1 Fuel additive composition based on a dispersion of iron particles and on a detergent of the polyester

guaternary ammonium type The present invention relates to the association of an organic
dispersion of iron 5particles and of a detergent within a composition notably useful as a fuel additive
for internal combustion engines. During combugtion of fuel and notably of gas oil in an engine, the

carbonaceous proguststRneivie fampeaiBenanredsopastifiese wivehotilldepdesigaatastiashe following
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emission of these soots may be reduced. A satisfactory solution consists of introducing into the

exhaust line a partigle,filtehLaJeniRh iitesfedandngsebinaitexbr whichaa|Dlngk-s8ks o itsrchannels

in order to let a gas escape without any soots. When a certain afnoun of accumulated soots in the PF
is at?ained?ﬁﬁtécgéo?@%r% BUFREHPBI UM REORBEHIMER T hESBR! Rl 1 RIYER AT ating the
PF is usuaheact@mplishéohatrgrieater temperatures than the temperature of the gas during normal
operation of the engine, the soots usually burning in air at 20temperatures above 650C. In order to
assist with regeneration of the PF, a catalyst is generally used which has the purpose of facilitating
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combustiopARmMBRY atHRhIBEIREESWAtEarH\Ie Rre@senee of said catalyst. The catalyst also allows
30acceleration of the oxidation rate of the soots which allows a reduction in the required time for

regenerating the PF. The use of an additive for assisting with regeneration of the PF, vectorized
by the fuel feediny shésémying erifuithercadistd bdmicodatalgstrieBID), pivausd ivenweparicayiteiteria
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attained, the soots are burned in order to free the channels of the PF. This step for

regenerating the PF is usually accomplished at greater temperatures than the temperature

of the gas during normal operation of the engine, the soots usually buming in air at
20 temperatures above 650°C.

in order to assist with regeneration of the PF, a catalyst is generally used which
has the purpose of facilitating oxidation of the sootis either directly or indirectly. By
facilitating the oxidation of the scots is meant the fact of allowing their oxidation at a lower
temperature so that this temperature is attained more frequently during normal operation

25 of the engine. A portion of the soots may thus be continuously burned during the operation
of the engine.

The catalyst also gives the possibility of lowering the temperature required for
regenerating the PF so that the regeneration temperature is less than the combustion
temperature of the soots without the presence of said catalyst. The catalyst also allows

30 acceleration of the oxidation rate of the socts which allows a reduction in the required time

for regenerating the PF,

The use of an additive for assisting with regeneration of the PF, vectorized by the
fuel feeding the engine or further a fuel borne catalyst (FBC), proved to meet many criteria
35 since it allows regeneration of the PF more rapidly and at a lower temperature than the

competing technology called catalyzed soof filter (CSF, the catalyst being immobilized in



New engine technologies, such as diesel enginés with a common-rail system and 5 high pressure
direct fuel injection, are performing but however sensitive to fuel quality. It is notably known that
deposits may notably form in injectors of diesel engines during their operation. The amount of deposit
and their rate of formation depend on the quality of ¢he fuel used in the engine but also on the nature
of the fuel @@dﬁpﬁm@ﬁf@aﬁ%m@s'@%d@r@_fﬂﬂi RaddivRoiilh MR IBLBRLRARY Addive, allowing
improvement in the 10 distribution of the fuel’in the engine and/or improvement in the operating
performanf8GihE SreESHITbr improvement in the operating stability of the engine over time.
Fuels which contain unstable components, like fatty acid methyl esters generally present in biofuels,
tend to form mor it ' uels not c ini ; . Eurther, the presence of
certain metals inei\lnge&If‘%’ﬁéér‘czgoafog|c§%§lll %%@%% %%%E‘Iégc? %%E%@%’sggﬁg%%%ﬁ%?a@ps s%eert?\g l‘{%us to
exacerbatetBfoalffg e dicest el injeciors arheariatais o Red dwoviavieiess ediveffo fialarality diigins like
the metals emnineienhieisonact-haiveenihetuelanddhe B of distib Wirmastwarkomhipm any
other cont%mingttion.Metals may s;sllgo be.tdeli gatel%lintrfoguce intq the igel like in the c saof metal
additives f&F grssi(s)ﬂhg r%gagqnoeur% ion"6r e BEY EVen it these QidifeCRRE é)ﬁ‘etﬁae?l Wé%é eration
200f the PRiahdeddnitis elginabld, sorm iheynproit ofdith i raddiive b dspositithehetfer! circuit and
most particularly igfuehigjestRrtve » DTROSHS RRAY 183 IR0ss ARmerAbiheaRANG, apd may

possibly go all the way to damaging the engine. These deposits may also degrade the quality of the 25
compustiofl T tHEE1 dB?sf%fﬂd%é% TOURG AU AR PETITRG BIESBRELNY Ry EMgiARTRRPT
consumptitre Hrigikaand/thatgetecgenticd dity ep eeatinge talsiifypoé sbdampaiopef depesitisidhe

injectors. Aang It r ' ith th rat| i F, di [ f. 30 rare
carths, notﬁbgﬁﬁéﬁgﬁﬁ?ﬁ 0 Bt o R RESSRAR anc
contribute RPHE'FelfiIctiSHUTHHRCEXRRRR (B pIRRRE 6flthBod GeTda MK ighEIRMNS should have
good dispersibilitynigdr stability: euerdioTecangis ufigientcataltinactviiyaat @ rehatively nelvery high
congentration in the fuel into which they are introduced. ,3 The dispersi known to this day do
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stability, nGtaENp wiesetiely drefhtptrincermiunfigers etairiniing fhtey meld!seteyireistersaor dmather

easily oxidizableifushriceaetalieprai ToesrifisRRisinsneyroavHici ety dahishwimay have
catalytic 5 vity at to tal concentrza’i_il(égﬁ f&g :%%rﬁ to be economically of interest. Moreover,
a
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in the oxidation resistance of the fuel, notably when it 10contains biofuels. ere?ore, It Is sought
to provide E6THPGEHSRSEBARIFIERY HhUeldM®E 96t assisting regeneration of the PF with good stability
and which lead to low fouling of the injectors and to a limited reduction in the oxidation resistance of
the fuel, notably in the presenc 15bifuel. Preferably it i ht to provide compositions
comprising an ad%éﬁleg%%\ﬁ%g su%)éc?gngt%é;gt%@ii %\'\(’:%K/ﬁ?/ %’tg aeriqé %g@gﬂ&a 54?%/ sfé’?’{ ggn%l‘ar%?ation. An
object of thegnentlamagingprosiegingelTagapteartsithoarior it Wegwpe dfo0uedty of the

25 combustion in the cylinders and lead to an increase in polluting emissions and in engine

fuel consumption. It is known that detergent additives reduce or suppress formation of

deposit in the injectors.

Among fuel additives for assisting with the regeneration of the PF, dispersions of
30 rare earths, notably based on cerium, and/or iron are known fo be efficient for
regenerating the PF and contribute to the reduction of the oxidation temperature of the
soots. These dispersions should have good dispersibility, high stability over time and
sufficient catalytic activity at a relatively not very high concentration in the fuel into which
they are introduced.
35



For this purpose, the invention proposes a composition containing an additive for assisting
regeneration of the PF in the form of an organic dispersion of iron particles and of a detergent
comprising a quaternary ammonium salt. 25The dispersion comprises particles of an iron compound of
small size and at least one amphiphlic agent. I3 certain cases, the detergent may further

additionally inclugpeanispararnatesbdetesarrt d30 TheM\anton Riss: Broyises alerdditivedfiug!
comprising a fuel and the composition described earlier.... . are specifically, the invention relates
o m om e AEE SRR P ST B GO et SR S R e S ey
ammoniuringatvseidiispeisiopn8Sam frisimyid metbrhapierplrasecilersaeibsovdieaneghgdiiic agent,

and - partigles disiRerspehimthe.erarBiGAbASEma) dlaidatAimensions. saNSisiNIREARIEMN i
compound. 5The organic dispersion ne particles dispersed in the dispersions of the invention are

( Th C
individualiZEHE8IR R8I ARIGET iRt ISh DB dg e GaRRe B @l P hiavrerst. NRPYeIticles may
further optisnaliice@ntaariesisiltlcsmdisps ©b bowhdutl salsorbiditedsnspmtt as Seduperatos,oiOnitrate

lons or ammaniiI0S, o1 BYCRIIRIimEnsions, efﬁpeﬂﬁéw&%mm% BrIDBKisedshietyupen about

1 nm and about 200 nm. The %%Lrtlcles may more particularly have an average size of at most 100 nm,
preferably@ABERDBRMEARE B GYSietaréaining aetris st vehan thevese aetebandbi duch

dispersiong\thiesconapound &f the-additbveimae elihertibe psefarizly dbtagddotatisay ealknids, or as

coqgids arE:(%lJ artl &gf{% S. The grain size discussed above is determined by transmission electron
microscopy ,ina standard way, on a sample dried beforehand and deposited on a carbon

membrane supported on a copper grid. 20The dispersion of the composition of the invention is a
a5t B0%,preferabiy ot A D b L by et oot
mieture of SRR SNEHE st G oH Rl AL Ch R AP Ep (LB e DA Hiese
optionally oniy ltoitssistscofclionoirg Hrdozoletmt oesastaitere die fuel, notably in the presence of a
15 biofuel.
Preferably it is sought to provide compositions comprising an additive having

sufficient catalytic activity at a relatively not very high concentration.

An object of the invention is to provide a well-adapted composition for this type of

20 use,

For this purpose, the invention proposes a composition containing an additive for
assisting regeneration of the PF in the form of an organic dispersion of iron particles and
of a detergent comprising a quaternary ammonium salt.

25 The dispersion comprises particles of an iron compound of small size and at least
one amphiphlic agent.

in certain cases, the detergent may further additionally include an oxygenated

detergent.

30 The invention also provides an additived fuel comprising a fuel and the

composition described earlier.

More specifically, the invention relates to a composition comprising a dispersion
and a detergent comprising a polyester quaternary ammonium salt, said dispersion
35 comprising:

- an organic phase;



organic solvents. This organic phase is selected notably according to the use of the dispersion. As
an example of an organic phase, mention may be made of aliphatic hydrocarbons such as hexane,
heptane, octane, nonane, cycloaliphatic hydrocarbons 30 such as cyclohexane, cyclopentane,
cycloheptane, aromatic hydrocarbons such as benzgne, toluene, ethylbenzene, xylenes, liquid

naphthenes. Petroleunm guts afdhe gﬁqpﬁigigk%@léﬁg@gc(registered trademark by EXXON) type, notably
Isopar L or Solvesso 100 which essentia I?/ contains a mixture of methyl ethyl and trimethyl benzene,

Solvesso 150 which comitess HRaeHRee R RARAZRER AR S RAIRIFA ER) PSR EARS BHiRCtetraethy

35benzene, are also suftablerTt@rgrganic phase may also consist of a petroleum cut. 5 Itis also
possible to apply for the organic phase, polar chlorinated hydrocarbons such as chloro- or
dichloro-benzene, chlorotoluene. Ethers as well as aliphatic and cycloaliphatic ketones such as for
exafhple diisopropfPHaNaHMsRArgdbr methylisobutylketone, diisobutylketone, mesityl oxide, may be
contemplated. 5It is also possible to contemplate polar solvents based on alcohol such as

grocarbon

2-ethylexanol. . Jhie organic.Riase may aise advaniagepusiyos hased on an applas s
notably like aliphatic hydrocarbons. 10In this preferred category, meniion may be madé of petroleum

cuts of theR@Hpe Ty A MR RYANG MinvERIGSarasipfie UehdopaiefiniS@d pamdes maythderbons.

The dispersigaegordingito tiginentioninclufes ddeastansasaphirRbiicaoeat shhisrampkiphilic
agg-fgt has tge ?ffect of stabilizim?the dispersion of particles. It is 15also used as a phase transfer
agent during'the EBPeSp%rrg%?\OS éoc'iﬁpersions (between the agueous phase and the organic phase).
Preferably, the dnplifhilid dgestsions carpoxginhdidetsionhgeneraibeih detesframol0 tons0 carbon

atoms, prefarabiy, fiosBoLAio AR ¢areR&INF SR Bisraid Rk Redingatagbranched: i seay be

selected from aryl, aliphatic or arylal:dsq:]atic acids optionally bearl_n% other functions provided that these
functions afelstabI@TRERPIMELE S hich HReAIeHiby IR EFfsraRtelisprashd 288briMg! Bethe present

invention. noted thatThusich idigpessibie tthappiynfaedashiie alighatcreaybamdichacidsfadiah are natural
250F synthetic. ISe, it IS pO0SSI . {ds.| ixpure. As an example, mention may be
ma? e of fg%%adgéggg?fﬁl% F@ggétﬁt)%gr%gt%#gi%%%%@ \céil?,gg eElc' acid, linoleic acid, stearic acid and its
isomers, pelargoriieea@iainciptie eRiaseaRROHEIE FRIATENIBACRY tRteeen e rslfartoaesdy

ethyl-2-hexappiy, agid, slapbiheniancich hexangie aridd IAseharaleradRptRhlhagertyention

may be m%(wjeemcgrgtneeaéll?p%glrgeg %(ljl gfcltt)%per grid.

20 The dispersion of the composition of the invention is a dispersion in an organic
phase.
For this purpose, most often, the organic phase consists of at least 80%,
preferably at least 90%, preferably at least 95% by mass of an organic solvent or of a
mixture of organic solvents, based on the total mass of the organic phase.
25 The organic phase opticnally only consists of an organic solvent or a mixture of
organic sclvents.
This organic phase is selected notably according to the use of the dispersion.
As an example of an organic phase, mention may be made of aliphatic
hydrocarbons such as hexane, heptane, octane, nonane, cycloaliphatic hydrocarbons
30 such as cyclohexane, cyclopeniane, cycloheptane, aromatic hydrocarbons such as
benzene, toluene, ethylbenzene, xylenes, liquid naphthenes. Petroleum cuts of the Isopar
or Solvesso (registered trademark by EXXON) type, notably Isopar L or Solvesso 100
which essentially contains a mixiure of methyl ethyl and trimethyl benzene, Solvesso 150
which contains a mixture of alkylbenzenes, in particular dimethyl benzene and tetraethyl

35 benzene, are also suitable. The organic phase may also consist of a petroleum cut.



isomers such as for example a mixture of acids or products which contain chain length distributions
like Prisorine 3501 from Croda. 6 in combination with one or several aliphatic monocarboxylic acids
containing between 10 and 20 carbon atoms on average. As an example, mention may be made of
the mixture of oleic acid with one or several succinig acids substituted with polybutenyl groups, in

which the polybuteRybRareupsifiave apyespa: BRIasIH IS0 Ho(esssiasilY spsstyeatography)

d bet Oand 1,3 d ticularly between 700 dOOO
Z?:r:(?rr(;?r?gst%e V\flggtn%gr%g?j?%eﬁ'?%%fﬂ ?{T\%ﬁ?gr? '-fli%gog‘?&eé}%io %?rtﬁeaé?)% ﬁﬁoﬂ Brgﬁjfﬁr@%% particles

consisting®ycaRiimhaitomigganesin thehanwsrptious ¢sempldé0 Dispersighs efhieon phivtiles ethehis type
are for examﬁig@ggrmdm@sg@&@@ééﬁ@%@&tgs&\es Y BeLsiRLspR e to the whole of the

description of this document. The characteristics of the d |sper5|ons which are described therein will be
recalled below. 't 1S alFRASSBiEpls TR TR BAR0§E MaF D5ESH ifdh RSRTSHURHEMAS be
shown by 2=wherifraction analysis (or XRD), the X-ray diffraction diagrams obtained do not actually
show any significant peak load characteristic of a crystalline phase of iron. According to an
alternative of this dispersion, at least 85%, more particularly at least 90% and even more particularly at
least 95% of thd PatidiasiarbHiniedy piarieRenPOBY Y PRKAEaMH RIS ARetityHarkEoOWhich is

perfectly imﬂi@dyaﬂ&@g@m.wh}@mmr@ggregated with another or several other particles. This
ch%acterlstlc m[aytbe Sre erreﬁjycg eamlnln the d| spers |opn¥vdth TE The TEM technlque may
also be used for deter Ining é(ga on Ll drE emeneta(l)rfparﬂ Ferg.%glveéht éSBB%submty of
observing typaresssmiisdio ncslietting ispBaritivscopy@elisdmpled keph ydbeeariotheir natural medium
which is either water or organic diluents such as aromatic or aliphatic solvents such as for example
Solvesso and Isopar or else_certain alcohols such as ethanol. The freezmqas carried out on

thin films with a tISKAEESTRR AEE0TE8 R MEEHR Bitfkssh H{BRF RSPl 888 samples or
in liquid nitrogen ToistlzenpthigniBOepest has W@tmiﬁeyooTEMbmmg|ﬁ1mersamerstat9cmfmmnﬁlm is well

pragerved and u§88e§§%t%\é'%é)fn%}%t‘ép%é’éﬁ%ﬂh HRSAUY the dis Te'?& t@%@é&h's same

colloidal dispersion may have a fine grain size. In eed t ey have a 1)50 co prlse between 1 nm and
5 nm, morB'pARKSALFY RTHARH BHPRISE KRN85

Preferably, the amphiphilic agent is a carboxylic acid which generally includes from
10 to 50 carbon atoms, preferably from 10 to 25 carbon atoms.

20 This acid may be linear or branched. It may be selected from aryl, aliphatic or
aryialiphatic acids optionally bearing other functions provided that these functions are
stable in the media which are desirably used for the dispersions according to the present
invention.

Thus, it is possible to apply for exampie aliphatic carboxylic acids which are natural

25 or synthetic. Of course, it is possible to use acids in a mixture.

As an example, mention may be made of fatly acids of tailol, soya bean, tallow oil,
flax oil, oleic acid, linoleic acid, stearic acid and its isomers, pelargonic acid, capric acid,
lauric acid, myristic acid, dodecylbenzenesulfonic acid, ethyl-2-hexanoic acid, naphthenic
acid, hexanoic acid.

30 As a preferred amphiphlic agent, mention may be made of stearic acid and of its
isomers such as for example a mixture of acids or products which contain chain length

distributions like Prisorine 3501 from Croda.

This amphiphlic agent may also consist of one or several polyacids such as

35 succinic acids substituted with polybutenylt groups. These polyacids may be used alone or



7 The number median diameter 050 is the diameter such that 50% of the particles counted on the
TEM micrographs have a smaller diameter than this value, and 50% of the counted particles have a
larger diameter than this value. 5According to a second embodiment of the invention, the dispersion of
the composition comprises particles consisting of ag iron compound in the crystallized form. A

dispersionipiciamipatibelestn dhe erysiadtizesiferminaynbeRrraiedaasyshngtaquesiaed including
the foIIowinggsﬁ%p%r%Oa)aPuttin&into contact in an aqueous phase, a base and a mixture comprising an
an Fe

Feel) salt &h ﬁB sﬁ?qéscco%%raqg’a molar ratio Fe(11)/Fe(I11) comprised from 0.45 to 0.55,
preferably about &gzl ©xampladveaittieroidlybsgiside 0fi3hbyridineaifindeihepl vitthersgaeous

phase at %Qb&h@'%@é&ﬂ@@cﬁ@%%éﬂﬂﬁé@%i%FZF%WBE@WLS gRigae Gy apdidy RBtingipiasamtact the
ro

thereby obtained precipitate, optionally separate m 15the aqueous phase, with an organic phase,

in the pres¥RUBSPRAIT AR HIRRE SRt Rh AR 4 arparsRindRS St ma PR 2 OrGame SR se.

This crystaltizesbfofd) wiich 308 yahe robtainet dweap Hyivg¢he 8tepsiof 806 gfordmentioned method,
may notably be observed by the X-ray diffraction technique 20(XRD) which shows peaks characteristic
of at least one defined crystallized structure of iron. The particles of the dispersion of the

invention are in tAEFBMAT B hailaLAN S Pt &6 BYRjTatRt e sH SRR pAaRTdRS COMBRIHHRD
compound;dhecsrs pesiies ebndiah2Seasrat abygeiies pomss Amamphts xige in crystallized form.
The crystallized far firon oxide making up t articles according to the invention are.typically
Fe?l?lc) oxides of t égér%g%lﬂg%mitgéx &-I@ef@gggtﬁ?e %ﬁﬁ(‘)sr lfg?ﬁ) &nd e{(llﬁxg%ﬁigs E')e??ﬁggr%ég'rr]{atite

(Fe304) typ&) Fhe34isrdhieteisenatettdttisérpgvedene gussibilieydbitobesamipimrttles 30

based on hgéll) Qs ofthe aghemiabyparangirraci) andheid iexidef thesnpanesite type, the
magnetite rﬁn(%é %%2%1 Pe oxidized into Fe(11l) oxide of the maghemite type, for example upon contact

with oxygelr ?W]‘ the form of an iron compound in crystallized form, advantageously at least

95%, preferentially hekeagispesions, the amorphous nature of an iron compound may be shown by
15 X-ray diffraction analysis (or XRD), the X-ray diffraction diagrams obtained do not actually

show any significant peak load characteristic of a crystaliine phase of iron.

According to an alternative of this dispersion, at least 85%, more particularly at
least 80% and even more particularly at least 95% of the particles are primary particles.
20 By primary particle is meant a particle which is perfectly individualized and which is not
aggregated with another or several other particles. This characteristic may be shown by
examining the dispersion with TEM.
The cryo-TEM technique may also be used for determining the aggregation state
of elementary particies. [t gives the possibility of observing by transmission electron
25 microscopy {TEM) samples kept frozen in their natural medium which is either water or
organic difuénts such as aromatic or aliphatic solvents such as for example Solvesso
and Isopar or else certain alcohols such as ethanol.
The freezing is carried out on thin films with a thickness from about 50 nm to
100 nm either in liquid ethane four agueous samples or in liguid nitrogen for the other
30 ones.
With cryo-TEM, the dispersion state of the particles is well preserved and
representative of the one present in the real medium.
The particles of this same colloidal dispersion may have a fine grain size. indeed
they have a ®s5, comprised between 1 nm and 5 nm, more particularly between 3 nm
35 and 4 nm.



According to another feature of this second embodiment, the average size D X" as measured by XRD
of the particles of the dispersion is less than or equal to 12 nm. 5 Preferably, according to this second
embodiment, the average size lino as measured by XRD of the particles of the dispersion is less than
or equal to 8 nm, preferably less than or equal to 7nm, preferentially less than or equal to 6 nm and

advantageously fess hanner essthiodapiiebeneraivdhimsizeissobatieastcbne. 0 Theierystallized

nature of the particles a ing to this second embadiment may notahly be detected by XRD
analysis. ﬁ&%@i@d}‘a?&&r&gﬁ@@%%& fase Aition O \ﬁv%rrg aarpa?T?er%% |%3"6¥Yﬁ§“see '?ﬂt cae%s:O ?&% nature of
the crystaliinengstibgertitiesgonitionabthalimpetsutedrdifiaction peaks as  well as their relative

intensity are characteristic of the magnetite or maghemite 15phase, the crystalline phase then
corresponding to the sheet |ODD 01-088-0315; and the average size Dvu, of crystallites (or
crystallized domdEF Y si%eds SEROFRETBITEE Hlad? Gt FARMNEYNEY: (HISRERSBISH J2%k of the
crystallographp plarecdf)sfapaghérnite/magnetifen koA dOXRW pdHRAGHER SO stathe o6 fvrmvelength =
1.54 A, k: form factor equal to 0.89, H: total width at half-height of the relevant line, expressed in
degrees, 25s: instrumental width at the angle 0 as determined by Laps analysis = 0.072, diffraction

angle (in radiansf St tRETIRRET PRsicem D) Be FrRGREFRGINIId AL SR STRE 2 DLl Fhe XRD
analysis maynéofi exmmptende rearsiedvdid f8p3:commercial apparatus of

10 a) putting into contact in an aqueous phase, a base and a mixture comprising an
Fe(ll) salt and an Fe(lll) salt according to a molar ratio Fe(ll)/Fe(lll) comprised from 0.45
to G.55, preferably about equal to 0.5, advantageously equal to 0.5, by maintaining the pH
of the agueous phase at a pH vaiue of more than 8, whereby a precipitate is obtained; and

b) putting into contact the thereby obtained precipitate, optionally separated from

15 the aqueous phase, with an organic phase, in the presence of an amphiphlic agent,

whereby the dispersion is obtained in an organic phase.

This crystallized form, which may be obtained by applying the steps of the
aforementioned method, may nofably be observed by the X-ray diffraction technigue
20 (XRD) which shows peaks characteristic of at least one defined crystallized structure of

iron.

The particles of the dispersion of the invention are in the form of individualized
particles or aggregates of such particles, of an iron compound, the composition of which
25 essentially corresponds to an iron oxide in crystallized form.
The crystallized forms of iron oxide making up the particles according to the
invention are typically Fe(lll) oxides of the maghemite (y-Fe;03) type and/or Fe(ll) and
Fe(lll) oxides of the magnetite (Fe;O4) type.
The aforementioned method generally gives the possibility of obtaining particles
30 based on Fe(lll) oxide of the maghemite type and/or Fe(ll) and Fe(lll} oxide of the
magnetite type, the magnetite may then be oxidized into Fe(lll} oxide of the maghemite

type, for example upon contact with oxygen.

Preferably, according fo a particular alternative of this second embodiment, the

35 particles with a size greater than or equal to 4 nm in the dispersion are, for at least 90% of



30 the X'Pert PRO MPD PANalytical type, notably consisting of a 8-0 goniometer, allowing
characterization of liquid samples. The sample remains horizontal during the acquisition and it is the
source and the detector which move. This installation is driven by the X'Pert Datacollector software
package provided by the supplier and utilization of ghe obtained diffraction diagrams may be performed
by 9 meamseaf thet Rath IDAS sareBiiscsotiiate Rackage S S tigsakoya(BuRPbS,
PANaIyticaI?. forential eg?rdI%ﬁ]&f its embodiments, according to a preferential feature of the
invention, Bitis prei?eya% € that the essential of the particles, i.e. at least 80% by number, have a size
DEEM of less thascesremgald i inm fentie pameu sty hessiiraaiatepquaktad pile Rreterably less than
or equal to 7 nm, preferentially less than or easjal to 6 nm. Typically, at least 90% and more

particularly & 18868 ot L P PERESIRISS L IR BBRITOR IBLETh IR PEGRL P the Hbrementioned

values. 10This sipesREEN aydeisietectedby-apaly zns dapispeisionwityransmigsion glectron
microscopy (TEM), used in an imaging mode with which the particles may be viewed at high
magnificatiBPPEREEhEN SFEnflythR Risteared’ the dispessiafeiarRBsatpforhateirhéeudadof the

measuremgstrhithe Isize whihe pagicleso 15itis pessibiataipressethascordingdotthe falpwing
procedure.a dvan{léhgoduigp%sig grg%?_rdin%go g1e invention is diluted beforehand by its solvent so as to
obtain an iron Mass cortent of about 0.035%. The thereby diluted dispersion is then placed on an
observation grid (ikecsedaibimsicedusigoipardcimembrane supported on a copper grid) and the

sohygnt is evaporakads2OEM: EXARRIR IHISROSSINGI0 44388 RS TNESIRR RIS CHULANSERSEARE giving
access to ma |f|%at|ons rané;lﬁg é)o 800I,000,ﬂge ﬁlgatlon voltage bemg p_ref_era%lfl selected
equal to 136RYY Pe detegird iR MY RN ethdd iSlagrE AT N AER e mRlr8¥Rope
varioug regfmrsccaba_tiasl@)tbmbqfaﬂmring the c_iimensions of 25_0 par_ti_cles, by considering these.
25particles as spheriealnarticles, Snprtigirdsesimaed ashaindqdeatifiablswnan alegsthalf of its

perimeter may be defined. The size LitEm then corresponds to the diameter of the circle properly

reproducing the"&lcamfERINEe'MPiderttie 2T8eMRIEHRIITBE tRE PartitRE Wit nEg B Bilkzed, may
be giccomplisheshbyemgansrodtalsoftwasecpackagersighasiimagedes Atebe | Bbotashopgoofisalysis.

30A cumulatedaq{gin size distribution of the particles is inferred therefrom, which is
- the average size D, of crystallites (or crystallized domains): this size is calculated
from the width at half-height of the diffraction peak of the crystallographic plane
(440) of maghemite/magnetite::
A kA

20 Dy = 2
O JH =57 cosh

with:
X wavelength = 1.54 A,
k: form_ factor equal to 0.89,
H: total width at half-height of the relevant line, expressed in degrees,
25 s: instrumental width at the angle 6 as determined by LaBs analysis = 0.072°,
o diffraction angle (in radians) of the diffraction peak (440) of magnetite and/or
maghemite = 0.547 rad.

The XRD analysis may for example be carried out on a commercial apparatus of
30 the X’Pert PRO MPD PANalytical type, notably consisting of a §-6 goniometer, allowing
characterization of liquid samples. The sample remains horizontal during the acquisition
and it is the source and the detector which move.
This installation is driven by the X'Pert Datacollector software péckage provided by
the supplier and utilization of the obtained diffraction diagrams may be performed by



grouped into 40 grain size classes ranging from 0 to 20 nm, the width of each class being 0.5 nm. The
number of particles in each class or for each DEEM is the basic datum for representing the number
differential grain size distribution. 10 Further, the particles of the dispersion of the invention
preferably have a fine grain size as observed by TEM, whether they are based on an iron compound in

the amorphrumoerystatized fagRscore PIdedRMiRlessekthire dizparsion aepassing adpsisecond
embodime%%ﬂe%’nvention have a median diameter 1)80 preferably comprised between 3 nm and
12 nm, more paP{lcuII irly between 4 nm and 10 nm. The number median diameter 060 is the
diameter such that 50% of the particles counted on the TEM micrographs have a smaller diameter

than this value, and P& thecannsdRariclasay prprosdiametierdhantbisnd@inekdn,  The
particles acco{r?cg% to the mventlorég%referably have a polyd spers étg index Pn comprised from 0.1 to

05° THE RPE-GiR} A B IE Y LTRBH HEM the FIURRSEPG Ay SO BR KSR HeRermined
by TEM aceording tedberiahowingyieimeslarkhil)@bre03&tidu A0 1846 bringthedgdiameter faf, which
16% of the particles have a diameter of less than this value, and 1)84 being the diameter for which
84% of thé’[%fﬁri%'i’é\é*ﬁ%@@ﬁ'ﬂ?&ﬁf@f@?@fﬁ&@*tﬂ@rﬁefﬁi“s“%\fd@.s?@ﬁﬁ‘eoﬁﬁﬂﬂﬂb%’ 8¥Brding to the invention
meeting this criteTigridatlyesgdedsiraniodisparsity . particlilaedispetsipnsstate ofthasiolid ohjects may be

characterized by dynamic light scatteri LS), further called quasi-elastic light scattering (QELS), or
further phost'éﬁ %@br?@%ﬁ%rﬁggﬂeocrt%é‘@g&/g ?iétrggﬁ—ma%eéﬁ Stheasurement of a hydrodynamic

diageter ph of thergolig abjects, the,valuaabubichyshighlyafferiedyhsPiasenssohiagaregates of
particles. According to a preferential characteristic of the invention, the solid objects of the
electron microscopy (TEM), used in an imaging mode with which the particles may be

viewed at high magnification and their size may be measured.

Preferably, and for better accuracy of the measurement of the size of the partictes,

15 it is possible to proceed according to the following procedure.

The dispersion according to the invention is diluted beforehanrd by its solvent so as
to obtain an iron mass content of about 0.035%. The thereby diluted dispersion is then
placed on an observation grid (like a carbonaceous polymeric membrane supported on a
copper grid) and the solvent is evaporated.

20 For example it is possibie to use a transmission electron microscope giving access
to magnifications ranging up to 800,000, the acceleration voltage being preferably
selected equal to 120 kV.

The principte of the method consists of examining under the microscope various
regions (about 10) and of measuring the dimensions of 250 particles, by considering these

25 particles as spherical particies. A particle is estimated as being identifiable when at least
half of its perimeter may be defined. The size D,.,, then corresponds to the diameter of
the circle properly reproducing the circumference of the particle. ldentification of the
particles which may be utilized, may be accomplished by means of a software package
such as Imaged, Adobe Photoshop or Analysis. _

30 A cumulated grain size distribution of the particles is inferred therefrom, which is

grouped into 40 grain size classes ranging from 0 to 20 nm, the width of each class being
0.5 nm. The number of particles in each class or for each D, is the basic datum for

representing the number differential grain size distribution.



30invention have a hydrodynamic diameter De, of less than or equal to 50 nm, preferably less than or
equal to 30 nm, preferentially less than or equal to 20 nm, advantageously less than or equal to 16 nm,
as measured by dynamic light scattering (DLS). 11 The hydrodynamic diameter D h of the solid
objects of a dispersion according to the invention may be measured on the dispersion of the invention,
after dilution of theulaiter iy barsolvenl secasdpendiainofhisaneRR6e NirekeabeoRRESefnEQmh to 4

0.121. A light scatterin s.of the ALV CG 3% alvern) apparatus provided with 5 an ALV
series 5,0 5%:3%&@?8?93%%%3&% an'? E\Hf%%lp%fﬁ%a?%% '\\/%é)r% %ﬂa%ﬁgézg %OBr%;r tho%g.mmg)s Céff)s"paratus
uses the so-€aRaifasHigENPcumulants” data processing method, which gives the possibility of

accessing thet vztameett)bmmgmdwm@iﬁ?@i@éagt%mamg églttiieime%mté@mﬁim thedt?g@ "
measuremen emperatyre ic cqorresponding.to the viscosity values and to the
rofdotve TE GRIELT St PohE AR e LT RO ST HYERD AL B BB and to
use a medasorememtangiebsipicallydsent@ndol0 nm.t is also recommended to carry out the preparations
of the dilution as yell aswibe: haaglina phecalions uades ailaminR'dlen hapddoEterddavpids

contamination of the samples by dust and distort the measurement. 15It is considered that the
experimerffat B Y Galigitausiapa s favefinterlisty e eiBidnand e Heiaes a4t inction is
without anyoainrat pelites. have Eikady; thenssattarmghntensity should be comprised within limits
deﬁit?]ed for each apparatus 20This preferred characteristic of the objects of the dispersion increases its
stability. The individualized nature of the particles also increases the global contact surface area

available betweehhhP#tEeaABCHE 88 I HAINYRIY D MgHIRE WO R rovRlytisacsaitd e adivity of the
dispersioncaggsisiagrisnietifyerion. 25According to a particular embodiment of the invention, the

dispersion (DSP1) of the gomposition according to the inventign comprises _an organic phase; at least
one amphiphlic ;g@rsltf)gt?ﬁéﬁpé)rsiysbﬁ%ét%%é?s%@bjgﬁ}gégf A %%r%%rﬂ%cerpﬁé%&%é |ndg?\§i'§ﬁgﬂ9ed
particles ofgeaymesbyed pestcléng toifsidaigpdigiviraiasompound in crystallized form, such

.15 P :(D84—®15
7 2-@50

¢45 being the diameter for which 16% of the particles have a diameter of less than this

value, and ®g. being the diameter for which 84% of the particles have a diameter of less

than this value.

20 The particles according to the inveniion meeting this criterion have good

monodispersity.

The dispersion state of the solid objects may be characterized by dynamic light
scattering (DLS), further called quasi-elastic light scattering (QELS), or further photon
25 corretation spectroscopy. This technique allows measurement of a hydrodynamic

diameter D, of the solid objects, the value of which is highly affected by the presence of

aggregates of particles.

According to a preferential characteristic of the invention, the solid objects of the

30 invention have a hydrodynamic diameter D, of less than or equal fo 50 nm, preferably

less than or equal to 30 nm, preferentially less than or equal to 20 nm, advantageocusly

less than or equal to 16 nm, as measured by dynamic light scattering (DLS).



that: - said particles have an average size D DRA, of less than or equal to 7 nm as measured by X-ray
diffraction (XRD) - at least 80% by number of said particles have a size D TE Ai of less
than or 35equal to 7 nm as measured by transmission electron microscopy (TEM). 12 The solid
objects of this dispersion (DSP1) may preferably haye a hydrodynamic diameter D h of less than or
0 3 i BRI MIAMAID AL LB of o aBiEG A r
particular embodimen?%)é théq?nvention, the dispersion of the S%OCn?p%sﬁigns é’%@ )ga(l:c%)gé?d'?#%gto the
invention chenprisesionanapbiameaan phases dtdeastond trmphiphiicnagsiet, aindiorselidebjects
dispersed |nfheorganis pRass asdnuglized Béﬁ%%lﬂ?a%#?%%b%é%@é@ﬁ“??o ﬁ%{.‘ sting of an iron
h bjects y

compound in crystallized form, such that: 10said solid o é[e%(é ave a rodynamic diameter D h less
than or equal to 30 HitasReERaRRPBAMEIREIRhY LSfeAnlaver): 2ahdisivadeeyitadedh average
sizeiD xRi0fALSS $8ABs05,0qUaldnelattn asdnedsuiediby XC o Bilfrasspn(4RIAkkand atleagt 80% by

number of sgidé)amcles have a size DTE44 of Je S wan or 15equal to 7 nm as measured. b
.. . -Cal
transm|55|gn oeVIec:tro]r? %8?530%@8 . %ap?efgre?*ﬁfgﬁIrocrumgr%né)szfrtfjca&?ap \r/% g ok Eﬂ%thp(}érameters

D xRD , DiwbDiamgiessvied! reseibifip di antessi @050 wiceoffitne impexdyhaivediabeer are. also applied
here for the dispersions DSP1 and DSP2 insofar that these values also verify the limits given above in

the list of the chafaciel TSR0 P AY BEPR 58S Glpa dh iSRRG EWHEAN €Rtfoh have an
iron compawne:snasgicoroetigationoaihichainay bedftat teaseRésliveonedparticilasyuetatfieatizto 5%,

thisy sonceauan hefdcexniersR i BNy Mmelaharse wiamie: aia! | ass o s diRaREre. JL's
concentration may generally range up to 20%.
typically set to 90*

It is also recommended to carry outi the preparations of the dilution as well as the
handling operations under a iaminar flow hood in order to avoid contamination of the
samples by dust and distort the measurement.

15 It is considered that the experimental data are validated if the scattered intensity is
stable and if the autocorreiation function is without any abnormaiities.

Finally, the scattering intensity should be comprised within limits defined for each

apparatus.

20 This preferred characteristic of the objects of the dispersion increases its stability.
The individualized nature of the particles also increases the global contact surface area
available between the latter and the soots and thus contributes to improving the catalytic

activity of the dispersicn according to the invention.

25 According to a particular embodiment of the invention, the dispersion (DSP1) of
the composition according to the invention comprises:
- an organic phase,
- at least one amphiphlic agent, and
- solid objects dispersed in the organic phase, as individualized particles or
30 aggregates of particles, consisting of an iron compound in crystallized form, such
that:

- said particles have an average size ﬁw of less than or equal to 7 nm as
measured by X-ray diffraction (XRD};
- at least 80% by number of said particles have a size D, of less than or

35 equal to 7 nm as measured by transmission electron microscopy (TEM).



25The iron content may be determined by any technique known to one skilled in the art such as by the
measurement with X fluorescence spectroscopy directly applied onto the dispersion according to the
invention. A dispersion of iron particles in crystallized form may be prepared according to a
30method including the following steps: a) puttng into contact in an aqueous phase a base and a

mixture comprising,arsiR(lbhratsandimd figtdheali perardingioamialay i e tiHReiHisemprised
from 0.45 to 0.55, preferably about equal to 0.5, advantageously equal to 0.5, by maintaining the pH of

the aqueod@RIEiRe B a0hHETRINIEDOMETEThih B e @by S FroGRiR I BBNSIfeht spritelso  b)
putting intce[g_cg\)tact the thereby obtained precipitate, optionally separated from the aqueous phase,
with an organic phase based on an organic solvent, in the presence of an amphiphlic agent, whereby
the dispersion is OBELHE i SNSRFAMRBFEER eBIRCSEIPE) O te IRYEtHI; 4'B48PsRtIoA RiikiGre
confprisingamngeaftiyrsalisiig archelHy) vatiaccerdiog torapmedar ratio (Fe(ll)/Fe(lll) comprised from
0.45 to 0.55, prefg—:-ng)]b &QPH} %g%aéﬁgs%_& advantageously equal to 0.5, are put into contact in an
agueous phase, typically an a%ueo s sofution of the base and of the iron salts. As a base, itis
possible to notabh2lSRehp GHIEr6f hadfydresile type. Mention 10may be made of alkaline or earth

alkaline hydroxides@rooaRastotissdidspis dRAsSMR:tPHISE SRGRANAIYAIIL YRS BigAaRkEamInes.
As an iron salt, it is oss'%ble to use.an)é1 ater-soluble salt. As aq Fe%l# fsalt, mention may be made of
it kst iy

ferrous chloride 2 fﬁ%g%ﬁ%‘g{ﬁ?yg ,arrﬁérﬂ G a%l/J%emm%\ré@ '@mrﬁfécrlf ﬁ03)3. 15During
stefDa), the reaction occsaiingp e tvisgertstheveef| Hysadil thentie dibrseieany thedase isrgeneraly
accomplished under conditions such that the pH of the formed reaction mixture remains greater than

or equal to 8 upon puttinty iR TOMERTHIRY iy ¥arigigthecaiedna kStaction medium.

20Preferably, during stepa) Jhyadmd ahitkeieacianabdurdis mainkaingd abaamlupgreatsrathan or
equal to 8. This pH value is typically comprised between 9 and 13. The putting into contact of the

iron salts and of the bas@f@tesdqRledud phEeCHeRyHB Ak éhplished by introducing a solution of the
iron salts into a solution gogtainingthg Raseeosmaiatedtd Is.05at ieasts. It isalsq pogsihle to

introduce the iron salts and the 25 base in a solution containing salts, at a concentration typically less
or égual to 3 moll', suchefbiekampie vearuredirate wristipnvdirtirivenprrosedvstédbeforehand to

2 value greater i 1 SANBHA & 15.2955IR 4P saLoupRl aebigye e pontaging, he gl

condition being f justing the respective flow rates of the solution 6fthe iron $4its and of the
solution comtdliningftire hitwec30I1Dis passibtecdadoxdmgitea prefersed embagdimenthefdherimeention, to

operate et SORALRRT UG SAHRG P Eeselon heMeendNe fon seHR DR Bk fhe 1 of

the aqueous phase Is maintained constant. By maintaining the pH constant, is nfeant a variation of the
pH of 0.2 A iflied feetRAsRrierglicset Yaftib astcbEsnditions may be obtained by addition, during the

reggion betweentthe itpanlisnanadbsrdiage idotirxamplpishupatd nERAIS NG Higpsaibtionfthe iron
salts into the SoluHan, of ihe-Rasey & VLAINAR 294, more particularly of at least to 5%, this
concentration being expressed in iron metal based on the {otal mass of the dispersion.

This concentration may generally range up to 20%.

25 The iron content may be determined by any fechnigue known to one skilled in the
art such as by the measurement with X fluorescence spectroscopy directly applied onto

the dispersion according to the invention.

A dispersion of iron particles in crystallized form may be prepared according to a
30 method including the following steps:
a) putting intc contact in an aqueous phase a base and a mixture comprising an
Fe(ll) salt and an Fe(lll) salt according to a molar ratio Fe(ll)/Fe(ill) comprised from 0.45
to 0.55, preferably about equal to 0.5, advantageously equal to 0.5, by maintaining the pH

of the agueous phase at a pH value of more than 8, whereby a precipitate is obtained; and



amount of base into the aqueous phase. 14 Within the scope of'the present invention, the
inventors have observed that the size of the particles may be modulated depending on the pH at which
is maintained the aqueous phase. Typically, and without intending to be bound to a particular theory,
the size of the particles is all the smaller since the p#l of the aqueous phase is high. 5 For the

particular embodinentsHef the iaveationastianedhaye prepreiesrendigiatha disasrsians DSP1

and DSPththe ng valuiifor ste.PPaQ is at Ieasthll.Sbmori (farticularl at I(jjast 12. The reaction of
step a) is geengr UI%? coRdacted At BOM 8%&5&]%_8?% B é@/sa? Y/%[th@é%%ﬁ?%@%nducted

in an atmo¥pessohianEicoenitrderrator theniirpgesioniisl Grtatarkein an gptnicemdsf. the reaction of step
a), a precipitate is obtained. It is optionally possible to have the precipitate undergo ripening by
maintaining it for a certain time, for a few hours for example, in the agqueous phase. 15According to a

firsthdvantageod8 SR 0? (MEIARLDE 2R ARy RIHESFASPRIGHN IR prebisdt A6 separated

from the afegbussfiaserdtihéoendchdbstatica(Falit/iSlel) sospeidedrismipdaquents, phesesbfithe
reaction o coxdi ernative Qf t etho rding t inyvention,
the 20met%§§fi?n%ﬁ}aaelst%f?§? stgeép? %&%@%@%@Qﬁésgﬁ )Eﬁ?ef%ﬁ%ﬁg%h%p%e%%ﬂg%e formed
at the endRiFESR YR FEVPhBA§aEd 58! viRse Risasshandfinstépayadtarried out by any known
means. The sepantedpasipitate natiherdecnaied yithveaton foxiexamplaigigsarably the
precipitate is ngt subject to any dryin freeze drying step or to any operation of this 25type. The
prggpitatemrﬁgy8 %&‘l%lr%l?)g %%ar}é%%éﬁégﬁgé ?ﬁa%f]see%%gn%xécgél}egﬂé) %Was%.g"f‘n orzagr%% %%?3%1%ataispersion
in an orgakife phasedairitfgtistepbyiutepeeciiitesobtained at the end of step a), whether it is

separated from thg agueeHssaRaseiorRRbIkk-3RPUE N GONREHWNRe QigaRic Ahasg in which the
dispersion is desirably obtained. This organic phase.is of the type which has been described above.
The contaBiHU BT G185 BS I ACEShBIISHEE NP IHE preSEnts O he ot B G RRET S HEagent

optionally aft@rﬁtmitratizﬁ&@ﬁ@ﬁ)&he suspension obtain_ed at the end of 35step a). 15 Prefgrably,
theygrolar ratio befyaendas BmReTelmAles.elAMPBRNILACRE TN B HRAeY R Balesgr ron is

from 0.2 to 1, preferentially from 0.2 to 0.8. -
the base is generally accomplished under conditions such that the pH of the formed
reaction mixture remains greater than or equal to 8 upon putting into contact the iron salts

and the base in the reaction medium.

20 Preferably, during step a), the pH of the reaction mixiure is maintained at a value
greater than or equal to 8. This pH value is typically comprised between 9 and 13.

The putting into contact of the iron salts and of the base in an aqueous phase may
be accomplished by introducing a solution of the iron salts into a solution containing the
base, for which the pH is of af least 8. It is also possible fo introduce the iron salts and the

25 base in a solution containing salts, at a concentration typically less or equal to 3 mol.L™,
such as for example sodium nitrate, and for which the pH is adjusted beforehand to a
value greater than or equal to 8. It is possible to continuously achieve the contacting, the
pH condition being fulfilled by adjusting the respective flow rates of the solution of the iron
salts and of the solution containing the base.

30 It is possible, according fo a preferred embodiment of the invention, to operate
under conditions such that during the reaction between the iron salts and the base, the pH
of the aqueous phase is maintained constant. By maintaining the pH constant, is meant a
variation of the pH of £ 0.2 pH units relatively to the set value. Such conditions may be
obtained by addition, during the reaction between the iron salts and the base, for example

35 upon introducing the solution of the iron salts into the solution of the base, of an additional

amount of base into the agueous phase.



The amount of organic phase to be incorporated is adjusted so as to obtain an 50xide concentration as
mentioned above. The order of the introduction during step b) of the different elements of the
dispersion is indifferent. 10It is possible to put into contact the obtained precipitate, the amphiphilic
agent and the organic phase, and optionally the premoter, simultaneously. It is also possible to

prhoduce the premmtﬁfnth@eamabaobﬂimagﬁeéﬁﬂd:ﬁfem%@,rgﬁ@impm%esaw@m&@?}bfdogqmeﬁﬁéomoter-
The contactin ween the precipitate a rgani ase may be 15accomplished in g reactor
B 5kt e o e e TR o M R e
the precipieatesansl thessrgayiicphasenthayivaihtdendpisiedat roond tendpeadicurdbeaty20@, it is

preferable {p Opeiale AR LLMPArAHT& SaISCIRR R RNYS MR RREUOHRAE iAddyantageously between
40C and 20100C, In certain cases, due, to the volatility of the organic phase, its vapors should be

condensed by cobfthg o 6 e ferRPERARESe o it Boilhg AL, mentiongg,e 36a¥%ioRMlixture
resulting fromrdheoprieipitate efrtispdndoorg BSE PhadelB Rl rdm thie aanshiphlkteaagentsaad leptionally the

promoter is maiptaig ghr%m stiripg dyring 25the whole duration of the heating. In the case of the
first alternatf;]gwhere?) the pt?eé{ tc}tate as not been separated from the aqueous phase at the end of

step a), when theTﬁéarﬁﬁ@ti%Pépﬁé% aiHe PRESEHYC BRI pRRISS IRPREIBHE ahhbtdaARiPhase
containing thg dispensigsool pardicesdancian asiduabasheus phaseorTheorgaic phasseis shen
separated, coptaining the dispersion 300f particles and the residual aqueous phase according to

. MxXudre. . . . . .
conventlona\Xseparatlon techniques, such as for example decantation or centrifugation.
Regardless of thé\hlteenemivecdithise raastinod chsterding 2ontreipiederis inbtanierh, brganidioigbersions

are obtaingdatihesndef Seplhimbishihave dha afmgnerisnemingtiiesa d6rain tikhe gisaersion of

the composition mai comprise a mixture of par%ic es consisting of an iron compound in the amorphous
form and Fﬁ’a{?ﬁﬂfé ¢ %erl% 5\‘@1‘? f?%eegﬁn% d in the crystallized form. 5In the case of mixtures,

the ratio between the mass of particles of an iron
15 According 1o a first advantageous alternative of the method according to the
invention, the precipitate is not separated from the aqueous phase at the end of step a)

and is left suspended in the agueous phase of the reaction of step a).

According to another alternative of the method according to the invention, the
20 method includes after step a) and before step b), a step a) for separating the precipitate
formed at the end of step a) from the aqueous phase.
This separation step q) is carried out by any known means.
The separated precipitate may then be washed with water for example. Preferably
the precipitate is not subject to any drying or freeze drying step or to any operation of this
25 type.
The precipitate may optionally be resuspended in a second agueous phase.

In order to obtain a dispersion in an organic phase, during step b}, the precipitate
obtained at the end of step a), whether it is separated from the agueous phase or not, is
30 put into contact with the organic phase in which the dispersion is desirably obtained,

This organic phase is of the type which has been described above.

The contacting of step b) is accompiished in the presence of the aforementioned
amphiphlic agent, optionally after neutralization of the suspension obtained at the end of
35 step a).



compound in the crystallized form with a size greater than or equal to 4 nm and the mass of particles
of an iron compound in the amorphous form with a size greater than or equal to 4 nm may be
comprised between 1:10 and 10:1. The dispersions comprising particles of an iron compound in
amorphous form and 10 particles of an iron compesand in crystallized form may be obtained by mixing

a first dispersion pizpatiglesHef RRIHOMEO O IMAMPRPRPUS BB BREGNERNIC BRasEwHh a

second disfggrsiortl) grf &art(i)(]:é%soﬂrarr]\ jiSr n r%ow%upd irgfg%%%l”z?p r]%) Y 8The dispersion of the
composition ol the ihvention has the advan age of Bemg very 4taple. The particles of the dispersion of

the invention do not settle and the dispersions do 15not decant, even after several months. Further, it

may have good caaratbility ¥ithidurls philae easeilikmedieiallysbasasan Riofuels Hegarding to a
preferred alt%rrlﬁtlve, it may further have high catalytic activity. Detergent based on a polyester
qualernan? 4MBRRGTHBLRM B Me g4 ased on polyester quaternary ammonium salts of the
invention include quaternized polyester amine, amide or ester salts. The detergents may also be

described as polyRstes A GMAL Mbuction durinkNEEPIBIBNTHO! MRIONERIONNRY (?ggscribed

as the reaction product of: 25(a) a polyester containing a tertiary amine group; and
quaternizifFeRjein<aitaliEetertconverting the tertiary amine group into a quaternary nitrogen.
The quaternizing agent may be selected from the group formed by dialkyl sulfates, benzyl halides,

carbonates with hydrocarhyl suhstitution; carbyl. ides, combined 30with.an acid or mixtures
th(ﬁ:&eof. Non-quaﬁégn%g%'%%lioegtae{rw{b 90&%%2‘ 80?%%5‘%@%8 é)gﬁfa{?ﬁﬁg ’aﬁ%r%rgpﬁ r%i??eaa‘?%érﬂged in the
preparatiof®PiEansheeas fy énts UTtienalWeatRspmeisf Asauantedsibed as a non-quaternized polyester

containing a tertigny aR¥LIEMP 1o bfoducd heasfaiiepies gt Hine RRlester dsihedgantion
product ofﬁ,carbo lic fat% acircbfontainin%at least one hydroxyl group and a compound having an
| Ha%l

oxygen or ?r%%grﬁ a?BH%)'E Sfpég%)é sing with said acid and further having a tertiary amine
group. Suitable chrboxyliddaliygadidbvahichtimaytrsiogad insthe pheparatiovcofiims8pohagystees

deggribed ghovemaxdberepressaigd ithe oMU an air, nitrogen or air-nitrogen mixture
atmosphere.

Although the contact between the precipitate and the organic phase may be
accomplished at room temperature, about 20°C, it is preferable to operate at a
temperature selected in a range from 30°C to 150°C, advantageously between 40°C and

20 100°C.

In certain cases, due o the volatility of the organic phase, its vapors should be
condensed by cooling it down to a temperature below its boiling point.

The reaction mixture resulting from the precipitate, from the organic phase and
from the amphiphlic agent and optionally the promoter is maintained with stirring during

25 the whole duration of the heating.

In the case of the first alternative where the precipitate has not been separated
from the agqueous phase at the end of step a}, when the heating is stopped, the presence
of two new phases is noted: an organic phase containing the dispersion of particles, and a
residual agueous phase. The organic phase is then separated, containing the dispersion

30 of particles and the residual agueous phase according io conventional separation
techniques, such as for example decantation or centrifugation.

Regardless of the alternative of the method, according to the present invention,
organic dispersions are obtained at the end of step b), which have the aforementioned
features.

35



OH 0 R1R2 OH (1) wherein R1 is a hydrogen or a hydrocarbyl group containing from 1 to 20
carbon atoms and R2 is a hydrocarbylene group containing from 1 to 20 carbon atoms. In certain
embodiments, IR’ contains from 1 to 12, 2 to 10, 4 to 8 or even 6 carbon atoms and R2 10contains
from 2 to 16, 6 to 14, 8 to 12, or even 10 carbon atgns In certain embodiments, the carboxylic
fatty acid used inTthe @sppasiaHasT eidhemplyaster ised2onigrey steaka@cd, pietnpeiedridting
12- hydroxggodecr%ﬁo&%%ug nSdh dl’nydOdECﬁl(glL?SIC Cld 5 h oxgll_?ee%nglcngc% 4- ydrox decanoic
acid, 10- hydroxyundeca oic Acid of Combinations therest: Hain emboai gn?s Aota Py when
the carbo>6§ﬂf6ﬁawdd@@%%fﬁﬁ*ﬁﬁ@l‘éf@mne compound havmg an oxygen or nitrogen atom capable of
condensing with said acid and further having a tertiary amine group is represented by the formula:
R4R5(Il) wherein R3 is H?ydrocarbyl containing from 1 to 10 carbon atorf‘ns R4isa 20
hyd ocarbyl grou cOftaiR% o fri’ét‘iﬁ’%a é?l’&n)se \E‘é%e{i’ ey BRarBlIBAR GRSuB' cBRtdHhg from 1
to 20 carbopraiouns énth trisdloradRewhétte i FRe loyeltsgdhaor e leyded carbyhgpoutieontassing from 1
t0 10 Cafbeﬂﬁ)ﬁ‘ﬂﬁ‘és 1% SRR 869&%'5@%%5&%&98@%fﬁﬂﬁ‘\&:t}P@s&écg?ea%r%ﬁﬂ drGayhgn atom,

R4 contains 1to 6, 1to 2, or even 1 carbon atom, R5 contains from 2 to 12, 2 to 8 or 25even 3

carbon atdfs, %@W@E&ﬁ%ﬂ?ﬁ@ﬁﬂwﬁﬁg 119.38% 85 bon atoms. In some of these embodiments,
the formula (1) b&heriizgeFRRME R3miNisMNb FR45RER 4R an Mo rNtdZh Qb ornid | da oxiteresfdéhe wadous

defpitions pieged, pRYE A1 ARV ARREstatized 1oKAHIA)EBS LERAMAMBYS RRRRI AR progen

or oxygen and capabl f'con ensing
dispersion of particles of an iron compound in amorphous form in an organic phase with a

second dispersion of particles of an iron compound in crystallized form.
The dispersion of the composition of the invention has the advantage of being very
stable. The particles of the dispersion of the invention do not settle and the dispersions do
15 not decant, even after several months. Further, it may have good compatibility with fuels
of the gasail type, notably based on biofuels.

According to a preferred alternative, it may further have high catalytic activity.

Delergent based on a polvester guaternary ammonium salt

20
Detergents based on polyester quaternary ammonium salts of the invention
include guaternized polyester amine, amide or ester salfs.
The detergents may also be described as polyester quaternary saits.
The detergents of the invention may be described as the reaction product of.
25 (a) a polyester containing a tertiary amine group; and
(b) a quaternizing agent suitable for converting the tertiary amine group into a
quaternary nitrogen.
The guaternizing agent may be selected from the group formed by diatkyl sulfates,
benzyl halides, carbonates with hydrocarbyl substitution; hydrocarbyl epoxides combined
30 with an acid or mixtures thereof.
Non-guaternized polyester
The polyester containing a tertiary amine group used in the preparation of the
35 detergents of the invention may also be described as a non-quaternized polyester

containing a tertiary amine group.



30with acylating agents, which also have a tertiary amine group, or of compounds which 18 may be
alkylated into such compounds, include, without being limited thereto: 1- aminopiperidine,
1-(2-aminoethyl)piperidine, 1-(3-aminopropyly2-pipecoline, 1-methyl-(4-
methyl-amino)piperidine,4-(1-pyrrolidinyl)piperiding,A-(2-aminoethyl)pyrrolidine,
2-(2-amino-ethyl)nlegretihytpyolidiced) Nedieihgteth iemedianain NiiNd Gdifeindeibyl@nestigmine,

N,N-dibutyle: iami N-di [-1.3-diami 0 . ,
NIN-cimetto S L e e R e AR g S irogen
ethylethyl@Hisafidap\CeneaiaNg wbts i gk ABdibiies Pe w2 tretpy amyierssei®dmine,
i—dirri\elthy_lamiEolsingwgn&aﬂm&yd&gtﬁyi@raglgﬂzrw&mﬁaﬁ, %edé@éimwiﬂh@p%?éyﬁﬁﬁm,of the

: -trimethyl-1,3-propanediamine, N, -tetr thy1-1 3- 10propanediamine,
>-afhino SRS RS EANE R KR e ST e,
3,3'-diamino-N-methyl-dipropylamine, 3,3'-iminoQiE(N,K-dimethylpropylamine), Or combinations
thereof. In such embodiments, the resulting detefgent includes a quaternary ammonium amide salt,
i.e. a detergent containing an amide group grd a qlpatern@yiamwonium salt. 15The compounds
containing nitrogen or oxygen may further include heterocyclic compounds with aminoalkyl
substitution, suchvasrgi{3Ransiropydmdimitdaa dledasnhdbyBeaonim opropyiymdrptioline. 20 c#hother type

of compoufigs, SARIRIING HIFRESHALRYISRLEARRIS RhEoRIENSIRGLYiIth he, agylating aggahand

having a tertiary amine in certain embodiments, after 20 additional alkylation include

roup, In
alkanolamfTERCHEIERR, @ﬁﬁ@ﬂi@eﬁﬁ?@‘li%fﬁéa%h@r@cﬁ%%ﬁ%ﬁcﬂéﬁﬁﬁ%,Q\Eﬁlr-t&?ﬁw@fﬂmérﬁ'ﬁ‘i’o‘ﬁropanol,
N, Nzdiethylaminepiopanab, 16,N-ciethybaimitditanat, tlisaprapanetdmine, 142-hydroxyethylipiperidine,
242-(dimethyl- ami 0 t -ethyldi lamine,N- yidi ' -putyl-
diethanolamine, %%%fé%éﬁﬁ@?&ﬁéno$% él%%%@t%m%%%tw%%#%ﬁ? gg}(ﬁﬁgﬁﬁﬁ’\é@%g
amino-2-nReilSRteIprépandit YATEBEEHRte s it heTeitciicanafiiminbS A HRY dRARaAHAKed8Id. are used,
the resultigchggiexgesidpaiies aaiernavaranibansster sad, i.e4agdatorgrrbagriainigg an ester
group andT% ternary ammonium salt. In an %mpo%iment, the compound containing an oxygen

—%rox untdecanalc afzfg or chqH_rhati

or nitrogen atom Is trilsopropanolamine, ygroxyé’tﬁ)(/)l piperidine,
2[2]dimethylamihojettioxyetbedioients, notably when the carboxylic fatty acid is of formula (1), the

compound having an oxygen or nitrogen atom capabie of condensing with said acid and
further having a tertiary amine group is represented by the formula;
R3 f{i
N X
R# R5 (1)
wherein R’ is a hydrocarbyl group containing from 1 to 10 carbon atoms; R* is a
20 hydrocarbyl group contain from 1 to 10 carbon atoms; R® is a hydrocarbylene group
containing from 1 to 20 carbon atoms and X' is O or.NR® wherein R® hydrogen or a
hydrocarby! group containing from 1 to 10 carbon atoms.
In certain embodiments, R? contains from 1 to 6, 1 to 2, or even 1 carbon atom, R*
contains from 1 to 6, 1 to 2, or even 1 carbon atom, R° contains from 2 to 12, 2 to 8 or
25 even 3 carbon atoms, and R® contains from 1 to 8, or 1 to 4 carbon atoms.
tn some of these embodiments, the formula {il) becomes;

R3 Ré R3
i i 1
N NH N NH,
4 5 4 5
R R (ajor R~ R (11-b)
wherein the various definitions provided above are always applied.
Examples of compounds containing nitrogen or oxygen and capable of condensing

30 with acylating agents, which also have a fertiary amine group, or of compounds which



30 N-ethyldiethanolamine, N-methyldiethanolamine, N-butyldiethanolamine, N,N-diethylaminoethanol,
N,N-dimethylaminoethanol, 2-dimethylamino-2-methyl-1-propanol, or combinations thereof. In
certain embodiments, the compound having an oxygen or nitrogen atom capable of condensing with
said acid and further having a tertiary amine group gpmprises 35N,N-diethylethylenediamine,

N1N'd?methﬁ?t%e%ﬁ@@f8m%@MD@W%&%EHI%H@Q!@@U&%, without being limited theréi8: 1-
N,N-dimethyl-1,3-diam nopropane,N,N-diethyl-1,3-diaminopropane,N,N-dimethyl- aminoethanol,
N.N-diethyIHIEBBESH, o s BIRHBAC PR 14 RE AR CaRRAGEURE: SATPRIA) s o
guaternizedgiblyestérampdedadt. In sdett epodimgiigiidinmlyester(Cantamiat @) tertialiyimmine

group usegn@[%wg ﬁbﬁéggﬂg{ggﬁ@%gplﬁﬁﬂ SQIN%%B(%% @Eg%%@ntaining  tgrtiary
In certal

amine group. n of these embodiments, the amine or theé aminoalcohol reacts with a
moromer, WRgthdetbyigrrdaniteridNiSHeHpsHpersdariRe alAbdiabih’ mdHRmiBereRaNty to the
desired polyestanamite Bhaiehimadbande quatemidedthyiethylendfig@ibain empodimsanisNhe
guaternize lyester salt includes a catign 1Qrepresente he following formula:  (lJI) wherein R1
o a o B I Croup corA T 1 e B R ana o 15 e
hydrocarbyietiey§tbuigesheamifg frofietbyiamiasherPiiiniee R33gighy@rotmpphylaupeontaining
frohmdl to W%@Q@@I%ﬂiﬁ%,ﬁ NW,T@{%T%F%%Q}IO%B-E»@{@Q%@Qiﬁ_&é{%&‘,ﬂ,@z@%ﬂ%@ﬁgﬁﬁwz; IR6 is
a hydrocarbylene group containing from 1 to 20 carbon a : Reis a hydrogen or a hydraocarbyl group
contbining O AT o GO RS S A € AU UM N i rOb A PRy og e

hyd rocarb@ri%@wujpcetiﬁm_ﬂﬂimkjifmmﬂamizg, carb@nﬁatmmetdcs_(a_! ,Ihydi:me&rﬁpkgn@iap‘ttr@ﬁainirg from 1 to
22 carbon &pmReRBR RS & JreuR Aeresifamihe duatennizna Aol IARILIR aRsmbggments,

R6 is a hydrogen. As above, in certain embodiment, R1 contains from 1 to 12, 2'to 10, 4to 8 or
even 6 carB'aHAS ARFREUONtENE SIS 180 B Y, BETEBr EOUR ATLALIPLRBIHY, R3

contains frammiotdubn $di0. 2, or even 1 carbon atoms, R4 contains from 1 to 6, 1 to 2, or even 1 carbon

atopgs, R6 contaigs rem iR ZIRASLPYRRIGRAOn NS, and ROZS sonias am o 8, or L

to 4 carbon atoms. In any of these em ments'n may r t0 9, or from 310 R7 and
R7 may cIAIRCHBAT 6 WD 220 PaIRYB ©1DoliEuibn atshsas 1-(3-aminopropyl)imidazole and

4-(3-aminopropylimorpholine.
Another type of compounds containing nitrogen or oxygen capable of condensing
with the acylating agent and having a tertiary amine group, in certain embodiments, after
20 additional alkylation includes alkanclamines including, without being limited thereto,
triethanolamine, N,N-dimethylaminopropanol, N,N-diethylaminopropanol, N,N-diethyl-
aminobutanol, triisopropanolamine, 1-[2-hydroxyethylpiperidine, 2-[2~{dimethyl-
amine)ethoxyl-ethanol,  N-ethyldiethanolamine,  N-methyldiethanolamine,  N-butyl-
diethanolamine, N,N-diethylaminoethanol, N,N-dimethylaminoethanol, and 2-dimethyl-
25 aminc-2-methyl-1-propanol. In embodiments wherein alkanolamines and/or similar
materials are used, the resuliing detergent includes guaternary ammonium ester salt, i.e.
a detergent containing an ester group and a quaternary ammonium salt.
In an embodiment, the compound containing an oxygen or nitrogen atom is
triisopropanolamine,  1-[2-hydroxyethyl]piperidine, 2-{2-(dimethylamino)ethoxylethanol,
30 N-ethyldiethanolamine, N-methyldiethanolamine, N-butyldiethanolamine, N,N-diethyl-
aminoethanol, N,N-dimethylaminoethanol, 2-dimsthyiamino-2-methyl-1-propanol, or
combinations thereof.
In certain embodiments, the compound having an oxygen or nitrogen atom
capable of condensing with said acid and further having a tertiary amine group comprises

35 N,N-diethylethylenediamine, N,N-dimethylethylenediamine, N,N-dibutylethylenediamine,



In these embodiments, the quaternized polyester salt is essentially capped by a C1-C22, or C8-C20
fatty acid. Examples of suitable acids include oleic acid, palmitic acid, 20 stearic acid, erucic acid,
lauric acid, 2-ethylhexanaic acid, 9,11-linole ¢ acid, 9,12-linoleic acid, 9,12,15-linolenic acid, abietic
acid, or combinations thereof. The number avegage molecular weight (Mn) of the quaternized
polyester spisdahtheyinventionimayoange from S08iée3.A08.drfiespréparte, 2,500, dnepelyester
useful in trale nrgstﬁg}'} (i)rfmv rﬁi_%jne nay b’(r-:;ooe t%irpgd l:r))é geglt;ijré% oneor se eral hydroxycarboxylic acids or a
mixture of aﬂ‘ny roxycarboxylic atid and of & car oxylic acid, opﬂona?l y in the presence of an
esterification catdljstaTHerniy@roRYaRIGAE BeldermgRigTBIFthRgleeBRTdCH inwvaich X is a
saturated grupgatdratedilivatapisainbatiaindical comtRninmatlepsls catomAtprBSARg herein 10
there are at least 4 carbon atoms between the hydroxy groups and the carhoxylic acid groups, or from
2 miture SVEGR TR USRS AR A REP S BEADIIE 2 e T RFOLR any hydroxy
groups. This readtiorerizay be basde dnobndire tbsm peratorie én dhéheargafoainche0 Gte 2001, antil the
desired mRIgEHIREVEII ABLIIRG. RS FAUSS hhe grierlisatan R AR GRHeA MomERsUring

the acid number of the product, the 15 desired polyester, in certain embodiments, having an acid
number in’?ﬁg‘%ﬁﬁéq?d?ﬁsir@cwﬁi@@#ﬁbaé‘?'%ﬁg&gmﬁ%}éefbﬂ%@??é‘?ﬁ%% 50 KOH/g. The indicated
acid number value raagig feonbddntert®0 g oflc@irtiés equiyadent teadt niaibesaveraggionolecular
wef'ght ra%mé‘gﬁtﬁ dsér}? 10 ng%qﬂi;[é%%g: formed in the esterification reaction may be removed from
the reaction mixture, a Jtﬁis may be carried out in a convenient way by having a 20 nitrogen stream
pass above the reaction mixture ofby carryin
toluene or xylene, and by removing thegwater

ut the reaction in the presence of solvent, such as
distillation §tadually as it is formed. The resulting
polyester may then be isolated in co?wg:ntio Iway;ﬁpﬂepgr, when the reaction is carried out in the
presence of an organic solventﬁtl.h nc 5which wiN nd®‘be detrimental to the subsequent
application, the resulting polyeSter sdlutioRRmay| be 'Nsed. l In said hydroxycarboxylic acids, the
radical represented by X may contain from 12 t ZQ{garbonl%&oms, optionally 8 and 14 carbon atoms
between the carboxylic acid and the hydroxyl group. In certain embodiments, the hydroxyl group is a
secondary hydroxyl 30group. ecific examples of such hydroxyc !;Boxylic acids include ricinoleic
acid, a mixture of 9- and 10-hydroxystearic acids (obtained by sulfatatior’ of the oleic acid followed by
hydrolysisyheein RhiglroRydteasit aicki hartperib g csmisisietafipravhilaie kedrogetemsd castor
g Pk T e pe s b diascarbos
and palmitic acid. e carboxylic acids which may be use ether wi e roxycarboxylic
acide i o B B AT BB K prelLory oo GG et P RHTPRET S Hdratod
aliphatic comnjvindsramphttictlaraation-caom salRénylechybmodit deidsgrontainingiaitihionofl 8do 20
carbon atgips A exAsNe ROt SHANRGILS SEVIRNBRLAYRNALS REIAHES BRI RAIBILiG G, stearic

acid and oleic acid. = In an embddiment, the polzqeste; is"derived from commercial
12-hydrox§teesirie 48id" Wy ZIRdbEPSVerafe HolScuir WEGHEBE 2oYELCEVBOPYHIVESHYS such as
the latter arendesierbrdiin mere2letaibon thierdesoriptionwafdssili sfrdatenisdioag 17,373,660 and

1’342’746Carb0n atoms, and X is a group derived from the quaternizing agent. In certain

20 embodiments, R®is a hydrogen.
As above, in certain embodiment, R' contains from 110 12, 2 to 10, 4 to 8 or even
6 carbon atoms and R? contains from 2 to 16, 6 to 14, 8 to 12 or even 10 carbon atoms,
R® contains from 1 to 8, 1 to 2, or even 1 carbon atoms, R containg from 1 to 6, 1 to 2, or
even 1 carbon atoms, R® contains from 2 to 12, 2 to 8 or even 3 carbon atoms, and R®
25 contains from 1 to 8, or 1 to 4 carbon atoms. In any of these embodiments n may range
from 2 t0 9, or from 3 to 7, and R and R may contain from 6 to 22, or from 8 to 20 carbon
atoms.
in these embodiments, the quaternized polyester salt is essentially capped by a

C4-Cyp, or Cy-Cy fatty acid. Examples of suitable acids include oleic acid, palmitic acid,



10In certain embodiments, the compounds used for preparing the detergents described above are
substantially without, essentially without, or even entirely without any acylating agents with hydrocarbyl
substitution and not containing any polyester, wherein said agents are the reaction product of a long
chain hydrocarbon, generally a polyolefin reacted &fth a mono-unsaturated carboxylic acid reagent,
such as (i)stenacfaaidora:clS anidatnatentiCA2@10dicxdrony | mcakid, $tidin@sicurmariz, Beithaksiconic acid,

maleic acigb@-,lbg]%iygqg}gg%%@Cg&%&gﬁg@gfg@bpg%gﬁﬁ@%qm%ﬁom CI-05 alcohols or anhydrides

of (i); (iif) an a,6-mono-unsaturated C3-C13 monocarboxylic acid such as acrylic acid and methacrylic
acid; or (iv) derivafifeRUsPRRN 2YGERIa A LLRE WP THIMIR Rl erBHR G INBs hRAMBHAR RS R/
compoundigeRiainiig anglefite bombrEnkes@U@bbjdhe7gderiera)s20 formula

(R9Y1R19)C=C(R11)(CH(R7)(R9)) w. [ d IS i Jydr ora
hyd%sgcarbon groﬁéeeé%ﬁégigﬁ,e&%lggﬁ%&é‘%?sgﬁjé\%%\t@n@gfﬁ%d?gggep}% %r ﬂé@%@:‘r’ﬁg{? group and
preferably sverast ooy eaepaiylia Ao carby aistpecot@nivgarcaste0 tan &as! 1A an
embodipﬁﬁéﬁrﬁbﬂ/ﬁfyéasmg agﬁmnmiml h@{drﬁé@arw&;@b@éiu@pnda a&ﬁ&aﬁ&?@dﬂﬁ ag"althaﬁag agent. In
some of these embodiments, the acylatin agent | ith a,rI; rocarpyl comprises
polyisobutmé(&gxgﬁ@@ﬁfgefé%ﬁﬁ ?d@.g/%a{ft}ﬁwee Ogag%eﬁnt@%d%%ﬁ&%‘g?ﬁg rgc’asrk?yﬁatruorl? 5 pcr)ésent in
the detergenssitofatest iieition adich slichagdicatycpolgisiguatldeest®asbon  aBnshenermhefein
subgtantialfy.yitheuti itis; meanb shakiheComRPeae ke e BreRenbnyRNtRS Fariaky foRRis! Of

materials other than the acylating %%ents with 30 hydrocarbyl substitution as described above, so that

these ageRISHe R6{AGHHELHHIFIRYSH-EA YA iRt Yt Pid AR L Shep i 2 ¢nhRlention do
not containssigtificanhamatioky ef detergentsatetived-iegnbsushragents at a témpersdimeeimbiosliments,

the companents Bl IndMeRNoRaE i RSN o1 Ne IINRLIRN. IAK R ass b8 0% by

weight of these agents, or of detergents 35derived from these agénts. In other embodiments, the
maximum &foriariisriiont may Be drsked by Hraving. 8her 8518 RRiigit. tesh@ 8t dlfposes of
thege embgslimenisiigsier (o allpwithenalusinnsohagegtarsueli asmplyisoMdylane sussinicto
anhydrides from th eac ions.of. the invention tq therefore.alsa allow exclusion of a detergent
based on z%oﬁg}%r??ized ngf) Hér}i%/%eedr?r%rﬁagnn?sa gﬁ%ﬁ fs%gﬁﬂso euttrgﬁlécr?eesu%%lnféugn%e);dlr%ées. The
detergents drased fovima Solgekiemep atetidtiy salewrivgipet dispenganes, Foerdnaredenvda Speiehtof the

present inyentinn rbie sptpis BB o RgGRid b hefeieiasrtidaratAnexaisHemmized ratikthe

present invention are formed when the non-quaternized detergents described above are reacted with a

quaternizinG BgBRt "L AERIS Gl AANY & JeR R GRE Gy MR PSS W A PK 088V rBonates
withChydrocamayd s srstiutipasd piroeatihy | repcticdesixiwenobibaticawith antdbi reacioxtuneth¢hereof.
15Inane [ 7] i Ikyl lgﬁgfh‘v r ladides or
bromides%%&%&%&%ﬁﬁ%%%ﬁgg %%@%ﬁﬁ@l@u#ﬂe; su tor%g\g%? gﬁ(@ﬁpﬁﬁﬁﬁes, such
as 01-012$radkgIprssihifatesned-012 di-alkylphosphates; borates; 01-012 alkylborates; alkyl nitrites;
alkyl nitrates; diafky cadanaiese igdetalkanoaies, shithiophesnhate so ovaniiae s tyereohever,

when the reaction is carried out in the presence of an organic solvent, the presence of
25 which will not be detrimental to the subsequent application, the resulting polyester solution
may be used.

In said hydroxycarboxylic acids, the radical represented by X may contain from 12
to 20 carbon atoms, optionally 8 and 14 carbon atoms between the carboxylic acid and
the hydroxyl group. In certain embodiments, the hydroxyl group is a secondary hydroxyl

30 group.

Specific examples of such hydroxycarboxylic acids include ricinoleic acid, a
mixture of 9- and 10-hydroxystearic acids (obtained by sulfatation of the oleic acid
followed by hydrolysis), and 12-hydroxystearic acid, and notably the commercially
available hydrogenated castor oil fafly acid which contains, in addition to 12-

35 hydroxystearic acid, minor amounis of stearic acid and palmitic acid.



20In an embodiment, the quaternizing agent may be derived from dialkyl sulfates such as dimethyl
sulphate, N-oxides, sultones such as propane- and butane-sultone; alkyl, acyl or aralkyl halides such
as methyl and ethyl chloride, bromide or iodide or benzyl chloride, and carbonates with hydrocarbyl (or
alkyl) substitution. If the alkyl halide is benzyl chloritte, the aromatic ring is optionally further substituted
with alkyl or alkenyle2&gtanphc acidsiweidty dragcatbyséartadegraupshef ihercarbanaigdodtids

hydrocarbyl syhsytyton gy Semerisaiam 680, a9, oLiiadieamon alprs pergiowp. in an

embodiment, onates with yl substitution contain two hydrocarbyl groups which may
be either idERELERGAJIFEPBALICE MBS &F sitabisticaldonattes watdh ireedrbgiBoylibsaaddn include
dimethy! orgliethyhgarkramtes s to 2 neshesembodinngii the QralRmizing agenrt chay e

hydr, carb#I eé)oxlj e, asre reanlgzd bgath followi.g%f%rn]ula, in combination with an acid: o R3
R2R4(VIII) 3 hérei RL) /2RISR er%ra!%/aocé inaep?e%'aear‘ft'y H or a hydrocarbyl group containing
from 1 to 50 carblonaatcrbcEkaempldssophiydrteaibyleperidesninciumive stay| éRd wkivky-prapigiene

oxide, butylene,g¥ing =SHIRRE OXEP88 ditethinalierhigragbun@semiadiaient dhe GeaigEnizing

agent does not contain any styrene oxide, 5In certain embodiments, the acid used with_the hydrocarbyl
epoxide M BePPsEprAre L oMY AERICH dee8aae RERNS PO SETSRRTENES: fhréidfble when

the acylatingdagéae Fdsed on a hydrocarbyl is a dicarboxylic acylating agent; no separate acid

copponent s reqyired | sustemherinents. (s deteraenaay e repaced Dydhaaombipation of

reagents which are essentially without, or even without a separate acid 10 component, as acetic
acid, and dEsETREYRPAYEAHT e Harfighs UANSH IR SEEIabn Y HiRi it DR GRS WERRNIANY other
embodimesigiagrgMmajeamaunt bl @b ekl iCampRIest may het peaeining WnyidbyPsteor wveris0.1 mole
of acid per mole of acylating agent based on hydrocarbyl. .In certain embodiments, the guaternizing
agent of (R I el e Rronle 3 R e SR Sl At carbon
atoms. In ogRetedons, eemsinceunibatiraients;ameislie) ahdinsatrituentyraudialbwingthenesulting

detgygent i, bapateble jn orgapissolyenizangd, éh%@f@%é'ﬁéf%iﬁ?riﬁl%ﬂ%!r@&@?&@l@t@%@ﬁ@%ﬁ?{“
invention is not provid a}?%/ the %uaterrllzm\(?”agent but.is rather ro ght to the detequ ent b%/t e
on quateHTDU HE U ae TBRAPABbUEC ST CETUA SPMc b OMMERS TR HAIR T o of

detergents{iha&h’imgaama%mrlmmumiatuadigdoﬂeﬂhemummw}(ytag_eid@uahgéasga‘mo,;ﬁn_la@icl @@, or from
L1 10 1.5, QLHGR Acliadl 3 FypmnleaRids 8P iy Adioshiaieqized prlyerlfiamidmneeraratory

material is prepared by the reaction, in a jacketec)f reactor equipped with a’stirrer, a condenser, a

supply purRi5RekHEH (67 sERRRRUBO CRIRITRgdRbIPEHDE BN SuRRES Bk P abFoRSARRIre), with
a upply ofaritiogaRY(RI‘GeeROGER/syste v feraanieallingf tRé teraprIaisreoégeniesy 30 of
12-hydrox ic acid and of I | ylamin ine rejn the reaction is conducted
at about 1B B e B A T e B T e
down to alfdUeTTPaR@SBHoANGRiR(ARE 35 aaRica e dhaingste BrsrRatvt SR eReidNdaterial is

0.57% by weightobthe-seastiofdnisture. dhesaactiormixhiedsiamedhyprio wiaeutykPstaapd held at
this tempeéag'slgguft%nasg%uéicarboxylic acylating agent. In some of these embodiments, the acylating
25 agent substituted with a hydrocarby! comprises polyisobutylene succinic anhydride. In
further other embodiments, the hydrocarbyi groups present in the detergenis of the
invention are without any polyisohutylene groups.
By the ferm of « substantially without », it is meant that the components of the
present invention mainly consist of materials other than the acylating agents with
30 hydrocarbyl substitution as described above, so that these agents are not significantly
involved in the reaction and that the composilions of the invention do nof contain
significant amounts of detergents derived from such agents.
in certain embodiments, the compaonents of the invention, or the compositions of
the invention, may contain less than 10% by weight of these agents, or of detergents
35 derived from these agenis. In other embodiments, the maximum allowed amount may be

of 5, 3, 2, 1 or even 0.5 or 0.1% by weight. One of the purposes of these embodiments is



3512 hours. The resulting preparatory material is cooled and recovered. 24 A detergent based on
guaternized polyester amide salt is prepared by the reaction, in a jacketed reactor equipped with a
stirrer, with a condenser, with a supply pump attached to a sub-addition pipe (addition under the
surface of the reaction mixture), with a nitrogen supply and a thermocouple/system for controlling the

temperatugg gish 0 @i&@s%ﬂoﬁ(?%%ﬁén'&%ﬂ REINRHROBINHERreDEERHR % THRIRHES dRsAriRgd above,

of 120 grams of 2-ethylhexanol, of 18.5 grams of acetic acid, and of 32.3 mL of propylene oxide,
wherein thEPEERdATEEJRYRIERR APALDIBBE AP TR BYo SYRMEBKRIS LB S 69RO Réactor
within aboqt:8t&ripentss ath daeaati rom ixgered ssthbnas gictased ikctiis serviper atuingdiideab die3 hours.
760 gramsaf praductare ¢qpled aagég&ep\egr&gn{gr PRI BANESIO A MBS TIR
(Fourier Transform Infra-Red) and ESI-SM (Electro %pray Mass Spectrometry) analyses confirm that it
consists oAb Gt BEoRTBYNEIRHRBIetergent based on a quaternized polyester amide salt, the
remaining material being mainly nonquaternized polyester amide. The recovered material has a TAN
of 1.26 mg of KOH/gram, a TBN (Total Base Number) of 23.82 mg of KOH/gram, a kinematic viscosity
of 100C of 15 28.58 cSt (as measured by ASTM 0445), an IR acetate peak at 1,574 cm", and
contains 1.22% ofhaieegéatnziggasien)-2 20A non- quaternized polyester amide preparatory material
is prepared by the reaction, in a jacketed reactor equipped with a stirrer, a condenser, a supply pump

ttached t _addition pipe (additjon under the surface of.th tion mixture), with a nit
ZURBy and & herHHECUURIBRY AL GAA/OIT 046 toraperalFo 5F CaDB VRIS GYRCHTER. s an

of 73.5 gramienftittnmethylaaténupecpgtdenies i iessirbite abaeticarésr2deiedndifictedyattdoomtint30 C, the
amine is agded dsopuize WithinRhoyt B iuiRs. AN dithe, reasion mpdiyg iﬁmgtt%%%@gt%ys

temperature for about 4 hours. The reaction mixture is then cooled down to about 100 C and 7.8
grams of 2B BiHReSHRS HHHRY. THEGeAEHbPRMERS i nedPRinapYn yibuetosddamy

maintainedrétttins téerpefature for about 17 hours. The resulting product is filtered, cooled and

recgvered. 1,301,gr f ct,are ored, ing.a.l f f /gram. a
eiing wit PSRBT ESONRIRY Mt Ry TRl RIS R
1,700 cmi chlofidgatdedisst RISt BideRiaAtMiseirpaigestialarhridiaiss Buphfepaiaeiitheuéisstion, in a
jacketed reaaiaieeduIPRehYEPh ASSINRGIARODIENS aTa R SRR HERP @ltechekir b RyS-ASEEION pipe

(addition ugde{ etg_e urface Ef&)her artt-:-actio

( ixture), with a nitrogen 35cqnduit and
hormono TSRt o AR e ARSI SO LSS o A FAtBn2ieE o litbter
amide prepésznopjendictalidEscribEdkabdidopioszdajesny ofixE s dthyghéxanol, of 18.9 grams of
aceiic acid and of 331 sploefiRierylens QddsnwhereiitereaationisirandisiediakAbqu-2Q C and

the propylene oxide js fed into the reactor within about 3.5 hours. The reaction mixture is then

maintaine & H7S tEIMEEr LB S0 NP Hurs U Y aRTE AHRIGDRM Sr S RO U ARG YERBRered, for
which the EKN, #T1 Rrseaticy BEHEM sunad ysesaibpfiand thtyit domsistsbobralieut ri08byomaighgiof a
detergent Qﬁ%ﬁge?”aﬂHaEQFB&E‘Qe%OWEﬁt%gMQ%P'(‘oF*ﬁkﬁ?&&%&ﬁuﬂb@ﬁeﬁa{%‘?m MRl is
non-quaternized polyester amide. The recovered material has a TAN of 0 mg of K(¥H/gram, a TBN of
23.14 mg eRBIHrGieiHea lapatrrmatinstosity apiematy dtnhe eobstivierasiiatiny AsAtkemhas), an
IR 25etategpeaksat IR 1,574 cm-1. 100xygenated detergent In certain embodiments, the

compositions of the present IeNton [NINGLEMBYRE 3 PMIRNAISH, 95898, substitution
may comprise from 1 to 50, 1 to 20, or 1 to 5 carbon atoms per group. In an embodiment,
the carbonates with hydrocarbyl substitution contain two hydrocarbyl groups which may
be either identical or different. Examples of suitable carbonates with hydrocarbyl
30 substitution include dimethyl or diethyl carbonates.
In another embodiment, the quaternizing agent may be a hydrocarbyl epoxide, as

represented by the following formula, in combination with an acid:

RT O RS

P

R? R (VI



The oxygenated detergent-may comprise a hydrocarbon compound bearing at least two substituents
which are carboxy functions in the form of acids or at least one 15carboxy function as an anhydride.
In certain embodiments, the oxygenated detergent additive is a hydrocarbon compound bearing at
least two substituents which are carboxy functions2&s acids or anhydrides. In other
embodimenitsréherRixRgeRatedi titergeht adilitivadsrdlysHosiichadydatidryi2Page nbwiiihydracarbon
substitution. n e [ y tergent additi it C

substitutioﬂ igo aséirﬁ%%éc%%%%g%r%%é@ o ﬁg&ggﬁbgﬁr%g%ﬁm%o%ﬁ%gdﬁs,Iéti?g%%;gﬁg?éd
detergent ig@itloBWiS G drBERBEA StdEtuEBIEOEthRXSIR seREiInvRREBIFIRIRpHEE8: cdmBMation of
two or moegrhati-iaie ah2 2ineoxraRNatedidries gentasiditivas depesaskifethis column. As
suitable oxygenated detergent additives with hydrocarbap substitution, mention may be made of
dim%ric acids. D?\rrﬁecr‘feés[3 2 smr;br%%n}%gs’ow iaac(f}c/?dpucﬁ?/agrngr' e%rf?\?e yﬁ[g?ﬁéfrakt)tﬁ/ BT g gr@f‘a’r E|f')%l)a/‘olefins,
notably theqpekpdtkeorspetestribed lRsrecailfigitidontaingn avitiddineiia. BOIm et whabdiiments, the

dimeric a%wéﬁ%iﬁdéﬁ BRIV RNIRR AR JRE e {5 k0 4egRiikd Adere mnekenedb-0i8
polyolefins. mong the oxygenated deter%e,nts with r%/drocarbon substitution, mention may be
|

made of aERISPHETS, GARIAR AR HRARIIET P BEA AT o RFFsRbMay be prengred pyine
embodimerntsibthatiagerftseaig ati dghictaatey deskagiaihd witloder Sembaodimarits, thpaagentsidre

anpydrides, apda-RMsELUNGE SIbeMAR'SIRERORNFaCo A m DXl !REhaBhYAtdesalie -

hydrocarbon compound of the substituted hydrocarbon additive and/or the prlmar%/ hydrocarbon group

of the sucEPRETERIAGHSH SYEiRaRTRY hit RYeel BBIR QUBK T SrSgEnERRIRHEbALAM 8 %h SRIBPRGETSS at least
8, or 30, 0m3% up 13, opUPVRR2Q0, 2061 REN1 €0, tatlatn atarbis. bin amembadiyraing theent

hydrocarbggsgaogrpﬂs géiav%dlfrom a polyalkene. As suitable polyalkenes, mention may be made of

homopolymers and | (ra(porly¥ner$ of monomers of polymerizable olefins with 2 to 16, or 6, or 4 carbon
atoms. As suitable etsfais ame@qsbiyenssindenseatRonizngy age maidhss ayeniee dertBtadntdie previous

colgmns. Hlneaeainieg hedimenih Bnmalrimisa manoolelinsveioas ethyere werarylenginl -butene,
isobutene and%lqioctene, or ri\ Roly%le,flnlc En omer, such as a dlo&(‘aflmc onomer such as

1 3-butadi SRS Bbrdie 1079 Chalg, SHSHERHEHE LA eT L nan BB Rmer An
example ofcduptyimerganicpolybute red tharplricudafuddsefB0ptpbite pdijsuterresitémmsiom

isobutyleng. T6,RAAEIRS IS BHRRAILIdN CtANdaLORR ARG A5 SH B orgent b he

embodiment, the hydrocarbon groups are derived from polyalkylenes for which the value of Mn is of at
least 1,3001°0 114250176 LH666p 56080 ER Y 3,000, or up to 2,500, or up to 2,000, or up to
1,800, and the Mw/Witsaiioisios lembtdicBerts 2ther upta 24ito & Gleterypriis Ji2vidf|arcertane

embodimeqis, e RYYAeRS 5 ARAN.APHRISIS DRYINERMOIRY IR MasSTAm BP0, 3,290

from 1:1 to 1.3.

Example Q-1
25

A non-quaternized polyester amide preparatory material is prepared by the
reaction, in a jackeled reactor equipped with a stirrer, a condenser, a supply pump
attached fo a sub-addition pipe (addition under the surface of the reaction mixiure), with a
supply of nitrogen and a thermocouple/system for controlling the temperature of 6 moles

30 of 12-hydroxystearic acid and of 1 mole of dimethylaminopropylamine, wherein the
reaction is conducted at about 130°C and held at this temperature for about 4 hours. The
reaction mix{iure is then cooled down to about 100°C and zirconium butylate is added
according to an amount such that the material is 0.57% by weight of the reaction mixture.
The reaction mixture is heated up tc about 195°C and held at this temperature for about

35 12 hours. The resulting preparatory material is cooled and recovered.



In another embodiment, the acylation agents with hydrocarbon substitution and/or substituted succinic
acid acylation agents are prepared by reaction of the polyalkylene described above with an excess of
maleic anhydride in order to obtain substituted succinic 25 acylation agents in which the number of
succinic groups for each equivalent by weight of substituent groups is of at least 1.3, or up to 1.5, or up
to 1.7, or up to 1.8 ddtergeaxivasaa pumbetewilk g pelalbtenairedecedt & proparpd b 2tbe osatido, 2.1, or

up 10 2.0, The-papllviens, may b hete i 0L Mase saered aoyedn ARTIcLamodiment he

hydrocarbon and/or the hydrocarbon group contain an'30average 8, or 10, or 1 , orup to 30,

or up to 34&RGPaD PR EHEAISMEBIPA GAEIRBoHIATE Methe Rrgret Hid speghenbeHtainY haverage
of 16 to 18 qiaten 8ieMIg.and a theFhedlghia/shanielin ligemmagansienpbratkanermey defeacted with

the carboxylic reagent so.that there is at least one mole of carhoxylic reagent p le of olefin, of
i e e S S T e S R e
operating predeyibessgiving thé porsibiityaerisrasistingseRR doylawdmiageiens médriorherainbe made

of the paterHs tacloh!is 83wiR4R 6}.83L0RR e Blopiitnd Shde’ BA bk 8 anchg34.435.

In certain embodiments, the oxggenated detergee_nts with hydrocarbon substjtution 5and/or the succinic

acylation afaRts ARt hyc &Son SoBERRREN RSHESHS DRLAAIRRRGH. 3t M, EaRSHR Y08 iments,
the hydrocahpon 3jfaupsof tiegsacs mit racylaticisageriedvihchyatrocarb fics wiistitutienTia M éfistad from

polyjsobutyiene qndiBs disgie fwachian etine:agenhisdeied JIPBGasRPIAIC A dgrpRGasych as a

succinic acid with hydrocarbon 10substitution. In certain embodimen'%s, the acylation agent with
hydrocarbotPeahemMe it BNPFRELBIE oM SbvERISIRIEIME aRPYABE GPYus AtnohyHSERBbN
substitutiomased bncedameeniedfogsisethavady|ationtag esinaitnbyeleasasbosisy batiktiotgomprises

one o seveig| VGOS0 SUECIIR AT OURR I IoCePben T SSLSITUaRy. J coni

embodime e oxygenated detergent’is a poly sobutylene compound in
anhydride 8rigtiédirméeaBieshddertreu el 23.62 mpnef fyleratecedeteralit iegrpdy DElieeiric!
polyisobutylens ashysligrangier & nairelyzedsiersion atthadatien hhe granaratianotswiiakle

natin r i
oxygenating dgtergents is

Example Q-2

20 A non- quaternized polyester amide preparatory material is prepared by the
reaction, in a jacketed reactor equipped with a stirrer, a condenser, a supply pump
attached to a sub-addition pipe (addition under the surface of the reaction mixture), with a
nitrogen supply and a thermocouple/system for controlling the temperature of 1,300 grams
of ricinoteic acid and of 73.5 grams of dimethylaminopropylamine wherein the reaction is

25 conducted at about 130 °C, the amine is added dropwise within about 8 minutes, and the
reaction mixture is maintained at this femperature for about 4 hours. The reaction mixture
is then cooled down to about 100 °C and 7.8 grams of zirconium butylate are added. The
reaction mixture is heated up to about 195 °C and maintained at this temperature for
about 17 hours. The resulting product is filtered, cooled and recovered. 1,301 grams of

30 product are recovered, having a TAN of 0 mg of KOH/gram and exhibiting with FTIR an
ester peak at 1,732 cm™, an amide peak at 1,654 cm™, but no acid peak at 1,700 cm™.

A detergent based on quaternized polyester amide salt is prepared by the reaction,
in a jacketed reactor equipped with a stirrer, a condenser, a supply pump attached to a
sub-addition pipe (addition under the surface of the reaction mixture), with a nitrogen

35 conduit and thermocouple/sysiem for controlling the temperature, of 600 grams of

non-quaternized polyester amide preparatory material described above, of 123 grams of



20described in the international patent application WO 2006/063161 A2. As a non-limiting example,
the preparations of two oxygenated detergents are shown below. Example 0-1 25GlissopalTM 1000
(18.18 kg) is loaded in a sealed tank at 100C and stirred. The tank is heated to 167 C and vacuum is
applied. The tank is then pressurized with a nitroger®atmosphere (1 bar) while it is heated to 175 C.
Once the Prethuthdasalttaintt 9 g&6sndlete Bnbhydrisied (2 3B Kgins afldegh igraexitk oivhdieated
jacketed syinge BUTRISEQ.BUTE) MIPIn DA ARGHLS, ERALRESHARIAMBSTAIR S sloyly raised.

during the whole period for tfeeding the maleic anhydride, from 175 C in order to attal C at the

end of the Y6&RHINBPIHS re AQi6h ISR IRIRLTALANMEN AL IBRC BRIAIAIRETEALE WolaSPFrRUEsEfting
succinic pelyissiauRdenre Ehyeiise (PIR3GA) Alascadinematiesbseasityrof WARCHs AN cBTiiRnm/s) and
a total acid n AN) of 127 mg KOH/g. Example 0-2 o . 1he PIBSA qof example 0-1 (340 g)
S obciod A D P o B0 1L R e P A SR B gt 400
revolutiongymindigrnizrsuipobedteiamitensed thetemaTiotarkdsahkeinodoaidiwithrmitvetfenizacorder to

provide anjfgssaimasrierenVaten Bl %ﬁ&%@%éoathaxm%memqtmﬂ ROMminsHess Tigymjxture is
then 5 stirred for 2 hou{r(s. e resulting h dronged PIBS hasg total_acid number of 163 mg/KOH and

a kinematit it 8% A I ¢2B sHA HRRARUG L5CTHY Blodlidt forfiet! AiAind BEZVRiGHt of the
hydrolyzed\Biid iiet4in dabS% doe iatei gl iR IBt(rF BOONThe carbonyl/water ratio is 0.5/1. 10When the
detergent compositions of the present invention both contain a detergent of the quaternary ammonium
salidype and an gyygRnated gateraant, the weight ratio of the detergent of the quaternary ammonium
salt type to the oxygenated detergent may be from 1/10 to 10.1, 1/8 to 8/1, 1/1 to 8/1 or 3/1 to 7/1, all
the weight ratios SR EUTGET BN & 1 RO ARy R GHE SRR bINE LRSS e eigh
ratio may lbe trwg@/al_etd d¢1@@5_rzt. A_s IS understood_her_e, the term of "hydroca_rbon_substituent" or
*hydrocarbon gropp: igdgeAdidsirdipary RenseowpIcR is wellieawaloLngskillediaig art. In order

to be more specific, it désignates a group including a carbon atom directly attached onto the remainder
of the mol&&ik %?dsrﬁlg§fﬁ@e§tﬁ13’l?1’ﬁ)g‘h§/@r(5’@é?ﬁéﬁ ?ﬁﬁ‘ﬁ}i‘@‘.%g‘ dRa s Erao8hyardcisdiPdfoups,
merion mayriegrfadetiofi sy dnonsrpdidsubstituents, i.e. aliphatic substituents (for example alkyl or
alkenyl), alicyclic,substituents. (for. ple.cy Cc ) omatjc i S with
aromatic, aliphati‘(':ﬁ agn%qéﬁy%ﬁ?é 2%?8%%3“0%8 aé%ﬁxa{astggygf%%g gé{'ﬁit?}gﬁt@ ﬁlqv%h%chﬁ#l%%%%#gs c?sﬁ
completed By 8RB PERIRB RO fERE niERe SUleSHYR B M 1A SRS B THPRTNAtGGE &Y a ring);
substitutediyghiagagbon 25 substituents, i.e. substituents containing non-hydrocarbon groups which,
in the context of Efrl]isni" vlenti%n, goe% t nt}%ji the rgt%idnlg t?%/rdronc;[ar%%g. \pature of th[e.subs ityent (for
example halogeno oereeﬁ%rﬁgumarly%h oro asf%?ﬂuoro),Ehycf"’r%xyf;1 xey,'srn%r%lé%ctg',caﬁ%}’l%@&apto,
nitéd, nitrosgeamiavitfuty)chberchididtiioants, i.e. substituents which, while having a mainly
hydrocarbon natllﬁe’dfhé*ﬂ?e?ﬁ%@?ﬁﬁ&ﬁtﬁ?'%%V%%@nﬁﬂﬂtaﬂé@?@%h'é‘@dﬁm@rmn h38r68shem in a ring
or a chain moreover consisting of carbon atoms. As hetero-atoms, mention may be made of sulfur,
oxygen, nitSGEH IO RIS 88K 840 58MBBH ike pyridyl, furyl, thienyl and imidazolyl. Generally, not
more than two, ptefetfedslfuribénzonbdtiareotse therchygnoaarb detaglestitertitiveihWie pydsentier group of
10 carbon gjoas g helipeachelh e aahiRicalbctinrmuiingt ReAa o liagargen

substituents in the 35hydrocarbon group. 29 e present invention also relates to a method for

préfaring e PerpptRiRbAiBIsRERGHE tRR deverbsh sBig AMAYY comprising a step for putting into
contact and for mixirgigisietexgesiand actispensianirioes idingHiai tbeaibendigistiviene byehian
compositior]n}J? BQt%iQ

gg'of dimeric acids. Dimeric acids are a type of diacid polymer derived from
fatty acids and/or polyolefins, notably the poivalkenes described here, which contain an
acid function.
30 In certain embodiments, the dimeric acid used in the present invention is derived
from C1-Czo, C12-C1s andfor C6-C1g polyolefins.
Among the oxygenated detergents with hydrocarbon substitution, mention may be
made of acids, halides, succinic anhydrides and combinations thereof.
In certain embodiments, the agenis are acids or anhydrides and in other

35 embodiments, the agents are anhydrides, and in other further embodiments the agents



5 The composition of the invention, i.e. the composition containing the additive for assisting
regeneration of the PF in the form of a dispersion of particles of an iron compound in crystallized form
and the detergent, may be obtained by mixing the detergent composition and the dispersion by any
conventional means allowing the 10mixing, this mixigg being generally obtained by stirring at a

temperatutClega e reanaHeResaturefr9mcka o’ Mempouhieoneig hiuisiinasiwgRstherdispersion
and the detergent cor&pos}ﬁi’on rﬁ%grﬁagy var accordingBILo ifferent f:i)aram ters such as the
characteri&tics"SF e H&i 18" of It: éjﬁﬁf Rlerft Ridta y e fisf ]‘éc ?ﬁﬁnpgﬁ&ﬁﬁd“’& issions,
notably thévgdnmanbof entitiddisoogentralyrchitéritsranbiteamenalist madidepoilGliondiaé,upotably the
use of a PEyy gr%tﬁjyg{gg ggl&grtgq@@ggﬂg)@ gatalyst and its proximity to the manifold of the engine,

the means allowing an increase in the temperature in order to trigger the regeneration or further the
geographical aredirflHEP AR iclBSvil oA G St alte FERFING AR BuRtkAbeife ORI which
the vehicleswithbisepolyaltisaseiglahtatio hetwbenrthedispersiaopandidre defergeatreiympesiton may

Wypically vagy hetueen 10/30. 20 0010 in cSIiAmCases betvieen 20/80.800,80120 A0d gegain

further more specitic ca etween 0 an 25In thé composition of the present invention,
the iron coPtenfllf Beobeia et it 8ty . O5onade 250! Hvke piptelinsdy BelifedreP9saind 15%,
this conceptatia being expressed in weight % of iron metal based on the total weight of the
composition. In ce glg ce:%r’gg&%tégpss %‘cec%rldhr}]gigo theoy%reO ek rg in ntione,E aye the advantage of
30developing moderate Kinematc Viscasi y, notably &t [OW empera ﬁregibe we'b%)?ropy ﬂ%’organic
dispersiond-autgrdinigabutesenaadtidrobi@ne ther partichielatinionsethegarswdditved Witheflncfuel, of

not consequshildeauQing the stabilibnofsaickBypbrg particular when the latter contains not very stable
fractions such as fractions of biofuels 35like methyl esters of vegetable oils. The stability of the fuel

may be measured tARTIHRIE 8L sILR TP ENEEHi %2 B OPPEREHiS SAKEBIAPIS LS HPIEBELR known
to the professwyhlitertion maytesmadesef thediest haspddrutbeeNEeckhl #6576k cbandare (Fuels for

aUtFH“ObiI%%ryg@g}{c%cg{]erﬁ?éBXF&PW&%@M@)B&%W&‘H&%&%&Qas oil - Determination of the stability

to oxidation by an accelerated oxidation method) consisting of oxidizing the heated fuel by air
bubbling. The 5 V&p8hs HrOALEBENG T T 6aHRAD P IR S AL BYR SrsB PRINE MR S TRCrease in
the electrisveondieliviiyofthisniatarexpaessemoobibilizetion afsmiaijecasidemmpagnds fosged during
the process of oxidation of the f d thereby its, oxidation., This,is then referred tq @s an induction
e, a g R S 200 o M g o R T B e e i e
electric congueti/fylo Pt gfedttr s induction 10time, the more the fuel resists oxidation. This test is

alsppcalled a RANGC IMAditeshoodinfdmtherdypenrfitest cansistsyafotuantifanoa by shemisat dasage
(such as accorcgn&é%@e I?Cé 619 standard), increase in the acidity of the heated fuel following
t

oxygen buBliiYd" 1SO 12205 (petroleum products - Determination of the stability to
oxidation of mediumapetirefezmpalistikate $h¢l 86BHThagenie-dépdydarmiachamgewsfitheobSamidity is

expressedQecorging 10, dbR acidity QL ATANLHerence heveen Beagadand Ren-aaeddisherhe
greater the ATAN the more the fuel was oxidized. o _ i o
described above with an excess of maleic anhydride in order to obtain substituted succinic

25 acylation agents in which the number of succinic groups for each equivalent by weight of
substituent groups is of at least 1.3, or up fo 1.5, or up to 1.7, or up to 1.8. The maximum
number will generally not exceed 4.5, or up to 2.5, or up to 2.1, or up to 2.0. The
polyalkylene may be here any of those described above.

In another embodiment, the hydrocarbon and/or the hydrocarbon group contain an

30 average 8, or 10, or 12 up to 40, or up to 30, or up to 34 or up to 20 carbon atoms.

in an embodiment, the hydrocarbon group contains an average of 16 to 18 carbon
atoms.

The olefin, the olefin oligomer or the polyalkene may be reacted with the carboxylic
reagent so that there is at least one mole of carboxylic reagent per mole of olefin, of olefin

35 oligomer or of polyalkene which reacts.



The invention also relates to an additived fuel comprising a fuel and a composition according to the
invention. 20 The invention also relates to a method for preparing an additived fuel according to
the invention, comprising a step for putting into contact and mixing a fuel and a composition according
to the invention, whereby the additived fuel is obtaipred. The compositions according to the invention
may be used as adueladitae B gRdnteraREAPRYISHATHESJHIRSafgre RABIISYgAsHN Wdditive of
gasoils for dlgégl ?Mn?)lpes or other engines l%HCh as c%rtamgqusollne engines mltyn soo%sn?é

carbonacedUs pé{ir C es??ﬁg 1oF e%(saemplgcgs aduifives ar Bistuers. MY T'H%yem%ytrr?opg g9enerally be

used as codbudiigrbaddiiXes 18 tohddifle haabABK orliquUIG4ué]s & eHergy detierdftrs such as

internal combustigngRginesiRiperitie ﬂwigfg@@ﬂam%t@l@emg ARAeTAIRE8Eh QilJungss or jet
propulsion engines. The additived fuels according to the invention may be used in combination with a

PF rot cortaffiffg By Catiilst 261 198 WiBP AL LB nt AR Rty Re WHER A SA B8R 2T HE M ture of
the catalystintdiking up the CSF may be of any type, notably based 350n precious metals such as

platinum or pa"a‘?ﬁuéﬁr?a?ﬁ%%tc‘?&:%{‘éms‘?itﬁgrﬁxéfﬁr%%%ﬁi 6,05 RnEIng aterials SHER Q&eﬂ{g@gﬁxides

Materials which may be reduced like oxides based on 31 rare earths, such as ceriunt oxi
based on MEHGERESE FiBEEILiPhd 88Kt T HROVSIAPYYIfERSTRECBIRIAG S tHEigantodr a Fuel

Borne Catalysti(Bieyiveay-drbe-asisifivneddnal fgelspaccartingte anyomraasknmvmieieaerskiled in the
art,iBoth b%u%),\s/&%?rization device loaded on-board a vehicle but also directly additived in the fuel
a

before the Tatter'is ?r?t’rodu_ced on the vehicle. The latter case may advantageously be used in the case
of vehicle fleets dfjuippéairwigibrdmatihaility eieboh gasstandh foydesitimponitsybeliuoThe

devices loadesh a0 0REdNRVERICa DAY BARRNRGARMSSRHHAMMbEREH @ikstaiving the possibility of
loading on-board a volume of tf]ﬂe ,omﬁllositi%n accqr?_in to the invention and giving the ﬁossibility of

covering a certairllnraﬁ%{%?'ﬁs Werad'y %aﬁ FoF VECHS] iﬁ‘&?ﬂ% ¢ pggﬂﬁ}ﬁ rc?é’?ﬁ 8l ike a
metering pumpiisigctiogea defisedrambymbbiztie sompisitiomjididthegfuebsankitbf thelvehitienand a
too} for drivingthisidpvectorization means. The engine may be continuously fed with a fuel

additived with FBC, the concentration may be stable or variable over time. The engine may also be

alternatively fed WiKSHRRRMRRABFIN SeLuacrrist detrreeahid arrUripeEeehe semeauerthe fuel
may widelyheayitependmgomeifferent psuacigtersisuebdgrthg characteristics of the 20 engine and

fit i t, 4 ' iSSI h [ i t hi f th
exhaust and depdcio Hne D AR R SR L B SR R B
proximity tByteradifstassite éjilkéethd hreafePalfdinthglartifriicassypeiminendste et iy

triggering regeRsEtiaNY intsemiithel geesieatirehfsranD whididbe: sehicle will circulate, the latter
defining thﬁ quali'%/ qf the fuel which the 25vehic{e will use.
s'a non-limiung example, the preparations of two oxygenated detergents are shown

below.

Example O-1

25 Glissopal™ 1000 (18.18 kg) is loaded in a sealed tank at 100°C and stirred. The
tank is heated to 167 °C and vacuum is applied. The tank is then pressurized with a
nitrogen atmosphere (1 bar) while it is heated to 175 °C. Once the product has attained
175°C, maleic anhydride (2.32 kg) is added by means of a heated jacketed syringe pump
(ISCO pump) within about @ hours. The reaction temperature is slowly raised, during the

30 whole period for feeding the maleic anhydride, from 175 °C in order to attain 225 °C at the
end of the loading. The reaction is then maintained at 225 °C for a further 10 hours. The
resulting succinic polyisobutylene anhydride (PIBSA) has a kinematic viscosity of 100 °C
of 570 ¢St (mm/s) and a total acid number (TAN) of 127 mg KOH/g.

Example O-2
35



The FBC may also be injected into the exhaust line upstream from the PE, preferably with a means
allowing final dispersion of the particles into the bed of soots. This case is particularly adapted to the
case when the regeneration of the PF is accomplished by direct injection of the fuel into the exhaust
line upstream from the PF, 30whether this fuel is butAed on an oxidation catalyst upstream from the
PF or else by a burherRiB 8 ahwatheten@ran(340 g) Rriefetabt intthe femitcomprisedinvite Ristitved fuel

s selected figmdie, 05AuD EARSIRIRA AL 9 lls BAIAREYS BoiBons B (U HIANIS (o

preparing an additived fuel accordin present invention notably comprise commercially available

fuels and iéaRdineMBodimehts 2kt RamIRatesyabandINessal of figé|CaREI¥EBIGRIEREThe gas

oil fuels maynatsspherealiedatiesel fyalsdibbadurtshiragd amkioadeitives atealsncaliad bigiuels.
The suitable fuels for lying the inventipn are not tog limi and are generally liquid at roo
temp%eraturgtll%rc?ﬁé){%rmaf)?eq] é%rr% 2010 éﬁ%_ﬁmg ﬁ%dg E 2uelg ?E(ﬁa%m%;}ﬁg aafu%lt%f ﬁ%ﬁlnfélrnaggfbé)ﬂ]type, a
fuel of a typ@dtheftahanthypdkinsmptn viscosity Gt thelr Taigfube8. mavs (cSthelfigepesidined Fydredarbon

type may bgsampikdeubdigiighe onatablyirgasalipe AcadNgs9, tﬁ}f\@& inttiarabtenday theASTM
04814 standard orga as oil fuel aC}:ording to the definition given by the ASTM D975 standard or the

European SARGAN Jaia’s B4

an embodiment, the liquid fuel is a gasoline, and in another
embodiment, the 15liquid fuel is a lead-free gasoline. In another embodiment, the liquid fuel is a gas oil

fuelig — Thenuehed Ué‘?et’%}/&{%&%%i%% BIaDS S BXENARAIRAN RIEPRd i, ASHaE 9%he

transforming a gas into a Tiquid in order to include for example hydrocarbons preparéd by a process
such as the?HsRanT %ﬁ@&‘?'ﬁ%c@é&%‘@lr%%rt%ﬂnoémﬁéiﬁ%ﬁ%‘,efﬁé%éhﬁp‘ﬁﬂ&&rf 3He pfelsent
invention isdatgagcildiuek ggasedrbiaihebsiusosahingionsibereaienated iedtg)igatype ther than a
hydrocarbop {53y he 2 ‘%%QB%?FJ%?&%@@’HP%{‘P%%E %‘i?ﬁ?é1%*@"%%‘&5%%&%@”% Al yygenation
product, which comprises an alcohol, 25 an ether, a ketone, an &ster of a carboxylic acid, a
nitroalkaned@yioWEhsiiray Bekare NP fira b dnEsésothe MagRt A iPdrRey B diemal fisr Etample

comprise methanol, ethanol, methyl-t-butyl ether, methyl ethyl ketone, trans-esterified oils and/or fats
of vegetable or animal oNain, Sl 3ergrg et st erterand SOy ety sster, and piromethane.
group” is used in its ordinary sense, which is well known to one skilled in the art. In order
to be more specific, it designates a group including a carbon atom directly attached onto
the remainder of the molecule and having a mainly hydrocarbon nature. As examples of
20 hydrocarbon groups, mention may be made of: hydrocarbon subsiituents, i.e. aliphatic
substituents (for example alkyl or alkenyl), alicyclic substituents (for example cycloalkyl,
cyctoalkenyl) and aromatic substituents with aromatic, aliphatic and alicyclic substitution,
as well as cyclic substituents in which the ring is completed by another portion of the
molecule (for example two substituents forming together a ring); substituted hydrocarbon
25 substituents, i.e. substituents containing non-hydrocarbon groups which, in the context of
this invention, do not modify the mainly hydrocarbon nature of the substituent (for example
halogeno {more particularly chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto,
nitro, nitroso and sulfoxy), helero-substituents, i.e. substituents which, while having a
mainly hydrocarbon nature, in the context of this invention, contain somathing other than
30 carbon in a ring or a chain moreover consisting of carbon atoms, As hefero-atoms,
mention may be made of sulfur, oxygen, nitrogen, and this covers substituents like pyridyl,
furyl, thienyl and imidazolyl. Generally, not more than two, preferably not more than one
non-hydrocarbon substituent will be present per group of 10 carbon atoms in the

hydrocarbon group, and typically there will not be any non-hydrocarbon substituents in the

35 hydrocarbon group.



30The mixtures of fuels of the hydrocarbon type and of the type other than a hydrocarbon may
comprise for example gasoline and methanol and/or ethanol, gas oil fuel and ethanol, and gas oil fuel
and a trans-esterified vegetable oil such as rape seed methyl ester and other bio-derived fuels.

In an embodiment, the liquid fuel is a water emulsi@® in a fuel of the hydrocarbon 35type, a fuel of a
type other than arhgdmesshomamtioe afdheilamwdures @athod o Seeermingmhediorepésiobithis
invention, liqui Ifur t ] S| el ich , m or
less, a 1,0%808%@ Fﬁ%ﬁi@%&ggéﬁﬁ?ﬁ%ﬁ 0 ﬁ%@%%%%ﬂ §£Sn%§%e§s#%%¥p%gghg¥v@s%s C(ﬁng%&p%?ﬁ?(fﬂgrﬁess.
The liquid ftignefateipiasianispreRat il Acediivda iRl acaiemy ety Sht eaiprsiienmajor
amount, i.g, gearelly greater than 95% by weight, and in other embodiments, it is present in an
am%unt of more than 97% by weight, of more than 99.5% by weight or more than 99.9% by weight.
The fuels suitable for applying the present invention optionally comprise one or 10 several additional
performance addithvesnpokiéensodititilirsiiorhése Performepnttoaddititasimadfeedslitusyfype and for
example allqusimprygemaatisn tae gistipulipmefl e fus! in the eRgincrpdioeihe dmareysment of the
performances of the operation of the engine and/qr improvement in the stability of the operation of the
engine. compound, 5]1“é)‘(ﬁmﬂﬁ’é?%rfa%tﬁﬁﬁttﬂ@ir‘?&iﬁ‘?&?&ﬁ’, Y BEsREREH &Gt dRftants like
15sterically«tenghere dgpheositicohe terg ehe anidper sisp &rs antyadditvees cud hneessandredeniapritaining

defeyaents, ot sCHRIIRS AHgENARAY 'SRV DSPIAfow Sush oA esipuliog papplymer of

maleic anhydride and styréne. ] e composifions of'the present invention may further
comprise GHBRGFEIRFEPIDAAMISNA performance additives, solvents or diluents. The additional
performance additives may comprise: an antioxidant such as a sterically hindered phenol or one of its

derivatives andlﬂ{ea diGa‘tr_\Alagg'%e rone nOftiteS %Eeriv?%il\(/)es a Oc(%tgrosdg{g3 ;ngri1 itc%;nagdl/t?ornam
detergent/dispersan%va&d&ive, other than the additive orbfr&el or the prgsent mvgnﬁon, such as a

polyetherdiffiidyoreay 2Bisiardlente shtalapacraier sHefadiyiButhsigmetislioy MiiigteigiPUB-amine
detgrgentsidispersanig andaHcaibpigeardeterganiidispersantoliutind Rerdditenabpasfprinance

additives may also cover: an agent improvjn? cold g?w su%:l as an (gsterif'ed cogolymer of maleic

anhydride HRAU5F St FEHEE PSS HSHBISHIEF b &Ry 8RS KRS e A SRR WP R AN iMRIBRET and/or an

anti-foam #@igense of a PF or a Catalyzed Filter containing a catalyst and its proximity to the
manifold of the engine, the means allowing an increase in the temperature in order fo
trigger the regeneration or further the geographical area in which the vehicle will
20 circulate, the latter defining the quality of the fuel which the vehicle will use.
This weight ratio between the dispersion and the detergent composition may
typically vary between 10/90 and 90/10, in certain cases between 20/80 and 80/20 and
in certain further more specific cases between 40/60 and 60/40.

25 In the composition of the present invention, the iron content may be comprised
between 0.05% and 25%, more particularly between 2% and 15%, this concentration

being expressed in weight % of iron metal based on the {otal weight of the composition.

The compositions according io the present invention have the advantage of

30 developing moderate kinematic viscosity, notably at low temperatures (below 0°C).

The organic dispersions according 1o the invention have the particularity, once they
are additived with the fuel, of not consequently reducing the stability of said fuel, in
particular when the latter confains not very stable fractions such as fractions of biofuels

35 like methyl esters of vegetable oils. The siability of the fuel may be measured through its

resistance to oxidation.



30 such as a silicone oil; a de-emulsifier such as polyalkoxylated alcohol; a creaminess agent such as
a carboxylic fatty acid; a metal deactivator such as an aromatic triazole or one of its derivatives,
notably, but without any limitation, benzotriazole; and/or an additive against valve seat recession such
as an alkaline metal sulfosuccinate salt. The total c&mbined amount of the present additional
performance addiivihiSseompbiypds,afneattascknvitiroin Hrey sofessitioil Maalorangy serm&derdd.01% by

weight to 6, 30,0f £YeN 20 WF"‘{@R?%?%V 1R &L e RY B IONL B LY W%é@héé?& et

composition. Even if one or several of the other performance additives may be present, it Is common

that the ottfstesefoiMEhcehaItvEs S sresehrik alrariiRtion slitite Fakilbely SRR 5The

invention ajgedielates txiaamethadifeuapphyisgnanciniridizinepmb ushasi doging apmpsising. arséep for
deliv§ring to said engineg fuel a gl a co(mposition accordin }{%theajnvent{'o In an
Wi

N, . na
. . h
embodlme\r'ﬁi,p the %'gm%coesn%ur% {he mvention's combine The fﬁe‘f\'gye i&d}rg}g ea%sﬁtilgrtl and the

additived falasiasendgeibperaindianvengine<eqsiinse tiigatioghalisriide scwittoaPeunds  The

additived fagheaniRinmoHererare sitioni@ilbe Hvratios Bay PReeyiaineddaRiuehiank hansmitted
to the engin? where it IS comgusted and the iron oxide articheefé}Sre.duce %he oxidation tg?é)erature of

the soots CSIRCESFrAth& EFTUCIOR, RGP af ERRI R 8 15 SLEHO T ThRS Rt 8 dBhure
above, exdeptdatatrtheceovh posifichiofrtrs inivethigosidstnraitadivetvin- Dberd dwca ppiaratdisctiiven by the

engine (for;examale,an UGPSR BUSLAIAUGHElCs il LA IARkITE RAQRRASHiQE separated from

the fuel. In these embodiments, the composition is combined or mixed 20 with the fuel during the
operation of the i YikeCbiRsh toeRiTgUIPIINIBE PY<IBIBIEs! LRFIRE CUiFipBSiAERO6T Ik
invention tethesfidbasstor seativaniticlitandawr af the fustideposits betase fill i Fdhesagkaltae
motor-driv icle. The QMBRP iti i I a the i t that
such 25th§nt?:@?r%§\ %Tgéstgcontenﬁé%?&égg%@t‘lg\‘[)é&dg gﬂh@%ﬁﬁ%ﬁsﬁ% %é?‘ﬁ‘ B%jr%# égeg%tasdgﬂ , more

particularPREAF ppinMeB@Tp Heir peioh ¢edtatera 8660 thEMtiNerdesTasit feldnge ofviien the
invention isdisad iaerpiasd Jusleoanne siie fatianyirte el RoaTRItSHES BaQIBe: Shiakjedrisgnal
combustion engines cover the spark. igniti ngines and.compressiqn ignition engines; 2 stroke or 4
stroke cycl'?eoé?'g %aﬁﬁe?mpglﬁ'éel é%c’ilﬁo“;% %ﬁgﬁ %??’?ﬁ?é%ﬁ%%‘f‘iﬁg‘ﬁ%%t‘%’ﬂ,e%%%n, injection by a nozzle and a
carburetor; the current systems with a rail injector and a pump-injector; engines for lightweight vehicles

(for example a pageRIBRNERI) AMIDERVINAEYNENGES @%?Héﬂ@?f@e@%ﬁ%&%b%’%}i and

engines which operate with fuels of the hydrocarbon type and of the type other than a hydrocarbon
and mixturdEHERP s BRIFE may be part of integrated emission 35systems containing elements
suels as EGR systems; a post-treatment including a

The invention also relates to a method for preparing an additived fuel according to
the invention, comprising a step for putting into contact and mixing a fuel and a
composition according to the invention, whereby the additived fuel is obfained.
The compositions according o the invention may be used as a fuel additive for
25 internal combustion engines, more particularly as an additive of gasoils for diesel engines
or other engines such as ceftain gasoline engines emitting soofs or carbonaceous
particles, and for example as additives of biofuels.
They may more generally be used as combustion additives in combustible
materials or liguid fuels of energy generators such as internal combustion engines

30 {(positive ignition engines), electric generating sets, ¢il burners or jet propulsion engines.

The additived fuels according to the invention may be used in combination with a
PF not containing any catalyst, or else with a PF containing a catalyst such as a CSF.
The nature of the catalyst making up the CSF may be of any type, notably based
35 on precious metals such as platinum or paliadium associated with different supporting or

binding materials such as alumina. Materials which may be reduced like oxides based on



three-way catalyst, an oxidation catalyst, NOx absorbers and catalysts, catalyzed and 35
non-catalyzed particle traps; variable distribution; and synchronization of the injection and a
configuration of the flow rate. It is known that some of the products described above may interact
in the final formulation, so that the constituents of the final formulation may be different from those 5

which are ggldeghimigallyudhextherghnfonned Rioduaiss nesably the pradystedermed bygpepas of the
composition of th{a gresent invention in its envisioned use, may not be easily described. Nevertheless,
all these afternatives and all these reaction products enter the scope of the present invention; the
present invention covers the compositions prepared by mixing the constituents described above. 10

EXAMPLES EX&W%%B&S%F{%“Q&QHH@ gispersiansioh ié‘?_ré @ﬁf@l@éﬁﬁﬁé@é?&@gﬁ%fﬁ%ﬁraﬂon of
the dispersions of iron particles in crystallized form Preparation of the iron precursor solution One

literof solFoRYE BIRDEIHSIS RCRIABIRINY TRty 8785 BPHBIRRS13 St G 0 PéidFeci2, 4
H20. The mrixtorzatocorapietdoavith aistitled! waksidfe drnadeito divkaitty 2Qi0itivditen o s dlatibafolde final

concentrafin of tig SRIUHQCAT PR PIRFHEROMHS iR malld 5956'? SabAR réa&l%rlb%fe”ﬁgegﬁﬂ%?&“‘tion

A 6 mol.L-1 NaOH solution is prepared in the following way 240 g of soda tablets are diluted in distilled

water in of e8! IBRIFEJIRE EABIPESRINGI 55 S anthhedhe e Rk @Retalipe@wri e trithg system,

a tank bottasn, consisting of 400 mL of a 3 mo1.121 sodium nitrate NaNO3 solution is introduced. The

pH;gf the solution s adlstediio b2 wilh,a fe gione:of,@ mallspds, The jormation of the precipitate is
accomplished by simultaneous addition of the solution of iron precursors and of the soda 30solution

prepared éaitfe ! The iperodeehidiyfiovioedy shberarefaieddme aidhes wrarmsitisteacsentiag tite pH is

maintaineghgORsEaNs RRAEGHHJAHEIREEANTY SMBRSAHY 8. certai? Pl ¢k Ohihecalytiomehiained by
precipitation (j.e. 21.7?5 gofanF moles of Fe), neutralized beforehand,

: 2Q equiva nt | r{ rther 0.2_

e rocispuPSUAT SORGBN ERTORmIR ST ¢ Br Lolis 2 RisePPASBHTE S467 Lt BrovIagd by
Croda) andm064 of dh35isopastiom Hetgubpehsiotaik infrttucedirkomjheksiedfreatitongdbipped with
a 15 vectorization means.

The engine may be continucusly fed with a fuel additived with FBC, the
concentration may be stable or variable over time. The engine may alsc be alternatively
fed with an additived and non-additived fuel. The amount of FBC {o be added to the fuel
may widely vary depending on different paramaters such as the characteristics of the

20 engine and of its equipment, its polluting emissions, notably the amount of emitted soots,
the architecture of the exhaust and depolluting line, notably the use of a PF or of an CSF
containing a catalyst and its proximity io the manifold of the engine, the means allowing
an increase in the temperature for triggering regeneration or else in the geographical area
in which the vehicle will circulate, the latter defining the gquality of the fuel which the

25 vehicle will use.

The FBC may also be injected into the exhaust line upstream from the PF,
preferably with a means allowing final dispersion of the particles into the bed of soots.
This case is particularly adapted to the case when the regeneration of the PF is
accomplished by direct injection of the fuel into the exhaust line upsiream from the PF,

30 whether this fuel is burned on an oxidation catalyst upstream from the PF or else by a

burner or by any other means.

Preferably, the fuel comprised in the additived fuel is selected from the group
consisting of gas oils and biofuels.
35



36 thermostated bath and provided with a stirrer. The reaction mixture is brought to 90C for 4h.

After cooling, the mixture is transferred into a test tube. Demixing is observed and a 500 mL aqueous
phase and a 100 mL organic phase are collected. This organic 5dispersion has an iron mass content
of 10%, expressed on the basis of iron metal, baseghon the total mass of the collected dispersion.

The obtained proggtisstaligdi Bt [58pkARS ACRIMRESIRIB0S BLFART SAMPEIAEFe MR ARFANtatioN

being observed. 10 Example 1B: Preparation of a dispersion of iron particles in crystallized form.
The same 5N FR T TSR0 GBS R Y A& i 120 L YRefETRR vRftediRfticily the reagents
into the tamkinottociyithevahbbiEthessodiuas rrtrdds balfutedn is adjusted to 11 and during the formation of

the precipitate, thefl §%‘i?§1é‘?§ lilqég)_gggigg thelasoluiion pf iron precursors and the soda solution

are adjusted so that the pH is maintained constant and equal to 11 at room temperature. Example 1C:
Preparation of a disp&t&ldRBIEHA PRRIGE S THRELARY SRS BiYiHE Preparation of a solution of iron

acetate 20412.2 giof EatNR3)®ISH2QpsI9B% tatciintothicackint bemkescangdistdige waigs is added

thereto uphtou%vac%lyn&% %‘n% Iietr%n(s.rél'q{%seg(lurtr;o%iﬁoamozgl\{loIé%c%)lution. 650 ml of 10% ammonia are
added dropwise with stirrin and at rooma}el%perature in order to attain a pH of 7 The mixture is

centrifuged for 107 finigtéd BiesBEY Asne dvel tdhadottEpcesherstipe, 25ubkel eeiviovetheTesalid is

resuspendeghiddigileb e biaratatakiveleme of 2,650 mL. The mixture is stirred for 10 mins, and
theﬂjcentrifuged for 10 mins at 4,500 rpm. The mother waters are removed and the solid is

resuspended in distilled water to a total volume of 2,650 mL. Stirring is left for 30 mins. 206 mL of
concentrated aceticealtiel afdéhthdpdiddeboStiyragrisyéi evestrigbunT Wetltainedatin agetalemsolution is

limpid. 30 5cc iR damREaRMIBS PRARIPIGIAEAN BeRiRy QiNa URUNYQUS ARGl GRARPTISINg:

- a reactor of one liter equipped wﬂ@a stirrer with blades with an initial tank bottom consisting of 500
mL of distifR i GARFTAR $¥sBRIMBIMMBHE Rt IESASatedy-sepraasora! &NsvABt dnd

In an embodiment, the liquid fuel is a gasoline, and in another embodiment, the
15 liguid fuel is a lead-free gasoline.
in another embodiment, the liquid fuel is a gas oil fuel.
The fuel of the hydrocarbon type may be a hydrocarbon prepared by a method for
transforming a gas into a liquid in order to include for example hydrocarbons prepared by
a process such as the Fischer-Tropsch process.
20 In certain embodiments, the fuel applied in the present invention is a gas oil fuel, a

gas oil biofuel or combinations thereof.

The fuel of a type other than a hydrocarbon may be a composition containing

oxygen atoms, which is often called an oxygenation product, which comprises an alcohol,

25 an ether, a ketone, an ester of a carboxylic acid, a nitroalkane, or one of their mixiures.
The fuel of a type other than a hydrocarbon may for example comprise methanol, ethanol,
methyl-t-butyl ether, methyl ethyl ketone, trans-esterified oils and/or fats of vegetable or

animal origin such as rape seed methyl ester and soya methyl ester, and nitromethane.

30 The mixtures of fuels of the hydrocarbon type and of the type other than a
hydrocarbon may comprise for example gasoline and methanol and/or ethanol, gas oil fuel
and ethanol, and gas oil fuel and a trans-esterified vegetable oil such as rape seed methyl
ester and other bio-derived fuels.

In an embodiment, the liquid fuel is a water emulsion in a fuel of the hydrocarbon

35 type, a fuel of a type other than a hydrocarbon, or one of their mixtures.



37 - two supply flasks containing the iron acetate solution prepared beforehand on the one hand and a’
10% ammonia solution on the other hand. The iron acetate solution and the 10% ammonia solution

are added together. The 5flow rates of both solutions are set so that the pH is maintained constant and
equalto 8.  The obtained precipitate is separated 3fm the mother waters by centrifugation at 4,500
rpm for 10 mins. 9msgvefdhyehbbeliarentobé dredinvithiRib, 3%e dindiy extracty(iheva @ 6 diaf emievalent

Fe203 or 0.7 mpLatie) AhAre handesisnasse i & salutian oppaiping A& 0 tiapsisaris.acid in

80.8g of Isopar L. The suspension Is introduced into a jacketed 10reactor equipped with a thermostatic
bath and prétigiet A RA™ 2Hil9es: THENERIEASSHIGRIT & H5€ for 5h 30mins.  After cooling it is

transferred into a tept tuhed Bemigingdsiphsavedsapkech) imlaagirauepHase atdraing Gonheorganic

phasg are coIIec%ed. The collected organic dis ersiq)n has.a 1%% ir%%ngsswconﬁr%ntg%l%r%ﬁﬁg]d as a

mass of metal 1ron r}e'lrclstt'lg"{/enlq)sa © fH5the Totamass o Keg(r:ecﬁfggtec? rc]llisper5| n'E& p

CharacterizafioaéMgidrdrispaiiarsie! dispe esiohg Exanipietian Kfapdireigtic{RRB)2aN 99 ke XRD

analysis was,GReiiad auharcarsingptodthg,indigations given in the description.  Itis seen that the
peaks of the diffractograms of the dispersion of Example 1A and of the dispersion of Example 1B

actually correspond to the XRD diffraction peaks 25characteristic of the crystallized magnetite and/or
maghemite phaseTshdetKCBDBI (88a08B) theTheshfff dotmgremaghitretispargioseobexample 1C

doegynot hayg gy signiisant XRBpeakWhihalowsdhe sancusiqndabe Aaun thatdhe,iton phase

isinan amorﬁ'{)hous form. 30The calculation of the crystallite size according to the method shown
earlier lead846 &GS IRIKEPSI 2ESDF WRiPRSH RXAMANE'E RNDHICRRIRY BBRIHIAAT S ST RN B CE S mple 1B,
respectivelyudxanipesadgnd ransonisisto irglesisarenmiofaseopyr(driklc@8 of the operation of the

engine and/or improvement in the stability of the operation of the engine.
As an example and without being limited, it is possible to mention antioxidants like
15 sterically hindered phenol, detergent and/or dispersant additives such as
nitrogen-confaining detergents or succinimides or further agents improving cold flow such

as an esterified copolymer of maleic anhydride and styrene.

The compositions of the present invention may further comprise one or several
20 additional performance additives, solvents or diluents.

The additional performance additives may comprise: an antioxidant such as a
sterically hindered phenol or one of ifs derivatives and/or a diarylamine or one of its
derivatives; a corrosion inhibitor; and/or a detergent/dispersant additive, other than the
additive for fuel of the present invention, such as a polystheramine or a

25 nitrogen-confaining defergent, notfably, but without any limitation, PIB-amine
detergenis/dispersants and succinimide detergent/dispersants.

The additional performance additives may also cover: an agent improving cold
flow such as an esterified copolymer of maleic anhydride and of styrene and/or a
copoiymer. of ethylene and vinyl acetate; a foam inhibitor and/or an anti-foam agent

30 such as a silicone oil; a de-emulsifier such as polyalkoxylated alcohol, a creaminess
agent such as a carboxylic fatty acid; a metal deactivator such as an aromatic triazole
or one of its derivatives, notably, but without any limitation, benzotriazole; and/or an
additive against valve seat recession such as an alkaline metal sulfosuccinate salt.

The total combined amount of the present additional performance additive

35 compounds, on a base without any solvent/oil, may range from 0 or 0.01% by weight to
65, 50, or even 25% by weight, or from 0.01% by weight to 20% by weight of the



- Analysis by TEM was carried out according to the indications given in the description. The
characteristics from this TEM counting: percentage of particles less than 7 nm, 050, polydispersity
index Pn are reported in Table 1. 5 Table 1 A of particles <7 nm (1)50 (nm) Pn Example 1A 95% 3,8
nm 0.35 Example 1B 72% 5.7 nm 0.35 Example 184. 98% 3.5 nm 0.22

composition. Even if one or several of the other performance additives may be present,
it Is common that the other performance additives are present in different amounts

relatively to each other.

5 The invention also relates to a method for applying an internal combustion engine
comprising a step for delivering to said engine a fuel and a composition according to the

invention.

fn an embodiment, the composition of the invention is combined with the fuel by
10 direct addition and the additived fue! is used for operating an engine equipped with an

exhaust system with a PF.

The additived fuel containing the composition of the invention may be contained in
a fuel tank, transmitted to the engine where it is combusted, and the iron oxide particles

15 reduce the oxidation temperature of the soots coilected in the PF.
fn another embodiment, one resorts to the operating procedure above, except that
the composition of the invention is maintained on-board the apparatus driven by the
engine (for example an automobile, a bus, a truck, etc.,) in a tank with a composition
separated from the fuel. In these embodiments, the composition is combined or mixed
20 with the fuel during the operation of the engine. Like other techniques, it is also possible to
add the composition of the invention to the fuel and/or to the fuel fank, or at the fuel

deposits before filling the tank of the motor-driven vehicle.

The composition of the invention may be added to the fuel in an amount that such
25 that the iron mass content in the additived fuel is comprised from 1 ppm to 50 ppm, more
particularly from 2 ppm to 20 ppm, in iron metal based on the total mass of the fuel.

When the invention is used as a liquid fuel composition for an internal combustion
engine, suitable internal combustion engines cover the spark ignition engines and
compression ignition engines; 2 stroke or 4 stroke cycles; a liquid fuel obtained by direct

30 injection, indirect injection, injection by a nozzle and a carburetor; the current systems with
a rail injector and a pump-injector; engines for lightweight vehicles (for example a
passenger vehicle) and heavy duty vehicles {for example a commercial truck), and
engines which operate with fuels of the hydrocarbon type and of the type other than a
hydrocarbon and mixtures thereof. The engines may be part of integrated emission

35 systems containing elements such as EGR systems; a posttreatment including a

three-way catalyst, an oxidation catalyst, NOx absorbers and catalysts, catalyzed and



Example 2.3: Dynamic light scattering (DLS) 10DLS analysis was carried out according to the
indications given in the description. The average hydrodynamic diameters D" in intensity are reported
in Table 2. Table 2 h Example 1A 11.6 Example 1B 22 Example 1C 13.5 15 Example 3: Synthesis of
detergent compositions based on quaternized polygster amide salt. 20Example 3A A detergent

compositigibhaseslyesRpairirr tides paiyesienanideosaliis RigRAreMANIsRaRIAB PlacnaNfdaternized
polyester %rrgigl%salt with g-ﬁtihp(lhe%?nol, acetic acid and propylene oxide at about 90C according to

the indicatlonsno%g(aa“r%rb% de5&iBed in the description, except that more solvent is introduced

during the preparhtivrknPwe 25prepae¢fidbr iyeducsniisesiiiord carmamal duteTsYoibythweeight of
detergent RaseeanduaieRnized RehesiehanidsealhaBBrmulation may be different from those
5 which are added initially. The thereby formed products, notably the products formed by
means of the composition of the present invention in its envisioned use, may not be easily
described. Nevertheless, all these alternatives and all these reaction products enter the
scope of the present invention; the present invention covers the compositions prepared by
mixing the constifuents described above.
10
EXAMPLES

Example 1: Preparation of the dispersions of iron particles

15 Example 1A: Preparation of the dispersions of iron particles in crystallized form

Preparation of the iron precursor sclution

One liter of solution is prepared in the following way: 576 g of Fe(NQO;)s are mixed

with 99.4 g of FeCl,, 4 H,0. The mixture is completed with distilled water in order to obtain

20 one liter of solution. The final concentration of this solution of iron precursors is 1.5 mol.L™
of Fe.

Preparation of the soda solution

A 6 mol.L™" NaOH solution is prepared in the following way: 240 g of soda tablets are
diluted in distilled water in order o obtain one liter of solution.
25
In a one liter reactor equipped with a stirring system, a tank bottom consisting of
400 mi of a 3 mol.L™ sodium nitrate NaNOs5 solution is introduced. The pH of the solution
is adjusted to 13 with a few drops of 6 mol/L soda. The formation of the precipitate is
accomplished by simultaneous addition of the solution of iron precursors and of the soda
30 solution prepared earlier. The introduction flow rates of both of these reagents are
adjusted so that the pH is maintained constant and equal to 13 at room temperature.
823.8 g of the solution obiained by precipitation (i.e. 21.75 g of an Fe,03 equivalent
or further 0.27 moles of Fe), neutralized beforehand, are redispersed in a solution
containing 24.1 g of isostearic acid (Prisorine 3501 cut provided by Croda) and 106.4 g of

35 Isopar L. The suspension is introduced into a jacketed reactor equipped with a



Example 3B A detergent composition is prepared by mixing 35 parts by weight of the compound
of Example 3A with 9 parts by weight of an oxygenated detergent, the pads by weight being expressed
without taking the solvent into account. The mixing of these compounds 5 is carried out at room
temperature. The oxygenated detergent, essentiallygprepared according to the method of Example 0-2,
is the hydrplysinpeasueiah anobisabuiyianesyeelicrashydiderdenved kopdngiele aphgdtde and
from polyisgbutylene with a high vinylidene content with a number average molecular mass of 1,000.
10Example 30 A detergent composition is prepared according to the procedure of Example 3A,
except that the qAéssrabeddpalesteduimisl & atay eidparadesidohdginganBErarispid S ethiwprepared
detergent goamRORItIoR fRAYGINERRAULAS% Ry yvaighbriAfiefmert basedMBgauaternizripelyester
amide salt. 15 Example 3D . A detergent composition is prepared according to the procedure 38,
except thal RS GLANHR HO SRR SHIRE Sl b EparEts SEctt RGeS & I 2 BESmple 4
Synthesis of tanipiasimens of thdditilesasbuitaarsigra dispersion of iron particles and a detergent
composition based on quaternized polyester amide salt. Three additives consisting of a mixture of
one of the 3 iron particle dispersions of Example 1 (dispersions 1A, 1B or 1C) and of the detergent
composition of Ef&ﬁ\ﬁ?@@l&?%%%‘é@ti\%lﬁ%}l@ pREp&teEFR nTEh RN HB R RiRTBEPRatRld @EN
element inteepteited: propkitiansiko deity ebtairved additive containing 5.56% by weight of iron metal.
The mixing is carried out with stirring at 120 revolutions/minutes. The mixing conditions are contained
for 30 minutes and the quality of the mixture is monitored by measuring with X Fluorescence that the
iron contelf@MAlE (P Brepipr aherpotoficaipieBomxirarisierstieastatieethivtares 4A, 4B and 40 are
Zhoereby obltainegx"bﬁéa@m Eifdiﬁgmrwegﬁ@ﬁéef Hsetaefdéwé% IExamIpEEhw,IQémr;grémﬁy Qéfmedadd;]tive
are evalyat eans of a Kinex rhegometer from vern Instrument and compared wit
(ﬁﬁiﬁ@é ? 2 .nzg)ot tﬁe ;:Mﬁofe'[’

those of thBEy 8f%ei6sld7 & om, he sodium nitrate solution Is
adjusted to 11 and during the formation of the precipitate, the flow rates for introducing the

15 solution of iron precursors and the soda solution are adjusted so that the pH is maintained

constant and equal to 11 at room temperature.

Example 1C: Preparation of a dispersion of iron particles in the amorphous form.
Preparation of a solution of iron acetate
20 412.2 g of Fe(NOs)s, 5H,0 at 88% are introduced into a beaker and distilled water is
added thereto up to a volume of 2 liters. The solution is a 0.5M Fe sofution. 850 mi of 10%

ammonia are added dropwise with stirring and at room temperature in order to attain a pH
of 7.
The mixture is centrifuged for 10 minutes at 4500 rpm and the mother waters are
25 then removed. The solid is resuspended in distiled water to a total volume of 2,650 mi.
The mixture is stirred for 10 mins, and then centrifuged for 10 mins at 4,500 rpm. The
mother waters are removed and the solid is resuspended in distilled water to a total
volume of 2,650 mL. Stirring is left for 30 mins. 206 mL of concentrated acetic acid are
then added. Stirring is left overnight. The obtained iron acetate solution is limpid.
30
The formation of the precipitate is then achieved in a continuous assembly
comprising:
- a reactor of one liter equipped with a stirrer with blades with an initial tank bottom
consisting of 500 mL of distilled water, this reaction volume being kept constant by

35 means of an overflow; and



The measurements were carried out in a Cone-plate system (Cone: 1/50 mm and Plate: 65 mm) and
over a shearing range from 0.1 to 1,000 5-1. The Newtonian viscosity values provided in Table 3
show that for temperatures of 20C and 40C, the additive 4C is less viscose than the additive C of WO
2010/150040. 5 Table 3: Newtonian viscosity of th&additives Additive 4C Additive C Example 3 of
WO 2010/150040:20€Lid\cPadiscEARGIRE e R6rcRedixtanspletbnSisdulitgdbtierelodinidah shispens

onuels, notably&%n %ﬁ’h%&lgt},@/ﬁ aReseupienehtheduslsbsery Two fuels were used for this

study: a fuel meeting the EN590 standard, marketed by British Petroleum (BP) under the name of BP
Ultimate and a test fuel of the B10 type containing about 11% of biofuel. Table 4 gives the main

characteristics af the fue 0 Th| uel codéﬁgl .8% b 15 volume of bio ég gsmt for of fatty
acid methyl estewfadggag%c cac%raonlb 1 e 1 srpa B sBas'(ga gira’ g%gl%y Mfra: r%d
speétroscdipyv ottt ddmibriohfatty aeidaheehbetite i RANE) jaieilecthis fud|sBR tdjitiahtndd contains 7%

by volume of thef (6hidiRkIE plphilfctisMaphritatrstsHSHes abthe: BARIEhy centrifugation at

4,500 rpm for 10 mins. 95.5 g of hydrate are collected with 21.5% of dry extract (i.e. 200 g

of equivalent Fe,O3 or 0.25 moi of Fe) and are then redispersed in a solution containing

39.2 g of isostearic acid in 80.8g of Isopar L. The suspension is introduced inio a jacketed

10 reactor equipped with a thermostatic bath and provided with a stirrer. The reaction is
brought tc 90°C for 5h 30mins.

After cooling it is transferred into a test tube. Demixing is cbserved and a 50 mlL

aquecus phase and a 220 mlL organic phase are collected. The collected organic

dispersion has a 10% iron mass content, expressed as a mass of metal iron relatively to

15 the total mass of the collected dispersion.
Example 2: Characierization of the iron particle dispersions

Example 2.1: X-ray diffraction (XRD)
20
The XRD analysis was carried out according to the indications given in the
description.
It is seen that the peaks of the diffractograms of the dispersion of Example 1A and of
the dispersion of Example 1B actually correspond fo the XRD diffraction peaks
25 characleristic of the crystallized magnetite and/or maghemite phase (sheet ICDD 01-088-
0315).
The diffractrogram of the dispersion of Exampie 1C does not have any significant
XRD peak, which allows the conclusion fo be drawn that the iron phase is in an
amorphous form.
30 The calculation of the crystallite size according to the method shown earlier leads
to crystallite sizes of 4 nm for Example 1A which are compliant and 9 nm for Example 1B,

respectively.

Example 2.2: Transmission electron microscopy {TEM)
35



Fuel B10 Composition Aromatic % mass 24 Polyaromatic % mass 4 FAME % volume/volume 10.8
Sulfur mg/kg 5 Carbon residue (on the0% distillation residue) % mass/ A mass <0.2 Copper mg/kg O

38
Analysis by TEM was carried out according to the indications given in the

description.
The characteristics from this TEM counting: percentage of particles less than 7 nm,
50, polydispersity index P, are reported in Table 1.

5
Table 1
% of particles < 7 nm Psy (NmM) =
Example 1A | 95% 3.8 nm 0.35
Example 1B 72% 57 nm 0.35
Example 1C 98% 3.5 nm 0.22
Example 2.3: Dynamic light scattering (DLS)
10 DLS analysis was carried out according to the indications given in the description.
The average hydrodynamic diameters D, in intensity are reported in Table 2.
Table 2
Dh
Example 1A 11.8
Example 1B 22
Example 1C 13.5
15 |

Example 3: Synthesis of detergent compositions based on quaternized polyester amide

sait.

20 Example 3A
A detergent composition based on a quaternized polyester amide salt is prepared

by reaction of a non-quaternized polyester amide salt with 2-ethylhexanol, acetic acid and
propylene oxide at about 90°C according to the indications of example Q-1 described in
the description, except that more solvent is introduced during the preparation. The
25 prepared detergent composition contains about 75% by weight of detergent based on

quaternized polyester amide sali.



Zinc mg/kg O 20 Table 5: FAME content in the fuels used (dosage according to the EN14078
standard) 41 Voviv EMAG BP Ultimate7.0 B1010.8 Procedure for testing stability of iron colloidal

suspensions in gasoils: For each of the fuels, a specific amount of additive 10 (non-compliant
with the 5invention) or 4C (compliant with the inversion) is added to 250 mL of fuel. Additive 10: 14.8
mg Additivexé&pR638 mg This gives the possibility of having after homogenization, 4 additived

fuels in an amount of,7 by weight of iron and,qptionall detergent in the weight proportions of
Tothe additive ueBd TR GRS > ERORE (R RERAL BB ST B RO Toc for
several da§’s Rrinelarabkivith tHepartfe ieperid it ciin AR Biedrdntessintin thasttuby vesiahs the

heating timairfy WpbreQf Bk efifingl iscsasmriediittbecsupernatanharganfitiiereshpd@ds2 pm filter
and then the iron content of the filfrate is {geas ’;‘ed b)g,x fluor SE%Eence analysis. [t f's 15considered that

the BolloidS SEEPEhSEh 7 LMk BERHGHLthd o EESEHER HR98Ns S5PPRURGe PP Histe than
10%. Tablesgr8tabilitythe noet{in ddySxdomtherdditvibs imyflrelgsis product of a polyisobutylene

succinic anhydride derived from maleic anhydride and from polyisobutylene with a high

vinylidene content with a number average moiecular mass of 1,000.

10 Example 3C
A detergent composition is prepared according fo the procedure of Example 3A,
except that the quaternized polyester amide salt is prepared according to Example Q-2.
The prepared detergent composition contains about 75% by weight of detergent based on

a gquaternized polyester amide salt.

15
Example 3D

A detergent compaosition is prepared according fo the procedure 3B, except that
the quaternary polyesier amide salt is prepared according to Example 3C.

20 Example 4: Synthesis of compositions of additives containing a dispersion of iron particles
and a detergent composition based on quaternized polyester amide salt.

Three additives consisting of a mixture of one of the 3 iron particle dispersions of
Example 1 (dispersions 1A, 1B or 1C) and of the detergent composition of Example 3A,

25 respectively, are prepared by mixing at room temperature each element in controiled
proportions so as to obtain an additive containing 5.56% by weight of iron mefal.

The mixing is carried out with stirring at 120 revolutions/minutes. The mixing
conditions are contained for 30 minutes and the quality of the mixture is monitored by
measuring with X Fluorescence that the iron content in the fop and in the bottom of the

30 mixture is identical. |
The mixtures 4A, 4B and 4C are thereby obtained.
Example 5: Flow properties of the additives
The flow property of the additive 4C are evaluated by means of a Kinexus
35 rheometer from Malvern Instrument and compared with those of the additive C of

WO 2010/150040.



+ additive 1C additive 4CBP Ultimate 18 days > 50 days B10 1 day 13 days ch allows demonstration
of a stability of more 20than 50 days. It is seen that regardless of the fuel, the stability period of
the additive 40, compliant with the invention, is higher than that of the additive 1C, non-compliant with
the invention, which does not contain any detergenig25Example 7: Oxidation resistance of the gasoil
in the presence of g agalilivements Nasr@Xislalan (R $sE06R0H NS Syaisniram kexambtefas
measured g\{lt Wlt out addltlv tion of each o FI}the t\ﬁ/1 @%lves 1C and 40. The test consists of
bubbling air fi et fWeT %Palﬁ efi'@& "ghd%o ?HQCQ( %O g?adatlon by quantification of the light
acids formed durihigetthetdstiandiscositheageing dsidadriad etteas cordingp 4o it b diBTisesstdndard
from 2009 {Rangipalgestine addRNBME iR SSHREECINSISIROLISANNG s BavuPrignagasol
sample placed in a reaction cell brought to a temperature. Under the effect of the temperature and of
the dir 5 oxygen there is oxidation. The oxidation products are carried away by the air flow towards a
measurement celfaherk Nm‘ytcafardissm\sségd of traTeeiiuement solution (demineralized water). This
measurement cell i; equipped-with-an ckﬁic? ﬁ%c \@".iw d{[lrl\}.éuc‘: ¥ .cw.l LHF ¢ onductivity of the
measurement solution versus time. A en Increase in the conductivi ?an Inflection point of the
conductivity curve) determines the induction time. 10 T 20 iéEthat the degradation of the
fuel, measured by the induciip time, is redycge when the addiivgr40, containing the detergent is used

since the induction time-is-greater-than the.gne.measured-with_the additive 1C,-which is non-compliant.
240°C 20 cP 25¢cP

Example 6: Stability of the colloidal suspension in fuels, notably containing bicfuels.

10 Description of the fuels used:

Two fuels were used for this study: a fuel meeting the EN580 standard, marketed
by British Petroleum (BP) under the name of BP Ultimate and a test fuel of the B10 type
containing about 11% of biofuel.

Table 4 gives the main characteristics of the fuel B10. This fuel contains 10.8% by

15 volume of biofuels in the form of fatty acid methyl ester (dosage according to the EN14078
standard, based on a dosage by infra-red spectroscopy of the content of fatty acid methyl
esters (FAME)) while the fuel BP Ultimate contains 7% by volume of them (cf. Table 5)

Table 4: Main characteristics of the B10 fuel

Fusl B10
Composition

Aromatic % mass 24
Polyaromatic % mass 4
FAME % volumefvolume 10.8
Sulfur mg/kg 5
Carbon residue {on the 10% % mass/ % mass

distillation residue) <02
Copper mg/kg 0
Zinc ma/kg

20
Table 5: FAME content in the fuels used
(dosage according fo the EN14078 standard)



15Table 7: Induction time (in hours) of the different additived fuels + additive 10 additive 40 BP
Ultimate 30.4 37.3 B10 30.2 36.9 Example 8: Engine test of the regeneration efficiency for the particle
filter A diesel engine provided by the Volkswagen group (4 cylinders, 2 liters, turbocompressor
with air cooling, 81 kW) was used on an engine testench. The exhaust 20 line mounted downstream
is a commercial line consisting offan oxidation catalyStegoMaimag a washcoat based on platinum and
alumina followed by a commercial-catalyzed-particle-filter (noted-as-CSF below) containing a washcoat
based on platinum and alumina (1{05%@@31@&%8 of the filter-3 14. The fuel used is a commercial
fuel meeting the EN590 DIN 51628 standard, 25contaiming less than 10 ppm of sulfur and containing
7% by volume of FAME or Fatty Acid-Methyl-Ester: Depending-orrthe case, the fuel is either
additived with the additive 4C or not (counter-example). In the case when the fuel is additived, the fuel
is additived with the amount of 40 additive with which it is possible to attain various iron metal contents

30expressed as ppotdyuradsstealativelydinng masscobing fuehchaRHOM cRBgRt of the additived fuel is
directly monitored.by the X rescence technigue on the organic liquid. 43 The test is
qfo:y eaoh.offlL%Sﬁe uels, %p%crﬂluc %%U{heokga_gnf 9‘& %rﬁyg%%)&%} P’%’bﬁe

conducted in two successive stéps: a’ste oa ) Sfiowe H?rating the
latte?. Theiteeititonsrot®othroriibeiseibidpsiaverdivictly ritdaiti BSOthd. waficdls tests, except for the fuel

used (either additived ongaklve 1C: 14.8 mg
Additive 4C: 26.6 mg

This gives the possibility of having after homogenization, 4 additived fuels in an

amount of 7 ppm by weight of iron and optionally of detergent in the weight proportions of
10 the additive used for the 4C additives.
The test consists of heating the additived fuel fo 70°C for several days and of
fracking the time-dependent change in the iron content in this fuel versus the heating time.
A volume of 20 mL of fuel is sampled in the supernatant area, is filtered on a 0.2 ym filter
and then the iron content of the filtrate is measured by X fluorescence analysis. It is
15 considered that the colloidai suspension is stable as long as the iron content in the fuel is

not reduced by more than 10%.

Table 6. Stability period (in days) for the additives in fuels,

+ additive 1C + additive 4C
BP Ultimate 18 days > 50 days
B10 1 day 13 days

" the test was stopped for 50 days which allows demonstration of a stability of more

20 than 50 days. _
it is seen that regardless of the fuel, the stability period of the additive 4C,
compliant with the invention, is higher than that of the additive 1C, non-compliant with the

invention, which does not contain any detergent.

25 Example 7: Oxidation resistance of the gasoil in the presence of an additive
The oxidation resistance of two fuels from Example 6 was measured with and
without additivation of each of the two additives 1C and 4C. The test consists of bubbiing
air in the fuel maintained at 110°C and of tracking its degradation by quantification of the
light acids formed during the test.



The loading phase is carried out by running the"engine at a speed of 3,000 5 revolutions/min (rpm) -
and by using a torque of 45 Nm for approximately 6 hours. This loading phase is stopped when 12 g of
particles (or soots) are loaded in the CSF. During this phase, the temperature of the gases upstream
from the CSF is from 230 to 235C. Under these conglitions, the emissions of particles are of about 2

g/h. Aftenthisdearing phaned theCadcdslisnssemblechand naigheddarardeinio afieek 10the
mass of p j‘acflg%qlgt dg during this phase. The PE is then reassembled on the bench and heated

up with the engine wnichi is put back for 30 minutes under the operating conditions of the loading
(3,000 rpm /45 NHikThéhcomgitiodsofsists el ghrameaher fodified @orgod SOTivta pRE@GOOT M) and
post-injectgadArianiniiia fleckoniecrnEalNit oiberadiBe e Gihpvaich-alipysraisain 15
temperature upstream from the CSF to 500C and starting its regeneration. These conditions are
maiftaine@BIED AR SR & el AR MBAHER %ﬁ% QREIGAG BRI JeR ihfletidnvare csk
regeneratiamefficieacyns edagured tupagh dwsopardineders:dherenass ebisdiots (Marmindudingdhe

regeneratign; Gaiqylated tom the, CONRIAINGSQT e GreRelRiadeadind-muaiiey nading (Mc) and

at the end of regeneration (Mrg. The % of burned soots after 60 minutes of regeneration Is expressed

in the folloRhGWFIN 4 ShBUTIRRSHERBEF(FRIWIPN (VRESWD) a0 A sudden Reraagss Bf BiGmt soots
at each ingianicl/ygdegenmeraiiorralsuirtesh iqotihg nevespentdemehaagednttios lgad loss of the
CSFE, at each instant DPt considering 25 that the load loss at the beginning of the regeneration (DPc)
corresponds to that of the CSF loaded with the mass of soots (Mc-Mo) and the load loss after 60

minutes (DPr) cofiBpontisieateaiier the dsradpisaoite thelsomasnradhndve ineudliantiive-Mo). %
of burnt sqgtefllced (Mg R HRRGELEN hedalife ofdusntganissAEerea ndheduiahsy threse
parameters, the gmye efficient is the re$ng[éatéon. i A{ ference, test (non-compliant with the
invention) G/ G JE et B LS ERHESAO AdaR L YR T eth & dRRG SHETRIRIng of the CSF and its
regeneration. Two tests (compliant with the invention) were conducted by using an additived fuel
withgan amount of acldifve, witl SR iSRASSIRIER ERASRAMLIGRLRRNEIL in the fuel of 353 ppm
(Test 2) or 5 ppm (Test 3).of iron. 44 Table 8 compares the results obtained during the regeneration of
the CSF by expressing the total % of burfit36H#«e i at thé BFityethe regeneration period (1 hour) or

at the beginning of the regenetiatige (20 maniites). STable 87 Besults of engine tests for regeneration of
the CSF using various fJEL?OTest Ne- 303 B9

Example 8: Engine test of the regeneration efficiency for the particle filter

A diesel engine provided by the Volkswagen group (4 cylinders, 2 liters,

turbocompressor with air cooling, 81 kW) was used on an engine test bench. The exhaust

20 line mounted downstream is a commercial line consisting of an oxidation catalyst
containing a washcoatl based on platinum and alumina followed by a commercial
catalyzed particle filter (noted as CSF below) containing a washcoat based on platinum
and alumina (total volume of the filter 3 L). '

The fuel used is a commercial fuel meeting the EN530 DIN 516828 standard,

25 containing fess than 10 ppm of sulfur and containing 7% by volume of FAME or Fatty Acid
Methy! Ester.

Depending on the case, the fuel is either additived with the additive 4C or not
(counter-example). In the case when the fuel is additived, the fuel is additived with the
amount of 4C additive with which it is possible to attain various iron metal contents

30 expressed as ppm by mass relatively to the mass of the fuel. The iron content of the

additived fuel is directly monitored by the X fluorescence technique on the arganic liquid.



ppm of Fe total % of burn soots after 1 hr % of burnt soots after-20 mins Non additived 60 39 3 87 86
90 88 First of all it is seen that the addition of the composition 4C to the fuel (Test 2 and 3) gives
the possibility of considerably increasing the efficiency of the regeneration since the latter is
guasi-complete (86 to 88% of burnt soots) after 204ninutes at 500C, the iron 10concentration (3 to 5

ppm) has little impaget @asthe regRARIBHOR. two Qﬁ@@@gﬁﬁygwbgn@ 5RB-3edidvaifyehiv uses (Test 1),
regeneratp s 09 5 (B RSk SRS RIS ASHEL 4216 of fgensfaon aer 20
mlnutes)
strictly identical for the various tests, except for the fuel used {either additived or not).
The Ioading phase is carried out by running the engine at a speed of 3,000
5 revolutions/min (rpm} and by using a torque of 45 Nm for approximately 6 hours. This
loading phase is stopped when 12 g of particles (or soots) are loaded in the CSF. During
this phase, the temperature of the gases upstream from the CSF is from 230 to 235°C.
Under these conditions, the emissions of particles are of about 2 g/h.
After this loading phase, the CSF is disassembied and weighed in order to check
10 the mass of particles loaded during this phase.
The PF is then reassembled on the bench and heated up with the engine which is
put back for 30 minutes under the operating conditions of the ioading (3,000 rpm / 45 Nm),
The conditions of the engine are then modified (forgue 80 Nm / 2,000 rpm) and post-
injection is driven by the electronic central unit of the engine (ECU), which allows a rise in
15 temperature upstream from the CSF to 500°C and starting its regeneration. These
conditions are maintained for 60 minutes, this time being counted from the starting of the
post-injection.
The CSF regeneration efficiency is measured through two parameters:
- the mass of soots burnt during the regeneration, calculated from the
20 weighings of the CSF before loading (Mo), after loading (Mc) and at the end of
regeneration {(Mr). The % of burned soots after 60 minutes of regeneration is expressed in
the following way: total % of burnt soots = ((Mc-Mr)/(Mc-Mo)y*100,
- the mass of burnt soots at each instant t of the regeneration calculated from
the time-dependent change of the load loss of the CSF at each instant DPt considering
25 that the load loss at the beginning of the regeneration (DPc) corresponds fo that of the
CSF loaded with the mass of soots (Mc-Mo) and the load loss after 60 minutes (DPr)
corresponds to that of the CSF loaded with the soots which have not burnt (Mr-Mo).
% of burnt soots (1) = ((DPc-DPH/(DPc-DP))* total % of burnt soots

30 Generally, the higher these parameters, the more efficient is the regeneration.
A reference test (non-compliant with the invention) was conducted by using the
non-additived fuel (Test 1) during the loading of the CSF and its regeneration.
Two tests (compliant with the invention) were conducted by using an additived fuel
with an amount of additive with which it is possible to reach an iron content in the fuel of

35 3 ppm (Test 2) or 5 ppm {Test 3) of iron.



CLAIMS 1 A composition comprising a dispersion and a detergent comprising a polyester quaternary
ammonium salt, said dispersion comprising: 5- an organic phase; - at least one amphiphilic agent, and
- particles dispersed in the organic phase, with colloidal dimensions, consisting of an iron compound.
102. The composition according to claim 1, furthergpmprising an oxygenated detergent additive. 3

The compositionaggerdingigpams chelasestd obiivdacmrindhaoesies atigiesnans apypasyum salt

comprises the reaction product of: 15(a) a polyester. containing a tertiary amine gr comprising the
ronction pHIES STk R B ot H o PR S AT SIg) Ghtes At PEGr Bbung
having an aixygdegnnittgeihategecaisdibie(@d cond@ssing with said acid and further having a tertiary
amine group; and (b) a quaternizing agent suitable for converting the tertiary amine group into a 20
guaternary nitrogen, said agent being selected from the group formed by dialkyl sulfates, benzyl
halies, carbonst@b{ﬁiﬁi Rearde AhyrenpLaaitiig, "RYBPEEIBHE HoxiGaE s BiltasdHSRith an acid or
mixtures thereof. Tes¥Nbthe compasitioiFaccording totelgitroBhuvhere|reths sankiaadie fidy acid is
25represented by the formula (1): OH 0 RIR2 OH (I Wh&{gﬂ'g é; §1Mydr bgen orﬁ)%ﬁgpcarbyl group
containing from 1 to}20 carbon atoms, and R2 is a hydrocarbylene group containing from 1 to 20
carbon atoms, and 30whérein the dsrEedRNashving an oxygéh or nitrogen atom cépable of
condensing with said acig and[further haying a tertiary amineggroup is representegpy the formula (11):

3 5 90 88

First of all it is seen that the addition of the composition 4C to the fuel (Test 2 and
3) gives the possibility of considerably increasing the efficiency of the regeneration since
the latter is quasi-complete (86 to 88% of burnt soots) after 20 minutes at 500°C, the iron
10 concentration (3 to 5 ppm) has little impact on the regeneration.
Conversely, when a non-additive fuel is used (Test 1), regeneration is not total

(60% after 1 hour) and it is also much slower (39% of regeneration after 20 minutes).



wherein R3 is a hydrocarbyl group containing from 1 to 10 carbon atoms; R4 is a hydrocarbyl group
containing from 1 to 10 carbon atoms; R6 is a hydrocarbylene group containing from 1 to 20 carbon
atoms; and X1 is 0 or NR6 wherein R6 is hydrogen or a hydrocarbyl group containing from 1 to 10
carbon atoms. The composition according to claim43, wherein the carboxylic fatty acid is selected from
12-hydroxystearic acid, ricinoleic acid, 12-hydrogygdggiecanoic acid, 5-hydroxydodecanoic acid,
5-hydroxydecanoic acid, 4-hydroxydecanoic acid, 10-hydroxyundecanoic acid, or combinations
thereof; and wherein the compound haying an oxygen or nitrogen atom capable of condensing with
said acid and furthetdnzvéaiientediapyisintne dirpgpsisseledteddetarybhN aisthidig\depagisteine,
N,N-dimethylethylgnediamingn Mo -said dispersion comprising:
ethylenediamine,N,N-dimethy1-1,3-diaminopropane,N,N-diethyl-1,3-
diamlinopropane,N,N-diAle¥9-fiRBR%Aanol, N,N-diethylaminoethanol,or combinations thereof. The
composition according t Eaygtafribenpdigdinggaimsnavherein the polyester quaternary ammonium
salt comprises a quaterpigad olesier AIde Al WREIRIN IR0l GRET EoRAIngAJRiRY amine
group used for preparing the polyester quaternary amimonium salt is a polyester amide containing a
tertiary amine group. TRESHNPGSHOH ULEBIRAYS claim 6, wherein the quaternary polyester amide
salt comprises a cation represented by the formula (lll):  R6 R3 25(lll) wherein R1 is hydrogen or a
hydrocarbyl grpup.containing, from 1 to,20 carbon at and R2 is a hydrocarbylene group containing
o101 10 20 chrb O AR R R D R R S R R o o
hydrocarbyl grougdstiitaining from 1 to 10 carbon atoms; 47 R5 is a hydrocarbylene group containing
from 1 to 20 carbon atoms;

3. The composition according to any of claims 1 or 2, wherein the polyester
quaternary ammonium salt comprises the reaction product of:

15 (a) a polyester containing a tertiary amine group, comprising the reaction product
of a carboxylic fatty acid containing at least one hydroxyl group and a compound
having an oxygen or nitrogen atom capable of condensing with said acid and
further having a tertiary amine group; and
{b) a quaternizing agent suitable for converting the tertiary amine group into a

20 quaternary nitrogen, said agent being selected from the group formed by dialkyl
sulfates, benzyl halides, carbonates with hydrocarbyl substitution, hydrocarbyl

epoxides in combination with an acid or mixtures thereof.

4. The composition according to claim 3, wherein the carboxylic fatty acid is
25 represented by the formula (1)
OoH O

AN

1 2 OH

wherein R" is a hydrogen or a hydrocarbyl group containing from 1 to 20 carbon
atoms, and R? is a hydrocarbylene group containing from 1 to 20 carbon atoms,
and

30 wherein the compound having an oxygen or nitrogen atom capable of condensing
with said acid and further having a tertiary amine group is represented by the
formula (H):



R6 is a hydrogen or a hydrocarbyl group containing from 1 to 10 carbon atoms; n is a number ranging
from 1 to 10; Fe is a hydrogen, a hydrocarbonyl group containing from 1 to 22 carbon atoms,
or 5a hydrocarbyl group containing from 1 to 22 carbon atoms; and X2 is a group derived from the
guaternizing agent. 8. The composition accordirggto any of claims 2 to 7, wherein the oxygenated
detergent additive is a polyisobutylene compoungsincluding a succinic anhydride or 10succinic acid
head group. 9. The composition according to any of the preceding claims, wherein the dispersion
comprises particles consisting of an iron co emﬂég/a orphous form. 1510. The composition
according to claim 9, wherein at least 85%, more patticularly at [#ast 90% and even more particularly
at least 95% of thg,Rarticles disniseddming R RItASE RimIndiyidyalized PatFesrR! is a 11
The composition according to any of claims 9 or 10, wherein the particles.of the 20 dispersion have a
number median dIXPHARICH SE8EPetPBIARIS FEidH R I FBP MRS PT 1558 BEfprReY Hiftween 1
nm and 5 nm, maye garicutanydétwedntd A amdos moms; and X 2isTheocowRiositaiadoigling to
anyof plalms 1 t%fdrﬂ{ﬁ?{%%thﬁeq%%ﬁlﬂ?@cmﬁﬁﬁ PaLicles F@Eﬁ%ﬂ%“n‘?& iron compound in
crystallized form. 13. The composition according to any of the preceding claims, wherein the organic
phase of the dispersion is based on an apolar hydrocarbon. 3014. The composition according to any of
the precedings;laims cofperindheabpinghiticiagen; st eatpsyinasidvike geaasadlydogides from
10 to 50 carbon gtoms, preferably from 10 to 25 carbon atoms The composition according to
any of clams 12 Lok IS S e e O RED Shhe b2 LRSS ok o
compound in crystallgExepe RS urtitby Hhvgycfieeainmic isteids thary@osissianet? atd. 48 16.

Thegcomposition agsedngdaRRY RfilamsctZimbhandiareiaableast 80% by number of the particles

have a size DIEM ﬂf less than or equal to 12 nm as , .
wherein the compouna having an oxygen or nitrogen atom capabie of condensing

with said acid and further having a tertiary amine group is selected from

N,N-diethylethylenediamine, N,N-dimethylethylenediamine, N, N-dibutyl-
ethylenediamine, N,N-dimethyi-1,3-diaminopropane, N,N-diethyl-1,3-
15 diaminopropane, N,N-dimethylaminoethanol,  N,N-diethylaminoethanol, or

combinations thereof.

6. The composition according io any of the preceding claims, wherein the polyester

qguaternary ammonium salt comprises a quaternized polyester amide salt, wherein

20 the polyester containing a fertiary amine group used for preparing the polyester
guaternary ammonium salt is a polyester amide containing a tertiary amine group.

7. The composition according to claim 6, wherein the quaternary polyester amide salt

comprises a cation represented by the formula (i)

. 1

R1 0 Xz

/L /LL _ /Rs““z\ll"["—R‘1

R74+-0O RZ | N L

R

- —in

25 (1
wherein R" is hydrogen or a hydrocarbyl group containing from 1 to 20 carbon
atoms and R%is a hydrocarbylene group containing from 1 to 20 carbon atoms;
R? is a hydrocarbyl group containing from 1 to 10 carbon atoms;

R* is a hydrocarbyl group containing from 1 to 10 carbon atoms;



- measured by transmission microscopy, more particularly less than or equal to 8 5nm, preferably less
than or equal to 7 nm, preferentially less than or equal to 6 nm. 17. The composition according to any
of claims 12 to 16, wherein the particles have a number median diameter 050 as measured by
transmission electron microscopy preferably comp#iged between 3 nm and 12 nm, more particularly
between 4 nm 10=hd 2GyurockBoyldre ¢roupositicnraasataing te 20y-oheladiasni?2 to 17, wherein the

particles have a ro, Ic. di tha alto 5 preferably less than or
equal to 30 nm, ;%ﬁgr%ﬁgg{pé%eigjt‘%ﬁ? %’?%%Péﬁf"é% éb nﬁ) }r%fg% e%égﬂrgé&gqyol%&gﬁgr%énﬁsqhq iLf?cattering.
19. The composifidHHBRES @IS iy 6ftthEpreceding claims, wherein the iron content is comprised

between 0.05% axiti2 8%y dnsyenpartigilachrisiwessud%canstnl®yardhis aenceplabpnReig gxpressed
in weight % of ironprﬂgtal based on the 20total wei %Oogzsaid comgosition. 0. The composition

according to any% éoﬁ?é lo%oéj %I(é%g,"mﬁﬁc@naomprlsi%%r%()aea 2iVafdtof metals, a
detergent/dispersént diffepentieovedtiotefergrrtevimprsiogr. polyester quaternary ammonium salt,
an antioxidant, a corrosion 25 inhibitor, a foam inhibitor and/or an anti-foam agent, a de-emulsifier, a
cold flow improver agent, a lubricating agent, an additive against valve seat recession, or combinations
thereof. 21 8ThLMGsEVRROEHIHPSGEITRB IR (6 aPl5 OFcaiffs & yM5els heuarRRNaRS for
30internal combustiengenpaoeitjveatad lyofgis aissighing withpegeheration b thepattickehfidede22. An
ad%t@ved fuel cor’ggg'@m(g&{fl%gggl% mposition according to any of claims 1to 20 49 23. The

, W

1 . K . . .
additived fuel according to claim 2 erein the fuel is selected from the group consisting of gasoils

and biofuels.  24. The additived fuel according to any of claims 22 or 23, wherein the iron mass

Scontent is cognprisedtdrapditien2t eptngrs preferalypfeamdh ol inep e isanimetaleased on the
total mass of the fuel. . 25. %irpethod for a B}ying an internal 8ombusti%n engine comprising a step
f!SBSé)Ea C FE anar

for delivering to said’ gngln Gerand a co posi io(r)]na%%na?&lﬁ% {0 é‘i‘r’?}o" G4ime™'to 1020.

15 10. The composition according to claim 9, wherein at least 85%, more particularly at
least 90% and even more particularly at least 95% of the particles dispersed in the

organic phase are individualized particles.

11. The composition according to any of claims 9 or 10, wherein the particles of the
20 dispersion have a number median diameter measured by transmission electron
microscopy ®sy comprised between 1 nm and 5 nm, more particularly between 3

nm and 4 nm.

12. The composition according to any of claims 1 ic 8, wherein the dispersion

25 comprises particles consisting of an iron compound in crystallized form.

13. The composition according to any of the preceding claims, wherein the organic

phase of the dispersion is based on an apolar hydrocarbon,

30 14. The composition according to any of the preceding claims, wherein the amphiphilic
agent is a carboxylic acid which generally includes from 10 to 50 carbon atoms,

preferably from 10 to 25 carbon atoms.

15. The composition according {0 any of claims 12 to 14, wherein the average size

35 D, of the particles consisting of an iron compound in crystallized form,

measured by X-ray diffraction, is less than or equal to 12 nm.
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The composition according to any of claims 12 to 15, wherein at least 80% by
number of the particles have a size [, of iess than or equal to 12 nm as

measured by transmission microscopy, more particularly less than or equal to 8

nm, preferably less than or equal to 7 nm, preferentially less than or equal to 6 nm.

The composition according to any of claims 12 to 16, wherein the particles have a
number median diameter ®s5; as measured by transmission electron microscopy
preferably comprised between 3 nm and 12 nm, more particularly between 4 nm

and 10 nm.

The composition according to any of claims 12 to 17, wherein the particles have a

hydrodynamic diameter D, of less than or equal to 50 nm, preferably less than or

equal 1o 30 nm, preferentially less than or equal to 20 nm, as measured by

dynamic light scattering.

The composition according to any of the preceding claims, wherein the iron
conient is comprised between 0.05% and 25%, more particularly between 2% and
15%, this concentration being expressed in weight % of iron metal based on the

total weight of said composition.

The composition according to any of the preceding claims, further comprising a
deactivator of metals, a detergent/dispersant different from the detergent
comprising a polyester quaternary ammonium salt, an antioxidant, a corrosion
inhibitor, a foam inhibitor and/or an anti-foam agent, a de-emulsifier, a cold flow
improver agent, a lubricating agent, an additive against valve seat recession, or

combinations thereof.

The use of a composition according to any of claims 1 to 20, as a fuel additive for
internal combustion engines, notably for assisting with regeneration of the particle
filter.

An additived fuel comprising a fuel and a composition according to any of claims 1
to 20.
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23. The additived fuel according fo claim 22, wherein the fuel is selected from the

group consisting of gasoils and biofuels.

24. The additived fuel according to any of claims 22 or 23, wherein the iron mass
5 content is comprised from 1 to 50 ppm, and preferably from 2 to 20 ppm of iron

metal based on the total mass of the fuel.

25. A method for applying an infernal combustion engine comprising a step for
delivering to said engine a fuel and a composition according to any of claims 1 to
10 20.



