1 TITLE ADDI TIVES TO REDUCE METAL PI CK-UP I N FUELS BACKGROUND OF THE
| NVENTI ON [ 0001] The present invention rglates to fuel additives,
fuel additive conpositions and fuel conpositions as well as a nethod
for fueling an internal conbustion engi ne, providing reduced
oxidative netal pick-up in fuels. [0002]In the past there has been
sonme uncertainty regarding the inpact of pick-up, or solubilization,
of certain oxidative netals by fuel on engine performance. Such
matters have generally been eval uated fymrg a corrosi on control

st andpoi nt. However, there is grow ng evidence that netal pick-up,
for exanpl e zinc pi ADHIIYES D K CEH&ETéanﬁﬂﬁdéEfﬁﬁﬂjgbs
performance. [0003] Trace | evels of dissolved or soluble netals, such
as zinc (Zn) and copper (Cu), in fuels, such as diesel fuel, have
been shown to increase injegiAKGROTND. OFEHE INBENBION ke t hese can

enter the fuel distribution systemthrough contam nation, or through
t he pi ck-up [P89Ksol hbe oRyessrt naventiomyreldies fige| fuck raslditigdsal Siehapddilive
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l evels in fuels. which may Igad to the accel erated injector fouIiQ%,
di scussed ad80821 zi fit theaReft Sherer Naseh SonsSOnH YN SATANtY OB TidRR tfp TBRAC 1€
fuel by cont 4.A0 Ssu .= CoNfeal. L ' i i gl.e
injection s sﬁ%h vf%o%§f$E§?§°§gQ§ Egggﬁfggm%ggg%ggg?%pg%gﬁghghfgggﬁb
conposi t i onperfoanaetd. echicheimpttesdbae ghecratip breenofvaimetted fpingka gprrosind
nore specifically, zinc pick-up while mnimzing,the inpact _on

nddi i ve andoriiel Sebiptht o Reb e ia Bonpe G e RN AR Gl s for
| NVENTI ON - [Qa0pi&vgk ppddip ¥es.isfudhatddiibipust &IROpéh@NMcand f uel
conposi tions have been di scovered which reduce the anmount of netal

pi ck-up seer0PB3K uellramsnisysist plodissolvhe qorsedeie hatabmtsuch 35r oot dés) fasd

such conposi tions wel.l .as_a,nethod.of .reducin ont am nant net al
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fouling. Trace metals like these can enter the fuel distribution system through

contamination, or through the pick-up (dissolution) of metal, by the fuel, from
metals parts that make up part of the fuel distribution system with which the fuel
comes into contact. For example, diesel fuel may pick up zinc from galvanized
steel surfaces in fuel tanks, resulting in elevated zinc levels in fuels, which may
lead to the accelerated injector fouling, discussed above. Zinc, and other
metals, may also be picked up by the fuel by contacting such metal-containing
surfaces in the vehicle fuel injection system.

[0004] There i1s a need for fuel additives and fuel compositions that
effectively reduce the amount of metal pick-up, and more specifically, zinc
pick-up while minimizing the impact on additive and fuel composition costs and
complexity.

SUMMARY OF THE INVENTION

[00605] Fuel additives, fuel additive compositions and fuel compositions have
been discovered which reduce the amount of metal pick-up seen in fuel
compositions. The present invention provides for such compositions as well as
a method of reducing contaminant metal pick-up, such as zinc pick-up, in fuel

compositions.




2 [0006] I n accordance with the present invention it has been

di scovered that adding an additive, conpjising a hydrocarbon
substituted with at |east two carboxy finctionalities in the faun of
acids or at |east one carboxy functionality in the forman anhydri de,
to a fuel conposition results in the reduction of the anmount of

oxi dative netals pick-up in the fuel conposition. [0007]In sone
enbodi nents the substituted hydrocarbon additive is a hydrocar byl

substituted [8096at | hY ad@RBincd Whhahe lpe@sht tnventiad POXYs lbmctﬁlisecn&lréd tes
in the formof acids or anhydrides. [0008] In sonme enbodi nents,
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acylating a
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descri bed herein, the hydrocarbyl group of the additive is derived
from pol yi sc?ﬁ%ﬁlmtéﬁex1$é@e@]erﬂé Dieap HPﬂ}?rf“ﬁh?%P?ﬁl‘é%l up is being
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netal is V, Cu, Zn, or conbinations thereof
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of copper, i ron ations thereof In some enbodi nents,
t he oxi dati \}Eqﬁ%f ?ga“iiish?:r grﬁwr&&dﬁ%r enbodi ments, the oxidative
metal, for wopody the tsgﬂﬁeaﬁuo&inefn%elth@%ﬁ@@ﬂutédonymc%@h Aitive RREAY
reduced may be an%/ 1of the netals, or grou of netals, described

Y

above excepth)ldﬁ‘@ﬁﬁr Omﬁ}mﬁedp&%@émg iaaeEn a&)rﬁhapsfo fignasiongbty. f oin pHher

descri bed rreth@ men ellfll th %Jebsltltut&% hyd gatrlrtl)on aed |t|ve err
(a) a hydr ocar Stlefu% élt Sucdi fi & hrHyd?‘f %be}gg hyc}PoISyzea

hydr ocar byl éﬁiﬁﬁhmbuisedvkﬁul@%ﬁly beali¥uadin deinbdiatics) weTbhealri @Bse of the
t hereof [0011]In _sonme enbodi nents the fuel being treated in the

net hod i s s@%@ﬁlm@n@ desepbeckherginothoRyéracepy] gt of the additiiees derived

greater tha 9’8%0@@ ?@ Left in contact for an extended period of
time with so eriaf's containing said netal.

[0009] The metal, for which pick-up is being reduced, include group IV
transition metals. In some embodiments, the metal is V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, or combinations thereof. In some embodiments, the metal may be selected
from the group consisting of copper, zinc, iron, or combinations thereof. In
some embodiments, the oxidative metal is zinc. In other embodiments, the
oxidative metal, for which the tendency of fuel composition to pick up is being
reduced, may be any of the metals, or groups of metals, described above except
iron.

[0010]  The present invention also provides for the described method wherein
the substituted hydrocarbon additive may be: (a) a hydrocarbyl substituted
succinic anhydride; (b) a hydrolyzed hydrocarbyl substituted succinic
anhydride; or (¢) combinations thereof.

[0011] In some embodiments the fuel being treated in the method is
susceptible to pick up of oxidative metals to a level greater than 0.5 ppm when
left in contact for an extended period of time with solid materials containing

said metal.




3 [0012] The net hod of the present invention may also result in the
reduction of injector deposits in an engine in which the fuel
conposition of the nmethod is applied. [0013] The present invention
al so provides a fuel conposition conprising: (a) a fuel; (b) an
additive conprising the substituted hydrocarbon additive describe
herein; and (c) optional additional performance additives. The
present invention also provides a fuel additive conposition

conprising: [p8l2lan TREiRRAL] 69kh/ee?ie;sex(t_h}w&ﬁtﬁnﬁﬂ;lasy_tdwdlfe@d1thﬁdh@f:amgan
addi ti ve described herein; and (c) optional additional performance

addi tives. DETAISCED d9PSER PTIORgRe THE i eh/ihgTiueNcomposi4paf thaumethod is
preferred f%&§ﬁrgs and enbodi nents will be described bel ow by way of
non-limting Flstration. Field of the Invention [ 0015] The present
invention inMeol3jes ahtuygbseadditdnvien #sd pedvideatiuvleconppation icdmpriding:
fuel conposition and a method for fueling an internal conmbustion_ _ .
engi ne. The @hvehtslodbpradyadditive sRmmEdnSithe cabstitigedrdydracgrhon, addigive
in some enbagi [ i G- ' : e s TN
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conpositions to reduce thejr. tendency to pick-up tal.s fromsurfac
with which t¥ ‘gﬁn&ozé Thet Gubsithied: hyeosarhag @@@BV%%&;@WJ dEciss 2pRe(
present i nvepii AR il idha DePoR¥hAS £RIRALAb! e and/or i nproved
detergency, specifically inproved engine deposit control when they

are used in fuel conposDHIGKS ENRESECRIPATAQN OfFi SHEJIN VAN OION or

i mproved engi performance,. including but not linte o redyct,i.ons
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reduced depasj fa¢apaeallimiehgeneiLMenl 0sses and reduced deposit-caused
engi ne em ssions. The Substituted Hydrocarbon Additive [0017] The

subst i t ut ed Higdrefcthe hevendiddi t i ve of the present invention

[0015] The present invention involves a fuel additive, a fuel additive

resent

composition, a fuel composition and a method for fueling an internal
combustion engine. The invention provides a method of reducing metal-pick,
and in some embodiments zinc pick-up, in a fuel composition, in some
embodiment during the operation of an internal combustion engine.

[0016] The composition of the present invention may be used in fuel
compositions to reduce their tendency to pick-up metals from surfaces with
which they come into contact. The additive compositions of the present
invention may also provide comparable and/or improved detergency,
specifically improved engine deposit control when they are used in fuel
compositions. These characteristics allow for improved engine performance,
including but not limited to reductions in injector fouling, reduced deposit-
caused engine power losses, reduced deposit-caused fuel economy losses and
reduced deposit-caused engine emissions.

The Substituted Hydrocarbon Additive

[0017] The substituted hydrocarbon additive of the present invention
comprises a hydrocarbon substituted with at least two carboxy functionalities in
the form of acids or at least one carboxy functionality in the form an anhydride.

In some embodiments the additive is a hydrocarbon substituted with at least two



conprises a hydrocarbon substituted with at | east two carboxy
functionalities in the formof acids or at |east one carboxy
functionality in the forman anhydride. |In sonme enbodi nents the
additive is a hydrocarbon substituted with at |least two 4 carboxy
functionalities in the formof acids or anhydrides.|n other

enbodi nents the additive is a hydrocarbyl -substituted succinic
acyl ating agent. In other enbodi nents the substituted hydrocarbon

addi tive is carkbxyerfuf¢ichatidRPoindhel forgd | bf idierorenaddm®nt s Theother
substituted hydrocarbon additive of the gr esent. invention includes a
conbi nat i on csIbadimerts theeddigiverina hdaeearydssupstititedyagpcimc pRylgting agent.

section. [0Q18 i eq hydr i1V f the, pt: :
i nvention, %e%ltﬁgggg%q%??h}gsc%ﬁp%lg}sﬁﬁg%&s)qﬁ’rﬁigg%g%nogaglelgg rlf}baeldd ! e?galtcrllc,l
reduce the toongenay. dbh dtilebtheorposidimeits the substicited hgdravashonsadlitioe of
pick up netals. [0019] The substituted hydrocarbhon additives jnclude
di mer aci ds.thpPresenhaRvatigpdngludgne ermiinaten @t farydremone of fae afdisiyes

fatty aci ds RadiayiRg gfins, including the ployal kenes descri bed
herein, whic cént alpnh%a%edﬁﬁ?lﬂncti onality. I N sone enbodi nents, the

di rer acid J#et8]i n The spheseiet hyventbonaddtider o ée freomt Gh¢ntionCRBen
pol yol ef ms, Cl2.tq Cl8 pol.yolefins, and/or Clg to C18 pol yplfines.
F0020] The s ed i ShE4ORYarTEHS BB mind dossst At Feid: Subiep e teaieney of
hal i des, anhydr ddgsostichsGaRRLiBR NG ek Q@é@ﬂipi’cl@%%a%ﬁb()d' ments the
agents are acids or anhydrides, and in other enbodi nents the agents
are anhydri dé819]andThe sabstitutest hydroearboui addiii west neludgeditrer apceds.  Dimer

hydrol yzed anhydrides. The,.hydrocarbon aof e substit.yted drocarbon
i 1 e andhbP TR P By Ky ubOOmAD e rd A adidl BB R
hydr ocar byl -igelagingt tHeeflostikehed deaeibeat hdtgindGRith GRARAA!dcH FOIYtRINASty.

an average of at |east about 8, or about, 30, or about 35 up to about
350, or to dbbtamegmbogdimens.atieudimen@cihrisgninatheriyesany igyaation is derived

erood e 05, B0 Roe Lo BRHR,! 1004 199 LLOMARELID R gy s

nmol ecul ar waiodyudlfined. at | east about 300. General ly, the polyal kene is
[0020] The substituted hydrocarbon additives include succinic acids, halides,
anhydrides and combination thereof. In some embodiments the agents are acids
or anhydrides, and in other embodiments the agents are anhydrides, and in still
other embodiments the agents are hydrolyzed anhydrides. The hydrocarbon of
the substituted hydrocarbon additive and/or the primary hydrocarbyl group of
the hydrocarbyl-substituted succinic acylating agent generally contains an
average of at least about 8, or about 30, or about 35 up to about 350, or to about
200, or to about 100 carbon atoms. In one embodiment, the hydrocarbyl group
is derived from a polyalkene.
[0021] The polyalkene may be characterized by a Mn (number average
molecular weight) of at least about 300. Generally, the polyalkene 1s
characterized by an Mn of about 500, or about 700, or about 800, or even about
G800 up to about 5000, or to about 2500, or to about 2000, or even to about 1500.
In another embodiment n varies between about 300, or about 500, or about 700
up to about 1200 or to about 1300.
[0022] The polyalkenes include homopolymers and interpolymers of

polymerizable olefin monomers of 2 to about 16 or to about 6, or to about 4



characterized by an Mnh of about 500, or about 700, or about 800, or
even about 900 up to about 5000, or to aﬁgut 2500, or to about 2000,
or even to about 1500. In another enbodiment n varies between about
300, or about 500, or about 700 up to about 1200 or to about 1300.

[ 0022] The pol yal kenes i ncl ude honopol ynmers and interpol yners of

pol yneri zabl e ol efin nononers of 2 to about 16 or to about 6, or to
about 4 5 carbon atons. The ol efins nay be nonool efi ns such as

ethyl ene, prQpydi£aRmsl- %E%l@ﬁné Wb@nﬁonm QEIheRE ettRer, propylene,
pol yol efini c nonomer, such as diolefinic mononmer, such 1,3- bu?aJ)ene
and i soprenel- -buignenieoutberdianditoctenes qrmmly@@ﬁymmon@nar rsuﬁlbpbﬁwlm’rmc

An exanpl e of a pol y e but n_one instan about . 50%, of
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prepared by mopvents DRamopbBeRIUr L6 exhiBPR3dT A ponen&nhedhsehitené.nen one
hydr ocar byl groups are derived from pol yal kenes having an n of at
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and the I\/W/I\%d rom abo or ‘about 2, or to about

2.5 to about[0828], oiIn tenabambodiment,| thes divelredsodi RS talﬂe @@ﬁ\mﬂ Kfedie
i s polyisobut ]%;ﬁl ene with a nolecul ar wei ght of 800 to 1200

preparat i on velkenesdravigst Ptotftaééleaﬁ%ﬁ%dﬁ%n%r Wd§0g=lfﬁs€thoﬂlhtlégp up
succini ¢ acybaa%'oHQS Mo a‘ggﬁtr%(ﬂ) to?gewgﬁtgﬁé‘fobgpfgg&gg@g?ﬁf td b

is derived from suc oI yal kenes are ScCri
4,234, 435, t]f%)()darscbtkrshﬂl]vdl\/hf 1swino o ebogt hércﬁmboumtcﬁr porbdwd, iy to about 2.5

r ef er ence. 0024 ot her od n t he substituted bon
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descri bed p%dﬁ'slf&ﬁ?le\ﬂbtﬁt@% xﬁé&%ﬁ&r% Wﬁﬁﬂ@l’ so@pdY 866 derHeO lRpR¥tiEL and
substituted succiniC acyl ati ng agents erein the nunber of succinic

groups for emechokequistigitedthydeoeprbons andlbstsubstgntedgsunenit sacatatingasgents,
1.3, or to abpu 5, 1.8. The i_mum
ruvher | geme. Sitgin e myAicat gt o sbsifienh S FRGE s sy Sol R e
2.1, or to ahbgutibed On The. peitkad kensy, h%etH@ydﬂQ@logﬁlﬁé ofF WOGE is hereby
descri bed above. [0025]1n anot her enbodi ment, the hydrocarbon and/ or

hydr ocar byl lgﬁwpfﬁ%bﬁifﬁﬁ%ﬁeaverage from about 8, or about 10, or

about 12 up @ﬁz@]bou&n %goth%% %{x%oaprggﬁt ﬁ%&tlttlﬁeg%gzﬁ%oc%flbonogn&/ T ?‘chcﬁlltgﬁ

20 carbon at rocarb cont a

aver age fromcghoing dgent0atbpiebarky K},aféa@ﬁngttbé’r&boﬂrd”l degipibbe rpolyalkene with
enbodi ment, the hydraqcar byl up i s tetrapropenyl group. In one
enbodi ment , %Ihé’“f?y?‘ﬂpéé%lﬁbﬂ argw éeltg Papvide I@éh?tﬂt“g“-‘rdoww{l@@%l]aﬁ’ﬁé agents

hydr ocar bon \%‘Qf o) th@%-@'h%‘e? é)l?léhc&gﬁtﬁ} Hgs}’ Ca‘;‘eg gx\{%gleﬁﬁ% % fhbMhént

ol ef i ns havi ng rom out to a tons or of I goners

t her eof Thesgoopetiatdeaatel.py ef eo albbyt alpha- ol efdauis]l.{somes iaest 1.8. The

referred to l?lg.x1mum number generally will not exceed 4.5, or to about 2.5, or to about 2.1,
or to about 2.0. The polyalkene here may be any of those described above.
[0025] In another embodiment, the hydrocarbon and/or hydrocarbyl group
contains an average from about 8, or about 10, or about 12 up to about 40, or to
about 30, or to about 24, or to about 20 carbon atoms. In one embodiment, the
hydrocarbyl group contains an average from about 16 to about 18 carbon atoms.
In another embodiment, the hydrocarbyl group is tetrapropenyl group. In one
embodiment, the hydrocarbyl group is an alkenyl group.
[0026] The hydrocarbon and/or hydrocarbyl group may be derived from one

or more olefins having from about 2 to about 40 carbon atoms or oligomers

thereof. These olefins are preferably alpha-olefins (sometimes referred to as




6 nono-1 -olefins) or isonerized al pha-ol efins. Exanples of the

al pha-ol efins include ethyl ene, propylqu, butyl ene, 1-octene,
1-nonene, 1-decene, 1- dodecene, 1l-tridecene, 1-tetradecene,

1- pent adecene, 1-hexadecene, 1- heptadecene, 1-octadecene,

1- nonadecene, 1-eicosene, 1-henicosene, 1- docosene, 1-tetracosene,
etc. Commercially avail able al pha-olefin fractions that nmay be used

i nclude the C15-18 al pha-olefins, Cl2-16 al pha-olefins, Cl4 16
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al pha-ol efins, C22-28 alpha olefins, etc. In one enbodi nent, the
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ol efi ns The os8psS 2etatrawﬁlae:oqt@ﬂ%ﬂgemlﬁléb|a§a%ﬂe gharpdelin dragtigns that
usually in thgy bergufin %&é%eeélsow dl ag%soblezfgﬁ%%ma%ﬁ O 4 alpha-
al pha- ol efi ns present rocedures for 1SOMEri zi S
are well knoMafitg Chaseﬂph&mhﬁha;UZMEg|$@h@@kﬁmseCpggpaﬂﬁmeﬂeﬁmwo@mag
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in US. 4,108,889 which is incorporated herein by reference.
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The wax crac ocess i.el bot h even and od C6.20 liquid
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Q hrrer, SUppﬂO@ﬂ? Tﬁ@gﬁ&l(ﬁa?e’ﬁ@lghla}l Bt AESCEE RS Eﬂébclcﬂa&ﬂﬁé of p@fa\'fﬁnqxrax

John VVIey and Son, 1971, which is "hereby i ncorporated ref erence
for its rel e’ﬁmwamoz@qk@lsmpwep?enemsnbot@ evon ad m‘dsnmelﬁ{ diquidy olefins

oacting t neTsbUR tedp ik ofs SRYRE! LPEn TRy "Rl RRE TSt R saneded

t her eof Wi t hywhipoRiflnsat Qﬁd@anF)Mﬁtdrﬁalaﬁaﬁ@ ibRghcAGE Bl FinsS Blefleftss, aromatics
itaconic, citraconic, eic aﬁylatlng agents at a _tenperature of

about 1600, ®W EBRMMticegsRisiplatignfoie Guodiqud alefing ebtaipad&onyihe max
acyl ating ag f tyrate

procedur es f%rgE%Pg a(r)lérgig’ ﬁh@sgé ﬁ?gpy[qég ‘%ﬁf%ﬁgkﬁgﬁé@r}ﬁ%ﬂk@%%e us}lﬁgslg
skilled in nhepaﬁﬁgaﬂdmhama:hg@ﬂnﬂﬁ@@ﬂm@ed for exanple in U S. Patent
3,412,111; and Ben et al, "The Ene Reaction of Ml eic Anhydride Wth

Al kenes”, J.8039] peQther monp1ajeitys camdesdaspisdsiom theeelbyleas hatit geowth
are incorpor by t r 1 0

maki ng t he é@%ggmaCQPE{ ﬁg%ﬁg %?gse$§h3%§ﬁ n%gﬁﬁﬁg%t, t e?gﬁﬂ%nyp%g{a
group is der cmﬁtblh‘edoﬁlexgﬂérgpmgrr&rizﬁiubmmOtlmdrefnietlﬁ),dsi foe. prephedg e mono—

containing from2 to a arbo at a
g 1e%n ins Enclu e crhlormatlon (?e%ydroch ormatl%n ) para%nn%ng cataly’uc

dehydrogenation of paraffins.



form ng the hydrocarbyl-substituted succinic acylating agent, are
known to those in the art. Exanpl es of %Ients descri bi ng vari ous
procedures for preparing useful acylating agents include U S. Patents
3,172,892 (Le Suer et al.); 3,215,707 (Rense); 3,219,666 (Norman et
al); 3,231,587 (Rense); 3,912,764 (Palmer); 4,110,349 (Cohen); and
4,234,435 (Meinhardt et al); and U K 8 1,440,219. The discl osures
of these patents are hereby incorporated by reference. [0034]In sone

enbodi ment s 1hhsy SUb?hbta%@Q pﬁ‘é{é’erdﬂ%rﬁﬁnth@%b Ar¥B8n Wﬁ@ﬁo-’f%?ﬁﬁ%%b%ll

substituted SUCCInIC acyl ati'ng agents suitiable for use in the present
i nvention cém@ammadMOatpﬂoﬁhnmmn@m&hmmM:mﬂmndumeﬂesnﬁmdunﬂhimlum&ndhe
may be used gombi nat on h.. 0d. I >

above, the ?%(%a E)}?P @F 584 o geeﬁ d

acyl ating a@&ﬁﬁoﬂ; Si{ﬁﬁrdn\ie(gthflﬁé?@ﬁﬁﬁnﬁn%ﬁplﬁagls@'?2 @sul Irﬁ&s@tbn@ecpﬁbhshers
functionality of the agent is derived fron1carboxyllc acid groups,

such as hydr apﬁy phe WWE¢ey tand épns UOE 1 nwbltéJCISdherF’@I)&E]OIl’PprgtﬁdebY reference

enbodi nent s r substjtute | ent co s.one
or “ror e nyarBtds by el Mo Er et E e MRl PHeR g s SR 2R
enbodi ment s [pb®1]hy dsgeanfey lacglabst i bdrsl Qi‘é)"p@épa'ﬂ@i ag,enteaamgarmseab@@e
or nore hydrolyzed hydrocarbyl substituted succinic anhydride groups.

[0036] | n sorfes@rsdiohadiitss 1’@%%@ odefitsy pr siligomars dhergobfwiglh qinsaturated
| f
acyl ating a%%%o%yﬁ?i&%’%ﬁf% %@é’ c% g n!aX&% LRMARPRY! d%%rcts @9% iff

copol yners cdr on a Fn“Sore embo

hydr ocar byl a@ﬁbﬁtattauqeﬁip@raﬁreamﬁ/a‘:sﬁuttlbe° aﬁydb@mt ngsuyeptts adescr405€y or to
above are derl ved from pol yi sobutyl ene. [0037] The fuel additives of.
the present 3°AVEALPUn é\éﬁ elfe 2cViplipg agerifiare dhe grsefemed ungeiugated grylafing

depending on, g%ﬂ@ gt x%‘dls@ﬁreé‘ 5610?9%& aﬂi{g/ &gl il g”&%e%)cs ‘d&?q/e'll”known to

preparing th For e as ad onposi tions
i ncl udi ng | ubosecsitilleg mnﬂhefmlandommsbeamdssdribedfﬁwelexam;bilet iivds. Sarfatent

d | bl e d/ bl h ol I .
compos: 1 oner Akl e “Bxnr & otk bt Rruiar cbnbelir ofnfidide Witn
fuels are tyl@l'k%ﬁg"%’ fod - F&Ik‘ﬁplﬁ g 79r p?ﬁ@@lﬁsdﬁﬁper?hgéee réﬂ%réhcfa!#%w

in which they are to be used. The term "fUel -soluble" as used in this
speci fi cat i dncampdraphdrydedershat rfer dbeis mmlomeetsfsarqwsiumaﬁ@rtmakmglﬂhe

t he conpositjions i uestion bl.e o ol ubl e. i n al

bt opor t | ons PRV&FVirlHESEeR: naro™s Fepedifieal B8 aesShetn fraderpied from
conposi ti on dlfrontdrybF owér defitgli.d hy1dfins abiaihingd Gionhy db @6aEDE,br about 4
m xtures, etc) in whichit is intended to functjon to an extent which

permts the cgghan iasénms.o Expnples ehdhese plsiias oncluds qrélsflqnéd plopyiene and
properties. %gil rI y, It is not necessary that such "solutions" be
true 9 sol ut{ nsin the strict physical or chem cal sense. They may

instead be nipos2} enThsiclefn,ooletial dipgadntr, dr gReyakens malyi g redeosd il the
pur pose of this invention, ‘exhi bi t properties sufficiently close to
t hose of trLf@r‘%fﬁiydﬂtcﬂéﬁ%erttéuﬁ]éthaftdhefﬁrlééf ieast OEﬁJF%’é‘%@ § carboxylic reagent for

i nt erchangeahl.§ Whithyt &%ﬁh%fe@iﬁnoﬁ é}ﬁn&'? ok %iya‘?ﬁe&ehﬂhﬁt fapugNt Pﬂe'%erably, an

excess of carboxylic reagent is used. In one embodiment, this excess is between
about 5% to about 25%. In another embodiment, the excess is greater than 40%,
or greater than 50%, and even greater than 70%.

[0033]  The conditions, i.e., temperature, agitation, solvents, and the like, for
forming the hydrocarbyl-substituted succinic acylating agent, are known to
those in the art. Examples of patents describing various procedures for
preparing useful acylating agents include U.S. Patents 3,172,892 (Le Suer et
al.); 3,215,707 (Rense); 3,219,666 (Norman et al); 3,231,587 (Rense); 3,912,764
(Palmer); 4,110,349 (Cohen); and 4,234,435 (Meinhardt et al); and U.K.




[ 0038] As previously indicated, the anti-netal pick-up additives of
this invention are useful as additives for fuels, in which they may
al so function as detergents. The fuel additives of the present

i nvention can be present in fuel conmpositions at 1 to 10,000 ppm
(where ppmis calculated on a wei ght:weight basis).In additional
enbodi nents, the fuel additive is present in fuel conpositions in
ranges with lower |imts of 1, 3, 5, 10, 50, 100, 150 and 200 ppm and
upper |imts; 840305 00Ghe? dRRbsuRs088. thafd patRP HeehEeBNPYindBRRTatkd Mhi
may be conbined with any lower limt to provide a range for the fuel
addi tive prastmenden the fuel conpositions. [0039]1t is contenplated

that the addi.tiyes of the present jnventio farmsalts,or. othe
conpl exes. andsiaeft oRpe, BEo et IR BRI ot Zaffidfer
of the conpasidié@isyli subdiuedll §ilieihi@beylusrg agdme Ruftabledophisd iege present
additives are also part_ of the present invention and are include in

t he enbodi népvedsiceqieia deredd fundimelist. dhotBecemnhedimenls, thigy may be
agents of t r t_inaventi d.t-he o) r j

ai'scl osed i e <iofbor R sthyBac P REGREEMARL HBKLRY SRR A6
5, 856, 524; &yd26;a00; grang 6f THed hSdrocutbiyt vubsteruhar elycinio caypoingt egknb)is
reference. O her nethods. of making the hydrocarhyl substituted .
acyl ati ng ag&stveg alHome PebisRPuULyiens gndpghe dnggid singtionslity. of the1agsgh;is
and 5, 885, 9 I r \AH r - s s
enbodinents4#:ﬁgggggﬁﬁggggly#%?%ﬂggggghggagfp¥ﬂgﬁ%%g§g%%bﬁ#@gﬁfggﬁnnc
are preparedchd, the thermal process and/or chlorine free process
only, as described in EP0355895 hereby incorporated hy reference. The
Fuel Additi _O%%rrp_oi‘f tSPBis © egﬁm“’r%éﬁ? Mdf%‘%&]‘?lﬁi é)&%ﬁﬁ_ﬁ‘gsﬂi%’f%wgo?gem
the present dyayfiet QheCARbES BPdloBa bl Shb ARl 08 cHES ehtRRMIcABOUEs. aNdl
further conprises a solvent and/or one or nore additional performance

addi ti ves. Teswecmbletiments thomyduiceityhspbsiltsiedlasylatings:gauid¢anpeses one or
concentrates_and/ or_concentrates he.used to prepare fuel

conposi ¢ fona™ Bty gapNGod RaRees] oPianEe SRk BV AR Bt i zea
fuel. 10 [Q@éég]-rhehﬁ@.bm%nérﬁb@dihieﬂ@ thef BydrdsabN sthiRitidres eftthe acylating
i nvention include hydrocarbon solvents that provide for the additive

conposi t i on' &ZeBnpatriveli akpvanarco fernitb Jenei hgmeprdymers gad/or tgpelymers
their handli t hapsf,ar j.hclyd f SC |

bel ow. The sécgﬁg'\t/agﬁﬂlgcgnﬂ}bel%aﬁ%g f‘gﬁt}éf‘%“c r%}drg%lggr%ﬁir)\?ﬁg]ﬁqgsr g%éa?l ngrocarbyl
hydr ocar bon, substitwsggedt aoniodi the @ yoifgosichtdescpibed abioxt uire dehieeédfom
In sonme enbodinents the flash point of the solvent is generally about
25C or hi ghetlyEabWsi@eenbodi nent's t he hydrocarbon sol vent is an

aromat i ¢ napiols) NavhBgud {dAEsAH AL PARNEIRREHOR oA bSBIRL Isemi-solids

napht ha having a flash point of 40C o erosene wth a 16% aromati C
cont ent haviagliguifi$ 4sifs)plipetdiagorethe2@rti f1064 2lcahplghasnd/ohydimeégr ised sn

i ncl ude vari ous na ha and kerosene. hoilin oi.nt fractiaons tha .
e o Oy Eperr ahia A SR R R Bet s B RGus' ERboINSnd Wruding

lubricating and fuel compositions the fuel additives are advantageously soluble
and/or stably dispersible in such oleaginous compositions. Thus, for example,
compositions intended for use in fuels are typically fuel-soluble and/or stably
dispersible in a fuel in which they are to be used. The term “fuel-soluble” as
used in this specification and appended claims does not necessarily mean that all
the compositions in question are miscible or soluble in all proportions in all
fuels. Rather, it is intended to mean that the composition is soluble in a fuel
(hydrocarbon, non-hydrocarbon, mixtures, etc) in which it is intended to
function to an extent which permits the solution to exhibit one or more of the

desired properties. Similarly, it is not necessary that such “solutions” be true



hydr ocar bons i ncl ude benzene, tol uene, xylenes and vari ous napht ha
and kerosene boiling point fractions tha§ have a majority of aromatic
conponents. Al cohols are usually aliphatic al cohols having about 2 to
10 carbon atons and incl ude ethanol, 1-propanol, isopropyl alcohol,

1- but anol, isobutyl alcohol, amyl alcohol, and 2-nethyl-1 -butanol.

[ 0043] The oxygen contai ni ng conmposition can include an al cohol, a

ket one, an ester of a carboxylic acid, a glycol and/or a polyglycol,

or a mxtur I it q i lrent 1 i

W IT be supcrifiisih o Sufa phHel B SRERC RN TIRY, hEP IAGUETES Bllro-
content in sewdsahsi rstaidés dispersimsbehmly, 30r plenpuZfosppod thiel iaveriltdn,
ppm bel ow 10 ppm bel ow 8 ppm be|l ow 4 ppm or below 2 ppm The .
sol vent can BE E@@ﬁ%ﬂqsrﬁu{ﬁ@_ea%dqseéé deaiitrus o S0t & Riockeal
to 99 perce%lr?é(se‘é‘fei'n%%har%@ leRvif] B WadiAReedndxt 35 s ﬁﬂzeﬂ%fﬁ?”t by

wei ght, or o /0 percent by weight. The friction nodifier of the

present invedfif3®n aAd prewiadty tindicaledpehé camamet] apidktupy edditadegnof this
separately ar _in.conbinati.on can.be present.in tgl]Ie additiv .
concent rai o BT FRGHCEHl 10, SEHESIRS Dol bhivgh Hevghey Siaafngtion as

ot her i nst anfRspe@s. bﬁl@f@%ﬁitﬁes%ﬂ%et;ﬁe%t REVGRIL & M‘@ip_gé%&:nt & fuel
0.01 to 90 percent by weight, or at 0.1 to 80 percent by weight.

[ 00441As al |compbsitomstay It inel0,800 aprakobere ppm ohealsnisoeii menat weight weight

addi tive concentr at.e .conprise the fuel additi .0f 1he_present
Mvent | on ariehy 15 SbsPRRT ey Rt Ghe A aofififS ol BLBROED. fyeh
t hese enmbodidgmipositidi® iaddhbéy &itGORGRANMEE o€ QNBaIsNI1Ng sHheod,Usd and 200
additive of the present invention is neat, in that it does not

cont ai n any kiddiapd apaer Bwitgardt] G d. 1. i%phbvvadthedtiterd any vl limg
characteristj f sentr Lt.s. vi i .
several e nboljﬂgfrégtcg o? H?C(ﬁg/?ﬁ%n%/néﬁoi%oeﬁ ﬁﬁﬁg t?ﬁjé{)‘tf@g r?plosaglgg ifé% the1[ %gflﬁ&&lﬁve
addi ti ve conmesdnt &t the fasbé@nipésigodsuel additive itself are

subst anti al lﬁ free of or free of at |east_ one nenber selected from

the group cdR8P%kinff bt cxuiPpRIAted Shwsifopdlitiveurt dbedrassht iavrption may
combi nat | onsrohhes80fe; ARG uBIACE AERAURALe! Nend!RlioGRIRESI Oher

contains |ess than 50 ppm ppm [ess than 15 ppm [ess
ppm or | essconmettspphthef ccamyostnmsoim whichothey hes @sekmdeck .fofi0046}thdsa
an enbodi ment,_ .of the inyention t ?k}tf‘gddi tive. concentrate conmpgsition

or a fuel cAFPUSYEi B At A RGNt 2ty PRIOR tHe JeBidenin the

i nvention, "BYbRBmRhLERBIEHAYhAEMH. XiSReheObf ThisNekihReaGOMRANaPEss A the
the conposition at anbient to elevated tenperatures usually up to 60C

until the carpesttinomtios dndntbgamecoesses @O iMpdhemdire iddseddsed in U.S. Pat.

performance ,addi ti hic _be -i,ncl.ud | e idive

conposi ti onsﬁ%% %’Iﬁés’é?g’gén{bﬁ%n§’|7§ﬁ’%ﬁe%g%ésé;#lgeg’%ggpmf a’?ﬂe&f}&épd’?
[ 0048] The f Ughich OaRRORdrED P In@irpbRedbYSAIFErchfy ENOIIRP HEMBES $ESmhkigg the
fuel additive described above and a liquid fuel, and is useful in

fuel i ng an ilwtdsesmbylc sHbuitviedn aenigling. agertuein nisy farsd e & Secohpfonking.

of the addi té,&?z,ﬁ?é’?%k%t@@é, ql%ﬁc rSi,é%eSqQﬂpowﬁich are hereby incorporated by
reference. In some embodiments the succinic acylating agents of the present
invention are prepared by the thermal process and/or chlorine free process only,
as described in EP0355895 hereby incorporated by reference.

The Fuel Additive Compositions

[0040]  The fuel additive composition of the present invention comprises the
fuel additive described above and further comprises a solvent and/or one or
more additional performance additives. These additive compositions, also
known as additive concentrates and/or concentrates, may be used to prepare fuel

compositions by adding the additive composition to an non-additized fuel.




[0049] 1t is generally accepted in the industry that many types of
commercial fuel, particularly market dre eI fuel s and/ or bi ofuel s,
have the capacity to pick up, or sol ubil sone | evel of oxidative
nmetal when placed in direct contact with susceptible nmet al surfaces.
There is al so evidence that nost if not all fuels, particularly

mar ket di esel fuels have sone tendency to pick up netals. It has al so
been recogni zed that many fuel additives may increase the tendency of
the fuel to ppgly upTﬁé' 9&}%&4@ m;{a@ké fof Le ihugle %&eﬁthvaﬁrirnt li¥Qude
conposrtrons in which they are used. The present invention reduces

t he propensilyylrearipinc kolugltaxhatapnovelerrﬁxrahs addztsrnocromnpeincaﬁd chmphtibility

ddi ti 12 5011 . enb
Sl able f ol Hof ety abOi Heritahe P HRRE R naEnG HymtBhad Tegingude
avai | abl e fuyeksel ANgeskAbs®WRIANDOMdTBAESnERBY %@Wﬁﬁ%l@dﬂ%ﬁd’r@bé@@h €an
di esel fuels and/or biofuels. In other enbodi nents he fuels

sui t abl e forargmeti¢ hydipsarhoas emoxvam’enomt@mlmgr@ﬁmuesmnly, @bmnwgrheyeof

avail abl e fuel s_whic re susceptible ta i.ck u

erbod nent s rymtornee ey Evisdftal 8 BB dfftrpBY bl 22 or
suscept i bl e Highd¢ret Rl sdh& kmbpdinh &5 1 d Ryd&bbhdbontsderene i afliaf@nitse nhteha
fuels suitable for use in the present |nvent|on are any fuels, or an¥

di esel fuel a3y dilaph epindlaboveR? th oz ea vgg@é@pﬁmﬂrt@atb@vmg&ﬂaﬁl peint o
dat |
oxi dative gﬁ@gg of 9. 5&&%}4@ with eaaEl?J é%?xlfhé%m f1BY ehasﬂ ﬁo&?%g%

for an ext perio trme TEri a At ai n
metal . In sa&@PCenbodi nents the exposure tinme invoIved is greater than
72 hours, greater than 48 hours, greater than 24 hours. [0052] The

present i nvdfP#dn i Adphars hr@@rca%ﬁpw poKerierdnanigha abkerpyene boiling
concentrate ﬁﬁ@%'cﬁbﬁﬁ%hé%h%e TRy ﬁﬁ%ﬂo@aél a’ncT@@méUﬁéntySEdArﬂmatlc

t hese conpositions nay or may not e opensity to pick u
ox! dat i ve rrﬁt)_@lrocaabmlsrrmyeludﬁ f‘tmmze:hﬁe tiyers, tylendsueind descws heghim and

th li cat nbi nat th f The fuel. d t
cormost L1 ondk OIS RS e PO ‘HIETF BTt 4w P A Wes GNP SR PRS-
present i nveQfchRHIsRY ulga1RAseshdtR H1BehdTBtLAORS AR%eniderh Babsh htontahd

is, the additive of the present invention may be present in a
conposi ti on inphlade gthasok dnpropgied, ssopmﬂlyl alpiehsl, fiutapgly isgbutyhplogbel, amyl

exhibit a pr it datrve metal . The

additive- cozﬁgﬁﬁﬁ ‘1%H%%¥ﬁkr§ﬁ* then be added to a fuel and/or
fuel additiVveos3mpoghtiotRgenl benthBieiyt tdnipoditibhah tedludd &8 altohbl) at Kutsne,
conposition is independent of the identity of the optional f uel

conponent i itk ¢RerRfch earbexdimeding ﬁ@"-‘@bﬁp oF BirshySlyerd, ok p daiXiuye the‘ﬁfaﬁ
pi ck-up pfopﬁp? c?]1¥er9tfmtﬁle I_anSJh %PE li'ri?slr gﬂ &/h e%ﬁﬂmﬁratfnyoﬁe
(6] he ue

be a result e proper i'es o e properti‘es o
one or nore fpée bﬁeulmldi haviag peepkot comtetnhm fsemlralamdtmoes aadid bvlew 50

conposi tion. The ition of the a (% contarnrn conmposi ti ons,
descri bed i PRMhe? ﬁ@?ﬁb&"’é‘h‘ﬂ 1@01%‘85?’? ésd?rpnﬂ’ el BWeg tﬁ'i‘e‘ﬁt 4 R, or

result in ayggdychi gp,Of The oiidaticyg pEtRbsdiCly UtHe PLARERS| SohcBhitrate
the fuel and/or fuel  additive conpositions. 13 [0053] The description

t hat f ol | owscomipaskent yp@stooP9 fneetent Sy vwvakdhs, hod msehcmzrtstvemps aénto 80
i nvention refer t t he. resen e additiyv
cont ai ni ng SHP ?fﬁlsgfhgfortﬁg%pyggy@}:ﬁen \Vé’ﬁfﬁ‘gﬁﬁ‘l gge ?tlw’hgmphfgerf‘lfeﬁhe
and/ or fuel ﬁ@%rﬁ'lﬂﬁe&m %Heoﬂﬁilttl@nd&’f}ie?fbrﬁﬁﬁc@ggdﬁl'w@ t&&ﬂt@bﬂﬂa&gy or
conposi tions may be added. [0054] Fuel s suitable for use in the
present i nv ditt Gogrbingteomean bﬁ/prelsynu inhe edditive concentrate composition at 0.01 to
100 percent by weight, and in other instances can be present at 0.01 to 95
percent by weight, at 0.01 to 90 percent by weight, or at 0.1 to 80 percent by
weight.
[0044]  As allowed for by the ranges above, in one embodiment, the additive

concenfrate may comprise the fuel additive of the present invention and be



Generally, suitable fuels are nomtally I iquid at anmbient conditions
e.g., roomtenperature (20 to 30C). The lLiquid fuel can be a

hydr ocarbon fuel, a non-hydrocarbon fueI11 or a m xture thereof

[ 0055] The hydrocarbon fuel can be a petroleumdistillate, including a
gasoline as defined by ASTM specification D4814, or a diesel fuel, as
defined by ASTM specification D975. In one enbodi nent the |iquid fuel
is a gasoline, and in another enbodinent the liquid fuel is a

non- | eaded Fzﬁ@pd I t s
di esel fuel %§%ahﬁﬁdy gﬂc%gr bon fue can E%gt h)t}gFﬂoégg;éb%r?fdgﬁéelgg?%@a%dmge
gas to |i qU|amnpeittcassonmmmgIthlejﬁieﬂcaﬂdewnqzﬂ thehycrent arteation ps epat adthey
a process such,as the Fischer- T@@(ﬁSCh process. .| n. sone enbodj nents,

the fuel uséed 99§t A¥ FPR&Ehtanyn fiopa pelvantyadded tf’u’éﬁlpmé{eb‘i df“é‘%eé}al
fuel, or Coﬂﬁhﬁﬁhggﬂﬁaaéﬁ%ﬁ@g of tﬁl@%ﬁ]:é'fﬁfaté‘%ﬂcltﬂ)i?{tﬁ’%cgﬁﬁfUe' can be
an oxygen contalning conposition, often referred to as an oxygenate,

whi ch i ncl udé843in alw ebrodral ambedimmts afkbkt omesntian st el gbmaosition, fuel

mon- hyar ocarsaSiereefeienanas e fudl Ak HEThaR PO Tevigly free of o

net hyl t-butfyde eFhericadtebity hne@ﬁl%f' se!f&it@c[‘qrrorflrtﬁBSQ%hﬁrd(fdsﬁsﬁng'(Lfssul hur,
and/or fats fromplants and ani mals such as rapeseed nethyl ester and

soybean met mhoselsqres,, swfigechpshy, cﬁmétmienatp@%fh}enm& eyl efhethanbl@ﬁ

and non- hydr fuels can.inclu exa

rethano!  andiet et or Sshehhf i Sam SRR GR Sumarar sy Bl Lovs
at ransest erthhn ¢d pphRRE 1&¥slth&UC hpasof apeaeest dIkbhtesefiegibeand ot her
bi o-derived fuels. In one enbodinment the liquid fuel is an enul sion

of water in 804k okar BN emBefimentn k- ﬁ%r’é’éf&ﬂ%@h thee| addifiven anRERiFEe
thereof In s t I
have a sul phﬁ%ﬁeog#%ogﬂ%qun%& é% e tgin a}s{lﬁsm ét ﬂ&t agggg}ep%gm&%rpl%%t
| ess, 1000 ppwemion, easy lﬁO@rem@md)lbyl e&mxﬁ@(brpmmxmg ihessomﬁcﬁhq@psmocﬁrthe
Iess, or 10 ppm or .| ess. 1“530058 T uid fuel of the i nven § 51
present in %Sitt%hﬁ‘oé SFMBSAtHEES PAuALLY; WP de 1§yl the
greater than: PosYor B 1R fog eﬂggusl n ot her enbodinents is present at
greater than % by wei ght,” greater than 99.5% by wei ght, or greater
t han 99. 9% uﬁod\ﬁé] ghfl’ he/mﬁdmmmh@lerﬂ@enﬁmermdthevﬁdMIah/my l:[ﬁOOEsB]d‘Eldem the
additive conpgsitions and fu osjtions of the esent _invention
can furcher B SERRESo Gnt SRR FRERo et S RRACEO RN 1 ves.
Addi ti onal ppﬁgplﬁaance additives can be added to a fuel conposition
dependi ng on several factors to include the type of internal
conbustion gl addiet fisl toppwostticnuef theimgseans davemianhaemprigénéic fied
gﬁg: Inéyl gf bé%hgiétlgpe?scf g)gd a?)(e)vg %rngl CFqul(ant%l f,l 1suuns%%.11 1\A'h{'lugpng gn internal
combustion engine. A fuel may also be a component of the additive

ﬂ

compositions described above.

[0049] It is generally accepted in the industry that many types of commercial
fuel, particularly market diesel fuels and/or biofuels, have the capacity to pick
up, or solubilize, some level of oxidative metal when placed in direct contact
with susceptible metal surfaces. There is also evidence that most if not all fuels,
particularly market diesel fuels have some tendency to pick up metals. It has
also been recognized that many fuel additives may increase the tendency of the
fuel to pick up oxidative metals in the fuel and fuel additive compositions in
which they are used. The present invention reduces the propensity to pick up

oxidative metals in such fuel and fuel additive compositions.



[ 0060] I n sone enbodi nents, the additional perfornmance additives
described herein may increase the tendengy of a fuel conposition to
pi ck-up netals such as zinc. The use of “‘the present invention in such
situations can reduce and/or elimnate this inpact of the additional
additives. [0061] The additional performance additives can include: an
anti oxi dant such as a hindered phenol or derivative thereof and/or a
di aryl am ne or derivative thereof; a corrosion inhibitor; and/or a
det er gent/ dif Wﬂgsantlu éléﬁ%etﬁﬁl@ﬁ thanekhe shitshe ai‘é?"ﬁs'evﬁl Phe {I6sent
present inventi such as a pol yetherani'ne or nitrogen contai ning
det er gent, iincémiminnigichue amgt cdmmietealy ovelBlaficls didsipes@amesbodiments

quaternary salt disper nts S S i ncl] udi n
der i vat es of MY FCETRITS] Blicuifid SudlsAndGr GuSReln sk BRp ot ets,
salts thereqfe qulQ%@ﬂabf@“?oraQ@ td Qlﬁ'@br&%ﬁtf %\F%%ﬁ ReRidE| a@scmﬁaeeé@@y
include: a cold flow inprover such as an esterified copol yner of

mal ei ¢ anhydwiadablanduels ywdneh aard/ enscaptbligolty meretaf pe@hylhmn@ndndﬂ vEpe
acetate; a fo nhpnhlpltor and/ or b%foa ent s%ch as a

fluid; a derff 1% e s i %O%mﬁ%ﬁ‘@ k%&%} hBETS
agent such asseptibld i mahbpxklic acid;, a nmet aI deactl vat or such as an

aromatic triazole or derivative thereof including but not |limted to

benzot ri azol[895Hnd/ by sallvaheeenbadineategbe dhelsduitebleelos sk iasthgrpresent
al kal i et agnééﬁt{a%s Yee! g %' tor a%? é%?&“ﬁ?{d‘ 21}?&/& AL PR KRS Ure
i nclude orgadnic silicone suc et h si' I oxane,

pol yet hyl si |saxepeiblenl yidk atphyd sxlki@ommmetams)ltg/adéwagreﬁelaﬂﬂn 0.5 ppm when

pol ymethacryl ates, trinethyl-triflouro-propyl methyl siloxane and the
like. [0064] ?ﬁénaﬂww ofﬁmana%mqe@e@err%ﬁogrf% WA sRikd apsrids gantaypng
antistatic IsGEE B

bl y( al phas) mrihy T8 s e Y o L O E s Brosi a2
such as an m@rwemaaﬁé Homps, @v great¢r0ies P4 heuesddi t i onal

per f or mance t|v whi ch .may be present t he f.uel
ormos! 11 ond Uit f ubhe BRGLITT SR ToRerREs fPeb sHpoprian: Ao, (el Suditive
i nclude di - Q}%ﬁl@éntr'ﬂb L%Eﬂ}ﬂ%ltlcﬁﬁt %ic%mn%/ i FhAr - ITHedend Nl 8N these

modi fiers prepared by reacting a dicarboxylic acid (such as tartaric
aci d) and/ orcompositasboxy ok enac hot @smbﬁ aasr@ﬁmnt)ctcamcén up wikidatizg metal,

am ne and/or | cohol ti_onal t e of .a

eotori 1 car 8GR o (ref Bo+RRSE s M SieRBEF A s Pl R combiparions,
tartaric acitteresft The fisdlivded o tHESE icW@bbYESnE REEENHL by sBRedREl tdedhich
from am nes and/or al cohols that are branched so that the friction,
nodi fier itdBefaddiivesplyie presaet Byvsones ndy be addpddn e meethpdy described
groups pres Wt Rin, i r o] b e

al cohol s us§§£?§4pﬁgggf% ?%e%%hﬁygégfﬁﬁnﬁngéFl%?%nﬁﬁ%ﬁ&gl%e 5&@&& fi o
2- et hyl hexamn@mpdsitodnr tide castokom@rieeetfual. c ahed suelomaypiort mag ot leghidif a

[0066] The additional performance additives may comprise a. high TBN
nitrogen corfTAPFSHY W ks SRrEa el Jhe Addity weonipising gaﬁ*ﬂ?osmon

that is the g g@%@é' HedPtP ;f?!: a{qurng’ge?n ggﬁlfﬁﬁonﬁﬁ&ﬂﬁdﬁ Utrgd identity of

succinic anhy ride w t a po Succni m de di spersants
are very welthelnevpresemt umt:hlacempﬁsmubns oalepeddemhuf gte idantitSudithe optional

mol ecul es ar ommonl deri.ved. from react.i on of an. al k Lati ngl
Toent e sk R ndat o e hR RS ot obishos ThE wadA (o et
two noieti esplbﬁ-ugqﬁ@p&&sw SCihdcuBOaR/8f FRY %d&fﬂv@eco%ﬁdéﬁldﬂ %a?sbeV\@Hsult
as a variety of am des and quaternary amoni um salts. Succini m de

di spersant s efrtbe poererfies d¥thdduck arskéer the pooS:rtiPapEans onnRe oA 86 aditives

3,172,892. Such t t t
Funct onal i 8 eeboR FPadeR R of sddi R BRI C S ARG & uRSidlipye
is the Mann edhtBasRS compOifoRd, asnBdseribed $n Wht GietRE® ah@rdshRtidReos the

condensation of a higher nol ecul ar
present invention result in a reduction of the oxidative metal pick-up propensity

licon
%rrl 10 eis

of the fuel and/or fuel additive compositions.



wei ght, al kyl substituted phenol, an al kyl ene pol yam ne, and an

al dehyde such 16 as fornmal dehyde. Such terials are described in
nore detail in U S Patent 3,634,515. [d 68] O her nitrogen-containing
di spersants include polyneric dispersant additives, which are
general |y hydrocarbon-based pol yners which contain

ni ntrogen-cont ai ni ng polar functionality to inpart dispersancy
characteristics to the polyner. [0069] An am ne is typically enployed

i n preparingobby hi ghe @&&gﬁé{y&g&%ﬁoﬁm& 8k Al L R Wit RMPhuse in

nore pol y(al'kyl eneam ne) s e used, and t conprise one or
nor e pol y( etthy| easani inegsidiavefeg t8 the fuebtthyl ey beaiprssamdndtheoadditive

nitrogens. Such.materials.inclyde triethylenetetramne (TETA),
tetraet hyl erf@BENEAS; %@wﬁwﬂ)ﬂ#&ﬁa PheSRG vﬁpﬁl%éﬁ@@ﬁ%@@%ﬁ%d%&%
material's ar@qdityRi 68hp¥siG MRS Ghiath ¥n&\\ailtAR! oSt X bbnBasiAbny #dyO0UE
i somers containing a range nunber of ethylene units and nitrogen

atons, as welddeds a variety of isoneric structures, including various

cyclic stru s. Ih ol .y(,al kyl eneam ne | i kewi se ¢ ri.se. .
i at fvel y PR Biee SRORAY HES HReE e v i ATE et gy Tited
et hyl ene am@ghesdily, | suP@bleOfRels hROATNE, Bddidt honabicaechbAHiIfBAS .g., room
additives nmay conprise a quaternary salt conpri si n% the reaction

product of : teinpertunedd8ttood¥F Qonpbe diquik fedteas be srhvdrecagpeupuel, a non-
consi sting qf; th ondensatio roduct of a
hydr ocar byl % gﬁé‘%i)ﬂf%t ﬁlgf’aoéyal Igfxﬁlﬁﬁa %8% “and a conpound havi ng an

oxygen or ni[posgjen Thenwhpediben ofuet AdEBsi Npetiolduns adictilday) abdlaging a
agent and sai d condensation product further having a tertiary am no
t

group; (b) ®3peligmrkdnboedbyiriiMetpeaifisidionddthld ar 4 digsel 198k as defined
tertiary amlﬂPAg'TR}f' Qpecqﬁga&ioﬁ}éDg’]g‘/B@H G0 eh%%‘im&g& REIEE AL Q%a@%ine,
I uc pare

tertiary am no group, sa nni ch reaction pro t ing pre
fromthe reagiiiarenofhca empaitaettoit Igubs fudited pheiwded gascdindeHyidmpother

and an amne; and (ii). a _.quaterni.zing. agent sujtable for copverting
the tertiar ;P“%Pﬁ%gﬁtr Qﬁphg?l%cg"r?bdﬁr?dg’(‘is% 3{?&&%3@5&9&@% FU@@@@H% a
wherein the 1.z i | ect fr e gr: i sid
of o ol kyl - SHRTSREENE o BEETLy | & BE1 RE1RRIL L ATHRTIORIRICORR Sldrifle
car bonat es; hyldoachoisypreppiedi bies processnbichatd the Rischerafiropsthd porcess. In

m xtures thereof. [0071]1n one.enbod] ne t he at ernary. sal.t

Conpr | ses. t TR GEPPOIBIbATEL GT Hor9 Thihp GAGETb A eURB A CLPb freka
fromthe gryipdiesd1sust bPBobinafiond thepgdtfyal kene- substituted am ne
having at |east one tertiary am no %L;ﬁoup and/ or a Mannich reaction

product havil@g5@l t edhi awop-kydreenrgeodps] cande(d pxysaquennéssining eranpeselpen,
often referred to as an oxygenate, which includes an alcohol, an ether, a ketone,
an ester of a carboxylic acid, a nitroalkane, or a mixture thereof. The non-
hydrocarbon fuel can include for example methanol, ethanol, methyl t-butyl
ether, methyl ethyl ketone, transesterified oils and/or fats from plants and
animals such as rapeseed methyl ester and soybean methyl ester, and
nitromethane.
[0057]  Mixtures of hydrocarbon and non-hydrocarbon fuels can include, for
example, gasoline and methanol and/or ethanol, diesel fuel and ethanol, and
diesel fuel and a transesterified plant oil such as rapeseed methyl ester and other
bio-derived fuels. In one embodiment the liquid fuel is an emulsion of water in
a hydrocarbon fuel, a non-hydrocarbon fuel, or a mixture thereof. In several

embodiments of this invention the liquid fuel can have a sulphur content on a




[0072] I n anot her enbodi nent the quaternary salt conprises the
reaction product of (i) the reaction pr guct of a succinic anhydride
and an amne; and (ii) a quaterni zing ag nt. In such enbodi nents, the
succi ni c anhydride may be derived from pol yi sobutyl ene and an
anhydri de, where the polyisobutyl ene has a nunber average nvol ecul ar
wei ght of about 800 to about 1600. In sone enbodi nents the succinic
anhydride is chlorine free. [0073]1n sone enbodi nents, the

hydr ocar byl i1 i Gioh ( i
Rhove | Y naTHEat bhelt 8L AC000 b BORRL MorRRNAeLs, Poblyib 4836s) pod
a pol yol ef i ppsubstdss,itlegpmiot hesa, onhbppeatrdesst ed car boxylic acid

reactant su (1 nounsaturated C4 to .Cl0 dicarb lic acid such
e Tumar i o d0PER) | {LogHRBEERY S e oninuieR 45 Pressnt B Mosh fobudstior i &
such as anhyggiodesnintGhat Qs Genal 4R8N keAg" ted 9BPNBy Qlighit- 8R4 &S oftfer
(1); (3) nonounsaturated C3 to C10 nonocarboxylic acCid such as

acrylic aci ceratrdlimmentsais rpyedent at igokaterothan iA746 derweight. \grsatef tha®) 9% 6%hby
as Cl to C5 al.cohol derived e of .(,3) with any conpound

cont ai ni ng aﬁméﬁngﬁﬁ%“%gﬁﬁl?2%K£§%ﬁﬁ@%ﬁby the general formula:

(R (R) C=C(RhgitiehkIR rfdiinkhtd hdahipregi N each Rl is independently

hydr ogen or a hégrocarbyl group. [0074]d efin Folyners for reaction

with the nod808%lat ufhe etldiy b soynasitiisdand alvel rompgsitioos yperike present

conpri si ng I i -y s
nonool ef i n. %gﬂ%ﬁ%& g%l %ét}%gg‘%%ﬁopé‘?%t?% éﬁé&graggilt élr?g,% etfgfﬁ%cﬁe?ddmves'
i sobut yl ene, Addtibaieperfitinanes dddidresta eanaddeth® paley remposiionhiepending
honopol ynmers such as, pol yi sobutyl ene, as . well _as copol yners of two or
more of suckPiotera dadasiodaclugp shs ivr o dnternad gombrehorhengine pyd diretype
butyl ene and,4 : o] : 'S@QH% I er, I I

i ncl ude thoggl?%@a%¥%%qge%ﬁ%o?%ES%%?%gﬂgﬁn 0 yt eﬁgbg%?yﬁﬁgqﬁgﬁ%ﬁ§$§
e.g., 1 to I@®ndulens¥nidsr ehith the eGgBeds btiagioperadedy. , a copol yner of

i sobut yl ene ut adi ene; or .a copo r. of ethyl ene, propyl ene d

%2 hexadi orB000s FBS8E FirboAEnGbaat Aatiional PREE b 6IRUYPS POFRIF
(1) i's derivggdeihrAay RR¥RRBEenddidy of S ARPLYABDSItIOh t67hiot-8 IiGals such
i ncl udi ng 1-but ene,” 2- butene and i sobutyl ene. pol ymers can i ncl ude

pol yi sobut ylasn@inc. T henesehel therfyostintranyentian inewwsh stiwetimotarf padwge andioy

is derived fr,ome |l ene-a ol ef.in polymers, including
ethylene-prd%??%ﬁ%gﬁﬁgﬁgmﬁLﬁg f@ﬁHEFﬁ£F§%§§STpha ol efin copol yners
and et hyl engobeyer ahef idtidbgenepéEspaintseiddiare dascntiad: iaf Mk ous

pat ent docunents, incLudigg Eur opean patent publication EPQ279863 and
the fol | owi nigicinpt el hidared Prnehty: derisgge7 dpereal @pd/gog; diarylamine or

derivative thereof; a corrosion inhibitor; and/or a detergent/dispersant additive,

other than the fuel additive of the present invention, such as a polyetheramine or
nitrogen containing detergent, including but not limited to PIB amine
dispersants, quaternary salt dispersants, and succinimide dispersants_including

derivates of succinimide dispersants such as quaternary ammoniwm salts thereof,

[0062] The additional performance additives may also include: a cold flow
improver such as an esterified copolymer of maleic anhydride and styrene
and/or a copolymer of ethylene and vinyl acetate; a foam inhibitor and/or
antifoam agent such as a silicone fluid; a demulsifier such as a polyalkoxylated
alcohol; a lubricity agent such as a fatty carboxylic acid; a metal deactivator
such as an aromatic triazole or derivative thereof, including but not limited to
benzotriazole; and/or a valve seat recession additive such as an alkali metal

sulfosuccinate salt.




4,032, 700; 4, 137,185; 4,156,061; 4,320,019; 4,357, 250; 4,658, 078;
4,668, 834; 4,937,299; 5,324,800 each of, .which are incorporated
herein by reference for rel evant di scl oddres of these et hyl ene based
pol ymers. [0076] I n anot her enbodi nent, the ol efinic bonds of fornula
(I') are predom nantly vinylidene groups, represented by the follow ng
folniulas: -(HCC(R2)(R2)(11) wherein R2 is a hydrocarbyl group, and
I n some enbodi nents both R2 groups are nethyl groups, and

-(FD(RS)C(C([@b@n%rCH%Mth) WAEbELE R3sd S ifitydr of n?cyl SHQMPs | such  as

[0077] I n one enbodi ment, the vinylidene content o orrmula (I) can

conpri se at padedimedidusil@anepl pol¥sthivisyibkaten epajy digpsylsikixaheagiol wgoylates
50 nmole % vinyli . t .| east about .70 le %vinyljd

oroups. suctRRATPEIERI e Ao Y T DR eb aRB e ehs Tingedth RS
U'S. Pat. 069} 07Th@1a9ddit'§@r¥a?f7a&ﬂt$-&es5mja§7a1§<|§9hc1§d88ﬁ Nbg%%?we;5aﬁ1(b§ti9t3aﬁc

6,562,913, 6,683,138, 7,037,999 and U.S. "Publication .
20040176552 /AgenR 00 50137,38 Fluiditer 606D @7 36 5AAdral whi end/ar & pxlyfalpka-plefin)

i ncor por at ed rein ef erence uc r.oducts are comerci al
st 1 ool o byerigRe haiehei, Fd ' Sauiito R REERs fi S aM oy A R cetane
Pet r ochem cghfprb¥sr. under the tradenane TPC 1105Tm and TPC 595TM

[ 0078] Met hods of maki ng hydrocarbgl substit ut ed acylatin% agents from
t he [0065] The additional performance additives, which may be present in the

fuel additive compositions and fuel compositions of the present invention, also
include di-ester, di-amide, ester-amide, and ester-imide friction modifiers
prepared by reacting a dicarboxylic acid (such as tartaric acid) and/or a
tricarboxylic acid (such as citric acid), with an amine and/or alcohol, optionally
in the presence of a known esterification catalyst. These friction modifiers,
often derived from tartaric acid, citric acid, or derivatives thereof, may be
derived from amines and/or alcohols that are branched so that the friction
modifier itself has significant amounts of branched hydrocarbyl groups present
within it structure. Examples of a suitable branched alcohols used to prepare
these friction modifiers include 2-ethylhexanol, isotridecanol, Guerbet alcohols, or
mixtures thereof.

[0066] The additional performance additives may comprise a high TBN
nitrogen containing dispersant, such as a succinimide dispersant, that is the
condensation product of a hydrocarbyl-substituted succinic anhydride with a
poly(alkyleneamine). Succnimide dispersants are very well known in the art of
lubricant formulation. Such molecules are commonly derived from reaction of
an alkenyl acylating agent with a polyamine, and a wide variety of linkages
between the two moieties is possible including a simple imide structure as well
as a variety of amides and quaternary ammonium salts. Succinimide dispersants
are more fully described in U.S. Patents 4,234,435 and 3,172,892. Such
materials may also contain ester linkages or ester functionality.

[0067]  Another class of nitrogen-containing dispersant is the Mannich bases.
These are materials which are formed by the condensation of a higher molecular

weight, alkyl substituted phenol, an alkylene polyamine, and an aldehyde such



reacti on of the nonounsaturated carboxylic acid reactant and the
conmpound of forrmula (I) are well knOM/lq the art and disclosed in the
follow ng patents: U S. Pat. Nos. 3, 361, 873 and 3,401, 118 to cause a
thermal "ene" reaction to take 19 place; U S. Pat. Nos. 3,087, 436;
3,172,892; 3,272,746, 3,215,707; 3,231,587; 3,912,764; 4,110, 349;
4,234, 435; 6,077,909; 6,165,235 and are hereby incorporated by
reference. [0079] 1 n anot her enbodi nent, the hydrocarbyl substituted

acyl ating agaMor@aicA9ddadrich AMetng 51%6@@99@@&;1 FhorkeRtdil PRQU.S. Patent
carboxylic reactant represented by the foll ow ng fornul as:

(R4C(O)(R5Iﬁtﬁb9§ﬁﬁ(lV) and OR4 OH(V) mhereln each R4 is

I ndependent | hydr carby r.oup, ..and

hyelr bcar byl di968 o SEGhRe oSt GRPGGAE dnefaah Db fiersam
ol efin bond Agitiepl asERhetedyeh@bITYl BydrblarbbRmacsn gl Anerst Riich contain
processes for naklng t hese conpounds are disclosed in U S. Pat. Nos.

5,739, 356; BiRFIgaMgontsnEEPAieD fus;ignsalitoy: inmapdisBowan A ag claris A 1o
whi ch are hqhggxgkpgorporated by reference. [0080] & her nethods of
maki ng the h Byl substi t ut ed acyl ating agent can be found in

the foll ow r[g()ﬁ@]f er QmCzﬁmdd iS.tyflatlly dagployedIhDredadinbih8TiligR BN afdogen-

5, 885, 944 mc!o%?au%&ﬁg Ql%{)eerggntl n((:)?ll;z: (())rr ?r;[o%g pb){y(;ﬂeljy?én%gggﬁe)s may be used, and
these may comprise one or more poly(ethyleneamine)s having 3 to 5 ethylene
units and 4 to 6 nitrogens. Such materials include triethylenetetramine (TETA),
tetraethylenepentamine (TEPA), and pentaethylenehexamine (PEHA). Such
materials are typically commercially available as mixtures of various isomers
containing a range number of ethylene units and nitrogen atoms, as well as a
variety of isomeric structures, including various cyclic structures. The
poly(alkyleneamine) may likewise comprise relatively higher molecular weight
amines known in the industry as ethylene amine still bottoms.
[0070] The additional performance additives may comprise a quaternary salt
comprising the reaction product of: (i} at least one compound selected from the
group consisting of: (a) the condensation product of a hydrocarbyl-substituted
acylating agent and a compound having an oxygen or nitrogen atom capable of
condensing with said acylating agent and said condensation product further
having a tertiary amino group; (b) a polyalkene-substituted amine having at
least one tertiary amino group; and (c) a Mannich reaction product having a
tertiary amino group, said Mannich reaction product being prepared from the
reaction of a hydrocarbyl-subsituted phenol, an aldehyde, and an amine; and (ii)
a quaternizing agent suitable for converting the tertiary amino group of
compound (i) to a quaternary nitrogen, wherein the quatermizing agent is
selected from the group consisting of dialkyl sulfates, benzyl halides,
hydrocarbyl substituted carbonates; hydrocarbyl epoxides in combination with
an acid or mixtures thereof.
[0071]  In one embodiment the quaternary salt comprises the reaction product

of (i) at least one compound selected from the group consisting of: a



[ 0081] The conpound havi ng an oxygen or nitrogen atom capabl e of
condensing wth the acylating agent and_further having a tertiary

am no group can be represented by the £ 1’1 owi ng fornmulas: R6 N-X-N
(VI) wherein X is a al kylene group containing about 1 to about 4
carbon atons; and wherein each R6 is independently a hydrocar byl
group, and R6i can be hydrogen or a hydrocarbyl group. 20 2R7 HO X-N
(VI'l1) wherein Xis a al kylene group containing about 1 to about 4

carbon at Og% Egzgﬁle ﬁ{tﬁp&tg@ﬁﬂugg hhﬁngwqpﬁ@%ﬁgtﬂaﬁﬁa?y ByEhS lRly dnd/or a

group. [00 es of the nitrogenor oxygen contain conpounds
capabl e of ddaniaenhlrng:tmtmodlm tawirgad kergagyaninocagrdupuatch@r) hawvdtegiang
tertiary am no group can include but are not limted to:

et hyl enedi arfi&Té! 1, 2- propyl enedi am ne, 1,3- propylene diamne, the

i soneric butpghemedi aMapgther p&ﬂﬁ(ﬂ?ﬁl@hﬁ%@%ﬁateﬁ%‘?%ﬁ' 8dhpPASes the reaction
hept anedi am nes, di et hyl enetri am ne, di propyl enetri am ne,

di but yl enet rradicief (t)rthetrmchen ereduchafiarseccinist ena‘ﬂefﬁhslb @népenruagiand, (i1)
pent aet hyl enehexaani ne, rrﬁ]h I ene ram.ne

bi s( hexanet f?qugﬁt&n%ltnrga?ﬁ%é 8 %h Sﬂﬁ%ﬁgﬁ%‘?{%nﬁ? SL{C}%B}IC anhydride may be

di am nopyri md@%d%oﬂmp&wﬁ&mﬂeﬁé eef ah Bnlddidd SmerditeRUAR Ity RYY G881 a
contai n conpounds whi ch may be al kylated to contain a tertiary am no

group may alw}tﬁe@\’er%mlégﬂéf wéighhiof r dapaih 0 dxydhomt cBilaj nln some
conpounds Cae?ﬁt?'cﬁm% tsctﬁg ?@c? 1@%11%&1(1&@ G &kE0g agent after being

al kyl ated to hayrng a i ar roup can Pficl ude but are not

limted to: [@0nEr hyﬂrammﬂewimmdlimamt@ethemyﬁfmmymdbsammbmﬂmyﬂ@agm of
N, N- di et hyl am noprogyl am ne, N, N-di nmet hyl - am noet hyl am ne or m xtures

thereof The 9MRPBGE (aﬁa)oféwéweéoﬁhcafemm %dﬁ%{ﬂﬁ’dé’r%ﬁ-}&éb? feapfong chain
oo
condensi ng v a'?oc%é?ﬁo geﬁ&'apg dggiﬁ&%cg}gﬁﬂygﬁﬁsﬁgﬁte@a%hﬁg ﬁ 8hbAS¥Hirated

am no group urt I nc ubstituted heterocyclic
conmpounds suabhb@s/lit ac{Breaatunt syrhogsy(l) imimbanedteanacq & Ciy dicarboxylic acid

- am nopr Opylgur(‘:rgra% f?llmla?xc acid, itaconic acid, maleic acid.; (2) derivatives of (1) such as
anhydrides or C; to Cs alcohol derived mono- or di-esters of (1); (3)
monounsaturated Cs; to Cjp monocarboxylic acid such as acrylic acid and
methacrylic acid.; or (iv4 derivatives of (3) such as C; to Cs alcohol derived
esters of (3) with any compound containing an olefinic bond represented by the
general formula:
(RHRHC=CR'YCHRHR')) M

wherein each R' is independently hydrogen or a hydrocarbyl group.

[0074]  Olefin polymers for reaction with the monounsaturated carboxylic
acids can include polymers comprising a major molar amount of C, to Cao, €.8.
C, to Cs monoolefin. Such olefins include ethylene, propylene, butylene,
isobutylene, pentene, octene-1, or styrene. The polymers can be homopolymers
such as polyisobutylene, as well as copolymers of two or more of such olefins
such as copolymers of; ethylene and propylene; butylene and isobutylene;
propylene and isobutylene. Other copolymers include those in which a minor
molar amount of the copolymer monomers e.g., 1 to 10 mole % 15 a C4 to Cyg
diolefin, e.g., a copolymer of isobutylene and butadiene; or a copolymer of

ethylene, propylene and 1,4-hexadiene.




1 -(2- aminoethyl)p ip eri dine, 3,3-diam no-N nethyldipropyl am ne,
3' 3-am nobi s(N, N-di net hyl propyl am ne). Agot her type of nitrogen or
oxygen cont ai ni ng conpounds capabl e of é ndensing with the acyl ati ng
agent and having a tertiary am no group include al kanol am nes
including but not limted to triethanol am ne,

N, N- di et hyl am nopr opanol, N, N-di et hyl am nopr opanol ,

N, N- di et hyl am nobut anol, N, N, N-tri s(hydroxyet hyl)am ne, m Xt ures

or
thereof [0083h74xanpl @5e UmHRRLRhNASYIeRHMBHY R”b?%ﬁmﬁﬁcﬁlm Redsed Fom
preparing the sane are described in the follow ng patents, which are

her eby i ncorpdytattent, that tsy pobfreersnafeCs USin258¢1080g Udusnzy 2 B3ene sl
4,171,959, US 4,326,973, US 4,338,206, and.U 254,138. [ 0084] The
20d ] onal JoR ST RRSo 6 RGOTETY) 20 41| e BROBEPARAGE. oty BithY Pbqgent
addi tive andfqead: el REIT £RIROS (D) i@NtferRied t AGMPEBSRAE- al pheehlcFi@Npol hiders,
they are generally mxed with thé fuel additive to forman additive

conposi ti on,ineludgenc et leneproplans-dieng hawlnngesd wi t Bthiylasie-alphg esalpfin

composi t | anceRyiaeproie ol _
daseri bed | nohgnmeig ard ShAEL B PREGR' SnBRIRAR, 1Y Refied in

addi tional pemactBpeRnadehinstts idesdidgdBaropbay @afFhy plislidatieonERET 9863
and/or a contributing factor to the propensity of a fuel to pick u_ﬁ)

oxi dat i ve netd the foewinge Undtehpstates gnéentyi whiPéH 38heds0%6.80%s &332 10;
ot her enbodi t Wi SGf 4 b . o )
on the met affrg%ﬁ??jplﬂ’g? g%é?tﬁ\g?%b@@f %égﬁéei?@ctgég%’g? %{’l %’%\é?ﬁ@aﬁﬁéh t 9eg)’/
are used. |r5,824,B@0 eakeof thecladdd tinvepomatbdieteionisy anferemteh futs raévant

t he present j.nvention_can counter the potential effect of these
addi tives arfiSTledtieRot HEst eRYREPastd PAU¥MCEDnposi tions to pi ck-up

metal s, whet/gggel haintﬁﬂﬁﬁé}cﬁrdb%dﬁﬁ&ﬁ?dtihe%?&ﬁﬁ@aﬁ&fhsbﬁf Rrmd®d () are

significantly changes by, the additional performance additives
descri bed abhoeéomimdtlgtvindideApgroupast fapnesephd86] the folewargiodinmbtist t he

invention is useful for a liguld.,fuel.and/ or r the operation of an
i nternal conbustion engi ne,“@%ﬂ% ﬁ% dei t her (E:Igrrpr ession ignition

engi nes or Sxﬁl@é’rlﬁnilghistz?ﬂ%/&ﬂ%rﬁﬁsgro P Carldine§dnad eﬁBGﬂlH&hﬁsq{bﬂ@ﬁlﬁldg}Qups are
|

i ncl udes 2-stroke or 4-stroke engines fuelled with gasoline, esel ,

a natural gasethsl growesdagthsol i ne/ al cohol or any of the fuels described

in the sections above. The B ' Lghiti o gi nes include both
| i ght duty and heavy duty d‘?@g%ﬁ%‘?ﬂ@s.&ﬁ?ﬁe g%gfk i gnited engi nes
i ncl ude por twhéreindiriee hydmieeblli @ougasol i ne engi nes. [0087] I n ot her
enbodi ments the invention is useful in additive conpositions in that

the fuel addi®¥Vk aky oRa HaRkodsRy | Bed Vindident eeridentndl alorpintk-Lp A
el como, e JUBIBERIET el vekoa als, o IRl sy
conposi ti onsviaflidére gragentori atvensi ahournyObmolsed vimyAdénsbpragtsi nguch
composi tion 1%3‘(%%51{ ha%td gnré:?ho%qsdifc}ri ‘ﬁ?e%a%%ﬁ them are described in U.S. Pat. Nos.
5,071,919; 5,137,978; 5,137,980; 5,286,823, 5,408,018, 6,562,913, 6,683,138,
7,037,999 and U.S. Publication Nos. 20040176552A1, 20050137363 and
20060079652A1, which are expressly incorporated herein by reference, such
products are commercially available by BASF, under the tradename
GLISSOPAL® and by Texas Petrochemicals LP, under the tradename TPC
1105™ and TPC 595™.,
[0078] Methods of making hydrocarbyl substituted acylating agents from the
reaction of the monounsaturated carboxylic acid reactant and the compound of

formula (I) are well know in the art and disclosed in the following patents: U.S.

Pat. Nos. 3,361,673 and 3,401,118 to cause a thermal “ene” reaction to take



22 present in the lubricating systemof the engine. The additives may
al so enter the conbustion chanber of thﬁ engi ne during operation of
the engine by the transfer of small ano ﬁts of the additive
containing lubricating conposition to the conbustion chanber due to a
phenonenon referred to as "bl ow by" where the lubricating
conposition, and in this case the additive conposition, pass around
the piston heads inside the cylinder, noving fromthe |ubricating

system of thg,engyRe p.it Rok NG 0ROMRYS b PR, &Merr 74008915m0500B231,587,
enbodi nent s 't he’ met hods and/ o conpositi ons of tHe present invention
provi de a re&dcd,7oh il hed4d; ph2k4,4p5;0f6,877,.P6%s16,566,23p lapdstar@0bsreby
even at |east 50% | soqp of these enbodi nents the reduction is in
regards to ﬁﬁ@“?OH%?PE% 61°"%% day result of the test procedure used
in the exangb@gopel GWanbiheP hBodpibadine Ridrobhd IBLbAdstANSY Q4ting agent
conpositions of the present invention ensure thé netal |evel of a
fuel conposicandre deds ot theirsactimonteat1gasypne cBrippiic Teantent repBsgyed by
0.3 ppm or %gegl?.L ggnlof nmetal content. In sone of these

enbodi nent s PRETEEIEIPERYIAE i n regards to the 7 day and/or 14 day
result of the test procedur@*ogegrhicidyRexanpl es bel ow. (1v)sone
enbodi nents, the nethods and/or conpositions of the present

i nvention, wmén evaluated at 7 days by the test described in the
exanpl es bel ow, provide a reductioon in netal |evels of at |east 30%
or at |east 80% and/ or ensure al levels to not rise above 1 ppm

I n some enbodi nents, the netnggsugpdqu_cong§itions of the' present

i nvention, when eval uated af 1$:daJ5)by(ﬁRé Rest described in the
exanpl es bel ow, provide a reduckion in netal levels of at |east 40%
or at |east 80% and/or ensure métal levels to not rise abe 8 ppm

or even 1 pp 1009Q1The .pre £ i Lhelu t of .t

subst T ut ed AT Dot bin MRyt Sar bo L S 8 R Tts agfiflent
agent s descrﬂﬁaﬁd:ah?mie(rjgr@@ a&dih s ¥es 1iwit uef carapnedi dhnittng as olwinl boad
the additive itself and the fuel and fuel addit]ve conposjtions

cont ai ni ng i wPEsented . formaladli Gompouads epd the dsesssesnipe inpldpg hsse
be delivere fuel sj.t irpAs d fcugl dig4 . X
conposi ti ongcolglﬁ’ogﬁ@s S?eet%%&ér%gnisn I}ﬁgmﬁpn'&@%é ngr% t9’3§§a %’ Zﬁ’ﬁzﬁi %,58%?90,

t he additi ve5,856,5t 6l0261508knd 61 bt $vEt whioh des, harétey iackipoiated tofrefenance.
present invention be added to a.fuel conposjtjon hefore, durin
or after t héﬂaﬁﬁhuﬂ%ﬁ AW00F b |n_éaﬁ<alil$1 _eohﬁycﬂﬁtéarkmfew%éﬁmtsfﬁ ayaiies gient
conposi ti on...Ihg addidt invﬁleofolltolpring w%pédcepm@ym? Nasided o fauel 85 12,5?6;

and/ or additive conposition before, during, or after the addition o
ot her per f oramsint 88 3844 twhids aneHiectbynagohyeratsé byiraferérececonposi ti ons.
The additive he 4 nvention be added as a top treat to fue

and or add: (R98LEonBbE! Eranael Har Ty SOV RTRPN AUEOETE P Backik, of
and/ or di strididbhang ofith e huiehtiRndbeft AROfiNe haOHROS tdrtiaRs amMmoMai ol
it Is used. [00911A§ used hé%giﬁ%?t_e term "hydrocar byl sugititl?é\gt"lp
or "hydr ocartapl begiepigsented biysbd following formnléary sense, which is
wel | -known to those skilled in the art. gpecifically, it refers to a
group having a carbon aton1dHrectIy attached to the remai nder of the
nol ecul e and havi ng predom na y \Jhy carbon character. Exanples of
hydr ocar byl groups include: hydrocarb substituents, that is,
aliphatic (e.g., alkyl or alkgenyl), ali lic (e.g., cycloal kyl,
cycl oal kenyl ) substituents, and aromatic-, aliphaticé¢yl)and

alicyclic-substituted ar tic substituents S I s, cyclic )
SUbst 1t uent SRFEHb P S nEkP TS &8UR GHPRETEE SPRTOLEh “EpdL hEL-opB AEFIBS: Y
the nol ecul eyfereth eadR® SURREHEHRANS ot 1PERbORDYT Sobaard RY)can be hydrogen
substituted hydrocarbon substituents, that is, substituents

cont ai ni ng nona hydhoeardiybgrougr oups which, in the context of this




24 interacting with other conponents of the conpositions in which
they are used. The products forned therg%y, i ncl udi ng the products
formed upon enpl oying the conposition of "the present invention in its
i ntended use, may not be susceptible of easy description.
Neverthel ess, all such nodifications and reaction products are
included within the scope of the present invention; the present

i nvention enconpasses the conposition prepared by adm xi ng the

conponent s descri bed above. 25 EXAMP [ 0093] The invention will be
further illustrated by the foll ow ng anpl es, which sets forth
particul arly advant ageous enhge+wenipg. Wil e the exanples are
provided to illustrate the present inwgntion, they are not intended
tolimt it. 100941 Exanple Set 1 - Fuel treated w t(WIB succi ni m de
di spersant. EU gertifijcation diesel. fuel own .as RF-06, is

k
treated wit W 3O8 P SralSYIeBmeERH STt niRE ) lelostROMt i GAton atoms; and
di spersant. geaem &Rf Ms%&%\éﬁa&myfthegs%rfb@r rddpepared for testing
a (0] e

by placing in each a 4 cmsection o | Tow Zn rod ZN0O07902,
having a | erl§082lof Esemplasaeidths witagen er axfygen Gontain Teapeendhcaprble of

each rod sectiqn i.s regor.ded d an amount. of fuel. is added to. each

oyl nder 5o P \BRHR R TG0 lhet Hiting s REASY ARy fgter
rod is | % anviatiglt bat Bfe n&dkhited lth Nl ehsdiahnanQed? Wyl encslidrdink] v,3-
di fferent anmount of fuel to ensure the zinc content of each sanple is
the sane. OfgopYlenpe dapipe safhs edsquerlg jitylepedigmingspaantanedianyaes,
ot her seven -2 - eagh..i tly. sat .

200 ppm v t HARREaRETESh o i BliRs GG MARRRORAR. gk SRR Bhine.
Tabl e 1 - Adibutybenairizalisie! | ves tAdtigtedetetiagiinGanpl e setrasagitepentaamine,
Addi tional Additive (at 200 ppmin the Fuel) 1-1 None -_ Baseline 1-2
1000 MW w&ﬂ@i@fi@ﬁmﬁh@éﬁ@@%dPsm;a%tﬁybaﬁgﬁr@%ﬁ%w de bis Xﬁfn@fhyjfene)

anhydri de V"Q‘?i%ﬁaii%gtlg% A HRRMMERE BBSniRopYINGEs BY GhABESRh&EYE 2ln

wei ght of about
addition, nitrogen or oxygen contain compounds which may be alkylated to

contain a tertiary amino group may also used. Examples of the nitrogen or
oxygen contain compounds capable of condensing with the acylating agent after
being alkylated to having a tertiary amino group can include but are not limited
to: dimethylaminopropylamine, N,N-dimethyl-aminopropylamine, N,N-diethyl-
aminopropylamine, N,N-dimethyl-aminoethylamine or mixtures thereof. The
nitrogen or oxygen containing compounds capable of condensing with the

acylating agent and further having a tertiary amino group can further include

aminoalkyl substituted heterocyclic compounds such as
1-(3-aminopropyl)imidazole and 4-(3-aminopropyl)morpholine,
1-(2-aminoethyl)piperidine, 3,3-diamino-N-methyldipropylamine,

3'3-aminobis(N,N-dimethylpropylamine). Another type of nitrogen or oxygen
containing compounds capable of condensing with the acylating agent and
having a tertiary amino group include alkanolamines including but not limited to
triethanolamine,  N,N-dimethylaminopropanol,  N,N-diethylaminopropanol,
N,N-diethylaminobutanol, N,N,N-tris(hydroxyethyl)amine, or mixtures thereof.

[0083] Examples of quaternary ammonium salt and methods for preparing

the same are described in the following patents, which are hereby incorporated



1-3 -550 MW PIBSA - Pol yi sobutyl ene succini c anhydri de wherein the
pol yi sobutyl ene has a nunber average nnlicular wei ght of about 550.
1-4 Pentasize 68F - A commercially avai I2abl e succi ni ¢ anhydri de
derived from C1l6-C18 pol yolefin. 1-5 Dinmer Acid (hydrogenated) - A
commercially avail abl e acid product containing two carboxyl groups,
purchased from Al drich under catalog I D 432369-1L. 1-6 -1000 MW Pl BSA
- Polyi sobutyl ene succinic anhydride wherein the polyisobutyl ene has

a nunber avegya %i%%gm%% th U%f?vé??@gt’lésﬁ@iié"ﬁ £ 155 1%926,973, US

hydrol yzed 1- sterlfled stérified
pol yi sobut yl4Bs, Sﬁ)ﬁ;canﬂllds é;ﬁﬁy&dlr&Sde wherein the polyisobutyl ene has a

nyar o yzed, TRy dHe oREra) eriBmapiin i gyin b Farl b pARgd Sy t

[0095] The cqgt %Bﬂﬁfv% a?lrd?orstthg rgd @Smg(gg?ﬂl@rﬁt o3 xteké?ﬁ’ smi/é'htl%nd 8Lk tﬂe?satre
| ocation for 14 days. Each sanp sted at 7 day mark and

14 day mark gweiaﬁdunnx&cblwtmmlfed ridisra tol P anaacymuse tcpnxﬂseslellom m)e

tZ ;Bfecggf gcv?donlglﬁra{tg,sxghlcﬁ 1(s)fthel§1xl%n})ecfe W%ﬁtfu%}. & festitin g f]uélec(:jonl'qgostitri]gn. The
additive concentrate compositions are described in more detail above.
[0085] In some embodiments, these additional performance additives
described above may be the cause and/or a contributing factor to the propensity
of a fuel to pick up oxidative metal in the fuel compositions in which they are
used. In other embodiments, the additives described above may have no impact
on the metal pick-up properties of the fuel composition in which they are used.
In either case, the additive compositions and methods of the present invention
can counter the potential effect of these additives and reduce the tendency of
fuel compositions to pick-up metals, whether that tendency is caused,
exacerbated by, or not significantly changes by, the additional performance
additives described above.

Industrial Application

[0086] In one embodiment the invention is useful for a liquid fuel and/or for
the operation of an internal combustion engine, including either compression
ignition engines or spark ignited engines. The internal combustion engine
includes 2-stroke or 4-stroke engines fuelled with gasoline, diesel, a natural gas,
a mixed gasoline/alcohol or any of the fuels described in the sections above.
The compression ignition engines include both light duty and heavy duty diesel
engines. The spark ignited engines include port and direct injection gasoline
engines.

[0087] In other embodiments the invention is useful in additive compositions
in that the fuel additive and methods described above reduce metal pick-up in
fuel compositions, thus preventing elevated levels of metals, such as zinc, in the
fuel.

[0088] In still other embodiments the additive compositions of the present

invention may be used in a lubricating composition such that the additives are



Table 2 -

Results from Exanpl e Set 1. Sanpl e Additional Additive
(at 200 ppmin the Fuel) Zinc Level (
at 14 Days 14 None-Baseline 0.6 1.3 1-

ppg% at 7 Days Zinc Level (ppm
21000 MW Hydrol yzed Pl BSA

present in the lubricating system of the engine. The additives may also enter the
combustion chamber of the engine during operation of the engine by the transfer
of small amounts of the additive containing lubricating composition to the
combustion chamber due to a phenomenon referred to as “blow by” where the
lubricating composition, and in this case the additive composition, pass around
the piston heads inside the cylinder, moving from the lubricating system of the
engine into the combustion chamber.

[0089] In some embodiments the methods and/or compositions of the present
invention provide a reduction in metal pick-up of at least 5%, at least 20% or
even at least 50%. In some of these embodiments the reduction is in regards to
the 7 day and/or 14 day result of the test procedure used in the examples below.
In other embodiments the methods and/or compositions of the present invention
ensure the metal level of a fuel composition does not rise above 10 ppm, 5 ppm,
1 ppm. 0.5 ppm, 0.3 ppm or even 0.1 ppm of metal content. In some of these
embodiments the reduction is in regards to the 7 day and/or 14 day result of the
test procedure used in the examples below. In some embodiments, the methods
and/or compositions of the present invention, when evaluated at 7 days by the
test described in the examples below, provide a reduction in metal levels of at
least 30%, or at least 80% and/or ensure metal levels to not rise above 1 ppm.
In some embodiments, the methods and/or compositions of the present
invention, when evaluated at 14 days by the test described in the examples
below, provide a reduction in metal levels of at least 40%, or at least 80%
and/or ensure metal levels to not rise above 8 ppm, or even 1 ppm.

[0090] The present invention includes the use of the substituted hydrocarbon
and/or hydrocarbyl substituted acylating agents described herein as additives in
fuel compositions, as well as the additive itself and the fuel and fuel additive
compositions containing said additive. The additives of the present invention
may be delivered to the fuel compositions and/or fuel additive compositions in
any of the means known in the art and the timing of the additive 1s not limited.
In other words, the additive of the present invention may be added to a fuel
composition before, during, or after the production and/or blending of the fuel

and/or additive composition. The additive of the invention may be added to fuel



0.1 0.1 1-3 -550 MWPIBSA 0.1 0.1 1-4 Pentasize 68F 0.0 0.1 1-5 Di ner
Aci d (hydrogenat ed) 1-6 ’3

and/or additive composition before, during, or after the addition of other
performance additives which may be used in the compositions. The additive of
the invention may be added as a top treat to fuel and/or additive compositions or
be incorporated into the production and/or distribution of the fuel and/or
additive compositions in which it is used.

[0091]  As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl
group" is used in its ordinary sense, which is well-known to those skilled in the
art. Specifically, it refers to a group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbon character.
Examples of hydrocarbyl groups include: hydrocarbon substituents, that 1s,
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 a ring);
substituted hydrocarbon substituents, that is, substituents containing non-
hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent (e.g., halo (especially
chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso,
and sulfoxy); hetero substituents, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain
other than carbon in a ring or chain otherwise composed of carbon atoms.
Heteroatoms include sulfur, oxygen, nitrogen, and encompass substituents as
pyridyl, furyl, thienyl and imidazolyl. In general, no more than two, preferably
no more than one, non-hydrocarbon substituent will be present for every ten
carbon atoms in the hydrocarbyl group; typically, there will be ne non-
hydrocarbon substituents in the hydrocarbyl group.

[0092] It is known that some of the materials described above may interact in
the final formulation, so that the components of the final formulation may be
different from those that are initially added. For instance, metal ions (of, e.g., a
detergent) can migrate to other acidic or anionic sites of other molecules. In
addition the acylating agents and/or substituted hydrocarbon additives of the

present invention may form salts or other complexes and/or derivatives, when



-1000 MWPIBSA 0.1 0.1 1 7 -1000 MWV Mono Esterified PIBSA 0.4 0.8

[ 0096] Exanpl e Set 2 - Biodiesel. Exanplg set 1 is repeated except

that the succinimde dispersant treated di esel fuel is replaced with

B100, a commercially avail abl e bi odiesel fuel. In addition, each

additional additive in sanples 2-2 to 2-7 are present in the fuel

conposition at 500 ppm Sanples 2-1 to 2-7 are tested in the sane

manner descri bed above and the results are summarized in the table

bel ow. Tabl = o e R

Additi ve (a$n§6%0d§%f##%%tt & ‘Egi‘g@%sn%fsﬁ“tgveml’(%gwsqnwﬁ& (R8P re used.
The products formed thereby, including the products formed upon employing

the composition of the present invention in its intended use, may not be
susceptible of easy description. Nevertheless, all such modifications and
reaction products are included within the scope of the present invention; the
present invention encompasses the composition prepared by admixing the

components described above.



at 7 Days Zinc Level (ppm at 14 Days 2-1 None - Baseline 1.5 1.7 2-2
-1000 MW Hydrolyzed PIBSA 0.2 0.3 2-3 52%0 MNV PIBSA 0.3 0.3

EXAMPLES

[0093] The invention will be further illustrated by the following examples,
which sets forth particularly advantageous embodiments. While the examples
are provided to illustrate the present invention, they are not intended to limit it.

{0094] Example Set 1 — Fuel treated with a succinimide dispersant. An EU
certification diesel fuel, known as RF-06, is treated with 200 ppm of a
commercially available succinimide dispersant. Seven 500 ML graduated
cylinder are prepared for testing by placing in each a 4 cm section of a
Goodfellow Zn rod ZN007902, having a length of 200 mm and a diameter of 2.0
mm. The weight of each rod section is recorded and an amount of fuel is added
to each cylinder so that the combined mixture of fuel composition and zinc rod
is 1 % by weight zinc. Each cylinder is charged with a slightly different amount
of fuel to ensure the zinc content of each sample is the same. One of the seven
samples (1-1) is kept as a baseline. The other seven samples (1-2 to 1-7) are
each independently treated at 200 ppm with an additional additive, as shown the

in the table below.

Table 1 — Additional Additives Added to Test Samples
Sample | Additional Additive (at 200 ppm in the Fuel)

1-1 None — Baseline

1-2 ~1000 MW Hydrolyzed PIBSA — Hydrolyzed polyisobutylene
succinic anhydride wherein the polyisobutylene has a number
average molecular weight of about 1000.

1-3 ~550 MW PIBSA — Polyisobutylene succinic anhydride wherein
the polyisobutylene has a number average molecular weight of
about 550.

1-4 Pentasize 68F — A commercially available succinic anhydride
derived from C16-C18 polyolefin.

1-5 Dimer Acid (hydrogenated) — A commercially available acid
product containing two carboxyl groups, purchased from
Aldrich under catalog ID 432369-1L.

1-6 ~1000 MW PIBSA - Polyisobutylene succinic anhydride
wherein the polyisobutylene has a number average molecular
weight of about 1000, which is not hydrolyzed

1-7 ~1000 MW Mono Esterified PIBSA — Esterified polyisobutylene
succinic anhydride wherein the polyisobutylene has a number
average molecular weight of about 1000, which is not




2-4 Pentasize 68F 0.2 0.2 2-5 Diner Acid (hydrogenated) 0.5 0.8 27

2-6 -1000 MW PI BSA

2-7

26

| | hydrolyzed, and which is esterified with 1 equiv of n-butanol. |

[0095]

The containers are stored at ambient conditions in a dark test location

for 14 days. Each sample is tested at the 7 day mark and the 14 day mark by

Inductively Coupled Plasma (ICP) analysis to determine zinc content.

results of Example Set 1 are summarized in the table below.

Table 2 — Results from Example Set ].

The

Sample | Additional Additive Zinc Level (ppm) | Zinc Level (ppm)
(at 200 ppm in the Fuel) at 7 Days at 14 Days
1-1 None - Baseline 0.6 1.3
1-2 | ~1000 MW Hydrolyzed PIBSA 0.1 0.1
1-3 ~550 MW PIBSA 0.1 0.1
1-4 Pentasize 68F 0.0 0.1
1-5 Dimer Acid (hydrogenated)
1-6 ~1000 MW PIBSA 0.1 0.1
1-7 | ~1000 MW Mono Esterified
PIBSA 0.4 0.8
[0096] Example Set 2 — Biodiesel. Example set 1 is repeated except that the

succinimide dispersant treated diesel fuel is replaced with B100, a commercially

available biodiesel fuel. In addition, each additional additive in samples 2-2 to

2-7 are present in the fuel composition at 500 ppm. Samples 2-1 to 2-7 are

tested in the same manner described above and the results are summarized in the

table below.
Table 3 — Results from Example Set 2.
Sample | Additional Additive Zinc Level (ppm) Zinc Level (ppm)
{at 500 ppm in the B100) at 7 Days at 14 Days
2-1 None — Baseline 1.5 1.7
2-2 | ~1000 MW Hydrolyzed PIBSA 0.2 0.3
2-3 ~550 MW PIBSA 0.3 0.3
2-4 Pentasize 68F 0.2 0.2
2-5 Dimer Acid (hydrogenated) 0.5 0.8




-1000 MW Mono Esterified PIBSA 3.0 3.8 10097] Each of the docunents
referred to above is incorporated here|57by reference. Except in the
Exanpl es, or where otherwi se explicitly“i'ndicated, all nunerical
guantities in this description specifying anounts of materials,
reaction conditions, nolecular weights, nunber of carbon atons, and
the like, are to be understood as nodified by the word "about."

Unl ess otherwi se indicates all percent 'Values and ppm val ues herein

are wei ght pegqgnt,M@mHﬁﬁ”qgngr calcurmted on a weighf basrs. Unless
ot herwi se ilndicatad.  _each . chemcal or c¢ rrpnqitinn referred to herein

shoul d be intéfbreré&mﬁg“%MP%@*§“§6hnerciaI grade matefial whigh may

C=A~A~E NI

materials which are nornally understood to be present in the

conmer ci al t i

o osent od eXuPuD verar Syt aRoERHE. i BRTY BORTHE BlodfATRRARLrok by
cust omari | y rpfeesmenat Exne;ﬁthla the ribwangilad, draw}rerieaithemm*sesxplbdiﬂgrimﬂiswted all
i ndicated. It is_tf be understoo% t hat. t he ufg and Iogﬁr p
range, and rR¥PEigel GupRitdes: 1 it HeMErEion TheyikEs HReWRR rﬂlfi’j‘?“as reac-

conbi ned. Sigd, @JﬂdeOﬁshﬁlcﬁ@diﬂﬁswé tQRRHBES of 9&rb8§%%ﬁ§ ecl'i’iﬁriﬁe m(et ztl% to
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[0098] In addition, all the embodiments described above have been
contemplated as to their use, both alone and in combination, with all of the other
embodiments described above, and these combinations are considered to be part
of the present invention. The specific embodiments of amines and alcohols
described above have been contemplated in combination with the specific

embodiments of the carboxylic acids useful in the present invention.



3. The method of claim1l wherein the substituted hydrocarbon is a
succinic acyl ating agent. 154. The netho%sof any of the clainms 1 to 3
wherein the oxidative netal, for which pick-up is being reduced, is
selected fromthe group consisting of copper, zinc, iron, or

conbi nati ons thereof 5. The method of any of the clains 1 to 4
wherein the hydrocarbyl group of 20the substituted hydrocarbon

conpri ses polyisobutylene. 6. The nethod of any of the clains 1 to 5
wherein the substituted hydrocarbon agent is selected fromthe group
consisting of: (a) hydrocarbyl substituted succinic anhydrides; 25(b)
hydrol yzed HydA&¥ae byl substituted succinic anhydrides; (c)

conbi nati ons t her eof 7. The nmethod of claim11 wherein the fuel
conposition further conprises: a dermulsifier, an antifoam agent, cold

flow agent, la di shenaast /odeteidesthaddiouhyef o3ative aidhRA}EIOAS in a fuel
thereof; and 29 wherein the fuel is susceptible to pick up of
oxi dati ve neteRIROstprgwheigl) thgraethed cCOmRRISEs:5 ppm when left in contact

for an extended [yl f L i i £al - ai ni '
motal, 56, The merhadiof® g ety hhBedibh ATRARLLE uiih: & Riurdlidion
additive substituted with at least two carboxy functionalities in the form of acids or at

least one carboxy functionality in the form an anhydride.

2, The method of claim 1 wherein the substituted hydrocarbon is a

10 hydrocarbyl substituted acylating agent has di-acid functionality.

3. The method of claim 1 wherein the substituted hydrocarbon is a succinic

acylating agent.

15 4. The method of any of the claims 1 to 3 wherein the oxidative metal, for
which pick-up is being reduced, is selected from the group consisting of copper,

zinc, iron, or combinations thereof.

5. The method of any of the claims 1 to 4 wherein the hydrocarbyl group of

20 the substituted hydrocarbon comprises polyisobutylene.

6. The method of any of the claims 1 to 5 wherein the substituted
hydrocarbon agent is selected from the group consisting of:
(a) hydrocarbyl substituted succinic anhydrides;
25 (b) hydrolyzed hydrocarbyl substituted succinic anhydrides;

(¢) combinations thereof.

7. The method of claim 1 wherein the fuel composition further comprises: a
demulsifier, an antifoam agent, cold flow agent, a dispersant/detergent additive,

30 or combinations thereof; and



conprises: succinimde dispersants, quaternary amoniumsalts, or
conbi nations thereof 9. The nethod of gBy of the clains 1 to 8
wherein the fuel conposition 10conprise$”di esel fuel, biodiesel or
conbi nati ons thereof 10. The nethod of any of the clains 1 to 9
wherein the fuel conposition is a fuel additive conposition. 1511. The
met hod of any of the clains 1 to 10 wherein the nmethod al so results
in the reduction of injector deposits in an engine in which the fuel

t ft
ggg?ls'& Ingn (2)0( afhﬁ}ﬂ ht](ﬂg sl %pmslgﬁglblégo ?d‘?yﬁ éﬁ%?rf%ﬁvrg: Iﬁgtals to a level

hydr ocar bon gedist t}tant@d pqmn twleen le@aisit cdntact cfar hoxextdnded tpeondl oft fims with
the form of afldS or, | east ong carPoxy functionality in the form
an anhydri def! ﬂﬁ“mﬁmscon@¥ynﬁﬁW|dH§P addi ti onal performance
additives. 25 13. A fuel additive conposition conprising:

(a) an optional solvent; (b) an additive conprising a

hydr ocarbon &ubstTheutreethwdl t hf atlaineagt wihwoeis atlizoxdisfensretidoteagant i edditime
the formof acids or at l.eas ong carb%xy functionality 30in th form
an anhydr i deczongvﬁases. succmimide 15pErsanis quaternary aminonium sa fS

combinations thereof.

9. The method of any of the claims 1 to 8 wherein the fuel composition

10 comprises diesel fuel, biodiesel or combinations thereof.

10.  The method of any of the claims 1 to 9 wherein the fuel composition is a

fuel additive composition.

15 11.  The method of any of the claims 1 to 10 wherein the method also results
in the reduction of injector deposits in an engine in which the fuel composition

of the method is applied.

12. A fuel composition comprising:
20 (a) a fuel;

(b) an additive comprising a hydrocarbon substituted with at least two
carboxy functionalities in the form of acids or at least one carboxy functionality
in the form an anhydride; and

(c) optional additional performance additives.

25
13. A fuel additive composition comprising:

(a) an optional solvent;

(b) an additive comprising a hydrocarbon substituted with at least fwo
carboxy functionalities in the form of acids or at least one carboxy functionality

30 in the form an anhydride; and

{c) optional additional performance additives.



(c) optional additional performance additives. 30 14.The use of a
fuel additive conprising a hydrocarbon ; bstituted with at |east two
carboxy functionalities in the form of ids or at |east one carboxy
functionality in the forman anhydride in a fuel conposition to
reduce the anmount of oxidative netal pick-up by saidfuel conposition;
wherein the use 5optionally al so reduces injector deposit formation
in an engine in which the additive containing fuel conposition is

used. 14.  The use of a fuel additive comprising a hydrocarbon substituted with at
least two carboxy functionalities in the form of acids or at least one carboxy

functionality in the form an anhydride in a fuel composition to reduce the

amount of oxidative metal pick-up by saidfuel composition; wherein the use

5 optionally also reduces injector deposit formation in an engine in which the

additive containing fuel composition is used.



