FUEL ADDITIVES FOR TREATING INTERNAL DEPOSITS OF FUEL INJECTORS RELATED
APPLICATIONS: [000I]This application is a con ti n u ati on- i n-part of application Serial No.
12/119,788, filed May 13, 2008, now pending and is a continuation-in-part of application Serial No.
13/111.364, filed May 19, 2011, now pending. TECHNICAL FIELD: 10002]The disclosure is directed to
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against internal deposits in injectors for engines operating on ultra low s iesel fuels.
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to lost pér\}x}gcr%ss Ofrueelf%cgghgﬂﬁzfl? }8%6 1rlunnlircl)g‘jV esngllhres, %ﬁ% eevse'ntually excessive vehicle downtime

and maintenance expense.
BACKGROUND AND SUMMARY:
[0003] Recent changes in diesel fuels and diesel fuel additives have resulted in new
injector performance concerns with deposits, including a new type of deposit not experienced
with older diesel fuel formulations. The injector performance concerns run across all
segments; on-road fleets, mining equipment, farming equipment, railroad and inland marine

engines.

[0004] Vehicle operators, fuel marketers, and engine manufacturers are now seeing
deposits forming on the internal parts of fuel injectors. If left untreated, these deposits may
lead to significant power loss, reduced fuel economy, and, in extreme cases, increased
downtime and higher maintenance costs due to premature replacement of “stuck injectors.”
The new deposits are believed to be a result of certain common corrosion inhibitors, biofuel
components and acidic friction modifier, or other carboxylic components used in the fuel
reacting with trace amounts of transition metals, alkali metal and alkaline earth metals
causing salts that are less soluble in ultra low sulfur diesel (ULSD) fuels than in the higher
sulfur fuels of the past. When such salts are present in fuel that is used in a High Pressure
Common Rail (HPCR) engine design, the salts may tend to deposit in the very tight tolerance
areas of the injectors. Such deposits may lead to poor fuel injection, which in turn may lead
to lost power, lost fuel economy, rough running engines, and eventually excessive vehicle

downtime and maintenance expense.



100051ULSD now represents about 79% of all distillate fuel supplied in the United States. Also, the
Renewable Fuel Standard minimum for biodiesel was raised to 1 billion gallons in 2012. There are
indications that the amount of biodiesel required to be used in Mel will be even higher in the future.
Accordingly, the changing fuel slate continues to move toward more ULSD with less solubility for salts
that can f8#land motélsiDdieselripitvennanketpldet: (ahathérsptteatatisousskeaf depesitsaetsing
materialsgjn the fuel system). [00061 rdance with the disclosure, exemplary embodiments
provide ?r%te?ho %}f %ﬁega%'gnngé %%%E%Euggr%%gﬁaérr%tén of & fuel |%fe€f6$?8?lawoa[§ 31‘%“9}&1&. gﬂ%%ethod
includes gplerating2f fuellihjected vidisetiengihet dreatueltampiositsd eafuptisingba trajpamaunt of
fuel and ggm)gbql 0 to_about 100 ppm hy weight based on tf}e total weight of the fuel composition of
(A) a compoundeo%%t%%gﬁ%h ;%B ea?ﬁ% fmo%é%aagﬁél ’e‘n%l.e n |%£r‘ﬁléir§gﬂ$éf&§f? HEFEIR YRS 18 &Y8rocarby
group hdvingrd mombei avefageh mokesuleriligight rahgitgifram 06 jabdutaltons[R067 dvother
embodiment of the disclasure provides a method tbr reducing an amount of salt deposits on internal
components O%Daa%glafh?g!c%??g?ng #J%?lfﬁfg(?te K| %Sé{e%ur?&lﬁé% ﬁtﬁréar%%éﬁw%a %Hgéiﬁéfétg%berating the
diesel er&%})réef‘,on a fuel composition comprising a major amount of fuel and a minor amount of (A) a

compou the formtdcshdenasisHiBra i ehamito MeraniercarbafsrenisRzdsideny arsdztyl group
having afprienhernayareeMolepekmreight rangineim 1 901a 5090 daltons. 0A08 LA her

embodiment of theé%scl,osuréé{)rovides a method for preventing plugging of a fuel filter for fuel injectors

of a fuel TRISEIEE didLeh NGRS FiRchfo@ing Mcfubisd FRBRERICE AREPTAMS dnnaf e EoMinor
amount eid/Adral Gesrpabiét afithe 1HaLIZ00 ppm by weight based on the total weight of the fuel

composition of (A) a compound of the formula:
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and tautomers and enantiomers thereof, wherein R’ is a hydrocarbyl group having a number average

molecular weight ranging from 100 to 5000 daltons.

[0007] Another embodiment of the disclosure provides a method for reducing an
amount of salt deposits on internal components of a fuel injector for a fuel injected diesel
engine. The method includes operating the diesel engine on a fuel composition comprising a

major amount of fuel and a minor amount of (A) a compound of the formula:
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and tautomers and enantiomers thereof, wherein R? is a hydrocarbyl group having a number

average molecular weight ranging from 100 to 5000 daltons.



and tautomers and enantiotners thereof, wherein R2 is a hydrocarbyl group having a number average
molecular weight ranging from 100 to 5000 daltons and (B) an amount of hydrocarbyl succinimide
dispersant, wherein a weight ratio of A:13 in the fuel ranges from 1:2 to | :10; and flowing the fuel
through the fuel filter for the fuel injectors. [0009]An advantage of the fuel additive described herein is
that the d@@iBle may nat ﬁmtymednﬁ@cﬁheamaﬂnhefdfstﬂmaf@@p@&kﬂs@frﬁiaga@@ diregtangiardndirect

diesel fuel inj ectors bu the additj also be effective to clea irty fuel injectors and may
prevent the' %%Jg%lng of uh(lel ?er Egu PSPy td tﬁ{é Chigiss %té:}"gs o gotER Addifiofghod

ers i
embodimentsdandaoidintages 06 thendisol asufiecmay bersetdorih dapast imthe detailaddescription
which follows, and/or may be learned by practice of the disclosure. It is to be understood that both the
foregoing%eneral description and the following detailed description are exemplary and explanatory
only and are not restrictive of the disclosure, as claimed. BRIEF DESCRIPTION OF THE DRAWINGS:
1000111FIG. 1 is a graphical represeﬁiatroﬁ%f exhaust gas-eylinder temperatures over time for a four
cylinder diesel engine at the beginning|of a tést for fuel adgjltlve§ 1000121FIG. 2 is a graphical
representation of exhaust gas cylinder temperatures ove nme fo"r a four cylinder diesel engine after
eight hours of testing using no fuel. gl@tergg@a:gt ]@QOiS;LFIQ;s g@@ngpﬂg are graphical representations of
exhaust gas cylinder temperatures over time fof a tbur cylinder diesef engine using conventional fuel
detergents. R”

and tautomers and enantiomers thereof, wherein R is a hydrocarbyl group having a number
average molecular weight ranging from 100 to 5000 daltons and (B) an amount of
hydrocarbyl succinimide dispersant, wherein a weight ratio of A:B in the fuel ranges from 1:2 to
1:10; and flowing the fuel through the fuel filter for the fuel injectors.

[0009] An advantage of the fuel additive described herein is that the additive may not
only reduce the amount of internal deposits forming on direct and/or indirect diesel fuel
injectors, but the additive may also be effective to clean up dirty fuel injectors and may

prevent the plugging of fuel filters in the fuel supply to the fuel injectors.

[00010] Additional embodiments and advantages of the disclosure may be set forth in
part in the detailed description which follows, and/or may be learned by practice of the
disclosure. It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive of

the disclosure, as claimed.
BRIEF DESCRIPTION OF THE DRAWINGS:

[00011] FIG. 1 is a graphical representation of exhaust gas cylinder temperatures over

time for a four cylinder diesel engine at the beginning of a test for fuel additives.

[00012] FIG. 2 is a graphical representation of exhaust gas cylinder temperatures over

time for a four cylinder diesel engine after eight hours of testing using no fuel detergent.

[00013] FIGs. 3 and 4 are graphical representations of exhaust gas cylinder

temperatures over time for a four cylinder diesel engine using conventional fuel detergents.



1000141FIGs. 5 and 6 are graphical representations of exhaust gas cylinder temperatures over time

for a four cylinder diesel engine using fuel detergents according to embodiments of the disclosure.

FIG 7 is a graphical representation of exhaust gas cylinder temperatures over a four cylinder diesel

engine using a fuel detergent according to an embodiment of the disclosure to clean-up dirty fuel

injectors [METAILED DESCRIP TN ©REXEMPLAR YHMBXBMENTS 1000161The sompesition (A)

of the present idaigglgsure m%}/eb%rui d ina ! inor amount in a major amount of diesel fuel and may be
Fefi
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made by Teacting ah aming eompotnd dr gﬁ%ﬁ% corofteoittiths IFrECSSRTSRIS f I the

group consistidigneh@a hffdrodanlandea hydrocarbyl group containing from about 1 to about 15 carbon
atoms, and RI is selected from the group consisting of hydrogen and a hydrocarbyl group containing

from aboyihfejabout Aksarhon alomRWitaALYARARY CarbaNU compRRY. gl he (gl wherein

R2 is a hydrocarbyl group.havirgg a number average molecular weight ranging fr
3000 dalf8hs. Vit BUY gelindsg Bese! s8aRY byitsebiaat detoaeiicestonisgitisietiovedithatttiod

reaction g{@gg@;(gmgQ@g@'g}g?@gy%@pg{}}ﬂ&@rbonyI compound is an aminotriazole, such as a
bis-aminotriazole compound of the formula” including tatitomers having a number average molecular

weight rap [ tﬁ?’ RIH;E tﬁ E:é - ring of the triazolc is
consideredﬂ ;g%%(gr%?n?glgc. eﬁrﬁ%%&ékgg(%%s are@(ir%/ Sta @@%ﬁ% agents and are extremely
resistant @8yelolysis. Théschelimsatihalthbufthit fsasetcditeins thahtiebieactipm produst iselyalkenyl
bis-3-amig%-}n%jgft5il%gll% J 90171%6 us her%in, the term "hé/drocarb%ll.%rou " or "hgdrocarbyl" is

. 185¢ and may be 'made by readting an ami
used in its y y g e compound or salt

thereof of the formula
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wherein R is selected from the group consisting of a hydrogen and a hydrocarbyl group
containing from about 1 to about 15 carbon atoms, and R' is selected from the group

consisting of hydrogen and a hydrocarbyl group containing from about 1 to about 20 carbon

atoms with a hydrocarbyl carbonyl compound of the formula

wherein R” is a hydrocarbyl group having a number average molecular weight ranging from
about 200 to about 3000 daltons. Without desiring to be bound by theoretical considerations,
it is believed that the reaction product of the amine and hydrocarbyl carbonyl compound is an

aminotriazole, such as a bis-aminotriazole compound of the formula



ordinary sense, which is well-known to those skilled in the art. Specifically, it refers to a group having a
carbon atom directly attached to the remainder of a molecule and having a predominantly hydrocarbon
character. Examples of hydrocarbyl groups include: (1) hydrocarbon substituents, that is, aliphatic
(e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,
and alicyclicsubstituted aromatic substituents, ag well as cyclgg, §_y_b§;ituents wherein the ring is
completed through another portion of the olecwle (e.g., twogubsté uents together form an alicyclic
radical); (2) substituted hydrocarbon sug itjtuen s, that is, su}:iéktituﬁ, Nts containing non-hydrocarbon
groups which, in the context of the dggjipti{)gi erein, do r nqtjltegth yredominantly hydrocarbon
substituent (c.2., halo (especially chlofo*and fitioro jﬁydroxyf, ‘alkoxy, mercapto, alkylmercapto, nitro,
nitroso, and sulfoxy): (3) hetero-substituents, that{s, substituents which, while having a
predominantly hydrocarbon character, in the context of this description, contain other than carbon in a
ring or chBfhStRerRisees drseeof bamon atsmse iv@rowatomsiigtluaesifiinoxpgen, Mitrogen, and
encompa sUbsIEMSRUCh S AVUYLUHLIRIANd Iidazolyl. . general, no.more than two, or
as a further example, no more than one, non-hydrocarbon substituent will be present for every ten
carbon afdifsARifdryatet sy iferbustahlsomeosidiroinvegus;sthere will betremaondeyditasanoon
substitueniry fhe 1y fracaLu BiouRnIRACHEL Rigrenewptie fugls; and, iodiesel fuels: a5 used herein
is understood to mean any fuel which is derived from resources other tha pe}lrole‘utpn. Hlich resources
include, Bifr B indittdriezdern, maize, soybeans and other crops; grasses, such as switchgrass,
miscanthus, and hybrid grasses; algae, seaweed, vegetable oils; natural fats; and mixtures thereof. In

an aspequaberpiorenemabledusd-aayinclede MoBRIMASOKYAIGONGISISHED a5 tose having from | to

about 5 carbon atoms. Non-limiting examples of suitable monohydroxy alcohols include methanol,

ethanol, BrIBARoPeASELIRNSH ISoBGtakpe b ityiharcorllehiyl Bt skol, SrrsiBediyitafests| 19000191As
used hergiuhie:ienm A aIRAMOUNIHE LN dRLRIRQE 1D MeAR A AN SIS hAN QLegyal to 50 wt.

%, for exar%glle from about 80 to about 98 wt .% relative to the total weight of the composition.
Moreovel SO RLR HE foifrara Repb N AsT diiatmterofihudiesaty tamiannmudmount less than 50 wt
relative to the total weight of the composition. [00020]As used herein, the term "salts or salt deposits
are understood td)rhedreeadtan catistrydatesthaniinel bateosng, [IROP T Siittahlb, amigelcoregounds of
the formula cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and alicyclic-
substituted aromatic substituents, as well as cyclic substituents wherein the ring 1s

completed through another portion of the molecule (e.g., two substituents together

form an alicyclic radical);

(2) substituted hydrocarbon substituents, that is, substituents containing non-
hydrocarbon groups which, in the context of the description herein, do not alter the
predominantly hydrocarbon substituent (e.g., halo (especially chloro and fluoro),

hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);

(3) hetero-substituents, that is, substituents which, while having a predominantly
hydrocarbon character, in the context of this description, contain other than carbon in
a ring or chain otherwise composed of carbon atoms. Hetero-atoms include sulfur,
oxygen, nitrogen, and encompass substituents such as pyridyl, furyl, thienyl, and
imidazolyl. In general, no more than two, or as a further example, no more than one,
non-hydrocarbon substituent will be present for every ten carbon atoms in the

hydrocarbyl group; in some embodiments, there will be no non-hydrocarbon

substituent in the hydrocarbyl group.



may be chosen from guanid nes and aminoguanidines or salts thereof wherein R and RI are as
defined above. Accordingly, the amine compound may be chosen from the inorganic salts of
guanidines, such as the halide, carbonate, nitrate, phosphate, and orthophosphate salts of guanidines.
The term "guanidines” refers to guanidine and guanidine derivatives, such as a.minoguanidine. In one
embodiniéaflisle guanitinecempauntidas thedreparationfof e Adgditivenis aMiRogHRMGNE 1o
bicarbonate. Aarlqin%%lljaqlildcig?s icarl%)g ates are readil%"%b ainable from commercial sources, or can be

W B S e B R F R T 0092 THe HyaPoRaHYF-carbony!

prepz:lrednlnr?aer\1 well-Kriown manier.”
reactant bompound lofhihel additive. may-be apyadiiable corpaupd having ashydracaryiipeigty and a

carbonylmmioiglgx and t |sbcgpable of bpndir;? with amine compound to form the additives of the
disclosure NERithG examMbISE T SURSE RSArSEAroy RSB SonmibidhdatididemBtiare not
limited tohhyabcanbyh suspstitutke sleeinie anbydades,hydiaaarbysikstitted syrsinicasidss and
esters oftEXQgOﬁagplyl sgbstittftetd S ccirgic acids. [000231In some aspects, the hydrocarbyl carbonyl
compound may be & poiyaikylele &08&ini SARIArd RS ctantRaVRE BYe FSRBWRIRY fofmidisblF o
wherein R2rnsteydydrocdedlyd maietydsucktasial examplepa palyalkepidaadicalbavinga oxmpher
average ﬁ%ﬁ&'%fi %g{ farg(rin about]1 0 to.about 5,000. For example, the number average
molecular welgh?o may’rangleS oM d %‘ih%o to about 3,000 daltons, as measured by GPC.
Unless indicated otherwise, molecular weights in the present specification are number average
moleculd®{ights. 1060528setreRIH]ydRiEhy MAGICAB HHEY dorpdisstert or Mrare Polymaminits
chosen frogadipaaicrupnehed Rieny! NS I SOMSAIBEGSEE kG Wiitsmayave fiom about
2 to about 10 carbon atoms. For example, the polyalkenyl radical may comprise one or more linear or
branchePFIyHEHbrits BAGSEAPREFOBthy MR Puelicars Uprd pitetie. rddicals: bumylencaradiodls ipentene
radicals. hgeneadicaif Ak arRAlals anthaeosneadiEals.|n SO aRSRGES IR R2polyalkeny
radical may be in the form of, for example, a homopolyrner, copolymer or terpolymer. In one aspect,
the poly&RERYFYAfcal is isobutylene. For example, the polyalkenyl radical may be a homopolymer of
poiyisobutylene comprising from about 10 to about 60 isobutylene groups, such as from about 20 to
about 3089B0tylene groupsd Tibeipolpalkenyt cdmpouadsiesedio farmorhe R palyalkanyh sadicals
may be fgarlrp(%g,@{egny suitable methods, such as by conventional catalytic oligomerization of alkenes.

Amine Compound

[00021] Suitable amine compounds of the formula
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may be chosen from guanidines and aminoguanidines or salts thereof wherein R and R! are as
defined above. Accordingly, the amine compound may be chosen from the inorganic salts of
guanidines, such as the halide, carbonate, nitrate, phosphate, and orthophosphate salts of
guanidines. The term “guanidines™ refers to guanidine and guanidine derivatives. such as
aminoguanidine. In one embodiment, the guanidine compound for the preparation of the
additive is aminoguanidine bicarbonate. Aminoguanidine bicarbonates are readily obtainable

from commercial sources, or can be prepared in a well-known manner.



1000251In an additional aspect, the hydrocarbyl moiety R2 may be derived from a linear alpha olefin
or an acid-isomerized alpha olefin made by the oligomerization of ethylene by methods well known in
the art. These hydrocarbyl moieties can range from about 8 carbon atoms to over 40 carbon atoms.
For example, alkenyl moieties of this type may be derived from a linear C18 or a mixture of Cno_24
alpha oldfipd o fndrpl dcatkisoniariamg @ikl alpha olefins, 1000261In some aspects, high reactivity

polyisob hayingrelatively high.proportions of polymer molecules with a terminal Ninylidene
group mz‘%/%g?dsed t%?mg%ger}%a%gbf%ﬁﬁ Rlohe BxAMpI AP A gl&s’ﬁ? AUEEARAS BBAY70% to
about 90%i@flther polyisoliutenes: torhprisd verminay atefinicataublenbspds athereris a.gaperaktrend in
the industry to convert.to high reactivit lyisobutenes, and well known high reactivity polyisobutenes
are disc%@é(élfl for ¢ é&%}%ﬁ@ﬁﬁ&gﬁyg&itﬁo%%gﬁ Z%%,aﬂgétﬁi%%lgg & V}ig?%ms hePEn RESkporated
by referencenirdts ehtiretyb [00027)Spbgificekamplesapbysio cadylicathanyl compowndsdinelude such
compounds as ecenylsyccinic anhydrides, C16_18.alkenyl succinic anhydride, and polyisobutenyl
succinic%% rﬁ&?ﬁ?&” (Fgfé%}% el'% ggﬁ%énéé:n%@a/i%rﬁ}e%ﬁfsféxgrﬁ?é%&} ma H%&da%ﬁ}f%bﬁﬂﬁgnéa%rtion
with a yirslidenthgointenttrdgimgifuomd stboirtid%eitls greater than about 90%. In some embodiments,
the ratio of the number of carbonyl groups to the number of hydrocarbyl moieties in the hydrocarbyl

carbonyljgomppund mayseRGasEeas abRUL b 1ar8bo e B dhy 1 QAR LISATERSPeCs  ARRLAKIMately

one mole of maleic anhydride may be reacted per mole of polyalkylene, such that the resulting
polyalkeﬁ‘iﬁ%ﬁ&ﬁ’?ﬁ&y&ﬁaﬁ&?ﬁféaﬂé)éaéf%ﬂﬁ@{B’M@I@U&inic anhydride group per polyalkylene
substituent. In other aspects, the weight ratio of suceinie anhydride groups to alkylene groups may
range from about 0.5 to about 3.5, such as from abo@t | to about 1.1. 1000291 The hydrocarbyl
carbonyl compounds may be made using anysiﬁuitabﬁe method. Methods for I'm wing hydrocarbyl
carbonyl compounds are well known in the art. Gne example of a known method for forming a
hydrocarbyl carbonyl compound comprises blending a gplyolefin and maleic anhydride. The polyolefin
and maleic anhydride reactants are heated to teﬁm_ergfbres of, for example, about 150 C. to about
2500 C., optionally, with the use of a catalyst, such ds chlorine or peroxide. Another exemplary method
of making the polyalkylene succinic anhydrides is described in U.S. Pat. No. 4,234,435, which is
incorporated herein by reference in its entirety. [00030]The hydrocarbyl carbonyl and amine

compounsl r(gglscf{izb d_apove m e mixed together under syitable conditions tq.provide the desired
product am%]notriazo"lsse %ﬁ%%rgﬁ%%?gﬂﬂlg%fe%e%t%Q’ls{éjllbseﬁ?g? nond é@éﬁﬁ%’i} tﬁaéﬁ?g ‘ht'BFsélosure,
the reactam sanapoungdsmedse blermixeghtoge themimbontold datio dfcduy i goarbyr carbemypte, amine

rang'”glﬁﬁ%@b%‘i%%% ﬁ?o?&%?&r%%igh@: JFRX %r%p k%hé%eﬁrgr%l%ggltllt%%{)tpoeai)%%%t? BE?O[H%Ornasn%g from
about 1:1 to about 1:2.2. ’ ’
measured by GPC.  Unless indicated otherwise, molecular weights in the present

specification are number average molecular weights.

[00024] The R? polyalkenyl radicalé may comprise one or more polymer units chosen
from linear or branched alkenyl units. In some aspects, the alkenyl units may have from
about 2 to about 10 carbon atoms. For example, the polyalkenyl radical may comprise one or
more linear or branched polymer units chosen from ethylene radicals, propylene radicals,
butylene radicals, pentene radicals, hexene radicals, octene radicals and decene radicals. In
some aspects, the R” polyalkenyl radical may be in the form of, for example, a homopolymer,
copolymer or terpolymer. In one aspect, the polyalkenyl radical is isobutylene. For example,
the polyalkenyl radical may be a homopolymer of polyisobutylene comprising from about 10
to about 60 isobutylene groups, such as from about 20 to about 30 isobutylene groups. The
polyalkenyl compounds used to form the R* polyalkenyl radicals may be formed by any

suitable methods, such as by conventional catalytic oligomerization of alkenes.



1000311Suitable reaction temperatures may range from about 55 C. to about 200’ C. at atmospheric
pressure. For example, reaction temperatures may range from about 160 C. to about 190 C. Any
suitable reaction pressures may be used, such as, including subatmospheric pressures or
superatmospheric pressures. However, the range of temperatures may be different from those listed
where th¢0RSon is chrriedaddttatmathapthantatnospbenitpressure. e seastioRmay Br.saried out
for a peripd of time within the range of about 1 hour, to about 8 hours, preferably, within the range of
about 2 h%]uerasr tgm%%%u%?%?lﬁoﬁlfs? 08632t SIAE & 185&50%1*[{‘?1 Saht disciglEra waraBetind (A) may
be used irilgdenbihatiorthiids andiédel fuel soltieletarfaesSuckcrtieys Maydhe hvarigus thaes, such
as quuidsad%u%c%i%gfbe.g.atwr%xets. Examgle{sgf Ii%uid carriers in&%,gﬁéﬂ are nat limited to, mineral oil
and oxygenates, AHen 2L Thaie solyallkossIated Sthbrs {als6R Bl ARG Yydorstre
polyalkylens bthérs),digirichpolyatkoxylated phienotsoliquid palyalkoxsilated estersiliguigherized
polyalko ’Iagfdn@i%es and mixtures thereof. Examples of the oxygenate carriers may be found in
U.S. Pat. No. B , Xélé; issued May 19, 1998 to Henly et. al., the description of which carriers is

herein incorporated by reference in its entirety. Additional exarmgs of oxygenate carriers include
alkyl-subfiP8d aryl pBlyamBsyatRecHesbifed A Sy PaRSHEFUHRatOREND 2206310 ERY Shizh

publishegdybdibn2003 40 felussi ik +#he descrptienal which shsrainncorpqrated,py igference

in its entirgty. [000331In other aspects, compositions of the present disclosure may not contain a carr.

For examplé'%me oM deifiBmicorinlegstedet fiPlie6h Atagbast doftain Abiper08i.oroshgenates,
such as fsaaesnatesgeseribedirbovRAHIOARAbRNE RiMote additional entipnal compgunds

may, bc present in the fuel comgositions of the disclosed embodiments.Forexample, the fuels may

contain cOAVERCNarqBsTitEs BretetmetimprRrisdHeson MAibitels koo dweimprevers(CEPP
additive)ppRiopaishdepegsanisds eby_Riam fRMHIsIfiers URKCityY ssidiyas. fictioR mogfiess,.amine

stabilizers, combustion improvers, dispersants, antioxidants, heat stabilizers, conductivity improvers,
metal deﬁ&ﬁfﬁ’t’&@F%B?R@F@i)]?é(sﬁegﬁij’aﬁ?d%'r‘ﬁsafét}ﬁﬁiﬁon accelerators, cyclomatic manganese

tricarbonyl compounds, and the like. In some aspects, the compositions described herein may contain
about 101088gHt percebipeni fessexampletherfaspebts;abyut Swveight perspatimatsiessslndsedwn the total

weight of the additive copcentr f.one or > of the. above additives, Similarly, the fuels may
contain su%gi)le amounts o% con esﬁ%%lﬁé ft?g%%ndt%sﬁg %&)%f)o%lé%?s\fﬁsus(ﬁgcégl%eatlﬁ%}ﬁ&d‘é’thgﬁ 1, dialkyl
ethers, amtisetiken 000851 ¢ragbydeids PRIBS 4) thin disctlosed edinediment IBganicapitiate gnition
accelerafpis:that inglide aliphatic.ar.cxsiogliphatic nitrates in. which the aliphatic or cycloaliphatic
group i?éa?drated?and%hat contain up tggzbhgﬂtgff rggf%orﬁgéf%% %mugea}l%g?ntﬁlég 3 SrdiHic nitrate
ignition @deele?atorsithsnmsagnie disethiaréhnethyl ofittatenethyt nitcatbpprdpybmitratethisepropyd nitrate,
ally! nitratey, butyl piftate, Jsehutyl pitr crhuity] itrate, tert-butyl nitrate, ainyl nitrate, isqgamyl
nitrate, 2-am§§/l nitratg}; 3-%my| nitrate,%&y‘?an@%%r%g&tﬁéﬁmg%? -Weaﬁtﬁﬁrﬁﬁa%r.no%@%ifr‘gltéo, isooctyl
nitrate, 2eeHyfhiéxyl nitrate, nonyl nitrate. decyl nitrate, undecyl nitrate, dodecyl nitrate, cyclopentyl
nitrate, eyclohexyl nitrate, methylcyclohexyl nitrate, cyclododecyl nitrate, 2-ethoxyethyl nitrate, 242-

ethoxyetfodogBithyl nittateietabycrofpriiniiale oaaddbe ke Mixturas, ofi such.npterialspay also
be used. LOOO3EJE argpleij%% s.uitabkeJ @ptional metal deactivators useful in the compositions of the
present BBplitdfich A8 Heic8&y Y. S2ple Rrsuhing Poyslkeavietr sfovic1anhydggethas about

0.8 to about 1 succinic anhydride group per polyalkylene substituent. In other aspects, the
weight ratio of succinic anhydride groups to alkylene groups may range from about 0.5 to

about 3.5, such as from about 1 to about 1.1.

[00029] The hydrocarbyl carbonyl compounds may be made using any suitable
method. Methods for forming hydrocarbyl carbonyl compounds are well known in the art.
One example of a known method for forming a hydrocarbyl carbonyl compound comprises
blending a polyolefin and maleic anhydride. The polyolefin and maleic anhydride reactants
are heated to temperatures of, for example, about 150° C. to about 250° C., optionally, with

the use of a catalyst, such as chlorine or peroxide. Another exemplary method of making the



disclosure of which is herein incorporated by reference in its entirety. Such metal deacti
vatorsinclude,forexample,salicylidenc-o-aminophenol,disalicylidene
ethylenediamine,disalicylidenepropylenediamine,aridN,N'-disalicylidene-1,2- diaminopropane.
[00037]Suitable optional cyclomatic manganese tricarbonyl compounds which may be employed in the
compositjersaiifithe preseitiappliastiddenciudecdinxamnple; syclopentadienyt manganaseitricarbonyl,
methylcyclogcnta?hdeﬁé_: m gga ese tricarbonyh, indenyl manganese tricarbonyi, and
ethylcyclgbceﬁ?é)&?eeny %Hg’ ne: %r?ﬁ%%}’%tﬁﬁr} &bother examples of suitable cyclomatic manganese
tricarbonyl compounds are disclosed in U.S. Pat. No. 5,575,823, issued Nov. 19, 1996, and U.S. Pat.
No. 3,01%9@8%9 ssued Jhf. dro6ebHotbpatichdissidsuresrarethdseilvincbeporhted byaefeeence in

their entifgly.JORARAI aneembediment, {0 fie! cormpasiionaf e.disclasuemay nolude (E) a
mixture of a hydrocarbyl-substituted suecinimide dispersant in combination wit componen%?&)
describe§apRNE 98 SBY PrersH tHeclerrTe sUEChImteLss richatrssnechspassithelsompleted

reaction pradieh oM Ieaction.eteaRaR NG And A baca subsiiph suegnic acid.or

anhydride (or like succinic acylating agent), and is intendedto encompass compounds w reih the
product iy e Rl de, 2ndlot 3alt linkageamnladdriorte tieimiddinkagatofthe typedtatmesults
from the ggg6tipn @f gxsantact with an amine and an anhydride moiety. [00039]Suitable
hydrocarbyl-substituted succinic anhydrides may be formed by first reacting an olcfinically unsaturated

hydrocar a desirgd molecular weight with maleic anhydride. Reaction temperatures of about
100C to E&bﬁ 350C m%%%@%&%%ﬁb%%&%%ﬁ%@? ﬁ‘gﬁ%é%ﬁh%ﬁll%angaﬁﬂrélfé’b‘th%/%‘?ogarbons,
good resuftstmasplheiohtainedat Biout2Q0€ teaationt:25PEailins reactionmayhepsamoieddy the

addiion g cjiprne JRUDA1ITypica lgfne may ncluse but re nf imiied o, racke wax olfin,
subatmospheric pressures or superatmospheric pressures.  However, the range of
temperatures may be different from those listed where the reaction is carried out at other than
atmospheric pressure. The reaction may be carried out for a period of time within the range
of about 1 hour to about 8 hours, preferably, within the range of about 2 hours to about 6

hours.

[00032] In some aspects of the present disclosure, compound (A) may be used in
combination with a diesel fuel soluble carrier. Such carriers may be of various types, such as
liquids or solids, e.g., waxes. Examples of liquid carriers include, but are not limited to,
mineral oil and oxygenates, such as liquid polyalkoxylated ethers (also known as
polyalkylene glycols or polyalkylene ethers), liquid polyalkoxylated phenols, liquid
polyalkoxylated esters, liquid polyalkoxylated amines, and mixtures thereof. Examples of the
oxygenate carriers may be found in U.S. Pat. No. 5,752,989, issued May 19, 1998 to Henly
et. al., the description of which carriers is herein incorporated by reference in its entirety.
Additional examples of oxygenate carriers include alkyl-substituted aryl polyalkoxylates
described in U.S. Patent Publication No. 2003/0131527, published Jul. 17, 2003 to Colucci et.

al., the description of which is herein incorporated by reference in its entirety.



alpha olefins, branched chain alpha olefins, polymers and copolymers of lower olefins. The olefins may
be chosen from ethylene, propylene, butylene, such as isobutylene. 1-octane " 1- hexene, 1-decene
and the like. Useful polymers and/or copolymers may include, but are not limited to, polypropylene,
polybutenes, polyisobutcne, ethylene-propylene copolymers, ethylene-isobutylene copolymers,
propylengdi¥isjtyldne tepakpaass cetipydentnt s decenpreappiimarsaadihe dike0AQ0042kn gn aspect
of the disIg:(I)osed en}bodimentshthe‘hédroc{ar %I substituents of the hydrocarbyl-substituted succinic
anhydrides niay BR detived PO BIHEAR Pol)mBIES T8 BRUHIHShENMER SPTiBBuRIRFHE! Silitable
polyisobutenes darsusehesalv socludecthosadteomeei fiboy EIR-PIB having at least about 60%, such as
about 70% to about 90% and above, terminal vinylidene content. Suitable polyisobutenes may include
those pr using cat .. Ihe.average.number molecular weight of the hydrocar, yJ
substitugr?tér‘%gagy}/ vary o%\%:% a(%vi é’%iinaégfq%?aéxégﬁib e from ¢ Oélﬁ)t%%olél% eil%oaf%s@ﬁbf)éu fas'ffom
about 50e0toralstutr5000 daktodsschsdbtembindichbytG P CE {00043t flarbaxyliustactants otherithan

maleie aphydride may be emplgyed such as rnaleic acid, fumaric acid, italic acid, tartari id, itaconic
acid, itaconip_ar;h);/;gr%e, cﬁraconlcg gc%l,né {raconic %ﬁﬂ%ﬁdg@%@%ﬁtg‘ﬁﬁﬂ%}ﬁ '8 rﬁl“frﬁlé eﬁ%@rﬁhydride,
dimethylasisigivcan hyaridecathy inpteisaatid, dimethylndateid sitias hexphinalcicddidyand thetlike,
including, the.carresponding acid hali nd. lower aliphatic esters. A mole ratio, of maleic anhydride to
olefin in the rlea(_:tl’pn mixture may ’var%%?ﬁ%le?f}. I,ngég‘rﬁ%’g 31/8 ﬁlés'arrﬁtgIearrlgﬁél%%%sv}é?ﬁtf?gangﬁl@lﬁ%ﬁ’t 5:1to
about 1.50fshieksinplepronersbostd detstatvots1Baded g fugihee eiarmpleyithen malelerankhydride
may be fhin.stoighiometric. exeess to force the reaction to.completion, The unreacted maj=
anhydridtg@?nay %e remo% by vacﬁur% ISt é\négn??é%’OfﬁAﬁ%egmﬁﬁmer%lusS%rgﬁ/aarﬁ%e%SCa%%e
utilized isqrepaiting shicsytot ddyisubsituted Bucehomidé dispgrsaatcdornptiritisgoexemgtasy
polyamings may.jpslude armin lggé;]igg}q icarhonate (A ), diethylene triamine (DETA), triethylenc
tetramine PFETA&)l, tetraethil en pentamir?%g(‘?)é)igﬁ)?%enﬁgt%y%eﬁ tggglrﬁiﬁ(g%ﬁ—é&n &ha l‘%eavy
polyamirfésonk heanvsgrpolythe it nesad disimpris8ia it iurd ofysdéyalky lenepal yainiblesahaving smhall
amounts.h U RAAIBR AIGOTSRBHEN LR 0 RGP HATY AAGmEIZ1ovng seven
or more nitrogen atoms, two or niore primary amines per molecu e, and more extensive %ranghlng
than conlkfitional polyamine mixtures, Additional non-limiting polyamines which may be used to
prepare the hydrocarbyl-substituted succinimide dispersant are disclosed in U.S. Pat. No. 6,548,458,
the disclpsa0sof whichnis ipeerpsfaiad hereir hyisatarencanboldseatitety: 4230 embadimantaf the
disclosure, trlle é%(élga%wine. mr@/ he F%%cted from te?:ar%aeth lene pentamine (TEPA). 1000451In an
embodiriSH the Uispersali ey iACRIGE CothpoiFoi BREHS fBHIAIS: widtsh threiidits 0br an

integer offcarlipliath. aroR%isaumy@dinocabyhsubsitupnupsidefised abavgbinamembediment, n is 3
and R2 i }aaglollyiso utenyl substituent, such as that derived from polyisobutylenes having at least
0, SUC

about 6 P28 SHSN708AS ABBUPBSS AR QbR BIRiRS WiFg e mRcEy et atosBdlnds of
the foregoingdopropld maytbeitbpropartiaraproduat atatbysiegashylisubstiuiad suasinicaphydride,
such as a.pol iég%_ tenyl slgr%%nic ani%!\dritde_ PlBSﬁQ and a polyamine, for example tetraethylene
pentamiﬁér(af% .IE%&)QL h&R o FINTRSies Y TUH AL A0 Y (B i AP iffate-thexabiditives
may be efhptoyédrityhmaunts Stfizidnhivareduce Dhinhibit depasit farmationdmaidieselapgine. In
some as ectF, the fue(ilgctrg’r/]aa/i contain minor amouréts of tEe above described bisam notriazole

sorre

B gﬁtceésufhé:%gﬁﬁ%% PArGTha HalSoSHS BFUX MBI GE Posits in

compounarﬁﬂa contro
diesel emgirgs. Foetydongiehdhd diesekduels;olodid applicatiait may-gastaith an anaetiveldngredient

basis, an amount of the bis-aminatriazole compound in the range of about 5 mg to about 500 mg of
his-amino rcl)é(i/gpemcx é?gl&dnn%ﬁ%?’%gﬁ %%¥l(§é(f€§'ﬂgﬁlé’étfﬁtfhér\‘it?%e?%a%mt%%ﬁ 18h0Bater® mg of

bis-aminoajaaictebeomqabund per Ku of fuel. In aspects, where a carrier is employed, the fuel
compositions can contain, on an active ingredients basis, an amount of the carrier in the range of

about | MbiBeout 109 imehrk CATHIAIBRI 6 isleav 8028, RN AIRA 1o ARRULAA AL dispersant

per Kg of fuel. The active ingredient basis excludes the weight of 0) unreacted components such as

polyalkylBR @S SERHSHSBoEia i UntRhY Petn At tn #rS produdssispriduiced drittistid, and (i)
solvent(alsdiie U5 Uhe T aRHACIE ALRRAI S MIBRIIACOI,CORPAHIE £ Ay ingLpy after s

formation but before addition of a carrier, if a carrier is employed.
deactivators  include, for  example, salicylidene-o-aminophenol,  disalicylidene

cthylenediamine,  disalicylidene  propylenediamine, and  N,N'-disalicylidene-1,2-

diaminopropane.
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[00047]In another aspect, the presently disclosed fuel compositions may contain, on an active
ingredient basis, a dispersant (B) as described herein in an amount ranging from about 50 to about
500 ppm, such as from about 80 ppm to about 200 ppm by weight based on a total weight of the fuel
composition. 1000481In aspects where a carrier is employed, the thel compositions may contain, on
an activeg0gaagients kﬁﬁiﬁb@bpﬁ@ﬂ@htpﬂﬂﬂﬁaﬁ@%@hé@ﬂ@@Mé@fﬂo%?@@&r%@dﬁﬁd@x@ﬁ@%l%pgem9 of
carrier per kg of iuel, such as about 25 mg to about 700 mg of carrier per kg of fuel. The active
ingredierft’ ngg?’s? xCUdEE thEWRIGRESRT0 Vhrébttelf EttporBhtE 880 dtEH vitHdnderemiaising in the
disclosed atisitinesias yiresunes asdtisemboant il aalentishdiamonysed indhe-manufagiyrgiof the
disclosed agdditives either during or after jts formation but before addition of a carrier, if a earner is
employed. T000AG1FHES atﬁli?ﬁ}%@ tHBDFELERY ApBRRLEOThEIaRHIE St AfeTRRIHbtriksoRsedmpound

describeckaboue; achogtionatraditias usedda formrbatingdhe fushe of this dovaotion may pg blended
into the ?\gs various sub-combinations. In some embodiments, the

e.diesel fuel individually or i _
additive cor %%25%% ofsﬁﬁlé’épg ‘énigaﬂél?féaﬁ‘aﬂ My bE bishdedlings thesaedelariel-chtfourbetitly using
an additivevoeinbelittatenas dhishitakies pavpotage Bf tee-rastuah eemnatibiity and convenience afforded
by the combination of ingedients when in the form of an additive concentrate Also, use of a

concentypimimgy educe HEnARBAMEEAJTSEPR B RASSPII hlending srios,JoopeaiTpus, in

certain embodiments, the present application is directed to a diesel fuel additive, comprisin the
his-amin®irazsieico mpbormb s Wsiipbuhtipetin e deactiontproducbofaideastbrergpamidine and
at least ong pelyaliadens succiic,A0vids, g JasirRgd ARRYG.The addliuG Ma comprize one or

more of the additional ingredients listed above. The additive may be packaged an srgi%asseparately
from dieSeMRisisH, FckRarmpug doreaisaeiien hutvcdtheradaitiveamby thedr deiblghdddtivitediesel

Mel by the.clistomel asdesiiedt 1AORRILINGAessliigls LG RIFPS0| ARRIAIRT.May B applicable

to the operation of both stationary diesel engines (e.g., engines used in electrical power ggﬁg’ration

installati6PEPRFpEPIsE Bt aio A Bet emdharsuradsryetiéuaiadngitegdeiy sdtigimes tisethadarime
movers iLAHeMPRIESH I UckS.LaRd Haring LIYRMERL BIAY yehicles %%)a'n'?l‘ca%ogglwg{}{idgsfae?ts of
the present application are directed to methods for reducing the amount of injector deposits of a diesel
engine HAIAY at least one combustion chamber and one or more direct fuel injectors in fluid
connection with the combustion chamber. In another aspect, the improvements may also be observed
in indire¢0@d8k! fuel iRjactoks hinisame dspestantbe methodsepvaptise nigciagahydregarben-based
compresf%iaocg1 i%nitio é‘Hgl %ﬂmprisin t %his-ant otriaztﬁle dditive o{ the present application, through

7o OISR Tha ABS L AP e YR RoRiEReRisH ignition

L 1 Il O unsat aE
the injectors o the |ese(fer¥g|ne INto
fuel. In soimeladpe®sathemetipecimay afsboompaise mixiogtinfo thendiese! fuel at least one of the
optional additional ingredients described above. [00052]In one embodiment, the diesel fuels of the

present AMPUORLION M&YVidehigher boiling olefinically-unsaturated hydrocarbons, good results may
be obtained at about 200°C to about 250°C. This reaction may be promoted by the addition

of chlorine.

[00041] Typical olefins may include, but are not limited to, cracked wax olefins, linear
alpha olefins, branched chain alpha olefins, polymers and copolymers of lower olefins. The
olefins may be chosen from ethylene, propylene, butylene, such as isobutylene, 1-octane, 1-
hexene, 1-decene and the like. Useful polymers and/or copolymers may include, but are not
limited to, polypropylene, polybutenes, polyisobutene, ethylene-propylene copolymers,
cthylene-isobutylene copolymers, propylene-isobutylene copolymers, ethylene-1-decene

copolymers and the like.
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essentially free, such as devoid, of conventional succinimide dispersant compounds. The lel [II
-essentially free" is defined Ibr purposes of this application to he concentrations having substantially no
measurable effect on injector cleanliness or deposit tia 100053]In yet other aspects of the present
application, the fuel additive may be free or substantially free of 1.2,4-triazoles other than the triazoles

describedi6abezp. For éxamplgcthe CoRMPRoIBONS My diensHRSaRUAINY ftas of {isgalasef fermula I,
where R%a d R%agg ié;ﬁ?ﬁe endently chosen from hydrogen and hydrocarbyl groups, with the proviso
8T8 RAAW

that at ledst % iSHSTHG BBt ampred o rdyaiet drap dratsps inelimes? forCs0

Iinf)ar, bragmhﬁté wcgyﬂkisaﬂﬂﬁlligfl BuREHe2 tSﬁ%QIHﬁﬁ@&fE&@ﬁ&H@Q lﬁfrcb{%i%é%ﬁg%&iﬁ%@%@&d

substituted or ynsubstjtu ryl groups, such as phenyl groups, tolyi groups and xyly.r1 groups.

1000541Wf %%%88‘5?##@%3@%%&8%?%38&ﬁg%ﬁé‘ﬁ Boat i%%gi*ﬁ‘éla@ﬁﬂtogé%ﬁ’@iﬁbmi@l»injectors

may be cansedibyimétahiorcoaiaminationipihesfiek-hbemetalians maycoms:irandhe hase fuel

itself or from additi\ﬁ} gut into the base fuell. When present, the metal ions may react with carboxylate
itl

functionaltael LdditVe LY EBRYSIBA ﬁ?ﬁ?ﬁft&gigéfgf’ﬁgﬁeé‘y/ﬁé‘ﬂi?éhﬁé ShietiEerpoIIH inRlitor),
and/or biodieselfialtyracid, ebtees impEnirsaltyne depasitsAs BIReKLMiestais: s sanasiured to

extremely, clos erances, any such d o%ié)may severely restrict movement of the internal
componeXrll)t%ugg %@ %?é%?&r&.sﬂg&em“g‘ﬁﬁ% Salt deposits may produce noticeable loss of

performance from sticking injector needles, reduced fuel economy, lost power, and increased

emissiondMWhdlinterndt yepvxits mectypicathae Sapravatentirhpdndention dediessbiuel ssuatit ave
manifestggidhemsglvesindie SR HRIS, 48 S t in, compound (A) alone orin combination
with component (B) has been ?ound, sqrpr?siﬁélf%t{g{éﬂgg{ﬁpqg?%%g p?é:{/gén@ e Hn iﬁghg(rgl:rbdf%uch
internal SaffadepsiE bk mbrisice. BeaMPLE Scibeuss1Thadelbwdng e xametles arddlustrative
of exemplary erabodieRin.Af lasidinnlese, ) exeieRas wel asehedhere niis
application, §zilll parts g?}d percentaf%gs ar%%y W%litgr%?ﬁiﬁless ot aeﬁs\?vc?sge\&lé’d%éﬁﬁlde. itis in ecrlf(lﬁlalaéthat
these exHihsREEREIBN AR Sektd rodtvsumodatos diustratibrmondyraiia f ernlsi intehgéddio limit the

scope ofihaimention:disslasgdiereio-19003ALIY R following sxamples, e effectthe additives of

compound (A) and/or (A) plus (B) had on diesel fuel contaminated With car oxyléatéosgfta?/fgra If‘ﬁgh

pressure CERAROH filltgidkertlel. dpsermmmad evabarad: in enging leshdvasaethto demphstrate the
propensigycohfuis tarauake gl injectr.atisking and wag-plsg sed 1o gemonstrate the abiity of

certain fuel additives to prevent or control the internal deposit in the injectors. An engine dryl/né)mometer
test stantPWALctSRd The i sAcied mra rthadridageat Dawracdtiebby enginenfdistiiming the injector
sticking tests. The engine was a 2.0 liter engine having four cylinders. Each combustion chamber had

fbur valvi#d@dd the fuélipjectbrsnvereddh pippbyinjgaters have BeEuroMlassificatiaring  the
hydrocarbylsubstituted succinimide dispersant. Non-limiting exemplary polyamines may
include aminoguanidine bicarbonate (AGBC), diethylene triamine (DETA), triethylene
tetramine (TETA), tetracthylene pentamine (TEPA), pentaethylene hexamine (PEHA) and
heavy polyamines. A heavy polyamine may comprise a mixture of polyalkylenepolyamines
having small amounts of lower polyamine oligomers such as TEPA and PEHA, but primarily
oligomers having seven or more nitrogen atoms, two or more primary amines per molecule,
and more extensive branching than conventional polyamine mixtures. Additional non-
limiting polyamines which may be used to prepare the hydrocarbyl-substituted succinimide
dispersant are disclosed in U.S. Pat. No. 6,548,458, the disclosure of which is incorporated
herein by reference in its entirety. In an embodiment of the disclosure, the polyamine may be

selected from tetraethylene pentamine (TEPA).

[00045] In an embodiment, the dispersant may include compounds of the formula:
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[00057]The core protocol procedure consisted of running the engine through a cycle for 8-hours and
allowing the engine to soak (engine off) for a prescribed amount of time. The injector performance was
then characterized by measuring the cylinder exhaust temperature for each cylinder. A test was
stopped and considered to have failed (one or more injectors sticking) if the exhaust temperature of
any cylinder was more than 65°C, aboveany other cylinder exhaust temperature atany pointin time A
test was also considered to haye failed | after allowing the engine to cool to ambient temperature, a
cold start showed a temperature differefqce of 45C. or more in cylinder exhaust temperatures. Sticking
of the needle and thus failure coul cpnfirmed by disassembling the injector and subjectively
determining the force required to remove sing. Cleanlines_s tests were
run for keep-clean performance as wet@s clean-up perﬁbr ance. [000581Test preparation involved
flushing the previous test's fuel from the gngine prior to removing the injectors. The test injectors were
inspected, cleaned, and reinstalled in theengine. If new injectors were selected, the new injectors
were put through a 16-hour break-in cycle. Next, the engine was started using the desired test cycle
program. Once the engine was warmed up, power was measured at 4000 RPM and full load to check

for full poWisFF8storeRisHCatte? @léé_ﬁiﬁ'ﬁ%@ infeletors! ifotte BB meabwlemarte weretinitiinas
specificajigmdhapest cYslen@suniaied. 1 rﬂ@fqmmgsgap$%@59%égﬁss§br%%%ﬁ NiEen.o ta%e DWIO
sticking test cycle that was used to evaluate the fuel additives according to the disclosure. Table | -

One houf TpTE dEpaRely BrPRHIoNSs didria getit lepsteabsis SO trasion( aninbres)BliginelspectOirm)
Load (Yo)dPrsue N B aRstalaliehe I RIRRERRICE (pbunds of the foregoing formula may be the

reaction product of a hydrocarbyl-substituted succinic anhydride, such as a polyisobutenyl

succinic anhydride (PIBSA), and a polyamine, for example tetracthylene pentamine (TEPA).

[00046] When formulating the fuel compositions of this application, the additives may
be employed in amounts sufficient to reduce or inhibit deposit formation in a diesel engine.
In some aspects, the fuels may contain minor amounts of the above described bis-
aminotriazole compound that controls or reduces the formation of engine deposits, for
example injector deposits in diesel engines. For example, the diesel fuels of this application
may contain, on an active ingredient basis, an amount of the bis-aminotriazole compound in
the range of about 5 mg to about 500 mg of bis-aminotriazole compound per Kg of fuel, such
as in the range of about 20 mg to about 120 mg of bis-aminotriazole compound per Kg of
fuel. In aspects, where a carrier is employed, the fuel compositions can contain, on an active
ingredients basis, an amount of the carrier in the range of about 1 mg to about 100 mg of
carrier per Kg of fuel, such as about 5 mg to about 50 mg of dispersant per Kg of fuel. The
active ingredient basis excludes the weight of (i) unreacted components such as polyalkylene
compounds associated with and remaining in the product as produced and used, and (ii)
solvent(s), if any, used in the manufacture of the bis-aminotriazole compound either during or

after its formation but before addition of a carrier, if a carrier is employed.

[00047] In another aspect, the presently disclosed fuel compositions may contain, on
an active ingredient basis, a dispersant (B) as described herein in an amount ranging from
about 50 to about 500 ppm, such as from about 80 ppm to about 200 ppm by weight based on

a total weight of the fuel composition.
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[00048] In aspects where a carrier is employed, the fuel compositions may contain, on
an active ingredients basis, an amount of the carrier ranging from about 10 mg to about 1000
mg of carrier per kg of fuel, such as about 25 mg to about 700 mg of carrier per kg of fuel.
The active ingredient basis excludes the weight of (i) unreacted components associated with
and remaining in the disclosed additives as produced and used, and (ii) solvent(s), if any,
used in the manufacture of the disclosed additives either during or after its formation but

before addition of a carrier, if a carrier is employed.

[00049] The additives of the present application, including the bis-aminotriazole
compound described above, and optional additives used in formulating the fuels of this
invention may be blended into the base diesel fuel individually or in various sub-
combinations. In some embodiments, the additive components of the present application may
be blended into the diesel fuel concurrently using an additive concentrate, as this takes
advantage of the mutual compatibility and convenience afforded by the combination of
ingredients when in the form of an additive concentrate. Also, use of a concentrate may

reduce blending time and lessen the possibility of blending errors.

[00050] Thus, in certain embodiments, the present application is directed to a diesel
fuel additive, comprising the bis-aminotriazole compound, the compound being the reaction
product of at least one guanidine and at least one polyalkylene succinic anhydride, as
described above. The additive may comprise one or more of the additional ingredients listed
above. The additive may be packaged and sold separately from diesel fuel in, for example, a
concentrated form. The additive may then be blended with diesel fuel by the customer, as

desired.

[00051] The diesel fuels of the present application may be applicable to the operation
of both stationary diesel engines (e.g., engines used in electrical power generation
installations, in pumping stations, etc.) and ambulatory diesel engines (e.g., engines used as
prime movers in automobiles, trucks, road-grading equipment, military vehicles, etc.).
Accordingly, aspects of the present application are directed to methods for reducing the
amount of injector deposits of a diesel engine having at least one combustion chamber and
one or more direct fuel injectors in fluid connection with the combustion chamber. In another
aspect, the improvements may also be observed in indirect diesel fuel injectors. In some
aspects, the methods comprise injecting a hydrocarbon-based compression ignition fuel

comprising the bis-aminotriazole additive of the present application, through the injectors of
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the diesel engine into the combustion chamber, and igniting the compression ignition fuel. In
some aspects, the method may also comprise mixing into the diesel fuel at least one of the

optional additional ingredients described above.

[00052] In one embodiment, the diesel fuels of the present application may be
essentially free, such as devoid, of conventional succinimide dispersant compounds. The
term “essentially free” is defined for purposes of this application to be concentrations having

substantially no measurable effect on injector cleanliness or deposit formation.

[00053] In yet other aspects of the present application, the fuel additive may be free or
substantially free of 1,2,4-triazoles other than the triazoles described above. For example, the

compositions may be substantially free of triazoles of formula II,

where R* and R’ are independently chosen from hydrogen and hydrocarbyl groups, with the
proviso that at least one of R* and R’ is not hydrogen. Examples of hydrocarbyl groups
include C; to Cs linear, branched or cyclic alkyl groups; C, to Csg linear, branched or cyclic
alkenyl groups; and substituted or unsubstituted aryl groups, such as phenyl groups, tolyl
groups and xylyl groups.

[00054] Without desiring to be bound by theory, it is believed that internal salt deposits
in fuel injectors may be caused by metal ion contamination in the fuel. The metal ions may
come from the base fuel itself or from additive put into the base fuel. When present, the
metal ions may react with carboxylate functional fuel additives such as corrosion inhibitors
(e.g. dodecyl succinic acid corrosion inhibitor), and/or biodiesel fatty acid esters to form salt-
type deposits. As modern injectors are manufactured to extremely close tolerances, any such
deposit may severely restrict movement of the internal components of the injectors.
Accordingly, the salt deposits may produce noticeable loss of performance from sticking
injector needles, reduced fuel economy, lost power, and increased emissions. The internal

deposits are typically less prevalent in conventional diesel fuels, but have manifested
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themselves in the ULSD fuels. As set forth herein, compound (A) alone or in combination
with component (B) has been found, surprisingly, to clean up and/or prevent the formation of

such internal salt deposits on the fuel injectors.

EXAMPLES
[00055] The following examples are illustrative of exemplary embodiments of the
disclosure. In these examples as well as elsewhere in this application, all parts and
percentages are by weight unless otherwise indicated. It is intended that these examples are
being presented for the purpose of illustration only and are not intended to limit the scope of

the invention disclosed herein.

[00056] In the following examples, the effect the additives of compound (A) and/or
(A) plus (B) had on diesel fuel contaminated with carboxylate salts for high pressure common
rail diesel fuel systems was evaluated. An engine test was used to demonstrate the propensity
of fuels to provoke fuel injector sticking and was also used to demonstrate the ability of
certain fuel additives to prevent or control the internal deposit in the injectors. An engine
dynamometer test stand was used for the installation of the Peugeot DW10 diesel engine for
running the injector sticking tests. The engine was a 2.0 liter engine having four cylinders.
Each combustion chamber had four valves and the fuel injectors were DI piezo injectors have

a Euro V classification.

[00057] The core protocol procedure consisted of running the engine through a cycle
for 8-hours and allowing the engine to soak (engine off) for a prescribed amount of time. The
injector performance was then characterized by measuring the cylinder exhaust temperature
for each cylinder. A test was stopped and considered to have failed (one or more injectors
sticking) if the exhaust temperature of any cylinder was more than 65°C. above any other
cylinder exhaust temperature at any point in time. A test was also considered to have failed if
after allowing the engine to cool to ambient temperature, a cold start showed a temperature
difference of 45°C. or more in cylinder exhaust temperatures. Sticking of the needle and thus
failure could also be confirmed by disassembling the injector and subjectively determining
the force required to remove the needle from the nozzle housing. Cleanliness tests were run

for keep-clean performance as well as clean-up performance.
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[00058] Test preparation involved flushing the previous test's fuel from the engine
prior to removing the injectors. The test injectors were inspected, cleaned, and reinstalled in
the engine. If new injectors were selected, the new injectors were put through a 16-hour
break-in cycle. Next, the engine was started using the desired test cycle program. Once the
engine was warmed up, power was measured at 4000 RPM and full load to check for full
power restoration after cleaning the injectors. If the power measurements were within
specification, the test cycle was initiated. The following Table 1 provides a representation of

the DW10 sticking test cycle that was used to evaluate the fuel additives according to the

disclosure.
Table 1 - One hour representation of DW10 sticking test cycle.
Step | Duration(minutes) | Engine speed Load | Torque(Nm) Boost air after
(rpm) (%) Intercooler (°C)
1 2 1750 20 62 45
2 7 3000 60 173 50
3 2 1750 20 62 45
4 7 3500 80 212 50
5 2 1750 20 62 45
6 10 4000 100 * 50
7 2 1250 10 25 43
8 7 3000 100 * 50
9 2 1250 10 25 43
10 10 2000 100 * 50
11 2 1250 10 25 43
12 7 4000 100 * 50
Example 1 (Injector Sticking Engine Test)
[00059] Diesel engine nozzle sticking tests were conducted using the Peugeot DW10

engine following the protocol of Table 1. For keep-clean testing, the engine was run with
diesel fuel contaminated with metal carboxylate salts and with the detergent additive
indicated in the example. For clean-up testing, the engine was first run with diesel fuel
contaminated with metal carboxylate salts without a detergent additive to establish a baseline
of stuck fuel injectors. Next, the engine was run with the same fuel containing the detergent
additive indicated. In all of the tests, the fuels tested contained 200 ppmv lubricity modifier
and 1600 ppmv cetane improver, 20 ppmw of dodecyl succinic acid, 3 ppmw of NaOH, and
25 ppmwv of water. At the beginning of the test, no injector sticking was indicated by a
uniform exhaust gas temperature for all 4-cylinders as shown in (FIG. 1). However, a cold

start of the engine after 8 hours showed injector sticking as shown in FIG. 2. In all of the
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*50 Example 1 (Injector Sticking Engine Testy j000591Diesel engine nozzle sticking tests were
conducted using the Peugeot DWIO engine following the protocol of Table I. For keep-clean testing,
the engine was run with diesel fuel contaminated with metal carboxylate salts and with the detergent
additive indicated in the example. For clean-up testing, the engine was first run with diesel fuel
contaminfgedewitumetal sacbmytate, salisavihioul s driergent-additive 1isstablish e haseling of stuck
fuel injectogs.d\leﬁ(t, the engine was run with the same fuel containing the detergent additive indicated.
In all of tiié i%s%, the fuels tested contained 200 ppmv lubricity modifier and 1600 ppmv cetane
improver, 20 ppmw of dodeeyl succinic acid, 3 pprnw of NaOH, and 25 ppmwyv of water. At the
beginning of the test, no injector stickind-gae ardidvedekbmaladiform exhaust gas temperature for all
4-cylinders as shown in (FIG. 1). However, a cold start of the engine after 8 hours showed injector
sticking d2UW&hn in FiE s |painatane crguredorirvecaieidindersreunedBiiy cylindedddurve C is
cylinder 3.armdguive kis ylindersiy Gomparadve Gxamnle-2,R0000LIN.this example; g sonygntional
succinimide dispersant additive was added to the fuel at a treat rate of 75 ppmw. FIG. 3 shows the
injectors WHEKing AT R HeUP fesrar grakdelEsprAining the conventional detergent. Comparative
Example 3 10006111In this example a quaternary am:monium salt Diesel fuel additive package was
added to the fuel at a treat rate of 75 ppiwngatatid sEawmple 3njector sticking after a 7 hour test with

this -Mel.
[00061] In this example a quaternary ammonium salt Diesel fuel additive package was

added to the fuel at a treat rate of 75 ppmw. FIG. 4 shows the injector sticking after a 7 hour
test with this fuel.

Example 4
[00062] Compound (A) was added to the fuel at a treat rate of 75 ppmw. After a 16

hour test, FIG. 5 shows that none of the injectors were stuck. Physical mspection of the

injectors upon completion of the test confirmed that none of the injectors were stuck.

Example 5

[00063] In this test, compound (A) at 15 ppmw was combined with compound (B) at
60 ppmw for a total treat rate of 75 ppmw. FIG. 6 shows that after a 16 hour test, none of the

injectors were stuck.

Example 6

[00064] In this test, the ability of the detergent additive to clean-up dirty fuel injectors
was demonstrated. The dirty fuel injectors had the exhaust temperatures similar to FIG. 2
prior to adding a mixture of compound (A) at 10 ppmw and compound (B) at 40 ppmw for a
total treat rate of 50 ppmw in the fuel. FIG. 7 shows that after an 8 hour test, none of the

injectors were stuck.

[00065] As indicated by the foregoing examples, fuel additives containing compound
(A) or compound (A) plus compound (B) provide a significant reduction in internal deposits
in diesel fuel injectors when engines are operated on ULSD fuels as compared to

conventional fuel detergent additives.
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Example 4 [00062]Compound (A) was added to the fuel at a treat rate of 75 ppmw. After a 16 hour
test, FIG. 5 shows that none of the injectors were stuck. Physical inspection of the injectors upon
completion of the test confirmed that none of the injectors were stuck. Example 5 1000631In this test,
compound At at 15 pprnw was combined with compound (B) at 60 ppmw for a total treat rate of 75

ppmw. FIG0®6hows thatiaftercd 1bahoar test] nonkiolsiedniestorns werehstugivcrxamalafs1000641in

this test, the ability. of the_,bgete,rbgent adaitiytijtq,clea?-gg di{ty fuel i%ectors was demonstrated. The dirty
hpefatured Simitar i eI B U risF RS BRIinG ShistRE ST ¥ofbund (A)

fuel injec%nr% d the exhdust temperature
at 10 pprave@ndoceipouitddit atd:fapenw fos astatakicent tateeah SOnppmMW ihihesfueli@; dishows
that afterV%na8 t@oqj tlen%hgog% o{’the irljlectg{)rsywere)bslkléck; 100065]As indicated by t,ﬁe foregoing
examples. fuel additives containing COmMPotRa (AT b S HEaEHRATAY Mt tombdihe B piovite a
significartéduction imhinteiraldepdsitzin diesalduekddjectaisewhemenginesane operated on ULSD
fuels as compared to conventional fuel detergent additives. [000661lt is noted that, as used in this

specificafimend the appemdas elaims o SiopUALIANGS iA s ARG Inglude Pl gferents
u

unless expressly and unequivocally limited to one referent. As used herein, the term "include™ and its
grammatiedicoiiaAts B HATE SHREF IS HE NERLIfARIMGT SUPEE AT rBRIRITEANST iednetiraniisnisindt to the

exclusioRahegheelike ittmsthat canhesybstiedr aided tadhe.isted BeMS modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and attached claims are approximations
that can vary depending upon the desired properties sought to be obtained by the present
disclosure. At the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits and by applying ordinary rounding

techniques.

[00068] While vparticular embodiments have been described, alternatives,
modifications, variations, improvements, and substantial equivalents that are or can be
presently unforeseen can arise to applicants or others skilled in the art. Accordingly, the
appended claims as filed and as they can be amended are intended to embrace all such

alternatives, modifications variations, improvements, and substantial equivalents.
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1000671For the purposes of this specification and appended claims, unless otherwise indicated, all
numbers expressing quantities, percentages or proportions, and other numerical values used in the
specification and claims, are to be understood as being modified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the numerical parameters set forth in the following
specificaWoH Ald S €d. K ERIs are approximations that can vary depending upon the desired
properties sought to be obtained by the present disclosure. At the very least, and not as an attempt to
limit the appligatipmrolithe:deriingoffarivalenis i the ssppe ﬁfeihﬁlfé@ﬂ's?sf&aﬁhd%ﬁ@ﬁféﬁglr%afameter
should at least he construed in light of the number of reported significant digits and by applying

ordinary YOURENGESEHGH.S 150 USRS ShRREng ShibBisemBIsHiR ses HesE ihaerior

alternativesownodifications fvafiations | impraxsmenis, e sukstantialequivalents that.are ercan be
presently. unforeseen_can arise to applicants or others skilled in the art. Accordingly, the appended

claims ad'fetPARGSEIR Y ChiiseaRmrdet e ff@Hied to embrace all such alternatives,
modifications variations, improvements, and.substantial eg q_i_\_/_gllgnts. WHAT IS CLAIMED IS: 1. A
method for cleaning internal components of ﬁ fuel injector for a diesel engine comprising operating a
fuel injected diesel engine on a fuel camposition comprising a rﬁajor amount of fuel and from about 10
to about 500 ppm by weight. basgd, on a otal wei _rlgffgﬁge“fug! composition of (A) a compound of the
fol and tautomcrs and enantioméﬁ’@' hereof] wherein R.‘:*éi‘&ﬁ‘%ydﬁgéérbyl group having a number
average molecular weight ranging from 100 to 5000 daltons. 2. The method of claim 1, wherein R2 is
a polyisobutylene having a number average molecular weight of from about 200 to about 3,000
daltons. a8d Tigametiyca dfokaitivib ewhibeein thetheacRdidie sellengins cpropsisasiadirectibet injected
diesel engi . method,of claim 1, furt omprising (B) an amount of hydrocarbyl succinimide
dispers%gitfg}v%%%%%%ﬂgu\}\?figr%%ﬁilg%lﬂ\ggr%nﬂ?eg éu%l%%é%&‘?%?)n 1:2to 1:10. 5. The method of claim 4,
wherein the hydrocarbyl succinimide dispersant comprises a reaction product of polyalkenyl succinic

acid or afhyﬁjﬂgemvgltﬂ})&e %?ectg}lrlne n]e, Qwehnetfaerirr]llrﬁz is a polyisobutylene having a number average

molecular weight of from about 200 to about 3,000 daltons.

3. The method of claim 1, wherein the fuel injected diesel engine comprises a direct fuel

injected diesel engine.

4. The method of claim 1, further comprising (B) an amount of hydrocarbyl succinimide

dispersant, wherein a weight ratio of A:B in the fuel ranges from 1:2 to 1:10.

5. The method of claim 4, wherein the hydrocarbyl succinimide dispersant comprises a

reaction product of polyalkenyl succinic acid or anhydride with tetraethylene pentamine.

6. The method of claim 5, wherein the polyalkenyl succinic acid or anhydride is derived
from polyisobutylene having a number average molecular weight ranging from 800 to 1100

daltons.

7. The method of claim 6, wherein the polyisobutylene comprises a high reactivity

polyisobutylene having at least 70 wt% or more terminal olefinic double bonds.

8. The method of claim 4, wherein the fuel comprises from 50 to 500 ppm by weight of a

mixture of A and B.
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6. The method of claim 5, wherein the polyalkenyl succinic acid or anhydride is derived from
polyisobutylene having a number average molecular weight ranging from 800 to 1100 daltons. 7. The
method of claim 6, wherein the polyisobutylene comprises a high reactivity polyisobutylene having at
least 70 wt% or more terminal oletinic double bonds. 8. The method of claim 4, wherein the fuel
comprises from 50 to 500 ppm by weight of a mixture of A and B. 9. A method for reducing an amount
of salt de&oiits on igtgornald%%m onents of agﬁeéﬂgjector for a fuel injected diesel gg{l%gle comprising

operating the dissel engine on'a fleTB8HHE COPTSIRGECHAI P IR DE Fdelsh i tithor

amount db{A)factonjaoehdieddhen thiinuban painth iasemeng andienantemersthereal whaseinbe is a
hydrocarbyl group having a numberfafh/e age molecular Weigl'}t@nging from 100 to 5000. 10. The
method o é?%i?ﬁl EWher |%dfﬁ8%ﬁ%?coﬁ1{)aﬁg§e%?}%miﬁt BottBe PP R BAIRIBHE &f compound
(A) based on a total weight of the fuel;gomposition. 11. The method of claim 9, wherein R2 is a.

hydrocarbyl group having a number a Frageqmolecular We 19ht r@nging from about 200 to about 3000
daltons. The method of claim 9erein the fuelinjected diesel engine is a direct fuel injected diesel

engine. 13. The method of claim,9,, Wherein the.fuel is an ultra low, sulfur diesel fuel. 14. The method
{herhe el s

of claim 9, further comprising (B) ‘ah ‘amount of droca?b?? cir‘ﬁﬁfde dispersant, wherein a weight

ratio of A:B in the fuel ranges from 1:2 to 1:10. QS The method of claim 14, wherein the hydrocarbyl

succimmide dispersant comprises a reaction product of polyalkenyl succinic acid or anhydride with
tetraethy?é‘ﬁé"f)’é‘hmﬁr@@.d enantiomers thereof, wherein R” is a hydrocarbyl group having a number

average molecular weight ranging from 100 to 5000.

10. The method of claim 9, wherein the fuel comprises from about 10 to about 100 ppm by

weight of compound (A) based on a total weight of the fuel composition.

11. The method of claim 9, wherein R? is a hydrocarbyl group having a number average

molecular weight ranging from about 200 to about 3000 daltons.

12. The method of claim 9, wherein the fuel injected diesel engine is a direct fuel injected

diesel engine.
13. The method of claim 9, wherein the fuel is an ultra low sulfur diesel fuel.

14. The method of claim 9, further comprising (B) an amount of hydrocarbyl succinimide

dispersant, wherein a weight ratio of A:B in the fuel ranges from 1:2 to 1:10.

15. The method of claim 14, wherein the hydrocarbyl succinimide dispersant comprises a

reaction product of polyalkenyl succinic acid or anhydride with tetraethylene pentamine.
16.  The method of claim 15, wherein the polyalkenyl succinic acid or anhydride is derived

from polyisobutylene having a number average molecular weight ranging from 800 to 1100

daltons.
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16. The method of claim 15, wherein the polyalkenyl succinic acid or anhydride is derived from
polyisobutylene having a number average molecular weight ranging from 800 to 1100 daltons. 17.
The method of claim 16, whrein the polyisobutylene comprises a high reactivi polyisobutylene having
at least 70 wt% or more terminal olefinic double bonds. 18. The method of claim 14, wherein
thecompriges fFben 6o bQQ pidiby! wieighitcaf aipixsraebaAstBeokrAdnethadHordremsnting
plugging of a Mel filter for thel injectors of a fuel injected diesel engine comprising providing a major
amount ¢th éoagﬁlt g.e i %\“Bﬁ%ﬂaﬁ?%fgﬁﬂ’?ﬁ@?e“b‘?%&f%ﬁ%ﬁlﬁ%d’f%@? ffa: and tautomers and
enannomers thereof wherein R2 is a hydrocarbyl group having a number average molecular weight
ranging f 00 to,5000 daltons and (B).an amount of hydrocarbyl succinimide dispersant, wherein a
weight raEtl%o‘ SFABTHHS fucz?lfgn?déé” %?%ﬂ%??“f?l@%msﬂ%\%ﬁfﬁ kiU SHBUghY e RR fiftar for the
fue injectaistuOofTheamidthod of claim 19, wherein the fuel filter has 2 micron openings therein for fuel
flow. 21. The method of claim 19, wherein the fuel comprises from about 5 mg to about 200 mg of
compound (A) per Kg of hie!l, on an active basis. 22. The method of claim [9, wherein the fuel
compriseidframethodtfadpng dotalpqilt d284ng ofcampeting (A9 pejekieebivekud3nthemethed of
claim 19,e¥vherein the fuel comarises an. ultra low su}f&r fiiesel ILSD) fuel. _

gine comprising providing a major amount ot fuel and a minot amount of a mixture of (A)

a compound of the formula:

- N

and tautomers and enantiomers thereof, wherein R” is a hydrocarbyl group having a number
average molecular weight ranging from 100 to 5000 daltons and (B) an amount of
hydrocarbyl succinimide dispersant, wherein a weight ratio of A:B in the fuel ranges from 1:2
to 1:10; and

flowing the fuel through the fuel filter for the fuel injectors.

20. The method of claim 19, wherein the fuel filter has 2 micron openings therein for fuel

flow.

21. The method of claim 19, wherein the fuel comprises from about 5 mg to about 200 mg of

compound (A) per Kg of fuel, on an active basis.

22. The method of claim 19, wherein the fuel comprises from about 20 mg to about 120 mg

of compound (A) per Kg of fuel.

23. The method of claim 19, wherein the fuel comprises an ultra low sulfur diesel (ULSD)
fuel.
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