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FI ELD: [0001] The disclosure is directed to certain diesel fuel additives
and to diesel fuels and diesel fuel additive concentrates that include the
additive. In particular the disclosure is directed to a diesel fuel
additive that is effective to enhance the performance of fuel injectors for
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or | ess based on a total weight of the fuel. Fuel injectors in an HPCR
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[0GG4] Over the years, dispersant compositions for diesel fuel have been developed.
Dispersant compositions known in the art for use in diesel fuel include compositions that may
include polyalkylene succinimides, which are the reaction products of polyalkylene succinic
anhydridés and amines. Dispersants are suitable for keeping soot and sludge suspended in a

fluid, however dispersants are not particularly effective for cleaning surfaces once deposits have



wherein Ris selected froma hydrogen and a hydrocarbyl group containing
fromabout 1 to about 15 carbon atons, and RI is selected from hydrogen and
a hydrocarbyl group containing fromabout 1 to about 20 carbon atons,
wherein the reaction product contains |ess than one equivalent of an am no
triazol e group per nolecule of reaction product, and wherein the reaction
product is present in an anmount sufficient to inprove the perfonnance of

di esel direct and/or indirect fuel injectors. [0006] Another enbodi nent of
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cont ai f rom about about car bon atons. action product is
char act éiesd ddel ytdisine EqicBhtspe atd amdiadi fogimprpeal thenpafesmanceiol fieel nggitan  of
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conposﬁ&&ggofﬁghﬂﬁhﬁg a maj or amount of diesel fuel having a sul fur content
o] 0 ppm by weight or |l ess and a m nor anount of a reaction product

derived from(a) a hydrocarbyl carbonyR conmpound of the formula O wherein
R2 is a hydrocarbyl group having a nu@ber aver age nol ecul ar wei ght rangi ng
from about 200 to about 3000 andhgg;_@m4@gk@§ﬁ npound or salt thereof of
the formula NC-NH-NH =

wherein R is selected from a hydrogen and a hydrocarbyl group containing from about 1 to about
15 carbon atoms, and R’ is selected from hydrogen and a hydrocarbyl group containing from
about 1 to about 20 carbon atoms, wherein the reaction product contains less than one equivalent
of an amino triazole group per molecule of reaction product, and wherein the reaction product is
present in an amount sufficient to improve the performance of diesel direct and/or indirect fuel
injectors.

[00066] Another embodiment of the disclosure provides a method of improving the
injector performance of a fuel injected diesel engine. The method includes operating the diesel
engine on a fuel composition that includes a major amount of diesel fuel having a sulfur content
of 50 ppm by weight or less and a minor amount of a reaction product derived from (a) a

hydrocarbyl carbonyl compound of the formula
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wherein Ris selected from hydrogen and a hydrocarbyl group containing from
about 1 to about 15 carbon atons, and Rl is selected from hydrogen and a
hydr ocar byl group containing fromabout 1 to about 20 carbon atons. The
reacti on product contains |l ess than one equivalent of an am no triazole
group per nol ecul e of reaction product. [0008] An advantage of the fuel
additive described herein is that the additive may not only reduce the
amount of deposits forming on direct and/or indirect diesel fuel injectors,
but t heheseidi K pea hedroearad dseunehqvarg pvEmbsT ayaags mploglin Yobelanpwg it s.
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forth 1n part in the detaile escription I ch ows, and/or can be

| earned by practice of the disclosigRe. It is to be understood that both the
foregoing general description and the foll ovviqng detail ed description are
exenpl ary and expl anatory onl y;@andacgolygestrictive of the disclosure,
as cl ai med. BRI EF DESCRI PTI ON THE DRAW NGS [00010]FIG 1 is a portion of
an FTIR spectrumof a prior art product and [00011]FIG 2 is a portion of
an FTIwhapedt susleofed fronehstrpgzen apd aduvdrocateberdimgortaniogdran shqupd e ebout
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hydrogen and a hydrocarbyl group containing fromabout 1 to about 20 carbon

at ons Wi00la - hydr ocar byl carbonyl conpound of the formula 0
[0007] A further embodiment of the disclosure provides a method of cleaning fuel

injectors of a fuel injected diesel engine. The method includes operating the diesel engine on a
fuel composition including a major amount of diesel fuel having a sulfur content of 50 ppm by
weight or less and a minor amount of a reaction product derived from (a) a hydrocarbyl carbonyl
compound of the formula
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wherein R? is a hydrocarbyl group having a number average molecular weight ranging from
about 200 to about 3000 and (b) an amine compound or salt thereof of the formula

MR
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wherein R is selected from hydrogen and a hydrocarbyl group containing from about 1 to about
15 carbon atoms, and R! is selected from hydrogen and a hydrocarbyl group containing from

about 1 to about 20 carbon atoms. The reaction product contains less than one equivalent of an

amino triazole group per molecule of reaction product.



wherein R2 is a hydrocarbyl group having a nunber average nol ecul ar wei ght
rangi ng from about 200 to about 3000 wherein the reaction product contains
| ess than one equival ent of am no triazole group per nolecule of reaction
product. The reaction product is characterized by an FTIR spectrum havi ng
a peak intensity in a region of fromabout 1630 cnd to about 1645 cm 1 that
ranges from about 5 to about 45% of peak intensities of other peak in a
region of from about 1500 cm¥ to about 1800 cnt 1000131For conpari son
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used herein, the term ocar byl group” or "hydrocarb is used inits
or di nalyo kldnse m 2Hs jaspoyiqm ofi W&I‘ﬁ aoe@m@fsakﬁemt@a nr L@hécogrémg to the
SpeC|fh£éL&¥ refers to a group having a carbon atomdirectly attached

to the renalnder of a nolecul e and having a predom nantly hydrocarbon

char aCDEﬂ‘AIEEIImEEGTRiPTI@NKﬂEEWPI;AMEMR@DMENTS( 1) hydrocarbon
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wherein the ring is conpleted through another portion of the nolecule

(e.g., Peiy™Hstituents together folio an alicyclic radical); (2)
substituted hydrocarbon substituents,,bhat is, substituents containing

non- hydr ocar bon groups which, in the gont ext of the description herein, do
not alter the predom nantly hydr rng @gbst Ment (e.g., halo (espeC|aIIy
chl oro and quoro) hydr oxy, al k pt% | kyl mercapto, nitro,
nitroso, am no, yl am no, and sul fo et er o- stituents, that
is, S UBLEFRU R ﬁé m (Rief WPHFRTT e %‘%/@ra& %’érﬂkrsgﬂrm%ryggr&msam@ﬁ%act er,
in thep6oNkeXt1 Rfabld S él%ﬁra'to%é o RERNLRED] BbRAKe %ﬂaﬁﬁ' c@rﬁ;[slﬁﬁ of Hycﬁ‘oéehng or
chain otherw se conposed of carbon atoms. Hetero-atons include sul fur,
oxygenandni hydgeanhyl nehpesatipas Somuabori  tephoyt 20 chrbax aloysivigh a hff@m«;qrbyl

t hi eny im general, no nore than two, or as a further
exanpl%thﬁgC&ﬂ%qﬁﬁ%kM%ggghﬁ%n hydrocarbon substituent will be present for
every ten carbon atons in the hydrocarb | gCpup; in sone enbodi nent s,
there will be no non-hydrocarbon substhueﬂ# in the hydrocarbyl group.

[ 00015] As used herein, the term "nmgjor £ i's understood to nean an
anount greater than or equal to 50 w. @% f or “exanpl e from about 80 to
about 98 Wt .%relative to the total me|th of"the conposition. Moreover,
as used herein, the term"mnor anount"” |s“ﬂrderstood to nean an anount

| ess than 50 wt. % relative to the total meﬂght of the conposition

wherein R? is a hydrocarbyl group having a number average molecular weight ranging from
about 200 to about 3000 wherein the reaction product contains less than one equivalent of amino

triazole group per molecule of reaction product. The reaction product is characterized by an



Am ne Conpound 100016] Sui t abl e am ne conpounds of the formula NR C NH NFI R1L
may be chosen from guani di nes and am noguani di nes or salts thereof wherein
R and R1L are as defined above. Accordingly, the am ne conpound may be
chosen fromthe inorganic salts of guanidines, such as the halide,
carbonate, nitrate, phosphate, and orthophosphate salts of guanidines. The
term "guani dines” refers to guani dine and guani dine derivatives, such as
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pr epar BEIRGRewMny by inglepeakyistengtydriaegaanl GPmebBiickBonnt @ aAPﬁl’fﬁé@é&Wr]du ne

o1 o2 PRRLER: ALR R LRl AonBRyEK LAIMROTIRIE Al SPULLRR of Forf BuD

pr epare wn nmanner rbonyl Conpound [ 00017] The
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hormopol ynmer” of pol yi sobut yl ene conprising fromabout 10 to about
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nmoi ety R2 may. be deriv fro a. linear  al aolefln or ac, d-i soner,i zed
al phayol ef |W¥Wé%l &/’le’ﬂge”é’ iy ?f’é‘r‘finisa?’i‘%ﬁm gy AITEHES B’ﬁ/f%]r@?ﬁlbcd?b\%tl‘ﬁ dknown
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to over 40 carbon atonms. For exarnple, alkenyl noieties of this type nmay be

derived fr omothet parbem othe Ir@rlecalerﬁ? £t t¥ esubbtilgoms mgehppivam en ekeysic sidicePom
aci d-1 somer g?%ﬁt%%d%y@g% Egl;lﬁaa%whg AR0L Do SR gﬂeﬁ*@ e ndbERISABH Vi LY

pol yi sobut e avin qrv ropi Ions o ecules with
aterm naI gtbuipsl wliiememgtheutpnﬂaﬁyoib«he uiemrhpnon therein, tdhenoR2ltgr G p)redomiméy

exanpl e, | east about .60% suc % t o _about %, of t
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trend in thge byt YmbRaHioMes, tmttr&ohéxﬂxﬁora@l%ﬂ&ﬂn\ﬁbtéﬁd@@ifé()l)?ObUt enes, and
wel | known hl%? reactivity polylsobutenes are di scl osed
(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



exanple, in U S Pat. No. 4,152,499, the disclosure of which is herein

i ncorporated by reference in its entirety. [00022] Specific exanpl es of

hydr ocar byl carbonyl conpounds include such conpounds as dodecenyl succi ni c
anhydri des, C1648 al kenyl succinic anhydride, and polyi sobutenyl succinic
anhydride (PIBSA). In sone enbodi nents, the PIBSA may have a

pol yi sobutyl ene portion with a vinylidene content ranging fromabout 4%to
greater than about 90% In sonme enbodi nents, the nolar ratio of the nunber
of car bonylgegeralipe mase thae thantiers ofurthyrdrapalen e Mese e @se, nontiydrasy@encar by |
car bonyl co f : ; . sone
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about Q. o0 about 1 succipnic anhydride gr.ou er pol yal kyl ene substituent.
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1.1. [00024] ydrocarg¥l car bonyl conpounds may be made usi hg any
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vel | KOO 68 than 9161 PAAIRIE O odNOUB BRI B b nting &
hydr ocar byl carbonyl conpound conprises bl ending a polfyolefin and nal eic
anhydr Adcéne Jdhmeqpodl yol efin and nmal ei ¢ anhydride reactants are heated to
t emper s of,. far exanple, about..150 C. to about 250 C., optionally,
with tﬁ%ghﬁe of5%“%&?3P§?ﬁPﬂ?ﬂwﬁg£§ﬂ€ﬁ?%Wﬁ%e or peroxide. Another exenplary
met hod of making the pol yal kyl ene sgccini c anhydrides is described in U S.
Pat. No. 4,234,435, which is incorporated herein by reference inits
entirety. [00025] The hydrocarQX%?g%LQﬁ@%Lw@&Q am ne conpounds descri bed
above may be m xed together und Suitable conditions to provide the
desired reaction product of the present disclosure. In one aspect of the
pr eseninagdbs ch@stfiem tiveidisschnd ninnenpadines omnmeajts bieerenfd welthrdin FetrdeR ' i aa ol e
rati o of  hydrocarpyl garbonyl conpound to ami ne ranging. fromabout 1:0.5 to
Lbout. deiped Shcy RaiRey. Hharion Biatnd T e Ehap e THAgT IS Fr om
about  JiQidhebOsiBOM e BalR, hBRAZE1 RlHatcaPIBsEHRRC A NoHRIFRGHBLLT R8s THRY
range from about 130 C. to [ess than about 200C. at atnospheric pressure.
For exgufpidnesr ebleq fosm t@rpeingsUrdersnayguagidie pirbgrapdoe dedtices. tychvdut 160
C. Anyal‘ﬁﬂh%ﬂmdﬁler. e3¢t N M Semmid: & ﬁieg%lYanEﬁneu §§1g1pm§1ldcﬂ)r aRe lg('g%%a‘t‘ighn& the
subat nospheri c pressures or superatnbspheric pressures. ver, the range
of t enpklitktcus eminggrynibme difdemant Amimguhodiac |bictiedateh ererchlliéy pe@mbblon i s
carrieg out at loer t han at nospher,.c %ygiggre. The reaction may be carried
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For exanpl e, sonme conpositions of the present application may not contain
m neral oil or oxygenates, such as those oxygenates descri bed above.

[ 00029] One or nore additional optional compounds may be present in the fuel
conpositions of the disclosed enbodi nents. For exanple, the fuels my
contain conventional quantities of cetane inprovers, corrosion inhibitors,
cold flow inprovers (CFPP additive), pour point depressants, solvents,
denul sifiers, lubricity additives, friction nodifiers, am ne stabilizers,
conmbustion inprovers, dispersants, ,antibxidants, heat stabilizers,
conductivity inprovers, netal deaﬁ_lvadors mar ker dyes, organic nitrate
ignition accelerators, cyclomatic anese tricarbonyl conpounds, and the
like. In sone aspects, the conp05|t|onsh&¢scr|bed herein may contai n about
10 wei ght percent or less, or in othe; aépects about 5 wei ght percent or

| ess, based on the total melght of théjadditive concentrate, of one or nore
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unreact ed conponents such as polyalkylene conpounds associated with and
remai ning in the product as produced dnd used, and (ii) solvent(s), if
any, used in the manufacture of the reaction product either during or after
its formation but before addition of a carrier, if a carrier is enployed.

[ 00034] The additives of the present application, including the reaction
product 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-conbinations. In sone enbodi ments, the



both stationary diesel engines (e.g., engines used in electrical power
generation installations, in punping stations, etc.) and anbul atory diesel
engi nes (e.g., engines used as prime novers in autonobiles, trucks,
road- gradi ng equi pnent, mlitary vehicles, etc.). For exanple, the fuels
may include any and all mddle distillate fuels, diesel fuels, biorenewable
fuels, biodiesel fuel, gas-to-liquid (GIL) fuels, jet fuel, alcohols,
ethers, kerosene, |ow sulfur fuels, synthetic fuels such as
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1000411A fl ask was charged with 950 nol ecul ar wei ght pol ybut enyl succinic
anhydri de (553g), aromatic solvent 150 (210g), am noguani di ne bi carbonate
(AGBC) (79.5g, 1 equivalent), and toluene (145g). The reaction m xture was
heated up to 145C. and held for about 2hrs. No nore water was renoved

t hrough azeotrope distillation. A sanple was renoved and diluted wth about
an equal weight of heptane. The resulting m xture was filtered through
Celite 512 and concentrated by a rotary evaporator to give desired product
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representation of DWMO coking cycle. Step Duration(m nutes) Engine speed
point depressants, solvents, demulsifiers, lubricity additives, friction modifiers, amine stabilizers,

combustion improvers, dispersants, antioxidants, heat stabilizers, conductivity improvers, metal
deactivators, marker dyes, organic nifrate ignition accelerators, cyclomatic manganese
tricarbonyl compounds, and the like. In some aspects, the compositions described herein may
contain about 10 weight percent or less, or in other aspects, about 5 weight percent or less, based
on the total weight of the additive concentrate, of one or more of the above additives. Similarly,
the fuels may contain suitable amounts of conventional fuel blending components such as
methanol, ethanol, dialkyl ethers, and the like.

[00030] In some aspects of the disclosed embodiments, organic nitrate ignition
accelerators that include aliphatic or cycloaliphatic nitrates in which the aliphatic or

cycloaliphatic group is saturated, and that contain up to about 12 carbons may be used.



(11nl) Load (A) Torque(Nm) Boost air after Intercoler (C 1 2 1750 20 62 45
2 7 3000 60 173 50 3

Examples of organic nitrate ignition accelerators that may be used are methyl nitrate, ethyl
nitrate, propyl nitrate, isopropyl nitrate, allyl nitrate, butyl nitrate, isobutyl nitrate, sec-butyl
nitrate, tert-butyl nitrate, amyl nitrate, isoamyl nitrate, 2-amyl nitrate, 3-amyl nitrate, hexyl
nitrate, heptyl nitrate, 2-heptyl nitrate, octyl nitrate, isooctyl nitrate, 2-ethylhexyl nitrate, nonyl
nitrate, decyl nitrate, undecyl nitrate, dodecyl nitrate, cyclopentyl nitrate, cyclohexyl nitrate,
methylcyclohexyl nitrate, cyclododecyl nitrate, 2-ethoxyethyl nitrate, 2-(2-ethoxyethoxy)ethyl
nitrate, tetrahydrofuranyl nitrate, and the like. Mixtures of such materials may also be used.
[00031] Examples of suitable optional metal deactivators useful in the compositions of the
present application are disclosed in U.S. Pat. No. 4,482,357, issued Nov. 13, 1984, the disclosure
of which is herein incorporated by reference in its entirety. Such metal deactivators include, for
example, salicylidenc-o-aminophenol,  disalicylidene  ethylenediamine,  disalicylidene
propylenediamine, and N,N'-disalicylidene-1,2-diaminopropane.

[00632] Suitable optional cyclomatic manganese tricarbonyl compounds which may be
employed in the compositions of the present application include, for example, cyclopentadienyl
manganese tricarbonyl, methylcyclopentadienyl manganese tricarbonyl, indenyl manganese
_tricarbonyl, and ethylcyclopentadieny! manganese tricarbonyl. Yet other 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. 3,015,668, issued Jan. 2, 1962, both of which disclosures are
herein incorporated by reference in their entirety.

[606G33] 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 reaction product 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 reaction product in the range of about 5 mg to about 200 mg of reaction
product per Kg of fuel, such as in the range of about 20 mg to about 120 mg of reaction product
per Kg of fuel. In aspects, where a carrier is employed, the fuel compositions may contain, on an
active ingredients basis, an amount of the carrier in the range of about I mg to about 100 mg of
carrier per Kg of fuel, such as about 5 mg to about 50 mg of carrier 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)
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solvent(s), if any, used in the manufacture of the reaction product either during or after its
formation but before addition of a carrier, if a carrier is employed.

[00034] The additives of the present application, including the reaction product 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.

[00035] 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.). For example, the fuels
may include any and all middle distillate fuels, diesel fuels, biorenewable fuels, biodiesel fuel,
gas-to-liquid (GTL) fuels, jet fuel, alcohols, ethers, kerosene, low sulfur fuels, synthetic fuels,
such as Fischer-Tropsch fuels, liquid petroleum gas, bunker oils, coal to liquid {(CTL) fuels,
biomass to liquid (BTL) fuels, high asphaltene fuels, fuels derived from coal (natural, cleaned,
and petcoke), genetically engineered biofuels and crops and extracts therefrom, and natural gas.
“Biorenewable fuels” as used herein is understood to mean any fuel which i1s derived from
resources other than petroleum. Such resources include, but are not limited to, corn, maize,
soybeans and other crops; grasses, such as switchgrass, miscanthus, and hybrid grasses; algae,
seaweed, vegetable oils; natural fats; and mixtures thereof. In an aspect, the biorenewable fuel
can comprise monohydroxy alcohols, such as those comprising from 1 to about 5 carbon atoms.
Non-limiting examples of suitable monohydroxy alcohols include methanol, ethanol, propanol,
n-butanol, isobutanol, t-butyl alcohol, amyl alcohol, and isoamyl alcohol.

{00636} 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
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comprising the reaction product additive of the present disclosure, through the injectors of 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.

{00037] 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.

[06038] In yet other aspects of the present application, the fuel additive may be free or
substantially free of 1,2,4-triazoles. For example, the compositions may be substantially free of

triazoles of formula Ii,

=) 5
5 JR
N
)
H.C

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

[600639] 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.
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Comparative Example 1
{006040] A 950 molecular weight polybutenyl succinic anhydride (295 grams) was mixed
with 86 grams (2 equivalents) aminoguanidine bicarbonate (AGBC) and 416 grams of aromatic
solvent 150. The mixture was heated under vacuum to 165° C. and held at that temperature for
about 4 hours, removing water and carbon dioxide. The resulting mixture was filtered. An FTIR
spectrum of the product shows a peak at 1636 cm’ that dominates the peaks in a region from
1500 cm™ to 1800 cm™ as shown in FIG. 1.

Example 2

[00041] A flask was charged with 950 molecular weight polybutenyl succinic anhydride
(553g), aromatic solvent 150 (210g), aminognanidine bicarbonate (AGBC) (79.5g, ! equivalent),
and toluene (145g). The reaction mixture was heated up to 145°C. and held for about 2Zhrs. No
more water was removed through azeotrope distillation. A sample was removed and diluted with
about an equal weight of heptane. The resulting mixture was filtered through Celite 512 and
concentrated by a rotary evaporator to give desired product as a brownish oil. An FTIR
spectrum of the product showed peaks at 1724, 1689, 1637, 1588cm™ with the peak at 1637 cm™
being the smallest.
[00042] In the following example, an injector deposit test was performed on a diesel
engine using a conventional diesel engine fuel injector test as described below.
Test protocol
[00043] A DW10 test that was developed by Coordinating Furopean Council (CEC) was
used to demonstrate the propensity of fuels to provoke fuel injector fouling and was also used to
demonstrate the ability of certain fuel additives to prevent or control these deposits. Additive
evaluations used the protocol of CEC F-98-08 for direct injection, common rail diesel engine
nozzle coking tests, An engine dynamometer test stand was used for the installation of the
Peugeot DW10 diesel engine for running the injector coking 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.
[00044] 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
foregoing sequence was repeated four times. At the end of each hour, a power measurement was

taken of the engine while the engine was operating at rated conditions. The injector fouling
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50 100011Various fuel additives were tested using the foregoing engine

test procedure in an ultra |low sul fur diesel fuel containing zinc

neodecanoate, 2-ethyl hexyl nitrate, and a fatty acid ester friction

modi fier (base fuel). A "dirty-up" phase consisting of base fuel only with

no additive was initiated, followed by a "clean-up" phase consisting of

base fuel with additive. Al runs were made with 8 hour dirty-up and 8 hour

cl ean-up unl ess indicated otherw se. The percent power recovery was
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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 coking cycle that was
used 1o evaluate the fuel additives according to the disclosure.

Table 1 - One hour representation of DW10 coking 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
(0001} Various fuel additives were tested using the foregoing engine test procedure in an

ultra low sulfur diesel fuel containing zinc neodecanoate, 2-ethylhexyl nitrate, and a fatty acid
ester friction modifier (base fuel). A “dirty-up” phase consisting of base fuel only with no
additive was initiated, followed by a “clean-up” phase consisting of base fuel with additive. All
runs were made with 8 hour dirty-up and 8 hour clean-up unless indicated otherwise. The
percent power recovery was calculated using the power measurement at end of the “dirty-up”
phase and the power measurement at end of the “clean-up” phase. The percent power recovery

was determined by the following formula

Percent Power recovery = (DU-CU)/DU x 100

14



30 120 0 21 2 30 120 0 28 3 120 0 0 6 4 150 0 O

whererin DU is a percent power loss at the end of a dirty-up phase without the additive, CU is
the percent power at the end of a clean-up phase with the fuel additive, and power is measured
according to CEC F98-08 DWI10 test. The conventional succinimide dispersant was made

generally in accordance with the disclosure of US Patent No. 5,752,989.

Table 2
Test | Reaction Product of | Conventional Reaction Product of | Power Recovery
Run Comparative Succinimide dispersant | Example 2 Treat Y
Example 1 Treat {(ppm by wt.} Rate (ppm) by wt.
Rate {(ppm by wt.)
I 30 120 0 21
2 30 120 0 28
3 120 0 0 6
4 150 0 0 -9.7
5 0 0 150 77
6 0 0 150 58
7 0 0 150 45
8 0 120 30 67
9 0 0 150 50
“Engine run 16 hours without additive and 16 hours with additive
? Engine run 32 hours without additive and 32 hours with additive
16004 6] As shown by the foregoing example, the reaction product of Runs 5-9 provided

substantially greater power recovery after dirty up in an ultra low sulfur diesel fuel than the
reaction product of Comparative Example 1. The results were surprising and totally unexpected.
Accordingly, it is believed that the reaction product as described herein may be effective for
keeping surfaces of fuel injectors for diesel engines clean and in cleaning up dirty fuel injectors.
[00047] It is noted that, as used in this specification and the appended claims, the singular
forms “a,” “an,” and “the,” include plural referents unless expressly and unequivocally limited to
one referent. Thus, for example, reference to “an antioxidant” includes two or more different
antioxidants. As used herein, the term “include™ and its grammatical variants are intended to be
ndn—iimiting, such fhat recitation of items in a list is not to the exclusion of other like items that
can be substituted or added to the listed items

[00048] For 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
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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, cach numerical parameter should at least be construed in light of the
number of reported significant digits and by applying ordinary rounding techniques.

[00049] While particular 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 vanations,

improvements, and substantial equivalents.
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1000461As shown by the foregoing exanple, the reaction product of Runs 5-9
provi ded substantially greater power recovery after dirty up in an ultra

| ow sul fur diesel fuel than the reaction product of Conparative Exanple I.
The results were surprising and totally unexpected. Accordingly, it is
believed that the reaction product as described herein may be effective for
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equi vahaiitesa peak intensity in a region of from about 1630 cm™ to about 1645 cm™ that ranges from

-

about 5 to about 45% of peak intensities of other peaks in a region of from about 1500 em” to

about 1800 cm”.

3. The fuel of claim 1, wherein a molar ratio of (a) to (b) in the reaction product ranges from

about 1:0.5 to about 1:1.5.
4. The fuel of claim 1, wherein the hydrocarbyl dicarboxylic acid or anhydnide is chosen from

hydrocarbyl substituted succinic anhydrides, hydrocarbyl substituted succinic acids, and esters of

hydrocarbyl substituted succinic acids.

5. The fuel of claim 4, wherein the hydrocarbyl group has a number average molecular weight

of from about 200 to about 3,000.
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WHAT IS CLAIMED IS: 1. A diesel fuel for fuel injection conprising: a mjor
amount of mddle distillate fuel having a sulfur content of 50 ppm by

wei ght or less; and a reaction product of (a) a hydrocarbyl substituted

di carboxylic acid or anhydride, and (b) an am ne conpound or salt thereof
of the formula NR1 NC-NH-NHR wherein Ris selected fromthe group
consi sting of hydrogen and a hydrocarbyl group containing fromabout 1 to
about 15 carbon atons, and Rl is selected fromthe group consisting of

hydr ogenTerfdelafislaim Scahbryin the diage! fusheanprisagya fuehfar atirget fucliwedivn pg2® car bon
atonms, wherein the reaction product contains |ess than one equival ent of an
amno triazole group per nol ecule of reaction product, and wherein the
react i an Theddelcss ¢lsinpresdntein theapolgmbuntersufaflicel Bnderived ifiopr bigh kineivity

performance of djesel dire and/or indirect. fuel, injectors. 2. The fuel
F " cI oSO HaET AT et PR HaRAL il aheS o by an FTIR
spectrum having a peak intensity in a region of fromabout 1630 cm1 to
about 1645 cnit that ranges from about 5 to about 45% of peak intensities
of ot h&r Theefarlsfickein 1y whersin the aming SPERPOLFS 21 BEUSETR Jalt0d £€.1800 cnil. 3.
The fuel of claim1, wherein a nolar ratio of (a) to (b) in the reaction
product ranges fromabout 1:0.5 to about 1:1.5. 4. The fuel of claiml,
wher ei i Thefublydrcian byhedincthe ooy lcompagisd selt ohmhipdguadealines chosen from
hydr ocar byl substituted succinic anhydri des, hydrocarbyl substituted
succinic acids, and esters of hydrocarbyl substituted succinic acids. 5.
The fued e Gl Blafn 1 WIBEGINARS HBINBYGHAGRE BMinodiSEndBiISaBodTDEr aver age
nol ecul ar wei ght of from about 200 to about 3, 000. 6. The fuel of claim
5, wherein the diesel fuel conprises a fuel for a direct fuel injection
engi ne at . r al 1S
derive%Lf%5%%ﬂﬁéﬁq@é%§%¥§%??ﬁ%%Ffﬁgg uﬁg%égg ae#ﬁﬁﬁgﬁﬂ%%gs ﬁ%&ag%ggh re

t er m najeroingfthaidizsel oalghre doadse! coBipodihien feumprisifig @l @miger dmowlterfedinsel el ani ne

conprises an iporganic It o uani di ne. . The fuel of claiml, .wherein
he” antanse b saey oot st by Mo Gk Ra e it it P feeoR props
wher ei gerfvB@ i (A2 BRI S 2 Sadbhyl 08 pilindiofehcfommgibonate.  11. A nethod of
i nproving the injector perfonnance of a fuel injected diesel engine
conprising operating the diesel engine orlla fuel conposition conprising a
maj or anount of diesel fuel having &-.sulfjur content of 50 ppm by wei ght or
| ess and a minor anount of a reaction product derived from(a) a
hydr ocar byl carbonyl conpound of the férnuf@-o

hﬂwﬂﬁ

i

2

wherein R” is a hydrocarbyl group having a number average molecular weight ranging from

about 200 to about 3000 and (b) an amine compound or salt thereof of the formula

NR

; 5

Nﬁg-CW%%ﬁwﬂﬁﬁ

wherein R is selected from the group consisting of 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, wherein the reaction
product is characterized by an FTIR spectrum having a peak intensity in a region of {rom about
1630 cm™* to about 1645 cm™ that ranges from about 5 to about 45% of peak intensities of other

peak in a region of from about 1500 cm™ to about 1800 em™,
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0 wherein R2 is a hydrocarbyl group having a nunber average nol ecul ar

wei ght rangi ng from about 200 to about 3000 and (b) an am ne conpound or
salt thereof of the fornmula NR 1 NEH C -NH NHR wherein R
is selected fromthe group consisting of hydrogen and a hydrocarbyl group
containing fromabout 1 to about 15 carbon atons, and RL is selected from
the group consisting of hydrogen and a hydrocarbyl group containing from
about 1 to about 20 carbon atons, wherein the reaction product is
characterized by an FTIR spectrum having a peak intensity in a region of

from apo 163 l,.to,about .164 m. 1 t r S..Lrom: bout
45% o?ﬂpz@k@ ﬁnﬁ’gg‘ﬁg}: flialen% 1?ffw%fr ier %‘é‘%&rﬁ%‘ﬁ Og%r)eta iatgﬂﬁlotp I: f %g% r@ggﬂ(‘)ﬂg‘fé fér%sgcm '

t 0 abomém kBN 1908 t0 abodltA:1.The nethod of claim 11, wherein a nolar ratio of
(a) to (b) in the reaction product ranges fromabout 1:0.5 to about 1:1.5.
13. The method of claim 11, wherein R2 is a polyisobutyl ene having a nunber
aver age nol ecul ar mekght of from abgut 200 to about 3,000. 14. The net hod

of cl aldm ifhe mpbedioh daim 1 LerhergjneRt ét adp@EEPOUEH §ich BaHpHnsr RERRST AVEiaRBCt

fuel i brelisd, dLesehoanaN00 & Bhoul BRoget hod of claim 11, wherein the
reaction product contains l'ess than one equival ent of an am no triazole
group per nolecule of reaction product. 16. The nmethod of claim 11,
wherein the am ne is am noguani di ne bicarbonate. 17. A nethod of cleaning
fuel inj eghonseal & dagl 11 njeetiedhdines elje@npitiee:] eappe icsinptise pediadct figl t he

di esel engine on a fuel conposition conprising a mgjor anount of diesel
fuel h@&ﬁcﬁédﬁs@lﬁpglﬂﬁ- content of 50 ppm by weight or |ess and a mi nor anount
of a reaction product derived from (a) a hydrocarbyl carbonyl conmpound of
the formula wherein R2 is a hydrocarbyl group having a nunber average

o ecu e 18eEiba EDBER EAME RIERD 4 e S 1 ket

sel ect gthrinomdzble cgrpyer anitetltol gcddn frydiicogen and a hydr ocar byl group
containing fromabout 1 to about 15 carbon atonms, and Rl is selected from
the group consisting of hydrogen and a hydrocarbyl group containing from
about 1 to about 20 carbon atons, wherein the reaction product contains

| ess t HanThafectbefpicdaimnl. whossin hapRBefs PRPBEENEISUECHRM 0| ecul e of

reacti on product.

17. A method of cleaning fuel injectors of a fuel injected diesel engine comprising operating the
diesel engine on a fuel composition comprising a major amount of diesel fuel having a sulfur
content of 50 ppm by weight or less and a minor amount of a reaction product derived from (a) a

hydrocarbyl carbonyl compound of the formula

, ©
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wherein R* is a hydrocarbyl group having a number average molecular weight ranging from
about 200 to about 3000 and (b) an amine compound or salt thereof of the formula

NR
|

4
NH— G =hH-—MNHR
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18. The nmethod of claim 17, wherein R2 is a polyolefin radical having a
nunber average nol ecul ar wei ght of from about 200 to about 3,000. 19. The
met hod of claim 17, wherein the fuel injected diesel engine is a direct

fuel injected diesel engine. 20. The method of claim 17, wherein a nolar
ratio of (a) to (b) in the reaction product ranges fromabout 1:0.5 to
about 1:1.5. 21. The nmethod of claim 17, wherein the amne is

am noguani di ne bi carbonate. 22. A fuel additive concentrate for addition
to a |whersiolR isrselgited &pmithekropp consigsing ¢f hylregrs and pfhydrasadsl gpu e@ltaiRing ect or s

for a S [ a

drocg? aﬁlggﬁ% &Fqggﬁ%gﬁnﬁgm w%ﬁﬁngggﬁﬁ a ggq%%égé%&ﬁgalﬁégggﬂ%&ﬁ%carbyl
group &mmahmmﬁbmﬂyngﬁﬁpaMﬁmag@ihnﬁemnmanom&mgﬁmcmhmgmngmfwbwmaﬁnutmﬂ@ﬂ to
about 3000 and b) an am ne conpound or salt. thereof of the for NR 1
TAE A S S R S et S e S A
hydrogﬁgd@ﬂﬂ a hydrocarbyl group containing fromabout 1 to about 15 carbon
atons, and Rl is selected fromthe group consisting of hydrogen and a
hydrocar byl group containing fromabout 1 to about 20 carbon atoms, wherein
t he reaction product is characterlzed by an FTIR spectrum having a peak
i nt enslg.y The macthadiobrlagh X7 Gsrheedym& 13633901;9:@#:&11 tradied) duving 64 Sumbsr| avichige
ranges om abou to 45W k intensities of other peaks in a
regi on™ 8#£$$%W?%E6%@Uf§%8 9%{ "1800 cm 1, and wherein the reaction
product contains |ess than one eqU|vaIent of an amno triazole group per
nol ecul e of reaction product. 23. The additive concentrate of claim 22,
wher ei [y REpk $nndaobty@hief 1 N wigdiis ahe RRY &L ﬂ'l‘éé@l’%ﬁg;ﬁé’% @-@%e&%&ci’ﬂje@iredml ght
of fromabout 500 to about 1,300 daltons. 24. The additive concentrate of
cl ai m @8sel whar®i n t he polyolefln radical is a polylsobutylene radi cal . 25.
The additive concentrate of claim24, wherein the polyisobutyl ene radical
is derived fromhigh reactivity polyi sobutenes having at | east 60% or nore
t enni n20. Thetetliod off @laxh @ 7hehelsin a Ablar Thin &dd) ta e irc dracemtivapendoét mhgsm 24,
whereip the amne c rj %s an inorganic salt of am noguanidine. 27. The
addi ti éﬁ??&%%ﬁBT i1ain122, wherein the diesel engine conprises a
direct fuel injected diesel engine.

21. The method of claim 17, wherein the amine is aminoguanidine bicarbonate.

22. A fuel additive concentrate for addition to a low sulfur diesel fuel for improving the
performance of fuel injectors for a diesel engine comprising a reaction product derived from (a) a
hydrocarbyl carbonyl compound of the formula

O

wherein R? is a hydrocarbyl group having a number average molecular weight ranging from
about 200 to about 3000 and (b) an amine compound or salt thereof of the formula

?jﬁ

M Hém C—HH—MHR
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28. A diesel fuel having a sulfur content of 15 ppm by weight or |less and
an anount of additive concentrate of claim?22 sufficient to provide from
about 5 ng to about 200 ng of the reaction product per Kg of fuel.

wherein R is selected from the group consisting of 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, wherein the reaction
product is characterized by an FTIR spectrum having a peak intensity in a region of from about
1630 cm™' to about 1645 cm™ that ranges from about 5 to about 45% of peak intensities of other
peaks in a region of from about 1500 cm™ to about 1800 cm™, and wherein the reaction product

contains less than one equivalent of an amino triazole group per molecule of reaction product.

23. The additive concentrate of claim 22, wherein R* is a polyolefin radical having a number

average molecular weight of from about 500 to about 1,300 daltons.

24. The additive concentrate of claim 23, wherein the polyolefin radical is a polyisobutylene

radical.

25. The additive concentrate of claim 24, wherein the polyisobutylene radical is derived from

high reactivity polyisobutenes having at least 60% or more terminal olefinic double bonds.

26, The additive concentrate of claim 24, wherein the amine comprises an inorganic salt of

aminoguanidine.

27. The additive concentrate of claim 22, wherein the diesel engine comprises a direct fuel

injected diesel engine.

28. A diesel fuel having a sulfur content of 15 ppm by weight or less and an amount of additive
concentrate of claim 22 sufficient to provide from about 5 mg to about 200 mg of the reaction

product per Kg of fuel.
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