Fuel Conpositions The present invention relates to
fuel conpositions and additives thereto. In particular
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conpositions, especially those suitable for use in

di esel engines with high pressure fuel systens . Due

to consuner demand and | egi sl ation, diesel engines

have in recent years hecaonme nmuch nore energy

ef ficient, show i nprof&elo&AMROSitions,d have reduced

em ssi ons. These inprovenents in performance and

em ssi ons have been brought about by inprovenents in

t Alee comsustritoniprovessn Toe g eveot hBu¢lelcompositions and

at omi sation_necessary_for this inproyved.conbustion

T FAr et FERF Rt T prehe Akt BebAPBYE! SEEGTuRP e bates to
hi ghet i v eebironi pressuresl ardmeducedrisyeledpd €4 DIy those
nozzl e hol e diameters. The fuel pressure at the

i PP EEEP bR horzPeci shneheedMmBAPY PR BxEBsEieh B5EeOSBap fuel
(%%étém§08 Pa). To achi eve these pressures the work

that nus

t be done on the fuel also increases the
tenperature of the fuel. These high pressures and

t eratures can cause degradatjon, of the fue|. Diesel
e hEe i R Tt TRR R LE0uSLa b e el iesd o aghaines
biitvar ennotedddi t @date NRAVhdUuhYcH esele eings amdicient,
smal | er passenger car type diesel engines. Heavy duty

dileee] ieppPed RanfPrerude Fod yhpoertdicedgrness seeh-

as

These improvements in performance and emissions have been
brought about by improvements in the combustion process.
To achieve the fuel atomisation necessary for this
improved combustion, fuel injection equipment has been
developed which uses higher injection ©pressures and
reduced fuel injector nozzle hole diameters. The fuel
pressure at the injection nozzle is now commonly in excess
of 1500 bar (1.5 x 10% Pa). To achieve these pressures
the work that must be done on the fuel also increases the
temperature of the fuel. These high ©pressures and

temperatures can cause degradation of the fuel.

Diesel engines having high pressure fuel systems can
include but are not limited to heavy duty diesel engines
and smaller passenger car type diesel engines. Heavy duty
diesel engines can include very powerful engines such as
the MTU series 4000 diesel having 20 cylinder variants
with power output up to 4300 kW or engines such as the
Renault dXi 7 having 6 cylinders and a power output around

240kW. A typical passenger car diesel engine 1s the



the MIU series 4000 di esel having 2 0 cylinder
variants with power output up to 4300 kWor engi nes
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power output around 240CkW A typical passenger car
di esel engine is thePeugeot DW O having 4 cylinders
and a power output of 100 kWor |ess depending on the

variant. In all of the diesel engines relating to this
i BSene? onDWAD cBAMBAIf dat e I8 T8 Mlgh Priedees eyt of 100

Syt em lgé@i&@%éﬂdpﬁ§3§ﬁr@l§ei@a§f§§§§ of 1350 bar
(1.35 x 108 Pa) are used but often pressures of up to
2000 bar (2 x 108 Pa) or nore may exist. Two

non-ljmting ex | es of such high, pressure, fuel .
PRt oMb &F etnE naL EohoR FATFoi RPOCETR BystBht LRvention, a
whbehoh heehuglei S sCHPRreg§Bed ritsishirzi el hi gh-Phessypecally

punp that supplies it to the fuel injection valves
t ¥ oBYRT 25 cormscegisl CfantP thePahi t(li-Ritect i bh Bt ente used

V@&Ehof%ﬁ%?&géui@g ngﬁggﬁgfg%gcﬁﬁw_(éngg hel pa) or more

injection valve in one as Ieving the highest
posgidkestnj ecti on pressures exceedi ng 2000 bar (2 x
108 Pa) . In both systens, in pressurizing the fuel,
the fuel gets hot, often to tenperatures around 100 OC

TRE  akovel i hNe oMUk Il le Sydemsudrhe nfidel bseskored fuel
at high pressure in the central accumulator rail or .
separane aceumill ofSMpPhorraid beRngcEHePiverveédere the which

Lgﬁ%ﬁ%e&’ﬁwig LERprSOMES 0L+ 1 e, DEAL AR TYRL LSS LELUT BEAL that
supplies it to the fuel injection wvalves through a common
rail; and the unit injection system which integrates the
high-pressure pump and fuel injection wvalve in one
assembly, achieving the highest possible injection
pressures exceeding 2000 bar (2 x 10° Pa). In both
systems, 1in pressurizing the fuel, the fuel gets hot,

often to temperatures around 100°C, or above.

In common vrail systems, the fuel is stored at high
pressure 1in the central accumulator rail or separate
accumulators prior to being delivered to the injectors.
Often, some of the heated fuel 1is returned to the low
pressure side of the fuel system or returned to the fuel
tank. In unit injection systems the fuel is compressed
within the injector 1in order to generate the high
injection pressures. This in turn increases the

temperature of the fuel.

In both systems, fuel is present in the injector body

prior to injection where it is heated further due to heat



pressure side of the fuel systemor returned to the
fuel tank. In unit injection systens the fuel is
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the high injection pressures. This in turn increases
the tenperature of the fuel. In both systems, fuel is
present in the injector body prior to injection where

it is heated further due to heatfromthe conbustion

chatberh eTﬁ@Wﬁ%ﬁiﬁ%ﬂLﬁQﬁ%ﬁe¥heTF%eWeQPeFﬁéuFﬁpQﬁ tre fuel
'Qteﬁﬁgftfﬁnopetﬁé 1 98- 85y 200, -, 3505 0C hTst2g@e 350 °cC.
fuel Is stressed at pressures from 1350 %

108uPah¢ ofwweri2000rbasef 2ak QQBSPa)eanﬁrDmnﬁéﬁatbaes(1 35

f d.100 OC 0 0C
ro n%énbéing r%ﬁf%gﬁlatéﬁrgr kS tf@ﬁ %ﬁ%ﬂ ugﬁmperatures

Sﬁﬁé@nhkbuadlnqnﬁasrmg BbeOCI@&lbqr1mh|§ﬂjé@eléwplsometlmes
experi ences these conditions . A commpn problemw th

dpreked eﬁ%?hé%ul%t$%ulbﬁ@kofwiﬁ%lﬂnjEE?orfuel system thus
p?ﬁ&%ggé %ythgethﬂi ect of Q99¥h %ﬂ@ t né%?%?[ences these
nozzl e. ling may al so occur in the ftuel ter.
|lopedtoromozzl e fouling occurs when the nozzl e becones

bl ocked with deposits fromthe diesel fuel. Fouling of

fuel filters may be related to the recircul ati on of
fauelchack t®rdbhesh ugh thankied®poshbsnkeRCreasecwittlng of the
degradation of the fuel. Deposits may take the form of
ca@b%%@@@ou@aébk@ul@karé@eda@ge@Fogtb@ﬁy, oRngufipi kejector
o ?%%P%;y l%ﬂgﬁﬂﬁmF'H%§1'Qﬂéoveégchghu?dqhk!V%u%ﬁeakllter
Injector nozzle fouling occurs when the nozzle becomes

blocked with deposits from the diesel fuel. Fouling of

fuel filters may be related to the recirculation of fuel

back to the fuel tank. Deposits increase with degradation
0of the fuel. Deposits may take the form of carbonaceous
coke-like residues or sticky or gum-like residues. In

some situations very high additive treat rates may lead to
increased deposits. Diesel fuels become more and more
unstable the more they are heated, particularly if heated
under pressure. Thus diesel engines having high pressure

fuel systems may cause increased fuel degradation.

The problem of injector fouling may occur when using any
type of diesel fuels. However, some fuels may be
particularly prone to cause fouling or fouling may occur
more quickly when these fuels are used. For example, fuels
containing biodiesel have been found to produce injector
fouling more readily. Diesel fuels containing metallic
species may also lead to increased deposits. Metallic
species may be deliberately added to a fuel in additive

compositions or may be present as contaminant species.
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unstable the nore they are heated, particularly if
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pressure fuel systenms nmay cause increased fue
degradation. The problem of injector fouling may occur
when using any type of diesel fuels. However, sone

fuel s may be particularlyugrone to_cause fouling or
f O F G PRV O cuPCABEE quilckl YehRehlEheSOFYSISs areem  fuel

q§§9trfpﬁt§5§npl§§s€éﬁ%f? CQ@Qﬁkﬂkﬁg_@HQQEQ%%Ei%%ye systems,

been found to produce injector fouling nore readily.

Drelset 1€ uefsetontsaistieng , netcalllac specd Esi gaycahgonéehd and
to jincreased deposits. Metallic species. may be

GDIPDErSERTY Sed Teo FUoT= T hYSAdTT | bt RoFpedi T ofeel

or may be present as contam nant species. Contam nati on
occurs if nmetallic species fromfuel distribution .
systemstiQRehiteralai st suthion lsystensse vehfEPesSedefeprosits,

S 19t he al I Lgqconponents and J ubri cat
o%%éggﬁ%on% d?ggg%vedbog dispgrse inq?tel. Trd%%?ti%%y be
nmeyral sal hy pamrtaseultar ataulserd Incr éased a@epdesi tspb  (parts per

S ially copper .and zinc species., These,nmay be
LYbIELTT Y BResknt Sht PEVAl S\Fr ot a ewoppborRdr (8 Per Levels
bilkdDp) t4p £OuSE PPMLIths | tares bebheved that tevelsn, for
likely to cause problens are from0.1 to 50 ppm for
e&%@%@beOQiltbolgop®m$-V%en i nj ectors becone bl ocked

or partially bl ocked, the delivery of fuel is |less
efficient and there is poor

When 1injectors become blocked or partially blocked, the

delivery of fuel 1is less efficient and there 1is poor
mixing of the fuel with the air. Over time this leads to
a loss in power of the engine, increased exhaust emissions

and poor fuel economy.

As the size of the injector nozzle hole is reduced, the
relative impact of deposit build up becomes more
significant. By simple arithmetic a 5 um layer of deposit
within a 500 um hole reduces the flow area by 4% whereas
the same 5 um layer of deposit in a 200 pm hole reduces

the flow area by 9.8%.

At present, nitrogen-containing detergents may be added to
diesel fuel to reduce coking. Typical nitrogen-containing
detergents are those formed by the reaction of a
polyisobutylene-substituted succinic acid derivative with
a polyalkylene polyamine. However newer engines including
finer injector nozzles are more sensitive and current
diesel fuels may not be suitable for use with the new

engines incorporating these smaller nozzle holes.
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i njector nozzle hole is reduced, the relative inpact
of deposit build up becones e significant. By
sinple arithnmetic a 5 mmlayer of deposit within a 500
nm hol e reduces the flow area by 4% whereas the sanme 5

i | QY EFTof- PRSI taih BEIOOTRATAG & ridduees e FPBRAINING
a{@@s@y:é%é%@efm:nBE§§@nthoPé§r99ﬁﬂfCgﬂﬁﬁb@'n@reat rates of

detergents may be added to diesel fuel "to reduce

ceki figinJypi@dl t Ine$ ogers bbntredar ng deter gerstesl.are This  is
thosg for ned bédthe Eﬁactio%_of a nigh t .
pbi Yt sbbtityr eRBYsaBEET Y ut 84 dCeiTHY actHF HeV FLAL VA" trea
wibhea pohyal kyl enespofyammg, However newer engines
including finer injector nozzles are nore sensitive

and current diesel fuels nay not be suitable for use

Wi bt r??&f”gi[‘%?eﬁ@&?rp%éy ”gd&l?g%S sgel 1 8fcse1  fuel
nozzl e holes.In order to maintain per orﬁance Mﬁtﬁ
enghpesi comt ai nhhght hése siedd einnozelse lhdresimarchwith high

R 0SRH S ThISISIS | AGPFERPant PO oot 15D n SamgoPnance

Cashsa ¥ed Ywhitghatéeat radesce&mbod s0okause £l bAdor art.
The present inventor has devel oped diesel fue

conposi tions which when used in diesel engines wth

B%??opéf§§:£g £u§£r§¥35§B§cPr8¥igﬁeiﬂpég¥ﬁg invention there

or man
is provided a diesel fuel composition comprising a

performance enhancing additive, wherein the performance
enhancing additive 1s the product of a Mannich reaction
between:

(a) an aldehyde;

(b) a polyamine; and

(c) an optionally substituted phenol;

wherein the or each substituent of the phenol component

(c) has an average molecular weight of less than 400.

Preferably molecules of the performance enhancing additive
product have an average molecular weight of less than
10000, preferably less than 7500, preferably less than
2000, more preferably less than 1500, preferably less than
1300, for example less than 1200, preferably less than
1100, for example less than 1000.

Preferably the performance enhancing additive product has
a molecular weight of less than 900, more preferably less

than 850 and most preferably less than 800.
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art. According to a first aspect of the present
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conprising a performance enhanci ng additive, wherein
the performance enhancing additive is the product of a
Manni ch reaction between : (a) an al dehyde; (b) a

pol yam ne; and (c) an optionally substituted phenol;
WY ei ML AHY P duth éﬁ%sﬂﬁ%ﬁbn@sofatﬁ€h§ﬁ€nopomponent (a) .

C@P@P@Fé‘}%l C)r s a%'&le%‘ﬁ;%lr ageofpbaeHtar (wei ght aofy 1 §3Sphatic

than 400. Preferably nolecul es of the perfornance
ebhaddlcy®g. addPreverpboducthchaveédahydeeriage ol eculldr carbon

wej ght of |ess an 10000 er abl y Iess t han
TPt Py ETaEabiRad 20005 RBFRCHr reris! " oot Rantably 1
15680, 3 prefreyabl ythess thmOéBO%rémraa%mplteld esg dehgidle is
1200, géeferably | ess than 1100, for exanple |ess than
1boore pleteiabl y the performance enhancing additive

product has a nol ecul ar wei ght of |ess than 900, nore
preferably |l ess than 850 and nost preferably | ess than

8P01 vmyimad debydenany [ie) used as addehydsl conponeny Cajpound
.. Preferably the al dehyde conpone

S BhATTES ] ity de  PRbfor S0V 4 ne Al by de RESTETARLY che
10- casbone ationsa el @rab)yerde t @0 yeafiben at s rdmAy the
preferably 1 to 3 carbon atons. Mst preferably the
aP@hﬁ@@én$s is a polyalkylene polyamine in which the
alkylene component has 1 to 6, preferably 1 to 4, most
preferably 2 to 3 carbon atoms. Most preferably the

polyamine is a polyethylene polyamine.

Preferably the polyamine has 2 to 15 nitrogen atoms,
preferably 2 to 10 nitrogen atoms, more preferably 2 to 8

nitrogen atoms or in some cases 3 to 8 nitrogen atoms.

In especially preferred embodiments, polyamine component
(b) includes the moiety R'R’NCHR’CHR’NR’R® wherein each of
R', R?’, R’, R', R° and R° is independently selected from
hydrogen, and an optionally substituted alkyl, alkenyl,
alkynyl, aryl, alkylaryl or arylalkyl substituent.

Thus the polyamine reactants used to make the Mannich
reaction products of the present 1invention preferably
include an optionally substituted ethylene diamine

residue.

Preferably at least one of R' and R* is hydrogen.
Preferably both of R' and R? are hydrogen.



formal dehyde . Pol yam ne conponent (b) nmay be sel ected
fromany conpound including two or nbre an ne groups.
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Preferably the polyam ne is a polyal kyl ene pol yam ne

in which the alkyl ene conponent has 1 to 6 ,

preferably 1 to 4 , nost preferably 2 to 3 carbon

atons. Most preferablg the_po] yanine.is a pol yethyl ene

poF GapF MelY pref kpabt yE YR pok yahi neRhadn@ ?oiﬁﬁ? fydrogen.
nitrogen atons, preferably 2 to 10 nitrogen atons,

nore preferably 2 to 8 nitrogen atons or in sone cases
Prof8raptyogenlasensonenodéspeciall §' prefleydedgen. In some

enbodi nment s ol.yam ne caonponent _{b) inclhudes .th

o ey R REER S A ReRe ol efin Badnfof 1 ROgs . o
Réom&S arshb Rondrscd naependettgrspdrectzed f ROMydragsn, for
and an optionally substituted alkyl, alkenyl, alkynyl,
a?¥PP BE kyl dryICior L&YY F aPRYPCSaBSYi 'GERYL - Thus t he

pol yam ne reactants used to nmake the Mannich reaction
products of the present invention preferably include
ahr®©$t@MHYIptsubsabtukﬁdeebﬁyl%%eaddaﬁfheisesﬁdueptionally

Pr ef er abl t |l east one of a R2 is hydrogen.

P e 8 ABr Y Dot RIS SR o are T ogentProf By el oF
tatgastkiWos@pétRdent R 2, R 5 and R 6 are hydrogen,
Preferably at least one o f R3 and R 4 i s hydrogen.

In sone preferred enbodi nents each o f R3 and R4 i s
hfgrggggdihgnts in which at least one of R}, R?, R?, RY, R’

and R° is not hydrogen, each is independently selected
from an optionally substituted alkyl, alkenyl, alkynyl,
aryl, alkylaryl or arylalkyl moiety. Preferably each 1is
independently selected from hydrogen and an optionally
substituted C(1-6) alkyl moiety.

In particularly preferred compounds each of R', R?, R’, R?
and R’ is hydrogen and R® is an optionally substituted
alkyl, alkenyl, alkynyl, aryl, alkylaryl or arylalkyl
substituent. Preferably R° is an optionally substituted
C(l-6) alkyl moiety.

Such an alkyl moiety may be substituted with one or more
groups selected from hydroxyl, amino (especially
unsubstituted amino; -NH-, -NH;), sulpho, sulphoxy, C(1-4)
alkoxy, nitro, halo (especially chloro or fluoro) and

mercapto.

There may be one or more heterocatoms incorporated into the
alkyl chain, for example O, N or S, to provide an ether,

amine or thiocether.
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ssoomree eembbooddi i mreennttss R 3 iiss
hhyyddrrooggeenn aanndd R "4 i s alkyl, for exanple C

WO 24090408824 al kyl , especially nethyl. Preferabl pCEGB2008/050864

least one o f R5 and R6 i s a n optionally
substituted al kyl, al kenyl, a%%ynyl, aryl, alkylaryl o
r aryl al kyl substituent In enbodi nents in which at

| east one o f

R1
n%%peﬁ%%b%npr@é@ﬁr?ds Slup?ééﬂéh]@@ﬁtsl )Rselpgcté% flem R nor R’
0&%%9&%@“@%1%%?9@' kyly., aﬁhhsﬂxb 1%5%@)&1 aéxbeually

kylaryl o r arylal kyl noiety. Pref erab y each
i hoependeéht| pndeHeldt @dbfGtom. hydr ogen and a n
optionally substituted C (1-6) alkyl noiety. In
particularly preferred conpounds each o f R1, R 2,

RditalR ¢ and BoiyiamanI@yCirrﬁgem@amdoﬁﬁ &mSn@ MAunctionality,
optionally substituted alk al kenyl, al kynyl, aryl,
abky?Btye ¢ %}9@%?kyfu%%%h%%%%%¥%¢¥tuueenntt
PPrreeffeerably R6 i s a n optionally substltuted C

(1-6) alkyl noiety. Such a n alkyl noiety may b e

Slbst i tutlegdmiineh omey o r foor e apoupse sel eet ecsdraomed  from
hydr o amno (e cially unsubstituted ino; -NH, .
S fhea B e, CAOFERBLe e EE AR ol koks S Bhg o Ertmine,
hedor{ especé@dbynehhof®, o r fluoro) apdnfBEEARPtBnehexamine,
There may b e one o r nore heteroatons incorporated

i ot hey spRPeR PN e f oReRkanph Ll @Ot aMENS, , Progane-1, 2-

pcﬁ? h e a rbgé'}ﬁ{ m AM 1%@ 0@&% v Espeg Al Mo _pis  (2-
pre erred su stlerntgﬂﬁﬁ 43 %; 'R5 “or * (

aminocethyl) ethylenediamine N (CH,CH,;NH») 3) . Most
preferably the polyamine comprises tetraethylenepentamine

or especially ethylenediamine.

Commercially available sources of polyamines typically
contain mixtures of isomers and/or oligomers, and products
prepared from these commercially available mixtures fall

within the scope of the present invention.

Optionally substituted phenol component (c) may be
substituted with 0 to 4 groups on the aromatic ring (in
addition to the phenol OH). For example it may be a tri-
or di-substituted phenol. Most preferably component (c)
is a mono-substituted phenol. Substitution may be at the

ortho, and/or meta, and/or para position(s).

Fach phenol moiety may be ortho, meta or para substituted
with the aldehyde/amine residue. Compounds in which the
aldehyde residue 1s ortho or para substituted are most
commonly formed. Mixtures of compounds may result. In

preferred embodiments the starting phenol is para
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are hydroxy-C (1-4) al kyl and am no- (C (1-4) alkyl,
especially HO CH 2-CH2- and H2N-CH 2-CH2- . Suitably

wo b@opaisyam ne i ncl udes only am ne functional i PGT/GBR008/050864

am ne and al cohol functionalities. The pol yam ne nay,

for exanple, be selected fromgethyl enedi am ne,

di et hyl enetriam ne, triethyl enetetram ne,

t etraet hyl enepent am ne, pent aet hyl enehexam ne
h%lk%%*%h’yﬂl%%%heépélm ﬁélu%epF]é%t hﬂ%ﬁ@oct%@ﬁ%@tuted product
propanes 1, 2- diamne, 2 (2-am no-ethylam no) ethanol,

and N1, N 1-bis (2- am noethyl) ethyl enediam ne (N
(CH2CH2NH2) 3). Most preferably the pol yam ne conprises

EaPRrAPTy TByai T Aot & Sott CB<C of bl A rice Yl EaTTy: £o

CORAAb Ne NbXEULRS rfrd SOBAS anwAor gqlduggrredrrs a8Rényl group,
products prepared fromthese conercially avail able
niXt @régflal T W hi A the-SCbpErerPy het pFegbprylic acid, an

'é‘é’@ J:' OQ%SQBEEQna'aW 51%% tg“;toeu?a p@“@él&ogPQunﬁma(%rther

titutéd wt 0 4 groups on the arofmat
rhIYI@rQXYIl a@dq)m}ponatIDethapphegobug—b an Ebkyéxaapkeptd group,

may be a trior di-substituted Most preferably
CBoORERE PETPRERE” A RGP utie R R hitoie  Sh A EvLY group,
SuPshirt Uk @Y 1My R atat Bapart Raceand/:oruf®hes t 2AEE &8 amine
para position (s). Each phenol noiety may be ortho,

nef@uoropar Bl subSty¥eeRd with the al dehyde/ anine
resi due. Conpounds in which the

Preferably the phenol carries one or more optionally
substituted alkyl substituents. The alkyl substituent may
be optionally substituted with, for example, hydroxyl,
halo, (especially chloro and fluoro), alkoxy, alkyl,
mercapto, alkyl sulphoxy, aryl or amino residues.
Preferably the alkyl group consists essentially of carbon
and hydrogen atoms. The substituted phenol may include a
alkenyl or alkynyl residue including one or more double
and/or triple bonds. Most preferably the component (c¢) is
an alkyl substituted phenol group in which the alkyl chain
is saturated. The alkyl chain may be linear or branched.

Preferably component (c¢) is a monoalkyl phenol, especially

a para-substituted monocalkyl phenol.

Preferably component (c) comprises an alkyl substituted
phenol in which the phenol carries one or more alkyl
chains having a total of less 28 carbon atoms, preferably
less than 24 carbon atoms, more preferably less than 20
carbon atoms, preferably 1less than 18 carbon atoms,
preferably less than 16 carbon atoms and most preferably

less than 14 carbon atoms.
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par asubstituted and thus the ortho substituted product
results . The phenol may be supstituted with any
comon group, for exanple one or nore of an al kyl

grou an_al kenyl group, an al kynl group, a nitryl
g]?%%ger%b%-‘ér%?ypﬁ cacind 2 iy lest st @the?f gpfponent (<)

aﬁ5§X¥r8ﬁ0%P¢xﬁ:ﬂﬁ'@aﬂ%&HQ’aéoﬁgrtg%%fgx%%Q§yhs96@“98 more

a nercapto group, an al kyl nercapto group, an al kyl
smt©ﬁ©xybgyo&ptoa1§ulﬁﬁ@ﬁyl@ddijlhnxary4 cpoup; anoms. In
aryl alkﬁl bst i uteg g_ ubstltuted anlng
gt ofip 6T <& ﬁ‘F rYo %]%% up. " Pr efErabty e phERT e ri'E
Obige 96 1 NMBA€1 9@t & ona | yusybs@mwteﬂu@hkyl substituents

The al kyl substituent may be optionally substituted
with, for exanple, hydroxyl halo (especially chloro

apfl féf‘z%n% rhé Jﬁ)xé{acﬁ‘l% era ﬁ‘@t ﬁf QFEM{MSHBB 8%¥nt (c)

ary or am no residues grou
cb@3|st&aiagmﬂaﬁHWQagﬁtcafbéasandﬂ&mﬂlﬁﬁﬂ1praﬁeraﬂhg less

substit d phenaol ncl ude a. al ken

8T ue Pel DACHE o o Y dotBPe aflirsh b end most
bongdse r Mbsy preefer abhy tm) componentor( Ceabs alutkuent of
substituted phenol group in which the alkyl chain is

skt at edonFARSAL KYE) cHEIvN SveyEabd Y ifrsee drmplafehed. welght
Eéﬁfe%!a :i§o§°9@°@§@} k&) Leaforonpah kyl phenol .

Molecules of component (c) preferably have a molecular
weight on average of less than 1800, preferably less than
800, preferably less than 500, more preferably less than
450, preferably less than 400, preferably less than 350,
more preferably less than 325, preferably less than 300
and most preferably less than 275.

Components (a), (b) and (c¢) may each comprise a mixture of

compounds and/or a mixture of isomers.

The performance enhancing additive of +the ©present
invention is preferably the reaction product obtained by
reacting components (a), (b) and (c¢) in a molar ratio of
from 5:1:5 to 0.1:1:0.1, more preferably from 3:1:3 to
0.5:1:0.5.

To form the performance enhancing additive of the present
invention components (a) and (b) are preferably reacted in
a molar ratio of from 4:1 to 1:1 (aldehyde:polyamine),
preferably from 2:1 to 1:1.



a para-substituted nonoal kyl phenol. Preferably
conmponent (c) conprises an alkyl substituted phenol in

wokiogh4dtsee phenol carries one or nore al kyl che@Ti€B2008/050864
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having a total of less 2 8 carbon atons, preferably
| ess than 24 carbon atonms, nore preferably less than 2
O carbon atons, preferably |l ess than 18 carbon atons,

preferably | ess than 16 carbon atonms and nost
pfef éPEBI ¢ PESLIRER PRI St GNPt abigl thee opt the

g@fgs@ﬁ§yH1§HQ§Ek%PeQBeOfm89£POQ§ﬂExfbeha§o$§6ﬁ%ﬁkt‘%a) to

O carbons atons, preferably 6 to 18, nore preferably
8compdenespgedi alhy the t peddtcanbon xdtwores. 1bn rreferably at
particul arl.y .preferred enbodi nent nponent, (€) IS
FEhb Having a ot ST ST theht T prar et s yPfReeTably
o1 : each substhbubenpbrofephiengl reemponento( g} 1hasTacre may be
nol ecul ar wei ght of |ess than 350, preferably |ess
t HANS300SSnbite 3preterabl Y1 3 iHat D5oap@i ipsts the molar

Bﬁgﬁféagkyck) %ﬂk%%? QQP-tEh%o o%%%% S&QStiéugpggg&imately

enol conponent may suitabl'y have a nol ecu
wei ght fofr fepamd DO tforc2500.80t exanple:15®1 0£208. 0.9:1 to
&gl ip{es of conponent (c) preferably have a nol ecul ar
r% t~on average of |ess than 1800, preferably |ess
than 800, preferably |less than 500, nore preferably
| ess than 450,fpreferab|y | ess than 400, preferably
| Be st ehan 2350 e fpgire cpmsferalandeesynidimpi gpspdditive of the

g@%%ﬁp' ¥ 5% 11N . AQ0 Ao, frost, wref grably, L &3sat hany) o

component (b) in the reaction mixture used to prepare the
performance enhancing additive 1s preferably at least
1.5:1, more preferably at least 1.6:1, more preferably at
least 1.7:1, for example at least 1.8:1, preferably at
least 1.9:1. The molar ratio of component (¢} to
component (b) may be up to 5:1; for example it may be up
to 4:1, or up to 3.5:1. Suitably it is up to 3.25:1, up
to 3:1, up to 2.5:1, up to 2.3:1 or up to 2.1:1.

Preferred compounds used 1in the present invention are
typically formed by reacting components (a), (b) and (c)

in a molar ratio of 2 parts (A) to 1 part (b) * 0.2 parts

(b), to 2 parts (c) + 0.4 parts (c): preferably
approximately 2:1:2 (a : b : ¢). These are commonly known
in the art as bis-Mannich reaction products. The present

invention thus provides a diesel fuel composition
comprising a performance enhancing additive formed by the
bis-Mannich reaction product of an aldehyde, a polyamine
and an optionally substituted phenol, 1in which it is

believed that a valuable proportion of the molecules of



Components (a) , (b) and (c) may each conprise a

m xture of conpounds and/or a m xture of isonmers. The
w@eobosasence enhanci ng additive of the presentPCT/GB2008/050864

invention is preferably the reaction product obtained

by reacting conponents (a) , (b) and (c) in a nolar
ratio of from5: 15 to 0.1:1:0.1, nore preferably from
3:1:3t0 0.5:1:0.5. To formthe erf ormance enhanci ng

a@ﬁ?tP@éfSFm?ﬁéepﬁﬁﬁﬁﬂc%WWe%@@b 1¥Bnpdfents [AF §ﬁ§m of a
@)g%&nﬂ@ﬁ%é@&&’léﬁaﬁ@&uw a nmolar ratio of from

1 to 1 (al dehyde :polyam ne) , preferably from2:1
to 1 1. To fornra preferred perfornance enhanC|ng

diti of th e vent rati o

o SRt ST S VRIS L 0N 10 IO AR Bhpancing
5 l@d@rei\eéabirycmciéea%hé) 7r~"_eaﬂct1m’rﬁf qr@tai@etfrcam 0.175mble of

to 4:1, preferably 1:1 to 4:1, nore preferably from

1a11d%3/@@1 W itHer @%y“@éeanoéxc%%%y@’ﬂl%?deﬁy?de ongy mole of

predgsy ed %H’@Ogae'}%téna%%% nohar cfl%td oad%%l&%% Nt 6Rain a

t'o conponent (C) is approxrnate or exa

fmoxt@r8: lofo doﬁpdundsfroa$@lglﬂgtofioﬁ5 1heToréecnuan of

preferred erf ce enh ncrng ad [ e of. the

D S e T R, e AT 2 e sihin Srafipg and o
10 copponento(Hy lBaEh@ feﬁ@%é@ﬂaﬂl%éyye e%edaa@lereaarey the

t he gerfornance enhanci ng additive is preferably at

| RRBEoNMENge perBapréner abidfisti vieeadtayl. 611¢luge e compounds

pf&i&f@?ﬁ& afrom the reaction of 1 mole of optionally
substituted phenol with 2 moles of aldehyde and 2 moles of

polyamine.
15
Reaction products of this invention are believed to be
defined by the general formula X
OH
Q' Q?
X E
| N m N//
/<\5¢4J | P
Q) Q’ Q'
20 X

where E represents a hydrogen atom or a group of formula

OH
Q1
S
I s,
s
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least 1.7:1, for exanple at least 1.8:1, preferably at
least 1.9:1. The nolar ratio of conponent (c) to

wa@eoposnssl (b) may be up to 5:1; for exanpl e i PCTEB2®8/050864

up to 4:1, or up to 3.5:1. Suitably it is up to
3.25:1, up to 3:1, up to 2.5:]; up to 2.3:1 or up to
2.1:1. Preferred conpounds used in the present

i nvention are t%plcally formed by reactlng conponents

(dyere (byhandafe) Pn aSnoldCsRgiteorl partectey toram  an
p@f)BE &1921139 %uB@EE%u(:Q)i ’altkc_’ylz %Pé&% (@) 19 %1 p@ééf‘due from

preferably approxi mately
ﬂweseaadehydﬁnnnmyOMﬁOWn im i<hef mont astb|§vwanmuthfrom 0 to

duct t t th des
EaBsar PAGT" Comosian on comptt S0 b BEFT op KRRGECE Sra an

e@@aﬁ@m@gl addivtiswe thekreda byyt he rbiug-, Maphi @B readdtdyl from
product of an al dehyde, a_ pol yam ne and an optionally
SUBREPFER eA PhRROPPTLANGAL EhSHPST 4 tHERPHeRedVLharoyP,” and Q'

eg%]u%@l%cpgr gdoH(grfenh Bﬂbﬁ%t o UBES A %aolef%%ﬂﬁg%%uted

ancing additive a rn1of a
r@hkylogrpupduqupwudmﬂhemaprehenraﬁ ewbOdi iEntiss tdre amino-
rfornancgﬁeﬂﬂ additive includes the reaction

p?%%%%%t%? %T%ehyde with one nole of

pol yam ne and one nol e of phenol. The performance
enhancing additive may contain a m xture of conpounds
restipyi R§ Ororhrt He react¥ ofi- of PEGAPEAEAYS I(a)s Y byr, 2, most

1 2 nolar ratio and a 1:1:1 nmolar ratio.
A?te%%%??%%ly or additionally the

m is preferably 2 or 3 but may be larger and the alkylene
group may be straight chained or branched. Most

preferably m is 2.

Q 1is preferably an optionally substituted alkyl group
having up to 30 carbons. Q may be substituted with halo,
hydroxy, amino, sulphoxy, mercapto, nitro, aryl residues
or may 1include one or more double bonds. Preferably Q is
a simple alkyl group consisting essentially of carbon and
hydrogen atoms and 1s ©predominantly saturated. 0
preferably has 5 to 20, more preferably 10 to 15 carbon
atoms. Most preferably Q@ is an alkyl chain of 12 carbon

atoms.

0' may be any suitable group. It may be selected from an
aryl, alkyl, or alkynyl group optionally substituted with
halo, hydroxy, nitro, amino, sulphoxy, mercapto, alkyl,
aryl or alkenyl. Preferably o' is hydrogen or an
optionally substituted alkyl group, for example an alkyl
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performance enhanci ng additive may include conmpounds
resulting fromthe reaction of 1 nole of optionally

wGewshisst ed phenol with 2 nol es of al dehyde apdr/@B2008/050864

nol es of polyam ne . Reaction products of this

invention are believed to be defined by the genera

formula X x where E represents a hydrogen atom or a

group of formul awhere the/each Qis independently .
SeFeer eBoVEBM an Pt iforf@ I8P UBSPTE ut EWSH e iiriply Q@ 1is
Cg¥a§o@eﬁgsidue fromthe al dehyde conponent, mis from
1to6, nisfromOto4, pis fromOto 12, @ is

sel ected from hydrogen and an optionally substituted

Y b ShY ot bl SR ot RSN o, aato 6

f oM hyeks pgesb apdf asmopttonal |y substituted al kyl
group; provided that when pis 0, 4 is an
am nosubstituted al kyl group. n may be 0, 1 2 3

4 | is 1 erably: 1. m.
oInd er VIS 0 S SR TR PIELSFORLYidn Producss
abkyleme groagemay berestirigirghtmaghaibeed sarabganchetlained or

Mgst $referaglﬁ mijs 5 . g%js referably an qﬁiiona%g :
SUBEET £t oL RGIOBr OB FRFPRG \p €5 30 Carbgis, O rayn 1o
beo siibsd | kut edrmi tBahakg, hydroxyikamynanhasul PheXYbranching
nmer capto, nitro, aryl residues

will be present. The skilled person would also appreciate
that although in the structure shown in formula X two
terminal nitrogen atoms may be bonded to phenol(s) via
aldehyde residue(s), it 1s also possible that internal
secondary amine moieties within the polyamine chain could

react with the aldehyde and thus a different isomeric

product would result.

When a group 0° is not hydrogen, it may be a straight
chained or branched alkyl group. The alkyl group may be
optiocnally substituted. Such an alkyl group may typically

include one or more amino and/or hydroxyl substituents.

When Q° is not hydrogen, it may be a straight chained or
branched alkyl group. The alkyl group may be optiocnally
substituted. Such an alkyl group may typically include

one or more amino and/or hydroxyl substituents.

When Q' is not hydrogen, it may be a straight chained or
branched alkyl group. The alkyl group may be optiocnally
substituted. Such an alkyl group may typically include
one or more amino and/or hydroxyl substituents. As noted

above, however, when p i1is O, 0' is an amino-substituted
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or may include one or nore double bonds. Preferably Q
is a sinple al kyl group consisting essentially of

wa@ 20000#058nd hydrogen atons and i s predom nant | BCT/GB2008/050864

saturated. Q preferably has 5 to 20, nore preferably

10 to 15 carbon atoms. Most preferably Qis an alkyl

chain of 12 carbon atons . QL may be any suitable

group, It may be selected froman aryl, alkyl, or

atk¥myl grotp: optioraPly sUbstCorRredSni t ihfal gesidue of a
YO OXY5 ndi 119, 98P 0y 3LHPNOXYs ABRSARLQy @bky!, aryl

or al kenyl. Preferably QL 1s hydrogen or an optionally
substituted al kyl group, for exanple an al kyl group

ving 1 to 4 carbon_atons. Mst ef.erably QL is
N0 og8h T r BB hET Brabl 5 BT S PR omAdtiig Fe rife the  present

preferabby EnomnBltoibeluAest pnglemakl v resedutd 4 above,
The polyam nes used to formthe Mannich reaction

pf oHLRE sPBf thife JHsen i HveRtPoRCREY e strdlyie with one
{ hed-o0 -hed, . alt t raj [,n :

Vg Sron’1 BoaKn n For il S0 1T o ear PTy it (fgobstituted

| pkehyl t hatucdonmeohpanchsngawe | lbddd epreesent. dhmeform to the

sﬁille g&rfon.mould al so appreciate that although in

th@tBYractTur &7 5hoWh in fornula X two termnal nitrogen

atons may be bonded to phenol (s) via al dehyde residue

(s), it is also possible that internal secondary am ne

moi eties within Phe pol yanine chain could r@dct with

t he al dehyde and |t hus &'di fferght isogeric

\_\Aj\%—\l\
|//NN

(Q)n (Q)n

XTI

where Q, 0', 0%, 0°, 0% m, n and p, are as defined above.
Preferably compounds of formula XI formed by the reaction
of two moles of aldehyde with one mole of polyamine and
two moles of optionally substituted phenol provide at
least 40 wt%, preferably at least 50 wt%, preferably at
least 60 wt%, preferably at least 70 wt%, and preferably
at least 80 wt%, of the performance enhancing additive.
There may also be other compounds present, for example the
reaction product of 1 mole of aldehyde with one mole of
polyamine and one mole of phenol, or the reaction product
of 1 mole of phenol with 2 moles of aldehyde and 2 moles
of polyamine. Suitably however such other compounds are
present in a total amount of less than 60 wt%, preferably

less than 50 wt%, preferably less than 50 wt%, preferably



product would result. Wien a group @ is not hydrogen,
it may be a straight chained or branched al kyl group.

wabmoakdsgt group rmay be optionally substitut edPCBGBR00a050864
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al kyl group may typically include one or nore am no

and/ or hydroxyl substituents , Wien QB is not

hydrogen, it may be a strai ght chained or branched

al kyl group. Theoalkyljgroup may be optionally.

SUbSTi LORRA1OSHER »al TSRV Houls Tay 1 Ybi 641 1Y ¢ nEFaderably
ONEs OF ¢ fIRK, € @MV, 110, ADE/ Of o hydf PXWha SUDSLARLEN Sy YHED: 1 ve .

& 1s not hydrogen, 1t may be a straight chained or
branched al kyl group. The al kyl group may be

optional ly substituted., Such an al kyl gro nma

COBT Aty | REI I 6id S5 Hor e B Ao ardBr Hy di Bxyiere £

sopstbhaenys. Asodwotwd above,l RowerephaMan presilues  are

A is an am no-substitutedal kyl group. Suitably 4

coPpree’dt he fesfanenst NpoIrPaRrn&tods defite Heriht of a
b) T r hanci hg LLve

L e s S T i e L

ofef oduat a 26 abloven forhednbyatkelreacti on of two

nol es of al dehyde with one nole of polyam ne and two

nol es of optionally substituted phenol. Such conpounds

are believed to conformto the fornula definition

where Q, Q, @, B, 4, m, nand p, are as defined

above. PreferaBHy compounds of fornmula X | Otbrnmed by

the reaction of two mples ofqal dehydgtwi thjone nole of
pol yam ne and
//l\\l N
m N |
PH %
=
(Q)n

XIT

Iz

wherein Q, 0!, 0?, m and n are as defined above and p is
from 1 to 12, preferably from 1 to 7, preferably from 1 to
6, most preferably from 1 to 4. Thus, compounds of formula
I are a sub-set of compounds of formula X in which 0’ = ¢!

= hydrogen, and p is not 0 (zero).

A special class of bis-Mannich reaction products are
bridged bis-Mannich products, in which a single nitrogen
atom links two optionally substituted aldehyde-phenol
residues, for example optionally substituted phenol-CH,-
groups. Preferably the nitrogen atom carries the residues

of an optionally substituted ethylene diamine group.

In graphical terms preferred resulting compounds are

believed to be as shown in Figure XIII



two noles of optionally substituted phenol provide at
| east 40 wt% preferably at |least 50 wt% preferably

wa@toobeass2 60 w % preferably at |east 70 wt % BETGB2008/050864
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preferably at |east 80 wt% of the performance
enhancing additive. There may,al so be other conpounds
present, for exanple the reactlon product of 1 nole of
al dehyde with one nol e of polyam ne and one nol e of
phenol, or the reaction product of 1 nole of pheno
with 2 nol es of aldeJMde a 2 nol.es of(ﬂglyan1ne

Sui tably however sucy other conpolinds arjg present in a
total anmount of
50 wt% preferably abl yl ess

than 40 wt % preffe an 30 ef erably

less than 2 0 w9 of the perfprmanceg| enhangi ng

additive. One fory pr ef err bi s- product is
where two opt(@ral | y*Substituted al dehyte- pheagl

resi dues are connected to different nitrogen atons

which are part of a chain befWéén the optionally
substituted al dehyde- phenol residues, as shown in

Formul a XI| whereln Q, Q, @, n1and n are as defined
a%@weeadeb |§2fr¢md1rtoax2 pseféeébhydfr@hmqetcﬁﬂd Q" is

f 1 6 f bl
e EL L D Bod Pl EoF mBLILRE R b biriBed nerein

cospaitidsoreind ormyl;a Xréfevhbth @B »QyerHERIEPolyamine,
and p is not O (zero) . A special class of bis-Mnnich

r%%%¥|BﬁeéﬁééQéVsa@réﬂﬁ%?&ﬁ%ﬂml%Um@th%he%r86H§@§neﬁﬁamlne
WM&EQt@,5599&§s8££$8&egbove. Thus, compounds of formula IT

are a sub-set of compounds of formula X, in which p is O

(zero). The primary nitrogen group which has reacted with
aldehydes may or may not be part of the ethylenediamine
moiety; preferably, however, it is part of the

ethylenediamine moiety.

The present inventor has found that the use of an additive
including significant amounts of bridged-Mannich reaction
products provides particular benefit. In some preferred
embodiments the bridged bis-Mannich reaction products
provide at least 20 wt% of the bis-Mannich reaction
products, preferably at least 30 wt%, preferably at least
40 wt%, preferably at least 50 wt%, preferably at least 60
wt%, preferably at least 70 wt%, preferably at least 80
wt%, preferably at least 90 wt%.

The formation of the preferred bridged-Mannich compounds
to a desired proportion may be promoted in several ways,
including by any one or more of: selection of suitable

reactants (including favoured amine reactants as defined



atomlinks two optionally substituted al dehyde-pheno
resi dues, for exanple optionally substituted phenol-CH

w@20090m385 . Preferably the nitrogen atom car rPE€EGBR®S/050864
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resi dues of an optionally substituted ethyl ene diam ne
group. In graphical ternms preferred resulting
conpounds are believed to be as shown in Figure XII1XI
I I wherein and n are as defined above and

| OPYef er é@ll?qﬂﬁ@nr@gf. duefBY ORI BBl Farriife O fas BeSEF T bed moSt
NSFEDr 251 FOPRONRYL o kDot 1 BT BECLBBL Y DROLYSL DYREDE (o012 c) ;

pol yam ne,” nost preferably an optionally substitute
ethydenedh amhe smoitetoy e asedeséphnbedoadhoveonThusgnd/or by
c ounds of formula Il re a ub set_.of c d

POTREFERS PriRad b ot GRS e G ey (2o amine
nNiéseges gheuprwhkel hasrobeaet edoud ffraieslleikydﬁéa@ﬁyw@th the
naéﬁnot be part of the ethyl enedi am ne noiety;

SREBES, hoWRvEDattY | s foarkosia st he adtHRyl endqrafing 1S
MOLRL Ve Jhebr g{}fot'e@eq%or h@ﬁcﬁomqsw%% the usecRf, the

an addltlve ng significant anmounts of
b¢®ﬂ@edem®®n®ﬁhtmeasklbhe®rpdns®s provi des particul ar
benefit. In sone preferred enbodi nents the bridged

bi s- Manni ch reaction products provide at least 2 0 wt%

ofnthel biscVepakel heactiop prodysisrsPEebehabbyigbmers are
| east 30 wt% preferably at |east 40 wt % preferably

atitlebsttiso 9 ope ppefehrabPyeatnt ebsYeBOL Ok %

preferably at least 70 % preferably at |east 80

In some alternative embodiments the molar ratio of
polyamine to aldehyde to phenol may be in the region of

1:1:1 and the resulting performance enhancing additive of

the present invention may include compounds of formula XIV

XIV

wherein Q, Q’', n, m and p are substantially as defined

above.

In some embodiments the performance enhancing additive may
include compounds of formula XI and/or XII and/or XIII

and/or XIV.

In some alternative embodiments the molar ratio of

polyamine to phenol may be in the region of 3:1 (for



W% preferably at |east 90 wt% The formation of the
preferred bridged- Manni ch conpounds to a desired

wWEe@postsspn may be pronoted in several ways, iPCT/GBR2008/050864
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by any one or nore of: selection of suitable reactants
(including favoured am ne reagtants as definedabove) ;

sel ection of a favoured ratio of reactants, nost

preferably the nolar ratio of approximately 2:1:2

(#HTE}S SEPBCPI-an loft G {3l €0 0AEPTIOR -Gt onsdi1) - 1F
angh o, By chew calc prot ectihonof r 6acti Ve Sid&lSabfy amine
the am né leaving one primary nitrogen group free to
reactewi t b tthe salMehydds, reptional oy ofiglcltowed; L afber formed.

e WP CATRIEhe EompaPaRee of ARG SKITELY par dORC i it 3

ahblssichbrcasesaMtixhibes ol i3SaErs antl/ §rprhgoMEys phenol,
are within the scope of the present invention. In sone

af tRFPALT v eSAbodi Freht SUE Her ot ar Ceat § oPdf L pERgAni ne

to al dehyde to phenol may be in the region of 1:1:1

and the resulting performance enhanci ng additive of

the present invent %en_may. ncl ude conpounds of formul a

XIV XI'V wherein Q, , mand p are

substantially as defi kRed _abgve . I n sonme enbodi nents

t he performance enhanci g ad®ti ve may i ncl ude

compounds of fornula X Il_and/or XII and/or Xl Il and/or

Xl V.

OH

OH
XV

Such compounds have also been found to have advantageous

properties.

The skilled person would appreciate that the Mannich
reaction products of the performance enhancing additive of
the present invention are complex mixtures of products.
However the present inventor has noted that wusing
reactants and/or reactant ratios and/or conditions which
favour the formation of bis and especially bridged Mannich
reaction products (or alternatively tris-reaction
products) provides additives which when dosed into fuels
show improved performance. However the present invention

is not limited to such embodiments.



In sone alternative enbodi nents the nolar ratio of
pol yam ne to phenol may be in the region of 3:1

w@ bowpexEspl e from2.5:1 to 3.5:1 or from 2. 8. IPCDGB2008/050864
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3.2:1). If the polyamne includes three primary or
secondary am ne groups, a trig,Mannich reaction

product could be fornmed. For exanple if 1 nole of N
(CH2CH2NH2) 3 is reacted with 3 nol es of formal dehyde

ahd %O%%I%@b%@l%e%%?at%Pk9PrBﬁéﬁ6PC9aeﬁbéaﬁéﬁgsﬁéﬁﬁtﬂﬁe may
stiushage X o be Lerisd; XV Sephnconpoinds diaeon o
al so been found to have advant ageous properties .

skothp edepes soa) woubd appr eci)at e Thﬁﬂethbl%@mar@hmay lnclude
reactio roducts of the performance enhancin

Tt S L BT ETRER S hant o TROLHE! SR e ConpT BT K ur es

of products. However the present inventor has noted

that using reactants and/or reactant ratios and/or

condi tions ich Dayour the fornmation of|] bi ©knd

especial ly [

alternatively trig-reacti on prdgducts)
addi tives i ch i nt,q\fuel s r
per f or mance ' '

limted t embod| men{ N1 n sPm¥” enbq

per f or mance enlllq~ ci addi tilve ndyHi ncl v oy
resulting f i on of coponent ﬁg%
and (c) . T ol i goners may i ncl ude n:P%cuIes i ng

the fornmul ae shown in figure 111 [I11

ITT

wherein Q, 0, Qz, n, m and p are as described above and x
is from 1 to 12, for example from 1 to 8, more preferably

from 1 to 4.

Isomeric structures may also be formed and oligomers in
which more than 2 aldehyde residues are connected to a

single phenol and/or amine residue may be present.

The performance enhancing additive i1s preferably present
in the diesel fuel composition in an amount of less than
5000 ppm, preferably less than 1000 ppm, preferably less
than 500 ppm, more preferably less than 100 ppm,
preferably less than 75 ppm, preferably less than 60 ppm,
more preferably less than 50 ppm, more preferably less
than 40 ppm, for example less than 30 ppm such as 25 ppm

or less.

As stated previously, fuels containing biodiesel or metals

are known to cause fouling. Severe fuels, for example



wherein Q, QL, @@, n, mand p are as descri bed above
and x is from1l1l to 12, for exanple from1l to nore

w@e@bosakliy from1l to 4 . |Isoneric structures PEFGBR®S/050864
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be formed and oligonmers in which nore than 2 al dehyde
residues are connected to a sihgle phenol and/or am ne
resi due may be present. The performance enhancing

additive is preferabl present in the diesel fue
corpdRi EPBRALATAA AABTnt corlSessE R HOOBR b%¥ high levels

péﬁf%ég&i’eégﬁs hhan }QQleQm h%ﬁé?f a@%a@%a&@é” of the
500 ppm nore preferably less than 0O ppm preferably

| eesf ¢ tBan 7S pphﬁnpnegeﬁahhynhesstmm@nfﬁelppnﬂﬂﬂﬂreare less
preferably | ess than 50 ppm nore preferably |less than

40° p%ﬂ$ for exanple | ess than 30 ppm such as 25 ppm or

| ess. As stated previously, fuels containing biodiese

or netals are known to cause fouling. Severe fuels,

fbF exarfitetTERd cohrai MARE hfgRLFedelys BF Aeral ssevere and
a@ﬁugr Qb% %Vaf%ﬁgrknfm%§§elrg@¥sre%H§rggﬂeghgérﬁormance

treat rat t he perfornmance enhancing a tiv
fem%sn@mm@haddetheesfSev&m@mpHd lesentheagé@tﬁpm, such as

me fuels y be | ess sever thu equire | ower

cPee FarEs B oPRe fort SAdRaS Sme M) ol krbe. ToPs than
eg@np¢@ bessethamZd ppsImsuUch as Iess than 2 0 ppm
for exanple less than 15 ppm |ess than 10 ppmor |ess

than 5 ppm
In some embodiments, the performance enhancing additive

may be present in an amount of from 0.1 to 100 ppm, for
example 1 to 60 ppm or 5 to 50 ppm or 10 to 40 ppm or 20
to 30 ppm.

Preferably the fuel composition further comprises a
nitrogen-containing detergent. The nitrogen-containing
detergent may be selected from any suitable nitrogen-
containing ashless detergent or dispersant known in the
art for use in lubricant or fuel oil. Suitably it is not
itself the product of a Mannich reaction between:

(a) an aldehyde;

(b) a polyamine; and

(c) an optionally substituted phenocl, in which the or each
substituent of the phenol component (¢) has an average
molecular weight of less than 400. Most preferably it is
not itself the product of any Mannich reaction between:

(a) an aldehyde;

(b) a polyamine; and

(c) an optionally substituted phenol.
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additive may be present in an anobunt of fromO.1 to
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to 40 ppmor 2 0 to 30 ppm Preferably the fue
conposi tion further conprises,a nitrogen-containing
detergent. The nitrogen-contalni ng detergent may be

sel ected from any suitable nitrogencontaining ashl ess
derefgehtdo PlHF%@PséﬁPtRHB\}vﬁgl Kete ISP Sf G useh§ nreaction

lé@%&&@@to@rJL@%rﬁ%£yl§@'5@95¥dbklb§dn%&&ﬂé%¥ﬁgtg@ént and

product of a Mannich teaction between:

atdetydes. (b) a pol yamine; and (c) an optlonally
substituted phenol, in which the or each substituent
of the phenol conponent (c) has an average nol ecul ar

wei ghtbof besscyhane4POnilbsyeprebatabhynit cbspbahds having
itself the groduct of any Manni ch reaction between:

(%) NAATaFaERYde SURB) 1A UsHICy dif et éﬁés€c)8 giprbon atoms and
0&53@3@%{¥e§89§ﬁ tgtggr99§295cpgg§gr% lating agent with an

nitro containfng detergents are t reactron
meﬂMthompaundrboxyknowact@ ¢MO$ﬂx$kﬂ%MQﬁlr@ dgendrt. In
and an am ne., A nunber

of a
n?T?%géﬁm%BﬁFéﬁﬁ“ﬁg EoTp S gﬁtﬁévﬁn@gﬁnﬁydfbcéFB§Fd' to the
ssshb t deboRhd athl €agh 8ncanbas, ah@MBoAndmMBe8ebYr acyloxy

reacting a carboxylic acid acylatlng agent with an

ammonium linkage. The hydrocarbyl substituent of at least
8 carbon atoms may be 1in either the carboxylic acid
acylating agent derived portion of the molecule or in the
amino compound derived portion of the molecule, or both.
Preferably, however, it is in the acylating agent portion.
The acylating agent can vary from formic acid and its
acylating derivatives to acylating agents having high
molecular weight aliphatic substituents of up to 5,000,
10,000 or 20,000 carbon atoms. The amino compounds can
vary from ammonia itself to amines typically having
aliphatic substituents of up to about 30 carbon atoms, and

up to 11 nitrogen atoms.

A preferred class of acylated amino compounds suitable for
use 1in the present invention are those formed by the
reaction of an acylating agent having a hydrocarbyl
substituent of at 1least 8 carbon atoms and a compound
comprising at least one primary or secondary amine group.
The acylating agent may be a mono- or polycarboxylic acid
(or reactive equivalent thereof) for example a substituted
succinic, phthalic or ©propionic acid and the amino
compound may be a polyamine or a mixture of polyamines,

for example a mixture of ethylene polyamines.



am no conpound are known to those skilled in the art.
In such conpositions the acylating agent is linked to

wo bmoamisend conpound t hrough an i m do, am do, aPETIGB2I08N050864

10

15

20

25

30

acyl oxy ammoni um | i nkage. The hydrocar byl substituent
of at |east 8 carbon atoms may,be in either the
carboxylic acid acyl ating agen% derived portion of the

nol ecul e or in the am no conpound derived portion of
thetipreetyely of RBoPRL NP &%t dit y2 RodEgEraliylrgupatituted

the gyl al i ngragent, RYLR1 The Ao aldng; R9ENLHCARy1ating

vary fromformc acid and i'ts acylating derivatives to
acy¢@t $ ngragemed ljavdiargphisgs not e¢ebat wel,ghtore preferably
al | phati bstituents of up.to 5,000, 10,000 or

20" 000" E4r Bort atGmes THE. & fRo ConbouRAESRan &Ry f r ohf ™2
appmpt asét s@l frd 0 aamures2dypcaabby havdmg. al imhatd€ably the
substituents of up to about 30 carbon atons, and up to

1Y FF e offent at DS LI et erdled fdicas $of ddcyi%t édark ngas 2
CONROURAS 34l 3'@3I§%u9§? Wi PIASEN 4 NKERLLOR 170 to

are those for e reaction of an acyl ating agent
ha¥0 hg Bohyedracaidbyfrsubgbdt neni 500, apbreéastb8ycarbon500 to

a and a conpound conpri sing at t one primr

o S8 BRilary i HEC P GRBEY TREVSCH at FRD- ageht ' Why e 200 to
mRes 05 Pobyeasboxybieragtdd(orrheachhyeiequhyalepreferred
thereof) for exanple a substituted succinic, phthalic

orpprdpioni c akhd apddrheaBhvho coRpblhdeRhy besa a number
pg&@?&%gemgﬁe@uﬂh§t%%qg%E QQ%yﬁﬁbngsqooo, preferably 700 -

850 for example 750.

Illustrative of  hydrocarbyl substituent based groups
containing at least eight carbon atoms are n-octyl, n-
decyl, n-dodecyl, tetrapropenyl, n-octadecyl, oleyl,
chloroctadecyl, triicontanyl, etc. The hydrocarbyl based
substituents may be made from homo- or interpolymers (e.g.
copolymers, terpolymers) of mono- and di-olefins having 2
to 10 carbon atoms, for example ethylene, propylene,
butane-1, isobutene, butadiene, isoprene, l-hexene, 1-
octene, etc. Preferably these olefins are l-monoolefins.
The hydrocarbyl substituent may also be derived from the
halogenated (e.g. chlorinated or brominated) analogs of
such homo- or interpolymers. Alternatively the
substituent may be made from other sources, for example
monomeric high molecular weight alkenes (e.g. 1l-tetra-
contene) and chlorinated analogs and hydrochlorinated
analogs thereof, aliphatic petroleum fractions, for
example paraffin waxes and cracked and chlorinated analogs
and hydrochlorinated analogs thereof, white oils,

synthetic alkenes for example produced by the Ziegler-



for exanple a mxture of ethylene
pol yam nes. Alternatively the am ne may be a
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substituent in such acylating agents preferably

conprises at least 10, nore preferably at |east 12,

for exanple 3 0 or 50 carbon atons. It may conprise up

to about 200 carbon atons. Preferably t he hydrocarbyl
s%%%??tLRﬁﬂc%ﬁsth%EébyléFﬂﬁ@eﬁééﬂﬁﬂﬁﬁs gIfamsey and other

aver Ages mokecuhar Jpei ghis {Wh) s pf 1 pejween 140 Lo 2800, Any
for exanple from250 to 1500, preferably from500 to

15094 awde o e pnetéeabWWSEGGUE@tlﬁeﬁf.mm ds pfed 00t oeduced

1300 forred. |
7o ot T TSR it E K RRORYAF bUBr BT CUBHHT § (ot PRgedures

akmember n avies agec nol ecul ar wei ght of 700 - 1000,
preferably 700 - 850 for exanple 750. Illustrative of
hydrocarbyl substituent based groups containing at

Ly ¢
n dodecy E?nggggé g? qagoé}agi 5er@?ﬁ Y#enotes a group

chémxm@tadeaybontatomodiaaytlyeatta@hedhydrDbarbymalnder of

based substituents be .made fron1ho

S pBYRSE < o, 57 oBEYTEE 3, 2t oA YIS Y oRdiphatic
a@ﬁdﬂéc@f@éh”@hﬁ@&bﬂ@rz t &uliQ LA @t QBrbf Ol based groups
exanpl e et hyl ene, propyl ene, butane-1, isobutene,

b@@hd¢@®@alms@@@ehéerCﬁé&@ﬂemo1etb@@enEore@éample they may
o SRRt by ouBet ey i S g erFVag 1 em (HeTY ten
h@éﬁ@@mahedméepgovﬁhbdrmma&emam>ﬂydﬂndﬁﬁhym @anahwg8oes not
Oélgnlflcantly alter the predominantly hydrocarbon
character of the group. Those skilled in the art will be
aware of such groups, which include for example hydroxyl,
halo (especially chloro and fluoro), alkoxyl, alkyl
mercapto, alkyl sulphoxy, etc. Preferred hydrocarbyl
based substituents are purely aliphatic hydrocarbon in

character and do not contain such groups.

The hydrocarbyl-based substituents are preferably
predominantly saturated, that is, they contain no more
than one carbon-to-carbon unsaturated bond for every ten
carbon-to-carbon single bonds present. Most preferably
they contain no more than one carbon-to-carbon non-
aromatic unsaturated bond for every 50 carbon-to-carbon

bonds present.

Preferred hydrocarbyl-based substituents are poly-

(isobutene)s known 1in the art.



such hono- or interpolyners. Alternatively the
substituent may be nmade from ot her sources, for
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l-tetracontene) and chlorinated anal ogs and
hydrochl orinated anal ogs thergof, aliphatic petroleum
fractions, for exanple paraffin waxes and cracked and

chl ori nat ed anal ogs and hydrochl ori nat ed anal ogs .
theredRtigkit e OPPSYISPRERREFE al RBfes F@rcé%éﬁﬁl highly-

pfé’&’é‘ﬁ?@eby phe, Ziegl €L Nal t 8, I 0cess (8.0 Y Yuse in  the

(ethyl ene) greases) and ot her sources known to those
skivéerdidm. t Heghtt . rAnytunganxwkﬂuambuu@r&he in this context

substi nt may_ if desired reduced or.eli na Y cno
0 oGRRat 15h Z2Cor i RG-C°Br BeEur B4 kRban P {heos D) o0F
apte fdhgb1 er moshysh Oﬁar:@yl o fast kS ed cherieian Okemﬁmlca double
%éoup having a carbon atomdirectly attached to the .
aiihderT6f tHe nteculénEhdRAaTi ngYRSpr edfoni paneried in

aﬁ#@%‘@%i% hy?é?E?&QPQrE%""%é&‘f reéugB%gkgoBM‘ééH&Qr Q¥E those

based groups nay contai dr oc n noi eties
eMawpm@ nhsyenaya@onﬁélnn@b/tGnmheuponthydﬂﬁbar@ﬁ termlnal

gro r every ten carbon ro ed.this
R PR BH Tt ot IoRs, COToSi e T o | § PR 744785 -
predom nantly hydrocarbon character of the group.

Those skilled in the art will be aware of such groups,
whiERO | gemnpaentisr %@aﬁv& ef nydrergr i ohalve trespeesal ayylatlng

g%+8%QSaP9CI g@r fgifgﬁ OI?Ioalkyl mer capt o, al kyl

phoxy, etc. Preferred car byl

(1) polyalkylene polyamines of the general formula:

(R),N[U-N(R®)] R

wherein each R® is independently selected from a hydrogen
atom, a hydrocarbyl group or a hydroxy-substituted
hydrocarbyl group containing up to about 30 carbon atoms,
with proviso that at least one R’ is a hydrogen atom, n is
a whole number from 1 to 10 and U 1is a Cl1-18 alkylene
group. Preferably each R’ is independently selected from
hydrogen, methyl, ethyl, propyl, isopropyl, butyl and
isomers thereof. Most preferably each R’ is ethyl or
hydrogen. U is preferably a Cl-4 alkylene group, most
preferably ethylene.

(2) heterocyclic-substituted polyamines including
hydroxyalkyl-substituted polyamines wherein the polyamines
are as described above and the heterocyclic substituent is
selected from nitrogen-containing aliphatic and aromatic
heterocycles, for example piperazines, imidazolines,

pyrimidines, morpholines, etc.



based substituents are purely aliphatic hydrocarbon in
character and do not contain such groups. The
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predom nantly saturated, that is, they contain no nore
t han one carbon-to-carbon unsaturated bond for every
ten carbon-to-carbon single bonds present. Most
preferably they contain no nore than one

car bon-t o-carbon nonaromati c unsaturated bond for

eYey Yo rOn Lol D0ofs 1 Pahanbon, ponds pLesent . cFraleLred

hydr ocar byl - based substituents are poly- (isobutene)s
known in the art. Conventio a%* o| yi sobut enes and
so-cal | ed "highlyreactive"qﬁ Fﬁ? obut enes are suitable
for use in the invention. H ghly reactive

pehytsobuienes kR hhbsacontext1ane defbned as carbon atoms,
pol yi sobut enes wherein at |east 50% preferably 70% or

norel Bf itthes gefhiimgd alenieniaddoublise Bomds dr%e f the
vinyl i dene type as described in EP0565285.

Particularly preferred polyi sobutenes are those having
nepect han 8Ranpll¥sand upol gal@¥%eoé teriamdhes (1) include
Vi n Iidengi r those described in

oups such a d .
EP13% 478 h 'cghﬁBﬁﬁi%nﬁEﬁf%Wl?%r FEABFI¥ASRPERTraMINe,
t heses acyd adhH9- 208N S | ncl ude EB@(EQHLﬁﬁkﬂgleﬁ%%Eegfgmine,

pol yal kyl ene pol yam nes of the general fornula:

NPeR DNEFBh Y ] e lBeyirei e n  eac R dtdyilpdepdredammiyne, 1,2~
38%88§f9n£é9§%§n5ydr°9§& other commercially available
materials which comprise complex mixtures of polyamines.
For example, higher ethylene polyamines opticnally
containing all or some of the above in addition to higher
boiling fractions containing 8 or more nitrogen atoms etc.
Specific examples of hydroxyalkyl-substituted polyamines
include N-(2-hydroxyethyl) ethylene diamine, N,N’ -bis(2-
hydroxyethyl) ethylene diamine, N- (3-hydroxybutyl)
tetramethylene diamine, etc. Specific examples of the
heterocyclic-substituted polyamines (2) are N-2-aminoethyl
piperazine, N-2 and N-3 amino propyl morpholine, N-
3 (dimethyl amino) propyl piperazine, 2-heptyl-3-(2-
aminopropyl) imidazoline, 1,4-bis (2-aminocethyl)
piperazine, 1-(2-hydroxy ethyl) piperazine, and 2-
heptadecyl-1-(2-hydroxyethyl)-imidazoline, etc. Specific
examples of the aromatic polyamines (3) are the wvarious
isomeric phenylene diamines, the various isomeric

naphthalene diamines, etc.

Many patents have described wuseful acylated nitrogen
compounds including U.S. Pat. Nos. 3,172,89%92; 3,219,666;
3,272,746; 3,310,4%2; 3,341,542; 3,444,170; 3,455,831;



atom a hydrocarbyl group or a hydroxy-substituted
hydr ocar byl group containing up to about 30 carbon
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atom n is a whole nunber froml1l to 10 and Uis a

(G -18 al kyl ene group. Preferably each R3 is

|ndependently selected fron1hydrogen nethyl ethyI,
i sopro and_i soners thereof

p st
D oh ¥t a5 baths s TS5t hat 3, ROAF ogencogr Palr 3,804,763,
preferably .6l odeabkybene group, most pref erably
ethyl ene.  (2) heterocyclic-substituted pol yani nes
|nclud|ng hydr oxyal kyl - substltuted polyan1nes wherein

pol.yam nes e ov.e .and
Hot aReeY e cosybabrd et e Se et AP E8%bound of this
ni1s0genigont@idd ngnadid phati ¢ @ndameMtd ¢ poly (isobutene) -
het erocycl es, for exanpl e piperazines, imdazolines,
PSP HE ne’d ﬁﬁﬁﬁﬁ@ﬂﬁne%Cl%ﬁ%e¥%§e%réﬁﬁﬂ@élﬁﬁlyﬁﬁﬁﬁes €-9g-

ognﬂ grggger?g EOf %r,A%&NR% ZgﬂeﬂgﬁﬁetﬂeA%oﬁ%é§gobutene)

aronatic nucleus o to 20 carbon atons
asuldet i medn ablove bedwgemsaboon122tbo8abospe20ﬂ|carbon atoms
gx%z(ﬁ le‘%:a?% %lgygl Ikyltﬁvﬁ p0| NS> n(els) ﬂan§£nugd63 to about 9

tah et byh enebebh amt 68s pekreegpyéeeep@myaﬂhn@ ah8i about 1 to
(tri-nmethylene) tetram ne, entaeth | enehexami ne,

h@&eeth§|eﬁeYheeeaﬁiﬁe$S1,@ P opyy Agdilani REOgERdCOmPounds
oﬁpgrfggﬂggr%&ahh%aqg%éé%%ﬁ of a molar ratio of acylating

agent : amino compound of from 10:1 to 1:10, preferably
from 5:1 to 1:5, more preferably from 2:1 to 1:2 and most
preferably from 2:1 to 1:1. 1In especially preferred
embodiments, the acylated nitrogen compounds are formed by
the reaction of acylating agent to amino compound in a
molar ratio of from 1.8:1 to 1:1.2, preferably from 1.6:1
to 1:1.2, more preferably from 1.4:1 to 1:1.1 and most
preferably from 1.2:1 to 1:1. This type of acylated amino
compound and the preparation thereof 1is well known to
those skilled in the art and are described in the above-

referenced US patents.

Another type of acylated nitrogen compound belonging to
this c¢lass 1s that made by reacting the afore-described
alkylene amines with the afore-described substituted
succinic acids or anhydrides and aliphatic mono-carboxylic
acids having from 2 to about 22 carbon atoms. In these
types of acylated nitrogen compounds, the mole ratio of
succinic acid to mono-carboxylic acid ranges from about
1:0.1 to about 1:1. Typical of the monocarboxlyic acid are

formic acid, acetic acid, dodecanoic acid, butanoic acid,



materials which conprise conplex m xtures of
pol yam nes. For exanple, higher ethylene pol yam nes
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addition to higher boiling fractions containing 8 or

nore nitrogen atoms etc. Specific exanples of

hydr oxyal kyl - substituted pol yam nes include N -

(2- hydroxyethyl) ethylene dianmine, N ,N"' -bis (2-

hyte oxyet®yt) ~ et hgPERE dRahfne, ENS- ESTRGEFORYbURyKfure of
teteapet hyl ene; diani ey, gh6. o Spechbic,exanples, ot othe aciq,
het erocycl 1 c-substituted pol yamnes (2) are

Ne2c anbnokt hykepiipépaziree mode? fand WN-& ami HoepropyV.S. Pat.

PHEeli % 5 S AT bR B berpeie

(2-am noet hyl ) piperazine, 1- (2-hydroxy ethyl)

pi perazi ne, and 2- heptadecyl-1- (2-hydroxyethyl)
-@nfﬂﬁEBPFnéypét@f Sﬁé@ﬁﬁi_ é%ﬁmﬂQ§ﬁ;ﬁom%%u%?oﬁﬁiF@ble for
polyam nes 3) A ddie varjaus JSomel i Grhepylene: of the
di am nes, the various isoneric naphthal ene di am nes,

eteachhny pédt eat Satawe descocabedxusetulaccy| afedbout 12-30

ni trogen conpounds. i ncl udi U S. Pat, s. .3,172,892; .
e CaT Sy H i L hs 3 70 CAG7Tes a4 Pebiya L VARRE: pghines,
3y #5De 881y 3, 488y 832¢e, 33 yi4de 3:630r D4t h 31 632, Fél'yamines

3,804, 763, 4,234,435 and US6821307. A typical acylated
nFeRoyenledntaitel My THHPOUAECBPSt Bins! dliasisiies t Ragreof. The

TR Y SRR, 01 (O 8 B Rsures o
straight and branched chain fatty —carboxylic acids
containing 12-30 carbon atoms. Fatty dicarboxylic acids
could also be wused. A widely used type of acylated
nitrogen compound is made by reacting the afore-described
alkylene polyamines with a mixture of fatty acids having
from 5 to about 30 mole percent straight chain acid and
about 70 to about 95 percent mole branched chain fatty
acids. Among the commercially available mixtures are those
known widely in the trade as isostearic acid. These
mixtures are produced as a by-product from the

dimerization of unsaturated fatty acids as described in

U.S. Pat. Nos. 2,812,342 and 3,260,0671.

The branched chain fatty acids can also include those in
which the branch may not be alkyl in nature, for example
phenyl and cyclohexyl stearic acid and the chloro-stearic
acids. Branched chain fatty carboxylic acid/alkylene
polyamine products have been described extensively in the
art. See for example, U.S. Pat. Nos. 3,110,673; 3,251,853;
3,326,801; 3,337,459; 3,405,064; 3,429,674; 3,468,639;

3,857,791. These patents are referenced for their



anhydride, acid, ester, etc.) wherein the poly
(i sobut ene) substituent has between about 12 to about
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having 3 to about 9 ami no nitrogen atons per ethyl ene
pol yami ne and about 1 to about,8 ethyl ene groups.
These acyl ated nitrogen conpounds are formed by the

reaction of a nolar ratio of acylating agent : am no ,
cCORpOLAIIBE Promale: £614/R0lYpRéRer ANFeASeHReS: 15¢9% thelr
Lade 11 bt £62E 80 Vol ORZid140; n2. and most

preferably from2:1 to 1:1. In especially preferred

enbodi ments, the acyl ated nitrogen compounds are

f.or med. the reaction of acylatipg.agent to i nNo :
R e P b s fare P hed oo SF Y P 21 85 5t STy "Bresent in
pties ecahbysteophlof: kHo Aids2, appeet praf emakinte fu®mo 1000
1.4:1to 1:1.1 and nnstdgreferably from1.2:1 to 1:1.

THPE, t Ppeieraheyl dPedanm o EBHpobngiandlime uvp to 300 ppm,

_ _ et
T s N N

pat@nhses t Anot heralb ypeupf tacybaped. ni Thegenteconpotndntaining
bel onging to this_class is that nmade by reacting the

AT HeRer | DetT SFRYTRNE BRYRESt W EhaEhanoant 0f afleast 1
aé%m?-ﬁ@éﬁék&@ﬂysabsubbgkedOs%ﬁﬁdﬁﬂﬁbﬁéﬂﬁﬁéf%rably_at least
anhydrides and al i phatic nono-carboxylic acids having
f2OnPRNt 0 BHBUEaRDY caf bbre at ofs. PPR- t hese types of

acyl ated nitrogen conpounds, the nole ratio of

succinic acid to nono-carboxylic acid ranges from
abblutvalues of ppm given herein refer to parts per million

by weight of the total composition.

Preferably the welight ratio of nitrogen-containing
detergent to performance enhancing additive is at least
0.5:1, preferably at least 1:1, more preferably at least
2:1. The weight ratio of nitrogen-containing detergent to
performance enhancing additive may be up to 100:1,
preferably up to 30:1, suitably up to 10:1, for example up
to 5:1.

In some preferred embodiments the diesel fuel composition
of the ©present invention further comprises a metal
deactivating compound. Any metal deactivating compound
known to those skilled in the art may be used and include,
for example, the substituted triazole compounds of figure
IV wherein R and R’ are independently selected from an

optionally substituted alkyl group or hydrogen.



1:0.1 to about 1:1. Typical of the nonocarboxlyic acid
are formc acid, acetic acid, dodecanoic acid,

whodoanaiss2 aci d, ol eic acid, stearic acid, the cpcmeBeI0al50864
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m xture of stearic acid isonmers known as isostearic
acid, tolyl acid, etc. Such mgferials are nore fully
described in U S. Pat. Nos. 3,216,936 and 3, 250, 715. A
further type of acylated nitrogen conpound suitable
for use in thg pf\esent invention is edQct of the
reacti on of fatwy nonocarboxyli g _ad
carbon atons amd the af ore-descri bed iyl ené am nes,
typically, ethy| ene, propylene or trin¥thylane
polyanineslﬁg aining 2 to 8 am no groups an jpet ures
thereof. The?*fatty nono-carboxylic acids are generally
m xtures of straight and brangfied chain fatty
carboxylic acids containing 12-30 carbon atons. Fatty
di carboxylic acids could al so be used. A wi dely used

type_of acylated. nitrogen_c ound, i s made by reactin
{TEC AT oF 8 delEr rhed CBPRyIEAY ol y ST it h &L T xriree  ©f
ofofmtity w@acids having from5 to about 30 nol e percent
straight chain acid and about 70 to about 95 percent

nol e branched chain fatty acids. Anong the

commercial |y avgif able m xtures are those kngpn w dely

in the trade asjisostearic acid. These nixtufes are
produced as a by-product fromthe di merkzat i

unsaturated fg aci ds as described in| U Rat .
R RS

Nos.

2,812, 342 arf

wherein R', R? and R’ are independently selected from an
optionally-substituted alkyl group or hydrogen, preferably
an alkyl group from 1 to 4 carbon atoms or hydrogen. R' is
preferably hydrogen, R* is preferably hydrogen and R’ is
preferably methyl. n is an integer from 0 to 5, most

preferably 1.

A particularly preferred metal deactivator 1is N,N’-
disalicyclidene-1,2-diaminopropane, and has the formula

shown in figure VI.



10

15

20

25

The branched chain fatty acids can al so include those
in which the branch may not be al kyl in nature, for

wex@aplssphenyl and cycl ohexyl stearic acid aneCT/B682008/050864

chloro-stearic acids. Branched chain fatty carboxylic
aci d/ al kyl ene pol yam ne produgt{s have been descri bed
extensively in the art. See for exanple, U S. Pat.
Nos. 3,110,673; 3,251,853; 3,326,801; 3,337,459;
3,405, 064; 3,429,674; 3,468\639; 3,857,791. These
patents are referenced for thetkdisclosure of fatty
aci d/ pol yam ne condensates-for tRetr use in

| ubricating oil formulayions. The niXrogen-contai ni ng

detergent is preferap ybpresent int nposi ti on of
the first aspect a afp tHo preferably
up to 500 ppm preferab)y up to 300 ppm/ nore

preferably up to 200 ppm preferably up to 100 ppm and

nost preferably up to 70 ppm VIThe nitrogen-contai ni ng
detergent is preferably present in an anount of at

|l east 1 ppm preferably at | east 10 ppm nore

preb erabl yrateleagt m2tQ1ppafriehenal Y dtpd@asti $0shown in
ppm Al values of ppmgiven herein refer to parts per
mivien ByIwei ght of the total conposition. Preferably

the weight ratio of nitrogen-containing detergent to

per f ormance enhancing additive is at |east 0.5:1,
preferably at least 1:1, noretreferably at |east 2:1.

The weig at i o~ QLPFQQgP;@bﬁ%;LDFQQ.oa »
» Yy additive be upNto 10

VII

The metal deactivating compound i1s preferably present in
an amount of less than 100 ppm, and more preferably less
than 50 ppm, preferably less than 30 ppm, more preferably
less than 20, preferably less than 15, preferably less
than 10 and more preferably less than 5 ppm. The metal
deactivator is preferably present as an amount of from
0.0001 to 50 ppm, preferably 0.001 to 20, more preferably
0.01 to 10 ppm and most preferably 0.1 to 5 ppm.

The weight ratio of the performance enhancing additive to
the metal deactivator is preferably from 100:1 to 1:100,
more preferably from 50:1 to 1:50, preferably from 25:1 to
1;25, more preferably from 10:1 to 1:10, preferably from
5:1 to 1l:5, preferably from 3:1 to 1:3, more preferably
from 2:1 to 1:2 and most preferably from 1.5:1 to 1:1.5.



preferably up to 30:1, suitably up to 10:1, for
exanple up to 5:1. In sone preferred enbodi nents the

wale@smhossuel conposition of the present inventPONGB2008/050864
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further conprises a netal deactivating conpound. Any
nmetal deactivating conpound kggmn to those skilled in
the art may be used and include, for exanple, the

substituted triazole conpounds of figure IV wherein R
ahe RATegpre itHGdp et Tyt &t et edfr GHSTFUpt HoRanFyon may

SPQ@I&&@tggeab%yROQ%O%%f¥h§B“H&EH¥}Je§/éﬁ@ﬁeééeghose which
nmet al deactivating conpounds are those of fornula V :
\amhereimoRly Rrwumt R3 aresieddependent | fhseleectmelude, for
from an optionally-substit.uted al kyl oup_or .
TSR, BPEraratr] e ST TGAB 1 Pt o T e a Bonant L
at o1 Dig hydiceger). &A18s furwf efaptyvbydrogetarf® tisprovers,
preferably hydrogen and R3 is preferably nethyl, nis .
archnteler Fromiolesrs., dastl prierdisabl gnaitgams, corrosion

. ti ; N - .
pfﬁﬂ ﬁPﬁ@féy Pﬁﬁﬁ?é%ggigﬁ%§bvg§§9 ay@EPthggé%ﬁé combustion

di salicyclidene-1 , nopr opane; and
f onpodae showvdaurf | gasésyl . ¥rbhgAnctdere pr efsery edongtiakivity
dfgg}éyg}éng compound is shown in figure VII: VII

In particular, the composition of the present invention
may further comprise one or more additives known to
improve the performance of diesel engines having high
pressure fuel systems. Such additives are known to those
skilled in the art and include, for example, the compounds

described in EP 1900795, EP 1887074 and EP 1884556.

Suitably the diesel fuel composition may include an
additive comprising a salt formed by the reaction of a
carboxylic acid with a di-n-butylamine or tri-n-
butylamine. Suitably the fatty acid 1is of the formula
[R' (COOH) x]yr, where each R' is a independently a
hydrocarbon group of between 2 and 45 carbon atoms, and x

is an integer between 1 and 4.

Preferably R' 1s a hydrocarbon group of 8 to 24 carbon

atoms, more preferably 12 to 20 carbon atoms. Preferably,
x is 1 or 2, more preferably x is 1. Preferably, vy 1is 1,
in which case the acid |has a single R’ group.

Alternatively, the acid may be a dimer, trimer or higher
oligomer acid, in which case y will be greater than 1 for
example 2, 3 or 4 or more. R' is suitably an alkyl or

alkenyl group which may be linear or branched. Examples



The netal deactivating conpound is preferably present
in an anount of |ess than 100 ppm and nore preferably

wo ews/0¥dssn 50 ppm preferably | ess than 30 ppnPCTGB008/050864
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preferably | ess than 20, preferably |ess than 15,
preferably less than 10 and myre preferably less than

5 ppm The netal deactivator is preferably present as
an_armount of from Q.0001 to 50 pp preferably 0.001

t of 22 TRy Iprcef éFabfy @h@qhtdmﬁbn%6n1ﬁﬁ@dwd§f the present

prefefabby O kit RRWy-iLhe uelght, fatdo of the paimitic

performance enhanci ng additive to the netal

deacdi vattoratiss peefieh ablyoftear100:dcid, 1nEQQeommroe ¢ acid,
preferably from50:1.to 1:50, . preferably frgm25:1 to .
S fo o i o B ABT {1 PoR0L 1200 T 16, bt ar eFabPy S acid:
fromdmilct 8c1d5, mpnekerablay ify,omaF bt d: BeidPreéleic acid,
preferably from2:1 to 1:2 and npst _preferably from .
195219t 8C1dp. FHeAdicdsel 2¢1@ édRPOSIEFoR Gt heoconut oil

PEESENt Jddjvent kg o NGl E‘é% one; of mnhg fyﬂhgﬁatty acid,
addi t1ves such as those ich are comonly found I n
déeseloferel 9ilThissecy nekbude, ffish exahplfetty acid, rapeseed

ant j oxi dants, .di spersants,. detergents, wax :
a%{isz?ggynﬁcé émﬁﬁfiﬁﬂcp¥fo%?Fﬁ%r8§épqugﬂQﬁﬁ@ oll fatty
i@@f@yerﬁixQ@P@59é§,tﬁéa@£|h@@ésacgﬁguﬁﬁiEn&eb§oportion are

antifoanms, corrosion inhibitors, lubricity inprovers,

dyese natkier'sle conbustson SurprEdVer s aredotinenasksyddrgdgs of
reduce! 195‘%8989“%?‘@5& ddLAMEN S o A4 F’ﬁ{%ff&i’%%r thereof.
t he conposition of the present Invention nmay further

compri ge edieer rard nanieo@daett yeshkn@aridioxylic acid comprises
tall oil fatty acid (TOFA). It has been found that TOFA
with a saturate content of less than 5% by weight is

especially suitable.

When such additives are present in diesel fuel as the only
means of reducing injector deposits they are typically

added at treat rates of 20-400 ppm eg 20-200 ppm.

The treat rate of such additives would typically be less
than the upper limit of these ranges eg less than 400 ppm
or less than 200 ppm and possibly lower than the lower
limit of this range eg less than 20 ppm, for example down
to 5 ppm or 2 ppm, when used in combination with the

performance enhancing additives of the present invention.

Suitably the diesel fuel composition may include an
additive comprising the reaction ©product between a
hydrocarbyl-substituted succinic acid or anhydride and

hydrazine.



I nprove the performance of diesel engines having high
pressure fuel systens. Such additives are known to

wo base4ski | 1 ed in the art and include, for exanpl/eB200B®50864
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conmpounds described in EP 1900795, EP 1887074 and EP

1884556. Suitably the diesel fyel conposition may

i nclude an additive conprising a salt fornmed by the

reaction of a carboxylic acid with a di-n-butyl an ne

oFFeFEIHBLY y| dmtfie NS IGIRY & h& A y C4ci §PFs BYdFpearbyl-

f@ﬁﬂyﬁﬁtﬁf%d(QEEEMD{CJXMHAthfeaﬁﬁ%ﬁr%dé'd%ﬂ%rises a Cg—Css

i ndependently a hydrocarbon group o0f between 2 and 45

carbop, atroresferaid W Bs @i Gint egerutbet Weerr Limerd gy . examples

Preferably R' is hydr acar bon, gr oup, of to,24 .

LT HRaechbr o Tprererdn vty SO B ehy boh TApEREE VeLY,

Prief enablycaxbi$ &roetp2 maywye Predeyabdbyukyidnd group with

Preferably, y is 1, in which case the acid has a

st NGREPR ' 2gPbapS PPtesnadtrveeyIhthefabpavaay BEUgaand 2500,
. . ‘ hig g aci : Y oh

o T B G L e Ran 1 o i o 3chPer 4P orERSEeY witn

Rilffsrewit dEngtEn alyklylocerballkenybugs oupravhiadlsomaypubeable,

i near or, branched. Exanpl esof carboxylic acids which

iy be UBLEL T t Bb PraGeni RS T on 1 nel ude | auri ¢

acid, nyristic acid, palmtic acid, stearic acid,

I sostearic acid, neodecanoic acid, arachic acid, .

behenhydgecd rovilgriocaii clacied,Lacéest it agi guamdmtigni@cid or
id, i ssic.acid, | ei i, i.c aci

T S S NI £ Col T o o o I

ohdlditionally, or alternatively, suitable hydrocarbyl-

substituted succinic acids or anhydrides are commercially

available e.g. dodecylsuccinic anhydride (DDSA) ,
hexadecylsuccinic anhydride (HDSA) , octadecylsuccinic
anhydride (ODSA) and polyisobutylsuccinic anhydride
(PIBSA) .

Hydrazine has the formula:

NH,—-NH,

Hydrazine may be hydrated or non-hydrated. Hydrazine

monohydrate is preferred.

The reaction between the hydrocarbyl-substituted succinic
acid or anhydride and hydrazine produces a variety of
products, such as 1s disclosed in EP 1887074. It is
believed to be preferable for good detergency that the
reaction product contains a significant proportion of
species with relatively high molecular weight. It 1is

believed - without the matter having been definitively



fatty acid, soy bean fatty acid, tall oil fatty acid,
sunflower oil fatty acid, fish oil fatty acid,

wo 2pesess2 oi | fatty acid, tallow oil fatty aci BCEHG®2008/050864
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palmoil fatty acid. Mxtures of two or nore acids in
any proportion are also suitable. Also suitable are
t he anhydri des of carboxylic acids, their deri vatives

and m xtures thereof. In a preferred enmbodi nent ,

ca? boxyt ied a&e&'co%rl%@s barF & Pﬁ?t)}(%ﬂcﬁd(gﬁjzﬂ\) that a
hafiae Bes houadyt fal ,TORA o Saldlr alie. cpplemolis an
| ess than 5% by wei ght is espécially suitable. We
scmbhgerdejrta; vegeates ppeseéntinandl esef fluel sralsucther@nl y

means of reducing injector deposits they are typically
added at treat rates of 20-400 ppmeg 20-200 ppm The

treat rate of such gdditives would typically be | ess

than the upper limt of these ranges eg |ess than 400

ppm or | ess than 20( [ ver than the

lower limit of this 0 ppm for
exanpl e down to 5 pq 0 in

conbi nation with thdg i hg additives

of the present inyention. Quigably the d|esel fuel
conposition may inclfude an addjtive conpfising the

reacti on product betvveen a hyd\n_pQﬁ.ngLlA.LbStitut ed

succinic acid or anh . Preferably,
t he hydrocar byl grod Subst i t ut ed
succinic acid or anh B- C36

where n 1s an integer and greater than 1, preferably
between 2 and 10, more preferably between 2 and 7, for
example 3, 4 or 5. Each end of the oligomer may be capped
by one or more of a wvariety of groups. Some possible

examples of these terminal groups include:

0 0 0
OH N——NH,
H
N *
N—-* N—-*
R R H R H
0 0 0

Alternatively, the oligomeric species may form a ring

having no terminal groups:



group, preferably a Cs-Cs group. Non-limting

exanpl es i nclude dodecyl, hexadecyl and octadecyl
wa\bdoensmasi vel y, the hydrocarbyl group nay be aPCT/GB2008/050864

pol yi sobutyl ene group with a nunber average nol ecul ar

wei ght of between 200 and 250Q, preferably between 800

and 1200. M xtures of species wth different | ength

hydr ocar byl groups are also suitable, e.g. a mxture

of Cl16-C18 groups. The hydfpcarbyl group is attached

to a succinic acid or anhydrN.de noi ety using nethods

known in the art. Additional alternatively,

sui t abl e hydrocar byl subst | cinic acids or

anhydri des are commerci & Ty| avai I[abl%® e. g.

dodecyl succi ni ¢ anflydri de AN _hexadec

anhydri de ( HDSA) oCt yIsu00|ﬁTt\ak

and pol yi sobut

has the formul

non- hydr at ed. draznne nonohydrate i s preferded. The
reacti on betteen

Nﬁu%ﬁié:byl subst+¥utEd succinic
acid or anhydride\and hy ne RRroduces

variety of
products, such as Ps di scl oped i1 EP 1887074. 1t is
bel i eved to be preferabl% tergency that the

reacti on product contains a\significant proportion of

succini c

i de ( @DSA)

razi ne

When such additives are present in diesel fuel as the only
means of reducing injector deposits they are typically

added at treat rates of 10-500 ppm eg 20-100 ppm.

The treat rate of such additives would typically be less
than the upper limit of these ranges eg less than 500 ppm
or less than 100 ppm and possibly lower than the lower
limit of this range eg less than 20 ppm or less than 10
ppm, for example down to 5 ppm or 2 ppm, when used in
combination with the performance enhancing additives of

this invention.

Suitably the diesel fuel composition may include an
additive comprising at least one compound of formula (I)

and/or formula (II):

(Ya (Y)a

Ar—fL—Ar)



species with relatively high nolecular weight. It is
believed - without the matter havi ng been

waledovniassr el ydet ermi ned yet, to the best of ouUPCT/GB2008/050864
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knowl edge - that a major high nol ecul ar wei ght product

of the reaction is an oligonekgic species predoninantly

of the structure: where n is an integer and greater

than 1 , preferably between 2 and 10, nore preferably

bR eRh 2 anen7 ATf of NERBAPAENBLY 4I%Pr?>sengéchaéndaépmatlc

11 OL L ORIRE ngBY BE CARREL DY QNG ONs L & Of §r<\fr§rtﬁéYgroup

of groups. Sone possible exanples of these term nal
groupssihed udent Al bekmati vekykoxhe olalgomaraldkyslpeci esyloxy,

SO BRCAT b PP BQERTT dl OBt (6P ot Ret Ol 5 oHEARE®:ons

of h&egbie} Ng i njector deposits they are typicall y added
at treat rates of 10-500 ppm eg 20-100 ppm The treat
red @ ofl sdiéh HUMRRFRNEIN WOl ¢ t yprE&arPy Beltleds amyising a

t!‘:‘%}b‘&ﬁ’% Hb 5 t o pf ié‘eﬁﬁcﬁa@ﬂe% fgﬁl]%)fv\]g(? %ﬁ@&pmo ppm

ess t an 100 m and possi an the | ower
Iemm af JIshISndiea;bI@@d@@tlﬁSSORharbﬁ H ppiear lesstidafiormula
(gqr%for exanpl e down to 5 ppmor 2 ppm when used
ililn Srbizhat iZon Wit EH pe?fffojr?ran%%l%%ﬁ%ﬁm pgom the group

adgh | vesnof Lhis d}(‘l\é?lﬂ“ of. i taply gihe diesgl” fuek cach
conmposition nmay i nc ude an additive conprising at .
| eag¢pongecohposateofeflof puhaH( | 1 and/ 0F dbkyul andl &yyl; R’
nls selected from C; to Cipp alkyl and aryl; z is 1 to 10; n
is 0 to 10 when X is (CR'%),, and 2 to 10 when X is O or S;
and y is 1 to 30;

each a is independently 0 to 3, with the proviso that at

least one Ar moiety bears at least one group Y; and m is 1

to 100;

(Yar (Yar

Ar—fLU—Ar)

wherein:

each Ar' independently represents an aromatic moiety
having 0 to 3 substituents selected from the group
consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy,
hydroxyalkyl, acyloxy, acyloxyalkyl, acyloxyalkoxy,
aryloxy, aryloxyalkyl, aryloxyalkoxy, halo and
combinations thereof;

each L' 1is independently a linking moiety comprising a

carbon-carbon single bond or linking group;



(i :wherein each A r independently represents an
aromatic noiety having O to 3 substituents sel ected

wo eawan¥dse2 gr oup consi sting of al kyl, al koxy, PCT/GB2008/050864
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al koxyal kyl, aryl oxy, aryl oxyal kyl, hydroxy,

hydroxyal kyl , hal o and combi nations thereof; each L is

i ndependently a |inking noiety conprising a

carbon- car bon single bond or a |inking group each Y

i 2¢hdéperdent 1YCRERIAN bt Y a2ty Yof Ot hé ?oﬁﬁﬂ@%h@(%?‘ or

(£ 202 M) YK, %%&i'%@&éf?‘nsﬁ'?q§d ferl%'@ttebf 9LOMP the group

consi sting of )  R1 R 1 ' are each

|©@@@Eﬁd@@glyx%elé@fé@zfroﬁﬂHade B; td?t @ndlkyf amde each
sel e to CIOO | K I aryl ; .

¥ en e R S ey B et SeT s R e B fpt v -

10s whepo X10$ @'OE_SSO; tand oy vrserl 3t0 ﬁé) (@&ch)a, i&nd 2 to 10

i ndependently 0 to 3, with the FOVISO that at | east

OffeSIA ¥ nﬁ?e%yoﬁeérsyaﬂsléa§¥> of oup ¥ ;2AndCHL| greup, a

Il rein ep tIy
r%p%g%e%§sg%ﬁ%§§onatléaggﬁgsy EE?gg %PQ&@ an acid ester

S@bsmptu&mtslbgle@t@wpfmnnamh@rglO@po@pn5|stlng of
al k

SRSVOG aiy RTEF R D Cdby Poyal Kody: r gl gt it that at

aIdé@%y@hgyAr'aﬁMh@%yab%@&%,a&mﬂééﬂﬂjone group Y' in which
Z i1s not H; and m' is 1 to 100.

When such additives are present in diesel fuel as the only
means of reducing injector deposits they are typically

added at treat rates of 50-300 ppm.

The treat rate of such additives would typically be less
than the upper limit of these ranges eg less than 300 ppm
and possibly lower than the lower limit of this range eg
less than 50 ppm, for example down to 20 ppm or 10 ppm,
when used in combination with the performance enhancing

additives of this invention.

Suitably the diesel fuel composition may include an
additive comprising a quaternary ammonium <salt which
comprises the reaction product of (a) a hydrocarbyl-
substituted acylating agent and a compound having an
oxygen or nitrogen atom capable of condensing with said
acylating agent and further having a tertiary amino group;
and (b) a quaternizing agent suitable for converting the
tertiary amino group to a gquaternary nitrogen wherein the
quaternizing agent 1is selected from the group consisting

of dialkyl sulphates, benzyl halides, hydrocarbyl



conbi nations thereof; each L ' is independently a
i nking noiety conprising a carbon-carbon single bond
w@eoobjomissng group; each Y ' is independently a poi/6eB08/050864
the formula ZO or Z (0 (CR2 2)n' )y' X '- , wherein X
" is selected fromthe group Egnsisting of (CR2 2 ) z
0 and S; R2 and R2 ' are each independently sel ected
fromH, Ci to C e al kyl and aryI z' is 1to 10; n ,
%H@S*%Jot%e%en serbgrafiesy 2 drgse Pty 10RRERIRS  in
'§or@>£’rr1a§l®nywi1§h 1.£0:30 &rigifturd@d AcYle@FoUp, a
pol yacyl group, a lactone ester group, an acid ester
group, an al kyl group or an aryI group; each a ' is
i hdepe dentl 0to 3 he prov t hat at
TR TS T o o y B IRTY ctSHERGY sttty 2Nch WRreRts For
5 Isr&eirthg and Hhmel srd a@s&Q@beWeﬂ 5u@hfaddbww§3patents,
are present in diesel fuel as the only means
redibel ngTEnfeEEhY dEFEICS esy Raf ert Aty %%déd2§§ 980,
tgeat, ﬁa/%e%ﬂf 5(9S3Q019@m955he 4 eat 3E%tﬁ7§f %hzi 338,206,
addi ti'ves ‘'woul'd typically be’l ess than the Upper m t
ofind heSedbranges3gg | ess than 300 ppm and pOSSIb|y
| ower than the lower limt of this range eg | ess than
5 0 ppm for exanple down to 2 0 ppmor 10 ppm when
10 usedcdim soabynatiey whthithenpenfarpraceyenbanstNguents are
additives of this invention. Suitably the diesel fue
cCORPRETY i ons hayde henedelanthis specification.

Examples of the nitrogen or oxygen containing compounds
capable of condensing with the acylating agent and further
15 having a tertiary amino group can include but are not
limited to: N,N-dimethyl- aminopropylamine, N,N-diethyl-
aminopropylamine, N,N-dimethyl- amino ethylamine. The
nitrogen or oxygen containing compounds <capable of
condensing with the acylating agent and further having a

20 tertiary amino group can further include amino alkyl

substituted heterocyclic compounds such as 1-(3-
aminopropyl)imidazole and 4- (3-aminopropyl)morpholine, 1-
(2-amincethyl)piperidine, 3,3-diamino-N- methyldi-

propylamine, and 3'3-aminobis (N, N-dimethylpropylamine) .

25 Other types of nitrogen or oxygen containing compounds
capable of condensing with the acylating agent and having
a tertiary amino group include alkanolamines including but
not limited to triethanolamine, trimethanolamine, N,N-
dimethylaminopropanol, N,N-diethylaminopropanol, N, N-

30 diethylaminobutanol, N,N,N-tris (hydroxyethyl)amine and
N,N,N-tris (hydroxymethyl)amine.



addi tive conprising a quaternary amoni um salt which
conprises the reaction product of (a) a
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havi ng an oxygen or nitrogen atom capabl e of

condensing wi th said acyl ating,agent and further

having a tertiary am no group; and (b) a quaterni zing

agent suitable for converting the tertiary am no group

t”gh% FRAPESREY i PF 0dé® WAEPRPALt HE VI & hi PRKg contain a

a@@@%e%§i§§ﬁ&°%@%h&f0§h£9§b9é0%?n9°8§£§&£99n§f1§%§'%¥Etiary

sul phates, benzyl halides, hydrocarbyl substitute
canbomat ggoupydriocar byl ®posédesry n combpeahi orwhwitdin  the

an acig or.nixtur% Lhereoi._§§$ Ie% f quaternar¥ atin
aRPONT UM 65TY AHG fret'tiodsS 19T 2%%?. m}hteheg%%%% args+e-1nd
describedkyn thelpohtow) ngapryENt BalWibeh arenherebjalides,

i ncorporated by reference, US 4,253,980, US 3,778, 371,
Usydragariosh  Usies Boplloys.  USoasd-erge, and Ushydrocarbyl

5@ ééidé§8in5@$$@P$§t§8M!ﬁi% gaﬁg%@£§ @Pdmp%gﬁpgérpﬁéreof.
de nthis

substituents are as previously i ned
speci fication. Exanples of the nitrogen or oxygen

cont ai ni ng compounds capabl e of condensin i.th the

o e el os o2 GoR R, Clyi FRCLRMR ML hds! Mosuch  as
gERUPr Cad, | ncbydeebubrargrp@t dbt m hedrbQidhs; sulphonates;
, N-di met hyl - am nopr opyl am ne

N> N6 @l Rt hiye ani AeprepyEmhreN | Ndh nBshydinginb sulphate;

e lne, T ' n Oxyd taini ) . _
IS L o i B S R R O AN B A e i cL-12
agehy lphdsprustder hesoraiges; Cl1-12 alkylborates; nitrites;

nitrates; carbonates; bicarbonates; alkanoates; 0,0-di Cl-

12 alkyldithiophosphates; or mixtures thereof.

In one embodiment the quaternizing agent may be derived
from dialkyl sulphates such as dimethyl sulphate, N-
oxides, sulphones such as propane and butane sulphone;
alkyl, acyl or aralkyl halides such as methyl and ethyl
chloride, bromide or i1iodide or benzyl chloride, and a
hydrocarbyl (or alkyl) substituted carbonates. If the acyl
halide is benzyl chloride, the aromatic ring is optiocnally
further substituted with alkyl or alkenyl groups. The
hydrocarbyl (or alkyl) groups of the hydrocarbyl
substituted carbonates may contain 1 to 50, 1 to 20, 1 to
10 or 1 to 5 carbon atoms per group. In one embodiment the
hydrocarbyl substituted carbonates contain two hydrocarbyl
groups that may be the same or different. Examples of
suitable hydrocarbyl substituted carbonates include

dimethyl or diethyl carbonate.



tertiary am no group can further include am no al kyl
substituted heterocyclic conmpounds such as 1- (3-

wa@eionopsepyl ) i m dazol e and 4- (3-am nopropyl ) PCT/GB2008/050864
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nmor phol i ne, 1- (2-am noethyl) piperidine, 3

, 3-di am no- N nethyldlpropyla%} and 3 ' 3-am nobi s

(N N- di et hyl propyl am ne) her types of nitrogen

or oxygen contai ning conpounds capabl e of condensi ng
m%@f1%qﬂ§*§€yl§Wpﬁ§l§6€ﬁt AR WRAR TR e 2061 39§n5n1?ﬁp be a
o5 4P, kach wde gl kangl ani ges k@fké‘géﬂge@mb?m thbm 6841 0wing
to triethanol am ne, trimethanol am ne
ﬁMImQI@ylam1©@@bD@@ho¢m WL IN- @l ed diydl ami nopr opanol , N
,hUiethyIaninobutanoI, N,N,Ntris (hydroxyethyl)

amne and N ,N ,Ntris (hydroxynethyl) am ne . The

conposi tion of the present gnvention may contain a
qguat er ni zi ng agent suft Bénverting t he
tertiary amno group to [
the quaterni zing agent i g selegted fromthe group

consi sting of dialkyl al kyl halides, benzyl
hal i des, hydrocarbyl su stitute§4carbonates; and

hydr ocar byl epoxi des in conbination with an acid or

m xtures thereof. The quaternizing agent can include

hah ¢ desn thhRas ehl anidd®&4 icedi dee arndwmmaktly H or a Cl-
h%@FOXIdeS tphonates bi sul phites, al kyl sul phates,

h %%r%?%ﬁ@% | 95U Bhat e; sul phones; phosphat es;

A -12 al kyl phosphates; di O -12 al kyl phosphat es;

borates; C-12 alkylborates; nitrites; nitrates;

chxdmbtes; 0bi carBopacseylal RapvhEes; RO dinglude styrene

oxide, ethylene oxide, propylene oxide, butylene oxide,

stilbene oxide and C2-50 epoxide.

When such gquaternary ammonium salt additives are present
in diesel fuel as the only means of reducing injector
deposits they are typically added at treat rates of 5-500
pem eg 10-100 ppm.

The treat rate of such additives would typically be less
than the upper limit of these ranges eg less than 500 ppm
or less than 100 ppm and possibly lower than the lower
limit of this range eg less than 10 ppm or less than b5
ppm, for example down to 5 ppm or 2 ppm, when used in
combination with the performance enhancing additives of

this invention.

The diesel fuel composition of the present invention may
comprise a petroleum-based fuel o0il, especially a middle
distillate fuel oil. Such distillate fuel o0ils generally
boil within the range of from 110°C to 500°C, e.g. 150°C



12 al kyl di t hi ophosphates ; or m xtures thereof. In one
enbodi nent the quaterni zing agent nay be derived from
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sul phones such as propane and but ane sul phone; al kyl,

acyl or aral kyl halides such gas nmethyl and et hyl

chloride bronide or iodide or benzyl chloride, and a
drocarb (or al kyl) substltuted carbonates. If the

a ﬁ%pl e i $NBensESEH orftfe tWRY ar SFRPFES®i ngtigspheric

O@IéQPﬁiéﬁ’efwﬂ her -sihstditutiad wd h alkylegr g%%eeyh or a
groups. The hydrocar byl (or al'kyl) groups of the

hytewearibyl asubstirtpbed ioar bohat esraeyhicontai nahd orefinery
to 20,. 1 0_or to car bo t os r

PRt S B0t nane SERET YO oRBR ST Sabeeraranty Tr8¢Red and

Clay hohat £5c eoit @i it 1 Woa tyéer ocar byl groups that may be

the sane or different. Exanples of suitable

hydr ocar byl substituted carbonates i ncl ude di et hyl or

dfﬁehﬁheg@ﬁbQQéh?'ééh t{%% éé&%t invention may
%ydrocarb as

guat erni zi ng agent can epoxi de,
remmpsbmeemomyreMewableoELaghéofﬁnbpechnfuehblaathoas those

Wi th a a ein Rl d an b
e EnaEht 197 H G a G 80 HyGogh: byl odroup L (coal-to-
Q%@i@ﬁ phe hydseganby! (€POXs Hess can-1 nghuge, styrene
et hyl ene oxi de, propylene oxi de, butyl ene
oxi de, stil bene oxide and C2-50 epoxi de. Wien such

OpAL epoacy ) apmRni um salt; addi thyes ar g, RIESENt: nvention may
comprise a renewable fuel such as a biofuel composition or

biodiesel composition.

The diesel fuel composition may comprise 1st generation
biodiesel. First generation biodiesel contains esters of,
for example, vegetable o0ils, animal fats and used cooking
fats. This form of Dbiodiesel may be obtained by
transesterification of oils, for example rapeseed o0il,
soybean o0il, safflower o0il, palm 25 o0il, corn o0il, peanut
0il, cotton seed o0il, tallow, coconut o©il, physic nut oil
(Jatropha), sunflower seed o0il, used cooking oils,
hydrogenated vegetable o0ils or any mixture thereof , with
an alcohol, usually a monoalcohol, in the presence of a

catalyst.

The diesel fuel composition may comprise second generation
biodiesel. Second generation biodiesel 1is derived from
renewable resources such as vegetable oils and animal fats
and processed, often in the refinery, often using
hydroprocessing such as the H-Bio process developed by

Petrobras. Second generation biodiesel may be similar in



in diesel fuel as the only neans of reducing injector
deposits they are typically added at treat rates of
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additives would typically be | ess than the upper limt
of these ranges eg |ess than 300 ppmor less than 100
ppm and possibly lower than the lower limt of this

range eg |ess than 10 ppmor less than 5 ppm for ,
e&%%®¢%ta%%m £895 Apmiery2 fvm RiHerifsdy ippsed fuel oil

copbingal i ongwit hthe ﬁ@%rfqre'%%%l%nhacﬂ‘fé&gl adﬁf&éﬂﬁ(@éd from

of this invention, e diesel fuel conposition of the

pv%g%h@bl@vewnd@nlnﬁmnwmbrlﬁeta[Mﬁt@leUﬁndasa$ﬁkﬁﬁed by
espec ddle dis IIat 0|I Such

e N AT S R R I

of fron1110 0oC to 500 0OC, e.g. 150 0OCto 400 0OC . The

di esel fuel may conprise atnnspherlc distillate or

v%%%uﬁ#éﬁ@ﬂHﬂW%%aCQW%&%%@“ﬁhsoélWheOWQ?%ﬂ%%dlmﬁe%hyon may

Héé’n Qlfllrc'%/r g{;@ﬁéré n,gnd FS&EQS&XR/.GSt ﬁﬁg?ﬁ SYCleration

erna ly an catalytically cracked an
h@d@@l@$@bke¢mﬁkmsédat@asiﬁﬂsaﬁMBel fnel cempobetrirGmopsch

of the present |nvent|o na onprise . non-rene l e

A o PE R Tbr TSRy Thar SOTBELSSa0aY LElT 2B S pass-to-
(gﬂéui@r|fgéﬂ§) frueks, dgﬂeﬂéﬁyﬂntBhddMééBlf&6%§ Aapd differ
OrL (oil sands-to-Iiqui ? The di esel fue

CHhPOLY t £ BAMOFOMRe SG tgenAErtioon ey it seufa aims to
reneyabl e fuel ;syeh as g biptueL £PMAS AN QY widens the

feedstock base.

The diesel fuel composition may contain blends of any or

all of the above diesel fuel compositions.

In some embodiments the diesel fuel composition of the
present invention may be a blended diesel fuel comprising
bio-diesel. In such blends the bio-diesel may be present
in an amount of, for example up to 0.5%, up to 1%, up to
2%, up to 3%, up to 4%, up to 5%, up to 10%, up to 20%, up
to 30%, up to 40%, up to 50%, up to 60%, up to 70%, up to
80%, up to 90%, up to 95% or up to 99%.

In some embodiments the diesel fuel composition may
comprise a secondary fuel, for example ethanol. Preferably
however the diesel fuel composition does not contain

ethanol.

Preferably, the diesel fuel has a sulphur content of at
most 0.05% by weight, more preferably of at most 0.035% by
weight, especially of at most 0.015%. Fuels with even



bi odi esel conposition. The diesel fuel conposition may
conprise 1st generation biodiesel. First generation
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oils, animal fats and used cooking fats. This form of

bi odi esel may be obtained by fpansesterif ication of

oils, for exanple rapeseed oil, soybean oil, saffl ower

oil, palm25 oil, corn oil, peanut oil, cotton seed
ol@we¥a9?8ﬁlscdﬁénﬁP BRPT ﬁﬁﬁél%lﬁﬁtSBFFa?ﬁﬁtF%%ﬁh)as fuels

spnfh oner sseed 0idg YsedsCOpKLRI Q) 'v§e1<§}¥tdr°§§é‘§é§9bly less

vegetable oils or any m xture thereof ,

atlcamo? § M@@alfqraGN@MQh¢cb%o¢pml@rth%S@resence of a
catal yst . The diesel fuel conposition may conprise
second generation biodiesel. Second generation

bt eahesey hShederpyedeht pmuicangwalire JieSel Cese8UER asill be
vegetable oils and animal fats and processed, often in

t%@e$%$¥neﬁ§ 6¥te%o%§@%gn%%ﬁropﬁ@éesﬁ%ﬂ?&%&h BRrewgh the
th%90§{8§e§ﬁfdﬁ%%%?pegn@ynP%&ﬂpb6§§de S@&Pﬁgces k)d acidic

gener ati on bi odi ese simlar Inproperties a
qﬂ@¢¢igstprp69noleun1bhsedukaehn0|ErsmrdmmgldHM1ng oil. In
exanple_re emabl di esel gy 39 fromve eta le oils

ARral THELS ett Cind marKeted by "EdiocSBMLPRRY agome  into

Renewabt e &I esel napgl byshestecas NexBThxadpeedi esgl vehicle
fuel conposition of the present invention may conprise

t fiie bl generatsitemshi ofieseltarmfif .r dfgehertatanoiP Ui todhi lexe| means
ué%é[SEST§5§%Jlf§¥I(M%éygijé5%¥g% ni gpps%%ntamlnatlon will

comprise transition metals such as zinc, iron and copper

and others such as lead.

In addition to metal-containing contamination which may be
present 1in diesel fuels there are circumstances where
metal-containing species may deliberately be added to the
fuel. For example, as 1s known in the art, metal-
containing fuel-borne catalyst species may be added to aid
with the regeneration of particulate traps. Such catalysts
are often based on metals such as iron, cerium, Group I
and Group II metals e.g., calcium and strontium, either as
mixtures or alone. Also used are platinum and manganese.
The presence of such catalysts may also give rise to
injector deposits when the fuels are used 1in diesel

engines having high pressure fuel systems.

Metal-containing contamination, depending on 1its source,
may be in the form of insoluble particulates or soluble
compounds or complexes. Metal-containing fuel-borne
catalysts are often soluble compounds or complexes or

colloidal species.



technol ogy including those described as BTL
(bi omass-toliquid) fuels. Third generation biodiese
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bi odi esel, but ainms to exploit the whole plant

(bi omass) and thereby widens {he feedstock base. The
di esel fuel conposition may contain bl ends of any or
all of the above diesel fuel conpositions. In sone
enbodi nents the diesel fuel conposition of the present

I pyentd one myen%cf’in@r?&qed Ct'heese! mfe'%%ll—%%mra'i%'i%% species
bi o-diesel. In such blends the bio-diesel nay be

ptesentsén anfapbumbriod, cdorlexanple up to 0.5% up to

1% up to 2% up to 3% up to 4% up to 5% up to 10%

up to 20% up to 30% up to 40% up to 50% up to 60%
upnt o J&fe U BO%nd) t 0 RN wptha -35H@RndPat O species
99% I n sonme enbodi ments the diesel fuel conposition

ney ebhpf P setd“secondary fuel, for exanple ethanol.
Preferably however the diesel fuel conposition does

not contain ethanol . Preferably, the diesel fuel has

ar gl phuty contentanofuret obstne@a05%oby aweiight ,sprories in the
pr ef er abl f at nost 0.035% by weight, especially of

B ea T 6l 0c S HUET S50 R eVt T et et & OF AUl of
aheral sonsthéabbecsysh as puehsemi bhil 888 thappROppPitight,
sul phur by weight, preferably |ess than 2 0 ppm for
ekanpteanpl ppheoretrss: I Canfrohl yriehypreseht, based on the

MRl Ak CORE ALl NG SPEFT ES W | | be

The fuel compositions of the present invention show
improved performance when used in diesel engines subjected
to high pressures and temperatures compared with diesel

fuels of the prior art.

According to a second aspect of the present invention
there is provided the use of an additive in a diesel fuel
composition to improve the engine performance of a diesel
engine having a high pressure fuel system using said
diesel fuel composition, wherein the additive i1s the
product of a Mannich reaction between:

(a) an aldehyde;

(b) a polyamine; and

(c) an optionally substituted phenol;

the or each substituent of component (c) has an average

molecular weight of less than 400.

Thus the additive may be regarded as a performance
enhancing additive. In a third aspect the invention

provides an additive package comprising an additive which



present as a contam nant, for exanple through the
corrosion of netal and netal oxide surfaces by acidic
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In use, fuels such as diesel fuels routinely conme into
contact with nmetal surfaces fg% exanple, in vehicle
fuelling systens, fuel tanks, fuel transportation

nmeans _etc. Typically, netal -containing contanination
m}$lt&&nﬁ¥%%ﬁ??aﬁ i t3 oNeRBtaPs SRAH HY zPAc, Pero! afgfined
CEPPET randr oL her S, sugh as leadngl noadditionetes,
nmet al - contal ni ng contam nati on which my be present in
di esel fuels there are circunstances where
tal-gﬁgtainin speci es ma deliberate%y be %d%ed ta
t e f TS Fore exttipt e ad™d%s K@t ST t e Afec-Ure ©
et af sendaddi nediielcibey neagataliyst spegi esgmwyEly neat
added to aid with the regeneration of particul ate
t P apsoIsycHOR Bt B YT s SHTACET baded orfhfetdlsl sichfurther
aé?aw{lveg,e“ UI‘BOIG_TOUQXLHH?EQ Goup,Ld metal S840 above.
cal cium and strontium either as m xtures or al one.
AhBoeusedi ae by ptlat | adai ande naaghaesemaTheoppeseace eblution
such catalysts al so give rise to injector deposits
whien &4 Fud% g%rus%%la 1qi édel et Hes haiing ﬁﬁgﬁcarbon
PL S AHF €a F&eht Sy St emsenMet al - cont ai ni ng cont am nati on,
depending on its source, nay be in the form of
i nsol ubl e particul ates or sol ubl e conmpounds or

Cﬁpgkg%féd B@EggfgoQﬁghﬂkygséggﬁdbgﬁaethird aspects are as

defined in relation to the first aspect.

neat

In preferred embodiments the second aspect comprises the
use of a performance enhancing additive as defined in
relation to the first aspect to improve the performance of

a diesel engine having a high pressure fuel system.

The improvement in performance of the diesel engine having
a high pressure fuel system may be measured by a number of

ways.

One of the ways in which the improvement in performance
can be measured 1s by measuring the power loss 1in a
controlled engine test, for example as described in

relation to example 4.

Use of the performance enhancing additives of the present
invention in this test provides a fuel giving a power loss
of less than 10 %, preferably less than 5%, preferably
less than 4% for example less than 3%, less than 2% or

less than 1%.



catal ysts are often sol ubl e conmpounds or conpl exes or
col |l oi dal species.|ln sone enbodi nents, the
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catal yst. In sone enbodi nents, the netal-containing
speci es conprises zinc. Typicahly, the anount of

nmet al - contai ning species in the diesel fuel, expressed
in ternms of the total weight of metal in the species,
is between 0.1 and 50 ppm by meight for exanple

bﬁf@‘@@f‘a@l} &HPI% 1Qstr8fbyawef19@I %%1%'10tnheo¥ve'tg@ first

of the diesel fuel. The fuel conp05| i ons of
present umweﬂt|¢wesﬂﬂnNemgpneve@am@mqommahcghWMEneaﬁuﬂﬁ fuel
|n dj esel gnglne bj ected, t o hi ssures and

s°¢ QFe

h
Eie 6F U Hicel f GOPE STLRS gy ot Least

az% peegediang yt 0a@ seeerd Bspect @feﬁé@k@lﬁsalﬂt least 25%,
invention there is provi ded the use of an additive in
A eserefaeprPEBnposilerst 209 miroveethePengphePly at least

p@@¢°&8ﬁ§§§e8ft§ diesgl egngine having a high pressure
fuel sys

em using said di esel fuel conposition,
mhereln the additive is the product of a Nhnnlch

action between:.(a) a aldeh am ne;
R PRl bni e ElnErFRaY cat phBkofti BBRL BRO8henhaving
sylbstigmentrof sgpaponegatl (syshas aﬁa§Vebégemeasured by an

improvement in fuel economy.

Improvement in performance may also be assessed by
considering the extent to which the use of the performance
enhancing additive ©preferably reduces the amount of
deposit on the injector of an engine having a high

pressure fuel system.

Direct measurement of deposit build up is not usually
undertaken, but is wusually inferred from the power loss
mentioned earlier or fuel flow rates through the injector.
An alternative measure of deposits can be obtained by
removing the injectors from the engine and placing in a
test rig. A suitable test rig is the DIT 31. The DIT31 has
three methods of testing a fouled injector: by measuring

the back pressure, the pressure drop or the injector time.

To measure the back pressure, the injector is pressurised
to 1000 bar (10® Pa). The pressure 1is allowed to fall and
the time taken for the pressure to drop between 2 set
points 1s measured. This tests the integrity of the
injector which should maintain the pressure for a set

period. If there 1is any failure 1in performance, the



nol ecul ar wei ght of |ess than 400. Thus the additive
may be regarded as a perfornmance enhancing additive.
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package conprising an additive whichis the product of
a Mannich reaction as herein defined with reference to
the first and second aspects. The additive package may

conprise a m xture of neat performance enhancing . . ,
a@%@%¥%€ea%Hl%pﬁ?bhamP§ené%PlﬁinoEEhScéﬁtélﬁPﬁ indication

det e; gept ands9pt i Ha #¥r£yét9§£l?dgyt vgs, Tebr example, a

exanpl e those descri bed above ernatively the
adept¢ak pa@%ageewayxuonpmnsetarsmaﬁ|tﬁk@faammmwm%m of 10

for exanp m xture of rocar bo

ST T Sorvents RHETEPFod Hopecre ofEHESecthy P set
thb1et@aspects are as defined in relation to the flrst
aspect. In preferred enbodi nents the second aspect
conprises the use of a perfornmance enhancing additive

def i i e i 0 fi 0
?ﬁ% g%??g?ﬁaﬁg% %?%s%&x% é%nghgﬂﬂggh Vf@&ﬁof 1énBE8¥§urlsed
press0pe buel (39Stem . Theei mme@\senentls ralplewm msmcéall and

of the djesel avi ng.a h|g e fuel
S35t B hy SEbN feddal ehaby " nibor 0ot CabyEirCEneThe drop in
t e &Y Be | Muhirch e IEﬁ&@%gnEpéthdpeiéOﬁﬂﬁﬂﬁﬁxﬁﬁnand is
be neasured is by neasuring the power loss in a
corrPart@d engihe dtestdaddr &ednplle &yrdesdri begserger car

injector this may be 80 bar (8 x 10° Pa). Any blockage in
the injector will cause a lower pressure drop than the

standard.

During the pressure drop measurement the time that the
injector opens for 1is measured. For typical passenger car
injectors this may be 10 ms*l ms. Any deposit may impinge
this opening time causing the ©pressure drop to be
affected. Thus a fouled injector may have a shortened

opening time as well as a lower pressure drop.

The present invention 1s ©particularly wuseful 1in the
reduction of deposits on injectors of engines operating at
high pressures and temperatures in which fuel may be
recirculated and which comprise a plurality of fine
apertures through which the fuel is delivered to the
engine. The present invention finds utility in engines
for heavy duty vehicles and passenger vehicles. Passenger
vehicles incorporating a high speed direct injection (or
HSDI) engine may for example benefit from the present

invention.
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enhanci ng additives of the present invention in this
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10 %, preferably less than 5% preferably |ess than
4% for exanple less than 3% |Less than 2%or |ess than
1% Preferably the use of a fuel conposition of the

first aspect in a diesel engine having a high pressure
fUed 8yst &rh ridtfuce3Cohe pEREFTI 88Y of RIS ehlgP nBSpyOrmance

abr| @t 2241 pEehgr abbyat nheaste 104, prefer ghl vo ft i njector
| east 25% nore preferably at [east 50% and nost

pref en@bhy atpdreaste 8% coapariethdtert hef basesf uglan Thed um,
i mprovenent in performance of the diesel engine having

ahe ghr pregsuees f Uednsysd emmmapobe peasaredlpylams than 150
i nprovenent in fuel econony. |nprovenent in ,

PERf or ArEinc ey aP@%OﬂémﬁggésséﬂKby ¢dPsi de ngtteove  the

ex1 £AL - O WA CJEthc%eusgag;ﬁn%hebQGrEé’&?@%?&dg{g%Lfﬂﬂo% on an

additive preferably re es the anoun

t hejeofect oi tbf aan aprgitnechaneivigoa hi glenrtessures$ uehan 100
system Direct neasurenent of deposit build up is not

Usial PyetifdePl EkefSSbitharns UsudmMt y iTAferySEd B3 FRECOVE the

H%&@fo%ﬁ%ﬁcgﬁgkiqggdegg%héeﬁﬁNWﬁfgﬂ %hgmﬂﬂl%%%or has more
t'hroug e injector. al ternative nmeasure of
depasi bsecapeheuobt aifped dxypmodrowniang: titean Nd esporsures, for

fromthe gngine and placing in a
example r more apertures.

Within the injector body, clearances of only 1-2 pm exist
between moving parts and there have been reports of engine
problems in the field caused by injectors sticking and
particularly injectors sticking open. Control of deposits

in this area can be very important.

The use of the second aspect may improve the performance
of the engine by reducing deposits including gums and

lacquers within the injector body.

The use of the second aspect may also improve the
performance of the engine by reducing deposits 1in the

vehicle fuel filter.

A reduction of deposits in a vehicle fuel filter may be
measured quantitatively or qualitatively. In some cases
this may only be determined by inspection of the filter
once the filter has been removed. In other cases, the

level of deposits may be estimated during use.



test rig. Asuitable test rigis the DIT 31. The DI T31
has three nethods of testing a fouled injector: by
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injector tinme. To neasure the back pressure, the
injector is pressurised to 1000 bar (10 8 Pa) . The
pressure is allowed to faII and the tinme taken for the
pressure to_drop between set points_is neasured.

TAIRY t BShéCLRa |aﬁleeg5r31ttfyﬁdofw%% ?nfreetort Wfticch Whigth gray be
e 8L 2{ Pyt he peessur enform@ set %'&Qtefﬁlﬁge'rt%e' Slevel of

any fallure in performance, thepressure wll fall nore
replddy. bThid g @nﬂxmh$ndeeduﬁmr(ﬁllvﬂ@rnaplacement For

foulin particul arl uns. For |ca
Setehite, PREF ARk el hke S At Tt Benin o
secongsaf ot t heupriessus Bl ¢wiky ophbet ieedet he thwo Sedl level
poi nts. To neasure the pressure drop, the injector is
PYEsaLRi 588 £6110002P&r HRE0 BPHC OThel presshiFecking to be

% %ff o fall and at a set point (750 bar - 7.5 x
10 ires. The drop in pressure during the firing
period is measured and is conpared to a standard. For

ty |cal assenger , car ctor this 0 bar
BB S T bR S ThERRE (Tt oFal) MeR G the
| oWET RLESSHA € 18hap dﬁaehbh%@@aﬁarﬂnv&dfmg tthe level of
pressure drop neasurenent the tine that the injector

opRIPgs § b? |annE%fEﬁJre‘iile1Forf1{13ﬁmrcalafﬁas§@ﬁ§éﬁeéably reduced
:ﬁ%ﬁ%%gé& &Qkﬁ 3ﬁ£6§4tf@hs @Q¥cgeggskkﬂﬁagontain the

performance enhancing additive of the invention. This
allows the filter to be changed much less frequently and
can ensure that fuel filters do not fail between service
intervals. Thus the use of the present invention may lead

to reduced maintenance costs.

Suitably the use of the performance enhancing additive of
the present invention allows the interval between filter
replacement to be extended, suitably by at least 5%,
preferably at least 10%, more preferably at least 20%, for

example at least 30% or at least 50%.

In Europe the Co-ordinating European Council for the
development of performance tests for transportation fuels,
lubricants and other fluids (the industry body known as
CEC), has developed a new test, named CEC F-98-08, to
assess whether diesel fuel is suitable for use in engines
meeting new European Union emissions regulations known as
the “Euro 5” regqulations. The test is based on a Peugeot

DW10 engine using EBuro 5 injectors, and will hereinafter



this opening tine causing the pressure drop to be
af fected. Thus a fouled injector may have a shortened
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present invention is particularly useful in the
reduction of deposits on injegtors of engines
operating at high pressures and tenperatures in which
fuel may be recircul ated and which conprise a

pPer STy 16 f FRe Hpeftar d8thr G661 -whi diF thelfuere j Surther
del L veredst o, the. enghng.« The presepiybinvention finds

utilrty 1n engines for heavy duty vehicles and
passenger vehicles. Passenger vehicles incorporating a

hi gh_speed diyect injection (or.HSDI) engine may for ... .
e B ek P b r bt ot aLerA AT | S Begugi tives
the speopdeadspect niawtiidpr aeadde perdidmnce®ésihe in the
engi ne by reducing the deposits on an injector having
a"bpetedife with a diameter of |ess than 500 nm,
preferably less than 200 nm, nore preferably |ess

than 150 nm. In sonme enbodi nents the use may i nprove

thef pee f oheapceoof t Y héaeagbhetbysredpotingtdeppsths onventor
an injector wth an aperture havin di aneter |ess

CHERO 1007 RS | preTaraBrye| 655 LHan BROmis TRE aSe maple at

| Apsove: the perd orpence ehaan engi nesd n omhi ehet hBerformance
i njector has nore than one aperture, for exanple nore

t HalpP 4C aper tadEs 1 viesr  eXanphe 6ol apértar ésiesel  fuel
‘é&)@({i@é‘s{@foﬁ et Probody. scleanapess of 88l¥r118sMompared
with the same fuel not containing the performance
enhancing additive. Details of the test method are given

in Example 4.

In addition to the prevention or reduction of the
occurrence of injector fouling as described above, the
present inventor has also found that compositions of the
present invention may be used to remove some or all of the
deposits which have already formed on injectors. This is
a further way by which an improvement in performance may

be measured.

Thus, the present invention further provides the use of a
diesel fuel composition of the first aspect to remove

deposits formed in a high pressure diesel engine.

Deposits on injectors of an engine having a high pressure
fuel system may also be measured using a hot liquid
process simulator (or HLPS). This equipment allows the
fouling of a metallic component, typically a steel or

aluminium rod to be measured.



bet ween novi ng parts and there have been reports of
engi ne problens in the field caused by injectors

W@ oogkiasgz and particularly injectors sticking PEEGB2008/050864
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Control of deposits in this area can be very

i nportant. The use of the secggd aspect may inprove
the performance of the engi ne by reduci ng deposits

i ncludi ng guns and | acquers within the injector body.
The use of the second aspect may al so i nprove the

p%éormeeahipﬁgn%vgimi@y rieducing deposi k5o the those
vehicle fuel fifter. A reduction of deposits in a
vehi tledf ael thiel taart maynbbudeasar edequantid¢mtdve| yron which

| j i | v. hi |
o S R PR e T PRy S el T Ree 17 epeated

hasa beess s eapred. dubeot herneasesselt her |l a¥gbsdt on the tube
deposits nmay be estimted during use. Many vehicles are .
fRtERE Wi tBChtdtRl DR GARCH be wisamnsd.  This is

i@éﬁéf&@f’e&'“éi ﬁgoHS% 1,0 et arduing the d&yel Qhicsokids woulq
build up and the neeg'for I1ter repl acenent. %or
exapps e ame suchisysteor uséhea Bobtiemecani sder mudikiired to

a fransparent housin llowing the filter, the fue
I%@£ Wmf?%fnt?hﬁe?+¥?%fa%%d the degree of filter
bl ocking to be observed. It has been surprisingly been

found that when using the fuel conpositions of the
prlegent thave®rice®tthe 1Rt oin depbsvidefn the fuge of a

fﬁé%?&rﬁéﬁo&°@ﬁh§%&%95ye&ﬁﬂH%ﬁQa as defined in relation to

the first aspect to reduce the deposits from a diesel
fuel. This may be measured with a hot liquid process
simulator for example using the method as defined in

Example 3.

Although the diesel fuel compositions of the present
invention provide improved performance of engines
operating at high temperature and pressures, they may also
be used with traditional diesel engines. This is important
because a single fuel must be provide that can be used in

new engines and older vehicles.

Any feature of any aspect of the invention may be combined

with any other feature, where appropriate.

The invention will now be further defined with reference
to the following non-limiting examples. In these examples

AN

the terms inv” denotes examples in accordance with the
invention, “ref” denotes an example showing the properties
of a base fuel and “comp” denotes comparative examples,

not of the invention. However it should be noted that this



conpared with fuel conpositions which do not contain
t he performance enhanci ng additive of the invention.

wabiog/oalskpws the filter to be changed nuch | eSBCT/GB2008/050864
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frequently and can ensure that fuel filters do not
fail between service interval Thus the use of the
present invention nay |lead to reduced mai nt enance
costs. Suitably the use of the performance enhancing

aH%|§P€e%ﬁS%%R9%W%S%%t PRy &R eﬁm%vsaﬁﬁeqhﬂQHEQﬁ final
between £ '%B@Ehéﬂ"&&%@rgst@a?@ exiended.. pgui Eé@ﬂ»é{ Bye  any
at Ieast 5% preferably at |east 10% nore preferably

a@ct@@St0209@téotlekanﬁbemathkeasﬂl309£mwt@¢ ¢easples which

5 rop he Co-.ordinatin ur opean nci or

el HebeneRe [ OT° pdiP6rmmitbe boaErs or metiton (S for

tf aasporhatkonehueks ackubel caRring mLQim,erné& utigls &hbent of

i ndustry_ body known as CEC), has devel oped a new test,

nAneer CES i 98- 88, 2dPcAsseRd WPRERDN 1T eaR| aFbBTe | agent .

sui table for use in engines neeting new European Union

em ssions regul ati ons known as the "Euro 5"

regamptié ohs. The test is based on a Peugeot DWO

engine using Euro 5 injectors, and will hereinafterbe

referred to as the DWO test. It will be further

deseribed in thecontextaedqt heyexanplies. Rreferablyc: eqg.

the use of the performance enhancing additives of the

pfegentalavent i on Fedddecylpegneéd depdsits3G n t heol eq.

g%gf)£§§$alggﬁﬂﬁg th? Prd §rk&%_d%%9 ogekgééthylenepentamlne
plication nvent or

and 0.1085 mol eg. toluene. The mixture was heated to

110°C and refluxed for 6 hours. The solvent and water of
reaction were then removed under vacuum. In this example
the molar ratio of aldehyde(a) : polyamine(b) : phenol (c)
was 2:1:2.
Example 2

Additive D was prepared by mixing 0.0311 mol eg. 4-
dodecylphenol, 0.030% mol eqg. paraformaldehyde, 0.0306 mol
eg. tetraethylenepentamine and 0.1085 mol eg. toluene. The
reaction was heated to 110°C and refluxed for 6 hours.
The solvent and water of reaction were then removed under
vacuum. In this example the molar ratio of aldehyde(a)

polyamine (b) : phenol(c) was 1:1:1.

Example 3

Diesel fuel compositions were prepared comprising the

additives listed in Table 1 below, added to aliquots all



used the basic procedure for the DWO test as
avail able at that tine and found that the use of the

w@erbosasence enhanci ng addi tives of the inventPONGBR008/050864
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di esel fuel conposition resulted in a reduction in
power |oss conpared with the same fuel not containing
the performance enhancing additive. Details of the
test method are given in Exa In addition to

le 4 .
t%%a%@e§éﬁpl@n<6¥mW%Hd%%¢%m g? fRE oGRS el ofontaining 1
| BhRCE il oL i gy asydssce etk @pove, the present

inventor has also found that conpositions of the
present invention may be used to renove sone or all of

p whi.ch have alread f or med on i t.0
THERTT o2 2h4 BoY hali Oy By S h b MY ob G 07 oage fuel.
performance nmay be neasured. Thus, the present
i nvention further provides the use of a diesel fue
conpositi omof TEfé fGAROHASPEETS tRreRADYe defositsted using

FogLed Jn E%Quﬂﬁ R eTye §Lﬁé?éﬁ899'@EJ%QEDQ&?E§P8Ht. In

i njectors of "an engi ne havin i gh pressure
sylst entamy &@@ombeoﬁeﬁseledSU§ragsarhsedlttudOppe¢eS§ 44 x
S] |_at or HLP . This e ne ows  th
0T BB GPta St 1o aaRL YR CAFTHES Greer0gF.  The
até@&fﬂdﬂﬂéﬂﬁbd(Jlge Reasyik £, TheTHbPStégﬂlnﬂﬁiﬁodﬁMMa%h been
is generally known to those skilled in the art,

inediideeda flel ¥esevywbi rofror@hi ehstosl Wstbaﬁpeahe fuel
UPQ§ér@£f§§U e QQPl&@S%%% QX§§I§BQ§3E%Q1 to return to the

reservoir and mix with the fresh fuel. At the end of test
the steel tube 1s removed and the level of deposit

measured as surface carbon.

Also used in the tests of Example 3 were Additive A and
Additive B (both comparative). Additive A is a 60% active
ingredient solution (in aromatic solvent) of a
polyisobutenyl succinimide obtained from the condensation
reaction of a polyisobutenyl succinic anhydride derived
from polyisobutene of Mn approximately 750 with a
polyethylene polyamine mixture of average composition
approximating to tetraethylene pentamine. Additive B 1is

N,N’-disalicyclidene-1,2-diaminopropane.

The results are also shown in Table 1.



stainless steel tube. The | evel of deposit on the tube
after a certain period can then be neasured. This is

wa@ongiodssed a good way of predicting how a nuckhCT/GBR008/050864
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15

woul d deposit on an injector. The equi pnent was

nmodi fied to allow fuel to recirculate. Thus the
present invention provides the use of a performnce
enhancing additive as defined in relation to the first
aspect to reduce the dep&§q¥$f%cnna di esel fuel. This

ey B HEasSUNed Wt @ oy T qui ¢ ProcEss §i Miatddrface
for exanple Uysing thel nmethod as defined in Exanple 3 .
ACompagrhtiom | di e fluel(Pponposi (PemMs of (PPo plesearbon

Ao | Gt Tluel (ppomp: s ;
operating ot | REOREUnpSY GHUFG | AR ASkor BEvel foyvadg™)

al'Sp PecHped|W th tragditional [0l esel engi nes. [Nhis s,

[ mportant beg¢ause a sfingle fuel miust ble provide that
canZ becorgied i[n né% engi nes and ol der viehicles. |Any 124
nnnnnnn + af thao v anmt t ANl vy e ANy Al
y A CUL Ul CIrc rrverit T Ull ||ay | WAy QUITUT 1 u
mﬁt% é%@m%}her f%gture, wher e [approprijate. The 101
|nv¢nt¢@m$mﬁll naw be| furt her [defined w th reféerenceg
to the followng non-linmtinglexanples| In thege
exanplesmphe [t el "ijnv' denoffes exanp| es in 29
abbgfdggﬁc)mﬁth +he—+nventt+onr—ref" notes—afm 20
exanpl e é%omﬁng %%e pfroperti es of a base fuel and
" comp(igenot ¢s cogparfati ve exanpl es, 30
8 (inv) 48 20 16
9 (inv) 48 2 2 5
10 (inwv) 48 2 2 4
11 (inwv) 2 2 9

It can be clearly seen from Table 1 that in order to
achieve a reduction in deposits using only a conventional
nitrogen-containing detergent (Additive A) very high treat
rates are needed. A significant improvement in
performance 1is seen when additives of the present
invention are also used. These additives are effective at
very low concentrations when wused with amounts of a
traditional nitrogen-containing detergent Additive A that

are currently used in diesel fuels (i.e. 48 ppm).



not of the invention. However it should be noted that
thisis for assistance of the reader only and that the

wo 2oval4a5est i s whet her exanples fall w thin t heCECBp®S/050864
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of any actual or potential clains herein. In the
exanpl es which follow the valygs given in parts per
mllion (ppm for treat rates denote active agent
amount, not the anmount of a formulation as added, and
contai ning an active ageﬂF*ﬂE&éhple 1 Additive C was
prepared by m xing 0.0287 nol eqg. (equival ents)

4- dodec phenol 0. 0286 nol eq. parafornmal dehyde,
OFUT&@r%ﬁ t et raet hyl 8Répent ami hetidifd 0. 1088 ersPd
eq. toluene The m xture was heated,topMLk0 OC and

refluxed for 6 hours. The sol vent and water of
r eECEPENVWERY t hen removed under vactum?-Pn tHi &80 5165

e@mh% t he 1wkar rati o f/nal dehy8133(a)83.7 pol manise 3675
ﬁenol (c) was 2:1:2. Exanple 2 Additive D was

pﬂéﬁéﬂééabynh1X|ng 0.0311 nol eq. 4- dodecyl phenol ,

0. 03G9 °n®! ¥ epinpar af or maldehyde, 919306 ol eq.

t et r fEPhyl enépént ami ne ard 0. 10853 ol O tol uene. The

reactP8n was heated to 110 OC and Fefl uXéd for 6

haoursy, Fhe,sol vent and water of reaction wereztheno

renoved under vacuum In this exanple the nolar ratlo

ofCotiddERyHer (B)u991psl yanihe (b) : phenol5(c) Kths!?

1:PPipt Exanple 3

Viscosity at 40°C mm?/sec 2.3 3.3 EN ISO 3104
Polycyclic Aromatic % m/m 3.0 6.0 IP 391
Hydrocarbons

Sulphur Content mg/ kg - 10 ASTM D 5453
Copper Corrosion - 1 EN ISO 2160
Conradson Carbon Residue % m/m - 0.2 EN ISO 10370
on 10% Dist. Residue

Ash Content % m/m - 0.01 EN ISO 6245
Water Content % m/m - 0.02 EN ISO 12937
Neutralisation (Strong mg KOH/g - 0.02 ASTM D 974
Acid) Number

Oxidation Stability mg/mL - 0.025 EN ISO 12205
HFRR (WSD1,4) um - 400 CEC F-06-A-96
Fatty Acid Methyl Ester prohibited

Example 4

Diesel fuel compositions were ©prepared comprising the
additives listed in Table 3, added to aliguots all drawn
from a common batch of RF06 base fuel, and containing 1

ppm zinc (as zinc neodecanocate) and tested according to

the CEC DW 10 method.



Di esel fuel conpositions were prepared conprising the
additives listed in Table 1 below, added to aliquots
w@bdodnassz from a conmon batch of RFO 6 base f umCT/GB2008/050864

containing 1 ppm zinc (as zinc neodecanoate) . Table 2
bel ow shows the specificationsfor RF06 base fuel. Each
of the fuel conpositions prepared was tested using the
Hot Liquid Process Simulator (HLPS) eqU|pnent In this
t B3t SOOI HIC of OF udth s PSRt sdPHd 500 TSt (3s44tke  FSA
196; Fedpand fhoned,over %t@ﬁ&wb@hg@g@@gﬁ@tg@@ G .

The test duration is 5 hours. The test nethod
been nodi fied, by renoval of the piston within the

reserv0| to allom1the degr aded f uel

S HETT eser VA H s WSS h the T Ssh PUSFICAR | Famshaft,
e@@rﬁécmgﬁge@hﬁlﬁme@@Rtube IS rennved and the | evel of
deposit neasured as surface carbon. Also used in the
t@2P2CHEY Exanpl e 1P Werd@ Additive A and Additive B
(@Qﬁguggf@ﬁr@$éﬂﬁ%r Add@&hﬁ? @éi§e 68%%§Ct Veplston, wall
i ngredi ent solution (in aromatic sol vent) of
p@&yd@@bmieayt sutecnionde obt ai ned fron1the

ndensat act| f a pol yi sobutenyl succinic
a Ayt i d i@@r% eﬁtffg%fﬁaf Wi sobut ene of M
apprexé mat el y3 b 4 20 (ol et hyl ene pol yam ne
mi xture of average conposition approximting to

t%@]%%ttheﬁﬁsb%%tanlne Ceadiani ve B &N N with piezo
n r p results
LTI o e oo
ax. pressure: 1600 bar (1.6 x 10° Pa). Proprietary design

by SIEMENS VDO
Emissions control: Conforms with Furo IV limit wvalues

when combined with exhaust gas post-treatment system (DPF)

This engine was chosen as a design representative of the
modern European high-speed direct injection diesel engine
capable of conforming to present and future European
emissions regquirements. The common rail injection system
uses a highly efficient nozzle design with rounded inlet
edges and conical spray holes for optimal hydraulic flow.
This type of nozzle, when combined with high fuel pressure
has allowed advances to be achieved in combustion
efficiency, reduced noise and reduced fuel consumption,
but are sensitive to influences that can disturb the fuel
flow, such as deposit formation in the spray holes. The
presence of these deposits causes a significant loss of

engine power and increased raw emissions.

The test is run with a future injector design

representative of anticipated Euro V injector technology.



It can be clearly seen fromTable 1 that in order to
achi eve a reduction in deposits using only a

wa@enwvessspnal ni trogen-contai ni ng det ergent (ARKT/GBY®8/A50864
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) very high treat rates are needed. A significant
I mprovenent in performance is.seen when additives of
the present invention are al so used. These additives

are effective at very | ow concentrations when used ,
wth afoufPgsefieger adieGesRair i thget et bihi ng  reliable

c%%@%gfﬂé %Qggihygc€b£h%%daf%ﬁ&qr@QEB¥e 'ﬂhf&fs§5ullng

fuels (1.e Table 2 Property Units Limts

Vet siod, Mbn Nhﬁlgeeanethnbmmdﬁ&d@%ﬁh(B@B¢d&¥¢5&@5 the test
Densit% at 15C WEB 33 837 EN IS 75 Dis |IIatioP 1
5094 V7 V°Poi nt %Q,g‘éh 959 V7 v Poi At~ h%gslé% FEPIC TV
370 Flash Point C55 - EN 227].9 Cold Filter Plugging

C- -5 EN 116 Point Viscosity at 400C nmR/sec 2.3 3.3

BN+ 50 dafort Fol yelyclite Adtat ifc Bo1Hm 36 te. oetpoggican  be

F&Q££§ﬁé@°%§o§#“ﬁ&¥fc%%ﬂten%hﬂg/$§kln&0c§§TM Qj§4§§mmarlsed

below.

1. A warm up cycle (12 minutes) according to the

following regime:

Step Duration Engine Speed|Torque (Nm)
(minutes) (rpm)
1 2 idle <5
2 3 2000 50
3 4 3500 75
4 3 4000 100
2. 8 hrs of engine operation consisting of 8 repeats of

the following cycle



washCaFsEent
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Copper Corrosion - 1 EN ISO 2160 Conradson Carbon
Residue % mm- 0.2 ENI1SO 10370 on 10% Di st. Resi due
% nMmMm- 0.01 EN | SO 6245 Wat er Cort'BOB26¥8/050864

mm- 0.02 EN I SO 12937 Neutralisation (Strong ny

KOH g - 0.02 ASTM D 974 Aci d) - Nunber Oxi dation
Stability mg/nmL - 0.025 EN ISE) 12205 HFRR (WD, 4 )
mn- 400 CEC. F-06-A-96 Fatty Acid Me hyl Est er _
Rrotfmbi | QHrE%étﬁﬁl d Engjna cfreed| I&%’p)?PFHHﬁs BRest Air
gr epar ed (QERRLSH N9 L addi ti vesigyi s| qﬁml)n TabtEaB -
gdded top al 1 quots afl rawn from a cofmon bat|ch of
RRFO6 base fuel, ard containing 1 ppm i nc (ag I nE°C)
nesdecaboate) and te7s* ed—accordirg—tothe CECPW IO
Tet hod. Tﬁe engi ne %%e i nj ectqr E?foau i6ag test‘ﬁs t he
PSA DWDBTEDA. TN [STARBU Y, (he enggie[enaractjedg stics
are: Design: Four Jcylinders in lline, overhead
gahshaf {2 turbochgarigedd wi t h EGR|Caac| by¥: 1998iTnB
Gofpust-gR—enamber—four—val vcs, pew——-h-ptsten—waH
gu4i ded direct inj ecﬁ%q Power: 10 W 31124000U§f$m

gy que: [ 320 Nm at [Z00ih rpm (20) 45

6 10 4000 100 * 50

7 2 1250 (10) | 20 43

8 7 3000 100 * 50

9 2 1250 (10) | 20 43

10 10 2000 100 * 50

11 2 1250 (10) | 20 43

12 7 4000 100 * 50

* for expected range see CEC method CEC-F-

98-08

3. Cool down to idle in 60 seconds and idle for 10
seconds

4. 8 hrs soak period

The standard CEC F-98-08 test method consists of 32 hours
engine operation corresponding to 4 repeats of steps 1-3
ie 56 hours total test

above, and 3 repeats of step 4.

time excluding warm ups and cool downs.

The results are also reported in Table 3, below.

Where we have reported results after 24 hours engine
operation; this corresponds to 3 repeats of steps 1-3
above, and 2 repeats of step 4.



I njection system Common rail with piezo

el ectronically controlled 6-hole injectors. Mx.
w@e@ssuse2z 1600 bar (1.6 x 108 Pa) . Propri et apgT/a83008/050864

by SI EMENS VDO Em ssions control: Conforns with Euro

IV Iimt values when combined w th exhaust gas

post -treat nent system ( DPF) Tﬁls engi ne was chosen as

a design representative of the nodern_ European ,
hRES pettl dicrSct TERPEEEFonT 8P 8SEF ehbifie cHpablcersf engine
COPE £1 1l B, t o Py esent And, SN & FULOPEAn;@MS$HORS o the
requi renents. The common rail injection systemuses a
ht ghhgaef f proeadunezizheo designo wreheabandédsitapet 1-3 above,
ed §f5and coni cal spray,holes for optimal hydraulic
£ o ThTRST §pe’bi“hozzl &, when conbined with high
fuel pressure has all owed advances to be achieved in
combustion efficiency, reduced noise and reduced fue
consunption, but are sendi®fe 30 influences that can
disturb the {ifleibeOaditile 3ndaROSL! LORRIIAR bNfollowing
the spray holes. The presence of these deposits causes
a significant |®ss of em@ine powd and iSTOiBaserpFahton of X
em sg,@s. Thefgst is(%gﬁ with ashuture injectgdurs
desi gn representative o anticipaFed Euro V injector
t ecRABP yyy. | BCEivebnspabiw) neeetivwmly to=edfabXizPZ X = 48
rehbablgrpasel ine of injector condition before 14 o 13
begi nning fouling tests, so a sixteen hour running-in
schedwogr) or theStest injectors is specif?ed, u§r%g 8

6

nopy fQukbng refgrence fuel . - 6.
15 (inv) 192 5 25 3 3.0 2.5
16 (inv) 96 - 25 3.0
17 (inv) 48 - 25 3 3.4 3.5
Example 5

Diesel fuel compositions were ©prepared comprising the
additives listed in Table 4 below, added to aligquots all
drawn from a common batch of RF06 base fuel containing 10%
of bio diesel in the form of Rapeseed 0il Methyl Ester and
tested according to the CEC DW10 method. Power loss was
recorded after periods of 24 hours, 32 hours and 48 hours
of engine operating time corresponding respectively to 3,

4 and 6 operating cycles.
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Ful | details of the CEC F-98-08 test nethod can be
obtai ned fromthe CEC. The coking cycle is sumari sed

wedoomsos82 . A warm up cycle i 2 m nutes) accorBPiCTIGBR@S/050864

the followng regine: 2 . 8 hrs of engine operation

consi sting of repeats of the E%IEI ow ng cycle* for

expected range see CEC net hod C-F- 98-08 3 . Cool

down to idle in 60 seconds and idle for 10 seconds 4 .

8 hrs soak period The st dmdhdiSd ‘CEC F- 98- 08 test net hod

consi sts of 32 hours engine operge@nNLEH LGN Ey téhgine

4 rep ats of steps 1-3 abgQve, and 3 repeats of _step 4

. BSfours tot@l test tinme excl ufBsFakAPT WX Qﬁ&rs

cqggm}:gj;;ymonThe( sapl ts(gpm) al so repgrtedxi B Igable 3x .=

bel ow. Where we have reported results after 24 hours

engﬂﬁe spé&ration;"this corresponds-¥o 3 replaks of 13
éc rEﬁbove d 2 repeats of step 4 . Where we

have reported results after 48 hours engi ne operation,

t hix) caramgsponds3go a nodification.so0 the st-andard

procedure involving 6 repeats of steps 1-3 above, and

5 r2e]pe§afi(§n f ste % TabTe 3 Addifive Additive N

Addbbi yenPover Loss %fouj@vw ng o.1 0.5 1
23 (inv) 192 100 -1 - -
24 (inv) 96 100 2.1 2 2.5
25 (inv) S6 50 1.9 2.5 4
Example 6

Further compounds were prepared using analogous methods to

that described in Example 1.

In each case, a Mannich reaction was carried out by
reacting formaldehyde and para-dodecyl phencl with the
amines listed in Table 1 in the molar ratio stated. The
compounds were added to aliquots all drawn from a common
batch of RF06 base fuel at the treat rates indicated. The
resultant fuel compositions were then subjected to the
HLPS test of Example 3 and the surface carbon measured.
The results show that the performance enhancing additives
of the present invention provide a greater reduction of
surface carbon than Mannich products of phenols of higher

molecular weight.



A B C engi ne operation of X Fuel (ppn1(ppn1(ppn1hours

Conp 'n active) active) active) X =24 X = 32 X = 48
wd 2oopnefsy2 - - - 9 10.9 13 13 (conp) 288 - - 2 BCUGB24/050864
(conp) 96 - - 6.6 15 (inv) 192 5 25 3 3.0 2.5 16 (inv)

96 - 25 3.0 17 (inv) 48 - 25 3,3.4 3.5 Exanple 5

Di esel fuel conpositions were prepared conprising the
additives listed in Table 4 bel ow, added to aliquots
all drawn froma common FRRM® ¥ RF06 base fuel

containing 10%of bio diesel in the formof Rapeseed
GFuekt hyl Ester and t &ddddizecording to the [BGoW Surface
Power | oss was recorded after periods 4
érﬁgﬁh B2 hours and 48 hours of engi ne oper at|i ngtt%| mecarbon
correspopndi ng respectively to 3 , 4 and 6 opegrapmg| pg/cm?
{"\I{"| es_ _Table A Power Incc % follow nn pnm n Fllpl A_C
ope’%%tl)no WW X = 24|X
g@&né (réif .2 13 1 (C(‘B'F‘Fp) 192 1 93
15 - 20| ( 384 - 4.5 -
PIB7go OH
27
(comp) {i::j:j\\ //\\r/ 48 169
PIB7gg
28
[i::j:j\\ /”\\// \\//\\NH2
(comp) 48 113
PIB7gg
29
//\\J/ \\//\\N
(comp) | 48 120
PIB780 HO /\P|B780
30
(:::I:j\\ //\\,/ \\//\\N//t:I:::]
(inv) | 48 23
C12H25 HO \012H25
31
[i::]:j\\ /”\\// \\//\\NH2
(inv) 48 14
C12H25
32
(inv) (I\ /Y 48 22
C12H25

PIB,gsc refers to a polyisobutene residue having an average

molecular weight of 780.



2 1 (conp) 576 - 0 - 22 (inv) 384 100 0.1 0.5 1 23
(inv) 192 100 -1 - 24 (inv) 96 100 2.1 2 2.5 25 (inv)

W®8005040580 2.5 4 Exanple 6 Further compounds WeCEGB2008/050864
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prepared using anal ogous nethods to that described in
Exanple 1 . In each case, a ni ch reacti on was

carried out by reacting formal dehyde and para-dodecyl

phenol _with the amnes listed in Table 1 in the nolar
rE¥#mPLeaf ed. The conpounds were added to aliquots al

drawn froma common batch of RFO6 base fuel at the

treat rates indicated. The resultant fuel conpositions
weres¢ herfusubj eotipdstioivhe HEPS ttcesBoof bEkanplveer® apdepared

the surface r bon sured., The result ow t hat .the

ST MRCE Simanarng Cadary ; veuted “Bife. DpBagnt el (the
| ayent 1 98s pheviide svekrabeepbeddcthwnmethsuef ace accordance
carbon_t han_ Manni ch products of phenols of higher
not e ubarmRee ght - Tabliess piiBrgo @G sl tigom 31 was prepared

I SO sihdu i ng av : e

et I o0 el 07 esel Fuel Carsosrt i ane: a2 dlsd £
361 behows wel & pirepar ed-ccongpr csinngnt be taddiaf Vid0 4 ilsted fuel

| Jable 6 below {the aud{ives having been prepared

base fuel used was from a different batch to that used in
tests described above and gave lower surface carbon in the

HLPS test.

Each of the fuel compositions was tested using the Hot

Liquid Process Simulator (HLPS) egquipment described in

Example 3.
Table 6
Treat

Molar ratio | Rate Surface

HCHO:Amine: | Active Carbon
Fuel comp’n | Phenol Amine Phenol ppm ng/cm?
33 (ref) - - - 0 58
34 (comp)
(Additive A)| - - - 48 52
35 (inv)
(Additive C)| P1 Al 2:1:2 12 8
36 (inv) P1 A2 3:1:3 12 14.5
37 (inv) Pl A3 2:1:2 12 2.7
38 (inv) P1 A4 2:1:2 12 7.5
39 (comp) P2 Al 2:1:2 12 66.5

Phenol Pl: p-dodecylphenol
Phenol P2: phenol substituted with polyisobutene of MW780



with Exanple 1 ) . D esel fuel conposition 31 was
prepared using Additive A above. The additives were

w@owem4tse2 al i quots all drawn from a conmon bat B¢T/GB2008/050864
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RFO6 base fuel and containing 1 ppmzinc (as zinc
neodecanoate) . The base fuel .ysed was from a
different batch to that used In tests described above

and, gave | ower surface carbon in the HLPS test. Each
obmimke dhel torpetiybreenaRtirsted (T8FhY the Hot

'—AHPIHQ Y] 00e§§1§' Wl%%oié‘!—}?@ Su oreatpdescri bed in

Exanple 3 . Table 6 Phenol p dodecylphenol Pheno
PEninghihol $Ub$l$m©de@mmm¢h @@Aylsobutene of

80 'g tetrﬁe Iene entan1 EPA) Am ne A2
PR BT At ol G HET e T A6 A

et hyl enedi am ne (EDA) Am ne A 4 :

am noet hyl et hanol anm ne (AEEA) Exanple 8 Unlike the

%8P R s8ri bed above, which are all quantitative

tests, this exanple relates to qualitative tests,

undertaken to provide a visual determ nation of the

conti ke on thfe f uekstkl t etssprigsent uabder,t wowditherente all
n,accordance

test regines mpas atlve and b

WO TR TRV Cp o BC heé PO ebF B fod dagoaLitative
apptied, uh@Er B2kbOUES EREIN8e a visual determination of the
condition of fuel filters present under two different test

regimes, a) comparative and b) 1in accordance with the

invention.

a) The DW10 test method was applied, for 32 hours engine
running time, using a batch of RF06 base fuel containing 1
pepm zinc (as zinc neodecancate). A new fuel filter was
used. At the end of the test period the fuel filter was
removed and inspected, and was found to be heavily
discoloured, with a coating of black residue on the filter

surface.

b) The method was repeated, also for 32 hours engine
running time, with a new fuel filter (but with the fuel
injectors unchanged). The fuel was the same batch of RF06
diesel fuel, but contained 1 ppm zinc (as zinc
neodecanoate), Additive A (192 ppm active) and Additive C
(50 ppm) . At the end of the test period the fuel filter
was removed and inspected, and was found to be barely

discoloured, with a cream colour filter surface.
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running time, using a batch of RF06 base fue
containing 1 ppm zinc (as zinc neodecanoate) . A new

wo owb/0ii581 er was used. At the end of the test Per/Gaeos/ 050864

the fuel filter was renoved and inspected, and was
found to be heavily discolourgd, with a coating of
bl ack residue on the filter surface . b ) The nethod
was repeated, also for 32 hours engine running tine,
X3 R2l9ed fuel filter (but with the fuel injectors
unchanged) . The fuel was the sane batch of RFO6
di esel fuel, but contained 1 ppm zinc (as zinc
neddecanealbe)asAddidiare @ (1929 ppmrediioge)aresnidogous to that
Additive (.50 At. the end of the test riod
(Rt HbFeF; [i2r BRALS? Smoked (Bndt P Hepatisd. ARG Rage Ldehyde,
f otingl ¢ 0 beibareky diccolavredyl WdHerdICrgaf cele@udited in a
filter surface. Exanple 9 Additive E was prepared usin
APret hod2&n8l Ggoudl 4 YFHata descPoBE@riiAedRanp ephenolgm of
this.gase parafornal dehyde, ethyl ene diam ne and
4- dodecyl phenol were reacted in a nolar ratio of
al dehyde (a) : polyamne (b) : phenol (c) of 2:1:2.

anpl Additive F was prepared using a nethod
g%ﬁ#%ééﬁég?o that described in example 1 . In this
case par af ormal dehyde, am noet hyl et hanol am ne and
4- dodecyl phenol were reacted in a nolar ratio of
a$@@hy@@e(g)waqupggﬁﬁng(%§imgpﬁeﬁ@tqgg analogous to that

described in example 1. In this case paraformaldehyde,
aminoethyl ethanolamine and 4-dodecyl phencol were reacted
in a molar ratio of aldehyde(a) : polyamine(b) : phenol (c)

of 2:1:2.
Example 11

Diesel fuel compositions were prepared comprising the
additives listed in Table 7, added to aliguots all drawn
from a common batch of RF06 base fuel, and containing 1
ppm  zinc (as zinc neodecancate). These were tested
according to the CEC DW 10 method, as detailed in relation
to example 4. The power loss after running the engine for

32 hours was measured.



of 2:1:2. Exanple 11 Diesel fuel conpositions were

prepared conprising the additives listed in Table 7 ,
w@owem4tse2 al i quots all drawn from a conmon bat B¢T/GB2008/050864

RFO6 base fuel, and containing 1 ppm zinc (as zinc

neodecanoate) . These were tegsted according to the CEC

DW 10 nethod, as detailed in relation to exanple 4 .

The power |oss after runnin the engl ne for 32 hours

was neasur ed. Tabl e 70 ai ns TRP18A Ti esel f uel

conposition conprising a perfornance enhanci ng

additive, wherein the additive is the product of a

ManniFelelr eact) i Addbeiveeh: | Addithvel Bddditivg B| % power
pol yam ne: amd (c)}_an optjonally subgtitu d phenol
V\ﬁ%‘ﬁ%??\lﬁh%n or eabﬁp’gubst t uelP ¥ Bt cdnponS®™ (c) |hakosSs 3t
an aver age nol ea&a&,&m ght dtilwes tlhanc4dQe)2 .| A 32 h
di esel fuel ¢onposition according tolclaimi1 wherein

th%O aél@l@lt@)ve produ® has | nol ecul ar |[wei ght of lgss 6.6

A P H [| £ [| k1 pA| +
Lllai Ukl!lk\lf - A UI_TOTI I Cl PUST LT UIT AL LUl ?.JI My Ll._l2.0
| ai mJ(f |) Ifai m 2 whereipn cornponent |(a) conprises

for4r:za| (1@1lwde 4 . #cdiesel Tuepsconpgsition accordi ngs.o
to any preceding claimwherein conponent (b)) is 3

pol4yal Kyvane [ pol yahf ne. 50 - 0.3

44 (inv) 96 - 50 0.2




5 . A diesel fuel conposition according to claimi4
wherei n conponent (b) is a polyethyl ene pol yam ne

whanopngpsket ween 2 and 6 nitrogen atons. 6 . A PAOEE8BR008/050864
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fuel conposition according to any precedi ng cl aim

wherein conponent (c) is an aLkyl-substituted pheno

which is nonosubtituted at the para-position. 7 . A

di esel fuel conposition according to any preceding

cFE@HMfher ei n conmponent (c) has a C12 al kyl

substituent.8 . A diesel fuel conposition according to

any precedi ng claimwherein the performnce enhancing

abdiﬂ&v@ibm@ludésehnl@@@p@sibiomrmpdmpﬁﬂﬁkngmh@rebmformance

each R | endently selected fr. an o al

BB LR PaTRoT gt otk Rt et Hiay Be The "Banptaruct of

di flienenth Ractsom wesheue: from al dehyde Cormonent

(m nis fromOto4, mis fromlto 6 and p is from
1(2b am. aldehydeli esel fuel conposition according to

; Cd Al erein the performance enhancing
dltlﬁ%??%ﬂﬁ s

udes nol ecul es of the fornmul a: wherein
each &h|sptnm®@bhﬁemmbytsemaﬂﬂa@hém@huan optionally

stitut al oup ach R be the o
SPF e B e e R e R R Tohs aEo e pbaar  has an
(@\)era@e|I§of[é@1ﬁls§)rtx@eﬂghtn&fsléé@”t}larﬁ%@o and p is
from1 to 10.10. A diesel fuel conposition according

to any preceding claimwherein the perfornance
e@haﬂcaggsg?dEh%%eddﬁposition according to c¢laim 1 wherein

the additive product has a molecular weight of less than

1000.

3. A diesel fuel composition according to claim 1 or claim

2 wherein component (a) comprises formaldehyde.

4. A diesel fuel composition according to any preceding

claim wherein component (b) is a polyalkylene polyamine.

5. A diesel fuel composition according to claim 4 wherein
component (b) is a polyethylene polyamine having between 2

and 6 nitrogen atoms.

6. A diesel fuel composition according to any preceding
claim wherein component (c¢) is an alkyl-substituted phenol

which is monosubtituted at the para-position.

7. A diesel fuel composition according to any preceding

claim wherein component (c) has a Cl2 alkyl substituent.
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present in an amount from0.01 to 100 ppm 11. A
di esel fuel conposition according to any preceding

wa@b@pmyoski ch further conprises a nitrogen-contBETIGB008/050864

detergent . 12. A diesel fuel conposition according to

any preceding claimconprisingsfromO0.1 to 10 ppm by

wei ght of a netal containing species. 13. A diesel fue
conmposition according to claim 12 wherein the netal ,
cont & MRFSpeétes IFTAGLLIPE ARCAHAF 2P vé patkagereceding

whi ghyupppaddi tian 49 @ ,dies€l éﬂﬁ%néﬁﬁyiggéiga%e %ﬁgludes

conposition as clainmed in any preceding clalm

uselofu bms adti theefdymaldi esel fuel conposition to

i nprove the engi ne performance of a diesel engine with
a high pressure fuel systemusing said diesel fue
conposition, wherein the additive is the poppuct of a
Manni ch reacti (b) a

pol yam ne; d phenol,
wherein the

an average . The
use accor di N nt in
per f or manc measuped by-ppg or a
reduction { ) r loss of the engine; (R),

n

wherein each R is independently selected from an
optionally substituted alkyl group and each R may be the
same or different, R’ is a residue from aldehyde component
(a), n is from 0 to 4, m is from 1 to 6 and p is from 1 to

12.

9. A diesel fuel composition according to any preceding
claim wherein the performance enhancing additive includes
molecules of the formula:

OH

X

(R

wherein each R is independently selected from an
optionally substituted alkyl group and each R may be the
same or different, R’ is a residue from aldehyde component
(a), n is from 0 to 4, m is from 1 to 6 and p is from 1 to

10.
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engine; - a reduction in deposits in the vehicle fue
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10. A diesel fuel composition according to any preceding
claim wherein the ©performance enhancing additive 1is

present in an amount from 0.01 to 100 ppm.

11. A diesel fuel composition according to any preceding
claim which further comprises a nitrogen-containing

detergent.

12. A diesel fuel composition according to any preceding
claim comprising from 0.1 to 10 ppm by weight of a metal-

containing species.

13. A diesel fuel composition according to c¢laim 12

wherein the metal containing species is zinc.

14. An additive package which upon addition to a diesel
fuel provides a composition as claimed in any preceding

claim.

15. The use of an additive in a diesel fuel composition to
improve the engine performance of a diesel engine with a
high pressure fuel system using said diesel fuel
composition, wherein the additive 1is the product of a
Mannich reaction between:

(a) an aldehyde;

(b) a polyamine; and

(c) an optionally substituted phenol,

wherein the or each substituent of component (c¢) has an

average molecular eight of less than 400.

16. The use according to claim 15 wherein the improvement

in performance may be measured by one or more of:
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- a reduction in power loss of the engine;
- a reduction in deposits on the injectors of the engine;
- a reduction in deposits in the vehicle fuel filter; and

- an improvement in fuel economy.



