DI ESEL FUEL ADDI TI VE TECHNI CAL FI ELD [ 0001] The disclosure is directed to
certain diesel fuel additives and to diesel fuels and diesel fuel additive
concentrates that include the additive. In particular the disclosure is
directed to nethods for inproving the fuel econony and cl eanliness of fuel
injectors, filters, and fuel delivery systens for conpression ignition
engi nes. BACKGROUND AND SUVMMARY [ 0002] The indirect injection diesel engine
has now given way in the market place alnost entirely to nore nodem direct

injection light duty diesel engj fuel econony,
performance, and | ow em ssions. bEﬁ&EE@{Uéﬁﬁﬁgﬁll jection diesel engines
are much nore sophisticated than the earlier indirect injection engines-
and reqtECBNIGAL BHEdd? se calibration be maintained in order to naintain
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of the 'engine, are vulnerable to having their operation perturbed by
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[0003] Dire i njection engi nes nay a i Rressur r-ah |
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 t he usaieiferl eytand foucommessidntigaitibnenginés ur di esel fuel s when used in such
hi gh pressure comon rail fuel systens. By "high pressure” herein is neant
t hose MLEKUFRSUND ANDSEIMMIARYSYSt ens that are equal to or greater than
15,000 psi (greater than or equal to 1000 bar). Such problens are evident
by occyonosAce of Tﬁ@gi-d%atinjie&idnhﬁegell@{gh@éiﬂi'sElbw%iveﬁaﬁd?ﬂﬁﬁ& mhriREEFAR] almost
injector déeposits, and injector sticking. Accordingly, there was a need to
provi desnfitely toarpiet nodesn dinedt injeeticar gt dubediess! prarredlor Frasensolfcl srovpepbsi t s
~in the _syst - ef f ' t g 0. ; I
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a hydr qeahvdms Wb st ddgiRdaroilirhiig t@8eHhg @re dpejation PeAGHD by FellRet 6 f rom
t he group consisting of a nitrogen-containi ng conpound, a .
hydr oxydepesiaresiiiing drospimisstiorior emebugiees! fitlat provi des a reacti on product
sel ected fromthe group consisting (1) a nonoam de/ nono-acid or netal free
- rmono- adPedXal t t Mireelofection) engingis andycplesy usgatigh prewsareiogunen gl fuel sypepasf | -
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“enbodi nent of ,the present disclosure provides a nethod for .inprovjing the
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c onpounkposits firy the daxey kystamt aidrir ffecorpo uledn up fdisdetdrsysthas. provi des a
reaction product selected fromthe group consisting (1) a

monoaii[ded4yono- ath diewrof et fategbingantorier acidd, caddotlintdner efahe digdysuse pliowded or
nmetal free diacid.salt thereof,. and (3). nopo-estet/.nono-aci r.nmetal free
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product. The additized fuel I's conbusted in the engine, whereby the

per f or rmapdist of (Dhe hpdrgeateylisybstiged eriating ageny and g pacastant selpget &ovr thehe
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- for a hialr praegsovidescomeaassi produgnistleaed dngn nbe gibvep dioesgingf (Bl a mono-
conposi ti. i ncl udes a) a.nmmjor anpun f | ul f.ur. . di esel, fuel nd, b) a
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The additive is a reaction product of (i) a hydrocarbyl-substituted

acyl ating agent and (ii) a reactant sel edted fromthe group consisting of
a nitrogen-contai ni ng conpound, a hydroxyl - contai ni ng conpound, and water
that provides a reaction product selected fromthe group consisting (1) a.
nono- am de/ nono-acid or netal free nono-acid salt thereof, (2) a diacid or
netal free diacid salt thereof, and (3) nono-ester/nonoacid or netal free
nono-acid salt thereof, wherein the reaction product includes at |east
about 10 nol ar percent acid groups based on total noles of the reaction
product. [0007] O her enbodi nents of the disclosure provide a nmethod for



Power recovery = (DU-CU)/DU wherein DUis a percent power |oss during a
dirty-up phase without the additive, CU is the percent power |oss during a
cl ean-up phase with the fuel additive, and power is neasured according to
. CEC F98-08 DWIO test. [0008] According to one or nore enbodi nents of the

di scl osure, the additive for use in diesel fuel may provide benefits that
include, but are not limted to: a) maintaining clean fuel delivery
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dirty or foul ed delivery systems; c) a contribution to boosting or

i ncr easpmedudt urdludss cam dengt abhutrlddmelan gere@rﬁmfsatcwoarogg% besadl gapoil myplesedf the
redUC|hg fﬁgl S s{en1corr05|on f) and inproving |ubrication of the fuel
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For exafr%tﬂe/moeﬁecwe%rclep%h rﬁPdmrera%wlfcgﬁfeaf 2} és%aqliézﬁ meiel tea aﬁaérse nt

of the g€ ﬁ@@é)%ﬂnbaetaiewn{ohe AR Wietd) e nRQMELIIRR MRERT, WREGH Me Bfctbl de
“based on total noles of the reaction product. 1000111Anot her i mpor t ant

f eat ur eprofludt frelwsinhaidiase nb@td@smlarbettehfeqcei groups bakrt ont totel medestoif the. rpmduct .
cont ai ns out Ci I S n | es
of the ¥ e‘g%(%l gﬁ c}dgpu&i fu I'—ltsjrC OIm@uS‘[‘%Ieuelctﬁ? %1“@ r eg’g?regﬂ%ﬁrp%%%g? r%rea;(/)% glon ﬁ{'@ -
f r om abigiprbOed maalbetﬂthagexrminam@@frmemgzwmmmabsme df the dugd additive, anot her
~exanpl e the reaction product may contain from about 20 to about 50 nol ar

. percent[0864]d gr oung . anbihey imbadRidae lof k@ Nchsuthgrovidachi BV prleg Udiéseiyel ,
contai n- about. 100_nol ar percent acid groups,. [00012]Wile |t |s di fficult
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car boxyl'iC i ro en-contai ning sa er eof . [00013]The

first nent d to he r,ea tlon rodu ydrocar
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The GPC separation net hod |nvoIves nn chronatographyﬁ£n whi ch t he,
stati on‘éi]i‘eyrelﬁﬁé’éefuﬂsecgn%ye?%%? (5="u§e s WEPT €W s{i‘ POVELIGRIVRIYOE a

pol ystyg;@ﬁsrtﬂﬁl50/%ra\é'de&nhﬁe@%me6}’efﬂm£y over many orders of magnitude. As
the liquid phase (tetrahydrofuran) containing the polyner sanple passes

t hrough the gel, the pol yner g@&qgﬁk gﬁ mto all parts of the gel
not nechanically barred to t em T Iecules "pernmeat e" nore

conpletely and spend nore tinme in the colunn the | arger nol ecul es
'perneate” |ess and pass through the col dm nore rapidly. The M and Mw

val ues of the hydrocarbyl acylating agent may be obtai ned by conparing

di stribution data obtained fromthe GPC to a series of calibration

standards of polynmers of known nol ecul ar wei ght. The average nol ecul ar

wei ght of the hydrocarbyl acylating agent according to the enbodi nents of

t he di scl osure may be determ ned by GPC using a pol ystyrene standard.

[ 00014] For the purposes of the disclosure, the term "hydrocarbyl group” or

"hydrocar byl "



is used inits ordinary sense, which is well-know to those skilled in the

art. Specifically, hydrocarbyl refers to a group having a carbon atom

directly attached to the renmi nder of a nolecule and having a

predom nantly hydrocarbon character. Exanples of hydrocarbyl groups

i ncl ude: (1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl

or alkenyl), alicyclic (e.g., cycloal kyl, cycloal kertyl) substituents, and
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- cont ai niHeRse &4 r6lips which, in the context of the description .

herein, do not alter the predom nantly hydrocaybon substjtuent (e.g.,. halo
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Nitro, didel AROmMad o3t bEYils thal RLBERE QrSMRSiohited @Bt $) nladl@hining clean fuel

substituents which, while having a predom nant li{' hydrocarbon character, in

t he condedixtryofsieis schidser infseioonandcioel fHions; b e pbilifaie deanbwrilistn omfopledduedr
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exanpl e o_nore than ope,. non-hydrqgcarbon.-substityent will be present for
every tHe ! é&%t%ﬁnif@ﬁgustwnﬂh@n Srar _aﬂdﬂwveﬁfgﬁlﬁﬁf?c SR RS EE TR,
there Widnbade HMeRRATRYENIGA DAY, SbPS hdnkeRtatihdolld) BraRUEHRE aRP ek fildr oup.

[ 00015] I n an aspect of the disclosed enbodi nents, the hydrocar byl

subst i tﬂﬁfﬁ B Tdi?P JNOGRT D'*-‘R!Q?ifﬂv@t ed acylating agent nay be derived
- froman a plaa- gl’e |?6F‘(’r’)\?er na#-ol'e in, or polyolefin having nore than 12
 carbon . Nt fiid o] oAIRNRIRL BfdrHind fF hil8lBidve agcordi
hexadec@‘r)léekfrsl-_teﬁgdgzzsedn%?p@%%@%%n%ﬁ; and mgxt Jr es of Cl41t§a&§% me

al pha- abedlid dislosRal andlaghoinparatine hditieye ibutdiesekengote. | i mited to, highly
branched pol yet hyl ene, ethyl ene al pha-ol efin copolyners, polypropyl ene,
and butREEAPDEDMESCRIBTIGN OHDESELOSEE EMBODEIENES ene.  Sui t abl e '

pol yi sobut enes for use herein include those forned from pol yi sobutyl ene or
hi ghly oe@d]i ve Fatiérshutas] embodianhigndtadvaasies ahoedl GOYbe pusiidedshyatheut
~ 70%to about 90% and above, termnal vinylidene content. Suitable '
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nunmber R AGHNRY dBHEHtheRin (Bl e FQRAEDYod8RREd AUANAIITRY MAHYNGAY BF 1R
wi de range, for exanple from about 100 to about 5000, such as from about

500 t o fapountaBedes than abene?hinabd phypertE ag dmiflegnd iepeatial bowediapidgapn digstgrar | y
usef ul iP5 i.ns i.S : . . .

nydr oca bRl eRF b gl ol G SR orRhBMRk delifpined by Fowrer vamollomm .
wei ght iffvlrpd spectrbeop @ (FIERYS For exampbo the 18&@ioh @raBO0mas catedie tass thed 70 ynoGRC.

[ 00016] The carpoxyl ate. cq nent of the acyl ati agent . .be sel ect ed
From o RETCRF Sk e 464 gpoa g yBorteo 285 Srmdlipirmhel Bher Bord or o

gl yoxalmeiEoss X aaBkd prbfi@t.car boxyl ate conponent may be a succinic acid or
-anhydride made from makic acid or anhydride. Wien the acylating agent is
not a SiFIP C agfdafRk iﬁiﬁhﬁgﬁ’t' fanderdt VAL i 48bodSREM9 debdrbed aReEANE ShAt BRM
than mal ei c”anhydride may be enployed such as fumaric acid, glutaric acid,
gl ut aconictiomprafucimminiamsa lepst dborcHhinelaapprgentiaciosseins basadywrtp@bmoles of tsoni ¢
acid, citr.aconi nhydri de aconi i | mal gl i, d

ai et ny FAPE R disfly vt Gue niF RERDDE riRdfe off BT B fORLES 1 Boour 20

hexyl mahéluCpacdnd or aidde 4did ghdupe., In asdthidi exgmphehe onctapprodiuan gnayciodtaafrome s

and | ower i phatic _esters. A nole ratio of maleic anhydride tq

yr 00Oy 2 BrSHOAS ol dita ePBa oo A5 g ety R lgrgrcton produc
Accor di Rgl) dbntdihSodiPl 60 fmdlat BerdBY a¥RI¥odpsom about 5:1 to about 1:5, for
exanple fromabout 3:1 to about-1:3, and as a further exanple, the

di carboxylic conmponent nay be used in stoichionmetric excess to force the
reaction to conpletion. A particularly useful hydrocarbyl acylating agent
may have a nol ecul ar wei ght distribution of weight average nol ecul ar

wei ght (Mwv) to nunmber average nol ecul ar viei ght (Ms) of greater than 1.4
(MM,) in the reaction product. The unreacted dicarboxylic conponent may
be renoved by vacuumdistillation. [00017] As used herein, the term "major
anount” is understood to nean an anount greater than or equal to 50 wt. %
for exanple fromabout 80 to about 98 wt . % relative to the total weight
of the conposition. Mreover, as used herein, the term"m nor amount” is
understood to nean an anmount |ess than 50 wt. % relative to the total

wei ght of the conposition. [00018]"M ddle distillate fuel" as used herein



fornms "a," "an," and "the," include plural referents unless expressly and
unequi vocally limted to one referent. Thus, for exanple, reference to "an
antioxidant" includes two or nore different antioxidants. As used herein,
the term"include" and its granmatical variants are intended to be
non-limting, such that recitation of itenms in alist is not to the
exclusion of other like itens that can be substituted or added to the

listed | 00021],As, .set..fort bove,..it.h b f d, tedly,
R e

provi dettig@iRidsbsCambis aivianiragrs reabidh pré@Resll bochariteale byt Sithiiylor digse!
fuels, particularly when used in diesel engines having a high pressure ~
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hydr ocar byl )Jalcylc%tl g agtent ?gly eegoncfrol é:dHItagbﬁ %ﬁgﬁﬁgﬁfdﬁ&%ﬁt\?}al ent
per equfrealdeavid chlt Hietealc ar byoinoaoydeinbngaad emt mefaB0O@ 2hit nthawef, esrbo dinomnt |,

t he reaction product ed as.the di.tive contains less than about 90
ot ar e S R mitE e oA b Re BB Aoy B R et vRffee,
- and sui thabtactibh @RdABOMEIUAed £ @Yt sAOmMBRLAthdRA€ 6Nbali AR miPAcBIREHE QN
product may al so, be essentially devoid of diam de reaction products and
di est er "WEHEL YAt h Ryt iRl gogas o lwill bp apprseirige thaiehs evaetien epdpeamey gl
pr oduct inchlle upMAERs 85 RYdncAGYndlok BIp@E&AY Hab mfa§ BE LRk b nfinor portion of the
ni trogen-containi ng conpound, a hydroxyl - contai ni ng corrpouné, or water.

[ 00023] Eaetioni prodepsn -Hontvar, nvity alk efiple recianty (bk the Facti@dpfodoch will deviralely a
pol yam ne,_.anmmoni a. . am noguani di pe, .pi perazine and pi.perazj ne derivatives,
i not r s &Y e s Rdta e caesnadic ag B b BF B cortaiting Ff g0t

am no- pyr.im.di ne,_.an he |ike. Any of nungrous am nes, pol i,nes and the -
Pike el b o8 TR Breb gmone Tt neoY a8 criintis BaRn Piogie: 151 Barorgot
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its enty . Ln an epbodi nent, of the, disclosure, the . polyam may be -
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triethapol am ne, N-ethanol -ethyl enedianmine, ClL to C18 al cohols and the
like. IOUHPEE RO @ﬁ%&reﬁéﬁ@yq Bang el ivEe Sasknt may i ncl ude
conpounds of followi ng fornula: 0 OH(I) and ammpni a or anine salts
t her eof[00¢¥er ei n Frr theprevernof the diydewiea thsyieroy riadpcady] srgun'tordhydresabal ons
and R1 i @RLLFPRL Brdihhry ABn@! KAXN ST QURKnh BTHHY liY A5 AL
al koxyém’ ne noi et)r/, 6%’03?%@ that R has nore t %rslﬁ%Ll (P(I:%/tr e?)Lrllllaat 3)%%&\%%«% RI
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include:



(2) wherein P1B is a polyisobutylene group. Reaction of polyisobutylene
substituted nal ei c anhydride with am notetrazole nay provide a conpound of
the formula: . PIE (3); reaction with 2-hydroxyl ethyl pyridine my
provide a conpound of the fornula: NJ reaction with triethanol am ne nmay
provi de a conpound of the fornula: and reaction wth water may provide a
conpound of the formula: OH(6). [00027] The foregoing additive may nade
with a nolar ratio of (a) hydroca | - : :

(N hydrocarb01(1 szlbst%{:uents t}rugyis aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g.,

cycloalkyl, cycloalkenyl) substituents, and aromatic-, ahphatlc and alicyclic- substltuted

_aroimatic substltuents as well as cyclic substituents wherein the ring is completed through _

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

(2) substituted - hydrocarbon’ substituents, that is, .subsﬁtuents conteining non-
hydroeerbon. groups which, in- the context of the des.cription herein, do not alter the
_predominantly hydroc:a-rbon substituent (e.g., halo (especially chloro and fluoro),
hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy); '

(3) hetero-substituents, that is, substituents which, while having a predominantly
hYdrocarb'en character, in the context of this description, contain other tﬁan carbon in a
ring or chain otherwise comf)osed of carbon atoms. Hetero-atoms include sulfur, oxygen,
nitrogen, and encompass substituents such as pyridyl, furyl, thienyl, and imidazolyl. In
general, no more than two, or as a further example, ne more than one, hon-hydrecarbon
substituent will 'be-present for every three carbon atoms in the hydrocarbyl group; in
some embodiments, there will be no non—hydrocarbon substituent in the hydrocarbyl
- group. |

'[0.0015_] _- In an aspect of the disclosed embodiments, the hydrocarbyl substituent of the
' 'hydroearbyl—subetituted acylating agent may be derived from an alpha-olefin, internal-olefin, or
po’lyoleﬁn having more than 12 carbon atoms. Non-limiting examples if alpha-olefins include 1-
, hexrac‘l‘ecene, l—tetradecene,ﬂl—Qctedecene? and mixtures of Cys to Cag alpha-olefins. Polyolefins
include-,-but are nef lilnitedyto, highly Branched polyethylene, ethylene alpha—oleﬁn copolymers,
polypropylene, and butene polymers, for example polymers of isobutylene.  Suitable
polyisobutenes for use herein include those formed from polyisobutylene or highly reactive
polyisobutylene having at least about 60%, such as about 70% to about 90% and above, terminal
vinylidene content. Suitable polyisobutenes may include those prepared using BF; catalysts.
'The average number melecular weight of the hydrocarbyl substituent may vary over a wide
range, for example from about 100 to about 5000, such as from about 500 to about 5000, as
determined by GPC as described above. A particularly useful additive contains polyisobutenyl
J gfoup of the hydroearbyl;subsﬁituted ecyiaﬁﬁg agent having a number average molecular weight

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



substituted acylating agent to (b) reactant in the reaction nediumin the
range 10:1 to 1:10. O her reaction conditions are exenplified in the
-exanpl es cont ai ned herein. [00028] When formul ati ng fuel containing the
additive as described herein, the fuel may contain an anmount of additive
rangi ng fromabout 10 to about 10,000 ppnw per vol une of fuel, such as
from about 80 ppnw to about 200 ppnw per volunme of fuel. For exanple, in

order tg maintain the cleapliness of the fuel system and jnjecto t he
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funnel. The addition funnel was rinsed wgth additi onal 50 grans of
Aromatic 150 solvent. The reacti.on m xture was heated to 180 C for about 2
hours under a slow ni‘trogen sweep Water was collected in a Dean-Stark trap
during the reaction. The product was obtained as a brownish oil. Fourier
transforminfrared spectroscopy (FTIR) analysis showed an area rati o of
imde (1701 cm 1) to amde (1670 cm 1) of 22:1 in the reaction product
Conpar ati ve Exanple 2



[ 00033] An additive was made as described in Exanple 1 except that the TEPA
was replaced with diethanol am ne. FTIR analysis showed a m xture of ester
(1735cm 1) and am de (1637cm 1) groups and there was no indication of
i m de, carboxylic acid, or carboxylate functionality in the reaction
product. Conparative Exanple 3 [00034] An additive was nmade as descri bed
i n Exanple 1 except that each nole of TEPA was replaced with 2 nol es of

4- et hyl pi per azi ne Conparative exanple 4. 100035] An additive was e
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7 [00038] A m xture was made-with the reaction product of Exanmple 1 and a
bi sani niostailaiioos,dnt Emping stafiaee ool PEWARBUARE §EFR HEINET 6®d GREDGSTUSES &fpl e

Ll BB P P LB R syl e
| ~ [00020] It is noted that, as‘ used in this spéciﬁcation and the appehded claims, the singular
forms “a,” “an,” and “the,” include- plural refei‘eﬁts unless expressly and unequivocally limited to
| one referent. 'ThUS, for example, reference to “an antioxidant” includes two or more different
antioxidants. As used herein, the term “include” and its grammatical variants are intended to be

non-limiting, such that recitation of items in a list is not to the exclusion of other like items that

can be substituted or added to the listed items

[00021] As set forth above, it has been found, unexpectedly, that réduci.ng the amount of
imide reaction prodilct in the additive may provide significant advantages with respect to certain
low sulfur diesel fuéls, particularly when used in diesel engines having a high pressure common
rail injector system. In order to reduce the amount of imide formed in the reaction product, the
émount of reactant reacted with the hydrocarbyl acylating agent may be controlled to no more

than 1 equivalent per equiifalent of hydrocarbyl acylating agent.

[00022] In one embodiment, the reaction ﬁroduct used as the édditive contains less than
about 90 molar percent imide, for example, less than about 70 molar peféeﬁt imide, and suitably |
from about 0 to, about 60 molar percent imide. The reaction product may also be essentially
devoid of diamide reaction products and diester reaction products. In order to provide the
foregoing reaction product, the hydrocarbyl acylating agent is reacted with a nitrogen-containing
compound, a hydroxyl—cdntaining compound, or water.

[00023] The njtrogen-contaihing compound may be selected from an amine, a
polyamine, ammonia, amihoguanidine, piperazine and pipérazine derivatives, aminotriazole,
morphine, aminotetrazole, hydrazine, guanidine, amino-pyrimidine, and the like. Any of

numerous amines, polyamines and the like may be used in prepém'ng the reaction product. Non-

7



- 1000391An additive was made simlar to that of Exanple 1 except that the
tenperature was not raised to 180 C during the reaction and no extra

: ~effort was. made to renove water during the reaction. The reaction product

~was neutralized Wth a tertiary amine in a nolar ratio of 1/1
(PIBSAAertiary am ne). FT& analysis showed the area ratio of the imde to
~am de was about 1:1. Exanple 9 [00040] An additive was made simlar to

t hat of _ Exanpl e 1 except. that TEPA was repl aced w th am noguani di ne .
bi car boRR{'ES EXaIfe of0amprsoirfuds BB Pl F e S Brdop ey rmine,

Exanpl-egdaroxegRt  HRaLaisRM-FRIpSnQiankkEA wg%-%ﬁﬁbr%gﬁﬁ)%?ﬂo&w? Qa8 &ecHi-

“wat er and Treaction was carried out below reacti on m xture was.

- filt er epropdmediggincaNfdnhinepropyleipdrxanp ed the 1ikf.00042] An addi ti ve was made -as
~described in Exanpl e 10 except that that PIBSA was replaced with an
al keny! [080243i ni c awmylinitde xA8AJkThavlymginks amyailnolutle 2004 uaEidine fescartmnitee

B! X AE 5T BB EPA G0 b HeBi i Pl Ao ROy eat « hyapie UETR),
- tetracthylene pentamine (TEPA), pentaecthylene hexamine (PEHA) and heavy polyamines. A
heavy polyaminé 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 Imore primary amines per mdlecul_e, and more extensive brariching
‘7 than cbnv._enﬁonal_- polyamine mixtures. Addiﬁonal 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 d_isélosure of which is 'incofporated herein by reference in its eﬁtirety. In an
embodiment of the disclosure, the polyamine may be selected from tétraethj}lene rpentaminé.

- (TEPA) : | |

[00025] - ‘Hydroxyl-containing compounds, include, but are not limited to, ethanolamine,

diethano‘lamiﬁe, triethanolamine, N—eth‘anoléethylenediamine, C; to Cyg alcohols and the like.

[_0.0026] In an émbodiment, the additive component may include -compounds of

fbllbwing formiula:

| | o M
and ammonia or émine salts thereof, wherein R represents a hydrocarbyl group having 10 or
more atoms and R' represents OH, an alkoxy group, an amine, a polyamine, or an alkoxyamine
moiety,_provided- that R has more than 12 carbon atoms when R! is OH. For example, when
polyisobutylene substituted maleic anhydride is reacted with methyl piperazine, the reaction

product may contain a major portion of a compound of the formula:

8



Exanpl e 13 [00044] An additive was nade as described in Exanple 11 except
“that water was replaced with triethanol amne The nole ratio of ASA to
- triethanol amine.in the reaction mxture was -2 to |I. Exanple 14 [00045]An
additive was nmade according to Exanple 3 except that the nolar ratio of
PIBSA to 4-nmethyl piperazine used in the reaction mxture was a 1 to 1
nolar ratio. FTIR analysis showed acid (1716cm 1) and am de (1646cm 1)
groups in the reaction product. Exanple 15 [00046] An additive was nade
according to Exanple 14 with thé: exception that 4-nethyl piperazine was
repl aced by 2-hydroxyethyl py+-dine..Exanple 16 [00047]An additive was
- made according to Exanple 1,/ excegy that the reaction product was exposed
to noisture vapor for FiE &Xtended ’peri{@qgof time. FT1R showed ratio an

“area ratio of imide (1698 cirl) to -amide (1648 cm1) of 1:10 in the
- reaction product. [00048]1n thg-

e~f ol | owm ng exanples, the effect the

addi ti ves nade according to ‘hodsHof Exanpl es 8-16 had on di esef2)f uel
.~ for high pressure conmon rail diesel fuel systens was eval uated. A DWO
- test thahev@spaevel OpslischRyRhoatbng BUORAABL GoNRebltyl-EEGubWAGied SRMeitO
denonstrate the propenSity of fuels to provoke fuel injector fouling and
. was al sohydrde with gamotetezale may reovadsi 4 gorgpognd elethe Birmukayel additives to

‘prevent or- control these deposi-ts. An engi ne dynanoneter test stand was
used for the installation of the Peugeot DWO diesel engine for running
“.the CEC F-98-08 tests. The enginéfwaS'a.ZﬁQ liter engine having four
cylinders. Each conbustion chasb® had fo ~vakves and the fuel injectors

were DI piezo injectors havel-a Eugnkvuwv ssifigation. [00049] The core
prot ocol procedure consi st€d, of running f engine on a fuel containing 1
olrs-and al | owi ng the .engi ne

: - ppm zi nc neodecanoate;ﬂ@rdugﬁ&;ﬁ&y@le for B0
to soak (engine 7 S ‘
. g

M | G

reaction with 2-hydroxyl ethyl pyridine triay provide a compound of the formula:

O OH
- (4)

reaction with triethanolamine may provide a compound of the formula:

~{5);



" coking cycle that was used
. .disclosure. - flue hour renrese

off) for a prescribed anount of tine. The foregoi ng sequence was repeated
- four times. At the end of each hour, a power neasurenent 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.
1000501Test preparation involved flushing the previous test's fuel from
~the engine prior to renoving the injectors. The test injectors were

i nspect ®H regqtigl i, WAl avarRdiap F%‘Bi’?"r’nldt%éhegﬂﬁ’ilﬂ% | f nJew injectors were
" selected, the new injectors were put through a 16-hour break-in cycle.
Next , the engi ne was started using the sired test cycle program Once- "
the engi ne was warmed up, power was.neasured at 4000 RPM and full load to
check for full power restoration af xaning the injectors. If the
power neasurenments were within specificati the test cycle was
initiated. The following Table 1/provides a representati on of the DWO
al uate the fuel additives according to the
ation of DWO coking cycle. Step
m lkpad (/0) Torque(Nm) Boost air after
= - S | -

Dur ati on(m nutes) Engine speed |
IC(C) 2 1750 20

OH | | (6).

[00027] = - The foregoing additive miay made with a molar fatio of (a) hydrocarbyl-
- substituted ‘acylating agent to (b) reactant in the reaction medium in the range 10:1 to 1:10.

" . Other reaction cond_itioné are exemplified in the examples contained herein.

[00028] When formulating fuel containing the additive as described herein, the fuel may
contain an amount Gf addiﬁve ranging fror‘n‘about 10 to about 10,000 ppmw per volume of fuel,
such as from about 80 ppmw to about 200 ppmw per volume of fuel. For example, in order to
-mamtam the cleanlmess of the fuel system and injectors, the fuel may contain from about 10 to

- about 100, ppmw per volume of fuel. However, from about 100 to abrout 200 ppmw per volume
-of fuél maay be used to cieéul-up- a fouled fuel'r system in order to Testore power over a relatively
short pen'dd of time. In aspects where /&'1 carrier is employed to providé a composition coﬁtaining
the édditi*;f.f_:. to ther fuel, the additive compositions 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 wefght of 1) unreacted components assocmted with and remammg mn the additives as
pmdﬁced and used, and (ii) solvent(s), if any, used in the manufacture of the disclosed additives

eIther during or after its formation but before addition of a carrier, if a carrier is employed.

[00029] . © 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
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

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

blending time and lessen the possibility of biending errors.

[00030] ‘One or more additional optional additives may be present in the fuel
compositions disclosed herein; For example, the fuel composi‘#ions may contain antifoam agents,
additional dispersants, detergents, antioxidants, thermal stabilizers, carrier fluids, metal
deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives; drag reducing
agenfs, iﬁiction modifiers, demulsifiers, emulsiﬁel_'s, dehazers, anti-icing additives, antiknock
additives, surfactants, cétane improvers, corrosion illhibifofs, cold flow improvers, pour point
depressants, solvents, demulsifiers, lubricify additives, extreme pressure ageﬁts; viscosity index
improvers, seal swell agents, amine stabilizers, combustion improvers, dispersants, conductivity
improvers, organic nitrate ignition accelerators, manganese tricarbonyls compounds, and
'mjx-‘tures thereof. In some aspects, the fuel additive compositions described herein may contain -
l about 10 wt.% or less, or in other aspects, ab01_1t 5 wt.% or less, based on the total weigﬁt of the
additive or fuel composition, of one or more of the above additivas. Similarly, the fuel
‘compos'itions may contain suitable amounts o.f' fuel blending components such as methanol,

" ethanol, dialkyl ethers, and the like.

[00031]-_ In order to further illusfr&te features and advantage‘s of the disclosed
embbdimg:nts, the following non-limiting examples are provided. For the purpoées of the
' _foliowing examples, the molecular weight of the additives was Iﬁeasuxjed by gel permeation

-chromatqgfra'phy (GPC) thh tetrahydrofuran (THF) as a solvent. Polystyrene standards of

dcsiréd molecular weight ranges were used as the standards.

Comparative Example 1

[00032] A fuel additive was produced from the reaction of polyisobutylene succnic
anhydride (PIBSA) with a polyamine (PAM), in this case, tetraethylenepentamine (TEPA) in a
molar ratio of PIBSA/PAM =1/1. A modified procedure as disclosed in U.S. Patent No.
5,752,989 was used to make the reaction product as followér: .PfBSA (551g) was diluted in 200
gram of Aromatic 150 solvent under a nitrogen atmosphere. The mixture was heated to 115° C.
112 grams of TEPA was then added through an addition ﬁmnel.. The addition funnel was rinsed
~with additional.SO grams of Aromatic 150 solvent. The reaction mixture was heated to 180° C

- for about 2 hours under a slow nitrogen sweep. Water was collected in a Dean-Stark trap during

11
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-the reaction. The product was obtained as a brownish oil. Fourier transform infrared
spectroscopy (FTIR) analysis showed an area ratio of imide (1701 cm-1) to amide (1670 cm-1)

of 22:1 in the reaction product.

Comparative Example 2

'[0_0'033] ~ An additive was made ‘as described in Example 1 except that the TEPA was
replaced with diethanol amine. FTIR analysis showed a Imxture of ester (1735cm-1) and amide
(1637cm-1) groups and there -was no indication of imide, carboxylic acid, or carboxylate

functionality in the reaction product.

Comparative Example 3

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

was replaced with 2 moles of 4-methylpiperazine.

Comparative examplé 4

.[00035] An additive was made as -described. in Example 1. The reaction produét was then
further reacted with 1,8-naphthalic anhydride per mole of PIBSA 1n the reaction product.

Comparative example 5

[00036} An additivc was made similar to that of Example 1 except that TEPA was
replaced with'amihoguahidine bicarbonate. The reaction product was then further reacted with 1

mole TEPA per mole of PIBSA in the reaction product.

Comparative example.6

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

Comparative example 7

[60038] A mixture was made with the reaction product of Example 1 and a
‘bisaminotriazole that was made following the general procedure of Example 1 in U.S. Patent No.

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

Example 8

12
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[00039] An additive was made similar to that of Example 1 except that the temperature
was not raised to 180° C during the reaction and no extra effort was made to.remove water
during the reaction. The reaction product was neutralized With a tertiary amine in a molar ratio

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

about 1:1.
Example 9 ‘
[00040] - An additive was made similar to that of Example 1 except that TEPA was

replaced with aminoguanidine bicarbonate.

Exam Je 10

-[00041] : An additive was made as descnbed in Example 1 except that each mole of TEPA

was replaced with 1.5 moles of water and reaction was carried out below 80° C. The reaction

mixture was ﬁ_ltered through a filter aid.

Example 11

[00042] An additive was made as described in Example 10 except that that PIBSA was
replaced w1th an alkenyl succinic anhydride {ASA) havmg from about 20-24 carbons in the
alkenyl group.
Example 12
. [00043] An additive was made similar to that of Example 1 except that TEPA was

replaced with S-amino-ietrazole.

13
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coking tests were conducted generally Fﬁ accor dant mﬁ%h Sﬁgngzg;gf Eﬁiéle
engi ne following CEC F-98-08 protocol of Table 1 with the exception that
the engines were run for only an ‘8 hour cycle unless noted otherw se. The
engine was run with di esel fuel (PCl0) with zinc neodecanoate w thout an
additive to establish a baseline. In each of the conparative exanpl es,

Runs 1-7, the additive was used at_a tre rate of 50
, _ use mw per vol une
fuel. In each of the inventive exaEﬁﬂBB——éuns 8- 15, thgpaddPtlve was uggd

at a treat rate of 50 ppnw per vol une of fuel. roL0ss
i ndi cat#@4bf t hénfaddiivnyapmadaas feFakaddp Examplg ﬁll eiigep\{\ﬁ“a ¥ eeléw?%sﬂeggﬁedt est,

t he powe degre S8y sh anE Ze5 of
ANBAB L MRBLARRE Sn iRAbRALE mipOweras D
and postth Ve AthHErS” | dicate power increase. Table 2 prOVIdg; t he ?BMZE,

- changego for conparative exanples and Table 3
provi des the power changes
for exanples accordlng to the enbodi nents of- the dlsclosurg Tabl e ZgRun

No. Example 14

[06045] An additive was made according to Example 3 except that the molar ratio of
PIBSA. to 4-methyl piperazine used in the reaction mixture was a 1 to 1 molar ratio. FTIR

analysis showed acid (1716cm-1) and amide (1646cm—1) groups in the reaction product.

Example 15

. [00046] 4 An additive was made according to Example 14 with the exception that 4-methyl
piperazine wis replaced by 2-hydroxyethyl pyridine.
- - Example 16
[00047] " An additive was made according to Example 1, except that the reaction product

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

_of imide (1698 om-1) to amide (1648 cm-1) of 1:10 in the reaction product.

[00048] In the following examples, the effect the additives made according to methods of

- Examples 8-16 had on diesel fuel for high pressur¢ common rail diesel fuet systems was

evaluated. A DW10 test that was developed Coordmatmg European Council (CEC) was used to

“demonstrate the propensity of fuels to provoke fuel mjector fouling and was also used to

demonstrate the ability of certain fuel additives to prevent or control these deposits. An engine
dypamometer test stand was used for the installation of the Péugeot DW10 diesel engine for |

. running the CEC F-98-08 tests. The ¢ngine 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.

[00049] ‘ The core protocol procedure consisted of running the engine on a fuel containing
1 ppm zin¢c neodecanoate through a cycle for 8-hours and allowing the engine to soak (engme
* 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

14



Conpar ative exanple reaction products Power change 1 Base fuel -4.23
_Corrpar ative Exanple 2 -3.62 Conparative Exanple 3 -2.81 4 Conparative

- Exanpl-e .1 .(except this was run in the engine for 16 hours) -4.41 5
Conparative Exanple 4 -4.67 6 Conparative Exanple 5 ' '

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.

[00050] Test preparation involved ﬂuéhing the previous test's fucl from thé 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 1nJect0rs If the power measurements were within specification, the test cycle was .-
initiated. The following Table 1 provides a representation of the DW10 cokmg cycle that was

used to evaluate the fuel addltlves according to the dlsclosure

Table 1 - One hour representation of DW10 cokmg cycle.

Step | Duration(minutcs) Engine speed Load | Torque(Nm) | Boost air after IC(°C)
] (rpm) (%0) , i
1 2 1750 20 62 T 45
2 7 3000 60 173 50
3 2 1750 - 20 62 45
4 7 3500 80 212 50
5 2 1750 20 62 . 45
6 10 - 4000 100 | 0 F : 50
7 2 1250 10 25 43
8 7 3000 100 S 50
"9 2 1250 10 25 43
10 10 2000 100 * 50
11 2 1250 10 25 43
12 7 4000 100 * [ 50
Example 17
[00051] Diesel engine nozzle coking tests were conducted generally in accordant with the

Peugeot DW10 engine following CEC F-98-08 protocol of Table 1 with the exception that the |
engines were run_for onty an 8 hour cycle unless noted otherwise. The engine was run with
diesel fuel (PC10) with zinc neodecanoate without an additive to establish a baseline. In each of
the comparative examples, Runs 1-7, the additive was used at a treat rate of 50 ppmw per volume

. of fuel. In each of the inventive examples, Runs 8-15, the additive was used at a treat rate of 50
ppmw per volume of fuel. The power loss is an indication of the fouling of the injectors.

Ideally, in a keep-clean test, the power decrease should be zero. Negative numbers indicate
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-3.74 Conparative Exanple 6 -3.53 Table 3 Run No. Inventive exanple
reaction products Power change Exanple 10 0.13 Exanple 10H 1.08 10
Example 11 -1.22 11 :

power loss and positive numbers indicate power increase. Table 2 provides the power changes
for cdmparative examples and Table 3 provides the power changes for examples é,ccording to the

embodiments of the disclosure.

Table 2

Run | Comparative example reaction products Power change
No. ' _ , o B
1 Base fuel - , -4.23
2 | Comparative Example 2 : -3.62
3 Comparative Example 3. . | -2.81
4 Comparative Example 1 (except this was run in the engine for 16 hours) |~ -4.41 -
5 Comparative Example 4 -4.67
6 | Comparative Example 5 B ' ' , -3.74
7 Comparative Example 6 = , -3.53
Table 3
Run | Inventive example reaction products Power change
No. : , ' _ & ‘
8 Example 10 - _ 0.13
9 Example 10 K : S 1.08
10 |Examplell -~ , _ o -122
11 Example 9 _ ' - 1.21
12 | Example 12 - o _ _ 0.58
13 Example 13 E 0.55
14 | Example 14 ' ' --085
15 Example 15 -0.14
[00052] " As shown by the significantly low power loss and power increase in Runs 8-15,

additives made according to the dJ:scldsed embodiments are significantly better at keeping the
fuels systems clean than the comparative additives of Runs 1-7. FIG. 1 illustrates the % change
in rated power over a sixteen hour test period for Run 4 (A) and Run 9 (B) compared to the ideal

power loss of zero.

Example 18

[00053] In the following examples, the ability of addifives to clean up a dirty fuel system
was evaluated according to the test protocdl of Example 17. Unless indicated, the comparative

examples were obtained by running the engine without additive for 16 hours and then running
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Example 9 1.21 12 Exanple 12 0.58 13 Exanple 13 0.55 14 Exanple 14 -085 15
Exanple 15 -0.14 [000521As shown by the significantly | ow power |oss and
power increase in Runs 8-15, additives made according to the disclosed
enbodi ments are significantly better at keeping the fuels systens cl ean
than the conparative additives of Runs 1-7. FIG 1 illustrates the %
change in rated power over a si xteen hour test period for Run 4 (A) and

Run 9 ) CO d, to L deal, power. ss.. of zero. a In

the 1ol VhAAGE St etes® S Pey o e Biaintie B bese i fpbihastol 3L

SYSt €M result of engine clean-up with the additive. In the inventive examples, the engine was run
without additive for 8 hours and then for 8 hours for clean up, unless indicated otherwise. The

_ percent power recovery was determined by the following formula
Power recovery = (DU-CU)/DU

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

inventive examples are shown in Table 5.

) Table 4
Run | Comparative example reaction products ' Dirty | Clean | %
No. ' Up Up | Power
' B ' ‘ . , increase
16 | Comparative Example 1 ) : ‘ -4.74 | -4.46 5.
17 | Comparative Example 7 -3.83 | -.302 21
18 Comparative Example 1 with 32 hour Dlrty up and 32 hour 6.1 | 465 | 24
Clean up ‘ , . . . -
Table 5
Run | Inventive example reaction products Dirty | Clean %
No. . ' ‘ Up Up Power
: : increase
19 | Example 9 - : 247 | -0.56 77
20 Example 12 ‘ -2.04 | -0.45 78
121 Example 8 with a 16 hour Dirty up and 16 hour Clean up -5.52 | -1.88 66
22 Example 16 with 32 hour Dirty up and 32 hour Clean up -561 | 283 | 50
[00054] . As shown by the foregoing examples Runs 19-22, the inventive additive reaction

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

Runs 16-18.

[00055] ‘For the purposes of this spe<:1ﬁcat10n and appended claims, unless otherwise
indicated, all numbers expressing quantities, percentages or proportlons and other numerical

values used in the specification and claims, are to be understood as being modified in all
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was eval uated according to the test protocol of Exanple 17. Unless

i ndi cated, the conparative exanples were obtained by running the engine
W t hout additive for 16 hours and then running the engine with the
addi'tive for 16 hours and determi ning the -percent power inprovenent as a
result of engine clean-up with the additive. In the inventive exanples,
the engine was run without additive for 8 hours and then for 8 hours for

clean up, unless indicagted ptherwise. The perce r _recovery .was

det er m N9y BYHEC ST odoH; t DA Ao pEps @889%53}8 3 bty B TR |
DU i's ayR8h&&8kePRWEin RS olBWikgNGedfiditTvhnymd ittRdIRE &lalint ARUippidxematia thate,
CU is the percent power |oss during a clean-up phase with the fuel

addi ti veap vanudqpending bromibaslgsiend miersiatisabeli & brebtrged by tovresepeditclostife
compar ak{ e EXATRY SRaGHoP oS ROWR? o] ARG aflladdior (W BRLNCORAANRIRR 87 €

shown i'n Conpar ati've exanpl e reaction products
Dirty UheGtaparoflhe YaRPoyench nomedasik pdismeenplarudd avigasbbamohsirued -id light of4th46

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

[00056] =~ While particular embodiments have been described, alternatives, modifications,
variations, improvements, and substantial equivalents that are or can be presently _uﬁforeseen 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 alterhatives, modifications variations,

improvements, and substantial equivalents.
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17 Conparative Exanple 7 -3.83 -.302 21 18 Co [

! : : nparative Exanple 1 w
hour :Z)lrty up and 32 how Clean up -6.1 -4.65 24 Table 5 Rum; No \IMnE/Qn?izve
.exanpl e reaction products Dirty Up Clean Up ' Yo Power increase '

THAT WHICH IS CLAIMED IS:
‘1. A diesel fuel additive composition comprising:

a reaction product of (a) a hydrocarbyl—substltuted acylating agent and (b) a reactant
selected from the group consisting of a nitrogen-containing compound a
hydroxyl-containing coinpound, and water that provides a reaction product
selected from the group consisting (1) a mono-amide/mono-acid or metal free
mono-acid salt thereof, (2) a diacid or metal free diacid salt thereof, and (3)
mono-ester/mono-acid of metal free mono-acid salt thereof,-r |

wherem the reaction product includes at least about 10 molar percent acid groups based

~on total moles of the reaction product.

2. The diesel fuel additive composition of claim 1, wherein the nitrogen-containing compound is
selected from the group consisting of a polyamine, ammonia, hydrazine, aminoguanidine,
- guamdme piperazme and piperazine derivatives, aminopyrimidine, - aminotriazole, and

aminotetrazole,

3. The diesel fuel additjve compositioo of claim 1, wherein the hydrocarbyl-substituted
acylatiltg agent is selected from the- group consisting of hydrocarbyl-substituted malonié
anhydride, hydrocarbyl-substituted succinic anhydride, and hydrocarbyl substituted glutaric
anhydride. -

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

5. The diesel fuel additive composition of claim 1, wherein he hydrocarbyl-substituted acylatirtg

agent comprises a Ci4 to Cag alkenyl-substituted succinic anhydride.

6. The dlesei fuel add.ttwe composition of claim 1, wherein the reaction product is derived from

not more tha.n about one equivalent of reactant (b) per hydrocarbyl-substituted acylating agent.

15




19 Exanple 9 -2.47 -0.56 77 20 Exanple 12 -2.04 -0.45 78 21 Exanple 8 with

a 16 hour Dirty up and 16 hour Clean up -5.52 -1.88 66 22 Exanple 16 w
32 hour Dirty up and 32 hour Clean up -5.61 -2.83 am e

7. The diesel fuel additive composition of claim 1, wherein the hydroxyl-containing compound

is selected from the group consisting of alkanolamines, hydroxyalkyl pyridines, and alcohols.

8. The diesel fuel additive composition of clajm 1, wherein the reaction product contains less

than abouf 60 ﬁidiéi.r_"pérc{ent of an imide based on total moles of the reaction product.
9. A low sulfur diesel fuel comprising the diescl fuel additive composition of claim 1.

10. A ‘meth(;'d for impréving the pérformance of an engine combusting a diesel fuel having 50
ppm by weight or less sulfur, said method comprising:
combmmg a low sulfur middle distillate fuel with a fuel additive comprising a reaction
product of (a) a hydrocarbyl-substituted acylating agent and (b) a reactant selected
from the group consisting of a nitrogen-containing compound, a hydroxyl-
conta.ining compound, and water that provides a reaction product selected from
the group consisting (1) a mono-amide/’mono—acid‘or métal free mono-acid salt
~ thereof, (2) a diacid or metal free diacid salt thereof, and (3) mono- ester/mono-
acid or metal free mono-acid salt thereof, wherein the reaction product includes at
least about 10 molar percent acid groups based on total moles of the reaction
' ’pré‘duct; and
_combusting the additized fuel in the engine, whereby the performance of the engine is
improved relative to the performance of the engine in the absence of the fuel

" additive.

11. The method of claim 10, wherein the nitrogen-containing compound is selected from the
group consisting of polyamine, ammonia, hydrazine, aminoguanidine, guanidine, piperazine and

piperazine derivatives, amino-pyrimidine, aminofriazole, and aminotetrazole.
12. The method of claim 10, wherein the hydrocarbyl-substituted acylating agent is selected

from the group consisting of hydrocarbyl-substituted malonic anhydride, hydrocarbyl-substituted
succinic anhydride, and hydrocarbyl substituted glutaric anhydride. '
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50 [000541As shown by the foregoing exanples Runs 19-22, the inventive
additive reaction products provided a significant increase in power
conpared to the conparative exanples of Runs 16-18. [00055] For the

pur poses of this specification and appended cl ai ns, unless otherw se

i ndi cated, all nunbers expressing quantities, percentages or proportions,
and ot her nunerical values used in the specification and clains, are to be
under st pod-rfs n@%dagom%}rf 08, dwhé}elﬁl the hyBRLABFERLAKulDQcHIBING a@heWbmprises
Accordingly, unless indicated to the contrary, the nunerical paranmeters
set f orpdlyisobutengl-fubbtitoiad mepcspewibilude-i on and attached clains are

approxi mati ons that can vary dependi ng upon the desired properties sought
to be obtained by the present disclosure. At the very |least, and not as an -
at t enpt 14 orHeitidthod Scl@pPI0, Sdktednholiydrdrartgdstisitned afylaig agahtentmprise 4 Oa
scope of the clainms, each numerjcal. paraneter-should at | east be construed
in |ighe G alkﬁéﬂﬁehfﬁatedwcq%@ﬂwaﬁ& gnificant digits and by applying
ordinary roundi ng techni ques. 1000561Whil e particul ar enbodi nents have
been described, alternatives, nodifications, variations, inprovenents, and
subst ants. aTheeqaﬂmdménhasn i favhereis the resaiobprofdecs dederivpd donppe Swen then aba se

I t | ].e th ded
ol ai . 46 eGSR o SRl PSR SRR "C o Bce a1

such alternatives, m)dl ficati ons vari atl ons, inprovenents, and substant i al
equivalents. THAT WH CH | S

D.IS: d |
conposi & oﬁh%gﬁﬁlpﬁﬁf ﬁ&um a0 ¥, &yﬁmfc%a@? chmpoun% is sdlcei:cte(li ¥om the -
hydrocag byl cctidRahd SthiedoReMAAL hﬂﬁo;@gﬁc@i p@itndsPAndaldonakt ant sel ected from.

the group.consisting of a nitraogen-containing conpound, a
hydroxyl - contalnlng conmpound, and water that provides a reaction product

csel ect ey T1OM NSAA' & 5%1%9'1%0%,;3&901( L0000 AThISIRROCARYSecin HRlRh

free m)of di"aci free di

t her eofengaj&dcc(n@nsmgno ester/nmono-acid or netal free nono-acid salt

t her eof \/\herel n.the re %ttlon éf SﬁL gcl des at |east about 10 nolar
~percent aci & @reipemnabef 18% stdeicsthfust 28 the reaction product. 2. The

di esel fuel yddhiby ﬁn&ﬁﬁ'@?%cﬁﬂlx%fopfedﬁélﬁg dotorVMAE 1@d] Bydtdif deposits, the additive
ni trogen--cont'ai ni ng conpound is selected Hr om the group consisting of a

- pol yani esenpramgoni a, hydr azi ne, am noguanl di ne, guani dine, piperazine and

pi per azine deri Vaagk\é%ﬁm ﬁlrgdgée)[lpcyf; 21 dh%}g' a@l&}’l %%é’n'nﬁ&? la@ylat agelnt and (i) a

am not etrazol e. e conposition claim1,
" wherein the hydrocar byéacgibstlictiad e[ﬁloxacg}ﬂeagnomg ca)gasmng of saelnémgwcmt@imnghe
group consi sting of hydrocarpyl ted mal oni ¢

hydr ocar byl - subst i t ut €68 Ai W%gﬁfﬁ’ 497 E&mga‘??ﬁﬂﬂ?;‘}ﬂ‘ﬂ o%lgr‘ﬁatf’r %&bglfwfde? éd

glutaric . reaction product selected from the group consisting (1) a mono-
TS amide/mono-acid or metal free mono-acid salt thereof, (2) a diacid or
| | metal free diacid salt thereof, and (3) ‘mono-ester/mono-acid or metal free
mono-acid salt thereof,
wherein the reaction product includeé at least about 10 molar percent acid groups

based on total moles of the reaction product.

18. The diesel fuel composition of claim 17, wherein the nitrogen-containing compound 1is
| selected from the group consisting of a polyamine, ammonia, hydrazine, aminoguanidine,
guanidine, piperazine and piperazine derivatives, amino-pyrimidine, aminotriazole, and

aminotetrazole.
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anhydride. 4. The diesel fuel additive conposition of claim1l, wherein the
hydr ocar byl - substituted acyl ati ng agent conpri ses

pol yi sobut enyl -substituted succinic anhydride. 5. The diesel fuel additive
conposition of claim1, wherein he hydrocarbyl-substituted acyl ati ng agent
conprises a Cl4 to C28 al kenyl -substituted succinic anhydride. 6. The

di esel fuel additive conposition of claim1, wherein the reaction product
is derived fromnot nore than about one equival ent of reactant (b) per
hydrocar byl -substituted acyl ati ng agent. 7. The diesel fuel additive
conposi 19. ofh®8ficadl didincbmpudigore bhclhine 1 Hyvdreosty hecreadtan mrodpct srdvouedrpm not

sel ected fromthe group consistin al.kanol am nes dr gxyal k

pyri di ne@sre tﬁwtba%%ﬁ&ﬂg{vale%‘ﬁ Ofinstit GoeR BABR AR ER R ShIBRE of ol ai m
1, wherein the reaction product contains |ess than about 60 nol ar percent
of an imde based on total noles of the reaction product.. 9. A low sulfur

di esel 3elThe shgseli Bicheomppsitiineefeslainy &7, wherpin; the hydmprlsionfasHng rompymmh 13 .
00N ! . | iy 8
i esel PR i ok TRAHA A REAIRRE & ox iR ioHARAC HDHEHD &

conprising: conbining a low sulfur mddle distillate fuel with a fuel

additive c risi a reaction .prod f (a) a hydrocarbyl-substituyted
2cyl at 1 9o dBeAitrfe (et Hmad: sl he drefine Hruey eE b Mifor o
Ni t 1 0gefloGPHt SrfinlBy GeIFROS infdd Badkdoyd O Mehnd e caomApIsducand wat er

t hat provides a reaction product selected fromthe group consisting (1) a
nono- am de/ nono-acid or netal free nono-acid salt thereof, (2) a diacid or
netal f i ACl T ( ) RQ- . s W lonkr €e
mono- acia S PEpERcpurb AR et 7 Hor TR IR SR LEH BIRIARPHS alRpdont
about 1ébnmeuad ofbe deminlaxd):d gr oups based on total noles of the reaction
product; and conbusting the additized fuel in the engine, whereby the
performance of the engine is inprovediielative to the performance of the
engine in the absence of the fuel additive. 11. The nethod of claim 10,
wherei n the nitrogen-containing _ceapound is selected fromthe group

consi sting of polyanine, amoniA, hydrazime, am noguanidine, guani di ne,

pi perazi ne and pi perazi ne deriyatives, am no-pyrimdine, am notriazol e,
and am notetrazole. 12. Th@;“ﬁ hod of claim 10, wherein the

hydr ocar byl -substituted acyl atiQg agent is selected fromthe group

- consi sting of hydrocarbyl -substityte® mal oni ¢ anhydri de,

hydr ocar byl - substi tuted succi ni c arthydri de, and hydrocarbyl substituted
glutaric anhydride. 13. The met hog,of claim 10, wherein the

hydr ocar byl - substi tuted acyl ati ng-agent conprises (1}

pol yi soflt.embhia SHASHE laul Bresti GREBh R BRBXAL b SRirocddyl o) HARLD AFlorQhoretagom 10,
wherei n he hydrocarbyl -subsituted acyl ating agent conprises a Cl4 to C28
al keny| atembatd Rutcgts@iscetinpe ARy goprie amae, TR0 S &F 2EPYFHDg droiety,

wher ei Ny gedtRRR thhOfoR HRA UE tarbsh 2d4siwheslRT i OB N0 nore t han about one
equi val ent of reactant (b) per hydrocarbyl-substituted acylating agent.

23. The diesel fuel composition of claim 22, wherein the compound of formula (1) is selected

from the group consisting of:

2)

22



16. The method of claim 10, wherein the hydroxyl-containing conpound is
sel ected fromthe group consisting of al kanol ant nes, hydroxyal kyl
pyridines, and alcohols. 17. A low sul fur diesel fuel conposition SU|tabIe
for a high pressure conpression ignition engine, conprising: a) a
maj or anount of |ow sul fur diesel fuel, and b) a m nor anmount of
additive for reducing injector and fuel system deposits, the additive
conprising: a reaction product of (i) a hydrocarbyl-substituted acyl ating
agent and (ii) a reactant sel ectgg )e group consisting of a

ni trogen-cont ai ni ng conpound, a f§ droxyl-oﬁntalnlng conmpound, and wat er
that provides a reaction produCt "sg ,f”rGﬁTihe group consisting (1) a
nmonoani de/ nono- aci d or netaly i-hjoTro=diG) d saﬁt t hereof, (2) a diacid or
metal free diacid salt thereqf, and (3) 0:-281 er / nono- acid or netal free
nono- aci d .sal t ther eof/Ewher ek & reactitn product -includes at | east
about 10 nol ar percent acid grnups based on total noles of the reaction
product. 18. The diesel fuel c§£§05|t|on of claim 17, wherein the

ni t rogen-cont ai ni ng conpound i s sel ected fromthe group conS|st|n§”of a
pol yam ne, amoni a,. hydrazi ne, am noguani di ne, guani di ne, pi perazine and
pi perazi ne derivatives, am no-pyfin dine, am notriazole, and

am notetrazole. 19. The dlesgk%ﬂpel conposi tion of claim 17, wherein the
rreacti on product is derived fxon1ngr’ﬁn“ hén about one eqU|vaIent of
reactant (b) per hydr@g LQyL*@ubstltuted“ Mg agent. 20. The diese
fuel conposition of cl ml?g wherein the hyﬂr-*yl cont ai ni.ng conpound .i s
sel ected fromthe group consgstlng of al kanol am nes, hydroxyal kyl
pyridines, and al cohols. 21. Thp.di esel fuel conposition of claim17, _
wherein the reaction product cantaips | ess than about 60 percent by melght
~of an imide based on a total weight of the reaction product. 22. ke

di esel fuel conposition of claim17, wherein the reaction product
conprises at |east one conmpound of the formula (1): (1) and amonia or
am ne salts thereof, wherein R represents a hydrocarbyl group having 10 or
more carbon atons and R1 represent3§CH afh,_al koxy group, an anine, a

pol yam ne, or an alkoxwanlne noi et y; provi led that R has nore than 12
carbon atons when le i OH 23 2 ﬁdie . 1 uel é%qﬁggltlon of claim 22,
wherein the conpound g fornul (1) - rteg Q he group consisting

of : P18 p;@ B

(5);.

OH

(6).

wherein PIB is a polyisobutylene group.
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(2) (5); OH(6). wherein PMis a polyisobutyl ene group. 24. A method
for increasing fuel econony of a vehicle, conprising conmbusting the diesel
fuel composition of claim 17 wherein sai'd fuel econony increase is defined .
by power recovery, and said power recovery is greater than 50 % as
determ ned by the fornula Power recovery = (DU-CU)/DU whererin DUis a
percent power loss during a dirty-up phase without the additive, CUis the

per cent 2 DOWehethQP for rb Afheinbll @BRsHP o PRISBCIM dobhphiiRgfugibuaddi ﬂlé URsel A
power is nmeasured according to a Cbordlnatlng Eur opean Council (CEC)

F98- 08 msﬁ@stof clén [Théensn bod el cednaimm ipareash éy defimed s ppwerec@m\ﬂ@ﬂy is
greater sal p WeT rgc%greg%/ Sreater than 50 % as determined by the formula
Power recovery = (DU-CU)DU
whererin DU 1s a percent 'poWer loss during a dirty—up'phase" without the additive, CU is the
rk.per'c'cnt powér loss during a clean-up phase with the fuel additive, and power is measured

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

25. The method of claim 24 wherein the power recovery is greater than about 50%.
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