MANNI CH DETERGENTS FOR HYDROCARBON FUELS Fi el d of the
I nvention [00011This invention relates to novel

Manni ch base condensati on. products and f uel

conposi tions conprising. said | vinm cla products that
ar e MANNCH/BETERGBNTSHUR A DRCARBANFUELSs in

i nternal conbustion engi nes. Background of the -
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engi ne unl ess gasudid afthe dnventios effective deposi t
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. product obtained by reacting (i) a pol yam ne havi ng
combustion engiEsst t wo. ani no groups where at 1east one of . the

0003]  AM A&EVR WS cdn THBCHREL, EBiEt0] AiPidQlefis Have been the focus of

hyS|caIIyster|caII cted to hi nd s .ability
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steri cal Iy h| nder| NGy myrpdg,pcar byI group bonded to the
sane” car bon atomfrom whith the at | east one am no

[0003a] gf Oﬂpa it RA0daRkre (s rovidbdRydeiadditiydonputiser, tareding
| aydr oxyar onmati ¢ conpound;—and (iii)- an-al dehyde;
(b) aliquid carrier; and wherein the pol yam ne has a

(a) a Man%‘ic{hurcetagt[loen Sr%ldggtto%%&?ggr 2 gt%m(l)é (i) a polyamine having at least two
aniino groups where at least one of the amino groups is a primary amino group physwa]ly—
stencaily—protected to hinder its ability to part1c1pate in the Mannich. reaction via a stencally
hindering hydrocarbyl group bonded to the same carbon atom from which the at least one
amino group is bonded, (i) a hydrocarbyl—substltuted hydroxyaromatxc compound, and (iii)
an aldehyde, '

(b) a liquid carrier; , ,
and wherein the polyamine has a structure selected from one of
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Al N H2 N112 24112, and A4 AS A6 NH2 NH. 1%
wherein RlL and R2 are sel ected from hydrocar byl
groups. [0003b]In a second aspect, there is provided
a Manni ch detergent conprising the reaction product

of
A2
| A3
a4
AS 1
A6
- wherein R, and R; are selected from hydrocarbyl groups.
[0003b] In a second aspect, there is provided a Mannich detergent comprising the reaction product of

1) a polyamine 2) polyisobutylene-substituted cresol and/or phenol wherein the polyisobutylene has an
average molecular weight of about 300 to about 2,000, and 3) formaldehyde; and wherein the polyamine has
a structure selected from one of
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1) a polyam ne 2) polyisobutyl ene-substituted cresol
and/ or phenol wherein the polyisobutylene has an
average nol ecul ar wei ght of about 300 to about 2,000,
and 3) fornal dehyde; and wherein the polyam ne has a
structure selected fromone of Al wherein Rl and .
12 are sel ected from hydrocarbyl groups.- [0003c]In a
third aspect there is prOV|ded a fuel conposition for
an internal conbustion e , conprising (a) in
maj or anount, nnﬂ;uEiggg ni bl'e conbustible-
hydrocarbon f ard ( i NN% nor anount, a fue
addi ti ve. conpositi.on COMfh.Si ng a Manni%h’ reactlon

product obt ai ned re i.ng (i.) a pol yani ne haV|ng
at teast two amino gro ps where at |east one ami no
group is a.primary am ng gro p N
. physical ly- Steﬁh% ed to hinder its ablllty
-to participate ‘nnlch reaction, (i) a -

. hydr ocar byl - substltute hydroxyaronatiowconpound, and
(ii1) an al dehyde, mherei he Mannj ch reacti on
“product. i s present jH_ap4armount sufficient to reduce
t he wei ght amour®of eRgi ‘deposits in an interna
conbustion engine operated on the fuel conposition;

thremlggld ﬁ&%@mﬁﬁ @sructure sel ected )

[0003 c] 1rd aspect, t composmon for an internal combust:lon engme
- comprising (a) in ma_] or amount, a spark-ignitable combustible hydrocarbon fuel; and (b) in minor amount, a
firel additive composition comprising a Mannich reaction product obtained by reacting (1) a polyamine

- havmgaﬂeasthvo amino groups where at least one amino group is a primary amino group
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N112, and A6 NIT.2 NEI2 ' wherein R1 and R2 are

sel ected from hydrocarbyl groups. [0003d]In a fourth
aspect, there is provided a nmethod of controlling
engi ne deposits in an internal conmbustion engine
conprising operating said engine on said fue
conposition of the disclosure. [00041The di scl osure

provides Mannich reactiopn, products haV|ﬁb r obust
~det ergency prope N%y rocarbon fuelLs effective

to provide- i mpr ovéd d sit control in spark and
conpression-ignition internal conbusti os engi nes.

These det ergent conpounds provi ded as Marm ch
condensat-i on reacti gapr cts of: (1) a polyam ne
havi ng asteri cal | §%hi ndered primary am no group

(11) a hydrocarbyl-substituted hydr oxyar omat i c ' ' “

%‘Ig:éh ;}[}m @upRROCS' An i npor t ant
vdmﬂeufgggﬁ#ﬁ 33 'S di scl osure |s the use of polyan1nes

havi ng a sterlcally h|n I
[0003d1t he Ho# outh aspaFh @ﬁrel 1§p1i g{J @10!1 o}{tnﬁml ;snm an mternal
ehoél S e isclosure.

combustioncagabtanpsisingAPerfiRg Se'i1 Ani | c c on n s at I on
. reaction with the hydrocarbyl substituted

[0004] hyd rﬂi&%ﬁﬁc ﬁ r STER oAHAdich Pdicﬂidifpr@iude lhysd@_robsst detérgaidl t

the fini iL.ph. reacllon
properticg V@&’ %ﬁr g%)%con g%ﬁrkaud :

ammmsﬁﬁﬂﬁm&m@ﬁmﬁﬁﬂaoﬁb@mnéuﬁﬁmﬁ immnMMEmﬁnumﬂmmmkawmﬂwukdm

* Mammic s Faian B 8 S0 AR TP B P Rt Rford primary

‘mmmogﬁ 69 %ﬂEwMMﬁﬂyﬂﬁmMﬁmmﬂqmmammM$mdﬁ@dmaﬁdw&on
[000S] { py & 'afrév%at e?f?“’é‘“e?ﬁg’é%dl e oh S5 B REEHE Qlericaly-

hmdcred @ﬁ@a\ﬁy%mo group in the molecule which is incapable of or essentially meapab};e of
eniering into the Mannich condensation reachnn with the hydroca:byl-substlurted
hydroxyammanc compound and the aldehydc As a resuit, the ﬁmshed Manmch reaction -
products retain substantial unreacted pnmary amine content. This retention ofa s:gmﬁcant
amount of unreacted primary amine content in the Mannich reac‘&on prodm:ts‘has been.
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with the Mannich reaction products of this disclosure. These Mannich reaction products provide
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not only inproved control of hunk,- valve deposits,
but al so inproved deposit control in "cooler" engine
regions, in spark-ignition or conpression interna
conmbusti-on engi nes. For instance, in addition to

i ntake val ve control, they al so have been di scovered
to be effective in controlling (Le., preventing
and/ or reducing) port fuel injector plugging or
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[ 0010] Pol yatnine with Sterically-H ndered Am ne

G oup: The pol yam ne reactant used in the Mannich
reactioais a polyam ne which has an am no group that
does not participate in the Manni ch condensati on
reaction with the hydrocarbyl -substituted

hydr oxyaromati c reactant and al dehyde. As will be
under st ood, the poI yarni ne al so nust have a separate
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one errbodl nent ol,ya s havin reactive anin
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[\SO&M ex- Pq” %, es having such steric hindrance provided on one primary amino group of
the molecule may be selected from aliphatic cyclic (alicyclic) polyamines and acylic aliphatic

polyamines having this feature. .
- [0013] In one embodument, polyamines having a reactive amino group and a sterically-
hindered primary amino group have the following general structure (A):

(A) S
HoN ' SRR
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Ex
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B |
[0014] wherein X and Z each is methylene, Y is an alkylene or afkyleneamino, nis 0 or I,

Q is an optional alkylene group suitable for forming a ring structure with X and Z,
E is a hvdrocarbyl group, tis O or L, R' is 2 hiydrocarbyl group or hydrogen é)rowided that R is
~ hydrocarbyl if n is'], R? is hydrogen or a hydrocarbyl group, i is 0 or 1 provided that m is 0 if Q



[0014] wherein X and Z each is nethylene, Y is an

al kyl ene or alkyleneanmino, nis 0 or 1, Qis an
opti onal al kyl ene group suitable for formng a ring
structure with X and Z, E is a hydrocarbyl group, t
is Oor I, R is a hydrocarbyl group or hydrogen
Provided that- Rl is hydrocarbyl if ri isl, R2is
- hydrogen or a hydrocarbyl group, inis 0 or 1

0 . R and/ or
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fo016] In one particular embodiment of the aliphatic cyclic polyamine structures, &



[0016] I n one particul ar enbodi ment of the aliphatic
cyclic polyam ne structures, a sterically hindering
hydr ocar byl group generally is bonded to the sane
carbon atom from which the sterically-hindered
primary am no group is bonded when.the

hi ndered/ protected and reictive amno groups are
present in an arrangement other than an ortho

SRSy FitlaRld Ao kA k¥ defer@RGNDEHIBEE theASind éalﬂdﬁ hibAERH which

In structure a3, a reactive am no grou
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NH2  WH2 f00201wherein RL and R2 are a hydrocar byl
group or hydrogen provided that at |east one thereof
is a hydrocarbyl group. The hydrocarbyl group nmay be
Cl to Cg al kyl such as nethyl, ethyl, propyl,

i sopropyl, and so forth,

[ 00211Hydr ocar byl - Substituted Hydroxyaromati e
Compound. Representative hydrocarbyl -substituted

hydr oxyar omati ¢ conpounds whi ch can be used in

form ng the Manni ch detergent products of the present
invention are represented by the followng fornmula :

{iﬂ?gg 1lin ‘Mﬂ &bé&ﬁ Bed asﬂyﬁi*ocgb;d%r@b kdilydrodn pRovided that at least one

ocarby stituent havi ng an average nol ecul ar
amm figet bygolaebsil erouth el hyrlyecadty! agBrimna3né: tod-sabglucipasastyl
arti gggﬁ 00 to about 1,500, as determ ned .
ed%ﬁmagyngg% on F%ﬁﬁtography (GPCO), with the proviso
[01a} at [HedecadpeSubstimted HydrogreonaticompRyth fenmespyiative
ubst it h/@e Mannich
B R O e AP pR b e !
demmht msdup@ IOWW ppphidrentiqarsy rarcemed by b (iliewise fopelae,
and et hyl ene al-pha-ohkefin copolyners. Oher simlar
| ong- chai n hydrocar byl substituents may al so be used.
Exanpl es incl ude COJO|yﬁE&§ of butyl ene and/ or
i sobutyl ene 4l ehe, and one a nore
nono- ol efini c cofy copol yneri zabl e therewith
(e.g., ethylene, ene, 1-hexene, 1-octene,
1-cl ecene, etc.) t he copol yner nol ecul e
contains at |eqct 50% by wei ght, of butyl ene and/or
i sobutyl ene and/ or propyl ene units. The cornononers
pol yneri zed with prepylene or such butanes may be -
al i phatic and can also contain non-aliphatic groups,

e.g_, styrene o- met hyl st yrene, p-nethyl styrene,
[gé2zi nyl herarh Each Bds HN@:.dalkipd or T hydgociahyl awbptitoens bavirigan average

It I
o B ARSI SR 0 B8
1500t adidrinkukd yel pdrinphiat Ploohydewptar (986). puh shngmgtso that at least one R

‘mg¥m¥0|eggﬁbﬁgﬂ%%&? Eﬁy gxkfiggﬁggggfngﬁdcan have

[0023} Representative hydrocaxbyl substituents include polyolefin polymers, such as

polypropylene, polybutene, polyisobutylene, and ethylene alpha-olefin copolymers. Other similar
long-chain hydrocarbyl substituents may also be used. Examples include copolymers of butylene
and/er isobutylene and/or propylene, and one or mare mono-olefinic comonomers

| copolymerizable therewith (e.g.. ethylene, l-peuten'e, 1-hexens, l-octeﬁe, 1-decene, etc.) where
the copolymer molecule contains at least 50% by weight, of butylene and/or isobutylene andfor
propylene units. The comonomers polymerized with propylene or such butenes may be aliphatic
and can also contain non-aliphatic groups, e.g., styrene, o-methylstyrene, p-methylstyrene, divinyl
benzene and the like. Thus in any case the resulting polymers and copqiymers used in forming the
alkyl-substituted hydroxyarematic compound are substantially aliphatic hydrocarbon polymers.
Polyolefin polymer hydrocarbyl substituents can have atf least 20%, particularly at least 50%, and



nore particularly at |east 70% of their olefin double
bonds at a term nal position on the carbon chain as
the highly reactive vinylidene isomer

f 00241Pol ybut.yl ene is particularly useful. Unless

ot herwi se specified herein, the term "pol ybutyl ene"
is used in a generic sense to include pol yners nade
from "pure' substantlally pure" 1-butene or

RS < A S ST L S e

_d@%ﬁﬁﬁdmgmy@mﬁﬂﬁﬁmm&aﬁuﬁhmﬁolyners may al so contain
fins.
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in the practice of this invention preferably have
viscosities in their undiluted state of no nore than
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30 cSt at 100C. [00471Preferred pol y(oxyal kyl ene)
conpounds are pol y(oxyal kyl ene) gl ycol conpounds and
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pol ypr opene, hydrotreated pol ybutene, hydrotreated
pol yi sobutene, or the like. Preferred polyal kyl ene
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wei ght distribution of less than 1 4 as taught in
U.S. Pat. No. 6,048,373. Use of materials of this
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cases, the Mannich base detergent/di spersant can be
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sui tabl e amount of the carrier fluid. If desired, the




preferred additive packages and fuel conpositions of
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i nprovers, markers, dyes and nultifunctional
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tricarbonyl conpounds) can al so be included in the
“fuels and additive concentrates of this invention.

What ever conponents are selected for use in the

conpositions of this invention, each conponent -shoul d

be present in an anount at |east sufficient for it to




100591Deposit Formation Control In Interna

Conbustion Engines. The fuel additives of the present
invention are useful for controlling (i.e.,
preventing and/or renoving) deposits in spark-ignited
and conpression (e.g. diesel) internal conbustion
‘engi nes. Although research in the field has tended to
focus primarily on intake val ve deposit concerns, and
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fuel additives of the present invention have been
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also are effective in controlling these types of
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carbureted engi nes as carburetors also use snal

channels and orifices to neter fuel. The fue

additives of the present invepntion additionally are

effective in controlling these types of deposits.

[0063] As indicated, the fuel additives of the present -

i nvention al so have been discovered to be effective

in controlling deposits in cooler engine areas. For

i nstance, port fuel injector (PH) deposits represent

anot her engi ne area where deposits can occur which

i npact engi ne performance. PH deposits can font, for

exanpl e, during the hot soak period after the engine

has been turned off. Gasoline residue remaining in

the injector tip is exposed to an el evated




Exanpl e(s) [0065] Exanpl e 1: [00661Procedure for
Preparation of 1,2,-Piam noeyel ohexane-Cresol Mnnich
(")AC-C Mannich"). The practice and advant ages 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 reacti.on oducts of th .
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ordrecresol which has been al kyrated with

pol yi sckbut ene - propyl am ne Mantl e Manni ch), and EDA
Manni ch (i.e., ethyl enedi ani ne Manni ch).

[ 00681Per f ormance Tests. The Mannich reaction product
representing the present invention ("DAC C Mannich";
Exanpl e 1) and the conpari son Marini & products were
subjected to the foll owi ng performance tests:

[006911: Intrepid IVD Vehicle Test: intake valve
~deposit (WD). This engine cleanliness evaluation |IVD
test was simlar to the standard BMWW ) test (ASTM D
5500) with differences being a Dodge Intrepid engine
was used in instead of a BMN engine, -and a chassi s

dyno was used in instead of a road route for mleage




engine test. [00721These tests provided a direct
nmeasure of the level of deposit formation observed to
occur in the presence of a particular Manich
detergent. The treat rates and results for the
Intrepid 1V]) vehicle test are reported in Table |

bel ow. [0073] Table 1 Sanple Run Marini & Additive
Treat (PTB) [VI) (nmg) DAC-C Marmch 26 0.0 A 1, 3-DAP

mlc\)/t%hgris,%ohel co-solvents, octane improvers, emission reducers, friction modifiers, lubricity
additives, ancillary detergent/dispersant additives, biacides, antistatic additives, drag reduciﬁg
agents, dehazers, anti-knock additives, anti-icing agents, anti~valve seaf recession additives,
combustion improvers, markers, dyes and multifunctional additives (¢.g., methylcyclopentadienyl
manganese tricarbonyl and/or other cyclopentadienyl manganese tricarbortyl 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, ¢ach component should be present in an
amaunt at least sufficient for it to exert its intended fonction or functions in the finished fuel
compositiox. N
| [0056) In a preferred embodiment, the additive concentrates additionally contain at least
one inert hydrocarbon solvent having 2 boiling point below about 200 degrees C.
f0057] Base Fuels. The base fuels used in formulating the fuels of this invention are any
" and all base fuels suitable for use in the operation of spatk ignition internal combustion engmes
such as unleaded motor and aviation gasolines, and so-called reformulated gasolines which
typically contain both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated
blending components such as alcohols, ethers, and other suitable oxygen-containing organic
compounds. Preferred blending agents include fuel-soluble alkanols such as methanol, ethagol,
and their higher homologs, and fuel-solubie ethiers such as methy] tertiary butyl ether, ethyl
tertiary butyl ether, methyl tertiary amyl ether, and anaic;geus compounds, and mixtures of such
materials. Oxygenates, when used, will normally be present in the base fuel in an amount below
about 25% by volume, and preferably in an arnount that provides an oxygen contep't in the overall
fuel in the range of about 0.5 to about 5 percent by volume. However in the praciice of this
invention departures from these ranges of proportions are permissible whenever deemed
necessary, appropriate or desirable.

[0058] " The additives used in formulating the preferred fuels of this investion can be
blended inio the base fuel indiﬁdually or in various su’o-oombinaﬁons: However, it is preferable
- to blend all of the components concurrently using an additive- concentrate of this irrvention 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.
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28.8 35.1 B PBC-PA Triazine Mannieb. 28.8 32.3 C
|,3-DAP Ivlannich-28.8 77.2 D EDA. Mantich 25.6 40.1

[0a59] Deposit Formation Control In Internal Combustion Eagines. The fuel
additives of the present invention ave useful for controlling (1.e., preventing and/or remt-)vin-g}
deposits in spark-ignited and compression (e.g. diesel) internal combustion engines. 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 addifives of the present invention have
been found to be more versatile. They not only can be used to prevent/remove deposits in intake
valves, but also have been discovered to be effective in controlling deposits in so-called “cooler”
engine regions, such as the port fuel injector in particular. Another application is to prevent
gasoline direct injector plﬁgging. -

[op6o] Deposits that form on intake vaives and ports'can reduce engine power because
they may restrict air fiow and alter air flow patterns within the cylinder. Cold-start and warm-up
driveability also may be adversely affected and exhaust emissions may increase. Ofher valve
deposit probieins at intake valves include valwve sticking and burned valves. The fuel additives of
the present invention are effective in controlling these types of deposits.

[0061] Combustion chambers are another engine region of concern for deposit formation.
Combustion chamber deposits can increase octane number requirement (ONR), as they tend to
increase combustion temp_eraﬁzres and compression ratio. If the engine’s ONR increases too
much .ﬁ'om 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 deposit problems that can occur in some engines.
CCDI may manifest itself as cold engine banging noise, resulting from physical contact between
engine deposits on the piston top and cylinder head in some engine designs. CCDF oceuts when
combustion chamber deposits flake off and lodge between the valve face and valve seat, causing
iow compression pressures due ta poor valve sealing. The fuel additives of the present invention
aiso. are effective in controlling these types of deposits, -

[0062] Fuel injectors and carburetors also are regions of concern whe_re dcpoéit formation
AR OCCUT. Ejeposits in the small fuel passages of fuel injectors, such as iniector pintle deposits,
can reduce fuel flow and alter the spray pattern, which can adversely affect power, fuel-economy,

and driveability. Deposits can cause similar problermns for carbureted engines as catburetors also
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[00741The treat rates and results for the ASTM
D-6421, PElI rig test, are reported in Table 2 bel ow.
[00751Tabl e 2 Sanple Run Mannich Additive Treat (Fit)
PFT Deposits (plugging rate, %9 2 DAC-C Mannich 41.8
2.5 E EDA Mannich 41 _8 21.8

use smail channels and orifices to meter fuel.  The fuel additives of the present inveniion
additionally are effective in controlling these types of deposits.
[o663] As indicated, the fuel additives of the present invention also have been discovered
to be effective in controlling deposits in cooler engine areas. For instance, port fuel injector
(PF1} deposits tepresent another engine area where deposits can. oécur which Impact engine
performance. PF] deposits can form, for exarmple, during the hot soak period after the engine has
been turned off. Gasoline residue remaining in the injector tip is exposed to an elevated
temperature longer than gasoline flowing through the injector nc-rmaliy experiences, which can
lead to gasoline degradafion that initiates deposit formation. These deposits can restriot fue] flow
and disrupt spray pattern by partly obstructing or plugging up metering holes of the gasoline
injector tip. The fue! additives of the present invention are effective in controlling these types of
deposits that otherwise may arise in cooler engine regions.
- [6064] The examples that follow are intended to further ilil_lsu‘atc, and not Hmit,
-embodiments in accordance with fhe invention. All percentages, ratios, parts, and amounts used
ang described herein are by weight unless indicated otherwise.

Example(s)
[6065] Example 1: |
[0066]  Procedure for Preparation of 1,2-Diaminocyclohexane-Cresol Mannich

{(*DAC-C Mannich”). The practice and advantages of this invention are demonstrated by the
following examples which are presented for p&ppses of illustration and not limitation. In each
7 Mannich condensation reaction the following general proceéure was used. The Mannich resction

products of the present invention were prepared by reacling I,2~diéininocyclohexane.(“DAC” s
a mixture of trans and cis isomers thereof, polyisobutylene-substituted ortho-cresol ("PIB-
cresol"), and formaldehyde (‘FA"). The PIB-cresol was formed by alkylating ortho-cresol with a
polyisobutylene having a number average molecular weight of apprdkimatﬁly 900. The DAC,
PiB-cresol, and FA were reacted in the following manner in a resin flask equipped with

A mechanized sﬁrring, nitrogen feed, a Dean-Stark trap, and a heating mantle. ‘Solvent, Aromatic-
169, and the P[Ei_-g:resél, were introduced to the flask and the mixture was heated fo 40°C along
with a slight exotherm. Approximately 75% of the fotal calculated Aromatic-100 was added at
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F 1, 3-DAP Mannich 41.8 17.1 [00761As can be seen in
the results in Tables 1-2, the reaction product
representing the present invention (DAC C Manni ch)
showed superior and better detergency in the I'V!) and
PHrig tests as conpared to the commerci al Mannich
products, as shown by the relatively | ower anount of
deposit formation encountered with the Mannich

ey s@r%u Ghe Ao @RS stQPZdliERed Ridbec tol ar&a @R ofbonbiCunder 2
I ch reaction product representln% pr esent

nitiogesrens Bl hlpnseta Thpninegss g2 guespye e B@@S@gmmately 0.1
s&ﬁ]y %}h%ml HERAE B&%&@ﬁﬁd@kﬁ%@ﬁﬂ@m wis 448G I TRE teipk:Rak Qbihe

base fuel w thout the additive was al so

corelg hation WRHO-458GS uF 4 £ 74 arapadsiet gadrally, whllpyigorausisigriggras
oo DOEEh TRRLR 3o RAIREE nBU) adVBE Birfphrafildtbde vy £5.- F-€atnd EffRkature

was increased to 80°C and held for 30 to 60 minutes. The temperature was increased to 145°C

for distillation usmg a Dean Stark trap. Distillation commenced in about 30 minutes, ata
temperature of approxmlately 95-105°C. Once distillation began, the mﬂ‘ogen gas flow was
adjusted to 0.5 SCFH. THe temperature was maintained at 145°C jor about an additional 2 to 2.5
hours. From the total weight of product in the reaction flask after distii}ation, the amount of
additional solvent- needed to bringrfhe final package composition to 25% solvent was caloidated
and added. The mole ratios of DAC:PIB-cresol:FA used in the Mannich reaction were
1.0:1.0:1.0, respectively. For purposes of these descriptions, the Manaich reaction product
obtained per this example is identified as “D AC-C Mannich”

[0067] Cumpmson Mannick Prodwrets. Mannich reaction products outs;de of the
* scope of the present invention were commercially obtained, and included 1,3-DAP Mannich (i.e.,
1,3~diaminopropane Mamuch), PBC-PA iriazine Mannich (i.c., 2 long chain alkylated ortho-
cresol which has been alkylated with poiyisobuténc - propylamine triazine Mannich), and EDA
Mannich (i.e., ethylenediamine Manmich). '
3[&068}' Performance Fests. The Mannich reaction product representing the present
invention (“DAC-C Mannich”; Example 1) and the comparison ‘Mannich pmducts were
subjectzd to the follﬂwmg performance tests:
{60697 I: Intrepld IVD Vehicle Test: mtakc valve deposit (TVD). This enpine cieanlmcssr
evaluation TVD test was similar to the standard BMW IVD test (ASTM D 5500) with differences
being a Dodge Intrepid engine was used in instead of a BMW engine, and a chassis dyno was

used in instead of a road route for mileage accumulations.

{0670] II: ASTM D-6421, PFI rig test: port fuel bench test, where the "pass” rate isless
than 10% plugging rate; ' '
[6071] [I: ASTM D-5598, Chrysler Turbocharger PFI test: port fuel injector (PFI)

-engine test.
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[ 007911 t

exam nati on of the above tabl es,

reacti on product
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upon

(DAC-C Matm ch) exhi bited superior and inproved
performance in the engine test as denonstrated by the
reduced anounts of PH dep03|ts obtai ned by using it
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% 3 DAC-C Munich 80 0.42
is clear,
t hat the Manni ch
i nvention
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Performance Test. The Minnich _reaction
puyd /frdﬁhﬁmﬂp$é@ﬁﬂtand 5 m@n@f@ﬁ?h SJHP?@F?Q to an

yg;;c %he dﬁ?fea%%%mggggn?u; ﬁﬂgélgfig ‘ép;?;;grl
Aested usjligDARMaawk st andaf2B-&ngi ne t ¢31.1(Sanple
) PBC-PA Triazine Mannich | 28.8 32.3
C 1,3-DAP Mamnich 288 77.2
D EDA Mannich 25.6 40.1
[0074} The treat rates and resulis for the ASTM D-6421, P¥ rig test, are reported in
Table 2 below. ‘
[0075] Table 2
Szimple Run | Mamnich Additive Treat (PTR) PFI Deposits
' ' {plugging rate, %}
2 DAC.C Mannich 41 .8 2.5

EDA Mannich 418 218
F 1,3-DAP Mannich 41.8 17.1
[6076] As cen be seen in the results § in Tables 1-2, the reaction product rcprescntmg the

present invention (DAC-C Mannich) showed superior and better detergency in the IVD and PFI
fig tests as compared to the commercial Manmnich products, as shown by the relatively lower
amount of deposit formation encountered with the Mannich product of Example 1. 3
{0677} The effectiveness of the Mannich reaction product representing the present _
invention was also assessed in the ASTM D-5598, Chrysler Turbocharper PFT engine in 4 regular
unleaded fuel. The base fuel without the additive was also tested. The results are pi‘ovided in

Table 3 below.



100821The treat rates (based on solids content) and
results for the MIO2E (CEC-05-A- 93) tests are

reported in Table 4 below. [0083] Table 4 Sanple Run
Treat (PTI) TVD (ng) 4 38.8 272 5 382 38.5 F 0 405.9

[6678] Table 3
Sample Run Mannich Additive | Treat (PTB) | PFI Deposits (pluagging
rate, %}
3 DAC-C Mannich 80 .42
G Base fuel | None =5
{0079] It is clear, upon examination of the above tables, that the Manmich reaction

product representing the prfsent invention {DAC-C Mannich) exhibited superior and iraproved
performance in the engme test as demonstrated by the reduced amounts of PFI deposits obtained
by using it as compared to the commercial Mannich products or the untreated base fuel.

[6086] Exasmple 2:
{0081} Additional Mannich reaction products were prepared in a similar manner as

described for the DAC-C Mannich in Example 1 at the following reactant mole ratios. Sample 4:

1.0:1.0:1.0 DAC:PIB-cresol.FA, and Sample 5:1.0:2.0:2.0 DAC:PIR-cresok:F A, respectively.
Performﬁnce Test. The Mannich reaction products of Samples 4 and 3 were each subjected fo
ap M102E (CEC-05-A-93) engine cleanliness evaluation test. The untreated base fuel was also .
separately tested using the same standard engine test (Sample F).

[0682] The treat rates (based on solids content) and results for the M102E (CEC-05-A-
93) tests are reported in Table 4 below.
j0083]. = Tabled
Sample Treat (PTB} IVD {mgz) |
Run '
4 - 38.8 272
38.8 385
F 0 405.9
- [0084] As can be seen in the results of Table 4, the Sample 4 and 5 Mannich reaction

products representing the present invention showed superior and better detergency in the IVD test e
as compared to the untreated base fuel (Sample F), as shown by their significantly lower amounts -

of deposit formation. .Mannich reaction products representing the present imvention have been
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100841As can be seen in the results of Table 4, the
Sanple 4 and 5 Mattnich reaction products
representing the present invention showed superior
and better detergency in the ND test as conpared to
the untreated base fuel (Sanple F), as shown by their
significantly | ower anounts of deposit formation.
Manni ch reaction product's representing the present
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Cains What is clainmed is: 1. Fuel additive
conposi tion, conprising (a) a Mannich reaction
product obtained by reacting (i) a pol yanm ne havi ng
at | east two am no groups where at | east one of the
amno groups is a primary am no group
physi cal l ysterically-protected to hinder its ability
to participate in the Mannich reaction via a

i call ' I : .
L o ar Eke SR Al e okl BURRT pohBo bt
sppediggidngs iponmeieded i jokd) in thy disdeawrddyyirefengys farall padoses, as if fully

omati ¢ conmpound, and (iii) an al dehyde; (b)

Sa%;%lycg{‘carri er;” and wherein the polyam ne has a
{@188Lict ur ksatverticads siycophiblerie cofsidéfable variafin B3s MadiRe. Therefore

iﬂg]f%r%é'cﬁx}g]'&scé;\alggr%g né ri]zgen%j%o 11mit, and should not be construed as limiting, the
_ invention to the particular exemplifications presented hereinabove. Rather, what is intended to
be covered is as set forth in the ensuing claims and the equivalents thereof permitted as a matter

of law.
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wherein R1 and R2 are sel ected from hydrocar byl
groups. 2. The fuel additive conposition according .
to claiml1, wherein the nole ratio of (i), (ii) and
(iii) 1s,.0.6-1.4:0.6-1.4:0.6-1.4, respectively. 3.
The fuel additive conposition according to claim1,
Claims Wherein the nole ratio of (i), (ii) and (iii) is,
. 0.9-1.1:0.9-1.1:0.9-1.1, respectively. 4. The fuel
What is dlaigiediiie conposition according to claim1, wherein
t he hydrocarbyl -substituted hydroxyaromati c conpound
conprises ortho-cresol, or phenol, or mxture of
1. Fuel additive sahpesitiop lsempkisingavi ng an al i phati ¢ hydrocar byl
- substituent derived froma pol yol ef m havi ng an
aver age nol ecul ar weight in the range of about 300 to
() a MaRon! Fea@@&pf[)rodﬁet obifinddUe/ reaeihig Qi)hﬁp@l?;ﬁ’ﬁﬁﬁl Having at least two
according to claim4, wherein the aliphatic )
amino groypl where lay leastiize of theeaiping @EeyHMSI®a PHBIAY ¥BBGEPEhRhysically-
sterically?pro\%%ge ];Lg ﬁllu%c%g ﬂﬁ E\BIYI%I &W&%ﬁsﬂé g{ﬂg:%ﬁ%gé alfonGidh WRerically

cCarrier 1's s rom the group
hindering Bftﬁ'bsdrbﬂggreﬁp bomleddo el ynee-caktefn atomlftopo mhich, the aigleasd one
poly

] al kene hydrocarbons, |iquid hydrotreated. ..
amino gxgBp YIRS () BB 1ﬂ'é?dg‘|‘y%?’ﬁ?,mf¥l?t&tﬁ°&1p°“nd= and (i)
anakkhgﬁ;y(oxyalkylene) conpounds, and any m xture thereof

. "A Manni ch detergent conprising the reaction
product of 1) a polyarnine 2)
. pol yi sobutyl ene-substituted cresol and/or pheno
(b)ah@%ﬁéﬁﬁ@ﬁ t he pol yi sobutyl ene has an average nol ecul ar
| 88tkd ZrofDhe gind 3)
and“&m$%%%%&ggﬁﬁggeH%HgQaﬁ%?g?ﬁ t he pol yarnine has a
structure selected fromone of Al NI 12, A4 NI 12 AS

Al
NH,

NH;,

NIL
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Nii2, and A6 NI 12 wherein RL and R2 are sel ected from
hydr ocar byl groups. 8. A fuel conposition for an

i nternal conbustion engine, conprising (a) in ngjor
anount, a sparKk- |gn|table conmbusti bl e hydrocar bon
fuel; and (b) in minor amount, a fuel additive
conp03|t|on conprising a Nhrn1ch react kon product

obt ai ned by reacti ng ) %ol yani ne having at | east
two anmino gro ast one amino group is a
primary aninoNg?oup phyS|caIW? sterical]y-protected

to hinder its ability tonsrticipate in the Mannich
reaction, (ii) aM™Mydro@arbyl-substituted

hydr oxyaromati ¢ conpound, and (iii) an al dehyde,
wherein the Marm ch reagtiop, product i 4 present in an

amount SuffICIeNE{fEEKEdUCG t he wei ght anount of
engi ne deposits in nt ernal conbusti on engi ne
operated on the fuel conpqQsition; and fherein the

pol yam ne has a structure sel ected fromone of Al 4
NH2, A2 A4 NEZMcAnd A6

wherein R; and R, are selected from hydrocarbyl groups.

2. The fuel additive composition according to claim 1, wherein the mole ratio of (i), (ii) and
(iti) is, 0.6-1.4:0.6-1.4:0.6-1 .4, respectively.

3. The fuel additive composition according to claim 1, wherein the mole ratio of (i), (ii) and
(iii) is, 0.9-1.1:0.9-1.1:0.9-1.1, respectively.

4. The fuel additive composition according to claim 1, 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 havmg an
average molecular weight in the range of about 300 to about 2000.

5. The fuel addltive composition according to claim 4, wherein the aliphatic hydrocarbyl
substituent comprises polyisobutylene.

6. The fuel additive composition according to claim 1, wherein the carrier is selected from the
group consisting of liquid poly-a-olefin oligomers, liquid polyalkene hydrocarbons, liquid
hydrotreated polyalkene hydrocarbons, mineral oils, liquid poly(oxyalkylene) compounds,
and any mixture thereof.

7. A Mannich detergent comprising the reaction product of 1) a polyamine 2)
polyisobutylene-substituted cresol and/or phenol wherein the polyisobutylene has an average

molecular weight of about 300 to about 2,000, and 3) formaldehyde; and wherein the
polyamine has a structure selected from one of

Al
NH;

NHz,
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NH2 wherein Rl and R2 are selected from hydrocar byl
groups. 9. The fuel conposition of claimS8,
conprising the fuel additive conmposition in an anount
rangi ng from about 100 to about 1,000 ppm 10. The
fuel conposition of claim8, wherein the Mannich
reacti on product is obtained by reacking (1) the

pol yam ne (2) polyisqbutyl ene-substituted creso
and/ or phenol or thefr—m xture wherein the

pol yi sobutyl ene has &g average nol ecul ar wei ght of
about 300 to about 00, and (3) formal dehyde. 11.
The fuel conposition gf claim8, further conprising
at | east one additivé\ selected fromthe group

consi sting of antioxidénts, carrier fluid,
denul si fyi ng agents, rus@io§zcorrosionﬁﬁnhibitors,
nmet al deactivatg;iéwﬁﬁgzgékion nodi fi ers, al coho
co-sol vents, qgldne. Ergy, €M ssion reducers,
friction nodifiers, lubricity additivegy ancillary
det er gent/ di sper : iH2ves, biocides, antistatic
addi tives, drag reéucijg agents, delia7ers,
anti-knock additives, dnti-icing agentg, anti-valve
seat recession addiAl vesk cadrbustion i nprovers,

mar kers, and dy&& . A nethod of controlling
engi ne deposits in ah Fnternal conbustkgn engi ne
conpri sing operating sai dxangi ne on said fue
conposition of claim8. /13. The method of claim12,
wherei n the cont net’| et~engtne deposits conprise

i nt ake val ve deposits. 14. The nmethod of claim 12,

. . reibn the, controlled engi ne deposits conprise port
Vdmnﬂn?g%Fg?ﬁfgbeg?&%éﬁgg%?gxmmﬁgfg$ﬂB£nethod o?pclain$12,

8. A fu wherein. the controll ed engine deposits conprise.

- A fuel camnpasttopror a tgRal fogdatien engiee, comprisae oldnataier asonnt, a
spark-ignisablegrmlsiblerty deenaryas fueld aad hrie minproanauwnt,cofwpl adsiiive
composifipg guappeing addarimeh readtion produgtebtadubddfy reheing (D2, polyamine
having apleestéwolmenine gtaupk Wddreatdeaseontegaiiot S owORR privard iafisd group
physicallyrjteridatly-mbteged ng hind MANNIYTHty Db PaRGEMES n@RMannich reaction, (ii)
a hydrochftPRENMAREIRY jdeboyaréiagtic esthpound, and (iii) an aldehyde, wherein the
Mannich reaction product is present in an amount sufficient to reduce the weight amount of
engine deposits in an internal combustion engine operated on the fuel composition; and
wherein the polyamine has a structure selected from one of _

NH;

N,
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New, highly effective Mannich detergents for use in
hydr ocarbon fuels are described which reduce engine
deposits in spark and conpression ignition interna
conmbustion engi nes. They are Manni ch condensati on
reacti on products obtained fromreacting: (i) a

pol yam ne having a sterically-hinderedapri mary am no
~group, (ii) a hydrocaeryIRL ¥bstituted hydroxyamatic

compound andn%8 de. These Manni ch
det ergent co unds may “be di"$persed in, a |iquid

carrier to provide uelxggddi ti ve concéntrate for
hydrocar bon engi €%t uel]S whi ch effectively contro
engi ne deposit formatian in intake valves and al so
ot her engi ne regions sugﬁ as, port fuel A4 njectors and
t ombust i on chanhgr’“)kfb “Sul t abl e Fi gure)

A
NH,

wherein R; and R, are selected from hydrocarbyl groups.

9. The fuel composition of claim 8, comprising the fuel additive composition in an amount
ranging from about 100 to about 1,000 ppm.

10. The fuel composition of claim 8, wherein the Mannich reaction product is obtained by
reacting (1) the polyamine (2) polyisobutylene-substituted cresol and/or phenol or their
mixture wherein the polyisobutylene has an average molecular weight of about 300 to about
2,000, and (3) formaldehyde.

11. The fuel composition of claim 8, further comprising at least one additive selected from
the group consisting of antioxidants, carrier fluid, demulsifying agents, rust or corrosion
inhibitors, 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
dves.

- 12. A method of controlling engine depdsits in an internal combustion engine comprising
operating said engine on said fuel composition of claim 8.

13. The method of claim 12 wherein the controlled engine deposits comprise intake valve
deposits.

14. The method of claim 12, wherein the controlled engine deposits comprise port fuel
injector deposits.

15. The method of claim 12, wherein the controlled engine deposits comprise combustion
chamber deposits.

16. The method of claim 12, wherein the controlled engine deposits comprise mtake port
stains.

17. The method of claim 12, where the controlled engine deposits comprise direct injector
plugging.
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MANNICH DETERGENTS FOR HYDROCARBON FUELS

. Abstract _
 Now, highly effoctive Mannich defergets for use in hydrocarbon fuels are described

which reduce engine deposits in spark and compression ignition internal combustion engines.
They are Mannich oandensaﬁen reaction products obtained from reacung Ma polyamme having
s sterically-hindered primiary 2 amina group, (ija: hydrocarbyl-subsﬁtuied hydmxyammauc
:ammmmemM{hﬂanaﬁkhwk.Thﬁeh&nmmhmmxgmhwn@omm&nmybcéqmnwima
lmyndaundﬂgpmw@nafmﬂa@ﬁuwcanmxmﬁmnﬁwhmhmmdmacagneﬁwkvmmﬁ
'cﬁhxwdycmMNﬁcmgneiquuﬁmnumonlnmm&nwﬂwxandakoammmmgmnm%mmsmwh
!-aswxﬂhdnmwmmandﬁmmbmmnadmn&mm ' : :

{No Suitable Fi gure)
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