WO 2009/ 040584PCT/ GB2008/ 050866 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 S“iRaQEQw&@%muse in diesel engines with high pr?é@g%ﬁm/&ﬁQmsyStens'
Due to consuirer dermand and | egi sl ation, diesel engines ave 1 n 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 inprovenents in the conbustion process. To achieve
the fuel atom sation necessary foelf{®dmpdahhiioned conbustion, fuel injection
equi pnent has been devel oped whi ch uses hi gher injection pressures and
reduced fuel injector nozzle hole dianeters. The fuel pressure at the

i njection noZzz¢ errssaow conrDniyn i meextess t20 ofell. 5Q0dyart ichs5 a0dl08 Pa) .
To achi eve these .pressures.the rk that.nust, be done.on the fuel also

i ncr eases th%gJéﬁﬁ??a?ﬁ?égbé'tHﬁQ#ﬁgF}CTE%Eet$ﬁg1“6¥%§§Gr5§*%&ﬁf e

t enper at ur esacdd@it icaus el «degtadatli onedf ddreckuel onby esepeenginescthand ng hi gh
pressure fue£u§¥§&%p§0%aﬂsing£q9§ but are not thHygglto heavy duty diesel
engi nes and ShaiTer passeiger” car®typs dir8sel " enhgines. “AEAVYT duty di esel
engi nes can &nectdarde very powerful engines such as the MIU series 4000

di esel having 20 cylinder variants 30 with power output up to 4300 kW or
engi nes such as the Renault dXi 7 having 6 cylinders and a power out put
around 240kWuA typiccalsupassengemndcaindi esglsengicne 1sid4d@ MWRines
20091040584PCT/ GB2008/ 050866 Peugeot. DWO havi ng 4 c¥linders and a power
out put ofY 1007 K& of F@E@nﬁeﬁgﬁﬁ?nﬁeﬁﬁﬁ?h@uQ%rpaﬁ%.ePﬁ &Y | Sof LEHe i esel
engi nes rel athdg @ rohies bBYEMtIOke and coMmORJeAUER I ESiandi 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.
15 Two non- | iwddd NG exaepkeassof nsyshr high pr essuce ktueb,sysiens,ane: the
comon rail injection system in which the fuel is conpressed utilizing a
hi gh- pr essur’er piifp tHatits uppl PESTETEGEhelf G8F ISRFEEEr on" vAF V&S T-hr ough a
conmon rai | ; randsdhe-uni topenj ecki on; sysiemwhi ch -ntegrates,thenjs

impreoved combustion, fuel injection eguipment has been

developed which uses Thigher iInjection wpressures and
reduced fuel Iinjector nozzle hole diameters, The Zfu=l
pressure at the injecticn nozzle 1z now commonly in excess
20 of 1500 bar (1.5 = 10°% Pa). To achieve these pressures
the work that must be done on the fuel alilsc increases the
temperature of the fuel. Thase nigh pressures and

temperatures can cause degradation of the fuel.

o
3]

Diesel engines having high pressure fuel systems can
include but are net 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 diese}l having 20 cylinder wvariants
30 with power output up bto 4300 kW or engines such as the
Renauit d¥i 7 having 6 cylinders and a powar output around

240kW. A typical passenger car diesel englne 1is the



15 hi gh-pressure punp and fuel injection valve in one assenbly, achieving

t he hi ghest possible injection pressures exceeding 2000 bar (2 x 108 Pa).
In both systens, in pressurizing the fuel, the fuel gets hot, often to

t enper at ureg »R6R4ad 100C, or above. 20 In comon rai'P?ﬁEﬁﬁﬂﬁwm&ﬁe fuel is
stored at high pressure in the central accurmulator rail or separate

accunul ators prior to being delivered to the injectors. 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 systenms the fuel is conpressed
within the inesdr D lopdeing of gerierrates st kedhighoaf ecttont priessiires. This
turn increas t | 0O fromthe conbustion
chanber. Theﬁ?éﬁggfgggggﬁﬁ%y%ﬁ%q%hé?ga§g§ﬁgﬂ§ip of the injector can be as
high. as 250 - 350 C. Thus the fuel is stressed at pressures from 1350 bar
(1.35 x 108 Pa)_t.0 gver 200 r - 1 . t r . 5 from around
100C to 3SOCBgfﬁékC%o“%ﬁjgc%f%%fa%%ﬁéfi%géggégﬂgx?g@??c%ﬁ%%ﬁ%“%ﬁcflmﬁthin

t he fuel systemarhussdtnecreasi g it time stior Whiech styheefiuel'yekgperlivences

t hese condit] A.C n.pr.qebl iL.th diesel engines is fouling of the
i nj ector, péé%%%ﬂléglﬁnt%%%?ﬁfegfo%%ggg%%rag%‘?%exiQ?egﬁérE%%ZZS%¥lFouling
may al so occlurt jattehe praebufdd tef .ud njoec¢f0p nozzlze f aul’i hg oecursawhen t he
nozzl e becoqg;,Qg%%ﬁed wi th deposits fromthe diesel fuel. Fouling of 15
fuel filters n%ybbe related to the recirculation of fuel back to the fuel
tank. Deposits increase with degradation of the fuel. Deposits may take the
form of carbpnaceogus.coke-|ike residues or stbcky.q[ um | ike residues. In
sone situationhs very high additive treat” r at'e€d ney’'t edd*€6"20 intreased
deposits. D eselerfuels: beconmecmrne: angd Inof e amnstabl e-4he., nore fhey. are
heated, partjcularly .if heated under pressure.. Thus diesel engines having
hi gh pressure™ udl® syst 6RE" ey Tadke ‘TRt ased FUél *deYF adat o5 The
probl em of isajmetiers fiaukiongneayueccur e usisngeanyntypen of diresel fuels.
However, sone fuels may be particularly prone to cause fouling or fouling
may occur more qui TKl yRihel! theSe FUers dretaled ! For Loxawpiie” fiudl s

cont ai ni ng bipgli-eselsshave beep found e 1praduee-i phect9r+30 frouldnrg nore
readily.Diesel fuels containing netallic species may also |ead to increased
deposi t s. Met &P 157 'Ipeci ¥ 47y “Be delS bek a'6ts) adeetd to e f uel=ir-cadditi ve
conposi ti onsp AfsdB%sbe=pELSENy asoeant g napt spech®spay W0 11 poth

2009/ 040584PCT/ GB2008/ 050866 4 Cont ami nation occurs if netallic species
fromfuel diSITiBiri o sySEefsr %€kl chee difseti butliconteyst fEs Vehicl e fue
systens, other:detal kigocopmponent.sand | whrd catd ng.oils becone dissol ved or
di spersed in fuel. 5 Transition netals in particular cause increased
deposi t s?¥ especial |y copper and zinc species. These may be typically

present at Iﬁvelc%mtnegmﬁaﬁzewsefelk@mgpar&% p%e?”iéOf})tolfegtoam PRm  but it

is believed that levels 10 likely to cause problens are fromO0.1 to 50 ppm

for exanpl e LS G101 pprihe central accumulator raill or separate
accumulators prior to being delivered to the injectors.

Often, some of the hneated fuel 1s returned to the low

25 pressure side of the fuel system or returned to the fuel

tank. In unit injection systems Lhe fuel 1s compressed

within the injectcr 1n order to generate the high

injection pressures. This in turn increases the

temparature ¢f the fuel.

In both systems, fuel i1s present in the injector body

prior to injecticon where it is heated further due Lo heat



When i njectors becone bl ocked or partially blocked, the delivery of fuel is ﬂ
| ess efficient and there is poor 15 mxing of the fuel with the air. Over
time this leads to a loss in power of the engine, increased exhaust

em ssi ons fuel econony. As the size of the ipj r nozzle hole is
reduced, Pﬁg%ggﬁgéﬁative i npact of deposit build up bg%@%&g”ﬂ@g%”

significant. By sinple arithnmetic a 5 pmlayer of deposit within a 500 um
hol e reduces the flow area by 4% whereas the same 5 pm|layer of deposit in
a 200 pm hol e reduces the flow area by 9.8% 25 At present,
ni t r ogen- contaimi nige detrengents maygmberadied temdeeselrd uei tiee rediice
coking. Typical_ .nitr.ogen-containing detergents are those.formed by the
reaction of %Qp%W?F§6bﬁfy?%%é¥?uC§%ftﬁ e %u%%ﬁﬁf%'ﬁéigg%erfgg%iVé with 30
a pol yal kyl eneupaolhsarfivne. iHowenersarewer rengsness i heludidig baner: i3y ect or
nozzl es -are nporessensitive and rent diesel fuels may _not be suitable for
use with thexnéﬁlegﬁ%né% ?%%%r%gggtgﬁé g%e§ej§ha%ﬁ2?nhoifpgeﬁ%?€§§ 5 1n
order to #ai Atai naperforitnce w t3bengirnesrcant dinfiergithesecosamlder nozzle
hol es much hjgher treat rates. of eﬁjstgg .additive uld need to be
used. Thi s i s°5 Thefficir&ht*Hnd 35§i1yy“éﬂﬂniﬁj§% l%£§e§yéé?@ higH treat
rates can al soccausecdf auki ngmeThe rpresent ichventer hasedevetapedhdicesel f uel
conposi tions_which when used in diesel engines with high 10 pressure fuel
systens provide i npiroved performance conpared with di esel fuel conpositions
of the prior art. According to a first aspect of the present invention
there is_proyided a diesel fuel conposition conprising a 15 performance
enhanci ng ad%iFPW@?nmﬁéPE%ﬁmtHét%epﬂﬁﬁﬁﬁn€égéﬂﬁ%néﬁné%§ddpﬁi&6 i's'% he
product of aiMamich peaetionbetweeninfa)can @ldehyde; +b) : & polyam ne;
and 20 (c) an optionally substituted phenol; ‘ )

nozzle. Fouling may also occur in the fuel Ifilter,

Injector nozzle fouling occurs when the nozzle becomes

blocked with deposits from the diesel 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 carbonacsous
coke-like residues or sticky or gum-like residues. In

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

fuel systems may cause increased £uel degradation.

25 The problem of injector fouling may occur when using any
type of diesel fuels, However, some fuels may bhe

articularly prone to cause fouling or fouling may ocour

e

more quickly when these fuels are used. For example, fuels
containing biodiesel have been found to produce injector
30 Ffouling more readily. Diesel fuels containing metallic
species may also lead to increased deposits. Metallic
species may be deliberately added to a fuel in additive

compositions or may be present as contaminant species,



wherein the pol yam ne conponent (b) includes the noiety RiRZNCHRBCHR4NR5R6
wherein each of Rl, R2 R3, R4, 5 R and R6 is independently selected from
hydrogen, and an optionally substituted al kyl, al kenyl, al kynyl, aryl,

al kyl aryl | al kyl substituent; and wherein th i I
conpositiaﬁéﬁﬁgpﬁéés an additive conprising a quatern§?§0§%§%%%§§1salt

whi ch conprises the reaction product of (a) a hydrocarbyl -substituted

acyl ati ng agent and a conpound havi ng anh oxygen or nitrogen atom capabl e of
condensing 30 with said acylating agent and further having a tertiary am no
group; and (MYnzmjuaterni zbnguagent £sumtabl 814 or spormver t | figort heftegrti ary
am no group to a quaternary .lLa nitro eﬂﬁmhere£n+£pe+qy%ternigiQ%Sagent i's
sel ected fromthe group consisting of dialkyl “sut pHates, beﬁ%?va‘dlides,
hydr ocar byl -saibistlist utfed lcasbenates; dydrocardnlllepoxicdeschantconbimati on
wth an acidlqé nig;ureg‘xhqgeof. g.Thu§ t he p%ﬁ¥anineﬁreacxants used to
make the Manni¢h Fédbei on prioducts “of “the™ prdseit’ ™ FaveEnt o el ude an
optional Iy substituted ethyl ene di am ne residue. | o Pol yam ne conponent (b)
may be sel ected fram any conmpound whjch includes an ethyl ene dianm ne

ol ety. P of SRy He Boryant ReoT b i Pty eiTiytcerie “Bor § At AESS 10

2009/ 040584 P& £B2008/ 0508661 Prefer ablnr t he<pokyam nethass 2 40, 15:ai t rogen
atonms, preferably 2 to 10 nitrogen atons, nore preferably 2 to 8 nitrogen
atons or in %%‘Pfeglaééé’ef%este&% i t r6Yen® atofs ¢ T8 ppb Tlparts per

hillion} up to 50 ppm, but it is beslieved that levels
10 1likely to cause problems are from 0.1 to 50 ppm, for

example 0.1 to 10 ppm.

When injectors become blocked or partially bklcocked, the

delivery of fuel 1s less efficient and there 1is poor

fa—
o

mixing of the fuel with the alr. Over fime this ieads to
‘a loss in power of the engine, increased exhaust emissions

and poor fuel economy.

As the size of the injector nozzle hole is reduced, the

=

20 relative impact of deposit bulld up becomes wmore

significant. By simple arithmetic a 5 um laver of deposit
within & 500 um hole reduces the flow area by 4% whereas
the same 5 um layer of depcsit in & 200 pm hole reduces

the flow area by 9.8%.

At present, nitrogen-contalining detergents may be added to
diesel fuel to reduce coking. Typical nitrogen~containing
detergents are those Zformed by the reaction of a
polyisobutyvlene-substituted succinic acid derivative with
3¢ a polyalkylene polvamine., However newer engines including
finer injector nozzles are more sensitive and current
diesel fuels may not be suiltable for use with the neaw

engines incorporating these smaller nozzlie holes.



Preferably at |least one of RL and Ris hydrogen. Preferably both of R4 and
R2 are hydrogen. Preferably at least two of RI, fe, Rs and R6 are hydrogen.
Preferably at |east one of R3 and R4 is hydrogen. In sone preferred

enbodi ments each of R3 and R4 is hydrogen. In sone enbodinents R3 is
hydrogen and R4 is alkyl, for exanple Cl to C) alkyl, especially nethyl.
15 Preferably at | east one of P5 and R6 is an optionally substituted al kyl,
al kenyl , al kynyl, aryl, alkylaryl or arylal kyl substituent. 20 In

enbodi nent s Im whieh ab MEastainmpeﬁfqﬂﬂanteﬁﬁﬁmmjdﬂ@ihssn@bnhydnbg@n each
is independently selected fro tlonall ub t|t aI enyi ,

al kynyl , aryllr’!n %% kngfizroPoﬁgylaFk ol éFy Ebgﬁ erab gt tes F Y
independentIQXﬁﬁhe@;eddﬂ&oﬂv@ydmm@eﬂ.ande@ntﬁptkenahtgdZS sﬂmssltuﬁed

1-6) al kyl | L | f d d |
R, and 5 SNHYIUGE 4R HEOTLY artBbi ForerTy TR I aved drkyF S5l keny!

al kynyl, arytraced kdrabykootaasy/ | mhkyng30 substltuent.Preferany R6 is an
optionally substituted 0(1-6) alkyl noiety. WO
2009/ 040584PCT/ GB2008/ 050866 Such an al kyl noiety may be substituted with

one or nDre EOUPLaelceet edlﬁﬁ@mckwdr M aaha@olé@ﬁpeaiz&lsle)z unsubsti tut ed
am no; -NH, -NH9), sul pho, suI %< 8(1 4) alk nitro, mglo,
(especial ly %9WQ9§%§%OHFI&@P8? & e céBtglefﬁ r@“ﬁé?e%ewbﬁ 6r Fhor e

het er oaf pims phreHnper at el nt @ybh@rn@| kylrothakn, i@ioexanpher@orhhafteS, to
provide an ether, amne or thdoether. 10 Especially preferred substituents
R, R 4 FM SPHREat &ifdrosse o i éﬂOWPSaE HOE( BFATEI AVT

espeC|aIIy HO- OH2- OH2- and H2N-CH, -CH, -. 15 SU|tany t he pol yam ne i ncl udes

only am ne functionality, or am ne and al cohol functionalities.
According to a first aspect of the present invention there

is provided a diesel fuel composition comprising a
15 performance enhancing additive, wherein the performance
enhancing additive is the product of a Mannich reaction
between:
{a) an aldehyde;
{b) a polyamine; and
20 (¢) an optionally substituted rhencl;
wherein the polyamine component (b) includes the moiety
R'R®NCHR’CHR'NR’R® wherein each of R, R® R’, R*, R® and R® is
independently selected from hydrogen, and an optionally
gubstituted alkyl, alkenyl, alkynyl, arvl, alkylaryl ox
25 arvialkyl substituent; and wherein the diesel fuel
composition includes an additive comprising a 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
3¢ with said acylating agent and further having a tertiary
amino group; and (b)) a qﬁaternizing agent suitable for

converting the tertiary amino group to a guaternary



The pol yam ne may, for exanple, be selected from ethyl enedi am ne,

di ethyienetriamne, triethylenetetram ne, 20 tetraethyl enepentam ne,

pent aet hyl enehexam ne, hexaet hyl enehept am ne, hept aet hyl eneoct am ne,
propane-1, 2- di am ne, 2(2-am no-ethyl ari,no)ethanol, and N, Nl-bis (2-

am noet hyl ) ethyl enedi am ne (N (CH2CH2NH2) 3) Mbst preferably the pol yam ne
conpr i ses teﬁi@f&%%ﬂ?&%’l&‘i%@e %t%EnEEP § %Eé{t y's%% Lag pg,,
Commer ci al | y aval | e sources of* pol yam né pically confain m Xt ures of

i soners and/the(ynqymﬂepss1andn@rmﬁhﬂmaikpﬁepaﬁguate$Mnﬂdnﬂy§ tetdesi al |y
avai lable mxtures fall 30 w.thin.th f th r n n. WO
20091040584 E? sﬁg%sél%ukﬁdprcg"l %%gggeng %ﬁgng%gﬁh R/gn}ri]e%h
reaction protuctsndhat-thenpresierdn ismiénbroniarer«sd tledrabifvel y | ow nol ecul ar
wei ght. 5 Preferably nolecul es of the performance enhancing additive

pr oduct have an average nol ecul ar wei ght of |ess than 10000, preferably

| ess than 7500;s ptﬁéer};a:bijmllass rtelma:maaeeo udmy etpr ef=ereabtye | ®sant fian 1500,
preferably |l ess than 13 8 g 3: | ess than_ 1200, prenﬁ&gply | ess t han
101100, for EXHMpPIE | BES T%%% £60 EPrEF%?%%?y“fW@“ﬁé?For “enfianci ng
addi ti ve prosirciortias va subbecthiedd weihghtnef df @#8snd hassi90Q@,. nore preferably

| ess than 850 and nost preferably |ess than 800. 15 Any al dehyde may be
used as al dehyde conponent (a). Preferably the al dehyde conponent (a) is an
al i phat i go al gdehyge.nePreigoabhy the mdgehyde-hasel t7ok0 291 bonpaleds,
preferably 1 to 6 carbon atons, nore preferably 1 20 to 3 carbon atons. Most
pref erabl y tVE??ﬂ(ﬁﬂﬁﬁﬁgqssaPoFﬁﬁV&%ﬁ?d@iaQiﬂﬁnﬁ%ﬁﬁﬂyiyfﬁﬁgﬁFQBF% §3%r ces of
pol yam nes typigaliie centapplfuties ebii,semess and/ or ol igonmers, and
products 25 prepared fromthese comrercially available m xtures fall within
the scope of the present invention.



Optional ly substltuted phenol conponent (c) may be substituted with O to 4
groups on the aromatic ring (in 30 addition to the phenol OH). For exanple
it my be a tri7 or di- substituted phenol. Mst preferably conponent (c)
iS a nono- ted phenol . Substitution may be at nd/ or
nmeta, and/ #9%%‘£ 605|t|on(s) WO 2009/040584PGT/GBZ%%@F%%%@%86 Each
phenol noiety may be ortho, neta or para substituted with the

al dehyde/ ami ne resi due. Conpounds in which the al dehyde residue is ortho or
para substituted are nost commonly forned. M xtures of conpounds may
result. In preferred enbodi nents the starting phenol is para substituted
and thus the,ortho ﬁubstléute groducg}resylts 10 The1phenol may be
substituted With - any cormon gr up, or exanple ohe or & "of anfﬁlkyl
group, an alkenmdragreup, tanial kynkogrroup,ong, nmbmylpgeeemabiyrﬂambo%ylic
acid, an ester, an ether, an al kox rou rou a further hydroxyl
group, a. nercaApto gfoups &h éﬁﬁ?F%ngﬁéﬁgt %6rghp % %ﬂ%@ﬂ sul phoxy
group, a $ulphoxy group, an aryl group, an axylalkyl group, a. substituted
or unsubstit m.ne rou or, a nitro _group. Preferably t he pheno
carries one :%Hﬁg 18pt Bna F5°20 Elibstit ut'ed &tkyl" subdt i FUen ?EHLThe al kyl
substi t uent nﬁ%kh@t@ptb@ﬂﬁl&y1subaa|mubea wytihogd0r exanpl e, hydroxyl,
hal o, (especially chloro and fluoro), alkoxy, alkyl, nercapto, al kyl

sul phoxy, aryl or am no residues. Preferably the al kyl group consists
essential |y ofecarhon 26 asgshydicogenzat aifs. R The,subsiid utedcgbenol may

i nclude a al kenyl or al kynyl residue including one or nore doubl e and/or
triple bdhds. Mbst preferably the conponent (c) is an al kyl substituted
phenol grouppidrwhich the)akkyloghaimn mi*sasatar atetdhydThgeal kytn chain may be
| i near or branched. 30 Preferably conponent (c) is a nonoal kyl phenol
especi al | y a®Pardrsdosticrdi 88 hondafkyP ! phendtd §p s hydrogen.

2009/ 040584 PCIXB2QOBNBOR66- L0 Pr gf-er pbly, LoMpgagntr#( c); ceNpRLi sescan al kyl
substituted phenol in which the phenol carries one or nore al kyl chains
havi ng a tota¥2wf 9 Esst 28 «carbbh st Tivs12praf B2 abYy- | ess than 24 carbon
atons, mpye preferably | ess than 20 carbon atons, preferably |ess than 18
car bon atons, preferably |ess than 16 carbon at ons and nost preferably |ess
than 14 car boveHGHEY Prief é?ﬁéMyOﬂﬁe gr ®achr@l Ryl isubsti penenafliconponent
(c) 10 has fgr%ntﬁwca 20 £arhons, alogs, RIelarabl 8.0 alﬁqylng;% Ryef er abl y
8 to 16, especiall f f cafbon at oms. a particularl preferred
enbodi nent , @Uhpﬁﬁeﬁt89@¥ isuantphenol haV|ng a 012 al kyl substltuent 15
Preferably the or each substituent of phenol conponent (c) has a nol ecul ar
wei ght of |ess than 400, preferably less than 350, preferably |ess than
300, nor& pref exabidineess uhamh25@ ahd;wnﬁtEpﬁeker&ﬁLnyegﬁ‘tﬁan 200. The

or each subsér%ugnt frp nent (c) naﬁ SUIt bLy have, a .20.
ch =gl e}
nol ecul ar weight of ~ roﬁ%lo mx&gb or exanp e?%ﬁ B%OQ setE
from an opticonally substituted alkvl, alkenye aikynyl,
aryl, alkylaryl or arvialkyl molety. Preferably each iz

independently selected from hydrogen and an optlonally
25  substituted C({1-6} alkyl moietv.

In particularly preferred compounds each of R, RY, RY, R’

and R’ is hnydrogen and R® is an optiocnally substituted

alkyl, alkenyl, alkynvl, aryl, alkyvlaryl or arylalkyl
3¢ substituent. Preferébly " is an optionally substituted

C(l-6) alkvyl moilety.



Mol ecul es of conponent (c) preferably have a nol ecul ar wei ght on average of
| ess than 1800, preferably | ess than 25 800, preferably | ess than 500, nore
preferably | ess than 450, preferably | ess than 400, preferably |less than
350, nore y less than 325, preferably |ess than 30 nd nost

pr ef er abl ﬁﬁ&@‘@%ﬁn 275. WD 2009/ 040584PCT/ GL32008/ 8@8&%%‘8%‘%89“6erfor mance
enhanci ng additive of the present invention is preferably the reaction
product obtained by reacting conponents’(a), (b) and (c) in a nmolar ratio
of from5:1:5 to 0.1:1:0.1, nore preferably from3:1:3 to 50.5:1:0.5. To
form t he per$ormance@nlanciirg vaddiyt ioee sobstheups@sehth | sneentd om:eonponent s
(a) and (b) are preferabl remgedinharmlm'raﬂ(goffrgm4;1;o 1:1

(al dehyde: pof¥aMine) SS10°pFaf erani’y from 251 to ™. "“Conponeht s° (‘&) and (c)
are preferablysuleactredeiinaal no] arvH-gt i-oiHef, fswmid, 1 staphody, C(1-4)

(al dehyde: phenol nore preferably from=2:1 tg 1:1. To forma preferred

per f or mance %2%5%%inﬁlgﬁgit%@éoofx?ﬁ?“f§%bFe§ermpnv%ﬁtﬁ H°ERe fBl%r ratio
of conponentméa)art«@.conponent (c) in the reaction mxture is preferably at

| east 0.75:1, preferably fromO0.75:1 to 4:1, preferably 1:1 to 4:1, nore
Preferably from1:1 to 2:1. There nmay be an excess of al dehyde. In
preferred enbegidrentys skhengobarn20: nati-000f ogomponamMcrtakat oneonpanent (c)
is approximately 1:1, for exanmple fromQ0.8:1 to 1.5:1 or fromQ0.9:1 to
1.25:1. To forfa Preferiéd perforfmmce efhanci i§ RIATt{%ebf et 25
present invegtion drhenrekare¥ati o of conponent (c) to conponent (b) in the
reaction mxture used to prepare the performance enhancing additive is
preferably at least 1.5:1, nore preferably at least 1.6:1, nore preferably
at least 1. 7udpediorniexamireratal eastcide&rks pref erabky at 30°1 gasts 1. 9: 1.
The nolar ratio of conponent (c) to conponent (b) may be up to 5:1; for
exanpl e it nmayE BFUFAHOC4:1%) BFkp &6 375097 (SuitHBIy Wt PEPEP-36-¥3. 25: 1,
up to 301, upst®@i2chil.aUprt@-2: 3k 0or up to 2.1:1. WO

2009/ 040584PCT/ G82008/ 050866 12 Preferred conmpounds used in the present
invention are typically forned by reacting conponents (a), (b) and (c) in a
mol ar r atto 9&;251}:&%"' tﬁle( @ol@%mln@aiﬁpiud@s 2@1»1%’%} tﬁriin%b)funE@igné)ﬂwitys, (c) 0.4
parts (c); preferably approximately 2:1:2 (a :" b : c¢). These are comonly
known i n thecaranigs big- Manmich Teadticoniproducts. The present invention

t hus provides a diesel fuel conposition conprising a performance enhanci ng
additive fornmed by the bis-Mnnich reaction product of an al dehyde, a

poi yam ne 10Tand anloptirenaltay subseit utediphsnolle i nssdgcted t fombel i eved
that a val ua pr rition of. -nol lLes of 1he r.formance enhanci ng
addi tive aregéﬁ?%ﬁﬁg%?gkﬁigf é&%ﬁ%&#&%ﬁ%&gﬁg?%gbtT%ﬁ?%%&ﬁugggpﬁiwﬁq$'other

pr ef er r edt enbodi arentyd et:heepertfiiorarance enhanci ngeraddittivwenkehetardes: t he
reaction product .of .1 Le of. al dehyde with one nol.e of polyam.ne and one
ol 6 of phenal A StRe B8R 6r FRNC ‘enfiaerHG. AU (T U0 ey CoArain K o xt ure of
conpounds resigtimg f2omime:a-eattiieniof)ethanol, and N',N'-bis (2-

aminoethyl) ethylenediamine (N (CHzCH-NH2) 3} . Most
preferably the polyamine comprises tetraethylenepentamine

25 or especlally ethylenediamine,

Commercially available sources of polyvamines *tvypically
contaln mixtures of isomers and/or oligomers, and products
prepared from these commercially awvailable mixtures fall

30 within the scope cf the present invention.



20 conponents (a), (b), (c) ina 2:1:2 nolar ratio and a 1:1:1 nolar ratio.
Alternatively or additionally the performance enhanci ng additive may

i ncl ude conpounds resulting fromthe reaction of 1 nole of optionally
substituted phenol with 2 noles of aldehyde and 2 noles of 25 pol yam ne.
Reaction pr8dUCCe¥r this invention are believed to dEFFIGEOBG%te general
formula X WD 2009/ 040584PCT/ GL2008/ 050866 13 OH X 5 where E reresents a
hydrogen atom or a group of fornmula OH&(Qn where the/each Qis selected
froman optionally 10 substituted al kyl group, Q@ is a residue fromthe

al dehyde conpongentfenreids efiboaiBets 4.t tSnhiom S40 182, pQRaiscsedect ed
from hydrogen_and an optional ly substituted al kyl group, B is selected
from hydr ogen“and“&1*8pt i Gha Ty “Eubdis t ﬁfedr%lll%ylveg%ulg?w afdedu+& sel ect ed
from hydr ogegfe=1&h@nd an optionally substituted al kyl group; provided that
when p is O and Eis an optionally substituted phenolic group Qis an

am no-substituted al kyl group. n may be 0, 1, 2, 3, or 4. Preferably nis 1

or 2, nost 20rprefenablyilcu@:d sopreferably anoptdonaldiy substituted al kyl
group having up to 30 carbons. Q nmay be substituted with o, hydroxy, am no,
sul bhoxy, nePEAPtT; AFYT o2 ar JYeTaE dliesecUWADI2009F 040584 PCTSEB2008] 050866

14 10000, preferably less than 7500, preferably less than
2000, more preferably less than 1500, preferably less than
1300, for examplie less than 1200, preferably less than

10 1100, for example less than 1000.

Freferably the performance enhancing additive product has
a molecuiar weilght of less than 300, more preferably less

than 85C and most preferably less than 800.

Any aldenyde may be used as aldehyde component (a).
Preferably the aldehyde component (a}) 1z an aliphatic
aldehvde. Preferably the aldehvde has 1 to 10 carbon
atoms, preferably 1 to € carben atoms, more preferably 1
20 to 2 carbon atoms. Most preferably tThe aldehvyde 1is

formaldehyde.

Commercially available scurces of polyamines typically
contain mixtures of isomers and/or oligomers, and products

25 prepared Ifrom these commercially avallable mixtures fall

Opticnally substituted phenol component {c) may be
substituted with 0 to 4 groups on the aromatic ring (in
30 aadition to the phenol OH). For example it may be a tri-
or di- substituted phenol. Most preferably component (¢}
i1s & mono-substituted phenol. Substitution may be at the

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



or .may include one or nore double bonds. Preferably Qis a siﬁfle al kyl
group consisting essentially of carbon and hydrogen atons and is
predom nantly saturated. preferably has 5 to 20, nore preferably 10 to 15

carbon 5 . st preferably Qis an al kyl chain of %%P arbon atoms. QL
may be an3£§g$?@%g% group. It may be sel ected from an®af %m§&§§p1 or

al kynyl group optionally substituted with 10 hal o, hydroxy, nitro, am no,
sul phoxy, nercapto, alkyl, aryl or alkehyl. Preferably QL is hydrogen or an

optionally substituted al kyl group, for exanple an alkyl group having 1 to
4 carbon atons. Most preferably is hydrogen. 15 Preferably pis fromO to

7, nmore preferably fromO.to 6, nost preferably fromO to 4. The | yam nes
used to fornithe NEHIT CHOFEaLt 18R BF odlCHS 36 61 The BFeseRt i nvent i on may
be strai ght ebat nede os!dranehed; nal theugh: t hecsipabght Chaiimi sersion i s
shown in fornyL%}ﬁgllnlégﬁgty it is likel thaL.sonE,Qrsnchin w |l be
present. The*sKit{%ed pet woul 8 aF%0 “ApptEd at & T hat “aFt HoGgh I t he
struct ur es shewimdl f ofdad=a . X tan 25 etserdf nadngdiinkiegen vat-eis iy be, bonded
to phenol (5) via aldehyde residue(s), it is also pgssible that internal
secondary anthe" #oi%t i eSSHAEATA The P61 yaifidie *EAai RE0Gd r'dact®Ht h t he
al dehyde andstihus: @ t@didf f erent dnsemerdre product wowlkd:eessbt . »30duM0
2009/ 040584PCT/ GB2008/ 050866 15 optionally substituted. Such an al kyl group
may typical | §2¥hctude one or nore anmino and/or hydroxyl substituents. Wien
Qa is not hydrogen, it may be a straight chained or 5 branched al kyl group.
The al kyl group nmay be optionally substituted. Such an al kyl group may
typi cal I Y7 i nePadeorme diehoie EMTio ‘analol thldeoxXyFostpst FEdiem stoWheni s
not hydrogengxit-TBY,he & stdal gt aﬁ‘h%r’ﬁd vol@, beanehednal kyl,gr oup. The
al kyl group may be optionally substituted. Such an al kyl group may
typically inéﬁuéékﬁﬁg BECHDr e Fafilfié Yand/6Phy dr ox3APBUBS T taferits.2"As not ed
above, however,.when, Rtr$ 0, 2Q4al §o20 &M No- substit utedqal kyk, group.
Suitably 4 conprises the residue of  a 15 polyam ne,” as defined herein as
conponent ( b}vcThe perfor mancesEidncioiguaddit | e of Mg apresentur,

15 an alkyl sulphoxy group, & sulphoxy group, an aryl groug,

an arylalkyl group, a substituted or unsubstituted amine

grougp 0r a nitrc group.

Preferakly the phencl <c¢arries one or more optilonally
20  substituted alkyl substituents. The alkyl substituent may
e optionally substituted with, for example, hydroxyl,
halco, {especially chioro and Zfluoro), alkoxy, alkyl,
mercapto, alkyl sulphoxy, aryl or amino regidues.
Preferably the alkyl group consists essentlally of carbon
25 and hydrogen atoms. The substituted phenol mayv include a
alkenyl or alkynyl residue incliuding one or more double
and/or triple bhonds. Most preferably the component (o) is
an alkyl substituted phencol group in which the alkyl chain
is saturated. The alkyl chain may be linear or branched.
3¢ Preiferably component {c) is a monoalkyl phenol, especially

a para-substituted moncalkyl phenol.



i nvention suitably includes conpounds of fdfrr’ul a X formed by the reaction
of two noles of al dehyde with one nole of 20 pol yam ne and two nol es of
optionally substituted phenol. Such conpounds are believed to conformto

t he formul efinpition OHOH 25XI where QL,, 4, n an re as defined
above. \/\éﬁ%gﬂﬂ@?"dﬁ%swm GB2008/ 050866 16 Pref er abl y%@ﬁ%é‘lﬂ?@%’*“& formul a
X fornmed by the reaction of two noles of al dehyde with one nol e of

pol yam ne and two nol es of optionally sSdbstituted phenol provide at |east
40 Wt % preferably at least 50 wt % preferably at 5 | east 60 wt %

preferably atrd@asicl70 ad¥gonand pref ecaldnyisats | @astl BOL WeUp s of cidrel

per f or mance eﬁnharﬁgi ng a di,,&ji Vﬁ.E There may al so be other compounds present,
for exanpl e The teacti dn'produtt &f“1°noi€ "¢f 3l déhyde™ wi'tH “one nol e of
pol yam ne anghaites molvenef aphenal, cor 1é¢he reacidam prredyct pokrdramle of
phenol with 2 noles of_ al dehyde and 2 nol es of polyam ne. Suitably however
Such ot her cORPOUNGY af & GrENEnt ST tETS] BROUMICGN |56 (HEh 60 wt o
preferably |ess:drhantblsw % rprefenabl yekesstthan 50 wa¥.cprefesably | ess
than 40 wt% preferably |ess than 30 Wga% preferably 15 |l ess _than 20 w %
of the perfo?ﬁ%irﬁ:ré%gﬁh&ﬁ@isnghéadi%i VE T BRe -6 8 dprefer PE@ BTS2 Manni ch
product is whese 4hme apt Lonadd Va-sidesti tut ed al dehyde- phenol resi duesare
connected to different nitrogen atonms which are part of a 20 chai n between
the optionally substituted al dehyde-phenol residues, as shown in Formul a

X1, Xl 25 phefeian1Q Qe o2-apd RIAvE as,defined abovenapdep:isfroml to
12, preferably from1l to 7, preferably from1l to 6, nost preferably from1l

to 4. Thus %%%p%ﬂﬁﬁséo?of%ﬁrﬁﬂﬁ?qns dtoms, preferably & Lo 18, more
preferably 8 fto 16, especially 10 to 14 carbor atoms. In

a particularly preferred embodiment, compeonent (¢} 18 a

phenol having a Ci2 alkyl substituent.

15  Preferably the or sach substituent ¢f phencl component (¢}
has & molecular weight of less than 400, preferably less
than 350, preferably less than 300, more preferably less
than 250 and most preferably less than 200, The or each
substituent of phencl c¢omponent (¢} may sultably have a

20 molecular weight of from 100 to 250, for example 150 o

200.

Molecules of component (¢} preferably have a molecular
welght on average of less than 18080, preferably less than
25 800, preferably less than 500, more preferably less than
450, pretferably less than 400, preferably less than 250,
mere preferably less than 325, preferably lesg than 300

and most preferably less than 275,

30 Components f{(a), {k) and (c¢) may each comprise a mixture of

compounds and/cr a mixture of lsomers.



WO 20091040584PCT1GEB20081050866 are a sub-set of conpounds of farmula X in
which 4 - hydrogen, and p is not O (zero). A special class of bis-Mnnich
reaction products are 5 bridged bis-Mnnich products, in which a single

ni trogen m|inks two optionally substituted al dehyde- phenol residues,
for exarrpl%éga%?/?“gﬁgél |y substituted phencl-CH2- gr oupg%ﬁ%&?“@?’%{’ﬁfﬁ? t he
nitrogen atomcarries the residues of an optionally substituted ethyl ene
di ami ne group. 10 In graphical terns préferred resulting conpounds are
believed to he as shown in Figure X I1I. 15XI11 wherein Q Q@ and n are
as defined above, panth:Qkrice prefleamabhy t heidiesivdue «of aipol yamset as

descri bed herein as conpone b). preferably a polyethyl ene pol yam ne, 20
Tost pref er abT i Bpt oMy rEabkt TGt GAIBE NG eHEdt Sk nes ol ey s

descri bed above:-ithus;creonpaundsapf for mdda 4) ate a subesSetatofc conpounds
of formula X, _in which pis Q (zerp). The primary nitrogen group which has
react ed mﬁth*%?%eﬁ@ﬁe% Eﬁy‘bg“ §'hbtm8é@p§Fﬁ%gFa hé §F%§Ié%édgaﬁfhe 25
moi et y; pref ey ably;,chewever, ethyl enedi ani ne noi ety.

To form the performance enhancing additive of the present
invention components {(a) and {b) are preferably reacted in
a molar ratio of from 4:1 to 1:1 (aldehyde:polivamine},
10 preferably from 2:1 to 1:1. Componeants (al and (¢} are
preferably reacted in a molar ratic of from 4:1 to 1:1

{aldehyde:phencol), more preferably from 2:1 to 1:1.

To form a preferred performance enhancing additive of the

15  present inventicon the mcelar ratic of component (a) o
component {c¢} in the reaction mixture 1s preferably at
least 0.75:1, preferably from (.75:1 to 4:1, preferably
1:1 to 4:1, more preferably from 1:1 to 2:1. Thers may be
an excess of aldehyde., Iin preferred embodiments the molar

20 ratio of component (a) to component {C) 15 approximately
1:1, for examplile from 0.8:1 to 1.5:1 or from 0.%9:1 to
1.25:1.

To form a preferred performance enhancing additive of th

©

25  present invention the molar ratic ¢f component {c) =

&)

component {k) in the reaction mixture used to prepars the
performance enhancing additive 1s preferably at least
1.5:1, more preferably at least 1.6:1, more preferably at
least 1.7:1, for example at least 1.8:1, preferably at
30 least 1.9:1. The molar ratio of component {cy to

component (b} may be up to 5:1; for example it may be up

to 4:1, or up to 3.5:1, Suitakbly it is up to 3.25:1, up

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



is part of the WD 2009/ 040584PCT/ GB2008/ 050866 18 products provi des
particul ar benefit.In sonme preferred enbodi nents the bridged bis-Manhdch
reaction products provide at |east 20 wt % of the bis-Mannich reaction
products, preferably at |least 30 wt% preferably at least 5 40 Wt %
pr ef er abl Q’E%FGOP’%‘A‘Q%%‘ 50 wt% preferably at |east 60 w 9% VEPEPEPAHELY at | east
70 t% preferably at |least 80 wt% preferably at |least 90 wt% The
formati on of the preferred bridged-Mannich conpounds 10 to a desired
proportion may be pronoted in several ways, including by any one or nore
of . sel ecti oprofesuid abbepdeant anksd i nel udhag fraveut ed adnResheagtant s as
defined above); selection of a favoured ratio of reactants, nost preferably
the nol ar rat¥% Of ‘approXFmatel y ©251:29 (9BP2)5" 915! %el edtli 6iof (Sui tabl e
reaction congiti onsiaand/ar. By chemical protect i ofreactive,site(s) of
the am ne | eaving one primary nitrogen group free to react with the
al dehydes, optionatdy fol bewed, &ftertrdadti errics (c);conptétesbly
deprot ection N yres.ar i t.hin the 20, etence of the skilled
person. In aﬁ‘“ s%c*ﬁ%g’éé“gs%m S(%ukrlges' i § frerég%r%/aorr% %%F%S?r%“f S“Ar'e wi thin
t he scope of it hexpraserts imeeltnonch 28edar iSonme ralduernat | Vee epbodirmment s t he
nolar ratio o al.yam ne to al dehyde to phenol y.be in_the regiaon of
1:1:1 and the Tesulti ng%puesrfo?rncﬁ’nlc%senh%ncgﬁas%ggi }K\E/le OFO?%%S%%eogént
i nvention mayommclwide conpaundsaofe farimda ndl MddiWDve formed by the
2009/ 040584PCT/ (382008, 050866.19 OH . XIV . . ; ‘

Pls-Mannich tTeactlion product of an aldehvde, a polyamine

10 and an optionally substituted phencel, in which 1t is
believed that a wvaluable proportion of the molecules of
the performance enhancing additive are 1in the form of a

big~Mannich reaction product.

15 In other preferred embodiments the perfcrmance enhancing
additive includes the reaction product of 1 mole of
aldehyde with one mole of polyamine and one mole of
phenol. The performance enhancing additive may contain a

mixture of compounds resulting from the reaction of

3]
<

components  {a}, (b}, f(c) in a 2Z:1:Z2 molar ratic and =a
i:1:1 molar ratio. Alternatively or additionaily the
performance enhancing agditive may include compounds
resulting from the reaction o¢f 1 mole of optionally

substituted phenol with 2 moles of aldehyde and 2 moles of

]
i

polvamine.

Reaction products of this invention are pelieved tc be

defined by the general formuls X



wherein Q QL, n and p are.substantially as defined above, 5 in relation to
figure XIV. In sone enbodi nents the performance enhancing additive may
i ncl ude conmpounds of formula XI and/or XIl and/or Xl and/or XIV. In sone
cases in which the amne includes three primary or secondary am ne groups,
atris mvanh? éH*P¥a%ti on product could be formed. For Eﬁyﬁﬁyéw$?&¥ nol e of
N(CH2CHeNH2) 1 is reacted with 3 noles of formal dehyde and 3 noles of a 15
par a- al kyl phenol, a product shown in $€ructure XV could be formed. OH WO
2009/ 040584PCT/ GB2008/ 050866 20 I n some enbodi ments the perfornmance
enhancing additive may include @i goners resulting fromthe reaction of
conponents (a), (b) and (c). These old'gonerg?nmay i nclude nol ecul es havi ng
the formul ae shown in figure ILi; wherein Q 41, Q7, n, and b are
as descri bed above and x 10 U o1l fpr exanple from1l to 8, nore
preferably froml to 4. Iso i at’so be forned and
oligoners in which nore tha esi du E are connected to a 15

Q

si ngl e phenol and/or amne r may bgipres€ t. The performance
enhancing additive is prefet@hly presentdin theldi esel fuel composition in
an amount of |ess than 5000 ppm preferably |less than 1000 ppm preferably
| ess than 500 ppm nore preferably less than 100 ppm 20 preferably |ess
than 75 ppm preferably less than 60 ppm xnore preferably |ess than 50 ppm
nore preferably | ess than 40 ppm for exanple |less than 30 ppm such as 25
ppmor |ess. 25 As stated previously, fuels containing biodiesel or netals
are knownst oygars e freuhkkpgn: Severeifuehsatdoroexampbest hoseeantzai ni ng hi gh
| evel s of metals and/or high | evels of biodiesel may require higher treat
rates of the WD 2009/ 040584PCT/ G132008/ 050866

o OH
/Q o
g%
(@),

where  the/each 0 is selected from an optionally
10  substituted alkyl group, ¢ is a residue from the aldehvyde
component, n is from O tc 4, p is from 0 to 12, ¢° is
selected from hydrogen and an optionally substituted alkyl
groug, Q3 is selected from hydrogen and an optionally
substituted alkyl group, and Q' is selected from hydrogen
15 and an optionally substituted alkyl group; provided that
when p is 0 and E 1is an cptionally substituted phenolic

group @' is an amino-substituted alkyl group.

n may be 0, 1, 2, 3, or 4. Preferably n is 1 or 2, most

20 preferably 1.

¢ is preferably an opticnally substituted alkyl group
having up to 30 carbons. ¢ may be substituted with halo,

hydroxy, amino, sulphoxy, mercapto, nitro, arvl residues



21 performance enhancing additive than fuels which are | ess severe. It is
envi saged that sone fuels may be | ess severe and 5 thus require | ower treat
rates of the performance enhancing additive for exanple |less than 25 ppm

such as less than 20 ppm for exanple less than 15 ppm |ess than 10 ppm or
| ess than B some embodi ments, the perfor mance PENREHEPRYSSddi ti ve
may be present in an amount of fromO0.1 to 100 ppm for exanple 1 to 60 ppm

or 5to 50 ppmor 10 to 40 ppmor 20 t6430 ppm The diesel fuel conposition

of the present invention may include one or nore further additives such as

t hose whi ch arengpnmnlyief euadok nmdieselufiuelisndEheserkneluge; 4 ors exanpl e,

anti oxi dants, dij sger sants, det ergents, wax anti-settli ng agents, cold flow
e

i nprovers, cét and iiprover §T°% HeRaZET S SEBIINEerE, CdeRnf ST T i Vs,
antifoams, ceydasicON idkinBi t @S, liwbr ixGiktiymi ARFOMer Ssadyes.ednar kers,
conbustion inprovers, netal deactivators, odour masks, drag reducers and
conduct i vi t yPFRFFGPers 1255 SAsthot ©d BHGY ePTHE TRl conmposi %r OPETRAE f urt her
conpri se @ nktspgenseont@ddngrdet er gentan Theoni taagen-contai ping,det er gent
may be sel ected fromany suitable nitrogen-containing ashl ess detergent or
di spersant kAbWA°in the art for use in lubricant or fuel oil; and suitably
is not 30 itself the product as defined herein of a Mannich reaction
between: (a) an al dehyde; (b) a polyam ne;, and WO

2009/ 040584%%1@2@@8@950866*&2@% CYT AP -optitofall yesibsertet et Pherol ;

wherein the ng,arra'lnﬁ,zqoraaoré@ﬁz D) gLagl udes: Lhe 1iety . R AZNCHRICHRANRSRG
wherein R, P2 A3, A4, R and A6 are as defined above. Mdst preferably it is
not itself thel® prodiety of lamyC Maphith reacthon herteerrt(a)2 e lal dehyde;
(b) a polyam.pg; and (G).an:optionaldy suhstptuted phepobe, o an
optionally substituted alkyl group, for example an alkyl
group having 1 to 4 carbon atoms. Most preferably ' is

hydrogen.

Preferably p is from 0 to 7, more preferably from § to 6,

most preferably from 0 to 4.

Tne polyamines used to form the Mannich reaction products
20  of the present invention may be straight c¢hained or
branched, although the straight chain version is shown in
formule X. Iin reality it is likely that some branching
will be present. The skilled person would also appreciate
that although in the structure shown in formula X two
25 terminal nitrogen atoms may be bonded to phenolis) via
alcehyde residuel(s), 1t 1s alsc possible that internal
secondary amine moieties within the polyamine chain could
react with the alidehvde and thus a different ilsocmeric
product would result.
20
Whnen a group Q° is not hydreogen, 1t may be a stralght

chained or branched alikyl group. The alkyl group may be



10 Preferred nitrogen-containing detergents are the reaction product of a

carboxylic acid-derived acyl ati ng agent and an am ne. Preferred
nitrogen-contai ning detergents are the reaction 15 product of a carboxylic
aci d-derived acyl ati ng agent and an am ne. unber of acyl ated
nitrogen-é%ﬂ?%?%@ﬁﬁ conpounds havi ng a hydrocarbyl suBSTCEAURISO¥E at | east

8 carbon atons and 20 nade by reacting a carboxylic acid acyl ati ng agent

wi th an am no conpound are known to thdse skilled in the art. In such
conpositions the acylating agent is |inked to the am no conpound through an
i m do, am doppaim:diineg eubacytoxas.ammriuanh| knkageyrcthe rhydeosasbyl
substituent of at |east 25 8 carbon atogs may be in either the carboxylic
aci d acyl at i hgF 2gént"Gel T VBT pStiton 26/ the Hol Bedl 967 - n"He* -ami no
conpound derived portion of the nolecule, or both. Preferably, however, it
is in the ac%lating_agent portion. The acylating agent can vary fromformc
aci d and its"3W deyliat i derreativestt 824cyFafi AG-ageht sChavidig Hi gh

mol ecul ars web ghicrald phadiic csubst it uent $10f1URrter 51890110000, 011,20, 000
carbon atons. The am no conpounds can vary fromamonia itself to am nes
typi cal |y hav#ig- WOt2E109/ 040584PCT GB2008P 050886 S3Paffphat FecSidfstit uent s
of up to aboute 30 caBORLaLONS:q and iR -boy 11 nidd:agen-atoms. A preferred

cl ass of ~acyl ated am no conpounds suitable for 5 use in the present
invention are those fornmed by the reaction of an acvlating agent having a
hydrocarbyl gubstituent,of Aty least 8-carboncatons. and,a conpound,,
conprising at |east one prinmary or secondary am ne group. The acyl ating
agent may® bePBHBITG: OrcYpoldy@arboxyiiec ddéivd DOCUPoRaF eet Pveletul val ent
thereof) for.examle a Subsidd uLedaSueei i gap PREDALLG 0L, BY OPhONi aci d and
the am no conpound nmay be a pol yamne or "a ni xture of pol yam nes, for
exanpl e a m Xtdrer gfoxst yliene apol ganinesex Al terwatitvehyst hetamaeedhmy be a
hydroxyai kyl asihst | At L5 palyam ne. o T hydrocardyl, substityent, I n such
acyl ating agents preferably conprises at I'east 10, nore pre eraBTy at | east
12, for exanplevy30 corub0 cérborlat os. |dompry seonprise nipitioeabolit 200
carbon atons ef erabl y_th | _substi nt ,of the acvlating agent
has a 20“%u égyéﬁégﬁgésn%%%g%%%?&%%?éhﬁg(ﬁ%§&%#§ﬁeﬁ% én 170 to 2800, for
exanple from 250 to 1500, preferably from 500 to 1500 and nore preferably
500 to 1100..An M of 700 to 1300 is especjally preferred. In a
particularly*%refg?l(r?ép %ﬁlﬁiﬁrﬁﬁﬂ%n%ﬁﬁé hfif8€§¥bylE@Ubsf??ue%feﬁggla nunber
25 aver age noteouliam weiightlof 1700uded 000 pprekerablbyr700a - ¥ 850 fatr exanpl e
750. Illustrative of hydrocarbyl substituent based groups containing at

| east ei ght Carbbh ARG “ar 8 nT88t §I I h-C B0 dEeyrT Hidodesy o of

t et r abr openydo L yenoctcadecylwcomeyks chl opocdadeacy|sutsriikcaat apyénoet c. The

hydr ocar byl based substituents . .be de from hono- or interpolyners
o e opal yRAT. CRBPROIYherSs OfronGa ard OPUBIN | A8 I nge I s

definition

OH : OH
Q' Q? Q'

SALA LS

L - |

I N 2N i
/\/ I3 14 l\///
@f; . . @)

- -p
25 X1

where Q', 0% 0%, 0%, n and p are as defined above.



WO 20091040584PCT/ GB2008/ 050866 24 to 10 carbon atons, for exanple

et hyl ene, propyl ene, butane-i, isobutene, butadiene, isoprene, 1-hexene, 1-
octene, etc. Preferably these olefins are 1-nonool efins. The hydrocar byl
substi tuen | so be derived fromthe 5 hal ogenated .g. chlorinated or
broninated%ogﬁ%?%ﬁ4 of such hono- or interpolyners. AF?@%W%@WW@WV t he
substituent may be nmade from ot her sources, for exanple nononeric high

nmol ecul ar wei ght al kenes (e.g. 1-tetradéntene) and chlori nated anal ogs and
hydrochl ori nated 10 anal ogs thereof, aliphatic petroleumfractions, for
exanpl e par aff+femaxes cangocracked d@ndmchi oki natedd anal ogs asdction

hydr ochl ori nat ed _anal ogs t her eof ite oils, synthetic alkenes for exanple
produced by ?hegﬁ?eafggib?gaagg%%%@g {er .O‘%I§¥éﬁh9fe38 ya?@§%é§ygand

ot her sourceswknawneto d¢hosecskidled isnbkherardd Aaynubhsat:uurationsd n the
substi t uent Tag if ﬁeslged befreq ced orlelipi at ed. by _hydrogenation
accordi ng t o ptocedlr 85* knBWR T the Hrt 1%y The Yerm PhyT ‘byt™ as used
herei n denot esz&: gs@uUp: havi gy s aearben atasrdirneetky ahtaghedeta-1he

remai nder of the no|ecule and having a predom nantly alighatLphhydrocarbon
character. Sﬁ?téﬁ?%“h§§r8¢érbfﬁ baked Yroips ray “CGAPEI 1Y n8AShydfocar bon
moi eti es. Fornexanmple dtheynaay 125 comaivnduprtosone nen- hydrecarbyd group
for every ten carbon atons provided this_non-hydrocarbyl group does not

si gni fi cant | JEEF16F tHEPréddim mamtd 3 hydr de35b61F chdracter 4 He' group.
Those skill edoipadihe ant whilnbe: awane 061 such:- groupsaMhibehoknglude for
exanpl e hgdroxyl, 30 hal o (especially chloro and fluoro), alkoxyl, alkyl

ner capt 0+ al Ryl L sUPphoXy, P! priéfers e Hydeécar Byl ybasedd subdtituent s are
purel y aliphatigchydrogcarbos, i oharacket -and-do At -cenk.abi,such. groups.
WO 2009/ 040584PCT/ GB2008/ 050866 2 ) ‘

Thehydr ocar byfedasedsubsticttgenegarepr ef erabl yepreddniviant Pyesatr bt ed, t hat
i's, they con{ain no.mofe than one.carbonrda- carhon unsat urated, for
every ten 5 carbon-to-carbon Single bonds present. Most preferably they
contai n no nmoEes t WE dite Ydar beweteredr bokedfor-raromat ¢ *unsaedeatied’ bond for
every 50, €ar bons tio-.carhon, bonds .pre hanc s g
Preferreh%yd?%éh”%?%gggsgaéhﬁg?f?%%%%%gpg%% 6?‘?F%0C&F8n2?%l&ﬁ63h in the
art. Conventi onal pol yi sobut enesandso-cal | ed" hi ghly- reactive"
p0|y!SObUten§§ea%gr yb%th%i%%&eHS%ﬁEnMgggi%ﬁ 5@%89££OQS WHQﬂky ﬁﬁ?Ctlve
pol yi sobutenes in this context are defined as poiyi sobutenes wherein at

| east 50% preferablly 70%ortitorted of atdwtcermirab ol efdmideedoubdes bonds
are of the vinylidenb .t } -8 scribed in EP056528 Particul arly
preferred po%@%&%ﬁﬁ?éﬁégegﬁggfggéeDQOPc“%%ﬁbiﬁgrg%f An“80 %%ﬁ@@%#daup to
100% of ter mmaln viayledenergr ogpsosachy asuitdose tedds crlideed e np 21344785,

residues, as shown in Formula XIT,

OH OH
. Q'l Q2 QT
A
/<;54¢J H 2 pﬁ u\\¢;>(\«3%

(Q)n
XIT
25
wherein Q, Q', ©° and n are as defined above and p is from
1 to 12, preferably from 1 to 7, preferably from 1 to b,

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



Am no conpounds useful for reaction with these acyl ating agents include the
follow ng: 25 (1) pol yal kyl ene pol yam nes of the general formula:

(F13) 2N U-N(R3) ] nRg wherein each R is independently selected froma

hydr ogen hydr ocar byl group or a hydroxy-substituted 30 hydrocar byl
gr oup conﬁ&ﬁﬁ%’“ﬁlgmﬁ%‘ to about 30 carbon atons, with pr 8€F/§§2Q0F{3§03%t | east
one R3 is a hydrogen atom n is a whole nunber from1l to 10 and Uis a
01-18 al kyl ene WD 2009/ 040584PCT/ GB2008/ 050866 26 group. Preferably each
R3 is independently selected from hydrogen, nethyl, ethyl, propyl,

i sopropyl, buatylzand:isanerss dcheveofis Mstopneferally weaeh 143 id et hyl or
hydr ogen. U 5% referably a, Cl-4 al kyl eng group, nost 5 preferably

ethyl ene. (2Y9h&{€rody&i PerSubst it ut&dor yani nesi ncl udi ng

hydr oxyal kyl - substituted pol yam nes wherein the polyam nes are as descri bed
above and th? het er.o;ycL' C_substi fuent is 10 selected from

ni t r ogen- cont'ai W g %al i PhatT ¢ “And ar oAt hettEFGEYLT e FEF “exatift e

pi perazi nes, b Mickaz obi Hesnrpyhi Mirdboess, mehphakibnes, seh6le (3)ragommatic

pol yam nes of the general fornula: AOR 2/y 5 wherein Ar is an aronatic

nucl eus of 6°t9™ 20" CHrbon ¥t of et ¥4th P, $9P§ a5 et | fedeaEEFe ARy is from
2 to 8. Speei i exanpl esanfl pobyal kydene pobyamnes (dedoackude 20

et hyl enedi am ne, diethylenetriam ne, triethylenetetram ne, ,

t et r aet hyl en8pemani né ety - Mt A ereFfebr afi pbtr-es the residues

0f an opticnally substituted ethylene diamine croup.

10
In graphical terms preferred resulting compounds are
believed to be as shown in Figure XIII.
OH Q' Q’ OH
AN N AN
R F C‘f* I P
Q) {Qln
15 XIIt

wherein ¢, Q' and n are as defined above, and 0! is
preferalbly the residus of & polyvamine, as described herein
as component (b): preferably a pclyethyvliens polyamine,

2¢ most preferably an optionally substituted ethylenediamine

moiety, as described above. Thus, compounds of formula IT
are a sub-set of compounds of formula X, in which p is @
{zeroj. The primary nitrogen group which has reacted with

aidehydes may or may not be part of the athylenediamine

B>
(&5}

moiety; preferably, however, it is part of the

ethylenediamine moiety.

The present inventor has found that the use of an additive

including significant amounts of bridged-Mannich reaction



pent aet hyl enehexam ne, hexaet hyl.ene- hept am ne, 1, 2-

pr opyl enedi am ne, andot her commer ci al | yavai | abl e materials which conprise
conpl ex m xtures of polyanm nes. 25 For exanpl e, higher ethylene polyam nes
optional ly containing all or some of the above in addition to higher

boi i ng fra@et%8i¥>¥ont aining 8 or nore nitrogen at oms PEUEB2ERRVPG ¢

exanpl es of hydroxyal kyl -substituted pol yam nes include N (2-hydroxyethyl)
et hyl ene diam ne, N, ML -bis(2- hydroxyethyl) ethyl ene di am ne,

N (3- hydroxybutyl) tetramet hyl ene diam ne, etc. Specific exanples of the
het erocycl i cepsthsdid uted:ideel yarnesl42) vanerN 2- anhneekhbybre W reg

2009/ 040584PCT/ GB2008/ 050866 pi perazine, N-2 and N-3 am no pr ogyl

nor phol i ne, ity I-af n%%?%eﬂll piiper’azine 2-Fepty Pr3- products

am nopr opyl ) prv-dazol isne, 1:4sbi $(02- agt noet hyln): phpenazinenl- (2= bydsoxy

et hyl ) pi perazi ne, and 2- 5 heptadecyl-1-(2-hydroxyethyl)-inddazoline, etc.
Specific exahptes of ttHe arehat i &F pbtsHm Hes'(3) T4Fé=rhl- Vatt otid®$sonmeri c
phenyl enes di apdires, dhevabious: i SoMmErise napht bad enexdiaminesasetes 10 Many
patents have described useful acylated nitrogen conpounds including U S
Pat. Nos. 3,172 8B2°TSNY 666; 13 P72/ 7465° 3, BIO UTPLY3 Fa1lswr & 444, 170;
3,455, 831; 3wd5p,832% 1312 ¢6a743523:630, 904, 3, 632, 511, 3, 804, 763, 4, 234, 435
and 6, 821, 307. 15 A typical acylated nitrogen-containing conmpound of this
class is that nade by reacting a poly(isobutene)- substituted succinic

aci d-deri vedracykathng: agent (€. Jore ARNYAY i de; 5 ACH Gon€SLET cofbbulgiherein
the pol y(i sobutene) 20 substituent has between ‘about 12 to about 200 carbon
atoms with atontxeafervt RIWAERS pELEyakcnéds HatEAgiB E8vabodut vaY & no
nitrogen_at ong. pefi &t hyl eng, padyam.ne,and about. 1.t.0 about 8,ethylene
groups. These acyl at'ed nitrogen conpounds are torned by the reaction of a
mol ar rati o ofadiedyfltatiingl28ingentvouspd ngreoapoiiidtofhtfr orn 10s1ingd 1: 10,
preferably from. 1 to 1.5, nore pr from2; - \nd

preferably f%gén%ef:'l t%l]el:“I.Oq})ﬁ}*e%pgbasjgjl%l%xpfgfg}r)rgé t‘é%%%d%ﬁr%ﬂ't s[{,@t e

acyl at ed ni t pogerradonpoindscare forired tbhyrrhexiwsctlivon :6f Zacytatdiing agent
to am no,go u in a.30 l.ar . r.at] f. fro 8. Q 1.1, preferably
from1. 601 Fggi&gtlz& m%?e Sg}r{e“ %f%bl%/éjafcg’d%ﬁql. g%%djtstoljoftsi 1a%7lr{§mnos?gy
preferably fromidc: 1etrotdciioThics t ypecofvacyliatéd) ammo tcenpound: and t he

preparation E£§¥f§§ driz %@h&m&?ow@t£gbeAN%E%%%Q&%%QSQ%ngég§29954Q§%§66 28
aildehvydes, cptionally followed, after reaction is
complete, by deprotection. Such measures are within the

20  competence of the skilled person.

In all such cases mixtures of iscmerg and/or oligomers are

within the scope of the present invention.

25 In some aiternative embodiments the molar ratio of
wolvamine (o aldshyde to phenol may ke in the region of
1:2:1 and the resuliing performance enhancing additive of
the present Iinvention may include compounds of formula

HIV:



those skilled in the art and are described in the above-referenced US
patents. Another type of acylated nitrogen conpound belonging to 5 this
class is that nade by reacting the afore-described al kyi ene ami nes with the
af ore-descri bed substituted succinic acids or anhydrides and aliphatic
nono- car boXYP¢*4etds haying from 2 to about 22 car boRCHEEHEB It hese
types of acyl ated nitrogen conpounds, the nole ratio of 10 succinic acid to
nono- car boxylic acid ranges from about 12: 0.1 to about 1:1. Typical of the
nonocar boxlyic acid are form c acid, acetic acid, dodecanoic acid, butanoic
acid, oleic acid, stearic acid, (the commercial m xture of stearic acid

i soners known as isostearic aci tolgl acid, 15 etc. Such nmaterials are
nore fully described in U S Patj 3,216,936 and 3, 250, 715. A further
type of acylated nitrogen co use in the present
invention is the product of > atty nonocarboxylic acid
of about 12-30 carbon atons - descr|j Bed al kyl ene am nes,
typically, ethylene, propyle ri met hyl ene "pol yam nes containing 2 to 8
am no groups and m xtures thé&)eoi. The fatty nono-carboxylic acids are
general |y m xtures of 25 straight and branched chain fatty carboxylic acids
contai ning 12-30 carbon atons: Fatty d%%%rboxylic acids could al so be used.
A widely used type of acylated nitrogen conpound is nade by reacting the

af ore-described al kyl eng polyam nes with a mxture of fatty acids having 30
from5 to abBut” B0 ol & per it Bt& GHESERATHEadi ¢S tdBBat 2707 %0 about
95 percent noterdiranchedochagn-d atity aci ds. Among the commercial ly
avai l abl e m xtures are those known widely in the trade as isostearic acid.
These

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

and/or ¥IV.

In some cases 1n which the amine includes three primary or
seceondary amine groups, a tris Mannich reacticon product
could be formed. For example if 1 mole of NI{CH:CH:NH;): 1is
reacted with 3 moles of formaldehvde and 3 moles of a
15 para-alkyl phencl, a product shown in structure XV could

be formed.

Q E SN
E g OH
\NH
H OH
e
HN =
Q Q

OH
XV



WO 20091040584PCT/ GB2008/ 050866 29 m xtures are produced as a by-product
fromthe dinerization of unsaturated fatty acids as described in U S Pat.
Nos. 2,812,342 and 3, 260,671. 5 The branched chain fatty acids can al so
i ncl ude tgaie in which the branch may not be alkyl in_nature, for exanple
phenyl and"@g¥P8H&y| stearic acid and the chloro- st eBFF/EBHEMELES6¢Rr anched
chain fatty carboxylic acid/al kyl ene pol yam ne products have been descri bed
extensively in the 10art. See for examgfPe, U. S. Pat. Nos. 3, 110,673;
3,251, 853; 3, 326, 801; 3, 337, 459; 3, 405, 064; 3, 429, 674; 3, 468, 639; 3,857, 791.
These pat ent 3 arener efrepancedt § orhd heirr odinsct o seiesrofi riattiyi acvd/pgl yam ne
condensates for their use in Iubriqg#Lq\ oi| fornulations. Ib The _
ni t rogen- contai ity detef Yemt® i sEpreferdl y-present'®i n tHWE ¢Ohpositi on of
theffi r;lt aspetioramtamgunt Ul]@)t@nclfOOQ) .Elpml'bdﬁéefeﬂri@bh)érﬂpméﬁ ?@&ﬁ[ﬁn
preferably up to 300 PPM nore prefera up to 200 ppm _preferably up to
100 ppm 20 dﬁﬂ“ﬁﬁgﬁspﬁéVé?%by§aJ%IFBl?ﬁ %%%WnTﬂblﬁﬁPESSéhfbontaining
detergentsis preferably present in an anount of at least 1 ppm preferably
at least 10 ppm nore preferably at |east 20 ppm preferably at |east 30
ppm 25 Al val ues of [ppm gOwen herein refer to partGHper mllion by weight
of the total conpositilon_ Pleferaply theqwei ghy'tatip of
ni trogen-contai ning detergent to anci g additive is at | east
30 0.5:1, preferably at ast 2:1. The wei ght
rati o of nitrogen-c%ntai nce enhancing additive
may be up to 100: 1, 866 30inreferahly up to
30:1, suitably up to S Iy : n,2Some preferred
enbodi ments the di eselj (Rjjel “conposition 5 of the|preSenty@nvention further
conprises a netal deactivating conmpound. Any netal deactivating conmpound
known to those skilled in the art may el used and i nclude, for exanple, the
substituted triazole conpounds of figure IV wherein Rand R are
i ndependently selected from an

wherein ¢, Q' 0%, n, and p are as described above and x

16 is from 1 to 12, for example from 1 to 8§, more preferably

from 1 to 4,

isomeric structures may also be formed and oligomers in
which more than 2 aldehyde residuss are connected to a
15  single phencl and/or amine residue may be present.
The performance enhancing additive i1s preferably present
in the diesel fuel composition in an amount oi less than
5000 ppm, preferabhly less than 1000 popm, preferably less
than 500 ppm, more preferably less than 100  ppm,
20 preferabkly less than 75 ppm, preferably less than 60 ppm,
more preferably less than 50 ppm, more preferably less
than 40 ppm, for example less than 30 ppm such as 2% ppm

or less.

25  As stated previously, fuels containing bicdiesel or metals

F

are known to causge fouling. Severe fuels, for example
those containing high levels of metals and/or high levels

ot biodiesel may reguire higher treat rates of the



| e optionally substituted al kyl group or hydrogen. |V 15 Preferred netal
deactivating conpounds are those of fornmula V. OHOH 20V wherein R2, R2
and R3 are independently selected froman optionally-substituted al kyl
group or hydrogen, preferably an alkyl group from1l tgo 4 carbon atons or
hydr ogen. Zqogfﬁﬁ'g&‘pr ef erably hydrogen, R2 is prefer aBFVGﬁ%W%% and P5 is
WO 2009/ 040584PCT/ GB2008/ 050866 31 preferably nethyl. n is an integer from
0 to 5, nost preferably 1. A particularly preferred nmetal deactivator is
N, Nr5 di salicyclidene-1, 2-di am nopropane, and has the fornula shown in
figure VI. Mridvinothemhpnefesraeddieta deact fvatd nghconpotindidass shown in
figure VI1:

severea.,

It is envisaged that some fuels may be less severe and

5 thus reguire lower treat rates of <the performance
enphancing additive for example less than 2% ppm, such as
less than 20 ppm, for example less than 15 popm, less than
10 ppm or less than 5 ppm.

10 In some embodiments, the performance enhancing additive
may be present in an amount of from 0.1 to 100 ppm, for
example 1 to 60 ppm or 5 to 50 pem or 10 tc 40 ppm cr 20

to 30 pom.

et
[y

The diesel fuel composition of the present invention may
irclude one or more further additives such as those which
are commonty found in diesel fuels. These include, for
example, antioxidants, dispersants, detergents, wax anti-
settling agents, cold flow improvers, c¢etans lmprovers,
20  dehazers, stabilisers, demulsifiers, antifoams, corrosion
inhibitors, lubricity improvers, dyes, markers, combustion
improvers, metal deactivators, odour masks, drag reducsrs

and conductivity improvers.

25 As noted above the Ifuel composition may further comprise a
nitrogen-containing detergent. The nitrogen-containing
detergent may be selected from any suitable nitrogen-
containing ashless detergent or dispersant known in the
art for use in lubricant or fuel c¢il; and suitably is not

30 itself the product as defined herein of a Mannich reaction
between:

(2} an aldehyde;

(k) a polvamine; and



15VI1 The netél deactivating conpound is preferably present in an anmount of
| ess than 100 ppm and nore preferably I ess than 50 ppm preferably |ess
than 30 ppm nore preferably 20 | ess than 20, preferably | ess than 15,

pr ef er abl S han 10 and nore preferably less than_5 m The net al
deactivatﬁyégy%gﬁggerably present as an amount of froHFBE%@@?M?%ﬁso ppm
preferably 0.001 to 20, nore preferably 0.01 to 10 ppm and nost preferably
0.1 to 5 ppm WO 2009/ 040584PCT/ GB2008£050866 32 The wei ght ratio of the
performance enhancing additive to the netal deactivator is preferably from

100:1 to 1:100, amreipreterabdypdtriam:b0: dndooll: 50, preferably from25:1 to
1,25, nore preferably fronllp:;l to 1:10, Qre{earabl : fc[om‘ 1 to. 1:5,
preferably fIom31 15 1°3.VHOr'E prefel 5oty from 2145 15 ahd: Host
preferably fromdud chrfir’tf 1wherdhe diesel fyelr’composirtd @i ofret hes present
i nvention may %ncludebone or more further additiyes such as those which 10
are comonl y FoUbd i A°87 8sel"Fiel ETETHESE Y ndltude® it exanple, the

ant i oxi dant spreispersant s, vaet efrgeniast i waXxoahtderset t1ing agents, cold flow
i nprovers, cg;ane inprovers, dehazers, stabilisers, denuisifiers,
antifoams, cbrd¥i nFAKIDBitors, lubricity inprovers, dyes, markers,
conbusti on 1%:j Mpreveksin®dog Tasks, drag reducers and conductivity
inprovers. In particular, the conposition of the present invention may
further conmpffseorE or Abre AU tHWvés kRoWCto 20 i nprove the performance
of diesel engines having high pressure fuel systens. Such additives are
known to those skilled in the art and include, for exanple, the conpounds
descri bet’ i nPER 960795, TEP1 8870 Tarid EPTEEEAB56. 2p% Suft abt§t tHe di esel

fuel conpositiondmy,d nel yge,an, addifdve e0apLiSkRY) & sal toformed, by the
reaction of a carboxylic acid with a di-n-butylamne or tri-n-

butyl am ne. St t@biy¢ -t he fatty acid is of the fornmula [53(000H) x]y3 where
each 53is a independently a 30 hydrocarbon group of between 2 and 45 carbon
atons, and x is an integer between 1 and 4. WO

2009/ 040584 PCTY 82308/ 05086611380ntaining detergents are the reaction

15 product of a carboxylic acid-derived acylating agent and

an amine.

A number of acylated, nitrogen-containing compounds having
a hydrocarbyl substituent of at least B carbon atoms and
20 made by reacting a carboxylic acid acylating agent with an
amino compound are known toe those skilled in the art. In
such ceompositions the acylating agent 1is linked to the
amino compound through an imido, amido, amidine or acyloxy
ammonium linkage. The hydrocarbyl substituent of at least
25 8 «carbon atoms may be in either the carboxylic acid
acylating agent derived porticn of the molecule or in the
aminc compound derived portion of the molecule, or both.
Preferably, nowever, 1t 1s in the acylating agent portion.
The acylating agent can vary from formic acid and its
3¢ acylating derivatives to acylating agents having high
molecular weight aliphatic substituents of up to 5,000,
1C,000 or 20,000 carbon atoms. The aming compounds can

vary from ammonia i1tself to amines typically having



Preferably R is a. hydrocarbon group of 8 to 24 carbon atons, nore
preferably 12 to 20 carbon atons. Preferably, x is 1 or 2, nore preferably
X is 1. Preferably, y is 1, in which case the acid has a single R group. 5
Alternatl acid may be a dinmer, trinmer or higher oligoner acid, in
whi ch case é¥%P @gﬁe greater than 1 for exanple 2, 3 Bg EnggW3W€ AT is
suitably an al kyl or al kenyl group which may be |inear or branched.
Exanpl es of carboxylic acids which nay <Be used in the present 10 invention
include lauric acid, nyristic acid, paimtic acid, stearic acid, isostearic
aci d, neodecanoicataci dpoarackdrecacifdurbeheabeuacid,cariognoeeshe, axid,
cerotic acid, nnntanlc acid, nelissic acid, caproleic acid, oleic acid,

el ai di ¢ aci d*FIihol'ei’¢ "4eFd, Ti%bl'eni c acid, coconut oil 15 fatty acid, soy
bean fatty aC|d tall oil fatty aci d, sunflomer oil fatty acid, fish oi
fatty acid, %jmagesged oil . fatty aC| %Ilowml fatty acid and pal moil
fatty acid. TUrEd S6f StinS of L ot G dETF RO any TSt £HOR a“i%t‘r% ii'so

sui t abl e. s Al 8@ sui-t able @F:@séﬂit@ ankhydeides 20k 26hcar bexyhd € agi ds,e their
derivatives and mi xtures thereof. In a preferred enbodi nent, the carboxylic
acid conpri se&*Faid” ot fﬁttya%&n%ffﬁ%Fﬂﬁemtt b5 BeeR f 6URECEHALY TOFA Wit h

a saturate cemtent:ehtl ess thaneb%rby: wehghtn i stespecial |y suipable. 25
When such additives are present in diesel fuel as the only neans of
reduci ng i nj 8T défositt  fRby CAF ePE YR TAITY Hfdedaatr efeat 7atEs of

20- 400 ppn]e@ﬁgoagﬁﬂﬂﬁ@@\a%@n@hﬁa%rﬁ@t“rﬁ%ﬁb£”o§%ﬁhy@@@b&k¥§§cWQ%AQ
typically be less than the upper limt of these ranges eg Iess than 400 ppm
or |ess than{200°$sihiafdeppssi by |'owerCthahct esd gwer 2l ERPEC 8T 14l s range

eg |ess thans20.ppm, fom-exanpl e,dowy W0, 2009/,040584RCT/ GB2008/050866 34
to S ppmor 2 ppm when used i n conbination with the per f or mance enhanci ng

addi tives of C¢He>'Prresenit thvenbPoncmBii tabl § Fhatdresef Paélagomposition

may include an.5 additijwe conprisipg.-Lhe eactd.on praduct betusen,
hydr ocar byl - su%stltuted succinic aC|é or anhy dﬁggf and h58r22|ne

Preferably, theertryﬁctrlcv@émyt‘@gmape ofiay hee h@rdﬂ@@mwmktmtesg@bét fruced
succi ni ¢, aci g, or Hﬁ'}@/d“ﬁ% CQURLLSES, 2 Bs5L36. group,, Bh%eéégié(h 8,£8-Ch)

group. Non-l1Tmting exanples include dodecyl, hexadecyl ctadecy
Al ternativel ygente iwdroear bylcogrouperayt bé@aopoLQismbueypeﬁQEQM®up with a

nunber aver agedﬂ%lé%gut %Ir vel g&gapﬁj  between 200, %ﬁ%rﬁq 195 pref nﬁr ably

bet ween 800 xt ures speci es Wi th erent Iength erocarbyl
groups are atempzyﬂEtaHte ceagoua WOXt ureerboh CGltEx€l.s gFoupstalllye thydr ocar byl

group is atta t S |.nji.c id 0 ana drlde nnlety u |ng met hods
known in the :%ﬁ)% |%ﬁ§ Tyfx%ﬁ:aP?erﬁé |ve¥y, Ui t ablve Reddd

hydrocarb@lsnmmneﬂLmimkaymcmmﬂanumamb@Hgﬂmhydt|deﬁ areweommeroi ald y
avai l abl e e. qfcylsucc ni anq%gflde SA) , hexadec Isuc 1.nic
anhydrlde(F[g§8 ‘octadécyl's %cc%%%% 166D PRIECHL BHOSI NS
anhydri de( ODSA) @napol| yosobut yfsteccivni Tanhydr i des ( Pl BSAVn of 700 to
1300 is especially preferred. In a particularly preferred
embodiment, the hydrocarbyvl substituent has a number

25  average molecular weight of 700 - 1000, preferably 700 -

850 for example 750.

Illustrative of hydrocarbyl substituent based groups
containing at least eight carbon atoms are n-octyl, n-
3¢ decvyl, n-dodecyl, tetrapropenvi, n-cctadecyl, olevyl,
chlorcoctadecyl, triicontanvl, etc. The hvdrocarbyl based
substituents may be made from homo- or Iinterpolymers (2.g.

copelymers, terpolymers) of mono- and di-clefing having 2



Hydrazi ne has the fornula: 30N812-NH2 WO 2009/ 040584PCT/ GB2008/ 050866 35
The reaction between the hydrocarbyl -substituted succinic acid or anhydride
and hydrazi ne produces a variety of products, such as is disclosed in EP
1887074.1t_,j gl.ieved to be preferable for good de t the
reaction éyggwg?gg%ntains a significant proportion of£§%§§?§§m&$$h
relatively high nolecular weight. It is believed - without the matter
havi ng been definitively determ ned yet? to the best of our know edge -
that a 10 nmgjor high nol ecul ar wei ght product of the reaction is an
ol i goneri c speciEs peredom remtisy ofot heexstnpuet usehy kB, wherepnids:.an
i nteger and reater th@goé ‘ refe&ggg%igetmeggozrgqg 1qhhg2%gepreigrably
bet ween 2 and" 7. "% or exanﬁfef§? 4761 % “'Edch "énd " of the ol'i'goner may be
capped by onecofndyoreccof a@rederebyyofhgroups:fiSomerpodsibhecexanpd.es of
these termi gl ofoups lnchude; .20, Daving, no, terpinal, aroups;o,B o170 M

5 halogenated (e.g. chiorinated or brominated) anaiogs of

such homo- or interpolymers, Alternatively the

substituent may bhe made from other scurces, for example

monomeric hich molecular weight alkenes (2.g. I-tetra-
contene) and chlorinated analogs and hydrochlorinated
190 analogs thereof, aliphatic petroleum fractions, for

example paraffin waxes and cracked and chlorinated analogs
and hydrochlorinated analiogs thereol, white oils,
synthetic alikenes for example produced by the Ziegler-

Natta process (e.g. polylethylene) greases) and other

[¥x)

sources known to  those skilled in  the art. Any

[

unsaturation in the substituent may 1f desired be reduced
or eliminated by hydrcgenation according fo procedures

known in the art.

20 The term “hydrocarbyi” as used herein denctes a group
having & carbon atom directly attached to the remainder of
the molecule and having a predominantly aliphatic
hydrocarbon character. Suitable hydrocarbyl based groups
may contaln non-hydrocarbon moiseties. For example they may

25 contaln up to one non-hydrocarbyl group for every ten
carbon atoms provided this non~hydrocarbyl group does not
significantly alter the predominantly hydrocarbon
character of the group. These skilled in the art will ke
aware of such groups, which include for example hvdroxvl,

30 halo {egpecially chloro and f{lucro), alkoxyl, alkyl
mercapte, alkyl sulphoxy, etc. Preferred hydrocarbyl
based substituents are purely aliphatic hydrocarbon in

character and do not contain such groups.



NN NHHN 00 R When such additives are present- in diesel fuel as the
only neans of reducing injector deposits they are typically 10 added at
treat rates of 10-500 ppm eg 20-100 ppm The treat rate of such additives
woul d typically be | ess than the upper |imt of these ragﬁfs eg)less t han
500 ppm orVPEé¥Y"%én 100 ppm and possibly | ower than PREGEIWEPEE | it of
this range eg |l ess than 20 ppmor less than 10 ppm for exanple down to 5
ppm or 2 ppm when used in conbinationith the performance enhanci ng
additives of this invention. W) 20091040584PCT/ 32008/ 050866 37 Suitably
the diesel fuel conposition may include an additive conprising at |east one
conpound of fornulggé % and/or formula (Il): 5 Cra Ar (I) mhereinleach Ar

I \y
i ndependent | V"'F epr BEeHtS A 'ardiati ¢ SePstituents  are’ " preferably
predominantly saturated, that is, they contain no more

than one carbon-to-carbon unsaturated bond for every ten
5 carbon-to-carbon single bonds present. Most preferably
they contain no mere Lhan one carbon-to-carbon non-
aromatic unsaturated bond for every 50 carbon-to-carbon

bonds present.

10  Preferred hydrocarbyl-kased substituents are roly-

{izschutene)s known in the art.

Conventionai pelyischutenes and so-~called "highly-

n the

[N

reactive” polylscbutenes are suiltable for wuse
15 invention. Highly reactive polyiscbutenes in this context
are defined as polvisobutenes wherein at least 50%,
preferably 70% or more, of the terminal olefinic double
bonds are o¢f the wvinyvlidene type as described in
NP0565285. Particularly preferred polyischutenes are those
20  having more than 80 mol% and up to 100% of terminal

vinylidene groups such as those described in EP1344785,

Amino compounds useful for reaction with these acylating
agents include the following:

i

(1} polyalkylene polyamines of the general formula:

(R%),N[U-NR) R

3

whereln each R” 1s independently selected from a hydrogen
atom, a hydrocarbyl group or a hydroxy-substituted
30 hydrocarbyl group containing up to about 30 carbon atoms,
with proviso that at least one R° is a hydrogen atom, n is

a whole number from 1 to 10 and U 1s a Ci-18 alkylene



10 noiety having O to 3 substituents selected fromthe group consisting of
al kyl, al koxy, al koxyal kyl, aryl oxy, aryl oxyal kyl, hydroxy, hydroxyal kyl
hal o and conbi nati ons t hgreof; each L is independently a |inking

noi ety co LSin 15 carbon-carbon single bond or a_linkin roup; each Y
is indepeﬁ@é%@WV%?%R or a noiety of the fornula FKCXCﬁF??F?V%W%&Wherein X
is selected fromthe group consisting of (CRI2)2, 0 and S.: Rl and Rl are
each a independently selected fromH €k to 06 alkyl and aryl; R 20 is
selected fromC to Cn alkyl and aryl; z is 1to 10; nis O to 10 when X
is (CR12)2, and:2 tlrdi:mshern Xaicd GR7orsSiranrteydestlyt eeBited £A@N A iS

i ndependently 0O to 3, mﬁ%h the proyiso that. at .| east one Ar q&iet bears at
| east one grolpr B and™m % 1 5506 100" par | JFORF Y nt “hérei HI® WO
20091040584 PCGI¢r(sB2008L050866 3BseachrAreradndependentd’y represent so:an

aromatic noiety having 0 to 3 substituents selected fromthe grou

consi sti ng o?yéhﬁaﬁ“; al Koxy, Qﬁégé%?gﬁﬁyﬁ;‘ﬁyﬁio%§%§£en@ group,” most

hydr oxyal Kyl paeyd oxy aeyhoxyat kyl , acyl oxyal koxy, 5

aryl oxy, aryl oxyal kyl , aryl oxyal koxy, hal oand conbi nati ons thereof; each L' is
i ndependently a |inking noiety conprising a carbon-carbon single bond or

linling groupz; eache¥ersciyndependentikyrasnoi epyl efnithe for puka;20:5 or
hydroxyalkyl-substituted polyamines wherein the polyvamines
are as described above and the heteroccyelic substituent is
10 selected from nitrogen-contazining aliphatic and aromatic
heteroccycles, for  example piperazines, imidazolines,

pyrimidines, morpholines, etc.

(3} aromatic polyamines 0f the general formula:

ot
[

wherein Ar is an aromatic nucleus of 6 to 20 carbon atoms,

each R® is as defined above and y is from 2 to 8.

Specific examgles of polyvalkylene polvamines {1) include

20  ethylenediamine, diethylenetriamine, triethylenetetramine,

tetraethylenepentamine, triltri-methylene)tetramine,
rentasthylenehexamine, hexaethylene-heptamine, i,2-
propyvlenadiamine, and other commercially avallable

materials which comprise complex mixtures of polyamines.
25  For example, highexr ethyiene polyamines optionally
containing all cor some of the above in addition to higher
bolling fractions containing 8 or more nitrogen atoms etc.
Specific examples of hydroxyalkyl-substituted pelyamines

include N-{Z2-hydroxvethyl} ethylene diamine, N,N’ -bis(2-

[
<o

hydroxyethyl) ethylene diamine, N-(Z-hydroxvybutyl)
tetramethylene diamine, etc. Specific examples of the

heterccyclic-substituted polyamines (2} are N-Z-aminoethyl



10 Z(0(C.R 22)nL)y, X1-, wherein X is selected fromthe group consisting
of (CR2L2),., 0 and S; R2 and R2' are each independently selected fromH,
W to C6 alkyl and aryl z' is 1to 10; n'" is 0 to 10 when X is (CR212)2,
and 2 to 10 when X is O or yis 1to 30; Zis H an acﬁ groug a 15

pol yacyl g¥Rel™"4act one ester group, an acid ester GFHGHEZHPMSikyl group
or an aryl group; each a' is independently O to 3, with the proviso that at
| east one Ar' noiety bears at |east onéigroup Y in which Zis not H and
m is 1 to 100. 20 Wien such additives are present in diesel fuel as the
only means of:igeducirrg | Bfect ofd depasi ksihheyoase t ypiscahbyinddedi-at treat
rates of 50-300 ppm .25 The treat rate of such additives would typically be
| ess than the' Wi i #701°t he§E°Phnges ‘&G TFES8= ¢ har‘?'@@@tﬁﬂ)'ﬁ?é% possi bl y
| ower than theidaowerJdlhmt ah:itibksiTange eqg |ess ot han GO appAvfiOF1 €xanpl e
down to 20 ppmor 10 ppm_when used in conbination with the perfornmance
enhanci ng 30°dftfit5VEs of -t Hi<YPRTEHt | GY2Y-WD 206G/ 640584 PCHPEB2008/ 050866
39 conprisesnihe:deaatiion; pr oguctyafh v a) 1 a: Aydrocar bylksubst hut g @acyl ati ng
agent and a conpound havi ng an oxygen or nitrogen atom capabl e of

condensi ng WEEHESd YeyFati AGCRyeHt Bnty Fiirtter (Haviiy B¢ eF#FEP4F ami no
group; 5 andi{dea quatbetRizdg adentisad tabligef oryconverti ngothe tertiary
am no group to a quaternary nitrogen wherein the quaternizing agent is

sel ect ed fronfkHelGgrEeGp Sé8Rsreti rfCof di al kyl sul phates, benzyl hali des,
hydr ocar byl substi t ut edcar bonat es; hydr ocar byl epoxi desi n 10 conbi nati on
with an acid or m xtures thereof. Exanples of quaternary amoni um salt and
met hods tor Preparinngthe sare aiUESEri bedein t e flgitkew hgt padent s,
which are her.ghy,ingcorponated by kef arence;, US 4,1253,980, 115U8 3,778, 371,
US 4,171,959, US 4, 326, 973, US 4,338,206, and US 5, 254,138  Suitabl e

acyl ati ng agéent’& .arfd hydr o¢hr byd: substilt bénts aretas Previodshydefined in
this specificalion.;;20 Bxanples; Of Lhacnkbyogen of, oxygen copiaining
conpounds capable of2 condensing with thé acyl ating ‘agent and furtHher haying
a tertiary afant .griouprcah, Phellide but are not limted to: N, N-dinethyl-
am nopropyl am ne, N, N-diethyl- 25 am nooropylam ne, N, N-di methyl- am no

et hyl amdne. The nitrogen or oxygen contai ni ng conpounds capabl e of

condensi ng wkt lrythes acylkat bhgd agentoand- furtzhen nbavdongoantierts artyisam no
group can fu er include am no. al kyl substi.tuted heterocyclic ¢ ounds
such as 1-(3¥£%’?)S amsnopg%ap@l )Ilna}ﬁ'eda%f e 1!z;enacf %_nq( 3-aampn0§§g6%§ Wr%?e gl i ne, 1-
(2- am noet hy$)ipd penitdicnes 3;B3ndcamaic-Nemgtdy| diylating agent (e.g.,

anhydride, acid, ester, etc.) wherein the poly{isobutene)
20 substituent has betwesen about 12 to about 200 carbon atoms
with a mixture of ethylene polvamines having 3 to about &
amino nitrogen atoms per ethylens polyémime and about 1 to
about 8 ethylene groups. These acylated nitrogen compounds
are formed by the reaction of a molar ratic of acylating
2% agent : amino compound of from 10:1 to 1:10, preferably
from 2:1 to 1:%, more preferably from 2:1 to 1:2 and most
preferably from Z:1 to 1:1. In especially preferred
embodiments, the acyvlated nitrogen compounds are formed by

the reaction of acylating agent to amino compound in a

30 molar ratic of from 1.8:1 to 1:2.2, vreferably from 1.6:1
to 1:1.2, more preferably from 1.4:1 to 1:1.1 and most
preferably from 1.2:1 to 1:1. This tvpe of acylated aminc

compound and the preparation thereof i1z well known o



propyl am ne, and 3' 3-a nobi s(N, N-di net hyl propyl am ne). O her types of

nitrogen or oxygen containi ng conpounds WO 2009/ 040584PCT/ GB2008/ 050866 40
capabl e of condensing with the acylating agent and having a tertiary am no
group i ncl‘#gg{i %I kancl am nes including but not limted to triethanolan ne,
tri met hano! adi’Ae: N, Ndi et hyl ani nopr opanol , N, N-di et hWFREAGEPSMAncl, N, N
5 di et hyl am nobut anol , N, N, N-tri s(hydroxyet hyl ) am neand
N, N, N-tris(hydroxynmet hyl )am ne. The coRposition of the present invention
may contain a guaternizing agent suitable for converting the tertiary 10
am no group toose uidtldrepary: nider egen ankerekn dekerguad ermi zhagalagent 1 s
selected from % he, rou§qcon§i sting of dialkyl sul phates, al kyl halides,
benzyl hal i d&s" “Hytrdcarbyf “Substituted carbonates; and hydrocarbyl epcx-
ides in conmbination with an acid or m xtures thereof. 15 The quaterni zing
agent can i ngi ude halides, .such as chloride, iodide or brom de; hydroxides;
sul phonat es; “BY Sti'phi ¥i&s, “al RyF - Sufphit B9 Such* 3 Hihet Tyl " Sdfphat e
sul phones; phosphates; 04- 1Rzal kykphesphates;indi +8%- L2-,20-akkyt phosphat es;
borates; 01-12 al kg/l borates; nitrites; nitrates; carbonates; bicarbonates;
al kanoat es; 0, Ui 01TFAFRy| di thi opRdsphat &8 F6r Ti%ktur §°Fheredtd I n one
embodi nent t hecguatern ideNg ragentd Myt sbenderi viewh 25 ftem-diabkyd 1 sul phat es
such as dinethyl sul phate, N oxides, sul phones such as propane and butane
sul phone; al %?/Jro}s acyV 6t afdl kyl "Ralddes Sch AL Fethyi™sand et Hytse

types of acylated nitrcgen compounds, the mele ratic of

1¢  succinic acid to mono-carboxylic acid ranges from about

1:0.1 to about 1:1. Typical of the monocarboxlyic aclid are

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

cleic acild, stearic acid, the commercial mixture of

stearic acid isomers known as isostearic acid, tolyl acid,

i5 etc. Buch materials are more fully described in U.35. Pat.

Nos. 3,216,936 and 3,250,715,

A further type of acylated nitrogen compound suitable for
use 1n  the present iInventiocn is the product of the
20  reaction of =z fatty monocarboxylic acid of about 12-30
carbon atoms and the afore-described alkylene amines,
typically, ethylene, propylene or trimethvlene polyamines
containing Z to & amino groups and mixtures thereo?. The
fatty monc-carboxylic acids are generally mixtures of
25 straight and branched chain fatty carboxylic acids
containing 1Z-30 carbon atoms. Fatty dicarboxylic acids

£

could alsc ke used. 2 widely used type of acylated
nitrogen compcund is made by reacting the afore-described
alkylene polyamines with a mixture cf fatty acids having
300 from 5 to about 30 mole percent straight chain acid and
about 70 to about 95 percent mole braﬁched chain fatty

acids. Amcng the commercially available mixtures are those

known widely in the trade as isostearic acid. These



brom de or iodide or-benzyl chloride, and a (or al kyl) substituted
carbonates. |If the acyl aromatic ring is optionally or al kenyl groups. The
(or al kyl) groups of the hydrocarbyl WD 2009/ 040584PCT/ GB2008/ 050866 10 or

1 to 5 carhon 5 per group. In one enbodi nent the hydrocar byl

substi t ut e‘§85%1"%@%%t es contain two hydrocarbyl gr oupsP%’lﬂgggwgf%ﬁﬁé t he sane
or different. Exanples of suitable hydrocarbyl substituted carbonates
include 5 dinethyl or diethyl carbonaté&? In another enbodi nent the

guat erni zi ng agent can be a hydrocarbyl epoxide, as represented by the
foll ow ng fornmxtases n soabi patidoneaM t lisan aci dy-pwhénet n RreemR2,tRE and R4

can be independently .H or 50 drocarhyl . group.. Exanpl es of hydrocar byl
epoxi des cang%rﬁ%ﬁluzdgeélgpyroeneu% %e‘ia%%?hﬁééﬁg ﬁ&g, Pr 0Py gegjxijdq‘e,

but yl ene oxides. stdtl.bene. oxj ¢le? and @2<50, epoxide. 20 When such quaternary
amoni um salt additives are present in diesel fuel as the only nmeans of
reducing injector deposits they are typically added at treat rates of 5-500
ppm eg 10s 100hpphra2hebhertrieatrarate aefidsuechnaddid i vesivoul chdaepical |y be

| ess than the y{gpeg% limt of these ranges. eg |l ess than 500 pgm or, I ess than
100 ppm and PoOsSi bt5F FOMBIC™ FEy e Prnitt 8FthFs rahge* @ 1%ss t han
10 ppm or | esseithan-hi ppm. ohekyexaoph e dowt d o PRA h12rppmeaen used in
WO 2009/ 040584PCT/ GB2008/ 050866 42 conbination with the performmance

enhanci ng addfti%es BPHEE i AVt oh?-The THEEETY i Gel 2CofpdsFIiDiF of the
present invepti@nniMRY t3cCORREI seva Peid olewmibased fugk:obly gspecially a
mddle distillate fuel oil. Such distillate fuel Qilsm%eneral_ly boil within
t he range” of 2¥r omELGE™t 63800 &/ g F50C Vo 400G 1 Fiie “di éseb-fiuel’ may
conprise atmospherde ;di stizkhates or vaeuunrdi stildat e,74craekeds gas;,0il, or a
10 blend in an Proporti on of straight run and refinery streans such as
thermal |y anéi/%? catal yt el y Bdeked aid hydr e cacked Hist i thstes. The

di esel fuel gompositi.on of:1he, %&Sﬁ%ikﬁz\(?ﬁéi OB HBY: 3. LCOMI i S&: ¢
non-renewabl e Fi scher-Tropsch fuels such as those described as GIL

(gas-to-1iquitdy Fuel®ricTLipgoal- tiolrirglr@)otuel s and OTL (oil
sands-tosiiquid). The di esel fuel conposition of the present invention

may 20 conprise a renewable fuel such as a biofuel conposition or biodiesel
conposi tion. The nitrogen-containing detergent is preferaply present in

the composition of the first aspect an amcunit up te 1000
prpm, prefersbly up toe 500 ppm, preferably up to 300 ppem,
more preferably up to 200 ppm, preferably up tc 100 ppm
20  and mest preferably up to 70 ppm. The nitrogen-containing
detergent is preferably present in an amount of at least 1
ppm, preferably at ileast 10 ppm, mcre preferably at least

20 ppm, preferably at leasz 30 ppm.

25 All walues of ppm given herein refer Lo parts per million

by weight of the total composition.

Preferably the  weight ratio of nitrogen-containing
detergent to performance enhancing sdditive 1s at least
30 0.5:1, preferably at least 1:1, more preferably at least
2:1. The welght ratic cf nitrogen-containing detergent o

performance enhancing additive may be up toe 100:1,



The di esel fuel conpositio may conprise 1st generation biodiesel. First
generation biodi esel contains esters of, 25 for exanple, vegetable oils,
animal fats and used cooking fats. This form of biodi esel nay be obtained
by transesterification of oils, for exanple rapeseed oil, soybean oil,

saf f1 ower BPPYBHPH 25 oil, corn oil, peanut oil, cotPSHCERWHOWRI tall ow,

coconut oil, physic nut oil 30 (Jatropha), sunflower seed oil, used cooking
oil's, hydrogenated vegetable oils or a®¢ m xture thereof , with an al cohol,
usual |y a nonoal cohol, in the presence of a catalyst. WD

20091040584 Pgi¢ G8200810508663431 The: idi-esel ubueb toONPOSsidr er=ARY- cONPri se
second generation biodi esel. Second generation biodiesel is derived from
renewabl e res8urtes such as vegetabl e oils and animal fats and processed,
often in the refinery, often using 5 hydroprocessing such as the HBio
process devel oped by Petrobras. Second generation biodiesel may be simlar
in properties”aRd" Ul $ISF €6 FELPOFBEM DasEd Fiusieloifuedt FERRBS I E O™ exanpl e
renewabl esdi esel ¢ps oduced fir ommveget abl er@idis anigml-ikats gt cyeand

mar ket ed by 10 ConocolInillips as Renewabl e Diesel and by Neste as NExBTL.
The diesel f 8efctofpodit C6ACBF the pr 88Bnteihvetftdon Vitdy "gorprPeet hird
generation biogiesel .cnbhkr drgenet atd OMe art may be used and include,
biodieselutiLisesgasificationandF[sche(-Trppsc% 15 technol ogy i ncl udi ng

t hose descri bel aS3HS/ (Bif6nmEs®stol i g dy - Farells cpmppan@'én@?aﬁ@w%i odi esel
does not differ widely kromssape secondsgeneration hiodiesels hut ainms to
exploit the whol e plant (bionmass) and thereby w dens the feedstock base. 20
The di eséf foel!leonposictPehl Halecontailingbbends: gfvdadgeor all of the above
di esel fuel conmpositions. In sone enbodi nents the diesel fuel conposition
of the 25 present invention may be a bl ended diesel fuel conprising

bi o-di esel. I n such bl enx \the bi o-di esel may resent in an anount of),
for exanple up to 0.5% up %o 1% up to Z%ﬁJﬁiﬁ?ﬁg?§EUp to 4% up to 5%
up to 10% up 80 20% up %0 30% up to 40% up te:bQ% up to 60% up. to
70% up to 3080% up to 90% up to 95%or up to 99%" WD

2009/ 040584PCT/ (82008(;50866 44 however the diesel fuelgonposition does
not contain ethanol. .

v

15 Preferred metal deactivating compounds are those of

formula V:

OH
R2

OH
x
/N% /L
©1‘/ R N

3

wherein R, R* and R’ are independently selected from an
opticonally-substituted alkyl group or hydrogsn, preferably
an alkyl group from 1 to 4 carbon atoms or hydrogen. RY is

25 preferably hydrogen, R® is preferably hydrogen and RY is



Preferably, the diesel fuel has a sul phur content of at 5 nobst 0.05% by

wei ght, nore preferably of at nost 0.035% by wei ght, especially of at nost
0.015% Fuels with even |Iower |evels of sul phur are al so suitable such as,
fuels with S han 50 ppm sul phur by weight, preferably |ess than 20 ppm
for exanpﬁ@gi%gﬁ%ﬂ%br |l ess. 10 Conmonly when present, "RECEUEEEYSi ni ng
species will be present as a contam nant, for exanple through the corrosion
of netal and netal oxide surfaces by acildic species present in the fuel or
fromlubricating oil. In 15 use, fuels such as diesel fuels routinely come
i nto cont act oy fdraretval mstirflaces fier exanpkeget n reehi al ecfuel,l i mgsisyst ens,
fuel tanks, fuel transportation neans etc. Typically, netal-containing

cont ani nati oR" WiT1°conpri se transition netals such as zinc, iron and copper
20 and others such as lead. In addition to netal -contai ning contam nation
whi ch may be present in diesel fuels there are circunstances where

met al - cont ai Ni NG Speciés 'ay PA8F FhETat €15t e 4fdsd V8t Phe 25 gl For
exanpl e, as kssknowrliiRchhel prigideinab--epRka) Nisg fuek - borneseatal yst
species may be added to e wth the regeneration of particulate traps. Such
catal ysts ar&"0f%t e’ ag8d®oh  netal s such as iron, cerium Goup | and G oup
Il netals e.g., calciumand strontium either as 30 m xtures or alone. Also
used are plati numand nanganese. The presence of such catal ysts nay al so
give rise to injector deposits when t\he fuels are used in diesel engines
havi ng hi gh pressure fuel systens. WO 9/ 040584PCT/ GB2008/ 050866 45

Met al - cont ai ni ng contam nation, depepdi ngnem its source, may be in-the form
of insoluble particulates or sol uble conpounds or conpl exes.

Met al - cont ai ni ng fuel -borne 5 al ysts are g sol ubl e conpounds or

conpl exes or col |l oi dal specie 0
| nsoneenbodi ment s, t henet al - conta#ni ngspeci es pri ses a fuel -borne

catal yst. 10 Insoneenbodinents,theneta“;containingspecies conpri ses zinc.
Typically, the amount of metal -containi'ng species in the 15 diesel fuel,
expressedoin terns of the total weight of nmetal in the species, is between
0.1 and 50 ppm_.by weight, for ex | e between 0.1 and _ 10 ppm by wei ght,
based on thegﬁﬁﬁiﬁﬁ o ﬁéeéiggéf“PE%?qtlvatl“g compound 1s'Showr in

figure VII:

H
[:::::[:iQ§§N//“\\V//N\\v//A\\N4f“i:I:::::]
OH HO
VII

15 I
The metal deactivating compound is preferably present 1in
an amount of less than 100 ppm, and more preferably less
than 50 ppm, preferably less than 320 ppm, more preifierably
20 less than 20, preferably less than 15, preferably less

than 10 and more preferably less than 5 ppm. The metal
deactivator 1is preferably present as an amount of from
0.0001 zo 50 ppm, preferably 0.001 to 20, more preferably
0.0% to 10 ppm and most preferably 0.1 to 5 ppm.

25



20 The fuel conpositions of the present invention show inproved. performance
when used in diesel engines subjected to high pressures and tenperatures
conpared with diesel fuels of the prior art. 25 According to a second ]
aspect of nt invention there is provided an LV kage whic
upon addiﬁ%ggmﬁéﬁggﬁiesel fuel provides a fuel conpos%g?g%n%gmgﬁ% first
aspect. 30 The additive package may conprise a m xture of neat performance
enhanci ng additive and optionally furthker additives, for exanple those
descri bed above. Alternatively the additive package may conprise a sol ution
46 of additi Ves, w§orhexanplee dfn taenprtrivenafchydrocarbgn adndt ove atomat i ¢
solvents. According to.a third aspect of th resent .jpvention. re 5is
provi ded the%ﬁ%em%gaé %%??%?ﬁhﬁ%éJéhﬁﬁﬁfﬁﬁﬁgégdﬁf?@elpﬁ‘a H?e§e?8 uel
conposi ti on tord npreoieerziche éngh ned perdcorimanceroé fardileselrcengine havi ng a
high pressure fuel systemusing said diesel fuel .conmposition erein the
pe?fo?nance eh %hc? éaa%ﬂ?f?V%gWS‘fﬁg 'ﬁoguco df*g’wﬁﬁﬁﬁgﬁaﬁbyrgﬁ%Wion

bet ween: {a)5an abdehgdepréb)raspel yasm ne: 1 and @eﬁ,a@o@ptkﬁ?agkyblﬂ
substituted phenol ;. wherein the polyam.ne conponent (b) includes the noiety
15 R RONG RO RANEERE Cnfiar of e dHET ST PET 250 TP ko S Theantt P& 1 &

i ndependently sel ected from hydrogen, and an optionally substituted al kyl,
al kenyl , alkin I,larg%, al kyl aryl or. arylal kyl substituent; and wherein the
di esel fuel %%p%é?% nt el S ~RAdicti veScasErEFng “ECquater hary 20
amoni um sal tnwhigh MY seset Ferrpact hom Product;caf scarndse which
hydrocar byl -substituted acyl ating agent and a conEound havi ng an_oxygen or
nitrogeni%toﬁ¥%a68%m%nﬁﬁ Eottenst ngt@Fth satof acylFaeFhg-ageEnts antt ¥ urt her
having a terbkahy: M 00 i8R0uRnt ANda( B)e Ao OUal erficzi-Rgrnagentz suktabl e for 25
converting the tertiary amno group.to a quaternary nitrogen wherein the
quat er ni zi ngSagent™d s25@t et ed® ¢ oM PHe GPEGECEDNSCSERAY SFPEPERKS/A

sul phates, beazyl.hal ides,: hydrocarbyl substit uted carhonat.es: hydrocar byl
epoxi des in conbination with an acid or m xtures thereof. 30 Preferred
aspects of the sSecord ardPEhfEEy asBects rar edass detdired sion cegbati o t o t he
first aspect;n.ABa hus hhe addiiive jmy. be.segarded, as .a.parformnce
enhancing additive. The 1 nmprovenent in performance of the di'esel engi ne
havi ng 5 a highrpreessure fuel system may be neasured by a nunber of ways.

In particular, the compositicn of the present invention
may further comprise c¢ne 0r more additives known to
20  improve the performance of diesel engines having high
pressure fuel systems. Such additives are known fo those
skilled in the art and include, for example, the compounds

described in EP 1800785, EP 1887074 and EP 1884556.

25 Suitably the diesel fuel composition may include an
additive comprising a salt formed by the reaction of a
carboxylic acid with a gi-n-butyvlamine or tri-n-
butylamine, Suitably the fatty acid is of the Iformula
[R' (COOH} 4]y, where each R' iz a independently a

30  hydrocarbon group of between 2 and 4% carbon atoms, and x

is an integer between 1 and 4.



One of the ways in which the inprovenent in-performance can be neasured is
by measuring the power loss in a 10 controlled engine test, for exanple as
described in relation to exanple 4. Use of the performance enhancing WO

2009/ 040584P%aT4 4332008/ 050866 47 additives of the pr esg%g't;}b\@&},#(‘gn inthis
9

test provides a fuel giving a power |oss of |less than preferably |ess
than 5% preferably less than 4% for exanple less than 3% |ess than 2% or
less than 1% 5 Preferably the use of a°fuel composition of the first
aspect in a diesel engine having a high pressure fuel systemreduces the
power |oss ofraffarbengifne by at hvéastaPo: preder abl ySattol edst candoy:
preferably al, digast 22,10 0e, Aveler ahl yaAlod eash S0% and. mst,
preferably at |east 80% conpared to the base fuel. The |rrprovemanyt in
performance ofithe @i eselmcgngnelhanding ra 16 gh pressaracively systlem may be

measured by an i pRroyement. in.fuel .gegnony. 1 mprovermnt in petformance may
of the

al so be assessed by considering the extent to which the use
per f or mance &ntrancitngeaddi thvezpref erabby reduves, t helimmount ofe!20- deposit

on the injector_ of a gi be havi.n hi gh .pressure fuel stem. Direct
measur enent %Tlgd)gﬂﬁgsi%tﬁgﬂi Ilg Tiﬂ%(lh}sgcn‘%te Ggﬁvallelly%%nag??g ‘én@l r\thel ifsorusual |y
inferred fromdrhecpaver? | oss425rmentconed 'eard | eriwklfyueln fdlowlr atres

through the jnjector. An alternativ asure of deposits can_be obtained by
Forving the THEger Gret, I Eho Rk PRe et pl S6i RETTR 4Tt ocr P a

sui tabl e testfricgrbsxthe: Deti34. WwHienD i3t bas dduweeinetthedspofsdresting a
fouled injector: hy nmeasuring 30 the back pressure, thedpresgunrlie_;"_.dﬁrop or

the injettor tiTe. ~"WO 20051040584 PCT/ Gt 32008/ 050866 = P
acid, stearic acid, i1scstearic acid, neodecanocic acid,
arachic acid, behenic acid, lignoceric acid, cerotic acid,
montanic acid, melissic acid, caproleic acld, o¢leic acid,
elaidic acid, linoleic acid, linclenic acid, coconut oil
15 fatty acid, soy bean fatty acid, tall il fatty acid,
sunflower oil fatty acid, fish oil fatty acid, rapeseed
cil fatty acid, tallow oil fatty acid and palm oil fatty
acid., Mixtures of two or more acids in any proportion are
also suitable, Also suitable are the anhydrides of
20 carboxyiic acids, thelir derivatives and mizxtures thersof.
In a preferred embodiment, the carboxvlic acid comprises
tall oil fatty acid {TCOFRA). It has been Zgund that TOFA
with a saturate content of less than 5% by weight is

cgspecially suitable.

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

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

30  The treat rate of such additives would typically be less
than the upper limit of these ranges eg less than 400 ppm
or less than 200 ppm and possibly lowsr than the lower

limit oI thls range eg less than 20 ppm, for example down



48 the tinme taken for the pressure to drop between 2 set points is
nmeasured. This tests the integrity of the injector which should maintain
the pressure for a set period. If there is any failure in performance, the
5 pressur %(y\ﬁ“lﬂ;,mf(@Q nmore rapidly. This is a good indpeatbRn@lsent ernal
fouling, particularly by gums. For exanple, a typical passenger car
injector may take a. mninmumof 10 seconds for the pressure to drop between
the two set points. 10 To neasure the pf‘essure drop, the injector is
Pressurised to 1000 bar (108 Pa). The pressure is allowed to fall and at a
set point (780 barcam 705 X O™, Pajhdr ressd The W@ipﬁt{b@és@élﬁé ddEi ng the
firing per'%ﬂ&%@%grsﬂh&wwa&éle@g@@d 4 2 réggﬁgam/e ol typi cal
passenger car injector this may be 80 Any ockage in the
injector will cause a | ower pressure drop than the standard. 20 During the
pressur e drop, Megaur eapat Le.di me Lhat Las, i eet of gpens. faL. | s measur ed.
For typical ‘passendger car injectors this my Any ep05|t may
i mpi nge thi saopieniveg tdomeréausingtthe peessurre dropiuw be<dffect ed. Thus a
fouled inje v Q ne eni s .a {ower
pressure dr gﬁp\%tﬂ%}igﬁs%ﬁ ?nmv‘{écn@t%% o%uggﬁnp*%rtlaggﬁarﬁ %Zlg\f{)@}: dg ta%l

reducti on ofhdeposines on injectors of engines operating at h| gh pressures
and tenperatures in which fuel may be 30 recircul ated and which conprise a
plurality of fine apertures through which the fuel is delivered to the

engi ne. The preSent:livnventas omyﬁi'rmdsrwi I icztrym'pn ehgites fodrdeanydut y

vehi cl es, nd assen ger vehi cl es. se ger. ?\4\0 2009/ 040584PCT/CGBZ,0081050866
vehi cl es™ ncBFporati ﬁa a "firgh™ %p%cé d??e%? YAj et i on or Bl SDI Y erigi ne may
for exanple @lenej‘l t pt& o dihie pdieS:@Hftlgl ny:entd onNoﬁ—Jh&M&e oéxatzinﬂe&econd

aspect may inprove t erformanc the en ducing the deposits
on an inj ectjglr) ﬁg@& épep?ﬁ?%e%%t T di% é%éjte&?? géggr?‘htaﬂ %*070 kw,
preferably |ess fi;hﬂfb\%(i@yKWgrﬂ@gﬁ endf ei&raabimj@@&uwa@new@rm i rsome
enbodi nments the i nprove the 10 performance of %88 |ne by

reduci ng deposi't e&n aé(ﬁ FAT eBT WPt h Y anY A et ute AT ambt’er | ess

than 100: kmypprefierabl yetess, tduan 80 kpovo Theruse:dmy okmppoye=4 heith
performance of an engine in which the injector has nore than one aperture,
for exanpl e Hor'€HHan 4S%per t UFeso°For 1159eXanDl 56 Gr-Sror 8Laper-tiur es.

Wthin the injectomibedy: &f e@ra@ge@@jpsonl y 1-2 pm exi st between noving
parts and there have been reports of engine
The hycrocarbyl group is attached to a succinic acid or
20 anhydride moiety using methods known in the art.
Additicnally, or alternatively, sultaple hydrocarbyl-

substituted succinic acids or anhydrides are commercially

avallable e.G. dodecy]lsuccinic anhydride (DDSAY,
nexadecylsuccinic anhydride {HDSA) , octadecvlsuccinic

2% anhydride (OD3SAYand colylscbhbutylsucoinic anhydride
(PIBSA; .

Hydrazine has the formula:

30 NHz-NHz

Hydrazine may ke hydrated or non-hydrated. Bydrazine

moncohydrate is preferred.



problems in the field caused by injectors sticking and 20 plarly injectors
sticking open. Control of deposits in this area can be very inportant.
The use of the second aspect may inprove the performance of the engi ne by

reduci ng QEﬁﬁﬁwhﬁﬁh”C|“ding guns and 25 | acquers “‘th%BWEEng&%g%tor body.
The use of e second aspect may al so i nprove the performance of the engine

by reducing deposits in the vehicle fuel filter. 30 A reduction of deposits
in avehicle fuel filter may be measuréd quantitatively or qualitatively.
In sonme cases this nmay only be determ ned by inspection of the filter WD
2009/ 040584PCT/ GB2008/ 050866 50 once the filter has been renoved.|In ot her
cases, the |eyel . 0si L. Y. I during.use, .Many vehicles are
fitted with §¥$u%§£?€ﬁgéﬁkﬁﬁfgﬁ n§§ ggggggéggéﬁ%?xgﬁéﬁgg?%dsﬁiﬁ%%ﬁ‘use to
det erm ne t heclevel ofntgolriids buid dhupramndiet hermdete S or fiditieryr epl acenent .
For exanpl e, ch systemuses a. filter, cani ster. w-thin a transparent
housi ng al | o%mpcglkgmts%é flg%/cisner ?ﬂst h% f%’e éj1Oe5\%éjl :\ﬁt%%n 1 e%apiél‘t er “andt he
degree ofsfikterevdldocki nget @rbé=t@bbbsénvediockt dasrheenysuthpri simgly been
found that when using the fuel conpositions of the present invention the

| evel of deposits in Pﬁ%g¥%%|CPPrgg?saf@ 56%??5%?%%$yFF8885t80ﬂ5‘Eonpared
w th fuel cosposids onstwhichi=ddvaRot confrai motheuperf orsiamece enhanc ng

addi tive of the invention, This allows the filter to be changed much |ess

frequently aRd can ensurd-that fusl ¥i1%er s"do ot “Fai | “béteeh’ et vi ce
interval s. Theiseihiecdseysaf, the presert:i meendionkpayldead 20 thexr educed
naintenange costs. . . . : e » .

1 major high molecular weilght product of the reaction 1s an

oiligomeric species predominantly of the structure:

N—"F——————NH HN

NH - HN——

15 where n 1s an integer and greater than 1, preferably
tetween 2 and 10, more preferably betwsen 2 and 7, for
example 3, 4 or 5. Each end of the cligomer may be capped
by one or more of a variety of groups. Some possible
exampies of these terminal groups include:

20



Suitably the use of the performance enhancing additive of the present
invention allows the interval between filter replacenent to be extended,
suitably by at least 5% 25 preferably at |east 10% nore preferably at

| east 209 l e at | east 30% or at |east 50% e

Co- ordlna??égmagégggan Council for the devel opnent of$ETE¥%ﬁQEW%% tests for
transportation fuels, % |ubricants and other fl uids (the i ndustry body
known as CEO), has developed a new test’? naned CEO 5-98-08 to assess

whet her diesel fuel is suitable for use in engines neeting new European

Uni on em ssions regul ati®ns known as 2009/ 040584PCT/ GL32008/ 050866 51
the "Euro 5" reqgul ationg/ The test is/pased on a Peuggot DW O engi ne using
Euro 5 injectors, an & referred ashihé"DWO test. It
will be further descri bednia-the context of the exanples. 5 Preferably the
use of the performa e hanC|ng itives qf the esent invention |eads
to reduced deposi®S in (B8 i
application, the invent
avail able at that tine and found that the use of the perfornance enhanci ng
additives of the invention in a diesel fuel conposition resulted in a
reduction i nypower. co e ho t cant ng t he
per f or mance gnhancfhgégdd|??§£ 2 }$ Mg% ofggﬁgqggs%gﬁetﬁgé age %1 en in
Exanpl e 4. |'maddi ticosetoithe praxent i on or reduction of the 20 occurrence
of injector fouling as described above, the present inventor has also found
t hat conpositions of the present invention may be used to renove sone or

all of the deposits which have al re&dy formed on injectors. This is a
further way by which an inprovenent i erformance may 25 be neasured.

Thus, the present invention further pfovides the use of a diesel fuel
conposition of the first aspect to osits fornmed in a high
pressure diesel engine. $0 Deposit n i njjectors of an engi ne having a high
pressure < NH HN

When such additives are present in diesel fuel azs the only
means o0f reducing i1njector deposits they are typically

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

The treat rate oI such additives would typically ke less
than the upper limit of these ranges eg less than 500 ppm
or less than 100 ppm and pessibly lowser than the lower
15  limit of this range eg lesss than 20 ppm or less than 10
ppr, Ifor example down to & oppm or 2 ppm, when used in
combination with the performance enhancing additives of

this invention.



fuel system may al so be neasured using a hot liquid process sinulator (or
H PS). This equi pnment allows the WO 2009/ 040584PCT/ GB2008/ 050866 52 foul i ng
of a netallic conponent, typically a steel or alumniumrod to be neasured.
The HI PS hRERkyy Which is generally known to thosepggk%hﬁgm%&%the art,

i ncludes a fuel reservoir fromwhich fuel is punped under pressure and
passed over a heated stainless steel tube. The | evel of deposit on the tube
after a certain period can then be neastured. This is consi dered a good
way of predicting how a nuch fuel would deposit on an injector. The

equi pnrent was nodified to 10 allow fuel to recirculate. Thus the present

i nvention proyi. h se & p ar ~enhanci dditive as defined
inrelation %%Jgﬁgﬁﬁiﬁgg agg%%f tgﬁ%édgggﬁgﬁg‘dépbs?%gafg%%fag%ié%él 15
fuel . This naydbe ieaswredswhthaa Retsti queédcprpeess sf mibatora f 6F) exanpl e
usi ng the ne£g$qmﬁ§bq%tageglip_Exanple 3. Although the diesel fuel
conpositions of the present 20" i nvention provi de i nproved performnce of
engi nes operating at high tenperature and pressures, they nay al so be used
with traditional diesel engines. isis iQFortant because a single fuel
nmust be provide that can be used FPanew e ?anes and ol der vehicles. 25 Any
feature of any aspect of the invention mayike conbined with any ot her
feature, where appropriate. The iﬁVéﬁ?FBﬁ_ﬁﬁh1 now be further defined with
reference 30 to the following non-limting exanples. In these exanples the
terms "iv" denotes exanples in accordantle with the

wherein each Ar independently represents an aromatic
16 moiety having 0 to 3 substituents selected from the group
consisting aof alkyl, alkoxy, alkoxvalilkyl, aryloxy,
aryioxvalkyl, hydroxy, hydroxyalkyl, halc and combinations
thereof;
each L 1s independently a linking molety comprising a
15 carbon-carbon single bond or a linking group;
each Y 1s independently -0RY or a moiety of the formula
H{O(CR'} ) y%~, wherein X 1is selected from the group
consisting of (CR*:}., 0 and &: R' and RY are each
independently selected from H, C; to Ce¢ alkyl and aryl: R
20  is selected from C; to Cipe alkyl and arvl: z is 1 to 10: n
iz 0 to 10 when X is (CR'%)s, and 2 to 10 when ¥ is O or S;
and v is 1 to 32C;

each

W

is independently 0§ to 3, with the proviso that at
least one Ar molety bears at least cne group ¥; and m is 1

25  to 100;

wherein:



i

i nvention,
and

53 not of the invention. However

"conp" denotes conparative exanpl es,
it should be noted that this

"ref" denotes an exanple showi ng the-properties of a base fuel

WO 20091040584PCT/ GB2008/ 050866
is for

assi st ancey@bobhRsdseader only and that the final testpiscphgiieissexanpl es

fall within the scope of any actual or

exanpl es which 5 follow the val ues glven in parts per

treat rates denote active agent anount,
added, and containing an active agent.
byi ng 0. 0287=%1 éﬁ

par af or mal dehyde,

t ol uene. The nlxture was heated. to 15

claimherein. In the
mllion (Pim for
“®not the anount of a formul ation as
Exanple 1 10 Additive C was prepared

potenti al

tegErvaeIits) 4=8sdeeytphetiol 2rore286 mitiey.
0.,0143 mol gg.sdietaethylenepent anng angd.0.

nol
6 hour s.

eq.

110C and refl uxed for The

sol vent and W@tErstofdr et i ofl Wetre t Benc¥enovedkonderXlacuuhydrsEt-hi s
exampie the pplar, £ayio of aldehyde(a).., palyam, e(b) ..phenol (5, was

2:1:2. 20 Exanple 2 Furt

her COﬂpOUﬂ S were prepare

usi ng analogous nmet hods

to that desczibetkii-n ExanplexdalGonpoundrl:psvilddixtvi.ve Chabove ardl i s shown

Aach. gase,

for conpletengﬁ%
reacting fornma éﬁgggkgn par a- dodecyl

a Mannich reaction was carried out by

phenol with the amnes listed in

Table 1 in t@@ﬂratl01§tare@me”WEhZD@QFO4®58&P@Tﬁ@BZ@@B/@@@86@i54 Fabl e 2.

Conpound An]Eﬁ%bon—carbon single bond orx

each Y' is

10 H'

£l

(O(CR*) 4"}y X'~, wherein

~
L

onsisting of (CR*',).., O

independently selected from H,

1

is 1 to 10; n

-

wnen X' its 0O or S; v ls 1 to

15 a lactone

polyacyi

groug,

group,

sach a'

least one Ar'

7 1ls not H; anc m' 1s 1 to 10

20

When such additives are present

means of injector

50-3¢

reducing

added at treat rates of

25 The treat rate of such

o~

than the upper limit of

and possibly lower than

less than 50 ppm,

when used 1in combilnaticn wi

30 additives of this invention.

Suitably the diesel fuel

additive comprising a

independently a molety

and S

is 0 to 10 when

an alkyl group or an aryl

ig independently 0 to 3,

moiety bears at

acdit
the lower

for example down to 20 ppm or

th

quaternary

linking group:;

the formula Z0- or

oL

is selected from the group

R° and R' are each

te Cs alkyl and aryl z!
(CR*' 54,

is H,

Cy
X'
30;

is and 2 o 10

Z an acyl group, a

ester group, an acld ester

group;

with the provisc that at

least one group ¥' in which

0.
in diesel fuel as the only

deposits they are ityplcally

G0 ppm.

ives would typically be less

these ranges eg less than 300 ppm

iimit of this range eg

10 ppm,

the performance enhancing

composition may include an

ammonium salt  which



Al dehyde: Amin : ‘Phenol (rnolar- ratio) HH

H2N. . - - - - - e NENFLNE-- - I NI NH2 H2 :1: 2 2 HH
2NNN. -","---\ HNH2 H 2 H2N 2 :1: 2 9 H H2NNNH2
WO 2009/040584 PCT/GB2008/050866
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comprises the reaction product of (a) a hydrocarbyl-
substituted acylating agent and a compound having an
oxygen or nitrogen atom carable of condensing with said
acylating agent and further having a tertiary amino group;
and (b} =2 quaternizing agent suitable for converting the
tertiary aminoc group to a quaternary nitrogen wherein the
quaternizing agent 1s selected from the group consisting
of dialkyl sulphates, benzyl halides, hydrocarbyl
substituted carbonates; hydrocarbyl cpoxides in

comblnation with an acid or mixtures thereof.

Ixamples of gquaternary ammonium salt and methods for
preparing the same are described in the following patents,
wirich are hereby incorporated by reference, US 4,253,980,
Us 3,778,371, US 4,171,95%, US 4,326,873, US 4,338,206,
and US 5,254,138,

Suitable acylating agents and hydrocarbyl substituents are

as previously defined in this specification.

Examples of the nitrogern or oxygen containing compounds
capable of condensing with the acvylating agent and further
havin a tertiary amino group can include but are not
limited to: N,N-dimethyl~ aminopropylamine, N,N-diethyl-
aminopropy.lamine, N, N-dimethyl- aminc ethylamine. The
nitrogen or oxygen contalning compounds capable  of
condensing with the sacvliating agent and further having a
tertiary amino group can further include amino alkyl
substituted heterocyell compounds such as 1-(3~
aminopropyliimidazole and 4- {Z-aminopropylimorpholine, 1-
(Z-amincethyl)piperidine, 3, 3-diaming-N~- methylidi-
propylamine, and 3'3-aminobis (N,N-dimethvlpropylamine) .

Other tTypes of nitrogen or oxygen containing compounds



2 :1: 25 -

2 :1: 2 6 H2 N 2: 2:17HHN.---\,--N-",---"0H 1:1:1

8 H"---,", ""N', __, ----., H2NOH 2 :1: 2

WO 2069/640584 PCT/GB2008/0508646
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capable of condensing with the acylating agent and having
a tertiary amino group inciude alkanolamines including but
not limited to +triethanolamine, <trimethanolamine, N,N-
dimethylamincpropanol, N,N-diethylamincprepanol, N, N-
diethylaminobutanol, N,N,N-tris (hydroxyethyl)amine and

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

The composition ¢f the present invention may contain a
guaternizing agent sultable for converting the tertiary
aminc group L0 & Quaternary nitrogen  wherein  the
guaternizing agent i1s selected from the group consisting
of dialkyl sulphates, alkyl halides, benzyl halides,
hydrocarbyl substituted carbonates; and hydrocarbyl epox-

ides in combination with an acid or mixtures therecf.

+4

he guaternizing agent can inciude halilides, such as
chloride, icdide or Dbromide; Thydroxides; sulphonates;
bisulphites, alkyl sulphates, such as dimethyl sulphate;
sulphones; phosphates; C1-12 alkylphosphates; di Cl1-1Z2
alkyviphosphates; borates; <C1-12 alkylborates; nitrites;
nitrates; carbonates; bicarbenates; alkancates; 0,0-di Cl-

12 alkyidithiophosphates; or mixtures theraor.

In one embodimenit the quaternizing agent may be derived

from dialkyl sulphates such as dimethy]l sulphate, -

oxides, sulphones such as ropane and Dbutane sulphone;

e

aikyl, acyl or aralkyl halides such as methyl and ethyl
cnicoride, bromide or iodide or bpenzyl chleride, and a
hydrccarbyl (cor alkyl) substituted carbonates., If the acyl
halide 1s kenzyl chloride, the aromatic ring is optionally
further substituted with =zlkyl or alkenvl groups. The
hydrocarbyl (or alkyl) Groups of the hvdreocarbyl

substituted carbonates may contain 1 to 50, 1 te 20, 1 to



------ ,"-- NH2 N ----- NH2 2::2 10 NH
NH2H2N,, 2:1: 2 HZN'-----...... R ",
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1¢ or 1 to 5 carbon atoms per group. In one embodiment the
hydrocarbyl substituted carbonates contain two hydrocarbyl
groups that may be the same or different. Examples of
suitable hydroccarbyl substituted carbonates include

dimethyl or diethyl carbonate.

In another embodiment the guaternizing agent can bhe a
hydrocarbyl epoxide, as rapresented by the following

formula, in combination with an acid:

wherein R1, RZ2, R3 and R4 can be independently H or a Ci-

50 hydrocarbyl group.

Examples of Thydrocarbyl epoxides can include styrene
oxide, ethylene oxide, propylene oxide, butvlene oxide,

stilbene oxide and C2-50 epoxide.

When such guaternary ammonium salt additives are present

i diesel fuel as the only means of reducing injector

[

deposits they are typically added at treat rates of 5-50

ppm g 10-100 ppom.

The treat rate of such additives would typically bhe less
than the upper limit of these ranges eg less than 500 ppm
or less than 100 ppm and possibly lower than the lower
limit of this range eg less than 10 ppm or less than 5

per, for example down to 5 ppm or Z ppm, when used in
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combination with the performance enhancing additives o

this invention.

The diesel fuel composition of the present invention may
comprise a petroleum-based fuel oil, especially a middle
distillate fuel oil. Such distillate fuel oils generally
beil within the range of from 110°C to 500°C, =.g. 130°C
to  400°C. The diesel fuel may comprise atmospheric
distillate or wvacuum distillate, cracked gas o¢il, or a
blend in any proportion of straight run and refinery
streams such 2s thermally and/or catalytically cracked and

nydro-cracked distillates.

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

tiguid) fuels and OTL (0il sands~to-liquid).
The diesel fuel composition of the present invention may
comprise a renewable fuel such as z bicofuel composition or

biodiesel composition.

i

Q4
Q

The diesel fuel compesition may comprise 18t gener 8!

t

Picdiesel. First generation bilodiesel contains e

o0

ters of,

b

for example, vegetable cils, animal fats and used cooking
fats. This form of Dbiodiesel may be obtained by
transesterification of oils, for example rapeseed oil,
soybean oil, safflower oil, palm 25 o0il, corn oil, peanut
0il, cotton seed oil, tallow, cocconut oil, physic nut oil
(Jatropha), sunflower seed oil, used cooking  oils,
hydrogenated vegetable o0ils or any mixture thereof , with
an alcohel, usually a menoalcchol, i1n the presence of a

catalyst.
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The diesel fuel composition may comprise second generation
hiodiesel, Second generation bilodiesel i1s derived from
renewable resources such as vegetable oils and animal fats
and processed, often in the refinery, often using
nydroprocessing such as the H-Bio process developed by
Petrobras. Seccnd generation biodiegel may be similar in
properties and gquality to petroleum based fuel oll
streams, for example renewable diesel produced from
vaegetable oils, animal fats ato, and marketed by

ConocoPhililips as Renewable Diesel and by Neste as NExBTL.

The diesel fuel composition c¢f the present invention may
comprise third generation biodiesel. Third generation
biodiesel utilises gasification and Fischer-Tropsch
technology including those described as BTL (piomass-to-
liguid) fuels. Third generation bicdiesel does not differ

%

widely from some second generation biodiesel, but aims to
explcit the whole plant (biomass) and thereby widens the

fTeedstock base.

The diesel fuel compeosgiticn may c¢ontain blends of any or

all of the above diesel fuel compositions,

In =some embodimentz the diesel fuel composition ¢f the
present invention may be a blended diesel fuel comprising
bio-diesel, In such blends the pro~dissel may be present
in an amount of, for example up to 0.3%, 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
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0%, up to 90%, up tc 95% or up to 99%.

In some embodiments the diesel fuel composzition may

comprise a secondary fuel, for example ethancl. Preferably

0



O ..."-.", \N--- ....---- --, NH2 2:2:1 56 Fuel conpositions containing
conpoundslo are in accordance with the invention. Fuel conpositions
cont ai ni ng conpounds 11-19 are conparative exanples. 5 Exanple 3 Diese

fuel conp§§65mgﬂ§,ﬂpre prepared conprising the additi ’Phéﬁ%gﬂ%'n Tabl e

above dto a I'quots all drawn froma conmon batc ase fue
containing 1 10 ppnm( zinc (as zinc neodecanoate). Table 2 bel ow shows the
specificatamm for RL106 base fuel. W0?2009/ 040584PCT/ GB2008/ 050866 57

Tabl e 2 PropertyUnitsLimtsMethod
however the diesel fuel composition does not contain

ethanol.

Preferably, the diesel fuel has a sulphur content of at
5 most 0.05% by welght, more preferably of at most 0.035% hy
weight, especially of at most 0.015%. Fuels with even
lower levels of sulphur are also suitabkle =such as, fuels
with less thar 50 ppm suiphur by weight, preferably less

than 20 ppm, for example 10 ppm cor less.

10
Commonly when present, metal-containing species will be
present &g a contaminant, for example through the
corresion of metal and metal oxide surfaces by acidic
spaecies prasent In the fusl or from lubricating oil. In
i5 use, fuels =such as diesel fuels routinely coms into

contact with metal surfaces for example, in vehilcie
fuelling svestems, fuel tanks, fuel transportation means
atc, Typically, metal-contalning contamination will

comprise transition metals such as zing, 1ron and copper

20 and cthers such as lead.

In addition to metal-containing contamination which may be
present in diesel fuels there are c¢ircumstances whers
metal-containing species may deliberately ke added to the
25 fuel. For example, a8 1s known in  the art, metal-
contalining fuel-borne catalyast species may be added to aid
with the regeneration of particulate traps. Such catalysts
are often based on metals such as iron, cerium, Group I
and Group II metals e.g., calcium and strontium, either as
30 mixtures or alone. Alsc used are platinum and manganese.
The presence of guch catalysts may also give rise to
irjector deposits when the fusls are wused in diesel

engines having high pressure fusl systems.



M n Max Cctane-Nunmber52. 0 54. 0OEN | SO 5165 Density at 1500kg/ mi833837EN | SO
3675 Distillation 50%v/v Point 95% v/v Point FED Flash Point Cold Filter
Pl uggi ng Point Viscosity at 40Cm®/ SeD Pol ycyclic Aronmati c% Hydrocar bons

Sul phur - Copt st iRkdk9 Copper Corrosion Donradson Car bopgﬁggggqﬁ%&%%Mmon 104

D st. Residue idation Stabilityng/ nL0.025 EN I SO

(WsD1, 4) ur n400CEO D- 06- A-96 Fatty Acid nethyl Esterprohibited In each case,
12 ppm of the additive conpound |isted?n Table 1 was added to the RFO6
base fuel. Each of the fuel conpositions prepared was tested using. the Hot
Li quid Process Sinulator (HLPS) equipnent. In this test 800 m of fuel is

pressurised {0 500 psi . (3,44 x 106 . and ver a stegl e heated
to 270C. Thegfl?e%t) Clogstéﬁﬁg? onélnégrgllﬁ%%lrogl.' %ég%}t@@gp 8&%06“%1a§$ﬁée(%e${
nodi fi ed, bymzenbvalnof-hehdopinstedn Misthivhleheafuetuleser voirsotla | ow t he

degraded fuel to felurn,to thg feServoln,.and mx .. ing  fuel-borne
5 catalysts are often scluble compounds or complexes or

colleoidal species.

in some embodiments, the metal-containing spacies

comprises a fuel-horne catalyst.

In some embodiments, the metal-containing species

comprises zinc,

Typically, the amcunt of metal-containing species in the
15 diesel fuel, expressed 1in terms of the total weight of
metal in the species, is between 0.1 and 50 ppm by weight,
for example between (.1 and 10 pem by weight, based on the

weight of the diesel fuel.

20  The fuel compositions of the present invention show
improved performance when used in diesel engines subjecited
t¢ high pressures and temperatures compared with diesel

fuels of the prior art.

2
o

According to a second aspect of the present invention
there is provided an additive package which upon addition
to a diesel fuel provides & fuel composition of the first

aspect.

30 The =zdditive package may comprise a mixture of neat
perfcormance enhancing additive and optionally further
additives, for example those described above,

Alternatively the acditive package may comprise a soluticn



58 with the fresh fuel. At the end of test the steel tube is renmpoved and
the I evel of deposit neasured as surface carbon. 5 Fuel 1 below contains 12
ppm of conpound 1; fuel 2 below contains 12 ppm of conpound 2; and so on.
The results are shown in Table 3. WD 2Q09/040584PCT/ 682008/ 050866 Re Tabl e
3 Fuel composition containing 12 ppm of conmpound Surface Carbon(pg/cnR) 1

(iv) 2 (iv)og3a§d££9¥gs? %or example in a mixture of hydrocarbon

and/or aromatic solvents.

According to a third aspect of the present invention there
5 1is provided the use of a performance enhancing additive in
a diesel fuel compoesition to improve the engine
performance c¢f a diesel engine having a high pressure fuel
gystem using said diesel fuel composition, wherein the
performance enhancing additive isg the product of a Mannich
10 reacticn between:
{a) an aldehyde;
{b) & polvamine; and
{c) an optionally substituted phencol;
wherein the polyamine compenent {b) includes the molety
15 R'R®NCHR’CER'NR°R® wherein each of R', R®* R', R*, R® and R® is
independently selected from hydrogen, and an optionally
substituted alkyl, alkenyl, alkynyl, =aryl, alkylaryl or
arylalkyl substituent; and wherein the diesel fuel
composition includes an additive comprising a guaternary
20 ammeonium =galt which comprises the reaction product of (a)
a hydrocarbyl-substituted acylating agent and a compound
having an oxygen or nitrcgen atom capable of condensing
with saild acylating agent and further having a tertiary
amine group; and (k) a quaternizing agent suitable for
25 converting the tertiary amino group to a quaternary
nitrogen wherein the guaternizing agent is selected from
the group consisting of dialkyl sulphates, benzyl halides,
hydrocarbyl substituted carbonates; hydrocarbyl epoxides
in combination with an acid or mixtures thereof.
30
Preferred aspects of the second and third aspects are as

defined in relation to the first aspsct.
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Thus the additive may be regarded as a performance

enhancing additive.

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

ways.

Cne of the ways in which the improvement in performance
can be measured is by measuring the power loss in a
10 controlled engine test, for example as described in

relation to example 4. Uge of the performance enhancing
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additives of the present invention in this test provides a
fuel giving a power loss of less than 10 %, preferably
less than 5%, prefersbly less than 4% for example less

~

than 3%, less than 2% or less than 1%.

Preferably the use of & fuel composition of the first
aspect 1in a diesel engine having a high pressure fuel

stem reduces the power loss of that engine by at least

9]
e

2

e

. preferably at least 10%, preferably at least 25H%,
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
a high pressure fuel system may be measured by an

ilmprovement in fuel economy.

Improvement 1n  performance may also be assessed by
considering the extent to which the use of the performance
enhancing additive preferakly reduces the amount of
deposit on the injector of an engine having a high

pressure fuel system.

Direct measurement of deposit bulld up 1is not usually
undertaken, but i1s usually inferred from the power loss
menticned esarlier or fuel flow rates through the injsctor.
An alternative measure of deposits can be obtained by
removing the injectors from the engine and placing in a
test rig. A suiltable test rig is the DIT 21. The DIT31 has
three methods of testing a fouled injector: by measuring

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

Tc measure the pack pressure, the injector Lz pressurised

to 1000 bar {(10® Pa). The pressure is allowed to fall and



19 (conmp) 65 These results show that additives of the present Invention

i ncluding an optionally substituted ethylene diamne noiety can lead to
reduced deposits conpared with additives not of the present invention. WD
2009/ 040584PCT/ (B2008/ 050866 60 Exanple 4 Diesel fuel conpositions were
prepared cOMPIPMY the additives listed in Table 4 b8FbkBAR UL o
aliquots all 5 drawn froma common batch of RFO6 base fuel, and containing
1 ppm zinc (as zinc neodecanoate) and t4ésted according to the CEO OWV 10

met hod. Included in the tests were Additive A and Additive B. Additive Ais
a 60% acti verifgredé ertksal WHoronhe( | Prédomat | €c sakyentk-abea 10 set

pol yi sobut envl  succi,ninm de obtained fromthe condensation reaction of a

pol yi sobut en§*Sutcciti cTantiydid de “Hefi Vel F om pol yi 's6Hitene°bf N

appr oxi mat el yn¥&6-aM t hnacpolyet:hyl enenpalyamrG giddy:@ ofaver age

conposi tion approxinmating to tetraethyl ene pentamne. Additive B is 15

N, N - di sal i cPetiYene, 2H8 5 ndpr 8pane’ 2 Fe engf nd OF- THE FRj ect’sr foul i ng
test is the PRADMORIEDA o1 n sawaary.; shbhe engine chajact eriisties,are: 20
Desi gn: Four c%ll inders in line, overhead canshaft, turbocharged with FOR
Capaci ty: 1998 cifB-Coibus P oh" Ehatiier: CEoaF  Vab ¥ e bowlF Sirn S pigk by, anal |

gui ded directypniLactionaPower: ;10Q-kWat400QLEPD minimun of 10

seconds for the pressure to drop bstween the two ser

points.,

To measure the pressure drop, the injector is pressurised
to 1000 bar (10% Pa). The pressure is allowed to fall and
at a set point (750 bar - 7.5 = 10’ Pa) fires. The drop in
pressure during the firing period 1is measured and is
15 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.

20  During the pressure drop measurement the time that the
injector opens for is measursd. For typical passenger car
injectors this may be 10 mstl ms. Any devosit may impinge
this opening time causing the pressure drog to be
affected. Thus a fouled injector may have a shortened

25 opening time as well as a lower pressure drop.

The present invention 1s particulariy wuseful in the
reduction of deposits con injectors of engines operating at
high pressures and temperatures 1in which fuel may be
30 recirculated and which comprise a plurality of fine
apertures through which the fuel is delivered to the
engine. The present invention finds utility in engines

for heavy duty vehicles and passenger vehicles. Passenger



Torque: 320 Nm at 2000 rpm Injection system Conmonrail w thniezo

el ectronically controlled 6-hole injectors. Max. pressure: 1600 bar
(1.6 x 108 Pa). Proprietary design 30 by SIEMENS VDO Em ssions control:
Conforns with Euro IV [imt values when combined with_exhaust gas

post - t r eat"hRA&4P¥em (DPF) WO 20091040584PCUGB208/ 03‘4@’@52"8@{"’%@5 engi ne
was chosen as a design representative of the nodern European hi gh-speed
direct .injection diesel engine capablatof conformng to present and future
Eur opean em ssions requirenents. The comon rail injection system5 uses a
hi ghly efficiemtcinezziedeskgpimth noyndedekal et redgesnang: iconi cal spray
hol es for optinmal hydraulic flow This type of nngFI e, vyhen conbi ned with
hi gh fuel pressure®hds al Mowed Hdvaness & o Be=achi evell i conbudtiton
efficiency, regucedrnoi se and reduced fuel consunption, 10 but are
sensitive to influences that can disturb the fuel flow, such as deposit
formation in the spray holes. The presence of these deposits causes a
significant tessuef engine powsls aduhbddICHEASahpraWeeMhSSHeR8s rikhee
Thetestisrun wth afutureinjector design representative of anticipated Euro
V injector tethroFody: 9 FPE i‘s’ coRSTEetedfecessary t o “establ s @ Tl i abl e
basel i ne of inj or. C i.tian f.ore beginnjin i.ng .20 test SO a

si xt een hourh%ltlﬁrﬁglt nﬁli%ﬁ%c de%ul‘ﬂlieﬁebfhora t%gd%t%s%tI %nﬁf glclzgtédr gc%g S“R’g@ci I'ed, usi ng
non-foul i ng pefernence fluek. +han BUd pdet ablks ofctdherCEC1E=98:108 tiest net hod
can be obtained fromthe CEC The coking cycle is summarised 25 below. 1. A
warm up cyclign( 120 nates) atedtdigig<t o tiite fwid owhalg reghyme WDe

2009/040?@4P5g¥é%%%g%%%059§6Qh%2 engine by reducing deposits on an

injector with an aperture having a diameter less than 100

pm, preferably lesgs than 80 um. The use may improve the

o

erformance of an engine in which the injector has more
than one aperture, for example more than 4 apertures, for

15  example 6 or more apertures.

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

in this area can be very important.

The use oi the sescond aspect may improve the performance
of the ngine by reducing deposits including gums  and

25 lacguers within the injector body.

The use oI the second aspect may alsc improve the
performance of the engine by reducing deposits in the
vehicle fuel filter.

30
A reduction of deposits in a vehicle fuel filter may be
measured guantitatively or qualitatively. In some cases

this may only be determined by inspecticon of the Filter
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orice the filter has been removed. Iin other cases,

level of deposits may be estimated during use.

Many wvehicles are fitted with a fuel filter which may be
5 wisually inspected during use to determine the level of

solids bulld up and the need for filter replacement. For

example, one such system uses a filter canister within a

ty

transparent housing allowing the filter, the fuel Ilevel
within the fiiter and the degree of filter blocking to be

10 chserved.

It has been surpriszingly been found that when using the
fuel compositions of the present invention the level of
depcsits in the fuel filter are consgiderably reduced
15 compared with fuel compositions which do not ceontain the
performance enhancing additive of the invention. This
allows the filter to be changed much less freguently and
can ensure that ZIZuel filters do not fail between service
intervals. Thﬁs the use of the present invention may lead

20 to reduced malntenance Costs,

Suitably the use o¢f the performance enhancing additive of
the present invention allows the interval bpetween filter
replacement tc be extended, suitakly by at least %,

2% preferakly at least 10%, more preferably at least 20%, for

example at least 30% or at least 50%.

In Eurcpe the Co-ordinating Eurcpsan Council for the
development of performance tests for transportation fuels,
3¢ lubricants and other fluids (the industry body known as
CEC), has developed a new test, named CEC F-25-08 to
assess whether diesel fuel is sultable for use 1in engines

meeting new European Union emissions regulations known as
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the “Buro 5" regulations. The test is bassad on a Peugeot
DWil engine using Eurc 5 injectors, and will hereinafter
ke referred to as the DWI0 test. It will be further

described in the context of the examples.

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

DWl0 test.

10 Befcre the priority date of this application, the inventor
used the basic procedure for the DW10 test as available at
that time and found that the use of the performance
enhiancing additives of the invention in a diesel fuel
composition resulted in a reduction in power lcss compared

15 with the same fuel not containing the performance
enhancing additive. Detalls of the test method are given

in Example 4.

Inr addition to the prevention or reducticn of the
20  occurrence of inidector fouling as described above, the
present inventcr has alsc found that compositions of the
present invention may be used to remove some or all of the
deposits which have already formed on intectors. This 1is

a further way by which an improvement 1n performance may

25  be measured.

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

deposits formed in a high pressure diesel engine.

Depesits on injectors of an engine having a high pressure
fuel system may also be meesured using a hot Iliguid

process simulator (or HLES). This equipment allows the
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fouling of a metallic component, typically a steel or
aluminium rod to be measured.

The HLPS equipoment, which 1s generally known to thoss
skilled In the art, includes a fuel reservoir from which
fuel 1s 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 neasured. This is
considered a good way of predicting how a much fuel would

depceit on an injector. The egulpment was modified to

a.low fuel to recirculate.

Thus the resent invention provides the use of

{1x

performance enhancing additive as defined in relation to
the first aspect to reduce the deposits from a diesel
fuel. This may be measured with & hot ligquid process
gimulator for example using the method as defined in

Example 3,

Although the diesel fuel compoesitions of the present
invention provide improved performance of engines
operating at high temperature and pressures, they may also
be used with traditional diesel engines. This 1s important
because a single fuel must be provide that can be used in

new engines and olger vehicles.

Any feature of any aspect of the invention may be combined

with any other feature, whers appropriate.

The invention will now bpe further defined with reference

to the following non-limiting examples. In these examples

the terms “inv” denotes examples 1in accordance with the

invention, “ref” denctes an example showing the properties

of a base fuel and “comp” denctes comparative exanmples,
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not ¢f the invention. However it should be noted that this
is for assistance of the readsr only and that the final
test 1s whether examples fall within the scope of any
actual or potential claim herein. In the examples which
follow the wvalues gilven in parts per million (ppm) for
treat rates denote active agent amount, not the amount of

a formulation as added, and containing an active agent.

Example 1

Additive C was prepared by mixing 0.0287 meol eq.
(eguivalents) 4-deodecyliphencl, 3.0z286 mol eq.
parafcormaldehyde, (.01432 mol eq. tetrasthylenepentamine
and ©€.1085% mol eg. tcluene. The mixture was hesated to
110°C and refluxed for & hours. The solvent and water of
reacticn were then remcved under vacuum. In this example
the melar ratio of aldehyde(a) : polyvamine(b) : phencl(c)

was 2:1:2.

Example 2

Further compounds were preapared using analogous methods to
that described in Example 1. Compound 1 1ig Additive C

above and is shown for completeness.

In each case, a Mannich reaction was carried out by
reacting formaldehyde and para-dodecyl phenol with the

amines lilsted in Table 1 1in the ratio stated,
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Table 1

Compound Emine ARldehyde:Amine: Phenol

{melar ratio)

H H 2:1:2
i 2 H 2
r"\j H 1:1:1
, HQN/\/ \//\ﬁ/\/ \/\NHQ
NH 2:1:2
2
; H.’ZN/\/
E 21112
. HzN/\/ \/\NHZ
" N/\/NH7 2:1:2
2
|
H N/\rNHZ 21211
; 2
H 1:1:2
N

T
o
e
o

x
ra
=
o
[
]

S NH,
HzN 3:i:3
IN/\/NHZ
10 NH,




The standard CEC F-98-08 test nethod consists of 32 hours engi ne operation
corresponding to 4 repeats of steps 1-3 5 above, and 3 repeats of step 4.ie
56 hours total test time excluding warm ups and cool downs. Where we
have repom%ggtgﬁ gits after 24 hours engine operation; this corresponds to
3 repeats %?‘E ?1-3 10 above, and 2 repeats of steBCHCBYHREPWSRe have
reported results after 48 hours engi ne operation, this corresponds to a
nodi fication to the standard procedure Siénvol ving 6 repeats of steps 1-3
above, 15and 5 repeats of step 4. Table Additive Additive 4 Additive Power
Loss % follpwmng A B C-engl operation of X Fuell PPm (PPmM (PPm hpurs
Corrp'n HN/Q\/HE\ R

HN/\V/\ 2:2:1

HEN/\(\/\ 21208
15

17 H

/N
./

—
o




active) active) active) X =24 X =32 X = 48 20(ref) - - - 9 10.9 13
21(conp) 288 - 2 3.1 8 22(conp) 96
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Fuel compositions containing compounds 1-10 are in
accordance with the invention. Fuel compositions

containing compounds 11-19 are comparative examples.

5 Example 3
Diesel fuel compositicons were prepared comprising the
additives listed in Table 1 above, added to aliquots all
drawn from a common batch of RF06 base fuel containing 1

16 ppm zinc (as zinc necdecanocate).

Table Z below shows the specification for RF06 bhase fuel.



6.6 23(mm) 192 5 25 3 3.0 2.5 24(nm) 96 - 25
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Table 2
Property Units Limits
Min Max
Cetane Number 52.0 54.C
Density at 15°C kg/m’ 833 837
Distiliation
50% v/v Point °C 245 -
95% v/v Point °C 345 350
FBP °C - 370
Flash Point °C 55 ~
Cold Filter Plugging e - -5
Foint
Viscosity at 40°C mm?/ sec 7.3 2.3
Folyeyclic Aromatic % m/m 3.0 6.0
Eydrocarbons
Sulphur Content mg/ kg - 10
Copper Corrosion - 1
Conradson Carbon Residue 2 m/m - G.2
on 10% Dist. Residue
Ash Content % m/m - .01
Water Content % m/m - G.02
Keutralisation (Strong mg KOH/g - .02
Acid) Number
Oxidation Stability rag/ml - 0.025
HFRR (WSD1,4) pm - 400
Fatty Acid Methyl Ester orohibited
In each case, 1Z ppm of

5 Table 1 was added to the RFJ6 base fuel.

compositions prepared was tested using

Process Simulator (HLPS) equipment. In
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this test 800
(3.44 x 10°% pa)

270°C.

fuel

3.0 25(lay) 48 -
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ASTM D 974

EN

EN ISC 12205
CEC r-06-A-96

in
cf the fuel
the Hot Liguid
mi
and

The test

has been modified,

reservolr, to

return to the reservelr and mix



25 3 3.4 3.5 20 Exanple 5 Diesel fuel conpositions were prepared
conprising the additives listed in Table 5 below, added to aliquots all WD
2009/ 040584PCT/ GB2008/ 050866 64 drawn from a conmon batch of RFO6 base fuel
containin |nc (as zinc neodecanoate). The test included Additive A
and Addi tﬁy/éz@@%ﬁ% oned 5 above, and Additive D. AddPETPEHIPOREY pr epar ed
by m xing 0.0311 nod eq. 4-dodecyl phenol, 0.0309 nol eq. parafornal dehyde,
0. 0306 nol eq. tetraethyl enepentam ne afd 0.1085 nol eq. toluene. The
reaction was heated to 110C and refluxed for 6 hours. The sol vent and water
of 10 reactieontwerre thhenhr éneved Andér wacuum tddr tthe caselotuAddidive D

t he nol ar ra;[:iygmpﬁjd agdehytdq%( alm:f pol%_,an‘i ne(b) : %henoélﬁjéc) was 1:1:1. The
results are Shown d nFabl €°S. *T4bte B Fuer” tonp A { BPmct FVe) 28
carbon.
5 Fuel 1 below contains 12 ppm of compound 1; fuel 2 below

contains 12 ppm of compound 2; and so on.

The results are shown 1n Table 3.



(PPm active) C (PPmactive) D (PPm active) Surface carbon (ug/CnQ) 26
(ref) 117 27 (Canp) 48

WO 2009/040584 PCT/GB2008/050866
59
Table 3
Fuel composition containing Surface Carbon (pg/cm®)
12 ppm of compound
1 {inwv) B
2 [inwv} 23
3 {inv) 3
4 {inwv) 26
5 {inv) 31
6 (inwv) 34
7 {inv) 16
& (inv) 7
8 (inv) 34
16 (inv) 15
11 {comg) 79
12 {comp; 15a
13 (comp) 65
14 (comp) 63
15 (comp}) ' 70
16 {comp} 03
17 {(comp;} 47
18 {(comp} 82
12 {comp} 7 65

These results show that additives of the present invention

including an optionally substituted ethylene diamine

e

mozety can lead to reduced deposits  compared  with

additives not of the present invention.



124 28 (conmp) 96 1(11 2,2 29 (conp) 144 49 30 (conmp) 192
29 31(iv) 48
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60

Example 4

Diesel <fuel compositions were prepared comprising the
additives listed in Table 4 below, added to aliguots all
5 drawn from a common batch of RF06 base fuel, and
containing 1 ppm zinc (as zinc neodecancate) and tested
according to the CEC DW 10 method. Inciuded in the tests
were Additive A and Additive B. Additive A 1z & 60%
active ingredient solution (in aromatic solvent) of a
10 polyisobutenyl succinimide obtained from the condensation
reaction o¢f a polylscbutenyl succinic anhydride derived
from polyisobutene of Mn approximately 750 with a
polyethylene polyamine mixture of average composition
approximating to tetraethylens pentamine. 2dditive B 1is

15 N,N'-disalicycliidene-1,2-diamincpropane.

The engine c¢f the injector fouling test is the PSA

DW10BTED4. In summary, the engine characteristics are:

20 Design: Four c¢ylinders in line, overhead camshaf:,
turbochargad with EGR
Capacity: 1998 cm’
Combustion chamber: Four wvalves, bowl in piston, wall
guided direct inijection
25  Power: 100 kW at 4000 rpm
Torgue: 320 Nm at 2000 rpm
Injection system: Common rail with plezo
electronically controlled 6~hole injectors.
Max., pressure: 1600 bar (1.6 x 10° Pa). Proprietary design
30 by SIEMENS VDO
Emissions control: Cénforms with Fure IV limit valiues

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



2 so 32(iv) 48 20 16 33(iv) 48 2 2 5 34(iv) 48 2 2 4 -

WO 2009/040584 PCT/GB2068/050866

20

25

This engine was chosen as a design representative of the
modern European high-speed direct injection diesel engine
capable of conforming to present and future European
emissions requirements. The common rail injection system
uses a highly efficient nozzle desion with rounded inlet
edges and conical spray holes for optimal hydraulic flow.
This type of nozzle, when combined with high fuel pressure

135 allowed advances to Dbe achieved in combustlon

®

B

fficiency, reduced noise and reduced fuel consumption,
but are sensitive to influsnces that can disturk the fuel
flow, such as depcosit formation in the spray holes. The
presence of these deposits causes & significant loss of

engine power and increased raw emissions.

The test is run  with a future injector design

representative of anticipated Eurc V injector technolcgy.

T is considered necessary to  establish a reliable
baseline of injector condition before beginning fouling
tests, so & sixteen hour running-in schedule for the test

injectors is specified, using non-fouling reference fuel.

Full details of the CEC F-98-08 zest method c¢an be
obtalined from the CEC. The coking cycle 1is summarised
nelow.

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

foilowing regime:



35(iv) 22 9 WO 2009/ 040584PCT/ G132008/ 050866 65 Exanple 6 Diesel fuel

conpositions were prepared conprising the additives listed in Table 6

bel ow, added to aliquots all 5 drawn froma common batch of RFO6 base fuel
cont ai nin o io diesel in the formof Rapeseed O Methyl Ester and

t est ed acg%%g$%gL?%'the 0910 net hod. Power |obs was r%%gpﬁgﬁwéw%ﬁr peri ods
of 24 hours, 32 hours and 48 hours of engine operating tinme correspondi ng

respectively to 3, 104 and 6 operating®ycles. Table 6 A Power Loss %

foll owi ng engi ne Fuel (PPm (PPm operation of X hours conposition

Step Duration Engine Speed|Torque (Nm)
{minutes) {(rpm)
1 Z idle <5
a 3 200¢ 50
3 4 3500 75
4 _ 3 4000 1046
2. 8 hrs of engine operation consisting of 8 repeats of

the following cycle

5
Step |Duration |Engine Speed| lLoad | Torque | Boost Air
{minutes) | (rpm) (%) {Nm) After
| IC (°C)
L 2 1750 {(20) | 62 45
2 7 3000 {(60) 173 50
3 2 1750 (20) | 62 45
4 7 3500 (8C) | 212 50
5 2 1750 (20) | 62 45
g 10 4000 19¢C * 50
7 2 1250 (18) |20 4z
8 7 3000 100 * 50
9 2 1250 (10} |20 43
10 10 200¢C 100 * 50
11 2 1250 (L8) | 20 43
1z 7 4000 100 # 50

* for expected range see CEC method CEC-F~

8~08

Ly

3. Cool down to i1dle in &0 seconds and idle for 10

seconds



active) active) x = 24 x-= 32 x = 48 36(ref) - 8 10.2 13 37(conp) 192
38(conp) 384 4.5

WO 2009/040584 PCT/GB2008/050866

o
(%)

4, & hrs soak pericd

Tre standard CEC F-98-08 test method consists of 32 hours
engine operation corresponding to 4 repeats of steps 1-3
5 above, and 3 repeats of step 4. ie 56 hours total test

time excluding warm ups and cool downs.

Where we have reported results after 24 hours encgine
operation; this corresponds to 3 repeats of steps 1-3

10  above, and Z repeats of step 4.

Where we have reported results after 48 hours engine
cperation, this corresponds to a modification to  the
standard procedure involving 6 repeats of steps 1-2 above,

15 and 5 repeats of step 4.

Table 4
Additive Additive Additive Power Loss % following
A B cC engine operation of X
Fuel (ppm (ppm (ppm hours
Comp’' n active) active) active) X =24 X = 32 X = 48
20 {ref} = - - 9 ic. 9% 13
21 (comp} 2838 - - Z 3.1 8
22 {comp) 96 - - 0.6
23 {inv) 182 5 25 3 3.0 2.5
24 {inv) 96 - 25 3.0
25 {inwv) 48 - 25 3 3.4 3.5

20  Example 5

Diesel Zfuel compositions were prepared comprising the

additives listed in Table 5 below, added to aliguozs all



39(conmp) 576 - O

100
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15
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drawn from a common batch of RF0¢ base fuel contailning 1

ppm zinc (as zinc neodecancate).
The test included Additive A and Additive B mentioned
and Additive D. Additive D was prepared by mixing

0.0309

above,

0.0311 mol aq. 4-dodecyliphencl, mol eq.

paraformaldehyde, 0.0306 mol eg. tetraethylenepentamine

and C.1085 mol eg. toluene. The reaction was heated to

110°C and refluxed for 6 hours. The solwvent and water of

reaction were then removed under wvacuum. In the case of

Additive D the molar ratic of aldshvde (a) polyamine (b)

40(iv) 384 100 0 0.5 1 41(iv) 192 100 -1.0 - 42(iv) 96

phenol{c) was 1:1:L. The results are shown in Table 5.
Table 5
Fuel A B c D Surface
comp’ n (ppm (ppm {(ppm (ppm carbon
active) | active) | active) | active) (pg/cm?)
5
(ref) 117
27 48
{(comp) iz4
28 G5
(comp) 101
29 144
tcomp) 49
30 192
Lcomp) 29
31 (inwv) 48 2 30
32 (inv) £8 20 16
33 {inv) 48 2 2 5
34 (inv) 43 2 2 4
25 {inwv) 2 2 9




2 2 2.5 43(iv) 96 50 2 2.5 9 Exanmple 7 15 Unlike the tests described
above, which are all quantitative tests, this exanple relates to qualitative
tests, undertaken to provide a visual determ nation of the condition of

fuel filt t under two different test 20 regi Eg?%%ggparative
. 2 . . .

and b) .n%c@é@@%@e with the invention. WD 2009/ 040%@’5 P13 08/ 050866
66 a) The DWO test nmethod was applied, for 32 hours engine running tine,
using a batch of RFO6 base fuel. contai®fing 1 ppm zinc (as zinc
neodecanoate). A new fuel filter was used. At the end of the test period
the fuel fil|lREsrnpdas 65 renpved and i nspected, and was found to be heavily
di scoloured, with a coating of black residue on the filter surface.

Diesel fuel compositions were prepared comprising the

additives listed in Table 6 below, added to aliguots all
5 drawn from a common batch of RF0G base fuel containing 10%

of bic diesel in the form of Rapeseed 011 Methyl Ester and

tested according to the DWI0 method. Power loss was

recorded after pericds of 24 hours, 32 hours and 48 hours

of engine operating time corresponding respectively to 3,

10 4 and 6 operating cycles,

Table 6
-y C Power Loss % following engine
Fuel (ppm {(ppm operation of X hours
composition active) active) X = 24 X = 32 X = 48
36 (ref} - - 8 10.2 13
37 (comp) 192 - 15 - -
38 {(comp) 384 - 4.5 - -
39 {comp) 576 - 0 - -
40 {(inwv) 384 100 0 J.5 1
41 (inv) 182 100 -1.06 - -
42 (inv) 96 160 2 2 2.5
43 (inv) 96 50 2 2.5 4
Example 7

in

Unlzike the tests described above, which are all

quantitative tests, Lhis example relates to gualitative

h

tests, undertaken to provide a visual determination cf the

b

condition of fuel filters present under twoe different test
20  regimes, a) comparative and b) in accordance with the

invention.



b) The nethod was repeated, also for 32 hours engine running tinme, -with a
new fuel filter (but with the fuel 19 injectors unchanged). The fuel was
t he sane batch of RFO6 diesel fuel, but contained ppmzinc (as zinc

neodecano y ptive A (192 ppm active) and Additi _ppm . At the
end of thi%?)ég)t)/ﬁ%g%‘i od the fuel filter was renoved angyjﬁfr%%ﬁé)g&a{%% and was
found to be barely 15 discoloured, with a creamcolour filter surface.
Exanpl e 8 Diesel fuel conpositions weré®repared conprising the 20
additives listed in Table 7, added to aliquots all drawn froma comon

bat ch of RF(O8) babee fhigll tasd cenhainivay deppmazi for( @8 zioncsneodecanoat e) .
T er oo Eahe pacqrd 10100 L N0, GFCPVGH0 TRLROL A5 detaliedy

relation to exanp The power Toss after runni ng“f he C@ﬁéﬁﬁ%”ﬁ%r 25 32

hours was neasur ednc Addit zvec Enecodeesponds .t 0 conpoufice 3 6f lexanpie 2, that
is the reactj progduct, obt aj ne reacting.2 .equival ents,of 4-dodecyl
phenol with !igég%m \C}{;a%le%}%e o?n%et%gltzﬁee K |5§n‘ipr%“'§ﬁld%§6 %ugﬁu?vﬁéﬁt‘%a%f
f or mal dehyderem@R2008/1040584LCTEGB2008/ 056866673 - dadeeyl phenolywith 1
equi val ent of . am noet hyl et hanol am.ne and equi val ents of form| dehyde.
Tabl e 7 Fuel d%%?rl@plooslirﬁadnwﬁ\d i?i%%“'?ﬁt“(gPlg% gc?gtaFi?e}je“* ue on the filter
surface.
o} The method was repeated, alsc for 32 hours engine

renning time, with a new fuel filter (but with the fuel

10 injectors unchanged). The fuel was the same batch of RF0O6
diesel  fuel, but  contained I ppm  zinc {zz  zinc
neodecancate), Additive & {182 ppm active) and Additive ¢
(50 ppm) . At the end of the test period the fuel filter

was removed and inspected, and was found to be barely

15  discoloured, with a cream colour filter surfacs.

Example 8

Diesel fuel compositions were prepared comprising the
20 additives listed in Table 7, added to aliguots all drawn
from a common batch of RFU6 base fuel, and containing 1
pom  zinc (as zinc neodecancate). These were tested
according to the CEC DW 10 method, as detailed in relation
to example 4. The power loss after running the engine for
25 32 hours was measured,
Additive E corresponds to compound 3 of example 2, that ig
the reaction product cbtained by reacting 2 eguivalents of
4-dodecyl phenol with 1 equivalent of ethylens diamine and

30 Z equivalents cf formaldehvyde.

Additive F corresponds to compound 8 of example 2, that is

the reaction product obtalned by resacting 2 eguivalents of



40( conp) 96

6.6 41(i V)

WO 2009/040584

d-dodecyl

phencl

121

with

Additive E (PPm active) Additive F (PPm active) -% power
-2.0 42(v) 96 25

|oss at 32 h

PCT/IGB2008/050866

1 equivalent of

ethanclamine and Z eguivalents of formaldehvde.

aminoethyl

Table 7
Fuel Additive A | Additive E | Additive F % power
composition {ppm {ppm {(ppm loss at
active) active) active) 32 h
4@ {comp) 96 - - 6.6
41 {inv} - 121 = -2.0
47 {inv} S6 25 - 3.9
3 (inwv) 96 50 - .2
44 (inv) 86 - 50 0.2




~ 3.9 43(iv) 96 50 0.3 44(iv) 96 50 0.2 68 Cains 1. A diesel fuel
conposition conprising a perfornmance enhancing additive, wherein the

per formance enhancing 5 additive is thegproduct of a Mannich reaction
between: (a) an al dehyde; (b) a polyanmine; and (c) an optionally
substituted phenol ; wherein the pol yam ne conponent (b) includes the
noi ety 10.¢&§§MWSHR3CHR4NR5R6 wherein each of 151, R2 R3 R4 -5

x and R6 is independently selected from hydrogen, and an optionally
substituted al kyl, alkenyl, alkynyl, aryl, alkylaryl or arylalkyl
substituent; andwherei nsihe diesebsfuebncompositsonyircl peescamance

enhancing additive, wherein the perfcrmance enhancing
5  additive is the product of a Mannich reaction between:

{a} an aldehyde;

() a polvamine; and

{c} an optionally substituted phenol;

wherein the polyamine component (b) includes the molety
10 R'R’NCHRSCHR®NRR® wherein each of RY, ®®, R’, R®, R® and R®

is independently selected from hydrogen, and an

optionally substituted alkyl, alkenyl, alkynyl, aryl,

alkylaryl or arylalkyl substituent;

and wherein the diesel fuel compesition includes an
15  additive comprising a 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 groun;
20 and (b) a guaternizing agent suitable for converting the

tertiary amino group to a quaternary nitrogen wherein the

guaternizing agent is selected from the group consisting

of dialkyl sulphates, benzyl halides, hydrocarbyl

substituted carbonates; hydrocarbyl epoxides in

25 combination with an acid or mixtures thereof.

2. A diesel fuel composition according to claim 1 wherein

component (b) is a polyalkylene polyamine.

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

and 6 nitrogen atoms.



215 additive conprising a quaternary amoni um salt which conprises the
reaction product of (a) a hydrocarbyl substituted acyl ati ng agent and a
conmpound havi ng an oxygen or nitrogen @om capable of condensing with said
acyl ating agent and further having a tertiary am no group; 20 and (b) a
quat erni zi ng agent suitable for converting the tertiary am no grouﬁgto a
quat er nar y4 ni fr cjerFswhef BER (HERATFAtTer N 2R RgORGERt it¢ setecPEa~fronPt he
group consjsting i al kyl I S, i de a
substitute%%%%@oﬁg%5§%ﬁy§¥8cggggﬁg%§&ﬁﬁggﬁﬁﬁégﬂgén%iﬁg%?%ﬁiaftﬁggghgcid or
m xtures thereofs 2na toesel fuel conposition according to claiml wherein
conponent (b) is a polyal kyl ene polyam ne. 30 3. A diesel fuel conposition
according to claim2 wherein conmponent (b) is a pol yethyl ene pol yam ne

havi ng between 2;adgk-6 Ribi0gemMAl-0MS.on 68acdrafndi esel zduebreerpositi on
according to any preceding clai mwhlerein the additive product has a

nol ecul ar ki ght wofréesscohapnaoboiab somprgpesef ofnal edyPdsi tion
according to any precedi ng claimwherein conponent (a) conprises

f or mal dehyde. 6. A diesel fuel composition according to any preceding

cl ai m wher gi n zcoapesent fpe) isomvaltkydr sabstirtiihed gheaoy t@ewkiddha s
monosubtituted at the para-position. 69 7.A diesel fuel c ositio

accor di ng FéaéWaWﬁ?GeﬁﬁeF@WﬁOPﬁétpﬁéhoFSi§nsﬁﬂ§ﬁi"ﬁﬁﬁﬁtﬁfﬁﬁe Eb@?ﬁ obut ene
residugy Sf A diesglnbughconpegi ki opnacgordipgsieschaim4 wherein the
phenol "1s substituted at the para position with an al kyl substituent having

10 to 15 carbon atons. 9. A diesel fuel conposition according to any
precedi ng 10 cl ai m wherei n the performance enhancing additive is present in
an anount from0.01 to 100 ppm 10. A diesel fuel conposition according

to any preceding claimwhich further conprises anitrogen-containing 15
detergent. 11. A diesel fuel conposition according to any preceding claim
wherein the nitrogen-containing detergent is the product of a

pol yi sobut ene-substituted succinic acid-



20 derived acyl ating agent and a pol yet hyl ene pol yam ne. 12. A diesel fuel
conposition according to any preceding claimconprising from0.1 to 10 ppm
by wei ght of a netal -containing speciesss 25 13. A diesel fuel conposition
according to claim 12 wherein the netal containing species is zinc. 14.
An additive package which upon addition to a diesel 30 fuel provides a
conposi ti oh- as %l aleEi n a5 precdd? gt @ai nitcCe9al1%. The Ui%l%f gn
additive 1/}, 2.0),eseh,f ugho£omPos t LapsLo.|,uBpove: {he .engbngs peplerpmnce of
a di esel engineé Wi th a i gh pressure fuel system having a pressure in
excess of A35Dddbar using said diesel fuel conposition, wherein the 5
additive is the product of a Mannich reaction between: 70 (a) an al dehyde;
(b) a polyam ne; and (c) an optionally substituted phenol, wherein the
pol yamgqe gonpogent; {031 i nel,udes th8o8DE ety 52 RERRNGHR3CHRANRSREmwher ei n
each of RI, R2 R3, R4, 5 N o

R and R6 ish¢rclependent Pyesel ectsedsprpohi iydrogert, and & bt PBRAFEH"
substituted, al kyl, _al kenyl. , af yl yl e |

subst i tuen‘f]?g}én%nv\%%? fnglf%se@%@e{és%\! ?%%?A%O?%E%/%)t?%ncl%ﬂ%%d%?%% 10
additive conprising a quaternary ammoni um salt which conprises the reaction
product of (a) a hydrocarbyl substituted acylating agent_and a conpound
havi ng an 8xygeh 8rSAftr yén éﬁﬁm9§ﬁ£%9Q3%%C sF g2 t R=§aFd*56y! ati ng
agent gnd Lg]@merwnémg a R tiady: &M N0.Or OMpiadsiand £b)iaiquat esni zing
agent suitable for converting the tertiary am no group to a quaternary

ni trogen wheeeentt he guaseeningzi hgomgentlisoséfecked-fromthe group

consi sting of dialkyl sulphates, benzyl halides, hydrocarbyl

substi t ut edcar bonat es; hydr ocar byl epoxi desin 20 conbi nati on with an acid or
m xtures thereaf.qilbeTheuyse caepesdiagnt acelaidints wher el n pirdee sidipovement

in perfoLmance may be neasured by one or, nore of: .
claim  which  further® comprises a nitrogen-contalning

15 detergent.

11. A diesel fuel composition according to any preceding
ciaim wherein the nitrogen-containing detergent 1s the
product of a polylscbutene-substituted succinic acid-

20 derived acylating agent and a polyethylene polyamine.

12. A diesel fuel composition according to any preceding
claim comprising from 0.1 to 10 ppm by weight of a metal-
containing species.

25
13. A diesel fuel composition according to claim 12

wherein the metal containing species is zinc.

14. An additive package which upon addition to a diesel
30 fuel provides a composition as claimed in any preceding

claim.



a reduction in power [oss of the engine; 25 - a reduction in deposits on
the injectors of the engine; a reduction in deposits in the vehicle fuel
filter; and an inprovenent in fuel ecgnony.

15. The use of an additive in a diesel fuel composition to
improve the engine performance of a diesel engine with a
‘high pressure fuel system having a pressure in excess of
1350 bar using said diesel fuel composition, wherein the

5 additive is the product of a Mannich reaction between:



10

15

20

25

70

(a) an aldehyde;

(b) & polvamine; and

{c) an optionally substituted phencl,

wherein the polyamine component (b) includes the moiety
R*R*NCHR’CHR*NR®R® wherein each of R*, ®* R*, R*, R® and R® is
independently selected from hydrogen, and an optiocnally
substituted alkyl,” alkenyl, alkynyl, aryl, alkylaryl or
arvlialkyl substituent;

and wherein the diesel fuel compesition 1ncludes an
additive comprising a 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 quaternizing agent suitable for converting the
tertiary amino group to a quaternary nitrogen wherein the
quaternizing agent is selected from the group consisting
of dialkyl sulphates, benzyl halides, hydrocarbyl
substituted carbonates; hydrocarbyl epoxides in

combination with an acid or mixtures thereof,

16. The use according to claim 15 wherein the improvement
in performance may be measured by cne or more of:

-~ & reduction in power loss of the engline;

- a reduction in deposits con the injectors of the engine;
-~ & reduction in deposits in the vehicle fuel filter; and

- an improvement in fuel economy.



