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LUBRI CATING O L COWGOSI TIONS FI ELD OF THE I NVENTION This invention rel ates
to a noveyo ¢l/essi0f Manni ch base condensation products t h®CTABO1/02860 pot ent
-soot dispersants in lubricating oil corrp_ols_i tions. The invention is further
directed to lubricating oil conpositions containing said soot dispersants.
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To improve the sludge dispersing characteristic of Jubricating oils, industry has
moved to the use higher molecular weight materials, which have superior sludge dispersing
properties compared to lower molecular weight materials, and have used such high molecular
weight dispersants in ever increasing amounts. However, dispersants are e:xpensive, may
contain residual levels of chlorine, which leads to problems with the disposal of used
Iubricants, do not blend well in lubricants also containing overbased detergents and contain a
high level of basic amine, which causes the deterioration of seals within the engine during
service. In addition, high molecular weight dispersants, even when used in greater amounts,
do not provide sufficient soot dispersing properties, particularly in high soot environments as
are encountered with lubricating oils for heavy duty diesel engines. Therefore, it would be
advantageous to be able to provide a lubricant with adequate soot dispersancy properties, and

preferably, to do so using reduced amounts of high molecular weight dispersant.

U.S. Patent No. 3,442,808 relates to lubricating oil additives prepared by reacting
alkenyl succinic anhydride with a Mannich base condensation product prepared by

condensing aikyl substituted phenol, formaldehyde and polyalkylene polyamine.



condensi ng al kyl substituted phenol, formal dehyde. and pol yal kyl ﬁgﬁw 0
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wherein R is hydrocarby] of 25 to 200 carbon atoms, R’ is H, alky] or halogen, “n™ is 2 or 3,
“m"” has a value of 1 to 5, Y is H or a methylene hydroxyaryl succinimide radical, “x” has a
value of 1to 2 when Y is H and a value of | when Y is a methylene hydroxyaryl succinimide
radical. The above succinimides are formed in a stepwise reaction, e.g., by reacting a
polyalkenyl succinic anhydride with an aminophenol to produce an intermediate N-
(hydroxyaryl) hydrocarbyl succinimide, which is then reacted with an alkylene diamine and
an aldehyde (e.z., fo_rmaldehyde) in a Mannich base reaction to produce the desired product.
The resulting succinimides may be added to a base oil of lubricating viscosity to form

lubricant concentrates and lubricating oil formulations.

U.S. Patent Nos. 5,017,299; 5,186,851 and 3,345,002 describe Mannich base
condensates of alkyl substituted hydroxy aromatic compounds with formaldehyde and an
amine, wherein the alkyl-moiety of the aromatic compound is derived from ethylene alpha-
olefin copolymer having a number average molecular weight of 300 to 10,000, and wherein at

least 30% of the polymer’s chains contain a terminal ethenylidene unsaturation.
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compounds, optionally substituted with one or more short-chain (Cy-Czo) hydrocarbyl
moieties; an aldehyde; and an amine, wherein the combined number of carbon atoms in any
optional hydrocarbyl substituents of the hydroxyaromatic moiety, the aldehyde, and the amine

does not exceed 80.

In accordance with still another aspect of the present invention, there is provided a
Jubricating oi} composition or concentrate which comprises 2 base oil of lubricating viscosity
and an effective amount of (1) a Mannich base condensate of a hydroxy aromatic compound,
optionally substiruted with one or more short-chain (C;-Cqg) hydrocarbyl moieties; an
aldehyde; and a primary or secondary amine, wherein the combined number of carbon atoms
in any optional hydrocarbyl substituents of the hydroxyaromatic moiety, the aldehyde, and the

amine does not exceed 80, and (2) a high molecular weight nitrogen-containing dispersant.

Compared to the Mannich base materials of the prior art, the lower molecular weight
materials of the invention provide lubricating oils with superior soot dispersing characteristics

and, when used in combination with conventional high molecuiar weight nitrogen-containing
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Fig. 3 illustrates graphically the antioxidancy properties of a compound of the

invention compared to a2 commercially available antioxidant.

DETAILED DESC ON OF THE INV ION

The compounds of the present invention are the condensation products of mono- or

polynuclear aromatic compounds optionally substituted with C,-Cy hydrocarbyl; a C,-Cyo
aldehyde; and an amine containing from 1 to 60 carbon atoms and from 1 to about 12
nitrogens per molecule, wherein the combined number of carbon atoms in the optional
substituent(s) of the hydroxyaromatic compound, the aldehyde and the amine does not exceed

80. Such compounds can be represented by formula (I):

(OH)y (Ry)q

l _Ry
Ro—fAr-r{c—n ) ®
Ry, "%
wherein: Ar is a mono- or polynuciear aromatic moiety;

R, and R, are independently selected from H and C,-Cjyy straight or branched
chain hydrocarbyl groups optionally containing one or more hetero atoms
selected from N, O and S;

R3 is a C;-Cyg straight or branched chain hydrocarbyl group;

Rsis Hora C, to Cy straight or branched chain hydrocarbyl group;

qislor2;

xislto3; .

y is from 1 to 2 times the number of aromatic rings in Ar; and
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The hydroxy aromatic compounds useful in the present invention are optionally

" substituted with one or more hydrocarbyl moieties. To alkylate the hydroxy aromatic
compound, the selected hydrocarbyl moiety (a straight or branched chain C;-Csq hydrocarbyl
group) and hydroxy aromatic compound can be contacted in the presence of a catalytically
effective amount of at least one acidic alkylation catalyst under conditions effective to
a]icylate the aromatic group of the hydroxy aromatic compound. The alkylation catalyst is
conventional and can comprise inorganic acids such as HyPO,, H;SO,, HF, BF;, HF-BF; and
the like. The acid catalyst can also comprise an acidic ion exchange resin having acidic
groups adsorbed or absorbed thereon, such as Amberlyst 15 resin (Rohm & Haas Co.) , and
the like. Also useful as catalysts are preformed complexes (or complexes formed in situ) of
the foregoing with Ca to Cy ethers, C,; to Cyp alcohols, C, to Cyp ketones, phenols and the like,
such as BF; complexed with dimethy] ether, diethyl ether, phenol, and the like. Other useful
alkylation catalysts include clay catalysts, such as Filterols F20X, F22, F105SF and the like
(Englehard Chemtical Corp.), and heteropoly acids catalysts, as described for example, in U.S.
Patent No. 5,334,775.

The hydroxy aromatic compound and hydrocarbyl moiety will generally be contacted
in a ratio of from about 0.1 1o 10, preferably from about 1 to 7, more preferably from about 2
to 5, moles of the aromatic compound per mole of hydrocarby! moiety. The selected acid

catalyst can be employed‘in widely varying concentrations. Generally, when the acid catalyst



the like. Al so useful as catalysts are prefornmed conpl exes (or conpl exes
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as by passi h§f PP of pelietuaip@atiqfogmgindipeotcgfak (e.g., in a catal yst bed or
t hrough a nenbrane i npregnated or otherw se containing the resin catalyst)
and the upper limt on the noles of catalyst enployed per nole of hydroxy
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preferably from about 30 to ‘about OC, nore preferably from about 50 to
about 80C. TheutdPhkyhtzmi 837Cr eaction tine can vary and will generally be from
about 1 to 5 hours, although |onger or shorter tinmes can al so be enpl oyed.
The al kyl ati on process can be practiced in a batchw se, continuous or
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gaseous amph&trg.fize(atan%r removed prior to contacting the alkylation product mixture with the
amine reagent (e.g., polyamine) and aldehyde reactant. The neutralization can be
accomplished by contacting the crude alkylation product with gaseous ammonia or other
basically reacting compound (e.g., aqueous NaQH, KOH and the like}, followed by filtration
to remove any precipitated neutralized catalyst solids. The hydrocarbyl moiety may be a
single linear or branched chain C; to Cy hydrocarbyl group {(e.g., methyl, ethyl, propyl, iso-
propyl, butyl, iso-butyl, pentyl, octyl, decyl, dodecyl), or may comprise 2 mixture of such
hydrocarbyl groups. Alkylation processes of the above types are known and are described for
example, in U.S. Patent Nos. 3,539,633 and 3,649,229.

Alkylated hydroxy aromatic compounds useful in the practice of the present invention
may altemnatively be provided by first alkylating an aromatic compound (e.g. naphthalene),
using, for example, the alkylation methods described above, and subsequently oxidating the
alkylated aromatic compound. Methods for forming such compounds are well known and

described for example, in U.S. Patent Nos. 2,407,044; 2,407,055, 2,451,996 and 3,033,5903.



basically reacting conpound (e.g., aqueous NaCH, KOH and the |ike),
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i ncl ude nono- 188 ditREky A8inE @S ihe Qfole&lﬂ@UWhgn kn@re@Ran mrrﬁf&elaabﬁss are b@senflﬂ the- 9. 3
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m xture may occur. These am nes ma%/ be hydrocar by am nes or

hydr ocar byl &FIR® SMPHIrAvRSRjideshiidegpling oups, agd the E}rﬁ%‘y‘”@’r%‘ﬂ’éw“all%ﬁy
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wherein R, R, R” and R" are independently selected from the group consisting of hydrogen;
C, to Css straight or branched chain alkyl radicals; C; to Cy2 alkoxy, C; to Cs alkylene
radicals; Cs to Cyz hydroxy amino alkylene radicals; and C; to C,» alkylamino C; to Cg

alkylene radicals; and wherein R’ can additionally comprise 2 moiety of the formula:

(CHY—N—H V)
|

Rl

wherein R’ is as defined above, and wherein r and r' can be the same or a different number of
from about 2 to about 6, preferably abont 2 to about 4; and t and t' can be the sarne or
different and are numbers of from 0 to about 10, preferably 0 to about 3, and most preferably
about 0 to about 2, with the proviso that the sum of t and t' is not greater than about 10. To

assure a facile reaction, it is preferred that R, R’, R", R™, r, r', t and ' be selactad in a manner
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di- (1, 2- prowdhesaqi dofylbi&iiartthe; i ( Ue§iRhire! AT opyiin -
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and di-tall ogv am nes, n%n%sne laﬁl‘|l o cocopglrgnmpSJ a%neoﬁi{g’tgg%g??’ﬁﬂﬁaﬂigl
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conmpounds i nclude:” alicyclic di am nes sucﬁ nonet -
cycl ohexane sudhig Mret-erigeprepylimarpholipgjeand mmo%uch as irriidazolines,
and N-am noal kyl piperazines of the general formula (VI): / CH2-CH2\
H(NH (CH2) pl N N(SCH ))-NH H (V)

ther useful amine compounds include: alicyclic diamines such as 1,4-

.‘

di(aminomethyl) cyclohexane, and heterocyclic nitrogen compounds such as imidazolines,

and N-aminoalky] piperazines of the general formula (VI):

CH,-CH
/ 2 2\
H{NH-(CHj) N )-
( 2/)p1 N-11(CH2)-NH TH VD)

ml N\ yd p2

CH,-CH, ”

wherein p; and p; are the same or different and are each integers of from about 1 to about 4,
and n, N2 and n; are the same or different and are each integers of from 0 to about 3 with the
proviso that the amine has no more than about 12 nitrogen atoms per molecule. Non-limiting

examples of such amines include 2-pentadecy! imidazoline; N-(2-aminoethyl) piperazine; etc.

Commercial mixtures of amine compounds may advantageously be used. For
exarnple, one process for preparing alkylene amines involves the reaction of an alkylene
dihalide (such as ethylene dichloride or propylene dichloride) with ammonia, which results in
a compiex mixture of alkylene amines wherein pairs of nitrogens are joined by alkylene

groups, forming such compounds as diethylene triamine, tristhylenetetramine, tetraethylene



nt \ p2 CH2-CH2 ,,, wherein pi and p2 are the sane or different and are
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may advant ageously be used. For exanple, one process for preparing
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pol y(et hyl eneam nes) conpounds averaging about 5 to 7 nitrogen atons per
nol ecul e are avail able comercially under trade nanes such as "Pol yam ne
H', "Pol yam ne 400Jsefil Boinefalbyinptideepolroxpidkylenstpelyaminessngh prohgsgof theformula

m xt ures, as(ggi%ﬂﬁﬂqgr U.S. Patent No. 5,580,484 described supra, may al so
be enpl oyed. ul*'am'nes al so i nclude pol yoxyal kyl ene pol yam nes such as
those of the formula (VIl) and (V1Tl1): R "'- alkylene N H R p4al kylene N
HWVII) (VIl) whege_R' 1S MH.pr Cl- yal gyl , preferaply CG Csal kyl, and n4
isl to 3. The Ng%nich se € lagﬁsgﬁ$6ﬂ Eﬁoducts of #% i nvention are
prepared by condensing at | east one of the above-described hydroxy
aromati c conmpounds with an amne in the presence of an al dehyde. The

reactants are contacte fg% g'___%@? ugder conditio sufficient to form
t he desired dispgésantq%ro ﬂg¥¥hqﬁe prcess enpl oyed i'n"the condensati on
reaction can be any of those disclosed in U S. Patents 3,634, 515;

3,649, 2297 3445, BOR. 3798 J65: 10 2471000, 3,839 433, The amount o

t he reactants ica vary over a w de range.

The Mannich base condensation products of this invention are prepared by
condensing at least one of the above-described hydroxy aromatic compounds with an amine
in the presence of an aldehyde. The reactants are contacted for a time and under conditions
sufficient to form the desired dispersant product. The proce'ss employed in the condensation
reaction can be any of those disclosed in U.S. Patents 3,634,515; 3,649,229, 3,442,808,
3,798,165; 3,798,247 and 3,539,633.

The amount of the reactants employed is not critical and can vary over a wide range.
It is, however, preferred to react the hydroxy arorsatic compound, aldehyde reactant and
amine compound in the respective molar ratios of about 1:1-4:0.1-10. An excess of aldehyde
reactant may be used. The reactions are exothermic, but it is desirable to heat the reaction to a
temperatere of above about 150°C, preferably in the range of form about 150-200°C. This
additional heating drives the reaction to completion and removes water from the resulting

condensation reaction product.



It is, however, preferred to react the hydroxy aromatic conpound, ;%E?%ﬁﬁ
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addi tional heating drives the reaction to conpletion and renoves water from
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the foll ow ggemeacti on schenme: OHOH + CH2O+ HN/ R NR2 1 OHR2/ R N

R '- NR R2 wherein R, and R2 are as previously defined. A preferred

group of Mannich base condensation products are those fornmed by condensing -

napt hol, optionally substituted with & to C20 hydrocarbyl, with

| i phatic or aromatic substituted secondary am ne,

h as hydrogenated nono- or di-tallow am ne, nono- or

substituted with shorter alkyl Regti es, such as

nono- or di- 2, nono- or di-octyl amne, non or di-hexyl am ne,
e, mbno- oM -butyl am ne, HiNno- or di-propyl

nmono- or di- 1@
am ne, nono- vzl thyl "am ne; or nopo- or di-phenyp\gr nono- or
di - benzyl am ne. Particularly R,

e.g., fatty amnes s
di -coco am ne; _am ne

OH OH
‘ /Rl /Rl
N N
N N
R, R
R] Rg

wherein R, and R; are as previously defined.

A preferred group of Mannich base condensation products are those formed by
condensing napthol, optionally substituted with C, to Cy hydrocarbyl, with formaldehyde and
an aliphatic or aromatic substituted secondary amine, e.g., fatty amines such as hydrogenated
mono- or di-tallow amine, mono- or di-coco amine; amines substituted with shorter alkyl
moieties, such as mono- or di-nonyl amine, mono- or di-octyl amine, mono- or di-hexyl
amine, mono- or di-pentyl amine, mono- or di-butyl amine, mono- or di-propyl amine, mono-
or di-methyl amine; or mono- or di-phenyl or mono- or di-benzyl amine. Particularly
preferred are di-alkyl amines derived from natural fatty acids, such as di-coco amine, di-
tallow amine and di-palmitic amine. A particularly preferred product of the present invention
cosmprises the condensation reaction of (A) naphthol; (B) formaldehyde; and (C) a di-aliy}
amine derived from a natural fatty acid; using about 1 to 2 moles of each of (B) and (C) per
mole of (A). The desired Mannich Base condensation product formed by the process of this
invention will generally be present in the condensation reaction product mixture in a
concentration of at least about 60 wt.% (e.g., from 65 to 95 wt.%), more preferably at least

about 70 wt.%, and most preferably from about 75 to about 90 wt.%.
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about 2 cent cedtigloRss, bmabaud ar400wEnt i st okes, especially from about 4
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I nclude animal oils and vegetable oils (e.g., castor oil, lard oil); liquid
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oils of the paraffinjc, _naphthenic¢c and m “xed par afgfl ni c- napht heni c_types.
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alkylated polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and

derivative, analogs and homologs thereof.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc., constitute
another class of known synthetic lubricating oils. These are exemplified by polyoxyalkylene
polymers prepared by polymerization of ethylene oxide or propylene oxide, and the alkyl and
ary! ethers of polyoxyalkylene polymers (e.g., methyl-polyiso-propylene glycol ether having a
melecular weight of 1000 or diphenyl ether of poly-ethylene glycol having a molecular
weight of 1000 to 1500); and mono- and polycarboxylic esters thereof, for example, the acetic

acid esters, mixed C;-Cs fatty acid esters and C;3 Oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkeny! succinic
acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic

acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic acids) with a variety of
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treat ment. Femraledwifiphes, a shale oil obtained directly from

Unrefined, refined and re-refined oils can be used in lubricants of the present
invention. Unrefined oils are those obtained directly from a natural or synthetic source
without further purification treatment. For example, a shale oil obtained directly from
retorting operations; petroleum oil obtained directly from distillation; or ester oil obtained
directly from an esterification and used without further treatment would be an unrefined oil.
Refined oils are simtlar to unrefined oils except that the oil is further treated in one or more
punfication steps to improve one or more properties. Many such purification techniques,
such as distillation, solvent extraction, acid or base extraction, filtration and percolation are
known to those skilled in the art. Re-refined oils are obtained by processes similar to those
used to provide refined oils but begin with oil that has already been used in service. Such re-
refined oils are also known as reclaimed or reprocessed oils and are often subjected to
additionally processing using techniques for removing spent additives and oil breakdown

products.
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to reduce
The high molecular weight dispersants useful in the context of the present invention

include the range of ashless (metal-free) dispersants known to be effective to reduce
formation of deposits upon use in gasoline and diesel engines, when added to lubricating oils.
The ashless, high molecular weight dispersant useful in the compositions of the present
invention comprises an oil soluble polymeric long chain backbone having functional groups
capable of associating with particles to be dispersed. Typically, such dispersants comprise
amine, alcohol, amide or ester polar moieties attached to the polymer backbone, often viaa
bridging group. The ashless, high molecular weight dispersant may be, for example, selected
" from oil soluble salts, esters, amino-esters, amides, imides and oxazolines of long chain
hydrocarbon-substitated mono- and polycarboxylic acids or anhydrides thereof;
thiocarboxylate derivatives of long chain hydrocarbons; long chain aliphatic hydrocarbons
having polyamine moieties attached directly thereto; and Mannich condensation products
formed by condensing a long chain substituted phenol with formaldehyde and polyalkylene

polyamine.
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Persons familiar with the operation of GPC equipment understand that this problem may be

eliminated by using a mixed solvent system, such as tetrahydrofuran (THF) mixed with a
minor amount of pyridine, as opposed to phre THEF. The problem may alsc be addressed by
capping the amine with acetic anhydride and correcting the molecular weight based on the
amount of capping groups. Another useful method for determining molecular weight,
particularly for lower molecular weight polymers, is vapor pressure osmometry (see, e.g.,
ASTM D3592).

Suitable hydrocarbons or polymers employed in the formation of conventional high
molecular weight dispersants include homopolymers, interpolymers or lower molecular
weight hydrocarbons. One family of such polymers comprise polymers of ethylene and/or at
least one Cs to Cyg alpha-olefin having the formula H,C=CHR' wherein R' is straight or
branched chain alkyl radical comprising 1 to 26 carbon atoms and wherein the polymer
contains carbon-to-carbon unsaturation, preferably a high degree of terminal ethenylidene

unsaturation. Preferably, such polymers comprise interpolymers of ethylene and at least one
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However, it is preferred that the polyners of this invention conprise only
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i nterpol yners of ethyl ene and al pha-ol efi.n conpnoners., The | a
poly of alphaaolel%/n monomers, or m&tures cornpns?mg ethylene an at least one C; to (Ezs alpha-

olefin monomer, in the presence of a catalyst system comprising at least one metallocene
(e.g., a cyclopentadienyl-transition metal compound} and an alumoxane compound. Using
this process, a polymer in which 95 % or more of the polymer chains possess terminal
ethenylidene-type nnsaturation can be provided. The percentage of polymer chains exhibiting
terminal ethenylidene unsaturation may be determined by FTIR spectroscopic analysis,
titration, or C> NMR. Interpolymers of this latter type may be characterized by the formula
POLY-C(R1)=CH2 wherein R’ is C, to Ca alkyl, preferably C; to C;; alkyl, more preferably
C, to Cs alkyl, and most preferably C; to C; alkyl, (e.g., methyl or ethyl) and wherein POLY
represents the polymer chain. The chain length of the R' alkyl group will vary depending on
the comonomer(s) selected for use in the polymerization. A minor amount of the polymer
chains can contain terminal ethenyl, i.e., vinyl, unsaturation, i.e. POLY-CH=CH3, and a
portion of the polymers can contain internal monounsaturation, e.g. POLY-CH=CH(RI),
wherein R' is as defined above. These terminally unsaturated interpolymers may be prepared
by known metallocene chemistry and may also be prepared as described in U.S. Patent Nos.
5,498,809; 5,663,130; 5,705,577; 5,814,715; 6,022,929 and 6,030,930.
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to about 75%by wt., and an 1sobutene content of about 30 to about 60% by
w., in the bﬁ’r"é‘%ence of a Lewis acid catalyst, such as al um num
trichloride or boron trifluoride. A preferred source of nononer for making
pol y-n-butenes is petroleum feedstreans such as Raffinate H  These
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U.S. Patent Nos. 3,087,936; 3,172,892; 3,215,707, 3,231,587;-3,272,746; 3,275,554;
3,381,022; 3,442,808; 3,565,804; 3,912,764; 4,110,349; 4,234,435; and GB-A-1,440,219.
The polymer or hydrocarbon may be functionalized, for example, with carboxylic acid
producing moieties (preferably acid or anhydride) by reacting the polymer or hydrocarbon
under conditions that resuit in the addition of functional moieties or agén_ts, lLe., acid,
anhydride, ester moieties, etc., onto the polymer or hydrocarbon chains primarily at sites of
carbon-to-carbon unsaturation (also referred to as ethylenic or olefinic unsaturation) using the

halogen assisted functionalization (e.g. chlorination) process or the thermal "ene” reaction.

When using the free radical grafting process using a catalyst (e.g. peroxide), the
functionalization is randomly effected along the polymer chain. Selective functionalization
can be accornplished by halogenating, e.g., chlorinating or brominating the unsaturated ¢-
olefin polymer to about 1 to 8 wt. %, preferably 3 to 7 wt. % chlorine, or bromine, based on
the weight of polymer or hydrocarbon, by passing the chlorine or bromine through the
polymer at a temperature of 60 to 250°C, preferably 110 to 160°C,
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sufficient nonounsaturated reactant capabl'e of add fun ctlong nmoi.eties
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250C, usual | ¥djakatidartbdQfontsreddaof sdi@moRdishrufnibn; (i) difivat@egof, (i) Sudhais 8
anhydrides or C, to Cs alcohol derived mono- or diesters of (i); (ili) monounsaturated C, to
C,¢ monocarboxylic acid wherein the carbon-carbon double bond is conjugated with the
carboxy group, i.e., of the structure -C=C-CO-; and (iv) derivatives of (iii) such as C, t0 Cs
alcohol derived mono- or diesters of (iii). Mixtures of monounsaturated carboxylic materials
(i) - (iv) also may be used. Upon reaction with the backbone, the monounsaturation of the
monounsaturated carboxylic reactant becomes saturated. Thus, for example, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid becomes
backbone-substituted propionic acid. Exemplary of such monounsaturated carboxylic
reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride, chloromaleic zcid,
chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic acid, cinnamic acid, and
lower alkyl (e.g-, C: to Cs alkyl) acid esters of the foregoing, e.g., methyl maleate, ethyl
fumarate, and methyl fumarate. The monounsaturated carboxylic reactant, preferably maleic
anhvdride, typically will be used in an amount ranging from about 0.01 to about 20 wt. %,

preferably 0.5 to 10 wt. %, based on the weight of the polymer or hydrocarbon.

While chlorinztion normally helps increase the reactivity of starting olefin polymers
with monounsaturated functionalizing reactant, it is not necessary with the polymers or

hydrocarbons contemplated for use in the present invention, particularly those preferred
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material. The hydrocarbon or pol yner backbone can be functionalized, e.g.,
with carboxylic acid producing noieti es (preferabl y acid or anhydride
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reaction w tBodchgrepRP Piero 2. @Mﬂﬁaﬁé&ﬁakﬂ%lﬁite& Qﬁftm@%ﬁ‘lﬂ'&&at ur at ed
carboxylic react a,nt hecones ?@Wl‘]c‘r teg hus, for. ex arrg mal ei ¢ mg@ dri de
becones backFEFRshgdR p rines Eingio4 sAlHOLFnIRRIng, S d 9 o9 ML %o 0Pl ones
backbone- suhs 6 wtit% golpmeyhaes ¢h thcintlial b aipbatgonof such nonounsat ur at ed
carboxylic reactants are fumaric acid, itaconic acid, nmaleic acid, nmaleic

anhydride, chloromal eic acid, chl or omal ei ¢ anhydride, acrylic aC|d
met hacryl i c aci d, Thedeegadient mstiators Hiermahecised: e perarides, h!ﬂﬁﬁrcrﬂmcl%ylam( &og. , C,

to C4 al kyl )coe.gre.ﬂmesf&aeams)fth&sbﬁmt DEF Bbillag p&mggmatmam%om@taﬁd et hyl
fumarate, and fumarfate. The nonounsaturated carhb é li¢c reactant,
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free-radical mltlator are psed in a weight ratio range of from about 1.0: 1 to 30:1, preferably

3:1 to 6:1. The grafting is preferably carried out in an inert atmosphere, such as under
nitrogen blanketing. The resulting grafted polymer is characterized by having carboxylic acid
{or ester or anhydride) moieties randomly attached along the polymer chains: it being
understood, of course, that some of the polymer chains remain ungrafted. The free radical
grafting described above can be used for the other polymers and hydrocarbons of the present

invention.

The functionalized oil-soluble polymeric hvdrocarbon backbone may then be further
derivatized with a nucleophilic reactant, such as an amine, amino-alcohel, alcohol, metal
compound, or mixtre thereof, to form a corresponding derivative. Useful amine compounds
for derivatizing functionalized polymers comprise at least one amine and can comprise one ot
more additional amine or oiher reactive or polar groups. These amines may be hydrocarbyl
amines or may be predominantly hydrocarby] amines in which the hydrocarbyl group includes
other groups, e.g., hydroxy groups, alkoxy groups, amide groups, nitriles, iridazoline groups,

and the like. Particolarly useful amine compounds include mono- and polyamines, e.g.,
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may then be further Lvatized w th a nucleophi lic reactant such as an
o e, ami noPHFRT P OSE12 k Retahebadeliner RBRlsH i FEFLA fondlifdafls 70,
a cor r espondiegigentanaiethniqees abldedctibedafor eveampbayroUSdBaterft Mos 23485 aad ng
functionaliz L ynmer s, co IS | east one am ne and can conpri se one or
nor e additioﬁgﬁﬁg?gfﬁsewgl%asoﬁ%ﬁ‘?%ﬁqoi ve or polar groups. These am nes nay
be hydrocarbyl am nes or may be predominantly hydrocarbyl am nes in which
the hydrocarbyl gnQup, | AGlLIAGES:1 QIR ol URSyaedbon IMAAKYmY QR 31 KOXY
groups, amide groups, nitrites, 1Tm 2011 ne 6roups,

derivatized with hydroxy compounds such as monohydric and polyhydric alcohols, or with
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aromatic compounds such as phenols and naphthols. Preferred polyhydric alcohols include
alkylene glycols in which the alkylene radical contains from 2 to 8 carbon atoms. Other
useful polyhydric alcohols include glycerol, mono-oleate of glycerol, monostearate of
glycerol, monomethy! ether of glycerol, pentaerythritol, dipentaerythritol, and mixtures
thereof. An ester dispersant may also be derived from unsaturated alcohols, such as ailyl
alcohol, cinnamy! alcohol, propargyl aleohol, 1-cyclohexane-3-ol, and oleyl alcohol. Still
other classes of alcohols capable of yielding ashless dispersants comprise ether-alcohols,
including oxy-alkylene and oxy-arylene. Such ether-alcohols are exemplified by ether-
alcohols having up to 150 oxy-alkylene radicals in which the alkylene radical contans from 1
to 8 carbon atoms. The ester dispersants may be di-esters of succinic acids or acid-esters, 1.e.,
partially esterified succinic acids, as well as partially esterified polyhydric alcohols or

phenols, i.e., esters having free alcohols or phenolic hydroxy radicals. An ester dispersant
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Another class of high molecnlar weight ashless dispersants comprises Mannich base
condensation products. Generally, these products are prepared by condensing about one mole
of a long chain alkyl-substituted mono- or polyhydroxy benzene with about 1to0 2.5 moles of
carbonyl compound(s) (e.g., formaldehyde and paraformaldehyde) and about 0.5 to 2 moles
of polyalkylene polyamine, as disclosed, for example, in U.S. Patent No. 3,442,808. Such
Mannich base condensation products may include a polymer product of a metallocene
catalyzed polymerization as a substituent on the benzene group, or may be reacted with a
compound containing such a polymer substituted on a succinic anhydride in a2 manner similar
to that described in U.S. Patent No. 3,442,808. Examplés of functionalized and/or derivatized
olefin polymers synthesized using metallocene catalyst systems are described in the

publicaticns identified supra.

The high molecular weight dispersant can be further post treated by a variety of
conventional post treatments such as boration, as generally taught in U.S. Patent Nos.
3,087,936 and 3,254,025. Boration of the dispersant is readily accomplished by treating an

acyl nitrogen-containing dispersant with a boron compound such as boron oxide, boron halide
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t ri smet hyl ol rwgwadneichanen aiasbelgplied. bed in U. S. Patent No. 3, 632, 511. :
Anot her class of high nol ecul ar wei ght ashl ess di spersants conpri ses

Manni ch base condensation products. Generally, these products are prepared
by condensi ng aboGbnengonabiigh nﬁfect&aﬂ\ﬁeﬁgltﬂhﬁérﬁhn&l K)&deﬁdﬁ)ﬁiﬂrbﬁﬂiﬁgslﬁﬂgﬁo- or
pol yhydr oxy henzene ahout . 1 2.5 | e car Qund(s)
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pol yaI kyl eneSqu@hgmgiy nehas asendbwd|tos e, Mﬁrﬁﬁch@éﬁe‘min&snsad‘bnlﬁrcﬁucﬁaf mabrekvkm
3,442,808. Such ndensati on rodu ncl yde a pol yner
product of ann%p[tlgp Is)()“eegflnﬂlca elscfogft es(ﬁ’of)%f%‘;ffé‘? fécfpe% g’aé’ gglﬁ?rtvﬁ%ﬁ‘? on the
benzene gr ougispetsanwaFhizethe aaoctfedmall imoant of EPidnidh B@Wc@htﬂﬂn@@oﬁ pokuds ¢fol ynmer

substituted e praesésn mveﬂmn aftow) Q’ gr{eltg ?educe tﬁe grrg'gun ?of tﬁe rr:gatxvely expensive high

molecular weight dispersant used in the Inbricating oil composition while maintaining, or
actually increasing, the soot dispersant properties of the composition. ‘To provide sufficient
control of soot induced viscosity increase, a conventional lubricating oil composition will
employ a high molecular weight dispersant in an amount of up to about 20 wt. %, more
usually up to about 8§ wt. %, based on the total mass of the finished lubricant. In contrast, in a
lubricating oil composition containing about 0.01 to about 5 wt. %, preferably from about
0.05 to about 2 wt. %, more preferably from about 0.1 to about 1 wt. %, of a Mannich Base
condensation product of the present invention, a combarable level of sludge and soot
dispersancy can be achieved with about 1 to about 12 wt. %, preferably from about 1 to about
7 wt. %, more preferably from about 2 to about 5 wt. %, of the high molecular weight
dispersant. In general, each 0.5 wt.% increase in the amount of the Mannich base
condensation product of the present invention may allow for up to a 5 wt. % reduction in the

amount of needed high molecular weight dispersant.
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enpl oy a high nolecul ar weight dispersant in an anount of up to about 20
W, % mor e Irom 250 to 450 or more.

Detergents that may be used include oil-soluble neutral and overbased sulfonates,
phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates and other oil-
soluble carboxylates of a metal, particularly the alkali or alkaline earth metals, e.g., sodium,
potassium, lithium, calcium, and magnesium. The most commonly used metals are calcium
and magnesium, which may both be present in detergents used in a Jubricant, and mixtures of
calcium and/or magnesium with sodium. Particularly convenient metal detergents are neutral
and overbased calcium sulfonates having TBN of from 20 to 450 TBN, and neutral and
overbased calcium phenates and sulfurized phenates having TBN of from 50 to 430.

Combinations of detergents, whether overbased or neutral or both, may be used.

Sulfonates may be prepared from sulfonic acids which are typically obtained by the
sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained from the
fractionation of petrolenm or, by the alkylation of aromatic hydrocarbons. Examples included
those obtained by alkylating benzene, toluene, xylene, naphthalene, diphenyl or their halogen

derivatives such as chlorobenzene, chlorotoluene and chloronaphthalene. The alkylation may



usually up to about 8 wt. % based on the total mass of the finiap
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Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and

antioxidant agents. The metal may be an alkali or alkaline earth metal, or alurninum, lead, tin,
molybdenum, manganese, nickel or copper. The zinc salts are most commonly used in
lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2 wt. %, based upon the total weight
of the lubricating oil composition. They may be prepared in accordance with known
techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by
reaction of one or more alcohol or a phenol with P»Ss and then neutralizing the formed DDPA
with a zinc compound. For example, a dithiophosphoric acid may be made by reacting
mixtures of primary and secondary alcohols. Altematively, multiple dithiophosphoric acids
can be prepared where the hydrocarbyl groups on one are entirely secondary in character and
the hydrocarbyl groups on the others are entirely primary in character. To make the zinc salt,
any basic or neutral zinc compound could be used but the oxides, hydroxides and carbonates
are most generally employed. Commercial additives frequently contain an excess of zinc due

to the use of an excess of the basic zinc compound in the neuvtralization reaction.

The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of

dihvdrocarbyl dithiophosphoric acids and may be represented by the following formula:
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used in

in service. Oxidative deterioration can be evidenced by sludge in the lubricant, vamish-like
deposits on the metal surfaces, and by viscosity growth. Such oxidation inhibitors include
hindered phenols, alkaline earth metal salts of alkylphenolthioesters having preferably Cs to
C; alkyl side chains, calcium nonylphenol sulfide, oil soluble phenates and sulfurized
phenates, phosphosulfurized or sulfurized hydrocarbons or esters, phosphorous esters, metal
thiocarbamates, oil soluble copper compounds as described in U.S. Patent No. 4,867,890, and

molybdenum-containing compounds.

Aromatic amines having at least two aromatic groups attached directly to the nitrogen
constitute another class of compounds that is frequently used for antioxidancy. Whie these
materials may be used in small amounts, preferred embodiments of the present invention are
free of these compounds. They are preferably used in only small amounts, i.e., up to 0.4 wt.
%, or more preferably avoided altogether other than such amount as may result as an impurity

from another component of the composition.



tubricating oil in anounts of 0.1 to 10, preferably 0.2 to 2 wt. % based
upon the total weight of the lubricating oil conposition. They nay be
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styrene/butadiene, and isoprene/butadiene, as well as the partially hydrogenated

homopolymers of butadiene and isoprene.

Friction modifiers and fuel economy agents that are compatibie ;vith the other
ingredients of the final oil may also be included. Examples of such materials include glyceryl
monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of long chain
polycarboxylic acids with diols, for example, the butane diol ester of a dimerized unsaturated

! - fatty acid; oxazoline compounds; and alkoxylated alkyl-substituted mono-amines, diamines
and alkyl ether amines, for example, ethoxylated tallow amine and ethoxylated tallow ether

amine.

A viscosity index improver dispersant functions both as a viscosity index improver
and as a dispersant. Examples of viscosity index improver dispersants include reaction
products of amines, for example polyamines, with a hydrocarbyl-substituted mono -or
dicarboxylic acid in which the hydrocarbyl substituent comprises a chain of sufficient length
to impart viscosity index improving properties to the compounds. In general, the viscosity
index improver dispersant may be, for example, a polymer of a C, to C»s unsaturated ester of
vinyl alcohol or a C; to C;p unsaturated mono-carboxylic acid or a C4 to Cyo di-carboxylic
acid with an unsaturated nitrogen-containing monomer having 4 to 20 carbon atoms; a

polymer of a C; to Cyg olefin with an unsaturated C; to Cyo mono- or di-carboxylic acid
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by a coval ent [ ) om or group (e.g., an O0xygen ‘or ur atom
or a -CO, -weEplydignethyl faxanfe group) and two are directly attached to one
am ne nitrogen al so considered aromatic am nes having at |east two aromatic
groups attachedngirectl to the_ni%éqc%lgegen. The aromatic rings are typically
substituted by orePmTs il bovesmtiqned additives ean pEqvads ampuitiplicsty of effectycthusiogy | |

al koxy, har y:ﬁmfnleﬁisihgle aditi @ mayact Eh)édlri]@!ﬁ)tant-aﬁdat}oﬂiiﬁlﬁ&ituﬂrmﬁipprﬁﬁisaﬁﬁmunt of
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w. %active ingredient. Representative exanples of suitable viscosity
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pol ynet hacryl at es, acryl ate copoOlyners, © copolyners of an unsaturated
di car boxy! i ctbagnRilieyRf the Wischsy of Ad Thysnalibpyabi Rpiee xoup Fontajpipg adslitivend
acrylic est edchieverd chiaBly lowahisdosity G RSB M Ading QR iV KA bSenUbsdrved tBAS4md SOPT ene,
styrene/ but adi ene,. and i sopr ene/.but adi ene,. as wel | as t hg Jar ti %l k’y
hydr ogenat e C];:o:nnpomhons Increase In viscosity when stored for prolonged periods. Additives which are

effective in controlling this viscosity increase include the long chain hydrocarbons

functionalized by reaction with mono- or dicarboxylic acids or anhydrides which are used in

the preparation of the ashless dispersants as hereinbefore disclosed.

‘When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount that enables the
additive to provide its desired function.

It may be desirable, although not essential, to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as additive
packages) whereby several additives can be added simultaneously to the oil to form the

lubricating oil composition.

The final composition may employ from 5 to 25 mass %, preferably 5 to 18 mass %,

typically 10 to 15 mass % of the concentrate, the remainder being oil of lubricating viscosity.
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All weight percents expressed herein (unless otherwise indicated) are based on active
ingredient (A.X.) content of the additive, and/or upon the total weight of any additive-package,
or formulation which will be the sum of the A.l. weight of each additive plus the weight of

total oil or diluent.

This invention will be further understood by reference to the following examples,
wherein all parts are parts by weight, unless otherwise noted and which include preferred

embodiments of the invention.

Svnthesis Example A ‘
Synthesis of alpha-naphthol-2HT Mannich base condensation product

50g (0.347 mol) of alpha-naphtol were added to a 1 liter four necked round bottomed flask
equipped with an air stirrer, thermometer and nitrogen blanket. About 100 ml. of toluene
(other nentral solvents such as heptane or a neutral diluent oil could also be used) were added
and the mixture was stirred at room temperature while adding 347g (0.694 mol) of

hydrogenated di-tallow amine, commonly referred to as 2HT amine. The reaction mixtare



In the present invention it nmay be necessary to include an additive which
maintains the stability of the viscosity of the blend. Thus, al Qholigh2003
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vi scosity when stored for prol onged peridds. Additives which are effective
in controlling this viscosity increase include the |ong chain hydrocarbons
functionalized by reaction with nono- or dicarbqéylic aci ds or anhydrides
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above-nmentioned additives, each additive is typically blended into the
base oil in"8% anount that enables the additive to provide its desired
function. Representative effect anmounts of such additives, when used in
crankcase luybrjcants, are listed below. Al the values |listed are stated as
mass per ceéﬁ'ﬁhﬁ&w&gﬁedi ent. ADDI Tl VEMASS % MASS % ( Broad) ( Preferred)
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1-octadecene. While stirting under a nitrogen blanket, 100g of dry Amberlyst 15 were added

and the reaction mixture was heated to 110°C for 9 hours. The product was diluted with 100
ml of heptane and filtered. The solvent was nitrogen stripped, and the residue was vacuum
stripped at 200°C until constant weight 'to insure that the unreacted olefin was removed. The
product analyzed to be greater than 95% active ingredient. GC analysis showed that the
product was a mixture of mono- and di-substituted naphthol with about 1.7 alkyl chains per
naphthol ring. C-i3 and proton analysis indicated that the alkyl-substitated napthol was
primarily ortho/para alkylated naphthol.

Synthesis Example C
Synthesis of alpha-naphthol—di-coco amine Mannich base condensation product
20.59g (0.0.143 mol) of alpha-naphthol were added to a 1 liter four necked round bottomed

flask equipped with an air stirrer, thermometer, and nitrogen blanket containing 125.2 g of
rmineral oil Solvent 100 Neutral, FN 1365. Then, 100.96 g ( 0.286 mol) of di-coco amine,
comimercially sold as Adogen-260, were added and the mixture was stirred while heating to
80°C. At 80°C, 25.51¢g (0.315 mol) of formalin (37% formaldehyde) were added slowly via
an addition funnel. Thereafter, the reaction mixture was soaked at 80°C for 2 hours. The
reaction mixture was then heated slowly to 150°C while distilling off the water and mineral
oil. Once the water stopped distilling off, the residue was stripped at 150°C with nitrogen
until constant weight. A 50% oil solution product was collected. Analytical results show the
product to contain 1.56% N. The FTIR spectrum of the preduct was identical to the spectrum

of a product obtained when using toluene as the solvent.
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while cooling to room tenperature. Analytical results indicated that the
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50g (0.347 mol) of alpha-naphthol were charged into a reactor containing 175g (0.694 mol) of

l-octadecene. While stiming under a nitrogen blanket, 100g of dry Amberlyst 15 were added
and the reaction mixture heated to 110°C for 9 hours. The product was diluted with 100 ml of
heptane and filtered. The solvent was nitrogen stripped and the residue was vacuum stripped
at 200°C until constant weight to insure that the unreacted olefin was stripped. The product
analyzed to be greater than 95% active mgredient. GC analysis shows the product tobe a
mixture of mono- and di-substituted naphthol, with about 1.7 chains per naphthol ring. C"?
and proton NMR analysis showed the product to be primarily ortho/para-alkylated naphthol.

nthesis Example F

Svnthesis of Phenol-2HT Mannich Base, (Phe/Formalin/2HT= 1.0/1.0/1.1)
28.2g (0.30 mol) of phenol were added to a 250 ml four necked round bottomed flask

equipped with an air stirrer, thermometer, and nitrogen blanket containing 100 ml of heptane.
Then, 150g (0.30 mol) of 2HT amine were added and the mixture was stirred while heating to
80°C. At 80°C, 26.75¢g (0.33 mol) of formalin (37% formaldehyde) were added slowly via an
addition funnel. Thereafter, the reaction mixture was soaked at 80°C for 2 honrs. The
reaction mixture was then heated slowly to 150°C while distilling the water and heptane.
Once the water stopped distilling off, the residue was stripped at 150°C with nitrogen unti}
constant weight. The product was collected and solidified while cooling to room temperature.
Analytical results show the product to contain 2.2% N. The FTIR spectrum and C" and
proton NMR indicated that the desired product was provided.
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sol ution product was collected. Analytical results show the product to
contain 1.56% N. The FTIR spectrum of the product was identical to the
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addition funnel. Thereafter, the reaction mixture was soaked at 80°C for 2 hours. The

T AR,

reaction mixture was then heated slowly to 150°C while distilling the water and heptane.
Once the water stopped distilling off, the residue was stripped at 150°C with nitrogen until
constant weight. The product was collected and solidified while cooling to room temperature.
Analytical results showed the product to contain 2.60 N. FTIR spectrum and C * and proton
NMR analysis indicated that the desired product was provided.

Product Performance

The ability of a composition to control soot-induced viscosity increase, and thus, the
ability of a composition to maintain soot in suspension, can be measured using bench tests
including the carbon black bench test (CBBT) and Haake Carbon Black Test. Procedures for

performing these tests are industry standard and well known, but are summarized below:

Carbon Black Bench Test (CBBT)

In the carbon black bench tests performed in association herewith, a compound of the

present invention (as a dispersant booster) and a primary, high molecular weight dispersant

are blended into a simplified o1l formulation containing the dispersant mixture, a detergent,
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. TT=1.0/ 2.0/ 2. 2) 18 8g (0.20 nmol) of phenol were added to a 250 ml four

necked round_bot tloged flask equipped with an air stirrer, thernoneter, and
nitrogen bla ntai ning 100 mM of heptane.
Lubricating oil formulations were formed by blending into a base oil, for 1 hour at

70°C, constant amounts of detergent, antioxidant and antiwear agent and variable amounts of
a high molecular weight dispersant (a PIBSA-PAM product derived from PIBSA having a
number average molecular weight of about 2200, and having a succination ratio of about 1.1),
and a compound of the present invention (alpha-napthol 2HT). The formulations were
subjected to carbon black bench testing (CBBT) wherein carbon black was blended into the
formulations at variable concentrations. The carbon black was added to the oil in the form of
a 20% paste in basestock; to reduce flyaway dust and was dispersed into the formulation by
blending using a high speed blender for 5 minutes, followed by stirring for 90 minutes at
100°C. The kinematic viscosity of the formulation was then measured in a cross-arm tube at

100°C.

The results achieved are shown in the 3-D plot of Fig. 1. As shown by Fig. 1, the
Mannich base condensation products of the present invention act as potent soot dispersancy
boosters when used in combination with high molecular weight dispersants. For example, a
formulated oil containing 9.8 wt. % of the high molecular weight dispersant and none of the
Mannich base condensation product of the present invention is shown to reach a kinematic

viscosity of 200 cSt at 2 soot content of only 3.4%. In contrast, a formulation contaming the
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Bench Test _(fBRRtel Bvéri@aiza bbRardthackoh eNnGhct 09143 seet fAarismgical) trsseedint i on
herewi th, a caonmpound of f he, rPre‘fent_1 I nvention (as.a di spersant booster)
and a pri mar®yshegfiraigs Hf)@'%éiﬁfa AP HeE pRddanfomPaReny| ended into a
sinplified oil formulation containing the dispersant m xture, a detergent,
0 ~ ocT 20WWD Q2/ 059240 PCT/ | BOl/ 02860 -31 antioxidant, . and antiywear
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by the data of Fig. 2, in formulations containing both 4% and 2% (AI) of high molecular

weight dispersant, soot-induced viscosity increases are substantially eliminated when the oil
formulation further contains from 0.5 to 1 wt.% of the Mannich base condensation product of

the present invention.

Example 3
The efficacy of a Naphthol Mannich base product of the present invention as an

antioxidant was determined relative to a commercial antioxidant (Irganox L1335, Ciba
Specialty Chemicals) by NOxidation test using High Pressure Scanning Calorimetric
measurements. As shown in Fig. 3, an increase in concentration of Naphtol-2HT Mannich
base increases the oil stability in NO; and, at comparable treat rates, the antioxida'ncy effect of

the compound of the present invention was similar to that of Irganox L135.

The disclosures of all patents, articles and other materials described herein are hereby
incorporated, in their entirety, into this specification by reference. The principles, preferred
embodiments and modes of operation of the present invention have been described in the

foregoing specification. What applicants subrmnit is their invention, however, is not to be
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initial blending procedure. Carbon black, as a surrogate for dppg(7 pgyzadded
to the oil. The dispersion is mxed in a high-speed bl ender, follomed by
stirring W80 %Ja%rf proper mxing of the carbon black int q,ctmogbqlsﬁo The

ki nematic viscosity is then nmeasured in a cross-armtube at Lower

vi scosity with respect to the appropriat@3control indicates better soot

di spersancy. Haake Carbon Bl ack Test The Haake Carbon Bl ack Test involves
bl endi ng the dispersant into a formulated oil. 1In the tests conducted in
associ ation dfwstamidIahlinﬁt&btoumdulaocmmddaﬁémmmwisinsc the Idisghsedm)l ecul ar

ot or gont . MEBURHEARRELY Ao U E e TR oy SR ok

conponent s ofkilleden the lartfwithoutl dagartiy; fedre the Wpire 6f teelinbenton. i ni ti al bl endi ng.
Car bon bl ack powder is then added to a final concentration and the sanple
i s bl ended overnight. The viscosity of the carbon bl ack dispersion is then
neasured in a Haake rheoneter over a range of shear rates fromO0. 1sec"l|
to 30sec"1 Typically, the viscosity at shear rates 0.26sec 1 and 0. 45sec t-
are used for conparison. Exanple 1 Lubricating oil fornmulations were forned
by blending into a base oil, for 1 hour at 70C, constant amounts of
detergent, antioxi dant and anti wear agent and variable anounts of a high
nol ecul ar wei ght di spersant (a Pl BSA- PAM product derived from Pl BSA havi ng
a nunber average nol ecul ar wei ght of about 2200, and having a succination
ratio of about 1.1), and a conpound of the present invention
(al pha-napt hol 2HT). The fornul ati ons were subjected to carbon black bench
testing (CBBT) wherein carbon black was blended into the fornulations at
variabl'e concentrations. The carbon bl ack was added to the oil in the form
of a 20% paste in basestock, ‘to reduce flyaway dust and was dispersed into
the formul ation by bl ending using a high speed blender for 5 m nutes,
foll owed by stirring for 90 m nutes at 100C. The kinenmatic viscosity of
the formulation was then nmeasured in a cross-armtube at 100C. The results
achi eved are shown in the 3-D plot of Fig. 1. As shown by Fig. .1, the
Manni ch base condensation products of the present invention act as potent
soot di spersancy boosters when used in conbination with high nol ecul ar
wei ght di spersants. For exanple, a fornulated oil containing 9.8 wt. % of
t he high nmol ecul ar wei ght di spersant and none of the Mannich base
condensati on product of the present invention. is shown to reach a kinenmatic
viscosity of 200 cSt at a soot content of only 3.496. In contrast, a
formul ati on containing the
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-mol ecul ar wei gh di spersant, but further containing only O. t he
Manni ch base condensati on product of the present invention does not reach a
viscosity of 200 cSt until the soot content reaches 8.8% Wen 2% of the
Manni ch base condensati on product of the present invention is provided, a
viscosity of 200 cat is not reached ungthl the soot level is 15% Exanple 2
Lubricating oil fornulations were fornmed by blending into a base oil (Mbil
700N) for 1 hour at 100C, constant anounts of detergent, antioxidant and
antiwear agepfmsand variable anmounts of a high nol ecul ar wei ght di spersant
(a PI BSA- PAM product derived from PIBSA having a nunber average nol ecul ar
wei ght of about 2200 and having a succination ratio of about 1.1), and a
conmpound ofy th i Nl |;pha- napt hol 2HT). 4.76 wt. % of

car bon bl aclk &%@gﬁ%}d% g&be]g% of(ﬂ't he formul ati ons overni ght at 90C
The kinematic viscosity OLOI?I?C f the r esulting carbon bl ack dispersions
was then neasured in a Haa r fret er over a range of shear rates from
0.1 sec"' to 0.45 sec'. As Js typical, Rhe viscosity at shear rates of
0.26 sec"' and 0.45 qp‘gjz'—fm?—ésed—chfr c?rrpari sorfd) The conparative results
of the Haake carbon bl ack tes re sh&w fn Fig. 2. As showmm by the data
of Fig. 2, in formulations containing bot h 4% and 2% (Al') of high nol ecul ar
wei ght di spersant, soot-induced viscosity increases are substantially

el i m nat ed whiaein Arienaphthyl drdi-maph@tli on further contains fromO0.5 to | w. % of
t he Manni cR; &bk aroindepesdhilorieprediiorn H aod hydfdaby gampnderivaledti haaba) 4ty | e 3
The efficacgys : ol ni base, product of the present invention as
an anti ox%%ﬁ%m\%igﬁﬁg ero%eﬁ'\’ﬁﬁld "%‘%Pb‘ff“\)}g{’to a conmerci al anti oxi dant
(1rganox L135, Ci ba RgpeddhihydGheiil galyg) by NOxi dation test using High
Pressure Scanni ng Calojf.ipet rAi r Nt S. showmn in Fig. 3, an

i ncrease in concentra {sggggfdlgﬁ%nﬁ%l%%%%nﬁﬁ base increases the oil
stability in N2 andgistor@nparable treat rates, the antioxidancy effect of
-t he conpound of the fsels[g@t invention was simlar to that of I|rganox L135.
The disclosures of all ‘patents, articles and other materials described
herein are hereby i hdrebl @t2eiies tha nutber pf agomatic gbgs inidntand t hi s speci fi cati on

by reference. The prjnGLg lt@;smunm:leéqﬁ{] kS8le number of remaining substitutable
' ' hydrogens on ammati_c moiety Ar; and

wherein the combined pumber of carbon atoms i Ry, Ry, R; and R, is less than 80.

2. A compound of claim 1, wherein R is selected from C;-C, hydrocarbyl.
3. A compound of claim 1, wherein z is zero.
4, A compound of any of claims 1 to 3, wherein R, and R, are each hydrocarbyl groups

derived from natural fatty acids.

5. The condensation product of (a) taphthy! or bi-naphthyl hydroxyaromatic compound
optionally substituted with C;-Cy hydrocarbyl; (b) a C;-Cyq aidehyde; and (¢) an amine
coptaining at least one hydrocarbyl group derived from a natural fatty acid and from 1 to 12
nittogen atoms per molecule, wherein the combined number of carbon atoms in the optional

substituent of said hydroxyaromatic cempound, said aldehyde and said amine is less than 80.

6. A product of claim 5, wherein (a) is 2 n2phthyl compound.



enbodi mrents and nodes of operation of the.present invention have been
described in the foregoing specification. Wiat applicants submt is their

i nvention, however, is not to be 030CT2003 WO 0 2105 9 2 4 0 PCTI | B01102860
-33 -construed as limted to the particular enbodi nents discl osed,0$i0ht&0nhe
di scl osed enbodinents are regarded as illustrative rather than limting.

Changes may be nmade by those skilled ke the art without departing fromthe
spirit of the i nyepiduns Qimds OnterekAA0IaphBl & birbapbibyllis unAutsbss AP BIthe
general fornula g;%ﬂ (OHy (R4)g ~R1 Qz3)z CN . R2 X (') wherein Ar is
napht hyl or with Cripbtdga2YR  and R2 are i ndependently selected fromH and
hydr ocar byl groups derived fromnatural fatty acids, provided at |east one

of RL and R2 is not H R3 is a Cl-C20 hydrocarhyl. aroup. | 1Cl to

Cy hydrocar Byl gAqupuckaigny of dlams iy, ?pg;‘i&n Faé&im]g"ols g?bsé/h?ﬁb@s% {(‘)&%WFI%%I%Z

times the nm%rdﬁgcﬁ%ﬁﬁw%j n Ar; and z is zero to a nunber equal -
f

to the nunber remal ni ng substitutable hydrogens on aromatic noiety Ax;
and wherein the conbi ned nunber of carbon atons in RlL, R2, R3 and Rd is

| ess than 8Q. 2, : s Rbirking WARH @ k38 of & oflef Bbfatng r om C3- C)
hydr ocar byl 9 3. ﬁl‘?’gfﬁg‘%ﬁd&l o?lgcsllai m 1, vl\]ﬁere?n z is.zero. 4. A conmpound of

any of cl ai wiscdsicy znd3, mimbreamsint gRe leastPrRoomroRndef @y PRAABLEPSYI gr oups
derived fromnatural fatty acids. 5. The condensation product of (a)

napht hyl or bi-napht hyl hydzoxyaromatic conpaund )
P Y 10. Aplubriczﬁng gi/l Compgsiﬁon of claim 9 cogx%nmg from 0_.01 to 10 wt. % of said

compound, based on the total weight of said composition.

il. A lubricating 0il composition of claim 10 comprising from 0. 1 to 1 wt % of said

" compound, based on-the total weight of said composition.

12. A lubricating oil composition comprising a major amount of an oil of lubn'gating

viscosity and minor amounts of at least ope compound of the general formula (T):

(OH)y Rl

I I Ry
(R3)2—(Ar —)—(C-——-— NiR ) ] 0y

2

wherein Ar is naphthyl or bi-naphthyk;

R; and R, are independently selected from H and C;-Csa hydrc;carbyl groups optionally
containing one or more hetero atoms selected from N,QOand S;
R;i58aCi-Cy h){dmcarbyl growp;
R. is H or a C, to C; hydrocarbyl group; and
gislor2;
xislto3;
yis from 1 to 2 times the number of aromatic Tings in Ar; and
2 is zero to a pumber cqual to the pumber of remaining substitutatle
hydrogens on aromatic moiety Az; and 7
wherein the coml-aincd number of carbon amoms.in Ry, Rs, Rs 20d R, is less than 80, and at Jeast

one high molecular weight dispersant



optionally substituted wth C -C20 hydrocarbyl; (b) a Cl1-Cl0 al dqr%ﬂf Z&Rd
(c) an amne containing at |east one hydrocarbyl group derived f !i
natural fatty acid and froml| to 12 nitrogen atons per nol ecule, wherein
t he conbi ned nunber of carbon atons in the optional substituent of said
hydr oxyar omati ¢ conpound, said al dehyde and said amne is |less than 80. 6.
A product of claim5, wherein (a) is azgaphthyl conpound 030CT2003 7. A
product of claim5,- wherejin .said naphthyl or bi napbthyl is unsubstitated
or substituted wth C1-C hydrocarbyl. 8. A product_ of an f._cl.ai 5to
7, wherein said Adbrieating ogwbmpisitign efclawntlR cORBISHY AR 1&93 ‘%ﬁd’ﬁ%‘% B Ve
fromnatural fatit ci.gds A Y | 1d fré® RO B $4. G%) beedpi tieitotgl a
naj or arrl)uniomjﬂ""ﬂﬁ%I Ogisfﬂgéf‘)m?olf @?‘cog?#ng&&ﬂ\?i@@égisdi?y and a minor anount of at
| east one cwodpnwhshidfongyitiaf, oiskidinizh nblepgdarsveight digpersgibr i cat i ng oi |
conposition of claim9 conprising from0.01 to 10 W. % of said conpound,
based on the total weight of said conposition. 11 A lubricatingoil
conposi ti onof ch aitmcidthsatinpmpssitiog of claim 1. comprigng e 0dote R b F25¢ S Rfund,
based on. the_total weight of.said. ifi hhéedbh Bg Ol
conposi t i ontoEbHHE ‘s‘?frféldgmf?ﬁfsbl}onao%ﬁﬁgt% g%?c’%lé&h ag?ﬁo%fﬁclouséﬁ ggti ng viscosity
and m nor ap@ptitos s coatpotivars bf saiddigh crvppolardreigbt dippsrsgner al fornula (1):
(OHy (4)g . I R (RA)ZArt(C N~ Rz U wherein Ar is naphthyl or
bi -naphthyl; Rl and Rz are independently selected fromH and Cl-C 'gtgl

Fect ed

bydr ocar byl 15r oupmbidatihpeibddmpestmtasiondimgfo erseof slaitip2do Ho FEFEIOAT STHEF

fromN O and S; R3is a Cl-C2 hydrocarbyl group; R is Hor a C, to C9
hydrocarbyl group; and qis 1 or 2; xis.1to3; yis fromlto times
the nunber pd ar&bebticatingioll gsmpositsy accerdie 0 40§ of elpigs L3 109 SnWRBEP Re it ¥ t he

Dunmber of rfy@oicgr' ﬁ%&%@ﬁ&v&&’h&gh&nﬂr}w&ﬁﬁns on aromatic noiety Ar; and

17. A lubricating oil composition according to any of claims 12 to 16, wherein R is selected |

from C,-C, hydrocarbyl.

18. A lubricating oil composition according 1o any of claims 12 to 16, wherein z is zero.

19, " A method of improving the soot dispersing and/or oxidation resistance properties of a
lubricating o1l composition', which method comprises adding to said lubricating oi] an effective

amount of 2 compound of general forrouia (I):

(OH)Y (R4)q

' I ' Ry
or—psre—n ) ®
R, /*

wherein AT is mono- or pelynuclear aromatc moiety; .
R, and R, &re independently selected from H and C-Cyg by rocarhyl groups cptionally

containing one or more hetero atoms selected from N, O and §;
Rj1s a C-Cyghydrocarbyl group;
R is Hora C, to G, livdrocarbyl group; and
gislor2;
:.xc islto3;
y is from ] to 2 imes the number of aromatic rings io AT, and

z is zero to a pumber equal to the Tumber of remaining substiniiable



wherein the conbi ned nunber of carbon atons in Rl, R3, RS and R, is Less

t han -80, and at |east .one high nol ecul ar wei ght dispersant 03@;@2{)@)@7 @S\K
13. A lubricating oil conposition of claim212 conprising from 0. 01’

% based on the total weight of said conposition, of said conpound, and
fromlto 12 wt. % based on the total weight of said conposition, of said

hi gh nol ecul ar wei ght di spersant. | ubricating oil conposition of

14. %7
claim 13 conpri sing fl’éﬁf@ Qishon bRt %é/\#]oi(g Ag,a gd on the total weight of said
onﬁouna, ro&h a?'

conposition, of said an 05 w. % based on the total

wei ght of swhetein tipambibédnumbefof sabeh dringlin Rp Re RyibraR wedésg e 80.sper sant . 15, A
| ubricating oil conposition according to any of clainms 12 to 14, wherein Ar
is naphthyl. 16. A lubricating oil conposition according to any of clains
12 to 15, vdter ei Thefhetimd@df BAxaivewhdasisl AOBapblybucBiratpsticasiyed from nat ural
fatty acids. .17. A lubricating oil conposition according to any of clains
12 to 16, wherein Rs is selected.. -from Cl-C3 hydrocarbyl. 18. A

| ubricatingioi | ThemResdiof QHmDOCOlgdingr fs Qeléuid fef vEpiniEnapRhfl bi-bfphtwherein z
is zero. 19. A nethod of irrrprﬁl\gi ng the soot dispersing and/or oxidation
resi st ance PHBHERYFEE: 3fragene; phspanthrinslaorePe NEE% ti on, whi ch net hod

conprises adding to said lubricating oil an effective anount of a conpound
of general _for a (1) n ( R /=~ 77 ~]"~y, ry~{3)H\-- -~-~ CN
R2 (1) wher%i n%he%@%ﬁ%&%ﬁlp@%%{%a PiY¥matic miety; R and R2 are
| ndependently selected fromF. and Cl-C30 hydrocarbyl routs optionally .
cont ai ni ng,one nore. heterpo ato | ect ed f.r ,.0and S; R3is a
C,-CZOhydr&g'arb ':B’Fg’ﬁ%?feaﬂyﬁpﬁkgmﬂy%pszg’ o %@8’% Y8’8%?Fa‘?9&/| group; and q
is 1or 2; xis 1lto 3;

24. The method of any of claims 19 to 22, wherein z is zero.

25. The method of any of claims 19 to 24, wherein said compound is added in an amount of
from 0.01 to 5 wt %, based on the total weight of said composition wherein said lubricating oil
composition further comprises 2 high molecular weight dispersant.

'26. The method of any of claims 19 to 25, wherein said lubricating oil composition farther

comprises a high molecular weight dispersant.

27. The method of claim 26, wherein said compound is added in ag amount of from 0.01 t5 5
wt %, based on the total weight of said composition, and said high molecular weight dispersant is
present in an amount of from 1 to 12 wi. %, based on the total weight of said composition.

28.  The method of claim 27, wherein said compound is added ip an amount of from 0.1 to 2
. wt %, based on the total weight of said composition, of said corapound, and said high malecular
weight dispersant is present in an amount of from 2 to 5 wt. %, based on the total weight of said

cOompositon.

29, The use of a compound of general formula (T) to improve the soot dispersing and/or

oxldation resistance properties of a lubricating oil coraposition:



y is froml to 2 tinmes the nunber of aromatic rings in Ar; and z is zero to
a nunber ‘equal to the number of remaining substitutable 030CT200%8 3 BCT 2083
bydrogens on aronmatic noiety Ar; and wherein . the conbi ned nunber of carbon
atons in R, R2, R3 and R4 is less than 80. 20. The nethod of claim19,
wherein Ax is a polynuclear aromatic noiety. 21. The nethod of claim 20,
wherein Al is selected from bi-phenyl ,ﬁmpht hyl , bi-naphthyl, pyrene,

chrysene, anthracene, phenanthraci ne, uorene and indene. 22. The nethod
of claim 21, wherein Ar is naph(@H); (R3, The nethod of any of clains 19 to

22, wherein R-~ is C3-C3 hydrocafbyl. 4. The nmethod of any of clains 19
to 22, wherein z is zero. 25. T ¥ hod of-ahy of claigg 19 to 24, wherein
sai d conmpound i s added in @) ?:_'f'rN)m 0./01 to 5 W % based on the
total weight of said composition wherein saiB:l'dbricating oil conposition

further conprises a high nol ecul ar wei ght dispersant. '26. The nethod, of
any of clains 19 to 25, wherein said |ubricating oil conposition further

conprises aVFHRARISIRIQ HPONBIE APt 27, The net hod. of, cl ai m 26,
wher ei n sai R 288 Fp & ArflepLdenty adeqtsd féﬂqnggﬁ'%at‘é% Ydf‘?%’tr‘]?ﬁcﬁrﬂfs POt 94 based

on the t ot alo,WRinGtne Of med hete ARSI ToraN A 8@ S hi gh nol ecul ar wei ght
di spersant is present in_an s unt of from1l to 12 wt. % based on the
total weight of said RdhpbsFerERocadyl &M net hod of claim 27, wherein said

conpound is added in @nis BHRLQAY wodf, hdefad] gobad W % based on the total
wei ght of said conposition, of said conpound, and said high nol ecul ar

“wei ght di spersant is ‘b’lséé’é?r't in an amount of from2 to 5 w. % based on
the total weight of sgisdtogonposition. 29. The use of a conpound of general
formula (1) to inprove :&he so?t, di sper sj ng_ and/.or, axi d,at(iﬂon resi stance

properties of a | ubriXafiPRg BF e BUPter BiAomris ipgs 353%% _38. (oH)y (R4)q
| I SRl (R3)z N RZiXzé to a number equal to the number of remaining substitutable

bydrogens on aromatic moiety Ar; and
wherein the combined number of carbon atoms in R, Rz, Ry and Ry is less than 80.

30. The use of clzim 29, wherein Ar is a polyziiclear aromatic mojety.

31.  The use of claim 30, wherein Ar is selected from bi-phenyl, naphthyl, bi-napbthyl, pyrene,

chrysene, anthracene, phenanthracine, fluorene and indene.

32, The use of claim 31, wherein Ar is paphthyl.

33. The use of any of claims 29 to 32, wherein R; is C,-C; hydrocarbyl.

34. The use of any of claim.s_ 29 to 32, wﬁerein. z 1$ Zero.

35 The use of any of claims 29 to 34, wherein said compound is added in an amouat of from
0.01 to 5 wt %, based on the total weight of said composition wherein said lubricating oil

compaosition further comprises a high molecular weight dispersant.

36. The use of any of claims 29 to 35, wherein said lubricating oil composition further

conprises a high molecular weight dispersant



wher ei n Ax is nmono- or polynuclear aromatic moiety; R and Rz ar &3 0CT 208
i ndependently selected from .11 and Cl- C30 hydrocarbyl a oups optionally
containing one or nore hetero atons selected fromN, 0 and S; R3 is a

Cl- CZphydrocar byl group; RQis Hor a C -to C9 hydrocarbyl group; and
gislor2; xislto3; vy is fromi to 2 tinmes the nunber of aromatic rings in
Ar; and z is zero to a nuni ber equal Lg?t he nunber of renaining

substituta r .0 ti Ar; . and. wherei n .t he i ned
nunber of (?%fbogﬁgt‘%grrgpﬁﬁnxmg,f%%?m Ii’g»d 51?%”&’%5}5/1 1p %d qegénsantarﬁﬁmﬁ.ﬁo?oqsgﬁg use of
claim 29, whiehdiasedAn thegotal yidhy nfiseild eamnpositicradd seidriighetojeculdweighhdispesentaf cl ai m

30, wherein_Ar i.s select fr i - nyl . .napht hyl, bi.z-napht.hyl, pyrene,

} chr’ysene,pr%lsﬁ Y g'caézil?@?t ogﬁrgrﬁa{'ﬁﬁfvé%%ﬁa?ééfoflﬁ%@ﬂew %F%Ofisﬂ‘a‘é%@fmgé' The use of
claim 31, wherein Ar is naphthyl. 33. The use of any of clains 29 to 32,
wherein R3 j.s - C hydrocarbyl . . 34. The use,pof.any of i 9,10,32,
Whor it i eTas usRhFORRES Naerciy sfreolliind R Sadlh ubPeplor G ARy £02 L0902
conmpound i Dasddethei toraloweighnoinald cohpdsitiomof Qidkbmpaunt, antl s84 hifiaseldcutar welyht t ot al

wei ght of said conposition wherei aid lybrigating oi osition _
further co lpfréa&ggprﬁ?c&%mnaﬁ’l 3’3%?%&%& gﬁ? lgcﬁ":'s eﬁ’%sé"ﬁt(’f’ E%Bt."gai)r%’gfslgg B any of
clainms 29 tcom&jiomherein said |lubricating nil conpositi on further
conprises a high nol ecul ar wei ght dispersant. 0 3 OCT 2Q03 -39- 37. The use
of claim 36, wherein said conpound is added in an amount of fromO0.01, to 5
wt % based on the total weight of said conposition, and said high

nol ecul ar wei ght dispersant is present in an anount of froml. to 12 wt %
based on the total weight of said conposition. 38. The use of claim 37,
wher ei n-said compound is added in an anount of fromO.1 to 2 wt % based
on the total weight of said conposition, of said conpound, and said high
nol ecul ar wei ght dispersant is present in an anmount of from2 to 5 w. %
based on the total weight of said . composition.



