabortion of casinst@ads 0T y&ieadiS! h Br kides, fsrocess
for th.%pr%Q%Ek‘iﬂ%&ﬁagé@%f@m'ﬁ@%rP n‘iHetr%Hgé'H?ﬁ&R's'tﬁ% K9 Tﬁ&’?mcess
according to ah enbodi nent, of the present 1 nvéention, the af. [east O8he
titani um z&GFPPIRILR W IBYHYORJt i iafc‘ﬁ’g'“@kwﬁﬁﬂ@& I8 e¥eaRle| lrgalcingribe pataksl |
optional | y shbpad bodyhormeetvace nomeraaditirt foo rakacdchsei atdsasad resich befdr above,
and the at tahidiedn RaER Saddf inthe r&Rfeadi ¥ 488 iy ed Wherth tthe JS%%IQH?%@?%]W

treat ment of %ald catal)éslt. aﬁd I'S shaped to obtai a%%gd- 401 Nng. "'e

Ui tani um z@5TATES CORTGR HRGMRHO H18P Tt PPIATLECSHY & el RADES] FRMBHRS ST o
di f f er @At gliscgotinuogslys!f chleingiiaraigi affected dviceeorvivarh ofian cthe iceiciraticn tampreat t o

produce t heu@®kriinaasdivid \ADsR0d MA)GA1MRET JrRiAE64 067987 17 Shapi ng can be
carried out as described above, thus for exanple extrusion or spray nethods

can be applied. The nolding, Le, the catalyst, thus obtained can be again
subj ect ed t'SCHEHNObt Hied REASeh BMEHIOAtalsH Hescrioss gt rpcessi fpr tmneEeprtiagIof & he
invention abtyst érathesusednaa bpdratarbon candkbrsio aéaltiys tsaibtablpstbdaitdiying e
proces a$, 856 L6 Hs; [ : r ?@& e i ng
from4 .55 to‘g@oﬁ& gr%?@%ﬁ%ﬁ?r@ét@%[%%el%gﬂéfgfb%ﬁ o?legqaﬁ??%lt?\r?gﬁnéﬁ eolite,
based on t 6B &P’ WP §ht" &y Weaight based gr the iokhMieiodt sf the tiniyn eeelitasPy f rom
19.5 to 30 tAméyirvee ghtalyef, thé ptoeasd camngridrignder, preferably a silica binder,
based on t t Mmei e I 10 lto
0.5 % by WZ%h?*%ﬂﬁr"éﬁr%%%,iéoﬁg%ﬁ%?j Hling e a0 RAARTANonBRd o Sl
zeolite, whereiCReHRRIUR ZpRARENGAENIER PRAPSLRIYE SSiNISUPFIRRNTINGTIEANG e
havi ng 30he strgatcined MFI, MEL, MAW BEA or FER or a m xed structure of two
or more thefeoliepositing carbonaceous material on the catalyst according to (i) in the range of
' from 0.01-0.5 % by weight based on the total weight of the titanium zeolite con-
tained in the catalyst, by contacting the catalyst with a hydrocarbon in an inert
atmosphere to obtain the carbonaceous material containing catalyst;

35 whereinin (i), the catalyst is not contacted with an oxygen containing gas.

According fo a particularly preferred embodiment of the process according to the inven-
tion, the catalyst, is subjected to a hydrothermal treatment prior to treatment with the
hydrocarbon according to (ii). Hydrothermal treatment can be carried out employing

40 any suitable method known to those skilled in the art. Thus, the catalyst or catalyst
shaped in general is contacted with water or water vapor.
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Thus, according to an embodiment of the present invention, the at least one titanium
zeolite according to (i) is combined with at least one binder, optionally also with one or

more additional additives as described above, and the attrited parts of the catalyst de-

rived from the hydrothermal treatment of said catalyst and is shaped to obtain a mold-

40  ing. The titanium zeolite contained in the attrited parts may have the same or a different
~ structure as the titanium zeolite with which it is combined to produce the moldings.
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35 ether, allyl butyrate, allyl acetate, allyl benzene, allylphenyl ether, allylpropyl ether, and
allylanisole.

Preferably, the hydrocarbon is a C;-C4; olefin, more preferably a C;-Cg olefin. Most
preferably, the olefin is propylene C;Hs. The term hydrocarbon as used may also com-
40  prise a mixture of two or more of the above mentioned compounds. [f has to be unders-
tood that the term hydrocarbons also includes mixtures of any of the above mentioned
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principle possible to initially heat up the catalyst in an inert atmosphere and subse-

quently contact the catalyst at this temperature with the hydrocarbon containing fluid.
However, it is likewise conceivable to heat up the catalyst directly in the presence of
35  the hydrocarbon containing fluid without such a preheating in an inert atmosphere. To
reach the above mentioned elevated temperafure, the temperature can be increased
continuously or stepwise prior to or during contacting the catalyst with the fluid. Accord-
ingto a preferred embodiment, the catalyst is heated to the desired temperature in an
inert atmosphere, preferably in a nitrogen atmosphere, and once the temperature is
40 reached, is contacted with the hydrocarbon. While being contacted with the hydrocar-
bon, contacting the catalyst with nitrogen is preferably continued. The catalyst is
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erably from22 to 30 N, and nore preferably from22 to 25 N. The catal yst
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35 proved catalytic activity.

Said catalyst is characterized by an amount of carbonaceous material being in the

range of from 0.01 10 0.5 % by weight, preferably of from 0.01 to 0.1 % by weight, most

preferably of from 0.03 to 0.04 % by weight based on the total weight of the titanium
40  zeolite contained in the catalyst.



WO 2011/ 064191PCT/ EP2010/ 067987 23 (H)depositing carbonaceous material on
the catal yst according to (i) in the range of fromO0.01 to 0.5 % by wei ght
based on wbeotiatsaiorwei ght of titanium zeolite con- tai nedTiEr2alo@6mar al yst
by contacting said catal yst, prior to us1' ng the cat alyst in said

hydr ocar bo onver si.on Uld c st _one
ydr ocar bor BNV I evHeas dephar e b BLArERRE 5! ReDeb b s are a
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by wei ght, nore preferably fromO0.02 to 0.05 % by weight, nore preferably

from 0. 03 tTheQarRdurfodd\caridwetetil, mbes&dn ane tdagfsotatieterhiabl beftofal bagdiniom
zeolite co%ﬁ]ﬂqqow h&ﬁ ;cat alyst. In case the chem cal reaction according
to (||| e ‘epoxli 1on of propylene, preferably propylene is used in
step (| ) as well. 25 Again, the term propyl ene al so enconpasses propyl ene
from any sdypicelhatte wtalystaayvegraadiae cdtolysteptaaipdiee b e ratesgraadeding tpdley mer

grade pr OpYr#\%ﬂﬁon "h%%“’a?rﬂb% $tRen gﬂﬁ%ée:rgb’ ﬁﬁhéroébm n%fﬁ#l%l‘ e Lk SHRE

grade or ren t he conver5|on
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according t
propyl ene, tmrﬁtq@iq mﬁ ifpedy ameyaldairaraiyiie Wi‘@lbﬁd@gﬁég%mm thigknges. ddednovabiehe
cont ext of rémewiti @seblade waNtorecteline @Xoali Zéineragent picilaip ked, Hgﬂ"ngewml e,

oxygen orh%@/oﬁwrﬁaﬁ)' PS8 1 TRl ARbYe AV ARSRIFOXLARS: (B bepXaT! e

terti ar% per ox] 'des esent invention.
Parti cé#Par 19§t r@e?ﬁ%lt‘?ﬁtﬁy‘ﬂ?%éﬁwrﬂéﬁ o%i Meanss °U§§d’mﬁuﬁeéf"éfﬂ"élblr§9'%¥?relde%§i one
al cohol , suvhluatedshe Fgsuftoof tbx argalsarenasitardhbanioks obtained-ard Her mésn vaue bf as,

for exampl gne ARELGBIehls!6r RS cATHLNTP8adNEIsEOThe RSN ¥ cifidhdd gBghby com
try, their mean iength corresponding approximately to twice to three times the diameter,
and was loaded with the 0.3 mm thick blade with increasing force until the catalyst had
30 been cut through. The blade was applied to the catalyst perpendicutarly to the longitu-
dinal axis of the catalyst shaped body. The force required for this purpose is the cutting
hardness (unit N).

Preferably, the moldings obtained according to the process of the present invention
35 containing the carbonacecus material have a cutting hardness of at least 22 N, pref-
erably from 22 to 30 N, and more preferably from 22 to 25 N.

The catalyst according to (i) and the catalyst according to (i), not only differ in their
content of carbonaceous material and crush strength but also, for example, in their
40  colour, which changes during the depositing process. Generally, the catalyst having a
higher amount of carbonaceous material deposited thereon tends to have a darker



prising water, maybe used. WO 2011/ 064191PCT/ EP2010/ 067987 24 Preferably
nmet hanol is used as solvent in conbination wi th hydrogen peroxide as

oxi dant, wepec/miidy i n case propylene is converted to piPODEPRIIE/06398Te i N
the presence of a catalyst containing aztitanium zeolite having MI
structure. Accor di ngl th resent invention.,al so relates to a process
for the epdkPtaPl girYdrerhipyTane MaGBHFL FRGUT o FREarrRS nasal dreps-
cont ai ni ng itgdthareen.um zeol ite, preferably a titanium zeolite having M1
structure; 10(ii)depositing carbonaceous material on the catal yst obtained
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o rosphor e CPvPric VIR OF U b D2 P Bedtants BRoRR Y0 B miehiBR ek W, (i)
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and hydr opeibogi gieyrasizaierd sszctionsh @anehatiohfl ehyeladtahy sihd elehadratshsaaoeeshmig t o
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relates to sai rocess r the conversion of a rocar.pon, ereln the
brocess f orTHET GFe BN o MHerS IS Bl ronLShsa i dEaGiong of g aldo-

pr epar at i orsopflerebpy bwae Deréritnd antthe hydresarhor tofeaceaciedl thstcatayticaieatng at
| east one tioh@Banpe 280kl bet ARk 62 HORBREMASe BRINGHE abgerbmagp%{f@%ygﬁitaglety o
conpri sing 0 L e of from.Q. 0 by
wel ght  bacdCiee BRRS BRI RO Bl arbEnP ok 08 Fe T ber 88 Rl dadeh
conpr i §Png ZEN§. XNHGi amdwgataraé%&f dippatic Bytieearpensgsuch estalkenss @ant 28ones.ere(i i)
deposi ti ng ferablyahaCealkensnbeskpesan didares ainal posdr afghadc diydrgcdrdold Judhnag he
range of frgm0 01 to 0.5 A by weight based on the total weight of
titanium zeolite contained in the catal yst by contacting said catalyst,
prior to using the catalyst in said 30hydrocarbon conversion reaction, wth
a fluid contheiasitaigst atcdréiag to Greenardioo dapdrbculany auitabledort thatoxisfidreoka hy-0

obt ai n Johe Gey-honacraYaLIRle thabxeaMALNLAGIGRL Bk¥Sbles dfidutaioM@ntiing the
cat al yst obt al ne

o opyl ene. HH5ar SRR BITURI RisBybhpuicBiteln e BIRTR A meibreren | PRIENL ne

cat al yst i g-prittenso@traethidi-biltene adrmexyyérbutanet ihekenp, galsexene, 3-hexene, the
various isomers of methylpentene, ethylbutane, heptene, methylhexene, methylpen-
tene, propylbutane, the octenes, including preferably 1-octene, and other higher analo-

25 gues of theses; as well as butadiene, cyclopentadiene, dicyclopentadiene, styrene,
methyl styrene, divinylbenzene, allyl chloride, allyl alcohol, aliyt ether, allylethyl ether,
allyl butyrate, allyl acetate, allylbenzene, allylphenyl ether, allylpropy! ether, and allyla-
niscle. Preferably, the olefin is a Cs;-Cy-0lefin, more preferably a Cj;-Cg-olefin. Most
preferably, the olefin is propylene. Particularly preferably, the catalyst is used for the

30  oxidation of propylene, more preferably for the epoxidation of propylene.

Accordingly, the invention also relates to the use of a catalyst, as described above, for
the conversion, preferably the oxidation, of a hydrocarbon, preferably an olefin, more
preferably propylene, in particular the epoxidation of propylene.
35
Moreover, the invention relates to said use, wherein the process for the conversion of a
hydrocarbon is a process for the preparation of propylene oxide in the presence of a
catalyst containing at least one titanium zeolite and carbonaceous material, the catalyst
comprising said carbonaceous material in a range of from 0.01 to 0.5 % by weight
40  based on the total weight of titanium zeolite, the process comprising '
(i) providing a catalyst containing the titanium zeolite;



35 Further, the invention relates to said process for the epoxidation of
propyl ene, wherein in (iii), the catalyst is a titaniumsilicalite-1

cat al yst ,wohelinsdrooper oxi de i s hydrogen peroxi de and t heCI@EPI@0067987

met hanol . WD 2011/ 064191PCT/ EP2010/ 0679@7 25 wei ght, pr eferably from0.01
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catal yst. (i) dubtasbngthe datedyst pblitadatcaldsy todilatitsa taacisropystereocopride
Cvent on. the o BrBgenghy BT, Qﬁ@ﬁﬁ'eaﬁ%@fs?"%%t , ."nESEaEf “2ording to
(ii) in thé("r?f)%ﬁ”‘U@ﬁ%%c%?'ygp%ﬂélCé’ﬂgcgeéjl"}q% Qﬁ%lco anlg19%8nt preferably
conprises reacting the propylene with hydrogen peroxide in the presence of
et hanalp  Faurfisr, 38 WesitionNeRtes! t8asld G0 wheast lmr)sﬂwé%’él}sprsobhﬁlnmmﬂsrm xture
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wher ei n beteen WOPFEACTi o © propy
by distillation. Therefore the inventive process conprises at feast the
fol | ow ng sespemncveitiontralgas t6 apidtuse( ahereltha)cardst tomaiod thy @ibb!dar%l&@ow th

hydrogen p%é}éhﬂ‘?n bR a%}\(;ﬁt & fFBr%b‘Uﬁo%’Wﬁﬂb?W@%th‘?efa% enedtﬁ %

unr eact ed aration rom t he

Tt ar 51 e BING 618 PPEREIRA (o O-Qap -0t BYaeIgt Tes. ar@g%@r‘éﬁeww%w has
been separ &L.@4 Yoftfased ot hgetola Weightt toh titanilmo-zegiée qoetatredde. thé Taftest edrat e,

|t 223 fpgﬁledsﬂﬂre?é]g ﬁH mqﬁe{s?é‘f@&wé&%@é n8orial B degéél,n:e:d%ﬂ tﬁ%cﬁb@&%cé@rr@l@ (§ ﬁ}?ast at
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(c), there adightNsaseRepithé Bidl deight 6t iit@MEmaolite ddawirsden eastd@n is carried
out. Accordingly, it is possible to carry out one of the reactions stages

in batch node or in , ) . o
In case the chemical reaction according to (iii) is the epoxidation of propylene, prefera-

bly propyiene is used in step (ii) as well,

25 Again, the term propylene also encompasses propylene from any source and with any
grade, for example chemical grade or polymer grade propylene. According to the in-
vention, propylene having the same grade or different grade may be used in step (i)
and in the conversion reaction, respectively.

30  According to a preferred embodiment, the propylene stream used in step (ii) may also
be recycled, optionally after purification steps, into the hydrocarbon conversion reac-
tion, thus preferably into the epoxidation reaction.

If the chemical reaction according to (iii) is an epoxidation of an olefin, preferably of

35 propylene, in principle any suitable oxidizing agent can be used in the context of the
present invention. The oxidizing agent can be, for example, oxygen or any suitable
peroxide. Preferably, hydroperoxides, as for example tertiary hydroperoxides, are used
in the context of the present invention. Particularly preferably hydrogen peroxide is
used. Preferably at least one alcohol, such as such, for example, as methanol, or ni-

40  trils, such as, for example, acetonitrile or mixtures thereof, optionally additionally com-
prising water, maybe used.



35 sem -continuous node or in continuous node and independently thereof,
the other reaction stage in batch node or in sem -continuous node or in
cont i nuousOreodeénc4decor di ng to an even nore preferred enipotinreen/ 061981 h
reaction stages (a) and (c) are carried2$#4ut in continuous node. WO

2011/ 064191PCT/ EP2010/ 067987 26 carried out in the presence of the catal yst
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As cool i ng nmediumused for cooling the reaction nedia in above-nentioned
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40  Preferably, the epoxidation reaction in stage (i) is carried out in the presence of the
catalyst of the present invention. Even more preferably, both stages (a) and (c) are



It is Iikew se conceivable to obtain hydrogen peroxide by converting
sulfuric acid into peroxodisulfuric acid by anodic oxidation with

si mul t anewo0aveksti on of hydrogen at the cathode. Hydr @Cy4iP2010/06198E
peroxodi sul furic acid then | eads via peg®xononosul furic acid to hydrogen
per oxi de and sudl fgr.i aci d Mi@‘hthi S H[\usi ?g% ai ned tback.. 30.|_Oc cour se, t he
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of undesirable ions. 35 Conceivable nethods are, inter alia, those

descri bed, for exanple, in US 5,932,187, DE 42 22 109 Al or US 5, 397, 475.
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i on exchanggrs. | i§cHr§@ﬂ'ouriHrat§? lo %Fogrence is 5given to the use of basic
i on exchange, particularly pre erab y that of a basic anion ex- changer and

nor e pé?’ti cularly preferably that of a weakly basic ani on exchanger. The
pressure i kachefrieactamias idesgérer addvy, bepechadly tiae geactdrs facoondihg tbah8Grbar ,
mor e pref - g abL¥pddiABhtLBar Be &9erBRE-in IBENASIBS AbME oflralidiemE8Q! I Ng wat er
is in the range ol? [IJrefi a10ePF a%?ry Prlr(])m 2r(1) to 70(:?3 m)?g rgrﬂfrgr a%l y from 25
to 65C and particularly preferably from30 to 60C. According to the
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t here- 15f rom e%selnt i al IJ Ionss,flost S %E ro tl ne. oxide, unre cted g&(l)oonyl ene,
met hanol . FAAAY STLREF R b ERS stecsacl ToRReo Pl e e e sPar ar iy
enbodi nent s caEepcgtaica tamparaikee olftam #edo PPofm anadie {eaperriyre profile in the
reactors is maintained at a level so that the temperature of the cooling medium in the
cooling jackets is at least 40 °C and the maximum temperature in the catalyst bed is 60
25 °C. In case of downflow operation of the reactors, it is possible to chose the reaction
conditions such as temperature, pressure, feed rate and relative amounts of starting
materiais such that the reaction is carried out in a single phaée, more preferably in a
single liquid phase, or in a multiphase system comprising, for example, 2 or 3 phases.
As to the downflow operation mode, it is especially preferred to conduct the epoxidation
30 reaction in a multiphase reaction mixture comprising a liquid aqueous hydrogen perox-
ide rich phase containing methanol and a liquid organic olefin rich phase, preferably a
propene rich phase.

In case the reactors are operated in upflow mode, it is preferred to use fixed-bed reac-
35 ftors. It is still further preferred to use at least two fixed-bed reactors in stage (a) and at
least one reactor in stage (c). According to a still further embodiment, the at least two
reactors used in stage (a) are serially connected or operated in parallel, more prefera-
bly operated in parallel. Generally, it is necessary to equip at least one of the reactors
used in stage (a) and/or (c) with a cooling means such as a cooling jacket. Especially
40  preferably, at least two reactors are employed in stage (a) which are connected in par-
allel and can be operated aiterhate[y. In case the reactors are operated in upflow



a met hanol content in the range of from55 to 75 w.-% especially
preferably of from60 20 to 70 w.-% based on the total weight of the
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30 adiabatic shaft reactor.

Therefore, the present invention also relates to a process as described above wherein
in stage (a), at least two shell-and-tube reactors each having of from 1 to 20.000 inter-
nal tubes and being continuously operated in upflow mode, said reactors being oper-

35 ated in parallel, are employed, and wherein in stage (c), an adiabatic shaft reactor be-
ing being continuously operated in upflow mode, is employed. Still more preferably, the
reaction in at least one of these reactors, more preferably in the at least two reactors of
stage (a) and still more preferably in all reactors used in states (a) and (¢) is conducted
such that in the respective reactor, a single liquid phase is present.

40
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nore preferably, directly fed back to stage

i ntermedi ate ;{?%& ti
(a), to bepaﬁ?%ﬁ different heights in the colum relative to the
p05|t|dﬁ of the theoretical stages. The inlet is preferably located at a

position whighkdvisd EHBelvable t@ébtafﬂﬂ'\’;@rdﬁeﬂf Fcﬁﬂde]tﬁpédhvéﬁlﬁ@sﬁlfdr@ abRl into
theoreti Calpe%x%glesﬁlﬂ,?r:coa\é% t())yrano%[c oxm}atlgn with & n?ultangéﬁ?s evolution of hydrogen at
the cathode. Hydrolysis of the peroxedisulfuric acid then leads via peroxomonosulfuric
acid to hydrogen peroxide and sulfuric acid which is thus obtained back.
30

Of course, the preparation of hydrogen peroxide from the elements is also possible.

Before hydrogen peroxide is used in the process of the invention, it is possible to free,
for example, a commercially available hydrogen peroxide solution of undesirable ions.
35  Conceivable methods are, inter alia, those described, for example, in US 5,832,187,
DE 42 22 109 A1 or US 5,397,475. It is likewise possible to remove at least one salt
present in the hydrogen peroxide solution from the hydrogen peroxide solution by
means of ion exchange in an apparatus which contains at least one nonacidic ion ex-
changer bed having a flow cross-sectional area F and a height H which are such that
40 the height H of the ion exchanger bed is less than or equal to 2.5 - F', in particular
less than or equal to 1.5 - F2. For the purposes of the present invention, it is in princi-



The dividing wall colum used in the process of the present invention is
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thermally insulated in these regions. 30The differential pressure over the
dividing wall colum can be utilized as regul ati ng paraneter for the
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bot tom of  thago e the ¥RrerHIREAHI AR GF A ROMHRGES Ainddo MHiH A8 eactty t he

top of the colum, a mxture.i s pobtai ned havi a ter. content of not nore
than 500 pBREFErEI 7% B ate et izaciato Thpmpdds g poied there

pr ef er 4Bl y fioim metentipihecersists 30D Orqpyiene anitichanrasgted bredyletmmebaosi wetetont ent
of not nor gnthgdrogen pexider ef erably of not nore than 20 ppmand still nore
preferably of not nore than 10 5 ppm in each case based on the total

wei ght of the mixture obtained at the top of the colum. Furthernore, the
top streamfseeElingda snrisfesred eoppdisrrnt.cba PEgfiuchmixtyre pbtainaddrass siggedg) has
preferably aoﬁetﬂnéﬁ)dﬂ}caﬁteht)in?nlﬁb vdnge YF fovel 55t 176 wintee epieeialy phifgrabtly of fromm 620 tof
25 W . »n% r.OpYy, I t o} 9 y o
fromb5 Ot o] t@g@\,&?ﬁ . -/%%gg?j@%es}s] g@? ?@?I‘@iﬁ?té{f t&%ﬁ&/&@} Fn?( t%rgﬁ é%va'}%/ﬁ :ﬁﬁeﬁéﬁ% f%@ and a
met hanol coRI%n®! fgxm ?r‘%%?g"f-fg: FePeCHRY REeTer ‘y%&emp{%tPe%ﬂa%tr'J% ¢4 B 5 to
17.5 w . - tetadweigpeditad prodpctehiatuadl aypropyleneooxid® comediSnube reitgeiohfreachtacase

based on t kg [{0baleshedifR preferddifof hn S Wt A, HalBd Shdks Rl {Qf tihe
distillation entjall

olumm, a stream €ss y, consi sti.n t ol and wat er
s obt ay nedodiet Miiire; g & priPy(ERS P ERLn et Tibe 2Lt ftn TP WLEieapiely
havi ng 28 1%refetapirasifropohtehwt.ob, kasetl eadhe Bl weighvef the efatugbinixtuse. | east 96
w.-%and still nore preferably at least 97 w.-% and having a water

content of t r 1 % e . -t . - % and
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preferably of from 80 to 100 % and especially preferably of from 80 to 100 % of the
bottoms stream obtained from the distillation column used in (b) are used for heating
~ up the product stream obtained from (a) from a temperature in the range of from 45 to

40 55 °C to a temperature in the range of from 65 to 70 °C.
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respectivel ove gt gﬁ/ é 'E’a‘??r@‘ertl es I n hydrocarbon conversion
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invention, jrefepdnffrétl3ano bheeeadtadblysigers described above having the
car bonaceous
The upper combined region of the inflow and offtake part of the dividing wall column
preferably has from & to 50 %, more preferably from 15 to 30 %, of the total number of
40  theoretical stages in the column, the enrichment section of the inflow part preferably
has from 5 to 50 %, more preferably from 15 to 30 %, the stripping section of the inflow



40mat eri al deposited thereon in an amount of fromO0.01 to 0.06 w.-% nore
preferably from0.02 to 0.05 w.-%and even nore preferably fromO0.03 to
0.04 w.-Wwo 2ompeenved WO 2011/ 064191PCT/ EP2010/ 067987 3#C3aipeatniogissi es for
epoxi dati on reaction by-products and seypndary products can be achieved. In
particular, this is achieved for_T e ont ai ni ng_catal ysts enpl oyed
for the ep®t d%{?fFEﬂJP'Yo'F‘ESpF?’Bfo15eWe7%§/€t:H“‘Pf?d?%é H%‘x?OdE’ 69 %’ 55%/15 freRIngr
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the nat ur e capKl cash/aMbARBRN WEMBES @fhﬁecﬁétﬂﬁﬁﬂb?édWMQﬁé tglomhurt her, the fol | owi ng
10 exanples are provided. However, it should be noted that the exanples are

provided for illustrative pur&gses only and not to limt the invention.
However, t He§ licgvdes pgvanéaasnys athe inlghviaavhiet hpywsedyst Bpare PbRjnaHeopidcess
of inventi anfeshiniosthexorirreatd el bfitakey viahdtierc thera sait o8 tresmaihaesidgref-

descri hgd I%g%\{%?f ﬁﬁﬂ @??o '%T%i% %H} mdieﬂﬂgéﬁr?rﬁﬁgh@% %@tn%?@"ﬂ?éf@ﬁably of

1. Preparat >
materi al s: 790 R éPr/aéF%i@/%‘i’ﬁ”é{rPéefE"Péwf Ry 1R & €9 rapt g tﬁﬁ%‘ﬁ’l S ARRAr oxi de
(TPACH) (4@ffts.inshediamtboigr 46, kit moraptieoatyy, idracty f(em@m to25588:0(h,gDIbenat er

In a reactipRny&s %?prfeﬁe"ﬁ@ hb@h@' iMRE RN felRhveVibdRe p%@i‘ﬂoﬁtdf ke theofiliak g
TPACH wer e

dde und
resul ting d-E: t{Srpa{ a@])glgaa%g'a aEg?tl\%bW@CEéssP%P t?%g Wgéec;eregeﬁ vessel
was wadhed bﬂwﬁ'% 5vtpt1ﬁﬂ)25€9mﬂlcﬁ| fhrgasaabere 30belovdharside pfitakdie washed reacti on
vessel, 300 kg TECS were provided and stirred. A mx- ture of 80 kg TECS

and 16 kg F"ﬁglr_:h ﬁ%%gﬁﬁgluéfa&&%@ﬁ in %gtpks&elg%heypgsgn?m%ﬂ ﬁQS E%?er%tgyzgps were

added. Subseque I on was
m xt ure wadiogEd&iear 3o P%@F‘W@P‘-‘%‘Eﬁma'mﬁéﬁa”qoﬁbpﬁ*‘?é‘éf@tqf&ﬁd‘%f%% §%‘Fkiﬂﬁa%r eat ed
and the et kar) cadlrhai fue dxavaplesie pagatiet tbysdistbet rhetti @medheekinh éhaving er nal

tenmper %bur} éﬁfl@fsuﬁfgl% é(r%ﬁscﬁlfwg 05%‘01%5 rﬁgﬂe pré*é?aﬂlf%H bl 3B

cooled. 11 res suspension_in 't he vessel ,
and the ni Mpe A NS oS AR GURSS & JaT SFAFURT SHOREEY SFT o e
at 175 C wibirsidrwitda lmmmreW@g@pwsth@loﬁisallr%ageThe obt ai ned titanium
silicalite-1 crystals were separated, dried, and calcined at a tenperature
of 500 C i "In e’ abovementioned configuration of the column, the region of the column divided by
25 the dividing wall, which consists of the enrichment section of the inflow part, the strip-

ping section of the offtake part, the stripping section of the inflow part and the enrich-

ment section of the offtake part, or parts thereof is/are provided with ordered packing or

random packing. The dividing wall can be thermally insulated in these regions.

30 The differential pressure over the dividing wall column can be utilized as regulating
parameter for the heating power. The distillation is advantageously carried out at a
pressure at the top of from 1 to 10 bar, preferably from 1 to 5 bar, more preferably from
1 to 3 bar and still.more preferably of from 1 to 2 bar such as 1, 1.1, 1.2, 1.3, 1.4, 1.5,
1.6,1.7,1.8,1.9 or 2 bar.

35
The distillation is preferably carried out in a temperature range from 65 to 100 °C, more
preferably from 70 to 85 °C. The distillation temperature is measured at the bottom of
the tower. '

40 In case such a divided wall column is used, at the top of the distillation column of (b), a
stream essentially consisting of propylene oxide, methanol and unreacted propylene is
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wat er was fi I I ed in a respective stirred vessel, and the extrudates Il were
30 added. A e NESSHIAKE oPthe JstiRN, coluifh, Y&ESEM éé@éntféﬂ@b@%@tiﬂg f hﬁtr%hﬂﬁ'

terrperature f from ulti,n ure e range
e ot Sy Qb helon {2 serd Rl SuORa Pk FRReSs UB e iR on
ext r uddfes mrhanct epairat i iaast PP ati pieferaply @aleﬁé? 96 ¢t 170 #nd BEBMEre Aredi r
heated to ardmgyrpeeadtigrentods, 4408 heving alwateGonitant anfotkegte tﬁén amﬁte%pweeérawe of

490 Cin aly C eous
mat eri al onEyt {zufoﬁm%g‘rle tﬁ%‘ﬁgxﬁt\gu a\é{ﬂgs ﬁg%ﬁ%@b% c?en%? {al ys e%’EAFrBud’a es (b)
were filled2ch Cﬁs‘i/@??qdc%ﬂ thedgtel weighhe! PRENKGTT B?rﬁa'nteﬁé‘t the Side-gfieke of th

cont ai ned ZX8lugnrsteatite pellets having a dianmeter of 2-3 mm At the top,

40t he mgactor contained 17 g steatite pellets having a dianeter of 5 mm

The reac- e , -
At the bottom of the distillation column, a stream essentially consisting of methanol,

water and unreacted hydrogen peroxide is obtained. At the bottom of the column, a
mixture is obtained having propene content of not more than 50 ppm, preferably of not
more than 10 ppm and still more preferably of not more than 5 ppm, and having a pro-

25  pylene oxide content of not more than 50 ppm, preferably of not more than 20 ppm and
still more preferably of not more than 10 ppm, in each case based on the total weight of
the mixture obtained at the bottom of the column.

At least part of the stream taken from the side of the dividing wall column can be recy-

30 cled as solvent into stage (a) of the inventive process. Preferably, at least 90 %, more
preferably at least 95 % of the stream taken from the side-offtake are recycled into
stage (i).

The bottoms stream taken from the of the distillation column, preferably the dividing
35 wall distillation column, essentially consisting of methanol, water and unreacted hydro-
gen peroxide, is then fed to the reactor of stage (c). Preferably, the bottoms stream is
cooled prior to being introduced into the reactor via, for example, one-stage cooling or
two-stage cooling, more preferably to a temperature of from 20 to 40 °C, still more
preferably to a temperature of from 30 to 40 °C. Still more preferably, fresh propene, is
40  additionally added directly in to the reactor of stage (c) or added to the bottoms stream
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was passed through the reactor for 21 h with a flow rate of 35 NI/h.
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30
In the context of the present invention, it has been surprisingly found that the selectivity
of the catalyst and the catalyst obtainable or obtained by the process according to the
invention, respectively, shows improved catalytic properties in hydrocarbon conversion
processes compared to catalysts of the same composition which have not been con-

35 tacted with a hydrocarbon in accordance with (ii} of the invention. Improved catalytic
properties means that the catalyst show longer life time and/or higher selectivity con-
cerning the valuable product and/or lower selectivities concerning by-products and/or
secondary products and/or improved activity. Typically, with the pretreated catalyst of
the invention, in particular the catalyst as described above having the carbonaceous

40  material deposited thereon in an amount of from 0.01 to 0.06 wt.-%, more preferably
from 0.02 to 0.05 wi.-% and even more preferably. from 0.03 to 0.04 wt.-%, improved
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separation of the grey strands as described in above, 20 were
al so m xed, and their total organic carbon content (TOC content) was

det er nilhed BExanpled1 % by wei ght. These strands are referred to as catal yst
A2 in the followi ng. The strands (extrudates (b)) obtained after water

treatnent gs d i i , QV e referred to as catalyst Cin the
fol | ow ng. al25 %?é%%@ﬁg%\?%"g? T%lsqtca%!ggtcat alysts Al (inventive), A2
(inventive), and C (conparative) were enployed as catalysts for the

epoxi dat i orPcRfdepSomytbsine W th hydrogen peroxide in nethanol as solvent. 30
As reacpor, a vertically arranged tube reactor with a length of 1400 nmm and

an outer di 10 hpLern i was used. The reactor
was equi ppe B nedieh? (o Ry o "B S (TEER) filled with 15 g of the

n a .
respective catal ysts. Thr oa%kﬁ he tedaefogylamymiuphydiaxids (WS al s wer e
passed with the follow ng flow rat g8 wived haveder}35 (49 g/ h); hydrogen

peroxide (9 g/ h); propylenegld 9/ NetraMing ﬁ%ec(ng' g medi um passed t hrough
the coqling jacket, the tegggﬁaturgrg{tﬁ% reacti(m m xture was adj usted so
that tKe hydrogen peroxi de Jer sPbH et er mi ned on the basis of the
reaction mxture |l eaving the reactor, was essentially constant at 90 %

Thi s t empenahyssotiodvb&el, 1550 kgD Mxtdreldre @rovitfedtanai stirtbd Y40 kgt A9 ware Was i n
the range of, from h

const ant  aped0? BT lfor e df cBRFRLG bl b R 1l o2
catal yst - feferising wifable vepre! sihegeactionygpee! pragswshed twice with 2000 | DI water
30  intotal. In the washed reaction vessel, 300 kg TEOS were provided and stirred. A mix-
ture of 80 kg TEOS and 16 kg TEOT was added to the 300 kg TEOS. The remaining
340 kg TEOS were added. Subsequently, the TPAOH solution was added, and the
resulting mixture was stirred for another hour. Then, the reaction vessel was heated
and the ethanol obtained was separated by distillation. When the internal temperature
35 of the vessel had reached 95 °C, the reaction vessel was cooled. 1143 kg water were
added to the resulting suspension in the vessel, and the mixture was stirred for another
hour. Crystallization was performed at 175 °C within 24 h at autogenous pressure. The
obtained titanium silicalite-1 crystals were separated, dried, and calcined at a tempera-
ture of 500 °C in air.
40 |
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35
2, Depositing carbonaceous material on the catalyst extrudates (b)

2.1 180 g of catalyst extrudates (b) were filled in a vertical reactor. At the bottom, the
reactor contained 18 g steatite pellets having a diameter of 2-3 mm. At the top,

40 the reactor contained 17 g steatite pellets having a diameter of 5 mm. The reac-
tor was heated stepwise to a temperature of 450 °C with nitrogen having a flow



5alyst as far as said tenperature-based lifetinme characteristics are
concerned. Table 1: Selectivities (propyl ene oxide, by-products, secondary
pr oduct s)wafzbawoc#om sel ectivity of # (based on H202) catralryEreodlosmar al yst
A2 catalyst C selectivities | % (at Hg2 conversion = 902 % 200

propyl ene oxi d?at%SdeSO%GNlﬁw ?nSO'rn71 Iitgrxaleg%%ugl ?hig'tgmgér%turg Xngarsorﬁgirn%)i(r!e%?ﬁ'hen,
propene was passed through the reactor for 16 h with a flow rate of 20 Ni/h.’
Subsequently, the catalyst is cooled under nitrogen and removed from the reac-
tor at ambient temperature. Yield: 180 g. The grey strands were manually sepa-
5 rated from the obtained extrudates. Yield of grey strands: 24 g.

2.2 176 g of catalyst extrudates (b) were filled in a vertical reactor. At the bottom, the
reactor contained 18 g steatite pellets having a diameter of 2-3 mm. At the top,
the reactor contained 21 g steatite pellets having a diameter of 5 mm. The reac-

10 tor was heated stepwise to a temperature of 450 °C with nitrogen having a flow
rate of 600 NI/h {norm liter per hour). This temperature was maintained. Then,
propene was passed through the reactor for 30 h with a flow rate of 30 NlI/h.
Subsequently, the catalyst is cooled under nitrogen and removed from the reac-
tor at ambient temperature. Yield: 176 g. The grey strands were manually sepa-

15 rated from the obtained extrudates. Yield of grey strands: 31 g.

2.3 175 g of catalyst extrudates {b} were filled in a vertical reactor. At the boitom, the
reactor contained 18 g steatite pellets having a diameter of 2-3 mm. At the top,
the reactor contained 24 g steatite pellets having a diameter of 5 mm. The reac-

20 tor was heated stepwise to a temperature of 450 °C with nitrogen having a flow
rate of 600 NI/h {(norm liter per hour). This temperature was maintained. Then,
propene was passed through the reactor for 12 h with a flow rate of 39 Ni/h.
Subsequently, the catalyst is cooled under nitrogen and removed from the reac-
tor at ambient temperature. Yield: 175 g. The grey strands were manually sepa-

25 rated from the obtained extrudates. Yield of grey strands: 20 g.

2.4 177 g of catalyst extrudates (b) were filled in a vertical reactor. At the bottom, the
reactor contained 18 g steatite pellets having a diameter of 2-3 mm. At the top,
the reactor contained 19 g steatite pellets having a diameter of 5 mm. The reac-

30 tor was heated stepwise to a temperature of 450 °C with nitrogen having a flow
rate of 750 Ni‘fh {norm liter per hour}). This temperature was mainfained. Then,
propene was passed through the reactor for 21 h with a flow rate of 35 Ni/h.
Subsequently, the catalyst is cooled under nifrogen and removed from the reac-
tor at ambient temperature. Yield: 177 ¢. The grey strands were manually sepa-

35 rated from the obtained extrudates. Yield of grey strands: 47 g.

25 179 g of catalyst extrudates (b) were filled in a vertical reactor. At the bottom, the
reactor contained 19 g steatite pellets having a diameter of 2-3 mm. At the top,
the reactor contained 26 g steatite pellets having a diameter of 5 mm. The reac-

40 tor was heated stepwise to a temperature of 450 °C with nitrogen having a flow
rate of 600 Ni/h (norm liter per hour). This temperature was maintained. Then,
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propene was passed through the reactor for 30 h with a flow rate of 39 NI/h.
Subsequently, the catalyst is cooled under nitrogen and removed from the reac-
tor at ambient temperature. Yield: 179 g. The grey strands were manually sepa-
rated from the obtained extrudates. Yield of grey strands: 24 g.

2.6 184 g of catalyst extrudates (b) were filled in a vertical reactor. At the bottom, the
reactor contained 18 ¢ steatite pellets having a diameter of 2-3 mm. At the top,
the reactor contained 28 g steatite pellets having a diameter of 5 mm. The reac-
tor was heated stepwise to a temperature of 450 °C with nitrogen having a flow

10 rate of 600 NI/h (norm liter per hour). This temperature was maintained. Then,
propene was passed through the reactor for 30 h with a flow rate of 70 Ni/h.
Subsequently, the catalyst is cooled under nitrogen and removed from the reac-
tor at ambient temperature. Yield: 178 g. The grey strands were manually sepa-
rated from the obtained extrudates. Yield of grey strands: 16 g.

15 '

2.7 The grey strands obtained from 2.1 to 2.6 were mixed, and their total organic
carbon content (TOC content) was determined to 0.074 % by weight. These
strands are referred to as catalyst A1 in the following. The whitish sfrands, re-
maining after separation of the grey strands as described in 2.1 to 2.6 above,

20 were also mixed, and their total organic carbon content (TOC content) was de-
termined to 0.031 % by weight. These strands are referred to as‘catalyst A2 in
the following. The strands (extrudates (b)) obtained after water treatment as de-
scribed in 1. above are referred fo as catalyst C in the following.

25 3. Epoxidation test

The catalysts A1 (inventive), AZ (inventive), and C (comparative) were employed as
catalysts for the epoxidation of propylene with hydrogen peroxide in methanol as sol-
vent.

30
As reactor, a vertically arranged tube reactor with a length of 1400 mm and an outer
diameter of 10 mm, internal diameter 7 mm, was used. The reactor was equipped with
a cooling jacket. The reactor was filled with 15 g of the respective catalysts. Through
the reactor, the starting materials were passed with the following flow rates: methanol

35 (49 g/h); hydrogen peroxide (9 g/h); propylene (7 g/h). Via the cooling medium passed
through the coocling jacket, the temperature of the reaction mixture was adjusted so that
the hydrogen peroxide conversion, determined on the basis of the reaction mixture
leaving the reactor, was essentially constant at 90 %. This temperature, after induction
periods of typically 50 to 100 h, was in the range of from 35 to 45 °C. The pressure

40  within the reactor was held constant at 20 bar, and the reaction mixture — apart from
the fixed-bed catalyst — consisted of one single liquid phase.
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As hydrogen peroxide solution, an aqueous hydrogen peroxide solution (stabilized, 40
wt.-% of hydrogen peroxide) was employed. As stabilizing agents, this hydrogen perox-
ide stream contained 111 micromol! sodium fons per 1 mol hydrogen peroxide, 91.8
5 micromol sodium phosphorus (P) per 1 mol hydrogen peroxide, and 80 mg nitrate per
kg of hydrogen peroxide. Apart from sodium, the hydrogen peroxide stream contained
only traces (less than 10 wt.-ppb) of other metals (iron, aluminum, fin, palladium). Such
aqueous hydrogen peroxide solution are commercially available, e.g. from Solvay as
aqueous crude washed hydrogen peroxide. As propylene, polymer grade propene
10 (99.9 wt.-% propene) was employed.

The product stream leaving the reactor was decompressed to ambient pressure into a
vessel where gas and liquid phases were separated. The amount of gas was deter-
mined volumetrically and its composition analyzed by gas chromatography. The total
15 concentration of peroxides was determined iodometrically. The concentration of H,O,
was determined colorimetrically using the fitanyl sulfate method. The difference be-
tween the two values is generally a good measure for the concentration of hydroperox-
ypropanols {1-hydroperoxy-2-propanol and 2-hydroperoxy-1-propanol); this was con-
firmed by determining the amount of propylene glycol by GC before and after reducing
20  the mixture with excess triphenylphosphine. All other organic components were deter-
~ mined by GC using a FID detector and using 1,4-dioxane as an internal standard. In
particular, the selectivity of the epoxidation process with respect to byproducts and
secondary products oxygen, methoxypropanocls (MOP), and hydroperoxides was de-
termined. Selectivities were calculated as selectivities based on hydrogen peroxide.
25
The respective values for the epoxidation process after 200 h, 300 h, 400 h, and 500 h,
are shown in Table 1 below. It is clearly shown that the preferred catalysts according to
the present invention have superior selectivity characteristics compared to the compar-
ative catalyst C which does not contain carbonaceous material. Further, one can see
30 that the amount of carbonaceous material of catalyst A2 which is in the most preferred
range of from 0.01 to 0.06 wt.-% is even better than an amount of 0.074 wt.-% {catalyst
A1),

Additionally, after a runtime of 300 h, the temperature of the cooling medium passed
35 through the jacket of the tube reactor had to be increased to 42 °C for catalyst C in
order fo allow for a hydrcgen peroxide conversion of 90 % which, as indicated above,
was chosen as internal standard allowing for a comparison of the 3 cafalysts. As far as
the inventive catalysts are concerned, the respective temperature, after 400 h, was 40
°C for catalyst A2 and 42 °C for catalyst A1. After 400 h, said temperature was 44 °C
40  for catalyst C, but only 41.5 °C for catalyst A2 and 42 °C for catalyst A2. After 500 h,
said temperature was 45 °C for catalyst C, but only 43 °C for both catalysts A1 and AZ2.
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Obviously, the inventive catalysts showed improved lifetime characteristics, in particu-
lar for long runtime experiments important for industrial-scale processes. Moreover, in
" addition to the superior selectivity values with regard to by-products and secondary
products as shown in Table 1 below, the catalyst A2 was also found to be the best cat-
alyst as far as said temperature-based lifetime characteristics are concerned.

Table 1: Selectivities (propylene oxide, by-products, secondary products)

after selectivity of # catalyst A1 . catalyst A2 catalyst C
#h (based on H,0;) selectivities / % (at H,O, conversion = 9012 %)
propylene oxide 95.5 96.3 95.7
oxygen: 0.5 0.3 0.4
200
hydroperoxides 1.4 1.5 1.5
methoxypropanols 2.3 1.7 2.3
propylene oxide 895.3 : 96.5 95.3
oxygen 0.6 0.3 0.5
300
hydroperoxides 1.5 1.5 1.6
methoxypropanols 2.3 1.5 2.4
propylene oxide 4.7 95.3 94.9
oxygen 0.6 0.6 0.5
400
hydroperoxides 1.7 1.7 1.7
methoxypropanols 2.8 2.0 2.5
propylene oxide 949 895.7 94.9
oxygen 0.7 0.5 0.5
500
hydroperoxides 1.7 1.6 1.6
methoxypropanols 2.6 2.0 2.6

The catalysts A1 and A2 have a crush strength determined using a Zwick apparatus as
described in detail hereinabove of more slightly more than 23 N. However, catalyst C
had a cutting strength of 20.8 N.
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in the hydnocar heg pﬁs@ﬂ@g@brsmam DLAEESS in (INenPNRs RS st@h, of claims 1 to 5,
wherein the hydrocarbon is an olefin, preferably propylene. The process of

any of clains 1 to 6, wherein contacting according to (ii) is car-ried out
at a tenpefaturé he predess hRigEn dforfZ orherd theoins O Girapsphises israsciess geb cay of

clainmsggy to 7, Mﬁn@auma@@bltn@mﬁ@me rd Prefdrbdly bsing ditfdged. out for a
time in the range of from1l2 to 48 ) 2011/ 064191PCT/ EP2010/ 067987 41

9. The process of any of clains wherein the titanium zeolite has an
MF1, MEL, Kwwy BERA pfﬁceﬁm‘ %yrqj@ﬁm%%@ Savhgrziadn §brthe fluidds aas flseam cadr e
thereof ., pref er abhiyig dhe MdEllest romet hydeocarbon and an inert gas or a mixture of inert

gases, wherein in the gas stream, the volume ratio of hydrocarbon to inert gas
25 or inert gases is in the range of from 1:50 to 1:5.

B, The process of any of claims 1 to 4, wherein the at least one hydrocarbon em-
ployed in (i) corresponds to the ‘hydrocarbon being converted in the hydrocar-
bon conversion process.

30
6. The process of any of claims 1 to 5, wherein the hydrocarbon is an olefin, pref-
erably propylene.
7. The process of any of claims 1 to 6, wherein contacting according to (ii) is car-
35 ried out at a temperature in the range of from 400 to 500 °C.
8. The process of any of claims 1 to 7, wherein contacting according to {if) is car-.

ried out for a time in the range of from 12 to 48 h.



510. The process of any of claiml to 9, wherein neither before nor after

(ii), the cata- lyst is subject to a silylation treatnent. 11. The process
of any ofwolaims4m®ito 10, wherein after (i) and prior t®C{iEPrl00b®sTat al yst
is subject to hydrothermal treatnent, t#t hydrothernmal treatnent preferably

10conpri si ng ”%Egﬁéde@ of ?ﬁ¥ %F‘E%@(fﬁ t@"st Qxh‘é’?eﬁﬂqe' tﬂaﬁipmai%oﬁt%l 85Can MF, .
preferably at a pressure o rom 0 bar, preferably a aterrﬁ;;ratureln
the range of fr&fﬁl-lwv\b BEoord ER srcvraifiry ised gtrp@viedd tee of perg heradd 48 h;
(11) drying thepcd¢ablysin, Mpratfuetuadl y at a tenperature in the range of from
100 to 15150 C, and (111) calcining the dried catalyst, preferably at a

tenperature _in e range of from450 to 500 C .12. The process. of any of
ot Bt 01T, TREFERES pEyid SBmd o wRedia SRR peloRelRsatnupe die -
preferably extr lueid, subgciioresiigation deatgeobnpri sing the titanium zeolite and
preferably at |east one binder, in particular a silica binder. 13. The

f ,an | al . erein the.c l,yst .cantains. the
Car bonaceods. T BF PR orh R E oo ot 0 e ) (¢ 3ho BB BULF pig te-
preferably fromyshs 9bpet o vgdraeermabresieieghtthe ruirathgrredl dreabngntioreiaadlyo2 t o
0. Q5h%b1¥ wei ghtcomprgieg pref erably from 0.03 to 0.04 % based on the tot _al)
t tit ; r 1),
the car bonaceoud mt Soy R 17 SHAUSL AR ubrkith SRLEIE prerERl R L 1

an anount of from 081 £ & 8.Pa" rﬁfﬁr ghe eppeeRirabt {rerabas 6f 6o Htoos %
by wei ght, nore prefléd aB] yreferanty ©r @2etiod 80Br052% By hwei ght, nore preferably

fromO0.03 to O. % L i i b
zeol i tg 5cont ai ne i‘ﬁgg)nbg‘é\.ﬁg%tﬁ %ﬁyﬁgﬁ (ﬁgﬁg@,ﬁ%’[ %gteﬁg%%%u%\@n?gitrﬁ%g&e{kﬁm%Urﬁoum
NSt

zeolite“and carbona erial, the catalyst containing the carbonaceous
materi al in an &hbuseicioingftherdredooetalystOpeieygblp aéfa- ten@sraturabhythé ramge0of01 t o
0.1 % by wei ght, nomrempaeftesablyg. from0.01 to 0.06 % by wei ght, nore
preferably from0.02 to 0.05 A by weight, nore preferably fromO0.03 to 0.04
% by weight, based on the total weight of titaniumzeolite contained in the
catal yst, daid daedtrgaasspdiay ebelainsabite Ok varen dedbipeatitarideeseplitec Sor di ng
to any20f cl ai mghdpdd plderablyeneided, e divet amaldhmg eompliendas @anilnl zedheL,

ref- erably an W <ot e il AE P oR e e B ver0nr 42

13. The process of any of claims 1 to 12, wherein the catalyst contains the carbo-

naceous material in an amount of from 0.01 to 0.1 % by weight, preferably from

25 0.01 to 0.06 % by weight, more preferably from 0.02 to 0.05 % by weight, more

preferably from 0.03 to 0.04 %, based on the total weight of titanium zeolite con-

tained in the catalyst, and wherein in (ii), the carbonaceous material is depos-

ited on the catalyst according to (i) in an amount of from 0.01 to 0.1 % by

weight, preferably from 0.01 to 0.06 % by weight, more preferably from 0.02 to

30 0.05 % by weight, more preferably from 0.03 to 0.04 % by weight, based on the
total weight of titanium zeolite contained in the catalyst. '

14. A catalyst containing a titanium zeclite and carbonaceous material, the catalyst

containing the carbonaceous material in an amount of from 0.01 to 0.5 %, pref-

35 erably from 0.01 to 0.1 % by weight, more preferably from 0.01 to 0.06 % by

weight, more preferably from 0.02 to 0.05 % by weight, more preferably from

0.03 to 0.04 % by weight, based on the total weight of titanium zeolite contained

in the catalyst, said catalyst being obtainable or obtained by a process accord-

ing to any of claims 1 to 13, wherein the titanium zeolite has an MF!, MEL,

40 MWW, BEA or FER structure or a mixed structure of two or more thereof, pref-
erably an MFI structure.



15. The catal yst of claim 14 insofar as claim 14 is dependent on claim 12,
wherein the nol ding conprises mcropores and nesopores. 516. The catal yst of
cl ai m 15, wotherigiomiot he nol di ng conprises the titani um ze®CirtEP2@0061982

car bonaceous material in an anount of f4dm 70 to 80 % by wei ght, and from
20 to 30 % by weight of a binder, preferably a silica binder, in each case
based on the total weight of the nolding. 1017.The catal yst of claim15 or
16, wher ei A%t he Tﬁﬁlcéf%t Abeai 4 (RsAfas £p SlRiT H 4dF dapendceaten olainN/2pwesreinabl v
from 22 to 25 Nthedebkeing cvegrivss mraporeppad messporgsom Zwi ck, type BZ2.5/ TS1S
as described in detail the specification. 18. Use of a catal yst according
to any af clai or t in a s for the 5C0nverS| n of a
hydr obaBborl®: pr APBCAIS: IS, BEPER MR e PN Te PSSR Uroeest e 8er abl y
for the epoxi dathetarbfnegaowd waienal in anparauntof feom 7o to 8Gieo Iapwmgdtatand)fromﬁ
propyl ene. 19. Theouses, 6f m@h@&mégand@h@m@@bt fhesnp&a%ﬁ@e% hWachREsEBHMRYN Si on

of a hydrocarbon Iﬂi quqm%{g%g fstﬁﬁmﬁkﬂ'&ge preparation of propylene oxide in

t he presence of °q | east one titanium zeolite and
car bonaceous materi al, the catal yst conprising said carbonaceous nateri al

in a raoge 1gf fI’T(hchte(Dﬁst bbclBind 150bY 6 Wehelin thasesldiag Habe drosabtramitig bt aof
titani um zeolit g,,q @;‘éﬁ%efﬂgmtf‘t&%(%)@é% H'éo”gsu %%ﬂtfdp%%ﬁi%%a' ning

the titani um zeo ﬁ% car
catal yst accor dIZM@th B’pﬁl ¢ heas Q?ﬁjé‘ B¢ irrdiail "beéﬂe?'ﬂﬁa@(’% % by wei ght

based on the total weight of titanium zeolite contained in the catal yst by

contacting qgai d U%@tcﬁlayc%E ys% rd@@ td’§h5ﬂ§f éléﬂﬁ‘qsc@tﬂff’é Y810 'l'f‘|n5fr§§cgé’sdﬂ'ogon gar bon

conversion reacti on, conta east ,.one car in an
ner émspheréoweéSl%to EW B0 WIS e SHaPN 5 STORYEon
catal yst, (iii) cuimeactfénaglytioreihe gpakigattonaiitaai akgfun, acpastiailargot e (epb)idalianh a
reaction m Xt urefpropylene. CONprising propyl ene, hydroperoxide, and at |east
one solvent, wherein in (ii), the catalyst is not contacted with an oxygen
cont ai ni ng % 3520, The use of claim19, wherein in (iii), the catalyst
is a titanil®m siThecapiof daim E&tvdiepain the precessdpbibeceryareion of ahuiregerhonisr oxi de
and theosol vent a grob@sitantle. prégarafldreotis@pabng bRidid theOpreddhcevdies eatalybhe

catal yst oot al ngulih CATBARBRE oM IRL £ abnd Dy B, AIRHO o0l ALl ¢ ©

0.1 % by wei ght, pre
preferably fr omceM@Esipg sgldo@rb/gwew Q’tﬂte”w é 'pres é’f érﬁﬂyofoﬁotﬁ Q)5(f'é o 0.04
% based on t he weidhdbaserl ghthe ddtaltweigtiofititaneod datite; et @roteed comptibiag

(i) providing a catalyst containing the titanium zeolite;

25 (i) depositing carbonaceous material on the ca’{élyst according to (i) in the
range of from 0.01 to 0.5 % by weight based on the total weight of tita-
nium zeolite contained in the catalyst by contacting said catalyst, prior to
using the catalyst in said hydrocarbon conversion reaction, with a fluid
containing at least one hydrocarbon in an inert atmosphere, to obtain the

30 carbonaceous material containing catalyst,

(iii) contacting the catalyst obtained according to (ii} with a reaction mixture
comprising propylene, hydroperoxide, and at least one solvent,
wherein in (ii), the catalyst is not contacted with an oxygen containing gas.

35 20. The use of claim 19, wherein in (iii), the catalyst is a titanium silicalite-1 catalyst,
' the hydroperoxide is hydrogen peroxide and the solvent is methanol.

21. The use of claim 19 or 20, wherein the catalyst contains the carbonaceous mate-

rial in an amount of from 0.01 to 0.1 % by weight, preferably from 0.01 to 0.06 %

40 by weight, more preferably from 0.02 to 0.05 % by weight, more preferably from
' 0.03 to 0.04 %, based on the total weight of fitanium zeolite contained in the



WO 2011/ 064191PCT/ EP2010/ 067987 43 catal yst, and wherein in (ii), the
carbonaceous material is deposited on the catalyst according to (i) in an
amount ofwbnomv@+0®1 to 0.1 % by weight, preferably frompOTEP2410/067986 % by
wei ght, nore preferably from0.02 to 0.45 % by weight, nore preferably from

0.03 to 0.04 % anc)w? ﬁ%tvghepé\ﬁ%oﬁ”}hé %Srb‘iaﬂ&@éou@%% aI %fdetdots;f@d Hrm(h% ca ajl e

contained in th
lyst accordmg to (i) in an amount of from 0.01 to 0.1 % by weight, preferably from

0.01 to 0.06 % by weight, more preferably from 0.02 tc 0.05 % by weight, more
preferably from 0.03 to 0.04 % by weight, based on the total weight of titanium
5 zeolite contained in the catalyst.



