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 Sl MGt I GM?M&‘@&P&HH@%%E%%&WS when water
settles thr P a hydrocarbon solution. This situation greatly interests the petroleum industry, for
when sucl%i%gf@gglﬁr%‘—ﬁm in or around flammabile liquids, their eventual discharge can lead to
incendiary sparking, and perhaps to a serious fire or explosion. [0003] While incendiary sparking is a
problem in troleym industry, the potential for fire and explosion | its_greatest during
product handii ng traﬁg erdg’ﬁlgoﬁr%é%éﬁt%?igﬁh E(r)aﬁ&xgmlf) g,ag(gtlg%ﬁ%@é%s{%ﬁg&gmﬁ/&vﬁﬁ% accumulate in
solvents and Mgl DR IRNRER PIRag. caneRif DR B Ainudadivbrayeh hioh
surface area or “fine” filtérs and other process controls, such as Is common during tank truck filling.

CountermaaglifIRLINENLa BieveRLABRIMAUAR ALE'SPRASIAI RIAMRR O Asan@ibsr being

filled and to prevent sparks by conducting the” container to 1 ground can be employed, such as

container %%léggpagrgbeof"%rmmg&pd bonding.

[0002]  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 éenerated charge is dependent upon the nature of and, more particularly, the
respective conductivity of each n;iaterial. For example, electrostatic charging occurs
when water settles through a hydrocarbon soiution. This situation greatly interests the
petroleum industry, for when such charges are built up in or around flammabie hquids,
their eventual discharge can lead to incendiary sparking, and perhaps fo a serious fire
or expiosion.

f0003]  While incendiary sparking is a problem in the petroleum industry, the potential
for fire and explosion is probably at its greatest during product handiing, transfer and
transportation. For example, static charges are known fo accumulate in solvents and
fueis_s when they flow through piping, especially when these liquids flow through high
surface area or “fing” filters and other process controis, 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



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 solvents and cleaning fluids. This is because the conductivity of these organics is
so low thagepsidicah &remmnestyenchlewiganiaingn crhessinguide. apardangakens bonsidgrable time
to reach the surface of a grounded, conductive container. Until this occurs, a high surface-voltage
potential cBaibEhagtieesdeangizedinaehiesameesniRs P spiRdeseriBy ¢ dasirkprpatoiiby
explosion. [0005] One can directly attack the source of the increased hazard presented by these low
conductivityiBrgainié fuRisbipsiie SaRgrdfeRierBNENBY st ngthanigisadditives. The increased
conductivity of the liquid will substantially reduce the time necessary for any charges that exist in the
liquid to b 8P ctedi aNPaR IR ITENGr SOARRNING R P BicipRt D mEsKent Plstdes @impidions
are known for use as additives to increase the electrical conductivity of these liquids. [0006] For

example, iHRHB [PSCIFHGRYoYRIGHIRPRAMR AR R a3 IS WIS THE SRS significant role
eitoctve aSEITAGH ELHIEN B CH BT 0BV B EhE R AR PR BOHT .
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United hydrocarbon oils such as organic solvents and cieaning fluids. This is because the
conductivity of these organics is so low that a static charge moves very slowly 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 liquids 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 liguid to be conducted away by the grounded
inside surface of the container. Various compositions are known for use as additives to
increase the elecirical conductivity of these liquids.
[0008] For example, in the past, halogen-containing additives introduced into fuels
have played a significant role in achieving improved conducﬁvity properties in fuels.
While these halogen-containing additives are effective as conductivity agents, in certain

situations, some haiogen-containing hydrocarbon compounds have been linked to

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



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.
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CompositioRseARrisig sYRerdsHEEoMkIRAERE biairkdydiasaibyibieubsHtuieGragsinimide
dispersant, and (b) a compound of formula (H% JHH111 . t+: NNIOHCHNH?J. R (|ll) and
tautomers AIRCSRAINAING FEBIPRIERIN YR a MR CHIBy oG RAICRR ARIABER Average

molecular vegigiteangingtifrararahinet 180itgabow aliihrandfidregindhe weighkratioeiga) to (b)

ranges from about 1:5 to aboyt 5:1. [000 L]?n a secaond aspect of the disclosure, there. is provided a
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formula (”I)t'h% conductivity of fuel without posing negative risks to humans, animals, and the

environment.

SUMMARY OF DISCLOSURE

f0C0T] According to a first aspect, there is provided a fuel additive
composition comprising a synergistic combination of (a) a hydrocarbyl-

substituted succinimide dispersant, and (b) a compound of formula (lH}:
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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 1:5 fo about
5:1.

100081 In a second aspect of the disciosure, there is provided a fuel
camposition 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 (!1):



ir .N'"N-N I''L NH.iiH (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. [0009] In a third aspect of the
disclosure, there is provided 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 (Il1): HN t % E=t NN
AtFI,-NHiCHCHIiJFt.1y2(lll) and tautomers and enantiomers thereof, wherein R3 is a
hydrocarbyl group having a ngmbe[ga\”/érag&es molecular weight ranging from about 100 to about 5000,
and wherein the weight ratio of (a’)*tgﬁ (b) range§\ir’ﬁm Eﬁbout 1:5 to about 5:1.
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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) fo (b) ranges from about 1:5 to about
5:1.

[0009] In a third aspect of the disclosure, there is provided 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

(iy:

: (i

and tautomers and enantiomers thereof, wherein R® is a hydrocarbyl group
having a number average molecular weight ranging from about 100 fo about
5000, and wherein the weight ratio of (a) to (b) ranges from about 1.5 to about
51,

16010} Additional embodiments and advantages of the disclosure will be
set forth in part in the delailed description which foliows, and/or can be learned
by practice of the disclosure. It is to be understood that both the foregoing
general description and the following detailed description are exemplary and

expianatory only and are nof restrictive of the disclosure, as claimed.



[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 to be
understood that both the foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of the disclosure, as claimed. 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 (llI):
N-1:IN H,NNHCHINZ(ll) and tautomers and enantiomers thereof, wherein R3 is a hydrocarbyl
group having a number average molecular weight ranm fromabout 100 to about 5000, and wherein
the weight ratio of (a) to (b) range£kdAILEELPERCRIRHN QHENSRLQSEBE herein, "middle
distillate fuel” is understood to mean one or more fuels selected from the rou consisting of diesel
fuel, biodilB8! Blodidds-BERaa URIICLyFRIEIRSAASS, féeraeehx@rse@@@ HIRL SR B
oxygenates for particulate control, mixtures, thereof, an roducts me the definjtions of
peivives Mt o e e e T b o Kl
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 abotit 109%: 10 about 20%, fuel derived from biological
sources. [0013] The middle distillate fuel%aﬂ“be derived fre%n~b+dibg|cal sources such as
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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 o about 5:1.

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

jo013] The middie distillate fuel can be derived from biologicai sources such as
oleaginous seeds, for example rapeseed, sunflower, soybean seeds, and the like. The
seeds can be submitied fo grinding and/or solvant extraction treatments (e.g., with n-

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



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 5 unsaturated (mono- and poly-unsaturated, in
mixture with each other, in proportions depending on the selected oleaginous seed) C16 -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 ik HERN E&EPrEpare tea miedhyLesris Fethd Ta Atk v i e eliathesthy PeRerioRsso known
as "FAME" and commonly referred to as biodiesel.) [0014] As used herein, the term "hydrocarbyl
group” or "ASBREEyPNiIGsRIgRtRE YrABERS SRR VhichHexfalivieredm tghﬁcﬁbcﬁﬂléﬁ in the art.
Specifically, it refers to a group having a carbon atom directly attached to the remainder of a molecule
and havinf@ﬁéﬁ?@n‘ﬁ%ﬁ%ﬁ?ﬁr@ﬁﬂr%ﬁ‘Eﬁd?&&@ﬁ%%hﬁﬁﬁ@st%fr BRRGR A PERAIRS RS (1)
hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic _Fée. ., cycloalkyl,
cycloalkenf S RyGHRRAMIRIAS R eFSHafRS %B??ﬁi%g,ggﬁ'gegliaéli%mﬁﬁ ?P%%‘rﬁ%ﬁt%‘b‘gﬂﬂlents, as

well as cyclic substituents wherein the ring is completed th h th tion of th lecule (e.g.,
o substETRETELERER ToiRIARAE LI PRIAIR TS Bb Tt e RS B PR SR Bhts, that is,

substituents containing non- hydy, g_ﬁgg@,n roups which, in the context of the description herein, do not
alter the pr%%SFﬁn?gﬁ?@ﬂh%Po% rg bgﬁfﬁ%%m@%ﬁyﬂglr}dfre %%%%ﬁ&@rﬁ'&%e d fluoro), hydroxy,
alkoxy, mercanta, alkylmercagto, nitro, nitroso,.and sulfoxy); (3) heterozsubstituents, .that is, . .
substituent@?\’/qh%h, W%ﬁeuﬁ%@%ge rga ;Breﬁgré?ﬁ?nt@ygroca%yP g(rc)up or hy(?rocar yriis 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 directly attached to the remainder of a molecule and having

a predominantly hydrocarbon character. Examples of hydrocarbyl groups include:

(1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic
(e.g., cycloalkvi, cycloaikenylj substituents, and aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, as well as cyclic substituents wherein
the ring is compieted through another portion of the molecule (e.g., two
substituents fogether form an aiicyclic radical);

(2) substituted hydrocarbon substifuents, that is, subsiituents containing non-
hydrocarbon groups which, in the context of the description herein, do not alter
the predominantly hydrocarbon substituent (e.g., halc (especially chloro and
fluoro), hydroxy, altkoxy, mercapte, alkylmercapto, nitro, nitroso, and sulfoxy);

(3) hetero-substituents, that is, substituents which, while having a predominantly
hydrocarbon characier, in the context of this description, contain other than

carbon in a ring or chain otherwise composed of carbon atoms. Hetero-atoms

include suifur, oxygen, nitfrogen, and encompass subsiifuents such as pyridyl,



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, 6 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 fivay, ol é@al 80 IMidAZGH-elargpReEfifIm bUeBD tBabdweodivtesh felfiftieto the
total weight of the composition. Moreover, as used herein, the term "minor amount" is understood to
mean an amount8&3§an B WO, BRIV theNdt4HiRsaIRobT SHETBHYGsHiBnPfo eIt eMefor
compositions of the present disclosure can comprise a compound of formula (11) comprising the
reaction product V& dffineAERpRpBiRTsoNsHIpRYAEBFARY gwoé%u%%ﬁdahg)ﬂ&aﬁmau%&fe
Suitable amine compounds for use herein can be  amine compounds of salts thereof of formula (I): I\
(I) wherein R is S&| E’%&?rBﬂﬁ‘Tﬂ\édé?Saﬁ)E’Brﬁi@ﬁqB@f‘yHﬂ%g@ﬂrﬁﬁﬂrgyh%%@arbyl group containing
from about 1 to about 15 carbon atoms, and R1 is selected from the group consisting of hydrogen and
a hydrocarhy! group ¢qontaining f 1 0 . ine.c ds can
e e T AT A R R AEO s o

be chosen uanidines and aminoguanidines or sa e

above. Accﬁréjai?sguhan or egual to 50 wt. %, for example from about 80 to about 98 wt.% reiative
to the total 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.
[0016] The compositions of the present disclosure can comprise a compound of
formula (IIl) comprising the reaction product of an amine compound or salt thereof and a
hydrocarbyl barbonyl compound. Suitable amine compounds for use herein can be

amine compounds of salts thereof of formula (I):
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wherein R is selected from the group consisting of a hydrogen and a hydrocarbyl group
containing from about 1 to about 15 carbon atoms, and R’ is selected from the group
consisting of hydrogen and a hydrocarbyl group containing from about 1 to about 20
carbon atoms. 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 salts of aminoguanidines and guanidines. As used herein, the {ferm



the amine compound can be chosen from the inorganic salts of aminoguanidienes and guanidines,
such as the halide, carbonate, bicarbonate, nitrate, phosphate, and orthophosphate salts 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. [t iSiniesbie hydeseneytedeientd soapdinsaaiousaéteideriabesnyutitable
compound having a hydrocarbyl moiety and a carbonyl moiety, and that is capable of bonding with the
amine conFBUne He ftineth N RIRNOS SMRBEdibadiree RemmpMtAJorRaIRRAGRUR DS
hydrocarbyl carbonyl compounds include, but are not limited to, hydrocarbyl substituted dicarboxylic
acids or arffiftiieR $25UeM A RPAHFEUHAY RIGBERANRE sHEBIMRIMARIRGLICATRRBEIRB AT IS Y ted
succinic acids, and esters of hydrocarbyl-substituted succinic acids. [0018] In some aspects, the
hydrocarbyAREIBBRIA Eom ISR beCY I5rS S B PEUSRAEE YL MRl SRRV EEaY186rmula (11):
11 C) (1) [0019] wherein R2 is a hydrocarbyl group having a number average molecular weight

ranging fromﬁ%;ﬁt 1@8g%%?%é%%%Qgr%-%i%%%%%gﬁ:?@a@%gso ?o“ougg%'lﬁrglg %Ql’rﬁ\?e SHiggRy gel

permeatio atogr erwise, molecular weights in the present

disclosure é‘&%%m%’c? hg\\flﬁrgag%%%ec%"lll%ﬁ Wl%ﬂﬁ;t?saﬁd a carbonyl moiety, and that is capabie of

bonding with the amine compound to form the additives of the disclosure. Non-limiting
examples of suitable hydrocarbyl carbonyl compounds inciude, but are not limited to,
hydrocarby! substituted dicarboxylic acids or anhydrides, such as hydrocarbyl-
substituted succinic anhydrides, hydrocarbyi-substituted succinic acids, and esters of

hydrocarbyl-substituted succinic acids.

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

substituted succinic anhydride of formuta (li):
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[0019] wherein R?is a hydrocarbyl group having a number average molecular weight
ranging from about 100 to about 5,000, such as from about 200 o about 3,000, as
measured by gel permeation chromatograph (GPC). Uniess indicated otherwise,

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



[0020] In some aspects, the R2 group of the hydrocarbyl carbonyl compound can comprise one or
more polymer units chosen from linear or branched alkenyl units. For 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
embodimef08f R2 igrevpe aanssisobeniéssone it dlydiecaaheabpmyh e R FRINGESHp can be a
homopolymer of polyisobutylene comprising from about 10 to about 60 isobutylene groups, such as
from aboutCRIRISBANEIY BEBRHRYIBS KIS, HeseEoiinmo UiRgs LREBraNFoeA fKaRY! Mtk cERy |
groups can be formed by any suitable methods, such as by conventional catalytic oligomerization of
alkenes. AHGHORIGHIHY BXemplederatsABRTISpAPEN@RGHtadieabaytd Asa %@T&/ﬁemﬁylﬁhe radical,
having a number average molecular weight of from about 100 to about 5,000, such as from about

200 to abofM BN eRI ks redf BYRSIBE SOIHPIPH Y gé?f@c‘@?ﬁ‘{eoﬁéfaf’tﬁh‘\ﬁ’%mbérﬂ%%‘gérbyl
bonyl be f df highl ti lyisobutyl ; (HR-PIB) having. tivel
gt oo A TR SR PRI SRR YR B R RIE B8 & mear
terminal olefinic double bond tent. | di t, the R2 be f d HR-PIB
ving at B RS, QO B A ORET SOOI S5V IRTE BHARER I e Bontent
There is a %%ge%gl.tr%rlldfin thefjr]fdustr to onvgrt to HFI\’- PIB, and yvell kn0V\{ngO -PIBs are disclosed,
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Its ent'rety'egmbodiment, 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 polyaltkenyl 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 hydrocarby! carbonyl compound can be
formed from highly reactive polyisobutyienes (HR-PIB} having relatively high terminal
vinyiidene content. As used herein, “terminal vinylidene content” is understood to mean
terminal olefinic double bond content. in an embodiment, the R2 group can be formed
from HR-PIB having at least about 60%, such as about 70% to about 80% and above,
terminal vinylidene content. There is a genera!l trend in the industry to convert fo HR-
PIB, and well known HR-PIBs are disciosed, for example, in U.S. Pat. No. 4,152 489,

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



[0022] The hydrocarbyl carbonyl compounds can be made using any suitable method. Methods for
forming hydrocarbyl carbonyl compounds are well known in the art. One example of a known method
for forming a hydrocarbyl carbonyl compound comprises blending a polyolefin and an anhydride, such
as maleic anhydride. The polyolefin and anhydride reactants can be heated to temperatures of, for
example, about 1500 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. KRD22}34 488, hyHIelsashmicerparare HBRAHNSE referbaCB AN ftS SEY sty O3B In some
aspects, approximately one mole of maleic anhydride can be reacted per mole of polyolefin, such that
the resultifeiyerockieiossfarifomaing Cumie iRy bFRID ofys GHBaPUNS sRED YRIKEGMER: Bhydride
group per hydrocarbyl group. In other aspects, the weight ratio of succinic anhydride groups to
hydrocarbrépecarpraRige ok aBUNe!Bas i85 JaEaIBg R BHRIRSRY P IMFARRRY. [0024]
Examples of hydrocarbyl carbonyl compounds useful herein include, but are not Ii]rpi}gtr(lecjr 0, such

, and

compoundSABRIsEsIRPERERONIRINARS B RNEHAR RIS AR e NG yisobutenyl

inic anhydride (PIBSA). In s bodiments, the PIBSA can h lyisobutyl bstituent
it torn RN ABAPEEN TP AT S o OB L IR DU vl cAbA S out 70% t

about 90% and %g iIn some %%o imepts, the ratio,of the number o([};: rbonyl groups.to the

number o 1%@? ﬁ?ogi'g’ﬁé'él e h)%%’c% I‘é’é%h) FE6M Stﬁ%a %?’r%%%%%o?ﬁpg%%toi:l to

about 6:1. 40 [30ge] e LY QRaMMLRRIRAMAL B ATNAG SRERAALRASPEURSShPRSANES 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 maleic 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 groﬁp. 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] Exampies of hydrocarbyi carbony! compounds useful herein include, but are
not limited 1o, such compounds as dodecenylsuccinic annydrides, C1s.15 alkeny! succinic
anhydride, and polyisobutenyl succinic anhydride (PIBSA). In some embodiments, the
PIBSA can have a polyisobutylene substituent with a terminal vinylidene content
ranging from about 4% to at ieast about 80%, 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
subatmos{RERElpresEigdyErataiBYhEABSIE BE D HBHRSHNRAUNS deRCHGEabP B AP RRUres can
be different from those listed where the reaction is carried out at other than atmospheric pressure.
The reactichi¥es leeheiangat mv-spiadle 6puRiianRIm DA e deslisdirearsionerasyaissdhours,
preferably, within the range of about 2 hours to about 6 hours. [0026] Without desiring to be bound by
theoretical BErRIBEPH GHECIRSETBe 1B\ ARRR Cfh R ERFEIA Hr 6B IR BINHE GAAIRE AH thasyn
carbonyl compound is an aminotriazole compound, such as a bis-aminotriazole compound of formula
(1): ,H H N NOIR 3R ONMERpare ) SRIBIPYHCRVARN AR AR CRIRIS SR BARSBRTR AP e of,
wherein R3 has a number average molecular weight ran%i from about 100 to abofut 5000, and
comprises fronPaBRiiab42 & 8%8?3?@@‘%%%@&%&@“ fﬁ@ﬁ%@%ﬂq&ﬁaﬁﬁ?%epé%%ﬁ nyl

substituentﬂ f?rto about 1:2.2. Suitable reaction temperaturas 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 préssures 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 fime within
the range of about 1 hour to about 8 hours, preferably, within the range of about 2 hours

to about & hours.

[0026]  Without desiring to be bound by theoretical considerations, it is befieved that
the reaction product of the amine and hydrocarbyl carbonyl compound is an

aminotriazole compound, such as a bis-aminotriazole compound of formula (Ilf):

(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.®wbostEOtrrben. otamss Mvayemijodzvem. e agsdysobtapybrbsitersiideure, the
disclosed fuel compositions can comprise a dispersant, such as an amine-containing dispersant.

Suitable arBlfenpisraaiigelenyhaubsiivedipmecthiiarddroyButaringa kastiakaidlispersants.
The hydrocarbyl substituent of the dispersant can have a number average molecular weight ranging
from aboutstob & ahsut 3600 leake dPRBbansdrbRyapBIMEneb VY lidans fantRNby TP Ce36H98] As
used herein the term "succinimide" is meant to encompass the completed reaction product from
reaction beRSBIFAREFMEN SRR R dDIRRID g QRinlOSRYE SremRGSR/ET8rIKES uccinic
acylating agent), and is intended to encompass _.compounds wherein the product have amide,
and/or salt%fﬂ@é’é%?iﬁmﬁd@”tﬁ@ i ﬁ‘iﬁkggﬁ%ﬁ%"ﬁ?ﬁéﬂlﬁ F@&ﬁ}fg RN ﬁ%%@éaf@tion of or
contact with an.amine and an anhydride moiety. [002 itable hydrocarbyl-substituted succinjc
oy crido< QAR GYEEL e B2 RV ARRIRS A Moy R R b 3 haLeg.
molecular yeigt it 1 2 PR 2BNSH % SRR K GO ARSI BieS eyt LOPGD 4RO 5P can
product contains a relatively high nitrogen content, within the range of about 1.8 wt % to

about 2.2 wt % nitrogen.

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

[0028] As used herein the term “succinimide” is meant to encompass the compieted
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 sali iinkages in addition fo the
imide linkage of the type that results from the reaction of or contact with an amine and
an anhydride moiety.

[0028]  Suitabie hydrocarbyl-substituted succinic anhydrides can be formed by first

reacting an olefinically unsaturated hydrocarbon of a desired molecuiar weight with
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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 not limited to, polypropylene, polybutenes, polyisobutene, ethylene-propylene
copolymerg)aieiy neubsisutiensiiop dynmeralprsp pleakoigobiRylerie 8bpeldhers, campenestdecene
copolymers and the like. [0031] In an aspect, the hydrocarbyl substituents of the
hydrocarbylMihitghsebolinschieiinicaiitritsaitaaleR NerpsaiPoRsharafETpeinars abiainathple
polymers of isobutylene. Suitable isobutenes for use herein include those formed from HR-PIB
having haﬁﬁ@ﬁt@@@%@é@cﬂh‘%@gﬁ A5ianeRttinive s SSRACTOURARY éB%\?é’d'fé?hﬁfaﬂmﬁfW%ene
content. Suitable polyisobutenes can include those prepared using BF3 catalysts. The averag

number méRERHAr waigHERFAIRTIRG dRGHIIDy PRl BRI RERC Jary GrRked WRIeY5HGE: ‘FSF@&QMB% from

about 100 to about 5000, such as from about 500 to about 5000, as dete ned b § 032]
Carboxyl|CQ@§@l%rﬁ§38m§dtﬁ§ﬁ‘ﬁﬁl@Ilaa?iﬁ%?rd?['}ﬁﬂ%é 2hth yéﬂ%ﬁ aric acid,
malic acid, tartaric acid, itaconic acid, itaconic anh itr aconlca C|tra anh grlde
mesaconlcoell%ﬂﬁ‘séfﬁﬂ}lf?% gsgThiianyet éﬁ? ﬂéﬂ By RIMIRRS: i rﬁgléﬁe thylmaleic

id, hexylmaleic acid, and the like, includ d d halid | liphati
ceters. 13 [OOSHF T HHEIE ot SRRy B A lyyv%’aﬁye?afmw B

but are not limited to, polypropylene, polybutenes, polyisobutene, ethylene-propylene
copolymers, ethylene-isobutylene copolymers, propylene-isobutylene copolymers,
ethylene-1-decene copolymers and the like.

[0631]  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 80%, such as about 70% to about 90% and above,
terminal vinylidene content. Suitable polyisobutenes can include those prepared using
BF, catalysts. The average number molecular weight of the hydrocarbyt substituent can
vary over a wide range, for example from about 100 to about 5000, such as from about
500 to about 5000, as determined by GPC.

[0032]  Carboxyiic reactants other than maieic 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,
dimethyimaleic anhydride, ethylmaieic acid, dimethyimaleic acid, hexylmaleic acid, and

the iike, including the corresponding acid halides and lower aliphatic esters.
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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), tetraethylene pentamine (TEPA), pentaethylene hexamine (PEHA) and heavy
polyamine}08 Bk avy polyisiiaticanl corpaanBysiiaaie i pinaan ans WRRn REaewaip SRy small
amounts of lower polyamine oligomers such as TEPA and PEHA, but primarily oligomers with 7 or
more nitrogBAY! B:brierke Ytk hATABY IS b RRRME 3 dntP AbPe ki rANFLaS 8HEARRY than
conventional polyamine mixtures. Additional non- limiting polyamines which can be utilized in
preparing BERRIFRUIPRRIBSRNNIdS ERMPRIHESP SSRGS BESS MUTYCp dheNo.
6,548,458, the disclosure of which is incorporated herein by reference in its entirety. In an
embodimefR2MEHENRARISHIR EBmPNGARES SRR B LA A2 P RN RYE Y & bodiment,

the dispersant can include compounds of formula (IV): O R® 4N N NH2 H n 14 wherein n represents

0 or an int '#dm 1 to 5, and R2 is a hydrocarbyl substituent as defined above. In an
embodlme%‘gngéf 3 %Qy% AU %E'SSBBWS : rhésg E%%%%tﬂﬁ%gg 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 mixiure of polyalkylienepolyamines
comprising smail 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 polyamine mixiures. Additional non-
limiting poivamines which can be utilized in preparing the hydrocarbyi-substituted
succinimide dispersant are disclosed in U.S. Pat. No. 6,548,458, the disclosure of which
is incorporated herein by reference in its entirety. In an embodiment, the polyamine can
comprise tetraethylene pentamine (TEPA).

10035]  In an embodiment, the dispersant can include compounds of formula (IV):
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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
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 to the total weight of the additive
compositiofheTein aspetasaids fissiesdataganstieomid ompdtadaiiaivsbrsanp - Baligestbnt 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 definsFeionse we%@mgﬂ?mw%@mz%@% BRPWRAPIHSRY RURSEEEYLBEN wt.%
to about 70 wt.%, such as about 5 wt.% to about 50 wt.%, for example about 10 wt.% to ab&ut 30

wt.%, relatfR RS INES FeIBHRAYERPHIRRRS CAVIPERS éﬁ?sfoﬁ%%ﬁ RO LB RIADEHING fréQent

disclosure, the disclosed compositions can. comprise a fuel soluble carrier. Such carriers can be of
various typBRO8LER AL AES GF: g%ﬁﬁ@,az.\@ﬁy(\i\‘&é}%%p@%ﬁﬂﬁle (HFWGH%A SHSIHE ,B?Hrh?e not

limited to, mineral oil_and h as liquid polyalkoxylated ethers (also k
polyalkytenBgSEe B HE e BN ER T RN atae PRERIGEI R Siblkoyatec

,liquid polyalkoxylated ami d hereof. Examples of th '
b ound O A S 2070 8 BEa B o I R A e 05 R A e By

reference in itﬁtgntiirr}%tﬁ%g%tional examples of oxygenate carriers include alkyl-substituted aryl
polyalkoxylg?es destribed in’U.S. Patent

[0036] The presently disclosed dispersants can used in the range of about 1 wt.% 0
about 70 wt.%, such as about 5 wt.% to about 50 wt.%, for example about 10 wt.% to
about 30 wt.%, refative fo the total weight of the additive composition. in an aspect, the
disciosed 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 wt.% to about 30 wt.%, relative to the total weight of the additive composition.
[0038] in other aspects of the present disciosure, the disclosed compositions can
comprise a fuel soluble carrier. Such carriers can be of various fypes, such as liquids or
solids, e.g., waxes. Exampies of iiquid carriers inciude, but are not limited to, minerat oil
and oxygenates, such as liquid polyalkoxytated ethers (also known as polyalkylene
glycols or polyaikylene sthers), liquid polyalkoxylated phenois, liquid polyaikoxylated
esters, liquid polyalkoxylaied amines, and mixtures thereof. Examples of the oxygenate

carriers can be found in U.3. Pat. No. 5,752,989, the description of which carriers is
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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 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 teamieificodsoratethbydeafetivater; dyestiveiykeofs]diboraienantbiond, bigatiedeantistatic
additives, drag reducing agents, friction modifiers, demulsifiers, emulsifiers, dehazers, anti-icing
additives, aatikactkatidie s/ suhstitaies, aptapelvaivesvietescdeantibadrinibitors; @@t flow improvers,
pour point depressants, solvents, demulsifiers, lubricity additives, extreme pressure agents, viscosity
index imprdiiricaiéen Me@%@'@ﬁ@ mh@@aﬁn%@ltdﬁb&@%rﬁqfﬁ@lyoe@td?épéh@a@%%@‘n@mcnvny
improvers, metal deactivators, marker dyes, organic nitrate ignition accelerators, manganese
tricarbonyl Oédmwljﬁd@f&ﬁd'ﬁ%%@tﬂ%bédﬁfﬁf%'&%érh%&%@% fuel additive compositions
described herein can contain about 10 wt.% or less, or in other aspects, about 5 wt.% or less, based
dditive or fuel com%cijsmon one or more of.. th% above additives. Similarly,

on the total t of the

the fuel cotbon Eal Eo RSP S RE R RRES o 18 BigREGrEBi HE LSRRl
ethanol, dialk Iethe[:s and theillke 16 [0041 Wl?en formulatin the res disclosed %omR%sglons
the dlsclosé;a Wditit gg CARATR en§ploye8 HOUNES surﬁéler?t’%g E|3rrr}1pr eioc%r?aa ¥:tlwty propertles

ofa fuel, sygh apMid e GELRELCL /G S3ME Sl5RRHIaR: '@e»g%ﬁeeasa%&aa the

[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, corrosion inhibitors, biocides, antistatic additives, drag
reducing agents, friction modifiers, demulsifiers, emuisifiers, dehazers, anti-icing
additives, antiknock additives, surfactants, cetane improvers, corrosion inhibitors, cold
flow improvers, pour point depressanis, solvents, demulsifiers, lubricity additives,
extreme 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 aspecis, the fuel additive compositions
described herein can contain about 10 wt.% or less, or in other aspects, about 5 wi.% or
iess, 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 suitabie amounts of fuel

blending components such as methanol, ethanol, dialky! ethers, and the iike.
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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 ranging from about | ppm to about 200
ppm, such as 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 486ddE whdhea icamiciatinetiayesemly fisclsagsstimnpsiianeofainiselpsad active
ingredients basis, an amount of the carrier ranging from about 1 mg to about 100 mg of carrier per kg
of fuel, su@iidiidsones bagoreRA BDAMPUREasHEISRIIKS §PRIRYETRE CRAJEGHYR MMSHERES
excludes the weight of (i) unreacted_cqm?onents associated with and remaining in the disclosed
additives & griiticauchris risdiadistliptednaintes)exnampia diss th Rl A RARG FePEFtRdMisclosed
additives either during or after its formation hut before addition of a carrier, if a carrier is employed.

[0043] Th W6t SARIRIBRBraHBAIRE AP HL b A IELARDE BIIRIAMAY A V488 RRAVAARRGUSRS or in

various sub-combinations. in some embodi ts,.th iti 1ents of th t.discl
can bo blo LD T EBCLer T AR &, SRR 06 L RSP S okl SN B the

mutual com atibili%/,and convenience aﬁorded@%? he combination gf irégredie}qlts when in the form of

an additive®I2E04 é?ﬁf&f&%?&sffseal%f%”é%‘é SRR r6 S'She

:bep &0
ingtime and lesSsen the
possibility of blending errors. 0044QT e fuel.compositions of the pre ?li_’s osur applicable
to the ope?gﬂan f %%%ngtar |(')I;?1§Pyo Fesé’Pé?mé?naér%g&éfg%R&We& Lﬁesré g;r? }8 ec%rklj(i\q& |§o %eHP t{S

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 baéis, an amount of the carrier ranging from about 1 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
associated with and remaining in the disclosed additives as produced and used, and (ii)
soivent(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 embodimen.ts, the additive
components of the present disclosure can be blended into a fuel concurrently using an
additive concenirate, as this takes advantage of the mutual compatibility and

convenience afforded by the combination of ingredients when in the form of an additive
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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 formula (Ill): N~N N -N 11 ith
#, N- C=-C-,, N;H NH (lll) and tautomers and enantiomers thereof, wherein R3 is a hydrocarbyl
group haviéRnaehtiaiBerdversge MdsaneeWaEimheani§ify Jrobieasha time #nauesssndte 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 middle
distillate fURPSSIRIKMETDIHBEHIFRTOEKXAMPLES [0046] The following examples are illustrative of
exemplary embodiments of the disclosure. In these examples as well as elsewhere in this application,

all parts a % percentages are by weight unless otherwise indicated. It is int n%gd hat these
cxamplos M0Hing LBCHRLEHIOPRAL Bl D PR Ry & A £ PR RAEAo D it the
scope of the inventio %: losed herein. EXAMPLE 1 [0047] A.950 number average molecular weight
polybut eny?%%%acﬁﬁﬂ: cgfn @@rﬁg%@ggw Hieséfaéngmes (gg., Jngmes SR SR DOWEr

generation instaliations, in pumping stations, etc.) and ambulatory diesel engines (e.g.,

engines used as prime movers in automobiles, frucks, road-grading equipment, military

vehicles, etc.).

[0045] In an aspect, there is provided a method of improving the conductivity of &
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 (H1):

i

R (It

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 ratio of (a) to (b) ranges from about 1:2 to about 2:1. In an aspect, the fuel can
comprise a middie distiliate fuel, such as a diesel fuel.

EXAMPLES

[0046] The following exampiés are illustrative of exemplary embodiments of the

disclosure. Inthese examples as well as elsewhere in this application, all parts and
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heated to 95 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 fuels were each combined with a dispersant and
an aminotriazole as described in Table 1 to produce fuel formulations that were evaluated for fuel
conductivifjEAsaI8a8RBIRIONEIThicLisss St Waes Ivdisatest clifiieadsmiBati)e8e reaction of

PIBSA with TEPA on a 1:1 mole ratio. The aminotriazole used was the aminotriazoie mixture

described G¥BVRIGRBIE Peibid PErsSEAIg prn i EarirRaRa Al s HAtRTCONY AR AYESSiierirRd A 0 0 2
Fuel B 0 60 328 Fuel C 20 40 1013 FuelD 30 30 691 Fuel E 40 20 525 FuelF 60i0 121 19 [0049]
ConductivitR Bt 41 #eARE A5 he /RVEPARRAISCRRBIISSa ASTM 2624 using an EMCEE conductivity

meter (Model 1152) having a range of from about 1 to about 2000 picosiemens m-' (pS/m). All

conductivity values were measured within a terppesarerange of from about 20C to about 25C. All
conductivity measurements are in picosiemensT- , also known as CU or Conductivity Units.

100477 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 under vacuum to 160° C and held at that
temperature for about 6 hours, removing waier and carbon dioxide. The resulfing
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 fuels were each 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 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 mixiure described above,

Tabie 1
Dispersant (ppmw)EAminotriazoie ippmw}i Conductivity (pSIm)%

Fuel A 0 8] 2

Fuel B 0 80 328
Fuet C 20 40 1013
Fue! D 30 30 881
Fuel E 40 20 5256
Fuel F 60 0 j 121
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[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 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 results for fuels that contain the additive composition, thus illustrating the synergistic
effect of the aminotriazole and dispersant together. In fact, Fuel C demonstrated over 90%
improvemédfP48l ovepndustivitistoobiienesh WRFASUAIMAS DIEFHGNE Fodha B rfeddly. The
results for Fuels C through E were considered as being unexpected because, for example, each
compound@isEY&BECenanely Ivsv el diafiah e SiRBiNa forRNAS M &aRLARSULd e@PPitbm the
results, Fuels C through E (each comprising a combination of aminotriazole and dispersant)

surprisingly SN IRSHEIBENR (Reh GHEY cONRRIRMGIVEI USRS R APeF I BE M SRd F, each

ccilive coRPBSTE S CBS Ee RN o o S AT Tk b ARG R L BRI BBt of
b ool 0 S e A, e s o
sectereit e orn R e D e e s A B e metes ot

recitation of e 2 B or s eleBrRLALIRS Beralss GRLAAM G sgftuted or added to
demonstrated a conductivity of 328 pS/m, and Fuei F (comprising 80 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 results for fueis that contain the addifive
composition, thus iltustrating the synergistic effect of the aminotriazole and dispersant
together. In fact, Fuel C demonstrated over 80% improvement and over 70%
improvement in conductivity values over Fuels F and B, respectively. The resulis for
Fuels C through & were considered as being unaxpected because, for exampie, each
compound used alone showed less benefit than the combination. in other words, as
seen from the resulis, 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 unless expressly and
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[0053] 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 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 apPIRBI¥AHH ERitRITROBRLEiRRNIENENYSIHER¥PRIBIRHTEERTE achdishrrsashl
parameter should at least be construed in light of the number of reported significant digits and by
applying ofBHE9S SWAGhG RISAERISS! I6BR]sAHe pErteRd N eRHbINRRTE MR- U RBE &ribed,
alternatives, modifications, variations, improvements, and substantial equivalents that are or can be

presently (TRSPRRRHCACYANIANE BelrERRdRtsio PERERs LRIfINg 158 et ARTRHMYR TR S8 Rnded
claims as filed and as they can he amended.are intended to embrace all such alternatives,
ocicatiolt VathH IS e e i GRS PL40 A RS SR 1 T8 EFAMED 15: 1. A
fuel additive g%gg)osition comprising a synergistic combination of: (a) a hydrocarbyl-substituted

succinimidéSF&E e, and (b) a compound of formula (Ill): u H ICI N N - N ;N N+ Gf C-. NH NH
RJ (lll) and tautomers and enantiomers thereof,

[0053] For the purposes of this specification and appended claims, unless otherwise
indicaied, 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 ferm “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are approximations that can vary depending upon the desired properties sought
to be obtained by the present disclosure. At the very leaét, and not as an atiempt to
iimit 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 technigues.

[0054] While particular embodiments have been described, alternatives,
modifications, variations, improvements, and substantial equivalents that are or can be
presently unforeseen can arise {o 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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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. 2. The
fuel additive composition of claim 1, wherein the compound of formula (lll) comprises the reaction
product of (i) a hydrocarbyl carbonyl compound; and (ii) an amine compound or salt thereof of formula
(D 15 P N;-!- IN' H--NFR 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 con¥nfd & kuardieralst a hydrocarbyl group containing from about 1 to about 20 carbon
atoms. 22 3. The fuel additive composition of claim 1, wherein the hydrocarbyl carbonyl compound
comprises a hydrbcarbyh & HRHEVEROPRER IR R BF &MY arye eagtshie F0812RAHR Yomposition of
claim 3, wherein the hydrocarbyl substituent of comprises a hydrocarbyl group having a number
average molecular weidft FaWGIRFREM -SHESH YR %ﬂ%‘%%gf%’. fu@ﬁgdditive composition of
claim 3, wherein the hydrocarbyl substituent compyises a polyisobutylene group derived from high
reactivity polyisobuten gﬁﬁ\‘fﬂ %?‘r‘éﬁ}s L%G%@%HBHEQ terminal olefinic double bonds. 6. The fuel
additive composition of claim 2, WhereiLrj (ii)?comprises a salt of aminoguanidine.

,

5 \‘\
N -— N h —— 1

(. .

o N A,

. o,
SN

H— CH, NA NH,
: (Hh)
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 to about 1:5.

2. The fuel additive Icomposition of claim 1, wherein the compound of formula
(l}) comprises the reaction product of
(B a hydrocarbyl carbonyl compound; and
(if) an amine compound or salt thereof of formuia (1)
MR

o 1
NH— C —~NH-~NHR

0
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.
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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 wt.% 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 wt.% to about 70
wt.%, relative to the total weight of the additive composition. 11. A fuel composition comprising: a
major amount of fuel; aﬁ@%fﬁﬁhﬁﬁﬁ%‘fﬁjﬁPW%@ﬁ@rﬁfﬁf@%a}twg%&‘ﬁﬁagit%ﬁf@&?fﬁﬁgﬁﬁfp @) a

hydrocarbyl-substituted succinimide dispersant, and (b) a compound of formula (Il}): H N--N N -N 11l
11 fl H7N ReMRQung &Qﬂép@ﬁ@ﬁ%é‘!ﬁW%H%bﬁ‘ﬂ@ﬁi&é%ﬂ'%WQ%H%?&'EE@F@&G},‘W')"*Q

4. The fuel additive compaosition of claim 3, wherein the hydrocarbyl
substituent of comprises a hydrocarbyl group having a number average molecular
weight ranging from about 100 to about $,000.

5. The fuel additive composition of claim 3, wherein the hydrocarbyi
substituent comprises a polyisobutylene group derived from high reactivity
polyisobutenes having at least 60% or more terminal olefinic double bonds.

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

amihoguanidine bicarbonate.

9. The fuel additive composition of claim 1, wherein (a) is present in an
amount ranging frem about 1 wt.% 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 wt.% fo about 70 wt.%, reiative {o 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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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 amine compound or salt thereof of formula
() N "L-C-NN-t'-NH (1) 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 hydfBhR AN YHEAMRMFBHERIIGR SHEMENER §HBRISAOLA %0 about 20 carbon
atoms. 13. The fuel cone osition of clajm_11, wheregin the hydrocarbyl carbonyl compound comprises a
hydrocarbyl-substituted g?caam%’b’% ia'f P%%ﬂ& . 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 T00 tﬁ-«qbout 5,000. 15. The fuel composition of claim 13,
wherein the hydrocarbyl substitaefit comprisesia-pelyisobutylene group derived from high reactivity
polyisobutenes having at ledst 60@{0 or more te%tninéjl olefinic double bonds. 16. The fuel composition
of claim 12, wherein (ii) com“ﬁni\:ses"é\salt of am’?hpgu’énidine. 17. The fuel composition of claim 12,
wherein (i) comprises aigalt of i CH —— CH, NH  NH,

2

11—

(Hh
and tautomers and enantiomers thereof,
wherein R® is a hydrocarbyl group having a number average molecutar weight
ranging from about 100 to about 5000, and
wherein the weight ratio of (a) to (b) ranges from about &:1 to about 1:5.
12.  The fuel compaosition of claim 11, wherein the compound of formuia (1lt})
comprises the reaction ;ﬁroduct of
i a hydrocarby! carbonyl compound; and
(if) an amine compound or salt thereof of formula (1)
M

! i
N — C =R

< (1
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.
13.  The fuel compaosition of ciaim 11, wherein the hydrocarby! carbonyl

compound comprises a hydrocarbyl-substituted dicarboxyiic acid or anhydride.
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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 to 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 deactivatars, dyes, markers, corrosion inhibitors,
biocides, antistati@addifiteSugh&gTRARHIRY é’é@*ﬁ@f?i%ti&h%ﬂiﬁ?—.ﬁg]y&gﬂﬁﬂ%t?ﬂ}e?g,bémﬁf%ﬁ‘ﬁers,
dehazers, anti-icing additives, antiknock addjtives, surfactants, cetane{\ improvers, corrosion inhibitors,
cold flow (SRS AOHHRRA B EFRUERRUINSLR, BHEDGE AV AR ST RIGALIR) ARAR denalaeeios
pressure agents, Zaviscosit index improvers, seal swell agents, amine stabilizers, combustion
improvers,gtb‘?éﬂélg ﬁ?s?%‘r'l?c/]%%ty improvers, metal deactivators, marker dyes, organic nitrate

o B R Ry B B R o
A R e A R RS A S
least 60% or more terminal olefinic double bonds.
16.  The fue! composition of claim 12, wherein (i) comprises a salt of
aminoguanidine,
17.  The fuel composition of claim 12, wherein (i) comprises a sait of
guanidine.
18.  The fuel composition of claim 12, wherein (ii) comprises aminoguanidine
bicarbonate.
18.  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 to about 200 ppm.
21.  The fuel composition of claim 11, further comprising at least one additive
seiected 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, emuisifiers, dehazeré, anti-icing additives, antiknock additives,
surfactants, cetane improvers, corrosion inhibifors, cold flow improvers, pour point

depressants, solvents, demulsifiers, lubricity additives, extreme pressure agents,
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I* I N-Ni'r, I~) NU CH" OH:. Lii N32.. (Ill) and tautomers and entantiomers 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. 26
CONDUCTIVITY-IMPROVING ADDITIVES FOR FUEL ABSTRACT A fuel additive composition, fuel
comprising said additive, and methods of use thereof are provided. The fuel additive composition
comprises a synergistic combination of a hydrocarbyl-substituted succinimide dispersant and a

* compound"ETEREITYANEeRIIRIAYEIR: FoRt SWEN28eD iy e ice-sEaNlizars. FoMbYSHAR NGRS and
enantiomers thereof, wherein R3 is a hydrocarbyl group having a number average molecular weight
ranging frotSRBEAMBCRNAHEIYIBOFPaNarHERH dRESUNRIRI R SEE S RAYESHEIR about 5:1

to about 1:5. The fuel additive composition is pr sentl in fuel in an amaount sufficient to improve the
conductivit&gWSBéarﬂ%%@ialtﬁ’ésdeananese tricarbonyl compounas, and mixtures thereof.

22. 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 formuila ({ll}:

|
= (it
and tautomers and entantiomers 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 {o about 1:5.
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CONDUCTIVITY -IMPROVING ADDITIVES FOR FUEL

ABSTRACT
A fuel additive composition, fuel comprising said additive, and methods of use
thereof are provided. The fuel additive composition comprises a synergistic

combination of a hydrocarbyl-substituted succinimide dispersant and a compound of the

following formuia:

yH H\
~,
jg —— B o —
o .
p _,\g\‘ g u\‘ l/n_x ;"'J\"e;,
N ONH CH-——CH,NH NE,
I
i

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. The fuel additive

composition is present in fuel in an amount sufficient to improve the conductivity

properties of the fuel.
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