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invention relates to a nethod of inproving the seal-conpatibility
performance of 5 lubricating oil compositions used in engi ne crankcases and
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sul phur and/or salicylate soap contents, and to lubricating oi
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conmpad i bid dx¥aBén, to reduce oil consumption, to inhibit corrosion, to act as a dispersant, and to reduce

friction loss. Some additives provide multiple benefits, such as dispersant-viscosity modifiers.
Many base oils contain sulfur, and a number of extremely effective additives conventionally used
in engine and transmussion lubricating oil compositions, including zinc dialkyl] dithiophosphates
(ZDDP), certain molybdenum-sulfur compounds, ashless dithiocarbamates and sulfonate and

25  some phenate detergents, also contain sulfur and contribute to the overall sulfur content of such
formulated lubricants.

Modem internal combustion engines and transmissions include numerous gaskets and
other seals formed of nitrile rubber materials. Lubricant sulfur has been found to contribute to the
deterioration of materials. Before certifying a crankcase lubricant for use in their engines, engine

30  manufacturers (oftentimes referred to as “original equipment manufacturers or “OEMs”) require
passage of a number of performance tests, including tests for compatibility with engine seal
materials. It is also suspected that high levels of salicylate soap from salicylate detergents may
contribute to the deterioration of nitrile rubber seal materials, particularly in “low ash” lubricants.

Therefore, it would be desirable to provide a method of improving the seal compatibility of
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and conprises a
addition of a2 minor amount of a non-hydrogenated olefin (co)polymer, for example a

polyisobutene, to a lubricating oil composition improves the copper corrosion performance of
lubricating oil compositions, particularly lubricating oil compositions containing a significant
amount of sulfur, such as a sulfur content greater than about 0.10 mass %, such as greater than

25  about 0.15 mass %, particularly greater than about 0.20 mass %.

Therefore, in a first aspect, the invention is directed to a method of improving the seal
compatibility performance of lubricating oil compositions for the lubrication of an internal
combustion engine or engine transmission, which method comprises adding to such lubricating
oil compositions a minor amount of a non-hydrogenated (unsaturated) olefin (co)polymer.

30 In a second aspect, the invention is directed to the method of the first aspect in which the
lubricating oil composition contains a significant sulfur content, such as a sulfur content greater
than about 0.10 mass %, particularly greater than about 0.15 mass %, such as greater than about
0.18 mass %, more particularly greater than about 0.20 mass %, and comprises a major amount of

oil of lubricating viscosity; a minor amount of at least one sulphur-containing additive, and from



oil of lubricating viscosity; a m nor anount of at |east one
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and, pr efferishbd lppridaan, @ad from about 0. 5 mass % to about 10.0 mass % of a non-hydrogenated
olefin (co)polymer, wherein all mass percentages are based on the total mass of the lubricating oil
composition.
In a sixth aspect, the invention is directed to a method of the second aspect or a
25  lubricating oil composition of the fourth aspect, wherein the sulphur-containing additives are one
or more of a metal salt of a dihydrocarbyl dithiophosphate (e.g., ZDDP), a sulfonate detergent, a
sulfurized phenate detergent a molybdenum-sulphur compound and an ashless dithiocarbamate.
In a seventh aspect, the invention is directed to a method of the second aspect or a
lubricating oil composition of the fourth aspect, wherein the Jubricating oil composition further
30  contains a salicylate detergent in an amount introducing into the lubricating oil composition at
Jeast about 9 mmols of salicylate soap per kilogram of finished lubricant and, preferably, has a

sulfated ash content of not greater than about 1.1 mass %, more preferably no greater than 1.05

mass %.
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conpositions of the present invention are ricating the crankcase
dithiophosphate (e.g., ZDDP), a sulfonate detergent, a sulfurized phenate detergent a

20  molybdenum-sulphur compound and an ashless dithiocarbamate.

In a twelfth aspect, the invention is directed to a concentrate for preparing a lubricating
oil composition of the fourth aspect comprising an oleaginous carrier, a non-hydrogenated olefin
(co)polymer, and one or more sulfur-containing additives.

In a thirteenth aspect, the invention is directed to a concentrate for preparing a lubricating

25  oil composition of the fifth aspect comprising an oleaginous carrier, a non-hydrogenated olefin
(co)polymer, and one or more salicylate detergents.
Other and further objects, advantages and features of the present invention will be

understood by reference to the following specification.

30 DETAILED DESCRIPTION OF THE INVENTION
The lubricating oil compositions of the present invention are for lubricating the crankcase
of an internal combustion engine, preferably a compression-ignited (diesel) engine, more

preferably a compression-ignited heavy duty diesel engine. Crankcase lubricating oil
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of an internal conbustion engine, preferably a conpression-ignited (diesel)
engine, nore preferably a conpression-ignited heavy duty di esel engine.
Crankcase lubricating oil 4 1 2005M)12 FF -5 conpositions for a diesel
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Alkylene ox1de 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 aryl ethers of

25  polyoxyalkylene polymers (e.g., methyl-polyiso-propylene glycol ether having a molecular

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;-C; fatty acid esters and C,;; oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of dicarboxylic
30 acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl 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 alcohols (e.g., butyl

alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol

monoether, propylene glycol). Specific examples of such esters includes dibutyl adipate, di(2-



30 acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and

al kenyl succinic acids, nmaleic acid, azelaic acid, suberic acid, sebasic
acid, fumaric acid, adipic acid, linoleic acid diner, malonic acid,

al kyl mal oni ¢ acids, al kenyl malonic acids) with a variety of alcohols (e.g.,
butyl al cohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol,

et hyl ene ,ghkygok, diethylene glycol mgnoether, propylene glycol). Specific
exanpl es of such esters includes dibutyl adipate, di(2 2005M)12 FF -6
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1] dr .V or Z% %%ew egse stock, or a mxture thereof. In one
part?%ul SRBOAREHE, T Fs preferred that greater than 50 nass % such as

greater t hanTE&)omaiSlsbr%atm:gfwicbetyomly coﬁlpﬂmhr(ﬁmqi] BgoupiIB@ @xbipyIll, Basekstoek al oi | .
The bas eorsl;agec (I)(ll blggds o?%e a otre%:ell(ltloneg rl;ase s{ogkse Prel%ergbly, the oil of lubricating viscosity is

a Group II or Group III base stock, or a mixture thereof, or a mixture of a Group I base stock and

one or more a Group Il and Group III. Preferably, a major amount of the oil of lubricating

25  viscosity is a Group II, Group III, Group IV or Group V base stock, or a mixture thereof. In one
particular embodiment, it is preferred that greater than 50 mass %, such as greater than 60 mass %
of the oil of lubricating viscosity is mineral oil. The base stock, or base stock blend preferably
has a saturate content of at least 65%, more preferably at least 75%, such as at least 85%. Most
preferably, the base stock, or base stock blend, has a saturate content of greater than 90%.

30  Preferably, the oil or oil blend will have a sulfur content of no greater than 0.5 mass % (e.g., from
about 0.001 to about 0.5 mass %), such as no greater than 0.1 mass % (e.g., from about 0.001 to
about 0.1 mass %), preferably from about 0.005 to about 0.05 mass %.

Preferably the volatility of the oil or oil blend, as measured by the Noack volatility test

(ASTM D5880), is less than or equal to 30 mass %, preferably less than or equal to 25 mass %,
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has a saturate content of at |east 65% nore preferably at |east 75% such
as at least 85% Mst preferably, the base stock, or base stock bl end, has
a saturate content of greater than 90% 30 Preferably, the oil or oil blend
wi Il have a sulfur content of no greater than 0.5 nmass % (e.g., from about
0.001 to about 0.5 mass %, such as no greater than 0.1 mass % (e.g., from
about 0.%90}1}4&% about 0.1 mass %, preferably from about 0.005 to about 0.05
mass % Preferably the volatility of the oil or oil blend, as neasured by
the Noack volatility test (ASTM D5880), is less than or equal to 30 mass %
pr ef er abl ! v F_- r er abl
east han ot el T a0 age 520 Bast el bro KUty BB sREFE T
mass % Peefellydhd yiscosibeindaxd ¥ Hif thy oilred ek blend iy atlfast Bfe pesifdrabdy atdédst 90end i s at
| east 85, I 0, nost preferably fromabout 105 to 140.
Definiti orrﬁdsggﬁgrga?ﬁ/efyobngésbghtg@?é yband base oils in this invention are the sane
as those foundefibitions fohthe Base siockaran®bdse ofleiuthid ms¢ntivu b teARh} apthbdeifcatli on

"Engi ne Q i_censi nd i fication. Systeni.. J.ndustr ervi ces
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contain |less th 9Q Rpercent saturates and/or eater than 0.03 percent
sul fur arjl%fcﬂ'&}?f’é?gggv%@’@8&&?@%@%“&%%%?”%éﬁi%h?w%quaI to 80 and less 10
than 120 usi ng)t he drest baEd REscHRaCkdsitas 0 Bertallsfudates Bld/dageidRr hhn base
stocks contain greater than qor equal to 90 percent saturates and |l ess than
or equal to 0.03 pd&lédsicerdsyifyandhaye pYpersly PgcHsaenhanmgegahiodead lethan or

equaljpto 80 and | esgntiD@Bsid2fe Kei iGhddbSheti&sd inMBblaqds specified in Table I.
c) Goup Il base stocks contain greater than or equal to 90 percent

saturates andbl5 | éseuntIhbase sipcks gorinin gesator han grerea tn dbperdent saturriesiand lssq

vi scosity index gr HTot ds
specified in Tabl e%?"%%fﬁ&“gratggg@ Ip\e/I%%gg!lelfutéth(l)c ge g?fg&%g% {}gf)éﬁg% re H%g (PAO . e)
G oup V base st ocksquahio §0cdad kb thet ROusibathe test metkedsrspecifigdoh Geldell.i n Group |,

Test Method Ski ur rad et 58087 Bt b JP Rl on B 35 =l Fur At
D 2622 ASTM D 4294 less than or equal to 0.03 percent sulfur and have a viscosity index greater than or
equal to 120 using the test methods specified in Table I.
d) Group IV base stocks are polyalphaolefins (PAO).
e) Group V base stocks include all other base stocks not included in Group I, I, III,

or IV.
20 Table I - Analytical Methods for Base Stock

Property Test Method

Saturates ASTM D 2007

Viscosity Index [ASTM D 2270

Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

The non-hydrogenated olefin (co)polymer useful in the practice of the present invention
is preferably a polymer or copolymer of one or more acyclic olefin monomers. Generally, the
non-hydrogenated olefin (co)polymers useful in the invention have, or have on average, about one

25  double bond per polymer chain.

The (co)polymer may be prepared by polymerizing alpha-olefin monomer, or mixtures of
alpha-olefin monomers, or mixtures comprising ethylene and at least one C; to Cyq 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



ASTM D 4927 ASTM D 3120 The non-hydrogenated ol efin (co)pol ynmer useful in
the practice of the present invention is preferably a polyner or copolyner
of one or nore acyclic olefin nononers. Generally, the non-hydrogenated

ol efin (co)polyners useful in the invention have, or have on average, about
one 25 doubl e bond per polynmer chain. The (co)polymer may be prepared by
pol ymeri zjng al-pha- ol efi n monomer, orgm xtures of alpha-olefin nononers, or
m xtures conprising ethyl ene and at l'east one C3 to C2 al pha-ol efin

nononer, in the presence of a catalyst system conprising at |east one
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represen t he pol haj The. chai.n | n th of the R  alk oup will
vary depdnarien Bret fae Erighd e )1 S87 Uretng ot e SErop e o S HRF pat | on.
A m nor aiePblydEridatién. PO myroe emelabNbe fAPMERALIAI dAn LMtaTh BahingldarRayll ie i . €.
Cont a n' RS EHEAG G A ETCEb B e of bEP TR IR BTl n R 1’5 as
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by known net ocené ¢hem stry and be prepared ri‘bed in
U. S. Pat ensatuxged inrpodées80say 6 pﬁ@&edbm lmcﬁvnﬁﬁﬁz;ﬂ&wwe cher@idty, and Bmay@]soBe, 929 and

0, 930, 930, s MRUNEL WSELY) s SB3P! s LOOARPL YIPTH. | o 50) PRIAMTE! Gy iggar ed by

catlonlcpggwenerlza on ene; rrehe
(co) pol yerd §030:3m t hi s cl ass include polyi sobutenes obtained by

pol yneri zatio refi stream havin a but onte t of about 35
Po About - 7soq ey arsetiL i sher bRt TR Biae PrpeaEhii90: POVRBGaAR 06 by

W ., 15 n bhiolutaseneaeoind thellkéi SomMoh d:oﬁﬁtya{eysSﬁqm &ua:hhsmcladimmumﬁeﬁdschl ori de
or boronpgrjf uor de, with alunlnlun1tr|chlor referr eferred

Sour oo Dbl o R oGS Coprpo N Strruaos p e et AP oL AL T ReHe 2. such

as Raf fi nsgey k., anfhasebheedshesdes 28ue30Ho2660 564 by vtl hehaprtsettecdTadgwisn U. S.
Patent No. 4,952, 739. Pol yi sobutyl ene i s a nost greferred polyner of the

present Pi¢ é%%ly%ﬁuméwénw trichlorifcaof dprop trafueride, pith ahyniniugirichin
pol yrmeri zakR ALARRULERS SHniRBREr fofmbking pbt-BBurdslSpedbleRh3eedstreams

20 such as Raffinate II. These feedstocks are disclosed in the art such as in U.S. Patent No.
4,952,739. Polyisobutylene is a most preferred polymer of the present invention because it is
readily available by cationic polymerization from butene streams (e.g., using AlCl; or BF;
catalysts). Such polyisobutylenes generally contain residual unsaturation in amounts of about one
ethylenic double bond per polymer chain, positioned along the chain. A preferred embodiment

25  utilizes polyisobutylene prepared from a pure isobutylene stream or a Raffinate I stream to
prepare reactive isobutylene polymers with terminal vinylidene olefins. Preferably, these
polymers, referred to as highly reactive polyisobutylene (HR-PIB), have a terminal vinylidene
content of at least 65%, e.g., 70%, more preferably at least 80%, most preferably, at least 85%.
The preparation of such polymers is described, for example, in U.S. Patent No. 4,152,499. HR-

30 PIB is known and HR-PIB is commercially available under the tradenames Glissopal™ '(from
BASF) and Ultravis™ (from BP-Amoco).

In another embodiment, the non-hydrogenated olefin (co)polymer, for example,
polyisobutylene, has at most 10, such as 5 to 10, %, of the polymer chains possessing a terminal

double bond (or terminal ethenylidene-type or terminal vinylidene unsaturation). Such a polymer



catal ysts). Such pol yi sobutyl enes generally contain residual unsaturation in
anounts of about one ethylenic double bond per polynmer chain, positioned

al ong the chain. A preferred enbodi nent 25 utilizes polyi sobutyl ene prepared
froma pure isobutylene streamor a Raffinate | streamto prepare reactive
i sobutyl ene polyners with termnal vinylidene olefins. Preferably, these
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ki nemanti c viscosity of the non-hydrogenated ol efin polynmer at 10 C, as

measuf ed ARTDOPMSME at lsast § OAEﬁTISAlODMEBOO ¢rs1 Sato 30@&sasivagltag¢ou§151 208 tpcd0@0r 7190 or 150
to 3000, rn%:l anj %g@&'}ﬂﬁlld}{nng% tflé)p \QJntl@J Q?ol {IH‘B 'lene Bln@rqﬁav %ilhllg‘gxnt of

the present i'nvention I'SO uty ene po r aV| aver age
nol ecul arverage giviecolfar w&ghtto&m@@ﬁo%mﬂ zaklkwmrelmtsmsltyatsl@@%ﬁ @@frcm abeOIQOOf from

Ao 200 240 P RS R LU AR AF pBLLLC UL Bl pepef ol 2
propertles ticat HBOSI% ot 1t Rer presen ion can
contain bdsrmasmmh;fdha:;g&nﬁtmdnnﬂreian normmh ;hﬁ'ﬁbn hyﬂr@genataﬂolaﬁmpummanﬁn dr om about

0.2 t26) aabr(I)‘l(l)Jl}nt %to from rrbaou§0 %/qto asbouthl Sme];slé 90, suclﬁ(gléJ %rom agoutB 3(’% out ? 0 (r)nasr,g% s %
particularly from about 0.5 to about 3.0 mass %, preferably from about 1.0 to about 2.5 mass %.
Dispersants (or dispersant additives), such as ashless (i.e. metal-free) dispersants hold
solid and liquid contaminants, resulting from oxidation during use, in suspension and thus
preventing sludge flocculation and precipitation or deposition on metal parts; they comprise
25  long-chain hydrocarbons, to confer oil-solubility, with a polar head capable of associating with
particles to be dispersed. A noteworthy group is hydrocarbon-substituted succinimides.
Generally, ashless dispersants form substantially no ash on combustion, in contrast to
metal-containing (and thus ash-forming) detergents. Borated, metal-free dispersants are also
regarded herein as ashless dispersants. “Substantially no ash” means that the dispersant may give
30  trace amounts of ash on combustion, but amounts which do not have practical or significant effect
on the performance of the dispersant. A dispersant additive composition containing two or more
dispersants may also be used.
Ashless, dispersants comprise an oil soluble polymeric long chain backbone having

functional groups capable of associating with particles to be dispersed. Typically, such



particularly fromabout 0.5 to about 3.0 mass % preferably fromabout 1.0
to about 2.5 mass % Dispersants (or dispersant additives), such as ashl ess
(i.e. metal-free) dispersants hold solid and Iiquid contam nants, resulting
from oxidation during use, in suspension and thus preventing sl udge
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pol yal kylene am i.th al kenyl. succini c . anhydrjdes. anples. o
et odF SRaNET b B E I P E oSO YN oot BIRESaRe  ave U s
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oS i o RSO R B Lo
t he pr esedttaitify iffetsam vithya HRIni BB stid abbsr3h exide, Do halideperosants afén be
esters of boron acids, in an amount sufficient to provide from about 0.1 to about 20 atomic
proportions of boron for each mole of acylated nitrogen composition. Combinations of borated
and non-borated dispersants may also be employed.
25 An ashless succinimide or a derivative thereof, obtainable from a polyisobutenylsuccinic
anhydride produced from polybutene and maleic anhydride by a thermal reaction method using
neither chlorine nor a chlorine atom-containing compound, is a preferred dispersant.
Dispersancy may be provided by polymeric compounds capable of providing viscosity
index improving properties and dispersancy, such compounds are known as a dispersant viscosity
30  index improver additive or a multifunctional viscosity index improver. Such polymers differ
from conventional viscosity index improvers in that they provide performance properties, such as
dispersancy and/or antioxidancy, in addition to viscosity index improvement (see below under

viscosity modifiers for further detail on multifunctional viscosity modifiers). In the event, a
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borated by conventional nmeans, as generally taught in U S. Patent Nos.
3,087,936, 3,254,025 and 20 5, 430, 105. Boration of the dispersant is readily
acconplished by treating an acyl nitrogen- containing dispersant with a
boron conpound such as boron oxide, boron halide boron acids, and esters of
boron acids, in an anpunt sufficient to provide fromabout 0.1 to about 20
atom c  pgARYLi ons of boron for eachjnole of acylated nitrogen conposition.
Combi nations of borated and non-borated dispersants nay al so be enpl oyed.
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high-temperature vamish and lacquer deposits, by keeping finely divided solids in suspension in
engines; it may also have acid-neutralizing properties. A detergent comprises metal salts of
organic acids, which are referred herein as soaps or surfactants. A detergent has a polar head, i.e.
25  the metal salt of the organic acid, with a long hydrophobic tail for oil solubility. Therefore, the
organic acids typically have one or more functional groups, such as OH or COOH or SO;H, for
reacting with a metal, and a hydrocarbyl substituent. A detergent may be overbased, in which
case the detergent contains an excess of metal in relation to the stoichiometric quantity needed for
the neutralization of the organic acid. This excess is in the form of a colloidal dispersion,
30  typically metal carbonate and/or hydroxide, with the metal salts of organic acids in a micellar
structure.
Examples of organic acids include sulfonic acids, phenols and sulfurized derivatives

thereof, and carboxylic acids including aromatic carboxylic acids.
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fluid (ATF), dispersant is generally added in an anount providing the

| ubricating oil conposition wth a nitrogen content of from about 0.02 nass
%to about 0.14 mass % such as from about 0.05 20 mass % to about 0.11 nmass
% preferably fromabout 0.06 mass % to about 0.08 mass % A detergent (or
detergent additive) reduces formation of piston deposits, for exanple
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20  alkyl-substituted, aromatic hydrocarbons, for example, those obtained from the fractionation of
petroleum by distillation and/or extraction, or by the alkylation of aromatic hydrocarbons. The
alkylaryl sulfonic acids usually contain from about 22 to about 100 or more carbon atoms. The
sulfonic acids may be substituted by more than one alkyl group on the aromatic moiety, for
example they may be dialkylaryl sulfonic acids. Preferably the sulfonic acid has a number
25  average molecular weight of 350 or greater, more preferably 400 or greater, especially 500 or
greater, such as 600 or greater. Number average molecular weight may be determined by ASTM
D3712. Another type of sulfonic acid which may be used in accordance with the invention
comprises alkyl phenol sulfonic acids. Such sulfonic acids can be sulfurized.
Carboxylic acids include mono- and dicarboxylic acids. Preferred monocarboxylic acids
30  arethose containing 8 to 30, especially 8 to 24, carbon atoms. (Where this specification indicates
the number of carbon atoms in a carboxylic acid, the carbon atom(s) in the carboxylic group(s)
1s/are included in that number). Examples of monocarboxylic acids are iso-octanoic acid, stearic
acid, oleic acid, palmitic acid and behenic acid. Iso-octanoic acid may, if desired, be used in the

form of the mixture of C8 acid isomers sold by Exxon Chemical under the trade name



base- condensed phenols are described in U S. Patent Nos. 4,708,809 and
4,740,321. In general, the phenols may include substituents other than

t hose nentioned above. Exanples of such substituents are methoxy groups and
hal ogen atons. Sulfonic acids are typically obtained by sul fonation of

hydr ocar byl - substituted, especially 20 alkyl-substituted, aromatic
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Preferred substituents for oil-soluble salicylic acids are alkyl substituents. In alkyl-
substituted salicylic acids, the alkyl groups advantageously contain 5 to 100, preferably 9 to 30,
especially 14 to 20, carbon atoms. Where there is more than one alkyl group, the average number
25  of carbon atoms in all of the alkyl groups is preferably at least 9 to ensure adequate oil-solubility.
The metal detergent may be neutral or overbased, such terms are known in the art. A
detergent additive composition may comprise one or more detergent additives, which can be a
neutral detergent, an overbased detergent or a mixture of both. The Total Base Number (TBN) of
detergents will conventionally range from 15 to 600.
30 Detergents generally useful in the formulation of lubricating oil compositions also
include “hybrid” detergents formed with mixed surfactant systems, e.g., phenate/salicylates
(sometimes referred to as “phenalates”), sulfonate/phenates, sulfonate/salicylates,

sulfonates/phenates/salicylates, as described, for example, in U.S. Patent Nos. 6,153,565;
6,281,179; 6,429,178; and 6,429,179.
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functional group, such as a hydroxyl group or a sulfonate group, which can
be attached directly or 15 indirectly to a carbon atomon the aromatic

noi ety. Preferred exanples of aromatic carboxylic acids are salicylic acids
and sul furized derivatives thereof, such as hydrocarbyl substituted
salicylic acid and derivatives thereof. Processes for sulfurizing, for
exanpl e a,ydsrecarbyl - substituted salj.cylic acid, are known to those
skilled in the art. Salicylic acids are typically prepared by carboxyl ation,
for exanple, by the 20 Kol be-Schmtt process, of phenoxides, and in that
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use of a conventional amount of such detergents can introduce into the lubricating oil composition
as much as 0.04 mass %, even as much as 0.15 mass %, such as from about 0.06 to about 0.12
mass % of sulfur.
In one embodiment, the invention is directed specifically to lubricating oil compositions
25  containing salicylate detergent in an amount introducing at least about 9 mmols (e.g, about 12 to
about 50 mmols), such as at least about 18 mmols (e.g. about 18 to about 33 mmols) particularly
at least about 24 mmols of salicylate soap per kilogram of finished lubricant and from about 1.0
mass % to about 2.5 mass % of the non-hydrogenated polymer described supra.
In another embodiment, the invention is directed specifically to low ash compositions
30  having an ash (reported as sulfated ash or SASH) content of less than 1.1 mass %, such as less
than 1.05 mass%, preferably less than 0.8 mass %; and a sulfur content of from about 0.10 mass
% to about 0.40 mass %, such as from about 0.15 mass % to about 0.35 mass %, preferably from
about 0.20 mass % to about 0.30 mass % of sulfur, which compositions contain salicylate

detergent in an amount introducing at least about 9 mmols, such as at least about 18 mmols,



anounts that provide the lubricating oil conposition with a TBN of from
about 5.0 to about 12.0, such as fromabout 6.0 to about 1 1.0, preferably
fromabout 7.0 to about 10.5. In a passenger car notor oil for a
spark-ignited engine (PCMO, detergent(s) is generally added in anounts that
15 provide the lubricating oil conposition with a TBN of fromabout 2.5 to
about 9. 9ysaich as from about 4.0 tgsabout 8.0, preferably from about 4.5
to about 7.25. In a power transmssion fluid (PTF), detergent(s) is
general ly added in amounts that provide the lubricating oil conposition
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mass % preferably from about mass % to abou 30 nmass % of sul fur,
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preferab | east about 24 nmol s, sal 1 cylate s kil ogram of
fini $hed elitulﬁy pomey imetdratien o mibe Zlnq)saha@sba%; poneab@lmnczompmégo@l@bcf t he

non- hydr gag gt &l RAk WBloxESSalc P;%Qn e BleGnost éé%&ﬂaﬂ%ﬁrﬁ;ﬁ Ageptankrdyce friction

and excessive wear and are usua Pased on°co s containing sul fur or
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secondary alkyl groups, wherein the secondary alkyl groups are in a major molar proportion, such
as at least 60, advantageously at least 75, more especially at least 85, mole %, based on the
amount of alkyl groups, is useful in the present invention. Preferably a zinc dithiophosphate
25  composition has 90 mole % secondary alkyl groups and 10 mole % primary alkyl groups.

When used in conventional amounts, sulfur-containing antiwear agents can introduce into
the lubricating oil composition as much as 0.15 mass %, and even as much as 0.30 mass %, such
as from about 0.16 to about 0.25 mass % of sulfur.

Anti-oxidants increase the composition's resistance to oxidation and may work by

30  combining with and modifying peroxides to render them harmless by decomposing peroxides or
by rendering an oxidation catalyst inert. They may be classified as radical scavengers (e.g.
sterically hindered phenols, secondary aromatic amines, and organo-copper salts); hydroperoxide

decomposers (e.g. organo-sulfur and organophosphorus additives); and multifunctionals. Such

anti-oxidants (or oxidation inhibitors) include hindered phenols, aromatic amine compounds,
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10 (DDPA), usually by reaction of one or nore al cohol or a phenol wth P2S5
and then neutralizing the fornmed DDPA with a zinc conpound. For exanple, a
di t hi ophosphoric acid may be nmade by reacting m xtures of primary and
secondary al cohols having 1 to 18, preferably 2 to 12, carbon atons.
Alternatively, nultiple dithiophosphoric acids can be prepared where the
hydrocarQ%anggoups on one are entirgly secondary in character and the

hydr ocar byl groups on the others are 'I5 entirely primary in character. To
make the zinc salt any basic or neutral zinc conpound could be wused but the
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additivesM%requenﬁﬁy contaln an excess 6% zinc excess of
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amounts, sulfur-containing antiwear agents can introduce into the
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wor k by S@beoibrad ertprsieshRAHINGB AL F3piangolp by b deeridlity Clemdets, shiesfulhar nl ess by
deconposing pef;o, ifﬂer inQXderb%Hrgcﬁé, nggiti@& BRI LR r?&f?ﬁ{&{%{s aha‘ﬁ{? e They may
be classified as radical scavenger e.g. sterlcaIPy indere phenol s,
secondar yn@pEriatliccoramyn Esampesdrogstrand Pelyhylkeic akahdssuch fpyalycepémondesters
deconposers . .0rgano-sul f ur r gaanaph rus, addi.ti ves).: a
mul t1 T ungt heise ey QEE R el Bt BRR R R Rl Er Pl et PR e R e
hi ndes edwithéidl for exanpiethe butawidivd eqanpidinetszed AabMRIXatiFacidifoxatdtiat | ne eart h

nmetal and netal -free al kyl nol t hi oest ers .havi ferably C5 to Cl12 al kyl
Cae  oncvouns oadictists RSt by MR Sranar e AL e A pat il

S El furi E etloiysddagiambanise andm;iﬁlbned Q;JSW eﬁllt:ﬁnﬁnlle. ﬂ?&l?lbdeﬂlﬁﬂ—cmiiﬂihgf r eg

t hi ocar bamat es. & derjvatives thereof, oil solull e copper Qnmpound as

descri beff¥ urw?sg.ng pelesy lthf&s?lrbarpﬁasﬁr%wexawalewﬁ%% Bon BATiaFR, ng conpounds.
5 I'n t hecphastdneRy, Ohe slior® b@eROrictiy ABdi &S aretub@ ib BLarRGunOSATET Wiose s@h certain
anti-oxidants may confer _certain benefits. For exanple, in one enbodi nent

it i80preves W,ma%%aw%@rﬁﬁthwmaﬁ@ee%ﬁ%gqmﬁ%n conprising a hindered
phenol W th amheSbi9hdedfiR¥Pnthifing S&Hpouhlls, FRLE mEYRRAIABN ur chhpduiiaPr ef erred

useful in the present invention may be mononuclear or polynuclear. In the event that the
compound is polynuclear, the compound contains a molybdenum core consisting of non-metallic
atoms, such as sulfur, oxygen and selenium, preferably consisting essentially of sulfur.

25 To enable the molybdenum-sulfur compound to be oil-soluble or oil-dispersible, one or
more ligands are bonded to a molybdenum atom in the compound. The bonding of the ligands
includes bonding by electrostatic interaction as in the case of a counter-ion and forms of bonding
intermediate between covalent and electrostatic bonding. Ligands within the same compound
may be differently bonded. For example, a ligand may be covalently bonded and another ligand

30  may be electrostatically bonded.

Preferably, the or each ligand is monoanionic and examples of such ligands are
dithiophosphates, dithiocarbamates, xanthates, carboxylates, thioxanthates, phosphates and
hydrocarbyl, preferably alkyl, derivatives thereof. Preferably, the ratio of the number of

molybdenum atoms, for example, in the core in the event that the molybdenum-sulfur compound



to enploy an anti-oxi dant conposition conprising a secondary aromatic am ne
and said hindered phenol. Preferably an antioxi dant conposition conprising
an aromati c am ne, such as 10 di phenyl am ne and/or a hi ndered phenol
conmpound, such as 3, 5-bis(al kyl)-4-hydroxyphenyl carboxylic acid esters,
e.g. WGANOX(r) L135 as sold by G ba Speciality Chemcals, is useful.
Frictionwmeifarers i ncl ude boundary additives that |lower friction
coefficients and hence inprove fuel econony. Exanples are esters of

pol yhydric al cohols such as glycerol nonoesters of higher fatty acids, for
exanpl e g¢ zyméyrmblemnmpmindabme rﬁﬁlbﬁr(ﬁn@ﬁodnﬁmg lfgblaisrbapﬂﬂg/@faélbiaxyg the acids 15

with diols L, _ex | e but ne di ol ed unsat ur at ed
fatty aci mpou&%a%‘l?lfqﬁéo ﬂ% ’lsagﬁﬁitealt}% 9‘1’ S@ﬂl aéIaWGPSt ib3titut ed

nmono- am nes, adhe malyiydnuet i o@ﬁ‘lpﬂlﬁﬁl s Jﬂosromxl@naloardlspets{myhay 8éinfladnc@wv am ne
and et ho Iate ta Io %her am ne. geg m cont ai nj.ng ggpunds and
ashl ess E’yt}f‘?lt%t?: é%r G gorgs ESSCBB@aIFPﬁEé Tﬁe R‘H’Eﬁﬁﬁn‘tﬂl%"tn%ﬁh tilfiers.

Convent i (ﬂﬂﬁ\béﬂbfcz%‘tﬁi a@fmsrmésemq&ﬁa@mpofftnd 16ldt R bR IpE 61 Be 8drfps@dligaRdan anount
of 0.1 to 0.5, such as 0.2 to 4, mass % baggd on tﬁg)nass %f t he oi

conposi t |t563r‘Fa11?I'W§1 bet %ﬁéh W @d e a(?on F‘WQ agHgssiTad leapty 39fas piglpasy35. For
nol ybden ‘éﬂ&nﬁﬂl’é ftﬂérnuﬁlgm URtsh atorh'sslﬁfewh a1 érlaﬁp ‘Qﬂleg%ﬁé}gll}, 1, &%h&:@n MR

nononucl ear E nuclear. In the event conmpoun s pol ynucl ear,
the co np@tﬁ@a}i&b g s ang pase Pisteablinhetivnen 3 @@th%(i Jixamples pf molrbdepemadsiific  at ons,

such s sibhidibas NESARRL RaLERhHT, Y I NGeSSenLhAl v of
sul fur. %o éHd§|e%ﬂh ngﬁ .ﬁg%untgﬁ%?rﬁ&%@%ﬁ%gﬁgﬁ%%&be 0|F o%% e or
0|I-d05pe¢mwhm@5 one or nore |igands are bonded to a nolybdenuntatontin t he
compound. The DQ0egof aififal hOIRERR.m ORI UAES,RENIL DY Bl B K Latic
interaction as in f ter-ion & 5

i nternedi at e bet ween coval ent a el ect statlc bondi ng. ngands within the

same conpound mﬁ be dlffergnt bggdeq Fgr exanpl e, Ilgand may be
coval ently bonded™\and anoyhér\\lg d \Q electr s%atlcally bonded.
Preferably, the o gash-tlgand nDnoa onlc nples of such |i gands
are dithiophosph es, dth\ boxylates

t hi oxant hat es, pkpsphates a byI ferabl J@Ikyl derivatives
thereof. Preferably, the ratio of t unbe§ of mol yb &hum atons, for

exanple, in the core in the event that t he nol ybdenum sul fur conpound

2005MOL2 whire R116 R SndpiabytichQas stﬁdi)gﬁﬂ Enai] brahéhed BRiMsHERShatiehydrba@sni oni ¢
|'i gands, capable of rendering the ound oi | -sol ubl e or oil-dispersible,

i s great &°Up bayiel ¥ g4 geroen ademsy andXa tpé%étde%enfiaﬂz derpleAn RV EBAETRPR S Ul f ur

conmpeyndggfuPhtbms Thatdht hyidYocBibyCdrbupdi 16 RE RS infdly bbb tdéntaYorgrrd &t idgped by the
total nunber of carbon atons present anong all of the conpound' s |igands.

The t ot afmoehunber of carbon atons present anmong all of the hydrocar byl
groups of t hem%&pen%ohﬁ&ﬂ@% molybdenum-sulfur compound is an oil-soluble or oil-

dispersible trinuclear molybdenum-sulfur compound. Examples of trinuclear molybdenum-sulfur
compounds are disclosed in U.S. Patent Nos. 5,888,945, 5,906,968; 6,010,987; 6,110,878;

20 6,153,564; 6,232,276; 6,358,894; 6,541,429; 6,569,820; and European patent application no.
02078011, each of which are incorporated into the present description by reference, particularly
with respect to the characteristics of the molybdenum compound or additive disclosed therein.

Preferably, the trinuclear molybdenum-sulfur compounds are represented by the formula
Mo;S,E.L,A,Q,, wherein k is an integer of at least 1; E represents a non-metallic atom selected

25  from oxygen and selenium; x can be 0 or an integer, and preferably k + x is at least 4, more
preferably in the range of 4 to 10, such as 4 to 7, most preferably 4 or 7; L represents a ligand that
confers oil-solubility or oil-dispersibility on the molybdenum-sulfur compound, preferably L is a
monoanionic ligand; n is an integer in the range of 1 to 4; A represents an anion other than L, if L
is an anionic ligand; p can be 0 or an integer; Q represents a neutral electron-donating compound;

30  and zis in the range of 0 to 5 and includes non-stoichiometric values.



typically will be at least 21, e.g., 21 to 800, such as at |east 25, at

| east 30 or at |east 35. For exanple, the nunber of carbon atons in each

al kyl' group will generally range between | and 100, preferably 1 and 40,
and nore preferably between 3 and 20. Exanpl es of nol ybdenum sul fur
conpounds i ncl ude di nucl ear nol ybdenum sul fur conpounds and tri nucl ear

nol ybdenusmsgudseur 10 conpounds. An epganpl e of a di nucl ear nol ybdenum sul fur
conmpound is represented by the fornmula: Xt X4 RL/ S\ | / X2\ | /S\ /R3
N-C Mo Mo GN R2 S X3 SR4 where R to R4 independently denote a straight
chain, br anché[ﬁhomi{illtad bfthaarowﬁlﬁeﬂizh;lﬂfﬁbﬁaatibybfthgnmuqﬂedﬁmdlybgermnt alf2d car bon

atons; and X 4 |nde endent 0 n_ atom or 5 sul fur
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Evanp! 06 BROPHHIC LY B SRR L X0/ QRIS APET 102l G8ed i n U S
Pat ent Na@snucRarGasly S Rim-ul8P Gorﬂlﬁﬁnd RaPAb B8 a chiok bhePthi melPbfndFoP 64,

6, 232, 276; 6,358, 894; 6,541, 429; 569 820; and European patent application

no. 0207EBwle, (ARdlRmEroniy, awing PEsAdRED ks aass ahiree SAcRds pilesent  description

by reference, RanbiCH Qa{nbMde WhitDalE &P 8fine  @ndr B SHAGLAC! BNid SdlibHS tﬁ)aft Hehe
nmol ybdenum conpound or ditive disclosed therein. Preferably, the

trinucl egkchet a@mu:ﬁm@@nrlﬁiuQ ig maysbumesentae ’éll PpYaeans ARasdinasipn sitgs of @herrul a
MD3Sk EXLftrﬁRlQ’earvmcﬁ{/lﬁeM stifur @&nﬂoﬂh@ %{am(ﬂfes gtA k tof :Ln \Eléhgfp F&E Rk

non-netallic atom sel ecte from oxygen an um X can e 0 or an
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4 to 10, e or. rent s.a. ] igand that
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conpound ,suthaeﬂdnamo;phates, sdlthnocammmsuxamhnesl, cagmw,atesl, thlsxaamaies]mh%hatésn t he
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conpoundthe s3fle andifferents Iri an dn’(’medlfrﬂﬂtgﬁdqfen&ntlpoﬁhaﬁtﬁerlembbdldleﬁs kis4or7,n

non- st oi chi. trlc val ues. .200 2 FF -18 Thos ill dlnthe rt wll
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on, or .exa e nunber of s ur and E atons present .in t he core i.e.
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present, plx #0¢ i#9. OheRx8SEBE of dkHdeRn cohthinidgd@mpounds include molybdenum

carboxylates and molybdenum nitrogen complexes, both of which may be sulfurised.
20 Where a sulfur-containing molybdenum compound is employed as a friction modifier
and/or antioxidant, and used in a conventional amount such as an amount providing from about
20 ppm to about 250 ppm, such as from about 50 ppm to about 125ppm of Mo, such compounds
can introduce 1nto the lubricating oil composition about 0.004 mass % or more, or about 0.008
mass % or more, such as from about 0.004 mass % to about 0.090 mass %, e.g., from about 0.008
25  to about 0.025 mass % of sulfur.

Boron may also be present in the lubricating oil compositions of the present invention.
Boron-containing additives may be prepared by reacting a boron compound with an oil-soluble or
oil-dispersible additive or compound. Boron compounds include boron oxide, boron oxide
hydrate, boron trioxide, boron trifluoride, boron tribromide, boron trichloride, boron acid such as

30 boronic acid, boric acid, tetraboric acid and metaboric acid, boron hydrides, boron amides and
various esters of boron acids. Examples of boron-containing additives include a borated
dispersant; a borated dispersant VI improver; an alkali metal or a mixed alkali metal or an

alkaline earth metal borate; a borated overbased metal detergent; a borated epoxide; a borate



5 trinucl ear nol ybdenum sul fur conmpound may al so have a cation other than
nol ybdenum for exanple, (alkyl)amonium am ne or sodium if the anionic
charge exceeds -12. Exanples of Q include water, alcohol, am ne, ether and
phosphine. It is believed that the electron-donating conpound, Q is nerely
present to fill any vacant coordination sites on the trinuclear

nol ybdenusessad g=ur conpound. Exanpl es-i@k A can he of any val ence, for
exanpl e, 10 nonoval ent and dival ent and i ncl ude disul fide, hydroxide,

al koxi de, ami de and thiocyanate or derivative thereof; preferably A

r epr esentesteq a dulfiuizéd leheate ester; Fd efberaalimide. LA preferradibaoi-oonitainihg gidnde is asuch as

di t hi ophg}slphgt es, dithiocarbamates, xanthates, carboxylates, thioxanthates,
phosphat €3 ate ﬁiéf ﬁrﬁ%ﬁocar byl , preferabl y al kyl, derivatives thereof. \Wen n
is 2 or nore, beﬁhpﬂe!; GRS oG el D RISSATBLRS, otdsfoan@itors, poudBoigbodi nent

i ndependent ot her enbodinents, k is 4 or 7, n 15 1s either | or 2,
Lis a nﬁﬁlﬂfﬁ%?‘ﬁﬁlaﬁu'ﬁqaﬁ’g}ﬁgerﬁs and visqositymodifierst o confer el ectrical neutrality
on the conpoung: RAESRG Ahledidier S itRNIr6uLOALiG YT nondhid p%%gyaﬁ(fyleﬁe a&golz is 0.
In a further enbodi nent, independently of the other enbodi nénts is 4 or
7, L is andeirsatrselh polypyalidencphrroly angrpioaisalkybsulfopic agidamay be ysed. 0. Ot her
exanpl es of oxyl at es
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a sul fur “C@ﬁheafoﬁmﬂglomlf%d@ﬁ@?ﬂ@@ﬁp@uﬁmwaﬂyélrﬂblcomewnésarat}ﬁrthmhazoh modi fi er
and/or a (0] anmount
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about10 12 $spratots W, 3 sttbladisorigrosmal gs thmrdescnberdonilﬂc&e PatattNash&719uBs;i cati ng oi |
conposi ti u /oor r . S % nore, such
as from %g]ou{ﬁ) (ga %0%52 fyglca }Ef"?émB]@bmat"““ %Peges“gb dn??% g&lt >0.008 25
to about 3(3202%; 5164,537Y0,061 3&1,1!4;‘107 OS%Qnmomylwm mup]mes;emtomer t he

| ubricating.oil osi of ..t he ai ni ng
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aci d, tebfe@é?wlyﬁre@ﬁhdaﬁﬁﬂoﬁh&@éde@m?@Q%asmr(ﬁl!].).hydr| des, boron am des and
vari ous esters of boron acids es of boron-containin addltlves

i ncl ude a bor &l amoglﬁé’fééﬁ?ms@”%oa]ﬂ’@%fnm“%%%t viclersd fopdatyingn al kal |
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ester: aadductabiained by iesetnee hisenoxide #ih agolybydsic alcahgldEhe dempiseffes showld be
bor 055 cont.glni {301 AGALLdede b rfass 90K 1t £ HLRPEF S Lo 05X AR oﬁﬁA?é} (ot her

addi t1ves i ncé[ude rust | nﬁl bi'tors, corrosion inhibitors, oi nt
convenient.

Pour point depressants, otherwise known as lube oil improvers, lower the minimum
temperature at which the fluid will flow or can be poured. Such additives are well known.
Typical of those additives which improve the low temperature fluidity of the fluid are Cq and Cy

25  dialkyl fumarate/vinvl acetate copolymers, polyalkylmethacrylates and the like.

Foam control can be provided by many compounds including an antifoamant of the
polysiloxane type, for example, silicone oil or polydimethyl siloxane.

Viscosity index improvers (or viscosity modifiers) impart high and low temperature
operability to a lubricating oil and permit it to remain shear stable at elevated temperatures and

30  also exhibit acceptable viscosity or fluidity at low temperatures. Suitable compounds for use as
viscosity modifiers are generally high molecular weight hydrocarbon polymers, e.g.
polyisobutylene, copolymers of ethylene and propylene and higher alpha-olefins; polyesters, such
as polymethacrylates; hydrogenated poly(styrene-co-butadiene or —isoprene) polymers and

modifications (e.g., star polymers); and esterified poly(styrene-co-maleic anhydride) polymers .



depressants, anti-foam ng agents and viscosity nodifiers. 5 Rust inhibitors
sel ected fromthe group consisting of nonionic polyoxyal kyl ene pol yols and
esters thereof, polyoxyal kyl ene phenols, and anionic al kyl sul fonic acids
may be used. Copper and | ead bearing corrosion inhibitors may be used, but
are typically not required with the fornmulation of the present invention.
Typi cal | y,.sieh. conpounds are the thiggiazole polysulfides containing fromb5
to 50 car%on atonB their derivatives and polynmers thereof. 10 Derivatives
of 1, 3, 4- thladlazoles such as those described in U S. Patent Nos.
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hi gher ahfféridelaad thes derjyoatize sty for exsmﬁlla an&&obﬂloy BRbaGYtjd ateesa difpg¢dsragenat ed

pol y(styrene-co t adi epe or -iso rene rrers and fications (e.qg.,
Doy pol yRRG) od SeEbr Y wireR SRy aty HERoRT: Sl of BRISE T pol yiecs

2005M)12¢dniposidbh 4Bd inS6ded biaedevliv&m@&h thy dmpdt;afnymagss@orhydmérsm etaipdd dfy have

nu nbeor aglgge?s%r?t vrlggl)s?t(}:f lflqlo%{ﬁey\gl tgct:@SS 7Q/f/ V\?l"ltICh is manufactured and sold by Afton Corp.
U.S. Patent Nos.4,867,890 and 5,958,848 describe examples of dispersant viscosity index
improvers, which are accordingly incorporated herein. Generally, viscosity modifiers, whether
multifunctional or not, are used in an amount depending on the desired viscometric grade (e.g.,
SAE 10W-40) of the lubricating oil composition, for example, an amount of 0.001 to 2,

25  preferably 0.01 to 1.5, such as 0.1 to 1, mass % of the polymer, based on the mass of the oil

composition.

Representative effective amounts of such additives, when used in lubricating oil

compositions, are as follows:
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| east 15,000 to 1, 000,000, preferably 20,000 to 600,000, as determ ned by
gel perneation chromatography or |ight scattering nmethods. The disclosure
in Chapter 5 of "Chemi stry & Technology of Lubricants”, edited by R M
Mortier and S. T. Ozulik, First edition, 1992, Blackie 5 Academc &
Professional, is incorporated herein. The VM used may have that sole
function, of ey be nultifunctional ,;such as dempnstrating viscosity index
i mprovi ng propert| es as well as di spersant properties. Dispersant olefin
copol ynmers and di spersant pol ynet hacryl ates are exanples of dispersant
viscosity index inprover additives. D spersant viscosity index inprover
additives are prepared by chemcally attaching various functional noieties,
for exafpldditaei nes, 10 al cohols and am dedassOnha* pol yMassY ait ch|pol yners
preferably tend to have a nunber average (Braadpcul ar W@irgfeire@f at |l east
15, 000, | MuebsityMddierr ange from 20, 000 t 4 ogQ% 000, as| get-er m ned By gel
per meat | oprreddrORRbRGT aphy or |ight scattjerg.ng nmet hodsg gilhge pol yngrs used nmay
be thoseoxfiiess mhigorbel ow Wi th respect tjgoisscosity npgifiers. Therefore,
am ne nmpkaeih@&diRY be incorporated to |igggart di sperggney and/ o
anti oxi fl@;gf,yrsgﬁlar acteristics, whereas phenojj c 15 noj| gyl es may be
i ncor pof #fuashudionki TRERBYS 1RE@XI dant properikes. A speghisc examplle,
t herefo Beterdest 2N inter-polymer of ethylgng-gropyleng, ppst grafted with an
active ngg%Frg %E as mal eic anhydri dj‘o’i‘n t hen derd 1al‘l zed wifh, for

S

exanpl ef pal Rt P Qi amne. In the eve di spers yiscosify nodifier
is used kgstm%lg;esent invention, the nit n cont %_05 he | ubricating
\6% om th Oslg)effant iscosity

oi | COfRQs} i ncl udes that deri
nodi fie Degﬁ?ﬁgﬁ%lggqof a 20 di spersant di&fo1 s H {ec 5777,

whi ch rﬁ‘&ﬁ'ﬁﬁﬁ(‘ﬁ*@d’ — 8 —4-1 867, 890 d
5, I928 |848m&§-)sséraftﬁ'§ 1&%@%&?%@6%@ tg? g?f’éi@&ﬁ"tm% g&?}‘éﬁots&?o?‘ndex i nprovers, whi 22

are accor di nghy aidit e Qaseatrae cdietiteiea céaaém hedns of h&@hsd finy oiBdie ddgitises Whet her
rrultlfunctl onal or not a e . used jn an anount depending. on the desired

vi scomet Pgiere fieiaie. @awefl as %htEm}g ORI IT BIPeia of F.}:‘B pAdtEER Hgulsicentc onposi ti on,
for exanmgosi@bnsd 'Wﬂéﬂtpréﬂfiru% DWrich cdmpesptidaiteh SsAMdmte ibn bR thpeof such as 0.1

to 1, mass % of the polymer, based on the nmass of the oi]l conposition.
Repr esentditivg Soariiges e fraed v nditye cappamenitldiceshadditivemanbeiseaparaied ubr i cat i ng

oi | CO”&B%&lyo'ﬁma iBst@Red, AbkME it iQAoMh 210k cog%flatéotqgh&&ﬁ%s Mags %a.i.*
Mass % a. | (Broad) (Preferred) Wiscosity fier 0.01-6 0.01-4

Cor r osi o?fidlth’ﬁ coricersratey 2 go-sallgd @dditives packgged é%lsiodﬁfemﬂ"ffp 5 aroradprck) epmmpriging 3

two or more additives).

10 In the preparation of the lubricant oil compositions, it is common practice to introduce
additives in the form of additive concentrate(s) containing the additives. When a plurality of
additives are employed it may be desirable, although not essential, to prepare one or more
additive concentrates (also known as additive packages) comprising the additives, whereby
several additives, with the exception of viscosity modifiers, multifunctional viscosity modifiers

15  and pour point depressants, can be added simultaneously to the oil of lubricating viscosity to form
the lubricating oil composition. Dissolution of the additive concentrate(s) into the lubricating oil
may be facilitated by diluent or solvents and by mixing accompanied with mild heating, but this is
not essential. The additive concentrate(s) will typically be formulated to contain the additive(s) in
proper amounts to provide the desired concentration in the final formulation when the additive

20  concentrate(s) is/are combined with a predetermined amount of oil of lubricating viscosity. If
required, the viscosity modifiers, or multifunctional viscosity modifiers, and pour point
depressants are then separately added to form a lubricating oil composition.

An additive concentrate may contain 1 to 90, such as 10 to 80, preferably 20 to 80, more

preferably 40 to 70, mass % based on active ingredient, of the additives, the remainder being an
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Friction Reducer 0.01-5 0.01-1.5 Dispersant 0.1-20 0.1-8 Miltifuctional
Viscosity Mudifier 0.0 -5 0.05-5 Detergent 0.01-6 0.01-4 Anti-wear Agent
0.01-6 0.01-4 Pour Point Depressant 0.01-5 0.01-1.5 Rust Inhibitor 0.0-0.5
0.001-0.2 Anti-Foam ng Agent 0.001-0.3 0.001-0.15 Denulsifier 0.0-0.5
0.001-0.2 * mass % active ingredient based on the final |ubricating oi
conmposi tign,,Ag additive concentrate_gponstitutes a conveni ent neans of
handling two or nore additives before their use, as well as facilitating
solution or dispersion of the additives in lubricant 5 conpositions. \Wen

Pr epar i NGléginty daGRPbr SRBRIBI (R x4} aﬁglmgﬁhlg}'?caw\ﬁsc%gi@? PR Ly Pe of

additive (sonetimes referred to as "additive conponents' each additive may
be i ncor pebrpdg ollcepapuli@) pay tymczﬂlmyntmnétt@%@gss offeyedditive poricenteatsieni ent t 0
i ncorporate t ' at e. ditive
"package” (al gﬁgl e?gl {éétragg(ﬁjtltgéggﬂgen hlglllé/a‘lt:ln§ ?Jl %&l?ér?ﬁ%glef aqv\%(a%elngr%lrt iég

addi t i veshe tynQoflthe dihempoe per, &iriepampid, aﬁlbﬂefylduﬂyrdne(samngimé ]Iubmatipg)tsil tions, it is

conmon pr { addl ti t

concegt rat% %%5s§t?on3n%férgb1§rggsl"ﬂ§ addr |§e£°1 ZE SuCpFS tél)lzlot@la%f/l 6?8%‘ M$ves are
enpl oyed (ircludiny a:h;edlhhesuﬂuai) t&sedainttﬂitcru@hloﬂhé oibs@etitian., A passipear éngee or nore
additive oncent r.at es d| tive ackage

risi t he
addi t i ved® %g}geogiomg%s\/téoflaﬁ)r WH}VTF %é‘? Qfﬁd’te Fe B8P %OBWO% 0“6/ CE‘?:%& ty
modi fi er shaveailotver dnivahi cdraaditives Sfﬁﬂﬁdainylemdllfﬁ is@dhSas 3r aﬂﬁl@pﬂdferdb@l o 12,

depressants an b d | tapeo to t oi.l of lubricating viscosit
Lot or m Gl BT Dariig: 8 100LSHp BSRY Pl Bl SredicomPetbnd a0
conceyt r akgesid abdtOcxchde hoPhydesbehadd Mfin polf@itr, RRCORG nloutfRE 84 poyr idtuent or

sol vents and by m xing acconpanied with mld heating, but this is not
essent i aldePretiantadditiYepve concentrate(s) will typically be fornul ated to

contain the a@h&r‘al‘}’ﬂ(hé )qu&dglty b tHé)ﬁfdltﬁrEf%HEExﬁraEer R IaES R 6r HEREiGHNg oil

concentration in the final fornulation when the additive 20 concentrate(s)
i s/ are coappesdpnwl yiicaly phe liaerastiei viseebit pol Pt Cof theiafldifye dongpniretaiisiahlgasti scosi ty.

|1 Lo isheden de w0050 4 ARG ENS 120% ML URSELgNA) Vi scosity

nodi fi ers, and pour essants are then s tely added to forma
| ubril¢ati ng 0|TIhU$;@m6@demnpaﬂAaaéldbdpfttmgeﬂcmﬁmna@oerdi!mywdwmm:m 1 to 90,

such as %rgf {ﬂ?on%gn 1n951@ g ng %91 %Iolu tu{%‘){}sggs@ aﬁ& gﬁeaglrﬁloré Qf adngc% or gass %

based on active I ngredien e renmal nder
2005M012 aE'CEtlvezzncentrate‘ that cornprlses two or more of additives and then, admixing other addmve

components, such as viscosity modifier, and optionally a multifunctional viscosity modifier and
pour point depressant.

20 Lubricating oil compositions of the present invention may also be prepared by admixing

~ an oil of lubricating viscosity, an additive concentrate containing two or more additive
components, a non-hydrogenated olefin polymer and a viscosity modifier, and optionally a
multifunctional viscosity modifier and pour point depressant.
It is preferred that lubricating oil compositions of the invention are multigrade oil

25 compositions having a viscometric grade of SAE 10W-X, SAE 5W-X and SAE 0W-X, where X
represents 20, 30 and 40; the characteristics of the different grades can be found in the SAE J300
classification.
Fully formulated lubricating oil compositions of the present invention preferably have a sulfur
content of from about 0.15 mass % to about 1.0 mass %, such as from about 0.20 mass % to about

30 0.35 mass %. Preferably, the Noack volatility of the fully formulated lubricating oil composition
(oil of lubricating viscosity plus all additives) will be no greater than 13, such as no greater than
12, preferably no greater than 10. Fully formulated lubricating oil compositions of the present
invention preferably have a phosphorus content of less than about 1500 ppm, such as from about

500 to 1500 ppm, preferably less than 1250 ppm, such as from about 500 to about 1250 ppm,



ol eagi nous carrier or diluent fluid (for exanple, an oil of lubricating
viscosity). The final lubricating oil conposition may typically contain 5
to 40 mass % of the additive concentrate(s). The anmount of additives in the
final lubricating oil conposition is generally dependent on the type of the
oi |l conposition, for exanple, a heavy duty diesel engine lubricating oil 5
conpositgggMﬁﬁgferably has 7 to 25, nmpre preferably 8 to 23, such as 8 to
20, mass additives (including any diluent fluid), based on the mass of
the oil conposition. A passenger car engine lubricating oil conposition,

for exanphﬁe1%ﬁﬁﬁ§§&&ﬁﬁm%ﬁmﬁ1ﬂi§% lﬁﬂgéﬂ Q&%ﬁ9@%@%&%&5%ﬂ%?ﬁﬁ§§%n%§ have a

| ower anount® of tives
pr ef er ablpyef&ably legthan opefdD apiy Sl&htaeerI@ abava §&) 10860 pramd diseid e she thtalseads on t he

mass of t The anounts 10 expressed above exclude
non- hydréggﬁa?kﬁ&ﬂggﬁ%b&%%Pf viscosity nodifier and pour point

depressant adhﬂyﬁvmshw&kmeumhgyﬂb@mxmﬁsmnﬁﬂhwnmhnmhemamdkﬁhvuyhmmeentrate IS
hlgher th t ha he | i.cat 0Ol 0si 1 on. pi cal | t he

i ot | oteBh (LRSS { fed o PO bk AR i ey 50,
such as mﬂdiﬁebmmmgenﬁﬂﬂébﬂkaﬂo preferably 120 to 180, mBs' (or cSt). 15
Thus, a nethod. o rep upricating oil OSItIO ding to the
pr esent inveﬂPF %é%#?ﬁ%@ ﬁmﬁFﬁa dW&H?FEﬁP& @%éity and
one or n‘ﬂTI"BNOfls"ﬁﬁdiBhéeNﬁnHéfasﬁéiﬁhr&dMeAS:mm@iid' @Iee&otulfta)tfnﬁeg&nbses two or
nore of additives and then, aanX|ngzother additive conponents, such as

vi scosi t WeWBRingd asfording o rershqdgheiM PA82%and sueierbash dvvasesyrd cseidng erodi f i er and
pour 19OI etdeNqSEPRI4 20 Lubricating oil conpositions of the present
invention may al so be prepared by adm xing an oil of Iubrlcatlng VISCOSIty,

an additive coWesnthe hibecasingeihramnesitiongo! die praseré inyertioniatecfor BBRen diet
non- hydr qgena g%l%ﬁ;asnmﬂpgr&gemy%%g@a éaeqe%e}fxmmge Ifeblﬁfemeﬂt@qf@lgkt%[&al ly a

mul tifunctional viscosity nodifier pour ‘poi nt essant
pr ef er r ed2t%08%, monbpreicablyngleait heddhroET-04 M@rdﬁ’l Ché, auciwsrﬁtt leatt therACHAIl t i gr ade

ol 25 C%’z‘f\%@}ﬁé 'eb;i%(&%u}hﬁYéaBQh@A&%%@%%gck% .%g%‘} ggmﬁ forh Qhéfe AE SW X and

SAE OW X sent's aracterlstlcs of the
di ffes enﬂubgcauhgsﬂcanp(beloﬁwm}mb presettheveiiin alSOOPCROaiss itteilatatcatorg. oilFul | y

hova 2 S onS e Shish R TR e hBle e oD S ARES W 0L 57 SCaon”
asl 1;: :)ln’: ?bmﬂfreit@rﬁﬁly atria&ss tHYAIGE AaBRD04, sudiis @t 1345t maagE%bBPoe(t)AgE?bty P4t |h|e ISI]?aC k
Obel ot Firtbi ety Aot A BT PAGEA Gt SREARR Blspr RO S 13° such

as no gr astiedting baBompoditiopy eEhigrpadikyt im@ninead of PCMaNsd,Ohe 1ebtidaingd @r rrul at ed
resent i nventi prefer

bR R B P phRren e REEACh 2Bk Rave =
SJ, more preferably at least the ACEA A3-04/ ACEA C3-04, such as at least the API SL/ ILSAC
GF-3, especially at least the ACEA A5-04/ ACEA C2-04/ ACEA C3-04/ API SM/ ILSAC GF-4
specification(s).
It should be appreciated that interaction may take place between any two or more of the

25 additives, including any two or more detergents, after they have been incorporated into the oil
composition. The interaction may take place in either the process of mixing or any subsequent
condition to which the composition is exposed, including the use of the composition in its
working environment. Interactions may also take place when further auxiliary additives are
added to the compositions of the invention or with components of oil. Such interaction may

30 include interaction which alters the chemical constitution of the additives. Thus, the
compositions of the invention include compositions in which interaction, for example, between
any of the additives, has occurred, as well as compositions in which no interaction has occurred,

for example, between the components mixed in the oil.



500 to 1500 ppm preferably less than 1250 ppm such as from about 500 to
about 1250 ppm 2005MO12 FF -23 nore preferably |l ess than about 1200 ppm
such as from about 500 to about 1200 ppm still nore preferably |ess than
about 850 ppm such as from about 500 to 850 ppm based on the total nass
of the lubricating oil conposition. Fully fornulated |ubricating oil
conposi tiop%uof the present inventiomgpreferably have a 5 sulfated ash
(SASH) content of about 1.9 mass % or |ess, preferably about 1.1 mass % or
| ess, such as about 1.05 mass % or |ess. The anobunt of phosphorus and

sul fur are det]éhremiiUmedmg@ﬂ@melbo"sglohmmseEmQéd B3Iick¥ hiZbhanicalllBNne i S Tot al Base
Nunber as measured b ASTM D28 t he anount of nitrogen | et er mi ned
accor di gcoF‘BOI}?BTtSfR?Hl ‘U&‘B"E@S CORRYISER; PSP AtP Wf?%%ﬁ&%@&*io%?& ng to 10

met hod AT WspaBid tbnitd¥\@s s@hﬁd} @n%ﬁkbdr la Gl A1 Gr AtdmARRATHiEi ARSIty diligg Heesent
i nvention are for HDD use, | ubricating oil conpositions preferably

satisfy Arbricatingoiltpesety and dperrEpg Be PREAFFBIRRTAY of t he ACEA E2- 96#5, nore

prefekably at g aRsdedifitifEA dEA" @Ryl ARk hgem‘l'meaﬁ%ﬂ tl‘i"egﬁ'réi | east the
ACEA E4-99#3, espem ally at |east the ACEA E6-04 and/or A 6)-4

speci f i c&pnesmed Wismaritytrempgsef gblyideagen iyl caibon eioms 6ad s berdsd tofthe femappdasent
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satisfy at |l east the perfornmance requirenments o

pr ef er ablaypreportion ansuificteat tA@@ch@or@ﬂle sghstntiadly hytrobabant chtaﬂaeerABﬁEsﬂof% 04/ ACEA
C3' 04, C a.t 2 t nB 0 CEA
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i nvernbi onf stated featrure@GEMEgaus et,epstdneompdmemts,émt dogs mtlprezmdeﬂmpascmb«: mnasldlpmeﬁfer ably
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re St {herf errgorgr%rnc ui rec nts Oof % Onggﬁ - 96(3# /t APl SI,
more pr ef*8f SpFSFC 81 'ERTES HECR ’A L GFVASS é‘é&f&%s % (e e 483 Y88t the
APl SL/ I“hﬁﬁﬁﬁism@’—'er&,onﬁﬁﬁe’tisabdd)heain ﬂﬁ@ﬁh“kdﬁ’r&sﬁ@kseﬁﬁal%f AQEA cOghafdd/ ACEA
C3- 04/ AP SA -4 ecificatio It. .shoul d be reci at ed that
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i ncl udi NGmMBBIMENWBS D€ e CordR ey @entislly oFf. U Ble térheYilkaNBlebaenilidngatiper,at ed into
the oil conposition. The interaction nmay take place in either the process

of nilki ngs Bed Apinsdpssenymeat thadheefiditiveyere %91%1%? disalydlecBitpBisior pambIe &f exposed,

i ncl udi ngehf alsye%%edalfn el if QﬂfFl%br‘hb&” ]1hE‘y id SeanRwevROtheNNe RNFBNre, for
Interactions may al so take place when further auxiliary additives are added
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constitution of the additives. Thus, the conpositions of the invention

i ncl ude dsmpertion efrpther pdditivies $ich Ay téiasaciﬁcahed gbeye mxsatfseiehe wibjleeer

20  dispersibility of the additives. “Major amount” means in excess of 50, such as greater than 70,
preferably 75 to 97, especially 80 to 95 or 90, mass %, of the composition. “Minor amount”
means less than 50, such as less than 30, for example, 3 to 25, preferably 5 or 10 to 20, mass %,
of the composition mass % of the composition. All percentages reported are mass % on an active
ingredient basis, i.e. without regard to carrier or diluent oil, unless otherwise stated. The

25  abbreviation SAE stands for Society of Automotive Engineers, an organization that classifies

lubricants by viscosity grades.

EXAMPLES
The invention will now be particularly described, by way of example only, as follows:

30

Example 1
A lubricating oil composition representing a conventional 10W40 crankcase lubricant for

a heavy duty diesel engine meeting the requirements of the ACEA E4-99%3 specification was
prepared by blending a base stock oil of lubricating viscosity, a detergent/inhibitor (DI) package
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any of the additives, has occurred, as well as conpositions in whi ch no

interaction has occurred, for exanple, between the conponents m xed in the

oil. 2005M012 FF -24 The lubricating oil conpositions nay be used to

| ubri cate mechani cal engine conponents, particularly an internal

combustion, such as a conpression-ignited (diesel) engine, or a

spar k- i gnj %‘ﬁqﬁggasol ine) engine or a,yanual or automatic transm ssion unit,

by addi ng lubricating oil thereto and operating the

engi ne/transmssion. 5 In this specification the term "hydrocarbyl"” as used

herein nﬁ@mdu;gf@ﬁcyia&ed%&up disPQRGL RSB ohd aerfé)arr‘i?aH Llwls&sa{wﬁr%@ﬁ&ep{vwa%ogen and

carbon atons and i's bonded to the remainder he nolecul e via a carbon

at om butlubtisaimngedtlowxmpieyer (L@EI)p ﬂ"é@@ﬁd@ng(mnmﬂmn had e mtrogen qgnisnipes Oiln - a

proporti S ¢ % r @éﬁ,?

char act e%%ggt ?céslgl{l)t}l &ﬁ@m &Qj ﬂﬁ&s‘é %\% S{d%?ér? a%}bgA%ﬂ?g&%?’& b%r Y Xla& /d l% when

used her ef phdsphonakeeh4i rmmpi;s@df saﬂryylath eoqprpesle]@gmnﬂdf fmfshc;itlalurwdntf eat ur es,

i ntegers, ste ent s enc
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gr oups t kempnitive Iemrﬁ;ms:-; comaﬁ@inmadaddasom polyb@eEuPIBy i Egample’s xeamxmm&h is used

herein, the term"copsistin ssent | S co re a
ST T e e e pLT G b Ay 38

pr ef er r e @ PETHE dicHRYFRIOTAMY T5%4 Htes are a

preferr edamﬁéﬁb@dﬂé fietested for bengability” velqnﬁmsetmmg:r @éiﬂ?getﬂé bankh ¥es@lised byhe term
"oil-sol ubl e" ﬁ\‘}l:d spersiple”, 15 as ? erein, does not mean that
Bu e} %Teét

t he addi Me\?@é‘esaﬁeé‘z o] I%alm T Sayplgrd b, spsfi Yethed, YIS 104 pei ng

suspgpdedsdsthiteifab@k hugsBud!d N%Qé}? I(Mmr) Sspeclit@Ny 98t WR&0d DIQWesR (mirfibat the
additives are, for instance or stab%/e dispersible in the oil to an

extent sufa eddVietonep ued Byrbinerhdnipn (MTHha@dlﬁé#l’erEﬁt Methoq REN &todi (formelt i n
whi ch the.ah T}%C}E%ﬂﬁbr% 'sHRvn'&loWhQM@ﬂf \M%Eeetﬂé/%&ts szQ‘%ep%Qz‘é'&Eg&lﬂl?ek of

i ncorporation of er additives such as those described above may affect
t he sol ulbimies,taxy avsragp @esdlt sspeavadedi | ity of the additives. "Mjor anount” neans
in excesg,Qf ©0, such as greater than 70, preferably 75 to 97, especially

80 to 95 0, mass % of the conposition. "M nor ampunt” neans | ess than
50, suclhBeashTess thq Rroexty f driméexanpl & E‘XEH(Q) 24 ,EX_p% érer ; IE!X}B 8) 1rEXl‘9 @)q 20,
epor t od EPE R o) BATn At 0N nredi Bt Bt & &b @i hout regdrd 1o
Sy A I O VLA st T R S Ml
Ul cants by visCoL\y or 08 DBXAW ES O The | nvanti op wil row be |
particurarly describgds«by Way, of piexdnpl eg onl [, ag fol | owsg 0 Exanple 1
# of tests - >5 2 3 0
MANSEAL NBR | EAB -30% max -43 -- -36 -32
TS -20% max -23 -- -12 -12
A% 0to +10% 2 - 2 2
H -10 pts. max -1 - -1 -1
# of tests --- >5 0 3 2
MTUSEAL NBR | EAB -35% max -40 -34 -36 -33
TS -20% max -23 -11 -16 -17
v 0 to 10% 2 2 2 2
H 0 to -10 pts. -1 -1 -1 -2
# of tests --- >5 2 2 2

15

*elongation at break; **tensile strength; ***volume; ****hardness
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A lubricating oil conposition representing a conventional | OMO crankcase

| ubricant for a heavy duty diesel engine neeting the requirenents of the
ACEA E4-99#3 specification was prepared by bl ending a base stock oil of

| ubricating viscosity, a detergent/inhibitor (D) package 2005MO12 FF -25
including salicylate detergent, dispersant, ZDDP and antifoamant; a

viscosity npdifier (VM and |ubri ca_tzk_ng oil flow inprover (LOFT). The
resulting conposition had a nitrogen content of 0.1 nmass % a sul fur
content of 0.3 mass % a sulfated ash (SASH) content of 1.9 mass % 1250 ppm
of  PROSPNOT US x3thh i B0 S et E WAl GPSPIR Rhould i0BEARIET [ 1 i Shed

| ubricant. 5 Four lubricating oil conpositions were prep reg based on the
above r ep¢rpemaEgapicelally intermsoribaBand 8, swiwrepileto prondesd mesthgresuiidelese 450 M
pol ybut e . les 2, 3 and 4, which represent the invention,

cont ai neg]%&.g‘gg@[nuéa%g%ﬁgss % of 450 M' PI B, respectively. The four sanples
were then tested for conpatibility with nitrile rubber using the bench tests
used ?y El\/lergeges Benz (MB) or Daimer Chrysler (DC), specifically Test

Met hod Vi 14; 10 Maschi nenfabri k Augsburg & Nurnberg (MAN),

speci fical |l y RastricMigartoRipdbitchardpredetitiiorai lbw SAPE @u)fatedisntl, fvokpborIS, saifgh) Tur bi nen

Uni on ( .- specifically Test Metho | N 53521 (for nitrile _ se . The

resul tswg(#%‘l%?fg’aﬁasﬁéﬂ%&ﬁ‘ t for }5?‘8 dlufy.dclj EPEng Recty &C§CWF’€6IF%?J{§]%&‘§{TJ§% nunber
of  ti Meg6-0aBpeRNREIREGvak PRephrbd bysblHdds Rk stotrbll 8f ubriBeREschest a Property Limit
Ex. MBSEAL NBR EAB* -35% max -45 -44

1 (0) Ex. 2(0.5%§)EX. 3(1} Ex. 4 (2) \

- 37 TS+ detoganl/inkibitondl) pagkagg inclugingsaligylats detsugeny. dispsrsaply ZBPPamd t o +2 pts. 0 0
mant, a vi3cas) 111 W1 : sultirig cO sit -

0 # ¢f tgfis IRcAity mBdiiMANSENFI NRR duAfw iBIovEBX Théhdsultirg codfositdg TS - 20%
max -23 --- -12 -12 Oto +10%2 --- 2 2 H-10 pts. max -1 --- -1 -1 #
of t est shadanisspen cantent pfiUSEARSs KBRSEAB comglohhde map %, 34ulfas! asBEASH - 20% max
-23 - 11 3@t drl0.25\ndds YOt QY8 fprft oLptosphbrlis Gnd 2 irhQ RsicyTatt soab perlkilogram

of finished lubricant.

Four lubricating o0il compositions were prepared based on the above recipe. Example 5, a

15 comparative example, contained no added 450 M, polybutene (PIB). Examples 2, 3 and 4, which

represent the invention, contained 2.1, 2.5 and 3.0 mass % of 950 M,, PIB, respectively. The four

samples were then tested for compatibility with nitrile rubber the bench tests described in

Example 1. The results are shown below in Table III.

Table I

Bench Test Property | Limit Ex.5(0) | Ex.6(2.1) | Ex.7(2.5) | Ex.8(3.0)

MBSEAL NBR | EAB* -35% max. -57 -31 -33 =27
TS** -20% max. -35 -11 -12 -11
%Ak 0to +10 % 2 2 2 2
ok -8 to +2 pts. 1 -2 1 -1

MANSEAL NBR | EAB -30% max. -55 -28 --- -27
TS -20% max. -48 -10 --- -10
Vv 0to+10% 5 5 - 5
H -10 pts. max | -2 -3 --- -4

20 As shown, the effects of the invention are particularly apparent in low SAPS HDD

lubricants formulated with salicylate detergents. Again, in each of the bench tests, the addition of
PIB resulted in improved performance, particularly in terms of EAB and TS, sufficiently to

provide a passing result, where the base formulation failed.

25



l )

of tests --- >5 2 2 2 15 *elongation at break; **tensile strength;

***yol ume; ****hardness 2005M)12 FF -26 As shown, in each of the bench
tests, the addition of PIB resulted in inproved performance, particularly
interns of EAB and TS, sufficiently to provide a passing result, where the
base fornmulation failed. 5 Exanple 2 A lubricating oil conposition
representb?}% Al ow SAPS (sul fated asl} phosphorus, sulfur) 10WO0 crankcase
lubricant for a heavy duty diesel engine neeting the requirenments of the
ACEA E6-04 specification was prepared by blending a base stock oil of

| ubri cat igg(gmﬁliegcosi ty, a detergent/inhibitor (D) package including

sal i cyl ate detergent, dispersant, ZDDP and 10 antifoamant; a viscosity

nmodi fi er and AORbriqatingeil eintpofitienwepnepentings DSWmamgﬂubhp@tﬁmapmm@n had a
ni trogen % nt of 0.25 L@ sul fat ed
ash (SAS e?éiteﬁ Ee I?lgetlg%?hg %@ﬁgmelﬁs Qq"ﬂjse%é Wspgggéa%oﬁ Wa§ pre]?,] 6%dp O?edusi 8 d 24 ol
of sali C)bhatswdsoﬂipf Ipercating ogosy a ddterfanninhtbior (D]ilpalcmnnchﬁmgr'sullfambtrelaﬁcatl ng oi l

compar at FyBTEREHEREL SRBLES RRES, D R P P B By Exanpl es 2
858m|3/| ' 4P|aEﬂifbmhant Tagjispesanivistdagy }nﬂdﬂﬁéﬁaind’ ElOFDOtﬁHe@lﬁbehlalpﬂoveth %ﬁ?dﬂtﬁr@ mass % of
S e fa es were ested. for

conpat i blcf”?’?‘if‘t(ﬂg?’ﬁ %f‘ﬁ‘%ﬂf/‘f%temf’éé’éﬁ “ﬁﬁ%%ggﬁgﬂgeflég’?t%m ggé%’lab%%fﬁ SERGpl e 1.

(it o s (g aghen00A Boltomnold® 2 b)' WBSEAL NBR ENBE - 35

T, g 57 -31 Foy 1ub21ratmss>ﬂ*com2w0/‘ﬁ?a§<Wenewparfibasz on m abayerscipey EXATE 9 22 2520
28:/* (r)ra g c&rﬁpa’fﬁw@‘éﬁample c&talne\c}%g%%%gﬂ g‘iyﬁﬁ@le (3@% %p16§555n1g)2(§1d'12 . 3’ 217 TAS,

- 0 - --- 0 --- . - - ---

20 As sh@«hﬁh r@m@e@ﬁheeéw@tm cerppanad e h0janth2 aun@sqoérotf P%QJMaPIByrqawmfém in |ow

SAPS HDDTh!:E}&\; 5O vefeQh !:s?éd%&'r ‘éfh{pﬁlbﬁlﬂgw}{hgﬁﬁﬁ rAREEL W efich £921 N, 1N each

of the bench tests, the a d|t|on resulted in inproved perfornance
parti cul descybadnn Exanmie bfTIEABUIiMe fiewndglofiisiTehie I t o

Table IV
Bench Test Property | Limit Ex.9(0) | Ex.10(0.5) |Ex.11(1.0) | Ex. 12(2.0)
MBSEAL NBR | EAB* -35% max. -37 -29 -23 21
TS** -20% max. -18 -13 -9 -7
V¥ 0to+10 % 2.1 2 2 2
H**** | -8 to +2 pts. -2 -2 -2 2
15 As shown, the effects of the invention are also apparent in lubricants formulated with

phenate and sulfonate detergents. The addition of PIB resulted in improved performance,
specifically in terms of EAB, sufficient to provide a passing result, where the base formulation

failed.

20 Example 4

Five lubricating oil compositions were prepared based on the recipe provided in Example
3. Example 13, a comparative example, contained no added 950 M,, polybutene (PIB). Examples
14, 15, 16 and 17, which represent the invention, contained 2, 3, 4 and 5 mass % of 950 M, PIB,
respectively. The five samples were then tested for corrosion, particularly copper corrosion,
25  using the High Temperature Corrosion Bench Test described in ASTM D6594. The results are

shown below in Table V.
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anple 13, a

of operation of the present invention have been described in the foregoing specification. What

applicants submit is their invention, however, is not to be construed as limited to the particular

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

nvention.



2005M012 FF -28- Table V Property Limt Ex. 13 Ex. 14 (2) Ex. 15 (3) Ex. 16
(4) Ex. 12 (5) Cu 20 max 111 24 13 12 9 Pb 120 nmax 44 36 37 38 42 Sn 50
mx 0 2 22 2 Cu Strip 3 4B 1A 1A 1A 1A As denonstrated, the addition of
PIBto a lubricating oil conposition containing a significant sulfur
content further inproves copper corrosion performance and all ows passage of
t he HTCBT '5& ,@ formulation that faijg the test in the absence of the PIB.
5 The disclosures of all patents, articles and other materials described
herein are hereby incorporated, in their entirety, into this specification
by referengpayfysdescription of a conposition conprising, consisting of, or
consisting essemially of multiple specified conponents, as presented

herei n andlin thme&hqlbnfdeﬂroaingmmershmsiodpln@edmss.nd/mdtrﬂosealso enconpass

conposi tions made m xi.ng said nulti Ie speci. nts. The
principles, pr @Qﬂ%ﬁ‘l&ﬂﬁﬂglﬁgﬁﬁ%%{f E“%@“&W‘%ﬁg\‘ an t he present

i nvention have REfdsHRR E6hpRshg dimb; BEarh QIS 8LbiNSF lﬁﬂ‘?&hﬁg GiatdsRp ancW‘at
applicants submt "is their |nvent| on, however, is not to be construed as
limted to the mpiot awabndof omsriygutireradiitived, ssidl compdsitin having thaulff santens ed

enbodi nents are a 0 ustrative,rath t han mtiin Changes may
be made by thos ag%a tszlddm%’? %ﬁéser atb\ﬂo B}“ij‘gfgs?"tmﬁlggﬂ%‘%wmg’°§’p| rit of the
invention. 20050k niethod28mpkdk Miing b andVofbicbR@rdbihg int® tR\ibHEabp e

corrosion properties and/or nitrile seal conpati b| lity in engine crankcases
or transm ssi on@TWHCISWOaaFGﬁNh(‘,’ﬁWﬁ@Pt(ﬁUPh axcloom O teiled fé@mﬁslbgi Qﬂébemaj or
anount of oil of nor e
addi tives, sai dto&a(k)ﬂn%()ésﬁiygg é:\le}tl?%‘ﬁ LH%P giro gc"ém ﬂg{t QS‘Q&H‘%Y@%%CR”@% 1 mass %
based on the t oflafin palymendr copdlymertiaving adiuinbepniease modstular welghhofs0wd
conprises adding to and/or incorporating into the lubricating oil
conposition an ective anount, such as from0.2 to 10.0 nmass % based on
‘the total mass of said lubricating oil conposition, of at |east one

non- hydrogenated ol efin polymer or copolymer having a nunber average

mol ecul ar Qei ghThaJhew;B@ot QgaimeR Geredn thEhémmngcnil @impobisionhds 2 swhar ei n t he

lubricating oil con?erxrxreoﬂr %“15*1 .40 m3ads SA, based on the total mass of lubricating oil

composition,

3. The method of claim 1 or claim 2 wherein at least one additive comprising a
sulfur-containing compound is selected from metal salts of dihydrocarbyl
dithiphosphates, sulfonate detergents, sulfurized phenate detergents, sulfur-
containing molybdenum compounds, ashless dithiocarbamates, and combinations

thereof.

4. The method of any of claims 1 to 3, wherein the non-hydrogenated olefin polymer

is a polybutene or polyisobutene.

5. The method of any of claims 1 to 4, wherein said lubricating oil composition has
at least one of, preferably both of, (2) a sulphated ash (SASH) content of from 0.5
to 1.9 mass %, such as from 0.8 to 1.1 mass %, preferably from 0.50 to 1.05 mass
%, €.8., no greater than 1.1 mass %, preferably no more than 1.05 mass %, and/or
(b) a phosphorus content of less than 1500 ppm, preferably less than 1250 ppm,
such as from 500 to 1250 ppm, more preferably less than 1200 ppm, such as 500



!

. |

content of fromO.15 to 0.40 mass % based on the total mass of |ubricating
oil conposition. 3. The nethod of claiml or claim2 wherein at |east one
additive conprising a sulfur-containing conpound is selected from netal
salts of dihydrocarbyl dithiphosphates, sulfonate detergents, sulfurized
phenate detergents, sulfur- containing nol ybdenum conpounds, ashl ess
di t hi ocar bgamt,.es. and conbinations #hereof. 4. The nethod of any of clains
1 to 3, wherein the non-hydrogenated ol efin polymer is a polybutene or
pol yi sobutene. 5. The nethod of any of clains 1 to 4, wherein said
| ubricating oi ko CODRR, kli@MoRgstetcmbly 183 $1an30 pPn, sukh &f fbA0R (besh of . (&) a
,sul phated ash (SASH) content of fromO0.5 to f.9 mass % such as from0.8 to
1.1 mass % pr @by bisey of thenetal n9@s phthd cOBporilé®. % e. g., no greater than 1.1
mass % preferably no nore than 1.05 mass % and/or (b) a phosphorus
content of less than 1500 ppm preferably | ess than 1250 ppm such as from
500 to 12%) ppmme MR ehesdMims | @55, witadin {20 ibBBMIng DUEBmPSsiHOO 2005MOL2 PP
-30 to 1200 ppm still nore preferably I ess than 850 ppm such as from 500
to 850 ppm b&s@prign asplcylatn detergant in afamayat provigagistideampesitiatheithét hod of
any of clainms |_t erein said lubricating il . cc Siti C rises a
salicyl ate det (laer‘lbtébn?mo esaﬁggﬁ%ﬁﬁdg‘plrso@é‘aﬁﬁ‘d’ "@gridglly @B%E%Zﬁtnll‘%%lgaﬁetgﬁqg? | east
9 mol es, such@s0 aimdi@aprefek By mmsiel, oF adilcyla@tsodrpstkg 24 s5iwol s, e.g.,
12 to 50 mmoles, preferably 18 to 33 mmles, of salicylate soap per kg of
said conpositiCORPOHIONMThe net hod of any of clains | to 6, wherein said
| ubricating oil conposition conprises a nitrogen-containing dispersant
and/ or di spersant-viscosity nmodifier in an anount providing in said
conposi ti dh fr e hebiddtad afly SEclaims S 186, wheekin asid luboinating. DIxopobitidd mass %
preferably fromO0.10 to,0.20 mass, %.0of nitrogen, 8. The nethod of any of
claims | to 7, “ARBYESH “é‘é‘fg&“'lcﬁrﬁf“i”’é’ﬁtdi‘sﬁgsﬁltI"‘“&Bhéiﬁi?ﬁ*‘f‘ﬁﬂs‘??égy BodibWnhor us
content of |esinhﬁ%ﬂm]ﬁ&ﬂdﬁgmsaﬁi&lﬂndﬁﬁtiﬁﬁM%@.ﬂsﬁg&s%%ch prederably
| ess than 1250 ppm such as from 500 to 1250 {)pm nmore preferably |ess than
1200 ppm such 04 1o Oz 600 %. greicrady from 0. K1 19 3.20wase pebritpgdnly | ess than 850
ppm such as from500 to 850 ppm based on the total nass of said
conposi tion.
8. The methed of any of cJaims 1 to 7, wherein said Jubricating oil composition has a
phosphorus content of less than 1500 ppm, such as from 500 to 1500 ppm,
preferably less than 1250 ppm, such as from 500 to 1250 ppm, more preferably
less than 1200 ppm, such as from 500 to 1200 ppm, still more preferably less than
850 ppm, such as from 500 to 850 ppm, based on the total mass of said

compasition.

9. The method of any of claims [ 1o 8, wherein said oil of {ubricating viscosity
comprises at least 50 mass %, such as at least 60 mass %, particularly at least 70

mass %, of mineral oil, based on the total mass of said composition.

10.  The method of any of claims I to 9, wherein said compoasition meets the
performunce requirements of ACEA E2-96#5, such as at least one of ACEA E7-
04 and API C1-4, preferably ACEA E4-99#3, more preferably at least one of
ACEA E6-04 and APICJ-4,



9. The nethod of any of clains 1 to 8, wherein said oil of lubricating
viscosity conprises at |east 50 mass % such as at |east 60 nmass %
particularly at least 70 mass % of mineral oil, based on the total mass of
said conposition. 10. The nethod of any of clains | to 9, wherein said
conposition neets the performance reﬂw rements of ACEA E2-96#5, such as at
| east oneXSMIAEEA E7- 04 and AN Cl-47'preferabl y ACEA E4-99#3, nore
preferably at | east one of ACEA E6-04 and APl 0-4. 2005MO12 FF -31 11. The

thod of f d t ed
gF efion ?c pgﬂe £ hoﬁggd%y W@éﬁllatﬁh%gfgwme&@?%’ \R/B]qgwl%ﬂ“;?%&ﬁgar gnge of
from 450 tO 1306h (@-Dolynhdr AR FREMES a9 0ge aaatecmcwagt&qa% rhaRrdf ¢@dki ng oi |

conposition or a tran m SSI on ol l conprisSing a sul content of at |east
0.15 mas % st tad0¢,emp,0robb4ibio®S89 mass % pref erably from 0.20 to 0.35
mass % conprising a major anmobunt of an oil of lubricating viscosity, a

m nor anmount of additive(s) including at | east one additive having sul fur

content, gnd aA@rﬁ'ﬂ&a@m&tﬂunébﬁ“}E'orﬁﬁosﬁion'o?@%ﬁdnﬁmgstﬂﬁ% clfnp ﬁéﬂrﬁd agffrom 0.5
to 5.0 nmass % preferably from1l.0 to 2.5 nmass %, of a non-hydrogenated

ol ef i n pol ymerconteay by lestriubbmas %v euchge Mool & tutoel 4Q\ma@1%, prefernd ﬁf@‘ﬂ2300 and
optionally, re of the follow.n r-containing additive
26l ectod 11 om i 0. 85res Heconrshanditippymoun eftibetaTaBhe Wi Plvar o
detergents, su}hidragduithbenddigve(SahQEdIRRN LS eass bhd aHdiPRMHainBisMBurm0l ybdenum
conpounds, ashl ess dithiocarbamates, (Ti) a sulfated ash (SASH) content of

from 0.5 to 1.@nHAesdnds PURRTAMNNG Nechras gt least 0.2 messdbrvels b from 0.5iSi0 a

phosphorus contente, Jrefleﬁgﬁ' a1 011?905 mE |%‘ o‘f%'hoﬁ%jdt @%at?a‘)&{;ﬁ@%étﬁﬁgr ppm

based on the ss of conposi i on, - con

di spersant andﬁ@tngctlmﬂxesavﬁragerﬁa@mltnwm@dlofnmtmw ﬂdr@nbmm&e% to 0.35
mass % nitrogen in said conposition; (v) a salicyl ate detergent provi di ng

at least 9 nMmbPE, Oféfthfﬁ“%mEQ(l}%S\S@‘Tﬁﬁ*ﬁm@"‘ﬂalldﬁ@;YFé@‘éﬁt%ﬁﬁmrmfr{d RalsRfr am of
composi ti on. éhgﬁ@ca%dlldﬁﬁ‘gﬁa chs LRf d?éd%&g cé"’@ﬁ]{@i&ﬂ@ﬂ& g,ﬁon hydrogent at ed

ol efin polynmer i e or' "polylso 2na tive
concentrat e codgurgerts)guléurrmnminisgmiohybdatun cdmpcmadt addelqstdnhmsamms when

compos t 1 on acddaahiged s §EASHY e of o 0.4 S b Baked & he hadi o
the composition; (iii) a phosphorus content of less than 1500 ppm, such as from
500 to 1250 ppm, based on the mass of said composition, (iv) a nitrogen-
containing dispersant and/or dispersant-viscosity madifier providing from 0.08 to
0.35 mass % nitrogen in said composition; (v) a salicylate detergent providing at
least 9 mmols, such as 12 to 50 mmols salicylate soap per kilogram of

composition.

13, An oil according to claim 12, wherein the non-hydrogentated olefin polymer is a

polybutene or polyisobutene.

14, An additive concentrate comprising a major amount of lubricant additives which,
when admixed with oil of lubricating viscosity, yields a lubricating oil

compositicn according to claim 12 or 13.

15.  The use of a non-hydrogenated olefin polymer having & number average

molecular weight from 450 to 2300, preferably polybutene or polyisobutene, to



15. The use of a non-hydrogenated ol efin polynmer having a nunber average
nol ecul ar wei ght from 450 to 2300, preferably pol ybutene or polyi sobut ene,
to 2005MD12 FF -32 inprove the copper corrosion properties of a

sul fur-containing crankcase |lubricating oil conposition or transm ssion
oil, and/or to inprove the conpatibility between a crankcase |ubricating
oi | conmpo®IsMBEF or transmi ssion oil,-32containing sul fur and/or salicylate
soap and nitrile rubber, particularly nitrite rubber engi ne and
transm ssi on seals.

improve the copper corrosion properties of a sulfur-containing crankcase
lubricating oil composition ar transmission oil, and/or to improve the
compatibility between a crankcase lﬁbricuting oil composition or transmission oil,
containing sulfur and/or salicylate soap and nitrile rubber, particularly nitrile

rubber engine and transmission scals.



