LUBRF CATI NG O L COVPCSI TI ONS AND ‘METHODS FOR | MPROVI NG FUEL ECONOWY | N AN
| NTERNAL COVBUSTI ON ENG NE USI NG SAME BACKGROUND OF THE | NVENTION- 5 1.
Technircal Field The present invention relates generally to |ubricating. oil
cenpositions and to nethods for inproving fuel econony in an internal
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conmbustion engi ne such as a gasoline or diesel internal combustion engi ne -
enploying the |ubricating oil conpositions. 2. Description of Related Art
The vi scosi t BAGRGROUNDOF LHE IRYE a key feature when selecting a .
| ubricating oil. The | ubrl cating oil is typically chosen according to both
the clineticltBeghaicakBields to 15 which the engine is exposed, and the
tenperatures and shear conditions under which the engine operates.. Thus,
the oil nust be oFfhsprEdenciresntiby rdlases gengrelbystiotiybrigatingrotiicompositiansped &t ures to
provi de adequate | ubrication upon cold starting of the engine, and capable
of nmai nt ai ni fgthsdd for thEbiing fieLasndmy incanlintbmilcatmbudtioe eagind wsingvdame. More s

under a full operating |oad.. 20 The Society of Autonotive Engi neers.
classificati paricilsdye he piAEntisRatiomlie direstal toelxgiso ef @i dshigssofietion \Bedifdrtiy

speci fications. 'Si ngI e grades are designated as SAE 20, 30, 40, 50, and 60

grade, and apgigghlRadoR osaldn@wl@ﬂet%dsrtati@pﬂsvmameu Sconb®§ @Sdd iMteFrANge at
100C (ASTM D445), "as we as a mnimum high shear rate viscosity at 150C
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lubricating oil compositions.

2. Description of Related Art

The viscosity grade of an engine oil is a key feature when selecting a Iubricating
‘oii. The lubricating oil is. typically chosen according to both the climatic temperatures to
15  which the engine is exposed, and the temperatures and shear conditions under which the
engine operates. . Thus, the oil must be of sufficiently low viscosity at ambient
temperatures to provide adequate lubrication upon cold starting of the engine, and
capable of maintaining sufficient viscosity to lubricate the engine when it is under a foil
operating load. |
20 The Society of Automotive Engineers classification system, SAE J300, deﬁneé
engil}e oil grade viscosity specifications. Single grades are designated as SAE 20, 30, 40, -
50, and 60 grade, and are defined by a low shear rate kinematic viscosity range at 100°C
(ASTM D445}, as well as a minimum high shear rate viscosity at 150°C (such as ASTM

D4683, CEC L-36-A-90, or ASTM D5481). Engine oils designated as SAE OW tﬁrough



25W have -been cl assified according to their | ow tenperature cranking
viscosities (ASTM D5293), |ow tenperature punping viscosities (ASTMA684),
and a 'm ni mum ki nematic viscosity at 100C. Multigrade oils neet both the
high and | ow tenperature viscosity requirenments indicated in their '
nomencl at ure. exanpl.e ..an engj.ne o l. designated as .5 SAE 5W 3

possesses t he25’? é&v&%ﬁ?lgs@ﬁgﬁ%gﬁléﬁ kS Sﬁ%rslogf e'%&%a%‘ﬁe SFagkine ‘8§ci°§1¥¥5§ ?‘%\%TM as
the |ow tenpepature visconetric qualities W | ubricating oil
shoul d be choSEREIeH fft%“’é‘HEPB‘BP‘g&F’éC%FGFI(“%’FH?QF%BU? 2 RITRHREETRRE i gh
shear rate viscosities for a given engine type and operating conditions in.
an effort to Yesbmt 10RE. dvyfigadgailsmeeh bothithe highandlawi temperniire vagosise
associated with 10 inadequate boundary layer |ubrication and oil ¢thinning,
respect i vel y. re@iirenieatslindicated imfhesmdmpmaterenper example, en gigiee ¢t dasigoniedas t he
maxi mum | ow t enperature cranking and punping viscosities of the |ubricant
shoul d natth $AB SWedlipossersasttbe visqpased dbyracthestienof $ARBBOmtotbnoilsvdsivedil dshlee
engine will be operated. The maxi mum | ow tenperature viscosity limts of a
gi ven oil grade tamperhtnicondeletiio qdsitienef SARSW.| 's ability to facilitate

engi ne starting in cold 15 weather, and to ensure the ready flow of cold
oil to the oil punRubibRigbN skiul bl chbfh Wwittethe BSreplidta highkei@itoR damage due
to insufficient lubrication. In addition to sel'ecting the appropriate

mul ti grade ol Liperhdiial ; : i r 4] £hgisne to
have its oil %R%drl\%&%ﬁ%ggﬁ%‘5?@%@&?%[%%& gt@ %ﬂ %%Ftﬁttg?énm?%{em%gwgg? EI’IIC)? and
mechani cal i ”{n%%’g‘&%xé’ Jv{ﬂﬁth%%ﬂ%iﬂ@weﬂ%ﬁ\éﬁ%ons InpliSn BRI QlocBldd GRANGE 20
intervals to l'ag béhind other service 1 ntervals since consuners can Vi ew
oi | chang as _.,one of the.nore, i.nconveni.ent and, in.sgne.cases, cast]y
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oil service i@terval s _have, been extended. with the introduction of higher

qual i ty base SFIERECANE WERE SO AR TEEmE T P Y empsae fanking and pumping

viscosities of the lubricant should match the requirements imposed by the environment in-

which the engine will be operated. The maximum low temperature viscosity limits of a
given oil grade; are intended to define the oil’s ability to facilitate engine starting in cold

15 weather, and to ensure the ready flow of cold oil to the oil pump, thereby minimi;zing the
potential pf engine damage due to insufficient lubrication.

In addition to selecting the appropriate multigrade oil, it is also necessary for the
internal combustion engine to have its oil changed periodically in order to maintain the
efficiency and mechaﬁical integrity of the engine. .However, it is cominon for oil change

20  intervals to lag behind other service intervals since consumers can view oil changes as
one of the more inconvenient and, in some cases, costly regular maintenance aspects of
vehicle ownership. Typically, recommended oil service intervals have been extended

with the introduction of higher quality base stocks and better lubricant additive packages.



Yet regular oil changes still tend to | ag behi nd ot her maintenance itens
such as, for exanple, air filter replacenent, brake replacenent, etc. The
problemtherefore is to further inprove the lubricant technol ogy in order
to help counteract the inpact. of this ‘vehicle nmaintenance problem 5
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fuel econo of "an" 1 nterna on engine, particularly ,
t hat of passenger, car., engj nes d .di esel fuel, engine The viscosity of
Lhe engi he o FTae G dIEERRBrr i raka PR gEs ot dne BERlsoHpere s fuer ¢ he
oil's viscosity, the | ower the viscqus drag on the engine and hence the
better the f@é%/heé!f@?faﬁﬁ/thﬁlﬂbﬂﬁmg%oﬁom&‘gef fo Ii%cqwt edmpast pithis 0 grade
oils must still provide adequate lubrication to protect the engine. A

vari ety of coppelangstenanes melempr.oposed as additives for lubricating oils
to enhance the abi'lity of the oils to, for exanple, disperse contam nants,
resi st oxidati on? Themdras gshiren fn inctdaging wericeln, in fasent years taigwiave thenfuklncr easi ng
the fuel econonmy of the engine. For exanple, oil sol uble nol ybdenum
conpounds suehomsny feoformanaeapf @), intenlay batsbrustion dniging] piantiantasly tearaf gassdngatecabeen
found to be useful as friction nodifying additives in lubricants. This
class of nol whsiesnd GrEs duld dssitan TRE OXcsiy enthaesgst diliebneaeoping: by
reducing friction in internal combustion engines, but their long term
friction redygliefts AREBRhbiy d4thé kel IR oHEIWicO8ityl TS thd BtoREdBOBRIRM Sed
given their efficacy as lubricant antioxidants. 20 One probl em associ at ed
with the use .gf: o SOTRRMAGS: ch S S fot s [ O ts
when added tSB%I %yn%ggﬁﬁg}]t 'S we cﬁﬁoovﬁp?ﬁ)é. ﬁ'b?ﬁ%{c"éﬁr’ﬁge g)%ggééogﬁ?
parti al I'y,oxi di zed when . .con t WL L ed tenperatures for
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modern internal C?&n\?alﬁ%w oc}rc]:or%pounds have been proposéd as additives for lubricating oils fo

en_hgnce the ability of the oils to, for example, disperse contaminants, resist oxidation,
and reciuce friction whicﬁ, in turn, assist in increasing the fuel economy bf the engine,
For example, oil soluble molybdenum compounds sﬁch as, for example, molybdenumi

15  dithiocarbamate, have been found to be useful as friction modifying additives in
lubricants, This class of molybdenum compounds can provide enhanced fuel economy
by reducing friction in internal combustion engines, but their long term friction reduction
benefit during the service interval may be compromised given their efficacy as lubricant
antioxidants. | | |

20 One problem associated with the use of molybdenum compounds is that they
serve as antioxidants when added to the engine. It is; well known that lubricating oils are
partially oxidized when contacted with oxygen at elevated terﬁperatureé for long periods.

The oxidation in motor oils is particularly acute in the modern internal combustion



engine that is designed to operate under heavy workl oads and at el evated
tenperatures. Accordingly, as the lubricating oil undergoes oxidation the
nol ybdenum conpounds will, in turn, be consunmed as an anti oxi dant thus
l+mting their use as a friction nodifier in the engine. 5 It is believed
by applicants that 0.8 weight percent qf a friction i fier based on the
reaction prodefginedhat d%q,fé‘ﬁﬁ‘?gd t8i°8°r3‘i‘?dma?r3ieﬁ‘ﬁ'n% fkﬁ‘?%a‘ﬂg’g gfﬁ@"gﬁc{ eppgratures.
commercially in a_ SAE | OM30 engine oil conpasition having a typical

ki nematic vi sberdipelpfas the lubricatineqigrdergees 9@?%6@@01%%% compopndgéll.of a
hi gh viscosity engine oil with a low anmount of friction nodifier limts
the fuel -econtariymbemesnsumegrag an anticxidapichag limiting their ypowse fricien medifiprin the
conposition. It would therefore be desirable to provide a |ubricating oi
conposi ti.on weighie. provides significantly inproved fuel econony and wear
protection, which results.in a reduction in emssions. 15 SUMVARY OF THE
| NVENTI ON She pr eskidbeliened by applicpothatded weight pecadnt of Biction swpidst basedisn and
nmet hods for inproving the fuel econony of an internal conbustion engine
enpl oyi ng t hetHe%Hcﬁ@rﬁﬁﬂoﬂﬁbt oftdcoRRrlosd tietHasolanhing fias Hiean 8616 @b HMBRRINIL H a
first enbodi ment of the present invention, a |lubricating oil conposition

i's provided mmhomﬁw&ﬁmﬂ(&)ntpaaﬁ&i Haviib ol tyiéal kmbinaie Micesi@pont 20 having a

ki nematic viscosity of about 2 to 10.5 ¢St at 100C and (b) a friction
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reaction product o about C7?5 fatty a nd an
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whi ch co i ses operating the. .engi ne
r‘r% propetties gft the gomposmon.g

It would therefore be desirable to provide 2 lubricating o1l composition which
provides significantly improved fuel economy and wear protection, which results in a

reduction in emissions.

15 SUMMARY OF THE INVENTION
The present invention provides lubricating oil compositions and methods for
improving the fuel economy of an internal combustion engine employing the lubricating .
oil compositions. Thus, in accordance with a first embodiment of the present invention, a
lubricating oil composition is provided which comprises (a) aﬁ oil of lubri'ca;ting viscosity
20 having a kinematic viscosity of about 2 to 10.5 ¢St at 100°é and (b) a friction modifying
effective amount of an ashless friction modifier comprising a reaction product of a Cs to

about Crs fatty acid ester and an alkanolamine.



with a lubricating oil conposition conprising (a) an oil of lubricating
viscosity having a kinematic viscosity in the range of about 2 to 10.5 cSt
at 100C-and (b) a friction 5 nodi fying effective anount of an ashl ess
friction nodifier conprising-a reaction product of a C4 to about C75 fatty
acid ester and an al kanol am ne. An. al ternat.i ve _enpodi nenf_of the present
invention is a | ubﬁl"@ﬁ'ﬁ Wﬁﬁc%?’qnc?:ﬁ'ﬁhg@‘i RUPSGRE 1BUHERT %Siarfagg%fg foé’r’i“%?‘fmé{; &

| ubricating viscosity having a kinematic viscosity of about 2 to 10.5 cSt
at 100C and cBskrepaemyyckasdeiernsombusiing pngigs Wiish gampisss eperatingrtheiengies j r st

| ubricating oil, and about 15 to about 45 weight percent of a second
| ubri cating owith aWhsicating oillvemppsittanegomprising (DS il oblubripaing gisensdy hasing at i ng
oil is lower than the kinemati.c viscosity of the first lubricating oil at

100C; and ( b) kiaéoatic vischsityan thieoartge of 8bowt 2 gt 0.pebtanii0d° G asl) ofrictibee t ot al

wei ght of the lubricating oil conposition, of an ashless friction nodifier
conpri si ngs a medigfingeffepiadintiunodf st ackleds GricidauiodEib chrapriyngaaiesttion paiduand -an
15 al kanol am ne. A second alternative enbodi nent of the present iInvention

i's a |ubricat bfQCPid abo®Qlp Bftytacidresep B dnsill@olafiiile, an oi | of | ubricating
viscosity having a kinematic viscosity of about 2 to 10.5 ¢St at 100C

conprising: 20 (i ) AR attdrhiRive MBS difedd P eheQrbseRQARNtISH 3G 188icRide g | ubri cating
viscosity having a kinematic viscosity of 9.3 to about 16.3 cSt at a
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wherein the kinematic viscosity of the second lubribating oil is lower than the kinematic

~55

viscosity of the .ﬁ_rst lubricating oil at .1 00°C; and (b) about 0.5 to about 5.0 weight
perceﬂt; baseci on tl;e total weight of tﬁe lubricating oil composition, of an ashless friction
modifier comprising a reaction product of a C4 to about Cys fatty acid ester and an
15  alkanolamine,
A second alternative embodiment of the present invention is a lubricating oil
composition comprising:
(a) an oil of lubricating viscosity having a kinematic vis;cosity of about 2 t0 10.5
© ¢St at 100°C comprising: -
20 . | (i) a first lubricating oil comprising an oil of lubricating viscosity having a
kinematic viscos;ity of 9.3 to about 16.3 ¢St at a temperature of 100°C;. and,
| (ii) a second lubricating oil comprising an oil of lubricating viscosity

‘having a kinematic viscosity in the range of about 2 to less than or equal to 9.3 ¢St at a



(b) a friction nodifying effective anount of an ashless friction nodifier
conprising a reaction product of a C4 to about C75 fatty acid ester and an
al kanotam ne. 5 A preferred alternative enbodi nent of the present
invention is-a lubricating oil conposition conprising (a) an oil  of
lubricating viscosity and (b) to about 4.5 me|% percent, based on the
total ‘wei ght tefmpetaturé qumoﬁ%twh@gelmihp kinemplisslicPoiy,of e sapendduhirisatingrailist i on
nodi fier conprising a reaction product of a C4 to about C75 fatty acid
ester. and anlowat thamtiediemetic difcositypefithe frst lebrrloptingr @ at 10@°T; ahd,er nat.i ve
enbodi nent of the present invention is a lubricating oil conposition
conprising (a) an @) h fridkioh modifyied ffegtivel svmosti df yn wihbgoRictiyn Madifisy  a

ki nematic viscosity. of about 2 to 10.5 ¢St at 100C and (b) 1 to about 4.5

wei ght  per cecfumprisa.gac}e@ﬂoﬁ ?@dwwh Qs potit ©F ftyecidwlier Sl dnka@blamine,
conposition, of an ashless friction nodifier conprising a reaction product

of a C4 to about Qﬁréfa{rédyan%me%gposam@%fm pr&edtl ikANRS AR L MbricMatads for

inproving the fuel econony of an internal mbusti on engi ne whi ci’

conpri ses ope 5 ating
o 1" composi [1 Sawdfich Eﬁm@”ﬁ*ﬁ@ A oryftfey 2%%‘%8.“% off $F100 M LBl
herein at a tenp St nda ASTM D445,
The term "¢l y%ere;%liql dsonﬁ %ﬁ ﬁﬁoredlg?nsc‘?i&n gf é‘@n‘%s hgﬁs% H;élf)f‘ved
from natural mal or an ) |. cerld s that are
Gynthet 1 cal & yaB foapmsnep gagithadatist SFLCH t@ﬁBO@Rd P B PSR APy r |

al cohol) and fatty acids in which one or 6 nore of the hydroxyl groups of

gl ycerol are dkgnelanpned with the car boxyl groups of fatty acids containing

fromabout 4 to about 75 carbon atons and preferably fromabout 6 to
10 A particularly preferred aitematwe embodiment of the present invention is a

lubricating oil composition comprising () an oil of lubncatmg viscosity viscosity having
a kinematic viscosity of about 2 to 10.5 ¢St at 100°C and (b) 1 to about 4.5 weight
i:)ercent, based on the total weigﬁt of the Iquicating oil composition, of an ashless friction
modifier comprising a reaction product of a C4 to about Css fatty.acid ester and an
15  alkanolamine. |
Methods for improving the fuel economy of .'«,.m internal combustion engine which
comprises operating the engine with the foregoing alternative lubricating oil composition
are also provided.
All kinematic viscosity measurements herein at a temperature of 100°.C. are maae
20 with ASTM standard ASTM D44§.
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



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 5 glyceride is denoted a
"triglyceride". When only one or two of ‘the hydroxyl groups are

esterified, the resulting_ produc are denot.ed. "nopogl ycer,i des” d

"di gl ycer des""f‘oret"ga‘ﬁé‘ﬁ‘?r wgga_up?\atigiycgqo?gqeﬁtgp ‘?Pe‘é“ﬂéa'@gcﬁh?éﬂ g@‘i"%@?&‘ﬂ@s
conprising triglycerides and m nor ampunts, e.g., fraomabout 0.1 to about
40 nol e per cA§ids cotaippa Fomaneutd tgabeut /b gadon atQsis 3pd prefrrpbly firmaboptfeioude,
e.g., coconut and soybean oils. Synthetically produced 10 glycerides are
synt hesi.zed mpouti4 cathedetosist Thafatizaeits ean bsseteated ofl upsetprtedalinpan brasched aci d
or mxture of fatty acids containing fromabout 6 to about 24 carbon atons.
The fatty acirdydemdecabeglicacatse Wiere thresdydnoaylanoupsianeesterifiod, aheteadting '
cyclic nmono carb oxylic acid or mxture thereof. The fatty acid itself can
be derived frayoerad iddatoted a ‘Griglydatide’t Wlienamlynoale,or w6 uf tehydiox@gpds atd1Cl ude,
but are not limted to, caproic, caprylic, capric, laurie, 15 nyristic,

palmtic, stedfdified MeAedtthaGrodabidiafe dehbio@!@bioghReriddsNahEigyaahgs, and
m xtures of any of the foregoing. The synthetically produced glycerides

will contain &@@@%ﬁpwmﬁg g@c@ﬂ&?%tnﬁﬂf&pggfeehee&%@ﬁﬁ%gttﬁglgéem&ramﬁﬁnaeﬂ' th

the bal ance, if any,” representing fromabout 0 to about™20 nole percent
e R R e L e R S e
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representati Ocﬂ‘ n%LtuEehgf fz?t yea%%s \(/;(S)ritaigiing ér%f : bglrllt tFSAébe?t 2-|;1ecse;[rbon atoms. The fatty
acid can be a saturated or unsatu_rated, linegr, branched or cyclic monocarquylic acid or
mixture thereof. The'f‘atty acid itseif can be derived ﬁ‘om natural, i.e., plant or animal,
sources. Examples include, but are not _limite& to, caproic, caprylic, capric, lauric,
15 myristic, palrhitic, stearic, arachidic, oleic, linoleic and linolenic acids, and mixtures of
any of the foregoing. The synthetically produced glycerides will contain from about 80
to about 100 mole percent tr\iglycerides with the balance, if any, representing from about
0 to about 20 mole percent mono and di-glycerides, present in admixture with
triglycerides. |
20 Among -other factors, the present invention is based on the unexpected and
surprising discovery that the fuel economy of an internal combustion engine in addition

to wear protection at low temperatures is improved while also reducing emissions when

employing the foregoing lubricating oil corriposiﬁons.



Cycle. Figure 2 is a graphical representation of the speed vs. tine of an
EPA Hi ghway 5 Fuel Econony Driving Schedule. Figure 3 is a diagramof the.
experinental setup for the H gh Frequency Reciprocating Rig (BFRR) Test.
Fikgure 4 is a graphical representation of the results of the IVRR test for
the lubricating 0|I composi tions of Exa pl es 2 and 4 and Conparative

Exanpl es B anBREEFBES IAQNEQF THEDRA Sal representation of |ow.

t enperature operabl I|ty for the coI d startl ng cranking test (ASTM D5293)
for the |ubricati ngswril icoaipkira repiesontatouaiplespsed Welineef an BIXETP Teww 30
grade oil of Conparative Exanple C. Figure 5b is a graphical representation
of | ow tenper@yade.e operability for the cold starting punpability test N
(ASTM D4684) for the lubricating oil conposition of Exanple 2 15. versus a
SAE | O 30 grade oFifuref2 iCopraphied] irapeeskntativml of (6. spEAdTAl ik oM Highelhy OF TBE
MENTION In a first enbodi nent of the present invention, a lubricating oil
corrp05| tion IBuel EE&\Gn@QUnMﬁg s&he@merprl ses (a) an oil of lubricating

viscosity having a kinematic viscosi . ty. 20 in the range of about 2 to

10.5 cSt and pref egjghly if § aEb@RQUihLexhQith@S sdbipfor # Fash FRAGLRPS!
preferably from abolgitE)AGJSl 9 ?% | ess tﬁgnlor equal tro 9. ng :ﬂwl O00C and

(b) a ftictio e anount of an ashless friction nodifier
ReciffB Qatfngfﬁ%gﬁc@%fw |

conprising a reaction a 4 to about C-75 fatty acid ester and

an 2 kanol am e, ke Of FUbBHEAS ORI R0 L0, O b dRmRERLL fmeof the

first.embodi nent, use provi t he
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10 Figure 5a is a graphical representation of low temperature operability for the cold

starting cranking test (ASTM D5293) for the lubriéating oil composition of Example 2
versus a SAE 10W-30 grade oil of Comparative Example C.

| Figure Sbisa graphical representation of low temperature operability for the cold
starting pumpability test (ASTM D4684) for the lubricating oil composition of Example 2

15 versus a SAE 10W-30 graﬂe oil of Comparative Example C.

DETAILED DESCRIPTION OF THE INVENTION
In a first embodiment of the present invention, a lubricating oil composition is
.provid'ed which comprises (2) an oil of lubricating viscosity having a kinematic viscosity,
20  in the range of about 2 to 10.5 cSt and preferably from about 2 to less than 10 ¢St and
most preferably from about 3.8 to less than or equal to 9.3 ¢St at 100°C and (B) a friction
modifying effective amount of an ashless friction modifier comprising a reaction product

of a C,4 to about Cys fatty acid ester and an alkanolamine.



cSt and nost preferably fromabout 3.8 to |l ess than or equal to 9.3 cSt at
100C. In 5 practice, this neans that the oil is selected fromone or nore
natural oils, synthetic ails or mxtures thereof which neets the foregoing
ktnematic viscosity requirenents at 100C. Useful natural oils include

m neral | ubricati nlg foinudatisg the habsicatingroilexmpyritean dfitbpifidt @ebadoheitmanyoi | s,
solvent-treated or acid-treated mneral lubricating oils of the paraffinic,
napht heni ¢  osuitablx i rpabahied pravided phiidesntheretyipesentsaifihavielg b kingghafic om coal or
shale, animal oils, 10 vegetable oils (e.g., castor oils and lard oil), and

the like. Usefistosisymtiiteiahde dfdbdit 026 10\§ c8i dnd préPedablf onPabiouds & 126¢ thhd o t ed
to, hydrocarbon oils and hal o-substituted hydrocarbon oils such as _

pol ymeri zed agd ahdhRBERRLAABRY FoRtbONE & Sless @had-or eﬂ@zil Y({)y.tBYcJS?Qtela)O“C; In
pol ypr opyl enes, propylene-iSobutyl ene copolynmers, chlorinate

PPl 5! e SpralieYbls i AEREHe PR MdeThE R i K AR SRR, RS, e

li ke and 15 'm xtures thereof; a enzenes suc
t et radecyl be Lnonvlibenzenes  di( 2~ et hyl hexyl) - benzenes, d.the
| e ol ypheres ik ORPERECE Rredoidg Ribtty 3820} pREaRR0 i EG <.
and the like;, alkyl ated. di phenyl ethers.and al kyl afed di phenyl sulfides
o the der i WU eRi i BUE B s Pusas o cxampiP e rerhlsmus et Ul
synt hetic Pubn'catinP oils include, hut are not limted to, oils nmade by
20 pol yreri zi H§ sheniiieates onagiderepted minergd bsisa ing et theparadinie maphteenés
propyl ene, butyl enes, _isobutene, pentene, and m xtures thereof. Methods of
preparing suc pEed pastiiinicingphfeaic typs,| oilk destved fiom ¢naber sikie) dndalicilst he art. 9
Addi tional useful synthetic hydrocarbon-oils inctude liquid polymers of
al pha ol ¥ i negetablends (s, qstopais and Bobei)and thesigeci al |y useful synthetic
hydrocarbon oils are the hydrogenated Iiquid oligonmers of C6 to C12 al pha
ol efins such as, figsefidxymhptiejubficatieg eifcincliide, brare not limited to, hydrocarbon oils
and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(l-hexénes), poly(1-octenes), poly(1-decenes), and the like and
15 mixtures thereof, alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes,
~ dinonylbenzenes, di(2-ethylhexy!)-benzenes, and the like; polyphenyls such as biphenyls,
terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl ethers and alkylated
diphenyl! sulfides and the derivative, analogs and homologs thereof and the like.
Other useful synthetic lubricating oils include, but are not limited to, oils made bjr
20 polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,

isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are

well known to those skilled in the art.



5 Anot her class of useful synthetic lubricating oils include, but are not
limted to, alkylene oxide polyners, i.e., honopolyners, interpolyners, and
derivatives thereof where the term nal hydroxyl groups have been nodified
by, for exanple, esterification or etherification. These oils.are
exenplified by the oils prepared through polynerization of ethylene oxide
or propyl ene oxi dédditineal byl syrtheticdiygirocatbhe pits ingludetliguid polymgesofalpkpl ene 10
polyners (e.g., nethyl poly propyl ene glycol ether having an average

mol ecul ar vveiowins haingith® poperdiigsheatyy |Espediadly uedful ppithetic hydrecebal ois ate thavi ng a
nmol ecul ar wei ght of 500-1000, diethyl ether of polypropyl ene glycol having
.a nol ecul ar hyérogératedfliqhid@liGerherS GOCs &1t €y, pipha olefimrzoch anfbr padmplean bidyatei C
esters thereof 'such as, for exanple, the acetic esters, mxed C3-C8 fatty
acid esters, tfmet he CL30xo acid diester of tetraethylene glycol. 15 Yet
anot her class of useful synthetic lubricating oils include, but are not

limited &0, the esbfksdek o@b%@ﬁﬁﬂéﬂc%iﬁi@hﬂﬁ ofls glcludé)lahmb hé&t 1R QmSUCC' nic
acid, al kyl succinic acids al kenyl succinic acids, maleic aC|§ dzel ai c

aci d, suber | %1@feh98m§§g@gm§rsqce GombBIhLS, Bfliym Fsdarchfen@&lvgst i) & ¢ actd

di mer, mal oni c”aci ‘mal’oni ¢ oni c ac
wth a varie
Al conol + - 20 BeHE A0 *@ﬂ@%ﬁ%f’“ﬁé*{ahy & %9’3%% e efx%ﬂxa&na% %ﬁegﬁ&?vear
nonoet her, pr ene g etc cifi ese esters ncl ude
di butyl ad pgﬁ%&ﬁﬂe& TS el P}%ﬁﬁ@&%@%ﬁw e RRe e ot R aedton ob v
sebacate, diisopctyl. azelate, dili ec elate, diocty ht hal at e,
di decyl phth&ﬂgf eoﬁﬁ%PEB@?ﬂe aq@ ﬁ?H%é { VF%@%@W°@P§§9@W¥@ﬂGI|nolelc
acid dimer, the 10 conplex ester forned by reactlng one nol e of sebacic
aci d wi t HOt wpolysiess(eds, meihyl pely pyanyleae aivgal stherbating\an avrsegegmalecular weight
2- et hyl hexanoic acid and the |like. Esters useful as synthetic oils also
i ncl ude, but cid®0pcdiphenytietted of polyethydene glyseldating rmolpoulacaeighs of 591801, ds
haV|ng from about 5 to about 12 carbon atons and polyols and
dlethyi ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed
C;-Cg fatty acid esters, or the C;30xo0 acid diester of tetraethylene glycol.
15 Yet another class of useful synthetic lubricating oils include, but are not limited
to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic acids,
alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, e.g.; butyl alcohol, hexyl alcohol, dodécyl alcohol,
20 Z-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-
hexyl fumarate, diocty! sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl-phthalate,

didecy! phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the

10



5 polyol ethers such as neopentyl glycol, trinethylol propane,
pentaerythritol, “dipentaerythritol, tripentaerythritol, and the |iKke.
Silicon-based oils such as, for exanple, polyalkyl-, polyaryl-, polyal koxy-
or " pol yaryl oxy-siloxane-oils and silicate oils, ‘conprise another useful
class of synthetic lubricating oils. Specific exanples of these include,
but are not |¢amplexcesten formed bywsadiipe ond @oksiof sebagieacid atthadwp swydesoyfy| sil i cate,
tetra-(2-ethylhexyl) silicate, tetra-(4-nmethyl hexyl)silicate,

t etra- (p-t erttebadthlgieagtpeb) mi Itwve ables ofi2xyhyih¢anore btif lhn@thedikeoxy) di si |l oxane, -
pol y(met hyl ) si | oxanes, pol y(nethyl phenyl)sil oxanes, and the like. Still yet
ot her useful syntHEwedrs aselill b syaaikiicglsalsb tnclude,| budere totlimtédetoN tHosd ndld £6nt O,

li quid esters of phosphorous containing acids,. e.g., tricresyl phosphate,

trioctyl phospbadcasbodtyiRtabith h&sic@FonPibodes oSl 2phacdisahiiteind Sndasolybls £ldC-
pol yneric tetrahydrofurans and the |ike. The lubricating oil may be derived

f'rom unr efy neghlydl eficRatciPthebh6] 196N tRinkisylol ;ﬁb]%ﬁ%!péﬁfhreﬂftﬁﬁtol,sym hetic or
m xtures of two or nore of any of these of the type disclosed hereinabove.

Unrefined oi |l §,a85% h éyg kgﬁﬂ i L8l froma natural or synthetic
source (e.g.,p%%a ,ﬂgﬁgf ,h%% ggzgagﬁs %itunen) Wi t hout further
purification or "tr gnt., 20 Exanmpl e I.ped.oils include, but are
not limted to, a %ﬁ%ﬂ%}a&?dl 0%8 B"f%giagre%ér %ﬁ@@g‘;ﬂ%ﬁl @Pb‘l’”ﬁhfa&ld ,I}OP)’ﬁ O@b'eqrat ions, a
petroleumoil_qbtained directly fromdistillation or ester oi] obtained
Gi rect Iy fr ok HAeREHIoRmeRls B SHegEels COBBER 2Bfiarseh! asamtiriEd w t hout
further treatnent. Refined Qils are simlar tq the unrefined oils except
they have becHPiicating pils, aipesificerepales pf s ngludpdiug atsuiot imged top ettty t o
i nprove .one or_nore properties. = These purification techni.ques are known to
t hose of ¥ki |siliqate, tata-isapronyhlicatecietiad2-ethyihexyD siisge detra-dd-metiyl-ext r act i ons,
secondary. distillation, acid or base extraction, filtration, percolation,
hydr ot r eat i nghexsligsilivatentetradp-tert-Reylphidnpidalicate] kexgr(@-rotthdi2rpshtdny)disileatieng used
- poly(methylsiloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other useful
synthetic lubricating oils include, but are not limited to, liqtiid esters of‘phosphorous
containing acids, e.g., tricresyl phosphate, trioctyl phospha?:e, diethyl ester of decane
15  phosphionic acid, etc., polymeric tetrahydrofurans and the like.
The lubricating oil may be derived from unrefined, refined and rerefined oils,

either natural, synthetic or mixtures of two or more of any of these of the type disclosed

hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source

(e.g., coal, shale, or tar sands bitumen) without further purification or treatment.

20  Examples of unrefined oils include, but are not limited to, a shale oil obtained directly
- from retorting operations, a petroleum oil obtained directly from distillation or an ester

oil obtained directly from an esterification process, each of which is then used without

further treatment. Refined oils are similar to the unrefined oils except they have been

Il



5 o0ils in processes simlar to those used to obtain refined oils. Such
rerefined oils are al so known as recl ained or reprocessed oils and often
are additionally processed by techniques directed to renoval of spent
addi tives and oil breakdown products. Lubricating oil base stocks derived

fromthe hydrgisonerization of X . d, el I or in
conbi nati on vﬁ'ﬁ er_t eélteéf“%?%estgiWr\ﬁg?ﬁ@ﬁoﬁﬁ%%gg?wﬁf%%ﬁ 6(5 H]-g)gés%r%p %Bgss't ocks. ,
Such wax isongrate oil .is produced. by the,hydroi.sonerizatio f .natural or
oyt her o el puiicpion elingihes Sokmib i BoRA T SR st 314 Binde ol vor.
Nat ural waxes are typically the slack xes,recqyered by the sol vent

dewaxi ng of SHameleafolvsnt ??Y%W*F@P?@aﬁ%@at&}“ea‘i‘%{/ﬁ‘i Rase eXjracting, {ilstion, oduced
by the. Fischer-Tropsch process. 15 The ashless friction nodifier for use
in the foregopeieplatisny hydsatreating dpwedegh 6t femiinedeilsiappolipieaidtirepiingysed on
conprises a reaction product of an about C4 to about C75. and preferably
about Cr, %o eilsduprocesses similay tathiose essd to obtaineelined ailsk Auoh wrefinedoilsHrealtat t y
acid ester for use in formng the reaction product herein can be, for
exanpl e, gl yclaowin dsatdlaimed okepotexss] oils aed piigl are edditthesllyd@péessed br om nat ur al

sources such as,. 20 for exanmple, beef tallowoil, lard oil, palmoil,
castor oil, cethmqasgsdilectdd to renéval of spentpddirivds and bil bedvearpreducts. sunf | ower
oil, olive oil, whale oil, nenhaden oil, sardine oil, coconut oil, palm

kernel oil, babassyutRichting/RMAseNtboks Aetiad Fiokn 188 HydrbiSorhdrietiod dfivak A9 alb O |
being preferred for use herein. 12 . The glycerol fatty acid estéers wll

contain from gbaudli &med RorRRPYf cdribnaBBSlwitR IR £d el dnafRRlaAi/Br SRddlic (Ret O

about C24 fatty acid esters, i.e., several fatty acid noieti'es, the nunber
and type Y§r y%tB&(SWShE‘h gfis&ﬂ&hﬁgrﬂqg g‘xrogl?ceg b thel'_f@r:htoy oﬁﬁﬁgﬁoﬁf)ﬁ?a@urgll cgs s of -
COITpOUI’ldS contal ning a. ong hydrocarbon chaln”and a term nal <car oxyI ate
group and synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
mineral oils; synthetic waxes are typically the wax produced by the Fiécher—Tropsch
process.
15 The ashless friction maodifier for use in the foregoing lubricating oil composition

of the present invention comprises a reaction product of an about C, to about Css and
preferably about Cs to about Ca4 fatty acid ester, and an alkanolamine.
The fatty acid ester for use in forming the reaction product herein can be, for
example, glycefol fatty acid esters, Le., glyceﬁdes derived from natural sources such as,
20 for example, beef tallow oil, lard oil, palm oil, castor oil, cottonseed oil, corn oil, peanut
oil, soybean oil, sunflower oil, olive oil, whale oil, menhaden oil, saI:ciine oil, coconut ot
_palm kernel oil, babassu oil, rabe oil, soya oil and the like with éoconut oil being

preferred for use herein.
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5-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 double bond in its hydrocarbon chain whereas a
saturated fatty ‘acid has no double bonds inits fatty acid chain.
Preferably, the acid is saturated. Exanples of unsaturated fatty acids

i ncl ude, nyri st ol efhe gher] fapfalapid eeeisivall eqntain frgmabeutLaite abdrit fbsandi ¢ aci d,

and the like. 10 Exanples of saturated fatty acids include caproic acid,
caprylic aci dprefeeablyi contadni about Gatoiaboutalai Hity agid pxiers,d.eqcebral Patynacid moiaties,
stearic acid, arachidic acid, behenic acid, lignoceric acid, and the I|ike.
The aci d noi ehy numyertaad sypp phiying with the foutde pf tetoflr Fateyladdympenolsosf one whi ch
is less than fully esterfied, e.qg., glyceryl tri-stearate, or glyceryl

di-laurate arubnqiom@srwmaﬂ;&lgma@g Bjdeddatbon ERHPAE! t¢@hital cEbbRYISe SfoupQindol S
i ncludi ng diols and pol yal kyl ene glycols can also be enploye such as, for

exanpl e, est efrg cRiradi&iRH E%nsat%fh’%é!i‘ drQhturaR@ %ﬁéﬁﬂ%‘f Rg6RwhethBO] YR daYliene -
pol yol and the like. The al kanol am ne enpl oyed I'n he reaction product

herein can beq{e%gfm%@ﬁgak&arbeﬁ chih BhcYerle, SRGSRAAIN AN D% TN, R55e55es

t
at | east one oXy group e expression kan l'lam ne™ I'sused in

its broadest

secondary. am SEoRLgEH &%gﬁﬁ%ﬂ‘é@ﬁrﬁﬁ’%\g@ﬂ&g?é%%@*e@%@ seifBRnedREPRRoREL '
di al k I d t K I b
used: a1t houdh R Brar] Lo Pt e B o G Rt or o 1y
havi ng from abo W&v&) to.13 about car.bon a ons, The al kanol am ne can
possess 0 or N’#d g o’f‘i‘é{‘llﬁt?l?claﬁdla?fgi“fq %%acfdeoe&?r?é“ s Hndlenigacd, gnd thedikegr oup
bei ng a, ﬁ{l mary or secondary am no@g‘r oup) .and at |east one_ hydroxy group.

The al kan¥l anfEpisef satamtel fbsacids dnclnde Raproje AU rPYe AR camig Ridkyic. H

acid, myristic acid, palmitic acid, stearic acid, arachidic acid, behenic acid, lignoceric
- acid, and the like.
The acid moiety may be supplied ina ﬁllly' esterfied coelpound or one wﬁich is
less than ﬁlll)} esterfied, e.g., glyceryl tri-stearate, or glyceryl di-laurate and glyceryl
15 mono-oleete, respectively. Esters of polyols including diols and polyalkylene glycols can
also be employed such as, for example, esters of mannitol, sorbitol, pentaerytherol,
polyoxyethylene polyol and the like.
The alkanolamine einployed in the reaction product herein can be, for example, a
primary or secondary amine which possesees at least one hydroxy group.‘ The expression
20 “alkanolamine” is used in its broadest sense to include compounds containirig at least one
primary or secondary amine and at least one hydroxy group, e.g, monoalkanolamines,
dialkanolamines, and so forth. It is believed that any alkanolamine can be used, although

preferred alkanolamines are lower alkanolamines, generally having from about two to

13



5 wherein R is hydrogen or an am noal kyl group with the al kyl having from
one to about fr six carbon atons, R is a |ower hydrocarbyl generally
havi ng- from about two to about six carb on atons and.”a" is 0 or 1.

Sui t abl e al kanol ami nes include, but are not limted to, nonoethanol anine,
di e0anol arni ne, propariblarnine, isopropanolarnine, dipropanolarnine,

di -i sopr opano#t&m G egrbgnuatams | B allenolmineror phssksrO bf Nifowtihealitl insddiiora 10
2- (2- am noet hyl arni no) ethanol. M xtures of two or nore al kanol am nes can

be enpl oyed. ord aiiagrobp (thagréup Heingld prinprpdesecenllafyoaming group) a@eledanae Wi th
the practice of the present invention.' The reaction may be effected by

heating the fRfidokyabud. Cticalkaidlsiniab baskahtly pbsdessésthe BedtY BrRDk quantities to
produce the desi re?@puri)oduct and thelrgl’ added to the. 0|g conmponent. 15° '

Al ternatively, the reaction can be effeﬁﬁggcﬁb hgating the fatty acid ester
and al kanol arnine in the presence of one nore of the aforementioned

|‘ubr.icating o ti o) I ntaining

t he react a%t Sbvg?reng-ﬂ[‘ig Jrgg%%uorr ggo r%(ﬂér&@ ?ﬁ& ﬁ%‘%%m Eﬂ ferably
from about 120’ bou about 10, hours

ot eferably abuathoHBERE R TralovesBiritbpstty SR PaeLos et ARezo ou
in a solvent, preferabl .one whic co iQle with the ultimte

conposi tion i FROEA ?:‘H“E“r‘? apis Qi dt g“ I?I‘E)alggmﬁfé%ﬁes %?41' butt1azg 1oy lipéted o
solvents include at | east aromati¢c solvents. such as, for exanple,

Ar onat i c- 100, MapQsHEpplaming shethayelapting, propamlamipr.éopronasplamite, xyl ene, and

m xtures thereof 14 Typical reaction products which may be enployed in the
practice of t#ibsprnplaming, dhisoprapariolioting butehezaing,quirebtivtaorinetiteolsutisas ng,

for exanple, the following acid noieties and al kanol ami nes:
10 2-(2-aminoethylamino) ethanol. Mixtures of two or more alkanclamines can be

employed. Diethanolamine is highly preferred for ﬁse in accordance with thé practice of
the present invention. |
| The reaction may be effected by heating the fatty acid ester andr alkanolanﬂné in
equivalent quantities to produce the desired product and thén added to the oil component.
15  Altemnatively, the reaction can be effected by heating the fatty acid ester and
alkanolamine in the presence of one or more of the aforementioned lubri-cating oils. The
reaction may typically be effected by maintaining the reactants at a temperature of from
gbout 100°C to 200°C, and preferably from about 120°C to about 150°C for about 1 to
' rabout 10 hdurs, and preferably about 4 hours. The reaction can be solventless or carried
20  outin a solvent, preferably o.ne which is compatible with the ultimate composition in
which the product is to be used. Particularly useful solvents include at least aromatic
solvents such as, for example, Aromatic-100, Aromatic-150, Shellsolv AB, Avjet,

toluene, xylene, and mixtures thereof.
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5 Acid Moiety in Este Laurie Acid Laurie Acid Laurie Acid Laurie Acid
Palmtic Acid Palmtic Acid Stearic Acid Stearic Acid TABLEI Am ne
Propanol am ne D et hanol ami ne Et hanol-am ne' D propanol am ne

Diet hanol am ne Et hanol am ne Di et hanol am ne Et hanol am ne O her usef ul

m xed "reaction products with al kanol arnines may be fornmed fromthe acid
conponent of the Tgpitabwtastioroproductcwhiolmiy bbehglewd,in fialpradies ofthis iBahtion
olive, castor, peanut, rape, beef tallow, |ard, whale blubber, corn, tall, -

cottonseed, gfaginchide kiibsefempd Gber dseek RSAEClor &fandph theifliRitid MM mblegdesi red
reaction product may be

and alkanolamines;

5 TABLE I
Acid Motety in Ester ' Amine
" Lauric Acid ' Propanolamine
Lauric Acid 7 Diethanolamine
Lauric Acid Etﬁmolaﬁine"
Lauric Acid Dipropanolamine
Palmitic Acid Diethanolamine
- Palmitic Acid Ethanolamine
Stearic Acid  Diethanolamine
Stearic Acid Ethanolamine

O'Fher usefirl mixed reaction products with alkanolamines may be formed from the
acid component of the following oils: coconut, babassu, palm kernel, palm, olive, castor,
peamut, rape, beef tallow, lard, whale blubber, corn, tall, cottonseed, etc. |

10 In one preferred aspect of this inven’éion, the desired reaction product may be
| prepared by the reaction of (i) a fatty acid ester of a pdly.rhydroxy compound (whereiﬁ _
some or all of the OH groups are esterified) an;:l (it) diethanolamine.

The preferred fatty acid ester is coconut oil which contains the following acid
moieties;
15

15



prepared by the reaction of (i) a fatty acid ester of a pol yhydroxy
conpound (wherein sone or all of the OH groups are esterified) and (ii)
di et hanol am ne. The preferred fatty acid ester is coconut oil which
contains the followng acid noieties: is 15 TABLE Il ' Fatty Acid

Moi et yWei ght Percent Caprylic8.0 Capric7.0 Lauric48.0 Myristicl7.5
Palmtic-8.2 Stearic2.0 Oeic6.0.Linol ei TABELEREpPresentative of the
preparation of the reacti.on product fromfatty acid esters and

al kanol am nes is the preparation disclosed in Schlict et al. U S. Patent
No. 4,729,769, 5 the contergastyQfcidWiofly are | noepRY Bdr&d: her ei n by
reference. It will be readily understood and appreciated by those skilled
in the art that the reaction proqygpfyligonsti tutgs a conpl ex mxture of
conpounds including at |least fatty amdes, fatty acid esters, fatty acid
ester-ani des, unreacted starting rd®priants, frekOfatty acids, am nes,
glycerol, and partial fatty acid estgrs of glygegol (i.e., mono- and di .

Moyristic 17.5
Palmitic’ 8.2
Stearic 2.0
Oleic 6.0
Linoleic 2.5

Representative of the preparation of the reaction product from fatty acid esters

and alkanolamines is the preparation disclosed in Schlict et al. U.S. Patent No. 4,729,769,
5 the contents of which are ihcorpdrated ﬁereih by reference.

It will be rf;adily understobd and appreciated by those skilled in the art that ther
reaction product constitutes a complex mixture of compounds including at least fatty
amides, fatty acid esters, fatty acid ester—an_xides, unreac;,ted starting reactants, free fatty
acids, amines, glycerol, and partial fatty acid esters of glycerol (i.e., mono- and di-

10 glycerides). For example, fatty amides are formed when the amine group of the
alkanolamine_ rea;:ts with the carboxyl group of a fatty acid while fatty acid esters are
f'o.rmed when one or more hydroxyl groups of the; alkanolamine react wifh the carboxyl
group of a fatty acid. Faity acid ester-amides are formed when both the amine and
hydroxy!l group of alkanolamine react vﬁth carboxyl groups of fatty acids. In general, a

15  representation of the various amounts of the various compounds constitutingwgl-le complex |

mixture of the reaction product is as follows: about 5-65 mole % of fatty amide, about 3-

16



10 glycerides). For exanple, fatty am des are fornmed when the am ne group
of the alkanolam ne reacts with the carboxyl group of a fatty acid while
fatty acid esters are formed when one or nore hydroxyl groups of the
alkanol am ne react with the carboxyl = group of a fatty acid. Fatty acid
est er - am des3@RId R HRFadhefer ol 3-8 ndiE Aeadid Wb alPHR- mole

al kanol am ne react with carboxyl groups of fatty acids. In general, a 15

ho. compl ox TR TAR R (RN BIRNTRD sile e o8 R EPRIRCE SRR ot o
oot VoL agite nalouscd oA BL ALY ] 1985l 1P FyBRaI0! ©
0. 130 ol o SchEP B iR RAHEIAISPAE Snssh TorooPToatearnecds bl Bodfrytahtes.
etc. It is not, necessary to jsolate one or nore specifjc conponents of the
pr oduct rr? xt &I’d&‘.3 , the rleﬁ‘aéé(ﬂ’,ro femP‘Bﬁf:fsipé‘?ferﬁpléiﬂﬁelloygﬂe%ﬂhﬁﬂéh? aldgivst er abl y
enployed as is in the additive conposition of this invention. The

foregoi ng asAPBRIHAEHiGIHVeRiant i ers can be utilized in the |ubricating oil
conpositions of - the present invention in effective ampounts which inpart
significant fricThotereasifisraghlesy fdstiosimodifess eto be piikzed osthe dubribaingidils .

Accordi ngly, concentration of 10 additive ordinarily ranging fromabout 0.5
t o about 5. Ocewpagitionpef the ptesertdhventginan afféopive imamtd which iparttsighifcanei ght

percent, based on the total weight of the lubricating oil conposition,
can, be used fitieh mod#yingtiedit Bidracteiseicsrodhasi! Aetortingly PionseatibiyeNt i ON is a
| ubriicating oil comnposition conprising (a) an oil of lubricating viscosity

having a1éi neddfiveording@y shrighhgiffom dout DS t6 @M@s.@fw@@@?ércgnﬂaﬂd g&fe‘?atﬁy'?‘t and -
preferably fromabout-2 to less, than 10 ¢St and nost preferably fTrom about
3.8 to I ess KBam Rrasetuas We%h?péfc&%tbaﬁerd ohQRG BN refpRlB thS hiBScating B
" composition, can be used herein. | '
An alterﬁative embédiment of the present mvention ié a lubricating oil
composition comprising (a) an oil of lubricating viscosityi having a kinematic viscosity in
15 the range of about 2 to 10.5 ¢St and preferably from about 2 to less ;ha‘n 10 ¢St and most
preferably from about 3.8 to less than or equal to 9.3 ¢St at 100°C and comprising from
about 55 to about 85 weight percent of a first lubricating oil, and about 15 to about 45
weight percent of a second lubricating oil wherein the kinematic viscosity of the -second
lubricating oil is iower than the kinematic viscosity of fhe first lubricating oil at 100°C;
20 and (b) from about 0.5 to about 5 weight percent and preferably from 1 to about 4.5

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

foregoing ashless friction modifier.
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about 55 to about 85 weight percent of a first lubricating oil, and about
15 to about 45 weight percent of a second-lubricating oil wherein the

ki nematic viscosity of the second |l|ubricating oil is |ower than the
ki-nematic viscosity of the first lubricating oil at 100C, 20 and (b) from
about 0.5 to about 5 weight percent and preferably from1l to about 4.5

wei ght percent, basiedireiing bohdlublicatig gitd ofthe dlfeenatiubbib@dinag cah be any of
conmposition, of the forego ing"ashless friction nodifier. 17 The first and:

second | ubri cgleiafferRinkionddinatuld ofld, ERTHAC e oAt BBleof FfovRdamyY apf the
af orenenti oned natural oils, synt hetic oils or. m xtures thereof, provided

that the resplfp 01P6iilu19fcatlir%hf1§cﬁ IH39a ¥inSMMAR 1§'co$lf&sm% ugé@{abgut\ﬁ' §eosi ty

in the range of a preferab roma to I'ess than

10.0 cSt and: T@§%F{)B%¥§ %P%ré(m%&ﬁfb%@ gg tth%n ?0 8 c&ParldSRSs abr %t%! §@u§autc§ h as

cSt at 100C as ere I emen ‘Tt hé secon

a | ower kipematic .viscos t he ki nematic Vvij t 100C
of the f.rit JB?“%&‘%‘R&“%Y‘%% F%tﬁgiﬁeraasw s S B} FBSRR NsBf i1 e
an oil of i.catin c03| tic Vviscosity of at | east
o3 es Ca 1oBBrCaRe LR 9weff1?%%a§° st SD7E e thask SeamatioisgrsiB bt or abl y
from9.3 to about 12.5 cSt at a tenperature of 100C. Accordi ngI y, the
first |ubricatfhg bthe fk@ﬁ’-‘b@éat%fﬂoﬂn gonsral, dhestirshishuicaging ail malt be an oilof] s, -

synthetic oils or mxtures thereof, provided it neets the foregoing

ki nemati ¢ vi sbbgfatipg visepsity kavingtackinematiowigzosity of & lgnat 9.8 ©8t 2trli09°Q gweferalElgeous
that the first lubricating oil is selected so that the oil neets the

requi renment s Gbm®. BaBbLEG.3SAE addovpst prster2ifroSAE3 Rbaloaniiz. SARE #QW gr ades
(e.g., SAE| ON SAE 1 OWN20, 15 SAE IOWM30, SAE | OWM40 and/or SAE 10W 50
and/ or SAE} 1SWnp&%E1réL5W(m€JC BédordidgiyViBe first [6¥ficaiiby\b# Carclitcdr@fof #8E 15W 50) and

the like and m xtures thereof. Preferably, the first lubricating oil is
sel ected so t hRtenidiforRt hatiRebifs, Synthefi€ GRS dreuTRIMtS tRdredfNrovided it meets the
foregoing kinema:tic viScch_,it_y requirements at 100°C. It is particularly advantageous that
the first lubdcatiﬁg oil is selected so that the oil meets the requirements of a SAE IOW,
SAE 15W, SAE 20W, SAE 25W and SAE 40W grades (e.g., SAE 10W, SAE 10W-20,
15 SAE 10W-30, SAE 10W-40 and/c;r SAE 10W-50 and/or SAE 15W, SAE 15W-20, SAE
| 15W-30, SAE 15W-40 and/or SAE 15W-50) and the like and mixtures thereof,
Preferably, the first lubricating oil is selected so that the oil meets the requirements of the
SAE IOW aﬁd/or SAE 15W grades with a SAE 10W-30 being most preferred_.
_ Thé second lubricating oil of the élternative embodiment can be an oil of
20 lubricating viscosity having:a kinematic viscosity of from about 2 ¢St to less than or
équal to 9.3 cSt, preferably from about 2 to less than 9.3 ¢St and most preferably from

about 5.6 to less than 9.3 ¢St at 100°C. Accordingly, the second lubricating 6il can be

any of the aforementioned natural oils, synthetic oils or mixtures thereof, provided it
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SAE | OW and/ or SAE 15W grades with a SAE | OM¥ 30 bei ng nost p.r eferred. The
second lubricating oil of the alternative enbodi nent can be an oil of 20
| ubricating viscosity having a kinematic viscosity of fromabout 2 cSt to
| ess than or equal to 9.3 cSt, preferably fromabout 2 to |l ess than 9.3
cSt and nost rabl y. (. . . t .at _10QC.
Accordingly, H@%tgt@efg%ﬁémé ﬁ%@@?ﬁ%&sﬁ rlgq%lcaéﬁ{.eﬁlggt f(g)ﬁ{;f gfe%‘%rﬁbjy g're&?% nti oned
natural oils

synt heti.c pilg o I, xt ures thereaf, ovi,d ' 8 ets the
or egoi ng. ki Heiing Sy Ceffeied s Mot i hieTRtsinellst leSAR DY i econd
lubricating 9j] is selected so that the oil neets the requirenments of the
SAE OW or - SA%’\) %ﬁe@r(&aegf’*%&@. S,A%R@'W%A@Vaﬂi SOE 08Ae0. B OW-S0mdim 40,
SAE OW 50 and/or SAE OV 60, and/or SAE 5W SAE 5W 20, SAE W30, SAE 5W40,
SAE 5W 50 5 &fll/BY-58amdmnbad) 5\r SAE SRR AtheWetk SHE TWAOSMESW-30 bei ng
nost preferred. The foregoing alternative |lubricating oil conpoesition can
be forned byamS@5%6(%fdr mgxtute threrepdwithg SBVH IW8dsmg masbpieGateiing oi | and
the foregoing ashless friction nodifier either sequentially or
si mul t aneousl y. PTed foregoing alternetivl lolricatrg oilecompbsifiaratanibg farirled bg addiogitei on i s
formed by first. mixing the foregoing ashless fri ction nodifier in an 10
ef fecti ve ambusnlubricatigk od, secanh lativatingloibant! cheaforugbing 2shies flttiopaoaidest and
preferably from 4 to about 12.5 wei ght percent, based on the total weight
of the nixt ugiehewkddedthBy SLGRIRancbURY ITeatelably, @k hiradiflive IBAcARPINY the nixture
to the first lubricating oil conposition. Yet another alternative

enbodi ment Oonﬁﬁt%iﬂ%?sSﬁﬁhed BB hiRihe e Brdotik 'aﬁfetséd ﬂ%g?ﬁ {podfﬁ&rm%ﬁi tion

conprising (a) an oi I of lubricating visc6sity an romlto about 4.5

composi 1 on, oy atBRElple i AEhEL S HAL 1 bR e e

Lubrd cat [N, Y805k 1Y 5GP an (0led it ARALRTRNH A0S M The S

lubricating oil and then adding the mixture to the first lubricatir_zg oil composition.
Yet another alternative embodiment of the present inveﬁﬁon isa Iubﬁ.cating oil
composition comprising (2) an oil of lubricati-ng viscosity and (b} from 1 to about 4.5
15 weight percent, based on the total weight of the lubricating oil composition, of the
foregoing ashless friction modifier. The oil of lubricating viscosity can be any of the
| aforement_-ioned natural oils, synthetic oils or mixtures thereof.
If desired, all of the lubricating oil compositions disclosed herein can be admixed
ﬁ/ith other conventional additives to enhanqe pérfor_manc‘:e'. VFor example, the lubricating
20 oil compositioﬁs can be blended with metal detergents, antioxidants, anti—wear agents,
rust inhibitors, dehazers, demulsifiers, metal déactiyators, viscosity index improvers, pour
point depressants, antifoaming agents, co-solvents, package compatibilisers, deodorants

and metallic-based additives such as metallic combustion improvers, anti-knock
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If desired, all of the lubricating oil conpositions disclosed herein can be
adm xed w th other conventional additives to enhance performance. For
example, the.lubricating 20 oil conpositions can be bl ended with netal
detergents, antioxidants, anti-wear agents, rust inhibitors, dehazers,

denul si fi er s, corepandglestticing atdifiess, aormsiosiinhjbifors dxesi anpltbe Bkss at thousual poi nt
depressants, antifoam ng agents, co-solvents, package conpatibilisers,
deodorants alkselstabdridamcbdaiik e adwn prasticeudhe &smm’ttgaldni-lﬁmfim’rbmﬁ@le@ fire

i nprovers, anti-knock 19 conpounds, anti-icing additives,

corrosi on- i nhiobidnflof thedy@ifivesaid chdige fabdeebly ainplotal 1ﬁ$hb’:\lhbndaﬁ)i§bi$ in
accordance with well known practice. The follow ng non-limting exanpl es

are of sone OEOI-]Q“E}%1t@g§jéftthé/ﬁ§sehﬂﬁ§enﬁ@ﬁl be favorably enployed in the
| ubricating oil conpositions of the present invention. 5 1. Metal

detergentss sulfurjz tapgjetéfgéth'é H{E}&@&Hﬁﬂn@hrﬁ&r ?\kfi%’?ﬂ eﬁgﬁﬂflﬁ a,latl@l %’ | or

al kenyl aromatic sul f onat es; uri ze unsu ize

nul ti - hydroxy @ L-AS»Y ]arlo g{lc Hth?a? suﬁu?fégzn%t é%ﬂ&%ﬁ%&[}ﬁ%&l K (%/f rglﬁ{( él‘8§?é}qﬂeny|

hydr oxy . ar omafi ¢ st Fonat rirze uns urt ze

napht henat es, al , salts of al kan t al saIIs an | or
Al kenyl mul {1 SEREER Digehafnedt o RS ke e aratedor g e

Anti oxi dants: Anti t endenc eral ojl s to
deteriorate PHUSE @Q&)ﬁi‘%ﬁ‘ﬂ f ’éqﬂgg"re%&t? ﬁ“’fag agt\?Pg]%lE%‘@éF ids metahelisiekt s of
oxi dation such as sludge and varnish-like deposits on the netal surfaces .
and by an |ncﬁ'é@!§l§1°irﬁlk9fl3’§;@6]§ﬁ%19s anggharpicab andphysigalimigregdhareofusef ul in the
present invention include, but-are not limted to, phenol type (phenolic)
oxi dat i on1Pnhi bi t o?- sAntgumanfasAmmmdamrwyC@ﬁheiﬂmdsr(cz of miieral ils t-datiﬁtqriopdtenol ),
4,4 - 15 bis(2,6-di-tert-butyl phenol),

4, 4' - bi s(2- netd’spm&rWMdetmbgahpmsmld)mceQbﬁthermdadlgmtmf@?dda‘scémuch as sludge

met hyI 6-tert-butyl -phenol),

4,.4" -butyl i deaed wirsigt3lilerieposits 6n the mietdd wirfdcpdwiddly)an ifkrebise in viscosity. Examples

i sopropylidene-bis(2,6-di-tert-butyl phenol), -
2, 2" - met hyl enef Ritse:AdaAR bl if tHa PResERHBRAMion include, but are not limited to, phenol type
| (phenolic} oxidation inhibitors, such as 4,4'-methylene-bis(2,6—di-tert—buty1phenol), 4.4
15 bis(Z,6—di~tert-butylphenol),'4,4'-bis(2-methy1—6;tert—butj'lphenol), 2,2'-methylene-bis(4-
methyl—6-tert—butyl-ph§nol), 4,4'-butylidene-bis(3-methyl-6-tert-butylphenol), 4,4'-
risopropylic-iene—bis(z,6—di—tert—buty1phenol), 2,2-methylene-bis(4-methyl-6-nonylphenol),
2,2'-isobutylidene-bis(4,6-dimethylphenol), 2,2"-methylene-bis(4-methyl-6-
cyclbhexylp‘hénol), 2,6—di—tcrt—butyi-4-meth§lpheno'l, 2,6-di-tert-butyl-4-ethylphenol, 2,4-
20 . dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-dimethylamino-p-cresol, 2,6-di-tert-4-
(N,N'-diméthylaminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol), bis(3 -methyl-4-hydroxy~5—tert-butylbenzyl)-

sulfide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl). Other types of oxidation inhibitors

20



2,2 -isobutylidene-bis(4, 6-dinethyl phenol), 2,2'-nethyl ene-bi s(4-nethyl-6-
cycl ohexyl phenol ), 2,6-di-tert-butyl-4-nethyl phenol ,
2,6-di-tert-butyl -4-ethyl phenol, 2,4 20 di nethyl-6-tert-butyl-phenol,
2;6-di-tert-1-dinethylam no-p-cresol, 2,6-di-tert-4- :

(N N -di net hyl am nonet hyl phenol ),

4, 4' -t hi obi s {i®ludemiey! dBhibearbanimi Gelgjjmmmdlbh,locarbamate) and

2,2 -thiobis(4-methyl-6-tert-butyl phenol),
bis(3-nethy|1ﬁHMWﬂmmxybﬁﬁmﬁmkmhﬁmyﬁbpnzyI)- sul fide, and - - '
bi s(3,5-di-tert-butyl-4-hydroxybenzyl). Qher types of oxidation inhibitors

20 include netal 3diAnkivaeabRRARRAE the: Bme iAbig, Bkdel @EJ&%E@&@&)( g
met hyI enebi s(di butyl di t hi oc%h?banat e). 3. Aﬁtl - wear gglgent S: Oﬁgl%?mﬁane .

ol Tes, Uhes@uaaanis, BAMES o8 Rk iniRKhAG bufrﬁre%t)t]fnﬁlt&atrotﬁmﬁﬁé@%pl-es of
p 0S

such agents include, but are not Iimted to, phosphates tes,

car bamat eg, b C i num conpl exes.
4. Rust |nh|§ %rges( é&ﬁ%%@ﬁg%&%éﬁ%@%ﬁ%ﬁ%| 0 |%:n%p)s %@%@%ﬁwr&ne surface
active agentsg %%oxyethylene | auryl ether, polyoxyethyl ene higher

al cohol ether gB yoxyethylene nonyl phenyl et her, 10 pol yoxyet hyl ene octyl

phenyl ether, pol ne ste et her, pol yoxyet hyl ene ol eyl

et her, pol yoxyet h 1 gﬁ‘? &r B‘?‘ﬁh%‘ﬁb aiat e, pol yoxyet hyl ene sorbitol |
nmono- ol eate, ‘and ﬁi thylene col npno-gleate. b) O her conpounds
stearic acid and iopigpoly Oél‘,fi enedRELeIRGHYA aeentschaleoxyethylene lausylagleer, f at ty

acid amne salts, netal salts of heavy sulfonic acid, partial carboxylic
acid 15 est ePolpxysHivieny bigher aljobelrsher, erivpxpeib¥preaonyl phendetheS. Denul sifi ers:
addi tion 8roduct of al kyl phenol and et hyl ene oxi de,

polyoxyethylene octyl phenyl ether, polyoxyethylene octyl stearyl ether, polyoxyethylene

oIeyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-
* oleate, and polyethylene glycol mono-oleate.
b) Other compounds: stearic acid and other fatty acids, dicarboxylic acids, metal
soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial carboxylic acid
15 ester of polyhydric aI.cohol, and phosphoric ester.
5. Demulsifiers: addition product of alkylphenol and ethylene oxide,
polyoxyethylene alkyl ether, and polyoxyethylene sorbitan ester.
6. Extreme pressure agents (EP agents): zinc dlalkyldlthmphosphate (primary
altkyl, secondary alkyl and aryl type), sulfurized oils, diphenyl suiﬁde methyl
20 | trichlorostearate, chlorinated naphthalene, flucroalkylpolysiloxane, and lead naphthenate.
7. Friction modifiers: fatty alcohol, fatty acici, amine, borated ester, and other

" esters. : i
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pol yoxyet hyl ene al kyl ether, and pol yoxyethyl ene sorbitan ester. 6. Extrenme
pressure agents (EP agents): zinc dialkyldithi ophosphate (primary alkyl,
secondary al kyl, and aryl type), sulfurized oils, diphenyl sulfide; methyl
20 trichlorostearate, chlorinated naphthal ene, fluoroalkyl pol ysil oxane, and
| ead napht henat e. 8. Rulffuh&iohflAdditebs{ sutfliized bRyholyttles@h dithiotabdntat@ci d, ami ne,
borated ester, and other esters. 21 8 Miltifunctional additives:

sul furized oxyel4eemuRudbdii SeaoMTISoditHYhE Uy ﬁzbaémpﬂnw&é%ﬁ;klﬁhcﬁr gan
de I umdi et

phosphor odi t hi oat e, oxynol ybdenum nonogl yceri de, ~oxynol ybden yl ate

ani de. 2 e opkuDRRAHARATR B0 TRANA B bt lE: cAARLALNLAG, R yDdenum

conpl ex conpound. " .V sity 1ndex 1 nmprovers: ‘polyne e type

pol ymers; et Q}fﬁtﬁﬁﬁlg(%o?@rq!e com%%@&gﬂd-st yrene-i soprene copol yners,

hydrat ed styrene-| e copolty ol yi sobutyl ene, and di.spersant type

i ity.index i .S.. 10. Pour pojnt.d ts: pol ynet hyl
hethaoryl Ste. 11 OROROR NP e PRy AT Rt Yo BBy SBREand di et hyl

silicone 10 POl nmers. The | ubricating oi] conpositions of the present
invention aré& ? GBS, SYERESORISRTCORA E‘Grstng"dg‘ﬁe‘il PYEReAROPEBAbuSt | on
engi ne includinq bot h gasol i ne engi nes,. e.g., spark-ignition engines, and
di esel engi n&ESPOIENES, p wigleag, apd dignerseptdypechypiiydndexompraysssi cat i ng t he
engine, e.g., the high wear areas of the engine such as, for exanple, wear
15 interfaces 'or 1@0%@!&010§1td¢9rwm$1 aslymetbyl resthaertlade. pi st on rings/ cyl i nder
i ner region, valve train conponents such as cam | obes, tappets, followers,
val ve tips, rockedlaFosy inhibitdsralkyhmethaeglht@apolmers addimétayllsilisene However; it
wi Il be understood that the lubricating oi

10 polymers.

The lubricating oil compositions of the pfesént invention are particularly usefirl
W_hen added to an internal combustidn engine including both gasoline enéines, e.g.,
épark—igni_tion engines, and diesel éhgines, e.g., c-:ompression—ignitibn enginés, for
lubricating the engine, e.g., the high wear areas of the engine such as, for example, wear
15  interfaces or contacts of such as, for example, piston rings/cylinder liner region, valve
train components such as cam lobes, tappets, followers, valve tips, rocker arms, rocker
arm mechanisms-,- and the like. Howgver, it Will be understood that the lubricating oil
compositions containing the ashless friction modifier of this invention can be used to
‘operate a variety df enginesr and in any other application wheré lubrication is needed,

20 provided it meets the requirements of that application.
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conpositions containing the ashless friction nodifier of this invention can
be used to operate a variety of engines and in any other application where °
| ubrication is needed, 20 provided it nmeets the requi-renents of that
application. 22 The following non-limting exanples are illustrative of the
present i nventi on.TheBXIpBfihgmRsH-@hitieekdn@eskre AuGRARALE 9 pseSRLRRS Friction
Modi fier 5 Exanple | Crude. coconut oil (525.6 g - 0.S noles) was heated to .
about 60C. Diethanol am ne (151.2 Opgperilmefithl 858g) was added with stirring.
The m xture was then heated under mltrogen to 1IZ20C and held at 120C for 4
hours and poly Shedakdihlof Asibss FlronModiHer The Product was quantitatively

i solat'ed as a yelTow sem -solid con ing a 10 nitrogen content of 2.9%
and base nunmber TBN target of 9. Il: Preparation of Lubricating Q|
Conpositions Exanple 2 A-m xture of 4% by weight of the ashl.ess friction
nodifier of Exanple .1 with 15 96% by i ght .of SAE 5W20 APl SL notor oil
havi ng. a %i nemati c viscosity of 8.8 cs@i%ooc was fornmed. Next, a

| ubricating oil cq sition repared contai hing 25% by vol une of the
above nixture and ‘gﬁg%ﬁwnvﬁlﬁﬁ%ﬁés%%@&wg%@m% tgﬁb%ﬁéc’rc-oil having a
kinematic viscosity of 11.25 cSt at 100C. The kinematic viscosity of the
resul ting | udPiedarslaming (15120 dSitmales) ates adisd Withsstiminge TThepixturOnB3héixam | 0.
e 3

heated under nitrogen to 120°C and held at 120°C for 4 hours and polish-filtered at 100°-
120°C. The product was quantitatively isolated as a yellow semi-solid containing 2

10 nitrogen content of 2.9% and base number TBN target of 9.

II. Preparation of Lubricating Oil Compositions
| Example 2
A mixture of 4% by weight of the ashless friction modifier of Example 1 with

IS 96% by'weight of SAE 5W-20 API SL motor oil having a kinematic viscosity of 8.8 ¢St
at 100°C was formed. Next, a lubricating oil composition was prepared containing 25%
by \}olume of the above mixture and 75 % by volume of SAE 10W-30 API SL motor oil |
having a kinematic viscosity of 11.25 ¢St at 100°C. The kinematic viscosity of the
resulting 'lubricating 6ii composition at 100°C was 10.27 cSt. |

20
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A mixture of . 12% by wei ght of the ashless friction nodifier of Exanple 1
with 88% by weight of SAE 5W20 API- SL notor oil having a kinematic-
viscosity of 8.8 cSt at 100C was forned. Next, alubricating oil

conposi tion was prepared containing 25%5 by volunme of the above m xture
and 75% by vol une of SAE |OM30 API SL notor oil. having a kinematic
viscosity of 11.25 at 100C. The ki nendiampleBscosity of the resulting

| ubricating oil conposition at 100C was 10.38 cSt. Exanple 4 10 A m xture
of 1% by wei ght of nikerashl2ésby Weigkttof dre ashdesk friction afodBeacfiE-andplor twith 99% by
wei ght of the SAE IOM30 APl SL notor .oil -of Exanple 2 having a kinematic
viscosity of 88%.ta5wvaight ofiBAEGWC20AP] BD mitest-oil hatin@ i RInembticlAsddsif} 4t 818 esof 4%
by wei ght of the ashless friction nodifier of Exanple | with 96% by weight
of SAE 5W 202AR0°ShyaBiraied ONExthalibAGtiAs kil ipRkitien Was FREALY cStailing 265  at
100C was formed. Next, a lubricating oil composition was prepared

cont ai ni ng 25%ol fmi ] Ry 9 I SAE
R g L R b R A R R L S Ly

The ki nemati ' Lty lnhd ' i.n il ~gonposition at
100C was 9.7 a%gggg%hﬁfgﬁr%{%&é)% Qkéfnét;(ﬁtog rd]églcﬂ)l*qulg%"ﬁa?%\x}es?%ﬁ%? ogﬁ]?tqgsélﬁ%hl ess
friction nodifi.er.of . e 1 with 969 i ght of SAE 5W20 APl SL notor
oi | havi ng alufllgflg {h toill(%%gg%tgoﬁ a[t;?'b%h ‘@Sé%‘gétcgfat 100C was formed. Next, 'a

| ubricating oil conposition was prepared containing 25% 5 by vol une of the
above m xture and 75 % by volume of SAE 1 OM30 APl SL notor -0il having a

ki nematic viscosity of 10.33 ¢St at 100C. The kinematic viscosity of the
‘ Example 4

10 A mixture of 1% by weight of the ashless friction modifier of Exatﬁple 1 with
99% by weight of the SAE 10W-30 API SL motor oil of Example 2 having a kinematic

. viscosity of 11.25 ¢St at 100°C was formed.

Example 5

15 | A mixture of 4% by weight of the ashless friction modifier of Example 1 with
96% by weight of SAE 5W-20 AP] SL motor oil having a kinematic viscosity of 8.8 ¢St
at 100°C was formed. Next, a lubricating oil composition was prepared contaiﬁng 25%
" by volume of the above mixture and 75 % by volume of SAE 10W-30 API SL motofoil
having a kinematic viscosity at IOd“é of 10.41 cSt. The kinernatié viscosity of the

20  resulting lubricating oil composition at 100°C was 9.73 cSt.
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resulting lubricating oil conposition at 100C was 9.75 cSt. Exanple 7 10 A
m xture of 4% by weight of the ashless friction nodifier of Exanple | with
96% by’ wei ght of SAE 5W 20 APl SL notor oil having a kinematic viscosity of
8.8 ¢St at 100C was fornmed. Next, a lubricating oil conposition was
prepared containing 25% by volunme of the above m xture and 75 % by vol une
of SAE 10W30 APl SL notor oil havi ngxamMéfematic viscosity of 10.77 cSt
at 100C. The kinematic viscosity of the 15 resulting lubricating oil

conposi tion at 10QGimas of@%l wedtht oCthepshiast frictiofxanijflee oAEAennpl | wiith of 4% by
wei ght of Mol ybdenum Di t hi ocarbamate (MoDTC) with 96% by wei ght of SAE

SW 20 API SL%%‘b?Rvei%h{ of AR SN0 APISINRbio? oMl hadash tinembtiBviloositf of £0 c8t 100C
was formed. Next ubri-cating oil composition was prepared containing 25%

by vol une of ;¢ f@e-@ReyRribd e Asticdaié Ao Yr%lokiﬂﬁn Qhs pRABarkd GW¥aRinfRs oL

notor oil having a kinenatic viscosity of 11.23 cSt at 100C. .Thé ki nenati c

vi scosi tys of 29? g@wge 8@;4{;1 %%,Qg rr}guv%re aﬁ(gbs %ﬂdwdf@é‘m@ﬁ tww*whpiigﬂ%waismilo 21

cSt. 25 Conp ricating oill mxture was formed

cont ai ni ng 2% by \vol U A oSL ki nematic
vi scosity ofﬁ a Héatrrgfg& L gf ﬁﬁ?@& §rrgﬂgmém§%£w%§gﬁﬁﬁ SL not or
oi | haV|ngak|ne I.C VIS 05|t cSt at .100C, and no friction
modi fier. ThESHIRS rl“fa&mg/? ol S‘?‘%]at]qugéwgﬁ’]? cﬁé | ubricating oil

conposi tion at 100C was 10.29 cSt. Conparative Exanple C 10 A | ubricating
oil was prepared containing the SAE 10W30 APl SL notor oil of

Example 7

10 A mixture of 4% by weight of the ashless friction modifier of Exmnplé 1 with
96% by weight of SAE 5W-20 API SL motor oil having a kinematic viscosity of 8.8 cSt
at 100°C was formed. Next, a lubricating oil composition was prepared containing 25%
by volure of the above mixture and 75 % by volume of SAE 10W-30 ‘API SL motor oil
“having a kinematic viscosity of 10.77 ¢St at 100°C. The kinematic viscosity of the

15  resulting lubricating oil composition at 100°C was 10.01 ¢St. -

Comparative Example A
A mixture of 4% by weight of Molybdenum Dithiocarbamate (MoDTC) with

96% by weight of SAE 5W-20 API SL motor oil having a kinematic viscosity of 8.8 ¢St
20 at 100°C was formed. Next, a lubricating oil combosition was prepared containing 25%

by volume of the above mixture and 75% by volume of SAE 10W-30 API SL motor oil

having a kinematic viscosity of 11.23 ¢St at 100°C. The kinematic viscosity of the

resulting lubricating oil composition at 100°C was 10.21 ¢St.
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Exanmpl e 2 having a kinematic viscosity of 11.25 ¢St at 100C, and no
friction nodifier. 1I1l. Vehicle Fuel Econon2y Test The vehicle fuel econony
test was conducted to evaluate the fuel econony 15 performance of

| ubricating oil conpositions within the .scope of the present invention
versus lubricating oil .conpositions outside the scope of this invention.
Vehicl es representative of those found in the U S. nmarket were run on a
chassi s dynanoneter using the EPA-75 cold start test cycle and the H ghway -
Fuel Econonmy Test (HWET) cycle t&eompagtiyaritampld®. Eni ssions were neasured
and fuel econony cal culated for each 20 vehicle using the carbon bal ance
met hod as prescri Beldbrinatihdreil bderealas Tersted Rontemihigr28%slst voldnny ¢ftS AR SWHE0 web
sites http://ww. el ?a.!aov/ ot ag/ npp-, . htm and ’ :

http://ww. epPl$0Vhebaal P ReBaRicpacosiB/tof BecSt @S100MQ a® % b SoldaRGsi N
the exanpl es consisted of vehicles manufactured fromtwo different car
manuf act user s A powNor Ay Siﬁ%td%%il%@&in%@kin&n@tﬁi AWolify oFal28 cbi dt-1004BlEg 1 1 |
MakeModel Year Engi ne Toyot aCanry19972.2L |-4 Chevrolet | npal a20013. 4L V-6 5

Prioor Lo bel iy sl dfhind:>Thé RlomBNskEH) e A RE LBk BRU! | TTY

the possible contounding effects of any friction Ier” addi t'ive t hat
may have bee i e vehicle's previous oil charges. To acconplish
this,-a seriggﬂﬁgégg#lpluéﬁgs were perforned using a high detergent diesel
oil formulation. The final oil charge for each 10 vehicle before testing
was with a commonly used viscosity grade, SAE |OM30. The oil :

Comparative Example C

10 A lubricating oil was prepared containing the SAE 10W-30 API SL motor oil of

Example 2 having a kinematic viscosity of 11.25 cSt at 100°C, and no friction modifier.

[I. Vehicle Fuel Economy Test
Tﬁe vehicle fiiel economy test was conducted to evaluate the fizel economy
15  performance of lubricating oil compositions within the scope of the present invention
versus 1ub-ricating' oil compositions outside the scope of this invention. Vehicles
representative of those found in the U.S. market were run on a chassis dynamometer
using the EPA-75 cold start test cycle and the Highway Fuel Economy Test (HWFET)
cyolé testing prétocols. Emissi;)ns were measured and fuel economy caI(-:ulated for each
20  vehicle using the carbon balance method as prescribed by the Federal 'fest Procedure set

forth at the web sites http//www.epa.cov/otag/mpe. htm and

http://www.epa.gov/otaq/mpg/40p0600.pdf. -
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was conditioned by driving the test vehicle for a mnimumof 50 mles. The
EPA-75 test (cold engine start) and the HWET test (normal operating
tenperature) were used to evaluate all vehicles for this program These
tests are described in the Code of Federal Regulations (CFR), Title 40:
The test cycles re used 15 to define the cit EPA- 75) and. hi ghway fuel
economny used for %W‘\I}’@h‘ie@lcés pgdjin the € "t?é?‘%?é ?gﬁp’icbﬁmaﬁ‘l*féc@iﬂﬂ- 75 test
cycle consisted of about 11.1 miles of driving at an average speed of
about 21.3 HeR tedlifieraa carnnuiisaaers fpmdierth America sepferthdeloapn dieblg ITL
graphically in Figure 1. The HWET test cycle consisted of about 10.2 mles
of driving at an average speed of abpaBILEBI1 nph and a maxi num speed of
about 60 nph as 20 depicted graphically in Figure 2. Testing was perforned
on a Cayton chassis dyRgRDMET ehyidl CONTUNEELON W T, gy ~Hor i ba emi ssi ons
bench utilizing a ConS.Twoté/ui thﬁm?fllpii Mg 16&VS)T ot .I_'_Ut:I econony was
calculated via emssio 'S n) =t‘y':i S—HStH1Y thré &arbfﬁ—géﬁi%ee met hods outlined
in the 27 CFR as di scusog T4 ah.np Af oré fuglﬂg et 25 G8s ldata on the
vehi cl es] the engi.nes were run for on oyr at 50 h to al|low the oil and
transmssion flu Hortth?ﬁ’é‘ggfeﬁirfuB%teft&g’ ef’é‘ﬁ g?“ﬂ? Q@f.toﬁ’ﬁ pg%’éfeﬂit@)ﬁ?mg’ﬁ@e hood was
|.owered and the external cgoling fan was adjusted in order to control the
oi |t enper aPdislegonfundiag pifesisnf anpfiction mpdiipradditivg shat may yavkdhepmppresditup, t he
eval uati on sequence began. Two testing protocols were applied. A one day
"HWFET onl y™ the sefrders previoss oil elpress. do@heommliptahis, ysdrieg of ¢ibflusbéi wére' s nor nal
oil charge followed by four HWETs in which the oil charge contained the
respective bpetiormedusinga bigh detergsoisdi¢selri! fofmiEiatanp | The fidalailctharga fict dabte

| ubricating oil conpositions of Conparative Exanples A and 10 B. The
second 0ot oeiitle befbreaedting eas oty aevmkisalyivedl disvabitcandd, SR 0wW-36n THPAIN 75 Wi th

was conditioned by driving the test vehicle for 2 minimum of 50 miles,

The EPA-75 test (cold engine start) and the HWFET test (normal operating
temperature) were used to evaluate all vehicles for this program. These tests are
described in the Code of Federal Regulations (CFR), Title 40. The test cycles were used

15 to define the city (EPA-75) and highway fuel economy used for new vehicle fuel
economy certification. The EPA-75 test cycle consisted of about 11.1 miles of driving at
an average speed of about 21.3 mph and a maximum speed of about 56.7 mph as depicted
graphically in Figure 1. The HWFET test cycle con.sisted of about 10.2 miles of driving
at an average speed of about 48.1 mph and a maximum speed of about 60 mph as

20 depicted graphically in Figure 2.

Testing was performed on a Clayton chassis dynamometer in conjunction with a
Horiba emissions bench utilizing a constant volume sampling (CVS) unit. Fuel economy

was calculated via emissions analysis using the carbon balance methods outlined in the
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ei ght HWFETs conducted each of the three days. The inmredi ate fuel econony.

| nprovenents for the one day programwere calculated fromthe average fuel
econony (MPG of the first eight HWETs with the initial oil charge
relative to the average fuel econony of .the last four HWETs in which 15
the oil charge contained the respective lubricating oil conposition of
Exanpl es 2 af8R3s daadsdédbobel DB ¢fomttaking emissiomndatesont thevshices, Gerapgined were
Exanples A and B. The three day evaluation was used to determ ne i medi ate

cold start fuelfoee@ iy aesitnpintsetdionatthe bil ghdwahsiission do@nemyerathie tgr ocedure
was ot herw se. designed using standard engineering practices to 20

m nim ze var iahliidd. ty 28aiHoDHRMHRE vohs ISR ARRBUE Extefnal R1IGS f2R s gajuétb@in
econony using the oil composition of the present invention. |nport

features of Lbisid &5l B ARG a{'&{ﬁeq?94ﬁpng§oggqauagwapﬁ,ug%&hﬁé&S

ensurlng that t e vehi cl e was ‘a equate y prepar prior to runnin
eval uatio geﬁ d aipsaﬁ gehe %8 ete fuel econony test in one single event,
and nultlgl e £y IpsA el e Fuel Economy Test Results 5 Fuel

econony test results for the r ectlve | ybricat i nposi tions of
Exanpl &s 2 and 3 LHA EHES PrREROS §RgPRIe- ?ﬁo%&gytﬁg@fowﬁ SPEY i ve
Exanples A and - B are set forth beI owin Table IV. Wile the vehicle test
program was Fensisteded eisht HWER Tsiusiag ghepehiclpesnosmalpebehaese folfoweddgdenn t he
observed variation in performance data nmay reflect test

repr oduci bi | FWFEByie athathithé oif chasge/msintained thi fespscdvrclobridatingoifompasitopofise 10

sensitivity to the invention. TABLE IV Vehicl e Nunber Sanpl eHWFET
Examples 2 and 3 and the lubricating oil compositions of Comparative Examples A and

10 B. The s‘_ecor\d protocol was a three day evaluation that consisted of an EPA-75 with
eight HWFETSs conducted each of the three days. |
The ithmediate fuel economy improveraents for the one day program were
calculated from the average fuel economy (MPG) of the ﬁrsf eight METS with the
initial oil charge relative to the average fuel economy of the last four HWFETS in which
15  the bil charge contained the respective lubricating oil composition of Examples 2 and 3
and the lubricating oil compositions of Comparative Examples A and B. The three day
evaluation was used to determine immediate cold start fuel economy and immediate
higfwéy fuel econ‘omy.
The procedu.re was otherwise desigr;ed using standard‘ engineering praétices to
20 minimize variability and provide a true measure of the effect on fuel economy using the
oil composition of the present invention. Important features of this testing procedure

included minimizing engine restarts, ensuring that the vehicle was adequatel}f]ji‘epared



EPA-75 Cold Start (AM) Toyota Canry T81Conp. Ex: A2.05%\Not Conducted
Toyota Canry T82Conp. Ex. A2.32%Not Conducted Toyota Canry T81lExanpl e

22. 05%\ot Conducted Toyota Canry T82Exanpl e 20.96%Not Conducted Toyota
Carnry T81Conp. Ex. BO.24%Not Conducted Toyota Canry T82Conp. Ex. BO0. 64%\ot
Conduct ed Toyota Canry T82Exanpl e 32. 74%2. 82% Chevy | npal a L55Exanpl e
33.37% aNo QriaTde rangingtexalesiiony; ProzEing e eomplety fuphedonomy teshigrona singleous
within day 2. As these data denonstrate, the respective lubricating oil
conposi t i onsevsht, afd \xkipisioddlusheand 3 (within the scope of this invention)
provi ded significantly inproved fuel econony benefits over the lubricating
oi | conposition of Conparative Exanple B which contained only a m xture of
a SAE |OWM-30 and SAE 5W20 oil with no additional ashless friction

modi fier. 291\or Velticle Budl WeBhdngy PaseResalis ons, perform ng the conplete fuel
econony test in one single event, and nultiple oil flushes. 1V. Vehicle

Fuel Ecorpny TestpResddhbsy Rshréalits @ranom@pebetiubrRatilg 6l dotpokifieny gFspect i ve
| ubricating oil conpositions of Exanples 2 and 3 and the lubricating oil

conposi ti onsgaf Ganpalat An\ﬂ%heﬁaseﬁmhﬁgsoiﬁoa@gsm@sa@ﬁftegﬁﬁaraﬁwmnws%vaﬁdﬂ Tabl e

V. Wiile the vehicle test programwas .intende

B are set forth below in Table IV. While the vehicle test program was intended to
minimize experimental degrees of freedom, the observed variation in performance data
may reflect test reproducibility/repeatability as well as differences in engine response

10 sensitivity to the invention.

TABLEIV

_  HWEFET
Vehicle Number Sample - (Ave) EPA-75 Cold Start
Toyota Camry T81 Comp. Ex. A 2.05% Not Conducted
Toyota Camry T82 Comp. Ex. A 232% Not Conducted
Toyota Camry T81 Example 2 2.05% Not Conducted
Toyota Camry T82 Example 2 0.96% Not Conducted
Toyota Camry T81 Comp. Ex.B  0.24% Not Conducted
Toyota Camry T82 Comp.Ex. B 0.64% Not Conducted
Toyota Camry T82 Example 3 2.74% 2.82%
Chevy Impala 1.55 Example 3 3.37%* No Change
Toyota Camry T82 Example 3 1.71% 0.83%

* Instantaneous within day 2.
As thesé data demonstrate, the respective lubricating oil ;:ornpositit;ns of
15  Examples 2 and 3 (within the scope of this invention) provided significantly improved
fuel economy benefits over the lubricating oil composition of Comparative Example B
which contained only a mixture of a SAE 10W-30 and SAE 5W-20 oil with no additional

ashless friction modifier.
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m nim ze experinental  degrees of freedom the observed variation in
performance data may reflect test reproducibility/repeatability as well as-
differences in engine response | 0 sensitivity to the invention. TABLE IV .
Vehi cl e Nunber Sanpl eHWFET EPA-75 Cold Start Av . Toyota Canry T81Conp. EX:
A2. 05%Not- Conducted Toyota Canry T82Conp. Ex. A2. 32%\Not Conducted Toyota
Canry T81ExaPpfisirdo mn@g%@vat@@m@é@r@maﬁby earepleta fye) copBOmY #5hinone ginglsoaot
Conduct:ed Toyota Canry T81Conp. Ex. BO.24%Not Conducted Toyota Canry '
T82Conp. Ex. evddt, ddaotipEaildusiced Toyota Canry T82Exanpl e 32. 749%2.-82% Chevy

| rpal a L55Exanpl e 33. 37% aNo Change Toyota Canry T82Exanple 31.71% ). 83% a

| nst ant aneous within day 2. As these data denonstrate, the respective

| ubricating oil conpositions of 15 Exanples 2 and 3 (within the scope of

t hi s inventipn) velicle Fde®Ecehdpni TdscRadulty | mproved fuel econony benefits over
the lubricating oil conposition of Conparative Exanple B which contai ned
only a mxture of gl &¥ohy %&%l@%t&“ﬁs@%@u&i&hﬂg dihcanghoamdhd bonal

ashless friction nodifier:
Examples 2 and 3 and the lubricating oil compositions of Comparative Examples A and

B aré set forth below in Table IV. While the vehicle test program was intended to
minimize experimental degrees of freedom, the observed variation in performance data
may reflect test reproducibility/repeatability as well as differences in engine response

10 sensitivity to the invention.

TABLE IV

.  HWFET
Vehicle Number Sample (Avg) EPA-75 Cold Start
Toyota Camry T81 Comp. Ex. A 2.05% Not Conducted
Toyota Camry T82 Comp.Ex. A 2.32% Not Conducted
Toyota Camry T81 Example 2 2.05% Not Conducted
Toyota Camry T82 Example 2 0.96% Not Conducted
Toyota Camry T81 Comp. Ex.B 0.24% Not Conducted
Toyota Camry T82 Comp. Ex. B 0.64% Not Conducted
Toyota Camry T82 Example 3 2.74% 2.82%
Chevy Impala L55 Example 3 3.37%° No Change
Toyota Camry T82 Example 3 1.71% . 0.83%

* Instantaneous within day 2.
As thesé data demonstrate, the respective lubricating oit 60mpositibns of
15 Examples 2 and 3 (within the scope of this invention) provided significantly improved
fuel economy benefits over the lubricating oil composition of Comparative Example B
which contained only a mixture of a SAE 10W-30 and SAE 5W-20 oil with no additional

ashless friction modifier.
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V. Bench Friction Test Al though known as a diesel fuel lubricity test, the
H gh Frequency Reciprocating R g (HFRR) testing nethod may be used to

eval uate the friction nodifying characteristics and anti-wear capability
off new and used lubricants by nodifying the 5 operating conditions of the

testing net hoglpﬁﬁ hsft}%\g}/g il.ntFi gure 3, the HFRR testing nethod used herein

consi sted of a sc imersed in a bath of the test fluid. A _
| oad was applied tg .a 6 st eel ,.bai at. oscil,| across.the steel disc
e ael boteq rAltmE B LSRRkl R, e thE PSR RiioRe e ¢ °
coefficient S Ltored duri t he ourse of test. It is to be

under st ood tﬁ@ﬁ(ﬁghéfeéﬂ%?lﬁf;’@ggﬂép‘? !bsﬁgéﬁ‘evlaﬁ@tefﬂi‘ei ‘P?“H’rfne%‘é?rfﬁ cient 10.
results in the Bench Friction Test equals.0.0187. Exanples have been
assessed wi t (Fherseterigisgiand anitwem sappbilithotaey s keeddehsicres by Beddringde bel ow.
Bench Test Details HFRR wear test conditions were chosen in order to
enhance f i ctdnseating¢padifiong of the teséing oeirahcAs ghoswrin Righeet3, dhe HERB téstingt t est
sanpl es were bl ended with 50% by volunme |SOPAR M (a reference HFRR

sol vent). Thenttbadlusedhest coatist6DOf gilangel dishémwenedkio a Hadnaftthe testshdd 04

m crons and the frequency was 50 Hertz.: The test was conducted at 60C for

3 hours. The Ibad whi gppliedrfd 6 minediéed balbihe cadillacdwtbst die stdebdisestpaelebieg
| ubricating oil conpositions of Exanples 2 and 4 and the respective

lubricating ofdquesuyiresi sgeaified Rt tirdd TRMRGToacbRcibnt 3R nRhitEred Adrife MRad are
shown in Figure 4. According to these results, the friction noditying

capabi | ty ofcdiie ik CRIBSEhbMASOR EHARAAR CicAflofol St Mtsion COURAEAT | Ve

Exanpl es, B and C, respectively, were significantly inprov

Low Tem it el PRt bt HidR R RN 0 19, EQULHEMRSE LA & QRATAN HLLY of

t he | ubricat conposition -0

modifications of this bench technique described below.

Bench Test Detajls
HFRR wear test conditions were chosen in order to enhance friction modifying

15 performaﬁce discrimination. Lubsicant test samples were blended with 50% bj volume

ISOPAR M (a reference HFRR solvent). The load was set at 600 grams. The stroke

length was 2000 microns and the frequency was 50 Hertz. .The te‘st was conducted at

60°C for 3 hours. The friction coefficients were obtained for the respective lubricating

oil compositions of Exarﬂples 2 and 4 aﬂd the respective lubricating oillcompdsitions of
20  Comparative Examples B and C aﬁd are shown in Figure 4. According to these results,

the friction modifying capability of the oil compositions of Examples 2 and 4 versus

Comparative Examples B and C, respectively, were significantly improved. _.
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conpared to a SAE IO 30 API SL notor oil having a kinematic viscosity of
11.25 ¢St at 100C (Conparative Exanple C was neasured using the industry
standard test 5 nethods described in ASTM D5293 (Cold Cranking Sinul ator)
and ASTM D4684 (M ni Rotary Visconeter). As depicted in Figures Sa and 5b,
the | ow tenperature properties of the lubricating oil conposition of

Exanpl e 2, reVhtLowve TempdritereShferdbiiy Bioralemmdt was signi ficantly inproved.
10 VI1. Vehicle Acceleration And Power Tests Accel erati on and power

measur ement s wer e THatiew 6khefaBlire bp&ability fof GRtlibigating oil compiiohiod Exaxhpleganpl e
2 versus the lubricating oil conposition of Conparative Exanple Cpusi ng 'a

chassi s dynangyipafidto a8 SAGORDW .86 APESRHLteNE! daMéRddicigkodity dft1825 &P9I ne,
and a 2002 Honda Accord having a 3.0 liter VTEC engi ne. The vehicle test 15

procedure wasy a4l gf 5@%&% Eﬁ?ntf@éj Hhatdstidd BeRs MLhnlspyRealaARipod CRC

Project No. CM 13 as di scussed bel ow. The vehicles were accel erated
t hrough ~A m i &t i i i .power
measurerert s haraf R AREER A B2} Gl ErlrkRe STl MU AT TR ATRARY o
in which the i sunps, cpnt ai ned -t he SAE O, motor oil as descrjbed
i Exanpl e 2. KA e RER, ARy deB e B Flates S grd ot apele it Bheluse SpbiRtr) o
the oil was r ed fromthe crankcase, re ced w i val ent
anount of thet%gf'%f‘ 102 OF CagP L l§§ﬁ?m%l1a 5ﬂ%@¥&?ﬂ &guﬁrf@gﬁz}qﬁﬁl‘?ﬂ%}”ﬁ er of
Exanmple 1 with 96% by wei ght of SAE 5W20 APl SL notor oil having a -

ki nematic 31 YgnfEcaaihtynpsgved 8 cSt at 100C (described in Exanpl e 2) and
acceleration data was then acquired for this oil charge under the sane
vehi cl e operating conditions. The sequence of testing and results are shown

in Table V. The four tests described were conducted on four separate days.
Per f or mant®e dVIEf i celaatio Power Tests

Acceleration and power measurements were obtained for the lubricating oil
composition of Example 2 versus the luBricating oil composition of Comparative
E}{ample C using a chassis dynamometer, a 2002 Jeep Grand Cherokee having a 4.7 liter
engine, and a 2002 Honda Accord having a 3.0 liter VTEC engine. The vehicle test

15  procedure was modeled after the Coordinating Research Counsel method CRC Project
No. CM-137-99 as discussed below. The vehicles were accelerated through % mile
distances at a part throttle setting while time and power measurements were obtained.

A set of reference tests were first conducted in which the engine sumps contained
the SAE 10W-30 motor oil as degcribed in E*;scamp_le 2. At the end of the reference

20  accelerations, 25% (volume) of the oil was removed from the crankcase, replaced with
the equivalent amount of the mixture of 4% by weight of the ashless friction modifier of

Example 1 with 96% by weight of SAE 5W-20 API SL motor oil having a kinematic
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5 statistically significant are noted in the table.
Accel eration Measurenents Percent Percent
i nl nprovenent .

in

TABLE V Power

and

| mpr ovenent Per cent | npr ovenent

/4 mle TestAccelerationin' /4 m |l eAverage

Nunber Vehi cl eTest Descri pti onl0-35 nphAccel erati onHor sepower

JeepExanpl e .24,

G andver sus( st atl
10Wsignific
Jeepl00% SAE
Cher okeever susst at
10Wsi gni fi cant) si

A

b

|caII

Grandver sus( scﬁ at i sti caI

OW si gnlflcan

20. 30.10. 3

10

a5
Hondaver sus(not (stati sticall

OW st at i sti caftrtiparajiyisrentisant peg aprieck in dharte

cSt at 100°C (descri
l'y(statis FcaFef

Pals’ '*38%%*‘ %@é@%’%f
iR 5t GUREID RS
AR SRL T

athtl

|caII

QuE é‘f?@‘)’a

in Exam]ille 2) and
y( st at

st cal

12002
fegeletgtion qata ‘1?%5?@5
22002

L RV

i cal

Liﬁy‘?‘ L

fwcafi

%é%é‘%@% %’gg Sgnﬁlhﬁf"z’{‘@tﬁ 41. 4

|y er okee100% SAE |

eI A8 anpl e
l;/(st atistically AccorleO% SAE |

TABLE V
Power and Acceleration Measurements
Percent Percent
Improvement Percent Improvement
in Improvement | in % mile
Test Acceleration in % mile Average
Number | Vehicle | Test Description | 10-35mph | Acceleration | Horsepower
1 2002 Jeep Example 2 2.7 0.6 2.0
Grand _versus | (stafistically | (statistically | (statistically
Cherokee | 100% SAE 10W- | significant) | significant) | significant)
(4.7L) . 30 Motor Oil ' |
2 2002 Jeep | 100% SAE 10W- | 0.3 0.0 10.3
Grand 30 Motor Oil | (not {(not
Cherokee Versus statistically statistically
(4.7L) 100% SAE 10W- | significant) significant)
30 Motor Oil
3 2002 Jeep Example 2 1.5 0.4 1.4
‘ Grand Versus (statistically | (statistically | (statistically
Cherokee | 100% SAE 10W- | significant) significant) significant)
{4.70) 30 Motor Qit
4 2002 Example 2 03 0.1 0.3
Honda versus (not (statistically | (statistically
Accord 100% SAE 10W- | statistically significant) significant)
(3.0L 30 Motor Oil | significant) - ‘
VTEC) -
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(3.0L3 0 Motor G Isignificant) VTEC) 10 32 Testing Procedure A test to
measure power and accel eration was nodel ed after a procedure- devel oped by
t he Coordinating Research Counsel (CRC) workshop, (CRC Project No.

CM 137-99) which is discussed hereinbel ow. An indoor vehicle chassis
dynanoneter 5 equipped with a data acquisition systemallowed for the

absor pti on of TghineProcedumsmi tted by the driving wheels of the test vehicle.
The rate of power absorption varies with speed and sinuldtes a real road
driving experienceA tekhie matae power Mitl ht@kraips vewnedeled aftsr speediure-di St ance,
and power data. The rate of data collection was 100 sanpl es per second. The

vehicle's on b&lbfedt the QbiEnatdd RésedEH ConsaNTREY WoRkshoh ICRE PlojédNgent 10
troubl e codes before initiating the test. |If required, t he necessary

repairs were ppdes7. éiv;fmc% lm%e%élheemb&ew tt%lmoep%atlbeﬂasg@a ;ta%%?ew th of
flushing, followed by a fresh charge of test oil. The oil shing process

used to th A and
Chang g e Sfbek Gt el 1o R\l np PUPK PR %%ﬁ&b@%rﬁﬁf e?t%t o
flush oil, r I the oi l...befo e 15
dr ai ni ng. The%ftz1 ? H&So &P?éss ‘ﬁnﬂle 1%§c‘)'rel ﬁlgt'ie q‘gts? ogag?ﬁlg%tsg?ﬁ ogvfnesfﬂg‘ Pr
charge of test oil 100% SAE, | OV 30 Mbt as_described i exarrpl e 2)
fol l owed the BIGSTYylgfE Eeal f?ﬁ%éf“?%‘txi’t‘ﬁﬂn"‘? ﬁm@% BLERER tYﬁtewsoEiP% SRt e
vehicle 100 m | es. A nechanical stop stal led in the vehicle to ensure
repeat abl e t hfigarqeeandnoues dashThg r%tEIP HRATAROL PR saTPiee Ber segraid. ¢ hj s
work, ‘the throttle stop was set such 20 that t he maxi num openi ng was
approxi mat el y 25% Hg m@e’ee@e@oe@.salédagwaw weselexampined for stored or current

()...

10 trouble codes before initiating the test. If required, the necessary repairs were made
| before preceeding. Engine preparation continued with oil fushing, followed by a fresh
charge of test oil. The oil flushing process used to thoroughly purge the engine oil
t;ystem consisted of draining and changing the oil and filter e number of times. Upen |
each introduction of ﬂush oil, a distance of 50 miles is driven to circulate the oil before
15  draining. Ttte last oil flush is conducted using the test oil. The final charge of test oil
100% SAE 10W-30 Motor Qil (as desctibed in example 2) followed the oil flushes. The
test oil is then broken in by driving the vehicle 100 miles.
A mechanical stop was installed in the vehicle to ensure repeatabie throttle
_positioning during the dynamometer test. For.this work, the throttle stop was set such
20  that the maximum opening was approximately 25% as recorded using a scan tool. The
vehicle and chassis dynamometer were warmed up together on the day of testing. The
tires were examined and their pressure set to the maximum recommended by the

manufacturer. A series of acceleration conditioning runs were conducted, followed by
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vehi cl e and chassi s dynanoneter were warned up together on the day of
testing. The tires were exam ned and their pressure set to the nmaxi mum
reconmended by-the nmanufacturer. A series of acceleration conditioning
runs were conducted, followed by 33 the reference test accel erations and
oil additive test accelerations. Warmup consisted of driving the vehicle
on the dynanuhetfieteetasearelthtosnedds afitidotesn@cdfafiRi. Mimaponfl@yl of Thi s
yi el ded a uniform operation tenperature for the vehicle and test equi pnent.

Four sets of dpdin thdWehicld & tBE BfaRioAlctd BErwWiRH BreGROAY 6 ﬁﬂadd%o%ﬁgp?kbfee the

vehicle for 5 acceleration style running. Each set consiste el ght

accel erati ongouA MEViEHE a 8% ﬂIofﬁle{atiB pefhturE ¥ the 9%&'1{{ aq]g.tgsgeciﬁ matart of

e
each set. At the concl usion 01{ e acceleration conditronin ns, a "Key

of f/ "Key on' eve%u?&\.@ Oﬁégﬁgﬁrg%%gaggﬁérgt?o ) | eCJ:oq‘lduéte t\é)esltasefn i gglre v%ﬁgtﬁ%'h? ?t

r
speeds between 50 an e vehicle was at re
"Key ore' .event ,occur follo g} by the reference . .test acceleragtions. The
10 first Shas‘?l 856(1)?1-&5) Sgg% vitee ggc ﬁ%ﬁo@ﬁedé)g ﬁ@ﬁtszlcgﬂer fonsy A {?c ge?ér ations
i.n order foré@p}ﬁ%al ,Stabilization to o cug. If the fourth accel eration
time was gredfer THAT KD Orpuref atFhe et PLFACcH sett yrthe qogelusionpfiths onal
accelerations were carried out. The last six of these eight accelerations
constituted LRElFaon copditipnng Fms 4 keay\pdl 6 Kqyront geent Bigs execated andahavehisle t i me
was | ess than the third, then the stabilization process continued until an
accel er at i on trayeled o5 oge edle et speersibetwesn 5P asd 6P mpbe Mnogthe tvehidnwas dthes, a
occured, four additional accelerations were acquired to conplete the test
sequence. As “Kef offd “Kiehen'l aent sicuredcfolibwedby tha seferenet tedt uteletdtions, defea set
for the analysis. Once the reference acceleration tests were conpleted, the
vehi cl e' d0endirstphaesf atest nelendibn sdtrrohdiitad 6fbee adRhetiods intdh®r Y@higie' S oi |
charge was replaced to formthe oil 20 conposition of Exanple 2. The
accel erati on stigfligatfonrio bbéus. (6 foakth MeeRatamGithd Wik d6dtQ1dhddBe third

acceleration time, four additional accelerations were carried out. The last six of these

eight accelerations constituted the data set for the analysis. If the fourth acceleration time

was less than the third, then the stabilization process continued until an acceleration was

15 greater than that just preceding it. Once this occured, four additional accelerations wers
acquired to complete the test sequence. As before, the last six accelerations constitute the
data set for the analysis.
Once the reference acceleration tests were completed, the vehicle’s engine was
turned off. In this case, 25% of the vehicle’s oil charge was fepla.cad to form the oil
20 composition of Example 2. The acceleration data for this test oil were acquired using the

same protocol described for the reference runs. A section from a procedural run sheet

used for this type of work follows to better illustrate the engine test method. ™
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same protocol described for the reference runs. A section froma procedural
run sheet wused for this type of work follows to better illustrate the
engi ne' test nethod. - 34 Test 1) Warmup chassis dynanoneter and test
vehicle by running test vehicle for one hour at 50 to 60 nph at chassis

| oad. 5 Actgteration conditioning 2) Key off / Key on 10 3) Do 8
accelerations 4) Key off/ Key on 5) Do 8 accelerations 15 6) Key off! Key

on 7) Do 8 pComlenpidhoRs dyihodletdlaid REf vehltRYbydindhg tt RehddCRl Shahb@ng 10)
Key-of f/ Keyo @0 moh 2t thask iog one mile at 50 _ 60 nph, chassis |oad 12) Key
off / Key on 30 Test Accelerations 13) Conduct test acceleration set (base_

fuel and tegl..Qdion BReiMnf0i | sunp tenperature at” start and end of test
set . ° _

2) Key off/ Keyon
10 3) Do 8 accelerations
" 4) Key off / Key on
5) Do 8 accelerations
° " 6) Key off/ Key on
7) Do 8 accelerations
20 8) Kej off / Key on
9) Do 8 accelerations
10) Key off/Key on
23 11) Drive one mile at 50 - 60 mph, chassis load

12) Key off / Key on

30  Test Accelerations

13) Conduct test acceleration set (base fuel and test oil). Record oil sump temperature at
start and end of test set.

35 14) Key off

15) Draw one quart of oil from test vehicle, (save as sample, see sample labeling), and

replace with 25% (volume) of the mixture of 4% by weight of the ashless friction

modifier of Example 1 with 96% by weight of SAE 5W-20 API SL motor oil having a
40  kinematic viscosity of 8.8 ¢St at 100°C (described in Example 2)

16) Key on
17) Drive one mile at 50 - 60 mph, chassis load. =

45
18) Key off / Key on
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35 14) Key off 15) Draw one quart of oil fromtest vehicle, (save .as
sanpl e, see sanple labeling), and replace with 25% (vol une) of the m xture
of 4% by wei ght of the ashless friction nodifier of Exanple 1 with 96% by
wei ght of SAE 5W20 APl SL notor oil having a 40 kinematic viscosity of
8.8 ¢St at 100C (described in Exanple 2) 45 16) Key on 17) Drive one mle
at 50 - 60 nph, chassis load. 18) Key off / Key on 35 19) Conduct test

accel erati on 19ptCR@hctERNeRRAGEHEEE 0i | sanple fromtest vehicle and | abel.
See sanple labeling. 5 Test conplete Test acceleration criteria-Three

| nitial accelfy 3k pihe WRkPol GRHICHES BRTetitle biFablTBed Onpididiflir L 10

accel eratison neasured greater than the tine t accel®grati on,
f our additionﬁﬁtmﬁﬁﬁﬁéerations were conducted. If the tine for the fourth
accel eration neasured |less than -the tinme for the third-accel eration,

acceleration§¥m &plnggeatﬁq.Until the tine for the nost recent acceleration
was greater . t he previous accel eration. Wen this occured,
an additional four,accel.erations were conducted.. %g Jt will be understood
That vari ous modi FHICESCTHERIRES Rieteo PR HLAEHE BB RS PG the 4G osed
herein. Therefore the above description should not be construed as
limiting, !0 pecshspiiqnmepsured sieater thaa dhq Wpetostheihed apelsertionifows additosal For
exanpl e, the functions

accelerations were conducted. If the time for the fourth acceleration measured less than

the time for the third acceleration, accelerations were repéated until the time for the most

recent acceleration was greater than the time for the previous acceleration. When this -

occured, an additional four accelerations were conducted.

15 . It will be understood that various modiﬁpations may be made to the embodiments
disclosed herein. Therefore f;he above description sh'qﬁld not be construed as Iimit'mg,} :
but merely as exemplifications of preferred embodiments. For example, the functions
described above and implemented as the best mode for operating the present invention
are for illustration purposes only. Other arrangements and methods may be implemented

_20 by those skilled in the art without departing from the scope and spirit of this invention.
Moreover, those skilled in the art will envision other modifications within the scope and

spirit of the claims appended hereto.



descri bed above and i nplenented as the best node for operating the present
invention are for illustration purposes only. O her arrangenents and

met hods may be inplenented 20 by those skilled in the art w thout departing
fromthe scope and spirit of this invention. Mreover, those skilled in
the art will envision other nodifications within the scope and spirit of
the cl ai ns appended hereto. 36 CLAIMS: 1. A lubricating oil conposition
conpri sing ¢y oil of lubricating viscosity 5 having a kinematic
viscosity of about 2 to 10.5 ¢St at 100C and (b) a friction nodifying
effective anmount of an ashless friction nodifier conprising a reaction
product of a C41to gORYEicAHL ofl Bdhosiioh AoBplisle @h cﬁfbf%ﬂfi@ﬁ@g%@c 2. The
| ubricating oil conposition of claiml| wherelrn conponent (a) furtheér

conpri s6s (hlinda kinkRhtid HRGEGAIBE 91t 169 BRIk $H0RE AR () frion ¥Rl BT | NT
viscosity having a 10 kinematic viscosity of 9.3 to about 16.3 tSt at a

tenperat ur %ff@étiv@@ﬁﬁnﬁ%ﬁar( ésh])essafnﬁﬁ&%gdlﬁ&%ﬁlbﬁﬁﬁé taQloh pﬁ%imrdf §id}g an oil of

| ubricating viscosity having a kinematic viscosity of “about 2 to | ess than

or equal tQp&id, Lty Aid Stdr GRPS! AkdtbBnfe. 100C, wherein the kinematic
viscosity of the second lubricating oil is |ower than the kinematic

viscosity of the first Jlubricating oil at 100C. 15 3. The l|ubricating oi
conposition of claiml or 2 wherein the fatty acid ester is an about C6 to
about C24 fatty acid ester. 4. The lubricating oil conposition of claiml

or 2 wherein the,f at tThe akidatiglodlcomposiidl of SRIBN whadel)corpbibne@l &fithe?0 5. The
| ubricating oil conposition of claim4 wherein the glycerol fatty acid

ester is sebmpfied(if & am bgchibg v cEapSimlintel Fiubpieatfg vakdte hawipd & on seed,
castor, peanut, :
10 kinematic viscosity of 9.3 to about 16.3 cSt at a temperature of 100°C and (ii} a second
fubricating oil comprising an oil of Iubricating viscosity having a kinematic viscosity of
about 2 to less than or equal to 9.3 ¢St at a temperature of 100°C, wherein the kinematic

viscosity of the second lubricating oil is lower than the kinematic viscosity of the first

lubricating oil at 100°C.

15 3. The lubricating oil composition of claim 1 or 2 wherein the fatty acid ester is

an about Cg to about C,4 fatty acid ester.

4. The lubricating oil composition of claim 1 or 2 wherein the fatty acid ester is

a glycerol fatty acid ester.

20 5. The lubricating oil composition of claim 4 wherein the glycerol fatty acid
ester is selected from the group consisting of palm, olive, cotton seed, castor, peanut,
tallow, lard, whale, sunflower, soybean, coconut, palm kernel oils and combinations

thereof.
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tallow, lard, whale, sunflower, soybean, coconut, palmkernel oils and
conbinations thereof. 37 5 6. The lubricating oil conposition of any one
of the preceding clains wherein the al kanol anm ne possesses the general
formula RN(R OH)2.a Ha wherein Ris hydrogen or an am noal kyl group with
t he al kyl having fromone to about six carbon atons, R is a hydrocarbyl
havi ng from about two to about six carbon atons and "a" is 0 or 1. 10 7.
The lubricating oil conposition of claim®6 wherein the al kanolamne is
sel ected fromthe group consisting of nonoethanol am ne, diethanol am ne,
propanol am ne, i sopropanol am ne, dipropanol am ne, di-isopropanol an ne,

but anol ami nes, am naak MyHrRidEEIADRIGiti0RBEaGORD bNGE pRRSIAH 8RR wheldn 8. The
| ubricating oil conposition of any one of the preceding clains wherein the

friction nukk flk@blanfind fSsdQRehd @Al Peeh of a glycerol fatty acid ester
and an al kanolam ne. 9. The lubricating oil conposition of any one of the
preceding clains wherein 20 the frratR'oR),qegifier is the reaction product
of a fasty acid ester selected fromthe group consisting of palm olive,

cotton seeGyhefsnsREY hydp@RA Bf an drdinbAWy! driptwittdha Byl Bdvitfe! fRIME bae toSBMABAN,
coconut, palmkernel oils and conbinations thereof and an al kanol am ne

sel ected fea®on bidgs R'QUPhE@B&IH hR@nOfroRBeR RN ROIRTI H€ carBbiLiiban M AR ne,
propanol am ne, isopropanol am ne, dipropanol am ne, di-isopropanol ani ne,
but anol am negor 5 am noet hyl am noet hanol and conbi nati ons t hereof.

10 7. The lubricating oil composition of claim 6 wherein the alkanolamine is
sclected from the group consisting of monoethanolamine, diethanolamine, propanolamine,
isopropanolamine, dipropanolamine, di-isopropanolamine, butanolamines,

aminoethylaminoethanol and combinations thereof.

15 8. The lubricating oil composition of any one of the preceding claims wherein
the friction modifier is the reaction product of a glycerol fatty acid ester and an

alkanolamine.

9. The lubricating oil composition of any one of the preceding claims wherein
20 the friction modifier is the reaction product of a fatty acid ester selected from the group
consisting of palm, olive, cotton seed, castor, peanut, tallow, lard, whale, sunflower,
soybean, coconut, palm kernel oils and combinations thereof and an alkanolamine selected
from the group consisting of monoethanolamine, diethanolamine, propanolamine,
isopropanolamine, dipropanolamine, di-isopropanoclamine, butanolamines,

25  aminoethylaminoethanol and combinations thereof.
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38 10. The lubricating oil composition of any one of the preceding clains
wherein conponent (a) is an oil of lubricating viscosity having a

ki nematic viscosity of about 2 to less than 10.0 cSt at 100C. 11. The

| ubricating oil conposition of any one of the preceding clainms wherein 5
conmponent (a) is an oil of lubricating viscosity having a kinematic
viscosity of about 3.8 to less than or equal to 9.3 cSt at 100C. 12. The

lubricating oil 1@ONPOZlehiniaiy A gaﬁu&;foffahﬁommﬁ%r@&dﬁgaalms wh&eisi " the
amount of the ashless frlctlon nodiTier present in ' ubricating oil

conposi t i ONyolBodent e) isaReHbr ﬂ)bﬁca"t\ﬁggﬁéosﬁ§ Bﬁ\gxg% a kiRARAR viRodih o hihufh tovﬁésg ht of

the lubricating oil conposition 1 od of inproving the fu
econony of g 104 &% Baloo&@nbusti on engi ne  whi ch conprises operating the
engine with a lubricating oil conposition conprising (a) an oil of

| ubricating viscosity having a kinematic viscosity of about 2 to 10.5 cSt
at 100C and (b) a friction nodifying effective anount of an ashl ess
friction nodifier conprising a 15 reaction product of a C4 to about C75

fatty acid esterj;and -ga hﬂ.‘lﬁ%ﬁﬂl o?irgo?lﬁosu%cﬂ‘x of-m§ Pﬁ%r ! Céjlgrgéedg éﬂng'éh%%r ein

conponent (a) further conpris |ng conprising an

oi | of SUbrc'oﬁxﬁBﬁéﬁg(eﬂsSaﬁ%ﬁ'ogkﬁbl:l]g%*&ggmgp py H@ngas lgaéé(;r%ag%ﬁrﬁébés}ﬁg%%a&u% gt about

16.3 cSt at a tenperature I'ng ol l

conpri sing, I CRlpb@g Vviscosity having a kinematic viscosity
of about 2 ?%ﬂ%%ggh{ g%£%$&%gual(g.3 cSt at a tenperature of 100C, wherein

the kinematic viscosity of the second lubricating oil is lower than the
ki nematic viscosity of the first lubricating oil at 100C. 39 15. The net hod
of claim 13 or 14 wherein the fatty acid ester is an about C6 to

12. The lubricating oil composition of any one of the preceding claims wherein
the amount of the ashless friction modifier present in the lubricating oil composition is 1 to

about 4.5 weight percent, based on the total weight of the lubricating oil composition.

10
13. A method of improving the fuel economy of an internal combustion engine
which comprises operating the engine with a lubricating oil composition comprising (a) an
oil of lubricating viscosity having a kinematic viscosity of about 2 to 10.5 ¢St at 100°C and
(b) a friction modifying effective amount of an ashless friction modifier comprising a

15  reaction product of a C, to about C;s fatty acid ester and an alkanolamine.

14. The method of claim 13 wherein component (a) further comprises (i) a first
lubricating oil comprising an oil of lubricating viscosity having a kinematic viscosity of 9.3

to about 16.3 ¢St at a temperature of 100°C and (ii) a second lubricating oil comprising an

20 oil of lubricating viscosity having a kinematic viscosity of about 2 to less than or equal 9.3
¢St at a temperature of 100°C, wherein the kinematic viscosity of the second lubricating oil

is lower than the kinematic viscosity of the first lubricating oil at 100°C.
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about C24 fatty acid ester. 16. The nethod of claim 13 or 14 wherein the
fatty acid ester is a glycerol fatty 5 acidester. 17. The nethod of claim
16 wherein the glycerol fatty acid ester is selected fromthe group
consisting of palm olive, cotton seed, castor, peanut, tallow |ard,
whal e, sunflower, soybean, coconut, palmkernel oils and conbi nations
thereof. 10 18. The nethod of any one of clains 13 to 17 wherein the

al kanol ani ne posgesseprelanhdritelaah 15QF nwl”am@}l(tﬁ% ) 2t obter MaR LS CRd S
hydrogen or an am noal kyl group with the al kyl having fromone to about si x
15 carbon q%@m&;4Euya&d%mgydrocarbyl havi ng from about two to about six
carbon atons an is 0 or 1. 19. The nethod of claim 18 wherein the

al kanolam ne is selected fromthe group consisting of nonoethanol am ne,

di et hanol am ne, propanol am ne, isopropanol am ne, 20 di propanol am ne,

di - i sopr opanol am ne, butanol am nes, am noet hyl am noet hanol and

conbi nations thereof. 40 20. The nethod of any one of clains 13 to 19
wherein the friction nodifier is the reaction product of a fatty acid
ester sel ected freoom tTe rgrBadofebngils or MwhtrepahdTattphiid @steCio b ighReros £,
castor, peanut, tallow, |ard, whale, sunflower, soybean, coconut, palm
kernel @i | sachlester.conbi nati ons thereof and an al kanol am ne sel ected fromthe
group consi sting of 5 nonoet hanol am ne, di et hanol am ne, propanol am ne,

i sopropanol am ne, di propanol am ne, di- isopropanol am ne, butanol am nes,

am noet hyl am noet hanol and conbi nati ons thereof. 21. The nethod of any one
of clains 13 to 20 wherein conponent (a) is an oil of

17. The method of claim 16 wherein the glycerol fatty acid ester is selected
from the group consisting of palm, olive, cotton seed, castor, peanut, tallow, lard, whale,

sunflower, soybean, coconut, palm kernel oils and combinations thereof.

10 18. The method of any one of claims 13 to 17 wherein the alkanolamine
possesses the general formula
RN(R'OH),., H
wherein R is hydrogen or an aminoalkyl group with the alkyl having from one to about six
15  carbon atoms, R' is a hydrocarbyl having from about two to about six carbon atoms and "a" is

Qorl.

19. The method of claim 18 wherein the atkanolamine is selected from the group
consisting of monoethanolamine, diethanolamine, propanolamine, isopropanolamine,
20  dipropanolamine, di-isopropanclamine, butanolamines, aminoethylaminoethanol and

combinations thereof,
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| ubricating viscosity having a kinematic viscosity of about 2 to |ess than
10.0 cSt at 100C. 10 22. The nethod of any one of clains 13 to 21 wherein

t he amount of the ashless friction nodifier present in the |ubricating oi
conposition is 1 to about 4.5 weight percent, based on the total weight of
the lubricating oil conposition. 23. A lubricating oil conposition
conprising (a) an oil of lubricating viscosity having a kinematic
viscosity of abo@l 2 R mdhod of Ry @He of HmsARYo FOFRELR O REAhoRRerliOthd O

about 85 weight percent of a first lubricating oil, and about 15 to about
45 wei ght  RecE8RMprodh ofa Ry e84 eét&lg-erea@a i 1R éroam%ﬁﬁétagtohﬁaﬂﬂ BB diton

viscosity of the second lubricating oil |'ower than the kinematic

viscosity Qked BRtdr] gedtut] thiRiv, @e@&'MIeoﬁdnﬂ@%erlgﬂrgeanmoﬁ@)paﬁibgéfhelglléaﬂd) about

5.0 wei ght percent, based on the total wei ght of the |'ubricating oi

conposi t i ooyBfnafiths 1RSI 8RBar dik-ablaRihe¥RditEd £5m %f@?&dp%ﬂgstﬁg Leaction product
of a C4 to about C75 fatty acid ester 20 and an al kanol amne. 41 24. The

| ubri catsi NGn@Hokth&RIRARE, lileBRnOEmbk AirfpadSlaiie! ibpogaR@akink Sdiproptibiafild i oi |
is an oil of lubricating viscosity having a kinematic Vviscosity of 9.3 to

about 16. 3 jgatopaholfnint, HARGEBMIHES affinotBfrBREbAYE aRPERMfhatii chGa4 N9 Oi | i's
an oil of lubricating viscosity having  a kinematic viscosity about 2 to

| ess than or equal to 9.3 cSt at a tenperature of 100C. 5 25. The

| ubricating oil conposition of claim23 or 24 wherein the fatty acid ester
is an about C6 to about C24 fatty acid ester 26. The lubricating oi

composi ti an of chal M iR MALEIPLIR 530 8 AGL S3LSkl @) 8 HLAEE" O

fatty acid ester. ubri ca nposi |on 0 erein
bal XF?L2*1“%%%%%%&?%%&“”52*%ﬂ%&a%é‘gﬁcﬁkfféf%ﬂ?%C%‘*ﬂeé%‘%a@Vsﬁb’PS* PR cver
soybean, coconut, pal mkernel oils and conblnatibns

10 22. The method of any one of claims 13 to 21 wherein the amount of the
ashless friction modifier present in the lubricating oil composition is 1 to about 4.5 weight

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

23. A lubricating oil composition comprising (a) an oil of lubricating viscosity
having a kinematic viscosity of about 2 to 10.5 ¢St at 100°C and comprising about 55 to
15  about 85 weight percent of a first lubricating oil, and about 15 to about 45 weight percent
of a second lubricating oil wherein the kinematic viscosity of the second lubricating oil is
lower than the kinematic viscosity of the first lubricating oil at 100°C; and (b) about 0.5 to
about 5.0 weight percent, based on the total weight of the lubricating oil composition, of an
ashless friction modifier comprising a reaction product of a C, to about Cys fatty acid ester

20  and an alkanolamine.
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thereof. 28. The lubricating oil conposition of any one of clains 23 to 27
wherei n the al kanol am ne possesses the general formula 15 RN(R OH)2_a H.
wherein R is hydrogen or an am noal kyl group with the al kyl having from one
to about six carbon atons, R is a hydrocarbyl having fromabout two to

about six carbon atons and "a" is O or 1. 42 29. The lubricating oi
conmposi tion of claim28 wherein the al kanolamne is selected fromthe
group consi sting4of rEReARAMY ALRG0sHbELPAR AW ASein B{e%%x?cm ﬁ%ml

i sopr opanol am ne, dlpropanolanlne I -1 sopropanol am ne, butano

am noet hyl Eiﬂr[‘&ﬂ:hﬁﬂl@éauﬁ% dzs&ﬁff? hﬁ‘ﬁ%é Q%S&Q%E%Sltys()f% to WB6ut! l'étﬁrds‘fgi[df ng O' l
conposition of any one of clainms 2 wherein the friction no ier

the reacti Q@nREG 106°CCarl! (NELERA mﬁiiéaﬁn@&ma%meorfl@mat cBélng}l mrel ]

31. The lubricating oil conposition of any one of clains
the frictiQfndmeichisebsidyab&il® th BRE iR Br Rfugfjﬂd@% &H‘t afla {eﬂ'xy‘:ﬁtu@@bidl 0Bt er

sel ected fromthe group 10 consisting of palm olive otton seed, castor,
peanut, tallow, |ard, whale, sunflower, soybean, coconut, pal mkernel oils
and conbi nati ons thereof and an alkanolanine selected fromthe group

consi sting of nonoet hanol am ne, di et hanol am ne, propanol am ne,

i sopropanol ani nes. di phepeseh@il diEsonthositis® Bf fia Tl @14 Reherddiihe TalyHddes,
am no et hyl am noet hanol and conbi nations thereof. 15 32. The lubricating

0i | conposiekienis adhbaAn s ®ghodf C4lfaty Witk 0 31 wherein conponent (a) is an
oil of lubricating viscosity having a kinematic viscosity of about 2 to

26. The lubricating oil composition of claim 23 or 24 wherein the fatty acid

ester is a glycerol fatty acid ester.

27. The lubricating oil composition of claim 26 wherein the glycerol fatty acid
10 ester is selected from the group consisting of palm, olive, cotton seed, castor, peanut,
tallow, lard, whale, sunflower, soybean, coconut, palm kernel oils and combinations

thereof.

28. The lubricating oil composition of any one of claims 23 to 27 wherein the

alkanolamine possesses the general formula

15 RN(R'OH);, H
wherein R is hydrogen or an aminoalkyl group with the alkyl having from one to about six
carbon atoms, R' is a hydrocarbyl having from about two to about six carbon atoms and "a"

isOorl.
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| ess than 10.0 cSt at 100C. 33. The lubricating oil conposition of any one
of clains 23 to 32 wherein 20 conponent (a) is an oil of lubricating
viscosity having a kinematic viscosity of about 3.8 to [|ess than or equal
to 9.3 ¢St at 100C 43 34. The lubricating oil conposition of any one of
clainms 23 to 33 wherein the anobunt of the ashless friction nodifier
present in the lubricating oil conposition is 1 to about 4.5 weight

percent, based @p therpt@liRicatitfl (Qmon%fosﬁlbﬁ‘ of HQH %h&'&n %el alIGRPRAR L On.  35.
The Iubrlcatlng oi | conposition of any one of clainms 23 to 34 wherein the

S first |uhgkgad hg 1 OQJ c&ﬁﬁﬁ@%m{o@hahﬁarﬁﬁk etﬁétﬁﬂlofa'hﬁﬁ@ %a&ﬁﬁh’lﬁe

consisting of a SAE 10Wnultigrade oil, a SAE 15W mul tigrade oi |l and

m xtures thepaRhnditdink NEp I%sﬁfa&%lh@msgafogmanghé pRfnQQERENeNt (a) is
sel ected fromthe group consisting of ONnultigrade oil, a SAE SW

mul ti gr ade a@fidoeBRhniThocitih81Sank REMBREtionk @hed&r, The | ubricating oil conposition
of claim35 wheréin the first lubricating oil - of conmponent (a) is a SAE

10W 30 nultigrade oil and the second lubricating oil of conponent (a) is a
SAE 5W 20 nmultigrade oil. 37. A lubricating oil conposition conprising (a)
an oil of lubricating viscosity and (b) 1 to about 4.5 wei ght percent,

based os the total waihghibriohtidghsl dompobiiah bNghy@ink o HaBRMBAS 26 WBBreinhe an
ashless friction nodifier conprising a reaction product of a C4 to about

C75 fatty aattibnasddefieranthe adhcBbKAHOOABT NElycad8l failiecidl bddériagabh MBadldmine.

conposition of claim37 wherein the oil of conponent (a) conprises about
55 to about 85 weight percent of a first lubricating oil, and about 15 to
about 45 wei ght percent of a second |ubricating oil wherein the kinematic

viscosity of the120 Imeoigichtidy diCahpagition bf iny dn@VEElafnlyad3 tb BE whideprwas i C
viscosity of the first lubricating oil at
friction modifier is the reaction product of a fatty acid ester selected from the group
10 consisting of palm, olive, cotton seed, castor, peanut, tallow, lard, whale, sunflower,
soybean, coconut, palm kemel oils and combinations thereof and an alkanolamine selected
from the group consisting of monoethanolamine, diethanolamine, propanolamine,

isopropanolamine; dipropanolamine, di-isopropanolamine, butanolamines,

aminoethylaminoethanol and combinations thereof.

15 32. The lubricating oi! composition of any one of claims 23 to 31 wherein
component (a) is an oil of lubricating viscosity having a kinematic viscosity of about 2 to

less than 10.0 ¢St at 100°C.

33. The lubricating oil composition of any one of claims 23 to 32 wherein
20  component (a) is an oil of lubricating viscosity having a kinematic viscosity of about 3.8 to

less than or equal to 9.3 ¢St at 100°C
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100C. 44 39. The lubricating oil conposition of claim37 or 38 wherein the
friction nodifier is the reaction product of a glycerol fatty acid ester
and an al kanol ami ne. 40. The lubricating oil conposition of claim 39
wherein the glycerol fatty acid 5 ester is selected fromthe group
consisting of palm olive, cotton seed, castor, peanut, tallow |ard,
whal e, sunfl ower, soybean, coconut, palmkernel oils and conbinations

thereof. 41. Theyl ubringali-Raig bil e&Hﬁ&ﬁiohi d?f&nffon@m’clgi% Af 1003} Beir3 the! © 40
wherei n the al kanol am ne possesses the general formula 10 RN(R OH) 2_a H.

wher ei n R iagodMAs088 BsiEss IR MORKKY bresin® 4P hibtidaliSe 8l 'e¥hpbatdg if fom one
to about six carbon atons, R is a hydrocarbyl having fromabout tw to

about siX G8&HRAS WLighEeRRE:, bRed bS 1 tRhl eighDr e luThBrih3 B EGARSdsRYn 0 |

conposition of any one of clains 37 to 41 wherein the "friction nodifier is
the reaction product of a fatty acid ester selected fromthe group
consisting of palm olive, cotton seed, castor, peanut, tallow I|ard,

whal e, sunflower, soybean, coconut, palmkernel oils and conbi nations

h f d k i 1. . LSkl f
thereof and an aJIS anglth}@]'ﬂﬂ? at%rf‘gl cﬁpéo?lgnosﬁﬂf:u? FH’ :gn@rq)ng %ggl&&%%b %& 'w@l?reﬂx the

nonoet hanol an ne, di anol am™e, propanolamne, I sopropanol am ne,

di | . T ; i , . -
am oot Pyl atcoricitiad GO QRBBRLE N el AN SRR comistng o7 SABIY: i ng oi
conposi tio '?mﬂtfi%rgcﬂ?yoiﬂ N& A9 1 &l %{u'ﬁggr%dza &Panﬁlgnim‘?ers?ﬁé?eof%%?l% @9&59 ﬁlgo)ngéﬁjép ri ses

a first lubricating oil selecte romthe group consisting o

oil of component (a) is selected from the group consisting of a SAE OW multigrade oil, a

SAE 5W multigrade oil and mixtures thereof.

10 36. The lubricating oil composition of claim 35 wherein the first lubricating oil
of component (a) is a SAE 10W-30 multigrade oil and the second lubricating oil of

component (a) is a SAE 5W-20 multigrade oil.

37. A lubricating oil composition comprising (a) an oil of lubricating viscosity
and (b) 1 to about 4.5 weight percent, based on the total weight of the lubricating oil
15 composition, of an ashless friction modifier comprising a reaction product of a C,4 to about

Cqs fatty acid ester and an alkanclamine,

38. The lJubricating oil composition of claim 37 wherein the oil of component
(a) comprises about 55 to about 85 weight percent of a first lubricating oil, and about 15 to
about 45 weight percent of a second lubricating oil wherein the kinematic viscosity of the
20  second lubricating oil is lower than the kinematic viscosity of the first lubricating oil at

100°C.
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| OWnul tigrade oil, a SAE 15Wnultigrade oil and m xtures thereof and a
second lubricating oil selected fromthe group consisting of a SAE OV
mul tigrade oil, a SAE 5W5 nmultigrade oil and m xtures thereof. 44. A

met hod of inproving the fuel econony of an internal conbustion engine

whi ch conprises operating the engine with the lubricating oil conposition
of any one of «clains 1 to 12 and 23 to 43. 46

39. The lubricating oil composition of claim 37 or 38 wherein the friction

modifier is the reaction product of a glycerol fatty acid ester and an alkanolamine.

40. The lubricating oil composition of claim 39 wherein the glycerol fatty acid
5  esteris selecied from the group consisting of palm, olive, cotton seed, castor, peanut,
tallow, lard, whale, sunflower, soybean, coconut, palm kernel oils and combinations

thereof.

41. The lubricating oil composition of any one of claims 37 to 40 wherein the

alkanolamine possesses the general formula

10 RN(R'CH),., H,

wherein R is hydrogen or an aminoalky] group with the alkyl having from one to about six
carbon atoms, R' is a hydrocarbyl having from about two to about six carbon atoms and "a"

isOorl.

15 42. The lubricating oil composition of any one of claims 37 to 41 wherein the
friction modifier is the reaction product of a fatty acid ester selected from the group
consisting of palm, olive, cotton seed, castor, peanut, tallow, lard, whale, sunflower,
soybean, coconut, palm kernel oils and combinations thereof and an alkanolamine selected
from the group consisting of monoethanolamine, diethanolamine, propanolamine,

20  isopropanolamine, dipropanolamine, di-isopropanclamine, butanolamines,

aminoethylaminoethano! and combinations thereof.
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43, The lubricating oil composition of any one of claims 37 to 42 wherein
component (a) comprises a first Iubricatiﬁg oil selected from the group consisting of a SAE
10W multigrade oil, a SAE 15W multigrade oil and mixtures thereof and a second
lubricating oil selected from the group consisting of a SAE OW multigrade oil, a SAE 5W

multigrade oil and mixtures thereof.

44, A method of improving the fuel economy of an internal combustion engine
which comprises operating the engine with the lubricating oil composition of any one of

claims 1 to 12 and 23 to 43.
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