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LUBRICANT COMPOSITIONS CONTAINING CONTROLLED RELEASE ADBDITIVES
HEED Y This disclosure relates to lubricant commpositions containing controlled release
additives. This disclosusc also relates to a method for controlied release of one or more fubricating
oil additives into a lubnicating oil. This disclosure further relates to compositions comprising one
or more lubricating ol additives having at least one protected active group. This disclosure vet
further relates to a method for improving solubility of one or more hibricating o1l additives in a
lubricating otl. This disclosure also relates to a method for improving oxidative stability of a
lubricating otl and extending performance life of one or more lubricating o1l additives. This
disclosure further relates to a method for improving friction control in an engine or other
mechanical component lubricated with a lubricating oil.

BACKGROUND

0602} The performance of a lubricant degrades over time, which defines its specified oif drain
mterval. The degradation rate of a lubricant is dependent op the rate at which the activity of the
additives contained in the fubrcant degrades over time. Conventional ways in approaching this
challenge is by developing or identifying additives that are more robust or more oxidatively stable
so that they can persist longer in the lubricant environment, however this can often come at the
cost of additive performance. Alternatively, hubricants formulations contain higher treat rates of
the additives with the hopes of extending the performance of that additive to a longer lifetime. But
this 1s often difficult as lubricant formulations are a delicate balance of additives and overtreating
one additive can have sigmificant negative impacts on the performance of another,

HEEER] Time release additives for engine oils are known. These additives are typically
mcorporated into thermoplastic polymers which slowly dissolve into the engine o1l See, for
example, U.S. Patent No. 4,075,098, Time release additives have also been incorporated into
polymers which are oil-permeable at elovated engine temperatares. Sce, for example, U.S. Patent
No. 4,066,559,

{66064} Replenishment of additives m a lubricant, by using a controlled release gel or other
means to add additional additive to the lubricant, can improve the performance of the lubricant and
the device using the lubricant. Use of controlied relcase gels. as described in U.S. Patent No.
6,843,916, can replenish a lubricant with fresh additives over time.  Such gels are formed by
meorporating additive components which are compatible with the functional fluid to which the
additive 1s to be delivered into a gel matrix. These gel matrixes often result from the interaction

of a basic component and an acidic component, forming the gel.
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[O005] There 15 a need for extending the life of current lubricant additives without
corapromising on additive performance and without increasing the initial treat rate of active
additive. In addition, there 15 a need for improving the solubility of additives m lubricants, thereby
reducing the need for co-base stocks {(e.g., alkylated naphthalens such as ANS or polar esters) or
providing a mechanism to stabilize less soluble additives in lubricant formulations.

SUMMARY

{0606} This disclosure relates to lubricant compositions contatming controlled release
additives. This disclosure also relates to a method for controlled release of one or more lubricating
oil additives mto a lubnicating o1l. This disclosure further relates to compositions comprising one
or more lubricating otl additives having at least one protected active group. This disclosure vet
further relates to a method for improving solubility of one or more lubricating ot additives in a
lubricating oil. This disclosure also relates to a method for improving oxidative stability of a
lubricating o1l and extending performance life of one or more lubricating oil additives. This
disclosure further relates to a method for improving friction control in an engine or other
mechanical component lubricated with a hubricating oil.

G087 This disclosure also relates i part to a lubricating oil comprising a lubricating ol base
stock as a major component; and one or more lubricating o1l additives having at least one protected
active group, as a minor component. The one or more lubricating oil additives having at least one
protected active group are mactive with respect to their innate performance function. The one or
more lubnicating oil additives having at least one protected active group are converted into one or
more hubricating oil additives having at least one vaprotected active group in the lubricating o1l in-
service in an engine or other mechanical component.

[B008] This disclosure further relates in part 1o a method for controlled release of one or more
tubricating ot} additives into a lubricating oi1l. The method comprises using as the lubricating oil a
formudated ol the formulated oil having a composition comprising a lobricating o base stock as
a major component; and one or more lubricating o1l additives having at least one protected active
group, as a munor component. The one or more lubricating o1l additives having at least one
protected active group are mactive with respect to their imate performance function. The method
further comprises converting the one or more lubricating oil additives having at least one protected
active group mto one or more lubricating oil additives having at least one unprotected active group
mn the lubricating o1l in-service m an engine or other mechanical component.

[B009] This disclosure vet further relates in part to a method for extending performance hife of
one or more lubricating ¢l additives. The method comprises using as the lubricating ol a

formulated oil, the formulated oil having a composition comprising a lubricating oi base stock as
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a major component; and one or more lubricating ol additives having at [cast one protected active
group, as a minor component. The one or more lubricating oil additives having at least one
protected active group are inactive with respect to their innate performance function. The method
further comprises converting the one or more lubricating o1l additives having at least one protecied
active group mto onc or more lubricating ol additives having at lcast one unprotected active group
m the lubnicating ol in-service n an engine or other mechanical component. This method allows
the slow delivery of at least one unprotected active group in the lubrication o1l n-service in an
engine or other mechanical component, reducing the rate of additive consumption and cxtending
the performance life of the additive.

6010} This disclosure vet further relates in part to a method for improving oxadative stability
of a lubricating oil. The method compriscs using as the lubricating oil a formulated oil, the
formulated oil baving a composition comprising a lubricating o1l base stock as a major component;
and one or more lubricating o1l additives having at least one protected active group, as a minor
component. The one or more lubricating o1l additives having at least one protected active group
are inactive with respect to their innate performance function. The method further comprises
converting the one or more lubricating oil additives having at least one protected active group wto
one or more lubricating oil additives having at least one unprotected active group in the lubricating
oil in-service in an engine or other mechanical component.

{06611} This disclosure also relates in part to a method for improving oxidative stability of a
lubricating o1l additive. The method comprises usimg as a lubnicating oil a formulated oil, the
formulated off having a composition comprising a lubrnicating oil base stock as a major component;
and one or more fubncating oil additives having at least one protected active group, as a nunor
component. The lubricating oil additives having at least one protected active group are inactive
with respect to their mnate performance function and exhibit improved oxadative stabilitv, such
that they have longer in-service retention times than their active additive counterparts in a
lubricating oil. The method further comprises converting the one or more lubricating oil additives
having at least one protected active group into one or more lubricating oil additives having at least
one unprotected active group in the hubricating o1l in-service in an engine or other mechanical
component.

[6012] This disclosure further relates in part to an antioxidant composition comprising di-feri-
butyl (methylenebis(2, 6-di~ferr-butyl-4, 1-phenvienc)) bis(carbonate) derived from a hindered
bisphenol, tert-bufyv! carbonate of 3,5-di-ferr-butyl-4-hydroxyphenylpropionic alkyl ester derived
from a hindered monophenol, or tert-butyl diaryl carbamaie denved from a substituted (or

unsubstituted) diarylamine.
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[0013] This disclosure yet further relates in part to a friction modificr composition comprising
an alkyl tert-butyl-1,2-div] dicarbonate, or glycerol alkyl ester bis{carbonate).

[0014] This disclosure also relates in part to a dispersant composition comprising a Mannich
dispersant baving a ferf-butyl carbonate group.

[0015] This disclosure further relates o part to a fubricating o1l comprising a lubricating oil
base stock as a major component; and one or more jubncating o1l additives having at least one
cyehic carbonate active group, as a minor component.

[0016] This disclosure vet further relates in part to a friction modificr composition comprising
4-hexadecvl-1,3-dioxolan-2-one.

jG317] This disclosure alse relates in part to a method for mproving friction control in an
engine or other mechanical component lubricated with a lubricating oil by using as the fubricating
oil a formulated oil. The formulated o1l has a composition comprising a lubricating ol base stock
as a major component, and one or more lubricating oil additives having at least one cyclic carbonate
active group, as a minor component,

{0018} This disclosure further relates in part to a lubricating oil comprising a hibricating oil
base stock as a major component; and a mixture of {1} one or more lubricating oil additives having
at least one cyclic carbonate active group, and (it} and ong or more amine-containing fubnicating
oil additives. as a minor component.

[0019] This disclosure vet further relates in part to a method for improving friction control in
an engine or other mechanical component fubricated with a Iubricating o1 by using as the
hubricating o1l a formudated o1l. The formulated o1l has a composition comprising a labricating oil
base stock as a major component, and a mixture of (i) one or more lubricating oil additives having
at least one cvclic carbonate active group. and (i) one or more aming-containing lubricating oil
additives, as a minor component. Friction control is improved as compared to friction control
achieved using a fubricating oil contaming other than a mixture of (1) one or more lubricating oil
additives having at least one cyclic carbonate active group, and (it} ong or more aming-containing
lubricating oil additives.

{8624} It has been swrprisingly foond that 2 lubricating o1l having one or more lubricating oil
additives having at least one protected active group, exhibits extended oxidative protection and
improved lubricant hife. It has also been surpnisingly found that onc or more lubricating oil
additives having at least one protected active group included in a lubricating oil, exhibit extended
oxidative protection and improved lubricant additive hfe. In particular, it has been surprisingly
found that the lubricating oil additive protected active groups extend the performance of the

fubricating o1l additives through a chemucal activation that occurs over the life of the lubnicating
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oil, thereby decreasing the rate of lubricating o1l performance degradation, and extending the
tubricating oil dram interval. The lubricating o1l addifives having at least one protected active
group are mactive with respect to their innate performance function and exhibit improved oxadative
stability, such that they have longer in-service retention times than their active additive
counterparts 1o a lubricating oil. Under the appropnate conditions, these lubricating ot additives
having at least one protected active group become activated, delivenng fresh active lubrnicant
additives to the lubricant formulation over time, thus maintaining the hibricant performance over
a longer period of time.  (ther advantages afforded by the lubricating oil additives having at least
one protected active group include improved additive solubility and storage stability.

o021} Other objects and advantages of the present disclosure will become apparent from the
detailed description that follows.

DETAILED DESCRIPTION

Definitions

0622} All numerical values within the specification 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.

06023} “Other mechanical component”™ within the specification and the claims hereimn includes,
but is not limited to, a power train, a driveline, 3 transmission, a gear, a gear train, a gear set, a
compressor, a pump, a hvdraulic system, a bearing, a bushing, a turbine, a piston, a piston ring, a
cylinder hiner, a cylinder, a cam, a tappet, a lifter, a gear, a valve, or a bearing mchiding a joumal,
aroller, a tapered, a needle, or a ball beanng,

{00624} “Orver time” within the specification and the claims hergin means a typical service hife
for a lubricant, or 6,000 miles for an engine oil, or alternatively 100 service hours for an engine
otl.

[B025] “Extending performance life” or “extended performance hife” of one or more
lubricating oil additive within the specification and the claims herein means an increase in the
expected performance life of the one or more fubnicating oil additives by 50%, or preferably by
100%, or more preferably by 200%, or even more preferably by 300%.

{6626} “Unprotected active groups” or “active groups” within the specification and the claims
herein means the part of a lubricating oil additive which is known to contribute to the primary
performance function of the particular lubnicating o1l addifive. Active groups or unprotected active
groups include, for example, an —-OH group for friction modifier additives or antioxidant additives.
Anocther example is a - NH group for antioxidant additives or dispersant additives.

16627 “Protected active groups” within the specification and the claims herein means the
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chemical protection of an active group or unprotected active group of a lubricating oil additive,
whereby protection of the active group or unprotected active group results in the tubricating oil
additive being mnactive to its prnmary performance function.

10628] “Conversion of protected to unprotected active groups” within the specification and the
claims herein means the conversion of a protected active group to an active group or unprotected
active group of a lubricating oil addinve by chemical deprotection of the protected active group,
whereby the resolting lubricating o1l additive is made active with respect to its primary
performance function.

Exemplary Embodiments
{06029} This disclosure provides a lubricating oil comprising a lubricating o1l base stock as a

major component; and one or more lubricating o1l additives having at least one protected active
group, as a munor component. The one or more lebricating oil additives having at least one
protected active group are inactive with respect to their innate performance function. The ong or
more lubricating oil additives having at least one protected active group are converted into one or
more lubricating o1 additives having at least one vnprotected active group m the fubricating o1l in-
service in an engine or other mechanical component.

[06036] In an embodiment, the one or more lubricating oil additives having at least one
protected active group are converted into one or more lubricating oil additives having at least one
snprotected active group in the lubricating oil over time, thereby extending performance ife of the
ong or more lubricating o1l additives.

{0031} In another embodiment, the one or more lubricating o1l additives having at least one
protected active group exhibit improved solubility m the lubricating oil, as compared to solubility
achieved using a lubricating oil containing the same one or more lubricating o1l additives having
at least one active group that is not protected.

{86632} In still another embodiment, the one or more lubricating oil additives having at least
one protected active group exhibit improved oxidative stability in the lubricating oil, as compared
to oxidative stability achieved using a lubricating cil containing the same one or more lubricating
oil additives having at least one active group that is not protected.

{6633} The one or more fubricating o1l additives having at least one protected active group are
converted to one or more hubricating o1l additives having at least one unprotected active group in
the lubricating ot in-service in the engine or other mechanical component at a temperature greater
than or equal to 110°C, or by reaction with free acids that catalvze the release of an unprotected

active group at a temperature greater than or equal to ambient temperature.



WO 2017/146897 PCT/US2017/016796

~J

[0034] Hiustrative unprotected active groups include, for example, an —OH group, a -NH
group, and the like.

[B035] Hlustrative protected active groups include, for example, a carbonate, a carbamate, an
acetal, an ester, an amide, a urea, an atkoxysilane, an alkylsilane, a phosphite, a phosphonate, a
phosphate, a sulfonamide, a suifonate, a sulfate, and the hike.

{8636} Protection methods for the one or more lubncating o1l additives having at least one
protected active group can inclade, for example, chemical protection. Hlustrative chemical
protection includes, for exarmple, converting an unprotected —OH group or -NH group to a
protected carbonate, carbamate, acetal, ester, amide, urea, alkoxysilane, alkvisilane, phosphite,
phosphonate, phosphate, sulfonamide, sutfonate, or sulfate group.

{6037) Deprotection methods for converting one or morg lubricating oil additives having at
least onc protected active group to one or more lubricating oil additives having at least one
unprotected active group include chemical deprotection.

{0638} Hlustrative chemical deprotection methods include, for example, converting a protected
carbonate, carbamate, acetal, ester, amide, urea, atkoxysilane, alkylsilane, phogphite. phosphonate,
phosphate, sulfonanmide, sulfonate, or sulfate group to an unprotected —~OH group or —-NH group.
[6039] Preferred lubricating oil additives having at least one protected active group inchide a
protected phenolic antioxidant, a protected aminic antioxidant, a protected alkane diol friction
modifier, a protected ester diod friction modifier, or a protected Mannich dispersant.

{0644} Hiustrative fubricating o1l additives having at least one protected active group comprise
a protected phenolic antioxidant comprising di-ferr-butyl (methylenebis(2 6-di-ferr-butyl-4,1-
phenylene)) bis(carbonate) derived from a hindered bisphenol, fers-butyl carbonate of 3,5-di-fers-
butyl-4-hvdroxyvphenyipropionic alkvl ester derived from a hindered monophenol, a protected
aminic antioxidant comprising fert-butyl diaryl carbamate derived from a substituted {or
unsubstituted) diarviamine, a protected alkang diol friction medifier comprising fers-butyl
ootadecane-1.3-diyl dicarbonate, a protected coster diol friction modifier comprising glycerol
monostearate bis{carbonate), a protected Manmich dispersant comprising a Mannich dispersant
having a rerr-butyl carbonate group, and the hike.

{0041} The lubricating oils of this disclosure can further inchude one or more hubricating o1l
additives having at least one unprotected active group. The performance fumction of the lubricating
oil additives having at least one unprotected active group can be the same or different from the
lubricating ol additives having at feast one protected active group. Hlustrative of such labricating
o1l additives having at least one unprotected active group include. for example, an unprotected

viscosity improver, an unprotected antioxidant, an unprotected detergent, an unprotected
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dispersant, an unprotecied pour point depressant, an unprotected corrosion inhibitor, an
unprotected friction modifier, an unprotected antiwear agent, an unprotected extreme pressure
additive, an unprotected metal deactivator, an unprotected seal compatibility additive, an
unprotected anti-foam agent, an unprotected inhibitor, an unprotected anti-rust additive, and the
hike.

{86042} In the lubricating oils of this disclosure, the lubricating oil base stock can be present in
an amount from 70 weight percent to 95 weight percent, and the one or more lubricating o1l
additives can be present in an amount from 0.1 weight percent to 10 weight percent or greater,
based on the total weight of the lubricating o1l

[60343] The lubricating oils of this disclosure can be used in aufomotive, manne, aviation,
mdustrial engine and machine component applications, and the like.

[06044] As described herein, this disclosure provides a method for controlled release of one or
more lubricating oil additives into a lubricating oil. The method comprises using as the lubricating
ol a formulated o1l, the formulated o1l having a composition comprising a lubricating oif base stock
as a major component; and one or more lubricating o1l additives having at least one protected active
group, as a minor component. The one or more lubricating odl additives having at least one
protected active group are inactive with respect to their innate performance function. The method
further comprises converting the one or more lubricating o1l additives having at least one protecied
active group mto onc or more lubricating ol additives having at lcast one unprotected active group
m the lubricating oil in-service in an engine or other mechanical component

[08045] As also described herein, this disclosure provides an antioxidant composition
comprising di-fert-butyl {methylenebis(2,6-di-fert-butyl-4, 1-phenyiene}) bis{carbonate} derived
from a hindered bisphenol, feri-butyl carbonate of 3,5-di-rert-butyl-4-bvdroxyphenylpropionic
alkyl ester derived from a hindered monophenol, or ferr-butyl diaryl carbamate denved from a
substituted or unsubstituted diarylamine.

[(6046] As further described herein, this disclosure provides a friction modifier compaosition
comprising feri-butyl octadecane-1,3-divl dicarbonate, or glycerol monostearate bis{carbonate).
{8047} As vyet further descrnibed herein, this disclosure provides a dispersant composition
comprising a Mannich dispersant having a ferr-butyl carbonate group.

[O048] As also described hercin, this disclosure provides a lubricating o1l comprising a
tubricating o1 base stock as a major component; and one or more tubricating oil additives having
at least one cyclic carbonate active group, as a minor component.

{(049] As vet further described herein, this disclosure provides a friction modifier composition

comprising 4-hexadecyi-1,3-dioxolan-2-one.
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[0050] As also described herein, this disclosure provides a method for improving friction
control in an engine or other mechanical component lubricated with a lubricating oil by using as
the lubricating oil a formulated o1l The formuidated oil has a composition comprising a lubricating
o1l base stock as a major component, and one or more lubricating oil additives having at least ong
cyelic carbonate active group, as a ninor component.

{6651} In vet another embodiment, friction control m an engine is improved as compared to
friction control in an engime using a lubricating oil containing a minor component other than the
lubricating oil additive having at least one cyclic carbonate active group.

[6052] As further deseribed herein, this disclosure provides a lubricating oil comprising a
lubricating o1l base stock as a major component; and a mixture of (3) one or more lubricating oil
additives having at least one cyclic carbonate active group, and (it} ong or more aming-containing
lubricating o1l additives, as a munor component.

{0053] As also described herein, this disclosure provides a method for improving friction
control in an engine or other mechanical component lubricated with a lubricating ol by using as
the fubricating oil a formulated oil. The formulated oil has a composition comprising a lubricating
oil base stock as a major component, and a mixture of (i) one or more lubnicating oil additives
having at least one cyclic carbonate active group, and (i1} ong or more aming-containing fubnicating
oil additives. as a minor component.

[6654] In another embodiment, friction control in an engine 1s improved as compared to
friction control m an engine using a lubricating o1l containing other than a mixture of (i) one or
more lubricating o1l additives having at least one cyclic carbonate active group, and (31} one or
more amine-containing lubricating oil additives.

[0055] In still another embodiment, this disclosure provides a method for improving oxidative
stability of a lubricating od and extending performance life of one or more lubnicating o1l additives.
The method comprises using as the lubricating oil a formulated oil, the formulated o1l having a
composition comprising a lubricating oil base stock as a major component, and one or more
fubricating o1l additives having at least one protected active group, as a minor component. The
one or more lubricating o1l additives having at least one protected active group are inactive with
respect to their innate performance fonction. The method further comprises converting the one or
more lubricating ol additives having at least one protected active group into one or more
tubricating o1l additives having at least one unprotected active group in the lubrnicating oil m-
service in an engine or other mechanical component

{3056] In the above method for improving oxidative stability of a lubricating ol and extending

performance life of one or more lubricating oil additives, oxidative stability 1s improved and
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additive performance 1ife is extended as compared to oxidative stability and additive performance
life achieved using a lubricating oil containing the same one or more lubricating o1l additives
having at least one active group that 1s not protected.

[6057) In vet another embodiment, this disclosure relates in part to a method for improving
oxidative stability of a lubnicating o1l additive. The method comprises using as a lubricating oil a
formulated oil, the formulated oil having a composition comprising a lubricating oi base stock as
a major component; and one or more lubricating oil additives having at least one protected active
group, as a minor component. The lubricating oil additives having at feast one protected active
group are inactive with respect to their imnate performance function and exhibit improved oxadative
stability, such that they have longer in-service retemtion times than their active additive
counterpaits i a lubricating ol The method further comprises converting the one or more
lubricating o1l additives having at least one protected active group mto one or more lubricating ot
additives having at least one unprotected active group in the lubricating oil in-service in an engine
or other mechanical component.

{0058} In the above method for improving oxidative stability of a lubricating o1l additive, the
one or more lubricating oil additives having at least one protected active group exhibit improved
oxadative stability in the hubricating oil, as compared to oxadative stability achieved using a
lubricating 01l containing the same one or more fubricating o1l additives having at least one active
group that is not protected.

Lubricating (il Base Stocks

{0659} A wide range of lubricating base oils is known in the art. Lubricating base oils that are
uscful i the present disclosure are both natural otls, and syathetic oils, and unconventional oils {or
mixtures thereof) can be used unrefined, refined, or rercfined (the latter 15 also known as reclaimed
or reprocessed oil). Unrefined oils are those obtained directly from a natural or synthetic source
and wvsed without added purification. These mmchide shale oil obtained directly from retorting
operations, petroleum oil cbtained directly from primary distillation, and ester oil obtained directly
from an estenification process. Refined oils are similar to the oils discussed for unrefined oils
exeept refined oils are subjected to one or more purification steps to improve at least one lubricating
oil property. One skitled in the art is famibiar with many purification processes. These processes
nclude solvent exiraction, secondary distillation, acid extraction, base exiraction, filtration, and
percolation. Re-refined oils are obtained by processes analogous to refined oils but using an oil
that has been previously used as a feed stock.

103660] Groups |, I HE IV and V are broad base oil stock categories developed and defined by
the American Petroleum Institute (AP Publication 1309, www. APLorg) to create gmidelines for
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lubricant basc otis. Group 1 base stocks bave a viscosity index of between 80 and 120 and contain
greater than 0.03% sulfur and/or less than 90% saturates. Group I base stocks have a viscosity
mdex of between 80 and 120, and contain less than or equal to 0.03% sulfur and greater than or
equal to 90% saturates. Group I stocks have a viscosity index greater than 120 and contain less
than or equal to 0.03 % sulfur and greater than 90% saturates. Group IV includes polvalphaolefing
{(PAQ). Group V base stock includes base stocks not included in Groups I-1V. The table below

summarizes properties of each of these five groups.

Base (1l Properties
Saturates Sulfur Viscosity Index
Group | <90 and/or >(3.03% and >80 and <120
Group i >90 and <0.03% and >80 and <120
Group I >50 and <{3.03% and >120
Group IV Includes polyalphaolefing (PAQO)Y and GTL products
Group V All other base o1l stocks not included i Groups I, I, Hi or IV

{0061} Natural oils include animal oils, vegetable oils {castor o1l and lard oil, for example),
and mineral oils. Animal and vegetable oils possessing favorable thermal oxadative stability can
be used. Of the natural oils, mineral oils are preferred. Mineral oils vary widely as to their crude
source, for example, as to whether they are paraffinic, naphthenic, or mixed paraffinic-naphthenic.
Oils denived from coal or shale are also useful. Natural oils vary also as to the method used for
thetr production and purification, for example, their distillation range and whether they are straight
run or cracked, hydrorefined, or solvent extracted.

[0062] Group II and/or Group HI hvdroprocessed or hydrocracked base stocks, including
synthetic oils such as polvalphaolefins, alkyl aromatics and synthetic esters are also well known
base stock oils.

{0063] Svnthetic oils include hydrocarbon oil.  Hyvdrocarbon oils include oils such as
polymerized and mterpolymerized olefins (polyvbutylenes, polypropylencs, propylene ischutyiene
copolymers, ethylene-olefin copolymers, and cthvlenc-alphaclefin copolymers, for example).
Polyvalphaolefin (PAQ) oil base stocks are commonly used synthetic hydrocarbon oil. By way of
example, PAOs derived from Cs, Cie, Cin, C14 olefing or muxtures thereof may be utilized. See
U.S. Patent Nos. 4,956,122 4,827,064 and 4,827,073,

{8064} The namber average molecular weights of the PAQOs, which are known materials and
generally available on a major commercial scale from suppliers such as ExxonMobil Chemical

Company, Chevron Phillips Chemical Company, BP, and others, typically vary from 250 10 3,000,
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although PAQ™s may be made m viscosities up to 100 ¢5t (100°C). The PAOs are tvpically
comprised of relatively low molecular weight hvdrogenated polymers or oligomers of aiphasclcfing
which include, but are not himited to, (2 to Cs2 alphaolefing with the Cs 1o Cie alphaolefins, such
as l-octeng, 1-decene, 1-dodecene and the bike, being preferred. The preferred polyalphaolefing
are poly-l-octene, poly-I-decene and poly-i-dodecene and mixtures thereof and mixed olefin-
derived polvolefins. However, the dimers of higher olefins 1n the range of (s 1o Ciz may be used
to provide low viscosity base stocks of acceptably low volatility. Depending on the viscosity grade
and the starting oligomer, the PAOs may be predominantly trimers and tetramers of the starting
olefins, with minor amounts of the higher oligomers, having a viscosity range of 1.5 to 12 ¢St
[0065] The PAO fluids may be conveniently made by the polymerization of an alphaolefin in
the presence of a polymenzation catalvst such as the Friedel-Crafts catalysts including, for
example, aluminum trichloride, boron tnfluoride or complexes of boron trifluonide with water,
alcohols such as cthanol, propanol or butanol, carboxylic acids or esters such as cthyl acetate or
cthyl propionate. For example, the methods disclosed by U.S. Patent Nos. 4,149,178 or 3,382,291
may be conveniently used herein. Other descriptions of PAQ synthesis are found in the following
U.S. Patent Nos. 3,742,082; 3,769,363, 3,876,720, 4239930, 4.367.352; 4,413,156, 4,434 408
4,910,355, 4,956,122; and 5,068,487, The dimers of the Cia to Cie olefins are described in US.
Patent No. 4,218,330,

{0066} The hydrocarbyl aromatics can be used as base oil or base oil component and can be
any hvdrocarbyl molecule that contains at least 5% of its weight denved from an aromatic moiety
such as a benzenoid moicty or naphthenoid moiety, or their derivatives. These hydrocarbyl
aromatics inchude alkyl benzenes, alkyl naphthalenes, alkyl diphenyl oxides, alkyl naphthols, alkyl
diphenyl sulfides, alkviated bisphenct A, alkylated thicdiphenol, and the like. The aromatic can
be mono-alkviated, dialkvlated, polyalkvlated, and the like. The aromatic can be mono- or poly-
functionalized. The hydrocarbyl groups can also be comprised of mixtures of atkyl groups, alkenyl
groups, alkvayl, cycloalkyl groups, cycloalkenvl groups and other related hydrocarby! groups. The
hydrocarbyl groups can range from Co up to Cso with a range of Cs to Coo often being preferred. A
mixture of hydrocarbyl groups is often preferred, and up to three such substituents may be present.
The hydrocarbyl group can optionally contain sulfur, oxyvgen, and/or nitrogen containing
substituents. The aromatic group can also be denved from natural {petroleum) scurces, provided
at least 3% of the molecule 1s comprised of an above-type aromatic moiety. Viscosities at 100°C
of approximately 3 ¢85t to 50 ¢St are preferred, with viscosities of approximately 3.4 ¢St 1o 20 ¢St
often being more preferred for the hydrocarbyl aromatic component. In one embodiment, an alkyl

naphthalenc where the alkyl group is primarily comprised of 1-hexadecene is used. Other alkylates
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of aromatics can be advantageousty used. Naphthalenc or methyl naphthalene, for example, can
be alkviated with olefins such as octene, decene, dodecene, tetradecene or higher, muxtures of
similar olefing, and the hike. Usefil concentrations of hydrocarbyl aromatic i a lubricant oil
composition can be 2% to 25%, preferably 4% to 20%, and more preferably 4% to 15%, depending
on the application.

06671 Esters comprise a usetud base stock. Additive solvency and seal compatibility
characteristics may be secured by the use of esters 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, succemic acid, alkyl succimic
acid, alkenyl succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic
acid, inoleic acid dimer, malonic acid, alkyl malounic acid, alkenvl malonic acid, etc., with a vanety
of alcohols such as butyl alcohol, hexyl alcohol, dodecvl alcohol, Z-cthylthexyl alcchel, ctc.
Specific examples of these types of esters include dibutyl adipate, di(2-cthylhexyl) schacate, di-
n-hexyl fumarate, dioctyl sehacate, diisooctyl azelate, duisodecyl azelate, dioctyl phthalate, didecyl
phthalate, dicicosyl scbacate, ctc.

[0068] Particularly useful synthetic esters are those which are obtained bv reacting one or more
polvhvdric alcohols, preferably the hindered polvols (such as the neopenty! polvols, ¢ .g., neopentyl
glycol, tnmethyvlol  ethane, Z2-methyvi-2-propyi-1,3-propanedicl, tnmethviol  propane,
pentacrythritol and dipentacrythritol) with alkanoic acids containing at least 4 carbon atoms,
preferably Cs to Cao acids such as saturated straight chain faity acids including caprylic acid, capric
acid, lauric acid, mynistic acid, palmitic acid, stearic acid, arachic acid, and behenic acid, or the
corresponding branched chain fatty acids or unsaturated fatty acids such as oleic acid. or mixtures
of anv of these materials.

(069} Suitable synthetic ester components include the esters of tnimethylol propane,
trimethylol butane, trimethylol ethane, pentacrythritol and/or dipentaerythritol with one or more
monocarboxylic acids containing from 3 to 10 carbon atoms. These esters are widely available
commercially, for example, the Mobil P-41 and P-51 esters of ExxonMobil Chemical Company).

06761 Other useful fhuds of lobricating viscosity inchide non-conventional or unconventional
base stocks that have been processed, preferably catalvtically, or synthesized to provide high
performance lubrication characteristics.

6071} Non-conventional or unconventional base stocks/base oils mclude one or more of a
mixture of base stock(s} derived from one or more Gas-to-Liqunds (GTL) materials, as well as
isomerate/isodewanate base stock(s} derived from natoral wax or waxy feeds, mineral and or non-

mineral o1l waxy feed stocks such as slack waxes, natural waxes, and waxy stocks such as gas oils,
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waxy fuels hydrocracker bottoms, waxy raffinate, hydrocrackate, thermal crackates, or other
mineral, mineral oil, or even non-petroleum oil dernved waxy materials such as waxy materials
received from coal liquefaction or shale oil, and mixtures of such base stocks.

[0072] GTL materials are matenials that are denived via one or morg gynthesis, combination,
transtormation, rearrangement, and/or degradation/deconstructive processes from gaseous carbon-
containing compounds, hvdrogen-contaning compounds and/or elements as feed stocks such as
hydrogen, carbon dioxide, carbon monoxide, water, methane, ethane, sthviene, acetylens, propane,
propylene, propyne, butane, butylenes, and butvoes. GTL base stocks and/or base oils are GTL
maternials of lubricating viscosity that are generally derived from hydrocarbons; for example, waxy
synthesized hydrocarbons, that are themselves derived from simpler gascous carbon-containing
compounds, hydrogen-containing compounds and/or clements as feed stocks. GTL base stock(s)
and/or base 01l{(s} include oils boiling m the hube oil boiling range (1) separated/fractionated from
synthesized GTL matenals such as, for example, by distillation and subsequently subjected to a
final wax processing step which involves either or both of a catalytic dewaxing process, or a solvent
dewaxing process, o produce lube oils of reduced/low pour point; {2} synthesized wax isomerates,
compnsing, for example, bydrodewaxed or hvdroisomerized cat and/or solvent dewaxed
synthesized wax or waxy hydrocarbons; (3} hydrodewaxed or hvdroisomerized cat and/or solvent
dewaxed Fischer-Tropsch (F-T) material {ie., hydrocarbons, waxy hydrocarbons, waxes and
possible analogous oxvegenates); preferably bvdrodewaxed or hydroisomerized/followed by cat
and/or solvent dewaxing dewaxed F-T waxy hyvdrocarbons, or hyvdrodewaxed or
hydroisomerized/followed by cat {or solvent) dewaxing dewaxed, F-T waxes, or mixtures thereof.
[6G73] GTL base stock(s) and/or base cil{s} derived from GTL matenals, especially,
bydrodewaxed or hydroisomerized/followed by cat and/or solvent dewaxed wax or waxy feed,
preferably F-T matenial derived base stock(s) and/or base oil(s), are characterized typically as
having kinematic viscosities at 100°C of from 2 mm?%/s to 50 mm?/s (ASTM D445}, They are
further characterized tvpically as having pour points of -5°C to -40°C or lower (ASTM D973, They
are also characterized typically as having viscosity indices of 80 to 140 or greater (ASTM D2270).
18074} In addition, the GTL base stock{s} and/or base oil{s} are typically highly paraffinic
{>90% saturates}, and may contam mixteres of monocveloparaffing and multicycloparatfing in
cormbination with non-cvelic isoparatfins. The ratio of the naphthenic (i.¢., cycloparaffin} content
m such combinations varies with the catalvst and temperature used. Further, GTL base stock(s)
and/or base oil{s) typically have very low sulfur and nitrogen content, generally contaming less
than 10 ppm, and more typically lessthan 5 ppm of each of these elements. The sulfur and nitrogen

content of GTL base stock(s) and/or base oil(s) obtaned from F-T material, especially F-T wax, is
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cssentially nil.  In addition, the absence of phosphorous and aromatics make this materially
especially suitable for the formulation of low SAP products.

[B075] The term GTL base stock and/or base o1l and/or wax 1somerate base stock and/or base
o1l is to be understood as embracing individual fractions of such maternials of wide viscosity range
as recovered in the production process, mixtures of two or more of such fractions, as well as
mixtures of one or two or more low viscosity fractions with one, two or more higher viscosity
fractions to produce a blend wherein the blend exhibits a target kinematic viscosity.

[6076] The GTL material, from which the GTL base stock({s} and/or base oil{s) 1s/are derived
is preferably an F-T matenal (¢, hydrocarbons, waxy hydrocarbons, wax).

{6677 In addition, the G'TL base stock(s) and/or base oil(s) are typically highly paraffinic
{(>90% saturates), and may contain mixtures of monooycloparaffing and multicycloparaffing in
combination with non-cychic isoparaffins. The ratio of the naphthenic (i.c., cycloparaffin} content
i such combinations varics with 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 10 ppm, and more typically less than 5 ppm of cach of these elements. The sulfur and
nitrogen content of GTL base stock{s) and/or base 01l(s) obtained from F-T material, especially
F-T wax, 1s essentially nil.  In addition, the absence of phosphorous and aromatics make this
matcrial especially suitable for the formulation of low sulfur, sulfated ash, and phosphorus (fow
SAP) products.

{0678} Base oils for use m the formulated lubricating oils useful in the present disclosure are
any of the variety of oils corresponding to AP Group §, Group I, Group HI, Group 1V, and Group
V oils and mixtures thereof, preferably AP Group I, Group HH, Group 1V, and Group V oils and
mixtures thereof, more preferably the Group I to Group V base oils due to their exceptional
volatility, stability, viscometric and cleanliness features. Minor quantities of Group [ stock, such
as the amount used to dilute additives for blending into formulated lube o1l products, can be
tolerated but should be kept to a minimum, ie. amounts only associated with their use as
dilaents/carrier oil for additives used on an “as-received” basis. Even in regard to the Group H
stocks, it 15 preferred that the Group H stock be in the higher quality range associated with that
stock, 1.e. a Group H stock baving a viscosity index in the range 100 < Vi< 120

{66791 The base o1l constitutes the major component of the engine oil lubricant composition
of the present disclosuare and typically is present in an amount ranging from 50 to 99 weight percent,
preferably from 70 to 95 weight percent. and more preferably from 85 to 95 weight percent, based

on the total weight ot the composition. The base o1l may be selected from any of the synthetic or
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natural oils typically used as crankcase lubricating oils for spark-ignited and compression-ignited
engines. The base oil conveniently has a kinematic viscosity, according to ASTM standards, of
2.5 ¢St to 12 ¢St {or mm® /s) at 100°C and preferably of 2.5 ¢St to 9 ¢St {or mm?/s) at 100°C.
Maxtures of synthetic and natural base oils may be used if desired.

Lubricating Od Additives Having at Least One Protected Active Group

0684} This disclosure provides one or more lubricating oil additives having at least one
protected active group. The one or more lubricating oil additives having at least one protected
active group are inactive with respect to their innate performance function. The one or more
tubricating o1 additives having at least one protecied active group are converted into one or more
fubricating oil additives having at least one unprotected active group in the lobricating oil in-
service in an engine or other mechanical component.

{0081} The one or more lubncating o1l additives having at least one protected active group are
converted to one or more lubricating o1l additives having at least one unprotected active group in
the lubricating 01l in-service in the engine or other mechanical component at a temperatore greater
than or equal to 110°C, or by reaction with free acids that catalyze the release of a unprotected
active group at a temperature greater than or equal to ambient temperature.

6082} Hlustrative unprotected active groups include, for example, an ~OH group, a -NH
group, and the like.

{0083} Hlustrative protected active groups mclude, for example, a carbonate, a carbamate, an
acetal, an ester, an amide, a urea, an alkoxysilane, an alkylsilane, a phosphite, a phosphonate, a
phosphate, a sulfonamide, a sulfonate, a sulfate, and the hike.

{0084} Protection methods for the one or more lubricating oil additives having at least one
protected active group can mclude, tor example, chemical protection. Nlustrative chemical
protection includes, for example, converting an unprotected —OH group or —-NH group to a
protected carbonate, carbamate, acctal, ester, amide, urea, alkoxysilane, alkvlsilane, phosphite,
phosphonate, phosphaie, sulfonamide, sutfonate, or sulfate group.

[0085] Deprotection methods for converting one or more lubricating o1l additives having at
least one protected active group to one or more lubricating oil additives having at least one
vaprotected active group include chemical deprotection.

[0086] Hiustrative chemical deprotection methods include, for example, converting a protected
carbonate, carbamate, acetal, ester, amide, urea, alkoxysilane, alkvisilane, phosphite, phosphonate,

phosphate, sultfonamide, sulfonate, or sulfate group to an unprotected —~OH group or ~NH group.
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[O087] Preferred lubricating ol additives having at least one protected active group inchude a
protected phenolic antioxidant, a protected aminic antioxidant, a protected alkane diol fiiction
modifier, a protected ester diod friction modifier, or a protected Mannich dispersant.

10088] Hlustrative lubricating oil additives having at least one protected active group comprise
a protected phenolic antioxidant compusing di-ferf-butyl (methylencbis(2,6-di-ferr-butyi-4,1-
phenviene)) bis(carbonate) denved from a hindered bisphenol such as, but not himited io,
Ethanox™ 4702, or fert-butyvl carbonate of 3,5-di-tert-butyl-4-hydroxyphenvipropionic alkyl ester
derived from a hindered monophenol such as Irganox™ 1135 or frganox™ 1076, a protected
aminic antioxidant comprising fert-butyl diaryl carbamate derived from a substituted {or
unsubstituted) diarylamine such as, but not imited to, Irganox™ L37 or Irganox ™ L6, a protected
alkane diol friction modifier comprising ferf-butyl octadecane-1,3-divi dicarbonate or Vikinol™
18 bis{carbonate), a protected ester diol friction modifier comprising glycerol monostearate
bis{carbonate), a protected Mannich dispersant comprising a Mannich dispersant having a ferr-
buty] carbonate group, and the hike.

{0689} The lubricating oils of this disclosure can further inchude one or more hubricating o1l
additives having at least one unprotected active group. Hlustrative of such lubricating oil additives
having at least one unprotected active group meclude, for example, an onprotected viscosity
improver, an unprotected antioxidant, an unprotected detergent, an unprotecied dispersant, an
unprotected pour point depressant, an unprotected corrosion inhibitor, an unprotected friction
modifier, an unprotected antiwear agent, an unprotected extreme pressure additive, an unprotected
metal deactivator, an unprotected seal compatibility additive, an oaprotected anti-foam agent, an
paprotected inhibitor, an unprotected anti-rust additive, and the hke.

G030 In the lubricating oils of this disclosure, the one or more lubricating oil additives can
be present in an amount from about 0.1 weight percent to about 10 weight percent or greater,
preferably from about (.25 weight percent to about 8 weight percent, more preferably from about
0.5 weight percent to about 5 weight percent, more preferably from about .75 weight percent to
about 3 weight percent, and more preferably from about 1 weight percent to about 2 weight percent,
based on the total weight of the lubricating oil.

Other Additives

{0091} The formulated tubricating o1l useful in the present disclosure may additionally contain
one or more of the other commonly used tubricating o1l performance additives including but not
Iimited to dispersants, detergents, corrosion mhibitors, rust mhibitors, metal deactivators, other
anti-wear agents and/or extreme pressure additives, anti-seizure agents, wax modifiers, viscosity

mdex mmprovers, viscosity modifiers, fluid-loss additives, seal compatibility agents, friction
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maodificrs, lubricity agents, anti-staining agents, chromophoric agents, defoamants, demulsifiers,
emulsifiers, densifiers, wetting agents, gelling agents, tackiness agents, colorants, and others. For
a review of many commonly used additives, see Klamann in Lubncants and Related Products,
Verlag Chemie, Deerfield Beach, FL; ISBN 0-89573-177-0. Reference is also made to “Lubricant
Additives” by M. W. Ranney, published bv Noyes Data Corporation of Parkridge, NJ (1973).

0092} ¢ types and guantities of performance additives used in combination with the instant
disclosure n labricant compositions are not Hmited by the examples shown herein as iflastrations.

Friction Modificrs

{6093} A friction modifier is any matenial or materials that can alter the coefficient of thiction
of a surface lubricated by any lubricant or fluid containing such material{s). Friction modifiers,
also known as friction reducers, or lubricity agents or ciliness agents, and other such agents that
change the ahility of hasc oils, formulated lubricant compositions, or functional fluids, to modify
the coefficient of friction of a lubricated surface may be effectively used in combination with the
base oils or hubricant compositions of the present disclosure if desired. Friction modifiers that
lower the coefficient of friction are particularly advantageous in combination with the base oils
and lube composttions of this disclosure.  Frction modifiers may include metal-containing
compounds or materials as well as ashiess compounds or materials, or mixtures thereof Metal-
containing friction modificrs may inchude metal salts or metal ligand complexes where the metals
may include alkali, alkaline carth, or transition group metals. Such metal-contaming friction
modifiers may also have low-ash characteristics. Transttion metals may include Mo, Sb, Sn, Fe,
Cu, Zn, and others. Ligands may mclude hyvdrocarbyl derivative of aleohols, polvols, glycerols,
partial ester glycerols, thicls, carboxylates. carbamates, thiocarbamates, dithiocarbamates,
phosphates, thiophosphates, dithiophosphates, amides, imides, amines, thiazoles, thiadiazoles,
dithiazoles, diazoles, triazoles, and other polar molecuiar functional groups containing effective
amounts of O, N §, or P, individually or in combmation. In particular, Mo-containing compounds
can be particularly effective such as for cxample Mo-dithiocarbamates, Mo(DTC),
Mo-dithiophosphates, Mo(DTP), Mo-amnes, Mo {Am)}, Mo-alcoholates, Mo-alcohol-andes, etc.
See U.S. Patent Nos. 5,824,627, 6232276, 6,153,564, 6,143,701, 6,110,878, 3,837,657,
6,010,987, 5,906,968, 6,734,150, 6,730,638, 6,689,725, 6,569,820, WO 99/66013; WO 99/47629;
and WO 98/26030.

[(094] Ashless friction modifiers may also include lubricant materials that contain effective
amounts of polar groups, for example, hydroxyl-containing hydrocarbyl base oils, glycernides,
partial glycerides, glveeride dernivatives, and the like. Polar groups in friction modifiers may

melude hvdrocarbyl groups containing etfective amounts of O, N, §, or P, individually or in
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combination. Other friction modifiers that may be particularly effective nclude, for exampie, salts
{both ash-containing and ashless derivatives) of fatty acids, fatty alcohols, fattv amides, fatty esters,
hydrosyl-containing carboxylates, and comparable svnthetic long-chain hydrocarbyl acids,
alcohols, amides, esters, hydroxy carboxylates, and the ke, In some instances fatty organic acids,
fatty amines, and sulfunzed fatty acids may be used as suitable friction modifiers.

{8695} Useful concentrations of friction modifiers may range from 0.01 weight percent to
10-15 weight percent or more, often with a preferred range of $.1 weight percent to 5 weight
percent. Concentrations of molybdenum-containing materials are often described in terms of Mo
metal concentration. Advantageous concentrations of Mo may range from 10 ppm to 3000 ppm or
more, and often with a preferred range of 20-2000 ppm, and in some instances a more preferred
range of 30-1000 ppm. Friction modifiers of all types may be used alone or in mixtures with the
matcrials of this disclosure. Often mixtures of two or more frction modificrs, or mixturcs of
friction modifier(s) with alternate surface active material{s}, are also desirable.

Antioxidants

{0696} Antioxidants retard the oxidative degradation of base ails during service. Such
degradation may result in deposits on metal surfaces, the presence of sludge, or a viscosity increase
in the lubricant. One skilled in the art knows a wide variety of oxidation inhibitors that are useful
m lubricating oil compositions. See, Klamann in Lubricants and Related Products, op cite, and
U5, Patent Nos. 4,798,684 and 5,084,197, for example.

{8697} Useful antioxadants include hindered phenols. These phenolic antioxidants may be
ashless {metal-free) phenolic compounds or neutral or basic metal salts of certain phenolic
compounds. Typical phenolic antioxidant compounds are the hindered phenolics which are the
ones which contain a sterically hindered hydroxy! group, and these include those derivatives of
dihvdroxy ary! compounds 1 which the hydroxyl groups are in the o- or p-position to cach other.
Typical phenolic antioxidants inchide the hindered phenols substituted with Cs+ alkyl groups and
the alkylene coupled derivatives of these hindered phenols. Examples of phenolic materials of this
type 2-r-butyl-4-heptyl phenol; Z-r-butyl-4-octyl phenol; 2-r-butyi-d-dodecyl phenol; 2,6-di-
-butyl-4-hepty! phenol; 2,6-di--butvl-4-dodecy! phenol; 2-methyl-6-r-butyl-4-heptyl phenol; and
2-methyi-6-r-butyl-4-dodecyl phenol. Other useful hindered mono-phenolic antioxidants may
mclude for example hindered 2,6-di-alkvl-phenolic proprionic ester derivatives.  Bis-phenolic
antioxidants may also be advantageously used i combination with the instant disclosure.
Examples of ortho-coupled phenols imclude: 2,27 -bis{d-heptyl-6-s-butyl phenoly; 2,2 -bis{4-octyl-
6--butyl-phenol}; and 2.2"-bis{4-dodecyl-6-#-butyl-phenol}. Para-coupled bisphenols mchude for
example 4,4 -bis(2,6-di~~butvl phenol) and 4,4 -methviene-bis(2,6-di-f-butvl phenol).
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[0098] Non-phenolic oxidation inhibitors which may be used mclude aromatic amine
antioxidants and these may be used erther as such or in combination with phenolics. Typical
examples of non-phenolic antioxidants melude: alkylated and non-alkylated aromatic amines such
as aromatic monoamines of the formula R®R"RI'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, aryl or
RYS(O)xR? where R'! is an alkylene, alkenylene, or aralkvlene group, R' is a higher alkyl group,
or an alkenvl, aryl, or alkaryl group, and xis 0, 1 or 2. The aliphatic group R® may contain from 1
to 20 carbon atoms, and preferably contains from 6 to 12 carbon atoms. The alipbatic group 15 a
saturated aliphatic group. Preferably, both R® and R? are aromatic or substituted aromatic groups,
and the aromatic group may be a fused ring aromatic group such as naphthyl. Aromatic groups R®
and R’ may be joined together with other groups such as 8.

{6099 Typical aromatic amines antioxidants have alkyl substituent groups of at least 6 carbon
atoms. Examples of aliphatic groups include hexyl, heptyl, octyl, nonvl, and decvl. Generally, the
aliphatic groups will not contain more than 14 carbon atoms. The general types of amine
antioxidants useful in the present compositions include diphenylamines, phenyi naphthylamines,
phenothiazines, inudodibenzvls and diphenvl phenviene diamines. Mixtures of two or more
aromatic amines are also useful. Polvmeric amine antioxidants can also be uwsed. Particular
gxamples of aromatic amine antioxidants useful in the present disclosure include:
p.p ~dioctvldiphenviamine; t-octylphenvl-alpha-naphthvlamine; phenyl-aiphanaphthylamine; and
p-octylphenyl-alpha-naphthylamme.

{80100}  Sulfurized alkyl phenols and alkali or alkaline earth metal salts thereof also are uscful
antioxidants.

{06161}  Preferred antioxidants include hindered phenols, aryvlamines. These antioxidants may
be used mdividually by type or in combination with one another. Such additives may be used
an amount of 0.01 to 5 weight percent, preferably 0.01 to 2.5 weight percent, more preferably 0.01
to 1.5 weight percent.

Dispersants

[86182]  During engine operation, oil-insoluble oxidation byproducts are produced. Dispersants
help keep these byvproducts in solution, thus dinmimshing their deposttion on metal surfaces.
Dispersants used in the formmulation of the fubricating 01l may be ashless or ash-forming in nature.
Preferably, the dispersant is ashless. So-called ashless dispersants are organic matenials that form
substantially no ash upon combustion. For example, non-metal-containing or borated metal-free
dispersants are considered ashless. In contrast, metal-containing detergents discussed above form

ash upon combustion.
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[B6103]  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, oxvgen, or phosphorus. Typical hydrocarbon chamns contain 50 to 400 carbon atoms.
106104]  Chemically, many dispersants may be characterized as phenates, sulfonates, sulfurized
phenates, salicylates, naphthenates, stecarates, carbamates, thiocarbamates, phosphorus derivatives.
A particularly useful class of dispersants are the alkenylsuccinic denvatives, typically produced by
the reaction of a long cham hydrocarbyl substituted succinic compound, usually a hydrocarbyl
substituted succinic anhydrnide, with a polvhydroxy or polvamino compound. The long chain
hyvdrocarbyl group constituting the oleophilic portion of the molecule which confers solubility 1n
the oil, s normally a polviscbutylene group. Many examples of this type of dispersant are well
known commercially and in the literature. Exemplary U.S. patents describing such dispersants are
U.S. Patent Nos. 3,172,892, 3,215,707, 3,219,666, 3,316,177, 3.341.542; 3,444,170, 3,454,607
3,541,012, 3,630,904, 3,632,511, 3,787,374 and 4,234,435, Other types of dispersant are described
in U.S. Patent Nos. 3,036,603 3,200,107, 3,254,025, 3,275,554, 3.438,757, 3,454,555, 3,565,804,
3,413,347, 3697574, 3725277, 3725480, 3726882; 4454059, 3,329.658; 3,449,250,
3,519,565, 3,666,730, 3,687,849, 3,702,300, 4,100,082; 5,705,458 A further description of
dispersants may be found, for example, in European Patent Application No. 471 071, to which
reference is made for this purpose.

[66105]  Hydrocarbyi-substituted succinic acid and hydrocarbyl-substituted succinic anhvdnide
dernivatives are useful dispersants. In particular, succimimide, succinate esters, or succinate ester
amides prepared by the reaction of a hydrocarbon-substituted succinic acid compound preferably
having at least 50 carbou atoms 1n the hvdrocarbon substituent, with at least one equivalent of an
alkvlene amine are particularly useful.

[B8106]  Succiumides are formed by the condensation reaction between hydrocarbyl substituted
succinic anhydrnides and amines. Molar ratios can vary depending on the polvamine. For example,
the molar ratio of hydrocarbyl substituted succinic anhydride to TEPA can vary from 1:1 o 5:1.
Representative examples are shown in U.S. Patent Nos. 3,087.936; 3,172,892, 3,219,666,
3,272,746, 3,322.670; and 3,652,616, 3,948 800; and Canada Patent No. 1,094,044,

{86107}  Succinate esters are formed by the condensation wmeaction between hydrocarbyl
substituted succinic anhydrides and alcobols or polyols. Meolar ratios can vary depending on the
alcohol or polvol used. For example, the condensation product of a hvdrocarbyl substituted
succinic aphydnide and pentaerythritol is a useful dispersant.

{00108]  Succinate ester amides are formed by condensation reaction between hydrocarbyl

substituted succinic anhvdrndes and alkanol amines. For example, suitable alkanol amines include
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cthoxviated polvalkyipolyamines, propoxvyiated polvalkylpolyamines and polvalkenyipolvamines
such as polyethvlene polvanunes. One cxample is propoxyviated hexamethylenediamine.
Representative examples are shown in U.S. Patent No. 4,426,305,

1061091 The molecular weight of the hydrocarbyl substituted succinic anhydrides used in the
preceding paragraphs will typically range between 800 and 2,500, The above products can be post-
reacted with vanous reagents such as sulfur, oxygen, formaldehvde, carboxylic acids such as oleic
acid. The above products can also be post reacted with boron compounds such as boric acid, borate
esters or highly borated dispersants, to form borated dispersants generally baving from 9.1 1o 5
moles of boron per mole of dispersant reaction product.

[86116] Manmich base dispersants are made from the reaction of alkylphenols, formaldehvde,
and amines. Sge U.S. Patent No. 4,767,551, which is incorporated herein by reference. Process
aids and catalysts, such as oleic acid and sulfonic acids, can also be part of the reaction mixture.
Molecular weights of the alkyiphenols range from 800 to 2,500, Representative examples are
shown in U.S. Patent Nos. 3,697,574; 3,703,536; 3,704,308, 3,751,365, 3,756,953, 3,798,165, and
3,803,039,

{00111} Typical high molecular weight aliphatic acid modificd Mannich condensation products
useful in this disclosure can be prepared from high molecular weight alkyl-substituted
hydroxyaromatics or HNR; group-containing reactants.

[66112] Hydrocarbyl substituted amine ashless dispersant additives are well known to one
skilled o the art; see, for example, U.S. Patent Nos. 3,275,554, 3,438,757, 3,565,804, 3,755,433,
3,822,209, and 5,084,197,

{06113} Preferred dispersants mclode borated and non-borated succinimides, including those
derivatives from mono-succimimides, bis-succinimides, and/or muxtures of mono- and bis-
succinimides, wherein the hydrocarbvi succininude is derived from a hydrocarbylene group such
as polvisobutylene having a Mn of from 500 to 5000 or a mixture of such hydrocarbylene groups.
Other preferred dispersants include succinic acid-esters and amuides, alkviphenol-polvamine-
coupled Mannich adducts, their capped denvatives, and other related components. A preferred
dispersant is polyisobutylene succinimide polyamine (PIBSA-PAM). Such additives may be used
m an amount of 0.1 to 20 weight percent, praferably 0.5 to & weight percent.

[B8114] A typical detergent 1s an anionic material that contains a long chain hvdrophobic portion
of the molecule and a smaller anionie or oleophobic hydrophilic portion of the molecule. The

anionic portion of the detergent 1s typically denived from an organic acid such as a sulfur acid,
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carboxvhie acid, phosphorous acid, phenol, or mixtures thereof. The counterion is typically an
ajkaline earth or atkali metal.

[08115]  Salts that contain a substantially stoichiometric amount of the metal are described as
neutral salts and have a total base number {TBN, as measured by ASTM D2896) of from 0 to 80.
Manv compositions are overbased, containing large amounts of a metal basc that is achieved by
reacting an excess of a metal compound (a metal carbonate, hydroxide or oxide, for example) with
an acidic gas (such as carbon dioxade). Useful detergents can be neutral, mildly overbased, or
highly overbased.

[B8116] B 1s desirable for at least some detergent to be overbased. Overbased detergents help
neutralize acidic impuritics produced by the combustion process and become entrapped in the il
Typically, the overbased material has a ratic of metallic ion {0 amonic portion of the detergent of
1.05:1 10 50:1 on an equivalent basis. More preferably, the ratio 1s from 411 to 25:1. The resulting
detergent is an overbased detergent that will typically have a TBN of 150 or higher, often 250 to
450 or more. Preferably, the overbasing cation is sodium, calcium, or magnesium. A mixture of
detergents of differing TBN can be used in the present disclosure.

{06117} Preferred detergents include the alkali or alkaline carth metal salts of sulfonates,
phenates, carboxvlates, phosphates, and salicylates, e.g., a mixture of magnesium sulfonate and
calcium salicylate.

[06118] Sulfonates may be prepared from sulfonic acids that are typically obtained by
sulfonation of alkyl substituted aromatic hvdrocarbons. Hvdrocarbon examples include those
obtained by alkylating benzene, toluene, xylene, naphthalene, biphenyl and their halogenated
derivatives {chiorobenzene, chlorotoluene, and chioronaphthalene, for exampile). The alkviating
agents typically have 3 to 70 carbon atoms. The alkarvl sulfonates tvpically contain 9 to 80 carbon
or more carbon atoms, more typically from 16 to 60 carbon atoms.

[08119]  Alkaline earth phenates are another useful class of detergent. These detergents can be
made by reacting alkaline carth metal hydroxide or oxide (Ca0, Ca(OH)2, Ba(, Ba(OH):, MO,
Mg{OH)z, for example) with an alkyl phenol or sulfurized alkviphenol, Usetul alkyi groups
melude straight chain or branched C1-Cao alkyl groups, preferably, Ce-Coo. Examples of suitable
phenols mehide isobutylphenst, Z-ethvihexyiphenol, nonviphenol, dodecyl phenol, and the hike. It
should be noted that starting alkvipbenols may contain more than one alkyl substituent that are
cach independently straight chain or branched. When a non-sulfurized alkyiphenol 1s used, the
sulfarized product may be obtained by methods well known in the art. These methods include

heating a mixture of alkylphenol and sulfurizing agent (including elemental suifur, sulfur halides
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such as sulfur dichlonde, and the like) and then reacting the sulfurized phenol with an alkaline
carth metal base.

[00126] Metal salts of carboxvhc acids are also usefud as detergents. These carboxyhic acid
detergents may be prepared by reacting a basic metal compound with at least one carboxylic acid
and removing free water from the reaction product. These compounds mayv be overbased to
produce the desired TBN level. Detergents made from salievlic acid are one preferred class of
detergents dertved from carboxylic acids. Useful salicviates include long chain alkyl salieylates.

One useful famuily of compositions is of the formula
[
/ G0 M
/\/ | E\T

where R is an alkyl group having 1 to 30 carbon atoms, n is an integer from 1 to 4, and M is an
alkalime carth metal. Preferred R groups arc alkyl chams of at least Ciy, preferably Cis or greater.
R may be optionally substituted with substituents that do not interfere with the detergent’s function.
M is preferably, calcium, magnesian, or bartum. More preferably, M is calcium.

{00121}  Hydrocarbyi-substituted salicylic acids may be prepared from phenols by the Kolbe
reaction {see U.S. Patent No. 3,595,791}, The metal salts of the hyvdrocarbyi-substituted salicvhic
acids may be prepared by double decomposition of a metal salt in a polar solvent such as water or
alcohol.

{00122} Alkaline carth metal phosphates are also used as detergents and are known in the art.
[B8123]  Detergents may be simple detergents or what is known as hybrid or complex detergents.
The latter detergents can provide the properties of two detergents without the need to blend separate
materials. See U.S. Patent No. 6,034,039,

[06124] Preferred detergents include calcium phenates, calcium sulfonates, calcium salicylates,
magnesium phenates, magnesium sulfonates, magnesium salicylates and other related components
{inchuding borated detergents) in any combination. A preferred detergent inchudes magnesium
sultonate and calcium salicvlate.

[B8125]  The detergent concentration n the lubricating otls of thus disclosure can range from 1.0
to 6.0 weight percent, preferably 2.0 to 5.0 weight percent, and more preferably from 2.0 weight

percent to 4.0 weight percent, based on the total weight of the hibricating oil.
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Anti-Wear Addidives

[B0126] A metal alkylthiophosphate and more particulardy a metal dialkyl dithio phosphate n
which the metal constituent is zing, or zinc dialkyl dithio phosphate (ZDDP) is a component of the
lubricating oils of this disclosure. ZDDP can be primary, secondary or mixtares thercof. ZDDP
compounds generally are of the formula Zn{SP{SHORNOR)}: where R! and R® are C1-Cis alkyl
groups, preferably Co-Ciz alkyl groups. These alkyl groups may be straight chain or branched.
[86127] Preferable zinc dithiophosphates which are commercially available include secondary
zinc dithiophosphates such as those available from for example, The Lubrizol Corporation under
the trade designations “LZ 677A7, “LZ 10957 and “LZ 13717, from for example Chevron Gronite
vnder the trade designation “OLOA 2627 and from for example Afton Chemical under the trade
designation “HITEC 7169”.

[06128] The ZDDP is typically used in amounts of from 0.4 weight percent to 1.2 weight
percent, preterably from 0.3 weight percent to 1.0 weight percent, and more preferably from 0.6
welght percent to 0.8 weight percent, based on the total weight of the hubricating oil, although more
or lgss can often be used advantageously. Preferably, the ZDDP is a secondary ZDBDP and present
m an amount of from 0.6 to 1.0 weight percent of the total weight of the lnbricating oil.

[66129]  ZDDP is one of the most successtul anti-wear additives ever used in lubricants. This
additive is fairly cost effective and provides exceptionally durable anti-wear tribofilms on ferrous
surfaces under extreme lubrication conditions. ZDDP forms protective films on ferrous surfaces
within a very short period of time. This additive forms pad-like polymeric tribofilms at the rubbing
contact and thos prevents wear, |t 1s believed that ZDDP undergoes thermal decomposition at the
tribological contact followed by the reactions with reactive iron surfaces or iron oxides that forms
glassy phosphate films. Thesc films contain punimal iron meaning that the formation of tribofilm
requires minimal loss of won from the rubbed surtaces. The cham lengths of the phosphate
decreases with the depth of the tribofilm and the layers near the surface were mostly domimated by
ron sulphides and iron oxides.

{00130}  Using an optical interferometry techmque, it has been demonstrated that the formation
of ZDDP tribofilm takes several tens of minutes. The friction coefficients during the film
formation period initially increases and then gradually decreases and finally reaches to steady sate.
The increase of friction is a result of initial wear {adhesive/abrasive wear) that generates enough
nascent iron to react with the thermally decomposed ZDDP. As soon as the ZDDP tibofilm starts
to dominate the contact between two interacting surfaces, friction starts to decrease. Since the film
formation of ZDDP is primanly mfluenced by the initial wear, the nature of wear influences the

uniformity as well as growth rate of ZDDP tribofilm to a great extent.
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{86131}  Uniform anti-wear tribofilms are desirable over the non-uniform patchy tribofilms,
This 18 because the uniform tnbofilm can resist the applied load more uniformly and thercby
generates distributed stresses within the tribofilm.  In contrast, in the case of non-umiform
tribofilms, the applicd load i1s mainly taken by the high spots resulting in more concentrated stresses
and thereby causing more failure of tribofilms. This disclosure reveals that NGP matenials enable
the formation of uniform ZDDP tribofilms by controllimg the nitial wear process.

Pour Point Bepressants (PPDs)

{86132} Conventional pour point depressanis {also known as lube oil flow improvers) may be
added to the compositions of the present disclosure if desired. These pour point depressant may
be added to lubricating compositions of the present disclosure to lower the minimom temperature
at which the fluid will flow or can be poured. Examples of suitable pour point depressants mnclude
polymethacrylates, polvacrylates, polyaryiamides, condensation products of haloparaffin waxes
and aromatic compounds, vinyl carboxvlate polymers, and terpolymers of diatkvlifumarates, vinyl
csters of fatty acids and allyl vinyl ethers. U.S. Patent Nos. 1,813,022; 2.015.748; 2,191 498;
2,387,501, 2,655, 479, 2 666,746, 2,721 877, 2,721 878 and 3,250,715 describe useful pour point
depressants and/or the preparation thereof. Such additives may be used 1 an amount of 0.01 to 5
weight percent, preferably 0.01 to 1.5 weight percent.

Seal Compatibilitv Acents

{00133]  Scal compatibility ageunts help to swell elastomeric seals by causing a chenucal reaction
i the fluid or physical change in the clastomer. Suitable seal compatibility agents for lubnicating
oils mchide organic phosphates, aromatic esters, aromatic hydrocarbons, esters (butylbenzyl
phthalate, for example), and polybutenyl succinic anhvdride. Such additives may be used in an
amount of 0.01 to 3 weight percent, preferably 0.01 to 2 weight percent.

Antifoam Agents

[06134]  Anti-foam agents may advantageously be added to lubricant compositions. These
agents retard the formation of stable foams. Silicones and organic polvmers are typical anti-foam
agents. For example, polysiloxanes, such as silicon o1l or polvdimethyl siloxane, provide antifoam
properties. Anti-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
cormbined is less than 1 weight percent and often less than 0.1 weight percent.

Viscosity Index Improvers

[O8135]  Viscosity mdex improvers {(also known as VI improvers, viscosity modifiers, and
viscosity improvers) can be mcladed in the lubricant compositions of this disclosure. Preferably,

the method of this disclosure obtaing improvements in fuel economy without sacrificing durability
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by a reduction of high-temperature high-shear (HTHS) viscosity to a level lower than 2.6 cP
through reduction or removal of viscosity index improvers or modifiers.

[08136]  Viscosity index improvers provide lubricants with high and low temperature
operability.  These additives impart shear stability at elevated {emperatures and acceptable
viscosity at low temperatures.

{86137} Suitable viscosity index improvers include high molecular weight hydrocarbons,
polyesters and viscosity tndex improver dispersants that function as both a viscosity mdex
improver and a dispersant. Typical molecular weights of these polvmers are between 10,000 and
1,300,000, more typically 20,000 and 1,200,000, and even more typically between 50,000 and
1,000,000.

1061381 Examples of suitable viscosity index improvers are linear or star-shaped polyvmers and
copolymers of methacrylate, butadiene, olefins, or alkvlated styrenes. Polyisobutvienc is a
commonly used viscositv index improver. Another suitable viscosity index improver is
polymethacrylate {copolymers of various chain length alkyl methacrviates, for example}, some
formulations of which alsc serve as pour point depressants.  Other suitable viscosity index
improvers include copolymers of ethylene and propviene, hydrogenated block copolymers of
styrene and isoprene, and polvacrylates (copolymers of varicus chain length acrylates, for
example}. Specific examples include styrene-isoprene or styrene-butadicne based polymers of
50,000 to 200,000 molecular weight.

{66139} Olefin copolymers, are commercially available from Chevron Oronmite Company LLC
ander the trade designation “PARATONE®R” (such as “PARATONER 89217 and “PARATONER
89417); from Afton Chemical Corporation under the trade designation “HiTEC®” (such as
“HiTEC® 5850B”; and from The Lubrizol Corporation under the trade designation “Lubrizol®
T067C”. Polvisoprene polymers are commercially available trom Infincum Intemational Limited,
g.g. under the trade designation “SY2007; diene-styrene copolymers are commercially available
from fofincum International Limited, ¢.g. under the trade designation “SV 2607

[86146] In an embodiment of this disclosure, the viscosity index improvers may be used in an
amount of lfess than 2.0 weight percent, preferably less than 1.0 weight percent, and more
preferably less than 0.5 weight percent, based on the total weight of the formulated oil or
lubricating engine otl.

[B8141] In another embodiment of this disclosure, the viscosity mdex improvers may be used
i an amount of from 0.0 to 2.0 weight percent, preferably 0.1 to 1.0 weight percent, and more
preferably 0.2 to 0.5 weight percent, based on the total weight of the formulated ot or lubricating

engine oil.
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{00142  When lubricating oil compositions contain one or more of the additives discussed
above, the additive(s) are blended mto the composition in an amount sufficient for 11 to perform 1is
mtended function. Typical amounts of such additives useful in the present disclosure are shown
i Table A below.

[06143] I is noted that many of the additives are shipped from the additive manutfacturcr as a
concentrate, contaming one or more additives together, with a certain amount of base oil diluents.
Accordingly, the weight amounts i the table below, as well as other amounts mentioned in this
specification, are directed to the amount of active ingredient (that is the non-diluent portion of the
mgredient). The weight percent {(wt%s} indicated below 1s based on the total weight of the

lubricating o1l composition.

TABLE §

Tvpical Amounts of Other Lubricating 81l Components

Approximate Approximate

Compound wit% (Useful) wit% (Preferred)
Dispersant 6.1-20 0.1-8
Detergent 1.0-6.0 2.0-4.0
Friction Modifier .01-3 0.01-1.5
Antioxidant 0.1-5 0.1-15
Pour Point Depressant 6.0-5 0.61-1.5
(PPD)
Anti-foam Agent 0.001-3 $.001-0.15
Viscosity Index Improver 0.0-2 0.0-1

{solid polymer basis)
[00144] The foregoing additives are all commercially available materials. These additives may
be added mdependently but are usually precombined in packages which can be obtamned from
suppliers of lubncant oil additives. Additive packages with a variety of ingredients. proportions
and characteristics are available and sclection of the appropriate package will take the requisite use
of the ultimate composition info account.
180145} The following non-limiting examples are provided to illustrate the disclosure.
EXAMPLES

Example 1

Protection of hvdroxyl groups m 4.4 -methviencbis{? 6-di-fert-butviphenol} with two feri-butvl

carbonate groups
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(4.0 equiv)
> < SRR K
- Xy o i <

| :[/\E o e o

HO™ N & 0H
P DMAP (0.2 equiv)
Toluene, r.t.
4, 4'-methylenebis(2 8-di-ferf-butyiphenol) 20.5 hr di-fert-butyl (methylenabis(2,6-di-tert-butyl-4, 1-phenylene)} bis{carbonate)
ETHANOX 4702 Antioxidant ETHANOX 4702 bis{carbonate)

[08146]  To a solution of 4,4 -methylenebis(2 6-di-feri-butyiphenol) (2.00 g, 4. 71 mmol} and di-
tert-butyl  carbonate (4157, 1905 mmol} in itoluene (47 ml) was added 4
{(dimethylaminojpyriding {(0.1151 g, §.9420 mmol} at room temperature. The resulting mixture
was stitred at room temperature tor 20 hours. The reaction was quenched by addimg water and
stirring at room temperature. The mixture was diluted with gthyl acetate and the organic phase
was separated. The organic extract was then washed successively with IN HCI water, dilute
aqueous sodium bicarbonate, water, brine, and then dried with anhydrous magnesium sulfate,
filtered and concentrated on a rotary evaporator to afford a viscous vellow liguid as product. This
crude product was further dried under high vacuum to afford a yellow crystalline solid. 'H NMR
{CDC) indicated the desired bis{fers-butyl carbonate) product.
Example 2

Protection of amine group in diphenylamine antioxidant with a tert-butvl carbamate group

(1.4 equiv}

)L e B
~ i i
o“}\o/&‘f)”<

@) 0
H e
oas - 00
N = DMAP (0.2 equiv) 7 #

diphenylamine THF, reflux tert-butyl diphenyicarbamate

1060147}  To asolution of diphenylamine (4.00 g, 23 64 mmol) and di-fers-butyl carbonate (7.223,
33.10 mmol} in tetrahydrofuran (25 nd) was added 4-(dimethylamino)pyriding {05776 g, 47274
mmol} at room temperatore. The resulting muxture was beated at reflux for 4 hours and then at
room temperature for 22 hours. The reaction was quenched by adding water and stimmng at room
temperature. The mixture was diluted with ethvl acetate and the organic phase was separated. The
organic extract was then washed successively with 1IN HCL water, dibite aqueons sodium
bicarbonate, water, brine, and then dried with anhydrous magnesium sulfate, filtered and
concentrated on a rotary evaporator to afford a crude product.
Example 3

Protection of hvdroxyvl eroups in octadecane-1.2-digl with carbonate sroups
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(2.7 equiv)

i O o)
i i . O
e e \/’\//\\/\/’\/’\r/\OH >\0'JJ \OJKQ’ L: P SN NN V/\\/\f/’\o' ; O/L\/
OH o . [SNge’
Vikinot 18 DMAP (0.1 equiv) Vikino! 18 o
(Major componant) TG‘?‘e”er rt. bis{carbonate) O\{\
24 hr (major)
+

- \/’\,/’\\,/\/\/"\,/'\\,/’\i//\o
Vikinat 18 o.-{o
cylic carbonate
{minor}
[B06148] To a mixture of Vikinol™ {8 (10.00 g, ~34.9 mmol) and di-terr-butyl dicarbonate
(20568 g, 9424 mmol} in toluene (170 ml) was added dropwise a solution of 4-
(dimethylaminojpyridine (0.4230 g, 3.491 mumol) in toluene {50 ml} over 35 minutes at room
temperature. The resulting mixture was stirred at room temperature for 24 hours. The reaction
was quenched by adding water and stirring at room temperature.  The mixture was diluted with
cthyl acetate and the organic phase was separated. The organic exiract was then washed
successively with 1N HCL, water, dilute aqueous sodium bicarbonate, brine, and then dried with
anhydrous magnesium sulfate, filiered and concentrated on a rotary evaporator to afford a waxy
solid (13.74 g} as product. '"H NMR (UDCl:) indicated the product was a mixture of the
corrgsponding bis{ferr-butyl carbonate) {major product} and cyclic carbonate (minor product} of
Vikinol™ 18 in approximately 4.1 ratio.
Example 4

Protection of hvdroxyl eroups in decane-1.2-diol with carbonate sroups

{4 equiv)

O o} i ~i—i‘
/\,/\,/\/\r/\ O >LO/U\ o O/"< P /\/\/’\j/\o’r\ok

OH —— - OO
decane-1,2-diol (i-PrjNEt (6 equiv) &
DRMAP (0.2 equiv) ~Z
THF, rt. 5
24 hr

[8814%9]  To a solution of decane-1,2-dicl (2.50 g, 14.345 mmol} in THF (25 ml} at room
emperature was added successively N, N-ditsopropylethylamine (11.12 g, 86 .04 mmol, 6.0 equuv),
4-{(dmmethylamino)pyridine (0.3505 g, 2.869 mmol, 0.20 equiv) and di-fert-butyl carbonate (12.52
g, 57.37 mmol, 4.0 equiv.}. The resulting mixture was stirred at room temperature for 24 hours.
The reaction was quenched by adding water and stirring at room temperature.  The mixture was
diluted with EtOAc (50 ml) and washed with NaOH (50 ml, 1 M aqueous solution), water and

brine, and then dried (MgS04). filiered, and concentrated on a rotary evaporator to afford a
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colorless liquid (4.58 g) as crude product. After chromatographic separation on silica gel using a

mixture of hexanes and ethyl acetate as eluent, a colorless viscous higuid was obtained (3 48 g).

TH NMR (CDCls) indicated the product to be the corresponding bis(fers-butyl carbonate).
Example 5

Protection of hvdroxy] srouns 1n glveerol monostearate (GMS) sster with carbonate grouns

{2.7 equiv)
\/\,j)\ b0 7 7
-~ ~ P i i j \
P N P N Cy \T/ O :>L’_ /lLﬂ‘ /-< PN NP NN ,/\VJK O O/L‘O’/<
OH 5.0
...... O g0
Giycerol monostearate DMAP (0.1 eguivy Glycerol monostearate o
(GMS) Totusne, rt bis{carbonate) \[<

24 nr
[B6156] To a mixture of glycerol monostearate (20.00 g, ~5578 mmol) and di-teri-butyl
dicarbonate (32.869 g, 130.60 mmol) in toluene (183 mi} was added dropwise a solution of 4-
{dimethylamino)pyndine (0.6759 g, 5578 mmol} in toluene (40 mi) over 2.5 hours at room
temperature. The resulting mixture was stirred at room temperature for 24 hours. The reaction
was guenched by adding water and stirring at room temperature. The muxture was diluted with
cthyl acetate and the organic phase was separated. The organic extract was then washed
successively with 05N HC!, water, dilute aguecus sodium bicarbonate, brine, and then dried with
anhydrous magnesium sulfate, filiered and concentrated on a rotarv evaporator to afford a clear,
tight vellow liquid (30.63 g, 98%; as product. 'H NMR (CDCl) indicated the product was the

corresponding bis(feri-butyl carbonate) of glveerol monostearate.

{00151} The protection of a representative alkane-1,2-diol such as Vikinof™ 18 (available as an
experimental product from Arkema} with di-fert-butyl dicarbonate can lead to a mixtire of the
corresponding bis{fert-butyl carbonate) {major) and cyclic carbonate {minor) in approximately 4:1
ratio, as tHustrated in Example 3. This carbonate protected diol mixture was added at 1 wt% level
to a formulated reference engine o1l {called “Reference 01l” in Table 2 below). This reference oil
contamns base otls, dispersants, detergents, antioxidants, antifoaming agents, but no antiwear
agents, friction modifiers or viscosity modifiers. Similarly, neat {i.c., unprotected) Vikinol™ 13
was added at 1 wit% level to the same reference ol for comparison. The release and friction-
reducing performance of cach of these additized test oils samples was measured by the High
Frequency Reciprocating Rig (HFRR) ander boundary conditions. The reference o1l was also
subjected to the same test conditions to establish the coefficient of friction (COF) in the absence
of friction modifiers.

[8152]  As used herein, the HFRR test configuration was an oscillating ball-on-disk, with ball

and digk hardware immersed in ot The device used was a High Frequency Reciprocating Rig
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{(HFRR) manufactured by PCS Instruments, London, UK. The HFRR conditions were a load of
400 g (translates to a 1GPa Herzian contact), a reciprocating frequency of 60 Hz, and a stroke
length of 1.0 mm. Unless otherwise stated, the tests were run for atotal of 4 hours under iscthermal
conditions. The temperature for cach individual HFRR test is specificd below. The ball and disk
hardware were purchased from PCS Instruments, London, UK. The ball was a 52100 stecl with a
typical hardness of 800Hv. The disk was a 52100 steel with a typical bardness of 200Hv. Friction
was measured with a load cell, and film thickness between the rubbing surfaces of the ball and disk
were measured electrically.

[B8153] Table 2 details the coefficient of friction as measured by 4 hours HFRR tests taken at
the start of the test and end of the test for (1) 1 wi% carbonate protected Vikmol™ 18, (11} 1 wi%
neat Vikinol™ 18, and {u1) reference engine oil without any antiwear agent, friction modifier, or

viscosity modifier measured at ditferont teroperatures.

TABLE 2
) {Coefficient of Coefficient of
HFER Test o o )
Friction at Start of | Friction at End of

Temperature
Test Test
1 wt% carbonate 110°C 0.110 0.078
protected Vikinol™ 153G e 6,114 0.063
18 180 °C 0.065 (.053
1 wt% Neat 130 °C 0.048 (0.048

7l ™

Vikinol ™ 18 180 °C 0.040 0.046
110°C (.109 0.105
Reference Oil 150°C 0.126 0.120
180°C 0.133 0,108

[00154]  Table 2 clearly shows that for each test temperature the 1 wt% carbonate protected
Vikimol™ 18 additive system starts with high friction at the start of the test, which gradually
decreases over time down to the same level (COF ~0.5 to 0.6) as afforded by the 1 wi% neat
Vikinol 18, and effectively reducing the friction of the reference oil. This demonstraies that the
carbonate protected Vikinol™ 18 additive system s less active of a friction modifier than

voprotected neat Vikinol™ 18, This also demonstrates suceessful thermal conversion of carbonate
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protected Vikinol™ 18 additive system into the active unprotected Vikinol™ 18 additive syvstem
during the HFRR test.
Example 7

{06155]  In this example, the protection methodology was applied to another class of
conventional organic friction modifiers, namely the glycerol esters. Representative examples of
the organic friction modifiers based on glveerol ester include but not limited to glveerol mono-
oleate (GMQ), glvcerol monostearate. It s understood that these esters are usually a mixture of
the mono-, di- and tri-esters. The glyeerol ester emploved in Example 5 1s a commercially available
glvcerol monostearate of high purity (1.e., high diol content). It was unexpectedly found that the
bis{carbonate) was the sole product when glycerol monostearate was emploved as the starting
material. This is in sharp contrast to the result obtained for the Vikinol™ 18, a typical alkane-1,2-
diol (Example 3). The release and friction-reducing performance of 1 wit% bis{carbonate)
protected glyeerol monostearate in the same formuldated oil (reference oil) are shown n Table 3
below. It is evident that the release was effective at the temperature of the tests {cither 180°C or
150°C or lower} and the friction-reducing effect was significant when compared to the reference
oil at these two test temperatures.

[08156]  Table 3 details the coefficient of friction as measured by 4 hours HFRR tests taken at
the start of the test and end of the test for (13 1 wit% carbonate protected glyeerol monosicarate, (i)
1 wit% glvcerol monostearate, and (iti) reference engine ol without any antiwear agent, friction

modifier, or viscosity modificr measured at different temperatures.

TABLE 3
Coefficient of Coefticient of
HFRR Test o o
Friction at Start of | Friction at End of
Temperature )
Test Test

P wt% Carbonate 150°C 0.106 0.052
Protected Glycerol
Monostearate 180 °C 0.077 0.043
1 wit% Neat 130 °C 0.060 0.053
Glycerol
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150 °C 0.126 0.120

Reference O

180 °C 0.133 0.108

Protection of hvdroxv] grouns n octadecane-1.2-diol with cvclic carbonate group

(2.4 equiv)
g 2
NN NN NN N, o~ /\: /\/\w/\w/\/\/\/\/ﬂ/\o + /\/\O/',\O/\/\
OH 1S __<
Vikinol 18 Et,N Vikinot 18 B Dibuty! carbonate
{Major compornent) CHo Gl cylic carbonate

C° lort A-hexadecyi-1 3-dioxolan-2-on
12 -hexadecyi-1,3-dioxclan-2-one

{66137}  To a mixture of Vikinol™ 18 (15.00 g, ~52.4 mmol} and tocthyvlamine (15364 g,
151.83 mmol) in methylene chlonde (180 ml) was added dropwise a solution of butyl
chloroformate (17.162 g, 125.66 mmol) it methylene chloride (20 ml} over 30 munutes at 0°C.
The resulting mixture was stirred at 0°C and allowed to warm to room temperature and stirred for
12 hours (ovemight). The reaction was quenched by adding water and the organic phase was
separated. The organic extract was washed successively with 1IN HClL, water, dilute agueoas
sodium carbonate, water, bring, and then dried with anhydrous magaesium sulfate, filtered and
concentrated on a rotary evaporator to afford a waxy solid (15.0 g). This crude product was further
dried under high vacuum to afford a waxy solid (14.87g). 'H NMR (CDCl) ndicated the product
was a nuxture of the corresponding cyclic carbonate (major product) and dibutyi carbonate {(minor
product) in approximately 3.1:1 ratio.

[006158]  Alkyl cvchic carbonates (1., alkyl 13-dioxolan-2-one} can be obtained from the
reaction of alkane-1,2-dio]l with carbon dioxide under catalyvzed conditions, phosgene, triphosgene,
wrea, or dialkyl carbonate. It can also be prepared from the reaction of alky] epoxide with carbon
dioxide under catalysis.

[86139] The protection of a representative alkane-1,2-diol such as Vikinol™ 1§ (available as an
expenmental product form Arkema) with butyl chloroformate can lead to a mixture of the
corresponding cyclic carbonate (majory and svometrical dibutyl carbonate (minor) in
approximately 3.1:1 ratio, as illustrated m Example 8. With regard to reaction conditions for
preparing the cvclic carbonate, if the dibutyl chloroformate 18 used in stoichiometric ratio with
respect to the diol moicty, the amount of symmetrical dibutvi carbonate will be reduced.
Mevertheless, this cyelic carbonate protecied Vikinol™ 18 and symmetrical carbonate mixture was

added at 1 wt%6 level to a formulated reference engine o1l {called “Reference o1l in Table 4). This
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reference oil contains base oils, dispersants, detergents, antioxadants, antifoaming agents, but no
anfiwear agents, friction modifiers or viscostty modifiers.  Similarly, neat (1.e., unprotecied)
Vikingl™ 18 was added at 1 wt% level to the same reference o1l for companison. The release and
friction-reducing performance of each of these additized test oil samples was measured by HFRR
under conditions as descrbed above. The reference o1l was also subjected to the same test
conditions o establish the coefficient of friction (COF) m the absence of friction modifiers.
{06166]  Table 4 details the coefficient of friction, as measured by the HFRR test at 100°C,
averaged over 2 hours demonstrating the fnction reducing performance of 1 wt% cyclic carbonate
protected Vikinol™ 18 in a Group 1V base oil (PAD) and a formulated reference oif. Table 4 also
demonstrates the further reduction in friction achievable by combining the cyclic carbonate with
amine-contaiming additives such as the PIBSA-PAM dispersant.
TABLE4

Average HFRR Coeflicient of Friction

. ‘ With 1 wt% Cyclic
Without Cyclic Carbonate
Carbonate
PAO 0215 0.091
Formulated Engine
. 0111 0.074
Ol
PAO 4+ 325 wi%
PIBSA-PAM + 1.3 :
0.118 0.061
wt% B-PIBSA-
PAM

{66161} Table 4 demonstrates the friction reducing capability of the cyclic carbonate svstem. |
wit% of the cvehic carbonate reduces friction by over 50% 1n a Group TV polvalphaolefin (PAOG)
base ¢il, and by over 30% m a formulated reference oil. Where the formulated reference ol is
comprised of 8.87 wi% detergent inhibitor (B} package in 5 wi% of alkvlated naphthalene Group
V basc otl with a balance of Group II+/1V base oil. The fuction reducing performance of the
cychic carbonate system can be further enhanced n the presence of an amine-contaming compound
such as the polyisobutylene-succinic acid-polyaming (PIBSA-PAM) and its borated derivative {B-
PIBSA-PAM). Table 4 shows the performance of these individual additives in a Group 1V PAO

base o1l, demonstrating higher friction than the cyclic carbonate system, but still providing some
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frictional benefit to the base oil. Yet when combined with 1 wi% of the cvclic carbonate system,
a further 30% reduction n tiiction 1s achieved over the PAD + 1 wt% cyclic carbonate system.
[08162] Low molecular weight or small alkyl cyclic carbonates {¢.g., ethvlene carbonate,
propylene carbonate) are important industrial chemicals that find uses as solvents or as monomers
for polymernization. These highlv polar cyclic carbonate compounds are thermally stable and have
high boiling pomnts. For example, the boiling points for ethylene carbonate and propviene
carbonate are 243°C and 240°C, respectively. It has been unexpectedly found that the cyclic
carbonate derivative of Vikinol™ 18, when used in a typical engine oil formulation, provides a
significant friction reduction at a range of test temperatures by the HFRR test. The lowest
temperature emploved in the HFRR test was 60 °C, which is not a limitation of the present
disclosure. The high thermal stabihity of these systems can lead to extended friction performance
m cngine ot formmlations.
Example 10

Protection of hvdroxyl eroup in Mannich dispersant with a tert-butvl carbonate

i H H
- N ) I : N
I/g T, SR ke N N,
E&-/ f (e o lin¢ N H
or DMAP (0.2 equiv) ar .
Toluene, rt. >L @ j"\ k
OH " OH (s} H Q"0
s VL N S /’L\ ."\\\/\N/\/N‘“’“N’ﬁ\f’?
i H H i i j H H i
P . ,'- ;5;‘ ‘w}(
24 R R R

R = glkyl, alkenyl

Mannich dispersant

{86163} A hydroxyl group in a Mannich dispersant is protected with a tert-buty! carbonate group
as depicted i the above reaction scheme,

[06164] 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 junsdictions in which such
meorporation is permitted.

[86165] When numerical Jower imits and numerical upper limits are Iisted herein, ranges from
any lower Bmit to any upper imit are contemplated. While the tHustranive embodiments of the
disclosure have been described with particulanity, & will be understood that varicus other
modifications will be apparent to and can be readily made by those skilled in the art without

departing from the spirit and scope of the disclosure. Accordingly, it is not mtended that the scope
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of the claims appended hereto be imited 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 m
the present disclosure, including all features which would be treated as equivalents thereof by those
skilled in the art to which the disclosure pertains.

[06166] The present disclosure has been described above with reference to numerous
embodiments and specific examples. Many varations will suggest themselves to those skilled in
this art in hight of the above detailed description.  All such obvious variations are within the full

intended scope of the appended claims,
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CLAIMS:

L. A Jubricating oil comprising a lubricating oil base stock as a major component;
and one or more hibricating o1l additives having at least one protected active group, as a minor
component; wherein the one or more hubricating oil additives having at least one protected active
group are mactive with respect to their innate performance function; and wherein the one or more
fubricating oil additives having at least one protected active group are converied info one or more
hubricating oil additives having at least one unprotected active group in the hibricating oil in-
service i an engine or other mechanical component.

2. The lubnicating ol of claim 1 wherein the one or more lubricating oil additives
having at least one protected active group are converted to one or more lhubricating o1l additives
having at least one unprotected active group in the lubrnicating o1l in-service in the engine or other
mechanical component at a temperature greater than or equal to 110°C, or by reaction with free
acids that catalyze the release of an unprotected active group at a temperature greater than or eqgual
to ambient temperabire.

3. The lubricating oil of claims 1 and 2 wherein the onc or more lubricating oil
additives having at lcast one protected active group comprise a protected phenolic antioxidant, a
protected aminic antiosadant, a protected alkane diol friction modifier, a protected cster diol
friction modificr, or a protected Mannich dispersant.

4. The lubricating otl of claims 1-3 wherein the one or more lubricating ot additives
having at least one protected active group comprise a protected phenolic antioxidant comprising
di-fert-butyl  (methylenebis(2,6-di-fers-butvi-4 1-phenylenc)) bis{carbonate} derived from a
hindered bisphenol or feri-butyl carbonate of 3,5-di-ferr-butyl-4-hvdroxvphenvipropionic alkyl
ester derived from a hindered monophenol, a protected aminic antioxidant comprising rerf-butyl
dharvl carbamate derived from a substituted or unsubstituted diarviamine, a protecied alkane diol
friction modifier with a chain length of C8-C24 comprising ferf-butyl octadecane-1,3-diyl
dicarbonate, a protected ester diol friction modifier with a chain length of (8-C24 comprising
glveerol monostearate bis{carbonaie}, or a protected Mannich dispersant comprising a Manmich
dispersant having a ferr-butyl carbonate group.

3. The lubricating ol of claims 1-4 wherein the at least one unprotected active group
comprises an —OH group or a —-NH group, and wherein the at least one protected active group is
selected from the group consisting of a carbonate, a carbamate, an acetal, an ester, an amide, a
urea, an alkoxysilane, an alkyisilane, a phosphite, a phosphonate, a phosphate, a sulfonamide, a

subfonate, and a sulfate.
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6. The lubricating oil of claums §-5 further comprising one or more hubricating oil
additives having at least one unprotected active group; wherein the one or more lubricating oil
additives having at least one unprotected active group are selected from the group consisting of an
unprotected viscosity improver, an unprotected antioxidant, an unprotected detergent, an
unprotected dispersant, an unprotected pour point depressant, an vnprotected corrosion inhibitor,
an unprotected friction modifier, an unprotected metal deactivator, an unprotected seal
compatibility additive, an unprotected anti-foam agent, an unprotected inhibitor, and an
voprotected anti-rust additive.
7. The lubrnicating oil of claims 1-6 wherein protection for the one or more
fubricating o1l additives having at least one protected active group comprises chemical protection;
wheretn the chemical protection comprises converting an unprotected —~OH group or -NH group
to a protected carbonate, carbamate, acetal, ester, amide, urea, alkoxysilane, alkyisilane, phosphite,
phosphonate, phosphate, sulfonamide, sulfonate, or sulfate group.
8. The lubricating ol of claims 1-7 wheremn deprotection for the one or more
lubricating oil additives having at least onc unprotected active group comprises chemical
deprotection; wherein chemical deprotection comprises converting a protected carbonate,
carbamate, acetal, ester, amude, urea, alkoxysilane, alkylsilane, phosphite, phosphonate, phosphate,
sulfonamide, sulfonate, or sulfate group to an unprotected ~OH group or -NH group.
9. A method for controlied release of one or more lubncating oil additives into a
fubricating o1l, said method comprising:

using as the lubricating oil a formulated oil, said formulated oil having a composition
comprising a lubricating oil base stock as a major component; and one or more lubricating oil
additives having at least one protected active group, as a minor component; wherein the one or
more lubnicating oil additives having at least one protected active group are mactive with respect
to their innate performance function; and

converting the ong or more lubricating o1l additives having at least ong protected active
group nto ong or more lubricating o1 additives having at least one unprotected active group in the
hubricating o1l in-service in an engine or other mechanical component.
10. An antioxidant composition comprising di-feri-butvl {methvienebis(2,6-di-fert-
butyl-4, I-phenylene)) bis{carbonate) derived from a hindered bisphenol, tert-butyl carbonate of
3, 5-di-tert-butyl-4-hydroxyphenyipropionic alkyl ester derived from a hindered monophenol, or
tert-butyl diarvl carbamate derived from a substituted or unsubstitated diarylamine; or a friction
modifier composition compnsing tert-butyl octadecane-1.3-diyl dicarbonate), or glycerol

monostearate bis{carbonate); or a dispersant composition comprising a Manuich dispersant having
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a rerr-butyl carbonate group: or a friction modifier compaosition comprising 4-hexadecyl-1,3-
dioxolan-2-one.
11. A lubricating oil comprising a lubricating oil base stock as a major component;
and one or more lubricating oil additives having at least one ¢yclic carbonate active group, as a
minor component.
12. A method for wmproving friction control in an engine or other mechanical
component lubricated with a lubricating o1l by using as the lubricating oil a formulated oil, said
formulated oil having a composition comprising a lubricating oil base stock as a major component;
and one or more lubricating oil addiives having at least one cvclic carbonate active group, as a
minor component,
13. A lubricating oil comprising a lubricating oil base stock as a major component:
and a nuxture of (1) one or more lubricating oil additives having at least one cyclic carbonate active
group, and (i1} and one or more amine-containing tubricating o additives, as a minor component.
4. A method for improving friction control in an engine or other mechanical
component lubricated with a lubricating oil by using as the lubricating oil a formulated oil, sad
formulated oil having a composition comprising a lubricating oil base stock as a major component;
and a mixture of (i) one or more lubricating ol additives having at least one cychic carbonate active
group, and {4} one or more aming-containing lubrcating oil additives, as a minor component;
wherein friction control is improved as compared to friction control achieved using a lubricating
oil containing other than a maxture of (1) one or more lubrnicating ol additives having at least one
cvechic carbonate active group, and (11} one or more amine-containing lubricating o1l additives.
15. A method for improving oxidative stability of a lubricating oil and cxtending
performance life of one or more lubricating o1l additives, or for improving oxidative stability of
one or more tubricating oif additives and exiending performance life of said one or more lubnicating
oil additives, said method comprising:

using as the lubricating oil a formulated oil, said formulated oil having a composition
comprising a lubricating oil base stock as a major component; and one or more fubricating oil
additives having at least one protected active group, as a minor component; wherein the one or
more lubricating ol additives having at least one protected active group are mactive with respect
to thetr innate performance function; and

converting the one or more lubricating o1l additives having at least one protected active
group into one or more lubricating of additives having at least one unprotected active group in the

lubricating o1l in-service in an engine or other mechanical component.
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