ENG NE O L COVWPGCSI TI ONS BACKGROUND OF THE | NVENTION 1. Technical Field 5
The present invention relates generally to inproved |ubricating oi
conpositions containing additives and additive mxtures for use in

i nternal conbustion engines 2. Description of the Related Art Autonobile
spark ignition and di esel engi nes have valve train systens, including

val ves, cans and rocker arns which present special l|ubrication concerns. It
is extrenely 10 inportant that the lubricant, i.e., the engine oil,
protects these parts fromwear. It is also inportant for engine oils to
suppress the production of deposits in the engines. Such deposits are
produced from non-conbusti bl eSERGINE OGOMPOSITIONSSt i on of hydrocar bon
fuels (e.g., gasoline, diesel fuel oil) and by the deterioration of the
engine oil enployed. Engine oils typically use a mneral oil or a synthetic

oi | as a basgseklrdioB\ s THEIRVINTOR base oils al one do not provide the
necessary properties to provide adequate wear protection, deposit control,

etc. requi reldi SnRLASA internal conbustion engines. Thus, base oils are

formul ated wi't addi tives (for imparting auxiliary functlons) such
as, for anpl e, .ashl es dIS ers al l.ic_deterge
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oxi dation inhibitors), .visc rovers a e like to
roduce a copGmRRtS 2wty e Ry g BraT GHBOGHOR GRERSSA number of

such engi ne oil addltlves are knomn and enpl oyed in practlce The nost
conmon addi t3 veespaptionoditheRelaipd Astat i ng oi |l s has been zinc

di al kyl di t hi ophosphat es because of their favorable characteristics as an
antiwear agent arditgeelfilsrsparidgnitien and diesel engines have valve train systems, including

valves, cams and rocker arms which present special lubrication concerns. It is extremely
10  important that the lubricant, 1.e., the engine oil, protects tﬁese parts from wear. It is also
-important for engine oils to suppress the production of deposits in the engines. Such
deposits are produced from non-combustibles and incomplete combustion of hydrocarbon
fuels (e.g., gasoline, diesel fuel oil) and by the deterioration of the engine oil employed.
Engine oils typically use a mineral oil or a synthetic oil as a base oil. Howeve_r,
15  simple base oils alene do not provide the necessary properties to provide adgquate wear
protection, deposit control, etc. required to protect internal combustion engines. Thus,
base oils are formulated with various additives (for imparting auxiliary functions) such
as, for example, ashless dispersants, metallic detergents (i.e., metal-cc')ntailﬁng
detergents), antiwear agents, antioxidants (i.e., oxidation inhibitors), viscosity index
20  improvers and the like to produce a compounded oil, i.e., a lubricating oil composition.
A number of such engine oil additives are known and employed in practice. The
most common additive for engine lubricating oils has been zinc dialkyldithiophosphates

because of their favorable characteristics as an antiwear agent and performance as an



oxidation inhibitor. However, a problemhas arisen with respect to the use
of zinc dialkyldithiophosphate, because phosphorous and sul fur derivatives
poi son catal yst conponents of catalytic converters. This is a major
concern as effective catalytic converters are needed to reduce pollution
and to nmeet governmental regulations designed 5 to reduce toxic gases such
as, for exanple, hydrocarbons, carbon nonoxide and nitrogen oxides, in

i nternal comusti i.n . SSL OR |yt ¢ verters
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vari ations, al iLdes, and are installed.in the exhaust streans,
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nont oxi ¢ gases. As previously mentiqgned, these catalyst 10 conponents are
poi soned by PAPOPHESPHIFOHS CARYEISTH iks 18 8 mser cancern gyelfesdvaraalifor ous  and
sul fur deconposition product of the zinc dialkyldithiophosphate; and

accor di ngl y,conyeitersae nefded frgiedecediollsticnome 40 miepfeopbromshiel rgulations desighed
additives may substantially reduce the Iife and effectiveness of catalytic
convert els. tFhetuet e, gasts snolubsi fdyexaesle,rtgdtoearbbms, catiomohtadpiaiptrogenus and
sul fur content in the engine oils so as to maintain the 15 activity and
extend the |dxidesah iftbraalomirbluytidnengian eRidisemidshel. Such cathlstic gawertargent al  and
aut onotive industry pressure towards reduci ng the phosphorous and sul fur
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the I LSAC Standards defined by the Japanese and United States Autonobile
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and sulfur decomposition product of the zinc dialkyldithiophosphate; and accordingly,
the use of engine oils containing phosphorous and sulfur additives may substantiafly
reduce the life and effectiveness of catalytic converters. Therefore, it would be desirable
to reduce the phosphorous and sulfur content in the engine oils so as to maintain the

15  activity and extend the life of the catalytic converter.
There is also governmental and automotive industry pressure towards reducing
the phosphorous and sulfur content. For example, United States Military Standards MIL-
L-46152E and the ILSAC Standards defined by the Japanese and United States
Automobile Industry Association at present require the phosphorous content of engine
20  oils to be at or below 0.10 wt.% with future phosphorous content being proposed to even
lower levels, e.g., 0.08 wt.% by January, 2004 and below 0.05 wt.% by January, 2006.

At present, there is no industry standard requirement for sulfur content in engine oils, but

it has been proposed that the sulfur content be below 0.2 wt.% by January, 2006.



2 Accordingly, it would be desirable to decrease the anmobunt of zinc

di al kyl di t hi ophosphate in lubricating oils still further, thus reducing
catal yst deactivation and hence increasing the life and effectiveness of
catal ytic converters while also neeting future industry standard proposed
phosphorous and sul fur contents in the engine oil, However, sinply 5
decreasi ng the anount of zinc dial kyl dithi ophosphate presents probl ens
because this : it | I . ' L es L OX | '
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to find a way ,t.0.reduce p. horous_and sul fur . caontent ile.still
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t he hi gher phosphor.0o and sul fur. content engine oils. 10 In order to
conpensat e f P%E r#%@tl‘feﬁﬁgsgﬁrﬁ%}ﬁﬁ’“‘c‘ﬁoni’?ﬁ%rséﬁ PRSP gicetin SBKMEE ot her
oxi dation inhibitors such as phenol derivatives, e.g., high overbased
phenat es, antandasiyrarased phqsphqrausang sudurpontesfsiy thereaging iogh Sleyieseh siawly have
been used. However, the use of such known oxidation inhibitors in place of
zi nc di alkyl dicreasing Hesptoaneofaindsbalkyldithipphospliays prasdnis waltlems besusettbisr equi r ed
| evel s of antiwear, oxidation inhibition and deposit 15 control. Detergents
have been adutecssarilyilonpas theantiwtalpriymsties audrbeidat{ohBhibition peatertiek o2 the aci di c
conmbustion products and to clean surfaces containing deposits. However,
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sul fonates such as magnesi um sul fonate detergents are also effective to
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drawbacks in that crystalline precipitates are sonetinmes pro
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conditions for ro trme. recipitates may cause pluggi ng

of the ffO' ter In order to compensate for lowering the amount of zine dialkyldithiophosphate,

other oxidation inhibitors such as phenol derivatives, e.g., high overbased phenates, and
ashless antioxidants, e.g., alkylated diphenylamines, have been used. However, the use
of such known oxidation inhibitors in place of zinc dialkyldithiophosphate at best only
marginally satisfies the required levels of antiwear, oxidation inhibition and deposit

15 cpntrol.

Detergents have been added to impart a total base number (TBN) to neutralize
acidic combustion products and to clean surfaces containing deposits. However,
detergents may impart undesirable properties. For example, overbased sulfonates such as
magnesium sulfonate detergents are also effective to enhance the antiwear properties in

20 wvalve train systems, but have drawbacks in that crystalline precipitatt;,s are sometimes
produced when these engine oils are stored under humid or variable temperature
conditions for a long period of time. Such precipitates may cause plugging of the filter

which is installed in the engine oil circulating system. Such plugging is more likely to



which is installed in the. engine oil circulating system Such plugging is
nore likely to 3 occur when a | arge anmount of the magnesi um sul fonate
detergents is used to enhance the desired antiwear properties.
Additionally, the use of high overbased detergents such as, for exanple,
sul fonates or phenates, and | ow overbased sulfonates contribute toward the
sul fur content which, as previously nentioned, has been proposed for
significant 5 reduction in the levels contajnhed i,n the lubricatin ils.
AcSor di gl y, oA b Bt amonnl i Trdier BRIt HeseRRs prro B rkae it *and
a |imt on the sulfur content of |ubricating oils is very high, this
reducti on catfseed EiweaprpReriiesy Addtiqnglly, Sheassf high oy erbased;dstepgertssielbasangd
still nmeet the severe antiwear and oxidation-corrosion inhibiting
properties, fasexesiple, sulfawlatsant Phrngiss,(@nd dow ovebased sulipmatee earitabyte tovardthgi r ed
of today's engine oils. Thus, it would be desirable to develop |ubricating
oils, and aafliat contmt avhithagbdirévimelypaekagped hahbesafpoommsedfv siggificemter | evel s
of phosphorous and sulfur but which still provide the needed wear,

oxi dat i orF coedgion th e devdBROSained irDthe tibremingi, provi ded by | ubricating
oi Il s having, for exanple, higher levels of zinc dialkyldithiophosphate,
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10 required of today's engine oils. Thus, it would be desirable to develop lubricating oils,
and additives and additive packages therefore, having lower levels of phosphorous and
sulfur but which still provide the needed wear, oxidation-corrosion and deposit protection
now provided by lubricating oils having, for example, higher levels of zinc
dialkyldithiophosphate, but which do not suffer from the disadvantages of the lubricating

15  oils discussed above.

U.S. Patent No. 6,278,006 discloses fransesterifying friacylglycerol containing
oils, e.g., vegetable oils, with short saturated fatty acid polyol esters to obtain an oil
having improved lubrication properties. The patent further discloses that the oils can also
contain various other additives such as, for example, antioxidants, anti-foam additives,

20  anti-wear additives, corrosion inhibitors, dispersants and detergents.



SUMVARY OF THE | NVENTI ON I n accordance with the present invention,
| ubricating oil conpositions having high antiwear, oxidation-corrosion and
deposit protection, but which have |ow | evels of phosphorous and sulfar,
are provided. In one enbodi nent of the present invention, a 5 lubricating
oi | conposition is provided conprising (a) a major ampunt of a base oil of
| ubricating viscosity and (b) a mnor deposit-inhibiting effective anount
of a reactiao ¢t pr.e ransesterifying at |east one glycerol
ester and at2YXHARLLQF LHE grye€erol polyol ester, In a second enbodi nment
of the present invention, | ubricating oil conp05|t|on I S pr.ov
conprising (a) alrafor aélﬁ?)mﬁl therpresepiHgEentign, lulgicajipgeif E‘&Fﬁ’%&lo&'ﬁ é‘%\?ﬁg {“ﬁﬁand
(b) a mnor deposit-inhibiting effective amount of a reaction product of
at | east onearfiviean, opidatiastcorigsipe pnddepopibpigagbem but whighbave lowdeyels of. 01 | - R
101112 CH OCRO0O1113 CHi--- OC- RG 15 wherein R, Wand R? are
i ndependent | phospliophataing siifialr ave prolided nin @teicadolianenhgf tHe pmsmbinytenﬁfﬁl, ear bon
atons; and at | east one second pol yol ester of the general fornula:

5  lubricating oil composition is provided comprising (a) a major amount of a base oil of

lubricating viscosity and (b) a minor deposit-inhibiting effective amount of a reaction
product prepared by transesterifying at least one glycerol ester and at least one non-
glycerol polyol ester.
In a second embodiment of the present invention, a lubricating oil composition is
10 provided comprising (a) a2 major amount of a base oil of lubricating viscosity and (b) a
minor deposit-inhibiting effective amount of a reaction product of at least one first polyol

ester of the general formula:

O

CH,— oC—R'
l 0
CH— o!lz —=R? &
| o]
H

CH,— oC—R?

15  wherein R!, R? and R? are independently aliphatic hydrocarbyl moieties having 4 to about

75 carbon atoms; and at least one second polyol ester of the general formula:



5011 OCR4 (CH2)x 1 RT C--- (CH2)y O1 \ 1l OC R5 (n) wherein x and y
are the sane or different and are integers froml to 6, R4 and R5 are

i ndependent |y aliphatic hydrocarbyl noieties having 4 to 24 carbon atons
and R6 and R7 are independently hydrogen, an aliphatic hydrocarbyl noiety
having 1 to 10 carbon 5 atons or 0 11 $ (CH2) OC R wherein z is an integer
fromO to 6 and R8 is an aliphatic hydrocarbyl noiety having .4 to 24
carbon atons. In a third enbodi ment of, the present invention, a method of
operating an internal 10 conbustion nglne i's provided conprising
operating the internal conbustion en ne mn;h a lubricating oi
conposition conprising (a) a najor 8f a base oil of | ubricating
viscosity and (b) a m nor deposit-lnhlbltlng ef fective anmount of the

f oregoi ng reaction (CH

R'——C—(CHy), O (In

ll

oC—R®

RS
wherein x and y are the same or different and are integers from 1 to 6, R* and R® are
independently aliphatic hydrocarbyl moieties having 4 to 24 carbon atoms and R® and R’
are independently hydrogen, an aliphatic hydrocarbyl moiety having 1 to 10 carbon

5 atomsor

0]

oC——R®

(CHy),
wherein z is an integer from 0 to 6 and R® is an aliphatic hydrocarbyl moiety having 4 to
24 carbon atoms.
In a third embodiment of the present invention, a method of operating an internal
10 combustion engine is prolvided comprising operating the internal combustion engine with
a lubricating oil composition comprising (a) a major amount of a base oil of lubricating
viscosity and (b) a minor deposit-inhibiting effective amount of the foregoing reaction
products.
In another embodiment of the present invention, a low-phosphorous or
15 phosphorous-free lubricating oil composition is provided comprising (a) a major amount
of a base oil of Iubricating viscosity and (b} a minor deposit-inhibiting effective amount
of the foregoing reaction products; wherein the composition has a phosphorous content

not exceeding 0.08% by weight, based on the total weight of the composition.



products. In another enbodi nent of the present invention, a | ow phosphorous
or 15 phosphorous-free lubricating oil conposition is provided conprising
(a) a major amobunt of a base oil of lubricating viscosity and (b) a m nor
deposit-inhibiting effective anount of the foregoing reaction products;
wherein the conposition has a phosphorous content not exceedi ng 0.08% by
wei ght, based on the total weight of the conposition. 6 Yet another

mhodi f th . . . . . . |
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conbusti on engi ne conpri sing opera rnal sti*on eAgine with

a | ow phosphorous or phosphorous-free |ubricat.i il .copposition,
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(b) a mnor depasit-inhibiting effective 5 amunt of the foregoing reaction
products; whiMePhPSPIREOsHIPBSIPRPIONS-fgs lubriphBg lcioBRgsitien FRIRHSIHOE) @RBEEdI ng
0.08% by wei ght, based on the total weight of the conposition.. [n another
aspect of th&Enpsebmbaseilad {ubmsatingvisasiit inddbpaingg dernstipasbiting affeqtive
concentrate is provided conprising one or nore of the foregoing reaction
product s 1 n @noundpfjtheifereghihgimattidn modwtsaniiepinahe cabpositmaitak phosghorans ous
ot her additives desired in 10 lubricating oil conpositions such as, for
exanpl e, netantmondiaixoscdhgdeddsh oe vieizhghdsedanthentl dicRhesSBatempositiont er m
"glyceride" as used herein refers to glycerides that are derived from

natural, i.e., ann@btheraspeaadt ﬂ;e%@é&éﬁ@ﬁvenﬁ@ﬂ ahQa@tivepicke@scolpatitiah 6r
synt hetically produced. ycerides are esters of glycerol (a trihydric
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gl ycerol are esterified wth groups o tty S cont ai ni ng
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10 iubricating oil compositions such as, for example, metal-containing detergents and
ashless dispersants.

The term "glyceride” as used herein refers to glycerides that are derived from
natural, i.e., animal or plant, sources, and to glycerides that are synthetically produced.
Glycerides are esters of glycerol (a trihydric alcohol) and fatty acids in which one or

15  more of the hydroxyl groups of glycerol are esterified with the carboxyl groups of fatty
acids containing from about 4 to about 75 carbon atoms and preferably from about 6 to
about 24 carbon atoms. The fatty acids can be saturated or unsaturated, linear, branched
or cyclic monocarboxylic acids. Where three hydroxyl groups are esterified, the resulting
glyceride is denoted a “triglyceride”. When only one or two of the hydroxyl groups are

20 esterified, the resulting products are denoted “monoglycerides” and “diglycerides”,
respectively. Natural glycerides are mixed glycerides comprising triglycerides and minor
amounts, e.g., from about 0.1 to about 40 mole percent, of mono- and diglycerides.

Natural glycerides include, e.g., coconut and soybean oils. Synthetically produced



about 24 carbon atons. The fatty acids can be saturated or unsaturated,
| i near, branched or cyclic nonocarboxylic acids. Where three hydroxyl
groups are esterified, the resulting glyceride is denoted a
"triglyceride". Wien only one or two of the hydroxyl groups are 20
esterified, the resulting products are denoted "nonogl yceri des" and
"diglycerides", respectively. Natural glycerides are m xed gl ycerides
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or mixture of fatty acids containing fromabout 6 to about 24 carbon atons.
The fatty aeidraska ab@tu@t@aarwlm@ﬁt@dtegrlmﬁhrshtamw(@m cydlicrieenocalbpaylictetd ar
cyclic nmonocarboxylic acid or mxture thereof. The fatty acid itself can
be derived fmiatnre fhereof xErplaty aciditeelbdan bie dexiyedor@anit fobexampdm inatatal, isqpiangs .
Exanpl es include, but are not limted to, caproic, caprylic, capric,

| auric, myridtahinal palueed. i Bxanfplednidiade, Buitaed i ilienited k@ icaprolc] cuphwics capnid,
linolenic acids, and m xtures of any of the foregoing. The synthetically

produced gl yg@id, BSisid, bhinfid) sfhic, afdcRidicabRIY 1ifleit @n@RRYIEnid @ dRhe per cent
triglycerides wwth the balance, if any, representing fromabout 0 to about
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The present invention advantageously provides lubricating oil compositions
which provide deposit protection in addition to high antiwear and oxidation-corrosion
protection. The lubricating oil coﬁposiﬁons can also provide such protection while
having only low levels of phosphorous, i.e., less than 0.1%, preferably not exceeding
15  0.08% and more preferably not exceeding 0.05% by weight and Jow levels of sulfur, i.e.,
not exceeding 0.2% by weight, based on the total weight of the composition.
Accordingly, the lubricating oil compositions of the present invention can be more
environmentally desirable than the higher phosphorous and sulfur lubricating oil
compositions generally used in internal combustion engines because they facilitate longer
20 catalytic converter life and activity while also providing the desired high deposit

protection. This is due to the substantial absence of additives containing phosphorus and

sulfur compounds in these lubricating oil compositions. Conventional lubricating oil



not exceedi ng 0.2% by wei ght, based on the total weight of the conposition.
Accordingly, the lubricating oil conpositions of the present invention can
be nore environnentally desirable than the hi gher phosphorous and sul fur

| ubricating oil conpositions generally used in internal conmbustion engines
because they facilitate | onger 20 catalytic converter life and activity
whil e al so providing the desired high deposit protection. This is due to

t he substantial absence .of .additijyes contai.ning. orus and__sul fur
conpounds | e iReSEORLRR R g PRkaip B R s R R St e Bl el g
oil 8 conpositions, on the other hand, typically contain relatively high
concent r at | AEHFES-such additives. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 5 It has been found that the incorporation of a m nor
deposit-inhibiting effective anmount of the foregoing reaction products
into a major anount of a base oil of lubricating viscosity advantageously
provi des excBETAHEDR DESCRIPTHON 6! ﬂnnP14Ff&is’zn¥&ﬁﬂﬂﬁﬂﬁ&ﬂﬁ%n engi nes. |t
has al so been found that these results can be achieved in lubricating oi
conposi tisons havilnipsibeen foauédtimt e igbgpdion ofi s rdnmntdepositiighditdigtafieesve e. g. ,
zinc 10 di al kyl di t hi ophosphates, and | ow | evel s of sul fur-containing

addi tives, engbunt &f tHéforepoaidiassidn prdduel aite s mai@wnver dfasede silbf hbatamgsuch
as magnesi um sul fonate detergents, etc. However, the sulfur in the
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sul fur may be el eénental sulfur or it may be present in the lubricating oi
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10 dialkyldithiophosphates, and low levels of sulfur-containing additives, e.g., high

overbased sulfonates, low overbased sulfonates such as magnesium sulfonate detergents,
etc. However, the sulfur in the inventive lubricating oil composition may be in any form.
For example, the sulfur may be elemental sulfur or it may be present in the lubricating oil
composition or added to the lubricating oil composition as part of a sulfur-containing

15 compound. The sulfur-containing compound may be an inorganic sulfur compound or an
organic sulfur compound. The sulfur-containing compound may be a compound
containing one or more of the groups: sulfamoyl, sulfenamoyl, sulfeno, sulfido,
sulfinamoyl, sulfino, sulfinyl, sulfo, sulfonio, sulfonyl, sulfonyldioxy, sulfate, thio,
thiocarbamoyl, thiocarbonyl, thiocarbonylamino, thiocarboxy, thiocyanato, thioformyl,

20  thioxo, thioketone, thioaldehyde, thioester, and the like. The sulfur may also be present
in a hetero group or compound which contains carbon atoms and sulfur atoms (and,
optionally, other hetero atoms such as oxygen or nitrogen) in a chain or ring. The sulfur-

containing compound may be a sulfur oxide such as sulfur dioxide or sulfur trioxide. The



cont ai ning one or nore of the groups: sulfanoyl, sulfenanoyl, sulfeno,

sul fido, sulfinanoyl, sulfino, sulfinyl, sulfo, sulfonio, sulfonyl,

sul fonyl di oxy, sulfate, thio, thiocarbanoyl, thiocarbonyl,

t hi ocar bonyl am no, thiocarboxy, thiocyanato, thiofornyl, 20 thioxo,

t hi oket one, thioal dehyde, thioester, and the |ike. The sulfur may al so be
present in a hetero group or conpound which contains carbon atons and
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| ubricating oil conposition, or it may be present in the base oil or in one
or nore of tafitivge érhegeentiye lubpeatingslrompesition Ay ¥e#IPHE0i | conposi tion as
an inpurity. The lubricating oil conpositions of this invention include as
a first conponentThe luicatipoeil eeropasitions obthésanvintionfncludp $ & fitst pgmpirsobsi ty,
e.g., an anount of at least 40 wt. % preferably about 85 to about 98 wt.
% and pr & ermabbyaadailof Bie bil ofihbuitatBiy wdcosify e paaedmoan of beleiso kvt e ght of
the conposition. The expression "base oil" as used herein shall be

under st ood tgrefRdly folESPoThORosaNt. B SAPréttrabiFeBoRtionak sboMbs Rrti %, Based
| ubri cant conponent that is produced by a single manufacturer to the sane

specificatio ékd@ﬁ%@%ﬁ&e%mpm&%%ﬂfé&%iw=ﬂz§@&f’%t@éﬂér§n kegegd on)

that neets the sane mahufacturer’s specification; and that 1s identified

by a uni que ‘L} EAoR o REQPEGdse isﬂ:?lg B{)}glétg@%fl W%QG\:M :ﬂiﬂfl@ ﬁ&éh:ichqlé a@@&ﬁant@éﬁfp(o\ﬁénlt Y,

i ndi vidual |y e olI'lI'sused as ve a Kinematic viscosity

t 10 ti C)_ of abqut 2 tistok St) .t b St,
orefer abl y Bt Peokad oo i ficnus G iR phlehd byl ed o o
about 12 cSt and will be sqlfcted pﬁ 15 blgnded de ndi%% on_%he_dgsired
end use Hhd YoHECQuEERGERTer R Locpiiony; thatdpred tBe Fanom fgrfes specitication; and

that is identified by a unique formula, product identification number, or both. Typically,
individually the oils used as its base oil will have a kinematic viscosity range at
100°Centigrade (C) of about 2 centistokes (cSt) to about 20 ¢St, preferably about 3 ¢St to
about 16 ¢St, and most preferably about 4 cSt to about 12 ¢St and will be selected or

15  blended depending on the desired end use and the additives in the finished oil to give the
desired grade of engine oil, e.g., a lubricating oil composition having an SAE Viscosity
Grade of 0W, 0W-20, 0W-30, 0OW-40, 0W-50, 0W-60, 5W, 5W-20, SW-30, SW-40, SW-
50, 5W-60, 10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-
40.

20 Base stocks may be manufactured using a variety of different processes including,
but not limited to, distillation, solvent refining, hydrogen processing, oligomerization,
esterification, and Ierefming. Rerefined stock shall be substantially free from materials

introduced through manufacturing, contamination, or previous use. The base oil of the
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desired grade of engine oil, e.g., a lubricating oil conposition having an
SAE Vi scosity Gade of O OW20, OW~30, OW¥40, OWSO, OW¥60, 5W 5W20,
5W 30, 5W40, 5W 50, 5W60, 10w 10wW20, 10W30, 10w40, 10W50, 15W

15W 20, 15W 30 or 15W40. 20 Base stocks may be manufactured using a
variety of different processes including, but not limted to, distillation,
sol vent refining, hydrogen processing, oligonerization, esterification,
and rerefini ng._ Rer ef i ned stock ﬁﬂa“ be substantially free fr materials
i ntroduced tMPEtHHAS AHSEMALYYATS PG HITHNERLIOR MeYi6RDY BRI eVPBHeUaSRTCHNE pase
oil of the 10 lubricating oil conpositions of this invention nay be any
natural or shage pidt Seitabledpideeeeiben symshelie obls inclugg; Rui Breaioh jimitee i BBRPEDFHEhet i C
oils include, but are not limted to, oils prepared fromthe

pol ymer i zat i foomdfe mlipdrenatorpef dthydenctdndropothy pelyinertdtion offi-olefinglsedh 4ss such as
pol yal phaol efin or PAO oils, or from hydrocarbon synthesis procedures using
carbon 5 nonsptyaighaaledinloy #AGDELE, gas@s hgdroterlam synthasiEpohedwdnapgaapnocess. A
preferred base oil is one that conprises little, if any, heavy fraction;

e.g., |it3!l emohdxi@uad lyigewbdsed 1RE bt B Méher Tk §R68 proYesd 0 AGREferEd bisglagr at
100C. The base oil may be derived fromnatural lubricating oils, synthetic

lubricating js@hé SaPbonPrist @S, it RS vy ravlid Bl 1HRRS & 8y ubd&il Be@RnRASE
stocks obtained by isonerization”™ 10 of synthétic wax and sl ack wax, as

wel | as hydr‘ggcrogl??lé?@%%gﬁg%% Ofkpodr oduced by hydrocracking (rather than

sol vent extractl mati ¢ and pol ar conponents of the crude.
Sui tabl e base oil.s i,ncl u al | AP t ego L)kl . |V and V

as defined in A elbl?%ef ?Ig%# g%a%s% g ,&oﬂ?%mﬁldl |1Cl T GH élﬁﬁ% 5#&%?%0%}1]3%5@3 1998.
g Fugt Ih\e/r bg;@gooig %ﬁgt%{:%gh&%&{%hi@%?? 1'9@%5 Ioﬂ ?ncﬁl%ésogaise gogllcgaob\t/eﬁll%e ey igéljrlgri‘"aiaplgrlk ude
10 ‘. of synthetic wax and slack wax, as well as hydrocracked base stocks produced by

hydrocracking (rather than solvent extracting) the aromatic and polar components of the
crude. Suitable base oils include those in all API categories I, IT, III, IV and V as defined
in APT Publication 1509, 14th Edition, Addendum I, Dec. 1998. Group IV base oils are
polyalphaolefins (PAO). Group V base oils include all other base oils not included in
15 Group L IL ITI, or IV. Although Group II, III and IV base oils are preferred for use in
this invention, these preferred base oils may be prepared by combining one or more of
Group L, IT, IIT, IV and V base stocks or base oils.
Useful natural oils include mineral lubricating oils such as, for example, liquid
petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the paraffinic,
20  naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal
oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like,

Useful synthetic lubricating oils include, but are not limited to, hydrocarBon oils

and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,

11



15 Goup I, Il, IIl, or IV. Although Goup Il, Ill and IV base oils are
preferred for use in this invention, these preferred base oils nay be

prepared by conbi ning one or nore of Goup I, Il, Ill, IV and V base
stocks or base oils. Useful natural oils include mneral lubricating oils
such as, for exanple, liquid petroleumoils, solvent-treated or

acid-treated mneral lubricating oils of the paraffinic, 20 naphthenic or
ed £5ini . . . , ral
011 5, veget Stbe MRS Pt BB ot Bhct SR YRS, | °7 TG
the Iike. Us I t hetic.lubri i ils incl t not Jimted
o, hydr ocarBOSITES NG her s b heRee lroakr ben ord Ledkemds
I i zed d i I ized olefins, 11 e.g., | ybut vl :

Dol ypr opy| erBE T B SRS e ool et hisiT Revee

pol ybutyl enes, poly(l -hexenes), poly(l -o ctenes), poly(l -decenes), and
the |ike andingnylbensasss, ﬁﬁ%ﬁ&bdhexxlswpm%ém atifblye fkespolyph h Bebipbenyds,

t etradecyl benzenes, dinonyl benzenes, di(2-ethyl hexyl)-benzenes, and the

| i ke; polSyphemiitnyls aikiilates polyphenyd, snd G flike;phiohated diphdrisy bthems dng elkylatedny| s,
and the |ike; alkylated di phenyl ethers and al kyl ated di phenyl sulfides

and t he der idighenylesulfaieabaDbe dadvadiosrnalggs idddnanlomnikrédiand iediket her usef ul
synthetic lubricating oils include, but are not limted to, oils nmad e by

pol yneri zi ng ol efdtng 1@éful fHthetibAibrieatGA IR MoRideNBut Sobt &BniRH ] b8 thade by
propyl ene, butylenes, isobutene, pentene, and m xtures thereof. Methods of

oreper 19 SUEROLYTNCBLIGIAE 19 UL KRN 4AGSE Bk badiauibe art.
AT W T L T
olefins LI N @Pitno®to BRI Riffea i tﬁedé?rg ene '
Additional useful synthetic hydrocarbon oils include liquid polymers of alpha
olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cq to C;; alpha olefins such as, for example, 1-decene
trimer.
15 Another class of useful synthetic Iubricating oils include, but are not limited to,
alkylene oxide polymers, i.e., homopolymers, interpolymers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or
etherification. These oils are exemplified by the oils prepared through polymerization of
ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene
20 polymers (e.g., methyl poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500-1000,

diethyl ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or

12



trimer. 15 Another class of useful synthetic lubricating oils include, but
are not limted to, alkylene oxide polyners, i.e., honopolyiners,

i nterpol yners, and derivatives thereof where the term nal hydroxyl groups
have been nodified by, for exanple, esterification or otherification.
These oils are exenplified by the oils prepared through polynerization of
et hyl ene oxi de or propyl ene oxide, the al kyl and phenyl ethers of these

pol yoxyal kyl ene 20 I rs.(e.g., neth 0, ropyl.ene gl ycol ether

v o an VPt At B i it e B ol aRRbh o ettt nike

pol yet hyl ene_glycol having a nol ecul ar,_wei ght of 500-1000, diethyl other
of pol ypr opy¥ehetay geidestas,oripe Gupw edd disstenpfitefaethytens ghisol 1, 500, "etc.) or
12 nono- and pol ycarboxylic esters thereof such as, for exanple, the acetic
esters, mixed C3¥atgndthertolassel wehd sntketicdubrichénasiiBonaude but a¢ aettlbnitegs
tetraethyl ene glycol. Yet another class of useful synthetic |ubricating

oi | s i ncl udep, thatstas ef diogrbbiylictaeids eigq phthhlic &dd, ensiné addcaki) ongelinic acdd, ds
e.g., phthalic acid, succinic acid, alkyl succinic acids, 5 alkenyl

succi ni ¢ saci dliggnyh@lceinie sakls dnaléizc @bid] £2¢Red atid, stbeei iacidagbakic sebafmariacdid,

fumaric acid, adipic acid, linoleic acid diner, malonic acids, alKkyl
mal oni ¢ aci dflipidhdi@Ninbleidcdifner, 36dl618e a@8E alkyMnhldn a¥ids,| AktenyPmahizohol s,
e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol,

ethyl ene gl yeois, et g{d@glv%@&y of aae&lolsrfe.ggghﬂ}?élco}mi,ﬁﬁxh%hgi, W6@cy1 Abdhol,

Specific exanples 0 ese esters i1 nc e di butyl adi pate,

o1 (2, ety okl SERATRLE, S 08 MM ALS O Y oB ALY, .
T S G et e T T SR
;\rl:g {Tﬁlee]'sq Efell_engleé_urn%r%%er,] %hlo%py? se%la a‘%é? ldii?o%%ty& Ya\gelaqgld?igod%];ylza-ze gt%}/cliiggé]a&l%ﬁatg,m d
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of
tetraethylene gl.ycol and two moles of 2-ethylhexanoic acid and the like.
Esters useful as synthetic oils also include, but are not limited to, those made from
15  carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,
methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol
propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the like.
Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
20 lubricating oils. Specific examples of these include, but are not limited to, tetrasthyl
- silicate, tetra-isopropyl silicate, tetra—(Z-ethylhexyD silicate, tetra-(4-methyl-
hexyl)silicate, tefra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)disiloxane,

poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other useful
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Esters useful as synthetic oils also include, but are not limted to, those
made from 15 carboxylic acids having fromabout 5 to about 12 carbon atons
wi th al cohols, e.g., nethanol, ethanol, etc., polyols and pol yol ethers
such as neopentyl glycol, trimethylol propane, pentaerythritol,

di pentaerythritol, tripentaerythritol, and the like. Silicon-based oils
such as, for exanple, polyalkyl-, polyaryl-, polyal koxy- or

pol yaryl oxy-si | oxane .oils and silicate ojls onpri.se another useful class
e Lt ot oo Dfcacing oflg mofis TiEE e el Brid S BRI e bur
are not limted to, tetraethyl silicate, tetra-jsopropyl siljcate,

tetra- (2- et IFPRIBEEE 30145 £-Be HtcEesy} @%Oﬁ%ha{%wm%yh%ﬁb%?ﬂ%tﬁ}ﬂieéfa{ %% ecane
tetra-(p-tert-butyl phenyl)silicate, hexyl-(4-nethyl-2-pentoxy)disiloxane,
pol y( net hyl )phosphieniescid, e yrotmudmg| tgirebiigiofuimsand thedikeand the like. Still yet
ot her useful 13 synthetic lubricating oils include, but are not limted to,
liquid esters of Thedsphatingksil mepht dérnied droacimisfined, mfined andoerfyéd gliosphat e,
trioctyl phosphate, diethyl ester of decane phosphionic acid, etc.,

pol ymeri ¢ t efithafeeliralf sym@iesic anshittes bf #®. or ke blunyiof deseof 1k kypeatyscheedler i ved
fromunrefined, refined and rerefined oils, 5 either natural, synthetic or

m xtures of HeAGnBovdOUSreRfied@i) «8f thbfieshnifid difdetly ¥88 aHafiFalQs 8¢hthéiRIsBhieabove.
Unrefined oils are those obtained directly froma natural or” synthetic

. O I h , ' RT
;S)SH:‘: i60a§ ?oﬁte'gi‘%?%e%]ta%é#t& Sa&ﬁ%r%pa{r%esa?gu?ﬁ%%r e¥| nggn%%aflggﬁté%ﬁgwgut are not
limted to, hal i| -obt aj i tl fr. t oLt i £ :
pet ol eum oGt RL LT rgt e for BT, BePhik s 4pEPE MsBlr; °
bt ai ned di tly f, .esterificati, h..of which is th
Used wi t houtfOTk ER9IHBE PRk Eeroledr fibobtns ity Eom Gishiafgn Phan S of  ned

oi | s except they have been further treated in one or nore purjfjcation
steps t ol npilebiaingkdisetlyfpm resisafietiog process, each of which is then used without

further treatment. Refined oils are similar to the unrefined oils except they have been
further treated in one or more purification steps to improve one or more properties.
These purification techniques are known to those of skill in the art and include, for
example, solvent extractions, secondary distillation, acid or base extraction, filtration,
15  percolation, hydrotreating, dewaxing, etc. Rerefined oils are obtained by treating used
oils in processes similar to those psed to obtain refined oils. Such rerefined oils are also
known as reclaimed or reprocessed oils and often are additionally processed by
techniques directed to removal of spent additives and oil breakdown products.
Lubricating oil base stocks derived from the hydroisomerization of wax may also
20  beused, either alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or

synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
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These purification techniques are knowmn to those of skill in the art and

i nclude, for exanple, solvent extractions, secondary distillation, acid or
base extraction, filtration, 15 percolation, hydrotreating, dewaxing, etc.
Rerefined oils are obtained by treating used oils in processes simlar to
those used to obtain refined oils. Such rerefuzed oils are also known as
recl ai med or reprocessed oils and often are additionally processed by

t echni ques direct d renoval of s t additives an il breakdown

b oaucts. - Lubr | coNiHg! Bt g aperIbe e Shek 1ot FRgrHen b Ty aRTConER e on
of wax may al so 20 be used, either alone or in _conbination with the

af or esai d’ nafihesd] Oblﬁcfwhet%ﬁ%ﬁﬁeéym%]é the;wape Rug ducsd by thadissheshemsele oil s
produced by the hydroi sonmerization of natural or synthetic waxes or

m xt ures thepwodss.over a hydroi sonmeri zation catal yst. 14 Natural waxes are
typically the slack waxes recovered by the solvent dewaxing of mnera

oi | s; synthetic wamesallyr the rgapticmprogudthfer imrrppratidg ced theyfotegeingibsshels-ala opsch
process. Generally, the reaction products for incorporating into the

f or egoi ngs basiRaibed Bodltke rebotidRtodbtlesst biicofnst fudydl @aet andrut tfastadne lsedat polyel fi r st
polyol ester and at |east one second polyol ester. Preferably, the

reaction progis! Preferblyathd fdclidibdlieislobBneasions theitealdsRAfCA. (i.c.| A8
exchange of an acyl group of one ester with that of another esterS of at

| east one gl ¥CREQl of %?E@_W ngb’ﬁg 0?5114 683 bifiNRat BP Radht G8EA lor ROYRbn@silSdrol

Transesterification esters random zes the distribufion of

fatty acids agngy Lhe.polygl ﬁg&%&gﬁﬁ@ o b Aferllaf Do A0o L ARp AL 1 o0

product s having “prop er I'es ere rom eac e orign

ssters, Peprsspotallve e, LARRLLOR BESUUET S and LIS, rapacsl Lo e
whi ch ar ﬁ) ! n&%’sgs%n 1e%%rc?&{10tsiasﬂlg B?o%emes different from each of the original polyol
esters. Representative of the reaction products and their preparation are known in the art,
e.g., in U.S, Patent No. 6,278,006, the contents of which are incorporated by reference
herein.
The at least one glycerol ester is ordinarily a C4 to about Cys fatty acid glycerol
15  ester and preferably about Cy to about Cy4 fatty acid glycerol ester. The glycerol esters
for use in forming the reaction product herein are glycerides derived from, for example,
natural sources, 1.e., those derived from natural sources such as plants or animals;
synthetic oils and the like and combinations thereof. Useful natural oil include, but are
not limited to, coconut oil, babassu oil, palm kernel oil, palm oil, olive oil, castor oil, rape
20  oil, corn oil, beef tallow oil, whale oil, sunflower, cottonseed oil, linseed oil, tung oil,
tallow oil, lard oil, peanut oil, canola oil, soya cil, and the like. Synthetic oils for use

herein refers to products produced by reacting carboxylic acids with glycerol, e.g.,

glycerol triacetate, and the like. Suitable starting oils will ordinarily contain
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herein. The at | east one glycerol ester is ordinarily a C4 to about C75
fatty acid glycerol 15 ester and preferably about C6 to about C24 fatty
acid glycerol ester. The glycerol esters for use in formng the reaction
product herein are glycerides derived from for exanple, natural sources,
I.e., those derived fromnatural sources such as plants or animals;
synthetic oils and the |i ke and conbi nations thereof. Useful natural oi

i ncl ude, but .ar not ted. t COCO. babassu ¢ a m k r nel
ol et o ety ols (P ASY kR eaftel Y scig Pans ettt BRI ol ow

oil, whale oil, sunflower, cottonseed 0|I Ilnseed oi ], tung 0|I tall ow
oi |, lard oilolefyeudgen by naturaborsathelio. Fos syample TAGhaich pettidle®. Synt het i ¢
oils for use herein refers to products produced by reacting carboxylic
acids with dtiyigesendin, @r.tg'@r,ucinqlagrg@mki ap plagingmagteiale A Ghare cprmercslin abl e
starting oils will ordinarily contain 15 triacylglycerols (TAGs), which
cont ai n t hr evaital¢, yoraxauplehfomsSigsd @hélﬁiicddidmpaayQfﬂtybmimlMo.bmiremyband can be
natural or synthetic. For exanple, TAGs such as triolein, tricicosenoin,

or trieruyci rnsystassibd usigdtaadadtiedhhiqaes. natiess, fr exanpeeal RIIGOBIEREI d@l,| ¥

avail abl e, for exanple, from Si gna Chem cal Conpany (St. Louis, M.), or

can be 5 synlfsizegodst, rlﬂtt&&s%&ﬂ&'l ,GoPG 1) PEAMESI], s¥hn 83, suﬁﬂéw@@mah@e beef
tallowoil’, Tard oil, palmoil, castor oil, cottonseed oi |, corn oil,

peanut oil, §p Q@%Iloﬁ'enhaﬁle'ﬂ‘full %@%Fnr%%ﬂ CO(,%}’dl pﬁgi IB ertfdldl lebal%ésu ogeﬁpgden

oi I, sardine &il. cotonut oi érne assu oi rape “oil,

Can0| a ol 110¥ano?a011 aS‘Qda(;[l e h 3 aoc!lf% old TC. {“rgcgfot%lﬁ(s?é errr gd for use
her ei n. The%Orego I ng ycergl ers V\nanIO con & e abou 8&' t o about

C75 and 10 preferably cant to ab sters,
i . e. severgl f at férégcdﬂgrﬁ y@?rPE%S?ers %ﬁ% ‘dmté/‘g%a '7 ith the

source of the oil, Fatty acids are a cl ass ,of . , o
10 preferably contair about Cs to about Cy4 fatty acid esters, i.e., several fatty acid moieties,

the number and type varying with the source of the oil. Fatty acids are a class of
compounds containing a long hydrocarbon chain and a terminal carboxylate group and
are characterized as unsaturated or saturated depending upon whether a double bond is
present in the hydrocarbon chain. Therefore, an unsaturated fatty acia has at least one

15  double bond in its hydrocarbon chain whereas a saturated fatty acid has no double bonds
in its fatty acid chain. Examples of unsaturated fatty acids include, myristoleic acid,
palmitoleic acid, oleic acid, linolenic acid, and the like. Examples of saturated fatty acids
include caproic acid, caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid,
stearic acid, arachidic acid, behenic acid, lignoceric acid, and the like.

20 The acid moiety may be supplied in a fully esterfied compound or one which is
less than fully esterfied, e.g., glyceryl tri-stearate, or glyceryl di-laurate and glyceryl
mono-oleate, respectively. It is particularly advantageous to employ plant derived oils,

i.e., vegetable oils, as starting materials, as they allow the reaction products herein to be
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conpounds containing a | ong hydrocarbon chain and a term nal carboxyl ate
group and are characterized as unsaturated or saturated dependi ng upon
whet her a doubl e bond is present in the hydrocarbon chain. Therefore, an
unsaturated fatty acid has at |east one 15 double bond in its hydrocarbon
chain whereas a saturated fatty acid has no double bonds in its fatty acid
chain. Exanples of unsaturated fatty acids include, nyristoieic acid,

pal mtoleic acjd,, oleic id, linolenic. acid nd.the |ike. Ex | es of
Saturated f ZAposERdLos e irmensy opiaa(E vaetlp Py Fave amerioupsiiiied o g
lauric acid, nyristic acid, palmtic acid, stearic acid, arachidic acid,
beheni ¢ aci datty acighesmtant of a4 dqaat abanid Wh dasediaa totabiatty acid cprfentping inclads, fofe
supplied in a fully esterfied compound or one which is |ess than fully
esterfied, exgnpleghyeesd Brassica)s sundlomer(Hebientyhs)ceopheandCGlycingrraee, eavdl (4aycer yl
nono- ol eate, respectively. It is particularly advantageous to enpl oy pl ant
derived oil spays), cembeEgetballaed oichdowlasm §hiambinthgs) milt €ianelaojl, whichheylesd | ow
the reaction products herein to be 16 produced in a cost-effective manner.
Sui t abl e 5vegknaith eruiclasid) R \ueatticilaplg ussfal tapaeadioil.f @ils yavargy dmonminsattiracid at

| east about 50% based on total fatty acid content, and include, for

exanpl e, rapRseRst (JAkeRS 5f £3dast FIN hleQIBpaftidalatly MbTUS ) ThegMHdaAGN LY Citye

max), corn (Zea mays), cranbe (Cranbe), and nmeadowf oam (Li mant hes) oil.

Canol a oil, amgsﬁtghﬁén_*b@%&nﬁoge&eﬂ %8Pl 6leRGM (O S),2iRBEdEMIRId,Y,usef ul

rapeseed oil. aving a nonounsaturated fatty acid content of at |east

70% are al sq_parti ar | . nounsaturated fatty acid content
can be conpgglgcéfaocé:&#%’r)’ éérfgﬁn‘%&é%lolgﬁgﬁgggci d (C18), eicosenoic acid

For egoi ni ot yoer of Bk Bunedhdinel RGN o 8PS gl Rif0E - 1
O

CH; oc—R!

‘ 0
CH—— OoC-——R? M
i 0
10 . CH—0C——FR’

wherein R}, R? and R? are independently aliphatic hydrocarbyl moieties having 4 to about
75 carbon atoms, preferably 4 to about 24 carbon atoms inclusive, and most preferably
wherein at least one of R, R? and R® have a saturated aliphatic hydrocarbyl moiety
having 4 to 10 carbon atoms inclusive and wherein at least one of R!, R? and R® have an
15  aliphatic hydrocarbyl moiety having from 11 to 24 carbon atoms inclusive.

Generally, non-glycerol polyol esters can be used in the transesterification of the
foregoing glycerol fatty acid esters. As used herein, “non-glycerol polyol esters” refers
to esters produced from polyols containing from two to about 10 carbon atoms and from

two to six hydroxyl groups. Preferably, the polyols contain two to four hydroxyl
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111 CH- OG- RO101 112 CH OCCR(lI) 1'"11 3 CA_JL2 %JI_ - IX
wherein R, R~ and R3 are independently aliphatic hydrocarbyl noieties
having 4 to about 75 carbon atons, preferably 4 to about 24 carbon atons
i nclusive, and nost preferably wherein at |east one of Rl, R~ and Whave a
saturated aliphatic hydrocarbyl noiety having 4 to 10 carbon atons
I ncl usive-and wherein at |east one of Rl, R~ and Whave an 15 aliphatic
hydrocar byl miety having from 11 .t 4 car bon . at.0 i.ncl usive, erally,
non- ol yces o GIuNoas FEiae BEARS idud: i REo R de e PRSIt ¢ he
foregoi ng glycerol fatty acid esters. As used herein, "non-glycerol polyol
esters" ref éfepanggolsd2dpansdigh i Scloptancdiol goi-Yamediobri-ghyr héprarsnsdiolo2t o
about 10 carbon atons and from two to six hydroxyl groups. Preferably, the
pol yol s contediyir2twiyltle’-propenadiodrnsepdntyl 2lyeol, éIZL”e@imﬂﬂng-lﬁ-mrﬁmélOéxarrpl es
i nclude, but are not |limted to, 1,2-propanediol, 1,3- propanediol,
1, 2- but anedituingthy]oBrbpana (EMIPH | pent@er3thviid] ane thedike afd edrhiyihations theranfanedi ol , 2-
et hyl - 2-butyl - 1, 3- propanedi ol , neopentyl glycol,
2, 2, 4- t r ismetNeoberltySel pil FVIR,Chnd lpenth ériyihEitd ieqlaptica RalerséfEMlyolpeThagdlydthr i t ol
and the |ike and conbi nations thereof.

esters can be produced by, for example, transesterification of a polyol with methyl esters

of short chain fatty acids. As used herein, "short chain fatty acid" refers to all isomers of
saturated fatty acids having chains of four to ten carbons, including fatty acids containing
odd or even numbers of carbon atoms. Short chain fatty acids can include alkyl groups.

10 For example, 2-ethyl hexanoic acid is a useful short chain fatty acid. Short chain fatty
acids includes, for example, isomers of saturated fatty acids having chains of four to ten
carbons including fatty acids containing odd or even numbers of carbon atoms and caﬁ
include alkyl groups, e.g., 2-ethyl hexanoic acid.

Preferably, the second non-glycerol polyol esters are of the general formula:

0
|
0oC——R
s
(CHZ)X
R'——C-——(CHy), O Im
N
OC—R
15 | R’

wherein x and y are the same or different and are integers from 1 to 6 and most preferably
1, R* and R’ are independently aliphatic hydrocarbyl moieties having 4 to 24 carbon
atoms and preferably wherein at least one of R* and R’ have a saturated aliphatic

hydrocarbyl moiety, and wherein at least one of R* and R® have an aliphatic hydrocarbyl
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5 Neopentyl glycol, TMP, and pentaerythritol are particularly useful

pol yols. The polyol esters can be produced by, for exanple,
transesterification of a polyol with nethyl esters of short chain fatty
acids. As used herein, "short chain fatty acid" refers to all isoners of
saturated fatty acids having chains of four to ten carbons, including fatty
acids containing odd or even nunbers of carbon atons. Short chain fatty

aci ds can include al kyl groups. 10 For exag&le, g-eth%g heang&&racid is a
usef ul shor t meiehH hevingifrop hbto24 earhpmiatorpmand i nd R apsdpdrpendeafly fadrogery an

exanpl e, isoners of saturated fatty acids having chains of four to ten

car bons i ncl albafip hivdreoprbatingisticaving nionl§ cotgngtomsvasn nunbers of car bon
atons and can include al kyl groups, e.g., 2-ethyl hexanoic acid.
Preferably, the second non-glycerol polyol Oesters are of the general
formula: R7 C------ (CH2)y 1" 0\ OCCR5 ﬂS R wherein x and y are the sane
or different and are integers fronfH)e—60ard—mist preferably 1, R4 and R5
are independently aliphatic hydrocarbyl noieties having 4 to 24 carbon
atons and prehasiabliy ammesgei fiorat) th Sand RS ixanodliphRaicarydrdearblybmeiety Isavingratoed

ali phatic hydrocarbyl noiety, and wherein at |east one of R4 and R5 have

an al i phag i codwysliscacashy | Mas gﬁﬁéx@é@’pdwieﬁgrsfféxﬁﬂh hireinar@ FMresshonsirhaggoand R6
and R are independently hydrogen, an aliphatic hydrocarbyl noiety having

1 to 10 car bgRnlOTRoki(Refif okdndate) RIMASESBtRoFe S’?M?‘F}Ii),nlf‘rﬂg%cabh@ﬁb,o to 6
and R8 is an aliphatic hydrocarbyl foiety having to
TMP tricaprate, TMP tri-oleate, TMP tri(isononanoate) and the like and combinations
thereof.
In general, transesterification can be carried out by adding the glycerol fatty acid
10 esters (e.g., the compound(s) of formula (I)}, e.g., a vegetable oil, to the non-glycerol
polyol esters (e.g., the compound(s) of formula (I)) in the presence of a suitable catalyst
and heating the mixture. Typically, the glycerol fatty acid esters comprises about 5% to
about 90% of the reaction mixture by weight. For example, adding the glycerol fatty acid
esters such as vegetable oil, e.g., canola oil, can be about 10% to about 90%, preferably
15  about 40% to about 90%, and more preferably about 60% to about 90% of the mixture.
The non-glycerol polyol esters can be about 10% to about 50% of the reaction mixture by
weight, and preferably about 15% to about 30% of the reaction mixture. For example,
the short chain fatty acid esters can be about 20% to about 25% of the reaction mixture.
Ratios of vegetable oil:short chain fatty acid ester of about 80:20 or about 75:25 yield a

20 high number of TAGs containing a single short chain, and also modify a majority of the

TAGs in the vegetable oil.
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5 24 carbon atons. Mst preferred polyol esters for use herein are TM
esters such as, for exanple, TMP tri(2-ethyl hexanoate), TMP tri heptanoate
(TMPTH), TMP tricaprylate, TMP tricaprate, TMP tri-oleate, TM
tri(isononanoate) and the |i ke and conbinations thereof. In general,
transesterification can be carried out by adding the glycerol fatty acid

10 esters (e.qg., the compound(s) of fornmula (1)), e.g., a vegetable oil, to

t he non-gl ycerol l.yol .esters (e.g.. th oun of forml 1)) in
the presence of §“§§11¥8%?1§§%§53ﬁ’§1t&e Sﬂ’(ﬁesﬁ%&fc?ﬁ? Tﬁléa%ﬁb%{ iid 89%‘?@81 ly,
the glycerol fatty acid esters ¢ rrises about 5%.to about 90% of the
reaction ni »esfr@t t%\é?d@‘ﬁflmeﬁi‘f’lm%x patalysizige H’éoréq‘%%ctl‘gﬂ suphaty acid
esters such as vegetable oil, e.g., canola oil, can be_about 10%to about
90% pr ef er abifyriciaidansiacidaied dleysatyaenic a0ds sughas wethansliPBicaBidy about 60% t o
about 90% of the mxture. The non--glycerol polyol esters can be about 10%
to about 50%endenesuifonieacidi axl tolugnasniéoriy acidvang heidicaerdnspugl ax Ambyriggbddt 15%
to about 30% of the reaction m xture. For exanple, the short chain fatty
aci d est ér s Metals bechald codiv2094d neagaksdurh, 228 Yetd] hiydrédes elo breameful xdtalyss. Rati os
of vegetable oil:short chain fatty acid ester of about 80:20 or about 75:25

yield a 20 IprgdteddoraR reftiol Akbbabhiaie Rehotstaidag techatiped suehas highand al so
nodify a majority of the TAGs in the vegetable oil. 19 Suitable catal ysts

for use in thglhALSE i@ﬁh%hﬁ%g&%ﬁykﬂ?i@ﬂ%ﬁa?é&sp@étﬁmﬁk@;_ty, hidNab@d to, base
catal ysts, sodi um nmet hoxi de, acid catal ysts including inorganic acids such

ot foni ¢ ac B ATt ) Kbl SoRiPecRl R Y aRlibes Kt BOERRaRLe i
oSt S, SUC o A DSt BiaPod B0 b PRt Ok WS TRARRRh YFaRP

S.

10 or aqueous ammonium chloride. Acid catalysts can be neutralized by a base such as a
sodium bicarbonate solution. Deactivated catalyst and soaps can be removed by a water
wash, followed by centrifugation. The oil can be dried by addition of anhydrous
magnesium sulfate or sodium sulfate. Any remaining water can be removed by heating

to about 60°C under vacuum. Alkyl esters can be removed by distillation.

15 In general, the foregoing reaction products can be used singly or in combination
of two or more reaction products in base oils to provide deposit protection as well as
good wear and oxidation-corrosion protection. To provide such protection in lubricating
oil compositions such as, for example, low phosphorous or phosphorous-free and/or low

| phosphorous or phosphorous-free and low sulfur or sulfur fres lubricating oil

20  compositions, the foregoing reaction products are generally incorporated into base oils in
a minor deposit-inhibiting effective amount to give a2 compounded engine oil, €.g., an
amount ranging from about 0.05 to about 10 wt. %, preferably from about 0.1 fo about 8

wt %, most preferably from about 0.2 to about 5 wt % and more preferably from about 1
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Progress of the reaction can be nonitored using standard techni ques such as
hi gh performance |iquid chromatography (HPLC), infrared spectronetry, thin
| ayer chromat ography (TLC), Ranman spectroscopy, or UV absorption. Upon
conpletion of the reaction, sodium nethoxide catalyst can be neutrali zed,
for exanple, by addition of water 10 or aqueous ammoni um chl oride. Acid
catal ysts can be neutralized by a base such as a sodium bicarbonate
solution. Deactivated catalyst and sqQaps_.can be renoved by a water wash,
fol | oned by '&abRu p ighs bager o t‘?}gliw‘?} 9 é“ecfr"?”@&]mfi@’"aﬁ%ﬁ ‘i"%’ﬁeﬁﬂ@i‘t%’ﬁ{/dr ous
magnesi um sul fate or sodi umsul fate. Any renmaining water can be renoved by
heating t o dapwiftinisbiting sfestive amount” apnsedihereir ghel be yadeseiopdieoiead Py
distillation. 15 In general, the foregoing reaction products can be used
singly or i mnoontsffeativeon prevent asontobit frometioreefcisponits pssodiatsti svithrinisasé oils to
provi de deposit protection as well as good wear and oxi dation-corrosion
protection. ci@biutioniedginssuubh py, ddrexbinple, full dowtbuktdmat depgsitsphibh compeesinti ons
such as, for exanple, |ow phosphorous or phosphorous-free and/ or |ow
phosphor gus fordpsnRRoseus-free and | ow sul fur or sulfur free lubricating
oil 20 compositions, the foregoing reaction products are generally
incorporated intg ":ﬁlgtﬁ’éfo?ego_ g r8adlibf BfodHleR BSédmitifitoR Wit eloheletdly 6r amount
to give a conpounded €ngine oil, e.g., an anount ranging from about 0.05

to about 10#3;3%%hg0u9fc&g%ﬁ@g}aﬁ 5&%@%&#@% 9 ARQHE, Hnc WM %. noSt

preferably out about oand nore preferably from about 1

20 to about ..% .based on.the tal,.weiaght of th ositi.on. The
expressi on '%%@m%gﬁﬁéﬁa?e-qnﬁiﬁl%ﬁiyﬁfﬁ’é’swiiﬁe%gﬂ%%?%’ uoﬁtsgl%gépcoﬁgaéndn ferein
shal|l be understood tQ nean,an .anpunt effecti o prevent .or inhibit
formation.  Gfdiusosteelentacuts e in f ] Do SRBSPRHIShEhos such

as, for exanple, fuel conbustion depgsits, high tenperature ,
environmental low phosphorous consideration. It 1sadvantageous to use the reaction

product such that the phosphoerous content of the compounded engine oil is less than 0.1
wt. %, preferably no higher than 0.08 wt. %, and more preferably no higher than 0.05 wt.
% and the sulfur content of the compounded engine oil is no higher than 0.2 wt. %, to
provide the desired levels of antiwear properties, oxidation inhibition and deposit control,

15 (It should perhaps be noted that because of the phosphorus catalyst poisoning problem,
with the exception of zinc dialkyldithiophosphate, phosphorus-containing compounds are
avoided in such engine oils, particularly those intended for use in automotive engines.
Thus, in the case of the present invention, phosphorus and sulfur content is calculated
based on the zinc dialkyldithiophosphate and its molecular phosphorus content, and

20  directly equates to zinc dialkyldithiophosphate content.) The sulfur content derives from
zine dialkyldithiophosphate, sulfonate and phenate detergents, diluent oil and base oil.
Also, the sulfur content in the lubricating oil composition can be measured by

conventional techniques, for example, x-ray techniques.
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5 piston deposits, etc. By using the foregoing reaction products in
conbination with very low | evels of phosphorous-containing antiwear
additives such as, for exanple, zinc dialkyldithiophosphate and

tricresyl phosphite, and |low | evels of sulfur-containing additives,
excellent results can be obtained in terns of both engine protection and 10
envi ronnent al | ow phosphor ous consi derati on. i s advantageous to use the

It
reaction product_.su t . the phosphor.ous content of. t. cQ unded
gt e o 1 71 oI odZing Gk MhiobniapRele e ot Slsen RS AR PR AR BTte. o6
and nore preferably no higher_ than 0.05 wt., _%and the sul fur contept of
t he conpound®Pbernrsidfeonspemmercishsqiress &F 1 dpakedy prepaged byknpyn PFWS@‘FB% he
desired |l evel s of antiwear properties, oxidation inhibition and deposit
control, 15 i§ Wtellkh@m,dhweﬂiﬁgﬂéiﬂﬁéph@@ml‘étﬁsEmtobééﬁagécmpqﬂﬁ@ﬁ gweefbor us
catal yst poisoning problem wth the exception of zinc
di al kyl di t hilmpingdidhfatreula phosphor us- cont ai ni ng conpounds are avoided in
such engine oils, particularly those intended for use in autonotive
engi nes. Thus, in the case %f t e present inventions pho%phorus and sul fur
content is calculated basedRé&n tFe zi nc dial kyl di thjjop phate and its
nol ecul ar phosphorus content, EnA 20 directly equatei 0 zinc
di al kyl di t hi ophosphat e content.) Plhe—sitfuEncontSent-BPleri ves from zinc
di al kyl di t hi ophosphat e, sul fonaf/e and phenate detergeis, diluent oil and
base oil.. Also, the sulfur %t fent in the lubricating gih: conposition can
be neasured by conventional "techni ques, for exanple, x-Tay techniques. 21

and can be PETaR Ao o eoRmer iR Ao SRR SOy RgeT <
known procedures, Al el | nown, £hne ralkybd) 10gRosRhel sa dster to
straight chained or branched. A variety of zinc dialkyldithiophosphates are, for example,
described in an article by Bormn et al. entitled "Relationship between Chemical Structure
10 and Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different
Lubricated Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for
example pages 97-100.
Preferably, the lubricating oil compositions of the present invention will contain
other conventional additives for imparting auxiliary functions to give a finished
15  lubricating oil composition in which these additives are dispersed or dissolved, For
example, the lu'bﬂcat.ing oil compositions can be blended with metal detergents, rust
inhibitors, dehazers, demulsifiers, metal deactivators, friction modifiers, viscosity index
improvers, pour point depressants, antifoaming agents, co-solvents, package
compatibilisers, deodorants and metallic-based additives such as metallic combustion

20  improvers, anti-knock compounds, anti-icing additives, corrosion-inhibitors, ashless
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having the formula S ROOS ORL | Il 11/ P Szn S P 5 R100 wherein R9,
R10, R' and R12 are independently al kyl or al kyl phenyl. Typically the alkyl
group has about from1l to 20 carbon atons, preferably 3 to 10 carbon atons,
and can be straight chained or branched. A variety of zinc

di al kyl di t hi ophosphates are, for exanple, described in an article by Born
et al. entitled "Relationship between Chem cal Structure 10 and

Ef fecti veness of So Metal lic Dial kyl - and Diaryl -dithi ophosphates in

D frerent  OBPIEREENehERs i G A vl e g Ol o) e IO P CRPEREY 4. 2
January 1992, see for exanple pages 97-100. Preferably, the |ubricating
oi | conposi taveiblef Theppadditbicarnr themanatopes epmpourdsnean;bs emploisd feidhgent i onal
additives for inparting auxiliary functions to give a finished 15

| ubri cat i ng meparationpd tistengime oils ofthe mvehtemeythelisualdendimppdtshiesssed or

di ssolved. For exanple, the lubricating oil conpositions can be bl ended
with nmetal deter @mainples biifie ashleRidbipteigs whith azgite usekimthsprbieat angimedihl
deactivators, friction nodifiers, viscosity index inprovers, pour point

depr essant s, ar@alkif RalReRPl sABRIRitSd steOmERIIVE BiRiniP@tdagRl bepoyiR@lidel)ih inbi@dhs,
deodorants and netallic-based additives such as netallic conbustion 20

i nprovers, ant hicdkiNRGheR [%J arﬁdléd'uﬁr%@t 6ﬂﬁjp}d)&%§te1g 700-3,000. The ,
corrosion-inhibitors, ashless 22 dispersants, dyes, and the |[ike. A variety

of the addi tde}ﬁ‘éﬁiy%g 6f éﬁ@&%sp%&gntg,omoﬁt% hi¥persants such as borated succinimides

incorporated to assist with wear and deposit control, may also be used. The ashless
dispersant is generally incorporated into an engine oil in an amount of 0.5-15 wt. % per
10 total amount of the engine oil.

Examples of the viscosity index improvers are poly-(alkyl methacrylate),
ethylene-propylene copolymer, polyisoprene, and styrene-butadiene copolymer.
Viscosity index improvers of dispersant type (having increased dispersancy) or
multifunctional type are also empioyed. These viscosity index improvers can be used

15  singly or in combination. The amount of viscosity index improver to be incorporated into
the engine oil varies with viscosity requirements of the engine oil, but generally in the
range of about 0.5 to 20% by weight of the total weight of the enginé oil lubricating
composition. However, in the case of a monograde oil, no viscosity index improver is
typically used.

20 Detergents for use herein may be overbased or neutral. For example, common
detergents are sulfonates, e.g,, those made from alkyl benzene and fuming sulfonic acid.
Other suitable detergents for use herein include, but are not limited to, phenates (high

overbased or low overbased), high overbased phenate stearates, phenolates, salicylates,
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avai |l abl e. These additives, or their anal ogous conpounds, can be enpl oyed
for the preparation of the engine oils of the invention by the usual

bl endi ng procedures. Exanpl es of the ashl ess dispersants which may be used
in the present engine oil 5 are alkyl or al kenyl substituted succinim des,
succinic esters and benzyl am nes, in which the alkyl or al kenyl group has
a nol ecul ar wei ght of approximtely 700-3,000. The derivatives of these
di spersants, .e.q., borated dispersants such as.bqgpated succi.ni m des

hobr por at ePiEHgbaS BGTORPRARES S TEREEHs 2oRICRHES SN THE used. The
ashl ess dispersant is generally incorporated into an engine oil in an
amount of 0.ssliamatesgbeing preferred mdwithhlowgvsthasedgnetelfulfenaespad gevtral mefaly| es of
the viscosity index inprovers are poly-(al kyl nethacrylate),

et hyl ene- pr opifbeates bebgahgstrpreferysd| Jowopebased meial suifonatasdyiicallydiasae total
copolynmer. Viscosity index inprovers of dispersant type (having increased
di sper sancy )basg nunier (TRNhef fren about Ppe alaoue 3@ hisbprefepdbby #okn abtng <@ ty Blsadsi ty

i ndex inprovers can be used 15 singly or in conbination. The anount of

Vi scosi t ¥ i rmdeXowndethigsd etalilfona ey mdmatted medl guifdnas aftgidlEkiivin iMakid es

Wi th viscosity requirenents of the engine oil, but generally in the range
of about 0.5t 0 20% by wei ght of the total weight of the engine oi

| ubricating conposition. However, in the case of a nonograde oil, no
viscosity index iRy Sherhed by RhEA nfat'iAna2 B BiRbANIGRESIQE 1945 her el n
may be overbased or neutral. For exanple, conmon etergents are

sul fonates, e.49.. those nade.fr al kyl. benzene d.fumn | £ oni.c acid.
aher aut ¢ asretascier SETrT gD of SR Sty RERE R A gt b R e o

phenat es (hiygh. qyet Basefl or phomaverbased). i A et aaed RRenaL

st ear at es,

10 herein is intended to encompass at least the salts of sulfonic acids derived from petroleum
products. Such acids are well known in the art and can be obtained by, for example,
treating petroleum products with sulfuric acid or sulfur trioxide. The acids obtained
therefrom are known as petroleum sulfonic acids and the salts as petroleum sulfonates.
Most of the petroleum product which become sulfonated contain an oil-solubilizing

15  hydrocarbon group. Also, the meaning of “metal sulfonate” is intended to encompass the
salts of sulfonic acids of synthetic alkyl, alkenyl and alkyl aryl compounds. These acids
also are prepared by treating an alkyl, alkenyl or alkyl aryl compound with sulfuric aéid
or sulfur trioxide with at least one alkyl substituent of the aryl ring being an
oil-solubilizing group. The acids obtained therefrom are known as alkyl sulfonic acids,

20  alkenyl sulfonic acids or alkyl aryl sulfonic acids and the salts as alkyl sulfonates, alkenyl
sulfonates or alkyl aryl sulfonates.

| The acids obtained by sulfonation are converted to metal salts by neutralization

with one or more basic reacting alkali or alkaline earth metal compounds to yield Group
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phosphonat es, thi ophosphonates, ionic surfactants and sul fonates and the
like wwth sulfonates being preferred and with | ow overbased net al

sul fonates. and neutral metal sulfonates being nost preferred. Low

over based netal sulfonates typically have a total base nunber (TBN) of
fromabout 0 to about 3 0 and preferably from about 10 to about 5 25, Low
over based netal sulfonates and neutral rret al sulfonates are well known in
the art The | ow overhased .or. _neutr nme sul f onat e det er gent

preferably 4% o’ﬁ%/ﬁgﬁﬁ?@&“g?n%ua‘eg?rag et gci ar%’ilq%‘gla‘eﬂfg ‘%ﬁ? allzaélt al salt
of a hydrocarbyl sulfonic acid having fromabout 15 to about 200 carbon
atoms. The tmesthbapget/dialing cph ctal salts appseldeingl fieip dhapliadi mefplesaidy t o
enconpass at least the salts of sulforlic acids derived from petrol eum
product s. Sumdathesisd sAlsarmatinelly) thk ndfonid avidsiven he newiratizakdirdotly stthanntdlity, for
exanple, treating petroleumproducts with sulfaric acid or sulfur
trioxide, TheartReicthbads! & desigled, tHeauEbnamn can thekihewherbsse ed protiserthslolf oni ¢
acids and the salts as petrol eum sul fonates. Mst of the petrol eum product

whi ch begonmgveshdcamad:ddugaiata Thedhetsl ompohndd iukdfdl ilGhakify thy Bisecme@balgr oup.
Al so, the neaning of " rret al sulfonate"” is intended to enconpass the salts

of sulfonic a?&%éﬁﬁraﬂ TaGor @ Im%&ﬁ%hlp@ﬁhﬁsﬁbk%lve@idﬂ ofGRTPEIHASS -

These aci ds SO a&e prepared by treating an al kyl, al kenyl or alkyl aryl

conmpound wi %Pﬁ%ﬁftﬁgﬁlg?leﬂg)l df e%ogﬁ‘]u Hietal rdf?i?(éurgg“t'al Z}nﬂ:oﬁﬁd n%ﬁl%lte_?%gﬁ a! Kyl

substi t uent e ar ri’ng berng an 0| group aci ds

obt ai ned ther from ar kno ni C..aci 0 ul f oni c

ol ds or al Bk - ol ap s tin dufilm, e RO 18 iy of ¢ Bl PR RLAS

al kenyl sulfo es or, alk sul f onat es. The acids obtain

sul fonationt @@wﬁ%ﬁ@ata Sosugﬂ%tfaq exagples TREReS I, CAFTUL PR, &F- fﬁf f??fﬁé?%r

nore basic reacting al kali or alkaline earth netal conpounds to yield G oup
10 the metal compound for use herein is calcium. The metal compounds are ordinarily

delivered as metal salts. The anionic portion of the salt can be hydroxyl, oxide,
carbonate, borate, nitrate, etc.
The sulfonic acids useful in making the low overbased or neutral salts include the
sulfonic and thiosulfonic acids. Generally they are salts of sulfonic acids. The sulfonic
15  acids include, for example, the mono- or polynuclear aromatic or cycloaliphatic
compounds. The oil-soluble sulfonates can be represented for the most part by one of the
following formulae: R; --T--(SO3), and R; --(SOs)y, wherein T is a cyelic nucleus such
as, for example, benzene, naphthalene, anthracene, diphenylene oxide, diphenylene
sulfide, petroleum naphthenes, etc.; R, is an aliphatic group such as alkyl, alkenyl,
20  alkoxy, alkoxyalkyl, etc.; (R2)+T contains a total of at least about 15 carbon atoms; and
R is an aliphatic hydrocarbyl group containing at least about 15 carbon atoms.
Examples of R are alkyl, alkenyl, alkoxyalkyl, carboalkoxyalkyl, etc. Specific examples

of R are groups derived from petrolatum, saturated and unsaturated paraffin wax, and the
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24 1A or Goup Il A nmetal sulfonates. Generally, the acids are neutralized
with an alkali netal base. Al kaline earth nmetal salts are obtained from
the alkali nmetal salt by netathesis. Alternatively, the sulfonic acids can
be neutralized directly with an alkaline earth netal base. If desired, the
sul fonates can then be overbased to produce the |ow 5 overbased net al

sul fonate. The netal conpounds useful in making the basic netal salts are

generally any Goup. lA 0 oup_| I A netal_co und CAS_version of the
Do oi ¢ THHE GrBid pabaREmR ST AR R S b SO0 FOREIHERE Aiompound
include alkali netals, e.g., sodium potassium lithium The Goup IlA
metal s of t lsentaigtosier inpsganjorry|ogaic subetithankeiniaddition ko hospeanameralsiabovs or
exanpl e, magnesium calcium barium etc. Preferably 10 the netal conpound
for use her eigh dssfor axaniplenhydiosy.metredpte duivgem déira pwiny, ditreas.isklfidedel i vered as
metal salts. The anionic portion of the salt can be hydroxyl, oxide,

car bonat e, lisuHide, etaii hrth¢ ehove Formiling asud b @rd at lewst dsinwae fodbodimengliieng t he

| ow overbased or neutral salts include the sulfonic and thiosulfonic

aci ds. Gegneggllfdiic idi@yhate 8 seatitusniQR, stRf)atich Reedsed fIdie ofeibf i ¢ 15 aci ds
i nclude, for exanple, the nono- or polynuclear aromatic or cycloaliphatic

conpounds. Th&eQeserieli phlyaikestsf onates can be represented for the nost part
by one of the followng fornmulae: R2 --T--(SO3)a and R3 --(SO3)b, wherein

Tis 2 cyelic nuGhens: AR of ot SHADL G HERAEDEN0ANIL )AL GRS

ant hr acene, di phenyl ene oxi su pet rol'eum napht henes,

o oy v AR S BaPATR e BBt BRSO B etr
R RN T L TINGT R TERRON W
carboal ligxy%letléynlai)htﬁglgﬁe sS fggiicfai:i%s,(atl)l(c? sr;EE)tlogisc acid derived by the treatment of polybutene
having a number average molecular weight (M;) in the range of about 350 to about 5000,
preferably about 800 to about 2000, or about 1500 with chlorosulfonic acid,
nitronaphthalene sulfonic acid, paraffin wax sulfonic acid, cetylcyclopentane, sulfonic
acid, lauryl-cyclohexane sulfonic acids, polyethylenyl-substituted sulfonic acids derived
15 . fiom polyethylene (M, of from about 300 to about 1000, and preferably about 750), etc.
Normally the aliphatic groups will be alkyl and/or alkenyl groups such that the total
number of aliphatic carbons is at least about 8, preferably at least 12 up to about 400
carbon atoms, preferably about 250. Also useful are polyisobutene sulfonates, e.g., those
disclosed in U.S. Patent No. 6,410,491, the contents of which are incorporated by
20  reference herein.
Another group of suifonic acids are mono- , di-, and tri-alkylated benzene and

naphthalene (including hydrogenated forms thereof) sulfonic acids. Hlustrative of

synthetically produced alkylated benzene and naphthalene sulfonic acids are those
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of R3 are groups derived from petrolatum saturated and unsaturated
paraffin wax, and the 25 above-descri bed pol yal kenes. The groups T, R2, and
R3 in the above Formul ae can also contain other inorganic or organic
substituents in addition to those enunerated above such as, for exanple,
hydr oxy, nercapto, halogen, nitro, amno, nitroso, sulfide, disulfide,

etc. In the above Fornulae, a and b are at least 1. In one enbodi nent, the

5 sul fonic acids have .a substituent (R2._or ) ,which i.s derived _fraom one of
Che. above- COBGMIBARICY SRySEBIs e me HORATONE | PiroB RN RO BEEEEt on o

aci ds include nonoei cosanyl -substituted naphthal ene sulfonic acids,
dodecy| benz cheutshdl tp abous 38 srien 2igmecard gy Bagzewty ahont ¥heasbongatps, Such

di nonyl benzene sul fonic acids, cetylchl orobenzene sul fonic acids, dilauryl
10 bet a- naphichlalimhelesiiHisododecyhenagsg sulfomicsagld pollyoutergil-dutdtifitedehlfogictanid,
treatment of pol ybutene having a nunber average nol ecul ar weight (M,) in
the range ofpopestiylehyBsibetitatkdutlfGOOkids qutietefradlpplypbepehe BSGng an Bhofit 2000,
or about 1500 with chlorosul fonic acid, nitronaphthal ene sul fonic acid,

par af fi n swaxgsi bR 00 ACdbdut WBD ¥he pekRag famaosHobea bisout 266,d, _ _
| auryl - cycl ohexane sul fonic acids, polyethylenyl-substituted sulfonic acids

derived 15 {am& L ao6c 6N &f B P8 tagigabout 1000, and
preferably ac% ut 7%%52 etsc. Ngrma’l I ;etyﬁg‘ggl I phasti C Sraoubs will be alkyl

and/ or al keny! . : I -al tphatic carbons is
at | east abgﬁ#m%ﬁﬁﬁﬁépiﬁg F%ﬂg%c%ggéﬁg%gmﬂ%g#%ggE%g%m%%%f carbon atons,
preferably out 250.. Al so useful are polyi ut ene. sul f anat ..g., those
i sc oaed | HkusbectiasrylbRITRe St SRR Belih e S th By ke

PO at e By R eremien Lo Ehburaang aofs 84hnBhest) LBLE 28175 2re

10 bright stock sulfonic acids; sulfonic acids derived from lubricating oil fractions having a
Saybolt viscosity from about 100 seconds at 100°F. to about 200 seconds at 210°F.;
petrolatum sulfonic acids; mono- and poly-wax-substituted sulfonic and polysulfonic
acids of, e.g., benzene, naphthalene, phenol, diphenyl ether, naphthalene disuifide, etc.;
other substituted sulfonic acids such as alkyl benzene sulfonic acids (where the alkyl

15 group has at least 8 carbons), cetylphenol mono-sulfide sulfonic acids, dilauryl beta
naphthyl sulfonic acids, and alkaryl sulfonic acids such as dodecyl benzene "bottoms"
sulfonic acids.

Dodecyl benzene "bottoms" sulfonic acids are the material leftover after the
removal of dodecyl benzene sulfonic acids that are used for household detergents. These

20  materials are generally alkylated with higher oligomers. The bottoms may be
straight-chain or branched-chain alkylates with a straight-chain dialkylate preferred.

Particularly preferred based on their wide availability are salts of the petroleum

sulfonic acid, e.g., those obtained by sulfonating various hydrocarbon fractions such as
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napht hal ene (i ncl udi ng hydrogenated forns thereof) sulfonic acids.
Illustrative of synthetically produced al kyl ated benzene and napht hal ene
sul fonic acids are those 26 contai ning al kyl substituents having from about
8 to about 30 carbon atons, preferably about 12 to about 30 carbon atons,
and advant ageously about 24 carbon atons. Such acids include

di -i sododecyl benzene sul fonic acid, polybutenyl-substituted sul fonic acid,

pol ypropyl e - i ed sulfonic.acids derived,fro ol y.pr opene havi ng
o oor & Wor@Hhebh blEs Pl BBk aRa oL ERa R S5t 1o
about 700, .cetylchlorobenzene, sulfonic. acid, di-cetylnaphth ne_sul fonic
Bord, i aadPGrRR A PR ECH T GHER: Hr SR e oA BBt oni ¢
acid, di-isoqctadecyl benzene sulfonic acid, stearyl-naphthal ene sulfonic
acid, and t rhefere pafonejionbyreactiog dham with glefigs pr alkyl ghlosides py wadns ofen ds are
mahogany sul foni c acids; 10 bright stock sul fonic acids; sulfonic acids
derived frorllpidionesatelyey Orﬁamcfﬂog@ﬂfmaqmﬂuﬁ@asabenm@éﬂdfondic%idsﬂtigh mapm
about 100 seconds at 1 00'F. to about 20 0 seconds at 21 OF.; petrolatum
sul f oni ¢ Saciatsnaymohbe alkyletegoingd thwelidees ubst i t ut ed sul foni ¢ and pol ysul foni c
acids of, e.g., benzene, naphthal ene, phenol, diphenyl ether, naphthal ene

disul fide, etc.,; OthérpafticalallybidfericidaBidol QR Ierds altslSlald asmatikylifoagnzene
sul fonic acids (where the al kyl 15 group has at |east 8 carbons),

cetyl phenol AaREer Hich dalisk iRl 6r BEicAS cothihabledh ab&k B cafRRRIIME andu! foni c
acids, and al karyl sulfonic. acids such as dodecyl benzene "bottons"

R o 2SR RS ey SPLLGUt AL RO 45 By R 5L,
Liogh2?uzleih85%%&%%%36%%@%@%&2%3%%3ic%lisc sAlbnid GL&¢ 1?1' Wzlel}liclﬂhlé%hg}ga?g Wi th
10 substituent or substituents contain a total of at least 12 carbon atoms such as, for
- example, alkyl aryl sulfonic acids, alkyl cycloaliphatic sulfonic acids, the alkyl
heterocyclic sulfonic acids and aliphatic sulfonic acids in which the aliphatic radical or
radicals contain a total of at least 12 carbon atoms. Specific examples of these oil-soluble
sulfonic acids include, but are not limited to, petroleum sulfonic acids; petrolatum
15 sulfonic acids; mono- and poly-wax-substituted naphthalene sulfonic acids; substituted
sulfonic acids such as cetyl benzene sulfonic acids, cetyl phenyl sulfonic acids and the
like; aliphatic sulfonic acids such as paraffin wax sulfonic acids, hydroxy-substituted
paraffin wax sulfonic acids and the like; cycloaliphatic sulfonic acids; petroleum
naphthalene sulfonic acids; cyclopentyl sulfonic acid; mono- and poly-wax-substituted
20  cyclohexyl sulfonic acids and the like. The expression “petroleum sulfonic acids” as

used herein shall be understood to cover all sulfonic acids that are derived directly from

petroleum products.

28



strai ght-chain or branched-chain al kylates with a straight-chain dial kylate
preferred. Particularly preferred based on their wide availability are
salts of the petroleum sulfonic acid, e.g., those obtained by sul fonating
vari ous hydrocarbon fractions such as 27 lubricating oil fraction and
extracts rich in aromatics which are obtained by extracting a hydrocarbon
oil with a selective sol vent, which extract may, if desired, be al kyl at ed

before sul fonati eactjn emwth olefi.ns or al kyl chlorides by

el or e Sl onals o ER A LIS D R SES ol N ards.
benzene disy| fonic acid which may 5_ar not be, al k Iated and the |iKke.
Cther parti cBHEAY, tg? B papnatss ?@préiﬁeééfe%/ oHewsicalcie WAtk 9¥ Benganar onmt i ¢
sulfonic acids in which the alkyl radical or radicals contain at |east
about 6 car eHonate beriem avhitp pdfbenzene sulfonatim celrdun d®ropylensbanzeng sdfmptsn at ons.
Anot her preferred group of sulfonate starting materials are the

al i phat i c- slestntdigreplyl enedieneers shiffomntes cacisnihogetyi meirotehms sl fopdig thaduh0
substituent or substituents contain a total of at |east 12 carbon atons

such as, 5f ormalega&iiietroleainklfondty, lcalsitint @iatshtd Gudsnatad b yilimClyedyDallfopkat i C
sulfonic. acids, the alkyl heterocyclic sulfonic acids and aliphatic

sul fonic acqﬁﬁwhmmﬂmﬁmbﬁﬁgaﬁhuﬁhgglc radical or radicals contain a tota
of at least 12 carbon atons. Specific exanples of these oil-soluble

sul foni c acids i Rglydg;. rﬁﬁ%gsﬂ%ged”t%céo 1El?ﬁxetf9nnaﬁ‘8£ P SR.H eﬁ%{b'ﬁt ﬁ%?l ds;

petrol atum 15 sul fonic aci nono- an wax su tltute ene

2ci do. cety (U ReRyRER MR br Rl e ‘ﬁ% a%gt%hwd;ﬁqﬁ BT Bfe aci de
iﬂf?oﬁ?cpiéf‘ié' Espreate iccre%g%l%avth%aéo‘r’x%@nﬁ’ 361 S St CREHS! hm
napht hal ene sul f onj ¢ aci gs; cl opentyl sul fonic acid; nmono- and
pol y- wadOs uygth €4y keing pre erred e amount of acidic material used depends in some respects
upon the desired basicity of the product in question and also upon the amount of basic
metal compound employed which will vary (in total amount) from about 1 to about 10,
preferably from about 1.2 to about 8 and most preferably from about 1.7 to about 6.0
equivalents per equivalent of acid. In the case of an acidic gas, the acidic gas is generally
15  blown below the surface of the reaction mixture that contains additional (i.e., amounts in
excess of what is required to convert the acid quantitatively to the metal salt) base. The
acidic material employed during this step is used to react with the excess basic metal
compound which may be already present or which can be added during this step.
The reaction medium used to prepare the low overbased metal sulfonate or neutral
20  metal sulfonate is typically an inert solvent. Suitable inert solvents that can be employed
herein include oils, organic materials which are readily soluble or miscible with oil and

the like. Suitable oils include high boiling, high molecular weight oils such as, for

example, parrafinic oils having boiling points higher than about 170°C. Commercially
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20 cycl ohexyl sulfonic acids and the |ike. The expression "petrol eum

sul fonic acids" as wused herein shall be understood to cover all sulfonic
acids that are derived directly from petroleum products. 28 Typical G oup
1A metal sulfonates suitable for use herein include, but are not Ilimted
to, the netal sulfonates exenplified as follows: calciumwhite oil benzene
sul fonate, bariumwhite oil benzene sul fo-nate, cal cium di propyl ene benzene

sul fonate, barium.di propyl ene benzene sulf onate, ci um,nmaho

ot r of eum s R ulf R HRF Boah B sDE HOPEHTiniResrr LSS SRERr,
triacontyl sulfonate, calciumlauryl sulfonate, bariumlauryl. sylfonate,
and the | i kdronrpichgenrgescas fxxen u%ﬁeré@éép Heeaames. S tIpr @ MsoRsA Of t he
overbased netal salt can be a liquid such as, for exanple, form c acid,
acetic aci d,Isopat® Hearddsapar®su] drdrthe Teloial tradetame, ap., TaluiaTe0d amidcCrampbinc
material such as, for exanple, HCl, S02, S 03, C02, H2S, etc, 10 wth C02

bei ng pref er¢gporatidifavaimbidis Qinadich il C SHRILEY drhnid S FerteRENES uhAbSRAR or
respects wupon the desired basicity of the product in question and al so

upon the samypdinat Refhc ﬁ%&%boo%%%?féﬁeggﬁﬁ%@%mﬂ%g& ¥l fogary (1n fotal

anount) from about 1 to abo pre to about 8 and

et ! Sl Moo A B BB BB e,

acid. In theca C gas 'i1s genera

bel ow t he surfac f. the r.eaction mxture.that nt ai addi ti on i.e.,

amount s i n eniBtuor A ERE! SO ticareans pabat itk el Stk At o §
to the netal, salt) base. The acidic material enployed during this step is
used to readt®¥sh the excess basic netal conpound whi ch may be al ready

present or which _can be added during this step. The reaction medi umused to
prepare the | ow &ldashedaprorpatal cangisp basmplayed Ferrepaing the low overbased metal

10  sulfonate or neutral metal sulfonate. A promoter is a chemical employed to facilitate the
incorporation of metal into the basic metal compositions, Among the chemicals useful as
promoters are, for example, water, ammonium hydroxide, organic acids of up to about 8
carbon atoms, nitric acid, sulfuric acid, hydrochloric acid, metal complexing agents such
as alkyl salicylaldoxime, and alkali metal hydroxides such as lithium hydroxide, sodium

15  hydroxide and potassium hydroxide, and mono- and polyhydric alcohols of up to about
30 carbon atoms. Examples of the alcohols include methanol, ethanel, isopropanol,
dodecanol, behényl aleohol, ethylene glycol, monomethylether of ethylene glycol,
hexamethylene glycol, glycerol, pentaerythritol, benzyl alcohol, phenylethyl alcohol,
aminoethanol, cinnamyl alcohol, allyl alcohol, and the like. Especially useful are the

20  monohydric alcohols having up to about 10 carbon atoms and mixtures of methanol with
higher monohydric alcohols. Amounts of promoter will ordinarily range from about 0%
to about 25%, preferably from about 1.5% to about 20% and most preferably from about

2% to about 16% of acid charge. The predominant detergent metal is calcium but
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20 nmetal sulfonate is typically an inert solvent. Suitable inert solvents
that can be enployed herein include oils, organic materials which are
readily soluble or mscible with oil and the like. Suitable oils include
hi gh boiling, high nolecular weight oils such as, for exanple, parrafinic
oi Il s having boiling points higher than about 170'C. Commercially 29
available oils of this type known to one skilled in the art include, e.g.,

t hose available from such urces as Exxon.under t | sopar (.r,). tradenanes,
oS et SR fpd B P betn Koo i PatHoel 1hg aRRRRY WbietesREIR
Telura(r) tradenane, e.g., Telura(r) 407, and Cronpton Corporatio

avai | abl & adedemoreritening: he cxging ol Véies Prdaly.ous BiferdNe soncaRiraligas EFmsTabYt i t ut ed
or 5 substituted aromati c hydrocarbons, ethoxylated |ong chain al cohols,
e.g., thoserm&@ﬁﬁm&ﬂamé@£d®@bhmﬂ@%ﬁavmﬁ@ﬂaﬁm@@ﬁdbwuﬁﬁzé%ﬁamﬁwﬁthons, and
m xtures thereof. Useful wunsubstituted or substituted aromatic

hydr ocar bongubrivatingleontpogitiohl ash sol vent naptha and the like. |If desired, a
pronoter can al so be enployed in preparing the | ow overbased netal 10

sul fonat g or neutAmibxidekta breSdbinRbG]y deh MOSAYIRS oils3o foredidbdadtivenpl oyed to
facilitate the incorporation of netal into the basic netal conpositions.

Among the chepi.aaioh o9 Hbridst. BUsRRPLRE SiaBlyRiithiPhohaieP) sfitioMBdres incRAEFDNI um
hydr oxi de, organic acids of up to about 8 “carbon atons, nitric acid,
[

S0 St U S s SOPL B Rngopo l
5P 15 P o e SRR ST Sl MBI AL PRI R o
R oy BT e P G iR
glyceroll,0 p%&%zi%}LQ££&£ﬁﬂuﬁfnzyl al cohol, phenyl et hyl al cohol,
Examples of supplemental antiwear agents are usually non-phosphorus
compounds added to a lubricant to fortify wear protection. These materials frequently
contain sulfur, usually as sulfide. Common examples include carbamates (ashless or
not), xanthates, and alky sulfides or polysulfides. Because of the high sulfur content,
15  these materials are often potent antioxidants.
As well as the above additives, the Iubricating oil composition may contain
various other additives such as, for example, other oxidation-corrosion inhibitors such as
hindered phenols and other antiwear agents can be used in combination with the
foregoing reaction products.
20 Each of the foregoing additives, when used, is used at a functionally effective
amount to impart the desired properties to the lubricant. Thus, for example, if an additive

is a friction modifier, a functionally effective amount of this friction modifier would be

an amount sufficient to impart the desired friction modifying characteristics to the
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am noet hanol, cinnanyl al cohol, allyl alcohol, and the |ike. Especially
useful are the 20 nonohydric al cohols having up to about 10 carbon atons
and m xtures of nethanol with higher nonohydric al cohols. Anopunts of
pronoter will ordinarily range from about 0% to about 25% preferably from
about 1.5%to about 20% and nost preferably fromabout 2%to about 16% of
acid charge. The predom nant detergent netal is calciumbut 30 sodi um

magnesi um . i e, been used i act.i ce. .. The anpunt of detergent
to be inco?lg%?% e'cfgI i r?{]%lyf’[rﬁ%c%}?ﬁﬁﬁ °8i°?e@ér°?g§swdtﬂlétf‘g‘f?’ Ué?‘gé?ﬂg%e
concentrations gen I ran rom aghout Q.2 to about 10% by wei ght of

t he total me?ﬂﬂgbqyﬁbﬁ)ﬂﬁe%éﬂﬁgﬁag%bﬂ% toapdiip gne gRbRsément ghoutd).01% to
Antioxi dants_ are advantageous|y used in engine oils to forestall oxidative
degr adat i on 3§PUt ipee bXJWPliggb‘?ﬂS@d @t ddal vweight ofthsilry Phespheiophbibppating il
antioxidants include, but are not limted to, amnic types (e.g.,

di phenyl ani rfémyesipeeand lowinbasphaeqys Byd loanduifay lubrigdtieg oflicomppestion., BHT) ,

sul fur-containing materials (sulfurized olefins or esters) and the |Iike.
These suppl ement ah azaihdreribddintest affthe tnypitval thy farsgdngateactidngiraductsast bg at e of
0. 1to 2 10 m.%of the finished fluid. Exanples of supplenental antiwear

agents are ysostiddasnandditiospiigesor coastRRae thichdaBbetiftofdrathd t@At to
fortify wear protection. These materials frequently contain sulfur,

usual 'y as subdtirdiglly GRATRIMEHPHPLE Srdaife] dildent GALDATRE 82ark?s Hhigsa1 &, nhot ),
xant hates, and al ky sul fides or polysulfides. Because of the high sulfur

I b S ot e e g
addi tives sughiR%ont i 3l 3o BLBEL 5% SRLLBR, GO ihoRL Bub AR &34 SuCh
10 10% to about 90% by weight of such diluent. Typically, a neutral oil having a viscosity
of about 4 to about 8.5 ¢St at 100°C and preferably about 4 to about 6 ¢St at 100°C will
be used as the diluent, though synthetic oils, as well as other organic liquids which are
compatible with the additives and finished lubricating oil can also be used. The additive
package will also typically contain one or more of the various other additives, referred to
15 above, in the desired amounts and ratios to facilitate direct combination with the requisite
amount of base oil.
Preferably, the additive concentrate comprises a metal-containing detergent, an
ashless dispersant, the foregoing reactions, zinc dialkyldithiophosphate and optional

components dissolved or dispersed in an organic liquid diluent, at a high concentration.

20 The following non-limiting examples are illustrative of the present invention.
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hi ndered phenol s and ot her antiwear agents can be used in conbination with
the foregoing reaction products. 20 Each of the foregoing additives, when
used, is used at a functionally effective anount to inpart the desired
properties to the lubricant. Thus, for exanple, if an additive is a
friction nodifier, a functionally effective amount of this friction

nodi fier would be an anmount sufficient to inpart the desired friction

nodi fyi ng characteristics to the 31 I% é General ly, the concentration
of each of these additives, when use@, gﬂ fromabout 0. 00 1 %to
about 20% by_wej ght, and in one _enbodi nent about 0. 0.1 %to about 10% by
wei ght basedtsrfolleyeng sxamrlgiagtide Bibrieatiag o8 wopnesifiensvdueh wetsdhealatadtoo; |
conposi tion and | ow phosphorous and | ow sul fur lubricating oil conposition.
5 | n anot hergientiengpiteenndgions ple § AR N300I defined inghe §odisty of datmiwivepr oduct s
may be provided as an additive package or concentrate which will be

i ncor por at edEngnteers@lassifibaionnysteah S)E JAe0.t , normal ly |iquid organic diluent
such as, for exanple, mneral oil, naphtha, benzene, toluene or xylene to
forman &dditive concentrate. These concentrates wusually contain from
about 1% to about 99% by weight, and in one enbodi nent about 10 10%to

about 90% by wei ght of such di tpeniarR AYBIEERkawpee Reutral oil having a
viscosity of about 4 to about 8.5 ¢St at 100' C and preferably about 4 to

s ol | o of her organ oeio SrHaS o te St e  AMILTUTREMEAR | Vo
250 typi ol CRAREIRE OB IE: 8D e ne Talh e e IEERY ol r e
o S B DY A Bl LA
10 commercially available from ChevronTexaco Corp. (San Ramon, CA), an additive
package containing the following additives (cach of the components contain diluent oil to

facilitate handling such that both the diluent oil and component are included in the

component weight):

15  Additive Package
Ashless dispersant -An ashless succinimide was the primary dispersant and was
prepared from 2300 molecular weight polyisobutylene, succinic anhydride, and a
polyethylene amine. The resultant product is post-treated with ethylene carbonaté. The
post-treated succinimide dispersant was used in the Iubricating oil composition at 2.34
20 wt. %.
Borated succinimide auxiliary dispersant - The auxiliary dispersant was a boron-

containing succinimide prepared from polyisobutylene, succinic anhydride, and a
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Preferably, the additive concentrate conprises a netal -containing
detergent, an ashless dispersant, the foregoing reactions, zinc

di al kyl di t hi ophosphat e and optional conponents dissolved or dispersed in
an organic liquid diluent, at a high concentration. 20 The foll ow ng
non-limting exanples are illustrative of the present invention. 32
EXAMPLES The fol |l ow ng exanpl es provide |ubricating oil conpositions which
were formulated to give viscosity conditions of a SAE 5WB0 oil defined in
the Soci ety rolvehiesssrine Theqgivhaspsodraway Fostaedteshvisly berinacshE tpdpmted
COMPARATI VE EXAMPLE A A lubricating oil conposition was formed by adding to
a m xture ofsuggumide dispgraaht wEHERENDG DONCc{ting@iloppositibmsiel 44 i %eommerci al | y
avai |l abl e from ChevronTexaco Corp. (San Ranon, CA) and 21.9 w. % of
CHEVRON 220N ~a @wrpsdilcabdse pbétaje defergantm®he dedrbagedplsanh@blerdenowns
ChevronTexaco Corp. (San Ranmon, CA), an additive package containing the
fol | owi ng aduéparedeffort @At alloAatédigheaslypaient Sheoshhali ol Watetutr@lided bad then
facilitate handling such that both the diluent oil and conponent are

i ncl uded si N hdRsuIGAIRANERoVEBLERWIh 1hRe At nenBask ank A estdipper sant
-An ashl ess succinimde was the primary dispersant and was prepared from

2300 ! eCUNRmE L) PRLKICSORUIOH 0RE el 81 M ABIEI ena BBk atin |

pol yet hyl ene amn e resul tant pro | S post-treate

et £ g PR LSRRGSR 6 ﬁfaﬂ&%?atg§ SRR was us e in'the
Secondary zinc dialkyldithiophosphate (ZnDTP) - The secondary ZnDTP was
prepared from phosphorus pentasulfide and a mixture of secondary alcohols. The
10 resultant mixture was neutralized with zinc oxide to produce ZnDTP. The secondary
ZnDTP was used in the lubricating oil composition at 1.14 wt. %.
Alkylated diphenylamine ashless antioxidant - Thé ashless amine antioxidant was
a di-alkylated, di-phenyl amine. This material was particularly effective for high
temperature oxidation control in internal combustion engines. The ashless antioxidant
15°  was used in the lubricating oil composition at 0.27 wt. %.
| Molybdenum-containing antioxidant - The molybdenum-containing antioxidant
was used in the lubricating oil composition at 0.117 wt. %.
Friction modifier - The friction modifier was based upon glycerol mono-oleate
that has been treated with boric acid to make a borate ester. The friction modifier was
20 used in the lubricating oil composition at 0.18 wt. %.
Silicon-based foam inhibitor - The foam inhibitor was a commercially-available

12,500 molecular weight silicon ol diluted 1 to 49 parts in a light neutral solvent. The

foam inhibitor was used in the lubricating oil composition at 4.5ppm.
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20 wt. % Borated succinimde auxiliary dispersant - The auxiliary

di spersant was a boron- containing succinimde prepared from

pol yi sobut yl ene, succinic anhydride, and a 33 pol yet hyl ene ani ne. The

resul tant product was post-treated with boric acid. The borated
succi ni m de di spersant was used in the lubricating oil conposition at 1.44
wt. % Overbased cal ci um phenate detergent - The overbased phenate
detergent was prepared fraogma_di (al kyl ated phenol) su]fide. e phenol
group was neutraly? Hl%ﬂ’&d‘%ﬁ%%m%‘“g"ﬁél ’é‘gé‘%ﬁ’éﬁﬁs %%’Ptiefﬂéis‘/ 5@9@@@&2‘5‘9‘33 th

| i me and carbon dioxide. The resultant Total Base Nunmber (TBN) of this
conponent WeESPRlFBGE. BBOVIsCPRiEy nEe 15a $ies 1isH én Hiedubrisating @il corppositipa at 4B i cat i ng
oi |l conposition at approximtely 2.14 w. % Secondary zinc

di al kyl di t hiwpbesphat e (ZnDTP) - The secondary ZnDTP was prepared from
phosphorus pentasul fide and a m xture of secondary al cohols. The 10

resul tant m xt ur €hadsbrivetitg @il congebsitoh lof Comparatived@x dnplpAquieseesednDTP. The
secondary ZnDTP was used in the lubricating oil conmposition at 1.14 w. %
Al kyl at ed dighogsstaricogeasibgsoxiantd Py D8 anty and heulasbess: Fuppoxmmidpxi dant
was a di-alkylated, di-phenyl amne. This material was particularly
effective fquoflkgh tenperature oxidation control in internal conbustion
engi nes. The ashl ess antioxidant 15 was used in the lubricating oil
conposition at 0.27 w. % Ml ybdenum containing anti oxi dant - The

nol ybdenum cont ai ni ng anti oxi dant was used in the |ubricating oi
conposition at 0.117 wt. % Friction w -. The friction nodifier was
based upon gl ycerol nono-ol eate that gf‘rll:‘]treat ed with boric acid to

make a borate ester, .-The friction.nodifjer S ... .
: A fubricat]%g oil composr}tlon was %orme&,\ﬁy adding to a mixture of 78 wt. % of

10 CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
Corp. (San Ramon, CA), 21.9 wt. % of CHEVRON 220N (a Group II base oil) |
commercially available from ChevronTexaco Corp. (S;dn Ramon, CA) and 0.1 wt. % of
Cargill AP560 (transesterified product of canola oil and TMP triheptanoate} available
from Cargill, Incorporated (Wayzata, MN), the additive package of Comparative

15  Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt.

% and a sulfur content of 0.2 wt.%.

EXAMPLE 2
A lubricating oil composition was formed by adding to a mixture of 78.2 wt. % of
20 CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
Corp. (San Ramon, CA), 21.4 wt. % of CHEVRON 220N (a Group II base oil)
commercially available from ChevronTexaco Corp. (San Ramon, CA) and 0.4 wt. % of

Cargill AP560 (transesterified product of canola oil and TMP triheptanoate) available
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20 used in the lubricating oil conposition at 0.18 wt. % Silicon-based
foaminhibitor - The foaminhibitor was a commerci ally-available 12,500
nol ecul ar weight silicon oil diluted 1 to 49 parts in a |light neutral
solvent. The foaminhibitor was used in the lubricating oil conposition at
4.5ppm 34 Viscosity nodifier - The viscosity nodifier was a noderately
shear stable olefin copolyner. The viscosity inprover was used in the

| ubricating pil co sition at _10.1 wt. % The lubricating oil conposition
of Conpar at i%%m@%ﬁ%&@c%’?ﬁ@gé@&i‘%%H@%%W%H@kémfé?ﬂmﬁﬁﬁatﬁfﬁpr oxi mat el y
0.08.w. %and a_sulfur content of approxinmatel 0.2 wt.% EXAVWVPLE 1 A

| ubri cat i ng Biampofpdée fubsinatingikcompesitioy pesdesserp phwspharpystaontenbéf 0768 wt.. %
of 10 CHEVRON 100N (a Group Il base oil) comercially available from
Chevr onTexach anGaspfurcgaintRdhwt.%A) , 21.9 w. % of CHEVRON 220N (a G oup
Il base oil) comercially avail able from ChevronTexaco Corp. (San Ranon,
CA) and 0.1 wm. %of Cargill AP560 (transesterified product of canola oil
and TMP tri heptanoate) available from Cargill, Incorporated (Wayzata, MN),

t he addi t5i ve package of Conparative 15 Exampie A The |ubricating oil
conposition possessed a phosphorous content of 0.08 wt. % and a sul fur

200 ng 1o a mxtur o T e OB T BT T R o
commer ci al | YcraE@ROAP RN (LA P VB0 §8F@iBnercially available from ChevronTexaco
Corp. (San Ramon, CA), 21.1 wt. % of CHEVRON 220N (a Group II base oil)
commercially available from ChevronTexaco Corp. (San Ramon, CA) and 0.7 wt. % of
10 Cargill AP560 (transesterified product of canola oil and TMP triheptanoate) available
from Cargill, Incorporated (Wayzata, MN), the additive package of Comparative

Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt.

% and a sulfur content of 0.2 wt.%.

15 EXAMPLE 4
A lubricating oil composition was formed by adding to a mixture of 78.2 wt, % of

CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
Corp. (San Ramon, CA), 20.8 wt. % of CHEVRON 220N (a Group II base oil)
commercially available from ChevronTexaco Corp. (San Ramon, CA) and 1 wt. % of

20  Cargill AP560 (transesterified product of canola oil and TMP triheptanoate) available
from Cargill, Incorporated (Wayzata, MN), the additive package of Comparative
Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt.

% and a sulfur content of 0.2 wt.%.
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Corp. (San Ranmon, CA), 21.4 wt. % of CHEVRON 220N (a G oup Il base oil)
comercially avail abl e from ChevronTexaco Corp. (San Ranon, CA) and 0.4 w.
% of Cargill AP560 (transesterifed product of canola oil and TMP

tri heptanoate) available 35 fromCargill, Incorporated (Wayzata, MN), the
addi ti ve package of Conparative Exanple A The lubricating oil conposition
possessed a phosphorous content of 0.08 wt. % and a sulfur content of 0.2
w.% 5 EXAMPLE 3 A lubricating oil conposition was forned by adding to a
m xture of 78.2 wt. % of CHEVRON 100N (a G oup Il base oil) comrercially
avai |l abl e from ChevronTexaco Corp. (San Ranon, CA), 21.1 wt. % of CHEVRON
220N (a Group Il base oil) conmmercial | BXAMELEDI e from ChevronTexaco Cor p.
(San Ranon, CA) and 0.7 wt. % of 10 Cargill AP560 (transesterified product
of canol a oil andA Tuicetirigmeldompositie) way firtnad b addingin (Gaixgiirt bf 74.2ewrfpof at ed
(Wayzata, MN), the additive package of Conparative Exanple A The

| ubri cati ng CHEVROROEIN i(9Grandsbesed) commhashloaeibbeEne The@bnhx@& WM. %
and a sul fur content of 0.2 w.% 15 EXAMPLE 4 A lubricating oil

conposi tinn eas. (Sen KasoRYCANDD 8t % & CHEYROR 200N & Growp 11 9405i)) CHEVRON
|OON (a G oup Il base oil) comrercially avail able from ChevronTexaco Corp.

(San Ramon, {eMmerdQGaviiabl¥r@fn %}/ﬁ%kgc%%régS% %a nOI}QIaCﬁ?gﬂaiﬁ é%fé )A; 0

comercially availabl e from ChevronTexaco and I w. %
of 20 Cargil 5, t ifl t .. of l.a qil and T
trihept anoat%@@@ﬁ%ﬁ%ﬁ%ﬁ%%d@@?} &c%ﬁé\ig 1168? iﬁ/gﬁm?ﬁéﬁo %A,a"%%@,e t he
additive pactll%irg %anfillﬁfﬁéE%%rSt%h Y\%’ayzata, MN), the additive package of Comparative

Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt,

10 % and a sulfur content of 0.2 wt.%.

EXAMPLE 6

A lubricating oil composition was formed by adding to a mixture of 70.3 wt. % of

CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
15 Corp. (San Ramon, CA), 19.7 wt. % of CHEVRON 220N (a Group II base oil)

commercially available fiom ChevronTexaco Corp. (San Ramon, CA) and 10 wt. % of
Cargill AP560 (transesterified product of canola oil and TMP triheptanoate) available
from Cargill, Incorporated (Wayzata, MN), the additive package of Comparative
Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt.

20 % and a sulfur content of 0.2 wt.%.
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Exanple A. The lubricating oil conposition possessed a phosphorous content
of 0.08 wt. %and a sulfur content of 0.2 w.% 36 EXAMPLE 5 A lubricating
oil conposition was forned by adding to a m xture of 74.2 w. % of CHEVRON
100N (a Group Il base oil) commercially avail able from ChevronTexaco 5
Corp. (San Ramobn, CA), 20.8 wt. % of CHEVRON 220N (a G oup Il base oil)
commercially avail abl e from ChevronTexaco Corp. (San Ranmon, CA) and 5 wt. %
of Cargill AP560 (transesterified product of canola oil and TWMP

tri heptanoate) available from Cd#@MPARAHYSIHOAMPEE B wayzata, M), the
additive package of Conparative Exanple A The lubricating oil conposition
possessed a phosphbbocatingeilconposifiodwasfomned by ddiling tandniatusebf 4.2 wonts efit  of
0.2 wt.% EXAMPLE 6 A lubricating oil conposition was formed by adding to a
m xture of WHBVRON 10 (a GHEyRbas 0NN\cdnanéciallp avdilabla senoChdvreTargdoci al |y
avai | abl e from ChevronTexaco 15 Corp. (San Ranmon, CA), 19.7 wt. % of
CHEVRON 220NCdrp. (Ss0RBmbh, GYas 20.8iwt) % df@mmﬁlzbwagmrb@;bma&m
ChevronTexaco Corp. (San Ranmon, CA) and 10 wt. %o Cargi |l AP560

(transestseridi ' ' val lrabl e
From car g1 115 o Sl SR T R p o

phosphor ous (Canar 307 B EERHRLBRRIP b AP SRBITRERITN o o

COVPARATI VE C@éﬁ‘&@& Eo&pany (Philadelphia, PA), the additive package of Comparative Example A.

| The lubricating oil composition possessed a phosphorous content of 0.08 wt. % and a
sulfur content of 0.2 wt.%. |

10

COMPARATIVE EXAMPLE C
A lubricating oil composition was formed by adding to a mixture of 70.3 wt. % of
CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
Corp. (San Ramon, CA), 19.7 wt. % of CHEVRON 220N (a Group II base oil)

15 commercially available from ChevronTexaco Corp. (San Ramon, CA) and 10 wt. % of
Léxolube@ 3N-310 (trimethylolpropane tri caprylate/caprate) available from Inolex
Chemical Company (Philadelphia, PA), the additive package of Comparative Example A.
The lubricating oil composition possessed a phosphorous content of 0.08 wt. % and a
sulfur content of 0.2 wt.%. |

20 COMPARATIVE EXAMPLE D

- A lubricating oil composition was formed by adding to a mixture of 74.2 wt. % of
CHEVRON 100N (a Group II base o0il) commercially available from ChevronTexaco

Corp. (San Ramon, CA), 20.8 wt. % of CHEVRON 220N (a Group II bass oil)
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A lubricating oil conposition was fornmed by adding to a m xture of 74.2 wt.
% of CHEVRON 100N (a Group Il base oil) commercially available from
ChevronTexaco Corp. (San Ranon, CA), 20.8 wt. % of CHEVRON 220N (a Group
Il base oil) 5 conmercially available from ChevronTexaco Corp. (San Ranon,
CA) and 5 wt. % of Lexolube(r) 3N-3 10 (tri nethyl ol propane td

capryl ate/ caprate) available fromlnol ex Chem cal Conpany (Phil adel phi a,

PA), the addltlve cka Conpar a . The rica oi |
conmposi ti on Cﬂﬁ’é%eé@ davégéﬂﬁgrﬁﬁ’oé%ﬁ 8 O%HR"I"@ @%ﬂ%,% )0333 %s | fur
content of COMPARATI. VE EXAIVPLE C A_lubricating oi I conposi tion
was f or ned WXQI&H?@QXI'W%@W@QCM}@@PB@ Poailblg fromdnefex R(‘—J%:OIIEI@W( a Group

Il base oil) conmercially available from ChevronTexaco Corp. (San Ranon,
CA), 19.7 w(PhilgdelphEHENROM RiBdNe package apCohpasaise Bxalnplals. doenbricatadg ofl

avai |l abl e from ChevronTexaco Corp. (San Ranon, CA) and 10 wt. % of

Lexol ube(r) c8hp8sitidh pdssdseat dptiosplprapanrtehtrdaf OdRprty Medmel capiat@temvad.Rabl e
fromlnolex Chem cal Conpany (Phil adel phia, PA), the additive package of
Conpar at isve vi¢gnpl e A The lubricating oil conposition possessed a
phosphorous content of 0.08 wt. % and a sulfur content of 0.2 w.% 20
COVPARATI VE EXAMPLE D A lubricating oil conposition was fornmed by adding to
a mxture of 74.2 wt. % of CHEVRON 100N (a Group Il base oil) comrercially

avai l abl e from ChevronTexaco COfdeéMﬁ%MLE go. 8 wt. % of CHEVRON
220N (a G oup Il base oil)

A lubricating oil composition was formed by adding to a mixture of 70.3 wt. % of
CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
10 . Corp. (San Ramon, CA), 19.7 wt. % of CHEVRON 220N (a Group II base oil)
commercially available from ChevronTexaco Corp. (San Ramon, CA) and 10 wt. % of
Lexolube® 2X-109 (ditridecyladipate) available from Inolex Chemical Company
(Philadelphia, PA), the additive package of Comparative Example A. The lubricating oil
composition possessed a phosphorous content of 0.08 wt. % and a sulfur content of 0.2

15 wt%.

COMPARATIVE EXAMPLE F
A lubricating oil composition was formed by adding to a mixﬁu‘e of 74.2 wt. % of
CHEVRON 100N (a Group I base oil) commercially available from ChevronTexaco
20  Corp. (San Ramon, CA), 20.8 wt. % of CHEVRON 220N (a Group II base oil}
commercially available from Chevron’fexaco Corp. (San Ramon, CA) and 5 wt. %
Lexolube® 4N-415 (pentaerythritol tetra caprylate/caprate) available from Inolex

Chemical Company (Philadelphia, PA), the additive package of Comparative Example A.
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38 comercially avail abl e from ChevronTexaco Corp. (San Ranon, CA) and 5
wt. % of Lexolube(r) 2X-109 (ditridecyl adi pate) available from I nol ex
Chem cal Conpany (Phil adel phia, PA), the additive package of Conparative
Exanple A. The lubricating oil conposition possessed a phosphorous content
of 0.08 wt. % and a sulfur content of 0.2 5 wt.% COVWARATI VE EXAMPLE E A

| ubricating oil conposition was fornmed by adding to a mxture of 70.3 w. %
of CHEVRON 100N (a Group Il base oil) comrercially avail able from

Chevr onTexadée lupricat@grqil coppasitiRapensessely) phosphoroustcontpnodf appoyROMEIZ DON (a
Goup Il base oil) comercially available from ChevronTexaco Corp. (San
Ranmon, CA) andk0datsulfbcofitent ehapprokmatdly 2ZX-+#0R. (di tri decyl adi pat e)
avai l abl e from I nol ex Chenical Conpany (Philadelphia, PA), the additive
package of Conparative Exanple A "The lubricating oil conposition
possessed a phosphorous content of 0.08 wt. % and a sul fur content of 0.2
15 wt. % COVPARATI VE EXAVPLE Fodnipii A B@td mQA R Fe@nposi tion was formed by
adding to a mxture of 74.2 w. %of CHEVRON 100N (a G oup H base oil)

comercial ly avail abl : T 20.8
a9 of SCHEVRON 220 (@%‘%&F F&ﬁ"a"g’gﬁ’gﬁ")@ %@%ﬁ% raé‘,ﬁgl? |t‘59{amv5aghﬁ eg@pgaf rom
ChevronTexac I n d S5.at. % Lexolu ry 4N-415
(pent aer vt it S CEENRA TR ok, Aol ot A BRI BPEL “crem cal
Sompany (P 308nPitads COp) (sah Kanbc CAY, 18 RAC ELHCREVROIPHR @ Broupd ™' © A

base oil) commercially available from ChevronTexaco Corp. (San Ramon, CA) and 10

wt. % of Lexolube® 4N-415 (pentaerythritol tetra caprylate/caprate} available from

10 Imolex Chemical Company (Philadelphia, PA), the additive package of Comparative

Example A. The lubﬁcating oil composition possessed a phosphorous content of 0.08 wt.

% and a sulfur content of 0.2 wt.%.

TESTING
15 Each of the lubricating oil compositions of Examples 1 and 2 and
Comparative Examples A-E were evaluated using the Thermo-Oxidation Engine Oil

Simulation Test (TEOST) TEOST MHT-4 and TEOST 33 as described below.

TEOST MHT-4

20 ' The TEOST MHT-4 test as described in Florkowski et al,, Draft 12 TEOST
MHT-4 Test Method, to Henry Wheeler, Chair, ASTM D.02.07 TEOST Surveillance

Panel Chair (September 10, 1999) was performed to predict the moderately high
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The lubricating oil conposition possessed a phosphorous content of
approximately 0.08 wt. % and a sul fur content of approximately 0.2 w. %
COMPARATI VE EXAMPLE G 5 A lubricating oil conposition was formed by addi ng
to a mxture of 70.3 wt. %of CHEVRON 100N (a Goup Il base oil)
commercially available from ChevronTexaco Corp. (San Ramon, CA), 19.7 w.
% of CHEVRON 220N (a Group Il base oil) commercially available from
ChevronTexaco Corp. c&San Ranpn, CA) and 10 w. % of Lexol ube(r) 4N 415
(pent aer yt hriFipfrafigs %Oﬁb%ﬁwnﬁtt@ﬂé%?sétféﬁgl%aﬂd caprceally ip ferastohBngielicheni cal
Conmpany (Phil adel phia, PA), the additive package of Conparative Exanple A
The | ubri catarerg oi | conposition possessed a phosphorous content of 0.08 w.
% and a sul fur content of 0.2 wt.% TESTING 15 Each of the lubricating oil
conposi tions of Hsinpd EBOIT apighréusnmnailaile fipar BinnaseCdmsany (4800 amenSaage

eval uated using the Therno- Oxi dation Engine Gl Sinulation Test (TEOST)
TEGST MHT- 4 rand, Vi@l B8 436425 saimhdeolf dach ofthe Ribtodtidddhgihe U cofiRodiE&ET MHT- 4
test as described in Florkowski et al., Draft 12 TEOST WMHT-4 Test Met hod,

to Henry sWheglpghmpfeldiahd 2 And Mbp 82 R ELRERE W bRialdidaforgRRnkakhai r
( Sept enber 10, 1989 was performed to predict the no erately hi gh 40

temperature x%ga?@?g%se %%H‘t@ Bol SRAANGE Switl- wEBY BBoQiok roFRALH Ak thdhribde

pi ston ring

casing. Therod was resistively heated to obtain a constant temperature of 285°C for 24
hours. During this time, dry air was forced to flow through the mantle chamber at a
specified rate of 10mL/min. At the end of the test, the depositor rod and the components

10 of the chamber were carefully rinsed of oil residue using a volatile hydrocarbon solvent.
After drying the rod, the mass of deposits was determined. The hydrocarbon solvent
rinse was filtered and weighed and the mass of the accumulated filter deposits was
determined. The mass of deposits on the rod plus the mass of deposits on the filter was
the total deposit mass. The mass of deposits which have accumulated on the inside

15  surface of the mantle were also weighed.

TEOST 33
The TEOST 33 test was performed to assess the deposit forming tendencies of
engine oils brought into contact with 500°C turbocharger componenté. The TEOST 33
20 testused ilerein is described in D.W. Florkowski and T.W. Selby, “The Development of a
Thermo-Oxidation Engine Oil Simulation Test (TEOST), SAE Paper 932837 (1993) and
Stipanovic et al., “Base Oil and Additive Effects in the Thermo-Oxidation Engine Oil

Simulation Test (TEOST),” SAE Paper 962038 (1996).
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Usi ng a TECST apparatus avail abl e from Tannas Conpany (4800 Janes Savage
Road, Mdland, M 48642), a sanple of each of the lubricating engine oi
conpositions 5 of Exanples 1 and 2 and Conparative Exanples A-E contai ning
an organonetallic catalyst was forced to fl ow past a tared, w re-wound
depositor rod held in a glass mantled casing. The rod was resistively
heated to obtain a constant tenperature of 285C for 24 hours. During this
time, dry air was_forced to f|ow through.the mantl e chanber at a, specified
rate of 10mL/m n THEEPRATEEFRRStfedohan BB ?tlontrﬁaé?t‘ﬁéiﬁéé|d’FRPr31t}°8c¥°%‘°n’&la@WéFP ¥
components 10 of the chamber were carefully rinsed of oil residue using a
vol atil e hydrisdlarsisrosior yashaxially afigiad vathyn ayoutprelube dlhettraperatise @fithieieposi t s
was determ ned. The hydrocarbon solvent rinse was filtered and wei ghed and
t he mass of méntorand timdepoer fdd wee idepadently cvagollafe The hibmedtingltit mass of
deposits on the rod plus the mass of deposits on the filter was the total
deposit massomposition asded bvahepios mtas mikddoditth B00gp@cd ivon kieliegedodas dotimni nsi de 15
surface of the mantle were al so wei ghed. TEOST 33 The TEOST 33 test was

performed t qphEesse sdydanasidded &tk RGchL NHRNGIxAFe Fhs then 8b16d Bl dng heidought
into contact with 500C turbocharger conponents. The TEOST 33 20 test used

herein is d%%%(b%edr}ﬁsnsanWwEs' &?5@%\&%5 £ edm VW aip&libMus oxidaCaddeygbopment  of
a Therno- Oxi dation Engin mul atl n Test (TEGCST), SAE Paper 932837

%2?% gfdéﬁzo@ QtvthgTEgS%l?’?’ée I%Fé qﬁ%dﬂg@%@ aﬁg&‘%c%?vﬁer t5%2038
géﬁmiveﬁ?&oﬁ%@anmc@vz%@ezéas%ﬁ SRR R A

tube. The tenperature
rgr)l erature progle. tExcept for the initial temperature ramp from room temperature to

10 200°C, the temperature cycle was repeated 12 times. The total test duration was for a
time period of 114 minutes.

At the completion of the oxidation cycle, the oil was collected and filtered. The
equipment was cleaned with solvent and that solvent was also filtered. The filter used in
collecting the oil was dried and weighed to determine the filter deposits. The depositor

15  rod was dried and weighed to determine the accumulation of deposits. The total deposit
was the sum of the rod and filter deposits and reported in milligrams. Test repeatability
was originally given as +/- 2.3 mg with a standard deviation of 1.6 mg.

The results of these tests are set forth below in Table 1.
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reactor and the depositor rod were independently controlled. The

| ubricating oil
delivered as an iron 5 napht henate catal yst,
m xture was then heated to and held at 100C. This sanple was exposed to a
ut the TECST 33 test,
rod and the
t emperat ure
roomtenperature to
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Exanpl e 15G.

10

Bxamilighl e 1. 4

B3PABLE 1 Sanpl €

BECST MHT- 4

npl e 433.536

656. 9 Exanple 247 648, 9 Exanple 35148.6 EX
Example 5 285 20.6
Example 6 35.1 18.8
Comp. Ex. A 452 57.3
Comp. Ex. B 36.3 39.7
Comp. Ex. C 35.7 34.7
Comp. Ex. D 473 82.2
Comp. Ex. E 49.4 105.4
Comp. Ex. F 40.3 36.2
Comp. Ex. G 46.5 36.4

The TEOST tests (TEQST 33 and TEOST MHT-4) are key bench tests for all

ILSAC passenger car motor oil formulations. At present, only the TEOST MHT-4 test is

required but the TEOST 33 test will likely be added back in the future. In order to pass

the TEOST MHT-4 bench test, the lubricating oil can provide no higher than 40 mg,

while for the TEOST 33 bench test, the lubricating oil composition can provide no higher

than 60 mg. These tests behave differently to certain additives, namely, the TEOST

MHT-4 test generally preferring ashless antioxidants like the diphenylamine and the

TEOST 33 test generally preferring detergents. In general, the TEOST MHT-4 test
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Exanpl e 528.520. 6 Exanple 635.118.8 Conp. Ex. A45.257.3 Conp. Ex. B36.339.7
Conp. Ex. C39.734.7 Conp. Ex. D47.382.2 Conp. Ex. E49.4105.4 Conp. EX.

F40. 336. 2 Conp. Ex. (46.536.4 The TEOST tests (TEOCST 33 and TEOST MHT-4)
are key bench tests for all |LSAC passenger car notor oil formnulations. At
present, only the TEOST NMI-4 test is 5 required but the TEOST 33 test wll
| i kely be added back in the future. In order to pass the TEGST MHT-4 bench
test, the lubricatin e for the

d h
TEOST 33 benElisg& o %Wﬁwﬁlgqﬁbe e 'ﬁg@éﬁ?&ﬁ“@aﬂwmvméﬁm hi gher

than 60 ng. These tests behave dlfferentl to certain additives, nanely,
the TEOST Negrdetline sthugetadionravy ther BfQ@SF B%&S@gﬁméslgwaﬂer@ﬁfpdﬂl&ﬁogatpm Re the

di phenyl am ne and the 10 TEOST 33 test generally preferring detergents. In
gener al , t hepdfEOEdtedemt, drettpstalyRddediol a formulatior. diths hotwyvdnghowasehentfirm t
while the TEOCST 33 test results are typically borderline. Thus, to inprove
t he TEOST 33cdnesit of ths trivalatibaw over based sul fonates, a potent detergent,
are typically added to a formulation. This, however, increases sulfur

content of the fokdBdt@A¢IPnd s %%6#% 88 Showa lﬁiﬁwfa{hﬁi‘g &beyBpsidicas show, the
| ubricating oil conpositions of
Examples 4-6 using a reaction product of polyol esters within the scope of the present
invention as a 1%, 5% and 10 % by weight, respectively, replacement for the Group II
mineral oils, provided a TEOST MHT-4 performance sigpificantly better than that of the
baseline formulation of Comparative Example A, i.e., 33.5 mg, 28.5 mg and 35.1 mg,
10 respectively, as compared to 45.2 mg. The lubricating oil compositions of Examples 4-6
also performed significantly better than the lubricating oil composition of Comparative
Example A in the TEOST 33 test, 1.e., 36 mg, 20.6 mg and 18.8 mg, respectively, as
compared to 57.3 mg. Clearly, by forming a lubricating oil composition containing the
reaction product of the present invention, a significant improvement in the both the
15 TEOST MHT-4 and TEOST 33 tests and deposit control is achieved.

Additionally, it can be seen that the lubricating oil compositions of Examples 1-3
using relatively low levels of a reaction product of polyol esters within the scope of the
present invention provided substantially the same results for the TEOST MHT-4 test
compared to the baseline formulation of Comparative Example A while providing

20 - slightly better results for the TEOST 33 test
It is also noteworthy that the lubricating oil compositions of Examples 4-6

performed significantly better than the lubricating oil compositions of Comparative

Examples B-G containing only a polyol ester, Accordingly, the lubricating oil
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Exanpl es 4-6 using a reaction product of polyol esters within the scope of
the present invention as a 1% 5% and 10 % by wei ght, respectively,

repl acenent for the Goup TI mneral oils, provided a TECST MHT-4
performance significantly better than that of the baseline fornulation of
Conpar ative Exanple A i.e., 33.5 ng, 28.5 ng and 35.1 ng, 10 respectively,
as conpared to 45.2 ngy. The lubricating oil conpositions of Exanples 4-6

al so performed significantly better th the lubricating oil. conposjtion of
Conpar at i ve @%&ﬁﬁﬂtl@nwﬁ%aﬁlﬁ@sfm‘ﬂﬂ@ betier ,genosléman@%th%a}h%.%caﬁagaﬂd 18. 8
nmg, respectively, as conpared to 57.3 ng. Clearly, by formng a

| ubri cating oiompesitipeseiiGaspatasive Zxaiplgs Be Thesacesilinarp eeiéngbtungkpacksd. pr esent
invention, a significant inprovenent in the both the 15 TECST WHT-4 and
TEOST 33 tests anditaelbsihdersiod thht vasioacinbdifiedionAddy be ondé tosthe enbedimehis
seen that the lubricating oil conpositions of Exanples 1-3 using
relatively | alisdi@eéhercinf Thefefe theahops dderiiitionfshqod yor beedshensd vk tituitingt he
scope of the present invention provided substantially the same results for

t he TEGST SVETsf nlefsty as SRAPRLSMiochO of f16fecRes BhboBmbME HbAdxb@PleOthe EHMABAAL | Ve
Example A while providing 20 slightly better results for the TEOCST 33 test

1,210, PSRNt ek DL ELBR 0 ccopmaty Ui Frammls ¢
Compet et ve. o G ARBEL B} "BR R Sl 554 o RELA AL
Cont 0] L A3 WSS IR WA B SRRRRELIE FEEARLET
bR LN, T STROIELT A A M R LR S

10 spirit of the claims appended hereto.
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5 but nerely as exenplifications of preferred enbodi nents. For exanple, the
functions described above and i nplenented as the best node for operating
the present invention are for illustration purposes only. O her
arrangenents and net hods nay be inplenented by those skilled in the art

wi t hout departing fromthe scope and spirit of this invention. Moreover,

those skilled in the aft wll envision other nodifications within the scope
and 10 spiridgr gfpvghe claims appended hereto. 45 CLAIMS: 1. A lubricating
oi | conposition conprising (a) a nmajor anount of a base oil of lubricating

viscosity and (b) a minor deposit-inhibiting effective anmount of a 5
reacti on product prepared by transesterifying at |east one glycerol ester
and at | east one nop-glycerol.  polyol ester . The lubricating oil .
conposi tion of cld #i%%@%?IAC?mBO%W%WnS@&@}aP@JO& am%b@% &Py
fatty acid ester. 10 3. The lubricating oil n‘gomtlon of claims I or 2,
wherein the glfﬁldmwtm&w@crsﬂwné(lm mbloadmﬂsﬂ@lg fing clediveramauit ata d ester.
4. The lubricating oil conmposition of claim11, wherein the glycerol ester
i s a 15 végetradstion erdducbprefiared by lmnsaterifiing af leasd opoglytdrohnestdr and af least,
wherein the vegetable oil is selected fromthe group consisting of corn

oi |, rapeseednRinbn-gdR¥RAPOIYI bsterand sunflower oil. 20

2. The lubricating oil composition of claim 1, wherein the glycerol ester is a
mixed glycerol fatty acid ester.
10
3. The lubricating oil composition of claims 1 or 2, wherein the glycerol

ester is a Cy to about C+s5 glycerol fatty acid ester.

4. The lubricating oil composition of claim 1, wherein the glycerol esteris a

15  vegetable oil.

5. The lubricating oil composition of claim 4, wherein the vegetable oil is
selected from the group consisting of com oil, rapeseed oil, soybean oil, and
sunflower oil.

20
6. The lubricating oil composition of claim 5, wherein the rapeseed oil is

canola oil.
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6. The lubricating oil conposition O claim5, wherein the rapeseed oil is
canola oil. 46 7. The lubricating oil conposition of any one of the
precedi ng cl ai ns, wherein the non-glycerol polyol ester is a
trimethyl ol propane ester. 5 8. The lubricating oil conposition of any one
of claims 1 to 6, wherein the non-glycerol polyol ester is
trimethyl ol propane tri heptanoate. 9. The lubricating oil conposition of any
one of the preceding clains, wherein the mnor deposit-inhibiting
effective anmount of the reaction product is 10 about 0.05 to about 10 w.

% based on the to'}a’i'h }pgpzftln%foﬂté%g}p%&gﬁgg v\;]gﬁ)%he ]the p-l;ggedllﬁg)&%iﬁ]ast,' ng oil

COI'TpOSI tion Of any one O erel n

deposit-i nhl ffecth’ @Pr@ rl\ﬁéof the r tlon roduct is about 0.1 to
about 8 wt. © Bop-glyserobpoiyohgstegna Hmefindolp $%%Ton. 15 11. The

| ubricating 0|I conp05|t|on of any one of clainms 1 to 8, wherein the mnor
deposit-inhibiting effective anount of the reaction product is about 0.2 to
about 5 wt. % based on the total weight of the conposition. 20 12. The

| ubricatidg oil cofpthe bbocatnf cllmpmpositioh of by ore of claim8 | toiewheraintthe i nor
deposit-inhibiting effective anount of the reaction product is about 1 to

about 5 wt. {6n-gg6&6l fulydiRetet Ritamei®iditbpaic thihétaparosi tion. 47 13. A
l'ubricating oil conposition conprising (ag a maj or amount of a base oil of

| ubricating viscosity and (b) a mnor deposit-inhibiting effective anount
of a

9. The lubricating oil composition of any one of the preceding claims,
wherein the minor deposit-inhibiting effective amount of the reaction product is

10 about 0.05 to about 10 wt. %, based on the total weight of the composition.

10. The lubricating oil composition of any one of claims 1 to 8, wherein the
minor deposit-inhibiting effective amount of the reaction product is about 0.1 to

about 8 wt. %, based on the total weight of the composition.

15
11. The lubricating oil composition of any one of claims 1 to 8, wherein the
minor deposit-inhibiting effective amount of the reaction product is about 0.2 to
about 5 wt. %, based on the total weight of the composition.
20 12. The lubricating oil composition of any one of claims 1 to 8, wherein the

minor deposit-inhibiting effective amount of the reaction product is about 1 to about

5 wt. %, based on the total weight of the composition.
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reaction product of at |east one first polyol ester of the general fornula:
CH2 1 01l OCR OCHOCR 5011 CH2 OCR3 (I) wherein R, R2 and R3 are
i ndependent |y aliphatic hydrocarbyl noieties having 4 to about 75 carbon
atons; and at | east one second polyol ester of the general formula: O !i
OC R4 (CH2)x R7 C(CH2)y O ~ 1l OCR5 R 6 10 wherein x and y are the sane
or different and are integers froml to 6, R4 and R5 are

13. A lubricating oil composition comprising (a) a major amount of a base
oil of lubricating viscosity and (b) a minor deposit-inhibiting effective amount of a

reaction product of at least one first polyol ester of the general formula:

o
CH; oc—-Rr!
I 0
CH—— oC——R? o
} o
5 CH, oc—R?

wherein R!, R? and R® are independently aliphatic hydrocarbyl moieties having 4 to

about 75 carbon atoms; and at least one second polyol ester of the general formula:

0
I
OC——R
/
(CHZ)x
R'—— C— (CHy), 0 (IT)
N
ocC R
R6

10 wherein x and y are the same or different and are integers from 1 to 6, R* and R’ are
independently aliphatic hydrocarbyl moieties having 4 to 24 carbon atoms and R®
and R’ are independently hydrogen, an aliphatic hydrocarbyl moiety having 1 to 10

carbon atoms or

(CHy), oCc—-R®
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I ndependent |y aliphatic hydrocarbyl noieties having 4 to 24 carbon atons
and R6 and R7 are independently hydrogen, an aliphatic hydrocarbyl noiety
having 1 to 10 carbon atons or 0 11 (CH2)Z OC R' 48 wherein z is an
integer fromO to 6 and R8 is an aliphatic hydrocarbyl noiety having 4 to
24 carbon atons. 14. The lubricating oil conposition of claim13, wherein
the base oil of 5 lubricating viscosity is conprised of a mneral base oil.

15. The | ubri GaticHG, Rizh ; o i B & B A3 hat Wb Of
ibr i Gat i ng. Vi Bet o R Db R O el PR A Ry gl

The lubricati iﬁéaﬂ?ﬁ%@%ﬁ&tion of any one of clainms 13 to 15, wherein R

R2 and R3 of SRS yol ester are independently selected from an

al i phatic hydrocarbyl noiety having 4 to 24 carbon atons, wherein at |east
one of R, R2 and R3 is a saturated aliphatic hydrocarbyl noiety having 4
to 10 carbon atons, and wherein at |east one of R, R2 and R3 is an

al i phati ¢ hydr ocarldy| Thedplrigating oil sgmpegtien afrlaim 1% wigremthsdaseeibas. 17. The
| ubricating oil conposition of claim 16, wherein the aliphatic hydrocarbyl
moi ety havi ndubnicabing Vistosi®4s canjwisedaf enmineral bse oiled froma fatty acid
selected fromthe group consisting of oleic acid, eicosenoic acid and
erucic acid. 20

15. The lubricating oil composition of claim 13, wherein the base oil of

lubricating viscosity is comprised of a polyalphaolefin base oil.

10 16. The lubricating oil composition of any one of claims 13 to 15, wherein
R, R? and R? of the first polyol ester are independently selected from an aliphatic
hydrocarbyl moiety having 4 to 24 carbon atoms, wherein at least one of R R? and
R*is a saturated aliphatic hydrocarbyl moiety having 4 to 10 carbon atoms, and
wherein at least one of R!, R? and R? is an aliphatic hydrocarbyl moiety having from

15 11 to 24 carbon atoms.

17. The lubricating oil composition of claim 16, wherein the aliphatic
hydrocarbyl moiety having from 11 to 24 carbon atoms is derived from a fatty acid
selected from the group consisting of oleic acid, eicosenoic acid and erucic acid.

20

18. The lubricating oil composition of any one of claims 13 to 15, wherein

the first polyol ester is canola oil and the second polyol ester is a trimethylolpropane

(TMP) ester selected from the group consisting of TMP tri(2-ethyl hexanoate), TMP
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18. The lubricating oil conposition of any one of clainms 13 to 15, wherein
the first polyol ester is canola oil and the second polyol ester is a
trimethyl ol propane (TMP) ester selected fromthe group consisting of TMP
tri(2-ethyl hexanoate), TMP 49 tri heptanoate (TMPTH), TMP tricaprylate, TM
tricaprate, TMP tri (i sononanoate) and TMP trioleate. 19. The |ubricating
oil conposition of any one of clains 13 to 18, wherein 5 the m nor

deposi t - i nhi Qﬁhéﬂiﬁl(ﬁw(‘ﬂ»ﬂpm},wﬁ{caﬁfyléta_el"MP%%dp%e,WMﬁ'ﬁ@(tiso'nﬁneﬁfaﬁéé% 0.05
to about 10 wt. % based on the total weight of the conposition. 20. The
lubricating aqjly sikftion of any one of claims 13 to 18, wherein the

m nor deposit-iInhibiting effective anmount of the reaction product is about
0.1 to 10 about 8 wt. % based on the total weight of the conposition. 21.
The lubricating oil conposition of any one of clains 13 to 18, wherein the
m nor deposit-inhibiting effectiyve amount of the reaction product is about
0.2 to about 5 wtl? ochhedubricating ofl gampesiien olanyime of chagas b e 15 22.
The lubricating oil conposition of any one of clains 13 to 21, wherein the
conposi ti én hemamor aposvi-imbibstirtgeffactivearndurOvf thoweRBion Pwdsot is @vswt®,050¢¢ 50,
OWM 60, 5W 5W 20, 5W 30, 5W 40, 5W 50, 5W 60, 1ON | ON20, | OWN30,

| OW 40, 10- 50, aboy 1 01w}/ (basedbily (B0 taral W& WHtAT the2édnapdsitibRe | ubricating oil
conposition of any one of clains 13 to 22, having a phosphorous content

not exceeding 0.08 w. % based on the total weight of the

20. The lubricating oil composition of any one of claims 13 to 18, wherein
the minor deposit-inhibiting effective amount of the reaction product is about 0.1 to

10 about 8 wt. %, based on the total weight of the composition.

21. The lubricating oil composition of any one of claims 13 to 18, wherein
the minor deposit-inhibiting effective amount of the reaction product is about 0.2 to

about 5 wt. %, based on the total weight of the composition.

15
22. The lubricating o0il composition of any one of claims 13 to 21, wherein
the composition has an SAE Viscosity Grade of 0W, 0W-20, 0W-30, 0OW-40, 0W-
50, OW-60, 5W, 5W-20, SW-30, 5W-40, 5W-50, 5W-60, 10W, 10W-20, 10W-30,
10W-40, 10-50, 15W, 15W-20, 15W-30 or 15W-40.
20

23. The lubricating oil composition of any one of claims 13 to 22, having a
phosphorous content not exceeding 0.08 wt. %, based on the total weight of the

composition.
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conposition. 50 24. The lubricating oil conposition of any one of clains 13
to 22, having a phosphorous content not exceeding 0.05 w. % based on the
total weight of the conposition. 5 25. The lubricating oil conposition of
claim 23 having a sul fur content not exceeding 0.2 w. % based on the
total weight of the conposition. 26. The lubricating oil conposition of any
one of clains 13 to 22, further conprising at |east one additive sel ected

from the group consj siidlghalailiEbllcbinodBoflst ARARIG? cafRh) PR hsARLsANt S,

friction nodifiers, extrenme preéssure agents, viscosity I X 1 nprovers and

int d t t.hat t.h tent, of. £h
lbr i bati ng. o PR BRRsaoRbhddRhest i EVEPL IRRE! GEAGE0TGeh B cut rur

content of the lupricating oil conposition is no greater than 0.2 w. %
based on the LBPFI%Rei ght of the conposition. 15 27. A nethod of operating
an internal conbustion engine conprising operating the internal conbustion
engine with a lubricating oil conposition conprising (a) a major anount of
a base oil of lubricating viscosity and (b) a mnor deposit-inhibiting

ef fectiveSanount 5. alledaleidating pil cdmpbsitién of cliiga®3 homez 4 sulfifr cpoeptalot 20
ester of the general formula: 51 O

exceeding 0.2 wt. %, based on the total weight of the composition.

26. The lubricating oil composition of any one of claims 13 to 22, further
comprising at least one additive selected from the group consisting of metallic
10 detergents, ashless dispersants, friction modifiers, extreme pressure agents, viscosity
index improvers and pour point depressants such that the phosphorous content of the
lubricating oil composition is no greater than 0.08 wt. % and the sulfur content of
the lubricating oil composition is no greater than 0.2 wt. %, based on the total
weight of the composition.
15
27. A method of operating an internal combustion engine comprising
operating the internal combustion engine with a lubricating oil composition
comprising (a) a major amount of a base oil of lubricating viscosity and {(b) a minor
deposit-inhibiting effective amount of a reaction product of at least one first polyol

20  ester of the general formula:
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11 1 CHzOCR O 2(1) Il CHOCR O 3 E1 CH2CCR wherein R, R2 and R3 are

I ndependently aliphatic hydrocarbyl noieties having 4 to about 75 carbon
atons; and at | east one second polyol ester of the general formula: O II
OCR4 (CH2)x RT C (CH2)y O5 10 R6 wherein x and y are the sane or
different and are integers froml to 6, R4 and R5 are independently

al i phatic hydrocarbyl noieties having 4 to 24 carbon atons and R6

O
II

CH, oc—R!

0
CH—— OC R? @
0
CH, ocC R}

wherein R', R? and R? are independently aliphatic hydrocarbyl moieties having 4 to

about 75 carbon atoms; and at least one second polyol ester of the general formula:

0
I
OC——FR
(CHy),
R'—— C— (CHy), 0 (1)
N
0C R

5 R®
wherein x and y are the same or different and are integers from 1 to 6, R* and R are
independently aliphatic hydrocarbyl moieties having 4 to 24 carbon atoms and R®
and R’ are independently hydrogen, an aliphatic hydrocarbyl moiety having 1 to 10

carbon atoms or

0

10 (CHy), oc—R®
wherein z is an integer from 0 to 6 and R® is an aliphatic hydrocarbyl moiety having

4 to 24 carbon atoms.
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and R7 are independently hydrogen, an aliphatic hydrocarbyl noiety having 1
to 10 carbon atons or 0 Il (CH2)Z OC R8 wherein z is an integer fromO to
6 and R8 is an aliphatic hydrocarbyl noiety having 4 to 24 carbon atons. 52
28. The nethod of claim 27, wherein the base oil of lubricating viscosity
is conprised of a mneral base oil. 5 29. The nethod of claim 27, wherein
the base oil of lubricating viscosity is conprised of a polyal phaolefin
base oil. 30. The nethod of any one of clainms 27 to 29, wherein R, R2 and
R3 of the first polyol ester are independently selected froman aliphatic

nydr ocar byl ot et el Guiaath & fin?sy SHRANIRYAEY) FRLAL AL 5aR] 500, O

R, RR and R3 is satura droca aving ‘4

carbon atons, and v&: ein a?l Ieas one of R, R2 and R3 is an aliphatic
hydr ocar byl F8@Fs© RYeF BW#TE ‘to 24 carbon atons. 15 31. The nethod of
claim 30, wherein the aliphatic hydrocarbyl nmoiety having from1ll to 24
carbon atons is derived froma fatty acid selected fromthe group
consisting of oleic acid, eicosenoic acid and erucic acid. 32. The nethod
of any oné of cl ai29s Th¢ mah®Dof cMier Zi, whieteen fhietbase @bbilobriemingrvisc@dtyiis canol a
oil and the second polyol ester is a trinethylol propane (TMP) ester

comprised of a polyalphaolefin base oil.

30. The method of any one of claims 27 to 29, wherein R}, R? and R? of the
first polyol ester are independently selected from an aliphatic hydrocarbyl moiety
10 having 4 to 24 carbon atoms, wherein at least one of R!, R? and R* is a saturated
aliphatic hydrocarbyl moiety having 4 to 10 carbon atoms, and wherein at least one
of R, R”? and R®is an aliphatic hydrocarbyl moiety having from 11 to 24 carbon

atoms,

15 31. The method of claim 30, wherein the aliphatic hydrocarbyl moiety
having from 11 to 24 carbon atoms is derived from a fatty acid selected from the

group consisting of oleic acid, eicosenoic acid and erucic acid.

32. The method of any one of claims 27 to 29, wherein the first polyol ester
20 iscanola o1l and the second polyol ester is a trimethylolpropane (TMP) ester
selected from the group consisting of TMP tri(2-ethyl hexanoate), TMP
triheptanoate (TMPTH), TMP tricaprylate, TMP tricaprate, TMP tri(isononanoate)

and TMP trioleate,
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selected fromthe group consisting of TWP tri(2-ethyl hexanoate), TMP

tri heptanoate (TMPTH), TMP tricaprylate, TMP tricaprate, TM
tri(isononanoate) and TMP trioleate. 53 33. The nmethod of any one of
clainms 27 to 32, wherein the mnor deposit- inhibiting effective anmount of
conponent (b) of the lubricating oil conposition is about 0.05 to about 10
w. % based on the total weight of the conposition. 5 34. The nethod of
any one of claims 27 to 32, wherein the mnor deposit- inhibiting effective
anount of conponent (b) of the lubricating oil conposition is about 0.1 to

about 8 wt. % ba t |. wei ght . of onposi i on. 10 35. The

nmet hod of any oneS%Tq '@fl’aql%sﬁoég%%g %’f,oq\fkg}l%ﬁ]p%%wm%ﬁ%? h’ﬁé'%lg]i' GEpoiglp;ﬂ'ui biting
ef fective anoupt . of onent (b) of the bri cating . oil _conposition is
Sbout 0.2 to BB %t%enngmwgégﬁcwp?q&@t @Spéthe%éhrmmwﬂ CHBPRBHILS ti on.
36. The nethod of any one of clainms 27 to 35, wherein the |ubricating oi

15 conposi t i ciorb& 03 fp dmEt 1) 3¢.54i hagedprthe tokl wrighiwithe compysidn. Ow 40,

OW 50, OW60,5W 5W 20, 5W 30, 5W40, 5W50,5W60, TON |TOM20, | ON30, 10W

40, 10W56, 15W 15W 20, 15W 30 or 15W40. 37. The nethod of any one of
claims 27 to 36, wherein the lubricating oil 20 conposition has a

phosphor ous cont end4, Nife AEEEET 2 SheQF chims I 1735 SheRiin tHan#n6E ddpositei ght  of
t he conposition. 54 38. The nethod of any one of clainms 27 to 37, wherein

the lubricati i'ﬂﬂibﬂidg effective amount of component (b) of the lubricating oil composition is

about 0.1 to about 8 wt. %, based on the total weight of the composition.

10 35. The method of any one of claims 27 to 32, wherein the minor deposit-
inhibiting effective amount of component (b) of the lubricating oil composition is

about 0.2 to about 5 wt. %, based on the total weight of the composition.

36. The method of any one of claims 27 to 35, wherein the lubricating oil
15  composition has an SAE Viscosity Grade of OW, OW-20, 0W-30, 0W-40, 0W-50,
0W-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50, 5W-60, 10W, 10W-20, 10W-30, 10W-

40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40.

37. The method of any one of claims 27 to 36, wherein the lubricating oil
20  composition has a phosphorous content not exceeding 0.08 wt. %, based on the total

weight of the composition.
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conposition has a phosphorous content not exceeding 0.05 w. % based on
the total weight of the conposition 5 39. The nethod of clains 37 or 38,
wherein the lubricating oil conmposition has a sulfur content not exceeding
0.2 wt. % based on the total weight of the conposition. 10 40. The net hod
of any one of clainms 27 to 36, wherein the lubricating oil conposition
further conprises at |east one additive selected fromthe group consisting
of netallic detergents, ashless dispersants, friction nodifiers, extrene
pressure agents, viscosity index inprovers and pour point depressants such

that th h h
0 BRSPS,

greater than 0.08 wt ricating oi

0,
ggggz: E : 82 Iqiog? dstlion tas?arlp 0Sp: or%uszcc\)/%tent ﬁot excegc?ngB%Stv\n %, fgs%ld oV\Qhegtrc])EaIOf the

weight of the composition

5
39. The method of claims 37 or 38, wherein the lubricating oil composition
has a sulfur content not exceeding 0.2 wt. %, based on the total weight of the
composition.
10 40. The method of any one of claims 27 to 36, wherein the lubricating oil

composition further comprises at least one additive selected from the group
consisting of metallic detergents, ashless dispersants, friction modifiers, extreme
pressure agents, viscosity index improvers and pour point depressants such that the
phosphorous content of the lubricating oil composition is no greater than 0.08 wt. %
15  and the sulfur content of the lubricating 0il composition is no greater than 0.2 wt. %,

based on the total weight of the composition.
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