WD 03/ 040270 PCT/ GB02/ 05013 CERI UM OXI DE NANOPARTI CLES 5 Thi s invention
relates to cerium oxi de nanoparticles which are useful as catal ysts.

Ceri um oxwoa3i0$02# del y used as a catalyst in three way comeardBn®sdior the
el imnation of toxic exhaust em ssion gases in autonobiles. The ceria
contained wthin the catalyst can act as a chemcally active conponent,
wor ki ng as an oxygen 10 store by rel ease of oxygen in the presence of
reductive gases, and renoval of oxygen by interaction with oxidising
species. Cerium oxide may store and rel ease oxygen by the follow ng
processes: - 2CeM2 -Ce203 + 1/202 15 The key to the use of ceria for

catal ytic purposes is th t ﬂfﬂ% g% AR’IJ%L en the Ce3+ and Ce4+
ions (1.7V) that allows t%rr%m—@ occur in exhaust
gases. Cerium oxi de may provide oxygen for the oxidation of COor C'Hn or
may absorb oxygen for the reduction of NON. The anpunts of oxygen

reversi Bly 20 pfbigilgveatipmrelaies tocgivadxidedipnepistigjaswhish see et 8al | ed t he
oxygen stogaqg%tgapaci ty (0SC) of ceria. The above catalytic activity may
occur when'cerium oxide is added as an additive to fuel, for exanple

di esel or petr oCeritlaWRiRIis widelPiftdlas b@htalyldt i tBict 8@l cbAvdifers fégefeul the
ceriumoxide nust be of a particle size small enough to remain in a stable

25 di sper s¢lonination pétorigexhaushemission gasesin adopabilese [T caiia cojained g

nanocrystal l.ine, nature, for ex l et hey shoul el han jcron in
i oer And BRPGRe ARk n o8 as SR A Rt beR ety o R A )

ef f ect goar goeyf REAsSsRXySQPRRAAPlesdnde of raLttivelakds] slderefio% gl JfRgeEs t he
nanocrystalline material nore effective as a catalyst. It has now been

found, acchy itergetian witeoyidisingrspedieyent i on, that the catalytic 30
component & i n  REMUERGIR S s B rrenpar e e oM BusttRat ceri um
oxi de may be doped with WO 03/040270 PCT/ GB02/ 05013
2Ce0, ~Ce,0, + 1/20,
15
The key to the‘ use of ceria for catalytic purposes is the low redox potential
between the Ce* and Ce** ions (1.7V) that allows the above reaction to easily occur
in exhaust gases. Cerium oxide may provide oxygen for the oxidation of CO or C.H,
or may absorb oxygen for the reduction of NO,. The amounts of oxygen reversibly
20 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
25 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. Inaddition, as catalytic effects are surface area dependant the small
particle size renders the nanocrystalline material more effective as a catalyst.
It has now been found, according to the present invention, that the catalytic
30 efficiency of cerium oxide can be enhanced by addition of further components in the

material. In particular it has been found that cerium oxide may be doped with



-2 conponents that result in additional oxygen vacancies being formed. Thus
doping wll generally be substitution doping as opposed to interstitial
dopi ng. T™WD3mid2lo cl early enhance the OSC of the materi alPCTaRI2/08M6e its
catal ytic properties. Such dopant ions nmust be di- or tri-valent in order
to provi de oxygen vacancies. They 5 nmust also be of a size that allows

i ncorporation of the ion within the surface region of the cerium oxide
nanoparticles. Accordingly nmetals with-a | arge ionic radius should not be
used. For exanple transition netals in the first and second row of

transi ti orconipdheahts tiat eesgR e additionapogfeen vachnoles beinp dsrenelli Thasldéping he t hird.
The ceria serves as the oxygen activation and exchange nediumduring a

redox reactilgenerabindpsnbstiseton dopingms oppesgd 4p enterpieial j degingr d hissvilhi ¢
material s, ;th ve i LY ckiMity surface
sites for ctl?l%ﬁ%ﬁ@ cs?ot#l%gsgino O#J@Eﬂgﬁﬁtlé%@f#%ﬁ%ﬂgé%tﬁ@@_gp Pgﬁ{s??'t ?gé# nmet al

addi ti ves d@pantishd it Y diy ottsisfattint trboridemo Gxevilldibsygeh Wvakahties. They addi ti on,
mul tival ent "dopants will also have a catalytic effect of their own, It is
bel i evedl tmust atiofiernd asizetthatallowy incheemsiontad shesien avijhen basndicedpgion plis 15

i t di. i . A di th t 4l | Qn: i
provi ded o GErUR AT IoRRTaR- ASaprdLeRng AR aY BRI AIERNY .2 i ch
has been deped udéd. 'Fa edhnple@hsifbn nletdlyial tho firsiBidéecorid 158t 6ff tha@ksionhi ch is a

rare earth nmetal, a transition nmetal, includi ngﬂ_& noble metal, or a netal
of Group Imgfalsiar¢ Beneyaly prefevedov those lisediinthedhitdbee egrig servepagpbear or

non- pol ar gQrganic.solvent as well as a f.uel contalning a itive or
such partit yggr_x aﬁ‘if"ﬁﬁ@éﬁ? e’f‘%’%‘_’%ﬁﬁfﬁ'ﬁn\&uflfg RAVE xtrgéecr%1 g‘r %W&U&Fic% 2 where
Mis ajosadediatBll Fhe e 478 tabm® Matetifls fBEY haidl 18w elddtrofd cofhctifity aftd, Pt, Sb,
Se, Fe, Ga, My, Mh, C, Be, B, Co, V and Ca as well as Pr, Smand Gd and x

has a val Uewastivisy Gudiace sitgsioe delchemisomption of the reectmgzpecits. Jranskionf or mul a

[(Ce2)1  flI(REQY)N] 1-KkM.k ere s.a 25 said tal. or al | oi d ot her

than a r arlgerg‘g?&‘,}m]ﬂér‘? Baly‘h‘_“}lgrﬁ]yeusg {pproxe ﬁ“so?lm%ﬁgn'alﬁlc?dd{e@éh of n and Kk,
whi ch nmay RaivaRne SR willl ddoHa08 h catdBsic dfféet dfeheifow® 0.5, preferably up
to 0.3, typically 0.01 or 0.1 to 0.2. Copper is particul ag‘lngqapreferred. | f

too much = dopanit i§ beligsedithat daping inithis vise changss tleszntanpptendiali U$or it to

form xyani on th .
° arfSO aprox(/)es tﬁe H1sspers1on.

According to the present invention there is provided a fuel additive which
comprises a particle of cerium oxide which has been doped with a divalent or
trivalent metal or metalloid which is a rare earth metal, a transition metal, including a
noble metal, or a metal of Group IIA, IIIB, VB, or VIB of the Periodic Table and a

20 polar or non-polar organic solvent as well as a fuel containing such an additive or .
such particles. Typically the 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 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,) ], M', where M' is a

25 said metal or metalloid other than a rare earth, RE is a rare earth y is 1 or 1.5-and
each of n and k, which may be the same or different, haé a value up to 0.5, preferably
up to 0.3, typically 0.01 or 0.1 to 0.2. Copper is particularly preferred. If too much
dopant is used, there will be an increasing tendency for it to form an oxyanion thus
negating the benefits of introducing it.

30 In general the particles will have a size not exceeding 1 micron and especially



negating the benefits of introducing it. 30 In general the particles wll
have a size not exceeding 1 mcron and especially WO 03/040270

PCT/ GB02/Wb®2840278 not exceeding 300 nm for exanple 1 toP8@GBMMSEECh as
between 5 and 150 nm in particular 10 to 50 nm especially 10 to 20 nm
Dopants may be incorporated into the cerium oxide nanoparticles principally
by one of the following: 5 i) Doping within the particle during formation,
e.g. by co-precipitation. ii) AbsorptBen of dopant ions onto the surface
followed by firing of the dopant ion into the material. Note that particle
si ze of t heotexceading30emioe sxangile 1 itn30@amesuhras bgtween Sragd 1§0 fum) inA

conbusti on synthe pi ng d formati on can be achieved by 10 a
conbust i onP 18‘(51@‘5@ Wﬁﬁy‘es&e?ﬁiﬁﬁf@ ¥maa ts of ceriumand the dopant

metal is heat eﬁopﬁ?&?hﬁ?rbe%édg% orkiB i R 5’9‘%% xlfhﬁuhgérn&te?ﬁ%ﬁgz{@us“ bl e

sol vent, preferab oxygen-cont al ni ng, suc tic for
exanpl e Clby oﬁBoﬁﬂhecﬁdildli\ﬁmgi n particular isopropyl aI cohol, in a flane to
convert it to the oxide, (iv). A nechang-chem cal process typl cally

i nvol vi Rg mi | 1 g, gQ‘P@F%IW milzy RAEHGAg durigformagtion, eﬁjb)’rc‘é{@mﬁ”{?&f?ﬁ%scrl bed

| n W99/ 59754 wh ch IARRGLY6S of aﬁﬁgh{gntﬁ thecs%faﬂé“f it giis cﬁ"?ﬁe and a

dopant precursor in a non-reac uent to ani ca i ng, heat

treating t8epaneiml ihiohe weltetal. aNoﬁthat(pmrtﬁletsmetoﬂthé Oerhmeomde d&s mmd renovi ng
the diluent. The precursors are typically hydroxides, carbonates,
sul phat es B‘rcr"@ﬁ‘ilé‘ml%%ﬁ’a’é% especi al |y ceri um hydr oxi de and cerium

carbonate. A 206y Pl galohluHEnt. R OBANL A S nlnGlly BERISATHY D

renoved with wa eco [ OCESS ere

exanpl el0a &abinbadtionqrotessnvhadbph nikrdlsiyans of et &8l the tioghemetal &hl ori'de is
reacted with a sol ubl e oxi de or Ydroxr de, for exanple of magnesi um or

cal ci um anBeaterttogetbiar withgfop Rxample Elyciedroticy @Omé?uﬁ@é‘?ﬁé}’% gablie wat er
2oL UPL { HRRAsohHRGPL Ity YR Al ISeB S o, By ox de
particular isopropyl alcohol, in a flame to convert it to the oxide.
(iv) A mechano-chemical process typically involving milling, generally
15 using a ball mill such as that described in W099/59754 which involves subjecting a
cerium oxide precursor and a dopant precuisor in a non-reactive diluent to
mechanical milling, heat treating the resulting material to convert it into the oxide
and removing the diluent. The precursors are typically hydroxides, carbonates,
sulphates or oxychlorides, especially cerium hydroxide and cerium carbonate. A
20 typical diluent is sodium chloride which can readily be removed with water.
V) A double decomposition process whereby, for example a salt of
cerium and of the dopant, such as nitrate or chloride is reacted with a soluble oxide or
hydroxide, for example of magnesium or calcium and the resulting oxide or
hydroxide is récovered and the water soluble removed, typically by washing. In the
25 case of the hydroxide, this is fired to convert it to the desired doped oxide.
Although it is clear that techniques other than (ii) will result in a dopant
distribution that is even within the particle and the second may result in a
predominately surface doping this is of little importance since the reaction involves -
surface based catalysis. The relative concentrations of dopant for optimum

30 performance will vary however.



Al though it is clear that techniques other than (ii) wll result in a
dopant distribution that is even within the particle and the second may
result irweao3jpsedom nately surface doping this is of |ittlIPeTiGRYNSEBCE
since the reaction involves surface based catalysis. The relative
concentrations of dopant for optinmum 30 performance will vary however. WO
03/ 040270 PCT/ GB02/05013 -4 O particular inportance is the doping of
copper into the cerium oxi de nanopart#eles. The redox properties of the
copper-cerium system have been recognised as being synergistic, with the
conbi nati on bei OF paxicelar &apértance sdhe dabing bfevppleintohe espondkidg | ndependent
conpounds. 5 Doéﬁj ?g rigqg0 formation typically, i nvolves m xing, in an
aqueous soPgRopaHicles ThgredoxPEonprlics Xl pPPELFiugLsysikmbavE bedb| ubl e sal t of
t he dopant L S Of 4t ] iyed doped
cerium oxi a’%egrgg%dr%c%% Qtﬁggﬁ g’l ‘{V%%F‘% @%ﬁ?@&@ﬁg&@gﬂﬁe@gp&&gﬁ

car bonat esthafitiee @irdrespondisg indegpader\cotpeundsddi tion of an al kali such as
anmoni um hydroxide, A final pH exceeding 8, 10 typically 8 to 10, is

gener al Py neede@oPmg qusie dernaiion typicallyJayal VesdRixags i Heaquaces OBHIOBya f i r i ng.
The dopant .j.Qn o r J I i f Celd oxi de
by a baki na}a%ggﬁ%%éa%n% gﬁﬁ ?%Q\;ﬁ?& gpg%% %@%&Q@%&Oi’&%@ﬁ%@gﬁ% élj{ %? r pose
cerium oxi te sahdioa t6 ahisediie ddsieed@dprd cetpanikideaaprdepitaiexed in water and, if
desired, ultrasonjcated for aﬁéﬁelo m nutes and boiled 15 dry. The

- 4 S 03 . .
material is thefutiblegpltsipdpdenifrytes apd cashenatas. AbepEl cap be raisedhytBe 3 hours,
to givet . L.ak.. L3 yg'- reagi ough reference
i s made tog 6%?%3?% ?ﬁ%kﬁéﬁém |(I:]!l Llr{ne? g?l%gir%ehétgl{mﬁgl}%} @%%dgkérgt al or :
met al | diod ogicalie 8 totl0pueaeadpnesdedxi de or, initially, a salt which is
converted into an oxide during the process. 20 It will also be appreciated
that, if desiredsindireed,Kbpdapaat amisebednsertsd b disimg. The dendnd iontgas beer i um

ort de oo BookPel el oAl BeTLBPHLRN ks 0Pk el s ™
from 600°C to 1000°C. For this purpose cerium oxide and a salt of the metal dopant
can be mixed in water and, if desired, ultrasonicated for, say, 10 minutes and boiled

15 dry. The material is then fired, typically for several hours, for example 3 hours, to .
give the doped material.

It will be appreciated that although reference is made to doping with a
specific metal or metalloid, the metal or metalloid can be introduced as an oxide or,
initially, a salt which is converted into an oxide during the process.

20 It will also ‘be appreciated that, if desired, more than one dopant can be used.
Likewise the cerium oxide can be in the form of a mixed oxide i.e. another
tetravalent metal can be incorporated such as zirconium (or doped with both a rare
earth and another metal or metalloid M").

Thg amount of dopant incorporated can, of course, be adjusted by controlling

25 the amount of doping salt employed, as one skilled in the art will appreciate.

It is preferred that the particles are coated té prevent agglomeration. For this
purpose the particles can be comminuted in an organic solvent in the presence of a
coating agent which is an organic acid, anhydride or ester or a Lewis base. It has
been found that, in this way which involves coating in situ, it is possible to

30 significantly improve the coating of the oxide. Further, the resulting product can, in



earth and another nmetal or netalloid M). The anount of dopant incorporated
can, of course, be adjusted by controlling 25 the anpunt of doping salt
enpl oyed,wav3ome7ekilled in the art will appreciate. It i ®CprcHoensEd t hat
the particles are coated to prevent aggloneration. For this purpose the
particles can be comm nuted in an organic solvent in the presence of a
coating agent which is an organic acid, anhydride or ester or a Lewi s base.
It has been found that, in this way wdch involves coating in situ, it is
possible to 30 significantly inprove the coating of the oxide. Further, the

resul ting prangndtarcas) be usedir<d8Y 04D EOanyGitefaER4t0 51833 Thudineay | nst ances,
be used directly wthout any internedi ate step. Thus in sone coating
pr ocedur es SP3ngPraesduss iy necsswry to ¢y theowpated naeiclgsdretose dispesiagdhaPer si ng

them in a; ent. Thus the cerium oxide can be dispersible or
sol ubl e inn?%g§?¥?%§&g?ﬁgﬁél or 5 another hydrocarbon or other sol vent

conpat i bl e wi t h Thie tHewetium bix&lepan be dispersibid 6isoaibie imuhe € fudl okhe process
shoul d have as large a surface area as possible and preferably the

particl &s RBQterhysiioqashoa o5 pther sejuend campaighle wifh thofueht | east 10 n2/ g and
preferably a su ﬁ»grtﬁgeg@\q:géh At sx%xb?@cstéd éothn?f)roz‘?ss@gélg%ﬁx% as lgﬁé@gp! e 80-150

n2/ g, or 100-30 e coatirng agent*i s sul y an organi c acid,

anhydri de elirf&®tagda Brpossible'whd prefastsly tHhgaricad have adgEide dréa, Befofer abl y an
organi ¢ carboxylic acid or an anhydride, typically one osses;igg at | east
8 carbon afeatig, phit leashhpme/e pod pecfersbly frayefacearemel at leashHtoraly ;/g X0t 0 18

car bon at Ogﬁwﬁ@%o?ﬁﬁﬁ?%?Oﬁﬁbgmz/ég wi-l | be appreciated that the carbon
e's ’ d,

chai n can urate unsaf ur at for exanple.ethylenically

unsat urigt ed 15 JheicBatitigtigentds kwitabi 41 drgtini€ eEHEMhgdRdddrested of HBewizhydr i des
whi ch can be used. A preferred anhydride is dodecyl succinic anhydride.
Ot her or gaht®e- ddiewoatingraeay is geaferablypnasganiccabrxyhic éeid open gelaidrida, t he

e o SR RS LT IS ol R S8 LA RIBRRL
exanpl e al kyecRly an30 WB earBok Blokhstsaeh asitchrirndide It will Rdppeediav®tdt the 18
carbon chain can be saturated or unsaturated, for example ethylenically unsaturated
15 asinoleic acid. Similar comments apply to the anhydrides which can be used. A
preferred anhydride is dodecylsuccinic anhydride. Other organic acids, anhydrides
and esters which can be used in the process of the present invention include those
derived from phosphoric acid and sulphonic acid. The esters are typically aliphaﬁc
esters, for example alkyl esters where both the acid and ester parts have 4 to 18
20 carbon atoms.
Other coating or capping agents which can be used include Lewis bases
which possess an aliphatic chain of at least 8 carbon atoms including mercapto
compounds, phosphines, phosphine oxides and amines as well as long chain ethers,
diols, esters and aldehydes. Polymeric materials including dendrimers can also be
25 used provided that they possess a hydrophobic chain of at least 8 carbon atoms and
one or more Lewis base groups, as Wéll as mixtures of two or more such acids and/or
Lewis bases. | '
Typical polar Lewis bases include trialkylphosphine oxides P(R?),0,
especially trioctylphosphine oxide (TOPO), trialkylphosphines, P(R?);, amines
30 N(R?),, thiocompounds S(R?), and carboxylic acids or esters R*®COOR* and mixtures



20 carbon atonms. Ot her coating or capping agents which can be used include
Lew s bases which possess an aliphatic chain of at |east 8 carbon atons

i ncl udi ngwomspapr® conpounds, phosphi nes, phosphi ne oxi desTaRI2aM1Bes as
well as long chain ethers, diols, esters and al dehydes. Pol yneric
materials including dendriners can al so be 25 used provi ded that they
possess a hydrophobic chain of at |east 8 carbon atons and one or nore
Lewi s base groups, as well as mixtureséof two or nore such acids and/or
Lewi s bases. Typical polar Lew s bases include trial kyl phosphi ne oxi des
P(R3) 30, thsmet ivdiersin tadhd®’ whizhosphbeidentidatler diffe¥eq) is detdctdydnpogphi nes,

P(R3) 3, am pes 30 N(R3)2, thioconmpounds S(R3 and boxyl i c aci ds or
estor s R3OUSHETRP '-n@ﬁieg}él ey RSt aws@uptﬂi%ém@ﬁoééﬁw allg) ek eof
wherein e i L i i i from
858 "ar g iAoy eltfipl VoM UEBhoWto & Kobline rurP HEREE,
-Q(Cl_24 ahbkidchle imother tham bydregan dndhehercacRtisiselegedfipm hydrdden tahé Opy,0vi SO

t hat at Ieah%t one groyp R3 in each  nolecule is other than hydrogen; and
wher ei n” R4ALKE SavRse PEETIBLY By frparbyishC arrdkot eroups 5 Typigal exgmplep 81 Copnef er abl v

s Lol Jupg! : 4 al kyi
oY oupe: " S Coa ol SR YRGS AR Bt st -1 21

descri bed destrbed Belows al so possible to use as the polar Lewi s base a

pol ymer, including . dendrinmers, containing. an electron rich group such as a
pol ymer cont ai nitAgalenBossible togisgas the polar hewirphase p eelymerdndpding( R3) 3, N(R3) 2,
S(R3) 2 or E ] ;- 1. xture of
Lew s base@gggﬁéﬁwgﬁ%%%é 0 n'lti})1 %%&pa%?gg%)%g &? ﬁlgpgééﬁn%gﬁlﬁ ;ﬁe?g pol ymer s
ment i onéd mbm/ef thdmoitties PEEY,€, P(RD,, TR, BRI} ogRWPOR SwheteialRéyhd @f oup as
defined above which contains from1l to 4 carbon atons. Cl_4 al kyl groups

i ncl ude medtRyp definqdhabove; o a gpgyture ofileewis bassp yuch a5 agpixiyre shHVq ermoisipdy| . As

used hereif, cgmggﬁ&g o?lp%@%ks &%%ehabgvé. i near or branched al kenyl group
As used herein, a C,_, alkyl group is an alkyl group as defined above which

contains from 1 to 4 carbon atoms. C,, alkyl groups include methyl, ethyl, i-propyl,

15 n-propyl, n-butyl and tert-butyl.

As used herein, a C,_,, alkenyl group is a linear or branched alkenyl group
which may be unsubstituted or substituted at any position and which may contain
heteroatoms selected from P, N, O and S. Typically, it is unsubstituted or carries one
or two substituents. Suitable substituents include halogen, hydroxyl, cyano, -NR,,

20 nitro, oxo, -CO,R, -SOR and -SO,R wherein each R may be identical or different and
is selected from hydrogen or C,, alkyl.

As used herein, a C,_, alkeny! group is an alkenyl group as defined above
which contains from 2 to 4 carbon atoms. C,,alkenyl groups include ethenyl,
propenyl and butenyl.

25 As used herein, an aryl group is typically a Cj_,, aryl group such as phenyl or
naphthyl, preferably phenyl. An aryl group may be unsubstituted or substituted at
any position, with one or more substituent. Typically, it is unsubstituted or carries
one or two substituent. Suitable substituent include C,, alkyl, C,, alkenyl, each of
Which'may be substituted by one or more halogens, halogen, hydroxyl, cyano, -NR,,

30 mitro, oxo, -CO,R, -SOR and -SO,R whetein each R may be identical or‘different and



whi ch may be unsubstituted or substituted at any position and which may
contain heteroatons selected fromP, N, O and S. Typically, it is
unsubst i twbDad/oer7carri es one or two substituents. SuitablPeTaiRIgOSMIBENT S

i ncl ude hal ogen, hydroxyl, cyano, -NR2, 20 nitro, oxo, -CX2R, -SOR and
-SO2R wherein each R may be identical or different and is selected from
hydrogen or Cl.4 al kyl. As used herein, a C2.4 al kenyl group is an al kenyl
group as defined above which contains7rom2 to 4 carbon atons. C2_4

al kenyl groups include ethenyl, propenyl and butenyl. 25 As used herein,
an aryl grtamldcﬁadtf;qnmhyadrbgemmﬁﬁclL&ll@rlyl group such as phenyl or naphthyl,
preferably phenyl éﬂ@ roup may be unsubstituted or substituted at
any position, wASHiS T8, ﬁg?tér"%‘ﬂkctgrf’%ﬁtﬁ - 19/ b9-sagmbpred ging contgiaingst i t ut ed

or carriesgyd Bfe He‘(@oa?ﬁl% %él@é\}ﬁ m%l’ é %géi 8. q‘g?ﬁ%ﬂ f{xﬂﬁx%%es linghdde Cl. 4

al kyl, C1_4 a nyI eac sub y one or nore

hal ogens, pyaﬂldggepyradmyyir pymhldng& qmndamhﬁqur&er thieql, pPeadoliditrolAOR and
- SO2R wher ei n each be identical or different and WO 03/ 040270

PCT/ GBO é/ o%&BYfaZOﬁyl greuRe A Belewcy ¢l KraTAyRImaY b subyt tuteroramesybstityied ¥sed
her ei n, %gg(gs%:éﬁcwl& L Blolréﬂfb gmehto %}% ({%ﬁ aﬁgg@arrpl t1§" ning one or

nor e heter nms sél ecte rom s 1'ncl ude

pyridyl, pynsmbsﬂilt)ated Olﬁiﬂlibslnindemw oneyr mékﬁbﬂitbentsf (Suifaple, substit@snyd include
pyrazolidin 13;rro| i/ 5 and pyrazol yl gr oug A heterocyclic group nmay be
substitute 9? kith <ok glkenyt serh-af whisly may & subskitutesd byonsr merehalogens,

substitue n alggé(rp 'hg&l]okyl s\ganlae g OGHfb ! oxod! ?b’ Ea-b%beR éﬂ%%ﬁl}%ﬁ%&g 36h R

substitute subst¥tuent s. S inclfude Cl.4

al kyl', 101_aglbeaduticaler diffeéntwint ¢hsdieyedreors WpdropéiRlIC byallyle or nore
hal ogens, halo en h droxyl, cyano, -NR2, nitro, oxo, -COX2R _-SOR and
- SO2R wher ei n. q@nnéq}ogf@ if fapring; shloge, drqmineoniodipel presérsblect ed from

hydrogen a % ed herein, halogen is fluorine, chlorine,
brom ne orﬁgo I %hl%hﬁé({grb es' fluorine, chlorine or brom ne. The coating

process can be qag bomgqm@cesswca@rbewagadal dut §0AV&@Pinic B510ERT PRdf¥rablyhthe
solvent is non-polar and is also preferably non-hydrophilic. It can be an aliphatic or

15 an aromatic solvent. Typical examples include toluene, Xylene, petrol, diesel fuel as
well as heavier fuel oils. Naturally, the organic solvent used should be selected so
that it is compatible with the intended end use of the coated particles. The presence
of water should be avoided; the use of an anhydride as coating agent helps to
eliminate any water present. }

20 The coating process involves comminuting the particles so as to prevent any
agglomerates from forming. The technique employed should be chosen so that the
particles are adequately wetted by the agent and a degree of pressure or shear is
desirable. Techniques which can be used for this purpose include high-speed stirring
(e.g. at least 500 rpm) or tumbling, the use of a colloid mill, ultrasonics or ball

25 milliné. Ball milling is preferred. Typically, ball milling can be carried out in a pot
where the larger the pot the larger the balls. By way of example, ceramic balls of 7 to
10 mm diameter are suitable when the milling takes place in a 1.25 litre pot. The
time required will of course, be dependent on the nature of the particles but,
generally, at least 4 hours is required. Good results can generally be obtained after

30 24 hours so that the typical time is 12 to 36 hours.



solvent is non-polar and is also preferably non-hydrophilic. It can be an
aliphatic or 15 an aromatic solvent. Typical exanples include tol uene,
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of the process can be assessed by studying the stability of the resulting

suspensi on WA & qomgeHraion g de exrgpeoicdthpise farsagxising septedsCarivan esident to

whi ch the ikl es remain suspended and therefore un-aggl omerated. The

aggl omer at particles will, of course fall out of suspension and therefore
I gg;d"l il f fall f [ d theref

reduce Ibhe 5 t ufThe éhicoypoedtione tsdisepiRrsoxde inBiieWaived moextan bie pidpofas been
found that _the addition of a suspension of cerjum oxide particles obtained
by the prodB8ErimarspHppssiinin act as aeatalysign sherrgdyction Of faxds exhigust gasesodant in a
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i ncor por at DigseDéngines if@dsinglypedmistiser thapebr pRfiBRedREGAtihHBOnONE pur pose.
combustion of the diesel fuel. The presence of the cerium oxide in the traps helps to
15 burn off the particulates which accumulate in the trap. Additionally organo platinum
group metal compounds can be present as co-catalysts. Thus the fuels of the present
invention can also comprise such a platinum group metal compound. These should
be soluble in the fuel and include compounds of platinum or, for example, palladium
and rhodium and mixtures of two or more thereof.
20 Suitable compounds include platinum acetylacetonate and compounds having
the formula: X Pt R, R, where X is a ligand containing at least one unsaturated
carbon - carbon double bond which can be olefinic, acetylenic or aromatic and R, and
R, are, independently, benzyl, phenyl, nitrobenzyl or alkyl of 1 to 10 carbon atoms
such as diphenyl cyclooctadiene platinum (II). The use of the doped ceria enables'
25  one to use less of the organo platinum group metal than if undoped ceria is used and
this represents an economic advantage.
If desired the resulting particles can be dried and re-dispersed in another
organic solvent or in a polymer. Examples of suitable polymers include homo- and
co-polymers of ethylene, propylene or styrene, and hydrocarbon-based elastomers

30 such as those containing propylene, butadiene or isoprene.



The primary purpose is to act as a catalyst in the reduction of toxic
exhaust gases on conbustion of the fuel. However, it can serve anot her

pur pose iwWOdB®$EN0 engi nes. Di esel engines increasingly cecpriBe/osoisrap for
particulates resulting from conbustion of the diesel fuel. The presence of
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group neta an economi c
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i n anot her "SMEGESOL" ptheRuyabDuich/ShepGryuer . Exanpl es of suitabl e pol yners

i nclude hono- and co-polyners of ethylene, propylene or styrene, and
hydr ocar bon- basBellaé Pagwwrlse% ig periicyler.irebels esherainalihafs alsghane,

but adi ene oL, ?gﬁ‘: am g)ﬁgné)%ﬁgl (g[l/f;BOZI 05013 -9 The particles can be

i ncor por at € irec 3¢ an additive for the fuel. The

particligs ar e pmieeg@hb yudhra@cwyaﬁfcaﬂbszﬂsubsﬁtatedlaﬁﬁ@és dnd@midekypiClaldr@ddi ti ves
whi ch can be used in the fuel conpositions, especial lcé di esel fuel,
i ncl ude t heareyleshstiiuter shesinignideseer 2. aspalyiselsens] Wﬁlnpml For ganl c sol vent s

such as aromati nd al i ocar.bon as tol | ene and
o e epr P Debhited e AR S O E Poy el P Ripod| T R0
But ch/ Shel todametéiblly available as "NALCO" (Trade Mark) 7D07 (ex Nalco) , and "TOLAD"

' (Trade Mark) 2683 (ex Petrolite),

15 Anti-foaming agents e.g. the 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))

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

20 Anti-rust agents such as polyhydric alcohol esters of succinic acid
derivatives (e.g. commercially sold by Rhein Chemie,Mannheim, Germany as "RC
4801", or by Ethyl corporation as HiTEC 536),

Reodorants,
Anti-oxidants e.g. phenolics such as 2,6-di-tert—butylphen61, or

25 phenylenediamines such as N,N'-di-sec-butyl-p-phenylenediamine,

Metal deactivators such as salicylic acid derivatives, e.g. N, N'-
disalicylidene-1,2-propane diamine and,
Lubricity agents such as fatty acids and esters, (e.g. those commercially
available as EC831, P631, P633 or P639 (ex Infinium) or "HITEC" (Trade Mark) 580
30 (ex Ethyl Corporation), "Lubrizol" (trade mark) 539A (ex Lubrizol), "VECTRON"



Pol ar organic solvents, in particular, alcohols generally aliphatic

al cohols e.g. 2 ethyl hexanol, decanol and isotridecanol, 10 Detergents
such as hyoreoarbyl - substituted am nes and ami des, e.g. hpdraB02/05013
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conveniently used in an amount of 100 to 500 ppmw.
Some of these additives are more commonly added directly at the refinery
while the others form part of a diesel fuel additive (DFA), typically added at the point
15 ofloading with the tanker. A typical DFA comprises: |

detergent 10-70% (by weight)
antirust 0-10%
antifoam 0-10%
dehazer 0-10%
20 non-polar solvent 0-50%
polar solvent 0-40%

The diesel oil itself may be an additised (additive-containing) oil. If the
diesel oil is an additised oil, it will contain minor amounts of one or more additives,
e.g. anti-static ageﬂts, pipeline drag reducers, flow improvers, e.g. ethylene/vinyl

25 acetate copolymers or acrylate/maleic anhydride copolymers, and’ wax anti-settling

agents, e.g. those commercially 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

30 one skilled in the art will appreciate.



5 The (active matter) concentration of the dehazer in the diesel fuel is
preferably in the range from1 to 20ppmw. The (active matter)
concent r awooa®4@2f70 ot her additives (with the exception of PChgGRIRSIIgent ,
ignition inprover and the |lubricity agent) are each preferably up to
20ppmw. The (active matter) concentration of the detergent is typically up
to 800ppnmv e.g. 10 to 500 ppmw. The (active matter) 10 'concentration of
the ignition inprover in the diesel fodl- is preferably up to 600ppnw e.g.
100 to 250 ppmw. If a lubricity agent is incorporated into the diesel fuel,
it is conveni ehh¢ pregemdnyentign alserpravides  maod of iBQEoyipgrihe cSmbustivh afhese
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point 15 of loading with the tanker. A typical DFA conprises: detergent
10-70% (by weight) antirust 0-10% antifoam 0-10% dehazer 0-10% 20

non- pol ar sol vent 0-50% 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 mnor amounts of one or nore additives, e.g.

anti-static agents, pipeline drag reducers, flow inprovers, e.g.

et hyl ene/ vinyl 25 acetate copol yners or acryl ate/ mal eic anhydri de
copolyners, and wax anti-settling agents, e.g. those commercially
avai |l abl e under the Trade Marks "PARAFLOW (e.g. "PARAFLOW 450; ex

Param ns), "OCTEL" (e.g. "OCTEL" W5000; ex Cctel) and "DOD FLOWN (e.qg.
"DODI FLOW V 3958; ex Hoechst). The sane or simlar additives can be used
for other fuels such as petrol, as 30 one skilled in the art w |

appreci ate. WD 03/040270 PCT/ GB02/ 05013 -11 The present invention al so
provi des a nmethod of inproving the conmbustion of



a fuel which conprises incorporating therein the ceriumoxide particles. WO
03/ 040270 PCT/ GB02/05013 -12 CLAIMS 1. A fuel which conprises one or nore
parti cl eswofosoerzium oxi de whi ch have been doped with a diPcalGBoe/osr3
trivalent netal or netalloid which is a rare earth 5 nmetal, a transition

metal or a netal of group IIlA I11B, VB, or VIB of the Periodic Table. 2.
A fuel additive which conprises one or re particles as defined in claimn
and a pol ar or non-polar organic solvé - A fuel or fuel additive

according to claiml or 2 wherein the rretal is a 10 transition netal. 4. A
fuel or fuel additive according to &LAMME wherein the metal is rhodium
copper, silver, gold, palladium platinum iron, manganese, chrom um

cobalt or vanadium 5. A fuel or. fuel additive according to claim1l or 2
wherein the netal i sAﬂfél warchlcumpnwsaﬁs eﬂdmm pu:mclsamrenum ox@&whichi um
antinony, selenium galljum _nmagne lium. boron or calcium 6. A

fuel or fuBivedegndpped ‘d&hérdél‘fa#@t 9btné(ﬁ¥?nbﬁétabf’r mpfallpideaddeh llfi@ ré‘lezﬁaﬁh wher ei n
th t
mste;i(losg %%?fﬂ’x %LS%%M l&ed]m?tM%% @I I§%g’a(?fd@lt}ssve accoréic ng to any

one of theTaklecedi ng cl ai ns V\,herel n the oxide has the fornul a:
[(Ce®2)1-n(REOy)n] 1-kM k where M _is a said netal or netalloid other than
arare earth, R&E is o fughedditiyerwhigh cemprisep gnepr mor peérlesasileBrediingnd 'k,
whi ch may Bgnﬁ]gnfgggla%{gén%ﬁ& am‘??ci &¢value up to 0.5. 8. A fuel or

fuel additrve accor he ‘precedi ng cl ai s which has a size
not exceedi ng 13m.cr @0fuel or fuel additive according to claim 1or 2 wherein the metal is a

10 transition metal.

4. A fuel or fuel additive ac‘cording to claim 3 wherein the metal is
rhodium, copper, silver, gold, palladium, platinum, iron, manganese, chromium,
cobalt or vanadium.

5. A fuel or fuel additive according to claim 1 or 2 wherein the metal is

15 terbium, praecseodymium, samarium, gadoliflium, antimony, selenium, gallium,
magnesium, beryllium, boron or calcium.

6. A fuel or fuel additive according to any one of the preceding claims
wherein the oxide has the formula:

Ce, MO,
20 where M is a said metal or metalloid and x has a value up to 0.3.

7. A fuel additive according to any one of the preceding claims wherein
the oxide has the formula:

[(Ce0,)A(REO), 1My
where M' is a said metal or metalloid other than a rare earth, RE is a rare earth y is 1
25 or 1.5 and each of n and k, which may be the same or different, has a value up to 0.5.

8. A fuel or fuel additive according to any one of the preceding claims
which has a size not exéeeding 1 micron.

9. A fuel or fuel additive according to claim 8 which has a size from 1to
300 nm.

30 10. A fuel or fuel additive according to any one of the preceding claims



9. Afuel or fuel additive according to claim8 which has a size fromlto
300 rim 30 10. A fuel or fuel additive according to any one of the

pr ecedi ngwoldiome7W0 03/ 040270 PCT/ GB02/ 05013 - 13 wher ei n PCAgGRIRI0501M OXi de
has been doped with nore than one said netal or nmetalloid and/or oxide
thereof. 11. A fuel or fuel additive according to any one of the preceding
claims which has been coated with an;grganic acid, anhydride or ester or a
Lewi s base. 5 12. A fuel or fuel additfive according to claim1l in which

the coati I i i I U%%! nj h ide.. 13.. A fuel

accordi ng%@%%‘ﬁ%ﬁlﬁ&?E%h%%gg%g‘?%egq%l%g%ﬁge .81%6(;?32‘9%‘.%%@ 8?1%6?&181‘1. 14. A
fuel accoragddfogokileamtesine of the preceding clains which also 10 conprises
an organ platinum group conpound. 15. A fuel additive according to any one

of claims 1 to 2 whdiesler fuskadditéyeacaerding torangionp hhthe prasediag eleems ¢

hyd bap,.. i i ¢ al . : I diti di
one of ol arHe: 180 BsBAR bu TERARte s opPudrlBion B! ol RSP o or gemt

dehazers anti - figam ng fiagentuel Adiitivd Adortdnd WBNAMET 1, indfHidh the Thatd@ent ,
reodorant, anti-oxidant, netal deactivator or lubricity agent. 17. Use of

parti cl es agenidepleimpak pridodgeylsnseinieenhydridey one of claims 1 to 12 as a
compr s 20 i eor P eneihe R e e e S B R R i e of |
clainms 1 tfell2. 19. A fuel vihich conprises a fuel additive as clainmed in

any one of <clainms 1 to 10, 15 and 16. SUBSTI TUTE SHEET ( RULE 26)
14. A fuel according to any one of the preceding claims which also

10 comprises an organo platinum group compound.
15. A fuel additive according to any one of claims 1 to 12 wherein the
solvent is an aliphatic or aromatic hydrocarbon or an aliphatic alcohol.
16. A fuel additive according to any one of claims 1 to 12 and 15 wkich
comprises one or more of a detergent, deﬁazer, anti-foaming agent, ignition
15 improver, anti-rust agent, reodorant, anti-oxidant, metal deactivator or lubricity
agent. |
17.  Use of particles of cerium oxide as defined in any one of claims 1 to
12 as a fuel additive. 4 .
18. A method of improving the combustion of a fuel which comprises
20 incorporating therein particles as defined in any one of claims 1 to 12.
19. A fuel which comprises a fuel additive as claimed in any one of -

claims 1 to 10, 15 and 16.

SUBSTITUTE SHEET (RULE 26)



