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WD 2004/ 065529 PCT/ GB2004/ 000294 CERI UM OXI DE
NANOPARTI CLES AS FUEL ADDI TI VES 5 This invention

WO 200at063529 0 ceri um oxi de nanoparticl es whi ch aP€T/GBed0ui000294

as fuel additives. Ceriumoxide is wdely used as a
catalyst in three way converters for the elimnation
of toxic exhaust em ssion gases and the reduction in
particul ate em ssions in autonobiles. The ceria
contained within the catal yst can act as a 10

chem cally active conponent, working as an oxygen
store by _rel eas oxygen_in the r C

* educe s BTG 85 NANABA s ks aSaf0El ShBlrmees on
with oxidising species. Ceriumoxide my store and
rel ease oxygen by the follow ng processes:- 15 2CeQ

- Ce2(hisHinlémt(dh relaeske yelian toRRleuanomirtices whichare useful as fuel
catal ytic purposes is the | ow redox potential between
adf#iveR3+ and Ced4+ ions (1.7V) that allows the above
reacth onf 8xigasd \Ll%le B a 5gat?ﬁwﬁr 9%2%011‘%?{88%} the
oxi de"Tray provi de oxygen 1or & Oxidat i dn of or

OdinatRf dTtoxTR xRS DEhissivy gades had tHelreductid ¢ paticalhteNO. .
The anmounts of oxyggg reversibly provided in and
g

qUEiABYSAN fau’@mqbﬂé& Wn@i@ﬁdﬁrhi@ therqatalysk Gaedet as ?
FeBiGh7 o TR optnbur Rt ! B oBerhatr SR R Fin the

Redhéd ¥relwetivy glasesf Ad el of odi @sely iaferdegibh @lith oxidising
However, in order for this effect to be 25 useful the
eeieym oxi de nmust be of a particle size small enough

tor in in.a stable dispersion in the .. Th

cor | oatten (R 2 e S AEE b e B e SIS T Pferees
nature, for exanple they should be Iess than 1 mcron
in size, and preferentially 12- 300nmin size. In
addition, as catal ytiZCes)i€stQ; AlEGur f ace area
dependant the small particle size renders the
nanocrystalline material nore effective as a catal yst.

30 Thend 18§65 BRMAL 0P Ber®d fof BAthNTL PipdSesiif tHellv ré@IxviRtential
nore than”one purpose. The prinary purpose is to act

tesweendhe¢ &Y end (e 'tines (leBcthatotlonss thoaliove esdstion to epayeccur
BRI L ECS b eh XK oAt PrOERG BRERRE W BEFRR of RO o CH,
SRSl 6BYxPEh for the reduction of NO,. The amounts of oxygen reversibly
provided in and removed from the gas phase are called the oxygen storage capacity
(OSC) of ceria. \

The above catalytic activity may occur 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 area 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 purpose. The

primary purpose is to act as a catalyst in the reduction of toxic exhaust gases on
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Di esel engines increasingly conprise a trap for
particul ates resulting from conbustion of the diesel

WO o@k/0655e presence of the cerium oxide in thePCT/aB2004/000294

hel ps to bumoff the particul ates which accunulate in

the trap. Indeed such a use is in 5 conmerci al

operation. Thus certain vehicles, principally those

devi sed by Peugeot, incor po&ate an on-board dosi ng

syst em wher eby cerium oxide I's incorporated into the
nters the e. Thi,s i.s

Cobbnseh BF ftddl, MG, Sl o Ao hadipise TR uRatiBhgines.

 Bleseltengities u@%gmgltyudgﬁlp‘r@sﬂ ?%’oﬂfbﬁ’ﬁ&@éﬁté@fe@ulﬂﬁg%h of

additive to the Ef fectively, the on-board
W@h@ﬁﬂ@ pale dieselelp élfhelp:eﬂeatteeoﬁthé terum oxide in the traps helps to

R PRhR & s Hi Snirin aguﬁéh@'é&? G aggein
doRVBECiaP BperdtidH.  T1RIsRBHain YR RicleR p 'ggl@\élsed by Peygeot,

nanopartlcl es whereby the partlc tofu
iacorparateeay dri-board dasjeg systerh ahetvbe laen‘imm Itomctehatncorporated into the

or the particles in this way can lead to
SRERSDERS b cis R enghne” Sishe hpeatn @I°9mpll%ecb¥3’é§?€h@nd
TR dx B RE Q}é'cﬁigﬁic %o 119 Feefind n‘%&g t of additive to the
efficiency of a or an I nter a conbusti on engi ne

ﬁnh] dffectivglyj the sndnbdrdnystbm driables theedartidulge filter ol regenerated

rod ctlon f the fuel to a vehicle or other
R&fng an internal conbustion. engine
g

cer [ r e . . -
opt 312%5"%9&% AR A SER A iy 8 igoniion,  diferent
usa tforotriaimngxiddmanoeriticles ewhethdy ithe pditicley\ay atiikal © fud ahen
ed for vehi cl e fuel managenment system Fuel
qféfaéﬁc ﬁ'fw peenyfeung that ingprpprpéing thapastieles indhisgrayidaa lead to
g@ié%@fﬁéﬁ'&ﬁmwv icles in the fuel. The particles can

i ncorporated’into the fuel at various different

poi ntzsccordﬁhgy,etha@&sﬁﬁﬁh@r@ﬂbﬁﬁr@d&@&trﬁ&ﬁ& asmREbAhethe
egéth their_introduction at these various 25 different

¢ipRe of jafuplfer a itegpal @ﬁ@u&t&ﬂ engingxwhieh eemptises adding to the

i cal al on
S g&%&@ggw&g 3 v i B e an
mmrn”al c@hbusﬁbh @hgihb Cerfi@h biife AXHME A6 1%%31 deEuRdSEdt Aadoptionally,
neans that the fuel available at t refinery af ready

omg 9F mona fuehadditierst i ve so that there is no need for it

to bey u at lL.a er ta However

desir dﬁ%?gcn%g]g Ce%‘&‘%eoéﬂ tﬂﬁg “%Xé]Fer‘Ebgrﬂ?aWﬁd@rcP@&YFmde
fudlingdhagémemangernh Foel dFRCIBATURL 1eQAPHBR"

cust or?1§sed tg ?he [ %dl v(lndual cor?pany S tﬁv%ﬁgggﬁ%%gé)%he

CRTnOEKEERarddeioshe fuel.
The particles can be incorporated into the fuel at various different points.

There are particular advantages associated with their introduction at these various
different points. In particular, the cerium oxide can be incorporated 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 contains the additive so that there is no need for it to be introduced 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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-3 requirenments. Alternatively, the cerium oxide can
be added at the public or private filling station

wo 200e0eised either to the storage tank or di spePGEGBR@4/000294

the fuel on delivery to the vehicle; this has the
advantage that there will be maxi mum stabilisation of
the particle dispersion. 51t wll be appreciated
t hat al t hough the princi pal _jpur pose of addi ng the
cerium oxide to the fuel is to increase fuel econony,
the presence of. the. particles in the el wll, at .
T TSHEE: .‘i“r‘é‘}a“ﬁ‘élP’pthF 8°?‘§BQH@P§P%%8 aéﬁfi%‘saé th i onpaye
fillidd @4tidnl foRIcES€ Blther 10 e &ih&CtnPOby gﬁgﬁe S& U fael B dbiSvery
generally to enable regeneration to 5ke pl ace at a
td theeyehiclteg Hpehastthe edvatitvigs thuh therdiwilhbl avakimgen stabilissthom of the
fil fé’f‘g whi.ch is usually of a ceramic 10 material is
PSS G 9% ss |ikely to crack. Although it is
possil g ; i j ' i Gl.e5: i :
Doon AR AL Aokl i rKipH R Rt o oBink [ @hum
okids ththerfueldp udinvictse fmelnqronany . she pleagnce @f tet pairticles in the fuel
di tional oxygen vacancies being forped. This
il g o it deipHA TS PR e o TRl BticH kel AT it gpsent. The
- . r V B
Aot BB iphT O el RHAI HRERUATPIRL Bloe Jb Jower
tesheenante. ithichesitie advaatage thaathetfiltee tviich i8 ubualifif bicoamic
metal .or a netal of Goup IIlA [11B, VB, or VIB of the
maisriab i gengigHy dess Hkely defra¢ly provi de oxygen vacanci es.
They : . ' . al ' rLporation
of 1 ALEPEERlAE RGN 1o B by Bt B SRR R
faaidde be bamsdietl td GdeaRriudcsxidaivhigh hastbdeal ddped (vith@ompbikhts
i onic radiuys should not be used. For 20 exanple
thaf E3ult in edlivienah Pxyach vasancies being dpranesle ddvitigenetellymeans that

r It t . Ily nreferred over those
o R BT B BB Bt BBy o
act i gath AspaAtidne KALEHOE- FRGH-VTedUSAIYF 28 clédX which is a rare
reacti on. However, because ceria and the |ike are

- e mtab adansitiog metaltos ayneiahaf Grovwp e BIB.0YBcor VIB of the

I\ ng. | activity surface sites for the
PRGN YrBP b et BRbych et 308 R Rl « e tha
all@ySincépoidh of HRSoR hWethRAth isGFARITEY oH $€fHel cefimi J¥RIOV €

this situation. In addition, rmultivalent dopants wll

ngiopartislase Axceringly metplewite o targs ionkreiadive whould poi ealseg. For

h d..oxi d MWl ~h th I X (0%
AR SO, e ol S TR e op Bt S Brea
gé?ﬁ:ralglpreféﬁ'ed Bigr thiske 1Rted iDkhe tBRd. The c&th seMbs aVihe ox?%%n

Be , Co, V, Zr, Ti and Ca as well as Pr, Sm and

acgw’gtign prasexehergeupedipmtdoripg 8 redox reaction. However, because ceria

and the like are ceramic materials, they have low electronic conductivity 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 Rh, 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 [(Ce0,)(REO), 1, M, where M'is a



30 typically 0.01 or 0.1 to 0.2, or of the formula

[(CeR)1 n(REOGy)Nn ] 1_kMKk where Ms a WO 2004/ 065529
wWEOMeEA04/ 000294 -4 said netal or netall oi dPOL/IBBR004/000294

than a rare earth, REis arare earth, y is 1 or 1.5

and each of n and k, which may be the sane or

different, has a value op to 0.5, preferably up to

0.3, typically 0.01 or 0.1 pg 0.2. Further details can

be found in our PCT Application GB2002/005013 to

whi,ch f dDb de. ] | th
0 ] Py S ey L geneel e
dadil T k2 RAI@SRAEDAHE ¥aObr EFERERI 1Y ai}%gle %o f()lcyl;] preferably

exanple 1 to 300 nm such as from1l to
prta 0.3utypically 0.61%0 0rintp 0eX pluwrthet Hstails ¢am ol in dur PCY

ReBhiHor a2 31 T whiSh e Traigerdes can be
5 commi guted.d ﬁlead%riﬁﬁl?(?ﬁ&f%eﬁﬁé%?mll h&etmzegr(o% %ﬁﬁb&girnggelﬂicron

10 coatfng agent wh an organi c acl
and espeaallyonotaextesding Whsen, bt exaawple heeB0d amnshchhatfron Nto 150

this wa ich jnvolves coating in situ, it is
B‘E‘sg’i%‘é‘“ﬁ% IS0 Bm.cesReqislly; higr the coating of the

oxi dey; ; , | i y :
ot el i et e EAUGL L3oREOSY ey iR DuploMerdi ALY For is

ptrppse theparticles samrbe canainutgl ipraaeeghi €solvént irbthe @E&8ERINf a
to dry the coated particles before dispersing them 15

10 ¢optige iagent Srbacinis am oazapisacid, prbdrideeor cates o lostvia bassardt s

- - . OL. it i. qui f .
DR bl iRt R ot # Blpiplego
significaithsimpnoehtha ceatimghif éied @ddd. oFirtiRr, IRORLSIENS PRIGuBt can, in

have as |large a surface area as possible and
HABY Btaprss, bhusedalinertly withewhaay intemmediate stap.e Fhubiafsome

Q. ' sat | 1 / d preferably. a . '

SR Bl Bl s heceRAR) o R R BoBR Bl S e Yiamipp o
15 B0 Byeibodai¥ah, sobfend 00- 3002/ g. The coating agent is

sui tably an organic acid, anhydride or ester or a

Lew S.Th%@ ceruye _Ogigﬁtc_mﬁ ge digeersiblesonsobifbde iabhy (laquid) fuel or
ARG SRBOULLEAGL il pnydri de,  typical ly

one possessing a n atons, for exanple 10

t 0 25Thepdr0Ele@ivalth, are SubRSRRICH Fhd Ileolel,@ssszOLﬁ§ h&ewd 2308ke a

atoms such as_stearic acid. It w be appreciate
{tzee pree as pegsidmandpreferatdn thepagislesitmved sorface area, before

20 R i IR B S B SR

Sl 861850 WhigCbr PR3 dnUsed. They
The coating agent is suitably an organic acid, anhydride 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,

25  especially 12 to 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

30  polyisobutenyl succinic anhydride. Other organic acids, anhydrides and esters which



10

15

20

25

30

are preferably dicarboxylic acid anhydri des,

especi al |l y al kenyl succinic anhydrides, particularly
wa@lowenessyd succi ni ¢ anhydri de, octadecenyl succi PCT/GB2004/000294

anhydride and 30 pol yi sobutenyl succinic anhydri de.

O her organic acids, anhydrides and esters which WO

2004/ 065529 PCT/ GB2004/ 000294 -5 can be used in the

process of the present inveggion i ncl ude those derived

~from phosphoric acid and sul phonic acid. The esters
typical l i ti t. . f l e . '

ol B otorge o Rep R ayraten ot f IR St Yo,

p%c%{)ﬁ@xripélﬂd Qﬁcpmi?ho-m?a&& athdektds mcﬂﬁnﬂﬁﬁaﬁ@ésﬁé@ﬁm

I'n an organi c solvent. Pref , the 5 solvent
exadnpie alkybesters aelrel totlathe acisr anlesteb pyrtsimve Hyid 8 satbion @torns.
It can be an aliphatic or, an aromatic. sof vent ferably. the
Typi ChP CRARGIIRSST FEY HEFaTes) Qt Hban QiepRif OvERY (Fgpierably,
. 1 i | BLhylaHhil®. |18 carlN6d 4 AMphitiic or
S(fq gﬁgér %é\rynﬁéla@dvlgﬁit% Sge?efglagﬁ\gigﬁdh%e sellweclt§ ed so t I’#g%{
ah trolgatic aojvahi. bl'ypical exaniies include thdaenenxlylerse peifol; giesel fuel as

coated particles._ The presence of water sh d he
wsll @b gearion vl Qilse Naruwalhy. b grgRTIa SONETLE ?ff—P@l?i{j%FF‘?‘?md so
tHAE RS c&ﬁ?agt%lflvitﬂ]ﬂ%h?ena&y PR of LSRR partitfest A ipAdbence

process 1 nvolves conmnuting the particles so as to
oPptvaie Bliovdd Ye acd@dd e gt of af aalpdiide as oopting @géndibglpe 4o

whi ch can be used for this purpose include high-speed
ekminats gy Witex RIfEIE-ng and the use of a colloid mll,

o of ars Snatingirp PR} tnyofles pbiifhin il (TbartitROsd & to prevent any
a% bivdratdy frdih fReTAEBEMhARRER which caabe hsedoior tiigpurpoge include
at the concentration of ceriumoxide_in the fuel can

highrspead btjtripg or ageblingaad thaese of @ gollpidapilly Hltrgsemics Qfdeiing
tem. Thys. th Ho . A §
w5 fte” G g, oGS TR LRI KRR LU P b

pPaatyGewesedi 10 ppm I n general, the m ni mum
concentration is of the order 20 of 1-2

i : -2 ppm. The
par t ilctaadeqmintpdoutibd thvsencentratione! cadump ggldedn theduplcan

or art of an. additiv a ' [ dto
e B ess e Bk R ta g SROREFLASRADLER, EuBEREL |
bR udiiGs6f cerivg oxidd1 tRE BRLBEndralledtek 86t &x@eed 20 ppm and
particularly useful for large vehicles such as,  trucks
tymichllyusé sxeededrl8 pani. dn goerinld %@Inngu@;ﬂ@ﬂ%ﬂm%m # of the order
gggyglgally not be 25 incorporated. The fuel can al so be
OhsedPHBr static engines such as generators.

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
tracks and buses where an on-board dosing system would generally not be
incorporated. The fuel can also be used for static engines such as generators.

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 introduced.

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

it will be appreciated that lubricity agents can have an adverse effect since these can



10

15

20

25

30

The nature of the fornulation used to incorporate the
ceriumoxide wll, of course, vary depending on the

W@ oi0An6meo whi ch the cerium oxi de is introducedPCT/6B2004/000294

general it has been found that the cerium oxide
particles can be stabilised in the fuel or fuel
addi ti ve package by the presence of a detergent. In
this connection 30 it wll (k))e appreci ated t hat

lubricity agents can have an“adverse effect since

t hese can, WD 2004/ 065529 PCT/ GB2004/ 000294 -6 cause a
GIHEcE Preckpitaterte frgy nRarisailan detrgentywhich sah 8§ sl 18 pheprgsent

‘ . . . i el ,
BB 00l P S50 ARY Qrd 808 BBSI T
RBlesaid) @S Scontatn nd KRl Biliable dders@itainsludSdintidds) @nines,
detergents include am des, am nes, Mnnich bases and

Mawirhbagcs ard sscimimisies whichrase prsderrady direferablythe dpfergent is 2
. s a5 i ni_pi whi-ch h
S REB00" b B i REE T e gy R RARC O

SIS Inidelidisrefesatily Slighaadhivd alal BB 34tufated ¢t UiBMtuleed, especially
saturated or unsaturated, especially ethylencal IK
afind enoatlz vaspturated, e grangli} lor alkenyllsuegmimide cTymiedllydhe

ical.ly the. d s f d. f . | kyl
A G R e W R SRR P i T
Ha® @t at Jeast TRERBEH BbATEN e IR ophlikihyl @For, k@D alltyientp,

and an al kyl ene 10 pol yam ne m xture having an average
flyameing edsturghaving arpsierage offst Joast Smitregsn| aoms peraheleeie.y

' f d f l'yisob l. I ni .
BrrPaly AGonde At oTLaroR DR GnY T CuBis e el v
BRIy DERIAS BalTBL 6 AlthBEr AREHmALHAdighrt500% 201000 and

an et hyl ene pol yam ne whi ch can include Cyclic an
acatisylewe pelydnsine mddhngn amcludessyatje and acyebe pattsp ha¥ing am average

HELTCATT AT e TR
szﬂpﬁgégﬁ%fiﬁzezaﬁggl’ecﬁ&pﬁﬁgﬂ fré/m%?@ t6 9500 AGheMallh 756 RO$500 with
havi hg d b

[ ecul ar wei ghts around 900 and 1300° bei ng
thasethayirnganblgculseteights atdund 9§h aad § 80Q beingrpatticuiatii usaful
li phatic chain with a.nol.ecul.ar .\weight of about 100
o é%ase&cw& Vi o Einlic ahic vilke BelerBaRSR: of dbout
- 43 nma
oy st g SRR o e O AT R AR
aaldHP-pr-432, 9 s 460F09aind d(X3i7t378e conposi ti on  whi ch

conprises cerium oxi de and/or_ doped cerj um oxi de .
t oget%@or@wg{érs © PEISERtJBYRNLION 3lsfREP Hgsy éﬂﬁp%dftpmiomosmon |

USSP T R B0 B R8b YT,
preferably an aliphatic succinimide.

A Typically the concentration of cerium oxide in the additive will be from 0.1 to
10%, generally 0.5 to 5%, by weight.

If cerium oxide is to be added at the refinery it may, in fact, be added without
anything else. Typically the additives which are incorporated at the refinery include
cetane number improvers, cold flow improvers and antioxidants. Accordingly the
composition of the present invention can incorporate one or more of these. However

since, in general, cerium oxide does not improve the cetane value it is unlikely that it
would be added with these.
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10% generally 0.5 to 5% by weight. 25 If cerium
oxide is to be added at the refinery it may, in fact,
wheooatesado wi t hout anyt hing el se. Typical |y t hBCT/GB2004/000294

addi tives which are incorporated at the refinery

i nclude cetane nunber inprovers, cold flow inprovers

and antioxi dants. Accordingly the conposition of the
present invention can incorpgorate one or nore of

these However since, in.ge 'er al, cerium oxi de does

o B e R BB g Btk e v
ﬁ@ﬁé@%%ﬁ% WP 29 ofter {nffeéﬁ a éo %chﬂ&éjﬁrpiﬁ%llﬁgﬂﬁﬁ t8thel 1361 at

depot then it can be adde ne or e detergent
thts stagelas ali¢dte dlldwer | ngredi ents which are typically
added to the fuel at |ss ge as, i d|cate be) ow.
L e et S edeprdegi i Aionity PreFRgt SrasiR
JRERERMbEs 1 eMioshal d nsi derations apply to the
é)eglot aggsl t:dli)% Typélzlf:b:;[lla cli_)lollgflPtlves whi ch can be used in
-t h e fTylicad aditises whink carespeseidah khe fueli @aglosttioas, especially

e_conventionally used, such as:- Non

d

ig‘ gr‘@&ﬂ&b@?ﬂ Qf’élﬁ?%u‘%‘éblﬁu%‘él YA ¢ and al i phatic
h dr
oo 10 BB or D e BN or o RE AT AR, hfirocartops
dubk ad todatteMayrlne' &Rt B@pirithand Mk titey dlerdof tad hSbesdld under
Group, and "EXXSOL" by Exxonhbbil ‘G oup. Polar
té? damdeMad) "SERILL-SAL byghe Revaldutch(ShehGrapganh ixK§OL” by

ot%% ICGl%lu ohols e.g. 2-ethyl hexanol, decanol and
isotridecano Det ergents such as

hydr OB(ﬂ&bhi'ga‘iM@ﬁindﬂi el padiciias aw@aolargeﬂeeuy SifhatibNdOkols
15 carbyl -substituted succini m des, e.g.

. pBldreth Xaéﬁyldegﬁmbmlﬁﬁ)@dec@éhazers e. g al koxyl at ed

CommePete By SEEA Bufe B B B amigesy i vdro
Ja?@&ljyﬁbﬁﬁﬁted ﬁib‘énnﬁge'g\@ g Uﬁﬁ’@ouﬁ@&kgu@ﬁ%ﬁld@ex

Petrolite), Anti-foani ng agents e.
pol y I digf alsdxypatky shémmk ﬁcmmldehmnmlymadslsych &0hose

SR S R e B esroran

((IH&C}@&[}@QB% (pRBpRs - Poul enc)) Ignition inprovers

such as aliphatic nltrates e.g. 2-ethylhexyl nitrate
and Anti-foaming agents e.g. polyether-modified polysiloxanes, commercially

available as "TEGOPREN" (Trade Mark) 5851 (ex Th. Goldschmidt) Q 25907 (ex
Dow Corping) or "RHODORSIL" (Trade Mark) (ex Rhone Poulenc))

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

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 succinic acid derivatives

Reodorants, ,

Anti-oxidants e.g. phenolics such as 2,6-di-tert-butylphenol, or
phenylenediamines such as N,N'-di—sec-butyl-p-phenylenediamine, |

Metal deactivators such as salicylic acid derivatives, e.g. N, N'-
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cycl ohexyl nitrate, Anti-rust agents e.g. those sold

comercially sold by Rhein 25 Chem e, Mannhei m Ger many
W@2004R354801 ", or by Ethyl corporation as H TEI/GBe@d©00294

mark) 536, - or polyhydric al cohol esters of succinic

acid derivatives Reodorants, Anti-oxidants e.qg.

phenolics such as 2,6-di-tert-butyl phenol, or

phenyl enedi am nes such as g

NN - di - sec-butyl - p- phenyl enedi am ne, 30 Metal

ctiyat u alicylic acid derivatives, e.g.
‘ﬁFa%ﬁYh‘%/Fﬁ Joaiebeggm 2004/ 000294 - 8-
di saly giritigieasemlts rchad PARE cSHhFSInAS, Apsbiallsiatty 64illy, esters and

agents such as pol ar conpounds espeC|aIIy fatty
aamudebs Typactadly sicialn @ossaw e s- ;Eylpmn ahdi/yr a&umngm@ssclade poly
ha r e aromati.c I ude
cioe o o DSl M Rl B TS Rl G 0S3led agia

s@bﬁ'ﬁf olRfc AMindReidd, aJs %ll%'h‘}dx%x? léﬁﬁnﬁ& éah?dxsrh@ Bcids, especially

l'inoleic acid, as wel | as hydroXy aromatic carboxylic
with ais prtes @él:grahp or watﬂplcasalmyhdn aci@Hspeaally, thosrwieixaaml e

%13' lC\ya'ti'&,*?@?a%ééjP S AR aﬁ@“ﬂ‘;e{tgm%aim% cgigreederived

I S
o Tch JOUH £l ani 2 BLPw LR i FhloKRP C BT OME R AL o o

milyinidek alwohael suplo hsydn ylycole glyterohad p&ataei'yﬂaxstohoxgiq}y(okyalkylene)

Jrcbohore vaitg? Sl dpe GrgpriT e ARSI 0D SR 684 ot
ﬁn@eﬁl b Est@S 'n‘ijclﬁcﬁrkl?@erol do- ﬁ{d dl%gﬁ: $ehi a8 81BES1
I nc ugg éh ?yce yl

ycerol nono-and di-esters such as ¢
mvmmﬂéaﬂaatsexblm tlonbaleateand pbmaetrythmmi mavbbateydshwéll a3l salicylic
nonool eate_as, well as salic esters O her

qsm oy ehgeis s EhiChiyeyihe useb el e Filas degved Gom o
Ll ngg F rpﬁol&@fﬁﬁ%@ﬂ&ﬂ@hn% ofin lQ’o%l)e sac%g agents are -

I nes one ‘'suc agen S are

c&bﬁm‘ﬁmmﬂﬁ lab3i1ableds! HIIBQ BS3 E®831 or P63 (ex RoZdumi) OPGBH EC"
ex Infiniun or " (Trade Mark) 580 qSex Eth
(@sdsdYiatk) 689 (ew@ﬂ;«bcgwtw A 260 hapd REY3 frP@tB@eklert

%21%11} SI Elogeeée%&lﬂpe%ﬂﬁg’?O%/&%llgjag#?gﬁ}%glgé’m 16596.

rers e commerciall'y ‘avai'l abl e as TOLAD
2898 DeanlsBries.g RRitIcdni@ciallyhediablead TOIOADI2808 from Baker Petrolite.

i nclude one or,  nore of an anti-foam denulsifier and
an 20Prgferted additivegyaplude one or more of an anti-foam, demu151ﬁer and an
anti-rust agent.

Unless otherwise stated, the (active matter) 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, e.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 20ppmw. The (active matter) concentrations of
other additives (with the exception of the detergent, ignition improver and the
lubricity agent) are each preferably up to 20ppmw. The (active matter) concentration
of the detergent is typically up to 800ppmw e.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 into the diesel fuel, it is
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Unl ess otherw se stated, the (active matter)
concentration of each additive in the fuel is

w@emenedsky up to 1000 ppnw (parts per mllion PYT/GBR@AN00294

of the diesel fuel), in particular up to 800 ppnmw,
e.g. 1 to 1000, 1 to 800 or 1-20, ppnmw. The (active
matter) concentration of the dehazer in the diesel

fuel is 25 preferably in the range from1 to 20ppmw.
The (active matter) concent Fations of other additives
(wth the exception of the detergent, ignition :
CORPRIBRAEY Uspriin Fermeupp pf o4 10, SORPELY- are each preferably

up t . ' 1)1 C ' .

the. Qs iése hifisBEL B ELhL GROER LA (Ul R corium

oxf}) ppitwirefidesy Whité theetiaré foe) partcefacdiese! Afel addinie Pﬁ),

ignition inprover in the diesel fuel is preferably up

typicabyoidgedhat the peingof lpading svithsbe imglkey, oriat the numy- j Aitypjcal DFA

cgg]%n% LS incorporated into the diesel fuel, it is W
4065529 PCT/ GB2004/ 000294 -9 conveni ent | y used

in, akteaggunt of 50 11007086 QoyPR t)Some of these

additives are nore commonly added directly (with the

ceri gfiruski de) at tHel0%finery while the others form

part of..a diesel fu ditive (DFA), typically added

at tﬁgaf)ogflht of |Oa3JI—}1 wWith the tanker or at the

punp:deRadey pi cal DFA g-poogonpri ses: detergent 10-70% ( by

wei ght) antirust 0-10% antifoam 0-10% dehazer 0-10%

10 nowopelagsolyentyent0-80%0% pol ar sol vent 0-40% The

diesel ;oil itself an additised

(addiff% &Mt ai ni @4@% _If the diesel oil is an

addi tTeeEesel il itidif Mhy be SORIRIIRd ThdiRiva B ePbil OFGhOT
nmore additives, e.g. anti-static agents, pipeline
digsalpit sdncddisised pibyit Withewwain syiner. anovethyfl ancet wiary kdditives,

S B e 2B Do B Bl T i AL Sy
SR Sueh Al hgeoJRed e nyspnin
agents;.e.¢. GOEECOmesAAl), availalile teddr thafichds DCDKFTRARAFEOFV"

e 2B o P08 b B S NI TEL” (6.0 "OCTEL" W 5000; ex Octel)
and "DODIFLOW" (e.g. "DODIFLOW" V 3958; ex Hoechs).

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 illustrates 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%

Shellsol D70  52.0% Aliphatic solvent
Significant solid separation after 24 hrs

2. 2% Cerium Oxide in aliphatic solvent  48.0%
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The sanme or simlar additives can be used for other
fuel s such as petrol, as 20 one skilled in the art

WoR0ok/06§5Ry eci ate. The fol |l owi ng Exanpl e furt hePCT/GB2004/000294

illustrates the present invention: EXAMPLE The
settling of fuel containing ceriumoxide alone or with
ot her additives was tested with the foll ow ng
results: 25 1. 2% Cerium Oxige in aliphatic sol vent
48. 0% Shel | sol D70 52.0% Al Flga:uati c sol vent

Si gnj.f i solid separation a 4 hrs 30 2. 2% .
Ceﬁﬁﬁ‘# e in aliphatic sol vé%{?‘%élpb%lwimm%@ ns
PCT/ GB2004/ 000294 -10 H TEC 4@&&Mﬁ%ﬁh¥mt ic

sol vent which contains detergent "and antifoam Sli ght
Sladhit dolsbpprmtipn afterf 24ers24 hrs 5 3. 2% Cerium Oxide in
al i phatic sol vent 48. 0% BASF Ker opur DP403 52. 0%

al i phatic sol vent which contains detergent and

and faam, Skighh | at after 24 hrs 10 4.
S0k Gor i Gl iaﬁﬁlﬁﬂuéﬁﬁgvtg‘?tg % 48, 0% Ootel DA

52BASF d arphatDRA0S0l vent whi ch §hoYedliphaticledledr@ @iich contains
anti foam and anticorosion agent. No solid separation
after 24hrs. 15 WD 2004/ 06552¢cttigyniapd Gotf@on294 - 11

%g@g*gﬁé{i%éﬁ%msi nproving the efficiency of a
4. 2% Cerium Oxide in aliphatic solvent = 48.0%
Octel DFA 52.0% aliphatic solvent which contains
detergent, antifoam and anticorosion
agent.

No solid separation after 24hrs.
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conmbusti on engi ne which conprises adding to the fue
prior to the introduction of the 5 fuel to a vehicle

W@Rr00ai0b5829 appar at us conpri sing an internal conmPUBGBRIV4/000294

engi ne cerium oxide and/ or doped cerium oxi de and,
optionally, one or nore fuel additives. 2. A nethod
according to claim1l which conprises addi ng cerium

oxi de which has been doped with a divalent or
trivalent netal or netalloidiwhich is a rare earth
metal, a transition nmetal or a metal of group II1A,
I11B, VB or VIB of the 10%¢dMi ¢ Table. 3. A nethod
according to claim2 wherein the netal is a transition
metal. 4: A nmethod according to claim3 wherein the

nmetall.is rAeskthed ofiappeving tiRicfiGencyddladuclfor hnihteal -
pl ati num iron, manganese, chrom um_ cobalt, vanadi um
czvmb@éﬁwwﬁgeﬁe Vhichspumprisessdding Ao therHelaprir éo thei ingodustion of the

fﬁ!elq %fe o‘%ﬁ&r %Qra{dg %oggé%fxg 'a§ ngtgmgi (tLngbus?on engine cerium

aeseo ym um Ssa um nrum an

@(ﬂeez[iidwfldogai téritfih o ABS | tonaldgronk lok Hivre BR1 Bdditives.
calcium 6. A nethod according to any one of the
pr ecedi ng Amthed sgseidengitorclaim lcwhlch@pmprla@s agidEyeoerium oxide

L

@xth dectans bafisitislopeh] 6£4 hétil 6Rgdap mlass THBSVBorfVIBafkhd O
300n-m 8. A nethod according to any one of the

Reriedediable-cl ai ns wherein the cerium oxide and/ or

doped, ceri e. has bee h_an G,.

o 0.3 anr st GO R e S 1 Biiell the o 2 G fion metal
et hogl ac CRMGHREH &&oﬂxﬁ%ﬁ‘ Baitd B RERIN thE nteRatis Mdiven, @bpper,

a dicarboxylic acid anhydride. 10. A nethod accorélng

gilyes Lgaldnpglammn,aﬂ@tmmm irnamanganess, ohroamum) kaehalt] vanadium,
SUCCJ ni o tﬁ dride. 11. A nmethod according to claim 10
cinic anhydride is 30 dodecenyl

SUCC' 5“ C anhydRdDfscoRlh PRRERAYVI 052 HGAERICthe Bl fehigh,
pol yi sobut enyl WO 2004/065529 PCT/ GB2004/ 000294 -12-
eeseddyingiue, kyoariuhe, gadolinium, antimony, selenium, gallium, magnesium,
beryllium, boron or calcium.

6. A method according to any one of the preceding claims wherein the
cerium oxide and/or doped cerium oxide has a size not exciding 1micron .

7. A method according to claim 6 wherein the ceriurﬁ oxide and/or
doped cerium oxide has a size from 1 to 300nm. -

8.  Amethod according to any one of the preceding claims wherein the
cerium oxide and/or doped cerium oxide has been coated with an organic acid,
anhydride or ester or a Lewis base.

9. A method according to claim 8 wherein the coating is of a
dicarboxylic acid anhydride.

10. A method according to claim 9 wherein the coating is of an alkenyl
succinic anhydride.

11. A method according to claim 10 wherein the succinic anhydride is

dodecenyl succinic anhydride, octadeceny! succinic anhydride or polyisobutenyl
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12. A nmethod according to any one of the preceding
claimwherein the fuel is diesel fuel. - 13. A nethod

w@eweneisey t o any one of the precedi ng cl ai ns MEGBRV4/000294

the 5 cerium oxi de and/ or doped cerium oxide is added
with a solvent which is an aliphatic or aromatic
hydr ocarbon or an aliphatic al cohol. 14. A nethod
according to any one of the ecedi ng cl ai ns wherein
the cerium oxide and/or dopéd cerium oxide is added

to the at the refinery. 15. A nethod according to
nﬁ‘r?é‘fh&i“%q aim1l to 13 wherein the cerium 10 oxi de

an d/ of2 dopgRdn&Rsd awof&ihgﬁ) dn§ oad @@qleq;re@dfﬂgedlmﬁﬁwﬁérem the
16. A nmethod according to any one of claim1l to
fuekiseliesel fuel. cer i um oxi de and/or doped cerium oxi de is
added. at the f tatlon forecourt. 17. A nethod
Sccor ing honsih sEries fodY sre byt Al aHErn the
BGhR" RELIAEA Wit 93ty ddgdliphati
%%glg% rrié\%{]nmt/ﬁ%acﬁ%dgr rmro}e(g% a 15 det e%eﬁ?w}gg@azerhp aHe
mﬁrbmﬁﬁxahydnchramz@nphﬁtmﬁcohmbr over, antl - rust '

agent, reo - oxi dant taI deact i vat

lubri M-ty gg@ﬁﬁ%ﬁcce @y aine of the piesady wg@&@}@a%gw
i

S0 BUIL M WRSRURCA SRV BN BN i dARES,

met hotb.ac cArmi¢thed haroeding 1o aby onbef elaimtiite 1datterge e desium

a .basic 20 nitrogen-cantajning _ashless detergent. 20.

e andier daped cefiyy oxileds adder £b2 filkb £8pat- t he det er gent
Is a @uccg%gﬂﬂ@amanﬂ y%ﬁ %Y ELAHY tgfla%he'r&ﬁ‘g{e GRrium
ni trogen atons per Tl 51 "R e accor di ng
éxdde huad/on cﬂiibeahhaﬁlﬁn xideds sdde dlaﬂthmﬁil&ng statien foresduftr om an
al kyl or al ken succi.nic acylatlng agent havi ng
| east1B5 cérra%%%@@ﬁsdmgﬂo a0y onR e H}Wpceérngaqlmémwhepeam the
I
Se‘;gg% L%A/ gén %§1&%‘1§< £&He8 tgge‘(lilé}%ggo&"o‘%rn‘?cgg ofh

camagéxdl dhak @, @dtﬁfd’ﬁhﬂ@g w@ﬁf egrﬂuélhﬁnﬁrbﬁ@ﬂ Ahtiiebe agedt, reodorant,
derived from a polyisobutenyl succinic acylating
Weprdent metahdtastiyatomlubrissy peens budemuelsifieavi ng a nunber
aver a nol, e ht .50

oty Bie 9 DergAm LA pital Yari B8R offe gpdor

&%mcéﬂimﬁtdﬂideﬁ@ 8ddeditb@ethdQvittoa N¥Rrg@Rt4/ 065529
/ GB2004/ 000294
A method according to claim 18 wherein the detergent is a basic

nitrogen-containing ashless detergent.

20. A meth;)d according to claim 19 wherein the detergent is a

succinimide which has an average of at least 3 nitrogen atoms per molecule.

21. A method according to claim 20 wherein the succinimide is derived
from an alkyl or alkenyl succinic acylating agent having at least 35 carbon atoms in
the alkyl or alkenyl part and an alkylene polyamine mixture having an average of at
least 3 nitrogen atoms per molecule.

22. A method according to claim 20 wherein the succinimide'is derived
from a polyisobutenyl succinic acylating agent obtainable from a polyisobutene
having a number average molecular weight of 500 to 10,000 and an ethylene

polyamine having an average composition from triethylene tetramine to
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-13- pent aet hyl ene hexam ne. 23. A nmethod according to
claim21 wherein the aliphatic chain of the

W@ emgioeised de has a nol ecul ar wei ght from 500 tRCREBR004/000294

24. A nethod according to claim23 wherein the

al i phatic chain of the 5 succinimde has a nol ecul ar
wei ght from 750 to 1500. 25. A nethod according to any
one of claim18 to 24 whereip the cerium oxide and/or
doped cerium oxi de is added ]toget her with at | east one
of _an anti,- foam.ng agent, denulsifier or anti-rust
%eé’&?ﬁ?y?%.heﬁarﬁg’fahod according to any one of the
precesi ng AlALAG ¥hefd@hdtol dMem IOwhErein it Qkpltic RRGN O the
doped cerium oxide is added at a concentration not
sxciagdidadas 2 Opbeoulap weight fronhd @Z580di ng to cl ai m 26

added?n af EHBUHRBLSERCURa 1 MBI SUBAR RS
SfeERiHIdR Bl 9 gﬁl%u]garlvle%glﬁ%ﬁ{l’?s'(ﬁdol 1508s hereinbefore 15

descri bed. uel additive which conprises cerium
oxi de2and/ Armetbpd acoontingitn anyxnd @f alaim 4 8de ¢ mdwerein the@erium
A fuel . addi

: tive. di. | ai m 29 wherein t .
@B A ians1) o S AR SRE P Ao Bt

%iai?r% %)ggnf Hgfﬂugiﬂertoi’aﬂtﬁlﬁ/%gi@ﬁ%é@ﬁi ght. 20 31. A fuel

dccording to ¢ 30. wherein the

concedd.r at Aanethdd acerdingriooanydae afi tHeqpreckdprextlaissiwirerein the
oxide is from0.5 to 5% by weight. 32. A fuel additive
SRt oiAg aRgondped seriyn oxidsitfadded af g cgrceppatin RpteKereding
?@{p. m oxi de is one defined in one or nore of clains 2

. 33. A fuel additive according to claim 32
wher e t ha dehed geoiding toeclhias2€ whedsin the cerium oxide and/or
ni trogen-contai ni.ng .ashl ess detergent. 34. A fuel
densrcevamaxids igpdded: g ap pEioniRpt RReseaing LOREMdet er gent

is a ucciyni. o i.¢ . . 3
ot rodEn’ e ahEhdE aidhifls RAGaTT SURAUENP e BlrohbSHe
asseabsti.ng to claim 34 wherein the succinimde is

derived froman al kyl aqr al kenyl succinjc ‘ )
acyl a29-ngadenel asditiegviteh cerapmises seriyp pgKle and/or doped cerium

oxide and a detergent.

30. A fuel additive according to claim 29 wherein the concentration of
cerium oxide and/or doped cerium oxide is from 0.1 to 10% by weight.

31. A fuel additive according to claim 30 wherein thé concentration of
cerium oxide and/or doped cerium oxide is from 0.5 to 5% by weight.

32. A fuel additive according to any one of claims 29 to 31 wherein the
cerium oxide is one defined in one or more of claims 2 to 11.

33. A fuel additive according to claim 32 wherein the detergent is a basic
nitrogen-containing ashless detergent.

34. A fuel additive according to claim 33 wherein the detergent is a
succinimide which has an average of at least 3 nitrogen atoms per molecule.

35. A fuel additive according to claim 34 wherein the succinimide is
derived from an alkyl or alkenyl succinic acylating agent having at least 35 carbon

atoms in the alkyl or alkenyl part and an alkylene polyamine mixture having an
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atons per nolecule. 36. A fuel additive according to
claim 34 wherein the succinimde is derived froma
pol yi sobut enyl succinic acyl ati ng agent obtai nabl e
froma polyisobutene havin 2 nunber aver age
nDIecuIar meight of 500 to 10,000 and an 5 ethyl ene

anln er age osition from
2? &el%l g%&\é g gorflsop 5‘%(?1'?‘21{@? ‘hyl ene hexam ne. 37.
A fuets addjtfuyedarie adiodding @ Eladh M4 AheVie iR sHcdifignide is
aliphatic chain of the succinimde has a nol ecul ar

desivgi {10509 pelyispbgeny! saccuAc pepdatingiadient odainglde fidima t o

o iehed e e T Bsrhes et ot oL Uhibd009 snkan

étHﬁbn@ﬁcﬂ%dxM@ 13660 bl hiRGadOcAPOsBE Rim %ahﬁén&%u&ﬁné%

whi ch ‘al so conprrses one or nore of dehazer,
mmtaeﬂfymmgatagsnt ignition inprover, anti-r ust

agent,_reo anti - OXId deactivator, . .
ubri 9 ty g»d{é adfhnva BFRTLRE o lamgg% WA?C%%& é’l‘ﬁf‘%t}‘?\ﬁélam of
ﬁé%@éc@hﬁﬁdé@as%rﬁbl@hﬁ%%@l 0pIeBEHge one or nore of

15 an anti-foam agent, aR anti-rust agent or a
denul 38.f i eA.fudhdditive aedordidgditd chasm 4C edreckim thetatiphatic dam of

clai.ns 29 to 42 which rises a solvent which is
T‘gﬁ S‘é‘f"ﬂ’ﬂﬂ’é‘é‘? }&as@rm%\lFﬂﬂﬂtW‘Eglﬁy%np@aw&Qn or an aliphatic

al cohgy . 42.f,4) ade ve @9&%&1#1% 91%/9(8{ gﬁﬂgalﬁlggg &@B §umPh also

substantially as ere escr |
comprises one or more of a dehazer, anti-foaming agent, ignition improver, anti-rust

agent, reodorant, anti-oxidant, metal deactivator, lubricity agent or demulsifier.

40. A fuel additive according to claim 39 which comprise one or more of
an anti-foam agent, an anti—rust agent or a demulsifier.

41. A fuel additive according to any one of claims 29 to 42 which
comprises a solvent which is an aliphatic or aromatic hydrocarbon or an aliphatic
alcohol.

'42. A fuel additive according to claim 29 substantially as hefeinbefore

described.



