
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 to the selective passivation of metal
components.  FIELD OF THE ll'W N'TION the present invention
specifically relates to the gassivation on the outside of fief  injectors and to
methods to control col:;ng or deposit formation on the injectors. The I0
invention also ref es to the use of fuel compositions and methods for
contolling, i e.  reducing or eliminating, deposits on the injectors of d sect
injection gasoline i DIG) and  diesel engines. More particularly, the
invention relates to the discovery that coking or  deposit growth init apes
oh h outside (com br stian side) of the injector no z e ar opening  and
eventually moves into the nozzle. As a result of the discovers, passivation
methods 15 based on coatings andior surface texturing need only be
applied to the outside of the  injector, in the vicinity of the nozzle. To
or--a--7ve the passivation of the injectors, the  fuel compositions
combusted in the engines preferably comprise an additive, for example  a
d&ertent. BACKGROTJND OF THE DW ENTION 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 parcular,
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  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 the nine orifices and the filter of the fuel
injectai, which restricts the flow of  fuel; 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
developed to add to  the fuel to 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
stray pattern enables more  precise electronic control of the combustion
event and the exhaust after treatment system.  There are numeIous
references t ach fig gasoline compositio s (fuel chemistries) for controlling
injector fouling, for example, fuels containing Mannich detergents are
disclosed inU.S. Patent Nos. 4,231,759; 5,514,190; 5.634951; 5,697,488;
5.725.6122; and  20 5.876,468. However, none of these references teach
the use of fuel compositions  containing deterrents for use in DIG or diesel
engines with surface passivated injectors.  T"hese references also fail to
suggest or disclose the striate 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 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 fuel which decompose in the combustion
chamber and form a coating, probably a  phosphate coating, on the
internal engine surfaces, It is suggested that this coating  effectively
inhibits carbon deposit formation. Further, in U.S. Patent No. 3,236,046
the 10 interior surface of stainless 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 articles and  fuel 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 obj eeti ve of this invention to
overcome these  disadvantages. 20 SUMMARY OF THE INVENTION As
used. herein and in the claims the terms "passivate", "passivated",
"nassivation" 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  5 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
methods. The advantage  with this method is that one may achieve
texturing andior surface activity that promotes  carbon oxidation at lower
temperatures and hence destroys deposit precursors before they 10
convert to intractable deposits. Metals in such nanoparticIes may include
alkali metals(Li,  Na, K, Rb, etc), alkaline earth metals (Wig, Ca, Sr, Ra,
etc), transition metals (Ti, Cr, Mn,  Fe, Cc, Ni, Cu, in, Zr, Mo, Ru, Rh, Pd,
Hf, TE W, Re, Os, It, Pt, Ag, Au, etc) actinides  and lanthanides (La, Y, Ac,
Ce, Pr, Nd, Gd, T'o, etc), and mixtures thereof. This is  generally known as
nano-texturing and is part of passivation as used herein and in the  is
claims. As used herein, "hydrocarbon fluid" and "hydrocarbon fuel" are
defined as one or  more hydrocarbon liquids, hydrocarbon gases or
mixtures thereof. As used herein,  "hydrocarbon fluid degradation
products" or "thermal degradation products" includes  products which form
from the hydrocarbons, for example, certain polymers resulting 20 from
thermal transformation of parainn to cycloparaffin, aromatics and
polycyclic  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 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/or sulfur compounds form when the
fluid is exposed 5 to heat. Although the invention is not directed to or
limited by any particular hydrocarbon  fluid or hydrocarbon fuel, typical
fuels may also include natural gas and hydrocarbons  and distillation
products thereof which are generally liquid at room temperature. The
fluids may be mixtures of hydrocarbons, mixtures of such distillation
products, mixtures  of hydrocarbons and distillation products, gasoline..
No. I or No. 2 diesel uels, 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 liquid fuel and the like. As used herein and in the claims the
terms "fuel injeection" "injectors" and  injection" are interchangeable and
relate to a means of metering fuel into an internal  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's
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 w th 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
5 outside (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  10 or
more metal parts 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
passivatinn is a process selected from the group consisting  of coatings,
surface texturing and combinations thereof and said additive(s), in a
preferred embodiment, comprises a fuel soluble detergent idispersartt
formulated from 15 ( anfficns, PIB Amines, P oly etheramines,
Succmimides, 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 internal
combustion engine compared to a fuel that is devoid of a fuel-soluble
cyclopentadienyl  manganese tricarbonyI 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 infector surfaces which method
comprises  introducing onto the outside of the injector surfaces
passivation selected from coa ngs,  surface texturing and combinations
tlxereof. 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 injector a  surface treatment selected from
the group consisting of: passivating chemical coatings,  5 mechanical
surface texturing, chemical surface texturing, laser sputtering,
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 tae gasoline boiling range and a  10 fuel-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 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 previously, the
20 passivation is applied to 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  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
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 10
valve-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, 15
dispersants, antioxidants, 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 b) wherein said engine  comprises
injectors, said injectors being treated by passivation to within 0.1 mm of
the  



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
products ardor thermal instability deposits from  hot hydrocarbon fluids on
a metal subsate, wherein the method comprises passivat`uig  the
substrate to within 0.1 pan?, more preferably within 2.0 mmn of the port,
nozzle or  nozzle of the substrate. The term "noz...le" and inje for nO?le"
as used herein and in the claims means  10 the hole or port through winch
the hydrocarbon fuel flovls. ! he nozzle is t h-- opening in  the metal
substrate which is most -- 10 n..enosit formation which results m a
decrease in etnciency. Nodes are also found ir, heat e`:tchanaers, fuel
containment  devices and lubrication systems. alas, for e xamnie, Fuel is
tipped through the nozzle O=  a heat exchanger and combusted. similar
;rshion, the injector nozzls or hole. in a DID id ensin:, will cause difficulties
when fouled. The present disclosure protect the node  from fouling or the
build tip of deposis in the nc e wh ch reduce its efncienc'.  CSC T PELED
DGSCLC5URE OF 7 HE I VEN t BON 7a-- present inventors have
studied. the mechanism o injector foiling and have  



found that the inital deposit formation is C.-xl'cal in anchGnng the deposit
Gnu the Lector.  20 i he initiation occurs on the outsiCf e o t e Inge or IIOZ
e, and wit ire millimeters of tihe nozzle. it then grows around the lip and
into the nozzle. 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 for surface texturing or passivation to
introduce microscopic unevenness are known, and on the nano level may
include laser splattering,  micromachining and controlled chemical etching.
Other methods of achieving the sam-- 5 include ion-beam sputter
deposition of thin-film coatings and ion-beam sputter etching ln a fur`fher
embodiment of the invention, laser mm- ce texturing (LST) is used on the
metal component LST greatly increases the surface area across the metal
component  with features down to 0.002 aches (zbout 0.00Scm). Furt_ner,
no masks are reatired and  the style of the pattern can be directly
imported from C1~D (computer assisted desis-u) 10 fles, Representative
LST is available from i FC inc. of ivflamisburg, Ohio 17342.  LS i provides
a u ique mefC od for applying p ssit on to metas, ceramics and a
polymers. The process uses a laser to selev ell- remove material :from the
=face- of part to create, a desired geometry. Fuitcer, numerous
publications such as the journa1_ NANO ECFIIVOiOCI', i5 discuss
methods is prepare and use. nano pa delta. The application o nano
technology in  this invention can be used by : 1) directly su ace by
applying the nanopa-acles to  the surface of the substrate by vapor phase
deposition, and/or ?) place the nanonardcles  



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 a  way 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
known 11  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  deposit precursors before they
convert to intractable deposits. Metals in such 5 ranopartictes may include
alkali metals(Li. Na, K, alkaline earth etas (Mg,  Ca, Sr, Ba, etc); transition
metals (Ti, Cr, Mn, Fe, Co, NIL C14 Zn, Zr, Mo, Ru, Rh, Pd,  Elf, Ta, W,
Re, Os, I.r, Pt, Ag. All, etc) actinides and lanthanides (La, Y, Ac, Ce, Pr.
Nd,  Cad, To, etc), and mixtures thereof. For more information of
passivation see  10 hCT:I/wwc .nvoc com/surface e t t r=.htrn1. and ht n
llwwc~.arc.naaaaov~G ~~laob anch Inispi m idbaa,~h h . Physical
parameters of  the surface texturing are opted (for exa nnie, peals to
valley height and peas to pea  distance rep esenting `he topology of t ht
text red surface) to maximize the contact angle  of the fuel m the vicinity of
the no-.le. io In one embodiment herein tae metal part (Le, the Infector
body) can ba fully  coated and then the nozzle can be drilled. This drilling
may be accomplished using  



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 canoe  used, with the low molecular
weig'nt addives that go into the vapor phase readily, being  the most
preferred. 7a-- niacin, DM. AP A and other smal amines are also usefuL
12  U.S. Patent No. 6,800,103 B2 provides a good discussion of generic
additive packages. These additive packages are well known in the art.
The fuel additives are  employed in amounts sufficient to reduce or inhibit
deposit andfor soot formation 5 compared to hydrocarbon fuels without
such additive packages. Generally the fuel will  contain an additive
package at about 0.00 1 to about 1.0 gm of additive package per gallon  of
fuel, and preferably from about 0.01 to about 0.5 gram per gallon. Industry
experts  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 iricarbonyi compounds
which include cyclopentadienyl  manganese tricarbonyl,
methylcyclopentadienyl manganese tricarbonyl, 15
dimethylcyclopentadienyl manganese tricarbonyl,
trimethyicyclopentadienyl manganese  



t icarbonyl, tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyI manganese tricarbonyl,
ethylcyclopentadienyl manganese  tricarbonyl, diethylcyclopentadienyl
manganese tricarbonyl, propylcyclopentadienyl  manganese tricarbonyl,
isopropylcyclopentadienyl manganese tricarbonyl, tert 20
butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl
manganese  iricarbonyl, dodecylcyclopentadienyl manganese tricarbonyl,
ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese
tricarbonyl, and  the like, including mixtures of two or more such
compounds. Preferred are the  cyclopentadienyl manganese tricarbonyls
which are liquid at room temperature such as 13
methylcyclopentadienylmanganesetricarbonyl, ethylcyclopentadienyl
manganese  tricarbonyl, liquid mixtures of eyclopentadienyl manganese
tricarbonyl and  methyleyelopentadienyl manganese tricarbonyl, mixtures
of methylcyclopentadienyl 5 manganese tricarbonyl and
ethylcyclopentadienyl manganese tricarbonyl, etc.  Preparation of such
compounds is described in the literature; see for example, U.S. Patent
No. 2,818,417. One of the best additives 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,
IJ6annich condensation products, hydrocarbyl  amines and
polyetheramines. The hydrocarbyl-substituted succinic anhydride
derivatives  are known to those of skill in the :Tr- 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 saostituents on the succinic anhydrides are
generally derived 



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 polypropylene, polybutene, polyisobutene, and
the poiyalphaolefins produced from I- octene and I-decene. The
preparation of such polyisobuttenes in which the  metnylvinylidene isomer
comprises a high percentage of the total composition is  described in U.S.
Patent Nos. 4,152,499 and 4,605,808. 14  The hydrocafoyl succinimides
are obtained by reacting a hydrocarbyl-substituted succinic anhydride,
acid, acid-ester or lower alkyl ester with an amine containing at least  one
primary amine group. Representative examples are disclosed in U.S.
Patent Nos. 5 3,172,892; 3,202,678; 3,219,666; 3,272,746; 3,254,025,
3,716,936, 4,234,435; and  5,575,823. Especially preferred hydrocarbyl
suecinimides 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
molecular 10 weight of 500 to 2,000, especially 700 to '500, 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  inU.S. Patent
Nos. 4,152,499 and 4,605,808. 20 Suitable 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.
Details for preparing aliphatic polyamine detergent/dispersants, can be
found  in U.S. Patent Nos. 3,438,757; 3,4541555; 3,485,601; 3,565,804;
3.573,010; 3,574,576;  3,671,511; 3,746,520; 3,756,793; 31844,958;
31852,258; 3,864,098; 3,876,704; 3,884,647; 15  3,898,056; 3,950,426;
3,960,515; 4,022,589; 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
Patent  Application 384,086. 5 Polyetheramines 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 triamin.es. Examples of commercially available polyetheramines are
those  under the tradename 3effaminesTM available from Huntsman
Chemical Company. The 10 molecular 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 base fuels 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  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 Cl 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 in the base fuel in an  amount below about 30% by volume, 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 applicable to injected fuels that
consist  primarily of ethanol. 16  The detergents are preferably used with a
liquid carrier or induction aid. Such carriers can be of various types, such
as for example liquid poly-a-olefin oligomers, mineral  oils, liquid poly
(oxyalkylene) compounds, liquid alcohols or polyols, polyalkenes, liquid 5
esters, 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 (PAD) suitable for use as carrier fluids are the hydrotreated
and  unhydrotreated poly-a-olefin oligomers, i.--, 'hydrogenated or
unhydrogenated products, pri 10 manly trimers, 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  is
outlined in Hydrocarbon Processing, Feb. 19821 page 75 et sea, 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 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 (oxyalkylene) 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 poly (o:yallcylene) compound 20 gasoline and diesel fuel
soluble. Suitable poly (oxyallylene) 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, 11 2D00. 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 the range of from 1:0.1 to 1:3. The use of a  concentrate
reduces blending time and lessens the possibility of blending errors.
EXAMPLEI 5 Some of the practice and advantages of this invention are
demonstrated by the  following example which is presented for purposes
of illustration and not limitation. To  demonstrate the effectiveness of the
passivation of the present invention in reducing  deposits in direct injection
gasoline engines, tests were conducted in a 1992 Nissan 122e 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 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 transferred from the methylene chloride to
an  oven. The oven was continuously purged with nitrogen at a rate of 250
nv.iminute. Th-- oven was then heated to 500 C while continuing the flow
of nitrogen. The temperature 20 was held at 500 C for 15 minutes and
then cooled to 150 C. The injector seats were  then transferred to a
nitrogen purged test tab-- 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 18  cool to room temperature under 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 mentioned previously the  5
injector seat is that part of the injector that contains the nozzle that is
susceptible to  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
WD 10 01142398A1 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 I 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 19  fitted with thermocouples near the nozzle tip to measure
the tempera= res during the  endue operating 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
endue 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 k-Line 2-2 1.,iter Nissan Engine  



Converted for DI (direct injection) Gperanon  Displacement 2197 cubic
cen eters I' Plugslcyiinder l (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 atire and endm.e load, injector tip
temperature  remained constant at engine speeds of i 500, 2000, 2300,
and 3000 rpm (revolution pet 20  second). However, at constant engine
speed, tip temperatures increase with load. For five  load points, 200, 300,
400, 500, and 600 mglstroke 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: Key Test Conditions Engine.
Speed (rpm)2500  



Inlet Air Temp. (C) 3 5  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 using 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
controlled using a standard mass airflow strategy and exhaust gas sensor
controlling the air/fuel mixture to stoichiometric levels. During the
operator-assisted 21  period, the pulse width was manually set for each
injector using wide-range lambda  sensors in the exhaust pot of each
cylinder. Fuel flow was measured using a volumetric  flow meter and a
temperature-corrected density value was used to calculate mass flow. 5
Each test was run at a load condition of 500 mglstroke. This parameter is
well  lmown to those of skill in the art. Injector deposit formation was
followed by measuring  total engine fuel flow at fixed speed, air charge
(mass of air per intake sirroke), an d the  lambda 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 de same cylinder. 



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  outside of the injector nozzle and then
into the injector node. Based on this surprising  discovery, it was
concluded that passivat on of fie infector n07- 1- was unneeded. It was
farther concluded that passivation of the injector seat to within 0.1 to 2.0
mm of the 20 infector nozzle would lessen the formation of deposits within
the injector nuzzle. It is the  formation of deposits within the injector nozzle
that causes the most damage to engine  performance. A father benefit
provided herein. is that passivation can be conducted in an earlier  stage
of infector construction. For example, the sheet metal from which the
injector seats 22  are constructed can be passivated and/or textured
before the seats are cut from the sheet  metal and then the nozzle drilled.
This is very cost effective and simplifies the  construction process of the
injector. In contrast, conventional construction techniques for 5 injectors
requires that the seat be cut from the metal, then the nozzle is drilled and
passivation is applied with emphasis on passivating the inside of the
nozzle. Thus the present further discloses a method for the construction of
a fuel injector  comprising a seat and a nozzle, the method or
improvement comprising the steps of: a)  passivating sheet metal; b)
cutting said seat from said metal; c) drilling said nozzle in said  



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.). It 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 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 20 either in performing
a desired chemical reaction (such as a Mannich condensation  reaction)
or in forming a desired composition (such as an additive concentrate or 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.), 23  the 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 substances,
components  and/or ingredients in accordance with the present disclosure
and the prior art. The fact 5 that the substance, components or ingredient
may have lost its original identity through a  chemical reaction or
transformation during the course of such blending or mixing  operations is
thus wholly immaterial for an accurate understanding and appreciation of
this disclosure and the claims thereof. 



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 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 15 hydrocarbon 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 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 nozzle and then grows into the nozzle. 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 24  mechanically abrading or
chemically etching the outside of the injector. In the case of  fuel injectors
the passivation is placed adjacent to and not in the nozzle. This
advancement is used in conjunction with additives that are placed in the
fuel to keep the  5 passivated scut-face clean At numerous places
throughout this specification, reference has been made to a  number of
U.S. Patents and published foreign patent applications. All such cited  



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 claims and the equivalents thereof  . d
as a matter of law. pmitt 25  We claim: 1) A method for controlling deposit
formation on at least one metal part of an internal  5 combustion engine,
said method comprising the steps of. a) passivating metal parts  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. 10 2) The method according to Claim I
wherein said passivating comprises a process  selected 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 consisting of detergents, dispersants,
antioxidants, carrier fluids, metal  deactivators, dyes, markers, corrosion
inhibitors, biocides, antistatic additives, drag 15 reducing agents,
demulsiflers, 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
weight of deposits in said internal combustion  



engine compared to a fuel that is devoid of a fuel-soluble cyclopentadienyl
manganese  20 tricarbonyl compound. 3) The method according to Claim I
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 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, IC, Rb, etc), alkaline earth
metals (Mg, Ca, Sr, Ba, etc), transition metals (Ti, Cr, Mn, Fe, Co, Ni, Cu,
in, Zr, Mo, 10 Ru. Rh, Pd, Hf, Ta, W, Re, Os, Ir, Pt, Ag, Au, etc) actinides
and lanthanides (La, Y, Ac,  Ce, Pr, Nd, Gd, T"n, etc), and mixtures
thereof. 6) The method according to Claim 2 wherein said
cyclopentadienyl manganese  tricarbonyl compound comprises at least
one member selected from the group consisting  15 of cyclopentadienyl
manganese tricarbonyl, methylcyclopentadienyl manganese  tricarbonyl
and mixtures thereof. 7) The method according to Claim 5 wherein said
outside of said injector does not  comprise an injector nozzle. 20 8) The
method according to Claim 7 wherein said passivation is applied to 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 wherein the amine detergent comprises at
least  one member selected from the group consisting of
hydrocarbyl-substituted succinic  anhydride derivatives, Marmich
condensation products, hydrocar'oyl 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 of:
a) passivating said injectors,  wherein said passivating comprises a
process selected from the group consisting of 20 coatings, surface
texturing, nano technology and combinations thereof; and b)  introducing
into said internal combustion engine a fuel composition comprising fuel-
soluble additives, wherein said additive is at least one additive selected
from the group  consisting of antioxidants, carrier fluids, metal
deactivators, dyes, markers, corrosion  inhibitors, biocides, antistatic
additives, drag reducing agents, demulsifiers, dehazers, 28  anti-icing
additives, antiknock additives, anti-valve-seat recession additives, lubricity



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 comprises a carrier fluid  selected from
the group consisting of: 1) a mineral oil or a blend of mineral oils that have
a  viscosity index of less than about 120; 2) one or more poly-a-olefin
oligomers; 3) one or  more poly (oxyallrlene) compounds having an
average molecular weight in the range of  about 500 to about 3000; 4) one
or more polyalkenes; 5) one or more polyallyl-substituted  15
hydroxyaromafic compounds and 6) mixtures thereof 16) The method of
Claim 15 wherein the carrier fluid comprises at least one poly
(oxyalkylene) compound. 20 17) A method for reducing soot loading 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
comprising: a) a fuel and b) a fuel-soluble additive. 29  19) 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 5 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 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 reducing agents, demnlsifiers,
dehazers, anti-icing additives, antiknock  additives, anti-valve-seat
recession additives, lubricity additives, combustion improvers 15 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 a process  selected from the group consisting of
coatings, surface pattering, nano technology and  20 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 


