DIESEL FUEL ADDITIVE TECHNICAL FIELD 100011The disclosure relates to additives for fuel and in
particular to diesel fuel additives that provide improved injector performance. BACKGROUND AND
SUMMARY [0002]The indirect injection diesel engine has now given way in the market place almost
entirely to more modem direct injection light duty diesel engines for reasons of fuel economy,
performance, and low emissions. However, direct injection diesel engines are much more
sophisticated than the earlier indirect injection engines and require more precise calibration be
maintained in order to maintain their design performance. The injectors, pumps, filters and other
components of the fuel delivery system of the engine are vulnerable to having their operation
perturbed by fouling from deposits resultiggfegsp gempustign-pfdgel. 100031Direct injection engines
may also use a high pressure common rail fuel system. Recent problems have arisen with the use of
ultra Ioww@m@g@@ fiwgis yyhen used in such high pressure common rail fuel systems. By "high
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need to discover the source of the deposit and injector problem when operating engines on ultra-low
sulfur fuels, i.e., fuels containing about 15 ppm by weight sulfur or less. 10004]in view of the foregoing
and other needs an embodlment of the disclosure provides a diesel fuel additive composition that has
a numbePAdSERIHOE of from about 500 to about 10,000. The additive is selected
from a h f? arbyl-s st|I ed succinic a r anh grlde or derivative trﬁereof an

hydrocai@ bstitut ﬁ?ﬁh’?}g%%“ %Se e adaiive Fas o molecurar welgﬁ% gls?}fgu‘chon such
that lessditinipbouid@s m&@mﬁi&aﬂgbmﬁ@a&m@mmﬂﬁm@mm #0600r leSBielsenmsasred by gel
permeation.chromatogy Ccfﬁ’@é GR&, d%seﬁ GO %r?ﬁéc?%hbﬁ?&%{‘ Swives [00pikg, angiher

embodm?ent of the ,dIS osure provides a met od to reduce or preven
sophisticated than the earlier indirect injection engines and require more precise calibration be

maintained in order to maintain their design performance. The injectors, pumnps, filters and other
components of the fuel delivery system of the engine are vulnerable to having their operation

perturbed by fouling from deposits resulting from combustion of fuel.

{60063} Direct injection engines may also use a high pressure common rail fuel system.
Recent problems have arisen with the use of ultra low sulfur diesel fuels when used in such high
pressure common rail fuel systems. By “high pressure” herein is meant those pressures in diesel
fuel systems that are equal to or greater than 15,000 psi {greater than or equal to 1000 bar). Such
problems are evident by occurrence of sediment in the fuel additive packages, internal injector
deposits, and injector sticking. Accordingly, there was a need to discover the source of the
deposit and injector problem when operating engines on ultra-low sulfur fuels, ie., fuels

containing about 15 ppm by weight sulfur or less.

[0084] In view of the foregoing and other needs, an embodiment of the disciosure
provides a diesel fuel additive composition that has a number average molecular weight (M,) of
from about 500 to about 10,000. The additive is selected from a hydrocarbyl-substituted succinic
acid or anhydride or derivative thereof, and a hydrocarbyl-substituted Mannich base, wherein the
additive has a molecular weight distribution such that less than about 25 wt.% of the additive has
a molecular weight of 400 or less as measured by gel permeation chromatography (GPC) based

on a polystyrene calibration curve.



injector sticking or deposits in a high pressure common rail diesel engine having injectors and
combusting a diesel fuel containing 15 ppm by weight or less sulfur. The method includes combusting
in the engine a composition containing the diesel fuel and a diesel fuel additive having a number
average molecular weight (Ma) of from about 500 to and 10,000. The additive is selected from a
hydrocarbyl-substituted succinic acid or anhydride or derivative thereof, and a hydrocarbyl-substituted
Mannich base, wherein the additive has a molecular weight distribution such that less than about 25
wt.% of the additive has a molecular weight of 400 or less as measured by gel permeation
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[00011]According to one or more embodiments of the disclosure, there may be a significant benefit in
improved (reduced) injector sticking occurrence in high pressure common rail diesel fuel systems by
reducing or eliminating a percentage of the fuel additive having a low molecular weight, that is, a
molecular weight of 400 or less as determined by GPC using a polystyrene standard. It has been
surprisingly discovered that deposits formed on injectors are composed primarily of material (lacquers,
varnish, salts, etc) containing or derived from such low molecular weight portions of the typical
distribution curve of the additive product. In fact, even a small amount, such as 10 wt.%, or 5 wt.% or
less of sqmrélativelyﬂ’@wmcm&uﬁgm adnipotierivinrtherfvéladditiethold @eimmpniw ae@sult in
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[0608] Other embodiments of the disclosure may provide improved stability of & diesel
fuel additive package containing & hydrocarbyl-substituted additive wherein less than 25 % (by
weight) of the additive has & molecular weight of 400 or less as determined by gel permeation

chromatography (GPC) based on a polystyrene calibration curve.

[0089] Yet other embodiments of the disclosure may provide a method to reduce or
prevent visible deposits on the internal parts of a diesel injector in a high pressure cormmon rail

diesel engine.

[00610] Another embodiment may improve a stability of a diesel fuel additive package
containing a hydrocarbyl-substituted additive component by reducing a weight percent of
additive precursors having relatively low molecular weight so that the resulting additive has a
molecular weight distribution that contains less than 25 wt.% of additive having 400 molecular
weight or less as determined by gel-permeation chromatography (GPC) based on a polystyrene

calibration curve,



determined by gel permeation chromatography (GPC). The GPC separation method involves column
chromatography in which the stationary phase is a heteroporous, solvent-swollen polymer network of a
polystyrene gel varying in permeability over many orders of magnitude. As the liquid phase
(tetrahydrofuran) containing the polymer sample passes through the gel, the polymer molecules
diffuse into all parts of the gel not mechanically barred to them. The smaller molecules "permeate”
more completely and spend more time in the column; the larger molecules "permeate" less and pass
through the column more rapidly. The M" and 1'/1", values of the hydrocarbyl component may be
obtained[bgademparing.disttihytion drtaohbisirecsiiedidant S RCe alkelissref calibratignisiandards of
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Hetero-atoms include u‘ﬂﬁr, 8)%111 1enr?, Aot eecn,r i %%%ac%?pass substituents such as pyridyl, furyl,
thienyl, and imidazolyl. In general, no more than two, or as a further example, no more than one,
non-hydrocarbon substituent will be present for every ten carbon atoms in the hydrocarby! group; in
some embetinentischerawihesromphRvorsanzon substituent in the hydrocarbyl group. [00017]As
used herein, the term "major amount” is understood to mean an amount greater than or equal to 50 wt.
%, for ex@@fiz] from dHCuti8G te giaphic8Braprdemalidivefietheutntghsvieightrafikeovempasition.
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% relative to the total weight of the composition. [0 ] late fuél" as used herein may be,
for examplggBnaphthederPagNS are graphical representations of exhaust gas temperatures over time

for cylinders in a Peugeot engine for a DW10 engine test with conventional fuel additives.

DETAILED DESCRIPTION OF DISCLOSED EMBODIMENTS

[00014] Further features, embodiments and advantages thereof may be provided by the
following detailed description of embodiments of the disclosure. An important feature of the
embodiments described herein is that the lowest and/or low molecular weight additive species in
the additive having a unmodified molecular weight distribution curve are desirably removed by,
for example, vacuum distillation from the bulk additive component. For example, a typical
hydrocarbyl-substituted suceinic imide dispersant or Mannich base may have a molecular weight
distribution having a polydispersity (Mw/M,) of 1.5 to about 4.0, wherein My, is a weight average
molecular weight and M, is a number average molecular weight of the dispersant. In general, it

is extremely difficult or expensive to produce dispersants having a polydispersity of less than
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or diesel fuel composition. It may be a heating oil, an industrial gas oil, a drilling oil, an automotive
diesel fuel, a distillate marine fuel or a kerosene fuel such as an aviation fuel or heating kerosene. It
may in particular be a diesel fuel composition. More particularly, a middle distillate fuel is a fuel that is
suitable and/or adapted and/or intended for use in an internal combustion engine; for example an
automotive fuel composition, and/or adapted and/or intended for use in an automotive diesel
(compression ignition) engine. Such middle distillate fuel may be organically or synthetically derived,
for example a petroleum derived or Fischer-Tropsch derived gas oil. A middle distillate fuel may have
boiling paioits Wwithin Arecedioalydidve| distiarén sivesSier 3wt t6HispUTBRE5BAES, BRD AR ON grade
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hydrocarbon groups which, in the context of the description herein, do not alter the
predominantly hydrocarbon substituent (e.g. halo (especially chloro and fluoro),
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[00023]In one embodiment, the additive contains less than about 10 wt.% of additive components
having a molecular weight of 400 or less by GPC using a polystyrene standard. In another
embodiment the additive contains less than 5 wt.% of additive components having a molecular weight
of 400 or less by GPC using a polystyrene standard. From a practical point of view it is not necessary
to remove substantially all of the additive components having a molecular weight of 400 or less as
determined by GPC from the additive in order to achieve the benefits of the disclosed embodiments.
However, the stability of the additive may be improved and the performance of the diesel engine may
be extended whgn Heesadalitbireaniaihataisel stiveleinowhirtyunhidé thevielaty glyelominaibcular
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acid, ciraGaple AN eSS R MIele AU e el iR as ki

ethylmaleic acid, dimethylmaleic acid, hexylmaleic acid, and the like, including the correspondlng acid

halides alﬁ@tmw@ramaﬂ& TBaYCifs PR t?odbefsﬁ%&’@lc“%‘i‘i‘ﬁs?ﬁﬂﬂ’é tmm EofBENt in the

reaction gaixtuie mal MafyRwideh Aceeidinoivdibe maledatioumainianedros atout ailitecabout 1:5, for
example from about 3:1 to about 1:3, and as afur}%8 exam le, the malei (9 dﬁ\nha{dncgl@e may be

used in SORPHSHIBFREE e SE T TSN A AR SOMmpR %’ﬁ’ MRS malicAc
anhydridémay xlneuﬁammd\twimelmmquﬁhnogm[tﬁlﬁoEﬁgmhyambanmﬂisdﬁﬂﬁwreﬂlmmhﬁh base

may be ReRRIEH Y SR ﬁ#ﬁ%&&ﬁﬁ&@éﬂfsﬁ&mﬁ aneativih acnbenel pisbstiyledpRroal, aldehyde

or its prec Sofr, an a polar compound. [00028 olar com oun may include any of numerous
amines, gmm@a|éon@¢§ie distillate fuel may have onmg points w1 in the usual diesel range of from

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 to 1.0 g/em?, for example, from 0.8 1o 0.86 g/om’, at 15° C. (IP 365) and a
measured cetane number (ASTM D613) of from 35 to 80, snitably from 40 to 75 or 70. An
initial 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).

[00619] The diesel fuels of the disclosed embodiments may be applicable to the

operation of both stationary diesel engines (e.g., engines used in electrical power generation



aminoacids, polyamines, alcohols, polyols, alkoxyalcohols, alkoxyamines, hydrazines, and the like.
Such polar compounds may be used in preparing the hydrocarbyl-substituted succinic acid or
anhydride or derivative thereof or Mannich base. Non-limiting examples of amines include
methylamine, 2-ethylhexylamine, n-dodecylamine, stearylamine, N,N-dimethyl-propanediamine,
N-(3-aminopropyl)morpholine, N-dodecyl-propanediamine, N-aminopropyl-piperazi ne, ethanolamine,
N-ethanol-ethylenediamine and the like. Non-limiting exemplary polyamines may include
aminoguanidine bicarbonate (AGBC), ethylenediamine, diethylene triamine (DETA), triethylene
tenarninentER fifohdeifapimtnespeiptamine (P bplemigetdeananbexartine @kind) and heavy

polyamines. cA hevae¥ 'Q%%gx% & may compri é%%@ﬁ%%‘%%%ﬁl%% %I%%m n‘?s having small

1o i X |~ . .
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than conventional polyamine mixtures. Additional non-limiting polyarnines which may be used to
prepare ey docarnyElBhnind g awe efrpEnEpicr S aIeEs B HNGI Ve INYESS 48 458, the
disclosurgnofyhiah. iISTReQ R atetpler eifthy detorencenioltsientireiloiR Srverobadiroeniratie
disclosure, the polyamine may be selected,from jetraethylene pentamine (TEPA). [0Q0 n an
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representsilionitingtedethef feciimtitm 5f @musRA idat hydoo cathy ksdlastituehbtsdémicabbsie. In an
embodin&gg%ensi%gim RZisianglyisabutenyl substituent, such as that derived from polyisobutylenes

having at least about 60%, such as about 70% to about 90% and above, terminal vinylidene content.
Corr]ngognﬂmﬁjthe abﬁh’l%é‘@f%%@%r@ﬁy f@%d@ﬁd@ﬁﬁﬁ@h d’ 3,@ﬁ@@k@g&:@&@,%M@@&lﬂ{&ugwl@;ﬁmm%ccinic
anhydride, such as a polyisobutenyl succinic ide (PIBSA), and a po ine, for example
rotraety R SO e RSOOSR 15 T Ry R TSP P o
polyisobuitihyespsios titutedadu ciirid embsybind ditos] B gel ymmindariytheheanged bo i3l togbsut 1:2 in
the additjye; Al itive: ' olyi o .

polyisobL B L i ool ) in the
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3. 100031.1When formulatin}r? fuel containing the additive as described herein, the fugl may contain an

amount GfSHHAHRA FEGETRg FERhBBO0F PBRES 50 ey R0 b rvet dLting ¢ e SREEE98Bm to
about 208-@peavwy ciihaspedis whers. a Danigr is:employedidilprov decasempositian eadtasiing the

additive to the fuel..the additive c ositions may tain, an an active ingredients basis,.an amount
of the carE e B T e A s R e A SRS ThE Rl O oo
mg to abBettitds engistilbativr resistuks) wa¥Us! rddsted ttiveciridestierpbasisuek olletblitivee hadgigght of (i)

unreacteg gemponaRtnASSeRiaig iR iemaningds heaasitivesaspradueetangassed. and (i

solvent(s), if any, used in the manufacture of the disclosed additives either uri%g or after its formation
but befordisEmifieth B SBarHEP&aPCRTEERS ARIBTE d HOGeRT9HiRE HEMRRIBE the'He¥R M disclosure
may be higadgshintendbraced wakindiyigdaily esdiRolanoussul-60reRNATP 6w moRBL REIgEIMents,
the additive of the present disclosure may be blended into a fuel concurrently. using an itive
concent AT FRBRURL LR ARETGE 6F L ESPRBLR A o A URHI A e ARy the
combination of iHgredre hisperenrenringifigr oot abox ditle wonsentPH¥. Slsvayde chaabdndentrate may

reduce biGpAlRg-Iog.and IsseRiG R aRsIRLIN-RL RishsiRg,errors.

{00022] Alternative methods for removing the low molecular weight component may
include, but are not limited to, inert gas stripping at an elevated temperature, thin film distillation
and/or evaporation, and the like. In another alternative, the low molecular weight component
may be removed by vacuum, stripping, or thin film distillation of the final additive product.

According to embodiments of the disclosure, one or more of the hydrocarbyl component, the



[00033]One or more additional optional additives may be present in the fuel compositions disclosed
herein. For example, the fuel compositions may contain antifoam agents, additional dispersants,
detergents, antioxidants, thermal stabilizers, carrier fluids, metal deactivators, dyes, markers, corrosion
inhibitors, biocides, antistatic additives, drag reducing agents, friction modifiers, demulsifiers,
emulsifiers, dehazers, anti-icing additives, antiknock additives, surfactants, cetane improvers,
corrosion inhibitors, cold flow improvers, pour point depressants, solvents, demulsifiers, lubricity
additives, extreme pressure agents, viscosity index improvers, seal swell agents, amine stabilizers,

combustigRifpMeh-HisRer saRisorean dH ety iy daHI QYaIscOgaNie RilRIR:I0RItoR acaaiarators,
manganeﬁge ricarponyls compounds, and mixtures thereof. In some aspects, the fuel additive
compositiohs TeStfadREEIn may contain about 10 wt.% or less, or in other aspects, about 5 wt.% or

less, basﬁ%&%ﬂthe totah¥v&iig QI dG, additive, ehifne! &%@&%ﬁﬁ}é@%&& 89&19%“8'&%’&%%{?9%’ ©

additives. Simitarly, the fuel compositions may contain suitable amounts of fuel blending components

such as FregRapRsTisditidndR aialreplatershia dHieotikes (o 634] Inskigie e riruser Alardasde features and
advantagggatihe.dissiasadiembpegiveenisathe follawdng ReplipitinaiexanpiesMaPHavided. For the

purposes of the followjng examples, the molecular weight of the additives was measured by gel
permoat B ERTA HEATE P 3 B RTA PR o Oy SR ndards o
desired miglecitlds weighvcrange Sovermwise dubstdhieaitant acd sthE xaltighe: 1cdOBOBS]A fuskiagditive was
produced f i iSO le j ride (R STy [ h entamine
TPy T B B L B e SIS Pt
No. 5,75bm8btseistirsdigolospiepabedimeisid o criig sHbibiesed b odbiivasnay disveperehded

vacuum sHIRRNEEMGHHSRLIAHEMALEAPM RIS B AR MRISh LRI R REMIS A YAIANS: SEaR3I9f the
process. The resultin%épa%%duct_h%jv&%um er average mqlecular weight (Me) of 1387 as measured by

GPC. ThESHGTRRGH %S SEARKRY NOWiMG SCHIBISRaF HiGRE 6PHBBEP s as measured by GPC
remainingyj produ as 2.7 wt.%, The resulting product was diluted with,an argmatic process
i to A ratio o o s sy R B B o e R B atution

in a glassgarve e stitativte wadidwp osatonsaiyiospiresicredemidorvesighe 2€ 49 detéasnibe GRCstability of
the additmg%&}&ﬁ&%mme&mimtﬂm&fﬁg@wv}%@smsra@&mta&%amp'e 2

[000361An additive was made similar to that of Example | except the 13113SA to 1bPA ratio was
1.0:1.0. PHE Drofbcisiish MITOsease e affodHroY LB mpBnatrieHiing slshbladditweight of
400 or lessygs:measufednyiGReEy davainiagdhthel g clinds: 2:8ank S om\bihmind utgti:aivd, exposed to
the same aymosplierie 600011909 38 I0EHETMRIEL AR USSR e RIS APSAIY hout
sedimentation. Examplé omparative xamB €)

injectors in diesel engines having a high pressure common rail injector system.

[60625] In an aspect of the disclosed embodiments, the hydrocarbyl substituents of the
hydrocarbyl-substituted succinic acid or anhydride or derivatives thereof and Mannich bases may
be derived from polyolefins for example highly branched polyethylene, ethylene alpha-olefin
copolymers, polypropylene, and buiene polymers, for example polymers of isobutylene.
Suitable polyisobutenes for use herein include those formed from polyisobutylene or highly
reactive polyiscbutylene having at least about 60%, such as about 70% to about 90% and above,
terminal vinylidene content. Suitable polyisobutenes may include those prepared using BF;
catalysts. The number average molecular weight (M,) of the hydrocarbyl substituent may vary
over a wide range, for example from about 500 fo about 10,000, such as from about 500 to about
5000, as determined by GPC as described above.

[00026] When the additive is a succinic acid derivative or anhydnide derivative,

carboxylic reactants other than maleic anhydride may be employed such as maleic acid, fumaric
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[00037]An additive was made as described in example 2 except that no extra vacuum stripping was
used during the reaction to remove low molecular weight components, other than vacuum stripping to
remove unreacted maleic anhydride. The product had an Mn of 1092 and the amount of components
having a molecular weight of less than 400 as measured by GPC was 5.9 wt.%. When exposed to the
same atmospheric conditions as Example 2, a brownish sediment formed at the bottom of the glass
jar. [00038]In the following examples, the effect the additives made according to methods of Examples
1-3 had on diesel fuel for high pressure common rail diesel fuel systems was evaluated. A DWI 0 test
that was;gryelanrd LydCortdidatingd: Urapedn Shyddi«CEGcnss usal] tattemonstrdtgithis.propensity
of fuels to provake fuel injector fqouling and,was also th ili ceptain fuel
additiveﬂ%apcf)en\ll%nta%iré boﬁﬁ‘gcf%%%g d%%gc}’gi!fls% fnjg?:%%jl%@ﬁ%eem%%%% ’us%%?%%%%to%%l&of CEC
F-98-08 dometirgictalisctinn, tomimelviraiciie sef dhey e nisplidiss g resesradisadifié dghdihometer
test stang wag used farihedipsialiaionofie fenseetbWidies sl arainsylocmpaies: teisjector

coking tests. The engine was a 2.0 liter engine having four cylinders. Each combustion chamber had

n

four valvisaciNg s iR MASEEr $iWeke Prprsdashic ool arB S JaEsAROdH 168830 The core
protocol proaadurarmpRsEiad Mounming thissenginedit aisoh fusielesfanipibotins mattiallovidng the
engine to soak (engine off) for a prescribed amount of time. The foreqoi e a eated
four time@%‘é%‘% é%i (%e eascéﬁgusr%éc pé’vfﬁg?“r%é"é%"ﬁeﬁ%gﬁ’{ Wﬁf ?ai;cegn 1({)) t%é 8%% lé%ﬁ{ilﬂﬁeéo engine
was operatiragted redit coilditionby s mpydordmaing propensitgdistithécuel was characterized by a
difference in observed rated power between the beginning and the end of the test cycle. [00040]Test
preparati@ftiioived fldsHmErBsarBrhwbsbtus Memtabhrise BRGiRe ﬁfﬁﬂa{ﬁgr o H8e Tiiectors.
The test ipigstarsyvesmisRaciomh clgmees, anshisinstallptldncihalesigite off newéojestorandere
selected, the new in'e&:tors were put through a 16-hour break-in cycle. Next, the engine was started
using th@ﬁ@%ﬁ%ﬁ% tycle program. Once the engine was warmed up, power was measured at 4000
RPM angyfhigad o Chaek {ofsfulaiend SaiRr ANl CIeRRIDHG HRRIRLS ath A RONRL

measurements were within specification, the fest cycle was initiated. The following Table, 1 provides a

represerrEENREAthadbwminescakipkpls delvake wienvalsahsle alkoxueqHach dvdrmnsesadbifding to the
disclosurgeT ahlen! pofansoipisurapaae BEadea af RMRheakinByayslerbSientsBuradiondeninbes) Engine

speed

or anhydride or derivative thereof or Mannich base. Non-limiting examples of amines inciude
methylamine, 2-ethylhexylamine, n-dodecylamine, stearylamine, N, N-dimethyl-propanediamine,
N-(3-aminopropyl)morpholine, N-dodecyl-propanediamine, N-aminopropyl-piperazine,
ethanolamine, N-ethanol-ethylenediamine and the like. Non-limiting exemplary polyamines
may include aminoguanidine bicarbonate (AGBC), ethylenediamine, diethylene triamine
(DETA), triethylene tetramine (TETA), tetracthylene pentamine (TEPA), pentaethylene
hexamine (PEHA) and heavy polyamines. A heavy polyamine may comprise a mixture of
polyalkylenepolyamines having small amounts of lower polyamine oligomers such as TEPA and
PEHA, but primarily oligomers having seven or more nitrogen atoms, two or more primary
amines per molecule, and more extensive branching than conventional polyamine mixtures.
Additional non-limiting polyamines which may be used to prepare the hydrocarbyl-substituted
additive component are disclosed in U.S. Pat. No. 6,548,458, the disclosure of which is
incorporated herein by reference in its entirety. In an embodiment of the disclosure, the

polyamine may be selected from tetracthylene pentamine (TEPA).

[00029] In an embodiment, the additive component may include compounds of

following formula;



(rpm) Load (%) Torque(Nm) Boost air after Intercoler (C) 2 1750 20 62 45 2

8]

wherein n represents 0 or an integer of from 1 to 5, and R? is a hydrocarbyl substituent as defined
above. In an embodiment, n is 3 and R* is a polyisobuteny! substituent, such as that derived
from polyisobutylenes having at least about 60%, such as about 70% to about 90% and above,
terminal vinylidene content. Compounds of the above formula may be the reaction product of a
hydrocarbyl-substituted succinic anhydride, such as a polyisobutenyl succinic anhydride
(PIBSA), and a polyamine, for example tetracthylene pentamine (TEPA).

166030] The foregoing additive may have a molar ratio of (A) polyisobutenyl-substituted
succinic anhydride to (B) polyamine in the range about 3:1 to about 1:2 in the additive. A
particularly useful additive contains a polyiscbutenyl group of the polyisobutenyl-substituted
succinic anhydride having a number average molecular weight (M) in the range of from about
500 to 850 as determined by GPC and a (B) polyamine having a general formula HyN(CHp)m-
[NH(CH:)mli-NH;, wherein m is in the range from 2 to 4 and n is in the range of from 1 to 3.

[60031] When formulating fuel containing the additive as described herein, the fuel may
contain an amount of additive ranging from about 10 to about 10,0060 ppmwv, such as from about
80 ppm to about 200 ppmwv. In aspects where a carrier is employed to provide a composition
containing the additive to the fuel, the additive composiiions may contain, on an active
ingredients basis, an amount of the carrier ranging from about 10 mg to about 1000 mg of carrier
per kg of fuel, such as about 25 mg to about 700 mg of carrier per kg of fuel. The active
ingredient basis excludes the weight of (i) unreacted componenis associated with and remaining
in the additives as produced and used, and (ii) solvent(s}, if any, used in the manufacture of the
disclosed additives either during or afier its formation but before addition of a carrier, if a carrier

is emploved.

[60032] The additive of the present disclosure may be blended into a base fuel

individually or in various sub-combinations, In some embodiments, the additive of the present

10
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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
ingredients when in the form of an additive concentrate. Also, use of a concentrate may reduce

blending time and lessen the possibility of blending errors.

[06633] One or more additional optional additives may be present in the fuel
compositions disclosed herein. For example, the fuel compositions may contain antifoam agents,
additional dispersants, detergents, antioxidants, thermal stabilizers, carrier fivids, metal
deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives, drag reducing
agents, friction modifiers, demulsifiers, emulsifiers, dehazers, anti-icing additives, antiknock
addifives, surfactants, cetane improvers, corrosion inhibitors, cold flow improvers, pour point
depressants, solvents, demulsifiers, lubricity additives, extreme pressure agents, viscosity index
improvers, seal swell agents, amine stabilizers, combustion improvers, dispersants, conductivity
improvers, organic nitrate igmition accelerators, manganese tricarbonyls compounds, and
mixtures thereof. In some aspects, the fuel additive compositions described herein may contain
about 10 wt.% or less, or in other aspects, about 5 wt.% or less, based on the total weight of the
additive or fuel composition, of one or more of the above additives. Similarly, the fuel
compositions may contain suitable amounts of fuel blending components such as methanol,
ethanol, dialkyl ethers, and the like.

[06034] In order to further illustrate features and advantages of the disclosed
embodiments, the following non-limiting examples are provided. For the purposes of the
following examples, the molecular weight of the additives was measured by gel permeation
chromatography (GPC) with tetrahydrofuran (THF) as a solvent. Polystyrene standards of

desired molecular weight ranges were used as the standards.

Example 1

[00835] A fuel additive was produced from the reaction of polyisobutylene succnic
anhydride (PIBSA) with tetraethylenepentamine (TEPA) in a molar ratio of PIBSA to TEPA of
1.1:1.0. A modified procedure as described in U.S. Patent No. 5,752,989 was used to prepare the
additive. During the preparation of the additive, extended vacuum stripping was used to remove
low molecular weight components at various stages of the process. The resulting product had a

number average molecular weight {M,) of 1387 as measured by GPC. The amount of

i1



3500 80 212505 2 1750 20 62 45 6 10 4000

components having a molecular weight of 400 or less as measured by GPC remaining in the
product was 2.7 wt.%. The resulting product was diluted with an aromatic process fluid to the
weight ratic of 25:75 product to process oil to form a homogenous clear and bright solution in a
glass jar. The solution was exposed to atmospheric condifions at 22°C. to determine the stability

of the additive. After 16 hours, the solution remained clear and bright without sedimentation.

Example 2

[B0036] An additive was made similar to that of Example 1 except the PIBSA o TEPA
ratio was 1.0:1.0. The product had an M, of 1420 and the amount of componenis baving a
molecular weight of 400 or less as measured by GPC remaining in the product was 2.8 wi.%.
When diluted and exposed to the same atmospheric conditions as in Example 1, the mixture

remained clear and bright without sedimentation,

Example 3 (Cemparative Example)

[00037] An additive was made as described in example 2 except that no extra vacuum
stripping was used during the reaction to remove low molecular weight components, other than
vacuum stripping to remove unreacted maleic anhydride. The product had an M, of 1092 and
the amount of components having a molecular weight of less than 400 as measured by GPC was
5.9 wt.%. When exposed to the same atmospheric conditions as Example 2, a brownish

sediment formed at the bottom of the glass jar.

[00838] In the following examples, the effeét the additives made according to methods of
Examples 1-3 had on diesel fuel for high pressure common rail diesel fuel systems was
evaluated. A DW10 test that was developed by Coordinating European Council (CEC) was used
to demonstrate the propensity of fuels to provoke fuel injector fouling and was also used to
demonstrate the ability of certain fuel additives to prevent or control these deposits. Injector
sticking evaluation used the protocol of CEC F-98-08 for direct injection, common rail diesel
engine nozzle coking tests. An engine dynamometer test stand was used for the installation of
the Peugeot DW10 diesel engine for running the injector coking tests. The engine was a 2.0 liter
engine having four cylinders. Each combustion chamber had four valves and the fuel injectors

were DI piezo injectors have a Euro V classification,
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{06039] The core protocol procedure consisted of running the engine through a cycle for
8-hours and allowing the engine to soak (engine off) for a prescribed amount of time. The
foregoing sequence was repeated four times. At the end of each hour, a power measurement was
taken of the engine while the engine was operating at rated conditions. The injector fouling
propensity of the fuel was characterized by a difference in observed rated power between the

beginning and the end of the test cycle.

{00040} Test preparation involved flushing the previous test's fuel from the engine prior to
removing the injectors. The test injectors were inspected, cleaned, and reinstalled in the engine.
If new injectors were selected, the new injectors were put through a 16-hour break-in cycle.
Next, the engine was started using the desired test cycle program. Once the engine was warmed
up, power was measured at 4000 RPM and full load to check for full power restoration after
cleaning the injectors. If the power measurements were within specification, the test cycle was
initiated. The following Table 1 provides a representation of the DW10 coking cycle that was

used to evaluate the fuel additives according to the disclosure.

Table 1 - One hour representation of DW10 coking cycie.

Step | Duration{minutes) | Engine speed Load | Torque{Nm} Boost air after

(rpm) (%) . Intercooler (°C)
1 2 1750 20 62 45
2 7 3000 60 173 50
3 2 1750 20 62 43
4 7 3500 80 212 50
5 2 1750 20 62 45
6 10 4000 100 * 50
7 2 1250 10 25 43
8 7 3000 7 100 * 50
9 2 1250 10 25 43
id 10 2000 100 o 50
11 2 1250 10 25 43
12 7 4000 100 * 50

Example 4 (Injector Sticking Engine Test)

[00041] Diesel engine nozzle coking tests were conducted using the Peugeot DWI10
engine following CEC F-98-08 protocol of Table 1. The engine was run with diesel fuel (PC10)

without an additive to establish a baseline. No injector sticking was observed, as indicated by a

13
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uniform exhaust gas temperature for all 4-cylinders as shown in (FIG. 1). In FIG. 1, curve Als

cylinder 1, curve B is cylinder 2, curve C is cylinder 3 and curve D is cylinder 4.

Example 5

[00042] In this example, an additive made according to Examples 1 and 2 having an M, by
GPC of 1462 and having 2.5 wt.% of components having a molecular weight of 400 or less was
mixed into the fuel in the amount 180 pprowv (weight per volume of diesel fuel). The engine

was run for up to 32 hours without injector sticking.

Example 6 (Comparative Example)

[60043] An additive made without extra vacuum stripping according to the method of
comparative example 3 was added to a diesel fuel in the amount of 112 ppmwv. The additive
had M, of 610 by GPC, a molecular weight distribution (M,/M,) of 1.61, and contained 18.0
wt.% of components having a molecular weight of 400 or less. The engine was run for 8 hours
on the fuel and restarted afier the engine cooled down. Two injectors {curves B and C) were
stuck as indicated by low éxhaust gas temperatures at end the 8 hours as shown in FIG. 2.
Physical inspection of the injectors upon completion of the test confirmed that the two injectors

were sinck.

Example 7 (Comparative Example)

00044} Another comparative example was run similar to Example 6 with the exception
that the additive was used in an amount of 113ppmwv. Two injectors were found stuck after 8

hours as shown by FIG. 3.

[00045] As indicated by the foregoing examples, fuel additives containing a significant
amount of components having a molecular weight of 460 by GPC or less may result in injector
sticking. Unexpectedly, when the additive has only a minor amount of components having a
molecular weight of 400 or less by GPC, the fuel performs exceptionally well in a DW10 test

with no injector sticking.
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[002446] While the foregoing examples illustrate the use of additives containing the
reaction product with TEPA as the polar head of the additive component, it is expected that the
use of a less polar head such as a reaction product made with a monoamine, diamine, or alcohol
may provide improved injector performance even if the additive contains up to about 25 wt.% of

the low molecular weight component.

160047) For the purposes of this specification and appended claims, unless otherwise
indicated, all numbers expressing guantities, percentages or proportions, and other numerical
values used in the specification and claims, are to be undersiood 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 application of the doctrine of equivalents to
the scope of the claims, each numerical parameter should at least be construed in light of the

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

(00048} While particular embodiments have been described, alternatives, modifications,
variations, improvements, and substantial equivalents that are or can be presently unforeseen can
arise to applicants or others skilled in the art. Accordingly, the appended claims as filed and as
they can be amended are intended to embrace all such alternatives, modifications variations,

improvements, and substantial equivalents.
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Example 4 (Injector Sticking Engine Testi [00041]Diesel engine nozzle coking tests were conducted
using the Peugeot DW10 engine following CEC F-98-08 protocol of Table 1. The engine was run with
diesel fuel (PC10) without an additive to establish a baseline. No injector sticking was observed, as
indicated by a uniform exhaust gas temperature for all 4-cylinders as shown in (FIG. I). In FIG. 1,
curve A is cylinder 1, curve B is cylinder 2, curve C is cylinder 3 and curve D is cylinder 4. Example 5
[000421In this example, an additive made according to Examples | and 2 having an Mr, by GPC of
1462 and having 23 wt.% of components having a molecular weight of 400 or less was mixed into the
fuel in the amount 180 ppmwyv (weight per volume of diesel fuel). The engine was run for up to 32

hours Wl%tﬁlwlitigl@i%& w ée 6 (Comparative Example) 1000431An additive made without
extra vaculm stripping according to the method of comparative example 3 was added to a diesel fuel

in the amouhtlissaliRshpiditive Trerudtitvedaprivmeof 610 by GPC, a molecular weight distribution
(KIM.) of 1.61, angkeq ALkl S Ondd of GRRRPRens DG A lesareiahini.A89wtcless. The

engine was run for 8 hours on the fuel and restarted after the engine cqoled dqQwn. Two injectors

(curves B and C) wer8SHicklAthanch iedng, Stk e G5 e EP4HEE e A dRE e Slits as

shown in FIG. 2. Physidalimsgiestio modihalifjectodsriypdncompldlionicf Hydrteattgdnaiibnadichat the two
injectors were stuck. Mannich base, wherein the additive has a molecular weight distribution such that
less than about 25 wt.% of the additive has a molecular weight of 400 or less as
measured by gel permeation chromatography (GPC) based on a polystyrene

calibration curve.

2. The diesel fuel additive composition of claim 1, wherein less than about 10 wt.% of the

additive has a molecular weight of 400 or less as measured by GPC.

3. The diesel fuel additive composition of claim I, wherein less than about 5 wi.% of the

additive has a molecular weight of 400 or less as measured by GPC.

4, The diesel fuel additive composition of claim 1, wherein the additive comprises a
polyisobutenyl-substituted acid or anhydride imide that is prepared by the reaction of a

polyisobutenyl-substituted succinic acid or anhydride and a polyamine.

5. The diesel fuel additive composition of claim 4, wherein the additive has a molar ratio of (A)
polyisobutenyl-substituted succinic acid or anhydride moiety to (B) polyamine moeity in the
range about 3:1 to about 1:2, wherein the polyisobuteny! group of the polyisobutenyl-substituted
succinic acid or anhydride has a number average molecular weight (M,) in the range of from
about 500 to 850 and the (B) polyamine has a general formula HoN(CH ) [NH(CHa)m]o-NH3,

wherein m is in the range from 2 to 4 and n is in the range of from 1 to 3.

6. The diesel fuel additive composition of claim 1, wherein the additive comprises a
polyisobutenyl-substituted Mannich base prepared by the reaction of a phenol or substituted

phenol, with an aldehyde or its precursor, and an amine.
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Example 7 (Comparative Example) 1000441Another comparative example was run similar to Example
6 with the exception that the additive was used in an amount of 113ppmwv. Two injectors were found
stuck after 8 hours as shown by FIG. 3. [000451As indicated by the foregoing examples, fuel additives
containing a significant amount of components having a molecular weight of 400 by (PC or less may
result in injector sticking. Unexpectedly, when the additive has only a minor amount of components
having a molecular weight of 400 or less by GPC, the fuel performs exceptionally well in a DWIO test
with no injector sticking. [00046]While the foregoing examples illustrate the use of additives containing
the reaction product with TEPA as the polar head of the additive component, it is expected that the use

of a less.polar head sigh a5, Leaghionproduyct made Wi A mNRRIDE s HAMAR.RE Alzehel may

provide improved injector performance even If the additive contairis up to about 25 wt.% of the low

moleculaciieightdoiin entdaiooive| thrert pRIPESES biINRtispcEmeutonaAPalboRIsEEaims,

unless otherisedrdicaiR ol RUMBRISRXPAESSRGANARHNAS RALcRIASASRE PraRPsiRas:and other
numerical values used in the specification and claims, agﬁetgt be,undersﬁood 1%jisge'n modifijed in all

instance STy #ztismA™ al5eheh ATaBTEm Blso R idBAIKaRIEd ARE &8 HcAiarameters

set forth galilke. following specification and attached claims are approximations that can vary depending
upon the desired properties sought to be obtained by the present disclosure. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the scope of the claims, each
numericd phrativerrve Rl dietebBebecsamisinm it ek pédHiim berprrdsB e als”gnificant digits
and by applying ordinary rounding techniques. (00048]While particular embodiments have been
described, alternatives, modifications, variations, improvements, and substantial qué\é%e ts that are

[

or can bé-présBIfthPH s subEing e RS USpREARESSF SHRSBE IR A IHE SRR , the
appendejgjetaitnssasdilentt antleas: theyedmhiapneadacadeciitndec:ta disyaldoe alimuieingliernatives,
momﬁca%%ﬁ‘?b‘{raﬁea;%ﬁ{‘ ot Harsl @ ﬁx@ %&E?h%’t‘i%ﬁ%%%%ﬁ%ﬁ%'g% yr{ gls 1rr§§sin said engine a composition
comprising said diesel fuel and a diesel fuel additive having a number average molecular (M)
weight of from about 500 to and 10,000 and being selected from the group consisting of a
hydrocarbyl-substituted succinic acid or anhydride or derivative thereof and a hydrocarbyl-
substituted Mannich base, wherein the additive has a molecular weight distribution such that less
than about 25 wt.% of the additive has a molecular weight of 400 or less as measured by gel
permeation chromatography, whereby the occurrence of injector sticking is reduced relative to
the occurrence of injector sticking in a comparable engine combusting fuel comprising a fuel
additive having a molecular weight distribution such that more than 25 wt.% of the fuel additive
has a molecular weight of 400 or less as measured by gel permeation chromatography (GPC)

based on a polystyrene calibration curve.

10. The method of claim 9, wherein less than about 5 wit.% of the additive has a molecular

weight of 400 or less as measured by GPC.
11. The method of claim 9, wherein the additive comprise a derivative of a polyisobutenyl-

substituted succinic acid or anhydride prepared by reacting a polyisobutenyl-substituted succinic
acid or anhydride with a polyamine.
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THAT WHICH IS CLAIMED IS: I. A diesel fuel additive composition comprising: a diesel fuel additive
having a number average molecular weight of from about 500 to about 10,000 and being selected from
the group consisting of a hydrocarbylsubstituted acid or anhydride or derivative thereof, and a
hydrocarbyl-substituted Mannich base, wherein the additive has a molecular weight distribution such
that less than about 25 wt.% of the additive has a molecular weight of 400 or less as measured by gel
permeation chromatography (GPC) based on a polystyrene calibration curve. 2. The diesel fuel
additive composition of claim 1, wherein less than about 10 wt.% of the additive has a molecular

weight 0f; 400 pidessasmaraHied £y @RS Ind hecliRsehingl-adsitvedprupasiAn o siaigy 1, wherein

less than about 5 wt.% of the additive has a molecular Weiq,ht of 400 or less as mea%ured by GPC. 4.
The dies3URIFRAIER SEBAFbSTHOIFSF Oaith RISk IRE it PE T pridhspifehyde or 165
polyisobutenysst)aattutedhaeid or anhydride imide that is prepared by the reaction of a
polyisobutenyl-substituted succinic acid or anhydride and a polyamine. 5. The diesel fuel additive
composition of claim 4, wherein the additive has a molar ratio of (A) poiyisobutenyl-substituted succinic
acid or ahhydrigisthedié&y ronBYipslyavalrddhiveityriantbirralegesuboudisse! thelbp grdentovpden the
polyisobuigiauleipiarigbihe RelsebHERY-SUbsHted SuseiniGasichosRRRY dide fas pdymber
average molecular weight (M") in the range of from about 500 to 850 and the (B) polyamine has a
general fHRPRREH2N(CH2)", ANH(CH2)mIn-M-12, wherein m is in the range from 2 to 4 and n is in the
range of from lcteuging = Hipérdiedst iushasdiiive sempaitem«f claim 1, wherein the additive comprises
a polyisobutenyl- ti i re y. the reaction of whstiiuted phenol,
with an aIdehy?ggﬁsép%@gﬁ%%%%%%g gl ﬁi?/%ggf)%rlﬁ(ggéitgné%% Claim 1,
wherein the hydrocartgrigdbefittiatl sutétivet asidremerhyadrittesbrad eaviarivecthdre discenprists a
reaction product of a pglyispbmienvisuisibitediaucdpiGacidsanan ydrdswiinahriancamppund

selected from the group_ caonsisting of hydrazine, an alcohol, an amino alcohol, an alkoxylated amine,

an alkoxylated alcohof" SR8 BoRIOVes AFEHattshASdittiredhaxisie fo PEBR ARG SR Sissdptuel
additive composition ofatihim(i¥4,) oA faathsidiorserveingdhE@oourdireeoftirjesigiciséickisgain a high
pressure diesel fuel inljgoqggrf a@ﬁé}e JQ'%%S&S' esggriﬂ t{lfi\é/sigl in'ea%gﬁi?, Wrr&lgt{%ing d?hglfieesel fuel
containing 15 ppm by WelgHt or 1688 sul ur, saild method comprising combus in°g in Said engine a
composition comprisifigssaidraidesaisncivaishita efie4l foe| adslithse mansntepd bmgsbr psraresgsmmolecular

(Mn) weight of from ag%%%ﬁpqg&g%ggﬁm@gﬁg%@g‘m the group consisting of a
nhydri

hydrocarbyl-substituted succinic acid or a e or derivative theréof and a hydrocarbylsubstituted

Mannich base, WidFgHtndisiiintion raidueefe cursrrmgt sistisliiom dhe wn ressitHam Aoout 25

wt.% of the additive has ensanleesdatisucighitinf 460 arddssinseandsuipehblyogelpaimeatybsnol
chromatography, Whe{ebx\/ gl] gceurrence 1091: |Qg§g£9r stickiggeinst‘r%gd,uced relative to the occurrence of
I

injector sticking in a coon?p%ra e né?ﬁ%rc%m%us defﬁ%ngompﬁsmg a fuel additive having a molecular

weight distributieecting hihbydroseebisnisituted sohtacitol il ditivmina onambie pliarideipit tsf 400 or
less as measured by gﬁ;‘qggr‘@g@tmig%ogé@é&gaa@g%(%c&ggﬁego%s@%:I};?t)érqg@_rg@gq,gﬁ;ion curve.

10. The method of claim 9, wherein less than about 5 wt.% of the additive has a molecular' weight of
400 or less as measu?@@%?"@q:’@fcmmc acid or anhydride imide and a hydrocarbyl-substituted

Mannich base having a number average molecular weight (M,) of from about 500
to about 10,000, wherein less than 25 wt.% of the additive has a molecular weight
of 400 or less as measured by gel permeation chromatography {GPC) based on a

polystyrene calibration curve.

14. The method of claim 13, wherein less than about 5 wi.% of the additive has a molecular

weight of 400 or less as measured by GPC.
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11. The method of claim 9, wherein the additive comprise a derivative of a polyisobutenylsubstituted
succinic acid or anhydride prepared by reacting a polyisobutenyl-substituted succinic acid or anhydride
with a polyamine. 12. The method of claim 9, wherein the additive comprises a
polyisobutenyl-substituted Mannich base prepared by reacting a phenol or substituted phenol, with
aldehyde or its precursor, and an amine. 13. A method for improving a fuel additive for an ultra-low
sulfur diesel fuel in order to reduce deposits and injector sticking in high pressure diesel fuel injection
system for a diesel engine comprising: charging a hydrocarbyl component to a reaction vessel,
vacuum thistilling thethydireatiyl dmphasi dbe ehiperatanpdbove abbitckoso!HHubeipiebd of time
sufficient (0 femoys, afIgast & AoTiAR.SL NG PYALoGRIBN COIRRRE QA iAo fesi e paid
distilled ﬁy rocarbyl’component being effective to provide a diesel fuel additive having a number
average apiaidddarilfeigiYVI)®f from about 500 to and 10,000, wherein the additive has a molecular
weight distribution such that less than about 25 wt.% of the additive has a molecular weight of 400 or
less as measured by ge] permeatiqn chromatography using a polystyrene.calibration cuk éJeacting
the distillftion EsitiE" tﬁ?aég%mpﬁe &R cte grgb&r{ﬁ“fﬁe%[rnﬁlps%o%/ é}‘ g o gﬁyl?r%g L}iﬁgted
dicarboxyimaristasanhydride and a phenol or substituted phenol to provide a hydrocarbyl-substituted
component; and reacting the hydrocarbyl-substituted component with an amine or amine plus
aldehyde to provide the additive selected from the group consisting of a lrtl)écérqcarb Isubstituted
succinic Hbidtomateyidtbrinsting adustadiisieafoyiesupstdaunardiessloiskin 2055 19 FdHbBer
average jpalegy 'ﬁ{@/\iﬁlismj{'\étﬂ)m{ rRNhighQiEROR t@iabpRicl GRRBiow hesRiR IRstiRrReR BytRo of the
additive has a_ molecular weight ot 400 or less as measured by gel permeation chromatography (GPC)
based olfdBEREE rene calibration curve. 14. The method of claim 13, wherein less than about 5 wt.%
of the additive lasrginpalegilacatsighingiohen os lasacismessilired by GPC. 15. The method of claim
13, wherein the additive ¢ rs olyisobutenyl-substi d?]ag&%' lﬁ; ﬁ)éd%%gg imidgprepared by
the reacting a gg?;&%%ﬁ}%ﬁ?gﬁﬁﬁ&%‘a s"&’c‘;’*é‘?n‘i‘é_‘%gﬁﬁﬁ %été%vtﬁt a poquac’r%?n_e. 6. The msetr?od of
claim 13, wherein the efdeitivesstrasibaicarbotyliio meidngt- subxdride dMervida Babgdrac2Wimethod for
improving a fuel additiyg fora bikasiqupsulfur diesel fuel in order to reduce deposits and injector
sticking in high pressure diesel fuel injection system for a diesel engine comprising:
vacuum distilling the hydrocarbyl-substituted component at a temperature above about

200° C. for a period of time sufficient to remove at least a portion of the

hydrecarbyl-substituted component, a distillation residue of said distilled

hydrocarbyl-substituted component being effective to provide a diesel fuel

additive having a number average molecular weight (M,) of from about 500 to

and 10,000, wherein the additive has a molecular weight distribution such that

less than about 25 wt.% of the additive has a molecular weight of 400 or less as

measured by gel permeation chromatography (GPC) based on a polystyrene

calibration curve.; and

reacting the distilled hydrocarbyl-substituted component with a polar compound to

provide the additive having a number average molecular weight (M,) of from

about 500 to about 10,000 wherein less than 25 wt.% of the additive has a

molecular weight of 400 or less as measured by GPC based on a polystyrene

calibration curve.

18. The method of claim 17, wherein less than about 5 wi.% of the additive has a molecular

weight of 400 or less as measured by GPC.
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charging a hydrocarbyl component to a reaction vessel, reacting the hydrocarbyl component with a
component selected-from the group consisting of an unsaturated dicarboxylic acid or anhydride to
provide a hydrocarbylsubstituted component; vacuum distilling the hydrocarbyl-substituted component
at a temperature above about 200 C. for a period of time sufficient to remove at least a portion of the
hydrocarbyl-substituted component, a distillation residue of said distilled hydrocarbyl-substituted
component being effective to provide a diesel fuel additive having a number average molecular weight
(M™) of from about 500 to and 10,000, wherein the additive has a molecular weight distribution such
that less than about 25 wt.% of the additive has a molecular weight of 400 or less as measured by gel
permeatl mat GPC d on a polystyrene calibration curve,. nd react e distilled
hydrocargyl -su t%e[ compoalllﬂe‘nf w.?ﬁ%‘%‘&ﬁ? %o%abgﬁ%cf %0 Provide He’ lasggl%lve hgl\lnnggaager%mber
average mmglaﬂw@ght ifMdy pfeparl dhoresdzte ptivisebaocb-whuitkedessainin 2BXRIY6 of the
additive Rag,a r weight of 400 or less as measured by GPC based on a polystyrene
calibration curve 18 The method of claim 17, wherein less than about 5 wt.% of the additive has a

molecular weight of 400 or less as measured by GPC. 19. The method of claim 17, wherein the

additive Q@mmﬂéeﬁe&x&@MMQbeziﬁldib‘iﬁiw&mwﬂﬂiﬁoaﬂ@yﬁﬁﬂ@imimzﬁrm&d&@ymﬂigg a

polyisobutenyl-sybstituted succinic (Lrlde with ap nine.,,20. T method of claim 17, wherein
ée % ﬁgﬂﬂ% & %&%’f@ﬁ*f?ﬁ @%Eﬁ/ an ami ne a{ aikox iag;% aﬁc ]t

the polar roup COtisist |ng of A amin €, a hy ra2|ne an di co%ol an
amino alelskbhiamdikpxigated amine, an alkoxylated alcohol, and a polyol
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