MANNICII DETERGENTS FOR HYDROCARBON FUELS Field of the
Invention [0001] This invention relates to novel Mannich base
condensation products and fuel compositions comprising said Mannich
products that are effective in controlling engine deposits in internal

combustion engj ackaround of the Invention [0002} Deposits tend to
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control additives. Since most hase gaselines.§,formulated to similar

requlated_specifications, the performance of the deposit control additives
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eposit formation, particularly in the fuel induction systems of

spark-ignition internal combystign.rnaines1I0GAR)Additives that can
effectively control engine deposits have been the focus of considerable
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cog;pounds are provided as Mannich condensation reaction products of.
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colherein f;1‘115}14\4z§1nnich reaction is conducted gt an oyerall molar ra}tio of
(1):();(ni) such that, for example, the polyamine (i) is reactable with the

[oduggirocarbylasikstifdteghnyreaxyaromatic SMPad (SR AR ORIAIN o
the substantiallﬁ/ pure jntergﬁqeéjliate, which intermediate is reaetable with
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pure product. [0004a] In a %rst as ec%lépelre is ngvided a fuel additive

composition, comprising (a "a Mannich reaction product obtained by
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group consisting, of ethylene diamine, 1,3-diamino propane and a 1,2%
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comprapoundnaiod girea combustion engines. These detergent compounds are provided as
Mannich condensation reaction products of: (i) a polyamine having primary amino groups, (ii) a
hydrocarbyl-substituted hydroxyaromatic compound, and (iii) an aldehyde, wherein the Mannich
reaction is conducted at an overall molar ratio of (i):(i1);(iii) such that, for example, the
polyamine (i) is reactable with the hydrocarbyl-substituted hydroxyaromatic compound (i) so as
to obtain the substantially pure intermediate, which intermediate is reactable with the aldehvde
(iii) to obtain the Mannich reaction product as a substantially pure product.

[0004a] In a first aspect, there is provided a fuel additive composition, comprising (a) a
Mannich reaction product obtained by reacting (i} a polyamine having primary amino groups
selected from the group consisting of ethylene diamine, 1,3-diamino propane and a 1,2-
diaminocycloaliphatic (ii) a hydrocarbyl-substituted hydroxyaromatic compound, and (iii) an
aldehyde, wherein the reaction is conducted using a molar ratio of (i):(ii):(iii} of approximately

1:2:3; and (b) a liquid carrier.



aldehyde, wherein the reaction is conducted using a molar ratio of
(1):(ii):(iii) of approximately 1:2:3; and (b) a liquid carrier. 1 [0004b] In a
second aspect, there is provided a fuel additive composition, comprising
(a) a Mannich reaction product obtained by reacting (i) a polyamine
having primary amino groups that is capable of forming a substantially
intermediate jn the Mannich condensation reaction, said ..
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. with said aldehyde (iii) to obtain said Mannich reaction productasa
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control of intake valve deposits, but also improved deposit 1a control in
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products of the invention meet and pass not only industry deposit control
performance tests concerning intake valves, but also industry tests
pertaining to port fuel injectors (viz., ASTM D-6421, PFlI rig tests), which
compares well with comparison Mannich detergents which have failed the
PFI rig test. [0006] In an embodiment disclosed herein, the Mannich
reaction products can provide at least the same or improved IVD
performance as compared to other Mannich reaction products obtained at
other molar ratios (1:1:1, 1:2:1 etc.), when tested on the 2.3 liter Ford
engine test or, for instance, the Dodge Intrepid engine. This IVD
performance can be obtained while also gaining improved PH rig
performance.
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[0007] In an embodiment disclosed herein, the Mannich reaction products

are substantially pure and are not complex multi-component,

multi-by-product mixtures as may be obtained when the Mannich reaction

is conducted using molar ratios substantially deviating from the present

ratio. [0008] In an embodiment disclosed herein, the Mannich reaction
coproductedari bepropared, inspne-igdction vesselssonetimesoafeed togines.
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reaction scheme as described herein. [0010] In another embodiment, a
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improvidediaManpigh.detergent comprising the reaction product of (i) at
least one of 1.2-diaminocyclohexane, ethylene diamine or 1,3 2
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radannich reaction product may be dispersed in a liquid carrier to provide a

fuel additive concentrate for hydrocarbon engine fuels. In this
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nMAnaicheacton prosheLabiaioed by, eadling. () apalyariine having

primacy amino groups that is capable of forming a substantially
HI009] In one embodiment, a polyamine having primary amino group used in the Mannich

reaction may be selected from (A) aliphatic cyclic polyamines having primary amine groups, and
(B) acyclic aliphatic polyamines having primary amino groups, or combinations thereof. By
preference, the primary amines are on adjacent carbon atoms, or on carbon atoms separated by a
methylene group, provided the polvamine selected is capable of forming a 5-member or 6-
member heterocyclic ring having two nitrogen atoms in the ring in the reaction scheme as

described herein.

[0010] In another embodiment, a Mannich reaction product is obtained by reacting (i) 1,2-
diaminocyclohexane, 1,3 diamino propane or 1,2-diamino ethane (ii) polyisobutylene-substituted
cresol and/or phenol, and (iii) formaldehvde, wherein the Mannich reaction is conducted at an

overall molar ratio of (1):(ii):(i11) of approximately 1:2:3.

{001 0a] In a third aspect, there is provided a Mannich detergent comprising the reaction

product of (i) at least one of 1,2-diaminocyclohexane, ethylene diamine or 1.3-



pure intermediate in the Mannich condensation reaction, said intermediate
having a 5-member or 6-member nitrogen-containing heterocyclic moiety,
(ii) a hydrocarbyl-substituted hydroxyaromatic compound, and (iii) an
aldehyde, wherein the reaction is conducted using a molar ratio of
(1):(ii):(iii) such that said polyamine (i) is reactable with the hydrocarbyl-
digmbsprgrseh idrbslydmatincovhpouisd ¢ipssbaad/to Wistaihvtherein the

&u@&w@%@m ntermediate L whishiniermedinle dsJeReEbie w@(lt
aldg%%% iii) to obt in the. Mannich reaction product as a substantial
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approvicectia s:atﬁstantlally pure Mannich reaction product obtained by
reacting (i) a polyamine having primary amino groups that is capable of
[08dHming al ksubstarianycponeipieriedibtdimetredViamiver cemdesativde a fuel
adtBREliahcsRidintermediate having . 2ernembeL Rk Lrmember
nitrogen-containing heterocycllc moiety, (ii) a hydrocarbyl substituted
hydroxyaromatic compound, and (iii) an aldehyde, wherein the reaction is
conducted using a molar ratio of (i):(ii):(iii) such that said polyamine (i) is
reactable with said hydrocarbyl-substituted hydroxyaromatic compound
(i) so as to obtain said substantially pure intermediate, said substantially
pure intermediate being reactable with said aldehyde (iii) to obtain said
substantially pure Mannich reaction product. [0012] Still another
embodiment includes fuels for spark ignition and compression engines
into which have been blended the various Mannich reaction products
and/or additive concentrates of this invention described herein, and
methods for controlling (i.e., preventing or reducing) engine valve
deposits in a number of engine locations including one or more of the
intake valves, the port fuel injectors, gasoline direct injectors, the
combustion chambers, port fuel stain, and so forth, in an internal
combustion engine by fueling and/or operating the engine with a fuel
composition of this disclosure. [0012a] In a fifth aspect there is provided a
fuel composition for an internal combustion engine comprising (a) in a
major amount, a spark-ignitable combustible hydrocarbon fuel; and a
minor amount of a fuel additive containing a Mannich reaction product
according to the fourth aspect in a carrier fluid. [0012b] In a sixth aspect,
there is provided a fuel composition for an internal combustion engine,
comprising (&) in major amount, a spark-ignitable combustible
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3 hydrocarbon fuel; and (b) in minor amount, a fuel additive composition

comprising a Mannich reaction product obtained by reacting (i) a

polyamine selected from the group consisting of ethylene diamine,

13-diamino propane and 1.2-diamino cyclohexane, (ii) a hydrocarbyl-

substituted hydroxyaromatic compound, and (iii) an aldehyde, wherein the
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Kra55|g, Makromol. Chem. 17:119 (1956), with formation of 5--membered
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into which have been blended the various Mannich reaction preducts and/or additive
concentrates of this invention described herein, and methods for controlling (i.¢., preventing or
reducing) engine valve deposits in a number of engine focations including one or more of the
intake valves, the port fuel injectors, gasoline direct injectors, the combustion chambers, port fuel
stain, and so forth, in an internal combustion engine by fueling and/or operating the engine with a

fuel composition of this disclosure,

[0012a] In a fifth aspect. there is provided a fuel composition for an internal combustion
engine comprising (a) in a major amount, a spark-ignitable combustible hydrocarbon fuel; and
a minor amount of a fuel additive containing a Mannich reaction product according to the

fourth aspect in a carrier fluid.

[0012b] in a sixth aspect, there is provided a fuel composition for an internal

combustion engine, comprising (a} in major amount, a spark-ignitable combustibie



being described in T. Araki et al., Macromolecules, 21:1995 (1988). [0016]

Polyamine Amine Groups: The polyamine reactant used in the Mannich

reaction is a polyamine which has a suitably reactive amino group(s) in

the same molecule for purposes of supporting the Mannich reaction. The

reactive amino group may be a primary or secondary amino group in the
hydhvolechile fadthaubth piprinnaraaming giiel pdd)timaydoeppseferethpiseg a Mannich
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ethyignpieine Hak da e RIBRIEY B didiamBerc Yidbesesrlid adiedyocarbyl-
subaitingdaij@ast ivenpitt Qe &iamsin the singkibyyracierewithdh@ction is

hydrocarbyl-substituted hydroxy ar tic compound, which inter iate
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avoid, side-reactions and by-products. By further preference, in a selected
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thas{jffeaterthe provisos and preferences herein, a representative acyclic
alidohatic olyamine reactant may include an alkylene polyamine having a
% iHary é%‘?ﬁ%’&“&l%ﬁ Paend &ﬂ}@i&hﬂ%&%‘?iéﬂﬂﬁuﬁra\t@i@éww sré\@rerapparent
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essentially the Retpateihiderorizte o tim Ene e sUbstbedialbnpure
{GdmFrme%ﬁm@@{m@%%&%@eﬁgngSHﬁ%@gm%geful as depostt

heterocyclic. moiety having at least two nitrogen atoms in the ring). Such a
copE A TSR RS Rt tross leserpraradugt & (1) a polyamine
havipptidationahncldi336,03 4, Hiletdabw anp2 020 86dihe somplet®mpound, and
...disc re of. which is. incorporated herein hy reference. The amino group.. .
B R e SR e
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subbREHAAGHNE BNOICHO URHIR Y REn MHINANLRESRCANHBNA RENNR %mt&pd&am the
Mthe?ﬁnolec.ule. _Bé)l/éé)refere ce, the amino g({oups are primary, and Y o
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of promuote) onabe gapaiiteeiforhing by-products in a Mannich reaction,

which is concordant with the objective of forming a substantially pure
[00idtermediadéamnich reaction product of the present invention is substantially pure. For

instance, a Mannich reaction product that can be at least about 80% pure, preferably at least about
85% pure is obtainable. In principle, the Mannich reaction products of the present invention can

be at least about 90 to at least about 95% pure.
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having a 5-member or 6-member heterocyclic moiety that has at least two

nitrogen atoms in the ring. [00181 A suitable polyamine useful for a

Mannich reaction herein does not require an amino group, such as a

primary amino group, to be physically sterically-protected to prevent or

least significantly hinder its ability to participate in the Mannich reaction.

[00191 Suitable polyamines include aliphatic cyclic polyamines,
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po é/mers such as
lic ahphaﬁc polyamine reactant may include an alkylene polyamine having a primary amino

group that is physically sterically-protected to prevent or least significantly hinder its ability to
participate in the Mannich condensation reaction, provided the reactant is chosen so as to

- _produce essentially the target intermediate, namely the substantially iJure intermediate (the
intermediate has a 5-member or six-member heterocyclic moiety having at least two nitrogen

: atorns in the ring). Such a polyamine may be chosen from among those described in US

~ Application No, 11/336,037, filed January 20, 2006, the complete disclosure of which is
incorporated herein by reference. The amino group generally is attached 1o either a secondary or
tertiary carbon atom in the polyamine compound and be capable of supporting the Mannich
reaction. The reactive amino group may be a primary or secondary amino group in the molecule.
By preference, the amino groups are primary, and by further preference the selected polyamine
lacks other substituents that promote or are capable of forming by-products in a Mannich

reaction, which is concordant with the objective of forming a substantially pure intermediate



polypropylene, polybutene, polyisobutylene, and ethylene alpha-olefin
copolymers. Other similar long-chain hydrocarbyl substituents may also
be used. Examples include copolymers of butylene and/or isobutylene
and/or propylene, and one or more mono-olefmic comonomers
copolymerizable therewith (e.g., ethylene, I-pentene, I-hexene, I-octene,
1-decene, etc.) where the copolymer molecule contains at least 50% by
[ ' i ne and/a I ne units, The
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' h@g@mgg@@ggﬁﬁ%&of such polymers may also contain insignificant
amounts of other olefins. 100261 Polyisobutylene also is especially useful.
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J0023] in which each R is H, C;.4 alkyl, or a hydrocarbyl substituent having an average
molecular weight (My) in the range of about 300 to about 2,000, particularly about 500 to about



one R that is H, one R is C1.4 alkyl, and one R is a hydrocarbyl
substituent having an average molecular weight in the range of about 300
to about 2,000. By using a substituted hydroxyaromatic compound which
has only one site for the Mannich reaction to occur, i.e., only one ortho- or
para-position being unsubstituted (i.e., where one R=H) in combination
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alkylvinylidene isomer, preferably at least 50% and more preferably at least 70%, formed by
methods such as described, for example, in U.S. Pat. No. 4,152,499 and W. German
Offenlegungsschrift 29 04 314, are preferred polyalkenes for use in forming the hydrocarbyl
substituted hydroxyaromatic reactant. Also suitable for use in forming the long chain substituted
hydroxyaromatic reactants of the present invention are ethylene alpha-olefin copolymers having a
number average molecular weight of 500 to 3000, wherein at least about 30% of the polymer's

. chains contain terminal ethylidene unsaturation.



7 compounds of the present invention are generally well known in the art,

for example, as taught in GB 1,159,368 and U.S. Pat. Nos. 4,238,628;
5,300,701 and 5,876,468. [00321 Aldehyde. Representative aldehydes for
use in the preparation of the Mannich base products include aliphatic
aldehydes and aromatic aldehydes. The aliphatic aldehydes include C, to

C6 aldehydes, such as formaldehyde, acetaldehyde, propionaldehyde,
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[0836] However, any hydrocarbyl-substituted hydroxyaromatic compound readily
_reactive in the Mannich condensation reaction may be employed. The hydrocarbyl substituents
~ may contain some residual unsaturation, but in general, are substantially saturated.

[0031] The alkylation of the hydroxyaromatic compound is typically performed in the
presence of an alkylating catalyst, such as a Lewis acid catalyst (e.g, BF; or AICLy), ata
temperature in the range of about 30 to about 200°C. For a polyolefin used as the hydrocarbyl
substituent, it preferably has a polydispersity in the range of about | 1o about 4, preferably from
_about 1 to about 2, as determined by GPC. Suitable methods of alkylating the hydroxyaromatic



to about 45 C. By preference, the molar ratio of hydrocarbyl-substituted
hydroxy aromatic component (ii) to the polyamine (i) is approximately 2:1.
The intermediate obtained is 8 substantially pure and can be used as such
without necessitating cumbersome or expensive work- up or isolation. The
selected aldehyde, such as formaldehyde, is added. By present
preference, the amount of aldehyde (iii) added is such that the molar ratio
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* to obtain a blend. (Suitable solvents also include non-aromatic solvents, such as heptane, in
which case the temperature might differ somewhat as understood by those skilled in the art.) The
blend is mixed, such as by stiering, under an inert atmosphere, such under a Ny blanket set a
suitable SCFH. A suitable SCFH range is nominally 0.1 to 0.2 SCFH. It is preferred to add the
polyamine (i} when the blend is homogeneous and is at 2 moderate temperature, such as abouftiO
to about 45 °C. By preference, the molar ratio of hydrocarbyl-substituted hydroxy aromatic

component (ii) to the polyamine (i) is approximately 2:1. The intermediate obtained is



(+/- 5%0) to 3 moles (+/- 5%), respectively. The 1:2:3 molar ratio is
preferred whereas using approximately equimolar proportions of the three
Mannich reaction reactants is not preferred. If less than | mole of
polyamine and/or less than | mole aldehyde are used per mole of
hydroxyaromatic compound some reactants, such as the hydroxyaromatic
compound, will remain 9 unreacted and the Mannich product will be less

e will tially less pure, and can exhibit lower VD .
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approximately equimolar proportions of the three Mannich reaction reactarits is not preferred. If
less than 1 mole of polyamine and/or less than 1 mole aldehyde are used per mole of

hydroxyaromatic compound some reactants, such as the hydroxyaromatic compound, will remain



carriers can be of various types, such as for example liquid poly-a-olefin
oligomers, liquid polyalkene hydrocarbons (e.g., polypropene,
polybutene, polyisobutene, or the like), liquid hydrotreated polyalkene
hydrocarbons (e.g., hydrotreated polypropene, hydrotreated polybutene,
hydrotreated polyisobutene, or the like), mineral oils, liquid
poly(oxyalkylene) compounds, liquid alcohols or polyols, liquid esters,
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reaction processing. The synthesis should therefore be reasonably practical.

- [0637} Additive Concentrates and Fuel Compeositions. The Mannich products of this
invention are preferably used in combination with a Hquid carrier, induction aid or fluidizer. Such
carriers can be of various types, such as for example liguid poly-a-olefin oligomers, liquid
polyalkene hydrocarbons (e.g., polypropene, polybutene, polyisobutene, or the like), liquid
hydrotreated pofyalkene hydrocarbons (e.g., hydrotreated polypropene, hydrotreated polybutene,
hydrotreated polyisobutene, or the like), mineral oils, liquid poly(oxyalkylene) compounds, liquid
alcohols or polyols, liquid esters, and similar liquid carriers or solvents. Mixtures of two or more

‘such carriers or solvents can be employed.

10



[0041] The poly-a-olefins (PAO) carriers that can be used include
hydrotreated and unhydrotreated poly-u-olefin oligomers, i.e.,
hydrogenated or unhydrogenated products, primarily 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, February 1982, pages
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_ preferably in the range of from about 30 to about 60.

[6641] The poly-a-olefins (PAO) carriers that can be used include hydrotreated and
unhydrotreated poly-u-olefin oligomers, i.e., hydrogenated or unhydrogenated products, primarily
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 sjmthesis is outlined in
Hydrocarbon Processing, February 1982, pages 75 ef seq., and in U.S. Pat. Nos. 3,763,244,
3,780,128; 4,172,855; 4,218,330, and 4,950,822, The usual process essentially comprises
catalytic oligomerization of short chain linear alpha olefins (suitably obtained by catalytic

treatrment of ethylene). The poly-c-olefins used as carriers will usually have a viscosity (measured
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alcohol with one or more alkylene oxides, preferably one alkylene oxide.

[00451 The average molecular weight of the poly(oxyalkylene)

compounds used as carrier fluids is preferably in the range 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. [00461 One useful
sub-group of poly(oxyalkylene) compounds is comprised of the

- ahyrat aib yHetempendgte o A0 lyaicaliky lefg) Indaablls tughlasalefnefesradi{cosity of

ai!il%%‘%i’ %%%%gggnrg‘e&% é%%?é{ﬁﬁy%bﬂg{? 1%Q§9a9 ?8(5”&] .7ﬂm%&é@f&és§ab%%§ol§-%oleﬂns

ences cited in that Jassage, said passage ana sal

(Raferénteds pelifimecoiatadReren s e rek BriEstas 1b oy Mo 15ptH.1 500, and
, @Mﬁcﬁé&ﬁeﬁ@%@m& @?ﬁ@?ﬁ(ﬁ?ﬂi' @H;Iyg%i?ﬁ@lﬁﬁpﬁ;gﬂﬂsa@?agc Iﬁl_olﬁcular

comprjs orLone Qra IXture of a YIpoly(OoxXyalKylene)monools wnic
W R o 10

$898 & gasoline-soluble liquid having a viscosity of at
[lei2f about POlpaintistbkies{t8i)sed 40UE amdeatie aslyaboukiBrebt@bpounds having

&9&%@&%&%&@9U&@%emeepiﬁof(aﬁemayi.ﬁﬁ&%é%%{ammsy%&de

mixture of alkanols having at least about 8 carbon atoms, and more
PolyéssyAK et ReTRPRIESOY BBl e Tacks el campeubonhigh ra by igpresented by the
fopatieylahynpseferred. [00481 The poly(oxyalkylene) carriers used in the

B{ﬁtg‘jice of this i \{g%g%%preferably have viscosities in their undiluted
Pt of at 163457360 cSt at 40C (more preferably at least about 70

[8844t 40C) where Rdstatially 2 heBogen 100G (mpreabretzrhivlyoay emito,
hAROUEhS €T At 00 Goatk 1 2LIlORy e, XyRllCYIene ) comRUdISrocarbyl, or

used in the practice of this invention preferably have viscosities in their

hyshernesbees BYHBAbTEtAdn Bnlsan 2buees HPWEarnt’ AT oS
(padfetib B aShaich QRS YIRY € Qﬁﬁfﬁl&’bi)hyﬂﬂ@&ﬁél sitesit egclullinal gxciked, amino,
b 3&%8%}@9%%2%1 tl 4(9 cc:lbgggy\llgexl%lér])a(}}(}q%(&?, E%{c 9&%&@&&@8&&3 Iﬂ drocarbyl, or

"most pre oly{oxya conipounds will have viscosities of no
- hydrsre-tnbriatsUb 2ocE st sraocrdadss insesrtian ABoii0 sedostirhydrthe
raﬂig%%l késfeed ﬁgﬂg@w@ kh’é&i?@i‘tf@{ﬁﬁ@_uﬁ ds ?@a@fhtﬁaxml_kwe@fbmg
: col compoungds and monoether rivatjves.thereo atst|, the
al g g F? eH¥ %-E%lga,gcan%e%%

SVEN LR Tegiiraientd aha that®are tom repeating units.

difsmredlylasauting 2ad elcohdiforepblyal bolhohndtt mndainjiemerdslivtss. dederred
AP PHARMRNE) QLR ANL/QE RIRISRE AXiFRW IR Of MR NS ALSHIHRRENg an
alc?é(lllgle {wi%? gne or more alkylene oxides, preferably one alkylene oxide.
- [0045] - The average molecular weight of the poly(oxyalkylene} compounds used as carder
fluids is preferably in the range 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.

10046} One useful sub-group of poly(oxyalkylene) compounds is comprised of the
" hydrocarbyl-terminated poly{oxyalkylene) monools such as are referred to in the passage at
colurmn 6, line 20 to column 7 line 14 of U.S. Pat. No. 4,877,416 and references cited in that
passage, said passage and said references being incorporated herein by reference as if fully set
forth.

[8047] A preferred sub-group of poly(oxyalkylene) compounds is comprised of one ora
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especially products in which at least 80 mole % of the oxyalkylene groups
in the molecule are derived from 1,2-propylene oxide. Details concerning
preparation of such poly(oxyalkylene) compounds are referred to, for
example, in Kirk-Othmer, Encyclopedia of Chemical Technology, Third
Edition, Volume 18, pages 633-645 (Copyright 1982 by John Wiley &
Sons), and in references cited therein, the foregoing excerpt of the
stttk pmenenayclansilia A iR (aRIANSES, GlRAINGIEN belg, -
~incorporated herein in toto by reference. U.S. Pai&ﬁ%g?aﬁfz%, me-soluble fiquid
haVIgs: S1PS05i8Y 0l i bt 20msRUpEEAIES desthibie adah inroicedurds canat
1 E;fﬁ'ﬁf :mr?ﬁ%awlddbﬁﬁgﬂwg feRfeEncaan kit 9)@{&% of alkanols
Tk rticularly preferred sub-group of poly(oxyalkylene
comépoucr?(sjg%g l@orﬁ%%(s% °8F b?ﬁneﬁ (I)I?Oge ﬁﬁépﬁﬁfg%fn the range of about 10 to about 18
cafiep g srarytieHelmpmfoletwhich in its undiluted state is a gasoline-
[6okgple liquishhavine 2 ¥isaesit.of allcast;ateus 1Q.centistokes (cSt) at
;40C.and at Ieaﬁé_ab%ﬁjt{ i§i§ cS% at 100 C. lepiceauéf the Pna&;?lsn%ﬁ‘r{ﬁ tiom preferably
ViR USRI S RE et Sir el rlsastrboB 6% ahaa it (1B 4 poESbt at least

abCTCentl a0y entharcahabib&Q CStat 100C. (MereprertarPly 1dheihout 13 et at
is, qsi{' L' exceed about 300 cSt af 40C, and will not exceed about

o D RSl P s ot pason

PRtV Bavs e diasdn Hsreuriintab sate 200 B bt HOChandi 09 Sner40th@and no

meRAkinb&2 500G Ethase %W%M8Q§e£%m%gt%¥cee about 300 ¢St

at QBQ&OéXéatL n of one or a mixture of alkanols having at least about

carbon St MAhRIFHHbIROBr&RSaH if0ie TangevPratemduwrty apelyese)
. cogmdodsatihisyardspaiticuddly pretatradibidd30d cEhe: poh{amikRREhan about
30GQNRQERES used pursuant to this invention contains a sufficient number
. of branched oxyalkylene units (e.g., methyldimethyleneoxy units and/or

[N dimetrireReskpalinrsyaler e trewsly toxyeliplanttytom pbuntcompounds
an@asliveaakibia: {0082 ANRIReRGTAMP-05 LA A S i ARE IOUS that are

olyal nes such as polypropenes, polybutenes, polyisobutenes,
o R R i SR R L o ke ovide,
suckirr isolican exidopoljoneny ohprapeneiand idobutese dnthpepolyiae!saf
esREGAENRo RIS DLW AR ABRDYENE R JNGHAD BUAES e%é%féruggt%{ e molecule are

olyalkylenes include hydrotreated polypropene,” hy
de’g‘b%%ﬁf&ﬂé‘WBY&?E&i%ﬂF'pQI%E%?E@ﬁ@P&RW@%TRE?IP?E?E?PH@WWM@@

coroporiads fiidsdneludefpalybnipnesiiavingaamolesuiasesright sisiibuion Rlogy,
A RIS NN e R,
. references cited therein, the foregoing excerpt of the Kirk-Othmer encyclopedia and the references
cited therein being incorporated herein in toto by reference. U.S. Pat. Nos. 2,425,755; 2,425,845;
'+ 2,448,664; and 2,457,139 also describe such procedures, and are also incorporated herein by
reference as if fully set forth herein.
10050} A particularly preferred sub-group of poly(oxyalkﬂene) compounds is comprised
of one or a mixture of alkylpoly(oxyalkylene)monools which in its undiluted state is a gasoline-
- soluble liquid having a viscosity of at least about 70 centistokes (cSt) at 40°C and at least about

13 ¢St at 100°C. Typicaily the maximum viscosities at these temperatures are no more than about
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described for example, in U.S. Pat. Nos. 5,089,028 and 5,114,435, the
disclosures of which are incorporated herein by reference. [0053) In some
cases, the Mannich base detergent/dispersant can be synthesized in the
carrier fluid. In other instances, the preformed detergent/dispersant is
blended with a suitable amount of the carrier fluid. If desired, the
detergent/dispersant can be formed in a suitable solvent or carrier fluid

d lended with an additional fi am a different ...
A B DA SN S ESTRR T R Wi v

- nfievreAnieh 88 Fhat 0 “pratd dltinatiengord paeRefes b d 90ef- The most preferred
- eRRRsitians bt inyeHionis stiehsthat dheoliRl.eRmBRSIioWIeNn 40°C, and

consumed in an engine results in improved intake valve cleanliness as

RESRATSATER o EREVANE TIEaiHBES SRS Lah SIS LBPEt detr grptHgtion of
cname edmpesitiokesis éptifpptieingbieySidadidnadigsichdansierpiEfusblnin the

r%gggﬁho 6 YS9t a0 oh SAGESWId So-ManniFh-RARE.
terge

nt/dispersant on an active ingredient basis, i.e. excluding

 BRRNy(s), ifGpolien mikiracharIREtRSes BNEWRY R BIF Bsatonantains a
sﬁ%ﬂlﬁ?t%ﬁ%ﬁ&{ﬁ%ﬁﬁfdﬁ@@&@?l%@ﬂﬁﬁﬁ@p A i@iﬂﬂl&gﬂﬁlﬁgﬁ??[ﬁ%g@lﬂ;iwﬂhclvor
usua all wi mt,,er,an e.o0 out 0.3:1.tq about 2.0: an rere

R oA Rt ek g b
Bdtifive condenthatesoop tifissimvefitidn is Ot dimidgeiaboldaiOstoh abpoly@penes,
pUb e RO RIS AR 31 aRG &2 0,BRANES hRe-ehIRE, MARNIERRASEs of

détergent/dispersant on an active ingredient basis, The additive

butshe aptratkuesRay aeh EeEiRrRaRTeP Aineb tiraaav reralymer ff propene, butene
- afletermainedhyrthendesired ocaiiasttuManaikidasamctataighni/eisdgraapiopene,

© . ratig. [0056] When formulating the fuel compositions of this invention, the .
R T MR B R B RS 2R i
Taitplesheds prbinoumtdstificiant!eswetveiehydifmpyticaa duit fermiatiohtnelhin
UE&*;@F&%Q&%U%&%@S B0 akUB mwgbsgfdﬂ t?r?é@éﬁ{&i% aaglw ga&&sepﬁuids is
e.Mannic ase detergentaisp na.g uig carrier 1ul .
| d%&sﬁfaﬁmgfeawo‘x}fé-?ﬁ%&%ﬁt AR et Sl Of which are

irdeposits] b@pedoaliyfemmce system deposits, and_ most especially intake
iahsg deposiis i sRark-ignitigR e el GAmRHSHARLAMNGS sCERRIRIE A in the

speaking the fuels of this invention will contain on an active ingredient =~
cqsrerdiug olriibe sEvessathe AREOTREO A HREERIL iR Y dbblended with a suitable

 afieteroenidispersant. inrtheirange ofahowt dsieraho uinfdRthe(iaundsable solvent
or carrier fluid and then blended with an additional quantity of the same or a different carrier fluid.
. {o0534]. The proportion of the liquid carrier used relative to the Mannich base in the
preferred additive packages and fuel compositions of this invention is such that the fuel
composition when consumed in an engine results in improved intake valve cleanliness as
compared to intake valve cleanliness of the same engine operated on the same composition except
for being devoid of the liquid carrier. Thus in general, the weight ratio of carrier fluid to Mannich
base detergent/dispersant on an active ingredient basis, i.e. excluding solvent(s), if any, used in the
manufacture of the Mannich base efther during or after its formation but before addition of the

- carrier fluid, will usually {all within the range of about 0.3:1 to about 2.0:1, and preferably within
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by weight of additive per thousand barrels by volume of fuel), and
preferably in the range of about 10 to about 200 ptb. In the preferred uel
compositions wherein a liquid carrier fluid is used, the total amount of
carrier fluid will preferably be present in an amount of from about 0.3 to
about 2.0 parts by weight per part by weight of Mannich
detergent/dispersant (on an active ingredient basis), more preferably the

tHeawies dridowilh ke presentiing.an amount of from about 0.4 to 1.0 parts by
[%gg' ht per ane part of Mannich detergent/dispersant. [0057] Other

ives. OIFBIFBBtBRAMdHYRRACTTes 95 BiTdtsPHieraTosinbRIBRbOUL 12 to
 datioRidaltsrdemiisibyinpagnots 20ust06RET6SI 0N dNMb NS Feak

' tion. modifiers, alcahol co:-solvents, octane )
e U S X g oo covtan
casres kg desds vl aiish is dpemdand asthb drsideksamtisalibad dithess, drag
deefluaingspagenttaddehazers, anti-knock additives, anti-icing agents,
{mﬁvalve sw recession additives, compustion improvers, markers, dyes
and multifunCiSh AT BHEVR YS! AR Sh R Atemnn rihayarich product

argiearriso fiyl biwifb motlviémuyotqudwmyke%angmﬂm ﬂ?ﬁ@&ﬂmﬁcient to reduce or
- FRRONIRR AR AR, PRACHISHIAIE lglp.an ARl CONPONAeS o

of this'invention. Whatever components aré%r selected for use in e o
- anosints S5 6 Arlearinh bavn Aitrerntiisrr et and 96 thesiroudd- weprded rrapationed as
abamechmicaidonst sffisienkioiil 40 SxeL &%Mat@p%@cfhm}qi@&%ﬁ%tﬁkﬁ%éﬁs, and
mct}%(—:‘ gir%icsigﬁdi;l@ %SI\gé)H%Bé)?ti&n. EI&){O.SS Ina gref rredbembodlm_ent,t e

a alﬁve cOncentrates adanonail EoHAITArTEAR SRR LRGBS rhEperally
spegingribhBviagidtioitivgiboint Deloiviaboah 200E RIS Base Ruélndhsbove, an

' w@%ﬁ%%ﬁﬁ%@é%m&ﬁﬁc@ﬂﬁﬁmﬁd&’ Sf‘%%[&t%r‘?o%%u?ilb% 81!{) (pounds

base fuels suitable for use In the operation of spark ignition interna

oy Btk kg e D et Jesh R deteabhah rad eifibrelkidsie snan el about
100 abalieZligftrmuiated-asolindsstyctiidypieali:eortigindtier fiuid is used, the

> ' iling range.and fuel-spluhle oxygenated
R e S e e e LR

Parts Y RIS R FRAIgP B ARhE o Eilanmintntster s fdinradsiie (i ny ajenisgrediedebasis),
- mdighelublierlkanpisriehasnetanal athasek RaddDAILRienas 1.0 parts by
such as methyl tertiary butyl ether, ethyl

welpologs, and felssl e Shors

t%rtlgry ul}i)/ efher, me yff & |ary1‘¢é3ﬁ{3s/"frgther, and analogous compounds,
08AT mixturéiofrsidtitineatdiibts ofkygbabiicseyyheh used, avithmerfndiy ele
andRFEa8Nt ndhe B ae tehin AR 3MQHDLBS Mbitors, metal deactivators, combustion
modifiers, alcohol co-solvents, octane improvers, emission reducers, friction modifiers, lubricity
additives, ancillary detergent/dispersant additives, biocides, antistatic additives, drag reducing
agents, dehazers, anti-knock additives, anti-icing agents, anti-valve seat recession additives,
combustion improvers, markers, dyes and multifunctional additives (e.g., methylcyclopentadienyl
manganese tricarbony! and/or other cyclopentadienyl manganese tricarbonyl compounds) can also
be included in the fuels and additive concentrates of this invention. Whatever components are
selected for use in the compositions of this invention, each component should be present in an

amount at least sufficient for it to exert its intended function or functions in the finished fuel
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about 25% 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. However in the practice of this invention departures

from these ranges of proportions are permissible whenever deemed

necessary, appropriate or desirable. [0060] The additives used in

formulating the preferred fuels of this invention can be blended into the

base fuel individually or in various sub-combinations. However, it is

Oﬁfn QP to blend all of the components concurrently using an additive
teddntrate &f dneiavehtiobodsithis thakddadvantageaofstinkiiuialbl contain at least
somRAtbili.alardeaay e cambinalipn.abigiedisisgyen in the form

of an additive concentrate. Also use of a concentrate reduces blending
#PR&And 1esBase Fadspbasisinees i dnigrarbiig et bebbisinvention are any
An@ENshiRCRRIRIUR Ipigreal GoopeHsiadipaiRamitlhaduslpdadiivestngines

the present invention are.useful for contrqlling (i.e., preventing and/or .
etk R DS R SR G TR

- trmbustuaiehefinbgliGeritol vfghe emeliaihbeiiotg teetraddaistibilobiogsnated

HieRA SRUbHeuilh LR recd &%&@é@% U6 anic
can prever%!t and .rserﬁlo%g_egzj%%é.ﬁ%%hougﬁresearch int guﬁ%Tgﬂ#aiﬁl&%

AR foelreptiaiverstiaiasbdnacdanstic alneehuchAyraggyol ethanol,
and thbi &ighardhamibes, delfusiis ishromerexieintstnedivbicadtditivest eftiiesthy!
invention een found to be,mare versatile: They not.onl
R S R R R prsuch
wrterigisesvesd o e medivdlinoematbo i dep da e ibasoled e ar apotei below
ae&g:m{%mﬁnéy&m ﬁ:@f&laﬁar?}%t%y@hwm s B}@?J&Mﬁlfxyg&ggb%éni in the overall
- .application is to prevent gasoline direct injector p ing.. ) Deposits
Ly AR ke by A e e
nhenfionalzpestristfamfibuweancheltel miptivimp attepasaivithin themeytindermed
' obcRlidsstart andhwaimapg, fiiveability also may be adversely affected and

exhaust emissions may increase. Other valve deposit problems at intake
[P2RMs includésaidiivaonrdiafrpiaios arelrridugie ratinivestimm gia be
bRicse iitime f&ﬁ@f@dﬁx&ﬁcﬂdw@ i6r @W@ﬁﬂ@ﬂﬁ&&tyﬂ@ﬁ@f Hepositsit is preferable
JORER SRR SHon chambe 5%%‘&%%@%“” SIBINE LSO, Of SORCCILION o1 as this
deposit formation. Combustion ¢ am’bgra%epos?fs can increase octane

%WWW@W@W(@NW}P%%WW@Y the combination of ingredients when in

the form of an additive concentrate. Also use of a concentrate reduces blending time and lessens
the possibility of blending errors. . ,

- [oB61} Deposit Formation Controf In Internal Combustion Engines. The fuel
additives of the present invention are useful for controlling (i.e., preventing and/or removing)
deposits in spark-ignited and compression {(e.g. diesel) internal combustion engines, Controlling
generally refers to the formation of less deposits but it wiil be additionally appreciated the
present fuel additives can prevent and remove deposits, Although research in the field has
tended to focus primarily on intake valve deposit concerns, and also combustion chamber
deposits to some extent, the fuel additives of the present invention have been found to Be more

versatile. They not only can be usedto prevent/remove deposits in intake valves, but also have
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increase combustion temperatures and compression ratio. If the engine's
ONR increases too much from combustion chamber deposit formation,
then the recommended gasoline AKI may not prevent knocking or a loss
of power that may accompany knock suppression in vehicles equipped
with a knock sensor. Combustion chamber deposit interference (CCDI)
and combustion chamber deposit flaking (CCDF) are additional engine

can occ e engines. manifest

depeosit prohlems that rins [ DIl ma .

s R S S Sl e SRR Foons, s

Bémrehivehgindadppaiiswn. thapisioprbpbericilipderiigatbimsdimet injector

fagine designs. CCDF occurs when combustion chamber deposits flake

off?ﬁnd lodge between the valve face and valve seat, causing low

[@0%AbressioR BrRESS (s U RS RIS PLIGHAR8 ARG CHhEdinRg SRENG Pay grprause

tmﬁsaméstvie.m.ioﬂoal%&MW@AM&M@@@B@?MB}WMM&M-@
64); iniectars.a Eq%gg&or 43al50,.are regions of concern re

Jg%%méallt orr%atl%;n can ogcqr. Dépoaé?tse%%%ﬁe Sma O%S’er??'aiélgéeg%% %&I@?fﬁ

- pyedtoreblsuetdntilfortlie et sy rickingrrrd dumsdualisw Rndvgltedditives of

e @repiaY-PattRNawbithRamadvernaly Afecl pavvehpéelgconomy, and
gélﬁv ability. Deposits c%n cause similar problems for carbureted engines

rburetorERISH oD SEAEIRA ER AMIIRTE RE O PR UL A PRESET RffeRgsE formation.
 (umbuediditivlesnbt Hepprisentiimveanti ottaadditibeathyeirenefie (UMR )nas they tend to
imégggﬂmsp@mx&%&&}?q%R@%&i#@&%%ﬁ.i@Piﬁ@&%gi»n@%&tﬁi additives

of the present invention also are effective in controlling deposits in cooler

mathifersrenkuition reabrclepesit foeraH e fBry PR noaupBsRicd epteliRmp KI may not
pARehRIRRGING aloss WRiecHRROGES £R0naMvieNsely BpAeEERgIAGchicles equipped

erfogrmance. PFL, deposits can form, for example, during.the hot soak
e
deppaitifikigd (RO jEetosidilpis! erposddrsitnrebisnidertemperatinsdorgagines.

chermepsalinefiewing tigushdhsiias o RorRahn £ 1R NSRS WAISA vetween

can lead to gasoline degradatiqn that injtjates depaosit formation. These

PO WA AT S AT AT SHtRFSPERt TRy PRt AP DY occurs when
cahlststiotintpmbel deeisit pkenetend doligids ok tnalgasblinkdnjadtonltipscih @ausing
lcga%ga,gsﬂéggy&;ps)é_?,@a&paﬁg%@mmmﬁ&g@f{%@% I RIEVEDHAG JRRISHS ention

rom forming or in _forming markedly less deposits, and in some cases
- Ao ethstscieantislive Srae posel dposkamples. Therefore the present
[ded] additiveseaig Ritestive diaantiliRg asgidypeseheepasits: #atsit formation

ca%tggcrurw.i SSegc‘r% S?Irli ﬁf‘é Isrr]n(z:iﬁ%lgf 3%2 Ige% 5?%1'3{1181; ectors, such as injector pintle deposits,
can reduce fuel flow and alter the spray pattern, which can adversely affect power, fuel economy,
and driveability. Deposits can cause similar problems for carbureted engines as carburetors also
~ use small channels and orifices to meter fuel. The fuel additives of the present invention
additionally are effective in controlling these types of deposits.

[@065] As indicated, the fuel additives of the present invention also are effective in
controlling deposits in cooler engine areas. For instance, port fuel injector (PFI) deposits
represent another engine area where deposits can adversely impact engine performance. PFI

deposits can form, for example, during the hot soak period afier the engine has been turned off.
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[0066] The examples that follow are intended to further illustrate, and not
limit, embodiments in accordance with the invention. All percentages,
ratios, parts, and amounts used and described herein are by weight
unless indicated otherwise. Example(s) [0067] The following examples
which are presented for purposes of illustration and not limitation. [0068]
Model reactions are conducted to facilitate an analysis of the reaction

0 in resent inventi dlmeth
R B R S tomger e
ﬁwmwmﬁe%hfﬁememheeﬂaﬁ&l%@wt%r@h@h@ﬁndﬁé@mgasolmre

fﬁ@ﬂﬁi&@&@tﬁﬂ%ﬁﬁ@&l &ﬁ@iqwﬂcm“%sﬁ@mﬁéﬁﬁa Adw and disrupt
exa re m re, readil per ormed so to con ies that are,

S i B B R DA B TS S g . The
dstedbbvinEhameiey hvendng B¢ [BR6djExampietiby J@@%@}sﬂmmd@rtnmg or in

Maaﬂmaae 49@&40&&9&&%'mrspmgc%%wasu@m%ﬂa@ o a5

("EDA™), dimethylphenol (2,4-DMPh) and formaldeh ,s}i]gs
FriafePlat ere@m*ﬁ BRBHHIHCE ISt R ReApEsng e pes of deposit

giapseheBalyy Aig0nkbidhe daldAcededs. DMPh, and FA are reacted in the
ing mapner in a,roun ttom fla E' ui
inecﬁ afi examples %ha%b q darg x5§en(£ %E) fﬁr&gq Pdpsg eaPot glnmt,

anized srflrrlng nltro en ee ean- ra an a
erlasincSHivernofdary ‘aehtéie Enehtinnd ﬂcibpgx,ﬂemm%r@tresmm@némms used

HRIRBH AN e FaiKiUse 5 Skiad while dnderas. inert atmosphere
(nitrogen blanket, about 0.1 SCFH) under low heat. The mixed materials

were stirred to blend the components while being heated to around 80C,

while under a nitrogen 18 gas (N2) Ba@e(the EDA is added to the RBF.
powild exothBFAGSHES Bthademnal allipe.Jieal 10raRgWs e it AR #d not
' {hen slowly added and the RBF and its contents are heated until a

emperature of about 80 C is reached. This temperature is held for about

HBGEbur. Théiddshpertitunenis inudectsd o o-liBE foruibtllaticheusingoa products

Seancriatkdan, Riglialon, CAnMECces AR A0 '&L&%M@h)%s useful as a
temperature %{vagprommatel y 95-105C."Once distillation”_begins, th

hydrse bt drasier i bes s pwd trecambesal fe emmaﬁ‘ﬁeat is
abit45@e fardahalytied] adolifipral Ddo 2 BMBWSR MaspHen StEORIPECar Bere

1%9&%%@9@@ so to confirm purities that are obtainable In accordance with the present

invention. Model reactions are described in Examples 1, 2 and 3,

- 10069] Example 1:
(0070} A mode] Mannich reaction product is prepared by reacting ethylene diamine

| (“EDA™), a 2,4-dimethylphenol (2,4-DMPh) and formaldehyde ("FA"). The mole ratio of

EDA:2,4-DMPh:FA used in the Mannich reaction is approximately1.0:2.0:3.0. The EDA, 2,4-

DMPh, and FA are reacted in the following manner in a round bottom flask (“RBF™) equipped

- with mechanized stirring, nitrogen feed, a Dean-Stark trap, and a heating mantie. Solvent (such

s toluene) and the 2,4-DMPh are introduced into the RBF and the mixture is stirred while under
an inert atmosphere (nitrogen blanket, about 0.1 SCFH) under low heat. The mixed materials

were stirred to blend the components while being heated to around 80°C, while under a nitrogen
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[0071] Instrumental analysis (such as NMR and mass spec) shows the
product is more than 80% pure, and at least about 85% purity is
obtainable. [0072] From the total weight of product that remains in the
reaction flask after distillation (and vacuum stripping, if conducted), an
amount of additional solvent that is needed to bring the final package
composition to 25% solvent is calculated and added. 100731 Example 2

00 ode nich reaction product is gbtained in a manner similar
%%S éfén@s%ﬁf e%%bfh&"‘%%%ﬁ%ﬁ‘?%?ﬁoéarﬂgq§’i?é1é%§‘tﬁgsﬁél§}§ﬁﬁﬁﬁ?m‘we
lpsstia ﬁive_nitéﬁ dnalisis (sischeasiiNiRddathndabs RpEchshiowmthes 8atiaRd until a
ieRlt> B 5% L. JOR7PLE ARl QRS madel Mannich,

reaction product is obtained in'a manner similar to Example 1, eXcéept that
DR DEERTE kaheS CUse digditHensnipe miPren Fo0¥ EroT Haisiddion
dvameiehsaaciornpiaNues alxappies b3 auksigialypurei b aiation
bt(pe1 r%%l%?t% tQat arg obtai edt% m@l éé@%{osa%f polyamine:2,ADMPh:FA

P e GRS o O A 005 37 BE PR ARG A5 B ined o 145°C
' fmamm@&mlﬁm&Mﬁh@@mmmmm@etmIeast about
[&W’ﬁ pure, Iﬂlgﬁﬂl%_ &Lfﬁ&i@é@%@l} el? m%%%%go@f{%i%o%s %%(%afgnrﬂgé’is more

although in principle, a Mannich reaction pro present invention

e iZmursea at lkagt syt By dradacktaBabieqo to at least about 95%.

[000719] Examie hd QA8alipivanpichicenstiomurady alds-ahiainedidsier distillaton
- i OH + Hz(4JVH. $ H

(T e A AR
Tpglnemiied camaatitogen @b symehtisisaliobieibaul mfe@32]-

[0673] Example 2

10074) A mode] Mannich reaction product is obtained in a manner similar to Example 1
except that 1,3-diaminopropane is used as the polyamine. Instrumental analysis (such as NMR
and mass spec) shows the reaction product is about 95% pure.

{6675] Example 3

{0076] A model Mannich reaction product is obfained in a manner similar to Example 1,
except that I,Z—Fiimninocyciohexane is used as the polyamine.

[6077) The model Mannich reaction products of Examples 1-3 are substantially purer
than the products that are obtained at molar ratios of polyamine:2 4DMPh:FA of 1:1:1 or 1-1 2,
for exampie, .

16078] Based on the model data, the Mannich reaction products of the preseiit invention
can be at least about 80% pure, in general more than at least about 85% pure, as examples,
although in principle, a Mannich reaction product of the present invention is obtainable that has a
purity of at least about 90 to at least about 95%. '

[0679] Example 4

16080] A Mannich reaction product is obtained as depicted by the following reaction

scheme:



[0033], wherein the molar ratio of ethylene diamine to PIB-cresol to
formaldehyde when conducting the reaction is approximately 1:2:3. The
PIB-cresol is formed by alkylating ortho- cresol with a polyisobutylene
having a number average molecular weight of approximately 900. A
Mannich reaction product is obtainable having a purity greater than 80%.
[00821 Example 5 100831 A Mannich reaction product is obtained as
depic gd by the following reaction scheme: OH H.,C H44 Off HOOH $ $
NC ~~~"." N, !r\H3 214 FIB FIB ple;100841 in a mannef, similar

ple I @nd\t\/géne al sﬁntheas as. des lb,edﬂmf[OQJSQ]\OO 1,
il th&Fholar ratio of E-dlamnlno cyé]o gxarje to RIB-cre It‘&\/iﬂs

havmg a number average molecular Welght of approximately 900. A
[068 annichirenetorepiiodiactidsirmlsdoledthvirg asd ity ie tstr a8 VB2 -
(003 0GRk SRamBle,P RGP LA Marnich eaeipn &sgal{gm@a@@i@%gw en

depicted by the following reaction_scheme: Nx, H
condjxatﬁxg §§ Wa%}(}'n 13 appro XSl yH B g he PIB-cresol is formed by alkylating ortho-

cresol with a polyisobutylene having a number average molecular weight of approximately 900.

A Mannich reaction product is obtaineble having a purity greater than 80%.

{8082] Example 5
{0083]_ A Mannich reaction product is obtained as depicted by the following reaction
schermne: '

Hal_ o §
P {
+ \{Q + /{E‘\H e e \"*roi’ “\/\"f ?yﬁg
- H ! kY ¢
Hal (PN e
LN Qf
HiEy ) . PR

[0084] in 2 manner similar to Example | and the general synthesis as described in {60321-{0033],
wherein the molar ratio of I,ﬁ-diamino cyclohexane to PIB-cresol to formaldehyde when
conducting the reaction is approximately 1:2:3. The PIB-cresol is formed by alkylating ortho-
cresol with a polyisobutylene having a number average molecular weight of approximately 900.

A Mannich reaction product is obtainable having a purity greater than §0%.

[0085] Example ¢
[6086] A Mannich reaction product is obtained as depicted by the following reaction
scheme:

ne L

\‘: ,J e ‘\/f\m
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20 [00871 in a manner similar to Example | and the general synthesis
described in [0032]- [0033], wherein the molar ratio of 1,3-diamino
propane to P113-cresol to formaldehyde when conducting the reaction is
approximately 1:2:3. The 1°113-cresol is formed by alkylating ortho- cresol
with a polyisobutylene having a number average molecular weight of
approximately 900. A Mannich reaction product is obtainable having a
%{% greater than 80%, [00881 Example 7 100891 A Mannich reaction
@ ct is mAdRmRChTARE S LIPS Endiin B sdcuptisit dseribed in [0032]-
fegdidoahpinydnoximsatis itlisciaromatioemanporiidissal B B-phaadlydehehen
- i tiall ra- jtuted, Le., a phenol is substituted
R e e T LA e o
- preRiuEtice spturehndare A3vingy minbdeasTaisdueisoder (0090 Piparminagely 900.
A00RAdi A MrnsichdaaetioshRieduchisimads it reannsk.simitar to
ple 5 except that the hydrocarbyl hydroxy-substituted aromatic
Ecom ound i?ﬁaﬁfg‘fr?henol (same PIB-phenol as in Example 7). The

I80&Ahich reatiiémprbdustisgtdinalslerideaiparitynofratiehstaboath @0 Uoexcept that

d@% ! &&&%ﬁ@t@tc’éﬂ%ﬂ&@ar&%mﬂ%ﬁ -?Jgﬂggeﬁe%’iﬁgp 1501 is

similar to Example 6 except that the hydrocarbyl hydroxy-substituted
eSFepHalcReEEbMESS hep Repriohi sRORHNE (NEm ErastistdtiBi sngiatiat the para-
panicpoSHoManflisreattins feakiive aaiehblbanthe:BIErmaietymtheoss.
153% henol ﬁ‘aEx%Qg;ole 7. The Mannich reaction product is obtainable in a
purltt/) of at leaet about 80%. [00941 Example 10 100951 A distilled

[P88ELion produdetrinh reativoropsetismsds, ib aBpafng; amil s isedbies except that
ke SXeRIPIgRY ALt cRR SRR S AR dist ﬁ@ﬂm&%t'&&!@é@k&!ﬁi&% asin

Eof prodyct that remains in the reaction vessel is added an amount o .
el LORMATHE D B idp biirablols e GBS SR rcast 2Bt 80%.
[@&8i9knt is calesmaped?and adjustment is made accordingly for each of the
ggagtion progtﬂ;r‘ of Exam les 4-9 Additional suitable ingredients can be
Ot o i ooy AR, YD SRS SR ERSTED St v

theburecebih prdrasirvhatinted Eraticteompamdanm RSsphirm to BRahibePB
n@ERPIAESOR para-position and is a less reactive moiety than the PIB moiety in the PIB-phenol

of Example 7. The Mannich reaction product is obtainable in a purity of at least about 80%.
[0094] Example 1¢

[0095] A distilled reaction product from each of Examples 4, §, 6, 7, 8, and 9 is used to
make exemplary additive concentrates. After distillation, to the total weight of product that
remains in the reaction vessel is added an amount of additional solvent needed to bring final
package composition to 25% solvent is calculated and adjustment is made accordingly for each -
of the reaction products of Examples 4-9. Additional suitable ingredients can be included in the
additive concentrate, as desired..

[0096] Exaxiple 11

{0097} Comparison Mannich Produets, In a2 manner similar to Example 1, comparison
products are made using a molar ratio of ponamine:hydrocarbyl«-subsitﬁted hydr(;xy aromatic

compound:aldehyde of 1:1:1, 1:1:2, 1.17:1:1.29, and 10:1:1.2, wherein EDA is the polyamine. In
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products are made using a molar ratio of
polyamine:hydrocarbyl-subsituted hydroxy aromatic compound:aldehyde
of 1:1:1, 1:1:2, 1.17:1:1.29, and 10:1:1.2, wherein EDA is the polyamine.
In 21 a manner, similar to Example 1, comparison products are made of
polyamine:hydrocarbyl- subsituted hydroxy aromatic compound:aldehyde
using a molar ratio of about 1:1:1 and about 1:1:2, wherein 1,3-diamino

opane is the po amlne In a manner similar to Example 1
g&?ﬁﬁhﬁ%‘ﬁli@ﬂ% 5 MQP?&?%W%&%ﬁﬁﬁf@aﬂga@emw@dwﬁﬁéw-

hyirtked disdmati creoatp cungoaldietiyde &f wheut holad riti@ofdpner: sitmitar about
‘i%'%"@a%?!:% M%E#é Brgpaﬂé"}%%%ﬂ%ﬂﬁﬁé‘% a'r%énn Ip ?ny‘?argn%aa??gle l.a

Regardless.of whether or not, a differént solvent may be. use rent

SYRREFFTE Hopaderdamalts raffeef m&%@s@t@f#ﬁﬁbﬂéxhﬁmmwwﬁmam
w@@u@h AhArEbYRIGINDAISHR i &ﬂﬁi@ké%@&@km%é%@q(;ﬂfdmg

the nt invention is riate, 100 he comp roducts .
araén com Fexe}r%a& Gres ﬁ‘?a}fatlﬁrj a(l)ig a:ﬁﬁ r%g 8??6% c(frdlﬁt’ﬁr ‘fsf’ﬁvcm may be
Fﬂ%@rélffﬁmtégmex mberetisl rotfiecdty perifistconpbtamisure (reaction
ﬁ%@%ﬂ%@%@d&%}{{%@&mmm@%hg SMRUIILEEAGHOBresent invention

product (compound) is therefore a component in a complex mixture. The
RERRTERYEaction product (compound in a mixture) is therefore quite

foapee, and Tisepuifyisdn podeinlereriiapiemancre fHatibyd@iixte @dannich reaction ,
eaction B{odu of SS th n about 50% js a yeasonabhl ectat| o0, for

B (B R e R R L R iy pure

Mapealoisagisn BQéMaWef%@@ﬁ%ﬂﬁmww dcomposnde i ﬁmfn@ 2 component
inateHaiex ande’n b @E@d&ﬁ&t%@?&@:ﬁﬁ&&@%&ﬁ&ﬁiﬁﬂ@' WBdife) Which fore quite

enablesg more reliable, consnsteni formulation of an additive package
TR SHRT A HY R P e Shat: ?&b?é‘%ﬁ&%ﬁt?%&%ﬁa&w&ﬁw) of less
tMarhich 7¢%4dtio ncprocitict eporaponyfd) eddmiplalso means a fuel can be

{Ef(‘@@? re"ab%f%ﬂk{éﬁtﬂéﬁﬂn?%&&%%g&@M@E&geﬁ mtﬁ{gn 15 ax Ig’l tantially

Mannich reactio roduct% ompound). It should also be appreciate
R ol é@é‘fﬂ“ﬂ% radetisi Bredurits alfe rdsanpp rhasisasd rkgine
ssbatmiallpped)ehiditntess patentiabinssoisnate E@&a@mﬂ\@mmluve package

é)r;[g n%&lef) \\/%{’Iaf;unqgr ﬂuc&lc%til)?eng mcr'é%ﬁ%%xqtof(‘tﬁ: Cenaf %!on 'dHnn ‘uon (H,r]oduct
synt esis'as co pare 0 conventional approaches Tor m ann

(evneemdatibhisakeerprodisesn[00T0CTHabin rfmm@éeu‘emntﬁhea desired amount
oap ﬁﬁbﬁ%ﬂ%ﬂ&%&:ﬁﬁm@(&fﬁ%@@d} It should also be appreciated that the

present Mannich reaction products are-readily prepared on large scale in “one-pot’ with less

potential loss of materials and with less potential for variation (fluctuation) in reactant
concentration during the synthesis as compared to conventional approaches for making Mamnich
condensation reaction products.

[00160] Performance Tests. The Mannich reaction products of the present
invention and comparison Mannich reaction products can be subjected to various performance
tests such as:

[00101] I: Intrepid IVD Vehicle Test: intake valve deposit (IVD). This engine cleanliness
evaluation IVD test is similar to the standard BMW IVD test (ASTM D 5500) with differences
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invention and comparison Mannich reaction products can be subjected to
various performance tests such as: [00101) I: Intrepid WD Vehicle Test:

intake valve deposit (IVD). This engine cleanliness evaluation IVD test is
similar to the standard BMW 1VD test (ASTM D 5500) with differences 22
being a Dodge Intrepid engine is used in instead of a BMW engine, and a
chassis dyno was used in instead of a road route for mileage

accumulations. [001021 11: ASTM D-6421, PFl rig test: port fuel bench

heiag wheteedatropid saeingls isqd 43 nsteat 269 P gnsineated Fodmess) dhno was used
1A B DBOAR 4 clity ste iR ehawgkfInk test: port fuel injector (PFI)

B A B e

BLPP VD Tt 5PE LIPS, Tate is less
the010%] ntrespanatee! injector ((PFI") tests may be modified so that results
6203 pProdugiple.Jo0L9 AL cEhess iRt RIoMde 2 sHS S PSR IHASI e prn

level of deposit formation observed to occur in the presence of a
“BEfcGfar Mannich detergent. [00108] The treat rates and results for a
[pepéepentatime M tesi (2B Forekiest) for two representative Mannich

lon products of the nr fr@(géw ion are presented Table low.
[Qﬁe%% is th%gbgs%ﬁﬁdee ?ng zgltg'(g) U %ﬁ%lsovrvfiﬂg%sﬁ?taﬂﬁanﬁl%m st
prerilyetsof the present invention. A test is conducted for 100 hours.

[§99d4)9] Tabied FLARR 2kl Br@-RACEHMONDL AR L REPUEIE RS

Test Procedure TEST DEPOSITS,mg. NO. Additive PTB IVD CCD 1
ITREHEERS 9 1,487.7

[00107] These tests provide a direct measure of the level of deposit formation observed to

occur in the presence of a particular Mamich detergent.

[60108] The treat rates and results for a representative IVD test (2.3L Ford test) for two
representative Mannich reaction products of the present invention are presented Table 1 below.
Test 3 is the baseline fuel (Citgo RUL fuel) without a Mannich reaction product of the present
invention. A test is conducted for 100 hours.

[00109] Table 1

FORD 2.3L 1VD (@ RICHMOND

100 Hr, Results

CRC Test Procedure
TEST DEPOSITS,mg.
NO. Additive PITB IVD CCD
1 None 5379 1,487.7 N
2 Ex. 5 60.0 343 1,543.8
3 Ex. 6 564 392  1,3564
{00119] The product of Ex. 5 in Test No. 2 is an additive (30.4 % solids content). The

additive combination used is generally 1 part of the Detergent (Mannich) and 0.8 part of a carrier
(in this case a polypropylene oxide polymer made by adding propylene oxide to an alkyl phenol).
[66111] The product of Ex. 6 in Test No. 3 is an additive concentrate (30.4% solids

content). It is forrnulated in the same manner as the additive in Test No. 2,

23



2 Ex. 560.034.31,543.8 3 Ex. 6 56.4 39.2 1,356.4 [00110] The product
of Ex. 5in Test No. 2 is an additive (30.4 % solids content). The additive
combination used is generally | part of the Detergent (Mannich) and 0.8
part of a carrier (in this case a polypropylene oxide polymer made by
adding propylene oxide to an alkyl phenol). [001111 The product of Ex. 6
in Test No. 3 is an additive concentrate (30.4% solids content). Itis
ated in the e manner as the additjve. jn Test No. 2. 23 [001121
T e i B R A R o 1 o
[BemE3im ptiorOdarisergptcked be thedkedsormakesergghseiginpisenmgfing correctly,

GATESHYwiMbis QIRaRMSR IO ALe8YIFRBERLOT this test procedure.
{&Qé]ilm CCD (mgs) refers to combustion chamber deposits and it is the

Bt CHDCL sy REEd LRapRITpH kYD dieittendde s drie). of CHD
(O8hishdhaiipsmdydR raforpittopasindipaiadditive per 1000 barrels of
[il1[001101, The gt tes andesult for  mod g BEg fet for the

WO répresen ative  Mannich reaction proé‘uc S versus a fue (congu'c'ted

0] Tests BiatrerTptrand pesttiesiion Mabfelind BEloig. i¢Ttter AT SN Dresntative

REHER e -Medifea by Rrbsutiing.sraitigraniin) actey s d0OHlAd Lei8d4n Table 2 |
modified) Treat %FlowlLoss Test# Additive Rate (PTB) @44 :

PFI Rig Test A ; y
e B T 15 MBI e Tt B 6 B e
Bier19]12.8 [00118] The same fuellishigsed in Tests 4-7. [001191 A lower

flow loss means better perforrggpﬁg;@egg[mgdﬁég&rp deposit formation.
.4 an

[001201 The additives in Test are at the same concentration
and in the same carrier. The gglditive from Exgiqple Sds formulated using
the sarpgicarrigigfiidickas in TRee2PTRE @44 Cycles (Ave)

4 Bx.5 80 7.7

5 None None 19.7

6 Ex. 6 80 8.1

7 None None 12.8
[00118] The same fuel is used in Tests 4-7.
[00119] A lower flow loss means better performance, and thus less deposit formation.
[60120] The additives in Test Nos. 4 and 6 are at the same concenfration and in the same

carrier, The additive from Example § is formulated using the same carrier fluid as in Test 2. The
additives are formulated in a ratio of Mannich reaction product to carrier at a ratio of 1 to 0.8.
The a&ditive from Example 6 is formulated using the same carrier fluid as in Test 3.

[60121] A representative Maﬁnich reaction product of the present inventiqn shows
superior and better detergency in the IV and PFI rig tests as compared to the baseline fuel and
also to a commercial Mannich product. This can be shown by the relatively lower amount of.
deposit formation encountered when using a Mannich product oi)tainable according to the
present invention.

{00122] The effectiveness of a Mannich reaction product representing the present

invention can also be assessed in the “Mercedes™ test, M102E (CEC-05-A-93) engine cleanliness

24



additives are formulated in a ratio of Mannich reaction product to carrier at
a ratio of | to U. The additive from Example 6 is formulated using the
same carrier fluid as in Test 3. [001211 A representative Mannich reaction
product of the present invention shows superior and better detergency in
the IVD and PFI rig tests as compared to the baseline fuel and also to a
commercial Mannich product. This can be shown by the relatively lower

camaunt ot denositformation e u&@@%_@%@g&&&@%&%@%@ RIS sine

obtainable according to the present invention. [001221 effectiveness
o5t SR i o S5t e D FcRICE sssrersinining e FecHREPIIGHCE EasSDiative
chthepsessényimibe dMersaites! s MLBERCECA03A0R)208M8ted in Table 3
pdganliness 24 evaluation test. The untreated base fuel is also separately
tested using the same standard engine test (Test 10). The treat rates for
additives containing a Mannich reaction product representative of the
{q@esgnt invention and results for thg,IP2E (CEC-05-A-93) tests are
reported in Table 3 below. [00123] Table 3 M102E 2.3L IVDT 60 Hr.
Results European IVD Test prdt & 8§|TS,mg. TEST#
ADDITIVE IVD CCD 8 Ex.;5 20, 99 EX: 6 27] 662.4 10 None 160.6
315.8 [001241 The additives | Tes os.sé and 9 afe at the same
concentration. The additive of Test No. 8 hag:asglids, content of 76.9 and
is formulated usingstggcarrierdiyistasin Tesig The@gditive from
Example 6 has a splids contem0f 76.9 and g formwaied using the carrier
fluid as in Test 3. ¥he solids ¢antent represents thesgletergent (Mannich
reaction product) Bnd carrier Nxe[001251 [Foes IVDsdata for Test No. 10
shows that IVD is significantly, adversely higher

[00124] The additives in Test Nos. 8 and 9 are at the same concentration. The additive of
Test No. & has a solids content of 76.9 and is formulated vsing the carrier fluid as in Test 2. The
additive from Example 6 has a solids content of 76.9 and is formulated using the carrier fluid as
in Test 3. The solids content represents the detergent (Mannich reaction product) and carrier
mix.

[00125) The IVD data for Test No. 10 shows that IVD is significantly, adversely higher
when the fuel lacks an additive containing an exemplary effective amount of a Mannich reaction
product of the present invention.

[00126] _ The same hydrocarbon fuel is used in Tests 8-10,

{00127} Fuel consumption is measured and is about 229 liters in Tests 8 and 9,
[66128] The test can use Motorcrafi® lube o0il (15W-40),
{00129] The oil consumption can be measured to make sure the engine is operating

correctly, but is otherwise not a requirement of this test procedure.

[00130] A head port rating of less than 10 is desired. In general, in conjunction with the
tests described herein an average rating of the intake ports can be taken. A head port rating of 10
or less can be considered cléan, and can be obtained when an an effective amount of a Mannich

reaction product of the present invention is added to a fuel. The reaction product is typically in &
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when the fuel lacks an additive containing an exemplary effective amount
of a Mannich reaction product of the present invention. 1001261 The
same hydrocarbon fuel is used in Tests 8-10. [00127] Fuel consumption is
measured and is about 229 liters in Tests 8 and 9. [00128] The test can
use Motorcraft(r) lube oil (15W-40). [001291 The oil consumption can be
measured to make sure the engine is operating correctly, but is otherwise

notar irement of this test procedure. [00130] A head, port ratin less
R T U ) DR FEHER Sh TR ol QPR oo an
hdigive apnavenggeleatipgrofithaihintakeuporfs bdmbiehtaketiod\rhabdtpbithe present

rabingof 10 or less can be considered clean, and can be obtained when
an an effective amount of a Mannich reaction product of the present
i40EHon is Afeanishd RASIOTPGEARRSFPHRILIBCIBTE HIEHINFIHQR oag provide
eatEis HuddiipRovaspRfaaditban h BRGNS, avEading Sfoahat BeaedRsadiSmounts of
inahle ysin additive containing a detergent effective amount of a
PR e X e PR R R G =
mm%?dmirem@sémiﬁg mw@miﬁv%tipn can provide superior
fRdsEpprroved RErQrMACS daPENGHBGHE SmWHCEr SMRAWR RS, product of this

reduced amounts of PFI deposits obtained by using it. The results are -

YRSy IR svRlbE dnrreath'R RSMmHERCRl Mannich product or the

[poremted badenhiel £a0i@2)4diuel igrafiahg teietgantaitatdineamoud beter
L3 Meunelsactonpodct Sl mxendenVaaddes s il

mproveﬁ peir? ormance.n[o % K}fannlc reaction pro uct

RS entindtilidghre seduritaditistiheanapiod dadbetmpontaifv piod eby chemical

camRRaredde A apnyeaienakroremercirlMenniahaddiivg Bradisstingular or phural,
00_134#t is to be understood that the reactang;i{%nd comapﬁ%nents referfcgd b
§ BSPUHIhEAPeR SHR BIRAAh EYRTEARE SRR AR S ET AHRE RS SgiErred to by

wthémm@o@dmihthﬂmgu leasofupluvaivemtretde ritifredtas dbeyhexidemical
&{]Aﬁée%? RN CORIBE MR AN 8*5}% éﬁ%@?‘i@&cﬁ Fﬁi%%%ﬁiﬁ% Bxture or solution

chemical name or chemical type (e.g., base fuel, solvent, etc.). It matters
YIEARIRR BRI SeHhrigas s amsormatingn ey srriartisn homatiyal et of
agedmhhedasudiRg:midura/or SolptitmtobieacliondReiuoh &S G@alled for

SRanges dasirmatiops and/or. reactions are e N IeRl O ingredients to be
brought together either in performing a desired chemical reaction (such as a Mannich
condensation reaction) or in forming a desired composition (such as an additive concentrate or
additized fuel blend). It will also be recognized that the additive components can be added or
blended into or with the base fuels individually per se and/or as components used in forming
preformed additive combinations and/or sub-combinations. Likewise preformed additive
concentrates, in which higher proportions of the additive components are blended together
usually with one or more diluents or solvents, can be formed so that subsequently the concentrate
can be biended with a base fuel in the course of forming the finished fuel composition.
Accordingly, even though the claims hereinafier may refer to substances, components and/or
ingredients in the present tense ("comprises™, "is", eic.)}, the reference is to the substance,

component or ingredient as it exists or may have existed at the time just before it was first
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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
reaction) or in forming a desired composition (such as an additive
concentrate or additized fuel blend). It will also be recognized that the

Hfdlive compongnts, can be added or biended into or.wi the base fuels
Rdividually per se andlor as components useg s Torming hresGyias

|
amjﬁveec‘dﬂh Binatkser disdiorsulitbofmifatibrsubikevise prefemmecingredient
R M o SARCRIME RIS ARG W ARBLRIAPRIIL0S QRS RAIING during the

compaonents are blended together usually with one or more diluents or
BB E A BETR AR LS HRSFLoBSEiEnh Mhe ot Mo arsae
ubtersthadivg tvdappseiftioh iof thia dcikserofddninintuihe tieisifed fuel
EpmRosition,, Aeaardinoly, evengughifie dlaims.hefeinafter, may refer o,

sug]sﬂances,_components and/or |ngre3|ents i the preser?f tense o ooeussion
shopdship Fiedistently sodubly, ahid retirdicnss fertrelestaddieinse tocerriparient tie
nifREiRhAs HheXSIY S 8y have @Xiated-al dhe Py alarior fullonas
Pﬂ:ft %? blended or ml)I(ed with one or more other substances, components
TP S S hREREe L B RGT A AP ST rE SERP i St Boop e ggn ths.
Hivadvihretisutubtemace peaihmpodiesit o imtcgienfuainayharepdaiidis original

' ity thr ' ti [ f m lon ulrin the course .
{dcg‘?ijsﬁch ble%%%r?g%éﬁr Qrﬁl%’% %gﬁ%?%ﬁgﬁé@?&gwﬁ%ﬁ%?ngﬁn zfllterFaﬁ)?(r)tll'oan(jﬁ1
SpeCHiraien o inseraearienin wirup Hrisdisslonust rirctrsarsdoralhprmprsschraifffully
- sdhereafed00135] As used herein the term "fuel-soluble” means that the

ance under discussion should be sufficiently soluble at 20C in the

T el oL P B G PR 1 TR A OB R e
foregpiire detoriptiable theisahdtd ncknd, sedsbdadd meidedifimetien limiting, the
inbsgierab Wﬁﬁé@%&@&@&%&éﬁ%ﬁi@aﬁ%ﬁ@&ﬂ%& rRAIGESOMPHNGIHIE ¢ be

base fuel than this. However, the substance need not dissolve in the base

COYFEPriSM FIBBRIBIRS firips e Eher B EVa k) Perbht B Gih et ppliestidav-
referred to in any portion of this specification is incorporated in toto into
this disclosure by reference for all purposes, as if fully set forth herein.
[001371 This invention is susceptible to considerable variation in its
practice. Thus, the foregoing description is not intended to limit, and
should not be construed as limiting, the
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invention to a particular disclosed exemplification hereinabove. Rather,
what is intended to be covered is as set forth in the claims and the
equivalents thereof permitted as a matter of law. 27 Claims What is
claimed is: 1. A fuel additive composition, comprising (a) a Mannich
reaction product obtained by reacting (i) a polyamine having primary
amino groups selected from the group consisting of ethylene diamine,
1,3-diamino propane and a 1,2- diaminocycloaliphatie (i) a
%ﬁ-‘ﬁdrocarbyl substituted hydroxyaromatic compound, and (iii) an
Whaél}dé%éd\’ﬁhereln the reaction is conducted using a molar ratio of

(|) ﬁlﬁ(ﬂl)@flﬂm@ﬁwﬂt@y bdpdisand (b) a liquid carrier. 2. The fuel
ﬁ_:)tlv com 05| ian ace rdln(%to clf? m 1, wher \}p ine
fipriced™: aﬁﬁ?n%cyglcohex%ilﬁ% gy Jiﬁ%“?ﬁ%&&d’ tive't %‘Fn B imary amino
grouawdmmg fmmalm growherainsithe pOithyhine Gomipeisés-thylenerdiamined a 1.2
dlamz%nc;lépac](éiﬁ:!h@gglkw? Q%}@%%LEQQ 26eerding }Sf&l@l%m\%ﬁ? r(%HIIBQLemd and (iif} an

polyaminé comprises 1,3 - diaminopropane.’s. The fuel additive
aldelamp%%%ﬁ g’éc’@?dﬂ?@ 0 QWBﬁ%?% ﬁr@@éfa. eI A (WHER R thrproximately
1:2: my{ejﬂocarbyl -substituted hydroxyaromatic compound comprises

-cres I a%[lé)henol or mixture of o-cresol and phenol, having an
aI| ati q]ﬁytifrocarbyl substituent derived from a polyolefin having an

average molecular weight in the range of about 300 to about 2000. 6. The

2. fuehaddilivecompositionarcRidinthaslaimS, WheraINHReAMBRAICcomprises 1,2-
hydrocarbyl substitutnt comprises polylsobutyiene 7. The fuel additive

diamiev b itéiccording to any one of the preceding claims, wherein the
aldehyde comprises an aliphatic aldehyde, a heterocyclic aldehyde, an

3. R u%ﬁi%c%li%%hX(gjln}%c?sﬁt}é?f)étc%g?tigg aﬁeahm WHIE Il additive cCompoRIto

erein 0 yamingé Comprises thylene
according to claim erein said al & comprise
diamine.

4. The fuel additive composition according to claim 1, wherein the polyamine comprises 1,3 -

diaminopropane.

3. The fuel additive composition according to any one of the preceding claims, wherein the
hydrocarbyl-substituted hydroxyaromatic compound comprises ortho-cresol, or phenol, or mixture of
o-cresol and phenol, having an aliphatic hydrocarbyl substituent derived from a polyolefin having an

average molecular weight in the range of about 300 to about 2000,

6. The fuel additive composition according to claim 5, wherein the aliphatic hydrocarbyl

substituent comprises polyisobuiylene.

7. The fuel additive composition according to any one of the preceding claims, wherein the
aldehyde comprises an aliphatic aldehyde, a heterocyclic aldehyde, an aromatic aldehyde, or

mixture thereof.
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C1 to C6 aliphatic aldehyde. 9. The fuel additive composition according to -
claim 7, wherein said aldehyde comprises a heterocyclic aldehyde. 10.
The fuel additive composition according to claim 7, wherein said aldehyde
comprises an aromatic aldehyde. 11. The fuel additive compaosition
according to any one of claims 1 to 6, wherein said aldehyde is at least
one selected from the group consisting of formaldehyde, acetaldehyde,
8 ptbpidihlaediite, comyTETeHyHEIDE|dpalday de, Hitdeie A at'drhets gamprises a
C; to hengritdehyedgand salicylaldehyde. 12. The fuel additive composition
according to any one of claims 1 to 6, wherein said aldehyde comprises a
formaldehyde-producing reagent. 13. The fuel additive compaosition
9. abeorbivigadlaig cHERFEEINTSCITENG, helsm Saidvafsehyail isiddiieetpmprises a
heterodei ALigHBUP consisting of furfural, thiophene aldehyde,
paraformaldehyde, and formalin. 14. The fuel additive composition
according to any one of the preceding claims, wherein the carrier is
10.  sBhected frofifitive (ranysiconsisingnsf liquildipoly-adstefin sligondersdsicpgpprises an
aromaROI¥RlIk@Re hydrocarbons, liquid hydrotreated polyalkene hydrocarbons,
mineral oils, liquid poly(oxyalkylene) compounds, and any mixture
thereof. 15. A fuel additive composition, comprising (a) a Mannich reaction
11.  proddict ebigine dobypossmothsgr(idize polyamirechalzing prienarylemingagholdsbyde is at
Jeast Baétdis%@é@t@biﬁ)ﬁf f?@“&i‘&% %ﬁﬁﬁ%@ﬂ%@? h@ﬂﬁ%_ intgrmediatainihe MaoRistidehyde,
condensation reaction, said intermedjate having a 5-membper or
oty P e PRI PRGN S Ak e
hydrocarbyl-substituted hydroxyaromatic compound, and (iii) an

ehyde, wherein the reaction is conducted usipg,.a_molar ratio,of . .
2 e BB Do A S Lo U il ey st
compriserysiitueldshydrorydromaticcwompound (ii) so as to obtain said
substantially pure intermediate, said intermediate being readable with
said aldehyde (iii) to obtain said Mannich reaction product as a

substantially pure product; (b) a liquid carrier. 16. A Mannich detergent

13 cOMigheing tHe relRiRt ptoatet B (ip e ast Bhelgrs b-lo 6 whereill said aldehyde is

selecteditppinbeycighexanayeshflenaidianneodde3ciamdaropraldainele(ihd formalin.
polyisohutylene-substituted cresol

14. The fuel additive composition according to any one of the preceding claims, wherein the camer is

selected from the group consisting of liquid poly-o-olefin oligomers, liquid polyalkene hydrocarbons, hquid

hydrotreated polyalkene hydrocarbons, mineral oils, hiquid poly(oxyalkylene) compounds, and any mixture

thereof.

15. A fuel additive composition, comprising (2} a Mannich reaction product obtained by
reacting (i) a polyamine having primary amino groups that is capable of forming a substantially
pure intermediate in the Mannich condensation reaction, said intermediate having a S-member or
6-member nitrogen-containing heterocyclic moiety, (i1) a hydrocarbyl-substituted
hydroxyaromatic compound, and (iil} an aldehyde, wherein the reaction is conducted using a

molar ratio of (1):(i1):(iii) such that said polyamine (i} is reactable with said hydrocarbyl-
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and/or phenol wherein the polyisobutylene has an average molecular
weight of about 300 to about 2,000, and (iii) formaldehyde, wherein the
reaction is conducted using a molar ratio of (i):(ii):(iii) of approximately
1:2:3. 17. A substantially pure Mannich reaction product obtained by
reacting (i) a polyamine having primary amino groups that is capable of
forming a substantially pure intermediate in the Mannich condensation
reaction, said intermediate having a 5-membher or 6-member nitrogen- ,
s b i BRI ) oy PSRRI Pive et sid
interfnydirox yermmatidabienspousd alidhfily an)atdehiyde saihdfenithesesictionrdsuct as a
Substgg@aqg Sipg.a molar ratio of (i):(ii):(iii) such that said polyamine (i) is
reactable with said hydrocarbyl-substituted hydroxyaromatic compound (ii)
$B) adiy bBaifrsaid substantially pure intermediate, said substantially
pure intermediate being reactable with said aldehyde (iii) to obtain said
substantially pure Mannich reactign product. 18. The s antially pure
16, DM ACH a R PRGNS (LT 770N din e o Dbl Goe. of 1
diamihgdrdcbgires eiistiut etz ox yaiehaticopopgeund pomprisedene-substituted cresol
and/oPFSH&f&r%\ﬁféleﬁf PRk O5 AN .0f 0=Ce30) ARELARGNOL BRYPGAR 300 10 about
aliphatic hydrocarbél Substituent derived from a polyolefin having an

200093448 F STRTH the FAFE o SHGUE'SO0YSLhBI P aae QoD (ii):(iii) of
approtgeupstastially pure Mannich reaction product according to claim 17 or

claim 18, wherein the aldehyde comprises an aliphatic aldehyde, a

heterocyclic aldehyde, an aromatic aldehyde, or mixture thereof. 20. The
17, dubstesttidinflpuparimavsnoleire stibanproddett acbbrdidg i okaiering9 (1) a polyamine

havin¥/ BEERIR, SR, 3G RIGRNYe I UNRIRE S A GrmifCH MRRANCIRIAERY I8 At diate in the

The substantially pure Mannich reaction product according to claim 19,
Mannjgh e SsmioaI dEME: cEHip EELr Vit FICIRTi CaliBlylEr 22, GRgmber nitrogen-
contaBtstantiallycpuradidanigh reastcsiiagbetaraosding: taretadit 9mpound, and (iii)

erein said. aldehyde comprises an aromatic aldehyde. 23. The... ‘
o e T R ) S R Sy G soe o s
polyaeiaip(®) 15 reectdlowhidrednt duidiesiabriyaibsistatdelistronaroniitadimmmeh@l) so as to
obtairDERMPQRSISHNY ﬁﬁéq%ﬁlﬁ@mg%ma%%ﬁ@égﬁwﬁuw%@a@&%@x@&g reactable with
e

.. _butyraldehyde, valeraldehyde, and hexanal al J /de, benzaldehyde and
said a&&#@%ﬁa@ Hg,a@t_am said substantially pure Mannich reaction product,

18.  The substantially pure Mannich reaction product according to claim 17, wherein the
hydrocarbyl-substituted hydroxyaromatic compound comprises ortho-cresol, or phenol, or mixture of
o-cresol and phenol, having an aliphatic hydrocarbyl substituent dertved from a polyolefin having an

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

19.  The substantially pure Mannich reaction product according to claim 17 or claim 18, wherein
the aldehyde comprises an aliphatic aldehyde, a heterocyciic aldehyde, an aromatic aldehyde, or mixture

thereof.

20.  The substantially pure Mannich reaction product according to claim 19, wherein said
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24. The substantially pure Mannich reaction product according to any one
of claims 17 to 19, wherein said aldehyde comprises formaldehyde or a
formaldehyde-producing reagent 25. The substantially pure Mannich
reaction product according to any one of claims 17 to 19, wherein said
aldehyde is selected from the group consisting of furfural, thiophene
aldehyde, paraformaldehyde and formalin. 26. A fuel composition for an

in ernal comb e.co rising (a) in a major amount, a
a}dehg ﬁmé)nl‘?asb‘f %’E l@& aarbon fuel; and a minor amount of a

fuel additive contalnlng a Mannich reaction product according to claim 17
21, i1z camsenfleil. Pite AVuslidompositioprédn@neimieringl combistioh ergine, said

a1dehyﬁgfg]9,§i§11@(gs @é@m@@mg}% a spark-ignitable combustible

hydrocarbon fuel; and (b) in minor amount, a fuel additive composition

comprising a Mannich reaction product obtained by reacting (i) a
22. mlymﬁm m&rmw&wsbﬁ%%@;mga@é&&wge@e&uﬁmmV&béfem said
del alamlno pane and 1% mino cyclohexane, (ii) a
ace ya?gg’élr guaﬁ%’f]f’uieal Sxyaromatlc compound, and (i) an

aldehyde, Whereln the reaction is conducted using a molar ratio of 31

(1):(ii):(iii) of approximately 1:2:3, wherein the Mannich reaction product is
23, presenbirunignountVsuficiersttt ve ducd thaweidht ameuntoot eigikens 17 to 19,
Whﬁ@ﬂ‘%@ﬁ%ﬁdﬂf@@ﬂ%@ﬂﬁl %@@%Mﬂﬁ%@%@%@%ﬁtﬂ@ &bﬁnthﬁ?ildeh de, acetaidehyde

~ composition. 28. The fuel composition of claim 27, comprising the fuel
propiongidetidecogRiERY f??=an"&]r?f61§]ﬁ}ﬂyfj§ng|'T’ﬂjifr<§f?f‘%ﬁ!5’éutai%3f Fabbtizidgyde and

salicylgipsRyd9. The fuel composition of claim 27 or claim 28, wherein the
Mannich reaction product is obtained by reacting (1)
1,2-diaminocyclohexane, (2) polyisobutylene-substituted cresol and/or
polyisobutylene- substituted phenol or their mixture wherein the

24 Jdigitnatyieihe mas Maairdregetiniorediar wenhinsfoans sl erasolit to 19,
whereid £R0a1a8¢,{3)-boipraldebyelad 384T befaghaompasitiepiatlain 24 or claim

28, wherein the Mannich reaction product is obtained by reacting (1)
ethylene diamine, (2) polyisobutylene-substituted cresol and/or

25. P{%é"%%‘ch%:{%ﬂg substiptea phengl,or thﬁ" XL 1‘{"';@%%% of claims 17 to 19,

polyisobutylen has an average molecular weight o to about

whereip Goil alsBIfomiigelydEoB1 rhatfuel conspEsition didiaih 2iahelginldehyde,
parafordéhl¥éRereinhe,Mannich reaction product is obtained

26. A fuel composition for an internal combustion engine comprising (a) in a major amount, a
spark-ignitable combustible hydrocarbon fuel; and a minor amount of a fuel additive containing a

Mannich reaction product according to claim 17 in a carrier fluid.

27. A fuel composition for an internal combustion engine, comprising

(a) in major amount, a spark-ignitable combustible hydrocarbon fuel; and

(b) in munor amount, a fuel additive composition comprising a Mannich reaction product
obtained by reacting (i} a polyamine selected from the group consisting of ethylene diamine, 1,3-
diamino propane and 1,2-diamine cyclohexane, (it} a hydrocarbyl-substituted hydroxyaromatic

compound, and (iif) an aldehyde, wherein the reaction is conducted using a molar ratio of
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by reacting (1) 1,3-diaminopropane, (2) polyisobutylene-substituted cresol
and/or polyisobutylene- substituted phenol or their mixture wherein the
polyisobutylene has an average molecular weight of about 300 to about
2,000, and (3) formaldehyde. 32. The fuel composition of any one of
claims 27 to 31, further comprising at least one additive selected from the

{i): (13)% OSIO%p%g‘I%TB%é?f Elrglg)x laergﬁ (Elaer rlk%tﬂ]li'é e 181'},S|fy%%9ﬁ e{nlgsser {1031';1 amornt

itors, metal eactlvators combustion ersFaicoh
Sufﬁm@aié@rvém,tb%ﬁaﬁéhhﬁm@v@r@f, eRsisnoTEicarsnitmabsombkifiarsngine operated
on thd @Rilicitpdditives, ancillary detergent/dispersant additives, biocides,
antistatic additives, drag reducing agents, dehazers, anti-knock additives,
anti-icing agents, anti-valve seat recession additives, combustion
28, impheviaes corapkearsnarioctyes? 3 Ioamathotho ficdniidiing @ngindtde fosits amount

1an0mmﬁ%ﬁllgggﬁp?é§g@g)&§tf%@§g}pe comprising 32 operating said engine

with said fuel composition 0f claim 26. 34. The method of claim 33,
wherein the controlled engine deposns comprise intake valve deposits.

i h method of ¢ ajm 3 rein the controlled engine deposits
29 ﬁ%%rls%oﬁl I Ghfed al{%rg é‘e"b%% rl)é 6" AR E TR B SRA1S3 RigHBekiR obtained

by reatheeddhtrditbdengipddeposit pompsisecbmbasticmtehambemdeposiigsobutylene-
suhstltguz,dTﬂ%ﬁE'}ew%f?fxﬁlﬂﬁ%%mEﬁé%%s%%@é}@h%%&@%na%%? h%cular weight of

comprise intake port stains. 38. The method of claim 33, w ret

about %tﬁéﬁéﬂéﬁafhé%bgﬁf?@éﬁ%%e direct injector plugging. 33

30. The fuel composition of claim 27 or claim 28, wherein the Mannich reaction product is
obtained by reacting (1) ethylene diamine, (2) polyisobutylene-substituted cresol and/or
polyisobutylene-substituted phenol or their mixture wherein the polyisobutylene has an average

molecular weight of about 300 to about 2,000, and (3) formaldechyde.

31, The fuel composition of claim 27 or claim 28, wherein the Mannich reaction product is obtained
by reacting (1) 1,3-diaminopropane, (2} polyisobutylene-substituted cresol and/or polyisobutylene-
substituted phenol or their mixture wherein the polyisobutylene has an average molecular weight of

about 300 to about 2,000, and (3) formaldehyde.

32, The fuel composition of any one of claims 27 to 31, further comprising at least one additive
setected from the group consisting of antioxidants, carrier fluid, demulsifying agents, rust or corrosion
whibitors, metal deactivators, combustion modifiers, alcohol co-solvents, octane improvers, emission
reducers, friction modifiers, lubricity additives, ancillary detergent/dispersant additives, biocides,
antistatic additives, drag reducing agents, dehazers, anti-knock additives, anti-icing agents, anti-valve

seat recession additives, combustion improvers, markers, and dyes.

33. A method of controlling engine deposits int an internal combustion engine comprising
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operating satd engime with said fuel compoesition of claim 26.

34, The method of claim 33, wherein the controlied engine deposits comprise intake valve

deposits.

35.  The method of claim 33, wherein the controlled engine deposits comprise port fuel

injector deposits.

36.  The method of claim 33, wherein the controiled engine deposits comprise combustion

. chamber deposits.

37  The method of claim 33, wherein the controlled engine deposits comprise intake port

stains.

38.  The method of claim 33, where the controlled engine deposits comprise direct injector

phugging.
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