1 RELATED APPLICATIONS U.S. Pat--tit Application Serial_ Numbers
101149303 (now U.S. Pat. No. and 101148,947 (now U.S. Pat. No. ) are
commonly owned with the present application and disclose numerous
additives for hydrocarbon fuels that can be us-ELI in 5 the instant

invention. These applications, however, do not suggest nor disclose the
present invention which is directed tothe selective passivation of metal
components. FIELD OF THE I'W N'TION the present invention

specifically relates to the gassivation on the outside of fief injectors and to
- methed_ WTEmkercal Ag@rcke posit formation on the injectors. The 10
invention also ref es to the use of fuel compositions and methods for
contolling, i'é.5.BdudiAgrdiceimibatin jfoeposits 51 B8 inpclos bidsect: 3
injection gasoline i DIG) and diesel engines. More particularly, the

inventioh 1l icehe Hiscdeenjchat coking brrchsposingr owtsdrwith fespresent
oh h outside (com br stian side) of the injector no z e ar opening and ‘
eventdEMFRHER aedi AR \RTs PEpsTescddihes frdiviiecense isis Msa sanbstisain in
methods 15 based gn coatings andior surface texturing need only be
agp|ieﬁ*ﬁa“ﬁ?&td%‘fg?asnoﬂfha%iFﬁ@k?&??ﬁﬁstha“\ﬁaﬁﬁi&wﬁ%%%&ﬂaﬁ Srplose the
or--a--7ve the passivation of the injectors, the. fuel compositions

combieE R 2R S BB BoiBE S HOIE FoP B
d&ertent. BACKGROTJND OF THE DW ENTION 20 Considerable work

has besmdsveietdte addiivesdar controlling (,preventing or reducing)

deposit formation in the fuel induction systems of spark-ignition internal

combustion ad comprassion.igpiion (diesel) eRgINes. JDPALEWRAG . guside of fuel

additives to control
injectors and to methods fo control coking ot depesit formation on the imectors. The

10 invention also relates to the vse of foel compesions and methods for conoling, Le.

reducing or eliminating, deposits on fhe injectors of direct injection gesobne (THG) and
diesel engines. More particularly, foe invemtion relates to the discovery fhat coking or
depostt growth inftiates on the owtside (combusion sids) of the injector nozrie or opening

and eventually moves into fhe nozrle. As a result of the discovery, passivation methods

f—
Ly

- based on costings and/or surface texturing need onty be applied 1o the owside of the
injector, in the vicinity of the nozzle. To preserve the passivation of the injectors, the
Tuel compositions combusted in the engines proforably comprise en addifive, for example

& detergent.
BACKGROUND OF THE INVENTION
20 Considerabie work has besn dsvoted to additives for confrolling (preventing or

reaueing) depostt formation in the Foel induction systems of spark-ignition internal

combustion and compression ignition {diessl) engines. In particnisr, additives fo conmrol



2 fuel injector deposits, intake valve deposits and combustion chamber
deposits is the focal point of a considerable amount of prior art, Despite
these efforts, further improvements are needed and highly desired. 5
Many people have experienced difficulty in starting their fuel injected cars
and trucks. This is especially true wilenthe engine is hot, One possible
cause is that lacquers build up in theznine orifices and the filter of the fuel
injectai, which restricts the flow of fuél; this is termed injector fouling.
Another cause of injector fouling is when particuiate contamination lodges
~in the injector nozzle (pintle). and prevents effective shun-off of the 10
engine. This is known as pintle leakage. Many additives have been
develgped to add to the fuel to reduce these problems; hawever, .. . . -
o TSGR B P GEatt S R o BLC e ol
injector performance,is.at g [01eliont oG I COmRUSIORSYSIGHS At
it refies %eavﬁi/ on fusl spray coﬁrsllstency fo realize its advantages in fuel
ecoglc%rgé/agg&d&&@g Y. 3R to minimize exhaust emissions. A consistent
stray pattern enables more precise electronic control of the combustion
event and the exhaust after treatme stem, There are numelous
Peference ERAHEGEESN ﬁ@%%éé%g%ﬁm% r%sﬁo%%%?o?ﬁ%gaﬂd
injector fouling, for example, fuels containing Manni Qgg K .
isoloRa RS PRTNGE  B 5 B 1A 00, E SoL ke Fad e
> 723,04 og00d 20 380,408 dloweer done of beseRiRiRBces etk of
the use o?prue compositions containing deterrents for use in DIG or diesel
engings Wity surace:passivaleshiniaciens.: Jhese relomrees:alsaxal tanicalat
suggest or disclose the striate texturing or passivation of the injector on
the oulsigerefitheiiestar seat dadneovicinibat thednezaevdiiehinhibite of te
the
10 engine, This is known as pintle leakape. Many additives have been developsd to-2dd to

. s . o .
the fus} to reduce these problems; however, significant Improvements In IGjSCIOT GOS8

can alse be of bensit

Fuel injector performance is at the forefront of the DIG combustion systems es It
relies heavily on fusl spray consistency © realize its advantages in fuel economy and
15 power, and to minimize exhaust emissions. A consistent spray patiern enabies more

nrecise slectronic confrol of the combustion event and the exhevst afisr-reatment system.

There are numerous references isaching gascline compositions (fuel chemisiries)
for controlling injector fouling, for example, fuels containing Mannich detergents are
disclosed in U.S. Patent Nos. 4,231,739; 5,514,190; 5,634,951, 5,697,988; 5,725,612, and

20 5,876,468, However, none of these references teach the nse of fuel compositions
comtaining detergents for use in DIG or diesel engines with swrface passivated injestors.
These references also fafl to suggest or disclose the surface texturing ot passivation of fhe

imjector on the outside of the injector seat, in the vicinity of the nozzie which inhibits the



3 formation of gum and/or coke, without adoption of special procedures
and without installation of special equipment. Little attention has,
however, been given in the prior art to the role of the physical 5 treatment
of the engine components that come into contact with the fuel. For
example, U.S. Patent No. 3,157,990 discloses that certain phosphate
additives are combined with the fuelgvhich decompose in the combustion
chamber and form a coating, probably a phosphate coating, on the
internal engine surfaces, It is.suggeste IS ale |
in%ﬂﬂ@%‘éf%@r%aenpo%ﬁtcf)é{?ma %?1%9 ar %%?%\E %]é g@g&@%ﬁ%&%&%\%ﬁgﬁi '
the %%i%%rg%r Sgs%%f@ggug siginless steel gas generators is passivated with
sulfurous materials to overcome deposition of coke on the surfaces of the
gas generator. Passivation in this reference \%as defiari_?‘q3 s a surface

S

treatment®F AHER IS SATFOTE AERHEIR D e Tofe s i physical

eaﬁﬁgﬁly reduces coke

formation. In view of the foregaing, it can be seen that it would be,. 1
deSHEBRETE: &%W@ligogn&?gcemp‘g%ﬁ?ﬁgcﬁn an{ép%r fextured engine SR
comRonenta e 4. dusbegriainment anicles AN duel mieciars sahake v
deposi ot mation is Avoi ed, eliminated or reduced. The disadvantages

of theRH:AH, PLagessesAnd lehniquasinchde-dicraasecoansis mihbly »
promote uncertainty. It is a primary obj eeti ve of this invention to

OVefeamE {Rea:distEyIRagaT2h StIMMARY O F = NMENT DS
used. herein and in the claims the terms "passivate", "passivated",
"Nagsivation inaitsd pabsivating doeninterciamtreabid ahd srsh ot AR KES the
inactive or less reactive”. These terms also mean "to protect (asa
10soligkstatend®rice) sajalirmststes] gas generators is passivated with sulfurous matenals to

(W)

overcome deposition of cole on the surfaces of the gas generator. Passivation in this

referencé was defined as 2 surface treatment of &n ang;:na component which substantially

reduces coke formation.

In view of the foregoing, it can be seen that it would be desirable to provide
15  surface passivated and/or textured engine components (€.g., ozl contzinment articles and
fuel injectors) se that ‘dzposit formation s aﬁoi-éed, eliminated or rednced. The
disadvantages of the prior art processes and techniques include increased costs and
promote uncertainty. It is a primary obj ective of this invenilon 1o overcome these
disadveniages.
20 SUMMARY OF THE INVENTION

As used herein and in the claims the terms “passivate”, “passivated”,
“nesstvation” and “passtvating” are interchangeable and mean “to make inaciive or less
reactive”. These ferms also mean “to protect (as 2 solid-state device) against

contamination by coating or surface treatment”.



contamination by coating or surface treatment". 4 Passivation can take
many forms including chemical coatings, mechanical surface texturing,
chemical surface texturing, laser sputtering, micromachining, ion-beam
sputter etching and combinations thereof. One very new passivation
technique is a coating on the 5 surfaces with nanoparticles or nano
alloys. This is another way of achievigg texturing. The nanoparticles and
nanoalloys may be made according to well known methods and

deposited as a film to the surface, again acc rdin%to V)L/.eu knoc N oal surface
metho@essTrE GRAR kg SRt AOTNS WHIHSE &%ﬁ? K& May achieve

texturing andior surface activit tg%t romotes carbon %@?eéi TRl !8%{:&
(PR A GRERSAI P EA R B Sy fépﬁ%%ﬁeﬁ?&dmfscr'o?s efor ’t%ey 10 =

“convert to intractahle d its M i .
el ﬁg&@iﬁa@%%@ﬁg .A%é%%&ﬁ@&@é&ﬁﬁi@&&@mwth

10

,Sa kaline earth metals (Wig, Ca, Sr, Ra,
efc). fransition (T, oM i Fie 166 N hetheidloMeniRingRikcREe.
MSW?%&% é?gl%lgtI 'e,&(g;i Au, et#c:) actinides andﬁthanides (La, Y, Ac,
Cy P58k T £160B56 BtUESARaseadhiisoisl)enevallyithoiviarss

nano-texturing and is part of passivation as used herein and in the is

claimsidisyaeahherein sibpdsonathancBrdttizan i yarovaristn facThe rgvantage

defined as one or more hydrocarbon liquids, hydrocarbon gases or
Migilres: thetedfisAst sedrhmrethicvh jairacathor i pidhsg rdaifp fhat promotes
products” or "thermal degradation products” includes_products whic,hbtormthm
fronitecidicarDons: FomDXamSIcanscrEaRT SoTRTE S PRSI R ZE OHT™ B
thermal transformation of parainn to cycloparaffin, aromatics and_. .. .
potyeyelico imbrstesimmarts Vet 5B %%P@ﬁ“ﬁ%sp%aé{ d‘é?s‘%nw“hﬁ%ﬁ*‘ré?‘éﬁga‘“
from actual decomposition of the fuel, e.g., carbon. This is someti
o ey by o O’"' bl o TERS ) ,_.,CE,M]L
reftsdd ?@aﬂbéﬁﬁ?ﬁaﬁﬁﬁ?.mﬁi iz, 255, B i), mansifon B
e, Co, Ni, Ci, Zn, Zr, Mo, Ry, Ri, Pd, Hi, Ta, W, Re, Os, Ir, Pt, Ag, A, efc) actimdes
and lanfhamides (La, ¥, Ac, Ce, Pr, Nd, Gd, T, etz), and mixtures thereof. This is
ganaraﬂy known as nano-textrring and is part of passivation as used herein and in the
clpims.
As used herein, “hydrocarbon fimid” and “hydrocarbon fuel”™ are defined as one of
more hydrocarbon Biquids, hydrocarbon gases or mixires thereof. As used herein,

. . . et
“hydrocarbon fluid degradation products” or “thermal degradation products” includes

products which form from the hydrocarbons, for example, certain polymers resulting

50  from thermal transformation of paraffin to cycloparaffin, aromatics and polycyelic

molecules in the hydrocarbor, a5 well as produets which result from actual
decomposition of the fuel, e.g., carbon. This is so siimes referred o as fuel instability.
The hydrocarbon fluids include gasoline, diesel fuel, lubricating oils; hydraulic oils and

combustibie fuels form gum and coke deposits on the surface of the meta! parts which



The hydrocarbon fluids include gasoline, diesel fuel, lubricating oils;
hydraulic oils and combustible fuels form gum. and coke deposits on the
surface of the metal parts which 5 they contact (deposits). The terms
hydrocarbon fluid, hydrocarbon fuel and distillate fuel may be used
interchangeably herein. The invention has applicability to any hydrocarbon
fluid or fuel in which gum, coke and/gy sulfur compounds form when the
fluid is exposed 5 to heat. Although the invention is not directed to or

linkite ddaynanidgpasiicu | Thdcke dahomrBoidiedd) yedocarbenfiebint fEgilate foel

fuels may also include natural gas and hydrocarbons and distillation
progiubtsithe issfokinictrbischereiver Aty istiat ivo APEppRIm o @y Hydrocarbon
fluids may be mixtures of hydrocarbons, mixtures of such distillation

prdaidemiteliiaresh srmy ek BORSHE eNSRRIGR iFadtRIS e desposed

No. | or No. 2 diesel uels, jet engine 10 fuels, such as Jet _A fuel. Other

5 arwaﬁgtféﬂ@aﬁg&.ﬁmEWE%%%@%&@WBfeféa%f‘w O AT P R TERpocarbon
f t, d fuel s t ts f
R e e ARG S B AR S B
tefm&g&ﬁig&ee“@ Lo dlectors: and. iniect 3%@%@"&6% angeable ard.
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means or metering ue into an |nt 15 combustion engine.

The fyelinjectoris.comprisesatieasta.nezzleand avaiveod DR RRWSHiBres

inject the fuel comes from a pump or a pressure container further back's

the,riwel-system Lnea:aanach otdhe-presemtsisHlosUseNesidRe:H M, jet engine
discovery that the physical treatment of the engine components that

10 cComelintackontRat Ak tHefieltaadtayeaniaiog 20dnfiueroe Oy deposiin
mechanisms and deposit rates. Another aspect of the disclosure relates to

thefisisaxe hetiafit frjecitordepusits griove fohintiede ftsidtosttanimgastofuits for

transporting liquid fuel and the ke,

" As used berein and in the claims the terms “fuel injection”, “injectors™ and
injection” are interchangeable and relate 10 @ meens of metering fuel o an internal
15 combustion engine. The fuel injector 1s comprises at least a nozzle and a valve. The
power to imject the fuel comes from a pump or 2 pressure container Turther back in the

fuel sysiem.

One aspect of the present disclosure resides in the discovery that the physical
treatment of the engine components that come info contact with the fuel can have  major
20 influence on deposit mechanisms and deposit rates. Another aspect of the disclosure
relates to the discovery that injector depesits grow from the outside of the injector,

against the direction of the fuel flow, and into fhe nozzle of the injecior.

These and other disadvantages are overcome in accordance with the pressnt

disciosure by providing passivation o a surface of an engine component that comes into



against the direction of the fuel flow, and into the nozzle of the injector.

These and other disadvantages are overcome in accordance with the

present disclosure by providing passivation to a surface of an engine
component that comes into 6 contact with the hydrocarbon fluid, wherein

in one embodiment a portion of said component is passivated, which

provides a savings in cost and produgtion time. More specifically, the

present disclosure also presents the discovery that deposits begin on the

5 outside (combustion side) of the injector nozzle and progresses into the
nozzle. Thus, one aspect presented herein resides in the use of
passimliaryiechniguesifahaia QMy-appliechepribedmtsidepofitredhyector,

in the vicinity of the nozzle. Thus, there is disclosed a method for

contzellipghee pogitdenmatigicdborodtilspartsingt arcintendgirodwibustion. Moz
engine, said method comprising the steps of: a) passivating one 10 or, *
morepmifiatisarte suisiet tierldepo shstoprasithibn Satavrtefitareepibusiamoer e
engine; and b) introducing into said internal combustion engine a fue]
SompBsitefrearusimiss ol ISl THETE R S ERive g noe.  Ths,
passivatinn is a process selected from the group consisting .of coatings,

Cio BRSPS TP e et B BV BTy o oy
preferred embodiment, comprises a fuel soluble detergentidispersartt
FormATRES Fo-Eo BB Aoy BBty A TGS,

Succmimides, or combinations thereof' ) Another additive embodiment
comprises dfuelitotubldiejeiehtaueina ion R HRaEBe {EoRpa ! parts
proportions effective to reduce the amount of depaosijts in said interpal . |
combRisHOW ETa! TR SR B oS HIE FHED s OB ORIS RSB iy lgesst vanes one
%clopentadien | manganese t[icarbpn%%omgoqu.. Apotbgé_ Beﬁr}r&g,ocgnirpéntp. o
OF the PrRdE RS SBSUTE ST LoRPrEeCTARASY T reducing soot 1oading

in the i:?)r%r‘grlé%%gi%g! l"fx?tg %%téngtgrgaqfc%ﬁ/‘ggsl%% enging & fusl composition comprising at least

ons fusl soluble addifive. The passivation is a procest selectsd from the group consisting
of coafings, surface texturing and combinations thereof; and said additve(s), im 2
preferred embodiment, comprises & fusl soluble detergent /dispersant formuleied fTom
15 (Manmcns PIB Amines, Polyetheraminas, Succinimides, or combinations thereof).
Another additive embodimert comprises a Fuel soluble cyslomatic manganese tricarbony!
compound in proportions effective to reduce the amount of déposits in said nternal
combustion engine compared 1o 2 fuel that 1s devoid of & fuel-soluble cyclopentadienyl
mangansse tricarbony] compommd. Another embodiment of the present disclosure
20 comprises 2 method for reducing soot loading in the crankease lubricating oil of & vehicle
having & foel injected engine having injector surfaces which method comprises
introducing omio the outside of the injector surfaces passivation selected Fom costings,

sarfacs texturing and combinations thereot.



having a fuel injected engine having infector surfaces which method
comprises introducing onto the outside of the injector surfaces
passivation selected from coa ngs, surface texturing and combinations
tixereof. 7 More specifically, the present disclosure is directed to a
method for controlling injector coking in DIG and diesel injectors by
applying on the outside of the injectof a surface treatment selected from
the group consisting of: passivating chemical coatings, 5 mechanical
surface texturing, chemical surface texturing, laser sputtering,
micromadbiniggcificeBeaie sputte dtdbing andieotrbinationsothioreoftPhmg
surface treatment does not enter the injector nozzle and is preferably
withieror ebiesOrmat ot dicsidateroe 2z epmikag e the ﬁréme'a@% IBlesHer &
of hydrocarbons of tae gasoline boiling range and a 10 fuel-soluble

OXSEERBLEREE RSN AT T SHB £ B A E S AR ST SERTRES-
for reducing soot loading in the crankcase lubricating oil of a vehicle
5 halhiy Wﬁf@ﬁé@“&ﬁ%ﬁnéﬂ?ﬁéﬁ%&ﬁ‘%ﬁ%u arcsé’éﬁ\%ﬁ%ﬁ method

comprises !'ntroglucin_ onto the ou sicjje of the inj [ Seal surface -
passﬁ%%%?\ Sereel8d om Sc%%%ﬁatg%ﬁrﬁég ?éﬂﬁ’é%%%sa%ﬁd combinatig?l%
thereqf, 15 Rassivation al-sHfaseieaAtmentdS SAeRedHam dhed 0uhn of the
consisting oﬁ passivating chemical coatings, mechanical surface

texﬂ,}gagi, Shemical surface texturing, laser sputtering, nano-technology,

micromachining, ion-beam sputter etching and combinations thereof. The

surface tr’F%E g]u%msg%or%%f%g{yeargﬁar ého% ﬁgjﬁze[rgatg r?ﬁ?ﬁ?{'}%ﬁ@ %i%li%egc?ﬁ%@tyﬁ%ga and a

within 0.1 m e-injector no cussed previous
1020 B%%-%%%E%ﬁ ge%a&%dc&%ﬂaﬁn%v tside.of said Mieciarnnich 4088 NObethod for
include the Injector

reducing soot loading in the crankease ubricating ol of a vehicle having a fuel injected
engine having injector seat surfaces which method comprises introducing onto the
outside of the injector seat surface passivation selected from coatings, surface fexturing

and combinations thereof.

13 Passivation or surface treatment is selected from the group consising of:
passivating chemical coatings, mechanical surface texturing, chemical surface texturing,
laser sputtering, nano-technology, micromachining, jon-beam sputter efching and
combinations thereof, The surface treatment does not enter the Injector nozzie and is
preferably within 0.1 to 2.0 mm of the injector nozzie. As discussed previously, the

20  pessivation is applied to the outside of said injector which does not 'mcluée the injector

pozzle. In a more preferred embodiment the passivation is applied to within 1.0 10 2.0

mm of said injector nozzle.

There is also disclosed a method Tor reducing deposit formation on the fus!

injectors of an injected internal combustion engine, said method comprises the steps of:



nozzle. In a more preferred embodiment the passivation is applied to
within 1.0 to 2.0 mm of said injector nozzle. There is also disclosed a

- method for reducing deposit formation on the fuel injectors of an injected
internal combustion engine, said method comprises the steps of: 8 a)
passivating metal parts subject to deposit formation in said internal
combustion engine, wherein said passivating comprises a process
selected from the group consisting of coatings, surface texturing,
nano-technology and combinations thereof; and b) 5 introducing into said
interql% Rjeel Wﬁmﬁmﬁﬂsﬁi@iﬂ@t@ﬁomb@ﬁom engine,
fuel soluble addltlve erein said additive is or comprises at least one
additiyg.e@lasiegltarntng @iapiseonsiotiag sficwtdriyemtiicdikoyp esppiging of
antioxidants, carrier fluids, metal deactivators, dyes, markers, corrosion
mhubmwmﬂmzauﬂmmmmw@@%a%m&%mf and b)
demulsifiers, dehazers, anti-icing additives, antiknock additives, anti 10

vélve isgatrenessionadiHityes) CRIBPRIBP M ERE:. %ﬁ%ﬁ%ﬁ%@% at least

and mixtures thereof. Further there is_disglosed a fueI | ern
combuBsGRFESETRE AERTH ‘é’é?ﬁe"éﬁ%]%d"é?‘é%}%h% R laaisve
comprises a blend of hydrocarbans of the asoll Aler fiuids,
least GREXHITRRE B5 SRR WBHT Hhe X tfr%up ons’lstlsr?g Af'é%gtergents 5

dispers an ox1dan rrigr flu A KBiSives. dra
anis. anlloddanis. ariec luids meiab draeiy et ., drag

corrosio &s, antistatic additives, drag reducing agents,

demulsifiers, a#_é%%se SRiuEIcINg ity es,: aptinaekiaedih@aock additives, anti-

anti-valve- se%t cedsion additives, Iubr|C|ty additives, combustion

improvers andmixtues thrrees; andiblydimeinsaishengine ioomyises mixtures

injectors, said injectors being treated by passivation to within 0.1 mm of
the  thereof.

Further there is disclosed a fusel injected internal combustion engine wherein said
engine: a) combusts a fuel which comprises & blend of hydrocarbors of the gasoline
boiling range and at least one additive selected from the group consisting of detergents,

dispersants, antioxidants, camier fluids, meta} deactivators, dyes, markers, corrosion

pa
h

inhibitors, biocides, anfistatic additives, drag reducing agents, demulsifiers, dehazers,
anti-icing additives, antiknock additives, anti-valve-seat recession additives, fubricity
additives, combustion improvers and mixtures thereof; and b) wherein said engine
comprises injectors, said injectors being treated by passivation to within 0.1 mm of the

20  nozze.

The surface texturizing or passivation is conducted on the engine metal
components, also referred to as a substrats that is subject to deposit formation. The
present disclosure in one embodiment overcomes the limitations of the prior art &s

discussed above by providing a relatively inexpensive method which eliminates or



20 nozzle. The surface terrorizing or passivation is conducted on the

engine metal components, also referred to as a substrate that is subject

to deposit formation. The present disclosure in one embodiment

overcomes the limitations of the prior art as discussed above by providing

a relatively inexpensive method which eliminates or 9 reduces the

deposits from hydrocarbon fuels. There is also disclosed an injected

internal combustion engine that contains the claimed passivated
components. In accordance with one exxmnple of the present disclosure, t
ere is provided a method 5 for reducing the deposit of degradation
ProdiRRE ErEs ERaTIR ATTRSEAMN B Eep HEHE BT RetAyHTGRErBHERSE Brrmal
a metal subsate, wherein the method comprises passivat uig ‘the
substRIESTS Wifars EPAAF2IRONE GrEfaraBRFwtnh 28HTHTof the port,
nozzle or nozzle of the substrate. The term "noz...le" and inje for nO?le"

as usethheraitrendith e cheimmgawe dmsori@th didiblenty hort througiendmotinod
the hydrocarbon fuel flovls. ! he nozzle is t h-- opening in the metal
sibstratedupiehihs Attt of deardpésh Tornan GAPR IR RES UIReRlEy deposits from
decrease in etnciency. Nodes are also found ir, heat e :tchanaers, fuel =
contafthiB A HERAR S8 4R M G R EA N Sy te e A S P @ et SR RASvaine
tipped,through the nqzzle O= a heat exchanger and combusted. similar. -
o S S A S S e
when L%gif»d'—“@%@{s%%%m disclosure protect the node from fouling or the
build tip © “’c?épo“&s In theé nc e wh ch reduce its efncienc’. CSC T PELED
DGSCLC5URE OF 7 HE | VEN t BON 7a-- present inventors have
studied. the & &RENIBRFe" nEEIORRSTIvigraidch ab/ased bersin and in the clatms means

10 the hols or port throngh whoich the by drocarbon fee! flows, The nozzls i the opening In
the metal mbmm which 15 most suscepiible 1o devosit formaiion, Wiich resubis in e
decreass In efficlency. Nozzles ars also Tound in hest exchangers, fusl somiaimmen
gsvices and lubrication systems. Thirs, Tor sxample, Tl it pumped throvgh the nézzl‘s of

3

& heat exchanesr and combnsted. In simiisr shon, fhe injecior norzle or hole w e DIG

your
[ ]]

engine will canse difficnines when Towled, The pressnot disclosurs protsct the noTzis

from fouling or fhe taild op of deposis In the nozzle which rednce s sfhclency.

DETAILED DISCLOBURE Or THZ INVERNTIOR
The present imventors have shdied the mechamsm of imjector fouling md have
found that the mial deposit formation 15 cimical in anchoring e deposit on the mjsctor.
20 The inifizhon ocours on the owiside of the injecior nozziz, and within miliimeters of the
nozzie. & then grows around foe 11p and into the nozze. This discovery maliss passtvation
methods muck more practical becanse they need only be app_liad in & imited aree around

the norrle.



found that the inital deposit formation is C.-xI'cal in anchGnng the deposit
Gnu the Lector. 20 i he initiation occurs on the outsiCf e o t e Inge or 110Z
e, and wit ire millimeters of tihe nozzle. it then grows around the lip and
into the nozzlé. 1 his discovery makes Dassivapon methods much more
practical because they need only be applied in a limited area around the
nozzle. 10 Numerous methods fot%urface texturing or passivation to
introduce microscopic unevenness are known, and on the nano level may
include laser splattering, micromachining and controlled chemical etching.
Other metbedsef ashieving hersamiinchidedomnhenianspoiiet microscopic
deposition of thin-film coatings and ion-beam sputter etching In a fur'fher
embediment of thevnyenfion lasenmiavelcede xidring kS Bus=tised on the
metal component LST greatly increases the surface area across the metal
compomentmith fodrssoliohentodHerEehesizbratoBeS e mg hnepe
no masks are reatired and the style of the pattern can be directly .
Simported: fesmE-SDEs Apgioass ST HESR AP IO O REATe SN e
LST is available from i FC inc. of ivflamisburg, Ohio 17342, LS | progides
a u T EE TR RN PSP SN i PSSR Oh f6 Tt CETARTRES dnd) & Bsed on the
polymers. The process uses a laser to selev ell- remove m@terial ‘from the

ror) S‘ Y, Yoty e Th e Tone e o e ypeara] =it
=tacBeOf PRATS Tredte, & ACSired GEOMENY. FUIESr, HUMeros — o

publicgtions such.as thedguinal. NANQ FLEIYQIQECL, 1B USCHSS. roquire and

: i $ Dﬁﬁl‘;. rm'frnz;,
methods 1S prepare and use. nano pa delta. The application o nano

tec“%'ﬁg% b@ frEQ i'gait@s\fg I‘,lgg 1L %Mgsz% ﬁ@ﬁg@@;ﬁ;%ﬂiﬁ% B¥isied degien)
g

applying'the nanopa-acles to the surface of the substrate by vapor phase

1depagition,.andigr.3).place the BARANAKACIAS B ine. of Miamisburg, Olio 43342,

LBT providss = umcre method for applying pessivation to metals, cerarnics aud

polvmers. The process uses a laser to selectively remove material from the surface of 2

partto creste e desived peometry.

Furiner, numerous publcations such as the journal NANOTECENOLOGT,

e
LN

disouss methods o prepers and wse nane paricies. The application of neno technology In

. « -

fiiis swvention can be used by 1) directly surface texiure by applying the namopariiclss o
the surface of the subsirate by vapor vhass deposttion, and/or 2) place the nanoparticles
in & special polymer matrix, apply the maisix to the surface of the substrate and then burn
off the polvmer, end/or 3) nse & polymer mamy fhat iv steble ender conditons of
mtznded application, andior 4) Pty passivating or suzface aciivating nenoparicle

e ' N

chemistty to the treatments dsscribsd m 1-3 sbove,
n the use of coating the substates with metal nanoparticiss or nano alloys as a
wey of achisving testunng the nanoparticiss and nano alioys are made aecording 10 well

Inown methods and deposited 25 2 film to fhe subsirate, agein according 1 well known



in a special polymer mazix,, apply Th-_ ma_x io tilt surface of t subsmte
and hen bum off the polymer, and/or 3) use a polymer u'-1. atria that is
stank- me: conditions of 20 intended application., and/or 4) apply
passivating or surace activating nanopardcle anemis',7 to the treatments
described in 1-3 wove. in the use of coating the substrates with metal
nanopa-ticies or nano allots as &1way of achieving tend a ng the
nanoparticies and nano alloys are made according to weL, 1 own
methods and deposited as a h m to the substrate, again according to well
knaw. H Msthads. The advaniaassdib tis.methodis ihakenasmay
achieve texturing and/or surface activity that promotes carbon oxidation
allowertemparatiras And hence:deskays isepasiprectrsars haferethey
convert to intractable deposits. Metals in such 5 ranopartictes may include
alkalimetalethls Nerok ialkalipa-easthetasiMdepGis SizBa etoyhtransition
metals (Ti, Cr, Mn, Fe, Co, NIL C14 Zn, Zr, Mo, Ru, Rh, Pd, EIf, Ta, W,
Ren@atictsRteAthohlficelt)iantinitids And antiaridesitize yaomers s,
Nd, Cad, To, etc), and mixtures thereof. For more information of .
passivaliarspertete Tbwwg intodbomits Gifat®e &% fr=Hrit: BRdft i
llwwc~.arc.naaaaov~G ~~laob anch Inispi m idbaa,~h h . PszsicaL B
pafaiteiWidef AhdTshidceASXTEHING i O PR HOFB T e, pédisfo -0 1\
valley height and peas to pea_distance rep esenting "he topology of t ht
teRfre 8- StFE) T HTERIFTZE the contact angle of the fuel m the vicinity of
the no-.le. io In ane emhodiment herein tae metal part (Le, the Infector

body) caP bR CoXteT SRETHEN e fozzle can be drilled. This drilling

may be accomplished using .. .. .
16 %%sﬁww;mrﬂ%cnm sunaza‘g';m oing. himl and

Wito /A oo nese oo W W W/spbranch/ThinFiims/dbeaim itm . Physical parameters of

fhe surface texturing ave ophimizad (for exampie, pzel to valley height and peak o peais
Gistance representing the topology of the textursd surface) 1o mextmize the contact mngle
of the fusl in the vicinity of e nozzle.

15 Yo one embodiment hersin, the metal part (Le. the injector body) can be pastig
costed and then the nozzle can be arilk s'd.. This doliing may be accompiighed usmy
conventional machining techmgues of laser Griiling.

Passivaied sorfaces of this mvention may suffer fom deposits that Gl in the

vallevs and fherefors mintmize the effect of the pessivation. Additive peckages are

20 typically necessary to iniibit this deposit formation. Representative additives include the

Wianmich-, PIR-Amsine-, Polvetheramine- and succinimide-type, znd mixmres thereof. In
the effort 1o keep the passivated surface clean, additional conventional adaimves can o2
msed, with the low molecular weight additives that go imo the vapor phege readily, being

. . ! 1 Yew o rxeo. Py
the most preferred. The tiazine, DMAPA and other grpall amines are alzo useil



conventional machining techniques or laser drilling. Passivated surfa:.es o
ti s invention may suffer from deposits that Eli in the valleys and therefore
minimize the effect of to passivaidon. Additive paces are 20 typically
necessary To inhibit this deposit fo rattan. Representative additives
include the Mannich-, Pi Amine-, Poiyetheramine- and sn cinimide-type,
and mi::ares thereof. In the effort to keep the passivated. surface clean,
additional conventional additives candé used, with the low molecular
weig'nt addives that go into the vapor phase readily, being the most
preferred, /a-s hiagc alnines, Gk
12 U.S. gir%#\%%@d%%%@? %98?/%%%%%&% disculggigog%%?igenerice
adgjfive packages, FR&seAdsitye-packagR%ALE el TawRdN B HEs are

The fuel additives are employed in amounts sufficient to reduce or inhibit
denpsi andfer saeidermmting: Sooemparaddbitly depcdr bodldtieist fithatitn

such additive packages. Generally the fuel will contain an additive
spackagsasidab Gyt bt fuetb outhb@ garhofidiiditivechagsica e yaforiugwill
fuel, and preferably from about 0.01 to about 0.5 gram per gallon. Industry
expevtsaireanadditvripiokets efdbbuué 000 pares b@mﬁﬁéﬁiﬁﬁm’%}fﬂ@ per gallon
dispersant-detergent in the fuel, however, as much as 85% of the

gasefifiectandignstmagis Sterohay: EdhtimoBHy 6 SE PPt B Br {RgustTy experts
recommended dosage, or only about 100 ppm of the additive package. . ..
ConGRHIEITY, et cHEHh pULLTRE o LTS g Tt B e B
injector, deposits. In one e diment herein,.the fuel It R
mo i TROTER S5 R o o I et DS BN N8R oy one

pyhich, i&%ggge% ¢ d%gﬁ%t&%i AP NANGANSSS HricaBONVF the adaitive package.

methy?cyc enta yl manganese tricarbonyl, 15

dimegylevelopeniadie oyl M enganeseHtRIeO MY formation of injector deposits.

tr|methyicy‘clopehtadienyl manganese

In one embodiment hersin, the fuel additives that can be used inclnde
cyclopentadienyl manganese tricarbony] compounds which include cyclopentadienyl
manganese iricarbonyl, methyloyclopentadieny! manganese tricarbonyl,
dimethyloyclopentadienyl manganese tricarbonyl, trimethylcyclopentadienyl manganese
tricarbonyl, tetramethyleyclopentadienyl manganese tricarbonyl,
pentamethyloyclopentadieny! manganese tricarbonyl, ethylcyclopentadieny] manganese
tricarbonyl, disthyleyclopentadieny! manganese tricarbonyl, propyleyelopentadieny!

manganese tricarbonyl, isopropyleyclopentadienyl manganese tricarbonyl, tert-

20  butyleyclopentadienyl manganese tricarbonyl, octyleyclopentadienyl manganese
tricarbonyl, dodecylcyclopentadieny! manganese tricarbonyl,
ethylmethylicyclopentadieny! manganess tricarbonyl, indenyl manganese tricarbonyl, and
the like, including mixtures of two or more such compounds. Preferred are the

cyclopentadieny] manganese tricarbonyls ‘which are liquid at room temperature such es



t icarbonyl, tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl,
ethylcyclopentadienyl manganese tricarbonyl, diethylcyclopentadienyl
manganese tricarbonyl, propylcyclopentadienyl manganese tricarbonyl,
isopropylcyclopentadienyl manganese tricarbonyl, tert 20
butylcyclopentadienyl manganese trig rbonyl, octylcyclopentadienyl
manganese iricarbonyl, dodecylcycl gentadienyl manganese tricarbonyl,
ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese
tricarbonyl, and the like, including mixtures of two or more such
conmmoltsCiPTaraiieny HrantRn B el STeRTE b Y] PRI R R EE Y aPS B fs
which are liquid at room temperature suchas 13 . ‘
metFERIBpekid R N
manganese fricarbonyl, liquid mixtures.of e cIoEeptadien | DES S e
tricaBORy PP W%ﬁ%ﬁ%ﬁ%ﬁﬁ?ﬁb%x n’ganeseést?fc%%é]én‘ygl, nﬁxturegny

f methylcyclopentadienyl5 se Hicarbonyl.and. wicarbonyl

fmﬁ 2 de ) ose fricarbonyl, etc.

gthy cyc?oagesﬁtgﬁlaétﬁtﬁgnanga ersgg%ﬁgargonﬁsf etc. Preparation of such

Coml%%gm&% deserined in g iteraturs: S aedenexampleyd o3 eBaleh! U.S. Paent
No. 2,818,417. One of the best additives are the polyetheramines. The
fuel cgmpesitions and adpitivanackagastsetbdiviterprasent disclosure

may, and typically do, contain amine detergents. Suitable amine

detergents 1chlud? 10m£1¥g{i?}carb | Fsi%/%%i@% %’%ﬁg&riﬂ%ﬂ%@%‘%&m disclosure may,

. Isi 2 Ot
IJ6annich coRdensation proaucts, hydrocarbyl amines and

polyetheramines. T he hydrocarbylsubstituted: succinicanhydiideincinde

derivatives are known to those of skill in the :Tr- See for example U.S.

Ratent NOS 3361043 ash0d8d08R1:3:4ik s 8R2indi 234 AR 562 Drd B AT drocarbyl

5,393,309 _ The hydrocarbyl saostituents on the succinic anhydrides are

generaidesheshiveteramines. The hydrocarbyl-substituted suceimic anhydride Gerivatives
are known to those of siill in the att. See for sxamples U.S. Patent Nos. 3.361,673;

3.676,089; 3,172,802; 4,234 435; 5,620,486 and 5,353,305,

The hydrocarbyl substituents on the succinic anhydrides are generally derived
15 from polyolefins that are polymers or copolymers of mono-oiefing, particuiarty L-mono-
olefins, such as efhylene, propylens, butviene, and the like. Preferably, the mono-olefin
employed will have 2 to about 24 carbon atoms, and mors preferably, about 3 to 12
carbon atoms. More preferred mono-olefins include propylene, butylene, particulatly
isobutylens, 1-octene and 1-decene. Polyolefins prepared from such mono-olefins include
20  polypropylene, polybutene, polyisobutene, and the polyalphaolefins produced from 1-
octene and 1-decens. The preparation of such polyisobutenss in which the
mefaylvinylidene isomer comprises a high percentage of the total cOmposiion 15

described in U.S. Patent Nos. 4,132,499 and 4,605,808,
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15 from polyolefins that are polymers or copolymers of mono-oiefins,
particularly 1-mono- olefins, such as ethylene, propylene, butylene, and
the like. Preferably, the mono-olefm employed will have 2 to about 24
carbon atoms, and more preferably, about 3 to 12 carbon atoms. More
preferred mono-olefins include propylene, butylene, particularly
isobutylene, I-octene and I-decene. Polyolefns prepared from such

mono-olefms include 20 polyprobdylene, polybutene, polyisobutene, and
the poiyalphaolefins produced from I- octene and I-decene. The

preparginnspf such pelvisohutienesinwhieh tae metnyvinvlidens isamer

comprises a high percentage of the total composition is” described in U.S.

sEakanthiosifhid 52492 A0d; GPRR08aikd chize Wi G SHALHRKD HeSast

are obtained by reacting a hydrocarbyl-substituted succinic anhydride,
Aeigrineit-esies folaveealdnestes sviifinsissamitedanrtiniF atdeastqne
primary amine group. Representative examples are disclosed in U.S.
RERAINGS03.8787 2,89263 201278786 332193, 0688,; 53725 2764 6,234,628,
3,716,936, 4,234,435; and 5,575,823. Especially preferred hydrocarbyl
S0éviimiberstirtiysersferrre présunbinverrivimides fhesrdadtdstedaction

ofa _onet%enepolyamine, e.g. triethylene tetramine or tetraethylene
BEFRERiRR, M%ﬁ%ﬁ%@%ﬁ%ﬁf@ﬁﬂ%ﬁv&a&%&m%rﬁ&#ﬁme

made, by reaction of a polyolefin, preferably polyisobutene, hayinga ..
FRETEERAF £ 0T o BT, 500 - BRI B0 0 ST i o
unsaturated. polycarboxylic acid or.anhydride, e .g..maleic anhydride,
R S e R e gl

%{%ﬂ%ﬁ)@&% E{lr}géf, ﬁ%%%%%é}%@t@ THHE GOV, AN AL GRS ANEAGHALY acia
or anbydride, e.g. maleic anhydride.

| In: another preferred embodiment herein, the amine is an aliphafic diamine having
one primary 0 secondary amino group and at least one terfiary amino group in the
molecuie.

The Manmich base detergents useful in the present invention are the reaction
products of an alkyi-substituted hydroxyaromatic compound, ﬂdeh};des and arnes. The
alicyl-substituted hydroxyaromatic compound, sldehvdes and amines used In making the
Mannich reaction products are known. The preparation of such compounds are disclosed
in U.S. Patent Nos. 4,152,499 and 4,605,808,

Suitable Mannich base detergents for use in the present irwcntién are also taught
in U.S. Patent Nos. 4,231,759; 5,514,190, 5,634,951, 5,657 988, 5;7..?.5,612; and
5.876,468. Details for preparing aliphatic polyamine detergent/dispersants, can be found
in U.S. Patent Nos. 3,438,757; 3,454,553, 3,485,601, 3,565,804; 3,573,010; 3,574,576;

3,671,511 3,746,520, 3,756,793; 3,844,958, 3,852,258, 3,864,098; 3,876,704; 3,884,647,



15 The Mannich base detergents useful in the present invention are the
reaction products of an alkyl-substituted hydroxyaromatic compound,
aldehydes and amines. The alkyl-substituted hydroxyaromatic compound,
aldehydes and amines used in making the Mannich reaction products are
known. The preparation of such compounds are disclosed inU.S. Patent
Nos. 4,152,499 and 4,605,808. 20 Syjtable Mannich has-- detergents for
use in the present invention are also taught in U.S. Patent Nos.

4,231,759; 5,514,190; 5,634,951, 5,697,988; 5,725,612; and 5,876,468.
Detailgfossarepssingalipbats 130h/amings d2Brgsot/dispsrsen s ] 6anioes, 168,242,
found in U.S. Patent Nos. 3,438,757; 3,4541555; 3,485,601, 3,565,804;
3.578004078, 5108 6,165: 3,6721364:1n8 T 4B 50, SrASHHBBrGE841;5Batent
31852,258; 3,864,098; 3,876,704, 3,884,647; 15 3,898,056; 3,950,426;
3,968li5aith0 2868%%. 4,039,300; 4,128,403; 4,166,726; 4,168,242;
5,034,471; 5,086,115; 5,112,364; and 5,124,484; and published European
Batent ApBlitetbrragasssiabp &y erdhndeeesniaiidio s tron as
detergents in the present invention are_preferably "single. molecule” =
addifvRISTER I oA G BOtH &W@n’&‘%ﬁ%‘f@g ?ﬁ#c%f%ﬁe ﬁ%iléc (\)Asfﬁwﬂllﬁr

al

the same malecule, The polyetheramines.can be monoamines, diami
ﬁﬂ?ﬂ%’g‘&%m > 1w e m()%uléﬁ q S DIRgS bv%%%ﬁgﬁms,

. . e.
or tri S O commercially avaﬁ)a € polyetheramines are

osesshae! e dadenaneasiioninaa kU AR abn AU S NHETARc: ars those

ompany. The 10 molecular weight of the polyetheramines will

typicalyrange-frm.20G46.3000n0Mer suitablepRaivetherapines@i@pany . The
those compounds taught in U.S. Patent Nos. 4,288,612; 5,089,029; and

5011234 Fhebasedoels sisaskinfomputaling fhalfyetgomposiions W0 O her
present invention
suitable polyetheramines are those compounds taught in U.S. Patent Nos. 4,288,612;
5,089,029; and 5,112,364,
The base fuels used in formulating the fos! compositions of {he present invention
include any base fuels suitable for use in the operation of fuel injected engines such as
15  leaded or unleaded motor gasoline, and diesel fuels. The fuels may also contain
‘oxygenated blending agents (“oxygenates™), such as alcohols, ethers and other suitable
oxygen-containing organic compounds, Oxygenates suitable for use in the present
invention include methano!, ethanol, isopropanol, t-butanol, mixed C1 to C5 alcohols,
methyl tertiary buty! ether, tertiary amyl methyl etber, ethy! tertiary butyl ether and
20  mixed ethers. Oxygenates, when used, will normally be present in the base fuel in an
amount below about 30% by volume, and preferably in an amournt that provides an
oXygen content in the overall fuel in the range of about 0.5 to about 5 percent by volume.

The discovery of the present invention is also applicable to injected foels that consist

primarily of ethanol.



include any base fuels suitable for use in the operation of fuel injected
“engines such as 15 leaded or unleaded motor gasoline, and diesel fuels.
The fuels may also contain oxygenated blending agents ("oxygenates"),
such as alcohols, ethers and other suitable oxygen-containing organic
compounds. Oxygenates suitable for use in the present invention include
methanol, ethanol, isopropanol, t-butanol, mixed CI to C5 alcohols,
methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl
ether and 20 mixed ethers. Oxygenates, when used, will normally be

present n 1 b3 ekin A0 ARIP UL PGIRY ABGHLaRE6 oAt

preferably in an amount that provides an oxygen content in the overall

fuel in the range of AbaLl 0r310.RRQUES Berean ¥ IINE-olEhe oligomers, mineral

discovery of the present invention is also applicable to injected fuels that

consigk; @Q&@ﬁﬂ)@g&ﬁb@ﬁ%ﬂ&@@&ﬂ@}@q&mﬁm&@%@e@ﬁw&% Tauid
liquid carrier or induction aid. Such carriers can be of various types, such

as fosgxanyleigkidipalyeartiefivbtigemel swoninerat wilb,cligisd polpe employed.
(oxyalkylene) compounds, liquid alcohols or polyols, polyalkenes, liquid 5
estershanthsimiiirctinisidicaribrscavixtmees bkive prafiove. sariheaivies asphaltic
can be employed. The mineral oil carrier fluids that can be used include |
paraffitticariaphibrdnc b anishrme PeislcHmIEar B dUHRRERSTR ARG 0
petroleum crude oils and processed in any suitable manner. The, . _
poly-asehatin sTémﬁby@cntﬁ%ré Fofh Qs kARG TR THE G Bt Be g eated and
and unhydrotreated poly-a-olefin oligomers, i.--, ‘hydrogenated or .
unhydreyeritesien ReBtSIoHF FEPRERR HFinTSFSOEERR B SR O pRAf gratuess, pri-
of a-olefin monomers, Which monomers contain from 6 to 12, generally 8 .
{6012 snmdlriosiosrERas ASGTRIEREET BoN Sl PARR Sy T aRy IS contain

outlined in Hydrocarbon Processing, Feb. 19821 %a e 75 et sea, and.in. fhesi
U.S. HEterit W3, generally 8 1o 12 and Tnost preferably abolt 10 carpon etoms. [heir synthesis

is outlined in Bvdrocarbon Processing, Feb, 1982, page 75 ot seq., and in U.S. Patent Nos.

3,763,244; 3,780,128; 4,172,855; 4,218,330; and 4,950,822. The poly {oxyalkylens)
compounds which are among the preferred carrier fruids for use in fhis invention ares fuel-

15 soluble camﬁmmds having an average moleculer weight of from about 500 to sbout 3000,
more preferably from about 750 to about 2500, and most preferably from above about 1000
to about 2000, The poly (oxyalkyiens) compounds, when used, pursuant io fhis mvention
will contzin a sufficient number of branched oxyaikylene units {e.g., methyldimethyleneoxy
wmits and/or ethvidimethyleneoxy enits) to render the poly (oxyalkylene) compound

20  gasoline and diese] fuel soluble. Suitable poly (oxyalkylene) compounds for use in the
present invention include those taught in T1.8. Patent Nos. 5,514,190; 5,634,951,
5.697.988; 5,725,612; 5,814,111 and 5,873,817, Suitable polyalicenes for use in the
present invention are tanght in US Patent 6,048,373 issued on April, 11 2000, When the

carrier fimds are used in combination with fhe amine detergents, the ratio (wi/wt) of
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3,763,244, 3,780.128; 4,172,855; 4,218,330; and 4,950,822. The poly
(oxyalkylene) compounds which are among the preferred carrier f luids
for use in this invention are fuel 15 soluble compounds having an average
molecular weight of from about 500 to about 3000, more preferably from
about 750 to about 2500, and most preferably from above about 1000 to
about 2000. The poly (oxyalkyl ge) compounds, when used, pursuant to
this invention will contain a sufficient number of branched oxyal~ylene
units (e.g., methyldimethyleneoxy units and/or ethyldimethyleneoay units)
to render the pol ‘(o:gallcyl.ene) compound 20 gasoline, ar}d dj1e§e1l fueFI
Sttt SHEBIE P (SATRIIHE) EOMBBUIGS For st T thie  PTOS8SE
invention include those taught in U.S. Patent Nos. 5.514,190: 5,634,951,
BEGIIS S EIomg gﬁ,fﬂ%ﬁ%%ﬁ%‘?@%@%@ﬁ a%g}cf g%no%yﬁ%%h es for
use in the present invention are taught in US Patent 6,048,373 issued on

égmg,ﬁgpoo When the carrier f luids are used in combination with the
amine detergents, the ratio (wt/wt) of 17 detergent to carrier fluid(s) is

typically in thgg,@n e oLfg%gg Qe [9: 1 BN ddRE R R GRRCRAKAMEDY the
reduces biendin %%rjr;l%cén lessens tﬁe possibility of blending errors.

E@fﬁ&{@e@&i ome gfthe Riactics - andRduantages-ab thisdaventivniaee To
emonstrated by the following example which is presented for purposes
of.illystrationantaciimiation Jesdemenstate theetiectieriessob e
passivation of the present invention in reducing deposits in direct injection
gaselinaeRainasdanis yertieontirctedsin a$992:Nissahin 2288205 1220
liter) dual-sparkplug, four-cylinder engine modified to run in a

hgmogeneotismiiettsrjeetionindoteaariodiveriaaites raogiryons drect

accelerate injector deposit formation. . o L )
injection mode, at a fuel rich lambda of .8 1o accelerate injector deposit formation.

. .t L4 4 Jr ¥ [3
Details of this'test (without the use of passivahion) are disclosed in Aradi, 4. A, Imoehl,
B., Avery, N. L., Wells, P. P., and Grosser, B W.: “ The Effect of Fuel Compesition anel
Engine Operating Parameters on Injecior Deposits in a High-Pressure Direct Injection

Gasoline (DIG) Research Engine”, SAE Technical Paper ] 998.01-3690 (1999}

The susl injectors were passivaied by rinsing the injector seats three times with
methylene chloride. The seats were then trensferred from the methylene chioride to an
oven. The oven was contimuousty purged with nitrogen at & tate of 250 mL/minuie. The
oven was then heated to 500° C while contimuing the flow of nitrogen. The tepaperature
was held at 500° C for 15 minutes and then cooted to 150° C. The injector seats were
then transferred o 2 Rifrogen purged test tube containing the pessivating chemicals.

The test tabe was then fitted with a stopper that was equipped with a nitrogen
purging mechanism. The test tube was then placed in an oil bath heated to 120° C and

held at this temperature for six hours. The test tube was then removed and aliowed to



Details of this'test (without the use of passivation) are disclosed in Aradi,

A. A, Imoehl, B., Avery, N. L., Wells, P. P., and Grosser, F. fJ.: " The

Erect of Fuel Composition and Engine Operating Parameters on injector
Deposits in a High-Pressure Direct injection 15 Gasoline (DIG) Research

Eno ne ", SAE Technical Per 1999-01-3690 (1999). The fuel injectors

were passivated by rinsing the injector seats three times with methylene
chloride. The seats were then transfetfed from the methylene chloride to

an oven. The oven was continuously purged with nitrogen at a rate of 250

. Nv.imiboite. thbe eyeras tieleteatethto 500Enwinke.cOhtimEngthefiovere then
of nitrogen. The temperature 20 was held at 500 C for 15 minutes and

then conleditborsthe pANyahscincderwierasiyé savapk e i Beptane.
nitrogen purged test tab-- containing the passivating chemicals.. The test
tube was thamfitied withner SoRReItRLWAs e GHipRed ViR Anilege Previously the
purging mechanism. The test tube was then placed in an oil bath heated

@ 12@n(scndeinaloia this témhperptisetar aiathinsthe Theketttubsweagible to
then removed and allowed to 18 cool to room temperature under a
constahigpitogefvging dudite injectonsdatposire fierrus moved fiodsnfieal non-
passivating chemicals and washed several times with heptane. A needed
NUMbBESMHFECRI PSRT S e P HasS oA E ARNFRIRtIGHR ISFRFOTETy ife agnstructed
injector seat is that part of the injector that contains the_pozz|e that is

susce PSRN Ging BFRANMG S 1 TSTRRBHSTTSf YBRGE s AR Ryarted

number.of identical nog—iggssivat i{%’e‘ctors Wege gr%génu%d to act as

23 fions WO
contro’lg}.e‘l‘iﬁg I‘ﬁfé% 8%%Wererﬁﬁg%%wc§%s I’Eln Fén(f ab‘;y lemens 8 appicanons

Allétomé)i[}){” Meﬂ%&% pf%géggws, Virginia. The constructed injectors

were tested In a researchg\é) engine as described in patent applications

WD 10 01142398A1 and WO 01/42399A1. . . .
Modifications to the engine mciuded replacing one of the tweo spark plugs iz each

dual spark piug cylinder on the exhaust-side with prototype, pre-production high-pressure
common rail direct injectors, removing the OEM (original equipment manufacturer)
spark and fuel systemn, and instaliing & high-pressure fuel system and universal engine

13 controlier.

Table 1 summarizes the specifications of the modifisd test engine. For
homogeneous combustion, flat-top pistons and the conventional gasoline spark ignition
combustion chamber design were found to be sufficient for this type of research work.
The injectors were located on the hot {12, exhavst) side of the engine to favor high fip

20  temperatures 1o promote the formation of ijector depesits,

The rate of imjector {passivé:i:ed and nor-passivated) deposit formation was
evainated throngh the vse of this specially developed steady-state eppine test. Engine
operating conditions for each test point were determined by measuring injector tip

temperatures thronghout the engine operating map range. Some of the injectors were



10

Modifications to the engine included réplacing one of the two spark plugs
in each dual spark plug cylinder on the exhaust-side with prototype,
pre-production high-pressure common rail direct injectors, removing the
OEM (original equipment manufacturer) spark and fuel system, and
installing a high-pressure fuel system and universal engine 15 controller.
Table | summarizes the specificatioris of the modified test engine. For
homogeneous combustion, flat-top pistons and the conventional gasoline
spadifhitermesraiesien BR SR EgReHETE RURTRE BE SUticient for
this type of research work_The injectors Wgﬁ%ocat%j on éfg&ﬂ&t igl'%"' ‘
R ST SRIE DR ERG nE I TEUBRH 5 2098 peratures to promote
the formation of injectar deposits. The rate of injector ivated and...
n%ﬁgﬁﬁ§§ﬁﬁféd3‘a%%ﬁef8%ﬁt%ﬁgv%%”é%§u%te tﬁéﬁ%‘%‘%he ussé?%%[lﬁis
specially developed, steady-stat ine.test. Ing. .Anerating canditions:
e b Gl e ke
tempperates iieuahauihea0aine. oReIpling Ma agashaiam il o:
injéctors were 19 fitted 'with thermocouples near the nozzle tip to measure

thg?é%ﬁ%gaa:dﬁg@gyring thg endue operat.ing conditions. This' technique is
well known to those skilled in the automotive orris. Key engine

parameters were inlet air and fuel temperatures; endue 5 sveed, and
enthie: lpacksTherintetaiidewfuel temperatures were controlled at 35 C

and 32 C, respectively. The hydrocarbon fuel used in this test was

gpsplinie that did not contain aRyradditives: Table= 1. TestEvigirengme
pecifications Type Four Cylinder k-Line 2-2 1.iter Nissan Engine

z\ Comveried for DI (direct injection) Operation
i

‘-{, Disptacement 1 2187 cubic conmmmeters \\
\szs/cvijmdm l\ 1 (stock configuration: 2) \
‘ |
i\ Vatvesicylinder B |\
: |
Bore k 87 millimersrs \
1 |
| Stroke 02 mrlbrmeisrs !
- ‘ ]
Fuel System ] Cormmon Rail Figh Pregsure Dirsct lnjecuon \
!
i
Fuel Pressure % 6900 P a (closed loop) }
:
% Engine Coniroller i] Universal Laborafory 5ysiem \
' ]
d . T T ; A aTr e 1
1 Injection Timng %\ 300 degress BTDC (befors top dead center) \
= |
Coolant Temperature °C) 85 |
' ]
i il Temperanze (°C) o5 l
i

At constent inlet air/fusl teraperature and engine 1oad, Mjector Up tempeTatire

remained constant at engine speeds of 15300, 2000, 2500, angd 3000 rpm (revohmion per



Converted for DI (direct injection) Gperanon Displacement 2197 cubic
cen eters I' Plugslcyiinder | (stock eonf?g<ranorc 2) Valvesicy'tnaer k 2
Bore 57 millimeters Stroke 92 millitmeters Fuel Sys m Common Pail Egh
Pressure Direct injection Fuel Pressure 6900 kP a (--lased loop) Engine
Cantoller Universal "Laboratory System Injection Timing 300 de=--s BTDC
fore top dead center) Coolant Temperature ("C) 5 vn Temperature (C) 95
10 At constant inlet airifue;: temp atireand endm.e load, injector tip
temperature remained constant at engine speeds of i 500, 2000, 2300,

and 3000_rpm (revolution s%%tt%g .secon%

. 1d). ver.at RO, For five
spedtE RSBV S RS SE8 With Toad. Elgﬁv%n%aszﬁ %r%t%tf%oo, BOS?I

400, 500, and I [ ingreasing.tindemperakuras efperatures
120,13%%&01%,%3%%?18@ g’,gr%;%%gc%\%ely, were obs%s;ved for each load.

5 Throygh pigviays FRseaIdRaiiwaSsiiRrmminee:thajerid fempeirature of
173 ¢ provided optimum conditions for injector deposit formation in this

engine. Table 2 sets forth the key test ¢ nfdi]iigggdl{ﬁgq ReHRIRg dhe7s °C
eévaluation g?’iﬁ@%?é%‘@ﬁ’ﬁﬁ%%ﬁffo i ‘?‘%Sb% 2 'Key Test Cl:%nditlons Engine.
Spee;ﬁjm%@c? %g'gz%um conditions for injector deposit formation in this engine. Table Z sets

forth the key test conditions used in performing the evaluation of the present invenfion.

Table 2: Key Test Conditions

Engim Speed (tpm) \ 2500 \

| Inlet Air Temp. (°C) '\1 33 \

ﬁ Iniet Fuel Temp. (°C) \ 32 %
vt Coolant Temp. (C) 1 85 \

Fixit OfL Tomp. (°C) 1 53 J
Toad (mg ar/sroke) \ 500 i
,‘ijector Tip Temp. {*C) } 173 %

!

16 The test was divided into three periods: engine Warm-up, an operator-assisted

period, and test period. Engine spsed was controlled using the engine dynamaometer
confrolier, and the engine throtile was manipulated to control air charge using a standard

automotive airflow meter as feedback in & closed-loop confrol system.
Ensine fueling was controlled in two ways. During wam-up, injector puise
15 width was controlled using 2 standard mass airflow strategy and exhaust gas sensor

controlling the air/fuel mixture to stoichiometric levels. During the operator-assisted



Inlet Air Temp. (C) 35 Inlet Fuel Temp. (C) 32 Exit Coolant Temp. (C) 85
Exit Oil Temp. (DC) 35 Load (mg airlstroke) 500 Injector Tip Temp. (C)
173 10 The test was divided into three periods: engine warm up, an
operator-assisted period, and test period. Engine speed was controlled
using the engine dynamometer controller, and the engine throttle was
manipulated to control air charge usi%?1 a standard automotive airflow
meter as feedback in a closed-loop control system. Engine fueling was
controlled in two ways. During warm-up, injector pulse 15 width was
contiitethe sige avittineter cmeally affonestrait gy A SRSNE SPRgS €8N0
controlling the air/fuel mixture to stoichiometric levels. During the )
operators astistdRn patietaire Pinde Witk TRt PRamGaTITSSrTor e
injector using wide-range lambda_sensors in the exhgu&s% pot o a%aglh < flow
cy iR MR RS A EASTET TR AT RV SRR SFHOW Reter and a
temperature-corrected density value was used to calculate mass flow. 5
sEach testuaistesvas auoach tomditiofitaRoe (s oi ghetroriss THits paramTeer kel
well .Imown to those of skill in the art. Injector deposit formation was )
follaweethy fmeasdnkiy ot shgiriefoe RV ECTRREtegyEe doUTER SpgaeesIrRe
(mass of air per intake sirroke), an d the lambda signal from ga,chlg lin 1
ovetoteteseive et DPEiR REEHSPTE-HE S HHETHIAS: MiBLRSF-tBARSERr = 2
variability the same set of injectors was used. far all. tests at-a 10 pari]
oG PR TR B ATE b T G S By > oo S

injector-to-injector variability the same set of injectors was used 10T all testaat a

10 particular engine load, with each injector atways n the same Cylmaer.

> e N
Grasoline Tusl compoesifions were subjected 1o the above-aescribed engme {ests

whereby the substantial effectivensss of the passivation 6f the injector seat to within §.1

mm of the injector nozzle demonstrated that deposit formations were reduced commparsd

to non-passivated injectors.

15 e control end tast injectors were then photographed under magnification. An
exarmination of the photographs ciearty demnonsuated that deposit formation grows from
outside of the injector nozzle and then into the injector nozzle. Based on this surprising

 discovery, it was conchuded that passivation of the imjsctor noTzle wes unneeded. It was
further concluded that pessivation of the injsctbr geat to within 0.1 1o 2.0 mm of the

20  injector nozzle would lessen the formation of deposits within the injector nozzle. Itisthe

formation of dsposits within the injector nozzie that canses the most damage to engine

performance.

A farther bensfit provided herein is that passivation can be conducted 1 8D SATUET

stage of injector construction. For example, the sheet metal from which fhe Injecior seals



Gasoline fuel compositions vz=ere subjected to the above-described
engine tests whereby the substantial effectiveness of the passivation of
the injector seat to within 01 mm of the injector nozzle demonstrated that
deposit formations were reduced compared to non-passivated injectors.
I5 The control and test injects s were then photographed under
magnification. An examination of the_photographs clearly demonstrated
that deposit formation meows from offtside of the injector nozzle and then
into the injector node. Based on this surprising discovery, it was
copgluded-thaknassivataratdamitieetannaibdowds wmmesded: ftomabe sheet
farther concluded that passivation of the injector seat to within 0.1 to 2.0
ma,ehtheddBdnfastarrie Abedolidcs fessen thes thivrEniomdgmbdshwvithin
the injector nuzzle. It is the formation of deposits within the injector nozzle _
thateatseiotheronestod dmagets chynerpbfonTemtazcoasruriag fafhuigues for
provided herein. is that passivation can be conducted in an earligr, Sé%gg

Sof iinfiectons centTes S RhersA DR RedREiat ﬁ‘i‘é‘&éf*ﬁﬂ%ﬁfe‘ﬁ‘}}?
injector seats 22 are constructed can be‘Qrassiv%ted a{pedlg{h%e%éur ed
beforessireierinanpistHH SRS AR BETHEAT 2 RS than the nozzle drilled.
This is very cost effective and simplifies the construction process of the
injector. I'Teenta stesonvVeritordacbons t aetbadéuhgneameiting Mot {85 miector

- requires that the seat be cut from the metal, then the nozzle js drilled and
passivaitss mesplisel wiazainhasiehn 55 SO ARG e RUHEy; thesteps of 2)
nozzle. Thus the present further discloses a method f (tg}%ggg,gat%&%ggz%fm said
a fUBRIAEERE SEETHIAEH §) L SaRE SHY SEHOTIR ST Réthod or =

improvement comprising th ,steﬁ[?s of: a) passivating sheet metal; b)

Ruttifgsand dLaERBRSRTE MBIETE) drilling said nozzle in said
Ttis o be undersiood that the Teactants and coraponerts referred to by chemical
name in the prior art and enywhere in the specification or claims hereof, whether referred
to in the singular or plural, are identified es they exdst prior to coming into contact with
another substance referred fo by chemical name or chemical type (e.g., base fuel, solvent,
.15 etc.). if matiers not what chemical changes, transformations and/or reactions, if any, take
place in the resulting mixture or solution or reaction medium as such changes,
sransformations and/or reactions are the natural result of bringing the specified reactants
and/or components together under the conditions calied for pursuant to this disclosure.
Thus the reactants and components are identified as ingredients to be brought fogsther
20  either in performing & désired chemical reaction (such as a Mannich condensafion
reaction) or in forming a desired compcsiﬁon (such as an additive concenirate or an

additive/fuel blend).

Tt should be appreciated that, even though the claims bereinafter may refer to

. . . R,
substances, components and/or ingredients in the present tense {(“comprises”, “is”, eic.),



10 seat; and d) assembling said injector. It is to be understood that the
reactants and components referred to by chemical name in the prior art
and anywhere in the specification or claims 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 chemical name or chemical
type (e a., base fuel, solvent, 15 etc.), Jt matters not what chemical
changes, transformations and/or reactions, if any, take place in the
resulting mixture or solution or reaction medium as such changes,
transformations andggr% reactions are the natural result of bringin attthge

specHie FIIEREEMEY H5d i PR STHBF R G, e BoR RS e e Just

called for pursuant to,this disclosure..Thus the reactant cor %égts
are ig’eeﬁﬁ%gdwéﬂ% ?ﬁg;%ela?gﬁ?sofo%egr‘?ﬁ%ﬁ;[let:ooéet Iéeroﬁmeﬁlhge%gﬁm %g%?)(?rl %g

a desjrad chemical.[saclandsienAs A.MA00IELCORdGRSANAR: S8BFHRMI e fact

or in forminga desired composition (such as an additive concentrate or an

additivaifueldhignd)e|shouidhe RrReeateddhalaavrr thoghnh eiehaiitrough
hereinafter may refer to substances, components and/or ingredients in

the presentdenseiticonatsosnatish @ity B dhexefesatceidadmnghe mixing
substance, components or ingredient as it existed at the time just before it

was fisstiatimd éotarsmixs iy withasrrébionrorecother substiamdes; and appreciation of
components and/or ingredients in accordance with the present disclosure

and tHbipdisriererenng faeeBitattrecsubstance, components or ingredient

may have lost its original identity through a chemical reaction or
transformatiggefluingots areomrse wbsvahsiiendinpermiking topeeatiarisisition are

thus wholly immaterial for an accurate understanding and appreciation of

this disglbsiirecantribedcidimg thevenfonal material as well-known in the art. For exempie,
such substrates may be stainless steel, corrosion-resistant alloys of nicke! and chromivm,
high-strength, corrosion-resistant nickel-base alloys, and‘ the Hke. I is these typical
substrate materials which are susceptibie to the formation of fuel thermal degradation

products, such as gum, coke and/or sulfir compounds or mixtures thereof, in

15 hydrocarbon fluids and fuels.

INDUSTRIAL APPLICABILITY

The automotive industry is constantly searching for ways to improve Tuel
economy, increase power per unit of fuel consumed, and reduce emissions. One
technology of present interest is the direct injection gasoline (DIG) engine. The DIG

20 engine, like diesel engines, can benefit from preventing or reducing deposit formation.
The present invention is based in part on the discovery that the initial deposit ocours
outside the mjector nozzle or nozzle and then grows into the nozzie, More specially, the
invention saves time, money and reduces deposit formation by applying a passivating

chemical coating on the outside of the nozzle and/or by surface texturing, either by



Fuel injectors and other substrates that can benef it from. the present
invention are 10 typically constructed of any conventional material as
well-known in the art. For example, such substrates may be stainless

- steel, corrosion-resistant alloys of nickel and chromium, high-strength,
corrosion-resistant nickel-base allgys, and the like. It is these typical

su bsth}ﬂfm@aﬁtrerjals,.wpioqh”%gu .sgg%épﬂ ible 10 e fermation of fueliharmal o
deg’f%aa ion ?)F(%ad]é%, such as gum, coke and/or sulfur compounds or

' thereof. in 15 i ki 2| Adis
mixites hereol, . Aoaydkacarhon s, and uels: dNDUSTRIAL:

AP BILI tomotive industry is constantly searching for ways

to improve fual; 6CeRIY:RCIeAs SxRWELREL R St et unstnied ety the
reduce emissions. One technology of present interest is the direct -

mjeciioawaasalime-d4ehengine. The DIG 20 engine, like diesel engines,
can benefit from preventing or reducing deposit formation. The present

invention ig based in part g%qﬁ%gg&g@%@%&%@@@ﬂg&oﬁg QECWS et o
Zle anat

outside the |njeclt'5? hozzle or N0z en grows into the nozzle. More

specjglly, the rinvention saves ties. money. and-redutes;deposit femmation

by applying a passivating chemical coating on the outside of the nozzle

and/of by swiface.lexturing, eitharty. Bdrmeshanicalyabrasingrdty set forth
chemically etching the outside of the injector. In the case of fuel injectors

the passivation iswiacec:agigcaritie andmaiinihenbzze Mhigractice. Thersfore
advancement is used in conjunction with additives that are placed inthe
flel tadapdlies Bepassivatetstinfades tieaniAtm ghardusphacesstrusd as imiting,
throughout this specification, reference has been made to a number of

U.S. Raterntsserdptibishédiereismphisnt appicanbsham e cifegher, what i
intended o be covered is e set forth in the epsuing cleims and the equivalents thereof

permitisd es & matter of law.



documents a..e expressly incorporated in full into this disclosure as it hily
set forth herein. This invention is susceptible to considerable variation in
its practice. Therefore 10 the foregoing descnptlon;s not intended to limn:.,
and should not be construed as limiting, the invention to the particular
exemplifications presented hereiinabove. Rather, what is intended to be
covered is asst forth in the ensuing c%ms and the equivalents thereof . d
as a matter of law. pmitt 25 We claim: 1) A method for controlling deposﬁ
formation on at least one metal part of an internal 5 combustion engine,
said meth d comprising the steps of. a) passivating metal parts subject to
depon{tgforr’ﬁmflon in said internal combustion engine; and b) introducing

into said internal combustion engine a fuel com smon com
leastiond REhebiabromEaRme AP FRE RTIRSY accord” ng%%i P%nmtem

wherein said pass;vatl rises a. roc ss_ selegt HOLH
ConsTemRYBPRGRENGSS ”égﬁ ?ég‘ilexfn g aneoslgtﬁJ %% y agr?am% %m

et i S A A0 s%%qmg&g%@s%ahm,%wdﬂw@mg imio

selected fi e group conS|st|ng of detergents, dispersants,

antioxid ”‘can%?édﬁfbﬂk%ﬁ ashal. HRACtNBINS HYesmankerscaotasta-souble

inhlbﬁ%lrs locides, antistatic additives, drag 15 reducing agents,
demulgiflers, dehazers, anti-icing additives, anti nock additives, anti-
valve-seat recession. additives, lubricity additives, combustion improvers
and mixtures thereof, and; at least one fuel-soluble cyclopentadienyl
manganese tricarbonyl compound in proportions effective to reduce the
Wﬁlg m)of 'ﬁmﬁ@mmq@p@mﬁﬁ}gm said passivating COmPrises & process

selected from the group consisting of coatings, surface texhuring, nano technology and

combinations thereof: and said additive comprises at least one additive selectad from the

group consisting of detergents, dispersants, anfioxidants, carrier fluids, metal
deactivators, dyes, markers, corrosion inhibitors, Yiocides, antistatic additives, drag

15 . reducing agents, demulsifiers, dehazers, ant-icing addiiives, anﬁ}mock additives, anti-

valve-seat Tecession additives, lubricity additives, combustion Improvers and mixtures
thereof, and; at least one fuel-solubie cyclopentadienyl manganese tricarbonyl compotmad
in proportions effective to reduce the weight of deposits in said internal combustion
engine cormpared to a fuel that is devoid of = fuel-sotuble cyclopentadieny! menganese

20 tricatbonyl compound.

3} The method according to Claim 1 wherein said metal part comprises a fuel injector.



engine compared to a fuel that is devoid of a fuel-soluble cyclopentadienyl
manganese 20 tricarbonyl compound. 3) The method according to Claim |
wherein said metal part comprises a fuel infector. 26 4) The method
according to Claim 1 wherein said engine is selected from the group
consisting of direct injected gasoline (DIG) engines and compression

ignited (diesel) engines. 5 5) The mefhod according to Claim 3 wherein
said passivation is applied to the outside of said injector and wherein said
passiyating indianntechinglagCaid thehrasio pattiolss: areisctatiouftbngroup
the group consisting of alkali metals (Li, Na, IC, Rb, etc), alkaline earth
metadsrdidtinEaf, dircBiaj cote] grenisit (R EtalE S 26 cumpreaoTgnigd chiesel)
in, Zr, Mo, 10 Ru. Rh, Pd, Hf, Ta, W, Re, Os, Ir, Pt, Ag, Au, etc) actinides
and lenghianides (La, Y, Ac, Ce, Pr, Nd, Gd, T"n, etc), and mixtures

thereof. 6) The method according to Claim 2 wherein said

dyclopentadienyl manganese tricarbonyl compound comprises at least

- one member selected from the group, cansisting. .15 of cgcloi@%n adi o ouiside
mangine St MERBIRT BN (A8 pehtadiany %%aﬁ%lganeoge ficarbonyl

and mduges heteots (), 1he Melod AGARrrg.IR GG BRGS0 pricie

outsick

injector does not comprise an injector nozzle. 20 8) The

g‘it?%% ceording, 1o laim.g whessin srishpassivationisapplied tesyidliatine carth
.1 10 Z.

10

15

20

mm of said injector nozzle.
metals (Mg, Ca, Sr, Ba, eic), transition metals (T3, Cr, Mn, Fe, Co, Ni, Cu, Zn, Zz, Mo,

Ru, Rh, Pd, HE, Ta, W, Re, Os, Ir, Pt, Ag, Au, efc) actinides and lanthanides (La, Y, Ac,

Ce, Pr, Nd, Gd, Th, efc), and mixtures thereol.

6) The method according to Claim 2 whersin said cyclopentadienyl manganese
tricarbonyl compound comprises at Jeast one member selected from the group consisting
of cyclopentadieny! manganese tricarbonyl, methylcyclopentadienyl manganese

tricarpony! and mixtures thereof.

7} The method according to Claim 5 wherein said outside of said injector does not

comprise an injector nozzie.

8) The method according to Claim 7 wherein said passivation is applied 1o within 0.1 to

2.0 mm of said injector nozzle.



27 9) The method according to Claim 6 wherein said cyclopentadienyl
manganese tricarbonyl compound is present in an amount sufficient to
provide 0.0156 to 0.125 gram of manganese per gallon of fuel. 5 10) The
method according to Claim 7 wherein said passivation is applied to within
2.0 mm of said injector nozzle. 11) The method according to Claim 1
wherein said additive comprises at least one 10 amine detergent. 12) The
method according to Claim 11 wheref{ the amine detergent comprises at
least one member selected from the group consisting of

hydrogarniyyl rasthsdibetoeisiice it ahygsdmaedvatiesnivtinyichanganese
condensation products, hydrocar'oyl amines and 15 polyetheramines. 13)
A metheehiorecusingdde pesitfomnrationvont tuEiiektin ecourédf.Gip6 to 0.125 gam
injected internal combustion engine, said method comprises the steps of:
a) pasSvangagesaptigidiones fugherein said passivating comprises a
process selected from the group consisting of 20 coatings, surface
téxturing, nano technology and combinations thereof; and b) introducing

into said internal_ combustion engine a fuel compgsition comprising fuel- ... .
solub i T AT GARaIR R R oSt B SR L B, o 2.0
from the %rog:@ .consistinzg&of antioxidants, carrier fluids, metal

15 €

deactVatSrs yuégef’tr%ral}?(ers] corrosion inhibitors, biocides, antistatic

additives, drag reducing agents, demulsifiers, dehazers, 28 anti-icing
additives, antiknock additives, anti-valve-seat recession additives, lubricity

11} The method according to Claim 1 wherein said additive comprises at least one

10 amine detergent.

12) The method according to Claim 11 wherein the amine detergent comprises at jeast
one member selected from the group conststing of hydrocarbyl-substituted suceinic
anbydride derivatives, Mannich condensation products, hydrocarbyl amines and

15 polyetheramines.

13). A method for reducing deposit formation on the fuel injectors of an injected internal
combustion engine, said method comprises the steps oft 8) passivating said injectors,
wherein said passivating comprises a process selected from the group consisting of

20  coatings, surface texturing, nane technology and combinations thereof] and b)
imtroducing into said internal combustion engine a fuel composition comprising fuel-
soluble additives, wherein said addifive is at least one additive selected from the group
consisting of antioxidants, carrier fluids, metz] deactivators, dyes, markers, COTTOSIDn

inhibitors, biocides, antistatic additives, drag reducing agents, demulsifiers, dehazers,



additives and combustion improvers. 5 14) The method according to
Claim 13 wherein said additive comprises at least one member selected
from the group consisting of hydrocarbyl succinimides, hydrocarbyl
succinamides, hydrocarbyl succinimide-amides, hydrocarbyl
succinimide-esters, and mixtures thereof. 10 15) The method according
to Claim 13 wherein said additive corggrises a carrier fluid selected from
the group consisting of: 1) a mineral 6it or a blend of mineral oils that have
a viscosity index of less than about 120; 2) one or more poly-a-olefin |
oligonieisng paditor, mgiapsbiidRyeH IEROPEGHFD THASIRnAY s, bty
average molecular weight in the range of about 500 to about 3000; 4) one
or ma@wwmg&@%%% polyallyl-substituted 15
hydroxyaromafic compounds and 6) mixtures thereof 16) The method of
Claim 15 wherein the carrier fluid comprises at least one poly

Iyl d.20 17 eggi ing:i e
e B TR A e
engine which FOMRBIRES A) REsSLAINGMetalRAsLse) Said-RRGHG 3t biby]

introducing into said direct injection gasoline engine fuel composition
compyisingi-aha fuehapabh aduslisnhebieadslityeo2@biDhittismathetirgfnd
Claim 17 wherein the fuel composition comprises a cyclopentadienyl
mangaggsedaeasbhnyl compound in proportions effective to reduce the
amount of soot loading in the crankcase lubricating oil to below the

amount of soot loading in said 5 crankcase lubricating oil when said

vehicle is operated in the same manner and on the same fuel except that

te fuéfls Beveiefrkaraeriesipleeyeiopaheaiehil Adsys fegprsss & carmier fuid

selected from the gmqp consisting of: 1) a mineral oil or a blend of mineral oils that bavea
viscosity index of less than about 120; 2) one or more pdly—c;-oleﬁn oligomers; 3) one or
more poly {oxyalkylene) compounds having an average molecular weicht in the range of
about 500 to about 3000; 4) one or more polyalkenes; 5) one or more polyalkyl-substituted

15 hydroxyaromatic compounds and 6) mixtures thereof.

16) The method of Cleim 15 wherein the carrier fluid comprises at least one poly

{oxyalkylene) compound.

20 17) A method for reducing soot loading in the cranicase hubricating oil of & vehicle
having a direct injection gasoline engine which comprises: 2) passivating metal parts of
said enginé; and b) introducing into said direct injection gasoline engine fuel composition

comprising: a} a foel and b) a fuel-soluble additive.



tricarbonyl compound. 19) An internal combustion engine wherein said
engine comprises a fuel injection 10 system which delivers a fuel which
comprises a blend of hydrocarbons of the gasoline boiling range and at
least one additive selected from the group consisting of antioxidants,
carrier fluids, metal deactivators, dyes, markers, corrosion inhibitors,
biocides, antistatic additives, drag regiicing agents, demnisifiers,
dehazers, anti-icing additives, antiknock additives, anti-valve-seat

rec e%%o r%ﬁlggfé%ﬁgaﬁﬁ#\% éﬂM ?%@%&Sﬂﬁ%l? Qﬂ%@slimr%ﬁs@ rﬁ?ﬁiopentadienyi

mixturées thereof; erein said engine comprises injectors w

compise a.00z78,5ald IDisEIors Relng traaiRdRN-RASE Yalien te withiRt of soot
0.1 mm of the nozzle. 20) The engine according to Claim 19 wherein said
passivaging BORHEEE &OIaERIEns e ciediFarthihengtatyl condiating of said
coatings, surface pattering, nano technology and 20 combinations
thereata23sA Intethott feiltveconstnudtidn isfopfuedmebtorpe mprisinged on the
seat and a nozzle, the improvement comprising the steps of: a

passisatinge shept fwstictbidrisaierei §hbefiurt-soluble cyclopentagienyl manganese

tricarbony! compoumnd.

19) An internal combustion engine wherein said engins comprises 2 fuel injection
10 systemn which delivers a fuel which comprises & blend of hydrocarbons of the gasoline
boiling range and =t least one addifive selected from the group consisting of antioxidants,
carrier fluids, metal deactivators, dves, markers, corrosion inhibitors, biocides, antistatic
additives, drag reducing agents, depulsifiers, dehazers, anti-icing additives, antiknock
additives, anti-valve-seat recession additives, tubricity addittves, combustion improvers
15 and mixtures thereof: and wherein said engine comprises injectors which comprise 2

* nozze, said injectors being treated by passivation to within 0.1 rm of the nozzle.

20} The engine according to Claim 19 wherein said pessivating comprises a process
selected from the group consisting of coatings, surface pattering, nano technology and

20 combinations thersof.

21 A method for the construction of a fizel injector comprising a seat and & nozzle, the

improvement comprising the steps of: &) passivating a sheet metal to create a sheet of



