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METHOD FOR IMPROVING ENGINE FUEL EFFICIENCY

FIELD
6601} This disclosure relates to mmproving fucl efficiency, while maintaining or

fmproving high temperature performance {e.g., high temperature wear, deposit and
varnish control}, in an engine lubricated with a lubricating oil by including an

alkoxylated alcohol component, in the lubricating oil.

BACKGROUND

6662} Fuel efficiency requirements for passenger vehicles are becoming
increasingly more stringent. New legislation in the United States and Buropean Union
within the past few years has set fuel cconomy and emissions targets not readiy

achicvable with today’s vehicle and hubricant technology.

6803} To address these increasing standards, automotive original equipment
manufacturers are dersanding better fuel cconomy as a lubricant-related performance
characteristic, while maintaining deposit control and oxidative stability requirements.
One well known way to increase fuel cconomy is to decrease the viscosity of the
tubricating ol. However, this approach is now reaching the himits of current equiproent
capabilitics and specifications. At a given viscosity, it is well known that adding organic
or organo-metallic friction modifiers reduces the surface friction of the lubricating oil
and allows for better fuel economy. However these additives often bring with them
detriracotal effects such as ijucreased deposit formation, scals umpacts, or they out-
compete the anti-wear components for limited surface sites, thereby not allowing the

formation of an anti-wear film, causing increased wear.

(6004} Contemporary lubricants such as engine oils use mixtures of additives such as
dispersants, detergents, inhibifors, viscosity index improvers and the like to provide
engine cleanliness and durability under a wide range of performance conditions of

temperature, pressure, and lubricant service life.
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[B095] Lubricant-related performance charactenistics such as high  temperature
deposit control, high temperature varnish control, and fuel economy are extremely
advarntageous attributes as measured by a varicty of bench and engine tests. As indicated
above, it 15 known that adding organic friction modifiers to a hibricant formulation
imparts frictional benefits at low temperatures, conscquently improving the fubricant fuel
economy performance. At high toemperatures, however, adding increased levels of
organic friction modifier can invite high temperature performance issues. For example,
excessive wear, depostis, and varnish are undesirable consequences of high levels of

friction modifier in an engine oil fornmlation at high temperature engine operation.

LHEH! U.S. Patent Application Publication No. 2005/0101497 discloses the use of an
alkoxylated alcohol, both as an independent additive or in conjunction with one or more
other additives, as a friction modifier that resists deterioration and achieves improved
friction and friction durability. Power transmission fluids are disclosed that provide
fraproved or lower static frichion while reamntaining dynamic friction, thus controthng (or
decreasing) friction in a stable manner. The power transmission fluids comprise a major

amount of a base oil and a minor amount of at least one alkoxylated alcohol.

[6087] A major challenge in cngine o1l formulation 1s simultancously achieving high
temperature wear, deposit, and varnish control while also achieving improved fuel

economy.

[B008] Despite the advances in lubricant ot formulation techoology, there exists a
need for an cngine oil lubricant that effectively iroproves fuel cconomy while
maintaining or improving antiwear performance (e.g., high temperature wear, deposit

and varnish control).

SUMMARY
[6009] This disclosure relates in part to a method for improving fuel efficiency,

while maintaining or improving wear protection {e.g., high temperature wear, deposit
and varnish control), in an cngine lubricated with a hubricating oil by including at least

one atkoxylated alcohol 1o the lubricating oil. The lubricating ois of this disclosure are
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useful 1o joternal combustion engimes including divect injection, gasolive and diesel

engines.

{H This disclosure also relates 1n part to a method for improving fuel efficicocy,
while maintaining or improving high temperature wear, deposit and varnish control, in
an engine lubricated with a lubricating oil by using as the lubricating oil a formulated oil.
The formulated ot has a composition comprising a lubricating oil base stock as a major
component; and at lcast one alkoxylated alcohol, as a rotnor component. Fuel efficiency
is improved and high temperature wear, deposit and varnish control are maintained or
improved as compared to high teraperature wear, deposit and varnush control achieved
using a lubricating engine oil containing a minor component other than the at least one

alkoxylated slcohol.

16011 This disclosure further relates in part to a lubricating engine oil having a
composition comprising a lubricating o1l basc stock as a major component; and at least
one alkoxylated alcohol, as a minor component. Fuel efficiency is improved and high
temperature wear, deposit and varnish control are surprisingly raintained or improved as
compared to high temperature wear, deposit and varnish control achieved using a
lubricating engine oil containing a rinor compoucent other than the at least one

alkoxylated alcohol.

(6012} It has been surprisingly found that, in sccordance with this disclosure,
improvements in fuel economy are gbtained without sacrificing engine durability (e.g.,
while maintaining or improving high temperature wear, deposit and varnish control) in
an engine lubricated with a lubricating oil, by including at least one alkoxylated alcohol

in the hubricating oil.

6013} Other objects and advantages of the present disclosure will become apparent

tromn the detatled deseription that folows.
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BRIFF DESCRIPTION OF THE DRAWINGS

[6014] Fig. I shows formulation details in weight percent based on the total weight

percent of the formulation, of formulations used in the Examples.

[G815] Fig. 2 shows the results of bench and engine testing of the formulations used

in the Examples.

[B016] Fig. 3 shows MTM Stribeck curves frorn the Reference 1 formulation and the
Example 3 formulation finished otl performance in MTM Stribeck test at 50°C {log and

mean speed).

(6017} Fig. 4 shows MTM Stribeck curves from the Reference 1 formulation and the
Exarople 3 formulation finished oil performance in MTM Stribeck test at 100°C (Jog and

mean specd).

[6018] Fig. 5 shows formulation details in weight percent based oun the total weight
percent of the formulation, of the Refercnce 3 formulation and the Example 6
formudation. Fig. 5 also shows the results of bench and engine testing of the Reference 3

formulation and the Example 6 formulation.

[6319] Fig. 6 shows formulation details in weight percent based on the total weight
percent of the formulation, of the Reference 1, 4 and S fornulations and the Example 7
and 8 formulations. Fig. 6 also shows the results of bench and engine testing of the

Reference |, 4 and 5 formulations and the Example 7 and 8 formulations.

[6026] Fig. 7 shows formulation details in weight percent based on the total weight
percent of the formmulation, of the Example 9 and 10 formulations. Fig. 7 also shows the

results of bench testing of the Example 9 and 18 formulations.

{6621 Fig. 8 shows formulation details in weight percent based on the total weight

percent of the formulation, of the Examiple 11-22 formulations.
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[6622] Fig. 9 shows formulation details in weight percent based on the total weight

percent of the formulation, of the Examiple 23-34 formulations.

13823} Fig. 10 shows formulation details in weight percent based on the total weight

percent of the formulation, of the Examiple 35-46 formulations.

[6824] Fig. 11 shows formulation details in weight percent based on the total weight

percent of the formulation, of the Example 47-58 formulations.

BETAILED DESCRIPTION

[B025] Al numerical values within the detailed description and the claims herein are
modified by "about” or "approximately” the ndicated value, and take into account
experimental error and variations that would be expected by a person having ordinary

skill in the art,

(6026} It has now been found that improved fucl efficiency can be attamed, while
wear protection is unexpectedly maintained or improved {e.g., high temperature wear,
deposit and varnish countrol), 1o an cngine hubricated with a lubricating ol by using as the
tubricating oil a formulated oil that has one or wore alkoxylated alcohols.  The
formulated oil preferably comprises a habricating oil base stock as a major component,
and a metal dialkyl dithio phosphate, at least oue alkoxylated alcohol, and a viscosity
index improver, as minor components. The lubricating oils of this disclosure are

particularly advantageous as passenger vehiele engine o1l (PVEQ) products.

{68271 The lubricating oils of this disclosure provide cxcellent engine protection
wcluding friction reduction and anti-wear performance.  This benefit has been
demonstrated for the lubricating oils of this disclosure in the Sequence HIG/HIGA
{(ASTM D7320) and Sequence VID (ASTM D7589) engine tests. The lubricating oils of
this disclosure provide improved fuel efficiency. A lower HTHS viscosity engine oil
generally provides supertor fuel economy to a higher HTHS viscosity product. This
benefit has been demonstrated for the lubricating oils of this disclosure in the Sequence

VID Fuel Economy (ASTM D7589) engine test.
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[6628] The hubricating engine ous of this disclosure have a composition sufficient to
pass wear protection requirements of one or more engine tests selected from Sequence

G, Sequence VID, and others.

[(3029] In comparison with fuel efficiency achieved using a lubricating engine oil
containing a minor component other than the at least one alkoxylated alcohol, the
lubricating engine oils containing at least one alkoxylated alcoho! of this disclosure can
cxhibit a fuel cfficiency preferably greater than 1.2X, and more preferably greater than
1.3X, as determined by the Sequence VID Fuel Economy (ASTM D7589) engine test. In
an embodiment, in comparison with fuel efficiency achicved using a lubricating engine
oil containing a minor component other than the at least one alkoxylated alcohol, the
lubricating cngine oils containing at least one alkexylated alcohol of this disclosure can
exhibit a fuel efficiency greater than 1.4X, preferably greater than 1.5X, and more
preferably greater than 1.6X, as determined by the Sequence VID Fuel Economy (ASTM

D7589) engine test,

[(0306] In comparison with high temperature wear, deposit and varnish control
achieved using a hubricating engine oil containing a minor component other than the at
least one alkoxylated alcohol, the lubricating engine oils containing at lcast one
alkoxylated alcohol of this disclosure can exhibit high temperature wear, deposit and
varnish control preferably greater than 1.1X, and more preferably greater than 1.2X) as
etermined by the Sequence HIG/HIGA (ASTM D7320) engine test. In an emobodiment,
in comparison with high temperature wear, deposit and varnish control achieved using a
tubricating engine oil containing a wnor compouvent other than the at least one
alkoxylated alcohol, the Inbricating engine oils containing at least one alkoxylated
alcohol of this disclosure can exhibit a high teruperature wear, deposit and varnish
control preferably greater than 1.2X, and more preferably greater than 1.3X) as

determined by the Scquence HIG/IIGA (ASTM D7320) engine test.

16031 In an cmbodiment, in comparison with high temperature wear, deposit and
varmsh conirol achieved using a lubricating engive oil containing a mivor component
other than the at least one alkoxylated alcohol, the fubricating engine oils containing at

least one alkoxylated alcohol of this disclosure can exhibit, at the same time, both a fuel
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efficiency greater than 1.4X, preferably greater than 1.5X, and more preferably greater
than 1.6X, as determined by the Sequence VID Fuel Economy (ASTM D7589) engine
test, and high temperature wear, deposit and varnish control preferably greater than 1.2X,
and more preferably greater than 1.3X, as determined by the Sequence HIG/HIGA

{ASTM D7320) engine test.

Lubricating 01l Base Stocks

6632} A wide range of lubricating base oils s known 1o the art. Lubricating base
otls that arc useful 1n the present disclosure are both natural oils, and synthetic oils, and
uncouventional otls (or mixtures thereof) can be used unrefived, refined, or rerefined {the
latter is also known as reclaimed or reprocessed eoil). Unrefined oils are those obtained
directly from a natural or synthetic source and used without added purification. These
include shale oil obtained directly from retorting operations, petroleum oil obtained
directly from primary distillation, and cster o1l obtained directly from an csterification
process. Refined oils are similar to the oils discussed for unrefined oils except refined
oils are subjected to one or more purification steps to improve at least one lubricating oil
property. One skilled in the art 15 familiar with many purification processes. These
processes include solvent extraction, sccondary distillation, acid extraction, basc
extraction, filtration, and percolation. Rercfined oils are obtained by processes

analogous to refined oils but using an oil that has been previously used as a feed stock.

6833} Groups I, I}, I, IV and V are broad base o1l stock categories developed and
defined by the American Petroleum Institute (AP Publication 1509; www. APLorg) to
create guidelines for Iubricant base oils. Group | base stocks have a viscosity index of
between 80 to 120 and contain greater than 0.03% sulfur and/or loss than 90% saturates.
Group I base stocks have a viscosity index of between 80 to 120, and contain less than
or equal to 0.03% sulfur and greater than or cqual to 90% saturates. Group I stocks
have a viscosity mdex greater than 120 and contain less than or equal to 0.03 % sulfir
and greater than 90% saturates. Group 1V includes polyalphaolefing (PAQG). Group V
base stock includes base stocks not included wn Groups IV, The table below

summarizes properties of cach of these five groups.
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Base (il Propertics
Saturates Sulfur Viscosity Index

Group | <90 and/or >{3.33% and >80 and <120

Group i >G( and <{3.03% and >80 and <120

Group {1 >S90 and <{(.03% and >120
Group IV Inchades polyalphaslefins (PAQ) and GTL products

Group V Al other base o1l stocks ot included in Groups 1L 1, H or IV

(6634} Natural oils include animal oils, vegetable ous (castor ol and lard oil, for

cxample), and mineral oils. Animal and vegetable oils possessing favorable thermal
oxidative stability can be used. Of the natural oils, mineral ods are preferred. Mineral
oils vary widely as to their crude source, for example, as to whether they are paraffinic,
naphthenic, or mixed paratfinic-naphthenic.  Ouls derived from coal or shale are also
useful. Natural otls vary also as to the method used for their production and purification,
tor exaruple, their distillation range and whether they are straight run or cracked,

hydrorefined, or solvent extracted.

[3835] Group I and/or Group I hydroprocessed or hydrocracked basestocks,
inchading synthetic oils such as polyalphaolefins, alkyl aromatics and synthetic esters are

alse well known basestock otls.

(6036} Synthetic oils include hydrocarbon oil. Hydrocarbon oils include oils such as
polymerized and interpolymerized olefins (polybutylenes, polypropylenes, propylene
isobutylene  copolymers, ethylenc-olefin  copolymers, and  ecthylene-alphaolefin
copolymers, for exaraple). Polyalphaolefin (PAO) oil base stocks are commonly used
synthetic hydrocarbon oil. By way of example, PAOs derived from Ci, Cuo, Ciz, Cus

olefing or mixtures thereof may be utihized. See ULS. Patent Nos. 4,956,122; 4,827,064,

and 4,827,073,

(68371 The number average molecular weights of the PAQs, which are known
materials and generally available on a major commercial scale from suppliers such as

ExxonMobil Chemical Company, Chevron Phillips Chemical Company, BP, and others,
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typically vary from 250 to 3,000, although PAO’s may be made in viscosities up to 100
cSt (1006°C). The PAOs arc typically comprised of relatively low molecular weight
hydrogenated polymers or oligomers of alphaolefinsg which include, but are not limited
to, Cy to Cs alphaolefing with the Ty to Cig alphaoletins, such as l-octene, 1-decene,
I-dodecene and the like, being preferred. The preferred polyalphaolefins are poly-
1-octene, poly-l-decene and poly-l-dodecene and muxtures thereof and mixed olefin-
derived polyolefins. However, the dimers of higher olefins in the range of T4 to Cyg
may be used to provide low viscosity base stocks of acceptably low volatility.
Depending on the viscosity grade and the starting oligomer, the PAQOs may be
predominantly trimers and tetramers of the starting olefins, with minor amounts of the
higher oligomers, having a viscosity range of 1.5 to 12 ¢St. PAG fhads of particular use
may include 3.0 ¢8t, 3.4 c8t, and/or 3.6 ¢St and combinations thereof. Bi-modal

mixtures of PAD fluids baving a viscosity range of 1.5 to 100 ¢S5t may be used i desired.

6638} The PAQ fluids may be conveniently made by the polymerization of an
alphaolefin in the presence of a polymerization catalyst sach as the Friedel-Crafts
catalysts including, for example, aluminum trichloride, boron trifluoride or complexes of
boron triftuoride with water, alcohols such as ethanol, propano! or butanol, carboxylic
acids or esters such as cthyl acctate or cthyl propionate. For cxample the methods
disclosed by U.S. Patent Nos. 4,149,178 or 3,382,201 may be conveniently used herein.
Other descriptions of PAO synthesis are found in the following U.S. Patent Nos.
3,742,082, 3,769,363, 3,876,720, 4,239,930, 4.367,352; 4,413,156, 4,434,408
4,910,355, 4,956,122, and 5,068,487, The dimers of the Cy4 to €5 olefins are described

in U5, Patent No. 4,218,330,

[6039] Other useful lubricant oil base stocks include wax isomerate base stocks and
base oils, comprising hydrotsomenized waxy stocks {e.g. waxy stocks such as gas oils,
slack waxes, fuels hydrocracker bottoms, ctc.), hydroisomerized Fischer-Tropsch waxes,
Gas-to-Liquids (GTL) basc stocks and base ous, and other wax isorscrate
hydrotsomerized base stocks and base otls, or mixtures thereof Fischer-Tropsch waxes,
the high botling point residues of Fischer-Tropsch synthesis, are highly paraffinic
hydrocarbons with very low sulfur content. The hydroprocessing used for the production

of such base stocks may use an amorphous hydrocracking/hydroisomerization catalyst,
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such as one of the speciahized lube hydrocracking (LHDC) catalysts or a crystalime
hydrocracking/hydroisomerization catalyst, preferably a zeolitic catalyst. For example,
one usctul catalyst is ZSM-48 as described tn U.S. Patent No. 5,075,269, the disclosure
of which is incorporated herein by reference in its entirety. Processes for making
hydrocracked/hydrotsomerized distillates and hydrocracked/hydrotsomerized waxes are
described, for example, in US. Patent Nos. 2,817,693, 4,975,177, 4,921,594 and
4897,178 as well as in British Patent Nos. 1.429.494; 1,350,257, 1,440,230 and
1,390,359, Each of the aforermcuotioned patents is incorporated berein in their entirety.
Particularly favorable processes are described in European Patent Application Nos.
464546 and 464547, also mcorporated herein by veference.  Processes using
Fischer-Tropsch wax feeds are described in U8, Patent Nos. 4,594,172 and 4,943,672,

the disclosures of which are incorporated herein by reference in their entirety.

[(04G] Gas-to-Liguids (GTL} base oils, Fischer-Tropsch wax derived base oils, and
other wax-~derived hydroisomerized (wax 1sorucrate) base oils be advantageously used 1o
the instant disclosure, and may have useful kinematic viscositics at 100°C of 3 ¢St to 50
cSt, preferably 3 ¢St to 30 ¢St more preferably 3.5 ¢St o 25 ¢St, as exemplified by GTL
4 with kinematic viscosity of 4.0 ¢St at 100°C and a viscosity index of 141. These
Gas-to-Liquids (GTL} base oils, Fischer-Tropsch wax derived base oils, and other wax-
derived hydroisomerized base oils may have useful pour points of -20°C or lower, and
under some conditions may have advantageous pour points of -25°C or lower, with
useful pour points of -30°C to ~40°C or lower. Useful compositions of Gas-to-Liguids
(GTL) basc ois, Fischer-Tropsch wax  derived base oils, and wax-derived
hydrotsoruerized base oils are recited in UK. Patent Nos. 6,080,301; 6,090,989, and

6,165,949 for example, and are incorporated herein in their entirety by reference.

6041 The hydrocarbyl aromatics can be used as base oil or base oil component and
can be any hydrocarbyl molecule that contains at least 5% of its weight derived from an
aromatic moiety such as a benzenoid moiety or naphthenoid moiety, or their derivatives.
These hydrocarbyl aromatics inchude alkyl benzenes, alkyl naphthalenes, alkyl diphenyl
oxides, alkyl naphthols, alkyl diphenyl sulfides, alkylated bis-phenol A, alkylated
thiodiphenol, and the like. The aromatic can be mono-alkylated, dialkylated,

polyalkylated, and the ke, The aromatic can be mono- or poly-functionalized. The
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hydrocarbyl groups can also be comprised of mixtares of alkyl groups, alkeoyi groups,
alkynyl, cycloalkyl groups, cycloalkenyl groups and other related hydrocarbyl groups.
The hydrocarbyl groups can range from Cs up to Ceo with a range of Cg to Cy often
being preferred. A mixture of hydrocarbyl groups is often preferred, and up to three such
substituents may be present.  The hydrocarbyl group can optionally contain sulfur,
oxygen, and/or nitrogen containing substituents. The aromatic group can alse be dertved
from natural {petroleum) sources, provided at least 3% of the molecule is comprised of
an above-type aromatic moicty. Viscosities at 100°C of approxirvately 3 ¢St to 50 ¢St
are preferred, with viscosities of approximately 3.4 ¢St to 20 ¢St often being more
preferred for the hydrocarbyl arowatic component. I one ewbodiment, an alkyl
naphthalene where the alkyl group is primarily comprised of 1-hexadecene is used.
Other alkylates of aromatics can be advantageously used.  Naphthalene or methyl
naphthalene, for example, can be alkylated with olefins such as octene, decene,
dodecene, tetradecene or higher, mixtures of simular olefins, and the like. Usctul

-

concentrations of hydrocarbyl aromatic in a ubricant oil composition can be 2% to 25%,

preferably 4% to 20%, and more preferably 4% to 15%, depending on the application.

[3042] Alkylated aromatics such as the hydrocarbyl aromatics of the present
disclosure may be produced by well-known Friedel-Crafts alkylation of arovvatic
compounds. Sece Friedel-Crafts and Related Reactions, Olah, G. A. {ed.}, Inter-science
Publishers, New York, 1963, For example, an aromatic corapound, such as benzene or
naphthalene, is alkylated by an olefin, alkyl halide or alcohol in the presence of a
Friedel-Crafts catalyst. Sec Friedel-Crafts and Related Reactions, Vol. 2, part 1, chapters
14, 17, and 18, See Olah, G. A. {ed.), Inter-science Publishers, New York, 1964, Many
homogeneous or heterogenecous, solid catalysts are known to one skilled in the art. The
choice of catalyst depends oun the reactivity of the starting materials and product quahity
requirements. For example, strong acids such as AlCl;, BFs, or HF may be used. In
some cases, milder catalysts sach as FeCl; or SnCly are preferred. Newer alkylation

technology uses zeolites or solid super acids.

(6643} Esters coroprise a useful base stock. Additive solvency and seal compatibility
characteristics may be secured by the use of esters such as the esters of dibasic acids with

mouvoalkanols and the polyol esiers of monocarboxylic acids. Esters of the former type
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wclude, for exarople, the esters of dicarboxylic acids such as phthalic acid, suceinic acid,
alkyl succinic acid, alkenyl succinic acid, maleic acid, azelaic acid, suberic acid, scbacic
acid, furnaric acid, adipic acid, linoleic acid dirner, malonic acid, alkyl malonic acid,
alkenyl malonic acid, etc., with a variety of alcohols such as butyl alcohol, hexyl alcohol,
dodecyl aleohol, 2-ethylhexyl alcohol, cte. Specific exaraples of these types of esters
inchade dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dicicosyl

schacate, etc.

[(044] Particularly useful synthetic esters are those which are obtained by reacting
one or more polyhydric alcohols, preferably the hindered polyols (such as the neopenty]
polyols, ¢.g., neopentyl glycol, tuimethylol ethane, Z-mcethyl-2-propyl-1,3-propanediol,
trimethylol propane, pentacrythritol and dipentacrythritol} with alkanoic acids containing
at least 4 carbon atoms, preferably Cs to Cy acids such as saturated straight chain fatty
acids wcluding caprylic acid, capric acid, lauric acid, moynstic acid, palmitic acid, stearic
acid, arachic acid, and behenic acid, or the corresponding branched chain fatty acids or

unsaturated fatty acids such as oleic acid, or mixtures of any of these materials.

[6845] Suitable synthetic ester components include the esters of trimethylol propane,
trimethylol butane, trimethylol ethane, pentaerythritol and/or dipentaerythritol with one
or more monocarboxylic acids containing from 5 to 10 carbon atoms. These esters are
widely avaiable commercially, for example, the Mobidl P-41 and P-51 esters of

ExxonMobil Chemical Company.

[6046] Also usetul are esters derived from renewable material such as coconut, palm,
rapeseed, soy, suntlower and the hike. These csters raay be monoesters, di-csters, polyol
esters, complex esters, or mixtures thercof. These esters are widely available

commercially, for example, the Mobil P-51 ester of ExxonMobil Chemical Company.

13847} Engine oil formulations containing renewable esters are included in this
disclosure. For such formulations, the renewable content of the ester 1s typically greater

than 70 weight percent, preferably more than R0 weight percent and most preferably
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more than 90 weight percent. Renewable esters can be preferred in combination with

alkoxylated alcohols.

(3048} Other useful fluids of lubricating viscosity include non-conventional or
unconventional base stocks that have been processed, preferably catalytically, or

synthesized to provide high performance lubrication characteristics.

[3349] MNon-conventional or unconventional base stocks/basc oils include onc or
more of a mixture of base stock{(s) derived from one or more Gas-to-Liguids (GTL)
materials, as well as 1somerate/isodewaxate base stock{s) derived from natural wax or
waxy feeds, wineral and or non-mineral ol waxy feed stocks such as slack waxes,
natural waxes, and waxy stocks such as gas oils, waxy fuels hydrocracker bottoms, waxy
raffinate, hydrocrackate, thermal crackates, or other mineral, wineral oil, or even non-
petroleum oil derived waxy materials such as waxy materials recetved from coal

liguefaction or shale oil, and nuxtures of such base stocks.

LI GTL materials are materials that are derived via one or more synthesis,
combination, transformation, rearrangement, and/or degradation/deconstructive
processes from gascous carbon-containing compounds, hydrogen-containing compounds
and/or clements as feed stocks such as hydrogen, carbon dioxide, carbon monoxide,
water, mcthane, cthane, ethylene, acetylene, propane, propylene, propyne, butane,
butylenes, and butynes. GTL base stocks and/or base oils arc GTL materials of
fubricating viscosity that are generally derived from hydrocarbons; for example, waxy
synthesized hydrocarbons, that are theraselves derived from simpler gascous carbon-
containing compounds, hydrogen-containing compounds and/or elements as feed stocks.
GTL base stock(s) and/or base otl{s} include oils boiling in the lube oil boiling range (1)
separated/fractionated from synthesized OTL materials such as, for cxample, by
distillation and subsequently subjected to a final wax processing step which involves
either or both of a catalytic dewaxing process, or a solvent dewaxing process, to produce
lube oils of reduced/low pour point; (2) synthesized wax isomerates, comprising, for
example, hydrodewaxed or hydroisomerized cat and/or solvent dewaxed synthesized
wax ot waxy hydrocarbons: (3) hydrodewaxed or hydroisomerized cat and/or solvent

dewaxed Fischer-Tropsch (F-T) matenial (i.e., hydrocarbons, waxy hydrocarbons, waxes
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and  possible analogous oxygenates); preferably  hydrodewaxed or

hydroisomerized/followed by cat and/or solvent dewaxing dewaxed F-T waxy
hydrocarbons, or hydrodewaxed or hvdroisomerized/followed by cat {or selvent)

dewaxing dewaxed, F-T waxes, or mixtures thereof.

6051} GTL base stock{s) and/or base oil(s) derived from GTL ruaterials, especially,
hydrodewaxed or hydroisomerized/followed by cat and/or solvent dewaxed wax or waxy
toed, preferably F-T material derived base stock(s) and/or base oil(s), are characterized
typically as having kinematic viscosities at 100°C of from 2 mm’/s to 50 mm™/s (ASTM
D445y, They are further characterized typically as having pour points of -3°C to -40°C or
lower (ASTM D97}, They are also characterized typically as having viscosity indices of

80 to 140 or greater (ASTM D2270).

66521 In addition, the GTL basc stock(s) and/or base oil{s) are typically highly
paraftinic (>90% saturatcs), and roay contain mixtures of monocycloparaffing and
multicycloparaffins in combination with non-cyclic isoparaffins. The ratio of the
naphthenic (i.c., cycloparaffin} content in such combinations varics with the catalyst and
temperature used. Further, GTL base stock{s) and/or base oil(s) typically have very low
sulfur and nitrogen content, gencrally containing less than 10 ppm, and more typically
fess than 5 ppm of cach of these clements. The sulfur and nitrogen content of GTL base
stock(s) and/or basc oil{s) obtained from F-T material, especially F-T wax, is essentially
nil.  In addition, the absence of phosphorous and aromatics roake this matenally

especially suitable for the formulation of low SAP products.

[B053] The term GTL base stock and/or base oil and/or wax isomerate base stock
and/or base o1l 15 to be understood as embracing individual fractions of such materials of
wide viscosity range as recovered in the production process, mixtures of two or more of
such fractions, as well as mixtures of one or two or more low viscosity fractions with
one, two or more higher viscosity fractions to produce a blend wherein the blend exhibits

a target kinematic viscosity.

6054} The GTL material, from which the GTL base stock{s) and/or base oil(s) is/are

ferived is preferably an F-T material (i.c., hydrocarbons, waxy hydrocarbons, wax).
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{HIREY In addition, the GTL base stock{s) and/or base oil{s} are typically highly
paraffinic (>90% saturates), and may contain mixtures of monocycloparaffing and
multicycloparatfing in combination with non-cyche isoparatfins.  The ratio of the
naphthenic {i.e., cycloparaffin} content tn such combinations varies with the catalyst and
temperature used. Further, GTL base stock(s) and/or base 0il{s} and hydrodewaxed, or
hydroisomerized/cat {and/or solvent} dewaxed base stock(s) and/or base oil(s) typically
have very low sulfur and nitrogen content, generally containing less than 10 ppm, and
more typically less than 5 ppm of cach of these elements. The sulfur and nitrogen
content of GTL base stock(s) and/or base oil(s) obtained from F-T material, especially
E-T wax, is essentially nil. In addition, the absence of phosphorous and aromatics make
this material especiaily suitable for the formulation of low sulfur, sulfated ash, and

phosphorus (low SAP) products.

[(3056] Base oils for use in the formulated lubricating oils useful in the present
disclosure are any of the variety of oils corresponding to AP Group 1, Group I, Group
I, Group IV, and Group V oils and mixtures thereof, preferably AP1 Group 1, Group
11, Group IV, and Group V oils and mixtures thercof, more preferably the Group i to
Group V base oils due to their cxceptional volatility, stability, viscometric and
cleanhiness features. Minor quantitics of Group | stock, such as the amount used to dilute
additives for blending into formulated lube oil products, can be tolerated but should be
kept to a mintmum, 1.¢. amounts only associated with their use as diluent/carrier oil for
additives used on an “as-received” basis. EHven in regard to the Group H stocks, it s
preferred that the Group 1T stock be in the higher quality range associated with that stock,

.e. a Group I stock having a viscosity mdex wn the range 100 < VI <120,

[GO57] The base oil constitutes the major component of the engine oil lubricant
composition of the present disclosure and typically is present in an amount ranging from
50 to 99 weight percent, preferably from 70 to 95 weight percent, and more preferably
from 85 to 95 weight percent, based on the total weight of the compesition. The base oil
may be selected from any of the svnthetic or natural ouls typically used as crankcase
lubricating oils for spadk-igoited and compressiov-igniied eungines.  The base oil
conveniently has a kinematic viscosity, according to ASTM standards, of 2.5 ¢S5t to 12

¢St {or mm’® /s) at 100°C and preferably of 2.5 ¢St to 9 ¢St {or mm® /s) at 100°C.
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Mixtures of synthetic and natural base oils roay be used it desired. Bi-meodal mixtures of

Group I, If, 1L, 1V, and/or V base stocks may be used if desired.

Alkoxylated Alcohols

[GO58] The alkoxylated alcohol additive useful in the lubricating oils of thus
disclosure is important for improving fuel efficiency, while maintaining or fmproving
high temperature wear, deposit and varnish control, 1 an engine lubricated with the

lubricating oil.

HEUSH In an embodiment, an alkoxylated alcobol useful in this disclosure can be

represented by the formula
RI-JO-(CHY), 1,-OH (1)

wherein R° is a hydrocarbon group having from 1 to 50 carbon atoms, x is an integer
from 1 to 10, and y is an integer from 1 to0 10, In formula (1) above, it is understood that
the R' group can be a mixture of hydrocarbon groups, for cxample, some portion alkyl

and some portion aryl.

[6060] R' in formula (1) is a hydrocarbyl group, preforably a straight chain or
branched chain alkyl, alkenyl, or alkylaryl group, and more preferably a linear group. In
particular, an alkyl or alkenyl group having I to 20 carbon atoms is preferable, an alkyl
or alkenyl group having 12 to 20 carbon atoms is more preferable, and a lauryl or oleyl
group is the most preferable. Stearyl or similar groups can alse be preferable. These
hydrocarbon groups can be pure or mixtures. Cowmmercially, lauryl and oleyl groups are

mixtures (i.c., mixtures of different isomers or slightly different chain lengths).

{3861} The integer x ranges from 1 to 10, in other words, an alkylene group,
preferably an alloylene group having 2 to 4 carbon atoms, ¢.g., an cthylene, propylene, or
butylene group or mixtures. An addition reaction of alkylene oxide may be

homopolymerization, or random or block copolymerization. As a the compound having
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a larger x decreases the solubility to oil and thermal stability, & is preferably T to §, and

more preferably 2 to 4.

[6062] The wteger v ranges from 1 to 10, 1o other words, the compound may be a
moncalkoxylated alcohel or polyalkoxylated alcohol. As the compound having a larger
v decreases the solubility to oil and thermal stability, v 1s preferably 1 to 5, and more

preferably 2 to 4.

(6663} Hustrative alkoxylated alcohols of formula (1) useful in this disclosure
wnclude, for example, stearyl aleohol cthoxylate, lauryl aleohol ethoxylate, oleyl alcohol
cthoxylate, stearyl alcohol propoxylate, lauryl alcohol propoxyiate, oleyl alcohol
propoxylate, stearyl alcohol butoxylate, octyl alcohol butoxylate, myristyl alcohol
ethoxypropoxylate, stearyl alcohol ethoxypropoxylate, lauryl alcobol ethoxypropoxylate,

or mixtures of the above, and the like.

{6064} In another embodiment, an alkoxylated aicobol useful in this disclosure can

be represented by the formula
RO-(R*-O-),H (2

. 2. . . . 3.
wherein R” is a hydrocarbon group having from 12 to 20 carbon atorns, R is an alkylene

group having from 2 to 4 carbon atoms, and z is an integer from 1§ to 10.

[6865] The  alkoxylated alcohols  represented by formula {2}  are
(polv)oxyalkyleneglycol ethers. R” in formula (2) is a hydrocarbyl group, preferably a
straight chain or branched chain alkyl, alkenyl, or alkylaryl group, and more preferably a
lincar group. In particular, an alky! or alkenyl group having 1 to 20 carbon atomns is
preferable, an alkyl or alkeoyl group having 12 to 20 carbon atoms 1s more preferable,

and a lauryl or oleyl group is the most preferable.

[6066] R’ is an alkylene group, preferably an alkylene group having 2 to 4 carbon
atoms, ¢.g., an cthylene, propylene, or butylene group. The (R‘z‘{)—)z portion 18 obtained

by adding ethylene oxide, propylene oxide, butylene oxide or the hike. An addition
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reaction of alkylene oxide may be homopolywerization, or random or block

copolymerization.

[6667] Fuarther, z ranges from 1 to 10, m other words, the compound may be a
monooxyaikyleneglycol ether or polyvoxyalkyleneglycol ether. As the compound having
a targer z decreases the solubility to ol and thermal stability, z is preferably 1 to 5, and

more preferably 2 to 4.

[3068] Diustrative alkyl groups include, for example, methyl, ethyl, propyl,
wopropyl, butyl, isobutyl, teri-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, hexyl,
heptyl, octyl, 2-ethylhexyl, nonyl, decyl, undecyl, dodecyl, tridecyl, isotridecyl, rayristyl,
palmityl, stearyl, eicosyl, docosyl, tetracosyl, ftriacontyl, 2-octyldodecyl,
2-dodecylhexadecyl, 2-tetradecyloctadecyl, monomethyl- branched tsostearyl groups,

and the like.

[3669] Hiustrative alkenyl groups include, for example, vinyl, aliyl, propenyl,
isopropenyl, butenyl, isobutenyl, pentenyl, isopentenyl, hexenyl, heptenyl, octenyl,

nonenyl, decenyl, undecenyl, dodecenyl, tetradecenyl, oleyl groups, and the like.

[BG76] HHustrative alkylaryl groups include, for exaraple, phenyl, tolyl, xyivl,
cumenyl, mesityl, benzyl, phenethyl, styryl, cinnamyl, benzhydryl, tntyl, ethylphenyl,
propylphenyl, butylphenyl, pentylphenyl, hexylphenyl, heptylphenyl, octylphenyl,

nonyiphenyl, a-vaphthyl, B-naphthyl groups, and the like.

(6071} Hustrative cycloalkyl and cycloalkenyl groups include, for exarnple,
cyclopentyl, cyclohexyl,  ecyclobutyl,  methyleyclopentyl,  methylcyclohexyl,
methyleycloheptyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, methylcyclopentenyl,

methyleyclohexenyl, methylcyeloheptenyl, and the like.

16872} Hlustrative alkoxylated alcohols of formula (2) usetul 1u this disclosure
inchade, for example, polyoxyethylene stearyl ether, polyoxyethylene lauryl ecther,
polyoxyethylene oleyl cther, polyoxypropylene stearyl cther, polyoxypropylenc lauryl

ether, polyoxypropylene oleyl ether, polyoxybutylene stearyl ether, polyoxybutylene
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octyl cther, poiv{oxyethylene oxypropylenc) myristyl ether,
poly{oxyethylene)oxypropylene) stearyl ether, poly{oxyethylene}oxypropylence) lauryl

ether, and the like.

[3873] When a basc oil for lubricating oil is used in the lubricating composition
according to the present disclosure, the alkoxylated alcohol may be used alone or as a
mixture of alkoxylated alcohols. Although the content of the alkoxylated alcohol is not
lirnited, it 1s preferably 0.01 to 5wt %, and more preferably 0.1 to 1 wt % of the base oil

for fubricating oil.

{her Additives

6874} The formulated lubricating ol uwseful in the present disclosure may
additionally contain one or more of the other commonly used lubricating oil performance
additives inchuding but not limited to antiwear agents, dispersants, other detergents,
corrosion inhibitors, rust inhibitors, metal deactivators, exireme pressure additives, anti-
seizure agents, wax modifiers, viscosity index improvers, viscosity modificrs, fluid-loss
additives, seal compatibility agents, friction modifiers, lubricity agents, anti-staining
agents, chromophoric agents, defoamants, demulsifiers, emulsifiers, densifiers, wetting
agents, gelling agents, tackiness agents, colorants, and others. For a review of rany
commonly used additives, see Klamann in Lubricants and Related Products, Verlag
Chemie, Deerficld Beach, FL; ISBN (-89573-177-0. Reference is also made to
“Labricant Additives” by M. W. Ranney, published by Noyes Data Corporation of
Parkridge, NJ {1973); sce also U.S. Patent No. 7,704,930, the disclosure of which 1s

incorporated herein in s entirety.

[8675] The types and quantities of performance additives used in combination with
the instant disclosure in lubricant compositions are not limited by the examples shown

herein as iHustrations.
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Antiwear Additive

[8676] A metal alkylthiophosphate and more particularly a mctal dialkyl dithio
phosphate in which the metal constituent is zine, or zine dialkyl dithio phosphate
(ZDDP} 1s a usefnl component of the lubricating oils of this disclosure. ZDDP can be
derived from primary alcobols, secondary alcohols or wixtures thereof.  ZDDP
compounds generally are of the formula Zn[SP(SYOR ' WOR™], where R' and R” are C-
Cis alkyl groups, preferably Cr-Cyy alkyl groups. These alkyl groups may be straight

chain or branched. Alkyl aryl groups may also be used.

{66771 Preferable zinc dithiophosphates which are commercially available ionclude
seccondary zine dithiophosphates such as those available from for example, The Lubrizol
Corporation ander the trade designations “LZ 677A”, “LZ 10957 and “LZ 13717, from
for example Chevron Oronite under the trade designation “OLOA 2627 and from for

cxample Afton Chemical under the trade designation “HITEC 71697,

[6078] The ZDDP i3 typically used in amounts of from 0.4 weight percent to 1.2
weight percent, preferably from 0.5 weight percent to 1.0 weight percent, and more
preferably from 0.6 weight percent to 0.8 weight percent, based on the total weight of the
hubricating oil, although more or less can often be used advantageously. Preferably, the
ZDDP 18 a secondary ZDDP and present in an amount of from 0.6 to 1.0 weight percent

ot the total weight of the lubricating o1l

[6G79] Low phosphorus engine oil formulations are included in this disclosure. For
such formulations, the phosphorus content s typically less than 0.12 weight percent
preferably less than 0.10 weight percent and most preferably less than (.085 weight

percent. Low phosphorus can be preferred in combination with alkoxylated alcobols.

Viscosity Index Improvers

[3088] Viscosity index improvers {(alse known as VI improvers, viscosity modifiers,

and viscosity improvers) can be included in the lubricant compositions of this disclosure.
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{3081} Viscosity index improvers provide lubricants with high and low teraperature
operability.  These additives impart shear stability at clevated temperatures and

acceptable viscosity at low temperatures.

6082} Suitable viscosity index improvers inciude high molecular weight
hydrocarbons, polyesters and viscosity index imaprover dispersants that function as both a
viscosity index improver and a dispersant. Typical molecular weights of these polymers
are between 10,000 to 1,500,000, more typically 20,000 to 1,200,000, and cven more

typically between 50,000 and 1,000,000

{3883} Examples of suttable viscosity index improvers are linear or star-shaped
polymers and copolymers of methacrylate, butadiene, olefins, or alkylated styrenes.
Polyisobutylene i3 a commonly used viscosity index fraprover.  Auvother suitable
viscosity index improver is polymethacrylate (copolymers of various chain length alkyl
methacrylates, for cxample), some forroulations of which also serve as pour point
depressants.  Other suitable viscosity index improvers include copolymers of cthylene
and propylene, hydrogenated block copolymers of styrene and isoprene, and
polyacryiates {copolymers of various chain length acrylates, for example). Specific
cxamples include styrenc-isoprene or styrenc-butadiene based polymers of 50,0600 to

200,000 molecular weight.

[B084] Olefin copolymers, are commercially available frorn Chevron Oronite
Company LLC under the trade designation “PARATONE®” (such as “PARATONE®
8921”7 and "PARATONE® 89417); from Afton Chemical Corporation under the trade
designation “HiTHC®” (such as “HiTEC® S8508B”; and from The Lubrizol Corporation
under the trade designation “Lubrizol® 7067C”. Polyisoprene polymers are
commercially available from Infincum International Limited, e.g. under the trade
designation “SV2007; dienc-styrene copolymers are commercially available from

Infineum International Limited, ¢.g. under the trade designation “SV 260”7,

[BO8S] In an ersbodiment of this disclosure, the viscosity index fraprovers may be

used in an amount of less than 2.0 weight percent, preferably less than 1.0 weight
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pereent, and wore preferably less than 0.5 weight percent, based on the total weight of

the formulated oil or lubricating engine oil.

[3086] In another embodiment of this disclosure, the viscosity index imaprovers may
be used in an amount of from 0.25 to 2.0 weight percent, preferably .15 to 1.0 weight
percent, and more preferably 0.05 to 0.5 weight percent, based on the total weight of the

formulated o1l or lubricating engine oil.

Dctergents

[B087] Hlustrative detergents asetul in this disclosure include, for example, alkali
metal detergents, alkaline carth metal detergents, or mixtures of one or more alkali metal
detergents and one or more alkaline carth metal detergents. A typical detergent 18 an
anionic material that contains a long chain hydrophobic portion of the molecule and a
smaller anionic or olecophobic hydrophilic portion of the melecule. The anionic portion
of the detergent is typically derived from avn organic acid such as a sulfur acid, carboxylic
acid, phosphorous acid, phenol, or mixtures thercof. The counterion is typically an

alkaline earth or alkali metal.

G088 Salts that contain a substantially stochiometric amount of the metal are
described as neutral salts and have a total base number (TBN, as measured by ASTM
D2896) of from 0 to 80, Many compositions are overbased, containing large amounts of
a metal base that 1s achieved by reacting an excess of a metal compound (a metal
hydroxide or oxide, for example} with an acidic gas (such as carbon dioxide}. Useful

detergents can be neatral, raildly overbased, or highly overbased.

[B089] Alkaline carth phenates arc another useful class of detergent.  These
detergents can be made by reacting alkaline earth metal hydroxide or oxide {Ca(l,
Ca(QOH}),, BaO, Ba(OH),, MgO, Mg(OH),, for example) with an alkyl phenol or
sulfunized alkylphenol. Usetul alkyl groups inclode straight chain or branched C-Cyg
alkyl groups, preferably, Cu-Cho or mixtures thereof. Examples of suitable phenols
wclude isobutylphenol, 2-ethylhexyiphenol, nouylphenol, dodecyl phenol, and the like.

It should be noted that starting alkylphenols may contain more than one alkyl substituent
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that are cach independently straight chain or branched and can be used from 0.5 to 6
weight percent. When a non-sulfurized alkylphenol is used, the sulfurized product may
be obtained by methods well known in the art. These rocthods include heating a mixture
of alkylphenol and sulfurizing agent (including elemental sulfur, sulfur halides such as
sulfur dichloride, and the hike) and then reacting the sulfurized phenol with an alkaline

earth metal base.

[G094] Metal salts of carboxylic acids are also uscful as detergents. These carboxylic
acid detergents may be prepared by reacting a basic metal compound with at least one
carboxylic acid and removing free water from the reaction product. These compounds
may be overbased to produce the desired TBN level. Detergents made from salicylic
acid are one preferred class of detergents derived frorn carboxylic acids.  Usetul
salicylates inchude long chain alkyl salicylates. One useful family of compositions is of

the formula

where R 18 an alkyl group having 1 to 30 carbon atorus, n 18 an integer from 1 to 4, and
M is an alkaline earth metal. Preferred R groups are alkyl chains of at least Cyy,
preferably Cia or greater. R may be optionally substituted with substituents that do not
mterfere with the detergent’s function. M 1s preferably, calciaom, magnesiam, or baniam.

More preferably, M is calciun.

16091 Hydrocarbyl-substituted salicylic acids may be prepared from phenols by the
Kolbe reaction (sce U5, Patent No. 3,595,791). The metal salis of the hydrocarbyl-
substituted salicylic acids may be prepared by double decomposition of a metal salt in a

polar solvent such as water or alcohol.

[392] Alkaline earth metal phosphates are also used as detergents and are known in

the art.
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[6093] Detergents may be simple detergents or what is known as hybrid or coraplex
detergents. The latter detergents can provide the properties of two detergents without the

need to blend separate materials. See U.S. Patent No. 6,034,039

13694} Preferred detergents include calcium phenates, calcium sulfonates, calcium
salicylates, magnesium phenates, magnesium sulfonates, magoesiurn salicylates and
other related components (including borated detergents), and mixtures thereof. Preferred

detergents include magnesiur sulfonate and calcium salicylate.

[G895] The detergent concentration in the hubricating oils of this disclosure can range
frorn 1.0 to 6.0 weight percent, preferably 2.0 to 5.0 weight percent, and more preferably
from 2.0 weight percent to 4.0 weight percent, based on the total weight of the

lubricating oil.

[(096] As used herein, the detergent concentrations are given on an “as delivered”
basis. Typicaily, the active detergent is delivered with a process oil. The “as delivered”
detergent typically contains from 20 weight percent to 80 weight percent, or from 40
weight percent to 60 weight percent, of active detergent in the “as dehvered” detergent

product,

Dispersanis

[6697] During engine operation, oil-insohuble oxidation byproducts are produced.
Dispersants help keep these byproducts in solution, thus diminishing their deposition on
metal surfaces. Dhaspersants used in the formulation of the lubricating o1l may be ashless
or ash-forming in nature. Preferably, the dispersant is ashless. So called ashless
dispersants are organic materials that form substantially no ash upon combustion. For
example, non-metal-containing or borated metal-free dispersants are considered ashless.

In contrast, mactal-containing detergents discussed above form ash upon combustion.

[3098] Suitable dispersants typteally contain a polar group attached to a relatively

high molecular weight hydrocarbon chain. The polar group typically contains at least
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one element of nitrogen, oxygen, or phosphorus. Typical hydrocarbon chatus contain 50

to 400 carbon atoms.

[3899] Chemncally, many dispersants may be characterized as phenates, sulfonates,
sulfurized phenates, salicylates, naphthenates, stearates, carbamates, thiocarbamates,
phosphorus derivatives. A particalarly useful class of dispersants are the alkenylsuccinic
derivatives, typically produced by the reaction of a long chain hydrocarbyl substituted
succinic compound, usually a hydrocarbyl substituted succinic anhydride, with a
polvhydroxy or polyamino compound. The long chain hydrocarbyl group constituting
the oleophilic portion of the molecule which confers solubility in the oil, is normally a
polyisobutylene group. Many examples of this type of dispersant are well known
commercially and in the literature. Excemplary U.S. patents describing such dispersants
are U.S. Patent Nos. 3,172,892; 3,215,707, 3,219,666; 3,316,177; 3,341,542, 3.444.17¢,
3,454,607, 3,541,012; 3,630,904; 3,632,511; 3,787,374 and 4,234,435, Other types of
dispersant are described 1 U.S. Patent Nos. 3,036,003; 3,200,107, 3,254,025, 3,275,554,
3,438,757, 3,454,555, 3,565,804; 3413347, 3,697,574, 3,725,277, 3,725,480,
3,726,882, 4,454,059; 3,329,658; 3,449,250, 3,519,56S5; 3,666,730; 3,687.849;
3,702,300; 4,100,082; 5,705,458, A further description of dispersants may be found, for
exaraple, in European Patent Application No. 471 871, to which reference is made for

this purpose.

[6610606] Hydrocarbyl-substituted succinic acid and hydrocarbyl-substituted succinic
anhydride derivatives are useful dispersants. In particular, succinimide, succinate esters,
ot succinate ester amides prepared by the reaction of a hydrocarboun-substituted succinic
acid compound preferably baving at least 50 carbon atoms in the hydrocarbon

substituent, with at lcast one cquivalent of an alkylenc aroine are particularly useful.

{68181} Succinimides are formed by the condensation reaction between hydrocarbyl
substituted succinic avhydrides and amines. Molar ratios can vary depending on the
polyamine. For example, the molar ratio of hydrocarbyl substituted succinic anhydride
to TEPA can vary frora 1:1 to 5:1. Representative exaruples are shown in U.S. Patent
Nos. 3,087,936, 3,172,892; 3,219,666; 3,272,746; 3,322,670; and 3,652,616, 3,948 R0O(;
and Canada Patent No. 1,094,044,
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[66102]  Soccinate esters are formed by the condensation reaction between
hydrocarbyl substituted succinic anhydrides and alcohols or polyols. Molar ratios can
vary depending on the alcohol or polyol used. For example, the condensation product of

a hydrocarbyl substituted succinic anhydride and pentaerythritol is a useful dispersant.

[06103] Succinate ester amides are formed by condensation reaction between
hydrocarbyl substituted succinic anhydrides and alkanol aminegs. For example, suitable
alkanol  amines  include  cthoxylated  polvalkylpolyamines,  propoxylated
polyalkylpolvamines and polyalkenyipolyamines such as polyethylene polyvamines. One
exaraple is propoxylated hexamethylencdiamine. Representative examples are shown in

U.S. Patent No. 4,426,305,

[66104] The molecular weight of the hydrocarbyl substituted succinuc anhydrides used
in the preceding paragraphs will typically range between 800 and 2,500 or more. The
above products can be postreacted with various reagents such as sulfur, oxygen,
formaldehyde, carboxylic acids such as oleic acid. The above products can also be post
reacted with boron compounds such as boric acid, borate esters or highly borated
dispersants, to form borated dispersants generally having from 0.1 to 5 moles of boron

per mole of dispersant reaction product.

[66165] Mannich base dispersants are made from the reaction of alkylphenols,
tormaldehyde, and amunes. Sce U.S. Patent No. 4,767,551, which is incorporated herein
by reference. Process aids and catalysts, such as oleic acid and sulfonic acids, can also
be part of the reaction mixture. Molecular weights of the alkylphenols range from 800 to
2,500, Representative examples are shown in U.S. Patent Nos. 3,697,574, 3,733,536,

3,704,308; 3,751,365, 3,756,953; 3,798,165; and 3,803,039,

[661066]  Typical high molecular weight aliphatic acid modified Mannich condensation
products useful in this disclosure can be prepared from high molecular weight alkyl-

substituted hydroxyaromatics or HN®; group-containing reactants.
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[681071  Hydrocarbyl substituted amine ashless dispersant additives are well known to
one skilled in the art; see, for example, U.S. Patent Nos. 3,275,554, 3,438,757,

3,565,804; 3,755,433, 3,822,209, and 5,084,197.

[B0108] Preforred dispersants include borated and non-borated succinimides,
meluding those derivatives from mono-succintmides, bis-succinimides, and/or mixtures
of mong- and bis-succinimides, wherein the hydrocarbyl succinimide is derived from a
hydrocarbylene group such as polyisobutylene having a Mn of fromn 500 to 5000 or a
mixture of such hydrocarbylene groups, often with high terminal vinylic groups. Other
preferred dispersants include succinic acid-esters and amides, alkylphenol-polyamine-
coupled Mannich adducts, their capped derivatives, and other related components. Such
additives may be used in an amount of 0.1 to 20 weight percent, preferably 0.5 to 8

weight percent.

[G8109]  As used herein, the dispersant concentrations are given on an “as delivered”
basis. Typically, the active dispersant is delivered with a process oil. The “as delivered”
dispersant typically contains from 20 weight percent to 80 weight percent, or from 40
weight percent to 60 weight percent, of active dispersant in the “as delivered” dispersant

product.

Antioxidants

[06118] Awntoxidants retard the oxidative degradation of base oils during service.
Such degradation may result in deposits on metal surfaces, the presence of shadge, or a
viscosity increase in the lubricant. One skilled in the art kvows a wide vanety of
oxidation inhibifors that arc uscful in iubricating oil compositions. See, Klamamn in
Lubricants and Related Products, op cite, and U.S. Patent Nos. 4,798,684 and 5,084,197,

for exampile.

(66111  Useful antioxidants include hindered phevnols. These phenolic antioxidants
may be ashless {metal-frec) phenolic compounds or neutral or basic metal salts of certain
pheoolic compounds.  Typical phenolic antioxidant compounds are the hwndered

phenolics which arc the ones which contain a sterically hindered hydroxyl group, and
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these include those derivatives of dihydroxy aryl compounds m which the hydroxyl
groups are in the o- or p-position to cach other. Typical phenolic antioxidants include
the hindered phenols substituted with Cg+ alkyl groups and the alkylene coupled
derivatives of these hindered phenols. Examples of phenolic materials of this type
2-t-butyl-4-heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-butyl-d-dodecyl phenol; 2,6-di-
t-butyl-4-heptyl phenol; 2,6-di-t-butyl-d-dodecyl phenol; 2-methyl-6-t-butyl-4-heptyl
phenol; and 2-methyl-6-t-butyl-4-dodecyl phenol. Other useful hindered mono-phenolic
antioxidants may nclude for example hindered 2,6-di-alkyi-phenolic proprionic ester
derivatives. Bis-phenolic antioxidants may also be advantageously used in combination

5

with the nstant disclosure.  Examples of ortho-coupled phenols juclade:  2,2°-

?

b2

bis{(4-heptyl-6-t-butyl-phenol}; 2,2’ -bis{4-cctyl-6-t-butyl-phenol}; and 2,
bis{4-dodecyl-6-t-butyl-phenol).  Para-coupled bisphenols mnclude for example 4,4'-

bis{2,6-di~t-butyl phenol) and 4,4’ -methylene-bis(2,6-di-t-butyl phenol).

[66112] Non-phenolic oxidation inhibitors which may be used clude aroratic amine
antioxidants and these may be used cither as such or in combination with phenolics.
Typical examples of non-phenohic antioxidants include: alkylated and non-alkylated
aromatic amines such as aromatic monoamines of the formula R*R’R'N where R® is an
aliphatic, arorsatic or substituted arorsatic group, R’ is an arorsatic or a substituted
aromatic group, and R'® is H, alkyl, aryl or RUS{O)xR" where R' is an alkylene,
alkenylene, or aralkylene group, R'? is a higher alkyl group, or an alkenyl, aryl, or
alkaryl group, and x is 0, 1 or 2. The aliphatic group R® may contain from 1 to 20 carbon
atoms, and preferably contains from 6 to 12 carbon atoms. The aliphatic group 1s a
saturated afiphatic group. Preferably, both R® and R’ are aromatic or substituted
aromatic groups, and the aromatic group may be a fused ring aromatic group such as
naphthyl. Aromatic groups R® and R” may be joined together with other groups such as

S.

[68113]  Typical aromatic amines antioxidants have alkyl substituent groups of at least
6 carbon atoms. Examples of aliphatic groups include hexyl, heptyl, octyl, nonyl, and
decyl. Generally, the ahiphatic groups will not coutain roore than 14 carbon atoms. The
general types of amine antioxidants useful in the present compositions include

diphenylamines, phenyl naphthylamines, phenothiazines, imidodibenzyls and diphenyl
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pheoylene diamines.  Mixtures of two or wore aromatic amines are also useful.
Polymeric amine antioxidants can also be used. Particular examples of aromatic amine
antioxidants useful n the present disclosure include: p,p’-dioctyldiphenyvlamine;
t-octylphenyl-alpha-naphthvlamine; phenyl-alphanaphthylamine; and p-octylphenyl-

alpha-naphthylarmine.

[68114] Sulfurized alkyl phenels and alkali or alkaline carth metal salts thercof also

arc useful antioxidants.

[G8118] Preforred antioxidants include hindered phenols, arylamines.  These
antioxidants may be used mdividually by type or in combination with one another. Such
additives may be used in an amount of 0.01 to 5 weight percent, preferably 0.01t0 1.5
weight percent, more preferably zero to less than 1.5 weight percent, most preferably

FAGLS N

Pour Point Depressants (PPDs)

[66116] Conventional pour point depressants {also known as lube oil flow improvers)
may be added to the compaositions of the present disclosure if desired. These pour point
depressant may be added to lubricating cornpositions of the present disclosure to lower
the minim temperature at which the fluid will flow or can be poured. Examples of
suttable  pour point  depressants include  polymethacrylates,  pelyacrylates,
polyarylamides, condensation products of haloparatfin waxes and aromatic compounds,
vinyl carboxylate polymers, and terpolymers of dialkylfumarates, vinyl esters of fatty
acids and allyl vinyl ethers. U.S. Patent Nos. 1,815,022; 2,015,748; 2,191,498;
2,387,501, 2,655, 479; 2,666,746, 2,721,877, 2,721,878; and 3,250,715 describe useful
pour point depressants and/or the preparation thereof. Such additives may be used in an

amount of 0.01 to 5 weight percent, preferably 0.01 to 1.5 weight percent.

Seal Compatibility Agents

(681171  Scal compatibility agents help to swell clastomeric scals by causing a

chemical reaction i the flhuid or physical change in the elastomer. Suitable seal
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compatibility agents for lubricating oils include orgamic phosphates, aromatic esters,
aromatic hydrocarbons, csters (butylbenzyl phthalate, for example), and polybutenyl
succinic anhydride.  Such additives may be used in an amount of 0.01 to 3 weight

percent, preferably 0.01 to 2 weight percent.

Antifoam Agents

(601181 Anti-foam agents may advantageously be added to lubricant cornpositions.
These ageuts retard the formation of stable foams. Silicones and organic polyrers are
typical anti-foam agents. For example, polysiloxanes, such as silicon oil or polvdimethyl
sitoxane, provide antifoars properties. Anti-foaro agents are commercially available and
may be used in conventional minor amounts along with other additives such as
dernulsifiers; usually the amount of these additives combined is less than 1 weight

percent and often less than 0.1 weight percent.

Friction Modifiers

[66119] A friction modificr is any material or materials that can alter the coefficient of
friction of a surface lubricated by any lubricant or fluid coutaining such materiai(s).
Friction modificrs, also known as friction reducers, or lubricity agents or oiliness agents,
and other such agents that change the ability of base oils, formulated hibricant
compositions, or functional fluids, to modify the coefficient of friction of a lubricated
surface may be cffectively used in corobivation with the base oils or lubnicant
compositions of the present disclosure if desired. Friction modifiers that lower the
coefficient of friction are particularly advantageous in combination with the base oils and
lube compositions of this disclosure. Friction modifiers may include metal-containing
compounds or waterials as well as ashless compounds or materials, or mixtures thereof,
Metal-containing friction modificrs may inchide metal salts or metalligand complexes
where the metals may include alkah, alkaline carth, or transition group metals. Such
metal-containing friction modifiers may also have low-ash characteristics. Transition
metals may include Mo, Sb, Sn, Fe, Cu, Zn, and others. Ligands may include
hydrocarbyl derivative of alcohels, polyols, glycerols, partial ester glycerols, thiols,

carboxylates, carbamates, thiocarbamates, dithiocarbamates, phosphates, thiophosphates,
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dithiophosphates, ammdes, imides, amines, thiazoles, thiadiazoles, dithiazoles, diazoles,
triazoles, and other polar molecular functional groups containing cffective amounts of O,
M, 5, or P, individually or in combination. In particular, Mo-containing compounds can
be vparticularly effective such as for example Mo-dithiocarbamates, Mo{DT(C),
Mo-dithiophosphates, Mo(DTP), Mo-amines, Mo {(Am), Mo-alcoholates, Mo-alcohol-
amides, etc.  See U.S. Patent Nos. 5K24,627, 6,232,276, 6,153,564, 6,143,701,
6,110,878, 5,837,657, 6,010,987, 5,906,968, 6,734,150, 6,730,638, 6,689,725, 6,569,820;
WO 99/66013; WO 99/47629; and WO 98/26030.

[60128]  Ashless friction modifiers may also include lubricant materials that contain
effective amounts of polar groups, for example, hydroxyl-containing hydrocarbyl base
otls, glycerides, partial glycerides, glyceride derivatives, and the hike. Polar groups in
friction modifiers may include hydrocarbyl groups containing effective amounts of (3, N,
8, or P, individually or in combination. Other friction modificrs that may be particularly
effective mchade, for exaraple, salts (both ash-containing and ashless derivatives) of fatty
acids, fatty alcohols, fatty amides, fatty esters, hydroxyl-containing carboxylates, and
comparable synthetic  long-chain  hydrocarbyl acids, alcohols, amides, esters,
carboxylates, and the like. In some instances fatty organic acids, fatty amines, and

sulfunized fatty acids raay be used as suitable friction modifiers.

[668121] Usecful concentrations of friction modifiers may range from 0.01 weight
percent to 10-15 weight percent or more, often with a preferred range of 0.1 weight
percent to 5 weight percent.  Concentrations of molybdenum-containing materials are
often described in terms of Mo metal coucentration. Advantageous concentrations of Mo
may range from 10 ppm to 3000 ppm or more, and often with a preferred range of 20-
20600 ppm, and in some instances a wore preferred range of 30-1000 ppm. Friction
modifiers of all types may be used alone or in mixtures with the materials of this
disclosure.  Often mixtures of two or more friction modificrs, or mixtures of friction

modifier(s) with alternate surface active material(s}, arc also desirable.



WO 2014/107315 PCT/US2013/076365

Inhibitors and Antirust Additives

[68122]  Antirust additives {or corrosion inhibitors) arc additives that protect
tubricated metal surfaces against chemical attack by water or other contaminants., A

wide variety of these are commercially available.

[681231  One type of antirust additive is a polar compound that wets the metal surface
prefercutially, protecting it with a film of o1l.  Another type of antirust additive absorbs
water by ncorporating it in a water-in-oil emulsion so that only the o1l touches the metal
surface. Yet another type of antirust additive chernically adheres to the metal to produce
a non-reactive surface. Hxamples of suitable additives inclhude zine dithiophosphates,
metal phenolates, basic metal sulfonates, fatty acids and amines. Such additives may be

used i an amount of .01 to 5 weight percent, preferably 0.01 to 1.5 weight percent.

[60124] When lubricating oil compositions contain one or more of the additives
discussed above, the additive(s) are blended into the composition i an amount sufficient
for it to perform its intended function. Typical amounts of such additives useful in the

present disclosure are shown i Table 1 below,

[G8128] It 15 voted that many of the additives are shipped from the additive
manufacturer as a concenirate, containing one or more additives together, with a certain
aroount of base oil dilucnts. Accordingly, the weight amounts in the table below, as well
as other arnounts mentioned herein, are divected to the amount of active ingredient (that
18 the non-diluent portion of the ingredient). The weight percent (wi%) indicated below

is based on the total weight of the lubricating oil coraposition.
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TABLE 1

Tynical Amounts of Other Lubricatine Oil Components

Approximate Approximate
Compound wit% {Useful} wi% {Preferred)
Dispersant 3.1-28 0.1-8
Detergent 0.1-20 0.1-8
Friction Moditier 0.01-5 0.01-1.5
Antioxidant g.1-5 g.1-1.5
Pour Point  Depressant 0.0-5 0.01-1.5
(FPD)
Anti-foarn Ageunt 0.001-3 0.001-0.15
Viscostty Index  Improver .1-2 0.1-1
{solid polyrer basis)
Auti-wear 0.4-1.2 0.5-1
Inhibitor and Antirust 0.01-5 0.01-1.5

[68126] The forcgoing additives arc all commercially available materials. These
additives may be added independently but are usually precorabined in packages which
can be obtained from supplicrs of lubricant oil additives. Additive packages with a
varicty of ingredicnts, proportions and characteristics are available and sclection of the

appropriate package will take the requisite use of the ultimate composition into account.

[66127] The following non-tuviting examples are provided to tlusirate the disclosure.

EXAMPLES

{61281  PUMO (passenger car motor oily formulations were prepared. Fig. T provides
formulation details in weight percent based on the total weight percent of the
formulation. The alkoxylated alcohol used 1o cach of the formulations i Fig. | was a
polyoxyalkvlene alkyl ether. The Group HI base stock used in each of the formulations
n Fig. 1 was Yubase™ 4 Plus, The Group IV base stock used in cach of the

formulations in Fig. 1 was a mixture of PAO 4 and PAO 6. The Group V base stock
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used in each of the formulations n Fig. 1 was ExxouMobil Chemical MCP 2481, The
viscosity modifier used in each of the formulations in Fig. 1 was Lubrizol VL11511. The
additive package used i cach of the formulations in Fig. | inchuded the followimng:
detergents, dispersants, antioxidants, antiwear additives, defoamant, ashless friction
modifier, MoDTC, and a pour point depressant. Al of the ingredients are cormercially

available,

[66129] Bench and engine testing was conducted for each of the formulations histed in
Fig. 1. The testing results are set forth in Fig. 2. The bench testing in Fig. 2 included the
following: kinematic viscosity (KV) at 100°C measured by ASTM D445; high
temperature high shear (HTHS) viscosity at 150°C measured by ASTM D4683; and cold
cranking sirulator (CCS) at -35°C measured by ASTM D5273. The cngine testing in
Fig. 2 included the following: Sequence G (kinematic viscosity increase at 40°C, %)
measured by ASTM D7320; Sequence HIG (average weighted piston deposits, merits)
measured by ASTM D7320; Sequence IHG (average cam and Lifter wear, wm) measured
by ASTM D7320; oil consumption (L) measured by ASTM D7320; Sequence VID FEL 1
{Fuel Economy Improvement 1) measured by ASTM D7589; Sequence VID FEI 2 (Fuel
Economy Improvement 2} measured by ASTM D7589; and Sequence VID FEI SUM
(Fuel Economy Improvement SUM) measured by ASTM D7589.

[68130] In Fig. 2, a comparison of the Reference 1 formulation and Example 3
formulation shows that addition of alkoxylated alcohol delivers iraproved high
temperature deposit control while maintaining good wear protection as measured by the
Sequence HIG test. Moreover, using the Sequence VID fest as a measure of fuel
economy, a comparison of the Reference 2 formulation and Example 3 formulation
shows that addition of alkoxylated alcobol also significantly iwaproves fuel economy.
The fuel economy beunefit was observed with the Example 3 formulation having the
alkoxylated alcohol cven though this formulation was a heavier viscosity grade (SW-20)

than the Reference 2 formulation (DW-28).

{8131 MTM (muni-traction wachine) data for the formulation of Example 3 as
shown in Fig. 3 indicates a high level of alkoxylated alcobol activity at low termperature

(< 1047C) as compared to the formulation of Reference 1. At a temperature of 50°C, the
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presence of the alkoxylated alcohol mamntains a low coefficient of friction over many test
cycles. In contrast, the formulation without the alkoxylated alcohol {Reference 1)
exhibits an increase i friction as the number of test cycles incrcascs. Additionally, Fig.
4 indicates alkoxylated alcohol activity even at higher temperature suggesting
preferential adsorption of the alkoxylated alcohol onto the steel surface. At 100°C, the
presence of the alkoxylated alcohol significantly reduced fiiction over a broad range of

sliding speed (1000 mny's to 10 mny/s).

(601327 PCMO (passenger car motor oil} formulations were prepared. Fig. 5 provides
formulation details i weight percent based on the total weight percent of the
formulation.  The alkoxylated alcobol used itn formmlation 6 in Fig. 5 was a
polyoxyalkylene alkyl ether. The styrene-isoprene block copolyraers used in cach of the
formulations in Fig. 5 was Infincum™ SV140. The Group I base stock used in each of
the formulations in Fig. 5 was Exxon Maobil EHC 45, The Group 1V base stock used in
each of the forroulations in Fig. 5 was a mixture of PAO 4 and PAG 6. The Cs/Cye
trimethylolpropance (TMP) used in cach of the formmulations in Fig. 5 was ExxonMobil
Chemical MCP 166, The additive package used i each of the formulations 1 Fig. §
included the following: detergents, dispersants, antioxidants, antiwear additives,

efoarnaunt, ashless friction wodifier, MoDTC, and a pour point depressant.  All of the

ingredients are commercially available.

[66133] The engine testing m Fig. 5 jucladed the following: Sequence HIG (kinematic
viscosity increase at 40°C, %) measured by ASTM D7320; Sequence HIG {average
weighted piston deposits, merits) measured by ASTM D7320; Sequence THG (hot stuck
rings} measured by ASTM D7328; Sequence IHG (average cam and hifter wear, pm)
measured by ASTM D7320; Sequence HIG (o1l ving land deposit, merits) measured by
ASTM D7320; Sequence IHG (undercrown, mertts) measured by ASTM D7328;
Sequence HIG (Groove 1) measured by ASTM D7320; Sequence HIG {Groove 2}
measured by ASTM D7320; Sequence G (Groove 3} measured by ANTM D7320;
Sequence G (Land 2) measured by ASTM D7320; Sequence HIG (o1l consumption, L)
measured by ASTM D7320; and Sequence HIG (phosphorus retention, %) as measured

by ASTM D7320.
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{38134  As shown in Fig. 5, the addition of 3% of the alkoxylated alcohol provided
benefits in overall piston cleanliness (weighted piston deposits) with clear benefits
observed in the following regions of the piston: oil ring land (ORLD), groove 2, and land
2. In addition, the alkoxylated alcohel surprisingly reduced wear by 45% which is
cxpected to significantly improve vehicle durability.  Also, the addition of the
alkoxylated alcohol unexpectedly improved phosphorus retention which is expected to
result in less phosphorus poisoning catalytic converters and result in improved emissions

control,

(661351  Additional PCMO (passenger car motor oil} formulations were prepared. Fig.
6 provides formulation details in weight percent based on the total weight percent of the
tormulation. The Group V base stock used in cach of the formulations in Fig. 6 was
ExxonMobil Chemical MUP 2481, The Group 1HA base stock used in reference
formulation 5 and formulations 7 and 8 in Fig. 6 was Visom 4. The Group 1B base
stock used in reference formulations 1 and 4 in Fig. 6 was Yuobase™ 4 Plus. The Group
IV basc stock used in cach of the formulations in Fig. 6 was a mixture of PAQ 4 and
PAQ 6. The Detergent 5 used in cach of the formulations in Fig. 6 was Infineam P5090.
The Detergent 6 used in reference formulations 1 and 4 in Fig. 6 was Parabar 9340. The
Detergent 3 used o formulations 7 and 8 in Fig. 6 was Infincum M7102. The
Alkoxylated Alcohol FM1 used in fornuidations 7 and 8 in Fig. 6 was a polyoxyalkylene
alkyl ether. The Organic FM2 used 1 each of the formulations in Fig. 6 was Perfad FM
3336, The Urganometallic FM3 used in cach of the fornudations in Fig. 6 was MolyVan
855, The Organometallic FM4 used in each of the formulations in Fig. 6 was Infincur
(9455, The additive package used in each of the formulations in Fig. 6 included the
following: detergents, dispersants, antioxidants, antiwear additives, defoamant, ashless
friction modifier, MoDTC, and a pour point depressant. Dhspersants can inchude borated
and non-borated molecules derived from high terminal vinylic polyisobutylene of
molecular weight greater than 2500 which are reacted with waleic avhydride and the

like, such as Infincum C9280. Al of the ingredients are commercially available.

[66136] Bench aund engine testing was conducted for cach of the formulations listed in
Fig. 6. The testing results are set forth in Fig. 6. The engine testing in Fig. 6 included

the followimg: Sequence HIG (WPD) measured by ASTM D7320; Sequence HIG
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{(viscosity increase, %) measured by ASTM D7320; Sequence TG {(wear, microus)
measured by ASTM D7320; Sequence HIG (oil consumption, L) measured by ASTM
D7320; Sequence VID (FEI 1) measured by ASTM D7589; Scquence VID (FEI 2)
measured by ASTM B7589; and Sequence VID {(FEIF SUM} measured by ASTM D7589.
The bench testing in Fig. 6 included the following: kinematic viscosity (KV) at 100°C
measured by ASTM D445; high terperature high shear {(HTHS) viscosity at 130°C
measured by ASTM D4683; and MTM friction average measured by WI3078F-9.

[681371  As shown in Fig. 6, the addition of the alkoxylated alcobol provided good
wear protection as measured by the Sequence WG test. Moreover, using the Sequence
VID test as a measure of fuel economy, the addition of the alkoxylated alcohol shows
significantly improved fuel cconomy. The data in Fig. 6 shows both mmproved fucl
economy and piston cleanliness for Example 7 and 8 formulations in comparison to the
Reference 1, 4 and 5 formulations. As shown in Fig. 6, the addition of 0.3 to 1.0 % of
the alkoxylated alcohol provided benefits 10 overall piston cleanhiness {(weighted piston
deposits) with clear benefits observed in the following regions of the piston: oil ring land
(ORLD), groove 2, and land 2. 1o addition of the alkoxylated alcohol unexpectedly
irnproved phosphorus retention which is expected to result in less phosphorus poisoning

catalytic converters and result in improved emissions control.

[B0138] Additional PCMO {passenger car motor oil} formulations were prepared. Fig.
7 provides formulation details 1n weight percent based ou the total weight percent of the
formulation. The Group V base stock used in cach of the formulations in Fig. 7 was
ExxonMobil Chemical MCP 2481, The Group I base stock used in cach of the
formulations in Fig. 7 was Yubase™ 4 Plus. The Group IV base stock used in each of
the formulations m Fig. 7 was a mixture of PAD 4 and PAO 6. The alkoxylated alcohol
used in cach of the formulations in Fig. 7 was a polyoxyallkylene alkyl ether. The
viscosity medificr used in cach of the formulations in Fig. 7 was Lubrizol VLI151J. The
additive package used in cach of the formulations in Fig. 7 included the following:
detergents, dispersants, antioxidants, antiwear additives, defoamant, ashless friction
modificr, MoDYTC, and a pour point depressant.  All of the ingredients are commercially

avatlable.
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[3813%]  Beoch and engine testing was conducted for each of the formulations listed in
Fig. 7. The testing results are set forth in Fig. 7. The bench testing in Fig. 7 included the
following: sulfated ash as measured by ASTM DE74; total base nuraber (TBN) as
measured by ASTM D2896; kinematic viscosity (KV) at 100°C measured by ASTM
D445; high temperature high shear (HTHS) viscosity at 150°C measured by ASTM
34683, and cold cranking simulator ({CCS) at -35°C measured by ASTM D5273.

[68146]  As shown in Fig. 7, Example 9 contains a sulfated ash level of 1.8 weight
percent and a total base number of 13, Example 10 contains a sulfated ash jevel of .3
weight percent and a total base number of 4. Low total base number can be preferred in
combination with alkoxylated alcohols. Low sulfated ash can be preferred in

combination with atkoxylated alechols.

[66141] The lubricating engine oil formulations in Fig. & arc combinations of
additives and base stocks and are anticipated to have a kinematic viscosity at 100°C
around 7 ¢St and high temperature high shear (10 s7) viscosity at 150°C around 2.3 cP.
The lubricating engine oil formulations of Examples 11, 12, 135, 16, 19, and 20 arc
anticipated to have a phosphorus level around 300 ppm. The lubricating engine oil
tormulations of Examples 13, 14, 17, 18, 21, 22 arc anticipated to have a phosphorus
fevel around 700 ppm. The lubricating engine oil formulations of Examples 20 and 22
arc anticipated to have a sulfated ash level around 0.3 weight percent and a total base
number around 4. The lubricating engine oil forroulations of Exaraples 11-19 and 21 are
anticipated to have sulfated ash levels greater than or cqual to 1.0 weight percent and
total base nuraber greater than or equal to 9. The lubricating engine oil formulations of
Examples 15 and 17 do not contain wolybdenum. The lubricating engine oil
formulations of Examples 16 and 18 are anticipated to have a molybdenum level of
around 230 ppm. The lubricating engine oil formulations of Examples 11-15 and 19-22
are anticipated to have molybdenum levels of around 90 ppra. All lubricating engine oil
formulations in Fig. 8 that include at least one alkoxylated alcohol are anticipated to
provide iraproverents n fuel cconomy without sacrificing engine durability {¢.g., while
maiptaining or iroproving high temperature wear, deposit and varnish control) i an

engine lubricated with the hubricating oil formulation.
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[68142] The lobricating engine oil formulations in Fig. 9 are combinations of
additives and base stocks and arc anticipated to have a kinematic viscosity at 100°C
around 6 ¢St and high temperature high shear (10 87 viscosity at 150°C around 2.0 ¢P.
The lubricating engine oil formulations of Examples 23, 24, 27, 28, 31, and 32 are
anticipated to have a phosphorus level around 300 ppra.  The lubricating engine oil
formudations of Examples 23, 26, 29, 30, 33, and 34 are anticipated to have a phosphorus
level around 700 ppm. The lnbricating cngine oil formmlations of Examples 32 and 34
are auticipated to have a sulfated ash level around 0.3 weight percent and a total base
number around 4. The lubricating engine oil formulations of Examples 23-31 and 33 are
anticipated to have sulfated ash levels greater than or cqual to 1.0 weight percent and
total base number greater than or equal to 9. The lubricating engine oil formulations of
Exaroples 27 and 29 do not contain molybdenam. The lubricating engine oil
formulations of Examples 28 and 30 are anticipated to have a molybdenum level of
around 250 ppm. The lubricating engine oil formulations of Examples 23-27 and 31-34
are anticipated to have molybdenum levels of around 90 ppm. All Inbricating engine oil
formulations 1 Fig. 9 that include at least onc alkoxyvlated alcohel are anticipated to
provide japrovernents n fuel economy without sacrificing engine durability {e.g., while
maintaining or improving high teraperature wear, deposit and varnish control) in an

engine lubricated with the hubricating o1l formulation.

[66143] The lubricating engine ol fornulations m Fig. 10 are combinations of
additives and base stocks and are anticipated to have a kinematic viscosity at 100°C
around 8 ¢St and high temperature high shear (10 87 viscosity at 150°C around 2.7 ¢P.
The lubricating engine oil formulations of Examples 35, 36, 39, 40, 43, and 44 arc
anticipated to have a phosphorus level around 300 ppm. The lubricating engine oil
forraulations of Exarmples 37, 38, 41, 42, 45, and 46 are anticipated to have a phosphorus
level around 700 ppm. The lnbricating cngine oil formmlations of Examples 44 and 46
are auticipated to have a sulfated ash level around 0.3 weight percent and a total base
number around 4. The lubricating engine oil formulations of Examples 35-43 and 45 are
anticipated to have sulfated ash levels greater than or cqual to 1.0 weight percent and
total base number greater than or equal to 9. The lubricating engine o¢il formulations of
Exaraples 39 and 41 do not contaimn melybdenum. The lubricating engine o1l

formulations of Examples 40 and 42 are anticipated to have a molybdenum level of
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around 250 ppm. The lubricating engine o formulations of Examples 35-39 and 43-46
arc anticipated to have molybdenum levels of around 90 ppm. Al lubricating engine oil
formulations in Fig. 10 that melude at least one alkoxylated alcohol are anticipated to
provide improvements in fuel economy without sacrificing engine durability {e.g., while
maintaining or improving high teraperature wear, deposit and varnish control) in an

engine lubricated with the hubricating oil formulation.

[60144] The lubricating engine oil formulations i Fig. 11 are combinations of
additives and base stocks and are anticipated to have a kinematic viscosity at 100°C
around 10 ¢St and high temperature high shear (107 ) viscosity at 150°C around 3.0
cP. The lubricating engine oil formulations of Examples 47, 48, 31, 52, 55, and 56 arc
anticipated to have a phosphorus level around 300 ppra.  The lubricating engine oil
formudations of Examples 49, 50, 53, 54, 57, and SR are anticipated to have a phosphorus
level around 700 ppm. The lubricating engine oil formmlations of Examples 56 and 5%
are auticipated to have a sulfated ash level around 0.3 weight percent and a total base
number around 4. The lubricating engine oil formulations of Examples 47-55 and 57 are
anticipated to have sulfated ash levels greater than or cqual to 1.0 weight percent and
total base number greater than or equal to 9. The lubricating engine oil formulations of
Exaroples ST and 53 do not contain molybdenam. The lubricating engine oil
formulations of Examples 52 and 54 are anticipated to have a molybdenum level of
around 250 ppm. The lubricating engine o formulations of Examples 47-51 and 55-58
are anticipated to have molybdenum levels of around 90 ppm. All Inbricating engine oil
formulations in Fig. 11 that melude at least one alkoxylated alcohol are anticipated to
provide japrovernents n fuel economy without sacrificing engine durability {e.g., while
maintaining or improving high temperature wear, deposit and varnish control) in an

engine lubricated with the hubricating o1l formulation.

[681458] Al patents and patent applications, test procedures (such as ASTM methods,
UL methods, and the like), and other documents cited herein are fully incorporated by
reference to the extent such disclosure is not mconsistent with this disclosure and for all

jurisdictions in which such incorporation is permitted.
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[38146]  When numerical lower limits and numerical upper limits are hsted herein,
ranges from any lower limit to any upper limit are contemplated. While the illustrative
erabodiraents of the disclosure have been described with particularity, it will be
understood that various other modifications will be apparent to and can be readily made
by those skilled in the art without departing frora the spirit and scope of the disclosure.
Accordingly, it is not intended that the scope of the claims appended hereto be limited to
the examples and descriptions set forth herein but rather that the claims be construed as
encorapassing all the features of patentable novelty which reside i the present
disclosure, including all features which would be treated as equivalents thereof by those

skilled in the art to which the disclosure pertains.

[66147] The present disclosure has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves to those
skilled in this art in light of the above detailed description.  All such obvious variations

are within the full intended scope of the appended claims.
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CEAIMS:

I A method for imaproving fuel efficiency, while maintaining or improving

high temperature wear, deposit and varnish control, 1o an engine lubricated with a
lubricating otl by using as the lubricating oil a formulated oil, said formulated oil having
a compaosition comptising a tubricating ou base stock as a major component; and at least
one alkoxylated alcohol, as a minor component; wherein fuel efficiency is improved and
high teraperature wear, deposit and varnish control are maintained or improved as
compared to high temperature wear, deposit and varnish control achieved using a
lubricating enging oil containing a minor component other than the at least one

alkoxylated alcohol.

2. The rocthed of claiva 1 wherein the fubricating oil base stock corprises a
Group I, Group Hi, Group Ui, Group IV or Group V base oil.

3. The rocthod of claivas 1 and 2 wherein, 1o comparison with fuel efficiency
achicved using a lubricating engine oil containing a minor component other than the at
least one alkoxylated alcohol, the lubricating engine oil containing at least oue
alkoxylated alcohol cxhibits a fuel efficiency, FEI sum, greater than 1.2X, as determined
by a Sequence VID Fuel Economy (ASTM D7589) engine test; and wherein, in
comparison with high temperature wear, deposit and varnish control achieved using a
lubricating engine oil containing a minor component other than the at least one
alkoxylated alcohol, the hubricating engine oil containing at least one alkoxylated alcohol
exhibits high temperature wear, deposit and varnish control greater than 11X, as

determined by a Sequence HIG/HIGA (ASTM B7320) engine test.

4. The rocthed of claivas 1-3 wherein the alkoxylated alcobol is represented

by the formula
R-[O-(CH2)],-0H

wherein R' is a hydrocarbon group having from 1 to 50 carbon atoms, X is an integer

from 1 to 10, and y is an integer from 1 to 10
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3. The method of claims 1-4 wherein the alkoxylated alcohol s selected
from stearyl alcohol ethoxyiate, lauryl alcohol cthoxylate, oleyl alcohol ethoxylate,
stearyl alcohol propoxylate, lauryl alcohol propoxylate, oleyl alcohol propoxylate,
steary! alcohol butoxylate, octyl alcohol butoxylate, myristyl alcohol ethoxypropoxyvlate,
stearyl alcohol cthoxypropoxylate, lauryl aleohol cthoxypropoxylate, and mixtures

thereof.

6. The method of claims 1-5 wherein the alkoxylated alcohol 1s represented

by the formula
RO-(R*-0-1,H

wherein R? is a branched or lincar hydrocarbon group having from 12 to 20 carbon
atoms, R is an alkylene group having from 2 to 4 carbon atoms, and z is an integer from

1t 10,

7. The method of claims 1-6 wherein the alkoxylated alcohol s selected
from polyoxyethylene stearyl ether, polyoxyethylene lauryl ether, polyvoxyethylene oleyl
ether, polyoxypropylene stearyl ether, polyoxypropylene lauryl ether, polyoxypropylene
oleyl ether, polyoxybutylene stearyl ether, polyoxybutylene octyl ether,
polv{oxyethylene}oxypropylene) myristyl ether, polyfoxyethylene)oxypropvylene)

stearyl ether, poly{oxyethylene oxypropylene) lauryl ether, and mixtures thereof.

8. Alubricating engine oil having a composition comprising a lubricating oil
base stock as a major component; and at cast one alkoxylated alcchol, as a minor
component; wherein fuel efficiency is improved and high temperature wear, deposit and
varnish control are maintained or improved as compared to high temperature wear,
deposit and varnish control achieved using a hubricating engine oil containing a minor

component other than the at least one alkoxylated alcohol.

9. The lubricating engine ol of claim 8 wherein the lubricating oil base stock

cormprises a Group §, Group WL, Group I, Group IV or Group V base oil.
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10, The lubricating engine oil of claims & and 9 wherein, in comparison with
fuel efficiency achieved using a lubricating cngine oil containing a minor component
other than the at feast one alkoxylated alcohol, the lubricating engine oil containing at
least one alkoxylated alcohol exhibits a fuel efficiency, FEI sum, greater than 1.2X as
determined by a Sequence VID Fuel Economy (ASTM D7589) engine test; and wherein,
in comparison with high temperature wear, deposit and varnish control achieved using a
lubricating engine oil containing a minor component other than the at least one
alkoxylated alcohol, the tubricating engine oil containing at least one alkoxylated alcohol
cxhibits high temperature wear, deposit and varnish control greater than 11X, as

determived by a Sequence HIG/THGA (ASTM D7320) cogive test.

11, The lubricating engine oil of claims 8-10 wherein the alkoxylated alcohol 1s

represented by the formula

RI-[JO-(CH) ) ],-0H

wherein R’ is a hydrocarbon group having from | to 50 carbon atoms, X is an integer

frorn 1 to 10, and y 15 an integer from 1 to 10,

12, The lubricating cugine oil of clairus 8-11 wherein the alkoxylated alcohol
is selected from stearyl alcohol ethoxylate, lauryl alcobhol ethoxylate, oleyl alcohol
ethoxylate, stearyl alcohol propoxylate, laurvl alcohol propoxylate, olevl alcohol
propoxylate, stearyl alcobol butoxylate, octyl alcohol butoxylate, myristyl alechol
cthoxypropoxylate, steary! alcohol cthoxypropoxylate, and lauryl alcohol

cthoxypropoxylate.

13, The lubricating engine otl of claims 8-12 wherein the alkoxylated alcohol

is represented by the formula
RIO-(R*-0-),H

wherein R is a hydrocarbon group having from 12 to 20 carbon atorns, R is an alkylene

group having from 2 to 4 carbon atoms, and # is an integer from 1 to 10,
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14, The lubricating cugine oil of claims 8-13 wherein the alkoxylated alcohol
is selected from polyoxyethylene stearyt ether, polyoxyethylene lauryl ether,
polvoxyethylene oleyl ether, polyoxypropylenc stearyl cther, polyoxypropylene lauryl
ether, polyoxypropylene oleyl ether, polyoxybutylene stearyl ether, polyoxybutylene
octyl ether, poly{oxyethylene Y oxypropylene) myristyl cther,
polvioxyethyleneoxypropylene} stearyl ether, and poly{oxyethyleng Y oxypropylene)

lauryl ether.

15, The lnbricating engine oil of claims 8-14 or the method of claims 1.7
wherein, m friction measurcments of the lubricating ol by mini-traction machine (MTM)
in Stribeck mode at 30°C and 100°C, the integrated Stribeck friction coefficient of the
lubricating ol in the MTM 1s reduced as compared to the integrated Stribeck friction
coefficient of a lubricating ol containing a minor component other than the at least one
alkoxvylated alcohol, and/or phosphorus retention is improved as compared to phosphorus
retention achieved using a lubricating engine oil containing a minor compounent other

than the at least one alkoxylated alcohol.



