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; <=e3edr | j km ng6r Tdr PCT/ EPO0O/ 10829 The present invention relates to
fuels, which are atom sed for conbustion such as distillates) 5
parti cuVW428Pesel fuel s having wmmmm"mm' ronnment al BETEBPHEEZL upon
conmbustion. Wil st diesel fuels ant ages they suffer fromthe
di sadvant age that they produce undestdo@fle polluting em ssions on
conbustion. These are particularly problematic with diesel engines where
t he em ssions are discharged |nto t he at m)sphere in the exhaust gases of
di esel power ed BERUCER PART TE FORMING BISTILIATE EUELSH| ens ar
the 10 conbustion of heating oi I S. The invention is also appli ci‘wmmlmﬂ‘mm\“‘l‘m“
stationary and mari ne notors which operate through fuel inje
heavier distillate fuels. Mddle distillates and the heavier rrarl ne "FUdl’s

are tymhe %Pés%ntqueﬁ!ndiﬁ@la@é tSHusls! Jvllnéﬁ arg 'éton‘ﬁfe"b%ﬂ OPhtR8hbr Rk b &Et;‘f’/llrale%” of crude

oil. They are conplex mxtures and the pollutants generated 15 their

conmbusphARubMK Bie88VBEIRIhalifg MprolbE eRViRPRIAG Qferféﬁ’ﬂa(?llaé‘ lupbf cbidSudtiél results
in sul phur containing pollutants, particularly oxides of sul phur and

sul phawesiist dia€el FLEIS HAGE nfdiny RIVARSEEY thBy bheerfikmh tNGishdvahR@edhst théy Whi ch the
fuel is conbusted |leads to the formati on of oxides of nitrogen (otherw se

known aeodNeX)indekireble heIRAAE 8mREIORObY BB HSN. ahes@dre particiafifoble@htican | ead
to PNA enissions. Furthernore, the conbustion process involving ignition of

at om S&ﬂhﬂ(bs‘éhﬁbm@&%b@tﬁ@e@&s@ﬂ@@@&ﬁh&@r@édﬁ%lhé%dncﬁs%mére(lﬁﬁ}eleﬂhdlj@ﬁm i ne
power ed engi nes) can lead to inconplete conbustion the fuel in the
engi ne gased dfeditsal peweisdi vahicsan Siatfibt, talbeit 1kdesdverdBlobimsOdrigeafidrh ¢l at es or
soot particles in the exhaust gases. These are not new problens and for
mang yeambusteshiohbeatinhaile Thednedtaras alpd Applichtaé to stdiiohalyiand rgribembed ogy to
produce mddle distillate fuels and heavy fuels which |lead to reduced

em ssi wiich deegitethrough fhelrimectiomend headerutisilistelfasie devel oped i nproved

equi pnent to CONFI RMVATI ON COPY WD 01/ 32809 PCT/ EPOO/ 10829 reduce

em ssions and additive suppliers have devel oped additives to enhance

conbustigdle QEQIIa?éIE?}L d@hd n(%\ﬁé?ﬂwaq]lfne FuiRd ?rettyﬁ) Aﬁ‘éﬁ ﬁy (ﬁéwl €£§£

friendly. There owever continuin I's re the

| egi sl e i | ower

| ever s 2of Rl Papannd %*ohfgéysﬁ%‘% s s 2{“2%"%&%@&”
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and it chataiHgipoliREhE Dattikalarly Huiddref ¥t§?9ﬁur 2Ruipriatdd. Hhe BreseRcddt H?t@&@h the

Eur opean Union directive concerning the em ssion of gaseous and particul ate

pol | ut aithe flidl @AY (H BE RIr i RBICh 8% fudNe 8BRS IEhEP RO forfhBticHst dxlagBdp are set
out inthe Gl 8 Gas Journal (O&Special an "Future Transport Fuels") 12
July 198fbgeh eotrerivisel k@olAgeNGX )t Phelbrebdhddioh pblyrcleatiarbRetids ih tHelf@sl cariut 0 and
G| Industries Inproving Quality, Efficiency of EU Fuels", particularly the
Tabl e Zeauito PhigeeridsionBh & uitkdrfnogd, &re cdabustin pedcebditivein@igamon Saiamised | es”
L350158-L350-68 "Directive 981701EC of the European Parlianment and the
Coudfici lfuadfpattiBleas aipposetAB ¥ aperisatifoe (2intdasoitieadowleyedéndgiedsh ohn radtd5 di esel
fuel s and anmendi ng Council Directive 93/12/ EEC', of which Annex Il (Page
L350/ 66navomtiede mombhstionpefdhé ifesitin threserdgine di eeburh@r wihibie cye aesuB0060heg 350 ng/ kg
max sul phur content), and Annex |V Page L350/ 68 contains those for the year
2005. $prmatign pglparhelldﬁbgmwbbarpgﬂeyﬂyfbb|e6haysome|scs pernmtted is being
reduced as is the proportion of high boiling mterials and, at the sane
time the cetane nunber which is a measure of the combustion abi lity of 20

the fuelheks aREhSGndW BFRRRRIand \&f Fhaiy\HaYs i’éﬂ*ﬁ@(sehé\@n@ée'ﬂsdé%eﬂﬁﬁg th&f

t echnol ogy, which provides distillate fue whi ch are cl ea urni ng and

« Sapkst Yefirdi®y teBRHIRSY to PRGGceThidaRURHIate hydid SRR AuelsSAHtH 85 B Fétuced

emissions. Engine and burner manufacturers have developed improved equipment to
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WO 01/ 32809 PCT/ EPO0O/ 10829 The present invention is concerned with

distill s and their production, particularly fuel ol [n the

m ddl e ﬁlbgl{l?#@gt e region, which have inproved conbusti onﬁgmfpmn%?rti cul ar
fuel s which generate |ower particul ate em ssions on conbustion. 5 It has

| ong been recogni sed that soot particles are forned in diesel fuel due to

i nconpl ete conbustion often caused by inconplete mxing of the fuel and the
conbustion air before actual combustion. Various attenpts have been nmade to
enhanc gedupetamissions dndraddiiverpipp|iens havadevielopad pddifesddenranpEc@mustids t o
inject a fluid containing a peroxide into the conbustion chanber,

pr ef er andyenabledie useeofifugls that erenmore ervisorroentalbytiriendlphase. U. S. Patent 10 4
723 963 oxidi ses the benzylic carbon atons in aromatics in the fuel by free
radi cal oxidation to increase the cetane nunber of the fuel. It is notable
that the aromatic levels required in the fuels of U S. Patent 4 723 963 are
hi gher Thesmist haysyebd cooliring oeed Whieh &, reflegtedhéy therlegislalian, tomipéde fupl 723 963
clearly states that paraffinic hydrocarbon noities should not _be oxidised
si nde |ONMPositipesthahgenaselgriower anddoyer levils ehp@utaptsden sorglustipabTBIsHP gh cet ane
1 S nunber. As early as the 1940's U.S. Patents 2 317 968 and 2 365 220
suggestibptrgiaddyithespesticaljons set in Guroppjoridiesel frelgincuichiie maxireym level of s al so
wel | known to incorporate additives, which inprove the cetane nunber of the
fuel . UniRhwgPesmigsitie ipo8awas 500 gem4n heygar 2009 1tville359apd R isRAEFIRRIGA wi t h

i mprovi ng the cetane 20 nunmbers of directly distilled fuel and

vi sco- ri8aiuB e ¥eae<aPS 1t ydl e PR PpRYANd B %.Umﬂ‘?é% &y digcivesganceiningdhet

over com n.g the di sadvant age cet an rover  additives and t he

sel ect | GRSGPN Eigl H1-es Ygi%gg'w?%_@o'it@?e&ﬁbewgggﬁ rhess SEPAERETRs
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or perpropio ac
Journal of the European Communities” L350/58-L350-68 “Directive 98/70/EC of the

European Parliament and the Council of 13 October 1998 relating to the quality of petrol and
15 diesel fuels and amending Council Directive 93/12/EEC”, of which Annex |l (Page L350/66
contains the specifications for diesel for the year 2000 (350 mg/kg max sulphur content),
and Annex IV Page L350/68 contains those for the year 2005. Similarly the amount of
polycyclic aromatics permitted is being reduced as is the proportion of high boiling materials
and, at the same time the cetane number which is a measure of the combustion ability of

20  the fuel is being increased.

Accordingly, there remains a need for technology, which provides distillate fuels, which are

cleaner burning and satisfy the imminent more stringent environmental requirements.
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WO 01 /32809 PCT/ EPOO/ 10829 presence of hydrogen peroxi de. These patents do
not i ndi e nature of the product produced by contagjd uel with
t he rad?‘gg?@z%dgr oxi de based materials and attenpts to re(geci:alr topl@&é;r ocesses
have not resulted in any oxidation of the fuel. It is however believed that
if any reaction takes place a conplex mxture will be formed containing
peroxi de, ester, 5 and acid groups. These groups woul d have a del eterious
effect on the short and long termstability of the fuel and any acid

f unct i ohke prggent Ewertionisonceraed Wit digitpteduels pnd thelr moduation paftispierisfugis4 335

di scl oses synthetic diesel fuel produced by the Fischer Tropsch Synthesis.
Thi s pr bRiliRgeis the Middle digtiaie raoiry. phichdiaye dnererest eornbusipry andingpagtigitar10 oxygen
content and it is speculated that the presence of the al cohols contributes
to supefuelsrwhieh gesierain iawer partisyigte SISsIBNSHAR EQNBRHSHOR ai r bor ne eni ssi ons. The
present invention is concerned with the reduction in particul ates forned
fromthe conbustion of fuels and is applicable to fuels containing a broad
range oft hasllophueed R¢BENisedInbydlofFdrlidles ARTHAWRIin RSeIRETGLO td iR§SmpiBRN 30 ppm
In particular we have found that distillate fuels, particularly mddle

di sti | | adrabustionbAéitan@el ®F Sncohplets AikifPon taé flhpdithe dEmbubfona skifeed t o
provi de hydroxyl and/or carbonyl groups chem cally bound to paraffinic

mol ecul egtualoinbastione vVaAnd ditbmptstHage BeanMadexb epiadrick eormbdstisn e Bxdrapled upon
conmbustion of the oxidised fuel is significantly reduced when conpared with
t he anolimiasdfeepardpased ah ¥80 PTA486 ad injpcina Alid wortirsig arpeedxiddhimtalthexi di sed
fuel. The invention nay be used to reduce particulates from both high and
ul tra | comblsties chdraberpprefepably pitarithe initatibry of ths sorhibiastiol Phayeriu. SuPgthotr  f uel s.
W have al so found that the techniques of the present invention may be used
t 0o 1@dudeg2BHiB3serigisrs tharnaylicrcageon btews| is apdmétios| is the &ud ibg dteardagictlo r educe
the sul phur levels of fuels whose sul phur level is already relatively | ow
25 =f OX\RPW/IGIROPSPUT &a® 1O of theonel. disipeotableltbatghegwmatic teveist i on
therefore provides a distillate fuel containing hydroxyl and/or carbonyl
groups Ewired il thy fustuelid).BoPalanid 7250963 argriaher teortkossiaf madetiaydielsi | | at e
fuel nolecules in an anount to provide at least 0.1 w 9% preferably at

| east o_Fgrtlmrm%e, gxsy dj’@h&n; H 7230 3folaarly stgtes that paraffinic hydrocarbon moities should

not be oxidised since it is these hydrocarbyl groups, which provide a desirable high cetane
15 number. As early as the 1940’s U.S. Patents 2 317 968 and 2 365 220 suggested oxidation

of diesel fuel by free radical oxidation.

It is also well known to incorporate additives, which improve the cetane number of the fuel.
United States Patents 5 114 433 and 5 114 434 are concerned with improving the cetane
20 numbers of directly distilled fuel and visco-reduced diesel fuels respectively. These patents
are aimed at overcoming the disadvantage with cetane improver additives and the selection
of the additive is restricted to one that is simuitaneously relatively insoluble in water and
chemically stabie relative thereto, sufficiently soluble in diesel fuel, stable, non-corrosive and
non-toxic. In these patents the cetane number of the fuel is increased by contacting the
25  diesel fuel with either hydrogen peroxide in the presence of formic acid, acetic acid or

propionic acid or with performic acid, per-acetic acid or perpropionic acid optionally in the

(%



The distillate fuel is preferably a mddle distillate fuel such as

petr ol l94adol | @t e boiling in the range 150 to 550C, p 50 to
450C, errg?elﬂg?ie erably 150 to 400C and nay be obtai ned byi’g?ﬁ%)g&g deé#c or
vacuum di stillation of crude oil which may have been subjected to cracking.
The fuels of the present invention are particularly useful as diesel fuels.
It is 10 particularly preferred that the distillate have a 95 vol %
distillation point (as deternm ned by EN-1SO 3405 (1988)) no greater than
370C, presescalf hydieoegrresexige. t pge @eécts dchreotfingicate; ther natyrp|of theayodudensi ty no
greater than 845 Kg/nB and a sul phur content bel ow 350 ppn1Preferany bel ow
50 ppmRAPTLSRAbY cotnadingiths fuglwithdbe trdisgl. Reotexise baseprateriaigand gitemtsii | st t he

«invention is applicable to a range of fuels it is particularly useful in

-

t he prdgeRatitspresessaehavedtot rastliechip apkexidaiandgif e foek iltds Bpweuey belisyeent al
specifications. Here it is further preferred that the fuel from which the
fuel s dhatitroyseactiantakesplach # spMelpemidyrevdtbedemed sonfeinaReEoidgasten w %
pol ycyclic aromatics, no nore than 15 wt % ol efi ns and have a cet ane nunber
of at |¥dacigiounsy dnesegpryrsivoyidhave adeleterigusielieatan the shat 3Rl so
concer nﬁ%tw tp 22 t he heavi,gr distillate quI L[Ised for stationary and

mar i ne TGy 8F e dyp! 384 ARLAGid Lynctins ey 1RodeidAB ive! S2T¥iNfker fuel's and t he

heavi er poorer quality fuels sonetines used in diesel vehicles. Were the
fuel has a high olefine content, care nust be taken to avoid any cl eavage

3fﬂdéf2‘? re%%%eg%éf% FiﬁJr‘]“r{@%???gﬁf\/%g{"ihs%geﬁtﬁf@ﬁaf%{”g?a&éifmrﬁ’fﬁ‘? u%%éggm“g:ac “jgﬁf‘zni "of
"5 o oA Sl o B8 S oo R BB AL S
OO 350 ETL TR AR M T e M5, QS S o
0.3 to Wt %q nore pr era Fy ag.hgp{os %éwt (:“o%(yger?cparrI |cu1°asr Py T to 10 wt

% An o ﬁ%’mﬁ tict 04 ! red and 2 to 3 W % is nost
prefer r'eﬁ. ?r@a e tge\%}fﬂg}gb%%féég%bﬁ%%%ﬁ%%%rreans a saturated carbon atom
which is attached to at | east one hydrogen atom and not attached directly
to an aromatic nucleus. Paraffinic carbon atons may be of the fornula CRnHm

wher e Rrjpes pRedl ik¥dntioh ifbénder@RaNGitD HRWRAMRtibn n ipirtfbuRfS @Blrhéd o thd. The
distillate fuel nolecules are those that are separated in the refinery 10

during &dmoudtisn bf fulsl M1 iDEBEIRSBICUS $6kI4 BorlthiRing 0884 rahedr sLipguf 1egél and the

hydr oxyl or carbonyl groups are provided by oxidation of these nol ecul es,

t hep sy diygissily fEHRO NS 580 Bpraies ReatHak 30 ppAN dRpArictlartvid kv ourltAAtRisilagr oups.
The hydroxyl and/or carbonyl groups in the fuel are conveniently provided

by sel efubisygarbéulsryirfiadie @Rtindtes dbRtairig] lesAACTEDTRM SFeUAIH rBayf K oxidiedoxi dat i on
of the fuel are described in European Patent 0376453 B, PCT Applications WO

931 047 7o, proVi ORMdORA, Rén deot datbn @ 3 dlipe 3be midaiiyt eainStapeaffiMaiendcles iDd 607 and
5 739 076 and UK Patent Application 9406434. 2.
fuel and that the amount of particulates generated upon combustion of the oxidised fuel is
significantly reduced when compared with the amount of particulates generated upon
20  combustion of the unoxidised fuel. The invention may be used to reduce particulates from
both high and ultra low (iess than 50 ppm, particularly less than 30 ppm) sulphur fuels. We
have also found that the techniques of the present invention may be used to reduce the
sulphur and nitrogen leveis of fuels, particularly to reduce the sulphur leveis of fuels whose

sulphur level is already relatively low.

25



20 These patent docunents describe various titani um containing

silicong eolites, which have been found to be parti ef ul
catalys?gﬁﬁggm@he oxi dation of saturated paraffinic carbgg*g?gﬂémafth

per oxi des such as hydrogen peroxide to yield hydroxyl or carbonyl groups.
The processes of these patent documents result in selective oxidation to
hydr oxyl and carbonyl groups unlike the free radi cal processes of the prior
art. Use of these 25 processes enables fuel to be obtained in which 70% and
pr ef er albh gneg@pect therpresenfinvention iherrieretrsenidestapdistilatefuelpntaiiing vdrdwh at ons
in the fuel is in the formof hydroxyl and/or O WO 01/32809

PCT/ EPO@hd/oBgabenyt ereHps chpmically bgind tegpatafiniesarpancatons Wit be distiiate fUg! f uel

- performance. The hydroxyl groups produced by these processes are

pr edoni maequiesdeanadauit tap@vide @t leastp. hyide oxdierahol frasthd whid. ox¥een Ky dr oxyl
groups may be secondary and/or tertiary. \Were carbonyl groups are forned
*it may MREe@ekirable to selectively hydrogenate themto hydroxyl groups by
for 5 exanple standard hydrogenati on techni ques usi ng het erogeneous

cat aPysts. The present invention therefore further provides a process

conpri sithg dxiliSE Fier B! pleferdbll Sinlaidtidtmbieifie] GudpddiRiroRiuATEstillatediotinb i at e f uel
nol ecules in a distillate fuel boiling in the range 150C to 400C to provide

fuel conkaiaRbe 95t edE50%Y, | prafatbir50as 50| mereprgisrablyn 8e t 400°d Sndrasayid | ni ¢
carbon atons and an oxygen content of at least 0.1 wt % preferably at

| east 0.cbtamedy dtiogpHerie bevdcadmesstitationn truaé oll Weiclhmag ase, beehsutbjeeéd i S

sel ectively oxidised with organic peroxides, ozone or hydrogen peroxide in
t he presenekiag. dnhé fussndfiine greesntiveatdrodrgplarticaraiingsefdl aaniidsef fualsedt is

absor pti on band around 950 cm' or 960 cmi'. Hydrogen peroxide is

par tlioc ul particylaply pfeferaithathé Histitaté Havel 095 ag) @ndistillBlien paitidby déterrsingd Y er abl y
in powder, pellet, tablet or granular formand my be mxed with inert

mat er i al EN-$3(@ 13405 (198p)) motgreatetthanl BT Crptedarakiy so gidater ¢ara36OSC. rhe fuel so be
m xed with other materials such as zeolites. 20 The preferred catal ysts are
based orprefesablydidsiadensipnndegtenter thanddd dg/robansta silptwr sonteatdelovedadipma and
titani um oxi des as di scussed in J Chem Soc Chem Conmon 1992, Page 589 and
"The Pr epefiesabiyobelovCh@ ppotverittyistdeperalinachizwed by hydropessiphurisationof  Ti t ani um
Cont ai ning Zeolites" by AL J. H P. Van de Pol - PhD Thesis at Ei ndhoven
University (NL) 1993 and are characterised by an infra red absorption band

at  afs0unL ik theGfiYentiOh is%ﬁli&'ﬁfé to aT&?geQﬁ?@ls)gﬁiE %a%@ulﬁfw!s{eﬁjl MANEprbB&RIoRT

accessible titaniumin their structure and are typically of the general

forml a:offyels @Ql@%ﬁéa@&nE@HgEﬁﬁgléﬂ SR348nRidl dhechidatthdOHart itviahyrreg rati os

al t hough A1203 1 s not an essential conponent. These catal ysts may be

pr epar edorbfef8t thattnel fuéigronPWhidh e Tdeld of®E pfeenf indrtib® are d¥Xivéecordaibnsour ce of
titani um oxi de, optionally a source of alum nium oxide, a nitrogenated

or gani ¢ asahamnth walSiolygsclidesehatisdnd Mode tBBE NS H0% dlbfam doamzuaate@de Page
589, in United States Patent 5 021 607 or in Patent Application WO 97133830

or by t hsureleslotiatieat 5@ mpreférabiyMt idastsad Thedoiehtion ishbwever blso convetretimétbhl or i de
vapour as described by B. Kraushaar and J. H C Van Hoof in Catalysis
Let tHr s the (H28i®) dRditiste fBdls 8edTioe stadibadry strel mmagmec oters rsusiveds| theé fuelsount s of
ot her netals such as alumnium galliumand iron (as described in European
sometimes known as bunker fuels and the heavier poorer quality fuels sometimes used in
diesel vehicles. Where the fuel has a high olefine content, care must be taken to avoid any
cleavage of the molecules in the fuel during the oxidation reaction, which can form
undesirable acid functions. We therefore prefer that the olefin content of the fuel that is to

25  be oxidised is below 10%, more preferably below 5%. A bromine number below 1.5,

preferably 0.5 or less is most preferred.



Pat ent Application 0226258). The catalyst may al so be a dual catal yst which
enabl esyphiesppeduct i on of hydrogen peroxide in situ fro d
hydrogenbghmggnoble metal such as Pall adi um (as describgﬁgpﬁﬂ&B0%%I135894).
The dual catal yst may be prepared by inpregnating the titani um containing
zeolite with the noble netal. 15 United States Patent 4 824 976 relates to
the use of these types of catalysts for the epoxidation of olefins with
HzOz and in this patent x nmay be in the range from about 0.0001 to about
0.04. United Kingdom Patents 2083816 and 2116974 relate to the use of

Si m | afye glebotfbitnd Bl SEubHChRMGI0.226 1BXEHCHErIpRIRELI Disto 36 QRTBLT ©

substrates by oxidation wth 20 H202. These patents are 1 ncorporated herein

by ref ey, eReRnip8richiBRY § tdRHRIY% PAh BRReRcohtBft dAE 8w 8ds ?&@ere&draaaz%ﬁf raction
anal yses of the catalysts; as stated the band intensity at approximtely

950 Cmy o RCMBRSRSfeRsd.t he quantity of titanium present increases. & prefer
"to use the titaniumbeta formsince it has a pore size that can readily 25
accgmodate the distillate nolecules (typically C 4-C' hydrocarbons) to be
oxi di sed and can cause a greater conversion in the oxidation reaction.

WO 01/ 308 BarafimicdarisdrSatoMmymés iy sitdhRd dabon dtérhNehigh [sGRGER&YtorE Xt ur e
conprising: a silicon oxide source (Si02) a titanium oxide source (TiOz)

opt i onakast oAB HHkOFER iatdh @XH Rt S8aLHeE dMetinofean ¥rowtial dieleus MHapffiGoUr ce a
nitrogen containing organic base, and 10 f) water ii) separating the formnmed

cryst al @rignaidrhd thaly 686t the forifiuld CR &, vitisle Rii$ an SIRYI oF Akyigeid WoseParas ed
crystals to formthe catalyst. i) he 5 a) b) c) d) e) PCT/EP00/ 10829 The
cat al ys4 antsiads 1 br 2.hTiee distinartfueimadlscupsseire tralab Yhad besepachtdd iatherefigagt | on

m xture consisting 15 of sources of silicon oxide, titanium oxide,

al W ni duming XtectiistélattbnyoscEsb Lyedin tiad pratuatien oikthe fiel andnihé maiged! areabanyli ng
organi c base and water, the conposition in terns of the nolar reagent

rati os dreupsgaraprovdest f oxidatidefof trede mMdiecuad, theoydoosytigrospaleeegenarallpe a
tetraal kylorthosilicate) preferably tetraethylorthosilicate, or 20 sinply a
si | i catsecpndarybt teitieay hyfdooxyl groups.

The hydroxyl and/or carbonyl groups in the fuel are conveniently provided by selective
15 oxidation of the fuel. Processes suitable for the oxidation of the fuel are described in
European Patent 0376453 B, PCT Applications WO 93/04775, WO 90/05126 and WO
93/15035, United States Patents 5 021 607 and 5 739 076 and UK Patent Application

9406434.2.

20  These patent documents describe various titanium containing silicon-based zealites, which
have been found to be particularly useful catalysts for the oxidation of saturated paraffinic
carbon atoms with peroxides such as hydrogen peroxide to yield hydroxyl or carbonyl
groups. The processes of these patent documents result in selective oxidation to hydroxyl
and carbonyl groups unlike the free radical processes of the prior art. Use of these

25  processes enables fuel to be obtained in which 70% and preferably 80% or more of the

oxygen bound to the paraffinic carbon atoms in the fuel is in the form of hydroxyl and/or

¢



The titani um oxi de source is a hydrolysable titani um conpound preferably
chosen fromTi 4, TiOO 2 and Ti (al koxy)4, preferably Ti (OC2H5)4. Wen
used, t NP Wi um oxi de source can be al uninium sal ts SCTHMPANRYIM et al .
25 9 WD 01/ 32809 PCT/ EPO0/ 10829 The organic base is tetraal kyl anmoni um
hydroxi de, and in particul ar tetranethyl amoni um hydroxide. In the
preferred nethod to produce the catalyst the mxture of these reactants is
subjected 5 to hydrothermal treatnment in an autoclave at a tenperature of

bet ween cdddny@gebupd Qlindradagnificaht iproveReat iPRebpfoRfisntee Thé Bydrékyldrelipsof 1 to
30 preferably 6 to 30 days until the crystals of the catal yst precursor are

f or med. piduesed By tRestqPedestethré pedbrnihantiiebéidasdnditérary hedroBA grolips amashed wi t h
wat er and dried. Wien in the anhydrous state they have the foll ow ng

conposi il dhe hylddox Qbiupd 2hy: De Bekoh iy Jand/or TrRary) XWhére dasbapwiegreapdhie heat ed
in an autoclave at a tenperature of 130 - 200C, preferably about 175C, for
" about 1forohedst nay beudesirablyg b alklecthvaly Bydrodematenthept RChdsexyl gloypd 8l Sorar e t hen
heated for between 1 and 72 hours in air at 550C to elimnate the

ni t r Hgerasraple ctapanidchydesmenatingedhinitales waing Ihgtkodemsolisheatdigdts. owi ng
conposi tion: Si OZ: A1z03: Ti 02 20 The preferred nolar ratio (MR) of the
different reactants with regard to the silicon oxide source (Si02) are

ment i On%ﬂe ip%s%ﬂ%nie%ki&@%@orgmh%i’ provides a process comprising selectively oxidising

paraffinic carbon atoms in distillate fuel molecules in a distillate fuel boiling in the range
150°C to 400°C to provide fuel containing hydroxyl and/or carbonyl groups bonded to

10 paraffinic carbon atoms and an oxygen content of at least 0.1 wt %, preferably at least

0.3 wt %.

In a preferred embodiment of the process, the fuel is selectively oxidised with organic
peroxides, ozone or hydrogen peroxide in the presence of a titanium zeolite catalyst having
15  aninfrared absorption band around 950 cm™ or 960 cm™'. Hydrogen peroxide is particuiarly
preferred as the oxidising agent. The catalyst is preferably in powder, pellet, tablet or
granular form and may be mixed with inert materials such as support or binding materials.

The catalyst may also be mixed with other materials such as zeolites.

20  The preferred catalysts are based on crystalline synthetic material comprising silicon,
alumina and titanium oxides as discussed in J Chem Soc Chem Commun 1992, Page 589
and “The Preparation, Characterization and Catalytic Properties of Titanium Containing
Zeolites” by A. J. H. P. Van de Pol — PhD Thesis at Eindhoven University (NL) 1993 and are
characterised by an infra red absorption band at around 950 cm™ or 960 cm™. The catalysts

25  should have free or accessible titanium in their structure and are typically of the general

formula:



| MR ~ MR referred)Si Ga/ Al 7030- 1 nfinite70-10000H%

Si 0z0. 1- 0. 80. 2- 0. 4Ti O~/ Si 02i

0. 005- OWEN1F2803. 04Hz O Si 0220- 2005- 15RN+/ Si 020. 1- 1. 00. 3- OPGT/EFOV/10§29 011 32809
PCT/ EPOO/ 10829 The catal yst may be aggl onerated in powder, pellet or tablet
form to formcrystal clusters, which are also active and readily recovered
after the oxidation reaction. The catal yst may al so include a carrier

andl or a support. The preferred catalysts are the Titanium Silicalite 5
catal yst known as TS-1 and the Alumino Titanium Silicalite known as

Ti tanium Beta. The oxidising agent used to oxidise the distillate fuel may

be hydrogen $ier,ax0dRI,0} avardidRkibs alBRIugK IMLey, st bR assenBsrxipdRents pref erred
»and may be added as such or prepared in situ as previously described. It is

al so preferred that the diesel fuel is liquid or |n t he dense 10 phase at

the co |on used f r t he q{hdatlon reactijon. IS é greferred t hat

i f hydpﬂbeé qayi § RieRage 8"‘@6%‘58&05@%8 Et‘jéo‘irgea lponoxide Qqueous
on.is carried out in.the resence of sol v

ek 3?9@?%% (R B e cBafEL foSge eﬂ?'y@m'uwgﬂ e nyeoe e PRAMEr ¢ he
d | h | 15 B
Elﬁéf’é'y. fase g fis @e%caﬁ?%sﬂ'?*ée%'%%a gﬁ‘e C?fém.ya?é??lé @%?%8'85%3?“& sat ur at ed
t
S ubot S iy e %s‘%"%ﬁﬁ%ﬂﬂ"a@?%"%?@%i%@ s Bt Bgher P ' ©
terti argsmy%[aﬁméacﬂe%ﬂﬁ t.tgﬁ]@ﬁ&%ch% BPSou NE SRR 8% LoD x@%ch may be
ng or

oxi di se rocess nven shor ranched

or li nNeare 6\}%‘@%!*@&5@59\_ r§1 Eaéiﬁif’a%é/sghcﬁ l%e%a%@ségnayr&ﬁt‘ém?s%aﬂr ef erably

12 to 18 carbon atons cyc nono- aromatics

in ydi Chmalint %ﬁétkeﬁ'ﬂ@ta‘f’s%dch%}g%’ld%hug{ gglﬂ %@B ifdh a?&eslcﬁ@éﬁlntéy pfror €

preferably 3t nost preferably 1 carbon atons no- and

pol y- ablght AMfithtond]2o8068H. THE hai& rtﬁ Qéé 5L gLy cﬁa%&?’wh’&ﬁ%n?&ieé fhe

sel ection of appropriate conditions e saturate groups in th

g;?;'()'n;?fﬂjﬁuéﬂéﬁ lof ARYodt ge¥d:ilesestuiidniioNhehasehyardgbl bh X nble ﬁ"e?é?@&lh%sand
Palladium (as described in WO 00/135894). The dual catalyst may be prepared by

impregnating the titanium containing zeolite with the noble metal.

15
United States Patent 4 824 976 relates to the use of these types of catalysts for the

epoxidation of olefins with H,O, and in this patent x may be in the range from about 0.0001
to about 0.04. United Kingdom Patents 2083816 and 2116974 relate to the use of similar
catalysts for the introduction of hydroxy groups into aromatic substrates by oxidation with
20  H;0,. These patents are incorporated herein by reference for their descriptions of the infra
red and x ray diffraction analyses of the catalysts; as stated the band intensity at

approximately 950 cm™' increases as the quantity of titanium present increases.

We prefer to use the titanium beta form since it has a pore size that can readily
25  accommodate the distillate molecules (typically C,4-C4; hydrocarbons) to be oxidised and

can cause a greater conversion in the oxidation reaction.

s



under relatively mld conditions. The reaction conditions, choice of
cat al ys{yo g3l t1 es of 11 WO 011 32809 PCTI EP00110829 ?&?Pﬁ@/io Lsed and
the proportions of oxidising agent to distillate fuel w epen(? upon t he
conposition of the distillate fuel and the desired oxygen | evel. The
al i phatic substituent may be a part of a totally aliphatic conpound, an
aryl conpound S (al kylaromatic) or an al kyl napht hene conpound. Furthernore,
sai d conpound nmay contain other functional groups which have
el ectron-repul sive properties and which, accordingly, are not reactive. The
cat al yt irge eXhJ&L R EB¥efdré@pPxi di se residual sul phur conpounds in the
fuel. This can convert the sul phur species to ones nore readily renovabl e
»and thus the present invention can bring the additional benefit of enabling
a further reduction in sul phur 10 | evels. W have found that the reactivity
sequencg f or héifg alrefidh infixte RIS ows down fromtertiary to secondary
to primary carbon atons. 15 The oxidising agents used in the reaction may
be ogganic pgy oxiggsﬁcom‘quées&ﬁcéﬂ(%%gen per oxi de either added or prepared
in situ, aqueous hydrogen peroxide being preferred. The aqueous sol ution
contains frop) 10 i gtahidéh odeiRir@d{Tyo;y 0 to 70 wt % hydrogen peroxi de for
exanpl e di |l uted hydrogen peroxide (40% by weight in water). It is also
preferred that a ¢siodallysal semnide ofiteselrtef or exanpl e a ketone or an
al cohol ) acetone, nethanol, ethanol or 20 butanol being preferred. The
sol vent wi || dj ncr gawaalyeh sikdlietal $oured the distillate fuel in the H202
aqueous phase when aqueous hydrogen peroxide is used. Particul ar advant ages
of the procesp ofanhitregen esreaihing oveanid aseaared t hat it uses mild tenperature
and pressure conditions and the conversion and yield are high and
by- pé oduct 2§ forwateron is small. In particular the conversion of hydrogen
peroxide is high. W do however prefer that the conversion of the
hydr ocafibon Feparaingtthe Elrped owystafsdfrore dhe tehetion30ixuré, 2nd WO 01/ 32809
PCT/ EPOO/ 10829

iii) calcining the separated crystals to form the catalyst.

The catalyst used in this invention is preferably prepared from a reaction mixture consisting
15  of sources of silicon oxide, titanium oxide, aluminium oxide and possibly an alkaline oxide, a
nitrogen containing organic base and water, the composition in terms of the molar reagent

ratios being as heretofore defined.

The silicon oxide source can be a tetraalkylorthosilicate, preferably tetraethylorthosilicate, or

20  simply a silicate in coiloidal form.

The titanium oxide source is a hydrolysable titanium compound preferably chosen from
TiCl,, TiOCl, and Ti(alkoxy),, preferably Ti(OC,Hs)s. When used, the aluminium oxide
source can be aluminium salts or aluminium metal.

25



Above 30% conversion there is a risk that di-ketones will be forned | eadi ng
to cl eavage of the oxidi sed nol ecul es and perhaps the formation of acid
functi oW® 0l3280he oxi di sed fuel . The presence of these acPAI’EBMEBYINS can

| ead to the fuel being corrosive. W therefore prefer to use less than a
stoi chionetric anobunt of hydrogen peroxi de based on the distillate fuel. It
is 5 also preferred that the oxidised fuel have a Total Acid Nunber below 1
ngKOH gm preferably 0.5 mgKOH gm nore preferably bel ow 0.2 ngKOH gm | f

t he f uethelcghgdhichaseXd tirsElidrtimenidANYRBANE ah Bi5RirtlcABleFambthiBniRivrecessary
to renove acids by, for instance, caustic washing. 10 The optimum reaction
t enper alydrRideor oxi dation is between 50 and 150C, preferably about 100C

- The pressure should be such that all naterials are in the liquid or dense
phase. The reaction can be carried out at roomtenperature but higher
reaction rates may be 15 obtained at hi gher tenperatures, for exanple under
- refl ux |achadiréierrad meltesd toprovabé theicatas/snig niigtutése thele rddteantit egge@ed!S
pressure created by the heated reactants whereby use of a pressurised

r eact ortodyarottesmat trédtmbniginein dutdgieadt @ empemtire of eameed.130e@d @00TC gher
pressures in the range of 1 to 100 bars (105 to 10" Pa) can increase the
conver sumder gshows @kegidped [trgssaire, tftrea timaof 1 am 30 Pheferapiydatol 30daye antilitegs can be
carried out under batch conditions 20 or in a fixed bed, and the use of the
het er ogeystalsi ©f dloe abtplyst preabises ae foonéd.ndbese keasépadated riroan thenopi@se or

bi phase system The catalyst is stable under the reaction conditions, and
can be sobgionaraeefulnershed sithl walEn engdniece $¥heatin the@anpydrserHtate theg havedhe | s
preferably carried out using hydrogen peroxide in 25 the presence of a

sol ventfolloWieg serhpesitioni s i nportant as it enables the distillate fuel and the
hydr ogen peroxide to interact and come in contact with the catalyst. It
shol¥l d therefore 1; WO 011 32809 PCT/ EPOO/ 10829 either dissolve in the

di esel fuel and the_aqueous phase, which is generally present due to the
use of aquedRi9MPedlsei{RIBxi de as the oxidising agent, or enable the two
phases to diffuse into each other. Polar conpounds are preferred and
exanpl es of preferred solvents are supercritical carbon dioxide, alcohols,

ket onesTheah@irSis pae¥@dlyheatd iRad modm\,tefatatéarwféb&ure%f o) %o@@r@é@m which is

not too high, preferably less than or equal to 8 Methanol or
about 175°C, for about 10 days to cause crystallisation.

15
The precursor crystals are then heated for between 1 and 72 hours in air at 550°C to
eliminate the nitrogenated organic base.
The final catalyst has the following composition: SiO,:AlLO5 TiO,

20

The preferred molar ratio (MR) of the different reactants with regard to the silicon oxide

source (SiO;) are mentioned in the following table:

MR MR (preferred)
SiO./Al,O4 5 0-Infinite 70-1000
OH/ SiO, 5 0.1-0.8 0.2-0.4
TiO./SiO, ' 0.005-0.5 0.01-0.04
H,0O/Si0, 20-200 5-15
RN+/Si0O, 0.1-1.0 0.3-0.9

10



tertiary butanol are the nost preferred of the al cohols, acetone the nost
preferr fl2ddge ketones, and acetic or propionic acid tp@Tﬂpﬁ&uﬁﬂpferred
aci ds. xtures of these solvents may al so be used. The anount sol vent
is inmportant and can influence the reaction product and the conversion, the
choi ce of solvent and the anpbunt depending on the 10 conposition of the
distillate fuel. The solvent inproves the mscibility of the hydrocarbon
phase and the aqueous phase, which is generally present due to the use of
aqueous hydrogen peroxi de as the oxidising agent. The techni ques of the
present invention provide the additional benefits that the oxidation 15
react i ofheceatplysd May Pe agaippeptedipoevder. pellet ardakiptfom.|ta fasmicnstal clustertor e pol ar
»species that are nore easily renoved. For exanple, distillate fuels contain
sul phurwhigh angelsogacveand waé%ﬁéﬁ@@fe%@ne@ Hecidatiprirasetion pihgrestalyimelese can
be converted to sul phoxi des and sulphones by the oxidation technlques

* enpl oy edse wcmﬂ%aﬁaﬁ@éﬁ@dfprrﬁ/wﬁmsn ¢ﬁé9§%’“?ﬁﬁ8éa')b%$ ane tag,il ‘éﬂpr icalifp g

sul phones can t hen be renpv | | ati on, wat er or 20

pol ar sARNEIKEOW a3 i sl #id ‘Bﬁ ’\‘}H“'f‘%fr "?’r‘ig'ﬂ‘aﬁﬂ'@é"@l"i“%% a@grta""’fff‘?l rRete-s
particularly useful in the further reduction of the sul phur |evels of fuels
t hat have al ready been subjected to hydrodesul phurisation to reduce their
sul phur THecwtising Gigbal @3d20 GxRING tha distifate F0éYmAEbe WdrB§erpperoriad orane
particularly bel ow 50 ppm Although the techni ques woul d be operable at

hi gher &righfiibpérokiaeshyarddan pkdk@e igiprafiretiiafd naly bbwdiassupespresieed iaqui r ed
could render the 25 techniques unattractive. 14 WO 011 32809

PCT/ EPO§i{uld3geévidlsey desclibiido itesaied plefdreed thataid diese! fuetisdihsio oumehaiderisa t he
reduction of the nitrogen level in the fuel as the oxidation reaction wl|
conlder t phask abthe wosditidres used fpr shEpcwiidasioh ceattion. dgie alsoyprelersedthatbhydeogebe readi | y
renmoved by distillation, washing with water or polar solvents or absorption
on for perexidgiseissd thedwdipgen pedoside issused aslap aneemssblutién amrtthareactioeis speci es
is 5 preferably the sane operation as the renoval of the oxidised sul phur
speci escarfeoyiinctbe prasente oflasolvedt. dihereanarganicnerdxide)is uggthagsiverfit maye f uel

may be determ ned by standard NVR techni ques such as those described in
Spect r osddgirequitedinsdhe peroxide dstlionahactiasttihe/sayerd. H. W I lians and |. Fl ening
publ i shed by McCraw Hi Il Publishing Conpany. 10 Infra Red Spectroscopy and
Gas Chromat ography including Gas Chromatographi c Mass Spectronetry may al so
be used. The presence of hydroxyl groups is indicated by bands |n the infra
r edl 5 peBY thnpresentripentionsuoloxing S@@CB%WaW%%gatw 'b'arR%S'H'PdB ¥idS210. These
techniques can al so be used to determne if the droxyl roups are

pri mar yfatdaiesRpaticsr CY%'PPP‘QP?“”%&'@HG’&* {ate g, t"&'LH"'Q’%/p@?"gﬁBQSt'B@f‘ﬁg

preferr 5 The distillate f of the pr ent i nvention be treated
b th adidinlae cmpw@s.w#wwa&%&gn PO PRYEEE I s of ¢ he

f d 20 f
e e AR B L AR P Y B R
I t
These olveiBlamder sBat sipeld 'Ef?g?ﬂ%a”%sicgﬁesm%"zj@a ol S B on
cat %ys ref aBIhEZ?g'gb A&rboh ?olﬁ c?t% aneg%n tn'op ka z a}q@g?%%?llcs g\' stillate

petrol e mTue chas d esal S, con aln a

to Tormcgel Eﬁg“*’*336%%%@8‘%&@?@&%&%@@égif‘?%ﬁ%ff*é%‘%&ﬁc@“ﬁﬁu‘iei’a?hZS

fuel topf e‘?éf?tlnlytﬁ.t@l? ohfobn bfons S mdhs: dAWBRL AkGIREIAdke@sal which the fue

will still oW is nomn as the pour pol e tenperature of the fuel
falls and approaches the pour point, difficulties arise in transporting the

fuel through lines and pu Further, the wax crystals tend to plug fuel
- lines, ¥& SUTRYRINGTY ioyeggﬁaépytt@ﬁfée%'pnp&p%r@@we conditions the saturated

25  groups in the distillate fuel may be oxidised with high selectivity to alcohols and carbonyls

under relatively mild conditions. The reaction conditions, choice of catalyst, quantities of

11



5 the pour point. These problens are well recognised in the art, and

variou Ltd-yes have been proposed, many of which are | i al use,
for deéW@ggpﬁggthe pour point of fuel oils. Simlarly, otﬁgﬁgggﬁﬁ i ves have
been proposed and are in comercial use for reducing the size and changi ng
the shape of the wax crystals that do form Smaller size crystals are
desirable since they are less likely to clog a filter; certain additives
inhibit the wax from 10 crystallising as platelets and cause it to adopt an
aci cul asataiysbiused antkthe @salortiong ohexidisiag apentig distifate fuekwilldependyipos théir ough a
filter than are platelets. The additives may al so have the effect of

ret ai nimﬂoﬁitigugg@ﬁﬁi&ﬁﬂatﬂlﬁuq| |aed thecdesireboxyogaieyek t hat have forned, the
.resulting reduced settling also assisting in prevention of bl ockages. 15

Ef fective wax crystal nodification (as nmeasured by the Cold Filter Plugging
Point (CFPP) test and other operability tests, as well as sinulated and
field pEreaiphatincapstifugntireayhes partef aiptalinalinhatic corpeund. a1 Ayl GomRoyndy |
acetate or ethyjene-vin¥l ﬁropionate cogolyner based flow i nprovers. 20 In
U. S.5 Pafebwrieranalis) orpralininaghibens campquad R YrihsinerRpTaR RAMPOSPEMAE s M#iBed whi ch
conprise a wax grow h arrestor and a nucl eati ng agent, the former being

pr ef er a®her fanqigal erayes whigh a?vew&cgﬁt‘-@uﬁwememeﬁfgd WacRacEyHRBYR® with a

hi gher ester content, the LatIerégr?ferabu% a,highfr nDIecuI%r.wﬁight

copol ynfst readtie-a TheGiaiviicsxidatiop mayflso ppiseresidual SyRBuEFARPIHNdR it IR ot
necessarily, .both bein vimgl acetate. 25 1G 01I32§09 PS%;%EOOIIOBZQ
In DE- AUshoPisgansonPR the SR SPRCieq BINERFIAS E50 T4 PN HERIEANHdYS W8 pr i si ng

a mxture of | ow nol ecul ar, wej ght et hyl ene-vi nyl _ester and ethyl ene-acrylic
aci o esPERSHINENYARSED BB ine Adgienp heRd &f Srabiny = AETeEesiien ety ¢ he

est é CF onent. 5 FR-A-2061457 describes a m xture of copol yners

cong isegésa first copolynmer of ethylene and an ol efinically-unsaturated
nmononer containing 3 to 30 carbon atons and having an average nol ecul ar
mass between 700 and 3000, and a second copol yner of ethyl ene and an

ol efini gal .- t . Ly : nd havi ng
an’ aver e AR HAHERoBRATEL,SHABIBYE Anaic Sritiouf 100 3 Bea 057
descri bgs: ! Y ive to inprove | ow tenperature flow of
t he oil ,%%én Iﬁcggiééé%g%‘ﬁ%%%gﬁéég\%%on that a conposition conprising at

| east two different copolyners of ethylene with an unsaturated ester, or a
conposi tion conprising a copolynmer of ethylene with at |east two different
t ypé$s offhepxidisingacentsaiseed in terpaddion aayrie @gania peroxidss.«yzpae of elregsing f | ow

i mprover hayinq advant ages over previously proposed conpositions. Exanples
of ot hepeayidpeitias addeghprarienaigd ipsity. Feverys fYFraoeRererida hainarrefergd| e are
cetane i nprover antifoam additives, dis ant s

succiniﬁﬂﬂ%y?sﬂﬁg@‘%%ﬂ@%ﬁ??@ﬂp&%ﬁg§PhWEPB@Sbi%ﬁQV@aﬁﬁgFgépﬁéﬁékﬁﬁWives such
Feduct | ST FNIER Avpeeh BB By RSN I Hrt i SoRE RO N B e the
ccor di ARG PYIRELBPEEElTe BRI DR ADAGOR. 7oy By Rkt HBFAPEY of the
25 98 perieglsaaebRE: TF solafhREathEe el Brua BeBT e 00 0ne
di esel158r RSB EnAG BAT A S S it i dlaRRea 2 LT ves present in
Particular advantages of the process of the present invention are that it uses mild
temperature and pressure conditions and the conversion and yield are high and by-product

25 formation is small. In particular the conversion of hydrogen peroxide is high. We do

however prefer that the conversion of the hydrocarbon is relatively low and less than 30%.



WO 011 32809 PCT/ EPOO/ 10829 present invention may be used on their own as
di esel r fuels for stationary or marine engines. ively they
may be ‘&ﬁg’lrlllgzesggvmth other distillate fuels and/or with bll)é*lkug(f%%é%ch as the
fuels derived fromrapeseed nethyl ester or soybean ester. 5 W believe
that, unlike many other nodified fuels, the fuels of the present invention
will performwell in conventional engines such as di esel engines operating
under standard conditions and without the need of special l|ubricants. The
i nt r oduAtidver30Uf cankersiopdherg i a eskdhatrdi-seatobeswill bg fasmed ldadingie cleadgewdf| | not
cause adverse interactions with the lubricant or the lubricant additives

t hat i tthenxidisad eolecates he pérhaps theforingtiontof Beid fumglians indee pxidisetiuelbdhgeve 10

- that, dependi ng upon the conposition of the diesel, particulate fornmation
duri ng frasenceoftbase aedfungiipnsean lead tadhe fugl Bingrogosiye ritie Herefpredseieitonpr e.

Em ssions testing nmay be carried out on a commercial vehicle wwth a

- di r ect - Ussjlesstthama stoishismesinareunt elhydveoen perozidebaged pn thprgistijata fuel. dtiswi t h

engi ne warned-up, nmay be driven over the 15 |egislated European drive cycle
for %eni @se erefereshhat dhfepxidisathffue! hemMa iasTalofcid Nuspherdeion § g9 cl es”
(ECE-15) and one 'extra-urban cycle' EUDC% and covers a r%e of speeds
and | oaRreferably 85 maliPhvem: mareeprelesabls below ¢-8 MHOHEM clfdh fyehisPvetay be
used for particulate collection. 20 Particul ates can be coll | ect ed on

pr e- conehidiserHed TANakave YrRse l9velsitypaybgRecessanio reEPve ARIHERISEECNd one
for the EUDC phase of the drive cycle. The filter papers can then be

r ewei gh€a¥ste WeshiRthe test to deternine the mass of particul ates col | ected.
Each test fuel is preferably tested 3 tines over the ECE/ EUDC cycle, and
the base fuel tested before and after the 3 test fuel repeats. 25 1S WO
011 B2809PhEdiirit0 0édAiBA Yertperaturé fdtusidation  #Cisdtweerdb® bind HA0%E, fpuefbradfy t hi s
invention may readily be produced by the oxidation of a suitable refinery
st ream shuit 1868°CGa The pressireishould bersuchehat st greatefial? 3@ it chSROE oAbersenat i vel y
a side stream may be oxidised and then blended with a normal distillate to
pr oducepleasel nal fuel having the desired oxygen |level, however, it may be
difficult 5 to produce a side streamwith a sufficiently high oxygen |evel
to produce the desired final

The reaction can be carried out at room temperature but higher reaction rates may be
15 obtained at higher temperatures, for example under reflux conditions. Reflux conditions
may be used or the autogeneous pressure created by the heated reactants whereby use of
a pressurised reactor enables still higher temperatures to be reached. Use of higher
pressures in the range of 1 to 100 bars (10° to 10’ Pa) can increase the conversion and
selectivity of the reaction. The oxidation reaction can be carried out under batch conditions
20 orinafixed bed, and the use of the heterogeneous catalyst enables a continuous reaction
in a monophase or biphase system. The catalyst is stable under the reaction conditions,

and can be recovered and reused.

The process of the present invention is preferably carried out using hydrogen peroxide in
25  the presence of a solvent. The solvent is important as it enables the distillate fuel and the

hydrogen peroxide to interact and come in contact with the catalyst. It should therefore



I evel on blending without causing cleavage and acid formation. The

oxi di si Qg phHaged N the refinery is preferably |ocated dowpghigaineshet he
hydrofining unit currently used in nost refineries to reduce the sul phur

| evel of the fuel. This will increase the conversion to hydroxyl groups
since the quantity of sul phur species; olefins and benzylic carbon atons,
10 which woul d otherw se react with the oxidising agent, have been reduced
in the hydrofining operation. An additional unit nmay be provided downstream
of the @itheridisselyeimine diesel fupkanddheeareoys plasedviiel isaangrally psentdue fdgen
species. The present invention is illustrated by reference to the follow ng
Exanpl eshe vsafiagHeets ydwiose peioxide as tha omnwﬁ SN WeRye PORRES ther oxi de
using either Titaniumbeta (Ti-(3) or Titaniumsilicalite (TS- E%Fas t he
cat al ystdiffupgéntp pagiethen Helaprompeuntsare preferedand amples of Pfs@afep ROk Dpean
Patent 0376453 A. EXAMPLE 1 20 The distillate fuel used had the follow ng

* propert %% supggcritica\sarppnsiaiss. picahqls. keiopes ethepssglyrols and acids with a number

DD861 BP1625%'238102542 2673027440281502876029270298%8%(16&% 1@%83 FBP326Ani |
ine Pt NfEB®ODEPBE Whichry 5ELIPEAHE. (PrefRiablyesssthap of P at 25

100 g oeR NI EAPE e BiE st m@«%@c@@°€}h%§9§%|pa§er(%ée‘ﬁﬁ%%75%) i
capi || arpiiges THASHIS GgroRRyC s TEROom o3 SSM@‘{%S%M #i8) coo0. 1
15122 (leins b ety s Trates C]f““ 5 25 o bt Tt oo 1
levels R oAb Aare™ ch °38%e§fm%%‘> swh%n‘a’d b ﬁ'%e Ao B g
The I-Bi t acrgmuprgsﬁg}‘ %f &%td?stl}fgtg f&éﬁ .EQihgvgglvgr{t ?ngrroggs e rrﬁ 9(“) ﬂ%f the hydrocarbon

phase and the aqueous phase, which is generally present due to the use of aqueous

hydrogen peroxide as the oxidising agent.

The techniques of the present invention provide the additional benefits that the oxidation
15 reaction can convert sulphur species in the distillate fuels to more polar species that are
more easily removed. For example, distillate fuels contain sulphur in the form of
thiophenes, sulphides and mercaptans and these can be converted to sulphoxides and
sulphones by the oxidation techniques employed in the present invention. These more
polar sulphoxides and sulphones can then be removed by distillation, washing with water or
20  polar soivents or absorption on for instance silica gel. This is particularly usefui in the
further reduction of the sulphur levels of fuels that have already been subjected to
hydrodesulphurisation to reduce their sulphur levels to below 200 ppm particularly below
100 ppm and more particularly below 50 ppm. Although the techniques would be operable
at higher sulphur levels the large quantities of hydrogen peroxide required could render the

25 technigues unattractive.



A SYNTHESI S Reactants QuantityNanmeChem cal fornmul aAbbrevi ati onSourcera
ne5. 36 | Tetra propyl (C3H-0) aTi | TPOTJansenortho titanateChim ca
989%0. 63XOM3AMmAI (NO3)3 H2) Al-nitrate ' Al drich, 99.99%FPETEPEHIRYN
drat e201. 74! Tetra et hyl (CZHS) 4NOH ' TEAOH40% aqueousamoni unsol uti on -h
dr oxi deJohnson Al fa85 m dem neralisedH20"l wat er-wat er 60
Aer osi 1200Si 02Aer osi | De ussa0. 216 ~ seed 2| WO 01/ 32809 Cel conposition
(nmolar ratios) Si : Al : Ti : O+ : H20 =1: 0.003 : 0.018 : 0.55: 15.7
PCT/ EPOGHd R3RBiqlérofitis ilestich aresiss Lierlied tHeyreMhohibh BEtha Aitrodén @hanmthef TEACH
in a plastic container where it 5 was stirred under nitrogen flowwth a
magnet i @ue$ b EHeCdxid=tibn k&adiibh WilkSonvéit hitlogeh torthifthg kpecied tohitrv@dredxideds added.
- TPOT was then added drop wise while continuing to stir. 2.9 grans were
added owaich7ca belteRlily terfo@daiis didflaBom deahirdvRith Waterf@| dolam savebtsndmut es and
the followng 0.66 grans were added over 3 minutes. The total time for
" addi ng tbsorptidnedn Riirgdnce silida gel, aien ueéd, TROIeral dbtheiniteigea.spéflegfsans of
Aerosil was then added: 10 grans, 10 each quarter of an hour, until 50
grans Obret@tblyithe surde bperatiadsietle réthovdl bthp @kidised saiphutspetiesf Al (NO3} 3 H20
(0.63 grans in 61.1 nM water) was added. Finally, the last portion of 10
grans of Aerosil was added. The m xture was stirred for two hours under
nitrogen flow This resulted in a transparent and slightly thickened gel,
whi ch wdbe Ipeeeace aptherhydrokelf draforicarbeayl dPaiRR afube dlehway(be datérmanediy 135C i n
2 hours. The autoclave was then kept at 135C 15 for 240 hours. Washing and
cent ri f standgrdd¥MRdeghininyed kechsad thdsepdessabatkbis Speptarsabpid Mefhadsi Ordanig ng at
9000 RPM for 1 hour. The solid material was crushed and washed 4 tines and
subj ect &hemistey byilh &l. Woliams ehdi &teiming pubdisizedtyMceCraw HHPublisiom Gmwanyhe
material was then dried. Finally the solid material was cal ci ned under
ai r il owlInfEnBed SpedtroacoryrandGag Ghramategraphy ifchidingfsas GoromatodsBie MasrCl hour )
25 550C ~ 550C (24 hours) 22

Spectrometry may also be used. The presence of hydroxyl groups is indicated by bands in

the infra red spectrum at around 3500 and carbonyl groups by bands around 1710. These
techniques can also be used to determine if the hydroxyl groups are primary, secondary or
tertiary; secondary and tertiary groups being preferred.

15

The distillate fuel of the present invention may be treated with additives to improve its

performance.

Whilst the oxidised fuels of the present invention show a significant reduction in particulate
20 formation on combustion of the fuel, the impact on hydrocarbon and carbon monoxide
emissions is less and may, in some instances, involve a slight increase. These can
however be overcome by the use of a typical exhaust oxidation catalyst in the engine

exhaust system.

25  Heating oils and other distillate petroleum fuels, such as diesel fuels, contain alkanes that at

low temperatures tend to precipitate as large crystals of wax in such a way as to form a gel



WO 011 32809 550C ~ 120C (60C/ hour) B CHARACTERI SATI ON PCT/ EPOO/ 10829 The
mat eri al _was anal ysed by X-ray powder diffraction, scanning electron 5

mi cr osQEPYPB2Burier transforminfra red spectroscopy, (LRf; B00/10829
spectroscopy). Element anal ysis used atom c absorption spectronmetry and
photometry (colorinetry). C OXIDATION 10 The oxidation reactions were
performed at the tenperature indicated in Table 1 using the Ti-(3 prepared
as above and the TS-1 prepared according to EP 0376453 A. The process used

I s desgridaed, whichtauseSedid! 161088 ks 8Bty b fidw.r Rid I6weQfeystareea viecoxi de to
distillate fuel set out in Table 1 below, the reactions were perforned at

reacti the fhe malestal floweisfkabwh ab Gy fotktpolrtt AS the ferrpgraadiress? tha fast fallhanddr operti es
- of the 15 nmaterials obtained are also set out in Table 1. The oxygen

cont enappreachea ther pour peihtediffisditisesrsedrafransbaitiaglthe fustthrdueyhlives ataltpumgpsd assuned
the conposition of the starting distillate fuel to be C 2H26. 23 WO
- 01/ 328B0rthex/the wax cREBIHEOD ol RieRines Nafering) arsitfiltes Sb tengperat(regs Above

vol uneReact i on tenperature

5 the pour point. These problems are well recognised in the art, and various additives have
been proposed, many of which are in commercial use, for depressing the pour point of fuel

oils. Similarly, other additives have been proposed and are in commercial use for reducing

the size and changing the shape of the wax crystals that do form. Smaller size crystals are
desirable since they are less likely to clog a filter; certain additives inhibit the wax from

10 crystallising as platelets and cause it to adopt an acicular habit, the resulting needles being
more likely to pass through a filter than are platelets. The additives may also have the effect

of retaining in suspension in the fuel the crystals that have formed, the resulting reduced

settling also assisting in prevention of blockages.

15  Effective wax crystal modification (as measured by the Cold Filter Plugging Point (CFPP)
test and other operability tests, as well as simulated and field performance) may be

achieved by the addition of ethylene-vinyl acetate or ethylene-vinyt propionate copolymer—

based flow improvers.

20 In U.S. Patent 3 961 916 middle distillate flow improvers are described which comprise a
wax growth arrestor and a nucleating agent, the former being preferably a lower molecular
weight ethylene-vinyl ester copolymer with a higher ester content, the latter preferably a
higher molecular weight copolymer with a lower ester content, the esters preferably, but not
necessarily, both being vinyl acetate.

25

16



CRatio H2Q21 | SubstrateH2O2 Efficiency, % to ROH or carbon | Oxygen
content wt RCOOH, 1Ti - (0.6)Acetonel301l 3361. 02ND2TS- 1

0. 6Acet WRL1/32B0P 380. 23ND3TS-1 0. 6TBA1301/ 350. 14ND4TS-1  PCT/EP00/10829

1. 8TBA13041 1302. 6- 115Ti - 1. 8TBA1304I| 1544. 6- 56Ti -
(1.8)Acetonel3041170.6~57TS-1 1. 8Acetonel304I1 8 Ti- 0.6 TBA 90 113 29
0.82 TBA is Tertiary Butyl Al cohol ND neans None Detecfed 5 The data in
Tabl e 1 showi ng how t he conversion, oxygen content and acid content can be

i nf | uenpadE py24oresEhridraiigifiate ﬂb@irﬁ(pﬁbver@ér@l@l@ééﬂb@ﬂ Sofprising & mindlrs ofiewd, choi ce
of solvent and the reaction conditions. The infra red spectrum of the

unoxi di fefkcliak elght ethyiéf8ovingr édtar andoethylenébeghohcidreied @dpdineisebeth i n t he
. region 500 to 4000 wave nunbers is Figure 1 hereto and Figure 2 is an

expandedontgininy @nleabt 40vaolgpee tém of thetddeericogiponent200 to 2000 wave nunbers.
Figures 3 and 4 are the correspondi ng spectra for the product of Run 3 and
« Figures 5 and 6 are the correspondi ng spectra for the product of Run 8. The

h | ..
sFond 1 B 2Detas2 388 RS o RUSET %géjohsv%;%ﬁ%%m@&awa%é PAMERE ar ound
1650, t hl?d g§ glercélﬁlrL}nsgt Yat n%nor%lap ccz)oh |n|ng o 90 %grlb\éﬁ Q{o ésnlﬁ%a%% aI ndi cation

of

average molecular mass between 700 and 3000, and a second copolymer of ethylene and
an olefinically-unsaturated monomer containing 3 to 60 carbon atoms and having an
average molecular weight above 3000 and up to 60,000.
10

EP 0648257 describes a fuel oil additive effective to improve low temperature flow of the oil,
and is based on the obsarvation that a composition comprising at least two different
copolymers of ethylene with an unsaturated ester, or a composition comprising a copolymer
of ethylene with at least two different types of unsaturated ester-derivable units, is an

15 effective cold flow improver having advantages over previously proposed compositions.

Examples of other additives, which may be included in the distillate fuéls, are cetane
improvers, antifoam additives, dispersants such as alkyl succinimides, dyes and
antioxidants. More recently lubricity additives such as esters have been incorporated into
20 diesel fuels to compensate for the reduction in lubricity caused by the deep hydrofining used
to reduce the sulphur ievel in the fuel, the incorporation of oxygen into the fuel according to
the present invention may however improve the lubricity of the fuel. Lubricity is required to

prevent wear in the pumps in diesel engines.

25  We believe that the introduction of the hydroxyl and/or carbonyl groups will not cause any

adverse interaction with other additives present in diesel fuel. The oxidised fuels of the



al cohol in the oxidised fuel. Figure 7 is the infra red spectrum of the
acetone/ di esel m xture used as the feedstock in Run 1, which used an
acet ondvee1/#8M and Figure 8 is the spectrum of the oxi REEEPIABACt 24

WO 01/ 32809 PCT/ EPOO/ 10829 of Run 1. The peak at 3500 in Figure 8 confirns

the formati on of hydroxyl groups during oxidation. In this instance the
acetone nmasks any indication of the carbonyl groups in the oxidised fuel.
The spectra for Runs 2, 4, 6 and 7 showed a simlar effect. Conparative

Exanmpl @rebeRQfven@BPAiad bl iSedbr PEF 8Wn abbidsel Judls) dr RieweorastdtiBR@g beflakisd Ng NoO
catal yst and al so using titaniumdioxide as a catalyst. The infra red

spectr @n%heé.hmtd?ﬁﬂ%@ttﬁem@%e blRAJEPWMbIhendistilalefusiarapamy Wit bioRetly oxy|

. groups.

and car boxyl

XAMPLE 2 Since the quantities of fuel produced in Exanple 1 were
t 00 snmglLith Aothedings derivedStdin tdpRs@ey hethprsses opbofbeah estent ai ni ng t he hydr oxyl

containing materials that would 15 have been expected to be

- produced in Exanple 1 was sinulated by the addition of various oxygenates
to an Utra Low D esel Fuel (ULSADO having the follow ng properties:
Densi t w8 Bblid«g i, ke nfarytothed. middififdl Gelk ptha fudlio ot taa tpredtnipipventiob wilL4C The
fuel was blended with the appropriate anount of oxygenate to achi eve an
oxygen pedaine weli iim comenfione lentinen duchf a28febsl enginghtoperatipy underystaidaahol |,
secondary al cohol) tertiary 25 al cohol and ketone were used. The fuel

bl ends cdadiidorissarar witlset theuheedofTspletial Ribricahts. The introduction of the hydroxy!

10

15

20

25

and/or carbonyl groups in the fuel will not cause adverse interactions with the lubricant or
the lubricant additives that it encounters at the fuel lubricant boundary. We further believe
that, depending upon the composition of the diesel, particulate formation during fuel

combustion can be reduced by 5 to 50% and at times by more.

Emissions testing may be carried out on a commercial vehicle with a direct-injection diesel
engine (eg VW Golf 1.9 TDi). The vehicle, with engine warmed-up, may be driven over the
legislated European drive cycle for emissions measurement. This consists of 4 “elementary
urban cycles” (ECE-15) and one ‘extra-urban cycle’ (EUDC) and covers a range of speeds

and loads.

A particulate tunnel connected to the vehicle exhaust may be used for particulate collection.
Particulates can be collected on pre-conditioned and weighed filter papers, one for the ECE
phase and one for the EUDC phase of the drive cycle. The filter papers can then be re-
weighed after the test to determine the mass of particulates collected. Each test fuel is
preferably tested 3 times over the ECE/EUDC cycle, and the base fuel tested before and

after the 3 test fuel repeats.

18
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WO 01/ 32809 Table 2: TestFuel ~% wt ox enat elULSADO Base0O2Base +

| sodecapal 3Base + Dinethyl He tanol 18. 04Base + Di mep&ypoo/10829
Cct anoﬁ?g.o%égégse + Dinmet hyl He tanonel7.75 PCT/ EPOO/ 1082§y estll ng was

carried out in a VWGColf 1.9 Turbo-Direct Injection engine, thisis a 1.9

litre turbo-charged intercooled direct injection engine with an oxidation

catal yst nounted very 5 close to the engi ne bl ock, exhaust gas

recircul ation, and an electronically controlled distributor fuel punp with

a need| @nlanf indesirial scalal Histiliatey fied of ¢his snveéntiaropag aeadilybegirodugedchyi 8 ti ni ng.

The fuel blends were tested according to a specific test protocol and

i nvol vedkidadioniai@ suitbbleaefliery gseamgacings asstesiant Boiling inttee ranagedl 29dR day. The
. base fuel was tested first followed by the test fuel which was tested three

times i#R¥Gcchkernalivelyod Sidacirepy may ibeagxidiseseand thenthiended ythea nofraal 1

test2, test3, base2). Each of these five tests conprised a hot ECE+EUDC
~drive cistilate tepsedigs afind furl having therdesiss ypemieveldiavesrl. itaaydg dittulteach

test. 15 Results and D scussion Fi fcaur_e 9 and Tabl e 3 show the 8 ta‘ for the

Par t3 cutoarredyqeng sidmstraanxwith2 suffisieatiyigh graenieye! leRrpdycg die desyg ﬁa?s show
the 95% | east significant difference limts and if thes.g_ do not overl ap

t hen t hievel Qnsblendinp withay caysiig ¢eavage aaf pridieinatiope { (ig 8Xdis(ig) Ut "A}?\e 4

oxygenat es showed substantial and signifi canf reduct i O%\?,'girug@ articul ate

eni ssi offine@ iapreferably lp¢ated,dawnspigam d@AphYRIINIGY PRt ST M ®Qelcti on of
21.9% There was no statisti cal%‘i Eir%ngfi cant c“fferenie in the a{munt of
part i culelPgnessiputedrem hessphius devsd oh thenfyel y‘g@s’d‘f’ BelRgas dpg gonversion fo
hydroxyl groups since the quantity of sulphur species; olefins and benzylic carbon atoms,
10  which would otherwise react with the oxidising agent, have been reduced in the hydrofining

operation. An additional unit may be provided downstream of the oxidising unit for the

removal of oxidised sulphur and nitrogen species.

The present invention is illustrated by reference to the following Examples in which a
15 distillate fuel was oxidised with hydrogen peroxide using either Titanium beta (Ti-$) or
Titanium silicalite (TS-1) as the catalyst. The preparation of the TS-1 catalyst is described

in European Patent 0376453 A.

EXAMPLE 1

20  The distillate fuel used had the following properties:

19



sonewhat greater absolute em ssions of NOX than did the U i.th an
aver agdVQ Ab3288%%e of 2.4% However, for the tertiary al c&f#ﬁégﬁ’dxqzhe ket one
these increases were very small and not statistically significant at the
95% | evel. S Figure 10 and Table 3 show the rel ative change in em ssions of
each oxygenated bl end conpared with the base fuel. Reductions in

particul ate em ssions (PM varied from19.8% (tertiary alcohol) to 22.6%
(primary & secondary al cohol s and ketone). The correspondi ng i ncreases in
NOX emi ssions relative to ULSADO were 0.5% (tertiary), 1.0% (ketone), 3.8%

10 (prinmary) and fAphimdipAG@0AEYM-D The additjion pge an oxygenate to the base
. diesel fuel also hggpthe effect of increasing hygzocarjpon (HC) and carbon
nonoxi de (CO em 554, 0NS, al though These can |[be myge easily controll ed by
the use of a typicgp extiaust oxidatton catallysSt 293 thel engi ne exhaust
- system 15 Tabl e 20 267

Fuel COCO2HCNOx PMy R RO SADC0. 230130, 44 U640. 4790. 047Pri ma0. 2971
28.50. 0710. 4970. 0] 400770 500881037 Ter ti a0. 270129. 40. 0750
. 4810. 038Ket oneO. } 282 48240037 Diffferegge frpm ULSADO base
Fuel COCO2HCNOx PMP Nk y2927095-1.20429 987033 84yA#18-R2. 6033Secondar y27. 23
975- 1. 2810719. 844364—384134=226033FertitaryiTm: 51%34- 0-H636716. 731520. 487126
-19. 7889Ket one22. (‘8368- 46642267 070040-974252-245¢6033] 27 WO 011 32809

90 315

95 322

FBP 326

Aniline Pt N (°C) 66.2

Colour - D1500 1

Density (g/mbat 15 °C 0.8502

Kin Visco (cSt)at 25 °C 4.83

Kin Visco (cSt)at 40 °C 3.38

Flash PT (°C) PM 68

Bromine Number: 1.20 g Br per 100 g of sample
The Aromatics content was: 32.9% wt by PINA (ASTM D2786)

5  The Sulphur content was 0.52 wt %

Carbon number distribution (wt %) by capillary gas chromatography



Conpar ati ve Exanpl e 2 PCT/ EPO0/ 10829 Exanple 1 of United States Patent 5
114 433 and Exanple 1 of United States Patent 5 114 434 r ted at
one t eRYQOKRBI% using the distillate fuel used in ExaanP\é&r{ﬁé'Bﬁgag.g Anal ysi s
of the product m xture showed no indication that the diesel fuel had 5 been
oxi dised. 28 WD 011 32809 CLAI M5 PCT/ EPO0/ 10829 1. Distillate fuel having
hydr oxyl and/or carbonyl groups chem cally bound to paraffinic carbon atons
within the distillate fuel nolecules in an anount to provide at least 0.1 S
wt % oxygen in the fuel. 2. Distillate fuel according to Claim21 containing
at least 0.3 w % oxygen. 3. Distillate fuel according to Claim1l1l or Claim
2, in which 70% or nore of thesoxyjgenohOmWotlnin the distillate fuel

. molecules is in the formof hygroxyl or1weshbonyl groups. 4. Distillate fuel
according to any of the prece@7zng [ aigiwt %antaining 0.5 to 10 wt oxygen.

15 5. Distillate fuel accordigg 10 any st %fe preceding clains in which the
- hydroxyl groups are secondary gnd7pr peryd @ry hydroxyl groups. 6.
Distillate fuel according to[@g of THg gi®deding A ains, boiling in the
range 150 to 400C. 20 7. Distiidffjate fugfw@gcording to any of the preceding
G aims, having a 95 vol % boitgy—poi B3ty Joe,dr eat er than 370C. 8. Distillate
fuel according to daim6, hayEMg & 9%5/\91 o, % boi ling point no greater than
25 360C. 29 WO 01/ 32809 PCT/HR001 10 ""w?% Distillate fuel according to
any of the preceding O ains, [qoata MG eSS than 350 ppm sul phur.
C16 15.4 wt %
c17 15.1 wt %
C18 15.2 wt %
C19 11.8 wt %
C20 9.0 wt %
C21 4.4wt%
Cc22 11wt %
C23 0.1 wt %

Since the fuel had relatively high sulphur levels and bromine numbers the consumption of

hydrogen peroxide was high.

The Titanium Beta catalyst used was prepared as follows:

A SYNTHESIS

Reactants
Quantity Name Chemical formula | Abbreviation Source
grams
5.36 Tetra propy! (C3H,0),Ti TPOT Jansen
; ortho titanate Chimica, 98%
0.63 Aluminium AI(NO3); H») Al-nitrate Aldrich, 99.99%
nitrate
monohydrate
201.74 Tetra ethyl (CoH5)sNOH TEAOH 40% agueous
ammonium solution -
hydroxide Johnson Alfa
85 m! demineralised H,O water -
water
60 Aerosil 200 SiO, Aerosil Degussa
0.216 : seed

21




10. Distillate fuel according to Claim9 containing | ess than 50 ppm
sul phur Distillate fuel according to any of the p j ai ns,
cont ai nYVr‘?g"ig%%"% than 11 wt polycyclic aromatics. 12. Di sFleng{)dgﬁP?el
according to any of the preceding Clains, containing no nore than 15 10 wt
%olefins. 13. Distillate fuel according to any of the preceding C ains,
havi ng a cetane nunber above 50. 15 14. Distillate fuel according to Claim
13, having a cetane nunber of at |east 52. 15. Distillate fuel according to
any of Géleompesitel mplairaliosd having a Total Acid Nunber of less than 1
nmgKOHI gram 20 16. Distillate fuel according to any of the preceding
Cl ai s, contSii: Al n§j :OEetHaBe 1 npPOYed.01870.5pi 4B47| | ate fuel according to any
. of the preceding Cains, containing a dispersant. 25 18. Distillate fuel
according to any of the preceding Cains, containing a |ubricityenhancing
additive. 30 WO 011 32809 PCT/ EPOO/ 10829 19. Distillate fuel according to
. any of Thesypthesissiangtaded bylaciogd® hiheragsaf TeAPHinpelpdiceratainetyhe e over. 5
20. Autonotive diesel fuel which is a distillate fuel according to any of
t he r ewassstingdandernitrogen flowdthadaagnetie atires ferHld rwr%acf\ﬁ%t'ﬂmgﬂng' cul ate
em ssions fromfuel conbustion in diesel engines conprising usin% a
di st | | efiweateryeas added n§PRY dvashemarded drepwise wple eentighing (2 strhém ¥aMfy bound
to paraffinic carbon atons within the distillate IIuel gml,e ules, in an
anount Weredeed querat minuies; 16§, arame wressgeRad qvaT thedoliaydng © sunutes,and B8 ¢t i on
according to Claim21, in which the distillate fuel cont iqs t least 0.3
W 9% ox Plieting S0 gty ere A6 ed pass mkSH ol RRjolab e raidno Hie terlyeiod;
coupled with the use of an _oxidatign cat alfgét t.0 reﬁ%uce éhC§1Bydrocar bon and
carbon fRo3foxeme) ebFR@hwasf Sinauesh B grangsieierpiilngs e dPde 'V aRMe. 20 24.

A process conprising selectively oxjdisjn araffipig.carbon at in a

di SH0 1T 8560 LABPT TanIPHG HEE SRR Actrl B (eap pers 0 EBeRTaREP o

fa Llelphg']E &;ﬁ%@@?—l%ﬁ @)r%[gl;rg/yts r|]ne 6‘9'1 Sn%llealtear} ves'\/ag g&]ed.a%aw. t%bég%brﬁé?{‘éf%t in the
grams of Aerosil was added. The mixture was stirred for two hours under nitrogen flow.
This resulted in a transparent and slightly thickened gel, which was heated up in a Teflon

linear PARR autoclave (1 litre) to 135°C in 2 hours. The autoclave was then kept at 135°C

15  for 240 hours.

Washing and centrifuging and drying
The solid phase was separated by centrifuging at 9000 RPM for 1 hour. The solid material
was crushed and washed 4 times and subjected to a final centrifugation for 2 hours at

20 11000 RPM. The material was then dried.

Finally the solid material was calcined under airflow. The caicination programme was as
foliows:
30°C — 550°C (60°C/hour)

25 550°C — 550°C (24 hours)



25. A process according to Claim24, in which the fuel has an oxygen
content of at least 25 0.3 w % 31 WO 01/32809 PCT/ EPOO/ 10829 26. A
process W% g to aim24 or Aaim25, in which the PGATERIBNI8%i n t he
range 150 to 400C. 27. A process according to any of Clainms 24 to 26, in
which the distillate fuel has a 5 sul phur content bel ow 300 ppm 28. A
process according to Caim27 in which the distillate fuel has a sul phur
content below 50 ppm 10 29. A process according to any of Clainms 24 to 28
in which the distgdokats 1boed (sba@/ham-%ol efin content below 15 wt% 30. A
process according to any of Clainms 24 to 29 in which the fuel is oxidised
by contact with an oxidising agent in the presence of a titanium and
-silicon containing 15 catalyst. 31. A process according to any of Cains 24
to 30 i p whi gcRARBRETERESATIONOXI di sed with hydrogen peroxide. 20 32. A
process according to Cdaim31, in which the fuel is oxidised by contact

Wi th hydr ogemhg enfwiidlewasd) dnBfséd ayeRG8y YPowriek | difdttdn, Sdcahfing | diSctfont al yst  at
a tenperature between 50 and 150C° 33. process according to Claim31 or
A aign 32, i nmidhdbseBpy, FROURKE FraBSTBrmP §ifX tedespettréScopy OANE S isPedtidsbopy$2 WO
01/ 32809 PCT/ EPO0O/ 10829 34. A process according to Caim33 in which a dual
catal yst sysElement ard@ist uskot Atgpmiodabsoriptim ypettegtstn edraX i phetormsirycat al yse
the oxidation of the fuel. 35. A process according to any of the preceding
Cl ai ns 24 t o(cdlprimetrywhi ch the selective 5 oxidation takes place in a
reactor downstreamof a refinery hydrofiner. 36. A process according to any
of Clains 24 to 35, in which oxidized sul phur and/or nitrogen species are
renoved fromthe oxidized fuel. 10 37. A process according to Caim36, in
whi ch tBe re@XRATION by washing. 38. A process according to Claim36, in
which the renoval is by distillation. 39. A process according to C ai m 36,
i n Whi ch t heThepxidationi readtipnaceoe peifamed at the temperature indicated in Table 1

using the Ti-p prepared as above and the TS-1 prepared according to EP 0376453
A. The process used is described in U.S. Patent 5 021 607 with ratios of hydrogen
peroxide to distillate fuel set out in Table 1 below, the reactions were performed at
reaction temperature for 6 hours whilst stirring at 520 rpm. The properties of the

15 materials obtained are also set out in Table 1.

The oxygen contents are approximate and were calculated from the NMR data and

assumed the composition of the starting distillate fuel to be Cq,H .
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corresponding spectra for the product of Run 8. The spectra clearly show the presence of

15

ru;5

of solvent and the

the carbonyl function with the significant increase in the peak at around 1709 and the new

peak around 1650, the use of tertiary butyl alcohol as the solvent masks any indication of

alcohol in the

oxidised fuel.

Figure 7 is the infra red spectrum of the acetone/diesel mixture used as the feedstock in

Run 1, which used an acetone solvent and Figure 8 is the spectrum of the oxidised product
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Comparative Example 1
For comparative purposes, Runs 1 and 3 were repeated using no catalyst and also using
titanium dioxide as a catalyst. The infra red spectra of the products showed no formation of

10 carbony! or hydroxyl groups.

EXAMPLE 2

Since the quantities of fuel produced in Example 1 were too small for engine tests the

performance of fuel containing the hydroxyl and carboxyl containing materials that would
15  have been expected to be produced in Example 1 was simulated by the addition of various

oxygenates to an Ultra Low Diesel Fuel (ULSADO) having the following properties:

Density 825 Kg/m®
KVy {CSt) 3.41

20 Sulphur Content 31 ppm
T95 314°C

The fuel was blended with the appropriate amount of oxygenate to achieve an oxygen
content in the final blend of 2% by weight. A primary alcohol, secondary alcohol, tertiary

25 alcohol and ketone were used. The fuel blends details are set out in Table 2.

o
Ut
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Testing was carried out in a VW Golf 1.9 Turbo-Direct Injection engine, this is a 1.9 litre
turbo-charged intercooled direct injection engine with an oxidation catalyst mounted very
5 close to the engine block, exhaust gas recirculation, and an electronically controlled
distributor fuel pump with a needle lift sensor allowing for closed loop control of injection

timing.

The fuel blends were tested according to a specific test protocol and involved testing a base
10  fuel against a different test fuel each day. The base fuel was tested first followed by the test
fuel which was tested three times in succession foliowed by a final base fuel test (base1,
test1, test2, test3, base2). Each of these five tests comprised a hot ECE+EUDC drive cycle.

Gaseous and particulate emissions were collected for each test.

15 Results and Discussion

Figure 9 and Table 3 show the data for the Particulate (PM) and NOyx emissions measured
for each fuel. The bars show the 95% least significant difference limits and if these do not
overlap then there is said to be significant difference between fuels. All 4 oxygenates
showed substantial and significant reductions in particulate emissions relative to the base
20  ULSADO fuel with an average reduction of 21.9%. There was no statistically significant

difference in the amount of particulate reductions seen between the type of oxygenates
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and the ketone these increases were very small and not statlstlcally significant at the 95%

level.

Figure 10 and Table 3 show the relative change in emissions of each oxygenated blend
compared with the base fuel. Reductions in particulate emissions (PM) varied from 19.8%
(tertiary alcohol) to 22.6% (primary & secondary alcohols and ketone). The corresponding
increases in NOx emissions relative to ULSADO were 0.5% (tertiary), 1.0% (ketone), 3.8%
10  (primary) and 4.4% (secondary). The addition of an oxygenate to the base diesel fuel also
had the effect of increasing hydrocarbon (HC) and carbon monoxide (CO) emissions,
although these can be more easily controlled by the use of a typical exhaust oxidation

catalyst in the engine exhaust system.

15 Table 3:

Fuel co CcO2 HC NOx PM
g/km g/km g/km g/km g/km

ULSADO 0.230 130.1 0.064 0.479 0.047

Primary 0.297 128.5 0.071 0.497 0.037

Secondary 0.292 128.4 0.077 0.500 0.037

Tertiary 0.270 129.4 0.075 0.481 0.038

Ketone 0.280 128.2 0.081 0.484 0.037

Difference from ULSADO base
[%]

Fuel co cOo2 HC NOx PM

Primary 29.27095 | -1.2042 | 9.98703 3.827418 -22.6033
Secondary | 27.23975 |-1.28107| 19.84436 | 4.384134 -22.6033
Tertiary 17.51904 |-0.66367| 16.731562 | 0.487126 -19.7889
Ketone 22.01668 [-1.46042] 26.07004 | 0.974252 -22.6033
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1. Distillate fuel having hydroxyl and/or carbonyl groups chemically bound to paraffinic

carbon atoms within the distillate fuel molecules in an amount to provide at least 0.1

5 wt % oxygen in the fuel.
2. Distillate fuel according to Claim 1 containing at least 0.3 wt % oxygen.
3. Distillate fuel according to Claim 1 or Claim 2, in which 70% or more of the oxygen
10 within the distillate fuel molecules is in the form of hydroxyl or carbonyl groups.
4, Distillate fuel according to any of the preceding Claims, containing 0.5 to 10 wt %
oxygen.
15 5. Distillate fuel according to any of the preceding claims in which the hydroxyl groups

are secondary and/or tertiary hydroxyl groups.

6. Distillate fuel according to any of the preceding Claims, boiling in the range 150 to
400°C.
20
7. Distillate fuel according to any of the preceding Claims, having a 95 vol % boiling
point no greater than 370°C.
8. Distillate fuel according to Claim 6, having a 95 vol % boiling point no greater than
25 360°C.
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9. Distillate fuel according to any of the preceding Claims, containing less than 350

ppm sulphur.

10. Distillate fuel according to Claim 9 containing less than 50 ppm sulphur.

5
11. Distillate fuel according to any of the preceding Claims, containing less than 11 wt %
polycyclic aromatics.
12. Distillate fuel according to any of the preceding Claims, containing no more than 15
10 wt % olefins.

13. Distiltate fuel according to any of the preceding Claims, having a cetane number

above 50.

15 14 Distillate fuel according to Claim 13, having a cetane number of at least 52.

15. Distillate fuel according to any of the preceding claims having a Total Acid Number

of less than 1 mgKOH/gram.

20 16. Distillate fuel according to any of the preceding Claims, containing a cetane

improver,

17. Distillate fuel according to any of the preceding Claims, containing a dispersant.

25 18. Distillate fuel according to any of the preceding Claims, containing a lubricity-

enhancing additive.
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Ent APV DOCMmcgaps according to Claim 31, in which the fuel is oxidised by contact with

hydrogen peroxide in the presence of a titanium silicalite catalyst at a temperature

between 50 and 150°C.

33. A process according to Claim 31 or Claim 32, in which the hydrogen peroxide is

25 produced in situ.
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34. A process according to Claim 33 in which a dual catalyst system is used to both

produce the hydrogen peroxide and catalyse the oxidation of the fuel.

35. A process according to any of the preceding Claims 24 to 34, in which the selective

5 oxidation takes place in a reactor downstream of a refinery hydrofiner.

36. A process according to any of Claims 24 to 35, in which oxidized sulphur and/or

nitrogen species are removed from the oxidized fuel.
10 37. A process according to Claim 36, in which the removal is by washing.
38. A process according to Claim 36, in which the removal is by distillation.

39. A process according to Claim 36, in which the removal is by adsorption.
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