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SUMMARY OF THE INVENTION
This invention is a pfoces.s for' oxidizing organosulfur impurites found in
fuel streams {o sulfones. The process comprises oxidizing the organosulfur
| impurities in the presence of an organic hydroperoxide and a titanilum~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) oplionally, 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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water (i.e., anhydrous). While oxygen-containing hydrocarbons such as
30  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 silicecus 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 mzlg, 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 hydracarbon 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

S0 that at least 80%, more preferably at least 90%, of the hydrocarbon solvent
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i's amyvbRRIH %ﬁl%ma%ﬁh lé‘s il‘?s'tt b@ Shed 8kl UM s%ﬂé’rﬂla#!y oxygen-free

carbon di oxi de, and t I%’he vapor str.eam
25 t aAimafPhere with Db}rgecmebel@g trﬁr@dumwdeaﬁeer Préferatilyihe calcination

i BEANER LRSABILS i SLBSIS N P, SO Bifray, e
than 2000 ppm mole oxygen is present in the calcination atmosphere. ideally,
the oxygen concentration during calcination is less than 500 ppm. It is
recognized, however, that'substantialiy oxygen-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



is maintained at a tenperature greater than 50C during

the inpregnation. Preferably, the tenperature of

i npregnation is maintained at greater than 80C an{@ 2 JUL 2007

most preferabl g greater than 130C. Fol | ow ng R

i mpr egitentiyrmf tbé eeduging gmm[é_regiwiﬂgi gpsi Iﬁv@@ag&gm 0.1 to 10 mole % in

- i mpr egpat : i_tlcequs solids are . ci.ned by E .
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exan‘plﬁ% or, m)rztér gq(referably, an inert gas which is B

subst alfGRy 995 Getatyy FaEons moRoddehapd oertionallarapsnor more inert

neos, oelas@lornitrbged, INeRu! affiok! tHrBor BRKRRY. 10 one

enbodi nent of the “invention,” calcinationis first ‘

per for med i & ci@iyst mayi kg mainiripgein far ed2Bech tintrep haicieation with a

with o ' bt f-er abl -

he oo e b o AT AR s 53R E8bisp the ovidaton

ppm mok@viikdhe oaalisipiteiseimporiant Hed she tdeioin 2RO Paformed at a

I —

| deal |y, e oxygen concentrati o
i s14 esal ledsin?BOC pyimo fteaitey thare d6901C etyipidativess@einatidi@imes of from

ggbg ?ég%d'rlﬁzlbhyﬁo glgg%é%gg%go dfretet ons are difficult to

: ar ge-si _ ‘al operations.
Opti onal | y, Theheatelyst gt boneaoiyd ith wetef afteBdndBr WhBng calcination.

hon S iR AL RS ERgied B 5" 5006, spreRbIE e satalyst wit

- presendteanihet @pt elvatedat@mtErative (PRAEBENCINGeBASIaMt lin excess of
upon a nunber "of factors

of _course, vary dependin ]
i nB ud@’gct H@r%ﬂzcggﬁbg’oﬁgéﬁlpﬁ&tfw@ﬁ"iﬂ?ﬁ tHwece 1&0natte 660°C) for from

at nospdieie oaneb Bhigours, Reaclibh v@@p@dateir‘?se%%ﬂfébié?fn %Fheer to reduce the
reduci n as, but reducing gas levels of TromO0.1I to
10 molENNt T reidral hebde iy thesatalyed dpRadeiremdhe filsintan hglide reagent

suf i Gritb -indrBa i eCHYIPSy BRINSitP b %Q%a#l%\ﬁemi on,

calcination is perforned’in an at nosphere conprised of
oxygen, a Thedeeiplvgt geay @lscebertadsityd orittban otyacic digating agent at -
ang, or i €,0. - ,

o oo AT HpefRle SR R E R Bt By sapination and
nmay bdnealipieferaiddafter kothicrlsihatien add réaxgionatith water. 0Buitable silylation
W th a i ssed through the . . ,

cat al e MAS A8k Bapfiofty Ve RETREGRn Jhendeh ik igsibed in US. Pat

t hef calesl Pi29,392 argd B)gpB34antSUitable diblatinghgémainditiddstganosilanes,
per f or '

t,.a. tenmperature of at | east 500C. Mre

pr eferogg%o,%a{%gar&%ﬁ'@inﬂaﬁr-g%l?dfsgﬁﬁaé]e&t ure is 10 at |east

708C but nOrgareafiencd barmtaib(i0Com bRl athtds of@hk AASEREAts may be
tinmes af fram gbout 0.1 to 24 hours will be
suf fi Mo , Including, for example, chlorotrimethylsilane, dichlorodimethyl - silane,
nitrotrimethyl-silane, chlorotriethylsilane, chlorodimethylphenylsilane and the
like. Preferred organohalosilane silylating agents linclude tetra-substituted
‘silanes having from 1 to 3 halo substituents' selected from chlorine, bromine, and
30 iodine with the remainder of th_e 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-C4 alkyl) or



The catal yst may be reacted with water after and/or

during calcination. Such reaction can be effected ,

for exanple, contacting the catalyst wth- st eaﬁn%atjﬁgnmm

‘el evated tenperature (preferably, a tenperature in

excess .of 15 100C, rmre r ef er abl a-tenperature in

The TARGISG! B0, PRS0 196 oF Al ealsoany Qksgluged disilazanes
hour%ucﬁﬁécﬁkﬁﬁa Ibhhéb‘?én‘?éthyl&sﬁéz%'néab' e in order to
reduce the anount of residual halide in the catal yst o
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adaptabl e .for us the prese i nventi on .
Gecorpaut oiC J5ciebit. WiRDETREMesoH6S" iettpGeues dag.. 300°C o
Sui t abbeCsi beﬁhgt igaBeRUe N ipsefned Udcpsiganasi |5Wl§tﬁ“sg agent is an
or ganohal anes, and organodi sjl azanes. .
d\ogaﬁﬁﬁog'ﬁ@"%%%aﬁ?fﬁawg?tg?r‘f"%hf@“iﬁ?r%fﬁﬂfeée(e& g#fhCclo 300°C) being

SubshidfdRBE SortAY oRfanodisilAZarRd, T'h@%'il atumm p% @SR in a batch,
chlorotrinmethyl silane, dlchlorodlne ane,

ni t r §BFI-RBRIIOLS; PrRBtinggysIhafneTet hyI SI I ane
chl.or odi mﬁl@ylleﬁgtﬁnéﬁ %iﬂeaﬂ%uﬁ@&' oP&he 'é:i?l%‘tdgf rRERE 18 Teact with the

or ganohal osi | an ting agents 1Inc
t et r &Ugaes of tretceztalysmeaﬁecés inansrhon theotemperatugs aed agent employed.

B'bsﬁ_b%%?f%rﬁl%%g gn%er Oﬁh{rﬁﬁdr@%g %(Ct%uen esar@er?eﬁ’a!ly, times of

iod
met hjrom etlhypl48 phiesgife mtahle conbi nation ther eof

O di b f |
0o SRR AERCDE ShRRRRERHAC sBh % K TRy suteve
hydr anammjzsi ofgsilglating @gest camabhye Ol fdowtl kydrkemtrby WeightXbased on

Lhe Aosusiony P B8 RS Eharh BEELS ShoutysSiCediy weignt, with

@Kaﬁph&)unltkemrfﬂinh)d do Sﬂd @é&ﬂﬁt b?r\ﬁéibﬁﬁmipidm]wl%él preferred The
In the

-S|Iyl |n agent m rmed eit

phasé' ylat fih 3%@@@@’% p@@ﬁ g}%?@a*aafew & & a%ireef@% or a series
t he @a{rgbm‘@éntgs a liquid, elther 5 by itself or as a

sol ution |n a suitable solvent such as a hydr ocar bon)

or in theThagatalyiLoaposition okjpieee bynibesafpigdgssiked procedure will
agenbeh@raﬂ?nﬁé\% ef Wnidbsiif Q;élﬁn?hé’lﬁg B ha%ouf 0(5 Fln & B percent

Tr eat nent te eratures ar fer abn%
rzéngépreferﬁblwm tab‘tfhpel@eni) thy wsiol tl'ﬂﬁhtuﬁn o wrfatm mf ditamium oxide,

t eMPRR AL ESnd PréferabRPHCaltfiyh positive oxidation state). Where the catalyst
has been silylated, it will typically also contain 1 to 20 percent by weight carbon

re

in the form of organic silyl groups. Relatively mincr quantities of halide {(e.g., up
to about 5000 ppm) may also be present in the catalyst.

30 The catalyst compositions may optionally incorperate non-interfering
and/or catalyst promoting substances, especially those which are chemically
inert {o the oxidaﬁon‘ 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



425C) being generally preferred wherein the silylating

agent is an 10 organohal osil ane and sonmewhat | ower,
tenperatures (e.g., 80C to 300C) being pref erred-of 3rJUL 2007

t he organodi sil azanes. The silylation may be carried

out i rhyalrdddesh, Alkalemistat andfonalti@bne earttcometdl ravelssof from 0.01 to 5% by

Ty L o A B A e

dependsiiteblepart on the tenperature and agent enpl oyed.

s Lower t eratures generally require | onger _ ]
reaction tie‘%s‘?a B O %ﬁﬁ'c’f‘ﬁ Y Bf emrigadon 1anyocapgenient physical

hour s f8ire seih tabk@ - exBhehiaBipderofialids! YrAtidy s?ﬂ@rrég or pellets. The
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l'y. Suita
silyl awagmggéiﬁﬁeqyansela%g@aw reeminigh  forpe pentto biynpregnation and
wei ghtc,a(cﬁ?a?t?ﬂ &N a%érﬁsti\)%\},gd?et cQve Eg a\j\‘fb}:i"uﬁﬁreﬁ\%%ry g%d/or calcination
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~of10t r eat nefihs.orJaresulfitradxydstioo opaess tdf dine Pbesionecbnyrises contacting

compod LD BhBE SPAG e ablr N Wit AR hycroperoside

(25 (p:']reﬂ'?r;a’eb@!?ce]qfttm _mnnmpgmmirt@/gamathghtsmtiag[@rfhelrﬁtreams include
In the Lm,of ,titapn um qgxl.de, C an .

br ef o5 U8 g Gasgi e JRF08 sl SlBigS it 899 cAskpd gasolnes.
the cataby stifuhamideirg Bydrydabed, fraciomd |ihcllideitsa! dotmally gaseous
al so co to 20 E\%pcent wei ght carbon in th

P 9sm PTG RYEN raci 37 WE Garar i deTaRers. 1 R fusl ofl and the fike.

quant iDieks e id@paieulbRy Breferrd fuPsiplipt 5000 ppm) may
al so be present 1 n the catalyst. 30 The catal yst

conposi t i oRETREGI BIANEHAIdreParaidesedtyerocarbon hydroperoxides having
non- i FLHeT e / at g %ﬁr@fg , e

especi al | )E? {Oh%]%gaa{héﬁcﬁbg?e Ehbéi%h]gg{’l y frggratw% %E%W and tertiary
oxi dahy@wpeenddesntod &ven pPodact!s. cEH®Icaataingst s Bxayplary organic

gl‘igt ahvcrirle’ﬁpgﬁj;xid(egh‘gléjﬂ,ﬁ%ﬁlemfopr QB! &f Guad O"t—bﬁﬂ(/?gﬁk(grlbpﬁzgxide, t-amyl

al i sodi um ‘pot'assi umm or
ear t hhy@woakpxde, gevcldhaxiiuhydioabmixine, ethghesiane) hadroperoxide, and

o e lgPeb e Sy B S bl b
by wei ght Ongestidl hydrdpeeotiddsal araetygliallpf probecaiatyl ysidation of the
COMDORb} 4 huigy WHBNE Tt oA RS ot R SRS atconol For
physi eaample, the oxidation of isobutane produces a mixture of t-butyl hydroperoxide
and t-butanol. Although it is suitable to use the organic hydroperoxide with the
corresponding alcohol in the organosulfur oxidation process of the invention, it is
preferable that the organic peroxide is substantially alcohol-free before use in
the oxidation process. By “aléohoi 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 prefera'ble to employ a molar ratio of

approximately 2:1 to about 1:2.




5 formsuch as, for exanple, powder, flakes, granules,
spheres or pel I ets. The inorganic siliceous solid may -
.be in such formprior to inpregnation and- cal c§atjjpn2007
or, alternatively, be converted after inpregnation

and/ or calci natj on fromone formto a differe
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T bupgtceri af diseetpangeulis ioppEteRIErY caBwAC, Iy glfonss, preferably

4088519 AR Y WA o8 el Rk about
cor r paeenti Mealtbelmidatlﬁomaszﬁocsamﬂlte thé hiesivad datentrihe product
by ar SRy e B8R i 4RV e Bhirghct tinctng fuplgieam. Typical
to usﬂfdnbaemogahproohsaésop@u@a( solei- Mqu]dn ekinaction us;ng absorbents such
corres cohol i.n the or anoijél fur eOX'

o oS EMES. A paHeDr e Fata! fsuifones car
oF gapé Q‘Eﬁ\@ﬁ/@dlb@qlqu&{ s e itnl l)(ﬂﬁé c;mml scﬂ\feﬁ?t@s b@cf:IOEaG methanal,

use in ‘the OXId c al coho] free"
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2:1 to about 1: he oxi dati on
Fe acthieoart ivgll cmumeemanh Vﬁhethnﬁdbahamwﬁen dhe rapitid radttee invention

and scope of the claims.
EXAMPLE 1. CATALYST PREPARATION IN ACCORDANCE WITH THE
INVENTION

Catalyst 1A: The silica support (Grace Davison DAVICAT P-732, particie
30 size 0.6 -1.4 mm, surface area 300 h’lz/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 fitanium {IV} diisopropoxide bis(acetylacetonate) (15.1 g, 75%
solution in isopropanol) and isopropano! (89 g) is then added to the silica and
mixed well. The solvent is removed by rotavaping at 20°C. The impregnated

10



tenperatures and pressures. Suitable reaction

tenperatures vary fromOC to 200C, but preferably

from 25C to 150C. The reaction is preferably condlﬁ:ﬂedUL 2007

at or above atnospheric pressure. The precise pressure

i s not Material yes. caltiedsintain 2iBANTE dom? aounsng\lmmlala)t@d Catalyst 1A was

CoMPOStid8liedth SIS i RILEROBNGaYSCI N char acter

nd thus as a soli he
OXI dati on p ata 5 18 Silylaitesd IOWEYE’[I oR.is TN&[G:@&( the procedure for non-

pressu ry. . fro at np to. 100 at nosphere
e oxP B R a5 eyt B Br 1icAda dhemr A Coind 51 g of the
t hes codnemtilican sl impremataay witl Bf dollHioAtdoR B iks BRI (1 <gﬂWﬁusoprol::nchie
art fo E%%h oxi dation processes. 10 Continuous

wel | bilacstonakel 1 8s am (5 Besalation inFeprerangdl and iseeropancl (82
cat al yg} TRY chRiyder! ryediyiaebing ér&h@hgfth@n{a&&%ﬁj i§9 o-mL 3-neck

slurry. The oxidation process of nven
conver fyng-boiest dankiesinpeetwitna épndariser, (ﬁrtl;vannsrubfaurand an inert gas

| npuri s i f%%'(fgn@ﬁar éréfpb\/?tﬁlt n%ﬁg urlrtil easzrﬂg?t (52.9 g) and

about 50 percent of 8r anosu
coiver @@@mﬂhﬂd@mﬁaﬁﬁé% 03;@)@5@”&&3@9’(%3 (@ gat Bre $ystem is heated with

about a eater .t han
Sbout 800N PR rorBR Yo LBk El O Rinb<HE R Bh 2 iy T svstem is
the dessiesidest enﬁer inére gps @thuosphené shdties naumybtes filtered and washed

Er;/giaf:a it ﬂepﬁon\g%a S %@ﬁ%@é&%@i&e I letsrtﬁen dried in a flask

sol i d-Undpuiiterexbs doti a:tmammtg’cafmwr h@ﬂbsw@ughedas 2.73 wit%; C, 2.0
' | um na, polyneric resins, and zeolites.

si
lgern\gvl?vely, t he sul fones can 20 be renoved by

I i qui d- | i quiadaiest T@C.lei@?{@‘éb@@Moﬁ@ﬁ‘@b’ﬁ@"?&ﬁﬁ‘@'dﬁéﬂ at 400°C in
met hanal gl met hyl yl pyrrolidone, or

acet orfi't F9"] ho&%eﬁ“@x@?%@?i"% (3%& @ ispEtanasbintel aafB0-mL 3-neck
i qui oundtlbbttb® flereblivypd@RAHEIH inkA gtae%st gﬁ 'cﬁﬁle{ %ind a scrubber

the art of extracting polar species.
exan‘plCé@’”‘?’r‘é’ﬂ@I%U?Pm%%q"a’ﬂé"ﬁdﬁ@“(ﬂﬁﬁ@ﬁtl%n|ﬂt€r Hh%éask descrlbed above,

skdgl | %’Stbl[]tlor?éoﬁsrb% ok nWMepar Y L
Tt oy soiors B ng of rifcptar RSNt SNl (85 bR an ttanium
of thdlN\d tatrﬁ@ﬂlomea@mw)ls adATRLNGT PPRIEFARSGY @hdsbhere. The mixture
ACCORDANG e I
silica suppa/o\gv-gh-'P &@Eggﬁ%gfh%-on BA%&#Y@EC}%? heﬁﬁ?@ iihean oil bath at
30 si Z&250CaINder ditragen Baw farcleS Apem. 300 2/ g) i's dried
at 4OOC|na T ried, silica
is charged'ai rtz&‘? Eélﬂ&;r%%%tc?ngoﬁ%oﬂl 7 CRigned Dy, s%W(aﬂ’P&H into & tubular
g om( aiquiang reacttan(‘lum;r( IDV)16dncets mlggppqmplded with a thermowell a 500 mL 3-
is(a C nat e ol ution
i sopr Eﬁéﬁaﬁyﬁiﬁaﬁ?@aﬁ% 3&9%*'(’%9“@3*%.' 21y R Gaddaifteand a scrubber
t he si(tortainamdsodium hydroxide solution). The catalyst bed is heated to 850°C
under dry nifrogen (99.999%) flow (400 cc/min). After the bed is maintained at
850°C for 30 min, the power to the fumace 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
mantie 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

11



m xed well. The solvent is renoved by rotavaping at

90C. The inpregnated 10 i0 2 JUL 2001 materi al was
calcined in ai-+ at 800C for 2 hours. Non-silyl age ‘jé”' 2007
Catalyst 1A was neasured to contain 3.2 w. %T|
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2oy "hiege s ROg folr lganey( Dl B 2 o

addegaﬂﬁfaré?d de ythe r?eﬂ?cbé@mé‘{'-hﬁméi@ék amathﬁ faslt ¢ hested with a
om Xeﬁeéﬁﬂ\% linEMtleSW féfihg%m@}ﬁarﬁ%@@@%é Ritrb &Pﬁ&g 1% 0 cclmm The

heat 1 ng an oil under | trogen
Por Hapiunoiatachiprige st distilledfthedigh dhereatalysatied IBEB ggnquoﬂ hour. A

cal c d t

o oRad € IR hegt tndB Rrboteln Hasis 38 GHNRES fnat any resiaual

. ther titamm tet@cBioOderis Grivemenkt Gfmhmﬂastiomrm@hftha$aled- ahe bed is then
heat o! rt s i-nl scr ubber :
(con ﬁ‘q%ggé@%:% M"H escc?Pﬁ?q @n%b% éhe cat al yst

bed i s heates (80 gsﬁgaddemdem tigly 3-rnatk ragRIbdiR%h ﬁ@ﬁ%m the flask is

fl ow After the bedls mai nt ai ned

. é%odﬂ%%tﬁg %f%rﬁnhegtménafa%‘ew 0K RIS AHEI Nehe I Frgen flow at 400
-of f agrehin. heTiatbvatersit dietliddSthrough the catalyst bed over a period of 30

minutes. A heat gun is used to heat the round-bottom flask to ensure that any
residual water is driven out of the flask through the bed. The heat to the heating
mantle was tumed off. The tube reactor was cooled to room temperature.

30 The catalyst is then silylated according to the probedure described for
Catalyst 1B, except that 15 g of catalyst, 43 g of heptane, and 3.0 g of
“hexamethyldisitazane is used. Catalyst 1E contains 2.6 wt.% Tiand 2.0 wt.% C



30 cooled to 400C. The catalyst is hydrated by the

follow ng procedure. Water (3.0 g) is added into the

3-neck round-bottom flask and the flask is heateg Z\Am 2007

a heating mantle to reflux while maintaining the

ni trogen f|Gaalyst HOOEH-4i ailica heppwat ean h)esmadleﬁdcbn‘cmg to any known

: fa\ hL g;?mg@gﬁﬁgﬂé@é&'@%L%%&e é%ﬁﬁ?%U%gfatt ﬁlg 3, 5%6 725 DiRenzo, et.

r ound- @otMiornpblaskMateriatsstne7), hat. HnYssesi dyat é;yagier J. Chem. Soc..

is driven aqut of sk_through the bed. The b
S hetf, iRl B8, iR The DiTmes g g6l a5 dgad st 180°C ang

bef@r &hER ddidhded GRIBLYS! c
Catalyst 1 D Catal Zyst(§ fo%:q:ﬁs urtlﬁ:err’ésllj Yl af%g §¢face area of the

f ol | ovivatesajNs5@FG8 N /B- MESW-41dd36-dds trargéd addk aiFo0-mL 3-neck round-

t { d
"t PPN 08 SRUEET Sl A rBICHIRIRET LR e s
g, WetoptairiBo aopapys hedametytydxides sblamanelr(té’o tHOIgYk 8ddtribed above,

Cataly, h St ted with oil

bath 15 oPbfpt top8aa pfPhentiiR: BB 4 et e 45D Som) and ttarium
at ros phér etraetilorige Q@@BI g]gO 55hal) aatagtiyd tunder b trefedas atmosphere.
and hed v%nth he ég(log )T The material 1S

Chen driSeftireisy iXep WelhiBy SWiapg. g€ $9'¢Rptde removen b rotavaping
for Zm@@[‘-sacm a{y@»tf@,rﬁ)ypont ains 3.5 w. % Ti and

1.97 wt. % C; Catalyst 1E: Silica (G ace Davison

DAVI CAT P- Tﬁﬁ)ahoyemf@aetﬂ inaieriaj o hen ¢aleined pod Hydrated according to
hour s.ihd B?oc@ﬁht%%ééc'rxb@@‘fc(r@at&’%ﬂ' ﬁbcﬂﬁ%gﬁglghﬂﬁ%eg} silylated according -

tubul ar quartz reactor

e gifi pﬂ@@“wmeﬁumiﬁsﬁm@ for Catahy30 1 Bl eBepé that Bdlﬁgjof satalyst, 35 g of

bot t org i n_Jnert s
and a s@kaq‘%bg (¢on @a‘ﬁ%‘ue@teshg’&'éﬁﬁﬁ@e Po %ae éantaﬁ’Sf 1F contains 8.5
sol ut ivg%p Ti The Sclavt¥eySt bed is heated to 300C under

dry nitroge 9., f 4 ' Ti iU
tetrachl ori dgxg&%}%g? @é’dptowg& & #@é%&*{ﬁ%@?ﬂe@}rpﬂ: OXIDATE
r ound- bot t Gatdlysas k1aFd ardetebieasia ithe h@&@ﬁﬁ)nwo? hvatious organosulfur
he%tln mant | e t %flux ile |ntaljti]|ngt

o FRAPPLB o OB L SFSHIS. 2 raliond 1 T8hlEuin A feed i prepared by
fetr aciikiagi dithdrs takiets Idr eélthylhlb@ldﬁhet 'W?thcﬁtb%hf%iokbﬁgné NDBT) and
a peri un is used to heat

round LMB‘E"?%'m]riBll'gy IPxngtPe ﬁgwté%'ir}ilaﬁpaﬁ%”m%@ydﬂ%l W% TBHP and 56%

ti t anicermtyebutpchibardideThs resd \éSrﬁ‘taF?l'é.tO @f:s W?@/ 0
t hr oug?ﬁo he bgd The)dbe is then heated at. @(ff} 32 wt.% t-butyl

0.5 h&tieNBkfT& . EB@)IOr?rﬂgWE% WMIE thEﬁF@IFO)(!@ OT@jiP J.sThe molar ratio of
adgded pEYt @ tigP$ peck round-bottom flask and the flask

is. 25 heated with a heating mantle to reflux while

mai nt ai ni n§X#MmelesiA-bgehe fdleaneabasediCeed 2oijnis MEméed and stired in a

vvat er réLﬁ}adF%&Edrﬁ e 5 =R NP i %hyastﬁ"losp e’ ©Thé Tisilica catalyst

(0.2 g, in powder form) is then added and the reaction proceeds at 50°C under

nitrogen atmosphere for 0.5 hour. The reaction mixture is analyzed by GC and

30 HPLC. Oxidation preducts of thiophene are found to be the correspondirng
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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m nutes. A heat gun is used to heat the round-bottom
flask to ensure that any residual water is driyven out
of the flask through the bed. The heat to-the: @Zt g ZﬂUT
mantl e was turned off. The tube reactor was cooled to

nccor di no ek et R pbhipddt BespmsLirobBittecas By Slsfivle 20 except
113, él@tc@ﬁtdlmbﬂw ]:iﬂaeg:zoﬂmdmteiﬂéy(ﬂvmﬁ?) & Qge@ggétéléw .of DBT. The
an isilazane is use tal yst

1E c&?ﬁ%gfﬁgoﬁf@%f/ic’#'f‘%lﬁd"%% “w.%C 12 0 2 JUL

2007 --Cat gkaplelFi.) MEMrdd LRI B2 SARBQTbcdRRe bR |ﬁﬁ§’>%mples 2A-F
according to any known |iterature procedure. See,

exanfreEPttNg, gty Renzepestser Agiution i MR, 92 g oé|the partice form
M cr %P@E\Eéi‘y%t 'Y@tl@rubéél Sthé @&?&Jn tfR erai:.g :32§§°C Q& gg% %}ac’ﬂon time is

obt alDﬁ@@DMCI\EGﬂC@‘éParaﬁV@ Ekamp@tﬂlsg@ataﬂwfﬁ e |

cal ci ned at 550 f

area of the matq; eﬁgl(ggl 11?@%&%%@5;)8&%%9%9Br?;etrmg%bg%qﬁsts
charged into a 500-nL 3-neck round- bottom flask

equi ppRRLY T Ba@R st [ Dataly @S SNt /] Subeaste O tehipbrat RO CBnversion
scrubber cpntaini % aquec us sodijum hydr gxi de, .
solutipn. Ihto the descri bad above,| a{&Iution
consi sting pf n-hept afm (60 g, 99+% water <50 pprrj
and g:j GRF UM TR (TVY E}Q:fccfﬂidéhéte EE795 g’ThU5°°° ;' ) 31
is a ghder—gdry--rert -gas—at nmesphere. e-m-xture

is mixedewel | By swirPPng] FHESA valt ig rentved by O
r ot ava@%‘g untfer pac®@am atTB@E flor DBTh. [The #bove 80"

obt ai 'nteqzma erﬂ:al S ppen |Cahhdaied @FF hyjdratgp 59

accor di-hg—t e ro"f‘dum desert-bed forCatalyst-1
C. The catalys e sl theh sill MsI%d adrdilng . 1% tolthe® |
procedur® descti bed f®2. Catiupar |1 BBTexcept $hat 3. 7297
g. of clat=d yst 1585 0 0T.04hept"a:n.@ne and 0BTI6 {§ Of 80 93
hexametty fpzape g uset tatrait il F—eoga-ng 5
5.5 \M%'jT andq1m%E%LE§<€AnL Ox1 DATL QN _
THI OPHENES W TP TBHP %8 DATEEBCat|al P&Ts 1A-F &re 80
- tested izo*t € oxi dation off vasl oys @eganasul teg 20 10
Ggmpo! nods—The—test—resutts—are—shown—+na—Fabte—+—A—

feed epared by m xi ng either toluene or - ethyl

benzeﬁ%’“‘\%ﬁt‘ﬁe%ﬁa%ﬁzothl ophene (DBT) and- Lyondell TBHP

oxi date (containing approxi mately 43 wt % TBHP and 56%

tertiary butyl alcohol). The feed contains 0.175 wm. %

(DBT) 0.32 wt.%t-butyl alcohol (TBA), and 0.24 wt. %
-butyl hydroperoxide (TBHP). The nolar ratio of
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25 DBT to TBHP is 2.8. Exanples 2A-F: The _

t ol uene-based feed (28 g) is heated and sti rredhl n a
round-bottom flask to 50C under nitrogen atnosphe

The Ti/silica catalyst (0.2 g, in powder form sz JUL 2007
t hen ad¥e@aAd the reaction proceeds at 50C under

s anal yzed by o Srortss cprefdby; HReRHRE sagels ssam containing
t hi ophemr@selfmommixrmes bmtrt ey ngengspmdpmx;dgu;hf el %%sence of a
and sul et m ne an anpl e
is run %%B’% %tﬁ%g rgggt E}\(‘%ﬁﬂfes 2A-F

except that 0.04ay Ofimbl‘@nﬁﬁrﬁg laﬁ' fhofr?a“rm %fllcgéﬁsals}ﬂficg \%th a fitanium

D is used, and the reaction erature is
2 JUL 2007 Exanple fﬂ%@?%%ﬁﬁ“ﬁh&@ﬂtb%éﬂ%@ﬁ@ﬂpﬁb@@dhre

as in Exanple 2G eXCEIPI 4 Ralutifn Gtifdé "fﬁémgﬂnopalggrm £, fon-oxygenated

di benzot hi ophene ( |s used instea
mol ar ratio of DVDBT to hyaFEagkes solventBoainpl e 21-J are

run under the same procedins, a eérﬂﬁ%n@%t%ﬁﬁ:r@gd

except that the ethy I benzene base Ion 1S U

0.02 g of the pdPii cICé|0ﬂ"dﬂ9nih©f inareghytetd &iliBeos uskid, to form the
the reaction tenpera 0C, and the reaction tine

is one hour. For %Hgﬁasﬁa\pg Exanpl e 2J, no catal yst

i s used. TABLE 1¢) Oglahmzaﬁyfmﬁat{ﬁlgltmtatelysﬁ/mtﬂhb resence of water:

Ti/sil st Cata st Sol vent
Subet rufigreled b urslhn B Bt Shogrs i bptigge Areysonverted into
2A * 1ul@n2sTol uene DBT 50 31 2B * 1 B 0.2 Tol uene

.2 Tol T .50 90 2D 1D 0.
Tolene bB7-50 $18 Biev3ee §15I98) e s lmiiramai is ttaniur

0.2 ToktraceofEl 50 97 2G 1D 0. 04 Tol uene DBT 80 93

4 Toluene DVDBT 80 56 21 1D 0.02 EB DBT 80
ég' 1D 0.0 3. The process of claim 1 wherein impregnation step (@)(1) is

accompllshed by combining a solution of the titanium halide in the non-
oxygenated hydrocarbon solvent with the inorganic siliceous solid and thereatter
20 removing ;:he hydrbcarbon 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 selectéd from the group consisting ‘of Cs-C+2 aliphatic hydrocarbons,
25  Cg-Cq2 aromatic hydrocarbons, C4-Cyp halogenated aliphatic hydrocarbons, Cg-
Cio halogenated aromatic hydrocarbons, and mixtures thereof, -
6. The process of claim 1 wherein water is substantia!ly excluded
untit 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 tréating 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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2J* - - EB DBT 80 10 10 * Conparative Exanple 14 0 2

JUL 2007 We cfaim 1. A process conprising co t,i,ng

a fuel stream-eontaining organosul fur inmpurit FQ?C\,ILJEhZUUT

an organi ¢ hydroperoxide in the presence of a

catal yst obtained by a nethod c I sing the steps of: )

5 (a) i npi-egnatiien freaesen rﬁﬁ\‘mc?m?‘?%'ﬂ)u%te%oﬁb!) dlsmp@lﬁorgled i a
it il befact @ bfbsbher the group. consisting

of: (1) a solution of a titaniumhalide in a

non- oxygetht edhengraeersapiisimsbwhensin thermroganiy hydrpapsixide is t-butyl .

stre Ltaniumtetrachloride; 10 (b) calcining the
[ rrpr@éara{)ee%k’tsdl%l iceous solid to formthe catalyst; and

(x) -opti omal | yTheheaddesg dfhelamat flwtsdreinn titeh @rgumics diydmperoxide is

of water: . rei ubstantial portion of the
orgaﬂ@%ﬁrft@:{wi%ﬁﬁtﬂ?iaﬁpégl' are converted into sulfones.

15 2. Thernr ogegsoddss domphisthg\bsHiadtihgt H&lidde) déiUsfream containing
halide is titanium tetrachloride. 3. The process of

cl ai Qﬁggng\ﬁg%iimppﬂtﬁsegw&ppgw gy@'gp(e%x'(df)ini e presence of a catalyst
acCopRkineRes PincAVHIABiIR Belsdssy: of the titanium

hal i de 1 n the non- oxygenat'ed hydrocarbon solvent with
the i norgani c (8} | i fepEINaBIG @naineraang sliceeys splid with a titanium
renmovi ng the hydro e f

claiml wherein thé%'ﬁ%%&%ﬁh S|Tit@%8ﬂa;u%soghg§ﬁ[i§§09

sel ected fromthe ¢houd solwtisn sifisngjtamiurgidhiccideandz non-oxygenated
MCM 41. 5. The process | Al erein the

non- oxygenat ed hydroca’?‘g%%&arsoﬁé\r’] r%ﬁéel ected from

the group consi sti 1i2) oh v&iorCliitaal offhanivim thiraktderddyons,

: onat j ¢ hyd bons, , C1- €10 hal d .
i phati o nych BLETBERE. MEAmSRE e Srat ot Bridticihe catalyst

hydr ocar bons, angndn xtures thereof. 6. The process of

cI'ai m | wher ei(g) gﬁ%o%%ll&,%e%ﬁr?gs %h%néaitgllylstyin %')l(ecylar%gglqce of water,
wherein a substantial portion of the organosulfur impurities are converted. into
sulfones. '

20 13. The process of claim 12 wherein impreghation step (a)(1) is

accomplished by combining a solution of the fitanium 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 sbl_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,
C5~C12Aaromatic hydrocarbons, C1-Cyo ha]ogenated aliphatic hydrocarbons, Ce-

- Cqo 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

silylaiing agent.

16
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until after step (b) is conpleted. 7. The process of

claiml wherein the nethod of obtaining the JUL HW?
catal yst conprises an additional step after step ?c%

of treatlng the catalyst with a silylating agent. 8.

The processl®f dihginrpdesardrdaim t2Mmbiersin icolsinatiep siep) (b) & performed
perf or f at | east 500C. 15 0 2 o
JUL Zoé‘i‘féjte@ﬁpel;ﬁt&%%géglﬂéﬁ Qfai m 1 wherein step (b)

i s performeld.i nTae puisetsandfi abiny 12X ygrfeihr &ep b),s performed in a
ss of claim1 mhereln he

at nosp roce
organlgﬁﬁfﬁwgg%?ﬂ@?ag ?“%H??F hydroper oxi de. 5 11.
The proces2mf dhai ;ﬁmol:eslbh@f edigint 2 QUhaadh Ghe t~tfutyf hydfoperomde is

hydr oper. o e i bst ially free of alcoh
A procs é%g P%?Hé @8@?&6?1 hg a diesel fuel stream

cont ai ni ng organosulfur inpurities with t-butyl
hydr operoxi de in the presence of a catal yst obtained
- by a nethod conprising the steps of: 10 (a)
_inpregnating an inorganic siliceous solid wth a
titanium source selected fromthe group consisting
of: (1) a solution of a titaniumchloride in a
non- oxygenat ed hydrocarbon solvent; and (2) a vapor
~streamof titaniumtetrachloride; 15 (b) calcining the
i mpregnated siliceous solid to formthe catal yst; and
(c) optionally, heating the catalyst in the presence
of water; wherein a substantial portion of the
organosul fur inpurities are converted into sulfones.
20 13. The process of claim 12 wherein inpregnation
step (a)(1l) is acconplished by conbining a solution
of the titaniumhalide in the non- oxygenated
hydr ocar bon solvent with the inorganic siliceous solid
and thereafter renoving the hydrocarbon solvent. 14.
The process of claim 12 wherein the inorganic
siliceous solid is

17



25 selected fromthe group consisting of silica and

MCM- 41. 15. The process of claim 12 wherein the

non- oxygenat ed hydrocarbon solvent is sel ected BrboUL 2007
the group consisting of C5-Cl2 aliphatic hydrocarbons,

C6- C12 aromati c hydrocarbons, Cl1-Cl10 hal ogenated

-ali phatic hydrocar bonﬁBs%@i@Fhﬁmmmm@guannatl c
hydrocarbons, and nixtures thereof, 30 16. The process

of clai m 12 Thiscineemionds @rmﬁmogmwmngapngyn@%&ﬂuuaewltes found in

unti |
1S 400 et g Sy RS it
conpri mOmnmwdmw&md%ﬂﬁh@fﬂf@&er@e@f q §lanam- contamlng catalyst.

S %J Eat2 I0 N qunm%&ﬁ@b’c Séﬁzg?st |$ o&ﬁ’ellrie%i @ﬁ ét?rg:é‘ﬁﬁatlnﬁaa Qilieous solid

caI CI naittoa t|$atrm|lm (Hal)lde 19! @@yﬂmméxdm salveat, tog @pepat atrearofof titanium

. T s of clal erein

Step (Bptrdigs Slinbd R EEiRe i B RYRERE e more readily
at nos phéfrfbve& fr3fh thé igel phreansitan thecha@ni-oxidizetVograpbsulfurémpurities.
t-butyl hydroperoxide is substantially free of .
t-butyl alcohol. 17 ABSTRACT OF THE DI SCLOSURE Thi s
invention is a nmethod of oxidizing organosul fur
inpurites found in fuel streanms. The nethod conprises
reacting the organosulfur inpurities with an organic
hydroperoxi de in the presence of a titanium containing
catal yst. The titaniumcontaining catalyst is obtained
by .inmpregnating a siliceous solid wth a titanium
hal i de in a hydrocarbon solvent, or a vapor stream.of
titanium tetrachloride, followed by calcination. The
resulting sulfones are nore readily renoved fromthe
fuel streamthan the non- OX|d|zed organosulfur '
i mpurities.
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