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WD 20041065529 PCT/ GB2004/ 000294 CERI UM OXI DE
NANOPARTI CLES AS FUEL ADDI TI VES 5 This invention

WOrp40682% 0 ceri um oxi de nanoparticl es whi ch aP&T/GB2004/000294

useful as fuel additives Ceriumoxide is w dely used
as a catalyst in three way converters for the

el imnation of toxic exhaust em ssion gases and the
reduction in particulate em ssions in autonobiles.
The ceria contained within the catal yst can act as a
10 chemcally active conponent, working as an oxygen

store -hy rel ' c

 educte bRTGM oS HANGER 1 Pret B AR RO Arims

W th oxidising species. . Ceriumoxide may store and

rel ease oxygen by the follow ng processes:- 15 2CeQ

" Ce,T88s thvdhizelHrs theyritm ddide tampaftickemiac ae useful as fuel

catal ytic purposes is the | ow redox potenti al
agétave®sn the Ce3+ and Ce' + ions (1.7V) that allows the

above.reactian.to. ' C |

Cor' et gt Moot S E et Ty R, iR e
e@; iQktidn &1 10120 QR YmBERA R sexatdefe tatuctiftein Retiatlaon

of NO.. The anmounts of oxygen reversibly provided in
canesiomnimsatbriabiles.t Hee gerin phusisedrethionibe @ata&ﬁéc@%w

Covshe Sapaci iy (RO CaL Sl T At SRS o
;%Og&hﬁé YErehfetfidSases Bid AR 6 8R2e |by%teﬂ§ﬁ6@kﬁ-it%1 oxidising

wever, In order for this effect to"be 25 useful

"_stpbeleg:e,ri um oxi de nust be of a particle size small

enough to remain in a stahle dispersign .in the fuel.
The cerIEHOBHedBaHPIE PPdEICATPOSED g?’ %§ I0LIOWIDg Processes.
nanocrystalline nature, for exanple they should be
less than 1 micron in size, and preferentially 1-
300nmin size. |In addRCeOnsCagOcal@Ostic effects are
surface area dependant the small particle size
renders the nanocrystalline material nore effective

o5 2554810 18 P TGRS el BT AN e

* DAHROS thel 3t ShdATE asmsq 1 T ahatsillot thidsboke sisetib® b @kily occur

toxi ¢ exhaust gases on WO 2004/ 065529 o
RORhEBT 08ss0 0820 0x3dn s Provide pxydse fpiibp oxidgiiey ef O or G,

Imt m%;? Absor \é)%ygaeg%p L BHIBOS Gr kad Iﬁ%%lmo%ﬂ lol}%iygen reversibly

* provided in and removed from the gas phase are called the oxygen storage capacity

(OSC) of ceria.

The above catalytic activity may ocour when cerium oxide is added as an
additive to fuel, for example diesel or petrol. However, in order for this effect to be
useful the cerium oxide must be of a particle size small enough to remain in a stable
dispersion in the fuel. The cerium oxide particles must be of a nanocrystalline
nature, for example they should be less than 1 micron in size, and preferentially 1-
300nm in size. In addition, as catalytic effects are surface ares dependant the small
particle size renders the nanocrystalline material more effective as a catalyst.

The incorporation of cerium oxide in fuel serves more than one pﬁ:pose. The

primary purpose is o act as a catalyst in the reduction of toxic exhaust gases on
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WO 2004106532 ¢ i cul ates resulting from conbustion of the diesel

fuel. The presence of the ceriumoxide in the traps
hel ps to burn off the particul ates which accunul ate
in the trap. Indeed such a use is in 5. conmercia
operati on. Thus certai rivehicles, principally those
devi sed by Peugeot, incorporate an on-board dosing
combustig¥ SF g fukle rtebyeeesit im sexvelandtiseri |pnmxsp or dieed ehgnes.t he
fuel before the latter enters. the en This is,

~ Diesel e@@ammmmﬁﬁﬁ &Y E3 g F?%g Bxt ensi ve

ele t
comtusiG§F B S 0, 1 hfeb Bt B BROL L LR REDMOR o
burn off Thé ablEsh bbeuRdktd 16 thatep. finttel such ahse is m
regenerated 10 so that it |asts nuch Ionger

 commerdifiipeeaints Thay eevtawvehigled, pransamliitaserls %%P@é@f@ﬁ%

i nventi_on, di fferent $e for GErl um ox
incoTporpig 3B AT IOREd @%ﬁ%@%"fbﬁ 08 g oaidey WA jnio thg
ér?{b has, R chfiphidare @fstem and
fuel beforé th%?%%e?% te%:jel par tjlhgsl es |Otr%§t§hlcs way caﬁyl ead to
requires 'eﬁéﬁﬁve @le&u@hc ebfialite fead. the Bppropuatd gyt ofjaddiiveite dic

aspect, there is provid a, met hod of ng the
Fl. EGeRTalydhe goypssl e PP 0 B IER A BLGY fognerated
sothatrrﬁﬁ%tl &EI ch_conprises adding to the fuel prior to

i on of the fuel to a vehicle or other

ﬁ-.&b%gﬁ&édﬁs BRI dvS Engidanccotdihe toniab preseritistdntion endjiffoeent
cerium oxi de and/ or doped _cerium oxi de and

use for @pitrmoorfid mnopemlf@rw oely haarrtsifgiarg yled 1o frepgt an

intr | um (004 i
g B L AR T T 08 et
mpmve%fﬁlaf:éﬁagﬂ resul t fromt he i ncorporation of the

cerium oxI de partl cles in the fuel. The particles can |
heccordnglypmrafirechspent, theteheprbuidéd ametha@t dfdmproding ther ent

cfficienly vip PRSI SRFOICOPBHET TRE0S G Panarets 0ahE S he
fuet prifl b SROARAIASr thd RD® 4 biibRlox olbLugREL b oRn

incorporated at the refinery, typically along with
internalio@HRSRdNEh et drivne sxidEhind/of dopadfcetomrasdde aride optionally,
earliest point at which the cerium oxide can be
one or morgdiieladditivesneans that the fuel avai l abl e at the

:Bgrf]%%e g@%%?gg?ﬁ%%cgee intro uceu‘éﬁldenéﬁf&lh ry‘;emfdke

d at a later stage.
MEYESH sysidm d€8EI Gllciehby willrdaelt adtiele Mcotpreatianedf the
cofrpany’ s depot which 30 neans that the anpunt
cexiumlsﬁﬂhmamcéaseﬂtb@mebe custoni sed to the individual
%%g%?x%le% can be incorporated into the fuel at various different points.

'Ihé:re are particular advantages associated with their infroduction at these various
different points. In particular, the cerium oxide can be incbrpora:ted at the refinery,
typically along with processing additives. This is, of course, the earliest point at
which the cerium oxide can be added and it means that the fuel available at the
refinery already coptains the additive so that there is no need for it to be infroduced at
a later stage. However, if desired, it can be added at the fuel company’s depot which

means that the amount incorporated can be customised to the individual company’s
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WO 2004/ 065529 PCT/ GB2004/ 000294 -3 requirenents.
Alternatively, the cerium oxide can be added at the
filling station forecourt eQUieB2004/000294
to the storage tank or dispensed to the fuel on
delivery to the vehicle; this has the advantage that
there will be maxi mum stabilisation of the particle
di spersion. 5 1t will be appreciated that although
the principal purpose of add?"ng the cerium oxi de to

w et R 55 S SRR e S

1P nﬁﬂﬂ e R e R %t%%ﬁigi 9 fsfivery
th theevehidle, thisdas dieaidvamagothivaiterapilcle: bxianin®wRabilisation of the

tenperature. This has the advantage that the filter
mapice disgersonal | y of a ceram c 10 materi al |s

poss il b et Bl he pbLAR Rpeck o Bipg the certum

g BaBA fuef madmtr@ad@ dud) %&ﬁdxﬁy, dhe p1@sdhze of el pm@a@ ifl€he fusel

“whi ch has been doped with conmponents that result in

vaidlel pt fho warke tinseg belp Vo cegtuirals dydpsel padicwlatd, fillgyi€present. The

I h
SFEREGEaten ideds beas ot Rats r¥fsarrD ihlBblacs gt a lower
BB 0P aMhid A9 hd RdhnBee Wt the el Whicd i€ Dbudli9F 2 Qbrafifilc

elenment which is a rare earth matal a tranSition
matebl mgemmﬁibbs blifelEompel. LA, IIB VB, or VIB of

v BcanlBesEbig w@e't&"g%d@r@ﬁ Q5 0R QRHID 1 g
foﬂ:ﬁ@ tPeL @éﬂeﬁ&aﬂo 1RQehiRR o‘ﬁﬁ&%ﬁhcﬁ%ﬁi d% @d 28! 08ﬁ1£8£cnts ’

he cerium oxid nanoparti cl es
ﬂmtt teswt Mc@ﬁonah bxygeadhcmcieh being fmhedb é{‘hus gﬂ:erﬂyrm&ﬁs that
tgp rrpletran3|t|on tals in the first and-second row

e STl inest tErGla & ordeniarapYile pregearPem Eer
t hos eSﬁéhS& %uf nk Hﬁsﬂgg &d @9&1&% J&r?su Vfendit V&hl&l s 3 rare

oxygen ac I On and excnange ne uring are

- feethahibtal) a ﬂ@!ﬁ%ﬁ metdles auwsealcdIGroup AR IIBEVE] KEVES 6f the

ceramc materials, they have low electronic
ABlE iy OBleEtq RAAMIR ORYSAT YRcansigsa ddeE Muskalpe be pivesize that

mﬁ EuPhROR T 0 Gn SHAG HREuARET ERe of B ki ids, o
fidopadicldd At coBrdiddly aﬁﬂéwﬁ@am\gé {d¥@=@Ris she@B Bt Be used. For
will also have a cat al ic effect of their own.

qfsaplpdgtrm}smmmm toxiirseandisdepndzome of m@sﬁmnrmtfals are
generaflly pref/ rre\l\g over Mnseshs%ed in the third. The ceria serves as the oxygen
activation and exchange medium during a redox reaction. However, becanse ceria
and the like are ceramic materials, they have low electronic conduciivity and low
activity surface sites for the chemisorption of the reacting species. Transition metal
additives are particularly useful to improve this situation. In addition, multivalent
dopants will also héve a catalytic effect of their own. _
Typically the doped oxides will have the formula Ce, \M,O, where M is a
said metal or metalloid, in particular Rb, Cu, Ag, Au, Pd, Pt, Sb, Se, Fe, Ga, Mg, Mn,
Cr, Be, B, Co, V, Zr, Ti and Ca as well as Pr, Sm and Gd and x has a value up to 0.3,
typically 0.01 or 0.1 to 0.2, or of the formula [(CeO,), ,(REO), 1, M where M'is a



said metal or netalloid, in particular Rh, Cu Ag,
An, Pd, Pt, Sb, Se, Fe, Ga, My, Mr, Cr, Be
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value up to 0.3, 30 typically 0.01 or 0.1 to 0.2, or
of the formula [(CeQ )i _n(REO7)n] 1-XI where Mis a
WD 2004/ 065529 PCT/ GB2004/ 000294 -4 said nmetal or
metal loid other than a rare earth, REis a rare
earth, yislor 15and each of n and k, which may

%?elgt R 81‘%‘? %%ec%gggqé% Retf, Pisor 1.5 and

aikish 639 b end @uslor different, Bga véﬁ@bp@@blgp eferably

Bk d¥6 artle
. 3B2002/ 005013 to ich reference should be nmade

gene 08, tipiellyd:0luon bk i@ 2p&urthet dajaild dan Hedoendhingivg BCT

Aawtiagon o RSP retdos e Sou SoeEm 1 to

150 %Enérﬁﬁ e E&x’fuﬁﬂ b@lde battiaCahaR SREE] ﬁb‘t e¥cekdtn g 1 micron

20 nm'. Is preferred that the particles are coa

tadd Bﬁ;ﬁtﬁﬂ@r @4 gtaeading 8D nm, Forexatripde 1 pub{bsm, sivh as ﬁom 1to 150
particles can be comm nut d |n n organi c solvent in

Ofe 1 padichlas 1 dp 54 nmy 65RES gFE-which is an

or gani o Lt

e becis efinst AL Hh P%Mi. %éké%e@ g Bt BpBARReioh! For tis

GReIdsE thd %E.rﬁblw carl ’tﬁe do&}mm%d&hant@garﬁcb giivdrit mﬂtlpyesence ofa
Fnprove t coati ng of the oxj de, Further, th

cosiimng ag@tm%en@mmq avid, gapygrids é}rﬁﬁf@e@rabewébefép It has

th t
ot fonp P BeiHeo B vtk TRETR Byt By MRt RS
] GRS R GVelhe Lotk D B 6188 Fubher rth@ré%ﬁﬁiiﬁ@a%dﬁ@ﬂcan, in
sol vent. "Thus the cerium oxi de can be dispersi ble or

s:odmytnllletanwst beugedidiratidy Vﬁfh@ut 8@5’ miamdxetﬁ skepdribeanteme

SORPRL bR Pt BrokaShio G RR B Pt G e Biering themm

SH'a\ 1380 aMRA BEvReSSi bl e and pref erably the particles
have "a surface area, before 20 coating, of at |east
10 n?2/ Ghante pereﬁ:eloahﬁlewambs dispasblacnsodiiblain the 4Bquigfuel or

or 75 nk/g exa nr/g, or 100-300n2/g.
| ﬂ?@%gyﬁw&%@’éﬁ?‘m’%ﬁ %W? 513'??”5}1 organi ¢ aci d,

anhydrges a5 fchQfre SuthébSio tﬂ@?gacegsﬂ%oﬁﬁ%‘v@gs lare a

agent 1S B era y an ofgani c cafboxylic acid or

- ouminfiads bkl as pbisiible a:hd yrefemi)lp dﬁm‘mﬂ&ghﬁt& d smafate frea, before

car hon at oms, for % tourf5 carbon atons
coating, of at least 10 m gandpre erablyas D6 area of at loast 30 or 75 m m’/g, for

example 80-150 m*/g, or 100-300m’/g.

The coating agent is suitably an organic acid, aphydride or ester or a Lewis
base. The coating agent is preferably an organic carboxylic acid or an anhydride,
typically one possessing at least 8 carbon atoms, for example 10 to 25 carbon atoms,
especially 12 o 18 carbon atoms such as stearic acid. It will be appreciated that the
carbon chain can be saturated or unsaturated, for example ethylenically unsaturated
as in oleic acid. Similar comments apply to the anhydrides which can be used. They
are preferably dicarboxylic acid anhydrides, especially alkenyl succinic anhydrides, |
particularly dodecenylsuccinic anhydride, octadecenylsuccinic anhydride and
polyisobuienyl succinic anhydride. Other organic acids, anhydrides and esters which
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- 25 especially 12 to 18 carbon atons such as stearic
acid. It wll be appreciated that the carbon chain
W@ ashilpesgat ur at ed or unsaturated, for exanpl e PCT/GB2004/600254
ethylenically unsaturated as in oleic acid. Simlar
comments apply to the anhydrides which can be used.
They are preferably dicarboxylic acid anhydri des,
especi al I'y al kenyl succi ni ¢ aphydrides, particularly
dodecenyl succi ni ¢ anhydri de, oct adecenyl succi ni c
“anhydri de and 30 pol.yi sobutenyl..succi ni ' '
o WS o QL ey P ea S e SR o
gso ﬁégg %éﬁ%nﬁ %E%Q %1310 Q%%ters 53'_6 Qﬁﬁczt!@" iﬁ)ﬁﬂid #xtdrk dor
PRYEE8SS “6f “the present invention includé those
efl@npiceticll eents whews pbihrthe acid iand aster partspiagn do A8 icarborioms.

esters are typically aliphatic esters, for X _
al ky|Thesoating NResss BBDR d.ouf B A FERp 8‘?“%‘?& ﬁgﬁ%@%’ the
4. t0 .18 carho N faRs iphati
SEITFR} BB P A R e RO I REARE 3 Rl bR anphatio o
S0kNBAkC stvaenTpsicarexangldsindhdotahrenberyddiey petrol, diesel fuel as -
non- hydrophilic. 1t can be an ali haticagr Oéﬂ?‘i[] locted
veelbaslidavies Bicl efls. Nohrally the,qrsme SOIVaR wgE shopld hpdelected so
xyl.ene, petyol:..dj.esel : j1&r

G5 SRR PR ingiBg of e coBRA RRIAGT JHehosence
(ﬁq’léﬁ&t Sl ubite Soffed! theivSie 6PMPatldride vk tdrtingegenithelpd dal

end use of the coated particles. The presence of

shatientesdng watkripeesgui ded; the use of an anhydride as
coati ng agent hel

. 10 elim . _ :
pr esehBS CORYBEO5Y ilﬁ‘tvgerS% (é‘glg}rg]%%g&gés %rct)&érf\%lE E{;J i tr?gp Iﬂ% ¢ _my
- g%ﬁ(%l%gggg @é&hﬁﬁmﬁﬁg Pr&YeHued Mhichaaabe iesdice shif parfose include

ni ques which can be used for this
e .f e [ lgigwlfl I reriligionty b IFWQS
the use of a coll oi ilLl, ultrasonics,or ba Y
o gLl mRipe o BROSFE S-S U JPRDaor AP Chap agpapt fowmd in
?{:T.Z%%B%@%\fings can be found in 15 PCTI GB02/02312.

e pointed out that the concentration of
ceri um @xivdoiried biet thatahe canmeniyativer of cesimpenfidesit thhfgl can
that used in an on-board dosin stem . Th t
coruait belehTihan b BRAIMIB AP T PSP gCHE HF 1 y
does not exce . t D ged ndfh and
e b R e
@#ﬂ@ﬂl}r 9 eRdced 18 ppRIN In Hagerph rhd wirdmunpeorbentration is of the order

incorporated into the fuel directly or as part of an
of 1-2 ppm. - -

The particles can be incorporated into the fuel directly or as part of an
additive package which is added to the fuel. The particles are preferably incorporated
into diesel fuel. The present invention is particularly useful for large vehicles such as
sucks and buses where an on-board dosing system would generally not be
incorporated. The fuel can also be used for static engimes such as genefators.

The nature of the formulation used to incorporate the cerium oxide will, of
course, vary depending on the point at which the cerium -oxide is infroduced.

In general it has been found that the cerium oxide particles can be stabilised
in the fuel or fuel additive package by the presencé of a detergent. In this connection

it will be appreciated that lubricity agents can have an adverse effect since these can
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deﬁ-X@S@@Aﬂl?’%[@@?aﬁdﬁ,QB&,@ﬂ%r wei ght from 500 to 2500,
| 1024

The present invention is particularly usefu
for large vehicles such as trucks and buses where an
on- board dosi ng system woul d generally not be 25
i ncorporated. The fuel can also be used for static
engi nes such as generatQrs. The nature of the
formul ati on used to incorporate the cerium oxide

cause a R\Ax%ﬁll'%t?fé) {? efoc O.lr,l ?%r%bul\é? gééteg% @A bE D§edithd pRbent

/ : m oxl de 1S I ntroduced. In general it
imventiod] g;%ga@ &N of:eunehdhabnizheing detaigerox et @aergents esowdhe be

stabilised in the fuel or fuel additive package by

ashless itshthepresance métala. Guitablgaisicrarns e cBRAS BPGHS: 30

it wll b i ated {hat. | ubri ckiy agen |
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succinimfifie et ferdbivaivbhinaidmayde satugaisd er unsaturated, especially

t - t ai ni det t. Such d houl d .
cihylenchy ROAIESS, 45 68 ANF* CORIE TERG el E0 0 Ebl 6
det g [ ] . i : iC BerfasdBs d
R i G L R e S

erred.” Préfera
having ASLAE 9SBkbiSaramb i thecilkytrddenyhgohp ead aarsligliecage of
at least 3 nitrogen atoms per polecule. The d
polyamiss aeiknirehaleng 8 BReEigSrEtI YRt § BREACFR 20MF RFR PEFUe:
sat ur at eq_or saturat.e l.al: LY A d
Pl‘efefai?}ﬁéta‘iaﬂrbﬁg ed .‘ﬁ?afﬁ%&?%ﬁ%{?gg‘%%%%ﬁsu cdlgﬁﬁfr:n de. .
- D 1RF Geitack sadfi@ie dvel o of 400 & Ky000han
mmpogﬁ%@%ﬂeégg%gﬁif%%cyl ating agent, generally hav‘~i'ng '
an ethyRhe beBahinSidel borinaudesytic ShbadPkyPares bAIRS AY pVerdse
group, and_an aicylene, 10 pol yvam m xt Vi
composifioray endgehBiens et eI PRI El hg?%%sﬂ)ép oS G,

. Prefer | Hedo ks 0500 fRkMiis gB0te 1§0 with
mﬂtypé?@é’ﬁ%?%gé%oﬁcﬁ%?%éﬁ deri ved 'ffi%bm.pgl yi sobut ene -
those hB@vk Rth]Eculid Riztrhtauennd S0frahé ¢ &0 bsing pyhicularly 36Tl o

0

10,000 and an ethylene pal yani ne which_can.ipgl ude’
althoughyaficeinipide aatpcin Ainbaas Fg‘c?lﬂ%&g}f %@Ogﬁ“]‘éwr‘; d ofiibo
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e chain 15 will
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especially 750 to 1500 with those havi ng nol ecul ar
Wedoglitigy, ain @ serdn@OPechriterd BEoovired aduep additive GPEPISI NS ef ul

.. although a succjninide wth, i.phat | ' i
sihich CUFERER 4P ARBIGHE BT CABHTE LD Cr LTy Sap it
pmfemég%&;%h%ﬁg aidesigan. be found in US-A-5,932, 525 and

Typically the concentration of cerium oxide in the additive will be from 0.1 to

10%, generally 0.3 to 5%, by weight,

Tf cerjum oxide is to be added at the refinery it may, in fact, be added without
anytbmg else. Typically the additives which ere incorporated at the refinery include
cetane nnxﬁbet improveré, ¢old flow improvers and antioxidants. Accordingly the
composition of the present in*;renﬁon can incorporate one or more of these. However
since, in general, cerium oxide does not improve the cetane vaiue it is uniikely that it

would be added with these.
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e and/ or doped cerium oxide together with a
detergent, preferably an aliphatic succinim de.
Typically the concentration of cerium oxi'de in the
additive will be from0.1 to 10% generally 0.5 to
5% by weight, 25 If ceriumekide is to be added at
the refinery it may, in fact, be added wi thout , .
anyt hifnbe edrien ofidpicaldey at the degdi thiew @sanbe efidairaone or with

i ncorporated at the refinery include cetane er
hagetsvzans as well s theswihsripEgdionts igh m%&%aﬁdég?o the fuel at

@gc r%i n I&c hgbd%%rmositi on of t:he present invention
CHRPCST

orate one'orr nmore of these. However since,
i N gepahdkberinf® bikidOxdddd adgeshiliap staiph frecddrethes biadibr
value it is unlikely that it .30 would be added with
corsuieratings 20014 108B3RYOFCHItEBR004/ 000294 if the

oo IR S5 AR ATHES, 8o G SRR AT R Bty

Pk@?%%l?ﬂfcﬁﬂ%%s& BhboaRB, bkBil Gahlay.-added to the
uel a

this stage as indicated below |f the cerium
oxi de Nem mdlabedrgrinid sodvenits Siahpssrapstinandalipbelis kydrérsnbons
simlar, 5 copsidegations. apply to the depot
G 25 s 3 B P HHLE SIS A TR LS G o g9l under
GO RROS HITBNE OB BE ShAkbyal Iy Shell Bfbup, AFHIARSOL” by
ose conventionally uSed, such as:- Non pol ar
Pxganviebd drvemt s such as aromatic and al i phatic

hydrocar bons such as.tol uene, xylene and whit o
spi ri Rolamerzaniersgivents, HepEBFUahdlaonels @cagRrly @%@@PC algghols

h Mark ," SH Royal Dutch/ Shel |
. t&ggabf%gﬁ%‘ﬂ“mgh??% )@éﬁb@gl I o)C/:‘?oup. t (I'E’ol ar °

Or ganitset&Med&Nush ad RydReddrbAWudktitnlicetifdsardenata, by, hydro
al i phatic alcohols e.g. 2-ethyl hexanol, decanol and
icatyl-sutstitinial sucbimidgartt & agudiselutenyl succinimide,
hydr o¢ar, byl - subst.j t ut ed i N and, ami. de e. g. hydro
15 CanbreTine e, Hv DRt Bhe i tecgue S mertual i e
' labRUEGCNNTTE G TRBORERESTDE! @x Nalco) , and "TOLAD"
%?%%ﬁ%ég%%nol T or mal dgyde pol )35/7rfr\)9r s@}s(uchcoz?\s n
t(fesle Mark) 2683 (ex Petrolite), -

, Anti-foaming agents e.g. polyether-modified polysiloxanes, commercially
available as "TEGOPREN_“ (Trade Mark) 5851 (ex Th. Goldschmidt) Q 25907 (ex
Dow Corning) or "RHODORSIL" (Trade Mark) (ex Rhone Poulenc)) |

Ienition improvers such as aliphatic nitrates e.g. 2-ethylhexyl nitrate and
cyclohexyl nitvate,

Anti-rust agents e.g. those sold commercially sold by Rhein

Chemie,Mannheim, Germany as "RC 4801", or by Ethyl corporation as HiTEC (trade

mark) 536, - or polyhydric alcohol esters of suceinic acid derivatives
Reodorants, _ )
Anti-oxidants e.g. phenolics such as 2,6-di-tert-butylphenol, or
phenylenediamines such as N,N‘~d'1—sec~b1ﬁy1~p—phenylenediamjné, |

Metal deactivators such as salicylic acid derivatives, e.g. N, N'-



" commercial y avai I abl e as "NALCO' (Tr ade Mar k) 7DO7
(ex Nalco) , and "TOLAD' (Trade Mark) 2683 (ex

- wd ﬁlbi/@c% Ebe) Anti -foam ng agents e.g. PCT/GB2064/000294
pol'ye 20
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er-nDdlfled pol ysi | oxanes, comercially
avai | abl e as "TEGOPREN' (Trade Mark) 5851 (ex Th.
Gol dscbm dt) Q 25907 (ex Dow Corning) or "RHODORSIL"
(Trade Mark) (ex Rhone Poul epc)) Ilgnition inprovers
such as aliphatic nitrates e'gg 2-ethyl hexyl nitrate
and cyclohexyl nitrate, Anti-rust agents e.g. those
' &@hdymnaﬁ;%pmpm@ém@lm@hel n 25 Cheni e, Mannhei m

D i S S P
. est d
a%ﬁ{iler Sl;é%écaﬁ#‘ﬂaﬁid@ e% gF epd o Vg?%igvﬁg]o?ﬁ&dﬁbﬁﬁﬁé and include poly

vhsf-a@idstsacH asbditatbpi'gémcalc;dspfor epieplpl aakimet afdmesaguaitd acid
as NN -di-sec-hutyl -p- phenyl enedi am ne,

siehes Plei @r@olﬁb% Acigeas gl as oA amgEy Wg?’fhﬁléécﬁé sgpecially
N._. NI 5 /
Wit 3 Egh ERCRER 3 gripale SHHOAC AP EloiapBhase wpich are
%%M%@ﬁ P@ésaésuﬂg%méﬂéﬂd&carb&m ewiml [Typical dsyers are derived
acl ds, esters and am des. .Typicall ci ds pos
mm-suas acidhandamaiaphel whigh laﬂmmlma ér?éll epaz%o;wi ora
d
B Grro e P A A of 5 o‘éfoa%?é%'@%@ﬂ@m)

le&&ll el e weh 9o %@apwvm@e@ye@bp@p@mmamdm be

acl ds €specially "with an ortho OH group, for

pactiaip] Spesiiiciesiets incladt dlyceropwnatany diReiews suph eselires!

substltute se Iea 10_canhon. i i

i {ouih Bl PO PRI ok b SR I B

@{{Q QEF}?A'L WAL GE wiiScH MBY 68k ifclfde diéts Grived from a
phatl c al cohol

or a polyhydric al cohol such as a

gh60yphegdlyméragiolyn! apé amaerlityimptpbblings. Some such agenis are -

poI y(oxyal kyl ene?aéugrﬁgé%ql Pég‘%gﬁgg(g g}ﬁ{ﬂ%% kxy'l’I%ti%C"

@f‘ a%s?%aﬂg) A g Do) AR D30 Ao PR LS Baker
@%ﬁ@]@flﬁﬁttﬁos%ﬂiés@ﬂﬁﬂa@mmmldﬁﬁmah%dléﬁée as well as

Sl O et o i commera yata ae TOL AB b§8s FB% Baker Petroite.

Preferred additives include one or more of an anti-foam, demulsifier and an
anti-rust agent. '

Unless. otherwise stated, the (active maiter) concentration of each additive in
the fuel is generally up to 1000 ppmw (parts per million by weight of the diesel fuel),
in particular up to 800 ppmw, ¢.g. 1 to 1000, 1 to 800 or 1-20, ppmw.

' The (active matter) concentration of the dehazer in the diesel fuel is
preferably in the range from 1 to 20pprow. The (active matter) concentrations of
other additives (with the exception of the defergent, ignition improver and the
lubricity agent) are each preferably up to 20ppmw. The (active matier) concentration
of the detergent is typically up to 800ppmw ¢.g. 10 to 500 ppmw. The (active matter)
concentration of the ignition improver in the diesel fuel is preferably up to 600ppmw
e.g. 100 to 250 ppmw. If a lubricity agent is incorporated info the diesel fuel, it is
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car boxyphenol. and a pol yol and ani noal kyl nor phol i nes.
Sonme such agents are 15 commercially avail abl e as

Wi d0dss29°631, P633 or P639 (ex Infiniunm or | IACGIEB2004/000294

(Trade Mark) 580 (ex Ethyl Corporation), TOLAD 2670
and 9103 from Baker Petrolit and those described in
WO 98/ 01516 and 98/ 16596. Denul sifiers e.g. that
conmerci al ly .avail abl e as TOLAD 2898 from Baker
Petrolite. Preferred additives include one or nore
of an anti-foam denulsifier and an 20 anti-rust
cageatientlynised &n ot kmowitsd S6ttat5éd ppve (active matter)

concent ratnl}%n of, .each additive in

gene r%gql?o eqe&diimygs Wﬁ%@oﬁlgﬁagﬁ# iﬁ%ﬁllygx};nth the cerium
Sl e oo it B0

64l eddetat thie)potxa o€ duddiat with the tahker atehticeumim A hypical DFA
lesel fuel is 25 preferably in the range from1 to

ROppEE: The (active matter) concentrations of other
additiyes (Wth the ex ' he det ergent,

ignit‘?ecg?fgleﬁr%prover angéf;'ﬁgé@%%%@ty agent) are each
pref egahlhy Up to 20ppmes, The (active matter) :

concentration of the detergent is typically up to
800ppmitifearg. 10 to 50010pnmw. The (active matter)

concentration of the.igpjtion inprover in the diesel
fuel P2Feferably u8’ﬁ%600ppnw 30 e.g. 100 to 250
ppMw. m!,ﬁ_p@;a{g&{,é&i tyoagegt is incorporated into the

diesel fuel, it is W 2004/ 065529 PCT/ GB2004/ 000294
9 conpelar srivdng used i040%n anount of 50 to 500 ppnw.

Sore t.hese.additiv are r nl y added .
dir ecﬁ{‘? degplt lﬁ"rLf[ %@’?ﬁ%?ﬂ a@ggﬁﬁeg)@wﬁggq W Fthe
%ﬁ%ﬁé &ill iQ@nQ&éﬂﬁF $iR5 R RPEdntah rding} A566ntE bedneastdhdie Waditives,
A), ‘typically added at the point of |oading with
t heaithnttc agmtapipelise fragpeduketsy fiowalmpDiygrs, 5.g. ethylene/vinyl
conpri ses: detergent 10-70% ( by. wei ght antjrust . .
agrialtn 9EPOLERETSOS A LY/ BYE ey ﬁ@?ﬁ@wg’%" Wb fg-setiling
58 ¥8 Uy B0 mmercially available under the Trade Marks "PARAFLOW"
(e.g. "PARAFLOW?" 450; ex Paramins), "OCTEL" (e.g. "OCTEL" W 5000; ex Octel)
and "DODIFLOW" (e.g. "DODIFLOW" V 3958; ex Hoechst).
‘The same or similar additives can be used for other fuels such as petrol, as
one skilled in the art will appreciate.
The following Example further iltustrates the present invention:
EXAMPLE ‘
The settling of fuel containing cerium oxide alone or with other additives was
tested with the following results:

1. 2% Cerium Oxide in aliphatic solvent  48.0%
Sheflsol D70 ' 52.0% Aliphatic solvent

Significant solid separation after 24 hrs.

2. 2% Certum Oxide in aliphatic solvent  48.0%



pol ar sol vent 0-40% The diesel oil itself may be an

additised (additive-containing) oil. If the diesel

oil is an additised oil, it will contain nm no _
woaess290f one or nore additives, e.g. anti _]g(("]g{}P%(}OMOOOZ%

agents, pipeline drag reducers, flow inprovers, e.g.

et hyl ene/ vinyl 15 acetate copol yners or

acryl ate/ mal ei ¢ anhydri de copol yners, and wax

anti-settling agents, e.g._fdiose comrercially

avai | abl e under the Trade Marks "PARAFLON (e.qg.

"PARAELOW. 450; ex Paran+ins), <5 @k ki y ontsins
\N}@ggé_ Cctel)  and " DODI FLW%&?@%?%%&\?E
3958; ex Hoechst). The sane or defefgehbandeaitiifdanves can

be used for other fuels such as petrol, as 20 one

Sieht sedidl separtien after 24 bis appreci ate. The fol | owi ng

Exanpl e further illustrates the present invention:
EXAMPLE The settling of fuel containing cerium oxide

s 2 A%t bldueth AP ARdkaeS uBB% Lested with the

'om ng results: 2% Cerium Oxide in aliphatic |
SOBMERKetGpaBIAS i sol D70 52. 6%0k6 wiiphatic solyentveiieh contains
Significant solid separation after 24 h 0.2. 2%
Cerium Oxide in aliphatic sol vélﬁEeI%?ﬁ'afg%ﬁoam

00471 _ /3@2 000294 -10 HI TEC 4620 52. 0%
%@g%@?ﬁé’%ﬁ\%n V\%)c contains detergent and
antifoam Slight solid separation after 24 Ins 5 3. 2%
Ceriumoxide, in alij g%?t i i sol vent  48. 0% BASF Ker opur

10 bbb enmpixids BréphaiswivEht WA cont ai ns

det.e and antifoam Slight sgldod s6eRRTcabivent whike Eontains
24bﬁ{°g%¥%"4. 2% Cerium Oxi de in al’i phatic sol vent _
48. 0% detergent, antifoam and anticorosion

agent.
No solid separation after 24hrs.
15
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"~ Cctel DFA 52.096a|fphatic sol vent whi ch contains

detergent, antifoam and antlileorosi on agent. No
solid separation after 24hrs. 15 -11- CLAIMS 1. A
met hod of inproving the efficiency of a fuel for an
i nternal conbustion engi R&AIMNSh conprises adding to

“the fuel, prior to the introduction of the fuel 5 to
a vehicle or other apparatus conprising an interna
. coMugkineR of HAprQing t6E B LMBNOK bELARNHrah iHeRAH SRb iU

oxi.de, a detergent and, optionally, one or nore fue

addiengive w/hich, comprisenedinglodhelfusl prior & tie antiodukerepfithe fucl

the ' [ [ ith a 10 dival ent or .

e oS S R p R ot i o Pl Bl ogine
met abriuva okiderstlldr dbped@iiam GNidd aRtedden® indllopUpndllAone or
I11B, VB or VIB of the Periodic Table. 3. A nethod
accorUf Mgl e¢IHVe m 2, wherein the metal is rhodium
copper, silver, gold, palladium platinum iron,
manganese, chrom um cobalt, vanadium - 15 zirconi um

-ti t @nmatiiod ecdridingto plass d odydreiti e ceaitdr oxide is doped with a

gadol. i ni um anfi non selenium. gallium magnesjum .
Ber JHTASHT BORHE B 87 Belahp1dgvhish ket THERWBF @k A dapgtion
any (098 oh kg &rge&@mgng,am r VS 8t PR ARSF bt

oxi de and/ or dopéd cerium oxi de has a size not

exceeding 1 mcron. 20 5. A nethod according to
accordig%gto cl.ai cerium oxi de and/ or.

4. wherein th -
RSB Flatn 2. Bhote i et Frhagymy Fopig Aver,
et g, ARt NdafiRird o0 RAn et ehRNEERAL SUAIC! RaliBim,
wherein the cerium 25 oxide and/or doped cerium
oXi darcorjumontantingtethiumn porsgadineiuas samaramhyghdode ums
ester.or a Lew s base. 7. A nethod cording to claim
6. wREParY: st i rasaed i s bR domd et
oxi de i's coated with a dicarboxylic acid anhydri de.

A method according to any one of the preceding claims wherein the cerium

oxide and/or doped cerium oxide has a size not exceeding 1 micron.

A method according to according to claim 4 wherein the cerium oxide and/or

“doped cerium oxide has a size from 1 to 300 nm.

A method according to any one of the preceding claims wherein the cerium
oxide and/or doped cerium oxide is coated with an organic acid, anhydride or

ester or a Lewls base.

A method according to claim 6, wherein the certum oxide and/or doped cerium

oxide is coated with a dicarboxylic acid anhydride.

A method accordingly to claim 7, wherein the cerium oxide and/or doped

cerium oxide is coated with an alkenyl succinic anhydride.
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30 - 8. A nethod accordingly to claim7, wherein the
cerium oxi de and/or doped -r®Eriumoxide is coated

wi th an al kenyl succinic anhydride. -12- 9. A nethod
accordingly to claim8, wherein the succinic '

9.anhydimefileod acduiiege tydlainug ovitreinahydtindanhydride is dodecenyl

oct adeceny

| .suceini c.anhydride or_ polyi sobutenyl
succiPRTEIC SRS qeadesey .Suﬁlﬂ%@ﬁ%bdrﬁéé% palyigbutenysyccinic

~ one phyadh& preceding clainms, wherein the fuel is

di esel "fuel. It. A nethod according to any one of the
precedi ng cl ains, wherein the cerium oxide and/or
oped ceriumoxide is added with a solvent which is
160 P 2R i eSitede By BT e Dok e ovheapin the foel is
al i phigkl el cohol . 12. A nethod according to any one
of the preceding clains, wherein the cerium oxide
and/ or doped ceriumoxide is added to the fuel at a
de or at a.filling

qrefi . a fuel t,
MG e BisthegiseBit 489 onf S8R prfhaa cBimtn visrile tisprium

one oxidet dv@/Rriepetlic@nChat e, addb@Ksth sbh%n%ﬁi'ch'?]@ an aliphatic
oxi de and/ or doped ceriumoxide is added together

wi t 19T GFRENaiC hygresagonor ag aliphajispicohdkbhazer

anti-foam ng agent, ignition inprover, anti-rust

-agent, reodorant, anti-oxidant, netal deactivator,

12} ubrA wiethodagemtiingrio ang enaibStht ipiceding Qlatdls, vhhePBt BRGerium
accordjn o clajm13, wherein the cerium oxi de
and /5t e&g’ﬂ}éﬁ dopest SR dRe 1S agided) e fush at dwrsfineniyt or 2 a fuel

det eep&nbr athfillify MBERCR @GN ding to claim 14 wherein

the detergent is a basic nitrogen- 25 contai ning
ashl ers detergent. 16. A nethod according to claim 14
wherein tEe detergent S am de,. ani ne, Mannich

Bpasé* BrMedacroiriede ansene o thaprceding chiasdierrn the cerium
¢l aioridbindhe uehe dRnstier ontied %gg@%&ftﬁ’ R erllnérgé)fa

substituted am ne or hydrocar by stituted am
detergent, dehazer, anti-foaming agent, ignition improver, anti-rust agen,

reodorant, anti-oxidant, metal deactivator, lubrieity agent or a demulsifier.

14, A method according to claim 13, wherein the cerium oxide and/or doped

cerium oxide is added together with a detergent.

15, A method according to claim 14 wherein the detergent 15 a basic nitrogen-

containing ashless detergent.

16. A method according to claim 14 wherein the detergent is an amide, amine,

Mannich base or succinimide.

17. A method according to claim 16 wherein the detergent is a hydrocarbyl-

substituted amine or hydrocarbyl-substituted amide.

18. A method according to claim 16 wherein the detergent is a succinimide which

has an average of at least 3 nitrogen atoms per molecule.
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18. A nethod according to claim 16 wherein the
detergent is a succinimde-Mhich has an average of - -
at least 3 nitrogen atons per nolecule. -13- 19. A
met hod according-to claim 18 wherein the succinimde
is derived froman al kyl or al kenyl succinic

| ati t. havi I t 35 baon atons i
SR A 3 S0 RS S
M X taEyg ob akimg s@ébhﬁ&ﬁ%ﬁﬁkﬁng?%gtenﬁhﬁtiné 88kt 35 EHIB&F&S&S in the

atons per nolecule. 20. hod according to claim

18 wiied er alkemd paiand ai alkglsni potyemincadixturo imeing an average of
pol yisobut enyl succinic |.ati ng agent obtai nabl e
froé#%gﬁ%i§ﬁs%%ﬂ#@ﬁ%pmﬁgggﬁ'ea number aver age

nol ecul ar wei ght of 500 to 10,000 and an ethyl ene 10

pol yam ne havi ng an average conposition from

20¢ i et mypthodeacearding e alaim d 8 whemin gherspceinenide edeirived fram. a
A i ng. ai inth i.phat |
AR O S R O R R b T

to 260g arhniter averagt holdcdecwEighng 300 16118000 2dd an ethylene
wherein the aliphatic chain of the succinimde has a
mol SRLTAEHNGRAVE anvassrags conypgsition from wsthileae fetewonins g

t 0 apRY0RSIAE hihs Rt ecedi ng claims wherein the cerium
20 g%ige gﬁﬁ%or og%d ceriumoxide particles are
incorporated into the fuel directly, or as part of

an addi t.i ve package conprising said one or nore fuel
2laddit myptiod Ssfstmede cfagh 19 csran iy Q@gétﬁyd@ﬁteofdhe pUfemimide
pr eqgh ehi G- Woight38D & B5ed. f uel 25 additive

conposi tion conprises the cerium oxide and/or doped
cerium oxide and the detergent, wherein the

concent r.ati on of cerjum.oxi,de .and/ or . doped. cerium . . .
2ot do M AECortRE S Glatn 2T iR L AlphasnRy Qlciig MHCCinimide
25. Has aRbdIesll26eed 780 «d ps0r). 2l m 24, wherein the

concentration of ceriumoxide 30 and/or doped cerium
oxide in the additive is from0.5 to 5% by wei ght.

226. Qrding to one..of the preceding
235 i S AR aBP b oY pREC R Pl B EERCLF P
oxi dexidesarddid ddpat cepiuaDoI@NparaLlico BreBlorfXaRE Mih Thellel

directly, or as part of an additive package comprising said one or more fuel

additives.

24. A method according to any one of the preceding claims, wherein a fuel
‘additive composition comprises the cerium oxide and/or doped cerium oxide
and the detergent, wherein the concentration of cerium oxide and/or doped

cerium oxide in the additive is from 0.1 to 10% by weight.

25. A method according to claim 24, wherein the concentration of cerium oxide

and/or doped cerium oxide in the additive is from 0.5 to 5% by weight.

26. A method according to any one of the preceding claims wherein the cerium

oxide and/or doped cerium oxide is added at a concentration not exceeding 20
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- ppm -14- 27. A method according to claim 26 wherein
the cerium oxi de and/ or dopéd cerium oxide i s added
in an anount not exceeding 10 ppm 28. A fuel -

add|t|v which _conprj ses cerlun1OX|de and/ or doped
2Tcer ﬁ%m‘ﬂ&?ﬁcﬁéméﬁ@gng ol gp evhsasip thexgrium gxidy andéntideped

acCREFMYxiR 1§5&dé&‘]ﬂ§?%@l Eﬁﬂﬁbtﬁfg&e&ﬁggb%%{ |s as

defined in any one o al ms 30. A fue
additive according to claim28 or 29 wherein the

conce t on o ceri um oxi.de and/ or doped cerium
285t oL BT Dhich E6 OB S A amdior dapederms Oxide and

addigtdeuggedgcording to claim30, wherein the
concentratlon of cerium oxide and/or doped cerium
~oxide is from0.5 to 5% by weight. 15 32. A fuel

2nor b RET A RO R L uEerabi BHeichnighgs Gned i

noranpﬁn@bﬁﬂﬂﬁma5HQQQ: 33. A fuel additive according
to claim?29 or 32 wherein at | east one of additive

20 selected froman anti-foam ng agent, denulsifier

and ust..agent 's d 0_t.h

S0P RS ol 2SR DB Feensiton 5o
\Nhl @:hnﬂlrn@)kidéei&d/@r dﬁpéd/@ﬁfﬁnﬂ/ﬁm@éhsliﬁm@[) 1abi1phadyi '&Efelgﬁt
aromati ¢ hydrocarbon or an aliphatic alcohol.” 25 3

A fuel additive accordlng to claim28 conpr|S|ng

BICer'A" epﬁﬂdgﬁv tl el ggﬁg‘g mﬁ(&}hlél@l Ie%g tgt:ug: cglaﬁcim

art of an a age conprising
f ueloxaldcinoy éSpesieieﬂﬂtrem‘iﬂﬁ&‘ Brfrean dstte IS%EW weﬁﬁh azer,
anti-foanmi ng agent, ignition inprover, anti - r ust
agent, reodorant, anti-oxidant, netal deactivator,

32l ubrg glef ¥3di?@ eﬁ:@%ﬁo ASTUL 3F I:i'aﬁﬂs 28 to 31, wherein the cerfum

oxide is as defined in one or more of claims 2 to 9.

33.  Afuel additive according to claim 29 or 32 wherein 4t least one of additive

selected from an anti-foaming agent, demulsifier and-dn anti-rust agent is
added 1o the fuel. ‘

34.  Atuel additive according to any one of claims 28 to 33 which includes a

solvent which is an aliphatic or aromatic hydrocarbon or an aliphatic alcohol.

35. A fuel additive according to claim 28 comprising cerium oxide and/or doped
certum oxide particles as part of an additive package comprising one or more
fuel additives selected from a detergent, déhazer, anti-foaming agent, ignition
improver, anti-rust agent, reodorant, anti-oxidant, metal deactivator, lubricity

agent or demulsifier.



