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The present invention relates to fuels, which are atom sed for conbustion
such asW@Y(¥8Pates, 5 particularly diesel fuels havi ngPEHEPHYHOE29

envi ronment al perfornance upon conbustion. Wilst diesel fuels have many
advant ages they suffer fromthe di sadvantage that they produce undesirable
pol I uti ng em ssions on conbustion. These are particularly problematic wth
di esel engines mhere the en153|ons are dlscharged into the atnosphere in

t he exhaust SEERPARTICHLALE FORM 233 - LSal beit |ess severe
probl ens arise fromthe 10 conbustlon of heating oils. The invention is

al so applicable to stationary and nmarine notors which operate through fuel
injection of heavier distillate fuels. Mddle distillates and the heavier

mari ne fHéqrSsedl lﬁ\/etnif&\ r%%ltésxo Q}étsa\l\/ﬁi@ﬁjar@étdﬂhl%d fhi c%HtElQhonCsru@ﬁ ki fisinared
fractionation of crude oil. They are conplex m xtures and the pollutants

gengr atetidadarly lesbihbk HaQmEUsibiVBd AR RGN BbribiidiBe upbie comBetiaRe Of
sul phur in the fuel results in sul phur containing pollutants, particularly

oxi des whilss dle@BlUfueld HAvS WhdMyadd@sntaddtethBy S6RIGRMM theNdibaRange ithattthey f uel and
inthe air in which the fuel is conbusted | eads to the formati on of oxi des

of  ni tpreges uneddrabwipsrutikg emissiatis MBOmbubhieh. ITheseAare pafitulp) probiemaiiy

aromatics in the fuel can |ead to PNA em ssions. Furthernore, the
conmbustwithidigeeberefresiwhend thié Bohigs@nk bireddiscbiargat o1id hedinZéspherelin thakekhatkes as
opposed to vaporised fuel (as in gasoline powered engines) can lead to

i nconplgaises obdibse tpoaerealf vethintest uBimilan et lessgsaversoprobleensbarisaefronwitiech can
result in the formation of particulates or soot particles in the exhaust
gasiés. chhisietiara haatingredsy Trreolteation ianido Bpplicatdaip syaianary eed magnesmbtave been
developing their 25 refining technology to produce mddle distillate fuels
and heawtyclf opslrate WiTpegh fluekidietiorraidhaader digitaleduegns. Engi ne and bur ner
manuf act urers have devel oped i nproved equi pnment to 1

Middle distillates and the heavier marine fuels are typically obtained by distillation, cracking
and fractionation of crude oil. They are complex mixtures and the poilutants generated by
15  their combustion take several forms. The presence of sulphur in the fuel results in sulphur
containing pollutants, particularly oxides of sulphur and sulphates. The presence of nitrogen
in the fuel and in the air in which the fuel is combusted leads to the formation of oxides of
nitrogen (otherwise known as NOX). The presence of polynuclear aromatics in the fuel can
lead to PNA emissions. Furthermore, the combustion process involving ignition of atomised
20  fuel particles as opposed to vaporised fuel (as in gasoline powered engines) can lead to
incomplete combustion of the fuel in the engine or the burner which can result in the

formation of particulates or soot particles in the exhaust gases.

These are not new problems and for many years refiners have been developing their
25  refining technology to produce middle distillate fuels and heavy fuels which lead to reduced

emissions. Engine and burner manufacturers have developed improved equipment to
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CONFI RVATI ON COPY WO 01/ 32809 PCT/ EPOO/ 10829 reduce emnmi ssions and additive

supplie developed additives to enhance conbusti on e the
use of ?ﬁe¢%&§%at are nore environnental ly friendly. Thergﬂﬁg‘ﬁoagier

continuing need which is reflected in the legislation to provide fuel 5
conpositions that generate |ower and |l ower |evels of pollutants on
conbustion. This is illustrated by the specifications set in Europe for

di esel fuels in which the maxi mum | evel of sul phur perm ssible in 1995 was
500 ppnieduge emiesigrseand2000ivé suppiierds hbee gB@lopad ailditives taentiaotpearetistiorhat i n t he
year 2005 it will be 50 ppm and the European Union directive concerning the
eni ssi oandofnagledbouse efrfdelpdrat arumarecenyisenneniatydrigndin di esel engi nes. These
specifications 10 and trends are set out in the Gl & Gas Journa
(O&Special on "Future Transport Fuels") 12 July 1999 the article Page 40
to 45 by Nigel R Cuthbert titled "Auto and G| Industries | nproving

Qual i t yThere S Boveyey agontnying agesh whigh js fefiegteg rythﬁﬂeglq'atmnetozr%\hd%vgé 44. The
"Official Journal of the European Conmunities” L350/58-L350-68 "Directive
08/ 70/ ERORROstiRBES tha geprials Ipen an&ntew lgyRis phiollgtsntcen cpbusior: T BiIBdt 1998
relating to the quality of petrol and 15 diesel fuels and anendln Counci
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12 July 1999 the article Page 40 to 45 by Nigel R. Cuthbert titied “Auto and Oil Industries
improving Quality, Efficiency of EU Fuels”, particularly the Table 2 on Page 44. The “Official
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 Il (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.



WO 01/ 32809 PCT/ EPOO/ 10829 The present invention is concerned with
distill and their production, particularly fuel Joh L in the
m ddl e §%§Pp$ﬁg?e regi on, which have inproved conbustionﬁgﬁﬁﬂ#hﬁ%%%ticular
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 conbustion. Various attenpts have been
made t o TeAREseR! inveRtnids cansemed willk giiilate fuels andiasir predyction.cgaiseiarty el

97/ 42405 to inject a fluid containing a peroxide into the conbustion
chamber Pojipgfnetha tinigdia disgliate r@lcpmiwﬁcatghadﬁ ipProved cerpbrstion path inppaii@lary. s,
Patent 10 4 723 963 oxi di ses the benzylic carbon atons in aromatics in the
fuel by fyglewhich gprapte Igugrdatticyiate @MisHiepea’ eobstiedt ane nunber of the fuel .
It is notable that the aromatic levels required in the fuels of U S.
Patent 4 723 963 are higher than those of nodern day fuels. Furthernore,

U. S. sPatiaik idhgbé3n Mudghiks8dihaysdol par@isies Brtfomddah bieBbiFudl de esinEdapletDi ti es
should not be oxidised since it is these hydrocarbyl groups, which provide

a desi r abmeusticgibftesicanedlly indoiiiRdte nAGng of th¥ f@s ahdthelddAbustidd & bdfadeent s 2
317 968 and 2 365 220 suggested oxidation of diesel fuel by free radical

oxi dat i @atual domisistidrs /aneld atlerptahdve bearcoagoib@hrard dbmbyisn foMaxarhplée,npr ove
the cetane nunber of the fuel. United States Patents 5 114 433 and 5 114
434 ar e itcleasCisgemegtopbdeld in uOoYT/a2p06hte igjettad @uid Zdntaitidie b peddxidl inec they
distilled fuel and visco-reduced diesel fuels respectively. These patents
ar e ai mnedmatistonehemben greférebigiafaduaititatjen vi thh combastion phareo k8. Ratdntt | ves and
the selection of the additive is restricted to one that is simultaneously
rel dOi vell ¥23 B8bbxiblises the bartzgiic catbon etoers ipadrbpatitsaibltee fusl &y ifiee retisalet o,
sufficiently soluble in diesel fuel, stable, non-corrosive and non-toxic.
| n t hese@xjdatiemiodnergesedbe seteneowbber dfthe fuel. fltieInolable thatrtee gwgnaby leyslst act i ng
the 25 diesel fuel with either hydrogen peroxide in the presence of formc
aci d, adeqyireddring fegls of U.S. Patent 4 723 963 are higher than those of modern day fueis.

Furthermore, U.S. Patent 4 723 963 clearly states 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 simultaneously relatively insoluble in water and
chemically stable 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

L2



propionic acid or with performc acid, per-acetic acid or perpropionic acid
opt i onalglyeiddsgene VWO 01/ 32809 PCT/EP00/10829 presence o g

per oxi de. Whese patents do not indicate the nature of the pro uct pr oduced
by contacting the fuel with the radical, peroxide based materials and
attenpts to repeat the processes have not resulted in any oxidation of the
fuel. It is however believed that if any reaction takes place a conpl ex

m xture will be formed containing peroxide, ester, 5 and acid groups. These
groups MSEeselehbidragerpasexds. olkesefnatants emnatindieaio e natelobiy Rredud
stability of the fuel and any acid functions may render the fuel corrosive.
Uni t ed Bpdyees bpgpptaeting tB?WeBVS'Q"' the &rdiceb Psroxipettipeed matgriasandplignpisieduced by
the Fischer Tropsch Synthesis. This produces a fuel containing prlnary

al cohol ©Peat i DiOCcessss Havk “Oti‘EﬁUBﬁ?l@é}ﬁ‘Y@ES'ﬁ@‘éﬁ‘tOfafFﬁjf“P't Itig hawewebelicved t hat “the
presence of the alcohols contributes to superior performance in relation
to part} éUf%&yée%‘f“PB&kﬁé PlaR? 8 SPHRSX ”ﬂ’ﬁ%’ew'b‘%eé‘ﬁfm‘?wgﬁq'wqr@"%ﬁ% ned with

tlculates rom.the conbustion of fuels and is

th d

e oA orblied ek biefihs W@wgkﬁwoaa%?'?tsﬂ@a SSieC A BR TN PPNT8BR ¢ « i cal | y
from over ess t | ar .we have found that

di stil Yﬁt?%' 8&&@?“%5!‘9@8&?89?%??%%@Y Eﬁ” ‘P’?‘F‘l?g‘feigo%%‘feai ni xg I egs t han 350

ppm of sul phur may be oxidised to provide hydroxyl and/or carbonyl groups
chenically bound to paraffinic nolecules in the fuel and t hat the anmount

of part lJ(ﬁltJ ét%?es aqgn aév\gﬂ k':%o% (?sregus\s)'atw{h pct ﬁgsel R@ﬂ%{%ﬁfg Ehe |j"| 4 e

Si gnl fi can en co tl cu es

gener at %8ga0§yr%9e Icugﬁggp 8L 2105 AREIAL 556 %‘altoholms v%wgvaegto}o Tay be

used to reduce par Fom ralo |'ess than 50

PPM g paﬁ%%}g%h' Eé‘ﬁté@(t a'nﬁﬁ%s %J%&G\at%@ 1R e pFeleRELs trE)éééf&o’?m ntnB@t}égtgé%L?ﬁ% found that

t he techni"ques sent inventlon my to re sul phur

and n'&g&@ﬁ&ahﬁyﬁhéa@% %%%H%ul Litdoh éﬁs&oﬁ@ reduce the sul phur |evels of

fuel s ose sul phur level 1s a ready relatively | ow

The present invention is concerned with the reduction in particulates formed from the
combustion of fuels and is applicable to fuels containing a broad range of sulphur level

15 typically from over 500 ppm to less than 30 ppm. In particular we have found that distillate
fuels, particularly middle distillates containing less than 350 ppm of sulphur may be oxidised
to provide hydroxyl and/or carbonyl groups chemically bound to paraffinic molecules in the
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 (less 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 levels of fuels, particularly to reduce the sulphur levels of fuels whose
sulphur level is already relatively low.

25



25 4 WO 01/ 32809 PCT/ EPO0/ 10829 1In one aspect the present invention

t her ef or, tfdes a distillate fuel containing hydroxyl r bonyl
groups c %ﬁ{’%f’?y bound to paraffinic carbon atonms wt hi Hcﬁﬁ’éﬁ)@oss?fl | at e
fuel nolecules in an anobunt to provide at least 0.1 w % preferably at

| east 0.3 wt % oxygen in the fuel. 5 The distillate fuel is preferably a
m ddl e distillate fuel such as petroleumdistillate boiling in the range
150 to 550C, preferably 150 to 450C, nore preferably 150 to 400C and may be
obt ai nednioype aspastiveareésenbinverdion thereforstprovidas adistiiptefpeigeniningydeyihay have
been subjected to cracking. The fuels of the present invention are

part i culandfof carbenylpraugs dhessisallygendto petafiinic capbgseatene within the distilatelueled t hat
the distillate have a 95 vol %distillation point 5as determ ned by EN-ISO
3405 (1989?9‘“'%”@?‘@510@?“t@ﬁ&Y'@?@@?St&b‘D@%a@fP{}r%Qj qagt @8 M fraAXY980E. The
fuel preferably has a density no greater than 845 Kg/n8 and a sul phur

cont ent thefuslv 350 ppm preferably bel ow 50 ppm which is generally achieved
by hydrodesul phurisation. 15 Wilst the invention is applicable to a range
of fuels it is particularly useful in the production of fuels satisfying

t he emergidstbieifGdl @ prerRyvipamRidledistiRGud sGeH aspidroledY dstillhteibdilihg irf her
preferred that the fuel fromwhich the fuels of the present invention are

derived tgerngen50@ 5500C SréfamblyliE0ub 450°0omyR)\eéfeabgr 0RI400%; antmaysee t han 15
wt %ol efins and have a cetane nunber of at |east 50, preferably at |east

52. The odbuwired hyommospHepiseredcuainsiistitativperf oede vl Whic? thay havelbean babjedtiedst i | | at e
fuels used for stationary and marine notors such as the fuels sonetines
known astoluratkinyg. fThe lfielsaofdthé hesbrtawieatiorpareparticgiaey usefulfagelieselfoast lties used
in diesel vehicles. Were the fuel has a high ol efine content, care nust
be tHkenpdricuerlyiptefamgd that the distillate have a 95 vol % distillation point (as determined by

EN-ISO 3405 (1988)) no greater than 370°C, preferably no greater than 360°C. The fuel

preferably has a density no greater than 845 Kg/m® and a sulphur content below 350 ppm

preferably below 50 ppm which is generally achieved by hydrodesulphurisation.

15  Whilst the invention is applicable to a range of fuels it is particularly useful in the production
of fuels satisfying the emerging stricter environmental specifications. Here it is further
preferred that the fuel from which the fuels of the present invention are derived contain no
more than 11 wt % polycyclic aromatics, no more than 15 wt % olefins and have a cetane
number of at least 50, preferably at least 52. The invention is however also concerned with

20 the heavier distillate fuels used for stationary and marine motors such as the fuels
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.



cl eavage of the nolecules in the fuel during the oxidation reaction, which

can for irable acid functions. W therefore prefe olefin
contentagyﬂ{ gﬁfuel that is to 25 be oxidised is belom11B€é£g%¥@ggreferably

bel ow 5% A brom ne nunber below 1.5, preferably 0.5 or less is nost
preferred. 5 WO 01/32809 PCT/EPOQ 10829 W prefer that the oxidised fuel
contains fromO0.3 to 15 w % nore preferably 0.5 to 15 w % oxygen
particularly 1 to 10 wt % An oxygen content of 1 to 4 w %is preferred
and 2 to 3 w %is nost preferred. 5 The term paraffinic carbon atom neans

a sat ur gfsefeferfhBOie dkiaitkd Wl %ﬁtéiﬁs@érﬁ@%ﬁ@qswcyé}ﬁnorg%% 9pe.shydsegen atom

ra
and not attached directly to an aromatic nucleus. Paraffinic carbon atons

may be @fodfsh &%m&g@mdrm Wﬂ@x_rn%xgiié.nscoﬁ@n%fm{b4% ok e rRNAQROYP M + N

is 4 and mis 1 or The distillate fuel nolecules are those that are
separ at gflo,iig nidaepreffiegery 10 during the distillation process used in the
production of the fuel and the hydroxyl or carbonyl groups are provided by
oxi dation of these nol ecules, the hydroxyl groups are generally secondary
or tertiary hydroxyl groups. The hydroxyl and/or carbonyl groups in the

fuel ar ghe MvearEMit YarBowioAtHelys S ShteGtddVearbokbateni @hith @atibhédte ot uel .
Processes suitable for the oxidation of the fuel are described in European

Pat ent (23466r@3hBiroden TaténdCrit iattashedQiiR3iP4Y 45 ardMatROUeRELE6 FanaifiMe
93/ 15035, United States Patents 5 021 607 and 5 739 076 and UK Pat ent

Appl i catarbon at®dRodEbedf thaloris ERH widre (ROS BINBIRYISr dikgidendgrov@mi+aus titani um
containing silicon-based zeolites, which have been found to be
parti cudandyn indel @l Thatiatilatd mefrooletdies axititakitioat acd sepatatiedingiok plneff i ni c
10 during the distillation process used in the production of the fuel and the hydroxyl or carbonyl
groups are provided by oxidation of these molecules, the hydroxyl groups are generally

secondary or tertiary hydroxyl 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 zeolites, 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



carbon atons w th peroxides such as hydrogen peroxide to yield hydroxyl or
car bonyl roups. The processes of these patent docunents result in
sel ect | \)ﬁog%ﬁi‘ﬂ?i on to hydroxyl and carbonyl groups unl iPCa/ERe&1482%e
radi cal processes of the prior art. Use of these 25 processes enabl es fuel
to be obtained in which 70% and preferably 80% or nore of the oxygen bound
to the paraffinic carbon atons in the fuel is in the formof hydroxyl
and/or 6 WD 01/32809 PCT/ EPO0/ 10829 carbonyl groups giving a significant
i pr over@onyifyréupelgivirey ﬁ?ﬁﬁﬁi&ﬁﬂmpﬂ%n’l@ﬁﬂﬁ f)perBFRAHS. TRE RHS@rEupst hese
processes are predom nantly secondary and tertiary hydroxyl groups and al
t he hydrPaducedbptipse progesbes &6 pradanuniBseceidahedniditetiaty hiexyegreasdamay| gr oups
are fornmed it may be desirable to selectively hydrogenate themto hydroxyl
groups [ thehydrbxye xeaupk enst e deconhdary Hha@e iertiagn WReBatbongl greuptdare
het er ogeneous catal ysts. The present invention therefore further provides a
process fororgar it sayghesedsirablevtel sgleatvely Bydrggenpse tief to tydeaxybgroupd dysori n
distillate fuel nolecules in a distillate fuel boiling in the range 150C
t 0o 400C exemplexstardiard yelrogeoatian techmipuey disioy heteasybheouscaatddgsty. ! gr oups bonded
to 10 paraffinic carbon atons and an oxygen content of at least 0.1 w %
preferably at least 0.3wm% 1In a preferred enbodi nent of the process, the
fuel is I Lvel v oxidi i i i . . rogen

The ,ﬁ’?‘%@y @ve\eﬁtlgﬁ(lh%'re?@% thI';ep 51%99@95 éac?%ge c%)éﬁ ac?%ﬁwy Ss?%&trﬂ/%ly%&ld

per oxi de | resence of a titanrum z avi'ng an

| nfrared,aRe0r Bhh,00 al?ﬁ%%%ﬁ%ﬂé\g f@eg%o?él':*uies% a%@s%ltﬁg"réel bg?r’weé PORD riiffe0x ! de 1's

particul'arly preferred as the oxidi sing agent. e cat t 1s preferably

in powdefsoe®ed hbbec laftblie Hlel BA fﬁmgaﬁydi'(gypéwgr @_ﬁoﬁ%g@uﬁ@%o%é&‘t& nert

materials such as support or binding naterials. e catalyst may al so be

M XQ@ WdabaffMib 8ArbBReRIMPER S ORyRA BREhI 60 1eadP 0 NGt AT Blefirbbif afRE ySts are
based on crystalline synthetic material conprising silicon,

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 particularly
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:



alum na and titani um oxides as discussed in J Chem Soc Chem Conmun 1992,
Page 589 and "The Preparation, Characterization and Catal ytic Properties
of TitarWQM/A$A aining Zeolites" by A J. H P. Van de PEI/EPOWHB2Thesi s at
Ei ndhoven University (NQ 1993 and are characterised by an infra red
absorption band at around 950 cm' or 960 cm 1. The catal ysts 25 should
have free or accessible titaniumin their structure and are typically of
the general formula: 7 WO 01/32809 PCT/ EPO0/ 10829 Si02:Ti 02. Al 203 at
varying ratios al though A1203 is not an essential conponent. These

catal ysts may be prepared froma m xture containing a source of silicon

oxide, a 5 SOUTOM,0;iat dtiHGraE dRhoUPALAILNH hot aft cS8BHtEECIpoRbATT Ni UM
oxi de, a nitrogenated organic base and water as described in J Chem Soc

Chen1CDnnun 1992, Page 589 |n United States Patent 5 021 607 or in Patent
Appl i MQ 97/ 33830 he dealunlnaglon of ZSM -5 and reaction
with tlt ﬁ?% R Jea ‘?r883 8U‘raE{EXHr8sQ9P PUP ByoHee R %lh%oﬁafa‘:‘l afd J. H
C. Van Hoof Cat al Let 1 P 81-84, Th t t
cont 31 n “Sitap e %”@ﬁlo S oBForalhop & Shglian aig %mt’HPE’?ﬁt&ga%PF%msagg

. Th tal yst
my al o52boatd 4B =t Bedber l par SR e PEM BT Sa e dea s i iedgen
E»S{ adi o sﬁé%ﬁfsiéﬁﬁéw AR PIEE PO Raay SAPRh LM EY or epar e
Unl tle d Z?g[' teécl%f[%ny t@g\% B%t% %?c{n'ala O?p % &és%nﬁ’c\-‘:dtb@ R%ugi%%l gnﬁ tal. 15
cat al yst cf 9hn HB6Fin ?%sg;ttgh% 185 E%B%fab AE mﬂég;ggﬁg&ﬁﬂohglz% t ent X

may be in the range from about to a out

Pat g0t S adRBABHR oA RIS A dsSi@hRiuh? daliEmusf iRdh (8¢ BidcAbed in European

Patent Application 0226258). The catalyst may also be a dual catalyst which enables the
production of hydrogen peroxide in situ from oxygen and hydrogen on a noble metal such as
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,O,. 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.



catal ysts for the introduction of hydroxy groups into aromatic substrates

by oxi dati ifh 20 H202. These patents are incorporate 1
36 i, PR R on

ref erence Tor eir descriptions of the infra red and Xx

anal yses of the catalysts; as stated the band intensity at approxi mately
950 cm' increases as the quantity of titanium present increases. W prefer
to use the titaniumbeta formsince it has a pore size that can readily 25
accomodate the distillate nolecules (typically Cl4-Cl7 hydrocarbons) to be
oxi dised and can cause a greater conversion in the oxidation reaction. 8

WO 01/ 3330 QB FRU1R887eq bipe catal ysts may be prepared by: i) heating a

reaction mxture conprising: "5 a) a silicon oxide source (Si02) b) a
titani um oxi de source (Ti02) c) optionally an al um ni um oxi de source d)
optionally an alkali netal source e) a nitrogen containing organi c base,

and 10jf ) Wat&ingid rbagRRANiAUIEHRINGOr Med crystals fromthe reaction
m xture, and 1ii1) calcining the separated crystals to formthe catal yst.

The gat al yst aysedaisilcdhbidd $B(REY (spm,)i s preferably prepared froma reaction
m xture consisting 15 of sources of silicon oxide, titanium oxide,

al um ni um oxbge agdtapREPLBIYsaRce|TKal)i ne oxi de, a nitrogen containing
organi c base and water, the conposition in terns of the nolar reagent

rati os bei ngcps heptehealydreald@hiuredxidd Beursé | i con oxi de source can be a
tetraal kylorthosilicate, preferably tetraethylorthosilicate, or
d) optionally an alkali metal source
e) a nitrogen containing organic base, and
10 f) water

i) separating the formed crystals from the reaction mixture, and

iii) calcining the separated crystais 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 colloidal form.

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

25



20 sinmply a silicate in colloidal form The titanium oxide source is a
hydr ol ysabl e titani um conpound preferably chosen from TiCd4, TiOCl2 and
Ti (al koX¥O W/328Pef erably Ti (OC2H5) 4. Wen used, the al umi REGEPIO8YY source
can be alumniumsalts or alumniumnetal. 25 9 WD 01/32809 PCT/ EPOQ 10829
The organi c base is tetraal kyl ammoni um hydr oxi de, and in particul ar

t et ranet hyl ammoni um hydroxide. In the preferred nethod to produce the
catal yst the m xture of these reactants is subjected 5 to hydrothermal

tr eat MeTie orgadio basdioRkradRyl&hmaniliSMYEoRItS|Rd A parrulse RirarhdByiaRthoARAC  under
its own devel oped pressure, for a tine of 1 to 30 preferal};ly 6 to 30 days
until theiroxideystal s of the catal yst precursor are forned. These are
separated fromthe nother solution, carefully washed with water and dri ed.
Wien in the anhydrous state they have the follow ng conposition: 10

Si 02: Al 203: Ti O2: (RN+)20. The mixture is preferably heated in an autocl ave
at a t ehybe pleferedoheti@Oto-pr@BEtheaedyat thieInyixtusdid thes# r&dctant0s satijediéd 10 days
to cause crystallisation. 15 The precursor crystals are then heated for
bet weentolhydraihétthah eatsenhinaan awtocidECE o empetdturerdibetvides 13Dtand POAWE ed

organi ¢ base. The final catalyst has the foll ow ng conposition:

Si 02: Al @@d®er its On de@eloped pressure, for a time of 1 to 30 preferably 6 to 30 days until the

crystals of the catalyst precursor are formed. These are separated from the mother
solution, carefully washed with water and dried. When in the anhydrous state they have the

following composition:

10
SiO,:AlL,O5: TiO,: (RN+),0.
The mixture is preferably heated in an autoclave at a temperature of 130 - 200°C, preferably
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: Si0,:AlLO5TiO,
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, O3 O-Infinite 70-1000
OH/ SiO, 0.1-0.8 0.2-04
TiO,/SiO, 0.005-0.5 0.01-0.04
H,O/SiO, 20-200 5-15
RN+/Si0O, 0.1-1.0 0.3-0.9

10



The preferred nolar ratio (MR) of the different reactants with regard to

the sil source (Si2) are nentioned in the fo | e:
MR (pre?@?pégé&ps 2/ A28 O-Infinite 70-1000 OH S kbgﬁ%ﬂ@u%ﬂg 0. 4

Ti 2/ Si 2 0.005-0.5 0.01-0.04 H20/Si @2 20-200 5-15 RN+/S102 0.1-1.0
0.3-0.9 10 WO 01/32809 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 and/or a support. The preferred catalysts are the
Titanium Silicalite 5 catal yst known as TS-1 and the Alum no Titanium
Si | i cal iThecaplsiayPeroslomantedinrewder Relled Rt tablst fagn do & anséal Clugteti di se t he
distillate fuel may be hydrogen peroxide or an organic_peroxide; hydrogen
per oxi d¥hich aff @p@p¢tive apg tPadily reseveseriaiter e aidaopreashiepaefaiaystary u_ as
previously described. It is also preferred that the diesel fuel is liquid
or in t ABOMNSHE a10arTins 288/oRR S?W%Jﬁélpﬁfﬁrﬁ%" crllysts afe they ditzpiyra Silicale r eact i on.
is also Ereferred that if hydro peroxide is used the hydrogen

per oXi d&atpystjaeyngs T 3%@8@”@@81“?%’“&1?’16"3! ieenpwn @i THANIPE-Betar ri'ed out in

the presence of a solvent. Wiere an organic peroxide is used, a solvent may
not be required or the peroxide itself nay act as the solvent. 15 By the
present Thaoridisirgragenp Lsyd xRtk digtillst faélhag b@xidtagéroperokide or passi bl e to
oxi dise saturated aliphatic or cyclic conpounds in the distillate fuel,
i ncl udi peyadicipeluoxided hygindigini gettaddeds preferaddiant neaybeatided asaupoonmiepdred ipr oduce
secondary and/or tertiary hydroxyl and/or carbonyl

situ as previously described. Itis aiso preferred that the diesel fuel is liquid or in the dense

10 phase at the conditions used for the oxidation reaction. It is also preferred that if hydrogen
peroxide is used the hydrogen peroxide is used as an aqueous solution and the reaction is
carried out in the presence of a solvent. Where an organic peroxide is used, a solvent may

not be required or the peroxide itself may act as the solvent.

15 By the present invention employing selective catalytic oxidation it is possible to oxidise
saturated aliphatic or cyclic compounds in the distillate fuel, including aliphatic substituents
of alkyl aromatic compounds to produce secondary and/or tertiary hydroxyl and/or carbonyl
groups. The saturated groups which may be oxidised by the process of this invention
include long or short, branched or linear alkanes containing 3 to 22, typically 3 to 18, more

20  preferably 12 to 18 carbon atoms, cyclic alkanes and mono- and poly- alkyl aromatics in
which at least one of the alkyl groups contain at least three, more preferably 3 to 18, most

preferably 12 to 18 carbon atoms and mono- and poly- alkyl cyclic alkanes.

We have surprisingly found that by the selection of appropriate 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



groups. The saturated groups which may be oxidised by the process of this
i nventi i ude | ong or short, branched or l|inear alk ining 3
to 22, tg‘%?l(/:ja}ﬂgy 3 to 18, nore 20 preferably 12 to 18 car O/%P%?ng, cyclic
al kanes and nono- and poly- alkyl aromatics in which at |east one of the
al kyl groups contain at |least three, nore preferably 3 to 18, nost
preferably 12 to 18 carbon atons and nono- and pol y- al kyl cyclic al kanes.
We have surprisingly found that by the sel ection of appropriate conditions
t he sat catalygtdised Bngjiheupepariipnstes ogidisinglagantdo tistilaterfup! wil derentl wed th@ t h hi gh
selectivity to alcohols and carbonyls wunder relatively mld conditions.
The r eagenersitiond the dstdtlatedneliand thyf desiiedpyygen leyghnt i ties of 11 WD 01/ 32809
PCT/ EPOO/ 10829 catal yst used and the proportions of oxidising agent to
distillate fuel will depend upon the conposition of the distillate fuel
and the_desired oxygen | evel. The aliphatic substituent nay be a part of a
t ot al | y The plihati¢ %Ut@gﬁﬁ‘ﬁﬂ'tm%b{ beya pait of 2 glirhatic somaeyngh ap 6’%%‘%‘1"&90“8 an

al kyl napht hene conpound. Furthernore, said co oqu may contain, .other
func? i offlKYI35Pmala o 2lyinaphthear ePpYdy Ew‘tneém% il ?%’P%“B‘imﬁ)’l EURT ch,

accor di ngl | t active. Th | yti i dat i I i di
A R A e L R
i t dil, | dth th t i ti
bring t RELEAGIE; dRs Foiplie pridation TaRalnq s feSibALT RURERTPOHISP BRI phur 10
i nce for 0]

compounli s Bag BT B D P cpans el AT by SR ot one.

15 The oxi dising,agents. used in. the reacti . o j.des,
ozone oP gt BRRICT S b sl ok s sPebyRY PP FoReal Pt e
hyd&gge&wggroxide being preferred. The aqueous solution contains from 10
to

0, preferably 10 to 70 wt % hydr ogen peroxi de for

We have found that the reactivity sequence for the aliphatic compounds slows down from

tertiary to secondary to primary carbon atoms.

15  The oxidising agents used in the reaction may be organic peroxides, ozone or hydrogen
peroxide either added or prepared in situ, aqueous hydrogen peroxide being preferred. The
aqueous solution contains from 10 to 100, preferably 10 to 70 wt % hydrogen peroxide for
example diluted hydrogen peroxide (40% by weight in water). It is also preferred that a
polar solvent be present for example a ketone or an alcohol, acetone, methanol, ethanol or

20  butanol being preferred. The solvent will increase the solubility of the distiliate fuel in the

H.O, aqueous phase when aqueous hydrogen peroxide is used.

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 iow and less than 30%.

12



exanpl e diluted hydrogen peroxide (40% by weight in water). It is also
preferr a polar solvent be present for exanple a an
alcoholﬁﬂ%égﬁg e, nethanol, ethanol or 20 butanol being B&@%g@f@g& The
solvent will increase the solubility of the distillate fuel in the H02
aqueous phase when aqueous hydrogen peroxide is used. Particul ar advant ages
of the process of the present invention are that it uses mld tenperature
and pressure conditions and the conversion and yield are high and

by- pr od@bbve IBs Corverdiorotheiess 8 sk that ditkefpaes witlipedormeddeasinave clepvagest hydr ogen
peroxide is high. W do however prefer that the conversion of the

hydr oc atheoxidisedmesdlegilassing pedapaing foraation ¢fanid dowsionsiptheoxidisggrgdhe

PCT/ EPQCO/ 10829 Above 30% conversion there is a risk that di-ketones wl|
be f or mptkskaeekiftipse@cidlfenslianfecapieadinige fuel bgineepriopive cYe derefag nrfeHaps t he
formation of acid functions in the oxidised fuel. The presence of these
aci d f umee lesnithap astaicuemetdc ameurt@bhydrgen gereside basaden thgdistiatedsehrlbispref er to
use |l ess than a stoichionetric anount of hydrogen peroxi de based on the

di st 1 | &tse mraferred thatj tye Hxigiseg fb‘?'éﬁé’?@eﬁ“@héﬁ"’t’%@“%ﬁﬁﬁ%a PPN e a Tot al
Aci d Nunber bel ow 1 KOH gm preferably 0.5 nngO-l/ gn\ nore preferably

bel ow 0 Prefergkiord- 8 makGH/eme Maie Preferably dielowsQ 2dngQHiay: a IF AR fugh &%/ 8V hese

| evel s it may be_necessary to renove acids b for inst ncF,‘ caustic

washi ng OXEBeH R BANPRAYR PESRIETT K Beasessa lyRmsys Bs bh o osbBEReen 50
and 150C, preferably about 100C. The pressure should be such that all
nateriaﬁ@“gwéwﬁﬁmﬂhe 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 reflux conditions. Reflux conditions

may 1be Uhedplimuirheastitnogepecise foresddation C iebétedel$o the 1684, prefermblyt ant s
wher eby use of

about 100°C. The pressure should be such that all materials are in the liquid or dense

phase.

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 orin afixed 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



a pressurised reactor enables still higher tenperatures to be reached. Use

of highg§9ﬁ9§ﬁﬁ§ures inthe range of 1 to 100 bars (105 HQ?#%%8§?%9can

i ncrease e"conversion and selectivity of the reaction. ation
reaction can be carried out under batch conditions 20 or in a fixed bed,
and the use of the heterogeneous catal yst enables a continuous reaction in
a nonophase or bi phase system The catalyst is stable under the reaction
conditions, and can be recovered and reused. The process of the present

i nvent i ogithesdipsaifecin did diesshfuel adl tbe aquedius ghésedwbigk is geeemly deesemt dug® t he
presence of a solvent. The solvent is inportant as it enables the

di sti | | athe ubeiel aqyrdus hvsirodepdersyisie asdhaowiidising agenttas enahle thedwe ahases it cont act
with the catalyst. It should therefore 13 WO 01/32809 PCT/ EPQ0O/ 10829

ei t her ddiffussiinte epph pther. didkarepmpawndsaraprefered anbexagpisset erefafied splvenis
generally present due to the use of aqueous hydrogen peroxi de as the

oxi di si nefegyesreriticg caspritsiiexiden alcobgls.katpses ethers. glyeels Jed agidsvibadhMbeher .

Pol ar coqpounds are preferred and exanpl es of preferred solvents are
superxr i ®fi GEONCAPHS WhiGhIR ingk tooghighh Hseferablydegssniian ogefed!do 8gNetBeno! 8hd aci ds
with a nunber 5 of carbon atons which is not too high, preferably |ess than
or equal teftEnsbutRRq! REGR repst Prefertedefha aicelinty. agptans Hie rﬁﬁgtpreﬁ?réﬁde?frﬂé% of the
al cohols, acetone the nost, preferred of the ketones, and acetic or

pr opi oni ketenasqandReelin ot PIRpiaris AFid dhempe PrefRirgd 2 ds q@f‘t“ﬁ? Hesppes  nay

al so be used, The amoupt of solvent is inportant and. can influence the
react i onM3BABANRE USHd ea@BWVé¥§P%Wﬁ'fﬁggﬁﬁﬂfﬁgj8?”§®PWEWBL§Hﬁ"Wé anount

d di h 0 Sit] f i stil fuel. The. sol

mpr ovesPERR OB PRIG B PREmRrar S aasahong Ricam i hE 4ab sbiEe phase.
whi i | | t .d t.h f . id

the Bk araing aoehi® FAEYb L5l ThE e T BTt P BRESeBEbRe the
addi ti On%asge%%fthg saqLQ@L}s M?a%e%hﬂﬁ‘ﬁé 8Qnerally 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 solvents or absorption on for instance silica gel. This is particularly useful 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.
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15 reaction can convert sul phur species in the distillate fuels to nore
pol ar species that are nore easily renoved. For exanple, distillate fuels
cont ai nYEQPHBREM in the form of thiophenes, sul phides an8CEEPEHIBhs and

t hese can be converted to sul phoxi des and sul phones by the oxidation
techni ques enpl oyed in the present invention. These nore polar sul phoxi des
and sul phones can then be renoved by distillation, washing with water or 20
pol ar solvents or absorption on for instance silica gel. This is

par ti culmelt¥cHarRbsbf thig idvaftior! 4t lalR8lusé@AH @id rBBudion bhe PiHfdBBNlevbiaY fles Of
fuel s that have al ready been subjected to hydrodesul phurisation to reduce

their suli@ihidriné exigationtreadiRh AW dstileR Ptdgan bittinigl spebigt @ nhitrdgh Gdesand nor e
particularly bel ow 50 ppm Although the techni gues woul d be operable at

hi gher saHightsn beveadilytrB@oldl B dRuRElibh] Washity willl dv-8gedt gotirasoivéats’ @qui r ed
could render the 25 techniques unattractive. 14 WO 01/32809 PCT/ EPO0O/ 10829

The t echubisepesn of fornhstamdevaiiithi gel) whel L1BkS 0the $&hlal bhtHehftrdgedwpbtionisof t he
nitrogen level in the fuel as the oxidation reaction will convert nitrogen
cont @i nipigfeadicthe same operatioganthexemiesal oidhie @Ridisad sbiphurespdciey. renoved by
distillation, washing with water or polar solvents or absorption on for
instance silica gel, when used, the renoval of the nitrogen species is 5
preferably the same operation as the renoval of the oxidised sul phur

speci es.ThEhwegpmes oh e lfdraxdyearttyatraaxhdnylagrdims ofdhe lieeh yaydreadgbemidedtthe f uel
may be determ ned by standard NMR techni ques such as those described in
Spect r ostapiagd NetRtedwmiques Gugaas thosedientribed in Spgciboschpic Widthadsims Osgadiid .
Fl em ng published by McCraw Hi || Publishing Conpany. 10 Infra Red
Spect r osehsyyistany (&4t ViGhiemsend & Figating putdishrii bydIGxraw Biiruphishing Cashwany Vas s
Spectronmetry may al so be used. The presence of hydroxyl groups is indicated
by béndsniraRed Spestriscapyand Gareehre ograp@vmwlrm%@ arremetagsrd Masoups by
bands around 1710. These )
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 aiso 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



techni ques can al so be used to determne if the hydroxyl groups are
primary, secondary or tertiary; secondary and tertiary groups being

pref er rWQOIB808 " i stillate fuel of the present inventi BATHRY/WE r eat ed
with additives to inprove its performance. Wil st the oxidised fuels of
the present invention show a significant reduction in particulate 20
formati on on conbustion of the fuel, the inpact on hydrocarbon and carbon
nonoxi de em ssions is less and may, in sone instances, involve a slight

| ncr eastructifes MRichausdAN@ TR tolhsseaéibfig e flBY. rheIoWest t8paratut® kb@hictexhaust
oxi dation catalyst in the engine exhaust system 25 Heating oils and ot her

di sti | Ithé euepetirstill lomid kiedv, asSthe boaspdinte 98 thé tehsaratoérahd fual fesiasd t hat at
| ow tenperatures tend to precipitate as large crystals of wax in such a way

as to fapproaghesthe par poldt, AiffiQRBE SrifGh ArERHIHIHG ST uel ShrougH lne€and\iingds. causes
the fuel to lose its ability to flow The |owest tenperature at which the
fuel wiHdrthst,ithd wdx aystals tdaddoplug sud reespsareersoamt filteAsat tdrapdretupssrabove e of t he
fuel falls and approaches the pour point, difficulties arise in
t r ads pdhe pows pohnd. These prébriemg brd wellescagnisedumive.art, &ud ¢dnieus additvesdrever yst al s
tend to plug fuel lines, screens, and filters at tenperatures above 5 the
pour pdieen propigesd nanylof whish aresn verinmerca age.iferatprassin thegraur paintcbf et | ous
additi ves have been proposed, many of which are in conmercial use, for
depr esstilagSintilaripmtiergdditivesdfave be¢n proposed aBdrd incbmmentidiese tduidutivgs have
been proposed and are in comercial use for reducing the size and changing
t he shapesige antehapgingdhsshaae of thaaaxgtystals that dorfaim. Smallez size erystalsiase ar e
desirabl e since they are less likely to clog a filter; certain additives
i nhi bi tdaskablagince thay are lessyikeltp iciigrayfilies; earpineaddityes inhitibihs evaxtfrard adopt an
acicular habit, the resulting need|es be[ng . . .

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-vinyl 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-vinyi 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
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nore likely to pass through a filter than are platelets. The additives may
al so have the effect of retaining in suspension in the fuel the crystals

t hat haWEOPHP¥BY, the resulting reduced settling al so a®STHRPONESH
prevention of bl ockages. 15 Effective wax crystal nodification (as neasured
by the Cold Filter Plugging Point (CFPP) test and other operability tests,
as well as sinulated and field performance) may be achieved by the
addi ti on of ethylene-vinyl acetate or ethyl ene-vinyl propionate copol yner-
based f |10 WE-~240%E383nidAO distitiate flow iMpiRels ade @B triEtScommtiding athigtiteldf Rive f 1 ow

i nprovers are described which conprise a wax growh arrestor and a

nucl eat i mgeaganieigtithehflarerenyl kaiengnp retiyenakcylia acioveternmipeigthesy, bothei ght

et hyl ene-vinyl ester copolyner with a higher ester content, the latter

pr ef er abdoptadnindhatgéeest 4 nolates pdracentefitighésteogmodponent. Wi t h a | ower ester content,
the esters preferably, but not necessarily, both being vinyl acetate. 25
16 WO 01/ 32809 PCT/ EPO0/ 10829 I n DE-A-2407158 middle distillate flow

| npr %Verl'—SR-ﬁ\[%qﬁ%;f:&é.sQﬁ%é agrﬁ{%ﬁl{r% §fe<{5 olgry?}s)goﬁ{gﬁaiﬂéalfips\{\/ccéﬂ(??),ﬁ%% &ﬁyl | ght

et hyl'ene-vin ester an C ster ners, both

cont ai ni fp afhtoléfﬁ#c%hy-ﬂ?sa’i‘['}}!aépW&noﬁ%’?%or%p@ﬁ&gt%?b}f‘c%;bgﬁ'Hgégﬁ%%d havirfgrairf s 2001457

descri bes a m xture of copolyners conpr nmer et hyl ene

and an Oel\/%Hg@ichﬁé&Lh’érH%%F@%Eﬁ‘?O@Qﬁ@Wo, Qﬂf;%%écghgg%%%&réﬁ%tﬁﬂ&b@%datom and

havi ng an average nol ecu mass bet ween a second

copol ynes, giefigitdlylm8suaR ndRoRbEEoMAiRRAL! ¥ 1d!BE LaHoAt KGMERAAMRLINGH ai ning 3
to 60 carbon atons and having an average nol ecul ar wei ght abové 3000 and
up to 60:@R4%e Mélecular 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 observation 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 fuels, 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 level 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

17



EP 0648257 describes a fuel oil additive effective to inprove |ow
tenperature flow of the oil, and is based on the observation that a
conposi WMQW/BHprising at least two different copol yner BCHEPYH§I%ne with
an unsaturated ester, or a conposition conprising a copolyner of ethylene
with at least two different types of unsaturated ester-derivable units, is
an 15 effective cold flow inprover having advant ages over previously
proposed conpositions. Exanples of other additives, which may be incl uded
in the phesértidvahtiori iy ise usRH@NAIRIIN as dgBePMEIE Sor f@ fof SatBnaddr aves ,

di spersants such as al kyl succini mdes, dyes and antioxidants. More
recent | gndingst iAttetnatioslyd tHely \wes/ [RUsidndad wathtotHies disdiNee Reenandrst aithdicidiesl | nto 20
di esel fuels to conpensate for the reduction in lubricity caused by the
deep hyslrobfasnhenfyelssilived bomeadpeseetl retislibgibusr sogveadn dstert he fuel , the

i ncorporation of oxygen into the fuel according to the present invention
may however inprove the lubricity of the fuel. Lubricity is required to
prevent wear in the punps in diesel engines. 25 W believe that the

i nt roduMe atiewd thiah einlikedmery bthanuhodified fuelso thel fugls ofifhe preddnt meentoawslk any
adverse interaction wth other additives present in diesel fuel. The

oxi di seperfarel welbih qonegentibfia\gDgDTEs 3R6/0 9s REFLERIDIcE0BRting updemstandavént | on may
be used on their own as diesel fuels, or fuels for stationary or marine
engi nesconajitiops wad iwitapyt thaepeday sprsid lubnigents wiTha inftadeetiogi aftthe hedrexy uel s
and/or with biofuels such as the fuels derived fromrapeseed nethyl ester
or soybaaHoreagrianyl goyes ipéhe wglwitl Reftcausmpdvesseriateactienrarithibaivbrieantonel s, t he

fuels of the present invention will performwell in conventional engines
such asth&u'%@Pnt@r@ewﬁ%?sthétpber&pwﬁgr%ﬁa@rfu@ﬂtﬁwe%nt@oumumeeamilewt hout the
neeg of special lubricants. The introduction of the hydroxyl and/or

car bbny gr‘iﬁﬁ’ﬁgd'i‘% upRe the, &pmppsiiion gt theiese! aRATGRe |f?ft7@tt'8’&tdi‘6'f‘% fYglth the

| ubri cant or . ubrjc that it encounters at the fuel

b | CaMtmBURET oS Rupell bralo Boh PG at tincs 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
15  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.

20  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 coliected. 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.
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10 that, depending upon the conposition of the diesel, particulate

formati W%GHHSHQ fuel conbustion can be reduced by 5 toﬁm@gﬂﬁ‘% tines

by nore m ssions testing may be carried out on a commerci a icle with
a direct-injection diesel engine (eg VWCGolf 1.9 TDi). The vehicle, with
engi ne war med-up, may be driven over the 15 |egislated European drive
cycle for em ssions neasurenent. This consists of 4 "elenentary urban

cycl es" (ECE-15) and one 'extra-urban cycle' (EUDC) and covers a range of
speeds Qméanliigtial acakrdistitiateafuel efuthiseinventinn eeayveigadity beherogupgd b thexhaust
may be used for particulate collection. 20 Particulates can be collected
on pr e- cxidatien shasuaile iafingiredrepm sugh asapsiream baiting &y therangseef 23higse and
one for the EUDC phase of the drive cycle. The filter papers can then be
re- wei gEd--aftltemativRly peside slieate teaynde exigdised 3ad shesy b'safqu with atnsmeb| | ect ed.
Each test fuel is preferably tested 3 tinmes over the ECE/ EUDC cycle, and
t he basdligtifale to profuc afirabiug! Raving thy desired pruyagnievet hewever riidpasiadifiiont 18 wo
01/ 32809 PCT/ EPOO/ 10829 On an _jndustrial scale, distillate fuel of this

i nvent i dA PFRSYCE asifeIsiream ihauriitidensly hiaheoxyesd lav! toprogtcedhe desicediiBal ef i nery
stream such as, a streamboiling in the ran of 23Q to  3201C. .

Al t or natiPURLPY Blendipg ATBPY GRS RS eBRAdS AT ScutoRRelich dRe AR B e nor mal

hovever FERRPBET Y Pree douniieas BHEdWI-Gras Lot FUER (RI4 SBFY i ci ent 1y
hi gh | I d he desired, finpal . | I bl endi. ith
cgﬂfsi ﬁéyf?ﬁef;\?%% r%#%eﬁﬁ?a&?vﬁwhsfﬁl@E?f'\iﬁuee'-oiﬁﬁgvg\' e e ﬁor?%és"@r?a%““ghgfﬂt s
st 1 apdmaRbo SRS AR e bbb bRl SRR

I NCrpas %ﬁi&?\w&ﬂ@gﬁémiﬁ}egé{ 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-3) 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:
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hydroxyl groups since the quantity of sul phur species; olefins and benzylic
car bon 0 0 which would otherw se react with the oxj ent have
been regf?c‘g%4 ?‘% the hydrofining operation. An additiona um‘ibgl 05

provi ded downstream of the oxidising unit for the renoval of oxi d| sed

sul phur and nitrogen species. The present invention is illustrated by
reference to the following Exanples in which a 15 distillate fuel was

oxi dised with hydrogen peroxide using either Titaniumbeta (Ti-(3) or
Titaniumsilicalite (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 ugdusthiiatiort (3€) fASTIMODI Ng properti eB86 19, WO 01/ 32809
PCT/ EPOO/ 10829 DildBPIlation C ASTM D D86 | BP 1622 5% 238 10 254 20 267
30 274 40 281 50287 60 292 70 298 80 306 988 315

10 254

20 267

30 274

40 281

50 287

60 292

70 298

80 306

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

20



95 322 FBP 326 Aniline Pt N C 66.2 Colour - D1500 1 Density /m at 15 C
0. 8502 ' co (cSt)at 25 C 4.83 Kin Visco (cSt)at 4 Fl ash PT
C PM 68“}8&1@}#@e Nunber: 1.20 g Br per 100 g of sanple Tﬂ% ?%’r?rlé?zl%s
content was: 32.9%wt by PINA (ASTM D2786) 5 The Sul phur content was 0.52
wt % Car bon nunber distribution (wt % by capillary gas chromatography 20

WO 01/ 32809 PCT/ EPO0O/ 10829 C5 0. 1w % C6 0.1 wt % C7 0.3wt% C8 0.5wt % C9
0.7W% Cl0 1.1 Wm% Cl1 4w % Cl2 2.1 wm % Cl3 3.5 % Cl4 6. Owmt %
C5 0.1wt%
C6 0.1wt%
c7 0.3wt%
C8 0.5wt %
C9 0.7wt%
C10 11wt %
C11 4wt %
C12 21wt%
C13 3.5wt %
C14 6.0 wt %
C15 12.2 wt %
C16 15.4 wt %
Cc17 151wt %
C18 15.2wt %
C19 11.8 wt %
C20 9.0 wt %
C21 44wt %
Cc22 1.1wt%
C23 0.1wt %
Since the fuel had relatively high sulphur levels and bromine numbers the consumption of
hydrogen peroxide was high.
5

The Titanium Beta catalyst used was prepared as follows:

A SYNTHESIS

Reactants
Quantity Name Chemical formula | Abbreviation Source
grams
5.36 Tetra propy! (CsH,0),Ti TPOT Jansen
ortho titanate Chimica, 98%
0.63 Aluminium AKNO;z); Hy) Al-nitrate Aldrich, 99.99%
nitrate
monohydrate
201.74 Tetra ethyl (C,Hs)sNOH TEAOH 40% aqueous
ammonium solution -
hydroxide Johnson Alfa
85 mi demineralised H,O water -
water
60 Aerosil 200 SiO, Aerosil Degussa
0.216 seed

21



Cl5 12.2wmt % C16 15.4wt % Cl17 15. 1wt % Cl18 15.2wt% C19 11.8w % C20 9.0 wt
% C21 2 1.1 wm % C30.1w %Since the fuel | vel y
%vﬁ\gﬁr/?@soﬁ ﬁ%@{g@hﬁ&d

hi gh sul p evel s and brom ne nunbers the consunption rogen

peroxi de was high. 5 The Titanium Beta catal yst used was prepared as
follows: A SYNTHESI S Reactants Quantity Nanme Chem cal formula

Abbrevi ation Source grans 5.36 Tetra propyl (C3H70)4Ti TPOT Jansen ortho
titanate Chimca, 98% 0.63 AluminiumAI (NG3)3 H2) Al-nitrate Aldrich,

99. 99% G eerapesitioprimiadratios) 201. 74 Tetra et hyl (C2H5) 4NOH TEACH 40% aqueous

anmmoni um sol uti on -
Si:Al:Ti:OH:H,0O=1:0.003:0.018:0.55:15.7

The synthesis was started by placing 201.74 grams of TEAOH in a plastic container where it

5 was stirred under nitrogen flow with a magnetic stirrer for 10 minutes. After stirring 100 ml
of water was added. TPOT was then added drop wise while continuing to stir. 2.9 grams
were added over 7 minutes; 1.8 grams were added over the following 5 minutes and the
following 0.66 grams were added over 3 minutes. The total time for adding the total weight
(5.36 grams) of TPOT was 15 minutes. 60 grams of Aerosil was then added: 10 grams,

10 each quarter of an hour, until 50 grams of Aerosil had been added. At this point a solution
of AI(NO3)3 H20 (0.63 grams in 61.1 ml water) was added. Finally, the last portion of 10
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 materiali was then dried.

Finally the solid material was calcined under airflow. The caicination programme was as

foilows:
30°C — 550°C (60°C/hour)

25 550°C — 550°C (24 hours)
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hydr oxi de Johnson Alfa 85 ml dem neralised H2O water - water 60 Aerosil 200
Si 02 Aerosil Degussa 0.216 seed 21 WO 01/ 32809 PCT/ EPO0O/ 10829 Cel

conposi WAV ar ratios) Si : A : Ti : OH H2O = 1 : OPSOFEPOY1G2B: 0. 55:
15.7 The synthesis was started by placing 201.74 grans of TEACH in a

pl astic container where it 5 was stirred under nitrogen flowwth a
magnetic stirrer for 10 mnutes. After stirring 100 M of water was added.
TPOT was then added drop wise while continuing to stir. 2.9 grans were
added over 7 m nus&®C -1.1@0u smBCMeug added over the following 5 minutes and
the following 0.66 grans were added over 3 mnutes. The total tinme for
adding the total weight (5.36 grans) of TPOT was 15 m nutes. 60 grans of
Aerosil was then added: 10 grans, 10 each quarter of an hour, until 50
grans ofB Aer CHARATIERISATIGNIded. At this point a solution of AlI(NG3)3 HO
(0.63 grans in 61.1 nM water) was added. Finally, the last portion of 10
grans of Aer Osé| muesaladede canalyided MByxiXag yewnaies tdifftaeibrf, Q¥cahiig hedsdtnunder
nitrogen flow This resulted in a transparent and slightly thickened gel,
whi cB was heati@dsdaopy,i Pouried &iahsform linfre édd SAdRosetpgC (LI Spédttosegpy).0 135C in
2 hours. The autoclave was then kept at 135C 15 for 240 hours. Washi ng and
centri f ugi ng EEmeentlr gnaigsisT heseslolatamiphabsorpiis sspeatr@hetey bahdc gmbtantetiyi g at
9000 RPM for 1 hour. The solid material was crushed and washed 4 tines and
subj ect ed t o(@ldrimedty).centrifugation for 2 hours at

Cc OXIDATION
10 The oxidation reactions were performed 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 C;,Ha.
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20 11000 RPM The material was then dried. Finally the solid material was
cal ci ne airflow. The cal cination progranme was as .. 30C ->
550C (egﬁyﬂ%%?? 25 550C -> 550C (24 hours) 22 VE)01/32858£®k#y{ 0/ 10829
550C -+ 120C (60C/ hour) B CHARACTERI SATI ON The nateri al was anal ysed by
X-ray powder diffraction, scanning electron 5 mcroscopy, Fourier
transforminfra red spectroscopy, (UV-VIS spectroscopy). Elenent analysis
used atom c absorption spectronetry and photonetry (colorimetry). C

OXI DATI ON 10 The oxidation reactions were performed at the tenperature
indicated in Table 1 using the Ti-13 prepared as above and the TS-1

pr epar eflabledor di ng 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 perforned at reaction tenperature

f or | RuhquCatalyst] st Ssivient | Ng Retacti@d) r[pMRafibe pr oprRR2O2 es| Oikygére | REOOOH! eri al s
obt aiNed aregal sO s@ 70ut | tempgaatwee . MRO2LXY Efficieney,encontene |apptoxi mat e
and| wer g cal cul at estofunten | he MNER dat|sSubsfratas $40OredlROMe| cautpPbsilti on of |t he
starting distillate Yel o be CI2HZ6. 23 WO, ottadsagl PCT/ EPOQ 10829

1 Ti-p (0.6) Acetone 130 1/3 36 1.02 ND

2 | TS-1(0.6) | Acetone 130 1/3 8 0.23 ND

3 TS-1 (0.6) TBA 130 1/3 5 0.14 ND

4 TS-1(1.8) TBA 130 4/1 30 2.6 ~11

5 | Ti-p(1.8) TBA 130 4/1 54 4.6 ~5

6 Ti-g (1.8) Acetone 130 4/1 7 0.6 ~5

7 | TS-1(1.8) | Acetone 130 4/1

8 | Ti-B (0.6) TBA 90 1/3 29 0.82

TBA is Tertiary Butyl Alcohol ND means None Detected

5 Thedatain Table 1 showing how the conversion, oxygen content and acid content can be
influenced by the choice of catalyst, proportions of materials used, choice of solvent and the

reaction conditions.

The infra red spectrum of the unoxidised mixture of 70% tertiary butyl alcohol and 30%
10  diesel in the region 500 to 4000 wave numbers is Figure 1 hereto and Figure 2 is an
expanded version of the spectra in the region 1200 to 2000 wave numbers. Figures 3 and 4
are the corresponding spectra for the product of Run 3 and Figures 5 and 6 are the
corresponding spectra for the product of Run 8. The spectra clearly show the presence of
the carbonyl function with the significant increase in the peak at around 1709 and the new
15  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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Tabl e 1: Run Cat al yst, Sol vent Reaction Ratio H202 Oxygen RCOCH, No g (@
70 tenp %P H202/ Efficiency, content % volune C Subﬁéﬁ@% {’ to RCH wt
% or car bony (? Ti- (0.6) Acetone 130 1/3 36 1.02 ND 2 ?ﬁ Acet one
130 1/3 8 0.23 ND 3 TS-1 (0.6) TBA 130 1/3 5 0.14 ND 4 TS-1 (1.8) TBA 130
4/1 30 2.6 -11 5 Ti- (1.8) TBA 130 4/1 54 4.6 -5 6 Ti- (1.8) Acetone 130
4/1 7 0.6 -5 7 TS-1 (1.8) Acetone 130 4/1 8 Ti- (0.6) TBA 90 1 /3 29 0.82
TBA is Tertiary Butyl Al cohol ND neans None Detected 5 The data in Table 1
Shiowt ngOHEHR £ nEhe BeAfcat 3560 I 16 oBBSING rama s pLTYEGMGHRURB S IBG

i nfluenced by the choice of catal yst, proportions of materials used, choice
of sol v@ﬁ?até’ﬁd In Hhis instange the ActenrIMeslsrany indiratipm ot the FargoRYh gUPEiR tBE t he
unoxi di sed nlxture of 70%tertiary butyl alcohol and 30% 10 diesel in the
regi on 8Y8S8$U8H00 wave nunbers is Figure 1 hereto and Figure 2 is an
expanded version of the spectra in the region 1200 to 2000 wave nunbers.
Figures 3 and 4 are the corresponding spectra for the product of Run 3 and
Fi gures and 6 .are t orr for the product of Run 8.
The [{?‘? SPearaden @“@%ﬁr %ﬁ@d 2;5 ‘?Ft%g'é’f"ar ‘F}ItueeC?car bonyl function with the
signlflcant increase in the peak at around 1709 and the new 15 peak around
1650, the use of tertiary butyl alcohol as the solvent masks any indication

of 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  carbonyl or hydroxyt 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 foliowing properties:

Density 825 Kg/m®
KV (cSt) 3.41

20 Suiphur 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.



al cohol in the oxidised fuel. Figure 7 is the infra red spectrum of the
acet one{,dj m xture used as the feedstock in Run 1, I an
acetone(‘;sao ?/32#1({9 and Figure 8 is the spectrum of the oxi d%‘\g’lé/gp%()@g%ct 24 WO
01/ 32809 PCT/ EPO0/ 10829 of Run 1. The peak at 3500 in Figure 8 confirns
the formation of hydroxyl groups during oxidation. In this instance the
acetone masks any indication of the carbonyl groups in the oxidised fuel.
5 The spectra for Runs 2, 4, 6 and 7 showed a simlar effect. Conparative
Exanpl elablgd; conparative purposes, Runs 1 and 3 were repeated using no
catal yst and al so_using itaniumdioxide as a catalyst The infra red
spectra of the prodk@® showed n&Ufbr mat i oh %Wt oxygenathdnyl or hydr oxyl
groups. EXAMPLE 2| Sinte t hHLBORRIBasees of fBel produced|in Exanple 1 were
too small for engjne 2est sBaseet Ig9desamphmncel®f4fuel contlai ni ng t he hydr oxyl
and car boxyl contgai nithg npBasd tPymethdt woul #8.015 have been expected to be
produced in Exanple 1 was|Eepapelted by theladdition of yarious oxygenates
to an Utra Low D ese4 FueBageut 8amethylhavi ng19-he fol | owi ng properties:
Density 825 Kg/ mB__Kv20 (cSetengl 41 20 Sul phur Content 31 ppm T95 314C The
fuel was bl ended Wit hot he| Bpga bpimethd anount?.6% oxygenatle to achi eve an
oxygen content in the finHeptarentd of 2% by weight. A primary al cohol,
secondary al cohol, tertiary

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 followed 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 NOx 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

20



25 al cohol and ketone were used. The fuel blends details are set out in
Table 2. 25 WD 01/ 32809 PCT/ EPOO/ 10829 Table 2: Test Fuel % w oxygenate
1 ULSADYY®8KE80P 2 Base + |sodecanol 18.74 3 Base + Di netRGIVERI1€829 Hept anol
4 Base + Dinmethyl 19.75 Octanol 5 Base + Dinethyl 17.75 Heptanone Testing
was carried out in a VWGolf 1.9 Turbo-Direct Injection engine, this is a
1.9 litre turbo-charged intercooled direct injection engine with an

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

reci r cul @bl Ofihe 2B%yRRafel Sfnti® Bbréthic seRRIWhA drésledissblutdethREiohdSI NOUIMP Wi th
a needle I'ift sensor allowng for closed | oop control of injection timng.

The f uelthid aBd%E VESADO With @ 06/28E Hethsk 8f 845D adwWever, fR HHe RFRKPAGhoANd
i nvol ved testing a base 10 fuel against a different test fuel each day.

The basearidurd kieise thesd Rerebbdssverk QbhyaWRA JpY nbmattsﬂéénfy sfgagicanmtit tHe 9885 t est ed
three tines in succession followed by a final base fuel test (basel,

testl, tlegd2, test3, base2). Each of these five tests conprised a hot
ECE+EUDC drive cycle. Gaseous and particul ate em ssions were collected for
eachstest. 15 Results and Di scussion

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 coO CO2 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 (o{0) CO02 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 |-0.56367 | 16.73152 | 0.487126 -19.7889
Ketone 22.01668 |-1.46042| 26.07004 | 0.974252 -22.6033
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Figure 9 and Table 3 show the data for the Particulate (PM and NOX

em ssi o ed for each fuel. The bars show the 95%| i.gni ficant
di fferergli%gﬁal%bqs and if these do not overlap then theré)cﬁ?a’?g/?éfg‘?o be
significant difference between fuels. Al 4 oxygenates showed substanti al
and significant reductions in particulate em ssions relative to the base 20
ULSADO fuel with an average reduction of 21.9% There was no statistically
significant difference in the anount of particul ate reductions seen

bet ween Gdrapargtiye Exbrmpleyenat es 26 WO 01/ 32809 PCT/ EPO0/ 10829 used. The 4
oxygenat ed bl ends generated sonewhat greater absolute em ssions of NOX

t han di dExahwleUl siibateqi StateaPatant bdd4 48D ene Example 10fAMitediSimtesPateftor t he
tertiary alcohol and the ketone these increases were very small and not
st at i st iThl44384svejairencatadtat gne tensh 9696 usieg thie. digillgte duel eisadingn@mplbl e 3 show
the relative change in em ssions of each oxygenated blend conpared with

t he baseabpye| Anabesirieftthe pepdut mixiure shavwedenodndisationrikat timvyiesel fyebbad r om 19. 8%
(tertiary alcohol) to 22.6% (primary& secondary al cohols and ketone). The
cor r spdegNidiselcr eases 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

i ncreasi ng hydrocarbon (HC) and carbon nonoxide (CO em ssions, although
these can be nore easily controlled by the use of a typical exhaust
oxidation catalyst in the engine exhaust system 15 Table 3: Fuel CO C02
HC NOx PM g/ km g/ km g/ km g/ km g/ km
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ULSADO 0.230 130.1 0.064 0.479 0.047 Primary 0.297 128.5 0.071 0.497 0.037
Seconda . 128.4 0.077 0.500 0.037 Tertiary 0.270 5 0.481
0 038 RABHE® 250 128 2 0. 083 0.434 0. 037 Difference PEURFOTERAD pase
[99 Fuel CO C02 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 -0.56367 16.73152 0.487126 -19.7889 Ketone 22.01668 -1.46042

26. 07004 0.974252 -22.6033 27 WO 01/32809 PCT/ EPO0O/ 10829 Conparative
Exanpl e SLAMSpl e 1 of United States Patent 5 114 433 and Exanple 1 of
United States Patent 5 114 434 were repeated at one tenth scale using the
distillate fuel used in Exanple 1 above. Analysis of the product m xture
showed no indication that the diesel fuel had 5 been oxidised. 28 WO

01/ 32809'- PCT/Hipipreie pgvinghydraxy! and/es cahonylgreups Gaemigalyibrgndip @r&iRic and/ or
car bonyl groups chenicajlebound to paraffinic carbon atonms within the

distillate f @ORFVRTVEIN e disiliatriishmolesulgs BrAnGEoypt ip gryide gt lpast 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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5w %oxygen in the fuel. 2. Distillate fuel according to Caim1l
containing at least 0.3 w % oxygen. 3. Distillate fuel according to Claim
1 or C aVeoep328p%h which 70% or nore of the oxygen 10 wi tRCI/EPA1082%ti || ate
fuel nmolecules is in the formof hydroxyl or carbonyl groups. 4.
Distillate fuel according to any of the preceding Cains, containing 0.5 to
10 wt % oxygen. 15 5. Distillate fuel according to any of the preceding
clainms in which the hydroxyl groups are secondary and/or tertiary hydroxyl
groups. %. DiDistilblesfuel dcoeldingas @hdbN@e todecdfitng @laitRecdttatingidls tidnedsus
boiling in the range 150 to 400C. 20 7. Distillate fuel according to any
of the precegipngsulprairns, having a 95 vol % boiling point no greater than
370C. 8. Distillate fuel according to Claim®6, having a 95 vol % boiling
poi nt no greater than 25 360C. 29 WO 01/ 32809 PCT/ EPO0/ 10829 9.
Distillate fuel according to any of the preceding Cains, containing |ess

t han 35010. ppMistilibiefuel.aci@rdinBits Cidirh & @nfairéhg les< thiad iSO pptrosulghar.m 9 cont ai ni ng
| ess than 50 ppm sul phur. 5 11. Distillate fuel according to any of the
precéding Cains, containing less than 11 w % polycyclic aromatics. 12.
Distillate fuel according to any of the preceding C ains, containing no

nor e t hak. 15 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. Distillate 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.

30



10 vt %olefins. 13. Distillate fuel according to any of the preceding

d ai ns, Vi a cetane nunber above 50. 15 14. Distill | accordi ng
Co a5 WO Bt

ving a cetane nunmber of at |east 52. 15. e fue
according to any of the preceding clains having a Total Acid Nunber of
|l ess than 1 ngKOH/ gram 20 16. Distillate fuel according to any of the
preceding Clainms, containing a cetane inprover. 17. Distillate fuel
according to any of the preceding Cains, containing a dispersant. 25 18.
Distillate fuel according to any of the preceding C ains, containing a
| ubricity- enhancing additive. 30 WO 01/32809 PCT/ EPOO/ 10829 19.
Di still d0e f lRistillalecBiehiasgordngaley apy of Hie pprecadindh Flaimai #eNt2EES: &i Ing a | ow
tenperature flow inprover. 5 20. Autonotive diesel fuel which is a
distillate f&MPak? Beminrreveiny of the preceding Caims. 21. The
reduction in the production of particulate em ssions fromfuel conbustion
in diesel engines conprising using a distillate fuel having hydroxy and/or

carbagnyl 10 groups chenjcally bound to raffinjic carbon _atons within the
di st i &% f Lféﬁomﬁtyﬁé’é%ﬁeb@el ‘Hx'afh 'Sa#rg'a'}‘llat‘{) @eg?%&id‘d{@ tata“Vé’gH‘F €A% oxygen
in the fuel. 22. The reduction according to Caim21, in which the
distillate f 3 ™ontains at least 0.3 w % oxygen. 15

21. The reduction in the production of particulate emissions from fuel combustion in
diesel engines comprising using a distillate fuel having hydroxy and/or carbonyl
10 groups chemically bound to paraffinic carbon atoms within the distillate fuel

molecules in an amount to provide at least 0.1 wt% oxygen in the fuel.

22. The reduction according to Claim 21, in which the distillate fuel contains at least 0.3
wt % oxygen.
15
23. The reduction according to Claim 21 or Ciaim 22, coupled with the use of an
oxidation catalyst to reduce the hydrocarbon and carbon monoxide content of the

exhaust gases from the diesel engine.
20 24, A process comprising selectively oxidising paraffinic carbon atoms in a distillate fuel
to provide hydroxyl and/or carbonyl groups bonded to aliphatic carbon atoms in the

distillate fuel and an oxygen content in the fuel of at least 0.1 wt %.

25. A process according to Claim 24, in which the fuel has an oxygen content of at least

25 0.3 wt %.
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23. The reduction according to Aaim21 or Claim22, coupled with the use

of an g%%gﬁﬁ% catalyst to reduce the hydrocarbon and ggi&gﬁyﬂﬁﬂpxide
0 e

cont ent exhaust gases fromthe di esel engine. process
conprising selectively oxidising paraffinic carbon atons inadistillate
fuel to provide hydroxyl and/or carbonyl groups bonded to aliphatic carbon
atons in the distillate fuel and an oxygen content in the fuel of at | east
0.1 w % _ 25. A process accordlng to Cdaim?24, in which the fuel has an
oxygen c%%terﬁpfeFeS&taCP@a@stO%'fm 40k Gling25, iy theieboteintrgoge B2 26. A
process according to Caim?24 or Caim25, in which the fuel boils in the
range 150 t 0 400€: 27. A process according to any of Clains 24 to 26, in
which the distillate fuel has a 5 sul phur content bel ow 300 ppm 28. A
process according to CGaim27 in which the distillate fuel has a sul phur

cont ent el ow 50 10 29. A cess acc r di of Clains 24 to 28
i ¢ he APRERTY SoaTin10 3 TSI 241 6 oc Bttt SRR SURTS 220 A

proc s accord] f ains 24 to 29 in which the fuel is oxidised
gﬁntact ﬁ?hﬂgrﬁxﬁ§FéF@ ﬁg%éﬁﬂht in the presence of a titanium and

5|I|con containing 15 catalyst. 31. A process according to any of C ains
24 to 30 in which the fuel is oxidised with hydrogen peroxide. 20 32. A

process féccor/gbl%geés acgor%||r1r8 t%JCIalmrbm httn drsyl?ate *uel I(1)XsI e(ajlc,u Slgur%nt%gpt act

W th
below 50 ppm.

10 29. A process according to any of Claims 24 to 28 in which the distiliate fuel has an

olefin content below 15 wt%.

30. A process according to any of Claims 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 Claims 24 to 30 in which the fuel is oxidised with

hydrogen peroxide.
20 32 A process 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 Ciaim 32, in which the hydrogen peroxide is

25 produced in situ.
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hydrogen peroxide in the presence of a titaniumsilicalite catalyst at a

terrperaéy&lgw%ﬁéween 50 and 150C. 33. A process accordi n%&%?%@ﬁsg%?’l or

Cl aim 32, ich the hydrogen peroxide is 25 produced’in's 2 WO
01/ 32809 PCT/ EPO0/ 10829 34. A process according to Caim33 in which a
dual catalyst systemis used to both produce the hydrogen peroxi de and
catal yse the oxidation of the fuel. 35. A process according to any of the
preceding Clains 24 to 34, in which the selective 5 oxidation takes place
in a reag‘l-or B PIRESES asGArgng ko elaim 38 iy whigh asfueheatalygeystampp geedste keditor di ng
to any of Clainms 24 to 35, in which oxidized sul phur and/or nitrogen

speci es are rRREVEENE NYIFPISEPIRXIde ardicataluse the gxidationoffhe)ieks according to
Claim 36, in which the renoval is by washing. 38. A process according to
Claim36, in which the renoval is by distillation. 39. A process according

to Caim36, in which the renoval is by adsorption. 15
3& A process accord(lang to any og the precgding élai $241034,in wh?c% 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.

15
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