LUBRI CATI NG O L COVPOSIFTI ONS AND METHODS FOR | MPROVI NG FUEL ECONOWY | N AN
| NTERNAL COVBUSTI ON"ENG NE USI NG SAME BACKGROUND OF THE | NVENTION'.5 1.
Technical Field The present invention relates generally to lubricating oil
conpositions and to nethods for inproving fuel economy in an internal

combustion engin ar I inyen |on IS
R T
conposi tions anf 5 Nﬁ%pﬁm '

combustion engi ne such as a gasoline or diesel i nt ernal conbusti on, engi ne
enploying the lubricating oil conpositions. 2. Description of Related Art
The vi sc05|tyB SR QP NIOB A EEIN 3N a key feature when selecting a

| ubricating - oil. The I ubrl catl ng oil is typically chosen according to bot h
the climtic leﬁmmm to 15 which the engine is exposed, -and the '
tenperatures and shear conditions under which the engine operates. Thus,
the oil must be ofTisudrbient @uédtipn raduesgeneally fofluliicaBidiPmpoSITOHR Al 6 €S to.
provi de adequate |ubrication upon cold starting of the engine, and capable

of mai ntai ni ngethods fof intgtbving ﬁﬁs@&!ohb! T%Rldnqﬁémﬁ%ﬁabh&ﬁmeeﬁngh@ﬁsﬂ%%ﬂx of VoreS

under a full t operating |oad. e Society of Autonotive Englneers.
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combustion engme such asa gasoline or diesel internal combustion engine employmg the
. lubricating oil compositions.

2. Description of Related Art

The visc__:osifcy gracIe of an engine oil is a key feature when selecting a Iubrica.ting

.oil. The lubricating oil is typically chosen accdrding to both the climatic temperatures to

15  which the engiﬁe 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 uﬁder a full

| (’\i operating load. |

20 The Society of Automotive Engineers classification system, SAE 1306, deﬁneé
engige ol 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
(AST™M D445), as well as a minimum high shear rate Viscoéity at 150°C (such as ASTM

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




D4683, CEC L-36-A-90, or ASTM D5481). Engi ne oils designated as SAE OW
through 1 25Whave been cl assified according to their |ow tenperature
cranki,ig viscosities (ASTM D5293), |ow tenperature punping viscosities
(ASTMA684), and a mini num ki nematic viscosity at 100C. Mil'tigrade oils -

both th d d
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possesses thegﬁa?l% ggrstrl c characteristics,of SAE 30 motor oils as well as
the |ow tenperdrih eI SRSHELP PUTBHENISEodes (S ENEO5H) and » mpimuen kingasic
shoul d be chosen with the appropriate high tenperature kinematic and high
shear rate vi SEEesityiatd09°Gy M“I%f@%o@ﬁg?%gm&fytbé handblowr empagptwo viscosigns i n
an effort to prevent the engine wear and oil consunption that can be :
associ ated w trnqmmenta@r@l@paaagen thoiumdmenycldtasee Fok exanipds an engineoil dedighaddyyi ng,
respectively. Simlarly, to afford |ow tenperature engine protection, the

maxi mm | oW t eiAJeFWE30 possassas kiiengscandtrivuwimiogristits $€ SAE3088060F ol &upid want
shoul d match the requirenents inposed by the environnment in which the

engine wil | baowpanmadmvﬁb@naﬁxgmﬁbé@ﬂ\smmrature viscosity limts of a
given oil grade are .intended to define the oil's ability to facilitate

engine starting i nﬁcxabﬁcallé%wﬁ{ohﬁfbe &leentﬁtméid@grn ééro"" of cold

oil to the oil punp, thereby mnim.zing the i ne Eélamage due,
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have its oil |od al | order.to maintain the efficiency and

chani cal i nt@%??f‘%‘ %f ?‘ﬁg | ﬁ&?%‘ée Wﬁf\ﬁl&%&’l copsumption thatean hepssesigted withge 20 -
ﬁt erval s t.o Ia behl nd oth ervigce in al s since consumers can view
o 1 changdl” ad eREToup i R daitetm e GHmae, crrrest Sasesy, Dodbry

regul ar mai nt nance aspects of
low temperature engine protection, the maximum low temperature cranking and pumping

viscosities of the lubricant should match th(? requirements imposed by the enviropment in-
which the engi:ne will be operated. The maximum low temperature viscosity limits of a
giveﬁ oil gradé are intended to define the oil’s ability to faciiitate engine starting in cold
15 weather, and to ensure the ready flow of cold oil to the oil pump, thereby minirrﬁ}:ing the
potential of engine damage due to insuﬂ‘ic_ient 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 mechanical integrity of the engine, ﬁowever, ii: is commeon for oil chaﬁge-
20 intervals to Jag behind other service intervals since consumers can view oil changeé 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.



vehi cl e ownership. Typically, recommended oil service intervals have been
extended wth the introduction of higher quality base stocks and better

| ubri cant additive packages. 2 Yet regular oil changes still tend to |ag
behi nd ot her j nce .itens.such as, .for xanmple, air filter

repl acement , lr)n?J SE;ee%p%f)?lgﬁhé’H%eﬁtsflﬁget“H.to %ﬁé’eg’%ﬁﬁﬁ?ﬁn Hep@osiiems gich@s, fewr t her

i nprove the lubricant, technology in order to help counteract the inpact of
this vehicle ﬁﬁ"ﬁﬁ%ﬁgrﬁg@ EPiagsisRy, braks replasemenagicailBopisblem thereforeis éasi ng
concern in recent years to inprove the fuel econony performance of an

i nternal conmbuftrihghimpagyierthe lubtsant teahnology in heder tsfhelpewietvget theampaceofyihies and
di esel fuel engines. The viscosity of the engine oil is one factor that

i nfluences f uevehedomaimenaTherdbamver .t he oil's viscosity, the | ower the

vi scous drag on the “engine and hence the better the fuel econony

per f or mance> HoweveThert ha alsoweén ati inc@ssidg/cohGerd irB@een®ybass Mhrovh kld fu@r ovi de
adequate lubrication to protect the engine. A variety of. conpounds have
been proposed esnagifiptifoteEindedt ah uhbinglAlohbYsiRinl efigih® paﬁﬁbﬁﬂiﬁl [ 6na8Rhbd LY, Of
the oils to, for exanple, disperse contaninants, resist o |§at| on, “an
reduce fricti oghoek ek dil I o A i gt i |, _econony of
the engine. Fo rgme%i arrptlhgé,gl %F!I éaggi@%gpzév&%cp? derﬁ%édgg%ﬁ%gsﬁ%%ﬁcﬁ%rhtﬁgs, for

exampl e, ol Y PhiRR e R b AL, BRYGRRRD dOT hR RESEL, 88

frictiqn nodi fying additives”in ‘Tubrican : ot 1
R L R TR AL
e Fubr i calt | A R BT PO S I OB RS SD R IRENe he use of
ol ybdenum conpou ndﬁ vsiinset)} Qf%%nfpgggds have been proposéd as additives for lubricating oils to B
enhz_mce the ability of the oils to, for example, disperse contaminants, resfst oxidation,
and reduce friction whic;h-1 in turn, assist in increasing the ﬁlei'eco'nomy of the engine.
For example, oil soluble molybdenum compounds 51:1ch as, fér 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 ecdnomy

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

Nt

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 teniperatureé fér long periods.

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



serve as antioxi dants when added to the engine. It is well known that

| ubricating oils are partially oxidized when contacted wth oxygen at

el evated tenperatures for |long periods. The oxidation in nmotor oils is-
particul arly acS§l&™f Hhatiedasigaet it operesrunder bavpustllonis3ne ngiBatdd@hpbatures
desi gned to operate under heavy workl oads and at el evated tenperatures.

Accordingly, as “CRerdngly.ias sheilnkricaling ainatdrgoes ogidiikatthe olyi8e R &’&ﬁqﬁﬁﬂﬁ% will
h 3

compounds will, in turn, be consuned as an antioxidant t’hus 1 mting er’r
use as a fricti #rfumbdiefdonsunied atsh:eantim@iam&huﬁidﬂting$hehﬁhs%%¥§@ri&%n%%kﬁe‘%?ﬂttﬁe

that 0.8 weight percent of a friction nodifier based on the reaction
product of cocoegin®i| and di et hanol ami ne has been sold conmercially in a
SAE | OW 30 engi.ne oil conposition having a typical kinematic viscosity of

11 centi Stoke (cSt) Hhtis bRGed BIPIWENEhes 1 M*’%ig?{#?w%itﬁga}ﬁl scosity. engine

oil with alow ampunt. of friction nodifier S e Higmpased on
benefit and | owht eeRELADH RictldE RS 4 16840 tge copposition. It woul d
therefore be desirable ?)o p?ovicdézglg?%lhg%%g%‘l Oma'i“FHg%'?Fﬁ%‘i’lpicBWWﬂ%@Hma
provi des si gni fgoanbwi s aps:oved. fuel..econany and wear protection, which
results in a reducti onbigﬁblgerr&ggsoi{%r?g?oig‘“‘%@\/ﬁ\ﬂtwwﬁnﬁwqwmm1[Di scl osed

are |ubricating,qi i ti.0 nd nmethods for inproving the fuel
econony of an %ﬁ%f#tﬁg%md?ﬁﬁrﬁgﬁﬂieﬁ @ Hs! Airilvigh vibeosity brgineatil with aildw

" conposi tions. Thus (gls%n accordance wth a first aspect there is provided, a -
' M retiomme

| ubri cating oi I""88 s ignits laeifuobheconomp bpmefis et 18) tepeiate Of
| ubricati n%ovi scosity 20 having a kinematic viscosity of about 2 to 10.5
cSt at 100C andfpPsitiey offheceompasiandi f yi ng

It would therefore be desirable to provide a lubricating oil composition which

provides significantly improved fiel economy and wear protection, which results in a

reduction in emissions.

15 SUMMARY OF THE INVENTION

Disclosed are lubricating oil compositions and methods for improving the fuel

€conomy of an internal combustion engine employing the lubricating oil compositions. Thus
In accordance with a first aspect there is provided, a

- Iubricating oil compositionis provided which comprises (2) an oil of Iubriﬁaiting Viscosity
‘20 having akinematic viscosity of about Zto 105 &St at 100°C and (b) a friction modifying

effective amount of an ashless friction modifier comprising, a reaction product of a Cq to

about Cys fattyacid ester and an alkanolarmine,



effective anount of an ashless friction nodifier conprising a reaction
product of a C4 to about C75 fatty acid ester and an al kanolamne. 4 In a
second aspect, there is provided a nethod for inproving the fuel econony of
an internal conbustion engine which conprises operating the engine wth a -
| ubricating oil conposition conprising (a) an oil of lubricating viscosity
having a kinematic viscosity in the range of about 2 to 10.5 ¢St at 100C
and (b) a friction ﬁanodif ing effective amount of an ashlers friction

modi fier conprising aﬁé“&f‘ﬁ?@ﬁ“ﬁh@dmmwdfidéam@octfor alpportingdihe fatty acid

ester and an al kapaladg Lrd aspect, there is provided a
| ubricating oil comosinmfnah(?[gﬁ%l%{l]%qn% Stlg') engipegyviich fompiises eparpting the engires t v

havi ng a ki nematj.& i Lty.,of about 2 to 10.5 cSt at 100C and conpri si ng
about 55 to aboh‘{‘tﬁs"éh%&gﬁé&éﬁ‘@m‘“% comprisggi(p} 2 oif effubricating yiswisity havic a
about 15 to,abo%&e45fmejg§t ercent of .a second lubricating-_ oil cating
oil is |ower wheP&FAy HESHRIhETFAS ranse of sbmit 2o 3. 5tdS¢ as @Gt (b4 fikchan t he
ki nematic viscosity of the first lubricating oil at 100G, and (b) about
0.5 to about’5. 6‘06\15%@%&%@? gepent dfas eshless fiidtentnwidifier WaingFikin®@h rdafon product

| ubricating oil conposition, of an ashless friction nodifier conpriging a
reaction productaf« @ abeut GrsftnaciCiBef aidtay afkahslagsker and an 15

al kanolamine. In a fourth aspect, there is provided a |ubricating oi

S conposition conpri si g at@ld pkct, Heke i9HrovidRE | ] vi,scosity conprising a
“first lubricating oil sel ecafg%d froerﬁ he g?%&%%%%%?gti ng ofa SAE | OW

nul ti grade oi | ;,comp8iton bohprtidg ﬁ)’@aﬂ@il B?Iuba%ng%%%gtgilagg%&%o%ﬁ d F]??%ﬁgggd

lubricating oil selected fromthe group consi
oil,: a SAE S5W-about 2 to 10.5 cStat 100°C and comprising about 55 to about 85 weight percent ofa

10 first hubricating oil, and about 15 to about 45 weight percent of a second lubricating oit
wherein the kinematic vismsity of the second lubriéating oil islower than the kin'ernatic
viscos‘fty of ti%e‘ﬁ_rst:lubricating oil at -1 00°C; and (b) about 0.5to about 5.0 weight
percent, based on the total weight of the lubricéting oil composition, (;f an‘aéhless friction

m'odlﬁer comprising a reaction product of a Cy to about Cys fatty acid ester and an

15 akanolamine,

In a fourth aspect, there is provided a lubricating oil éomposition comprising (a) an
oil of lubricating viscosity comprising 2 first lubricating oil selected from the group consisting
ofa SAE 10W multigrade oil, a SAE 15W multigrade oil and mixtures thereof anda second
lubricating oil selected from the group consisting of a SAE 0W multigrade oil, a SAE SW

- multigrade oil and mixtures thereof and (b) 1 to about 4.5 weight percent, based on thetotal
weight of the lubricating oil composition, of an ashless ﬁ'icti_dn modifier comprising a
reaction product of a C, to about Cys fatty acid ester and an alkanolamine.

Ina fifih aspect, there is provided a method of improving the fiel economy of an

* internal combustion engine which comprises operating the engine with the Iubricating oil

composition as defined above.




mul tigrade oil and m xtures thereof and (b) 1 to about 4.5 wei ght percent,
based on the total weight of the lubricating oil conposition, of an
ashless friction nodifier conprising a reaction product of a C4 to about
Cis fatty acid ester and an al kanolamne. In a fifth aspect, there is

provi ded a nmethod of inproving the fuel econony of an internal conbustion
engi ne whi ch conprises operating the engine with the lubricating oil
conposi tion as,.defined abhove. 5 Disclosed is a lubricating oil conposition
conprising: (a SCE)S?CPIF?l@fl%}t’tﬂ%ﬂl&%ﬁi’%&%ic@émrtgy havi ng a ki nematic
viscosity of about 2 to 10.5 ¢St at 100C conprising: 20 (i) a first

| ybricating oi |l conpyinSeinsF lakticatihe Of iGat.l vi scasity haying a
k:‘-}nemat i c Vviscosi t-gﬁ )(r)f 9.3 tocggﬁauﬁlsidg.ﬁg%@@g% %n?tWW§¥%?§%BF9%%@-5 and,
(ii) a second dsulriowat icBlp@lihe:COMPri Sing an oi |l of |ubricating viscosity
having a kinematic viscosity in the range of about 2 to |l ess than or equal
to 9.3 cSipat a 5Sa te of .100C, wherein the kinematic viscosity of
the second | ubricati ngngl?}f1 %%%EU%HBQ%?g herrREeen edmilutricelingrdsiosity lefving e
first lubricatj.l il. at. 100C. and, (b) a friction nodifying effective
amount of an yg%ﬁ%&%wﬁqs@f?gﬁ%ﬁ%éﬁ?qtéﬁjngéﬁi)ﬂempngmaéroémo%bm@roduct of a
C4 to about C75 fatty aé‘iad ester and an al kanolamne. 5 A preferred
alternative enbodi nent % 25a@ndlesiating oil eortprisingian o Sfibricadig viscoGity)
conposi tion conprising (a) _an oil of lubricating viscosity and (b) "1 to
about 4.5 wei 61¥f“33p‘§EWlCFIS§a‘é@dndneﬁahge6ﬂHbaﬁt PRI/ ot Hffial Y4 &Gt n9 Of |
conposition, of an ashless friction nodifier conprising a reactio at)‘?oduct
of @ C4 to about C75 fatty acid ester, and an

5a



al kanol am ne. 10 A particularly preferred alternative enbodi nent of the
present .invention is a lubricating oil conposition conprising (a) an oi

of lubri’cating viscosity viscosity having a kinematic viscosity of about 2
to 10.5 cSt at 100C and (b) Ito about 4.5 weight percent, based on the
total weight of the lubricating oil conposition, of an ashless friction
modi fi er conpr iuipsepterciof 20T CHwharindhickinaiatia vicdshp oo Wécohd Ribfiddiny oa® d
ester and an 15 al kanol am ne. Methods for inproving the fuel econony of an
i nternal conmbukivienthaanigi idgertdiicatscod GPiHe FRS 1UORGHAL bIG: idtecengi ne with the
foregoing alternative lubricating oil conposition are also ptovided. Al

ki nemati c.vi scosi t y(byBEsARMiGinb ef&iile Ahofs LET i&idaf C are made
20 with ASTM standard ASTM D4451?. The tleef mqgfycer?%‘gg'slfg%mglsné erein-refers

to glycerides thapristis, r@é‘&foﬁﬁpodfuﬁlo&qa b %ﬁoﬂ Cg:fflt;%i %C#‘ﬁg%%aé*lad an ﬁg{x}t?p : lines are

sources, and to glycerides that are-synthetic

esters of ycer ol i 1.G..al cghal fatty. acids in which one or 6
nore of thg5 hydr oxyf‘?’éérf%‘jﬂ%@ég{%“%%r“’y%@%"gi‘geﬁfi%q%%li%%%? PEEPURn 37 Iphdcating pibxy|
groups of fatt ..ds cont.ai nj f.rom.about 4 to about 75 carbon atons and
preferably fr o%/ﬁma‘gogftﬁltg R 80?18”51%@]%“ %‘LO WS AisoRety amh ) lde@houic Tweighin be
saturated or unsat rbat d, gi neﬁr , . branched aor cyclic nonocarboxylic acids.
Waere three hyRff &y 3&?&1‘}& ¢ it weighbef the bricatipgoit eepupasitivn, & aglastdess ifidteions
denoted a "trhglgéerideﬂu When only one or two of the hydroxyl groups are
esterified, tHEHBYRCMPHYNGRHRIGEesPradust dbn6s todbsutdhve Gittyaeidi edies indadd '
"di gl ycerides", respectively. Natural glycerides are m xed glycerides
conpri si ng tri%‘f%’éﬁﬁ@es and m nor

10 A particularly preferred alternative embodiment of the present invention is a
lpbrica‘ting oil composition comprising (a) an oil of .lubricating 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, baged on the total weight of the Iubricating oil composition, of an ashless friction
.modiﬁer comprising a rgaction pfoduct of a C4 to about Cys fatty 'acid ester and an
15 alkanolamine. |
Méthods for improving the fuel economy of ﬁn internal combustion engine which

comprises operating the engine with the foregoing alternative lubricating oil composition

"xw‘,

are also provided.
All kinematic viscosity measurements herein at a temperature of IOO".C- are ma&e |
20 with ASTM standard ASTM D44_5.
The term "glyceride” as uéed 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




anounts, e.g.; fromabout 0.1 to about 40 nol e percent, of nono- and

di gl ycerides. Natural glycerides include, e.g., coconut and soybean oils.
Synt heti'cal | y produced 10 gl ycerides are synthesized by the condensation
reacti on between glycerol and a fatty acid or mxture of fatty acids.
-containing fromabout 6 to about 24 carbon atons. The fatty acid can be a
saturated or uR®&t efrthe Brritodyl grenps of shvasrohwed egerifydcwittcthewamosyl pooupk bEfagi d or
m xture thereof. The fatty acid itself can be derived fromnatural, i.e.,

pl ant or ani maprsids ensiainesiromErbovpH és atiane Viidebobatomaned paferkilfitbRdbb@.6 to
caproic, caprylic, capric, laurie, 15 nyristic, palnitic, stearic,”

arachi dic, ol edtwut i nobei stomndThed faioy SoMdstcan bt Sgurabelichriin¥dta®s Bear, 8RRy the
foregoi ng. The synthetically produced -glycerides will contain from a%out 80
to about 100 not&chemesstartokylislaaer wias tieb Bydr Lefi -
representing fro?n( about O itr(% about 20 nol &ehséi??é%t?duﬁg%%eas%%ﬁgdy%ﬁr;‘;’%:uétln}ades,

present in fdnyiybdide i ke I.aeg; actors, the _
present inventi gn i slétljua&slgtgagngﬂgﬁg&{?lﬁéxg@g% é@yéﬁggggﬁ}rgﬁhgh Oﬁf}?éo&%?‘? t hat

t he fuel ' i on .engi ' ddi t Lo v
ot batt on on Perfted Mo LA R0k OTIE AL R etrle® il abycoifis s ons

when enpl oyi foreqgoi | ubricating oil.conpositions. 7 BRIEF
DESCRI PTI ON Mgﬁ!%&v@%ﬂﬁp% ‘6&5"@ e ﬁ“E‘eg g@f’%ﬂfﬁ?ﬁ gg‘F‘PIF%?ﬂ wighyRerides apfl Binor he
speed vs. ti e, ofun?n EP@- 75 Test. O%cl_ e, Figure 2 is a graphical
represent at i orf 8T &8s featrbgut 0.1 foAbopk 40moleparceniy Alwegno-sng diglyceddasony
Driving Schedul e. fi gure 3. is a diagramof the experinmental setup for the
Hi gh Frequen C;i\l atural glycerides include, e.g., coconut and soybean oils. Synthetically produced
- . 10 glycerides are synthesized by the condensation reaction between glycerol and a fatty acid
or mixture of fatty acids containing from about 6 to about 24 carbon atoms. The fatty
acid can b_e a saturated or unsaturated, linear, branch_ed or cyclic monocarboxylic acid or
mixture thereof The fatty acid itself can be derived from natural, ie., plant or animal,
sources. Examples include, but are not limited to, caproic, caprylic, capric, lauric,
15 miyristic, péhhitic, stearic, arachidic, oleic, linoleic and linolenic acids, and mixtures of
“any of the foregoing. The syntheticélly produced glycerides will contain from about 80

to about 100 mole percent tr\iglycetides with the balance, if any, representing from about

0 to about 20.mole percent mono and di-glycerides, present in admixture with

-

triglycerides. |

- 20 Amonglother' factors, the present invention is based on the unexpected and
Surprising discovcry that the fuel economy of an internal combustion engine in addition
to wear protection at low temperatures is improved while also reducing eﬁlissions when

employing the foregoing lubricating oil corﬁpositions.



Reci procating Rig (HFRR) Test. Figure 4 is a graphical representation of
the results of the HFRR.test for the lubricating oil.conposltions of

Exanpl es 2 and 4 and Conparative Exanples B and C. 10 Figure 5a is a

gr aphi cal repr ggenta Lon. Q Lo L erper at erability for the cold
starting crankifg te STV E5293) 671 bricating oil conposition of
Exanple 2 versus a SAE |OM30 grade oil of Conparative Exanple C. Figure
5b is a graphical rdpE¥sdntagrpHcaferresontatand thespewl wplimapf 30 ERA{I§ Teshe
cold starting punpability test (ASTM D4684) for the |ubricating oil

conposi tion of %%fm)le 2 15 versus a SAE |OM30 grade oil of Conparative
Exanpl e C. DETAI LED DESCRI PTION OF THE I'NVENTION In a first enbodi rent of
the present inventi ditgura2lissgraptacal naprasedtattomnboles spealvsi me pf oMERKR Bighviagh
conprises (a) an oil of lubricating viscosity having a kinema tic viscosity
20 in the rangdusfEadnomy D}iving Scledul€ St and preferably fromabout 2 to |ess
than 10 cSt and nost preferably fromabout 3.8 to | ess than or equal to 9.3

cSt at 100C and (b) Figuré B fstd QfkrariE iHeYhp&in®infae6duhyRr 81R04BH FREudHyashl ess
friction nodifier conprising a reaction product of a C4°to abou? Cr5 fatty

acid ester and @aip%ggﬁﬁ%)k@%@m)?fegtn formulating the |ubricating oil
enbodi

conposition of the firs frent, any suitable oil nay be used provided

it neets the requires - af i i i i i J nge of
about 2 to 10, 5 o5t Tt bueitiialpRah AR G el SR HERKAY 18 "D
nost preferably fsrom about 3.8 to ss_than egqual t0.9.3 c t 100C In
5 practice, thiyusbdrr?\%tzlarﬂ YAt ﬁ%nsoqulﬁ@p lf%?é%f%ﬁ“ﬁ%%ﬁg eﬁ‘ﬁ%{?ﬁﬂégﬁéﬁm -
i ks, theti ils. i xt t h f whigch ts the f i :
E: anatS Iy(r:l 3:6 slcgsiO![ y%@a%?arr%ﬁg%{p i%:éltregrrs%%t_atmn Iotc Iowqgnei\pesratureeope?a%ﬁl 3(() %'or}%he 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 5b is a 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 grade oil of Comparative Example C.

DETAILED DESCRIPTION OF THE INVENTION
3 } ' _ In a first embodiment of the present invention, a lubricating oil composition is
-providéd which comprises (é) an oil of lubx_i_catiﬁg viscosity having a kinematic viscos'i'ty_
20 inthe range of about 2 to 10.5 ¢St and preferably from about 2 to less than 10 c';St and
most preferabl.j,r from about 3.8 to less than or equal to. 9.3 cSt at 100°C and (B) a friction
modifying effective amount of an ashless friction modifier comptising a reaction product

of a C4 to about Cys fatty acid ester and an ai_lkanolamine.




Useful natural oils include mneral lubricating oils such as, for exanple,
liquid petroleum oils, solvent-treated or acid-treated mneral |ubricating
oils of the paraffinic, naphthenic or m xed paraffinic-naphthenic types,
oils derived fromcoal or shale, animal oils, 10 vegetable oils (e.qg.,

castor oils and | ardn@irhiatiafhe ldMichtink @il cbﬁﬁ&&kkorﬁdﬂhé‘gﬁshS?Léﬁ?&l%‘iaé' ng oils

include, but are not limted to, hydrocarbon oi | 0-supst Put ed

hydr ocar bon of lsaitIcH] @8, RObMTBIdvES: AR AGdneb s, &9
pol ybut yl enes, pol ypr opﬂs}}lr enesgrﬁpr opyttengtsltg%%@pp% ene c 631“?%3?“5“‘“‘0

chl ori nat ed pQ[ ¥ Y o po

pol y( I -decenes), : (ggal%, tf}htt‘ay%g‘Il eg?gncgl%?[goe urae](s1 f‘ﬂ%‘%’b’g Onéw [ Bénleatidian é@lch
as dodecyl benz enz Ibenz nes,

di (2- et hyl hexy?)gﬁ%enlé%trtlé?e(é&%n%g égﬁ"ﬁ?eg tOS aﬁﬁé’ﬁfﬂ 88 &4 atpl 9REnid s,

t er phenyls, 5 an the | ike; alkylated di phenyl ethers
and al kyl at ed 5%"&% %}?mg%ﬁ'rpli‘ Oé}ﬁ'ﬁs exted diop Q,I}i’tqf\}éore@ﬁﬁlif@i@ﬁs aputhéiprodls 0gs
t hereaof and the.like. .useful PZEOtynt hetic l-ubricating oils include, but
are not |initeli%tgres HTCF%O RIS tisypts thfogpipgrisinematig vistwity naqubmbms st 100e@, 5
carbon atons such as ethylene, propylene, butylenes, isobutene, pentene,

and mi xtures tHé?fébﬁamfﬁlellhmdemtmébd»rlcatlygsdsﬁuch@ls,ymeéxmﬂ@ ligiti8 pett6ibhm
known to those skilled in the art. 9 Additional useful synthetic-

“hydr ocar bon' oi #ifs, petedntrtieatei quadid-predtstminsrablitbadapiia oil@beik B&aﬁﬁ’d n& t{%ﬁ;

proper viscosity. Especially useful synthetic hydrocarbon oils are.

hydr ogenat ed | ¢ruixeld pdtmﬂ’mimfaghtﬁ@m&@pésomﬁjd%n%m&nQbﬂfdr'%ﬁalﬁlﬁ?ﬂnaﬁ‘? %f or
u

exanpl e, 1-decene trimer. 5 Another class of useful synt ricating

(r)]| 158 i ncl utle, Vegbtable®ilf (.. | dafot SH% én@iard @il)k)fﬂcﬁﬂﬂﬁ [igg! de polyners, i.
onopol yrmers, “interpolymers, and derivatives thereof
Useful synthetic lubncatmg oils mclude but are not limited to hydrocarbon oﬂs
and halo-substltuted hydrocarbon oils such as polymenzed and mterpolymenzed oleﬁns )
eg., polybutyienes polypropylenes propylene-isobutylene copolymers chlorinated
po.lybuty]enes, pon(l-hexenes), poly(1-octenes), poly(1-decenes), and the like and
15 mixtures thereof: alkylbenzenes such as dedecylbenzenes, tetradecylbenzenes,
~ dinonylbenzenes, di(z-ethylhexyl)-benzenes, and the like; polyphenyls such as biphenyls,
terphenyls, alkylated polypheeyls, and the like; alkylated diphenyl ethers and alkylated
) dipheny! sulfides and the derivative, analogs and homologs thereof and the like.
. Other useful syl_lthe'tic lebricatiﬁg oils include, but ere not limited to, oils made by
20 polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,
isobqtene, pentene, and mixtures thereof, Methoes of preparing such polymer oils are

well known to those skilled in the art.



where the term nal hydroxyl groups have been nodified by, for exanple,
esterification or etherification.: These oils are exenplified by the oils
prepared t hrough polynerization of ethylene oxide or propyl ene oxide, the -
al kyl and anyl ethers of these pol yoxyal kyl ene 10 pol yners (e.g., nethyl
poly propyl ene glycol ether having an average nol ecul ar mefght “of 1,000,

di phenyl ether of AdityslaldeRiMSy ittt AYaReMbOPoift i oft |
500- 1000, di et hyl etlher ofe p%f yprlopyl ene ylcé a@ﬁ’%glbgwﬁlo ecufjJJ ar wei ght_-

f 1,000-1, 5QQaf ; & or : She h f
?or'exanple Q?ﬁ;@g§%%$ﬂ{égggfgsaﬁﬂgegﬂ&%gﬁgggggf#%hgg; é%%%ﬁge 8F§¥ﬁe ‘
C130x id 5. Yet h f ful
Synthet o 1 uiRREFared i SR %%%ﬁtdaﬁgh%é?ﬁqﬁma%&‘w Bl - degtrer o of

di carboxylic ,acids e.qg.; phthallc acid, succinic acid, alkyl succinic
aci ds, aIkeﬁVP1§u00|n|c acids, maleic acid, azelaic acid, suberic acid,

sebaC|c a |d fumaric acijd, adIEIC acid Ilnolelc aci d dlner mal oni ¢
aci ds, mal or‘i;‘@ﬂéﬁf ichass ofyiselihgynthetis Birieating eilvigoluds; but areviathinated 40,i et y of
alcohols e g.;  butyl alcohol,. hexyl alcohol, dodecyl alcohol, 20

2- et hyl hexyl aélw&yn@mde@plyme@nee ghquolyrmreumgrpdmmg) z;nddbnmmeﬁh&ebf
propyl ene glycol, etc. Specific exanplés of these esters include dibutyl

adi pate, di ( Wheréhtermina) bytoxyd geupsl have-bebrenpdifiéd byreur 2kfuplelieptifitatiogbacat e,
di i sooctyl azel ate, diisodecyl azelate, dioctylphthalate,. didecyl

pht hal at e, diettietifisations dthaeadile ard éiémﬂh@dd@ﬁﬁ%ﬁlé'pr&ﬁaﬁﬂttﬁbug{ pdlyBlAlicn &€ d
dinmer, the 10 conplex ester forned by reacting one nol e of sebacic acid

with two mol efhyite okighbaBtdpyleB8xis, YEOAIARR IR e offR s%‘é‘tt%Ee @f&%&k&gﬁ?“o' c

acid and the like. Esters,useful as synthetic i al so | are
o about "1 FVBRARE TRAR b8 ol T B R L R OB ore 51
glycol, tri ”%ffhth ! dlﬁge(?x?laé?ﬁer o?S&E&E{}lXt s }I/c;[oﬂldwno a molecular weight of 500-1000
‘ _ diethyl ether of polyprppyle;ne glycol having a molecular weight of 1,000—1,500,_ etc.) or
mono- and polycmﬁoxylic esters thereof such as, for example, the acetic esters, mixed
Cs-Cs fatty acid esters, or the C130xo 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, sﬁccinic acid, alkyl succinic acids,
alkenyl succinic; acids, maleic acid, azelaic acid,. suberic acid, sebacic acid, famaric acid,
adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic |
acids, etc., Qith a variety of alcohbls, e. g‘.,' butyl alcohol, hexyl alcohol, dodécyl alcohol,
20 2-ethylhexyl alcé?ﬁol, ethylene glycol, c-iiethylene glycol monoether, propylene glycol, etc.
Speciﬁc examples of these esters inchude dibutyl adipate, di(2-ethylhexyl)sebacate, di~n;
hexyl famarate, dioctyl sebacate, diisooctyl azelate, diis'odecyl a.zéiate, dioctyl-phthalate,

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

10



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

pol yaryl oxy-sil oxane oils and silicate oils, conprise another useful class
of synthetic lubricating oils. Specific exanples of these include, but are
not limted to, tetraethyl 10 silicate, tetra-isopropyl silicate,
tetra- (2- et hybhepst dstéitbingealhg redo@id SheliflolEBE ki b of
tetra-(p-tert-bu$ylphenyl)s%?icatéf hexy?? %¥%%?ﬁ§??%§6%h?%§§yg}sionane,

( .
pol y (et hy!l ) stdaxigiese Rl Md BB OXADES Y AP ficlifte | 1ke. SLITL vet

ot her useful synthetic [ubricating oi ( are fiot Iinited to,
trioctyl phosphat o anarror s et S REALHE Bur Skt it Hrefmad Bom

| ymeric tet furans. and the | ike.. The | (hricati i | "be derived
P rom unr of | neBORGH i Rt Pt omahois & HBous Bicait et hend eolintsrnd o or

m Xt ur es t r jore- of any of these of the type disclosed hereinabove.
Unr ef i ned oi |§8§a§tl{%§1§h BbReqPFEY styicpls Bimshql prapane eptagtytisitols ynt het i ¢
source (e.g., coal, shale, or tar sands bitunen) wthout further
purification @Peitpeghrohitripenersuitel and the likenr ef i ned oil's include, but are
not limted to, -a-shale oil obtained difectly fromretorting operations, a
petrol eum oi | obt abiliean-isedailsisychfasofor dxastpld, palyalkyl-,grolyaryle pbBtikogf-lorobt ai ned
directly froman esterification process, each of which is then used-w t hout
further treatpaydryloBesilona ol hed silicatesoil] doatpris®ariobifer wasrer d16 @f §inkietigX cept
they have been 11 further treated in one or nore purification steps to

i mprove one oubfidkif PilY Bpetifi Sxample ©F thefihdthdeC 8hi LB nBﬁ?rEi’Eﬂd’tU?t%tr@étﬁ%ik nown to

{those of skill in the art and include, for exanple, solvent extrattions,
Secondar yio di silidatel, ftadSopréiit Slicle, RAS2RULIREN Seard itdild @LiQRy. Percol ation,
~ hydrotreating; dewaxi ng,p gﬁ:. Rer ef i ﬁed ol I’?%réag%?%%@d&g@ﬂt reating used

hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, he:_;;yl~(4-methyl—z-pentoxy)disiloxane,
K . poly(methyl)siloxaﬁes, poly(methylphenyl)sﬂqxgnes, and the like. Still yet other useful
synthetic lubricating oils inch-_lde, buf are not 1imitéd to, liqﬁid esters ‘of ‘phosphorous
containing acids, e.g., tricresyl phosphate, trioctyl phosphate, 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 naturél, 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, -ér tar sands ‘bitm:nen) without further puﬁﬁcation or treatment.

20  Examples of unrefined oils include, but are not limited to, a shale oil obtained directly
~ from retorting operations, a petrbleum oil obtained directly from distillation or an ester
. oil obtained directly from an ésteriﬁcation process, each of which is then used-Withgut

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

11



5 o0ils in processes simlar to those used to obtain refined oils. Such
rerefined oils are also known as reclainmed or reprocessed oils and often
are additionally processed by techniques directed to renoval of spent
additi.ves and oil breakdown products. Lubricating oil base stocks derived-
fromthe hydroi‘ﬁgﬁﬁrrtire%%ti.on of wax may also be ysed, either alone or in
conbi nation wit TR R QLT O PRYE RPHICALAR PGPS L9y MPHYE OB BiABRre pIapesicscks.
Such wax isonergte oil . is produced by the hydroisonerization of natural or
synt heti c waxes FWH%&%?@&W‘H@F@%FW ey go Hipe of skiblrie thezaitand inchaie Aoy st .
Nat ural waxes are typically the slack waxes recovered by the sol vent
dewaxi ng of miSFEREE. wlvest exragtions; seeondamedistiletion, ppiil oabisy ektheztivm filtpatioguced
by the Fischer-Tropsch process. 15 The ashless friction nodifier for use
in the foregoi fgraclasenciydrairpating, dewapins etci Rerefnéd bifcarpbBia@ed by 1PAERE LA
conprises a reaction product of an about C4 to about C75. and ‘"preferably
about C6 t 0 Sabeilt ingRacdsatstsimibae tatthesd wed tdtslain Reflel BIN0| SUTh R@efirled b3k alshY
acid ester for use in formng the reaction product herein can be, ?or '

exanpl e, gl ycerknbwh as teglabintdoasprotssed ol and SAMGRE B&E@or%ﬁ}'? #rl\é‘ééisé(dlrb .”f‘t ur al
ol |, pal m o

sources such as, .20 for exanple, beef tallowoil, lar ,
castor oil, cotéchiige@diRicled t68ntbval df Aibives Shd oil BAPERN, Ol sunf | ower
oil, olive oil, whale oil, nenhaden SP?E sarV is(r%lé(j'l glllﬁ‘,%&g%% 15?&“&%, pal m

e et o L8y SRV b WS SRS
SR S T LR O T .
and type vagyi ggoni ek B S Qe F istprl]oedu%ésé by &2 ;[( roiasgxinggzagtrn? cnfa,1 na%glrglsosr °

- synthetic waxes or nﬁxtures thereof over a hydroisbmerization catalyst.

Natural waxes ?re typically tﬁe slack waxes recovered by the solvent dewaxing of
mineral oils; synthetic waxes are typically the wax produced Ey the Fiécher-Tro;;sch
proce;t;s.

15 The ashless friction modifier for use in the foregoing lubricating il composﬁion
of the present inventiqn comprises a reaction product of an about Cq4 to about Cys and
preferably about Cg to aboqt Ca4 fatty acid ester, and an atkanolamine.

) ) - The fatty acid ester for use in fomling the reaction product herein can be, for
example, glycerol fatty acid esters, i.e., gljceﬁdes derived from natural sources sudh 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, sa:rd'ine oil, coconut oil,

_palm kernel oil, babassu oil, ra;;c oil, soya oil and the like with c;oconut oil being

preferred for use herein,

12



I

conpounds containing a. |long hydrocarbon chain and a term nal carboxyl ate
group and 5 are characterized as unsaturated or saturated dependi ng upon
whet her a double 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 in its fatty acid.
chai n. Preferably, Thheglyaeobifaitg asidested wéiticonkiaffohesoal Ciassbw@L g fatty
acids include, nyristoleic acid, palmtoleic acid, oleic acid, linolenic

acid, and theptdférebly tOntbabplies tohbRAC) RirPskid 8dtby, iaC! sdverh P48y ﬁx%?et%é c.
acid, caprylic acid, capric acid, lauric 7acid, nmyristic aci palmtic

acid, steari cﬂﬁqﬁﬂlbeagﬁp@bg{,&yiﬂ%%h tm&g&g%mﬂ%:oﬁ’ gg@?@?ﬁ%%giﬁ%i , and the

| i ke. The acid noiety nmay be Supplied n d -or one -
which'is | esgohbaihdt Bbiks o | yeeryl .tri-stegrate, or '
gl yceryl di-laurate andA gf@gtgﬁ%’ @gmﬁg‘%g{' (c;)}faea% at @B@@?’?’\?@ﬁ@@ gEpAnd of

pol yol s i ngl ugi Lal. d pol yal kyl ene gl ycol,s can | so be enpl oyed such
as, for exanp?ﬂee?ﬂ%% t(e%bge 0 ug%aﬁug#aﬁ%# S"’g‘ﬂ){?t{??l‘i E’,nd'ﬁ‘é'ﬂp%?’@?‘ﬁ%rr%‘li?“bb bondis -
pol yoxyet hyl epe Lyol ,and the.like. The al kanol am ne enpl oyed in the
reaction prod I@qu(ﬁg{&eﬁw@&ﬁar Qn clyagy, @%@F%ﬁé,ﬂ ugsatyated €3ty asid kas@bledsiropeani ne
whi ch possessgs_@t | east one hydroxy group. The expression 20 :
"al kanol ani ne9oYPLe brnddn ity bydrecashes aiaia twhsrensesaterated Eathuksidtimsmoududble bonds _
containing at, | east one primary or secondary amne and at |east one hydroxy
group, e.g, nBitdrkarid elimRreferalilyattieanidissimasd. Brdnples dfontdiuratdd fhigy

bel i eved that any al kanol am ne can be used, although preferred

| kanol ani nesacifsénghadee mysbtiokeirodcalypaledtoleiganid) elbic ol Aitiolhid deRIMaaP Biatk WO t 0
(?3 about 6 carbon atoms. The al kanol ani ne can possess 0 or N functionality _

in additilh tBxangre cfthneatgl Ritp adidiandy @pRidRId) aftyly A8 Yl aciE $RRdar Y
am no group) and at | east one ) .
acid, myristic acid, palmitic acid, stearic acid, arachidic acid, behenic acid, lignoceric
' acid, and the like,
The acid moiety may be supplied in a fully esterfied compound or one which is
less than fully esterfied, e.g., glyceryl tri-stearate, or glyceryl di-laurate and glyceryl
15 mono-oleate, respectively. Esters of polyels including diols and polyalkylene glycols can

also be employed such as, for example, esters of mannitol, sorbitol, pentaerytherol,

polyoxyethylene polyol and the like.

{ o The alkanolamine efnployed in the reaction product herein can be, for example, a

- primary or secondary amine which posses;ses at least one hydroxy group. The expression
20 “alkanolamine” is used in its broadest sense to include compounds containin'g 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, alti;ough

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



hydr oxy group. The al kanol am ne preferably possesses the general fornula
RN(R OH)2-a H 5 wherein R is hydrogen or an am noal kyl group with the

al kyl ‘having fromone to about six carbon atonms, R is a |ower hydrocarbyl
general |y having from about two to about six carbon atons and "a" is 0 or
1. Suitabl e al kanol am nes include, but are not |limted to,

monoet hanol anibest 6_dﬂ'ax_€bbha{bﬂisathQLkaﬁH]%ﬁﬁQh@H&s'Q&sd&%hﬂﬂﬁ&?%}li i dition 1o
di propanol am ne, di-i sopropanol am ne, butanol am ne, am noet hyl am noat Fanol

such as 10 2 ' ] : r . two r _
al kanol am nesbgﬁﬁﬂgg@&%%?ﬁgﬁggw if)?lg% E?%agmmnééﬁggﬁiagﬁqoygtﬁpa %‘ﬁ?&ég"a’ft&“e use -
i N accor danceyym Clul of th esent inventio The reaction may
be ef fect ed b&%é%iélﬂgp‘ﬁ%%me‘iit%glf}mé%ﬁ%fegeﬁ% rPORPrGSeaf aﬁ'FBPr&ﬂfoﬁ’é‘“'ian equi val ent
guantities to produce the desired product %qd then added to the oil
component. 15 Alternatively, the reacti Hpdhef f ect ed by heating the
fatty acid 'est%r and, al kanol am ne in _the presence of one or nore of the

af or enent i dne¥FEBR isdviimgensn ap aminealkyl geupivith theglkyhhaiviog ffom tree tefabat ed - by
mai ntaining the reactants at a tenperature of from about 100C to 200C, and
preferably fr#kcibouttomaR is o lowso by dbsaGyY generaliyohuiving ftom aledil to 10aH0QLES |

and preferably about 4 hours. The reaction can be solventless or carried 20

out in a sol veatbon giows erddhl is Goord . vbuitble akaaolmitks BbRdMbUD adehBt il dRE €
conposition in ‘which the product is to be used, Particularly useful’

sol vents i ncl mdmoetiianblamiik, déRildntine, JbYABamiRUE pBancllin€xanp! e,
Aromati c- 100, Aromatic-150, Shellsolv AB, Avjet, = toluene, 'xyl ene, and

| (glr Xt ures t her @plopardtuiipieRbproRAfirAfle Rl B iPkmiB AR VG "
10 2-(2-aminoethylamino) ethanol. I\fﬁxtufes of two or more alkanolamines can be |
ezpployed. Diethanolamine is highly preferred for ﬁse in accor_dance with thé practice of
the pn‘asent‘ invention, |
| The reaction may be éﬂ‘ected by heaﬁrig the faity acid ester aud-alk-anolaminé in
equivalent quantities to produce the desired product and thén added to the oil component.
15 Altemativeiy; the reaction can be effected by heating the fatty acid ester and
alkanolamine in the preseﬁce of one or more of the aforementioned lubﬁéating oils. The
reaction may typically be effected by maintaining the reactants at a temperature of from
5 - ai_bout 100°C to 200°C, and preferably from about 120°¢ to about 150°C for about 1 to
" about 10 hoAurs, -and preferably about 4 hoﬁrs. The reaction can be solventless or carried
20 out ina solvent, preferably oﬁe which is compatible with the ultimate composition in
which the product is to be used, Particularly usefisl solvents inclade at least aromatic

solvents such as, for example, Aromatic-100, Aromatic-1 50,- Shellsolv AB, Avjet,

toluene, xylene, and mixtures thereof,
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include those formed fromesters having, for exanple, the follow ng
g(;;liydI ggi eties and al kanol am nes: 5 TABLEI Acid Miety in Ester Am ne.
Laurie-Acid Propanol amine Laurie Acid.Diethanolamne Laurie Acid
Et-hanol am'ne Laurie Acid Dipropanolamine Palnmitic Acid Diet _han_ol ani ne
Pal mtic Acid Ethanolamine Stearic Acid D ethanolanne Stearic Acid

; . . , , i be
Et hanol ami ne Ot herryiusaf fhctin @ ddd. ibiPRaP bOAHGEvedth L 2L kanol am.nes .my
formed fromthe aid_'coﬂpor?)e({ft o? éﬁen@?fpo%gi?le fs pcr;gl 1‘3@?& a?gﬁ"&\%\'ﬁgi .
pal m kernel , ilud¥ thiée fofited Rbm g ing Aci AT
bl ubber, cor r{‘,;@tlal lII cott onseeg, eetsg. ?ﬁngﬁgﬁghﬁfgﬁgigﬂ‘g%t h‘if“rogggfs |h1)r81 9
(Y °n tart ”lﬁdgﬁ’éh({l%ﬂinéfac“ ol yhydr oxy- con -nd-p(vﬁere‘i n sonme or all of .
(i) a fatty acrd ester 61 a pol yhydroxy conpou

- OH ifi i i ' ' ferred fatty
the OH groups are esterified) and (ii) diethanolanine. The preferre fe
aci d éstger !Os coconut oil which contains the following acid noieties: 15

15 TABLE !SI

TABLEI
Acid M;)iety inEster " Amine
" Lauric Acid ' Propanolamine
Lauric Acid A Ijiethanolamine
_ ( . 7 Lauric Acid Etﬁanola.ixline.'
’ Lauric Acid Dipropanolamine
Palmitic Acid  Diethanolamine
* Palmitic Acid Ethanolarmine
Stearic Acid Diethanolamine
Stearic Acid Ethanolamine

Other useful mixed feaction products with alkanolamines may be formed from the
~ acid component of the following oils: cocomut, babassu, palm kernel, palm, olive, castor,
- peanut, rape, beef tallow, lard, whale blubber, corn, tall, cottonseed, etc.

10 In one-preferred aspect of this invention, the desired reaction product may be’

o

prepared by the reaction of (i) a fatty acid ester of a pdlyhydroxy compound (wherein _
some or all of the OH groups are esterified) and (i) diethanolamine.
The preferred fatty acid ester is coconut oil which contains the following acid

moieties:

15
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Fatty Acid Moiety Wi ht Percent Caprylic 8.0 Capric 7.0 Lauric 48.0
Myristic 17.5 Palmtiic 8.2 Stearic 2.0 Oeic 6.0 Linoleic 2.5
Represeéntative of the preparation of the reaction product fromfatty acid
esters and al kanolam nes is the preparation disclosed in Schlict et al.

U S. Patent No. 4,729,769, 5 the contents of which are incorporated herein
by reference. It will be readily understoqgggneappreci ated by those
skilled in the art that the reaction product Constitutes a conplex mxture-
of conpounds including at least fatty amides, fatty acid esters, fatty
acid ester-am des, unreacte i act ant i fatty acids, am nes,
gl ycerol, and parti al fattyq:ggl %uéjsmgie{ of gl ycsvg'lg%flﬁ%r—?@.—t, nmono- and di 10
gl ycerides). For exanple, fatty a '_desl.are'forme when the am ne group of
the alkanol amine reacts with the CArBO%yl .groug-®f ‘a fatty acid while
fatty acid esters are forned when @agrier nore hyglroxyl groups of the

al kanol arnine react with the carboxyl ,group of a fatty acid. Fatty acid
ester-anides are fornmed when both t h8"%ni ne and*8.thydroxyl group of -
al kanol am ne react with carboxyl g of fatty, acids. In general, a 15

representation of the various amount's of the various conpounds constituting
the conplex mxture of the reacti Bﬂn}ﬁmduct_ is8% follows: about 5-65 nole

% of fatty anide, about 3- Stearic 2.0
Oleic 6.0
Linoleic 2.5

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

and alkanolamines is the preparation disclosed in Schlict et al. U S. Patent i\To. 4,729,769,
5  the contents of which are ihcﬁr’pdrated herein by reference.

Tt will be readily‘ understo.od and appreciated by those skilled in t~he‘art that thel
reaction product constitutes a complex mixture of compounds inchiding at least fatty
amides, fatty acid esters, fatty aci_d ester-amides, unreac;ted starting reactants, free fatty
acids, amines, glycerol, and partial fatty acid esters of glycerol (i.e., mono- and di-

10 glygerides). For example, fatty amides are formed when the amine group of the
al?canolanﬁt‘}e, reacts with t_he carboxyl group of a fatty acid while fatty acid esters are
formed when one or more hydroxyl group‘s of the; alkanola‘miﬁe react Wiél the carboxyl |
group of a fatty acid. Fatty acid ester-amides are formed when both the amine and
hydroxy! group of aikanolaming react ﬁith carboxyl groups of fatty acids. In general, a

. - 15 | representation of the various ar'i.lounts of the various compounds constituting_‘;ﬁe mrﬁplex '

mixture of the reaqtion product is as follows: about 5-65 mole % of fatty amide, about 3-
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16 30 mole %fatty acid ester, about 5-65 nole %fatty acid ester-am de,
about 0.1-50 nole % partial fatty acid ester, about 0.1-30 nole %
gl ycerol, about ‘0.1-30 nole % free fatty acids, about 0.1-30 nole % charge

-al’kanol am ne, about 0.1-30 nole % charge glycerides,. etc. It is not

necessary t 03050818080 ciflestID Lot RS Lbk %?%Tgpa@ﬁnetgtségglfgifdtgr%gswggﬁ wglq .as

m xture. 5 Indeed, the reaction product m xtuare i .
is in the addjti L) this invwention The foregojng ashless '
friction nodi f?er:{lgl %2%’9%‘2%%'???0%28% 30l F‘@brc‘?%t‘?%o&ﬁo memsdietdptns of .
the present | i | Ref tive amounts.which inpart significant '
friction modi g?%&%:beid?? %lé)ﬁ]ea °a°%‘f‘[§1§’iagi‘é’f‘@€mf‘19’ PoRut &3 moje %rhargegglycerides,

concentrati on cof 10 flddi ti've ordinarily ranging fromabout 0.5 to about 5.0 -
wei ght per ceft® ahi} 1SF Bysisam) to isofate,riq o rmorgwaeRificoomparsnisaf theprdntt mixaged on

t he total weil]lgpt OE the lubricating oil conposition, can. be used herein.

An al t er mat | VESEdIBeTeastinn rypduchaiinres e prefarahheemployedias isdn thebidditiel ng oi |
conposition conprising (a) an oil of lubricating viscosity having a

ki nemati ¢ vi S2BResition ¢ thig Bvemttonr ange of about 2 to 10.5 ¢St and preferably
fromabout 2 to less. than 10 cSt and nost preferably fromabout 3.8 to

| ess than or equallh¢ for€gotpcShlestiriddGnoditers @mtd ilinaH if I MibaRRiE A5 t O
about 85 weight percent of a first lubricating oil, and about 15 to about

45 wei ght pesmposition ofths eesad idvehtibCatdiasRi IR i | tic

viscosity of the second Ipubri (l:ati ng o}e:ﬂ@?té&lagl\?eﬁ@gwgﬁubﬁ% Eﬁﬁg%ti C

vi scosi ty of frictien kodEti ' b D& B ' -and (b) from about. 0.5
y n irodfjing biefit Eﬁér&d@&sﬁbﬁof/th? 0 %ccﬁxgim%@oﬁén nigatiqpet e .

to about 5 weight percent and prefera rom

per cent , 100asafiRR c}rﬁiﬁarh? ?@Wﬁ&b&%? I().téjtt_% SRS v%giig t e?ciellt a(.:n%ri)e‘gfsei";bilyon’ of.

the foregoing' ashless nodi
from 1 to about 4.5 weight percent, based on the total weight of the lubricating oil

: pompogition, can be'used herein.
An dteﬁaﬁve emb;odiment of the present inv;ent_ion i§ a lubri-cating oil |
composition comprising (a) an oil of lubricating viscosity. having a kiﬁematic viscosity in
15  the range of about 2 to 10.5 ¢St and preferably from about 2 to less. ﬁa_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 ofa second lubricating oil wherein the kinématic viscosity of the éecond
lubricating Voil is lﬁwer than the kinematic Viécosity of ‘the first lﬁbricating oil at 100°é;
20 . and (b) from about 0.5 to about 5 weight percent and preferably from 1 to é.bout '4.5
weight percent, based on the total weight of the lubricating oil composition, of the

foregoing ashless friction modifier.
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17 The first and second lubricating oil's of the alternative enbodi nent can
be any of the aforenentioned natural oils, synthetic oils or m xtures

t hereof’, provided that the resulting oil of lubricating viscosity has a -
kinematic viscosity in the range of about 2 to 10.5 cSt, preferably from
about 2 to less than 10.0 ¢St and nost preferably fromabout 3.8 5 to |ess

than or equal to 9. The@Sit and sckBRCuBSCVRE bildsr thds o, at pihe second
| ubricating oil has a | ower Ki ner'?lat(i;ac %i lscosi tyti{{%&q*lu&fg{qsﬁltéﬂﬁh{]%ngWeﬂﬁti c -
viscosity at h9er@entibiedh j i il 1n.general %}(} fjrst .
| ubricating oil wll egé an n'g{u?&lg#léj?*dﬁrl é’g Pﬁ%"%’i“é’ g%l“ﬁ? [?{ﬁwl ?‘%f ¥ nematic
viscosity of - 00 eferably from9.3 to_about 16.3
cSt and nost g{rwe# e'r‘”a[l)llog?i F@%@%“&%ﬁ%ﬁf““i‘??‘?%‘@% ‘“&kitﬁﬂ%ﬁf}@@m%ﬁe of
100C. According| the.fi | ubri catjng, oi-l can be any of the '

af or enent i oneg%h%‘fsﬁ’r%ﬂefe@ilb{y romg %j/’?f’t“ﬁgtt‘? %Sfb'ihf‘%l%f) CRt sadres preferably fiommboui 318d

it nmeets ttge _f?re?ngi n’(g) ki pematic vi s%osity requi renments at 100C. It is
particul ar Py A0VESHiTaRabeAtat ioat3 oXtree 199 %W@Wﬁ@ﬂwgﬁrxﬁmtﬁwﬂmeémﬂed so -
that the oil geeis_the_ requi renents of a SAE | oW SAE 15W SAE 20W SAE
25W and SAE 40WRrigatitged! has adower Sammp @vis@8Ey 4:OM020 thabThSkiehMbhdRosiSAE

| O 40 -and/ or SAE | OW 50 and/or SAE 15W° SAE 15W 20, SAE 15W 30, SAE

15W 40 and/ or 18R oSty 8oy lnbrickting eil| Inkgenenl the ficsttnbiicating bR 9l be & &f & abl.y,
the first lubricating oil is selected s6 that the .oil neets the

Tequi renent s dibrictting visksity Gdviag d kDemBAFido WS B 8Sist § RS arSHB¢ %gt%gbn}ge; ng
odr men

nost preferred. The second lubricating oil of the alternative @

can be an oil fioin 20td aboit 88 cOGnMinkROFletYabBA¥LND ?’ccﬁ%ﬁm"s %?tvziltSCOSi ty of
era

ifromabout 2 cSt to less than or .equal to 9.3 c&, pre 5Py from about 2

(5, ce% o bonimantoro n o kP IRH i g (P °°
aforementioned natural oils, synthetic oils or mixtures thereof, provided it meets the -
foregoing kinema_tic viSco‘s?it.y requirements at 100°C. It is particularly advantageous that
the first lubdcaﬁﬁg oil is selected so.that the oil ﬁeets the requirements of 2 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& SAE 10W-50 and/or SAE 15W, SAE 15W-20, SAE
| 15W-30, SAE 15W-40 and/ori SAE 15W-50) and the like and mixtures thereof.
Preferably, the first lubricating oil is selected so fhat 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 ﬁternaﬁve embodiment can bt; an ol of
20 lubricating viscosity ha.wing.a kinematic viscosi_ty of from about 2 ¢St to less than or
équal to 9.3 ¢S, 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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nt i ' ' ils or mixtures t her eof
he aforementioned natural oils, synthetic oil )
gpgviofjeé it 18 neets the foregoing ki nemajt I C viscosi ty requi remen';]s aftl
1Q0C. Pr ef er abl y the second Ilubricating oi | is selected so t hg:tA\Et de/VQISAE
meets the requirements of the SAE OWor SAE 5Wgrades (e.g.,

SAE S 20, SAE SW 30, A S0 A S0 B3 kAR psecan ut s
e ot SR 80U B ) LB gl KR W et g

| ubricating oil - conposition can be r _ sl difi

i ' i i ashless friction nodifier
o1t her - sotuent EE! () Ohk of) S A A SHB(QH A SAB Ve 4 A% A Bb and/or |
Fhérfgaffﬁ;en"i;g Wy ositign.is. fo nede?t;q/_fi rst mxing the.foregoing e
asbi ess fri c? Ry rrb%&ilt’)f‘?‘gf’r g‘EEéa’V:l Pl iSOE SVoith SAFaTWi40gSAESWBbout 1.

e I Bl S Lo B i
A Rl N B X LR E G LI
i bt oo mapofe s .
1116 oo eosely bt S s A,|
o8 ) amersmtel s skipfarhos P R 2, °
et o T 0 P e

demul oi T er s 1o BHodl 185 3idnt BLb: bAsP SR tdhal NSK, JTpY OVer S, pour

of the mixture with the second

lubricating oil and then adcﬁng the mlxture to the first lubricatiqg oif composition.
YeLt anothef alternativ-e embodimgent.of the present. inveﬁi:ion isa Iub-ri‘cating oil
composition comprising (a) an oil of lubﬂcatiﬁg viscosity and (b) from 1 to about 4.5
15 weight percent, based on the total weight of the Iubricating oil composition, of tlya :
foregoing ashlesé friction modifief. The oil of Iubricating viscosity can be any of the
aforemem;‘ioned natural oils, synthe_ti.c oils or mixtures thereof.
- If desired, all of the lubricating oil compositions disclosed herein can be adimixed
o v;rith other conventional additives to enhanc':e'pérfo(manc;.e.. AFor example, the lubricatit}g
. 20 il compositior-zs can be ble_nded with metal detergepts, antioxidants, an_ti;wear agents,
rust inhibitors, dehazers, derﬁulsiﬁets, metal d;actiyators, vi#cosity index improvers, pour
point dépresé;ants, antifoaming agents, co-solvents, package compatibilisers, deodorants

and metallic-based additives such as metallic combustion improvers, anti-knock
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poi nt depressants, antifoaning agents, co-solvents, package

conpati bilisers, deodorants and netallic-based additives such as netallic
cqnbustion i nprovers, anti-knock 19 conpounds, anti-icing additives, .
corrosi on-inhi imtor Sy dyes, a(gﬁl‘{the li ke, .at the usual levels in
accordance wi th el ToSkiTguritpiaidives eorrprigntiahibitnss, syes end thierike, x ghensanip! es
are of sone qf }he addjtives that can be favorably enployed in the

| ubri cating oi'fve!sdBAfeEiaRseaith well knpevppretinet Tihe el lotviimnnorblidsitinkRkathples are
detergents: sul furized or unsulfurized al kyl or al kenyl phenates, alkyl or
al kenyl - ar ormatof €0mepf thpadditives that ¢anrticAavbraisly emplolyédinitBeRbRiRk opal t s of

mul ti-hydroxy alkyl or alkenyl aromatic conpounds, alkyl or~al kenyl

hydr oxy aronatcPgipaslidn nfithe presantlifveniiged - or unsul furized al kyl or al kenyl
napht henat gs, netal salts of al kanoic acids, netal salts of an alkyl or
al kenyl nubtiaci d, labdetalldesigeads: sadrindaVrahinmy (& et

Ant i oxi dants: Antioxidants reduce the tendency g@ﬁ%ﬁﬁgﬁagﬁ%m i enAes,s "Z*Ikyl or
deteriorate ialkefifilfavinic WHofhtes! SHIRI-RA 3} LAMIA S, AL ISNCRI Py Lhe products of
oxi dation such as sludge and var nirszﬁ'?l %Egﬁgﬁé%%egi és%%&ﬁﬁﬁ?fg%%gyﬁf%ﬁﬁqbes
and by an i nCioeakenyt Bro¥a8EQS | e, of. anti-oxidants useful in the
present invention i%cloﬁﬁe,%dﬁg?%én orlalﬁ?ﬁuf’]e%%fq}? AR sulignates, sulfidined i c)
oxi dation i nhiypj . ' 4. 4" - hy| ene- bj s(2, 6-di -tert-butyl phenol),
4,4 15 bis( Zbgi_néélﬂif?%zre{l -g%ﬂtoy??ﬂrlfﬁ@ﬂ 8P§ﬁfler¥1l:es, met sa.fts of alkanoic acids, metal salts of
4,4' -bis(2-me -6-tent -butyl.nhenol ), 2. 2'-nethyl ene-bi s(4-

met hyl - 6-t ert %ﬂgé[k(; or 85% fn}l!t&«{iclﬁ, and chemical and physical mixtures thereof

(4, 4" -buty}idene-bi ?é%gfrlmt yl -6-tert-butyl phenol), 4,4

i sopropyl [ dene-bi s Qraapisy Antinxidantsedisie)the tendency of mineral oils to deteriorate

2, 2" -met hyl eng- bi s( 4-net hyl - 6- nonyl phenol ), . .

2, 2" - i sobut y| {d€raprRighalcErigration inevideacral By, the piiduce oiykigneoriush 4s Eidey! - 6-
cycl ohexyl phenol ), 2,6-di-tert-butyl-4-nethyl phenol,

2, 6-di - t er t - baftd/Yaruistelikeldopasitobn ti2, et Auethesstahy by 6n gléfetasaﬁ%cé%.eﬂgémples

2,6-di-tert-I-di nethyl am rno-p-cresol, 2,6-di-tert-4-

of anti-oxidants useful in the present invention include, but are not limited to, phenol .typ-e
(phenolic) oxidation inhibitors, such as 4,4'—mefhy1ene—bis(2,6-di—tert—butylphen01), 4,4'-
15 bis(z,6-di—tert-butylphenol),'4,4'-bis(2-methyl—6;tert-butjflphenol), 2,2f-methylene~bis(4~
| methyl-6-tert-butyl-phenol), 4,4'-butylidene—bis(3-methyl—6—tert-butylphenol), 4.4
| isopropylidf;ne-bis(z,6—di-tert~butylphenol), 2,2'-methylene—bis(4—methyl-6—nonylphenol),
'2,2'-isobutylidejne—bis(4,6-d_imethylphenol), 2,2'-methylene—bis(4-rﬁethy[—6~
cyclbhexylphéﬁoi), 2,6-di-;t_e:_rt-butyl-4-methy.l'pheno'1, 2,6-di-tert—butyl~4-etliylpheno], 2,4-
20 . dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-dimethylamino-p-cresol, 2,6-di-tert-4- |
(N-,N'—dimétli'ylaminomethylphen_ol), 4,4'—thibbis(2-methyl-G—tert-butylphenol),
2,2'-thiobis(4-methyI—G-tert—butylphenol), bis(3—methyl-4-hydroxy-5-terl:~butylbenzyl)-

sulfide, and bis(3,5-di—te_rt-buty[-4-hydroxybenzy1). Other types of oxidation inhibitors

20



(N; N - di met hyl am nomet hyl phenol ),

4,4" -thiobis(2-nmethyl-6-tert-butyl phenol ),

2,2"' -thiobis(4-nmethyl-6-tert-butyl phenol),

bIS(3 net hyl - 4- hydr oxy- 5-t ent - but yl benzyl )- sul fide, and

bi s(3,5-di-tert;:hut hydr oxybenzyl ). Qher types of oxidati on inhibitors
20 i ncl ude mel® 3‘”9?1[’%?# g’é‘&?%maée (ee8-ginc dithiocabdnbite)caidanat e) , and

net hyl enebi s(di yl dithi ocarbamate), 3. Anti-wear agents: As their nane

i mpl i es, thes@egéj’éﬂﬁbés(ﬁi‘b@u@@hmabamate)mv| ng metallic parts: Exanples of
such agents include, but are not limted to, phosphates, 5 phosphites,

car bamates, esters3. éuﬂl-f\mrmmsaAmtmm{m RIPNELS thedd num conpl exes.
4. Rust inhi bitors (Anti-rust agents) a) Nonl onlg po: %xré Weéh%ﬁg%'ﬁ%ce-

active agent smetpllic panty ExhmbRE of st apbntS Ik b gLaylen gher '
al cohol ether, polyoxyethylene non# phenyl % Q'leyn émth%{ g%iphﬁtt%ne octyl

phenyl et Her plms;blymx,yﬁmma%@eesgg;g ¥hi el her ol yoxyet hyl enne ol eyl
et her, pol yoxyet hyl ene sorbi tol mrﬁ%@%ﬁlﬁ%&rﬂ%ﬂw&ﬁé@Wb@ﬁ@Uﬁbr bitol -
nono- ol eate,c xe9l yet hyl ene gI ycol .nono-ol eate. b) O her conpounds:
stearic acid and other fatty acids, dicar boxyl ic acids, netal soaps, fatty

acid am ne salts, L v fonic acid, partial carboxylic
~acid 15 ester of pol yl’ﬁt(??'lﬁlt&iﬂ@‘gﬂ a%%t‘i’(‘}}ﬁ)hosphorl c ester. 5. Denulsifiers:
addi ti on product g %ﬁg nol %é( et hyl ene oxi de, pol yoxyet hyl ene al kyl
ether, and pol yoxy t Wyl EhePLgPaethyiene s eaeflveagbntenpolmsﬁ@e@eag,?pgtge { EP
agents): zi ngjg, lﬁi}!dl (L#Ill ophosphate (primary alkyl, secondary afkyl, and
aryl type), QPPEYS gher algohol sther, Ps)lﬂoﬂyﬁbylerrmtolnml phenyl ether, ‘

10 polyoxyethyleng octyl phenyl ether, pquoxyethylene octyl stearyl ether, polyoxyethylene

oleyl ether, polyoxyethylene sorbitol _tuonos_tearate; polyoxyethylene sorbitol mona- -

- oleate, and polyethylene glycol mono-oleate:
b) Other compounds: stearic acid and other fatty acids, dicarboxylic ac:ids, meta¥
soaps, fatty acid amine salts, métal salts ;:f heavy sulfonic acid, part;iei! bafboxylic acid
15 ester of polyhydric alcohol, 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 dla]kyldlthmphosphate (primary
. alkyl, secondary alkyl and aryl type), sulfurized oils, dxphenyl su[ﬁde methyl
20

tnchlorostearate chlorinated naphthalene, ﬂuoroalkylpolysdoxane and lead naphthenate.

7. Friction modifiers: fatty alcohol fatty acnd amine, borated ester, and other

" esters,

———
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20 trichlorostearate, chlorinated naphthal ene, fluoroalkyl pol ysil oxane, and
| ead naphthenate. 7. Friction nodifiers: fatty alcohol, fatty acid, am ne,
borated ester, and other esters. 21 8 Miltifunctional additives:

sul furized oxynol ybdenum di t hi ocarbamate, sulfurized oxynol ybdenum or gan
phosphor odi t hi oat e bdenum-nonogl vceri de, xynol.ybdenum di et hyl ate -
ani de, .ani ne- nol yb%e%@%%ﬁ%%a@éﬁbﬁﬂwmaﬁ&y Igﬁlly’f’%ﬁ“ﬁmc%%‘f%ﬁrﬁﬁﬁgteml ybdenum
conpl ex conpo . 9, Viscosity index inprovers: polynethacrylate type ‘
pol ynmers; ethy leﬂg?d %)Qgﬁ);lﬁliéﬂ’é’mc%ﬁﬂ ? Pfoéifti}/#"é‘i?eo’ﬂwt@ﬁ@lf@ owobglpeerse, _
hydrated styrene-i rene, copol yners, polyisobutylene, and di spersant type -
viscosity i nd%yfff%éﬁﬁgw g‘.ethi'@g’ 3oHds 2EemRclihdsnen samplex cpmbyudf imd sulfur-

met hacrylate. 11. Foaminhibitors: alkyl nethacrylate polyners and dinet hyl
silicone 10 §R8{45RE golybdenum goriplsacomgowidl conposi tions of the present
invention are particularly useful when added to-an internal conbustion
engi ne inA uding bdt Wisgespliridecingmarene polymeihacrylatagpdk olgRbis] RyI&RYI nes, and
di esel engines, e.g., conpression-ignition engines, ji?or | ubrii cating the
engi ne, e. g. ,propdeds @holpmars, ayessiseredd @pSHREAChRNAE 85 rent No %?W' e, wear
15 interfaces or. contacts of such as, for exanple, piston rihgs cyl i nder

| i ner regi on,copalyiers, pélglisﬁbuﬁ%ﬂapﬁﬁ'a‘is‘ﬁé&ﬁﬁ 'i?yp%ﬁné& éﬁ&)&%mﬁéo%@%et S

foll owers, valve tips, rocker arns, rocker arm ani’'s hd the |ike.

However, it will be. wdepshaRgr %g%l é%&@?ﬂe@tg}ﬂaﬁ%m | conpositions

cont ai ni.ng the ashless friction ention can be used to

operate a vari et f i 10 t her, appl i ion where lubrication
i g heeded. | Y 19! rokd 1ﬂﬁn§to?§.1‘ddkylr}n§9%ty?ate polysHets and ?]Emetﬂyl silicone R

10 polymers.

R

The lubricating oil Qompositioﬁs o_f the pvresént invention are particularly useful
Wben ?.dded to an intemal combus?:ioﬁ engipe_ including both gasoline enéines, e.g., |
spark-igrﬁtion engines, and diesel éﬂgines, e.g., ;:ompression-igniﬁ;)n' enginés, for
lubricating the engine, e.g., the high wear areas of the engine such as, for example, wéar
15 interfaces or contacts of such as, for example, piston rings/cylinder liner regic;n, valve
train components such as cam lobes, tappéts, followers, valve tips, rocker arms, rocker
| arm mechanisms,' and the like. Howg:ver, it will be understood that the lubricating oil
compositions containing the ashless friction modifier of this invention can be used to
‘operate a variety of engines. and in any other application wileré lubrication is needed,

20 provided it meets the requirements of that applicaﬁon.
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20 provided it neets the requirenents of that application. 22 The foll ow ng
non-limting exanples are illustrative of the present invention. '
Experimental Section 1. Preparation of Ashless Friction Mdifier 5 Exanple
I Crude. coconut oil (525.6 g - 0.8 noles) was heated to about 60C.

Di et hanol ani ne ( 151Th fddving ndtiiRing d with stirring. The mixture
was then heated under nit rogenltoni%@@ﬁ%ﬁggﬁauéﬁveﬁg%ﬁ%ﬁm INKFHPS and
polish-filtered at 100- 120C. The prgguct m%S(gL_anti tatively isolated as a .

yell ow sem -solid containing a | 10 T %’?“J‘gb.. 88H%Nnt - of 2. 9% and base

nunber TBN ta : P raf) of Lubricating G| Conpositions
Exanplé 2 A m!i}g(]@he géa(t)l . 70 Hless Efion (ar}. ashl ess fri gti on m)(rzl?fi er of
Exanple | with 15 96% by wei ght of SAE 5W20 APl SL notor oil having a

ki nematic viscosity of 8.8.cSt at 100C was forned. Next, a lubricating oil
conposi ti o$ was prepared containing 25% by volune of the above m xture and
75 % by volume of SAE | OW30 APl SL notlxampiell having a ki-nematic
viscosity of 11.25 cSt at 100C. The kinematic viscosity of the resulting

| ubricating oil cofrfiSicorat ail (SATOCe wes8 bleaywasieatcdo ABosorm! € 3

Diethanolamine (151.2 g — 1.44 moles) was added with stirrihg. The mixture was then

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 a

-

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

. Preparation of Lubriqatinsz Qil Compaositions

Example 2

A mixture of 4% by weight of the ashless fiiction modifier of Example 1 with
15 96% by.weight of SAE 5W-20 API SL motor oil having a kinematic viscosity of 8.8 ¢St
‘at 1‘00°C was formed. Next, a lubricating oil composition was prepared containing 25%
by volume of the above mixture and 75 % by volume of SAE 10W-30 API SL motor oil |
havihg a kinematic viscosity of 11.25 ¢St at 100°C. The kinematic viscosity of the
resulting lubricating oil cqmpbsitio.n at 100°C was 10.27 cSt. |

2
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A m xture of 12% by wei ght of the ashless friction nodifier of Exanple 1
with 88% by weight of SAE 5W20 APl SL notor oil having a kinematic
viscosity of 8.8 ¢St at 100C was formed. Next, a lubricating oil

conposi tion was prepared containing 25% 5 by voI ure of the above mixture
and 75% by vol ume of SAE |ONM30 APl SL motor oil having a kinematic
viscosity of 11.25 at 100C. The ki nematggmMi3cosity of the resulting

| ubricating oil conposition at 100C was 10. cSt. Exanple 4 10 A m xture

of 1% by wei ght ofA ibeuRerh %DV wdisl h..99%
wei ght of the SAE | ON30 APl SL rlmtté’?ﬂl&%ﬁg S%Whom’} %@Pﬁg%{%rﬁpw%tlm%mt

VI scosity of 8% e.5 15.A m xtur 4% by
wei ght o?‘/ t he as%ﬁggiﬁtfﬁsﬁgﬁ m) tl ér gUfr EQSWB %RTQWF%VIS%% B§8§é5©hi of

SAE 5W 20 API o r tic vl scosity of 8.8 cSt at 100C
was formed. Iﬁé%o EW«% fgﬁlégawe %n‘%lu‘%‘cgh NE?QPWGH ‘%&af)?éﬁ%ﬁeé&o%ﬁt%zﬁl/ng 25%

- by vol umegof xture and ume of SAE | O 30 API SL
m);t or oil° b\%lg ﬁlgﬂ% if?}r'lee s M??@Bg% ﬁbﬁt%OlEG'GGQﬁEﬂQWi”Oe@I SITetdcioilenat i ¢

«

. "”{“‘-\.

viscosity of ;the 20.resulting |ubricating oil composition at 100C was 9.73
cSt. 24 Exa Y188 & KIRemags Yisee %Wt\lﬁ‘% GhtThetkinematia shybasity of theatdulting

nmodi fi er Eﬁ npl e 1 with 96%by wei ght of SAE 5W20 APl SL notor oil
havi ng a k| n tB’g\ﬂ"s“(E’BlﬂofISlo%Pt KO/C wge 10.38 cHO0C was formed. Next, a

| ubricating oil conposition was prepared containi.ng 25% 5 by vol une of the
above m xture and 75 % by vol une of SAE | OV 30 API SL mot or oi l

Example 4
10 A mixture of 1% by weight of the ashless friction modifier of Exaniple 1 with
99% by weight of the SAE 10W- 30 API SL miotor ol of Example 2 having a kinematic

. viscosity of 1 1.25 cSt 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 API SL motor oil having a kinematic viscosity of 8.8 ¢St
at 100°C was formed. Neit, a lubricating oil composition was prepared contaizﬁng 25%
by w}olume of the above mixture and 75 % by volume of SAE 10W-30 API SL mdtor“oil
having a kinematic viscosity at lOd"C of 10.41 cSt.. The kinemati;z viscosity of the

20 resulting lubricating oil composition at 100°C was 9.73 cSt.
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having a kinematic viscosity of 10.33 cSt at 100C. The kinematic viscosity
of the resulting lubricating oil.conposition at 100C was 9.75 cSt. Exanple
7 (.10 A mxture of 4% by weight of the ashless friction nodifier of :
"Example 1 with 96% by wei ght of SAE 5W20 APl SL notor oil having a

ki nematic viscosity of 8.8 ¢St at 100C was formed. Next, a lubricating oil
conposi tion was prepared contai ning ZSmaﬁmegol ume of the above m xture and
75 % by volune of SAE | O30 APl SL notor oi havi ng a kinematic viscosity

of 10,77 cSt al  100fixHo8r MiBGIRIUE oS S0L fidh fl%%t%é oFBRNE Wi\ &

| ubricating oil corrp05|t|on a ara
m xture of 4%ghy, ;3 ar.ba DTO) . Wi t.h = 96% by
wei ght of SAE SW%\% ' f‘E4 1 %q%ﬁl 5\9‘}028%3‘??%%%&'??‘% “\’/Vlé“é{ﬁ&)’ Pfsgércsé 8~
cSt 20 at 1Q | ubri.cating.oil conposition, was
prepared cont g??n ng %géﬁ%% {jﬁ%”b&f;atf%é’ﬂaﬁ?wgg‘m’ﬂ”ﬂf Bfeﬁﬁﬁdﬁgwg/%ﬁ%rre of
SAE | OW 30 0|I havi n inematic viscosity of 11.23 cSt at
T00C. The ki ?f@ﬁ(ﬁfﬁt@r@%@cﬂ&gmwf% 7o oRes PEAAR AR HABI SLovmposilt | on
at 100C was i]g.,Zl St. 25 .Co aratlve Exanple B A lubricating oil mxture
was fornmed cJAt'as ﬁﬁWGmQtl’J%‘WSI St dRE3 6Bt ALy The kinpmatdi viswsity obite havi ng a
Ki nemati c viscosj tmf 8.8 cSt at 100C and 75% by vol une of 5 SAE 10w 30
APl SL not or reltingdsprigefing olicpmpesitian a}i168%5wey9.85 c3il. 25 ¢St at 100C, and no
friction nodifier. The kinematic viscosity of the resulting lubricating oil
conposi tion -
Exa'mgle’f

10 A mixture of 4% by weight of the ashless friction modifier of Example 1 with

| 96% by weight of SAE 5W-20 API SL metor oil liaving a kinematic viscosity of 8.8 cSt

at 100°C was formed. Next, a lubricating oil composition was prepare_d 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 10.77 ¢St at 100°C. The kinematic viscosity of the

15 ) resulting lubricating oil composition at 100°C was 10.01 cSt. -

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 ﬁaving 2 kinematic viscosity of 8.8 ¢St
20 at 100°C was formed. Next, a lubricating oil composition 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 1 1.23 ¢St at 100°C. The kinematic viscosity of the

resulting lubricating oil composition at 100°C was 10.21 cSt.

- 25



at 100C was 10.29 cSt. Conparative Exanple C 10 A lubricating oil was
prepared containing the SAE|l OM¥3 0 APl SL notor oil of Exanple 2 having
a kinematic viscosity of 11.25 ¢St at 100C, and no.friction nodifier. [I11.
Vehi cl e Fuel Econony Test The vehicle fuel econony teSt was conducted to
eval uate the fuel econony 15 performance of |ubricating oil conpositions
within the scope of the present invention versus |lubricating oi
conpositions outside the scope of this invention. Vehicles representative

of those found in the U S. market welog: a{:h@ivggxgmﬂgﬁssi s dynanoneter using
the EPA-75 cold start test .cycle and the H ghway Fuel Econony Test™ ( HWFET)

cycle testing prot ad@hsoatifsTbs Slialse War nﬁ@a&ggaﬁrﬂ 2 Afbg%h%lﬁlﬁﬁgggésw-zo

cal cul ated for each 20 vehicle using the car anc

i bed b = - 6088 h By volom
E{ te; C; ; W\?WV . e);;g?!h %% \?/%gt&; %’ lﬁ@g%gﬁ%ﬁgﬂéﬁﬁoﬁa of gQE‘ét at qu‘%} aendv’ﬁg}o bS): vo?usme of

http:// ep b A t 4AQp0600 pdf . 26 The testing vehicles used in

the e x\g”\rlrwp!i esgl%%g\gi/\@?g%ﬁg&v%%}éP@aﬁ%ﬁm{“ﬁ?‘éﬁswﬁ%ﬁﬁ\f%)s eht £f KOG andar
manuf acturers from NortdthFAmg@i a set farth belowin Table II'l. TABLE Il
Make Model Ye'hr TEHGR Foditeg, bhe e Vigpgritypofihe resaitingubreating bil bomppdsitica001

3.4L Y' 6 at 100°C was 10.29 cSt. '

- : ' '~ Comparative Example C
' 10 A lubricating oil was prepared containing the SAE 10W-30 API SL motor oil of

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

III. Vehicle Fuel Economy Test
- The vehicle fiel economy test was conducted to evaluate the fuel economy
15 perfonnapce of lubricating oil compositions within the scope of the present invention
versus lub:i_cating' oil compositions outside the scope of this invention. Vehicles
representative of those found in the U.S. market were run on a chassis dynamometer
A using the EPA—75 cold start test cycle and the Highway Fuel Economy Test (HWFET)
cycle testing prc;tocois. Enﬁssi.ons were measured and fuel eébnomy cal(;ulated for each
20 vehicle using the carbon balance method as prescribed by the Federal Tést Procedure set

“forth at the web sites http://www .epa. gov/otag/mpg htm and
.http://www.epa.gov/otaﬁ;/mpg/40p0600.pdf‘. -
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5 Prior to being used for testing, each vehicle had to be prepared to
nullify the possible confounding effects of any friction nodifier additive
t hat nmay have been present in the vehicle's previous oil charges. To
acconplish this, a series of oil flushes were performed using a high
detergent diesel oil formulation. The final oil charge for each 10 vehicle
before testing waddeFsting ehidentisad in the exhnyilscosiittsd of atlieles SARmIEMR0. The
oil was conditioned by driving the test vehicle for a mninumof 50 nmles.-
The EPA-75 tiem tyadffercangr menstamters frod Ndith AMEEE stefith bR RIT28RAIRL | NY
tenperature) were used to evaluate all vehicles for this program These
tests are described in the Code of F rL%Hﬁegul ations (CFR), Title 40.
The test cycles were used 15 to defin necrty (EPA-75) and hi ghway f uel
econony used for new Vt:Jl.atI(Iec - econeoy—certification _The EPA-75 test
cycle consisted of aboltit 1 m108%: ot i VYRY ail dingiReer dge speed of
about 21.3 nph and a n%\m&ﬁglﬁf ahout 1998, 7 [mpR.2&d-4lepli ct ed
graphically in Figure LChewgle aldest Lyck@lconsi 3ted/-6f fabout 10.2 niles
of driving at an_average speed of about 48.1 nph and a nmaxi num speed of
about 60 nph as Poor tedysinguse for &gsting ahthyvehivleHtiad 46 be Breplied o n@lifage per f or med
on a Cayton chassis dynanoneter in conjunction wwth a Horiba em ssions

bench utili ppsstpleccnbnmtiageffeat ofmyshcn melifEY@lithht mEy BlveSE G ent VS
cal cul ated via em ssions anal ysis using the carbon bal ance net hods outli ned

in the 27 @RReachide’s presiors onbRMBes. Bef REembikiRg a%@héi&fﬁg%éﬁg?%%v%ﬁet he

vehi cl es, the engines were run for one hour at 50 np oil and

transm ssi operfdrivied ubifg R aioAldefcsent Biesed Bﬁihﬂng}ﬁﬁg? le’ghef‘%% bi gﬁ'zirgé Rghgod was

{l'owered and the external cooling fan was a
10 vehicle before testing was with a commonly used viscosity grade, SAE 10W-30. The oil

was conditioned by driving the test vehicle for a 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 co’n‘sisted of about 10.2 miles of driving
at an-average speed of about 48.1 mph and a maximurs 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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order to control.the oil tenperature at or near 245F. Once a vehicle was
fully warmed 5 up, the evaluation sequence began. Two testing protocols
were applied. A one day' TI WFET onl y" program consisted of eight HWETs
using the vehicle's normal oil charge followed by four HWETs in which the
oil charge contained the respective |ubricating oil conposition of

Exanpl es 2 ancFaddistukfed dbty i g i TRELALLS
Exanpl es A and 1(a) B. uThe asecondé%)}rer(}?!ggokm%ggﬂ gadtf&lpgg& d‘%mg\g’ VAN SR {Ffat

consi sted of @R ffRMe figuMiish mﬂ%\%%@ggaﬁgpg ueked W‘Sg‘fg tgﬁ?%@r ee days..

The i medi ate fuel econony i

cal cul ated fry e econo first eight HAWFETs
with the | ni ﬁﬂh{zg IF"Y ltgc?lgtehelrﬁg’f)gﬁa\%o n% 4?!’%‘{3%\98?‘@5‘@? faRling Bworasidivstedithe

| ast four - ? the oi| charge contained the respective

| ubri cating o‘%" ef&%ﬁ%é‘?‘tt &l (srPEsalifp REer BEaRRAH5°E. Quvd atvikick mias fdgtwargedi |
conposi tigns of Conparative Exanples A and B. The three day evaluation was
used to det eridi He evelntiiangeauenes begenart f uel econony and i mredi ate hi ghway
fuel econony. The procedure was otherw se designed using standard

engi neeri ng pract iloestesting lﬂﬁtoxmllsmmri@phadl Abddeiday ‘prgxr@mydﬁograh{ ue
measure of the effect on fuel "econony using the oil conposition of the

present i nvembisisted ofigigit FANFETSading @ vehicleh fork8sdil A8rddO) fd%%}drbg fo1¢l uded
m nini zing engine restarts, ensuring that the vehicle Wwas at el y

prepared 28 HWEBTSs inGyKisihe g cﬁél\%le ¢BhhR0S he}}@f O\HQI Iﬂgrlxctanﬁ%g' Pn&f)l & %ﬁ%& o

econony test in one single even and nu tiple

FU el Econony Ekgsplefeakd & nd the lubricating oil compositions of Comparative Examples A and

10 B. The second protocol was a three day evaluation that consisted of an EPA-75 with
eight HWFETSs conducted each of the three days. |
The immediate fuel economy 1mprovements for the one day program were
calcuIated from the average fuel economy (MPG) of the first eight HWFETS with thé:
initial oil charge relative to the average fuel economy of the last four HWFETS in which
15  the oil cha.rge conf:ained the respective lubricating oil composition of Examples 2 and 3
and the lubricating oil compositions of Comparaﬁve Examples A and B. The three day
| evaluation was used to determine immediate cold start fuel economy and immediate
'mghwéy fuel economy.
The procedure was otherwise desigﬂed using standard. engineering praf;tices to
© 20 minimize variability and provide a true measure of the effect on fuel economy using the
o1l composition of the présent invention. Important features of this testing procedure

included minimizing engine restarts, ensuring that the vehicle was adequately ';jfepared



5 Fuel econony test results for the respective lubricating oil conpositions -
of Exanples 2 and 3 and the lubricating oil conpositions of Conparative )
~ Exanples A and B are set forth belowin Table IV. Wile the vehicle test
‘programwas intended to mnimze experinmental degrees of freedom the
observed variation in performance data nmay reflect test

r epr oduci bi | iPEYF fepBangisvilpatipng pedggiringthe dompletedud esoriomydegimenershgponse 10
sensitivity to the invention. TABLE IV HWET Vehicle Nunber Sanple "V. :
EPA- 75 ‘Col d Svemtt andloyitipls olldlushes T81 Conp. Ex: A 2.05% Not Conducted Toyota -
Canry T82 Comp. Ex. A 2.32% Not Conducted Toyota Canry T81 Exanple 2 2. 05%
Not Conducted Toyota Canny T82 Exanple 2 0.96% Not Conducted Toyota Canny
T81 Conp. Ex. B 0.24% Not Conducted Toyota Canry T82 Conp. Ex. B 0.64% Not

Conduct ed Tdyotwmy@d%ﬁu_@. 74% 2. 82% Chevy | npal a L55 Exanpl e
3 3.37%a No Change Toyota Canry T8 ’Exarrpll e 3 1.71%0.83% a Instantaneous
Corposi £16ns of 15 Exaal A0S AR 5 e R I REIA WP RSLER0ER Ton)
01 1 conpost (1or B Cans AP et ol BN ook A ChbrEi Eiiter Aittur e of
a SAE | OM 3% :ﬁ‘g(get%gh %}a%\%(%n iallale W’.t GVhﬂg th%%giﬁglie(%gs?}arogram 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

C -
N ‘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 thest; data demonstrate, the re#péctive lubricating oil éompositibns of
15 FExamples 2 and 3 (within the scope of this invention) provided éigniﬁcantly 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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ashless friction nodifier. 29 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 evaluate the friction nodifying
characteristics and anti-wear capability of new and used | ubricants- by

nodi fying theyo e %tr'iri‘ £9 ditions of the testing nethod. As shown in
Figure 3, the H%ﬁgﬂb—sget hod used herein consisted of a flat steel
disc immersed in aé?ﬁth f the test fluid., A load was applied to a 6 mMm
steel ball that ostrTPUtgoneasdisspdud fybsityieste thytHigh Eequercy Reciprozquiency
for a specifiﬁg é_gl%t tinme. The friction coefficient was nonitored during
the - course of'4@HRR)testing meshasemaybrarsed troevatuntatthe fristist modidying devi ati on of
the friction coefficient 10 results in the Bench Friction Test equals
0. 0187. ~ExanpFlasadieristichardrantisueas sgrbikiytdf stwend nxedilfitirivadts onmodifyihile bench
techni que described bel ow. Bench Test Details HFRR wear test conditions
wer e choseh i ppestite canditienhefthetebtinghéthod. nAsiHoyini@ FighR Pehd QFRRANES;

di scrimnation. Lubricant test sanples were bl ended w th 50% by volln me

| SOPAR M (a rebtwndnsel RrRiRcomisvednia. fiaf el iR8 dniBSeFigly 14l he
stroke - | ength was 2000 m crons and the'jrequencyewas 5%@9‘%%@%‘% gest

was conduct edioad wab8fplfe@to §,6'?19}H%§:pﬂ55ﬁ%aft bisdi ;éa%c?ogg‘t'bgggéﬁg&écgatvfsr f?ato. t ai ned

for the respective lubricating oil conpositions 0 and
the respecti VgedidR&d (WaloRro 1M osd.l kons of 20 arative Exanples B
and C and are es*oa‘;‘?’ 176?11% gtlﬁég t%?a%gbg?%lfrﬁzgg‘ﬂ goﬁ%@g%,ggg{?p{tg{egdpﬂ%g iction

di fyi I f ot il it f I 2 d 4
oo mat a1 ve. B S L & ERE Rk anderd Giighon otchinficyon nemwen.

10 results in the Bench Friction Test equals 0.0187. Examples have been assessed ‘Wiﬂl the

modifications of this bench technique described below.

Bench Test Details

HFRR wear test conditions were chosen in order to enhance fiiction modifying
15 performaﬁce discrimination. Lubricant 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;t was conducted at
60°C for 3 hours. The friction coefficients were ob'tained for the respective lubricating
oil compositions of Exarn.ples 2 and 4 and the respective lubricating oilAcor'npo'sitions of
20 Comparative Examples B and C and 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, réspectively, were significantly improved.

-
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30 VI. Low Tenperature Operability |Inprovenent The | ow tenperature
operability of the lubricating oil conposition of Exanple 2 conpared to a
SAE 10W 30 APl SL notor oil having a kinematic viscosity of 11.25 cSt at

- 100C (Conpar ative Exanple C) was measured using the industry standard test

(

T

5 nmet hods described in ASTM D5293 (Col d Cranking Sinmulator) and ASTM D4684

(M ni  Rotary Wi sowRifklaurd®pdepiliet Biproleddggur €s 5a and 5b, the |ow
tenperature properties of the lubricating oil conposition of Exanple 2,

relative to the SAEhdRWRRpSLRRAE i Iifiantd ¥ . VI .
Vehi cl e Accel erati or]; And Pgwer Tg%%\?ﬁhAtg c%g%grl%%-rlﬁgtﬁlﬁt’a%}jb%éésgt?%e%fs%a{enﬁg S

‘e obt ai nedq§ge,: i tion.of le 2 h
'tbri cat i ng. of arpadt 5 1BACAPESL i8R PR R ol LR S

dynanonet er, 0, a Cherqkee having a 4.7 liter engine, and a
2002 11 onda’ AR CORB @I O messuty pud tibdisbiy emenidien 15
procedure S del ed. af t.er ordi nating Research Counsel nethod CRC
B of ect b TP e el Sy DER LT crbS Sumhietogt s AS THE DA Mo
through '" /s g:igle fdi stances at a part throttle setting while tine and
power measur el Virearactenht A5 derictediniigurss Sp prdette sdowdsmpensture pfoprestes of
conducted in which the engine sunps contained the SAE |ONM30 notor oil as
descri bed i n B &sicating oilgomphsitiem of Bfanie 2, relativestiodhe SAEALOW Y AbicORgs 25%
(volune) of the oil was renoved fromthe crankcase, replaced with the
equi val ent ansigmiicapfly infprovedxt ure of 4% by wei ght of the ashless friction
nodi firer of Exanple 1 wth 96% by wei ght of SAE 5W20 APl SL notor oil
havi ng a ki nematic 31 _ '

‘10 VII. Vehicle Acceleration And Power Tests

Acceleration and power measurements were obtained for the lbricating oil -
composition of Example 2 versus the lubricating oil composition of Comparative
Eﬁample 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 % miier
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 10Wl-30-_motior oil as des.;cribed in E;cé.mple 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 SW-20 API SL motor oil having a kinematic
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viscosity of 8.8 cSt at 100C (described in Exanple 2) and accel eration data
charge under the sanme vehicle operating .

The sequence of testing and results are shown in Table V. The
descri bed were conducted on four separate days.

was then
condj ti ons.
four tests

acquired for this oil

Per f or mance

differences thRtoy@rss st af | Gu-Cqsbibed 9RKAGHEY aff £HOLES, b W%Qse pEAD! €.

TABLE V Power
Per cent
m | e Average

Hor sepower 1 2002

(statistically (sta ?g‘% ca

| npr ox@ﬁ[ﬁa forl this R,

er Ve

icle
Exa

2 2.4 0

RYETRA: he Jan{e{vgrg

SCrip

and Accel erati on Measurenents Percent
mle Test A

e pferdd i
| .6 2.0 Gan
“enﬁe{gﬁf&@%?W&wf@tfoﬁ’l@,&’e%} S e foisdony

ercen

ro

eleration in''/a

%%l er ati.on

statistically

significant) aja}gun%% can"% @_&4. 7L[P 30 Motor -Gl _2 2002 Jeep 100% SAE 10W
0.3 0.0 .0.3 “GHNE YFeNBrYfcie 9t forgierprsidayerisriorarnce s tencesthatiase | cal | y
statisticall 4.7 10Q% SAE | OV significant) significant 30 Motor Q|
3 2002 Jee é?(tgﬂﬁfi‘lcé osignificagt are poted iy ﬁ%%d?lb}fér sus) (st gt i stical I)y :
(statistically (statistically .
TABLEV
Power and Acceleration Measurements
Percent Percent
Improvement Percent Improvement
in Improvement | in % mile
(7 ) _ Test _ Acceleration in ¥4 mile Average
Number | Vehicle | Test Description | 10-35mph | Acceleration Horsepower
1 2002 Jeep | = Example 2 27 0.6 2.0
Grand _versus | (statistically | (statistically | (statistically
Cherokee |-100% SAE 10W- | significant) | significant) | significant)
(4.70) . 30 Motor Oil - ] :
2 2002 Jeep | 100% SAE 10W-| 0.3 0.0 103
| 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 14
‘ Grand versus (statistically | (statistically | (statistically
Cherokee | 100% SAE 10W- | significant) significant) significant)
(4.7L) 30 Motor Oil '
4 2002 Example 2 0.3 0.1 0.3
Honda versus (not (statistically | (statistically
{\ Accord 100% SAE 10W- | statistically significant) significant)
(3.0L 30 Motor Oil | significant) - '
VTEC) o

10
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Cher okee 100% SAE 10W significant) significant) significant) 4.7L 30
Motor G| 4 2002 Exanple 2 03 0.1 0.3 Honda versus (not (statistically
(statistically Accord 100% SAE | OW statistically significant)
significant) (3.0L 30 Motor G| significant) VIEC) 10 32 Testing
Procedure A test to neasure power and accel eration was nodeled after a
procedur e- del@stinpBrocedure he Coor di nati ng Research Counsel (CRC) wor kshop,
(CRC Project No. CM: 137-99) which is discussed herei nbel ow. An indoor
vehi cl e chassis dyhssbiwsthessud pevyai ppiedcelértiiorowataihaddediaftes iatirosdgsst em
al l owed for the absorption of power transmtted by the driving wheels of

the test vehi ddvelopellisy thaCoomdinafiRyREsealRE WolhdeP{TRAY Whikshby) HCREG%HiccANY.
sinmul ates a real road driving experience. The data acquisition system

col | ects speedM-1378H MM i Maf e fhaia, | | ] ection was
100 sanmpl es per secﬁd. Tﬁseai\gl%ﬁsi&g\lqgfeé&gfr?%bo%?%dégﬁhﬁeagﬁ%%cl%gl% \%\gllgger ;
exam ned fsor r.ent: .. | efore initiating the
Coot. 11 roquibhee Rt « SlasEilisidhybietifofof R RS0 Hibn L prkcaimiger

Engi ne prepar@ti On.: L nyle ith oid, flushing, followed. by a fresh charge
of test oil. %gé)gﬁ“ﬁgé] Mﬁes Sl%é%p? %cvéaél'gleuyéedmkeogftﬂ?&%ﬁ RHGRYagEs WHB sBedi ne
oil systemco sg’é@iﬁd of dr%'tni.n a-nd.chaﬁlgi{ﬁnqg;;l the oi] and filter a nunber
of tinmes. UpdfR®s S HeplJartiiave sPerfngenthsidata acqyisyion sgsemcolmtnapieed, | s

driven to cirdculatethe oi |l before ) ‘
istance, and power data. The rate of data collection was 100 samples per second.

The vehicle’s on board self-diagnostics were examined for stored or current
10 trouble codes before EMﬁating the test. If required, the necessary repairs were made
before précec;,ding. Engine preparation continued with oil flushing, followed by a fresh
charge of test oil. The oil flushing process used to tho'roug‘thA purge the engine oil
System consisted of‘draining and changing the oil and filter 2; number of times. Upon -
each introduction of ﬂush oil, a distance of 50 miles is driven to circulate the oil befoie
15  draining. T}lxe last oil flush is conducted using the test oil. The final charge of test oil
100% SAE 10W-30 Motor Oil (as described 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 repeatablé throttle
_positioning during the dynamometer test. F or'this work, fhe 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 weré‘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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15 draining. The last oil flush is conducted using the test oil. The final
charge of test oil 100% SAE 10W30 Mtor Ol (as described in exanple 2)
followed the oil flushes. The test oil is then broken in by driving the
vehicle 100 mles. A nechanical stop was installed in the vehicle to ensure
repeatable throttle positioning during the dynanmoneter test. For this

work, the t hreaé tdferesde@sst Waslesflons Y6 ot 20ikihA sl g q‘?@%ﬁfrfzﬁﬂgﬁg&ﬁ <

approxi mately 25% as recorded using a scan tool e vehi ¢
dynanomet er Vgivgowas fBELIdEn § of testing. The tires were.
exanined and thetr pr essurehgg{%%g&?g%rffr%%e%u eﬁ%e(?%‘?’r‘i‘égr?o"gﬂ %W-‘Rhl”fémne

manuf act urer. S| cecel eration conditioning runs were conducted,
Fol | oved by 29rnens SRUPAREEGEt S ith EParebrobalf whiceaare: commust.
accel erations. Warm up - consi st ed of riving the vehicle on the dynanoneter
bet ween t he speedgg’gf P%OM%W%P\COF%WHOB?@ reigugucteriip stapilis¢ the veliclefiorf or m

operation tenperature for the vehjcle and test equi pment. Four sets of part
throttle accéPSAMHYRYIGRIENE, KaGch seicontisted afsight z2eceldngions hikokbickdKey 5
acceleration style running. Each set consisted of eight accelerations. A
vehi cl e " Key °figf Kgy oneyens gecusod ait the sectrafdactt set. hét the asdddisiatiheset . At the
conclusion of the acceleration conditioning runs, a "Key off / "Key on"
event was exdewlaseticarrdnditieniughins) 2 Key off#“Bdy b0 cvemewas dxBoddd aRS8ISHRES Ween
50 and 60 nph Once the vehicle was at rest, a "Key off'/ "Key on" event

occured, fol lmveed fy ohdimile of eedietivest SEAAJ0HH i(ﬂfb%theT\}rE‘ﬂici]eostiartgés ghase
of a test acceleration set consisted of three accelerations in or elt’ for

_initial stabKey agt/iBey bR’ &esticculdd, T&ﬁﬂeﬁ‘lﬁ?'ftmﬂ r@féféeglll:%{egf zit]gaertalicr)rrfs \rﬁg'?i .oris

{greater than the third acceleration tine, four a I'onal —accele

the data set TopuhSPaldplectiiddh ol (Tl oP e BE T Bl i prpclor mical ' °°
| stabilization to occur. Ifthe fourth acceleration ti;r-le was greater than the third
acceleration time, four additional adcelerations were carried out. The last six of these
eight accelerations constituted the data set for the analysis. If the fourth acceiération time |
was less than the third, then the stabilization process continued until aﬁ acceleration was
15 greater than that just preceding it. Once this occu'red, four additional accelerations were
acquired to complete the test sequence. As before, the last six accelérations 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 replaced té ‘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. ™



was |l ess than the third, then the stabilization process continued until an
accel eration was 15 greater than that just preceding it. Once this occured,
four additional accelerations were acquired to conplete the test sequence.
As' before, the last six accelerations constitute the data set for the

anal ysis. Ofest the reference acceleration tests were conpleted, the
vehicle's engine was turned off. In this case, 25%of the vehicle' s oil
charge was ngpVacedp teasti® bahidgier | GRS 2. The

accel erati osg@l@g@n{i%@t &H&Eﬁﬁbg@_t ol Iand\’/z\g?e ac%ﬁ%ﬁﬁﬂgﬁeﬁg{g %ﬁ‘gé Fosré)r?SEB%f‘tocol
describeg for the reference runs. A section from a procedural run sheet

used for thiag.a%REoPE rk follows to better illustrate the engine test
nmet hod. 34 Tegt rE{% \Rg\ré%oﬁlgbchassi s dynanoneter and test vehicle by running

test vehicl 3) o ehour- at 50 to 60 nph at chassis |load. .5 Accel eration.
condi tioning ey ot Key on 10 3) Do 8 accelerations 4) Key off/ Key
on 5) '8 elerations 15 6) Key off / Key on 7) Do 8 accel erations
20 8) K& o?fﬁcﬁéﬁ"“gﬁ‘rf&“‘m .

4) Key off/ Key on

5) Do 8 accelerations
15
" 6) Key off / Key on

7) Do 8 accelerations
20  8) Key off /Key on
9) Do 8 accelerations
10) Key off/Key on
25 \
~ 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 oi! 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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ions 10) Key.off/ Key on 25 11) Drive one mle at 50 -
g%) r?ghB 2?1;?5?;61} oad 12))Keyyoff/ Key on .30 Test Accel erations 13) Conduct
test acceleration set (base fuel and test oil). Record oil sunp tenperature
at start and end of test set. 35 14) Key off 15) Draw one quart of _0|I_ .
fromtest vehicle, (save.as sanple, see sanple labeling), and replace wit
25% (vol une) of the m xture of 4%by wei ght of the ashless friction O
nodi fi er ”@Jnfaul-n‘é’éta&e?e@%/ﬁ e}{\m ght of SAE 5W20 APl SL notor oi I
havi ng a 405{??nerrat|c Vi SCOSI cgﬁ'% 8.8 cSt at 100C (described in Exanple
2) 16) Key o Drive o 1 3 50 - 1cha55| s Ioadb 45 18) Key
of f/ Key n 5%’% 1 5aw&ﬂ?cfﬁ’8{1°[‘é§'fﬂp'§ E%Pé‘?séi’?}%ﬂe é‘%.d( abal) Sex sempdmlebdingr t oi |
sanple fr sf vehicle and | abel. See sanple |labeling. -5 Test conplete
Test accel era 'b‘f‘P #feria- . -

Test acceleration criteria

Three initial accelerations were conducted and if the‘ time for t.he fourth
10 acceleration measured greater than the time for the tflird'acc:eleration, four additional
| accelerations were :cond‘ucted. If thé time for the fourth accelération measured less than
the time fbr the third acceleration, accelerations were rep eated until the timé 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 modlﬁcatlons may be made to the embodiments
disclosed herein. Therefore the above description should not be construed as hrmtmg,
but merely as exemplifications of preferred embodiments. For example, the functions
described above and implemented as the best mode for operating the présent 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

épirit of the claims appended hereto.



Three initial accelerations were conducted and if the time for the fourth

10 accel eration neasured greater than the time for the third accel eration,
four additional accelerations were :conducted. If the time for the fourth
accel eration neasured less than the tinme for the third accel erati on,

accel erations were repeated until the time for the nost recent

accel eration was greater than the tinme for the previous accel eration. Wen
this occur@daiMB additional four accel erations were conducted. 15 . It

wi || be understood that various nodifications nmay be made to the

enbodi nents discl osed herein. Therefore the above description shoul d not

be construed as 1l.i M tA RBricatPEbLiTBES LNt GSe 20| AN [ .of. preferred
enbodi ments. For exanpl e, a:thg %unf:n?i orlls ?ﬁ%@%@é@gﬁg{%g\?}@%gﬁé HEHSF%SH%M ed as
the best nbd@ing OkinoREEAHiRG ELBRESEND 5l ' Ofiod L ystration
pur poses only. O her ar;angéﬂents and nefﬁgﬁgb%§€m€@£f%%Féﬁ%ﬁPg@@%% by

those ski | leffctive ainBént @F hn MhiBOB ciGERARK cope.and.spirit of
this invention. Nbreové:, thoselsk?ﬁpgﬁn%ﬁ&%ﬁgkgggmaf? m%%%?%?gh&bther

nodi fi cati absut @4 B adid@td 6APEn ARsholSRLL 1t of the clainms appended hereto:
36 CLAIMS: 1. Alubricating oil conposition conprising (a) an oil of

| ubricating viscosity 5 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 reaction product of a C4 to about C75 fatty

acid ester and an al HRANbABIAE oilZompBEHIII LAt WG Lo b, g of claim
1 wherein conponent (a) further conprises (i) a firstrﬁﬁﬁgﬁz ﬁ?ﬁ%”oi
~conpri si ngcanprisied (i0d filstRbricdih B cHhSEHSI z{n}’Oilhﬁ'\ﬁ!lﬂ?ﬂatﬁlg{viscosity having a
10 kinematic viscosity of 9.3 to about 16.3 cSt at a temperature of 100°C and (ii) a second
lubricating oil comprising an oil of lubricating viscosity having a kinematic viscosity of

about 2 to less than or equal to 9.3 cSt at a temperature of 100°C, wherein the kinematic

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

Inbricating 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 Cs, 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, cocomut, palm kernel oils and combinations

thereof.
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10 kinematic viscosity of 9.3 to about 16.3 cSt at a tenperature of 100C
and (ii) a second Ilubricating oil conprising an oil of l|ubricating
“viscosity having a kinematic viscosity of about 2 to |ess than or equal to
9.3 cSt at a tenperature of 100C, wherein the kinematic viscosity of the
second lubricating oil is lower than the kinematic viscosity of the first

| ubricating oil at 100C. 15 3. The lubricating oil 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 claiml1l or 2 wherein the fatty
acid ester is a glycerol fatty acid ester. 20 5. The |ubricating oi

conposi tion of d.ai mPhethes@iing bilGodpyGRIQr aﬁfBﬁé’of"’:ﬁé ec r%geJlaiLﬁ whelset ed
fromthe group consisting of palm olive, cotton seed, castor, peanut,

tallow, [ artbe alkdidlnins pésts¥he &RYAD ERhulLOCONUt, pal m kernel oils and
conmbi nations thereof. 37 6. The lubricating oil conposition of any one of

the preceding clains wherein the akﬁgﬁqj ﬂlﬁf possesses the general
formul asRN(R OH)2-a H 5 wherein Ris hydrogen or an am noal kyl group with

the al kyl heiidgRfis B:0R® drn ARSI Hou AHOR: ALAT o irohorl (PSlP82" BY!

havi ng from about two to about six Carbon atons 1'sOor' . . The

| ubri cat i N@Gaibbh aLERPRSE b ih?ﬂko@zfrbﬁllﬁwﬁg GrohBSo5i thottP Gbéth iﬁ%ﬁ.}b@?apo?nsi and."a"

sel ected fromthe group consisting of nonoethanol am neg, hanol am he,
pr opanol amin@or 1.

10 7. The lubricating oil composition of claim 6 wherein the alkanolamine is
selected 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-isopropanolamine, butanolamines,

25  aminoethylaminoethanol and combinations thereof.
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. . . . o . | ami nes
i sopropanol am ne, di propanol anine, di-isopropanol an ne, butanol: es,
anigoeghylaninoethanol and conbi nations thereof. 15 8. The lubricating oi
conposition of any one of the preceding clains wherein the friction

‘nodifier is the reaction product of a glycerol fatty acid ester and an

al kanol am ne. 9. The lubricating oil conposition of any one of the
preceding clainms wherein 20 the friction nodifier is the reaction product

of a fatty acid Bster Thehbgiatitlg bil edthpdaRiod 0P W orféQﬁ%(ﬁ;ré&gmgfcla% @bl Ve
cotton seed, castor, peanut, tallow, |ard, whale, sunfl soybean,

coconut, patompoen &) ivin &l GGbratil ARbLEANRVIHIe I8N m80 SisaRi e bKanal AT08
selected pfroé?theegroup consi sting of %Q%Bé%hano | am ne é? ﬂﬁno am ne,
propanol anithay 10.0 st oegol ami ne, di propanol am ne, dljlsopropanolanlne

but anol am nes, 25 ami noet hyl ani noet hanol and combi nations thereof. 38 10.
The lubricating oil conposition of any one of the preceding clains wherein
conmponent (a) is an oil of lubricating viscosity having a kinematic
viscosity of about 2 to less than 10.0 cSt at 1OOC 11. The lubricating

I tion of a in mhere onent (a)
|O!s a(r:]oglplosgf I ublrll ca??hrfgﬂgr:cgé%%%}% \9/?1%% g i nema hec?r @‘8%&{2{1‘31/5‘6 “GBout

3.8 to sl e%@n%hﬁéﬁt &5 iseRuRl ofthﬁm%atﬁ]g%?cng quiglggg hvﬂ_?mam::l' %scoylﬂgo% | Cgat' ng oil
0

conposition any one of the prece erel t he

ashl ers friigkitem ovegllaf 10993 P&esieci N the lubricating oil conp05|t|on is 1
to

N

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 Cy; 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 4.5 wei ght percent, based on the total weight of the lubricating oi
conposition. 10 13. A nethod of inproving the fuel econony of an internal
conbusti on engi ne which conprises operating the engine with a |ubricating
oi | conposition conprising (a) an oil of lubricating viscosity having a

ki nematic viscosity of about 2 to 10.5 ¢St at 100C and (b) a friction

nodi fyi ng effective anobunt of an ashless friction nodifier conprising a 15
reaction product 19f aTE4miethoalOulairCT of Bf ¥er@ifiith B&Y §5id AkE: @tn abd@polani ne.
14. The method of claim 13 wherein conponent (a) further conprises ff? a
first | ubratwatCndatof dciden@ri sing an oil of lubricating viscosity having a
kinematic viscosity of 9.3 to about 16.3 cSt at a tenperature of 100C and
(ii) a second lubricating oil conprising an 20 oil of lubricating viscosity
having a kinematic viscosity of about 2 to less than or equal 9.3 ¢St at a
tenperature of 100C, wherein the kinematic viscosity of the second
l'ubricating oil is lower than the kinematic viscosity of the first

| ubricating oil at 100C. 39 15. The nethod of claim 13 or 14 wherein the
fatty acid esterlés ailhaietibd G6cthinm 1RbOMwiE2dn tiatfhly a6 6st@SE §&lycdB] fakhe

met hod of claim 13 or 14 wherein the fatty acid ester is a glycerol fatty
5 aci dest eracidefter. The net hod of claim 16 wherein the glycerol fatty acid
ester is selected fromthe group consisting of palm olive, cotton seed,
castor, peanut, tallow, I|ard, whale, sunflower, soybean, coconut, palm
kernel oils and conbi nations thereof. 10 18. The nethod of any one of
clains 13 to 17 wherein the al kanol am ne possesses the general formula

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(ROH);. I,
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

Oorl.

19. The method of claim 18 wherein the alkanolamine is selected from the group
consisting of monoethanolamine, diethanolamine, propanolamine, isopropanolamine,

20 dipropanolamine, di-isopropanolamine, butanolamines, aminoethylaminoethanol and

combinations thereof,
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RN(R OH)2-a H wherein Ris hydrogen or an am noal kyl group with the al kyl
havi ng from one to about six 15 carbon atons, R is a hydrocarbyl having
from about two to about six carbon atons and "a" is Oorl. 19. The net hod
of claim 18 wherein the al kanolam ne is selected fromthe group consisting
of nonoet hanol am ne, di et hanol am ne, propanol am ne, isopropanol am ne, 20

di propanol am ne, di-isopropanol am ne, butanol am nes, am noet hyl am noet hanol

and conbi nat i or. t hemeafethdi®raly o TBLDOkoh ARV ORE ﬁ?&ioﬁ'fn?gd”hser%s%hto 19
of & fatty dc

wherein the friction nodifier is the reaction product Y

ester sel ectaedod product BEa BFYUHdCRABSIeRL1cl Gl thP ' op.. seed
castor, peanut, tallow, Ilard, whale, seunfol om?{oggg%lggﬁ% Otg’%g:r}é’nolljlf’,e’ Cﬁg?dm

ker nel o | Sedinehsiof, QusunALN W] arl AKARO burdibth R o KA BOLAM PRnSELRELEL,GT Om the
group consi sting of 5 nonoet hanol am ne, di et%ano am ne, " propanol ani ne,

i sopr opanolambingtions E&E&Dmxﬁd&dﬁ&anﬂie‘seie&@@EQBQH@%?HB %’Sisﬁlﬁ‘ﬂfml am nes,
. 21.7 The

am noet hyl am noet hanol and conbi nati ons t her eof od of any one

of clai®s hBdnbahRHIMIYS, Bicthah S FRAREHbpdBladi ' ind WBLLGALING.
vi scosity having a ki nenat iac Vi scgfgilfy of %b%ﬁ?rg%lnto% %eégl?’f 31?1011161%5 dst at

100C. 10 ZZprophiedldiEhd) Obtafblaihes, Qﬂ?no@fhy&hﬁﬂdggﬁééla%% cOILISELSE %’ig eto;é| e amount

er
of the ashlers friction nodifier present In ricating onposi tion
is 1 to about 4.5 weight percent, based on the total weight of the
| ubricating oil conposition. 23. A lubricating oil conposition conprising
(a) an oil of lubricating viscosity having a kinematic viscosity of about

per cent of a1 F5t I by Teaet R OLBRR2 15 20 S RRpnens eh Rt er cent

s percent of a first lubricating

lubricating viscosity having a kinematic viscosity of about 2 to less than 10.0 cSt at 100°C,

10 22, | The method of any one of claims 13 to 21 wherein the amount of the
ashless friction modifier present in the Iubricating 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 comnprising 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 (bj 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 C;5 fatty acid ester

20 and an alkanolamine.
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of a second lubricating oil wherein the kinematic viscosity of the second
| ubricating oil is Ilower than the kinematic viscosity of the first

| ubricating oil at 100C, and (b) about 0.5 to about 5.0 weight percent,
based on the total weight of the lubricating oil conposition, of an
ashlers friction nodifier conprising a reaction product of a C4 to about
Cr5 fatty acid ester 20 and an al kanol am ne. 41 24. The lubricating oi

conposi tion of c4ai m P8 wwdcaging ofl kémpbditsdn dﬂéhﬂixh@@tdlﬁﬂmﬁ){ﬂe firtJu ﬁél iof
lubricating viscosity having a kinenatic viscosity of 9.3 to a out %‘ 3 cSt

at a tenpes at ol ef wbrikANE visedsitylavEgaAmtbl B R isc gt %99%!: abgut 38, 3%'sl Y
| ubricating viscosity having a kinematic viscosifty about 2 to | ess than or

equal to 9.[@nmSitustofd 00WTMEY tht Kecon® fubHBfag oA €5 oil BEI BH?Jti'n
conposition of claim23 or 24 wherein thegf atlty ?alm du este |Sls:&gtﬁ%{f}n% Co6

to about Cakifeaiaiy viscodtyedhber2 todéss (Hheor et kSRS 80t Qitlm SRR of claim
23 or 24 wherein the fatty acid ester |g@}a gl ygero mItgty IcaéC|fc11b(§JsE:ter 27.

The lubricating oil conposition of claim?26 wherein the glycerol fatty acid
10 ester is selected fromthe group consisting of palm olive, cotton seed,
castor, peanut, tallow, lard, whale, sunflower, soybean, coconut, palm

kernel ®ils and28ombiTatlitoivsting bitc@nfos2Bn oTbRich UHb; 2RIh&8inQhd 2694RQSI L1 ON
of any one of clainms 23 to 27 wherein the al kanol am ne possesses the

general f of¥erigan BbAINCRIOH0RE CoHattydved este. R i s hydrogen or an ani noal kyl
group with the al kyl having fromone to about six carbon atons, R is a
hydr ocar byl having from about two to about six carbon atons and "a"

~

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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isOorl. 42 29. The lubricating oil conposition of claim28 wherein the

al kanolamne is selected fromthe group consisting of nonoet hanol am ne,

di et hanol am ne, propanol ani ne, isopropanol am ne, dipropanol am ne,

di -i sopropanol am ne, butanol am nes, am noet hyl am noet hanol and conbi nati ons
thereof. 5 30. The lubricating oil conposition of any one of clains 23 to
29 wherein the friction nodifier is the reaction product of a glycerol

fatty acid ester29and B labkatiog &licdposition o3 tlaih P8 WiHRSA §RLIOIRM e is
conposition of any one of clains 23 to 30 wherein the friction modi fier is

t he reacti edegedfiumtthofroap f:a:isﬁsyingai‘ﬂoﬂ@étlﬁnoﬁﬁiix?&k%aﬁ&%nteh;ﬁo%ngiﬁ %EO
consisting of palm olive, cotton seed, castor, peanut, tallow, lard;

whal e, sunidopmlanola:simybcﬁmpax&ﬁﬁﬂﬂbgtdi-i@?}dpakﬁézﬂﬁlls, Rithrd1AfFkscONMDI nat i ons
t hereof and an al kanol am ne sel ect ed romthe group consisting of

nonoet hanohmirioethylatiisdduznol aididobiRioRARGsM Ne, | sopropanol ami ne;

di propanel am ne, di-isopropanol am ne, butanol am nes,

am noet hyl am noet hanol and conbi nati ons thereof. 15 32. The |ubricating oil
conposition of any one of claims 23 to 31 wherein conponent (a) is an oil
of lubricating viscosity having a kinematic viscosity of about 2 to |ess
than 1020 eSt af0.100Che3dricTtirg diLdmipoaition @f &by oreWTRAShS 2 P13 20fwiRRY, are of

claims 23 to 32 wherein 20 conponent (a) is an oil of lubricating
vi scosi ty fripbiionguodlificr ietha tréaction mrodsit b a @fycaloDfatty 3eid ebi®r addes Sk, equal
to 9.3 ¢St at 100C 43
31. The lubricating oil composition of any one of claims 23 to 30 wherein the
friétion modifier is the reaction product of a fatty acid ester selected from the group
10 consisting of palm, olive, cotion seed, castor, peanut, tallow, lard, whale, sunflower,

soybean, coconut, palm kernel oils and combinétions thereof and an alkanolamine selected

from the group consisting of monoethanolamine, diethanolamine, propanciamine,

isopropanolamine; dipropanolamine, di-isopropanolamine, butanolamines,

aminoethylaminoethanol and combinations thereof,

15 32. The lubricating oil 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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34. The lubricating oil conposition of any one of clains 23 to 33 wherein
the anmount of the ashless friction nodifier present in the lubricating oil
conposition is | to about 4.5 weight percent, based on the total weight of
the lubricating oil conposition. 35. The lubricating oil conposition of any
one of clainms 23 to 34 wherein the 5 first lubricating oil of conponent
(a) is selected Bgom ¢t sisting of .a SAE|ON nultigrade oil, a
SAE 15W mul ti grade oi |ﬁ§%'g5rﬁ°1%§?%?gs“ QB8R O A T SHBHE (oD whargiaghe oi |

of conponenimé@d ofIhs ehif, roup .consjsting of a SAE OV _
nul ti grade o | , a SAE 56\%\% qnﬂftﬁcgrgggggﬁ& esﬁﬁtdnﬁﬁ&l Gating il gprposiioms. | fhe

1 ubri cati ngataut 4.6 RGOS Inki I wherein, t first lubricating oil

of conponent (a) is %ﬁ Alllgelﬁt f&?P)I/S\le grtrllqﬁtt%?aéﬁréab@?f}ﬁ’e E‘ﬁ&cf“l’ﬂﬁ ULEUIPRPSIUGRY | cat i ng
oil of component (a) is a SAE 5W20 nultigrade oil. 37. A lubricating oil
conposition conprising (a) an oil of lubricating viscosity conprising a
first lubricating oil selected fromthe group consisting of a SAE | OW

mul tigrade oil,34 S hg‘ﬁxﬂi%éioﬁrade oi] and m xtures thereof and a second
lubricating oil Sélected Trom stReGRATHORSh amsemerrs climg 2303 Ovhergint thgr ade

oil, a $AE .11 e.qil and mxtures thereof and (b) |I to about 4.5
wei ght per cﬁ{{m%%]é’gg %gr?f Fﬂ‘@"?‘&“h&)\ﬁeﬁ%%&m the greupr Gonsisiingots $AE I0W

conposi ti onyuf ) i ction npdifier conprising a reaction product
of a C4 to aubo%rt'?l C?@ ah#'gétﬁ 35/%‘8? egade ol apd qniztresitierens] aadithesco@s! lubtiating

" lubricating;:Qiel ption,of claim37 wherein the oil of conmponent (a)
. conpri ses g)gg}lgtcoﬁgg%g’%g%bsu elegged\fjﬁrﬂﬂ’(e Hevr easisie of & SAEOW oimlligrade ailyaoi | |

" and .about ut .45 weight percent of a second |ubricating oil
wherei n théilgl%grra ﬁ%ra\‘}?%%(ﬁg‘# g’s‘/“%‘gsfl}‘fée‘io second lubricating oil is |ower

than the kinematic viscosity of the first lubricating oil at 100C.

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
comprising a first lubricating 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 mulfigrade oil and mixtures
thereof and (b) 1 to about 4.5 weight percent, based on the total weight of the lubricating oil

composition, of an ashless friction modifier comprising a reaction product of a Cy to about Cys
fatty acid ester and an alkanolamine.

38. The lubricating 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 2 second lubricating oil wherein the kinematic viscosity of the

20 second lubricating oil is lower than the kinematic viscosity of the first Iubricating oil at

160°C.
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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 Iard,
whal e, sunfl ower, soybean, coconut, palmkernel oils and conbinations
thereof. 41. The lubricating oil conposition of any one of clains 37 to 40
wherein the al kanol am ne possesses the general fornmula 10 RN(R OH) 2-a Ha
wherein R is hydrogen or an am noal kyl group with the al kyl having from one

to about six ca&%on Hiednbricalhg bl camPyEEQCH DY 1BV 3R G Hef AMARQU It WO O
about six carbon atonms and "a" isOorl. 15 42. The lubricating ol

conposi t i omawhifiarythe nenctbn plodindtior 3 glfcerdt Tatheldesir bitean fikipidngpe 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

t hereof and an al kanol am ne sel ected fromthe group consisting of

monoet hanol ani nd0. di diticdwinicatingiei]l cpnppanel @XiNg 39 AP RGP AR, A6

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

ani noet hy| gptrmigetihanbiromnie gonbioaistianss biler 60fe, cdtPond3ed, Aadidit HQGuOf

i nproving the fuel econony of an internal conbustion engine ’
tallow, lard, whale, sunflower, soybean, coconut, palm kemel 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'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.

15 42, The lubricating 0il 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-isopropanolamine, butanolamines,

aminoethylaminoethanol and combinations thereof.
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whi ch conprises operating the engine with the lubricating oil conposition
of any one of «clains 1 to 12 and 23 to 42. 46

43, 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 42.
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