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LOW VISCOSITY LOW VOLATILITY LUBRICATING OIL
BASE STOCKS AND METHODS OF USE THEREQF

FIELD

[6001} This disclosure relates to low viscosity, low volatility compositions that include one or
more aromatic alkanoate monoesters, a process tor producing the compositions, a hubricating otl
base stock and fubricating oil containing the composition, and a method for improving one or more
of thermal and oxidative stability, solubility and dispersancy of polar additives, deposit control and
traction control in a lubricating oil by using as the lubricating 0il a formulated 0il containing the
composition.

BACKGROUND

[6002] Lubricants in conmumercial use today are prepared from a variety of natural and synthetic
base stocks admixed with various additive packages and solvents depending upon their intended
application. The base stocks typically include mineral oils, polvalphaolefins (PAO), gas-to-liquid
base oils (GTL), silicone oils, phosphate eslers, diesters, polyol esters, and the like,

[0003] A major trend for passenger car engine oils (PCEQs) is an overall improvement in
quality as higher quality base stocks become more readily available. Typically the highest quality
PCEQ products are formulated with base stocks such as PAQOs or GTL stocks admixed with various
additive packages.

{6004] For improving fuel economy , base oif viscosity is very important. Substantial improved
fuel economy (>2%) requires breakthrough in: (1) base il volatility (2) durability and (3} friction.
Friction losses occur between the moving componenis within the engine. Models developed to
date indicate that fuel economy is heavily influenced by the lubricant properties at high shear. The
base stock contributes a greater proportion of the total viscosity under high shear conditions than
under low shear. Lowenng base stock viscosity is likely to have the largest impact on foture fuel
economy gains,

[0005) Current commercial PAQ wds {e.g., SpectraSyn™ 2) based on hydrocarbon and
commercial esters (e.g., 2-ethylhexyl adipate, di-2-ethylhexyl azelate, Esterex™ A32, Esterex™
A34) do not adequately allow formulation of ultra-low viscosity lubricant while still meeting APT
specification (e.g., Noack volatility of 15% or less). In order to formulate altra-low viscosity
lubricant for fuel economy benefil, it is desirable Lo have low viscosity and low volatlity properties
co-exist in the same base stock, for meeting volatility requirement. In addition, the base stock

shoufd also possess adequate thermal and oxidative stability at high temperature to prevent or
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mininize deposit formation.  Good compatibility with additives commonly used in lubricant
formulations (PVL - Passenger Vehicle Lubricants, CVL ~ Commercial Vehicle Lubricants,
industrial lubricants), good low temperature properties, and acceptable viscosity indices are also
necessary [or the base stocks.

[0006] Poly-u-olefins (PAQs) are important lube base stocks with many excellent lubncant
properties, including high viscosity index (VI), low volatility and are available in various viscosity
range (v 2-300 cSt). However, PAOs are paraffinic hydrocarbons with low polarity. This
low polarity leads to low solubility and dispersancy for polar additives or sludge generated during
service. To compensate {or this low polarity, fube formulators usualty add one or multiple polar
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cobase stocks. Ester or alkylated naphthalene {AN) is usually present at 1 wt. % 0wt %0 levels
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in many finished tubricant formulations to increase the fluid polarity which improves the solubility
of polar additives and sludge.

[6007] Therefore, there is a need for polar cobase fluids that provide appropriate solubility and
dispersibility for polar additives or sludge generated during service of lubricating oils.

[0008] Future automotive and industrial trend suggest that there will be a need for advanced
additive technology and synthetic base stocks with substantially better thermal and oxidaiive
stability. Thisis primarily because of smaller sump sizes that will have more thermal and oxidative
stresses on the lubricants. Performance requirements have become more stringent in the past 10
to 20 years and the demand {or longer drain intervals has grown steadily. Also, the use of Group
IF 11 and 1V base oils is becoming more widespread. Such base oils have very little sulfur content
since natural sulfur-containing antioxidants are either absent or removed during the severe refining
process.

[6009%] It 1s known that lubricant oils used 1n mnternal cornbustion engines and fransmission of
automobile engines or trucks are subjected to demanding environments during use. These
environments result in the lubricant suffering oxidation catalyzed by the presence of impurities in
the oil, such as iron (wear) compounds and elevated iemperatures. The oxadation maniflests itself
by increase in acid or viscosity and deposit formation or any combination of these symptoms.
These are controlled to some extent by the use of antioxidanis which can extend the usefid life of
the lubricating oil, particolarly by reducing or preventing unaccepiable viscosity increases.
Besides oxidation inhibition, other parameters such as rusi and wear control are also important.
6010} A major challenge in engine oil formulation is simultaneously achieving improved fuel
economy while also achieving appropniate solubility and dispersibility for polar additives or sludge

generated during service of lubricating cils and oxidative stahility
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jeo11]) Therefore, there is need for belter additive and base stock technology for lubricant
compositions that will meet ever more stringent requirements of lubricant users. In particular,
there is a need for advanced additive technology and synthetic base stocks with improved fuel
economy, solubility and dispersibility for polar additives or sludge generated during service of
lubricating oils, and oxidative stability.

6012} The present disclosure also provides many additional advantages, which shall become
apparent as described below.

SUMMARY

[0013] This disclosure provides compositions that include one or more aromatic alkanoate
monoesters that have desirable low viscosity/low volatility properties while exhibiting good high-
temperature thermal-oxidative stability. Thus, the lubricating oil base stocks of this disclosure
provide a solution to achieve enhanced fuel economy and energy efficiency. In addition, good
solvency for commonly used polar additives and potentially good hydrolytic, thermal and oxidative
stability, deposit control and traction control are other advantages of these compositions.

[0014] This disclesure relates in part to a composition comprising one or more compounds

represented by the formula selected from the group consisting of

H Rs
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wherein R1 and Rz are independently a substituted or unsubstiluted alkyl group (C1-Cao), Rz, R4
and Rz are independently hydrogen or a substituted or unsubstituted alkyl group (C1-Cso), alkenyl
group (C1-Cso), or alkoxy group (Ci-Cs0), R7 and Rg are independenily a substituted or
unsubstituted aryl group (Cs-Cao0), heleroary] group (Ca-Cso), or arvlalkyl group {(Cs-Cae), Rs, Re,
Rs, Rio. R11 and Rz are hydrogen, m is a value from about 1 to about 10, and n is a value greater

than or equal to 1, The composition has a viscosity (Kvioe) from about 1cSt to about 10 ¢St at
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100°C as determined by ASTM D443, a viscosity index (V1) from about -100 to abowt 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as determined
by ASTM D5800.
[6015] This disclosure also relates in part {0 a composition comprising one or more compounds
represented by the formula selected from the group consisting of

Sy

AR LU
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and
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wherein Ri and R» are independently a substituted or unsubstituted alkyl group (Ch-Cao), Rs, Rs
and R are independently hydrogen or a substituted or unsubstituted alkyl group (C1-Cso), alkenyl
group (C1-Cio). or alkoxy group (Ci-Cx), R7 and Rz are independently a substituted or
unsubstituted aryl group (Ca-Cso), heteroary! group (C4-Cae), or arylalkyl group (Cs-Csn), Rs, Re,
Ry, Rio, Ri1 and Ri2 are hydrogen, m is a value from abowt 1 to about 10, and n is a value greater
than or equal to 1. The corposttion has a viscosity (Kvion) from about 1¢8t (o about 10 ¢St at
100°C as determined by ASTM D445, a viscosity index (V) from about -100 10 about 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as determined
by ASTM D3800. The one or more compounds of formula (I) are produced by a process
comprising reacting a substituted or unsubstituted alcohol with a substituted or unsubstituled
aromatic alkanoic acid, optionally in the presence of a catalyst and a solvent, under reaction
conditions sufficient to produce said one or more compounds of formula (!), The one or more
compounds of formula (II) are produced by a process comprising reacting a substituted or
unsubstituted aromatic alcohol with a substituted or unsubsiituted alkanoic acid, optionally in the
presence of a catalyst and a solvent, under reaction conditions sufficient to produce said one or
more compounds of formuda (I1).

[6016] This disclosure further relates in part to a lubricating oil base stock comprising one or

more compounds represented by the formula selected from the group consisting of
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wherein Ry and R: are independently a substituted or unsubstituted alkyl group (C1-Cao), Rs, R4
and Riz are independently hydrogen or a substituted or unsubstituted alkyl group (C1-Cao), alkenyl
group (C1-Cso), or alkoxy group (C:-Cs), R7 and Re are independently a substituted or
unsubstituted aryl group (Cs-Cso), heteroary! group (Cs-Cio), or arylalkyl group (Cs-Cao). Rs. Re,
Ro, Rio, R11 and Riz are hydrogen, m is a value from about 1 to about 10, and n is a value grealer
than or equal to 1, wherein said composition has a viscosity {Kvioe) from about [¢St to about 10
¢St at 100°C as determined by ASTM D445, a viscosity dex (VI} from about -100 to about 300
as determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as determined
by ASTM D3800.

[0017] This disclosure yet further relates in part to a lubricating oil comprising a lubricating
pil base stock component, and a monoester cobase stock component;, wherein said monoester
cobase stock comprises one or more compounds represented by the formula selected from the
group consisting of

H Rj Rg

and
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wherein Ri and Rz are independently a substituted or unsubstituted alkyl group (Ci-Cso), R3, R4
and R)5 are independently hydrogen or a substituted or unsubstituted atkyl group (C1-Cso), alkeny!
group (Ch-Cae), or alkoxy group (Ci-Cao), R; and Rs are independently a substituted or
unsubstituted aryl group (Cs-Cso), heteroaryl group (Ca-Cae), or arylalky] group (Cs-Cso), Rs, Re,
Ro, Rio, R and R 2 are hydrogen, m is a value from about 1 to about 10, and n is a value greater
than or equal to 1, The composition has a viscosity (Kvieo) from about 1¢St to about 10 ¢St at
100°C as determined by ASTM D445, a viscosity index (VI) from about -100 to about 300 as
deternuned by ASTM D2270, and a Noack volatility of no greater than 50 percent as deterrined
by ASTM D5800.

[eo18] This disclosure also relates in part to a method for improving one or more of thermal

<

and oxidative stability, solubility and dispersancy of polar additives, deposit control and traction
coulrol In a lubricating oil by using as the lubricating oil a formulaied oil comprsing a lubricaling
oil base stock as a major component, and a monoester cobase stock as a minor component; wherein
said monoester cobase stock comprises one or more compounds represented by the formula

selecied from the group consisting of

H Rq
R~—c, c, 0-¢ (rnﬁ’
R2 R, & Re
0]
and
R11
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(1)

wherein Ri and Rz are independently a substituted or unsubstiluted alkyl group (C1-Cao), Rz, R4
and Ruz are independently hydrogen or a substituted or unsubstituted atkyl group (Ci1-Cse), alkenyl
group (Ci1-Cso), or alkoxy group (Ci-(30), Rs and Ry are independently a substituted or
unsubstituted aryl group (Cs-Cro), heteroaryl group (Cs-Cse), or arylalkyl group (Cs-Cae), Rs, Re,
Re. Ruo. Ri1 and Rz are hydrogen, m is a value from about 1 to about 10, and n is a value greater
than or equal to 1. The composition has a viscosity (Kviee) from about 1¢St to about 10 ¢St at
100°C as determined by ASTM D445, a viscosity index (VI) from about -100 to about 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as determined
by ASTM D35800,
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[0019} It has been surprisingly found that outstanding low viscosily low volatility properties,
good high-temperature thermal and oxidative stability, good solvency for polar additives, deposit
conirol, and traction benefits, can be attained in an engine lubricated with a lubricaiing cil by using
as the tubricating oil a formulated oil in accordance with this disclosure. In particular, a lubricating
oil base stock comprising one or more aromatic alkanoate monoesters exhibits low viscosity, low
volatlity, desired solvency for polar additives, superior oxidative stability, desired deposit control
and traction benefits, which helps to prolong the useful life of fubricants and significantly improve
the durabtlity and resistance of lubricants when exposed io high iemperatures.

[6020] The lubricating oils of this disclosure are particularly advantageous as passenger
vehicle engine oil (PVEOQ) products, more especifically SAE OWX, SAE SWX, or SAE 10WX,
(where X =4, 8, 12, 16, 20, 30, 40, or 50}, and similar oil formulations, especiaily oil formulations
exhibiting lowered volatility when blended with the components of this invention. Furthermore,
the esters of this invention can be used in low ash, low metals, low phosphorus oils, preferably
formulated with ZDDP derived in part from secondary alcohols, with metallic detergents, such as
salicylates, phenates and/or sulfonales, preferably magnesiom and/or caleiurn, with succinimide
dispersants or with boron-contaming detergents or dispersants.

[60621] Further objects, features and advantages of the present disclosure will be understood by
reference {0 the following drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1 shows lube properties including kinematic viscosities, viscosity indices (V1) and

volatility of selected base stocks of this disclosure and commercially available ester base stocks in
accordance with Example 10.

[6023] Fig. 2 graphically shows kinematic viscosity (100°C) versus volatility (Noack) for
selected base stocks of this disclosure and commercially available ester base stocks based on data
in Fig. 1 and in accordance with Example 10.

[6024] Fig. 3 shows high temperature high shear (HTHS) viscosity ASTM D4683, Noack
volatility ASTM D3800 and TEOST ASTM D6335 (thermo-oxidation engine oif determination of
high lemperature piston deposits) results [or low-viscosity engine oils [formulated with base stocks
of this disclosure and commercially available ester base stocks in accordance with Example 1.
[0G25] Fig. 4 shows MTM traction curves from selected ester fluids of this disclosure and
commercial esters in MTM {(mini-traction machine) traction test at 100°C and 1.00 GPa in

accordance with Example 11.



WO 2017/116895 PCT/US2016/067962

DETAILED DESCRIPTION

[0026] Al nummerical values within the detailed description and the claims herein are modified
by “about” or “approximately” the indicated value, and take into account experimental error and
variations that would be expected by a person having ordinary skill in the art.
[0027] The compositions of this disclosure are aromatic alkanoate monoesters. These
compositions exhibit (1) outstanding low viscosity low volatility properties, (2) good high-
temperature thermal and oxidative stability, (3) good solvency for polar additives, (4} good deposit
control, and (5) traction benefits, which make them atiractive as Group V svnthetic base stocks n
high performance, fuel economy lubricant applications.
[0028] Low viscosity base stocks {e.g., kinematic viscosity at 100°C, 2-3 ¢St) currently
available in the marketplace are too volatile (Noack > 15-20%) to be used for formulating next-
generation ultra-low viscosity engine otls (L.e,, xxW-4 — xxW-16). These base stocks (e.g.,
SpectraSyn™ 2, QHVI™ 3, bis-(2-ethylhexyl) adipale, di-2-ethylhexyl azelate, Esterex™ A32)
are unable to provide formulated engine oils that also meet current volatility API specification. In
addition, current Group V ester base stocks generally have poor high temperature oxidation
stability which can cause operational problems in engine, potentially causing high deposit
formanon. The present disclosure identifies aromatic alkancate monoesters that have desirable
low viscosity and low volatility properties while exhibiting traction benefits, good deposit control
behavior and good high-temperature thermal-oxidative stability, hence provides a solution to
achieve enhanced fuel economy and energy efficiency. Tn addition, good solvency for commonly
used polar additives and potentially good hydrolytic stability are other advantages of these
compounds in base stock applications.
{06029] As indicated above, the compositions of this disclosure include, for example, one or
more aromatic alkanoate monoester compounds represented by the formula selected from the
group consisting of

e i

B~ Oigall
R, Re O Rg
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wherein R and R» are independently a substituted or unsubstituted alkyl group (Ci-Cs0), Rs, Re
and R1; are independently hydrogen or a substituted or unsabshituted alkyl group (C1-Cson), alkenyl
group (Ci-Cso), or alkoxy group (Ci-Cs), R and Rs are independently a substituted or
unsubstituted aryl group (Cs-Cao), heteroaryl group (Cs-Cse), or arylalkyl group (Cs-Cse), Rs, Re,
Ro, Rio, Ri1 and Rz are hydrogen, mi is a value from about 1 to about 10, and n is a value greater
than or equal to 1. The composition has a viscosity (Kvion) from about 1¢St to about 10 ¢St at
100°C as determaned bv ASTM D443, a viscosity index (V1) from about -100 to about 360 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as determined
by ASTM DS800.

0030} Preferred compositions of this disclosure include, for example, those wherein Ri and
R> are independently a substituted or unsubstituted alkyl group {Ci-Cao); Rs, R4, Rs, R, Ro, Rio,
Ri:, Ryz and Rys are independenily hydrogen or a substituted or unsubstituted alkyl group (C1-Caa),
alkenyl group (C:-Cazo), or alkoxy group {C1-Cx), R7 and Rs are independently a substituted or
unsubstituted ary! group {C1-Cae), heteroary] group (C1-Cae), or arylatkyl group (Ci1-Cog), and m
and n are independently a value from about 1 to about 8.

|0031] Other preferred compositions of this disclosure include, for example, those wherein Ri
md R2 are independently a substituied or unsubstituted alkvl group (C1-Cio); Rs, R4, Rs, Re, Ro,
Rie, Ri1, Riz and Ruys are independently hydrogen or a substituted or unsubstituted alkyl group (Ci1-
Cie), alkeny! group {Ci-Cuo), or alkoxy group (Ci-Cio), R7 and Rs are independently a substituted
or unsubstituted aryl group (C4-Cis), heteroaryl group (Cy-Cio), or arylatkyl group (Cs-Cio), and m
and n are independently a value from about 2 to about 8,

6032} Hlustrative aromatic alkanoate monoester compositions of this disclosure have a
viscosity (Kvioo) from about 1¢St to about 8 ¢St, more preferably from about 2 ¢St to about 6 ¢St,
at 100°C as determined by ASTM D445, a viscosity index (V) from about -100 o about 300, more
preferably from about 0 to about 200, even more preferably from about 23 to about 150, as
determined by ASTM D2270, a Noack volatility of no greater than 25 percent, more preferably no
greater than 20 percent, even more preferably no greater than 15 percent, as determined by ASTM
D3800, and a high temperature high shear (HTHS) viscosity of less than about 2.5 ¢P, morte
preferably less than about 2.25 ¢P, even more preferably fess than about 2.0 ¢P, as determined by
ASTM D4683.

[6033] Preferred aromatic alkanoate monoester compositions of thes disclosure have a high
temperature high shear (HTHS) viscosity of less than about 1.7 ¢P as determined by ASTM D4683,

and Noack volatility from about 15 percent to about 30 percent as determined by ASTM D3800.
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[6034] Hlustrative aromatic alkanoate monoester compositions of this disclosure include, for
example, 2-hexyl-l1-decyl benzoate, 2-hexyl-l1-decyl phenylacetate, 2-hexyl-1-decyl 3-
phenylpropionate, 2-octyl-1-dodecyl phenylacetate, 2-butyl-1-octy} d-phenylbutyrate, 2-hexyl-1-
decyl 4-methoxyphenylacetate, 2-hexy-1-decyl m-tolylacetate, 2-hexyl-1-decyl p-tolylacetate, 2-
phenylethyl 2-hexyldecanoate, and the hike.

10035} Hlustrative aromatic alkanoate monoester compositions of formula (I) include, for
example, 2-ethylhexyl phenylacetate, 2-heptylundecyl phenvlacetate, 2-octyldecyl phenylacetate,

2-octyldodecy! phenylacetate, 2-decyldodecyl phenylacetate, 2-decyltetradecyl phenylacetate, 2-

2-methylpentyl phenylacetate, isotridecyl phenylacetate, isodecy \ .
isononyl phenylacetate, isoociyl phenvlacetate, 2-ethylhexyl phenylpropionate, 2-hepiylundecyl
phenylpropionate, 2-octyldecyl phenylpropionate, 2-octvldodecyl phenylpropionate, 2-
decvldodecyl  phenylpropionate,  2-decvltetradecyl  phenylpropionate,  2-hexyldecyl
phenylpropionate, 2-butyloctyl phenylpropionate isopropyl phenylpropionate, 2-methylbutyl
phenylpropionate, 2-methylpeniyl phenylpropionate, isotridecy] phenylpropionate, isodecyl
phenylpropionate, isononyl phenylpropionate, isococtyl phenylpropionate, 2-ethylhexyl
tolylacetate, 2-heptylundecyl tolylacetate, 2-octvidecyl tolylacetate, 2-octyldodecyl tolylacetate, 2-
decyldodecyl tolylacetate, 2-decyltetradecyl tolylacetate, 2-hexyldecyl tolvlacetate, 2-butyloctyl
tolylacetate, isopropyl tolylacetate, 2-methylbutyl tolylacetate, 2-methylpentyl tolylacetate,
isotridecvl tolylacetate. isodecyi tolylacelate, isononyl tolvlacetale. isooclyl tlolylacetate, 2-
ethylhexyl tolylpropionate, 2-heptylundecyl tolylpropionate, 2-octyldecy! tolylpropionate, 2-
oclyldodecyl tolylpropionate, 2-decyldodecyl tolylpropionate, 2-decyltetradecyl iolylpropionate,
2-hexyldecyl  tolylpropionate, 2-butvloctyl tolvipropionate, tsopropyl iolylpropionate, 2-
methyfbutyl tolylpropionate, 2-methylpentyl tolylpropionate, isotridecyl tolylpropionate, isodecyl
tolylpropionate, isononyl tolylpropionate, isooctyl iclylpropionate, 2-ethylhexyl xylvlacetate, 2-
heptylundecyl  xylylacetate, 2-ocividecyl xylylacetate, 2-octyldodecyl xylvlacetate, 2-
decyldodecyl xylylacetate, 2-decyvltetradecyl xylylacetate, 2-hexyldecy! xylylacetate, 2-butyloctyl
xylylacetate, isopropyl xylvlacetate, 2-methylbutyl xylylacelate, 2-methylpenty! xvlylacetate,
sotridecyl xylylacetale, isodecyl xylylacetate, isononyl xylylacetate, isooctyl sylylacetate, 2-
ethylhexyl xylylpropionate, 2-heptylundecyl xylylpropionate, 2-octyldecy!l xylylpropionate, 2-
octyldodecyl xylylpropionate, 2-decyldodecyl xylvipropionate, 2-decyltetradecy] xvlylpropionate,
2-hexyldecyl xylylpropionaie, 2-butyloctyl xvlylpropionate, isopropyl xvlylpropionate, 2-
methytbutyl xylylpropionate, 2-methyipentyl xylylpropionate, isotridecyt xylylpropionate,

isodecyl xylylpropionate, isononyl xylylpropionate, isooctyl xvlylpropionate, 2-ethylhexyl
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methoxyphenylacetate, 2-heptylundecyl methoxyphenylacetate, 2-octyldecyl
methoxyphenylacetate, 2-octyldodecyl methoxyphenylacetate, 2-decyldodecyl
methoxyphenylacetate, 2-decyltetradecyl methoxyphenylacetate, 2-hexyldecyl

methoxyphenylacetate, 2-butylocty! methoxyphenylacelate, isopropy! methoxyphenylacetate, 2-
methylbutyl  methoxyphenylacetate,  2-methylpentyl  methoxyphenylacetate,  isotridecyl
methoxvphenylacetate, isodecy! methoxyphenylacetate, isononyl methoxyphenylacetate, isooctyl
methoxy phenylacetate, 2-gihythexvl methoxy phenylpropionate, 2-heptylundecyl
methoxyphenylpropionate, 2-octyldecyl methoxy phenylpropionate, 2-octyldodecyl

methoxyphenylpropionate.  2-decvldodecyl  methoxyphenyipropionate,  2-decyltetradecyl

methoxypheny lpropionate, 2-hexyldecyl methoxy phenylpropionate, 2-butyloctyl
methoxyphenylipropionate, isopropyl methoxy phenylpropionate, 2-methylbutyl
methoxyphenylpropionate, 2-methylpenty! methoxyphenylpropionale, isotridecyl
methoxyphenylpropionate, isodecyl methoxy phenyipropionate, isonony!

methoxyphenvlpropionate, isooctyl methoxyphenyipropionate, 2-ethyibexyl phenylbutyrate, 2-
heptylundecyl phenylbutyrate, 2-octyldecyl phenylbutyrate, 2-octyldodecyl phenylbutyrale, 2-
decyldodecyl phenylbutyrate, 2-decvlietradecyl phenylbutyrate, 2-hexyldecyl phenyibutyrate, 2-
butyloctyl phenvibutyrate, isopropyl phenylbutyrate, 2-methylbutyl phenylbutyrate, 2-
methvipentyl phenylbutyrate, isotridecyl phenylbutyrate, isodecyl phenylbulyrate, isononyl
phenylbutyrate, isooctyl phenvibutyrale, and the like.

{0036} Hiusirative aromatic alkanoate monoester compositions of formula (1) include, for
example, benzyl 2-buivloctanoate, benzyl 2Z-hexyloctanoate, benzyl 2-hexyldecanoate, benzyl 2-
heptylundecanoate, benzyl 2-octyldecancate, benzyl 2-octyldodecanoate, benzyl 2-
decyldodecanoate, benzyl 2-decyltetradecanoate, phenylethyl 2-butyloctancate, phenylethyl 2-
hexyloctanoate, phenylethyvl 2-hexyldecanoate, phenylethyl 2-heplylundecanoate, phenylethyl 2-
octyldecanoate, phenylethyl 2-octyldodecanoate, phenylethyl 2-decyldodecanoate, pheuylethyl
2-decyltetradecanocate,  phenylpropyl  2-butyloctancate,  phenylpropyl  2-hexyloctanoate,
phenylpropyl Z-hexyldecanoate, phenylpropyl  2-heptylundecanoate, phenylpropyl
Z2-octyldecanoale, phenylpropyl 2-octyldodecanoate, phenyvipropyl 2-decyldodecanoate,
phenylpropyl 2-decyltetradecanoate, phenylbuty] 2-butyloctanoaie, phenylbutyl 2-hexyloctanoate,
phenylbutyl 2-hexyldecanoate, phenylbuty!l 2-heptylundecanoate, phenylbutyl 2-octyldecanoate,
phenvlbutyl  2-octyldodecancate,  phenylbutyl  2-decvldodecanoate,  phenylbutyl  2-
decyltetradecanoate, phenylpentyl 2-bulyloctanoate, phenyipentyl 2-hexyloctanoate, phenylpentyl

2-hexvidecanoate, phenylpenivl  2-heptvlundecanoate, phenvipentyl  2-octyldecanoate,
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phenylpentyl  2-octyldodecanoate, phenylpentvl 2-decyldodecanoate, phenylpentyl 2-
decyltetradecanoate, and the like.

{6037} The aromatic atkanoate monoester compositions of formula (I) of the present disclosure
can be prepared by a process (I) that involves reaciing a substituted or unsubstiiuted alcohol with
asubstituted or unsubstituted aromatic alkanoic acid, optionally in the presence of a catalyst, under
reaction conditions sufficient to produce one or more afkanoate monoester compositions of formula
@).

[0838] Hlustrative alcohols useful in the process (1) of this disclosure include, for example, 2-
heptyl-1-undecanol, 2-hexyl-1-octanol, 2-hexyl-1-decanol, 2-octyl-1-decanol, 2-octyl-1-
, 2-decyi-1-dodecanol, 2-decyl-1-tetradecanol, 2-ethyi-1-hexano!, 2-
butyl-1-hexanol, isopropanol, 2-methylbutanol, 2-methyl-1-penianol, isotridecanol, isodecanol,
isononanol, isooctanol, alcohols obtained from hydroformylation of terminal monosubsitiuied
alkenes, 1,1-disubstituted alkenes, cis- or trans-1,2-disubstituted alkenes using carbon monoxide,
hydrogen and a suitable transition metal catalyst, followed by hvdrogenation (commonly known
as ox0o alcohols), and the like. Examples of commercially available oxo alcohols are, bul not
limited to, Exxal™ alcohols manufactured and marketed by ExxonMohil Corporation).

[00639} lustrative aromatic alkanoic acids useful in the process (1) of this disclosure include,
for example, benzoic acid, phenylacetic acid, phenylpropionic acid, phenvlbutyric acid,
methoxyphenylacetic acid, tolylacetic acid, mitrophenylacetic acid, xylylacetic acid, tolylpropionic
acid, xylylpropionic acid, methoxyphenylpropionic acid, methoxyphenyibutyric acid,
nitrophenylpropionic acid, nitrophenylbutyric acid, xylylbutyric acid, tolyibutyric acid, and the
like,

[0040) Reaction conditions for the reaction of the alcohol with the aromatic or alkanoic acid,
such as temperature, pressure and conlact lime, may also vary greaily and any suitable combination
of such conditions may be emploved herein. The reaction temperature may range between about
25°C to about 300°C, and preferably between about 50°C to about 250°C, and more preferably
between about 100°C to about 200°C. Normally the reaction is carried out under ambient pressure
and the contact time may vary from a matter of seconds or minutes to a few hours or greater. The
reactants can be added to the reaction mixture or combined in any order. The reaction residence
time employed can range from about 30 seconds to about 48 hours, preferably from about 5 minutes
to 36 hours, and more preferably from about 1 hour to 24 hours.

0041} The aromatic alkanoate monoester compositions of formula (I) of the present
disclosure can be prepared by a process (II) that involves reacting a substituted or vnsubstituted

aromatic alkanol with a substituted or unsubstituted carboxylic acid, optionally in the presence of
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a catalyst, under reaction conditions sufficient to produce aromatic alkanoale monoester
compositions of formula (I1).

[0042] Hlustrative aromatic alkanocls useful in the process (1) of this disclosure include, for
example,  benzyl alcohol, phenylethanol, phenylpropanocl. phenylbutanol, phenylpentanol,
tolylethanol, phenylbenzyl alcohol, and the hike.

06043} Hlustrative carboxylic acids useful in the process (1) of this disclosure include, for
example, 2-hexyldecanoic acid, 2-heptylundecanoic acid, 2-hexyloctanoic acid, 2-butyihexanoic
actd, 2-octyldecanoic acid, 2-butvidecanoic acid, 2-hexyldecanoic acid, 2-bulyloctanoic acid, 2-
ethythexanoic actd, 2-butyldodecancic acid, 2-hexyldodecanoic acid, 2-octyldodecanoic acid, 2-
decyidodecanoic acid, 2-decyltetradecanoic acid, isotridecanoic acid, isononanoic acid, and the
like.

0044 Reaclion conditions for the reaction of the aromatic alkanol with the carboxylic acid,
such as temperature, pressure and contact time, may also vary greatly and any suitable combination
of such conditions may be employed herein. The reaction temperature may range between about
25°C to about 300°C, and preferably between about 50°C to aboul 250°C, and more preferably
between about 100°C to about 200°C. Normally the reaction is carried out under ambient pressure
and the contact time may vary from a matter of seconds or manutes to a few hours or greater. The
reactants can be added to the reaction mixture or combined in any order. The stir time employed
can range from about 30 seconds to about 48 hours, preferably {rom about S minutes (o 36 hours,
and more preferably from about 1 hour to 24 howrs,

[0045] As shown in the Examples herein_ the aromatic alkanoate monoester compositions of
formulae (I) and (II) have more desirable viscosity-volatility characteristics when compared to
commercially available low viscosity Group IV PAO synthetic base stocks {e.g., SpectraSyn*™ 2,
SpectraSyn*™ 4} or Group V ester base stocks {e.g., 2-ethylhexyl oleate, 2-ethylhexyl adipate,
isodecyl adipate, Z-ethylhexyl phthalate, oC8/mC10 neopentyl! glycol esters, uC7
trimethyolpropane ester, and the like). As shown in the Examples herein, the aromatic alkanoate
monoester compositions of formulae (I) and (IT) of the present disclosure have lower viscosities
than commercially available esiers al similar volaiility. Additionally, the aromalic alkanoate
monoester compositions of formulae (1) and (IF) have lower volatility than commercially available
esters at comparable viscosities.

[0046] Surprisingly, as shown in the Examples herein, it has been discovered that formulated
engine oils employing these aromatic alkanoate monoester compositions of formulae (1) and (IT)
as a major component possess unexpectedly high thermal and oxidative stability along with good

deposit control benefit, as confirmed by their consistently low deposit formation {rom the Thermo-
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Oxidation Engine Ol Simulation Test (TEOST 33C ASTM D6335) conducted at high temperature.
In comparison, the same formulation based on commercially available ester base stocks (e.g.,
diisooctyl adipate) show high deposit formation in the same test. This finding is surprising based
on conventional beliel that ester base stocks derived {rom alcohol with beta hydrogen atoms can
readily underge beta elimination to form carboxylic acid and clefin at temperature >275°C, which
can potentially contribute to deposit formation through further reactions (e.g.. oxidation,
poly merization, etc.).

[B047] Furthermore, 1l has been found that these aromatic alkanoate monoester compositions
of formulae (1) and (1) also show high solvency for the typical additive components (e.g., antiwear
additives, friction modifiers, dispersants, detergents, antioxidants, viscosity modifiers, pour point
depressants, antifoaming agent, eic.) employed in the formulation of PVL (Passenger Vehicles
Lubricantsy . CVL (Commercial Vehicles Lubnicants), as well as industrial applications.

[(6048] Examples of techniques that can be emploved to characterize the compositions formed
by the process described above include, but are not limited 1o, analytical gas chromatography,
nuclear magnetic resonance, thermogravimetric analysis (TGA), inductively coupled plasma mass
spectrometry, differential scanning calorimetry (DSC), volatility and viscosity measurements.
[0049] This disclosure provides lubricating oils useful as engine oils and in other applications
characterized by excellent oxidative stability. The Iubricating oils are based on high quality base
stocks including a major portion of a hydrocarbon base fluid such as a PAO or GTL with a
secondary cobase stock component which is a monoester as described herein. The lubricating oil
base stock can be any oil boiling in the ube il boiling range, typically between about 100 to
450°C. In the present specification and claims, the terms base 0il(s) and base stock(s) are used
interchangeably.

{GO50] The viscosity-temperature relationship of a fubricating oil is one of the critical criieria
which must be considered when selecting a lubricant for a particular application. Viscosity Tndex
{VI) 1s an empirical, unitless number which indicates the rate of change in the viscosity of an oil
within a given temperature range. Fluids exhibiting a relatively large change in viscosity with
temperature are said to have a low viscosily index. A fow VI oil, for example, will thin out at
elevated temperatures faster than a high VT oil. Usually, the high VT oil is more desirable because
it has higher viscosity at higher temperature, which translates into better or thicker lubrication film
and better protection of the contacting machine elements.

(6651} In another aspect, as the oil operating temperature decreases, the viscosity of a high VI
oil will not increase as much as the viscosity of a low VI oil. This is advantageous because the

excessive high viscosity of the low VI oil will decrease the efficiency of the operating machine.
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Thus high VI (HV]) otl has performance advantages in both high and low temperature operation,
V1 is determined according to ASTM D2270. V1 is related to kinematic viscosities measured at
40°C and 100°C using ASTM D445,

Lubricating Oil Base Siocks

[0052] A wide range of lubricating oils is known in the art. Lubricating oils that are useful in
the present disclosure are both natural oils and synthetic oils. Natural and synthetic oils (or
mixtures thereofl) can be used unrefined, refined, or rerefined (the latter is also known as reclaimed
or reprocessed oil). Unrefined otls are those obtained directly from a natural or synthetic source
and used without added purification. These include shale oil obtamed directly from retorting
operations, petroleum oil obtained directEth"rom primary distiliation, and ester oil obtained directly
from an esterification process. Refined otls are similar to the oils discussed for unrefined oils
except refined oils are subjected Lo one or more purification sieps to improve the at least one
lubricating oil property. One skilled in the art is familiar with many purification processes. These
processes include solvent extraction, secondary distillation, acid extraction, base extraction,
filtration, and percolation. Rerefined oils are obtained by processes analogous to refined oils but
using an otl that has been previously used as a feed stock.

[0053] Groups I, 11, If1, IV and V are broad categories of base oil stocks developed and defined
by the American Petroleum Inslitule (APT Publication 1309; www. APLorg) to create guidelines
for lubricant base oils. Group 1 base stocks generally have a viscosity index of between about 80
to 120 and contain greater than about 0.03% sullur and less than about 90% saturates. Group 11
base stocks generally have a viscosity index of between about 80 {o 120, and contain less than or
equal to about 0.03% sulfur and greater than or equal to about 90% saturates. Group 1T stock
generally has a viscosity index greater than about 120 and contains Iess than or equal to about
0.03% sultur and greater than about 90% saturates. Group 1V includes polyalphaolefins (PAO).
Group V base stocks include base stocks not included in Groups I-I'V. The table below summarizes

properties of each of these five groups.

Base Qil Properties
Saturates Sulfur Viscosity Index
Group 1 <90 and/or >0.03% and >80 and <120
Group I >0 and <0.03% and >80 and <120
Group I >90 and <0.03% and >120
Group [V Includes polyalphaolefins (P AO) products
Group V All other base o1l stocks not included in Groups 1, U, Il or IV
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[0054] Natural oils include animal oils, vegetable oils (castor oil and lard otl, for example),
and mineral oils. Animal and vegetable oils possessing favorable thermal oxidative stability can
be used. Of the natural oils, mineral cils are preferred. Mineral oils vary widely as to their crude
source, for example, as to whether they are paralfinic, naphthenic, or mixed paraffinic-naphthenic.
Oils derived from coal or shale are also useful in the present disclosure. Natural oils vary also as
to the method used for their production and purification, for example. their distillation range and
whether they are straight run or cracked, hydrorefined. or solvent extracted.

[00S5) Group U and/or Group HI hydroprocessed or hydrocracked base stocks, as well as
synthetic oils such as polyalphaolefins, alkyl aromatics and synthetic esters, i.e. Group IV and
Group V otls are also well known base stock oils.

[0056] Svathetic oils include hydrocarbon oil such as polymerized and interpoly merized
olefins (polybutylenes, polypropylenes, propvlene iscbulylene copolymers, eihylene-olelin
copolymers, and ethylene-alphaolefin copolymers, for example). Polyalphaolefin (PAQO) oil base
stocks, the Group IV API base stocks, are a commonly used synthetic hydrocarbon oil. By way of
example, PAOs derived from Cs, Cio, C12, Cus olefing or mixtures thereof may be uviilized. See
U.S. Patent Nos. 4,956,122; 4,827.064; and 4,827,073, which are incorporated herein by reference
in their entirety. Group IV oils, that is, the PAO base stocks have viscosity indices preferably
greater than 130, more preferably greater than 135, still more preferably greater than 140.

|6057] Esters may be useful in the lubnicating oils of this disclosure. Additive solvency and
seal compatibility characieristics may be secured by the use of esiers such as the esters of dibasic
acids with monoalkanols and the polyol esters of monocarboxylic acids. Esters of the former type
include, for example, the esters of dicarboxylic acids such as phthalic acid. succinic acid, sebacic
acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acid, alkenyl
malonic acid, eic., with a variety of alcohols such as butyl alcohol, hexyl atcohol, dodecy! alcohol,
2-¢thylhexyl alcohol, etle. Specific examples of these types of esters include dibutvl adipate, di(2-
ethylhexyl) sebacate, di-n-hexyl fumarate. dioctyl sebacate, diisooctyl azelate, diisodecyl azelate.
diocty! phthalate, didecy! phthalate, dicicosyl sebacate. etc.

|0G38) Particularly useful synthelic esters are those which are oblained by reacling one or more
polyhydric alcchols, preferably the hindered polyols such as the neopenty! polyols; e.g., neopentyl
glycol, trimethylol ethane, 2-methyl-2-propyl-1,3-propanediol,  trimethylol  propane,
pentaerythritol and dipentaerythritol with alkanocic acids containing at least about 4 carbon atoms,
preferably Cs to Cso acids such as saturated straight chain fatty acids including caprylic acid, capric

acids, lauric acd, myristic acid, palmitic acid, stearic acid, arachic acid, and behenic acid, or the
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corresponding branched chain fatty acids or unsaturated faity acids such as oleic acid, or mixtures
of any of these materials.

[0G59] Esters should be used in an amount such that the improved wear and corrosion
resistance provided by the lubricating oils of this disclosure are nol adversely alfected.

0060} Non-conventional or unconventional base stocks and/or base oils include one or a
mixture of base stock(s} and/or base oil(s) derived from: (1) one or more Gas-to-Liquids (GTL)
materials, as well as (2) hydrodewaxed, or hydroisomerized/cat {(and/or solvent) dewaxed base
stock(s) and/or base oils derived from synihetic was, natural wax or waxy feeds, mineral and/or
non-mineral oil waxy feed stocks such as gas oils, slack waxes (derived from the solvent dewaxing
of natural oils, mineral oils or svathetic oils; e.g., Fischer-Tropsch feed stocks), natural waxes, and
waxy stocks such as gas otls, waxy fuvels hydrocracker bottoms, waxy raffinate, hydrocrackate,
thermal crackates. foots oil or other mineral, mineral oil, or even non-petroleum oil derived waxy
materials such as waxy materials recovered from coal liquefaction or shale oil, linear or branched
hydrocarbyl compounds with carbon number of about 20 or greater, preferably about 30 or greater
and mixtures of such base stocks and/or base ¢ils.

[G061) GTL. materials are materials that are derived via one or more synthesis, combination,
tramsformation, rearrangement, and/or degradation/deconstructive processes from gaseous carbon-
containing compounds, hydrogen-containing compounds and/or elements as feed stocks such as
hydrogen, carbon dioxide, carbon monoxide, water, methane, ethane, ethvlene, acetylene, propane,
propylene, propyne, butane, butylenes, and butynes. GTL base siocks and/or base oils are GTL
materials of fubricating viscosity that are generally derived from hydrocarbons; for example, waxy
svnthesized hydrocarbons, that are themselves derived from simpler gaseous carbon-containing
compounds, hydrogen-coniaining compounds and/or elements as feed stocks. GTL base stock(s)
and/or base oil(s) include oils boiling in the lube oil boiling range (1) separated/fractionated from
synihesized GTL materials such as, for example, by distillation and subsequently subjected to a
final wax processing step which involves either or both of a cataly lic dewaxing process, or asolvent
dewaxing process, to produce lube oils of reduced/low pour point; (2) synthesized wax isomerates,
comprising, for example, hydredewaxed or hydroisomerized cal and/or solvent dewaxed
svuthesized wax or waxy hydrocarbons; (3) hydrodewaxed or hy droisomerized cat and/or solvent
dewaxed Fischer-Tropsch (F-T) material {i.e., hydrocarbons., waxy hydrocarbons, waxes and
possible analogous oxygenates); preferably hydrodewaxed or hydroisomerized/foilowed by cat
and/or solvent dewaxing dewaxed F-T waxy hydrocarbons, or hydrodewaxed or

hy droisomerized/foliowed by cal (or solvent) dewaxing dewaxed, F-T waxes, or mixtures thereof.
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[0062] GTL base stock(s) and/or base oil(s) denved from GTI. materials, especially,
hydrodewaxed or hydroisomerized/followed by cat and/or solvent dewaxed wax or waxy feed,
preferably F-T material derived base stock(s) and/or base oil{s), are characterized typically as
having kinematic viscosities at 100°C of {rom about 2 mm™/s to aboul 50 mm?*s (ASTM D445).
They are further characterized typically as having pour points of -53°C to about -40°C or lower
(ASTM D97). They are also characterized typically as having viscosity indices of about 80 to
about 140 or greater (ASTM D22703.

6063 In addition, the GTL base stock(s) and/or base otl(s) are typically highly paraffinic
(>90% saturates), and may contain mixtures of monocvcloparaffing and multicycloparaffing in
combination with non-cyclic isoparaffins. The ratio of the naphthenic (i.e., cvcloparaffin) content
in such combinations varies with the catalyst and temperature used. Further, GTL base stock(s)
and/or base oil(s) typically have very low sulfur and nitrogen content, generally conlaining fess
than about 10 ppm. and more typically less than about 5 ppm of each of these elements. The sulfur
and nitrogen content of GTL base stock(s) and/or base 0il(s) obtained from F-T material, especially
F-T wax, is essentially mil. In addition, the absence of phosphorous and aromatics make this
materially especially suitable for the formulation of low SAP products.

[0064] The term GTL base stock and/or base oil and/or wax isomerate base stock and/or base
oil is to be understood as embracing individual fractions of such materials of wide viscosity range
as recovered n the production process, muxiures of {wo or more of such fractions, as well as
mixtures of one or iwo or more low viscosity {ractions with one, iwo or more higher viscosily
fractions to produce a blend wherein the blend exhibits a target kinematic viscosity.

[0065] The GTL material, from which the GTL base stock(s) and/or base ¢il(s) is/are derived
is preferably an F-T material (1.¢., hydrocarbons, waxy hydrocarbons, wax).

[0666] Base oils for use in the formulated lubricating oils useful in the present disclosure are
any of the variety ol oils corresponding to API Group I, Group 11, Group HI, Group IV, Group V
and Group V1 oils and mixtures thereof, preferably API Group I¥. Group 111, Group 1V, Group V
and Group VI oifs and mixtures thereof, more preferably the Group I to Group VI base oils due
10 their exceptional volatility, stability, viscometric and cleanliness {ealures. Minor quantities of
Group 1 stock, such as the amount used to difule additives for blending into formulaied lube oil
products, can be tolerated but should be kept to a minimun. i.e. amounts only associated with their
use as diluent/carrier oil for additives used on an “as recetved™ basis. Even in regard to the Group
IF stocks, 1t is preferred that the Groop 11 stock be in the higher quality range associated with that

stock, 1.e. a Group Il stock having a viscosity index in the range 100 < VI < 120,



WO 2017/116895 PCT/US2016/067962

-19-

[0067] In addition, the GTL base stock(s) and/or base oil(s) are typically highly paraffinic
(»90% saturates), and may contain mixtures of monocycloparaffins and multicycloparaffins in
combination with non-cyclic isoparaffins. The ratio of the naphthenic (i.e., cycloparaffin) content
in such combinations varies wiih the catalyst and temperature used. Further, GTL base stock(s)
and/or base oil{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 about 10 ppm, and more typically less than about 3 ppm of each of these elements. The
sulfur and nitrogen content of GTL base stock(s) and/or base oil(s) obtained from F-T material,
especially F-T wax, is essenfially nil. To addition, the absence of phosphorous and aromatics make
this material especially suitable for the formulation of low sulfur, sulfated ash, and phosphorus
{low SAP) products.

{0068 The base siock component of the present lubricating oils will typically be {rom 1 to 99
weight percent of the total composition (all proportions and percentages set out in this specification
are by weight unless the contrary is stated) and more preferably in the range of 10 to 99 weight
percent, or more preferably from 15 to 80 percent, or more preferably from 20 to 70 percent, or
more preferably from 25 to 60 percent, or more preferably from 30 to 50 percent.

Aromatic Alkanoate Monoester Base Stock and Cobase Stock Components

[0669] Aromatic alkanoate monoester base stock and cobase stock components useful in this
disclosure include, for example, compositions containing one or more compounds represented by

the formula selected from the group consisting of
H Ry Rs
Ri—C~Gm0-G LR
R i Im7
Ry Rs O Rg
@

ad
Fsg F?11
Rg1C+0O—~C—C—R
15k T
Rig O Ry

an

wherein Ry and R> are independently a substituted or unsubstituted alkyl group (Ci-Cso), Ra, Ra
and Ri3 are independently hydrogen or a substituted or unsubstituted alkyl group (C1-Cse), alkenyl
group (Ci-Czo), or alkoxy group (C1-Cz0), Ry and Rs are independently a substituted or

unsubstituted aryl group (Cs-Cso), heteroaryl group (Cs-Cse), or arylalky] group (Cs-Cso), Rs, Rs.
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Rs, Rio, R11 and Rz are hydrogen, p1 is a value from about 1 to about 10, and n is a value greater
than or equal to 1. The composition has a viscosity (Kvie) from about 1¢St to about 10 ¢St at
100°C as determined by ASTM D443, a viscosity index (VI) from about -100 to aboui 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as determined
by ASTM D5800.

|6070] Pretferred aromatic alkanoate monoester base stock and cobase stock components of
this disclosure include, for example, those wherein Ri and Ry are independently a substituted or
unsubstituted alkyl group (Ci-C20): Rs, Rs, Rs, Rs, Ro, Rio, Ri1, Ri2 and Riz are independently
hydrogen or a substituted or unsubstituted alky! group (C1-Cao), alkenyl group (Ci-Cao), or alkoxy
group {Ci-Cav), R7 and Rs are independently a substituted or unsubstituted arvi group (Ca-Cao),
heteroaryl group (C4-Cao), or arylalky] group (Cs-Can), and m and p are independently a value from
aboul | 1o about §.

[0071] Other preferred aromatic alkancate monoester base stock and cobase stock components
of this disclosure include, for example, those wherein R1 and Rz are independently a subsiituted or
unsubstifuted atkyl group (C1-Cwo); R3, Rs, Rs, Rs, Re, Rio, Ri1, Ri2 and Riz are independently
hydrogen or a substituied or unsubstituted alkyl group (C1-Cho), alkenyl group (Ci-Cio). or alkoxy
group (C1-Cw), Ry and Rs are independently a substituted or unsubstituted aryi group (Cs+-Cio),
heteroaryl group {C4-Cio), or arylalkyl group (Cs~Cie), and m and n are independently a value from
about 2 1o about 8.

{0072 Hlustrative aromatic alkanoate monoester base slock and cobase siock components of
this disclosure have a viscosity (Kvio0) from about 1 ¢St to about 8 ¢St, more preferably from about
2 ¢St to about 6 ¢Si, at 100°C as determined by ASTM D445, a viscosity index (VT) from about -
100 to about 300, more preferably from about 0 to about 200, even more preferably from about 25
to about 150, as determined by ASTM D2270, a Noack volatility of no grealer than 25 percent,
more preferably no greater than 20 percent, even more preferably no greater than 15 percent, as
determined by ASTM DS800, and a high temperature high shear (HTHS) viscosity of less than
about 2.5 cP, more preferably less than about 2.25 cP, even more preferably less than about 2.0 cP,
as determined by AS'TM D46¥3.

[6073] Preferred aromatic alkanoate monoester base stock and cobase stock components of
this disclosure have a high temperature high shear (HTHS) viscosity of less than about 1.7 ¢P as
determined by ASTM D4683, and a Noack volatility from about 15 percent to about 30 percent as
deterruined by ASTM D35800.

[6074] Hlustrative aromatic atkanoate monoester base stock and cobase stock components of

this disclosure include, for example, 2-hexyl-1-decyl benzoate, 2-hexyl-1-decyl phenylacetate, 2-
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hexyl-1-decyl 3-phenylpropionate, 2-octyl-1-dodecyl phenylacetate, 2-butyl-l-octyl 4-
phenylbutyrate, 2-hexyl-1-decyl 4-methoxyphenyvlacetate, 2-hexyl-1-decyl m-tolylacetate, 2-
hexyl-1-decyl p-tolylacetate, 2-phenyiethyl 2-hexvldecanoate, and the like.

[0075) Hlustrative aromatic alkancate monoester base stock and cobase stock componenis of
formula (I) include, for example, 2-ethylhexyl phenylacetate, 2-heptylundecvl phenviacetate, 2-
octyldecyl phenylacetate, 2-octyldodecvl phenylacetate, 2-decyldodecyl phenylacetate, 2-
decyltetradecy] phenylacetate, 2-hexyldecyl phenylacetate, 2-butyloctyl phenylacetate, isopropyl
phenylacetate, 2-methylbutyl phenylacelate, 2-methylpentyl phenylacetate, isotridecyl
phenylacetate, isodecyl phenyvlacetale, isononyl phenylacetate, isooctyl phenylacetate, 2-
ethylhexy1 phenylpropionate, 2-heptylundecyl phenylpropionate, 2-octyldecyl phenvipropionate,
2-octyldodecyl  phenyipropionate, 2-decyldodecyl phenylpropionate, 2-decyletradecy]
phenylpropionate, 2-hexyldecyi phenylpropionate, 2-buiviociyl phenylpropionale, isopropyi
phenylpropionate, 2-methylbuty] phenylpropionate, 2-methylpentyl phenyipropionate, isotridecyl
phenylpropionate,  isodecyl phenylpropionate, isononyl phenylpropionate, isooctyl
phenylpropionate, 2-ethythexyl tolylacetate, 2-heptylundecy! tolylacetate, 2-octyldecyl
tolylacetate, 2-octyldodecyl tolylacetate, 2-decyldodecyl tolylacetate, 2-decvlietradecyl
tolviacetate, 2-hexyldecyl tolylacetate, 2-butvioctyl tolylacetate, isopropvi tolylacetate, 2-
methvibutyl  tolylacetale, 2-methylpentyl tolylacetate, isotridecyl tolvlacetate, isodecyl
tolylacetate, isononyl tolvlacetate, isoociyl tolvlacetate, 2-ethylhexyl tolylpropionate, 2-
heptylundecyl iolylpropionate, 2-ociyldecyl tolylpropionate, 2-octyldodecyl tolylpropionate, 2-
decyldodecyl tolvipropionaie, 2-decylietradecy! tolylpropionate, 2-hexyldecyl tolvipropionate, 2-
butyloctvl  iolylpropionate, isopropyl tolylpropionate, 2-methyibutyl  tolylpropionate,
2-methyvlpentyl tolylpropionate, isotridecyl tolylpropionate, 1sodecyl tolylpropionate, isononyl
tolvlpropionate, isooctyl tolvipropionate, 2-ethylhexyl xylyiacetate, 2-heptylundecyl xylylacetate,
2-octyldecy]  xylylacelate, Z-octyldodecyl wylvlacetate, 2-decyldodecyl xylylacetate, 2-
decyltetradecyl xylvlacetate, 2-hexvldecyl xylylacetaie, 2-butyloctyl xylylacetate, isopropyl
xylylacetate, 2-methylbutv]l xylvlacetate, 2-methylpeniyl xylylacetate, isotridecyl xvlylacetate,
isodecyl xylylacetaie, isononyl xylylacetaie, isoociyl xylylacetate, 2-ethythexyl xylylpropionate,
2-heptylundecyl sylylpropionate, 2-octyldecyl xylylpropionate, 2-octyldodecyl xylylpropionate,
2-decyldodecy! xylyipropionate, 2-decyltetradecyl xylylpropionate, 2-hexyldecyl sylylpropionate,
2-butyloctyl xvlylpropionate, isopropyl xylylpropionate, 2-methylbuty! xylyvipropionate, 2-
methylpentyl xylylpropionate, isotridecyl xylylpropionate, isodecyl xylylpropionate, 1sononyl
xylylpropionate, isoocty]l xylylpropionate, 2-ethylhexy] methoxyphenylacetate, 2-hepiylundecyl

methoxyphenylacetate, 2-octyldecyl methoxyphenylacetate, 2-octyidodecyl
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methoxyphenylacetate, 2-decyidodecyl methoxyphenviacetate, 2-decyltetradecyl
methoxyphenylacetate, 2-hexyldecyl methoxyphenylacetate, 2-butyloctyl methoxyphenylacetate,
isopropyl  methoxyphenvlacetate, 2-methylbutyl methoxyphenylacetate, 2-methylpentyl
methoxyphenylacetate, isofridecyl methoxyphenylacetale, isodecyl methoxyphenylacetate,
isononyi methoxyphenylacetale, isooctyl methoxyphenylacetate, 2-ethylhexyl
methoxvphenylpropionate, Z-heptylundecyl methoxyphenylpropionate, 2-octyidecyl

methoxy phenylpropicnate, 2-octyldodecyl  methoxyphenyipropionate, 2-decyldodecyl

methoxyphenylpropionate, 2-decyltetradecyl methoxy pheny lpropionate, 2-hexyldecyl
methoxyphenylpropionate. 2-butyloctyl methoxyphenylpropionate, isopropyl
methoxyphenylpropionate 2-methylbuty! methoxy phenylpropionate, 2-methyipentyl
meihoxyphenylpropionate, isotridecyl methoxy phenylpropionate, isodecyl
methoxyphenylpropionate, 1sononyl methoxy phenylpropionate, 1sooclyl

methoxyphenylpropionate, 2-ethylhexyl phenylbutyrate, 2-heptvlundecyl phenylbuiyrate, 2-
octyldecyl phenylbutyrate, 2-octyldodecyl phenylbutyrate, 2-decyldodecyl phenylbutyrate, 2-
decylietradecyl phenylbuiyrate, 2-hexyldecyl phenylbulyrate, 2-butyloctyl phenylbutyrate,
1sopropyl  phenylbutyrate, 2-methylbutyl phenylbutyrate, 2-methylpentyl phenyibutyrate,
isotridecyl phenylbutyrate, isodecyl phenylbutyrate, isononyl phenylbutyrate, isooctyl
phenylbutyrate, and the like.

|0076] Hlustrative aromatic alkanoate monoester base stock and cobase stock components of
formula (iI) include, for example, benzyl 2-bulyloctancate, benzyl 2-hexyloctanoate, benzyl 2-
hexyldecancate, benzyl 2-heptylundecanoate, benzyl 2-octyldecanoate, benzyl 2-
octyldodecanoate, benzyl 2-decyldodecancate, benzyl 2-decylietradecanoate, phenylethyl 2-
butyloctanoate, phenylethyl 2-hexyloctancate, phenviethyl 2-hexyldecancate. phenylethyl 2-
heptylundecanoate, phenylethyl 2-octyldecanoate, phenylethyi 2-octyldodecancate, phenylethyl 2-
decyldodecanoate, phenylethyl  2-decyltetradecanoate,  phenylpropyl  2-butyloctanoate,
phenylpropyt  2-hexyloctanoate,  phenylpropyl  2-hexvidecanoate,  phenylpropyl  2-
heptylundecanoate,  phenylpropyl 2-octyldecancate, phenvipropyl  2-octyldodecanoate,
phenylpropyl  2-decyldodecancate, phenylpropyl 2-decylteiradecanoate, phenylbutyl 2-
butyloctanoate, phenylbutyl 2-hesylocianoate, phenylbutyl 2-hexyldecancate, phenylbuiyl
2-heptylundecanoate. phenylbutyl 2-octyldecanoate, phenylbuiyl 2-octyldodecanoate, phenyibutyl
2-decyldodecanoate, phenylbutyl  2-decylietradecanoate, phenylpeniyl  2-butyloctanoate,
phenylpentyl  2-hexyloctanoate,  phenylpentyl  2-hexyldecanoate,  phenylpentyl  2-
heptylundecanoate,  phenylpentyl  2-octyldecanoate.  phenvipentyl  2-octyldodecanoate,

phenylpenty! 2-decyldodecanoate, phenylpentyl 2-decyltetradecancate, and the like.
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{0077} The aromatic alkanoate monoester base stock and cobase stock contponents of formula
(1) of the present disclosure can be prepared by a process (I) that involves reacting a substituted or
unsubstituied alcohol with a substituted or unsubstituted aromatic alkanocic acid, optionally in the
presence of a catalysi, under reaction conditions sufficient to produce one or more aromatic
alkanoate monoester base stock and cobase stock components of formula ().

[6078] Ilustrative alcohols useful in the process (I) of this disclosure include, for example, 2-
heptyi-1-undecanc!, 2-hexyl-1-octanol, 2-hexvl-1-decanol, 2-octyl-l1-decanol, 2-octyl-1-
dodecanol, 2-butyl-1-octanol, 2-decyl-1-dodecanol, 2-decyl-1-tetradecanol, 2-ethyi-1-hexanol, 2-
butyl-i-hexanol, isopropanol, 2-methylbutanol, 2-methyi-1-pentanol, isotridecanol, isodecanol,
isononanol, isooctanol, alcohols obtained from hydroformylation-hydrogenation of terminal
monosubstituted  alkenes, 1.1-disubstituted alkenes, cis- or trans-12-disubstituted alkenes
{commonly known as oxo alcohols). Exanmples of commercially available oxo alcohols are, but
not limited to, Exxal*™ alcohols manufaciured and marketed by ExxonMobil Corporation}, and the
like.

[0G79] Dustrative aromatic alkanoic acids useful in the process () of this disclosure include,
for exampie, benzoic acid, phenylacetic acid, phenylproponic acid, phenyvibuiyric acid,
methoxyphenylacetic acid, tolylacetic acid, nitrophenylacetic acid, xylylacetic acid, tolylpropionic
acid, xylylpropionic acid, methoxyphenylpropionic acid, methosyphenylbutyric acid,
nitrophenylpropionic acid, nitrophenylbutyric acid, xylylbutyric acid, tolylbutyric acid, and the
like.

[008D) Reaction conditions for the reaction of the alcohol with the aromatic or alkanoic acid,
such as temperature, pressure and contact time, may also vary greatly and any suitable combination
of such conditions may be employed herein. The reaction temperature may range between about
25°C to about 300°C, and preferably between about 50°C to about 230°C, and more preferably
between about 100°C to about 200°C. Normally the reaction is carried out under ambient pressure
and the contact time may vary from a maiter of seconds or minutes to a few hours or greater. The
reaciants can be added to the reaction mixture or combined in any order. The reaction residence
time employed can range from about 30 seconds to about 48 hours, preferably from about 5 minutes
to 36 hours, and miore preferably from about I hour to 24 hours.

[6081] The aromatic alkanoate monoester base stock and cobase stock components of fornwla
(i) of the present disclosure can be prepared by a process (IT) thai involves reacting a substituted
or unsubstituted aromatic alkanol with a substituted or unsubstituted carboxvlic acid, oplionally in
the presence of a catalyst, under reaclion conditions sufficient to produce aromatic alkanoaie

monoester base stock and cobase stock components of formula {(I1).
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(0082} Hlustrative aromatic alkanols useful in the process (I} of this disclosure includs, for
example, benzyl alcohol, phenylethanol, phenvlpropanol, phenylbutanol, phenvipentanol,
tolylethanol, phenylbenzyl alcohol, and the like.

[0083] Hlustrative carboxylie acids use{ul in the process (II) of this disclosure include, for
example, 2-hexyldecanoic acid, 2-hexyloctancic acid, 2-heptylundecanoic acid, 2-butylhexanoic
acid, 2~octyldecanoic acid, 2-butyldecanoic acid, 2-butyloctanoic acid, 2-ethylhexanoic acid, 2-
butyldodecanoic acid, 2-hexyldodecanoic acid, 2-octyldodecansic acid, 2-decyldodecanoic acid,
2-decylistradecanoic acid, isotridecansic acid, isononanoic acid. and the like.

(6084} Reaction conditions for the reaction of the aromatic alkanol with the carboxylic acid,
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of such conditions may be emploved herein. The reaction temperature may range between about
25°C to about 300°C, and preferably between about S0°C to about 250°C, and more preferably
between about 100°C to about 200°C. Normally the reaction is carried out under ambient pressure
and the contact time may vary from a matter of seconds or minutes to a few hours or greater. The
reactants can be added to the reaction mixture or combined in any order. The reaction residence
tme employed can range from about 30 seconds o about 48 hours, preferably [rom about 5 minutes
to 3¢ hours, and more preferably from about T hour o 24 hours.

|0085] The monoester base stock component is preferably present in an amount sufficient for
providing oxidative stability in the Tubricating oil. The monoester base stock component can be
present as the major base stock in the lubrnicating oils of this disclosure.  Accordingly, the
moenoester can be present in an amount from about | to about 99 weight percent, preferably from
about 5 to about 99 weight percent, and more preferably from about 10 to about 99 weight percent,
or more preferably from about 40 (o about 90 weight percent, or more preferably from about 50 to
about 80 weight percent, ot more preferably from about 60 to about 80 weigh{ perceni.

|0086] The monoester base stock component can also be present as a minor co-base stock in
the lubricating oils of this disclosure. Accordingly, the monoester co-base stock component of the
present lubricating oils will typically be present from 1 o 50 weight, or more preferably from 5 to
50 percent, or more preferably from [0 to 40 percent, or more preferably from 20 to 30 percent.
Other Additives

[G087] The forraulated Jubricating oil useful in the present disclosure may additionally contain
one or more of the other commonly used Iubricating ml performance additives including but not
limited fo dispersants, other detergents, corrosion inhibitors, rust inhibitors, metal deaclivators,
other anti-wear agents and/or extreme pressure additives, anii-seizure agents, wax modifiers,

viscosity index improvers, viscosity modifiers, fluid-loss additives, seal compatibility agents, other



WO 2017/116895 PCT/US2016/067962

-25-

friction modifiers, lubricily agents. anti-staining agents, chromophoric agenis, defoamants,
demulsifiers, emulsifiers, densifiers, wetting agents_ gelling agents, tackiness agents, colorants,
and others. For a review of many commonly used additives, see Klamann in Lubricants and
Related Products, Verlag Cherie, Deerfield Beach, FL; ISBN (-89573-177-0. Reference is also
made to “Lubnicant Additives Chemustry and Applications™ edited by Leslie R. Rudnick, Marcel
Dekker, Inc. New York, 2003 ISBN: 0-8247-0857-1.

|6088] All of the additives described below can be used alone or in combination. The total
treat rates for the additives ¢an range from 1 to 30 percent, or more preferably from 2 to 25 percent,
or more preferably from 3 to 20 percent, or more preferably from 4 to 15 percent, or more
preferably from 5 to 10 percent. Particularly preferred compositions have additive levels between
15 and 20 percent.

[0089] 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 illusirations.

Viscosity Modifiers

[0090) Viscosity modifiers (also known as viscosity index improvers - VI improvers - and
viscosity improvers) can be included in the fubricant compositions of this disclosure.

[0G91] Viscosity modifiers provide tubricants with high and low temperature operability.
These additives impart shear stability at elevated temperatures and acceplable viscosity at low
temperatures.

[0092] Suitable viscosity modifiers include high molecular weight hydrocarbons, polyesters
and viscosity modifier dispersants that function as both a viscosity modifier and a dispersant.
Typical molecular weights of these polyiers are between about 10,000 Lo 1,500,000, more
typically about 20,000 to 1,200,000, and even more typically between about 50,000 and 1,000,000
[6G93] Examples of suitable viscosity modifiers are linear or star-shaped polymers and
copolymers of methacrylate, butadiene, olefins, or alkylated styrenes. Polyisobulylene is a
commonly used viscosity modifier. Another suitable viscosity modifier is polymethacrylate
(copolymers of various chain length alkyl methacrylates, for example), some formulations of
which also serve as pour point depressants. Other suitable viscosity modifiers include copoly mers
of ethylene and propylene, hydrogenated block copolymers of styrene and isoprene, and
polyacrylates {copolymers of various chain length acrylates, for example). Specific examples
include styrene-isoprene or styrene-butadiene based polymers of 50,000 to 200,000 molecular
weight.

[6094| Otefin copolymers are commercially available from Chevron Oronite Company LLC

under the trade designation “PARATONE®"” (such as “PARATONE®R §921” and “PARATONE®
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89417 from Afton Chemical Corporation under the trade designation “HITEC®” (such as
“HiTEC® 5850B”; and from The Lubrizol Corporation under the trade designation “Lubrizol®
7067C”. Hydrogenated polyisoprene star polymers are commercially available from Infineum
Interational Limited, e.g., under the trade designation “SV200” and “SV600”. Hydrogenated
diene-styrene block copolymers are commercially available from Infineum Internationat Limited,
e.g.. under the trade designation “SV 50”.
[G695] The polymethacrylate or polyacrylate polymers can be linear polymers which are
avatlable from Evnoik Industries under the trade designation “Viscoplex®7 (e.g., Viscoplex 6-934)
or star polymers which are available from Lubrizol Corporation under the trade designation
Asteric™ (e.g., Lubrizol 87708 and Lubrizol 87725).
[0096] Hlustrative vinyl aromatic-containing polvmers useful in this disclosure may be derived
predonunantly from vinyl aromatic hy drocarbon monomer. Wustrative vinvl aromalic-containing
copolymers useful in this disclosure may be represented by the foflowing general formula:

A-B
wherein A is a polymeric block derived predominantly from vinyl aromatic hydrocarbon monomer,
and B is a polymeric block denved predominantly from conjugated diene monomer.
[6097] The viny! aromatic-containing polymers or copolymers useful in this disclosure have a
weight average molecular weight greater than about 80,000, and a number average molecular
weight greater than about 40,000; preferably a weight average molecular weight greater than about
90,000, and a number average molecular weight greater than about 75,000; and more preferably a
weight average molecular weight greater than about 100,000 and less than 1,000,000, and a number
average molecular weight greater than about 100,000 and less than 1,000,000, The vinyl aromatic-
containing polymers or copolymers have an amount of vinyl aromatic content greater than about
10% by weight, or greater than about 20% by weight, or greater than about 30% by weight, of the
vinyl aromatic-containing polymer or copolymer. The vinyl aromatic-containing polymers or
copolymers have an amount of vinyl aromatic content preferably between about 10% and about
50% by weight, more preferably between about 15% and about 40% by weight, and even more
preferably between about 20% and about 35% by weight, of the vinyl aromatic-containing poly mer
or copolymer,
[6098] In an erobodiment of this disclosure, the viscosity modifiers may be used in an amount
of less than about 2.0 weight percent, preferably less than about 1.0 weight percent, and more
preferably less than about 0.5 weight percent, based on the total weight of the formulated oil or
lubricating engine oil. Viscosity modifiers are typically added as concentrates, in large amounts

of diluent oil.
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[0099) In another embodiment of this disclosure, the viscosity moedifiers may be used in an
amount of from 0.05 to about 2.0 weight percent, preferably 0.15 to about 1.0 weight percent, and
more preferably 0.25 to about (.5 weight percent, based on the total weight of the formutated oil
or lubricating engine oil. Or the viscosily modifiers may be used in an amount {1otal solid polymer
content) of from 0.5 to about 2.0 weight percent, preferably 0.8 1o about 1.5 weight percent, and
more preferably 1.0 to about 1.3 weight percent, based on the total weight of the formulated oil or
tabricating engine oil.
[00109]  As used herein, the viscosity modifier concentrations are given on an “as delivered”
basis. Typically, the active polymer is delivered with a diluent oil. The “as delivered” viscosily
modifier typically contains from 20 weight percent to 75 weight percent of an active polymer for
polymethacrylate or polyacrylaie polvmers, or from & weight percent to 20 weight percent of an
active polymer for olefin copolymers, hydrogenaled polyisoprene star polymers, or hydrogenated
diene-styrene block copolymers, in the “as delivered” polymer concentrate.
Antioxidants
[00101] Typical anti-oxidant include phenolic anti-oxidants, aminic anti~oxidants and oil-
soluble copper complexes.
[00102] The phenolic aniioxidants include sulfurized and non-sulfurized phenolic antioxidants.
The terms “phenolic type” or “phenolic antioxidant” used herein includes compounds having one
or more than one hydroxv] group bound to an aromatic ring which may 1itself be mononuclear, e.g.,
benzyl, or poly-nuclear, e.g., naphthyl and spiro aromatic compounds. Thus “phenol type”
includes phenol per se, catechol, resorcinol, hvdroguinone, naphthol, etc., as well as alkyl or
alkenyl and suifurized alkvl or alkenyl derivatives thereof, and bisphenol type compounds
including such bi-phenol compounds linked by alkylene bridges sulfuric bridges or oxygen bridges.
Alkyl phenels include mono- and poly-alkyl or alkenyl phenols, the alkyl or alkenyl group
containing from about 3-100 caibons, preferably 4 (o 50 carbons and sulfurized derivatives thereof,
the number of alky! or alkenyl groups present in the aromatic ring ranging from ! to up to the
available unsatisfied valences ot the aromatic ring rematning after counting the number of hy droxyl
groups bound io the aromalic ring.
[00103] Generally, therefore, the phenolic anti-oxidant may be represented by the general
formula:

(R)—Ar—(OH)y

where Ar is selected from the group consisting of:
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wherein R is a C;-C,, alkyl or alkeny! group, a sulfur substituted alkyl or alkenyl group, preferably

a C,-Cy, alkyl or alkenyl group or sulfur substituted alkyl or alkenyl group, more preferably C,-
Cyy alkyl or sulfor substituted alkyl group, most preferably a C,-C,, alkyl group, R% is a C1-C1e0
alkylene or sulfur substituted alkylene group, preferably a Ca-Cso alkylene or sulfur substituted
alkylene group, more preferably a C»-C» alkylene or sullur substituted alkylene group, v is at least
1 to up to the available valences of Ar, x ranges from 0 {0 up to the available valances of Ar-y, z
ranges from 1 to 10, n ranges from 0 10 20, and mis 0 to 4 and pis 0 or 1, preferably y ranges from
1 to 3, x ranges from 0 to 3, z ranges from 1 to 4 and n ranges from 010 5, and p is 0.

[00104] Preferred phenolic anti-oxidant compounds are the hindered phenolics and phenolic
esters which contain a sterically hindered hydroxyl group, and these include those derivatives of
dihydroxy aryi compounds in which the hydroxyl groups are in the o- or p-position to each other.
Ty pical phenofic anti-oxidants mnclude the hindered phenols substituted with €1+ alkyl groups and
the alkylene coupled derivatives of these hindered phenols. Examples ol phenolic materials of this
type 2-t-butyl-4-heptyl phevol; 2-t-butyl-4-octvl phenol, 2-t-buiyl-4-dodecyl phenol; 2,6-di-
t-butyl-4-heptyt phenol; 2,6-di-t-butyl-4-dodecy! phenol: 2-methyl-6-t-buiyl-4-heptyl phenol;
2-methyl-6-t-butyi-4-dodecyl phenol; 2,6-di-t-butyl-4 methyl phenol; 2,6-di-t-butyl-4-ethyl
phenol; and 2.6-di-t-buty] 4 alkoxy phenol; and
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t—(butyl) __ t—-butyl

C—C——C—0— (C3~Cyy)

{00103]  Phenolic type anti-oxidants are well known in the lubricating industry and commercial
examples such as Ethanox® 4710, Irganox® 1076, [rganox® L1035, Irganox® 101¢, Irganox®
1109, Irganox® L118, Irganox® L1135 and the like are familiar to those skilled in the art. The
above 1s presented only by way of exemplification, not Limitation on the type of phenolic
anti-oxidants which can be used.

[00106] The phenolic anti-oxidant can be employed in an amount in the range of about 0.1 to 5
wi%, preferably about 0.5 to 3 wit%, more preferably 1 to 3 wt% on an active ingredient basis.
[60107] Aromatic amine anti-oxidants include phenyl-g-naphthy! amine which is described by

the following molecular structure:

(R?)
n
HN ...... 74N

O

wherein R* is hydrogen or a C1 to Cua linear or Cs 1o Cys branched alkyl group, preferably C1 to
Cuo linear or €5 to Cio branched alkyl group, more preferably linear or branched Cs to Cs and nt is
an integer ranging from 1 to S preferably 1. A particular example is Irganox L06,

[06108] Other aromatic amine anti-oxidants include other alkyvlated and non-alkylated aromatic
anmines such as aromatic monoamines of the formula R¥R’R!*N where R? is an aliphatic, aromatic
or substituted aromatic group, R’ is an aromatic or a substituted aromatic group, and R'? is H, alkyl,
arvl or RMS(0)R?? where R'! is an alkylene, alkenylene, or aralkylene group, R'? is a higher alkyl
group, or an alkenyl, aryl, or atkary] group, and x is 0, 1 or 2. The aliphatic group R* may contain
from 1 to about 20 carbon atoms, and preferably contains from about 6 to 12 carbon atoms. The

aliphatic group is a saturated aliphatic group. Preferably, both R® and R® are aromatic or substituled
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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.

[66109] Typical aromatic amines anti-oxidants have alkyl substituent groups of at least about 6
carbon aloms. Examples of aliphatic groups include hexyl, heptyl, octyl, nonyl, and decyl.
Generally, the aliphatic groups will not contain more than about 14 carbon atoms. The general
types of such other additional amine anti-oxidants which may be present include diphenvlamines,
phenothiazines, imidodibenzyls and dipheny! phenylene diamines. Mixtures of two or more of
such other additional aromatic amines way also be present. Polymeric aming antioxidants can also
be used.

[661190] Aromatic amines anti-oxidants can be employed in an amount in the range of about 0.1
Lo 5 wi%, preferably about 0.5 to 3 wit%, more preferably 1 to 3 wi% on an active ingredient basts.
1600113  Another class of anti-oxidant used in lubrnicating oil compositions and which may also
be present are oil-soluble copper compounds. Any otl-soluble suitable copper compound may be
blended into the lubricating oil. Examples of suitable copper antioxidants include copper
dihydrocarby] thio- or dithio-phosphates and copper salts of carboxyhe acid (naturally occurring
or synthetic). Other suitable copper salts include copper dithiacarbamaties, sulphonates, phenates,
and acetylacetonates. Basic, neutral, or acidic copper Cu(l) and or Cu{fl) salis derived from alkenyl
succinic acids or anhydrides are known to be particularly useful.

100112]  Such antioxidants may be used individually or as mixtures of one or more types of
antioxidanis, the total amourd employed being an amount of about £.50 to 5 wi%, preferably about
0.75 10 3 wt% {on an as-received basis).

[66i13} Illustrative detergents useful in this disclosure include, for example, alkali metal
detergents, atkaline earth metal detergents, or mixtures of one or more alkali metal detergents and
one or more alkaline earth metal detergents. Oils formulated with low concentrations of detergents
and/or tow ash detergents can be preferred as low ash, low metals, low phosphorus oils. A typical
detergent is an anionic material that contains a long chain hvdrophobic portion of the molecule and
a smalter anionic or oleophobic hydrophilic portion of the molecule. The anionic portion of the
detergent is typically derived from an organic acid such as a sulfur acid, carboxylic acid,
phosphorous acid, phenol, or mixtures thereof. The counterion is typically an alkaline earth or
alkali metal,

{66114}  Salts that contain a subsiantially stochiometric amount of the metal are deseribed as
neutral salts and have a total base number (BN, as measured by ASTM D2896) of from 0 to 80

Many compositions are overbased, containing large amounis of a metal base that is achieved by
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reacting an excess of a metal cormpound (a metal hydroxide or oxide, for example) with an acidic
gas (such as catbon dioxide). Useful detergents can be neutral, mildly overbased, or highly
overbased. These detergents can be used in mixtures of neutral, overbased, highly overbased
calcium salicylate, sulfonates, phenates and/or magnesium salicylate, sulfonates, phenates. The
TBN ranges can vary from low, medium to high TBN products, including as low as 0 to as high as
600. Mixtures of low, medium, high TBN can be used, along with mixiures of calcium and
magnesivm  metal based detergents, and including sulfonates, phenates, salicylates, and
carboxylates. A detergent mixture with a melal ratio of 1, in conjunclion of a detergent with a
metal ratio of 2, and as high as a detergent with a metal ratio of 5, can be used. Borated detergents
can also be used.

[06115]  Alkaline earth phenates are another useful class of detergent. These detergents can be
made by reacting alkaline earth metal hydroxide or oxide (CaO, Ca{OH)2, Ba0O, Ba(OH)2, MgO.
Mg(OH)2, for example) with an alkyl phenol or sulfurized alkylphenol Useful alkyl groups
include straight chain or branched C1-C30 alkyl groups, preferably, C4-C20 or mixtures thereof.
Examnples of suitable phenols include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecy]
phenol, and the like. It should be noted that starting alkylphenols may contain more than one alkyl
substituent that are each independently straight chain or branched and can be used from .5 10 6
weight percent. When a non-sutfurized alkylphenol is used, the sulfurized product may be obtained
by methods well known in the art. These methods include heating a nmixture of alkylphenol and
sulfurizing agent (including elemental sulfur, sulfur halides such as sulfur dichloside, and the like)
and then reacting the sulfurized phenol with an alkaline earth metal base.

[00i16] Metal salls of carboxylic acids are also useful as detergents. These carboxylic acid
detergents may be prepared by reacting a basic metal compound with at least one carboxvlic acid
and removing free water from the reaction product. These compounds may be overbased fo
produce the desired TBN level. Detergents made from salicylic acid are oune preferred class of
detergents derived from carboxylic acids. Useful salicvlates include Jong chain alkyl salicylates.

One useful family of compositions is of the formula
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where R 1s an alkyl group having 1 to about 30 carbon atoms, n is an integer from 1 to 4, and M is
an alkaline earth metal. Preferred R groups are alkyl chains of at least C11, preferably C13 or
greater. R may be optionally substituied with substituents that do not interfere with the detergent’s
function. M s preferably, calcium, magnesium, or barium. More preferably, M is calcium or
magnesium,

[06117] Hydrocarbyl-substituted salicylic actds may be prepared from phenols by the Kolbe
reaction (see U.S. Patent No. 3,595,791). The metal salts of the hydrocarbyl-substituted salicylic
acids may be prepared by double decomposilion of a metal sali in a polar solvent such as water or
alcohol.

[06118] Alkaline earth metal phosphates are also used as delergents and are known in the art.
[06119]  Detergents may be simple detergents or what is known as hybrid or complex detergents.
The latler delergents can provide the properties of two detergents without the need to blend separate
materials. See U.S. Patent No. 6,034,039,

[06120} Preferred detergents include calcium phenates, calcium sulfonates, cafcium salicylates,
magnesium phenates, magnesium sulfonates, magnesium salicylates and other related components
(including borated detergents), and mixtures thereof. Preferred mixiures of detergents include
magnesium sulfonate and calcium salicvlate, magnesium sulfonate and calcium sulfonate,
magnesium sulfonate and caleiwm phenale, calciurn phenate and calcium salicylate, calcium
phenate and calcium sulfonate, calcium phenate and magnesium salicylate, calcium phenate and
magnesium phenate.

[00121] The lubricating oils of this disclosure exhibit desired properties, e.g., wear control,
deposit conirol and fuel efficiency, in the presence or absence of a detergent, in particular, the
presence or absence of a salicylate detergent or a sulfonate detergent.

[00122] The detergent concentration in the lubricating oils of this disclosure can range from
about 0.5 to about 20 weight percent or more, preferably about 0.6 (o 5.0 weight percent, and more
preferably from about 0.8 weight percent to about 4.0 weight percent, based on the total weight of
the lubricating oil.

[60123]  As used herein, the defergent concenirations are given on an “as delivered” basis.
Typically, the active detergent is delivered with a process oil.  The “as delivered” defergent
tvpically contains from about 20 weight percent to about 100 weight percent, or from about 40
weight percent 1o about 60 weight percent, of active detergent in the “as delivered” detergent

product.
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Dispersants

[66124] During engine operation, oil-insoluble oxidation byproducts are produced. Dispersants
help keep these byproducts in solution, thus diminishing their deposition on metal surfaces.
Dispersants may be ashless or ash-forming i 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 ashiess. In
contrast, metal-containing detergents discussed above form ash upen combustion.

[60125]) Suitable dispersants typically contain a polar group attached to a relatively high
molecular weight hydrocarbon chain. The polar group typically contains at least one element of
nitrogen, oxygen, or phosphorus. Typical hydrocarbon chains contain 5¢ to 400 carbon atoms.
[60126] A particularly useful class of dispersants are the alkenylsuccinic derivatives, typically
produced by the reaction of a long chain subslituled alkenyl succmic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polyamino compound. The fong chain group
constituting the oleophilic portion of the molecule which confers solubility in the oil, is normaily
a polyisobutylene group. Polyisobutylene group with high terminal vinylic content can be
preferred. Many examples of this type of dispersant are well known commercially and in the
literature, Exemplary patents describing such dispersants are U.S. Patent Nos. 3,172,892;
3,219,666, 3,316,177 and 4,234,435, Other types of dispersants are described in U.S. Patent Nos.
3,036,003; and 5,705,438,

[00127] Hydrocarbyl-substiluted succinic acid compounds are popular dispersants. In
particular, succinimide, succinate esters, or succinate ester amides prepared by the reaction of a
hydrocarbon-substituted succinic acid compound preferably baving at least 50 carbon atoms in the
hydrocarbon substituent, with aft least one equivalent of an alkylene amine are particularly useful.
[00128] Succinimides are formed by the condensation reaction betwesn alkenyl succinic
anhydrides and amines. Molar ratios can vary depending on the arnine or polyamine. For examnple,
the molar ratio of alkenyl succimc avhydride to TEPA can vary from about 1:1 to about 5:1 or
more.

[60129] Succinate esters are Formed by the condensation reaction betwesn alkeny! succinic
anhydrides and alcohols or polvols. Molar ratios can vary depending on the alcohol or polyol used.
For example, the condensation product of an alkeny! succinic anhydride and pentaerythritol is a
useful dispersant.

[60130] Succinate ester amides are formed by condensation reaction between alkenyl succinic

anhydrides and alkanol amines. For example. suitable alkanol amines include ethoxylated
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polyalkylpolyamines, propoxylated polyalkylpolvamines and polyalkenylpolyamines such as
polyethvlene polyamines. One example is propoxylated hexamethylenediamine.

[06131] The molecular weight of the alkeny! succinic anhvdrides will typically range between
400 and 5,000 with preferred ranges between 800 and 2,.500. The above products can be post-
reacted with various reagents such as sulfur, oxygen, formaldehyde, carboxylic acids such as oleic
acid, and boron compounds such as borate esters or highly borated dispersants. The dispersanis
can be borated with from about 0.1 to about 5 moles of boron per mole of dispersant reaction
product,

{66132} Mannich base dispersants are made from the reaction of alkyiphenols, formaldehyde,
and amines. Process aids and catalysis, such as oleic acid and sulfonic acids, can also be pari of
the reaction mixture. Molecular weights of the alkylphenols range from 800 to 2,500. Mannich
base dispersants can also be borated and nuxtures of Mannich base dispersanis can be used.
[06133] Typical high molecular weight aliphatic acid modified Mannich condensation products
can be prepared from high molecular weight alkyl-substituted hydroxyaromatics or HN(R )z group-
containing reactants.

[08134] Examples of high molecular weight alkyl-substituted hydroxyaromatic compounds are
polypropylphenol, polybutylphenol, and other polyalkyiphenols. These polyalkyiphenols can be
obtained by the alkylation, in the presence of an alkylating catalyst, such as BT, of phenol with
high molecular weight polypropylene, polvbutylene, and other polyalkylene compounds to give
alkyl substituents on the benzene ring of phenol having an average 600-100,000 molecular weighi.
[00135] Examples of HN(R}2 group-containing reactants are alkylene polyamines, principatly
polyethylene polyamines. Other representative organic compounds containing at least one HN(R):
group suitable for use in the preparation of Mannich condensation products are well known and
include the mono- and di-amino alkanes and their substituted analogs, e.g., ethylamine and
diethanol amine; aromatic diamines, e.g., phenviene diamine, diamino naphthalenes; heterocyclic
amines, e.g., morpholine, pytrole, pyrrolidine, imidazole, imidazolidine, and piperidine; melamine
and their substituted analogs.

[00136] Examples ol alkylene polyamine reaclants include ethylenediamine, diethylene
triamine, triethylene tetraamine, tetracthylene pentaarnine, pentaethylene hexamine, hexaethylene
heptaamine, heptacthylene octaamine, octaethylene nonaamine, nonaethylene decamine, and
decaethylene undecamine and mixture of such amines having nitrogen contents corresponding to
the alkylene polyamines, im the fornmida HaN-(Z-NH-)uH, mentioned before, Z is a divalent
ethylene and n is 1 to 10 of the foregoing formula. Corresponding propylene polyamines such as

propylene diamine and di-, tri-, tetra-, pentapropylene tri-, tetra-, penta- and hexaamines are also
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suitable reaclants, The alkylene polyamines are usually obtaimed by the reaction of anwonia and
dihalo alkanes, such as dichloro alkanes. Thus the alkvlene polvamines obtained from the reaction
of 2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes having 2 to 6 carbon atoms
and the chlorines on dilferent carbons are suilable alkylene polyantne reaciants.

[00137] Aldehyde reactants useful in the preparation of the high molecular preducts useful in
this disclosure include the aliphatic aldehvdes such as formaldehvde (also as paraformaldehyde
and formalin), acetaldehyde and aldol (B-hydroxybutyraldehvde).  Formaldehyde or a
formaldehyde-yielding reactant is preferred.

[00138} Preferred dispersants include borated and non-borated succinimides, including those
derivatives from mono-succinimides, bis-succinimides. and/or mixtures of mono- and bis-
succinimides, wherein the hydrocarbyl succinimide is derived {rom a hydrocarbylene group stich
as polyisobutylene having a Mn of from about 500 to about 5000 or a mixture of such
hvdrocarbylene groups. Other preferred dispersants include succinic acid-esters and amides,
alkylphenol-polyamine-coupled Mannich adducts, their borates and capped derivatives, such as,
polycychic carbonates, and other related components. Such additives may be used in an amount of
about 0.1 to 20 wi%, preferably about 0.1 to 8 wt%, more preferably about 1 to 6 wi% (on an as-
received basis or 0-10 wi% on an active ingredient basis) based on the weight of the total lubricant.

Pour Point Depressants

[60139] Conventional pour point depressants (also known as lube oil flow improvers) may also
be present. Pour point depressant may be added to lower the minimum temperature at which the
fluid will flow or can be poured. Examples of suitable pour point depressants include alkylated
naphthalenes polymethacrylates, polyacrvlates, polyarylamides, condensation products of
haloparaffin waxes and aromatic compounds, vinyl carboxylate polymers, and terpolymers of
dialkyifumarates, vinyl esters of fatly acids and allyl vinvl ethers. Such additives may be used in
amount of about 0.0 10 0.5 wi%, preferably about 0 to 0.3 wt%, more preferably about 0.001 to 0.1
wt% on an as-received basis.

Corrosion Inhibitors/Metal Deactivators

[60140] Corrosion inhibitors are used to reduce the degradation of meiallic paris that are in
contact with the lubricating oil composition. Suitable corrosion inhibitors include aryl thiazines,
alkvl substituted dimercapto thiodiazoles thiadiazoles and mixtures thereof. Such additives may
be used in an amount of about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%, more preferably
about 0.01 1o 0.2 wi%, still more preferably about 0.01 to 0.1 wi% {(on an as-received basis) based

on the total weight of the lubricating oil composition.
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Seal Compaubility Additives

[00141] Seal compatibility agents help to swell elastomeric seals by causing a chemical reaction
in the fluid or physical change in the elastomer. Suitable seal compatibility agents for lubricating
oits mclude organic phosphates, aromatic esiers, aromatic hydrocarbons, esters (bulvibenzyl
phthalate, for example), and polybutenyl succinic anhydride and sulfolane-type seal swell agenls
such as Lubrizol 730-type seal swell additives. Such additives may be used in an amount of about
0.01 to 3 wt%, preferably about 0.01 to 2 wt% on an as-received basis.

Anti-Foam Agenls

[60142]) Anti-foam agents may advantageously be added to lubricant compositions. These
agenis retard the formation of stable foams. Silicones and organic poly mers are typical anti-foam
agents. For example, polysiloxanes, such as silicon oif or polydimethyi sitoxane, provide antifoam
properties. Anii-foam agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of these additives
combined is less than 1 percent, preferably 0.001 to about 0.5 wi%, more preferably about 0.001
to about 0.2 wi%, still more preferably about 0.0001 {0 0.15 wt% (on an as-received basis) based
on the total weight of the lubricating oil composition.

Inhibitors and Antirust Additives

[00343] Anti-rust additives (or corrosion inhibitors) are additives that protect lubricated metal
surfaces against chemical attack by water or other contaminants. One type of anii-rust additive is
a polar compound that wets the metal surface preferentially, proiecling it with a film of oil.
Another ty pe of anti-rust additive absorbs water by incorporaling it in a water-in-oil emulsion so
that only the oil touches the surface. Yet another lype of anti-rust additive chemically adheres to
the metal to produce a non-reactive surface. Examples of suitable additives include zinc
dithiophosphates, metal phenolates, basic metal sulfonates, fatty acids and amines. Such additives
may be used in an amount of aboul 0.01 o § wi%, preferably aboui 0.01 (o 1.5 wi% on an as-
recerved basis,

[66144] ZDDP anti-wear additives are essential components of the present disclosure. ZDDP
derived from C8 1o C18 primary or secondary alcohols and preferably derived from C4, C5, and/or
C7 primary or secondary alcohols and mixtures thereof are often preferred. In some applications,
low phosphorus ZDDP additives with <0.10% by weight phosphorus, leading to about from 0.02%
to 0.08% phosphorus in finished oils can be preferred. In addition to ZDDP, other anti-wear
additives can be present, including zinc dithiocarbarates, molybdenum dialkyldithiophosphates,
molybdenum dithiocarbamates. other organo molybdenum-nitrogen complexes, sulfurized olefins,

etc.
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[00145] The term “organo molybdenum-nitrogen complexes” embraces the organo
molybdenum-nitrogen complexes described in U.S. Patent 4,889,647, The complexes are reaction
products of a fatty oil, dithanolamine and a molybdenum source. Specific chemical structures have
no! been assigned to the complexes. U.S. Patent 4,889,647 reports an infrared specirum [or a
typical reaction product of that disclosure; the spectrum identifies an ester carbonyl band at 1740
emt and an amide carbonyl band at 1620 el The fatty oils are glyceryl esters of higher fatty
acids containing at least 12 carbon atoms up to 22 carbon atoms or more. The molybdenum source
s an oxygen-containing compound such as smmonium molybdates, molybdenum oxides and
mixtures.

[06146] Other organo molybdenum complexes which can be used in the present disclosure are
tri-nuclear moly bdenum-sulfur compounds described in EP 1 040 115 and WO 99/31113 and the
molybdenum complexes described in U.S. Palent 4,978,464,

Performance and Uses

[00147] The lubricant compositions of this disclosure give advaniaged performance in the
lubrication of intemal combustion engines, power trains, drivelines, {ransmissions, gears, gear
trains, gear sets, compressors, pumps, hydraulic sysiems, bearings, bushings, turbines, and the like.
[00148]  Also, the lubricant compositions of this disclosure give advantaged friction, wear, and
other lubricant performances in the lubrication of mechanical componenis, which cormprise, for
example, pistons, piston rings, cylinder liners, cyhinders, cams, tappeis, lifters, bearings (journal,
roller, tapered, needle, ball, and the like), gears, valves, and the like.

[0614%] Furiher, the lubricant compositions of this disclosure give advaniaged friction, wear,
and other fubricant performances under a range of lubrication contact pressures, from 1 MPas to
gteater than 10 GPas, preferably greater than 10 MPas, more preferably greater than 100 MPas,
even more preferable greater than 300 MPas. Under certain circumsiances. the instant disclosure
gives advantaged wear and friction performance at greater than 0.5 GPas, often at greater than 1
GPas. sometimes greater than 2 GPas, under selected circumstances greater than 5 GPas.

[00150]  Yet further, the lubricant compositions of this disclosure give advantaged friction, wear,
and other lubricant performances when used in combination with lubricated surfaces comprising:
metals, metal alloys, non-metals, non-metal alloys, mixed carbon-metal composites and alfoys,
mixed carbon-nonmetal composites and alloys, ferrous metals, ferrous composites and alloys, non-
ferrous metals, non-ferrous composites and alloys, fitanium, titanium composites and alloys,
atumunum, aluminum composites and alloys, magnesium, magnesium composites and alloys, 1on-
tmplanted metals and alloys, plasma modified surfaces; surface modified materials; coatings;

mono-layer, multi-layer, and gradient layered coatings; honed surfaces; polished surfaces; etched
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surfaces; fextured surfaces; micro and nano siructures on lextured surfaces; super-finished
surfaces; diamond-like carbon (DLC), DLC with high-hvdrogen content, DLC with moderate
hydrogen content, DLC with low-hydrogen conlent, DLC with zero hvdrogen content, DLC
composiles, DLC-metal compositions and composites, DLC-nonmelal compositions and
composites; glasses, metallic glasses; ceranucs, cermels, ceranuc oxides, ceramic nitrides, FelN,
CrN, ceramic carbides, mixed ceramic compositions, and the like; polymers, plastics,
thermoplastic polymers, engineered polymers, polymer blends, polymer alloys, polymer
composites; elastomers; materials compositions and composites containing dry lubricants,
comprising for example graphite, carbon, molybdenum, molybdenum  disulfide,
polvtetrafluoroethylene, polyperfluoropropylene, poly perfluoroalkylethers, and the like.

[60151] The viscometric properties of the lubricants of this disclosure can be measured
according o slandard practices. A low viscosily can be advantageous lor lubricants i modern
equipment. A low high temperature high shear (HTHS) viscosity, in accordance with ASTM
D4683, can indicate performance of a lubricant in a modern engine. In particular, the lubricants
of this disclosure can have an HTHS of less than 2.0 ¢P, or more preferably less than 1.9 ¢P, or
more preferably less than 1.8 ¢P, or more preferably less than 1.7 ¢P.

[60152] The lubricanis of this disclosure can have lower volatility, as determined by the Noack
volallity test ASTM DS800, or as predicted by a TGA lest that simulates the Noack volatildty. In
particular, the lubricants of this disclosure can have a Noack between 1% and 50%, or more
preferably beiween 10% and 5(%, or mose preferably between 15% and 40%, or more preferably
between 20% and 30%. Particularly preferred compositions have a Noack between 15% and 30%,.
[00153] The lubricants of this disclosure can have fower deposition tendancy, as determined by
the TEOST 33C deposition test ASTM D6335. In particular, the lubricants of this disclosure can
have a TEOST 33C of less than 30 mg, or more preferably less than 20 mg, or more preferably less
than 15 mg.

[06454] The lubricants of this disclosure can have reduced traction as deterrained by the MTM
{Mim Traction Machine) fraction test. Traction is most easily assessed by comparison to a
reference fluid, in this case a suitable reference {tuid is an engine cil formulated with commercial
diiociy! adipate esier such as Esterex™ A32, Accordingly, the fubricants of this disclosure can
have an MTM traction reduction of 5% versus a reference, or more preferably a reduction of 10%
versus a reference, or more preferably a reduction of 20% versus a reference, or more preferably a
reduction of 30% versus a reference, or more preferably a reduction of 40% versus a reference.
[00155] Inthe above detailed descriplion, the specific embodiments of this disclosure have been

described in connection with its preferred embodiments. However, 1o the extent that the above
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description is specific to a particular embodiment or a particular use of this disclosure, this is
intended to be illustrative only and merely provides a concise description of the exemplary
embodiments. Accordingly, the disclosure is not limited to the specific embodiments described
above, but rather, the disclosure includes all alternatives, modifications, and equivalents falling
within the true scope of the appended claims. Various medifications and variations of this
disclosure will be obvious to a worker skilled in the art and it is to be understood that such
modifications and variations are to be included within the purview of this application and the spirit
and scope of the claims,

EXAMPLES

Example |

Preparation of 2-hexvldecyl phenvlacetate

[60156] To a 3-neck 1000-mi round-bottomed flask was added 2-hexyl-1-decanol (200.0 g,

824.93 mmol, 1.0 equiv.), phenylacetic acid (146.01 g, 1072.4 mmol, 1.30 equiv.), toluene (240
mly and p-toluenesulfonic acid monohydrate {1.5692 g, 8.2494 mimol, 0.010 equiv.} at room
temperature, The resulting nuxture was heated at reflux with stirring in an oil bath at 134°C onder
anitrogen atmosphere for 5.5 hours. The water produced in the reaction was collected in a Deao-
Stark trap. The cooled mixture was diluted with hexanes, washed with dilute aqueous NaxCOs
solution, water, brine, dried (MgSQOa), filtered, and concentrated in vacuo to afford a crude product.
Excess solvent was further removed by heating the crude product with stirring in an oil bath under
high vacuum for 3 hours to afford a light yellow liquid (279.86 g, 94%).

Example 2

Preparation of 2-hexyldecvl 3-phenvipropionate

{86157} To a 3-neck 1000-ml round-bottomed flask was added 2-hexyi-1-decanol {180.00 g,

742.44 mmwol, 1.0 equiv.), 3-phenylpropionic acid (144.95 g, 965.17 mmol, 1.30 equiv.}, toluene
{230 ml) and p-toluenesulfonic acid monohydrate (1.4123g, 7.4246 mnwl, 0.010 equiv.) at room
temperature. The resuliing mixture was heated at reflux with stirring in an oil bath at 130°C under
a nitrogen atmosphere for 6 hours. The water produced in the reaction was collected in a Dean-
Stark trap. The cooled mixture was diluted with hexanes, washed with dilute aqueous NaxCOs
solulion, water, brine, dried (MgS8Q4), filiered, and concentrated in vacuio to afford a crude product,
Excess solvent was further removed by heating the crude product with stirring in an oil bath under
high vaceum for 2 hours to afford a clear, light vellow liguid (276.96 g, 99%).

Preparation of 2-octvldodecy! phenylacetate
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[00158] To a 3-neck 1000-ml round-bottomed flask was added 2-octyl-1-dodecanol (240.0 g,
803.88 mmiol, 1.0 equiv.), phenylacetic acid (142.28 g, 1045.0 mmol, 1.30 equiv.). toluene (240
ml) and p-toluenesulfonic acid monohydrate (1.5291 g, 80386 mmol, 0.010 equiv.) at room
temperature. The resulting mixture was healed ai rellux with stirring in an oil bath atl 133°C under
a nitrogen atmosphere for 9 hours. The water produced in the reaction was collected in a Dean-
Stark trap. The cooled mixture was diluted with hexanes, washed with dilute aqueous NaxCOy
solution, water, brine, dried (MgS804), filtered, and concentrated in vacuo to afford a crude product.
Excess solvent was f{urther removed by heating the crude product with stirring in an il bath under
high vacuum for 2 howrs to afford a clear pale vellow liquid (330.06 g, 98%).

Example 4

Preparation of 2-butyloctyl 4-phenyibutvrate

100159 To a 3-neck 1000-ml round-boittomed flask was added 2-butyl-1-octanol (150.00 g,

804.99 mmol, 1.0 equiv.}, 4-phenylbutyric acid {165.23 g, 1006.2 mmol, 1.25 equiv.), toluene (200
ml) and p-toluenesulfonic acid monohydrate (1.5312g, 8.0496 mmol, 0.010 equiv.) at room
ternperature. The resulting mixiure was heated at reflux with siirring in an oil bath at 132°C under
a nitrogen atmosphere for 8 hours. The water produced in the reaction was collected in a Dean-
Stark trap. The cooled mixture was diluted with hexanes, washed with dilute aqueous NayCQs
solution, water, brine, dried (MgSQ0a), filtered, and concentrated in vacuo (o afford a crude product.
Excess solvent was further removed by heating the crude product with stirring in an oil bath under
high vacuum for 3 hours 1o afford a clear, light vellow liquid (246.13 g, 92%).

Example 5

Preparation of 2-hexvldecyl 4-methoxy phenvlacelate

{06160] To a 3-neck 1000-mi round-bottomed flask was added 2-hexvi-1-decanol {106.73 g,
440.22 mmol, 1.0 equiv.), 4-methoxyphenylacetic acid (95.10 g, 572.28 mmol, 1.30 equiv.),

totuene (230 ml) and p-toluenesulfonic acid monchydrate (0.8374 g, 4.4023 mmol, 0.010 equiv.)
at room temperature. ‘The resulting mixture was heated at reflux with stirring in an oil bath ai
134°C under a nitrogen atmosphere for 7 hours. The water produced in the reaction was collected
in a Dean-Stark trap. 'T'he cooled muxture was diluted with hexanes, washed with diule aqueous
Na2COs solution, water, brine, dried (MgS0s), filtered. and concentrated in vacuo (o afford a crude
product. Excess solvent was further removed by heating the crude product with stirring in an otl
bath under high vacuum for 2 hours to afford a light yellow liguid (169.73 g, 98%).

Example 6

Preparation of 2-hexvldecy] m-tolylacetate
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[00161] To a 3-neck 1000-ml round-bottomed flask was added 2-hexyl-1-decanol (160.00 g,
659.94 mmol, 1.0 equiv.), m-tolylacetic acid (128.84 g, 857.93 mmol, 1.30 equiv.), toluene {200
mi) and p-toluenesulfonic acid monohydrate (1.2533 g, 6.5992 mmol, 0.010 equiv.) at room
lemperature. The resulting mixture was heated at reflux with stirring in an oil bath ai 132°C under
a nitrogen atmosphere for 6 hours. The water produced in the reaction was collected in a Dean-
Stark trap. The cooled mixture was diluted with hexanes, washed with dilute aqueous NaxCO4
solution, water, brine, dried (Mg80u), filtered, and concentrated in vacuo to afford a crude product.
Excess solvent was further temoved by healing the crude product with stirring in an oil bath under
high vacuum for 4 hours to afford a clear, light yellow liquid (247.6 g, 100%).

Example 7

Preparation of 2-hexvldecy] m-tolvlacetate

[00162f To a 3-neck 1000-ml round-botiomed flask was added 2-hexyl-1-decanol (200.0 g,

824.93 mmol, 1.0 equiv.), p-tolviacetic acid (154.86 g, 1031.2 mumol, 1.25 equiv.), toluene (240
mi} and p-toluenesulfonic acid monohydrate (1.5692 g, 8.2494 mmol, 0.010 equiv.} at room
temperature. The resuolting mixture was heated at reflux with siirring in an 0il bath at 134°C under
a nitrogen atmosphere for 10 hours. The water produced in the reaction was collected in a Dean-
Stark trap. The cooled mixture was diluted with hexanes, washed with dilute aqueous NaxCQs
solution, water, brine, dried (MgSQOu), filtered, and concentrated i vacuo (o alford a crude product.
Excess solvent was further removed by heating the crude product with stirring in an oil bath under
high vacuum for 3 hours to afford a light yellow liquid (213.3 g, 69%).

Example 8

Preparation of 2-phenviethvl 2-hexvidecanoate

[00163] To a 3-neck 1000-mi round-bottomed flask was added 2-hexyldecanoic acid (100.0 g,

389.97 mmol, 1.0 equiv.), 2-phenylethanol (64.316 g, 526.46mmol, 1.35 equiv.), toluene (200 mi)
and p-toluenesulfonic acid monohydrate (0.7418 g, 3.8997 mmol, 0.010 equiv) al room
temperature. The resulting mixture was heated ai reflux with stirring n an oil bath at 132°C under
a nitrogen atmosphere for 25 hours. The water produced in the reaction was collected in a Dean-
Stark trap. The cooled mixiure was diluted with hexanes, washed with dilute aqueous NaxCO3
solution, water, brine, dried (MgSO4), fillered, and concentrated in vacuo to afford a crude product.
Excess solvent was further removed by heating the crude product with stirring in an oil bath under
high vacuuam for 5 hours to afford a light vellow liquid (132.2 g, 94%).

Example 9

Preparalion of 2-hexvldecy] benzoate
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[00164] To a 3-neck 1000-ml round-bottomed flask was added 2-hexyl-1-decanol (160.00 g,
659.94 mmol, 1.0 equiv.), benzoic acid (104.77 g, 857.91 mmol, 1.30 equiv.), toluene (200 mi)
and p-toluenesulfonic acid monchydrate (1.2553 g, 65992 mmel, 0.010 equiv.) al room
lemperature. The resulting mixture was heated at reflux with stirring in an oil bath at 134°C under
a nitrogen atmosphere for 28 hours. The water produced in the reaction was collected in a Dean-
Stark trap. The cooled mixture was diluted with hexanes, washed with dilute aqueous NaxCOs
solution, water, brine, dried (MgSQu), filtered, and concentrated in vacuo to afford a crude product.
Excess solvent was further removed by heating the crude product with sturing in an oil bath under
high vacuum for 4 hours 1o afford a clear, light vellow liquid (221.98 g, 97%).

Example 10

Lube Properties

[00165] The lube properiies of the products of Examples 1-9 were evaluated and the data are
shown in Figs. 1 and 2. The kinematic viscosity (Kv) of the liquid product was measured using
ASTM D445 or D7042, and reported at temperatures of 100°C (Kyv at 100°C) or 40°C (Kv at 40°C).
The viscosity index (V1) was measured according to ASTM D2270 using the measured kinematic
viscosities lor each product. Noack volatility was determined by ASTM D5800. These [luids were
evaluated as Group V base stocks and the results are shown in Figs. 1 and 2.

[66166] Figs. 1 and 2 dlearly show that the aromatic alkanoate monoester base stock examples
of this disclosure (Exanples 1-3 and 5-7) all have more desirable viscosiiy-volatility properties
when compared 1o the commercially available low viscosily ester base stocks {rom dillerent
sources. In particular, the aromatic alkanoaie monoester base stocks of this disclosure have lower
viscosities than commercially available esters at similar volatility {e.g., compare Example 1 with
entry 1010 Fig. 1, compare Example 2 with entry 12 in Fig. 1, compare Example 6 with entry ¥
in Fig. 1). Also, the monoester base slocks of this disclosure have lower volaulity than
commercially available esiers at comparable viscosities (e.g., compare Example | with entry 11 1in
Fig. |, compare Example 3 with entry 12 in Fig. |, compare Example 3 with entry 15 in Fig. ).
{08167} Even more surprisingly, it has been discovered that 2-hexvl-1-decy! benzoate (counter
Example 9, a benzoate ester) has both higher viscosity and higher volalility than 2-hexyl-1-decyl
phenylacetate (disclosure Example 1, a phenylacetate ester). The viscosity-volatility balance of 2-
hexyl-1-decvl benzoate is similar to those of the commercial ester fluids. Furthermore, 2-
phenvlethyl 2-hexyldecanoate (counter Example &) derived from an aromatic alkanol and a
carboxylic acid shows both higher viscosity and higher volatility than its isoruer (2-hexyl-I-decyl

phenylacetate, disclosure Example 1}.
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[00168] Fig. 2 is a plot of kinematic viscosity (100°C) versus volatility (Noack) for selected
counter examples (counter Examples 9 and 4 as filled squares and Example 8 as filled diamond)
and examples of this disclosure (Examples 1-3, 5 and 6 as filled circles) and commercially available
ester base stocks (entries 10-19 as filled triangles) based on data in Fig. 1. The destrable exarples
of this disclosure have their volatility defined by the formula: Noack volatility (ASTM DS5800) is
not greater than Noack = [-18(Kv100)+70].

Example 11

Lube Properties
[06169] Selected monoester base stocks of this disclosure (i.e., Examples 1 and 7) and

commercial base stocks were used to formulate ultra-low viscosity engine oils. Each formulation
consisted of 82.3% by weight of the base stock and 17.7% by weight of an additive package. The
additive package employed is composed of commonly used additive components {(e.g., antiwear
additives, friction modifiers, dispersants, detergents, antioxidants, pour point depressants,
antifoaming agent, etc.). These monoester base stocks exhibit high solvency for the additive
components. Potential higher viscosity engine oil grade can be formulated by addition of viscosity
modifiers.

[00170] High temperature high shear (HTHS) viscosity, Noack volatility and TEOST {thermo-
oxidation engine oil determination of high temperature piston deposits) results for low-viscosity
engine oils formulated with base stocks of this disclosure are shown in ¥ig. 3. The HTHS test was
conducted in accordance with ASTM D4683. Noack volatilily was determined by ASTM D5800.
The TEOST test was conducted in accordance with ASTM D6335.

[00171] By comparing formulations prepared from the base stocks of Examples 1, 2 and 7 with
those prepared from commercially available low-viscsoity base stocks (i.e., entries 4-7), it is clear
that the aromatic alkanoate monoester base stocks of this disclosure show low levels of deposit
formation, directionally better performance than commercial polyol esters (i.e., entries 5 and 6),
and substantially improved performance versus entry 4 (i.e., a conuuercial widely used diester),
and therefore can provide excellent thermal and oxidative stability at high temperature.

[06172] Frictional characteristics of selected ester fluids of this disclosure were assessed using
the MTM (Mini Traction Machine} traction test. Tn this test, the Bwds were subjecled to high
pressure and high temperature when a stainless steel highly polished ball under high load was
moved against a plate, both submerged into the fluids at the test temperature. The test started with
the ball rolling at 100% then gradually sliding to a pure, 100% sliding mode at the end ol test. The
traction of coefficient is an indication of the energy lost due to the fluids shearing. More energy

efficient fluids have lower traction coefficients. Fig. 4 shows MTM traction curves from the ester
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fluids of Examples 1 and 7 and two commercial esters in MTM (mini-traciion machine) traction
test at 100°C, 1.00 GPa, 0%-100% SRR (Slide to Roli Ratio), and 2 m/s rolling speed.

[08173] Asshownin Fig. 4, the aromatic alkanoate monoester fluids of this disclosure exhibited
similar 1o betier energy efficiency (han the commercially available esters.

[00174] All 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 inconsistent with this disclosure and for all jurisdictions in which such
ucorporation 1s permitted.

[60175] When numerical lower limits and numerical upper limits are listed herein, ranges from
any lower limit to any upper limit are contemplated. While the illustrative embodiments of the
disclosure have been described with particidarity, it will be understood that various other
modifications will be apparent to and can be teadily made by those skilled in the art without
departing from 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 encompassing all the features of patentable novelty which reside in
the present disclosure, including all feaiures which would be treated as equivalents thereof by those
skilled in the art to which the disclosure pertains.

[00176] The present disclosure has been described above with reference to nurnerous
embodiments and specific examples. Many variations will suggest themselves to those skilied 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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CLAIMS:

1. A composition comprising one or more compounds represented by the formula

selected from the group consisting of
i A i
R

@

and
" i
Re—fEEo—ﬁ—E;Rw

(I
wherein R; and R; are independently a substituted or unsubstituted alkyl group (C;-Cso),
R3, R4 and R;y5 are independently hydrogen or a substituted or unsubstituted alkyl group
(C1-Cso), alkenyl group (C;-Csg), or alkoxy group (C;-Csp), R; is an unsubstituted aryl
group (C4-Csp) and Rg is a substituted or unsubstituted aryl group (C4-Csp), heteroaryl
group (C4-Csy), or arylalkyl group (Cs-Csp), Rs, Rg, Rg, Rjg, Ry; and R;; are hydrogen, m
is a value from about 1 to about 10, and n is a value greater than or equal to 1; wherein
said composition has a viscosity (Kv,gp) from about 1 ¢St to about 10 cSt at 100°C as
determined by ASTM D445, a viscosity index (VI) from about -100 to about 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as
determined by ASTM D5800.

2. The composition of claim 1 having a Noack volatility of no greater than
Noack = [-18(Kv00)+70] as determined by ASTM D5800.

3. The composition of claim 1 wherein R; and R; are independently a substituted or
unsubstituted alkyl group (C;-Cy), R3, R4 and R;; are independently hydrogen or a
substituted or unsubstituted alkyl group (C;-Cyp), alkenyl group (C;-Cyp), or alkoxy group
(C1-Cx), R; is an unsubstituted aryl group (C4-Cy) and Rg is a substituted or
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unsubstituted aryl group (C4-Cao), heteroaryl group (Cs-Cyg), or arylalkyl group (Cs-Ca),
Rs, Re, Rg, Ryg, Ry; and Ry, are hydrogen, m is a value from about 1 to about 9, andnis a

value greater than or equal to 2.

4, The composition of claim 1 wherein R; and R, are independently a substituted or
unsubstituted alkyl group (C;-Cig); Rs, R4 and Ry3 are independently hydrogen or a
substituted or unsubstituted alkyl group (C;-Co), alkenyl group (C;-Cyo), or alkoxy group
(Ci-Cip), Ry is an unsubstituted aryl group (Cs-Cyo) and Rg is a substituted or
unsubstituted aryl group (C4-Cop), heteroaryl group (Cs-Cyo), or arylalkyl group (Cs-Co),
Rs, Re, Rg, Ry, Ry; and Ry, are hydrogen, m is a value from about 1 to about 8, andnis a

value greater than or equal to 1.

5. The composition of claim 1 which is selected from the group consisting of 2-
hexyl-1-decyl phenylacetate, 2-hexyl-1-decyl 3-phenylpropionate, 2-hexyl-1-decyl 4-
phenylbutyrate, 2-octyl-1-dodecyl phenylacetate, 2-octyl-1-dodecyl 3-phenylpropionate,
2-octyl-1-dodecyl 4-phenylbutyrate, 2-heptyl-1-undecyl phenylacetate, 2-heptyl-1-
undecyl 3-phenylpropionate, 2-heptyl-1-undecyl 4-phenylbutyrate, 2-decyl-1-tetradecyl
phenylacetate, = 2-decyl-1-tetradecyl = 3-phenylpropionate,  2-butyl-1-octyl  4-
phenylbutyrate, 2-phenylethyl 2-hexyldecanoate, 3-phenylpropyl 2-hexyldecanoate, 4-
phenylbutyl 2-hexyldecanoate, 2-phenylethyl 2-heptylundecanoate, 3-phenylpropyl 2-
heptylundecanoate, and 4-phenylbutyl 2-heptylundecanoate.

6. The composition of claim 1 which has a high temperature high shear (HTHS)
viscosity of less than about 1.7 cI’ as determined by ASTM D4683, and a Noack
volatility from about 6 to about 30 percent as determined by ASTM D5800.

7. The composition of claim 1 which has a high temperature high shear (HTHS)
viscosity of less than about 1.6 cP as determined by ASTM D4683, and a Noack
volatility from about 8 to about 28 percent as determined by ASTM D5800.
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8. The composition of claim 1 which has a viscosity (Kvigg) from about 2 cSt to
about 8 ¢St at 100°C as determined by ASTM D445, a viscosity index (VI) from about
25 to about 150 as determined by ASTM D2270, and a Noack volatility of no greater
than 25 percent as determined by ASTM D5800.

9. A composition comprising one or more compounds represented by the formula
sclected from the group consisting of
H R3
R o c o- C—[C-]—R7
R2 R4
@)
and
ng 311
Rg—TC+O—C—C—R
B—I- I|2 ;]El g lla . 13
(1)

wherein R; and R, are independently a substituted or unsubstituted alkyl group (C;-Csp),
Rs, R4 and R,; are independently hydrogen or a substituted or unsubstituted alkyl group
(C1-Cs), alkenyl group (C;-Cj), or alkoxy group (Ci-Csg), Ry is an unsubstituted aryl
group (C4-Cso) and Rg is a substituted or unsubstituted aryl group (Cs-Cjp), heteroaryl
group (C4-Cso), or arylalkyl group (Cs-C30), Rs, Re, Rg, Rig, Rj1 and Ry, are hydrogen, m
is a value from about 1 to about 10, and n is a value greater than or equal to 1; wherein
said composition has a viscosity (Kvjg) from about 1 cSt to about 10 cSt at 100°C as
determined by ASTM D445, a viscosity index (VI) from about -100 to about 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as
determined by ASTM D5800; wherein said one or more compounds of formula (I) are
produced by a process comprising reacting a substituted or unsubstituted alcohol with a
substituted or unsubstituted aromatic alkanoic acid, optionally in the presence of a
catalyst and a solvent, under reaction conditions sufficient to produce said one or more
compounds of formula (I); or wherein said one or more compounds of formula (II) are

produced by a process comprising reacting a substituted or unsubstituted aromatic
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alcohol with a substituted or unsubstituted alkanoic acid, optionally in the presence of a
catalyst and a solvent, under reaction conditions sufficient to produce said one or more

compounds of formula (IT).

10. A lubricating oil base stock comprising one or more compounds represented by
the formula selected from the group consisting of
i i
\Feastic
@)
and
F'?g Ffﬂ
RgtC+O—C—C—R
kg
(I
wherein R; and R; are independently a substituted or unsubstituted alkyl group (C;-Cso),
R3, R4 and Ry3 are independently hydrogen or a substituted or unsubstituted alkyl group
(C1-Cso), alkenyl group (C;-Csp), or alkoxy group (Ci-Csp), R7 is an unsubstituted aryl
group (C4-C3p) and Rg is a substituted or unsubstituted aryl group (C4-Csp), heteroaryl
group (C4-Csp), or arylalkyl group (Cs-Csp), Rs, Re, Rg, Rig, Rj; and Ry are hydrogen, m
is a value from about 1 to about 10, and n is a value greater than or equal to 1; wherein
said lubricating oil base stock has a viscosity (Kvg) from about 1 ¢St to about 10 cSt at
100°C as determined by ASTM D445, a viscosity index (VI) from about -100 to about
300 as determined by ASTM D2270, and a Noack volatility of no greater than 50 percent
as determined by ASTM D5800.

11.  The lubricating oil base stock of claim 10 having a Noack volatility of no greater

than Noack = [-18(Kv;g0)*+70] as determined by ASTM D5800.

12. The lubricating oil base stock of claim 10 wherein R, and R; are independently a

substituted or unsubstituted alkyl group (Ci-Cyg), Rs, R4 and Ry3 are independently
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hydrogen or a substituted or unsubstituted alkyl group (C;-Cyp), alkenyl group (C;-Cy),
or alkoxy group (C;-Ci), R; is an unsubstituted aryl group (C4-Cy) and Ry is a
substituted or unsubstituted aryl group (C4-Cap), heteroaryl group (Cs-Ca), or arylalkyl
group (Cs-Cy), Rs, Rg, Rg, Ryg, Ry; and Ry, are hydrogen, m is a value from about 1 to

about 9, and n is a value greater than or equal to 2.

13. The lubricating oil base stock of claim 10 wherein Ry and R; are independently a
substituted or unsubstituted alkyl group (C;-Cio); R3, R4 and R;; are independently
hydrogen or a substituted or unsubstituted alkyl group (C;-C)y), alkenyl group (C;-Cio),
or alkoxy group (C;-Cig), R7 is an unsubstituted aryl group (C4-Cip) and Ry is a
substituted or unsubstituted aryl group (Cs4-Cyo), heteroaryl group (Cs-Cjg), or arylalkyl
group (Cs-Cyp), Rs, R, Ry, Ryg, Ry; and Ry, are hydrogen, m is a value from about 1 to

about 8, and n is a value greater than or equal to 2.

14.  The lubricating oil base stock of claim 10 which is selected from the group
consisting of 2-hexyl-1-decyl phenylacetate, 2-hexyl-1-decyl 3-phenylpropionate, 2-
hexyl-1-decyl 4-phenylbutyrate, 2-octyl-1-dodecyl phenylacetate, 2-octyl-1-dodecyl 3-
phenylpropionate, 2-octyl-1-dodecyl 4-phenylbutyrate, 2-heptyl-1-undecyl phenylacetate,
2-heptyl-1-undecyl 3-phenylpropionate, 2-heptyl-1-undecyl 4-phenylbutyrate, 2-decyl-1-
tetradecyl phenylacetate, 2-decyl-1-tetradecyl 3-phenylpropionate, 2-butyl-1-octyl 4-
phenylbutyrate, 2-phenylethyl 2-hexyldecanoate, 3-phenylpropyl 2-hexyldecanoate, 4-
phenylbutyl 2-hexyldecanoate, 2-phenylethyl 2-heptylundecanoate, 3-phenylpropyl 2-
heptylundecanoate, and 4-phenylbutyl 2-heptylundecanoate.

15.  The lubricating oil base stock of claim 10 which has a high temperature high
shear (HTHS) viscosity of less than about 1.7 cP as determined by ASTM D4683, and a
Noack volatility from about 6 to about 30 percent as determined by ASTM D5800.
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16.  The lubricating oil base stock of claim 10 which has a high temperature high
shear (HTHS) viscosity of less than about 1.6 as determined by ASTM D4683, and a
Noack volatility from about 8 to about 28 percent as determined by ASTM D5800.

17.  The lubricating oil base stock of claim 10 which has a viscosity (Kvjgg) from
about 2 ¢St to about 8 ¢St at 100°C as determined by ASTM D445, a viscosity index (VI)
from about 25 to about 150 as determined by ASTM D2270, and a Noack volatility of no
greater than 25 percent as determined by ASTM D5800.

18.  The lubricating oil base stock of claim 10 further comprising one or more of a
viscosity improver, antioxidant, detergent, dispersant, pour point depressant, corrosion
inhibitor, metal deactivator, seal compatibility additive, anti-foam agent, inhibitor, and

anti-rust additive.

19. A lubricating oil comprising a lubricating oil base stock component, and a
monoester cobase slock component; wherein said monoester cobase stock comprises one
or more compounds represented by the formula selected from the group consisting of
H R3
R4 C c o- c—[c+R7
R2 R4
o)
and
'?9 '?11
AR
(1)
wherein R, and R, are independently a substituted or unsubstituted alkyl group (C;-Cso),
Rj, R4 and Ry3 are independently hydrogen or a substituted or unsubstituted alkyl group
(Ci-Cyp), alkenyl group (Ci-Csg), or alkoxy group (Ci-Csg), R7 is an unsubstituted aryl
group (Cs-C30) and Rg is a substituted or unsubstituted aryl group (Cs-Csg), heteroaryl
group (C4-Csp), or arylalkyl group (Cs-C3¢), Rs, R, Rg, Rig, Ri; and Ry, are hydrogen, m
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is a value from about 1 to about 10, and n is a value greater than or equal to 1; wherein
said lubricating oil has a viscosity (Kvigo) from about 1 ¢St to about 10 ¢St at 100°C as
determined by ASTM D445, a viscosity index (VI) from about -100 to about 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as
determined by ASTM D5800.

20.  The lubricating oil of claim 19 wherein the lubricating oil base stock comprises a

Group L, II, III, IV or V base oil stock.

21.  The lubricating oil of claim 19 wherein the lubricating oil base stock comprises a

polyalphaolefin (PAO) or gas-to-liquid (GTL) oil base stock.

22.  The lubricating oil of claim 19 wherein the lubricating oil base stock is present in
an amount from about 1 weight percent to about 99 weight percent, and the monoester
cobase stock is present in an amount from about 1 weight percent to about 99 weight

percent, based on the total weight of the lubricating oil.

23.  The lubricating oil of claim 19 having a Noack volatility of no greater than
Noack = [-18(Kv;gp)+70] as determined by ASTM D5800.

24.  The lubricating oil of claim 19 wherein, in the monoester cobase stock, R; and R,
arc independently a substituted or unsubstituted alkyl group (C;-Cy); R3, R4 and Ry; are
independently hydrogen or a substituted or unsubstituted alkyl group (C;-Cy), alkenyl
group (C;-Cyp), or alkoxy group (Ci-Cy), Ry is an unsubstituted aryl group (C4-Cy) and
Rg is a substituted or unsubstituted aryl group (C4-Cy), heteroaryl group (C4-Cyp), or
arylalkyl group (Cs-Cy), Rs, Re, Rg, Rig, R11 and Ry, are hydrogen, m is a value from

about 1 to about 9, and n is a value greater than or equal to 2.

25. The lubricating oil of claim 19 wherein, in the monoester cobase stock, Ry and R,

are independently a substituted or unsubstituted alkyl group (C;-Cio); R3, R4 and Ry are
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independently hydrogen or a substituted or unsubstituted alkyl group (C;-Cig), alkenyl
group (C;-Cyy), or alkoxy group (C;-Ci¢), Ry is an unsubstituted aryl group (C4-Cio) and
Rg is a substituted or unsubstituted aryl group (C4-Cyo), heteroaryl group (C4-Cyp), or
arylalkyl group (Cs-Cio), Rs, Re, Rg, Rjo, Ry; and Rj; are hydrogen, m is a value from

about 1 to about 8, and n is a value greater than or equal to 2.

26.  The lubricating oil of claim 19 wherein the monoester cobase stock is selected
from the group consisting of 2-hexyl-1-decyl phenylacetate, 2-hexyl-1-decyl 3-
phenylpropionate, 2-hexyl-1-decyl 4-phenylbutyrate, 2-octyl-1-dodecyl phenylacetate, 2-
octyl-1-dodecyl 3-phenylpropionate, 2-octyl-1-dodecyl 4-phenylbutyrate, 2-heptyl-1-
undecyl phenylacetate, 2-heptyl-1-undecyl 3-phenylpropionate, 2-heptyl-1-undecyl 4-
phenylbutyrate,  2-decyl-1-tetradecyl  phenylacetate,  2-decyl-1-tetradecyl 3-
phenylpropionate, 2-butyl-1-octyl 4-phenylbutyrate, 2-phenylethyl 2-hexyldecanoate, 3-
phenylpropyl 2-hexyldecanoate, 4-phenylbutyl 2-hexyldecanoate, 2-phenylethyl 2-
heptylundecanoate, 3-phenylpropyl 2-heptylundecanoate, and 4-phenylbutyl 2-

heplylundecanoate.

27.  The lubricating oil of claim 19 which has a high temperature high shear (HTHS)
viscosity of less than about 1.7 cP as determined by ASTM D4683, and a Noack
volatility from about 6 to about 30 percent as determined by ASTM D5800.

28.  The lubricating oil of claim 19 which has a high temperature high shear (HTHS)
viscosity of less than about 1.6 cP as determined by ASTM D4683, and a Noack
volatility from about 8 to about 28 percent as deterined by ASTM D5800.

29.  The lubricating oil of claim 19 which has a viscosity (Kvigy) from about 2 ¢St to
about 8 cSt at 100°C as determined by ASTM D445, a viscosity index (VI) from about
25 to about 150 as determined by ASTM D2270, and a Noack volatility of no greater
than 25 percent as determined by ASTM DS800.
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30.  The lubricating oil of claim 19 further comprising one or more of a viscosity
improver, antioxidant, detergent, dispersant, pour point depressant, corrosion inhibitor,
metal deactivator, seal compatibility additive, anti-foam agent, inhibitor, and anti-rust

additive.

31. A method for improving one or more of thermal and oxidative stability, solubility
and dispersancy of polar additives, deposit control and traction control in a lubricating oil
comprising:

providing a lubricating oil including a lubricating oil base stock component, and a
monoester cobase stock component; wherein said monoester cobase stock comprises one
or more compounds represented by the formula selected from the group consisting of

" 0
gl
@)
and
ng '?11
Ra—}EEo—ﬁ—E;Rw
)

wherein R, and R; are independently a substituted or unsubstituted alkyl group (C;-Cso),
R3, R4 and Ry; are independently hydrogen or a substituted or unsubstituted alkyl group
(C1-Csy), alkenyl group (C;-Cs), or alkoxy group (C;-Csp), R7 is an unsubstituted aryl
group (C4-Cs3o) and Rg is a substituted or unsubstituted aryl group (Cs-Csp), heteroaryl
group (C4-Csp), or arylalkyl group (Cs-Csp), Rs, Re, Ro, Rjg, Ry; and R;; are hydrogen, m
is a value from about 1 to about 10, and n is a value greater than or equal to 1; wherein
said lubricating oil has a viscosity (Kvgo) from about 1 ¢St to about 10 ¢St at 100°C as
determined by ASTM D445, a viscosity index (VI) from about -100 to about 300 as
determined by ASTM D2270, and a Noack volatility of no greater than 50 percent as
determined by ASTM D5800, and
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using the lubricating oil in a formulated oil to improve one or more of thermal and
oxidative stability, solubility and dispersancy of polar additives, deposit control and

traction control.

32.  The method of claim 31 wherein the lubricating oil base stock comprises a Group

L IL, IT1, IV or V base oil stock.

33.  The method of claim 31 wherein the lubricating oil base stock comprises a

polyalphaolefin (PAO) or gas-to-liquid (GTL) oil base stock.

34.  The method of claim 31 wherein the lubricating oil base stock is present in an
amount from about 1 weight percent to about 99 weight percent, and the monoester
cobase stock is present in an amount from about 1 weight percent to about 99 weight

percent, based on the total weight of the lubricating oil.

35. The method of claim 31 wherein the lubricating oil base stock has a Noack

volatility of no greater than Noack = [-18(Kv9)+70] as determined by ASTM D5800.

36. The method of claim 31 wherein, in the monoester cobase stock, R; and R; are
independently a substituted or unsubstituted alkyl group (C;-Cag); R3, R4 and Ry3 are
independently hydrogen or a substituted or unsubstituted alkyl group (C;-Ca), alkenyl
group (C;-Cy), or alkoxy group (C;-Cy), R7 is an unsubstituted aryl group (Cs-Ca) and
Rg is a substituted or unsubstituted aryl group (Cs-Cy), heteroaryl group (Cs-Cy), or
arylalkyl group (Cs-Ca), Rs, Rg, Rg, Rig, Ry; and Ryy are hydrogen, m is a value from

about 1 to about 9, and n is a value greater than or equal to 2.

37. The method of claim 31 wherein, in the monoester cobase stock, R; and R, are
independently a substituted or unsubstituted alkyl group (C;-Cig); R3, R4 and Ry3 are
independently hydrogen or a substituted or unsubstituted alkyl group (C;-Cy), alkenyl
group (C;-Cy), or alkoxy group (C;-Cig), Ry is an unsubstituted aryl group (C4-Cyo) and
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Rs is a substituted or unsubstituted aryl group (Cs4-Cio), heteroaryl group (Cs-Cyp), or
arylalkyl group (Cs-Cyg), Rs, Re, Rg, Rig, Ry and Ry, are hydrogen, m is a value from

about | to about 8, and n is a value greater than or equal to 2.

38.  The method of claim 31 wherein the monoester cobase stock is selected from the
group consisting of 2-hexyl-1-decyl phenylacetate, 2-hexyl-1-decyl 3-phenylpropionate,
2-hexyl-1-decyl 4-phenylbutyrate, 2-octyl-1-dodecy!l phenylacetate, 2-octyl-1-dodecyl 3-
phenylpropionate, 2-octyl-1-dodecyl 4-phenylbutyrate, 2-heptyl-1-undecyl phenylacetate,
2-heptyl-1-undecyl 3-phenylpropionate, 2-heptyl-1-undecyl 4-phenylbutyrate, 2-decyl-1-
tetradecyl phenylacetate, 2-decyl-1-tetradecyl 3-phenylpropionate, 2-butyl-1-octyl 4-
phenylbutyrate, 2-phenylethyl 2-hexyldecanoate, 3-phenylpropyl 2-hexyldecanoate, 4-
phenylbutyl 2-hexyldecanoate, 2-phenylethyl 2-heptylundecanoate, 3-phenylpropyl 2-
heptylundecanoate, and 4-phenylbutyl 2-heptylundecanoate.

39.  The method of claim 31 wherein the lubricating oil has a high temperature high
shear (HTHS) viscosity of less than about 1.7 cP as determined by ASTM D4683, and a
Noack volatility from about 6 to about 30 percent as determined by ASTM D5800.

40.  The method of claim 31 wherein the lubricating oil has a high temperature high
shear (HTHS) viscosity of less than about 1.6 cP as determined by ASTM D4683, and a
Noack volatility from about 8 to about 28 percent as determined by ASTM D5800.

41.  The method of claim 28 wherein the lubricating oil has a viscosity (Kvig) from
about 2 to about 8 at 100°C as determined by ASTM D445, a viscosity index (VI) from
about 25 to about 150 as determined by ASTM D2270, and a Noack volatility of no
greater than 25 percent as determined by ASTM D5800.

42.  The method of claim 28 wherein the lubricating oil further comprises one or more

of a viscosity improver, antioxidant, detergent, dispersant, pour point depressant,
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corrosion inhibitor, metal deactivator, seal compatibility additive, anti-foam agent,

inhibitor, and anti-rust additive.

43.  The method of claim 28 wherein the lubricating oil has a MTM traction reduction
of 5% versus diioctyl adipate ester as determined by the MTM (Mini Traction Machine)

traction test.



