1 NOVEL PROCESS FOR REMOVI NG SULFUR FROM FUELS [0001] This invention
relates to a novel process for renoving sul fur containing organic
conpounds from fuels by oxidative desul furisation. s [0002] For many
years, growi ng concerns over environmental pollution caused by the
presence of sul fur-containing conpounds in hydrocarbon- based fuels
such as diesel, gasoline, and keroseng has provi ded inpetus for the
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[0008] To protect the environment against pollution caused by sulfur,

- governmental agencies have set up guidelines for petroleum refining
companies to limit the level of sulfur in commercial fuels. For example, the
20 United Staies Environmental Protection Agency (EPA) has recenﬂy'
announced plans io reduce sulfur content of diesel fuels from the current 500
parts per million (ppm) to 50 ppm in 2D06.
[0004] The industrial removal of sulfur from fuels is generally carried out
via the well-established hydro-desulfurization (HDS) process, described for
25  example in the GB Patenf 438,354. HDS involves the catalytic treaiment of
fuel with hydrogen to convert sulfur-containing compounds to hydrogen
sulfide, HzS. Ha8 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 1o 400°C and 0.7 io 5
30 MPa.




[0005] It has been found that HDS is | ess effective in renoving
certain residual sulfur-containing conpounds present in petrol eum
distillates, particularly heterocyclic sulfur-containing conmpounds
such as thi ophenes, benzothi ophenes (BT), dibenzothi ophenes (DBT),
especially DBTs having 5 al kyl substituents on their 4 and/or 6
positions (Ind. Eng. Chem Res. 2002, 41, 4362-4375), as well as

hi gher honol ogs of these conpounds. £One possible reason is that the
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lower sulfur content of fuels through the removal of residual sulfur-containing
compounds from processed fuels, while maintaining or improving fuel
performance. The term “deep desuffurisation” is typically applied to such

20  processes. _

[bDOS] In general, deep desulfurisation is carrisd 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

25 oxidation of sulfur occurs at a sulfur concentration that is by comparison much
lower. From the perspetitive 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 reactarit becomes gradually lower.

[0009} One current approach to the deep desulfurisation of fuels include

30 the use of transition metal adsorbents for removing thé sulfur compounds, as
disclosed in US Patent Application No. 2004/0007508, for example.




3 [0010] Anot her approach that has been investigated is oxidative
desul furisation (ODS), in which fuel is contacted with oxidants such
as hydrogen peroxi de, ozone, nitrogen dioxide, and
tert-butyl-hydroperoxide, in order to selectively oxidise the sulfur
conpounds present in the fuel to polar 5 organic conmpounds. These
pol ar conpounds can be easily separated from the hydrophobic

hydr ocar bon based fuel via solvent (l18quid) extraction using

sol vents such as ol m ne nes, or al e for.. exanpl e.
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Subsequently, the oxidised products are separated using a combination of

means such as distillation, solvent extraction and adsorption.

20 [0013] The use of gaseous or liquid oxidants such as hydrogen
peroxide, ozone, dioxirane and ethylene oxide to convert the sulfur
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 exiracted from the fuel by

25 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.

30  Oxidation is reportedly carried out at about 30°C to 100°C at pressures of




4 about 150 psig (about 12.5 bars) or preferably at a pressure of 30
psig (about 2.5 bars). [0014] US Patent 6,402,940 further discloses
a nethod for the oxidative renoval of sulfur using an oxidising
aqueous solution that conprises 5 hydrogen peroxide and formc acid
in specific nolar ratios. This oxidising solution is mxed with
liquid fuel at tenperatures of 50 to 130C, thereby oxidising the
sul fur conpounds into polar conpoungs. The polar conpounds are
subsequently renoved by sinple extraction and phase separati on.
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alternative technologies need to be developed in order o reduce suifur

content in fuels while preferably maintaining/improving fuel performance

without significant capital and operating costs. Accordingly, it is an object of

the present invention to provide a corresponding process for removing suliur-

20  containing compounds in fuels in order to obtain fuels that have jow sulfur
content. It is a further object of the invention 1o provide a process for-the
gffective removal of sulfur compounds from fueils which are not easily
removed through conventional HDS processes, but is still economical to carry
out on an industrial scale.

25 [{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 suffur-
containing compounds, said contacting being carried out in the presence of at
least one transition metal oxide catalyst.

30 [o018]in oxidative desulfurisation processes, the removal of sulfur-
containing compounds from petroleurn-based hydrocarbon fuels is carried out




cont ai ni ng conpounds from petrol eum based hydrocarbon fuels is
carried out 5 by oxidising the sulfur-containing conpounds using a
sui tabl e oxidant. The sulfur containing conpounds are converted into
conpounds having increased polarity relative to the fuel, and then
subsequently extracted. In the present invention, oxidation is
acconplished by contacting liquid fuel with air in the 5 presence of
transition netal oxide catalysts thatgselectively facilitates the

oxi dation of the residual ,sul phyr conpounds. [0019 e _advan e of
Che Trvent | oY BSHEEOrNG MRS CARESHS uSUIB, B SHARR ARRR. APF
Wil e cost | yg st Qﬁ'ﬂélﬁlng%l‘hpéénd@.)’éﬂé ORRBE Y b%péﬁnds%@iﬁ@ iféased
required in sone of current desul furisation processes, the 10

present pr ocpa@ity melgtiveciguhe duels angl thea subsequentiys exsaciednin the; Pf@%eﬂil ris
abundant an@vér{tﬁﬁl é{x@%fogugaa%&n IiShEY 521 ﬁ{aﬁﬁﬁotﬁjcﬁue Vvﬁ I%rnﬁ“lﬁetﬂ

process can carfri €cono use o air a
el im nat e tpreseneedoft tnanmtronymetaﬂtoxﬁaycaﬁatystanhatr saieniieely fmihia’essthehat

is usually re red if ui.d oxi dant s uch as hydrogen peroxide are
used. Anot he %ﬁﬂt@aée%&#ﬁﬁpﬁ(%&ewwﬁis process cones from
treating fuel infdgioyDRe amgemlmun%dtmn&omésdrommms of gaswbuki ons

(I ow process tenperatures and pressures) to be used for the

ef ficient oxPAaeR EoHNsk ‘“sﬁ'FfWP"%&HﬁUuHHga“tﬁsS”EBrﬁéali‘\@éoﬁeﬂ PR'Pde or

desul furi sathRfe é?é%&ﬁ?é%ﬁ inKBOME dfthé irdht dbsuihé«Eibn 'PR6sE8Y &8
conditions are needed process conditions al so nean t hat ener gy

consunpti®n present ﬁ@csﬁs)e@lz sequires 818, useooftaiis eddantt3inge ainisrAbuUPHRR cost
savings. Yelaangbbierorashias i e ¢ ogr%&feor t;i;]rey thr8ebs ScdnBease

of integration Intdo any existing re Pr oduction of
di esel , as aSaERdIRd vw GC9BOMICALY. ffh@@é@@f @balamemawg egfthe nepd 19 G9Yse

contacting @Rty rlyBdERE réovBly! probadisl R RPLial) REqutSE iPfiui BEbERIS! Ve

oxi dation catal yst permts the tunin experi nment al
par anet er s SR asshydsegri peigxide At ussdc bneother ﬂﬁ\garttag@eoft Beglnerdive

opti mal LONVeL&sekoRied i ﬁ‘-@éﬂ 'fhé’l in gﬁﬁﬁ%ﬁb@}ﬂﬁm&? allbivg hidprdcdshave

been achieved 1 n the present vent| present process is
sui t abl e f orcopfigenss éIPngnngessS terﬁ@nﬁrcﬁgr@umm Presseipee il beanfdnipriinem

several hundifSedt QxRIBNSH 8t silifdP ESAPSLINAE! 48 cOfparBh lth bfRr défMilisdtitn
wei ght, effectively reducing the sulfur content to | ess than 100ppm

processes known in the art in which more severe conditions are needed. Mild

process conditions also mean that energy consumption for the process is low,

20 thus resulting in further cost savings. Yet another advantage of the present

invention is the ease of integr,étion into any existing refinery for the production

of diesel, as afforded by the mild process conditions of liquid 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

25  contacting time to achieve optimal conversion and selectivity. Conversions as

- high as 95% have been achieved in the present invention.

T0020] The present process is suitable for processing fuels having suifur

content ranging from several hundred to several thousand parts per million

{ppm) by weight, effectively reducing the sulfur content to less than 100ppm.

30  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




30 Sulfur content of a fuel that is to be treated may vary, -dependi ng
for exanple on the geographical |ocation fromwhich the original
crude oil is obtained, as 6. well as the type of fuel treated (e.g.
whet her the fuel i's cracked or straight run). Depending on the

sul fur level of the fuel to be treated, the present invention is
sufficiently versatile to be inplenented as a primary

desul furisation process or as a secoBdary desul furisation process for
treating 5 fuels. Non-limting exanplFes of fuels which can be treated
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ppm or even less than 50 pprﬁ, if desired. For economic reasons, the initial
20 removal of high levels of sulfur from fuel is more suitably carried out by a
conventional HDS process. In one embodiment, the fuel comprises diesel that
has been treated in a hydrodesulfurization (HDS) process. In génerai, the
present process is most preferably used-for processing low viscosity fuels
such as diesel and other fuels having viscosities that are comparable or lower
25 than diesel. Neverheless, if required, this process can still be applied to
heavier fractions such as lube oils and residual ois.
[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
presént invention is able to reduce suifur content in fuéls to less than 500
30 ppm, preferably less than 200 ppm, and more preferably less than 100 ppm,
" and most preferably less than 50 ppm.



present invention is able to reduce sulfur content in fuels to |ess
than 500 30 ppm preferably less than 200 ppm and nore preferably

| ess than 100 ppm and nost preferably |less than 50 ppm 7

[ 0022] Sul fur-containing conpounds that are typically found in
petrol eum fracti ons and whi ch can be renoved by the process of the

I nvention include aliphatic or aromatic sul fur-containing conpounds
such as sulfides (e.g. diphenylsulfide, dibutylsuifide,

nmet hyl phenyl sul fide), disulfides, and 5 nercaptans, as well as
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possible reason for the resistance to oxidation in the latter class of suifur-
containing compounds is the shielding of the sulfur by bulky hydrocarbon
structures in the molecule. This class of sulfur-containing compounds are not
easily oxidjsed or decoupled from the hydrocarbons by means of conventional

20 HDS processes, and have thus become known as ‘hard’ or ‘refractory’ sulfur
compounds.

[0024] The conversion 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 foliows:

25

R-§S-R—2>R_80;-R'—E R _R4S0:4 (l)

As can be seen from scheme (), the sulfones can decompose to liberate SO,,
whilg leaving behind a useful hydrocarbon compounds that can be utilised.

30 [0025]Air is utilised in the present inventiori to oxidise the residual
suifur compounds mainly into tﬁeir cortesponding sulfones. While it is



whi l e | eavi ng behind a useful hydrocarbon conpounds that can be
utilised. 30 [0025fAIr is utilised in the present invention to
oxi di se the residual sulfur conmpounds mainly into their _
correspondi ng sulfones. Wiile it is 8 theoretically possible that
sone of the thiophenic sulfur conpounds may be converted into other
oxi dised forns than sul fones, e.g. sulfoxides, gas chronatography
data obtai ned from experinents accor@éng to the exanples reveal that
virtually no other sulfur conpounds re formed. Wthout wishing 5 to
be bound bythebmtmatly p'otss:ble ttml éoavéedf thbahiopHmicssUIﬂ.:DJsbldpotsﬂsGh&ﬁbé S

unst abl e and CL@ ﬁ ﬁ gorre ondieﬂg sulh)fé(:)ne by the
process of Fﬂgeﬁ? iR other, 95 FPBnO"ﬂﬁé FHiSHEPRPS: (& pYEXERD B enti on
can be enpl gieda togra?wwgtat obtﬁﬁéd HomCEPRAMEaSS dcﬂorfihﬁg'té iAé BR&hples
conpletely into sulfones, which can subsequentl e extracted in a

conveni ent TeupRldhat virglipne giher éﬂ'flﬂfmﬁ?ﬁ@'éﬂdsl“!ef& @Tgl?ﬂf Vithgidrwishing n g
conpounds, B i ® 3 ltﬁ’eoW" itq® Bé’lfe'%r?d HAPRUIASIRHSIECRS iBlnsi@ia

whi ch t he present 1n on 1s ective I1n carrying out, 1s's omm in
the foll ow Wi biel w:@sedamtwa cogaspandingsstiffeneeby the process cstsdhaepremt\ |1

/15 ~ (1q; s ol ~ : 1) Q 1 1t can be
seen {rom cRenbglAetudndy g @epert v en Pasepioyi a0 ot

pol arised csuifut G:otrtpeumdssin 'dﬁelanalﬂioettcbmpiefatprimtbheulﬁmbé umhmhonart o the
pair of el eg}t rone | ve doubl e- honded babl e
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ut ra er as aVvl n Internedl ate range o ol e
et vl A SAERAS Pebresen? b Aion s v ML R SAPERIT, ¢ he
reaction mthét&lﬁwngalumw@éeﬁmm gcn”ga,tgsre t he pol ar sul fone

conpounds can be easily separ at ed using copventional separation
met hods 30 such#

a1,
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It can be seen from the reversible scheme (lI) that the $=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

25 compounds do not exist in a single form, ie. either as an non—polansed
sulfone or a fully polarised compounds, but rather as compounds having an
intermediate range of dipole moment values. As most of the other liguid phase

- components in the reaction mixture are non-polar in nature, the polar sulfone
compounds can be easily separated using conventional separétion methods

30 such as solvent extraction or adsorption.



] 0026] The contacting of fuel with air can typically be carried out in
any suitable continuous flow or batch reactor. Suitable
continuous-flow reactors can, for exanple, be any commercially
avai |l abl e tubul ar or packed-bed colum reactor. Typical single fixed
bed catal yst packing configurations found 5 in hydrodesuffurisation
processes can be used in the present invention. In order to provide
uni formdistribution of the catalyst gn the reactor (thereby

ensuring uniformtenperature profile and gas pressure drop through
the catalyst wi [09287hecontagiingsof fuelivithtaiceas typicaly bstearmesh@uddn @3t al yst

can be held in n I at
can Prpr ove Sufanie Boet PR Hbk i paydth o Sufbblel i Fel R [eBltol e

gat a: ]Yst : Trgl;g?,t wg?atafagnﬁle{egeIagvbmgmbfoﬁlly@ﬁilalﬁadumamﬁntmnm -best hd_ |
esul furi se uel an i di sed,s co nds . | A adi

separ at ed byOMEEHEAEPr- %Ml}'C%[lﬁ'rt% g&ﬁ’a@é‘%’% %%@guréf@}?q‘ggﬁoe d

sol vent ext ﬁﬁ%g?:%ﬂeﬁﬁuﬁéa‘ﬁbh Idrédes8dl carf ba Uaal G the pedsent inventibadin a

fixed anpunt can _be placed in the batch reactor Waléele air

bubbl ed i nt @rdaretowowdea|unrf<m:d!svnb@hcrrbattheoaatalgstcfantbee’?%cmft 8% di sed
sul fur com%ggg@qugg@h%eﬁ@%?gﬁhe& greoah& @% s preddRe drais 'tmﬁﬁgrn%@ny

sui t abl e separatifon treated fuel %/@
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t enperat ure |ca in
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romless tha 0, S r e,
[ "The 28 batP g gk SarRciel, of HBfibn, ol B%s SRty 15 skl s A
E e rrlper ature anwmge?mel cEBQ:@ glacetdn Ge BatfmmdctoFu!ailesahmfbub@qunﬂo the |
oiling ran c u e kerosene i.esel, S, ;0 ils.
As not gc} ab d(?aﬁtfoé'g'é d@fnp?eﬁg th roé(g:@%‘td ﬁ“r% &ngn 'S 't a?é)t he
t r eat ment ofsebatetedt fadm the teatedi fael bsing iaq;aisdltqnma%paramtacnglqumalf t he

contacting gane roaltlﬁ%teff}ﬁ.‘e? f‘lgquaég dﬁé%eﬁg% éc%ﬁd | e tBQac?( idaflor} €
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that an el wmdtah%nremmmﬂmmmlnlmeM| rable for i rrprow ng the

Kinetics of the [0027]Generally, the contacting of fuel with air is carried out at a
20 temperature range of between 90°C to 250°C, more preferably from 90°C to

200°C. The choice of the reaction temperature is typically influenced by

factors such as the boiling 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

25 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
30 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



10 oxidation reaction, thereby obtaining higher conversion |evels.
However, due to the exothermcity of the oxidation reaction, high
~tenperatures can be inhibitory froma thernodynam c vi ewpoi nt.
Furthernore, an elevated tenperature is associated wth unwanted
side reactions that can result in the 5 formation of undesirable

pol ymers and coke. Accordingly, an optinmal reaction tenperature
‘range that takes into consideration Hpese opposi ng factors would be
beneficial in carrying out the invention. [0028]1 n one enbodi nent,

t he cont act i oxidabibn fresetionyi thérely oblathirgefigharoavdrsioflevals! SRBIE! Qe
range of aboutthlloc to 190C ﬁ(}lﬁqﬂ(pgﬁ%ferably between 10 130C and
180C, and moPetBr BFHEIBICHY Bht oot reartiopo bigh Aepweratigas LHanybe

preferred tenmiBXEAy Ufrt6m’ andise h,gd!pfgm@eﬂ W .aﬁﬁhhjeﬁﬁ ol '
about 130C to 14%%, or even rrmr_e pref e?a@_@f‘/} about 1%C.émAéc[%rté&?ngly,
in some par tIPERPEAMIG iSRespeiried gilbrinwantedraide reacliansdhatdiapsesulifindie i s

15 pr of or edoreen FEndERNAS aONmERT NG, Alilifodl A ok faluot e ©

15 preferred reaction tenper
parti cul ar | yemperefuse range divets dakiesdmto coasigeraficer thesk ompmsngdactérewaRidat ur e

i s about 13QC. The. pr ur.e at. which contacting is carried out
e qe{/‘gg(g% ?r]oﬁ?g’ﬁﬁt"%gﬁ‘et“ﬂ‘@”b :

shoul d general The time sufficiently high to

avoi d flashi ng oj00R8Kn boekmboditeat, the asritadting bR Tuel with Agtis Bhtibd bixe
effluent air, | eneral , reagt@bon ressures that are 20 typically
used in the & A/ STNCHURLGNGR oL gbeyt 1105G 10 10 Gagnd sraierably distwesds t han
1 bar tags! i1gbtd YardbQueecl B rhaRo b Ui r or
about 5 bars. Carrying out theﬁgx%ﬁé‘%’f"‘%’x rﬂée%vg%iioﬁég te(fe@g?%da
reaction pr ®38igulady rgieped tathparalugermnge ais bétween elGir€dapd esgeC,e nay

i nprove the;oxi opgeptr at | in the reactign system In.
preferred ewygﬂ%%?&t@ 82‘8 i%@?acqri A" RES pfﬁc%%" af‘b%b‘ﬁ“gn(t%
pL essure, méecordipgly} insbmetpaticbiarly p{egéﬁﬂéi] erhisddithéris trﬁ\ﬂdbﬁlfﬁeéé! ﬁjdei act
t hat certai [ [anges an ressures are preferred in
specific en%g | rre%{dg?‘:’bj%%ﬁgﬂ%?gﬂﬁl% Wﬁ?@d’eﬁ%ﬁ'drencqtﬂ'&&sbﬁ"r@a‘éﬁeﬁr 8ctice
of the ifveptefarred tréactioni aiperurefl issubbir 1607, aiMi gHatHeP "PARMEY
present in f lé?l can be. achi eved even if reaction tenperatures and
pressures 3BT FRPGIRLT-FPEfRIed RaEon IR s ahe8d 381 used,
though the convqos29]The pressure at which contacting is carried out should generally
be low, but at the same time sufficiently high to avoid flashing of the fuel in the
reactor that is lost with the effluent air. In general, reaction pressures that are
20 typically used in the invention may be about 1 bar-or may range from less than
1 bar fo slightly above 1 bar (about 1.2 bar) or about 2.5 bars or about 5 bars.
Carrying out the oxidation reaction at elevated reaction pressures may be
advantageous as the elevated pressure may improve the oxidant
_concentration in the reaction system. In a preferred embodiment, the
25  contacting takes place at ambient pressure, meaning at about 1 bar.

[0030] Notwithstanding the fact that ceértain 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.

30 falling outside the above preferred ranges are used, though the conversion
rate may not be optimal In such cases.



rate may not be optimal in such cases. 11 [0031] The oxi dation
reaction which is carried out in the present invention involves the
use of air as the (sole) oxidant for carrying out the oxidation of
sul fur-containing compounds in the fuel. It is noted that the term
"air" as used herein is to be understood in its regular meaning. The
termthus 5 refers to a mxture of atnospheric gases conprising gases
such as nitrogen, oxygen, carbon diqgxide, trace amounts of other
gases and optionally also water vapour. Gaseous oxygen is involved
in the oxidation[@31ie owidation reasiivai wiicly is crgoriach de mhhéepr%dmkr

ases such t hr t hout
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however, al so be | ower, &% oxygen depl et alr 1s used may
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| evel, the f f t e
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control, baseataining é&rammlnés,bubllajotmr pheesnasb asenitroggmy easseertheogh  of
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i ot | ngt R egelor Witbut BEnb AR e ARt i, IHEC L Frctling,
reacti o1} O0enconditionsnaf tinprobess2 th tﬂlmspem,lthqomgpploenﬁgt m_cl_hﬁwmtyp;oauy]![ gh
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oxi des of t eaviginmesh camthel adjssieth @namm&dbyﬁmpbﬁﬂe&mmym comenismaese,
cobalt, ni ckelinadl E6rdl, WHed YoP Blkihie BRLEPES M ek 58S ‘YW gen content

of the air introduced into the reactor. Alternatively, instead of adjusting the
flowrate of air info the reaction environment, the reaction environment can be
20  dynamically supplemented with a high purity oxygen stream using a feedback
control.
[0032] The present invention makes use of a fransition metal oxide
‘cataiyst for the oxidation of the sulfur-containing compounds. In the present
invention, any transition metal oxide exhibiting catalytic activity towards the
25 oxidation of suliur 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, |
30 tantalum, and tungsten. Specific examples of transition metal oxides include
MnOz, Cr:0s, Vz0s, NiOz MoOs; and CosO,. Chromates, vanadates,



30 tantalum and tungsten. Specific exanples of transition netal

oxi des include MQ2, C 203, VZOS, N 02, MbG3 and Co3M4. Chronmat es,
vanadates, 12 manganates, rhenates, nol ybdates and ni obates of the
transition nmetal nmay also be used as catal yst. Depending on factors
such as cost and availability, preferred transition netal oxides are
those that exhibit highly catalytic activity towards the selective
oxi dati on of sulfur containing conpounds, especially 5 thiophenic
conmpounds. [0033] In one enbodi nent ,’ét he transition netal oxide is an

oxi de of a nﬁﬁg aéﬁ'ﬂ%ﬁ%@ ﬁbgﬁhé%@'d% nfobatés cfftlﬁh’tr%é&fontrht@caPﬁ&yOd' c
Tabl e (1 UPAC 1990) W th oxi des of manganese, cobalt, iron and

chr om um bepk9 bﬁr‘@% Ae cptalyst Sepprdieg PR fQCﬁQfS iSHGReAS pest and mvailability, on,

the catal yst, a

it ure of  PEIHAEREE fefel SBE Sre'dlpld PRE i ERY Baralit SEMAL

cat al yst catowaedspthessaiective: oxidaiiorg bt sulfuri containing sbrapauiddaespecialiy at es.
0034] SolLi d ysts ar referably used in the invention. The

cat al yst ol oyt saiafis” ble f

cat al yst ca any useable form such as powders,
pel l ets, extrudqobsawrar@tem@mmmntaielﬁdiﬁ:t@n nestalsoxid istanuelidy esa f or

exanpl e. Con tional , 15 techn es can be use e
R c)z;t gF ysts i Wv ﬁéiﬁ‘ég‘? fram QoS fsogu%g'ég pﬁtmrﬁ@ﬂﬁpgsﬁepﬁ\ﬁ@éﬂﬁgw For

exanpl e, i NwiK d5ddels 0o RPRAReSROWBAI, C b At Shrohriurh Shei Sﬁesk&nﬂ to
cal ci ne the correspondi ng met al nitrates or netal aceta under

static air Pgterrgdypdhe m\@gttcng ln additiepnibe exalyenpay &tamp@sq ﬁ single r ange
of 500 19 6%@%%&@@&@ gpa%ﬁuwgf ﬂ&&ﬁlon%ﬁ?ém@%%%[gman rate

can be pre- 20 determ ne her ma ravinetric anal ysis 0035] In
certai-n enbdaicheddecaialystigan ﬁ%asemdlnasmlwmw!pgeszx afiprestaipsef er abl y

enpl oyed in the g&?qpaﬁ RSB ElS rlgs@aw&eqmeﬁwﬁtnﬁeéawsf are

commonl y known be produced acc t 0 any convent | onal
met hod. ~ ForCasxBenRresent in jagy mgtpfmferrm,osuﬁhxaa pewgersa pokats. coxiipdednt s

into a 25 pﬁﬁkﬁlr@é‘dmﬁﬁélﬁﬂéd%rt@:ﬁsf%s ds%u@tﬁre%mfb?técam‘ﬁf@ CBoRk gﬁtl&ﬂ\?”

baked at a high tenperature. In order to obtain supported catalysts,

it is pbbsi %P@iqt@swﬁé)eause&mgaﬁre thes patalysigiin ihe desired dore far sise et al
oxi de cat al g tprddént iFvEHSH, r]’@)rteklﬁmﬁl‘épﬂ%ﬁ?r 1B PrdiRe b&v@er%ﬁys?é”llt% ion of

the transition npetal. Additional ets can ad
possible to calcine the correspondmg metal nitrates or metal acetates under
static air for 3 hours, using a calcination temperature in the range of 500 -
600°C in order fo obtain the metal oxides. The heating rate can be pre-
20 determined by thermal gravimetric analysis.

{0035]in cerain embodiments of the invention, solid catalysts are
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

25 paste and extrude the paste as pefiets, which are then baked at a high-
temperature. [n order to obtain supporied catalys{s, it is possible to dope a
support peilet 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

30 orring shaped, for example.



any suitable shape, including pellets that are spherical,
cylindrical, star shaped 30 or ring shaped, for exanple. 13

[ 0036] | n one enbodi mnent of the invention, the catal yst used is
nount ed/ supported on a porous support. Supported catal ysts are
typically porous pellets having catalytic material deposited as a -
thin filmonto its surface. The porous support can conprise a
chemcally inert material having 5 ngqeffect on the oxidation
reaction, or it can conprise a material- that exerts a pronoting
effect on the caf@@dgdn omacﬂnnbudlreerﬂpafr the, |mdeet1cn'bytherrpatalystngsedq$

chr om & cat aTutiSigebi&s SF.E ek SiePpr SubsRel s ML R,
catal yti c nyseousbeligid hasm?lscaadtm materiak deptsited alsl & thint filac bhiveitsi nce

a substanti al of cat ic material repains 10 | ocked W|th| n the
Cel ot and | SUrBRe e RO g PP R ComplRat CheTIORGR fayprih having

reactant s [RYSHECA BE tHeSSidlioR réHE:ﬂéW%r AR @0 gﬁ@& &?nattéhdl fHaf BRSR 4 he

surface area to volune ratio of the support catal yst, thus
provi di ng a Rremgiéng sliect arether @@talysl‘owhlchet ShpRsSi dheretya ipeproving dhe ake

Csed. i nol udisulh B or 1 LoRse Sd! diba BEY probiyst BRBe BRANG®
macr opor ous Whilsh catalystqefiets cas covhiiser solls ofwataiyticeoraierisd, it issekligsiot he

ragnesi o, o nEal e st o SRaRNGR B3R5 o L ey

Wi t hst arid hilgdked esithin the peliepandisuthas,nos eﬁéctnaelycwpesndcfombﬁtactahm can
al so be 20 u ?fg tand exanpl es include silica or alum na based ceranc
mat eri al s. ?" suitable materials include activated carbon, as

wel | ?s menber sd:ﬂosvmemeldth;c;rm?mwppbnﬁe%sm iffcfgask nisd Quﬂfaﬁe area
Y-zeolites, ,norde e | nopt i I | abazi te L1lipsite.
't Fe pr osedt MpuRRsefpiihe REPE it i tamyiiY eRms Stars e
mat er |h al or fer the skidatbnoeactionid ke ipate OfFor3igy gn%smwﬂé@ o{,ﬁc_u@dri]s as
armrpo si]ica-alum na one e I n I C
mangane arﬁ:ﬂ"?)cf'rl cOBUI PE o PR |gcqucﬁéq9dm5:§ OROFA!SC a(g‘é% c MFRPRYPY , the
support cony2«dEonm) and maommproute (ddsahmﬁbmﬁ)qnspmeﬂa@chM -gzhis na.
Al um na SUpQr%ctl asHhE p%reousnsutpggrt mclLr:He me%? ox%es such as titania, alumina,
ceria, magnesia, zirconia and tin oxide. Refractory materials that can
withstand high reaction temperaiures, such as ceramic materials, can also be

20  used, and examples include silica or alumina based ceramic materials. Other
suitable materials include activated carbon, as well as members of the zeolite
mineral group, for instance Y-zeolites, mordenite, clinopfilolite, 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

25 silica-alumina.

_ [00381In 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
30 ‘coagulaﬁon of an alumina suspension, or via agglomeration,



or extrudates, and can be obtained by any conventional method, such
as drop 30 coagulation of an alum na suspension, or via

aggl oneration. 14 [0039] Specific conbinations of catalyst and
support that are suitable for use in the invention include Coo/ Al 203,
Co304/ Al 2037 MnQ2/ Al 203, Mh20, 9/ Al 2CG3, CoO Co304/ Al 203, Co304;

MhQ2/ Al 2C3, CoO MhQ2/ A1203, Coo/ Si 02, Co3M4/ Si 2, M2/ Si 2,

Mh2Q03/ Si @2, CoG, Co304/Si @2, 5 Co304; M2/ Si @2, CoG M2/ Si O2,

MO JA12CB, Mb(GB/ A1203, Ru/ Si 02, l\/a Al/Si02, Co;Al/Si®2, Ni/SiQ, or
Co; Ni / A[ 203, f oFomps'pé@nc PRtioAD F batﬁfy%@@p@@h@ﬁéﬂé?@ s@iable
transition netal oxides to use as the cataly t he choi ce of

sui tabl e cdPalupst N JBRl IRYeNtiey eincld ﬁ@@lﬁ"zp@ &thﬂ/i”\bga:e M-/ %911 evi ng
an optimal wtclphicn Yod:bs,cpiay - CQEQ(J’E‘JMHG&%I;@%“W%MJN@' s 10
st” l'oa ght percenta

context, cat I"hed as

e of
transiti on CoSidz, oxCasd @5entMnQd$lOE,esM't203fSCOz‘. heCeo;ﬁﬁe@ﬂgIOm

Phe suppor CHPANERETG:, SRopRoLM MO8, HRRSALGE S FUSidnai ng
can be det evignAliSiD.00s;A)/SidhL, dﬂmmé,@ncbaa/m@grfor @®airpleed out on the

talyst in wh t t L1 rted intg 15 t
Cor retponti ng  [AL1Eheth v e SEipeo O Vg oton neae 1o 45 B OIS on of

the catal ygtaiyspand aﬁbuce 6f als‘éntﬁﬁé ARt IBadfﬁ!flePél%ﬁﬁ Rblpit6 eMtfbiRed hat
the respective  nmetal wl present after calcination as a
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measur enent s can made t0 determ ne netal concentration in

the catal ydpafal WQSWY?W wittcrespeelslateersynpert. pigteraily willh respestdefitnge of
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prepared cat sts can al so be anal Scanni ng E ectron

M cr oscopy SPeaitng. eailygyloading €rRi R d&WﬁT‘W‘@@ Songe 9@1@@?}'0('33&) beenyhi ch
will give thgiedSii bAdke eagpﬁsh btich Bk thaR8mGR hidtal Shit id- QbR Infyv el

that fall bel ow the opti range. (which can be determ ned
enmpirical | }hEbQOFF?ﬁP%RW raasitisy 86Hy OXH"ﬁy Fprethg easej ¢f qalgiationy job thes |

while | oadlcaﬂuysevﬁdﬁugt ek 56bd G 6RS pRsBMOMPerkibs tRATRhE| résidciive
det erm ned o timal range nmay provide dimnishing returns in terns of

conver si on.™M4@ W ded¥rsat ?’iﬁ@rﬁtcaGF‘af'%% Aertagepeus: pddecWihh psifomMoadi ng

i's in the oxdation state, for example as MnOjp, NiO;, or CozOs. Inductively coupled
plasma spectroscopy (ICP) measurements can be made to defermine the

20 metal concentration in the catalysts. From that {CP measurements, the actual
percentage of the metal oxide present can be calculated. Apart from ICP, the
prepared catalysts can also be analysed by Scanning Electron Microscdpy

(SEM) energy dispersive analysis by X-Ray (EDAX), which will give the
surface composition of the catalyst. Loading levels that fall below the optimal

25 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 relums in terms of
conversion. In one embodiment of the invention, the catalyst loading is in the

range of 1 1o 17%, more preferably between 2 to 13%, of the weight of the

30 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



range of 1 to 17% nore preferably between 2 to 13% of the weight of
the 30 support used. It should be noted that other catal yst | oading
values falling outside this range can neverthel ess be used, even

t hough they may be | ess 15 than optinmal and may thus pl ace
conpensatory demands on other areas of the process. For exanple, if
a low loading |evel is used, the corresponding | ow conversion of the
sul fur-containing conpounds nmay neceggitate hi gher space tine,
tenperature or pressure, consequently |eading to increased reactor
size 5 or podsnwpEmahenthmay thiisdeiageeerpansatony eepends areper pEos of Wher e
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support.

that is 0.5g of MnO2 on 10g y-alumina, 10g of pre-dried y-alumina can be
impregnated in a solution containing 1.409g of Mn{ll} acetate x 4H,0O
20  (molecular weight 245.09) dissoived in 8.0 ml deionised water. As can be
seen from this example, it is assumed for the calculation of the catalyst
loading that the 'Mn salt is completely converied into M~n02 during the
subsequent caicination and that formation of mixed metal oxides such as
MnAlLO, can be neglected. The wetted support is subsequently left to dry. The
25 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
30 structures in a mixture containing the salts of two or more of the desired
transition metals. On the other hand, if it is desired fo disperse several layers



[0042] In order to forma catal yst conprising a honbgeneous m xture
of two or nore transition netal oxides, it is possible to wet the
support 30 structures in a mxture containing the salts of two or
nore of the desired transition netals. On the other hand, if it is
desired to disperse several layers 16 of different transition netal
oxi des on the support, the inpregnation and baking steps can be
sequentially perforned with the salt, solution of each respective
transition nmetal. In this context, the. salt that is used to prepare

a salt sol of idifieréns thaneiion asetbihexied ahy®b SUPREHT §RN improtina@bh Aind
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cat al yst acé ol.ong the process I|ifespan of the catalyst. It
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[ 0044] Tt psuppered of bilk eaalyeReDF usdHERb e IvBRicHURR! REEBHead, PY
ot her swta%‘ﬂrg- or egost-treatmant %s. For exanple, the l?uel to
be treated e 2R A% HUABt i WP Y 83 1angr the Heferglces raiiad ment
before it  itheeimiorekafpld0 with air. it is also possible to pre-heat

the process ai r(@@bﬁé Lo introduci nqg the air into the reactor. Once
the contacting dh PEP 1 eriraplated that athgo cajplystifermeulatisnc gany out

‘a vari ety palitiopallydechide @thért RponSHEsIRR a8 PPGhEbihish 8RS entafce

separate the, oxi.dised sul fur conpounds fromthe fuel or to renove any

sul fur o oSy EEIMY R ProiRadle, Rircpssifesnan; ofithe ertalyste K snavalsa be nt o
the 25 at rdesipites that (M Q4Rlystsre bARLILE) b&BRMRet he oxi di sed sul fur

conpounds, of WfHOSQ]T%e process of the present invention may be supplemented by
other suitable pre- or post-treatment steps. For example, the fuel to be treated
_ can be subjected to prior chemical or thermal treatment before it is contacted
20 with air. It is also possible to pre-heat the process air prior to introducing the
air into the reactor. Once the contacting has been performed, it is also
possible to canry out a variety post-processing steps, such as separation steps
1o separate the oxidised sulfur compounds from the fuel or to remove any
sulfur dioxide gas from the exhaust air prior to re!easing it into the
25 almosphere.

‘ [0045]7|n 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 suifones from the hydrocarbon
organic phase- into aqueous phase. Thus, one embodiment of the present-
30 invention further cqmprises adding a polar organic solvent to the treated fuel
after contacting with air, thereby extracting the oxidised sulfur-containing



| arge percentage conprises sulfones, fromthe treated fuel, the
polarity of the sulfone nolecule is relied upon to extract the

sul fones fromthe hydrocarbon organic phase into aqueous phase.
Thus, one enbodi ment of the present 30 invention further conprises
.addi ng a polar organic solvent to the treated fuel after contacting
with air, thereby extracting the oxidised sul fur-containing 17
conpounds fromthe treated fuel, and parating the polar organic
solvent and the oxidised sul fur-containing conmpounds fromthe
treated fuel corfifunds &nindik reaied fuel, lnad sdparating thepdal orgamid se!xentanﬁ i on
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I s desired, beHelpfuldb @becseassuvbns thakitabe botiegl point that is different from the

boiling point of the sulfones to be extracted, so that distillation can be readily

20 carried out to separate the sulfones from the solvent subsequently. _

[0046]Vérious types of equipment can be used for solvent exiraction,
and its selection can depend on factors such as cost, size of equipmént or
process throughput, for example. When carrying out large scale solvent
extraction of the oxidised sulfur compounds, a single stage mixer—seﬁ!ers can

25 be used, or if better extraction is desired, mutti-stagé cascades may be used
instead. Alternatively, sieve tray extraction towers may also be used.

[0047]In one embodiment of the exiracting 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

30 extent of exiraction. While increasing the quantity of solvent improves the
extraction of the oxidised sulfur compounds from the fuel, this advantage is



instead. Alternatively, sieve tray extraction towers nay al so be
used. [0047] In one enbodi ment of the extracting step, between about
1to 4 parts by volune of fuel is contacted with about 1 part by
vol une of polar organic solvent. The quantity of solvent used in
sol vent extraction affects the 30 extent of extraction. Wile

I ncreasing the quantity of solvent inproves the extraction of the
oxi di sed sul fur conpounds fromthe fuel, this advantage is 18 -
counteracted by other considerations Such as increased costs due to

the |lar ger canmienzctedofy sthley @obsidebigisusietl &S indRlased TobBCdRAREHeN t he
scal e of | vent @govo?%% Oﬁgratlon [,50048%1 Nuner ous pol ar organic
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sul fur conmpeures. reaa%@ﬁ}%deﬂﬁlbh@le acetonitrile (AcN), dinethyl

sul foxi de, N, N -di net hyl -acetam de, N nethyl-pyrolidinone,

trimet hyI phosphalpwm@mmsmq@mmub@taamwn becusedifor the woigent, -
t hanol | t
cuhanol g, PLpRAASh of Hilcifled SO ALAM Tl UL bl K o7

gl ycol , glycol  or any ure
enbodi ment , dimathybol aulfeddegni dN !slbdiimﬁtyl acetammlpri selsnethyl-pyroiidinone,

N, N -di rreth th rrolid N cetone
or any it st e Ry eRtHe rRiE, fttanel Fiegl thenly or

if desired prti:ﬁﬁt;l%ﬂtmcﬂ.emﬁjc@l disiiitie, pﬂicﬁrﬁe PrApRIRNE gﬁr@bl}lémyleﬁ@@lybble

di ssol ved oxi di sed ounds n be sgﬁarate fromthe fuel

by gravity %Bﬁ\’é‘f‘?ﬂUW re°i§?€gﬁt9rfef8 Agmenh dhe PekaRi aanis walentcan

subsequeot | gorhgrisegc NwrdﬁﬁbmeMamidé C(DMF‘? ny Lrﬁétﬁi;[-@ﬂ@:%h@édeo NP, hod,
, to recover the

such as evagoratlon di sti nm hr omat ogr ap
ST Vet § o BERa Slany it LR T At o Sgd neplied maatsr, 7
processed, gesedas by washi ng with water or adsorption using silica

gel or alum na, é@* ﬁm)ve ces of the solvent. The fuel thus
obt ai ned 20 has [881{7-9s08rhdRe PRlar prasnicsalent ardstherdissoiMsd gxidisedor

preferably &gms cbhn@ﬁurﬁ@ caiFpe b@ﬁ&rﬁﬂedlﬁor@ﬁﬁe ﬁiﬁ?%@'%ﬁ\? fy &dpatdi®n or

basi ¢ adSor BRHILOIGE e Sidans SSMEEt chrosasavery qaeem\}ﬁ%ﬁﬁéﬁé%? the
preferenti atoredstivngt | supartiofnihedfiddi Sushoedd esvapbRESMt didlilation or
chromatography, to recover the solvent for recycle. The desulphurised fuel
can be further processed, such as by washing with water or adsorption using
silica gel or alumina, io remove traces of the solvent. The fuel thus obtained
20  has sulfur-content of typically less than 100 ppm, or preferably less than 50
ppm.
[0050]In one embodiment of the 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
25 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. Exalﬁples of
30  such basic adsorbents include zeolites, activated carbon, and layered-double _
hydroxides (LDH). LDHs are preferably used in some embodiments and



25 the fuel. The contacting step in this enbodi nent can be

advant ageously carried out after the separation/extraction step to
elimnate, remaining traces of the sulfones in the fuel. As sulfones
are weakly acidic in nature, the use of a basic adsorbent can renove
themas well as other acidic inpurities such as other sulfur-based
or nitrogen-based inpurities fromthe fuel. Exanples of 30 such basic
adsorbents include zeolites, activateg, carbon, and | ayered-doubl e
hydr oxi des (LDH): LDHs are preferably used in sonme enbodi nents and 19
exanpl es of Sxampips of sibiekleiLDHs ineudeibose bwdcbndhe mmiernaCs NhCr.Co,
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oy oot o I R o e b RS Shade” o
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i e¢o es 0 st t have
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the fuel. Trﬁlrrwﬁrllxu?&scgﬁlp%ogtgltnm%f at Qo Stvéht >for remgvmg the oxidised sulfur

compounds. The fuel/solvent mixture is then channelled to a seitler where the
treated fuel is separated from the solvent.

20 [0054]Figure 3 shows another embodiment of thé process shown in
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.

25 [0055]Figure 4 shows the results of the analysis of the prepared
catalysts based on the Brunauer, Emmett and Telier (BET) method.

[0056] Figures 5A to 5D show the results 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

30  the present invention (b). After soivent extraction using NMP was performed,



colum is sulfur-free. 25 [0055] Figure 4 shows the results of the
anal ysis of the prepared catalysts based on the Brunauer, Emett and
Tel l er (BET) nethod. [0056] Figures 5A to 5D show the results of

anal ysis carried out with a gas chromatography Flane |onisation
Detector (GC-FID) on nodel diesel before oxidation was carried out
(a) and after oxidation was carried out using 30 the present

I nvention (b). After solvent extractz'bon usi ng NWP was perfornmed, 20
the fuel "and the solvent |ayers weré&€ each anal ysed. Figures (c) and
(d) shows thedushaad e slveatlalers wate tdoh analystd.dtqoees &) bay @) shéves NVP

| ayer, respectivel.y. 057] Figures 6A to 6H t he indjvidual gas
chr omat ogr a aB§IyS|§E§ghE§ ?fé;‘%a%%{aégw l?lf%g?ee@“%ﬁ’%r’ TESRESENElY. | n t he
experiments car [a057]Figireé ®A td16H Showetrd! inBiviliaMbad Bhich@ttgfm$or & B,
the catal yst used was 5% Mqozl%- al um na. Treatnent tenperature was
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catal yst atTreatmenpeemparaireofwab3030CC. Rijue 66!!8 sheWsahé @Qﬁsi@f @Stgllt 18
hours of 1 reat nent, respectively. No oxidation was observed.
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treatment and after 18 hours of treatnment, respectively. Figure 6G &
6H show t heof calalvshatyasiemperaiupiaf 180 “Gokrioredreatraent and @fiect hpursoBy,
M2/ y-af um t : sl r and
after18 omééﬂ%ﬁt@é%%ﬁn’%%}%r%speg?%’égP%erF%{)%q%r%%ﬁ%?%gﬁé%s the
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[ 0060] Fisguraad itemmBisouts bthlatmat, @apattivdipm XRF anal ysis of sul fur
[0058] Figure 7 shows the conversion of DBT vs. time in model diesel at
130°C for manganese (m)- and cobait ()-containing catalysts.
[0059]Figure 8A shows the gas chromatography-atomic emission
detection (GC-AED) chromatogram of untreated real diesel used in the
20 exampies. Figure BB shows a table of data from X-ray florescence (XFR)
analysis of sulfur content in untreated diesel that has undergone only soh)ent
extraction.
[0060]Figure 9 shows a table of data from XRF analysis of sulfur
content in real diesel that has been treated with either Co:04 or MnO5 catalyst
25 '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 table of data fromr XRF analysis of sulfur
content in r_eai diesel that has been treated with MnO; catalyst supported on y-
alumina, and single or multiple solvent extraction carried out with AcN, DMF,
30 NMP and methanol. Treatment temperature was either 130°C or 150°C.



content in real diesel that has been treated with either Co304 or
Mn02 catal yst 25 supported on y-alum na, and solvent extraction
carried out with AcN, DVF, NW and net hanol. Treatnent tenperature
was about 130C. [0061] Figure 10 shows a table of data from XRF

anal ysis of sulfur <content in real diesel that has been treated with
Mh02 catal yst supported on y- alumina, and single or nmultiple solvent
extraction carried out with AcN, DVF,5430 NMP and net hanol. Treat nment
tenperature was either 130C or 150C. 21 [0062] Figures 11 Ato 11C
show sul fur AED {oe&2}Eigungs aitd tofi 1CrshatvesliifsnARD abromeatégrdmsiof treated
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ef fectivenes ﬁlﬂeﬁlﬁ'esq @ﬁb ba;aﬁ»maa;adrmtraM@@mgat@lywupMed on y-
extracti N t on
Srepr o rufikel Worafios! Bt ne Al BeuiEhit He SfocfiBhest o 8HALOT
of the real émesal embymgOamnglppmlv@ul éxhnaclmnb.lemg NWMEPasnd ewithtius wer e

of sul fur” coNPaRNg AR SNk extRckipn sons diepihers Sebie s of WAT- Lo

di esel fuel BRphita0suHr b&ﬂeﬁ%f\’tﬁé”reaﬁmersépﬁéé)@40-@59%&&5 Sulfbr dMnlcént be
noted that sul fur content |sl_&)enera é reduced as solvent to fuel

ratio is i ncPeRsERmenSweseakanoyASTI 2632 (Rrucksy B&)-at i on and
charact efg zation do%ﬁﬁfidur&_ hl% St ‘bﬁ%tiraﬁﬁ’ o?%uﬂfret%ﬂéﬁg lr?%”ﬁ)édt?fﬁmi

transition nmetal oxides por ous specl

surface aredARIR VB dalp ﬁféﬂ'éfﬁ@dtobS"eSﬁ?l ﬁ'e@ml!ﬁddﬂ theuawenhextrﬁcem

wet ness net f th =
610 rm spL”S%‘*.S%QEH?"f e AR el SulE softpnt S QofEElfedoct STNerRE D
ranged f r omTeel gatie ip incregsed-87m / g) was i npregnated with cobalt
nitrate and/ or nmanganese acetate aqueous solutions. The total metal
oxi des | oadi ng W|th respect to y-aI um na ranged from2 to 13 wt% The
i npr egndtted BXample1 s Latalvstipreps and charagiarizations set at 25 rpm for

approxi matel y 18[0563]0 @ﬁ’é Eétaly%tté %é p‘?ép"‘apé‘d Sdritise HARsHG T et Waged hEN

dried at
and porous support with high specific surface area have been prepared by -

impregnation using incipient wetness method. 10g of v-alumina peflet
(diameter = 3-4mm, length = 6-10 mm, specific surface area = 370 m%g,
20  specific pore volume ranged from 0.82ml/g to 0.87ml/g) was impregnated with
cobalt nitrate and/or manganese acetate agueous solutions. The total metal
oxides loading with respect fo y-alumina ranged from 2 to 13 wi%. The
impregnated sampie 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
25 120°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
30 adsorption/desorption, and thermogravimetric analysis (TGA) in order to
obtain the information on surface area, pore size distribution and pore valume,



25 120C in the oven for 18 h for renoval of the water content. The
dried sanple was calcined in a static furnace at 550C for 5 hours
with a ranp of 5 mn. Powder X-ray diffraction (XRD) showed that
the catal ysts were anorphous and that no distingui shable '
crystal |l ographic properties could be observed anong the catalysts.
The prepared. catal ysts were al so characterised by N2 30

adsor ption/ desorption, and therm)gr??i nmetric analysis (TGA) in order
to obtain the information on surfac€ area, pore size distribution
and pore vobystllogiaphycangdsherhiab decphposiioa of ther samhplete GOBET mepod of t he

sanpl es. The, BET nethod of neasurenent re used to _determpe the
ca’[rgl yst suPf JEESYPRENT e _“éﬁcg'rsl% clerming e, caalvst suracendedr dp&r ed

catal ysts ugegadtérisalién Tabs estuiat prePXRAPLRSIYSRE Custd e thel ButisBqldne t abl e
in Figure 4. 5 Exanple 2: Oxidative desulfurisation wth solvent-

extracti on SEMRIESAre sHMAeduipda the 1pkje 6TigWBH- and/ or 4- MDBT were chosen
- to prepafe nodel diesel by dissolving themin n-tetradecane with a

total sul phur content of 500-800 ppm 10 In nost of the experinents,
sul fur cont Example 2:Oxidative diisatfutisation withr solvert ekiractibai nsingndy DBT.

In the renmalniadu: ris, both 4-MDBT and DBT were added. The
oxi dati on eH&BEQa;S S were carried out in a stirred batch reactor.
[0067] In a two{00s6kedDBDand/obdMRBT WhesdhosdiDicdhrepare inctlerdiésalibgsel

15 cont ai ni r oxi_mat el 00 of syl phur under xi dative
reaction i n&gﬁ‘ﬁ@& &'leéﬂgée%ﬁ'ds%’-‘%@% t@ﬁ?‘ﬁi&"%&?@?%ﬁhﬁﬁﬂﬂ’@r = 3-4
mm | engd h In rest @f thergxperlhents; Sulfur €ontéd ke 1esdet dlasyl wdd inf@ilick®
ensure a gogdega'd.xi n&l % bupbl ed with purifie imt fl ow of 60

m /min. Thet BEPY BRY Hl-dn 43¢ feraeinipg e %"m%{“f:g?ﬁ% BBE and BT of 90
- 200C. Thewerptadied) TReTpRG&ioN expefifnehii WerB RRSHdd 6utlAl & efiredlba@s found
to be 130C at _which the oxidation of the nodel conpounds occurred

successf ul |5?E%P'rh i nsignificant side-reaction of solvent oxidation. A
wat er - cool ed r efd0s7] c odawseckEaSrolRd Bblsh Aask, 0.0 nl b folisiafiddepn
frask e PLRNSTAG S90rsibeeh Sob A of Siipnur URdbhvant Sxidatve Teaction in O

the presence of 20-30 mg of the catalyst (diameter = 3-4 mm, length = 6-10

mm). The mixture was magnetically stimed fo ensure a good mixing and

bubbled with purified air at flow of 60 ml/min. The reactions were carried out at

a temperature range of 90 - 200°C. The optimum temperature for this specific

20  set up was found to be 130°C at which the oxidation of the model compounds
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

25 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-
dimethylfonnamide (DMF), acetonitrile (AcN) and 1-methyl-2-pyrrolidone
(NMP). During this process, the reacted model diesel was mixed with these

30 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



[0068] At different tine intervals (3h), 50 | of the reacted diesel
was 25 withdrawn and diluted with 500 | of diethylether for gas
chromat ography analysis. After the oxidation reaction, the oxidised
products in the nodel diesel were extracted with polar organic

sol vents such as nmethanol, N, N dinethylformam de (DW), acetonitrile
(AcN) and 1-nethyl-2-pyrrolidone (NWP). During this process, the
reacted nodel diesel was m xed wi th,ghese 30 pol ar organi c sol vents
at different volune ratios (e.g. organic phase: polar solvent = 4:1
as shown i nti=iThe raiRire was taan Imgsfmteidcnaiolaseparammfunhejdomelmoﬂebr 23

the moaer APl EntRIErAEBad PR %, elateRo R T e o o

di f-ferent Itay@treated'hmdeltdw m@aﬁawbefmdmleclmulpmsc@ﬁﬁhmg Pdraw th
0

GC. The sul ont ai ni.n @i alvent | ayer was then coll ected
and anal yse'% F g e Colfededen Analysed hﬁﬁ{ar{aﬁhem@e ReugRto|

sol vent S\asnétRER Sfle MethiiR %BIUéﬁthé%VféPerv@H&th% any SRBLRAIRIITRO! | d
product was col | ected and anal yse te re- |sso I ng

into met harf@ma'@mgl\mhd( Profuet hyas zoltgptadoamameysedﬂbyeme Gpoafm]reﬁ gur.es
5A to 5D s eh gas
chr omat ogr ap y- pgrr]#)c en%n?ls‘l'(’){)'\rl]@g { ecegwa(p@bﬁoh@)@\?e{"ﬁe nodel di esel
10 before and af00&9] t Riguwesi Shatd 52 sbowsﬂ&srersﬂlts bfesn.ﬂfueamﬂysﬁ from@rd i on
carried ou Q!Wﬁ | . shown st _conplete
conver si ontggg égrgb'ﬁ’g&@mcf%g'ﬁﬂ% |dﬁ& Q&Qﬁwﬁtﬁﬁc a%é%esﬁgf .
Fi gur e 19A duefbrd Bhd aﬁersﬁalobadath&rm’emagﬂ teapeeentiigentin Elarh@di bﬁﬂgﬁ ane .
was oxi di s t.e ecan t decangne and .4 ecano
These are ?’gﬁ?gﬁg%%!yé%a‘g‘?%m;ﬁ% r%ﬁugs'f%"‘%% "89 éﬂrﬁ"&ﬁ%‘@‘ Gfl [éé
quality. | tthewasrréspbndng f?ﬂod\dvﬁaarﬁth@\@dv@ﬁ Fifee taax aius @pjent §mz§l1"an
nmet hanol AcN. e action achl eved al nost ete
renmoval of ? iFeniage R%@é’i g( Xfo %"’lﬂ‘:"@@"a\iﬂaﬁﬁa}a&?ﬁd 1o f-1QlFRdesanp e, 2-
di esel : sol mm:*e&miouafmrrcammramécmUl’he%elaréaférrﬁwd;)(yge‘?ﬁcbst arQﬂa}el Y,
mul tipl % t] r e fou
ext ractllgon% %?F'O%% c%'\ﬁ;egelf%? W@%%@Pﬁhﬁ#“ﬁﬁﬁ% r&ﬁiﬁf‘%’s of
the nodel doleas mavemethaneaaﬁdi AaNt NMP fsbRestnextidatth ﬁaﬁlévlradsélmobﬁw ng
di fferent S e at temnperatures of either
130C or 8%581]‘?% tr?ljn@%(li 039%1 Lﬁlﬁnes (gfn dFlgures éTCP an% gf) in whlcE:i1 a
diesel:'solvent volume ratio of about 4:1 was used). Additionally, muitiple
extractions were found to be better than a single extraction.
20 [0070] In a further experiment, specific samples of the model diesel
were treated with different 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
25 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 8H. In summary, Figures
BA-6D show that the catalyst is important for the selective oxidation of
30  dibenzothiophene to corresponding sulfone at 130°C. Figures 6E- 6H further
show that the catalytic activity of 5-8% Mn0O2 loaded on gamma alumina for



sanpl es were anal ysed with gas chromatography (GC-FID) before the
start of the oxidative treatnent and after 18 hours of reaction tine
in order to 25 determne the catalytic activity of the catalyst for
oxi dation reaction using air as oxidant at 130 C (Fig, 6A & 6B). In
a simlar experinent carried out without catalyst, it was observed
that the reaction could not proceed (Fig. 6C & 6D). The result of
the anal ysis are shown in Figures 6A4,0 6H In sumary, Figures

6A- 6D show that the catalyst is inportant for the selective oxidation
of 30 di benzmodigl ajiésehantia cxzctiers pempbraigresof 15 eCabrovid® @dvdritapeoas 6E-

6H further sh t hat the catalytic fivity of 5-8% Mh02 | oaded on
gama al ani rEBEPNSIr SEkEYe Gwdsian ahdbanzainienR WitkHbPaishg tof 150

C provi de ady@pricaRAYSuca Birbddane bPpertaiclatd.ve oxidation of
di benzot hi ophene _wi t hout oxidi sing the hydrocarbons such as

tetradecane or p&f7dlieA&rfan begwen fromsFigure Thehovéng-the comversionptDET
show ng tdhe [ r | i nt,
CboverS: she ERMRSA T obaR hodnddr CURAID IR 08, bAGRLATY
18hr. Exanplibe geactlyi titae of/ t5hiésW8Hruri sati on and sol vent extraction on
real diesel 10 A) Solvent Extraction on D esel Wthout Oxidative
Treatnent [0072] Four 25.0 m sanples of untreated diesel was m xed

with the pdbample RnORidmive edysulfacibatidiViand\bbivestd eieadtion on real
respectively, in order to determne the effect of solvent extraction
on sulfur c nds present in wuntreated fuel. After extraction by

the respect iASoehBExtERMEOH DiesbWitliailt Ditidafive Teaineiit of the di esel
was neasured by @r? roresc?nCe (XRF). Untreated diesel had sul fur
content of 370-3 %ﬂ”b@ﬁ@r@ &3MPples 1af srirgaisd digsel was Jued Wi dkeir ed

by XRF usi ngofar orgeminssivenis ABKNADMEN NG H6d MeDIIE rEspetilipnalonser $o  Of
the sul fur content in the diesel is shown in Figure 8A " The results

in Figure SBSRER PRgTeshohsovaat @diagion ontsdiue gomppundgesast in
ef ficient i nnBaiteachélnditer Bxitathibyl byCRENERE v hERE Xbivbits UiHe SuEd

fuel . B). Oxidative, Jreatnent using Co 04 and MO, catal ysts supported
on V- aldm EER) PLRECIHF HASVERRSLESH Pl floresoenca (4HF). Unireats
diesel had sulfur content of 370-380 ppm before extraction was carried out

(measured by XRF using s-standard calibration curve). The GC-AED analysis

of the sulfur content in the diesel is shown in Figure 8A. The results in Figure

8B show that among the solvents tested, NMP was most efficient in extracting
20 suffur compounds present in untreated fuel.

B) Oxidative Treatment using Cos04 and MnO, catalysts supported on y-

alumina followed by solvent exiraction
[0073]In a two-necked round flask, 100 mi real diesel underwent

25 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 mi/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 eéch for extraction using

30  different solvents {different volume). The analysis results are shown in Figure
9. Sulfur content of the extracted oxidized real diesel was measured by XRF



[0073] In a two-necked round flask, 100 ml real diesel underwent 25
oxi dative reaction in the presence of about 100 ng of catalyst. The
m xture was magnetically stirred to ensure a good m xi ng and bubbl ed
with purified air at flow of 60 m/mn. The reactions were carried
out at 130C. The reaction was stopped after about 18 hours. The
oxi di zed di esel was cooled to room tenperature and divided into four
portions of 25ml each for extraction asing 30 different solvents
(different volune). The analysis results are shown in Figure 9.

Sul fur cont eHéNgs-standaishaaiibratienicwys. Judging fremithiicxpeimentAmBaMNd by

XRF 25 usin v

xper i ment PRREATABAL Eucieq b B8, APt Brechit Br amoh AT UL rom
effective fodieseirhanmg%mﬁffmummﬂm MdDesatklysthan a 2% or 5% supported
M2 catalyst. 5 C) Oxi-dative Treatnent using MhO catal ysts
supported on y-alumna followed by single or nmultiple solvent
extraction [0074]1n a two-necked round flask, 150 m real diesel
underwent 10 oxidative reaction in the presence of about 30 ng of
catal yst. The mi xture was nagnetically stirred to ensure a good

m xi ng and bgpbliaghive Fhathish ﬂié’f Mr?\br c&l'au sts'sBbhdHe Tai i foll
"reactions were carrl ed OJ . oC 50C.
The react i onb¥gie ] axirag o 8 hours. The oxi di zed di esel

was cool ed to M r t | of, 30
m 15 each for i@ iﬁ?gn@}ﬁ'ﬁ 5&3%&@/2%%? oqrb ’Sg'eﬂfé#* cﬁe{wefgl ume)
via eit her soxidgtige reactionintthe presendevefaboebd0 rag bf c&talyﬁtomﬁéin‘ﬂnﬂemaal ysis
results are re 10. Sul fuy-content, of ext cte
ot i vod + eanogeuly GBS endhre 3 ot mboLail b Pbiec i, el e
calibration ﬂmr.rniaso SthﬁmrTr{epmabmlweremﬂrrle&tcﬁud amttbmpefahﬁeb;féﬁﬁ@t s (

) were 20 u t ek 9000S ore a Centre) ASTM

D 5453 et hpl CF 15@‘#] g@ of Kas %‘5] g‘?‘%m lﬂ%ﬁ%b?‘ﬁt%fdgeéf
130C, Mh02 (ﬁeuwwakedolémca}obﬁi &nﬁeﬁtﬂr@%ﬁhﬁﬁldﬁmﬁﬂﬁkg?rﬁ&WYeb mat a
| oadi ng ] evel ﬁé 5% than at ding | eyel 2% i dative

treat ment® caritl & SHRCURD usind:difieient splvents, (difiesent vahine) v githensingiost s
at a | oadi ngorinultigle séivéiftepraybnled better sul fur

[0075] The analysis results are shown in Figure 10. Sulfur-content of
the extracted oxidized real diesel was measured by XRF using s-standard
calibration curve. Sulfur ppm levels indicated within the brackets () were

20 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 suifur
25 removal than treatments carried out at 130°C using catalysts having lower
loading levels. Additionally, multiple solvent exiractions 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
30 figure) and are shown in Figures 11A 1o 11C.



25 renmpoval than treatnments carried out at 130C using catal ysts having
| ower | oading levels. Additionally, nultiple solvent extractions
were able to provide better sulfur renoval than single sol vent
extractions. [0076] Sul fur AED chronat ograns were al so obtai ned for
specific treated sanples (nmarked with superscript 3G, 3Ci and
3Ciii in the above 30 figure) and are shown in Figures 11Ato 11 C
26 D) Effect of solvent extraction %g sul fur renoval after carrying
out oxidative treatnment using M102 Tatal ysts supported on y-al um na
[0077] In a tDMEfiserciesbiventedrddtios lon slfilr rmovelhiteti afving LWLl exideive
oxidative reaction in the presence of various anounts of catal yst.
The mi xt ur e HEBIMRALUSRAMAL, calalvels supporied ong-allieitae good ni xi-ng and

u AT . ] H

bubbl ed wi th purgghi | el i {4R i re
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oxi dati ve t fieatore0t mittin. Thé eeadtions Wers barried loub et HSOPQ fordepéidl oie t he

anount of SO2 (%fasg rel eased, during the oxidati on process. The other
portion of 8B ¥ hourseThe:pydieed @irgel was coslgh e Toomxierpetatsn andi ng 50

m of o : - t

(Br ker Xaroop ¥R §0e p6fins, 0£90 il Bafh, SR LR n@lior Weh ARG, o
on the resufaspaHens Ong porlipnref epgh oxidized diasel saraple wastanalysed after

oxi dat i gp tsmpgtt@aﬁné?ﬁ biPfor 13 dbilill: SFARNRo (@;egey;lﬁga%%%rdxg@%g% s

supported catalysts was nost eff | 'eve
conpar ed t 0SO:Kaas) ralensed dyring:thel axidatiors procassniTbe oligypodipn of\ewch of S

CLAI MED I S, 4L ' | - i ni
conpounds f F%n%a %@aﬁgﬁ glg?ll\r’és‘rg}é&ér&f)@ ﬁ%iggr%rﬁ %ﬁgledé%“l r%%%%w%%%&]gwi: Inlgc
ring systenéngahen apalpsask &ysswiimmontsnh dBrukendrft iusingt Bestdndatdldss

l'iquid phasﬁneﬂoﬁf%@fm 2h§2)pxi di se the sulfur. -
15 [0078]Based on the results shown in Figure 12, it can be seen thatata .

oxidation temperature of 150°C, sulfur removal provided by MnO» shpported
catalysts was most effective at a loading level of 8%, as compared to other
loading levels of 5%, 11% or 13%.



-cont aini ng ‘conpounds, . said contacting being carried out in the
presence of at least. one transition netal oxide catalyst. 10- _
2..The process. of Clainms 1, wherein said contacting is carried out
at a tenperature range of between about290C to 250C. 3.- ‘The process,
of Caim1l or 2; wherein said contacting is carriced out at a .
.tenperature range of between about 110C to 190C. 15 4. The process
“of any one of WHATIS CLAIMED IStherei n said contacting is carried out
at a tenperature range of between about 130C to 180C. 5. The process
of any one of Clainms | to 4, wherein said contacting is.- 20 .
carried out at ailt énpmcassrrf@' mvgmgdﬁetempydemmmntameommmds fem

The process: of an n ]ﬁ:ﬁﬁ: i
carried out at a p)rﬁeégsﬁlpgi:eh?sa%‘ﬁs réedwh%é Hé‘é?%tﬁ%% c{éggg é
any one of I ai ns. Process compssiogn the catal yst is supported on a

porous support. 8. "The pragesseginehal M lud BFAR iy Pﬁe%r%tetﬂtsum

catal yst supported an the" porous suppor oadin

t he range of about cmtammgtmmundsosmengmtacmg bq:m parmeﬁeutmrﬁbepresezae
9. The process of ghp H}e f scatal yst supported
“on the porous support . cata yst | oa ng; I's |n t'he range of 2%to
13% by wei ght. of the porous support. 5 10.The process of. -any one of

Clains 7 t,9, Vbergn rto|&§s§‘6f Q}rﬁneupp@ﬁérerrpea‘aré&m ak Wi out dtla
The process® of any one of Clains 1. wherein the transition
metal is ‘sel ect ed trmsﬂra@rrerrmqectfbeweea @OUQQBTCW%H odi ¢ Tabl e

(1 UPAC-1990) . 12. The process of Claim1l1l, wherein the :
transition net aI is selected fromthe group, consi st.ing of arPé‘?é'fé

cobal t, iron, chPerignPaReshel G2 WIPreRsH eddeingsis &ﬁﬂf'
Caims 1 to 12, furbgts-hQERE RbstdCerrélslid 16°R) F0-COT gani c

sol vent tolthe treated fuel af er contacting the :

) 4. The process of any one of Ctalms 110 3, wherem sald comtaciing is
* - carried outata temperature range of between about 130°C 1o 180°C.

5.- The process of any one of Claims 1 to 4, wherein said contactlng is
- 20, camied cut at a temperature range of between about 130°C fo 160°C.

6. The process: -of any one of Clarms 1105 wherem said contactrng is
carried out a’r a pressure of about 1 bar

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

B.- The process of Claim 7, ‘wherein the émount of catalyst supported on the
porous support (catalyst loading) is'in the range of about 1% to 17% by
30 ‘weight of the porous support.



-fuel with air, thereby 'extracting the oxidised sulfur-containing
compounds fromthe treated fuel, -and separating the polar organic
sol vent and the oxi di sed sul fur-cont ai ning- conpounds fromthe
treated fuel .. . 20 14.The process of C ai2#.13, wherein the polar

or gani ¢’ sol vent conprises acetonitrile, N N -dinmethyl-aoetan de,

N- net hyl- pyrol i di none, trirnethyl phosphate, hexanet-hyl phosphori o.

am de, net hanol , et HiRypcessHf cﬁdﬁ’ﬁb? . whasein Al RMoyDt ¢Takrlyst suprapier endhe

gl ycol-, ethylene QLP&&LS sippiint (EatalisBLAYY 15% wge of 2% fo; 13% by weight

1- net hyl - 2=pyrroli (% acetone and m xture t her

process of Caimi1® 3o ROroUSAdRPRAT 1 part by vol ume of poI ar or ganl c
sol vent is added to between about 1 to 4 parts by volune of treated
fuel. 30 16. The prgcess of apnyone of Clajms_1 to 15, further
conprising treati ﬁg hRrocgse ot éBY wone|of frlginsa 7 da ) wheieiprthe porousgsupport
17.The process of Goghsd€y-aWpghgi n the basic adsorbent .is sel ected
from t-he group consi sting of zeolites, activated carbon, and

| ayer ed- doubl e hydroxi des. (LDH). 5 1B. The process of d ai m 16,

further conprising, wﬁb&&gmwe%f@&%bﬁt&m w&;e.ﬁtmﬁa&u HétaP

to regenerate the basic adsorbent. 19 process

G al ol to 17, aheacied fiem HoHERS <A Hald oftn@PeemrTaeégltmq 4990).
content -i niphe range. of between about 300 to 800 ppm 20:Ttie
process of any o wherein the fuel s

e
Phat - has baoh t AathapioRess el e SheralR Fiesrrstop el Sefecigs fom the

21. The process of afrgupsensidiinglofinfihgandse, tGbaltMren cdbforhiven and mo]ybdenum
sul fur-containing conpounds in the fuel conprise thiophenic

.compounds. 22.The process of O aim 20; wherein the thiophénic
conpounds are s eI16cTiEdprobemftdmg coneeafi ﬁlatme Hstbsi figthef cerhprgiie ne,

b’ enzat hi oggene addmg a polar. organic solvent to the treated fuel after contacting the
fuel with air, thereby extractmg the oxsdlsed sulfur—contammg compounds
from the treated fuel, and

. separatmg the polar organic solvent and the oxxdxsed sutfur-contatmng
compounds from the treated fuel.

20 e o _ _ ,

14.The procéss of Claim 13, wherein the polar drgar;ic sqlvent comprises

acetonitrile, : r_bl;N’-dimethyleacétamide,' ~ N-methyl-pyrolidinone,

. trimethylphosphate, hexamethylphesbheﬁc “amide, methanol, ethanol,

. propanol,. butanol, pyriding,. ptdpy!e_né dlycol, ethylene glycol, NN'-

25 dimethyl-formamide, 1-methyl-2-pyrrolidone, aceone and mixtures

' thereof. '

15.The process of Claim 13 or' 1'4.'t~herein 1 part by volume of polar organic
. - solvent is added to betweeri about 1 to 4 parts by volume of freated fuel.
30 ' '
16 The process of any-one of Claims 1 tc: 15, further compnsmg treatlng the
treated fuel with a basu: adsorhent



20 di benzot'hi ophene, 4ﬁethy| dlbenzothlophene : 4,6-d}nethy|
di benzot hi ophene and tri benzot hi ophene,” and nono-, di-,_ tri-, and
tetra- substituted conmpounds thereof. g

10,

15

20
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| 17.The process of Claim 16, wherein the basic adsorbent is selected from

the group consisting of zeolltes actlvated carbon, and layered-doub[e
hydroxides (LDH),

18.The process of Claim 16, further comprising washing the basic adéorbent
- with a basic solution to regenerate the basic adsorbent.

- 19.The process of any ohe of Claims 1 to 17, wheréiﬁ the untreated fuel

comprises sulfur content in the range of between about 300 fo 800 ppm.

- . 20.The process of any one of Claims 110 18, wherem the fuel |s dlesel that

. has been treatedin a hydro—desulfunsatlon process.

24. The process of any eone of Cialms 1 to 19, wherein the sulfur-con’fammg _
compounds in the fuel comprise thlophenlc compounds. '

22.The p'rocess of Claim 20, wherein the thiophenic compounds are selected -

 from the _group  consisting : ‘of thiophene, benzothiophene,
dibenzothiophene, 4fmethyl-dibe_.-nzdthiophene, - .4,6-dimet_h'yl-

- _dibenzothiophen'e and tribenzofhiophené. and mono-, di-, tr-, and tetra~
éubstituted compounds thereof. ' ' |



