CONDUCTIVITY-IMPROVING ADDITIVES FOR FUEL Field of the Invention [0001] This disclosure
relates generally to fuel additive compositions. More specifically, the present disclosure is directed to
fuel additive compositions that are effective to enhance the conductivity properties of fuel, and
methods of use thereof. Background of the Invention [0002] It is widely known that electrostatic
charges can be frictionally transferred between two dissimilar, nonconductive materials. When this
occurs, the electrostatic charge thus created appears at the surfaces of the contacting materials. The
magnitude of the generated charge is dependent upon the nature of and, more particularly, the
respective conductivity of €OhBa(ETiMI TOdMRRONEN 6l ASDDTAVE SHa@nblicburs when water
settles thro}yglha hydrocarbon solution. This situation greatly interests the petroleum industry, for

AreYR[ELD in or around flammable liquids, their eventual discharge can lead to
incendiary sparklng, and perhaps to a serious fire or explosion. [0003] While incendiary sparking is a
problem in the petroleum industry, the potential for fire and explosion is probably at its greatest during
product hattffy, traﬁgi%FW%F&%&&%@@“P@'%@QMEagfgflﬁ%ﬁ%?@fé%gﬁi‘é“ﬁndﬂﬁf fo accumulate in

solvents and fuels when they flow through espeC| IIy when these liquids flow through high
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Background of the Invention

[06002] Itis widely known that electrostatic charges can be frictionally transferred
between two dissimilar, nonconductive materials. When this occurs, the electrostatic
charge thus created appears at the surfaces of the contacting materials. The magnitude
of the éanerated charge is dependent upon the nature of and, more particularly, the
respective conductivity of each material. For example, electrostatic charging occurs
when water settles through a hydrocarbon solution. This situation greatly inferests the
petroleum industry, for when such charges are built up in or around flammabile liguids,
their eventual discharge can lead to incendiary sparking, and perhaps fo a serious fire
or explosion.

[0003] While incendiary sparking is a problem in the petroleum industry, the potential
for fire and explosion is probably at its greatest during product handling, transfer and
transportation. For example, static charges are known to accumulate in solvents and
fuels when they flow through piping, especially when these liquids flow through high
surface area or “fine” filters and other process conirols, such as is common during tank
truck filling. Countermeasures designed to prevent accumulation of electrostatic

charges on a container being filled and to prevent sparks by conducting the container to



ground can be employed, such as container grounding (i.e. "earthing") and bonding. But it has been
recognized that these measures are inadequate to deal successfully with all of the electrostatic
hazards presented by hydrocarbon fuels. [0004] Alone, grounding and bonding are not sufficient to
prevent electrostatic build- up in low conductivity, volatile organic liquids such as distillate fuels like
diesel, gasoline, jet fuel, turbine fuels, and kerosene. Similarly, grounding and bonding do not prevent
static charge accumulation in relatively clean (i.e., contaminant free) light hydrocarbon oils such as
organic soly@vahprNcheRTIn I Bds STHisAs beatairer ko rshinadiivityest thingl) amrhhiesdigo low that
a static charge moves very slowly through these liquids and can take a considerable time to reach the
surface of BdréiadckEendreasiectddhtdimse mraniseicatesinadigh deriactesbaerepsiditial can be
achieved, which can create an incendiary spark, thereby causing ignition or explosion. [0005] One can
directly attdékaé %hh%@*@FH?@ﬁﬁH?é%%@&?ﬁ%@geéMJWBW%&@IBwléonductivity organic liquids
by increasing the conductivity of the liquid with additives. The increased conductivity of the liquid will
substantialtggqgéhce fHenfmernEtiag Y4 Soadinerang ast s lisigtiF tREENGDIEIB WO TiaHa Rl away

by the grounded inside surface of the container, Various compaositions are known for use as additives
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hydrocarbon oils such as organic solvents and cleaning fluids. This is because the
conductivity of these organics is so low that a static charge moves very slowiy through
these liquids and can take a considerable time to reach the surface of a grounded,
conductive container. Until this occurs, a high surface-voltage potential can be
achieved, which can create an incendiary spark, thereby causing ignition or explosion.
[0005] One can directly attack the source of the increased hazard presented by
these low conductivity organic liguids by increasing the conductivity of the liquid with
additives. The increased conductivity of the liquid will substantially reduce the time
necessary for any charges that exist in the liquid to be conducted away by the grounded
inside surface of the container. Various compositions are known for use as additives fo
increase the electrical conductivity of these liguids.

~ [000E] For example, in the past, halogen-containing additives introduced into fuels
have played a significant role in achieving improved conductiv'ity properties in fuels.
-‘While these halogen-containing additives are effective as conductivity agents, in certain
situations, some halogen-containing hydrocarbon compounds have been linked to

human and animal health risks, as well as environmental degradation. Legislative



2 enactments, including the 1990 amendment to "The Clean Air Act" in the United States, signal a
trend away from the continued permissible use in media of halogen-containing compounds. Even
where the use of halogen-containing additives is still permitted, stringent regulations often govern the
use, storage and, in particular, the disposal of and/or treatment of waste streams containing these
compositions. Accordingly, a need exists to find fuel additives that improve the conductivity of fuel
without posing negative risks to humans, animals, and the environment. SUMMARY OF

DISCLOS SRECIOBOTS | inabisbrgahec WA ameandmesuie, THeed e pnoditdgta ifutieataitiee Sdetaposition
comprising a synergistic combination of (a) a hydrocarbyl-substituted succinimide dispersant, and (b)
a compourfti®EiGHERM(AYaK feenntha-roMitied permsgiPlcarretiutordiah haleaaneemeisitgereof,
wherein R3 is a hydrocarbyl group having a number average molecular weight ranging from about
100 to aboGP BRGNSt RIS IR PATBISEED 61 NiNG a8 dibvessosiilps e iisdut 5:1.
[0008] Another aspect of the disclosure provides a fuel composition comprising a major amount of
fuel; and aﬂ'ﬁﬂ@f’*BH%@H‘PBPBSS%@%%Q}@HHH?W@@Gﬁ%BE%?ﬁ’oﬁn%dt'ﬁBﬁﬁﬁ@‘?&)%‘e disposal of

hydrocarbyl-s&:}astgtuted succ'#nimide dispersant, and,éb) a compound of formula (lI1): 3
anc/or treatment of waste streams containing’these compositions. Accordingly, a need

exists to find fuel additives that improve the conductivity of fuel without posing negative

risks to humans, animals, and the environment.

SUMMARY OF DISCLOSURE

[00071 In accordance with the disclosure, there is provided a fuel additive
composition comprising a synergistic combination of (a) a hydrocarbyl-substituted

succinimide dispersant, and (b) a compound of formuia (l1):
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and tautomers and enantiomers thereof, wherein R® is a hydrocarbyl group having a
number average molecular weight ranging from about 100 to about 5000, and wherein
the weight ratio of (a) to (b) ranges from about 1:5 to about 5:1.

[0008] Another aspect of the disclosure provides a fuel composition comprising a
major amount of fuel; and a minor amount of a synergistic additive composition

comprising (a) a hydrocarbyl-substituted succinimide dispersant, and (b) a compound of

formuia (1H):



HHINtN-iHHNHCryi-CH, HF:IH, (ll) and tautomers and enantiomers thereof, wherein R3 is
a hydrocarbyl group having a number average molecular weight ranging from about 100 to about
5000, and wherein the weight ratio of (a) to (b) ranges from about 1:5 to about 5:1. [0009] A further
aspect of the disclosure provides a method of improving the conductivity of a fuel comprising
combining a major amount of fuel, and a minor amount of a synergistic additive composition
comprising (a) a hydrocarbyl-substituted succinimide dispersant, and (b) a compound of formula (Ill): i
H"aaNIli vNNHOH CH25.iN,,'H (E%) aml tautomers and enantiomers thereof, wherein R3 is a
hydrocarbyl group having a pumber average r@plecqlpr weight ranging from about 100 to about 5000,
and wherein the weight ratio;of (a); to (b) ranges from about 1:5 to about 5:1. [0010] Additional
embodiments and advantages of ;he disclosurewill J:»Je set forth in part in the detailed description
which follows, and/or can;be learfied by; pLactigg ofithes, 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 dis€losure, as claimed. an

and tautomers and enantiomers thereof, wherein R? is a hydrocarbyl group having a
number average molecular weight ranging from about 100 to about 5000, and wherein
the weight ratio of (a) to (b) ranges from about 1:5 to about 5:1.

[0009] A further aspect of the disclosure provides a method of improving the
conductivity of a fuel comprising combining a major amount of fuel, and a minor amount
of a synergistic additive compaosition comprising (a) a hydrocarbyl-substituted

succinimide dispersant, and (b) a compound of formula (Ilf):

(1

and tautomers and enantiomers thereof, wherein R* is a hydrocarbyl group having a
number average molecular weight ranging from about 100 to about 5000, and wherein
the weight ratio of (a) to (b) ranges from about 1:5 to about 5:1.

[0010] Additional embodiments and advantages of the disclosure will be set forth in
part in the detailed description which follows, and/or can be learned by practice of the
disclosure. it is fo 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.



4 DETAILED DESCRIPTION OF DISCLOSURE [0011] The present disclosure relates to a fuel
additive composition comprising (a) a hydrocarbyl-substituted succinimide dispersant, and (b) a
compound of formula (ll): 12N NH CH - C" 1 ~.Jr NifL., (lll) and tautomers and enantiomers thereof,
wherein R3 is a hydrocarbyl group having a number average molecular weight ranging from about
100 to about 5000, and wherein the weight ratio of (a) to (b) ranges from about 1:5 to about 5:1.
[0012] As used herein, "middle distillate fuel" is understood to mean one or more fuels selected from
the group consisting of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel, jet fuels,
kerosene, diesel fuel treated with ox enates for artlculate control mlxtures thereof, and other
products meeting the definitions oHAST BERG R N Bih D28 URE Inderstood to mean
diesel fuel comprising fuel derived from bl0|0 |cal sources. In an aspect, the middle distillate fuel can
contain up 84336, forh@RaRsSe! fSHeBEES 5%%%@38!}3’1‘ﬁ%t%ﬁé’rﬁ"&@ﬁ%ﬁ?ﬁ@@mﬁ’w@%@%ut
20%, fuel derlved from bjological sources. [0013] The middle distillate fuel can be derived from
biological Y@ RMrPURSE @ﬁ&lﬁ%‘é‘%‘@?&'ﬂ@ qbﬁp&%ﬁ‘ﬂ@?&%@%@eﬁo@ﬁr‘?ﬂ&ﬁ/é‘; fospiaf'¥eds, and
the like. The seeds can be submitted to grinding and/or solvent extraction treatments (e.g., with n-
hexane) in order to extract the oil, which comprises trig??c\erides of saturated and 5 unsaturated
(mono- and poly-unsaturated, in mixtureéxi\rifh*él‘ébh other, inipropartions
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and tautomers and enantiomers thereof, wherein R* is a hydrocarbyl group having a
number average molecular weight ranging from about 100 to about 5000, and wherein
the weight ratio of (a} to (b) ranges from about 1.5 to about 5:1.

[0012] As used herein, "middle distillate fuel” is understood to mean one or more
fuels selected from the group consisting of diesel fuel, biodiesel, biodiesel-derived fuel,
synthetic diesel, jet fuels, kerosene, diesel fuel treated with oxygenates for particulate
control, mixtures thereof, and other products meeting the definitions of ASTM D875, As
used herein, “biodiesel” is understood to mean diesel fuel comprising fuel derived from
biological sources. In an aspect, the middle distillate fuel can contain up to 30%, for
example from about 0.5% to about 30%, such as from about 10% to about 20%, fuel
derived from biological sources.

[0013] The middle distiliate fuel can be derived from biological sources such as
oleaginous seeds, for example rapeseed, sunflower, soybean seeds, and the like. The
seeds can be submitted to grinding and/or solvent extraction treatments (e.g., with n-

hexane) in order to extract the oil, which comprises triglycerides of saturated and



depending on the selected oleaginous seed) C15 -C22 fatty acids. The oil can be submitted to a
filtration and refining process, in order to remove any possible free fats and phospholipids present,
and can be submitted to a transesterification reaction with methanol in order to prepare the methyl
esters of the fatty acids (fatty acid methyl esters, also known as "FAME" and commonly referred to as
biodiesel.) (0014] As used herein, the term "hydrocarbyl group” or "hydrocarbyl” is used in its ordinary
sense, which is well-known to those skilled in the art. Specifically, it refers to a group having a carbon
atom directipsatdttied (001®randipokyrwisaimeiasl i anikiues iwih 2 pebddhenantiyrogdriessbon
character. Examples of hydrocarbyl groups include: (1) hydrocarbon substituents, that is, aliphatic
(e.g., alkyl @erakeig) oalidrchelqeles dgeanys ssebdheni Jabstraisiss, Tasdodroanalie-, aliphatic-,
and alicyclic-substituted aromatic substituents, as well as cyclic substituents wherein the ring is
completed SHRSOEIS G iRt EIBERHANS iBEnReIBEeREE. &, Aderdasmorats Iy gasibfofieafRiicyclic
radical); (2) substituted hydrocarbon substituents, that is, substituents containing non- hydrocarbon
groups whighd iRNARPEGHRISE Brese e RARThIfPERME AP ArlianpRsEREReRIPR A Y bon

substituent (e.g., halo (especially chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro,
nitroso, an §Eﬁl%‘9@/),’r( %&?&%ﬁ%@?ﬁqé{{ ?ﬁtg%gfim@rfﬁt%ﬁ@ﬂ?\ﬁﬁﬁ@ RSATY S Bedominantly

hydrocarbon character, in the context of this description, contain other than carbon in a ring or chain
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substltuentﬁ)B%T as Ry rbds‘éa %erein, the term “hydrocarbyl group” or “hydrocarbyl” is used in its
ordinary sense, which is well-known to those skilied in the art. Specifically, it refers to a
group having a carbon atom directly attached to the remainder of a molecule and having

a predominantiy hydrocarbon character. Examples of hydrocarby! groups include:

(1) hydrocarbon substituents, that is, aliphatic (e.qg., alkyl or aikenyl), alicyclic
(e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, as well as cyclic substituents wherein
the ring is compieted through another portion of the molecuie (eg., 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 chioro and
fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);

(3) hetero-substituents, that is, substiiuents 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. [0015] As
used herein, the term "major amount” is understood to mean an amount greater than or equal to 50
wt. %, for example from about 80 to about 98 wt.% relative to the total weight of the composition.
Moreover, as used herein, the term "minor amount” is understood to mean an amount less than 50 wit.

% relative to the folgh Weight/iofdhe eenaesiiionn08dedrhhe o mpnsitions ohibe greasnk digglasure
can comprise a compound of formula (lll) comprising the reaction product of an amine compound or

salt thereof and aefdgeanty| srfeotyhs osaRO Lsh-ByidtaldaraorineutemitnednddifobaIgs esginfean be
amine compounds of salts thereof of formula (I): N R Nib G ...9ti~R (I) wherein R is selected from the

group consisting efrarhyerogerbandasohysindiebyivghagariegntrmnipg irasvrabarnbddimzei, heaarbon
atoms, and R1 is selected from the group consisting of hydrogen and a hydrocarbyl group containing
from about 1 to alditib2hoccadmenydtorsbSnchbstiitne damdwihddroaarbe! ghosen from guanidines and
aminoguanidines or salts thereof, wherein R and R1 are as defined above. Accordingly, the amine
compound can be chosen from the inorganic salts of aminoguanidienes and guanidines, such as the

halide, carlb®ft®é, bidsrbSRaBeIRtraibeIRE A AN SHHOSHERPRRIOAAIR BramAdRelidines and

guanidines. As used herein, the term _
greater than or equal to 50 wt. %, for exampie from about 80 to about 98 wt.% relative

to the fotal weight of the composition. Moreover, as used herein, the term “minor
amount” is understood to mean an amount less than 50 wt. % relative to the total weight
of the composition.

[6016] The compositions of the present disclesure can comprise a compound of
formula (1} comprising the reaction product of an amine compound or salt thereof and a
hydrocarbyt carbonyl compound. Suitable amine compounds for use herein can be
amine compounds of salts thereof of formula (1):

NH—C—NH—NHR

wherein R is selected from the group consisting of a hydrogen and a hydrocarby! 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. Such amine compounds can be chosen from guanidines and
aminoguanidines or salts thereof, wherein R and R' are as defined above. Accordingly,
.the amine compound can be chosen from the inorganic salts of aminoguanidienes and
guanidines, such as the halide, carbonate, bicarbonate, nitrate, phosphate, and

orthophosphate salis of aminoguanidines and guanidines. As used herein, the term



7 "guanidines” is understood to refer to guanidine and guanidine derivatives, such as aminoguanidine.
In an embodiment, the amine compound for the preparation of the additive can be aminoguanidine
bicarbonate. Aminoguanidine bicarbonates are readily obtainable from commercial sources, or can be
prepared in a well-known manner. [0017] Suitable hydrocarbyl carbonyl compounds for use herein
can be any suitable compound having a hydrocarbyl moiety and a carbonyl moiety, and that is
capable of bonding with the amine compound to form the additives of the disclosure. Non-limiting

examples of syiphiB U aRa St SMRBUAR CGS, Bt e net ek, bydrocardy

substituted dicarboxylic acids or anhydrides, su ydroca succinic anhydrides,
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molecular weight ranging from about 100 to about 5,000, such as from about 200 to about 3,000, as

measured byl RsEmealieneiiereRingaRi GR Chnissindicaind GHasIksen Melesuiar weights in

the present disclosure are number average molecular weights. 8 [0020] In some aspects, the R2 group
of the hydrocarbyl carbonyl compound can comprise one or more polymer units chosen from linear or
branched gB@h§] uni&uitaie hydrocarbyl carbonyl compounds for use herein can be any suitable
compound having a hydrocarbyl moiety and a carbonyt moiety, and that is capable of
bonding with the amine compound to form the additives of the disclosure. Non-limiting
examples of suitable hydrocarby! carbony! compounds include, but are not limited to,
hydrocarby! substituted dicarbexylic acids or anhydrides, such as hydrocarbyl-

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

hydrocarbyl-substituted succinic acids.

[0018] In some aspects, the hydrocarby! carbonyl compound can be a hydrocarbyl-

substituted succinic anhydride of formula (i1):

0wy
[0018]  wherein R? is a hydrocarby! group having a number average molecular weight
ranging from about 100 to about 5,000, such as from about 200 to about 3,000, as
measured by gel permeation chromatograph (GPC). Unless indicated otherwise,

molecular weights in the present disciosure are number average molecular weights.



example, the alkenyl units can comprise from about 2 to about 10 carbon atoms. In embodiments, the
R2 group can 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 R2 group can be in the form of, for example, a homopolymer,
copolymer, or terpolymer. In an embodiment, the R2 group can be isobutylene. Accordingly, in an
embodiment, the R2 group can be a homopolymer of polyisobutylene comprising from about 10 to

about 60 IEgABYIens. Aohass SHERASHEOR a0l 3P:iRRRIGisahubEnG ELHPs. Theagompounds

used to form the' R2 hydrocarbyl groups can be formed by any suitable methods, such as by
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radical, such as a polyisobutylene radical, having a number average molecular weight of from about

100 to abogj e, FHCRIREHyPIhADRHh 209 38RDAR3R It 3515886Ur 0 Ry isbilattidd 1] in some

aspects, the R2 group of the hydrocarbyl carbonyl compound can be formed from highly reactive

polyisobutydaiesi(r& 3| BhdRfingoetadve onighiderstisdr wirybdpracontrahdhedpot/Arsicimitgerminal
vinylidene content” is understood to mean terminal olefinic double bond content. In an embodiment,

the R2 grouhuzam beifoktrede fko radiciB | Brbpyisgeatddralalinil ek ratichiaspaiptets 0aditalgbout
90% and above, terminal vinylidene content. There is a general trend in the industry to convert to HR-
PIB, and wethenawadii2i®|Bstane distitatedridraexempladicdlsS. IRabiNe a8 24 9% Migdisplosure of
which is herein incorporated by reference in its entirety. 9 [0022] The hydrocarbyl carbonyl compounds
can be madearubhip dhg Buitabfefor example, a homopolymer, copolymer, or terpolymer. In an

embodiment, the R? group can be isobutylene. Accordingly, in an embodiment, the R?

group can 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

compounds used to form the R? hydrocarbyl groups can be formed by any suitable

methods, such as by conventional catalytic oligomerization of alkenes. A non-limiting

example of R? can be a polyalkenyl radical, such as a polyisobutylene radical, having a

number average molecular weight of from about 100 to about 5,000, such as from about

200 to about 3,000, as measured by GPC.

[0021] In some aspects, the R? group of the hydrocarbyl carbonyl compound can be
formed from highly reactive polyisobutylenes (HR-PIB) having relatively high terminal
vinylidene content. As used herein, “terminal vinylidene content” is understood to mean
terminal olefinic double bond content. In an embodiment, the R group can be formed
from HR-PIB having at least about 60%, such as about 70% to about 90% and above,
terminal vinylidene content. There is a general trend in the industry to convert to HR-
PIB, and well known HR-PIBs are disclosed, for example, in U.S. Pat. No. 4,152,499,

the disclosure of which is herein incorporated by reference in its entirety.



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 an anhydride, such as maleic anhydride. The polyolefin and anhydride reactants can be
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 hydrocarbyl carbonyl
compounds is described in U.S. Pat. No. 4,234,435, which is incorporated herein by reference in its

entirety. [0 SO pLOXi | j cted per
mole of pom%g, sjgﬁe that tﬁ%ﬁg uﬁ?%%g%c%ﬁ%gigé%ﬁ%%ﬂ%F!’;lgngﬁﬁgﬁéiﬁaﬁi\% about 0.8 to
about 1 sugeinie, anAYHidBIFGHR RAIRYEYRGERM ATOMBolRy PUAR: B BRES!Sr NN Rigk FRfiaRd succinic

anhydride groups to hydrocarbyl group can range” from about 0.5 to about 3.5, such as from about 1 to

about 1.1. [QP24xampise & RYSGH PYE AR PV GRTRP IR G NG LI HEmJiare not

limited to, such compounds as dodecenylsuccinic anhydrides, C16.18 alkenyl succinic anhydride, and

polyisobutesyhgsHseiiicaiyglAdso(fdREALAR sANAMRes M adha BIBSeandaver

polyisobutylene substituent with a terminal vinylidene content ranging from about 4% to at least about

60%, such gsiyahet da%ciengaadtI8%eaints abatR heseuecmbedinents dhesatiaohgre number of

carbonyl groups to the number of hydrocarbyl moieties in the hydrocarbyl carbonyl compound can
range fromaataniti 50° Otakbuiud 3500300850 MHE hyitrotar idecaf zorytaid, amtheasahiponads

described above can be
peroxide. Another exemplary method of making the hydrocarbyl carbonyl compounds is
described in U.S. Pat. No. 4,234 435, which is incorporated herein by reference in its

entirety.

[0023] In some aspects, approximately one mole of maieic anhydride can be reacted
per mole of polyolefin, such that the resulting hydrocarbyl-substituted succinic anhydride
has about 0.8 to about 1 succinic anhydride group per hydrocarbyl group. In other
aspects, the weight ratio of succinic anhydride groups to hydrocarbyl group can range

from about 0.5 to about 3.5, such as from about 1 to about 1.1.

[0024] Examples of hydrocarbyl carbonyl compounds useful herein include, but are
not limited fo, such compounds as dodecenylisuccinic anhydrides, Cis.15 alkenyl succinic
anhydride, and polyisobutenyl succinic anhydride (PIBSA). In some embodiments, the
PIBSA can have a polyisobutylene substifuent with a terminal vinylidene content
ranging from about 4% to at least about 60%, such as about 70% to about 90% and
above. In some embodiments, the ratio of the number of carbonyl groups to the number
of hydrocarbyl moieties in the hydrocarbyl carbonyl compound can range from about 1:1

to about 6:1.
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mixed together under any suitable conditions to provide the desired reaction products of the present
disclosure. In an aspect, the reactant compounds can be mixed together in a mole ratio of hydrocarbyl
carbonyl compound to amine compound ranging from about 2:1 to about 1:2.5. For example, the mole
ratio of the reactants can range from about 1:1 to about 1:2.2. Suitable reaction temperatures can
range from about 155 C to about 200 C at atmospheric pressure. For example, reaction temperatures
can range from about 160 C to about 190 C. Any suitable reaction pressures can be used, such as

SUDatMOSPRAFIGPreSTHERS, B SURB IR RSN BESES S SRV ohE FRRge:Bhiemae alures can

be different from’those listed where the reaction is carried out at other than atmospheric pressure.

The reactiofican R emsieshait B AaEemk AoimaMEN HsifaNge akaRaltd e Belaksthours,

preferably, within the range of about 2 hours to about 6 hours. [0026] Without desiring to be bound by
theoretical grnpideeriionss Bdarbelinvad dapkdhene aciian M edpiainde ainipe Andtavdnanyh

carbonyl compound is an aminotriazole compound, such as a bis-aminotriazole compound of formula

(11): "H H. d\nhe Nt b1 heirbdabid Brbbn (il oifplbichac doatamecs and enardiegney sridiaresbuwherein
R3 has a number average molecular weight ranging from about 100 to about 5000, and comprises
from about20 fddbaabadiz 80 Farbaaaiprsine maleritdinawl, r&&tartpolisabige nrusiituent, for

1:1 to about 1:2.2. Suitable reaction temperatures can range from about 155°C fo

about 200° C at atmospheric pressure. For example, reaction temperatures can range

from about 160° C to about 190° C. Any suitable reaction pressures can be used, such

as subatmospheric pressures or superatmospheric pressures. However, the range of

temperatures can be different from those listed where the reaction is carried out at other

than atmospheric pressure. The reaction can 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.

[0026] 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 compound, such as a bis-aminotriazole compound of formula (Ill):

R (1
including tautomers and enantiomers thereof, wherein R® has a number average

molecular weight ranging from about 100 to about 5000, and comprises from about 40



example a polyisobutenyl substituent formed from HR-PIB having at least about 60%, such as about
70% to about 90% and above, terminal vinylidene content. The reaction product can contain at least
one aminotriazole group. The five-membered ring of the triazole is considered to be aromatic. The
aminotriazoles can be fairly stable to oxidizing agents and can be extremely resistant to hydrolysis. It
is believed, although it is not certain, that the reaction product is polyalkenyl
bis-3-amino-1,2,4-triazole. Such a product contains a relatively high nitrogen content, within the range

of about 1§t hac? ke AirageiIBaRTLIR 307e 23RRAS IR PRSI dlaigsire, the

disclosed fuel compositions can comprise a dispersant, suc ah amine-containing dispersant.

Suitable are%wﬁaﬁgjﬁ%msﬁ%@%%mﬁswem%ﬂzmmw%q REsIBBIdgguppersants.

The hydrocarbyl substituent of the dispersant can have a number average molecular weight ranging

from aboutgRf s alii 7990 5 deid @Soan deOsbiR 80RIFMRS0yATI GEter BYRRM DY THE GedORs8] AS

used herein the term "succinimide" is meant to encompass the completed reaction product from

reaction begwRRtBEABBIRANEadaLIOsa AirsstasEbItegrauecinaanid- aranbyifda-gnlikgesuccinic
acylating agent), and is intended to encompass compounds wherein the product may have amide,

and/or salt itkagesioaditoadethe dradediokage ehthetypedkat casults Hom dhereastion of or
contact with an amine and an anhydride moiety. [0029] Suitable hydrocarbyl-substituted succinic

anhydrideswddiiedareats by drsanrbadtitcearehletisisalh tnsatinaied hytiobatizes dfdtdesyedt
molecular weight with 12
is not certain, that the reaction product is polyalkenyl bis-3-amino-1,2,4-triazole. Such a
product contains a relatively high nitrogen content, within the range of about 1.8 wt % to

about 2.9 wt % nitrogen.

[0027] In some aspects of the present disclosure, the disclosed fuel compositions
can comprise a dispersant, such as an amine-containing dispersant. Suitable amine-
containing dispersants can comprise hydrocarbyl-substituted succinimide dispersants.
The hydrocarbyl substituent of the dispersant can have a number average molecular
weight ranging from about 100 to about 5000, such as about 500 to about 5000, as
determined by GPC.

[0028] As used herein the term “succinimide” is meant {o encompass the completed
reaction product from reaction between an amine and a hydrocarbyl-substituted succinic
acid or anhydride (or like succinic acylating agent), and is intended to encompass
compounds wherein the product may have amide, and/or salt linkages in addition to the
imide linkage of the type that results from the reaction of or contact with an amine and
an anhydride moiety.

[0029] Suitable hydrocarbyl-substituted succinic anhydrides can be formed by first

reacting an olefinically unsaturated hydrocarbon of a desired molecular weight with

12



maleic anhydride. Reaction temperatures of about 100C to about 250C can be used. With higher
boiling olefinically-unsaturated hydrocarbons, good results are obtained at about 200C to about 250C.
This reaction can be promoted by the addition of chlorine. [0030] Typical olefins include, but are not
limited to, cracked wax olefins, linear alpha olefins, branched chain alpha olefins, polymers and
copolymers of lower olefins. The olefins can be chosen from ethylene, propylene, butylene, such as
isobutylene, 1- octane, 1-hexene, 1-decene and the like. Useful polymers and/or copolymers include,

but are ”megﬁ‘:da%%%?Toﬁié'&&%rP@Mﬁ}Eﬁé’(ﬁbﬁeé’ PABRHIEHS STV ﬁspz"@@yéedegn Rnghygers,

ethylene-isobutylene copolymers, propylene-isobutylene copolymers, ethylene-1-decene copolymers

and the likgy{R034hi) 88 iRsp b rieydinsarpdisunriHS Rl e By drcayiny sk Bslitiied szuccinic

anhydrides can be derived from butené polymers, for example polymers of isobutylene. Suitable
polyisobutepre{onase keeipinokse thone fimed drom B frhAaving hayeualdRFaRmHS0%,

such as about 70% to about 90% and above, terminal vinylidene content. Suitable polyisobutenes can

include thogmpeeparggpisiieiding rRiakystHut RRcaNsT AaRtad b eFdBRIRCHIAY ey, ahte Bysgcarbyl

substituent can vary over a wide range, for example from about 100 to about 5000, such as from

about 5004@faouiradtRe s kigteining @ BYi(sPio|8sE] dsarkepyivnieactanisvethsetitan Thaleic
anhydride can be employed such as maleic acid, fumaric acid, malic acid, tartaric acid, itaconic acid,

itaconic anbidindesanitsaconissacichroigtingeieaphysiices nhesdcoricsacid astiyimaldsaanhydride,

dimethylmaleic anhydride, ethylmaleic acid, dimethylmaleic acid, hexylmaleic acid, and the like,

including thetowe$poexkng, dcidebahdesndritdower dliptfalipelstarss and/or copolymers include,
but are not limited to, polypropylene, polybuienes, polyisobutene, ethylene-propylene
copolymers, ethylene-isobutylene copolymers, propyiene-isobutylene copolymers,
ethylene-1-decene copolymers and the like.
[0G31] in an aspect, the hydrocarbyl substituents of the hydrocarbyl-substituted
succinic anhydrides can be derived from butene polymers, for example polymers of
isobutylene. Suitable polyisobutenes for use herein include those formed from HR-PIB
having having at least about 60%, such as about 70% to about 80% and above,
terminal vinylidene content. Suitable polyisobutenes can include those prepared using
BF; catalysts. The average number molecular weight of the hydrocarbyl substituent can
vary over a wide range, for example from about 100 fo about 5000, such as from about
500 {o about 5000, as determined by GPC.
[0032] Carboxylic reactants other than maleic anhydride can be employed such as
maleic acid, fumaric acid, malic acid, tartaric acid, itaconic acid, itaconic anhydride,
citraconic acid, citraconic anhydride, mesaconic acid, ethylmaleic anhydride,

dimethylmaleic anhydride, ethylmaleic acid, dimethylmaleic acid, hexyimaleic acid, and

the like, inciuding the corresponding acid halides and lower aliphatic esters.

13



13 [0033] The mole ratio of maleic anhydride to olefin can vary widely. It can vary from about 5:1 to
about 1:5, for example from about 3:1 to about 1:3, and as a further example, the maleic anhydride
can be used in stoichiometric excess to force the reaction to completion. The unreacted maleic
anhydride can be removed by vacuum distillation. [0034] Any of numerous polyamines can be utilized
in preparing the hydrocarbyl- substituted succinimide dispersant. Non-limiting exemplary polyamines
can include aminoguanidine bicarbonate (AGBC), diethylene triamine (DETA), triethylene tetramine

(TETA), tefgsibylena ReRaaingiCT&ERiDIcREBISUNIRNS heammias (BRHANENdIeavX »plyamines. A

heavy polyamine can comprise a mixture of polyalkylenepolyamines comprising small amounts of

lower polyajpiig sligamersisuch, 3sr ExBAmadrBi Ao GUL: PHsNAGEY Ol BRdSWIthfdrBiamore
nitrogens, 2 or more primary amines per molecule, and more extensive branching than conventional

polyamine axixthipks. thdditineial asiydiudiogroblyaseines wbichicarie ylitized 10 fyeRatiag the
hydrocarbyl-substituted succinimide dispersant are disclosed in U.S. Pat. No. 6,548,458, the
disclosure efautiteh tascimepiptioatethhareindntaeierepteantiigigdtiresy. e asrembadimnentutie
polyamine can comprise tetraethylene pentamine (TEPA). [0035] In an embodiment, the dispersant
can include@hiftasaumds of formula (IV): ORz INNNNH2 Hn
[0034] Any of numerous polyamines can be utilized in preparing the hydrocarbyl-
substituted succinimide dispersant. Non-limiting exemplary polyamines can include
aminoguanidine bicarbonate (AGBC), diethylene triamine (DETA), triethylene tetramine
(TETA), tetraethylene pentamine (TEPA), pentaethylene hexamine (PEHA) and heavy
polyamines. A heavy polyamine can comprise a mixture of polyalkylenepolyamines
comprising small amounts of lower polyamine oligomers such as TEPA and PEHA, but
primarily oligomers with 7 or more nitrogens, 2 or more primary amines per molecule,
and more extensive branching than conventional poiyamine mixtures. Additional non-
limiting polyamines which can be utilized in preparing the hydrocarbyl-substituted
succinimide dispersant are disclosed in U.S. Pat. No. 6,548,458, the disciosure of which
is incorporated herein by reference in its entirety. In an embodiment, the polyamine can

comprise tetraethylene pentamine (TEPA).

[0035] In an embodiment, the dispersant can include compounds of formuia (IV):

N NH,
N
H n

o
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14 wherein n represents 0 or an integer of from | to 5, and R2 is a hydrocarbyl substituent as defined
above, In an embodiment, n is 3 and R2 is a polyisobutenyl substituent, such as that derived from
polyisobutylenes having at least about 60%, such as about 70% to about 90% and above, terminal
vinylidene content. Compounds of formula (IV) can be the reaction product of a
hydrocarbyl-substituted succinic anhydride, such as a polyisobutenyl succinic anhydride (PIBSA), and
a polyamine, for example tetraethylene pentamine (TEPA). [0036] The presently disclosed

dispersantg, GapHsRGdR I FROGSPLANRMGE ME R dm 280, ?a%"k%s%Jﬁ?oﬁ‘éc%?%ts%%t%éﬂtabom

50 wt.%, for example about 10 wt.% to about 30 wt.%, relative to the total weight of the additive

compositiogs eARRFRESHEN e AFERISHRABIROTIAZ8l8 P RPUAG SR ShEReASREL A ePI&RaNt In a

fuel composition at a weight ratio ranging from about 1:5 to about 5:1, such as from about 2:1 to about

1:1. [0037]ds aacanertdthenrgspbbaisrasathatinoliazaleasei: weed iBuhiedarge @ 7abots | wt.%

to about 70 wt.%, such as about 5 wt.% to about 50 wt.%, for example about 10 wt.% to about 30

wt.%, relativecio hpsaiabveeigns abtheraddiiveceaapesition. [0O38buhather faspeeis oftberpsesent

disclosure, the disclosed compositions can comprise a fuel soluble carrier. Such carriers can be of
various typgs sighias penddstat solidsoeaghwanpstifxaimplesiotlspigdiaddesadhchgde, but are not
limited to, mineral oil and oxygenates, such as liquid polyalkoxylated ethers (also known as

polyalkylengoligiycbigcorypelyadiyite ashgtiviis)(Rild S p eyl lsopy pdedinph doo ks digpie peihpalityigtated

esters, liquid polyalkoxylated amines, and mixtures thereof. Examples of the oxygenate
pentamine (TEPA).
[0036] The presently disclosed dispersants can used in the range of about 1 wt.% to
about 70 wt.%, such as about 5 wt.% to about 50 wt.%, for example about 10 wt.% to
about 30 wt.%, relative io the total weight of the additive composition. In an aspect, the
disclosed aminotriazole compound and dispersant can be present in a fuel composition
at a weight ratio ranging from about 1:5 to about 5:1, such as from about 2:1 to about
1:1.
[0037] In an aspect, the presently disclosed aminotriazoles can used in the range of
about 1 wt.% to about 70 wt.%, such as about 5 wt.% to about 50 wt.%, for example
about 10 wi.% to about 30 wt.%, relative to the total weight of the additive composition.
[0038] In other aspects of the present disclosure, the disclosed compositions can
comprise a fuel soluble carrier. Such carriers can be of various types, such as liguids or
solids, e.g., waxes. Examples of liquid carriers include, but are not limited to, mineral oil
and oxygenates, such as liquid polyalkoxylated ethers (aiso known as polyalkylene
glycols or polyalkylene ethers), liguid polyalkoxylated phenols, liquid polyalkoxylated
esters, liquid polyalkoxylated amines, and mixtures thereof. Examples of the oxygenate

carriers can be found in U.S. Pat. No. 5,752,989, the description of which carriers is
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carriers can be found in U.S. Pat. No. 5,752,989, the description of which carriers is 15 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 July 17, 2003 to Colucci et. al., the description of which is herein incorporated by reference
in its entirety. [0039] in other aspects, compositions of the present application may not contain a
carrier. For example, some compositions of the present application may not contain mineral oil or

oxygenategeptieh b FPORR X YaapRsdesarireehaRaye. AXRRIrfanexaniprie aidsijigaakrptional

additives can be present in the compositions disclosed herein. For example, the compositions can

contain antfgasraprRNige dirpesspatiutieiergepisyariQyidaisidsaing plabizerscearrier fluids, metal
deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives, drag reducing agents,

friction modifiBlisatiemnisiES3 ATEHSHT puitibRaersuigntizicog 3addiiasciastiileno theadiskitvigtion
surfactants, cetane improvers, corrosion inhibitors, cold flow improvers, pour point depressants,
solvents, defmutsifieeshéunbincitycadditives, bexttrenpedasts eeatetys, viscosity index improvers, seal
swell agents, amine stabilizers, combustion improvers, dispersants, conductivity improvers, metal
deactivators, marker dyes, organic nitrate ignition accelerators, manganese tricarbonyl compounds,
and mixturé&0#&reofinrPih @ siprisisconrRdierfiel & eoRiposhiorRP iR 8PN Ieinceatrlbain
about 10 wt.% or less, or in other aspects, about 5 wt.% or less, based on the total weight of the
additive or $8EI¥ombesiBERTSIBNECHINRABPSHO BT dneBifRESt SRRl oth &R INVNTEEER NS

can contain suitable amounts of fuel i
mineral oil or oxygenates, such as those oxygenates described above.

[0040] One or more additional optional additives can be present in the compositions
disclosed herein. For example, the compositions can contain antifoam agents,
dispersants, detergents, antioxidants, thermal stabilizers, carrier fluids, metal
deactivators, dyes, markers, cofrosion inhibitors, biocides, antistatic additives, drag
reducing agents, friction modifiers, demuisifiers, emulsifiers, dehazers, anti-icing
additives, antiknock additives, surfactants, cetane improvers, corrosion inhibitors, cold
flow improvers, pour point depressants, solvents, demulsifiers, lubricity additives,
exireme pressure agents, viscosity index improvers, seal swell agents, amine
stabilizers, combustion improvers, dispersants, conductivity improvers, metal
deactivators, marker dyes, organic nitrate ignition accelerators, manganese tricarbonyl
compounds, and mixtures thereof. In some aspects, the fuel additive compositions
described herein can contain about 10 wt.% or less, or in other aspects, about 5 wt.% or
less, based on the total weight of the additive or fuel composition, of one or more of the
above additives. Similarly, the fuel compositions can contain suitable amounts of fuel

blending components such as methanol, ethanol, dialkyl ethers, and the like.
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blending components such as methanol, ethanol, dialkyl ethers, and the like. 16 [0041] When
formulating the presently disclosed compositions, the disclosed additives can be employed in
amounts sufficient to improve the conductivity properties of a fuel, such as middle distillate fuel, for
example diesel fuel. In some aspects, the fuels can contain a major amount of a fuel and a minor
amount of the above-described fuel additive composition. In an aspect, fuels of the present disclosure
can comprise, on an active ingredient basis, an aminotriazole compound as described herein in an

amount fa@smIromb&vt&memtmg%@%ﬂmamscﬁﬁm&%né PRI SR S0 ppm. In

another aspect, the presently disclosed fuel compositions can comprise, on an active ingredient basis,

a dispersaptiagides cHRask ReRRIRB R M ARt ANBS T o9 ARSI SR AeLRA0 RRSTo sereRsas from

about 20 ppm to about 200 ppm. [0042] In aspects where a carrier is employed, the fuel compositions

can contaif @rrual aedlyadnarediertisfrsisnan dsnesatithgissstigigiangisarfiemspbets theg 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 ingregignthasisrexel udesibeanaight of dYusireastedrinorponenis cissocistad witssaned
remaining in the disclosed additives as produced and used, and (ii) solvent(s), if any, used in the

manufactufesdfddiditilisdosedsitdiivés silzepdorifgety cdfties sdosmtadionidrirbefenccaddition, afra
carrier, if a carrier is employed. [0043] The fuel additives of the present disclosure can be blended into
a base fuehmnalttivk albyretienbesiss aubroorotrinatiensoimsome asresdinbedtdetlemadditive
components of the present disclosure can be blended into a fuel concurrently using an additive
concentratanzsiisaediog fdvaatage dfphen ruuaballt @O ailitpugidas from about 5 ppm to

about 50 ppm. In another aspect, the presently disclosed fuel compositions can

comprise, on an active ingredient basis, a dispersant as described herein in an amount

ranging from about 5 to about 500 ppm, such as from about 20 ppm to about 200 ppm.

[0042] In aspects where a carrier is employed, the fuel compositions can contain, on
an active ingredients basis, an amount of the carrier ranging from about 1 mg to about
100 myg 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 exciudes the weight of (i) unreacted componenis
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.

[0043] The fuel additives of the present disclosure can be blended into a base fuel
individually or in various sub-combinations. In some embodiments, the additive
components of the present disclosure can be blended into a fuel concurrently using an
additive concentrate, as this {akes advantage of the mutual compatibility and

convenience afforded by the combination of ingredients when in the form of an additive
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convenience afforded by the combination of ingredients when in the form of an additive 17
concentrate. Also, use of a concentrate can reduce blending time and lessen the possibility of
blending errors. [0044] The fuel compositions of the present disclosure can 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.). [0045] In an aspect,

there is pr%‘ﬂﬂ@&n@ré‘?&?“ﬁ@@d@&?‘ﬁ%H&%@?Q@%ﬁiﬁ(i%&&% %%@E%%§?¥§QW%% major

amount of fuel, and a minor amount of an additive composition comprising:

hydrocarb mgggytgpmiﬁg@%rgispersant, and (b) a compound of formula (Il1): H. tt6.7 H,N
NH '0 --- CH NH NH2 R- (lll) and tautomers and enantiomers thereof, wherein R3 is a hydrocarbyl

group having a number average molecular weight ranging from about 100 to about 5000, and wherein

the ratio of[(#)44](b) Targkee: fiwympbotbh2dbtabputssht thsaeaspechrihe fagbliabisamprése a middle
distillate fuel, such as a diesel fuel. EXAMPLES

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.).

[0045] in an aspect, there is provided a method of improving the conductivity of a
fuel comprising. providing a major amount of fuel, and a minor amount of an additive
composition comprising: (a) a hydrocarbyl-substituted succinimide dispersant, and (b) a

compound of formuia (111):

HOH

SR S J—Y |
fi #

X ‘/, ;‘;’f “.-‘\-‘_A' ff " .
NH  CH——CH. NH B,

; “«

H, M

(%3

R ()
and tautomers and enantiomers thereof, wherein R® is a hydrocarby! group having a
number average molecular weight ranging from about 100 {o about 5000, and wherein
the ratio of (a) to (b) ranges from about 1:2 to about 2:1. In an aspect, the fuel can
comprise a middie distillate fuel, such as a diesel fuel.
EXAMPLES
[0046] The following examples are illustrative of exemplary embodiments of the

disclosure. In these examples as well as elsewhere in this application, all parts and
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[0046] The following examples are illustrative of exemplary embodiments of the disclosure. In these
examples as well as elsewhere in this application, all parts and 18 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, EXAMPLE 1
[0047] A 950 number average molecular weight polybutenyl succinic anhydride was heated to 95 C.
An oil slurry of aminoguanidine bicarbonate (AGBC) was added over a 45 minute period. The mixture

was heated undaryacUyrm 19 100 AN S LA LEmRSaI S riARMD houdemoving water

and carbon dioxide.” The resulting™ mixture was filtered. It is believed, without being limited by theory,

that the resilianh B B SRR BRSSSH AN B BT IRARIS B FRREIIRRD MeHNa 048] MR thadaliawing

examples, various base diesel fuels were each combined with a dispersant and an aminotriazole as

described i, Tigtiank tecBpriyce dual fainos /tianss ek ayers, evaluated for fuel conductivity as
described below. The dispersant used was a succinimide formed by the reaction of PIBSA with TEPA

on a 1:1 mole ratio. The aminotriazole used was the aminotriazole mixture described above, Table 1
Dispersant (ppmw) Aminotriazole (ppmw) CondiaetAdPiES/im) Fuel A0 0 2 Fuel B 0 60 328 Fuel C
2049 1013{0947] A 950 number average molecular weight polybutenyl succinic anhydride was
heated to 85° C. An oil slurry of aminoguanidine bicarbonate (AGBC) was added over a
45 minute period. The mixture was heated under vacuum to 160° C and held at that
temperature for about 6 hours, removing water and carbon dioxide. The resulting

mixture was filtered. It is believed, without being limited by theory, that the resultant

mixture comprises an aminotriazole as described herein.

[0048] in the following examples, various base diesel fueis were sach combined with
a dispersant and an aminotriazole as described in Table 1 to produce fuel formulations
that were evaluated for fuel conductivity as described below. The disbersant used was
a succinimide formed by the reaction of PIBSA with TEPA on a 1:1 mole ratio. The

aminotriazole used was the aminotriazole mixture described above,

Table 1
Dispersant (ppmw}| Aminotriazole {ppmw)| Conductivity {(pS/im)

Fuel A 0 0 2

Fuel B 0 80 328
Fuel C 20 40 1013
Fuel D 36 30 851
Fuel E 40 20 525
Fuel F 60 0 121
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Fuel D 30 30 691 Fuel E 40 20 525 Fuel F 60 0 121 19 [0049] Conductivities of the test fuels were
evaluated according to ASTM 2624 using an EMCEE conductivity meter (Model 1152) having a range
of from about 1 to about 2000 picosiemens m-1 (pS/m). All conductivity values were measured within
a temperature range of from about 20C to about 25C. All conductivity measurements are in
picosiemens m-1 (pS/m), also known as CU or Conductivity Units. [0050] It was observed that Fuel A
(comprising none of the additives) demonstrated poor conductivity (2 pS/m). Fuel B (comprising 60

ppm of an pypywtriazoiely HRMABSERIRd BePRdISHVEE GRS Heasidihyeh ASPmpEsRgHAgPm of
a dispersant) demonstrated a conductivity of 121 pS/m. [0051] However, Fuels C through E

(comprising R EROBIRatinR ot tihRydispeIsb @adt: BRiINMlR e St reRexpectettesplatior fuels

that contain the additive composition, thus illustrating the synergistic effect of the aminotriazole and

dispersant2ugepiessiorfaets huelSSamonsteied cialyRfudy prenemest @ad oueiT@% improvement
in conductivity values over Fuels F and B, respectively. The results for Fuels C through E were

considerecias peiamreexpectddrbecabset A0° Exanapleyte26C codiponddatiséy aleasusbmeats less
benefit than the combination. In other words, as seen from the results, Fuels C through E (each

comprisingaaeconpidnatements amitioBiarosankhdispersdBit) sufpwisiughvitetdoiistrated much higher

conductivity values as compared to Fuels B and F, each comprising the aminotriazole and
[0050] It was observed that Fusl A (comprising none of the additives) demonstrated
poor conductivity (2 pS/m). Fuel B (comprising 60 ppm of an aminotriazole)
demonstrated a conductivity of 328 pS/m, and Fuel F (comprising 60 ppm of a
dispersant) demonstrated a conductivity of 121 pS/m.
[0051] However, Fuels C through E (comprising a combination of the dispersant and
aminotriazole) showed unexpected resuits for fuels that contain the additive
composition, thus illustrating the synergistic effect of the aminoftriazole and dispersant
together. In fact, Fuel C demonstrated over 90% improvement and over 70%
improvement in conductivity values over Fuels F and B, respectively. The results for
Fuels C through E were considered as being unexpected because, for example, each
compound used aione showed less benefit than the combination. in other words, as
seen from the results, Fuels C through E (each comprising a combination of
aminotriazole and dispersant) surprisingly demonstrated much higher conductivity
values as compared to Fuels B and F, each comprising the aminotriazole and
dispersant alone, respectively. Accordingly, it is believed that the additive composition
as described herein can be effective for improving the conductivity properties of fuels.

[0052] Itis noted that, as used in this specification and the appended claims, the

singular forms “a,” “an,” and “the,” include plural referents uniess expressily and
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dispersant alone, respectively. Accordingly, it is believed that the additive composition as described
herein can be effective for improving the conductivity properties of fuels. [0052] 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 20 unequivocally limited to one referent. Thus, for example,
reference to "a dispersant” includes two or more different dispersants. As used herein, the term
"include" and its grammatical variants are intended to be non-limiting, such that recitation of items in a

list is not tq, e, GYEESIPNIMERINES Bke F@F@%ﬁ@@ﬁ?ﬂl&,%ﬁ@?éﬂﬁf&%%?&%%dtéo‘%is%e%%%?ms [0053]

For the purposes of this specification and appended claims, unless otherwise indicated, all numbers

expressing; qulaabi eRansT FEOHE ARFeRs I RPEILARANA ORI RUMBRTIGREVBINSSiIMSEHdN AA] its

specification and claims, are to be understood as being modified in all instances by the term "about.”

Accordinglyrshiiessiflicatad o dheikentiaitotbe REMRHGHhPadarnatessraeittarbh by thadellawing

specification and attached claims are approximations that can vary depending upon the desired

properties ggtighiotadmekiainendaychenierratieise assreaftibe vesiteagtoraddiet /stpa attempt to
limit the application of the doctrine of equivalents to the scope of the claims, each numerical

parameter ktedliterhkeast be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques. [0054] While particular embodiments have been described,
alternatives, modifications, variations, improvements, and substantial equivalents that are or can be
presently uifi8edieerreirilerisarneapp it dns shestfieed ekited rrornded Aeioelinglgsthetherwise

indicated, all numbers expressing guantities, 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, uniess 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 o
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.

[0054] While particular embodiments have been described, alternatives,
modifications, variations, improvements, and substantial equivaients 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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appended claims as filed and as they can be amended are intended to embrace all such alternatives,
modifications variations, improvements, and substantial equivalents. 21 WHAT IS CLAIMED IS: 1 A
fuel additive composition comprising a synergistic combination of: (a) a hydrocarbyl-substituted
succinimide dispersant, and (b) a compound of formula (ll): N ft,r fl-N LN NH OH -- OH NH N R (lII)
and tautomers and enantiomers thereof, wherein R3 is a hydrocarbyl group having a number average
molecular weight ranging from about 100 to about 5000, and wherein the weight ratio of (a) to (b)
ranges frongghor | dta apegtiyd- 2- The fuel additive composition of claim 1, wherein the compound
of formula M) comprises the reaction product of (i) a hydrocarbyl carbonyl compound; and (ii) an
amine compound-or salttheEpQfiafis BitRYALitBNIG bRy NI Efh &Povhe edmBifagsiested from the

group consisting of a hydrogen and a hydrocarbyl group containing from about 1 to about 15 carbon

atoms, and R’ is selectegh{ramyiiie carayP:cPRsIseg QldRiaarnasskasBydragarbyl group containing
from about 1 to about

(b) a compound of formuta (flt):

ak H §\\
£
NN B 1
i T
N s s, /‘:afh i .,
HM MH CH-—CH, NE NH;

R (111}
and tautomers and enantiomers thereof,
wherein R® is a hydrocarby! group having a number average molecular weight
ranging from about 100 to about 5000, and

wherein the weight ratio of (a) to (b) ranges from about 5:1 1o about 1:5.

2. The fuel additive composition of claim 1, wherein the compound of formula
{1y comprises the reaction product of
(i) a hydrocarbyl carbonyl compound; and
(i) an amine compound or sait thereof of formula (1)

N C m=NH~HHR 0

wherein R is selected from the group consisting of a hydrogen and a hydrocarby!
group containing from about 1 fo 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.
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20 carbon atoms. 22 3. The fuel additive composition of claim 1, wherein the hydrocarbyl carbonyl
compound comprises a hydrocarbyl-substituted dicarboxylic acid or anhydride. 4. The fuel additive
composition of claim 3, wherein the hydrocarbyl substituent of comprises a hydrocarbyl group having
a number average molecular weight ranging from about 100 to about 5,000. 5. The fuel additive
composition of claim 3, wherein the hydrocarbyl substituent comprises a polyisobutylene group
derived from high reactivity polyisobutenes having at least 60% or more terminal olefinic double

bonds. 6. The fuej additiye,REIRRRIINE o RoWBEERHI CRRERCRE RollrBEABYNaSHBRIline. 7.

The fuel additive composition of claim 2, wherein (ii) comprises a salt of guanidine. 8. The fue

add@t@ve CQﬁBﬁﬁﬁiﬁﬂG @BFAQ}EQ@% Wh?ﬂ%&%ﬁ%ﬂB%@@@i%&?i@%i@i%@ﬂ%ﬁd& The fuel
additive composition of claim 1, wherein (a) is present in an amount ranging from about 1 wt.% to

about 70 wt.%, refative ththfitadweightsthisimskiiveemmasiiosinliheThaifaehasditive
composition of claim 1, wherein (b) is present in an amount ranging from about | wt.% to about 70
wt.%, relatiebinitinentaipburaighief thieyddding cpamne siioingld nArfilelrerapagitiasisonarising:
weight ranging from about 100 to about 5,000,
5. The fuel additive composition of claim 3, wherein the hydrocarbyl
substituent comprises a polyisobutylene group derived from high reactivity
polyisobutenes having at least 60% or more {erminal olefinic double bonds.

6. The fuel additive composition of claim 2, wherein (if) comprises a sait of

aminoguanidine.

7. The fuel additive composition of claim 2, wherein (ii) comprises a salt of
guanidine.
8. The fuel additive composition of claim 2, wherein (i) comprises

aminoguanidine bicarbonate.

9. The fuel additive composition of claim 1, wherein (a) is present in an
amount ranging from about 1 wi.% to about 70 wt.%, relative to the total weight of the
additive composition.

10.  The fuel additive composition of claim 1, wherein (b) is present in an
amount ranging from about 1 wi.% to about 70 wi.%, relative to the total weight of the
additive composition.

11. A fuel composition comprising:

a major amount of fuel; and

a minor amount of a synergistic additive composition comprising:
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a major amount of fuel; and a minor amount of a synergistic additive composition comprising: 23 (a) a
hydrocarbyl-substituted succinimide dispersant, and (b) a compound of formula (Ill): HH. N - N N- N
H', N NH H - CH NH NH,. R (lll) and tautomers and enantiomers thereof, wherein R3 is a hydrocarbyl
group having a number average molecular weight ranging from about 100 to about 5000, and wherein
the weight ratio of (a) to (b) ranges from about 5:1 to about 1:5. 12. The fuel composition of claim 11,
wherein the compound of formula (lll) comprises the reaction product of (i) a hydrocarbyl carbonyl
compound; and (ii) an agineiRMRAAR A BaliiheseqiRS inrdaihe SRR () I'1t?- C -NH -N HR

wherein R is selected from the group consisting of a hydrogen and a hydrocarbyl
(b} a compound of formula (il}):

e
S

- ER
AN A

AR e OH Oy WA

R (11

&
E
3

FiH,

and tautomers and enantiomers thereof,
wherein R%is a hydrocarbyl group having a number average molecular weight
ranging from about 100 to about 5000, and
wherein the weight ratio of (a) to (b) ranges from about 5:1 to about 1:5.
12.  The fuel composition of claim 11, wherein the compound of formula (ill)
comprises the reaction product of
(i) a hydrocarbyl! carbonyl compound; and
(if) an amine compound or salt thereof of formuia (1)
M’J’

1
NH—C—NH=NHR

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 hydrocarby! group containing from about 1 to about

20 carbon atoms.

13.  The fuel composition of claim 11, wherein the hydrocarbyl carbonyl

compound comprises a hydrocarbyl-substituted dicarboxylic acid or anhydride.
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group containing from about 1 to about 15 carbon atoms, and R1 is selected from the group
consisting of hydrogen and a hydrocarbyl group containing from about 1 to about 20 carbon atoms.
13. The fuel composition of claim 11, wherein the hydrocarbyl carbonyl compound comprises a
hydrocarbyl-substituted dicarboxylic acid or anhydride. 24 14. The fuel composition of claim 13,
wherein the hydrocarbyl substituent comprises a hydrocarbyl group having a number average
molecular weight ranging from about 100 to about 5,000. 15. The fuel composition of claim 13,

wherein the hydrogarbyhsibgilHent, GOMRISE ARANISARHRIERS K AHRIRRIAYER LoRLAighFeactivity

polyisobutenes having at least 60% or more terminal olefinic double bonds. 16. The fuel composition

of claim 12 yyherigiss (i)HRMNRAEsEY 83l Mad '@QH%IHQFEV&Z%EW%%%W@H{QB@ﬁ{f?FBril\Z'

wherein (i) comprises a salt of guanidine. 18. The fuel composition of claim 12, wherein (if) comprises
aminoguanigigg: ticaidapste-sl8pd he fuel composition of claim 11, wherein (a) is present in an
amount ranging from about 5 ppm to about 500 ppm. 20. The fuel composition of claim 11, wherein

(b) is present in ansMOTRE FaEDRENSERIdBAH damiM 30vahetdi? GRprathri s fitstiegenposition of
claim 11, further comprising at least one additive
comprises a polyisobutylene group derived from high reactivity polyisobutenes having at
least 60% or more terminal olefinic double honds.

16.  The fuel composition of claim 12, wherein (ii) comprises a salt of
aminoguanidine.

17.  The fuel composition of claim 12, wherein (ii) comprises a salt of
guanidine.

18.  The fuel composition of claim 12, wherein (ii) comprises aminoguanidine
bicarbonate.

19.  The fuel composition of claim 11, wherein (a) is present in an amount
ranging from about 5 ppm to about 500 ppm.

20.  The fuel composition of claim 11, wherein (b) is present in an amount
ranging from about 1 ppm fo about 200 ppm.

21.  The fuel composition of claim 11, further comprising at least one additive
selected from the group consisting of antifoam agents, dispersants, detergents,
antioxidants, thermal stabilizers, carrier fluids, metal deactivators, dyes, markers,
corrosion inhibitors, biocides, antistatic additives, drag reducing agents, friction
modifiers, demulsifiers, emulsifiers, dehazeré, anti-icing additives, antiknock additives,

surfactants, cetane improvers, corrosion inhibitors, cold flow improvers, pour point

depressants, solvents, demulsifiers, lubricity additives, extreme pressure agents,
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selected from the group consisting of antifoam agents, dispersants, detergents, antioxidants, thermal
stabilizers, carrier fluids, metal deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic
additives, drag reducing agents, friction modifiers, demulsifiers, emulsifiers, dehazers, anti-icing
additives, antiknock additives, surfactants, cetane improvers, corrosion inhibitors, cold flow improvers,
pour point depressants, solvents, demulsifiers, lubricity additives, extreme pressure agents, 25
viscosity index improvers, seal swell agents, amine stabilizers, combustion improvers, dispersants,
conductivityisoqity drdemetar oesctisatarswalbdgemtly eanimgastabiliteate dogmitiostaocetpraters,
manganese tricarbonyl compounds, and mixtures thereof. 22. A method of improving the conductivity
of a fuel calrgprissayite oooiithirct)\at yriajpravacy metiukda atidsdomnimoadmodpe of ergyniergistteadditive
composition comprising: (a) a hydrocarbyl-substituted succinimide dispersant, and (b) a compound of
formula (11ignioniBeciaddiaCH Camngdiesiednd asmom ecnapelodtastivhnerd tresdodredierein R3 is a
hydrocarbyl group having a number average molecular weight ranging from about 100 to about 5000,

and wherein the W&ight fatRe8iqa iy exingethf eendbetivey ofadveleanmrigeg:

combining a major amount of fuel, and a minor amount of a synergistic additive
composition comprising:
{(a) a hydrocarbyl-substituted succinimide dispersant, and
(b) a compound of formula (1li):

3 £
HS

I
; i, /]
AN, S [/(-a \ o

Z (3,.‘\ _fuf \ S N, e ‘-.\
HMN M CH-——CH, NH N,

s
)

= ()

i

M e N

and tautomers and entantiomers thereof,
wherein R® is a hydrocarbyl group having a number average molecular weight
ranging from about 100 {o about 5000, and

wherein the weight ratio of (a} to (b) ranges from about 5:1 fo about 1:5.
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