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NOVEL PROCESS FOR REMOVI NG SULFUR FROM FUELS
[0001] This invention relates to a novel process for

WO eopsauia1g9 sul f ur cont ai ni ng organi ¢ conpounds fPOTSER0H/B800160

by oxi dative desul furisation. [0002] For many years,
growi ng concerns over envirdnmental pollution caused

nyar o NONERIAEC RS F DR MGV, S| FOFPPRDAT PUELS
ker osene has provided inpetus for the devel opnent of

desul furisation technol ogy. A high level of sulfur in
f uel s[0081LHuedNyemios WIACEAO Ren\E! RIPFRTS T &epYigs sulfur-

oA B ndlds A Bh b B AR Ry o

orm ing to W

damagpobe] Pt hitinygmans grdivrig! tbhcerne ever eheirdrainantas pollution
in the ecosystem Furthernore, sulfur conpounds in

¢ausied pPyi tenprasenaebPle SHEWAFORRAIING 308N S @ hydrocarbon-

t il aral vt i t ; [ :
BT S0Ph8 pinel FRONAS, B kefRePp s HiRvidél Ripotus for
vk devenpphaitafvesaldrisstiod tbstiaiogy.ohigh leseboinsulfur in fuels is
nmonoxi de, nitrogen oxides in gﬂit ehi ¢l e exhaust, all
ordagipble 408 15 doe19BPAIGT GGt HPH TaR@MpUgioR P5 sulfur-
gﬁﬁ%ﬁﬂg CBMOBIMHE CBEE I 39 '&%Hsé’@'édi’d Ik ?@F‘S}‘?I‘i‘l, B¥ading to
ur, govgrnment al "agenci es have set up guideli nes
idlesprdaio danmageefo riuiidingsnpadi disturbingi dieticaiaebalenees dh the
sul fur in_comercial fuels. For, exanpl.e, the Ilﬂgite |
SROBYEIENENGHRRIFANE 2 PUB S ARPP RIS IL AG)S (RIS g noble metal
%ﬁég&fs' YisBAN Gy NGBS cta@alyﬁéiug&w\%ﬂefrw c@@@trqwtfu@f to be
I ese 5 I

fuel's fromthe current 500 parts per nmillion
inppmpletelyScorpbusted atdathupotsslitTine thadedission ofeinspapletely

f Lfar, f s i ] [ ed o ' .
Sl ol SbBFY S BeB it RIS e bRyl Serice
Saasst EbHice R Beguisors beindBsiril enlog438, 354. HDS
I nvol ves the catalytic treatnent of uel wth hédrg%?/nsulfur

to cd@0eslTs protaet BsneayirgerhoagainftpolEian, ga

G Raeh gl S8 Lo ULy BETBARY, reiing
Esrhpariigs poilindit thesteviel af ssilfut ire coppneralal HdSisr éactexample, the
{Jgggplbgesiﬁ;regln?ﬁtr&i/r%%{@%%ﬁerlgro%é)cr’}%nt 'RS(‘;’nc%}c ?l—ﬂg)f{f gg OCr:ecently
announced plans to reduce sulfur content of diesel fuels from the current 500
parts per million (ppm) to 50 ppm in 2006.

[0004] The industrial removal of sulfur from fuels is generally carried out
via the well-established hydro-desulfurization (HDS) process, described for
example in the GB Patent 438,354. HDS involves the catalytic treatment of
fuel with hydrogen to convert sulfur-containing compounds to hydrogen
sulfide, H2S. H2S is in turn converted to elemental sulfur by the Claus process.
For low point and middle boiling point distillates, the typical HDS reaction
requires relatively severe conditions of about 300°C to 400°C and 0.7 t0 5

MPa.
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MPa. [ 0005] It has been found that HDS is |ess
effective in renoving certain residual

wa@iosateleont ai ni ng conpounds present in petr ol BCISG2004/000160

distillates, particularly heterocyclic
sul fur-cont ai ni ng conmpounds such as thi ophenes,
benzot hi ophenes (BT), di benZot hi ophenes (DBT),

Ts,_h
oo o10899] TR o |l oS Sh HRBEsER indcenan
4§§auéll37s5ﬂfur—%%nmrh|h agohipphads hpredengs irof péthsleem  distillates,
conpounds. One p035| ble reason is that the sul fur atom

ipartsaudarlyc Aeteroeyalid eswiirepntainingd LEamPeIENsy SUgh R dhiophenes,

maki ng | f e
rdaptelel Je. ety iR TIRDE SRR bRTs having
Sy @nbgﬂmgwtﬁéﬁty4%d7cﬁrmggdmbus qpici. &yl IQhem Res. 2002,
| NCreasli n e severit of reacti aqn condltlons

Mo AI0EASTS), B aoTSRBgbe FOBo0S | HESE CReburds. One
forgﬁ? ?@asg)g fﬁeﬁ%ﬂ tHS ARG R sfeh@aﬂfhm&%récf‘bﬁ' the' bulky

e acconpanyl ng 1'ncreas

SeRzd YQ@HFS hirdreige mal@’igs tI‘fmtsulmr atoak desst hecddBiblen ho ioxidative
undesi rabl e froman econom c perspective.

[a@ck] Therefore, alternative processes have been

devel gﬁ&ﬁ]k‘ﬂhB ﬂfé 'r?é@@(o sld éﬁlﬂ{i%ﬁﬁﬂun@é rh&£ b8 removed

t hr ou ere resi uaI fur-contai nin
byngptiondiy inonaas)mg)mzessembrftyl of ﬂDS\AneacéloanaIQmSng‘ieo@nset of

il Og@g?@g%fgﬁg Teadiog JPctie (PplPhcl PERE ggeracation of the

RicPsRSRQ8! ofl t%qabl laa v@@m@é o acemipalamy fnerésat inaamargy and
carried out on fuels which have already undergone HDS

dydragenscansuenptions makes ihe:HDS eplian wadesingblefrom, ) ggpnomic
fro%%e %\e, initial level of several thousand ppmto
A" VRundr ed ppm Deep desul furisation is thus
di sti 1goo7Taeréfoattomating lpmsselﬁ)ﬁaveﬂ bebatdevelopkd to further
oxi dati on of sulf#r occursh%é a_sul fur conce
I

tlmr s ol Tug ThoLRn e demopalbt BRECAEP Uk Rtaining
Hboﬂoﬁ NSfobEssed” 9a65! Msild Nakintdiging! Pt ingsréeing fuel

g er W th respect to the reactant become nore
cbe‘rformahcetEFheaIeW teepadesuifurisationnis Atnieallyodpplied to such

reactant beconmes gr adual | I
processes 9 y Tover.

[0008]In general, deep desulfurisation is carried out on fuels which
have already undergone HDS and thus have sulfur contents that have been
lowered from the initial level of several thousand ppm to several hundred ppm.
Deep desulfurisation is thus distinguished from conventional HDS in that it the
oxidation of sulfur occurs at a sulfur concentration that is by comparison much
lower. From the perspective of reaction kinetics, reactions that are first order
or higher with respect to the reactant become more difficult to carry out as the
concentration of the reactant becomes gradually lower.

[0009] One current approach to the deep desulfurisation of fuels include
the use of transition metal adsorbents for removing the sulfur compounds, as
disclosed in US Patent Application No. 2004/0007506, for example.
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[ 0009] One current approach to the deep
desul furisation of fuels include the use of transition

woredoahi@esor bents for renmoving the sul fur conpepamse2008800160

di scl osed in US Patent Application No. 2004/ 0007506,
for exanpl e.[0010] Another approach that has been
i nvestigated i s oxidative désul furl sation (ODS), in

\Sglr 82[@% é%gqép néﬂ? @ggré"%h%\? oﬁ%% i dﬁyé?g{ fated"vid" BiB8tIve

deshfutishiibn NODSPEROWNEh fidl RN demabmdswmtaxxdahxs such as
oxi di se the sul fur conpounds present in the fue

Wﬂmgeﬁr@ﬁﬂkldecom itsogem dinxides | and tﬁﬁhb@;tuhlangdr@awogg@e in
SR 5 SIRPY Gigbe e %ﬁif‘r’&'ﬁ?‘%{f‘ﬁex SRRSERCARIRRel to polar

%@é&ﬁ@bﬁn@é@hd@ﬂt@és@b@las c omaes daﬁt baamsily separated from
aldehydes, for exa US Patent 3,847,

thes bydrapbobia togar ng@réézaseﬁ fuﬂ. A seivens dligHid) 8&%%'0@&5,3'"9

SDvEaEh bRl ‘*f‘”%m P Heudheonatotyask R axairpe.
subsegpEMiUB Feehtas,847B00 sdisdibsess @nvedDS poocess in which
extracting the oxidi sed coggound@n[ 0012] The

PQEQQW Aispridec gSolf SSAERS oA 63X IS | 3 {yg—cgr?tammg
I birip §n8§ in %ﬁ%\é?rfut h(l?ﬁitﬁét%l‘-‘anbeHéhoFﬁF@%Uﬂgé% én‘tW‘ used as

I nvol ves a pure redo ased
p-nnamssnbm;oimns fdreexdrakcling trmommdramlsompdundﬁa oxi dant .

oxi i HZTER nEurtnean” BTG Abrlicatione Ay AL €285 924 A1
RRICRIsRS! & nidth8d @Mwaﬁ@lom@hwsmmrt corapbutidsefroeliquid oil.

sul fur conpounds in the oll 1nto sul fones or
Jinet onethied . insolvee gaeure  redpebasedii B@&efﬁ dortwegnathe sulfur

SPRHOBhAS 1R e o ERF I hold o o TRAPRGBKIRY Rreated with an

[oQQﬂs’iﬂ\g Afentysacly s gEpaeLFAS) chlorlqalgmsppemns asigdcor Iay;:irogen

%«?ﬁ?ﬂq SR tae el canpisdn 39S off itorshneR r Rifcxfes.
g@ﬁ@éﬂtl tﬁ’é RidLer gﬂfcﬁfété %r&%eﬁéﬂa@éﬂ UBinko 8, ddhabindiish of

oxXl fe contacte fuel In Iiquidphase, and
vhmm@md@rllaﬂomt&%tﬁ@ﬁraewm adsaptieuent | y

extra from t he

en T G R R YoBls 0 i TR b8 rer
\Merpakidy, dro20R8, Re6ANErEe ard ustagiens oxideartd, coavert the sulfur
catal ysts can be used to

compounds present in fuels into sulfones is also disclosed in US Patent
6,160,193. The oxidants are contacted with fuel in liquid phase, and the
oxidised products thus formed are subsequently extracted from the fuel by
adding dimethyl sulfoxide to the reaction mixture. According to this patent,
when hydrogen peroxide is used as oxidant, metal catalysts can be used to
accelerate the decomposition of the hydrogen peroxide to form the reactive
oxidising species. The dimethyl sulfoxide forms an aqueous phase which is
separable from the hydrocarbon phase by gravity separation or centrifugation.

Oxidation is reportedly carried out at about 30°C to 100°C at pressures of
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accel erate the deconposition of the hydrogen peroxide
to formthe reactive oxidising species. The dinethyl

waeosaxiiee forns an aqueous phase which i s sepe@EBGE04/000160

fromthe hydrocarbon phase by gravity separation or
centrifugation. Oxidation is reportedly carried out at
about 300C to 1000C at presdures of about 150 psig

GEBRY oo 8B40 pRFS Al ol g E54E 1 8 abou

fzggg,g}gg_ di scl oses a nethod for the oxidative renpval
of sul fur u5|n8 an oxi di si ng aqueous sol ution that
9

corrpr}!Q!H&]ﬁ—lj,Sjr @‘ilt PerABRIME  duitharo iCiOSESi .,rﬂet.hod for the
RS B o R S e s

hharoge géfbsdidél a@d tfbenig UAdia T in Cspauifien elamtatiogoTis oxidising
compounds. Fo ar conpounds are subsequently

selutiords waednw the liguid fugli Bntemnerpiieese of Ffat1|38nC thereby

e vt Shutoonpligs nfon Eopoulls < o Copgouncs
%P@éu 2L u@?iﬂ)d ?éihoﬁoebyﬁéimm@ bREadtdNtARS mmramm

first vapourised and then contacted w

Suppolﬂos@] Fisally, toeiReT epplication YO ORO5I788 é’r'ﬁ‘%oscﬂs a method
A4 el U iy MR ol ST NP5 PIRaBRISFhE gas-
Bse arsatuey ig frgpvapbusisel amd 1hen oantdmtgmtbtﬂ supported metal

0016] Ne t hel d h
i RS DG BoSEnoR Oy R U oF UopTaee el Tsrggerbon
?&Lﬁé@ e ﬂféi s &&fdr?(ﬂb’ﬁﬁ? %f Whl@rpig §Gl§sédﬂ1eﬁtly3|rémoved

e preferably maintaining/inproving f
pﬂihfanlmarmehamgmomumi.gni ficant capital and oper ati ng

costs r di ngl ,itis no' t

cost o Nicisiess. fodie e B iRingRls M Ben place

ra%ﬁ\\édtﬁé eehholbgiest Aéed ﬁ@ sermwamsed in fardés to nredudersulfur

to obtain fuels that have | ow suffur content, |t anc
ot&@gm e

;Caﬂteiﬁ\ér inoBjale twhile tTeferariy nmaaﬂawgﬁmweg alust
v

vﬂ{gohp mﬁ?\fcﬁgf lé%!;ﬁto I%'égsééergﬁnﬁ? Hbg r pEE Ouﬂwvjﬁt fd 8Mobject of

¢loen peasiend irvientibibtg punmesasc,on‘espomchng tprcbdesedOh ernoving sulfur-

Conbinog o ingh I Tieel ) oHER A5 kbR e b 3 s
content. It is a further object of the invention to provide a process for the
effective removal of sulfur compounds from fuels which are not easily
removed through conventional HDS processes, but is still economical to carry
out on an industrial scale.

[0017] This object is solved by a process for removing sulfur-containing
compounds from fuel, comprising:

contacting the fuel in liquid phase with air to oxidise the sulfur-
containing compounds, said contacting being carried out in the presence of at
least one transition metal oxide catalyst.

[0018]In oxidative desulfurisation processes, the removal of sulfur-

containing compounds from petroleum-based hydrocarbon fuels is carried out
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compounds from fuel, conprising: contacting the fuel
in liquid phase with air to oxidise the

weosaraent ai ni ng conpounds, sai d contacting beBCTIgG2004/000160

carried out in the presence of at |east one transition
net al oxide catalyst. [0018] In oxidative
desul furisation processes, the removal of

ul f u t Al nj S tr -
RGeSO AT GG g owoant. e
sulifitéomaning cormgowrrisparercimvered nte conipoaibls havinggintreased
The sul fur containing conpounds are converted in

eolasty reletiveio i furlr and doerp SHBSPQUENTIY &raGied: N :ﬂﬁ% present

f. | .. and. . > 1 LN . t:
in\Eaiofioffch, i RSEOHERYIeY 5 eoRRlctfi falid [ B &R fin the
Ipréseritel OF trankitibn ainetal roxidee cataigsts cthabisetectivalyt facilitates the
net al oxide catal ysts that selectively facilitates the

gfidﬁi@n@ﬁthﬁ resicbial 8dPRWaFOraRABKISr conpounds. [ 001 9]
oo UORDNE Rivahiind OMER ihATUIGATEIES B 8 ieoaseous

gaseols OXygen Tou narr e costly oxidants
sxgermndotmydinogen Wailexsabtly coxidamisesumheas dydrogen iperoxide or
sone of the current desu]furisati

n, processes, the
&zeggr@repfe&:ggg Bnpwpea iﬂ?E’e§UfrﬁQ? lgggu@fn ?lpn Jyocesses, the
ﬁéé@ﬁhyéoc%sg%hﬁkéqedi@tsﬁgé NEBYF ks bxiaahY sprbé@'giﬂ #hBundant

rom-t at nospher present process can b
@awdr fredlyoobtainabje dramn diiecatmgsphene thee peesent rprapess can be

el i m pat th d . i

Sl 8ient BoRGE el LI L AR EHAEY FERHENY cary

Yk "argSoXiEROBROVET process angt issasualineqiized dtiviquitiagddants

of thé inventive process cones fromtreating fyuel in
@,g% p]y e inventive

Isughi @5 ieEgen\perexidg psnsisady AnpiheE cadyag

r ; ; {
FHRARLARRS (oA EATRS IR TR, SRl 1Bt procoss
wondiions (aw girbeessd¢empénatirest anth pressrssieto keowsed rfor the
Ao GO G GRETPALEgS Ea o rRAToL R Py deStiurisation
G50 5iKABwhah thé &rtih WRRSS mdie Iseverd dviRiitidhsWreirt@ded. Mild
further cost savings. Yet another advantage of the

[oreasst cangitionsialsp MeanHbalenasgy ConsHrBpiien fo5he REQPEsR S low,

SPSrhT 1 Bty i, SAog8 °YHE b eP ot agk or e presens
nhvsTRioNAS tRs baswobintbdrakonuinto ahy akisting vefirfeey farrtbe préduction

use of a selective oxidation catalyst also . .
of diesel, as afforded by the mild process cond)(’usons ofiqmd phase contacting

and the use of air. Furthermore, the use of a selective oxidation catalyst also

permits the tuning of experimental parameters such as temperature and
contacting time to achieve optimal conversion and selectivity. Conversions as
high as 95% have been achieved in the present invention.

[0020] The present process is suitable for processing fuels having sulfur
content ranging from several hundred to several thousand parts per million
(ppm) by weight, effectively reducing the sulfur content to less than 100ppm.
Sulfur content of a fuel that is to be treated may vary, depending for example
on the geographical location from which the original crude oil is obtained, as
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have been achieved in the present invention. [0020]
The present process is suitable for processing fuels
havi ng sulfur content rangin§ fromseveral hundred to

TP vl PR PRI eE e e B e ¢ -G g st

1P Depehdingr ok ahé esiitfupfleviel fofelhet fird tosbéd Qrdaged, r et g@sent
may vary, dependi ng for exanple on the geographi cal

| byaptiah fs ovnfligiently « wersatilegiteal ber iaplemienteds as a primary

ORESUIRSadtPBfacbsS Br B8 LBy IlindisBRYF Brdcsd for treating

Driefs Narglimiing hexapnplési iof feate | wisith tcan t\SeI@ﬂeatév b¢ this invention
treated, the present invention is sufficiently

vieelugei gasoline, yj@rqimeeﬁl@&pbdetafgeb furpage oyfs, lube oils and residual
ggﬁ Addﬁioﬂﬁ{hlr e RS fhat cgﬁ b@sprac ng%?u é‘r}ﬁg limited to straight-run

uri sa process Tor trea

N’wetianm tieg fmmrd e@btaheﬁuellrscuw fetmc atmbspheriat erd vaguum
this. inventi i.ncl udeﬂg‘ soI ker osene, diesel,

 QeRIatRlr HaraneTips, by isehsia crhskadreikaaal 1gsies’ which aro
Atstaine@NR6MmY cathyf Idr'&':k?né 'Eﬂ‘the"a Sd@rdﬂcﬁéét?dﬁsa%% A%rimary

ltmted to strarght-run ractlo racti o
otlesulfogsatibin et |tlye fnventian cas mmbstltute)cow&muonal HDS processes

distil]lation.,n refineri.es ut, i ncl cked

SodPrbbed dibotiruh Fheid SHig Rl hRSe Hish SIF EEMent 8t Sovera
Ctheokar® ppm,hedety W 4ee100d0 fopAet(t9)Sor Afore. PAS MBIsécondary
desul furisation unit, the invention can substitute

cdpRiikTisaion unbdhe mseean daverdiopr earebe useddpg treating fuels that
[ Res o AhabiRIEHbS HBYEndhodhd %{)s“o@a\g% SR, @c&f(l)trent of 500

severa hous ppm  even up
n@pn. orAless. slmamedenﬂoodmeﬂtf HDSdsifost carmried dbbtetpiesensulfur

BT 008 el ek 365 bl 65 B, Sl el cess o e
c;%ésmt in@éntRPCcariohe Ased ‘?@?urtﬂdﬂ IOWEr SUTRE CoRRIM: to 128 than 100

first carried out to [ower sulfur content to the range
oPPrA Y LAVEROIESS thaDE0 MR, ifidesised.t Eor, ecanomic deasensofthe initial

StaFncler B8 Moot VB bES U, 57 hibep "Gy &t o v

Séoriventiondl HEES prauéss Hororkcombodinernt aherfael ddmpriseistdigdel that
renmoval of ?(?h Ievels of sulfur fromfuel is

A% BERY Taated du 2 DYOIGeRURSRAtoR | (N PISGeRs.olosanerph the
PresEMPPICcEsS s ndik 6rHFérat§l9rﬁ§e'dsﬁﬁ SHoS&ind "W viscosity fuels

such as diesel and other fuels having viscosities that are comparable or lower
than diesel. Nevertheless, if required, this process can still be applied to
heavier fractions such as lube oils and residual oils.

[0021]In the context of the invention, the term ‘lowered sulfur content’
refers to fuel that has sulfur content of less than 500 ppm by weight. The
present invention is able to reduce sulfur content in fuels to less than 500
ppm, preferably less than 200 ppm, and more preferably less than 100 ppm,
and most preferably less than 50 ppm.
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has been treated in a hydrodesul furization (HDS)
process. In general, the present process is nost

w@e@satalkd y used for processing | ow viscosity POERE2004/000160

such as diesel and other fuels having viscosities that
are conparable or |ower than diesel. Nevertheless, if
required, this process can sfill be applied to heavier

f ti I I .
|t e COZRFr Spnlltifa - coleRioS T het e wBigalgatotna i
spétfaleurndrictions anéivhich ¢an be eémbliéd b dtse pracbys of Miatifvéntion
of less than 500 ppm by weight. The present invention

i Igclyge caliphatic i cromatic sulusEoBIAINING Gomnaunds $ughs as faalfides

5@29-"%’1@“'@?@@? ARl BT R iRy by Fpyres, ano

tmarcabﬂamsp ras[ Wéazas aetérucwﬂn@nsmfumd@mahﬂﬁ@omﬁksodmt such as
b pbéﬁl ca ound in petroleum fractions and which
daR tB‘?PFWEB pr(Bdbs sdibenzotbiopheaet |(&B'l')nc|4unethyl-

s St ne BT, SIS SR i o

rteilbienyzqmltueplyerm;lahdcmber ctbrwahf/esimerecﬁmd)r eRamPIe. ags as .
we ro cont al ni n conpoundas suc
ne t nitippinBe kst E}b‘?@{%% S B Cotaining CATBEHERS oCour at
(\BB]' hg &e%@bgybﬂ'e@%ﬁz °$| ene ? d#g@%mm% eompounds such as

6- di net I-dlbenzothlo
ta"pbéiffz @ hammim meseaptans eandi suifidesi ares generadlyt motereasily

RS ey APl Bl ook Selamtl $aMpPugosegHetszocyci

corgameds Hpicdlly cmh[frlzsé tﬁ@bhéhﬁl SHSEAEBS %Uéﬁ a84KiBpRénes, BT,
%ﬁh atic or aromatic nercaptans and sul fides are

r Qkﬂat%_r@%ﬁs ﬁP‘}h oR$ dﬂmhvh@hemt@pabm,| @,6-dimethyl-
UdrionfigHicHe BOWERTROWHIS: HIEHE" BEMAY | FoifiC HROYAHEs. One

typlca conpri se h|o eni c ances" suc

tplossiples reasonBor tlﬁlBTeSIaiaylbattedoMmrsuntheamner class of sulfur-
t hi o

-nethyl -di b
}OEF t‘ﬁ%/erﬂnZ ﬁz'ﬁtﬁ?ogﬁg‘q@%g ViR | Sulfur Hynbylky; yidegcarbon
Beutiufgs Poihat mdl@bhléatrhiée@as@ﬁﬁstﬁSiomeﬁmhgEb%?r;bdftﬁ’lﬁs € not

resistance to oxidation in the latter
£asiy,exdised onidegounies remithe kydraearbans byineansfoftdoeventional

TS Blpcosi; i FAs SRR de iR WHGMY iy et etantagy sufor

gompeandsgasi | y oxi di sed or decoupled fromthe

hydr o bons by nmeans of conventi onal

y f&{m?‘?he Lyonversmn of thiophenic compounds into polar sulfones
and/or sulfoxides using air as oxidant is the principal reaction carried out in the

invention. The general reaction scheme for the ODS process is as follows:

R-S-R—%>R-S0;-R'—*™ >R _R'+S0:1 (I)

As can be seen from scheme (1), the suifones can decompose to liberate SO,,

while leaving behind a useful hydrocarbon compounds that can be utilised.
[0025]Air is utilised in the present invention to oxidise the residual

sulfur compounds mainly into their corresponding sulfones. While it is
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HDS processes, and have thus becone known as 'hard' or

"refractory' sul fur conpounds. [0024] The conversion
w@tooshicapheni ¢ conpounds into pol ar sutfones aPOl/®62004/000160

sul foxi des using air as oxidant is the principal

reaction carried out in the invention. The genera

reaction schene for the CIﬁS%rocess is as follows: R

TeorBjipal, Ghadtle fatscind & tne FriophBficidity BompBunds Shay be

wonvdred npts cother loxitisedt dod®, thahi baifdnesyieg. lselfoxides, gas

usef ul hydrocar bon corrpounds that can be utilised.

[ahoeBatographys daig; ehiaiegd; fomHxperiEwet arerreing tonthegexamples
[

LUt DRSPS Wlhr S o PR Ry T, Wi wighin

RO thoundt hathedoy it istheliéved thiad ﬂmesultnxmd $pUC|emsmistme and
be converted into other oxidised forns than

il togri@idisgd gntas a) qassesReRTing ioRe dieinegPRSS @hthe present
G eHitBRY /!tcrcemlﬁg:m%%s%n?%%rﬁio 9chi? dd'e ‘t"(? Sonvert

reveal that vi no ot her su fur conpounds
fsoitfae cconvdunaist i fsublsn a@lmostb eompletdlybynto heolfgnesi twhlsh can

SobpeErl R extietid in 3 CeBEAL AT < e SRRy th specilic

Féhﬁﬁﬁéérntﬁfnwid“@orﬁb@ﬁﬁd@i pami@ik P thiopehit ebmgbundé B@ch as BT
present invention can be enpl odyed to convert sul

@odpeBhawhich mamresentmmnt@anpleﬁeewe innearngng nuhes shown in

A, e, B GH TRy S BRI e °Sul - cont i i ng

compoungs 2 arI y t hi opheni c£ Sych as

BT an@l i b pr & é"ﬁf % nv [ dtive

in ca ) shown 1 n the t

illustrsa g6 On schenes: It C3 ﬁe romthe ()
reversi ble schenme (111) that the S=0 b%d&can be

pol ari sed due to the |l oss of an el ect ron from the
sulfur atomto the pair of electronegative

doubl e- bonded oxygen atons. It is peodk atxl hese

pol ar | Q" exist in a e.

ei t he 3 ari Sed sultone

pol ar i Segd-Copalnds? but rather as tufipo hevi ng an (1)

i nt er medi at ge of dipole nonent val ués\As nost of
t he ot her /e/q& phase

It can be seen from the reversible scheme (ill) that the S=0 bonds can be
polarised due to the loss of an electron from the sulfur atom to the pair of
electronegative double-bonded oxygen atoms. It is probable that these polar
compounds do not exist in a single form, i.e. either as an non-polarised
sulfone or a fully polarised compounds, but rather as compounds having an
intermediate range of dipole moment values. As most of the other liquid phase
components in the reaction mixture are non-polar in nature, the polar sulfone
compounds can be easily separated using conventional separation methods

such as solvent extraction or adsorption.
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conponents in the reaction m xture are non-polar in
nature, the polar sulfone conpounds can be easily

weepanatiedd usi ng conventi onal separati on et hoPIST/SGTIN4/000160

as solvent extraction or adsorption.[0026] The
contacting of fuel with air_can typically be carried
out in any suitable conti nudus flow or batch reactor.

Suita i . i )
1 ROT UL DY BN B cipbedegymt ut by
SGitalI® doRBSicUs. fldw ircieatclsiragtter.f Suitabld edntimwalsyaw reactors

packi ng configurations found, in hydrodesyl furisati
Dol 272 65RIe: e LATB CPITRATEIRYY cANEHED o JURHifTo ! Prcked-bed

Bl et SR b ki aprpgimng o

o] ?gdjﬂo@lewmrmaﬁom [pescasses dappbe husedgin thee praseat yrvention. in
Wi

no hot spots), the t,rans]jtion

otdted| tpsprovige Balomn distriputiop elohfeFel tsfl;'}" 304 TRagtor, (thereby

r i i
BT Ao BB giafe 9 268, pasa g i e
gaﬁajlfs]gdvit_hue% h?ea?tbte)g Jhdﬂer_aﬁ;wogemetlagmxwem&tamst ¢t he held in
esul furise uel . . ; '
e e, e e, Gy pRt by s B Mo S
g?@ﬁfﬁ heTuédl af e tﬁé’ @ﬁlﬂéﬁoﬁ@é ¥aRlyseXtHepéated fa¢l leaving the

ation. I'f a batch reactor i's used, a fixed
OBSimeactor tortainsabothedgsutfudeed fuel radpaxidised syifu gompounds

while air i bbl ed_,i | i
V6l beuBaBNCLRsRBLy LRGBS Pcess
gggg[ag.: _ﬁglxr/]éﬁtﬂmﬁiabﬁom r(ﬁlac]lciglcdllati_uﬁ.l gmsibag:haraacm:i isalsesl, a fixed
| ecnni que.
amoiist obfuel gan becagas mheigtéh?eéa&%@%ﬁd i ée%%t@%d ?’ﬁ" the
ther..r I i |y
1L DpRE BB LEoriBRIE The! Sodibe sl cdfB8iids may be
sepawited: fioemiies aieated fuehgssing abgtsuiableosearation dedwique. If

TRl od ot b, PRS2 2P, eGR4 e ecaton
Ip?géaét%ggow%r@éddéé%m} tbMent mpe f@dl. t he fuel bei ng

and the desired | evel of conversion. T

boi | i @P27dGenesllys dhe Loniatingael Ael prigt &' &y C@?ffﬁdc QU it a
B EBsLb g HNIodf BTG 19 286! Hlrd st s o
(RONo Rl B 7 Rt ebguatie o lmpsie agoss
ifactbrsosudheasitbe hejling range of the fuel being treated and the desired level
of conversion. The boiling point of fuels that can be processed typically range
from less than 100°C to several hundred degrees Celsius. For example, if the
boiling range of the fuel is above 180°C, a reaction temperature range of
130°C to 180°C is used. Fuels having such a boiling range include kerosene,
diesel, gas oil and heavy gas oils. As noted above, one advantage of the
present invention is that the treatment of fuel takes place in the liquid phase,
meaning that the contacting generally takes place at temperatures lower than
the boiling range of the fuel for a given reaction pressure. It is known that an

elevated reaction temperature is desirable for improving the kinetics of the
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meani ng that the contacting generally takes place at
tenperatures |ower than the boil i ng range of the fuel
for a given reaction pressur@ is known that an

LR A RS A——

ttmertmeb)exotnmmmmygohrtmecrxndmrower@onm| @igh semporRYieE. can be
g to the exothermcity of the oxidation reaction,
h!“

PO @ elfernadyiamighiswRNt. 1 Fefihermore, an - elevated

TR Ssoh BBy RS T GBoe 1 ey e

timhamam of asdéslrabte pblgrieos emtiicoke OAcwidmglyr ahl gptimal reaction
ners and co Accordi ngly, an optiml reaction

2i0rs Bnos et 1akes MaKesideralion esa oPRESIDE fasteeswould
Oﬁé’ﬁéhé\%léﬁ}?wﬁ?{%@gﬁ fhebRvagRficial in carrying out
the I nvention

I'n one enbodi nent, the
cont ac[ODﬂ@]Infonﬁmmhbadltrienalthelcmntantmgeﬂ foeltwith air is carried out

LR SB[ ooy 107 dp Ok g ey Breferably between
P{Rioer ) 1‘%9‘(‘5’922[}:(11%9% ‘gbe Iséi%fbme etebstjg@‘gybo 160°C. A

preferre ure ran

lﬁzﬁﬁ@lanlylcd»refbrfw aémpéral@r%o@aﬁ 1i80B&iwedn e8OPCMBRE 150°C,
referabl% about 1400C. Accordingly, in sone
0

paeludiogl aboyt HB8eTCertpeti4@ihodr rayensmione viretarablyegledut 140°C.

it OB B oSS Sese i
tterred adnd Su n%por@éwldobéﬁo&cmdﬁgaﬁégé heXided Ratdipsts aareY used, a

preferred enbodi ment, a preferred reaction tenperature
|r§et?‘5r@at reawion. t?’@)DQEﬂlCIWe ipr abeutr d 58fCwHnclanother apaitieylarly

el dfadtieBl &P TR Betion Bimeeiud i el 3Brc
f ueI I[OOZQ]EF hé?ﬁééﬂfreta'ﬁ%ihlérﬁcbrﬂébtlﬂﬂ ishedrfed 80t &N@lﬂ& €geperally

air. ener al reaction pressures that are typl

helgw, pu? aldhe same tirpe swtfigiandly dighuto avqyaflammgmflth@fngbm the
Y4054 PRy 958 et B QAR ok B e BR0HS rot ae
dypicallyeusedi id the mventiore tiagrbesab@lt avisdrant mgaedrigerfrom less than
LA TN Hhevesf DARMCLE Aol &Y ABR 45585 ok abowbars.
OFHARG oul the RRIAO E@aBitt? Gt 'EéVated MBaction pressures may be
advantageous as the elevated pressure may improve the oxidant
concentration in the reaction system. In a preferred embodiment, the
contacting takes place at ambient pressure, meaning at about 1 bar.

[0030] Notwithstanding the fact that certain temperatures ranges and
pressures are preferred in specific embodiments, it should be noted that in the
broad practice of the invention, the oxidation of sulfur containing compounds
present in fuel can be achieved even if reaction temperatures and pressures
falling outside the above preferred ranges are used, though the conversion
rate may not be optimal in such cases.
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contacting takes place at anbient pressure, nmeaning at
about 1 bar. [0030] Notw thstanding the fact that

W@ 2005416164 enperat ures ranges and pressur es ar ePCT/SG2004/000160

preferred in specific enbodinents, it should be noted
that in the broad practice of the invention, the
oxidation of sul fur contalnﬂﬁg conpounds present in

or as s PGEITLRY BBARCh Je2Buon AR s°RobBal FA HE i oot

am\lenmadmvblbeyghe tUse obairedsitien (sslee oR@anh ®ér b&rrying out the
optimal in such cases.[0031] The oxidation reaction

ctaﬁionso Sifpr-eentaining gompeuRdsethe fugl éhls| reted ikl thegerm

B 4558 8l 0 06 ORI SRR Bt s

frefers td & mmuretoi@tmbaphérivegasysmorﬁprlism@ga%@@ubh?Iaelrntrogen
is to be Bnderstoodlnltsreuar neani ng. The te

oprygen.ceAPen djoxde; rage earB@urH{s R sprher |9@39%@‘;¢ opt'ona"y also

b
B Bha, SHSRUERR 1 INRR, HETRAPhOE e sutur

goptaining mommqmmds whie emluer gasegaeeucrs as matubgewl passéél ¢hrough
ounds,

Xi dati.on o% {;n sul fur ta|n|n
36, 3oy 8E wbhoiit Reld invoRaAR Heded iR, Gigh i mid reacting
rc@ﬁé'h@ﬁs ¥t tHeoptoctsd. e th|§\f8§ﬁ&‘f' th8 o@@% e ﬁaﬁfehi’fh aiy :[lé’gﬁlcally

he mld reacting conditions of rocess.
nkagwadp be Bbouixgtférby voluee, althoughl this le\;qjuafaaxygenmmvary

5B o o8 Bl ) R st bfra BB o oot s

aedulamieveli in this athosptrerapiye. 28 %atit aRglUhowbder, atid 156 lower, e.qg.
level in the atnosphere, i.e. 21% It may, however,

i o988 deplgled air is uw%szygw bedigherd ifa9X¥yges @%féfd‘edo@" is
b

B3k PRI o heSIRA S0E| HEG g B1.5F B trp restr

ienvioonmmtrean:thepadjustad dynamicattyrbybenpldnesting a conventnonal

ABTF Pobifol bob P\ RS BB P RSk SHASH content

ok Mg Rircipftb8ided intd tRe aehctont A@@I’Hﬁ%l* ﬁ'n@teta'aleof ﬁéj%ﬁ’r'ig the
Al ternati vel i nstead of adjusting the flow ate of

Hpwrate o ajry %/qfésdﬁa@twrbﬂwmmﬁm: thetrﬁéctrl@aenwmnment can be

AR o 3B PRE i 8, BB BRSREE I foocoac

cofsd] The present invention nekes use of a transition
met al [0%1'2?'Fhe present invention makes use of a transition metal oxide
catalyst for the oxidation of the sulfur-containing compounds. In the present
invention, any transition metal oxide exhibiting catalytic activity towards the
oxidation of sulfur compounds, preferably hard sulfur compounds such as
thiophenic compounds and the higher homologs thereof, may be used in the
invention. Examples of suitable catalytic transition metal oxides include but is
not limited to oxides of transition metals such as vanadium, chromium,
manganese, cobalt, nickel, zirconium, niobium, molybdenum, rhenium,
tantalum, and tungsten. Specific examples of transition metal oxides include

MnO,, Cr03 V205, NiO;, MoOs; and Co30,. Chromates, vanadates,
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oxi dation of sulfur conmpounds, preferably hard sul fur
conpounds such as thi ophenic conpounds and the higher
honol ogs thereof, may be usd@ in the invention.

BB eR mEtatel, it bhT sIORRE i % Rb PR thetEP may

nRs@be deehadsatafizaddemendity eAifaGorBNGRAs e8st &8Paliilability,
ni ckel, zirconium niobium nol ybdenum rhenium

t prefeiradnirangiion metpliaxidesspecthpse thataxpitilshighly catalytic activity

NoRRRS W s, e, O ailE SfinBinat BeReuiGiicpanecialy
rthfypakAR, compaupdst es and ni obates of the transition
netal may al so be used as catal yst. Dependi ng on

f act or[@033)dm one empbediment,aihgi rafsitan ety efdg jsogn oxide of a
¢ i | . i RSN ok

c@?{é )?Heca[éadcitié@i?wp g\;\e%r%sae ?%g%i?ﬂée?{% ?'SQ%Q';(%B&%t@on o%‘}ggo),
Swithi uoxidesntafi niamganesgogobslt, aspeandl Chrohilirapbeimge presently
conmpounds. [0033] In one enbodinent, the transition
rRIERITeS nudha {vERtion M ageitiannifieycatalys dpay qanprse a single
%@%}ﬁﬁ)n‘smeﬁal cﬁ(id(}! of 2Chikitie GEIhRSiGn MEthEokiteE Fhe transition
1 , W th oxides of nanganese, cobalt, 1ron an
ahetahbxide [catalyst cap bemregentrire esingle or in mblipienexddatianstates.

I n adqj.t.J t.he, cat.al yst onprjse,a.single
{ T ans 1008 Squt 2tiHE ot prefBianh Eed Biing gy, The catalyst
nirbeOpiedest iRyt hseabid ifefin, "BhéH a@XpoRderRt Aensts, Cadruded
be present in a single or in nultiple oxidation

stteichiges,| goenglitsol ord ceughedy Strchures,pferr axappie.udeenventional
t i. i e . .
e b o 5 BR03I The CARNAS B ER°Gksitel B for use in
sthe yeésent snvemtion) Fohexampley insdredr 3 prepare pewdépcatalysts, it is
exa . venti onal tecaigi qi%es can _ be used

| e. Cony repar e
esSIig 1 galcne: e gpirespendiog MetahiiGHes, 0 Mtlal pestates under

RteRERl foP8eNdursNusifgra 8XRIARkIEN tbmgeféiﬁfe_ IrPthe RRRJeCof 500 -

powder catalysts, 1t is possible to calcine the

d00°Esiponttiengtonebtain the maetak oxideseiThe beatingt eateucaiebe pre-
ours,. using a calcination

static air for 3 h |

t _é'?'ﬁ?%g’lﬂﬂi‘?{"ﬁl@ra_rvﬁﬂsg'c@" "- 6000C in order to

obt ai oIy INedeair? dritesdiménes beahk NBvERtich, CSdlidoatalysts are
pr edet er mned t()jy thermal gravinetric anal ysis.

preferably employed in the form of porous pellets. Porous catalyst pellets are
commonly known and can be produced according to any conventional
method. For example, it is possible to mix the catalyst components into a
paste and extrude the paste as pellets, which are then baked at a high
temperature. In order to obtain supported catalysts, it is possible to dope a
support pellet with the transition metal oxide catalyst by immersing the support
pellet in a salt solution of the transition metal. Additionally, pellets can adopt
any suitable shape, including pellets that are spherical, cylindrical, star shaped

or ring shaped, for example.
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[0035] In certain enbodi nents of the invention, solid
catal ysts are preferably enployed in the form of

weosussipel | ets. Porous catal yst pellets are ceameaiog4/000160

known and can be produced according to any

conventional nmethod. For exanple, it is possible to

m x the catal yst conponents13nto a paste and extrude

the p I age t. k a i g .
(e PRRIE IR ot BrE eI LB ebayl oo 1

inhourstegysappdrtedl bn &queroas supportt Seppbred vmatdﬂystb%re typlcally
transition netal oxide catalyst by I mersing

PO Pefiets| Baving catalytie rgeﬂeual @lﬁp@$'t%@8t aaﬁm tfilranonto its

S'gﬁlgfgé?. 'ﬁﬂégp%)l d&éopp%r{ ?‘%ﬁ'?ﬁar a S%ﬁrﬁlcé\@ylp’éwrﬁ%'nﬁl having
il efﬂ;bt Ionahe o&tc@hon regetibnoor iticag comagrise a heaterial that exerts a
exanp In one enbodj nent of the invention, th

cpé?'ﬁpm QE@EH Oinsth%lg'ﬁ%a&:ﬁts\ﬁﬁ'ﬁar'f SYPBArS Hisrehys lmprovmg the
A ahbﬁw P e @aﬁ@[&ﬁ" 43 3iligh etia"rﬁ(ij’ée}' %H&e@%ﬁﬂ#ﬁla catalyst.

cata osited as a
fWhltst caialysut pelleis caaoemprise sotaly ufscaata}ypo matewmal, xtcmmuailg not

GePRSIcall Aliaclie Sincg & sLbeiaiRI s OLCalahie ahnsria feains
SKebiSWhRMAETRIclIBD R 1iS Qhug ot beERIcA ¥Xbodl fdt édntact with

supports, thereby inproving the oxi datlon ability of
reactanisal yst, e.g. silica carrier pronotes chronia

o cal B The b Poreib BbhR R Th, BBl R RRR area
a Volmrid KgioSofnie sappored aatalyal, thas pravidingtealayder Gurface area
material remains | ocked wwthin the pellet and is thus

et the oxistation é@%ﬁt@!@ﬁ%@'@ Plgee chopftthistPUPO$E: s Masigtysof porous
u u cr

SREPSY, P8, "6F Dsef, DRCRIIG RR3bRorBRE TeLnbfy afiesshorous

¢2¢axS05IM) ammgnqmopmnd)usg(daSDamg supparts.abateriade which che be

OXI atl n reaction to ta p r thi,s urpose,

e s T DSBS Shhaid Ll i P U H8HRRRT apmina,
Feha ORRAGHESIH, d7idtbHia BRE OMPT oxige.( Rerdefor)) nitlgrials that can
macr oporous (d<50nm supports. Material s which can be

witbgtand higle f?ﬁﬁ*'@ﬂ§e§m§ﬁﬂﬂﬁesb Achi@e cataraic resterals, ear plso be
Yl ATy ThOAge SRtk By ARERENReq G AaRIE ' Giner

tory At ar i als st and
isaiable onatbsalp dncliide astivatied badene as avallcasmieatbers of theazreolite

?Tlnﬁ(e)ra group, for instance Y-zeolites, mordenite, clinoptilolite, chabazite, and
phillipsite. It is presently possible that the support comprises one single
material or a mixture or combination of several materials, such as amorphous
silica-alumina.

[0038]In one embodiment in which manganese and/or cobalt oxide is
used as the catalytic material, the support comprises aluminium oxide
(alumina), preferably y-alumina. Alumina supports can be in the form of pellets
or extrudates, and can be obtained by any conventional method, such as drop

coaguiation of an alumina suspension, or via agglomeration.



10

15

20

25

30

used, and exanples include silica or alum na based
ceramic materials. O her suitable materi als include

waedosaadied carbon, as well as nenbers of the zpOl/sG&®04/000160

m neral group, for instance Y-zeolites, nordenite,
clinoptilolite, chabazite, and phillipsite. It is
presently possi bl e that the1§upport conpri ses one

i nal . .
at or 1091 o orffalions, Br ShieRRE A e b S Sftable
dove &ebadi tentinventiohi cﬂmnmg@o@%@mm@owwat PROZALO;,
is used as the catalytic material, the support

Mq@d@e@a:al GeQiCadRe. ( PR MNORser aBOP;MNO/ALOs,

CROMTDNZ. b, S UPRRIIOAN, Dni0/ SRS, | OBR0;0usiO,

@lﬂ@%lMﬂl@ﬂSlO{TEtGU@tMr@wfﬁlOis MGIDZ/AIQ@g,ul MbO:afAlg[D;;,arHu/SlOg,

B2 CoRBISIe: WS of oA Om et SABIRRL that are

Cosor BPIEalf TR T o *ﬁ%@%&&%ﬁ%@ '“%%o"i&fﬁ%@s the

catmwmmmm d@suitablg satalyarlabdios, Ie@ ©Z6ihef to contribute to
B, 5 0 SR 7 R AR . 1 i
MaRtest) e&ilysRiading is Wlﬁé&%@\me‘@ﬁ%%enﬂ Esbp?ransmon
or N| ZAI'203, for exanple 0040 art fromt

metabomda pwsetnt Wit resmctrtettla@ suwmtasare@raw:e wilh nelsgect to the

PRGN Qothel wppO PaGieorpBrbUebafi b 7 cor Gpnerany

@pediihg O takdlyst hieadingf cdin denidetarinivied: @mpe ua:tdsmaimm tHass been
context, catalyst loading is defined as the weig

Saniagheuigen e Eatalvst i BAGHEPE) trassition Bt sl isicBRverted into
t
55 esb B (A el SRty b ey b e

€’ support
tcatalysitlebging, itGsrassaimed mMuplﬁﬁentatn\edrmn metamtnengespmtlve
be dﬁ qlrm ned Opﬁﬁ callc.i n{:\ti on hss been carr.i,ed q
fRtab will-be, pesent gRer-fAItiRaten 254 PBRIRAL Oxide wi sa uniiorm
%&Mbheﬁaientf@r bk@nﬁl@f A6 RO NDJ TRNGH Oﬂnﬂtﬁtﬁbly coupled
oxi de. For the ease of calcufation of the catal

Ipdasima gpertroseopysEGRt dneasuremepise amtbg magier Ffbrﬁjy etergune the
TRial GIRERLHS TPHR cathl i P BhANIEPAT B ARG AR ARt

onogenous  oxiI a un| orm oxi ion
fmrcaﬁagmbﬁtlmmmmﬁxxdﬁl présentrcabollédéalcliated: tApast from ICP the

%?g;?ared catalysts can also be analysed by Scanning Electron Microscopy
(SEM) energy dispersive analysis by X-Ray (EDAX), which will give the
surface composition of the catalyst. Loading levels that fall below the optimal
range (which can be determined empirically by the skilled person), may result
in lower yields, while loading levels that are increased above the empirically
determined optimal range may provide diminishing returns in terms of
conversion. In one embodiment of the invention, the catalyst loading is in the
range of 1 to 17%, more preferably between 2 to 13%, of the weight of the
support used. It should be noted that other catalyst loading values falling

outside this range can nevertheless be used, even though they may be less
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pl asma spectroscopy (I CP) neasurenents can be nmade to
determ ne the netal concentration in the catalysts.

woemsiidies | CP nmeasurenments, the actual percenp@meGmin4/000160

the nmetal oxide present can be cal cul ated. Apart from
| CP, the prepared catalysts can also be anal ysed by
Scanning Electron M croscopfr (SEI\/p ener gy di spersive

35 S0l nfl Y 0GR ihihetitons qentinds i Herdfipas o
heé proddse. Poit éxamhple aﬂG%WMHd?ﬂig IB%I lbmséetmmm&ﬁpondmg low
enpirically by the skilled person) result in

|COMMErSiaNepie SUr-e0MaiiIthgompoeNds maa{tnea:ﬁés'tate ighex $pace

SR SRS bR R, by o

Qﬁ@o@ﬁb@umﬁte@%ndeheacﬁwtesmctlvém catal yst | oadi ng
is in _the range of to 17% nore preferabla/rgbet

to 13@9%?1 erevteegwaw& %%9% i g dnveeEan t@h'awaounted
o tttg ?‘é@y‘ﬁ? %y %H\%ntﬁﬂéﬁtﬁﬁ fb‘i’l é@h@ggm |ﬁ|t|lté 36 may be

ange can ne
tusedgto tmegar&amdoeate&'ws; h&aclo pmeﬂwdsanntlurmy mdlplen'p Iveatmess,
conpensat

th f the
ROy EbOSOn AnG,RIaH: e dUapiers Weliess FRaiod is used,
36¢ é@ﬁ@@dbwdnew CoAfHifihg agébl bf ﬁna%a%é{wwrammm&a Gs first

conpounds may necessit at er space
treeparedt dihe supmregxuwductcdhse@atalysﬂ Vs |t@m rfgommied may be

ncre d,reactar .si eor si bl.e

DEEEREES 16 ¢ BE8 Bhitd 2By 'y BRIS] EmEPHRueS o, lefliont before
umpﬁbgrfanbh EThRV@Wingostep Mg td feribvi tinsl agsérbed UAPIBIUrS .from
any conventional inpregnation nethod known in the art

ﬁb@/ ppEesaRdita fylly uwp?&rteewseﬁtr@f@@w and iforratimpargnation of
I

{9 HERL S, Q. B0 oheo ARAPL B SAPRIAP Btpares

acgoplig ta thel désiead calalyst rtoaxgng lsuélt Fadr exemplet ah yarder to

transition netal is fi

oGl SN W 81680 Bl b Ml SHIPITRY eR peaumina,
{508, 52V FAARRCTA] 0 e BEr S, oo

timprexfeteded apsslutiore ¢ormaininge 1040925 (ﬁnMri(IO) facetate x 4H,0
utlllze t he, ores f?r efficjent an

i(Roesyial: vele bf24{5r9@ flissqived, in 85Q)|mtéjgﬂmsqﬂ]éwater As can be
%@ﬁeﬂaﬁ\a{mg) ré)ﬁ‘“d'@eﬂ 58! SS%I?A#{/ g(?r” Efcﬁféﬁibﬁd?f the catalyst

according to the désired cata |ng [ eve
doading ethat rther bler salb is completely converted into MnO, dunng the
subsequent calcination and that formation of mixed metal oxides such as
MnAlLO4 can be neglected. The wetted support is subsequently left to dry. The
drying may be carried out by baking the wetted supports in an oven to calcine
the catalyst. Calcination of the metal salt leads to the formation of a layer of
metal oxide on the support.

[0042] In order to form a catalyst comprising a homogeneous mixture
of two or more transition metal oxides, it is possible to wet the support
structures in a mixture containing the salts of two or more of the desired

transition metals. On the other hand, if it is desired to disperse several layers
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w@2abamiea, 10g of pre-dried g-al um na can be PCT/SG2004/000160
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i npregnated in a solution containing 1.409g of M(ll)
acetate x 4H20 (nol ecul ar vve ht 245.09) dissolved in
8.0 m deioni sed water. be seen fromthis

eéf‘aﬁﬁ frent irah&tnéﬁsﬂﬁgfa‘? %&ﬁ%@ahae %gl)@é Erptgpe%nanon and
cbaMﬂ%tSiQJs ehn B QRqduntidlg pérmrmdasemhemb S SbR@bh Wt each
and that formation of m xed nmetal oxides such as

Mﬁ@P@@W%Hﬂ“%@m@@t@kﬂ%@lSﬂ%t%t thedsaliuiebis used to prepare a

SE@?ESM&BM@ kh B éso éatgy%g gg{éﬂr&% g@(’(gegn&%@ﬁ}s%gs include

cetlystalﬂmet émtsoﬁttﬁbﬁmnsn@ﬁl mettsuen 2 nittaies@hRIrided! $ulphates,

| eads to the formation of a |ayer of metal oxi de on
t On¥des dodides, dUwfphﬁWSo pa'abuona s; aprwell axpegapia compounds of
fgrgﬁgllett%?ég%ug% 9'5‘&%%? ét‘eg”g% &t%ﬁ‘"@nc?’élk&gpg%léshould be

smptpd rthatsmrordewtoefonﬁra gomnm gjsmg:mtselsaltﬁ gthtbta l%h@aldt Se water
fot red transition netals

?f@“@gh 51'534?29 O'Pf ap f Ofggﬁlt?ewfsat t Mlethadse ot Prepaing | suitable

|§)ﬁ1’oﬂ@8 &' leércﬁﬂil dt§ §orSidd th{)@e&@seﬁf(ln%ﬁtlé’rp aP%ﬁescnbed in

upport , i rrpregnatl on and st eps
sﬁ&ﬁmn'ﬁl hl awy wedlr a9 rtaeghinine VO h@3/641 7983 Gﬂndt then reféremeed cited

r t nsition nmetal. In this context, the salt

tﬁgfé?ﬁ fbﬁg)é%n;?lg prepare a salt solution is knovvn as

the C{0OAI[L ivr amer Ohterfplhtedl|tRaPrtAeUlcafRilyst | ffridfiftion can
stalllne salts of the transition netal 'such as

ditignadly inghyds pthes compnﬂlatﬁegucrba@ prameeters whichesan enhance

| :
2‘?*?'2%‘3%‘2?“’( BRPRAGHS e pRelt itesBin o SR EaRRTRC RS Satso ve
adasirabledhatihe . catalysth and grdsulfldeti?mfm’teﬁtsel nhor ;Jlgr é 0

s e ou
N X T T —
Nith&oslsitadle Pree PR bbSGtréathicAb s p8UPHOELRRpIB! th'%“l‘hél to be treated

catal ysts for use in the present I nvention are
daiche pelierted it frior shemigal wethermal treatmhenti befow® it is contacted

7 erein
SAPSH 1% R A 16 5583, ELReALCHP o 1€ froauang e
cza't atysthel ceantdratOnce dhe coththdtin Vﬁnﬁéé YodehC pedermédielt is also

ng%rlwent S, such as_ pronoters i ch can enhance
po e'to carry out a variety post-processing steps, such as separation steps
to separate the oxidised sulfur compounds from the fuel or to remove any
sulfur dioxide gas from the exhaust air prior to releasing it into the
atmosphere.

[0045]In order to remove the oxidised sulfur compounds, of which a
large percentage comprises sulfones, from the treated fuel, the polarity of the
sulfone molecule is relied upon to extract the sulfones from the hydrocarbon
organic phase into aqueous phase. Thus, one embodiment of the present
invention further comprises adding a polar organic solvent to the treated fuel

after contacting with air, thereby extracting the oxidised sulfur-containing
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catal yst activity or prolong the process |ifespan of
the catalyst. It nmay al so be desirable that the

weadoahyats are presul fided before use. [0044J]TPer/SG2004/000160

process of the present invention nmay be suppl enent ed
by other suitable pre- or post-treatnent steps. For
exanpl e, the fuel to be tredfed can be subjected to

ek T B30 SEBEg BELAUE ghfsgvent

tthe RkRIRRES Sulfur-Bomtaning Eathpeehdy Mebrh héhari freatdto fitldle This
reactor. Once the contacting has been perforned, it is

Aralodicest isi asest em liayiddiguich extsactionyusiog Pojar sehsts that are

Shiae HC et By aRRED A1 TRR oo St S infueneod by

eyerl thctors]i gorch des gal%cf\mynbt e exibedtsutuf dofr untiQ in the
releasing it into the atm)sE@ere 0045] In or

SohePb densityqfdhgesphvants insokbiiBoahée se emhlrbtheatm&tegefuel
f I
R RRPAIRPIBIIY 8 SO ORE Tty AR i RhSk S sonvent

e polari one nD eculeirsrelie

esﬁhacseletdnems of fileen gpiviend nowinels hiher palar bﬂﬂlsedgﬁﬂfm~contalnlng
phase into hase. Thus, one enbodi nent of t

SOBRONNS T BHIEaIn OFGATIS EPMPSHRRS %@glnadugwo@rﬁmﬁobsewed
AR irorS BBl | SRBFGPREAUEH 34 CLolBOREAtbhEks the

alr ere Yy extract
sohation cohtthe noxnglsedp sulfitrs cOmpounde ﬁe@ﬂi&iﬂy f ofelextractibn is

se aratl the p rgani c oIv and the oxidi sed

IEBRGAM, dihcalse b crmiRRe o o Ebier Sarbai ol Homatic
Hyusoc@m Borh ithebdsed sHould qbed -Thinfibis8d EXApaeEt ifdfn  this
usi ng pol ar solvents that are insoluble in the

Waﬁ etatienn thaepelegied dugli sBowd ﬁafemy ialsq rhe Lenecdhat is

I . .
FHmRGHBEaifoh SoemcHA |n e RUE SR ks aVifibrenf Bensity from the
mleatablfudntsp thas ahebfuel/sgiverit h’rbetuemlcaanbeieamlheseparated by
treated f and recoverabili témOf t he oI vent

P&EY%’P"C{"&PE@@F‘&#" 47 BRYBYiSREARIB) A RN "fgg@tf%’ e may also

Rl IRapuVid dhdtiseld'SolvertMRAL hésoé(\@bﬂ'iﬁg tHoftRRAAS dRtErEtSIRSn the
sul fur- contalnln% conpounds. Typically, organic
(2

ch_@i’r\ﬂcmm@ qfatbe isyfanemiqpbe xtragtedaso dralalistilation ean ttieeieadily
s stodple e pBEAREL B pou T TGt
CONpPooBHs] VaAbEs typeistof efuisnibniacdn ba ised wpeobivent extraction,
ga,%éﬁlg‘f ggtelgt?one)é;rrl %%tplegg oon favc?clJrg astlecﬁ a(\:satzggtméllzeagfdequmem or
process throughput, for example. When carrying out large scale solvent
extraction of the oxidised sulfur compounds, a single stage mixer-settlers can
be used, or if better extraction is desired, multi-stage cascades may be used
instead. Alternatively, sieve tray extraction towers may also be used.

[0047]In one embodiment of the extracting step, between about 1 to 4
parts by volume of fuel is contacted with about 1 part by volume of polar
organic solvent. The quantity of solvent used in solvent extraction affects the
extent of extraction. While increasing the quantity of solvent improves the

extraction of the oxidised sulfur compounds from the fuel, this advantage is
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coefficient) in the fuel and has a different density
fromthe treated fuel, so that the fuel/sol vent
m xture can be easily separat®d by conventional neans

P BT B HinBERORSKERAIGRE AR, b HERRRED ook, B 1p the
pldrgér amauniss oflisbvene beingr ased ke weilldsnhcpeagdd irPfthd Reale of
sulfones to be extracted, so that distillation can be

ré@iuemtye@@\f&rwne@ylpns-o separate the sul fones fromthe
| ] | t
coul prigoRBRS SR doer GB4K Jcltes iR foed fog the solvent

Ssexteawtion rof tiae olieiFedcsutfar tampouRds UkHesasinglogé acetontrilef§ (AcN),
ea_l“ pment or_ process throug put , for exa
cal

. _ le. Wien
il osiifoxidege SN -dingthykacetantidenct | Brmgthyi-Rirolidinone,

i s ;
AR @B SHats, (ERARRMITosPLSHE Bfal APfanel (GO, othanol,
deepardl, botdnol, cattzgedisalidedpwidimg, gropylerel glyes!, @titylene glycol
Alternatjvely, sieve tray extractjon towers may al so

K BERMYBAPETach Qe b BEPTBREITANL fhe DRlaraPigARlG Solvent

SéStprigea Wﬂﬂﬁﬁ%gﬂifé&rﬁ%gﬂjeoqgh@bw AT -;?sﬁrrélid%hei NMP),

contacted wt rt b [ ume of” polar organic
satateme or ahy mjutune thereofl Thel sadvent waedl$smbe dilutadt with water, if
extraction affects the extent of extraction. Wile

i %ﬁ’%@si ng the quantity of solvent inproves the

ext r aqooag]infgentral otedbsigdofyanic ' solvateHanthe dissslvéd exidised
fuel, this advantage iscounteracted by other

cHHIIT FOMRQUBRS GANc Re axeParRipd s tbesiug! By egravity iseparation or
'@érﬂﬁﬁ:g%@o %%ﬁor@%nﬁoé%?é”ts%ﬁ le?éér?@ggv rb)\ée}écoeértedo%sgpg any

increase~in thevscale o ven operatl
[ @dehtidhaterseparghioharmethgdni suchubas amvaporationpedigtitation or

f th | t t [ f ot i di sed | .
SRR dodSERUS e Seileeintor mBPue ALk destlFbLriped fue
Sedrf B ifiskher WrbbesdedBSlH ag 6§ vMEHiIRy with water or adsorption using

N-met hyl - pyrol i di none, trinethyl hoslohat e, _
heibicenaelgn Puminsh de iremawe decesef Hag solvenk Gie, fuel thusodhtained

HAD SR o237 o183 ot b Ym 2N bl loss han so
tppneof etc. In one enbodi nent, the polar organic

sol vent conprises N, N -di net hyl -formam de (DWF), .
1- net f{QPSQﬂ;gypp@erRerpmppg invention, the treated fuel is contacted

with a basic adsorbent. The basic adsorbents used herein should exhibit a
tendency towards the preferential adsorption of any acidic species present in
the fuel. The contacting step in this embodiment can be advantageously
carried out after the separation/extraction step to eliminate remaining traces of
the sulfones in the fuel. As sulfones are weakly acidic in nature, the use of a
basic adsorbent can remove them as well as other acidic impurities such as
other sulfur-based or nitrogen-based impurities from the fuel. Examples of
such basic adsorbents include zeolites, activated carbon, and layered-double
hydroxides (LDH). LDHs are preferably used in some embodiments and
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acetone or any mxture thereof. The solvent can al so
be diluted with water, if desired. [0049] In general,

wo bspodiee or gani ¢ sol vent and the di ssol ved or¢TS6Ed4/000160

sul fur compounds can be separated fromthe fuel by
gravity separation or centri fugl ng. The organic
sol vent can subsequent|y belBecovered using any

GPRHFTE B S ERPGAC G MR bRt s hRRAE P, R v, .

fAIr Mge ave| Zn arld2r degpied vithi @@ﬂaﬁ?@éblé aRidMe Juehtd’aN0y, COs™

processed such as by washin h water or adsorption
BNy €l foaewpla{T B@ﬁﬁwtl%PMQéia(Trh@wrrdﬁd ©OHt in any

A0 i, il 4 A D LB i

Hbsproent Faaasa agadined dedom oresi td)fegtehérat@wwsmbeﬁthﬁ base

treated fuel is contacted with basi ¢ adsorbent. The
ooy eaﬁﬂﬁ@ﬂb@ﬁ"@ adeerpHen é?ql‘r"@'hdgl @Q@Rﬂfe{tﬁ ithe, actsﬁehﬁr&yThe
t t

RERAShE AN SE R oo A BinBhedB P Spflfy vactor

tdmdsadsm‘qndmrmnibe:amh@h #9208t ageousl y carrl ed out
aration/extraction step to elimnate

after

ol IO TTRR dskeron Rl b Justhies prplaibed fyfe dgliowing non-
f

THIGARYERarAEIRs SR8 lthe aBcortbdnyifly lgtidS in piiEn-00 O 2

acu di {0058]rigurect skows thessiotpited pmdessilbwsbdebmf the oxidative

b t f the .fuel.. Exanpl f
HeSheiBR 608 phitessi toldi bR meion | vat od
car boqoosm Higurey or Sbvitothel robesl Aewvsiaset (dFB"QpechﬂE"Eme@iment

preferably used in sonme enbodi ments andexanpl es of
$ihithe SRS iprpeessracaonding He dbe magsant daveriiennin tis embodiment,

@%ﬁ Egn ggrglepe&g 2 (;'\% ge%hcqqa;% d@ﬁ%}fsa@% Bg(?é%sg'/fbpfu&ls that have

beenetreatete b;t/) Td:mfvedbmajt HDS. pTioe etmtﬁdi rfubk i ajhlanadllewtto a
i t r r tor ch as in

DR’ e coRBITG, o Sebant 11" (TRmaingh e xicisek cghifur
drrpouhdsarieiel/Soventdalkire i§ %ﬁﬂé}wn%né@?o acg%gﬁé?%mere the

a base can be added to the adsorption c
tregtatciugt is separaied troacthe. soluedt.overal | recovery t hat

can biq@:gﬂ l:%Y,?,Q SWEFKS\N@ a%%[H%r”e%bS&}m% So?ltﬁ/g rE)trocess shown in

extra
Figure 2, in which the treated fuel is further passed through basic adsorbent

column for further removal of the remaining sulfur-containing (which is slightly
acidic in nature) compounds in the fuel. The fuel passing out of the adsorption
column is sulfur-free.

[0055]Figure 4 shows the results of the analysis of the prepared
catalysts based on the Brunauer, Emmett and Teller (BET) method.

[0056] Figures 5A to 5D show the resuits of analysis carried out with a
gas chromatography Flame lonisation Detector (GC-FID) on model diesel
before oxidation was carried out (a) and after oxidation was carried out using

the present invention (b). After solvent extraction using NMP was performed,
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and adsorption can be as high as 92% [0051] The
invention will be further explained by the follow ng

wmoensiiniitd ng exanpl es and t he acconpanyi ng fi gREESG2008H000160

whi ch: [0052] Figure 1 shows the sinplified process
fl owsheet of the oxidative desutfurisation (ODS)
process according to the i ngBnt i on [0053] Figure 2

t fd '
S0 i RRLEEER SIS ER e sl HGBETICATTS srows
Ithe hhawssrfesmm@frthe r@ﬁsadecm la?/e:dheLNMBSawersmspedWe}y
desul furisation process for fuels that have been

t r eat 4009K)FigKO% RA dobH HBQW "iﬂﬁs indigdu@ldgas ehroreatograms  of
@(@%@fﬁ@'éaﬁﬂ;lé?oﬁré&té& hfr‘cﬂf gﬂJ‘ it Egrri%g out for the
& OxXi> S

rrenovin ur conpounds

Thsulfsushdvao iy Pigjures BALR B, ithe bb@nys: hsedaldsg% Mn®,/y-alumina.
settler where the treated fuel is separated fromthe

siseaismant [eommgatum guas: 1B0SGovidguieobhe shewddienenalyss result

th 2 h.th
qsei?r%rtgeass O Eibuie B Shdks e ADakdis, suh it Tcsament
urfay g &6 %ﬁawathe W CtrBsuifseonBHAMIS s8] ftttatEP M mbrws&nce
is slightly acidic in nature) conmpounds in the

fQﬁ@lataWIS’i @t autempesatsrengf 530 °Gf beflore tragiongntiand aftarud@howrs of

ul f f 4 sh h |
Yearent, rpectiely Mo o ol FRREniedC Elgtigs bF £6F Show the
BsOimaR/sis FBURS lof Afsbel Aldsel trégl':e'ﬁ) wﬂ?*ﬁb@ﬂﬂn(ﬁé)@@‘é}mna caalyst

Figures 5A to 5D show the results of analysis carried
@it temrferatugeaef t50 O@abeig;rezpbmnﬁdamrmd afterstd haurs of treatment,

CEsRaaely. Fiduss O & SHrSTon MGG SRANES SRl 20 el diesel
WRiafeh (VAtR 89 WE/NEEJY@QE'C%%&@&I’( eﬁe‘nﬁ‘# 1550 ‘@rﬁe ore treatment

extraction using S pertorned e fuel
amb\aimrmamrsomanmt,heapmwmyd Fi gures (c) and (d)

he. WROFRIPED 7 spEibe sPyverpinees DeET st unpgoiFsela
SIQOVC%}anﬂ?’érﬁés@L(i) ﬁ?@c@tﬁﬁl@(@} Q&ﬁtéfﬁﬁ\goéatﬁf}@fs' fic

sanpl es of eat ed nodel diese In the experinents
carri ¢QOSIFiguse 8Meshews the gas\mhromatogr@p y-agpnig Bmission

alygt O
8feBh T (GG AP BobRar it o R SR ol SERET Jlog i he
rexamiples. Figure 8B shows a table of data from X-ray florescence (XFR)
analysis of sulfur content in untreated diesel that has undergone only solvent
extraction.

[0060])Figure 9 shows a table of data from XRF analysis of sulfur
content in real diesel that has been treated with either CozO,4 or MnO, catalyst
supported on y-alumina, and solvent extraction carried out with AcN, DMF,
NMP and methanol. Treatment temperature was about 130°C.

[0061]Figure 10 shows a tabie of data from XRF analysis of sulfur
content in real diesel that has been treated with MnO, catalyst supported on y-
alumina, and single or muitiple solvent extraction carried out with AcN, DMF,

NMP and methanol. Treatment temperature was either 130°C or 150°C.
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before treatnment, while Figure 6B shows the anal ysis
result after treatnent. Figures 6C & 6D show the GC

wo emshiidaedf nodel diesel treated in the absencBCT§G2004/000160

catal yst at a tenperature of 130 OC, before treatnent
and after 18 hours of treatnent, respectively. No
oxi dation was observed. Figédies 6E & 6F show the GC

oL Y407 T B o3 BB Bl of vt

kezihaples hfa@laémwmh sapeérsafipte3Cil8ChaHd SCil intthe aaliem Figure 10.
respecti veIFy %re 6G & 6H show the GC anal ysi s
e

r esul 18063} isBaws a tablecef datenfrew, XAg analysis of sulfur

I RS 5% BRI 98 Suppon o

rFRARRL | O6hpariddhesBan Fbe Uhgded tfé’mﬂééntth@ éﬂék\,t%ﬁésm o sulfur
DBT vs. tinme in nodel diesel at 1300C for ﬁanese (

)remQMal ©otRIpYing ) acoinglel solvgnt adragtion . u$ings angt evithout

SRR Ay eo i PRI PGB Sielineh forilir i ddegs at 150°C

Chrﬁzsiﬁhlall%ﬁﬁhﬂ SoritéR @M@pﬂeﬁﬁ dicsbPWag £R-550 Wpni sm'r ontent
ata from X-ra orescence &] R) anal ysis of

sneaswemenlsemreutaﬁ/embyé&Twwi’% uckéraXRRkhs under gone

o 4alSeABlafREhPEE e gpaill of L PaffT i o At ruel
danphe vishaitionas sbrent td Qﬁéﬁﬂl fukl Bpplidd @i the Balvedit dtr@étion

cat al yst supported on g-al um na, and sol vent

Pracess: [tomll dgrnated thatsulfur Ronient iscaaneraljyresiyged as solvent to
2 Elngﬁéﬁ nt tenperature was about 1300C.

F‘g%%'plgure ) shows a table of data from XRF

anal ysi s of sul fur content in real diesel that has

\ th l\/h02 catal suqrted on g-

: ate atig paragtenzation ; r act i on

carri fob t Thd Baﬁ%s% %r@d‘@oﬁ%ﬁ@é@@hsnﬁﬁ?ﬁétﬁ?@)ﬁldes

tenperature was eit’her 1300C or 1500 i gures

and payous supperl wWith high mﬁmsm@gr%bam beeeanreaared by

EPRORRNER 50 bt ke mibion. *180 Fhueniia, et

Scﬂlaﬁh%tc& LfslmT%RFle@igﬁi ¥S631 0 Ubpatific @0HaEé dréa =870 m?q,
esel that has been treated with MhC2 cat al yst

§0pgite pete woluge ranged fram C:8rpWi todh87la) was irapregnated with
BEHAE ltrtd andidrGhhhyaiisstSaitatt Adilous solutions. The total metal

oxides loading with respect to y-alumina ranged from 2 to 13 wt%. The

impregnated sample was left on the roller which was set at 25 rpm for
approximately 18 h to obtain better dispersion. The sample was then dried at
120°C in the oven for 18 h for removal of the water content. The dried sample
was calcined in a static furnace at 550°C for 5 hours with a ramp of 5°C/min.
Powder X-ray diffraction (XRD) showed that the catalysts were amorphous
and that no distinguishable crystallographic properties could be observed
among the catalysts. The prepared catalysts were also characterised by N
adsorption/desorption, and thermogravimetric analysis (TGA) in order to

obtain the information on surface area, pore size distribution and pore volume,
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renmoval enploying a single solvent extraction using
NVP and wi t hout enpl oying any sol vent extraction step.

wae@atnaed tenperature was at 1500C. The i nitiEtT/SGR004000160

content of the real diesel was 440-454 ppm Sul fur
content neasurenents were taken by ASTM 2622 (Brucker
XRF). [0064] Figure 13 show®2 he graph of sul fur

(V%42 arhBrf aht 3Pl f4EortRRTOR, fanb ety T, BT metnoo

pefoArBsurdmentt Werd isedt Rl debstisdlther calybeRurfae area. The
generally reduced as solvent to fuel ratio is

i Glaragigasationy dafa dorl the quepaipdt cpladysts disednimribe subdsequent
o to b
AR5l bR dbe Fe FEEBUEA" o ous Support

with high specific surface area have been prepared by
|rrprenat| on u3| ng |nc:| Di ent  wet ness rret ho%xtl of

rface ar ea - 370 n2/ g, speC|f| C pore voI ume
%Sﬁbﬂl séi‘ 0.82m /g to 0.87m /g) was inpregnated with

cobal t[0066]r atRBTadd r mmﬁn\we&e clisdent te prap@eunodel diesel by
ﬁl ons. The total netal_ oxides | oadi ngnvvl th r&q{gect

ving them n grigkadecans with g tewal gplphurgantephPEeABAR PPM.
aarméﬁ oMfie ek énrﬁ@n%h Eulﬁﬁ'& kerthih the Wastie? Blestl w,%é u‘ithHuced

for approxi m tal n better dispersi
'hyeaé@mglmlwﬁlB'lf Herthernemalmng m(memgmts ttmtbwaMDB)T ahd DBT

t i ed I
el Rl 8 ShBR Be BURLENER 5FBlbecn
wehdtop ranp of 5C/ min. Powder X-ray diffraction (XRD)
showed that the catal ysts were anorphous and that no

di st i 1OREAhali @ tweyracked gguag hiotopy task; 1108 nd gl raode! diesel

S OB SO0 s DO B ton
dhel présemeegrfa20-8@tmg of dratataiyst (dighetern= G-4leimy mngth = 6-10
St T o Bl G5 BB ok o an
touBb iR witle paRebhit hfflowbf 6O PnIfFRRPTRE regﬁ%ng%r%m out at

of neasurenent were used to determ ne the catalyst
@Eﬁmﬁéafalr% eangeh@‘ Yharaei@ rTI@Gptmumaempbmtutmﬁ)r this specific

pr ar ed 83%2@1&2?@ qtryvr}]ié fnez éat%%eé‘ft thgxrralto él%%m%ro%nds
occurred successfully with insignificant side-reaction of solvent oxidation. A
water-cooled reflux condenser was mounted on top of the reaction flask to
prevent solvent loss and also function as an outlet for air.

[0068] At different time intervals (3h), 50 ul of the reacted diesel was
withdrawn and diluted with 500 pl of diethylether for gas chromatography
analysis. After the oxidation reaction, the oxidised products in the model diesel
were extracted with polar organic solvents such as methanol, N,N-
dimethylformamide (DMF), acetonitrile (AcN) and 1-methyl-2-pyrrolidone
(NMP). During this process, the reacted model diesel was mixed with these
polar organic solvents at different volume ratios (e.g. organic phase: polar
solvent = 4:1 as shown in Fig. 5D) and was magnetically stirred vigorously for
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Exanpl e 2: Oxidative desul furisation with sol vent
extraction using a nodel diesel [0066] DBT and/ or

wa@200BBT619®er e chosen to prepare nodel diesel byPCT/SG2004/000160

di ssolving themin n-tetradecane with a total sul phur
content of 500-800 ppm In nost of the experinents,
sul fur content in the nodel 2di esel was introduced by

B8 reEhs e RSSO, I8 SEBRAREEhEet R mocel
\wigge! mﬂr peldr @rganio sal\ﬂafnt ﬁd)elié bép@ﬂméd?mbodlffer[eﬂﬂfﬁﬂeré, NThe
a two-necked round botto of nodel

ahl&téeaf@eﬁnmﬁ{@@6@&%8@@%@&%5@@ abmsyfpwmcmﬁammg polar

f
UEHEbY Bl S o ol 6L ahBRAS ) EREG8 ekl using
mme)thaﬁdﬂptha meummomlmg waisi eadvedsty thiee dothry emuretoa The
ood. mX|n and bubbled with purified air at flow

of
aining 5o r@'ow%tcw%n@o lreies” andr aalyesst by the GC atter re-
H?S@Bﬁﬁﬁwcg or t IBSNEI{[:J’\)GQ ﬁ‘ g%gtgﬁgo"\%géé%%ﬂto be
1300C[0n69}h| Eigutdse5Ato &i) sbmws:fthe In&uusdna‘l smﬂhrrmalwis from a

GRS S TREAN e S oL o b e
b@ﬁné’%@tﬁ%r‘-’tﬁe g&ﬁja‘ﬂf/e Pﬁés@ AF4UhE Prédeit lfn\}e‘i‘\tlﬁl‘i r%‘églfl%d out on

solvent |oss and al so tiron as an outl et
hogiesiesel. A skovenin thenesults, eaimaBtcherDele sonversion of BT to

eGP e abEiG S Fin g BB o FY 6, 0208 TR coman

pbroentd é;éa(ab@m 595 Cdfi rptatradBCare WiisSBadiBe® €l 6tetrafleddine, 2-
node| esel were extracted with polar organic

iRliapieRRRONS, AN d-inkEadagaon. ase At igmest mxigenatemiand are
R o b i ALY 5 SREDNEYRle boter

I'S process, reac
solventsvibah metemop dndrAdﬂg AIMPE soblent rextragtiondidchivedtalmost

K88 AR 5 o SRS BRI AR L vhich <
me@t@rw@ém muﬁhl@ ratide ofnazﬁouf % Yajas h.i%féd‘)r%%fti%hé%q multiple

into a separati funnel for the nodel diesel
p&ﬂr%ﬁtloasgmfeéomdg tpche betieribars g single etraction. di f f er ent

{Mf"‘%’ﬁr @976%&;%%@%?%%@%@?% ﬁggﬁiﬁ .J,rar)@gs e Aer diesel

were treated with dlfferent MnO. catalysts having different catalyst loading
levels, and at temperatures of either 130°C or 150°C. The treated diesel
samples were analysed with gas chromatography (GC-FID) before the start of
the oxidative treatment and after 18 hours of reaction time in order to
determine the catalytic activity of the catalyst for oxidation reaction using air
as oxidant at 130 °C (Fig, 6A & 6B). In a similar experiment carried out without
catalyst, it was observed that the reaction could not proceed (Fig. 6C & 6D).
The result of the analysis are shown in Figures 6A to 6H. In summary, Figures
6A-6D show that the catalyst is important for the selective oxidation of
dibenzothiophene to corresponding sulfone at 130°C. Figures 6E- 6H further

show that the catalytic activity of 5-8% MnO2 loaded on gamma alumina for
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sol vent | ayer was then coll ected and anal ysed by GC

In the case of using nethanol, the nethanol sol vent
woa®sneimeved by the rotary evaporator. The renedTB8am04/000160

solid product was collected and anal ysed by the GC

after redissolving into methanol or NWP (

1 met hyl - 2-pyrrol i done) sol ¥ént . [0069] Figures 5A to

NG LS -
tdbﬁdmé%'foﬂ's@&%hvé"?fxﬂia%oﬁn@\‘ &Bbﬁﬁothl?)‘bh@ﬁé datHolR oxidising the

process of the present invention carried out on nod
diydsedarbguas suobvas ﬁetradawnaeewwﬁad@amgt conpl ete
conver, of DBT .to the cor d f one
et oJ007 A BB ecsast iR T AShARinG heoBxe Rt of DBT
(tﬁmghoéf%eoéxmbﬂv%t fresthfeni ecd’i@%ré?éfrh fesid Sbove 90% between
radecanone, 2- tetradecanone and 4-tetradecanol .
Th@seacmoetmnfe‘cﬁmggahat es and are known to enhance
di esel quality. It was found that NMP and DVF were
better solvents than nethanol and AcN. NVP sol vent
Esianplel Bh OXidative ddeés imsisAR | A sovemaexfthctibf on real
sulfones (cf. Figures 5C and 5D, in which a
hsol vent volune ratio of about 4:1 was used).

ﬁ@%&wé}i%&mmﬁ b PGP NS eafliR ], 0 be

petter tan STTigi € extractior. a further

exper i[mﬁd ]F(h)agefB:CO‘ i sanmples of antr}‘eh&adﬂ!h&bl Waeém][xfewewm the
ated wt | at al yst aving di fferent
ol G gane iR Pebo M P oK ?”f’e‘ﬁﬁéf"atr%%d“&?h/elnt isler 1o
t
HeRnin, i hfect T SO Srallcs O SAMR Fomplifis present in
anireatedy fuelheAﬁen eéxtraction: by dhepespectiveapolar sbiventa,rtbe csulfur

order to d ryn ne.the cat al
SO0TEDt & the Wane vl e Credl ORI TR SeERe PXRFE dyntepated
digseh pagsulfan icoptent I 370-446 gpmﬁﬁeﬁr@ %)ctrablfbrﬁwa's%drﬁéd out
experinment carried out without cataly it was

dmeaswied BXRFiysing sxstandard @@Lnraﬂ%pumebcﬂwG@AgD F@lysis
l

S syffF ot i 1, aiegf) S ROKR A OGN, The et Plyure

6& stioye that amamgahe sotvehts testes], MR stdsvmosixéftieienbin exdtracting
enzothl ene t corées 1? i.ng sul fone at 1300C

E'ﬂﬁ%"%%‘ I-ﬁ"?%ﬁ'ri s N ﬁ%t%g Welt "t he catal ytic
act|V| ty of 5-8% MhQ2 | oaded on ganma al um na f ornodel
di esel and a reaction tenperature of 150 OC provide

8)1\Qxidative Jeeatment using Co30, and MnO, catalysts supported on y-

alumina followed by solvent extraction

[0073]In a two-necked round flask, 100 ml real diesel underwent
oxidative reaction in the presence of about 100 mg of catalyst. The mixture
was magnetically stirred to ensure a good mixing and bubbled with purified air
at flow of 60 ml/min. The reactions were carried out at 130°C. The reaction
was stopped after about 18 hours. The oxidized diesel was cooled to room
temperature and divided into four portions of 25ml each for extraction using
different solvents (different volume). The analysis results are shown in Figure
9. Sulfur content of the extracted oxidized real diesel was measured by XRF
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conditions for selective oxidation of dibenzothi ophene
W t hout oxi di sing the hydrocarbons such as tetradecane

woeoopentisgecane. [0071] As can be seen from Fi BUI/8G2004/000160

showi ng the conversion of DBT throughout the oxidative
treatnment, conversion reached above 90% bet ween t he
reactlontlme of 15hr to 18RP. Exanple 3: Oxidative

A b ARt R & g G A S 4 £8% mno,
BuppbredtcatfiPst2dppeaited 26. e mhoreasifdctive Ofbr weino®itige sulfur from

diesel was m xed with the polar organic solvents AcN,
ohgsel than argde %@ﬁsup@@ﬁ@em@ae ¢atalygt-or der to determine
the effect of solvent extraction on sulfur conmpounds
present in untreated fuel. After extraction by the
respective pol ar solvents, the sulfur content of the
di esel was neasured by X-ray florescence (XRF).
Untreated di esel had sul fur content of 370-380 ppm

Qﬁf@hﬁaﬁv *i'ﬁa%‘irlnglqt dﬁ%%q R/ﬂ{dp' (?Eﬂalwlrs Mkﬁﬁ% followed

UsTT1g S-5Stdifda 'Oordat 1T OIT CUr ve

mdglefbr@riumm@sawbﬁwmmbﬁnt in the diesel is shown
in Fi gure 8A. The results in Figure 8B show that anong
the sdPQEIR & dwpdiecked rouad , 4G el &eal diesel underwent

S 5 e, SRS 00 BTl s

suggretically stirredhtou enimgfwlgboga?lf(bvg ad babbledmmrlpu_rmnfd air at
0073 roun a real die

SRt b Bpinadnevesrtors i Pﬁrrtseﬁeowésae ﬁ%rapevatwso%h cither

498°0%rak0%6 ! fhe Féactlgll?‘%v #J m% e{)ﬁ%@ r$ YThe oxidized

stirred to ensure a m X1 ng an ubbled wth

pliesel was coioledato rbbm/\lermﬁpeﬁetum famdrdivided inteeiisreipmﬁorvsaofeso ml
carried qut .at 1300 Th reacti was, Sto

#B6h (54 e HsyPt uShRoerett sofeats EllreraR S GBRE Y s sinote
o RAtiGIE GoReRnektflctibAed i nto four portions of 25m

each for extraction using different solvents

( d| f f {OQFH The analysis Terultsrameyshown s figuse sl SHimsontent of
agteds& §iveq GEaF a{égeg&/éd@eﬁéﬁlfea%\gﬁ(ﬁﬁ( gl d?geg standard

eal resel “was measur ng s ndar
calibriatiah i cunves UBwlRur Ppregienglsl indivatdd withirpehie oeatketsu( BWere

VhQ2
measured using Antek 9000S (Singapore Catalyst Centre) ASTM D-5453

method. It can be seen that at a treatment temperature of 130°C, MnO.
supported catalysts provided better sulfur removal at a loading level of 5%
than at a loading level of 2%. Oxidative treatment carried out at a temperature
of 150°C and using catalysts at a loading level of 8% provided better sulfur
removal than treatments carried out at 130°C using catalysts having lower
loading levels. Additionally, multiple solvent extractions were able to provide
better sulfur removal than single solvent extractions.

[0076]Sulfur AED chromatograms were also obtained for specific
treated samples (marked with superscript 3Ci, 3Cii and 3Ciii in the above
figure) and are shown in Figures 11Ato 11C.



supported catal yst appeared to be nore effective for
renmovi ng sul fur fromdiesel than a 2% or 5% supported

wob@1oatel yst. C) Oxidative Treatment using MARSG2004/000160

10

15

catal ysts supported on g-alumna followed by single or
mul ti ple sol vent extraction [0074] In a two-necked
round flask, 150 m real di | underwent oxidative

Mréamemruéndatmbg@aml\rd%s medrte@orammﬁmél ow of 60

mM/mn. The reactions were carried out at a '
t enper ROZ7HNoA BVe-neckerBoOM b flaBBOIG0 M eraad atieseinungarwent

o bERBAG Bacfin it B arbSetie ot v AR B sSlavel THE frixure
p%&lnﬁgﬁweﬁ&alﬁﬂstmede@féhsmé ?86(9 hﬁﬁh!{; %ﬂdlbﬂbﬁikdih/ftﬁ BUAAE air at

sol vent's ( ferent vol unme via either si ng e or

nﬂd)qufI &0 mﬂmant‘r hexnaaatmna)wer@ @amigdrost ahdbOC Jor a period of
uIt re s vvnlnF 0. Sul fur-conten

§80u1. 24 Hofiys. AT gtz dieSel Wasseoaed 36 T8 lermpgratiire and

Uéivféﬂzdsmﬁ)t ﬁ%dﬁbﬁlo%'df kyoaml RBCK. UEé(éh 3§%Lgasmeﬁ WAS¥RAdRd into
i ndi cated within the brackets wer e asured using

AW RoXIBDS.S0NS| PGl Ok edsh @xydsae eselee)ammafl\was gnglgsed after

B8 o B B S0k R R B o o

s80k Ypas)aeipaskd durifg lthe diideitivs pebcesh. W(e"o‘ﬂfé’r pYrtién of each of
| oadi ng | evel of 2% Oxidative treatnent carried out

theasamﬂﬁé Hadeens solvspbextiamdiondising 8@miaf & kesgective solvent.
ﬁ&' thén! 5rYeﬂ¥sé?f & OsBIQY 'c@ ﬂarﬁ’ e@é%‘f SWERI g rgm:}’ 3 tandardiess

antreatmsts carried ou using
hmethtgi ASAM 2622)di ng | evel s. Addltlonally rrultlple

oo doo7HARE A BelBRGurthent LR LE, P58 B SHithac
PSR SEETPTBM R A RS o‘ﬁﬁ“é@ @' §l§lftﬁ%ﬁ1d?/§ﬂ ptRUdP B 'N‘m@g > supported

treated sanples (marked W th superscript 30,
3catalysisnwas enceb effectiveyat @) loadimgaeeelsofodd, ias d@rgmared to other

1L1A ¢ 1€ D) Fffect of. solvent extraction on sulfur
réﬁg\ﬁ”&\é&% Qistgant]?ﬁ Wg{%%t oxi dative treatnent using
MhO? catal ysts supported on g-alumna [0077] In a

t wo- necked round flask, 150 ml real diesel underwent
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oxi dative reaction in the presence of various anounts
of catalyst. The m xture was magnetically stirred to

wepmsnsigood m xi ng and bubbl ed with purified BCT/S@004/000160

flow of 60 mM/mn. The reactions were carried out at

1500C for a period of about 24 hours. The oxidized

di esel was cooled to roomtenperature and divided into

five portions of 30 mM each. Each 30 ml portion was
:portions. One portion of each

oxi di zed di esel sanple was anal ysed after oxidative

treatnment but prior to solvent extraction to determ ne

t he, 9 ptBEedy féio?erﬁ@ﬁﬁ%)_ S@fRRAthICHG | ESmbEEHdRX it 188, said

process. The other portion of each of the sanples

underPreeRSSOINYMIRINGxt racti on using 50 M of a

respective _spl vent d thep anal,ysed for .sul fur,.

contont  ( spufectiep8 taet 0° laddhrssf el ainth p¥isentsepultur-
2622) . [ 0QéAtairiag esbrapbunde, SarRU Lbstasiifybeiny thigdeodin the
it can be seen that at a oxidation tenperature of

1500C, sulPregence@bableast ene traasitgn metal exidseatalyst.

catal ysts was nost effective at a |oading | evel of 8%

as conpared to other |oading levels of 5% 11% or

1390 \IHAT picBeSs AIfMERIMS: 1, lwhérein @arls Bohtattin® i®\tahted out at a
sul fur-containing conpounds fromfuel, said process

conpre@paturedanae of hetweea ghaut 90C 19 380 @€-phase with

air to oxidise the sul furcontaining conpounds, said
contacting being carried out in the presence of at

| edstThengrotessef Clamm trer &, whoreif sxid abhiisicting is ¢agied out at a
process of Clains 1, wherein said contacting is

car r ii@APEAUrgrange ehbeiwaenraboubh & Goto 1R9°%een about

900C to 2500C. 3. The process of Claim1l or 2, wherein
said contacting is carried out at a tenperature range

of 4bdheeprocabowf drn00fetal CROOE. 1 40 3Thehgreirceaidl obntacting is
one of Claims 1 to 3, wherein said contacting is .

car r iCBHIES AU A adempealirg fange of Rgiwean %‘%Q‘{Xé@a @fte §80°C.
1300C to 1800C. 5. The process of any one of Clains 1

to 4, wherein said contacting is carried out at a

t ebpdihat proeessnfeanyf obetofeGlaimbouto U3QARren $8id0Edntacting is

carried out at a temperature range of between about 130°C to 160°C.

6. The process of any one of Claims 1 to 5, wherein said contacting is
carried out at a pressure of about 1 bar.

7. The process of any one of Claims 1 to 6, wherein the catalyst is
supported on a porous support.

8. The process of Claim 7, wherein the amount of catalyst supported on the
porous support (catalyst loading) is in the range of about 1% to 17% by
weight of the porous support.
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6. The process of any one of Clains 1 to 5, wherein
said contacting is carried out at a pressure of about

wd20Maniciga The process of any one of O ains 1 POT/SG2004/000160

wherein the catalyst is supported on a porous support.

8. The process of Caim?7, wherein the anmount of

catal yst supported on the pagous support (catalyst

| oading) is in the range of about 1%to 17% by wei ght

of & hEhg prasgss ofi ilaim 7,9vhatein hecareggntadf oatalysh supported on the

suppor b SHBPY Lardlisf Refintl s R BRIEDER 5L 2en IS aRREY eight
13% bmm@ifpgmus_cgupbbﬂ_ porous support. 10-The process of
any one of Clainms 7 to 9, wherein the porous support

conprises g-alumna. 11. The process of any one of

sei 90 TS PREUERY G GHHLBE o ightd oy b BiEFasd hcparous support
Tabl ecdmpfiRs y188MIna. 12. The process of O aim 11,

wherein the transition nmetal is selected fromthe
group consi sting of manganese, cobalt, iron, chrom um

2o M BER o A PR BIERT 10 o T 1 S0 bl i
sol vesledted from Gratps®] 7 8edr PofitRE PeABERCTANN (IUFAC ¥690).

with air, thereby extracting the oxidised
sul fur-cont ai ni ng compounds fromthe treated fuel, and

S€eR ?rﬁ{é &%c&gkeopeia% 19" %ggéi? ?Igémﬂgﬁ%tiw %gﬁ%gs géfgﬂe%@%)m the

sul fur-contarnrng conpoun

The mrougsensistirng ofi mardganeseeceabalt, irbe, ¢robmiuraagdmmelybdenum.
sol vent conprises acetonitrile,
N, N -di net hyl - acet am de, N-nethyl -pyrolidi none,

U1 1 SEtHYYhBBESPEHRERy orteSPERIMY b RY 9§Pru‘?l‘n%§ F?@Pﬂgng:

met hanol’, ethanol,” propanol, butano
pr opy| eaddigy ycpolar ergapicselvemtytodhe tieated fuel after contacting the

di me [.-f.0 ' -net.hyl- 2-pyrral i done, acetone
and g EF ey, SR g pRised S Fanniag Bompounds
14, e tentrdatpafilielpangol unme of pol ar organic
separating the polar organic solvent and the oxidised sulfur-containing
compounds from the treated fuel.

14.The process of Claim 13, wherein the polar organic solvent comprises
acetonitrile, N,N’-dimethyl-acetamide, N-methyl-pyrolidinone,
trimethylphosphate, hexamethylphosphoric amide, methanol, ethanol,
propanol, butanol, pyridine, propylene glycol, ethylene giycol, N,N--
dimethyl-formamide, 1-methyl-2-pyrrolidone, acetone and mixtures
thereof.

15.The process of Claim 13 or 14, wherein 1 part by volume of polar organic
solvent is added to between about 1 to 4 parts by volume of treated fuel.

16.The process of any one of Claims 1 to 15, further comprising treating the
treated fuel with a basic adsorbent.
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solvent is added to between about 1 to 4 parts by
volunme of treated fuel. 16. The process of any one of

w@b@smss1do t o 15, further conprising treating tPer/SG2004/000160

treated fuel with a basic adsorbent.17. The process of
Cl aim 16, wherein the basic adsorbent is selected from
the group consisting of zeopgtes, activated carbon,
and | ayer ed-doubl e hydroxi des (LDH). 18. The process of
Claim 16, further conprising washing the basic

adsgrbent w th I ¢.Soluti.o regener the

padl o NegigtEan el M e BteiRdud SesEroREIAYG, S Salecigo from
1 toAd grstke 'conBistifg ofNzddtidse chdtivaledC 84mbhs adSidyétéd-double
content 1 n the range of between about 300 to 800 ppm .
20. TyerguidasedOH)f any one of Clains 1 to 18, wherein

the fuel is diesel that has been treated in a

hydr o- desul furi sati on process. 2 1. The process of any

0n¢8.qfhe?r@bé§s éf Crim 96, Mitieeicomphigirvashing &8 Basic A@sorbent
conpounds in the fuel conprise thiophenic conpounds.

22. Tk pbasie seluipn tp irganetatehe basig adserbemt.opheni ¢
conmpounds are selected fromthe group consisting of

t hi ophene, benzot hi ophene, di benzot hi ophene,

4- neTinel pricbss 06 tanyogriee e Claims 1 to 17, wherein the untreated fuel
4,6-dinethg|dibenzothigghene and tri benzot hi ophene,
and ¢BAPriseg sultur,gontent iy the Iangg Of BEIWeh ARPW SP30F9S ppm.

t her eof .

20.The process of any one of Claims 1 to 18, wherein the fuel is diesel that
has been treated in a hydro-desulfurisation process.

21.The process of any one of Claims 1 to 19, wherein the sulfur-containing
compounds in the fuel comprise thiophenic compounds.

22.The process of Claim 20, wherein the thiophenic compounds are selected
from the group consisting of thiophene, benzothiophene,
dibenzothiophene, 4-methyl-dibenzothiophene, 4,6-dimethyl-
dibenzothiophene and tribenzothiophene, and mono-, di-, tri-, and tetra-

substituted compounds thereof.



