MANNICH DETERGENTS FOR HYDROCARBON FUELS Field of the
Invention [00011 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. engines. Background of the Invention [00021 Deposits tend
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regulated specifications, the performance of the deposit control additives

can be very important in differeﬁ}gﬁtigptgif rent %asoline brands from a
performance standpoint. Over the years tonsitble work has been
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iscovered to translate into

ifffbved deteiraneytisroperidss Mnpairbd wertigel rsedrto haldri thasttdelergency
properties in hydrocarbon fuels effective to provide improved deposit control in spark and
compression ignition internal combustion engines. These detergent compounds are provided as
Mannich condensation reaction products of: (i) a polyamine having a sterically-hindered primary
amino group, (ii} a hydrocarbyl-substituted hydroxyaromatic compound, and (iii) an aldehyde.
[6005] An important feature of this innvention is the use of polyamines having a sterically-
hindered primary amino group in the molecule which is incapable of or essentially incapable of
entering into the Mannich condensation reaction with the hydrocarbyl-substituted
hydroxyaromatic compound and the aldehyde. As a result, the ﬁnishéd Mannich reaction
products retain substantial unreacted primary amine content. This retention of a significant -
amount of unreacted primary amine éontent in the Mannich reaction products has been
discovered to translate into improved detergency properties imparted to hydrocarbon fuels freated

with the Mannich reaction products of this invention. These Mannich reaction products provide



with the Mannich reaction products of this invention. These Mannich

reaction products provide i not only improved control of intake valve

deposits, but also improved deposit control in "cooler" engine regions, in
spark-ignition or compression internal combustion engines. For instance,

in addition to intake valve control, they also have been discovered to be
effective in controllinqC %._e., preventing and/or reducing) port fuel injector
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acyclic aliphatic polyamines having a sterically-hindered primary amino
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dispersed in a liquid carrier to provide a fuel additive concentrate for
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embodiments and features of this invention will become still further N
SRR Ao thienBem § Rt i ot MppErfiactRrr ducts and/or additive

concentrates of this invention described herein, and methods for controlling (i.e., preventing or
reducing) engine valve deposits in a myriad 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 engiﬁc by fueling and/or operating tﬁe engine with a
fuel composition of this invention. Other embodiments and features of this invention will
become still further apparent from the ensuing description and appended claims. |

Detailed Description of the Preferred Embodiments
{00091 Mannich Reaction Product. Detergent compounds useful as deposit control
additives in engine fuels are provided comprising the Mannich condensation reaction pro&uct of: |

(i) a polyamine having a stericaily~hindefed primary amino group,



Detailed Description of the Preferred Embodiments [0009] Mannich

Reaction Product. Detergent compounds useful as deposit control

additives in engine fuels are provided comprising the Mannich

condensation reaction product of. (i) a polyamine having a

sterically-hindered primary amino group, 2 (ii) a hydrocarbyl-substituted

hydroxyaromatic compound, and (iii) an aldehyde. 100101 Polyamine with
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In one embodiment, the polyamine useful for a Mannich reaction . .
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steiieaityaprotected to prevent or least significantly hinder its ability to
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- [0013] In one embodiment, polyamines having a reactive amino group and a sterically-

hindered primary amino group have the following general structure (A):

(A)
HEN I
N R
E) l
NH,
LYy R
-~ _Q, -
[6014] wherein X and Z each is methiylene, Y is an alkylene or alkyleneamino, nis 0 or I,

Q 1s an optional alkylene group suitable for forming a ring- structure with X and Z,
E is a hydrocarbyl group, tis 0 or 1, R! is a hydrocarbyl group or hydrogen provided that R' is
hydrocarbyl if n is 1, R? is hydrogen or a hydrocarbyl group, m is 0 or 1 provided that m is 0 if Q



E is a hydrocarbyl group, tis O or 1, R1 is a hydrocarbyl group or

hydrogen provided that R' is hydrocarbyl if n is 1, R2 is hydrogen or a

hydrocarbyl group, mis 0 or 1 provided that mis 0 if Q 3 is present. If R’

and/or R2 is hydrocarbyl, it particularly may be CI to C8 alkyl such as

methyl, ethyl, propyl, isopropyl, t-butyl, and so forth. Where nis 1, Y may

be, for example, Cl to,C8 alkylene, or may be an alkyleneamino radical

sﬁaﬁ‘“‘a@ﬂélﬁﬁ%‘#@aﬁﬂH&(@%@Wﬁa&?ﬁﬁ&ﬂyl@ﬁéaﬁﬁm Cg alkyl such as methyl,

N GO B 2t s orih, e 18 & & vy b7 €10 &

- - -), and sq.forth. Where tis 1, E may be

n%@%%?ghé ,né%?} esnne)‘"figgc‘?ﬁ?)%nﬁi/ céﬁaeg,l%{’ri&‘? BTN an alkylene

dr@hNHoh, dsretiZen@thaik (HEHeNIRAHTH PN Ihdthyl enarsimbedimathdh®encamino (-
i { terically ki rjimary.ami rQup comprise

R R A R B e

pEEMAPRE gy st IBReRape sk i sbaiatsachelow, the

nojyamineayslofexanes may comprise 1.,2-diaminodicyclohexanes,
1,3-diaminodicyclohexanes, and 1,4-diaminodicyclohexanes, such as

thalhaving e R HoRAER ek RARABRS IsitRec SiFtieatichinderts paiey amino
b el ol Shoturas. 3 & sieneally pndotad Py iy
aliphatic cyclic polyaming structures, a 4 sterically hindering hydrocarby
o e o A B e U Gns my
geﬂgéﬂgllkﬁrfﬁaré@ﬁﬂmwm group is bonded when the
Wﬂdﬁﬁﬁg&@&ﬁﬁgﬁﬂ& ,rgr?cpi',\i@diglm%%%&&%éx%{lgs pg\?&leglsttg?]éaéqxaving the following

arrangement other than an ortho configuration relative to ea
exemplary, non-limiting structures:
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[0016] In one particular embodiment of the aliphatic cyclic polyamine structures, a



other. As illustrated in structure a3, a reactive amino group in the .

compound need not be directly bonded to the ring structure, and may be
present as a moiety of an intervening substituent that is directly attached

to the ring structure. [00171 1,2-diaminodicyclohexanes, for example, are
commercially available as a mixture of trans-d-, a trans-I-, and a

cis-is r..Th -J- -] f reof tical isomer, .
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a primary amino group that is physically sterically-protected to preventor
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gﬁfﬁﬂﬁﬁ EESHDSTFEErHEAEiclic aliphatic polyamine also must have a
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- primary dr secondary amino group in the molecule. Other substituents
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BRYARBE 1[99 194 B rueligaliphatic polyamines having a sterically
hindered primary aming group __include those having the following
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hindered primary amino group generally is attached to either a secondary or tertiary carbon atom
in the polyamine compound. The acyclic aliphatic polyamine also must have a separate suitably
reactive amino group in the same molecule for supporting the Mannich reaction. The reactive
amino group may be a prirﬁary or secondary amine group in the molecule. Other substituents
such as hydroxyl, cyano, amido, etc., also can be present in the polyamine.

[0019] Acyclic aliphatic polyamines having a sterically hindered primary amino group

include those having the following exemplary, non-limiting structures:
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thereof is a hydrocarbyl group. The hydrocarbyl group may be C, to Cg
alkyl such as methyl, ethyl, propyl, isopropyl, and so forth. [0021]
Hydrocarbyl-Substituted 1-lydroxyaromatic Compound. Representative
hydrocarbyl-substituted hydroxyaromatic compounds which can be used
in forming the Mannich detergent products of the present invention are
represented by the following formula: H R R R [0022] in which each R is
H, CIA alkyl, or a hydrocarbyl substituent having an average molecular
weight (Mw) in the range of about 300 to about 2,000, particularly about

;?ggs o abOUR%&ePeQQR?&Q%eﬁQiQ ﬁ%ﬁ%&g{@@&}&% &;mggé'ﬁg@@mmat at least one

), with the proviso that at least one R 15 Hand one R is a

tHoyelrbisarhydrectsartgenipad liracatol ¢ qep 23y Représbntlifieuch as methyl,

eMr&gg&ngﬁpﬁEqﬁg]@ ideikide polyolefin polymers, such as .
polypropylene, polybutene, polyisobutylene, and ethylene alpha-olefin
@(95§ymers. %TNI&“%H&HM&%E&?BW@&HH?&H& gy ifagative

hp@atses BaRmplestneiidecopatytosrsoahdi iizne aabeQedsolttiap the Mannich
and/or pro%}/len?, and one or more mono-oleﬂgicgbcotﬂéc%nﬁrr\;‘%rls formula -

OSSR SHIE R PEERH (g St R R T heMehe I Aok e [ B he,
1-decene, etc.) wheré the §8polymer molecule contains at least 50% by
weight, of butylene and/or iqobutylene and/or propylene units. The
comonomers polymerized with propyfene or such butenes may be
aliphatic and can also ?A ph-aliphatic groups, e.g., styrene,
o-methylstyrene, p-met i, divinyl benzene and the like. Thus in

any case the resulting palymerS-and copolymers used in forming the

alkyl-substituted hydroxyaropatic compound are substantially aliphatic

hydrocarbon polymers. Polyolefin polymer hydrocarbyl substituents can

have at least 20%, particulafly at least"50%, and 6 more particularly at -

least 70% of their olefin do ble bonds at a terminal position on the carbon
chain as the highly reactive vinylidene isomer. [00241 Polybutylene is _
partiqularly useklich/elass et yiselispioifichlyiereihylthebiarmnt having an average

oG NI (o 0 9207 8P 396 2RSSO MREIRMPRS 8 o shous

1,500, as defermined gel permeation chromatography (GPC), with the proviso that at least one R

i H and one R is a hydrocarbyl substituent as df_:ﬁned above.

[0023]) Representative hydrocarbyl 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/or isobutylene and/or propylene, and one or more mono-olefinic comonomers
copolymerizable therewith (e.g., ethylene, 1-pentene, 1-hexene, l-octeﬁe, I-decene, etc.) where
the copolymer molecule contains at least 50% by weight, of butylene and/or 1sobutylene and/or
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 copolymers used in forming the
alkyl-substituted hydroxyaromatic compound are substantially aliphatic hydrocarbon polymers.
Polyolefin polymer hydrocarbyl substituents can have at least 20%, particularly at least 50%, and



pure” | -butene or isobutene, and polymers made from mixtures of two or
all three of | -butene, 2- butene and isobutene. Commercial grades of
such polymers may also contain insignificant amounts of other olefins.
[00251 Polyisobutylene also is especially useful. So-called high reactivity
polyisobutenes having relatively high proportions of polymer molecules
having a terminal vinylidene group, i.e. at least 20% of the total terminal
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ethods such as described, for example, in U.S. Pat. No. 4,152,499
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Also,suitable in forming the long chain supstituted
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terminal ethylidene unsaturation. [00261 In one embodiment, the
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an internal combustion engine. Further, the Mannich base products of the

B AREHFIMRAIS R BBRSING R PBEYERPR A G RtRb el BFeRolgmers having a
nptoisti eiterape de kanaravkighen\aom a0 erhpelind sathastity wddaandbolymer's
cﬁggs%%%'t'%’:{‘téﬁ%&%{%ﬁ%é@& xyaromatic compounds where one R is'a
ydrocarbyl substituerit and two R's are'H such as a
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alkylating o-cresol with a hlgl? molecular Welght hydrocarbyl
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 with.an
amine group, but not all primary amine groups, on a sterically-hindered polyamine as defined
herein, Mannich detergent products are obtaiined that are very effective at reducing engine
deposits in different regions of an internal cornbustion engine. Further, the Mannich base
products of the present invention generally can be made in higher yields compared to products
made from a hydroxyaromatic compounds substituted in only one position {(for example, .
hydroxyaromatic compounds where one R is a hydrocarby! substituent and two R's are H such as a

hydrocarbyl-substituted phenol).
(0027} In one particular embodiment, the hydrocarbyl-substituted hydroxyaromatic



‘polymer, such as a hydrocarbyl polymer group having an average
molecular weight between about 300 to about 2,000, to provide an
alkyl-substituted cresol. Ina more particular embodiment, o- cresol is
allcylated with polyisobutylene having an average molecular weight
between about 300 to about 2,000 to provide a

olyisobutylene-substitut resol. In a mast particular embodiment, o-
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temperature in the ran‘ge of about 30 to about 200 use
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[0631] Aldehyde. Representative aldehydes for use in the preparation of the Mannich
~ base products include aliphatic aldehydes and aromatic aldehydes. The aliphatic aldehydes
inchude C, to Cs aldehydes, such as formaidehyde, acetaldehyde, propiénaidehyde, butyraldehyde,
valeraldehyde, and hexanal aldehyde. Aromatic aldehydes which may be used include, e.g.,.
benzaldehyde and salicylaldehyde. ilustrative heterocyclic aldehydes for use herein 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



paraformaldehyde, or aqueous formaldehyde solutions such as formalin.

Most preferred is 8 formaldehyde and formalin. [00321 Synthesis of

Mannich Reaction Product. To prepare the Mannich products of the

invention, a condensation reaction among the polyamine, the
hydrocarbyl-substituted hydroxyaromatic compound, and the aldehyde

may be conducted at a temperature in the range of about 40 to about -
faeedcmive reddoiorelian be conducted in bulk (no diluent or solvent) or in a
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ation durlng the course of the reaction. Typical reaction times range
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roportions of the reactants in .the Mannich conﬂqle sation reaction )
oo stREt B Bpo e KPR REAFPBSETEARE (1 oA Pafalvent or i
sttoent §) diifeta. ITWMaradleepairiés nod the polyaniaé hawagrébie distillation during the

sterically-hindered .primary amino grou é(ei%pﬁ 1,4 mole art%\n of
B HEA S L Ree o n 8 20t E Rhee or shore

tipet (B Gk astdastrsasaitehyde; particularly a mole ratio of (i):(ii):(iii) of
b5 2:0-8- 10 Linfip R RGO VAR AR S ds W0 opotifk bt Hae Witants in

of approximately equimolar proportions of the three Mannich reaction o

the Maapich icopreRsrfiod IRASE xR TembiensrlIuRReRIRTS eiifaarienidstas (). (i)

aHSERERE g&{ﬁ af l@»@f@xmm%ﬁﬁ@gmwg@lﬁm@_ X médﬁgwaﬁmé@-hmdemd

compound will remajn upreacted and t anpnich product wjll not be as

PGS S P Pt O3 S IR AT AR AE A S Ui pormpound.

abyiioduets ndyfdemaarshinfeaktatope lybidind: prasidehidesshaptiieof (i):(1i):(i) of
PLin the finish roduct or st 1,fropgthe reqeti IXtur .

g e B e bty

equiplanpsropuitenef thg dire Mennictreudion farianipe praIganiines than 1 mole of

pdgsaried neigin RS ReRRIROWMAQFeSHIbINARRRIO VSNl BaE hydroxyaromatic
Mannich base products hav%% excellent Fﬁerformance caﬁabilitie,s and
g penst

BrySRad B seres ys0dat RGP HE AN RORE Bt St highgr ratos
ofpalenméotele 'ﬁﬂiﬁﬂfmew@'aiﬁé%ﬂ;téﬁ&smﬁﬁﬂmaim@rfmd)mﬁmed polyamine or

afemvialdchytio} omtcbeleibouerstheabbyevppdiizdioatmtonronémsttneether with
tﬁ@&%%ﬁﬁﬁg tﬁ)@%@%ﬁﬁ@.ﬁ described herein has been shown to result in the provision of
novef Mannich base products having excellent performance capabilities and physiéal properties.
[6034] When performing the reactions on a laboratory scale the foregoing ratios are
relatively easy to maintain and control. However, when performing the reaction in large scale
plant reactors, the possibility of losses of the more volatile reactants (golyamine and
formaldehyde) can be encountered, as by vaporization into the reactor headspace, entrainment in
purge streams as water is being purged from the reaction mixture, etc. Thus when conducting the
reaction on a large scale care should be exercised to compensate for any such losses so that the

liquid reaction mixture actually contains the reactants in the proportions utilized pursuant to this

invention.



purge streams as water is being purged from the reaction mixture, etc.

Thus when conducting the reaction on a large scale care should be

exercised to compensate for any such losses so that the liquid reaction

mixture actually contains the reactants in the proportions utilized pursuant

to this invention. 9 [0035] Additive Concentrates and Fuel Compositions.

The Mannich products of this invention are preferably used in )
i flination AT GIRFEUTALE MO0, SRR e S piafact o tis
ivanthe efoyacioublyped isuchidstamexaimplegliguid-pelyir@@igfinaid or fluidizer. Such
oligomers, liguid. polyalkene hydrocarbons (e.q., palypropene.. .
e B e s PO BB oo
phipdtomerhisieciebons Ky dswbatepepo poltvpsae, hytsthetted pohdditeniquid
h?&ﬁ%&ﬂﬁﬁg%)’ﬁé(ﬂ%}@é}%o% lt@%!'ﬁ%hrﬁ%@aﬁé@lpgk rHHéHE', hydrotreated polybutene,

poly(oxyalkylene) compounds, liquid alcohols or polyols, liquid esters,
hydratepRhpalisnr EaRfarster o arneilistisrdg b ol Gr mbrderg) gampounds, liquid
aRRAHIE 5rQBRIMEIIGIBRDE aMBIeYRt1 Q086 EaY I sc[RaManNiERes of two or more

roducts of this inventiqn are preferably used in combination with a liquid

AR SR SO SE B HUARPEY S uch carriers can be of various types,
~ Hwaekjas for examipte Tiheidapolyhgpolbfinalifjomarsdiguic-pplyiseiaised in
hydrocar QUi reat alyalkene.hydrocarbons, mineral oils,
RS9 e PR N S B T s
seditepdonetiopivikauid prlvcarieis ofmpnentBavbaaheskofekpdorcarbres, liquid

i e 10037 ' Qi ' o
D LA o SRy (ORI, i

 alsrlids SF REI o BstRe andrPHESH I R iSo e s d MEgpr e g6 two or more
stlipBaatet billvedi0ag B anplend of poly-(x-olefin oligomers, particularly

having.an, average,molecular yweight of about 500 tp 1500, 3) .
ngﬁ?éthers, %)aafffgagrkﬂ%%ilﬁg}&%%%l%gﬁe %%%%ﬁtﬁr e%@ﬁglgﬁdﬁ\‘l)é%ge
inviotEc)lamvireighbinotivebemigd’ oz G0 fao oyt the@Gat)ngrevisonigiadex of
14{1'59 I PAYAAEDSE, 002 m&%ﬁﬁ%éﬁeﬁﬁl]&ig@?@?g, a0 alHy A0ONAR, o an

ot imited thereto, these carriers have particularly desirable performance

apgpabmelssulpmosnghtivé ahnpetal &l 'CAFieds mivetir puitisalanircrodd oxyalkylene)
chapaifiticnNaRNiARIE28 chohsRANE ils irpidd FABRS SlRNivedoftoabMarians, 4) one
o o e L5 SSoest OF Ay PR, andior 4). Although not limited
thereto, these carriers have particularly desirable performance capabilities. '
[6038] 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. Reclaimed
mineral oils can also be used. Hydrotreated oils are the most preferre_é. Preferably the mineral oil
used 'has a viscosity at 40°C of less than about 1600 SUS, and more préferabiy between about 300
and 1500 SUS at 40°C. Paraffinic mineral oils most pfefetably have viscosities at 40°C in the
range of about 475 SUS to about 700 SUS. For best results it is highly desirable that the mineral

oil have a viscosity index of less than about 100, more preferably, less than about 70 and most

preferably in the range of from about 30 to about 60.
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manner. For example, the mineral oils may be solvent extracted or
hydrotreated oils. Reclaimed mineral oils can also be used. Hydrotreated
oils are the most preferred. Preferably the mineral oil used has a viscosity
at 40C of less than about 1600 SUS, and more preferably between about
300 and 1500 SUS at 40C. Paraffinic mineral oils most preferably have
viscosities at 40C in the range of about 475 SUS to about 700 SUS. For
BERresults e na ity lREe Abfe thetrtiss R be |F%‘?§\i%°§‘@‘i‘§6@§ﬂ§?eﬁﬁe%d

umﬁ?e&ém }ﬁ?}ﬂutolaﬁl 6#1%6&1&@?{@Q%%r@@ﬁ?@@ﬂr&ﬁ%%%e%@@?ﬁ%cts , primarily
eferably in the ran rom ut to a e
o ORI T} L e B SR Chckn TR RSt G e 6 o 12
geirraibrdtre teddoobsipeiefiblylahonn é & careonhyrolreg dhaied athesis is outlined in

d rily .t tet
Hgﬁr'}\é rogenaied Oﬁﬁgrﬁ%ﬁ’]“% n:p\é UIRers, q‘feré";‘ng’*gx:g %”PaP‘i? ,?5585{1*4

n monomer ono contaln genera

37306 HE MdIR Sastet3bB3aBomd ol eh dlomsud dedessyeireiolly emiiniees

AR DR RSO SESRIAGh R AR 218 21 ARG B bl otk RAGR
CPaﬁ%ogg@E 763,244; 3,780,128; 4,172,855: 4,218 330; and 4,950, 85%1 e

e QAPRdERs HisBolar eBns pred as camytie I RgERHE hRE & istosHp fueasured
aci@ radgaearca}ph aholdlips dsuiablycakiRioed tb)smbaéyétﬁbrsrem&megt@meﬁn has a

h I f ill I h
R 0 b R T D s B e Bt o
dmefdmmw Mqﬁnm.&@behnlmwybmtaus itxgumﬁmaﬂeastageo&kanﬁmmght of about
586 %96’ U g G 995?&1’%0%1@@ HesY I adisRikal! %oll}ﬂsobutene having

y a ole (PAO |nc ude polybuténe having an average molec

awe‘fgﬁ%f“@!ﬁ?ﬂ]t%@@ abdouy B¥btoaghethbsélbarticularly polyisobutene

@addgr hyd rqﬁ@%@r@@ﬁ‘ﬂ%@H%%%%@H@Wﬁ&?{@?ﬁ%ﬂ@é%%&ﬁs having
about 500 to about 150%}%?401 Po ethers that can be used as the

NG S0 oty include
pole(ghiaietees aoat;@uh&@@mﬂdaedmtumﬁﬂlﬁandlpmﬁtmﬂﬂﬁ% maybinehieented by the
fa?%(mxyfan%f:ne) compounds which are fuel-soluble compounds which
can be& represented by the following formula: [00411 Rr(R2 -O)n-R3
[oou21 wherBin(Ri-8)yRically a hydrogen, alkoxy, cycloalkoxy, hydroxy,

pisuRp. hydrogarbylde thyﬁlu%Yy%J&%Jééﬂ BB AR A AR Amino,
h?crinrér(]:gzgyli k()es gtuatﬁglhgy%rlggl?c;l yary? ralkylaryl aralkyl, etc.), ammo—substltuted hydrocarbyl or
hydroxy-substituted hydrocarbyl group, R; is an alkylene group having 2-10 carbon atoms
(preferably 2-4 carbon atoms), R; is typically a hydrogen, alkoxy, cycloalkoxy, hydroxy, amino,
hydrocarbyl (e.g., alkyl, cycloalkyl, aryl, alkcylaryl, aralkyl, etc.), amino-substituted hydrocarbyl, or
hydroxy-substituted hydrocarbyl group, and n is an integer from | 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, Rzk 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 alkyiene oxides, preferably one alkylene oxide.

[0043] The average molecular weight of the poly(oxyalkylene) compounds used as carrier

H



hydroxy-substituted hydrocarbyl group, R2 is an alkylene group having
2-10 carbon atoms (preferably 2-4 carbon atoms), R3 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

fiviids traplp ety én dierpranbEfpet ¥bpB atitigo aheHeOxnerobséeragly from about 750
1SRRI SRLS RN Ml tRé Modiomps RAcabsuthemame or

different alkylene group and where different, can be arranged randomly or

[M4dbcks. PRife st SR EBRAGBRETEBHSHH S P RiGHB B prised Of the
hﬁ@é@ﬂﬂ%&%&ﬁﬁﬁ@@@ﬁg@o&%ﬁwxglﬂmﬂ&ﬁ gﬁlaatim gsaie ﬁlﬁﬂho 42&&%@%@1@ at
more alkylene oxiges, prerer e n . e aver
TR AP ISR BFoR DB R R b AT e S
pdisigs isipreferabhnistherefngesftron abaubBe8 tembout 86O S fully set

p referably from about 750 to about 2500, and most preferably from above
about 1000 to about 2000. [0044[ One useful sub-group of

[porgi{oxyalkylameferofpdegraurislasiyipsatipinse comapsrdy byiampmiphedqne or 2
miRQI¥Q ) JRRIRAIS SR ASRIRH RIeH SAaBd e PRSSAABIAL-soluble liquid

column 6, Tine 20 to column 7 line 14 of U.S. Pat. No. 4,877,416 and
hyengrnisesiited Ihiersiahent 49 GenstiricS s 4hd aatprifarahens Bsigt
1H0eerporaied barpuhysreferesseamdtivllyspbiantio] 004hd ¢ prefanteds alkanols

sub-group of poly(oxyalkylene) compounds is comprised of one or.a .
RO OR RO SIGTE TG WHCH It 15 BN st 5 1
cgbsplitms altehia-dicultdiyhavfaged. viscosity of at least about 70 centistokes

@@r%)at 40 Cﬂ%&@é@%&g@?ﬁ% ]cgrﬁ%%gno& &:lf_! %E%@é@ﬁﬂ@ﬁ%ﬁﬁ& preferably

ols forme ation of one or a mixture of alkanols havin
i at least

hatdeirstsibeuin Shelmehilatrshiaiaeirniong HreerlistE i HeSramge Bress

A 49AbauL A8 carken amseare Nastistiaoymeier pRidRBAG] Tdas: about 13 ¢St at
poly(oxyalkylene) carriers used in the practice of this invention pre eral?vlg ton
16 ik BEH e PR S R PRSP B L P 4 S eation
pBRGEBIPFRkRIablS e astheibondifBed Staat 4OG)rad thttedstadst 1td8TC and no

L
at 40°C, and will not exceed about 40 cStat 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.

[9047.]. 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 oxide,
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 oxyalkyléne groups in the molecule-are
derived from 1,2-propylene oxide. Details concerning preparation of such poly(exyalkylene)

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
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preferably have viscosities in their undiluted state of no more than about
400 cSt at 40C and no more than about 50 cSt at 100C. More preferably,
their viscosities will not exceed about 300 cSt at 40C, and will not exceed
about 40 cSt at 100C. The most preferred poly(oxyalkylene) compounds
will have viscosities of no more than about 200 cSt at 40C, and no more

an ahot - .10047] Prefepre ly(oxyalkylene) ..
O e M S S e e e BB B g e et
cHetitharia dainarasiTvatisd isfginhe o be iekscosity Wy lire Men Q4T 1hat,425,845;

208 EOIMpLiSEekef; @@pﬁﬁtmcﬁe'g%lra{@M&?&&M@ﬁs@!&%ﬁ%ﬁ%&d herein by

polyalcohol with an alkylene oxide, such as propylene oxide a
refgismenas akii itHEHBTBUt use of ethylene oxide, and especially

peycts in whichishilensieReilpebih 8 poraiyene HOWRR I tR8Es is comprised
R R Vot et o
SUucC ) -
seb;mm filpsidrhiinke @ thsoest ‘n’&:ﬁaytdaqmaﬂimo?(ﬁtmrmcabsgeshrfkmyf afldifideast about
itjor 1 es 633-645.(Copyright.198 John Wiley &
1 T A B i b RO o e R el o tham abons
AGrkSOtHAer emdysi oped thaasrtiaiics betiah £88° Citdurthmrdimnblyiripeir viscosities will

IRCRBROfAlRAREIRA: R lfndsla : o5 ‘
"2,425.845' 2,448,664; and z,457,[1%3%93?‘%%@5@@2‘?&%g§§c§3ﬁ‘r‘é%f“8ﬁd’mfmd

e kHeBT berRRIMErRIH by rafsrites oS np e baPoi RSt at 40°C, and

nbQRH8 Ihén pBsticslasly prefertedotuRegEmPbRAN (RXNSIVIEREM by propoxylation of
compounds is comprised of ong or mixéure of i
OB BA S AASHETEIGHEBR IGHILRTRURS CHHEND oMo o RisEiiky in

raglebfebiquitthauingtd Viscositytohatd easird bdatly prefentidtokes (cSt) at
nd at legst u at 100 C. Typically the imum .. . .
e e R it ool MR A Ry contin
seffiginot pemrhereltbranchisberystkdgreatitd e Msthyphafetiaitpeenp its and/or

eﬁigm@{ﬁﬁé@{%x@%w%@% §99&§§@kﬂ9&ﬁﬁ%§wuxﬁ%§ai%%@1@&9m

¢St at 100C. The most preferred ojy(%g}f alkylene) compounds will
E90TyiscosifECBIHBHHORE AR ALR BOtF At el an B R RhaFePencs,
palyeicaes G asobifdaesPollhaael ean) popbith JRONPAIStRr i@ tline, copolymers of
oQSRMalenal one or & mighre olalkanols baving atlegstabouts
CaTHoh atoms. and Thote preteradiy in the range o HSREYEEE ShBIPea: butene
agd ibdniatones teie pitticyladihprofefebgolyalkylenes include hydrotreated polypropene,

hydrotreated polybutene, hydrotreated polyisobutene, or the like. Preferred polyalkylene carrier
fluids include polybutenes having a mélecuiar weight distribution of less than 1.4 as taught in
U.S. Pat. No. 6,048,373, Use of materials of this general type together with other carrier fluids is
described for example, in U.S. Pat. Nos. 5,089,028 and 3,114,435, the disclosures of which are
incorporated herein by reference. ' ‘

[0651] In some cases, the Mannich base detergent/dispersant can be synthesized in the
carrier flutd. 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. -
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[00491 The poly(oxyalkylene) compounds used pursuant to this invention
will contain a sufficient number of branched oxyalkylene units (e.g.,
methyldimethyleneoxy units and/or ethyldimethyleneoxy units) to render
the poly(oxyalkylene) compound gasoline soluble. 10050] Another group
of carrier fluids is the liquid polyalkylenes such as polypropenes,
utenes olyisobutenes, polyamylenes, copolymers of propene and

e copdi ?gqsromféhe igtidi s apuBIRed BlRBNg e dfpripebrsaindhe

pi@@?ﬁé@ﬂﬁiﬁ'@g RRAYMeIT O Bﬁﬁﬁﬁ@ﬁi&iﬂ@ﬂ'@ﬁ&ﬂfbﬂﬁ@bhﬁ%ﬂ@l OhthRiTuel

mixtures. Other useful polyalkylenes in ude drotreated prop
RO 0 E DA G STt Ay OIS G A B nets a

chirptesied polyallafentadiniss dfmmwgmahﬁ@medeﬁ ﬁﬂ\smgea:omposnion except
lecular w strr utron of than 1 tau
f%r 825%% t%Qh? mqt;iltlerl éaj'g T e rél "%ﬁe we%% rgho er ﬁluxd to Mannich

se o S gen ra type tog er WI'[ O er carrier
biisfdstiszawdinosdiiomaxatiple aredenrhasines. S d8ing 26l gend(s), if any, used in the

%&&rﬁc&ﬁéoﬂ&e Jaclosvres ANhighae oneRMARiehar 8l RRIEISRES of the

[0051] In some cases, the Mannich base deter Qr_gent/dlspersant can be

cagifhiai et iaboiilinitinda renterinkiuhtad hebprefdlthetid preferably within
tﬁ{@tﬁ{g%[t@@ﬂ@ganb%b{encﬁd with a suitable amount of the carrier fluid.

If desired, th nt/di ersant can bef ed in a suitable solvent or
OB P SHE U BILAALH GRS e o ACEER 6 R g 12
atitfte Enkcerred Priftrddy (D05 2bdhepropiias®ithie dbheadtamien baed
relatrvejéto ég:agg%ﬁli%gcpges Qet{“gntrg %rrﬁeaﬁa EN@ &%85&91‘?& 9&%%' coniain

Is mventro is such that t fue composition when
ceumtﬂwédtm Eerebphiriacreisdeteminssrbydee ifreid vame tﬂé\émmeebaég
SLemRarad joiniekeyalve cleanliness of the same engine operated on the

same composition except_ for bein q‘91 devoid of the liquid carrier. Thus in

H9%lal, the WeightorstiteEre S E1 GRIBORIGRTI Chtisggention, the Mannich product
aﬂﬁr&{&ﬁﬂﬁdiﬁ peisaitwihan atidyaddigresiont basisydbinexetudingufficient to reduce or

t(s used |nt e nuf cture of the h.bas ther
Bliﬁ#i é’rg ga sa 13 Naton butbeto rglea%éiod1 tlélﬁlo? the ca%rrr@rqﬁwﬁ mﬂtam minor
mﬂﬂydéthmMamt@iémamg@em@qb@tm@@aﬂ@ébB@@ 2t canéppliefd mibhyprtioned as
ghémmbeot@ara& O ALOH Rumidri 8RRl s lO QSR TP il Btem deposits, and

ditive concentrates of this invention contain from about 12 to about 6

wasyspavirraREsIp O APPSR SY A i 6troeh R HAR FRRREHaSEnerally

speaking the fuels of this invention will contain on an active mgredient basis as defined above, an

amount of the Mannich base detergent/dispersant in the range of about 5-to about 300 ptb (pounds
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 fuel 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 mgredrent basis),
more preferably the carrier fluid will be present in an amount of from about 0.4 to 1.0 parts by
weight per one part of Mannich detergent/dispersant. '
[0055] Other Addifives, Other optional additives, such as one or more fuel-soluble

antioxidants, demulsifying agents, rust or corrosion inhibitors, metal deactivators, combustion
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detergent/dispersant on an active ingredient basis. The additive

concentrates may also contain carrier fluid, the level of which is

determined by the desired carrier to Mannich base detergent/dispersant

ratio. [0054] When formulating the fuel compositions of this invention, the

Mannich product and carrier fluid (with or without other additives) are

employed in amounts sufficient to reduce or. inhibit deé)osg{t formation.in a{‘nb .
mAtahs AlSARLLtE ERG TS TRRISY i RERH LTS R Fhi T haAg s oricity
atitiMantidh-baseedeiedent/dispeidiaveandoofdizeaituidicatdeivitejdrag reducing
ager:%gor fla([?xgzecgq,a asnt%?n%\{/: %i@l%%g r,]'gnotll-?g:i%e%qau %%t];(,}qltégzﬁge%ggﬁ tgcl;n sesion ztgiditives,

epaosits, especially intake system deposit§, and most especially intake

cvalvestimposgiteviers parksignionaitern i Bontisnstisidigne fes.. Gerateyhopentadienyl
@&%&%&Q@ &aﬁ,réuggég%ﬁ@%M%p&memcﬁamﬁhﬂ@@e%@&%mr%mmds) can also

aslis as defined above, an amount of the Mannich base
bedreleiedtnispSrlanedrdaiivafeReetERIGt S ASti oo e T AT opgrts are
weightef additive Reihousand arelshyorplimne ahiurtht ansuRrefasaali in an

in the rapge of ahout_ 10 to about 200 ptb, In the preferred fuel .
RGO SRR P P PR TSR o SRS i phed fo

weatpiaitfttid will preferably be present in an amount of from about 0.3 to

gd:eq%e%LZIO pf:hrnt% b%i;évr%g Qrtnggcﬁlgl%gt,%gv %&%%%fcgﬁ@%@s additif:analgll contain at least

ent/dispersant (on an active ingredient basis), more preferably the
ararert infboprtbresphesehavinan eeilunponfisiaupoiit 6YW Geardvarts by

Kﬁ.@ﬁt per O%QQ{:&&IW%@MMWE%E Q00 QLRGS invention are any

ditives. Other optional additives, such as one or more fuel-soluble )
aafibhhais] ifgiyeg S PRTRYER ROPRIEIRRHIARRSTDchrgpgpustion engines
Mepstivatorsdcambustianiatidnpadifiess, algebekliedsolvenititatiandines which
improvers, emission reducers, friction modifiers, lubricit djtiv
PR HERE O DpeT e A HAEE BioBL 2MF i A g
bleddicincpragents; tiehag etshaittdthack ad ditive syitabiiciygeagentsining organic
Sniyalye %@@éﬁ%@%%%l%fgg@ﬁ%%m%mmmg%u@a%@hmmm

an mut]functlonal additives (e-g., methylcyclopentadienyl manganese
it thtiohighanioplotierns /i pefitalgiethrhearfyarmetuieaiprriHty! other, ethyl

t‘é&&l@%@ﬁ SheAhaisn adnciuteddrthadugigaindsaddifyenaoneantiatess of such
of this invention. Whatever o‘rJ]éLonent_ ar?? selected forbuseﬁilnltheam ¢ below
TSR E SR e AR O E LR BS b & FHESS RSt 3R ZRoun

Bt &5% be’present in an
ARDUBYEbeasIns Hiclerifbeatitytn exexbitsrintbn ded idrsctiorcpreunotionsrithe overall
he? ifriln-sehr%jg];uc%l 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 desirabie.
[0058] " The additives used in formulating the preferred fuels of this invention can be
blended into the base fuel individually ot in various sub~combinaﬁonsh. However, it is 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 concentiate. Also use of a concentrate reduces blending time and lessens |

the possibility of blending errors.
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composition. [00561 In a preferred embodiment, the additive concentrates
additionally contain at least one inert hydrocarbon solvent having a
boiling point below about 200 degrees C. [00571 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 spark ignition internal combustion
engines such as unleaded motor and gviation gasolines, and so-called
e ety e R e
agaseliner kel ljngdange:aech itekedllifte cxygahntate biendinggandpenantsing)
uch as alcqghols, ethers, and other suitable,oxygen-containing organic, ,,
BT AR A e et S Y S R o
resanbtinahofiddian tindanth tlews higherihomditds, vahg feptsiotabteratiadalso
c%%%s%%mﬁm&e&@&aé@wx{)a@ﬂs&e@,hme facliani Ly bethebroasiitlention have

tertiary amyl ether, and analogous compounds, and mixtures of such

beratEmarstoOR yRRA A EERh i ORAH FrerRsaiybie presatiamredsagdts in intake

Jalebinaianenathelmcahast 3% ebi el Meonns IRe RpabK iR @called “cooler”
amount that provides an o% en content in. th overa% fuel '{n the range of
: |

REBIERET SHSO S EPELRELPSRIHR PERHE e ATHIE BRBLERSBfgevent
it dn-depgstuneshippingthese ranges of proportions are permissible

ever deeme ecessary,. I iate rabl . T
s e R S B R il B oo
thignated isttcthie Bawerideltmaividraiyrérry valisLbsotiedmieidisng, and warm-up

HQUEBMEL dilsrs frratlerste, Riened el (e 6arRASRALS Y RERB I her valve

using ari additivé concentrate of this invention as this takes advantage of
drosrrobleat ARt RO R YAvE SHBhAOBIh SRR it i additives of
i thadarmafan addiivaiconcantialinilaesuspald dgreantrate reduces

blending timg and lessens the possibility of blending errors. t5 (00591 . -
BYdsit For S‘E%HS&%h?ggﬂ ThierAs éo?ﬁ%% ion V—_%wan : %pgm formation.

ngines. eofru
acaiiveisrofithebprdspo inwvaritionare dgeful fobounto iyl Nk we fgndend to
andior removing) Jeposite.in.spaskidnitad and cHMRTESIRA Gxg ifiesel: wo
internal combustion ngines. Although research in the field has tended to
fosisfiorinemiysieirehxatvafresE e digne dirsthaner e erdshatislish AR may not
FRANPEIAEROSHS IpssompRxtant de luedagdilivasafipesasan vehicies equipped
iar:i\tli?g Elg{?clrc] ?gnesor.. 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 ocours when
combustion chamber deposits flake off and lodge between the valve face and valve seat, causing
low compression pressures due to poor valve sealing. The fuel a.ddit_iyes of the present invention
aiso' are effective in controlling these types of deposits. |

[0062] Fuel injectors and carburetors also are regions of concern where depo’s'it formation
can OCcur. Deposits in the small fuel passages of fuel injectors, such és 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
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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 plugging. [00601 Deposits that form on intake

valves, and pqrts can.reduce e pawer. because they may restrict air
A AR S ISt S et (e A o st Srerentin
addivieaddilityratdtertiay thecatvBrapliesffeqteth fadudaithaust emissions may

@%ﬂﬁ_ase- Other valve: dePRILREARIEDS Al Niake MANGRIRGILSRYaNEN discovered

icking and burned valves. The fuel additives of the present invention are
teffectfoetive doprritiigEidenesity Jeecoltapaisies pan 6l BEAIBYSRSfuel injector
(ERADE G RAGINGI RIS AEHON RGO USRI HRBAS I IRBRNR engine

Combustion chamber deposits can increase octane number requirement
ReRIRyES thELARRa e e e EERBRISHOM miscialirasRerad alter the engine has
ROMPFESSITN RdiRlitheiengineisRNR inciarses tpds axpeiedronn elevated

combustion chamber deposit farmation tqﬁn.the recommended gasoline.
B B e P o St o

power ma)}’ac ompany
Ikabekgssipiprossiod aouchit e @cudppedt foithatidin cblesedmoritComingstiyfuel flow
chan .
e R s S B e
inisaier ingiesiue edditvrapHheirespkdareadads el b reig iedacse types of
desdingdromeRysica) sasiactLet@aeRgivgsdeposits on the piston top
and cylinder head in some eéllﬂ%ne design%%c F occHérjg when dnot limit
©8fdbustion hamBEPIES Pus IIRRIae SRS Jur DSt RS Ratfe BARS ¥tk
cABSIalE $eatcoausiBgvith wicnmpriessiol presaures tatoan [poos andlemounts used
sealing, The fuel additives.of the pr nvention, also are effective in
a%(gg 76 i??g fese %Vp%s‘?ﬁ%%ﬁggfté'%gé{% Ehgegfk?ﬁ%btors and carburetors
also are regions of concern where deposit formation can occur. Deposits
in the small fuel passages of fuel infiaciarsiess}ch as injector pintle

@gg Sits, Ci% re!gulcel:fuel flow and alter the spray pattern, which can

sely af i f, fuel economy, and driveability. Deposits can .
[BaG6E similaP prowiern Soio? waryatietee fdntiR ninosseloheaans Greepl Magaich

(S[BQ&ZQE%QEL%%B? ol 'ﬁx%&if& Eﬂgtﬁfv%g&b@f el iadditive sohithRRiesenty the

invention additionally are effective in controllintg, these_types of deposits. _
following examples which are presented for purposes of illustration and not limitation. In each

| Mannich condensation reaction the following general procedure was used. The Mannich reaction
products of the present invention were prepared by reacting 1,2»diafninocyciohexane {(“DAC”) as
a mixture of trans and cis isomers thereof, po lyisobutylene-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 approximately 900. The DAC,
PIB-cresol, and FA were reacted in the following manner in a resin flask equipped with
mechanized sﬁn‘ing, nitrogen feed, a Dean-Stark trap, and a heating mantle. Solvent, Aromatic-
160, and the PIB-g:resél, were introduced to the flask and the mixture was heated fo 40°C along
with a slight exotherm. Approximately 75% of the total calculated Aromatic-100 was added at
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[0063] 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 (PFI) deposits represent another
engine area where deposits can occur which impact engine performance.
PFI deposits can form, for example, during the hot soak period after the

t%rs'%i%? Has peenfumnes.oft:Gasaling seridueremaining fdhe. ISEIHAR wnder a

Is'exposed to an elevated temperature longer than gasoline flowing
riitiensy Eah € jRletseh orhsaliogsp erre HES SR Hidhe é’lﬁﬁgnk b e hREately 0.1

degradgtigidbatinitiaits Aenesiiienoatiafe PAeSRHaResiISTHR RS HG e of the
fuel flow and disrupt spray pattern by partly obstructing or plugging up
CRTBRG BTSSP e o ARG A2 R e BRI G Ene wes
RAesaRtdnvertit st afeativedinsantialingphese: e s ab-denositd it perature
otherwise may arise in . copler ine regions..J0064] The examples that R
S ST s Ky T B A AR b AR S ieato 1asnc
facditiimrioe witly thda/BatiomapA| Dieitetvagesmetivg ipabtsit dA doanvieuats:

t@gﬂﬂg@%ﬁ%@){' R8IRI. Ee-BY YEIOBHIESR IRGICRELARENE fow was

Example 1: [0066[ Procedure for Preparation of
- aijpsBibin ho Sydibhelisfenmpeespiowan e tpsA 6 - B Marker ehopt Tmadditional 2 to 2.5

actiseangadva Q&@%ﬁ@o@ﬁb&éﬂﬂﬂ@ﬁq@a@ﬁ%m Atedibvot@he amount of
which are presented for purposes of iIIusth,on and

following examples I :
RGHIRTAASOTesach PSR COH Ao PEHION (AT Iy was caloulated
grRnambiprocesivreniis oSpd CTHB-MasniEh eatiiote piaghicisitiod were

e T e
mﬁmdmutytémeémbktium&ﬁﬂdwf@s@mﬁ&ol"), and formaldehyde

1(35@ The R alESel AR dReRactRRlky g ORRSR SR Gurside of the
- polyiSobutylene g

ight of

; ene having a number avera%e molecular V\(e(li?@ o
- weproLifaRseobT Y TRIODRES cprieieialy ehitfek tdrardedddlii? tHeMammich (e,

fgl@w&mﬁé@&% Waaniesjpirsk £ guipprRdVIiticeehanagdislitinglated ortho-

nitrogen feed, a Deap-Stark trap, and.a heating mantle. Solveni, Aromatic- ... -
07 AT FLRUR G ar MR SO GRHT 6 T PEIAR e S i EDA
hratedh 0.4 0halardiamvite Matiglshexotherm. Approximately 75% of the
{%%falculatﬁgrﬁﬂ%rggyg 'Tj'eggwﬁ% ﬂ/?aqﬁgcﬁlga&ion product representing the present

invention (“DAC-C Mannich”; Example 1) and the comparison Mannich products were
subjected to the following performance tests: ' _
[0069] LI Inﬁ'cpid IVD Vehicle Test: intake valve deposit (IVD). This engine cleanliness
evaluation IVD 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. \

[6070] 1I: ASTM D-6421, PFIrig test: port fuel bench test, where the "pass” rate is less
than 10% plugping rate; '
[0671] IIIV: ASTM D-5598, Chrysler Turbocharger PFI test: port fuel injector (PFI)

engine test.
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this step. The mixed materials were stirred and heated to 40C to blend the
components under a nitrogen gas (N2) blanket, The nitrogen gas
pressure in the flask was set at approximately 0.1 SCFH. When the
mixture became homogenous, the DAC was added. The temperature of
the combination was 40-45 C. FA (37%) was added gradually, while

us stirrj A mild ex W ted
e etore e e e o et
wemmls@@@@em‘mﬁé@amémé iipresnantu e teraentn Greaisesd 1<k 48 Crefuits for the
distilaliorRingialea Rk PNt IaligR.commenced in about 30
minutes, at a temperature of approximately 95-105 C. Once distillation
began, the nitrogen gas flow was adjusted to 0.5 SCFH. The temperature
g naintainegiat 145 C for about an additional 2 to 2.5 hours. From the

totalweight-of-product-in-the-reaction-flask-after-distilation-the-amount of

DI AT TT T THO T TeErtiy

SamlRr o, Mannacad qB'TS?‘lng the final PR ®con p‘é’sl?uﬂﬂg@o 25%
golvent was call}:mdate&iaaﬂtﬁadded The nrale ratios of DACHPIB-crespl:FA
i it | acton V\ICIC 10491 O, i’espect. n! Fer PHPOSES
oi these desc;i‘]d ons t eIWI‘annlch reactlo%gfpgroduct obtcune(]j per this
é&ample is id =HBﬁéHPa§x‘iaAa@l\ﬂ‘aMmlwch‘2q18067l Compa#éson Mannich
Products—vian oducts outsigeof the—scopenithepresent
i%lvention wernic%ﬁnig%%ﬁ\l/&ébtamed and included 1.3-[57ZIg Mannich
@e., 1,3-diamkidpidpamievannich), PBCZPA triazine MaAith (i.e., a long
cham alkytated ortho- cresotr which has been atkyfated with-potyisobutene
- propylamine triazine Mannich), and EDA Mannich (i.e., ethylenediamine
¥A87ch). [00bs FrEMtTIah e EdRs, thé ViAh R 2bdiioie peieeteported in
mmm the present invention ("DAC-C Mannich"; Example 1) and
ﬁ rjmparls nM nnich products were subjected to the following
?5 mance &@Fs [00691 I: Intrepid IVD Vehicle Test: intake valve
mmﬂERIMD) Fhiseagindéditpan|in dbsea\RIDALION EItBspwas similar f]
the standard BMW IVD test (ASTNM D 5500) with encesrg)telgg
Dodge Intrepid engine was used in instead of a BI\ a{
éhassis dyno MsCrisdérimigistead| 6 2road route férmileage

OO =24

%C(,umuiouiun ’Ek?HMénlﬁcﬁ\b TV DR gL, PRITIggS)y gort fuet bencirtest,

where the "pass” rate is less than{10% plugging rate;
F 1,3-DAP Mannich 41.8 17.1

Ne)

[0676] As can be seen in the results in Tables 1-2, the reaction product representing the
present invention (DAC-C Mannich) showed superior and better detergency in the IVD and PFI
rig tests as compared to the commercial Mannich products, as shown by the relatively lower
amount of deposit formation encountered with the Mannich product of Example 1.

[0077] The effectiveness of the Mannich reaction product representing the present
invention was also assessed in the ASTM D-5598, Chrysler Turbocharger PF] engine in a regul&
unleaded fuel. The base fuel without the additive was also tested. The results are pfovided in

Table 3 below.



[0071] lll: ASTM D-5598, Chrysler Turbocharger PFI test: port fuel injector
(PFI) engine test. 18 [0072] These tests provided a direct measure of the
level of deposit formation observed to occur in the presence of a
particular Mannich detergent. The treat rates and results for the Intrepid
IVD vehicle test are reported in Table | below. [0073] Table | Sample Run
Mannich Additive Treat (PTB) IVD (mg) 1 DAC-C Mannich 26 0.0 A
PEHAP Mahiith’28.8 35.1 B PBC-PA Triazine Mannich 28.8 32.3 C

SxAIER A i A Kb EDA eIt 25 PO LRS!
rates and results for the ASTM B-6421, PFl rig test, are reported in Tab

2 below. [0075] Table 2-Sample Run Mannich Adfﬂtfi)e/”?reat (PTB) PFI

Peposits (plugging-aréadmeh? DAS-C Mannich 4d.48 2.5 E EDAMannich

A1 9. 21.0 .1 NDAD Mannie A41L0 17 1 00741 conn i

o) inh c-can-hao nthao
O Z 101 J.,\Bul_\r VI I T =4, LT L I_UU’ UJ g ;ull M oTCTTT I arTC
beNn

Bsults in Table$1-2"%he reaction p?gguct representing the present

invention (DAC-C Mannich) showed superior and better detergency in the

d PFIni t jal [ {S,.
o by e T R L

shown by the r ower amount o _
privkih ceMiesantiols Hropligesns sainp e (o0 Mtk eftbittirdrioperiof tnd improved

MaanichdeactospIatct 1 RERSERIIEARE RESSEMd MMRRHALMAS 8lSGsits obtained
assessed in the ASTM D-5598, C‘hrﬁsler Turbocharger PFI engine in a

Pagiiag tanecmr, hrrenavEtt ighiPtR o drbe wisded Srestud:
fooeuesults geapippded in

{06081] 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:PIB-cresol:FA, respectively.
Performance Test. The Mannich reactior products of Samples 4 and 5 were each subjected to
an M162E (CEC-05-A-93) engine cleanliness evaluation test. The untreated base fuel was also
separately tested using the same standard engine test (Sample F).

[00G82] The treat rates (based. on solids content) and results for the M102E (CEC-05-A-
93) tests are reported in Table 4 below.

[0083] Table 4

Sample Treat (PTB) IVD (mg)
Run
4 - 38.8 272
5 38.8 38.5
F 0 405.9
| [0084] As can be seen in the resuits of Table 4, the Sample 4 and 5 Mannich reaction

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

of deposit formation. Mannich reaction producté representing the present invention have been
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Table 3 below. 19 [0078] Table 3 Sample Run Mannich Additive Treat
(PTB) PFI Deposits (plugging rate, %) 3 DAC-C Mannich 80 0.42 G Base
fuel None > 5 [0079] It is clear, upon examination of the above tables, that
the Mannich reaction product representing the present invention (DAC-C
Mannich) exhibited superior and improved performance in the engine test

S.d mon nggb@{ {hseg gqg mounts. of PFIl deposits, obtained .
ﬁ'éﬁ%‘g it asgcompareg toat[ﬁeaco%n%n?l%é?céfpﬁfé{ntﬁ i%ﬁoﬁoaﬁé&fls or 15% a£¥t1w: product.

[988lated balsis fadk f0ABBPEKHRile 20§088% aAdditiakMenfrichdredsticremical
RIRLURIS MRS GRFERALEA B ila L RaRNS i Asn JESGURRL f0 ﬁb%@%%a%r or phural,

- Mannich in Example | at the following reactant mole ratios. Sample 4:
Foidesificd p5 ARSI PESHIFAMIMYIBEHHNAS: Yighanythep substance referred to by

DGR Basiesolifcidaepedivelva edarsrnge, Test. T hedanbichat chemical
reaction profg’ucts, of Sa(glgles 4.and. 5 were each subjected to an M102E

(CRE OB A GSTARGHE VSN AU AVafit RS Pribe Rt g idus or solution
fuedanis alsdivsepanatiebhiegie drasifigtine aameadsiardeaiche Baine: tesiral result of

' le F T t based id tent resul
D B S R S B

- Taplantts i dlecipra (PIB YIiv/Dagian)s Ruhcar@8 8y 22¢ Bi@8iBed8Einfdients to be
H0R6Rs @%LA&E@%%@&%Qatfags@é&l;&aeﬁ&@m&é@&fe&&%‘%ﬁﬁg&? 5

Mannich reaction products representing the present invention showe
gﬂ)ﬂgpﬁgﬁg_ﬁ%&g}%mqﬁqﬁmwﬁwn (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 blended with a base fuel in the course of forming the finished fuel composition.
Accordingly, even though the claims hereinafier may refer to sub’stqilces, components and/or
ingredients in the present tense ("comprises”, "is", etc.), the reference isto thé substance,
cornporient or ingredient as it exists or may have existed at the time Jjust before it was first
blended or mixed with one or more other substances, components and/or ingredients in
accordance with the present disclosure. The fact that the substance, component or-ingredien{
may have lost its original identity through a chemical reaction or transformation during the
course of such blending or mixing operations is thus wholly immaterial for an accurate
understanding and appreciation of this disclosure and the claims thereof.

[6086] As used herein the term "fuel-soluble” means that the substance under discussion
shouid be sufficiently soluble at 20°C in the base fuel selected for use to reach at least the
minimum concentration 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 all proportions.
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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 invention have been 20 observed to
provide better stain rate when compared to a commercial Mannich
additive product. [00851 It is to be understood that the reactants and

onents teferred to by chemical name anywhere in the specification .
0D s etk ton SRR e L (s AR GG TR e yportion of this
spenfifthas theymmrigtdor doito gonbgdist son tacteivitr@fothésahstanasaif fully
Jeferred to by chemical name or chemical type (e.g., base fuel, solvent,
etc.). It matters not what chemical changes, transformations and/or
H088iions, if kP, TaRBtGIESUFFeREble deltprpidisable siatioR tivits pretertiberefore
inedivmag SuehRRANIES iiBRRioRNAN S ANHRN dSBCHONSH AFENS timiting, the

natural result of bringing the specified reactants and/or components
HORHOE 0 B N C4IS RIFSpRiFSsrriabie diatiestiveat ithigtended to
ihedeaetants sndoahrmphnentsmyreidentifiedasjoptadientsrto Geraresotia matter
%ggd%;her either in performing a desired chemical reaction (such as a

annich 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 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 present 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 accordance 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 is thus wholly immaterial for an _
accurate understanding and appreciation of this disclosure and the claims
- thereof. :
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[00861 As used herein the term "fuel-soluble” means that the substance

under discussion should be sufficiently soluble at 20C in the base fuel

selected for use to reach at least the, minimum concentration required to

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

Claimsiance will have a substantially greater solubility in the base fuel than
wihhiSs Eawenss; the substance need not dissolve in the base fuel in alll

proportions. 21 [00871 Each and every patent or other publication referred
L to inay pHHbI 6PEMIS SEBcifRaiBILincorporated in toto into this

disclggure by refarencedfaeRLRunResSSsias ikl e sRIfRthORI&IN.: 1) 1.2-
100881 This invention is susceptible to considerable variation in its

practice. THEAEIBIC R HBYaRBINg dexdrisebHtE 6 sHbsHBB &0 ITRse! apad/or
should not Be&RNSIEE AHTIRSIBEIRME MO ARG RRMICUA  lar weight

exemplifications presented hereinabove. Rather, what is intended to be
covered is &8 QubIi #RoWNs ARy erdimsiararideledeivadnts thereof
permiied ag gymatiarmef law. 22 Claims What is claimed is: 1. Fuel
additive composition, comprising (a) a Mannich detergent comprising the
reaction product of 1) 1,2- diaminocyclohexane, 2)

2. polyisgbytdenersuhstipigdaresakandiat RherghwhergiRthene mole ratio (i)

__polyisobutylene has an average molecular weight of about 300 to about

(i pap@diitrigt S)ordrhSiahyde-art P&y carrier. 2. The fuel additive
composition according to claim 1, wherein the mole ratio (i) (i) and (iii) is,
0.6-1.4:0.6-1.4:0.6-1.4, respectively. 3. The fuel additive composition

3. accoldind’ BIAAVE, SRRBIRSIeRepRBTEIRSL® @2 hrdhghyir the mole ratio (i)

(P94 &0 2050 Pelol; respectivelypd. g fuel additive composition

according to claim 1, wherein the liquid carrier
4, The fuel additive composition according to claim 1, wherein the liquid carrier
is selected from the group consisting of liquid poly-c-oline oligomers, liquid
polyalkene hydrocarbons, liquid hydrotreated polvalkene hydrocarbons, mineral oils,

liquid poly (oxyalkylene) compounds, and any mixture thereof.

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

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

(b) in a minor amount, a fuel additive composition comprising a Mannich
deter comprising the reaction product of 1) 1,2-diaminocyclohexane, 2)
polyisobutylene-substituted cresol and/or phenol wherein the
polyisobutyiene has an average molecular weight of about 300 to about
2,000, and 3) formaldehyde; reaction product obtained by reacting (i)
amino group, (ii) a hydrocarbyl-substituted hydroxyaromatic
compound, 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.

[N
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is selected from the group consisting of liquid poly-a-oline oligomers, liquid
polyalkene hydrocarbons, liquid hydrotreated polyalkene hydrocarbons,
mineral oils, liquid poly (oxyalkylene) compounds, and any mixture
ther siti nj 0 io ' e
O o T 3 S A LR Sornposiion in
an v g Sloanb o) iblamibortdelntpa fuel additive composition
comprising a Mannich deter comprising the reaction product of 1)
1,2-diaminocyclohexane, 2) polyisobutylene-substituted cresol and/or
7. phentl wiibrsinotheopisiisubenderedeasls averagataotecularbweight oigine

naut -2, hyde: reacti duct
oo e R Ftec

hydroxyaromatic compound, and (iii) an aldehyde, wherein the Mannich
s.reacton pragst i RiGRENSIn AN AMoHA suficiank g eaucs e welght viq.

amount of engine deposits in an internal combustion egnglne perate on
intge vYalkalppdisition. 23 6. The fuel composition of claim 5, comprising

the fuel additive composition in an amount ranging from about 100 to

about 1,000 ppm. 7. A method of controlling engine deposits in an internal

combustion engine comprising operating said engine on said fuel

composition of claim 5. 8. The method of claim 7, wherein the controlled

engine deposits comprise intake valve deposits. 24
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