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impurities in the presence of an organic hydroperoxide and a titanium-containing

30 catalyst. The titanium-containing catalyst is obtained by the method comprising:
(a) impregnating an inorganic siliceous solid with a titanium source; (b) calcining
‘the impregnated solid; and (c) optionally, heating the catalyst in the presence of
water. The titanium source can be either a solution of a titanium halide in a non-

oxygenated hydrocarbon solvent or a vapor stream of titanium tetrachloride.
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wat er. The titanium source can be either a solution of

a titaniumhalide in a non- oxygenated hydrocarbon _
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Wi t by alcohols, ethers, esters, ketones and the like could be present in admixture with
the required non-oxygenated hydrocarbon, in one desirable embodiment of the
invention only non-oxygenated hydrocarbon 'is present as a solvent during
impregnation. Examples of suitable hydrocarbon solvents include n-hexane, n-

heptane, cyclopentane, methyl pentanes, methyl cyclohexane, dimethyl
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30 Suitable inorganic siliceous solids for purpose of this invention are solid
materials that contain a major proportion of silica (silicon dioxide) and have a
specific surface area of at least 50 m%g, and preferably the average specific

surface area of from 300 m2/g to 2000 m2/g. The inorganic siliceous solids are



used to achieve the desired titaniumcontent. 30
Suitable inorganic siliceous solids for purpose of
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. no need to° rﬁ‘_ﬁ"l"%?/ "t fEr at'u i i Xeesto @ftairo@csifficient degree of
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i _mng_gna?'i‘ \?j'”&ﬁéﬁiu rF‘aSP"Q{EQ'@EE.aQEBF may fiegised. tiee example, the titanium
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sol vent _and then added to or otherw se conbined Wt

t he i noPE&ERYIEE SPMbHEsLWIti 19 Werganisesilisrorganiids. The inorganic siliceous
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hydr ocar bon sol ut Ton of t he.tt i ?‘ﬁﬁ{’}%ﬁq@ﬁ%‘g@” of the titanium halide.

"1 nci pi ent WIGRIEY" Wetpessgnanpregnatiarnniequesyeswheihelsbya a  minimum
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use. Theuiledkuforiueg Mhetrasetimpynitiereageyl be @bl onyglonglly with agitation or

e TR T R AR L A —
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

30 pore volume of the solids. The hydrocarbon solvent used for impregnation may
thereafter be removed by drying at moderately 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



sol ution shoul d be placed in contact with .the

inorganic siliceous solids for a period of tine

sufficient for the solution to conpletely penetrate
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~ti t aniMeNtastniEeIAe hEWHN, aigen. caipet Pipsideoand ﬁwedﬂxﬁdetee@por stream
at terﬂ?eﬁt%%eﬁen% I@Fl@é |§ h@dh ?Q&eebt o@ér'%%pmgﬁ's%rf’aee area inorganic
pressure. Prefera he vaporization tenperature is

gr Bat egilicenes selwoaz«vmnletﬁdse ippreteatian step.gr éhe érorgarin siliceous solid

gioge 'é'eﬁg{”%%rd\égc%@ térﬂ%@r&g@ﬁ[@gg%P %er a@ré d@’rﬁ%sggl £ Smpregnation.

is an H’raézmablgame tempbradusremftlmmm,atlhrehs nrmntangd)lat greater than 80°C

car bonan%' Sg§ eh?a}g P’d@ga erlfr%n cvapor stream of

titani um I'S then passed over the high
surface ar ¢allowiag gnaupre:gn]aﬁom thiecepos pslebe @nﬂd:qumph@ﬁeelmpregnated

t he nat i ste |c S ous sol

OB RIEPRERORE &e g iR oy SR Bl R 5, g Catcination
t he i magpsatdriomed R ¢fiee pedsleyice ohexygmpeiront ui‘refcﬁfexample) or, more
i nmpre ater than 80

nat i i'S malntalndat and,
mont - APereE it MEratReR TR dn STaTaN Y TR 9o Such as nitrogen,
| Npr egirgdh, oiont RelivaRerthe hias eranigdturé Wréofph&ts@ne embodiment of the
|npre3nated 20 siljceous solids are cal cined

T ndPRTER, oPRGBRIR | BmSEnatT e nEh) B nit SUPSREYexygen-es

peysf Orarf‘?l@sbﬁbré Q@thﬂf@é@rﬁ‘%@m@ﬁntﬁ@%@ﬂ tﬁéré@ﬂf@ra'ﬁrefefr&fly the calcination
exanpl e) more prefera an inert gas

subst aﬁiwpﬁpmgfeﬁp@@lrmle@s(y‘@@ OSQQan%@ rﬁ@'ﬁr@}@@@ﬂ Mgfeggqeferably less
gﬁggaltﬁ@]{%@ ?’FH’EH\% gﬁeﬂrls Br & ettt fhteeéaffaﬁatl on'a at%esphere Ideally,

calcination Is
per f orthedoxygea sinn:enmmraldugnn@xgeg;@natfqrees Zassatthms;ﬂﬁ)@r gpm. It is

Wi th ge%@qﬁﬁe%e:p%%ewrt tﬂgygﬁ&téﬂ%ﬂ?% ty&én fr recfo dﬁ:‘lbw’are difficult to

the c
30 attain in large-scale commercial operations. Optionally, the calcination may be

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 number of

factors including the oxygen concentration in the calcination atmosphere and the



at mosphere contains |ess than 10,000 ppm nol e oxygen.

More preferably, Iess than 2000 ppm nol e oxygen is

present gBnfithef &/l RidiaigUhsabMeRREAE gad |

oxygen concegt ration durblcgr%g cal Ci Lrj1at£|?8a %glél e%(fsfr%”t' Qel to.10 mole % in
500 ppm thetcaldnatiogcaigimspaare avweypieally stficient. In one embodiment of the
subst antjj, 0X¥@ fficult to

30 attai 'n%r{t% ['ar gemégéﬁqgcp%ﬁn@gt%q grgggég&agb%‘?@ comprised of oxygen, &

Opt i onal fegycinhgasalpedfasebiyonanvay rvenoxjze) fa@ﬁm@)@tlbrﬁbll‘/hgne or more inert
presenc on nonoxi d

when E%I%]é%ﬁ% %‘{Jgoﬁg ﬂg‘ajm Sallﬁégrl gg@éﬁr ?J‘-’r)m nol e) IS

“present. The T@ptcammt mﬁ?lbrétmﬁﬁtatlrﬁk% |heéjlﬂ§é@%e8%rwgléaicmatlon with a

of cours var tgendl ng on a nunber of
i ncl udi ﬁgref“ﬁbo 7INg HAEESf taudrhe satahist baf cTeanhamce the oxidation

at rTDSph%cﬁvufiyan HLE ca@lys@'eiﬂtlé thp&ftarFt rlf°°ratr ﬁ%uealpiga% be performed at a

but reducing | evel’s of fromO
t he cal dfRAEI ea%frﬁisi%?fér@oa@e M@/rpunfaﬁerqblxsuheuoaim|on temperature is

I'n ope emhodi FBBiC Bt EBegrreétQY%H lrgé(@ﬁé(n algljnatlon times of from

performed i n an at nos e corrprls
reduci ngbgais0.( e éﬂéwatﬂ WIIIMWIMMM de) and

optionally, opg Qg rrﬁay M foactd %&egg& e%s?é a@g{%%l@g calcination.

nitrogen, helium argon,” carpon | OXl
may be Maichtreaptéah ican abef ietfedtet eloly, dar iergmed, Qjoli’n&tdtlﬁ@ the catalyst with

wth a r i.n sed, t h t

cat al ySts an*?afmr%ﬁ e%%gar%%g ttaﬁwggr araa@r%‘rﬁra%géta\;pwe@ture in excess of

t he 16at 409X, , more prefaratplor 4 &l‘ﬁhpérb’@te Inhﬁe&érhgé Bﬁ?\%@@ B850° C) for from
e

per f or ne t eratyre of at st 500C. r

pref er agsgl?t Qﬁ cingPﬁat #Sﬁcqoé’n‘ff@? &ﬁﬁrés jdesjrablgtin |asdatto reduce the
700C butam’amngbmtsEIUat tﬁ@iﬁiel@@&ccata'yﬂldé@k/éd frofrPthe itidihrAhalide reagent
ti mes of f 4 hours w

| be
suffi ci SH? ° *ﬁﬁ%eaaéﬁ ¢ 8¥%r°ﬁ’é96%$étyr°ég@t‘?dalwtt h wat er

after and/ othaberam]ySIarhﬁy ngtd de. treSeahwiieast | 'o?d!a ;I)l;?ﬁtmg agent at
e contacting the cataly

ffected b
st edh af'® %tegltg(fa’teé%n? SempuV'atien & py %ﬁ%’b’a‘kﬁripfmad after calcination and

t enper akdsepleferakiyefer 8bthl&idffon dHare &ro%fmrﬁ
t enper ature in thlg range of 150C to 658C) I ?g%’r Buitable silylation

about 0TMEMASsEAdERARS TR ierev\Pf?ﬁeWhaﬁ‘éﬁﬂtlps 'atesicsaties in U.S. Pat
i n ordeNot 3 B2EHGE 2hRS Qﬁ@wtsgitabfeeﬁl f%;ﬁlﬂ{; ggh sqﬁclu@a organasilanes,

the catal yst derjved from'the fitani u
and to PiEPedesibnes gt orggnedsikizenesof the catal yst.

The,¢gat al yStOl'E%MOQIa%% &)ﬁ atlﬁiﬁ ﬁ‘rgﬂ‘ Ihd B eeor gg%%ccsubstltuents may be

silylating agent at eva enper ur e.
Si | yl at vidiged s insiusiiray, af@r ;eme‘rpﬂmrmhcm‘oaﬁnamylmmlnm rigdhl@edimethy! silane,

roact | onror T e SShEiuREloii: PSHoItangenvisiane and e

adapt ablile. foPraﬁsreed norgheo i essiend sﬂpM&n@ | &er®¢ Enclude tetra-substituted
descri be 392 and 923, 843.

Sui t abl %%EFf 9?5?9 Hg%é%?@aionabaa@eaﬁsg%maq fEpfashiorine, bromine, and

30 iodine with the remainder of the substituents being methyl, ethyl, phenyl or a
combination thereof. _
Organodisilazanes are represented by the formula R3Si-NH-SiR3, wherein

the R groups are independently hydrocarbyl groups (preferably, C4-C, alkyl) or



organohal osi | anes, and organodi sil azanes. 25
Organosi | anes containing fromone to three organic
substituents may be utilized, including, for exanple,

chi or aiydrogdmyEspdorilg prefeabt wractlermelﬂfyé hékéaﬂmisubstltuted dlsnazanes
nitrotrinethyl -silane, chiorotriethylsilane,

chl or cHCHEAShIATSYaRPIes EXFBERNGISIBZAMe! | ke, Preferred

or ganohal osﬁréétrr‘ﬁeﬁ'vshﬂ‘nl tﬁE'sﬂQafﬁibeQéé%t'rﬁ‘@)} ngpen‘ormed either in the liquid
tetra-substitute | anes” having from1 hal o

subst i Rheset (ke s wiheta ke Sﬂlvl@hmg:nwrtllmépplmddmth% catafy@t @9a liquid, either

rret y| &Wlt%%!f {;|h§5 Eeggﬂ.}t%q% aogufala %&Qﬁ'shl& P%r%garbon or in the

or a i nation t
O ganodap@r Ipaasm(ase amaaereélpﬂ e&;éatnedagwt tsmprﬁamﬂtmwah the catalyst in the

hodr oQBFByTT 2 FBina P it itRes A pRERRRL e tange of from

hydr ogslsbut E&me)CIt(aId% (DI afiter sedefbat h@eeartembb@tures (e.g., 300°C to
hexaal lﬁi gstltut ed SI I aéan S Suc.
X

f . .
exanpl By e Yo ARG oy M, e iAW agent s an

si {oy/ adrga@om@gmanémﬁd RenRahaOWRH tephdtefuréd)(d @esdﬁmw 3b0°C) being
phase (I.e., where the silylati ni%essglent is ap fled

t he catrafejed fasthg qrgw%ﬁ"aé@ﬁ% iglatipp §@Vfbeo¢arﬁ%d faut in a batch,

sol ut i inilddningslis BPLSHBAbYERanAsCh as a hydrocar bon)
or in the vapor phase (i.e., where the silylatin

agent is cormeatansth @ ttine medwrgdafoy dhe wytatfag ﬁgﬁﬂ%t@ffeéﬁ with the
as
gas). -o[?'% L7 %e Eﬁg{?@ %é 'hg§ irf %B\F)ﬁ?ffsone at E?Sﬂ%r}t employed.

range r om abo .
t etqgerla:tvmfésmperagures 360aally reqmggd;)ng@@rﬁ@ct@gﬁ@n@. | generally, times of

pr ef erhoq,ﬁ 0\/\41 ‘% Rod g%rggu@v/d?@%l ng agent is an io

or ganohal 0$1 ["ane 'and sone | ower tenperatures
(e.g., 80CThe a6@Unt lmélsﬁglatmg gfgent ethifloyedt loen vary widely. Suitable

or ganodl Si | T e, L]
N A bar{l()lhnt@%? r?\lﬁatfng a&%nﬂ: é%ng M%%ouéglrﬁghtﬁlg/r\ggﬁbht (based on
The | ghgtvreigiit dflthnnaemtequatawt f:tompd)sh’mns)ltda wbaui figpergemitby weight, with

et - cirolt ninat deSlbateesb  RIPLRcARTENG pfterea. e

t enpersilylatiag agenetaal bey ap@igpdi tb&hé oalglyst eidf@ctin one tiea®sent or a series
Generalfy times of fromO.1 to 48 hours are
~ sui t abifd®3FRESnount of silylating agent enployed can

vary w del yrheStathighl €ompaerioit sbtainediByythat hfogedrgeitied procedure will
can rang from about 1 Eer cent b

t (bas
Che erederaily Ratie e mBoan coBlPribadt b 81 1o 15 percent

abgyt Eﬁaf@@bﬁﬁnﬁtobm\ﬁé'r&m byl\bvb@hgﬂtaﬁh"mﬂr(ﬁwsth@ffofrhth@amum oxide,
to 50 percent by wei ght typically bei n%é referred. The

si lyl atvplﬁg"s/agv@ﬁtpr@@ﬁa 2 la@pmlg@@wavq R¥IEHRFIRR). éNhﬂr@rthe catalyst

in ong dd GALERAatd, iBwil SFEERR al& cSHER RIS percent by weight carbon
in the form of organic silyl groups. Relatively minor quantities of halide (e.g., up
to about 5000 ppm) may also be present in the catalyst.

30 The catalyst compositions may optionally incorporate non-interfering
and/or catalyst promoting substances, especially those which are chemically
inert to the oxidation.reactants and products. The catalysts may contain minor
amounts of promoters, for example, alkali metals (e.g., sodium, potassium) or

alkaline earth metals (e.g., barium, calcium, magnesium) as oxides or



The catal yst conposition obtained by the
af oredescri bed procedure will generally have a

composi ty - A8 Q. 0 erce

COT o LBl AR by BEER Rl 001 0 5% by
(i n the Wwesghh bésed toanthemtaali deight yobi thal tatalyandomposition are typicaily
pr ef er abl ]i n a high positive oxidation state). Were

the cat §Iui}/_§tf € has been sil ylated, it will typically

al so cont ai nThetcatalfbt RerpoBioky MR ENEMPRIRANN ah dbRfenient physical
form of _.organic silyl gr oups. Rel atively m nor

quanfi t i éfmrhé‘!si e emple. Rowder.JakBBugranoles, ptrgresray pellets. The
al so be iresaBt silickolSCs At MaySbe ROstBE ©AhAYSH to impregnation and
conposi tions may optionally i'ncorporate

non- i nt pfcatiag oraairoativelt deyeanvererthettengnratisatancarsi/or calcination
especi al | Shyi C ' ' .0 the .

oxt dat | o' BHETEIY S MRSERCHRBISPIRS ) BENsbEdpdgenniaues such as
cont ai newirngion, maieiiratisn afrindingnotties Bke. f or exanpl e,

al kal,i netal ) [ .pot assi u or. al kaline .
ear ?h net al s’?k‘é.%&%”b%@ﬁ‘?&ﬁ{%ﬁgﬁ‘ RIS ﬁ?a%éQqu‘P” &8mprises contacting
- oxi des arfueltieadt that desainfokgdniosatr ahpaditdé Withalnkathamée hydroperoxide
earth mett?ll |l evel s ?Ehfrtom 0.01 to 5% wgi g‘%}t ased .

on the tof'&IPTRRTHfit° etﬂﬁ%’”@a@é]@@‘f‘%@%'i Hiaple fuel streams include
typ: cal biesestiiel aht gasdive, tﬁ:ﬁﬂﬁlir}@hat{ﬁ@@@tfﬁéi@lht%ﬁ Jhmycra&ed gasolines.
enpl oyed i n any convenie sical 5 formsuch as,

for examiid, SHHREREmIG RugrothFogyIrasionspfficiude B normally gaseous

“pel et speffieum fadti@ariscwsll bt GepHEaS Réfodem@YePRiel, TudWiNand the like.
formprior to inpregnation and calcination or, _

al ter naP_Fe\ﬁéf {uel lsea m%riyeﬂeﬁ&eérﬁ_—'?'rﬁfﬁé@hat i on and/ or

cal ci nati on pidi@raLa8ahieHliloperxiliet e RiMiroPAYSH ?\Z&operoxides having
- form by conventional "techni ques such as” extrusion,

~ pel | eti #ami 8rio Qj} Pﬁépfﬁ@t@ﬂs-t Hearigutarly EL'_@felTF@ are secondary and tertiary
Or ganosy)ddpe/%iddat bPNrekoCLsSE, Ofs ¢ Bﬁ'ﬁbﬂv%ﬂ}rhg.n Exemplary organic
conprises contacting a fuel.streamthat contains

or g&hoshydrapeiomggs i sekabip t Horanuss gingludehytdvuperuxrateroxide,  t-amyl

in the gy . af ' | ntai ni Y .

Sui t abl D BT X eBnl CRH ORGP ILA Yiuroperaxide, and

gasol i neumeme hydicpgyorde ur rbutyshydabrgtoxide is especialnosasd.

gasol i nes. = aLni - r n I

fractions i nﬁgﬁﬁ(@ Wé;oﬁ%?o%@{% ygggas dgés/‘@lg’?ogc{g??%l BY,yxidation of the

f ract i ororeespmetiing agkarep tithacofkedodtieneof jted chrresporfditgl alcohol.  For

oil, and the ljke. . Diesel fuel is a particularl i

preferr ’W@Si. {hgtcp%dgﬁon 9?59&%388 p&?@’ﬁﬁ?@ mixture of Lbutyl hydroperoxide

Pydr opesrak t-tatnal. eAlthodigbdiais Banalbly ds ape tiex beesidi@pdréroxide with the
rom3 to 20 carbo

b F St[omﬁ. Parti%ﬂ arl.)é referred are. o
secondaf3f"ERENYBE &RRG 1N AVRIPIIRBP AT 8EUBHOT PioR?ESS 9idha invention, itis
car bon sretrableEKenMeasryanic gRibedL (s BYSHARRN P4 P8S|-free before use in
sui table for use include t-butyl h}/dr oper.oxi de, t-anyl

the oxidation process. By “dlcohotl free”, it is meant that the organic

30 hydroperoxide:alcoho! molar ratio is greater than about.25:1.
In such an oxidation process the sulfur compound:hydroperoxide molar
ratio is not particularly critical, but it is preferable to employ a molar ratio of

approximately 2:1 to about 1:2.



hydr oper oxi de, cycl ohexyl hydroperoxi de, e[hylbeniene.

hydr oper oxi de, and cunene hydroperoxi de. T-butyl

hydr operoxi de is especially useful. Organic

hydr oper oxiTigs ofidatidry pesciohyispeaiverd by tioxilidati ﬁtﬁhs@f at moderate
the correspondi ng al kane V\A%a@%gr oduction of t

cor r esiEBIMErHYras akhpressigs [Schon teapeatuaes Ve from 0°C to
of i sof @ngupﬁr‘é?@&@lz f@ﬂ@@fe@f@c ct -THétpdhction is preferably conducted
hydr operoxi de and t-butanol. Although it is suitable

to useaft Weam\@aﬁﬁl@qwgﬂ@ﬁ@'%%[%eTﬁptmeﬁlﬁ@ pressure is not critical. The
corse ol h afgs ul |

pr ocegtfs%g@'gh{]gmﬁ%'ﬁ® ntcao st ?orﬂég pr ef g& a%?L%‘% hﬁ ﬁegterogeneous In
or gani chagpactox auoke thus lsmwes;en’ntasaa bylucﬁbhaﬂmdﬂurfngeﬂaeixeddnﬂen process of
use | t.he x i dat| r S free

mmant IS Vaehor GuRarSG TR Ty el T AUResrLGI IS o pmosereres.
ratio i s greet etddtanreabiul may:te péorsecihusimg axy datthe Bonventional
process the sul fur conpgund: h dr&pero i de nol ar atio

s notieBai | CAMAUICER| KR4, Thute; @ JOpr 1 ApiEtep processes.

enpl oycantiRlodt dsaled & baﬂﬂ’pbﬂ:}@eﬁﬁﬁe@' bhag Be tRedbOWbr example, the
1:2. 9 The oxidation reaction is conducted in the

| i qui cPaspustenay bedaeipyrein thefRieT ehaifed Ratoressur es.
Sui tabl e regel b)@(ﬁ‘atto‘?ggr%ﬁéébu51e§1evlﬁ0é(ntforn°58rQQTECé stf¥@dntial portion of

but preferably from C. The reaction is-
pr ef erthB| groeopsilitt danputiiesointadienas. nodymiedllyc greater than about 50

- Pressylbeen -Iih?faﬁ%eﬁaﬁﬁo&flfﬁﬁ%\'{bﬁnde% Lt c&WeT’t!a? 6}hto th%nés preferably

titani'umcon ni ng cat al yst co osition
| sishetgreatgertbansationt &ﬂhaﬁ@@nterarahmqshweiesatm @@aﬂer dlsan about 90

a sol '&rB&ﬂsewﬂgﬁ I o&]HStlochXhQ@g o%gggé@?oeﬁ% gésirehrgx?er{t, the product
i nvent'i On: c¢al” press ry from1 at nosphere to
100 atmu&plaenays beﬁr@twma&mwe theasdlioors rfeyn Ifee fuel stream. Typical

per f 0fgl}?f%{qgsréﬁgﬁ}gb\?mg%s%é{‘ﬁwgﬁ%‘%}’s%?\&'nSU%' %xtlragf?%s ?gln% absorbents such

confi guratrons or 'suc
pr ocesxesilica, |amn@0a1t;bo1yme|r$c eesinsebhd asollbed. cAltgrnetbetiy ties sulfones can

T9| o&ed%rﬂm{ OOE)¥ igmd pug %)ﬂﬁa 88@ %SE%IEP¥?Iventsrﬁélch as methanol,
OXI datdiowetiy oloeasmiale, tIhenethwpyrtolldnneormveautaoratnle Other extraction
subst ant i, al rt| f  the ul fur i
nto d0pvane seldRed ipy G RN aptdrpaB Bt Sied in the artof
- per cengxtielctitdpolar pstasul fur | npurities are converted

i.nto sul fones, preferabl ater than about 80
- percent, a d“en@ﬁ?w‘ﬁgeef’@ gf%ﬁf'@ﬁ r?fﬁat[h]‘edBYﬁN'O@O Those skilled in
pe—rscerthe ahen Fé&@%rﬂ%é %riy%rféﬂ@n@ﬂ%@%@é’@ﬂthtrptﬁehﬁmt of the invention
desired extent roduct mxture may be treated t

r ermveaftdn%?%’ﬁqu&fé@amsom the fuel stream Typi cal
sul fone EoiRYE £ Fﬂgﬁﬁg?éﬂpﬁéw&ﬁ/\?@m fiy ncaiod ANCE WITH THE

extraction using absorbents such as silica, a
pol ymeric resins, and zeollteéNVﬁhﬂﬁaﬂatlvely the

sul fones C%E‘atalyst 1A: The silica support (Grace Davison DAVICAT P-732, particle

30 size 0.6 -1.4 mm, surface area 300 mzlg) is dried at 400°C in air for 4 hours.
The dried silica (47 g) is charged into a 1-L round-bottom flask. A solution
containing fitanium (IV) diisopropoxide bis(acetylacetonate) (15.1 g, 75%
solution in isopropanol) and isopropanol (89 g) is then added to the silica and

mixed well. The solvent is removed by rotavaping at 90°C. The impregnated

10



20 be renoved by liquid-liquid extraction using polar-
sol vents such as nethanol, dinmethyl formani de, N-m

et hyl pyrﬁw‘ékér@@%s cgfolréee?rti Qﬁ“aﬁ Bbb“q fog2n%ur§x oﬁggﬂg{ég&atalyst 1A was

medi a, both solid and qui d, be readi
to thosemersureddo C@ﬂttaiﬁ@ &mt %oTi arekd. hdottion@. pol ar

speci es. The g I y. ill st rate the
i nventi on. éﬁ‘l’” i 1 g@fﬁé’t’éﬂ %ta{rﬁ{ﬁgr{s e F te thggRioggdure for non-
many varsnataltemﬁatdm 1dv, eexeepthihat tHeesified fd Hrlé’cf al B80°C and 51 g of the

i nve |on nd scope of t | ai ns. EXANMPLE
CATAL Eﬁ'ﬂ}ﬁﬁAsrl‘"gﬂePRPt M@Aﬁ@ﬁ“% W@PIEQ titanveENTE\ONdiisopropoxide
Cat al ystbué(écetm@et@hbtew@9?0%1% 3 Nl |rP%Y> g@\éggﬂopmpano, 82

P-732 part| cle si ze nm surfa e ar
ne/g) isd Jdriheqcaielystgn dhamnsililated by chargingrtse mathealdntioed 500-mL 3-neck

silica (fin@boltsmShak 88dphet QitR alcolndélqyt{}d l?ﬁérﬁwometer and an inert gas

flask. A solution containing t
di i sopr dpleki ddhbi Bastcés yhacgadorvthe the mnsugateaw@talyst (52.9 g) and

|
herthade AP IRISREAN o GG bAPRIRRRIR o, Fheisfum ic nestes wit
s r erm\ﬂEEIdOIbyaﬂ'zdt)aeﬁqu (96" @‘X USEE. '”é_rhetmwew&ir@dhodrg The system is

nl\llgtne;: |61|y0| \9@% oa%@;a rfb%‘# Heri]t %s V\%tﬁuoss %gtﬁf,r@gth? 83%&?‘? Is; fitered and washed

3.2 }/vt (i hemaine<()101) mt). ¥0Btaikled aliysted BhtalySt 1B iatRA dried in a flask
Cat al ys

is made b gcedu for non-
silyl at &%%tﬂsm%ﬁs %5)18 &BB Cﬁg‘?r #Eeugﬁ Meaguies Hr 2e@ wt%; C, 2.0
at 450Cwvatwd 51 g of the 5 dried silica is inpregnated :
wth a solutiop,c ai jn titani um (
di i sopr opoxi @éﬂ"é\ﬁ—geécg’g Beacsndrugon Ré @V{/ﬁ'@—r P7E32) is dried at 400°C in
sol uti oairi far i4s AREEPaTRY brné@%.no‘éommagphs CR&r e&i)mto@%oo mL 3-neck
catalyst is then silylated by charging the mg

into a oot ERIK equinned-WEt 8o inert gaskiniet mﬁewmttdnd a scrubber

a condeBggtiniry ANRIOIBBERM hidHExiae sbisb
The flask is r(;%‘Jhadri@;: Wi th thgd}n)gnsfl yl at‘eg"?@za’[mgal%g‘I described above,

(5229 gp Sé?ﬁ&‘omc?oa@ﬁ%?wr'am@n? &AL 9(990%. y)ateaﬁ@o ppm) and titanium
n- hept apg) (qucg%fldg??(ﬁﬁﬂseénd'e% dnaat ﬁg/ H\%]lrt Eas ?Hn%flhere The mixture

bath to. refl ux under inert at
hours. *ﬁh@'@?é’t’%’rﬁw ir,w'rl@@oﬂe*@ SRbvant Lm@@nowmdm hegdieg with an oil bath at

at nosphepecay ered and washed
w th hept ane%érhﬁrdb@h%wsfg”]gdﬁog! ‘ylated Catal yst 1B

is then dried Ploﬁloﬂ Cfflaégke mater@l (3he) is apdeindd lopctadrging it into a tubular
180,200 a of
15 \7&2% &éart&ra rle%c{BPg’rcﬁmhgg ?éjfn%ﬁ &rﬁage ga@%eﬁ&ﬂﬂwﬁ%le@qwell a 500 mL 3-

P- 732) nsckerLlEId bevttortODEB ki @ hestingfroantte, houinert Jéseintdrti 864 a scrubber
silica &%ﬁta@r‘%ng?)sohﬁm(:ﬂ%rg%geis%‘u%o%).Sq%én%atgl}gtegekd is heated to 850°C
under dry nitrogen (99.999%) flow (400 cc/min). After the bed is maintained at
850°C for 30 min, the power to the furnace is turned off and the catalyst bed is

30 cooled to 400°C. _

The catalyst is hydrated by the following procedure. Water (3.0 g) is
added into the 3-neck round-bottom flask and the flask is heated with a heating
mantle to reflux while maintaining the nitrogen flow at 400 cc/min. The water is
distilled through the catalyst bed over a period of 30 minutes. A heat gun is
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round- bottom fl ask equi pped with an inert gas inlet, a
gas outlet, and a scrubber containing aqueous sodi um
hydr oxi de solution. Into the flask described above, 20

a_sol uusashtochertitse iragncopotiprdipslatreeue Zlatga,nyggswwm water is driven

wat er <ét Ofptplg)ﬂ %qujobbﬁqﬁé‘@ed( IMe %i[;sﬁ@?é%#ﬁ% r‘esd gt24OO°C for an

g) is 2dded tin i nert "gas at (
m xt ur addmmammdrSberebgocmmg r Ciatedyst TOeostdineehV witsh Ti.

renoved by at i hg-with an oil th . at 25C under

ni trogen ﬂggggiygﬁvéa Igﬁfﬁe'sﬁuagﬁ?'léﬁlﬁteéj%asafcg‘?/"és

materi al (3% 59D ins Takek ﬂ@ﬂndob(otﬁ‘dﬂrafﬂ@sm% ehuibpé® with a condenser, a
tubular 25 quartz reactor (1 inch ID 16 inch |ong)

equi ppBETAPTRISA 8L ARDNRI 192Sdnishol e flask incbrroed withy heptane (39 g,
round- wafePQ@bfdmkhe%rﬂgﬁwdmamt (3840 eﬁahd“%&alga@?c (11.8g). The

inlet, and a scrubber (contai ni ng sodium h
sol utlﬁl\@}emTﬁeh@@tﬁﬁl yih pibdbats tveagfsy (38 9,‘50‘@ Urltars under inert

dry ni ét’fr%ﬁﬂer@gg 8[%96@%!&%(:\,\’{& 4%38% 1 ﬂ%ei;eé\ Egrwé{ﬂ%d with heptane

bed i s mal htai ne
t heo f uf1f8cerl)i sTheunatedalo$ themdrigdie a:fwsaltmder lloed gas flodQat 180-200°C

Fol | owchd "recsanast T Pals 50 B4 TSR EE W 6 e

3-neck r our@btblg!;tttEnSlllcas{Gmnel Etdvmﬁlm%\mm Ihe?aiz)eli aviddhin at 450°C

a heat.in tle t e tai i. th
ot ogbr b e ap, ofhd Bhied it s QIR st inlf & f g auartz reactor
t hr ough lhbte lmaﬂ@hr}mtlob@)deqms;becﬁwnﬁral erdbwa aBOMERS3-neck round-
h at i,S 11 use qeat t he round-bottom fl ask
I

to onsRion fask. aﬁqpe?w a@a ewat drerf gasifigle ANd Ry SCiybber (containing
the f1askurk h{y@ktgébet B@Iu@@@ Th@ eslydt oddRNhEREAMUEI BRFC under dry

at 400C for an onal hours before coolin

Cat al y¥F0%%0 68%1989%% tow OﬁOO%Cﬁm'n)Cat J!t%tlmlmfac%lorlde (74 g) is

Cat al yigdnslerfed & tHy t3t}%rcksﬂdu)ﬁh%ﬁgmaﬁasfkolah@\$ﬁe féﬁskAs FUdted with a
nmL 3-neck round-bottom fl ask i s equi

conderf¥&&ting Mantigdp fafket while mtﬁ'ﬁ‘“ﬂﬁg? t”'@&@n |ﬂﬁ’bNe@t 48fhec/min. The

flask titgnighaessshides H%ﬁtl@@%ré@& e caV@}s@Be&ﬁpa ?Eﬂ@d of 1 hour. A
hexamet h){l di si |l azane (3.10 and Cat al yst

S8t Bnysed Wea%tdﬂw 'E‘W”@qu'(tlé@t ﬂa%kotOr @ﬁi’ruﬁ& that any residual
(98C) tfté’rﬁlur% BRNH r‘rH'édgrdrl'v?ﬁrht oﬁb@%@l@ﬁ{rs é?\efch%rt?eﬁ The bed is then

cool i ng. The cata IS lter and was ed Wi t
hept arfeeates ?etlfﬂﬁ@ ﬁLQWO Fheunbeferd edoling ta A& Cdried in a

fclalekygtndi hl agﬁ?g %c]o%‘@{wﬁ-{ }il\.%% gqiurgf%ﬁmforg?%sﬁand the flask is

Catsal yredateld ‘Etth 8iHeating (rGrdledo ImﬂuanlemWh@AﬁngPth'éBrﬁbrog@w flow at 400
air ied sil

dried dhad

(36 ) T ndReateteh i sl & e s (P Wsh gl ovgrya Feriod of 20

i nch lra,nuﬂe@ i Atbal gd)s @spd mples?ht\md Fouadtdvetb okl to éfhsure that any

500 3-neck round 15 bot m. f | aﬁ_l (E t| ng. mant |

an méﬁ?'dkj%lé’vﬁ'tﬁr |étdnvgrhaubos p@lg% r?qggh g8{PgAnd he heat to the heating
mantle was turned off. The tube reactor was cooled to room temperature.

30 The catalyst is then silylated according to the procedure described for

Catalyst 1B, except that 15 g of catalyst, 43 g of heptane, and 3.0 g of

“hexamethyldisilazane is used. Catalyst 1E contains 2.6 wt.% Ti and 2.0 wt.% C.



sodi um hydroxi de solution). The catalyst bed is heated
to 300C under dry nitrogen (99.999% flow (400

/[min). Ti | |
Cranst er red CoaptE: NS ot Ren bE ade aeqaping to any known

fl ask i ditetatwredrededirea Skeafdr regxample, IueSt Bat eNd. Le<55mi712e DiRenzo, et.

Uit ant ot baEBLp AEAERS (T vl o fsn Ele o€ a1, L Ghem. Soc

cat al ystCteesl Comen. 189950 186, ITHEOstaindd MERL4OHE] isSy )
used to heat the round-bottomflask to ensureBt h&sl rler(ljyat 180°C and

r esi dualthen icelginedngtt 820°&c fiirot4 deuissbefpievese.outBEN stifiace area of the
flask t T d 5 :

for-0, b IAHR i< PBeRffle. WCNPEE (4 8 b RnallBliie 5oy S neck round-
i s addedottamoflagke eGuinpek withuan-ibart tgam iflegsk @Sdomﬂm and a scrubber

\f/\,|h|alsg Irr%??l’t%ﬁ‘ ,ﬁhe’g‘gl??d%‘é" dfy lﬁahe rtoI || %ﬁng.{tlnglgfgdntoctg rﬂaﬁ&( described above,
The wat ersdlstiati sarisidtied dfh'r-bqubné Gy ga@a#%swal?@ddly?ﬁm? and titanium

P ourfe bR dnra e shauFra s Aea e ly Tt g atmosphere.

i s driv&hequixtoé i$ hrﬁxéd agl ByhswiHzg. t'h% E@Ident-ﬂlgerehﬁﬁted by rotavaping
to the heating mantle was turned off. The tub

react or YRRE ‘@GHF'@CFttBQ (ng’rﬁ Benperature. 30 The
catal yst is Tl'ﬂa'eﬁbévé ¥bialed ASEALCL r{ﬂeﬁ Ba%Sd parn?q%%tgd according to

~described for Catalyst 1B, excep
cat al ysthe prgcefuse dﬁétp'tb@ﬁéor @a@lyst ﬁﬁg Toé Catalyst is then silylated according

\Ijvtexq/ﬁlt H:yﬂhg @bé%?@@eé@nbgqgg& &%\ls%és% %e%t% 142 d o?catalyst, 35 g of

silica beppoetarshd 96a) ofbltkxaauatioyldisirgat® isamsedk nOmtalyst 1F contains 5.5
[iterat %% Er e@yw{ﬂ/f éee for exanple, U S. Pat. No.

3,556,7 enzo al ., Mcroporous Mterials
(1997), VoI HXANBRE 20@XEDIA'§I|QN OF . THIDPHENE C&MH TBHP OXIDATE

Soc. 55. ., The, obt ai ned 41 _

gel is dri edcaqg&%oé}x d‘]rg g'egze]d &4 PF n@YdaOrs s cvarispus  organosuifur
14 Pour sorbpdomds. u§be t8ifTresultd ace sovea irofTablee1. nmtfééd & prepared by
is 1488 4 36 iI,Ss char e to

3- neck P%Ar% eithgt t tng]e ¥k e gmj OSDAE G ! Q@%%@WOP@W&@E (DBT) and
inlet, latyogxglell olBHet oxidatd a:oam{m:b@erplprmﬁﬁtﬁwnflegws/o TBHP and 56%
aqueous, sodi ution n e flas

_descri b§ la‘%g%F%chRglgl ﬁtlﬁe Ged goafadts &87%f""tn" HEP an@ 32 wt.% t-butyl
(60 g, Q66! (MBARTaneS024p P, &D0tyt hydREpABXiHO éﬁth The molar ratio of
tetrachégﬁ_ ﬁ@&%w ieaq 0.55 nml) i s added under dry

i nett &’ The nixture is mxed well by

swirling. Thea né@m F: TheepR¥es BYed REAYEP

vacuum at 80C fﬁgjr 1 The above obet ai neg ng?erlégﬁ?g@%nd stired in a

t hen cd'lols'f‘?l@é!tt@fﬁdﬂwq@aﬁ%él? RS T eaent Amashbersr ofbel Uiiisilica catalyst
descri e gCCO@O@rX&@%Q’[he SafRLAHYHE b %ot fdhe ;F}Bg%eqso?t 50°C under

silylated ng procedure descr
Cat al ystitrages) atgxaspperet foad. 58hc7UI ng‘(efreeettch wbdure3S agal9fed by GC and
30 HPLC. Oxidation products of thiophene are found to be the correspondi'ng

sulfoxide and sulfone as determined by GC and GC-MS.

Example 2G is run under the same procedure as in Examples 2A-F
except that 0.04 g of the particle form of Catalyst 1D is used, and the reaction

temperature is 80°C.
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heptane, and 0.96 g of hexanethyl disilazane.is, used.

Catal yst 1F contains 5.5 w.%Ti and 5.1 wt.%C.

EXAVMPLE 2. OXI DATI ON OF THI OPHENES W TH TBHP OXI DATE

Cat al ysts IExampe @h issuadindar theesaie @eadedureoés wraEkample 2G except

or gan The lts are s -
I Tacal 6l TR oS, YIDRTR ¥ lsrSicd S 0BT, The
t ol ueneohr rattohyfiDMBBT¢0aBMR WaslRlaenzot hi ophene ( DBT)

and Lyond II T HP xi date (containin xi mat el

43 wt 9% TBH B L A2D RS, PR CHREPG e THRe t Egamples 2AF
cony ai éigept ﬂn@5tﬁé¢etﬂ(%l(@$\-£éne Baskd iutlént is Ridky| 008! (9"19«13 partlcle form
(TBA), and 0.24 wt.% t-butyl hydroperoxide gTBHi’A

nol ar Qfaﬁataly@tfmzsst@mthedemm tegpgragureds 8RfF.ean ep:eactlon time is
The t oS t red in.

a roa(% -bottg%?glog?%%tg%gzo l?rlil%‘?% C%?%Igﬁqs Bbed

at mosphere. The TIABLE il cQrgsapallfus Oxiqadion with Tifsilice idalysts
form is then added and the reaction proceeds at 50C

“under nitrogen atmpsphere for 0.5 hour. The reactjon

mi xt ur e | R¥n & A2y | pyaterstandolsent HpBebstrasej fERmMRsature | Conversion
product$ of thiopheneamsentfiound to be the (°c) (%)
correspondi ng sulfoxig and sul fogne as deferm ned by

GC and GC-MS| Exanplle 2G is| run der the ksane

procedul é4as |i n Exanpl 82 2A- Eoluesg deptPRThat | 0. 040 g 31
the partiad+e|f one off Catal y|stolden® || S R, andsdi he 39
reaction zéCIIpCI-lét_UT‘E_GTSﬁLQOHe?I Exargpgre—2H+sgun T
under the _same procedure as nple 2G except that

4, 6- di met AYI {di BBnzot hi%phené"“(%ﬁ/ﬂBT)DE? used Phstedd 9
of DBT. | TRe |nol&r natic@ of| DMeBd |t o OBHP was 20 4. 91
Exanpl e Z3F I arge T U URGET [t iGuSaNe [Hacedure g5 N 97
Exanpl eg—2A-FE 5 e-xcrepﬁ—ha t _the gthyl benzene based

sol utioh f& gsed® 0]02°8 of| {He"pdrt i e florm 50f 93
Catal yst 3H lel s'Rsed, 0Pt rleddtdron BRI at uredis 80C, 56
and the[reacii ompti me a)sz gne a"mour. FegT Conpareg i ve 80

Haod TARIE 1 Ox-oanosyl f e

Exanpl e 2)—he catalyst—sus D —1I- A oOSth—4
Q(Ig'gtIJDL{JJM I1T'|/3|Iy|ca tarE\\?st RIE% dat al Vot 10
Calfal yst Sol vent Substrate Terrper ature Conversion
Anount* Copargth Exrgple 2A 1A 0.2 Tol uene DBT 50 31 2B
113 0.2 Tol uene DBT 50 39
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2C 1 CO0.2 Toluene DBT 50 90 2D 1D 0.2 Tol uene DBT 50

91 2E 1E 0.2 Toluene DBT 50 91 2F 1F 0.2 Tol uene DBT

50 97 2@elf)af:04 Tol uene DBT 80 93 2H 1 D 0. 04

Tol uene DVDBT 80 56 21 1D 0.02 EB DBT 80 80 2J " - -

EB DBT 80 10 1-10 donpeacass veorEriging ecamastingclaai fel IstréAm - containing
process L S : [als) : m cont ai nj ng

or ganosu? EEE’?%E?‘FW@E%W@ gﬁ %gga{%ﬁ{(}[dﬁo&(ﬁr%%? 6@(%% presence of a
i n the peaisigniceptained by camnathydtcooiptisingéitk dypaofret hod

conprising the steps of 5 (a).inpregnating an . ' o
i nor ggani c siliceo gé)) sofm%fegw%twggg?i' AP0 S@Qﬁg},ugesohd with a titanium
sel ected fromthe groupowosskstictdropi the(dg}btﬁﬁg&%iéiﬁ QU

y

of a titaniumhalide in a non-oxygenated. rocarbon
solvent; and (2) a vapbl & PRHITHOT 13 tifafiwm halide in a non-oxygenated

tetrachloride; 10 (b) cal &i&ioR8bbAoIVERS: gg@at ed
siliceous solid to formthe catalyst; and (c)
optional |y, heating the)ctVargsitraam ehidapiastetisehiofde;

wat efg  wherein agubstaghing! 1ROk gé(;br%fte& hseflicelo]U% Qi to form the

organosul fur inpurities are conver Into su
15 2. The process of ctailitstlangherein the titani um

halide is titani U[rll% te&ﬁtﬁ’,ﬁgwkg%g(tﬁ)e(c%;ﬁ%{syno %Spsfes%cnce of water;

claim1l wherein inhpregnation’'step

acconpl ivdteseinby sybsten el mpritors of tnei agandsuifae irhpdirities W converted into
hal i de iy g non- oxygenated hydrocarbon solvent wth

the inorganic siliceous solid and thereafter . 20

remosi ng t he2hydr deardrocessobivelatm ¥ whehgin he cRSSuf halide is titanium

cel ect el FEPRe gr oup consisting of si1ica and
MCM 41. 3. The process of claim 1 wherein impregnation step (a)(1) is
accomplished by combining a solution of the titanium halidé in the non-
oxygenated hydrocarbon solvent with the inorganic siliceous solid and thereafter
20 removing ;che hydrocarbon solvent. _
4. The process of claim 1 wherein the inorganic siliceous solid is
selected from the group consisting of silica and MCM-41.
5. The process of claim 1 wherein the non-oxygenated hydrocarbon
solvent is selected from the group consisting of Cs5-C1 aliphatic hydrocarbons,
25 Ce-C42 aromatic hydrocarbons, C4-C4q halogenated aliphatic hydrocarbons, Cg-
C+0 halogenated aromatic hydrocarbons, and mixtures thereof, -
6. The process of claim 1 wherein water is substantially excluded
until after step (b) is completed.
7. The process of claim 1 wherein the method of obtaining the
30  catalyst comprises an additional step after step (c) of treating the catalyst with a
silylating agent.
8. The process of claim 1 wherein calcination step (b) is performed at
a temperature of at least 500°C.
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5. The process of claiml wherein the non-oxygenated

hydr ocarbon solvent is selected fromthe group

consi sting of C5-Cl2 aliphatic hydrocarbons, 25

C6- C12 aroreat i cﬂwdpmsbom‘splaﬁi 'Cl\ﬂhderalrogw[at B is performed in a

al i phat i C@r’% ocar bo;} %} 10 hal ogenated aromatic

'hydro lall\ Py aensTres AOSRR8Bof . 6. The process of

claim| wheygei N TWRtRGCcdsS oF UhFh arWhé%él|th€>é€déhﬁ’@ﬁiydrb‘;5’érbklde is t-butyl
after step (b) is conpleted. 7. The process of claim

wher eilydfoperemg@deod of obtaining the 30 catal yst
_cor;rprl SES gy, adq"h%. g(b%les%to?pclﬁm Q" WwhkREn tﬁ)—:‘ g{gang h;i.dnroperoxide is

tréating the cat ylat'ing
pr ocessibefantibly fred of/\JmIeoteamln cal ci nat| on st ep (b) is
per f or med a tenperature .of at

)
D or peas 320t 4 EHRERE fHipuSho Shals TRy <8858 i Jugam containing

in a cghsdunti ahpyritieswaent-butglenairomsprieae 6n tH prebRBce of a catalyst
process of claim1 wherein the organi g hydr oper oxi de

| s t - IARgIned By @rBpEd,awrsiBd 1 SRR Opr ocess of claim

1 pgherein the ow)am A{wgﬁéﬁﬁgré}xm@rgbﬁm siidansdidl Wth a titanium
free of al cohol. process conprising contacting a

di esel fuel str eam c%@ﬁféﬁi aelagfed HogathesarperR Eonsiging afi es
wi th t-butyl hydr °pe(1‘?x'éj§olhtrbgf Bmeaptfﬁﬁlﬁﬂpghlﬁﬁd@m a_non-oxygenated

catal yst obtained by'a net conprising. t
of: 10 (a) inpregnati ng I’BlriFOICﬁtbrog}a'ﬁt@li@r‘iis|<’=1r1dceous soI i d

Wi t h. a t' tani um sou oI u\fﬂp%f:gogar% 0) 'ﬁhﬁ‘n gétr%#ﬂlorld

consisting of: (1) a I'on an| um-c
i nisa non- oxygenm)e@lcxmy@lrﬂa&:anmgnateh\mlmeouam@h@ 2% farm the catalyst _
vapor stream of titaniumtetrachloride; 15 (b)

calcining the i npra&gnated siliceous solid to formthe
- catalyst; and (®)optiphalynaédting theaaiang;t tmtdaecpmﬁdnxcstof water;

L P P E e P BT L L e
sul f onetfon@) 13. The process of claim12 wherein
g eanat] 9, St ahe(BuCHl. 13 o See T hahed b O 08, ey
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. -
'14.  The process of claim 12 wherein the inorganic siliceous s'ol_id is
25  selected from the group consisting of silica and MCM-41.
15.  The process of claim 12 wherein the non-oxygenated hydrocarbon
solvent is selected from the group consisting of Cs-C4, aliphatic hydrocarbons,
Cs-C12 aromatic hydrocarbons, C1-Cyp halogenated aliphatic hydrocarbons, Ce-
C1o halogenated aromatic hydrocarbons, and mixtures thereof.
30 16. The process of claim 12 wherein water is substantially excluded
until after step (b) is completed.
17.  The process of claim 12 wherein the method of obtaining the
catalyst comprises an additional step after step (c) of treating the catalyst with a

silylating agent.
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oxygenat ed hydrocarbon solvent with the inorganic

siliceous solid and thereafter renoving the _

hydr ocar bon 3%g] ve sol ~ClLglm.: .

wherein the inor E}Eei g&giel [ Egglggnq’ggls‘?%é}%lg Ja%ﬁggéoﬁesé%%&b) Is performed
f r om t hét ginperabneiosaf wastdiO0se! i ca and MCM 41. 15.

The process clai erei n.the,non- oxygenat ed, : o
hydr ocar bon ?é'ol v@nétnpijréce\selgléﬁtcgggf ?%r??’?eﬁg'ngg%ﬁp%b% is performed in a
consi st bubptarftialls-o€igrafrepatmidsphbyedr ocar bons, C6- C12

aromatic hydgocarhons, G -C.o hal ogenated aliphatic

hyd?%car bons?&%-%lﬁr%cgf‘%g%fnﬁl@% %W‘?'E the' t-butyl hydroperoxide is
hydr ocasbhisstsntiadintregiof t-bugsalthigsieof . 30 16. The process

of claim 12 wherein water is substantially excluded

until after step (b) is conpleted. 17. The process of

claim 12 wherein the nethod of obtaining the catalyst

conprises an additional step after step (c) of

treating the catalyst with a silylating agent. 16 18.

The process of claim 12 wherein calcination step (b)

is performed at a tenperature of at. |east 500C 19.

The process of claim 12 wherein step (b) is perforned

in a substantially oxygen-free atnosphere. 5 20. The

process of claim 12 wherein the t-butyl hydroperoxide

is substantially free of t-butyl alcohol. 17
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