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LUBRICATING OIL COMPOSMTION PROVIDING WEAR PROTECTION AT LOW
VINCOSITY

FIKLD OF THE IRNVENTION

The disclosed technology relates to lubricants for internal combustion engines.,

particularty those for spark 1gnition engines.
BACKGROUND OF THE INVENTION

Engine o1l 1s blended with vanous addifives to sabisty vanous performance
requirements. One well known way to increase fucl cconomy 1s to decrease the viscosity of the
iubnicating ol However, thus approach is now reaching the houts of current equipment
capabilitics and specifications. At a given viscosity, 1t 18 well known that adding orgamic or
organometathic triction modificrs reduces the surface tnction of the lubricating oil and allows
tor better fuel economy. However, these additives often bring with them detrimental effects
such as mcreased deposit formation, seals impacts, or they out-compeie the anii-wear
components for lunited surface sites, thereby not allowing the formation of an anti-wear film,
causing increascd wear.

fn order to improve lubricant tuel cconomy performance, reduction of viscosity is
typically the best path (1.e., hugh temperature high- shear (HTHS) viscosity). HTHS 1s the
measure of a lubnicant’s viscosity under severe engine condifions. Under high temperatures and
high stress conditions viscosity 1ndex improver degradation can occur. As this happens, the
viscosity of the o1l decreases which may lead to increased enging wear.

Therctore, despite the advances in lubricant o formulation technology, there remains
a need for an engine ol lubricant that effectively mmproves fuel economy while providing
supcerior anti-wear performance.

RELATED ART

WO2015041891 discloses a method for reducing agueous phasce separation of an
enmulsion comprising ¢thanol-based tuel and a lubnicating ou comprising molvbdenum ester
amide complex and a dispersant polvalkyl {meth) acrviate.

LS 6303548 discloses an SAE 0W-40 lubncant comprises the base oil and a nuxture
of polvmethacviate and olefin copolvmer or hydrogenated diene VI improvers.

W2014136643 discloses a polvmethacrviate having a mass average molecular weight

ot 30,000 to 600,000 mclusive and (B) an oletin copolvmer having a Y39 loss temperature of
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500°C or lower as measured by a differential thermal analvsis and a shear stabiity imndex (8§51}
of 40 or less to a lubnicant oil base oil.

Us 20090270294 discloses a nuxture of at least two polvimers having a ditference of
permanent shear stability index (P551).

EP1436369 discloses a biodegradable hibricant that i1s at least 606% biodegradable and
has a gelation index of about 12 or less can be formulated using a trans-estertfied tnglycende
base ou together with a synthetic cster. A combination of an ester viscosity mdex mprover and
an olefin copolvmer viscosity index improver also can be added.

USZ20170088789 discloses a lubricant composiion contatmng a {(methpacrviate-
condaming poivmer compnsing a mubiiphicity of arms condamng at least 20 carbon atoms, said
aras bemng attached (0 a nuiitpvalend orgamie mowety; and an athvicne/olehin copolvmer having

a weight average molecular weight of about 16,100 {0 about 230,00,

SUMMARY OF THE INVENTION

In one aspect, the present disclosure provides a lubricating cngme o1l composiion

having a HTHS viscosity at 130°C 1 a range of about 1.3 to about 2.9 ¢P, comprising;:

a} amajor amount of an o1l of lubricating viscosity having a kimmematic viscosity
at 100°C in a range of 1.5 to 6.0 mm*/s;
b} a dispersant polymethacrylate (DPMA)} VI having a Mw of from 200,000
g/mol to 430,000 g/mol.
¢) anon-dispersant ¢thviene-based oletin copolymer viscosity index improver
having a Mw of {from 30,000 g/mol to 150,000 g/mol and a total ethviene
content of about 30 wit % to about 70 wt 9%.;
d)} from about 200 to about 1000 ppm of magnesium from a magnesium
contaimng detergent; and
wheremn the hubricating o1l composition 1s substantially free of molvbdenum
containing clement.
In another aspect, the present disclosure provides a method for improvmg friction and
reducing wear i an micrnal combustion engimme compnsing hibricating said engine with a
hubricating ou composition having a HTHS viscosity at 150°C 1n a range of about 1.3 to about

2.9 ¢P, comprising:
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5 a) amaor amount of an o1l of lubnicating viscosity having a kinematic viscosity at
100°C in a range of 1.5 to 6.0 mm™/s;
b} a dispersant polvmethacrviate (DPMA) VI having a Mw of from 200,000 g/mol
to 450,000 g/mol;
¢y anon-dispersant cthylene-based oletin copolymer viscosity mdex improver having
10 a Mw of from 58,000 g/mol to 150,000 g/mol and a total ethviene content of about
30 wt Y to about 70 wt Yo :
d} from about 200 to about 1000 ppm of magnesium from a magnesium contamning
detergent; and
wheremn the lubnicating o1l composition is substantially free of

15 moivbdenum containing element.

DETAILED BDESCRIPTION OF THE INVENTION

To facibtate the understanding of the subject matter disclosed herem, a number of
terms, abbreviations or other shorthand as used hercin are defined below.,  Any temm,
abbreviation or shorthand not defined 1s understood to bave the ordinary meanmg used by a

20 skilled artisan contemporancous with the submassion of this apphication.
Dchinitions

in this specification, the following words and expressions, it and when used, have the
meanings given below.
A “major amount” means i excess of 30 weight % of a composition.

25 A “munor amount” means less than 50 weight % of a composition, expressed 1 respect
of the stated additive and m respect of the total mass of all the additives present in the
composition, reckoned as active mgredient of the additive or additives.

“Active mgredients” or Tactives” refers to additive material that 1s not diluent or
solvent.

30 All percentages reported arc weight Y% on an active mgredicnt basis (1.¢., without regard
to carrier or diluent oi1l) unless otherwise stated.

The abbreviation “ppm~ means parts per nulhon by weight, based on the total weight
of the lubnicating ol compaosition.
High temperature bigh shear (HTHS) viscosity at 130°C was determined mn accordance

35  with ANTM D4683.

Kinematic viscosity at 100°C (KV 00} was deternuned 1n accordance with ASTM D445

3
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Metal — The term “metal” refers to alkalt metals, alkaline earth metals, or nmixtures
thercot.

Throughout the specification and claims the expression oil soluble or dispersible i1s
used. By o1l soluble or dispersible 18 meant that an amount needed to provide the desired level
of activity or performance can be meorporated by being dissolved, dispersed or suspended m
an oil of lubricating viscosity. Usually, this means that at least about 8.001% by weight of the
material can be mcorporated i a lubricating o1l composition. For a further discussion of the
terms il soluble and dispersible, particularly "stably dispersible”, sce U.S. Pat. No. 4,320,019
which 1s expressly incorporated herem by reference for relevant tcachings in this regard.

The term “sulfated ash ™ as used herecin refers o the non-combustibie residuc resulting
from detergents and metallic additives in lubnicating o1, Sulfated ash mav be determuned using
ANTM Test D874,

e’

The term ““lotal Base Number™ or "FBN as used herein refers to the amount of base
cquivaicnt to muligrams of KOH in onc gram of sample. Thus, higher TBN numbers reflect
more alkaline products, and theretore a greater alkabinity. TBN was determuned using ASTM
D 2896 test.

Boron, calcium, magnesium, molvbdenum, phosphorus, sulfur, and zing contents were
determined m accordance with ASTM D3 183,

Nitrogen content was determined i accordance with ASTM D4629.

All ASTM standards reterred to herein are the most current versions as of the filing
date of the present application.

Olefins — The term “olehins™ refers to a class of unsaturated aliphatic hydrocarbons
having on¢e or more carbon-carbon double bonds, obtaincd by a number of processes. Those
contaimning onc double bond are called mono-alkenes, and those with two double bonds are
calied dicnes, alkvidicnes, or diolctins. Alpha olefins are particularly reactive because the
double bond 1s between the first and second carbons. Examples are 1-octene and I-octadecene,
which are used as the starting pomt for medium-bicdegradable surfactants. Lincar and branched
olcfins are also included 1n the defmition of olcfins.

Normal Alpha Olefins — The term “"Normmal Alpha Olefins™ “refers to olefins whach are
straight chain, non-branched hydrocarbons with carbon-carbon double bond present in the
alpha or primary position of the hvdrocarbon chain.

fsomenized Nommal Alpha Olefin. The term “Isomernized Normal Alpha Oletfin™ as used
herein reters to an alpha olefin that has been subjected o 1somenzation conditions which results

in an alicration of the distribution of the olehin specics present and/or the infroduction of
4
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branchimng along the alkvl chamn. The isomenzed olefin product may be obtained by 1somenzing
a lincar alpha olefin contatming from about 10 to about 40 carbon atoms, preferably from about
24 1o about 28 carbon atoms, and preterably from about 24 to about 24 carbon atoms.

Cioao Normal Alpha Oletins — This term debimes a fraction of normal alpha olefins
wherein the carbon numbers below 10 have been removed by distillation or other fractionation
methods.

Unicss otherwise specified, ail percentages are i weight percent.

While the disclosure 1s susceptible to vanous modifications and alternative torms,
spectfic embodiments thercot are hercin described i detail. It should be understood, however,
that the descniption herein of specific embodunents 1s not miended to hinut the disclosure to the
parficular forms disclosed, but on the contrary, the mtention 1s to cover all modifications,
cquivalents, and altcrnatives falling withun the spint and scope of the disclosure as defined by
the appended clamms.

Note that not ail of the activitics described 1n the general description or the cxamples
are required, that a portion of a specific activity may not be reguired, and that one or more
further activities may be performed m addition to those described. Stll further, the order in
which activities are histed 1s not necessarihy the order i which they are pertormed.

Benetits, other advantages, and solutions to problems have been descnbed herein with
regard to specific embodiments. However, the benefits, advantages, sohutions to problems, and
anvy feature(s} that may cause any benefit, advantage, or solution to occur or become more
pronounced arc not to be construcd as a cntical, required, or cssential feature of any or all the
claims.

The specification and iHustrations of the embodiments described hercin are intended to
provide a general understanding of the structure of the varous embodiments.

As used hercin, the terms “comprises,” “comprising, Tmcludes,” Tmchluding,” Thas,”
“having,” or any other varation thereot, arc miended to cover a non-exclusive mclusion. For
cxample, a process, method, article, or apparatus that comprises a hist of features 15 not
necessartly limited only to those features but mav include other foatures not expressly histed or
other teatures that are mherent to such process, method, article, or apparatus. Further, unless
cxpressly stated to the contrary, “or” refers to an mnciusive-or and not (o an exclusive-or. For

cxampie, a condifion A or B 1s satisficd by any on¢ of the following: A 15 truc {or present) and
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B 15 false (or not present), A 15 false {or not present) and B 1s true {or present), and both A and
B are truc {or present).

The use of "a’ or "an’ i1s cmployed to describe clements and componenis described
herein. This 1s done merely for convemence and to give a general sense of the scope of the
cmbodiments of the disclosure. This description should be read to mchide one or at least ong
and the smeular also mchudes the plural, or vice versa, unless it 15 clear that i 1S5 meant
otherwise. The term “averaged,  when reforring to a value, 15 intended to mean an average. a
geometne mean, or a median value. Group numbers corresponding to columns within the
Periodic Table of the elements use the "New Notation” convention as seen i the CROU
Handbook of Chenustry and Physics, 81st Edition (2000-2G01).

Unless otherwise defined, all techmical and scientific terms used heremn have the same
meaning as commonly understood by one of ordimmary skill m the art to which this disclosure
belongs. The matenals, methods, and examples are illustrative onlv and not mtended to be
iimiting. To the extent not described hercin, many details regarding specific matenals and
processing acts are conventional and mayv be found i textbooks and other sources within the
hubricants as well as the oi and gas idustries.

The specification and illustrations are not intended to serve as an ¢xhaustive and
comprehensive description of all the elements and features of formulations, compositions,
apparatus and systems that usc the structures or mcthods described hercin.  Separaic
embodiments may also be provided i combination n a single embodmment, and conversely,
various fcatures that are, for brevity, descnbed 1n the context of a single cmbodiment, may also
be provided separately or in any sub-combmnation. Further, reference to values stated i ranges
mcludes each and every value withan that range. Many other embodiments may be apparent to
skilled artisans only after reading this specification. Other embodiments may be used and
dernived from the disclosure, such that a structural substitution, logical substitution, or another
change may be made without departing from the scope of the disclosure. Accordingly, the

disclosure 1s {0 be regarded as illustrative rather than restrictive.

Ol of Lubricating viscosity/Base (hl Component

The oil of lubnicating viscosity (sometimes referred to as “base stock™ or “base 01i7) 18
the primary higund constituent of a lubncant, mto whach additives and possibly other oils are
blended, tor example to produce a final lubricant {or lubricant composition). A base oil 1s uschul
for making concentrates as well as for making lubnicating o1l compositions theretrom, and may

be selected trom natural and synthetic lubnicating oils and combinations thereof

-
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Natural oils include animal and vegetable oils, hguid petroleum oils and hyvdrorefined,
solvent-treated muncral lubricating oils of the paraffinic, naphthenic and mixed parathinic-
naphthenic types. (hls ot lubrnicating viscosity derived from coal or shale are also usetul base
oils.

Synthetic lubncating  oils include hvdrocarbon ois such as polymenzed and
interpolyvmerized  olefins  {(¢.g., polvbutylenecs, polvoropylencs, propylenc-iscbutylenc
copolvmers, chiormnated polybutviencs, polv{i-hexenes). polv{l-octenes). polv{l-decencs):
alkvibenzenes {(e.g.., dodecvibenzenes, tetradecvibenzenes, dinonvibenzenes, di(2-
cthylhexyl}benzenes, polvphenols (e.g., biphenvls, terphenvis, alkviated polyphenols), and
alkvlated diphenvi ethers and alkviated diphenvl sulfides and the denvatives, analogues and
homologues thereot

Anocther suitable class of synthetic lubricating oils comprises the esters of dicarboxvihic
acids (¢.z.. malone acid, alkyl malonic acids. alkenvl malonic acids, succinig acid, alkvl
succinic acids and alkenvl succinic acids, maleic acid, fumarnc acid, azelaic acid, suberic acid,
sebacic acid, adipic acid, hinoleic acid dimer, phthalic acid) with a vanety of alcohols {e.g.,
butvl alcohol, hexyl aleohol, dodecvl alcohol, 2-¢cthvihexyl alechol, ethylene glyeol, diethylene
olveol monoether, propvlene glycol}. Specific examples of these esters include dibutvi adipate.
di{Z-cthylhexvl) sebacate, di-n-hexyl fumarate, dioctyl sebacate, duisooctyl azelate, diisodecvl
azelate, dioctyl phthalate, didecvi phthalate, dicicosyl sebacate, the 2-cthvihexyl digster of
imoleic acid dimer, and the complex ester formed by reacting one mole of sebacic acid with
two moies of tetracthviene glycol and two moles of Z2-cthylhexanoic acid.

Esters usetul as synthetic oils also include those made from (s to Uy monocarboxylic
acids and polyols, and polvol c¢thers such as ncopentyl glveol, trimethylolpropane,
pentaerythritol, dipentacrythritol and tripentacrythritol.

fn onc embodunent, the ¢ster base o1 1s present at from about | to 10 wi. % based on
the total weight of the lubricating oil composition. In other embodiments, the ¢ster base ol 18
present at from about 1 to 8 wi. Y, from about 1 to 6 wt. Y%, from about 1 to 5 wt. %, from
about | to 4 wt. %, from about 1 to 3 wit. %, from about | to Z wit. Y. bascd on the total weight
of the lubricating o1l composition

The basc ol mav be denived from Fischer-Tropsch synthesized hvdrocarbons. Fischer-
Tropsch synthesized hyvdrocarbons are made from synthesis gas contarmming H»y and CO using a
Fischer-1ropsch catalyst. Such hvdrocarbons tvpically require further processing in order to be

usctul as the base oil. For example, the hydrocarbons may be hydroisomenized: hvdrocracke
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and hvdroisomenzed, dewaxed; or hydroisomenzed and dewaxed: using processes known to
those skilled in the art.

Unrehined, refmed and re-refined oils can be used i the present lubnicating o
composition. Unrefined oils are those obtamed directly from a natural or synthetic source
without further punfication treatment. For example, a shale o1l obtamned directly from retorting
operations, a petroloum ol obtained directly from distiliation or ¢ster ol obtamned directly from
an esterification process and used without further freatment would be unretined o1, Retfined
oils are similar to the unrefimed oils except thev have been further treated i one or more
purtfication steps to mprove one or more properties. Many such purification techmques, such
as distillation, solvent extraction, acid or base extraction, filtration and percolation arc known
to those skilled 1 the art. Re-refined oils are obtamned by processes similar to those used to
obtain retined oils apphied to refined oils which have been already used m service. Such re-
refined oils are also known as reclaimed or reprocessed oils and often are additionally
processed by techmgques for approval of spent additive and o1l breakdown products.

Hence, the base ol which mav be used to make the present lubricating o1l composition
may be selected from any of the base oils 1n Groups I-V as specified m the American Petroleum
Institute (API) Base Oul Interchangeabihity Guidelmes (API Publication 1509}, Such base od

groups are summmarnized m Table 1 below:

TABLE |

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt Base Ol Properties
Group™ Saturates™, wt. % Sulfur, wt. % Viscosity Index®
{roup | <90 and/or >{3.03 80 1o <] 20
{Group i =>4 <0.03 R0 to <120
{roup I >4 <0.03 > 120
) Group 1V Polvalphaoleting (PAQOs)
Group V All other base stocks not inciuded i Groups L 1, il or IV

Groups -1 are mineral o1l base stocks.

Determined in accordance with ASTM D207,

“ Determined in accordance with ASTM D2622, ASTM D3120. ASTM D4294 or
ASTM D4927

@ Determined in accordance with ASTM D2270.
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Basc ouls suitable for use herein are any of the vanety corresponding to APl Group 1,
Group Hi, Group IV, and Group V oils and combinations thercot, preterably the Group Hi to
{roup V oils due to thewr exceptional volatihity, stability, viscometnc and cleanliness features.

The base o constitutes the major component of the present lubnicating o1l composition and
1s present 1s an amount ranging from greater than 30 to 99 wt. % {e.g., 70 10 95 wt. 9%, or 85 to
03 wt. %]).

The base otf may be sclected from any of the synthetic or natural ous tvpically used as
crankcase lubnicating oils for spark~1gnited internal combustion engines. The base ol typically
has a kinematic viscosity at 100°C in a range of 1.5 to 6 mm*/s. In the case where the kinematic
viscosity at 100°C of the lubricating base oil exceeds 6 mm?/s, low temperature viscosity
propertics may be reduced, and suthcient fuel ethiciency may not be obtamned. At a kinematic
viscosity of 1.5 mm?*/s or less, formation of an oil film in a lubrication place is insufficient; for
this reason, lubnication s mferor, and the cvaporation loss of the lubnicating o1l composition
may be mncreased.

Preterably, the base o1l has a viscositv index of at least Y0 (¢.g., at least 93, at least 103, at
least 110, at least 115, or at least 120). it the viscosity mndex 1s less than 90, not only viscosity-
temperature properties, heat and oxidation stability, and anft-volatihization are reduced. but also
the cocthicient of triction tends (0 be increased; and resistance aganst wear tends to be reduced.

In one embodiment, the lubricating o1l composition 1s a multi-grade oil. In another
embodiment, the multi-grade o1l 15 a viscostiy grade SAE OW-XX o1, wherein XX 15 any ong

of 8. 10, 12. 16, and 20,

The hlubnicating o1l composition has a high temperature shear (HTHD) viscosity at 150°C
of 29cPorless{eg. 1 U0to29cP orl3t029cPiotl2ocPoricss{ceg. 1 0tc26cP orl3
to26cPyot23cPorless{cg., 10tc23cPorl3t023c¢cP) suchas20cPorless{c.g. 1.0
t020cP. orl13t023c¢cP)orevenl.7cPorless{eg.1.0tol7¢P orl310l.7cP).

The lubricating o1l composition has a viscosity index of at least 135 {(c.g., 133 to 4040, or
135 10 250}, at least 150 {¢.g., 15010 400, 150 to 250}, at least 165 {¢.g., 165 10 400, or 165 to
250}, at least 190 {e.g., 190 10 400, or 190 to 230}, or at least 200 {¢.g., 200 16 400, or 200 to
2503, I the viscosity index of the lubricating o1l composttion s less than 133, 1t may be difficult
to improve fuel efficiency while mamtaming the HTHS viscosity at 1507C. It the viscosity
mndex of the lubricating o1l composifion exceeds 400, evaporation properties may be reduced,
and deficits due to insutficient solubility of the additive and matching properties with a seal

material may be caused.
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The lubncating o1l composition has a kinematic viscosity at 1007C i a range of 3 to 12
mm-*/s {c.g.. 3 t0 8.2 mm*/s, 3.5 to 8.2 mm~/s, or 4 to 8.2 mm*/s).

In general, the level of suliur m the lubnicating o1l composifions of the present mvention is
icss than or equal to about 0.7 wt. %, based on the total weight ot the lubncating oil
composifion, ¢.g., a level of sulfur of about 8.01 wt. % to about 0.70 wit. 9%, 0.01 to 0.6 wit.9%,
GO0 t0 03 wit%, 001t 04wt %, 0.01 to 0.3 wt.%, 0.01 10 0.2 wt%, 0.01 wt. Y6 t0 0.10 wi.
%. In one embodmment, the ievel of sulfur m the lubnicating o1l compositions of the present

invention 15 less than or equal to about 0.60 wt. Y, l¢ss than or equal to about 0.50 wt. %, less

than or equal to about .40 wit. Y, less than or equal to about 0.30 wt. Y%, less than or equal to

about 0.20 wt. %, less than or equal to about .10 wt. Y% based on the total weight of the
iubnicating o1l composition.

In one embodiment, the levels of phosphoras 1 the hubnicating o1l compositions of the
present mvention 1s less than or equal to about §.12 wit. %, based on the total weight of the
iubnicating ol composition, ¢.2., a level of phosphorus of about 0.01 wt. % to about 0.12 wt.
%. In one embodimment, the levels of phosphorus mn the lubncating o1l compositions of the
present mvention 18 less than or equal to about 0.11 wt. %, based on the total weight of the
itbricating oil composition, e.2.. a level of phosphorus of about .01 wt. % to about 0.11 wt.
Yo. In one embodiment, the levels of phosphorus m the lubricating ol compositions of the
present mvention 1s less than or cqual o about 0.10 wi. %, based on the total weight ot the
iubricating oul composition. ¢.g., a level of phosphorus of about .01 wt. % to about 0.10 wt.
%. In one cmbodiment, the ievels of phosphorus m the lubricating ot composttions of the
present mvention 18 less than or equal to about .09 wt. %, based on the total weight of the
hubricating ol composttion, €.g., a level of phosphorus of about .01 wt. 9% to about 0.09Y wit.
Yo. In one embodiment, the levels of phosphorus 1n the lubricating o1l compositions of the
present mvention 1s less than or equal to about 0.08 wt. Y%, based on the total weight of the
lubricating o1l composition, ¢.g., a level of phosphorus of about 8.01 wit. %% to about 0.08 wt.
%. In ong embodiment, the levels of phosphorus m the lubncating ot compositions of the
present mvention 1s fess than or cqual to about .07 wt. Y%, based on the total weight ot the
lubricating ol composition, ¢.g., a level of phosphorus of about 0.01 wt. 9% to about 0.07 wit.
Y. In onc embodiment, the levels of phosphorus 1 the lubricating o compositions of the
present mvention s less than or equal to about 0.05 wt. Y, based on the total weight of the
iubricating ol composition, ¢.2., a level of phosphorus of about 0.01 wt. %% to about 0.05 wt.

7Y

L0
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In one embodiment, the level of sulfated ash produced by the lubricating o1l compositions
of the present mvention i1s icss than or equal to about 1.60 wt. % as deternuned by ASTM D
874, ¢.g., alevel of sulfated ash of from about 0. 10 to about 1.60 wt. % as deternuned by ASTM
3 374, In one embodiment, the level of sultated ash produced by the lubncating ol
compositions of the present mnvention 18 Iess than or equal to about 1.00 wit. % as deternnned
bv ANTM D 874, c.g.. a level of sulfated ash of from about 0.10 o about 1.00 wi. % as
deternuned bv ANTM D 874, In onc embodiment, the level of sulfated ash produced by the
lubricating ol compositions of the present mvention 15 less than or equal to about 0.80 wit, 9%
as determined by ASTM D 874, ¢.g., a level of sulfated ash of from about 0.10 to about .80
wt. % as determined by ASTM D 874, In one embodiment, the level of sulfated ash produced
bv the lubnicating oil compositions of the present invention 15 less than or equal to about 0.60
wt. % as determined by ANTM D 874, ¢ g, a level of sulfated ash of trom about .10 to about
(.60 wt. % as determined by ASTM D 874

-

suitably, the present lubricating o1l composition may have a total base number (1BN) of 4

to 13mg KOH/g{c.g.. 510 1Zmg KOH/g, 610 12 mg KOH/g, or 8to 12 mg KOH/¢g).

Viscosity modifier

Viscosity modifiers (VM) or viscosity mdex mmprovers (Vis) may be used mn the
iubricant to vupart high and low temperature operabitity. VM may be used to impart that sole
function or may be multitunctional. Multifunctional viscosity moditiers also provide additional
functionality for dispersant function. Examples of Viscosity modifiers and dispersant viscosity
modificrs are polymethacryvlates, polvacrviates, polvoleims, styrene-maleic ester copolymer
and simuilar polvmernic substances including homopoivmers, copolvimers and graft copolymers.

In one embodiment, the Vs can be present in the lubricating ou composition from
0.001 to 10 wt.% based on the hubricating ot composition. In other embodiments, the Viis can
be present from 0.G1 to 8 wt Y%, trom 0.G1 to 3 wt %, from 0.01 to 4 wt.%., from G .01 to 3 wit.%.
from 0.01 to 2.3 wt.%, from 0.1 to 2.5 wt.% the lubnicating oil composition.

Particularly useful m  thas disclosure 15 the combimnation of a  dispersant

polymethacrylate VI and an ethvlene based non-dispersant VIL
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Dispersant Polymethacrylate (DPMA) VIl

In one cmbodiment, the dispersant PMA has a weight average molecular weight of from
200,600 g/mol to 450,000 g/mol, from 200,000 g/moi to 400,000 g/mol, from 200,000 g/mol
to 350,000 g/mol, or from 200,000 g/mol to 300,000 g/mol.

The dispersant polyvmethacryvlate (BPMA) viscosity index modifier used in the present
ivention can be described as follows, and as set forth m WO 2013/182581, the disciosure of
which 1s incorporated herein. Compounds within this definition would mchide Viscoplex®
viscosity mdex mmprovers 6-054, 6-565, 6-850, 6-930 and 6-954, all available from Evomk
RohMax Additives GmbH of Darmstadt, Germany,

The polyalkvi{methjacrviate(s) comprise monomer units of:

(a} O to 40% by weight of one or more ethvilenically unsaturated ester compounds of

the formula (1);

<,

Formula {

wherein R is hvdrogen or methyl, R’ is a saturated or unsaturated linear or branched alkyl
radical having 1 to 3 carbon atoms or a saturated or unsaturated cycloalkyl group havmg 3 10
5 carbon atoms, R? and R’ are each independently hvdrogen or a group of the formula - COOR
wherein R 15 hvdrogen or a saturated or unsaturated hnear or branched alkyl group having 1 to
5 carbon atoms:

(b} 10 1o 98% bv weight, preferably 20 to 95% bv weight, of one or more cthylenically
unsaturated c¢ster compounds of the formula (1)

Rﬁ

Formula {i
wherein R is hydrogen or methyl, R” is a saturated or unsaturated linear or branched alkyl

radical having 6 to 13 carbon atoms or a saturated or unsaturated cycloalkyl group having 6
to 13 carbon atoms, R° and R® are each independently hydrogen or a group of the formula -
COUR" m which R" 1s hydrogen or a saturated or unsaturated hnear or branched alkvi group
having 6 to 15 carbon atoms:

() 0 to 30% by weight, preferably 3 to 209 by weight, of on¢ or more ethvienically

ansatorated ester compounds of the tormulda (1):
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Formula Hi
wherein R is hydrogen or methyl, R’ is a saturated or unsaturated linear or branched alkyl

radical having 16 to 40 preferably 16 to 30, carbon atoms or a cycloalkyl group having 16 (o
40, preferably 16 to 30, carbon atoms, R® and R are each independently hvdrogen or a group
of the formula ~-COUOR™ mm which R™ 1s hydrogen or a saturated or unsaturated linear or
branched alkvl group having 16 to 40, preferably 16 to 30, carbon atoms;

{d} O to 30% by weight of vinyl monomers;

(¢} 2 to 1U0% bv weight of at lcast one N-dispersant monomer.

¢ DPMA used m the present mvention 15 believed to contamn about 1 to 10 wt.%

methyl methacrylate monomer, about 0.3 to 3 wt. % N-vinyl pyrolidone as the nitrogen-
contaming monomer, and the balance longer chan alkyi methacrviate monomers, 1in particular,
laurvl methacrviate, and has a MW of from 200.000 to 250,000 It has an S8{ of from about 40

to about 530,

Non-Dhspersant Kthyvlene-based Oletin Copolyvmer (OUP) VII

in on¢c cmbodiment, the non-dispersant cthylene-based oletin copolyvmer Vi has a
weight average molecular weight of from 50,000 g/mol to about 1530.000 s/mol, from about
60,000 g/mol to about 120,000 g/mol, or from about 70,000 g¢/mol to about 110,000 g/mol.

The ethylenc-based viscosity mdex modifier used m the present mvention can be
described as tollows, and as set forth n US20130203640, the disclosure of which 1s
incorporated herein.

In one embodiment, the ethylene-based Vi 1s an cthylene propviene copolymer.

in onc embodiment, the polyvmer compositions tvpically contam about 30 wi Y to about
70 wt % of the first cthvienc-u~cletin copolvimer (a) and about 70 wt % to about 30 wi % of
the second ethviene-~a~oletin copolymer (b} based upon the total amount of (a) and (b} in the
composition. In another embodiment, the polymer compositions tvpically contarn about 40 wi
% to about 60 wt % of the first cthylene-g-oletin copolvmer (a} and about 60 wt % to about 40
wit %% of the sccond cthvienc~u~oictin copolvmer (b} based upon the total amount of (a) and {(b)
in the composition. In a particular embodiment, the polyvmer composition contains about 30 to

about 34 wt % of the first ethviene-a-cletin copolvmer (a) and about 46 to about 30 wt Y% of
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the second cthvienc-a-oletin copolymer {(b) based upon the total amount of (a) and (b) v the
composition.

The weight average molecular weight of the first cthylene-o-olefm copolymer in one
cmbodiment 18 typically about 64,000 g/mol to about 120,000 g/mol. In another embodiment,
the weight average molecular weight of the first ethyvlene-a-oletin copolymer 1s typically about
70,000 o/mol to about 110,600 g/mol. The weight average molecular weight ot the second
cthvicne~a~olctin copolymer 1in one cmbodiment 1s tvpically about 60,000 o/mol to about
120,000 g/mol. In another embodiment, the weight average molecular weight of the second
cthylene-g~oletim copolymer 1s typically about 70,000 g/mol to about 110,000 g/mol. The
weight average molecular weight of the composition of the first ethviene-a~-oletin copolymer
and second ethviene-g~-oletin copolymer 1n one embodiment 15 typically about 60,000 g/mol to
about 120,000 g/mol. In another embodiment, the weight average molecular weight of the
composition of the first ethviene-o-oletin copolymer and second cthvlenc-a-olefm copolymer
is typically about 70,000 g/mol to about 110,000 o/mol. In a still further embodunent. the
weight average molecular weight of the composition of the first ethviene-a-olefin copolymer
and scoond ethylene-w-olefin copolymer 1s typrcally about 30,000 to about 100,000 g/mol. The
molecular weight distribution of cach of the ethviene-a-oletin copolvmers 1s typically ess than
about 2.5, and more typically about 2.1 to about 2.4, The polvmer distrnibution as deternune
bv GPC 1s typically ummodal.

In onc embodiment, the polymer compositions tvpically have a total ethylene content
of about 40 wt. % to about 70 wt. Y%, or about 30 wi. % to about 70 wt. %. n another
cmbodiment, the polymer compositions typically have a total ethviene content of about 35 wi.
Yo 1o about 63 wi. Y%. In other embodiments, the polymer composition has a total ethylene

content of about 57 wt. 9% to about 63 wt. %.

Salicylate Detergent
Salicylates may be preparcd by reacting a basic metal compound with at least ong
carboxvhic acud and removimg water from the reaction product. Detergents made from salicylic
acid are one class of detergents prepared from carboxviie acids. Usehul salicvlates include long

cham alkyl salicvlates. Une useful fannly of compositions 1s of the followmng structure {3}
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wherem R71s a Crto Cao {e.g., Ciz to Cso) alkyvl eroup: #1s an mteger from | to 4; and M is an
atkaline earth metal {¢.g.. Ca or Mg).

Hydrocarbyi-substituted salicylic acids may be prepared from phenols by the Kolbe
reaction {(sce U.S. Patent No. 3,395,791} The metal salts of the hvdrocarbvl-substitute
salicviic acids may be prepared by doublc decomposition of a metal salt in a polar solvent such
as water or alcohol.

In one aspect of the present disclosure, the salicvlate s derived from Cro-Capisomenzed
MNAQ and 1s made from an alkylphenol with an alkyl group derived from an 1somenzed NAQU
having an tsomernization level (1) from about 0.10 {o about .40, preterably from about 0.10 to
about 0.35, preferablv from about .10 to about U.30, and more preferably front about 0,12 10
about 0.30.

A typical detergent 1s an amonic material that contams a long chain hydrophobic portion
of the molecule and a smallier amionic or cleophobic hydrophilic portion of the molecule. The
antonic porion of the detergent 1s typically derved from an organic acid such as a sulfur acid,
carboxylic acid, phosphorous acid, phenol, or mixtures thereof. The counterion s typically an
alkaling earth or alkali metal.

Salts that contam a substantially stoichiometric amount of the metal arc described as
neufral salts and have a total base number (TBN) of from § to 80 mg KOH/g. Many
composifions are overbased, contaming large amounts of a metal base that 1s achieved by
reacting an ¢xcess of a metal compound (¢.g.. a metal hvdroxade or oxade) nich an acidic gas
{c.g.. carbon dioxade). Usetul detergents can be neutral, muldly overbased, or highlv overbased.

It 1s desirable for at least some detergent used i the detergent mixture to be overbased.
Overbased detergents help neutralize acidic mmpunties produced by the combustion process

and become entrapped 10 the oil. Typically, the overbased matenal has a ratioc of metallic 1on
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to antonic portion of the detergent of 1.05:1 to 50:1 {c.g., 4.1 to 25:1) on an equivalent basis.
The resulting detergent 15 an overbased detergent that will typically have a TBN of 150 mg
KOH/g or hagher {e.g., 250 to 450 mg KOH/g or more}. A muxture of detergents of diffening
TBN can be used.

Suitable detergents nclude metal salts of sulfonates, phenates, carboxylates,
phosphates, and salicviates.

sulfonates may be preparcd from sulfonic acids which are typically obtained by the
sulfonation of alkvl-substituted aromatic hydrocarbons such as those obtaimned from the
fractionation of petroleuam or by the alkviation of aromatic hydrocarbons. Examples mcluded
those obtained by alkvylating benzene, tolucne, xvicne, naphthalene, diphenyi or thewr halogen
dervatives. The alkviation mayv be carnied out n the presence of a catalyst with alkylating
agents having from about 3 to more than 70 carbon atoms. The alkaryt sulfonates asually
contamn from about 9 to 80 or more carbon atoms {¢.g., about 16 to 60 carbon atoms) per alkyl
substituted aromatic moicty.

Phenates can be prepared by reacting an alkaline carth metal hvdroxade or oxide {e.g.,
Ca(d, Ca(OH), MgO, or Mg(OH)) with an alkyl phenol or sultunzed alkviphencl. Usctud
atkyl groups mclude straight or branched chamn Cy to Cso {e.g., C4 to Coo) alkyl groups, or
mixtures thereot. Examples of suitable phenols include sobutviphenol, 2-ethvihexviphenol,
nonvyiphenol, dodecyl phenol, and the ike. It should be noted that starting alkylphenols may
contaimn more than one alkvl substituent that are each mdependently straight chain or branched
chamn. When a non-sulfunized alkviphenol 1s used., the sulfurized product may be obtained by
methods well known 1 the art. These methods include heating a muxture of alkviphenol and
sulfurizing agent (e.g.. elemental sulfur, sultur halides such as sultur dichloride, and the hike}

and then reacting the sulfunzed phenol with an alkalime earth metal base.

Magnesium Detergent
Preterred magnestum-containing detergents mchude magnesiom sulfonales, magnesium
phenates, and magnesium salicylates, especially magnesium sulfonates and salicviates. These
can be as described above.
The magnesmm-contaming detergent may be used 1n an amount that provides at least
200 ppm to 1000 ppm, 240 ppm to 1000 ppm, 240 to 900 ppm. 240 to 440 ppm, 240 to 400
ppm, 250 to 800 ppm, 300 to 1000 ppm, 300 to 800 ppm. 400 to 1000 ppm, or 400 to 800 ppm)

bv weight of magnesium to the lubrnicating oil composition.
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substantially free of Molvbdenum Element

fn onc embodiment, the levels of molvbdenum contaming clement m the lubricating ou
compositions of the present mvention is less than or equal to about 60 ppm, based on the total
weight of the lubricating o1l composiion, ¢.g.. a level of molvbdenum containimg clement of
about 0.01 1o about 60 ppm. In onc embodiment, the levels of molybdenum containing clement
in the lubnicating o1l compositions of the present mvention 1s less than or equal to about 40
ppm, based on the total weight of the lubnicating o1l composition, ¢.g.. a level of molybdemum
contarning ciement of about 0.01 to about 40 ppm. In one embodiment, the levels of
maoivbdenum contanung clement in the lubnicating o1l compositions of the present invention is
icss than or equal to about 23 ppm, based on the total weight of the lubnicating ol composition,
c.g.. a level of molybdenum contamning clement of about 0.01 to about 25 ppm. In onc
cmbodmment, the levels of molvbdenum contauung clement 1o the lubricating oil compositions
of the present mvention 1s less than or equal to about 13 ppm, based on the total weight of the
hubricating o1l composttion, ¢.g., a level of molvbdenum contamning element of about 0.01 to
about 15 ppm. In one embodiment, the levels of molvbdenum containmg element m the
iubricating o1l compaositions of the present mvention 1s less than or cqual to about 10 ppm,
based on the total weight of the lubnicating o1l compostion, ¢.g., a level of molvbdenum
contaming element of about 0.01 to about 10 ppm. In one embodment, the levels of
molvbdenum contaming clement i the lubnicating oil compositions of the prescnt mvention 18
icss than or equal to about 3 ppm, based on the total weight of the lubricating o1l composition,
¢.g., alevel of molybdenum contaming clement of about 0.01 to about 3 ppm.

in other cmbodiments, the lubrnicating o composition 1s substaniially free of
moivbdenum containmg eclement. In some embodiments, substantially free of moivbdenum
confaining ¢lement means the molvbdenum contaming clement 1s present at iess than 10, less
than 9 less than 8, less than 7. less than 6, less than 5, less than 4, less than 3, less than 2, less
than |, lcss than 0.3, less than 0.1 ppm.

Other Lubricating Ol Additives

In addition to the additrves compound descnibed hercin, the lubricating od
composition can comprise additional lubnicating o1l additives.

‘the lubricating o1l compositions of the present disclosure may also contamn
other conventional additives that can umpart or umprove any desirable property of the
iubricating o composition 1o which these additives are dispersed or dissolved. Any additive

known to a person of ordinary skall in the art may be used m the lubncating o1l compositions
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disclosed herem. Some suitable additives have been described in Mortier et al |, “Chemastry and
Technology of Lubricants™, Znd Edition, London, Springer, (1996); and Leslie R. Rudnick.
“Lubnicant Additives: Chemistry and Applications”, New York, Marcel Diekker (2003), both
ot which are incorporated herein by reference. For example, the lubrnicating o1l compositions
can be blended with antioxadants, anti-wear agents, metal detergents, rust mhabitors, dehazing
agents, demulsitving agents, metal deactivating agents. friction modificrs, pour point
dopressants, antifoaming agents, co-solvents, corrosion-inhibitors, ashless dispersants,
multitunctional agents, dves, extreme pressure agents and the hike and nuxtures thereof., A
varicty of the additives are known and commercially avadable. Thesc additives, or ther
anatogous compounds, can be emploved for the preparation of the iubricating ot compositions

ot the disclosure by the usual blending procedures,

1he lubricating o1l composition of the present wvention can contain one or more antt-
wear agents that can reduce inction and excesstve wear. Any anfi-wear agent known by a
person of ordinary skili in the art may be used 1n the lubncating o1l composition. Non-hmiting
cxampies of suitable anfi~wear agents include zinc dithiophosphate, metal {¢.g.. Pb, 8b, Mo
and the hike} salts of dithiophosphates, metal {¢.g., Zn, Pb, Sb, Mo and the like} salts of
dithiocarbamates, metal (¢.g., Zn, Pb, 5b and the like) salts of fatty acids, boron compounds,
phosphate ¢sters, phosphite esters, amine salts of phosphoric acid esters or thiophosphornic acid
csters, reaction products of dicyclopentadiene and thiophosphonic acids and combimmations
thercot. The amount of the anti~wear agent mayv vary from about 0.01 wt. % to about 5 wt. Y,

Y

from about 0.03 wt. % to about 3 wt. %, or from about 0.1 wt. % to about 1 wit. %. based on

the total weight of the lubricating o1l composition.

In certain embodiments, the anfi-wear agent 1s or comprises a dihydrocarbyl
dithiophosphate metal salt, such as zin¢ dialkyl dithiophosphate compounds. The metal of the
dithvdrocarbyl dithiophosphate metal salt may be an alkal: or alkahne earth metal, or alumimum,
icad, tm, molyvbdenum, manganese, nickel or copper. In some embodmments, the metal 1s zing.
in other embodiments, the alkyi group of the dibhvdrocarbyl dithiophosphate metal salt has from
about 3 to about 22 carbon atoms, from about 3 to about 18 carbon atoms, fromt about 3 o
about 12 carbon atoms, or from about 3 {0 about 8 carbon atoms. In further embodiments, the

atkvl group 1s lmear or branched.

The amount of the dihydrocarbyl dithiophosphate metal salt includimg the zimc
dialkvi dithiophosphate salis 1n the lubnicating oil composition disclosed herein 1s measuared by
14
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its phosphorus content. In some embodiments, the phosphorus content of the lubncating o1l
composition disclosed hercin 18 from about 0.01 wt. Y to about 0.14 wt. %. based on the total

weight of the lubricating ol composition.

the lubricating o1l composition of the present tnvention ¢can contain one or more
triction modifiers that can lower the friction between moving parts. Any fnction modificr
known by a person of ordinary skill in the art may be used n the lubnicating o1l composition.
Non-limmting examples of suitable frichion modifiers mmchude fatty carboxylic acids; derivatives
{c.g., alcohol, csters, borated esters, amudes, metal salts and the hike) of fatty carboxylhic acid;
mono-, di- or tr-atkvl substituted phosphoric acids or phosphonic acids; denvatives {€.g.,
csters, amides, metal salts and the hke} of mono-, di- or tri-alkyl substituted phosphoric acids
or phosphonic acids; mono-. di- or fri-alkvi substituted amines; mono- or di-alkyl substituted
amides and combinations thereof. In some cmbodiments exampics of friction modificrs
include, but are not hmited to, alkoxviated fatty ammes; borated fattyv epoxades; fatty
phosphites, fatty epoxades, fatty amines, borated alkoxviated fatty amines, metal salts of fatty
acids, fatty acid amudes, ghlveerol esters, borated giycerol esters: and fatty imidazohines as
disciosed m U, Patent No. 6,372,696, the contents of which arc incorporated by reference
herein; frnichion modifiers obtamed from a reaction product of a Ca to Crs, ora Ce to Cos, or a
Coe to oo, fatty acid ester and a nitrogen-contamning compound selected from the group
consisting of ammonia, and an alkanoclamine and the like and mixtures thereof., The amount of
the friction modifier may vary from about U.01 wt. % to about 10 wt. Y, from about U.05 wt.
Yo 1o about 3 wt. %, or from about 0.1 wi. Y to about 3 wi. Y, bascd on the total weight ot the
hubricating ol composition.

the lubricating o1l composition of the invention preferably contains an organic
oxidation nhibitor m an amount of 0.01-5> wt. %, preterably 0.1-3 wt. %. The oxadation
inhibitor can be a himdered phenol oxidation mhabutor or a diarviamme oxadation mlnbitor. The
diarviamine oxadation mbibitor 15 advantageous m giving a base number onginating from the
nitrogen atoms. The hundered phenol oxidation inhibitor 15 advantageous m producing no NUx

oas.

Examples of the hindered phenol oxidation ihibitors mclude 2,6~di-t~-butvi-p-
cresol, 4.4" -methvlenebis{2,6-di-t-butylphenol), 44" -methvlenebis(6-t-butyl-o-cresol), 4.4
-sopropylidenebis(2.6-di-t-butyiphenol), 4.4 ~  -bis(2.6-di-t-butylphenol}, 22 ~ -

methylenebis(4-methyl-6-t-butyiphenol), 4,47 -thiobis{Z-methvi-6-t-butviphenol), 2,2-thio-
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5  dicthvienebis|3-3,5-di-t-butvi-d-hvdroxyphenybpropionate],  octyl  3-(3,5-di~t-butyi-4-
hyvdroxyphenvhpropionate, octadecyl 3-(3,5-di-t-butvi-d-hvdroxyphenyhpropionate, and octvi
3~(3,34-butvi-4-hvdroxy-3-methylphenvi)propionate, and commercial products such as, but
not limited to, frganox L133® (BASE), Naugalube 33 1® (Chemtura), and Ethanox 376® (51

{Froup).

10 Examples of the diarvlamine oxadation mbhabitors mnclude alkyldiphenylamime
: . . ~ - . -~ - 2 ) . ot . ‘
having a mixtare of altkvl groups ot 4 to0 9 carbon atoms, p.p’  -dioctvidiphenylamine, phenvyl-
naphthylamime, phenvi-naphthviamine, alkviated-naphthvlanune, and alkviated phenyl-

naphthylamine.

Each of the hindered phenol oxadation mhibitor and diarviamine oxidation

15 mhibitor can be employed alone or in combination. H desired, other o1l soluble oxidation

In the preparation of lubricating o1l formulations, it 15 common practice to
introduce the addifives n the form of 10 to 80 wt. Y active mgredient concentrates mn

hvdrocarbon o1, €.¢2. nuneral tubricating o, or other suitable solvent.

Usually these concentrates may be diluted with 3 to 100, ¢.g., 3 to 40, parts by

20 weight of lubricating o1l per part by weight of the addifive package m formung finished
lubnicants, ¢.g. crankcase motor oils. The purpose of concentrates, of course, 1s to make the
handling of the vanous matenals less ditticult and awkward as well as to taciitate solution or

dispersion i the fmal blend.

25 Processes of Preparing Lubricating (il Compositions
the lubnicating o1l compositions disclosed heremn can be prepared by any
method known to a person of ordinary skill m the art for making lubnicating oils. In some
cmbodiments, the base oil can be blended or muxed with the zirconium-~contaming compounds
described herem. Optionally, one or more other can be added. The additives may be added to
30 the basc ol individually or stmultancously. In some embodiments, the additives are added to
the basc ol mdividually m one or more additions and the additions mav be m anv order. In
other embodiments, the addifives are added to the base ol stmultancously, optionally m the
form of an additive concentrate. In some embodiments, the solubilizing of the additives i the
basc oud may be assisted by heating the mixture to a temperature from about 25 °C to about 200

35  °C from about 530 °C to about 150 °C or from about 75 °C to about 125 °C.
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Any muxing or dispersing equipment known to a person of ordinary skill i the
art may be used for blending, mixing or solubilizing the ingredients. The blending, mixing or
solubilizing may be carned out with a biender, an agitator, a disperser, a nuxer {e. 2., planctary
mixers and double planctary nmuxers), a homogenizer {e.g., Gaulin homogenmizers and Ranme
homogenizers), a mull {e. 2., colloid mull, ball mill and sand mill} or any other nuxing or

dispersing equipment known m the art.,

Application of the Lubricating il Compositions

The lubrnicating ol composition disclosed heremn may be suitable for use as
maotor ouls {that 15, engine ous or crankcase oils), m a spark-ignited internal combustion enging,
paricularty direct injected and boosted engines.

the following examples are presented to exemplify embodiments of the
invention but are not mitended to it the mvention to the specitic embodiments set forth.
Unless indicated to the contrary, all parts and percentages are by weight, All numencal values
are approximate. When numenical ranges are given, it should be understood that embodiments
outside the stated ranges may sl fall withim the scope of the mvention. Specific details

described 1n cach example should not be construed as necessary teatures of the mnvention.

EXAMPLES

The following examples are mtended for tlustrative purposes only and do not limit in any

wayv the scope of the present invention.

EXAMPLE 1
A lubricating o1l composition was prepared by blending together the following
components to obtain an SAE OW-20 viscosity grade formulation frec of molybdenum:

(a) 740 ppm, m teoms of phosphorus content, of a sccondary zing
diaklvidithiophosphate:

(b) 1120 ppm, 1n terms of calctum content, the majoriy conung from an Cig-
{;z normal alpha olefin denved overbased calcium salicviate and a minor
amount from a low overbased calcium sulfonate detergent;

{¢) 240 ppm, m terms of magnesmm of a hiehly overbased magnesium
sutfonate detergent,

(d) An ethviene carbonate treated and a borated succimimude dispersant;
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{(¢) an alkvlated diphenviamine anfioxudant, hindered phenol antioxadant;

{({} conventtonal amounts of pour point depressant,

(¢} a combination of viscosity mndex improvers wihich was .70 wt.9% of a
polymer concentrate which contams an ethylene propyviene denved non-
dispersant QCP (ethylene propvlene based copolymer with between 53 to

H

LA

Y% cthyiene, a weight average molecular weight of 80,600 to about
100,000 ¢/mol, and an 551 of about 20 to about 26) and .30 wt.% of
polymer concentrate which contains a dispersant tvype PMA (1 to 10 wt.9%
methyl methacrylate monomer, about 0.5 1o 3 wt. Y% N-vinvl pyrolidone as
the nitrogen-containing monomer, and ihe balance longer cham alkvi
methacrylate monomers, i particular, lauryl methacryiate, and has a MW
of from 200,000 to 250,000, It has an $51 of from about 40 to about 50.,

()
(1) additional additives mcludmg an organic friction modificr, a Mannich
reaction product, corrosion mhibitor, marker,oam hibitor; and
(i} the balance a maxture of Group Il and Group IV PAD base oils.
EXAMPLE 2
Example 1 was replicated except the caloum salicylate was denved from a Cop-Cas

isomerized normal alpha olefin with an 1somenization level of the alpha olefin 15 about 0.16.

The additive contained 6.4 wt. % Ca, and about 20 wt. % diluent oil, and had a TBN of about

180 mg KOH/g and a basicity index of about 2.4, Un an actives basis, the TBN of this addifive

15 about 225 mg KOH/g

The isomerization level was measured by an NMR method.

fsomerization level (1) and NMER method

The isomenzation level (1) of the olctin was determined by hydrogen-1 (1H) NMK
The NMR spectra were obtained on a Bruker Ultrashicld Plus 400 m chloroform-d1 at 400
Mz using Topdpin 3.2 spectral processing software.

1he 1somenzation level (1) represents the relative amount of methvl groups {(-CH:)

{chemacal shift 0.30-1.01 ppm) attached to the methylene backbone groups (-CH:-} {chenucal

shift 1.01-1.38 ppm} and 15 defined by Formula (6) as shown below,

[ = m/{m+n) Formula (6)

where m 1s NMR mtegral for methyi groups with chemical shufts between 0.30 = (.03
to 1.01 £ 0.03 ppm, and n1s NMR mntegral for methvlene groups with chemical shifts between

101 £ 00310 1.38 £ 010 ppm.
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EXAMPLE 3
Example 1 was replicated except the magnesnum sulfonate detergent was present in an
amount to provide 840 ppm of magnesium.
EXAMPLE 4
Example 3 was replicated except the Ci-Uig normal alpha olefin denved overbased
calcium salicviate was removed.
EXAMPLES
Example 1 was replicated except that 3 wit.% of an ester base oi was added to the
fiashed o1l
EXAMPLES
Example 1 was replicated except the calcium salicyvlate was substituted with a
magnesium salicylate which was derved from a Uio-Cry 1somenzed normal alpha oletin with
an 1somertzation level of the alpha olefin 1s about .16, The additive contained 4.3 wi. Y% Mg,
and about 35 wt. % dilucnt o1l, and had a TBN of about 200 mg KOH/g. Isomenzation lovel

was measured as 1 Example 1.

EXAMPLE 7
Example 1 was rephlicated except the calcium sabicylate was substituted with a
magnesium salicviate which was denved from a C14-Cys alpha olefin and had a TBN of about

236 mgKOH/g and 5 34 wt.% Mg,

COMPARATIVE EXAMPLE 1
Example 1 was replicated except that the ethylene propyiene denved non-dispersant
OCP was replaced with 0.7 wt % of polymer conceniratc which contains a hydrogenated
polvisoprene star polymer coupled with divinylbenzene with an S81 of 4 and a molecular
weight of 35,000,
{COMPARATIVE EXAMPLE 2
Example I was replicated except that 0.4 wi.% of a sultur free molybdenum compound
was added i an amount to provide 320 ppm of molvbdenum to the lubrnicating o1l composition.
COMPARATIVE EXAMPLE 3
Example 1 was replicated except that 0.4 wt.% of a sulfur free molybdenum compound
and (.4 wt.% of a sulfur contaming moivbdenum succinimide complex was added in an amount

to provide 490 ppmo of molvbdenum to the lubricating o1l
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COMPARATIVE EXAMPLE 4
Example I was replicated except that 1.0 wt.% ot a sulfur free molybdenum compound
was added 1 an amount to provide 780 ppm of molybdenum to the lubricating o1l
COMPARATIVE EXAMPLE S
Example 1 was replicated except the ethyilene propylene denved non-dispersant OCP
and dispersant PMA was replaced with 4 .50 wit.% of polymer concentrate which contains a
hvdrogenated polvisoprene star polvmer coupled with divinvibenzene with an S5 of 4 and a
molecular weight of 35,000 and 0.4 wt % of a sulfur contaiming molvbdenum succmimide
complex was added m an amount to provide 200 ppm of molybdenum to the lubncating o1l
composiiion.
COMPARATIVE EXAMPLE 6
Comparative Example 3 was replicated except the cthylene propylene derived non-
dispersant OCP and dispersant PMA was replaced with 4.50 wt.% of polvmer concentrate
which contans a hivdrogenated polvisoprene star polymer coupled with divinvibenzene with
an M3 ot 4 and a molecular weight ot 35,000,
COMPARATIVE EXAMPLE 7
Example 1 was replicated except that the cthylene propviene denived non-dispersant

OCP was replaced with a 6.25 wt.9% of a polvmer concentrate of a dispersant OCP.

TESTING

Performance evaluation of the formulations 1s given i Table 2. The following bench
test was pertormed to measure wear: FZG Wear dSeutting Load Carrving Capacity Test. In
order to evaluate wear performance of the automotive engine otls, the leoad carrying
characteristics of various engme oils having different chemustries were evaluated on an FZG
test nig (FZ{ tour-square test machine) using A10 gears according to CEC-L-84-A-02. Thus
method is usetul for evaluating the scutfing load capacity potential of oils tvpically used with
hghly stressed ceviindncal geanng found 1 many vehicle and stationary applications. The-

minimum load stage fail was 8§ forthe Ai0 gears at 16.6 m/s and 130 °C.
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TABLE 2
_ PMA of OCPof | Mg {ppm} | Mo {(ppm}
Exampies - | ' FZ{3 Wear
disclosure | disclosure
Example | Y Y 240 0 7
Example 2 Y Y 240 0 7
Example 3 Y Y 840 0 8
Example 4 Y Y 840 0 9
Exampie 3 Y Y 240 0 9
""""""""" Example6 | Y Y 250 0 3
Example 7 Y Y 850 0 8
- Comparative Example | Y N 240 4 5
{Comparative Example 2 Y Y 240 320 5
{Comparative bExampie 3 Y Y 240 490 5
Comparative Exampie 4 Y Y 240 730 6
- Comparative Example 5 | N N 240 200 6
Comparative Example 6 N N 240 49 5
{Comparative Example 7 Y N 240 0 6
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5  WHAT IS CLAIMED IM:
1. A lubricating oil composition having a HTHN viscosity at 150°C 1n a range of about
1.3 to about 2.9 cP, comprising:
a} amajor amount of an oil of lubricating viscosity having a kingmatic viscosity
at 100°C in a range of 1.5 t0 6.0 mm*/s;
10 b} a dispersant polymethacrylate (DPMA} VI having a Mw of from 200,000
g/mol to 450,000 g/mol;
¢} anon-dispersant ethvlene-based olefin copolvmer viscosity mdex mmprover
having a Mw of {from 50,000 g/mol to 150,000 g/mol and a total ethviene
content of about 30 wit Y% to about 70 wt %%
15 d} from about 200 to about 1000 ppm of magnesium from a magnesium
contaiming detergent; and
wherein the hubricating oil composition 1s substantially free of molvbdenum

containing clement.

20 2. The lubricating ol compaosition of claim 1, further comprismg from 1 to 10 wit.%. of an

cster base oul.

A

3. The lubnicating oil composition of claim 1, wheremn the magnesium contaimmg
detergent 15 a magnesium salicylate denved from a Coo-Cz4 1somerized normal alpha

olefin.

25 4. The lubricating o1l composttion of claim 1, wheremn the non-dispersant cthylene-based
olctin copolvmer viscosity mdex mimprover has a total cthylene content of about 35 to

65 wt. Y.

L

The lubnicating oul composition of claim i, whercin the non-dispersant ethvicne-based
olchin copolymer viscosity imdex improver has a Mw of from 70,000 g/mol to 116,000

30 g/mol.

6. The lubncating oil composition of claim 1, wheremn the a dispersant polymethacryiate

(DPMAG VII have a Mw of from 200,000 g/mol to 300,000 g/mol.

:"'"‘-;i

The lubrnicating o1l composition of clamm 1, whercin the dispersant polymethacrviate

VI comprise monomer units of:
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(a) O to 40% bv weight of one or more cthylemically unsaturated ester
compounds of the formula (1)
RZ

R3..
\

9

Formula |

wherein R is hvdrogen or methyl, R' is a saturated or unsaturated linear or
branched alkyl radical having 1 to 5 carbon atoms or a saturated or unsaturated
cveloalkyl eroup having 3 to 5 carbon atoms, R* and R are each independently
hydrogen or a group of the tormula - COOR' wherein R 1s hydrogen or a
saturated or unsaturated hnear or branched alkyi group having 1 to 5 carbon
atonis;

(b} 10 to 98% by weight, preferably 20 to 9539 by weight, of one or more
cthyienically unsaturated ester compounds of the formula (11}

RS

Formuia I}

wherein R is hvdrogen or methvl, R* is a saturated or unsaturated linear or
branched alkyl radical having 6 to 15 carbon atoms or a saturated or
unsaturated cycloalkyl group having 6 to 15 carbon atoms, R” and R® are each
imdependently hydrogen or a group of the formula -COOR" 1n which R" 15
hydrogen or a saturated or unsaturated linear or branched alkvl group having 6
to 15 carbon atoms:

(c) 0 to 30% by weight, preferablv 5 to 209% bv weight, of one or more
cthyienically unsaturated cster compounds of the formula (111

R%
RS... W O

R/
Formula {1

wherein R 15 hvdrogen or methvl, R’ 1s a saturated or unsaturated hincar or
branched alkvl radical having 16 to 40 preferably 16 to 30, carbon atoms or a
cvcloatkyl group having 16 to 40, preferably 16 to 30, carbon atoms. R® and R’
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5 are cach mdependently hydrogen or a group of the formula ~COOR™ m which
R™ 1s hvdrogen or a saturated or unsaturated hnear or branched alkyl group
having 16 to 40, preferably 16 to 30, carbon atoms;

(d} 0 to 30% by weight of vinyl monomers;
() 2 to 10% by weight of at least one N-dispersant monomer.
10
8. 'The lubricating oil composition of claim 1, whercin the non~dispersant cthylene-based

oletin copolvmer 1s an ethylene propylene copolymer.

9. The lubncating oil composition of claim 1, wherem the magnesium from the

rmagnesiim contaming detergent 1s from about 200 to about 350 ppm.

15 10, A method of improving iniction and reducing wear m an internal combustion engine
comprising lubricating said engme with a lubncating od composition having a HTHS

viscosity at 150°C 1n a range of about 1.3 to about 2.9 ¢P. comprising:

a) a major amount of an o1l of lubricating viscosity having a kinematic viscosity at
100°C 1n a range of 1.5 to 6.0 mm*/s;
20 b} a dispersant polymethacrviate (DPMA} VH having a Mw of from 200,000 g/mol
to 450,000 g/mol;
¢} anon-dispersant ethylene-based oletin copolymer viscosity mdex mmprover having
a Mw of from 30,000 ¢/mol to 150,000 g/mol and a total ¢thviene content of about
30 wt %6 to about 70 wit %.;
25 d} from about 200 to about 1000 ppm of magnesium from a magnesium confamng
detergent: and
wherein the lubricating o1l composition 1s substantially tree of
molybdemim containing clement.
11. The method of claim 10, whergin the lubrnicating o1l composition further comprises from

30 t to 10 wt.%. of an ester base oil.

12. The method of claim 10, wherein the magnesium contamning detergent 15 a magnesium

salicylate dertved from a Cao~-Coa 1somenzed normal alpha olefin.

13, The method of claim 10U, wherein the non-dispersant ethvicne-based oletin copolymer

viscosity mdex improver has a total ethvicne content of about 55 to 65 wit. Y.
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14, The method of claim 10, wherein the non-dispersant cthylene-based olefin copolvmer

viscosity mdex mnprover has a Mw of from 70,000 g/mol to 110,000 g/mol.

15. The method of clanm 10, wherein the a dispersant polymethacryvlate (DPMA} VI have

a Mw of trom 200,000 g/mol to 300,000 g/mol.

16. The method of claim 10, wherein the wherein the dispersant polvmethacrylate Vi

COMPriscs nononetr units of:

(a) 0 to 40% bv weight of one or more ethvienically uvnsaturated ester

compounds of the formula (1)

Formula |

wherein R is hydrogen or methyl, R’ is a saturated or unsaturated linear or
branched alkvi radical having 1 to 5 carbon atoms or a saturated or unsaturated
cycloalkyl group having 3 to 3 carbon atoms, R” and R are cach independently
hydrogen or a group of the tormula - COUR' wherein R’ s hydrogen or a
saturated or unsaturated hincar or branched alkvi group having 1 to 5 carbon
atomes:

{by 10 to 98% by weight, preferably 20 to 95% by weight, of one or more

cthyvienically unsaturated ester compounds of the formuia (1)

Formula |

wherein R is bydrogen or methvl, R* is a saturated or unsaturated lincar or
branched alkyl radical baving 6 to 15 carbon atoms or a saturated or

_ | Ey 1E _ R SN |
unsaturated cycloalkyl group having 6 to 15 carbon atoms, R” and R® are each
mdependently hydrogen or a group of the formula -COOR" 1n which R" 1s
hydrogen or a saturated or unsaturated hmear or branched atkvi group having 6

to 15 carbon atoms:
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{c) 0 to 30% by weight, preferably 5 to 209% by weight, of one or more

cthyvienically unsaturated ester compounds of the tormula (1)

Formula {i}

wherein R is hydrogen or methvl, R’ is a saturated or unsaturated linear or
branched alkvl radical having 16 to 40 preferably 16 1o 30, carbon atoms or a
cvcloalkvl group having 16 to 40, preferably 16 to 30, carbon atoms, R® and R’
are cach mdependently hydrogen or a group of the formula -COOR™ 1n which
R™ 1s hydrogen or a saturated or unsaturated hnear or branched alkyl group
having 16 to 40, preterably 16 1o 30, carbon atons;

(d} U to 309 by weight of vinyl monomers;

(¢} 2 to 10% by weight of at least one N-dispersant monomer.

17. The method of clamm 10 wherein the non-dispersant ethylene-based olefin copolymer

15 an c¢thylene propylene copolymer.

18. The method of claim 10, wherein the magnesium from the magnesium contaming

detergent 1s from about 200 to about 50 ppm.
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