Fuel additive composiiion based on a dispersion of iron parlicies ang on a

The oresent invention relates to the association of an organic dispersion of ron

=

particles and of a detergent within & compositien notably useful as a fuel additive for

R

internal combustion engines.

SUMMARY
In a first aspect, there is provided a fuel additive composition comprising a dispersion and a
detergent comprising a
guaternary ammonia salt, said dispersion comprising:
- an organic phase,
- at least one amphiphiiic agent, and
- sofid objects dispersed in the organic phase, in the form of individualized
parficles or pariicle aggregates, consisting of an iron compound in

crystallized form, such that said particles have an average size D, of iess

than or equatl to 12 nm as measured by X-ray diffraction.

In a second aspect, there is provided the use of a composition as defined herein, as a fuel
additive for internal combustion engines, notably for assisting with regeneration of the PF.

In a third aspeﬁt, there is provided a method for preparing a composition as. defined herein,
comprising a step for putting into contact and mixing a detergent comprising a quaternary ammonium
salt and a dispersion defined herein, whereby said composition is obtained.

In a fourth aspect, there is provided an additived fuel comprising a fuel and a composition as
defined herein.

In a fifth aspect, there is provided a method for applying an internal combustion engine
comprising a step for delivering to said engine a fuel and a composition as defined herein.

DETAILED DESCRIPTION
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During combustion of fuel and nofably of gas oil In an engine, the carbonacesus
products tend to form carbonaceocus particles, which will be designated in the following of
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the description under the expression of “socis”, which are sald t

o be noxious both for the
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environment and for health, For a long time. there has been & search for {echniques with
whicn amission of these s
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dthoul any soots. When & ceriain amount of accumulaied soots in the PR s
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ras he channels of the P

3 the PF s usually accomplished at greafer temperatures than the femperaiure

z:]‘ur’mg normal operation of the enging, the soots usually buming in air at
temperatures above 650°C.

in order lo assist with regeneration of the PF, a catalyst is genarally used which
has the purpose of facilitating oxidation of the soots either directly or indirectly. By
facilitating the oxidation of the soots is meant the fact of allowing their oxidation at a Jower
lemperature s that this lemperaiure is attained more ‘é"{'ex:;gtmri.tij‘/ during normal operation
of the engine. A portion of the soots may thus be continuously burned during the operalion
of the engine.

The catalyst also gives the possibility of lowering the femperature regulred for

regenerating the PF so thael the regeneration temperature is less than the combustion

i

femperature of the socls without the presance

he calalyst also allows

accaleration of the oxidation rate of the soois
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for regenerating the P
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Hive for assisting with rege: fthe F

| i | oy P s
=, vectorized by the

o & fuel borme catalyst (FRBC), proved (o meeat many oritaria

since { allows regensration of the PF more rapidly and at a lower temperaiure than the
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competing technology called calalyzed scot fiter (CEF, the catalyst beaing immobilized in
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the P“F}, which coniributes o reducing fuel consumption for regenerating the |
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F {(and thus
icing GO, emissions).

New engine technologies, such as diesst engines wilth a common-rail system and

‘

high pressure direct fuel injef‘ﬂen, are performing but however sensitive to fuel quality. It
notably known that deposits may notably form in injectors of diesel engines during their

operation. The amount of depo

and their rate of formation depend on The quality of the

Frs O Vv oy 1
fual used in the engine but also on th

nature of the fuel additives present in the latter

By «fuel addifive » is meant bers any additive allowing improvement in the
i of the 1 e engine and/or improvement in the operating pe ot
the engine andlor improvement i e operating stability of the ei'zginse 0
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which contain unsiable components, ke fatty acid methyl @

s generally present in
biofuels, tend fo form more deposit than mineral fueis not containing any of then.

the presence of certain metals in fuels like copper or zing may lead fo
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o exacerbated fouling levels of the injectors. The

introduced into t
R Even if Lhese

desirable, some

particularly in fusl injectors.
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Deposits may fead (o a loss of power of the engine and may poss

\JVFAw "

Ne
<7
I
o)
m
o
-
\\‘
~—1
a
@

way io damaging the

These deposits may also degrade the quafifzy of the
.

combustion in the oylinders and lead o an increase in polluting emissions and in engine

fuel consumpton. It is known th

ditives reduce or suppress formation of

deposit in the injeciors.

Among fuel additives for assisting with the regeneration of the PF, dispersions of
notably based on cerium, and/or iron are known o be efficient for

1 the PE and consecrated 1o the reduction of the oxidation temperature of the

socis. These dispersions should have good dispersibliity, high stability over time and

sufficient catalyiic activity at a relatively not very high concenfration in the fuel into which

they are miroducead.
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The dispersions known fo this day do not always meet all thess criteria. They may

have for example good dispersibility but insufficient stability, notably when fghey are
infroduced into fuels contalning falty acid methyl esters or another easily oxidizable fusl of

[

vegetable origin., These dispersions may be sufficiently stable bul may have

activity at too high metal concentrations for them to be economically of interest. Moraove

a5 indicated eartier, all these dispersions should have a limited impact on the operation of
fuel inje(i:%’or:a notably 1o lsad to limited fouling of the latter, even in the presence of a fuel
containing biotuel or further a fuel containing metals. Further the presence of an FBC in
the fual may lead to a reduction in the oxidation resistance of the fuel, nolably when it

contains biofuels,

Thersfore, it is s”oug_}ht fo provide compositions comprising an additive for assisting
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Preferably ompositions comprising an additive having
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fyery high concentration

sufficient catalytic &

An objact of the mvention is o provide a well-adapted composition for this type of
use,

For (his purpose, the invenlion proposes a composition comprising an additive for
assisting regeneration of the PF in the form of an org;;ank_: disparsion of iron particles in the

crysiallized form and of a detergent comprising a guaternary ammonium sait.

1 ocombrises particles of an iron compound in crystaliized form of

ine Gisg

.
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small size and at least one amphiphilic agent

n cases, lhe detergent may further include an oxygenated detergent.
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The mvention also provides an addifived fuel comprising a fuel and the
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More specifically, the invention relates to a composition comprising a dispersion
and a detergent comprising a guaternary ammaonium salt, said dispersion comprising:

- an organic phase;
- at least one amphiphilic agent, and
- solid objects dispersed in the arganic phase in the form of individuatized

parficles or pariicle aggregales, consisting of an ron compound in the
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crystallized form, such that said particles have an average size D, of less

than or equal to 12 nm as measured by X-ray diffraction (XRD).

persion of the composition according to the invention may be prepared

rding 1o a method comprising the following steps:

‘
o

a) pulting into coniact in an aqueous phase a base and a mixlure comprising an

7

Fe(ll) salt and an Felil) salt according to a molar ratio Fe(l)/Fe{lll) comprised from 0.45

{
H
Ay

to 0.55
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1 equal to 0.5, advants

jeousty agual to 0.5, by maintaining the pH

of the agueous phase at a prl value of more than 8, wharaby a ps"e(::%g‘. ale is obtained: and
BY nultl i niact the the \ aine soiniiala Antic %!II senzraisd rom
oY putting into contact the thereby obtalned precipiiate, optio Daraiea trom

the acuecus phase, with an organic phase, iy the presence of an amphiphilic agent,
i H T ot 7 h

whereby the dispersion is obiained in an organic phase,
The solid objecis dispersed in the dispersions of the invention are individualized

solid particles or aggregates of such pariicies. Said particles may further nossibly contain
residual amounis of bound or adsorbed ions such as for example sodium ions or

armmonium ions,

The dispersion of the invention has the advaniage of being very stable. The

particles of the dispersion of the invention do not setlle, and the dissperséons; do not

3

decant, sven after several months. Further, it may have good compatibility with fuels of
ihe gas off typs notably based on biofuels.
urther have high catalytic aclivity.

The dispersion of the composition of the inventicn is a dispersion in an organic

For this purpose, most often, the organic phase consiste of at least 80%,
prafarably al least 80%, preferably at least 95% by mass of an organic solvent or of a
mixture of organic solvents, based on the fotal mass of the organic ;3?";;;:-13@.

The organic oh
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fy consists of an organic solvent ar a mixture of

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, hepiane, octane, nonane, cycloaliphatic hydrocarbons

such as cyclohexane, coyclppentane, cycloheptane, aromatic hydrocarbons such as
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benzene, toluene, ethylbenzene, xylenss, liquid naphthen
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or Solvesso {registersd trademark by BEXXON) type, notably Isopar L or Solvesso 100

which essentially contains a mixture of methyl ethyl and trimethyl benzene, Solvesso 150

which contains g mixiure of alkylbenzenes, in particular dimethyl benzene and fetraethy
benzene, are also suitable. The organic phase may alzo consist of a petroleum cul

It is also possible to apply for the organic phase, polar chiorinaled hydrocarbons

1

siich as chioro- of dichloro-benzens, chioroicluenc.

w@rs as well as aliphatic and

cycloaliphatic  kelones such  as  for example dilscpropyl  ether, dibutyl  ether,

methylisobuiviketone, diisobutylketone, mesilyl oxide, may be contemplated.

s

H

It is also possible fo contemplate polar solvents based on alcchol such as
2-athylhexanoi,
The organic phase may also advantageously be based on an apolar hydrocarbon

notably like aliphalic hydrocarbons.

In this preferred category, mention may be mades of patroleum cuts of tha {sopar
type essentially containing isoparafiinic and paraffinic G4 and Cyp hydrocarbons.

The dispersion according (o the invenfion includes at

east one amphiphé%%
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s amphiphilic agent has the effect of stabilizing the dispersion of par

also used as a phase fransfer agent during the preparation of the dispersions
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the agueous phase and tha organic phasa).

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

This acld may be linear or branched. it may be selected from aryl, aliphatic or

Pate

arylafiphatic acids optionally bearing other functions provided that these functions are
stable in the madia which are desirably used for the dispersions according (o the present

Wi el

invention

Thus, it is possible to apply for example alihalic carboxylic acids which are natural
or synthetic. OF course, it is possible to yse acids in a mixiwe.

As an example, mention may be made of fally acids of (allol, soya bean, tallow off,
flax oll, oleic acid, linoleic acid, stearic acid and ifs isomers, pelargonic acid, capric acid,

lauric acid, myristic acid, dodecylbenzenesuifonic acid, ethyl-2-hexanoic acid, naphthenic

R
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As a preferred amphiphilic agent, menlion may be made of stearic acid and of iis
isomers such as for example a mixiure of acids or products which contain chain lengih
distributicns like Priscrine 3501 from Croda.,

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

succinic acids substifuted with polybutenyl groups. These polyacids may be used alone or

i combination with ong or several aliphatic monocarboxylic acids confaining betwesn 10
and 20 carbon atoms on average.
As an example, mention may be mads of the midure of oleic acid with one or
10 saveral succinic acids substifuted with polybutenyl groups, in which the polybuteny

groups have an average molecular weight {

sured by gas chromatography) comprised

between 500 and 1,300 and more particularly between 700 and 1,000 g.moi”
According o a feature of the invention, the particles of the dispersion of the
15 mvention are based on an iron compound in orys ed form

rystallized form which ined by applying the steps of the

atoreme wed method, may notably be observed by the Jeray diffraction lechniqua
(KRD) which shows characteristic peaks of at least one defined crystaliized structure of

Fon.
20 The solid objects of the dispersion of the invention are in the form or particles, or

as, of an iron cmmg;}c;v!m, the composition of which essentially

to an iron oxide in crysiallize
The crystallized forms of iron oxide making up the particles according to the

invention are typicaly Fe(lll) oxides of the maghemite (yv-Fey0s) type and/or Fe(ll) anc

=

Fa(lil) oxides oft

The aforementioned method generally gives the possibility of oblaining partictes

based on Fellll) oxide of the maghemite type and/or Fe(ll) and Fe(lll) oxide of the

magnelite type, the magnetite may then be oxidized into Fe(lil) oxide of the maghemite

3

20 type, for example upon contact with oxygen.

Preferably, the particles with a size greater than or equal io 4 nm in the dispersion

voof an ron compound in crystailized form,
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According to another feature of the invention, the average size [0,

wrp @8 Medsured

y XRRD of the particles of the disparsion is less than or equal 1o 12 nm.
Praferably, the average size J) as measurad by XRD of the pariicles of the
dispersion is less than or equal to 8 nm, preferably less than or equal to 7 nm,

srentially less han or equal 1o 6 nim and advantageously less than or equal to 5 rin.
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ze is of at least 4 nm.

Generally this

“(
¥

The cryst

ized naiure of the particles according fo the invention may nolably be

alysis. The XRD diagram allows the defin

ted by AR

fion of two characteristics of

a2 particles:

- the nature of the cryst 2 position of the measured

ACENSUC OF e MaEgng

phase,

corresponding o the sheet {CDD 01-088-0315 ;

{or crysiallized domains), this size is calculated

1 of the diffraction peak of the crystallographic plane

3L

with:
wowavelength = 104 A,

e form factor equal o 0.89

k]

height of the relevant line, expressed in degress

~y

ol 8 0 oo [y N P N A AR
2 h at the angle § as by LaBs analysis = (.072

v angle (n radians) of ik (440% of magnslite andfor

rmaghermiie = 0.547 rad.
The XRD analysis may for example wried out on a commercial apparatus of

type, notably consisting of a §-0 gonlometer, allowing

a

The sample remains horizontal during the acquisition

arization of i

i o )

and it is the sourcs and the detector which move.

This insigllation is driven by the X'Pert Datacollector software pack:

the suppliar and ulilization of the obtainad diffraction diagrams may te perf
means of the X'Fert HighScore Plus software package, version 2.0 or above (supplier

FANaiytical).



oI

N
3
5

25

0

£

According to ancther feature of the invention, i is preferable that the ential of
the particles, i.e. at least 80% by number, have a size D, of less than or squal to
12 nmy, more particularly less than or equal (o 8 nm, preferably less than or equal to 7 om,
preferentially less than or squal o 6 nm,

Typically, at least 20% and more garticularly at least 5% of the particles have a

size [, ofless than or equal to the aforementioned values

nay be delected by analyzing the dispersion with transmission

alectron microscopy (TEM), used In an imaging mode with which lhe particles may be

viewed at high magnification and thelr size may he measured.

Preferably, and for b
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surement of the size o

it is possible to proceed according to the following procedurs

ENE Gispaersion :-*Cf‘o*wn(, fo the invention

nereby diluled dispersion is [hen

a carbonaceous polymeric mer

i

A0 o
arid) and the seivent is

For example it is po 2 & fransmission electron microscops giving access

ranging up o 800,000, the

voltage being selao

SCope val 018

ol measuring

b ~ ] -~
5, by considering these

Fos

particles as spherical parficles. A particls 15 astimaled as being idertifiaple when at least

half of its parimeter may be defined. The size 12, then corresponds to the diameter of

r

the circle properly reproducing the circumference cation of the

e
§

particles which may be utilizec

such as lmaged, Adobe Photo
A Ty e o v rbialene je drmterrer] Hhoeeefreovr waghies
A curnulated grain size distribulion of the particles is inferred therefrom, which is

grouped into 40 grain size classes ranging from 0 fo 20 nm, the width of each class being

i

.

0.5 nm. The nurnber of particles in each class or for each is the hasic datum for

rapreseniing the numbe; =ntial grain size distribution.

-
i€

urther, the particles of the dispersion of the invention preferably have a fine grain

Ahomerart ey iR
size @s observed by TEM.
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They have a median diameler g preferably comprised betwaen 3 nm and 12 nm

more particularly between 4 nm and 10 nim.
The number median diamster ©xp is the diameter such that 50% of ihe particles
sounted on the TEM micrographs have a smalier diameter than this value, and 50% of the

counled patticles have a larger diameter than ihis value

The particles according to the invention preferably have a polydisparsity index P,

This polydispersity index P, is calculated from the number grain size

ribution

determined by TEM according to the following

P Being the diameter for which 16% of the f lees than ihis

value, and ®g. being the diamefer for which 84% of the particles nave a diameter of |

& £ -
according o the

vy tenoro i+
monodispersity.

\_?*l;_/ fury

The dispersion stale of the solid objects may be characterized by dynamic light

1

1.S), further called guasi-elastic lght scattering (QELS), or further photon

I3

speciroscopy. 1 his lechnique allows measurement of a hydrodynamic

dimmeter 2, of the solid objects, the value of which is highly affected by the presence of

~ P A RS NS PN
aggregaies of particies.

to a preferential characterstic of the invention, the solid objects of the

'y Fy

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

ess han or equal to 20 nm, 2

a1 to 16 nm, as measured by dynamic light scattering (BLS).

The hydrodynamic diam of the solid objects of a dispersion according o

the invention may be measured on the dis;;sersio%w of the invention, afler dilution of the

latler by its scivent s0 as to attain an ron concentration comprised from 1o 4 gL
PR [

ght scatiering apparatus of the ALY CGS 3 (Malvern) apparatus provided with

an ALV saries 5000 correlator and with an ALV Correlator sof
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above. This apparatus uses the sc-cafled «Koppel cumulantsy data processing method,
which gives the possibility of accessing the value of the hydrodynamic diameter D, .

{t is important to conduct the measurement at the femperature {typically 25°C)
corresponding to the viscosity values and fo the refractive index values used for the
solvent in the calculation of the hydrodynamic diameter and o use a measurement angle
fypically set to 90°,

it is also recommended to carry out the preparations of the diluion as well as the
handiing operations under & laminar flow hood in order o avold contamination of the

samples by dust and distort the measurement.

It is considered that the axperimental data are validated if the scatlered intensity is

stable and if the autocerreiation function s withoul any abnormalities.
ally, the scattering intensity should be comprised within limiis defined for aach

This preferrad characterislic of the objacts of the dispersion incre

The individualized nalure of the particles also increases the globe
avallable between the lafter and the soots and thus conlributes to improving the catalytic

activity of the digpersion accoerding 1o the invention.

The dispersions according o the invention may further comprise in the organic

p%‘xafs{-;, particles of an iren compound in the amorphous form, notably particles for which

rthan or equal to 4nm.

he size is grea
The amorochous nature of an iron compound mavy be shown by XRD analvsis of
FNe amorpnous naiire 07 an ren Compouna may oe snown oy AL anaysts of
this compound, winen no characteristic paak of any crystalline iron phase is observed.

Fraferably, the particles of an ron compound in the amorphous form reprasent at
most 75% by number of the folal amount of iron particles of tha dispersion.

b

size greater than or equal to 4 nm, the r.}:azri;ic{es of an iron
compound in the amorphous form represent at most 50% by number of the total amount
of iron particles with a size greater than or equal to 4 nm, and preferably at most 40% by

numbar,

According to a particular embodiment of the invention, the solid objects dispersed

in the dispersion (DSP1) of the composition accerding to the invention are in the form of



N
Faw]

-y

11
individualized particles or particle aggregales, consisting of an iron compound in

cryst i form, such that

- sald particles have an average skze D of less than or equal fo 7 nin as

= XRD
measured by X-ray diffraction (XRDY; and

t least 80% by number of said particles have a slze D, of less ¢

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

o

‘he solid objects of fhis dispersion (DSP1) may prefarably have a hydrodynamic

diameter /), of less than or equal to 30 nm as measursd by dynamic light scatter

g
(DLS).

the dispersion f”}H7) of the composiiion according to the in

Lo -

phase and the solid objects dispersed in the dispersion of the composition qr‘f‘oz'd“"xg fo

sN2iLd HER =L

the invention are in the form of individualized parlicles or particle aggregates, consisting of

b o

an fron combpound in crystallized form, such that:

said solid objects have a hydrodynamic diameter /3, of less than or equal

o 30 nm as measured by dynamic light scattering (DLB),

said particles have an average size

; than or equal o 7 nm as
measured by Xeray diffraction (XRD)Y; and

\

at least 80% by number of said particles have a size D, of less than or

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

B

varticular values of the parameters D

T \l\_{{‘"

3
RSP i”l’.’ '

s of the diameter ®g and of the index P, given above are aiso es;:a;;»:'i@d here for the
dispersions D8P 1 and USSP 2 insofar that these values also mest i nits given above in

the listing of the characteristics of D3P 1 and DSP 2.

The dispersions according to the invention have a mass concentration of the iron
compound which may be of at isast 2%, more pariicularly of al least 5%, this
concentration being exprassed in the mass of iron metal relatively to the fotal mass of the

dispersion.

This concentration may generally range up to 20%.
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The ron content may be determined by any technique lnown to one skilled in the
art such as by the measurement with X flucrescence spactrascopy direclly applied onk
the dispersion according to the invention.

The present invention aiso retates to a method for preparing the dispersions of the
invention.

in slep a) of the method, a base and a mixturs comprising an Felll) salt and an
Fe(ill) salt according o a molar ratio (Fe(lly/Fe(lil) comprised from 0.45 to 0.55, preferably

™y

about equal to 0.5, advan

ageocusly equal to 0.5, are pul inlo contact in an agueous

t

phase, typically an aqueous solution of the base and of the fron salls.
As a base, it Is pessible to notably use compounds of the hydroxide type. Mention

i .

ade of alkaline or garth alkaline hydroxides and ammonia. Il is alse possibie to

‘

s possible 0 use any waler-soluble sall, As an Fe(ll) sall,

menton may be made of ferrcus ohiovids - As an Fe(lll) sall, mention may he made

During step a). the reaclion cceurring between the Fe(il) sall, the Fe(ll) salt and

the base is generally accomplished under condifions such that the pH of the formed

. e i

reaction mixture remains greater than or equal to 8 upon pulling inle contact the ron salls

and the base in the reaction medium,

forably, during step a), the pH of the reaction mixture is maintained at a value
greater than or equal Io 8. This pH value is typically comprised between 9 and 13.

The putting into confact of the iron salts and of the base i an agueous phase may

be accomplished by inroducing a solution of the ron salfs info a selution containin
base, for which the pHis of at least 8. It is also posaible troduce the ron saits and the

base in a solution containing salis, af a conceniration lypically less or squal fo 3 moll|,

such as for exampie sedium nitrate, and for which the pH is adiusted beforehand {o a

R

:

inuously achieve the contacting, the

value gre}ater than or equal 1o 8. it is possible 0 con

pt condition baing fulfilis usting the respeciive flow rates of the solution of the ron

oo

safts and of the solution containing the base.

it is possible, according (o a preferred embodiment of the invention, to operal:
under conditions such that during the reaction between the iron salis and the base, the pH
of the agueous phase is mainfained constant. By maintaining the pH constant, is meant a
variation of the pH of £ 0.2 pH units relatively to the set valtie. Such conditions may be

1

obtained by addition, during the reaction belween the iron salis and the base, for example
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upon introducing the solution of the iron salls into the solution of the base, of an additional

amount of basge info the aguaous phass.
Within the scope of the present invention, the inventors have observed that the

size of the parficles may be modulated depending on the pH at which is maintained the

5 agueous phase, Typically, and without infending o be bound fo a particular theory, the

g

i

of the particles is a

ihe smaller since the pH of the agueous phase is high.

b

\

The reaction of step a} is generaily conducted at room lemperature.

may advantageously be achieved under an air or nitrogen or nitregen-

4
10 atinosphere
At the end of the sracipitate s obtained, It is optionally
possible 10 subject the precipitate 1o ripening by rmaintaining it for a certain time, for
example a few howrs, In the agusous phase
15 Accordin advantageous zllermnalive of the method according
invention, the precipitale is not separated from the aqueous phase at the end of ¢
and is spended in the agueocus phase of th
According 1o apother alternative of the method according to the invenfion, the
20 method comprises, after slep a) and before step b), a step o for separating the pracipitate
formed ¢ tep a) from he aguesus phase.
Aion step .,) is carried owt by any known means
pitate may then be washed with water for example. Preferably,
the subiact to any drying or freeze-drving step or any operation of this
s type
The precipitate may optionally be resuspended in a second agueous phase.
In order fo obtain a dispersion in an crganic phas acipilate
&), whether it is separatad from the agueous phase or not, is
30 put inte contact with the organic phase in which the dispersion is dasirably obtained.
This organic phase {s of the type which has heen described above.
The contacling © ) Is sccomplished in the presence of the aforementioned
amphiphilic agent, optionally after neutralization of the suspension obtained at the end of
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Preforably, the molar ratio between the number of moles of amphiphilic agent and

L

the number of moles of fron is from 0.2 to 1, preferentially fromy 0.2 1o 0.

The amount of organic phase to be incorporated is

s¢ as to obizin an

5 oxide conceniralion as mentioned above,

The order of the introduction during step b)) of the difi

=

ant elements of the

T
.
=3
i

dispersion is indifferant.

10 Itis possible 1o pul info contact the obiained precipilate, the amphiphilic agent and

the organic phase, simultaaeously.

3

to prodiuce the premix of the amphiphilic ageant and of ihe org

ey be

15 mixiure
e ihay o
termperatire, apout 20°C, preferable o opmrate al a
ted in a range from 30°C o 150°C, advantageously between 40°C and
20 100°C,
in cerlain cases, due o the voiatility of the organic phase, its vapors should be
sondensed by cooling it down o a its boiling point.
The reaction mixture resulling from the precipitate, from the organic phe
from the amphiphiic agent 18 maintained with stirfing during the whole duration of the
25 enting.

in the case of the first al

from the agueous phase ¢ nd of step a), when the has

= LSy eypoe o
3 SLOLped, g prasenca

of two new phases is noled: an organic phase containing the dispersion of particles, and a

residual agueous phase. The organic phase is then separated, contalning the dispersion

1

ording to conventional separation

. __\
L2

of particles and the residual agueous

fechnigues, such as for example decaniation or cenfrifugation.

Regardiess of the alternative of the method, according to the present invention,

N

organic dispersions are oblained at the end of step b), which have the aforementionad

b

-

features.



The dispersions further c:ompr'{sh";‘; parficles of an ron compourid in amorphous

form may be obtained by mixing a first dispersion of particles of an ron compound in

armorghous form in an organic phase with a second dispersion of particles of an iron

pad

c;cmwpeamd in crystallized form, this second dispersion being of the type according to the

vy

rot embodiment of the invention.

oy

As a first dispersion of particles of an fron compound in amorphous form those

described i WO 2003/053560 may be usad for example

Siby

Dispersions for which the organic phases are identical are preferably mixed.

TATY 2mimoniy T Sait

The composition of the present invention comprises a

sinary at S MMONILM saif

b().»r_]llt KMR‘“ Z

The hary ammonium salts may be the reaction product:

P9 (iy of at least one compound which may comprise

(@) the condensation product of an acylation agent with hydrocarbon
and of a compound an oxygen or aftrogen atom

capable of condensing the acyintion agent, the condensation product having
at least one lertiary amine function;

20 (by an amine with polyaltkene substitution comoprising at least one terfary
amine function; and
(¢} a Mannich reaction product comprising at ieast one tertiary amine
function, the Mannich reaction product being derived from a phenyl with
hydrocarbon substitution, and aldehyde and an amine; and

25 arnine function of

ermary :s’xbeOH

Tre quaternization agent may comprise dialkyl sulfates, beanzyl halides,
carbonates with hydrocarbon subsfilution; epoxides with hydrocarbon substitution in

B

sion with an acid or miklures thereof,

30 oo

[he compounds of the constituents ()2}, (()(b) an u){ ), described in more details

1

elow, contain at least one terliary amine function and cover the compounds which may

2 I

be alkylated in order to contain at least one terliary amine funciion after an alkyiation ste

e

Examples of the quaternary ammonium salt and of the methods allowing their

b

35 preparation are described in palents US 4,253,980, 3,778,371, 4,171,959, 4,326,873,
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The quaternary ammonium salts may be prepared in the presence of a solvent

which may be removed or not once the reaction is completed. As suitable solvents,
mention may be made, but without any limitation of a diluting oil, petroleum naphtha and
certain alcohols.

in an embodiment, these alcohols contain at least 2 carbon atormns and in other
embodiments at least 4, at least 8 or at least 8 carbon atoms.

In another embodiment, the solvent of the present invention contains from 2 to 20
carbon atoms, from 4 {o 16 carbon atoms, from 6 fo 12 carbon atoms, from 8 to 10 carbon
atorns or only 8 carbon atoms. These alcohols normally bear a C1-C4 2-alkyl substituent,
Le. a methyl, ethyl, or any propyl or butyl isomer. As examples of suifable alcohols,
mention may be made of 2Z-methylheptancl, 2Z-methyidecanol, 2-ethvipentanol,
2-ethythexanol, 2-ethylnonanol, 2-propyihepianol, 2-butylheptanol, 2-butyloctanol,
isooctanol, dodecanol, cyclohexanol, methanol, ethanol, propan-i-ol, 2Z-methyl-
propan-2-ol, Z2-methylpropan-1-ol, butan-1-ol, butan-2-oi, pentanol and its isomers, and
mixiures thereof.

fn an embodiment, the solvent of the present invention is 2-ethylhexanocl,
2-ethyinonanol, Z-methytheptanol, or combinations thereof.

in an embodiment, the solvent of the present inventton comprises 2-ethythexanol,

Succinimide quaternary ammaonium salis

in an embodiment, the quaternary ammonium sall delergent comprises the
reaction product:

{ifa) of the condensation product of an acyiation agent with hydrocarbon
substitution and a compound comprising an oxygen or nitrogen atom capable of
condensing with said acylation agent, the condensatlion product having at least one
tertiary amine function; and

(it} of a suitable quaternization agent for converiing the tertiary amine function of
the compound (i) into a quaternary nitragen.

Among the useful acylation agents with hydrocarben substitution in the present
invention, mention may be made of the reaction product of a long chain hydrocarbon,
generally a polyolefin, with a mono-unsaturated carboxylic acid or one of its derivatives.

As suitable mono-unsaturated carboxylic acids or their derivatives, mention may
be made of:

{iy o,B-mono-unsaturated C;-C4y dicarboxylic acids such as fumaric acid, itaconic

acid, maleic acid;
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(ify derivatives of (i), such as anhydrides or mono- or di-esters of (i) derived from a

C4-Cs alcohol;

(iify o,B-mono-unsaturated Cy-Cyg monocarboxylic acids, such as acrylic acid and
methacrylic acid; or

(iv) derivatives of (i), such as esters of (ili) derived from a C4-Cs alcohol.

As suitable fong chain hydrocarbons o be used in the preparation of acyiation
agents with hydrocarbon substitution, mention may be made of any compound containing

an olefinic bond, iltustrated by the following general formula (1)

R
R'" HC—R®
N\ /
c=C
/. \
RZ R

(1)
wherein each of R', R?, R®, R and R represent, independently of each other, a hydrogen
atom or a hydrocarbon group.

in certain embodiments, at least one of the radicals R®, R* or R® represents a
hydrocarbon group containing at least 20 carbon atoms.

These long chain hydrocarbons which may also be described as being polyolefing
or polymers of olefins, are reacted with mono-unsaturated carboxylic acids and the
derivatives described above for forming the acylation agents with hydrocarbon substitution
used for preparing the nitrogen-containing detergent of the praesent invention.

As suitable olefin polymers, mention may be made of polymers comprising a
majority by moles of G-y, or Co-Cs mono-clefins. Among these olefins, mention may be
made of ethylene, propylene, bultylene, isobutylene, pentene, octene-1 or styrene. The
polymers may be homopolymers, such as polyisobutylene, as well as copolymers of two
or more than two of these olefins. As suitable copolymers, mention may be made of
copolymers of ethylene and propylene, of butylene and isobutylene, and of propylene and
of isobutylene. As other suitable copolymers, mention may be made of those in which a
minority by moles of the monomers of the copolymer, for example from 1 to 10% by
moles, is a Cs-Cigdiclefin. Among these polymers, mention may be made of a copolymer
of isobutylene and butadiene; and a copolymer of ethylene, propylene and 1 4-hexadiene.

In an embodiment, at least one of the groups -R of the formula (1) indicated above
is derived from polybutene, i.e. polymers of Cy4 olefins, notably of 1-butene, 2-butene and
isobutylene. As C,4 polymers, mention may be made of polyisobutylene.

In another embodiment, at least one of the groups -R of formula (1) is derived from
polymers of ethylene and alpha-olefin, notably ethylene-propylene-diene polymers. As

examples of documents which have described copolymers of ethylene and alpha-olefin
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and ethylene-(lower olefin)-diene terpolymers, mention may be made of patents

US 3,598,738, 4,026,809, 4,032,700, 4,137.185, 4,156,061, 4,320,019, 4,357 250,
4,658,078, 4,668,834, 4,937,299 and 5,324,800.
in another embodiment, the olefinic bonds of formula (I) are mainly vinylidene

groups, illustrated by the following formula (i)

(0

wherein each R is a hydrocarbon group, which in certain embodiments may be:

C.__CH
Ru/ (F/ 2

Ch, i

wherein R represents a hydrocarban group.

In an embodiment, the vinylidene content of formula (1) may represent at least 30%
by moles of vinylidene groups, at least 50% by moles of vinylidene groups, or at least 70%
by moles of vinylidene groups. Such products and preparation methods are described in
patents US 5,071,919, 5,137,978, 5,137,980, 5,286,823, 5408018, 8,562,813,
8,683,138, 7.037,999, and in documenis US 2004/0176552A1, 2005/0137363 and
2006/0079652A1. Such products are commercially available from BASFE, under the brand
of GLISSOPAL™ and, from Texas PetroChemical 1LP, under the brand of TPC 1105™
and TPC 595™

The methods for making acylation agents with hydrocarbon substitution by reaction
of reagents of the mono-unsaturated carboxylic acid type and of compounds of formula (1)
are well known in the art and are disclosed in patents US 3,361,673, 3,401,118,
3,087,438, 3,172,892, 3,272,746, 3,215,707, 3,231,587, 3,912,764, 4,110,348, 4,234 435,
6,077,809 and 6,165,235.

in another embodiment, the acylation agent with hydrocarbon substitution may be
made by reaction of a compound fllustrated by formula (I} with at least one carboxylic
reagent ilustrated by the following formulae (1IV) and (V)

O 0O

6): S 7 /[L 8
R (R, TOR ()

and
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HO, OR’ Cﬁ
V)
wherein each of R®, R® and R® represents independently H or a hydrocarbon group, R’
represents a divalent hydrocarbon group, and n is equal fo 0 or to 1. Such compounds
and the methods for their making are disclosed in patents US 5,739,356, 5,777,142,
5,786,480, 5,856,524, 6,020,500 and 6,114,547,

In ancther further embodiment, the acylation agent with hydrocarbon substitution
may be made by reaction of any compound Hllustrated by formula (1) with any compound
iltustrated by formula (1V) or formula (V), the reaction being carried out in the presence of
at least one aldehyde or at least one ketone. As suitable aldehydes, mention may be
made of formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde, isobutyraldehyde,
pentanal, hexanal, heptaldehyde, octanal, benzaidehyde, as well as higher aldehydes.
Other aidehydes such as dialdehydes, most particularly glyoxal are useful, even if
monoaldehydes are generally preferred. In an embodiment, the aldehyde is formaidehyde,
which may be provided in an agueous solution, which is often called formalin, but which is
most often used in the polymeric form which is called paraformaldehyde.
Paraformaldehyde is considered as being a reactive equivalent and/or a source of
formaldehyde. Like other reactive equivalents, mention may be made of hydrates or cyclic
frimers. As suitable kefones, mention may be made of acetone, butanone,
methylethylketone, as well as other ketones. In certain embodiments, one of the two
hydrocarbon groups of the ketone is a methy! group. Mixtures of two or more of two
aldehydes and/or ketones are also useful. Such acylation agents with hydrocarbon
substitution and methods allowing their making are disclosed in patents US 5,840,920,
6,147,036 and 6,207,839.

In another embodiment, the acylation agent with hydrocarbon substitution may
comprise compounds of methylene-bisphanol-alkanoic acid. Such compounds may be the
fusion product

(i} of an aromatlic compound of formula (Vi)

R . Ny
m T AT—Z, )

and

(iiy of at least one carboxylic reagent such as the compounds of formulae (IV) and
(V) described above,

wherein in formula (V1)

- gach R represents independently a hydrocarbon group;
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- m is equal to 0 or represents an infeger from 1 to 6, provided that m does not

exceed the number of valencles of the corresponding Ar group available for the

substitutions;

- Ar represents an aromatic group or grouping containing from 5 to 30 carbon

atoms and from O to 3 optional substituents such as amino-, hydroxy-amino,

hydroxy- or alkyl-polyoxyalkyl, nitro, aminoalkyl and carboxy groups or
combinations of two or more of two of said optional substifuents;

- Z represents independently -OH, -O, a lower alkoxy group or -{OR'™),0R"

wherein R'" represents independently a divalent hydrocarbyl group, b is a number

from 1 to 30, and R" represents -H or a hydrocarbyl group; and

- ¢ i5 a number which ranges from 1 fo 3.

in an embodiment, al least one hydrocarbon group on the aromatic group is
derived from polybutene. '

i an embodiment, the source of the hvdrocarbon groups described above stems
from polybutenes obtained by polymerization of isobutylene in the presence of a Lewis
acid catalyst such as aluminium frichloride or boron trifluoride. Such compounds and
methods for their making are disclosed in patenis US 3,854,808, 5,336,278, 5,458,793,
5,620,949, 6,827,805 and 6,001,781,

I another embodiment, the reaction of () with (i), optionally in the presence of an
acid catalyst such as organic sulfonic acids, heteropolyacids and mineral acids, may be
carried out in the presence of at least one aldehyde or of at least ons kelone. The
aldehyde or ketone reagent used in this embodiment is the same as those described
above. Such compounds and methods for their making are disclosed in patent
US 5,620,949,

Further other suitable methods for making acylation agents with a hydrocarbon
substitution will be found in patents US 5,912,213, 5,851,966 and 5, 885, 944,

The detergents of the succinimide guaternary ammonium salt type are obtained by
reaction of the acylation agent with hydrocarbon substitution as described above with a
compound including an oxygen or nitrogen atom capable of fusing with the acylation
agent. in an embodiment, the suitable compounds contain at least one tertiary amine
function.

In an embodiment, this compound may be illustrated by one of the following
formulae (Vi) and (Vill):

H R
AN /
N—X—N
/ \
R R

(Vi)
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and

/R
HQWX“N\
R (VI
wherein, for pboth formulae (V) and (VIll), each X represents independently an alkylene
group containing from 1 to 4 carbon atoms, and each R represents independently a
hydrocarbon group.

As suitable compounds, mention may be made, but without any limitation of:
1-aminopiperidine, 1-(2-aminoethyl)piperidine, 1-(3-aminopropyl-2-pipecoline,
1-methyi-(4-methylamino)piperidine, 1-amino-2,6-dimethylpiperidine,  4-{1-pyrrolidiny!)-
piperidine, 1-(2-aminoethylpyrrolidine, 2-(2-minoethyl)-1-methylpyrrolidine, N, N-diethyl-
ethylenediamine, N N-dimethylethylenediamine, N, N-dibutylethylenediamine,
NN N-trimethylethylenediamineg, N, N-dimethy-N'-ethylethylenediamine, N N-disthyl-
N-methylethylenediamine, N N, N'-friethylethylenediamine, 3-dimethylaminopropylamine,
3-diethylaminopropylamine,  3-dibutylaminopropylamine, N,N,N-trimethyl-1,3-propane-
diamine, NN, 2, 2-tetramethyl-1,3-propanediamine, Z-amino~5-diethylaminopentane,
NONON' N'-tetrasthyidiethylenetriamine, 3,3 -diamino-N-sthyldipropylamine,
3 3“iminobis(N,N-dimethylpropylamine}, N-methyl-1, 3-diaminopropane, dibtutylene-
triamine, diethylenstriamine, - dipropylenatriamine, triethylenetetraamine,
tetrasthylenepentamine,  pentaethylenehexaamine, hexamethylenstetraamine  and

bis{hexamethylenejtriamine, or combinations thersof.

In cerfain embodiments, the amine used is 3-dimethylaminopropylamine,
3-diethylamino-propytamine, 1-(2-aminoethylpyrrolidine, N N-dimethylethylenediaming, or
combinations thereof.

As other suifable compounds, mention may also be made of heteroeyclic
compounds with aminoalkyl substitution such as 1-(3-aminopropyhimidazole and
4-(3-aminopropylymorpholine, 1-{2-aminoethyl}pipéridine, 3,3-diamino-N-methyl-
dipropylamine, 3" 3-aminobis(N,N-dimethylpropylamine). The latter has been mentioned in
the preceding list.

As cther compounds containing a nitrogen or oxygen atom which are also capable
of fusing with the acylation agent and which also have a ferfiary amine function, mention
may be made of: alkanolamines, notably without any limitation, triethanolamine,
irimethanolaming, N,N-dimethylaminopropanol, N, N-diethylaminopropanol,
N N-diethylamincbutanol,  N,N.N-tris(hydroxyéthyhamine  and N N, N-tris(hydroxyl-

methyl)amine.
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The detergents of the succinimide qualernary ammonium salt type of the present
invention are formed by combination of the reaclion product described above (the reaction
product of an acylation agent with hydrocarbon substitution and of a compound including
an oxygen or nitrogen atom capable of fusing with said acylation agent and further
including at least one terfiary amine function) with a suitable guaternization agent for
converting the tertiary amine function into a quaternary nifrogen. Suitable quaternization
agents are detailed below.

in certain embodiments, these preparations may be carried out without any solvent
or in the presence of a sclvent as described above. As a non-limiting example,

preparations of succinimide quaternary ammonium salts are indicated below.
Example Q-1

Succinic polyisobutylene anhydride (100 parts by weight) which, as for i, is
prepared by reaction of polyisobutylene with sirong vinvlidene content with a number
average molecular mass equal to 1,000 and of maleic anhydride, is heated to 80°C and is
loaded in a jacketed reactor equipped with a stirrer, a condensor, a supply pump attached
to a sub-addition tube (addition under the surface of the reaction mixture), with a nitrogen
conduit and a thermocoupleftemperature regulator. The reactor is healed to 100°C.
Dimethylaminopropylamine (10.9 parts by weight} is loaded into the reaction, while
maintaining the femperature of the batch below 120°C, within 8 hours. The reaction
mixture is then heated to 150°C and held at this temperature for 4 hours, in order to obtain
a non-guaternized succinimide detergent.

A portion of the non-quaternized succinimide detergent (100 parts by weight) is
then loaded in a similar reactor. Acetic acid (5.8 parts by weight) and 2-ethylhexanol
(38 .4 parts by weight) are added to the tank and the mixture is stirred and heated to 75°C.
Propylene oxide (8.5 parts by weight) is added into the reactor within 4 hours, the reaction
temperature being maintained at 75°C. The bafch is held at this temperalure for 4 hours.

The resulting product contains a quaternized succinimide detergent.

Example Q-2

A non-guaternized succinimide detergent is prepared from a succinic
polyisobutylene anhydride mixture, as described above {100 parts by weight) and with
diluting oll - Pilot 800 (17.8 parts by weight) — which is heated with stirring to 110°C under
a nitrogen atmosphere. Dimethylaminopropylamine (DMAPA, 10.8 paris by weight) is
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stowly added within 45 minutes while maintaining the temperature of the batch below

115°C. The reaction temperature is brought to 150°C and held at this value for a further 3
hours. The resuiting compound i3 a non-quaternized succinimide detergent DMAPA.

A portion of this non-quaternized succinimide detergent {100 parts by weight) is
heated with stirring o 80°C. Dimethyt sulfate (6.8 parts by weight) is loaded into the
reactor and stirring is resumed at 300 revolutions/min under a nitrogen blanket. The
exothermic reaction which occurs, raises the temperature of the balch to approximately
100°C. The reaction is maintained at 100°C for 3 hours before cooling and decantation.

The resulting product contains a dimethyl sulfate guaternary ammonium salt.

Quaternary ammoenium saits with polyalkene substitution

I an embodiment, the quaternary ammaonium sait is the reaction product:

(ixb) of an amine with polyalkene substifution comprising at least one tertiary
amine function and

(i} of a suitable quaternization agent for converting the tertiary amine function of
the compound {i} into a quaternary nitrogen.

Suitable amines with polyalkene substitution may be derived from a polymer of an
olefin and of an amine, such as ammonia, monoamines, polyamines or mixtures of thess
amines. They may be prepared by all kinds of methods. Suitable amines with polyalkene
substitution or amines from which they derive, contain a tertiary amine function or else
may be alkylated until they contain a tertlary amine function, from the moment that the
amine with polyalkene substitution has at leas! one tertiary amine function when it is
reacted with the quaternization agent.

A method for preparing an amine with polyalkene substitution consists of reacting
a halogenated olefin polymer with an amine, as disclosed in patents US 3,275,554,
3,438,757, 3,454 555, 3,565,804, 3,755,433 and 3,822,289,

Another method for preparing an amine with polyalkene substitution consists of
reacting a hydro~-formylated olefin with a polyamine and of hydrogenating the reaction
product, as disclosed by patents US 5,567,845 and 5,496,383,

Ancther method for preparing an amine with polyalkene substitution consists of
converting a polyalkene, by means of a conventional epoxidation reagent, with or without
a catalyst, into a corresponding epoxide and of converting the epoxide into an amine with
polyalkene substitution by reaction with ammonia or an amine under reducing amination
conditions, as disclosed by patent US 5,350,428,
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Another methad for preparing an amine with polyalkene substitution consisis of

hydrogenating a R-aminonitrile, prepared by reaction of an amine with a nitrile, as
disclosed in patent US 5,492,641,

Another further method for preparing an amine with polyalkene substitution
consists of hydroformylating polybutene or polyisobutylene, with a catalyst, such as
rhodium or cobalt, in the presence of CO, H, and NHs; at high pressures and
temperatures, as disclosed by patents US 4,832,702, 5,496,383 and 5,587 845,

The methods above for preparing amines with a polyalkene substitution are only
given as an illustration and do not mean {o be an exhaustive list. The scope of amines
with polyalkene substilution of the present invention is not limited to their preparation
methods disclosed above.

The amine with polyalkene substitution may be derived from polymars of olefins.
Suitable polymers of olefins for preparing the amines with polyalkene substitution of the
invention are the same as those described above.

The amine with polyalkene subslifution may be derived from ammonia,
monocamines, polyamines, or mixtures therecf, notably from mixtures of different
monoamines, from mixtures of different polyamines, and from mixtures of monoamines
and of polyamines {including diamines). As sujtable amines, mention may be made of
aliphatic, aromatic, heterocyclic and carbocyclic amines.

in an embodiment, the amines may be characterized by the formula:
12

R
/
H—N

Y 13

RT w0
wherein R and R™ each represent independently a hydrogen atom, a hydrocarbon
group, a hydrocarbon group with amino substitution, a hydrocarbon group with hydroxy
substitution, a hydrocarbon group with alkoxy substitution or acylimidoy! groups, provided
that not more than one of the radicals R and R represents a hydrogen atom.

The amine may be characterized by the presence of at least one primary (H;N-) or
secondary (H-N<}) amino group. These amines or the amines with polyalkene substitution
for which they are used for preparing them, may be alkylated if required in order to make
sure that they contain at least one tertiary amine function. As examples of suitable
monoamines, mention may ke made of ethylamine, dimethylamine, diethylamine,
n-butylamine, dibutylamine, allylamine, isobutylamine, cocoamine, slearylamine,
laurylamine, methyllaurylamine, oleylamine, N-methyl-octylamine, dodecylamine,

diethanolamine, morpholine and octadecylamine.
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Among the polyamines from which the detergent is derived, mention may mainly

be made of alkyleneamines, most of them fitting the formula:

14 4
R R

N—(Alleylene-N)_
H N 14

o ®

wherein n is an integer typically less than 10, each R represents independently a
g E

hydrogen atormn or a hydrocarbon group typically including up to 30 carbon atoms, and the
atkylene group is typically an alkylena group including less than 8 carbon atoms.

Among the alkyleneamines, mention may mainly be made of ethylensamines,
hexyleneamines, heptyleneamines, oclyleneamines, other polymethyleneamines. Specific

examples  thereof are the following

e

ethylenediamine,  diethylenetriamine,
triethylenetetramine, propylenediamine, decamethvienediamine, octamethylenediamine,
ditheptamethylene)iriamine, tripropylenetetramine, tetrasthylenepentamine, trimethyiene-
diamine, peniaethylenehexamine, diftrimethylenejtriamine, aminopropyimorpholine and
dimethylaminopropylamine. Higher homologs such as those cblained by fusion of two or
more than fwo of the alkylene-amines indicated above are also useful.
Tetraethylenepentamine is particularly useful,

The ethyleneamines, which are alsc called polyethylenepolyamines, are most
particularly useful. They are described in detail in the column "Ethylene Amines” in the
Encyclopedia of Chemical Technology, Kirk and Cthimer, Vol. 5, pp. 898-905, Interscience
Publishers, New York {1950).

All the amines with polyalkene substitution above, or the amines from which they
derive, which are secondary or primary amines, may be alkylated into tertiary amines by
means of alkylation agents before being reacted with quaternization agents for forming
additives of the quaternary ammonium salt type of the present invention. As suitable
alkylation agents, mention may be made of the quaternization agents mentioned below.

The quaternary ammonium salts of amines with polyalkene substitution of the
present invention are formed by combination of the reaction product described above (the
amine with polyalkene substitution, including at least one tertiary amine function) with a
suifable guatemizalion agent in order to convert the terfiary amine function info a
quaternary nitrogen. Suilable quaternization agents are detalled below. As a non-limiting
example, a preparation of a quaternary ammonium salt of an amine with polyalkyene

substifution is shown below.
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A suitable apparatus for handling chiorine and hydrogen chioride gas {(a giass
reactor, glass stirrer, gaskets in PTFE, thermowell in glass for a thermocouple) is
connected (0 washing devices with sodium hydroxide. The glass tank is loaded with
polyischutyiene at a low content of vinylidene of Mn 1,000 (PIB, 100 grams) and is heated
to 110-120°C. Chlorine (70 grams) is bubbled in the reactor for within 7 hours. The
reaction mixture is then swept with nitrogen at 110-120°C for one night in order to remove
HCL

The resulting PIB chloride is transferred into an autoclave and the autoclave is
sealed. For each mole (~1,030g) of PIB chloride, is added 1 mole of dimethylamine gas
(DMA, 45g) and the reaction is healed 1o 160-170°C and is held at this temperature for 8
hours, or untit a drop In pressure is no longer observad. The reaction is cooled to room
temperature and the pressure is released. A sufficient amount of solvent Solvessc™ 150
is added in order {o have a solution with 70% by weight of active substances and the
reaction is stirred until it is homogeneous. The resulting polyisobutene-dimethylamine
(PIB-DMA) solution is transferred info a dropping funnel and washed twice with a 2M
sodium hydroxide solution, in order fo remove HCl and NaCl. After separation, the product
is dried on MgSQO. and is filtered through a layer of Celite™ (diatomaceous earth).

The resulting PIB-DMA solution (41 grams of solution with 70% of active
substances) is loaded into 2 glass reactor and stirred at room temperature. Dimethyt
sulfate (3.3 grams) is added dropwise within one minute in order to obtain the quaternary
ammonium sali. The mixture is stirred at room temperature for 1 hour under a nitrogen
blanket and is sampled and titered with a green bromocresol indicator. The resuliing
compound is a detergent of the type of a quaternary ammonium salt of an amine with
polyalkyene substitution.

Quaternary ammonium Mannich salt

in an embodiment, the quaternary ammonium salt is the reaction product

{i{c) of a Mannich reaction product and

(i) of a suitable quaternization agent for converting the terfiary amine function of
the compound (i) info a quaternary nifrogen.

The suitable Mannich reaction products have at least one tertiary amine function
and are prepared by reaction of a phenol with hydrocarbon substitution, of an aldehyde
and of an amine.

The hydrocarbon substituent of the phenol with hydrocarbon substitution may

include from 10 to 400 carbon atoms, in another case from 30 to 180 carbon atoms, and
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in another case a further 10 or 40 to 110 carbon atoms. This hydrocarbon substituent may

be derived from an olefin or from a polyolefin. As useful olefins, mention may be made of
a]pha—o%eﬁms, such as 1-decene, which are commercially available. As suilable
polyolefins, mention may be made of those described in the preceding paragraph. The
phenol with hiydrocarbon substitution may be prepared by alkylation of a phenol with one
of these suitable olefins or polyolefins, such as a polyisohutylene or a polypropylene, by
means of well-known alkylation methods.

The aldehyde used for forming the Mannich detergent may include from 1 to 10
carbon atoms, and is generally formaldehyde or one of its reactive equivalents such as
formalin or paraformaldehyde.

The amine used for forming the Mannich detergent may be a moncamine or a
polyamine. The suitable amines for preparing the Mannich reaction product of the
invention are the same as those described in the preceding paragraphs.

in an embodiment, the Mannich detergent is prepared by reaction of a phenol with
hydrocarbon substitution, of an aldehyde and of an amine, as described in patent
Us 5,697,988,

in an embodiment, the Mannich reaction product is prepared from an alkylphenol
derived from a polyisobulylene, from formaldehyde and from a primary monoamine, a
secondary monocamine or an atkylenediamine.

I certain of these embodiments, the amine is ethylenediamine or dimethylamine.
Other suitable methods for preparing Mannich reaction products will be found in patents
US 5,876,468 and 5,876,468,

As indicated above, it may be necessary with certain of the amines to then react
the Mannich reaction product with an epoxide or a carbonate, or another alkylation agent,
in order to obtain the tertiary amine function.

The Mannich quaternary ammonium salts of the present invention are formed by
combination of the reaction product described above (the Mannich reaction product
including at least one tertiary amine function) with a suitable guaternization agent for
converting the tertiary amine function into a quaternary nitrogen. Suitable guaternization
agents are delailed below. As a nop-limiting example, a preparation of a Mannich

quaternary ammonium saft is shown below.
Example Q-4

Alkylated phenol (800 g) which, as for it, is prepared from polyiscbutylene of Mn
1,000, and from diluting oit SO-44 (240 g) are loaded in a reaclor according fo the

description above, A nitrogen blanket is applied to the tank and the mixture is stirred at
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100 rpm. To this mixture, formalin (55.9 g) is added (dropwise) for 50 minutes. After this,

dimethylamine (DMA, 73.3 g) is added (dropwise) for the next 50 minutes. The mixiure is
heated to 68°C and held for one hour at this temperature. The mixture is then heated fo
106°C and maintained for a further 2 hours at this temperature. The temperature of the
mixiure is then brought to 130°C and maintained for 30 minutes at this temperature before
letling the mixture return to room femperature. The mixture is purified by distillation in
vacuo {(at 130°C and -0,9 bars) in order o remove fhe remaining water, optionally for
obtaining a Mannich DMA,

The Mannich DMA (1,700 g) is introduced into a reactor. Styrene oxide (263 g),
acetic acid (66 g) and methanol (4564 g) are added to the tank and the mixiure is heated
with stirring and reflux (~75°C) for 8.5 hours under a nitrogen blanket. The reaction is
purified by distillation in vacuo (al 38°C and at -0.8 bars). The resulting compound is a

detergent of the Mannich quaternary ammonium salt type.

Quaternization agent

As suitable quaternization agenis for preparing any of the detergents of the
quaternary ammonium salt type described above, mention may be made of dialkyl
sulfates, benzyl halides, carbonates with hydrocarbon substitution, epoxides with
hydrocarbon substitution used in combination with an acid, or mixiures thereof.

in an embodiment, the quaternization agent comprises halides such as chioride,
iodide or bromide; hydroxides; sulfonates, alkyl sulfates such as dimethyl sulfate:
sultones; phosphates; Cyyy alkylphosphates; Cqqp di-alkyiphosphates; borates; Ciq
atkylborates, nifrites; nitrates; carbonates, dicarbonates, alkanoates, OO-di-
(Cq.a2)alkyl dithiophosphates, or mixiures thersof.

In an embodiment, the quaternizalion agent may be: a dialkyl sulfate such as
dimethyl sulfate, N-oxides, sultones such as propane- or butane-sultone, alkyl, acyl or
aralkyl halides such as methy! and ethyl chioride, bromide or iodide or benzyl chloride,
carbontes with hydrocarbyt {or alkyl) substitution, or combinations thereof. if the alkyl
halide is benzyl chloride, the aromatic ring is oplionally further substituted with alkyl or
alkenyl groups.

The hydrocarbon (or alkyl) groups of the carbonates with hydrocarbon substitution
may contain from 110 50, 210 20, 1 to 10 or 1 10 5 carbon atoms per group.

In an embodiment, the carbonates with hydrocarbon substitution contain two
hydrocarbon groups which may either be identical or different. As suitable examples of
carbonates with hydrocarbon substitution, mention may be made of dimethyl or diethy!

carbonate.
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in another embodiment, the gualernization agent may be an epoxide with

hydrocarbon substitution, fllustrated by the following formula:

Rw O er

18

=3 (1X)
wherein R", R R" and R"™ may represent independently H or a C.g hydrocarbon group.
As suitable examples of epoxide with hydrocarbon substitution, mention made be made
of. styrene oxide, ethylene oxide, propylene oxide, butylene oxide, stilbene oxide, Cisq
epoxides or combinations thereof.

All the quaternization agents described above, whichever they might be, notably
epoxides with hydrocarbon substitution, may be used in combination with an acid. As
suitable acids, mention may be made of carboxylic acids, such as acetic acid, proplonic

acid, butyric acld and the like.

Preferably, the acylation agent with hydrocarbon substitution is polyiscbutylene
succinic anhydride and the compound including an oxygen or nitrogen atom capable of
fusing said acylation agent is selected from dimethylaminopropylamine, N-methyl-1,3-
diaminopropane, N,N-dimethylaminopropylamine, N N-diethylaminopropylamine,
N N-dimethylaminoethylamine, diethylenetriamine,  dipropylenetriamine,  dibutylene-
triamine, tiethylenetetraamine, tetraethylenepentaamine, pentaesthylenehexaamine,

hexamethylenetetraamine and bis(hexamethylenejiriamine.

Oxygenated detergent

In certain embodiments, the compositions of the present invention further comprise
an oxygenated detergent additive,

The oxygenated detergeni addilive may comprise a hydrocarbon compound
bearing at least two substituents which are carboxy functions in the form of acids or at
least one carboxy function in anhydride form.

In certain embodiments, the oxygenated detergent additive is a hydrocarbon
compound bearing at least two substifuents which are carboxy functions in the form of
acids or anhydrides.

In other embodiments, the oxygenated delergent additive is a succinic acylation
agent with hydrocarbon substitution.

in other embodiments, the oxygenated detergent additive with hydrocarbon

substitution is a dimeric acid compound.
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In other further embodiments, the oxygenated detergent addifive with hydrocarbon

substitution of the present invention comprises a combination of two or more than two of
oxygenated detergents described in this column,

As a suitable oxygenated detergent additive with hydrocarbon substitution,
mention may be made of dimeric acids. Dimeric acids are a type of diacid polymer derived
from fatty acids and/or from polyolefins, nolably the polvalkenes described here which
contain an acid function.

In certain embodiments, the dimeric acids used in the present invention are
derived from Cag-Cag, Gi2-Cag and/or C4-Cqg polyolefins.

Among these oxygenated detergent addiiives 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
embodiments, the agents are anhydrides and in other further embodimenis, the agents
are hydrolyzed anhydrides. The hydrocarbon compound of the substituted hydrocarbon
additive and/or the primary hydrocarbon group of the succinic acylation agent with
hydrocarbon substitution generally contains an average of at least 8, or 30, or 35 up to
350, or up to 200, or up to 100 carbon atoms.

in an embodiment, the hydrocarbon group is derived from a polyalkene.

As suitable polyalkenes, mention may be made of homopolymers and interpolymers of
polymerizable olefin monomers with from 2 to 16 or 6 or 4 carbon atoms. As suitable
olafins and polyolefing, mention may be made of all those described in the preceding
columns.

In certain embodiments, the olefin is a monoolefin such as ethylene, propylene,
1-butene, isobutene and 1-octene, or a polyolsfinic monomer, such as a diolefinic
monamer such as 1,3-butadiene and isoprene.

In an embodiment, the interpolymer is a homopclymer. An example of a polymer is
polybutene. In a particular case, 50% of the polybutene stems from isobutlylene.
Polyalkenes are prepared by standard operaling procedures.

In an embodiment, the hydrocarbon groups are derived from polyalkenes for which
the Mn value is of at least 1,300, or 1,500, or 1,600 up to 5,000, or up to 3,000, or up to
2,500, or up to 2,000, or up to 1,800, and the Mw/Mn ratio is 1.5 0r 1.8, or 2, orup to 2.5
to 3.6, orup to 3.2.

In certain embodiments, the polyalkene is a polyisobutylene having a molecular
mass from 800 to 1,200.

In another embodiment, the acylation agents with hydrocarbon substitution and/or

substituted succinic acylation agenis are prepared by reaction of the polyalkena described
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above with an excess of maleic anhydride in order to obtain substituted succinic acylation

agents in which the number of succinic groups for each weight equivalent of substituting
group is of at least 1.3, orup to 1.5, orup 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 polyatkene may here
be any of those described above.

In another embodiment, the hydrocarbon and/or the hydrocarbon group containg
an average of 8, or 10, or 12 up to 40, or up to 30, or up to 24 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, olefin
oligomer or polyalkene which reacts.

As examples of patenis describing various operating procedures for preparing
useful acylation agents, mention may be made of patents US 3,172,892, 3,215,707,
3,219,666, 3,231,587, 3,912,784, 4,110,349 and 4,234,435,

In certain embodiments, the oxygenated detergents with hydrocarbon substitution
and/or the succinic acylation agents with hydrocarbon substitution contain a diacid
function.

In certain embodiments, the hydrocarbon group of the succinic acylation agent with
hydrocarbon substitution is derived from polyisobutylene and the diacid function of the
agent is derived from carboxylic acid groups, such as a succinic acid with hydrocarbon
substitution.

In cerfain embodiments, the acylation agent with hydrocarbon substitution
comprises one of several succinic anhydride groups with hydrocarbon substitution.

In certain embadiments, the acylation agent with hydrocarbon substitution
comprises one or several hydrolyzed succinic anhydride groups with hydrocarbon

substifution.

In certain embodiments, the oxygenated detergent is a polyisobutylene compound
including a suceinic anhydride or succinic acid head group.

The oxygenated detergent may be a succinic polyisobulylene anhydride and/or a
hydrolyzed version of the fatter. The preparation of suitable oxygenated detergents is
desoribed in International Patent Application WG 2006/083161 A2,

As a non-limiting example, the preparations of two oxygenating detergents are
shown below.
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Example O-1

Glissopal™ 1000 (18.18 kg) is loaded in a tank sealed at 100°C and stirred. The
tank 18 heated to 187°C and vacuum is applied. The iank is then pressurized with a
nitrogen atmosphere (1 bar) while it is heated to 175°C. Once the product has reached
175°C, maleic anhydride {2.32 kg) is added by means of a syringe pump with a heated
jacket (1ISCO pump) within about 8 hours. The reaction temperature is slowly raised, for
the whole duration of the supply of maleic anhydride, from 175°C in order to atiain 225°C
at the end of the loading. The reaction is then held at 225°C for a further 10 hours. The
resulting polyisobutylene succinic anhydride (PIBSA) has a kinematic viscosity at 106°C of
570 ¢St {mmis) and a total acid number (TAN) of 127 mg KOH/g.

The PIBSA of example O-1 (340 g) is loaded into a reactor and mixed with Pilot™
900 (60 g). The contents of the tank is stirred at 400 rpm for 1 hour, and then heated to
90°C. The tank is then loaded with nitrogen in order to provide an inert atmosphere. Water
(5.9 g) is added to the mixiure within 10 minutes. The mixiure is then stirred for 2 hours.
The resulting hydrolyzed PIBSA has a total acid number of 163 mg/KOH and a kinematic
viscosity at 100°C of 500 mm/s (cSt). The product formed contained 85% by weight of
hydrolyzed product and 16% by weight of Pilot® 900. The carbonyl/water ratio Is 0.5/1.

When the detergent compositions of the present invention contain both a detergent
of the quaternary ammonium salt type and an oxygenated detergent, the weight ratio of
the detergent of the quaternary ammonium sall 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 1o 7/1, all the weight ratios being calculated
on a basis without any solvent. In other embodiments, the weight ratio may be from 2/1 1o
411,

As understood here, the term of *hydrocarbon substituent” or “hydrocarbon 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 on the
remainder of the molecule and having a mainly hydrocarbon nature. As examples of
hydrocarbon groups, mention made be made of: hydrocarbon substituents, i.e. aliphatic
substituents (for example alkyl or alkenyl), alicyclic substituents (for example cycloalkyl,
cycloalkenyl) and aromatic substituents with an aromatic, aliphatic and alicyclic

substitution, as well as the cyclic substituents in which the ring is completed with another
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portion of the molecule (for example two substituents form together a ring); substituted

hydrocarbon substituents, te. substifuents containing non-hydrocarbon groups which,
within the context of this invention, do not modify the mainly hydrocarbon nature of the
substituent (for example halogeno {most specially chioro and fluoro), hydroxy, alkoxy,
mercapto, alkylmercapto, nitro, nitroso and sulfoxy); helero-substituents, le. the
substituents which while having a mainly hydrocarbon nature, within the context of this
invention, contain something other than carbon in a ring or a chain moreover consisting of
carbon atoms. As heteroatoms, mention may be made of sulfur, oxygen, nifrogen, and this
covers supstituents like pyridyl, furyle, thienyl and hmidazolyl. Generally, not more than
two, preferably not more than one, non-hydrocarbon substituents 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 hydrocarbon group.

The present invention also relates fo a method for preparing the composition
according to the invention, said method comprising a step for putlting inte contact and
mixing a detergent and a dispersion according to the invention, whereby the composition

is obtained.

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 crysiallized form and the delergent, may be obtained by mixing the
defergent composition and the dispersion by any conventional means allowing the
rnixing, this mixing being generally obtained by stirring at a temperature close to room

temperature (from 15 to 30°C).

The weight ratio between the dispersion and the detergent composition may
greatly vary according to different parameters such as the characteristics of the engine
and of its equipment notably the fuel injectors, its polluting emissions, notably the
amount of emitted soots, the architecture of the exhaust and depollution fine, notably
the use of a PF or a Catalyzed Filler containing a catalyst 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 area in which the vehicle will
circulate, the latter defining the quality of the fuel which the vehicle wil] use.

This weight ratic 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 betlween 30/70 and 70/30. The ratio may
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advantageously be selected beyond 50/50 ie. with a iarger proportion of dispersion

than of detergent,

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

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

The organic dispersions according to 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 contains not very stable fractions such as fractions of biofusls
like methyl esters of vegetable oils. The stability of the fuel may be measured through
its resistance to oxidation.

For this several types of tast are known to the profession. Mention may be made of
the test based on the NF EN 15751 standard (Fuels for automobiles — Fatty acid methyl
esters (FAME) and mixtures with gas oil — Determination of the stability to oxidation by an
accelerated oxidation method) consisting of oxidizing the heated fuel by air bubbling. The
vapors produced during the oxidation process are condensed in water. An increase in the
electric conductivity of this water expresses solubilization of volatile acid compounds
formed during the process of oxidation of the fuel and thereby its oxidation. This is then
referred to as an induction time, a time representing the duration of heating required for
the occurrence of a rapid increase in the electric conductivity. The greater this induction
firme, the more the fuel resists oxidation. This test is also called a RANCIMAT {est.

Anocther type of test consists of quantifying by chemical dosage (such as according
to the SO 8619 standard), increase in the acidity of the heated fusl following oxygen
bubbling (Aging test EN IS0 12205 (petroleum products — Determination of the stability to
oxidation of medium petfroleum distillates (1966)). The fime-dependent change of the
acidity is expressed according o the acidity or ATAN difference between the aged and

non-aged fuel. The greater the ATAN the more the fuel was oxidized.

The invention also relates to an additived fuel comprising a fuel and a composition

according fo the invention.

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 1o the invention, whereby the additived fuel is obtained.
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The compositions according to the invention may be used as a fuel additive for

internal combustion engines, more particularly as an additive of gasoils for diesel engines
or other engines such as certain gasoline engines emitling soofs or carbonaceous
particles, and for example as addilives of biofuels.

They may more generaily be used as combustion additives in combustible
materials or liquid fuels of energy generators such as internal combustion engines

{positive ignition engines), electric generating sets, oil burners or jet propulsion engines.

The additive fuels according to the invention may be used in combination with a PF
not containing any catalyst, or efse with a PF confaining a catalyst such as a CSF.

The nature of the catalyst making up the CSF may be of any type, notably based
on precious metals such as platinum or palladium associated with different supporting or
binding materials such as alumina. Maierials which may be reduced like oxides based on
rare earths, such as cerium oxide or oxides based on manganese may alsc be

associated.

The compositions according to the invention or a Fuel Borne Catalyst (FBC), may
ve additived 1o fuels according to any means known to one skilled in the art, both by a
vectorization device toaded on-board a vehicle but also directly additived in the fuel before
the latter is introduced on the vehicle. The latter case may advantageously be used in the
case of vehicle fleets equipped with PFs and having their own gas station for refilling with
fuel.

The devices loaded on-board the vehicle may notably be devices comprising a
tank, giving the possibility of loading on-board a volume of the composition according to
the invention and giving the possibility of covering a certain range, as well as a means for
vectorizing the composifion towards the fuel like a metering pump injecting a defined
amount of the composition into the fuel tank of the vehicle and a fool for driving this
vecterization 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 with an additive and non-additived fuel. The amount of FBC to be added fo the fuel
may widely vary depending on different parameters such as the characteristics of the
engine and of its equipment, ifs polluting emissions, notably the amount of emilted soots,
the architecture of the exhaust and depoiiuting line, notably the use of a PF or of an CSF
containing a catalyst and its proximity o the manifold of the engine, the means allowing

an increase in the temperature for triggering regeneration or else in the geographical area
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in which the vehicle will circulate, the latter defining the quality of the fuel which the

vehicle will use.

The FBC may alsc 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 particutarly 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,
whether this fuel is burned on an oxidation catalyst upstream from the PF or else by &

burner or by any other means.

Prefarably, the fuel comprised in the additived fuel is selected from the group

consisting of gas olls and biofueis.

The fuels suitable for preparing an additived fuel according to the present invention
notably comprise commercially available fuels and in certain embodiments, all the
commercially available gas oil fuels and/or biofuels.

The gas oil fuels may aiso be called diesel fuels. |

The fuels based on bio-additives are also called biofueis.

The suitable fuels for applying the invention are not too limited, and are generally
liquid at room temperature, for example from 20 to 30°C,

The liquid fuel may be a fuel of the hydrocarbon type, a fuel of a type other than a

hydrocarbon, or one of their mixtures.

The fuel of the hydrocarbon type may be a petroleum distillate, notably a gasoline
according to the definition given by the ASTM D4814 standard or a gas oil fuel according
to the definition given by the ASTM D975 standard or the European standard ENSS0+AT.

in an embodiment, the liquid fuel is a gasoline, and in another embodiment, the
liquid 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 & iquid in order to include for example hydrocarbons prepared by
a process such as the Fischer-Tropsch process.

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 progduct, which comprises an alcohol,
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an ether, a ketone, an ester of a carboxylic acid, a nitroalkane, or one of their mixtures.
The fuel of a type other than a hydrocarbon may for example comprise methanol, ethanol,
methyi-t-butyl ether, methyl ethyl ketone, frans-esterified oils and/or fats of vegetable or

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

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 ol fusl and a trans-esterified vegetable oil such as rape sesed methy!
ester and cther bio-detived fuels,

In an embodiment, the fiquid fuel is a water emulsion in a fuel of the hydrocarbon
type, a fuel of a type other than a hydrocarbon, or ene of their mixtures.

in several embodiments of this invention, the liquid fust may have a sulfur content,
on a basis by weight, which is of 5,000 ppm or less, a 1,000 ppm or less, or 300 ppm or
fess, 200 ppm or less, 30 ppm or tess or 10 ppm or less.

The liquid fuel of the invention is present in an additived fuel according to the
invention in a major amount, iL.e. generally greater than 95% by welight, and in ofher
embodiments, it is present in an amount of more than 97% by weight, of more than 99.5%

by weight or more than 59.9% by weight.

The fuels suitable for applying the present inveniion optionally comprise one or
several additional performance additives, sclvents or diluents. These performance
additives may be of any type and for example allow improvement in the distribution of the
fuel in the engine and/or the improvement of the performances 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
sterically hindered phenol, detergent andfor dispersant additives such as
nitrogen-containing 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
additional performance additives, solvents or diluents,

The additional performance additives may comprise! an antioxidant such as a
sterically hindered phenol or one of its 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 polyetheramine or a
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nitrogen-containing  detergent, notably, but without any limitation, PIB-amine

detergents/dispersants and succinimide detergent/dispersants,

The additional performance additives may alsc cover: an agent improving cold
flow such as an esterified copolymer of maleic anhydride and of styrene and/or a
copolymer of ethylene and vinyl acetate; a foam inhibitor and/or an anti-foam agent
such as a silicone oil; a de-emulsifier such as polyalkoxylaied 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 salf.

The total combined amount of the present additional performance additive
compounds, on a base without any solvent/oll, may range from 0 or 0.01% by weight to
85, 50, or even 25% by weight, or from 0.01% by weight to 20% by weight of the
it is common that the other performance additives are present in different amounts

relatively 1o sach other.

The invention also relates 10 a method for applying an internal combustion engine
comprising a step for delivering o said engine a fuel and a composition according to the

invention.

In an embodiment, the composition of the invention is combined with the fuel by
direct addition and the additived fuel is used for operating an engine equipped with an
exhaust system with & PF or a CSF.

The additived fuel containing the composition of the invention may be contained in
a fuel tank, transmitied to the engine where it is combusted, and the iron oxide particles
reduce the oxidation temperature of the soots collected in the PF.

In another embodiment, one resorts o 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, efc.,) in a tapk with a composition
separated from the fuel In these embodiments, the composition is combined or mixed
with the fuel during the operation of the engine. Like other techniques, it is alsc possible fo
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.
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The composition of the invention may be added to the fuel in an amount that such
that the iron mass content in the additived fuel is comprised from 1 ppm fo 50 ppm, more
particularly from 2 ppm to 20 ppm, in iron metal based on the fotal 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 ignifion engines and
compression ignition engines; 2 stroke or 4 stroke cycles; a liquid fuel obtained by direct
injection, indirect injection, injection by a nozzle and a carburetor; the current systems with
a rall injector and a pump-injector; engines for lightweight vehicles (for example a
passenger vehicle) and heavy duty vehicles {for example a commercial fruck); 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
systems containing elements such as EGR systems; a postireatment including a
three-way catalyst, an oxidation cafalyst, NOx absorbers and catalysts, catalyzed and
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
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
desoribed. 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 constituents described above.

EXAMPLES

FExampie 1: Prenaration of the dispersions

Dispersion 14

Preparation of the iron precursor solution

One liter of solution is prepared in the following way: 576 g of Fe(NOs); are mixed
with 99.4 g of FeCl,, 4 H,0. The mixiure is completed with distilled water in order to obtain
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
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A 8 mol.L”" NaOH solution is prepared in the following way: 240 g of soda tablets are

diluted in distiiled water in order to obtain one liter of solution.

In a one liter reactor equipped with a stiring system, a tank bottom consisting of
400 mL of sodium nitrate NaNOs solution at 3 mol.L™ is introduced. The pH of the solution
is adjusted to 11 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
solution prepared earlier. The introduction flow rates of both of these reagenis are
adjusted so that the pH is maintained constant and equal to 11 at room temperature.

823.8 g of the scolution oblained by precipitation (i.e. 21.75 g of an Fe,0; equivalent
or further 0.27 moles of Fe), neuiralized beforehand, are redispersed in a solution
ceﬁtairzéng 24.1 g of isostearic acid (Prisorine 3501 provided by Croda) and 108.4 g of
Isopar L. The suspension is infroduced into a jacketed reactor equipped with a
thermostated bath and provided with a stirrer. The reaction mixture is brought to 890°C for
4h.

After cooling, the mixture is transferred into a test fube. Demixing is observed and
a 500 mL agueous phase and a100 ml organic phase are collected.

This organic dispersion has an iron mass content of 10%, expressed on the basis
of iron metal, based on the tolal mass of the collected dispersions. The iron content is
determined by X fluorescence analysis directly on the dispersion. This same technique i

used in the foliowing of the examples for monitoring the iron content.
Dispersion 18

Preparation of the iron precursor solution

One liter of solution is prepared in the following way: 576 g of Fe(NO,); are mixed
with 89.4 g of FeCl,, 4 H,C. The mixture is completed with distilied water in order to obtain
1 liter of solution. The final concentration of iron precursors in this solution 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 distitied water in order to obtain one liter of solution.

In a one liter reacior equipped with a slirring system, a tank bolttom consisiing of

400 mL of 3 mol.L™" sodium nitrate NaNOs solution is infroduced. The pH of the solution is
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adjustable fo 13 by a few drops of soda at 6 mol/L.. The formation of the precipitate is

accomplished by simultansously adding the solution of iron precursors and the solution of
soda prepared earlier. The introduction flow rates of both of these reagents are adjusted
s0 that the pH is maintained constant and egual to 13 at room temperature.

823.8 g of the solution obtained 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 istostearic acid {Prisorine 3501, a cut provided by Croda) and 106.4 ¢
of Isopar L. The suspension is introduced intc a jacketed reactor equipped with a
thermostatic bath and provided with a stirrer. The reaction mixture is brought to 90°C for
4h.

After cooling, the mixture is transferred into a test tube. Demixing is observed and
& 500 mL aqueous phase and a 160 mi organic phase are collected.
This organic dispersion has an iron mass content of 10% expressed in iron metal

mass based on the total mass of the collected dispersion.

Characterization by X-ray diffraction {(XRD)

XRD analysis of the dispersions of Example 1 was conducted according to the
indications given in the description.

It is seen that the peaks of the diffractograms of dispersion 1A and of dispersion 1B
actually correspond to the characteristic XRD diffraction peaks of the crystallized
magnetite and/or maghemite phase (sheel ICCD 01-088-0315).

The calculation of the crystallite size according to the method shown earlier, leads
to crystallite sizes of 9 nm for the dispersion 1A and 4 nm for the dispersion 1B,

respectively.

Characterization by Transmission Electron Microscopy (TEM)

The TEM analysis was conducted according to indications given in the description.

The characteristics stemming from this TEM counting: percentage of particles of
iess than 7 nm, Qs polydispersity index P, as defined in the description are reported in
Table 1.
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Table 1: Characterization by TEM of the dispersions of Example 1

; % of particles < 7 nin Psp (nM) P
“Dispersion 1A | 72% 57 am 0.35
;w Dispersion 1B |  95% . 38nm 0.35
e [ S | S,

Characterization by Dynamic Light Scattering (DLS)

The DLS analysis was conducted according fo the indications given in the

description.

The average hydrodynamic diameters [J, in intensity are reported in Table 2.

Table 2: Characterization by DLS of dispersions of Example 1

Dispersion 1A 22|
Dispersion 1B | 116 |

A detergent composition is prepared, consisting of a succinimide quaternary
ammonium salt derived from dimethylaminopropylamine succinimide, from 2-ethylhexyl
alcohol and from acelic acid, and it is subject fo quaternization with propylene oxide and it

is prepared by a method essentially similar to the one described in Example Q-1 above.

Romtbeiiinsobafbull SN ey

A detergent composition is prepared by mixing 50 paris by weight of the
succinimide quaternary ammonium salt of Example 2A with 18 parts by weight of an
oxygenated detergent, al the parts by weight being calculated on a basis without any
solvent. The mixing of the constituents is carried out under ambient conditions. The
oxygenated detergent is a succinic polyisobutylene anhydride derived from
polyisobutylene with a strong content of vinylidene of a number average molecular mass
equal to 1,000 and from maleic anhydride and is prepared by a method essentially similar
to the one described in Example O-1.
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A detergent compositicn is prepared according to the operating procedures of
Example 2B, except that 35 parts by weight of the succinimide quaternary ammonium salt
are used with 9 parts by weight of the oxygenated detergent, all the paris by weight being

calculated on a basis without a solvent.

Exampie 2D

A detergent composition is prepared according to the operating procedures of
Exampie 2B, except that the oxygenated delergent is hydrolyzed by reaction with waler, in
order to form a succinic polyisobutylene acid prepared by a method essentially similar to

the one described in Example O-2.

A detergent composition is prepared according to the operating procedures of
Example 1A, except that the succinimide quaternary ammonium sait is derived from
dimethylaminopropylaming succinimide and from dimethyl sulfate and is prepared by a
method essentially simitar (o the one described in Example -2, except that more solvent
is present in order to ghtain a mixture having an active substance level of 65% by weight

in a petroleum naphtha solvent,

A detergent composition is prepared according to the operating procedures of
Example 2C, except that the oxygenated detergent is hydrolyzed by reaction with water, in
order to form a succinic polyisobutylene acid prepared by a method essentially similar to
the one described in Example O-2.

Example 3 Preparation of fuel additives compositions

Eight fuel additive compositions (3A to 31j consisting in mixtures of the dispersions
1A or 1B of Example 1 and of the detergenis of Examples 2A or 2F are prepared by
mixing at room temperature each liquid in controlled proportions.

Thus, 42.78 ¢ of the dispersion 1A are mixed with 32.08 g of the detergent of
Example 2F and 25.13 ¢ of solvent, said solvent being a mixture of ISOPAR and of
2-ethythexanol. The mixture is maintained with stirring at 120 rpm. The stirring of the
mixture is maintained for 30 minutes and the quality of the mixture is monitored by

measuring the iron content at the top and at the bottom of the obtained liquid.
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At the end of 30 minutes of stirring, the iron content at the top and at the bottom of

the liquid is the same. This additive composition, subsequently called composition 3B,
contains 4.3% by weight of fron metal.
The other compaositions are prepared in the same way by using controfied amounts
5 of the dispersions 1A or 1B, detergents of Example 2A or 2F and an optional solvent.
Table 3 shows the amounis of each component for the different compositions as

well as their iron condent.

Table 3: composition of the additives and iron content

dispersion detergent 5 soivéh't'wlwi{ﬁggéﬂ/;cﬁ ''''''
composition () e - <g)._ ) e
Example | Example | Example Example ;
1A B 2a |
‘M__?A 100 ' - ‘ 16.0
3B 42.78 : i 32.08 | 2513 a3
3C - 53.50 - - 26.03 20.47 5.4
30 64.88 - - 19.72 1 1540 8.5
3k - 42.84 - 32.12 25.03 4.3
3F - 53.50 - 26.03 20.47 54
3G - | 6529 . 19.72 1530 | 8.5
3o - 64.07 3593 | - 64
al S I R 26.73 ; -l 73
10
Example 4; Stabillity of the compositions in a gasol fusl
An additived fuel is prepared in order to measure the stability of the compositions
according to the invention with said fuel. For this, a certain amount of composition is
added to the fuel in order {0 reach a mass concentration of 7ppm of iron metal in the fuel.
15 The additived fuel is then continuously heated to 70 °C and the duration of stability of the

additived composition is quantified.
The additived composition is considered as stable when the ron content in the fuel
has noi decreased by more than 10%. |
The fuel used here is a fuel containing approximately 11% by mass of biofuel (falty
20 acid methyi ester or FAME) {(Table 4).
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Table 4: Main characteristics of the B10 fuel

Fuel f’ B10
Composition
Aromatic " rmass % 24
Polyaromatic mass % 4
FAME volumefvolume % ! 10.8
Sulfur mg/kg 5 |
Carbon residue (on the 10% | mass % / mass % <62
distillation residue)
' Copper ; mg/ky
Zinc mglkg 0 {

i
(

A specific amount of each of the additive compositions is added to 250 mi of fuel
so as to obtain, after homogenization, 7 ppm of iron melal in the fuel and optional
prasence of one or several detergent molecules in the added composition:

* composition 3A: 14.8 myg

* composition 3B: 25.9 mg

* composition 3C: 22.0 mg

* composition 3D: 19.3 mg

* composition 3E: 25.9 g

* composition 3F: 22.0 mg

* composition 3G 18.2 mg

* composition 3H: 23.1 mg

* composition 311 20.2 mg.

The fime dependent change in the fron content in the fuel is quantified by regularly
sampling a 20 ml volume of fuel in the upper portion of the fuel, This volume, once filtered
to 0.2 um, is analyzed by X Fluorescence in order to determine the fron content.

Table 5. Stability in the fuel at 70°C (in days)

Additived fuel Stability in the fuel §
composition 3A 1 :
composition 38 > 50*
composition 3C > 50*
composition 3D | > 50%
composition 3E s 50%
composition 3F > 5O*
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composition 3G B > B0*
composition 3H > B0~
composition 31 > 50*

*

« > x » means that the test was voluntarily stopped
after x days at 70°C, without observing over x days
any significant change in the % of Fe

itis seen (Table 5) that the compositions 38 to 31 according to the invention have
a clearly increased stablility relatively to the composition 3A without any detergent, since
no decrease in the iron content is measured after 50 days of continuous heating at 70°C
of the additived fuels. The stability of the compositions according to the invention is

therefore greater than 50 days at 70°C.

Example 5: Compatibility of the fus! and of the additive compositions

The compatibility of the fuel of the B10 type in Example 4 is measured with
addition of the additive compositions of Example 3 (3A, 38, 3C, 3D, 3E, 3F, and 3G).

For this, a cerlain amount of dispersion is added 1o the fuel in order {0 reach a
7 ppm mass concentiration of iron metal in the fuel, according fo the same procedure as
the one described in Example 4.

The compatibility of the fuel was evaluated by using the NF EN 15751 standard
{(Fueis for automobiles — Fatty acid methy! esters (FAME) and mixtures with gas oil —
Determination of the stability to oxidation by an accelerated oxidation method).

For this test, a dry air flow (10 L/h) bubbles in 7.5 g of the fuel heated io 110°C.
The vapors produced during the oxidation process are carried away by the air into a cell
containing demineralized water and an electrode measuring the conductivity of water. This
electrode is connected o a measurement and recording system. This systern indicates
the end of the induction period when the conductivity of the water rapidly increases. This
rapid increase in the conductivity is caused by solubilization in the water of the volatile
carboxylic acids formed during the oxidation process of the fuel.

Table 6 shows that in the presence of the compositions containing a detergent
containing at least one gualernary ammonium sall {compositions 3B {o 31), the induction
time of the additived fuel is greater than for the additived fuel of the composition 3A alone
(not containing any detergent of the quaternary ammonium type), which expresses less

oxidation of the fuel and thus better compatibility.
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Table 8: Induction time of the fuel with and without FBC

Induction time (h)
composition 3A 356
composition 3B 42.2
Eomposiﬁon 3C 40.9
composition 3D 39.8
composition 3E 7 417
compeosition 3F 39.8
composition 3G 37.9
composition 3H | 374
composition 3| 7

Example 8; Engine tesi for regeneration of a Particle Fiiter

The efficiency of the dispersions described in the preceding examples for
regenerating a particle filter (PF) was measured through engine tests for regenerating
PFs. For this, a diesel engine provided by the Volkswagen group (4 cviinders, 2 liters,
turbocompressor with air cooling, 81 kW) was used on an engine test bench.

The exhaust line mounted downstream is a commercial line consisting of an
oxidation catalyst containing a washcoat based on platinum and aluminum followed by a
PF in silicon carbide (PF: tofal volume 2.52 L, diameter 5.66 inches, length 5.87 inches).

The fuel used is a commercial fuel meeting the ENB90 DIN 51628 standard,
containing less than 10 ppm of sulfur and containing 7% by volume of FAME.

For these tests, the fuel is additived with different compositions 3B and 3E of
Example 3. The added composition content is adjusted so as to add into the fuel a
composition amount corresponding to 7 ppm by weight (composition 3B) or 5 ppm by
weight (composition 3E) of iran expressed in the form of fron metal based on the fotal
mass of fuel. As a comparison, a third test was conducted with the same fuel but not
additived with any composition.

The test is conducted in two successive steps: a step for loading the PF, followed
by a step for regenerating the latter. The conditions of both of these steps are strictly
identical for the three tests, except for the fuel used (either additived or not).

The loading phase is carried out by running the engine at a speed of 3000
revolutions/min (rpm) and by using a torque of 45 Nm for approximately 6 hours. This

loading phase is stopped when 12 g of particulate phases are loaded in the PF. During
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this phass, the temperature of the gases upstream from the PF is from 230 to 235°C.

Under these conditions, the emissions of particles are of about 2 g/h.

After this loading phase, the PF is disassembled and weighed in order to check the

mass of particles loaded during this phase (particulate phase amount in the PF after

loading from Table 7).

The PF is then reassembled on the bench and reheated with the engine which is

put back for 30 minutes under the operatling conditions of the loading (3,000 rpm / 45 Nm).

The conditions of the engine are then modified {(forque 80 Nm / 2,000 rpm) and

post-injection is required from the electronic central unit of the engine (ECU), which allows

a rise in temperaturg upstream from the PF to 450°C and starting the regeneration of the

PF. These conditions are maintained for 35 minutes (2100 seconds), this time being

counted from the starting of the posi-injection.

The PF regeneration efficiency is measured through two parameters:

the % of burned soots, which corresponds to the combustion rate of sools
calculated at each instant t according to the reduction in the pressure drop
AP(1):

AP{beginning of regeneration) — AP{)
8% burnt scots = (beg s T8 ) A

100

AP(beginning of regeneration)

100% of burnt soots corresponding to the stabilization of the pressure drop to
the lowest level observed under these conditions with an PF not containing any
soots. in the case of the tests conducted with the additived fuel, the pressurs
drop stabilizes before the end of the regeneration test which gives the
possibilily of caloulating this criferion. In the case of the tfest with the
non-additived fuel, the pressure drop remains high and is not stabilized which
does not allow this criterion to be calculated.

the mass of burnt pariicles during regeneration, caiculated from the weighing
operations of the PF before loading, afier loading and at the end of the

regeneration.

Generally, the higher these parameters, the more the regeneration is efficient.

The results are grouped in Table 7
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Table 7
Presence of an additive in the fuel aucun | 3B 3E
Iron content in the fuel (ppm by weight of Fe) 0 7 5
Amount of particulate phase in the PF after loading (g) 122 | 124 | 12.0 |
Arnount of iron in the PF resulting from the additive {g)* 0 0.18 | 012
Particles bumnt during the regeneration (35 minutes) (g) 22 1120115
Particles burnt during the regeneration (35 minutes) (%)} 18 1 97 | 96 |
Pressure drop at the beginning of the regeneration (mbars) | 87.1 521 850
Pressure drop after 35 minutes at 450°C (mbars) 656 | 304 | 303
% of burnt soots after 5 minutes of regeneration .- 1434 459
"%, of burnt soots after 10 minutes of regeneration TR E 837
% of bumt scots after 15 minutes of regeneration - 95.3 | 95.0
% of burnt soots after 20 minutes of regeneration - 98.7 | 98.1
“%aof burnt soots after 35 minutes of régeneraticm ' - 160 | 100

* galculated consédeﬁﬁg a loading of the PF for & hours with a fuel oonsﬁmptioz{of 4 kg/h

It is seen thal the presence of an additive in the fuel gives the possibility of
obtaining regeneration of the PF at 450 °C since 96 to 87% of the soots are burni after 35
minutes at 450°C while in the absence of the additive only 18% of the soofs are burnt. The
same applies if the pressure drop is observed on the PF which is more greatly reduced in
the presence of an additive; it drops in both cases from about 83 — 86 mbars to about
30 mbars while without any additive, the pressure drop after 35 minutes at 450°C remains
greater than 65 mbars expressing incomplete regeneration.

When the compositions 3B and 3E are compared, i is seen that both compositions
lead o closely related combustion kinetics if the time-dependent change of the pressure
drop is observed at different times through the calculation of the percent of burnt sools (5,
10, 15, 20 or 35 minutes) of the regeneration at 450°C. However, this efficiency is
obtained with a smaller amount of additive (5 ppm of ron metal here) for the additive
prepared from the dispersion containing crysiallites of the magnetite and/or maghemite
type of smaller size (4 nm here for composition 3E). When the size of the crystallites is
9 nim (composition 3B), the amount to be introduced corresponds to an iron metal confent
of 7 ppm by weight.
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The whole of the Examples illustrates that the compositions containing crystallites
of the magnetite and/or maghemite type of small size (typicaily 4 nm) may be highly

effective at & low dosage while not notably degrading the fuel.
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CLAIMS

1. A fuel additive composition comprising a dispersion and a defergent comprising a
quaternary ammonia salt, said dispersion comprising:
-~ an arganic phase;
- at least one amphiphilic agent, and
- solid objects dispersed in the organic phase, in the form of individualized

arlicles or particle aggregates, consisting of an iron compound in

o

crystallized form, such that said particles have an average size D ,,, of less

than or equal to 12 nm as measured by X-ray diffraction.

2. The composition according to claim 1. further comprising an oxygenated detergent
additive.
3. The composition according to any of claims 1 or 2, wherein the guaternary

ammonia salt comprises the reaction product:

(i) of at least one compound which may comprise:
(a) the condensation product of an acylation agent with hydrocarbon
subsiitution and of a compound comprising an oxygen or nifrogen atom
capable of condensing the acylation agent, the condensation product having
at ieast one tertiary amine function;
(b) and amine with polyalkene substitution comprising at least one tertiary
amine function; and
{c) a Mannich reaction product comprising at least one tertiary amine
function, the Mannich reaction product being derived from a phenacl with
hydrocarbon substifution, from an aldehyde and from an amine; and

{ii} of a suitable quaiernization agent Jor converting the tertiary amine function of

the compound (i) info a quaternary nitrogen.

4. The composition according fo any of claims 1 or 2, wherein the quatemary
ammonium salt comprises the product of the reaction:
() of the condensation product of an acylation agent with hydrocarbon substitution
and of a compound comprising an oxygen or nitrogen atom capable of fusing the
acylation agent, the condensation product having at least one terfiary amine function;

and
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i) of a quaternization agent comprising disikyl suifates, benzyl halides,

carbonates with hydrocarbon substitution, epoxides with hydrocarbon substitution

in combination with an acid or mixtures thereof,

5 5. The composition according to

9]

laim 4, wherein fhe acylaion agenl with

hydrocarbon substitution | yiene :

hydride and the compound

as'mg said acylabio

3

gimethylaminopropyla

I‘.J

mine, N-metnyi-1, 3-diaminopropane,

::@uprogny%an"zim}, M M-ddie “:}‘;‘x feat *}o;‘z-or‘ylﬂmm N N-dimethyl-

diethylenatriamine,

composiion

P 4 g~y o] e g e e o0
any of tha onreceding claims,

15 20 deiergent 3 polyisobutyiene ¢ inciuding 2 sucoinic
BUCCINIC ouUD
7. composition according {o any of the praceding claims, wherein the average
size 12, of the pavticles i less than oregual fo 8 nim
20
8. whersin the organic
9. . wherein the amphiphilic
25 10 0 50 carbon atoms
10, lo any of the preceding ¢
of less
30 mHCrosceny, more part 5 {han or egual ©©
& nm
11 Qartécies
be 2 i, and
E el
35
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20, A method for applying an internal combustion engine comprising a step for

M

delivering to said engine a fuel and a composition according to any of claims 1



