LUBRICATING COMPOSITION DESCRIPTION OF THE INVENTION
Field of the Invention [001] The present disclosure relates to a lubricating
composition comprising a major amount of a lubricating oil comprising
less than about 40% by weight alkylcycloparaffins and a minor amount of
at least one diarylamine. The lubricating composition disclosed herein
includes fluids that may be suitable for use in an automatic transmission,
a continuously variable AB&ICISTHN RO S1angmission, gear oils,
and engine oils. Background of the Invention [002] Lubricating oils used in
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example by reducing or inhibiting unacceptable increases In the viscosity
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General Motors, require that fluids be tested in oxidation tests and cycling
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Background of the Invention

[002] Lubricating oils used in the internal combustion engines of
automobiles or trucks are subjected to a demanding environment during use.
Among other adverse effects, this environment can lead to oxidative degradation
of the oil. This oxidation of the oil may be catalyzed by the presence of certain
impurities in the oil, such as iron compounds. This oxidation also may be promoted
by the elevated temperatures to which the oil is subjected during use. The
oxidation of lubrication oils during use is usually controlled in part by the use of
antioxidant additives, which may extend the useful life of the oil, for example by
reducing or inhibiting unacceptable increases in the viscosity of the oil.

{003] Automatic transmission f_luids should be oxidatively stable to
maintain their frictional properties as the fluids are aged. To test the oxidative
stability of these fluids, automaobile manufacturers, such as General Motors,

require that fluids be tested in oxidation tests and cycling tests. In these tests, the



total acid number (TAN) of the oil is measured throughout the test, and at
the end of the test the TAN of the oil must be within specified limits. [004]
Existing lubricants employing diarylamine and a sulfurized compound are
taught in U.S. Pat. Nos. 5,840,672, 6,174,842, and 6,326,336. [005] U.S.
Pat. No. 5,073,278 teaches a lubricant composition containing an
totabawidimamiver §MAN)sté ticalkyilhi desadasingrdiighaiartiasi cesiniig Catithe
be a ring-substituted alkylphenothiazine or nitrogen substituted alkylated
emhenttkitadt¢h 00BN bt Headd h k. [Ee6ARHIR b pksdfiegbBraifgrocess for
producing organomolybdenum compositions that are highly useful as
lubri¢@fdhdHitistisg Thibtemstisheshrandsg idialydanesctiagad fattysalfurized
with a diamine, followed by reaction with a molybdenum source. [007]
camgorateaneNeugiB 99 d6s Hstidses &,84MPirato1 04,89 2 raral 632603 36.
diphenylamine, (2) a sulfurized olefin/fatty oil and/or an ashless
dialkji@liobhbamiate, Aled (8)AdalidHatianphenothiazihdcanttichasipigsitjon
effective at controlling crankcase lubricant oxidation and deposit
Ccaptaaineh D EsPMATR RymBedRad Paiaficabynpisigeectizaninendine aromatic
oxidatively stable and maintains its frictional properties over time.
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manufacturers in terms of the total acid number during and at the end of
allfylated; PRENAIBRMSOF THE INVENTION [009] According to a first
aspect, there is provided a lubricating composition comprising a major

amolPeoF IbrRafitest MlenRibie BdafisciRaR arkIreesshinr producing

organomolybdenum compositions that are highly useful as lubricant additives.
The described process involves reacting a fatty oil with a diamine, followed by
reaction with a molybdenum source.

[007] U.S. Patent No. 6,599,865 discloses a combination of (1) an
alkylated diphenylamine, (2) a sulfurized olefin/fatty oil and/or an ashless
dialkyldithiocarbamate, and (3) an alkylated phenothiazine, which is highly
effective at controlling crankcase Iubricant oxidation and deposit formation.

[008] What is needed is a fluid composition that remains oxidatively
stable and maintains its frictional properties over time. Moreover, the fluid
should meet the limits specified by the automobile manufacturers in terms of
the total acid number during and at the end of the test.

SUMMARY OF THE INVENTION

[C09] According to a first aspect, there is provided a lubricating
composition comprising a major amount of lubricating oil comprising greater

than 0 and less than



2 about 40% by weight alkylcycloparaffins, and a minor amount of at least
one diarylamine. [010] According to a second aspect, there is provided a
method for improving the oxidative stability of a lubricating composition
comprising including in the lubricating composition a lubricating oll
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alkylcycloparaﬁlns and a least oné dlarylamlne [010a] According to a
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defined above. [011] Accordln%,o a fourth aspect there is provided a
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didrjianspussion, the transmission including the transmission fluid
composition as defined above. [012] According to a sixth aspect, there is
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greater than 0 and less than about 40% by weight alkylcycloparaffins and
cofpposition &siReiags A qua 3] According to a seventh aspect, there is

provideda metberhirg R F¥iNGOssiRiive Biabdity GATRHEN S RaVEIEsion
ﬂutt% %gr%rp;?lrgllr?s Ignn?a];lcl:rldamount of a lubricating oil comprising greater than 0
and less than about 40% by weight alkylcycloparaffins, and a minor amount of
at least one diarylamine.

[011a] According to a fifth aspect, there is provided a vehicle
comprising a transmission, the transmission including the transmission fluid
composition as defined above.

{012] According to a sixth aspeci, there is provided a method for improving
oxidative stability comprising providing to an engine a fluid composition
comprising a lubricating oil comprising greater than 0 and less than about 40% by
weight alkylcycloparaffins and at least one diarylamine.

[013] According to a seventh aspect, there is provided a method for
improving oxidative stability comprising providing fo a transmission a fluid
composition comprising a lubricating oil comprising greater than 0 and less than
about 40% by weight alkyicycloparaffins and at least one diarylamine.

[014] According to an eighth aspect, there is provided an additive
concentrate composition comprising a lubricating oil comprising greater than
0 and less than about 40% by weight alkylcycloparaffins and at least one
diarylamine.

[015] According to a ninth aspect, there is provided a composition
comprising a lubricating oif comprising greater than 0 and less than about 40% by
weight



composition comprising a lubricating oil comprising greater than 0 and
less than about 40% by weight alkylcycloparaffins and at least one
diarylamine. [014] According to an eighth aspect, there is provided an
additive concentrate composition comprising a lubricating oil comprising
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- atleast one diarylamine. [015] According to a ninth aspect, there is
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an oxidation test measuring a change in total acid number. [015a]
covaposiiing asetefirexpabpykere is provided a vehicle comprising the
composition as defined above. [015b] According to an eleventh aspect,
there |8 1iol/dlecaging toraatielavantmispient cthepei snoravidedrapasitiomatic
as defined above. [016] Additional objects and advantages of the '
IrRRARiRIONIfYBRYSINg thencpapositien essieiined albown.follows, and in
part will be obvious from the description, or may be learned by practice of
the inl&ifiofdditengbpiiestasndasivantages drttednmeairowilieisst forth in
realized and attained by means of the elements and combinations
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understood that both the foregoing general description and the following
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restrictive of the invention, as claimed. )
advantages of the invention will be realized and attained by means of the elements

and combinations particularly pointed out in the appended claims.
[017] Itis to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

DESCRIPTION OF THE INVENTION

[018] In accordance with the present disclosure, there is provided a
lubricating composition comprising a major amount of a lubricating oil comprising less
than about 40% by weight alkylcycloparaffins, and a minor amount of at least one
diarylamine.

[019] A "major amount” may be understood to mean greater than or equal to
about 50%. A "minor amount" may be understood to mean less than about 50%.

[020] The lubricating composition includes, but is not limited to, fiuid
compositions such as those suitable for use as an automatic transmission fluid
(ATF), continuously variable transmission fluid, manual transmission fluid, a fluid

used in dual ciufch transmissions, gear oils, and engine oils.



DESCRIPTION OF THE INVENTION [018] In accordance with the present
disclosure, there is provided a lubricating composition comprising a major
amount of a lubricating oil comprising less than about 40% by weight
alkylcycloparaffins, and a minor amount of at least one diarylamine. [019]
A "major amount" may be understood to mean greater than or equal to
about 50%. A "minor amount” may be understood to mean less than about
50%. [f530] THE B ABARR I veRtisostionrinoladesebtibisahbtHiittdgo;ifisy be
Cco PO itions such as those suitable for use as an automatic transmission
“ﬁﬁrfg NAYERresRbhiygaton e ibrigainssibmayid eraatmsitdrimsmission
fluid, a fluid used in dual clutch transmissions, gear oils, and engine oils.
e 8[6?% \ﬁﬂ{%%ém*} glfnarrihards abh-amivatisorits. isyibeting b, evaéives
d.Jn the present invention, the lubricating oil may be selected from, for
théﬁ%?e?%ﬁ%‘?ﬁﬁ?@ﬁ?&f %%%hTﬁ&P@'an%@H%ﬂwi@%wﬁ%ﬁc oils,
ivativ ereof, and mixtures thereof, The paraffinic oils may
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at least one cycloparaftinic ring SUCR'Rs a C6 or C5 ring) with at least

one agagheglilyd Ba%fﬁrl&m%@%" ! %%%![Baxéqg%din%at least one

alkylcyclohexane, alkylcyclopent ICycloparatfi
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group. Alkylcycloparaffins may include alkylcyclohexane, alkylcyclopentanes,
alkyldicycloparaffins, and alkylpolycycloparaffins. In embodiments,
alkyleyclohexanes and alklycyclopentanes may be used. Alkylcycloparaffins may
be present in an amount of less than about 40% by weight, for example less than
about 30% by weight based upon the total weight of the lubricating oil.

[023] Alkylaromatics may be hydrocarbons which contain at least one
aromatic ring with at least one attached alky! group. Alkylaromatics may include
alkylbenzenes, alkylnaphthalenes, alkyltetralines, and alkylpolynuclear aromatics.
In embodiments, alkylbenzenes may be used.

[024] The at least one diarylamine may be present in the lubricating
composition in an amount sufficient to provide an antioxidant effect. According to
certain embodiments, that amount may be, for example, at least about 0.40% by

weight relative fo the total weight of the lubricating composition. The concentration

of the at least one diarylamine in the finished lubricating compaosition can vary



be present in an amount of less than about 40% by weight, for example

less than about 30% by weight based upon the total weight of the

lubricating oil. [023] Alkylaromatics may be hydrocarbons which contain at

least one aromatic ring with at least one attached alkyl group.

Alkylaromatics may include alkylbenzenes, alkyl naphthalenes,

alkyltetralines, and alkylpolynuclear aromatics. In embodiments,
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. a;%pngcatio s, and the desired level of antioxidant protection required for
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ormula: . . : )
one diarylamine used in the invention. For example, the at least one
diarylamine may have the general formula: H R1-N-R2 [026] wherein R1
and R2 each independently may represent a substituted or unsubstituted
aryl group having from about 6 to about30 carbon atoms. Non- limiting
examples of the substituents for ﬂ%éaryﬂ,]gmp;m include alkyls having from
about 1 to about 20 carbon atoms, hydroxy, carboxyl, and nitro, e.g., an
alkar§#26]  wherein R' and R? each independently may represent a substituted
or unsubstituted ary! group having from about 6 to about 30 carbon atoms. Non-
limiting examples of the substituents for the aryl group include alkyls having from
about 1 to about 20 carbon atoms, hydroxy, carboxyl, and nitro, e.g., an alkaryl
group having from about 7 to about 20 carbon atoms in the alkyl group. The aryl
group may be, for example, substituted or unsubstituted phenyl or naphthyl, for
example wherein one or both of the ary groups may be substituted with an alkyl
such as one having from about 4 to about 18 carbon atoms. In embodiments, both
aryl groups may be substituted, e.g. alkyt substituted pheny!.

[027}  The at least one diarylamine used in accordance with the present
disclosure can be of a structure other than that shown in the above formuia which
shows but one nitrogen atom in the molecule. Thus, the at least one diarylamine
can be of a different structure provided that at least one nitrogen has about 2 aryi

groups attached thereto, e.g., as in the case of various diamines having a

secondary nitrogen atom as well as two aryls on one of the nitrogens. The at least



group having from about 7 to about 20 carbon atoms in the alkyl group.
The aryl group may be, for example, substituted or unsubstituted phenyl
or naphthyl, for example wherein one or both of the aryl groups may be
substituted with an alkyl such as one having from about 4 to about 18
carbon atoms. In embodiments, both aryl groups may be substituted, e.g.
alkyl substituted phenyl. [027] The at least one diarylamine used in
OCRECHRTAIRBINAHIAR ipréteinveistiosureychnbeantiestaistwie odesshan
that shown in the above formula which shows but one nitrogen atom in

IYREGRAgRIE. Thus, the at least one diarylamine can be of a different
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in this_disclosure include: diphenylamine, various alkylated
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methylstyryldiphenylamine, phenyl-alpha-naphthylamine, phenyi-beta-
naphthylamine, diheptyldiphenylamine, p-oriented styrenated diphenylamine,
monotetradecyldiphenylamine, ditetradecyldiphenylamine, monooctyl phenyl-
alpha-naphthylamine, moncheptyldiphenylamine, p-oriented styrenated
diphenylamine, mixed butyl/octyl alkylated diphenylamines, mixed butyl/styryi
alkylated diphenylamines, mixed nonyl/ethyl alkylated diphenylamines, mixed
octyl/styryl alkylated diphenylamines, mixed ethyl/methylstyryl alkylated
diphenylamines, octyl alkylated phenyl-alpha-naphthylamine, mixed alkylated
phenyl-alpha-naphthylamines, and combinations of these at varying degrees of
purity that are commonly used in the petroleum industry.

[029]  Non-limiting examples of commercial diarylamines include, for

example, IRGANOX L06™, IRGANOX L57™ and IRGANOX L&7 ™ from Ciba

Specialty Chemicals; NAUGALUBE AMS™, NAUGALUBE 438™, NAUGALUBE



monotetradecyldiphenylamine, ditetradecyldiphenylamine, monooctyl
phenyl- alpha-naphthylamine, monoheptyldiphenylamine, p-oriented
styrenated diphenylamine, mixed butyl/octyl alkylated diphenylamines,
mixed butyl/styryl alkylated diphenylamines, mixed nonyl/ethyl alkylated
diphenylamines, mixed octyl/styryl alkylated diphenylamines, mixed
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being limited to any particular theory, that a lubricating composition

compastlg 4 imbjsiferereunitiod @t IbbFEARAR QI €CIRY IS ular theory, that a
lubricating composition comprising a major amount of a lubricating oil comprising
less than about 40% by weight alkylcycloparaffins and a minor amount of at least
one diarylamine may be oxidatively stable. One way to measure oxidation stability
of a composition is for the composition to meet the standards for an oxidation test
which measures the change in the TAN (total acid number). An example of an
oxidation test is the MERCON® Aluminum Beaker Oxidation Test (ABOT), FMC BJ
10-4, revision 1, 2003, the disclosure of which is hereby incorporated by reference.
Using this test a composition comprising a major amount of a tubricating oil
comprising less than about 40% by weight alkylcycloparaffins and a minor amount
of at least one diarylamine may have a change in the TAN of less than or equal to

5. The MERCON V® Aluminum Beaker Oxidation Test (ABOT) requires a

composition to have a change in total acid number of less than about 3.5. Asa



less than about 40% by weight alkylcycloparaffins and a minor amount of

at least one diarylamine may be oxidatively stable. One way to measure
oxidation stability of a composition is for the composition to meet the
standards for an oxidation test which measures the change in the TAN

(total acid number). An example of an oxidation test is the MERCON(r)
Aluminum Beaker Oxidation Test (ABOT), FMC BJ 10-4, revision 1, 2003,
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test a composition comprising a major amount of a lubricating oil
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AL SYClBe ies seadrg B A amaresitinnple, heeG Mh DEXRONE Adid number

evi {Pég géF GMN10055, oxidation test, October 2003, the disclosure of
OWRich A&V indbrpbRadeshpaetercRdbie ragakes aredmpoxidetion Test and
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t 2.0, The test names in the manual are: Q. Oxidation Test and
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t hese oxidation and cycling tests are described in
@ eﬁ?%%ﬁﬁ%ﬁgli of the manual. [031] The lubricating composition
may C 1] t one additive in the appropriate proportions,
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dispersants, detergents, antioxi
package. Examples of at least one additive which may be used include, but are
not limited to, dispersants, detergents, antioxidants, carrier fluids, metal
deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives,
drag-reducing agents, demulsifiers, dehazers, anti-icing additives, anti-knock
additives, anti-valve-seat recession additives, lubricity additives, combustion
improvers, cold flow improvers, friction modifiers, antiwear agents, antifoam
agents, viscosity index improvers, antirust additives, seal swell agents, metal
deactivators, and air expuision additives.

[032] In selecting at least one additive, one should ensure that the

selected additive is/are soluble or stably dispersible in the additive package and

finished composition, are compatible with the other components of the

composition, and do not interfere significantly with the performance properties of



deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic
additives, drag-reducing agents, demulsifiers, dehazers, anti-icing
additives, anti-knock additives, anti-valve-seat recession additives,
lubricity additives, combustion improvers, cold flow improvers, friction
modifiers, antiwear agents, antifoam agents, viscosity index improvers,
antirust additives, seal swell agents, metal deactivators, and air expulsion
theigrivessiie?)] shdeksiingravtehskidad additivéitpnecsieuldrenssiredhat
the selected additive is/are soluble or stably dispersible in the additive
apRbkabe-dndhamupell dnispeditompereitiompatible with the other
components of the composition, and do not interfere significantly with the
perfoffiiatice pREJBRIERKG Y fn¥onipiaratiche sidhast imerldithexivatives
stapjlity, needed or desired, as applicable, in the overall finished
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ovided as a concentrate for dilution. Such a concentrate forms
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employed in minor amounts suffiCIé

P i e viscosity characterstcs o the
baseflgiq empienarhitife/RGasLY Shamagigst Tay be employed in minor
amounts sufficient to improve the performance characteristics and properties of
the base fluid. The amounts will thus vary in accordance with such factors as the
viscosity characteristics of the base fluid employed, the viscosity characteristics
desired in the finished fluid, the service conditions for which the finished fluid is
intended, and the performance characteristics desired in the finished fiuid.

[035] 1t will be appreciated that the individual components employed can
be separately blended into the base fluid or can be blended therein in various
subcombinations, if desired. Ordinarily, the particular sequence of such blending
steps may not be crucial. Moreover, such components can be blended in the form
of separate solutions in a diluent. According to various embodiments, however,

the additive components may be blended in the form of a concentrate, as this

simplifies the blending operations, reduces the likelihcod of blending errors, and

10



desired in the finished fluid, the service conditions for which the finished
fluid is intended, and the performance characteristics desired in the
finished fluid. [035] It will be appreciated that the individual components
employed can be separately blended into the base fluid or can be
blended therein in various subcombinations, if desired. Ordinarily, the
particular sequence of such blending steps may not be crucial. Moreover,
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diluent. According to various embodiments, however, the additive

oyenpaneneniraty be blended in the form of a concentrate, as this
simplifies the blending operations, reduces the likelihood of blending
errord0dRt 1@ takdinadoaragesottie dpnpasbility passsabbidivfiuid
characteristics afforded by the overall concentrate. [036] According to
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the transmission of a vehicle, such as in a torque converter. [037]

CRISFE RFer, the lubricating composition may be used in a variety of oils to
lubricate any machinery, such as in gear oils and engine oils. EXAMPLES
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as driven by an electric motor for 450 hours with air being bubbled
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was measured and compared to the TAN of the fresh oil. [039] In the
cycling test a fluid was added to an automatic transmission which was
driven by an engine. The transmission was cycled from first to fourth

EXAMPLES

[038] In the oxidation test, a fiuid was added to an automatic transmission
which was driven by an electric motor for 450 hours with air being bubbied through
the fluid. At the end of the 450 hr test, the TAN of the used oil was measured and
compared to the TAN of the fresh oil.

[039] In the cycling test a fluid was added to an automatic transmission
which was driven by an engine. The transmission was cycled from first to fourth
gear 32,000 times. At the end of the 32,000 cycles the TAN of the used oil was
measured and compared to the TAN of the fresh oil.

[040] A GC-MS technique was used to determine the compaosition of the
base oils used to formulate automatic transmission fluids. Using this technique,
the percent of mono- and tetracycloparaffins in the fluids was determined. See |.
Dzidic, H.A. Petersen, P.A. Wadsworth and H.V. Hart, "Townsend Discharge Nitric

Oxide Chemical lonization Gas Chromatography/Mass Spectrometry for
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gear 32,000 times. At the end of the 32,000 cycles the TAN of the used oll
was measured and compared to the TAN of the fresh oil. [040] A GC-MS
technique was used to determine the composition of the base oils used to
formulate automatic transmission fluids. Using this technique, the percent
of mono- and tetracycloparaffins in the fluids was determined. See I.
Dzidic, H.A. Petersen, P.A. Wadsworth and H.V. Hart, "Townsend

HipiscbargenNitiidy xigenGhrmions DRITANRY CAS LHAUPelogsarhY/Mass o7,
Spectrometry for 11 Hydrocarbon Analysis of the Middle Distillatés",

190 liticaliChenmistof vMB4icR22 heAd92inke shissloaus _irurighds hereby
incorporated by reference. [041] It is known that diarylamines can improve
the oliddiive Istabitimof toils dindythatidiaryamingsonayeeoxariaieciiviaty of
in Group Il than Group I oils. C. A. Migdal, "Antioxidants", in Lubricant

oijscriifVidet dafaivineanmdayppticationsffeditedibGesta IRhRuUdHsks | oils. C.
Marcell Dekker, Inc., New York, 2003, the disclosure of which is hereby

Ajihdisidratidipyidefdrenitel Buribentndtdjtthesox@iativis atabitity Aphtittatiays,
improve if the concentration of the double ring and multiring condensed

eqirddpataninh BydiidieVanoeb®akieGna, NewW. Xorika2003T tRydisclosure
"The _Influence of Chemical Structure on the Physical and Performance

of MBS POM Yar SRR ER R BsedrsErs and W ipaipbem | Biinoidative stability
Proceedings of the 12th International Colloquium on Tribology, Esslingen,

of GLHAAYTROU8, R RGNt IR dhasiRERsByinscansbravdéring condensed

r(?feren . [042] However, the examples in the following table show that
o P SR LT P PR Ly Hparati SO BaSeripntdy beeasctoThe

| ﬁelatineq tp %xidaticiré?on rol in transmission tests and that a range of
n c%en%%nf)ragor?'gfca ructure on the Physical and Performance Properties of

Hydrocracked Basestocks and Polyaiphaolefins”, Proceedings of the 12th
International Colloguium on Tribology, Esslingen, Germany, 2000, the disclosure
of which is hereby incorporated by reference.

[042] However, the examples in the following table show that the
concentration of monocycloparaffins in the base oil may be a factor refating to
oxidation control in transmission tests and that a range of concentration of
monocycloparaffins, tetracycloparaffins and diarylamine, resulting in many
possible formulations, may meet the oxidative stability required in transmission
tests.

{043]  Inthe following Table, Examples A and B were formulated with a

Group | base oil and Examples C-H were formulated with a Group Il base oil.

Example | DPA | % monocyclo- % tetracyclo- dTAN dTAN GM
wt.% | paraffin in base oil paraffin in base GMOT | cycling test
oil <3.25 <200
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monocycloparaffins, tetracycloparaffins and diarylamine, resulting in many
possible formulations, may meet the oxidative stability required in
transmission tests. [043] In the following Table, Examples A and B were
formulated with a Group | base oil and Examples C-H were formulated
with a Group Il base oil. Example DPA % monocyclo- % tetracyclo- dTAN
__dTAN GM wt.% paraffin in base oil paraffin in base GMOT cycling test oil
A< 3.25 <P{DBIL2 A1(B.50 31.3 2.7 2 95[350 B Y66 31.1 2[6443 326 &5

. B0.50 28.40.32, 88 1.03 D 0.50 28.7 1.5.4.94 E 0.50 30. 4.54.92 0P34
€0.50 27.12®-1-283.51 1.17 0.402_349.8 1.02 1.35 H0;25529.9/11 133
_D2.72 3.040[684] Bihparative exampleg A and B show the GMOT gngl &M

Ecycling dUAN re3ls for two oils containing about 0.5 Wil BPA Willpkpse
Foil combifafi®ns2antaining more thahzBout 30 Wi.% mongpgycloparaffins

Gand moreQtHan |@hivdt 2.5 wt.% tetracydaparaffins. Both piSdailed thess

HATAN requi#zémegt.or the GM cycling| tept and comparafive £xampie Bz

fails the dTAN requirements for the GMOT. Inventive examplés C, D, E,
and @dHdw Batripthative: ¥eoropiey elopar Blinwmin the BREETOHNd GM cycling

combination is less than about 30 and if the wt.% tetracycloparaffins is
dTAN results for two oils containing about 0.5 wt% DPA with base oil combinations
containing more than about 30 wt.% monocycloparaffins and more than about 2.5
wt.% tetracycloparaffins. Both oils failed the dTAN requirement for the GM cycling
test and comparative example B fails the dTAN requirements for the GMOT.
Inventive examples C, D, E, and G show that if the wt.% monocycloparaffins in the
base oil combination is less than about 30 and if the wt.% tetracycioparaffins is
less than about 2.0 and are combined with oils containing at least about 0.40 wt.%
DPA then passing dTAN results are achieved in both the GMOT and GM cycling
test. Comparative example F shows that if an ATF containing a base ol
combination containing less than about 30 wt. % monocycloparaffins and more
than about 2.0 wt.% tetracycloparaffins is formulated with about 0.50 wi.% DPA
then the oil has higher dTAN values in the GMOT test. Finally, comparative
example H shows that if an ATF containing a base oil combination containing less
than about 30 wt.% monocycloparaffins and less than about 2.0 wt.%
tetracycloparaffins is formulated with about 0.25 wt.% DPA then the oil has higher
dTAN values in the GMOT and GM cycling tests than the invention examples and

fails the dTAN requirement for the GM cycling test. Comparative examples F and

H also show that not all Group |l base oils can meet the dTAN requirement for
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less than about 2.0 and are combined with oils containing at least about
0.40 wt.% DPA then passing dTAN results are achieved in both the
GMOT and GM cycling test. Comparative example F shows that if an ATF
containing a base oil combination containing less than about 30 wt.%
monocycloparaffins and more than about 2.0 wt.% tetracycloparaffins is
formulated with about 0.50 wt.% DPA then the oil has higher dTAN
boHIIES e GO sty dimally stampanative vexamplaibishews thatd ano
ATF containing a base oil combination containing less than about 30
Vi A ReRee HBrafihsanddes traaftibeute2rBoytivp detfaey copatiatitemine
is formulated with about 0.25 wt.% DPA then the oil has higher dTAN
aphpxdant MR ERFBTBIBGM cycling tests than the invention examples
and fails.the dTAN requirement for the GM cycling test. Comparative
exarr@l% IF sy efepodimrnisphihainaratipnvihse s ammhiedhtis

<IIAN re uir?gfent for 13 both the GMOT and GM cycling test and that
Several ﬁgs ERGBIRLRALS dhmmpesifisatieatrid pactice of the

. | ffj cl ffi d diarylami ioxid
IS SIRKl ok GORIFRS S13he T FERREISETHpERNEIES be
o AR R R SR AT erpecvbiohy Shbemeasendoino

inGXaRARIeR Be > idered.as exemplary only, with a true scope and spirit
of the ir%znt%n%ﬂékﬁé%iﬁ&%?éd by the following claims. 14 WHAT IS

CLAIMED IS: 1. A lubricating composition comprising a major amount of
lubricating oil

14



comprising greater than 0 and less than about 40% by weight
alkylcycloparaffins, and a minor amount of at least one diarylamine. 2.
The lubricating composition according to Claim 1, wherein the lubricating
oil is a paraffinic oil. 3. The lubricating composition according to Claim 1,
wihgred dhe, Rlkericsloparaffins are selected from the group consisting of
monocycloparaiiins and tetracycloparaffins. 4. The lubricating
composiinmbacsandng ifpostishomisisingRenapnesrsiamasalfinsithg oil
present in the composition in an amount greater than 0 and less than
coalpisiPYrdnieveight Ocmidvieds tharieibbueioht blytheighinaRrgiptiopaitns,
lubricating composition according to Claim 3, wherein the
anteranywiopanatfmsofiest [weskeonéndizeytamipasition in an amount of greater
than 0 and less than about 2.0% by weight relative to the total weight of
the compusiibmicating edotpizsitiog aocopdisiy da Btaiordingher€iaithellubricating
wherein the lubricating oil comprises (a) greater than 0 and less than
oil i ewpaEbimg wibight monocycloparaffins, and (b) greater than 0 and less
than about 2.0% by weight tetracycloparaffins relative to the total weight
of thé: cdRpBdisating DepesitanrreordhsstodalaisadrdiviteteiTiaen 1,
wherein the at least one diarylamine is present in the composition in an
alkyiryeinparaffinmarassiected demiha eighipreraristinciet meapasiarasaffins and
the composition. 15 8. The lubricating composition according to Claim 1,
tetiacyRiaPafeinRast one diarylamine is selected from the group consisting
of diphenylaming, alkylated diphenylamines, 3-h droxgdiphenylamine,
N-p%nﬁf@i H@ﬁ&"lﬁ@‘ﬂ?&?ﬁﬁi@?ﬂl according to Claim 3, wherein the

monocycloparaffing are present in the composition in an amount greater than 0 and

less than about 30% by weight relative to the total weight of the composition.

5. The lubricating composition according to Claim 3, wherein the
tetracycloparaffins are present in the composition in an amount of greater than 0
and less than about 2.0% by weight relative to the total weight of the composition.

6. The lubricating composition according to Claim 1, wherein the lubricating
oil comprises (a) greater than 0 and less than about 30% by weight
monocycloparaffins, and (b) greater than 0 and less than about 2.0% by weight
tetracycloparaffins relative to the total weight of the composition.

7. The lubricating composition according to Claim 1, wherein the at least
one diarylamine is present in the composition in an amount of at least about 0.40%

by weight relative to the totai weight of the composition.
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phenyl-1,4-phenylenediamine, monobutyldiphenylamine,
butyldiphenylamine, dibutyldiphenylamine, monooctyldiphenylamine,
octyldiphenylamine, dioctyldiphenylamine, monononyldiphenylamine,
nonyldiphenylamine, dinonyldiphenylamine, heptyldiphenylamine,
diheptyldiphenylamine, methylstyryldiphenylamine,

pher®/l-alphasbaphihg acnines sitiemdebotaimpithCigiaminevherein the at least
diheptyldiphenylamine, p-oriented styrenated diphenylamine,

onendiasidamaiies yediptgdthirinetditgtcartecytdijstiagydd diptes mplamoioetydikylated
phenyl- alpha-naphthylamine, monoheptyldiphenylamine, p-oriented
dipfherariarainesipbdwydeonikp eixgddming|/ bephatiykitdepiphdeptadizimise, N-
mixed butyl/styryl alkylated diphenylamines, mixed nonyl/ethyl alkylated
phemichdramaivicnatiemioetynonepiygiphen vpmars auiyldiphendamine,
_ethyl/methylstyryl alkylated diphenylamines, octyl alkylated
diypiiinanyvianipadgmrnarmyidiskendlrynined octyldiphenylamine,
. phenyl-alpha-naphthylamines, and combinations thereof. 9. A method for
diggtuidphgriiersingamenonemidishanyispimesisieRamAasaR®rising
including in the lubricating composition a lubricating oil comprising greater

dirfﬂaﬁ"é_f P@gﬂﬁ%%ﬁ%@%%ﬁ%ﬂ_ Fﬁﬁgféfﬁﬁ"@"%d at least
B SRR BIESbihel e GSBAAOI AHTERPg: cater
e A RS aEingh ERblR eaed GResDH
A A A B RSHEABbct ey
aI&QMBHWW‘?@?M@%%ﬁ@%ﬁéﬂ%@ﬁﬁﬁé’! eprlsgiea}weiﬁestyfénated
diphenylamine, mixed butyl/octyl alkylated diphenylamines, mixed butyl/styry!
alkylated diphenylamines, mixed nonyl/ethyl alkylated diphenylamines, mixed
octyl/styryl alkylated diphenylamines, mixed ethyl/methylstyry alkylated
diphenylamines, octy! alkylated phenyl-alpha-naphthylamine, mixed alkylated
phenyl-aipha-naphthylamines, and combinations thereof.

9. A method for improving the oxidative stability of a lubricating
composition comprising including in the lubricating composition a lubricating oil
comprising greater than 0 and less than about 40% by weight alkylcycloparaffins
and at least one diarylamine.

10.The method according to Claim 9, wherein the at least one diarylamine

is present in the composition in an amount greater than 0 and at least about

0.40% by weight relative to the total weight of the composition.
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phenyl-1,4-phenylenediamine, monobutyldiphenylamine,

butyldiphenylamine, dibutyldiphenylamine, monooctyldiphenylamine,
octyldiphenylamine, dioctyldiphenylamine, monononyldiphenylamine,
nonyldiphenylamine, dinonyldiphenylamine, heptyldiphenylamine,
diheptyldiphenylamine, methylstyryldiphenylamine,
pheriyl-aliplearethbthglesoengoietidireta wrapbih tlamibizast one diarylamine is
diheptyldiphenylamine, p-oriented styrenated diphenylamine,

selpwiaditroudtey gliphe cpasishing difaisiotybipinen yanoue athplatedty|
phenyl-alpha- naphthylamine, monoheptyldiphenylamine, p-oriented
diphrytemioesiphdryg conirsiphenysermoe NawWieniy bR ¢ hiplyemsdiames, N-
mixed butyl/styryl alkylated diphenylamines, mixed nonyl/ethyl alkylated
phamptdriiahargienasiamingy mengh uividiphem drnis hutyldiphandamine,
_ethyl/methylstyryl alkylated diphenylamines, octyl alkylated
df%ﬂgﬁw@w@rﬁmtm@aﬁm@&imﬁwm@d%\éﬁw@pmmme,
. haphthylamines, and combinations thereof. 12. The method according to
dioghyiphenyierainan@ansiisirigmvaraiwe sarptisiphenyw@igRup
consisting of mqnoclegloparaffins and_tetrai:%clopar_affins. 13, The method

dinQEy S RRG T ETUNG: TERIAERAG I Mo AJRPIURPRNYIBRSR ent in the
B SRR RO B R B ErE SO RURIT B e fethod
B e N R e
L DR L
naf iR AR R R BRANHAH RV HRI B NERRLY SioPATa L% BREMmine,
mixed butyl/octyl alkylated diphenylamines, mixed butyl/styryl alkylated
diphenylamines, mixed nonyl/ethyl alkylated diphenylamines, mixed octyl/styryl
alkylated diphenylamines, mixed ethyl/methylistyryl alkylated diphenylamines, octyl
alkylated phenyl-alpha-naphthylamine, mixed alkylated phenyl-alpha-
naphthylamines, and combinations thereof.

12. The method according to Claim 9, wherein the alkylcycloparaffins are
selected from the group consisting of monocycloparaffins and tetracycloparaffins.

13. The method according to Claim 12, wherein the monocycloparaffins are
present in the composition in an amount greater than 0 and less than about 30%

by weight relative to the total weight of the composition.

17



greater than 0 and less than about 2.0% by weight tetracycloparaffins
relative to the total weight of the composition. 16. A method for lubricating
an engine, comprising lubricating said engine with the lubricating
composition of Claim 1. 17. A transmission fluid comprising a major
amount of a lubricating oil comprising greater than 0 and less than about
40%1dy WegmettkyttpclopdmadfitesClaind $2nivivereindbattefratyeisparaéfins are
diarylamine. 18. The fluid composition according to Claim 17, wherein the
pragentinithe sirmpagitieatimanoimbonT geefited than fositib leses toadiagp tot 2.0% by
Claim 17, wherein the alkylcycloparaffins are selected from the group
weighkistatlyoteribadejalopeight o thaeemeesitioparaffins. 20. The fluid
composition according to Claim 19, wherein the monocycloparaffins are
presépt ihiBeashashamrpdnaiameint whrsetn dholupricatisg wihaomprises
about 30% by weight relative to the total weight of the composition. 21.
(B aE NG LEBR P AT PeacbarumPd By oveibiek ENRREyCloparafin, and (o)
tetrac:glcloparaﬁins are present in the compagsition in an amount greater

greRial §1and A assaR 3P Wor Bty giRishbiRiEARy eiRPRialf g igietre to the

%ge cgéﬁgogi?\on. 18 22. The fluid composition according to Claim 17,
to hEREAR t%ﬁeﬁ?ﬁﬁggﬁa%omprises (a) greater than 0 and less than

R e RO i S
Wivjﬁﬁg%%%ﬂ"g%%i%agg{%ﬁ%g' %H%géf)aﬁnng)q§ition according to Claim 17,

17. A transmission fluid comprising a major amount of a lubricating oil
comprising greater than 0 and less than about 40% by weight alkylcycioparaffins,
and a minor amount of at least one diarylamine.

18. The fluid composition according to Claim 17, wherein the lubricating oil
is a paraffinic oil.

19. The fluid composition according to Claim 17, wherein the
alkylcycloparaffins are selected from the group consisting of monocycloparaffing
and tetracycloparaffins.

20. The fluid composition according to Claim 19, wherein the
monocycloparaffins are present in the composition in an amount greater than 0 and
less than about 30% by weight relative to the total weight of the composition.

21. The fiuid composition according to Claim 19, wherein the

tetracycloparaffins are present in the composition in an amount greater than 0 and

less than about 2.0% by weight relative to the total weight of the composition.
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diarylamine is present in the composition in an amount greater than 0 and
at least about 0.40% by weight relative to the total weight of the
composition. 24. The fluid composition according to Claim 17, wherein the
at least one diarylamine is selected from the group consisting of
diphenylamine, various alkylated diphenylamines,
3-hy22oxi/oépfieidytamipesitipherod+diiAg b ebigienddiamireeein the lubricating oil
N-phenyl-1,4-phenylenediamine, monobutyldiphenylamine,

comymysed hdaylagrieaiedibtivgoipfengaehineseoticacty ldiphdnyBitneby  weight
octyldiphenylamine, dioctyldiphenylamine, monononyldiphenylamine,

manseyelpRasaiiiamiaeddbe emtee Hysaninand dpsgdibar abantink 0% by weight
diheptyldiphenylamine, methylstyryidiphenylamine, .
tetincypipnainsdsiatiyritaitie totinyeisbi-chtmeampagiton.
diheptyldiphenylamine, p-oriented styrenated diphenylamine,
tﬁ&ﬂwai5ﬁ6}3@§iﬂ%,&@%ﬁé&w@i@f@nwamn@selmmﬁ)at:tgast one

o B e e
o B U e
A AP LA A n
ST B AR e

S S SRR 2 e,
phenylenediamine, N-phenyl-1,4-phenylenediamine, monobutyldiphenylamine,
butyldiphenylamine, dibutyldiphenylamine, monooctyldiphenylamine,
octyldiphenylamine, dioctyldiphenylamine, monononyldiphenylamine,
nonyidiphenylamine, dinonyldiphenylamine, heptyldiphenylamine,
diheptyldiphenylamine, methylstyryldiphenylamine, phenyi-alpha-naphthylamine,
phenyl-beta-naphthylamine, diheptyldiphenylamine, p-oriented styrenated
diphenylamine, monotetradecyldiphenylamine, ditetradecyldiphenylamine,
monooctyl phenyl-alpha-naphthylamine, monoheptyldiphenylamine, p-oriented
styrenated diphenylamine, mixed butyl/octyl alkylated diphenylamines, mixed
butyl/styryl alkylated diphenylamines, mixed nonyl/ethyl alkylated
diphenylamines, mixed octyl/styryl alkylated diphenylamines, mixed
ethyl/methylstyryl alkylated diphenylamines, octyl alkylated phenyl-alpha-
naphthylamine, mixed alkylated phenyl-aipha-naphthylamines, and

combinations thereof.
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26. The fluid composition according to Claim 17, further comprising at
least one additive selected from the group consisting of dispersants,
detergents, antioxidants, carrier fluids, metal deactivators, dyes, markers,
corrosion inhibitors, biocides, antistatic additives, drag-reducing agents,
demulsifiers, dehazers, anti- icing additives, anti-knock additives,
anti-Xalvérsefuic cosstarsitidditicesrdityi ity ladhditi Ve svlosresibLbigofiuid
improvers, cold flow improvers, friction modifiers, antiwear agents,
coraptibon iseeiscted dasityiiedgnoimpovestingnif estadditiv ésreeaiksiwel fluids,
agents, metal deactivators, and air expulsion additives. 27. A vehicle
corginuptisiviyariebiestrassions sl thardsm ssionahtrhnsnysasiontfandsn astfiuids
fluid composition according to Claim 17. 28. A method for improving
useskifie@ival sbamirensipissianproviding to an engine a fluid composition
comprising a lubricating oil comprising greater than 0 and less than about
40‘V£§y W%fgﬂtﬂ@mmﬁmmﬁ@%ﬂmﬁ%@amémmmgﬁmmmsm at least
method for improving oxidative stability comprising providing to a
ong ardirss Relesirdl dreBhips SiiBHR-ERANSIIRG afidismastAptsidiRTERsHSy
reater than Q and less than about 40% by weight alkylcycloparaffins and
a”@%’i@éﬁ%n@"&ﬁ%?ﬂﬁ#ﬁn&?%? APASHURIOESc I ESnRAEEFMBBYRRIAN inhibitors,

oiog 5 EIGHE ALY i AATRE U PRI TS e, ant-
.. The additive con
NG Ry T

SR A AR R AR e oy
adé]ptﬁpeeisgg}ﬁbustion improvers, cold flow improvers, friction modifiers, antiwear
agents, antifoam agents, viscosity index improvers, antirust additives, seal swell
agents, metal deactivators, and air expulsion additives.

27. A vehicle comprising a transmission, the transmission including the
transmission fluid composition according to Claim 17,

28. A method for improving oxidative stability comprising providing to an
engine a fluid composition comprising a lubricating oil comprising greater than 0
and less than about 40% by weight alkylcycloparaffins and at least one
diarylamine.

29. A method for improving oxidative stability comprising providing to a
transmission a fluid composition comprising a lubricating oil comprising greater
than 0 and less than about 40% by weight alkylcycloparaffins and at least one
diarylamine.

30. An additive concentrate composition comprising a lubricating oil

comprising greater than 0 and less than about 40% by weight alkylcycloparaffins

and at least one diarylamine.
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detergents, antioxidants, carrier fluids, metal deactivators, dyes, markers,
corrosion inhibitors, biocides, antistatic additives, drag-reducing agents,
demulsifiers, dehazers, anti-icing additives, anti-knock additives,
anti-valve-seat recession additives, lubricity additives, combustion
improvers, cold flow improvers, friction modifiers, antiwear agents,
antif@dm Hyeatsditisscsityéntierdroprovesttioaniisostdingitty Claise A igher
agents, metal deactivators, and air expulsion additives. 32. A composition

cocapnisiiging Eastbicetiaddiivecseliatyfgnesties traud candiftisg thiadispaastnts,
40% by weight alkylcycloparaffins and at least one diarylamine, wherein
dedesasuitsh ceitionidnetss ehristfhddsd sietabdendtivatmsedyancnsukieg,a
change in total acid number. 33. The composition according to Claim 32,
cojyRsieminhidipeh diosidetlantriaiioradgitivas ss rgriasiusingaagentsout 5.
34. The composition according to Claim 32, wherein the change in total
degpsdsifigrihslabagsesintippatasidiives, ant-soaskadediivascentingee-seat

Claim 32, wherein the change in total acid number is less than about 2.0.
AR HONAEIL (@i IHREIFG PSS oSRBR Ui dMBrRY TP Bl inmprovers,
fri%g;%r%a&%f%?g,s zrargtsf\?\}ggrC&l%rgﬁ{é?ig%titfr(l)%z%ogng%%stgiovri]s%gg%dilr? eg(()in%?cI)r\rf]ers,
antirust additives, seal swell agents, metal deactivators, and air expulsion
additives.

32. A composition Comprising a lubricating oil comprising greater than 0
and less than about 40% by weight alkylcycloparaffins and at least one
diarylamine, wherein the composition meets the standards for an oxidation test
measuring a change in total acid number.

33. The composition according to Claim 32, wherein the change in total
acid number is less than or equal o about 5.

34. The composition according to Claim 32, wherein the change in total
acid number is less than about 3.25.

35. The composition according to Claim 32, wherein the change in total
acid number is less than about 2.0.

36. A vehicle comprising the composition according to Claim 32.

37. An automatic transmission comprising the composition according to

Claim 32.
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