DIESEL FUEL ADDITIVE

TECHNICAL FIELD

{GGGI] The disclosure is directed to certain diesel fuel additives and to diese] fuels and
diesel fuel additive concentrates that include the additive. In particular the disclpsure is directed
to methods for improﬁring the fuel é’conomy and cleanliness of fuel injectors, filters, and fuel

delivery systems for compression ignition engines.
BACKGROUND AND SUMMARY

[0002] The indirect injection diesel engine has now given way in the market place almost
entirely 10 more modern direct injection light duty diesel engines for reasons of fuel economy,
performaﬁce and low emissions However, direct mjeclmn dzesei engmes are much more
‘ SOphlelcath than the earfier indirect injection engines and reqmre more precise cahbrauon be
maintained in order to maintain their design perfonnance '{‘he mjectors, key components i the
performance of the engine, are vulnerable to havmg their operation perturbed by foulmg from

deposits resuit:{ng from injection or combustion of fuel.

[0803] Direct injection engines may also use a high j)ressure common rai} fuel sys}[em or
a unity injection system. Recent problems have ansen with the use of low sulfur and ulira low
sulfur diesel fuels whél_l used in such high pressure common rail fiel systems‘. By “high
pressure” herein is meant those pressures m diesel fuel systems that are equal fo or greater than
15,000 psi (greater than or equal to 1000 bar). Such probigms’ are evident by occuﬁcnce of -
sediment in the fuel additive, packages, mfternal injector ldeposits, and injector sticking.
.Accordingly, there was a need to provide fuel additives that are effective to reduce the amount of

deposiis in the fuel systems and/or effective to clean up fouled fuel systems.

[0604] In view of the foregoing and other needs, embodiments of the disclosure provide a
diesel fuel additive composition, a fuel containing the fuel additive, a nhejfhod for improving
diesel engine performance using the additive. The diesel fuel additive includes a reaction
| product of (a) a hydrocarbyl-substituted acylating agent and (b) a reactant selected from the
‘group cénsisﬁng of a nﬁrogcn—-céntaining compound, a hydroxyl-containing compound, and
water that pr0v1des a reaction product selected from the group consisting (1) a mono-

" amide/mono-acid or metal free mono-acid salt thereof, (2) a d1ac:1d or metal free diacid salt
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thereof, and (3) mono-ester/mono-acid or metal free mono-acid salt thereof, wherein the reaction
product includes at least about 10 molar percerit of acid groups based on total moles of the
reaction product.

{00042} In one aspect, there is provided a diesel fiel additive composition comprising: a reaction
product of (a) a hydrocarbyl-substituted acylating agent and (b) a reactant selected from the group
consisting of ethylenediamine, diethylene triamine, triethylene tetramine, tetraethylene pentamine,
pentaethylene hexamine, ammonia, aminoguanidine bicarbonate, guanidine, piperazine, methylpiperazine,
anuno-pyrimidine, aminotriazole, and aminotetrazole, C,-Cs-alkanolamines, N-cthanol-ethylenediamine,
hydroxyethy! pyridine, and water that provides a reaction product selected from the group consisting (1) a
mono-amide/mona-acid or metal free mono-acid salt thereof, and (2) mono-ester/mono-acid or metal free
mono-acid salt thereof, wherein the reaction product includes at least 10 molar percent acid groups based
on total moles of the reaction product,

[0004b] In another aspect, there is provided a low sulfur diesel fuel comprising the diesel fuel additive
composition as defined above.

[0004c] In another aspect, there is provided a method for improving the performance of an engine
combusting a diesel fuel having 50 ppm by weight or less sulfur, said method comprising: combining a
low sulfur middle distiilate fuel with a fuel additive comprising a reaction product of (a) 2 hydrocarbyl-
substituted acylating agent and (b) a reactant selected from the group consisting of ethylenediamine,
diethylene friamine, triethylene tetramine, tetraethylene pentamine, pentaethylene hexamine, ammonia,
aminoguanmdine bicarbonate, guanidine, piperazine, methyipiperazine, amino-pyrimidine, aminotriazole,
and aminotetrazole, Cy-Cs-alkanolamines, N-cthanol-ethylenediamine, hydroxyethy! pyridine, and water
that provides a reaction product seiected from the group consisting (1) a mono-amide/mono-acid or metal
free mono-acid salt thereof, and (2) mono-ester/mono-acid or meial free mono-acid salt thereof, wherein
the reaction product includes at least 10 molar percent acid groups based on total moles of the reaction
product; and combusting the additized fuel in the engine, whereby the performance of the engine is

improved relative to the performance of the engine in the absence of the fuel additive.
J6005] In another embodiment of the present disclosure provides a method for improving
the performance of én engine combusting a diesel fuel having less than 50 ppm by weight or less
sulfur, typically less than about 20 ppm sulfur by weight based on a total ﬁreight of the fuel. The
method inchudes combining a low sulfur middle distillate fuel with a fuel additive comprising a
reaction product of (a) & bydrocarbyl-substituted acylating argen‘; and (b} a reactant selected from
the gfoup consisting of a nitrogen-containing compound, a hjldfoxyl—containjng compound, and
water that provides a reaction product selected from the group conéisting (13 ‘2 mono-
amide:/moan'acid‘(}r metal free mono-acid salt thereof, (2} a diacid or metal free diacid sait
tﬁ'ereof, and (3) mono-ester/mono-acid or metal free mono-acid salt thereof, wherein the reaction
- ﬁfoduct inchades at least aboﬁt 10 molar percent acid groups based on total moles of the reaction -
| prod:uc't. The additized fuel is éqmbusted in the engine, whereby the performance of the engine

is improved relative to the performance of the engine in the absence of the fucl additive.



{0006] Yet anothef"embc}dﬁnenf of the discloswre provides a low sulfur diesel fuel
éomposition suitable for a high pressure compression ignition cngiﬁc. The diesel foel
composition includes 2) a major amount of low sulfur diesel fuel, and b) a minor amount of
additive for reducing injector and fuel system dcpoéits: The additive is a reaction product of (3) a
hydrosarbyl-subsﬁtute& acyiaﬁ_ng agent and (if) a reactant selected from the group consisting of a
nitrogen-containing compound, a hydroxyl-contaning compéund, and water that provides a
reaction product selected from the oroup consisting (1) a mono-amidemono-acid or metal free
mono—acid salt thereof, (2) a diacid or metal free diacid salt thereof, a;ﬁd (3) mono-ester/mono-
acid or metal free méno—acid salt thereof, wheremn the reaction product includes at least about 10
molar perﬁ:ent_ acid groups based on total moles of the reaction prod ot U
[6806a] In anather aspect, there is provided a low sulfur diesel fuel compositdon snitable for a high
pressure compression ignition engine, comprising: a) a2 major amount of low sulfur diesel fael, and b) a
minor amount of additive for reducing injector and fuel systemn deposits, the additive comprising: a
reaction product of (i) a hydrocarbyl-substituted acylating agent and (ii) a reactant selected from the group
consisting of ethylenediamine, diethylene friamine, friethylene teframine, teiracthylene pentamine,
pentaethylene hexamine, ammonia, aminoguanidine bicarbonate, guanidine, piperazine, methylpiperazine,
amino-pyrimidine, aminotriazole, and aminotetrazole, C,-Cs-alkanolamines, N-ethanol-ethylenediamine,
hydroxvethyl pyridine, and water that provides a reaction product selected from the group consisting (1} a
mono-amide/mono-acid or metal free mono-acid salt thereof, (2) mono-ester/mono-acid or metal free

monao-acid salt thereof, wherein the reaction product mnciudes at least 10 molar percent amd groups based

~h

on total moles of the reaction product,
P

[0607] In another aspect, there is provided a method for increasing fuel economy of a vehicle, comprising
combusting the diesel fuel composition as defined above
wherein said fuel economy increase 1s defined by power recovery, and said power recovery is

greater than 50 % as determined by the formula

Power recovery = (DU-CUYDU
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wherein DU is a percent power loss during a dirty-up phase without the additive, CU is the
percent power loss during a clean-up phase with the fuel additive, and power is measured

according to a Coordinating Furopean Council (CEC) F98-08 DW 10 test.

[00608] - According to one or more embodiments of the disclosure, the additive for use in
diesel fuel may provide benefits that include, but are not Jimited to: a) maintéining clean fuel
delivery syétcms_ iﬂéluding injectors and fuel filters; b) an ability to clean-up dirty or fouled foel
delivery systems; ¢) a contribution to boosting or increasing fuel economy; d) reducing
combustion systern deposits; e) reducing fuel system corrosion; f) and improving hubrication of
the fuel system and combustion chamber. The additives of the disclosure may provide similar

benefits to other middle distiliate fﬁéls, sach as home heating oils, marine fuel, and jet fuel.
BRIEF BESCRIPTION OF THE DRAWING

0069] _ FIG. 1 s a graphical iliustration of power loss over time for an additive according

to the disclosure and a comparative additive in a diesel engine.
‘BETAiLE}) DESCRIPTION OF DISCLOSED EMBODIMENTS

00610} Further features, embodiments and advantages thereof may be provided by the
. foliewing detailed description of embodiments of the disclosure. An important feature of the
embodiments described herein is that the reaction product used as an additive component of the
fuel contains less than about 90 mqllar percent of an imide and essentially no diamide, or diester
éomponents based on a total moles of the reaction product as determined by Founer transform
mfrared spectrosaofy’ {FTTR). For example, the reac.:_tic}n.product may contain less than 70 moiar
percent of the tmide énd suitably from zbout O to about 60 molar percent of imide based on total

moles of the reaction product.

[06611] Another important feature of the embodiments described herein is that the
. reaction product contains at least about 10 molar percent acid groups based on fotal mﬁle& of the
reaction product.  For example, the reaction product may contain from about 10 to about 20
molar percent or more acid groups. In another ﬁxampia the reaction product may contain from
about 20 to about 50 molar percent acid g;m.ups. In vet another example, the reaction product

raay contain about 100 molar percent acid groups.
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[60012] While it is difficult to determine fully the components of the reaction product, for
" the purposes of fhis disclosure, thie reaction product will be characterized by its primary or major
‘component made from the reactants. For example, deperiding on the reactant (b), each di-
carboxylic aéylating'agent moiety in the reaction product may be primarily a diacid or a metal-
free diacid salt thereof, a mono~amide/moqo—acid or metal-free salt thereof, or 2 mono-
ester/mono-acid or metal-free salt thereof as described in more detail below. In each case where
the reaction product includes. an acid or salt moiety, the acid or salt moiety may actually be a
mixture of acid and salt moieties. It will be appreciated that the reaction product may alse
mclude unreacted components and/or byproducts that may be a major or minor portion of the
reaction product. However, with all of the reactants (b), the reaction produet will desirably

' contain at least one metal-free carboxylic acid group of nitrogen-containing salt thereof.

[00913] . The first component used to' make the reacfion -iar.odﬁct’ is a hydrocarbyl --
substituted acylaﬁng agént. The molecular weight of the hydrocarbyl acylating agent may be
determined by gel perméation chrdmatography (GPC). The GPC separation- method involves
column chromatography in which the stationary phase ié a heteroporous, solvent-swollen
ﬁolymer network of a polystyrene gel varying in permenbility over many orders of magnitude,
As the quuid phase (tétrahydioﬁ:ran)'contahﬁng the polymer sample pasé@s’ throuéh the gel, the
polymer inoleq;les diffuse into all parts of the gel not mechanically barred to them. The smaller
molecules "peﬁﬁeate" more completely and spend ﬁlore time in the column; the larger molecules
"permeaic” less and pass —thrqugh the column n_ldre rapidly. The M, and M, values of the
hydrébarbyl acylating agént may be obtained by comparing distribution data oﬁtajned from the
GPCtoa seriés of calibration standards of polymers of known molecular weight. The average
molecular weight of the hydrocarbyl acylating agent according fo the embodiments of the
disclosure may be determined by GPC sing a polystyrene standard.

[00@ 1'4] For the purposes of the disclosure, the term “hyd.récarbyi group” or "hydrocarbyl”
is used in its ordinary semse, which is well-known to those skilled in the art. "Specifically,
hydrocafbyl refers té a group having a carbon atom direcily attached to the remainder of a
molecule and having a predominantly hydrocarbon character. Examples of hydrocarbyl groups

inchude:



(1) hydrocarbon substituents, that is, aliphatic {e.g., alkyl or alkenyl), alicyclic (e.g.,
cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and alicyclic-substituted
. aroimatic rspbstituents, as well as cyclic substituents wherein the ring is completed through

another portion of the molecule (e.g., two substituents together form an alicyclic radical);

(23 'Subgﬁtuied - hydrocarbon substituents, that is, ,substlitugnts contéining non-
hy&‘oéérbon. roups which, in the context of the deécription herein, do not alter the
_ predominantly hydrocérbon substituent {e.g., halo (especially chloro and - fluoro),
hydroxy, alkoxy, mercapto, alkylmercapto, nifro, nitrose, and sulfoxy); '

(3) hetero-substituents, that is, substituents which, whiié having a predominantly
hydrccarbén character, in the context of this description, contain other ﬂl&ﬂ carbon in a
ring or chain otherwise comﬁ)osed of carbon atoms. Hetero-atoms include sutfur, oxygen,
nitrogen, and encompass "Sﬁbsti‘meﬁts such as pyridyl, furyl, thienyl, and imidazolyl. In
general, no more than two, or as a further example, nb more than one, non—hydrdcarbon
subs}:ituént ‘Wiu ‘be'prescnt for every three carbon atorns in the hydrocarbyl group; in
some embodiments, there will be no non-h&dmcarbon substituent in the hydrocarbyl
© group. | 7

tﬂﬂﬂli} In an aspect of the disclosed embodiments, the hydrocarbyl substituent of the
: -hydrddarbyl—subs‘;ﬁimed acylating agent may be derived from an alpha~oléﬁn, internal-olefin, or
po’ifoi.eﬁn having more than 12 carbon atoms. Non-limifing examples if alpha-olefins inctude 1-
‘ he)éaci_ecene,. .1 m'tetradécenc,—-l —Qcﬁdecéne? .and mixtures of Cia to Cys alpha-olefins. Polyolefins
includé,yb‘ut are néf Iin’:xit:edvto, highly Branchcd polyethyiene, ethylene aipﬁa—ole’fm copolymers,
polypropylene, and butene polymers, for example polymers of isobutylene.  Suitable
polyisobutenes for use herein include those formed from polyisobutylene or highly reactive
polyisobutylene having at least about 60%, such as about 70% to about 00% and above, terminal
vinylidene content. Suitable polyisobutenes may include those prepared using BF; catalysts.
The average number molecular weéight of the hydrocarbyl substituent may vary over a wide
range, for example from about 100¢ 1o about 5600, such as from about 500 to about 5000, as
determined by GPC as described above. A particularly useful additive contains polyisobutenyl
: group of the hydroéaxbyl;subs{ituted écyiatiﬁg agent having a number average molecular weight

(M,,) in the range of from about 350 to 2300 as determined by GPC.



[6001 6] The carboxylate componént' of the acylating agent may be selected from a
dicarboxylic acid or a glycolic acid or anhydride thereof or glyoxal. For cxample, the
carboxylate component may be a succinic acid or anhydride made from maleic acid o;r'
anhydride. When the acylating ageni“. is not a succinic aﬁcid‘or anhydride derivative, carbdxylic
reactants other than m.aleic anhydride may be employed such as ftim_&ri'c acid, glutaric acid,
glutacoritc acid, malic acid, Itaconic acid, itaconic anhydride, citrac.onic aéid, citraconic
anhydride, mesaconic acid, ethylmaleic anhydride, dimethylmaleic anhydride, ethylmaleic écid,
dimethylmaleic acid, hexylmaleic acid, and the like, including the corresponding acid halides
and lower aliphatic esters. A mole ratio of maleic anﬁydride to hydrocarbyl component m the
reaction mixiure may vary widely. Accordingly, the mole ratio may vary from about 5:1 to about
1:5,‘Af5f' eXample from dbout ‘31 to about 1:3, and as. a ﬁn"ther example, the dicarboxy-lic
cbmpone‘nt may be used in stoichiometric excess fo force the reaction to completion. A
particalarly useful hydrocarﬁyl acylating agent may have a molecular weight distribution of
. weig“bt average molecular weight (M) to number average molecular weight (M) of greater than
L4 M/ Mﬁ} in the reaction product, The unreacted flicarboxylic component méy‘_ be removed by

vacuum distillation.

160017] - As used heiein, the term “major amount” is understood to mean an amount greater
than or equal to 50 wt. %, for example from about 86 to about 98 wt .% relative to the total
weight of the con&po sition. Moreover, as used herein, the term “minor amount™ is understood 1o

mean an amownt less than 50 wt. % relative to the total weight of the composition.

160018]  “Middle distillate fuel” as used herein lmay be, for example, a naphtﬁa., kerosene
or diesel fuel composition. It may be a heating oil, an indusirial gas oil, a drilling oil, an
-automoative diesel fuel, a distillate marine fuel or a kerosene fuel sx;ch as an aviation fuel or
‘eating kerosene. Tt may in particular be a diesel fuel composition. More particularly, a middle
distillate fuel is a fuel that is suitable andfoi ‘adapted and/or intended for wse i an internal
combustion engine; for example an automotive fuel composition, and/or adapted and/or intended
for use in an antomotive diesel (cbmpression ignition) engme. Such middle distillate fuel may be
organically or synﬂleﬁcaily derived, for example a petroleumn derived or Fischer-Tropsch derived
gas oil. A middle distillate fuel may have boiling pointé within the usual diesel range of frén:n
125 or 150 to 400 or 550° C., depending on grade-and use. A density of the middle distillate fuel
may range from 0.75 t0 1.0 gfcmi for example, from {)."8 to 0.86 g/cm’, at 15° C. and a measured
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' cetane number {ASTM D613) of from 35 to 80, suitably from 40 to 75 or 70. An ipitial boiling -
point of a middle distillate fuel may suitably be in the range 150 to 230° C. and the fuel may
have a final boiling point in the range 290 to 400° C. A kinematic viscosity of the middle
distillate fuel at 40° C. (ASTM D445) might suitably range from 1.5 to 4.5 mm?/s (centistokes).

106019] The diesel fuels of the disclosed embodiments may be applicable to the
0peratidn of both stationary diesel engines (e.g., engines used in electrical power generation
installations, in pumping stations, eic.) and ambulatory diesel engines (e.g., engines used as

prime movers in automobiles, trucks, road-grading equipment, military vehicles, efc.).

{00020] It is noted that, as. used in this Spéciﬁcati.on and the appeﬁded claims, the singular
férms “a “ap,” and “the,” include plural referents u;ﬁcss expressly and unequivocally limited to

| one referent. Thils, for example, reference to “an antioxidant” includes two or more different
antioxidants. As used iierein, the term “include” and its grammatical variants are intended to be |
non-limiting, such that recitation of items in'a list 1s not to the exclusion of other like items that
can be substituted or added to the listed iletms - |
[60021) As set forth above, it has been found, unexpectedly, that reducing the amount of
imide reaction prodixct in the additive may provide significant advantages with respect to certain

low sulfur diesel fuéls, particularty when used in diesel engines having a high ﬁressu.re cemmdn

* rail injector system. In order to reduce the amount of imide formed in the reaction product, the

amount of reactant reacted with the hydrocarbyl acylating agent may be controlled to no more

than 1 equivalent per equivalent of hydrocarbyl acylating agent.

[00922} In one embodiment, the reaction product used as the édditive containg less than
about 90 molar percent imide., for example, less than about 70 molar pex%eﬁt imide, and suitably
Trom about 0 to about 60 molar percent imide. The reaction" product may also be essentially
devoid of diamide reaction products and diester reaction products. In order to provide the
foregoing reaction product, the hydrocarbyl acylating agent is reacied with a nitrogen-containing
compound, a hydroxyl-containing compound, or water.

[00023] The mﬁogenvcontaiiling compound may be sclected from an amine, a
- polyamine, ammonia, aminoguanidine, piperazine and pipérazine derivatives, aminotriazole,
morphine, aminotetrazole, hydrazine, guanidine, amino-pyrimidine, and the like. Any of
nunerous amines, polyamines and the like may be used in prepaﬁng the reaction product. Non-
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limiting examples of amines include methylamine, 2-ethylhexylamine, n-dodecylamine,

© gtearylamine, ' N,N-dimethyl-propanediamine, N~(3-amiﬁbpr0pyl)merpho}jne, N-dodecyl- ...

. propanediamine, N—amindp:opyl—p_};pgmziue, and the like.

[160624] Non-limiting exemplary polyamines may include aminogranidine bicarbonate
(AGBC), cthylencdiamine, dicthylene triamine (DETA), triethylene tetramine (TETA),
tétfaethylene pentamine (TEPA), péntae‘thyiene hexamine (PEHA)} and heavjr polyamines. A
- heavy polyamine may comprise a mixture of polyalkylenepolyamines having small amounts of
lower polyamme oligomers such as TEPA and PEHA, but primarily oligomers having seven or
' more mits Ogen. atoms, two or more primary amines per molecule, and more extensive bramhmg
\ than co_nvenﬁonal polyamine mxiures. Addj.tio_nal. non-limiting polyamines which may be used
1o prepare the hydrocarbyl-substituted additive componert are disclosed in U.S. Pat. No.
! '6 ,548,458, the disclosure of which is ‘incofporated herein by reference in its enﬁrety In an
embodlment of the dzsclosum, the pol}amme may be selected from teiraethylene pcntammé

. (TEPA}

{06025] ' ‘Hydroxyl-containing compounds, include, but are not limited 1o, ethanolamine,
éisthano‘imn:iﬁe, triethanolamine, N-ethanol-ethylenediamine, C; to Cy3 alcohols and the like.
[6(}026] In an embodlment the addilive comp()ncnt may include compounds of

:f‘ollowm.ﬂr formula

Ay

| 7 QH _ | {1
and ammonia or émine salts thereof, wherein R represents a hydrocarbyl group having 10 or
more atoms and R reprtﬁ;sents OH, an alkoxy group, an amine, a polyamine, or an alkoxyamine
moiety,‘provic;led_ thgt R has more than 12 carbon atoms when R! is OH. For example, when
polyisobutylene substituted maleic anhydride is reacted with methyl piperazine, the reaction

product may contain a major portion of a compound of the formula:
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(2)
whérein PIB is a polyisébu‘fylene group. Reaction of ,polyisobutylene substituted Iﬁ&leic

“anhydride with aminotetrazole may provide a compound of the formula:

LR

M 7 e

reaction with 2-hydroxyl ethyl pyiidine ﬁiay provide a compound of the formula: -

€
=
[ ©
Pl ﬁwﬂ"“’“‘?
Lﬂqﬂ\,
o D
" {4);
reaction with iz*ietﬁanolamiﬁg may prbvidc a compound of the formula:
. (3%



arid reaction with water may provide a compound of the formula:

jrsviomond 43

H

FIB

CH | | (6).

{00(}2?’} . The foregoing additive may made with a molar ;?atio of (a) hydrocarbyl-
- substituted ‘acylating agent to (b) reactant in the reaction medivm in the range 10:1 to 1:10.

" Other reaction conditions are exemplified in the examples contained herein,

(00028 “When formulating fuel containing the additive as d‘eéé:n'bgad herein, the fuel may
contain an aﬁ:noﬂnt of addfﬁve ranging from -about 10 to about 10,000 Ppmw per volume of fuel,
such as from about 80 ppmw to about 200 ppumW per volume of fuel. For example in order to
.mamtam ‘fhc u}pa.uhﬁ ss of the fuel sys‘iem and injectors, the fuel may contain from about 10 to
- about 100 ppmw per volume of fuel. However from about 100 to aBout 200 ppmw per volame
-of fuél ray be used to clea:n~up a fouled fuel system in order to restore POWET OVEr & relatlvely-
short penod of time. In aspects where a carrier is employed to prowde a composmon containing
the additwc to tha fuel, the additive composmons may contain, on an active ingredients basis, an
anfiotint of the carrier rang‘ing from about 10 mg fo about 1000 mg of carrier per kg of fuel, such
| as about 25 mg 1o about 700 mg of carrier per kg of fuel. The active ingredient basis excludes
the we;ght of (1) unreacted cemponents agsociated with and remammg in the additives as
pmdﬁced and used, and (ii) solvent(s), if any, used in 1he manufacture of the disclosed additives

either &u:ring or after its formation but before addition of a carrier, if a carrier is employed.

{9{}{529} . The additive of the present disclosure may be blended into a base fuel
individually or in varicus sub-combinations. 'In some embodiments, the additive of the present
disclosure may be blended into a fuel concurrently using an additive concentrate, as this takes

advantage of the mutual compatibility and convenience afforded by the combination of
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ingredients when in the form of an additive concentrate. Also, use of a concentrate may reduce

blending time and lessen the pos;sibility of blending errors.

[60030] One or more additional optional additives may be present in the fuel
compositions disclosed herein. For example, the fuel composiﬁons may contain antifoam agents,
additional dispersants, detergents, antioxidants, thermal stabilizers, carrier fluids, metal
deactivators dyes, markers, corrosion inhibitors, ‘biocides antistatic addjtives- drag reducing
'agents friction modiﬁers demulsifiers, emulsxﬁers dehazers, anti-icing additives, antiknock
additives, surfactantc: cetane improvers, co1rosion mbibxtors cold flow ImpI'OVBI‘S, pour point
depressants, solvents, demulslﬁers, lu’bnmty addifives, extreme pressure agents; viscosity index
imiprovers, seal swell agénts, Aamine' stabilizers, combustion improvers, dispersants, conductivity
improvers, organic nifrate ignition accelerators, manganese tricarbonyls compounds, and
' mjﬁéfures'ﬂicreof. In some aspects, the fuel additive compositions described herein may contain -
-' about 10 wt.% or less, or in other aspects, a’oo;zt 5 wt.% or less, based on the total weigﬁt of the
additive or fuel composition, of one or more of the above additives. Similarly, the fuel
-cdmposﬁtions may contain suitable amounts of fuel blending components such as methanol-,
“ethanol, dialky! ethers, and the like. '

[00031]1 Tn order to. further illnst:ra{e features  and advantagés of the {iisclosed
h emﬁbdi'ments, the following non-limiting examples are provided. For the ﬁumoé,es. of the
' ._ltbﬂowing‘ examples, thc‘molectﬂar Weigﬁt of the additives was measured by .gel permeation
-chromat_qg‘_raphy (GPC) With tetrahydrofuran (THF) as a solvent. Polystyrene standards of

desired molecular weight ranges were used as the standards.

Comparative Example 1

100632] A foel additive was produced from the reaction of polyisobutylene sucenic
anhydride (PIBSA) with a polyamine (PAM), in this case, tetracthylenepentamine (TEPA) ina
molar ratio of PIBSA/PAM =1/1. A modified procedure as disclosed in U.S. Patent No.
5,752,989 was used to make the reaction product as foilowé-: ‘P}.TBSA (551g) was diluted in 200
gram of Aromatic 150 solvent under a nitrogen atmosphere. The mixture was heated to 115° C.
112 grams of TEPA was then added through an addition funnel.. The addition funnel was rinsed
with additional 50 grams of Aromatic 150 solvent. The reaction mixture was heated to 180° C

- for about 2 hours under a slow nitrogen sweep. Water was collected in a Dean-Stark trap during
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‘the reaction. ~The product was obtained as a brownish oil. Fourier transform infrared
spectroscopy (FTIR) analysis showed an area ratio of imide (1701 em-1) to amide (1670 cm-1)

of 22:1 in the reaction product.

Comparative Example 2

100033} An additive was made ‘as described in Example 1 except that the TEPA was
replaced with diethanol amine. FTIR analysis showed a mixture of ester (1735cm-1) and amide
(1637cm-1) groups ;ind there was no indication of imide, carboxylic acid, or carboxylate

functionality in the reaction produet.

Comparative Example 3

[00034] An additive was made as described in Example 1 except that each mole of TEPA

was replaced with 2 moles of 4-methylpiperazine.

Comparative e:mmplé 4

: .{{}0635} An additive was made as described in Example 1. The reaction produci was then
further reacted with 1,8-naphthalic anhydride per mole of PIBSA in the reaction product.

Comparative example 5

[08636] An additive was made similar to that of Example 1 except that TEPA was
replaced With'amiﬁogﬁahidjm bicarbonate. The reaction product was then further reacted with 1

molé TEPA per mole of PIBSA in the reaction product.

Comparative example 6

[00037] An additive was made as described in Example 1 except that PIBSA was replaced
with an alkenyl succinic anhydride where the alkylenyl group had an avém'ge of 16 carbons and
TEPA was replaced with a polyetherdiamine. |

Comparative example 7

[00038] A mixture was made with the reaction product of Example 1 and a
‘bisaminotriazole that was made following the general procedure of Example 1 in U.S. Patent No.

5,174,915, with the exception that a 950 molecular weight polyisobutylene (PIB) was used.

Example 8
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[00039] An additive was made similar to that of Example 1 except that the temperature
was not raised to 180° C during the reaction and no extra effort was made fo.remove water
during the reaction. The reaction product was neutralized With a tertiary amine in a molar ratio

of 1/1 (PIBSA/tertiary amine). FTIR analysis showed the area ratio of the imide to amide was

about 1:1.
Example 9 ‘
[60840] An additive was made similar to that of Exa;rﬁpie 1 except that TEPA was

replaced with aminoguanidine bicarbonate.

Example 10
~[00041] An additive was made as descu'bcd in Example 1 except that each mole of TEPA
was replaced with 1.5 moles of water and reaction was carried out velow 800 C. The reaction

mixture was filtered through a filter aid.

Example 11

[66642] An additive was made as described in Example 10 except that that PIBSA was
teplaced with an alkenyl succinic anbydride (ASA) having from about 20-24 carbons in the
alkenyl group. o '
Example 12
. 1600431 = An additive was made similar to that of Example 1 except that TEPA was

replaced wjth 3-amino-tetrazole.
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Example 13

[60044] - An additive was made as described in Example 11 except that water was replaced

with triethanol amhine. The mole ratio of ASA to tricthanol amine in the reaction mixiure was 2

{0 1.
E);am ie 14
[00645] An additive was made accordiﬁg to Example 3 except that the molar ratio of

PIBSA to 4-methyl piperazine used in the reaction mixture was a 1 to 1 molar ratio. FTIR

analysis showed acid {1716¢cm-1) and amide { 16460113-1-) groups 1n the reaction product.

Example 15

- [60046] ' An addi‘;ive was made according to Example 14 with the exception that 4-methyl
piperazine was replaced by 2-hydroxyethyl pyridine.

' - - Example 16
[60047]  An additive was made according to Example 1, except that the reaction product

was exposed to moisture vapor for an extended period of time. FTIR showed ratio an area ratio

of imide (1 698 cm-1) to amide (1648 cm-1) of 1:10 in the reaction product.

__{00848}. in the following examples, the effect the additives made according to methods of

" Examples 8-16 had on diesel fuel for high pressure common rail diesel fuet systemns was
evahiated. A DWI0 test that was developed Coofdhaﬁ_n‘g Eurépean Council (CEC) was used to

_demonsirate the propensity of fuels to provoke fuel iﬁjector fouling and was also used to
démonstrate the ability of certain fuel additives to prevent or control these deposits. An engine |

dynamometer test stand was used for the installation of the Pengeot DW10 diesel engine for |

. runping fhe CEC F-98-08 tests. The engine was a 2.0 liter engine having four cylinders. Each
combustion chamber had four valves and the fuel injectors were DI piezo njectors have a Earo

YV classification.

[00049] The core protocol procedure consisted of running the engine on a fuel containing
1 ppm zine negdecanoate through a cyele for 8-hours and allowing the engine to soak (engine
~ off) for a prescribed amount of time. The foregoing sequence was repeated four times. At the

end of each hour, a power measureinent was taken of the engine while the engine was operating
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at rated conditions. The injector fouling propensity of the fuel was characterized by a difference

in observed rated power between the beginning and the end of the test cycle.

100650} Test preparation involved ﬂgéhin.g the previous test's fuel from the engine prior to
- removing the injectors. The test injectors were inspected, cleaned, and reinstalled in the engine.
If new injectors were sclected, the new injectors were put through a 16-howr break-in cycle.
Next, the engine was started using the desired test cycle program. Once the engine was warmed
| up, power was measured at 4000 RPM and full load to check for full power restoration after
cleaning the injectdrs, If the power measurements were within specification, the test cycle was
initiated. The following Taﬁe 1 provides a re;presentati_oﬁ of the DW10 coking cycle that Was'
used to evaluate the fuel additives according to the disclosure. - -

Table 1 - One hour representation of DW1§ coki;ig‘ cycle.

Step | Duration{mimates) | Engine speed Load | Torque(Nm) | Boost air after IC(°C)
o | | (rpm) (%) | -
1 2 1750 20 62 "~ 45
2 7 3000 60 173 50
3 2 1750 - © 20 62 ’ 45
4 7 3500 80 212 50
5 . 2 1750 20 62 45
6 10 - 4000 0 | * .50
7 2 1250 10 25 43
8 7 3000 100 - ® 50
9 2 1250 10 25 - 43
10 10 2000 100 * 50
11 2 1250 10 25 43
12 7 4000 100 * . 50

Examgl‘e 17

{00051} Diesel engine nozzle coking tests were conducted gcné*rally in accordant with the |
Peugeot DW10 engine following CEC F-98-08 proiocol of Table 1 with the exception that the ‘
engines were Tun for only an 8 hour cycle unless noted otherwise. The engine was run with
diesel fuel (PC10) with zinc neodecanoate without an additive to establish a baseline. In each of
the comparative examples, Runs 1-7, the additive was used at a treat rate of 50 ppmw per volume
. of fuel. Tn each of the inventive examples, Runs 8-15, the additive was used at a treat rate of 50
ppmw per volume of fuel. The power loss is an indication of the fouling of the injectors.

Ideally, in a keep-clean test, the power decrease should be zero. Negative numbers indicate
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power loss and positive numbers indicate power increase. Table 2 provides the power changes
for comparative examples and T abie 3 provxdes the power changes for examples acoordmg o the

embodlments of the disclosure

Table 2

Run | Comparative example reaction pi*aducts | Power change
No. B _ _ b '
1 Base fuel . ) -4.23
2 Comparative Example 2 . -3.62
3 Comparative Example 3~ ' -2.81
4 Comparative Example 1 (except this was run in the- engine for 16 hours) | = -4.41 -
5 Comparative Example 4 ~4.67
6 Comparative Example 5 - ' ' ‘ -3.74
i Comparative FExample 6 o . -3.53
Table 3
Ran | Inventive example reaction products Power change
No. - A N . , o
8 Example 10 _ _ 0.13
9 . | Example 10 g ‘ S 1.08
10 Example 11 o - L -1.22
11 Example 9 _ ' o121
12 | Esamplel2 . - . - L _ 0.58
13 Example 13 - K j 0.55
14 | Example 14 o (185
|15 Example 15 . -0.14
[00052] As shown by the significantly low power loss and power increase in Runs §-15,

additives friade according to the d:@sclésed embodiments are significantly better at keeping the
fuels systems clean than the comparatix'fe additives of Runs 1-7. FIG. 1 illustrates the % change
m rated power over a sixteen hour test period for Run 4 (A) and Run 9 (B} compared to the ideal

power loss of zero.

Example I8

[60053] In the folldwing examples, the ability of additives to clean up a dirty fuel system
was evaluated according to the test protocé‘l of Example 17. Unless indicated, the comparative

examples were obtained by running the engine without additive for 16 hours and then rurming
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the engine with the additive for 16 hours and determining the percent power improvemeént as a
result of engine clean-up with the additive. In the inventive examples, the engine was run
without additive for 8 hours and then for 8 hours for clean up, unless indicated otherwise. The

. percent power recovery was determined by the following formula
Power recovery = (DU-CUYDU

whererin DU is a percent power loss during a dirty-up phase without the additive, CU is the
percent power loss during a clean-up ‘\phase with the fue! additive, and power 1s measured
according to CEC F98-08 DW10 test. The comparative examples-are shown in Table'4 and the

inventive examples are shown in Table 5.

Table 4
Run | Comparative example reaction products Dirty | Clean Yo
Ne. ' Up Up | Power
' ' ‘ . , in¢rease
16 | Comparative Example 1 ) : - -4.74 | 446 5.
17 | Comparative Example 7 -3.83 1 -.302 2]
18 Comparative Example 1 with 32 hour Dmy up and 32 hour 6.1 | 465 24
Clean up - | . o
Table 5
Run | Inventive cxample reaction products Dirty | Clean %
No. | ‘ ‘ Up Up Power
: : increase
19 . | Example 9 . ‘ 247 1 0.56 77
20 Example 12 ' . 204 1 -045 78
121 Example 8 with 2 16 hour Dirty up and 16 hour Clean up -5.52 | -1.88 66
22 Example 16 with 32 hour Dirty up and 32 hour Clean up -5.61 | 283 | 50
[060054] . As shown by the foregoing examples Runs 19-22, the mmventive additive reaction

products provided a significant increase in power compared to the comparative examples of

Runs 16-18.

[60055] “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 fo be understood as being modified in all
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instances by the term “about.” Accordingly, unless indicated to the contrary, the mimerical
parameters set forth in the following specification and attached claims are approximations that
can vary depending upon the desired properties 'soug;ht 10 be obtained by the present disclosure.
At the very least; and not as an attempt to limit the application of the doctrine of equ{vaients to
the scope of the claims, each mumerical parameter should at least be construed in light of the

number of reported significant digits and by applying ordinary rounding techniques.

[00036] - While pé_réicular embodiments have been described, alternatives, modifications,
variations, improvements, and substantial equivalents that are or can be presently unforeseen can
arise to applicants or others skilled in the art. Accordingly, the appended claims as filed and as
. they can be amended are intended to embrace all such alternatives, modifications variations,

improvements, and substantial equivalents.
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THAT WHICH IS CLAIMED IS:

I. A diesel fuel additive composition comprising:

a reaction product of (a) a hydrocarbyl-substituted acylating agent and (b} a reactant
selected from the group consisting of ethylenediamine, dicthylene triamine,
triethylene tetramine, tetraethylene pentamine, pentaethylene hexamine,
ammonia, aminoguanidine bicarbonate, guanidine, piperazine, methylpiperazine,
amino-pyrimidine, aminotriazole, and aminotetrazole, C,-Cs-alkanolamines, N-
ethanol-cthylenediamine, hydroxyethyl pyridine, and water that provides a
reaction product selected from the group consisting (1) a mono-amide/mono-acid
or metal free mono-acid salt thereof, and (2) mono-ester/mono-acid or metal free
mono-acid salt thereof,
wherein the reaction product includes at least 10 molar percent acid groups based
on total moles of the reaction product.

2. The diesel fuel additive composition of claim 1, wherein reactant (b) is selected from the
group consisting of ethylenediamine, diethylene triamine, triethylene tetramine, tetraethylene
pentamine, pentaethylene hexamine, ammonia, aminoguanidine bicarbonate, guanidine,
piperazine, methylpiperazine, amino-pyrimidine, aminotriazole, and aminotetrazole.

3. The diesel fuel additive composition of claim 1, wherein the hydrocarbyl-substituted
acylating agent is selected from the group consisting of hydrocarbyl-substituted malonic
anhydride, hydrocarbyl-substituted succinic anhydride, and hydrocarbyl-substituted glutaric
anhydride.

4. The diesel fuel additive composition of claim 1, wherein the hydrocarbyl-substituted
acylating agent comprises polyisobutenyl-substituted succinic anhydride.

5. The diesel fuel additive composition of claim I, wherein the hydrocarbyl-substituted
acylating agent comprises a Ci4 to Cyg alkenyl-substituted succinic anhvdride.

6. The diesel fuel additive composition of claim 1, wherein the reaction product is derived from
not more than one equivalent of reactant (b) per hydrocarbyl-substituted acylating agent,
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7. The diesel fuel additive composition of claim 1, wherein the reaction product contains less
than 60 molar percent of an imide based on total moles of the reaction product.

8. A low sulfur diesel fuel comprising the diesel fuel additive composition of claim 1.

9. A method for improving the performance of an engine combusting a diesel fuel having 50
ppm by weight or less sulfur, said method comprising:
combining a low sulfur middle distillate fuel with a fuel additive comprising a reaction
product of (a) a hydrocarbyl-substituted acylating agent and (b) a reactant selected
from the group consisting of ethylenediamine, diethylene triamine, triethylene
tetramine, tetraethylene pentamine, pentaethylene hexamine, ammonia,
aminoguanidine bicarbonate, guanidine, piperazine, methylpiperazine, amino-
pyrimidine, aminotriazole, and aminotetrazole, C,-Cs-alkanolamines, N-ethanol-
ethylenediamine, hydroxyethyl pyridine, and water that provides a reaction
product selected from the group consisting (1) a mono-amide/mono-acid or metal
free mono-acid salt thereof, and (2) mono-ester/mono-acid or metal free mono-
acid salt thereof, wherein the reaction product includes at least 10 molar percent
acid groups based on total moles of the reaction product; and
combusting the additized fuel in the engine, whereby the performance of the engine is
improved relative to the performance of the engine in the absence of the fuel
additive.

10. The method of claim 9, wherein reactant (b) is selected from the group consisting of
ethylenediamine, diethylene triamine, triethylene tetramine, tetraethylene pentamine,
pentaethylene hexamine, ammonia, aminoguanidine bicarbonate, guanidine, piperazine,
methylpiperazine, aminopyrimidine, aminotriazole, and aminotetrazole.

11. The method of claim 9, wherein the hydrocarbyl-substituted acylating agent is selected from

the group consisting of hydrocarbyl-substituted malonic anhydride, hydrocarbyl-substituted
succinic anhydride, and hydrocarbyl-substituted glutaric anhydride.
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12, The method of claim 9, wherein the hydrocarbyl-substituted acylating agent comprises
polyisobutenyl-substituted succinic anhydride.

13. The method of claim 9, wherein the hydrocarbyl-subsituted acylating agent comprises a Cy4
to Cyg alkenyl-substituted succinic anhydride.

14. The method of claim 9, wherein the reaction product is derived from no more than one
equivalent of reactant (b) per hydrocarbyl-substituted acylating agent.

15. A low sulfur diesel fuel composition suitable for a high pressure compression ignition
engine, comprising:

a) a major amount of low sulfur diesel fuel, and

b} a minor amount of additive for reducing injector and fuel system deposits, the additive
comprising:

a reaction product of (i) a hydrocarbyl-substituted acylating agent and (ii) a
reactant selected from the group consisting of ethylenediamine, diethylene
triamine, ftriethylene tetramine, tetracthylene pentamine, pentaethylene
hexamine, ammeonia, aminoguanidine bicarbonate, guanidine, piperazine,
methylpiperazine, amino-pyrimidine, aminotriazole, and aminotetrazole,
Cz-Cs-alkanolamines, N-ethanol-ethylenediamine, hydroxyethyl pyridine,
and water that provides a reaction product selected from the group
consisting (1) a mono-amide/mono-acid or metal free mono-acid salt
thereof, (2) mono-ester/mono-acid or metal free mono-acid salt thereof,

wherein the reaction product includes at least 10 molar percent acid groups based
on total moles of the reaction product.

16. The diesel fuel composition of claim 15, wherein reactant (ii) is selected from the group
consisting of ethylenediamine, diethylene triamine, triethylene tetramine, tetraethylene
pentamine, pentaethylene hexamine, ammonia, aminoguanidine bicarbonate, guanidine,
piperazine, methylpiperazine, amino-pyrimidine, aminotriazole, and aminotetrazole.
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17. The diesel fuel composition of claim 15, wherein the reaction product is derived from not
more than one equivalent of reactant (it) per hydrocarbyl-substituted acylating agent.

18. The diesel fuel composition of claim 15, wherein the reaction product contains less than 60
percent by weight of an imide based on a total weight of the reaction product.

I9. The diesel fuel composition of claim 15, wherein the reaction product comprises at least one
compound of the formula (1):

OH (1)
and ammonia or amine salts thereof, wherein R represents a hydrocarbyl group having 10 or more carbon
atoms and R represents an alkoxy group, an amine, a polyamine, or an alkoxyamine moiety,

20. The diesel fuel composition of claim 19, wherein the compound of formula (1) is selected

e o

from the group consisting of:

i

PiB~—7"
T

© “oH @

LSy
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wherein PIB is a polyisobutylene group.
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21. A method for increasing fuel economy of a vehicle, comprising combusting the diesel fuel
composition of claim 15 wherein said fuel economy increase is defined by power recovery, and
said power recovery is greater than 50 % as determined by the formula

Power recovery = (DU-CU)Y/DU
wherein DU is a percent power loss during a dirty-up phase without the additive, CU is the
percent power loss during a clean-up phase with the fuel additive, and power is measured

according to a Coordinating European Council (CEC) F98-08 DW10 test.

22. The method of claim 21 wherein the power recovery is greater than 50%.
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