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THE | NVENTI ON This invention relates to a nethod of producing an inproved

titani umwtgﬁ%g.}lni ng catalyst and its use in an epoxi dati opcRuSsRIses The
catalyst 1s obtained by inpregnating a high surface area siliceous solid

with a titanium halide in a hydrocarbon solvent, or a vapor stream of
titaniumtetrachloride, io followed by-calcination. The catalyst is .highly-

active for ol efin HETEROGENEOUSERGXIDATION CATALYSENTI ON Many different
met hods for the preparati on of epoxi des have been devel oped. One such

met hod i nvol ves the |iquid phase epoxidation of an 15 olefin with an
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avoid loss to a waste stream. However, it can be very expensive to recover

the soluble catalysts after use. In addition, recycle decreases catalyst =
20 productivity by also recycling certain hea\iy substances such as acids and
polymers that tend to accumulate along with catalyst in the heavy bottoms
stream. The recycled heavies’ stream decreases epoxide selectivity or
olefin conversion. '
Heterogeneous (insoluble) catalysts have been developed to avoid
25 homogeneéus catalyst disadvantages. U.S. Pat. No. 4,367,342 discloses
an olefin epoxidation process in the presence of an insoluble catalyst
B comprised of an inorganic oxygen compound of titanium.- Unf_ort_u_natgly, the =
 disclosed catalysts have less than optimum activity and selectivity. British -
Pat. No. 1,332,527 teaches a process for preparing an improved titania-
30 silica catalyst characterized by impregnating an inorganic siliceous solid with
a fitanium compound in an oxygen-substituted hydrbcarbon solvent,
removing the solvent, and calcining the impregnated solid. Suitable solvents
are limited to oxa and/or oxo-substituted hydrocarbons thét are liquid at



According to this patent, inpregnation in an oxygen-substituted hydrocarbon

sol vent opetiyaefl catalysts with inproved properties conpaFerusmnnisoai | ar
catal ysts prepared by other nmethods. The alleged reason is that such 5

catal ysts have a nore uniform non-aggl onerated content of titanium
dioxide. Alater-filed
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The catalyst prepared by this method has activity similar to that produced by
the method of EP 345,856. Although WO 98/50374 discloses that higher
20 surface area siliceous solids can incorporate more titanium, it does not

disclose any benefits with higher surface area solids.

- New methods to produce heterogeneous catalysts for olefin
epoxidation have focussed on the use of high surface area, mesoporous
supports such as MCM-41 and MCM-48. The methods include direct

25  synthesis in which titanium is incorporated into the framework of the support
(see Tanev, et. al., Nature (1994) V. 368, 321) and a grafting technique in
which titanocene dichloride is grafted onto a mesoporous silica (see
Maschmeyer, et. al.,, Nature (1995) V. 378, 159). Titanocene dichloride is
taught to be superior to titanium tetrachloride or titanium isopropoxide due to

30 lesser tendency to form unwanted oligomeric titanium-oxo species.
We have discovered an effective, convenient method of producing
catalyst compositions having high epoxidation activity (and selectivity).



These new cat al yst conpositions are significantly nore active than

cat al ys{gp e1@837i ned by techniques. taught in . EP 345, 858ctr/ifdo3sda0374, or
by Maschneyer, et. al. 5 SUMMARY OF THE | NVENTI ON The invention is an

ol efin epoxi dation process conprising contacting an organic hydroperoxide

wi th an ol ef'bn in the gresence Qf a cat alé? The catalyst is produced by
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titani um source; cal ci ni ng thé inpregnat el |_ ; opt ¥onal ly,
heat i ng theMa@pbmpyer,uah alhe presence of water. The titanium source can, be
either a solution of .a titanium halide in a non-oxygenated hydrocarbon
solvent or a vapor streamof titaniumtetrachloride. Optionally, the

catal ystspreparati on rret hodSUMMARYEOF (THE INMENTIORI step of treating the

Is catalyst with | ati.ng age W, syrprisingly found that catal ysts
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catal yst 25 rati on ne acterized | rrpreg_natl ng, a high

surface . aP HOrPﬁa]MoFGS‘HPQ o F%‘éfﬁ% '%JF‘PdeeﬁﬁW%gJ wateracdhgr ianiyreat er
than 1100 ﬂ%@pcevw;érh b8 e.&@r% 'serqneﬁ 5f*é%ﬁémmnhﬁéﬁdte il 3 Ao Ry ygertes ! ed

hydr ocar bon sol vent. Suitable solvents for this purpose are
hydr ocar bonbydrokatbaosatvant ar@nvapar streayeaf titeoivwm tetrachiorige. dOptionaltyi, ent -

Gonor ai 1y SBEERAYE PR rnetRe ordRue b aaHicn b s e «
wher ei n1§i t aatialyst hdthiadsilyttimgeagentt i ons of at [east 0.5 percent by wei ght
PtCTIZLSJgO((:')’aglgS 4ac Ic-:‘e \SISI%TISIDQ?y Po%nac%ﬁatr (l:)ac%glysts prcsgt%c::Leld1 by\%e iLnl\gregnatlon of

high surface area siliceous solids with titanium halides gave higher activity in

olefin epoxidation corhpared to known catalyst preparation methods.

20 DETAILED DESCRIPTION OF THE INVENTION

' The epbxidation process of the invention utilizes a titanium-cdntaining
heterogeneous catalyst that has unexpectedly been found to give superior
epoxidation performance compared to materials made using other
impregnation methods. in one embodiment of the invention, ihe catalyst
25 preparation method is characterized by impregnating a high surface area
" inorganic siliceous solid, having surface area greater than 1100 m?/g, with a

solution of titanium halide in a non-oxygenated hydrocarbon solvent.
~ Suitable solvents for this purpose are those hydrocarbons. that do not
contain oxygen atoms, are liquid at ambient temperatures, and are capable
30 of solubilizing the titanium halide. Generally speaking, it will be desirable to
select hydrocarbon solvents wherein titanium halide concentrations of at
least 0.5 percent by weight at 25°C can be achieved. The hydrocarbon




sol vent should preferably be relatively volatile so that it may be readily
renoved & HQphisge i norganic siliceous solid follow ng i npragii@seeisessSol vent s
havi ng normal boiling points of from25C to 150C thus nmay advantageously
be utilized; Particularly preferred classes of hydrocarbons 5 include

C5-C12 aliphatic hydrocarbons (strai ?h_t chai n, branched, or g);é;l I C).,
E6-C12 ar onesoiventy 8heud - Risfrrablynbe s@iatiyely Ngletile 591 thati it may beatfaadily
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i o hal ogen is,present in.the.solvent . it s eferghly c ri xtures
of non- oxygeﬂg‘%)aéﬁa WS&QFB@H@QM? *HB%I'&‘Q\& pr "§§ %%%%’Seg‘% qu;gg?'alggﬁl y, the
sol vent usedinchidel CGgaliphatic hydiveatsorss(staightidhain, Yoranesedf or vpdliey, (i . e.
anhydrous). Wil e oxygen-containing hydrocarbons such as  al cohols, ethers,
esters, ket ofe$1ancRiomatici KBydracawops” plinaluging; nalkynsubstifuted 5 ajpmatiche
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i nvention on 2&}%%@%&%%@ ﬂé%@gggtrégo(r?ﬁﬁggﬁe%é&rggﬂg %gﬁsgjﬁt@ﬁuri ng
i npr egnat i onhaleganptedsaromatici hyalsbearhpns.o ddosh prefesathly, cthiessalventudbesnadtexane,

n- hept ane, cycl.opent ane th ent.ane net hyl cycl.ohe e, di methyl
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di chi or 0@6haﬁﬁﬁ:geﬁhé@féé&@uﬂﬁﬁﬂh@sdﬁféﬂ,\fdiscérbﬁraﬂ&ghﬁﬂﬂe.the like. Unlike the
procedure described in Exanple | of U S. Pat . 4,021, 454, wherein water

is added to a mi xMixturessofnaraaxygenatad bydipeanbeas may be useddf 5o dasiiesht ane,

t he process LSy | | ' : ' ' . citeri zed
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solvents include n-hexane, n-heptane, cyclopentane, methyl pentanes,

methyl cyclohexane, dimethyl- hexanes, toluene, xylenes, methylene
20 chloride,.chioroform, dichloroethanes, chlorobenzene, benzyl chloride, and
the like.

‘Unlike the procedure described in Example | of U.S. Pat. No.
4,021,454, wherein water is added to a mixture of titanium tetrachloride and
silica in n-heptane, the process of this invention in preferred embodiments is

25 characterized by the substantial exclusion of water until at least after
- impregnation is completed and preferably until after calcination. “Substantial
exclusion” in the context of this invention means that water is not
deliberately added or introduced or, if deliberately added or introduced, is
removed prior to introduction of titanium halide. The use of reagents and

30 starting materials having water present at the trace levels normally and
customarily found in such substances when sold on a commercial scale is
within the scope of the present invention. Preferably, less than 500 ppm



WO 01/ 23371 PCT/ USOO/21594 water (nore preferably, |less than 100 ppm
wat er) in the non- oxygenated hydrocarbon. il ani um
hal i desﬁ?ﬁ% tr| - and tetra-substituted titani um con%%i&ggmilﬁg have
fromone to four halide substltuents with the remainder s of the

.substituents, if any, bei al koxi de or ‘am no groups. Suitable titanium
hal i des i'ncWater {meeenprefe y.dgas dhanri 100t ppranivater) ds peédendrin dbe mon-ani um
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m xed hali i (1V) titanium halides, diisopropoxytitani urh'

di chloride, . bi sG&ditableytiamium)halidesi mmlﬂectﬂ-oamdieetrﬂsﬁbtﬂatéd Kiganium
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t he total

i nt erveni ng éﬁ??'ﬁﬂyladﬂwpgﬂaméﬁ'l Sictleride, andy, the d threferablyy call HBedesi r ed
titani unyco I c f e of

thi o1 it Pup et SHchRD © HERARHLE et i SRiddty, Mo BRI 2T |
silica (si.lihabde i titaniae) telnaghlonidee a specific surface area of . at |east 1100

n2/ g, and preferahi. e i fi - i om, 1100 n2l g .
'6 3000 mel g Thavhie frCoorEERlafien BE bl il M S bifiocaren Fhivet ey have
gurre[] ous poleaoct cidticay,thdtitariom: MIFfeséonmtrbhm)WIho}pﬁcalll}&w mSthéwahgé?S :
ynt hetic ingrganic oxi errater s cont ai a na roportion o

silica conpﬂ?@"hﬁcmh@P ('%S%rstoo* |'HB‘P§EFﬁrcnt'? F%@Bﬁ ogé he B@0UMat eri al's
are_ knovg a%aﬁ&érﬁcfﬁér !ﬁy&?ﬂcﬁﬂ%rﬁ%@lﬁeﬂ?'éﬁﬂ?%é'érhG@ntabf‘@oﬂﬁron used is |

silica- magnesi a, silica-zirconia, silica-alumna-boric and

si | i ca- al unidesirablyrasivsied o peavide g tHaniymegertent iy thectinal cajalystrafdrasore or -
TeS0pOr OUS 18P} B Hb iR KT IR oAl 51 oA AR oA idlideight SFRKe! SO e

utilized as the in rganlc Sl ous
; catalyst).  Multiple impregnations, with or without |nterven|ng drying and/or

~ calcination, may be used to achieve t_he desired titanium content.

20 Suitable inorganic siliceous sotids'fbr purpose of-this invention are :
solid materials that contain a rhajor proportion of silica (silicon dioxide) and
have a specific surface area of at least 1100 m?/g, and preferably the
‘average specific surface ‘area is from 1100 m%g to 2000 m%g.  The -

inorganic siliceous solids are porous, in that they have numerous pores,
25  voids, or interstices throughout their structures. '

Synthetic inorganic oxide materials containing-a major proportion of -
silica comprise another class of inorganic siliceous solids. Such materials
are known as refractory oxides and includes silica-alumina, silica-magnesia,
silica-zirconia, silica-alumina-boric and silica-alumina-magnesia. Molecular

30 sieves, particularly large pore or mesoporous molecular sieves such as
- MCM-41, MCM-48 and M41S, may also be utilized as the inorganic siliceous
solid.

T



5 sem WD 01/23371 PCT/US00/ 21594 Preferred inorganic siliceous solids are
t he mesqpgigdsrinol ecul ar sieves such as MCM 41, MCM 48 amrdTROBDO/E594
Particularly preferred is MM41l. It is highly desirable to dry the

i norganic siliceous solid-prior to 5 inpregnation. Drying nay be

deveral nours af PIPERBerardRhe SficeBe s AR #R isBpbiG  Hoiedlal 200
General |y spigvissnguct lasr MOM-410 MEpMI480and M4 0S. t Eapticwanly qeferreeixigess of
700C in order_to attain a sufficient degree of dryness. Vacuum or a

flow ng str ot a dry gas such as io nitrogen may be applied.to
accel erate the digy i Gighip chsirabdYo qirylt{h%l RIIYSME] Sificddus SBRY PiRst fapans of

i npregnating a porous ~solid with a soluble inhpregnating. agent nmay: be
used. Fos exmappegnatione Dryingumayrbeaacapmplishede fafi exampled bynheatinghther ocar bon

11 ceous snaBnETRECeotls sl 3or Selar KEBHE B3t et FIHEE Budea o
the hydr ocarfiponCs pleferably af igdse 200tCt aBendraiipspdaking, therpiienb e Rss"” |
i npregnation techni ques, whereby a nni n‘HI’Q ciuant ity of solvent is utilized
in order toSNRIPY epmaratlusRs 3 exceps oty /0Q G In) arder dp; atlaineas ificient The

resulting mygqpeé d?ad’rﬁﬁéség%cﬁﬁﬁid?né"ﬂdﬁvig;tﬁre%q)n !_éadrvoﬁé’%u%rfé

m xing, prior~to further processing. CGenerally speaking, e 1 npregnating
sol ut i onios hanitregeremalyzrseapphieddoracaeleratietthe dndng poagssi ¢ sil i ceous sol i ds

the avail able poralief thecicieffiatdl smBiovey et eOaiBEBhEfE  pcfol ca or
it mpr eg n?t | orsoigywitiher eefubly irhpregaativg Ggeyit tiiay bg wsed1oFaradalnypléStiss evat ed
enperature

100mMm Hg) prtf(‘g'?i%%hg'%%%n%&%%gﬁgsg% g‘&ﬁr&ietgﬁlé?ﬂ?fg’ %ﬁga@ggbﬁ%ﬁién ?‘iﬁlﬁra?a:_lgst gp
909 o the Bdraparige MMM wih the Moo B RS e nofarie™Sr 1o
cal ci nat ison. sifidepugr solids cowd alag tm addedettethebnydeasarhen isolutiooof the r at i on
or gent ri fugtﬂ%liwﬁﬂw hQid$move any excess [ rrpregnat.i on sol ution.
- “Incipient wetness” impregnation techniques, whereby a minimum
quantity of solvent is utilized in order to avoid formation of a slurry, are also
suitable for use. The resulting mixture may be aged, optionally with
20 - agitation or other mixing, prior to further processing. Generally speaking,
the impregnating solution should be placed in contact with the inorganic
siliceous solids for a period of time sufficient for the solution to completely
penetrate the available pore volume of the solids. The hydrocarbon solvent
. used for-imprégnation may thereafter be removed by drying at moderéte!y
25 elevated temperature (e.g., 50°C to 200°C) and/or reduced pressure (e.g.,
1mm Hg to 100mm Hg) prior to calcination. The conditions in the solvent
. removal step are preferably selected so that at least 80%, more preferably
at least 90%, of the hydrocarbon solvent used for impregnation is removed
prior to calcination. The drying step may be preceded by decantation,
30 filtration or centrifugation to remove any excess impregnation solution.

- Washing of the impregnated siliceous solid is not necessary. Thus, one



Washi ng of the inpregnated siliceous solid is not necessary. Thus, one 6
WO 01/ 2 | USO0/ 21594 desirabl e enbodi nent of this_i | S

char act ﬁ%&%@% t he absence of such a- washing step. Iﬁ‘%ﬁ%ﬂé{%‘?

enbodi ment of the invention the high surface area inorganic siliceous
solid is inpregnated 'by a vapor streamof titanium -5 tetrachloride. The
vapor st reardesga!pleoamugdlmgntqudmmgvanm isooharaciegiaed by thenabsence of :
tetrachl ori atlon i s conducted at tenperatures -greater than
50C at at m)(séglﬁh-rg\&a%ﬁ'ggé é. Preferably, the vaporization tenperature is
greater than 80Clrarmhoth9|stemﬂsadlmeablof th daventionhathe BB suffater adal vel y,

| ower tenperatures aiﬁ &?s B by decreasi rgg reaction | 0 pressure.
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is then passed over surface area I norganic siliteous
conpl ete théltamwme@etsaqmnn - epTh@hvaparizatjani is cohtlucted sat deingeratures

Prefer abl v, et ST & Aok Resis. o Hrefiathy e NeBgRBR o

80C and, nD&émpéfaftereaublgrea@rmmeotm@ndlaﬂﬁt prefelably, eatep tiEgNA80W, t he.

vapor phase nd Il hase nat ed siliceous solids are. cal cined by
firing at arf\ E?"HP reg.prg Ressihle By Hecrsasingr feartion the
pr esenceof 2 I r an inert
gas whi ch i ?é*é'ﬁstaﬁﬁ‘féﬁ”? A4, 046 P IE ol B8 79 S, k.2 o

hel i um or t lasgon,k carhon disxide,e andethef llkel n dhe sapordistieam oéf tikaniumvent i on

oth oeygen ERHERe, i BEEARE P, PUROE R Brn S MBI SR
at mospher e colid ao rl:bn’ap%ét@ thé nmmegriaﬁndw&eppm rrhlaanopgzagmsmééms $oirll igr abl y,
| ess than 2000, esent I n ‘Ee cal cination atnosphere.

| deal |y, thé“@!@ aé&é"erﬁ E?t“i"@ng ?"ng‘a@aﬁg Auring. thes imregnatiom 500
ppm. It {55 IrGaRGEbI fhe té?ﬁﬁ‘@féﬁire SipregRaticld Aldintamedfnglidagst gandi tions

are difficult to attain in arge-scal e"commerci al operations.  Optionally,
t he cal ci nataooﬁami/nwtmefﬁtam\brgmerthafh@%ﬁbsence of a reducing gas, such

as car bon MONOXiglQowing impregnation, the vapor phase and liquid phase

- impregnated siliceous solids are calcined by firing at an elevated
, temperature Calctnatlon may be performed in the presence of oxygen .

20 (from air, for example) or, more preferably, an inert gas which is

substantially free of oxygen such as nitrogen, argon, neon, helium or the like

‘or mixture thereof. In one embodiment of the invention, calcination is first
performed in a substantially oxygen-free atmosphere with oxygen being -

introduced thereafter. Préferably, the calcination atmosphere contains less

25 than 10,000 ppm mole oxygen. More preferably, less than 2000 ppin mole

oxygen is present in the calcination atmosphere. Ideally, the oxygen

concentration during caicination is less than 500 ppm. It is recognized,
however, that substantially oxygen-free ‘conditions are difficult to attain in-

large-scale commercial operations. Optionally, the calcination: may be

30 performed in the presence of a reducing gas, such as:carbon monoxide,

when the some oxygen (e.g., up to 25,000 ppm mole) is present. The

optimum amount of the reducing gas will, of course, vary depending upon a
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when the sone oxygen (e.g., up to. 25,000 ppmnole) is present. The
opt i mumyapids7of the reducing gas will, of course, vary ptapeswiemgs upon a
7 iioior WO 01/23371 PCT/US00/ 21594 nunber of factors including the oxygen
concentration in the calcination at rmsphere and the identity of the

| evel s of nol e % in the

reducin as, but re I n S :
cal ci na? i gn"HmPGE idaaﬂ g'"%&?i"!ﬂalti‘?/ %QPFC?%’?ﬁe"“aF'ﬂno'Hetmtﬂ"??éW of the
i nventi on, sﬁi\s:;méf d eABBARY THné Rodityhy ShSoBA CRCHITEH RiElsodr Oxyoen.

a reducing épre era carbon nonoxid opt i onal one or nore
inert gases rpm 1, ton1@ m;zje %o iméhe gaicmaéiagatmoeahg@nar@i tyrically suffisientat al yst

bei ng. passeltt butfoBinet: of e fiveRtof AGRMON' ' begodndd [ BoEG, °°°
activi tysof atresptadrel yempriséd i 6f ioxygehard rtebatmghgasa(prefmablyn chtboper formed
at a tenperature, of at, | east 500C. More referabl calcipn a\tion

t enper at ure"?%"% 8) AN, opHeRakyCNFoOH MOk é’i‘e"f Igéﬁegéﬁﬁc nitregen. Beljum

cal ci nationg %a?t;orf zout_ 0.1.to 24 hours will be suffici ent The

cat al yst rray e reacte wat er after and/or durin 15 cal ci nati on.
Such reaction caf hbecaéaif/etcmem bleymai’rrbaiinedeimplfe(,edchaﬁdumngigaicmtionatiﬂnl yst

ith st { |

of 100C o aesffaReBrS Dely B ebBhhE| Skt Belr ThoMaHc® 1l T or®
from abogt @pbxidatién hautivity oRethet catalyed, tit isvihportast thegtithebtalcinatiowbéer to
reduce the anount of residual halide in the 96jal ys deri ved fromthe 20.

titani um halPeferpedgahtd d8MPERINIR fagk leasd rQ)xy fis Prafetably, nthe
catal yst. -Eaf‘cnr?étgﬁ\' g@t’ur@' ﬁsoa?%ééte?bg‘ﬁ: VMthnén r‘éra%ntl'fans"ilobbaé' ng

agent at el evate er ature. Epoxl de ectivi t IS generally 1 nproved
by silylati erpicaﬂylgalemahrm timep of fromuabguidb il o 2ddwuss wil be sutficieat on and

iyl Bt on met hoddeoatdiint iRy "b8; edder Wi: SBREt ottt Al o' ' ©
descri bed i aldidatioriat Sublseaction3cdi? Be Fectatt by, &i‘?e)&ﬁ-apie Scoritebtiry tHd vl ating
& ganosi | an AT SIEE Ao SIRVAES! {RRIabI B APHeoBhs & PTPRSR
. excess of 100°C, more preferably, a temperature in the range of 150°C to '
-650°C) for from about 0.1 to 6 hours. Reaction with water is desirable in
order to reduce the amount of residual halide in the catalyst derived from the
20 . - titanium halide reagent and to increase the hydroxy density of the catalyst.
The catalyst may also be treated with an organic silylating agent at -
_elevated temperature. Epoxide selectivity is generally improved by silylation.
Silylation is preferably performed after calcination and most preferably after
_both calcination and reaction with water. Suitable silylation methods
25 adaptable for use in the present invention are described in U.S. Pat. Nos.
--3,829,392 and 3,923,843. Suitable silylating agents include organosilanes,
organchalosilanes, and organodisilazanes.
Organosilanes containing from one to three organic substituents may
be utilized, including, for example, chlorotrimethyisilane, dichlorodimethyl
30 . silane, nitrotrimethyl-silane, chlorotriethylisilane, chlorodimethyiphenyisilane
- and the like. Preferred organohalosilane silylating agents include tetra-



be utilized, including, for exanple, chlorotrinethylsilane,

di chl ormﬁw Lyl 30 silane, nitrotrinethyl-silane, chl %#/Fé(ﬁhf%ks' | ane,

chl or od 1y phenyl silane and the like. Preferred organo 0S|

silylating agents include tetra- s WO 01/23371 PCTI USOQ 21594 substituted
silanes having from1 to.3halo substituents selected from chlorine,

br om ne, ansubstifited silanest havingnfromddr taf3 thalo aubshhlentsmselaotadﬁgronmet hyl ,

et hyl, phen n t ed
by the For numafachfetine'dht Bahd HifCie ferHaRAE: Bt ¥ SPESAREsIRIRGT ) ©
hyd][ ocar l(;l)y:c nwtmlpethgpphﬁnylﬁblayc?rﬁﬁuraﬁ% giérsd:f) o(r]I hydrlogen Especial ly . N
preferred for use are the hexaa substitute f
exa][rpi e, hexanet QW‘HT isiiazanes afﬁgmﬁ"%ﬁ'tm/th% Q%V%%%@Niggh& may gre
per f or e . i

appl i ed ot %Fgégttg ;l;\is ugga‘ﬂé“lﬁﬁd&ﬁaénaﬁy hﬁ.dmher L@rdup (Pféf&a%ysrtg' ngﬂt | Iofl
in a suitabCe thVWemt hydrogens zESpthaﬂyapm)'ed)rfot rusehere/ziberhmm

gac) - Tr oot PARHieR A AEEAbes Suqt 85, PEpRmBle, Mot irESldiikRhng " - o formol 2

to 450C, w th soTrmgiment Withthe islB/lmngaéglélﬂSmé? e pedbfited @itheéb @ thei ng
generally preferred 15 wherein the silylatin s an or ganohal osi | ane
and sonemha{'qlll'gvﬁ}aset(éﬁpé’f"%ﬁrﬁrtbﬁ giylating agen ?%agﬁ&% Hihega @&Srdd for

the organogigh! afRBE Té’élf%'r'é(é%tbelﬁtlﬁﬁymbﬁ §§ifarun@f§owant'§ucﬁ Qgtgh serri..-

conti nuous, r cont| nu us manner. The tinme required for
silylating hydiocarhon)eercin whe hvapos plm'ses@re aovhese ﬂWIGeStMQfa‘IQ/sagedbp%nds in

Fequi re | ongerpEet i g ARl T nE Ry $7 % onde TreefPRf Bribdaedgercl o
are suitabl are prefepdbiiyin tieé r_smge/_batfnom; a@@amsoe@ubomocathsommwty
Suitable ampunts of sil Iatég g?%e.rg can é‘.% e from abou rcent by

wei ght 25 ISk JtemparARIeR o a3 L)C nelnby ensEioRlaTeEsy
about 73, pem%mbmewym n %ém @r@w@aﬁéhéuégmna Lty RrRSIsRowRY wel ght

typicall'y being prefe silylating agent can be applled to the
catal yst ei teropefaturese (a.geat B8 dp a388rCls being r gyefasieds, for  the

-organodisilazanes. ' The silylation may be carried out in a batch, semi-

_continuous, or continuous manner. _
The length of time required for the silylating agent to- react with the
20 surface of the catalyst depends in part on the temperature and agent
employed. Lower temperatures generally require longer reaction times.
Generally, times of from 0.1 to 48 hours are suitable.
~The amount of silylating agent employed can vary widely. Suitable
amounts of -silylating agent can range from about 1 pércent by weight
25  (based on the weight of the entire catalyst composition) to about 75 percent
by weight, with amounts of from 2 to 50 percent by weight typically being
preferred. The silylating agent can be applied to the catalyst either in one
treatment or a series of treatments.
The catalyst composition obtained by the aforedescribed procedure
30  will generally have a composition comprising from about 0.1 to 15 percent
- (preferably, 1 to 10 percent) by weight titanium (in the form of titanium oxide,
typically, and preferably, in a high positive oxidation state). Where the



The catal yst conposition obtained by the aforedescri bed procedure 30 wll
gener al ywolpprga7p- conposition conprising from about 0.1 tdedBUSer2e59t
(preferably, I to 10 percent) by weight titanium (in the formof titanium
oxi de, typically, and preferably, in a high positive oxi dation state).

vV\\AhFIret ;B?cal‘fi\‘qﬁé i’%arq%ys‘goé%}'@%ﬁ@ %‘?x ?ﬂﬁtpi%%gm l"?é {ﬁg for m

of organic swéight arBBAIN ﬂﬁet@m yEbrgaficsityl groupsi tRaanvem; rrikddr qtmr(tmg , up
to about 5000 may al so be present in the cataly The cat al

conposi ti ons® rﬁi"dgtf?igo-riéﬂ 19/abeiR 3098 RAM) Wﬂ‘% e P&‘PS% in thegaialyst. cat al yst
pronoting substa agafri?%ﬁ‘aoﬂtdﬂa‘slﬁd?@ aW‘B i&PQ fswﬁéé@@gén bﬁn—:ht@ﬁ%ﬁnéo the

epOXI dation reactants produ aln
anounts of pandiot eatalyst promatmg)slﬁ;stamtdealespemaﬂy those.which acel chemically

h g. '
i des. oy PGP b6 SPaxeakn TEh S, B rodtt. ThelGiepl S umdy GoBGN Y of
fromio 0. 0lmiforS4ridunieiddhprobisters, %rtébfarﬁﬂbi’ﬂalwi gtiétatsf (é.ae §aa|ahvst

conposition are typically suitable. The catal yst conpositions ma

enpl oyed in a@@ss,'ym)ém @h@""epﬁ@?h cagtalsofe s Raiugy  caleiume yaagnesium ﬂéler

fl akes, gran r may be
in such for mb%glé%rOFp g&rfgﬁieg rAelQ%lfak'% 3 %%Sgglrlgﬁr@géﬁh ?ﬁét,hf: P?%r";fgt‘wm y, be
convert edo af 0.8 toi Eo%rtagwatgm r’maaed/cm theafotalneeighhof thencatalyst compbsitian

di fferent ph%m cal Efr ql# conventional techniques such as extrusion,

pel letizatio %{Ptcﬁ €the like. The epoxi dation process of the

i nvention conpri svﬁeceéthw Idwqpmmdﬂsefma; We lerdlopédaini any dorlepignti de in
the presence of the titanium catal yst 0O Suitable ol efins include any

ol ef i n havi nghysicaldasn st asw s re@mpienPawdsr. flakesd grantlegyesriieses orf r om 2
to 60 car bonpé@é}@; THENiRb@ABhE fs[r‘éeBLse th' a! beaqx%u&h%hﬁnsnﬁi t ”—"m 3

to 10 carbon”atons such as~propylene ene, ° pentene, hexene
oct ene, n®neimeprednatiore, aadd c¢alcination t loer ealternativelp, pbef exonwértad e after
olefinically,unsatu ubsti t ted Wi_t roup or

d
o hel ogon o BRBhEfh 8hafr FRRITARER MR bne dhif) 1o s dtsient ohysical it B
preferred ol gbhveritionl eBlihig0es skt bSexftsionIpalletizaten ftiiding Sethealke.

hydr ocar bon hydr O}%ﬁ;Oé(l des
poxidation process of the invention comprises contacting an
olefin with an organic hydroperoxide in the presence of the titanium catalyst.
0 Suitable olefins include any olefin having at least one carbon-carbon double
bohd, and generally from 2 to 60 carbon atoms. Preférably the olefin is an
acyclic alkene of from 3 to 10 carbon atoms such as propylene, butene,
pentene, hexene, heptene, octene, nonene, decene, and isomers thereof.
Also preferred are olefinically unsaturated compounds substituted with a
25 hydroxyl group or a halogen group such as allyl chloride or aIIyI alcohol.
Partlcularly preferred olefin is propylene.

Preferred organic hydroperoxides are hydrocarbon hydroperoxides
having from 3 to 20 carbon atoms. Particularly preferred are secondary and
tertiary hydroperoxides of from 3 to 15 carbon atoms, especially secondary

30 alkyl hydroperoxides wherein the hydroperoxy group is on a carbon atom
attached directly to an aromatic ring, e.g., ethylbenzene hydroperoxide.
Other exemplary organic hydroperoxides suitable for use include t-butyi
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having from3 to 20 carbon atons. Particularly preferred are secondary and
tertiaryy, gper oxi des of from3 to 15 carbon atons, es ) condary
30 al kyl (Elzz;operom des wherein the hydroperoxy group |sp§‘ri1hfa§hc%lr5€€n atom

attached directly to an aromatic ring, e.g., ethylbenzene hydroperoxide.

Ot her exenpl ary organi ¢ hydroperoxides suitable for use include t-butyl 10
WO 01/ 23371 hydroresoxide] sbamyhy ydiapessiide, . cyclehexyl hbyriroperaxideje, and
cycl ohexyl r}xﬁlﬁé}%e d cunene. hydroperoxide. In such an

epoxi dati on pr oceséﬁ. hg 6’?‘@%‘ n: hydr operoxi de nolar ratio is not

particul arly cri tiheath anlepoxidation proedss thel clefimhydrppenoxidembtar ratié i of

froml:1 5 l.dation, reactio iscnducte n the liquid
phase in" SOIWPSH?Q'C“??"I’%’O‘?"EG%EE'%I’%Preé?r@bqW’Hp g pe "’Fé’é gffo Ader at ur &
and pressurgpagpgqe substantially inert to the reactants and the products

- produced therefrom In comrercial practice, it will generally be nost
econoni cal to usdhesepoxidationveaction iecondiatedimnthe h::wgphasem@alyentme

or gani-c hydr |
hydr oper oxi C?(?Qﬁl:hgml??{ﬁ ??gegh&pﬁeatt}@ée r% %gwﬁ&pgﬁzengm)sﬂ ?%Erépr%ﬂ A% i on
solvent is mubﬁtm:tllalﬂy ineirt. tosthecradclatr':tsdam themdxglua@prbduped erefromangh,
pressures. ca r oper oxi de resent at

concentrat i 'BF’W%IM?%[?SUF%?BS"%%H}SBE&?@ W"ﬂ@“@ﬂt“’ Ype @5 gejvent

epoxi datjgon |

Fomper at G oo AR 1 S e O SRR R T 1
reaction is qxam:ée,abulyemont!w&hemeae @ydm@wn@@ misplufdllzﬁd pihes sugee. of The
precise pre 0 t e ti.o r

D i nt a1 naUEphery b b oatb s S8 s Breflrtidy Ot & Loplis A0
(gas/1i qui dmsyeratereniperatmes byd pressupes: i Tymoallyothe:ongaam, hydroﬂmbﬁrd@geneous

I n character. and thu resent a soli dur| the e dation .
process of tHiP §e§er‘i\;@il°i°8ﬁ "tWﬁnéeﬂq‘sfmsa&?Fgé ?@p E’g?f( to 100
at mospheyses.epbxristiBAX| rdAEHEH m&ub@ wﬁemmgedoléﬁhﬁg arSImt%fblé heeg@iprent i onal
25 reactor configurations known in the art Tor reacting olefin and organic,

hydr oper oxi dempgratheespyarydiem &L %Zpﬂ%l R R!efﬁiﬁﬁlb’yfﬁqm 2D/ 1nd88LC.as wel |

The reaction is preferably conducted at or above atmospheric pressure.

The pfec_ise pressure is not critical. The reaction mixture may, for example,

be maintained substantially in a non-gaseous‘phase'or as a two phase

20 (gasfliquid) system. The catalyst composition, of course, is heterogeneous

in character and thus is present as a solid phase during the epoxidation

process of this mventxon Typical pressures vary from 1 atmosphere to 100
atmospheres _

The epoxidation may be performed using any of the conventional

25. reactor configurations known in the art for reacting olefin and organic

hydroperoxide in the presence of an insoluble catalyst. Continuous as well

as bafch procedures may be used. For example, the catalyst may be

deployed in the form of a fixed bed or slurry with provisions being made for

removal of heat generated as a result of the exothermic epoxidation

30- reaction. A fixed bed catalytic reactor adaptable for use with the present

process is described in EP 323,663. When the epoxidation has proceeded

to the desired extent, the product mixture is separated and the products

1
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as batch procedures may be used. For exanple, the catal yst may be depl oyed
in the fwowmweds7e fixed bed or slurry with provisions bei nRCHHSW/254

renoval of heat generated as a result of the exotherm c epoxidation 30
reaction. A fixed bed catatytic reactor adaptable-for use.with the present

e aost oo TGS Sl RO, Sikad B HUBIARE HAMRI-0RD BBGERE" 11°
WO 01/23371 B@"Eiddﬁﬁﬁﬂa”ridi@ﬁethbdswucﬂeasmdcﬁdml aistitatidn, seiective dxtertiohe

organic hydr er 0Xi deé [16 convent i onal aﬁhods such. as

fracti onal ﬁ ioha g ! eg\g ‘T'%ée%‘ithnaﬁ‘?h’%w the cptalysticamposition. rand j ke.
The reaction y W n t efin
or organic h?@?o%‘g@gﬁ%ﬂ%ﬁf@t ?éc?ﬁqag foawfﬂltje(r?{)],ﬁgét sie Wcl‘&z}g?l grfgﬁtllﬂ]

f ol | owi ngSexafifizationnerely illustrate the invention. Those skilled in the

art will recogniz r| I T

I nvention and scoﬁ-ggaﬁla}f?‘&ﬁ nﬁ@as %E@K}Sﬁ_gté%%‘%ﬁé& %%Iﬂéflred\l I N
ACCORDANCE  WirT ithd Hirt wilNeeBgiiide rivaily 4ariatibns thatuaeoithi thd @piritasf thecor di ng
to any known |iterature ocoi?ure See, for exanple, U S. Pat. No.

3, 556, 725, Dilamign and 5“‘2’5’ he M opor ous Material's (1997), Vol . 10,
283, or Edler, et. al. . Chem Soc., Chem Comm (1995), 155. The

obt ai ned MOM 41 gel is caI cined at 550C for 14 hours before use. Catal yst
1A: 20 MORH41 RXIAMG’L@1 HEATALY BIARREPARATHONBBACOQRDANGHE i THEo a
500-nL 3-neck round-bottom fl ask equmT@Jﬁh an inert gas inlet, a gas
outlet, and:a scrubber containing aq i um hydroxi de solution. A
titani um(I\/) tetrachl oride solution (0.55 nL, 0.95 g TiCl4 in 60 g

n- hept ane, 99+% MeMa4 1 <§iﬂcappst)ppast athe et onade deﬂlgumiean)drlsndwmrt gas

emoved by r JtesBTRRIPSRIER: USRr o svamenU-Bo Fet. Mfe 35y e IIRERa o
material jss Céiaéqudcr d?o@s dehaﬂg (mmgtz'ol r193289r01(Ed|bF'Cét al.D). Gerhnch
| ong) equi pped with a

Soc.. Chem. Comm (1995) 155. The obtamed MCM-41 gel is calcined at
550°C for 14 hours before use.

Catalyst 1A:

20 MCM-41 (4.36 g, BET surface area is 1488 m%/Qg) is placed into a
500-mL 3-neck round-bottom flask equipped with an inert gas inlet, a gas
outlet, and a scrubber containing aqueous sodium hydroxide solution. A
titanium (IV) tetrachloride solution (0.55 mL, 0.95 g TiCl4 in 60 g n-heptane,
99+%, water <50 ppm) is added to .th_e MCM-41 under dry inert gas

25 atmosphere. The mixture is mixed well by swirling and the solvent is
remoVed by roto-evaporation under vacuum at 80 °C.

_ The above impregnated material is charged into a tubular quartz
reactor (1 inch ID, 16 inch long) equipped with a thermowell, a 500 mL 3-
neck round-bottom flask, a heating mantle, an inert gas inlet, and a scrubber

30 (containing sodium hydroxide solution). The catalyst bed is heated at
850°C under a 400 cc/min flow of dry nitrogen (99.999%) for 30 minutes
before cooling to 400°C. Water (3.0 g) is then added into the 3-neck round-
bottom flask and the flask is heated with a heating mantie to reflux under
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neck round-bottom flask, a heating mantle, an inert gas inlet, and a

scrubber 30 (contai ning sodi um hydr oxi de solution). The gged is
heat ed WOOI E under a 400 cc/nmin flow of dry nitrogen Wﬂg@% for 30

m nutes before cooling to 400C. Water (3.0 g) is then added into the

3-neck round- bottom flask and the flask is heated with a heating mantle to
refl ux undego0lsd/mii Mo 38 itrogeRTioldieNll thkbRdter 40M0ugh /the iwatdlyst beid overr ogen to
distill the water through the, catal yst bed period of 30 m.nutes. A
heat gun isaRePdef I0piutes, A ﬁBt’? yigd ?%Eeatttge ralrmqo,go A flasktgyal '
vat er t-hr.oughvé hcﬁ\%/bl%@ duEhWal?@fdtHréu W&k HRUNt Thedstdls théRA0malrsinad at ;

addi tional hour be ore cooling To roomtenperature. 5 The non-silylat ed
Ti / MCM 41 c40ar@ $or drdadditighalizheurd defore coaliog torroorg tempRratwend- bot t om f | ask

equi pped with a d
Hexanet hil di si | ad BRQoSiiated T Lﬁlﬁﬁ‘g@'{ﬁﬁé‘aéﬁéqﬁ 7379) i ddaed %ﬁ%ﬁ Mk added
to the Ti/Maheik mmﬂdtmtoﬁyﬁaemeqeugbeatmm arcondensér, raathbrmbm.c)anuo refl ux
(98 O under inert atnosphere hours bef ore coolin &to room

r

tterrgg{) atC u][ e anTinertcgasainjelt ngﬁimpﬂyﬂf@?l%ﬁﬂet@&ﬁ g} infen B WalRls 1 ow
a or, % :
Catal yst 1 8562[% %a?f ?@%WMPI\A @agédég,eogl}, s? acé§§{?§d§n?§ a‘ﬁ?{gb%%) is
charged int @1 1@°cytw+@uxq9ar°cz undectnerrt &tinosphlerd far 21 Bounsdreforenggoliagui pped -

with a thernowell, 15 a 500 ckr ottomfl as heat IOIOtI

an i ner t10gado re@mBtEMPEFRIUES. o ﬁtdﬁ %ﬁﬁ’l?‘ﬂé&? |‘Ufﬁ4§9’&$‘ﬂx'f‘§'§lg§gl trjrf1 |non)e
The catal yst g 1%) @f&tﬁé hberéggggsmem%aa. bf S@autAINS 1§ B90tds. ow (400

cc/mn). Water t hen dinto the -neck round-bottom fl ask

and the flaﬂatalyshﬂa:ted with a heating mantle to reflux under 400 cc/mn

per 0d of 30 m nMGURSiiEa @ﬁ?ﬁ?%*%uﬁag%%%%%%ﬁm@ R AroBIBI T 2k

to drive any fipslfyplartraésdtor rlﬁdﬁ'lDt indhel8ng)Téguipestl with tathermowelid t o
300C. Titaniumtetrachl ori de ) | s transferre t he. 3-neck.round

“bot t om f15asia §A8 mhe3-peek koyng- h‘é’%ﬂ'ﬁ aRki A Beating mﬁﬂﬂ‘ﬁ'aﬂ"t‘ et @PFJQ}(eﬁnder 400
25 cc/m nydd Q‘QCHIbb'é'rt(éé?ﬂgﬂlﬁgosdHl%' Mdr&*]&e_gb@'tlﬁn) hTRE@atdije e Bl yst bed

over e heated to 400°C under dry nitrogen (99.999%) flow (400 cc/min). Water (1.0
g) is then added into the 3-neck round-bottom flask and the ﬂask is heated
with a heating mantle to reflux under 400 cc/min flow of nltrogen to distill the

20 ~ water through the catalyst bed over a period of 30 minutes. A heat gun is .-

used to heat the round-bottom flask to drive any residual water through the -
bed. The bedis then cooled to 300°C.
| Titanium tetrachlonde (3.29 g) is transferred to the 3-neck round-
" bottom flask and the flask is heated with a heating mantle reflux under 400 )
25 cc/min flow of nitrogen to distill the TiCls through the catalyst bed over a’ g
pe'no'd of 1 hour. A heat gun is used to heat the round-bottom flask to drive
~any residual TiCls through the bed. The bed is then heated at 700°C for 0.5
hour before cooling to 400°C. Water (1.0 g) is then added into the 3-neck -
" round-bottom flask and the flask is heated with a heating mantle to reflux -
30  under 400 cc/min flow of nitrogen to distili the water through the catalyst bed -
over a period of 30 n‘iinutes.' A heat gun is used to heat the round-bottom
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period of 1 hour. A heat gun is used to heat the round-bottomflask to
drive awgormsssydual Ti Cl4 through the bed. The bed is the&CTEs00245%4t 700C
for 0.5 hour before cooling to 400C. Water (1.0 g) is then added into the
3-neck round-bottom flask and the flask is heated with a heating mantle to

{he oatal yst Ty 1S BRSSPy resiti Jyaudh WBHGR 1he kel orord BBolY 8 soph”, 07,

t he round- botgnaperafide( 111 f1 1 WO 01123371 PCTI US00/ 21594 flask to drive any

residual water th t bed bef or c ool om er at
Silylation of t heéﬁﬂ%&’n yPE\t‘B& 'ﬂof‘ﬁﬂ)\/? tl{?\g‘i:%‘f{ tﬁyrsfg%n&? Q&E@grdl ng
the procedur ge@ird EgA b\tiibcddure Staatanst TA. |Mé’é§dﬂé!d¢fldahﬁ1 of ihe)tal ét is 4.9
wt % COVPARATI VE EXAMPLE 2: CATALYST PREPARATI ON ACCORDI'NG TO WO 8/ 50374
Oorrpar ative GA8IW. 2A: 10 Silica support (G ace Davi son DAVI CAT P-732,
particle size 0.6 -1.4 mm surface area 300 n2/g) is dried at 500Cin air
for 2 hours before cooling to roomtenperature. The dried silica (162 Q)
is pl alced into a 500|— CmMBARédeECE)OWPO.EterGATAlB'KS@dIREBARAMIg)_N an inert
gas inlet, a gas outl et e aqueous sodi um
hydr oxi de solution. A titani M@éﬁ{d‘&?s i&%ﬁb&(ﬁgﬁ solution (11.75 m_,
20. 32 g Ti C £dmbmadve Catdipgtigne, 99+% water <50 ppm) is added to t he
silica under dry inert gas” atnosphere. The mixture is m xed well

swi rl.i ng tand the Sdicacsuppost (Gremmlsw DAVICAT Epb32tnasticlersire Oxﬁachem at 80

Cubul or - quar (97 Saiteby 4198, S A B BRTIAR SRl Bl ol o fRUAF Refate® @ 20

t her nowel |, @ooﬁa@tdﬂo&nrt@m efuRrd- Pré v dilrak(162 d)aatpiadedins keso@n. i nert
gas inlet, and a scrubber (containing sodi um hydroxi de sol ution). The

catal yst bed Ml H’&%ﬁ‘@@unﬂt prilasidequinped witharhingrtrgasinist. aopsiautiebgen

(99 999% fory 30, é{.@g‘ 4 0 hen

added into then%S rr%le:c 3[?85%@@0 bh?%gtsjg‘m ‘P&é‘mﬁk‘% s{nluﬁé Ag%llteda F with a

heati ng nmnt I(B/)t tetnaehlamsdeusmiehon (11.75 mL, 20.32 g TiCls. in 252 g n-heptane

. 99+%, water <60 ppm) is added to the silica under dry inert gas
atmosphere. The mixture is mixed well by swirling and the solvent is

removed by roto-evaporation under vacuum at 80 °C.
A portion (35 g) of the above impregnated material is charged into a
20 tubular quartz reactor (1 inch ID, 16 inch long) equipped with a thermowell, a
500 mi 3-neck round-bottom flask, a heating mantle, an inert gas inlet, and a
scrubber (containing sodium hydroxide solution). The catalyst bed is heated
at 850°C under a 400 cc/min flow of dry nitrogen (99.999%) for 30 minutes
before cooling to 400°C. Water (3.0:g) is then added into the 3-neck round-
25 bottom flask and the flask is heated with a heating mantle to reflux under
400 cc/min flow of nitrogen to distill the water through the catalyst bed over
a period of 30 minutes. A heat gun is used to heat the round-bottom flask to
drive any residual water through the bed. The bed is then maintained at
400°C for an additional 2 hours before cooling to room temperature.
30 The nonsilylated Ti/silica catalyst is added to a 500 mL 3-neck round-
bottom flask equipped with a condenser, a thermometer, and an inert gas
inlet. Hexamethyldisilazane (6.0 g) in heptane (76 g, water <50 ppm) is

14



400 cc/rrin flow of nitrogen to distill the water through the catal yst bed
over ©f 30 mnutes. A heat gun is used to heat phgsofsgsly bott om
fl ask to dir/%ee any residual water through the bed. The bed is then

mai nt ai ned at 400C for an additional 2 hours before cooling to room

tenperature. 30 The nonsilylated Ti/silica catalyst is added to a 500 nL .
3-neck roundddgdttoother Tésilicagnd dhecsyitem ia heaterdk i @n, ol et (1H3ico, and an

opmy 1 14 Wb 19T RSB B0 o2 oS, NIBHT Blplni 18 ned T, 0

systemis haahpératnrean Thiel cétatyst (sl fifi€ted, twashedf \Ivvmx 100BHIL heptine, ra?ﬁt :
at nosphere.for hours before coaling to room r?erature The catal yst is

filtered, V\/ém&"ﬁﬂt wnderoingrt G%tﬂQWeat éﬁQ‘Z%anQﬂ d@us ddVeasiyed Tigas 1 ow
at 180-2Q0C nggtzgfi 5 |l oading of the catalyst is 2.97
wt % Corrgar léﬁ}gg&ﬁé{&? rca support (G ace Davison DAVI CAT P-732,
particle si mrﬂpﬁ'atMed;ataiystZBJrface area 300 n2/g) is dried at 400C in air
for 4 hours beforg. cooli omte dr.i,ed.si 177 Q)
is placed into a @ ’?@H?Etg(érﬁﬁ% ﬁ%&ﬁ%ﬁﬁ'?g aéﬁ b ala‘nf'an i nert

gas inlet, Fn@asufdbsdrea 00 P/ Cfs“Bﬁé‘d aQWC“IrPQIr%HQPHEUPsOQéfH?é

hydr oxi de solution. Atitanium (I tetrachloride solution (19 nL, 32.87 ¢
Ti Cl 4 in 262ogling teaamdempenatyre. wé ennegcsulm@n(ﬂ??sg)aametdomtme 0 ca

ey g WL s K, BAFRSRREHEnecR Sy Wil Bl 54 i Bk Sl "9, 2
rT :aslt ong | L he m sgwbber s:ohtwuﬁgraaueeut lsediint aly?imndk tsd;lfatb?ts at;Ctitamun?/g:sur ed.
suppor t (?Bré &%‘ 94“25&? (531*3 3&%8%@ % egta&le g

surface ar e@va39|0<58/p6)n)'1§ a@ﬂé@% Qﬁe §ﬂ9§u’nﬂeﬁﬂfy ihBFt g’hshé’cH'f tphéf‘epr The COO:_' ng

to room tenperat ure. dried silica is placed
3- neck roundnixture o mm%k V\@(Hubmﬁﬂﬂwgt ﬁnénthﬁnéﬁlve@%@ |rﬂlrn@ved ab)gatgtoout | et

T SRR AR R 4T 1Y s solytion AL tanum
99+% The rest of the procedure is the same as the Catalyst 3 preparation. :
| _ Measured Ti loading of the catalyst is 3.2 Wi%.
Comparative Catalyst 2C: |
' Silica support (Gfa;:e Davison DAVICAT P-732, particle size 0.6 —1.4
20 mm, surface area 300 m?g) is dried at 300°C in air for 4 hours before
cooling to room tem‘pérafure. The 'dried. silica (168 g) is placed into a 500-
" mL 3-neck round-bottom flask equipped with an inert gas inlet, a gas outlet,
and a scrubber containing aqUéous sodium hydroxide solution. A titanium
(IV) tetrachloride solution (18.2 mL, 31.5 g TiCls in 252 g n-heptane, 99+%, _
25 . water <50 ppm) is added to the silica under dfy inert gas aimosphere.- The
mixture is mixed well by swirling and the solvent is removed by roto-
. evaporation under vacuum at 80 °C. ' .
The rest of the procedure is the same as the Catalyst 3 preparation.
Measured Ti loading of the catalyst is 4.2 wt%. |
30



25 water <50 ppn) is added to the silica under dry inert gas atnosphere.

The M XL§pf2dsss M xed well by swirling and the solvent i spefif§ooRdsday roto-
evapor at1 on undler vacuum at 80 C. The rest of the procedure is the sanme as

the Catal yst 3 preparation. Measured Ti |oading:of the catalyst is 4.2

VgA??AngTlgﬁE&éi@ﬁ&% R E%é“ﬁéi&%ﬁ@%@?ﬂbﬁwfﬁé%

Silica support (G ace Davison DAVI €§IgP-34dgsgrarticle size 0.6 -1.4 5 mm
surface area 300 n2/g) is dried at 45 Cin'alr for 2 hours before cooling
to room t enpGoaparativeTCatalyst 8A:si lica (37 g) is placed into a tubular

mL 5 neckr ound: BNESAUPPaLICact By R OARGAR Parts pr o b AR R 4 s
scrubber £ copini Birfdce afbalrBO0Y A4 idedris \at i4B0PC iFhaircler & Yurdefere heat ed
to to 200C under dry nitrogen (99.999% flow (400 cc/mn). Titanium

t et rachl ori deoqling tg)ropm temperatied Tihe driachsilica (3¢ @) isoRineed intochiubark and
h flask i i 1N t4 , | : Ielian Tl
of ° it 1 open WE/EA TSR LT RNER 1 heRBhaF ehidobEd i HfiEmARE. LS8R, | o0

1 hour. A hedt 3gqhecki munddmtiom flask, & lheating mdanmtie, tanmirfdriaghs tiolet/rand: aany

i dual Tid4 t h. t he bed., The.bed is th heat ed 600C and
Traintay ned apcebBel (BB GRALT RSBty ey ben i Beell) |
then addeg i 200°€ IMABE KdryO Witkbgamt t(@@flgbb%?ﬁ‘léwd(c%dd‘%cflr‘nﬁfﬁk | PitdHR@hed Wi th

a heating mantle to refl ux under 400 cc/mn flow of nitrogen to distill
t he water thieltaghlaride (8tgllis thervaddesyisto thep@necld regndsbottamrfiasistand tha heat

gun is used . ng- f t [ n, residu er

t hrough t he B8k i€ el S %g‘p%ﬁ‘ggh‘abaék‘ﬂe'%é'%t%@%i%‘?q oty ﬁé‘f"\(’)\%) is
then added i mitrodeneto3disticther Tiddthrotighothe tatabist bed ovee afperitd o1 hwared with
e T bt gl oA oty urcbaliom a8t s bh98ald et

15 through the bed. The bed is then heated to 600°C and maintained at 600°C
for 2 hours before cooling to 300°C.

Water (3.0 g) is then added into the 3-neck round-bottom flask and
the flask is heated with a heating mantle to reflux under 400 cc/min flow of
nitrogen to distill the water through the catalyst bed over a period of 30

20 minutes. A heat gun is used to heat the round-bottom flask to drive any
residual water through the bed -before cooling to 200 °C.
Hexamethyldisilazane (4.0 g) is then added into the 3-neck round-bottom
flask and the flask is heated with a heating mantle to reflux under 400
cc/min flow of nitrogen to distill the hexamethyldisilazane through the

25 catalyst bed over a period of 1 hour. A heat gun is used to heat the round-
bottom flask to drive any residual hexamethyldisilazane through the bed
before cooling to room temperature. Catalyst contained 3.0 wi% Ti.
Comparative Catalyst 3B

Silica support (Grace Davison DAVICAT P-732, particle size 0.6 -1.4

30 mm, surface area 300 m%g) is dried at 450°C in air for 2 hours before
cooling to room temperature. The dried silica (36g) is placed into a tubular
quartz reactor (1 inch ID, 16 inch long) equipped with a thermowell, a 500

16



25 catal yst bed over a period of 1 hour. A heat gun is used to heat the
round- ?ﬂ“ﬁg},-jlask to drive any residual hexanethyl disil fos31860ugh the
bed before cooling to roomtenperature. Catalyst contained 3.0 W% Ti.
Conparative Catalyst 3B Silica support (G ace Davi son DAVI CAT P-732,
particle size 0,6 face area 300 nR/ is dried at 450Cin=
D For °2° hath S-Bepkreund:bofom sk, Adueatingmentle i ek ga8rinEs 899 a (360

is placed i qgui-pped
% 8 e USRS 1888 ST THE ol 850 8

r ound- bot t ortof BABIG xanmaunngmmn d99899%)e flowy 4400 nd:dmln)andTaamum ubber °

(naer ary" S ERSLHABLY BS6R #ebsddaRbind i Sk Bbiheahn HBak it | 5.2

(7.4 g) iss ttheflaakds Hebatedowitha héhtingohantie! el réfilx omadr 40 cerftin Flowher f | ask
i s heat ed V\nthaheatjnﬁ; [hé to reflux under 400 cc/mnflowof
ni trogen t o Niyegen fo dist thﬁtl lg H?’SH% the, catalyst bedioves @ perigd af fdausg of 1

hour. A he n
eal dual i & EATRUT ISR foheHl he Folind Qb TRk v Shy seg Bl Fick™
mai nt ai ned ahrcﬁlghcthefuad Ol'te bedis ﬁhehmeat@rbtd 85Q°C and otihtainedVatt 850°C3. 0 g)

is then added b to 2) neck rouaa pbottom flask and the flask is heated
with a. heatifRg yrdefere caaling t9,ABRTC-400" cc/min f1ow of nitrogen to.

G 5t e et el el s s ok, RS s es. A

heat gun is used to round- bottom rive an resi dual

wat er t hr oughetflask ie hepigdowith @obeating menﬂe)mefmm@rmaﬁ cq/mlrrml@w of

Found: bot ¢ onoadk oot Yaler hiodth e SRR e id et BF 80 | o,
Sdded to i h??“‘“ Nt s b Sysiom o hoat et S oe bath (1180 b
?efl ux (98C)regidye WF’?%F'?""Hgmﬁé‘ﬁbe%? coolipg, fasroent InePea®ng to room 20 .

tenmperatyre. The py aba(s'iwtéd frvém@s e&a%fi(wgplsdédo%@ twwsno'n@@rstnms flow,
at 180C for 1 hour.. Measured Ti |oadi'ng. of "'the catalyst is 6 wt

~ COVPARATI VE "BNpsisottom flmume¢MPm¢§nsgs|a\menmmtwanQ@RMX| DE
PRECURSO_? Ah&mtd' %&HﬁPWdlsﬂazane (3.0 g) in heptane (43 g, water <50 ppm) is

added to the Ti/s'ilica. and the system is heated in an oil bath (115°C) to

reflux (98°C) under inert atmosphere for 2 hours before cooling to room
20 temperature. The catalyst is filtered and then dried under inert gas flow at
180°C for 1 hour.. Measured Ti loading of the catalyst is 2.6 wt%.

COMPARATIVE EXAMPLE 4: CATALYST PREPARATION USING
TITANIUM ISOPROPOXIDE PRECURSOR AND MCM-41 SUPPORT
25 Comparative Catalyst 4A: _

The MCM-41 gel is pyrolyzed at 550°C under nitrogen flow and then
calcined in air for 14 hours at 550°C. BET surface area of the material is
1100 mzlg. MCM-41 (2.42 g) is placed into a 500-th 3-neck round-bottom
flask equipped with an inert gas .inlet and a gas outlet. A titanium (IV)

30 diisopropoxide bis(acetylacetonate) solution (0.74 g of 75% Ti(OPr),(acac),
in 39.7 g anhydrous isopropanol) is added to the MCM-41 under dry inert
gas atmosphere. The slurry is mixed well and the solvent is removed by
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25 Conparative Catal yst 4A: The MCM 41 gel is pyrolyzed at 550C under

ni troge nd then calcined inair for 14 hours at SR&usdgbisesur f ace
area Of%}"{?,éﬂ#g erial is 1100 n2/g. MCM 41 (2.42 g) is placed into a 500-nL

3-neck round bottom flask equipped with an inert gas inlet and a gas
outlet. Atitanium(I1V) 3o dii soprogoxi de bi s(acetyl acetonate) sol ution
(0.74 g of THtrogern stippiy at 109 2C. | ingeatalystianairined at s8R Cpimairyfor 2 added
to the I\/Cl\/M& M,gder dry i-nert gas atnosphere. The.slurry is mixed well and
the sol vent 1%'Penoved by 17 I~ Al WD 01/23371 PCT/ US00/ 21594 nitrogen
Stripping at 100 GheThensimated sTi/silicac ehtdlystdisabd88dGoi & 800 rhbr 3zheckour s.
The nonsilylated Ti/silica catalyst is added to 500 nlL. 3-neck

{ound- bot t HriaUROHR i3Sk SOIPPRY VI, A GOAGENSSTa 2 HIERHOMELSE, And A9 BRM ner

5 gas | nl £l . HEHKE i héthl BiIBSakd (P5Q) ih ReBBHAAS ¢ AVatdr <80 HHmy580_Pm)

I s added Stelo ?ﬁ% |/s|-ih%{)+ ca akg t he sygtegmi)i S hgat ed iné’an oirl b trﬁn)(115C) to
refl ux (98C) addettto ithe rTi/siicavansh thee siysten? i beatedbif aneoit bath (H15°C) rtoom

t enper at ur e. e yst, is filtered and, th dried. under jnert gas flow
it T 180C 1 or ol -Ch Rt SheratrOSEnels G £ Moucs BEIGS: Soaling S i85 | o
Conpar ative %%ﬁﬁér?éﬁke4BFheTE§taWé1ﬁltéi%H arid thErPlNEE Gndkr asflew 4ti trogen
flow and then calcined in air for 14 hours at 550C. BET surtace area of

t he mat eri al 188°C farCiohow. dVeastived Ti {aadiryg gf thescatalystdd 2.id%a 500- L 3- neck

round- bott o f | ask,.eq i%&?%‘tth an inert gas inlet and a gas outlet. A

titani um®i \?}”ﬂé"%ﬁ“&%ﬁ? i*fe bi s(acetyl acetonate) solution (1.22 g of

75% Ti (" OPr) 2(acaghg MCM-MigIéI RPABlyzed it FH0C At Witk Sdeh fiGWRInePdMeal ) s
ry

added to the MCM 41 under inert gas atnosphere. The slurry is m xed
wel | and t hecslgingdnin aig forr thbeuts bt SHOIC o RIT surfappianea of theonateriahis

Yol 2T R MBI (28,6 a4 oD, S BBl
Conpar ative @asialeguipped. withaaligsht Gasl idsti agd plgak hsutieat aAytitaniuen 41V Wt %
15 diisopropoxide bis{acetylacetonate) solution (1.22 g of 75% Ti('OPr)s(acac);
in isopropanol, in 39.5 g anhydrous isopropanol) is added to the MCM-41
~ under dry inert gas atmosphere. The slurry is mixed well and the solvent is
removed by nitrogen stripping at 100 °C. The catalyst is calcined at 800°C
in air for 2 hours. B
| 20 Silylation of the nonsilylated Ti/MCM-41 catalyst is p'erformed
aécording the procedure of Comparative Catalyst 4A. Meaéured Ti loading
of the catalyst is 4.0 wt%. '

COMPARATIVE EXAMPLE 5: CATALYST PREPARATION ACCORDING
25 TO MASCHMEYER, ET. AL. | |
| Comparative Catalyst 5:
This example demonstrates, for comparative purposes, the
preparation of a catalyst from a titanocene dichloride precursor according to
the procedures of Maschmeyer, et. al., Nature (1995) V. 378, 159.

30 Titanocene dichloride (3.15 g) is weighed into a 250 ml flask and 142
| g dry dichloromethane (Aldrich, anhydrous) is added. The flask is swirled

vigorously. MCM-41 silica support (surface area 1252 m?/g) is then added
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COMPARATI VE EXAMPLE 5: CATALYST PREPARATI ON ACCORDI NG 25 TO MASCHMEYER,

ET. AL wigyipasative Catalyst 5. This exanpl e denonstrat eper

pur poses, t
precursor a
(1995) V. 3
m flask an

ggypar ati ve

. 60,
he preparation of a catalyst froma titanocene ,Elgcmiori de

ccording to the procedures of Maschneyer, et. al., Natu

78, 159. 30 Titanocene djichlaoride (3.15 s weighed into a 250
tp 1the  apayey MaiHE o ABRe tR&NSWHNFR)r IScHStir

re

hyf@F 08Q) MiButesded. The

252

n2g) 1o harcapnineTaals AU 1S AR HRGS 4R ed Yo AT SuRbRA 2 e

and the m xbouks. i Thetreactiah fmixtups imfillenedsand the diter cake i Washed with i s added
HAP an. additional 2 hours. The reaction m xture
H%ﬁ@?&lﬁl&ﬁﬁr{et@%é%b 1s washed with - dichl oromethane (3x80 nl).

to the m xt
is filtered
5 The soiid
t her nrowel | ,
gas inlet,.
nitrogen (9
Then the ca

I's PTRKebIiNsOpadked ntehIBe redctbnH hEh DY Wadigsdvwith &
a 500 m 3l- negFIJ(' round- bot'tc')r% fl as(lg, 'a. heggli ng mantle, a

welly g mi Brreckafognghotiesy flask, 1 heating mandle, endned

dar J1eL mnt] ol T SiaRSot e REBRH € 206 oSl dy

n inert
r dry
hour .
n) and

it lo cal chitegenn(@a998%) floaw(400° ce/mhin)randStiey hedtedal dfied fer ronsit.y! at ed

Ti/ MCM 41 catal yst is per

ormed according the procedure of Conparative

f
Catal yst 4AThgpiRe catalyst beddgihggtedslo 990k °C andey air flow ¢409 cg/myjn)@nd=kavPLE 6:

BATCH EROXI
per formance
Exanpl es 2-
hydr oper oxi
feed sol uti
10 g nonane
transferred

15

20

25

30

pg'zinga et FENG WHHd EBHP  OXI DATE AT 50C To eval uat e
(0]

t he

. the catalysts prepared in Exanple | and Conparative

5, baSiylatiproxotidheomensilylated c (T#MCMsA hgcatalyst | i e pedfoemed

Ao a BB AreReag s ar o adg CARWRLAE MeSyle R odact c. and

of thel eitalgkt istehdavd) . A portion of the feed solution (28 g) is:

“under inert atnosphere to a 4-neck 100 ni round

EXAMPLE 6: BATC_H EPOXIDATION OF 1-OCTENE WITH EBHP
| - OXIDATEAT50°C
To evaluate the pefformanbe_ of the catalysts prepared in Example 1
and Comparative Examples 2-5, batch epoxidations of 1-octene using
ethylbenzene hydroperoxide were carried out. The following procedure is
employed. . _ .
A feed solution is prepared by mixing 220 g 1-octene, 50 g EBHP
oxidate, and 10 g nonane (internal standard). A portion of the feed solution
(28 g) is transferred under inert atmosphere to a 4-neck 100 mL round
bottqm flask attach_ed to a condenser, a thermocouple, a stirrer bar, and a
sampling port. Thé mixture is heated to 50 °C, while stirring (with a stir bar)
at a rate of 700 rpm. A Ti/silica or TMCM-41 catalyst (powder, 0.2 g) is
then added to the flask and the mixture is heated for 30 minutes at 50 °C. A

product sample (3 mL) is taken 30 minutes after catalyst addition. Both the

feed sample and the product sample are analyzed by GC for EBHP and

epoxyoctane con_c_:entrations. Conversion and epoxide selectivity are
calculated relative to hydroperoxide consumed. First order activity (k) is
calculated by the equation k = -[In(1 - %conversion)]. '
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bottom fl ask attached to a condenser, a thernocouple, a stirrer bar, and a
25. sanydospart. The mixture is heated to 50 C, while figwesogionith a
stir bar at a rate of 700 rpm A Ti/silica or Ti/MM41 catal yst
(powder,. 0.2 g) is then added to the flask and the m xture is heated for
30 mnutes at 50_C. duct _s le (3 .S taken tes after
catal yst additi oﬁ'%eéﬁt rﬁsp S iy g@ﬁ@énﬁf’%‘”%ttt% ‘ﬁPoﬂLglghsﬁH%?%e area

anal yzed by dgenbps |E£’zhﬂ°t@%ﬁ &%@@@t@@mecwsamwaéﬂ msumggrpremau@n and
epoxi de sel ect|V| ty are calculated relative to éB &ﬁrom de consuned.

First order catalyst psep@@ﬂqng orwnl@m AWVEH984H08F4 arg 8R6)-or MGMr41
%conver si on) r 3 il N

Tabl e 1, sho‘\}/\vn%ﬁ%ﬁp{eﬁg éutse “of s%gﬁaélgrﬁé:segsgﬁéééé& Bh;—%ﬁﬁﬁ%{egﬁat%ﬁarfl
unexpect ed |iMCM44 aesuit modquivalgntodatalyst activikg. previ ous cat al yst
preparations on silica (WD 98/50374 or EP 345,856) or MCM 41 (Maschneyer,
et. al.). Also, liquid phase and vapor phase inpregnation of s MM 41
result in equival ent TR@EIE YSCOMIPARISON GPBATALY SOV OF CATALYST
ACTIVITY. Catalyst Support Preparation Support Ti EBHP k Surface Mt hod

| oadi ng Conver si on Area (Wt . % (O/c) mZI 1A 1488 T| Cl4 in MCM41 5.0 77 1.47

hept ane 113 ﬁtﬁﬁ “‘, fr 4 pt Pdudrr"rrvn' 2A* 300
Tid4 in Si|ica ?St Og ZE‘ ith¥?gta @pﬁg quadjf,géil Acd?rf:gunl ca 3.2 49 0.67
hept ane 2C+| 300 Ti[Cl Aredn Silica 4.2 |51 0.71 papgane 34¢%) 300 Ti ClzL - vapor
Silica 3.0 #¥8 0. 65 (m’lg)
1A 1488 TiCly in MCM-41 5.0 77 1.47
heptane
1B 1140 TiCls — vapor MCM-41 49 77 1.47
phase addition
2A* 300 TiCls in Silica 3.0 51.5 0.72
heptane .
2B* 300 TiCls in Silica 3.2 49 0.67
heptane
2c* 300 TiCly in Silica 42 51 0.71
heptane
3A* 300 TiCly - vapor Silica 3.0 48 0.65
' phase addition
3B* 300 TiCl; — vapor Silica 26 48 0.65
phase addition
4A” . 1100 [ Ti(OPr).(acac), | MCM-41 26 32 0.38
4B8* 1100 | Ti(OPr),(acac), | MCM-41 4.0 33 0.40
5* | 1252 Cp,TiCl, MCM-41 8.5 42 0.54

* Comparative Example
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phas addition 3B* 300 Ti CI4 —vaper—SiHica -2 6 48 0.65 phase addition 4A*

WOOL1/ MB71 1 LLLELEL THLTT S00/ 21594 CL MS 111 W
~claim 1. An epoxidation process corrprl Si ng ‘cont acting an organic
hydroperoxi d&ewsldim:an ol efiin in the presence of a catalyst obtained by a

met hod conprising the steps of.. s (&) inpregnatjng an inorganic siliceous
solid with a titglnl unﬁ"stﬁﬁppéﬁaé'epe@{%@sﬁ Sﬂﬂg‘Pﬁé'"Qr GOptacHng; ari Agapic (1) a

(%.1918 é*‘;[@@%azﬂ a I\/CM41 ﬁ!’ ,Hfﬂ'iiﬂ'ﬂilﬁﬁéﬁgagt”; %@ﬁ@w&% 403

sol ution of ydrddetokids) With IaiColefindin AR SreseRb@ drh datawf@ataﬁ.@dsg* yent; and

(2) a vapor streamof titaniumtetrachloride; 10 said 1norganic I't ceous
solid havi ngnqthgdrqoawsmgef@e sfersiokr than 1100 n2/g; (b) calcining the

opti onal Py, heati ng 18 calperaih BdnethE ¥iledRag Wik el T, g

‘being characterized by . thsoau;bsde!eﬂtedﬂfroexﬂiagnoup oohsistihgof:unti|l at | east

after step (a) is conpleted,. 2. The epagxi datjon ces of claim 1 wherein
Ui A0oR 28 nlic

the titaniumhalide is ti @ Bape h %Hbaémk?’ﬁ’gﬁﬂat?dpr ocess

of claim1 wherein inpregnati q{y@@,@g}boggo(@h{ bhd S acconplished by
conbi ning a'solution of the titaniumhalide .in the non-oxygenated

hydr ocar bon sol vent with t K& i:hvapRirstieam pf titapiwn teirachlelide. t hereafter
r enovi ”91[ ol he_hydrocar bon S%*&erﬁorgﬁnlc-r@iﬁc@&&x'SGfi‘& 'ﬁ%ﬂnrpd A eSralt Gtedd M1

wherein tThe inorganic
- greater than 1100 m%¥g;

(b) - calcining the impregnated siliceous solid to form the
catalyst compasition; and -
(c) optionally, heating the catalyst in the_presencé of water;
15 said method being characterized by the substantial exclusion of water until
at least after step (a) is completed. '
2.  The epoxidation process of claim 1 wherein the titanium halide
is titanium tetrachloride. | )
3. The epoxidation process of claim 1 wherein impregnation step
20 (a)(1) is accomplished by combining a solution of the titanium halide in the
non-oxygenated hydrocarbon solvent with the inorganic siliceous solid and
thereafter removing the hydrocarbon solvent.

4. The epqxidation process of claim 1 wherein the inorganic
siliceous solid is MCM-41.
25 5. The epoxidation process of claim 1 wherein the non-

oxygenated hydrocarbon solvent is selected from the group consisting of Cs- -
Cy2 aliphatic hydrocarbons, Cg-Ci2 aromatic hydrocarbons, C4-Cyo
halogenated aliphatic hydrocarbons, Cg-Cyo halogenated aromatic
hydrocarbons, and mixtures thereof.

30 6. The epoxidation process of claim 1 wherein water is
substantially excluded until after step (b) is completed.

i
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siliceous solidis MOM41. 25 5. The epoxi dati on process of claim1l wherein

the non-weyoiassat ed hydr‘| Hmll utl M!IL& sel ected from tpenooise4
consisting of Co- Cl12 all ! ons, C6-Cl2 aromatic hydrocarbons,

Cl-Clo hal ogenated ali phat ic hydrocar bons. C6- Clo hal ogenated aromati c
hydrocarbons, and_m xtures.thereof. 30 6. The epoxidation process of claim
| wherein water id- suddeappPexigdation procassqoliclaim Arwherein dhe mpethad of

compl et od. 2 4R R& cdalb ddhbriddel 4 kil b ddr st (k) BEFLARRR1594

CL 7. The epo i on process o aim1 erern e net I ni ng
the cat al yst thecptalyst withra siljdatingoagentst ep after step (c) of treating the

Wheretn the silyi &1 ng UReRRoRdtorabass BEORIM T iidell B8 T ebo adhl o1
or ganosi | aneds sefeptad frdhothe aroum consisting of srdamtsiianes, aordanvbdlositanesher eof .

9. The epoxidation, process of claim2l wherein calcination step (b) is
perfornmed at 059?%!%%?@0?@ id mixtugesdhemefc. 10, The epoxi dation process of

claiml wherein t or ' i@ X4 [ I roxi de
or t bt yI hydr operox e SROKHARIE pRRRE b Baly Rt R
t he ol ef i n i dbhisgeerfanmedatatamnperaiue of altgasﬂ'ﬁgﬂ%.‘poxi dation process of

| ai m 1 wherei t ' . ' i . -
atmspner e, ts 13, e Wby arsRHayRhy Piodsds™of T of st HEcPRATE)
per f or medioi n reroperosidieds ethydvgnzene hydfoperyxide onbdutyl hv@m’er@gims. 14. A
an i norgani & o1 11 cbbus U1 BRKRRIPLPIICRSR HhAATo L WRerdthe AR Roftine |-
group consi stCRhdytlic aRkehd) a solution of a titaniumhalide in a non-

oxygenat ed hydrocarbon solvent, and (2) a vapor streamof titani-.um _
tetrachl ori de: 12. The epoxidation process of claim 1 wherein step (b) is

performed in a substantially oxygen-free atmosphere.
15 . 13. The epoxidation process of claim 1 wherein step (b) is
performed in an atmosphere comprised of oxygen and a reducing gas. -
14. A method for preparing a catalyst comprising the steps of:
(@) impregnating an inorganic siliceous solid with a titanium
source selected from the group consisting of:
20 _ (1) a solution of a titanium halide in a non-
| oxygenated hydrocarbon solvent; and
(2) a vapor stream of titanium tetrachloride;
said inorganic siliceous solid having a surface area
greater than 1100 m%/g;
25 (b) calcining the impregnated siliceous solid to form a
' calcined catalyst precursor; and at least one of steps (c)
- or (d):
(c) heating the calcined catalyst precursor in the presence
of water; or
30 ' _ (d) treating the calcined catalyst precursor with a silylating
agent;
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said inorganic siliceous solid having a surface area greater than 1100

n2/ g; 25b IC|n|n m m nsiliceous solid cal ci ned
cat al ys‘t’o sor; *‘“ ml mmmﬂf steps (c) or (é’%{’[?@?bﬁg%tti ng the
cal ci ned catal yst precd‘rsér Fn %he presence of water; or 30 (d) treating
the cal ci ned catal yst precursor with a silylating agent; 22 WO 01/23371

11111111 | \daid rdéthod’GEInﬁélﬁﬁram&ed Ibylth&lsubistaritial lexclasidnnaft water lwetihg :
characteri zef\ agtp antlal f%_gl usion of water until at |east after.
step (a) i i?ﬁ%l éaepl d of claim14 wherein the titanium
halide is titaniygn ttertermemddbﬂeam!iﬂﬁuhébm tetthasiuaf halidd i’ tkdniuher ei n

step (b) is performed in a substantially. oxygen-free atnosphere. 17. The

rretrtr;od of de aThlgﬂdeerel n inpregnation step (a)(1) is acconpl | shed by
conbining a so on t I :
hydrocar}bon sol \Lljltednt vﬁeh%h&d ndgrwéaim ?as‘?vﬂré%éeﬁc:tjsg&gc@)o% g@ﬁbﬂ e} thereafter
renovi ng tre:rlb!s;alttnﬁmob;ge(;'einesahnosnmreThe met hod of claim 14 wherein the

i norgani c siliceQus id i 41,.,19, The. wh

step (b) is per i meaishmatfiod ol aina Fnebit BEIRRREh e @b The ' "
met hod of Céo%bﬁ‘iphéhé@&fyecm&ir@rﬁg @ solution eoff thentitaniim chalidepetret non- of at

| east 500C. 21. d for preparing a catalyst conprisin e steps of.
(a) form ng”%ygﬁﬂi'@@r évwcemﬁn r‘FPR’ ng Wigh prowoman'?tétr&ﬁw g@#‘rm OIPI de in

a hydr opoarb( iR R0dfocaBdn i group consisting of C5-Cl16
al i phatic hy rocar Eénr-r'o é:gﬁémg aromati c Yt&grocar bons, Cl1-C10 hal ogenat ed
The method of claim 14 whereln thei morganrc siliceous solid is -

MCM-41. _
19. The method of claim 14 wherein step (b) is performed in the
substantial absence of water. o :
15 20. The method of claim 14 wherein step (b) is performed at a
temperature of at least 500°C.
-21. - A method for preparing a cetalyst' comprising the steps of:
(@) forming a mixture by combining a solution of titanium
tetrachloride in a hydrocarbon eplvent selected from the
20 | group consisting of Cs-C1s a:liphatic hydrocarbons, Ce-
Cy2 aromatic hydrocarbons, C4-C1o halogenated
" aliphatic hydrocarbons, C¢-Cyo halogenated aromatic
hydrocarbons and mixtures thereof with MCM-41;
(b) removing the hydrocarbon solvent from the mixture to
25 ' yield an 'impregnated MCM-41;

() calcining the impregnated MCM-41 at a temperature of
from 700°C to 1000°C to form a calcined catalyst
precursor; _

(d) heating the calcined eatalyst precursor in the presence

30 of water; and ' '
' (e) ftreating the calcined catalyst precursor with a silylating
agent; '
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al i phati c hydrocarbons, C6-Cl O hal ogenated aromatic hydrocarbons and

m xt ures‘Mﬂﬁ w th MM ' he hydrocar bopcsisydsiked F OM t he
m xture to 2?]{1” eld an i ﬂgimmmulﬂwmugy(c) cal ci ni ng t’Ee ynpregnat ed
MCM 41 at a tenperature of *rém Y00C to 00C to forma cal ci ned catal yst
precursor; (d) heating the calcined catalyst precursor in the presence 30

of water; an@aidenethoshbeing chasactetizad by the sabgtantial exglusion ofiwater until

silylating ’ A 0 S S I O e e e B N R I N R

PCT/ US@nlSQ%ﬂ%%egilé)d'%- o%‘%é'ei ng characterized by the substanti al

excl usi on of wat eR2unt iThe method of ejaimc21iwhereirpbtepe(t) i82perfdrmed:imad of

claim2l1 wherejn s c) i erforned in a substantially oxygen free

at nospher e. §ué§?"ﬁﬁg’$@)9ﬁﬂgr%a@°oﬁ % wherein step (c) is perforned in

an atnosphere copmli sqAeChefhoddeNcRitd 21 m\@mrﬂeggé) isggerfaﬁﬁem pd of
e. .

claim 21 wherein the reduci ng(g%as IS carbon nonoxi The met hod of
cl ai m 21 conpgtmespiierecoarriser i axyaenpnd e redueipg 9as- step (a) of drying the

MM 41. 24 24. The method of claim 21 wherein the reducing gas is carbon
monoxide.
25. The method of claim 21 comprising an additional step prior to
10 step (a) of drying the MCM-41.
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