WO 2009/ 040582PCT/ GB2008/ 050864 Fuel Conpositions The present invention
relates to fuel conpositions and additives thereto. In particular the
invention relates to 5 additives for diesel fuel conpositions, especially

t hose suiwabbk®/fessz use in diesel engines with high pregsSuGRIsSIscsySt ens.
Due to consuner dermand and | egi sl ation, diesel engines 10 have in recent
years beconme nmuch nore energy efficient; show inproved performance and have
reduced em ssions. These inprovenents in performance and em ssions have

been brought about by inprovene LSy trggc§ﬂ§g§tion process. 15 To achieve
the fuel atom sation necessary Egi—ﬂgﬂgih#bﬁeved conbustion, fuel injection
equi pnent has been devel oped whi ch uses hi gher injection pressures and

reduced fuel injector nozzle hole diameters. The fuel pressure at the
i nj ecti on nd2#l T FHow cORRBALS! | ASEREBSs D0 0Fe1566™HAF 1755 x 2168 Pa).

To achieve t;hese:pEeSsHELs: L he morde that, 1 austnbe; done: om the fuel 2l so
increases the tenperature of the fuel. These high pressures and

t enper at @r esS¢ani¥aas € ddeghgdatli on'of THEIUSLOTS HESE %dngi re%Ravi ng

high pressure fueh  systegs.can include but,.are natpkim ted 4o heawy duty
di esel engines and snal | er passenger car type diesel "engi nes. Heavy duty

di esel engi mesteaw.i ncl ude very powerful engines such as the MIU series
4000 di esel having 20 cylinder variants 30 with power output up to 4300 kW
or engines such as the Renault dX1 7 having 6 cylinders and a power out put
around 240k\WueA typiccalsupasseimgenccaindi esegliséngine, | siikkel WDgines

2009/ 040582PCT/ GB2008/ 050864 2 aving 4 c Iindggs and a power

) , Peugegt DWLO. h A ers. and
output df 10676t tessdependfng® of Tt hEvAFFANT " H9°0F The diesd
engi nes rel alidg ik@rbhks bavestione ard carponfeatdrenissari.gh pressure
fuel system Typically pressures in excess of 1350 bar (1.35 x 108 Pa) are
used but often pressures of up to 2000 bar (2 x 108 Pa) or nore nay exist.

These improvements in performance and emissions have been
brought about by improvements in the combustion process.
15 To achieve the fusl atomisation necessary for this
improved combustion, fuel injection eguipment has been
developed which wuses higher injection pressures and
reduced fuel injector nozzle hole diameters. The Zfuel
pressure at the injection nozzle is now commonly in excess
20 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.

25  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

30  with powsr output up te 4300 kW or engines such as the
Renault ¢d¥i 7 having 6 cylinders and a power cutput around

240kW. A typical pessenger car diesel engine 1is the



10 Two non-limting exanples of such high pressure-fuel systens are: the
common rail injection system in which the fuel is conpressed utilizing a
hi gh- pressure punp that supplies it to the fuel injection valves through a
common r aMG;208Ridei8he unit injection system whi ch i nt egh@yEE20884308p5
hi gh- pressure punp and fuel injection valve in one assenbly, achieving the
hi ghest possi ble injection pressures exgeeding 2000 bar (2 x 108 Pa). In
both systenms, in pressurizing the fuel, the fuel gets hot, often to
t enper at ur es,_ar.ound r,. abpve. c9g¥n i, s , fuel is
stored at hi%)geh g%?éssbiq?g%ﬁgfﬁ% %eﬁﬁ%?d%%curm a%]oé&#éaxl Ié{% %g€£ gt%g
accunul at or sciprirolete bHepagidel iorerceg tverthetinjectors. Oten, sone of the
heated fuel is returned to the |ow 25 pressure side of the fuel system or
returned to the fuel tank. In unit injection systens the fuel is conpressed
wi thin the imj eqtlorsi Anerdes=4 0 generat e«tibe ihiyghol nhest i omepriessures. Thi s
inturn increases the tenperature of the fuel. 30 J fromthe conbustion
chanber . SThé X @rper&iréSof % e & RECTHE S i pof THet§hj ectfor® be as
hi gh as 250 350 :r€: Thusxt-Besf uel tisscstyessed 3 pressures f1=o0msk350 bar
(1.35 x 108 Pa) to over 2000 bar (2 x 108 Pa)and tenperatures 5 from around
100C t o 350 ifdi-etorrAfeetfom T sohetd mes bditdy Fedi FEul Btled Hatd i t hi n
the fuel systgemcthus increasing the time for which the fuel experiences
t hese conditions. 10 A common problemw th diesel engines is fouling of the
injector, particularly the injector body, and the injector nozzle. Fouling
may al so occur. i he.fue it L.nj ector_nozzl.e fouli ocgur en the
nozzl e Bgcoﬁﬁé)bﬁgékéé&ﬁi%% déﬁ%@%?ggfrgn1t%%8éig@éflfhg?gSF%%Ifﬁﬁﬂgf 15
fuel filtersymene amd at e t oothen r egilt culhdkeicanocof sfvaekmback twdiidie fue
t ank. Deposu}s inhcrease with de ranthon of the fuel. DeggsLH&)mg%viake t he
form of car Boliadesus *Coke™PT ke Fesi dues '8 $ticky 6F “§umTiKe # esicdues. In
sone situationpsivery :hi gh addi ttuee treattiabhesabays | eadbdgn 20 ddereased
deposits. Diesel fue|ls becone npre and nore ynstaﬁ%sﬂthe nore they are
heat ed, particul’ar?iF i f et ed umder = presSiF e™ THESS Hi 6T 9%ngihed havi ng
hi gh pressung Jiuelr-systenspaRy cange knsreasgdefugln degimdation. 2% The
probl em of injector fouling may occur when using any type of diesel fuels.
However, sorfe Sa56lls  may> bl Fartd cubaf | y FpesRé ot o RaUse fFoul + W o Foul i ng
may occur more qui.ckly.whensihese doel g.are égseg; for exanpl e, fusls
cont ai ni ng bi odi esel have been found to produce injector 30 fouling nore
readi | y. Di eselstfaysl,s eontaienisng L retal |40 speetes ey alsb éad teincreased
deposi ts. Metallj.C speakes, Dpy. e deliherately added to a fuel in additive
conpositions or may be present as contam nant species. W)
2009/ 040882PCT/ GB2008/ 050864 4 Contam nation occurs if netallic species
from f uel diftrib%$ion s sieq;s;%%gicl% gis%ﬁéfughgn a%%tgnsatvehgq!e f uel
systems, othet Metalli c* conponants “and I'ubr ¢ating oil's -Becofe diseol ved or
di spersed i nodamdurelr ansi thon dettalzspaettoul st causefiincreaseshdeposits,
especi al Iy copper and zinc species, These may be , ,

accumuliators prior to being dellivered to the injectors.

Often, some of the heated fuel is returned to the low

25 pressure side of the fuel system or returned to the fuel
tank. In unit injection systems the fuel is compressed
within the injector in order to generate tThe high
injection pressures. This in turn increases the
temperature of the fuel.

30
In both systems, fusl is present in the injector body

pricr to injection where it is heated further due tc heat



typically present at levels froma few ppb (parts per billion) up to 50
ppm but it is believed that |levels 10 likely to cause problens are from
0.1 to 50 ppm for exanple 0.1 to 10 ppm Wen injectors becone bl ocked or
parti al | yW§l 29eseps2t he del i very of fuel is |ess efficiMiGRIF/EHeEe | s poor
15 mxing of the fuel with the air. Over tinme this leads to a | oss in power
of the engine, increased exhaust em ssigns and poor fuel econony. As the
size of the injector nozzle hole is reduced, the 20 rel ative inpact of
deposit buil comes nor.e significan By..sinplLe arit ti C .a pm
| ayer of dep%soilIHto t\t;?vlleet hin aj%ﬁgmpmcg%g%g%r'e?&gestet%ﬁggfll“ld\%gar%ﬁf zf%)e er eas
the sane 5 pm ltageriof cfleposiinjarta2@@rpiehekehieduzes’ithe fl56wear.ea by

9.8% 25 At present, .nitrogen-containing detergents m added t.q di esel
Puel toreddis oaREng ety bf ool ST et Sonearniag Bl ol ant e ar el those
formed by the r@actdion:of caepobyisobuatyl @nes subst P etl suaedniciaci d
derivative wth 30 a polyal kyl ene_pol yam ne. However newer engi nes

i ncl udi ng fiér iaiﬁoé%]tgorm?‘r)o 16 %%e B Senkit PQée%%ﬂopc’ur?%ﬁ?tzd?eé‘"’sel

fuel s may noleibg suktabkelfosqusemi t Retihe newnengicnes i agorHor atiipg t hese
smal | er nozzle holes. 5 In order to nmintain performance with engines

cont ai ni ng tHEIESABRE| éfendz2#%e Ho1 S At htHi ghe? t PERR T YIS oTR%SE sti ng
addi tives wouldi;reedsto be used. This is inefficient and costly, and in
sone cases very high treat 5 rates can al so cause fouling.

Thepr esent i nvent or hasdevel opeddi esel f uel conpositions which when used in
di esel engines.\w hi.gh, ssu fuel._sys : royj de_j % performance
10 conpé;aedrhvm %%mﬁhesgfgg?géerﬁ %6%%03%%‘18323 éo % e%’ p?él or%og?fpﬁgAggor“ ieng to a
first aspectirgfectthe, ppresentulavention trhieredrs bprigyi ded ardi esiedcifarel
conposi tion comprising.a .performance, enhanci ng additive, whergi.n the

per f or mance IW:chrgg‘r(‘?hanci‘nffj‘llajtilﬂcﬁtfn\% i 8" The S5 0duct” of ¥ I\/EHﬁ‘chﬁET acti on

bet ween: (a)irarcaldehysle;ld b¥ca: petyamcnes afttkn the nozzle becomes

blocked with deposits from the dissel fuel. Fouling of

15 fuel filters may be related to the recirculation of fuel

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

some situations very high additive treat rates may lead to
20  increzased deposits. Diesel ifuels become more and more
unstable the more they are heated, particularly 1f heated

under pressure, Thus diesel engines having high pressure

ot

fuel systems may cause increased fuel degradation.

25  The proplem of injector fouling may occur when using any
type of diesel Ifuels. However, some fuels may be
particulariy prone to cause fouling or fouling may occur
more guickly when these fuels are used. For sxample, fuels
containing bkiodiesel have been found to produce injsctor

30  fouling more readily, Diesel fuels containing metallic
species may aiso lead to increased deposits. Metalilic
species may be deliberately added to a fuel in additive

compositions or may be present as contaminant species.



ot

(c) an optionally substituted phenol; 20 wherein the or each substituent of
t he phenol conponent (c) has an average nol ecul ar wei ght of |ess than 400.
Preferably nol ecul es of the performance enhanci ng additive product have an
aver age nBleEW/ @ ei ght of | ess than 25 10000, pref erBl/gBloeseogshan 7500,
preferably | ess than 2000, nore preferably |less than 1500, preferably |ess
than 1300, for exanple less than 1200, preferably |ess than 1100, for
exanpl e | ess than 1000. 30 Preferably the performance enhancing additive

pr oduct has{ﬁxﬂg%gggkaénmeggg%ﬁgf gggén%ggiﬁgggif Qﬁggreggggplyﬁless t han

850 and nost preférably | ess an y may be used “as

al dehyde conponenbutapn Preferald,y thehatdehyde conmponent (adviissnan

al i phatic aldqhyge. Pre erab%é t he al dehyde hasl%.to 10 carbon atons,
preferably T'Yo 6 carbon atefss fore pref er@bty 1'% t 0°F ¥4rbon atoms. Most
preferably theraldehydeci ss fioramideniydel vRal yaninepeomponents ). may be

sel ected from any conpound including two or nore am ne groups. Preferably
the 10 polyanine is a pol yal kyl ene pol yani ne. Preferably the polyamine is a

pol yal kyl enerpolyanineni:pz18i ¢h bhe-akkyhene,coaponspt-has dot s His,
preferably 1 to 4, nost preferably 2 to 3 carbon atoms. Mst preferably the

pol yam ne i S@®95dkyeéthyFeRBSpol §af nelhds fHefiedabl y tHee ol y&i nhas 2 to
15 nitrogen atons, ;preferably 2.tae.1Q;0i trogen, atong, por e preterably 2 to
8 nitrogen atons or”in sone cases 3 to 8 nitrogen atons. 20 I'n especially
preferred enbodiiment sip bobyd# necrconponent: () Pbrdhades tHetnoietyls

R1R2NCHR3CH erei.n_e f R, - .+ RS _an LS ...
indepen?@ntF§®E%$€c¥£dcgﬁgﬁlﬂ§ ﬁ%ﬁ%ﬁ, %%% ég%gpsﬁﬁ%aﬁpy g%b £i't ut'ed al kyl ,
al kenyl , al ksenyipyiealyl, tal k§l@pyl or aryl al kyl subs ituent. 25 Thus the
pol yam ne reactants used to nmake the Mannich reaction products of the
present invention preferably include an optionally substituted ethyl ene

di am ne resiwue, 30;e MR 200940582 PETE£B2008/R90864 1y bliocked, the
delivery of fuel 1is less efficient and there 1is poor

13 mwixing of the fuel with the alr. Over time this leads to

a loss in power of the engine, increased exhaust emissions

and poor fuel economy.

As the gize of the injector nozzle hole is reduced, ithe
20 relative impact of depcsit build up becomes mors
significant. By simple arithmetic a 5 um laver of deposit
within & 560 um hole reduces the flow area Dby 4% whersas
the same 5 um laver of deposit in a 200 pm hole reduces

the flow area by 9.8%.

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

engines incorporating these smaller nozzle holes.



7 Preferably at least two of RI, R2, R5 and R6 are hydrogen. Preferably at
| east one of R2 and R4 is hydrogen. In sone preferred enbodi nents each of
R2 and R4 is hydrogen.In 5 sone enbodiments R2 is hydrogen and R4 is al kyl,
for exanpwe 2@9/086804 al kyl , especially nethyl. Pr efRSITAB 0846 0%Last one
of R and R6 is an optionally substituted al kyl, al kenyl, alkynyl, aryl,

al kylaryl or 10 arylal kyl substituent. 4n enbodinents in which at |east one
of Rl, 2,, R4 R5 and R6 is not hydrogen, each is independently sel ected

froman optional |y substituted alkyl, alkenyl,. alkynyi, 15 aryl., .alkylaryl
or aryi al kyl*nn&rgt%Q:. r éterabl’y epa%ﬁwf%rsm A eﬁ“zaln%‘en IlI‘ﬁ%ms@e e%ahe“ it rl%r%

hydr ogen andnabecopirizanald ynsubst i tutled Ofd:16) habkyt noicetty. réveparti cul arly
preferred conpounds each of R, R4 and R5 is hydrogen and is.an

DCT onal 1y SOBSErSat CHYIS abRERY TSF Ryt . Ty EoCht kyl Arot® ofs

aryi al kyl substit uest s Ps.ef erabt 3y Rearis an optd onaddy sdbsthitgut ed=Q¢1- 6)

al kyl noiety. 25 Such an al kyl noiety may be substituted with one or nore
groups sél eCEEFST Foim hyHt @SS amtno™Cespeci al |y unsubstituted am no; - NH,
-NH,), sul pho, sul phoxy, 0(1-4) al koxy, nitro, halo (especially chloro or

fluoro) and nercapto. 30 There nmay be one or nore heteroatons incorporated
into the al By chaFrpsetor ekaiilen, Nagr SAevglppevi dedEe et herfleam ne or

t hi oet her. \é\g 29%‘%194@5@@P§I/ %%908/ g§0§§4 B Lspecialilypreferned
. [eleiustol-hqiners) pllesi falgvic 1 e 1k s magh
substituents Ri, F4,” 12- or 126 are hy (oxy-(;(1-%r%: kyl” and
am no- ( C( 1- drakkyks edpedi al bys HORCH2 rOBRL dand HENCOHZ- OH2s & T8yickabl y t he
polyaniQ% !%%%ug%s 0@{% %ﬂhﬁgﬂf%ﬂ%hi%%%lE%Xt'8£Sag}nﬁﬁgn%ﬁghcgggt
functional i ti°€s" ﬁ'ﬁe pol yani'ne ray, f or gxanp e, be se ect'ed 'f Fom

According to a first aspect of the present invention there

is provided a diesel fuel composition comprising a

performance enhancing additive, wherein the perfeormance

15  enhancing additive i1g the product of a Mannich reaction

between:

{a) an aldehyde;

(b} a polyamine; and

(¢) an opticnally substituted phencl;

20  wherein the or each substituent of the phenol component

(z) has an averags molecular weight of less tThan 400.

Preferably molecules of the performance enhancing additive
product have an average molescular weilght of less than
2% 10000, preferably less than 7500, prefersbly less than
2000, more preferably less than 1300, preferably less than
1300, for example less than 1200, preferably less than

1100, for example less than 1440,

30 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.



et hyl enedi am ne, diethylenetriamne, triethylenetetram ne, 10

t et raet hyl enepent am ne, pentaet hyl enehexam ne, hexaet hyl enehept am ne,

hept aet hyl eneoct anm ne, propane-1, 2- diam ne, 2(2-am no-ethyl am no) et hanol ,
and NI, Nlwiizso9¢@essam noet hyl ) et hyl enedi am ne (N ( OH2GHANER)c0B)s086KDSt
preferably the polyam ne conprises tetraethyl enepentam ne 15 or especially
et hyl enedi am ne. Commerci al |y avail abl e;sources of poiyam nes typically
contain m xtures of isonmers and/or oligonmers, and products prepared from
t hese commercially available mxtures fall 20 within the scope of .the
present i nvent| oﬁ&d%W%naﬁ‘q% GbstFPEdt et ptfgr?cﬁhyré%rrpfiﬂ%?n? Y néy ‘be
substi t ut ed pMetra Y@t 0 4rigH OWPSeBiRdthe-@fiIRiC nhNng i(d naaddilimmdie t he
‘phenol OH). For exanple it may be a tr- 25 or di-substituted phenol. Most
preferably GofporeRt (cFrEssaonor&fibsti4aited pheholl. Substi tWRTVH may be
at the orthq:-and/ ¢rret-ar1and/ o, paraspesi tion(s) .ndFach phenel,roiety may
be ortho, nmeta or para substituted 30 with the al dehyde/am ne resi due.
Conpound$ i Fawhfchcahecral dgehjide rediddife PECEHRFRDLOr Par a23th8YFt ut'éd are
nmost commonlgy, faorned. M xtures of conpounds may result. In preferred
embodi ments the starti ng phenol is para WD 2009/ 040582PCT/ GB2008/ 050864 9
substituted and thus the ortho substituted product results. The phenol nmay

be substitut W th a I ou f e. of,..an al kyl
G oup, - an alRaror 7 ods O aCa IR BbUBe SoErEroT Graup A e e
acid, an estiercluannet herwy amr alkaxy gmoup, @rdagto groépefarflurt herhehydr oxyl
roup, a _nercapto .group, an alkyl nmercapto group, an kyl _sul phoxy group,
g sulophoSQy d’rogg’ﬁmgﬁ afill agr%ﬁ“%*&ﬁegr@?%w%egroug{regegﬁgégi t{ﬁ(‘eg orIO
unsubsti t ut ethianNe=gr ayp er acnikliavyeadp. pPLeielabl yid hewphenoltiearri es
one or nore optionally substituted al kyl substituents. The al kyl
substituent ey 1E5eheEBPIGRE 18ESubstt tredPWR 1T 2Her exafplie, ¥4 oxyl ,
hal o, (especigldaL.chhor oo and fEuor@)sonal KOXys. al kibst 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 Iin some cases 2 to 8 nitrogen atoms.

20 In especially preferred embodiments, polyamine component
(b) includes the moiety R'R*NCHR’CHR'WR’R® wherein esach of
r', R?, ®', R’ R and R® is independently selected Ffrom
hydrogen, and an opticnally substituted alkyl, alkenyl,

alkynyl, aryl, alkylaryl or arylalkyl substituent.

25
Thus the polyamine reactants used to make the Mannich
reaction products of the present invention preifisrably
incliude an  optionally substituted ethylene diamine
residue,

30

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

Preferably both of BRY and R? are hydrogen,



mer caot o, al kyl sul phoxy, aryl or am no residues. Preferably the al kyl
group consists essentially of carbon and hydrogen atons. The substituted
phenol may include a 20 al kenyl or al kynyl residue including one or nore
doubl e ang/foaxovgisze bonds. Most preferably the conponer/GEuysigsdn al kyl
substituted phenol group in which the alkyl chain is saturated. The al kyl
chain may be linear or branched. Preferably conponent (c) id a nonoal kyl
phenol, especially 25 a para-substituted nonoal kyl phenol. Preferably
conmponent ( co i.ses.an_al kyl suhstituted phenol.in which the phenol
carries one%%%“ﬁ%%éigLEyl“%%dTﬁgmhé%f%%’a§Vo€§Ia%% $e§§325y%5988ﬁ'at0n5,
preferably 30 |l ess than 24 carbon atons, nore preferably | ess than 20
carbon atons, preferabl ess than 18 carbon _atonms, preferably | ess than 16
car bon atons?%ﬁ#%rﬁggy 6%e¥%?35|9ﬂ?e%3 %héﬁ‘ ﬁicé?bgﬁgﬁf%%%: %ﬁ)some

2009/ 040582RGH #33008/:050864-40s Peater al3l y=°t hedorr‘eagh mldaHgesubstit uent of
conmponent (c) has from4 to 20,carbons atons, preferably 6 to 18, nore

pref erablly 4% 16M™ 8spbeial | f 10T o "¥AT€4FPorF 4t offs. 1 & pArti ctlfarly
preferred enbodid®ent, component1(clshsSc-8aH phenelyhaving a Cl2 al kyl
substituent. Preferably the or each substituent of phenol conponent (c) has
a nol ecul ar weight of |ess than 350, preferably |l ess than 300, nore

preferably | easdfian. 250, and,opst, or efer qbl y,d.esg: t han 200, The, or. pach

substi t uent enol” conponent (c) may suitably have a nolecul ar viei ght of
from 100 to 250;tiftorteexanplye ;1501 t@1:200. aMoberul esrof, conpanemy L( r

preferahly hav pl ecul ar. 15 wei ght on average of |ess than 1800,
preferagfg I%fea%ﬂﬁﬂi 80 ?U%F% %%ably | ess than 500, nore preferably |ess
than 450, preferably |ess than 400, preferably | ess than 350, nore

preferably | ess than 325, preferably |less than 30 nd st_preferably | ess
Phan 278, 207 CoroNeAte tPars (B Cond o OF ity 05oR oompr 2o Bonbuture. of
conpounds and/0r ra RkXtiye fcisper seadhe iper {oqapnceenhangkngeaddi tive
of the present 25 invention is preferably the reaction product obtained by
reacting conpotientd (CEFICRBYLAnEYEEF HtH EEImA T irat 30 B fr oft 5YAYS to

0.1:1: 0.,k nore prefigrably foom31k13h0 &l 0. 5pr 36 1o, foraadihe;
per formance enhancing additive of the present "i nventi on coriponents (a) and
(b) are preferditgrdegdgétveds st atol A ohatlixsiioetr opnd: Bit ocgticnally

al dehyde: po ] . , erably, from2.1 to 1:1. WO
(2009/ OZOSSQFA%H%@%ES%E? BYid A8 Fedy.

In particularly preferred compounds sach of B!, RE, RB, r?

2¢ and R® 1s hydrogen and R® is an optionally substituted
alkyl, alkenvl, alkynyl, aryl, alkylaryl or arvialkyl
substituent, Preferably R® is an optionally substituted

C({1-6} alkvyl moiety.

2%  Such an alkyl moiety may be substituted with ones or more
Jroups selected from hvdroxyl, amino (especially
unsubstituted amino; -NH-, -NH:), sulphco, sulphoxy, C(1-4}
alkoxy, nitro, haloc ({especially chioro or fiuorc) and
mercapto.

30
There may be one cor more hetercatoms incorporated into the
alkyl chain, for example O, N or 5, to provide an ether,

amine cr thicether.



11 To forma preferred performance enhancing additive of the present

i nvention the nolar ratio of conponent (a) to conmponent (c) in the reaction
m xture is preferably at least 0.75:1, preferably fromO0.75:1 to 4:1,
preferablywo Be9ldsst o 4: 1, nore preferably from 1: 1 to BTIGBITisNsesmmy be an
excess of al dehyde. In preferred enbodiments the nolar ratio of conponent
(a) to conponent (c) is approximately 131, for exanple from0.8:1 to 1.5:1
or from0.9:1to 1.25:1. 0 To forma preferred performance enhanci ng
additive of _the present invention the nolar ratiaq.of eonponent (c).do0
cormponent ( BFEER ?ﬁéyrgﬁ%??ﬁ%@%1§?%?%lﬁ%% E?dgbrgﬁarg'th ’pggiéFhH ce
enhanci ng addit hvertsypr ef -efadil yyiatardeastink5 (1.(5-1) a oy e, prgferiablly at

| east 1.6:1, nore,grefer%bly at least 1.7:1, for exanple at least 1.8:1,
preferably &t [EasttI. 6°%. “Fhe-fwolat ratio of conponent (c) to conponent
(b) may be up to 5:1; for exanple it may be up to 4:1, or up. to 3.5:1.
Suitably it is up_to 3.25:1, up 201-0_3:1, up.to 2.,5:1, up to 2.3:1 or up
to 2.1:13 Pﬁ@ﬂéﬁgéﬂ EORpEGRIETLERI I AL ERRS pPesSent™ i M enti on Arte ithypi cal | y
formed by reackiRg.CORRORERS, I @R randr(e) in a molar ratio of 2 parts
(A) to 1 part (b) 0.2 parts 25 (b), to 2 parts (c) 0.4 parts (c);
preferably approximately 2:1:2 (a : b : ¢). These are comonly known in the
art as bis-Naani ch reaction products, ngaﬂég§entbgnv%Q3%%Qe hus: provi des a
di esel fuel "conposition conprising a perfornance énhancing additive forned
by the 30 bieshiarnichareaet | e groductt rofarancal dehydeylanpol yamine ,and an
optionally substituted phenol,.in which it is believ that, a val uabl e
proportﬂ n gfgfﬁgkﬁ%?%% PESBHET2 the perfornﬁﬁgga%ﬁﬁ%ﬁ ?Tﬁf%ﬁﬁﬁqﬁrve are
in the To= ofcxachihsiMantctadiaact itampratuctnebbrothes, prefeired , 2-

enbodi nent s Lhe,gerfg%rance enhancing,additjve jnclugfs the reaction
product of FiFBrecof aldelyde wit'H ohe Aof e ¥ ol Vo né 'dhd”ohe 5l e of
phenol . The sperberpance eahapcbngdagdiid ve mayceontain .a. m xtur exef
conpounds resulting fromthe reaction of conponents (a), (b), (c) in a
2:1:2 nDIarFﬁﬁﬁﬁéaghﬁ &he0 PPIVATIRE| &CTFALFES APFéﬁﬁéPY%%W@@%ﬁt%ﬂﬂﬁetionalIy
the perfarmance enhanci po. addidive ARy ncl ude conpounds resulting fromthe
reaction of 1 nole of optionally substituted phenol with 2 noles of

al dehyde and 2 nol es of Polyam ne. 15 Reaction products of this invention

are bel i eve%oﬁn%el}%igﬁ‘i%gﬁ%z%’;a?ég%ngﬁg‘ééaésf ofmula X, n20.Wher & E represents

a hydrogen atomor a g
contain mixtures of isomers and/or oligomers, and products
prepared from these commercially available mixtures fall

20  within the scope of the present inventiocon.

Upticnally substituted phenol component (c}) may Dbe
substituted with 0 fto 4 groups on the aromatic ring (in
addition to the phenol CH). For example it may be a tri-
25  or di-substituted phenol. Most preferably component (c)

ig a mono-substituted phencl. Substitution may be at the

ortho, and/cr meta, and/or para position{s).

Fach phenol moiety may be ortho, meta or para subsitituted
30 with the aldehvds/amine residue, Compounds in which the
aldehvde residue is ortho or para substituted are most
commonly formed. Mixtures of compounds may result. In

preferred embodiments the starting phenol is para



13 where the/each Qis independently selected froman optionally
substituted al kyl group, Q is a residue fromthe al dehyde conponent, mis
fromlto6, nis fromOto 4, pis fromOto 12, Q@ is selected from
hydr ogen Wa@em4&8dpti onal |y substituted al kyl group, PQI/GER0EAISEEed from
hydrogen and an optionally substituted al kyl group, and 4 is selected from
hydrogen and an optionally substituted al kyl group; provided that when p is
0, 4 is an am no-substituted al kyl group. 10 n may be 0, 1, 2, 3, or
4. Pr ef er abl is. 1. 06 2 st.,preferably 1. IS -prefera r 3 but
may be | ar géﬁlggﬁa“%ﬁ%dal E? enéhgg gr”()%p rr®151r>]/t Se s”{ﬂrﬂaslsﬁgpttuecceﬁlai gie%dglrcc&
branched. Most:spr.eterably mis 2. Qis preferably an optionally substituted
al kyl group having up to 30 carbons. Q may be substituted with hal o, 20
hydr oxy, am no, sul phoxy, nercapto, nitro, aryl residues O may include one
or nore doubhe boerds: Rref erablyr-Qiitstadsiiphe aalkyongioup eamnsi stdmng
essentially of carbon and hydrogen atons and is predom nantly saturated.
pref er abPy” R&§75E0°26, Forepr eferabl 3/ 10 t@ifol@'ce?rrb(ﬁ“%]yaft s “Fbst
preferably Q. s;anal kyloghai B ofi<¥21cayhen at9me. &b By-becany suitable
group. It may be selected froman aryl, alkyl, or al kynyl group optionally
subst i t ut ed S#EA, 38°h&IL§E Thy dF oRYFOAY t 9671 2m hoTe SUl PHORYy, Hrer'edptss, al kyl,
aryl ‘or al kep, 1'mgﬁe§§{;a_9! Yz Qﬁf&aaedrgq%g, oL a0 opt i gnally: substit ut ed
al kyl group, "tor exanple an alkyl = 14 "group having 1l to 4 ‘carbon atons.
Most pref erall 1@Vl suApdersgearoup, #refkpiabty préw fraomDrstio ourr e
preferably fromQ.tqg.6,, 5 nost pre Ly .fr 4, T | yam nes used
to formqtohe cﬁ)lamanzlyclhaque\{alct(‘:i(réjrlf"i prSrodduéc ssq%”uttﬁedo rrﬁrgs%ﬁ%"ﬂ?snvlgn tl%gin aafn{lﬁy‘ e
strai ght chairmed¢ or branchedyrald.hough the straight chain version is shown
in 10 formula X. Inreality it is likely that some branching wll be
present. The skilled person would al so appreciate that although in the
structure showtciranfior muha XiHamelt ecsi-paks niddogen akors nay:bendignded to
phenol (s) via_ al deh)éde residue(s), it is also po§si bl e that internal

substituted alkyl subdtituents. The alkyl substituent may

15 be optionally substituted with, for example, hydroxyl,

halo, {especially chloro and fluoro), alkozy, alkyl,

mercapto, alkyl sulphoxy, aryl or amino residues.

Preferably the alkyl group consists essentially cof carbon

and hydrogen atoms. The substituted phenol may include &

20 alkenyl or alkynyl residue including one or more double

and/or triple bonds. Most preferably the component (¢} 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 phencl, especially

25 @& para-substitutsed moncalkyl phenol.

Preferably component {¢) comprises an alkyl substituted
phenol in which the phencl carries one or more alkyl
chains having a total of less 28 carbon atoms, preferably
30  less than 24 carbon atoms, more preferably less than 20
carben  atoms, preferably less than 18 carbon atoms,
preferably less than 16 carbon astoms and most preferably

less than 14 carbon atoms.



15 secondary am ne noieties within the polyanm ne chain could react with the
al dehyde and thus a different isoneric product would result. Wen a group
Q is not hydrogen, it may be a straight 20 chai ned or branched al kyl
group. Th@OR0NI40F2 oup may be optionally substituted. BHHEBEPE/EPRY] group
may typically include one or nore am no and/ or hydroxyl substituents. Wen
B is not hydrogen, it may be a straighty chained or 25 branched al kyl
group. The al kyl group nay be optionally substituted. Such an al kyl group
may typical ly. - 0 m h oxyl i fuent,s. Wien
A is not hf ?6§gggg?t ﬁgyg eggégt?g%gﬁtggﬁé?%%ﬁ¥gé é% br ncE%E'aF&y

group. The &akylfmprodp vmy beaoptdrenaldorssubstdftartzédy Suctr ard .alzkyde gr oup
may typically include gn nore_am no, and/ or hydroxyl substituents. As
ot ed” Above PRCABTELT Sheh Dol S0 SO Th bt el net ST e 15 & ki
group. Suit ably= €4 cdnpriys es-difze reesi shie difmen tpol yamparesntas (def ised herein
as conponenth%b). The,gerfogggn e qnhagang additive of the present 5

i nvention s’ EaBIty PPHET ddes” nmd$6F “ForfiFa X above, forned by the
reaction of two noles of al dehyde with one nole of polyam ne and two nol es
of optional%y substituted phenol. Such conpounds are believed to conformto
the fornul a IELCARPLENtED X AR TQTUORT &F, PEBNCEUCOROEHENd P, are as
defined above. Rreferabliy-comoeunds, of; for mul a, XéS(ﬁ,Or?PQf@b’aﬁﬂlﬁ fgaction of
two nol es of al dehyde with one nol e of pol yam ne and two nol es of

optional |y siigstitiitled piiersol prEdeirdelat Least 40:am %< Pr efadsrabl§ost | east
50 wt % .pref I 2 east . 60 W% p er apl - A % _..and
preferablluy ;ﬁ%ﬁ%{%@%o l\%tslc% ol rt?hezwgérfo?ﬁ%nc@pe%ﬁg%ci%%%;E&dgﬁ%e.ommere
may al so be witherl compourds preseay, sfiorakkanphest hemceactlon product of |
nol e of al dehy w th.one nole of palyanin nd_opg.nol e of phenol, or the
reaction préghg?O§5A§P ?oﬁgﬁg df”bﬁgﬁ%FDﬁﬁ?ﬁﬁzgﬁnggé'of al dehyde and 2

nol es of pol yam ne. Suitably however such other conmpounds are present in a
total anmount aof [?55 than 60 wt % preferably |less than 50 mﬂ@? %éeferably

| ess than 50%Sw%* Frefer abPYP VD 2006/ 0 ‘6820087 0508824~ 46" t¥ss t han
40 wt % apr efieraplty dressctrthan 3@ We¥: prehenabby besseihan, 20 %nof the
per formance enhanci ng additive. One form of preferred bis-Mannich product

i s where twd% optisraldby Ysufsti t1deed d dende: phenot *Fesi dves aren

connected ta« fferent  pitragen atems i choare pant, of-a chain Hetween the
optionally substituted al dehyde-phenol residues, as shown in Fornmula Xl
more preferably less than 325, preferably less than 300

and most preferably less than 275.

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

compounds and/or a mixture of lsomers.

The performance enhancing additive of the present

25 dinvention is preferably the reaction product obitalined by
reacting components {aj, (b} and (¢) in a molar ratic cof
from 5:1:5 to 0.1:1:0.1, more preferably Ifrom 3:1:3 to
0.5:1:0.5.

30 ¢ form the perfcrmance enhancing additive of the present
invention components {a) and (b} are preferably reacted in
-1

a molar ratlio of from 4:1 to 1:1 ({aldehyde:polvaming),

preferably from 2:1 to 1:1.



10 OHOH XI'I wherein Q Ql, @, mand n are as defined above and p is 15
froml to 12, preferably froml to 7, preferably from1l to 6, npst
preferably from1l to 4. Thus, conpounds of formula | are a sub-set of
conmpoundswofzodsaresat a X in which B= 4 = hydrogen, and(I/GRR¢EER4 (zer0).
20 A special class of bis-Mann ch reaction products are bridged bis-Mnnich
products, in which a single nitrogen atjgm|inks two optionally substituted
al dehyde- phenol residues, for exanple optionally substituted phenol - CH2-
groups. Prefer a.bl¥ t he ni, trogﬁn at m&g{éé eésmwne resid 25 %ff a

optional |y stbstitufed &t fyfeherdia gr oup. T O %e CEBH ()Y, (c4
X115 wher eirBs@t Qli rarchtn car etias d@tamedrmm/eoand:d@@adrsarm efer alaloy t he
resi due of a pol yam ne, as des&rl bed herein as conponent % I)r Erefgrably a
pol yet hyl ené?OBBPi?‘éﬂ’Fne(C)rmjs’? bref eratsi'y %n bigti'oral Ty Substitd

et hyl enedl anmi-ne+n etzy 1 , asdescrirhed abaoveo . Thus, t@ornpqunq:swfferfacmw a ll
10 are a sub-set of corrpounds of formula X, |n whi ch is O (zero). The

primary Aitrddgengfotp WhTe P HES Tadct ed oW th* aFHe%ydes FesF or'ivayenot  be

part of the gt @X{lc%ggd'o§maﬂ@eﬂ‘95€tYan{:@feeé@PJs& HONeMEInt d teHeS mardty of the
et hyl enedi am ne noiety. 15 The pr esent inventor has found that the use of

an additive naﬁgbummgfcs%@memtca(m arUPREC GTerBr | dyed MaphP EP YEdcEtlivon

products praqui;des; par fig.g.lin s ref erred gdinents, the
bri dged bi sql\/aﬁm;c r%%%##gén g?gguc{%s ‘20 pél‘)g‘\%l ge ateCr eaggqﬁgo wt % of the

hi s- Manni ch 1r.éactli.on products, preferably at |least 30 wt% preferably at

| east 4 OWt% preferably at least 50 wt % preferably at | east 60 W%
preferabl’'y at least 70 wt% preferably at |east 80 w% preferably at |east
90 Wt % 25 To form a preferred performance enhancing additive of the

present invention the molar ratio of component (¢} 1o
component f{b) in the reaction mixture used to prepare the
performance enhancing additive is referably at least
15 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 5:1l; for example 1t may be up
to 4:1, cor up to 2.5:1. Suitably it is up to 3.25:1, up

20 to 3:1, up to 2.5:1, up to 2.3:1 or up to Z2.1:1.

Preferred compounds used 1n the present invention are
typically formed by reacting components (a}, (b) and (<)

in a molar ratio of 2 parts [(A) tc 1 part (b) £ 0.2 parts

25 {b), o 2 parts (cy % 0.4 parts (c); preferably
approximately 2:1:2 (a : b : c). These are commonly known
in the art as bis-Mannich reaction products. The present
inventicn  thus provides a diesel fuel compositicn

comprising a performance enhancing additive formed by the
3¢ bis-Mannich reaction product of an aldshyde, & polyamine
and an opticnally substituted phenol, in which 1t is

helieved that a valuable proportion of the molecules cof



The formation of the preferred bridged- Manni ch conpounds to-a desired
proportion may be pronoted in several ways, including by any one or nore
of : selection of suitable reactants(including favoured am ne reactants as
defined WO R0086340582PCT/ 6B2008/ 050864 above); sel ectiwpasohs/@ofsavour ed
rati o of reactants, nost preferably the nolar ratio of approximtely 2:1:2
(aib:c); selection of suitable reaction,conditions; and/or by chem cal
protection of reactive site(s) of the amne 5 | eavi ng one primary nitrogen
group free t%&}eeact with the gl dehédes optional |l yfoll ov\@d afterreactionis
conpl ete, POt TG S S e a8 ar 6594 VR tHiT the~Conp&fBnéé &f the
skill ed person-pk@nkpnald:stch, cases:gvi xtures of isoners and/or oligoners
are within the scope of the present invention. In sone alternative
enbodi ments the nolar ratio of polyam ne to al dehyde to phenol may be in
the region of, 151 Jrand-the Lesi; tﬂé}&speiﬁé)ru@@ﬂ@@rmﬁé}h?@%%&d%gﬂ ve of
t he present |nvent| on maﬁ i ncl ude conpounds of fornmula XIV OH - (Q 11 XIVv
20 whereisn QdaAtiva, MNand s aridssubseant Pal | §redodef iated Llab®ves Of In sone
embodi ment s e RAL! opmERCce.,£hARELNG, Addihl G 0BY 251 neldudg,comppunds of
formula XI and/or Xl and/or Xl I[ and/or “XIV. In sone alternatlve
enbodi nent s glweaipl arlheaties fofrmah@eexanphel £1g oar @l Sive tip28. orltaom far om
2.6:1 10 3.5 1>2ture of  compounds resulting from the reaction of
compenents (a}, (b)), {(c} in a Z2:1:2 molar ratic and a
10 1:1:1 molar ratio. Alternatively or additionally the
performance enhancing additive may include compounds
resulting from the reaction of 1 mele of opticnally

substituted phencol with 2 molss 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' g
I E
) Oy
/\/ | p
(Q)n QB Q4
20 X



t he pol yam ne includes three primary or secondary am ne groups, a tris
Manni ch reaction product could be fornmed. For exanple if 1 nole of
N(CH2CH2NH2) 3 is reacted with 3 5 noles of fornal dehyde and 3 noles of a
par a- al kywophevieéssza product shown in structure XV cout@/Geeofamsmsd. XV 10
Such conpounds have al so been found to have advant ageous properties. The
skil | ed person woul d appreciate that the Mannich 15 reaction products of
t he perfornmance enhancing additive of the present invention are conpl ex

m xtures of products. However the present inventor_ has noted that using
reactants aﬁ%ﬁS? r%§8{3%¥ﬁra io%“and?g?p%%%%W$? nss%}ﬁ9ﬂ$ avour t e
formati on oforhiisnantdyespeecathyedr dged Mepnbch20igeacticon dproducts (or
alternatively tris-reaction grodycts)égégvidei addi tives w@ich en dosed
into fuels SKEW3SPE¢Ed PBFPBFTTENCE. *Fowed8r 't h8 frefent ih¥8nti oW is not
limted to sych enbodicnent so 120 If senmeceabosi ment:s & he-qerf erranee
enhancin% addi tive may include oligoners resulting fromthe reaction of
conponents (C&F1CLBY} L AnFVEEF L TTheS e FdiYgorBTE Gmy i nef udé \R6lEEEuld9havi ng
the formul ag  showa,i Bnfi GHr §ot1dna 10, W8I0 Qe dQhZ2 ky1 NgrBLANDPs af%e as
described above and x is froml to 12, for exanple from1l to 8, nore
preferably fisorsdiad e ILron shHerPgest Ut WesoRayCEd sy beulsdyimedeand
ol1gomers | M,kewhlehaone dhang2 aldehyds, residugs areconpedad o a

si ngl e pheno nd/or ‘am ne reS|SUe may be priesent. The performance
enhanci ng addictsitveuisdpe kel apfoupresent in the diesel fuel conposition in
an annuq% of less than 20 5000 ppm preferably I ess than 1000 ppm
preferabl’y | ess than 500 ppm nore preferably |l ess than 100 ppm preferably
| ess than 7% ppm Lor ef,eriably, |2ssod han 6rppamayior ey preflerablly, lress than 50
ppm nore preferably | ess than 40 ppm for exanple |ess than 30 ppm such as
25 ppm 250r HX&dE€rabsy ?hose contai ning high levels.of netals and/or high

| evel s of biodiesel nmay require higher treat rates of the perfornance

enhancing additive than fuels which are | ess severe. 5
m is preferably 2 or 3 but may be largsr and the alkvliene

15 group may ke straight chained oxr branched. Most

preferably m 1s 2.

Q0 18 preferably an opticnally substituted alkyl group
having up to 30 carbons. © may bs substituted with halo,
20  hydroxy, amino, sulphoxy, mercaptc, nitro, aryl residues
or may include one or more double bonds. Preferably ¢ is
a simple alkyl group consisting essentially of carbon and
hydrogen atoms and is predominantly saturated. 9]
preferably has 5 to 20, more preferably 10 to 15 carbon
25 atoms. Most preferably Q is an alkyl chain of 12 carbon

atome.

0! may be any suitable group. It may be selected from an
arvl, alkyl, or alkynyl group optionally substituted with
30 halo, hydroxy, nitro, amino, sulphoxy, mercapioc, aitkyl,
aryi or alkenyl. Preferably @' is hydrogen or an

optionally substituted alkyl group, for example an alkyl



It is envisaged that some fuels may be | ess severe and thus require | ower
treat rates of the performance enhancing additive for exanple |ess than 25
ppm such as |less than 20 ppm for exanple less than 15 ppm less than 10
10 ppm orwoemgs/iednzea 5 ppm I n sonme enbodi ments, the perdUEREAESRIHhanci ng
additive nmay be present in an amount of fromO0.1 to 100 ppm for exanple 1
to 60 ppmor 5 to 50 ppmor 10 to 40 ppmor 20 15 to 30 ppm Preferably the
fuel conposition further conprises a nitrogen-containing detergent. The

ni t rogen- cont.ai ni det ergent y bhe selected from an ui tabl e.:ni t rogen-
20 cont ai ni r?groéléghlnrgas‘%m@etlerB%n?ac?ﬁr%iosnpear“?aﬁt‘ kﬂnoos\r/?n l?yne‘f%reabglﬁ or-‘use in

| ubri cant omydielgewi.l . Suitably it is not itself the product of a Mannich
reaction between: (a) an al dehyde; (b) a polyanine; and 25(c) an optionally
substituted phenol, in which the or each substituent of the phenol
conponent (rd¥as anyayerager-ppl ecuban, Webght ook rd €851 ¢ harbd00. c Most
preferably it is not itself _the product of any Mannich reaction between:
(a) an alPdefffe: Pg@éﬁ)faﬁlboW%{?ﬁCﬁé%O dgnd (c) an optionally substituted
phenol. 22 Preferred nitrogen-containing detergents are the reaction
product of a carboxylic acid-derived acylating agent and an amne. 5 A
nunber of aciicatied yaiinesgerecontailnirig teéenpeundshhavenglan hydeéearvy|
substi t uent L e 8..car. at; e r.eacti nf rboxylic
aci d acyl atio(r)lgg gtéleent B\?\ng%hnén lglgn%r?oh%gsrrp%ggdr%ge %}ng\i\"ﬁ%{o ?%%ggggki ed in
the art. |nisuchtheaghpesitticoas the atykathngcagentvéssldmked tmowhelirl0 am no
conpound .t hrough .an i m do, am.do, am.di.ne or. acyl.oxy. ammoni um|inkage. The
hydrocaﬂ‘gyl ]goulg“sutliat u%'nt g? é:faaﬁéggt '§ car bon a %rf%]“:‘yrf’ay:’ Héei%K%'l‘cl:jﬁ“e%the

car boxylic aeid asylmatisagtagenhe dekivesd porddcon wafz tthelpol ecubecbstd n t he

am no conpound derived portion of the nolecule, or both. 15 Preferably,
however, it &4 nthe°&&y| afi ng-Sagént “ports o °The Heyf &F T hg? a%en?w%an vary
from forn c @cid and his @ atings desiyvald vesnd€d agyl atHag 1agent s; havi ng

hi gh nol ecul ar wei ght aliphatic substituents of up to 5,000, 10,000 or

20, 000 car bo%ﬁda:—tféf?ge ThHelEifi 170 ‘cofpotifds®Eah Pessiblie that internal

15  secondary amine moieties within the polvamine chain could
react with the aldehyvde and thus a different iscmeric
product would result.

2

When a group ©° is not hydrogen, 1t may be a sitraight
20 chained or branched alkyl group. The alkyl group may be
optionally substituted. Such an alkyl group may typically

include one or more amino and/or hydroxyl substituents.

When Q° is not hydrogen, 1t may be a straight chained or
25 branched alkyvl group. The alkyl group may be optionally
substituted. Such an alkyl group may typically incliude

one or more amino and/or hydroxyl substituents.

When Q% is not hydrogen, it may be a straight chained or

30  branched alkyil group. The alkyl group may be optionally
substituted. Such an alkyl group may typically incluce
one or more aminc and/or hydrexyl substituents. As noted

above, however, when p 1s 0, o' is an aminc-substituted



20-vary fromammonia itself to am nes typically having aliphatic
substituents of up to about 30 carbon atons, and up to 11 nitrogen atons. A
preferred class of acylated am no conpounds suitable for 25 use in the
present | MEHOYHH5¥re t hose fornmed by the reaction of BAT/&B)108P308G agent
havi ng a hydrocarbyl substituent of at |east 8 carbon atons and a conpound
conprising at |east one primary or secoidary am ne group. The acyl ating
agent may be a nono- or polycarboxylic acid 30 (or reactive equival ent

t hereof) for,_. npl subst i cclLnlgc, . hal,j c r.opi oni-c acid and
the am no cé%%é@hdgﬁggpbe §F%%#§§ﬁi§% o%gggﬁ%§$%rgh% %%Fgg%?neg% f%r
exanpl e a mpdluraeniof, ethyliefnenpdllyamimess Z3pAhnternatively the am ne may
be a hydroxyal kyl -substituted pol yam ne. The hydrocarbyl substituent in
such acyl ating agents preferably conprises at |least 10, nore preferably at

| east 12, fornexappteodtare SEesbom@at orsdltinay Drcomud sepupsé0: about
200 carbon annB.PreferaQI¥1the h drocarbﬁl s§$sti%ugnt of the ac%lating
agent has a Mufiber “Averdga bl eturarcherghtC¢ihy of betWeeh 178°t8°2800,

for exanple f&.0mR50, 10,500 -mref eyablys from 500+t 91450Paand: POr gne
preferably 500 to 1100. An M of 700 to 10 1300 is especially preferred. In
a particul arf$,Href értedrembodifet’'s e By FfoCar By astbs tihPaént “haS a
nunber aver age. ! ecular welh.ght;n9t 70Q - ;1000 -preferably 700 -, 850. for
exanpl e 750.” 15 Il lustrative of hydrocarbyl substituent based groups
cont ai ni ng atcirenist deifghittarbon atons are n-octyl, ndecyl, n-dodecyl,
tetrapropenyl, n-octadecyl, oleyl, chloroctadecyl, triicontanyl, etc. The
hydr ocarbyl based substituents nay be nmade from hono- or interpolyners
(e.g. 20 copolyners, terpoldhers) of nono- and di-ol &iins having 2 to 10
carbon atons, for exanple €thylepg, propylene, putang-1, isobutene,

but adi ene, isoprene, 1-hex 1-] octen etc. |[Prefepably these olefins are
1- nonool efi ns. The hydr i rived fromthe 25
hal ogenated (e.g. chlori uch hono- or

interpolyners. Alternatijvely the substitue may ggtggﬁ: from ot her

sources, for exanple non enes (e.g.
1-tetracontene) and ch{ i nat ed analaYys andohydrochl ori Rat ed 30 anal ogs
thereof, aliphatic pettdteumfractiions, for exanple par&fin waxes and
cracked and chl orinated anal ogs and hydrocﬁlorinated anal ogs thereof, white
oils, synthetic al kenes for exanple produced by the Ziegler- 24 Natta
process (e.g. poly(ethylene) greases) and gther sources known to those
skilled in the art. Any unsaturation in the substituent may if desired be
reduced or elimnated by hydrogenation according to procedures known in the
art. The_tern1"Q¥drocqrb L" as used herein denotes a grogp havinﬁ a carbon
&edn g

at om di rect | Y22t% dehed 't & t he r éfrai Ader 6% Re RoFeddl 14 HadPAgS a

predom nant | yr&td ghati Gompounds of formula XI formed by the reaction
of two moles of aldehyde with one mcle of polyamine and

two moles of optionally substituted phenol provide at

least 40 wt%, preferably at least 50 wt%, preferably at

20  least ©0 wit%, 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 ci 1 mole cof aldehyvde with one meole of

polyamine and one mole of phenol, or the reaciion product

25 of 1 mole of phencl with 2 moles of aldehyde and 2 moles

Hh

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



10 hydrocarbon character. Suitable hydrocarbyl based groups may contain
non- hydrocarbon noi eties. For exanple they may contain up to one
non- hydrocar byl group for every ten carbon atons provided this
non- hydr o%@rzbspio4¢gi8dup does not significantly alter thePQreerovi b y
hydr ocar bon character of the group. Those skilled in the art will be aware
of such groups, which include for examplge hydroxyl, halo (especially chloro
and fluoro), al koxyl, alkyl mercapto, alkyl sul phoxy, etc. Preferred
hydr ocar byl .based, subst.ituents_art el i phati ¢, hydrocarbon jn 20
charact er a%&saquSP gén?ﬁfﬁ gﬁgﬁgagg%%s¥egg PGk S0 WEL PSR My
Thehydr ocar hylkssbazsedstbst it uent sareprefferabhyepeedom nantdddisdtar.at ed, t hat
is, they contain no nore than one carbon-to-carbon unsaturated bond for
every ten 25 carbon-to-carbon single bonds present. Mst preferably they
contain no meee tdan ene GarkeR=HO-iCar-beMmNQR- af.oimidic unsahdrat edicbond for
every 50 carbon-to-carbon bonds present. 25 . -
Convent i 6nal?pér§iébbiit enBEAHdSO-"Cal | eBLRFGHES -PHEUCL | vESSpOFFT sobiitenes are
sui tabl e forcuseckRat he bavention. nH ghlyn reastd e, pol y.sobutenes in this
context are defined as polyi sobutenes erein at least 50% 5 preferably
70% or nor e chefint Hetveem nate oPeE i piel Houbhesbohdsedar a1 8fh YHeRATIA dene
type as desgribed_in 550%9§%§5M1 Licul arlky preferred polyisobutenes are
t hose having nore than 80 nol % and up to 100% of terminal vinylidene groups
such as those described in EP1344785. 10 Am no conpounds useful for
reactioqomjth these acylating agents include the follow ng: (1)
pol yal kyl'ene pol yam nes of the general fornula: (F13)2N U-N(R3)]nR3 15
wherein each Fe is indeperdently selected froma hy@tbgen atom a
hydrocar byl group or a hydroxy-gubstituted hydrocar Byl group containing up
to about 30 carbon atons] withiprovis one P.3 is a hydrogen
-18 al kyl ene group.
hydr ogen, methyl, ethyl,
propyl, isopropyl, bugyl anef isornfeNs the : rably each R3 is
et hyl or hydrogen. U /géggg?%rabl Ha 01-4 Hl kyl e .. host 25
preferably ethyl ene. (f 2y heterocyclic-substitutedP yadﬁﬁesincluding
hydr oxyal kyl - substituted pol yam nes wherein the polyam nes are as descri bed
above and the heterocyclic substituent?fs 30 sel ected from
nitrogen-containing aliphatic and aromatic heterocycles, for exanple
pi perazi nes, imdazolines, pyrimdines, norpholines, etc.

wherein Q, Q%, Q°, m and n are as defined above and p is

15 from 1 to 12, preferably from 1 to 7, preferzsbly frem 1 to
£

6, most preferably from 1 to 4. Thus, compounds of formula

. . - 3 4
I are & sub-set of compcounds of formula ¥ in which ¢ = Q

i

hyvdrogen, and p 1s not 0 (zero).

20 A special class of bis-Mannich reaction products are
bridged bis-Mannich products, in which a single nitrogen
atom links two optionally substituted aldshyde-phenol
residues, for examplse opticnally substituted phenol-CHp-
groups. Preferably the nitrogen atom carries the residues

25 of an optionally substituted ethylene diamine group.

In graphical terms preferred resulting compounds are

helisved to be as shown in Figure XIII



26 (3) aromatic polyam nes of the general formula: Ar(NR32)y - wherein kr
is an aromatic nucleus of 6 to 20 carbon atons, 3 each R3 is as defined
above and y is from2 to 8. Specific exanples of polyal kyl ene pol yam nes
(1) include eiyedhedi am ne, diethylenetriam ne, tri etHfI st ne,
tetraet hyl enepentamne, tri(tri-nethylene)tetram ne, 10
pent aet hyl enehexam ne, hexaet hyl ene- heptam ne, 1, 2- propyl enedi am ne, and
ot her comrercially available materials which conprise conplex m xtures of
pol yam nes. For exanpl e, higher ethylene polyam nes optionally containing
all or some of the above in addition to higher 15 boiling fractions
containing 8 or nore ogen atoms etc.gSpeci ty'c exampl es of
hydr oxyal kyl - substituted 7pol vam nes} i nclude N-(2-hydrOxyethyl) ethylene
diam ne, N, N -bis(2- hydroxyethyl) kthylede di anj N ( 3- hydr oxybut yl)
tetramet hyl ene di am ne, etc J 20
het erocyclic-substituted p ’ -am nget hyl piperazine, N2
and N-3 am no propyl norphaline, am ng) propyl piperazine,
2- heptyl- 3-( 2- aninoprog¥L}f/' \\ﬂﬁ5$hy|)
pi per azi ne, 1- ( 2- hydr oxyet’hyl ) pi per azi ne, and 2- 25 f
hept adecyl- 1- ( 2- hydroxyet hyl ) -i m dazohiing, etc. Specific exanples of the
aromatic polyanm nes (3) are the various isoneric phenyl ene diam nes, the
various isoneric naphthal ene diam nes, etc. 30 Many patents have descri bed
useful acgyl atedenit rogem’'carmoundsaiacludi rg sUnSq PatovdNosind3, 472,:892;
3,219, 666; 3,272,746, 3,310,492; 3,341, 542; 3,444,170, 3,455,831, WO
2009/ 040582 PCTLEB2008/ 050862 D73, A55, $35Y3T576, 748; 356301 Y04; T 632 511;
3,804,763, 4,234,435, and U56821307:. Ahiypi cal s acyd atadHai trogenscont ai ni ng
conmpound of this 5 class is that made by reacting a polg(lsobutene)-
subst i t ut ed mswccimied sagicdydeéri vaed taeylayi Aglagenttee. griy apmgdrdrdeie aci d,
ester, etc. reing.t Ly(k sphut.ene)., substi, .has: be ; out 12
to about ZOémggﬁﬁénggtggéggi%%aa nlf?uréhgg'e%ﬁbpggéago yaﬁéﬁggﬂ%ggfng 3to
about 9110 amena niutor-cgen ct amwppencet byl dvempokydm ne amdcabeutisl 4 o about
8 ethylene groups. These _acyl ated. nitrogen conmpounds. are forned by the
reaction of %@r?Sl%ar rati Bré%aﬁ%ﬁ% g agent™t: Wg*rzﬁcﬁon%%nﬁ%%“ht (gfw‘ftrnom 10: 1
to 1:10, prefierablygsf mom 5ol wey 1ndt wer egprefer abky tropl2nddtaniln? and
nost 15 preferably from2:1 to 1:1, In especially. preferred epbodinents,
t he acylate&“ﬁf%%dgenpﬁ%ﬁﬁﬁﬂﬁﬂk ar 8°YoFfed by t he'r eadti’dn o?ggcyﬁ%ﬁing
agent to amdiocempeaynadihh dom@t@ar ratio of from1.8:1 to 1:1.2, preferably
from1.6:1 to 1:1.2, nore preferably from1.4:1 to 1:1.1 and nost 20
preferablPy from1.2:1 to 1:1. This type of acylated am no conpound and the
preparation t-hergefsohs welk kppw:d ordheserski lkheduke thesaricand are
described in the above-referenced US patents. )

including significant amounts of bridged-Mannich reaction

products provides particular benefit. In some preferred
embhodiments the ridged bis-Mannich reaction products
20 provide at least 20 wt% of the bis-Mannich reaction
products, preferably at least 30 wt%, preferably at least
40 wt%, preferably at lesast 50 wit%, preferably at least 60
wt%, preferably at least 70 wt%, preferakly at least B8O

wt%, preferably at least %0 wt%.

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

reactants {including favoured amine reactants as defined



25 Anot her type of acylated nitrogen conpound belonging to this class is
that nade by reacting the afore-described al kyl ene amnes wth the

af ore-descri bed substituted succinic acids or anhydrides and aliphatic
nono- car bwwoytonwedasseds having from 2 to about 22 car bonrat/ormesasdthese 30
types of acylated nitrogen conpounds, the nole ratio of succinic acid to
mono- car boxylic acid ranges from about ;0.1 to about 1:1. Typical of the
nonocarboxlyic acid are form c acid, acetic acid dodecanoic aci d, butanoic
acid, 28 ol Cld aric QCId,, K¢ xture of stearic acid
i somers kno |sc?set’ggﬁlc?naé}L trcﬁ“ﬁlcfu a“ejto O%utﬂa%at%tr% alSHre nore
fully descri:bﬁifelr@bUyS r@atw:talesfa&alc@r %r&ﬂﬁ.’t&.&ﬁ@ 7215:25(Adurt;her type
of acyl ated n|trogen conpound suitable for use in the present |nvent|on is
t he product of QQn%OPea%fl6ﬁ“of&aefaf?%cﬁﬁﬁbcé¥ﬁ@%§PPESaC|%PQﬁ© aboutY 12- 30

carbon atomsand he giorec-deseridred-akkykene amaes, 10 tylatecaé»m
et hyl ene, propylene or trinethylene polyam nes containing 2 to 8 am no

groups ard mMSUres SPRerEdfa The L FAPEY" nBRBURaF BBXYIP cr et is” arfe 'géneral |y

mxtures of sidaloht andoby anched, chain batly carbowyli ¢aekds,contalning
12-30 carbon atons. Fatty di carboxylic acids 15 could al so be used

wi del y used aype e6fe . ady atem;lfqﬂetcnto@en co%méuﬁ@lea@nﬁ@deaztw ¥ gt n@let he

af ore-descri le poly 3 m xture of fatty acids having
fromb5 to aﬁ%ﬁ%’%ﬁ%§0|§% e?%e%%ls ralg C)c°ain acid and about 70 to about

95 percent nole branched chaln fatty 20 acids AnDng the commercially

avai |l abl e n]%t%§ﬁ$ arg t hose knogn i %y de as.isostearic acid.
These mi'Xtures Hre Sprodicsaas 2" by pro %O?%Qﬁnﬁﬁ? “di frer FZAtT on” ot

unsat ur at ed fadHiy: atkdscagedescridesrdderld SnvRatioNos. 2, 812, 342 and
3,260, 671. 25 The branched chain fatty acids can also include those in

whi ch the branch may not be al kyl in nature, for exanple phenyl and

cycl ohexyl steardgnacid and the-chkorenskeatkc agkdsywoBranchedi chain fatty
carboxylic acid/al kyl ene 30 polyantne roducts have been descri bed

ext ensi vel y ¥ e rgr t5° SeeddloidiexahpPecnth Snepabe Nos. 8 1195 673; 07
3,251,85% 3,326,801 13 %?e?suﬁ%m%%%@@%wé %%%aﬁz 932488, 639+

3,857, 791. These patents are referénced for their
2009/040582p@m¢@Bg@@gﬁoggganclor may ilnclude compounas of formula XIV

OH
Q1
S
TN TRNH,
Atk

n

XTIV
20
wherein @, @', n, m and p are substantially as defined

above.

In some embodiments the performance enhancing additive may
25  dnclude compounds of formula XI and/or XIT and/or XIII

and/cr XIV.

In some alternative embodiments the melar ratio of

poclyamine to phenol may be in the reglon of 3:1 (for



29 disclosure of fatty acid/ polyam ne condensates for their use in

| ubricating oil formulations. The nitrogen-containing detergent is
preferably present in 5 the conposition of the first aspect an anount up to
1000 ppm WEr2éeeisty up to 500 ppm preferably up to F0/@E8/ (50506
preferably up to 200 ppm preferably up to 100 ppm and nost preferably up
to 70 ppm The nitrogen-containing detergent is preferably present in an
anount of at least 1 10 ppm preferably at |east 10 ppm nore preferably at
east 20 ppm, pLeleraply at.Least -39, pomy Alb.values of, ppm.given ferein
refer to parts % i on by wei ght of the t'ot al conp05|t|on 15
Preferably tthe wedlghtnimat |m@fudast r“olgm coniaany ngrdezteercgieﬂraatry’t apersf or mnce
enhancing additive is at. s i referabl At Ie ast Jé 0o J T &F
preferably & € gst“2tf'ST ﬁeﬁﬁht qt10 of Mt rogen- contalnind 6t er gent
to 20 perfOrﬁﬁﬂaﬂwﬁﬂh@nQHﬂg¢addﬂélw&’ﬁ&thEHﬂpbBQ 180rkzcpeef erahl 3 up to
30:1, suitably up to 10:1, for exanple up.to 5.1. In so referred
enbodlneﬁts”Fh@SdPésePrFGé@eEBﬂ%o§$$'gn g%e%fofh% presen $ ﬁ%ﬁ??ﬁﬁ further
conprises aehak.deastbwatingscomaund xvAay MBtak feagdd vating conmpound
known to those skilled in the art may be used and include, for exanple, the
substituted triazole conpounds of figure IV wherein Rand R are

i ndependently selected froma ptionally substituted al kyl group or
hydrogen. 30 1V Preferred net activating conpounds are those of
formula V. OHOH V 10 wherein and R3 are independently selected from
an optionally-subst tuted al kyl oup ot hydrogen, preferably an al kyl
grout:, from1l to 4 carbon atons @r hydrogen. Rl is preferably hydrogen, R2
is preferably hydrogen and R3 is 15wareferably nethyl. n is an integer from
O to 5 nost preferably 1.

OH

OH
xV

Such compounds have also been found to have advantageous

properties,

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

is not limited to such embodiments.



A parti-cularly preferred nmetal deactivator is
N, Wii sal i cycl i dene-1, 2- di am nopropane, and has the fornula 20 shown in
figure VI. 31 VI Anot her preferred netal deactivating conpound is
shown in Svdigussessyl1: N OHHO VII 10 The netal deactryrGi2gs/eospound is
preferably present in an anmount of |ess than 100 ppm and nore preferably
| ess than 50 ppm preferably | ess than 30 ppm nore preferably |ess than
20, preferably less than 15, preferably |ess than 10 and nore preferably
| ess than 5 m TheTgetgl 15 deactivg%or IS pre%erablé Pﬁ§§ent as_an
amount of f riom B G0GLCL S BY pprt” prister By 6. 68150658, “for & bt &t%r abl y
0.01 to 10 ppmiand nost:idqefer abkysQid:id4® 5Sppm Thes weirghttiaki o of the
performance enhancing additive to 20 the pnetal deactivator is preferably
from 100: 1 tOTPL6O ndrer pief eFEBI Yot rom 585 Po I1°B0<S pFef er&bi 3 % rom
25:1 to 1; 25, more-Rr gherabl ynd romnllst acknl0, prefecabty froms:l to
1:5, preferably from3:1 to 1:3, nore preferably from2:1 to 1:2 and npbst
preferabldy from1.5:1 to 1:1.5. 32 The diesel fuel conposition of the
present invention mayd nclude one or nore further addjtives such as those
whi ch are conmonly foynd inQfi esel , fuel s., These j for exanpl e,

£ e ing agents, cold
demul sifiers,
s, markers,
uctivity

antifoanms, corrosion inhj
conmbusti on i nprover
i nprovers. 10 In particullar, nt invention may
further conprise one ¢r : » Q\Ehe per f or mance of
di esel engi nes havi ng|{k#¢h pressure fuel systens.| Such ad®ki ves are known
to those 15 skilled in the art and include, for exanple, the conpounds

described in EP 1900795, EP 1887074 and EP 1884556. Suitably the diesel

fuel conposition may include an

i1l

10 wherein Q, 0', 0% n, m and © are asg described above and x
is from 1 to 12, for example from 1 to &8, more preferably

from 1 fo 4.

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

single phenol and/or amine residue may be present.

The performance enhancing additive 1s preferably present
in the diesel fuel composition in an amount of less than
20 5000 ppm, preferaply 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 preferabliy less
than 40 ppm, for example less than 320 ppm such as 25 ppm

25 or less,

As stated previously, fuels containing biodiesel or metals

are known to cause fouling. Severe fuels, for example



additive conprising a salt fornmed by the reaction of a 20 carboxylic acid
wth a di-n-butylamne or tri-nbutylamne. Suitably the fatty acid is of
the formula [R (COOH)xly., where each Ris a independently a hydrocarbon
group of WepWa®e#ss2 and 45 carbon atoms, and x is an i ME@YE20BFREEN 1 and
4. 25 Preferably R is a hydrocarbon group of 8 to 24 carbon atons, nore
preferably 12 to 20 carbon atons. Prefenably, x is 1 or 2, nore preferably
x is 1. Preferably, y is 1, in which case the acid has a single R group.

30 Alter nathegg ~bhea AL Yebe A Al Rl ALLIRE Ao highargoligamer achd,
in which case y w be greater than 1 for exanple 2, 3 or 4 or nore. R is
sui tably anoalkyko©reaekenvh?gm@mplwhlch magrbettémearrorer arfchdds

XA s, PR 0010 B IPA00BL 050800, 33,08 cALbOxyLlenaglds which may

be used in the present r1nventil include lauric acid, nyristic aci

pal mtic ackdyes¢earic acid, isostearic acid, neodecanoi ¢ acid, arachic
acid, behenic acid, lignoceric acid, erotic acid, 5 nontanic acid, nel i ssic
aci d, caﬁroleic acid, oleic acid, elaidic acid, linoleic acid, linolenic
acid, coconut aqid éﬁﬂls@gﬁﬂChh§@ysbﬁ@nfbéﬂﬁym%yCbetabbsohvaaEtwm@Cid
sunfl ower oi | fatty acid, fish oil fatty acid, j?Deseed oi | fa aC|d

tall ow oil f&bfy é@ﬁﬁ &Rd ﬁ&WﬁF0|Fr€§FtyrfGe§C|d’ M S&ur e28 1o nor e

acids in any,prOPORY i QRqaF eval 89r SHkhaple. i@%§0e§§ht§9|%cﬁreshﬂﬁ aehydrldes
of carboxylic acids, their derivatives and m xtures thereof. In preferred

enbodi ment , LERE E&FBOXY| PEMaci 8F cONpPR? sesLeaf | tept #%uﬁ%m%uﬁﬁf%'ﬁﬁﬂ% | t

has been fou d ggtgl wsaturate content of |ess than 5% by
wei ght |s esgegF Fy su%%éé? ”Vhen such additives are present in diesel

fuel as the onIy means of redUC|ng |njector deposits they are typically 20

added at treat rates of 20400 poUkes 20-200.pem The Lical 2l gl such

addi tives mouldy?V%lc he "upper |imt "t hese ranges eg
| ess than 4&Qypm@|qmdsyﬂitdnua?O@mppﬂnaaﬂ possi bl.y kowsr00t lraom, t e ower 25

limt of this ra eg | ess t han 20 for exanple do to 5 or

ppm when u§§8mpﬂg onbin ? SR W h =t 8 6 r F6f herice eﬁﬁan0|ﬁ§}aﬁﬁp?%ves of
the present cicnwenthan. Suitably the diesel fuel conposition may include an
30 additive conprising the reaction product between a

hydr ocar byl - substituted succinic acid or anhydride and hydrazi ne. NVO

2009/00582P§E@§@%QQ§§05@§@4 3421 compesition further comprises =2

nitrogen—-containing dstergent. The nitrogen-ccntaining
detergent may be selected from any suitable nitrogen-
20 containing ashless detergent or dispersant known in the
art for use in lubricant cr fuel oil. Suitably it is not
itself the product of a Mannich reaction between:
(a) an aldehvyde;
(b) a polvamine; and
25 (¢} an optionally substituted phenol, in which the or each
substituent o¢f the phencol component (¢} has an average
molecular weight of less than 400. Most preferably it is
ot itself the product of any Mannich reaction between:
(a) an aldehvde;
30 (b} a polyamine; and

{c) an opticnally substituted phenocl.



Preferably, the hydrocarbyl group of the hydrocarbyl substituted succinic
acid or anhydride conprises a 08-036 group, preferably a Cs-018 group.
Non-limting exanples include dodecyl, hexadecyl and octadecyl.

Al t er nat i wel2po9rtabd2 hydr ocar byl group may be a pol yi sobriiTybees/gogsap with a
nunber average nol ecul ar wei ght of between 200 and 2500, preferably between
800 and 1200. M xtures of species withdifferent |ength hydrocarbyl groups
are also suitable, e.g. a mxture of 016-018 groups. 10 The hydrocar byl

group is attached tq a.succinic acid .or anhydride noiety .using methods
nown 11 ¢ he TEPETRAATE LT Y- o o1 16t ATV o eai s T e B

hydr ocar byl sthstictut-gd Ssuegtin:e;1de dsc Of~danhydrd desylane ngormenai arldy 15
avai | abl ee. g. dodecyl succi ni canhydri de( DDSA) ,

hexadecyl sucdi Ric&ihydri de( HDSA) , oct adecyl succi ni ¢ anhydri de( 008A) and

pol yi sobut yl succi ni canhydri de (PIBSA). 20 Hydrazine has the formnul a:

NH2- NH2 Hydr azi ne may be hydrated or non-hydrated. Hydrazi ne 25 nonohydrate
i s prefefred "HEcereqét FERH DEteeh HHEHYECEEAr By FestpRRPEME R EUEE ni ¢

acid or anhydride andhydrazi-ne.preduces -a vialiet ¥ ofa edustsys sich as is
di sclosed in EP 1887074.1t is 30 believed to be preferable for good
det er gency tirate e reeattnona pt vty lontadiits a8 yseganei eantt pfolpord’i on of

species with relatjyel i ecul weight . 14,48 helieved.- wifhout the
matter havi nhdg““( %€e$°§§F¥ﬁ?t .99%{'5*8@% %oé%%%%‘ép 2008 050864 38

det er m ned yetch toomtes bestncof tlour akmowt edge agenhatia hajbed hitgh wel ecul ar
wei ght product. of the regc%?(,)ng(;)rl1 iaqnorr,er_,i C Species Rr edom nant(gé/yﬂgx}} he

structure: iy compoun Ihigo,”famids, Bmidline &I
ammonium linkage. The hydrocarbyl substituent of at Ileast
8 carbon atems may be in either the carboxylic acid
acylating agent derived portion of the molecule or in the
amine compound derived porticn of the molecule, or both.

15 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
moiecular weight aliphatic substituents of up to 5,000,
10,000 or 20,000 carbon atoms. The amino compounds can

20 wvary 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 aminc compounds suitable for
25 use in the present invention are those formed by the
reaction of an acylating agent having a  hydrocarbkyl
substituent of aif least 8 carbon atcms and a compound
comprising at least one primary or secondary amine group.
The acylating agent may be a mono- or polycarboxylic acid
30 (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 ethylens polyamines.



where n is an integer and greater than 1, preferably between 2 and 10,

nore preferably between 2 and 7, for exanple 3, 4 or 5. Each end of the

ol i goner

( may be capped 10 by one or nore of a variety of groups. Sone
possi bl e wexamplies2of these term nal groups include: ISTABMWIEIRIGVel v,

ol i goneric species may having no termnal groups: forma ring 36

@5}

10

15

30

23

Alternatively the amine may be a hydroxyalkyl-substituted
polyamine. The hydrocarbyl substituent in such acylating
agents preferably comprises at least 10, more preferably
at least 12, Zfor example 30 or 50 carbon atoms. It may
comprise up to about 200 carbon atoms. Preferably the
hydrocarkyl substituent of the acylating agent has a
number average molecular weight (Mn) of between 170 to
2800, for example from 250 to 1500, preferably from 500 to
1500 and more preferably 500 teo 1100. An Mn of 700 to
1300 is especially preferred. In a particularly preferred
embodiment, <the hydrocarbyl substituent has a number
average molecular weight of 700 - 1000, preferakly 700 -

850 for example 750.

Illustrative of  Thydrocarbyl substituent based groups
containing at least eight carbon atoms are n-octyl, n-
aecvyl, n-dodecyl, tetrapropenyl, n-octadecyl, cleyl,
chloroctadecyl, trilcontanyl, etc. The hydrocarbyl based
substituents may be made from homo- or Interpolymers (e.qg.
copolymers, terpolymers) of monc- and di-olefins having Z
to 10 carbon atoms, for example ethylene, propylene,
butane-1, isobutene, butadiene, isoprene, 1l-hexene, 1-

ctene, eLC. Preferably these olefins are l-meonoclefins.
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 weilight alkenes (e.g. l-tetra-
contene} and chlorinated analogs and hydrochlorinated
analioygs thereol, aliphati petroleum fractions, for
example paraffin waxes and cracked and chlorinated analogs
and hyvdrochliorinated analogs theraof, white cils,

synthetic alkenes for example produced by the Zlegler-

t he



When such additives are present in diesel fuel as the only neans of
reducing injector deposits they are typically 5 added at treat rates of
10-500 ppm eg 20-100 ppm The treat rate of such additives would typically
be | ess tWwarotdeosgpper |imt of these ranges eg | ess tHaEmGEOGEEwor | ess
than 100 ppm and possibly lower than the lower 10 imt of this range eg

l ess than 20 ppmor less than 10 ppm fQr exanple down to 5 ppmor 2 ppm
when used in conbination with the performance enhancing additives of this
invention. 15 Suitabl% the diesel fuel conposition may inc%ﬁge an additive
conpri si ng AL TF@astrones Tonfodnd 8P -¥ OF N 5572) &fdPSFES or Miff a 1199 (1) 8
Ar -EL-Ar) 20Ghreswhereisn eagh Ancisadependeatly :representsstan aramtic

noi ety having O to 3 substituents selected fromthe group consisting of

al kyl | al koxy:seabkaxyarkyl, TRPyPERy L arsi ox®ay kit | dRydroxye hadr | kyl ,
hal o and conhi nations. .4 hereof;:each d: ;i i pdependent lky a,tdnking Jmi ety
conprising a carbon-carbon Single bond or a |linking group; each Y is

i ndependént lly:cwORinorha adiety of the fornmula H(QUOR12),)yX-, wherein X is
selected fromthe group 10 consisting of (CR12)2, 0 and S: R and are each
i ndependently selected fromH, Cl to 06 alkyl and aryl; Rf' is selected
fromO02 to CIR0 atkyl “andiracyhkpyZ”i ssl teedO;hgrdis Oddwotl: whergours
(CR12)2, and 2.to 10 when X is O,or S;,and.y is . 1.to ; each S
independentIfﬂﬁnﬁoaBFaﬁﬁPﬁ t %mp?6%%§gﬁiﬁéfagﬁepeé§tt%%er%ﬁaﬂgﬁgiﬁﬂ%ears at
| east one group Yickndim i saddt 0hkOOhgl Ar LAsYe28fidgdnniher e niphatieach Ar'

i ndependent |y represents. an aromati ¢ noi et avin to .3 substituents

sol eor o i T GHATE-GP0tp S35 EaneT ot | HHORSr kol L AFkOSSE Bl KGRy Hh omy.

hydr oxyal kylmAacHoexyiacybaxyakkytaaeH axyalkexy, For example they may
contaln up te¢ one non-hydrocarbyl group for every ten
carbon atoms provided this non-hydrocarbyl group does not

significantly alter the predominantly hydrocarbon

(831

character of the group. Those skilled in the art will be

ot

aware of such groups, which include for example hvdroxyl,
halo {especially chloro and fluoro), z2lkoxyl, alkyl
mercapto, alkyl sulphoxy, etc. Preferred hydrocarbyl
based substituents are purely aliphatic hydrocarpon in

20  character and do not contain such groups.

The hydrocarbyl-based subkstituents are preferably
predominantly saturated, that is, they contain no more

" than one carbon-to~-carbon unsaturated bond for every ten

25 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.

30 Preferred hydrocarbyi-based substituents are poly-

(igobutene)s known in the art.



aryl oxy, ar yl oxyal kyl , aryl oxyal koxy, hal oand conbi nati ons t hereof; each
L' is independently a linking noiety conprising a 30 carbon-carbon single
bond or linking group; WD 2009/ 040582PCT7GB2008/ 050864 38 each Y' is

i ndependeWti2po984¢m8t ety of the formula ZO or Z(0(O0R22)HITYGBINR/OS08Mer ei n X
is selected fromthe group consisting of (OR2'2),, 0 and S; R2 and R2' are
each independently selected fromH, C ;0 06 alkyl and aryl z' 5is 1 to
10; n' is 0 to 10 when X is (CR2'2)" and 2 to 10 when X is Oor S; yis 1
to 30; Zis H__an_acyl. group,. .a _pol | g p, lLacto est.er._.gr.oup, an
aci d ester gf@ﬁﬁ?téﬁx%}kylp%%%ﬁﬁﬁﬁgF%g%gary%Réroug? gg*éggh a.%%?éi%J

i ndependent Irga@ctoe3, wih ddeprewi sors hatuataidi®e | gast one Art noisety
bears at | east one gro Y. in which Zis not H_and it 1 to ¥pom
such additi&€§€§Fé°greggﬁ?Lanﬁ?é%%ﬁef?ﬁﬂy%§?§9ﬁ§Q%ﬁ'fjhe§H§36¥N}éﬁﬁting
i njector depasitsg=theysarest ypicaldyputeraddedhatet neastr atessof H0-,300 ppm
The treat rate of such additives would typically be |less than the upper
limt of 5t héd¥& raAgeE d§ I &8s Thah 300 6%@1 arfd s BtV G %Cﬁgﬁ%ﬁfhe
lover |imt pfqhi s ange eg120 |less/itihanc50 ppm for exaupligdowto 20
ppmor 10 ppm when used in conbination with the performance enhanci ng

addi ti ves ofERUGI®S 2P AveRtF BRCUSH taliny feha odi 8sel 1 FUertednpodTe i Ui Sfay

| ncl ude an 23.addi thye, CORRLT SiNgB1quaLeEnaky BETDM AN Sal Lo
conprises the reaction product of (a) a hydrocarbyl substituted acyl ating
agent and aConpoednrdehavivigs atndx pgenhorenfepoyeheat om Tapad @ Sof
condensi.ng W th said acylating agent and further having a tertiary am no
group; 30 and (b) a quaternizing agent suitable for converting the tertiary
am no group Ardra quatcenndsy usetfeogen rwherseitn dnheviquat erad i agy agentg i s

sel ected fromthe grogg,cogsis;tng{of di al kyl sul phates, benzyl halides,
hydr ocar byl %@ Substit'tt eddar bormat'es SHydr ocar byl epoxi desi n conbi nati on
with an acid or mxtures thereof. Exanples of quaternary amonium salt and
met hods for Enepaging_tpe sane are described in the follow ng patents,

whi ch are heréby -HESFPORAE e bYAHEFer éifc & SUSSAS253, 98T S 3, 778, 371, US
4,171,959, US 4,326,973, US 4,338,206, and US 5,254,138. 10 Suitable

acyl ating agents and hydrocar byl (FEup§tiN(Ee;R” are as previously defined in
this specification

When

wherein each R’ is independently selected from a hydrogen
atomn, a hydrocarbyl group or a hydroxy-substituted
hydrocarbyl group ccntaining up to about 30 carbon atoms,
with proviso that at least one R’ is a hydrogen atom, n is
20 & whole number from 1 to 10 and U is a Cl-18 zalkylene
group. Preferably each 2* is independently selected from
hydrogen, methyl, ethyl, propyl, iscpropyl, butyl and
isomers thereof. Most preferably each R’ is ethyl or
hydrogen. U 1s preferably a Cl-4 alkylene group, most

25 preferably ethylene.

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

pyrimidines, morpholines, etc.



Exanpl es of the nitrogen or oxygen containi ng conpounds capabl e of

condensing with the acylating agent and further 15 having a tertiary am no

group can include but are not limted to: N, N-dinmethyl- am nopropyl am ne,

N, N- di et FyPap*RétHBbpyl ami ne, N, N-di net hyi - ami no et hy | B QRIS t r ogen

or oxygen containing conpounds capabl e of condensing with the acyl ating

agent and further having a 20 tertiaryzam no group can further include

am no al kyl substituted heterocyclic conmpounds such as 1-(3-

am nopropyl )i m dazol e and 4- (3-am nopropyl ) norpholine, 1-

(2-am noet hyl ) pi peridine, 3,3-diam no-N nethyldi- propylam ne, and

3' 3- ami nobi SGN, Ak diaethydpnepylnas ©é) thbgenherl t ¥peslgf: nitrogen or oxygen

cont ai ni ng conpounds capabl e of condensing with the acylating agent and

having a tertiary am no group includa1m#k%polanines i ncl udi ng but not

limted to triethanol am ne, trinethanol am’ne, N, Ndi nethylam nopropanol,

N, N- di et hyl am nopropanol, N, N 30 . - . - .

di et hyl am ndBEEERBI N, N Ne? ra SPRdro XV EHRYVE) &hi ReRg?? caroon atoms,

N, N, N-trgs( hydrnoxymet by amined a30vdhengopposidian of-+ ke present

invention may contain a quaternizing agent suitable for converting the

tertiary amno group to a quaternary nitrogen wherein the quaternizing

agent is selected framthe.gr oup LONSISLiRG 5 of Mirakkyl sul phatesie al kyl

hal i des, benzyl halides,” hydrocarbyl substituted carbonates; and

hydr ocar byl egpokedesiimimonti et ot esangei drofthivxeueestfafeiiéof . The

quat er ni zi ng ' ude hal i des, - Loride, . jodide or

brom de; hy r%%?%gg§%§ﬁ%%%ﬁﬁgﬁé§$ bisulbﬁ#ﬁgggaaﬁ%§ﬁpégf%ﬂa?égﬁggﬁzh as

di met hyli osulsphaterhgubphiomes;iphosphatesze Oly I altigdtphosphat es;1.di- 01- 12

al kyl phosphat es; -borates; 01-12 al kylhorates; nitrites; nitrates,

car bonat es: BiEArb6Rat 85+ A kandat es:” 0'0- di %3TmeI§L%21y &955Panle

al kyl di t hi ophesphat es wharhmoimres et hemedfex |imix:one senbodi pehtaties.

quat erni zi ng_agent may be derived fromdi al kyl sul phates such, as di net hyl

sul phat e, N%B%ide%§a $hondsT8gth & prépane %ﬁ&yiﬁhgﬁfe stf phote: =20

al kyl, acyl mtarakkyl shal bdesosuchrasneetbylcand etbyl: ehl o igeyhdyr oni de

or iodide or benzyl chloride, and a hydrocarbyl (or alkyl) substituted

car bonatiés. Qi lthE AE§Fthal’ deot s BeddI1® O dFirGe it REYEF ofat Tt $i%g i s

optional ly fayther substifiuted, W tRsabkyl:op: al kenyl o groupse1 Jhe nedd

hydrocarbyl (or alkyl) groups of the hydrocarbyl substituted carbonates may

contain 1 tomBGude to (20hydresvednst) 1stey 5ear o atomsN gt geeupE~ In one

enbodi nent the, yl %Hﬁﬁli ted gag tes t:ai.n : ocar byl

groups thatr§§§ﬁ%§%gﬁgﬁgane or &F %éren?? %ﬁgﬁbles%ggg %2FEwang§q

2009/ 040582 PCT/:G820081 666864 a#dirlan ardtcher Seabobli rerm=arive sguatér nifxd ng

agent c be a hydrocarbyl. epoxide, as represented t.he _f ol ]

f or mul a,%i SO AET O WEThE A Ac 4o g aret 129 BL LE-LRLhON AR
piperazine, N~2 and N-3 aminc propyl morpholine, N-

3{dimaethyl amino) propyl piperazine, 2-heptyl-3~(2-
aninopropyl) imidazoline, 1,4-bis {(2-aminoethyl)
piperazine, 1-{2~hydroxy ethvl) piperazine, and  Z-
25 heptadecyl-1-(Z2-hydroxyethyl)-imidazoline, etc. Specific
examples of the aromatic polyamines ({3} are the varlous
isomeric phenylene diamines, the various igomeric

naphthalene diamines, etc.

30 Many patents have described useful acylated nitrogen
compounds including U.S. Pat. Nos. 3,172,882:; 3,219,660;
3,272,746; 3,310,492, 2,341,54Z2; 3,444,3170; 3,455,83L;



wherein Rl, R2, R3 and R4 can be independently H or a 0150 hydrocarbyl -
group. 10 Exanpl es of hydrocarbyl epoxides can include styrene oxide,

et hyl ene oxi de, propyl ene oxi de, butylene oxide, stilbene oxide and 02-50
epoxi de. Wieniguesszquat ernary ammoni um salt addi ti ves BCRBGRregENt415 in

di esel fuel as the only neans of reducing injector deposits they are
typically added at treat rates of 5-500,ppmeg 10-100 ppm The treat rate
of such additives would typically be less 20 than the upper |imt of these

ranges eg | h 500,p or,less, t 100 ppm.and ssi bl t han
t he | ower Iﬁiﬁé%dggghis3f§ﬂ%b{%%'Ié%s §H%10 gpﬁfngFgSs ?h%%dpﬂg%nl for
exanpl e down,t2g 25 4ppmens 2sppmswhen used in conbination with the

per f or mance enhanci ng additives of 25 this invention. The diesel fuel
conposition of the present invention rmay conprise a petrol eum based f uel

oi I, especiallyya: vdddheydistdl hatechuelcohtaiduch dbsbblhatesfuel:oils
generally 30 boil within the range of from 110C to 500C, e.g. 150C 42 to
400C. The di%$els fusl nayEcoiSe A nospheried di 3ti PPAY &8P VETIRIM

distillate, gracked: gas Lide:not & blend 4iR-an% NQRALY ogn%é%ufsz stLai ght run
and refinery streans such as thermally and/or catalytically cracked and 5
hydr o- cr ackediidicstiidel agedd, Thétdires &lbcf uelrheoaposihfoncdl (L hebprasent

doscri bod a8 T CSact BT B ) UBT s Ot Podaebol Mo T ot i Tidel o and
OTL (oi | sands+t - [Miguidk. cThetdivések buelacomposidvions of thealpresent
| nventi an My .Comrise 8,r ensvanls, fusl, such 23 2, blof el gammosi tion or
about 8 ethylene groups. These acylated nitrogen compounds
are formed by the reaction of a molar ratio of acyiating
agent : amino compound of from 10:1 to 1:10, preferably
from 5:1 to 1:5, more prefersbly from 2:1 to 1:2 and most
15 preferably from 2:1 to 1:1. In especially preferred
embodiments, the acylated nitrogen compcounds are formed by
the reaction of acylating agent to amino compcound in a
molar ratic 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
20 preferably from 1.2:1 to 1:1. This tvpe o0f acylated amino
compound and the preparation therecf is well known to

those skilled in the art and are described in the above-

referenced U3 patents.

25  Another type of acylated nitrogen compound belonging o
this c¢lass is that made by reacting the afore-described
alkylene amines with the afore-described substituted
succinic acids or anhydrides and zliphatic mono-carboxylic
aclids having from 2 to about 22 carbon atoms. In these

30 types of acylated nitrogen compounds, the mole ratic of
succinic acid to mono-carboxvlic acid ranges Irom about
i:0.1 to about 1:1. Typical of the monocarboxlvic acid are

formic acid, acetlc acid, dodecanolc acid, butanocic acid,



The di esel fuel conposition may conprise 1st generation biodiesel. First
generation biodiesel contains esters of, for exanple, vegetable oils,
animal fats and used cooking fats. This form of biodi esel nay be obtained
by 20 trawsestemefecati on of oils, for exanpl e rapeseeTsib2i08GYs¢an oil ,
safflower oil, palm25 oil, corn oil, peanut oil, cotton seed oil, tallow,
coconut oil, physic nut oil (Jatropha),,gsunflower seed oil, used cooking
oi | s, hydrogenated vegetable oils or any m xture thereof , with 25 an

al cohol, usu IL¥ a nnncalconolqtheﬁpresen%% of _a catalyst., The diesel fuel

c e

[
conposi tion® ofipFi'se Seetnd géiferat i o bi 54i'8sar* Sacdhd” garter & on
bi odi esel i s+@dariivedcfsom3krenewabl e esoureesisuchias veget abliei,oi |l s and
animal fats and pro essgd, .often in the ée%gen%, ofte 'USiﬂg%:r .
hydr opr oces$itrg SUCH 88 “Ehé®tE BFO° pFotess delet ?)%Idl%%fplﬂéir bi-ad.2*Second
gener ation hisedi esel s mays ba siamzdsar, 7iim. WO 20091040582PCT/ GB2008/ 050864 43

properties and quality to petrol eum based fuel oil streans, for exanple
renewabl & di esel produced fromvegetable oils, animal fats etc. and

nar ket ed by ;CongceRhi lLibs -as 5 ?mg\e@@l giDiesel andoby.Neste a8 NExBTL. 5

The di esel fuel conposition of the present invention may conprise third
gener at i on bisedi ésel thahirutagerier anventbpodi eselthdt i Pirgégcgas?t i ¢dtd on and
Fi scher-Tropsch.technal ogy A.ncl.udj se . describ $ (biomass-to- 10
l'i qui d) fuqu"s“fé ﬁi%?ldrbg"’engr é"tairﬁdk g%%%s% ggé% ndoétl'&gi ?f er%-g\l/oviugel y from sone
second generatricom beodreselnd buheai aboto- @xplwited he lwhokee pl mmtnghi onass)
and thereby w dens.the feedstock base, The diesel %Heier(}:ongo?i tion may

. { i 1 TRAVIene il me I} V1 :
cont ai n Bl ends '6F “aMy 6F AFT of ThaFibole af eS&r Fuel  Tonpdsifions " In some
enbodi nent s ddve adinresel 2f uel coposi tdonief dhe presends | fivenddfan Ty be a
bl ended di esel fuel co%ri sing 20 bio-diesel. In quqgﬂybl ends the bio-diesel
may be presert-H¥n ER"En %% ofCeXanpt S uFE T T 5% Up*toti% to 2%
up to 3% uptQ 4% URrO 2%ariéPetio 10%:iUp 1:0-20% capod0,130% dpido 40%
up to 50% up to 60% up tqo 70% up to 80% pup%to 90% up to 95%or up to
99% 25 |n sEieseRBedi ments t P UileseFoFael “Eomposttior Ty iormitise a
secondary fuel,, forj exanpl e gthanoh. freferably.howgver the diesel.d uel
conposi tion does not contain ethanol. 30 P‘referablg, the diesel fuel has a
sul phur cont@trcgkracompstnd. 05%bye weygheachdne phef ef abkydofcatbatost
0. 035% by alkylene pclyamines with a mixture of fatty acids having
from 3 to about 30 mole percent straight chaln acid and
about 70 to about 95 percant mole branched chain fatty
20 acids. Among the commercially available mixtures are those
known widely in the trade as isostearic acid. These
mixtures are produced as a hy-product from the
dimerization of unsaturated fatty acids as described in
U.8. Pat. Nos. 2,812,342 and 3,260,8671.
25
The branched chain fatty acids can also include those in
which the branch may net he zlkyl in nature, for example
phenyl and cyclohexyl stearic acid and the chloro-stearic
acids. Branched chain fatty <carboxylic acid/alkylene
30 polyamine products have been described extensively in the
art. See for example, U.S5, Pat. Nos. 3,110,673; 3,251,853;
3,326,801; 3,337,45%; 3,405,064, 3,429,674; 3,468,638;

3,857,791, These patents ares referenced for their



wei ght, especially of at nost 0.015% Fuels with even 44 [|ower |evels of
sul phur are also suitable such as fuels with Iess than 50 ppm sul phur by
wei ght, preferably less than 20 ppm for exanple 10 ppmor |less. 5 Commonly
when presedtzosmmtab- cont ai ni ng species will be presentr@sGBeoeswstsal nant
for exanple through the corrosion of nmetal and netal oxide surfaces by
acidic species present in the fuel or fyomlubricating oil. In use, fuels
such as diesel fuels routinely conme into 10 contact with nmetal surfaces for
exanple, in vehicle fuelling systens, fuel tanks, fuel transportat.ion nmeans
etc. Typi calfiyClRBERF- OOt THivng COnEAHRALTEn SIS SEABF] g 4 rEisiti on
nmetal s such.as zikhneyunkt 08 and coppefrmand@thers such as lead. 15 In
addition to netal -containing contam nati on which nay be present in diesel
fuel s there are circunstances where netal -containing species may
del i berat el yphe ,added.to-the. fuel, Fole.exanple, asrks-knowa-dandheart,
metal - 20 containingfuel-borne catalyst” species nmay be added to aid with
t he regefer dticorcwfeosarticeulodt eber apss tSuchresat any streugite Uof t'en Bdsed on
met al s such ir Lhum, G.aup dy and, Group-J. 1 metal s .e, gyqq calci um and
strontium éll%tﬁherpqabsfe%%%"g;néf o% f'ﬁon SAl s}rg use g%e | at1 num ;% ’
manganese. 2brEheoywfesende ofp suchztat abyst sradyrabso gevéorilse tmen nj ect or
deposits when the fuels_are used in djesel engines having high pressure
sy et omE R Bea EoR AP hE e i, s B O B e
may be in the tormmnef iknsekubl&- pardi«cidrat e e sebubkec€oapolnas: ar
conpl exes. Metal -cont ai ni.ng fuel -borne cat al glsts argfoft}gf so%u | e .
compoundd orfFEoNRTEXES 3O Ve Bl oFAaF $PeEFBs, More preferably at leas
| nsoneenbodimenis,,t heeetaknconiai Mgspacigs,.conprises a fuel -borne
catal yst. 5 Insoneenbodi nents, t henet al - cont ai ni ngspeci es conpri ses zinc.
Typically, the amount of netal-containing species in the diesel fuel,
expressed i neryms of; the Lot al: e ghtcof, 1Q:metal pprihe,spegiesiods
between 0.1 and 50 ppm by "wei ght, for exanple between 0.1 and 10 hpm by
wei ght, based oreitdie wdi ghe oftahecdirexwitifarel . The fuel conpositions of
the present invention show 15 inproved performnce when used in diesel
engi nes subj ected to high pressures and tenperatures conpared with diesel
fuels of therpricoradnt. #eeordenghto asecondoaspecttrofetheoprasente
I nvention 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

20 performance enhancing additive may be up to 100:1,
preferably up to 30:1, suitably up to 10:1, for example up

to 5H:1.

In some preferred embodiments the diesel fuel composition
25  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

30 optionally substituted alkyl group or hydrogen.



20 there is provided the use of an additive in a diesel fuel conposition to
i nprove the engi ne performance of a diesel engine having a high pressure
fuel systemusing said diesel fuel conposition, wherein the additive is the
product oWORINHWPA8Eh reacti on between: 25(a) an al dehyd&/GRWH/EOFS| yam ne;
and (c) an optionally substituted phenol; the or each substituent of
conponent (c) has an average nol ecul ar awei ght of | ess than 400. 30 Thus the
additive may be regarded as a perfornmance enhancing additive.In a third
aspect the invention prgﬂgges an additive package conprising an additive
which 46 is the producl; ofy a Mannich reactiop asshefei n defined with
reference to the first d-econd aspects. RFR€ adoitiyé package may
conprise a m xture of ne per f ormance enhancirgzaddijti ve and optionally
neat nitrogen-contai ni ng detergent and optionally fuﬂ{ﬂg&hadditives, for
exanpl e those descri }"above. Alternatively the addi tTvw&,;package may
conprise a solution of additives, for exanple in a m xture of hydrocarbon
and/ or aromatic solvents. Preferred aspécts of the second and third aspects
are as defined in relation to the first aspect. In another aspect, there is
provi ded the use of an additive in a diesel fuel conposition to inprove the
engi ne per f érrdrce=cf acdpéseFeenyi Tt Wi h eohibgndsr essiy e Fugle syst em

usi ng sa%d %&E§Ehaf§el conposition, wherein the additive is the product of
a Manni ch reaction bétween: (a) an al dehyde; (b)

apol yam nesel ect edf r onet hyl enedi am ne,
diethylenetrianine,triethﬁ¥Fnetetranine, o

t et r aet hyl enepent am ne, pefit aet hyl enehexam ne, hexaeth Peneheptanine,

hept aet hyl eneoct anmi ne, pr ¢pane-1, 2- R2
T 2 ili
1 J

di am ne, 2( 2- am no- et hyl axaRg) et hanol , N , N - bi s(
C 2CH%NR2)3 and TL;
= N
wherein R*, R® and R’ are independently selected from an

/or i somers and/ or
ol i goners thereof; and

am noet hyl ) et hyl enedi af
\]/ ~
1

R R®

10

opticnally-substituted alkyl group or hydrogen, preferably
an alkyl group from 1 to 4 carbon atoms or hydrogen. R' is

2

preferably hydrogen, R 1ls preferably hydrogen and R* is
15 preferably methyl. n 1s an integer from 0 to 5, most

preferably 1.

A particularly preferred metal deactivatcr 1s N,N'-
disalicyclidene~1, 2-diaminopropane, and has the fornmula

2¢0  shown in figure VI.



(c) an optionally substituted phenol, wherein the or each substituent of
conponent (c) has an average nol ecul ar wei ght of | ess than 300; and wherein
the high pressure fuel systemhas a pressure in excess of 1350 bar. 46a In
pr ef err edwenbyditiseéht s t he second aspect conpri ses the RSERIPISASHES f or mance
enhancing additive as defined in relation to the first aspect to inprove
the performance of a diesel engine havizng a high pressure fuel system The
i nprovenent in performance of the diesel engine having a high pressure fuel
system may be neasured by a nunber of ways. One of the ways in which the

i nprovenent in performance can be neasured is by neasuring the power |oss
in a controlled engine test; for exa e€\as described inrelation to
exanpl e 4. Use of the performance €akanci Ng—addi ti ves of the present
invention in this test provide fuel giving power | oss of |ess than 10
% preferably |ess than 5% P efé\abIM S tF 4% f or exanple | ess than
3% less than 2% or | ess tha Pre er ab he use of a fue
conposition of the first aspe n a diesel engine having a high pressure
fuel systemreduces the power |oss of that engine by at least 5 2%
preferably at |east 10% preferably at east 25% nore preferably at | east

50% and nost preferably at | east 80@6conpared to the base fuel. The
i npr ovenent erfor nce f th diesel. |ne haV|n 0 a h pressure
f uel systemp*ﬁlﬁﬂ} be hEasTT b‘i}e% i AP O rﬁsn“t edgor?orﬁ/ %Iprrpr ovenent

in perfogmarcgurayval so be assessed by con5|der|ng the extent to which the
use of the performance 15 enhancing additive preferably reduces the anount
of deposit on the injector of an engine having a high pressure fuel system
Di rect neasurement of deposit build up #s not usually 20 undertaken, but is
usually inferred frog C el fIOM/rates
through the inje e obt ai ned by
renovi ng the inj ig. A
suitable test rig

rom t he engi ne and placing in a
DIT 31. The DI T31 has

VIT

10 The metal deactivating compound is preferably present in
an amcunt 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 153, preferakly less
than 10 and more preferably less than & ppm. The metal

15 deactivator is preferably present as an amount of Zfrom
0.0001 to 50 ppm, preferably 0.001 to 20, more preferably
¢.01 to 10 ppm and most preferably 0.1 to 5 ppm.

The weight ratio of the performance enhancing additive to

20 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 1:5, 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.



25 three nethods of testing a fouled injector: by nmeasuring the back
pressure, the pressure drop or the injector tine. To neasure the back
pressure, the injector is pressurised to 1000 bar (106 Pa). The pressure is
al | owed t@ofzalol4EAY 30 the tinme taken for the pressur PQIHGRMGHSHEE ween 2
set points is neasured. This tests the integrity of the injector which
should maintain the pressure for a set speriod. If there is any failure in
performance, the WD 2009/ 040582PCT/ GB2008/ 050864 98 pressure will fall
nore rapi dl Thi.s 1s a _good indication of .internal fouling, .particularly
by qune For "ExAEFE. 3 yp AP RACAEngRr AP (T aErer TRV TARE S i mum
of 10 secondsclotiet beeprtessure tordrep bhetweered he:diwrsethdzepoititcs. To

nmeasure the pressure drop, the injector. i essurjsed to 1000 b (108
oy The. pr E2E0reTEngi| SRR o A 1o B ser TheER: “Ora0 8ar To5 5 x 10

Pa) fires. Thergrep bR:10xpressyy eddurdnghthe fddddigeperi, odaixs amasured and
is conpared to a standard. For a t)F( i cal, passenger car injector this may be
80 bar (B x°266'Pay. 2ARY Bl ockdge FneY hé ™ PRPEEEOr WaHECause X Isdwer

pressure drepnthanstherstandacds, 18Ul ing dhe pLessure.Ar opeasunenment
the time that the injector opens for is neasured. For typical passenger car
i nj ectors tRANSIRAYCHE, 10UPBICHEY MR QYEp6si CYyRay TApPlage tHROWHIesitng time
causing the pressure diap Lo hes20 alf:eet efoodilis, ataul sghdiector, may
have a shortehed opening tinme as well as a ?ower pressure drop. Thé present
invention ismpaptecalarly useful in the reduction of deposits on injectors
of engi nes operating at 25 high pressures and tenperatures in which fuel
may be recirculated and which conprise a plurality of fine apertures

t hrough whi ch tihetfivell zirs deld vevedod Ot idre efgithe. ohhwesepresenteriivent i on
finds utility in i nes for heavy duty vehicles a%,in‘citpassen, er vehicles.

in_en
Passenger 369‘%\)’ehfﬁf ST ndot'Parats ng“a hPgh Speed 2direct’ “Fnj €11bn “For HSD)
engi ne may fieknrexanple: bereffbtnhnem tdre presemt dfwyeid ORaving high

pressure fuel systems. 3Such additives are known to those
15 skilled in the art and include, for example, the compcocunds

described in EP 1908795, EP 1887074 and EP 1884556.

Suitably the diesel fuel composition may include an
additive comprising a salt formed by the reaction of a

20  carboxviic acid with 2 di-n-butvliamine or tri-n-
butylamine. Suitably the fatty acid is of the Iformula
[R'{COQH)x]y, where each R' is a independently a
hydrocarbon group of betwsen 2 and 45 carbon atoms, and x
is an integer between 1 and 4.

25
Preferably R' is a hydrocarbon group of 8 to 24 carbon
atoms, more preferably 12 to 20 carbon atoms. Preferakly,
% is 1 or 2, more preferably x 1s 1. Preferably, y is 1,
in which case the acid has a single R group .

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

alkenvl group which may be linsar or branched. Examples



49 The use of the second aspect nmay inprove the performance of the engine
by reducing the deposits on an injector having an aperture with a di aneter
of less than 500 lir, preferably less than 200 km nore preferably | ess

t han 150 wdkewskesssonme enbodi nents the use may i nproverdHeBises/fSosdance of
t he engi ne by reduci ng deposits on an injector with an aperture having a
di ameter less than 100 pm preferably l.ess than BO Rm The use may i nprove
the perfornmance of an engine in which the injector has nore 10 than one
aperture, for. exanple .nore_than 4. apertures, for_exanple or_nore.,
apertures. Wt h??‘lg?%%yjilnﬁ e%%gsbc‘)@;},c‘%cl%%?far]lgceesu% éon]lny fgﬁ M exi st

bet ween noviingenpacts and ddrer eahave heed,reportsciof engine dbmprwll ens in
the field caused by injectors sticking and particularly injectors sticking
open. Contr oIF6r dERUI 1S PRIERI & HFedecan becvery THBEFEREC 2Cfe use of
the second agpeet-Mayikprove theiqier,f arigareer20 ef:ihecengt ne Ly d,educi ng
deposits including guns and | acquers within the injector body. . The use
of the s@cofdragpest 2fag- al'§o’ f hpr ove TheC PRFF i Hanter of tHe erffie by
reduci ng deposiitss o ndie 25 vehisel gdivel .1 ifiditenc Adieducidomef deposits
in a vehicle fuel filter nmay be neasured quantitatively or qualitatively.

I n sone caseStthi sa®edy ofiPy Beaget ExHinedchy i nispdct Poh dRtile F¢id-er 30
once the filter:, begn r, d ot her, cases,s the | gvel of_depgsits may
be estimate ‘u—r*i%%%ru;%gf %&’80@%%&4’052“2%’%?(%26587 5058%4 '50 Many vehi cl es
are fitted witlh f&ftyelad:id, t era Mivivc e idmy 2be wissud land nspect@d diaimg use to
det er m the level . of solids build up and t.he need for filter replacement.
For exalr}rgjl e,>one such sys?em“ uses 4 filter cani ster Wi thrn a5 !%rénsparent
housi ng al | aviisng théetkbléer, theof ueliitevet wiitdi nrsheahhlbtietdand dihe
degree of filter blocking to bg observed. |t has geepéur&gri%nﬁ%ﬁ/& been
found that WHeRUSInG PRe to FUBFT cORPOSTEIBRS 3F t Fie* present $nvention the
| evel of depgsiispiardhesd ughbddidar:, arenconsigerably fetucedusonpared with
fuel conpositions which do not contain the perfornmance enhanci\ngI addi tive
of the inveritdidn SFhis Y G\t e Fi ter tho B chRfiyet Wi h-t&ss $fequent | y
and can jensute t hat fuel fil tens.de ngt faids betyeensseryi e sibateryal s.
Thus the use of the present invention may | ead to reduced mai ntenance
costs. especially suitable.

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

20  added at treat rates of 20~400 ppm &g 20-200 ppm.

The treat rate of such additives would typically be less
than the upper limit of these ranges eg less than 400 pom
or less than 200 ppm and possibly lower than the lower
25  limit of this range eg lesgs 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 compesition may include an
3¢ additive comprising the reaction product |lbetween a
hydrocarbyl-substituted succinic acid or anhydride and

hydrazine.



Suitably the use of the performance enhancing additive of 20 the present
invention allows the interval between filter replacenent to be extended,
suitably by at least 5% preferably at |east 10% nore preferably at | east
20% for wpamplessat | east 30% or at |east 50% 25 |n EROTHERACIBGHEHE nat | ng
Eur opean Council for the devel opment of performance tests for
transportation fuels, lubricants and other fluids (the industry body known
as CEO, has devel oped a new test, named CEO F-98-08, to assess whet her

di esel fuel is suitable for use_in_engines 30 neeting new European_Union
eni ssi ons rgﬁﬁﬁﬁf?gﬁg’kﬁﬁﬁh Qggfﬁgax%gho %$O$%gﬁTatF%%s?bﬁéég%%£§£¥ s based
on a Peugeots ;BWLO+engineudsi NOc EHEO45 drnjLeot oS deandmirk kebereimatter WO
2009/ 040582PCT/ GB2008/ 050864 51 be referred to as the DWO test.lt will be
further desGFBEd iRFIHeCont ekt Of Cthe6R4hpl e81 L1 iPlef-EPabts thé use of
the perfor rf%%%%@h@@ew%dgékw@éyﬁ ehat he:-paesent inveationJeads to
reduced deposits in the Ctest. Before the priority date of this
applicatﬁonﬁhﬁhéHKHVéﬁF%Ylu%éﬂu@h@aba§ﬁcapPSééHﬁ?@P?Xﬁé%QMQTﬂMH)W%%ﬁ as
avai | abl e at, 10 that .tine and found t has; fhe Juse-of.Lhes perfor menge

enhanci ng additives of thée invention in a diesel fuel conposition resulted
in a reduct irarefemapoweretose cohpared MiGh t hexsamest gél shotiedritdii ng the
per f or mance genhanci ng i.tiv t.aj of t est, nmet,hod iven 15 in
Exanpl e 4. fﬁ”é G%P?oﬁﬁ%git eﬁggggé%%$g% é?&ggﬁuc?%%ndggglhgﬁg%%Lf?ence of
i njector fouw.icngaasidescsidbedabomegrthespresent inventor has al so found

t hat coq%ositions of the '

The hydrocarbyl group is attached to a succinic acid or
anhydride molety using methods known in the art.
Additionally, or alternatively, suitable Thydrocarbyl-

substituted succinic acids or anhydrides are commercially

15 available e.qg. dodecylsuccinic anhydrids (DDSA),
hexadecylsuccinic anhydride (HDSA}, cctadecylsuccinic
anhydride (ODSA) and polyiscbutylsuccinic anhydride
{(PIBSA; .

20 Hydrazine has the formula:

NH;~NH»

Hydrazine mayv be hydrated or non-hydrated. Hydrazine

25 monohydrate is preferred.

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

pelieved - without the matter having been definitively



20 present invention may be used to renove sone or all of the deposits

whi ch have already fornmed on injectors. This is a further way by which an
i nprovenent in performance nay be neasured. 25 Thus, the present 'invention
further pwavicdesitshe use of a diesel fuel conposition efT/Ghmeéimsds aspect
to renove deposits fornmed in a high pressure diesel engine. Deposits on
injectors of an engine having a high prgssure 30 fuel systemmay also be
measured using a hot liquid process simulator (or HLPS). This equi pnent
allows the fouling of a metallic, conponent, typically a steel or alum nium
rod to be né%§ﬁ¥€g€9d52m$he He PSLEqUipitent £ ﬁ%ﬁcﬁﬁFﬁ%ﬁﬁﬁﬁ?afli“ﬁﬁoW% to
those skill eg-id¥ therartlkbnckudas: anfugtcneseryoi nd rommhich faelnis
punped under pressure and passed over a heated 5 stainless steel tube.The
| evel of depdsidCrésEhePetbes dPEetomd Eertlai R ipérFodtEantiFen be

measured. This is considered a good way of predicting how a nuch fuel would
deposit on an injector. The equi pnment was nodified to allow fuel to
recirculate. 10 Thus the presemt invention provides the use of a

per formance enhanci ng additive as definedrin relation to the first aspect

to reduce the deposits from aidi esel . This y be neasured wth a hot
|l iquid process 15 simulator fgr exa sing theinethod as defined in
Exanpl e 3. Al though the dieselj & ++bons of the present invention
provi dei nproved perfornmance of] engi operatimg at high tenperature and

pressures, they may al so betuged—wtTh tfadi ti onal
i nportant because a single fuel nust bel
engi nes and ol der vehicles. 25 Any feat/l aspect of the invention
may be conbi ned with any otherl fea opriate. The invention
wi Il now be further defined wlith refer followi ng non-limting
exanples. In these exanples 3Q the ter 1 tes exanples in
aCcordance with the invention, "ref" de€notes an exanple show ng the
properti%f n

di esel engines. This is
at can be used in new

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 %. Tach end of the oligomer may be capped
10 by ocne or more of a wvarlety o¢f groups. Some possible

examples of these terminal groups include:

O o}
OH [N
H
Nm*
N e * N—
R R H R H
0 0

15 Alternatively, the oligomeric species may form a ring

having no terminal groups:



of a base fuel and "conp"” denotes conparative exanples, not of the

i nvention. However it should be noted that this WO

2009/ 040582PCT/ GB2008/ 050864 53 is for assistance of the reader only and

t hat the fiomabyduest i s whet her exanples fall within thecseepes/@hsany actua
or potential clainms herein. In the exanples which follow the val ues given
in parts per mllion (Plorn) for 5 treat rates denote active agent anount,
not the anount of a fornulation as added, and cont ai ning an active agent.
Exanple 1 10 Additive C was prepared by m xing 0.0287 nol eq. (equivalents)
4- dodecyl phenol, 0.0286 nol eq. parafornmal dehyde, 0.0143 nol eq.

t et raet hyl enepent am ne and 0. 1085 nol tol uene. The m xture was heat ed
to 110C and refluxed for 6 hours. The/sol yent and water of 15 reaction were
t hen renoved under vacuum In thi e nolar ratio of al dehyde(a)
pol yam ne(b) : phenol (c) was_2:1: 2. 2°20 Additive D was prepared by
m xi ng 0.0311 nol eq. 4- dodecyl phendH, 00309 nol \eq. paraf ormal dehyde,

0. 0306 nol eq. tetraethylen mne and 0.1 N eq. -Rol uene. The
reaction was heated to 1f0C and refluxed for 6 hours. The sol vent and
wat er of reaction were then renoved under vacuum In this exanple the nolar
rati o of al dehyde(a) : 1 Re(b) : phenol (¢) =1:1. Exanple 3 30

Di esel fuel conpositions we pFépaLed conprising the additives listed in
Table 1 bel ow, added to aliquots all "W 2009/ 1140%82PCT/ GB2008/ 050864 54
drawn froma comon batch of RFG6o entaining 1 ppmzinc (as zinc
neodecanoat e) .

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

5 added at treat rates of 10-300 ppm eg 20-100 ppm.

The treat rate of such additives would typiczlly 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
1¢ limit of this range eg less than 20 ppm or less than 10
ppm, for example down to 5 ppm or Z ppm, when used in
combination with the performance enhancing additives of

this invention.
15 Suitably the diesel fuel composition may include an

additive comprising at least one compound of formula (1)

and/or formula (II}:

20 (I



Tabl e 2 bel ow shows the specification. for REDS base fuel. 5 Each of the
fuel conpositions prepared was tested using the Hot Liquid Process

Sinul ator (HLPS) equiprent. In this test 800 m of fuel is pressurised to
500 psi (80440904885 Pa) and fl owed over a steel tube HEAVERROGNSIFTHOC. The
10 test duration is 5 hours. The test nmethod has been nodified, by renoval
of the piston within the fuel reservoiry; to allow the degraded fuel to
return to the reservoir and mx with the fresh fuel. At the end of test the
steel tube is remved and fhe |evel of deposit 15 nmeasured as_ surface
carbon. Alsd GSed”i n"the tests of ‘Exanpl €3 weré Additi ve A Hnd Additive B
(bot h conpamative) haMddgt CvecAsl suas60%acttveslaected from the group

i ngredi entsol ution(inaromati csol vent)aofa 20 polyi sobutenyl succinim de
obiai ned {1 G EhS LBRdHEGt | bact bact Foi 6 ar gt Jractiteny| SUeeTH e
anhydri de derivedyEr e pohyssobut eneirefxyv 1appr exi et el yc B0 Wit ibris

pol yet hyl ene pol yam ne m xture of average conposition approximting to

t et r aet hyl eféSpéAtam ne. Additive B is 25

N, Wdi sal i cygl-ih,dene-1, 21%%5@%;, ng. jEhecresulbse rec%h@gigh@%na n Table
1. WD 2009/ 040582PCT/ GB2008/ 050864 55 Tabl e I Fuel nposi tion (ppm
active) B (ppﬁbg@rpﬁépon single bond or a linking group;

gach ¥ 1s independently -0RrY or a molety of the Iormula
H(O(CRﬁﬁrJwa, wherein X is selected from the group

10 consisting of (CR'%Y:;, O and $: R' and R are each
independently selected from H, C; to Cg alkyl and aryl; R
is selected from C; to Cig alkyl and aryl; z is 1 to 10; n
is 0 to 10 when X is (CR'2)2, and 2 to 10 when X is O or S;
and v is 1 to 30;

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

least one Ar molety bears at least one oroup Y; and m is 1

to 100,
(Tﬁq (TW;
Ar—fL—Ar)
20 (I1)
wherein:
@ach Ar' Indepsndently repressnts an aromatic moiety

having 0 to 2 substituents selected from the group
25  consisting of aikyl, alkoxy, alkoxyvalkyl, hvdroxy,

hydroxyalkyl, acyloxy, acyloxyalkvl, acyloxvalkoxy,

arvloxy, aryloxyalkyl, aryloxvalkony, halo and

combinations therecf;

each 1' is independently a linking moiety comprising a

30 carbon-carbon single bond or linking group:



C (PPm active) D (PPm active) Surface carbon (pg/cnR) 1(ref) -~ 117

2(conp) 48

124 3(conp) 96

WO 2009/040382 PCT/GB2008/050864

20

30

38

each Y' is independently a meiety of the formuela Z0- or
Z(O(CR2QYH)Y-X‘—, wherein X' is selected from the group
consisting of (CR*'3) 5, © and §; R® and R*' are each
independently selected from H, C; to Cg alkyl and aryl =z’
iz 1 to 10; n' is O to 10 when X' is (CR%'.)., and 2 to 10
when X' 1s C or 8; v is 1 to 320; Z is H, an acyl group, a
wolyacyl group, & lacione ester group, an acid ester
group, an alkyl group or an aryl group;

each a' is independently 0 to 3, with the proviso that at
least one Ar' molety bears at least one group Y' in which

Z is not H; and m' 1s 1 to 160.

When such additives are present in diesel fuel as the only
means of reducing injector deposits they ars 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 =g
less than 50 ppm, for example down fo 20 ppm or 10 ppm,
when used in combination with the performance enhancing

additives of this invention.

Suitably the diesel fuel composition may inciude an
additive comprising & guaternary 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 qguaternizing agent suitable for converting the
tertiary amino group Lo a quaterﬁary_nitrogen wherein the
quaternizing agent iz selected from the group consisting

of dialkyl sulphates, benzyl halides, hydrocarbyl



4(.;‘0@)

144 49 5(conp) 192 29 6(conp) 48 2 20 7(iv)
WO 2009/040582 PCT/GBZU08/050864
39
substituted carbonates; hydrocarbyl gpoxides in

20

25

30

combination with an acid or mixtures thereof.

Examples o¢of quaternary ammonium salt and methods for
preparing the same are described in the following patents,
which are hereby incorporated by reference, US 4,253,980,
Uus 3,778,371, Us 4,171,959, US 4,326,873, U3 4,338,206,
and US 5,204,138.

Suitable acylating agents and hydrocarhyl substitusnts are

as previously defined in this specification.

Examples of the nitrogen or oxygen containing compounds
capable of condensing with the acylating agent and further
having a tertiary amino group can include bkut are not
limited to: N,N-dimethyl- aminopropylamine, N,N-diethyl-
aminopropylamine, N, N-dimethyl- amino ethviamine. The
nitrogen o©or oxygen containing compounds capable of
condensing with the acylating agent and Zfurther having a

rertiary amino group can further include amino alkyl

substituted heterocyeclic compounds Such' as 1-4{3-
aminopropyl}imidazole and 4- (3-aminopropylimcrpholine, 1-
{2~aminoethyl)piperidine, 3, 3~diamino~N- methyldi-
propylaming, and  3'3-aminobis {N,N-dimethyipropylamine).

Other types of nitrogen or oxygen containing compounds
capable of condensing with the acylating agent and having
a tertiary aminc group include alkanolamines including but
not limited to triethanclamine, trimethanolamine, N,N-
dimethylaminopropanocl, N, N-diethylaminopropanol, N, N-
diethylaminobutanol, N, N, N-tris(hyvdroxyethyl)amine and

N, N, N-tris (hydroxymethyl)amine.



48 2 30 8(iv) 48 20 -16 9(iv) 48 2 2 10(iv) 48 2 2 4
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The composition of the present invention may contaln a
gquaternizing agent suitable for converting the tertiary
amino group to a quaternary nitrogen wherein @ the
gquaternizing agent iz selected from the group consisting
of dialkyl sulphates, alkyl halides, benzyl halides,
hydrocarbyl substituted carbonates; and hydrocarbyl

epoxides in combination with an acild or mixtures thereof.

The guaternizing agent can include halides, such as
chloride, iodide or Dbromide; hydroxides; sulphonates:
bisulphites, alkyl sulphates, such as dimethyl sulphate;
sulphones; phosphates; C1-12 alkylphosphates; di Cl-12
alkylphosphates; borates; Cl1-12 alkylborates; nitrites;
nitrates; carbonates; bicarbonates; alkanoates; 0,0-di Cl-

12 alkyldithiophosphates; or mixtures thereof.

In one embodiment the guaternizing agent may be derived
from dialkyl sulphatess 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 iodide or benzyl chleoride, and a
hydrocarbyl (or alkyl} substituted carbonates. If the acyl
halide is benzyl chloride, the aromatic ring is optionally
further substituted with alkyl or alkenyl groups. The
hydrocarbyl {or alkyl) groups of the hydrocarbyl
substituted carbonates mey 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 twoe hydrocarbyl
groups that may ke the same or different. Examples of
sultable hydrccarbyl substituted carbonates include

dimethyl or diethyl carbonate.



11(iv) 2 2 9 It can be clearly seen fromTable 1 that in order to 5
achi eve a reduction in deposits using only a conventi onal

ni trogen-containing detergent (Additive A) very high treat rates are
needed. AWSI Wpd/G408ant i nprovenent in performance i s seRA/GREASAEHHE i ves of
t he present invention are also used. These additives are effective at 10
very | ow concentrations when used wth gnounts of a traditional

ni trogen-contai ning detergent Additive A that are currently used in diesel

fuels (i.e. 48 5. 30,2009/ 040582 (:Tg%:}[az_o. 50864, 56, Table 2
Property Oetig]negﬁlﬁqrr}’?)eeléL Bens?t%g“rg’f 1“8% Dglé?l“ a Zlo%{r$058§/§i//“v le%l n%)89§% viv
Poi nt FBP Unidrslckamicts Metthodi M, ,n MEX represented by the following

formula, in combination with an acild:

R1 Ra

RQ R4

wherein R1, RZ, R3 and R4 can be independently H or a Cl-

50 hydrocarbyvl group.

10 Examples o¢f hydrocarbyl epoxides can include styrene
oxide, ethylene oxide, propylene oxide, buLylens oxide,

stilbene oxide and CZ-50 epoxide.

When such quaternary ammonium salt additives are present
15 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 bes less
20  than the upper 1imit of these ranges &g 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 5
ppm, for =sxample deown Toe 5 ppm or Z2 ppm, when used in
combination with the performance enhancing additives of

Z5 this invention.

The diesel fuel compesition of the present invention may
comprise a petroleum-based fuel oil, especially a middle
distillate fuel oil. Such distillate fuel o0ils generally

30  boil within the range of from 110°C to 500°C, e.g. 150°C



52.0 54. 0EN | SO 5165 kg/ ma833837EN | SO 3675 Flash PointC Cold Filter

Pl uggi ngC Poi nt Viscosity at 40CmR/sec Pol ycyclic Aromati c% nmim

Hydr ocar bons Sul phur Cont ent ng/ kg Copper Corrosi on Conradson Carbon Resi due
% mdm on WO%Eitd¢582 Resi due Ash Content % trim Wat er CorR(EHEBAIAT/H864
Neutralisation (Strong ng KOH g Acid) Nunber Oxidation Stahl]. HERR

(WsD1, 4) Fatty Acid Methyl Ester ng/nml ggm 0. 025EN | SO 12205 400CPC

F- 06- P- 96 -

to  400°C. The diesel fuel may comprise atmospheric
distillate or wvacuum distillate, cracked gas oil, or =a
blend in any proportion of straight run and refinery
streams such as thermally and/or catalytically cracked and

5  hydro-cracked distillates.

The diesel fuel composition of the present invention may
comprise non-renewable Fischer-Tropsch fuels such as those
described as GTL (gas-toc-liguid) fuels, CTL ({coal-to-

10 liguid) fuels and OTL (cll sands-to-liguid).

The diesel fuel composition of the present invention may
comprise a renewable fuel such as a biofuel composition or

icdiesel composition.

The diesel fuel composition may comprise lst generation
bicdiesel. First generation biodiesel contains esters of,
for example, vegetable oils, animal fats and used cooking
fats. This form of Dbiodiesel may be obtained by
20 transesterification of o¢ils, for example rapeseed o0il,

soybean oil, safflower oil, palm 25 oil, corn oil, peanut

oll, cotton seed oil, tallow, coconut oil, physic nut oil
(Jatropha), sunflower sead o1l, used cooking oills,
hydrogenated vegetable oils or any mixture thereof , with

25 an alcohol, usually a moncalcohol, in the presence of =z

catalyst.

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

Petrobras. Second generation biodiesel may be similar in



prohi bited. Exanple 4 Diesel fuel conpositions were prepared conprising
the additives listed in Table 3, added to aliquots all drawn froma common
bat ch of RFO6 base fuel, and containing ppmzinc (as zinc neodecanoate) and
test ed ackordivngs8 10 t he CEC DW 10 net hod. WO PCT/GB2008/050864

2009/ 040582PCT/ GB2008/ 050864 57 The engine of the injector fouling test is
the PSA DWMOBTED4. In summary, the engizne characteristics are: Design: Four
cylinders in |line, overhead canshaft, 5 turbocharged with EGR Capacity: 1998

cnB Conbustion_chanper: r valve ' i-ston, |, gui. ded dj.rect
i ot o PBUEPE 100 KTt 48001 o 107 TorHer 320 N 2006 Hpm 1 ect i on
syst em Commenrakhwi t hpbezozekects onteadvaploontdicddedd Grhalesdn) eotoor s.  Max.

ressure: 1600 bar.(1.6.x 108 Pa). .Proprietary desi by SI EMENS VDO 15
Enissions cgﬁgﬁaﬁ.l%DnPéﬁﬁs WittH droj%V%irﬁ%EValﬁgg mﬁgﬁkggﬁ%ingﬁzmjth
exhaust gascpestotneal entasysirem=cDRFL:i Thes engine was chesemxasra design
representative of the nodern European high-speed direct injection diesel
engi ne ~

The diesel fusl composition of the present invention may

comprise third generation Dbiodiesel. Third generation
biodiesel utilises gasification and Fischer-Tropsch
technelogy including those described as BTL (kilomass-to-
10  liguid) fuels. Third generation biodiesel does not differ
widely from some second generation lodiesel, but aims to
exploit the whole plant {biomass) and thereby widens the

feedstock base.

i5 The dissel fuel compositlion 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
20 Dbio-diesel. In such blends the bic-diesel may Dbe 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 te 70%, up to

80%, up to %0%, up to 95% or up to 99%.

25
In some embodiments the diesel fuel composition may
comprise a secondary fuel, for example ethanol. Preferably
however +the diesel fuel composition does not contain
ethancl.

30

Preferably, the diesel fuel has a sulphur content of at
most 0.05% by weight, more preferably cf at mest 0.035% by

waight, especially of at most 0.015%. Fuels with even



20 capable of conformng to present and future European em ssions

requi rements. The common rail injection systemuses a highly efficient
nozzl e desi%n wi th rounded inlet edges and conical spray holes for optinal
hydr aul i cWPIZBRR4%FBt s type of nozzle, when conbined wi t"l&FﬁPg"ﬂ"sf“B‘éﬁ“ pressure
25 has all owed advances to be achieved in conbustion efficiency, reduced
noi se and reduced fuel consunption, but4are sensitive to influences that
can disturb the fuel flow, such as deposit formation in the spray holes.

The presence.gf these depesids sauses 2 signi bi.captid 0ss.of 430 sengisne power
and increased raw em ssions. WO 2009/ 040582PCT/ GB2008/ 050864 58 It is
consi dered Hetbssary tozastt&blrrsh sarelirable wasEl b -nersfigrgeat dieséondi ti on

bef ore begiEHEQQQBQ&&ﬁﬁgaﬁﬁiﬁéﬂgﬁg gosbg%ﬁs?og?gg.running-in schedul e for

the test injectors 1s specifie usi ng ing reference fuel. 5 Ful
details of the CEC F-98-08 test nethod can be obtained fromthe CEC. The
CoKki ng C. c| % | Sogym%%ie%edprbele%v‘\c/', 1IrQe 1&1—'633 yarm up, cycLI ee\,i(elsz {M‘Et %)
accordi ng foPP%mnnﬁ reglnE:‘%iep DUt atT on {Mmy e§5 %%glne Speed (rpm
Torque (NmM plte2erdl easb 2 3 R00@r50a8t, for example through the
corrosion of metal and metal oxide surfaces by acidic
species present in the fuel or from lubricating oil, In
use, fuels such as diesel Ifuels routlinely come into
18 contéét with metal. surfaces for' example, 1in vehicle
fuelling systems, fuel tanks, fuel Lransportatlion means
etc, Typically, metal-containing contamination will
comprise transition metals such as zinc, iron and copper
and others such as lead.
15
In addition to metal-containing contamination which may be
presenrt in diesel fuels there are circumstances where
metal-containing speclies may deliberately be added to the
fuel, For example, as 1s known iIn the art, metal-
20  containing fuel-borne catalyst specles may be added to aid
with the regeneration of particulate traps. Such catalystis
are often based on metals such as iron, cerium, Group I
and Group II metals e.g., calcium and strontium, eilthesr as
mixtures or alone. Also used are platinum and manganese.
25 The presence of such catalysts may also give rise to
injector depeoslts when the fuels are used 1in diesel

encgines having high pressure fuel systems.

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

colloidal species.



4 3500 75 3 4300 100 2. 8 hrs of engi ne operation consisting of 8 repeats
of 5 the following. cycle 20 WO 2009/ 040582PCT/ GB2008/ 050864 59 Step

Duration (m nutes) Engine Speed (rpnm) Load (% Torque (Nm BoostAir After
| C(C) WO 2009/040582 PCT/GB2008/050864

In soma embodiments, the metal-containing species

comprises a fuel-borne catalyst.

5 In some ambodiments, the metal-containing species

comprises zinc.

Typically, the amount of meital-containing species 1in the
diesel fuel, expressaed in terms of the total welght of
10 metal in the species, 1s between 0.1 and 50 ppm by weight,
for example between 0.1 arnd 10 ppm by weight, based on the

welght of the diesel fuel.

The fuel compesitions of the present invention show

15 improved performance when used in diesel engines subjected
to high pressurss and temperatures compared with diesel
fuels of the prior art.

fimg

According to a second aspect of the present inventiocon

20 there 1s 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 is the
product of a Mannich reaction between:

25 (a} an aldehyde:
(k) a polyamine; and
(¢} an opticnally substituted phenol;
the or eazach substituent of component (¢} has an avearage
molecular weight of less than 400.

3G
Thus the additive may be regarded as a performance
ennancing additive. In a third aspect the invention

provides an additive package comprising an additive which
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is the product of a Mannich reaction as herein defined

with reference feo the first and second aspects.

Tha additive package may comprise =a mixture of neat
performance enhancing additive  and | optionally neat
nitrogen-containing detergent and optionally flurther
additives, for example those described above.
Blternatively the additive package may comprise a solution
of additives, for example In a mixture of hydrocarbon

and/or arcmatic sclvents,

Preferred aspscts of the second and third aspects are zas

defined in relation to the first aspsct.

In another aspect, there is provided 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 is the product of a Mannich reaction between:

(a) an aldehyde;

(b} a polyamine selected from ethylenediamine,
diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, ' pentaethylenehexamine,

hexaethyleneheptamine, heptaethyleneoctamine, propane-l,2-
diamine, 2({2-amino-ethylaminec)ethanol, NT, N -bis (2-
aminoethyl) ethylenediamine (N ({CH>CH,NH:Y:)and mixture
and/cr isomers and/or oligomers thereof; and

{(c} an optionally substituted phenol,

wherein the or each substituent of component {(c) has an

average molecular weight of less than 300; and wherein the

a

high pressure fuel system has a pressure in excess of 1350

H

bar.
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In preferred embcdiments the second aspect comprises the
use o0f a performance enhancing additive as defined 1in
relation to the first aspect to improve the performance of

a diesel engine having a high pressure fuel system.

The improvement in periormance of the diesel engine having
a2 high pressure fuel system may pe measured by a number of

WEYS.

one of the ways in which the improvement in performance
can be measured is. by measuring the power logss in a
controlled engine test, for exzample as described in

relation toc example 4.

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

legs than 1%.
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Preferably the use of a fuel composition of the first
aspect in a diesel engine having a high pressure fuel
system reduces the power loss of that engine by at least
-5 2%, preferably.at ieast 10%, preferably at least Z2Z5%,
more preferably at least 50% and most preferably at least

80% compared to the base fuel.

The improvement in performance of the diesel engine having
10 a high pressure fuel system may Dbe measursd Dby an

improvement in fuel economy.

Improvement in performance may alsc be assessed Dy
considering the extent to which the use of the performance
15  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 1is not usually
20 undertaken, but is usually inferred Ifrom the power loss
mentioned earlier cor 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
25 three methods of testing a fouled injector: by measuring

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

To measure the bkack pressure, the injector 1s pressurised
o 1000 bar (10° Pa). The pressure is allowed to fall and
30 the time taken for the pressure to drop between 2 set
points is measured. This tests the integrity of the

injectcr which should maintain the pressure for a set

aeriod. If there i1s any failure in performance, th

0]



100 50 * for expected range see CEO net hod CEC-F98-08 3. Cool down te
idle in 60 seconds and idle for 10 seconds 5 4. 8 hrs soak period The
standard CEO F-98-08 test nmethod consists of 32 hours engi ne operation

cor r espondiomgod/oskzr epeats of steps 1-3 above, and 3 repeebmepésosdiep 4.1 e
56 hours total test 10 tine excluding warm ups and cool downs. The results
are also reported in Table 3, bel ow. Where we have reported results
after 24 hours engi ne operation' this corresponds to 3 repeats of steps 1-3
15 above, and 2 rep eats of step 4. WD) 2009/ 040582PCT/ GB2008/ 050864 60
VWhere we ha¢§€ﬁ§56@t§6 regﬁﬁfsm%ﬁ§e?ﬂ%§ﬂﬁbu T&18ngiEnéd BB@?atPﬁhcaT+ﬁ%

corresponds 40 1aERdiLfi eati ongt . d4:he csilaa&q? %%prg%gdur eobnviMing 6 repeats
of steps 1-3 above, and 5 repeats or ste able 3 Additive Additive

Addi ti ve PovieFiceds W66 r?ghAB@rﬁﬁﬂ*?e oper af#bn of mxnimum of 10

g(elr (e fF’)F’nf PPy RRhqur 5. Conplnactive) Active) Act ibue)X,= 24 X 5:,32%X = 48
5 polints.

To measure the pressure drop, the injector is pressurised
£o 1000 bar (10° Pa). The preésuxe is allowed to fall and
at a sat point (750 bar - 7.5 x 107 Pa) fires. The drop in

10  ypressure during the firing period is measured and is
compared to a standard. For a typical passenger 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.

15
During the pressure drop measurement the time that the
injector opens for is measured. For typical passenger car
injectors this mayv be 10 mszl ms. Any deposit may impinge
this opening time causing the pressure drop to be

20 affected. Thus a fouled injector may have a shortened

opening time as well as a lower pressure drop.

The present invention i1z particulariy useful in the
reduction of deposits on injectors df engines operating at
25 high pressures and temperatures 1in which Zfuel may be
recirculated and which comprise a plurality of <fine
apertures thrcugh which the fuel is delivered to the
engine, The present invention finds utiility 1n engines
for heavy duty vehicles and passenger vehigles, Passengsr
30  wvehicles incorporating a high speed direct injection {or
HSDI}) engine may for example benefit from the present

invention.
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The use of the second aspect may impreove the performance
of the engine by reducing the deposits on an iniector
having an aperture with a diameter of less than 500 um,
preferably less than 200 um, more preferably less than 150
5  Um. In  some embodiments the use may improve  the
performance of the engine by reducing deposits on an
injector with an aperture having a diameter less than 108
Mm, preferakly less than 80 Um. The use may improve the

performance of an engine in which the injector has more

1
O
£t

rhan one aperture, for example more than 4 apertures, for

exampie 6 Cr more aperiures.

Within the injector body, clearances of only 1-2 um exist
between moving parts and there have been reports of engine
15  problems in the field caused Dby iniectors sticking and
particularly injectors sticking open. Controi of deposits

in this arees can be very important.

The use cof the sescond aspect may improve the performance
20 of the engine by reducing depecsits including gums and

puc}

lacguers within the injector body.

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

lter.

Hh
Jot

25 vehicle fuel

2k reduction of deposits in a vehicle fuel filiter may be
measured quantitatively or guallitatively. In some cases
this may only be determined by inspection of the £filter
30 once the filter has been removed. In other cases, the

level of deposits may be estimated during use.
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Many vehicles are fitted with a fuel filter which may be
visually inspected during use to determine the level of
solids build up and the need for filter replacement. Tor
example, one such system uses a filter canister within a
5 transparent housing allowing the filter, the fuel level
within the filter and the degree of filter blocking to be

ohserved.

It has been surprisingly been found that when using the
10 fuel compositions of the present invention the level of
deposits in the fuel filter are considerably reduced
compared with fuel compositicns which do not contain the
performance enhancing additive of the invention. This
allows the filter to be changed much less frequently and
15 can ensure that fuel filters do not fail between service
intervals. Thus the use cof the present invention may lesad

to reduced maintenance costs.

Suitably the use of the pericrmance enhancing additive of
20  the present invention allows the interval between filter
replacement tc 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%.

25 In Europe the Co~ordinating Eurcpean Council for the
development cof performance tests for transportation fuels,
lubricants and other fluids (the industry body known as
CEC), has developed & new test, named CEC F~9%8-08, to
assess whether diesel fuel i1s suitable for use in engines

30 meeting new European Union emissions regulations known as
the “Euro 57 regulations. The test is based on a Peugeot

DW10 engine using Zuro 5 injectors, and will hereinafter



tested accordi'ng to the CEO DWMO net hod. Power | oss was 15 recorded after
periods of 24 hours, 32 hours and 48 hours of engine operating tinme
correspondi ng respectlvely to 3, 4 and 6 operating cycl es.

2009/ 04058 2R/ HBPD08/ 050864 61 Fuel Conposition A (Pﬁﬁ¥73%%W%b%%€:(PPn)
Power Loss % foll ow ng engine operation of X hours x = 24X = 32X = 48 18
(ref) - - 7.5 10.2 51

bhe referred to as the DW10 test. It will be Zfurther

described in the context of the examples.

Preferably the use of the performance enhancing additives
5 of the present ilnvention leads to reduced deposits in the

DW10 test.

Before the priority date of this application, the invento

[n

used the basic procedure for the DWLD test as avallable at
16 that time and found that the use of the performance
enhancing additives o¢f the Iinvention iIn a diesel ZIfuel
compesition resulted in & reduction in powsr loss compared
with the same fusel not containing the perfcrmance
enhancing additive. Details of the test method are given

15  in Example 4.

In addition to the preventicon or reduction o¢f the
occurrence of injectory fouling as described above, the
present inventor has also found that compositions of the
20  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.

25  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
30 fuel system may alsc ke measured using a hot ligquid
process simulator (or HLPS). This eguipment allows the
fouling of a metallic comporent, typically a steel or

aluminium rod to be measured.
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The HLPS eguipment, which is generally known to those
skilled in the art, includes a fuel reservolr from which
fuel is pumped under pressure and passed over a heated
stainless steel tube. The level of deposit on the tube

after a certain pericd can then be measured. This is

.

considered a good way of predicting how a much fuel woul

deposit on an injector. The eguipment was modified t

[o]

allow fuel to recirculate,

Thus the present invention provides the use o¢f a
performance enhancing additive as defined in relation Lo
rhe first aspect to reduce the depcsits from a diesel
fuel. This may be measured with a het ligquid process
simulator for example using the method as defined in

Example 2.

Although the diesel fuel compositions of the present
invention provide improved prerfcrmance 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.

iny feature of any aspect of the invention may be combined

with any other feature, where appropriate.

The invention will now be further defined with refsrence

to the following non-ilimiting examples. In these examples

the terms “inv” denotes examples in accordance with the

o

invention, “ref” denotes an example showing the preopertlies
of a base fuel and “comp” denotes comparative examples,

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

test is whether examples fall within the scops of any

actual or potential claims herein. In the examples which
£~

follow the wvalues given in parts per million (ppm) fox

Treat rates denote active agent amount, not the amount of

{n

a formulation as added, and containing an active agent.

Example 1
10 Additive € was 9prepared by mixing £.0287 mel =eg.
(equivalents) 4d-dodecyiphencl, 0.028¢6 mol edq.

paraformaldehyde, 0.0143 mol eq. tetraethylenepentamine
and 0.1085 mol eg. toluene. The mixture was hezated to
110°C and refluxed for & hours. The solvent and water of
15 reaction were then removed under wvacuum. In this example
the molar ratio of aldehvde(a) : polvamine(b) : phencl{c)

was 2:1:2.

Example 2
20
additive D was prepared by mizxing C€.0311 mel eg. 4-
dedecylphencl, £.0309 mol eg. paraformaldehyde, 0.0306 mol
eqg. tetraethylenepentamine and 0.1085 mol eg. toluene. The
reaction was heated to 110°C and refliuxed for & hours.
25 The solvent and water of reaction were then removed under

vacuum. In this example the molar ratic of aldehyde (a)

polyvamine (b) : phencol{c} was 1:1:1.

Example 3
30
Diesel fuel compeositicns were prepared comprising the

additives listed in Table 1 below, added to aliguots all



50 1.9 2.5 4 Exanple 6 5 Further conpounds were prepared using analogous

nmet hods to that described in Exanple 1.

was carried out by reacting forml dehyde and para-dodecyl

a Manni ch reaction
phenol with the

I n each case,

10 am neswloimtwdoism Table 1 in the nolar ratio stated.pCinesoanpeaends were

added to aliquots al

drawn froma comon batch of RFO6 base fuel
treat rates indicated. The resultant fuel

at the
conpositions were then subjected

to the HLPS test of Exanple 3 and the surface carbon neasured. 15 The

results show t hat the performance e

h i diti f t .pr. 1
|t on o 0 B R A e T, e b DHART o

products of pherahs ofs higherndrmlecuoar«wei ght .

2009/ 040582PCT/ 332008/ 050864 62 Table 5
Sur face carbon

WO

Fuel Conp'n Additive Treat rate PPm

Table 2 below shows the specification for RF0S6 base fuel.

Fach of

the Hot Liguid Process

this test 800 ml of fuel is pressurised to 500 psi

10° pa)
S5 hours.

of

test duration 1s
by
to

10
modified, removal

reservelir,

reservolr and mix with the fresh fuel.

the steel tube 1is removed

measured as surface carbon.

[}
o

the fuel compositions prepared was

Simulator

and flowed over a steel tube heared tc 270°C,

the

allow the degraded

tested using

(HLPS} equipment, In

{3.44 x
The

The test method has been

piston within the fuel

fuel to return to the

At the end of test

and the lievel o¢f deposit

Also usgsed in the tests of Example 3 were Additive A and

Additive B

ingredient solution (in

20
reaction of
of  Mn

from polyisobutens

polyethylene polyvamine

approximating to tetraethylene pentamine.

The regults are also shown in

{both comparative).

polyisobutenyl succinimide obtained from the

a polivisobutenyl succinic

mixture

Additive A is a 60% active

arcmatic solvent) of &

condensation
anhydride derived

approximately 750 with a

£Z

of average composition

Additive B is

N,N'-disalicyclidene-1,2-dianinopropane.

Takble 1.
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Table 1
Fuel A B C D Surface
Composition {(ppm {ppm {(ppm {ppm carbon
active) | active) | active) | active) | (ng/cm?)
1 (ref} 117
2 {(comp) 48 124
3 {(comp) 96 101
4 (comp) 144 49
5 {comp) 192 29
& (comp) 48 2 20
7o(inv) 48 2 30
g8 {inwv) 48 243 ie
9 (inwv) 48 2 2 5
10 (inwv) 48 2 2 4
11 (inwv) 2 2 5
it can be c¢learly seen from Table 1 that in order to

(931

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 i1s seen when additives of the present
invention are alsc used. These additives are effective at
10 wvery low concentrations when used with amounts of a

traditicnal nitrogen-containing detergent Additive A that

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

15
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Table 2
Property Units Limits
Min Max
Cetane Number 52.0 54.0
Density at 15°C kg/m’ 833 837
Distillation
50% v/v Point °C 245 -
25% v/v Point °C 345 350
FBP °C - 370
Flaszh Point C 55 -
Cold Filter Plugging “C - -5
Point
Viscosity at 40°C mm’/ sec 2.3 3.3
Polycyclic Aromatic % m/m 3.0 5.0
Hydrocarbons
Sulphur Content mg/ kg - 10
Copper Corrosion - 1
Conradson Carbon Residue % m/m - 0.2
on 10% Dist. Residue
Ash Content % m/m - 0.01
Water Content %5 m/m - .02
Neutralisation (Strong mg KOH/g - 0.62
Acid) Number
Oxidation Stability mg/mL - G.025
HERR (WSD1, 4) Bl - 4300
Fatty Acid Methyl Ester prohibited
Example 4
Diesel fuel compositions were prepared
additives listed in Table 3, added
from a common bkatch of RF06 base fuel,
ppm zinc {as zinc neodecancate) and

the CEC DW 10 methad.
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The engine of the injector fouling test is +the PSA

DWIOBTED4 ., In summary, the engine charscteristics are:

Design: Four c¢ylinders in line, overhead camshaft,
turbocharged with EGR

Capacity: 1998 cm’

Combustion chamber: Four wvalwves, bowl in piston, wall
cuided direct injection

Power: 100 kW at 4000 rpm

Torgue: 320 Nm at 20C0 rpm

Injection system: Common rail with pi

Emd
[$)]
B
O

electronically controlled 6-hole injsctors.

Max., pressure: 1600 bar (1.6 x 10% Pa). Proprietary design
by SIEMENS VDO

Emissicns control: Conforms with Euro IV limit wvalues

when ccmbined with exhaust gas post-treatment svstem (DPF)

This engine was chosen as a design representative of the
modern Ruropean nigh-speed direct injection diesel engine
capable of conforming toe present and future Ruropean
emissions reculrements. The common rail injection syastem
nges 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¢ Dbe achleved 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 depcesits causes a significant loss of

engine power and increased raw emissions.

The test is run with a future injector design

e

representative of anticipated Burce V injector technology.
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baseline of

tests,

injectors 1s specified,

(iv) |HH 48 23 rZOHHOCul -d25 - 12665

30 H
PCT/GR2008/050864
58
necessary to establish a reliable

so a sixteen hour running-in schedule for

injector condition before beginning fouling

Test

the

using nen-fouling reference fuel.

Full details of the CEC F~88-08 test method can be
obtained £from the CEC. The coking cvcle 1s summarised
below.
1. A warm up c¢ygle (12 minutes) according to  the
following regime:

Step Duration Engine Speed|Torgue (Nm)

{minutes) {xpm)

1 2 idle <5

2 3 2600 50

3 4 3560 75

4 3 4000 L3O
Z. 8 hrs of engine operation consisting of 8 repeats of
the following cycle
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(iv) No------- S /-'-""'-NH, H46 14 OHr,7; 0  --H2-25

A S W |\ A ", " - NH2
WO 2009/049582 PCT/GB2008/030804
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Step Duration |Engine Speed | Load | Torgue | Boost Air
{(minutes) | (rpm) {%) {Nm) After
IC (°C)
i Z 1750 (20) | &z 45
2 7 3000 (60) 1173 50
3 2 1750 (20) | o2 45
4 7 3500 (80) 1212 50
5 2 1750 (20} | 62 45
3 10 4000 100 * 50
7 2 1250 (10 | 20 43
8 7 30090 100 * 50
9 Z 1250 {(10) 120 43
10 10 2000 100 * >0
11 2 1250 (10) | 206 43
12 7 4000 190 * 50

* for expected range see CEC method CEC-F-

98-08

3. Cocl down to idle in &0 seconds and idle for 10

seconds

4. 8 hrs soak period

The standard CEC F-928-08 test method consists of 22 hours
engine operatlion corresponding to 4 repeats of steps 1-3
above, and 3 zrepeats of step 4. ie 56 hours total test

time excluding warm ups and cocl downs.

The results are also reported in Table 2, below.
Where we have reported results after 24 hours engine
operation; this corresponds to 3 repeats of steps 1-3

above, and Z repeats of step 4.

32



(iv) H 48 22 r,DH ',12,-,25 PIF3780 refers to a polyi sobut ene
resi due havi ng an average nol ecul ar wei ght of 780. WO
2009/ 040582PCT/ G3B2008/ 050864 63 Exanple 7
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Where we have reported results after 48 hours engine
cperation, this corresponds to a modification to the

standard procedure invelving 6 repeats of steps 1-3 above,

and b repeats of step 4.

5
Table 3
Additive Additive Additive Power Loss % following
A B C engine operation of X
Fuel (ppm {ppm (ppm hours
Comp’'n active) active) active) X = 24 X = 32 ¥ = 48
12 (rel) - - = 9 16.9 13
13 {comp) 288 - - z 3.1 8
14 (comp) 96 - - 6.4
15 {(inv) 182 5 25 3 3.0 Z.5
146 {inv) 96 - 25 3.0
17 (inv) 48 - 25 3 3.4 3.5
Example 5

16 Diesel fuel compositions were prepared comprising the
additives listed in Table 4 below, added to aligquots all
drawn from a common patch of RF06 base fuel containing 10%
cf bio diesel in the form of Rapeseed 01l Methyl Ester and
tested according to the CEC DW10 method. Power loss was

15  recorded after periocds of 24 hours, 32 hours and 48 hours
of engine operating time corresponding respectively to 3,

4 and & operating cycles,



Di esel fuel conpositions 32 to 36 bel ow were prepared conprising the
additives listed in Table 6 below (the additives having been prepared by
nmet hods in accordance with Exanple 1). Diesel fuel conposition 31 was
prepar ed weixgAcdeti ve A above. The additives were addad:pmosalsesguots al |
drawn froma comon batch of RFO6 base fuel and containing 1 ppm zinc (as
zi nc neodecanoate). The base fuel used as froma different batch to that
used in tests descri bed above and gave | ower surface carbon in the HLPS
test. Each of the fuel corrposit&o‘:ng ‘V\@s tested using the Hot 15 Liquid
Process Sinulator (HLPS) equi pnent “@2stribed in Exanple 3. Table 6 Fuel
conp' n Phenol Am ne Ml ar ratio HCHO Am reswelPhbeeoed $TEeRlowRateedEitneve PPmM

Surface Carbon pggn? 33(rgf) - - O 58 34(com) (Addifd yer ) o 48

Composition {ppm) {ppm) ¥ = 24 X = 32 X = 48
18 Aref) - - 7.5 10.2 13
19 (comp; 192 - 15 - -
20 (comp) 384 - 4.5 - -
21 {(comp) 576 - 0 - -
22 {inwv) 384 100 0.1 0.5 1
23 {inwv) 162 100 -1 - -
24 (inv) 96 100 2.1 Z 2.5
25 (inv) 96 50 1.9 2.5 4

Example &

@3]

Further compounds were prepared using analogous methods to

that described in Example 1.

In each c¢ase, a Mannich reactlion was <carried out by
reacting formaldehyde and para-dodecyl! phenol with the
10  amines listed in Table 1 in the molar ratic stated. The
compounds were added to aligquots all drawn from a common
batch of RFC6 base fuel at the treat rates indicated. The
resultant fuel compositions were then subjected Lo the
HLPS test of Example 3 and the surface carbon measured.
15 The results show that the performance enhancing additives
0of the present invention provide a gresater reduction of
surface carben than Mannich preducts of phenols 0f higher

molecular weight.,



35(Fknv) (Additive C) P1 Al 2:1:9 12 8 36(iv) P1 A2 3:1:3 12 14.5 37(iv) P1
A3 2:1:2 12 2.7 38(iv) P1 A4 2:1:2
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Table 5
Fuel ' Additive Treat | Surface
Comp’'n rate | carbon
ppm | wug/cm’
26
/\/ \/\ N/\/ \/\NH2
{comp) 132 93
P\B?SG
27
PIB730
28
/”\\// \N//\\Nw
(comp) 48 113
5750
29
/”\\// \\//\\
(comp) {i::]::\\ 48 120
PlBrgg PiBrag
30
/\/ \/\:\
(inv) [ 48 23
P
thzz HG CygHas
31
. /”\\,/ \\//\\NM )
{(inwv) ag 14
C12H25
32 -
(inv} {:::Iij\\ /A\T// 48 22
Cu Hos

PIByge refers to a polyiscbutene residue having an average

molecular welght of 780.



12 7.5 39(conp) P2 Al 2:1:2 12 66.5 20 Phenol P1: p-dodecyl phenol
P2: phenol substituted w th polyi sobutene of MAFT80 WD

2009/ 040582PCT/ GB2008/ 050864 64 Ami ne Al: tetraethyl enepentam ne ( TEPA)

Am ne A2:WPrzhg@/@@s8am no- et hyl )am ne (TREN) Am ne A3: athytemedisets ne ( EDA)
Am ne A4: am noet hyl et hanol am ne (AREA) 5 Exanple 8 Unlike the tests

descri bed above, which are all quantitatjyve tests, this exanple relates to
qualitative 10 tests undertaken to provide a visual determ nation of the
condi tion of; gggg Iters present under two different test regines, a)
conpar ati ve an ? in accordance with the invention. 15 a) The DWO test

met hod was applied, for 32 hours engine running tine, using a batch of RFCO

base fuel c ntaiTigﬁléprn12|nc as 2| A new fuel filter
was used. ACtHETemd'of tHEPTESt PEti 6

Phenol

C neo noat e) .
RE P RaEA T 1 ei=Ras HiavEd and
i nspect ed, andpwasifigunthet oabei head | y120=4di sicol oured, oM tB1awcoatieng of

bl ack reS|due on the filter surface.

additives having been prepared by methods in accordance

with Example 1). Diesel fuel composition 21 was prepared

using Additive A above. The additives were added <o

ailgquots all drawn from a common batch of RF(06 bhase fuel

and containing 1 ppm zinc (as zinc neodecancate). The

10 bhase fuel used was from a different batch to that used in

ok
<

tests described above and gave lower surface carbon in the

HLPS test.

Fach of the fuel compcesitions was tested using the Hot

15 Liguid Process Simulator (HLPS} eguipment described in
Example 3.
Table 6
Treat
Mclar ratio | Rate Surface
HCHO:Amine: | Active | Carbon
Fuel comp'n | Phenol Amine Phenol ppm ng/om?
33 (ref) - - - O 58
34 (comp)
(Additive A} - - - 48 52
35 (inv)
(rdditive C) P1 Rl 2:1:2 12 8
36 (inv) Pl BZ 3:1:3 12 14.5
37 {inv) Fl A3 2:1:2 iz 2.7
38 {(inwv} Pl A4 2:1:2 17 7.5
39 (comp) p2 Al 2:1:2 12 6.5
20 Phenol PL: p-dodecylphencl
Phenol PZ: phencl substituted with polvisocbutene of MW780




b) The nmet hod was repeated, also for 32 hours engine running tine~ with a
new fuel filter (but with the fuel 25 injectors unchanged). The fuel was
the sane batch of RFO6 di esel fuel, but contained 1 ppmzinc (as zinc
neodecanocwahe)ysodsdi t i ve A (192 ppm active) and Additi vwericKo&/apms). At the
end of the test period the fuel filter was renoved and inspected, and was
found to be barely 30 discoloured, with,a creamcolour filter surface. WO
2009/ 040582PCT/ GB2008/ 050864 65 Exanple 9 Additive E was prepared using a
met hod anal ogous t hat described in exanple 1. In this case

par af or mai d 8§,£gfhyF%B a?ﬁ%ﬁﬁ%ﬂ?pgﬁaa@}ggdé@§?Abhenol were reacted in a.
mol ar rati ozefinal dehydefa) (2-poliyamoneh) axiphepokfie) of 2:1:2. Exanple 10
10 Additive _F was grepared usi ng a nmet hod anal ogous to that described in
exanpl e 1. PAPRI §°case™paratSrrdidényde”’ ani noet hyl et hanol ani ne and

4-dodecyl phenolk were reactedjna-mehakninatigrof, ai dehyde(a) : o

pol yam ne(b) : phenol (c) 15of 2:1:2. Exanple 11 D esel fuel conpositions
were prepared conprising the 20 additives listed in Table 7, added to
aliquots allgydpaym groma common batch of RFO6 base fuel, and containing 1
ppm zinc (as zinc neodecanoate). These were tested according to the DEC DW
10 nethod, as detailed in relation to exanple 4. The power |oss after

2009/ 04053251 GB20081'050863-66 1361 o7 Fusl Cofposi (1 gh =r¢ =1
gquantitative tests, this example relates to gualitative

16 tests, undertaken to provide a visual determination of the
condition of fuel filters present under two different test

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

invention.

15 a) The DWI1O tfest method was applied, for 32 hours engine

running time, using a batch of RF0OG6 base fuel containing 1

ppm zinc (as zinc neocodecancate). A new fuel filter was
uged., At the end of the test period the fuel filter was
removed and inspected, and was found to bhe  heavily

20  discoloured, with a coating of black residue on the filter

surface.

e} The methcd was repeated, alsc E£or 32 hours engine
running time, with & new fuel filter (but with the fuel
25  injectors unchanged). The fuel was the same batch of RFOS6
diesel fuel, but contalined 1 jefele zinc {as zinc
necdecancate), Additive A (1%Z2 ppm active) and Additive C
(50 ppmnm; . At the end of the test period the fuel filter
was removed and inspected, and was found to be barely

30 discoloured, with a cream colour filter surface.



Additive A (PPmactive) Additive E (PPmactive) Additive F (PPm active) %
power | oss at 32 h 40(conp) 96 - 6.6 41(iv) - 121 -2.0 42(Thy)

WO 2009/040582 PCT/GBZ008/50864
65

Example 9

Additive I was prepared using a method analogous to that

described in example 1. In this <case paraformaldehyde,

(84

etnylene diamine and 4-dodecyl phenol were reacted in =a
moiar ratioc of aldehyde{a); : polyamine(b) : phencli{c) of
2:1:2.

Example 10

Additive F was prepared using a method analogous to that
described 1n example 1. In this casse paraformaldehyde,
aminoethyl ethanclamine and 4-dodecyl phenol were reactad
in & molar ratio of aldehyde{a) : polyamine (b} : phenol (c)

15 cf 2:1:2.

Example 11

Diesel fuel compositicons were prepared comprising the
2¢  additives listed in Table 7, added to aliguots all drawn
from a common batch of RFJO base fuel, and containing 1
ppm  zinc  {as zinc neodescancate). 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

25 32 hours was measured.

30



96 25 3.9 43(v) 96 50 - 0.3 44(iv) 96 50 0.2 67 Cains 1. The use of an
additive in a diesel fuel conposition to inprove the engine performance of
a diesel engine with a 5 high pressure fuel systemusing said diesel fuel
conposi ti g 2eRabREN the additive is the product of a daneBikdseaeti on
between: (a) an al dehyde; (b) apol yam nesel ect edf r onet hyl enedi am ne, 10
diethylenetriam'ne,triethylenetetrarringo_,6

Table 7
Fuel Additive A | Additive E | Additive ¥ % power
composition {ppm (ppm {ppm loss at
active) active) active) 32 h
4¢ {comp} 9% - - 6.6
41 {inv} o 121 - -2.0
42 (inv) 96 25 - 3.9
42 (inwv) 96 50 - 0.3
44 (inv) 546 - 50 .2




t etraet hyl enepent am ne, pentaet hyl enehexam ne, hexaet hyl enehept am ne,

hept aet hyl eneoct am ne, propane-1, 2- diamne, 2(2-am no-ethyl am no) et hanol,
N ,N-bis (2- am noet hyl ) et hyl enedi am ne( N( CH2CH( 2NH 2) 3) and m xt ures
15 and/or igogess and/or oligomers thereof; and (c) an optionally
substituted phenol, wherein the or each substituent of conponent (c) has an
average nol ecul ar wei ght of |ess than 300; and wherein the hi gh
pressure fuél §ystemehas arprassiurierd niexsesscstl1356 1 20arositiThe Wise
according to _claim 1l wherein the inprovenent .in perforimance. my asur ed
by a reduct FBR PR powsT 1055 Pl ofTTRECenging a H?%?fgepgﬁﬁgtﬁgﬁhr%
deposit55onhg@%_25p£@&§@$@r5§gglthaﬁgﬂggme.uginghe 4$ed aceakdieng toul aim 1
or claim2 wherein the additive product has a nol ecul ar weight of |ess than
1000. 30 4. CFwafsdigccoor dhpgets anye precediig chai ntWherdi W &Ompbherit (a)
conprises f | dehyde. .. . e .according to any preceding claim

wher ei n cong%%gﬁgﬁi6%£¥§‘§”b§FVa%%§Tene pol yam ne. 35 6. The use according
to claimb5 whereign camponegd; (b) is a pol yet hyl ene pol yam ne havi ng between
3 and 8 nitrogen atons. = 68 7. The yse according to any regedtng;claim
wher ei n conpenent? (c) A% YEdkyl - %SGt ed ph&Aol whi-CHFESaLamIne,
monosubtiit ut gd.. at

: at ibe.Paraposition. 5 8. The userageerdiiRgt@taltine,
precedi ng claln1m%ere|n conmponent (c) has a 012 al kyl substituent. 9. The

use accor di ngetoaanyypeeerdihgnthai m wher ei n t he ppaickstrance cdsianchag
additive inc %%S%tﬂ?kgﬁgﬁgétgﬁikg? %gp%%%%%g%éne%@tamine, propane-1,Z-

diamine, 2{2-amino-ethylamino)ethanoi, NY LN -bis (2-

amincethyl) ethylenediamine (N (CH-CH-NH:Y ) and mixtures

15 and/or isomers and/or oligomers thereof; and

(¢} an optiocnally substituted phenol,

wherein the or each substituent of component {c¢) has an

average molecular weight of less than 300; and whereln the

high pressure fuel system has a pressure in excess of 1350
20 bar.

2. The use according to claim 1 wherein the improvement in

performance may be measured by a reduction in power loss

of the engine and/or a reduction in deposits on the

25 injectors of the engine.

3. The use according to claim 1 or claim 2 wherein the

additive product has a molecular weight of less than 1000.

30 4. The wuse according to any preceding claim wherein

component (a) comprises formaldehyde.

5. The use according to any preceding claim wherelin

component (b} 1s a polyalkylene polyamine.
35

6. The uss according to claim 5 wherein component (b)

polyethylene polyamine having between 3 and 8

.

atoms.




“(Rr, OH (Rin 15 wherein each Ris independently selected from an
optionally substituted al kyl group and each R may be the sane or different,
R is a residue from al dehyde conmponent®*(a), nis fromO to 4, mis from1l
to 6 and pis from1l to 12. 20 10. The use according to any preceding claim

wherein the petformance enhanging addi tive imedsgteshgoleciles wofe tdie
formula: 25 69 OHR wherein each Ris |nde endentlg sel ected from an
optional | ycsubstint etcal Ky  Grouplid -6a6k tREFRPhePhABCSaneN bF" di'ff er ent |

R |sareS|duef omgl ehyde, coppone MNis fromO to 4, mis froml
to 6 and p Mrg® FP% e feg Q¥ hg Bee % B%"f‘ﬁe 0sé according to any preceding
claimwherein the 10 perfornance enhanci ng additive is present in the

di esel fuel osition in an _amunt fromO0.01 to 100 p $f]' dé%. The use
accordihg fo anBepr%%%dl%@C%¥%¥ﬂgmh3?el%P¥rm9%ﬁ%%%%n$ue Lohpdsition’

further .conprlges-a phtpagen- 9,0Qnghnisng detekgent .

9. The use according to any preceding claim wherein the
performance enhancing additive includes molecules of the

10 formula:

OH OH

Sane

15 wherein each R 1is 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 tec 4, m is from 1 to € and p is from 1 to
12.

20
10. The use according to any preceding claim wherein the
performance enhancing additive includes molecules of the

formula:

25
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69

OH

\;

(R)

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

10.

11. The use according to any preceding claim wherein the
performance enhancing additive is present in the diesel

o

fuel composition in an amount from 0.01 to 100 ppm.

12. The use according to any preceding claim wherein the
diesel fuel composition further comprises a nitrogen-

containing detergent.



