-1- AN LI NE COVPOUNDS AS ASHLESS TBN SOURCES AND LUBRI CATING QL
COVPQCSI TI ONS CONTAI NI NG SAME FI ELD OF THE I NVENTION 5 This invention rel ates
to a novel class of aniline conpounds useful as ashless TBN (Total Base
Nunber) boosters for lubricating oil conpegsitions, and lubricating oil
conpositions, particularly crankcase lubricating oil conpositions having
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Reduction 25 catal ysts are sensitive to sulfur and sul fur conpounds in the
engi ne exhaust gadnvirepmeaigbeanceins hiee lgd i eerdinpeheideripetrpdycgdhopee oil used
to blend the | ubrigcant. .a |furx tainin ubricating .oi|l itives.
parti cul at o AR5 HER pa Bfhec Bl CBET AL A SRR R oduct o
degraded net ghcle@ndispamdghitddr (gedllinBguedéd) IRt ddty vigsrnallomBBUER eRbihe3NY
service life, lubricating oil additives that exert a m ninmum 30 negative

i npact on sudhréet drere hawgthesh cortivied sHorsiregece; thepartie plalg, e priooEy
specificatio f "new.sarvice fill" .and "fir filly heavy di esel
(o) 1 bt canrerssigh ol STl hrabrsr R Spabl Sfoopbe e REHHE it
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will rely on the use of additional exhaust gas after-treatment devices. Such exhaust
gas after-treatment devices may include catalytic converters, which can contain one or
more oxidation catalysts, NOy storage catalysts, and/or NH; reduction catalysts;

20 and/or a particulate trap.

Oxidation catalysts can become poisoned and rendered less effective by
exposure to certain elements/compounds present in engine exhaust gasses, particularly
by exposure to phosphorus and phosphorus compounds introduced into the exhaust
gas by the degradation of phosphorus-containing lubricating oil additives. Reduction

25  catalysts are sensitive to sulfur and sulfur compounds in the engine exhaust gas
introduced by the degradation of both the base o1l used to blend the lubricant, and
sulfur-containing lubricating oil additives. Particulate traps can become blocked by
metallic ash, which is a product of degraded metal-containing lubricating oil additives.

To insure a long service life, lubricating oil additives that exert a minimum

30 negative impact on such after-treatment devices must be identified, and OEM
specifications for “new service fill” and “first fill” heavy duty diesel (HDD) lubricants
require maximum sulfur levels of 0.4 mass %; maximum phosphorus levels of 0.12

mass %, and sulfated ash contents below 1.1 mass %, which lubricants are referred to



mass % and sul fated ash contents below 1.1 mass % which lubricants are
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by increasing the total base number (TBN) of the composition. Historically, TBN has
been provided by overbased detergents that introduce sulfated ash into the

20 composition. It would be advantageous to provide a lubricating oil composition with
a high level of TBN using a TBN boosting component that does not contribute
sulfated ash. As highly basic components are known to induce corrosion and, in some
cases reduce the compatibility between lubricating oil compositions and the
tluoroelastomeric seal materials used in engines, it would be preferable to provide

25 such a component that does not induce corrosion and, preferably, does not adversely
atfect seals compatibility. Due to demands for improved fuel economy, less viscous
lubricants, such as OW and 5W 20 and 30 grade lubricants have become more
prevalent. To allow for easier formulation of such lubricants, the amount of polymer
introduced by additives is preferably minimized. Therefore, it would be further

30  preferable to provide a non-polymeric ashless TBN source.

US Patent Nos. 5,525,247; 5,672,570; and 6,569,818 are directed to “low ash”

lubricating oil compositions in which sulfated ash content is reduced by replacing

overbased detergents with neutral detergents. These patents describe such lubricants



30 preferable to provide a non-polyneric ashless TBN source. US Patent Nos.
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conpounds in¢luding the novel 20 conpounds of the first aspect. In
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| ubricating oil conpositions, as in the second aspect, having a TBN of from
about 6 to about 15 and a sulfated ash (SASH) content of less than 1.1 nmass
% preferabl WUMSARYHINTHEINWESISTEON 25 | n accordance with a fourth aspect
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compositions without introducing sulfated ash.

In accordance with a second aspect of the invention, there are provided
tubricating oil compositions, preferably crankcase lubricating oil compositions for
heavy duty diesel (HDD) engines, containing aniline compounds including the novel

20 compounds of the first aspect.

In accordance with a third aspect of the invention, there are provided
tubricating oil compositions, as in the second aspect, having a TBN of from about 6 to
about 15 and a sulfated ash (SASH) content of less than 1.1 mass %, preferably less
than 0.8 mass %.

25 In accordance with a fourth aspect of the invention, there are provided
lubricating oil compositions, as in the second and third aspects, meeting the
performance criteria of one or more of the ACEA E6, MB p228.51. API Cl-4+ and
API CJ-4 specifications for heavy duty engine lubricants.

In accordance with a fifth aspect of the invention, there is provided a heavy

30 duty diesel engine equipped with an exhaust gas recirculation (EGR) system,
preferably a condensed EGR system and a particulate trap, the crankcase of which
engine is lubricated with a lubricating oil composition of the second, third or fourth

aspect.



APl CJ-4 specifications for heavy duty engine lubricants, In accordance with
a fifth aspect of the invention, there is provided a heavy Jo duty diesel
engi ne equi pped with an exhaust gas recirculation (EGR) system preferably
a condensed EGR systemand a particulate grap. the crankcase of which

engine is lubricated with a lubricating oil conposition of the second, third
or fourth aspect Inadorddhc@Ge@ArabRRR Aspiict 8F the HivEhflorR SRS s Rbviti&Ea duRAL i on,
there is provided a nethod for formng a high TBN | ubricant having a reduced
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an aniline conmpoun refer . .gne.or nore caompoynds of the first aspect.
5" " accor danba e BupiPRhY sy GrRiGof ATBRIPS RoRpRbRE pletbdhisl fed a
use of an aphé bNROKOIRMOUEds b BE EFdlkpecene or nore conpounds of the first
aspect, as an ashless lubricating oil conposition TBN source. DETAILED
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i nvention, useful. as ashless TBN, sources for |ubricati oi | canpositions
are-def i ned" 5 THEEERRRAVES Dy Ry A Py ok gy Es TRe eresh 3R

i ndependent | yskieRNesRAtingblXbmpbsifbPFBN d4urd. al kyl having no aryl
substituent; R, or each R independently, represents hydrogen, alkyl or

al koxy; nis 0 15 to 4; and X represents hydrogen or a substituent selected
from al kyl . eny |~ alkox Qv bst.i ed I\5<oxy wherein said substituent
group has a He b te a2 i ¢~ and has an absol ute val ue of
< 1.5 (e.9., fromcdhpduh8s mhcéSiandratiemhablentaredhtioh, Befir@dadfess TBN

i ndependently, a G to C 2 alkyl group, preferably a C2 to C p alkyl group,
particul arly saurgss foo lubsicaling/dil ggropgsitiang asodedined brhe fopoulshen R, and R2 are
branched, the TBN contribution of the conpound (as neasured in accordance
Wi th ASTM D-4739) is reduced and t( fefore, preferably, each of R and

X (D

wherein R} and R; independently represent alkyl or substituted alkyl having no aryl
substituent; R’, or each R independently, represents hydrogen, alkyl or alkoxy; n is 0
15 to4; and X represents hydrogen or a substituent selected from alkyl, alkenyl, alkoxy,
or substituted alkoxy wherein said substituent group has a Hammett ¢ value that is
negative, and has an absolute value of < 1.5 (e.g., from -0.2 to -1.25).
Preferably, each of Ry and R; is, independently, a C; to C; alkyl group,
preferably a C, to C¢ alkyl group, particularly a C3 to Cg alkyl group. In some cases,
20 when R and R; are branched, the TBN contribution of the compound (as measured in
accordance with ASTM D-4739) is reduced and therefore, preferably, each of R and
R, 1s, independently, a linear C) to C alkyl group, such as a linear C; to C alkyl
group, most preferably a linear C; to Cy alkyl group.
Preferably, the compounds of the present invention have a TBN (as measured
25 inaccordance with ASTM D-2896) of at least about 50, preferably at least about 100,
more preferably at least about 140, and most preferably at least about 180 mg KOH/g.
Preferably, compounds of the present invention have a >99% weight loss, as

determined by thermal gravity analysis (at 10 °C/min temperature ramp rate in air) at



R2 is. independently, a linear C, to Cl12 al kyl group. such as a linear C2 to
Cuu al kyl group, nost preferably a linear C3 to C8 al kyl group. Preferably,
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Novel compounds of Formula I are those in which X is not hydrogen;
specifically, compounds Formula [ wherein R} and R, independently represent alkyl
or substituted alkyl having no aryl substituent; R’, or each R independently,

20 represents hydrogen, alkyl or alkoxy; nis 0 to 4; and X represents a substituent
selected from alkyl, alkenyl, alkoxy, or substituted alkoxy, wherein said substituent
group has a Hammett ¢* value that is negative, and has an absolute value of < 1.5 (e.g.,
from -0.2 to -1.295).

Methods for forming compounds of Formula I should be apparent to those

25 skilled in the art.

Aniline is commercially available. N, N-dialkylaniline can be prepared by
reacting aniline and halogenated alkyl (e.g., brominated alkyl) in a 2:1 molar ratio, in
the presence triethylamine, in an acetonitrile solvent. The attachment of a
hydrocarbyl group R’ or X to the aniline or N, N-dialkylene moiety can be

30 accomplished using a number of well known techniques, such as a Friedel-Crafts
reaction in which an olefin, halogenated olefin or hydrohalogenated analog thereof is
reacted with the aniline or N, N-dialkylaniline in the presence of a Lewis acid catalyst

(e.g., boron trifluoride and complexes of boron trifluoride with ethers, phenols,



Met hods for form ng conpounds of Forrmula | should be apparent to those 25
skilled in the art. Aniline is commercially available. N, N-dialkylaniline
can be prepared by reacting aniline and hal ogenated al kyl (e.g., brom nated
alkyl) ina 2:1 nolar ratio, in the presgnce triethylamne, in an
acetonitrile solvent. The attachnent of a hydrocarbyl group R or X to the
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vi scosity of b heleged rpmmpegaklubrsaiine oils Zysbatic Sbskesna ¢ls agd oux s
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(e.g., castomhesiyllubli@iidg @ilk );uch as gasolme engine oils, mineral lubricating oils and heavy

duty diesel oils. Generally, the viscosity of the oil ranges from about 2 centistokes to
about 40 centistokes, especially from about 4 centistokes to about 20 centistokes, as
measured at 100°C.

20 Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);
liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of
the paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating
viscosity derived from coal or shale also serve as useful base oils.

Synthetic lubricating oils include hydrocarbon oils and halo-substituted

25 hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated

30 polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
derivative, analogs and homologs thereof. Also useful are synthetic oils derived from
a gas to liquid process from Fischer-Tropsch synthesized hydrocarbons, which are

commonly referred to as gas to liquid, or “GTL” base oils.
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20 two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cy
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or

25 polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of

30 phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.

The oil of lubricating viscosity may comprise a Group I, Group II or Group III,

base stock or base oil blends of the aforementioned base stocks. Preferably, the oil of
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Group I base stocks contain less than 90 percent saturates and/or
20 greater than 0.03 percent sulfur and have a viscosity index greater than
or equal to 80 and less than 120 using the test methods specified in
Table 1.
b) Group Il base stocks contain greater than or equal to 90 percent
saturates and less than or equal to 0.03 percent sulfur and have a
25 viscosity index greater than or equal to 80 and less than 120 using the
test methods specified in Table 1.
c) Group III base stocks contain greater than or equal to 90 percent
saturates and less than or equal to 0.03 percent sulfur and have a
viscosity index greater than or equal to 120 using the test methods
30 specified in Table 1.
d) Group IV base stocks are polyalphaolefins (PAO).
e) Group V base stocks include all other base stocks not included in

Group [, IL, 1L, or IV,
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reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail, with the polar head comprising a metal salt of an
acidic organic compound. The salts may contain a substantially stoichiometric
amount of the metal in which case they are usually described as normal or neutral
salts, and would typically have a total base number or TBN (as can be measured by
ASTM D2896) of from 0 to 80. A large amount of a metal base may be incorporated
by reacting excess metal compound (e.g., an oxide or hydroxide) with an acidic gas
(e.g., carbon dioxide). The resulting overbased detergent comprises neutralized
detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such overbased
detergents may have a TBN of 150 or greater, and typically will have a TBN of from
250 to 450 or more. In the presence of the compounds of Formula I, the amount of
overbased detergent can be reduced, or detergents having reduced levels of
overbasing (e.g., detergents having a TBN of 100 to 200), or neutral detergents can be
employed, resulting in a corresponding reduction in the SASH content of the
lubricating oil composition without a reduction in the performance thereof.

20 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 lubricant, and mixtures of calcium and/or magnesium with

25

sodium. Particularly convenient metal detergents are neutral and overbased calcium
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20 Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may
be prepared by reacting a phenol with sulfur or a sulfur containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are

25 generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
containing bridges.

Lubricating oil compositions of the present invention may further contain one
or more ashless dispersants, which effectively reduce formation of deposits upon use
in gasoline and diesel engines, when added to lubricating oils. Ashless dispersants

30 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 via a bridging group. The



10 presence of a catalyst with al kylating agents having fromabout 3 to nore
than 70 carbon atons. The al karyl sul fonates usually contain fromabout 9 to
about 80 or nore carbon atonms, preferably from about 16 to about 60 carbon
atonms per al kyl substituted aromatic mijgtly. The oil soluble sul fonates or
al karyl sulfonic acids may be neutralized with 15 oxides, hydroxides,
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polynmeric |ong chain backbone having functional groups capabl e of

associ ating with pagferadlyeshaashlepedigpesiiat §@dihlghrm9§%1ax woighgdispesiaBber sant s
conpri se am ,ev.alcoh%lf 9nide or, .&ster. Rﬁ%%r @giq%ies attgghp®¥§o he

pol ymer back84EE AJRERST §Y 495 BPIcHY g igPod) eFrEer BT Onehirel0sh % s ant
may be, for exasmleen 4980068 ed,0000MhOblecBO N RIS aclight raskeisll dgmnddn esters,
am des, im des and oxazolines of |ong chain hydrocarbon-substituted nono-

and pol ycar bdkg/type ohpolimennsedrinjarn de ispprsamothe numibocelr fivostydnat grodes i vat i ves
pol yam nemoirdi s & B AR B AukP ) el B oo AR T BR e BRdensat on
P g ?(rjr;fé Z hf gr %@é%uﬁ@@flégﬁlﬁm&e@l dliép@ﬁgn@bﬁ%gﬁ SelBaHA Wigkt dipRR@ht Wohé

yde and polya ene pol yam ne. e
tormed with a polymer backbone having a number average molecular weight of from
about 1680 to about 5600. Typical commercially available polyisobutylene-based
dispersants contain polyisobutylene polymers having a number average molecular

20 weight ranging from about 900 to about 2300, functionalized by maleic anhydride
(MW =98), and derivatized with polyamines having a molecular weight of from
about 100 to about 350. Polymers of lower molecular weight may also be used to
form high molecular weight dispersants by incorporating multiple polymer chains into
the dispersant, which can be accomplished using methods that are know in the art.

25 Preferred groups of dispersant include polyamine-derivatized poly a-olefin,
dispersants, particularly ethylene/butene alpha-olefin and polyisobutylene-based
dispersants. Particularly preferred are ashless dispersants derived from
polyisobutylene substituted with succinic anhydride groups and reacted with
polyethylene amines, e.g., polyethylene diamine, tetracthylene pentamine; or a

30 polyoxyalkylene polyamine, e.g., polyoxypropylene diamine,
trimethylolaminomethane; a hydroxy compound, e.g., pentaerythritol; and

combinations thereof. One particularly preferred dispersant combination is a

combination of (A) polyisobutylene substituted with succinic anhydride groups and



nost conmmon di spersant in use is the well known succini mde dispersant,
which is a condensation product of a hydrocarbyl-substituted succinic
anhydride and a pol y(al kyl eneatni ne). Both nobno-succini m de and

bi s-succi ni m de dispersants (and 10 m xfsres thereof) are well known.
Preferably, the ashless dispersant is a "high nolecular weight" dispersant
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di am ne and tetraethyl ene pentam ne using about 0.3 to about 2 noles of
anhydride in a manner similar to that described in U.S. Patent No. 3,442,808.
Examples of functionalized and/or derivatized olefin polymers synthesized using
metallocene catalyst systems are described in the publications identified supra.

20 The 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 boron acids, and esters of boron acids, in an amount sufficient to provide from

25 about 0.1 to about 20 atomic proportions of boron for each mole of acylated nitrogen
composition. Useful dispersants contain from about 0.05 to about 2.0 mass %, ¢.g.,
from about 0.05 to about 0.7 mass % boron. The boron, which appears in the product
as dehydrated boric acid polymers (primarily (HBO,);), is believed to attach to the
dispersant imides and diimides as amine salts, e.g., the metaborate salt of the diimide.

30  Boration can be carried out by adding from about 0.5 to 4 mass %, e.g., from about 1
to about 3 mass % (based on the mass of acyl nitrogen compound) of a boron

compound, preferably boric acid, usually as a slurry, to the acyl nitrogen compound

and heating with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,
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ni trogen-contai ning di spersant with a boron conpound such as boron oxi de,

boron hal i delkybaastpagetprd<c.ganthyéstetrasetofe (Bdronisateisashedi for anaraplouintU.S.

sufficient t rovid r 2 0 t 20 atomi c.proportions of
boron for ea ﬁgﬂﬁ\ﬁg&gf&gwl a%gggﬁﬁ ?%%ﬁ%&@‘zénpoﬂéﬁ RGN %é‘é]ﬁtg?ge [ spersants
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0.7 mass % boron. oron, which appears in the product as dehydrated

boric acid pdllyidP4. Tpe iqmarion prodHBOE p3ijrodes-cbelairevgdisparsat aaE hthen t he

di t inid d. diinid ' | . bor at. It of
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about 135C tg abauk. 49000 Uo7 sHT501 e/ B%)-cpoxides) and 4,686,054 (maleic
anhydride or succinic anhydride). The foregoing list is not exhaustive and other
20 methods of capping nitrogen-containing dispersants are known to those skilled in the
art.

For adequate piston deposit control, a nitrogen-containing dispersant can be
added in an amount providing the lubricating oil composition with from about 0.03
mass % to about 0.15 mass %, preferably from about 0.07 to about 0.12 mass %, of

25 nitrogen,

Ashless dispersants are basic in nature and therefore have a TBN which,
depending on the nature of the polar group and whether or not the dispersant is
borated or treated with a capping agent, may be from about 5 to about 200 mg KOH/g.
However, high levels of basic dispersant nitrogen are known to have a deleterious

30 effect on the fluoroelastomeric materials conventionally used to form engine seals and,
therefore, it is preferable to use the minimum amount of dispersant necessary to
provide piston deposit control, and to use substantially no dispersant, or preferably no

dispersant, having a TBN of greater than 5. Preferably, the amount of dispersant



for fromabout 1 to about 5 hours, followed by nitrogen stripping.
Alternatively, the boron treatnent can be conducted by adding boric acid to
a hot reaction mxture of the dicarboxylic acid naterial and am ne, while
renovi ng water. Qther post reaction proggsses commonly known in the art can
al so be applied. 5 The dispersant nmay al so be further post treated by

reacti on w t bmploged edl t@driblite appiarg tragen preferloinnentéroniadnl 3mg KOH/g of
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(gl ycol i ¢ acim@provers, girpsign-nigbiteya, expdation imupitass Aricorymgdigiess. otheg9, 676:
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(e.g., Dbis) - epaXicdes) iandthér 686il 684w mal ei ¢ anhydride or succinic

anhydride). The foregoing list is not exhaustive and other 20 nethods of

cappi ng ni t r ogen- PanidEETad dihiopbesphafe snos salksmsadregiventiyosed akantvedr and t he
art. For ade i i - Al - inj [.Spersant
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from about 01623, tinasgyBdechomamangan@sel dickelss <ppgr dherzaklsyld sremapbout 0. 07 to
about 0.12 mass %  of 25 nitrogen. Ashless dispersants are basic in nature
and t her ef or EORBWBlYAISTBN WRIieHINE cldp aAwiuAl bR 1t tlid OnBitelireblp 0.2 e Wol’ar group

and whet her i r I e e ' [
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basi ¢ di sper spatcomliahdeogiei kAaswen kaabiiguésthyayefoamiigledikydrocsbd0 ef fect on the
fluoroel astoneric materials conventionally used to formengi ne seals and,
therefore, i fithigphysghericainid(PBPAsaisuHly by ispeHam of FBe Rt mere yratnd s aphenol

necessary toyp P,S;s and then neutralizing the formed DDPA with a zinc compound. For

example, a dithiophosphoric acid may be made by reacting mixtures of primary and
20 secondary alcohols. Alternatively, 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
25 excess of zinc due to the use of an excess of the basic zinc compound in the
neutralization reaction.
The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
dihydrocarby! dithiophosphoric acids and may be represented by the following

formula:

/n

30 -



provi de piston deposit control, and to use substantially no dispersant, or
preferably no dispersant, having a TBN of greater than 5. Preferably, the
anount of dispersant -14- enployed will contribute no nore than 4,
preferably no nore than 3 ng KOH g of TBN.to the lubricating oil
conposition. It is further preferable that dispersant provides no greater

than 30, pref{geRil ¥ aRPRINRIIRIthE Have AAerOknt IRRIJBN P kadififs cdriéhhing o9 Oi |

conposition. 5 Additional additives may be incorporated in the conpositions
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Wi th a zinc conpound. For exanple, a dithiophosphoric acid may be nade by
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salt, any basic or neutral zinc conpound could be used but the oxides,
hydr oxi des asdbodiswchohdriesting @l posposgeme obtHeypresepl inyedionContasr dhatliabgdi ti ves

f tl nt.ai 2 f. zi due t h f th
g N e R el
di hydr ocar by lyogli eBbRRACARORNIES are oil soluble salts of dihydrocarbyl

di t hi ophosphoric acids and nay be represented by the foll ow ng
Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to

deteriorate in service. Oxidative deterioration can be evidenced by sludge in the
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such

20 oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to Cj; alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons, phosphorous esters, metal thiocarbamates, oil soluble
copper compounds as described in U.S. Patent No. 4,867,890, and molybdenum-

25  containing compounds.

Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitrogen contain from 6 to 16 carbon atoms. The
amines may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent

30 bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO5- or
alkylene group) and two are directly attached to one amine nitrogen also considered

aromatic amines having at least two aromatic groups attached directly to the nitrogen.



formula: r S RO P- -SZn 30 ROJ2 - 15 wherein Rand R may be the sane
or different hydrocarbyl radicals containing froml| to 18. preferably 2 to
12, carbon atoms and including radicals such as al kyl, al kenyl, aryl,
arylal kyl, alkaryl and cycloaliphatic ragicals. Particularly preferred as R
and R groups are alkyl groups of 2 to 8 carbon atons. Thus, the radicals

may, for exampd @fonﬁub@nggwlt pifal Br aBdtitutell bPOARYE mofe Qibkituents s@edtd from
sec-butyl, a , h-hex exyI n-octyl, decyl, dodecyl, octadecyl,

2-et hyl hexyl 8 <ﬂh@rg}®all<ﬁurlyo>@h@ng}q>xy, 9! astiayino, rmérm«yr arr,cg/@rr@rg@wpyr propenyl ,
butenyl. In order of carbon
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conpositions of the present invention contain zinc dialkyl 15
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deposits on the netal surfaces, and by viscosity growh. Such 20 oxi dation

i nhi bi tors i ncl udRepesraetiad eptaples of suaklgivissesisanedifierstat pelaispbutplene,

alkylphenolthro sters v ef erabl o C12 al k srde ch cal ci um
nonyl phenol  Surts SHPRVIER ol EOBHERS pelmdheblfedn et yRg SRR MEr
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t hi ocar bamates, oil soluble copper conmpounds as described in S. Patent

No. 4, 867. 890f stunte ansl ysrlemestar2snd oattiallnhmdroeommirsiasgslymers of styrene/

15 isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially
hydrogenated homopolymers of butadiene and isoprene.

Friction modifiers and fuel economy agents that are compatible with 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

20 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.

Other known friction modifiers comprise oil-soluble organo-molybdenum

25 compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. Examples of such oil soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,
dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.
Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl

30 xanthates and alkylthioxanthates.

Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured

by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.



Typical oil soluble aromatic am nes having at |east two aromatic groups
attached directly to one amne nitrogen contain from6 to 16 carbon atons.
The am nes may contain nore than two aronmatic groups. Conpounds having a
total of at |east three aromatic groups;#n which two aromatic groups are
| i nked by a coval ent 30 bond or by an atomor group (e.g., an oxygen or
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and nitro greuisr adWictohdyBdeiid @xigdands are commonly enpl oyed in

conbi nation. In one preferred enbodiment, lubricating oil conpositions of
the preseht inventitengdsnmalyhd@uiyempabodstusefullintthe edyopasition ofthsgnegndén ani ni ¢

anti oxi dant and from about 0.1 to apo ss % of phenolic antioxidant.
I n anot her p?%f%%?%&“@?%%&?ﬁéﬂPP°W6§P?@%F%H@ﬁ%-| conpositions of the
present invention contain from abouM@ROAY),aheut 1.2 NBss @6pf _aninic
antioxidant, fromabout 0.1 to about 3 mass % of phenolic antioxidant and a

mol ybdenum conpound in an amount provWdikgShe | ubricating oil conposition

from a about,10.t0.about 1000 of, .nol ybdenum Represent ative exanpl es of
sui tabl e vi sEBEFPYR it PP anbRlse Ry ASBuhY yraRson s of ghef vty ene
and propy¢ engad Q%MH&?/D@@&&@I FFionTBtBEdYbdt RorEORAY PiBdrsbly 2GOPDENBERT S of an
unsat urated di carboxylic acid and a vinyl conpound, Interpolyners of

styrene and aemgland mestsefsrablyradkyd af 2ital 4 sarbyrdrtons nlatpeeiaby pisfeyied axs the
styrene/ 15 is renef bu i ene, and isoprene/butadiene, as well as
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Friction nodifieranaifer dro@) oesioaMMoRB&Mum dofffourdsaise@IMmahé RlbBcaMngh t he
other ingredients of the final oil nmay al so be included. Exanples of such

mat eri al s i nedropisitiog ytérsyihventno ersttenusleaf miolypHenrunt earagounds. @specfally theganpl e,
0 Yeer YL ong oL e BT Sy o ORI PO RS, 2 P
S, 22 e s s Ao A SRR o s,
et hoxyl at ed t@)ﬁtrdgﬁ eqreaungd wolnkle or dispersible in the oil, nis from 1 to 4, k varies from 4
through 7, Q is selected from the group of neutral electron donating compounds such as
water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes
20 non-stoichiometric values. At least 21 total carbon atoms should be present among all
the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.
A dispersant - viscosity index improver functions as both a viscosity index
improver and as a dispersant. Examples of dispersant - viscosity index improvers
include reaction products of amines, for example polyamines, with a hydrocarbyl-
25 substituted mono-or di-carboxylic 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,4 to Cy4 unsaturated ester of vinyl alcohol ora C; to Cyy
unsaturated mono-carboxylic acid or a C4 to Cyg di-carboxylic acid with an
30 unsaturated nitrogen-containing monomer having 4 to 20 carbon atoms; a polymer of
a Cy to Cyp olefin with an unsaturated Cs to C1yp mono- or di-carboxylic acid

neutralized with an amine, hydroxyl amine or an alcohol; or a polymer of ethylene

with a Cj to Cy olefin further reacted either by grafting a C, to Cy unsaturated



O her known friction nodifiers conprise oil-soluble organo-nol ybdenum 25
conpounds. Such organo-nol ybdenum friction nodifiers also provide
antioxidant and antiwear credits to a lubricating oil conposition. Exanples
of such oil soluble organo-nolybdenum cpgpmpounds i ncl ude dithiocarbarnates,
di t hi ophosphates, dithi ophosphi nates, xanthates, thioxanthates, sulfides,
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conmpounds. 5 Anong e nol ybdenum conpouhds usarat he conposi ti ons of
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conpounds useful in the lubricating conpositions of this invention are
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ranges 150 By 3005 BLAES S0MRDIAL BLESTRIR R e st 2
been observed that some compositions 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

20 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.

When lubricating compositions contain one or more of the above-mentioned

25 additives, each additive is typically blended into the base oil in an amount that enables
the additive to provide its desired function. Representative effect amounts of such

additives, when used in crankcase lubricants, are listed below. All the values listed

are stated as mass percent active ingredient.



the |igand organo groups,
carbon at ons.

pol yam nes,

whi ch t he hydssedr byl

i mpart visc
t he vi scosi
C4 to C4 u
nono- car box
unsat ur at ed
pol ymer of

di - car boxyl
or a polyne
grafting a

by grafting
carboxylic

al cohol . Po
(LOFI), 5

he pour ed.

i nprove the
fumar at e/ vi
be provided
silicone oi
additives c

additive may act as a di spersant-oxidation inhibitor.

such as at
A di spersant

wi th a hydrocar byl -

Qify Lndex inprnving prnpprfi

| east 25, at
- viscosity index inprover functions as both a
viscosity index inprover and as a di spersant.
vi scosity index inprovers

Exanpl es

i ncl ude reactij®n products of am nes,
25 substituted nono-or di

substituent conprises a chain of sufficient
to the com

es

| east 30,

or at le
of di spersant
for

- carboxylic
l e
ounds 1 n ge

ast 35

exanpl e

acid in
ngth to
eral,

L WDIDNGexXE | nprover di spersant
hnsat urated ester of vinyl alcg

rayaks o, for e
QBkMQLAa C3 t¢

ampbeo, a poly
)(Iﬁ;%grregpsat ur

her of a
at ed

T acrdor—a &4 to CHodi=tg

Mietal Hgtangandnt ai ni ng monomer _h&v

rooxylTcacrd

ink® 4 to 20

W LTI dIimT— 50U

frbbn at ons:

a

@01@@31&91n%t09| efin with an ur

gatgrated C3

9 Qp nono- o

[

T acrd meutTat Tzed wth—am s

F Mstal Bilydregrebyligithophosphate

e, hydroxyl

@bt efin furtf

alrrr e 0ot dll
18l Teact ed eil

Al cohol ;
her by

gﬁnﬁggggg unsaturated -18- nit

[0gEN- cont ai ni

pgmononer th

ereon or

amunsat urated—acid-onto—the

2wt g pprespathe grafted aci|d-Qj

potymer—back
th

an ani A&

)U“e olllu LIIEII
1 -Hydroxy a

eacting
M ne or

uAnQQhHﬁmde&ﬁssants ot herw s

@ kpown as | ul

®. 011 |- of oW 1

provers

OWwer 111 III I ”UIH LEHPUI atuore

lerpeyaliA nit | |__Kknown

whrchr—tie—

()Th%lcal of

Ford—wtt—ft+o

Rodkd addi tive

v or can
5 t hat

#Rwl(;nqqggirf@; ure fluidity of t

he §IU|d are (

0§ _tjos Ci s di al

Kyl

% acetdate (..U[JUI yrer s, ard H
iﬁC

o ymet racrytat
|0

€S, Foarmrcont

ol can

antyddedifisamant _of the pol

Bg&ggggydlnethyl_si!oxane. 1(

ne type

or3_exanpl e

BeRe of the ¢

pRkgcEENt i one

d

rrects, LTIUS

Thi s

FOr eXdaliplr €,
approach

a single
is well

known and need nofylBeforulahariubli@ian atiedmpesigbms ofltRe pRe€erRiRe8H6n | NVention it

may al so be

preferable to include an addi

ive which

maintains the stability

of the vi scopieteyatdy haveea BBeInaf at Faetsy S girefacsbhet pestsa?, sgﬁlm@qofromcahmatu &9 g

additives. ac
been obse?ve

LS TeSb T et Bl

in,the

)

R PeBdil IRt

e

prol onged pefid$] mdddOH/y esshi ofgomye effective in controlling this
VISCOSIty i ncrease
Fully formulated lubricating oil compositions of the present invention

preferably have a sulfated ash (SASH) content (ASTM D-874) of about 1.1 mass % or

20

less, preferably about 1.0 mass % or less, more preferably about 0.8 mass % or less.

Preferably, fully formulated lubricating oil compositions of the present

invention derive at least 5 %, preferably at least 10 %, more preferably at least 20 %

it has
ed for

of the compositional TBN from ashless TBN sources including at least one compound

of Formula I. More preferably, fully formulated lubricating oil compositions of the

present invention derive at least 5 %, preferably at least 10 %, more preferably at least

20 % of the compositional TBN from at least one compound of Formula I, and less

than 25 %, preferably less than 20 %, more preferably less than 15 % of the

compositional TBN from ashless TBN sources other than compounds of Formula I,

including basic dispersants.

Fully formulated lubricating oil compositions of the present invention further

preferably have a sulfur content of less than about 0.4 mass %, more less than about

0.35 mass % more preferably less than about 0.03 mass %, such as less than about

0.15 mass %. Preferably, the Noack volatility (ASTM D5880) of the fully formulated



i nclude the | ong chain hydrocarbons functionalized by reaction with nono- or
di carhoxylic acids or anhydrides which are used in the preparation of the
ashl ess 20 di spersants as herei nbefore disclosed. Wen |lubricating

conposi tions contain one or nore of the gbove-nentioned additives, each
additive is typically blended into the base oil in an anount that enables

t he addi ti Velubﬂceﬁfn(g\biil%rﬂﬁo%iti@ﬁ%bi'l 6ﬂluBHl%%¥ni Qzﬁ‘scoW}ﬁ}B]uL Hlﬂ’ﬁﬁ&iﬂ%sﬂﬂld%ﬂi}ﬁ@éi ti ons
contain one or norée of the above-nentloneg 25 additives, each additive is

typi cal | y bl éhgat) Wilths notgseddersbaroi 3, sigh asmoegroaiet tha A2, preigtibésno gisetenddi ti ve

to provide its stred.functipn, .Representati.ve effect amgunts .of such
bt ves. ik D Ba prnihidRen R SRR oA FEPua AR S Tt he

val ues |i st egrefcddt® ﬁ&@rﬂﬁ;@ﬁe%ﬁﬁl@@ bf PEdspMErub AR fNbreadPiimn19- Tabl e
1 ADDI TI VE MASS % MASS % (Broad) (Preferred Metal Detergents 0.1 - 15

0.2 - 9 Sor t@¥impm diplidsphans,®r o @reatet (Hin §0Etpam @i thedpleras. by |

Di t hi ophosphate 0,1 -6 0,1 - Antioxidant 0-5 0.01 -3 Pour Poj.nt

bepr esgant 0 01 -1 Rysierraste dMigudnsh igAde RicPdiess chgiore pie

Suppl enent al ccﬁ\@_&l‘uti’k@@krcoﬁqﬁmr% AHditked(Bncerrals sbbGhbOPeiMPHifék&F10G35 0- 1.5
Viscosity Mddifier 0.01 - 10 0.25 - 3 Basestock Bal ance Bal ance Fully

formul at ed | ubshitiatackages) Wheropessietal addtiofs cahbe pddssiennultangently omthe prlef er abl y
have a TBN of at |east .8,5, preferabl t | east .9, h fr. bout 8.5 t

o about 15, lor B ik B iSPos ol Rssufhonmy o pEuRiPEPEE Y from
about 9 {0 RBAMIHInkbIND Y Gn GAHEMERALEN entfodl hay, O Rl dorebiriidgmat | ng o |

conpositions of thé present invention
about 5 to about 30 mass % of one or more compounds of Formula (I); about 10 to

about 40 mass % of a nitrogen-containing dispersant; about 2 to about 20 mass % of

an aminic antioxidant, a phenolic antioxidant, a molybdenum compound, or a mixture

thereof; about 5 to 40 mass % of a detergent; and from about 2 to about 20 mass % of
15 ametal dihydrocarbyl dithiophosphate.

The final composition may employ from 5 to 25 mass %, preferably 5 to 18
mass %, typically 10 to [5 mass % of the concentrate, the remainder being oil of
lubricating viscosity and viscosity modifier.

All weight (and mass) percents expressed herein (unless otherwise indicated)

20 are based on active ingredient (A.l.) content of the additive, and/or additive-package,
exclusive of any associated diluent. However, detergents are conventionally formed
in diluent oil, which is not removed from the product, and the TBN of a detergent is
conventionally provided for the active detergent in the associated diluent oil.
Therefore, weight (and mass) percents, when referring to detergents are (unless

25 otherwise indicated) total weight (or mass) percent of active ingredient and associated
diluent oil.

This invention will be further understood by reference to the following

examples, wherein all parts are parts by weight (or mass), unless otherwise noted.



preferably have a sulfated ash (SASH) content (ASTM D-874) of about 1.1 nass
% or less, preferably about 1.0 mass % or |ess, nore preferably about 0.8
mass % or less. 10 Preferably, fully formul ated |ubricating oil conpositions
of the present invention derive at leas§;5 % preferably at |east 10 %
nore preferably at |east 20 % of the conpositional TBN from ashl ess TBN
sources i ncl BJAMPIES | east one conpound of Formula |. More preferably,
fully forrmulated | ubricating oil conpositions of the present invention
derive at | exythosisokxagde brably at | east 10 % nore preferably at |east 15

20 % of th Ll I I , d
oot ne comporl o0k, TP LLPR Al grRl0 8, AEIBRHOR ol Formt o 1 2n

|l ess than 25 % pre erably lTess than 15 %
of the conpesidohexak (TBN fiotsy) astioass of BN t@auHI€ @sa dhbel 230wl roafpounds  of
Formula 1. including basic dispersants. Fully formul ated |ubricating oil
conposi t i ‘onsbatont Aeskpdeipad widnagneshenicpltivigs conganspyideasr-dtarktrameed a sul f ur
content of | t %, more 5 mass %
nor e prefera{laﬁ?;e?/S {Ogggroggg’ﬁl7a%rél§t&3;ﬁgt§y[;arglg% @%122312?}5%39?%2@%%%%21“@%%,[ 0. 15
mass % Pref gaalnymixtiie wioaeked @, ahd hialryaiiASEM (0588 W)fted thrith ) ey d, Yhe

formul ated -20- lubricating oil conmposition (oil of |ubricating viscosity
plus al | addictstipasvasrr@mpdeied.iay sonfgrimeddit P Theeesplingmaiztuse wehteatad, such
as no greater. ef erabl y n reate . . Full | at ed

bt oot § no. S O0ied Bt BHEORT A E HuE g bARY SR e Gk ApEPTMEL o
greater {hanork2Q0 Iperwas wakiRIPME! Water, HHED a@S diel QVIESOHr ThBaslventh@R0 ppm of
phosphorus, or no greater than 800 ppm of phosphorus. It may be desirable,

al t hough not caaseErfedly 1080 Ippsr@uBne abraimps & chaaidurl elhesiveeit pldhes

conpri sing additives ncent riat es ;s iwes being referred to as additive
packages) whig? ]IIJC;} Wsag\(/:ég@ﬁmeéi}cﬁ ?%'v%% mlgeadded simul taneously to the oil
to formthe | ubriTiica@iod dch&RERAThE AR e-shnBONERRhHRhIbeldwW:.Or the preparation
of a 10 lubricating oil conposition of the present invention may, for

exanpl e, contain from about 5 to about 30 mass % ofEt®he or_nore conpounds

of Formula (1); abg 10 to about 40 mass % of; @ nitrogén-containing
di spersant; &iou $ abotNH ;20 Hresd | $eBaf —an—a:ﬁj—ni—e—»ant
anti oxi dant, a nol yasgeAium conpound, or a nicgtogptale ther eof

nt, a phenolic
N_about E\IEIO 40

mass % of a detergent; and from about 2 to about 20 nass % of & et al

di hydr ocar hyl dithi ophosphate.
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Svynthesis Example 2

450 g of phenetidine (3.28 moles), 1682 g of 2-ethylhexanal (13.1 moles), 45 g of

10% Pd/C and 2L of dry methanol were charged into a Parr reactor. The reactor was
pressurized to 10 bar with hydrogen and stirred with heating to 100 °C. The reaction
20 was monitored by HPLC to completion. The reactor was then cooled to room
temperature and the catalyst was removed by filtration. Distillation of the reaction
mixture yielded 800g of product, the structure of which was confirmed by 'H- and
“C-NMR.
The reaction scheme for the above-synthesis is shown below:

25

NH, N
0

Pd/C, H,
+ H —_—
MeOH



The final conposition may enploy fromb5 to 25 mass Vu, preferably 5 to 18
mass % typically 10 to 15 nass % of the concentrate, the renai nder being
oil of lubricating viscosity and viscosity nodifier. Al weight (and nass)
percents expressed herein (unless otherwjse indicated) 20 are based on
active ingredient (A L) content of the additive, and/or additive-package,
excl usi ve of any associated diluent. However, detergents are conventionally

formed in diluent oil, which is not renoved fromthe product, and the TBN
of a detergeﬂﬂﬂiggﬁaéﬁﬂe%tionalIy provided for the active detergent in the

associ at ed di | uentr@iplsicf; }hgfffu% 1§at1 lgc,t?) Qi nTBS B dptglrncf‘g)g(ﬁ B%t ct Wel ght (or

referring to detergents are ess 2 erw se indicate

mass) per centutmf]oxacTha/&smlngg ﬁdlteﬂﬁZatﬂmﬂlesl&@m adped seddis| turhbaseinumbdhios
invention will be further understood by reference to the follomnn?

exanpl es, SwhemBY-Angcpn B%W%S“é%u%lé% Yagiony mggioght TRermerads) conigntivsalvt her wi se

not ed - %gANP 25 g of

p- phenetldlnegif%)te }£ﬁ% §P§§%%oﬁ§aﬂﬂégr%mIﬁgQg%@k?%hgﬁg%ﬁbles) in 100
mL of acetonmydmkbbhnaad4ﬂmﬁokw2ﬂQA$ThﬂEﬂﬂﬂd(p&eﬁ@hﬁﬁﬁtbbﬂﬁkneqmumped with a
mechani cal stirrer, condenser/Dean-Stark trap, and inlets for n|trogen 17.2

mL of tri et hyltaHpPhe ADIMIR 896 usey 2 siEangercasid tan ASHM D47dd end amats Relak e was
heated to, agglvg?t' ? ?fle'pgelgleac%mlb%;%%gn_?ﬁ‘[hte%fro{légr%ad(a%h ){t?(ﬁ?éola? E'(ﬂver{t??s% &5 on vvas

conpl eted, as conf tin

di | uted NaOHnaquemuﬁapsmhuenmh@mlataxéarsafetsetd: ;westelnccebflbdth a@@tgaztrel wekfe conbu ned
10 organic |l ayer was _washed with water, brine and drie . The sol vent

was concent Patsd Ty TEO m}afbaﬁ #tvaemﬁirﬁx /S bt B Py oaewse;sirlad“rféb oilThe
structure of %&: ca'?i%f?sdufs %)ng?NFB@%gl%ﬂog %l%éred E?%ng}x?eqﬁymgh@ u ction

schenme for th ove-synthesis s shown 13-Br E
oils to measure TBN depletion/retention. In general, the ASTM D4739 method

results in a lower measured TBN value because only stronger basic species are titrated.

Example 3

A tully formulated lubricating oil composition containing dispersant, a
detergent mixture, antioxidant, ZDDP antiwear agent, pour point depressant and
viscosity modifier, in base oil was prepared. This lubricating oil composition, which

20 was representative of a commercial crankcase lubricant, was used as a reference
lubricant. 1.00 mass % and 2.00 mass % of N, N-dihexylaniline, an aniline
compound hereinafter referred to as Non-Preferred Inventive Aniline Compound
(NPIAC)-1, was added to the reference lubricant. An additional amount of base oil
was added to each of the samples to provide comparable total mass. The TBN of each

25 of'the resulting samples was determined in accordance with each of ASTM D4739

and ASTM D2896 (in units of mg KOH/g). The results are shown in Table I1I:



acetonitrile /C6H 13 N1 C6H 13 15 Synthesis Exanple 2 450 g of
phenetidine (3.28 noles), 1682 g of 2-ethyl hexanal (13.1 noles), 45 g of

10% Pd/ C and 2L of dry nethanol were charged into a Parr reactor. The
reactor was pressurized to 10 bar with drogen and stirred with heating to
100 C. The reaction 20 was nonitored by HPLC to conpletion. The reactor was
then cool ed o, Legm tenperature and the catalyst was renoved by filtration.
Distillation e reaction mxture yielded 800g of product, the structure
of whi ch wasEganpler mred by ' H Rafetenc€ NVRomphetive8amnplen sobangarhidve Sdneple 2
above-synthesis is sho below. 25 NHO N OH PO H2 MeOH O 0 -22- TBN

Per f or mance %ﬁér%]ég' é‘l“\igl[f]: @& a | ub¥%ating oil 9éc9$posi tion can b&-Héterni ned
by acid titnati e - nesultin utralizati nunber is expre d as
total base nﬁa é:edr),ﬁas(g;la)ﬂll(l?gsé)TBN. an%'oggn be rreasu?@g usi ng vari ous %g%@hods. Two
met hods convBiRiAOnalgd)y sel ect ed toe--eval uate ashlo@rs base sources2.abe ASTM
D4739 (potentionetric hydrochloric acid titration) and ASTM D2896

(pot ent i onet rpel Wéf'r‘éélﬁl(%)ri c aci 19499 rati on). W) D2896 uses a 1Q@-rognger acid
than ASTM DA43% @anfyssgrore pol ar g -gol vent systgrg-/- The conbi nati opgof the
stronger acid and nore polar solvent results 101 n a nore repeat a% e met hod
t hat nmeasur e§Bi\nley pegsence of bobled4strong and Wsdk bases. The T8db val ue as
determ ned by ASTM D2896 is often used in fresh %il

ATBN against ~ --mee- 0.1 0.22
Reference by D4739
ATBN against ~ —=-eee- 2.19 4.41

Reference by D2896

As shown, the aniline compound of the invention effectively increased the
TBN of the lubricating oil composition as measured by ASTM D2896, without
5 contributing to SASH content.

Example 4
The comparison of Example 3 was repeated using the compound of Synthesis

Example 1, hereinafter referred to as PIAC-2. The results are shown in Table IV:

10 Table IV

Example Reference Inventive Sample 3 Inventive Sample 4
Reference Sample (g) 95.00 95.00 95.00
Added Base Oil (g) 5.00 4.00 3.00
PIAC-2(g)  eeeee- 1.00 2.00
Total Weight (g) 100.00 100.00 100.00
TBN by D4739 8.73 10.63 12.49
TBN by D2896 9.58 11.63 13.47
ATBN against ~ cemeee 1.90 3.76
Reference by D4739

ATBN against ~ --eeme- 2.05 3.89

Reference by D2896

As shown, the aniline compound of the invention effectively increased the
TBN of the lubricating oil composition, as measured by each of ASTM D2896 and
ASTM D4739, without contributing to SASH content.



specifications. The ASTM D4739 nethod is favored in engine tests and with
used oils to neasure TBN depletion/retention. In general, the ASTM D4739
met hod results in a | ower nmeasured TBN val ue because only stronger basic
species are titrated. 15 Exanple 3 A fu% y forrmul ated | ubricating oi
conposi tion containing dispersant, a detérgent m xture, antioxidant, ZDDP
anti wear agent, pour point depressant and viscosity nodifier, in base oi
was prepared. This lubricating oil conposition, which 20 was representative
of a commer cEadmglednkcase | ubricant, was used as a reference |ubricant.

1.00 mass % and 2. 00 nmass, % of. N, i hexylaniline, an. anjline _conpound
herei nafter refer FE%CQIBP%§ONBEEP?‘BHS%W IEPRAL S YSE AditanAk NeRREEH

(NPLAG) - 1. vggdfded il eATSnh R SANI adtbasdihiafatcamount of

base oil was added to each e sanples to provi conpar abl e total mass.
The TBN of eamhp@bhdofCAbe Thsiektliing fidhnfoleslawddutdenersmare durther essedndance

wi th each of ASTM D473 and ASTM D2896 (i.n units  of OH g)..The results
are shown i nd%rmlée%e:%fesboffjtb%aml}ﬂ%f%nmwndt%ﬁ?)rr%ﬂfr@e?rgdrg%ﬁc@ﬂ%ﬁﬁ fative

Sample | Co Lve, : . . Added
Base Q| (g?@g&g%b%QSgaggggmgﬁéﬁﬁ%f%ﬁggﬁng??gﬁsmég%%%%Fg%(ﬁigggpgag?g t (9)
100. 00 100. 006190, @bich hBNrhyladd TAFic8ntAbud p8% @7 recEBMb) PDP8IUGNE. 64 11. 83

14.05 ATBN agajnst ------- 0,12 0.22  Reference by D4739 ATBN agaj nst

------- 2. 107 141 L pf i %me@b;&gy BHD R AUFLUERS uBH of the

i nventi on, ef >l i : t fol e i osition

as r’reasurl% q W%éwe%Zgg%E%%?E% gtgﬁed {o cﬁmhgf as mﬁ MS.SCIQBBH&HQ Bot‘ﬁ%g}l
compatibility and corrosion were tested in the presence of an amount of aniline

compound providing 3 TBN over the TBN of the reference oil. The results are shown

in Table V:



5 contributing to SASH content. Exanple 4 The conparison of Exanple 3 was
repeat ed usi ng the conpound of Synthesis Exanple 1, hereinafter referred to
as PIAC-2. The results are shown in Table IV: i 0 Table IV Exanpl e Reference
I nventive Sanmple 3 Inventive Sanple 4 Reference Sanple (g) 95.00 95.00
95.00 Added Base G| (g) 5.00 4.00 3.00 PIAC-2 (g) ------ 1.00 2.00 Tota
Wei ght (g) 100.00 100.00 100.00 FBN by D4739 8.73 10.63 12.49 1BN by D2896
9.58 11.63 13.47 ATBN against ------- 1.90 3.76 Reference by D4739 ATBN
agai nst ----Table¥ 05 3.89 Reference by D2896 As shown, the aniline conmpound

of the invent| ef Lvely increa of e [ i 0j

conposi tion, Eggglﬁeagﬁﬁég%gy each of S%%”l%fi{l D%ﬁ%% %%ﬂ %&ﬁ% Eeg;tvm E mmtlt
contributing to SASH content. -24- Exan®ig) Spdhe eesmarnirsQn of skxanpl e 4 was
repeat ed usi rgeradéi tional.....naon-preferred. exanpl es..of ami ne” egupounds..of
Formula I, as well as conparative aniline 5 conpounds (CAC). The resulting
fully formulated |ubricants were further tested to determne the effect of
the aniline conpounds on corrosion and seal conpatibility. Corrosion was
tested usi ngymabigh tenperature corrosipn bengh test (HICBT) (AJIM D6jJ95),
which a fornmul ated | uly ant nust pass before receiving APl CJ-4 and ACEA
E6 certification. Seal npai@bisl i ty was eval uated using an

i ndustry-standard 0 MB- AK6 West, which nust be passed to qualify as a MB
p228.51 lubricant. Both seaj: y.compatibility and corrosion were tested in the
presence of an amount of anifihe conpound providing 3 1BN over the 1BN of

the referencriacid . The. results are shagse 1.9 2.1 Pass Pass -0.81
/C6HI3

T
CeHys
NPIAC-3 192.4 2.0 1.9 Pass Borderline -0.78
Fail
,CeHis
N
O CeHys
CH;
CAC+H4 : 375.6 0.1 2.0 Fail Pass 0
N/\/\
H
' Reference: Chemical Review, 1991, Vol. 91, pps 165-195
5 As shown, PIAC-2 had no adverse effect on corrosion or seal compatibility

when added to the reference oil in an amount providing a 3 TBN boost. NPIAC-3, in
which substituent X (of Formula I) is positioned ortho to the NR R, moiety,
effectively increased the TBN of the lubricating oil composition, as measured by each
of ASTM D2896 and ASTM D4739 and had no adverse effect on corrosion, but
10 reduced seal compatibility. The addition of CAC-4, in which R; (of Formula I) is H

tailed to provide a significant increase in TBN measured by ASTM D4739, and
caused the lubricant to fail the HTCBT test.

The disclosures of all patents, articles and other materials described herein are
hereby incorporated, in their entirety, into this specification by reference. A

15 description of a composition comprising, consisting of, or consisting essentially of



in Table V: -25- Table V Exanpl e Conpound Cal cul ated ATBN ATBN HTCBT MB- AK6

Hammett TBN Val ue by by (cu Seals Test a' value' (ngKOH g) D4739 D2896 3

| BN 3TBN Reference ---------- ------- ----mon —oooo- Pass Pass --------

NPl AC-1 214.3 0.1 2.2 Pass Pass 0 ONCH 3 C61113 PIAC-2 BtC'al 183.2 L9
2.1 Pass Pass -0.81 /C6H 13 N | ©61,1 NPl AC-3 192.4 2.0 1.9 Pass

Bor derline -Quif8le fpakiticd LGRFERNY, 2R hefRHB oG the 37RorBe@clhinds,0 Fai | Pass
0O NH Reference: Chemi cal Review, 1991, Vol. 91, pps 165-195 5 As shown,

Pl AC-2 had rshorldvsrosestafetiae alsogneumpass ¢ anpaiticnie alade bypdmibing s2ig multiga added

to the referenc il in a unt ovi dj-ng ,a BN boost. NPIAC-3, in

whi ch-subst 1 TRENES SOTBI Gy A PSS BELTer SrbadBReo Runets AR R2 o ety,
ef fectively dRefi0ADEchet fieseABNvOAtidnNRIvE BN &3thitd iRithe BRI dpbificatds.
measured by each of ASTM D2896 and ASTM D4739 and had no adverse effect on

corrosi ori- bihagappEcanteshbsenis teainpatitising howeveTHenaddibeiconstofed @admttedi n whi ch
Rz (of For mJt'o 1e| Bar{icsulelz_r| embodiments disclosed, since the disclosed embodiments are
regarded as illustrative rather than limiting. Changes may be made by those skilled in

the art without departing from the spirit of the invention.



failed to provide a significant increase in TBN neasured by ASTM D4739, and
caused the lubricant to fail the HTCBT test. The disclosures of all patents,
articles and other materials described herein are hereby incorporated, in
their entirety. into this specification.py.reference, A 15 description of a
conposition conprising, consisting of, or consisting essentially of _26_
mul ti pl e speCLAIMS: conponents, as presented herein and in the appended
claims, should be construed to also enconpass cqnpositions. nade by .adm xi ng
said multipl b spdipiceting SHsoR@REIEoN FABPHYING Qi dsamenmiios ofled lehisatngrent s

and_modes ofis GRY 844 Oinl {RHPEESRNG AV EBhEANAIRY BABRRudesCr I bed In the

f oregoi ng speci |cat|on app |cants su i's thelir Invention,
however, is not to be construed agR')jmted to the particular enbodi nent s

disclosed, since the disclosed enfjodi nents are regarded as illustrative
rather than limting. Changes Iy e made by those skilled in the art
W t hout departing fromthe sii the invention. dp7- CLAIMS: | . A

| ubricating oil conposition conpxising a Bejor anount of oil of |ubricating
viscosity and a minor anmount of one or Nrore conpounds of the formula: (R~)n
XH((1) A NI R2 werein R and R2"ndependent|y represent al kyl or
substituted al kyl having no aryl substituuent; R, or each R independently,

ts h . alkyl | - nis.0 to 4: and, X t
v ogen or Sraendts pRagdsitSiteda Frd e io RIRREROF R E ST RAE o
substituted alpkeuynt; RN @hdh 1B ahdereHislyt MBRkeEE Bytl}og@lrﬁ akyHemieé:ty; @-s val ue

that is negative, and 'has an absol ute val ue of < A Iubrlcatlng oi
conposi t i on, toak aod Xi lepesénts kydipganior arabstitgera eRBIN sefectet! Trommsliyl, 6lkenylKOH/ g,

preferably f’rl%r)l(yfyi 0% soubsgtur% alﬁmxyg wheFein S éjurbgt(iitulegt grggpoﬁas anlglamme%t% value

that is negative, and has an absolute value of < 1.5.

2. A lubricating oil composition, as claimed in claim 1, having a TBN of at least
6 mg KOH/g, preferably from 6 to 15 mg KOH/g, as measured in accordance with
ASTM D-2896.

3. A lubricating oil composition, as claimed in claim 1 or claim 2, having a
SASH content of no greater than 1.1, preferably no greater than 1.0, more preferably

no greater than 0.8 mass %.

4. A lubricating oil composition, as claimed in any of the preceding claims,
wherein at least 10 % , preferably at least 15 %, more preferably at least 20 %, of the
compositional TBN, as measured in accordance with ASTM D2896, is derived from
ashless TBN sources including at least one compound of Formula 1.

5. A lubricating oil composition, as claimed in any of the preceding claims,
having a sulfur content of less than 0.4 mass, and no greater than 1200 ppm of

phosphorus.



ASTM D-2896. 3. A lubricating oil composition, as clainmed in claim1 or
claim2. having a SASH content of no greater than 1.1, preferably no
greater than 1.0. nore preferably no greater than 0.8 mass % 4. A

| ubricating oil conposition, as clained 4q. any of the preceding clains,
wherein at least 10 %, preferably at least 15 % nore preferably at |east

20 % of thes COTWQ{%rchﬁifgli_bilI&Npos@ﬁoﬂ@@@l@fn%ﬂi iR GE HeGRO&Aind 4A1mASTM D2896,
is derived from ashless TBN sources including at | east one conpound of

Fornmul a |. Somprisutgra eoannongd of Fosorpbdaiheicongachof i andrBd is, indgpgndshtly.lae
precedi ng cl ai aving a sulfur content of less than 0.4 mass, and no
gr eat er thaﬁewggbzﬁﬁﬁrngpﬁﬁs@Bw r p&¥%g§)8éﬁﬂ 51I%‘BW'cating oi

conposition, as claimed in any of the preceding clains, conprising a
compound of Formula | wherein each of R and R2 is, independently, a Cl to
C, 2 al kyl grboup, phléfrsatng 9il somper@en, @ clegndd inzlamidy cogpysipe azompound

| ubricating gid coppasiti.on, ;as.¢lained i.n . claim®6, co i sk hg _a conmpound
o For mul a1 \ireF S QiR Bt r @it dodhefiRn G 1O IEPuS e al ky)
group, preﬁge@pﬂﬂy@hh@ﬁggnocgat | &up! Kyl group. 8. A Iubrlcaplpg o]
conposition, as clained in any of the preceding clains, conprising a
conpound of Fornula | wherein Xis a substituent group with a Hammett a

val ue of fro abqgﬁ -0.@ toqabout.ﬁl.o lx“ﬁﬂfferablﬁ bei n . pana to the NR
Ro moi oty antl mord \iRps i SORPRIGY & ety 86t iksey g s

concent r at i apbnfRfsirdegtecdiRRAl JF Fom@h [ ¥hbreht XGah smghtiQleht 5QUPRGiHtd on, as
claimed in any of the preceding clains, said concentrate conprising from

about 2.5 tolammetitc’ 38lugms frofmpabpiit dhetomborbrld), copistauaids beihg Beraraltize (1) :
about 10 to t 40 ss % of. a, ni trogen-cont ai ni di spersant; about 2 to
2bout 20 mms<raoroah S Prerer B M IOPRaHOr R it | oxi dant, a

nol ybdenum conpound, or a m xture thereof, about 5 to 40 mass % of a

detergent; and fromabout 2 to about 20 mass % of a nmetal dihydrocar byl
di t hi ophosphat e. A@onCofrpdemids thsf prepesatiasy ofial labricatiRy o}l composition, as

claimed in any of the preceding claims, said concentrate comprising from about 2.5 to
about 30 mass % of one or more compounds of Formula (I); about 10 to about 40
mass % of a nitrogen-containing dispersant; about 2 to about 20 mass % of an aminic
antioxidant, a phenolic antioxidant, a molybdenum compound, or a mixture thereof;
about 5 to 40 mass % of a detergent; and from about 2 to about 20 mass % of a metal

dihydrocarbyl dithiophosphate.

10.  Compounds of the formula:

(Rn

wherein R and R independently represent alkyl or substituted alkyl having no aryl
substituent; R, or each R independently, represents hydrogen, alkyl or alkoxy; nis O
to 4; and X represents a substituent group selected from alkyl, alkenyl, alkoxy, or
substituted alkoxy, wherein said substituent group has a Hammett ¢* value that is

negative, and has an absolute value of < 1.5



X (1) A NR2 wherein R and R2 independently represent alkyl or
substituted al kyl having no aryl substituent; R, or each R independently,
represents hydrogen, alkyl or alkoxy; nis O to 4; and X represents a
substituent group selected from al kyl, adkenyl, alkoxy, or substituted

al koxy, wherein said substituent group has a Hanmett a' value that is

negative, and.hasCafpahele]ddtctivad teclfiin 10, habing 29BN las hgprRUngds, as cl ai ned
in claim10, having a TBN, as neasured in accordance with ASTM D- 4739, of

from 75 to 3BOWANKAHIGASTM Debifeniden 7ado 3DamesiOiHe.cl ai m 10 or clai m 11,
wherein each of R, and R2 is, independently, a C, to C e alkyl group,
preferably a linear Cl to Cl2 al kyl group. 13. Conpounds, as clainmed in any

of clainms 1012 hr coghpduhds yhel#ined @adhin0t0 & claiandl Rvhdréin chaideflend@m,liy, a C3
to Cg al kyl group, preferably a linear C3 to C8 al kyl croup. 14. Conpounds,

as cl ai med iRdenepdestlych &i s CoollH vt prederallsvilingasC RN 12 8Kyl geaBur ed i n
accordance with ASTM D-4739, of at |east about 100 ng KOH g. 15. Conpounds,
as claimed in any of clains 10 through 14, having a >99% weight |oss. as

det erm ned by3 t hers@bogidaVistcyai@bahny siySofalaih € Mhidugle MPeviakeih @adtadhR, rate, in
air, of at |east about 200C. 16. Compounds, as clainmed in any of clains 10

t hrough 15, adhdb.rindgpsndentlyyb€t fa bertkylgrowp pigferably aHamasets tauCvalkyle of from
about -0.3 tg about -1.0, X preferably being para to the NR R2 noiety, and
nore prefer a%PSl/p'al koxy or substituted alkoxy. 17. A nethod of increasing
the TBN of a lubricating oil conposition without concurrently increasing
the SASH content, which method conprises adding to said |ubricating oil
conposi ti on Bhe drompeundsorssdrimdd inanycifaiamed 10 shrangh &3, hevaigrs BN, ast hr ough

16. measured in accordance with ASTM D-4739, of at least about 100 mg KOH/g.

15, Compounds, as claimed in any of claims 10 through 14, having a >99%
weight loss. as determined by thermal gravity analysis at 10°C/min temperature ramp

rate, in air, of at least about 200°C.

16.  Compounds, as claimed in any of claims 10 through 15, wherein X is a
substituent group with a Hammett 6~ value of from about -0.3 to about -1.0, X
preferably being para to the NR R, moiety, and more preferably alkoxy or substituted
alkoxy.

17. A method of increasing the TBN of a lubricating oil composition without
concurrently increasing the SASH content, which method comprises adding to said
lubricating oil composition one or more compounds as claimed in any of claims 10

through 16.



