| Surface Passivation And To Methods For The Reduction Of Fuel Thermal Degradation Deposits
RELATED APPLICATIONS U.S. Patent Application Serial Numbers 10/149,303 (now U.S. Pat. No.
and 10/148,947 (now U.S. Pat. No.) are commonly owned with the present application and disclose
numerous additives for hydrocarbon fuels that can be useful in 5the instant invention. These
applications, however, do not suggest nor disclose the present invention which is directed to the
selective passivation of metal components. FIELD OF THE INVENTION The present invention
specifically relates to the pass vation on the outsidd of fuel injectors and to methods to control coking
or deposit formation on the injectors. The 10invention also relates to the use of fuel compositions and

methods for controlling, j.e reducing or. eliminati epnosits e injectors of direct injection gasoline
(DIG) and diesel engineS®Mite 6353538 o Jnl%g%l%\fé%ﬁs For 955;%??%%3?26%@% that coking or
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deposit growth initiates on the outside com‘Buonn side) of the injector nozzle or opening and
eventually moves into the nozzle. As a result of the discovery, passivation methods 15based on
coatings and/or gatfagetexewing agedonly be applied to the outside of the

1.S. Patent Application Serial Numbers 10/149,303 (now U.S. Pat. No. )
and 10/148,947 (now U.S. Pat. No. } are commonty owned with the present
application and disclose numerous additives for hvdrocarbon fuels that can be useful in

5 the instant invention, These applications, however, do not suggest nor disclose the

present invention which is directed to the selective passivation of metal components.

FIELD OF THE INVENTION

The present invention specifically relates to the passivation on the outside of fuel
injectors and to methods to contro! coking or deposit formation on the injectors. The
10 invention also refates to the use of fuel compositions and methods for controtiing, i.e.
reducing or eliminating, deposits on the injectors of direct injection gasoline (DIG) and
diesel engines. More particularly, the invention relates to the discovery that coking or
deposit growth initiates on the outside (combustion side) of the injector nozzle or opening
and eventually moves into the nozzle. As a result of the discovery, passivation methods
15 based on coatings and/or surface texturing need only be applied to the outside of the
injector, in the vicinity of the nozzle. To preserve the passivation of the injectors, the
fuel compositions combusted in the engines preferably comprise an additive, for example

a detergent.

BACKGROUND OF THE INVENTION

20 Considerable work has been devoted to additives for controlling (preventing or
reducing) deposit formation in the fuel induction systems of spark-ignition internal

combustion and compression ignition (diesel) engines. In particular, additives to control



injector, in the vicinity of the nozzle. To preserve the passivation of the injectors, the fuel compositions
combusted in the engines preferably comprise an additive, for example a detergent. BACKGROUND
OF THE INVENTION 20Considerable work has been devoted to additives for controlling (preventing or
reducing) deposit formation in the fuel induction systems of spark-ignition internal combustion and
compression ignition (diesel) engines. In particular, additives to control 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 are2needed and highly desired. 5Many people have
experienced difficulty in starting their fuel injected cars and trucks. This is especially true when the
engine is hot. Ogje possiblg cause is that Iac&uers build up in Ihe?ﬂne orifices.an tﬁg? filﬁer of the fuel

injector, which reStHEEE TS RSN b THEF, YRIS R R L AR R SR 5 & S njector fouling

is when particulgie confaminalion.Iadoes i Jhe: NesaLRoFRe (Rt khand-RipYaRiRAfiectve shut-off

of the 10 engine. This is known as pintle leakage. Many additives have been developed to add to the
fuel to reduce thesgepteblamsiioweaed, significant improvements in injector design can also be of
benefit. Fuel injector performance is at the forefront of the DIG combustion systems as it relies

heavily on fuel spray copsistenay i realizeis.aduaniagesinfueknsonemy.and Lopawer, and to

minimize exhaust emissions. A consistent spray pattern enables more precise electronic control of the
combustion eventdndThie iexhausliafies-reattheaiSystemt. Onciwesbiaranuinearausdedarences
teaching gasoline compositions (fuel chemistries) for controlling injector fouling, for example, fuels
containing Mantidh! detergefits aré diselé sediieUrShezeb vt Miss. WhpdTeFBgssis 199 90: 5,634,951
5,697,988; 5.725,612 and . : . o .

fuel; this 1s termed imjector fouling. Another cause of injector fouling is when particulate

contamination lodges in the injector nozzle (pintle) and prevents effective shut-off of the

10 engine. This is known as pintie leakage. Many additives have been developed to add to

the fuel 1o reduce these problems; however, significant improvements in injector design

can also be of benefit,

Fuel injector performance is at the forefront of the DIG combustion systems as it
relies heavily on fuel spray consistency to realize its advantages in fuel economy and
15  power, and to minimize exhaust emissions. A consistent spray pattern enables more

precise electronic control of the combustion event and the exhaust after-ireatment system.

There are numerous references teaching gasoline compositions (fuel chemistries)
for controlling injector fouling, for exampie, fuels containing Mannich detergents are
disclosed in U.S. Patent Nos. 4,231,759; 5,514,190; 5,634,951, 5,697,988; 5,725,612; and

20 5,876,468, However, none of these references teach the use of fuel compositions
containing detergents for use in DIG or diesel engines with surface passivated injectors.
These references also fail to suggest or disclose the surface texturing or passivation of the

injector on the outside of the injector seat, in the vicinity of the nozzle which inhibits the



205,876,468. However, none of these references teach the use of fuel compositions containing
detergents for use in DIG or diesel engines with surface passivated injectors. These references also
fail to suggest or disclose the surface texturing or passivation of the injector on the outside of the
injector seat, in the vicinity of the nozzle 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 5physical treatment of the engine components
that come into contact with the fuel. For example, .S. Patent No. 3,157,990 discloses that certain
phosphate additives are combined with the fuel which decompose in the combustion chamber and
form a coating, probably a phosphate coating, on the internal. ' f It s suggested that this
coating effectivepljﬁﬁﬂ?br}i/{js? %%%'@]/o ecb’%%it“’ f({)%%r}llg%%)ﬁ.ﬁ%?t%g%]iﬁ .gsd%tge%%gh\?g%{gs.zgg,O% the

interior surface pf stainless sieeh g@gfgg,%@rators is passivated with sulfurous materials to overcome
deposition of coke on the surfaces of the gas generator. Passivation in this reference was defined as a

surface reatment of ap gnqine componenl which sbsianlialtduces eoke drmation. In view of the

foregoing, it can be seén that it would be desirable to provide 15surface passivated and/or textured

engine components;(8-geafHelcontainmentntisieaand: tualdniectorg).saithatdegosisformation is
avoided, eliminated or reduced. The disadvantages of the prior art processes and techniques include

increased costsesandganbieancectainty. 30 isiaqrinany objectiveohtrsdduention to overcome these
disadvantages. ' _
combined with the fuel which decompose in the combustion chamber and form a coating,
probably a phosphate coating, on the internal engine surfaces. 1t is suggested that this
coating effectively inhibits carbon deposit formation. Further, in U.S. Patent No.
10 3,236,046 the interior surface of stainiess steel gas generators is passivated with sulfurous
materials to overcome deposition of coke on the surfaces of the gas generator.

Passivation in this reference was defined as a surface treatment of an engine 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 (e.g., fuel containment articies and
fue! injectors) so that deposit formation is avoided, eliminated or reduced. The
disadvantages of the prior art processes and techniques include increased costs and
promote uncertainty. it is a primary objective of this invention to overcome these

disadvantages.

20 SUMMARY OF THE INVENTION

EEI 1

As used herein and in the claims the terms “passivate”, “passivated”,
“passivation” and “passivating” are interchangeable and mean “to make inactive or less
reactive”, These terms also mean “10 protect (as a solid-state device) against
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contamination by coating or surface treatment”.



20 SUMMARY OF THE INVENTION As used herein and in the claims the terms "passivate”,

"passivated", "passivation" and "-passivating" are interchangeable and mean "to make inactive or less
reactive”. These terms also mean "to protect (as a solid-state device) against 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 surfaces
with nanoparticles or nano alloys. This is another way of achieving texturing. The nanoparticles and
nanoalloys may be made according to well known methods and deposited as a film to the surface,

again according to well known methads, The advantage with ihis method s thatape may achieve

. siyalion can :
texturing and/or surface actlvffy that promaotes carbon oxidation at lower temperatures and hence
destroys 10depgsit, precusprs Reforg they.convaittointrastable depgsitacMekalsdnseh nanoparticles

may include alkali metals(Li, Na, K. Rb, etc), alkaline earth metals (Mg, Ca, Sr, Ba, etc), transition

metals (Ti, Cr, Miutees1mgNhdGumBinaihsierdl ChbydPdneFaaAlyd ey @dinlqudIt, sAg, Au, etc)

actinides and lanthanides (La, Y, Ac, Ce, Pr, Nd, Gd, Th, etc), and mixtures thereof This is generally

known as nano-testtugipytemaifagsar IGUEREERIHMES aled hBrsil &b e efaims  As used

herein. "hydrocarbon fluid" and "hydrocarbaon fuel” are ohafined one or mg(g{e hyd\{fgﬁarbon liquids,
e

hydrocarbon ga&aee SRR theT SBIORY TRE AL AT Ry PG A BA AT G gFdd4ton products” or
"thermal degradation F&Qﬁéﬁ%?ﬁéﬂ&t‘!#gf‘e% adyets whichdarm from. thefvdracarRens, for example,

certain polymers resulting 20from thermal transformation of paraffin to cycloparaffm, aromatics and
polycyclic methods. The advantage with this method is that one may achieve texturing and/or

surface activity that promotes carbon oxidation at lower temperatures and hence destroys
10 deposit precursors before they convert to intractable deposits. Metals in such

nanoparticles may include alkali metals(Li, Na, K, Rb, etc), alkaline earth metals (Mg,

Ca, Sr, Ba, etc), transition metals (Ti, Cr, Mn, Fe, Ce, Ni, Cu, Zn, Zr, Mo, Ru, Rh, Pd,

Hf, Ta, W, Re, Os, Ir, Pt, Ag, Au, etc) actinides and lanthanides (La, Y, Ac, Ce, Pr, Nd,

Gd, Th, etc), and mixtures thereof. This is generally known as nano-texturing and is part
15  of passivation as used herein and in the claims.

As used herein, “hydrocarbon fluid” and “hydrocarbon fuel” are defined as one
or more hydrocarbon liguids, hydrocarbon gases or mixtures thereof. As used herein,
“hydrocarbon fluid degradation products” or “thermal degradation products” inciudes
products which form from the hydrocarbons, for example, certain polymers resulting

20 from thermal transformation of paraffin to cyvcloparaffin, aromatics and polycyclic
molecules in the hydrocarbon, as wel} as products which result from actual
decomposition of the fuel, e.g., carbon. This is sometimes referred to as fuel instability.
The hydrocarbon fluids include gasoline, diesei fuel, lubricating oils; hydraulic oils and

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



molecules in the hydrocarbon, as well as products which result from actual decomposition of the fuel,
e.g., carbon. This is sometimes referred to as fuel instability. 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 S 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/or sulfur compounds form when the fluid is exposed
5to heat. Although the invention is not directed to of limited by any particular hydrocarbon fluid or
hydrocarbon fuel, typical fuels may also include natural gas and hydrocarbons and distillation products

thereof which ol gereraly g ot joom tepperature e s Iy S ISR O crocarbons,

mixtures of such'dis ro , mixtures of hydrocarbons an ation products, gasoline, No.

1 or No. 2 diesel fuels, jet eRging, 10fkie lRstichraSi Rl fusk QHherarticlesor cenaining or contacting

hot hydrocarbon fluids can benefit from the present invention and include fuel storage tanks, conduits

for transporting figidier fuel anehikieslike coke afidotisgdherepoand fsrthehetatin gl thkitermsefuel injection”,

"injectors” and injection™ are interchangeable and relate to a means of metering fuel into an internal

15combustion engire. Athie eielhinjewsios sompiedecde RAsiEhby 21 BHHH AN CTHRPower to inject

the fuel comes from agump or a pressure container further back inlthe fu{ﬂjs%/sterg. One aspect of
of

the present disclYSLPE TELRIADTA IHE BIREA\VER (AT B8 PRiSIRAT HaL &R & engine components
nat come into ontact i e Il DAYR  BRIRS 201 uenee a0 dsagsmechapisms and deposi
e di

rates. Another aspect of t sclosure relates to the discovery that injector deposits grow from the
outside of the injggiom Againskibes dirgationvbibe-fuakiovr santiinio-he pedztesohtherinjector. These

and other disadvantages are overcome in accordance with the present
of hydrocarbons and distillation products, gasoline, No. 1 or No. 2 diese! fuels, jet engine
10 fuels, such as Jet-A fuel. Other articles for containing or contacting hot hydrocarbon

fluids can benefit from the present invention and include fuel storage tanks, conduits for

transporting liguid fuel and the like.

As used herein and in the claims the terms “fuel injection”, “injectors™ and
injection™ are interchangeable and relate to a means of metering fuel info an intemnal
15  combustion engine. The fuel injector is comprises at least a nozzle and a valve. The
power to inject the fuel comes from a pump or a pressure container further back in the

fuel system.

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

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 production time. More specifically; the present
disclosure also presents the discovery that deposits begin on the 5outside (combustion side) of the
injector nozzle and progresses into the nozzle. Thus, one aspect presented herein resides in the use
of passivation techniques that are only applied on the outside of the injector, in the vicinity of the
nozzle. Thus, there is disclosed a method for controlling deposit formation on metal parts of an
internal combustion engine, said method comprising the steps of: a) passivating one 10or more metal
parts subject to deposit formation in said internal combustion engine; and b) introducing into said
internal combustion engine a fuel co sitjon.comprisin least one fuel saluble additive. The
passivation is aCBF(S?fég“éﬂgg}%EFSe&D %%ﬁtﬁ TR iSch Qﬂf;%i%g A sorts ?Sa}(iexturing and

lmex} 1 HP 3
group consisting or coa mé’s, surface

combinations thereof, and said additia(s), inaRrelerned snhedingat.comprirespivel soluble

detergent /dispersant formulated from (Mannichs. PIB Amines, Polyetheramines, Succinimides, or
combinations thggeaf) Anatheradeditive @mbedinestcomptisesayfuel sglubleteyslomatic manganese
tricarbonyl compound in proportions effective to reduce the amount of deposits in said internal
combustionSenginsidefrparedito aduel thatnisaevsitlepadforssiabiaclelbp@ltadiByl manganese
tricarbonyl compound. Another embodiment of the present disclosure 20c mprisesf a method for
reducing soot ICAHiAGSH I EHaR RELE falrR S Ay 6R %tfpﬁs\sflé(ﬁti]é’fét??g{}lﬂ‘ée%%t i

eﬁr?njgé/ted engine having
injector surfaces W{.‘ui Q) rﬂﬁet%%dsi %r)'rlzl rises i%}-f?:@%%io%igi %ftlaj% Qiside of the injector surfaces passi

e € 1EC q% ‘e
vat on selected oM coa INgs, surface te&turlng and combinations thereof. 7 More specifically, the
present disclosure is directed to a method for controlling injector coki gnin.DlG and ]diesel injectors by
(}'ang arts

applying on the outsidd BFtHEhj& AR Ged ARt L4t FRART 4Bk R SFotip

e group c@nssting of:

passivating chemical coatings,Mechanical SHIRCH PG ENAMIEA! sHIARSIextHEDg: laser
sputtering,
[0 or more metal paris subject to deposit formation in said internal combustion engine; and

b) introducing into said internal combustion engine a fuel composition comprising at least
one fuel soluble additive. The passivation is a process selected from the group consisting
of coatings, surface texturing and combinations thereof; and said additive(s), in &
preferred embodiment, comprises a fuel soluble detergent /dispersant formulated from

15  (Mannichs, PIB Amines, Polyetheramines, Succinimides, or combinations thereof).
Another additive embodiment comprises a fuel soluble cyclomatic manganese tricarbonyl
compound in proportions effective to reduce the amount of deposits in said internai
combustion engine compared to a fuel that is devoid of a fuel-soluble cyclopentadienyl
manganese tricarbony! compound. Another embodiment of the present disclosure

20 comprises a method for reducing soot loading in the crankcase lubricating oil of a vehicle
having a fuel injected engine having injecior surfaces which method comprises

introducing onto the outside of the injector surfaces passivation selected from coatings,

surface texturing and combinations thereof.

25



micromachining, ion-beam sputter etching and combinations thereof The surface treatment does not
enter the injector nozzle and is preferably within 0.1 to 2.0 mm of the injector nozzle. The fuel is
preferably a blend of hydrocarbons of the gasoline boiling range and a 10fuel-soluble oxygenated
compound. Another embodiment herein comprises a method for reducing soot loading in the
crankcase lubricating oil 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 textu CY and combinations thereGf 15Passivation or surface treatment is selected
from the group consisting of passivating chemical coatings, mechanical surface texturing, chemical

surface texturing, laser sputteri a o-techno‘og micr matclai in i%n-t%eam fter etching and
€ 1€ ! A\ . ST 19 R0 xﬁH <
combinations thereof THEH %%a{{r%g??n%?ﬁie %(éss %o?gﬁgtg}r & injector nozzle an |isn%referably within

0.1 to 2.0 mm of the inisclor NoseleAsidischssedeyisnsly dhe20nassvationjsapplied to the

outside of said injector which does not include the injector nozzle. In a more preferred embodiment the
passivation is applied t@nithindita Rooh mepafsaithinjeior: pegrieting chafierkcisalso disclosed a
method for reducing deposit formation on the fuel injectors of an injected internal combustion engine,
said method compriseisaherstepis sitigeayisaseiatfgeriretal paress apjEet e deposit foimation in said
internal combustion engine, wherein said passivating comprises amprocfe%s sel?cted from the group
consisting of coﬁ”t’iﬁﬁ@,aﬁlﬂWﬁ@é‘f%ﬁ?fﬁﬁ?ﬁ%\ﬁﬁ%’&?ﬁgI%Qé@%ﬁao(% Bifations théréof; and b)

treatment does not enter the injector nozzle and is preferably within 0.1 to 2.0 mm of the

injector nozzie.

The fuei is preferably a blend of hydrocarbons of the gasoline boiling range and a
10 fuel-soluble oxygenated compound. Another embodiment herein comprises a method for
reducing soot ioading in the crankcase lubricating oil 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 texturing

and combinations thereof.

15 Passivation or surface treatment is selected from the group consisting of:
passivating chemical coatings, mechanical surface texturing, chemical surface texturing,
laser sputtering, nano-technology, micromachining, ion-beam sputter etching and
combinations thereof. The surface treatment does not enter the injector nozzle and is
preferably within 0.1 to 2.0 mm of the injector nozzle. As discussed previousty, the

20 passivation is applied io the outside of said injector which does not include the injector
nozzle. In a more preferred embodiment the passivation is applied to within 1.0 to 2.0

mmn 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:

25



5introducing into said internal combustion engine a fuel composition comprising at least one fuel
soluble additive, wherein said additive is or comprises at least one additive selected from the group
consisting of detergents, dispersants, antioxidants, carrier fluids, metal deactivators, dyes, markers,
corrosion inhibitors, biocides, antistatic additives, drag reducing agents, demulsifiers, dehazers,
anti-icing additives, antiknock additives, anti- 10valve-seat recession additives, lubricity additives,
combustion improvers and mixtures thereof Further there is disclosed a fuel injected internal
combustion engine wherein said engine: a) combusts a fuel which comprises a blend of hydrocarbons
of the gasoline boiling range and at least one additive selected from the group consisting of
detergents, 15di§persants, an;[i xidant%, carrigr 1‘IuiI , m%atal.deagtjvtatorrsd q]yest.markers, corrosion
inhibitors, biocide&2SHLPa R AR SS raY Feang Ay a T He R e GRS S Siticicing
additives, antiknock.addiives; apfivalysmeal reessionadditivesdukiisityadditives, combustion
improvers and mixtures thereof; and b) wherein said engine comprises injectors, said injectors being
treated by passiatiosn. tomitain:Quliiamaab-be2000zzie cdheisuidacedextsizing or passivation is
conducted on the engine metal components, also referred to as a substrate that is subject to deposit
formation. Fhe reséusindistiosidéniaron eamisddintezinoy SreloIPRBOFOTIIERIGHYS 6f 'W8& prior art as
discussed above by providing a relatively inexpensive method which eliminates or 9 reduces the

deposits from h§BF S8R R A T harReiE Y AriBs SRR TRREERS 4lilvstAAT &5t stion engine that

contains the ClaISE:rl]e:eCQeE %%rsnl\{ﬁlé eg(rjogg E%Rgg][zen%t§f detergents, dispersants, antioxidants, carrier fluids,

metal deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives, drag
reducing agents, demulsifiers, dehazers, anti-icing additives, antiknock additives, anti-
10 valve-seat recession additives, lubricity additives, combustion improvers and mixtures

thereof.

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

15 dispersants, antioxidants, carrier fluids, metal deactivators, dyes, markers, corrosion
inhibitors, biocides, antistatic additives, drag reducing agents, demuisifiers, dehazers,
anti-icing additives, antiknock additives, anti-valve-seat recession additives, lubricity
additives, combustion improvers and mixtures thereof; and b) wherein said engine
comprises injectors, said injectors being treated by passivation to within ¢.1 mm of'the

20 nozzie

The surface texturizing 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

25



In accordance with one example of the present disclosure, there is provided a method 5for reducing
the deposit of degradation products and/or thermal instability deposits from hot hydrocarbon fluids on a
metal substrate, wherein the method comprises passivating the substrate to within 0.1 mm, more
preferably within 2.0 mm of the port, nozzle or nozzle of the substrate. The term *nozzle" and injector
nozzle" as used herein and in the claims means 10the hole or port through which the hydrocarbon fuel
flows. The nozzle is the opening in the metal substrate which is most susceptible to deposit formation,
which results in a decrease in efficiency. Nozzles age also found in heat exchangers, fuel containment
devices and lubrication systems. Thus, for example, fuel is pumped through the nozzle of a heat
exchanger and combusted. In si iIargI;éshio , the inj%%tor.no Zlﬁi%‘f kslo eina Ié;m 5engine will cause

difficulties wherd ¥tiigd T8 BHS BIGGPE Brotects the hozzle from fouling

ma .
S theriozzle from fouling or the build up of

deposits in the nozle whishiteduse s, AlliEeRGH AETALERBISGLASURE OF THE INVENTION

The present inventors have studied the mechanism of injector fouling and have found that the initial

deposit formation is critical in anchoring the deposit on the injectar. 20The injtiation oceurs on the
outside of the inje}@t(aj?cﬁﬁc??fg,wﬂ‘a‘)&ﬁﬁ?l%m%%los o VUL Ao

fmefers of Ttl%hescn%fﬁz ‘et. f{ the grows around the lip and into

the nozzle. This,iscoveryaakes passivalionMaings Mush:mane prastical Resausetiey need only
be applied in a limited area around the nozzle. 10
hot hydrocarbon fluids on a metal substrate, wherein the method comprises passivating

the substrate to within 0.1 mm, more preferably within 2.0 mm of the port, nozzle or

nozzie of the substrate.

The term “nozzie” and “injector nozzle™ as used herein and in the claims means
10 the hole or port through which the hydrocarbon fuel flows. The nozzle is the opening in
the metal substrate which is most susceptible to deposit formation, which results in a
decrease in efficiency. Nozzles are also found in heat exchangers, fuel containment
devices and lubrication systems. Thus, for example, fuel is pumped through the nozzle of
a heat exchanger and combusted. In similar fashion, the injector nozzle or hole in a DIG
15 engine will cause difficulties when fouled. The present disclosure protects the nozzle

from fouling or the build up of deposits in the nozzie which reduce its efficiency.

DETAILED DISCLOSURE OF THE INVENTION

The present inventors have studied the mechanism of injector fouling and have
found that the initial deposit formation is critical in anchoring the deposit on the injector.
20 The initiation occurs on the outside of the injector nozzle, and within millimeters of the
nozzie. It then grows around the lip and into the nozzle. This discovery makes passivation
methods much more practical because they need only be applied in a limited area around

the nozzle.



Numerous methods for surface texturing or passivation to introduce microscopic unevenness are
known, and on the nano level may include laser sputtering, micromachining and controlled chemical
etching. Other methods of achieving the same 5include ion-beam sputter deposition of thin-film
coatings and ion-beam sputter etching. In a further embodiment of the invention, laser surface
texturing (LST) is used on the metal component. LST greatly increases the surface area across the
metal component with features down to 0.002 inches (about 0.005cm). Further, no masks are required
and the style of the pattern can be directly importedifrom CAD (computer assisted design) JOfiles.
Representative LST is available from MLPC Inc. of Miamisburg, Ohio 45342. LST provides a unique
method for applying passivation to melg%ls, cferamics and polymers. The process uses a laser to

selectively remove mateTAT M The S I ALE S & BRI G PRI Y B irdtP SES Mty “Bfther, numerous

publications such as the journal NANOTECHNOLOBY, 15.disciiss methnds to prepare and use nano

particles. The application of nano technology in this invention can be used by: I.) directly surface

texture by applyingshedsnanopadiclesd-thaswdace mhihewuhstmiesky amporghasadeposition, and/or
2) place the nanoparticles in a special polymer matrix, apply the matrix to the surface of the substrate
and then bdrn oficthéepoiyrerer savithioteByiise apbiriler ovrinke thaiis-BeableruiriskeiEditions of
20intended application, and/or 4) aP(E)fl¥hpassivatin or surface activating nanoparticle chemistry to the

treatments desdABEriRFAeE bagvEnt of th inarREe LB EHAY TR LS rates With°mdtal nanoparticles or
nano alloys as a,4ay.ohadlisvingextiing. e anoaricissandnane Allgva ace pde according to

(8
well known methods and ¢ eposited-as a film to the substrate, again according to well known 11

methods. The agvamrtagewithihisonethedds thatane oy, achisvedtexiuingangiotssiace activity that
promotes carbon oxidation at lower temperatures and hence destroys deposit precursors before they

convert to intraatebleldepasitsudetaldinisecty bmanapavticiesineyripcludesalkatiesnatals(Li, Na, K, Rb,
etc), alkaline earth metals (Mg, Ca, Sr, Fla, etc), transition metals (Ti. Cr, Mn, Fe, Co. Ni. Cu, Zn, Zr,
Mo, Ru. RH Pd i, Repweras vosS Tt spraiep alion 4L aEtifdas MisantrariiRdd'a; v, Ac, Ce, Pr, Nd,

Gd, Tb, etc), anESn'I] I})}(}(I)J‘]r%gstgl 1%1%%[3 Eﬁ%{hg]do 5 2'1%{) 3'/.1@5 Ba%g\%gd%atg%l\éﬁls?ggﬁr%cs and

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

part to create a desired geometry.

Further, numerous publications such as the journal NANOTECHNOLOGY,

15 discuss methods to prepare and use nano particles. The application of nano technology in
this invention can be used by: 1) directly surface texture by applying the nanoparticles to
the surface of the substrate by vapor phase deposition, and/or 2) place the nanoparticies
in a special polymer matrix, apply the matrix to the surface of the substrate and then burn
off the polymer, and/or 3) use a polymer matrix that is stable under conditions of

20  intended application, and/or 4) apply passivating or surface activating nanoparticle

chemistry to the treatments described in 1-3 above.

In the use of coating the substrates with metal nanoparticies or nano atloys as a
way of achieving texturing the nanoparticies and nano alloys are made according to well

known methods and deposited as a film to the substrate, again according to well known



101dttp://mwww.mlpc.comisurfaccrexturina.l-aml and
http://wwvil.arc.nasa.racw/WWW/epbranch/ThinFilms/dbeam.htm Physical parameters of the surface
texturing are optimized (for example, peak to valley height and peak to peak distance representing the
topology of the textured surface) to maximize the contact angle of the fuel in the vicinity of the nozzle.
15In one embodiment herein, the metal part (i.e. the injector body) can be fully coated and then the
nozzle can be drilled. This drilling may be accomplished using conventional machining techniques or
laser drilling. Passivated surfaces of this invention may suffer from deposits that fill in the valleys and
therefore minimize the effect of the passivation. Additive packages are 20typically necessary to inhibit
this deposit formation. resentative a&‘ditiv include the Mannich-, Pol ine- and
succinimide-typ&eéﬁ%sﬁg‘gﬁ%gnfﬁ reof. Hstﬂqge%g?%ﬁ%%ggﬁn the Cgé?&%%%ﬁ%?ﬁ%g clean, additional
conventional adgjtives, can bauseshwith.the low: melacular weight adeitives that assinta the vapor
phase readily, being the most preferred. The triazine. DMAPA and other small amines are also useful.
12 U.S. Patenbitor&:8ef:108 B 2hpravides a goadudisciessian blgénericcadditive packages. These
additive packages are well known in the art The fuel additives are employed in amounts sufficient to

reduce or ifhibinepesitiandiorisdeidelmansrisdomisare otiydibeaiperuBeiidi8ut such additive

packages. Generally the fuel will contain an_additive package.at about 0.001 to 1.0 gm of
additive packag@apgﬁ GRIER IF RO ME Bierer aty Ho é@gﬁﬂ’ébﬁb %alb%/lg)f %%ngﬁ}’per gallon.
Industry experts [eqoringncieyels of abgut, 000 At peilien (PRW) aldkspersaat detergent n
the fuel, however,’as’much’as 85% of the gasoline that is being sold today contains only one 10tenth
of the recommengded,dasageq of @by alkaut 100 ppm of the additive package. Consequently, using
cheap gasoline contributes to the formation of injector deposits.

For more information on passivation see

10 hitp/Awww. mipe.comysurfacetexturing htmi and

hitp:/Avww,gre.nasa.gov/W W Wiepbranch/ThinFilms/dbeanihim . Physical parameters of

the surface texturing are optimized (for example, peak to valley height and peak to peak
distance representing the topology of the textured surface) to maximize the contact angle
of the fuel in the vicinity of the nozze,

i5 in one embodiment herein, the metal part (i.e. the injector body} can be fully
coated and then the nozzie can be drilied. This drilling may be accomplished using
conventional machining techniques or laser driliing.

Passivated surfaces of this invention may suffer from deposits that fill in the

valleys and therefore minimize the effect of the passivation. Additive packages are

20 typically necessary to inhibit this deposit formation. Representative additives inciude the
Mannich-, PIB-Amine-, Polyetheramine- and succinimide-type, and mixtures thereof. in
the effort to keep the passivated surface clear, additional conventional additives can be
used, with the low molecular weight additives that go into the vapor phase readily, being

the most preferred. The triazine, DMAPA and other small amines are also useful.
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In one embodiment herein, the fuel additives that can be used include cyclopentadienyl manganese
tricarbonyl compounds which include cyclopentadienyl manganese tricarbonyl, methylcyclopentadienyl
manganese tricarbonyl, 15dimethylcyclopentadienyl manganese tricarbonyl, trimethylcyclopentadienyl
manganese tricarbonyl, tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethylcyclopentadienyl manganese tricarbonyl, propylcyclopentadienyl manganese tricarbonyl,
isopropylcyclopentadienyl manganese tricarbonyl, text- 20butylcyclopentadienyl manganese
tricarbonyl, octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl manganese

tricarbonyl, ethylmeth%cgclopentadieﬁﬁ I manganese tricar on Igi 'Lndepé{énrg}}ana%gnese tricarbonyl, and
re: ' '

Foor YIme: _ ) .
the like, including mixttirés BFENO 0P Hdre stch compoatnds. Preterred are the cyclopentadienyl

manganese tricgronyls WHIENATAIGHRALIBOTIMAGIAHE SUORAS. Ldives ar

methylcyclopentadienylmanganesetricarbonyl, ethylcyclopentadienyl manganese tricarbonyl, liquid
mixtures of cyclgpgpiadignydnanganese: tocankenylianid eyl eytlopentadienidrmanganese
tricarbonyl, mixtures of methylcyclopentad enyl Smanganese tricarbonyl and ethylcyclopemadienyi
manganese tricastroayl wtby@eephrativisofiiwehsednapdtivrBeikasescripeddy the Teritire; see for

example, U.S. Patent No. 2,818,417. One of the best additives are ég,e. olg%heramin s. The fuel
compositions arf@IRRNA HE KB SEIPTH HIE JPesHt isFIb LR IS P EneF R Bically do, contain

amine detergents. Suitable amine detergents jneluds,1Abydigqamy sHaGinisanbydiide derivatives,
Mannich condensation pr8§ucfls, hyd?‘ocar%yl

recommend levels of about 1,000 parts per million (ppm) of dispersant-detergent in the

fuel, however, as much as 85% of the gasoline that is being sold today contains only one-

10 tenth of the recommended dosage, or only about 100 ppm of the additive package.

Consequently, using cheap gasoline contributes to the formation of injector deposits.

In one embodiment herein, the fuel additives that can be used include
cyclopentadienyl manganese tricarbonyl compounds which include cyclopentadienyl
manganese tricarbonyl, methylcyclopentadienyl manganese tricarbonyl,

15 dimethylcyclopentadienyl manganese tricarbonyl, trimethylcyciopentadienyl manganese
tricarbonyl, tetramethylcyclopentadienyl manganese tricarbonyt,
pentamethylcyciopentadienyl manganese tricarbonyl, ethylcyclopentadieny] manganese
tricarbonyl, diethyleyclopentadienyl manganese tricarbonyl, nropyicyclopentadienyl
manganese tricarbonyl, isopropyicyclopentadienyl manganese tricarbonyl, tert-

20 butyleyclopentadienyl manganese tricarbonyl, octyicyclopentadieny manganese
tricarbonyl, dodecylcyciopentadienyl manganese tricarbonyl,
sthylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese {ricarbonyl, and
the like, including mixtures of two or more such compounds. Preferred are the

cyclopentadieny! manganese tricarbonyls which are fiquid at room temperature such as



amines and polyetheramines. The hydrocarbyl-substituted succinic anhydride derivatives are known to
those of skill in the art. See for example U.S. Patent Nos. 3,361.673; 3,676,089; 3,172,892; 4,234,435;
5,620,486 and 5,393,309. The hydrocarbyl substituents on the succinic anhydrides are generally
derived 15from polyolefins that are polymers or copolymers of mono-olefins, particularly 1-mono-
olefins, such as ethylene, propylene, butylene, and the like. Preferably, the mono-olefin employed will
have 2 to about 24 carbon atoms, and more preferably, about 3 to 12 carbon atoms. More prefen-ed
mono-olefins include propylene, butylene, particulatly isobutylene, 1-octene and 1-decene. Polyolefins
prepared from such mono-olefins include 20polypropylene, polybutene, polyisobutene, and the

polyalphaolefins produced from | - octene and 1-decene. The preparation of polyisobutenes in
which the methyiViRfiden e%%prﬁg}ré‘oaﬁ‘%%ﬂrfssgtg%rﬁ?éﬁ%%% }ecﬁgdogng %t eréy?gtlg?‘%%ﬁ%%osition is described

in U.S. Patent Nps, 4,152,499 and 4,605,808 dieny TS Bydtecarkybsyceinimides are obtained by

reacting a hydrocarbyl-substituted succ n ¢ anhydride, acid, acid-ester or lower alkyl ester with an
amine containing«atJrRagbene:pempnaamine gradprRepiesentativetexariptestatierngisclosed in U.S.
Patent Nos. 53,172.892; 3.202,678; 3.219,666; 3,272,746, 3,254,025, 3,216,936, 4.234.435; and
5.575,823. £speviathnpreficrddrhyand edrig orseinfe b 8 /oS iR tHaIe<Ent invention are the

products of reaction of a palyethylenepolyamine, e.qg. triethylene tetram ne or t lene pentamine,
with a hydrocarﬁ&?@%ﬁﬂ?@@&ﬁwwé‘éé?dcgp%%]ﬁ)} i{ﬂtegrraﬁg&es e;/? Fead %)rlmeg%gr'geﬁha%én

apo yoﬁefin,
preferably po'“%\%)b%&%,eé]l?a\gggo% ﬂ%(%!gs(fldlﬁgtives are the polyetheramines.
The fuel compositions and additive packages useful in the present disclosure
may, and typically do, contain amine detergents. Suitable amine detergents include
10 hydrocarbyl succinic anhydride derivatives, Mannich condensation products, hydrocarbyl
amines and polyetheramines. The hydrocarbyl-substituted succinic anhydride derivatives
are known to those of skill in the art. See for example U.S, Patent Nos. 3,361,673;

3,676,089; 3,172,892; 4,234,435; 5,620,486 and 5,393,309.

The hydrocarby! substituents on the succinic anhydrides are generally derived

15 from polyolefins that are polymers or copolymers of mono-olefins, particularly 1-mono-
olefins, such as ethylene, propylene, butylene, and the like. Preferably, the mono-olefin
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, 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-decene. The preparation of such polyisobutenes in which the
methylvinylidene isomer comprises a high percentage of the total composition is

described in U.S. Patent Nos. 4,152,499 and 4,603,808.



10weight of 500 to 2,000, especially 700 to 1500, with an unsaturated polycarboxylic acid or
anhydride, e.g. maleic anhydride. In another preferred embodiment herein, the amine is an aliphatic
diamine having one primary or secondary amino group and at least one tertiary amino group in the
molecule. 15The 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 diselosed in U.S. Patent Nos. 4,152,499 and
4,605,808. 20Suitable Mannich base detergents for use in the present invention are also taught in U.S.
Patent Nos. 4,231.759 55?:[?14’19% 634 9591% 5,697.988: 5,725,612 ng’%@%@tﬁ% ails for

preparing aliphatic po@ | %’O&aa‘ieﬁ?gsélﬁf)a}i%lbeﬁs%%?s} aé%er? béroaﬁ%n in atent Nos. ,438,757,

3.454,555; 3,485,601, 3,p0Ri804::3,243.010:03 1844 21L0i 6 Liblk adifd G ondihiny £DRa£O3; 3.844,958;
3.852,258: 3,864,098; 3,876.704; 3,884,647; 3,898,056; 5,034,471; 15 3,950,426; 3,960,515;

4,022,589; 4,036:300in4::1 28140 Siodpl BBpra 6 168 2R = 52086 st bSe Gyl 1 3.36ukznalNds5,124.484; and
published European Patent
5 3,172.892; 3.202,678; 3,219,666; 3,272,746, 3,254,025, 3,216,936, 4,234,435; and
5,575,823, Hspecially preferred hydrocarby! succinimides for use in the present
invention are the products of reaction of a polyethylenepolyamine, e.g. triethylene
tetramine or tetraethylene pentamine, with a hydrocarbon substituted carboxylic acid or
anhydride made by reaction of a polyolefin, preferably polyisobutene, having a moiecular

10 weight of 500 to 2,000, especially 700 to 1500, with an unsaturated polycarboxylic acid
or anhydride, e.g. maleic anhydride.

In another preferred embodiment herein, the amine is an aliphatic diamine having
one primary or secondary amino group and at least one tertiary amino group in the
molecule.

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
in U.S. Patent Nos. 4,152,496 and 4,605,808.

20 Suitable Mannich base detergents for use in the present invention are also taught
in 1J.8. Patent Nos. 4,231,759; 5,514,190; 5,634,951, 5,697,988; 5,725,612; and
5,876,468, Details for preparing aliphatic polyamine detergent/dispersants, can be found
in U.S. Patent Nos. 3,438,757, 3,454,555; 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,



Application 384,086. 5Polyetherammes suitable for use as the detergents in the present invention are
preferably "single molecule" additives, incorporating both amine and polyether functionalities within the
same molecule. The polyetheramines can be monoamines, diamines or triamines. Examples of
commercially available polyetheramines are those under the tradename JeffaminesTm available from
Huntsman Chemical Company. The 10molecular weight of the polyetheramines will typically range
from 500 to 3000. Other suitable polyetheramines are those compounds taught in U.S. Patent Nos.
4,288.612; 5,089,029: and 5,112.364. The basEfuels used in formulating the fuel compositions of
the present invention include any base fuels suitable for use in the operation of fuel injected engines

such as 15leadied y unleaded molorgasolneyand digsel el a uelsymay dsacontai

oxygenated blending agents ("oxygenates"), such as ‘alcohols, ethers and other suitable

oxygen-containilgyerganiqgemRrosNas sQxyaenaies syitable fosndseinofeenpeaent invention include
methanol, ethanol, isopropanol, t-butanol, mixed Cl to C5 alcohols, methyl tertiary butyl ether, tertiary
amyl methyl etheppeifdiegtiangsbutyl ether and 20mixed ethers. Oxygenates, when used, will normally
be present in the base fuel in an amount below about 30% by volume, and preferably in an amount
that providés an oxygdieleeheemtiis e akiedan fretsifeeTEdige BraboGias 6 as8dts percent by

volume. The discovery of the present inveption is also applicable to injected fuels that consist primarily
of thanol. 16 PLHRY SEIGEREAS BAEL i g e

iqui CArrier-or Induction aid. Such

carriers can be of varioys RSy SHELAS fRnexameie Jovidpalvasolefib.oligemeiss mineral oils, liquid
poly (oxyalkylenes' compounds, liquid alcohols or polyols, polyalkenes, liquid

diamines or iriamines. Exampies of commercially availabie polyetheramines are those
under the tradename Jeffamines™ available from Huntsman Chemical Company. The

10 molecutar weight of the polyetheramines will typically range from 500 to 3000. Other
suitable poivetheramines are those compounds taught in U.S. Patent Nos. 4,288,612
5,089,029; and 5,112.364.

The base fuels used i formulating the fuel compositions of the 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 methanol, ethanoi, isopropanol, i-butanol, mixed C1 to C5 aicohols,
methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl 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 voiume, and preferably in an amount 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 applicabie to injected fuels that consist
primarily of ethanol.
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Sesters, and similar liquid carriers. Mixtures of two or more such carriers can be employed. The
mineral oil carrier fluids that can be used include paraffinic, naphthenic and asphaltic oils, and can be
derived from various petroleum crude oils and processed in any suitable manner. The poly-a-olefins
(PAO) suitable for use as carrier fluids are the hydrotreated and unhydrotreated poly-a-olefin
oligomers .e., hydrogenated or unhydrogenated products, pri- 10madly tnmers, tetramers and
pentamers of a-olefin monomers, which monomers contain from 6 to 12, generally 8 to 12 and most
preferably about 10 carbon atoms. Their synthesis i$ outlined in Hydrocarbon Processing., Feb. 1982,
page 75 et 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 (oxyalkylene) compounds whi e among the preferred carrier flui use in this
invention are fuel- 15 irgﬁj%l%%eoﬁrtﬁﬁrg ﬁ%%%g \ ?ﬁ%gﬁ&a%?%éaﬁg é)(r:ﬁ%ﬁr%érﬁigﬁgsglmf%om about 500 to

about 3000, mote preferaby. oM, ahul 73 lo:8auk2270, 80 maSlAfR/aiahi ragy above aboul

1000 to about 2 e poly (oxyalkylene) compounds, when used, pursuant to this invention will
contain a sufficignt M%fng%@g@g@mg@ﬁ@u@iﬁﬁagg poethyIsimeitkyde fieaxy units and/or
ethyldimethyleneoxy units) to render the poly (oxyalkylene) compound gasoline 20and diesel fuel
soluble. Suitablespelyatoxyalkylend)caormpodidsdorivee dnnhes prasenisnventioeripielisde those taught in
U.S. Patent Nos. 5,514,190; 5,634,951, 5.697,988; 5,725,612, 5,814,111 and 5,873,917. Suitable
polyalkenes for Trseninerbopresentindeiaorbe EEa grue PR Pate A 0AECF S R4S on April, 11
2000. When the carrier fluids are used in combination with the amine detergents; the ratio (wt/wt) of
17 detergent to U rABY ‘f[’ﬂi‘ié?éj)e fi%‘?ﬁ%%n’ﬁ‘?ﬁ“ eel[lf(ﬁﬁéné of ?c%s r:loletgslza']"%g use of a concentrate
reduces blending time %9#&?%@@9&%%1{&%%%&@ewgaﬁis EXAMRLEL&Same of the

practice and advantages of this invention are demonstrated by the following example which is
presented for pyrposesaldiystationang netlimitatign.dadensenstaia.ihe-efieativeness of the
passivation of the present invention in reducing deposits in direct injection gasoline engines, tests
were condygted in-g, 198 INissat ddEpentamers of a-olefin monomers, which monomers contain

from 6 to 12, generally 8 to 12 and most preferably about 10 carbon atoms. Their synthesis

is outlined in Hydrocarbon Processing, Feb. 1982, page 75 et 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 (oxyvalkylene)
compounds which are among the preferred carrier fluids for use in this invention are fuel-
i5  soluble compounds having an average molecular weight of from about 500 to about 3000,
more preferably from about 750 to about 2500, and most prefesably from above about 1000
to about 2000. The poly (oxyalkyiene) compounds, when used, pursuant to this invention
will contain 2 sufficient number of branched oxyalicylene units (e.g., methyldimethyleneoxy
units and/or ethyldimethyleneoxy units) to render the poly (oxyalkylene) compound gasoline
20 and diesel fuel soluble. Suitable poly (oxyalkylene) compounds for use in the present
invention include those taught in U.S. Patent Nos. 5,514,190; 5,634,951; 5,697,988
5,725,612; 5,814,111 and 5,873,917, Suitable polyalkenes for use in the present
invention are taught in US Patent 6,048,373 issued on April, 112000, When the carrier

fluids are used in combination with the amine detergents, the ratio {(wi/wt} of



10(2.2 liter) dual-sparkplug, four-cylinder engine modified to run in a homogeneous direct injection
mode, at a fuel rich lambda of 0.8 to accelerate injector deposit formation. Details of this test (without
the use of passivation) are disclosed in ,4radi, A. A., Imoehl, B., Avery, N. L., Wells, P. P., and
Grosser, R. W.: "The Effect of Fuel Composition and Engine Operating Parameters on Injector
Deposits in a High-Pressure Direct Injection 15Gasoline (DIG) Research Engine", SAE Technical
Paper 1999-01-3690 (1999). The fuel injectors were pass vated by rinsing the injector seats three
times with methylene chloride. The seats were thenitransferred from the methylene chloride to an
oven. The oven was continuously purged wit'n nitrogen at a rate of 250 mL/minute. The oven was then
heated to 500C while continuing the flow of nitrogen. The t erature 2Qwas held at 500C for 15
minutes and the‘ilwetg%l%ﬂtﬁmf’gbg@’.“ﬁ elslr%?@lé:t%ll AW Feoﬁ%glntig}nsf(ér%rgd Téeau%ﬁt?g&éen purged test
tUbe_\ containing Egﬁcm%”@ﬁmgs%m%e and |G IR SHIUDEI VRS m&&@@e\q‘&@ a stopper that was
equipped with a nitrogen purging mechanism. The test tube was then placed in an oil bath heated to
120C and held at this temperature for six hours. The test tube was then removed and allowed to 18
cool to room tenEeei& dnder a constant nitrogen purge. The injector seats were then removed from
the passivating chemicals and washed several times with heptane. A needed number of injector seats
were passivated. As mamtionistieprestouisiyi tdeabirgectd thsaavisiiatpaerohtmetédjecto that contains the
nozzle that is susceptible to plugging or fouling due the formation of deposits. An equal number of
identical nonpadeirtit ﬂfé%?&§’%(@’§ B‘Bﬁ&ﬁﬁéﬂf%p&@%‘%g CHRtSret e HaCtg R e then constructed

by Siemens VDO Automotjve lacated in Newport.News, Virginia. The ¢ nstructed.
in a research DI%né%nﬁfﬁaéeééegggﬁfﬁgﬁﬁﬁ% glé é”ﬁ%%‘*&%ﬁ%é’%hr% W(flli%e ?ﬁé@éﬁ and WO 01/42399A1.

deposits in direct injection gasoline engines, tests were conducted in a 1982 Nissan Z22¢

ilnjectors were tested

10 (2.2 liter) dual-sparkplug, four-cylinder engine modified to run in a homogeneous direct
injection mode, at a fuel rich lambda of 0.8 to accelerate injector deposit formation.
Details of this test (without the use of passivation) are disclosed in dradi, 4. 4., Imoehi,
B., Avery, N. L., Wells, P. P., and Grosser, R. W.. * The Effect of Fuel Composition and
Engine Operating Parameters on Infector Deposits in a High-Pressure Direct Injection

15 Gasoline (DIG) Research Engine”, SAE Technical Paper 1999-01-3690 (1999).

The fuel injectors were passivated by rinsing the injector seats three times with
methylene chloride. The seats were then transferred from the methylene chloride to an
oven. The oven was continuously purged with nitrogen at a rate of 250 mL/minute. The
oven was then heated to 500° C whiie continuing the flow of nitrogen. The temperature

20 was held at 500° C for 15 minutes and then coofed 1o 150° C. The injector seats were

then transferred to a nitrogen purged test tube containing the passivating chemicals.

The test tube 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 allowed to

23



Modifications to the engine included replacing 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 15controller. Table 1 summarizes the specifications of
the modified 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 (i.e. exhaust)gide of the engine to favor high tip 70temperatures
to promote the formation of injector deposits. The rate of injector (passivated and non-passivated)
deposit formation was evaluated through the use of this slgeciall¥ develg(ged teady;state engine test.

Engine operatindCdREHBHETEF8REH TSt HETH W R dete NG o e ST

mined y measuring injector tip

temperatures thioughou! the endine, eneraling,man.rande: Some ahibe mssiars were 19 fitted with

thermocouples near the nozzle tip to measure the temperatures during the engine operating
conditions. This technique is well known to those skilled in the g%somoti.ve %rts. K%yéle[?%ine parameters
' d

were inlet air and fuel tRATSEFAIEY ShPHTE BSsEed K angine oad. The inet air and Tuel
temperaturas wete LonipHed 2l A0 e Al I2 Cute ShRRIYAIV n TR Rudiogadpeliel used in this test

was gasoline that did not contain any additives.
plugging or fouling due the formation of deposits. An equal number of identical non-

passivated injectors were obtained to act as controls. The injectors were then constructed
by Siemens VDO Automotive located in Newport News, Virginia. The constructed
injectors were tested in a research DIG engine as described in patent applications WO

10 01/42398A1 and WO 01/42399A1.

Modifications to the engine included replacing 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 1 summarizes the specifications of the modified 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 {i.e. exhaust) side of the engine to favor high tip

20 temperatures to promote the formation of injector deposits.

The rate of injector (passivated and non-passivated) deposit formation was
evaluated through the use of this specially developed steady-state engine test. Engine
operating conditions for each test point were determined by measuring injector tip

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



Table 1: Test Engine Specifications Type Four Cylinder In-Line 2.2 Liter Nissan Engine Converted for
DI (direct injection) Operation Displacement 2187 cubic centimeters Plugs/cylinder | (stock
configuration: 2) Valves/cylinder 2 Bore 87 millimeters Stroke 92 millimeters Fuel System Common
Rail High Pressure Direct Injection

19

fitted with thermocouples near the nozzle tip to measure the temperatures during the
engine operating conditions. This technique is well known to those skilled in the
automotive arts. Key engine parameters were inlet air and fuel temperatures, engine

5 speed, and engine load. The inlet air and fuel temperatures were controlled at 35 °C and
32 °C, respectively. The hydrocarbon fuel used in this test was gasoline that did not

contain any additives.

Table 1: Test Engine Specifications

Type Four Cylinder In-Line 2.2 Liter Nissan Engine Converted
for DI (direct injection) Operation
Displacement 2187 cubic centimeters
Plugs/cylinder 1 (stock configuration: 2)
Valves/cylinder 2
Bore 87 mitlimeters
Stroke 92 millimeters
Fuel System Common Rail High Pregsure Direct Injection
Fuel Pressure 6900 kPa (closed loop)
Engine Controlier Universal Laboratory System
Injection Timing 300 degrees BTDC (before top dead center)
Coolant Temperature {°C) 85
Oil Temperature (°C) 95
10 At constant inlet air/fuet temperature and engine load, injector tip temperature

remained constant at engine speeds of 1500, 2000, 2500, and 3000 rpm (revolution per



Fuel Pressure 6900 kPa (closed loop) Engine Controller Universal Laboratory System Injection Timing
300 degrees BTDC (before top dead center) Coolant Temperature (C) 85 Oil Temperature (C) 95
10At constant inlet air/fuel temperature and engine load, injector tip temperature remained constant at
engine speeds of 1500, 2000, 2500, and 3000 rpm (revolution per 10

20

second). However, at constant engine speed, tip temperatures increase with load. For five
load points, 200, 300, 400, 500, and 600 mg/stroke air charge, increasing tip temperatures

of 120, 140, 157, 173, and 184 °C, respectively, were observed for each load.

5 Through previous research, it was determined that a tip temperature of 173 °C
provided optimum conditions for injector deposit formation in this engine. Table 2 sets

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

Table 2: Kev Test Conditions

Engine Speed {rpm) 2500
Iniet Air Temp. (°C) 35
Inlet Fuel Temp. (°C}) 32
Exit Coolant Temp. (°C) 85
Exit Oil Temp. (°C) 95
Load (mg atr/stroke) 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 controiled using the engine dynamometer
controller, and the engine throttle was manipulated to confrol air charge using a standard

automotive airflow meter as feedback in a closed-loop control system.

Engine fueling was controlled in two ways. During warm-up, imjector pulse
15 width was controlied using a standard mass airflow strategy and exhaust gas sensor

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



second). However, at constant engine speed, tip temperatures increase with load. For five load points,
200, 300, 400, 500, and 600 mg/stroke air charge, increasing tip temperatures of 120, 140, 157, 173,
and 184 C, respectively, were observed for each load. 5Through previous research, it was determined
that a tip temperature of 173 C provided optimum conditions for injector deposit formation in this
Qngine Table 2 sets forth the key test conditions used in performing the evaluation of the present
invention. Table 2: Key Test Conditions 10The test was divided o 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 using a standard automotive

airflow meter as feedback in a clgsed-loop control system. - | li s controlled in two
ways. During WB?H?-% 5% ﬁiéscet(\)”rl Ap%l\ggs f}fv@faﬁt% %{a)é)%)égﬁﬁa’leec Oag?ﬁlgggggsr%%égﬁﬁggs airflow strategy

and exhaust gag, sensorGORHAng.iher aiffuslinixture-tastoichiometrc levels. ourngithe
operator-assisted 21 period, the pulse width was manually set for each injector using wide-range
lambda sensorsisitheiexdaust pestofreachecsdintesiyFudidlons wad measirediasidga volumetric flow
meter and a temperature-corrected density value was used to calculate mass flow. 5Each test was run

at a load condition of 500,mg/siEoke: AhipRAramaterdssuehkeews. tothesaméekillirithe art. Injector
deposit folliation was followed by measuring total engine fuel flow at fixed speed, air charge (mass of

air per intake streke), @nibthefladibdansignalrroto éaghiciiinaddpover altestperiodsfgig hours. To help
minimize injector-to-injector variability the same set of injectors was used for all tests at a

total engine fuel flow at fixed speed, air charge (mass of air per intake stroke), and the

tambda signal from each cylinder over a test period of six hours, To help minimize

injector-to-injector variability the same set of injectors was used for all tests at a

10 particular engine load, with each injector always in the same cylinder.

Gasoline fuel compositions were subjected to the above-described engine tests
whereby the substantial effectiveness of the passivation of the injector seat to within 0.1
mm of the injector nozzie demonstrated that deposit formations were reduced compared

10 non-passivated injectors.

I3 The control and test injectors were then photographed under magnification. An
examination of the photographs clearly demonstrated that deposit formation grows from
ouiside of the injector nozzle and then into the injector nozzle. Based on this surprising
discovery, it was concluded that passivation of the injector nozzle was unneeded. It was
further concluded that passivation of the injector seat to within 0.1 to 2.0 mm of the

20 injector nozzle would lessen the formation of deposits within the injector nozzle, 1t isthe

formation of deposits within the injector nozzle that causes the most damage to engine

performance.

A further benefit provided herein is that passivation can be conducted in an
earlier stage of injector construction. For example, the sheet metal from which the

25 injector seats are constructed can be passivated and/or textured before the seats



10particular engine load, with each injector always in the same cylinder. Gasoline fuel
compositions were subjected to the above-described engine tests whereby the substantial
effectiveness of the passivation of the injector seat to within 0.1 mm of the injector nozzle
demonstrated that deposit formations were reduced compared to non-pass vated injectors. 15The
control and test injectors were then photographed under magnification. An examination of the
photographs clearly demonstrated that deposit formation grows from outside of the injector nozzle and
then into the injector nozzle. Based on this surprisidg discovery, it was concluded that passivation of
the injector nozzle was unneeded. It was further concluded that passivation of the injector seat to

within 010 20,mm o the 20jector nozzie ipuld Jassen ey TR of dapastsithin the injectr

e
. re cuf Irom thfe ! )
nozzle. It is the formation o 5eposfs within the Injector nozzle that causes the most damage to engine

performance. Adurtherhengfikprovides batainis thatpassivatiancanhacanduateddiman  earlier
stage of injector construction. For example, the sheet metal from which the 25injector seats are

constructed candenpassivaiedanefeniexttredbefare: the Seathe 22 atatcutirowrthessheet metal and
then the nozzle drilled. This is very cost effective and simplifies the construction process of the
injector. In ontdiicdanvemtisHince ARtHeenyH eRRRIUEISHIERERS Feilsirddnetfe seat be cut
from the metal, then the nozzle is 5drilled and passivation Is applied with emphasis on passivating the
inside of the nozzle. Thidviis theeprésent fusthersdiscited $ca thettrsthfoicthel edpstrietion of a fuel
injector comprising a seat and a nozzle, the method or improvement comprising the steps of: a)
passivating sheeensels)set i S echt RERPSAId TRy dMAES S H SR8 s8ld seat; and d)
assembling said injector%%jOIt isto b understo(Pd gpg{t} r}lhe.reacta’nt?s daglﬂd coq&ponqntﬁ gggerred to by

. . , 1ai; 13
chemical name BRSBTS RAR ARYWHSF S tHE SLSHEANON Of tlaints hersof, whether referred to

in the singular ogegguggﬁ,(ﬁggsgq%@ '%gi(@gu{g}%.exist prior to coming into contact with another substance
referred to by chemiical name or chemical type (e.g., base fuel, solvent. etc.). It matters not what

chemical c Oa nges, tI’aI’IIIS ;fso t%r%g%gggs?o%%/&%{g’]aecrggc@asﬂts!fa%g] ¥br§%|§)%ents referred to by chemical

name in the prior art and anywhere in the specification or claims hereof, whether referred
1o 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.g., base fuel, solvent,
etc.). It matters not what chemical changes, transformations and/or reactions, if any, take

15 place in the resulting mixture or solution or reaction medium as such changes,
transformations and/or reactions are the natural result of bringing the specified reactants
and/or components together under the conditions called for pursuant to this disclosure.
Thus the reactants and components are identified as ingredients to be brought together
either in performing a desired chemical reaction (such as a Mannich condensation

20 reaction) or in forming a desired composition (such as an additive concentrate or an

additive/fuel blend).

It should be appreciated that, even though the claims hereinafter may refer to

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



15place in the resulting mixture or solution or reaction medium as such changes, transformations
and/or reactions are the natural result of bringing the specified reactants and/or components together
under the conditions called for pursuant to this disclosure. Thus the reactants and components are
identified as ingredients to be brought together either in performing a desired chemical reaction (such
as a Mannich condensation 20reaction) or in forming a desired composition (such as an additive
concentrate or an additive/fuel blend). It should be appreciated that, even though the claims
hereinafter may refer to substances, components apgl/or ingredients in the present tense ("comprises”,
"is", etc.), Lithe reference is to the substance, components or ingredient as it existed at the time just
before it was first blended or mixed with one or more other aypﬁsta ces ec:(%o?rhp&lonentsS:%md/or ingredients
e a

: - . S
in accordance with” %eﬁfgésetﬁt%s?g LIS ST O SRS LAt the SUbstance, components

or ingredient may. Aave Jastits Qriginalidentingihrensd a chemicaleactionahaasiormation during the
course of such blending or mixing operations is thus wholly immaterial for an accurate understanding
and appreciationgfdhiscelisiclostirecesidatie wiaims phesaof fcuslineatorspaiodothEhesiabstrates that can
benefit from the present invention are 10typically constructed of any conventional material as
well-known n théaathe Bepsesemmsiaperiels substrgies maynbee Sosiffegiesidaficpordspisrasistant alloys

of nickel and chromium, . ) ) . .
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.,

Fuel injectors and other substrates that can benefit from the present invention are
10 tiypically constructed of any conventional material as well-known in the ar{. For example,
such substrates may be stainiess steel, corrosion-resistant alioys of nickel and chromium,
high-strength, corrosion-resistant nickel-base alloys, and the like. It is these typical
substrate materiats which are susceptible o the formation of fuel thermal degradation
products, such as gum, coke and/or sulfur compounds or mixtures thereof, in

15 hydrocarbon fiuids and fuels.

INDUSTRIAL APPLICABILITY

The automotive indusiry is constantly searching for ways to improve fuel
economy, increase power per unit of fuel consumed, and reduce emissions. One
technology of present interest is the direct injection gasoline (BIG) 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 occurs
outside the injector nozzle or nozzie and then grows into the nozzle. More specially, the
invention saves time, money and reduces deposit formation by appiying a passivating

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



high-strength, corrosion-resistant nickel-base alloys, and the like. It is these typical substrate materials
which are susceptible to the formation of fuel thermal degradation products, such as gum, coke and/or
sulfur compounds or mixtures thereof, in 15hydrocarbon fluids and fuels. INDUSTRIAL
APPLICABILITY The automotive industry is constantly searching for ways to improve fuel
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 20engine, 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 occurs outside the injector nozzle or nozzle and then grows into

the nozzle. More specially, the invention sayes time, mone an(f reduces deposit formation by applying
a passivating cHEHIEAF a%ﬁ%dglﬁ ?ﬁé%ﬂf%?yé 3 %}fg %?Efg SraiF Ii“}eg%)ﬁa%g%%%ﬁ?iﬁg, either by 24

mechanically a%%ﬁ%)%&&éﬂsgam%mbmg@m&aﬂs Lfiths inigeiorAn, thgcase of fuel injectors the
passivation is placed adjacent to and notin the nozzle. This advancement is used in conjunction with
additives that argrplacaginihe-fueliokeepthabpassivateed strfageclear. fuel toAkaUrerous places
throughout this specification, reference has been made to a number of U.S. Patents and published
foreign patént apphvatidns: i slaeh cited documents are expressly incorporated in full into this
disclosure as if fully set forth herein. This invention is susceptible to considerable variation in its
practice. Therefore 10therfarageing.esadptianishnebiaibnded teftimits andbshonkdaiotabe construed as
limiting, the invention to the particular exemplifications presented hereinabove. Rather, what is
intended to be coweredis’ds BatforhdinuinishsAduirignatanisaritatieqbiVaightédhereof permitted as a

matter of law. ) . . o i
documents are expressly incorporated in full into this disclosure as if fully set forth

herein. This invention is susceptibie to considerable variation in ifs practice. Therefore
10 the foregoing description is not intended to limit, and should not be construed as fimiting,

the invention to the particular exemplifications presented hereinabove. Rather, what is

intended 1o be covered is as set forth in the ensuing claims and the equivaients thereof

permitted as a matter of law.



25 We claim: I) A method for controlling deposit formation on at least one metal part of an internal
combustion engine, said method comprising the steps of: a) passivating metal parts 5 subject to
deposit formation in said internal combustion engine; and b) introducing into said internal combustion
engine a fuel composition comprising at least one fuel-soluble additive. ~ 2) The method according to
Claim 1 wherein said passivating comprises a process 10selected from the group consisting of
coatings, surface texturing, nano technology and combinations thereof; and said additive comprises at
least one additive selected from the group consistingisof detergents, dispersants, antioxidants, carrier
fluids, metal deactivators. dyes, markers, corrosion inhibitors. biocides, antistatic additives, drag
reducing agents, demulsifiers, dehazers, anti-icing additives, antiknock additives, anti- 15valve-seat
recession addltlve?/%ffﬁ‘r’&ty additives, combustion improvers and mixtures thereof, and; at least one
fuel-soluble cyclopentadienyl manganese tricarbonyl compound in proportions effective to reduce the
weight of deposits it switicihferned gl dspion éngineconapirstots mfabbatiat im devor of a
fuel-soluble cyclopentadienyl manganese tricarbonyi compound. 20 3) The method according to Claim

1 wherein said fEERFTAT SO RREEEHRG SAfERIYRE the&ﬁe%‘g RHEHSIHER SEH A Claim 1 wherein
said engine4s sele %%g from the aroup consisting, of dirggtiniegted gasaline, (DIG) engines and

compression ignite iesel 25eng|nes
said internai combustion engine a fuel composition comprising at ieast one fuel-soluble

additive.

2) The method according to Claim 1 wherein said passivating comprises a process

10 selected from the group consisting of coatings, surface texturing, nane technoiogy and
combinations thereof; and said additive comprises at least one additive selected from the
group consisting of detergents, dispersants, antioxidants, carrier fluids, metal
deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives, drag
reducing agents, demulsifiers, dehazers, anti-icing additives, antiknock additives, anti-

15 valve-seat recession additives, lubricity additives, combustion improvers and mixtures
thereof, and; at least one fuel-soluble cyclopentadieny! manganese tricarbonyl compound
in proportions effective to reduce the weight of deposits in said internal combustion
engine compared to a fuet that is devoid of a fuel-solubie cyclopentadienyl manganese
tricarbonyl compound.

20

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

4) The method according to Claim 1 wherein said engine is selecied from the group
consisting of direct injected gasoline (DIG) engines and compression ignited (diesel)

25 engines.



26 5) The method according to Claim 3 wherein said passivation is applied to the outside of said
injector and wherein said passivation is nano technology and the nano particles are selected from the
group consisting of alkali metals (Li, Na, K, Rb, etc), alkaline earth metals (Mg, Ca, Sr. Ba, etc),
transition metals (Ti, Cr, Mn, Fe, Co, Ni, Cu. Zn, Zr, Mo, Ru, Rh, Pd, Hf, Ta, W. Re, Os, Ir, Pt, Ag, Au,
etc) actinides and lanthanides (La, Y, Ac, Ce, Pr, Nd, Gd, Th, etc), and mixtures thereof. 6) The
method according to Claim 2 wherein said cyclopentadienyl manganese 10tricarbonyl compound
comprises at least one member selected from the @i®up consisting of cyclopentadienyt manganese
tricarbonyt, methylcyclopentad enyl manganese tricarbonyl and mixtures thereof ~ 7) The method
according to Clgém % wherei saiddoutsi(%ﬁ of sali 'rector(goes not 1500rq|%q1§ intise] tor nozzle. 8)
rd in

n
. . . { .
The method according I CISiAT Maren Said passivation 1S applied b wit %e.lo 10 2.0 mm of said

injector nozzle 209): The. methad:acear ding,ie.C1an € wherginsrid ay¢apamtadismikmanganese

tricarbonyl compound iS present in an amount sufficient to provide 0.0156 to 0.125 gram of
manganese per:gadlosief fueh d0)bhenethog atdeiting 4t Claia, K\Rierein saidipassivation is
applied to within 2.0 27 11) The method according to Claim 1 wherein said additive comprises at least
one amine detergals. (M2 THe. Mettiod messrting s Clain. Mowketsinthe brffiné d¥ergent comprises

at least .
Ru. Rh, Pd, Hf, Ta, W, Re, Os, Ir, Pt, Ag, Au, eic) actinides and lanthanides (La, Y, Ac,

Ce, Pr, Nd, Gd, Tb, etc), and mixtures thereof.

6) The method according to Claim 2 wherein said cyclopentadienyl manganese
10 tricarbony! compound comprises at least one member selecied from the group consisting
of cyclopentadieny! manganese tricarbonyl, methylcyclopentadienyl manganese

iricarbonyl and mixtures thereof.

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

15 comprise an injector nozzle.

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

2.0 mm of said injector nozzle.

20 9y The method according to Claim 6 wherein said cyciopentadieny] manganese
tricarbony} compound is present in an amount sufficient to provide 0.0156 to 0.125 gram

of manganese per gallon of fuel.

10) The method according to Claim 7 wherein said passivation is applied to within 2.0

25 mm of said injector nozzle.



one member selected from the group consisting of hydrocarbyl-substituted succinic anhydride
derivatives, Mannich condensation products, hydrocarbyl amines and polyetheramines. 1013) A
method for reducing deposit formation on the fuel injectors of an injected internal combustion engine,
said method comprises the steps of: a) passivating said injectors, wherein said passivating comprises
a process selected from the group consisting of coatings, surface texturing, nano technology and
combinations thereof; and b) introducing into said internal combustion engine a fuel composition
comprising fuel- 15 soluble additives, wherein saidZdditive is at least one additive selected from the
group consisting of antioxidants, carrier fluids, metal deactivators, dyes, markers, corrosion inhibitors,
plocides, anfistalif apdindes ARGIRINERGAICHE: AP aliers. deflarers: Rliana additves,
antiknock additives, anti-vatve-seat récession ad Itives, lubricity additives and combustion improvers.
20 14) The methog a&satding to Claim 13 wherein said additive comprises at least one member
selected from the group consisting of hydrocarbyl succinhnides, hydrocarbyl succinamides,
hydrocarbyl succinimide-amides, hydrocarbyl succi mide-esters, and mixtures thereof. 28 15) The
method according to Claim 13 wherein said additive comprises a carrier fluid selected from the group
consisting &f: 1)1 & miheraitii sewiaad ShamnEraheTRHE IR e SRPTRTSEJFEss than about
120; 2) one or more poly-a-olefin oligomers; 3) one .or 5more poly (oxyalkylene) compounds having an
average molec & WeGHt eﬁ%%dﬁg%%éh%gﬁb%u?’g%% %bgﬂﬁogg%f pliasnelaere Y

ZY) one or more polyalkenes; 5) one

or more polyalkylisubstituted hydrexyaramatic.campradsand Slmixturamtbergol  16) The method

of Claim 15 wherein the carrier fliid comprises at least one poly 10(oxyalkylene) compound. 17) A
method for redyginguseahieading in the crankcase lubricating oil of a vehicle having a direct injection
gasoline engine which comprises: a) passivating metal parts of said engine; and b) introducing into
said direct injection gasoline engine fuel composition | 5comprising: a) a fuel and b) a fuel-soluble

additive . _ . o - _
10 13) A method for reducing deposit formation on the fuel injectors of an injected internal

combustion engine, said method comprises the steps of: a) passivating said injectors,
wherein said passivating comprises a process selected from the group consisting of
coatings, surface texturing, nano technology and combinations thereof; and b)
introducing into said internal combustion engine a fuel composition comprising fuel-

15  soluble additives, wherein said additive is at least one additive selected from the group
consisting of antioxidants, carrier fluids, metai deactivators, dyes, markers, corrosion
inhibitors, biocides, antistatic additives, drag reducing agents, demuisifiers, dehazers,
anti-icing additives, antiknock additives, anti-valve-seat recession additives, lubricity
additives and combustion improvers.

20
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

2
th



18) The method of Claim 17 wherein the fuel composition comprises a cyclopentadienyl manganese
tricarbonyl 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 20 crankcase lubricating oil when said
vehicle is operated in the same manner and on the same fuel except that the fuel is devoid of a
fuel-soluble cyclopentadienyl manganese tricarbonyl compound. 19) An internal combustion engine
wherein said engine comprises a fuel injection 25system which delivers a fuel which comprises a
blend of hydrocarbons of the gasoline boiling range’&nd at least one additive selected from the group
consisting of antioxidants, 29 carrier fluids, metal deactivators, dyes, markers, corrosion inhibitors,

biocides, antistatj ditives, drag reducing.agents, demulsitier dehazerg, %ngrégmaadditives,
antiknock additﬁlaegs, aﬁt??%%’ vde%g%géiiifi@t{gsgs%ﬁ adg?f?égg,S?ﬁ%?ﬁ%évgég?%ﬁésse, goamtl)ustion improvers 5and

mixtures thereof, andwhergin said enging somprisesdniestors whigbreanpiiss: anoze, said injectors
being treated by passivation to within 0.1 mm of the nozzle. 20) The engine according to Claim 19

wherein said passivatingieosTpiisesfapsacessselrcietofeanithe grbugieanaistingrebeoatings, surface
pattering, nano technology and 10combinations thereof. 21) A method for the construction of a fuel
injector comprisingease &bxanslyéemno zeteytinds rprovernenssomisdsing thdistepsrafzagipassivating a
sheet metal to create a sheet of passivated metal; b} cuttir(g said seat from said passivated metal; c)

drilling said noz#e%r>d5Eakp 2S8R Al cH et Pt lkarS: 0 ASEBIRRY Sl REsred
hydroxyaromatic compounds and 6) mixtures thereof.

16) The method of Claim 15 wherein the carrier fiuid comprises at jeast one poly

10 (oxvalkylene) compound.

17) A method for reducing soot loading in the crankcase tubricating oil of a vehicle
having a direct injection gasoline engine which comprises: a) passivating metal parts of
said engine; and b) introducing inte said direct injection gasoline engine fuel composition

15 comprising: a) a fuel and b) a fuel-soluble additive.

18) The method of Claim 17 wherein the fuel composition comprises a cyclopentadienyl
manganese tricarbonyl 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

20  crankcase lubricating oil when said vehicle is operated in the same manner and on the
same fuel except that the fuel is devoid of a fuel-soluble cyclopentadienyl manganese

tricarbonyi compound.

19)  An internal combustion engine wherein said engine comprises a fuel injection
25 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,



i0

15

29

carrier fluids, metal deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic
additives, drag reducing agents, demulsifiers, dehazers, anti-icing additives, antiknock
additives, anti-valve-seat recession additives, lubricity additives, combustion improvers
and mixtures thereof; and wherein said engine comprises injectors which comprise a

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

20) The engine according to Claim 19 wherein said passivating comprises 4 process
selected from the group consisting of coatings, surface pattering, nano technology and

combinations thereof.

21) A method for the construction of a fuel injector comprising a seat and a nozzle, the
improvement comprising the steps of: a) passivating a sheet metal to create a sheet of
passivated metal; b) cutting said seat from said passivated metal; c) drilling said nozzie in

said passivated sheet metal; and d) assembling said injector.



