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1 ADDI TI VES FOR M NI M ZI NG | NTAKE VALVE DEPCSI TS, AND THEI R US%BQ' é:HI\% CA%_
FIELD This invention relates to novel Mannich base fuel additivel
conpositions that are effective in mnimzing intake val ve deposits and in
reduci ng val ve sticking in internal conbustion engines. BACKGROUND Despite
extensive prior research activities on Mannich base fuel additives carried
out over the years, a need exists for Manni ch base conpositions having
superior performance capabilities and suEerior physical properties. In
particular, a nost welcome contribution to the art would be the provision
of Manni ch base conpositions that are highly effective in mnimzing intake
val ve deposits in internal conbustion engines, that are capabl e of
m nim zing val ve sticking under standard qualification test conditions,
that have nuch I ess color than present commercial Mannich fuel detergents,
t hat have m ni mal odor, that reqU|re and I n many cases perforn1better
with, small e ARDKHINES FOR : N AN RHEJR JUIE
used, and that provide all of these advantages at attractlve conpetitive
costs. This invention is deemed to constitute such a contribution. SUVMARY
OF THE | NVENTI ON Thi s invention | STREHNIECALFIELDal i a, on the discovery that

Manni ch condens qn pr.oducts havi rio o] G

and excel | ent pﬁgbﬁ Yﬂp i Eveggﬁmﬁgj g“%%?%‘g ”qPéO%mopia&’gt ?e{'/f%%@
pol yam nes jnNminffiz nﬁaasahwemepmtanmnn :mbhcing vab/e ngticking mememhtmnbu&tnmﬁ
I ncl ude these, partlcular pol yam nes, in special proportions relative to
each ot her .¢98®¢%-ner, it has been di scovered t hat by using a disubstituted
phenol which has only one site for the Mannich reaction to occur, i.e.
only one ortho- or para- position belqggunsubstltuted, products are
obt ai ned which are nore effective atB4 ntake val ve deposits:on an
active/active ba§isite ex tegxs iGOPRG t6&darcR adviRiiie SiMaAGEh REORILIGAGitiVEy dartd obit over a
hydr oxyar omati c cohpoun lhaV| ng two or three reactive sites. The ter
"active" nmehayearha need enistyfos Maspich basp compnsitiaps AV EE SHRSEIGE performance capabilities

and superior physical properties. In particular, a most welcome contribution to the art would

be the provision of Mannich base compositions that are highly effective in minimizing intake
valve deposits in internal combustion engines, that are capable of minimizing valve sticking
under standard qualification test conditions, that have much less color than present commercial
Mannich fuel detergents, that have minimal odor, that require, and in many cases perform better
with, smaller amounts of liquid carrier fluids than are conventionally used, and that provide all
of these advantages at attractive competitive costs.

This invention is deemed to constitute such a contribution.

SUMMARY OF THE INVENTION
This invention is based, inter alia, on the discovery that Mannich condensation products
having superior performance characteristics and excellent physical properties can be formed by
using certain types of polyamines in the condensation reaction and by using the reactants, which
include these particular polyamines, in special proportions relative to each other. 'Further, it has
been discovered that by using a disubstituted phenol which has only one site for the Mannich
reaction to occur, i.e., only one ortho- or para- position being unsubstituted, products are

obtained which are more effective at reducing intake valve deposits on an active/active basis



regardl ess of chemical identity, thus conpounds of the present invention
are nore effective at reducing intake valve deposits than conpounds derived
froma hydroxyaromati ¢ conpound substituted in only one position when both
Manni ch products contain equival ent anounts of am ne-containing products.
Al so, the inproved Mannich base product ;ﬁoOf the present invention can be
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dnvention is pro er e Iments 1 nclude fuels for spark ignition
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val ve st i ckiemgerature above about 40°C at which a Mannich condensatlon reaction takes place Preferred
aliphatic polyamines have in the molecule one and only one such reactive primary or secondary
amino group and one or more tertiary amino groups.
Another embodiment of this invention is a fuel additive composition which comprises:
A) a Mannich product as described above, and
B) at least one liquid carrier or induction aid therefor, most preferably at least one
poly(oxyalkylene) compound having an average molecular weight in the range of about
500 to about 3000.
Still another embodiment is the above-described process by which the above improved
Mannich product of this invention is produced.
Other embodiments include fuels for spark ignition engines into which have been blended
small amounts of the various compositions of this invention described herein, a1’1d methods for

minimizing or reducing intake valve deposits and/or minimizing or reducing intake valve sticking



3 in an internal conbustion engine by fueling and/or operating the engine
with a fuel conposition of this invention. In additional preferred

enbodi nents of this invention the Mannich product is formed from one nole
part of a substituted phenol in which the hydrocarbyl substituent (a)

conpri ses polypro- pylene, polybutylene of a copolyner of propylene and
butyl ene having a nunber average nol ecul ar weight in the range of about 500
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DESCRI PTI ON Manni'ch Base Reaction Product Representative high nolecul
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formaldehyde does not exceed about 0.1. The most preferred molar ratio for these last-named

reactants is about 1 mole of the N,N-dimethyl-1,3-propanediamine and about 1.05 mole of
formaldehyde per mole of the above substituted phenol. Such Mannich base reaction products
bave given superlative results in an extensive number of tests.

Other embodiments and features of this invention will become still further apparent from
the ensuing descriptioxi and appended claims.

FURTHER DETAILED DESCRIPTION
Manmich Base R ion Prod
Representative high molecular weight substituted hydroxyaromatic compounds used in
forming the present Mannich base products are represented by the following formula:

OH



4 in which Ris H (err] alkyl, or a hydrocarbyl substituent having a
nunber average nol ecul ar weight in the range of about 500 to about 3000,
with the proviso that one Ris H one Ris a (Jerr] alkyl and one Ris a
hydr ocar byl substituent. It has been discovered that by using a substituted
phenol which has only one site for the Mannich reaction to occur, i.e.
only one ortho- or para- position being énsubstituted, products are
obt ai ned which are nore effective at reducing intake val ve deposits on an
act i ve/ act i inewhigh Rsis dbripyaraligy],tar avgrdndcatbyb subetitpens dading a dembereaiefagemadecular
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of two or abdpolymesizatié thirelith éng., eBylond, éﬂmnmmd 1+hem¢mt EoeteneChnineene, ed.) wherdes
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\
in a generic sense to include polymers made from "pure" or “substantially pure" 1-butene or

isobutene, and polymers made from mixtures of two or all three of 1-butene, 2-butene and
isobutene. Commercial grades of such polymers may also contain insignificant amounts of other
olefins. So-called high reactivity polybutylenes baving relatively high proportions of polymer
molecules baving a terminal vinylidene group, i.e. at least 20% of the total olefin comprises an
alkylvinylidene isomer, preferably at least 50% and more preferably at least 70%, formed by
methods such as describéd, for example, in U.S. Pat. No. 4,152,499 and W. German
Offenlegungsschrift 29 04 314, are also suitable for use in forming the long chain substituted
phenol reactant. ’

The alkylation of the substituted hydroxyaromatic compound is typically performed in the



5 presence of an alkylating catal yst such as BF[err] at a tenperature in
the range of about 50 to about 200C. The |ong chain al kyl substituents on
t he benzene ring of the phenolic conpound are derived from pol yol efin

havi ng a nunber average nol ecul ar weight (M) of from about 500 to about
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the use of the type of polyamines referred to herein has been shown to result in the provision
of novel Mannich base products having excellent performance capabilities and physical
properties.

Representative amine reactants are alkylene polyamines having, inter alia, a single
suitably reactive primary or secondary amino group in the molecule. Other substituents such as
hydroxyl, cyano, amido, etc., can be present in the polyamine. Preferably the amine is an
aliphatic diamine having one primary or secondary amino group and one tertiary amino group
in the molecule. Examples of suitable polyamines include N,N,N* N"-tetraalkyldialkylenetri-
amines (two termipal tertiary amino groups and one central secondary amino group),
N,N,N',N"-tetraalkyltrialkylenetetramines (one terminal tertiary amino group, two internal
tertiary amino groups and one terminal primary amino group), N,N,N' ,N“ N*" ‘-pentaalkyltrialky—
lenetetramines (one terminal tertiary amino group, two internal tertiary amino groups and one
terminal secondary amino group), N,N-dihydroxyalkyl-o,@-alkylenediamines {one terminal



N, NN ,N'-tetraal kyltrial kyl enetetram nes (one termnal tertiary am no
group, two internal tertiary am no groups and one termnal primry am no
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used include benzaldehyde and salicylaldehyde. Illustrative heterocyclic aldehydes for use herein
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are furfural and thiophene aldehyde, etc. Also useful are formaldehyde-producing reagents such
as paraformaldehyde, or aqueous formaldehyde solutions such as formalin. Most preferred is
formaldehyde or formalin.

The condensation reaction among the alkylphenol, the specified amine(s) and the aldehyde
is conducted at a temperature in the range of about 40 to about 200°C. The reaction can be
conducted in bulk (no diluent or solvent) or in a solvent or diluent. Water is evolved and can
be removed by azeotropic distillation during the course of the reaction.

As noted above, another very important feature of this invention is the proportions of the
reactants maintained in the Mannich condensation reaction mixture, viz., from 0.8 to 1.5 mole
part(s) of at least one aliphatic polyamine of the type described above, and from 0.8 t0 1.3 mole
part(s) of at least one aldehyde, with the proviso that the mole ratio of aldehyde to amine is 1.2:1



The condensation reaction anong the al kyl phenol, the specified am ne(s) and
the al dehyde is conducted at a tenperature in the range of about 40 to
about 200[err]C. The reaction can be conducted in bulk (no diluent or
solvent) or in a solvent or diluent. Water is evolved and can be renoved by
azeotropic distillation duri ng the course of the reaction. As noted above,
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utilized pursuant to this invention. Liquid Carriers The Mannich base
products of thIS invention are preferably used in conbination with a liquid

carrier or i |d Such carriers can be of various types, such as
for exanple |qU| err]-olefin oligonmers, |iquid polyal kene
hydr ocar bons (e. ok b5 PFRAtucts Of (i jip¥snsion are preferably used in combination with a

lxquxd carrier or mductxon aid. Such carriers can be of various types, such as for example liquid
poly-a-olefin oligomers, liquid polyalkene hydrocarbons (e.g., polypropeme, 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, and similar liquid
carriers or solvents. Mixtures of two or more such carriers or solvents can be employed.
Preferred liquid carriers because of their performance capabilities are 1) a mineral oil or
a blend of mineral oils that have a viscosity index of less than about 120 , 2) one or a blend of
poly-a-olefin oligomers, 3) one or more poly(oxyalkylene) compounds having an average
molecular weight in the range of about 500 to about 3000, or 4) a mixture of any two or all
three of 1), 2) and 3). The mineral oil carriers 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. For example, the mineral oils may be solvent extracted or hydrotreated oils.
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catalytic treatment of eth | ene). ly-[err]-olefins used-as carriers
wi || usual | ip thisjeveation are §15 sqlub(lqw@mrl véxlchlqaeey represenied bysthe Eollepving fopnyly
centistokes (cSt). Preferably, the po@qﬁ _k olefin has a viscosity of at
| east 8 cSt, and nost preferably about 0 ¢S’ at 100C. The

pol y( oxyal kybersim Rcisiyricaisl @ Wkragen. aloxsineyslpaliesy, fwdroxy » eaine ahydresartsl (8-gs

for use alkyl, cycloalkyl, aryl, alkylaryl, aralkyl, etc.), amino-substituted hydrocarbyl, or hydroxy-
substituted hydrocarbyl group, R, is an alkylene group having 2-10 carbon atoms (preferably 24

carbon atoms), R, is typically a hydrogen, alkoxy, cycloalkoxy, hydroxy, amino, hydrocarbyl
(e.g., alkyl, cycloalkyl, aryl, alkylaryl, aralkyl, etc.), amino-substituted hydrocarbyl, or hydroxy-
substituted hydrocarbyl group, and n is an integer from 1 to 500 and preferably in the range of
from 3 to 120 representing the number (usually an average number) of repeating alkyleneoxy
groups. In compounds having multiple -R,-O- groups, R, can be the same or different alkylene
group and where different, can be arranged randomly or in blocks. Preferred poly(oxyalkylene)
compounds are monools comprised of repeating units formed by reacting an alcohol with one or
more alkylene oxides, preferably one alkylene oxide.

The average molecular weight of the poly(oxyalkylene) compounds used as carrier fluids



in this invention are fuel-sol ubl e conpounds which can be represented by
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propoxyl at i $00°6D. dneaddition, th? Rt’lﬂ(oéY%FY ek sorpoundssvses do the nractise Oﬁﬁb‘htn"ﬂmon
car bon at ongerily MRV EyilioSiiey Athir inMilhie8 shaf\dhoFhord MRkl abs@ 408 BPAU0°EBind

carbon atons, are particularly preferred. The poly(oxyal kyl ene) carriers
used in t hen@mm thea abgut PR ic8t 4&1\9@?@ Morg, prefestlp | thein yigeosities will not exceed about

300 cSt at 40°C and will not exceed about 40 cSt at 100°C. The most preferred
poly(oxyalkylene) compounds will have viscosities of no more than about 200 ¢St at 40°C, and
no more than about 30 ¢St at 100°C.

Preferred poly(oxyalkylene) compounds are poly(oxyalkylene) glycol compounds and
monoether derivatives thereof that satisfy the above viscosity requirements and that are
comprised of repeating units formed by reacting an alcohol or polyalcohol with an alkylene ox-
ide, such as propylene oxide and/or butylene oxide with or without use of ethylene oxide, and
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 Kirk-Othmer encyclopedia and the
references cited therein being incorporated herein in toto by reference. U.S. Patent Nos.



viscosities in their undiluted state of at |east about 60 cSt at 40[err]C
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is described for example, in U.S. Pat. Nos. 5,089,028 and 5,114,435, the disclosures of which

are incorporated herein by reference.

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 and then blended with an additional quantity of the same or a different carrier fluid.

\ditive P .

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 intake valve

cleanliness of the same engine operated on the same composition except for being devoid of the
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the additive c rates” of this invention contain from about 12 to abqut
69 When formulating the fuel compositions of this invention, the Mannich product am

carrier fluid (with or without other additives) are employed in amounts sufficient to reduce or
inhibit deposit formation in an internal combustion engine. Thus the fuels will contain minor
amounts of the Mannich base detergent/dispersant and of the liquid carrier fluid proportioned as
above that control or reduce formation of engine deposits, especially intake system deposits, and
most especially intake valve deposits in spark-ignition internal combustion engines. Generally
speaking the fuels of this invention will contain on an active ingredient basis as defined above,
an amount of the Mannich base detergent/dispersant in the range of about 5 to about 150 ptb
(pounds by weight of additive per thousand barrels by volume of fuel), and preferably in the
range of about 10 to about 100 ptb. In the preferred fuel compositions wherein a liquid carrier
fluid is used, the amount of the liquid carrier fluid will usually fall in the range of about 5 ptb
to about 225 ptb, and preferably will be in the range of about 10 ptb to about 150 ptb. Other
additives, such as one or more fuel-soluble antioxidants, demulsifying agents, rust or corrosion

inhibitors, metal deactivators, combustion modifiers, alcohol cosolvents, octane improvers,
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(e.g., nethy?byorhmen p.%p@ﬂayqblm :p;q Rrayides (| 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 whepever deemed
necessary, appropriate or desirable.

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 definitely preferable
to blend all of the components concurrently using an additive concentrate of this invention as this
takes advantage of the mutual compatibility afforded by 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.

EXAMPLES



and/ or other cycl opentadi enyl manganese tricarbonyl conpounds) can al so be
dncluded in the fuels of this invention. These nmanganese conpounds are
anong particularly preferred additional additives in the conpositions of
this invention because of their outstanding ability to reduce tail pipe

em ssions such as NOx and snog form ng grecursors, and to significantly

I nprove the octane quality of fuel &pnp §Ltion , such as gasqlines of .the
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necessary, a&propri ate or desirable. The additives used in forraél at.i ng t he
preferred fTkg ageproni,blend of meateriand selient pias mmaayad poatipyQysly pyeq,a, period jagting one

i ndi vi dual | ¥, 0" ThD e¥ietalte wisRieeiZR a8 AlqLR&to SRR Yéoval Jf water (@b fher€ichion
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of an additiveée concentrate. SO use o concentrate reduces: bl ending tine
and | essens t he Presastivity oftthe produst mintings) was desgraioeg Ry Ghmopatographic separation.” A

2-gram sample is separated on a silica gel column (40g of 60-200 mesh). The inactive

components and alkylphenols are ehuted from the column with n-hexane (400mL) and methylene
chloride (400mL) respectively. The active Mannich components adhere to the gel, and can only
be quantified by difference after all of the eluants are evaporated to dryness. The percentage of
converted polyalkylphenol is calculated directly from the activity of the starting material and the
weight fraction of polyalkylphenol in the product. Conversions for each example are given in
Table 2. "PBP Activity" indicates how much of the polyolefin was reacted onto the
hydroxyaromatic compound to form a substituted hydroxyaromatic compound. * % PBP
Conversion" indicates how much of the substituted hydroxyaromatic compound reacted with the
amine to form the Mannich product.

Using the above generalized procedure various Mannich products were prepared from
PBP, DMPD or DETA and FA. Table 2 summarizes the relevant information and data. In

those cases where a result is not available because the component was not present or the analysis



13 fhe practice and advantages of this invention are denonstrated by the
foll ow ng exanpl es which are presented for purposes of illustration and not
limtation. In each Mannich condensation reaction the follow ng general
procedure was used. The Mannich reaction products of the present invention
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N, N- di met hyl - 1, 3- pr.opapedi am ne (" DVRD") d faor ehyde ('FEA" The PBP
was fornmed W @gﬁ&d?‘%‘%? F}?(Pﬁf}%gﬁ P“\ﬂn“‘fthﬂ‘ﬁadgﬂg?f"gif’mfﬁi %d}sgcgpetﬁe FhleTaTﬂee 2.
The Manni clexagples oGEidptael yedps dTUhé ipiterd intdikios (OO Enkative EEARIPRET)  ark Ny@&L | ON
wer e derlv%a by .reaction anpong | ong chain aIkyIat? hegéﬂﬁé"PBP"QHHDNPD or
di et hyl ene Mpnuigh preductsgesiyed) from, a fong ghain aikylaisp Phsne s afe ald Hrdase o a
resin kett|geiqBkidile ) Mviky APEGRnt dldedl i rring, nitrogen feed, a Dean-Stark
trap, and a heating nantle. So|lvent, Aromatic 100 at 25 % by wei ght of
product, was in ine yelaprmpopidions wergr subjosted Heaguginet §sts Oyheraby the [subrgangipk h a
St ght exotditaendlevt inest/cotipblidtR ! RHAL RO Hlive RDodEghidr dbililsiver
whi | e vi gorous s?%?r?ng ﬁgg%naint%?ne . A’second, m 8‘exo ermwas noted.
The react i clemepstratade Wb Magnick deaction produsts wetsoermbiged] with p@olyprpylene @lycobi c
bl end of  wlifer 31th S0 HRE botiBiber® W HCHR DIURHH NN ABhneB oAl th 1AL 5.1
one hour. e tenperature was I ncreased as regulred to sustaln renoval of
wat er, t herTherspeqificationsoof the differeet gazelities aseddire)sed diorgtl inyTabte 1.5Thetest] seriesvvad e
sparging W the nit n. Af keaction th [ pr ixture was ¢
wei ghed ancPegfloflﬁ egg% f‘hﬁb ??ﬁ%@lﬁé € eSOSFr\%gﬁtég]gygrésai %gﬁ&ta &a t?\#@a %of

t he pr oductaconmilatioasdynmrsomieticnnden egndayd operatingt apditipiy for sleeanimbticnnof depdsigr am

le | ted, il | .ol 0g_of .60- 200 h. T,
et fve coRBEREE Sk el SRSyt ase &t B Mrekt brdRetn TRE 2 ace.
nl\/;a hex aRe ( 4{3@1@:}1‘;@&@ gﬁgkbwtﬁe? Iedving ran Gy (vid)didéne ifcmap eﬁméma![f _3?%1235 gaﬂtdbme _‘
nnit c coO onents. a ere 10 e an e ua 1 T1 . N
NPT or enco Bppes mojecular weightof v 1000, (AR RHEP Dol alpeigne i) e Aigfatytidene
per cent age iQimex@biMExtlof RsdiBAry A %K dnddiiler Averze nfvldcalaedleidht sTabduy 960 @IBY, B

activity of the starting material and the weight fraction of

pol yal kyl prRONpronyiene having  gipleculapwgight of abqwt §09(PBhch exanpl e are given in
Table 2. "PBP Activity" indicates how nuch of the polyolefin was reacted
onto the hydroxyaromati c conpound to forma substituted hydroxyaromatic
conmpound. "% PBP Conversion" indicates how nuch of the substituted

hydr oxyar omati ¢ conpound reacted with the amne to formthe Mannich
product. Using the above generalized procedure various Manni ch products
were prepared from PBP, DWPD or DETA and FA. Table 2 summari zes the
relevant information and data. In
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5 an.d 6, which use ortho-cresol as the head group and are thus exanpl es
within the scope of the present invention, and Exanples 1*, 3*, 4*, 7* and
8* which use phenol as the head group and are therefore outside the scope
of the present invention. It is to be understood that the reactants and
conponents referred to by chem cal narrehgfyv\here in the specification or
pljai msf he El eof , \r/]\bﬁinhﬁz_(miﬁzﬁiﬁﬁﬁffﬁdlel’zpit isitichd tHat SHePBPS frepatdd fFRIHRIPIB @x@mples 2, 47,
identified as ey. .exi s ior. to.co into contact wth another
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together ungehud kR cEaM PR pfl ddatord:OlereR IBMAIL 2 6 shilbySxliSGlRRAS gl US
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with the base f uEheSmprodéinwing irpdetiuging dntaks ealenddp@it famatibaohinettiyusing edho-aesol as

form ng prefar | L C L.nat | r | i | '
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o 301 Vent S inyEdin U EALBRLT 5P, 4 MR nd S DREE fehdl ad HohAe i B hefeftRe Qifide

bl ended wi th a base In"the course of formng the Tinished fuel
conposi t i ontheaews efithp gresent BYEBH%: hough the cl aims hereinafter nmay refer to

?Hbst ances, colr'rpﬁﬁkqabfurﬁ)&dﬂbéﬁt thitﬁlﬁ][r&dthﬁi' Iin‘icbxﬂ;;&x&ﬁt@feﬁéﬁtﬁ?:ytﬁml name anywhere
conprises”, "is", etc.),.ther rence i 0 e subst ance onponent or
nor o ent - it eugeBonsiaimiprent B Fapie] R e RReRr i PR R Frigtos
f i rst _bI ende;istcprio:mbxmhgﬂntohpmn@wnh amﬂtexssumdnermsumancl@micamnp@nénmkalamd/ or
nar edi ents (. BEERRIBRGE: W) ' e SER i SPLAR SrandHind i b ack i

0 d [ may have |

subst ance, onent QI’ |ngr. |e_n . QSt | t_S ori gl na ) entlty_
through a clfany.de placednthe wsnlting mixterp efsekiienior BACionmpdign e suchebuR e tesfogAtions

bl endi ng or , /i :0GrdAREE Ak bR result JrBrihgingl b iPecitla@lehfants THBERbhpInerdttbged iy under
accur at e under st andl‘gﬂwafnd appreciation of this disclosure and the clains
P

t her eof . As thg<arfitioas st i this disqlosucsy Thys dhe repctapts andicompqnpnts a0, dentifipd as
under di SCUSSpreditns BobY ot togethbt dthearih parfositing b ieired chafcsirredefioni (such Aea Mamsich

fuel select %jnd];t%zrtﬁollesrgmttm%) (r)rergl ?orr]m%g a ldgsgesdt cogngoesit{gn ?slucr:HJ a5 2ddRl Egngén%rgtg 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 subcombinations. Likewise preformed additive concentrates, in which higher proportions of the
additive components are blended together usually with one or more diluents or solvents, can be formed
so that subsequently the concentrate can be blended with a base fuel in the course of forming the finished
fuel composition. Accordingly, even though the claims hereinafter may refer to substances, components
and/or ingredients in the présent tense ("comprises”, “is", etc.), the reference is to the substance,
component or ingredient as it exists or may have existed at the time just before it was first blended or
mixed with one or more other substances, components and/or ingredients in accordancé with the present
disclosure. The fact that the substance, component or ingredient may have lost its original identity

through a chemical reaction or transformation during the course of such blending or mixing operations



required to enable the substance to serve its intended function. Preferably

.the substance will have a substantially greater solubility in the base fuel

than this. However, the substance need not dissolve in the base fuel in al
proportions. Each and every patent or other publication referred to in any
portion of this specification is incorpb¥ated in toto into this disclosure
by-r ef er engGud Whotf nmRifid 83 SPacedt e hifdedsidhding 28@ippfeibtion of@is lsElosuteah®thk DR | ON
is susceptible to considerable variation in its practice. Therefore the
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pol yol ef i nbwa\iuehglaéinmmwems average m)l ecul ar weight in the range of about
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Claim1 whéFelh© ST emﬁ%ﬁreats%e f&%%‘?%dgt}#pvgund is one mol & part
of a substituted phenol in which the hydrocar byl substituent is derived
from pol ypropyl ene, pol ybutyl ene or a copol ynmer of propylene and butyl ene’
havi ng a nunber average nol ecul ar weight in the range of about 500 to about
3000 and a pol ydispersity in the range of about 1 to about 4, wherein the
polyamine is from0.8 to 1.2 nole part(s) of one or nore

N, N-di al kyl -[err]-al kyl ene- diam nes in which the al kyl ene group has at

| east 3 carbon atons, and wherein the al dehyde is from0.8 to 1.2 nole
part(s) of fornmal dehyde, provided the nole ratio of fornaldehyde to said
diamne(s) is 1.2:1 or |ess.




4. A conpositio accordance with Gaim1l wherein the hydroxyaromatic
eonpound is a subs['!‘j whi ch the hydrocarbyl substituent is
derived from polyp yl ene or a copol yner of propylene and
but yl ene having a nunber aver age hol ecul ar wei ght in the range of about 500
to about 3000 and a polydispersity in t He range of about 1 to about 4,
wher ei n t heyp Q{@ ne i s N, N dinethyl -1, 3- propanedi am ne, wherein the

al dehyde is for dehyde, and wherein the mole ratio of the substituted
phenol to N, N-dinethyl-1,3-propanedi anmine to fornal dehyde used i formng

said product CONpoSi i Mkndich aedac:éonbém&n%mldﬁanomsaere&)arvadameasmnmb&tﬂaed
proviso that .if the nolar quantity of fornmald ﬁ%;euse | arger than the
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A conposition 1n accordance WI erein sal e ratio is about 1
nol e of the NN-dinethyl-1, 3-propanedi"ammne and about 1.05 nol e of
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accordance w wherein the hydrocarbyl substituent (a) of "t he
subst it ut ed e%%?f s 0&#%@&%%8%?%6&?% 4Qrtaat ey Makgich %weneﬁyn.s
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to 1.2 mole part(s) of formaldehyde, provided the mole ratio of formaldehyde to said diamine(s) is 1.2:1

or less.

4. A composition in accordance with Claim 1 wherein the hydroxyaromatic compound is a
substituted phenol in which the hydrocarbyl substituent is derived from polypropylene, polybutylene or
a copolymer of propylene and butylene having a number average molecular weight in the range of about
500 to about 3000 and a polydispersity in the range of about 1 to about 4, wherein the polyamine is N,N-
dimethyl-1,3-propanediamine, wherein the aldehyde is formaldehyde, and wherein the mole ratio of the
substituted phenol to N,N-dimethyl-1,3-propanediamine to formaldehyde used in forming said product
composition is 1:1-1.15:0.90-1.20, respectively, with the proviso that if the molar quantity of
formaldehyde used is larger than the molar quantity of the amine used, the excess molar amount of the

formaldehyde does not exceed about 0.1.

S. A composition in accordance with Claim 4 wherein the hydrocarbyl substituent (a) of the
substituted phenol is derived from polybutylene and the C,, alkyl (b} is methyl.
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wher ei n t he al ddipiatie polsanimedmrﬁg @e and only one primary or secondary amino group in the molecule;
and (iii) from 0.8 to 1.3 mole part(s) of at least one aldehyde, with the proviso that the mole ratio

of aldehyde to amine is 1.2:1 or less; and

b} at least one liquid carrier for said Mannich detergent/dispersant in proportions such that for each
part by weight of Mannich detergent/dispersant on an active ingredient basis there is in the range
of about 0.3 to about 2.0 parts by weight of liquid carrier therefor.

11, A composition in accordance with Claim 10 wherein the Mannich detergent/dispersant is
produced by heating a mixture formed from (i), (ii) and (iii), at a temperature above about 40°C at which
a Mannich condensation reaction takes place.

12. A compositioh in accordance with Claim 11 wherein the liquid carrier is at least one fuel-
soluble poly(oxyalkylene) compound. .

13. A composition in accordance with Claim 12 wherein the weight ratio of said at least one

poly(oxyalkylene) compound to the Mannich detergent/dispersant on an active ingredient basis is 2.0:1.0
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to 1.2 mole part(s) of formaldehyde, provided the mole ratio of formaldehyde to sajd diamine(s) is 1.2:1

or less.

19. A composition in accordance with Claim 14 wherein the substinited hydroxyaromatic
compound is one mole part of a substituted phenol in which the hydrocarbyl substituent is derived from
polypropylene, polybutylene or a copolymer of propylene and butylene having a number average
molecular weight in the range of about 500 to about 3000 and a polydispersity in the range of about 1 to
about 4, wherein the polyamine is from 0.8 to 1.2 mole part(s} of one or more N, N-dialkyl-o.,@-alkylene-
diamines in which the alkylene group has at least 3 carbon atoms, and wherein the aldehyde is from 0.8
to 1.2 mole part(s) of formaldehyde, provided the mole ratio of formaldehyde to said diamine(s) is 1.2:1

or less.

20. A composition in accordance with Claim 11 wherein the substituted hydroxyaromatic
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22. A composition in accordance with Claim 21 wherein the hydrocarbyl substituent (a) of
the substituted phenol is derived from polybutylene and the C, 4 alkyl (b) is methyl.

23. A composition in accordance with Claim 22 wherein at least about 20 percent of the total

polybutylene comprises an alkylvinylidene isomer.

24. A composition in accordance with Claim 21 wherein said mole ratio is about 1 mole of
the N,N-dimethyl-1,3-propanediamine and about 1.05 mole of formaldehyde per mole of the substituted
phenol.

25. A composition in accordance with Claim 24 wherein the hydrocarbyl substituent (a) of
the substituted phenol is derived from polybutylene and the C, alkyl (b) is methyl.

26. A composition in accordance with Claim 25 wherein at least about 20 percent of the total

polybutylene comprises an alkyivinylidene isomer.
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30. A composition in accordance with Claim 28 wherein the Mannich detergent/dispersant is
produced by heating a mixture formed from (i), (ii) and (iii), at a temperature above about 40°C at which

a Mannich condensation reaction takes place.

31. A composition in accordance with Claim 29 wherein said at least one poly(oxyalkylene)
compound is at least one poly(oxypropylene) monool formed from 1,2-propylene oxide and one or more

primary alcohols having at least 8 carbon atoms per molecule.

32. A composition in accordance with Claim 31 wherein said at least one monool has a

kinematic viscosity in its undiluted state of at least 70 cSt at 40°C and at least about 13 ¢St at 100°C.

33. A composition in accordance with Claim 29 wherein the substituted hydroxyaromatic

compound is one mole part of a substituted phenol in which the alkyl substituent is derived from pofypro-
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mole ratio of the substituted phenol to N,N-dimethyl-1,3-propanediamine to formaldehyde used in forming
said product composition is 1:1-1.15:0.90-1.20, respectively, with the proviso that if the molar quantity
of formaldehyde used is larger than the molar quantity of the amine used, the excess molar amount of the
formaldehyde does not exceed about 0.1.

36. A composition in accordance with Claim 32 wherein the substituted hydroxyaromatic
compound is a substituted phenol in which the hydrocarbyl substituent is derived from polypropylene,
polybutylene or a copolymer of propylere and butylene having a number average molecular weight in the
range of about 500 to about 3000 and a polydispersity in the range of about 1 to about 4, wherein the
polyamine is N,N-dimethyl-1.3-propanediamine, wherein the aldehyde is formaldehyde, and wherein the
mole ratio of the substituted phenol to N.N-dimethyl-1,3-propanediamine to formaldehyde used in forming
said product composition is 1:1-1.15:0.90-1.20, respectively, with the proviso that if theé molar quantity
of formaldehyde used is larger than the molar quantity of the amine used. the excess molar amount of the

formaldehyde does not exceed about 0.1.
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Mannich condensation reaction.

41. A composition in accordance with Claim 40 wherein the composition is formed by heating
a mixture of (A), (B) and (C) at a temperature above about 40°C at which a Mannich condensation
reaction takes place; wherein the substituted hydroxyaromatic compound is one mole part of a substituted
phenol in which the hydrocarbyl substituent is derived from polypropylene, polybutylene or a copolymer
of propylene and butylene having a number average molecular weight in the range of about 500 to about
3000 and a polydispersity in the range of about 1 to about 4; wherein the polyamine is from 0.8t 1.2
mole part{s) of one or more N.N-dialkyl-c.,w-alkylenediamines in which the alkylene group has at least
3 carbon atoms; and wherein the aldehyde is from 0.8 to 1.2 mole part(s) of formaldehyde, provided the

mole ratio of formaldehyde to said diamine(s) is 1.2:1 or less.

42, A composition in accordance with Claim 40 wherein the composition is formed by heating
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al kyl vi ny| inglgyagoch® @i Bstituent is derived from polypropylene, polybutylene or a copolymer of propylene and

butylene having a number average molecular weight in the range of about 500 to about 3000 and a
polydispersity in the range of about 1 to about 4; wherein the polyamine is N,N-dimethyl-1,3-propanedi-
amine, wherein the aldehyde is formaldehyde; and wherein the mole ratio of the substituted phenol to
N,N-dimethyl-1,3-propanediamine to formaldehyde used in forming said product composition is 1:1-
1.15:0.90-1.20, respectively, with the proviso that if the molar quantity of formaldehyde used is larger
than the molar quantity of the amine used, the excess molar amount of the formaldehyde does not exceed
about 0.1.

43, A composition in accordance with Claim 42 wherein said mole ratio is about 1 mole of
the N,N-dimethyl-1,3-propanediamine and about 1.05 mole of formaldehyde per mole of the subs,ﬁtuted
phenol, and wherein the hydrocarbyl substituent (a) of the substituted phenol is derived from polybptylene'
and the C,, alkyl (b) is methyl.

44, A composition in accordance with Claim 43 wherein at least about 20 percent of the total

polybutylene comprises an alkylvinylidene isomer.



