DIESEL FUEL ADDITIVE TECHNICAL FIELD [0001]The 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 modern direct injection light duty diesel engines for reasons of fuel economy,
perfoiniance, 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 resulting from combustion of fuePTDEBER]Hdd: ineBidhdagines may also use a high
pressure common rail fuel system. Recent problems have arisen with the use of ultra low sulfur diesel
fuels whBlGHad itduEREigh pressure common rail fuel systems. By "high pressure" herein is meant

those prgggy[es in diggel flelyRiemadDa) & eabin graaiesMamiod 03 {RIeala: fhan or

equal to 1000 bar). Such problems are evident by occurrence of sediment in the fuel additive
packagdRatinterids IRBBrIBhsENsP I HBeor sticking. Accordingly, there was a 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. [0004]In view of the foregoing and other needs,

in one ?%%&Eéﬁﬂrﬂge&wiﬂ{uel additive composition comprising: a diesel fuel additive
mbe ecufar

having raverage mol weight of from 500 to 10,000 and being selected from the group

consisti hydrocar ti Cj ri fvati )
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that lessnHer 2B Wiy olahamdditiiamhessionmisiicdiay diesgheotingoior reasoas phdagureenbyyel

permeatian chramatagraphly (GEGhhaser An.adolystiens.callkralion wiygAnemRRgiment of the

disclosure provides a diesel fuel additive composition that has a number average molecular weight
(Mn) of fsvidisaiadshen dhsbsul F0mBr T HucsHemi (B8 Se bt ERifsrTO Ty Breass i ed
succinicyagidlaianhvsiidaohaaivalive: Ral Rt mbydosab s bR Manpichbase,wherein
the additive has a malecular weight distribution such that less than about 25 wt.% of the additive has a

moleculSPRABHRED 04 dbeofil s e eSSt by e PPt 25t SHRHABHR b SR BYS HEP &) B4EY on a
polystyrgae.eadtbptiRRIGU ¥&m deposits resulting from combustion of fuel. '

16003} 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

contamning about 15 ppm by weight sulfur or less.

{0004] In view of the foregoing and other needs, in one aspect, there is provided a diesel
fuel additive composition comprising: a diesel fuel additive having a number average molecular
weight of from 500 to 10,000 and being selected from the group consisting of a hydrocarbyl-
substituted acid or anhydride or dertvative thereof, and a hydrocarbyl-substituted Mannich base,
wherein the additive has a molecular weight distribution such that 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. An embodiment of the disclosure



[0004alln another aspect, there is provided an ultra-low sulfur diesel fuel comprising the diesel fuel
additive composition as defined above. [0004bfln another aspect, there is provided a method for
reducing the occurrence of injector sticking in a high pressure diesel fuel injection system in a diesel
engine having injectors and combusting a diesel fuel containing 15 ppm by weight or less sulfur, said
method comprising combusting in said engine a composition comprising said diesel fuel and a diesel
fuel additive having a number average molecular (Mn) weight of from 500 to 10,000 and being
selected from the group cansisting of a hydrocarbyl-substituted succinic acid qr anhydride or derivative
thereot R TSRk PRRANICR S S BETT & B 08 WA OIS W
distributiosns eletutH 0l es sihan 2 Dot Jhofathiitadditivéchag & noldopdsrcarbid ubbd 00 slesmias
measuredby dehpsrmeatin.chomaloarapiy, whereby ihs ogeuenes ef njsdior.stildng s reduced
relative {6 the occurrence o injector sticking'in a ompara%le engine combus mg%e‘fcompnsmg a fuel
additive dudiirvg besroteclsad weighihdibnibotiomsuch thatlenpteatharm @520 o bthbdfaddvidditive has a
moleculgr ywei lan.chr g]]ffggg ona
polystyrgr%}S ?:%agli rgﬁg%ﬁév@%g(%%ﬁ% e¥F gé?ﬁ)ggﬂﬁr%%éﬁrﬁﬁt%o %ﬁeag?sc os%%%%ﬁgg)%%r%%ghod to
reduce ORpEravlbifeTtelBIRIARg B Bleposits 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
combustf§ftithe endineraRgrmRsskidhreoitainvigethardidsalaieraiy digrekarsheraatinive Having a
number gyssia@el melacanmsighidMi)defifemmieut 500 to and 10,000. The additive is selected from
a hydrocarbyl-substituted succinic acid or anhydride or derivative thereof, and a
hydrocaje§dsibstitutéd Mantieh bagestwherain the asditidedhas a moledulgowveighidigiribution such
that less tQan g@&%e%gewt.% fthe.at%dlitive %aﬁig mol}eé:ular weighsilof 400 or less as mFasured by gel
permeation chromatographf/} GPE%eBaosed Sna p%lystyreneacali Station Biive: Use Of the fuel
containifigethej edditiveysseffectivéi¢ect enigoe thevor unjarios ahihjeotdustickingdiedativecto the

occurre inj icking. i engi busti uel ini imilar fuel
v e e e o
moleculangirsgghicofmdOsigrreayrasipen sk dibyeGiel. asbosdtial dnotireidispebtvingre is provided a
method faripproying afliglagivye foranpibiadon sufus digssbiel arderin iadies, deposits and

injector sticking in high pressure diesel fuel injection system fo_r a diesel engine comprising: charging a
hydrocaf®yEEStasenaping af rehrdssabesabvaaiehiwicniomyitherypdnskidoor dsmponent at a

temperafiie AkQve, %%r&aﬁ%ﬁsﬁ@ﬂﬁgtéﬁ img.sufficientieremave.aiigashaRaripn ghthe hydrocarbyl
component, a distillation residue of said distilled hydrocarbyl component being effective to provide a

diesel fUBFEBLAITE ARG EChiPbs R isiage Wo ehikE REFYRIS IR dPtrdFRSE0E 2 800, wherein the

additive 4ifisca naglesUlaaweightdisripgtionssichiatdess d4han ko @t the-agdditye,has a molecular
weight of 400 or less as measured by\%el [?ermeation ch%)matogrgp y. using a polystyrene calibration
0

curve; ré3EAIRG THE RS ARORCFETEAB With ‘AR RS LRUEHAY O s YFURPEsH & ting of an

unsaturategndiceutiaxyiic fck ohanhyedriséansidiphenoliop aubstittiad phighnliairoride a

hydrocaggé/}ll_alxja %n“&%etga%% F\)A(f)tp’gn(t);f%géj fuel additive has a molecular weight of 400 or less as
measured by gel permeation chromatography (GPC) based on a polystyrene calibration

CUrve,
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reacting the hydrocarbyl-substituted component with an amine or amine plus aldehyde to provide the
additive selected from the group consisting of a hydrocarbyl-substituted succinic acid or anhydride
imide and a hydrocarbyl-substituted Mannich base having a number average molecular weight (Me) of
from 500 to 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.
100061Another embodiment of the disclosure provides a method for improving an additive for an

ultra-lo | rdieselI%ueli order, to,reduce sits and injector sticking in hi ressure diesel fuel
injectio\rlx(sﬁi/ﬁs m for a izé%%qlee%a%%qdﬁ%nﬁw%ft%%%aﬁgﬁs oS #ﬁlgﬁﬁgaanﬁﬁlcﬁé%%rxggf%gr%rp%rr?g%l%?to a
reactioninessel stitkenigyairdepebith corapagieptasthe nomicwomadididied etgntehaperatuyecahowadbout

200 C. TonadRetiad PLg sulfidantigdemeveat Iasiaeilion.af iy diacahuh eaipongas so that
a distillation residue of the distilled hydrocarbyl component is effective to provide a diesel fuel additive
having @enbabénsvieithgcengdie culeaTarsigHo NGO B clieshduel and 0dooel ivdrakliess than
about 25W36 9t eraddIE.Bas RMRIFGURRINRIONLPEARDBHIR SHRH MEATBIGSH DY geLagrmeation

chromatography (GPC) based on a polystyrene calibration curve. The additive is selected from a

hydrocaibsilesipditared BueaREbatitnbiuHR R adfhtbYHERSOT dRdvRlNRoRaieRf-atbatituted
Mannich,hasearbbesdisiitationvissitienbthe vdipcachveennpsenindhan reagiediitiaamponent

selected from an unsaturated dicarboxoylic acid or anhydride and phenol or substituted phenol to

provide PR P8L e b aRtHePclimponk e FAE RV Rta ool HEERb M SR AY ieHieh reacted
with a reasiantsdgcieditamnan artiraARt AR ERE) analdehydednpremde theadelitiveriaving a
moleculay wejght distribution.of from ahout 500.to about 10,000, wherein less than 25 wt,%.of the
additiveﬁ%soﬁg%?é‘gt iR %‘Fz?d‘%BE}P’?elése SHRERKLFEYFRY %‘iﬂ‘é’%‘é{%eé’&eoﬂ%%%ﬁ%tﬁ%ﬁ%‘g
calibratiefiativeveo [(0OGatin@nothef dsjpect; thaildrg providednaandihochfondnupravingra: fuehadditive for
an ulra-low sulfr diesel el n oyder. g reduce deposis and inicclar sticking 1 hidh pregsice diesel
fuel injecﬂon syﬁem ford digsd engine comprising: charging a hy%rocalr]bﬁ component to a reaction
vessel, wedetiththelfyoooar b yhcombonesigiiti 406ampenentselectéd frofthe group consisting of
an unsaturated dicarboxylic acid or anhydride to provide a hydrocarbyl-substituted component;

vacuum{B8f$fithg the FydretubifpseibStittitétreonsnemediod teriparaine aloveaddo C. for a period of

time Sufﬁ%ﬁmggmwszﬁ&I@%&@ﬁp&rﬁ&%}@%@é&@@@@g@&@%ﬂ#@&%ﬂ%@m@disti"ation

residue of said distilled hydrocarbyl-substituted component being effective to provide a diesel fuel
additive &G dieichibel BirsigeTRsIBAGI Hesgging GRIRSIFHE00 to 10,000, wherein the additive

has a moleculanyyeight distibision sbehdhatless thanegbywads¥ of the additive has a molecular weight
of 400 or less as measured by I(Tgtel permeation chromatography (GPC) based on a polystyrene

calibration curV&@ ALY RS HRAREY hyoRenBY I A STRABGED ARBERERT With™ Bolar compound
to provide the additivgdiadng amumizatiareagenooteeulaisveighiddQ Oifeam®defiey1 0,000 wherein
less than 25 wt.% of the additi\t/e has molecular weé%gtdoBAO %r Iegs as, mFasured by GPC based on
a polystyrene calibratiSi CUve- T 6‘%@%\?%1668% ¥ hBBaH, fh%ergdﬁ?a%sﬁ?gl%%%l es a method
for improving an additiviagatfftiutr ael pvowdifur disskfukhddidrdeida g ducendepesitsignd injector
sticking in high pressure injection.s for a die ngi he, method includes.charging a
hydrocarbyl componerrﬁ?t%éé?arlégg %?1?\7e§ gfa%%n rggéﬁﬁg @%}ﬁy eglgégr %‘ec%‘?n%{)vﬁeﬁsvﬁth a
component selected frohecaunumnsaght atistiiticanb oxghiclatitbor than pdride oo rdwidddative
hydrocarbyl-substitutggsccg%@&%% The nggog@@bgll-%ggsg%%q&ggg n%{g} Is.yacyum distilled at a
temperature above about 200 C. for a pgrio of time sufficient to remové at least a portion of the
hydrocarbylsubstitutedhesnaprmientsesinas 2distisnssbbiauensiine: distilled hydrocarbyl-substituted
component is effective {o.PipvideR sliesekiueladditivanayinehe uLehar ayarage nplggular weight

(Mn) of from about 500 to and 10,000, wherein the additive has a molecular weight distribution such

that less than about 25Wtsiinsthaodgurtetsdsticsselitarsie i dneecte ssphstfbasured by gel
permeation chromatogyraphly ffzRGhaases 903l ysanecalibratiengwompdhadistilation residue of
the hydrocarbyl-substituted component is then reacted 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.



10008]0ther embodiments of the disclosure may provide improved stability of a diesel fuel additive
package containing a hydrocarbyl-substituted additive wherein less than 25 % (by weight) of the
additive has a molecular weight of 400 or less as determined by gel permeation chromatography
((IPC) based on a polystyrene calibration curve. [0009]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 common rail diesel engine, [00010]Another embodiment may improve a stability of a

diesel fuel additive .packa ontaini hydrocarbyl-substituted additive component by reducing a
weight percemi‘%%%géiﬂ%}%gﬁé&?%l?ﬁ%‘%ﬁ%?éfa%R}gﬁf’ﬂ%‘ r%fgc%ﬁaﬁwgegﬁ)f SO ‘égllresulting
additive has a moleculdehyeight distribetion dbditicortems:tb Sothahe2s-ouh%oakiadaitive having 400
molecular weight or lgss as determined by gel-permeation chromatograph PC) based on a
polystyrene calibratio‘?1 ?ﬂ%g yf&%%ﬁ%\ecé{:ors&gr%ng oﬁcé%or %orgngﬁ%g?mé?wgseof Iae cﬁlsclosure, there
may be a significant hedefiaihvirpouedqicedacsd) jectorstickingdorurenge mohigHggressure
common rail diesel fugl.syst Ci Hminati K B itive having a
USLEYSIRORS R TeaHCH8 QF almAing 2R TCENAgS 9F heduelagd

low molecular weight, that is, a molecular Welght_of 400 or less as determined by GPC using a
polystyrene standardaddises bbisn sunstisivgly WiseblevedWRarddposis fopeténbinjgetors are

composed primarily ol haletial (35GSIS-MAFRIS e/ acle) GANIaiINGL Herlerbiashdiggn such low

molecular weight portions of the typical distribution curve of the additive product. In fact, even a small
amount, such as 10 Wt9%-or 5 wt.% or less of such relatively low molecular weight component in the

fuel addjtigesjf present snay resulidndéndesiralleiderrsits pravish angdiandaeckonstisking: BHiminating
or significantly reducin%an amount of a relatively low molecular weight fraction of additive from an

unmodiféd i BULAB IR R S HVEl AT MaindaLuns SeortverikiBifgiNe StskNg dBtor
performangepBRIrE diES GRIALKNLD Fy Stk BRAVENGS $0Q0 1Pk methdd anghaiRbichhrgpsesentation

of exhayst gas temperature over time for cylinders in_a Peugeot engine for a DWI Q engine test with a
paselind HErCRRM ARG REU e TR EIS. 2 i 3 Ahe B AT REETEbeh OB naust
gas tempieralettes Ouenitnaire above about 200° C. for a period of time sufficient to remove at least a
portion of the hydrocarbyl components so that a distillation residue of the distilled hydrocarbyl
component is effective to provide a diesel fuel additive having a number average molecular
weight (M.} of from about 500 to and 10,000 wherein 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. The additive is selected from a hydrocarbyl-substituted
succinic acid or anhydride or derivative thereof, and hydrocarbyl-substituted Mannich base. The
distillation residue of the hydrocarbyl component is then reacted with a component selected from
an unsaturated dicarboxylic acid or anhydride and phenol or substituted phenol to provide a
hydrocarbyl-substituted component. The hydrocarbyl-substituted component is then reacted with
a reactant selected from an amine and amine plus an aldehyde to provide the additive having a
molecular weight distribution 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.

[0006a] In another aspect, there is provided 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,
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for cylinders in a Peugeot engine for a DWI 0 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 t%/é)icalE?‘gqarggar%%-slubstituted tsuc inic imide distperlsaggnt og Mannich base may have a

molecular weidfit GiSfiBUtoN RaT aacﬁ%%l?gﬁe%@ VTR O 8158 ¢ Kb 532 [0 RFRIn 14™ is a

weight average molecular eighit and M ESJ a n&uzpbe{)av ra e.rcpolec lar, stiqht of th(? dispersant. In
o FOI&S%? IILLI%O an unsa rat{: 10%\‘ OXYIC “acid Or & a/drl C ngOHi ca .

general, it is extremely difficuft or expensive 1o produce’dispersants having a polydispersity of less

than 4 about 1.5. Acgl ag(i)régrlg f_rg%bcg'gtt&'{g&lggn curyes for such dispersants have one or more

conventional bell-shape portlo%s containing dis persant components having molecular weights above

and below the aysigA% SHLdpRGRANS 1R do/GHAIO otein e sl ispgrsants o

"conventional” dispersants. e molecular weight rocarbyl component andfor fuel

aditive may be detergynedl yGehARIMEAIRR CHITAIN AR T 15 GEG SeRaation method

involves column chromatography in which the stationary phase is a heteroporous, solvent-swollen

polymer network of ayalysshrisne geluacingdpacrmeaRiibiouss nevorderschlagaitude. As the
liquid phase (tetrahydrofuran) containing the polymer sample passes through the gel, the polymer

molecules diffuse intpdkpastsyokibeaakbnebmeshanically @ﬁ%@ﬂzé%fﬁ»@wd@%@&@kﬁézmolecules
arg

"permeate” more completely and spend more time in the column; the er molecules "permeate” less
and pass through thesgaltgenmmeng rpiciyerd he:Mae ansl dvinavalbigsahbe diyekacataylcomponent may
be obtained by comparing distribution data obtained from the GPC to a series of calibration standards
of polymers of knownimodecttasrsiai git adiie-avriagenslotetu arsiwdighkeftithydeaaadpyl component
or fuel additive according to the embodiments of the disclosure may be determined by GPC using a
polystyrene calibratiokssuhue. 106016 FOththadgitiposes:ofiiiecdiaclosigie, dhet@onidydsocarbyl group”
or "hydrocarbyl" is used in its ordinary sense, which is well-known to those skilled in the art.
Specifically, hydrocanbyhsesfets bty a groumtasangna chrboatagombdird€iRCattdekat] tansthe remainder of a
molecule and having a predominantly hydrocarbon character. Examples of hydrocarbyl groups include:
(1) hydrocarbon substitlishts:atheslibraliphaticge aid alkyl or alkenyl), alicyclic (e.g., cycloalkyl,
cycloallcenyl) substituents, and aromatic-, aliphatic-, and alicyclic-substituted aromatic substituents, as
well as cyclic Subgtnadhesdistides ideoriery ik ehmipieed o emooganotherpsditisarafahedmolecule (e.g.,
two substituents together form an alicyclic radical); (2) substituted hydrocarbon substituents, that is,
substituents containir@) PeHLHy Hioaafbse drotsamiehcit e so AelesriecHREdhbion herein, do not

alter the predominantly hydrocarbon substituent (e.g., halo gespeociallel chloro and fluoro), hydroxy,
alkoxy, mercapto, alkiffier4hts, hrPhirbesimirsigkys wt.% of the additive has a

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

polystyrene calibration curve.
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(3) hetero-substituents, that is, substituents which, while having a predominantly hydrocarbon
character, in the context of this description, contain other than carbon in a ring or chain otherwise
composed of carbon atoms. Hetero-atoms include sulfur, oxygen, nitrogen, and encompass
substituents such as pyridyl, furyl, thienyl, and imirl27olyl. 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 hycirocarbyl group; in some embodiments, there will be no non-hydrocarbon substituent

in the hydro | group. [00Q 7]As u her, n term "major am is understood to mean an
amount gre %tﬁy Yoo 3157 orf‘ee%amg‘%sﬁgr%r%vﬁ ﬁt%efg éﬁ%ﬁf’%"vﬁ’goimrelatlve to the

han or equa‘f
total weightasfitie %rﬁpéﬁﬁr&w M@Péév'é?! sl in erfitrcpetpduttedapenits mit drestaosiiskidg inderstood to

mean an araRHRtdess mjaahéoswteﬁ{ofﬁeb&h!@ tenbine. it Waightioithe eRmResIion.dRHa18]" Middle
distillate fuel as.u a:r?qo er ¥e?%1 for. eég #I%l a n&phtm kgrosenet‘ ortglesel fuel composmon It
may be a heatl oil, an mglustrlal as 0| ng ol an automotive ese fue(i a 8|st| late marine

fuel or a ker%’f@'r‘i% 8RR %&WW%WH&W&%&%@W@%W&%W@HW@YF be a diesel
fuel compostispnobtor&hpdasticetailyl-airstidoie distitiade fueddsua fligilitbhbis sdifakieraasiar adapted

and/or intengled fapdisedn 95&@5@5@&&9%&%%&@@ épre&@wgoﬁl%@ﬁ{&%p&w&we' composition,

and/or adapted an ‘1(0r intended for use in an automotive diesel (compression ignition) engine. Such

middle distif RISt FRRPEE B rifaiiehly BHURRSRA, felbetistErb R ms by atrERistn derived or
Fischer-Tropserreiatiieefepisoih Arevidilediist| it sddtvadytiawe boilig pomgs witisinithe usual diesel

(rjang”e of ;rowe@&ﬁm}lo%ch&zf 4%1@355@0@3@11}%@0(1%:@& glﬁa%e&ﬁ% %&ea gaglgaﬂ%yu&i el gngd(l)ep 365)
istillate fue ran e,.rrom { Cc at

and a measctr%1 gg?a%ghn%m algl\/ﬁ%z ‘r}%) rom 0 §6S sw?a%r&fromg% %n 4@% or 70. An initial
boiling pointst & Hﬁ%@@tﬁ%@ﬂ%ﬁ%ﬂﬁ?ﬁ?ﬁé (Fhee W@H5@Q@%@€cﬂéh@% fuel may
have a finalcaaiinghp disilinithesangeP 80 194Qa-%-Aldnampéienpiarasityiehthecmiddle distillate fuel at
40 C. MST%@%&%&&&Q% %@%@%&@@&URMFE&% 1 &%@&uﬁa&%gh &999%%&5.! he diesel fuels

of the disclosed embodiments may be applicable to the oagﬁratlon of both s atlonary lesel engines
(e.g., enginB¥Hsdy 1t BREIN L Sherip i badt taidordiiRdis ff) and

ambulatoryﬁ]@seksr@mm@d@y ER§ines used as prime movers in automoblles trucks road-grading

equmentcgnghéiry veh‘#ﬁ es, 1000 oted that, as used in this specificatign and the
appended the s I‘g?;l 8 ?ﬁ?nté (oo malis =34 W@Mﬁ%uﬁ'ﬁf?ﬁﬁéf% A expressly and

unequivocaflylimdiite: mrangs oiirbing ﬁmérﬁmbﬁkmmte@édeweeﬂb@rémeaﬂﬂw@hm Uimcludes two or
more diﬁermm@@m&%w@%&%@m vtb@htafmodr&l ude 2 PRk S ORI P ticahyaraNts are

intended to tﬁ? g& Ep ygas at rec aflon cal{i% |n a list is not to the exclusion of other like
items that can be s thut or a Sted items. c[‘%‘f)Zl)As set forth above, it has been

found, unexgeggpdly, thv&re@bkca?@&ﬁﬁhmnﬁtm@ disclosure may provide a method to reduce or
prevent visible deposits on the internal parts of a diesel injector in a high pressure common rail

diese] engine,

[60010] Another embodiment may improve a stability of a diese] fuel additive package
comtaining a hydrocarbyl-substitnted additive componeni by reducing 3 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-permeaiion chromatography (GPC) based on a polystyrene

calibration curve.



relative low molecular weight components from the additive may provide significant advantages with
respect to certain ultra-low sulfur diesel fuels, particularly when used in diesel engines having a high
pressure common rail injector system. In order to reduce or eliminate relatively low molecular weight
components from the additive, one or more precursors for the additive may be subjected in a reaction
vessel to vapor pressure reduction via an overhead vacuum distillation process. Heat may be applied
to the reaction vessel during the vacuum distillation process to enhance the process. During the
vacuum distillation process, the lower molecular weight species, j,e., more volatile species, boil off first
leaving a n%%g%{rg in WHISR TRES &P SinG et SRR %‘ﬁuﬁ%ié%‘f ré@?&?fgsc’n%%?’ebgl%é’gt@d to provide a
major amoGiERETaH ARE: it efsteesirursightictigecntar ehemin bigh strshisscoreater than 500,
desirably gegiatsthan 6AR-asWataimines MnGERc: usne:anelyshy ene atandardiBy eantrolling the
amount of yaau, andisilalion [eMBSLALE AN BAY%ISadi sontial i amgunief elatively low
molecular welg%t material removed from the rgactjon vessel For example,a vacuuntof about 700 to
about 750 FIAEFTG SAnderdmib SRa kA FARGTIRE Y Shrraistd g sitpraBolEsP T N vE s uitable for
conducting ceagussth mistitiatichnoetht (Brgeens orobh) poneat) LOABRREAl eknatd &denetixads for removing

the low molgguiRicaeighteArppRBRN IR RelIdR BN A SRt Jipited davingshgas BteRping at an
elevated temgegatur thin film dlstﬁlbatloﬂp angi/orﬂ vaporagion, and.the rllke. Icgﬁ%gother lternative, the

low molecuTaPieigh éé’(})sr%xf) R Eay b B OvEHh T & ﬁtﬁ%m&%ﬂ' g SRR IR S tillation of the
final additivepeeEtinAbcidingiibvanibodimnbrteyoriiié diselissisrbic clpesismoreisbfatohydrocarbyl
componentixBeor stuyeh CoRyk-Hb Il ledcampentnl &f S.acditve Prerustimayde.gubjected to one
or more of regol 10 1ln mbodiment, the additive, contains less than about
10 wt.% of gﬁ%y?%%ﬁ%ﬁ?ﬁ%ﬁﬁg%%@& fa?r gxllset?g%%%? 588&0? ess yagﬂcbg(\fehé?ﬁ:‘é a polystyrene
standard. IAEREiFRE SHRRYE e etrRr R tiBiaee CoRRERtE fess 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
weiaht of 4@ 1A exsaRBWMBEd Y BROFmmsthe 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 diesdPEdine mdyhe dxte FREHhER R IR cTBHtES SIAEEvE HimSrafbunt of the
relatively lowiimmisle tudcheweightadditiventompionentsit00024dd fnlessspeciicallyireated according to
embodiments of the disclosure to remove or eliminate additive components having a molecular weight
of 400 or 1e¥EBicPc iR aolytyFEmEcel arerra Lol At S Pee S TRVEERBEd above may
have a distfystionigs ive Rhatdnelziceiera BWhs taritakq with tityvefteslafivblydiowsmolecular weight additive
components, Even additives having a relatively high number average molecular weight (Mo) may
contain sufficient low molecular weight additive components to form deposits or foul injectors in diesel
engines hayhganighiesswe o miomsal Nes ahavsismimiPPP251In an aspect of the disclosed
embodiments, the hydrocarbyl substituents of the hydrocarbyl-substituted succinic acid or anhydride or
derivatives i#H@dbf andRvtianfctises esrpndisnbs dod wévhitagss Sulsrofofing fomexddnble tighly branched
polyethylengigiidenaaipha-iain coRRIMBISPO YR aRYIeNs, aRd PysasRolyRessHor example

polymers of i ogut%l ne. Suitaple polyisobmenes for,use herein include those formed from
polyisobuty?‘enibg or “?ér?@“FgﬁS?‘%éiﬁég%ﬁtg’%ﬁé ‘ga{?ﬁnféwaffl eas 35‘5”8@%?5’(‘%,“&8 °Hs dbout 70% to
about 90% thh elaisyy Bavegrh i AHAicRrlecEsh e R SisitEOp SIS St ferieBinTapdrd e those
prepared usin@xhakbi3, catalys tésilihaiduibe ha efagedmalacu pdnaeigiref Mayefthe daeliocarbyl

Substiient MR QeI E-ADGR 0L SYAmPIP IO ANGU R IGAAULIR00,fuch o from

about 500 tg about’5000, as determine C as described above, 1000261 Whenthe additive is a

succinic ac%ﬂ%i%‘dﬁ? %BWW%%M of 1.5 to about 4.0, wherein M, is a welght average
molecular weight and M, is a number average molecular weight of the dispersant. In general, it

is extremely difficuit or expensive to produce dispersants having a polydispersity of less than

4



carboxylic reactants other than maleic anhydride may be employed such as maleic acid, fummic 8
acid, malic acid, itaconic acid, itaconic anhydride, citraconic acid, citraconic anhydride, mesaconic
acid, ethylmaleic anhydride, dimethylmaleic anhydride, ethylmaleic acid, dimethylmaleic acid,
hexylmaleic acid, and the like, including the corresponding acid halides and lower aliphatic esters, A
mole ratio of maleic anhydride to hydrocarbyl component in the reaction mixture may vary widely.
Accordingly, the mole ratio may vary from about 5:1 to about 1:5, for example from about 3:1 to about

1:3, and ag,g, furiher examile, the.naleieacid Qf-rRBMyArde, aayRRrISaeve steichiemetlric excess to

force the reaction to.comp letion. The unreacted maleic acid or an drlde be ved by vacuum
%axhy‘r’fe 1R

distillation SpOSeSIPA M%rﬁﬁ@ﬁ%%&ﬁl SR A cF%ezatnf}sbe‘*’fﬁl}%pare acting the
hydrocarbybeemepdniesitwitis ayskrenol Sreubisticerats pirerofredenyefeclr /s PFEBMESE and a polar

compoundgl QRG2S LTReRalat-RemRkRAckMay include any of numerous amines, aminoalcohois,
aminoacids, polyamines, alcohols, polyols, alkoxyalcohols, alkoxyamines, Fkéydrazmes and the like.

Such polal@@afioundImaplbetesed dh of desaltiepersh yemncarmFos(ip St FH EGEHIEacid or
anhydride @é@ﬁﬁﬁé@twgm@mmammm {Seqyliniingrexaspptesnimivddsvitade

methylarnln 2-ethythex ing, N= d lamine larni diamine,
N-(3- amlncfﬁl%%ﬂylfmoma g AR N o é/r%arpalne é?nglsr%:eﬁl\? g%}?rl%%%ggé@ I%gsgéﬁggﬁgaithanolamme

N-ethanol-ehyyenesiei ﬁ*éwwéméewgﬁmm REFBSELHI AK5 R Fhaeerit
aminoguaridine hicarbesatethaRE et bytendsiamnipdydie thylphedsientina: gD ET £, thmthylene
tetrarnine %T'FTA)ma%?mkﬁf;msmw@%@gﬁnmmw Foe-oexAmiRe {REmAIANd heavy

polyamine yamlne may comprise a mixture o len amines having small
amounts oﬁ%ﬁ@kb&?‘ﬁ?‘?ﬂﬁe%ﬁ’?ﬁﬁ%@ﬁ@ﬂ af‘gwrﬁﬁﬁ‘ﬁgg% é p’r(larfr)ug% o‘flg%mqers having seven
or more nittegerRaatoms, dwicoes rhoneip thm aojamines wﬁﬁoléﬁ‘&lé&amﬁr%réf%ﬁ%% branching
than CO”WEH?&@J@P&%’EH%%Q%&%@&QQ'W%hﬁ@iﬁg'&ﬁﬁiﬁ&:@@mﬁﬁﬁé&ku@h fmagrze used to

prepare the hydrocarhyl-substituted additive ongnt are disclosed |n 0..0,548,458, the
disclosure 8f WATER i<l r‘fﬂ%tf’ﬁg?ﬁtg@lﬁ%%élﬁyb%o égrréﬁgg}nwfls er?tl?]éfy n en%ﬁ%%ent of the

disclosure mbmbwmw@mméwéﬁemm%rmm@ﬁwmﬁmﬁ@ §UBEH2911n an
embodimegt 4baadidiiyasompanenidsy Grcusdescoripavesiscaiiatiowingformula: 9

[60016] For the purposes of the disclosure, the term "hydrocarbyl group” or "hydrocarbyl”
is used in its ordinary sense, which is well-known to those skilled in the art. Specifically,
hydrocarbyl refers fo a group having a carbon atom directly attached to the remainder of a
molecule and having a predominantly hydrocarbon character. Examples of hydrocarbyl groups

include:

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

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

(2) substinged hydrocarbon substituents, that is, substituenis comiaining non-
hydrocarbon groups which, in the context of the description herein, do not alter the
predominantly hydrocarbon substituent (e.g., halo {especially chloro and fluore),
hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);



wherein n represents 0 or an integer of from Ito 5, and R2 is a hydrocarbyl substituent as defined
above. In an embodiment, n is 3 and R2 is a polyisobutenyl substituent, such as that derived from
polyisobutylenes having at least about 60%, such as about 70% to about 90% and above, terminal
vinylidene content. Compounds of the above formula may be the reaction product of a
hydrocarbyl-substituted succinic anhydride, such as a polyisobutenyl succinic anhydride (PLBSA), and
a polyamine, for example tetraethylene pentamine ('[EPA). 1000301The foregoing additive may have a
molar ratio of (A) polyisobutenyl-substituted succinic anhydride, to ( olyaming in the range about 3:1
to about 1:2 in th Eéﬁffﬂ?és.“ U é?fy’ﬁsé‘fu?uamae&fﬁv‘g co té‘f}rillsea%‘é%ﬁs%b%?eﬁnﬁnga?gﬁp of the
polyisobutenyl-siisétnateet shisentic wribydeidecheldrg desatipfiboroavein gdambracurapiveight (Mn) in the
range of from abgui 5040 Seas: detginin ety dPlenn diR ) paliansing haring.gg@eneral formula
HIN(CH2)n,- FNH(C1-12)rpin-M-12. wherein m is in_the r from 2 IS ip the range of from
1to 3. [OOOSl]Wﬁ%ﬁ%%lr’rf)fb g el %‘%ﬁ%ﬁ%ﬁ?ﬁ%ﬁf %%&%ﬁ? Talggusry gg’éﬁ?@é?ﬁ&%}%\ﬁ?ﬁ% f%el may contain
an amount of ad 8RBy ZAFRE fgﬁﬁf‘ﬁ%@ﬁﬁﬁﬁ)%%m@%%ﬁﬁ\w e RCILFSIERBBUL 80 ppm to
about 200 ppmwwtkiitaapedisiwhesenafearviey isnemployeditopiekgé@orhpositionscoataining the
additive to the fugl,fhe additye Compositions Mav.conaiR:BR.A%, el iNangredignts 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 aboutFBGimg of fcane higemnkieotduéhadreractiviisngredient basisrexcliudes thetweight of (i)
unreacred gompones.2Rsaeiaies \ith.andgemalbingdndhs.aositivesasmioduced ardl used, and (i)

solvent(s), if any, used in the manufacture of the disclosed additives either during or after its formation
but before gﬁ’&fﬁ{é’#% Fﬂe %9 bR

¥ SORRPRAR M EEPHEr 18 B BBy B " fOBE 27116 Beftitive® SPERe" R

present disclosure
may be blemgechirmoa bsetier ndivicakilyoe iioiarbusighubitermiratiges. In some embodiments,
the additive of the present. 10 disclosure ma blended intq a fuel concurrently using an additive
concentratd L AR AU SRS eSS ab AR BRI S ted by the
combinatiopr ofidsry resdi exteposition. inftivesfobmaotieatina dulitive vdwterteasesinisolrillaw eflaasoncentrate may
reduce blendingoiineeirng feasetieRossiilithaf &leneiog: Qs «[0De3 2l gl fdre additional
optional additives, may be present in the fuel compasitions disclosed herein..For example, the fuel
compositone R i e o B S R B! SR . rermal
stabilizers, gifier fiifdls, hiathité s iwrbdesangfis sxdavik are/ e dpeieh Finmidt Sroigeitis, antistatic
additives, diafbiethicingragrRntsatiitiiansmonitiesdesmsifivis et lsifiges Adbanesizanti-icing

additives, agliknqgk Addifias. &aggéa&@ﬁgﬁﬁm% JPAPEOMEL SONORRN.BRIRIR R LAl flow improvers,
pour point depressants, solvents, demu SIfICl%fﬁjbrICIty additives, extreme ress%%eé ga‘%%nts, viscosity
n

index imprdVEPScLRAT SRR A XRHAY SYATINS 8RS BB GEREH iPstar! GRsp , conductivity
improvers, grgahicinitiddes Writion micalorator dotian geinke sdthic irbonmlslicerhpogmelstramd mixtures
thelreof- In _@95?;& ABRSAR ngu@tl.,@@;@%ayﬁgq%rgﬂgém@M%s&iﬁﬁffa{@_ﬁmwmﬁ&gﬁ@boutf10 Ivvt-%
or less, or in other aspe % or less, based on al weight.o ive or fue
compositioﬁrf""‘x"&‘r Bire %Brf?r:@rse%%fytﬁ .%I\%O\i/éé’ %X&a"m%ef’é?’r%%ﬁé’rf’;,%ﬁg"“’f’ué?*i‘gf%o@t%ﬁa%éa% contain
suitable anfotrsditrat endnG:EoM Ffidhes Sueh3adondé:raibly dirantf] felialiey’8théss, and the like.
[000341In exeier keifusthekilpstkatefentumesranhad@mpgrsOhthengiseIosethoe C. and the

fuel may have a final boiling point in the range 290 10 400° 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

{centiztokes).

{0001 91 The diessl fuels of the disclosed embodiments may be applicable to the

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



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 (THY) as a solvent. Polystyrene standards of desired molecular weight
ranges were used as the standards. Example 1 [000351A 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 t%garl? pare the addjtivefal b urin“gﬁ’ e Qrggg{g%igl fgg stéie additiée extendedsggx%g;um stripping

1018, 1 DU D518, . ENOTINGE 16,8, Shmnes i .
was used t8Temove oW malecular waight components at various stages ot the process. The resulting

product ha@ranh iiseria sepasilsfolactidritagiitavosragrishichstFetiy GPC. The amount of
11 Compo’@ﬁy a"'”%;%%?éﬁ%ﬁa'ﬁéswu% bt IS%OQaI é'e{(s;‘éﬁ%&‘aeeﬁs%ﬁe% by;GP %Js?n']ig" fung in the

product wa £.%. The result ? product wa n aromatic process | id to the weight
ratio of 25: TR0 o ciiss Bt e RAvR Elsibbbes qerreht e irykesYiBihia glass jar The
solution wasexpesad aimaspharie, cahdiitons ‘ah28Gniddttenhike the stabiityitbthe additive. After

16 hours, the;salufian emaingskeleas ang- st iihout sedimeniaion, Exe Rl £0Q0361An

additive was made similar to that of Example 1 except the PIBSA to !EPA ratio was 1.0:1.0. The

product ha8 SiFARPSs SEHB B AEFHRRCR A ST Bt tEfhB SR hatlig o MaReLike dRS MEb 400 or less
as measurett by @GR Guehsaidiieg intthérbdumet was 2.8 wt.%. When diluted and exposed to the same

atmospheri ditions, as in_.Example 1, the mixture remaineq, clear and pright without sedimentation.
Example S@ﬁ’ﬁparati% ﬁ&ﬁ’ﬁ%‘b@i’ﬁoﬁ%ﬁg ena%&ﬁ%’/@\%ﬁ?ci;ﬁ &eﬁggr %‘?&?PO%CF WPEBRple 2 except
that no extralafaedenisiapiian it gmeeneriyifemiks pdaitiomey rervidvaitaificasbhdcuizesieight .
componentsitoHagitn an (A UMRASTHR RIS GHESEN A\ URnitasiked Mieicsanhy disle edfhgeproduct had an
IsiL, of 10 t fco e Ing.a mal r.weight of less than.400 as measured
by GPC W?fsa%? %v%t%}?g\})v%%egr% %?(&prg@g to@r%%?&%gg’[rﬁgp e%ej‘rtlcr%%gr% i?fo%%n as i%%‘bqg 2, a brownish
sediment f&mgﬁia%%%ﬁpﬁpm@lﬁ| Hew jﬁ’F additive, one or more precursors for the additive

may be subjected in a reaction vessel fo vapor pressure reduction via an overhead vacuum
distillation process. Heat may be applied to the reaction vessel during the vacuum distillation
process to ephance the process. During the vecunm distillation process, the lower molecular
weight species, i.e., more volatile species, boil off first leaving a mixture in which the remaining
fractions or distillation residues may be reacted to provide a major amount of additive having a
molecular weight of greater than 400, such as greater than 500, desirably greater than 600 as
determined by GPC using a polystyrene standard. By controlling the amount of vacuum and
distilation temperature one may readily contro} the amount of relatively low molecular weight
material removed from the reaction vessel. For example, a vacuum of abeut 700 to about 750
mm of Hg at a temperature ranging from about 190° to about 250° C. may be suitable for

conducting vacuum distillation on the precursor component,

{80022] Alternative methods for removing the low molecular weight component may
include, but are not limited to, inert ges 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 Dy vacuurn, stripping, or thin film distiflation of the finsl additive product,

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



1000381in 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 O 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 DWIO diesel engine for running the injector
coking testSYFREBHGTRE K s prhear Shidf s HEVRE ot TRt SRR Lot HOA chamber had
four valves @nibthreifgetinjeectors were DI piezo injectors have a Euro V classification. 12 [000391The

core protocol cedure consisted of running the engine through a cycle for §-hours,and allowing the
0Ei(%ngine SRPIS°R %@8%%8%‘?# Uht ?ﬁé?s?ﬁﬁcﬁbé’é%ﬁ?g“@e/&ﬂé?\%“ﬁ?as repeated

engine to sba
four times. Artrecetichofiese mblotwznrstaial Aiéas rsiePIasitakanipfyecergidredwhile the engine
was operatiggtiad rateisene lenadilive dnjectordeulingsprapepsitiaitheainvms hagterized by a
difference Ip, APSERGO R IEAAPYSLOANBRNIE PEARNING. 3g,he el fSephaiets. (000407 est
preparation involved flushing the prevYous tests ?lfe rom the en jine priorto remg\onng he injectors.
The test inj&&tbHre et iﬂ@ﬁ?&f@dﬁ’c‘l@’é‘ﬁ"@oﬁ“ﬁﬁﬂj‘i‘éﬁﬁsﬁgll%%tﬁﬁ@ﬁ@i?@?ﬂf’%ﬁ fiféetots were
selected, thesireviamjegiors wWigrer st threughised by [GRIr breaikel ndditble inNekt; the:gpgine was started

using the desicad (RSl HEIR RO B NCe RS COMNEMRR A ME B PRNSEYAS [IgRsUred at 4000
RPM and fullé%ad to. check f?r g%)ower_ restorEtlon after cleaning, the injectors. If the power
|

f N ]
measureménts Were Wit gb%éll HigEIH BT Bt 20 Hin R HE FR A aBle 1 provides a

representafiorroiaraDW O el Kyt eotprdanasi s editdvecetwatentie fuel additives according to the
disclosure. [l 1 - On6-HRSRIESRY AN LDUAD ESAGLGSlE: SFRLYRIgNiputes) Engine
remove or eliminate additive components having & molecular weight of 400 or less by GPC
using a polystyrene standard, conventional additives as deseribed above may have a distribution
curve that includes a substantial quantity of relatively low molecular weight additive
components. Even additives having a relatively high number average molecular weight {M,)
may contain sufficient low molecular weight additive components to form deposits or foul

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

[aee2s] 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 exampie highly branched polyethylene, ethyiene alpha-olefin
copoiymers, polypropylens, and butene polymers, for example polymers of iscbutylenc.
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 90% and above,
tesmiinal vinylidene content.  Suifsble pelyiéobutenss may inciude those prepared using BF;
catalysts. The number average molecular weight (M) of the hydrocarbyl substituent may vary
over a wide range, for exampie from about 500 fo about 10,000, such as from abowt 500 to about
50040, as determined by GPC as described above.

joGa26) When the addifive is & succinic acid derivative or anhydride derivative,

carboxylic reactants other then maleic anhydride may be employed such as maleic acid, fumaric

8



Load (%) Torque(Nm) Boost air after Intercoler (C) 2 1750 20 62 452 7

acid, msalic acid, itaconmic acid, itaconic anhydride, citraconic acid, citraconic anhydride,
mesaconic acid, ethylmaleic enhydride, dimethylmaleic avhydride, ethylmaleic acid,
dimethylmaleic acid, hexylmaleic acid, and the like, inciuding the corresponding acid halides
and lower aliphatic esters, A mole ratio of maleic anhydride to hydrocarbyl component in the
reaction mixture may vary widely. Accordingly, the mole ratio may vary from about 5:I to about
1:5, for example from about 3:1 to sbout 1:3, and as a further example, the maleic acid or
anhydride may be used in stoichiometric excess to force the reaction to completion. The

urnreacted maleic asid or anhydride may be removed by vacuum distillation,

[08627] A hydrocarbyl-substifuted Mannich base may be prepared by reacting the
hydrocarbyl component with 2 phenol or substifuted phenol, aldehyde or its precursor, and a

polar compound,

{60028} The polar compound may include any of numerous amines, aminoalcohols,
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-ethythexylamine, n-dodecylamine, stearylamine, N, N-dimethyl-propanediamine,
N-(3-aminopropy)morpholine, N-dodecyl-propanediamine, N-aminopropyl-piperazine,
ethanolamine, N-cthanol-ethylenediamine and the like, Non-limiting exemplary polyamines
may include aminoguanidine bicarbonate (AGBC), sthylenediamine, diethylene triamine
(DETA), triethyiene tetramine (TETA), tetracthylene pentamine (TEPA), pentasthylene
hexamine (PEHA) and heavy polyamines. A heavy polyamine may comprise a mixture of
polyatkylenepolyamines having small amounts of lower polyamine oligomers such as TEPA and
PEHA, but primarily oligomers having seven or more nifrogen afoms, two or more primary
amines per molecule, and more extensive branching than conventional polyamine mixtures.
Additional non-limiting polyamines which rmay be used to prepare the hydrosarbyl-subst.imted
additive component are disclosed in U.B. Pat. No. 6,548,458, the disclosure of which is
incorporated hersin by reference in its entirety, In an embodiment of the disclosure, the

polyamine may be selecied from tetracthylene pentamine (TEPA).

[B0G29] In an embodiment, the additive component may include compounds of

following formula:
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wherein n represents 0 or an integer of from 1 to 5, and R? is a hydrocarbyl substituent as defined
sbove. In an embodiment, n is 3 and R? is a polyischutenyl substituent, such as that derived
from polyisobutyienes having at least about 66%, 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).

{08936] The foregoing additive may have a molar ratio of (A) polyisohutenyl-substitrted
succinic anhydride to {B) polyamine in the range about 3:1 to about 1:2 in the additive, A
particularly useful additive contains a polyisobuteny! group of the polyisobutenyl-substituted
suocinic anhydride having 2 number average molecular weight (My) in the range of from about
500 to 850 as determined by GPC and a (B} polyamine having a general formula HyN(CH;)m-
[NH(CH; )i |- NEL, wherein m is in the range from 2 to 4 and n is in the range of from 1 1o 3.

{06031] ‘When formulating fuel containing the additive as described herein, the firel may
contain an amount of additive ranging from about 10 o about 10,000 ppmwy, such as from about
80 ppm fo sbout 200 ppmwvy. In aspects wherse 2 carrier is employed to provide a composition
containing the additive to the fuel, the additive compositions may contain, on an active
ingredients basis, an amount of the carrier ranging from about 10 mg te about 1000 mg of carrier
par kg of fuel, such as about 25 mg to about 700 mg of camier per kg of fuel. The active
ingredient basis excludes the weight of (i) unreacted components associated with and remaining
in the additives as produced and used, and (i) solvent(s}, if any, used in the manufacture of the
disclosed additives either duving or afler its formation but before addition of a carrier, if a carrier

iz employed.

{60832} 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

ic
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disclosure may be blended into a fuel concurrently using an additive comcentrate, 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.

[00633] 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, camrier fluids, metal
deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives, drag reducing
agents, friction modifiers, demmlsifiers, emulsifiers, dehavers, anti-icing additives, antiknock
additives, surfactants, cetane improvers, corrosion inhibitors, cold flow improvers, pour point
depressants, solvents, demulsifiers, lubricity additives, exiverne pressure agents, viscosity index
improvers, seal swell agents, amine stabilizers, combustion improvers, dispersants, conductivity
improvers, organic nitrate ignition 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 wi.% 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 comtain suléable amounts of fuel blending components such as methanol,

ethanol, dialky! ethers, and the like,

[08034] In order to further illusirate fealures and advantages of the disclosed
embodiments, the following non-iimifing examples ave provided. For the purposes of the
following examples, the molecular weight of the addifives was measured by gel permeation
chromatography (GPC) with tetrshydrofuran (THF) as a solvent. Polystyrene standards of

desired molecular weight ranges were used as the standards,

Example §

[66635] A fuel additive was produced from the reaction of polyisobutylene succnic
anhydride (PIBSA) with tetracthylenepentamine (TEPA) in a molar ratic of PIBSA to TEPA of
1.1:1.0. A modified procedure as deseribed in ULS, Patent No., 5,752,982 was used to prepare the
additive, During the preparation of the addifive, extended vacuum stripping was used to remove
fow molecular weight components at varicus stages of the process. The resulting product had a

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

il
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components having a molecular weight of 400 or less as measured by GPC remaining in the
praduct was 2.7 wt.%. The resulting product was diluted with an arematic process fluid fo the
welight ratio of 2575 product to process oif to form a homogenous clear and bright solutionina
glass jar. The solution was exposed to atmospheric condifions at 22°C. o determine the stability

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

Exsmple 2

[66034] An additive was made similar to that of Example 1 except the PIBSA to TEPA
ratio was 1.0:1.0. The product had an M, of 1420 and the amownt of components having a
molecular weight of 400 or less as measured by GPC remaining in the product was 2.8 wt.%.
When diluted and exposed to the same atmospheric conditions as in Example 1, the mixture

remained clear and bright without sedimentation,

Lxample 3 (Comparative Dxamnle)

F600837] An additive was made as described in example 2 except that no extra vacuam
stripping was used during the reaction to remove low molecular weight components, other than
vacuum siripping fo remove unreacted maleic anhydride. The product had an M, of 1092 and
the amount of components having & molecular weight of less than 400 as measured by GPC was
5.9 wt%. When exposed to the same stmospheric conditions as Example 2, a brownish

sediment formed at the botiom of the glass jar.

[00038] In the following examples, the effect the additives made according to methods of
Examples 1-3 had on diese! 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 fusls to provoke fuel injector fouling and was also used to
demonstrate the ability of certain fuel additives o prevent or control these deposits. Injector
sticking evaluation used the protocel of CEC F-98-08 for direct iniection, common rail diesel
engine nozzle coking tests. Awn engine dynamometer test stand was used for the installation of
the Peugeot DW10 diesel engine for running the injector coking tests. The engine was & 2.0 liter
engine having four cylinders. Each combustion chamber had four valves and the fuel injectors

were DI piezo injectors have g Buro V classification.

12
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[00839] The core protocol procedure consisted of running the engine through a cycle for
8-hours and allowing the engine to soak (engine off) for & prescribed amount of time. The
foregoing sequence was repeated four times. Al 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 chasacierized by a difference in observed rated power between the

beginning and the end of the test cycle.

(0040} Test preparation involved flushing the previous test's fuel from the engine prior to
removing the injectors. The test injectors were inspecied, cleaned, and reinstalled in the engine.
If new igectors were selected, the new injectors were put through a 16-hour break-in cycle.
Mext, the engine was started using the desired test cycie 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 DWI0 coking cvele that was

used to evaluate the fuel additives according to-the disclosure.

Table 1 - One hour representation of DW10 coking cyele,

Step | Duration{minutes) | Engine speed Lead | Torgue(Nm) Boost air affer
{rpm) (%) . Intercooler (°C)
1 2 1750 20 62 45
2 7 3000 &0 173 50
3 2 1750 20 62 45
4 -7 3500 80 212 50
5 2 1750 20 62 45
6 i0 4000 100 * 50
7 2 1250 10 23 43
8 7 3000 100 ¥ 50
o 2z 1250 10 25 43
10 10 2000 100 * 50
i1 2 1250 10 25 43
12 7 4000 180 * 50
Bxample 4 (Injector Stisking Engine Test)
166041} Diese! engine noezle coking tests were conducted using the Pevgeot DWI10

engine following CEC F-98-08 protocol of Table 1. The engine was run with diesel fuel (PCI10)

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

Exampie 8

j00042] In this example, an additive made according to Examples 1 and 2 having an M, by
GPC of 1462 end having 2.5 wi% of components having a molecular weight of 400 or less was
mixed into the fuel in the amount 180 ppmwv (weight per volume of diesel fuel). The engine

was run for up to 32 hours without injector sticking.

Example 6 (Comparative Example)

{60543} 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 (Ma/M,} of 1.61, and contained 18.0
wt.% of components having a molecular weight of 400 or less. The engine was run for § hours
on the fuel and restarted after the engine cooled down. Two injectors {curves B and C) were
stuck as indicated by low éxhaust gas temperatures at end the 8 howrs as shown in FIG. 2.
Physical inspection of the injectors upon completion of the test confirmed that the two injectors

were stuck.

Example 7 (Comparative Example)

[B0044] Another comparative example was rm similar to Example 6 with the exception
that the additive was used in an amount of 113ppmwyv. Two injectors were found stuck after 8

hours as shown by FIG. 3.

[BR045] As indicated by the foregoing examples, fuel additives containing a significant '
amount of components having a molecular weight of 400 by GPC or less may result in injector
sticking. Unexpectedly, when the addifive has only a minor amount of components having 2
molecular weight of 400 or less by GPC, the fuel performs exceptionally well in a DW10 test

with no injector sticking.

14



Example 4 (Injector Sticking Engine Test) 1000411Diesel engine nozzle coking tests were conducted
using the Peugeot DWIO engine following CEC F-98-08 protocol of Table I. 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 uniform exhaust gas temperature for all 4-cylinders as shown in (FIG. 1). 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
1000421In this example, an additive made according to Examples 1 and 2 having an M" by GPC of

1462 and 2 5 wt.%, of co ponents hav lar e| 0.9k Ie mixed into the
fuel in the unt 180%%%%Wt€e§ ?5?1%5? Vo uméﬁ% gJ eseFfuvgll %ﬁégénf? %n%gwas r n%‘%r up to 32
hours WltthﬁcFFﬁ%E‘fﬁ‘f‘%ﬁ&‘Pf#@E ahiptee et Bﬁ%ﬁ@ﬁ%ﬁﬁ%‘ﬁ%m%ﬁtﬁh@‘ﬁw@emade without

extra vacuusz stipaingackeiting to theariethodiaf made with a monoamine, diamine, or aloohol
may provide improved injector performance even if the additive contains up to about 25 wt.% of

the jow molecular weight component.

{06047) For the puwposes 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 understood as being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and atfached 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 Himit 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

numiber of reported significant digits and by applying ordinary rounding techniques,

foat4a] While particular embodiments have been described, alternatives, modifications,
variations, iroprovements, 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 slternatives, modifications variations,

improvements, and substantial equivalents,
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_comparative example 3 was added to a diesel fuel in the amount of 112 ppmwv. The additive had Ivin
of 610 by GPC, a molecular weight distribution (MvilsAn) 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 after the engine cooled down. Two injectors (curves B and C) were stuck as indicated by low
exhaust 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 stuck. Example 7 (Comparative
Example) 1000441Another comparative example was run similar to Example 6 with the exception that
the additive Tda T SFHECENSrOBLAINMEDIEppmwy. 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 GPC or less may result in
injector sticking! Uik fedtedilitiwelverphsitaidittrephiamgnly a minor amount of components having a

molecular weight of é@?e?ﬁl@ksﬁ'dg}ﬁ@fﬁv{%? JuplRsEfas, exeealonal's Well BRI kadgst with no

injector sticking. 14 [00046]While the foregoing examp Ustrate the USE of additves containing the
reaction product with TERA XY thedpbiirehedertiitiromddidveraamponistingt of exXpebtedtthat the use of

a less polar head such s ERAIPARIOGHSLMANBUN GmangETHOR. FIaRiNe gk lcghgl may

provide improved injector performance even if the additive contains up to about % 0of the low
molecular weight comporféRtiatBb Marmishiiessurpbaes obmpddpiseiaatiormaterdppermieid claims,

unless otherwise indicateds@ibmitnRers SXRr eSSIRtLAURNLOS, JiGe HIRANSS. AR TORRRS, and other
numerical values used in the specification and claims, are to be understood as being modified in all

instances by the term "abBRigt AU SRSirRg Iy et AssTfseEscbr i Bth e emrirbRR eheompkeriilparameters

set forth in the following specificatiancanchatiasheskGamaaie @appeoximations 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 paramietishbldiaidenseheepostisedindight of hecrirmbes afsenoriedesignifigant digits

and by applying ordinary rounding techni . (000481 While particular embodiments have been
described, a%é;cgﬁgfﬁﬂ%ss? %8%?%3 e ,Et 0%%%% o(r less as measmgﬂ;y (LiIL'(E

3. The diesel fuel additive composition of claim 1, wherein less than 5 wt.% of the

additive has a mojecular 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
moiety in the range 3:1 to 1:2, wherein the polyisobutenyl group of the polyisobutenyl-
substituted succinic acid or anhydride has a number average molecular weight (M,) in
the range of from 500 to 850 and the (B) polyamine has a general formula HoN(CHz)y-

[NH(CH)w|u-NH;, wherein m is in the range from 2 to 4 and n is in the range of from 1
to 3.
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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. 15 THAT WHICH IS CLAIMED IS: 1. A diesel fuel
additive composition comprising: a diesel fuel additive having a number average molecular weight of
from 500 to 10,000 and being selected from the group consisting of a hydrocarbylsubstituted acid or
anhydride or derivative thereof, and a hydrocarbylsubstituted Mannich base, wherein the additive has
a molecular deight distdbditia reddicty¢hatessithanddSiatdol ofthercid ditive dibisva motecisar aveight of

400 or less | rq&gg% C Vi(GRC) bz 0 olystyrene calibration
curve. 2. Tt@@ggjﬂfgﬁg gg%%ﬁ\{}g%{ompoa%nt%%g%%ﬁg v{illhe eitr%%egg%t%%;r? 1%ta wgt). Yo 8%%%8ftive has a
molecular weigtiotatherle s5th emrddnidaobytGPEursTddieselifgel additive composition of claim

1, wherein less than 5 wt.% 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

polyisobutentl-diiBstifseb duacrslGism ko amgsiiipidel watis prepenca By thalreesstivhsubstituted
polyisobutenylssilstifitedsusainia acigronanhydddemaedra-Rrliyaming. raactie Jiselfust additive

composition of claim 4, wherein the additive has a molar ratio of (A) p%girsobutenyl-substit_uted succinic

acid or anhyBPldBRvR to1es pisk SHhr@imaratydn hBYdite g  RoRrweerRN RS leRobuteny

group of the pelyispbueny\sHRsithiesr MaBRit aCish o ARBY ifeKas aiBbRoReLANRIAgSIBPlecular
weight (Mn) in the range of from 500 to 850 and the (B) polyamine has a general formula H2N(CH2).-
[NH(CH2)nirERiER 2 AP gl ayemPoii2 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 basg prepared by the reaction of g phenol or substjtuted }lenf%i with an aldehyde or its
precursor, asﬁ?j A?ff;‘f‘kﬁ%'elgx?.sﬁﬁt@d&esqg (I%Fe% a{:(ﬁ)gilfwg%%rﬁjﬁo }ﬁ%% 866 ARRV SRR THER of
hydrocarbyl-%&ﬁgtlt‘uted succinic acid or anhydride or derivative thereof comprises a reaction product

of a poyisohytepyLsybiied succic acid or aphygide it & polar comegund selected rom the
group consisting of hydrazine, an arcohol, an amino alconol, an a )ﬂa%e ganlﬁne, aﬁ 1?(8 yIated
alcohol, andfagbotyettion system in a diesel engine having injectors and combusting a diesel fuel
containing 15 ppm by weight or less sulfur, said method comprising combusting in said
engine a composition comprising said diesel fuel and a diesel fuel additive havi;g a
number average molecular (My) weight of from 500 to 10,000 and being selected from
the group consisting of a hydrocarbyl-substituted suéciﬂc acid or anhydride or derivatiive
thereof and a hydrocarbyl-substituted Mannich base, wherein the additive has a molecular
weight distribution such that less than 25 wt.% of the additive has a molecular wéight of
400 or less as measured by gel permeation chromatography, whereby the occurrence of
injector sticking is reduced relative to the occurrence of ingector 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 5 wt.% of the additive has a molecular

weight of 400 or less as measured by GPC.
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_8. An ultra-low sulfur diesel thel comprising the diesel fuel additive composition of claim 1. 9. A

" method for reducing the occurrence of injector sticking in a high pressure diesel fuel injection system
in a diesel engine having injectors and combusting a diesel fuel containing 15 ppm by weight or less
sulfur, said method comprising combusting in said engine a composition comprising said diesel fuel
and a diesel fuel additive having a number average molecular (M.) weight of from 500 to 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 distribbtiont 8eicReHdeek Ham2 8- wibs sithdha dadiiévaasanaTise calaloreigie opT00 or less as
measured by galparmsaionahiematagranby. avaerepy Hhe anaurengs Alinisgtorstigking js reduced

relative to the occurrence of injector sticking in a comparable engine combusting fuel comprising a fuel
additive haRGEINGRBhSHREIYRE retiBiGRsr U anrdiftoréharpBming, of the fuel additive has a
molecular weight of 400 or less as measured by gel permeation chromatography (GPC) based on a

polystyrene xalitmatioriodve. chén PhevHeshoth Ohelnive Sovhereinless e bt ik the.additive has
a molecular wei hg(gc 400 or Ies(#s as measured by GPC. 11. The method of claim 9, wherein the
additive cor#\g B BRAIESS BhEioros AdRel sErthet et ahsaleiEt ddrb¥tie srepared by

‘reacting a pplytsedautenylasuhsiitited 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 improvinpa fhiebetbicitifre fmparvinirafosy sidftivelfosehfulktidorderio st édepasitsand injector

sticking in thQ RLESSUre, iesel fuel injection system for a diesel engine .comprising: charging a
hydrocarbyl co%poﬁsgcnst té;%l%ree%ﬁ%ﬁ \%elgse ,gv&écgd r?lnyéfg’ﬁﬁﬁg 1[?135{;1%1 f&g%ﬁ%y?%s tﬁghzl?‘ﬁ A a
temperaturedzselen 2o @nfpriangeriod of time sufficient to remove at least a portion of the hydrocarbyl

component, a distigﬂg}%{hé%sllg}die&&gﬂ%&%g@g&%dmgg@& ¢omponent being effective to provide a

diesel fuel additive having a iumber average molecular weight (Ma) of from 500 to 10,000, wherein
the additive has a WesuiastlleighbdistdagEtnseshnvrinies s tsapastwesbof ¢tR86dditivehas a

molecular weight of 400 grlegs as:measuierRgsLREINGRIRCh 5%%&9%5@%%@89&&9'ystyre”e

calibration curve; reacting the distillation residue with a component selected from the group consisting

of an unsaturated dicarbGRFROBEHS rdisiHiativte adna phene dsiisgshvdtesaghd romoavide a
hydrocarbyl-substituted oqimpasFritiaNG [886HRG the-Ry drecasntaLh sl ied COMBORGAL Yith an

amine or amine plus aldehyde to provide the additive selected from the group consisting of a

hydrocarbyl-substituted SHRISHIAR &G SRR B0 dAd & Hfbrsbsrey Baredititsdisrahnich base
having a number averagenpletenilaraiohikdoiohann 500 16sd a0 sWhereist ess.thaae5 wt.% of

the additive has a molecgélar Weigrt of 400 or, Ies§ as measured by gel permeation chromatography

(GPC) based on a polystytére RRIFBHRN &l 140 Mhelfit ol SFBICY 32 MEFRIRAEES than 5
wt.% of the additive has almetecidanheighioi 400 aesscasinsaswietdy GPC.

reacting the distillation residue with a component selected from the group
consisting of an unsaturated dicarboxyiic acid or anhydride 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
hydrocarbyl-substituted succinic acid or anhydride imide and a
hydrocarbyl-substituted Mannich base having a number average molecular
weight (M,) of from 500 to 10,000, wherein less than 25 wit.% of the
additive has a molecular weight of 400 or less as measured by gel

permeation chromatography (GPC) based on a polystyrene calibration

curve.
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.15. The method of claim 13, wherein the additive comprises a polyisobutenyl-substituted succinic
“anhydride imide prepared by the reacting a polyisobutenyl-substituted succinic anhydride with a
polyamine. 16. The method of claim 13, wherein the additive comprises a polyisobutenyl-substituted
Mannich base. 17. 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, reacting the hydrocarbyl
component with a component selected from the group consisting of an unsaturated dicarboxylic acid or
anhydride to provide a hydrocarbyl-substituted component; vacuum distilling the

hydrocarbylystibstituigelicRmIRQIsaH a8 alsmRsraiure,abeve:39Q, o srReriadof tima.syfficient to
remove at least a partion of the hydrocarbyl-substituted component, a distillation residue of said

distilled hydPgtghbgf-40bstdsts dtBsasBrdeliy effective to provide a diesel fuel additive having a
number average molecular weight (Mn) of from 500 to 10,000, wherein the additive has a molecular
weight distributi suc%é%%h]e s than 25 wt.%_of the additive has a molecular weight of 400 or less as
measured b ge% erm & td’égﬁ]ﬁfﬂ/% B bEBRshb R rehutearisbgHetve.. and
reacting thesdistitlied:hygéeidarbyl dsuhepttd choatpanaehs wilh et polaucampaynckiepravddeaithe additive
having a num er ayerage moJecuLar weight (Ma) of from 500 to 10,000 wherein less than 25 wt.% of
the additive Has @ rﬁo‘f"elcu?a?%%@nnf%f 400 or less as measured by GPC based on a polystyrene
calibration curve. 18. The method of claim 17, wherein less than 5 wt.% of the additive has a

molecular weight,of 400 or less as measured g}/ GPC. 19. The methoc]j of claim 17, wherein the
e on B e e e Rt o RO R R BT g
polyisobutedmublstiasted succinic anhydride with a polyamine. 20. The method of claim 17, wherein
the polar compound is selected from the group consisting of an amine, a hydrazine, an alcohol, an

amino alcohol, an alkoxylated amine, an alkoxylated alcohol, and a polyol
17. 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 2
diesel engine corﬁprising:
charging 4 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
hydrocarbyl-substituted component;
vacuum distilling the hydrocarbyl-substituted component at a temperature above
200° C. for a period of time sufficient to remove at least a portion of the
hydrocarbyl-substituted component, a distiliation residue of said distilled
hydrocarbyl-substituted component being effective to provide a diesel fuel
additive having a number average molecular weight (My) of from 500 to
10,000, wherein {he additive has a molecular weight distribution such that

less than 25 wt.% of the additive has a molecular weight of 400 or less as
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DIESEL FUEL ADDITIVE ABSTRACT A diesel fuel additive composition, a fuel containing the fuel
‘additive, a method for improving diesel engine performance using the additive and a method for
making the additive for diesel engines having a high pressure fuel injection system. The fuel additive
has a number average molecular weight (Ma) of from about 500 to about 10,000 and is selected from
a hydrocarbyl-substituted succinic acid or anhydride or derivative thereof and a hydrocarbylsubstituted
Mannich base. 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 polystyh& ibPatid§lc eI uRBEigarayhy  (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
ﬁom 500_. to 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 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 éomprisss a polyisobutenylsubstituted
succinic anhydride imide prepared by reacting a polyisobutenyl-substituted succinic

anhydride with a polyamine.
20. The method of claim 17, wherein the polar compound is selected from the group

consisting of an amine, a hydrazine, an alcohol, an amino alcohol, an alkoxylated amine,

an alkoxylated alcohol, and a polyol
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DIESEL FUEL ADDITIVE

ABSTRACT

A diesel fuel additive composition, a fuel containing the fuel additive, a method for
improving diesel engine performance using the additive and a method for making the additive for
diesel engines having a high pressure fuel injection system. The fuel additive has a number
average molecular weight (M,) of from about 500 fo about 10,000 and is selected from a
hydrocarbyl-substituted succinic acid or anhydride or derivative thereof and a hydrocarbyl-
substituted Mannich base. 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.

(No suitable figure)
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