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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 m?/g to 2000 m?%/g. The inorganic siliceous solids are
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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., Tmm 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
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t enper athotlewiggeiatpeegnatian, m&dllm’l aigise hendi irmn@@hatse dmpregnated

o7 UL i 5y RRCA Bl SRR Bl tcmanon

gr eaawrbet pbmforfnﬁﬁ(m tﬁ@lplresunng af mywna’torﬁm[r ﬁ‘d}‘teemmﬂé) or, more

P oTaE e el B B icn FihEPah Bl B bou@en Suh as nirogen

termgom mafc;h Hefl®i cma}hledrke csramlx}aﬁepﬁérfe@f mﬁdoh@ énlilﬁ)dlment of the
or exa

Sﬁg{"rg %P;, ajﬁ}/‘g'i‘]%(}( 0 Swe&f?rm§dsdbs?arﬁupéalnya'h’r e@(ygen -free

250f a8 piers Ugith @@g@htbfeﬂ@aﬁtrod@eg‘lﬂereaﬁ&n Pﬂé@érbb'lm fP]% calcmatlon
the like or mixture thereof. |In one enbodi nent of

i nVvARRBReTe ConRingless thans 16,09 prpeineler fiwaen.n Mere preferably, less
subghiRooaldpyn Me@eRyddrer p%ésé{t'?ﬁ’%@%flén%c&ma%%%@re Ideally,

bei ng i ntroduced thereafter. Prefera
caltBEn@X¥¥98R cengepyphiet elusipat aallﬁ@am@sssﬂﬁ%m then OB ppm. It is

Mol @ cOINERN hdWRhver, Pihaf 8UBRLNtall 85§ gen-free conditions are difficult to
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



than 2000 ppm nol e oxygen is present in the

cal ci nation atnosphere. ldeally, the oxygen

w@emgesasent i on during calcination is | ess thanPGDUSPPIN41552
It is recognized, however, that substantially

Oxy@i@ﬁntg/rcﬂehe@%tdjdngoglés %?ré@ju&ﬁwg@é%tle&é?s 3Pfr ﬁfﬁnt@‘l o 4B mole % in
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oxygen (e.g. ppm nol e prese
opt f%ﬁmgagﬁmmre@rablh@armumongx@@)saw |¢ptnoofal|;cmneser more inert

yar yadanend! oy RPhef AUIAEh Qfhor AELALS | ncl uding ¢ he
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al'crn | on a
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i nv ti c ' at' d rfor n.an at nosphere _
contarireZatuet 85 DRt 80°c? Bk RiTTERe, sRrarRBIg" Briperature is
1@:ar ﬁdBa@tDTﬁD(’Cdla%t raﬂdreawtth@ﬂﬂabDVC ongidally, b'@l@gétﬂﬂ%m?s of from
gas r oge argon, carbon dioxide
Thee%%@r%tz‘wawﬁgv ':Prﬁ? At P'ﬁ“@ in a fixed bed during
cal ci natvmcwetybt fayshé eadbted witAswiel ReePangRd dhhhg?l&fbmanon
t he_cat al ci,t bed. To enhance the oxidation activi

of PHE Eeadir)stan be eleqtemh vt drit exavarlet kenteating fha catalyst with
be geshoaiee alevated BIMSSAILKE e{pﬂé‘fer@blyl %a&iémﬁé?&%re'\/w Excess of

referably, the calcination tenperature is
500@%6& Mige prefaradly. thigmpeotoe. In Thpransel of, 1508C 4o 6a0T @nfor from

ti s efo. { rom h@\B}QUtR@acjﬁoﬁ ngﬂg\ggf%\" iS JWkj Hbl%)?n orc{er to reduce the

sufficient. The catal yst may react e
af t @wowﬁmfdses@whh@@d@m Gierratalysh deri@sthomdhe titaniune dnlideereagent

ef f 66d ®dnB¥%asd He KHROR cfensﬁ Bt l‘fﬂ%td?@;ééhe catalyst wth

steam at an el evat'ed t'enper ture erably, a
t enper atlihee catalysk geays aifo ©E GO mrﬁTenpofg‘aercabiIWatm@ agent at

e I r f. 150 650 r
o oRE Y EpbBrl®, (SN isRelartily arism S asteh RPleiagon anc
| n mosteprefemahslgadﬁeebd)the;alcmmluntandfreaicﬂ@hd/ﬁﬂw: wﬂt@kl Sa:tame silylation
e t ed fromthe titaniu a e rea
d’n%% gﬁcq,dtgggaz)lq ¥Oé Lh%?dlrn 9 RisRN I;ttmve loR |ge g§§%ﬂ tln U S. Pat.
TheN@satBaﬂiz&BQZTaMd 3|93, g, tSlﬁ&b%dsMahhg abes IddNide organosilanes,
20 e evat ed tenperature.

silylatin ent at
Sil 93‘9‘?%&03 NP A Er UBPNPPRIBEHIGPed after cal cination

2and  mMoKIrgph&dirhad yniiidiey froetdherl ﬁ‘ré@big%ﬂlﬁlfbstltuents may be
reacﬁl on wth water. Suitable silylation

Aptige. eI NFlbiFings o \exameleprakiasaitimatvisiensn daqh@rodlmethyl silane,
desgfrbtapbitylshhng, E’ﬁlbrotrl@tlﬁyslsna%esz&lg’r%aln?é}HY?h@‘é;ﬁallgﬁé and the

Sui tabl e_silylating agents’include organos
or iRohal§&eTathasganagimiasilepmadyistingizageess include tetra-substituted

silanes having from 1 to 3 halo substituents selected from chlorine, 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



25 Organosil anes containing fromone to three organic
substituents may be utilized, including, for exanple,

w@ bdoswgases net hyl si | ane, di chl orodi et hyl si | anBCT/US2003/041552
nitrotrimethyl-silane, chlorotriethylsilane,
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met Pljdse @ehyyhers tensilylabing age@tdﬁ‘@lpnmci tontheoataysft as a lqu|d either

IR e SRSV 0 By o e
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SO0 00 55T SER AR BTSSR TEAA e o o
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ol Eietgied R e odbpisRearenT e Hittis raaxh%fs@r@sfi@ahyﬂ a batch,

or éémﬁ-&ﬁ]tmaﬁ@é o@'&@ﬁtﬁw%bsﬂwann\é@ere the silylating
agent is _contacted with the cataly in the formof a

gas). TrE® Mt t&nfsae deaviesd éqreﬂ"ﬁr éu*yéatw §99'H toheeact with the

t
tf Zﬂﬁg;é;t%ucgfggénca@%% 3&?\%3 i? péﬁg)gchlé‘térhﬁér%ggrﬁ’gﬂj lefl&Mployed.

Lpr ek@wretémmé&téiaﬁ qetm@r%lvlrwtartel Iﬁggqg@ﬁ@thrstlraﬁs i Generally, times of
or g@&gt@ﬁ)?hg ﬂggrga}g sSeqmyhat | ower tenperatures

(e.qg., being preferred for the
or ganodi Bid @naned. of Tsilylading wwtmmmiayecbe:aoavawewmelyt Suitable

|0 B B SO0 L e, PO SEL) PUBHEATED LBty i o

t o theawighmi dftihe Iaetlresuata‘lym eomboslhen)ctataiogasVS demendw waight, with

h d
P oreblitr & PG B B0 S GO PR pod, pTes. The
Censlytdtihg ,agentresn bé applicantoGhd chtalysB elioeiria ode@reatment or a series

suit blag. T le anmount of silylating agent enployed can
var?ﬂ(ﬁ @F "Suitable anpbunts of silylating agent can

r ange f rove a@t@lytst toppogiRs obtineei Bhthd BasedesRbed Peocedure will
ht [Wt he entire catalyst conposition) to about 75
per

RRYPgRt COMPPHLYD CORRIISY dior 8heyt g 5 15 percent
2PEr Gpsterdlty, Vet Jer@driaby Welft Mari@f @ BRAtorhhsF titanium oxide,

silylating agent can be ap Blled to the catal yst either
i n REaty. @étdn@ﬁferébly,am@hlg Posiive pxisiating stade). Thihere the catalyst

;?g@i% Ee%eer?\%'mé}%tl't oA 9BER AL BYntalier 8 96 9ARRGE bPSRight 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



general ly have a conposition conprising fromabout 0.1

to 15 percent 25 (preferably, 1 to 10 percent) by
woweioghsg3ssd t ani um (in the formof titani um oxi dBCT/US2003/041552

typically, and preferably, in a high positive

oxi klafrbafdes t AkS) me‘m%rné/otr *éﬂ(aﬁﬁé @bMﬁtmetQIQt%vé?@sf‘from 0.01 to 5% by

silylated, it w al so contain 1 to
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gr oypspiel atively mnor quantities of halide (e.g.,

up to about 5000 ppm) may al so be present in the

cat al ystThe3catdlyst @mawtmsonﬁp@g ernplogedrity anp comvexlidnt physical

n 0 e ySt 0
4 U aEh =30 LR *hplider IRRGE o SR Y oB P LS. The
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al kfaémrtjsneemrmhtormtmﬂeSer(tep)hgs,lcalbf@rml.byl carakeniiondl techniques such as

004/ 083345
?%Ué’?ﬁpﬁlfﬁf@%@ WB‘?'B%%&? K& kal i netal and/or

1@l kal i nerreasighno@iifal okiextrspeteds 6Mhe.ifertion 58{m|9Mses contacting
n%ht based on the total weight of the cataly

bisl S BAMANG: QOAIESPIOgnOSHITY ABPWieN W 2icabgrs hydroperoxide

ConiHQﬁé FFéé@ﬁc%Vth@Qltﬁmh%%lhlﬂg @Bhélfé@nSﬁl'fﬁtﬁéWuel streams include
physi ca 5 formsuch as, for exanpl'e, powder, fl akes,

gr a‘i’19$%sfue|swfb9é§o“ﬁﬁ peludingshateral, straightgani adsepEiasbgasolines.
sol OeheBYLIRE: cbﬁ‘taﬁﬂ’r@‘ hﬁ/@rro%Wohofra&%rfs”'ﬁ’{cﬁ@i@ameoHoﬁ‘ﬁ‘gly gaseous

cal ci nation or, al ternati vel ﬂ\’/\ be converted af
15 wm@gq@mdwcaﬁ@/aérweclb%nﬁam ankerppema, dﬁferﬁbrfmltctbl and the like.

di f[R%%SI%eIHQ% ﬁﬁéulérgﬁ@me%%mﬂa' techni ques

suc extrusi on etization, grinding or the
like. t&@f@éredrcgamstwqirgper@xid@atalr@hyqlmo@r@ss hgfirophexides having

| nvenhi g, %“E’Jrloér‘?%tcﬁﬂ?t %tr icarp eEeer beP Ll é‘é@otnﬁg by and tertiary

contal ns orgahosul an organic
hydnmnmemxldes ph irbma ;ﬁe’@entﬁa odrbbhe atoms.  Exemplary organic

tltan umcotalnln alyst tabl e f r eans
o noPRRPRERBeS) YR i PR ol i Pre.  temy
st riajdybperpxide angclohaok ety dyassrbiides ethylidreene hydroperoxide, and
norfHiney Bubugues ohBEl iorerattr onesnscial poekl

napht ha, odg@h@sw@mpeﬂixméaebre ftugibaldi Iprodrddt Bg bliigtion of the
Diesel fuel is artlcularlzgreferredfuel St ream

Pr e@%ﬁsgan@mgaﬂk%n%mwoﬁmsé B8 af dhenarigeRsig alcohol.  For

vﬁydé%%@xﬂh(é%qd%%h B8 isob i@ Iroéductd LRAHRAE ALPWBA hydroperoxide
Particularly preferred are secondary and tertiary

hyd?"éfbbp‘étﬁﬂalesAlﬁTouﬂdeﬁ:?UttéblféodJéleH f C5gBYiB Ny drRperpKideywith the
or gﬁ?f&pggdlhéf%Tc%ﬂ@ﬁﬁ’?hé"S%a%Hé&Iﬁplo‘?«dfa%nH 8‘5@6}{ #€8nvention, it is

hydr oper oxi

t- bUt}/@ roger oxXI anyl
cychrefrsRlyie thetihepeigaricareroxts s sehstanialliyaeaokfrosibeéore use in
andthe oxidation process. By “alcohol free®, it is meant that the organic
30  hydroperoxide:alcohol 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.



cunene hydroperoxi de. T-butyl hydroperoxide is
especially useful. Oganic hydroperoxides are
WO yiosd3ky produced by oxidation of the corr eBEDOMNG041552
al kane with coproduction of the corresponding al cohol.
For 25 gyamRidationh 8adiondatl comiRted $PHE a}f&%idpF)Hgé’&%? Moderate
m xture of t-butyl hydroperoxide and t-butanol.
Al tiRBIRgIRaTUEeS and prasaics. t Buitable ferstion demperatures vary from 0°C to
NYGSEPES Bt BRiULE kP25 WOId P5PRACHIGALEANRI o RrddiPonducted
organosul fur oxrdation process of the invention, 1t IS
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a mplar ratio of. approximate 2: 0 abqut 1:2, 9 WO
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1d s Comfhieledasd welhes |Haieh ¢redeasresaindyDBEr @&e@d. For example, the
te ratures and Pre%su%es. Suj tabl e reaction
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uUus I's present as a So P urin
Loxi @ragiesnthpnorleas &F pefaging amd énestoprefeTglpy catbater than about 90
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t hempdureenay dealreatee de removoiifa guifertesdnsn Kheviveli sireiahe  Typical
ool 11180 34T Ol 20108 A R 8 S BRI DR B e s

roce
catad gilita, rediymine, delpheye cesins, Bhe zBolites.oAltarntixayl theduldones can

| i i on. s of .the | '
Eorter el B bRl R SRS e Brle” SP ahBetcrups methanol
| mpdirriethé sformamideyl Ranetsyipfiyplidoak) yor geetanielie t hather extraction
corergeloTed e Monis S b Rerlpobasnt Reltpes SR the artof

abosptra3ingeoreespeciend nost preferably greater than
about 9 Erce,nt. Wien the oxidati on has proceeded to

the desi M5d UQWEG: exaies Medely tllusfrale fiegnmeriope Those skilled in

24 I epbesh Wl FeRITBMIRe trhgh S VATABRS thdtdre i ¥R sSikif 8RMe invention
Typi cal sul fone renoval processes include

sol 3l $G%i f UesElPBRY i on using absorbents such as
si |'i cax ahung ﬂacm'Lylgﬁ‘fPF@EﬁﬂﬁhﬁﬁaN gfg‘?\dcﬁ@hbh yE WITH THE

Alternatively, the sulfones can 20 renoved

liquid-1iquid extraction usiNYGENOPAF sol vents such as
et hano'@atalyst 1A: The silica support (Grace Davison DAVICAT P-732, particle

30 size 0.6 -1.4 mm, surface area 300 m2/g) 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 titanium (V) 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



di met hyl formam de, N-nethyl pyrrolidone, or
acetonitrile. O her extraction nedia, both solid and

WO papaiosB34sv || be readily apparent to those skiP¢BUSI003/041552
the art of extracting polar species. The follow ng

examBtetl W ehitiretl|iv sirrza800tM forl NN T Mdn-sIDRERI Catalyst 1A was
skilled in 25 the art will recognize many Vvariations
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rocghd re for non- sil gl ate st 1A, except that

t heVish NERRNPS1HY indd- aPPlasisg %IM?'@l tadystiliRels themdrigg in a flask

i lirgeReriigert GRS BRAAEBOMAETCATP O HEErONVEARERHNING 73 wt%: C, 2.0
titanium (1V) diisopropoxide bis(acetylacet onat e)

IX 16Wie. g, 75% solution in isopropanol) and isopropanol

(82 9). Cel;lfglﬁsfl ﬁéaél){éé &Gr%cé hreisdinl A gdceer PW&{?% Sh{@ 8} 400°C in

the mater - neck round- bot
equeiprd4 vilaurs.a Tdendiégrs eilica d39 Ber goisectargedaiinio an 5DAenlt 3-neck

I T | t £
Joopb @l Bk chlbheli iU HEft dis et BGAIREL B & Lorubber
andeﬂidnelpgeamele()%s@lumﬂm@r@yd& eatutien.hédb ek laskhdesamibed above,
I 9 t
o SR Bl oot br e a i Ao A5 oR TRRPRED ok 'and ttanium
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s BraRCRRRESY M Zue BieGER Fa el G ERoG AR o o1 batn a
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15 wt % t ac Vi son
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round- bot t | ask equi pped with an inert gas inl et, a
gasn%trogpg -boitgmalask, @blgeeartmg mantle, an inert gags inlet, and ‘a scrubber

(containing sodium hydroxide solution). The catalyst bed 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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cont ai ni ng aqueous sodi um hydroxi de solution. Into the
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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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2D 1 D 0.2 Toluene DBT 50 91 2E 1 E 0.2 Tol uene DBT

50 91 2F 1 F 0.2 Toluene DBT 50 97 2G 1D 0.04
waoioyess34DBT 80 93 2H 1D 0. 04 Tol uene DVDBT 8PCH6S2083/041552
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Conpay @hinve Exanple 14 WD 2004/ 083345

PCT/ US2003/ 041552 We claim 1. A process conprising

cont actihg a & uBlocess eE@MRGTIGI FRHECtNgr gantell $tigam - containing

i Mgy 'ahb&ﬁfuw .hﬁﬁpﬁ&%ﬂb@@}g%@ﬁ@f& éisx.gg Olhhtﬂe presence of a

presence of ca st obtai ned

congatpypieptained sbb/@p@etbl@d @n"(pﬂ‘ﬁmgﬁm é@lp)atorf ng an

|
e
of a titanium hal Bdercerse@ctwrfrmmgmwﬂtonh?m@@far bon
SIS f—

tetrachloride; 10
siliceous solid to fmymddamonaajl\Mnysztnd and (c)

optionally, heati t he catal yst t he QJresence o
vvgter; \M);er ei n a?%ut?s\(afr?{ﬁg?%ﬁ&f“ég 'EaﬁE%”ge’
1or ganosul f ur (bypucalcingsy ath@ masregnated lsmt:ébusSldslofl@nbe-form the

15 2. The process of ck 1 wherein the titanium
halide is titani ufff @8t A8€hl oride. 3. The process of

claim1 wheretn i BpIQEBNAtHAANG tRPcAtalbtlih the presence of water
acconpl i shed b?%&%onbl ning a solution of the titaniu

hal Vereimhat @ skl B&rya@@ét’f% OFgANCsHIAH DB USEeS arf comvarted into
t hesdifgpegani ¢ siliceous solid and thereafter 20

renovi ng the hydrocarbon solvent. 4. The process of

1Zl ai m 1 4her ding P'f@@eﬁ}@lfgl‘hmmc'ls\ivhﬁ!r@ébd'@ $tAnium i fwalide is titanium

sel m the group consisting of silica and
mvt}%ﬁr%@ﬂgﬁ&é?he process of claim1l wherein the

non- oxygenat ddiehpdrassar dforwlaim 1 wherein impregnation step (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
20 removing the 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 Cs-C4, aliphatic hydrocarbons,
25 Cg-Cq2 aromatic hydrocarbons, C4-Cqo halogenated aliphatic hydrocarbons, Cs-
C10 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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of the titaniumhalide in the non- oxygenated _
2thydr ocarBon Jbevermcess t elRE i ovgwieie Enpregedips sisipi da)(1) is

and, dRR(FHRRES 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 solid 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-Cq2 aromatic hydrocarbons, C4-C4p 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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