TREATED PORT FUEL | NJECTORS Field of the Invention [0001] Treated port
fuel injectors, having a filmfornmed on a surface to reduce or prevent the
formati on of deposits, are disclosed. Methods of forming filnms on port fuel
injectors are al so disclosed. Background of the Invention [0002] As is well
known, port fuel injectors in internal conbustion engines can becone

foul ed due to the formation of deposits. Such fouling can adversely affect
engi ne perfornmance. For exanpl deposits on port fuel injectors can
restrict fuel flow and di sSTREA 5@1 T@BSt i al |y obstructing or
pl uggi ng up netering hol es of the |njector tip. There has been

consi derable work devoted to additives for effectively controlling engine
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differences in the temperatures of the different engine regions; the port fuel injectors being

——

considered a so-called "cooler" engine region than the intake valves and combustion
 chamber. Additionally, many deposit control additives perform only as long as the additive

is being used, i.e., is passing through the injector. Thus, the port fuel injectors become

quickly fouled once a fuel which does not contain deposit control additives or effective

deposit control additives is passed through the port fuel injectors.

Summary of the Invention
[0003] In accordance with one embodiment, a treated port fuel injector éomprises a
- port fuel injector having a surface coated by a film, wherein the film is formed by contacting

the port fuel injector with: (i) a succinimide compound comprising the reaction product of

polyisobutylene-substituted succinic anhydride and a polyamine; (i) a Mannich base

detergent; and (iii) a spark ignition fuel, wherein the film resists deposit formation and

remains on the port fuel injector surface after the contacting ceases.

[0004] In accordance with another embodiment, a method for forming a ﬁhﬁ ona

port fuel injector surface for resisting deposit formation comprises introducing into the port




port fuel injector surface for resisting deposit formation conprises
introducing into the port 1 fuel injector. (i) a succinimde conpound
conprising the reaction product of polyisobutyl ene-substituted succinic
anhydride and a polyam ne; (ii) a Mannich base detergent; and (iii) a
spark ignition fuel The nmethod further conprises contacting the surface of
the port fuel injector with the succini mde conpound, the Mannich base
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of the fuel
. react as rapidly as the first primary amine, a hydrocarbyl-substituted hydroxyaromatic

compound, and an aldehyde; and (i1) a spark ignition fuel. The Mannich product in one
embodiment will contain an amount of primary amine sufficient to form the film on the port
mjector. The method further comprises contacting the surface of the port fuel injector with
the Mannich reaction product and the spark ignition fuel and depositing a film on the
surface, wherein the film resists deposit formation and remains on the port fuel injector
surface after the contacting ceases.

[0007] Treated port fuel injectors and methods of forming films on port fuel injector
surfaces provide numerous advantages in the art. For example, the treated port fuel injectors
provide improved engine performance by preventing or reducing disruptions of the fuel

flow. Significantly, the treated port fuel injectors resist or limit deposit formation on

injector surfaces, even when fuels containing no deposit control additive or deposit control
additives of limited effectiveness are utilized in the engine. Treated port fuel inj ectors and

films which resist or limit deposit formation can be formed by simple, yet effective methods.



flow Significantly, the treated port fuel injectors resist or limt
deposit formation on injector surfaces, even when fuels containing no
deposit control additive or deposit control additives of |Iimted
effectiveness are utilized in the engine. Treated port fuel injectors and
films which resist or limt deposit formation can be forned by sinple, yet
effective nethods. 2 Additionally, conventional port fuel injectors can be
easily and effectively rendered resistant to deposit formation. [0008]
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' be formed by contacting the port fuel injector surface with one or more components in
accordance with the disclosure, and may remain on the port fuel injector surface after the
~ contacting ceases. The film may also remain on the surface and provide deposit control
during subsequent operation of the port fuel injector, i.e., when a fuel is flowing through the
injector, even when the fuel does not contain a deposit control additive.
[0011] In one embodiment, the film for resisting deposit formation may be formed
on the port fuel injector surface by contacting the surface of the port fuel injector with: (i) a
succinimide compound comprising the reaction product of polyisobutylene-substituted
succinic anhydride and a polyamine; (ii) a Mannich base detergent; and (iii) a spark-ignition
fuel. For example, the succinimide compound and the Mannich base detergent may be
blended, e.g., individually or concurrently, with the spark ignition fuel and then provided to

the engine to be used as the fuel composition. The blended components, once provided to

the enginé, may be introduced into the.port fuel ihjé‘ctor(é), upbn op.eration of the.e.ngine.
The blended components then may flow along and contact the surface(s) of the port fuel
injector(s). As the blended components contact the surface, the film may be deposited and



succi nic anhydride and a polyamne; (ii) a Mannich base detergent; and
(iii1) a spark-ignition fuel. For exanple, the succinimde conpound and the
Manni ch base detergent may be blended, e.g., individually or concurrently,
with the spark ignition fuel and then provided to the engine to be used as
t he fuel conposition. The bl ended conponents, once provided to the engine,
may be introduced into the port fuel injector(s), upon operation of the
engi ne. The bl ended conponents then may fl ow al ong and contact the

sur f ace( slefidfehindenginy injckige burficaj Advantagsdustypsintdidae fillre ixllefl belinomémt s cont act

the surfage he film be. osite d |l eft behin t.he. i.nj ector
surface. vagér:itn:%oél gﬂ% Sy? ¥ SV d??glgg%ét ¢ fﬂf(ﬂ\r}?rstg? g’f]‘f&oﬁ’eﬁeﬂ ag%ﬁg? }ngnde urface, it
cont i nuescdmpden s canpabisttheajtttopbufRe. FhexhmpRClfafuel ohah daki gst t he

bl ended conponents stop contacting the injector surface. For exanple, if a
fuel whi cﬁoncrﬁ%’ég’e ‘inde‘i B‘ﬁ%ﬁnﬁmﬁ F?eS“B?‘eélHﬁE]d PESHPfSHe m@ng@e%s%ﬁ%)ﬁ?‘fql P

provi ded §@yvidog af&9hdBlended SompéhclBIfayvé BN prsviddd X il Lol 1o /agst! ended
conponent's have been provided, the filmcontinues to resist deposit

f or mat i ondeppgibfirmativie bl ended conponents used to formthe filmmay be
present | Oit%]\(;ar | et eﬁ%@ndrgg l:c%%n%o\ﬁ%nt ﬂ?elﬂlncg ?Orml e ﬁ?@%‘g&%?%%s&ﬁ rlll; 3 %raxﬁ)gp\gog o

succini m de npoun sent 1 n an —anpun om abou
about 15 pldtivé poonds Insomeicgihbdiafensoitie kioctipate composaindayiss predest inkap vol une

of fuel), for e l e, from abo 0 abqut 5 pth. The Manni ch base
detergentmnﬂﬁ??fﬁ&gfgwgqéﬂﬂﬁgpﬁgﬁﬂ%?&Bém%¥ §@ﬂ@ﬁpgmﬁhuﬁﬁﬁﬁ usgnd g els ahout
5 to abouby dimebbuel) Ofor e i®m dboaim abdkht #Hb! TheRHhichBaideierdcdP131 The

succi nim de conpound, utilized in formng the filmfor resistingudeposit

f or mat i onMa¥ RPN esbediBents e prosent i arieraeurd pf GopabgitsdpabsutdARPOLENt i t ut ed
succinic }gggy I i.ne. Pol yi sobutyl ene-substituted succinic
anhydride% ;QEgﬂﬁ%?g%gﬁg%?&¥§pbg§anple, by the reaction of nmaleic
anhydri def0@3]h pol yilecbetininedeaonipoendymtibie in &rinpdy thel &lmafiet rpadtingslepesity | ene

can be cogbined in varigus relative apounts., I n many .e | es, the naleic
Chydri doPRRT, bt Beare St BlR Bl Ron ety SRR tter o
anhydr i deanbgdridening agblyasiing. YeBiKophERac-sitEaitddORcEnRAhkyd@ass hey bor oduci ng

- hydrocarbyl - substituted succinic anhydrides are well known in the art. For
exanpl e, RICEreRATEREMRISsY tharesghongo sndieig anygride wigh polyisgbutricep ebie Palelent 0
623 631 BihydleRCnti B8IyRoBRFIchO&mn be combined in varous relative amounts. In many

examples, the maleic anhydride is used in stoichiometric excess, e.g., 1.1 - 5 moles maleic
anhydride per mole of polyisobutylene. Reaction conditions for producing hydrocarbyl-
substituted succinic anhydrides are well known in the art. For example, U.S. Patent Nos.
3,361,673 and 3,676,089, and European Patent 0 623 631 B1 describe preparing
hydrocarbyl-substituted succinic anhydrides by the thermal reaction of a polyolefin and
maleic anhydride. A further discussion of hydrocarbyl-substituted anhydrides can be found,
for example, in U.S. Patent Nos. 4,234,435, 5,620,486, and 5,393,309.

 |0014] Any of numerous polyamines may be utilized in preparing the succinimide
compounds. Exemplary polyamines may include aminoguanidine bicarbonate (AGBC),
diethylene triamine (DETA), triethylene tetramine (TETA), tetracthylene pentamine (TEPA),
pentaethylene hexamine (PEHA) and heavy polyamines. A heavy polyamine may comprise
a mixture of polyalkylenepolyamines comprising small amounts of lower polyamine
oligomers such as TEPA and PEHA, but primarily oligomers with 7 or more nitrogens, 2 or

-more primary amines per molecule, and more extensive branching than conventional




hydr ocar byl - substituted succinic anhydrides by the thermal reaction of a
polyolefin and naleic anhydride. A further discussion of
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or substituted, e.g., mono- or di-substituted. Substituted hydroxyaromatic compounds may

include phenols or cresols including one or more of a variety of substituents. Exemplary
substituents may include aliphatic hydrocarbyl substituents such as polypropylene,
polybutene, polybutylene, polyisobutylene or an ethylene alpha-olefin copolymer having a
number average molecular weight in the range of from about 500 to about 3000.
[0018] The alkylation of the hydroxyaromatic compound is typically performed in
the presence of an alkylating catalyst at a temperature in the range of from about 30 to about
- 200° C. Exemplary alkylating catalysts may include sulphuric acid, BF;, aluminum
phenoxide, methanesulphonic acid, cationic exchange resin, acidic clays, and modified
zeolites. Methods of alkylating hydroxyaromatic compounds are well known in the art, for
~ example, as taught in GB 1,159,368 and U.S. Patent Nos. 4,238,628, 5,300,701, and
5,876,468.
J0019] A variety of amines may be utilized in forming Mannich base detergents.

The amines may be linear, branched or cyclic alkylene monoamines or polyamines having at



i ncl ude phenols or cresols including one. or nore of a variety of
substituents. Exenplary substituents may include aliphatic hydrocar byl
substituents such as pol ypropyl ene, pol ybutene, pol ybutyl ene,

pol yi sobutyl ene or an ethyl ene al pha-ol efin copol ynmer having a nunber
aver age nol ecul ar weight in the range of from about 500 to about 3000.
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polybutene, polyisobutene, or the like), liguid hydrotreated polyalkene hydrocarbons (e.g.,

hydrotreated polypropene, hydrotreated polybutene, hydrotreated polyisobutene, or the like),

mineral oils, liquid poly (oxyalkylene) compounds, liquid alcohols or polyols, liquid esters,

and similar liquid carriers or solvents. Mixtures of two or more such carriers or solvents can

be employed.

[0022] The proportion of the liquid carrier used relative to the Mannich base can

vary. In some embodiments, the weight ratio of carrier fluid to Mannich base on an active

ingredient basis, i.e., excluding solvent(s), if any, used in the manufacture of the Mannich

base, either during or after its formation but before addition of the carrier fluid, may be from

-about 0.3:1 to about 2.0:1. In some embodiments, the weight ratio of liquid carrier to

Mannich base may be from about 0.5:1 to about 1.5:1.

-[0023] The Mannich base detergents may be produced by reacting the

hydroxyaromatic compound, amine(s), and aldehyde in accordance with reaction conditions

known in the art. The condensation reaction may be conducted at a temperature in the range

of from about 40 to about 200° C. Typically, the reactants are present in a molar ratio of '



l'iquid pol y-a-ol. efin oligoners, liquid polyal kene hydrocarbons (e.g.,

pol ypropene, pol ybutene, polyisobutene, or the like), liquid hydrotreated
pol yal kene hydrocarbons (e.g., hydrotreated pol ypropene, hydrotreated

pol ybut ene, hydrotreated pol yi sobutene, or the like), mneral oils, liquid
poly (oxyal kyl ene) conpounds, liquid al cohols or polyols, liquid esters,

and simlar liquid carriers or solvents. Mxtures of two or nore such

carriers or solvents can be enployed. 10022] The proportion of the liquid
carri er ubEHoRErERitigeompouieo pas tetaldshyde of 4r0:0.5-2¢0/1.043D, sespectivaltyodbaent s,
t he wei gh ' ri.qr [ . ' 0, (o ' .edi ent
pasi 5. 1. fsoc el Gp B oBRElclin bork (b ARMERILARNG B8R AR Ak, WS, 7
Manni ch badegd aaid chrebe durovedbypazeatrdge distidatfoardnehg tre cburtse bthe reacthaidi t i on of

the carrier .fluid,. be from .abqut 0.3:1 to about 2.0:1. In sone
brbodt mend wict fiactinl e Fagd 0% 2 P Aoy diropiLiones Or s Binep BBy 11 om
about 0. Sadlndeessapout 1. 5: 1. 100231 The Mannich base detergents may be

produced by reacting the hydroxyaromatic conpound, am ne(s), and al dehyde
i n accor dii%2dl wi t h PegcEsmplaysHbodigs theMappich haseidetergept maheonasisaditsat i on

reaction f@é’tidﬁ%r&ﬂﬁg&}ng ?i}-‘jsuﬂ%t't@te& ﬁﬁ&ﬁ%ﬁ%ﬁg%ﬂ@l}&d 6 m&fe s%;dg?lﬂﬂrlgb out 40

‘to about 200 C" Typic e react esent in a no tio of 6
hydr oxyar amae(s) aod apeldehi/de o Fandsamptep thalhydioppreromatid can@ubd thaf comprs:. 0,

oi vent) iR etk SRRPOER e R AR Ry e (et e R R foved
- by azeot r pliysiefiis Bdving @duirtlier dudrbgtndlbanl 40w ge ivthelrhifrelof &6t dout 50Dyei cal
reaction tines. range éro % %8 4 hours, although | onger or shorter times
can be us@put 3W0nada ma_glfy{ OHCORGL AL Y| cOPprisn bRy hamine, auddhavanni ch
base det efigantic FRY c@tﬁﬁﬁ%é fofnd1ydd Sehhah. RPAUGTHIRT nidl A rar skt ut ed

hydr oxyar omati ¢ conpound, one of nobre secondary "am ne(s), and an al dehyde.

For exanphxlroxyawniig comperngriasicendasypoinedo adyhysdommyibed :&8-1Hy@8-d)Xyar omat i ¢
conpound E@;X&H%I%Ot h an aliphatic hydrocarbyl substituent derived froma
pol yol efin*havi ng a nunber average nol ecul ar wei ght in the range of from
about 500[0025] aboutTlieGPark igmdomfuellhapbdkardy.andlab fedcaiidbleforant fetheay conpri se

ibutyl A ne 0L he ALY de IO COTRELSS O LN o2k PR A"
gasolines, and so-called reformulated gasolines, which typically contain both hydrocarbons
of the gasoline boiling range and fuel-soluble oxygenated blending components such as
alcohols, ethers, and other suitable oxygen-containing organic compounds. Preferred
blending agents include fuel-soluble ethers such as methyl tertiary butyl ether, ethyl tertiary
buty! ether, methyl tertiary amyl ether, and analogous compounds, and mixtures of such
materials. Oxygenates, when used, may be present in the fuel in an amount below about
25% by volume, and in an amount that provides an oxygen content in the overall fuel in the
range of from about 0.5 to about 5% by volume. However, in the practice of this invention,
departures from these ranges or proportions are permissible whenever deemed necessary,
appropriate or desirable.

[0026] In another embodiment, the film for resisting deposit formation may be
formed on the port fuel injector surface by contacting the surface of the port fuel injector
with: (i) a Mannich condensation reaction product of a polyamine having a sterically-
hindered primary amino group, a hydrocarbyl-substituted hydroxyaromatic compound, and

an aldehyde; and (ii) a spark-ignition fuel. For example, the Mannich condensation reaction




hydr oxyar omati ¢ conpound to secondary am ne to al dehyde maybe
1:0.8-1.5:0.8-1.5, respectively. [0025] The spark ignition fuel may be any
and all fuels suitable for use in the operation of spark ignition internal
conmbusti on engi nes, such as unl eaded notor and aviation gasolines, and
so-cal l ed refornul ated gasolines, which typically contain both hydrocarbons
of the gasoline boiling range and fuel -sol ubl e oxygenated bl endi ng

conponents such as al cohol s, ethers, and other suitable oxygen-containing
organi c c@npbeheey beehledsd vl th%$l@ﬂdlgnlgloa@eﬂhﬂ$r¢ln@eutﬁemdé® agBheblerdedt her s

such as n%&)lt}liﬂ) Es{;i a!m%irn\f a}lg z al{) Opq‘g\rf}ﬁéd toe(ﬁé]é{nr%#eetg) l;o' ggé& as leﬁjtﬁiel c%#npgsm% et hyl

tertiary any ous ¢o Mokt Ures o
naterlalsSu@kygmnmhe&uknhmnnnaeﬂnuﬁaymbeu@dedenﬁ1npmﬂh%IﬁSermn an anount

bel ow about % and i.n, an _ano rQV|d n _axygen
cont ent E\P&’H‘é%&(ﬁ"a\fﬁ?’%ﬁ?’l ’Cthﬁémcf”i’ﬁ&é yrFE* 5“’@’ B*Bbout 5% by

vol une. HC[WPF I N Ak REscAb&Fiboss 1B bikited cbﬁ}ﬂ&%tso&ace tty BiRenkfem t hese
ranges or proportions are pern155|ble whenever deene necessary,

appr opr i af#yodr ifExlupedint the poP B! Iiccions) Meen eprsdinmes the eogine. The blendsd
resisting 91% &ﬁa’n{ rﬁzﬁfﬂ@rhéo%&c sﬂ‘?a F{s %fﬁgg ﬁ# &Pcfrfséctgésﬁir%aﬁﬁt O(I ) a

surface by c ntactl e sur ace o
Manni ch céﬁdﬂ@iﬁhmdmfﬁmaémwbpcbﬂmmaﬁﬂMné1heﬁhhynmedth&ﬂ;mguﬂmsﬂﬂemmhlIy-

hi nder ed pr nar 0 droga - subst dro aronat'c
compound, TSR 3 BE P Ao B Raar oo 0 S ORI PER TR F 2ol o,
t he Manni emtmesimsmummﬁamo@aeﬂosm QfttiCthe Bﬁﬁdéaetoﬁipeﬁamtw pddsihpe spar k

~ignition fue ereinafter referred to as. "the bl ended . conponents”) and
may then Wlbtg? HeeFtaro Addisiopallys e fily fﬁ@afa%@%lﬂ’&s}mf‘tféelfl%léqto%ﬁ%%‘s i on.

Such Ivannhgmnﬁem%esﬁﬁtﬂaeofenﬁﬁﬁsﬁwagbo@fm&; St %h?dh%ﬁz!lt)p(ﬁ%ga yidot P&fdhng U. S.

Pat ent Application No. whi ch 1's T'ncorporated-by reference in
its entlréﬁy$ﬁé¢@mﬂ3d¢P0$2$F“W$qwm§Epwﬁgﬂmab@héﬁﬂnhemblended conponent s,

once provi to th i ne e introdu to,the port fuel
injector(gﬂﬁghpon og%r %ﬁh%$ﬁ§ ¢ ﬁﬂgﬁge“$ﬁ§H%P€ RS ATBCAP S ey t hen
contact t heeddttifeadeafioh ehctiohginglodds bothedn dnfipe gioup (isat dodapopdrtitipge antle

| eavi ng behind a | m. As al.so described above, the film once deposited,
i s sustai h&ﬁ%‘!en?aé’ﬁﬁf??éh%m’gﬁéf’%?t? S yqeﬁit@etasamos@wpa@é 48%8 conti nues

to provi dgaéiepasii (e, . TIR Bactive amino group may be a primary or secondary amino

group in the molecule.

[0029] In some embodiments, the polyamine includes a primary amino group which
is physically, sterically-protected to prevent or at least significantly hinder its ability to
participate in the Mannich reaction. Polyamines having such steric hindrance provided on
one primary amine group of the molecule may include aliphatic cyclic polyamines and
acyclic aliphatic polyamines. Aliphatic cyclic polyamines may include
polyaminocycloalkanes, such as polyaminocyclohexanes. Exemplary

. polyaminocyclohexanes may comprise 1,2-diaminodicyclohexanes, 1,3-
diaminodicyclohexanes, and 1,4-diaminodicyclohexanes. Aliphatic acyclic polyamines may
include alkylene polyamines. Generally, the sterically hindered primary amino group is
attached to either a secondary or tertiary carbon atom in the polyamine compound. Acyclic
aliphatic polyamines may include those having the following exemplary, non-limiting -

structures:



continues to resist the formati on of deposits, after the bl ended conponents
stop passing through the injector. Additionally, the filmrenmains on the
port fuel injector surface and continues to resist the formation of
deposits when a fuel, which may or may not contain deposit control
additives, is subsequently passed through the injector. [00281 The

pol yam ne reactant having a sterically-hindered primary am no group, used
in the Mannich reaction, includes both an am no group that does not
participate in the Mnnich crpdrpsation reaction and a separate suitably
reactive am no group that Hoe articipate in the reaction. The reactive
am no group may be a i g/Asecondary amuro 3ﬁ%Zin t he nol ecul e.

[ 00291 In sone enbo s, e anine i A 2idels a primary am no group
which is physically,;%terically-protected to prevent or at | east
significantly hinder its ability to participate in the Mannich reaction.
Pol yam nes havi ng such steric hindrance provided on one prinmary am ne
group of the nolecule may i ndtade ali phatild2 cyclic pol yam nes and acyclic
al i phati c pol yam nes. Nohatic cyclic pgl yam nes may i ncl ude

pol yami nocycl oal kan®¥, suchi~as pol ya _netycl ohexanes. Exenpl ary

pol yam nocycl ohexanes ng% conp¢$£eNﬁ2 “ditam nodi cycl ohexanes, 1, 3-

di am nodi cycl ohexanes, d 1, 4-di am nodi cycl ohexanes. Aliphatic acyclic
pol yam nes may include al kyl ene pol yam nes. Generally, the sterically

car bon at B { no WBFGARN B RomsAUNRREYLPP a5 iishet o st Juher el oy

~include tbeshebalis atydidearbyllgequpi Mie BYEIPABY\roupAiay be'd ¢ 04 afibyl sighudses: 8 H

Rl 2 NH2 NH 12 t%{\IH 2 (NHZ H2 HZN~~~/" CH3 H3C NH2
methyl, ethyl, propyl, isopropyl, and so forth.

[0031] The hydrocarbyl-substituted hydroxyaromatic compound used in the Mannich
reaction includes at least one hydrocarby! substituent having an average molecular weight
(M,y) in the range of from about 300 to about 2,000, particularly about 500 to about 1,500, as
determined by gel permeation chromatography (GPC). Representative hydrocarbyl
substituents include those disclosed with respect to the above-described embodiment of the
invention. In one embodiment, the hydroxyaromatic compound may comprise
polyisobutylene-substituted cresol.

[0032] Aldehydes, useful in preparing the Mannich reaction products, include those
utilized in the above-described embodiment. In some embodiments, formaldehyde or
formalin may be utilized.

[0033] The Mannich reaction conditions used to prepare the Mannich products of
this embodiment are in accordance with those disclosed in the above-described embodiment.
For example, the reactants may be reacted at a temperature in the range of from about 40 to
about 200° C, with or without diluent or solvent, and the evolved water is removed. General
proportions of the Mannich reactants in this embodiment of ﬂ1e invention may be from 0.6 to
1.4 mole part(s) of the polyamine having the sterically-hindered primary amino group, from
0.6 to 1.4 mole part(s) of alkyl-substituted hydroxyaromatic compound, and from 0.6 to 1.4

mole part(s) of at least one aldehyde. In many embodiments, approximately equal molar
proportions of the reactants are utilized.

[0034] The Mannich reaction products of this embodiment, like those used in the




[ 00301 wherein R, and R2 are a hydrocarbyl group or hydrogen provided that
at least one thereof is a hydrocarbyl group. The hydrocarbyl group may be
a Cl to Cs al kyl such as nethyl, ethyl, propyl, isopropyl, and so forth.
[ 00311 The hydrocarbyl -substituted hydroxyaromatic conpound used in the
Manni ch reaction includes at | east one hydrocarbyl substituent having an
average nol ecular weight (Mw) in the range of from about 300 to about
2,000, particularly about 500 to about 1,500, as determ ned by gel
 per neat i obevirdnseritsd cabhdienio)ay brepedis snmhinatien withl p digaidisyirier, sadvstiont uent s

i nclude t L o] | t ve- de b e di nent of
the i nve%?f‘%rﬁyl (ﬁ%érbﬁﬁ&éﬁ%%gﬁééﬁgﬁgﬁeeﬁﬁéfg&o%g%P g g?@gé&aﬁg’gﬁg‘gﬁ%gg
conpri se iptleyasobiitid] @rsdtesiatisdly,tmdyee combael withGB32drid afehyeaarn. useful in
preparing

Manni ch i d . ) h ) iljzed i h
above- des§hngéﬁcagﬁ%rga{°:fﬁﬁ‘§5%‘?Hb‘g‘%%ﬂygﬂ%%{“%#g%%“ﬁ?%&‘ﬁg%ﬁggr | P o£ rrgl in

may be utillizzed37.[ 00331 The Mannich reaction conditions used to prepare the
Manni ch products of this enbodi ment are in accordance with those discl osed

in the abd¥B5Hescr i Bowcxsniesithal fellow e intendsdtn Burthemillustentss radeed limiy be
reacted a . r; | : t a C
wth or w ;ﬁg{l}t |IHS%¢1&'[B nglrl &so vg%tqﬁg: nggﬁt%%BE?\?%PQ\%ég rég % ar}sé&%n%o\%/lgg.
CGeneral pswpoddessnibedhertinardvinmeight unéeae indiviied iothetviiss  enbodi nent of t he
invention may be from0.6 to 1.4 nole part(s) of the pol yam ne having the
sterically-hindered primary am no group, from 0.6 to 1.4 nole part(s) of
al kyl - substituted hydroxyaromatic CEQ%EGH@,S and from0.6 to 1.4 nole

part(s) o | east . odipent s.. approxi mat el.y equal
mol ar  pr E%%H i ons 'I(;:%Q@ﬁgl:n?2{2%ﬁﬁt&s@,&%@%{fzﬁ?‘}\g&ﬂgﬁ%&w&ﬁg% Vr?lngé%n’
reacti on padcuetigionhl ot fheldnjeowiseni corhpaitive kranplapeeteistbjediel toShe PFI rig
above-descrij bed enbod] t be .used in conbi ion wth a liquid
carrier, feﬁ#dﬂ%ctof thiL%LF@PﬁWa? Q%?I?n%thga DRRHIBAIREIES O TEH dReasHi ch
reaction pir@etied Whebdhahiengel MilhGEélZ 86htaihitg hb Aesdii cbiifol laligitides, OF _
alternativel may be conbined with the carri‘er after reaction. Suitable

carriers H}Oéghi scl odelgraiasdaet fapldnicefopsariae ppiagted. to the i righpsh bsinge bess No.
117336, 03fse] alone to establish a base line plugging rate for the injectors. The base fuel used was
' Phillip's Injector Fouling Fuel (available from Phillips Petroleum Co., Borger, TX). For

Examples 1 and 2, a base line plugging rate of 26% was obtained. For Example 3,
individual baseline plugging rates are reported with the results (identified as Test Run "0").
.[0038] After establishing a baseline plugging rate, the port fuel injectors in Examples
1 and 2 were treated in accordance with embodiments of the invention and were subjected to
the PFI rig test (identified as Test Run "1"). The port fuel injectors in Comparative Example
3 were subjected to the PFI rig test using conventional deposit control additives (Test Run
"1"). The port fuel injectors in Examples 1-3 were then subjected a second time, and in
some cases a third or even fourth time, to the PFI rig test using a base fuel alone (identified

as Test Run "2", Test Run "3", etc.). Formulations, conditions, and results are provided

below.

[0039] Example 1:  Port Fuel Injectors Treated with the Reaction Product of
PIBSA/TEPA, a Mannich Base Detergent, and a Spark Ignition Fuel.

[0040] A first reaction product of polyisobutylene-substituted succinic anhydride

(PIBSA) and TEPA was obtained by reacting PIBSA and TEPA in a molar ratio of 1:1 at a
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[ 0035] The exanples that follow are intended to further illustrate, and not
limt, enbodinents in accordance with the invention. All percentages,
ratios, parts, and anounts wused and described herein are by wei ght unless
i ndi cated ot herwi se. EXAMPLES [0036] Treated port fuel injectors, in
accordance with enbodi nents of the invention, and conventional port fuel
injectors (as a conparative exanple) were subjected to the PFI rig test,
according to ASTM D-642 1, to determne the ability of the injectors to
resi st defsgyicrature gf Hex-1 6K Gahd secohd reagiienertodict bf PIRSAsandloFRI. wianoptaivedieposi t

control agdditi.ve 7 ated port. fyel_jnjectors wer Lected to
the PFl rrg ¢ ggqg%ﬁ%f’%&%l@g@%ﬂf%%ﬁmﬁr ge #ﬁ‘ﬁejs?afbtle?lg?faﬁlr%%f?géﬁphe&pl uggi ng
rate for Wierigepeestb®aSringldach BAHE rdab@dnstisl derdbiied. B tebtidy parpdbLaieor Foul i ng
Fuel (available fromPhil]lips Petroleum Co., Borger, TX). For Exanples 1

. | Co.. g
and 2, a BAS©ONRredick wgEikwed By 20%ithedtomatic Setvant ddic firyengsesend wagiion
i ndi vi dua I i ’ ith .
(Ident | 11 aIEHRBRMAY e EH B HETEGPERI0 Sl Mafni Bt aBtergen
pl uggi ng #wileble fivm Hen Cheraleali Cyrparedes RidhnoednPirgisia, U.SAd iRtmemeutiseat ed i n

oot elf FRARLCRIE ok e S SIS el AU rBpe " T

Conparative Exanple 3 were subjected to the PFI rig test using
conventi opal . deposit coniral ditives (Test Run "1 "). The port fuel
injectorsﬂﬁﬁHExanpl “ﬁ?%”ﬁﬁ#%gpﬂéﬁ“?ﬁﬁﬂé%@@&laﬂgﬁ%bage@ﬂhe, and in sone
cases a tiposgl or evepidpourth tine, to the PFl rig test using a base fuel
alone (identified S Test Run "2", Test Run "3 ", etc.). Fornul ations,
condi ti onkest Bmat r esuFee Comepgsitioni ded  bel ow. | PBDBgposiixanpl e 1: Port Fuel

I njectors Treated Wth the Reaction Product OQF PLBSAQT;E , a Manni ch Base
Detergent, and a Spprk lgnition Fuel. [0040] Y298 "4%%a® i on prioduct of

pol yi sobut yl ene- subs3%tRIBSA/TRIYC(In )6 anhydri f¢7 (PIBSA) and TEPA was
obt ai ned| by reacting Pl BSA and TEPA in a nolar ratio of 1:1 at a 10

t enper atur e of 165-%35? - ®56Econd reaction pr oduct of PIBSA and TEPA was
obt ai ned[ 2 by Teacti ng, &M PT BSA and TEPA I ggolar ratio of L. 6:1 at a
tenperatjure of 165-170 C WAter generated during each of the reactions was
renoved. | For testian@m&bobes, t he 14.2

[0043] Table 2

Test Run Fuel Composition PFI Deposits
(plugging rate, %)
11 4% PIBSA/TEPA (1.6:1) + 1.9
HIiTEC ® 6560
2 Base Fuel 1.8
3 Base Fuel 23
[0044) As can be seen in the results in Tables 1 and 2, the port fuel injectors provide

excellent deposit control when the fuel composition includes (1) the reaction product of the

PIBSA and the polyamine, and (2) the Mannich base detergent. Additionally, the port fuel
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reaction products were diluted by 50%with Aromatic Solvent. The first and
second reaction products were separately blended with H TEC (r) 6560

Det ergent, a Mannich base detergent available from Afton Chem cal
Corporation, Richnond, Virginia, U S A, in the anobunts indicated in
Tables 1 and 2, and the m xtures were added to gasoline at a treat rate of
80 ptb. [0041] Results for the PFlI rig test are reported in Tables 1-2
bel ow. [0042] Tabhle 1 Test Run Fuel Conposition PFl Deposits (plugging
rate, o) eckyp afsphemeingatediby.contat with the@IBSA agbpelyamige seacqpeproduciand Base
Fuel 14. 24.[ : Ny : ' Pl uggi ng
ate, o U g el £ ol Pl FRUROR 1), RN LogHERAE iR ) 599
Base Fuel d¢posit 00| Thws, aftar theccopteting seasdsal.a.,a8 HestRunn 2 Tad B osheb afudl i2, t he

t fuel _jnject id ] it trol, .wh t.he f.uel
P orposi 1 SR B B Rcfi oS the HER SR ig bRk SRR e
pol yani nedepsitk, €2n witks théfusl @imppiscsea biat ﬁfegecﬁﬂtajnﬁigelbﬂbmmcbﬂtroltah@ﬁipwt fuel

11 injectors, after being treated by contact with the PIBSA and pol yam ne
reacti on product and the Mannich base detergent to formthe film(in Test

Run 1), ppopssde contiiech. effbRttMBjcclaPPRhid %@ﬂﬂt"b?lcl}l M’a}dﬁich%{ the
2 uel 1s

contacting ceases, 1.e., In Test Runs and 3, when a subsequent |y
passed t hfpaslgFenit Fugl.-ect ors, the filmcontinues to resist the formation of

deposty s, UMD, 1ol TR GBI ORGP DS, S0

' DACH Mansteridally-hidleged primary amino group; a hydrocarbyl-substituted hydroxyaromatic
compound; and an aldehyde ("DACH Mannich"™), diluted to contain 25 wt% solvent, was
added to the base fucl at a treat rate of 80 ptb. The DACH Mannich was prepared by
reacting 1,2-diaminocyclohexane ("DAC") as a mixture of trans and cis isomers thereof,
polyisobutylene-substituted ortho-cresol ("PIB-cresol™), and formaldehyde ("FA"). The PIB-
cresol was formed by alkylating ortho-cresol with a polyisobutylene having a number
average molecular weight of approximately 900. The DAC, PIB-cresol, and FA were
reacted in the folIoWiJ_ag manner in a resin flask equipped with mechanized stirring, nitrogen
feed, a Dean-Stark trap, and a heating mantle. Solvent (Aromatic-100) and the PIB-cresol
were introduced to the flask and the mixture was heated to 40° C, with a slight exotherm
| being noted. Approximately 75% of the total calculated Aromatic 100 was added at this
step. The mixed materials were stirred and heated at 40° C under a nitrogen gas (N;) blanket
(the nitrogen gas pressure in the flask was set at approximately 0.1 SCFH) until the mixture
became homogenous. The DAC was added and the temperature of the combination was 40 -
45° C. Next, 37% formaldehyde solution was added gradually while vigorous stirring was
maintained. A mild exotherm was noted. The temperature was increased to 80° C and held
for 30 to 60 minutes. The temperature was increased to 145° C for distillation using a Dean
Stark trap. Distillation commenced in about 30 minutes, at a temperature of approximately
95 - 100° C. Once distillation began, the nitrogen gas flow was adjusted to 0.5 SCFH. The
temperature was maintained at 145° C for about an additional 2 to 2.5 hours. From the total
weight of the product in the reaction flask after distillation, the amount of additional solvent

needed to bring the final package composition to 25% solvent was calculated and added.
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Spark lgnition Fuel. [0046] The Manni ch condensati on reaction product of a
pol yam ne having a sterically-hindered primary am no group; a

hydr ocar byl - substi tuted hydroxyaromatic conpound; and an al dehyde (" DACH
Manni ch"), diluted to contain 25 wt % sol vent, was added to the base fuel
at a treat rate of 80 ptb. The DACH Manni ch was prepared by reacting

1, 2-di am nocycl ohexane ("DAC') as a mxture of trans and cis isoners

t her eof , ol yi sobutyl ene-substituted ortho-cresol ("PIB-cresol”), and

f or mal deh plepatigs of PAC PlHscresql ddopsedinsthe dansichsgacienk yemt i 8ig 0drd ho- cr esol
wth a po}egl%e%g yl ene having a nunber average nol ecul ar wei ght of
approxi mately 900. The DAC, PIB-cresol, and FA were reacted in the
f ol | owi ng[08dfner | Resultssfkom thd Ridkigaeptiappepbriedtih Tahde Banlosed stirring,
ni t rogen m@ggd, a Dfaﬁge tark trap, and a heating mantle. Sol vent
(Aromatict ) and | B-cresol were introduced to the flask and the
m xture Wisstimaat ed | PudCompoditdon a sTight ex FED&Posite! Ng not ed.
Approxi nptely 75% of the total calculated Aromati ¢ 100 was addegl at this
step. The nmixed matgerials were stirred and he@ugsingrai® %6 under {a nitrogen
gas (N2)[pranket (%@Ma&?g@ gas pressureg g the frask was—sgt at

unt |

approxinately 0.1 § the mxture becane honpbgenous. The DAC was

added and2t he t enpefBtsifeclof t he conbi nationf 4s 40 - 45 C. Nexi, 37%
f or mal de@de—&el—ﬁ%—k ras_added-gradualdy e -go H--HNg was
mai nt ai ned. A mi|d eXEFAEPm was noted. The t rased to 80

C and hefgd Tor 30 {pae@uan nutes. The tenperigiyre was | ncreasedjto 145 C
for distillation using a Dean Stark trap. Distillation comenced in about
30 mnutes, at a tenperature of approximately 95 - 100 C. Once

distillaty began,, t Ltr a L o S, ad] ust to 0.5 SCEH The
t enper at ullrﬂgg9 S maiAnStcglg Rgéé At %ﬂggéé sf‘%? 1‘1\3159‘333% 3’31?14 %’gaii% ?& %Wgﬁomfr?‘gd%. 5 hours.
From t he ¢otlidnt depesigbdintel whixethp fgd dohpositidnentagschd DACH Miakniel.t er

distillat] . the ampunt. of additional solvent .peeded to bying the final
package d%??%%%‘}apmﬁe F%at‘lé%‘@}%r%@lf’v&}‘?f’t%nelé‘?ectﬂ PERVidE @H@‘%‘H’&g&lf affg The nol e
rati os ofcofGiinyl Witk HRTACHMAMSRG debseb R, MR ik Fusl@BMbb&AHoNES Rnger0: 1. 0: 1. 0,

respectively. [004& Results fromthe PFI rlg test are reported in Table 3
bel ow. [0k theBAeHMannich (Test Runs 2, 3, and 4). Advantageously, the treated port fuel

injectors provide excellent deposit control, even when repeatedly challenged with fuels

containing no deposit control additive.

[0050] Example 3: Comparative Example
[0051] Port fuel injectors were subjected to the PFI rig test, first using the base fuel

alone, to establish a baseline plugging rate, then using a fuel including one or more
conventional additives, and then once again using the base fuel alone. Additives, treat rates,

and results are reported in Tables 4-6 below.

[0052] Table 4
Test Run Fuel Composition Treat Rate (ptb) PFI Deposits
(plugging rate, %)
0 Base Fuel 24.1
1 1600 MW 80 5.1
Polyetheramine* & 20
Diethylamide of
Isostearic Acid
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Test Run Fuel Conposition PFI Deposits (plugging rate, %9 1 DACH Mannich
4.3 2 Base Fuel 4.9 3 Base Fuel 1.1 14 Base Fuel 6.4 [0049] As can be
seen fromthe results in Table 3, the port fuel injectors provide

excel | ent deposit control when the fuel conposition contains the DACH

Manni ch. Additionally, the treated port fuel injectors continue to provide
deposit control after contacting with the DACH Mannich ceases, i.e., when
the fuel canpasition no longer contains the DACH nni.ch (Test Runs 2, 3,

and 4). Advant ageou%ﬂ?’ﬁseﬁ% treat ed por t fueI i nj e t26:5$ provi de excel | ent
deposit C enged—w-th—fuets containlng no
deposi t conf\réif a él Ve alflf)géﬁl]dga& %féggjé ‘E‘gﬁpar ative Exanple [0051] Port

fuel injectors were subj ected to the PFI rig test, first using the base

fuel anaﬁﬁ o est QJISh a basel i ne pl ugging rate t hen using a fuel
I ncl udi ng al or €onvent i onal addltlves and then once again using

the base g ral one RO o F €4 repornted in
Tabl es 416 bel ow. [ 3052] Ta%féh4 Test Run Fue@%nposmloﬁg#{r%eat Rate (pth)
PFI Deposits (pI uggl ng rate % 0 Base Fuel 24. :(pl@gginmﬁp"/ﬁ 1

Pol yet hefgnmrne*—&—2¢ ‘ tam-de—of —tsost-earie—Aetd 13312 Base—+gel 27.5
* "Act acl gar 2400" a@gtfel é’ﬁ e from Bayer Material Sci gf‘ig
I OGA 402% 80

2 Base Fuel ' 24.4

* detergent available from Chevron

[0054] Table 6
Test Run Fuel Composition Treat Rate (pth) PFI Deposits
(plugging rate, %)
0 Base Fuel 30.9
1 Mannich of PIB phenol | 80 10.1
w/ DMAPA¥*
2 Base Fuel - 17.8

* "HiTEC ® 4980 Detergent" available from Afion Chemical Corporation

[0055] As can be seen from the results in Tables 4-6, while conventional additives
may provide some deposit control for the injectors when the fuel composition includes the
deposit control additive, they do not provide effective deposit control once the additive is
removed from the fuel composition. For example, in each case during Test Run 3, when the
fuel contained no additive, the injectors fouled, with plugging rates approaching or

- exceeding baseline plugging levels.
[0056) Accordingly, the results in Tables 1-6 emphasize that the treated port fuel
injectors, in contrast with the conventional port fuel injectors, effectively control deposit
formation even when a fuel does not contain a deposit control additive. Thus, the film
formed on the surface of the treated port fuel injectors remains on the surface after

contacting with the additive ceases, and continues to provide effective resistance against the
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[ 0053] Table 5 Test Run Fuel Conposition Treat Rate (ptb) PFI Deposits
(plugging rate, %9 O Base Fuel 24.1 1 OGA 402* 80 7.8 2 Base Fuel 24.4 ~*
detergent avail able from Chevron [0054] Table 6 Test Run Fuel Conposition
Treat Rate (ptb) PH Deposits (plugging rate, %9 O Base Fuel 30.9 1
Manni ch of PIB phenol 80 10.1 w DVAPA* 2 Base Fuel 17.8 * "H TEC (r) 4980
Detergent” avail able from Afton Chem cal Corporation [0055] As can be seen
fromthe results in Tables 4-6, while conventional additives may provide
sone depofirmatemidspositsrevemwhemi Bt isssbsnhpemtly pessédidkougb thedisjettoon i ncl udes

the depogi ontraj. Ltive, t 0 not provide effective deposit
controlpoﬁ%%7fhe aggﬁﬁgggg?%ﬂﬁ?gﬂﬁé ??%ﬂ¥$ﬂ§h¥ﬂgpngg%§%§ﬁﬁﬁb " For
exanpl e, thendert hamnasieyvdisrd iﬂ@eT@Séiﬁ&ﬁi&n l&h clahihebddE, wilddel réf&fﬁﬁ&b AegheNO
radditive, .the injectors fouyled, with_plugging rates approaching or
exceed ngBASHIT HETH! U8 HeRED ARl bBBaT ASBII N RGP YR N Rder 5 i n
Tabl es 1- GibstaRhasieaed id W chefoal AR GEnBAICh %yfde. JHAEREOESverk, 2PN r aSt

with the conventional port fuel injectors, ectively control deposit
f or mat i onmalEnngiveiat ghomieal chimass, ravsforormtiannand/od eqrotions, if eny, takie piadd it thee.

e o ol S 1 Ay 1 R SR B bl
cont i nuesretgiops aitkenatdrhlresul e briaging tiarspecifighicactints fiel/dréofpomdats on of
AR RN ITINER e A O TN - P
by components are identified as ingredients to be brought together either in performing a
desired chemical reaction (such as a Mannich condensation reaction) or in forming a desired
- composition (such as an additive concentrate or additized fuel blend). It will also be
recognized that the additive components can be added or blended into or with the base fuels
individually per se and/or as components used in forming preformed additive combinations
and/or sub-combinations. Likewise, preformed additive concentrates, in which higher
proportions of the additive components are blended together usually with one or more
diluents or solvents, can be formed so that subsequently the concentrate can be blended with
a base fuel in the course of forming the finished fuel composition.. Accordingly, even though
the claims hereinafter may refer to substances, components and/or ingredients in the present
tense ("comprises”, "is", etc.), the reference is to the substance, component or ingredient as it
exists or may have existed at the time just before it was first blended or mixed with one or
more other substances, components and/or ingredients in accordance with the present
disclosure. The fact that the substance, component or ingredient may have lost its original
identity through a chemical reaction or transformation during the course of such blending or
mixing operations is thus wholly immaterial for an accurate understanding and appreciation
of this disclosure and the claims thereof.
[0058] Each and every patent or other publication referred to in any portion of this
specification is incorporated in its entirety into this disclosure by reference for all purposes,
as if fully set forth herein.
{0059) This imvention is susceptible to considerable variation in its practice.

Therefore the foregoing description is not intended to limit, and should not be construed as
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chem cal nanme anywhere in the specification or clains hereof, whether
referred to in the singular or plural, are identified as they exist prior
to coming into contact with another substance referred to by chem cal nane
or chem cal type (e.g., base fuel, solvent, etc.). It nmatters not what
chem cal changes, transformati ons and/or reactions, if any, take place in
the resulting mxture or solution or reaction nediumas such changes,
transfornatlons and/or reactions are the natural result of bringing the
speci f i edlimEg: he trvenien @rﬂl%mm@ﬁ@r?@@npb@@tlh@ﬂrprm@d@d hetgimabawediRathsns cal | ed
for purs i ts are
|denflflg§H%§§?ﬁ%@g§Fﬂ%§§$8%EL§$S%§§§ E toaﬁﬁﬁgﬁﬂ %&Fm@% per%ggnlng a
desired chercbtpdrmittedcts iaamticsoitawas a Manni ch condensatlon reaction) or in
formng a desired conposition (such as an additive concentrate or
additized fuel blend). It wll also be recognized that the additive
conponents can be added or blended into or wwth the base fuels
i ndi vidually per se and/or as conponents used in form ng preformed additive
conbi nati ons and/or sub-conbinations. Likew se, preforned additive
concentrates, in which higher proportions of the additive conponents are
bl ended together usually with one or nore diluents or solvents, can be
formed so that subsequently the concentrate can be blended with a base
fuel in the course of formng the finished fuel conposition.. Accordingly,
even though the clains hereinafter may refer to substances, conponents
and/or ingredients in the present tense ("conprises", "is", etc.), the
reference is to the substance, conponent or ingredient as it exists or may
have existed at the tinme just before it was first blended or m xed with one
or nore other substances, conponents and/or ingredients in accordance with
the present disclosure. The fact that the substance, conponent or
i ngredient may have lost its original identity through a chem cal reaction
or transformation during the course of such blending or m xing operations
is thus wholly immaterial for an accurate understandi ng and appreciation
of this disclosure and the clains thereof. [0058] Each and every patent or
ot her publication referred to in any portion of this specification is
incorporated inits entirety into this disclosure by reference for al
purposes, as if fully set forth herein. [0059] This invention is
susceptible to considerable variation in its practice. Therefore the
f oregoi ng description is not intended to limt, and should not be construed
as
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15 limting, the invention to the particular exenplifications presented

her ei nabove. Rather, what is intended to be covered is as set forth in the
ensuing clains and the equivalents thereof permitted as a matter of | aw
16 Clains What is clained is: 1. Atreated port fuel injector conprising a
port fuel injector having a surface coated by a film wherein the filmis
formed by contacting the port fuel injector with: (i) a succinimde
conmpound conprising the reaction product of polyisobutyl ene- substituted
succinic 53ﬁ¥5ride and a polyamne; (ii) a Mannich base detergent; and
(i) a sparKis itgpn fuel, wherein the filmrenmains on the port fuel
injector surface and resists deposit formation after the contacting
ceases. 2. The treated port fuel injector according to claim1l1, wherein the
filmremains oR.th .t ;fuel injector surface .and resists the formation
of deposi o whar Aef BE el UG = DL Ed Fupslo e e oaea Py 5.
The treat edilpowhicréit @l filit) ie Gorated d9 Cofitditig thopdt RleMngctoethei N the film
remai ns on the,. port, fuel injector surface and resists the formation of
deposits when @ ¥ohee & fompred camprisigg theirractine PedBet o palvisebesiepBund and

the Manni gihsh@ea sdQEAE GRS aRPSAMIGAL! Y passed through the injector. 4.
The treated port fuel injector according to claimi1, wherein the

pol yi sobut yl enéd adaswichibgsedttergantiandc anhydri de and the pol yam ne are

reacted in a % ratl o.. omabout 2:1 to about 1:1. 5. The treated
port fuel inje ﬁﬁsﬂﬁ%égﬁH?%SL%o claim1l1, wherein the polyamne is sel ected

from di et hyl ene triweldreie thetfilivetehping na thegpdrafichniajectoe surtaet hyd esists@epdsitm ne,
pentaethy%gne. q§ga 'ne% Qeav ﬁTgolyanines, and m xtures thereof. 6. The
treated porPafoedttef e§8?8?“§6% % ng to claimb5, wherein the pol yam ne
conpri ses

2. The treated port fuel injector according to claim 1, wherein the film remains on the

port fuel injector surface and resists the formation of deposits when a fuel is subsequently

passed through the injector.

3. The treated port fuel injector according to claim 2, wherein the film remains on the
port fuel injector surface and resists the formation of deposits when a fuel which does not
contain the succinimide compound and the Mannich base detergent is subsequently passed

through the injector.

4. The treated port fuel injector according to claim 1, wherein the polyisobutylene-
substituted succinic anhydride and the polyamine are reacted in a molar ratio of from about

2:1 to about 1:1.
5. The treated port fuel injector according to claim 1, wherein the polyamine is selected
from diethylene triamine, tricthylene tetramine, tetraethylene pentamine, pentaethylene

hexamine, heavy polyamines, and mixtures thereof,

6. The treated port fuel injector according to claim 5, wherein the polyamine comprises

tetracthylene pentamine.
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tetraethyl ene pentamne. 17 7. The treated port fuel injector according to
claim1, wherein the Mannich base detergent conprises the reaction product
of an al kyl -substituted hydroxyaromatic conpound, an amine, and an

al dehyde. 8. The treated port fuel injector according to claim?7, wherein
t he Manni ch base detergent conprises the reaction product of al kyl ated
cresol, a secondary am ne, and at |east one aldehyde. 9. A nethod for
formng a filmon a port fuel injector surface for resisting deposit
formati on conprising: introducing into the port fuel injector: (i) a

succi ni m de cofRO LS ' t . .

pol yi sobu'(tiyl ene- subgﬁdﬁ&ﬁ}ggﬁgj&%ﬁ %?gdg%ﬁ(gglra%ép‘gg Hfzglﬂﬁl)o %c%g?se(i i)

Manni ch bdgergerttcomgrses theagactioniproduat fparakkyl-gutistifuted Hydmixyaromati@odinpognd,he
surface o por,t. f jnjector with: (i) the succinimde conmpound; (i)
t he I\/anni%% lglse’ea%géifléra}hge%%cle: and (iii) the spark ignition fuel; and
depositing a filmon the surface, wherein the filmremins on the port fuel

injector surface and resists deposit _fornmation after the contacting
ceases. 19 Tﬁ@%f‘talt?édwgcfe@rvaﬁﬁar e601dfng; tPanEJ,m Whwhepi theiMannich base

pol yi S0bUBétb@é}ﬁ-c%iBﬁéeisFtﬁétr%ébtﬁﬁ‘f:&id'ﬁi:tfofa&%ﬁ%&r&%l,%@@c&nﬁﬁ‘ryaﬁiﬂé%&ﬁ l@a%ﬁo g

reacted in a nolar ratio of fromabout 2:1 to about 1: 11. "The met
“accor di ngo#coaldghyden 9, wherein the polyamne is selected from diethyl ene
triamne, triethylene tetram ne, tetraethyl ene pentam ne, pentaethyl ene
hexam ne, heavy polyam nes, and m xtures thereof. 12. The nethod according
to claim2l, whersthad fohfermpoigyeditinm canpfuekiaicloe kurfet iyl resieing depdsitm ne.  13.
The net hoP actgordi ng to claim9, wherein the Mannich base detergent

" conpri ses THEOHEMPEICE on product of an al kyl -substituted hydroxyaronatic

compou nd, an afirdducingkodRe péit ARITMALtor: (i) a succinimide compound comprising the
| - reaction product of polyisobutylene-substituted succinic anhydride and a polyamine; (ii) a
‘Mannich base detergent; and (iii} a spark ignition fuel;
contacting the surface of the port fuel injector with: (i) the succinimide compound;
(i) the Mamﬁch base detergent; and (iii) the spark ignition fuel; and
depositing a film on the surface,
wherein the film remains on the port fuel injector surface and resists deposit

formation after the contacting ceases.

10.  The method according to claim 9, wherein the polyisobutylene-substituted succinic

anhydride and the polyamine are reacted in a molar ratio of from about 2:1 to about 1:1.

11.  Themethod according to claim 9, wherein the polyamine is selected from diethylene
triamine, triethylene tetramine, tetracthylene pentamine, pentaethylene hexamine, heavy

polyamines, and mixtures thereof.

12, The method according to claim 11, wherein the polyamine comprises tetracthylene
© pentamine.
13. The method according to claim 9, wherein the Mannich base detergent comprises the
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14. The nmet hod according to claim 13, wherein the Mannich base detergent
conprises the reaction product of alkylated cresol, a secondary am ne, and
at | east one al dehyde 15. A nethod of mnim zing or reducing port fuel

i njector deposits in an internal conbustion engine conprising: formng a
filmon the surfaces of the port fuel injectors in accordance with the

met hod of claim9; providing a fuel, which may or may not contain port fuel
injector deposit control additives, to the engine for the operation of

sai d engi meectigtnprodyss phan dlylsabditetad hydroxyrgmatictcompoed!, poamingrald apnj ect or
conpri si ngy @ ﬁf%.rt fuel injector having a surface coated by a film wherein
the filmis ?ormed by contacting the port fuel injector with: (i) a Mannich
condensati on reaction product of a polyam ne having a sterically-hindered

primary anino roup, .a hydrocarhyl - substit ut hydr oxyar omati ¢ conpound,
and an al g%‘hyd ,elgﬁﬁloﬁfiﬁo}{‘ﬁng %?‘%‘ §3q et ?%%%wﬁwrw&mnw emai ns
on the poite rbatfibn pRIdAGIPaIKIIIRER0R B Aedof8ArS hihined @RDA Idast SleBichpie after the
contacting ceases. 17. The treated port fuel injector according to claim

16, wherein the filmremains on the port fuel injector surface and resists

‘the formaggon Rfmaﬁ&Péfilﬁ@de%ﬁé o?aééﬁ@#ﬁ%§nwﬁ§%£%¥sits%ﬁ§@%rﬁﬂr ough the

injector. 18. The treated p ector ng to clarm 17, wherein
the fil m eembrstion omgindeompsising: f uel injector surface and resists the

formation of d i ts..when,a fuel ich does.npot .contagin th nni ch
condensat i on rgogl%fnlgc?nﬁhpnro t&gtg‘,l&lalcgg %%gg%ﬂ‘ﬁf e 5%@’@8%@?’58%&‘&%

i nj ect or. mkfhod dielaint @at ed port fuel injector according to claim 16, wherein
t he pol yam ne . conpri se;icg pol yam nocycl gal kane havi ng at | east one

19
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i nj ect or a&ﬁweg,ite%eté‘ﬁfﬁie%mé@permr&isadteﬁgn&%aam ne conprises _
di am nocycl ohexane. 2I. The treated port fuUel injector according to claim
20, wherein t hepeping amidsagine.

16. A treated port fuel injector comprising a port fuel injector having a surface coated by
a film, wherein the film is formed by contacting the port fuel injector with: (i) a Mannich
condensation reaction product of a polyamine having a sterically-hindered primary amino
group, a hydrocarbyl-substituted hydroxyaromatic compound, and an aldehyde; and (ii) a
spark ignition fuel, wherein the film remains on the port fuel injector surface and resists

deposit formation after the contacting ceases.

17.  The treated port fuel injector according to claim 16, wherein the film remains on the
port fuel injector surface and resists the formation of deposits when a fuel is subsequently

passed through the injector.

I8.  The treated port fuel injector according to claim 17, wherein the film remains on the
port fuel injector surface and resists the formation of deposits when a fuel, which does not
contain the Mannich condensation reaction product, is subsequently passed through the

ijector.

19.  The treated port fuel injector according to claim 16, wherein the polyamine
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conprises 1, 2-di am nocycl ohexane. 22. The treated port fuel injector
according to claim 16, wherein the nole ratio of polyam ne,

hydr oxyar omati ¢ conpound, and al dehyde is 0.6-1.4:0.6-1.4:0.6-1.4,
respectively. 23. The treated port fuel injector according to claim 16,
wherein the hydrocarbyl - substituted hydroxyaromatic conpound conpri ses
ortho-cresol, phenol, or a mxture of ortho-cresol and phenol, having an
al i phatic hydrocarbyl substituent derived froma polyolefin having an

aver age nsp@pidean palyrginocyaoakeee hanigeatdéast orerstaivally-hidd&ed primbywini®®00. 24,
The treat 1 gort fuel injector according to claim 23, wherein the aliphatic
hydr ocar b ustituent conprises polyisobutylene. 25. A nethod for formng
a filmon a port fuel injector surface for resisting deposit fornation
-conprising; intyoducing into the port fuel injector: (i) a Mannich
condensat g?m rig‘“c‘i‘"‘?%?‘iln Hapiegipr acgordina ta flapm Iﬁa‘i‘ih‘?ﬁ@m;hesﬂww | y- hi nder ed
primry aa&ﬁ@mggggﬁﬁmﬁwaagﬁgggrbyI-substituted hydr oxyar omati ¢ conpound,
and an al dehyde; and (ii) a spark ignition fuel; contacting the surface of
‘the port fuel injector with the Mannich reaction product and the spark

ignition el ; i 4 1..NQ: i | he. sypface,. erein.the film
remai ns o% P't h eT%é;??ag@ﬁg)ﬂ flil!ﬁqu]g'ggglg ‘Jicg gﬁlrdfngé}é "%ﬂ% 'ip’e al?e&:g \‘%epﬁ’ "€t or mat i on
af t er. t hecoomrises i, 2abcinagebhe2e26. The net hod according to clai m 25,

wherein the polyam ne conprises a pol yam nocycl oal kane havi ng at | east one
sterically-hindered primary am no group. 27. The nethod according to claim

26, wherepn t hehdrday@PoRGuIORREDSRSordHicaH LIARE Y6 WIRESANR ma8 ratibg met hod
according to claim27, wherein the polyam ne conprises 1, 2-

~di am nocyBPlpHeRGfwdroxyarompiic srspeyad.2a€ aldghydg it @ 6dL4P-ar1260.6vkr ei n t he nol e

- ratio of (%ﬁagge, hydr oxyar omati ¢ conpound, and al dehyde is
- 0.6-1.4:0.6-1.4:0.6-1.4, respectively.

23.  The treated port fuel injector according to claim 16, wherein the hydrocarbyl-
substituted hydroxyaromatic compound comprises ortho-cresol, phenol, or a mixture of
ortho-cresol and phenol, having an aliphatic hydrocarbyl substituent derived from a

polyolefin having an average molecular weight in the range of from about 300 to about 2000.

24.  The treated port fuel injector according to claim 23, wherein the aliphatic
hydrocarbyl sustituent comprises polyisobutylene.

25. A method for forming a film on a port fuel injector surface for resisting deposit
formation comprising: .

introducing into the port fuel injector: (i) a Mannich condensation reaction product of
a polyamine having a sterically-hindered primary amino group, a hydrocarbyl-substituted
hydroxyaromatic compound, and an aldehyde; and (ii) a spark ignition fuel;

contacting the surface of the port fuel injector with the Mannich reaction product and
the spark ignition fuel; and

depositing a film on the surface,

wherein the film remains on the port fuel injector surface and resists deposit

formation after the contacting ceases.
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30. The nethod according to claim25, wherein the hydrocarbyl -substituted
hydr oxyar omati ¢ conpound conpri ses ortho-cresol, phenol, or a m xture of
ort ho-cresol and phenol, having an aliphatic hydrocarbyl substituent
derived froma polyolefin having an average nol ecul ar weight in the range
of from about 300 to about 2000. 31. The nethod according to claim 30,
wherein the aliphatic hydrocarbyl sustituent conprises polyisobutylene.
32. A nethod of mnimzing or reducing port fuel injector deposits in an
internal conbustion engine conprising: formng a filmon the surfaces of

t he port el nj S0 of; Lth the . method of claim 25;
providingEQ'fugpé?%hgﬁ%m%ﬁgﬁggvﬂ%ﬁﬂgﬁwﬁ%§ug%eﬂgymﬂ%FC@%ﬁwgfﬁ port fue
i nj ect or pdigmomiotydentitane hawdglatleasesne st@tcallyikindged piimary Mfinsgiodp.engi ne; and
operating said engine. 21

27.  The method according to claim 26, wherein the polyamine comprises

diaminocyclohexane.

28.  The method according to claim 27, wherein the polyamine comprises 1,2~

diaminocyclohexane.

29.  The method according to claim 25, wherein the mole ratio of polyamine,

hydroxyaromatic compound, and aldehyde is 0.6-1.4:0.6-1.4:0.6-1.4, respectively.

- 30.  The method according to claim 25, wherein the hydrocarbyl-substituted
hydroxyaromatic compound comprises ortho-cresol, phenol, or a mixture of ortho-cresol and
phenol, having an aliphatic hydrocarbyl substituent derived from a polyolefin having an

average molecular weight in the range of from about 300 to about 2000.

31.  The method according to claim 30, wherein the aliphatic hydrocarbyl sustituent

comprises polyisobutylene.

32, Amethod of minimizing or reducing port fuel injector deposits in an internal
combustion engine comprising:

forming a film on the surfaces of the port fuel injectors in accordance with the
method of claim 25;

providing a fuel to the engine, which may or may not contain port fuel injector
deposit control additives, for the operation of said engine; and

operating said engine.
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