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| MPROVED ggJ\ICJW ADDI TI VE AND LUBRI CANT COVPCSI TI ON  per/us98/00053
CCNTAININEygkﬁg 5 BACKGROUND OF THE | NVENTI ON
The present invention relates to lubricating oil 10 conpositions, and
nor e particularly to crankcase | ubri cant conpositions which

contain an effeciieRovit® FUEL ECOROMMORMDINMVEYARD LUHRICKRT COMPOSITION
There is an incr&ased TEQUITENENT T OTCONTRAINENG SAME D CoONpositions which

are capable of inproving the fuel econony of the internal
combustion engines in which they are used. An inprovenent in
fuel econony, i.e., a reduction in fuel consunption, generally
requires a |l owering of frictional | osses wunder a range of
20 lubrication regines. Thesemg%' ﬁrﬁkfﬁ‘“lﬁﬁﬁ@f&? skilled
in the art and may be defined i t to which

| ubricant filmthicknesses forned in the various points of contact

wi thin an engi ne excéde opregient inventiobxceelpie® dohbilvbgicetgnaeseibf
the contact 1gurf@aRfsitichs, and mogzhe p%kkthﬁbﬁKQEsstodepéﬂgﬁkcaég

part, on contact geonetr el astic properties_ of

| ubri cant lupzicant ycéﬁafiﬁhglgbéed"lwfi*h wRRERIR | ¥Br ,Q,f;;mctpge fhel
entrained into eddifomPlinfirovidly fit3sle. General ly 30

speaki ng, f|In1th|ckness i ncreases as the viscosity of t he
lubricant increases and as the speed of sliding and/or rolling
notion between the pofrdsse ofiLonractincreased Nee a&%menthefbﬂcrgaseleanthe
filmthickness is not |'i near, however est ahl i sh

equations fdr CORPOSILAARS i PLICH | AFe tﬂ?Eiﬂggs rﬁﬂﬂr°V1ng te  fuel

el ast ohydr odynardgonomy ofcehdi iheasnabdicoabasttian tdmyifdsm iriwkiessthey
I ncr eases at appr xi matel y.the sane Eate as_t he V|sc05|ty to the 0.7
re (Qje ép a

power increases,? I SCO tyf%?ﬁve%?lla “éppf}"b l.e.,

reduction in fuel consumption, generally requires a
lowering of frictional losses under a range of
20 lubrication regimes. These regimes are known to those
skilled in the art and may be defined in terms of the
extent to which lubricant film thicknesses formed in the
various points of contact within an engine exceed or fail
to exceed the combined roughness of the contact surfaces.

25
The film thickness depends, in part, on contact
geometry, load, elastic properties of metals, lubricant
viscosity and the speed with which a lubricant is
entrained into the points of contact. Generally
30 speaking, film thickness increases as the viscosity of
the lubricant increases and as the speed of sliding
and/or rolling motion between the points of contact
increases. The increase of the film thickness is not
linear, however, and well established equations for
35 predicting film thickness under elastohydrodynamic
conditions indicate that the film thickness increases at
approximately the same rate as the viscosity to the 0.7

power increases, i.e., viscosity®’, and at approximately
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-2- the sane rate as the speed of sliding and/or rolling cont act
to the Oy@9opasyes i ncreases, i.e. speed[err]. Dowson Drcamigod/ogss nson
G, "El astohydrodynam c Lubrication", Per ganon Press, Oxford, England,
1977; and Hanrock, B. 5 and Dowson, -DB.-, "Bal | Beari ng

Lubricati on: t he el ast ohydr edunam cs of eliptical contacts", J.

Wl et, Nt¥e sa@8l.rate axotd@ncepeeth ¢fHesd ivkbng esndiflorshedlling

equations, | deglcishayl oftoul § e, sler RELerheed DY 2 epdddear bagLegoe

I n el ast ohydrodynam c m t hi'ckress™ when oft ed dgain ent rar niment
speed on a | &y bawds,Higginsan G.str'élhstohydeodyfanier riedbriocathendin

as the or th iC Lhe") [ a € o b .

The | ubri cat FS% aé“é’unrregg\%g%cha‘%"e%e%ﬁb #&%loagg‘}'de?ggeﬁ %’%‘2 fi%“rt Cé" B.
hydr odynafri c anelgi mPowsdn,t he i xed TRajfilre, Beariamgl (Bybribdatboondar fthe
regi me. The # q?sqgrg d oc . n act surf are
separ at ed by etapé%t% u rl&c‘ggl%%f%em%i c }Ué&f%:lggk %%E%%g%rfsoﬁ'm\ﬁigﬁé
roughness of M.iYe ,cohpatt sulfhaecoddarsceomdithi otheseuweld0 ebtabtbahadt
pressures are | .and/ or .when speed_and/ or l.ubricant _.viscosit are
hi gh. The%qfl‘l?ai\g@ﬂrbsdal 1%8§'se§eﬁavﬁ?ﬁi cﬂogtl:gurb%ncﬁ: 5 (ﬁeordﬁﬁea %)y a
condi ti ons addngeneriaidryease prnopdasitohgdrodynhamivi stidst tyhidknhdes | whencant
at the pQisn of contact. _Thus, for increasingly npre viscous 25
Mubr i cant®, PEHERE S TR rnlE R RamsRE PRRER P Sk B2S14r heear Ehe
contact poi ntstrasight t hatineher ¢refékrbd a to Geredspondsnglyhé owerr a
probability ¢

orobabl LY Mol T dler) pERTAACL STORGVER pppulPHEYEL: | 2 e
corresponding 30 increase in frictional |osses due to the energy required
e s Sone, LUBF S801oh a0 SRLEL o g 0EEsgere
ydr odynam ¢ condittons; a C , S n
tractionlfoefafdeci €bj s ,tHeyphgdkbyyaaaien tégime, drdertloé aliowedd Or&dime,
about 0. 03. yr‘:% | ?%r E/I?elz u%séu%r ar?i(5 l%%g%];niec.i al 'Ifhoer lfrglro%%g?n%' regime
occurs when the contact surfaces are separated by a
lubricant film which is thick by comparison with the
roughness of the contact surfaces. This condition occurs
20 when contact pressures are low and/or when speed and/or
lubricant wviscosity are high. The frictional 1losses
which occur under hydrodynamic conditions are generally
proportional to the wviscosity of the lubricant at the
peints of contact. Thus, for increasingly more viscous
25 lubricants, there will be increasingly thicker lubricant
films at the contact points, such that there will be a
correspondingly lower probability of metal to metal
contact and wear. However, as the wviscosity of the
lubricant increases, there will also be a corresponding
30 increase in frictional losses due to the energy required
to shear the thicker 1lubricant films. When operating
under hydrodynamic conditions, frictional coefficients,
also known as traction coefficients, typically are on the
order of about 0.07 to about 0.03. The lower values are

35 Dbeneficial for fuel economy.
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- 3- wo 98/45386 speeds fall, as contact pressures rise, QcTATS98/00053

| ubricant viscosity falls, the Iubricant film thickness generated for a
gi ven contact geonetry wil | decrease to 53t-he extent that it approaches

t he di nensi ons of the surface roughness encountered by the |ubricant.
Under these conditions the lubricant is operating in the m xed

regine and frictiona n part due tg netal to metal contact

Iosss; aﬁe i
and in part due 9\50 SPE6AScahRllshedf i FQMEGCY r PEESENT SNkt Bl SEe nREalas

contact resul Usbridurgh ¢ikebsaty falDssexheangub¥eaant vfﬂx@a&hll&&fés@nt
shearing friction gsults in lower friction | osses. pically

friction g§aemadiacht °Hu@tQ?Y%%rF@%ﬁ?%ﬁmﬁﬁ?%@tEYeW%4%r@eﬁFEéFe to of

about 0.035 wheleeasxftlein®! | @hatoefiftl ClappirdadhRd 0 thR algikendi® et Jr cqpact
are on the order of fromabout 0.08 to about 0. 30 Thus, as
the |ubricaftrfaqs | RPughnegs:eRSIPBLRFEEe DY ofiditnelubricapts  Under

decreases, fthese cHMMLEibasi eRe thlbxflrdaq{ﬁ ofs bpetatdy 19 FREAMiLe

net al cont act -becomes dom nant and the conbined friction 20
coefficient @ERIFHRETEARM félﬁﬁiapaéoﬁgﬁﬁe%uﬁr¢ubnl@émt due sheamptadpitdl y

i ncreases, typie&all YCfoEﬁrHcﬁ:bOlé%d) @3 tBart ata%ut 8 0§ugr?té MET 5B YV

range of brlcant film t hi ckness. In her word en operati™ng
0

under t THoH® ubfetedht Lo eehal Fﬁ’@ltécits re s "imchgbe fird czdon
fricti 0” | 05388 se¥ t indd WAl Wﬁ{é’reéémliubpfc‘féﬁé‘seshégrlv\lﬁl CEW 't tnl os

fil mthickness. Accordingly, any | ubri cant or mul at enab
oper at i on uk@emltst | ind Towey yfriicstioon Lossesur ddwpitar 1 lgner fspeddon
will be beaglrralaledtal Naas i %r%gm\tug‘he W0 Vare BY Seh8 Fder

especially true if the friction (traction osses
properties oP%f @#@uqlHHQQxNWheéﬁésnfﬁn@tzed Coefmmplentﬁldmecubtm@tal

however, {s th@ﬂeﬂéwvééhEEbgnaﬂﬂggh theV %a&ytd lfgéh?%ﬁoJﬂ|GFObn%%

t he contact areas whe operating at | ower
about 0.30. Thus, as the lubricant filnm
thickness/surface roughness ratio decreases, the

contribution to friction 1loss due to metal to metal
contact becomes dominant and the combined friction
20 coefficient (from metal to metal contact and lubricant
shear) rapidly increases, typically from about 0.03 to
about 0.05-0.15 over a narrow range of lubricant film
thickness. In other words, when operating under the
mixed lubricant regime, there is a rapid increase in
25 friction losses with a relatively small decrease in
lubricant film thickness. Accordingly, any lubricant
formulation which enables operation undef fluid
lubrication to occur down to 1lower speeds will be
beneficial both as to wear and fuel economy. This is
30 especially true if the friction (traction) losses due to
the properties of the lubricant are minimized. The
difficulty, however, is to get low friction, high
viscosity lubricant films into the contact areas when
operating at lower speeds.
35
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-4- Wen speeds are very low, or when |ubricant

Vi scosi tw@9s/#5389 very | ow and/ or when contact pressures PCa/USI8/&0053 hi gh,
the lubricant filmthicknesses generated in the contact areas fall to
val ues very much less than 5 the roughrfess of the contact surfaces.
Under these conditions, referred to as the boundary friction regine,
the friction | osséhatepeadeedst heaqe op¥eriyes dwsur bace whenf | Lwbriigramdd by

physi cal andigr, ] 5 C t th c t HGES s¥eRendi ng
on the propertises orglt%e. %38 ﬁ?ﬁg gioo‘* o(raﬁgé,ortﬁvgﬁ ri (ﬁ}fn coePfieci ents
under bounda@ye veryndilghonstiher lodmimantsuffidmesthidinesses @genergted .

formul ati ons ; Iywal [ r f o] 5 a
015 1t o KnomrencpEags hucs | FRE Xo WAMEY Whry milf 14857ty
friction 5nodihe ersoughness , ofs tdle/c@onitamnoshedfiases are &ndest i kdefser
reducing frictl : 0s r .po a | wbricati.pn }£100S. .4

The hydrody(r%tao%(ag'tjlolfbgr’i cg§?%gpgrﬁeé‘{% maugéj ﬂég %%d)?g%ff ffﬁ%ﬁ%%t?o% T&gi me
and t he bounddey fobetiani diwsssg ndepéndocuurtlhe npiropestissy ¢f ismrdiacs

conmbusti on engi ' ti ' t agt
geoneiry, |t Ra HE ey nPYRFRIERL Wi o KRS WPebO8sERE' AT fhe

t he | ubri cantcogiiact ssusifegesnd t ddgreerdimg, drhethei cpropertiesosses then be
descri bego i n &iQum Of +0EnGANt ERRUIE QRO &P ¢ 165 KALL OURGLUOLLGRIIN,
regimes, bearing In mhn at the Cont T i BUTT ONS - Wi vary for "any di ven
| ubri cant oilcoaslitionshe Hper atongacandisvirdiescesd theorehcpbedvawgth oil

One way to il t.e t ffects of the variqus 30__lubrjgati regines is
to plot the f<t1 rollfzrbllrlgan&cooe fi%uy'%ér?taslly \?glgsuén &#‘ee Sﬁfggctéf s:épge]%éi %?JSER t he
| ubri cant f0.l0h to abvwkn@ss5.whith iiss kproopworitri ortad 4ot t heatowhadt are

speed). ot rred 1o as a Stribeck tracti.on curve, i s
useful for C(?#p%g}aﬁnlé}thge?rg%%ﬁion VsséS ex ]é%:?gao?rom%%l useefgoﬁ‘ ofg 9"’
| ubri canis f orghylcaticon meeoohnather .ark tgpfeative for reducing friction

losses under boundary lubrication conditions.

The hydrodynamic -lubrication regime, the mixed
lubrication regime and the boundary lubrication regime

20 occur simultaneously in internal combustion engines at
any dgiven time. Depending on the contact geometry, the
speeds of sliding and/or rolling contact, the load and

the lubricant oil viscosity and temperature, the friction
losses can be described in terms of the contribution from

25 the various lubrication regimes, bearing in mind that the
contributions will wvary for any given lubricant oil as

the operating conditions of the engine vary.

One way to illustrate the effects of the various

30 lubricating regimes is to plot the friction coefficient
versus the contact speed (or the lubricant film
thickness, which is proportional to the contact speed).
Such a plot, referred to as a Stribeck traction curve, 1is
useful for comparing the friction losses expected from

35 use of one lubricant formulation over another. A typical
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- 5- Qﬁﬁk traction curve (see Figure 1) will show ghatsésifess
friction coe icient wll decr ease rapidly W th I ncreasi ng
speed (or lubricant filmthickness) at very. | ow speeds, and then
will level out, and possibly 5 increase slightly, as speeds
(or lubri Ca@;ttrlﬂéélfn tractDbakBaIE (g¥d qaf@ure 1Yhgilintsegnatiatht afge
under the Stribeck traction curve is neasure of the total

friction | osErdmtiam becasédicdepitoj ed’flltjhe r@earpege  repddlkonstikBRi on

requi rements jnfea ¥Ahd OtpeddibibeaniudPi chRE MY Aih ORRickness)  at HEF
are a nunber of prior art "disclosures relatin to the addition of

friction nodiliovwer ssegeide: hepndddithiepes Wwill ¢ ogﬂﬁﬁll catlltmg @nd c @posielvns

with an eye % friction an ngi u.

2,493, 4835' th} %‘ranm S 1E119¥<arrpléeé %%?ée(géto Fof)r?clg%s ?éntrrarﬁ\lem
st eam engi nesthMﬂlmﬁ?m)r mm¢r¢a}sﬁvat er eﬁfhﬁm bnsegrated arepypundant sthe
| nel ude " secandaiyedfldl LEMaiofh! Shhinclion o magﬁmr 0%g PeI{Or MBgEe)

under certain severe an verse t| ons e secondary additives
conpri se est dmifdteibn  lossl yapdricarl b@hoﬂlsedsm Mogleﬂterbhenm’mlaan‘de

monoot eate, TB8 - consyiftipd, SAGARGIERS BE DRLESHL it ieanty .

under eX@refermwbetbenag conditions, e. g. : ext rene pressure
condi tions, high speeds, high tenperature gear and bearing protection,
etc. The lubricants, which are suitable for transm ssion

appl i cations, contBEierexarene mmlqmressﬁ,urzeriaddhrtve@scdmumﬁ ubélatzimg
agents for tt %he a841EERR B ref‘rh%qg'x%+éif§1e fhepgolhidy 71 9¢; e8¢

may conprise non-ionic estérs suc cerof “nmdbhoolea e sor |tan
nonool eat e anw pelmlazigahingol ominooiamtcmltlons with an eye toward

15 reducing friction losses and engine wear. U.S. 2,493,483
to Francis, for example, relates to lubricants for marine
steam engines which form o0il in water emulsions. The
lubricants include "secondary additives" which function
to improve performance under certain severe and adverse

20 conditions. The secondary additives comprise esterified
polyhydric alcohols, such as glycerol mono- and dioleate,

sorbitan mono-, di and trioleate, and pentaerythritol
monooleate.
25 U.S8. 2,783,326 to Bondi relates to lubricants usable

under extreme operating conditions, e.g., extreme
pressure conditions, high speeds, high temperature gear
and bearing protection, etc. The lubricants, which are
suitable for transmission applications, contain extreme
30 pressure additives and solubilizing agents for the
extreme pressure additives. The solubilizing agents may
comprise non-ionic esters such as glycerol monooleate,

sorbitan monooleate and pentaerythritol monooleate.
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- 6- U S 3,235,498 to Wal dmann di scl oses the use of an ester
addi ti ve ypyosyssase gl ycer ol nonool eate or sorbitan mnoolp@qmgglgmgglhl bi t
t he foam ng tendency that m ght ot herwi se occur in |ubricating oi
formul ati ons which 5 include one or nore -detergents. u. S
3,933,659 to Lyle relates to transm ssion fluids which contain a nunber
of additives, incllding3,235f408y tastwaddabndi RYidd o ses Ohberusm)l yiiy@mn c

o oonel s, 59, e RGBERNARVAIEA: s TRISERERLS noppopace, ok Sachit

to Schick di sEP5Es
hydr oxy- cont amoneg 1 esdteer tot 01nh1b1t | ghei CﬁcbaxﬂgngOIﬂenctéllimpSIﬁham nﬁijhta

fuel consunp reducin The rove in fu econo |s
sai d to béttg%ﬁéss%l OEGUE Ao, dibg ot gsc&}rs{e { EPTRUgRT 1°ns(vm’1’
would béeS herdfuids aine owintiere déydrgdnﬂan1c condi tions). The
esters of this patent are derived from aci ds having a carbon chain

| ength of fromabout 5 to 20 about 30 carbon atons and include, for

exanpl e, glycerol u. SJHNBMElﬁUGSQando SWliet anrea@®| eede. transmisBimne
IS no l,n,this patent_as tq the visc of the ysabl e
esters, nor ?ﬁ§ié poggﬂﬁpe BngéﬁﬁanEe’é ég§ %%&%ﬁ e SpouABSHPHERG or
m xed | ubri caffiadycomsttéronsf 28ihydric ard Sotﬁeﬁolt:cﬂ%ydﬁﬁ@ b0 cOBlb1IGK,
relates t thg addi ti.on of frog1fbout 1 to,about 4% of a hydroxy-

b csturh ?

cont ai ni n &5 AU S t gt PONPABEBLE - f uel econony. The

I nprovenent is said to be the result of 30 reduced friction under boundary
| ubri cation condit S h is ng discussion in this patent as to the
possi bl e effecldjgun%lepg ﬁ§§rdﬂ§n§ﬁh&c£ 6%54#9&§F thebraddttbpn of
conditions. ftbm esporgodi scb@sedai n HdoPpteditaneinge est&tycaidl a

nonool eat e ang %%&@£€¥£Jmmooaeat

comé%gltlon as a fuel consumption
15 reducing agent. The improvement in fuel economy is said
to be the result of a reduction of viscous friction
(which would be beneficial under hydrodynamic
conditions). The esters of this patent are derived from
acids having a carbon chain length of from about 5 to
20 about 30 carbon atoms and include, for example, glycerol
monooleate and sorbitan monooleate. .There is no
discussion in this patent as to the viscosity of the
usable esters, nor of any possible performance advantage
under boundary and/or mixed lubrication conditions.
25
U.S. 4,304,678, also to Schick, relates to the
addition of from about 1 to about 4% of a hydroxy-
containing ester to a lubricating oil to improve fuel
economy. The improvement is said to be the result of
300 reduced friction under boundary lubrication conditions.
There is no discussion in this patent as to the possible
effects under hydrodynamic or mixed lubrication
conditions. The esters disclosed in this patent include

glycerol moncoleate and sorbitan monooleate.
35
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-7- 9> 4,336,149 and U.S. 4,376,056, both to Epeiip8esnooss "€l ate
to the aglé)l%simgn of fromabout 0.25 to 2 w. % of pent aerythritol

nonool eate to a crankcase lubricating oil.7. to increase the fuel econony.
These patents indicate 5 that gains in fuel econony through the use of

addi tives to reddce 47386) pRouRgRy wlged 4r@gﬂar&>wndbbtan8tcprebanbﬁ
will be small and difficult to assess 734,211 to Kennedy

rel ates to | uBBLakei P othe1@dddriRRi Piforfsrqq‘bra}aglétvmot h’-ﬁ aFPuey Vi e¥ePt

engi nes, Whi Clentaek¥Rhedlto) hefooBbaver tBl at RERaaTdJWSIubr IB8Lihgbbligant
conposi tions | ncl ude base oil, a dispersant, at |east one over based

det ergent, an8°a WWG?O@%O@@}nde§QEﬁm& Thasg ePatertifoolirdicage

pentaerythyitehatri eiho | 985 REky'S ith&Y, aﬁhe use of adWiPives
5,064,546 to Dagal dr%ieJI at eé tcﬁ%ulbrlé]cat?n h ud@? whi ch reduce friction in

transm ssi on, twetreéilum:rfmmtlon yhdek méc1?5§©1r mglnmomqmims probabije
| ubri cati ng ?5_ 22 ol tla'eﬁxd'" w%ft basea@kbsand a friction nodifier
1(' sor

such as a fatty acid ester Itan, pentaerythritol,
trinmethylol propane, or the like. U S. 4,683, 069 to Brewster

relates to |ubricaggg 2 19 @W&Skéhﬂgﬁg‘g@qut@@i%g}' £ oxednbUek )

econony and whi ¢ ont ai n rom about gl ycer ol
partial et er compasditdoris Cferr usieatwithcir@dilway dleselue@gmqsys ghich

U.S. .4 459 Zzgiy?rigalfngosﬁa@y &i?fvego\ﬁ%{ed}%p?% reh“ﬁtee lﬁBrlgant

| ubricating friction
and  anti-weapmposigigper tirgslude Thase' 811, pat eifiispema;mt)sezst deast one

conposi tion | n gl

ester and/or a %?%c% |drs1 %?%%5?%@]? 4’%“?0%&‘%&5‘ W|th anmgéu%gsh lg%é as

di spersant tglyserode pa@kagéeaseabldn typentgheythritol trioleate to
15 inhibit silver wear.

U.S. 5,064,546 to Dasai relates to lubricating oils
which reduce friction in transmission, wet clutch and
shock absorber applications. The lubricating oils

20 contain a specific base o0il and a friction modifier such
as a fatty acid ester of sorbitan, pentaerythritol,
trimethylol propane, or the like.

U.S. 4,683,069 to Brewster relates to lubricating
25 o0il compositions which exhibit improved fuel economy and
which contain from about 0.05 to 2 wt.% of a glycerol

partial ester of a C;6~C;s fatty acid.

U.s. 4,105,571, U.S. 4,459,223 and U.S. 4,617,134,

30 all to Shaub, relate to 1lubricating oil compositions
having improved friction reducing and anti-wear
properties. The '571 patent discloses a composition
comprising a base o0il and a predispersion of a glycol
ester and/or a zinc dihydrocarbyl dithiophospahte with an

35 ashless dispersant to improve package stability. The
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- 8- ' 223 patent discloses the use of up to about 2 wt.% of an
ester adgplognssgo which is derived fromdinmer carboxylic PCT/ESYBOS3Nd
pol yhydric al cohols having at |east three hydr oxy groups, to reduce
boundary friction. The '134 5 patent di&<closes the use of less than 2
wt. % of an ester of a polycarboxylic acid with a glycol or glycerol,
pl us an ‘&3 gsstenti dpeciasts thedusa ofziup to dalbydt oZawbyk of an

di t hi ophosphate to reduce boundary, friction. 10 LS. 4,167,486.t0
Rowe rel at es %ngﬁﬁblaﬁgé%il?{&’oi ‘l’ngh TonBErAVSS of EPRn #&Vm??f§8f‘¥§é8i d
esters and diawids andnddaelyhydriersalebrotsf haasngfuek #&eastmy three

| mprovi ng itives. _The gesters,disclosed_in this patent nt ai,

Lt east t vo RIBHHTAY bgRauela (68 Fethine chSRdary |thiGERE" e Aias
configurabi oatentC i €& Usfes tthe USEC-dECQess thha 2esiterfs of adi eskesed

in this patent.and_are distinguishable from esters of oleic acid, for
exanpl e, whiéﬁfﬁavgoéXFﬁrgﬁé ic Jﬁﬁﬁféﬂ q2 F; 561495}?£¥@?r3?kyP18ﬁain
| engt h. 20 an d$lfleds 4403 b&PetoaivBn Rand descri befcl ondvhgdeschybyl

esters for useg j.n lubricating oils. The esters typi.cal.l woul d have a
viscosityI(méatq*ﬁﬁh??éb%FchgiF?dBFetH8ungar¥a§ l&%ﬂé" 25 VS
4,154,473 to Coupland discloses the use of nmol ybdenum conpl exes

to reduc frictiqn.. Thi at ent mentio reductian .of, frigction,l osses
by use oﬁosynt het ¢ S qeilsgr' 42% SO hBPWEN B AN RS n °d3t‘§?’f’sc%1ﬂfé?1 R8s

t he whi cloarstising ghil dfinispadl yaertizable vasiasiéytofst md0dinetrer s,
nor as to the their cqptenplateg treat. rates In spi.te_of .the

many advanceH Ybr icEaMETSi | TPETEGEuI 881 onf UM% echSEORRRY  t FBPECYABTFai ns
a need for additiness cantTia | esbapesSidiisvlsddnt inf teisi pxoserd tvakain

at least two double bonds paired in one of the following
15 configurations: -C=C-C-C=C- or =C=C-C=C-. The esters
disclosed in this patent and are distinguishable from
esters of oleic acid, for example, which have only one

double bond, i.e., -C=C-, per alkyl chain length.

20 U.S. 4,440,660 to Van Rijs describes low viscosity
esters for use in lubricating oils. The esters typically
‘would have a viscosity lower than the viscosity of the

base o©il.

25 U.S. 4,154,473 to Coupland discloses the use of
molybdenum complexes to reduce friction. This patent
mentions reduction of friction losses by use of synthetic
ester oils, but there are no details given as to the
which esters might be used, as to the viscosity of the

30 esters, nor as to the their contemplated treat rates.

In spite of the many advances in 1lubricant oil
formulation technology, there remains a need for
lubricant o0il compositions that offer improved fuel

35 economy.



35 econohy ) -9-

SUMVARY ENTI ON It is an object of the
|nvent|oﬁ§P§EEF%yN6e 5 a lubricant oil conposition which |§&§§%QEP53

| mpr ovi ng the fuel econony of an interngl conbustion engine in

whi ch the lubricant is used. It is a further object to provide a
fuel consunption 10 inproving additive which can be m xed with a base oi

of | ubricating viscosity to provide a crankcase | ubricant which is
characterized by inproved frict SUMMDRYf OFTEe INVENRION boundary

| ubrication, m xed |ubrication and hydr odynam c | ubrication
conditions. 15 Yet anot her object is to provide an econom cal and

conveni ent nethod Itofis ampljeay off wdle pxxssmMpiﬁoent1onpmm%prmmr@eof
[ I S
provide aS | brt ahhPEaRIAT corhsfion tteh RRarebrbi ot e yidy

econony anuhewxﬁuqﬂ(nendnamyllmﬂ oanvi $nverhyll ubsmisast bgnoi ésgbhe in
t he types mhlchhm%AItg U|red tQ neet current and future

speci ficati ons' 2 € r+ﬁ8§5 artd W8Fer obj ects and advant ages of the
present invention are achieved by adding to a base oi | of | ubri cating

viscosity a fuel ovi.ng addj ti ve ri se f a polar .
conpound having a vfgcgg|?g%r &ﬁ@&' J&Fhant OtHEOV% €cBsi nsufpelon
base 0il10 aimprdeing addithiateaciieldl edahnbihalixddie witiara CbaEReURYE1 WHeN

added to t base_oi |, cause the resultin n1xture tQ . have
a positive deVP@??bﬁaF?Bﬁﬁté&%c?ﬁlEYtﬁéerFPB&Pel|ﬁe ankgase tbricant

el ast ohydr odynatii ¢h ( D) chakattBirekeas o @f ibeoved friction performance
under boundary lubrication, mixed lubrication and

hydrodynamic lubrication conditions.

15
Yet another object is to provide an economical and
convenient method of improving fuel consumption
performance of an internal combustion engine.

20 Still another object is to provide a lubricant
formulator with facile means for balancing fuel economy
and wear protection in low viséosity lubricating oils of
the types which will be required to meet current and
future specifications.

25

These and other objects and advantages of the
present invention are achieved by adding to a base oil of
lubricating viscosity a fuel economy improving additive
comprised of a polar compound having a viscosity higher

30 than the viscosity of the base oil and Dbeing
characterized in that the polar compound, when added to
the base oil, (1) will cause the resulting mixture to
have a positive deviation from that of a Newtonian fluid
when the elastohydrodynamic (EHD) film thickness of the

35 mixture is plotted against the entrainment speed on a log
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35 mxture is plotted against the entrai nment speed on a log ‘WO
98/ 45389 PCT/ US98/ 00053

-10- wobsshgs and (2) will reduce the friction coeffi cperisesaosss
known as the traction coefficient) of the m xture relative to the

friction coefficient of the base oil. -B- In one aspect of the
I nvention, the fuel econony i nproving additive, which is present in
t he Iubricanbasis,camdxﬂﬁﬁ(wulh aedageubheoff fifchoab arde Pf i @i ebui{abBo

wt.% typically from about Qut 15 wt e

the fully fO%ﬁéV&tE&ﬁlﬂ) %an r@&%ﬂ ﬁtwﬁﬁqu%F ﬂgfus8§ %teﬁ?kgﬂ%ﬁ
sor bitan nonoelle&tize t@rmmmamrlctidn(ﬂaﬁtﬁncﬁenenbﬂethéhbaSelodﬂoleate.
BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The invention will be nore
fully appreciated in view of the follow ng detail ed description,
especi al |y when In coneidespett nofonkhectimventidng hecly afieds, esbromyn:

20 Figure 1 is._a schematic graph Ilustratln £neray

ver sus | ubPPRARY 0§ | agg??ﬂﬁ?' tﬁﬁ&ﬁhesﬁs Fores c&ﬁVe Fongﬁgfgg?PEant

oi | conposi t conpostitdlondi {heramnlaynount i ofvifemsi apout 23 to akiogir eSB i's

a schematic graph, sinml to Fiqure 1 i 11 ystrat n | 0s

versus | ubri n% mquﬁqéxl ffﬁﬂ ﬁ%ﬂﬂ?f%rta %# 15 H%I% ?%%.tOB

conposi tion the @mddhﬂ afh tiopt Fal2edfolruivliatal lapinsdnt otomposition,

Fi gure ﬁ) |% .SC enatlc ggaph hllustraiJg% t he :
omprlses an such as sorbitan monooleate, sorbitan

triocoleate or pentaerythritol dioleate.

BRIEF DESCRIPTION OF THE DRAWINGS

15
The invention will be more fully appreciated in view
of the following detailed description, especially when

considered in conjunction with the drawings, wherein:

20 Figure 1 is a schematic graph illustrating energy
losses versus lubricant oil film thickness for
conventional lubricant oil compositions which differ only

in viscosity;

25 Figure 2 is a schematic graph, similar to Figure 1,
illustrating energy losses versus lubricant o0il film
thickness for a conventional lubricant oil composition

and for an "optimized" lubricant composition:;

30 Figure 3 is a schematic graph illustrating the
elastohydrodynamic {(EHD) film thickness versus
entrainment speed on a log basis of a lubricant
characterized by a negative deviation relative to a
theoretical 1line, of a theoretical 1line, and of a

35 lubricant composition in accordance with the present



el ast ohydr odyriam' c (EHD) film thi ckness  versus ent r ai nnment
speed 0Ny SI s of a lubricant characteri zed by apl ﬁﬂﬁ%/&ﬁ)ss

devi ati on re!f?af‘sl ve to a theoretical line, of a theoretl ca I'ne,” and of
a 35 |lubricant conposition in accordance w\yfh the present WD 98/ 45389
PCT/ US98/ 00053 11 i nvention, which
I's characteri Zﬁ@em’:l%nposvbﬂié’t? §§Vbﬁék93terlze@ % V§ %ngts.t}gord%yl%qjslon

i ne; i gure f siml

illustrating FﬁéaSterlebé@( acmhm,remcg bibmey mixt ure of 10% sor bi t an
trioleate in 6 cSt. PAO and a binary m xture of 10% sorbitan triol eate
in ESN 90; Figure 5is a graph illustrating Stribeck traction 10
curves for appr tiovdee| y4 edud vi Qcowsraplsm utsmtslamf to sBiguten 3,

nonool eat g i nlE§Ns%Qal%§§19g Oﬁﬂe a?@r@b%@k IfP e ﬁor ESI}#II &a’? Shfﬁe of

Figure 6 is
St ?I beck curvéQ%f @prénm @iomm in GCGﬁttal PFAQemdies ybhnaryl ndixiheat e

as a fuel eco e 0hn@ conparison 5W20 oil
whi ch con?gin%sO%asrom enum |%%ar .EBP“ ction nodifier; 20
Figure 7 1is a graph |IIustrat|ng the traction coefficient as a

function of slide/ at ofor 0 ormul ated with 10 w.. %
pentaerythritol di oolgge]{{e %sl a g?\%:?x elclo%%ﬁ%lr? Pgwsﬁ:d”_g?ﬁﬁ]f \tfgaz‘fr’fd'%r
a 5W20 oid curvesnul fbed waphookimayeflyel eqadetsdous ovsbgumidjris ve,of25
and sofngEﬁ ﬁ%nééﬁeé%egingSN §%'E£§g 019 anémg cSt PAQO in

ESN 90 base o0il:;

Figure 6 is a graph, similar to Figure 4,

15 illustrating the Stribeck curves for a 5W20 oil which
contains pentaerythritol dioleate as a fuel economy
improving additive and for a comparison 5W20 o0il which

contains a molybdenum dithiocarbamate friction modifier;

20 Figure 7 1is a graph illustrating the traction
coefficient as a function of slide/roll ratio for a 5W-20
0il formulated with 10 wt.% pentaerythritol diooleate as
a fuel economy improving additive and for a 5W-20 oil
formulated without any fuel economy improving additive;

25 and

Figure 8 is a graph, similar to Figure 3,
illustrating the generally neutral or negative deviation
relative to a theoretical line of a lubricant composition

30 which is outside the scope of the present invention;

35



illustrating the generally neutral or negative deviation relative'to a

theoretical line of a lubricant conposition 30 which is outside the scope
of the pwesmngsgonventi on; 35 PCT/US98/00053
-12- DETAI LED DESCRI PTI ON The present

I nvention relates to crankcase Iubricant‘lz'conpositions whi ch are prepared
by adding to a base oil 5 of [lubricating viscosity a fuel econony

i mprovi ng addi tive conpri sed BETAIBEDaPESEREETI@Nnavi ng a vi scosity

hi gher than the viscosity of the base oil and being characterized in
that the polar conpound, when added to the base oil, (1) wll cause the
resul ting adm xt urBheopiésehdvdnaepdsian veekatesit toncfapkcasgt laforicant
at heoreti cal ' ‘s en,t. e t I nag C.. 4 ) [ InC s
of the euﬁééﬁﬁ?ét%%%%|%' gﬁlééggn ?&g gqéhggéi%ﬁéﬁﬁgggéidégﬁggb . log
basis, afAd ¢f) vubricedhice t heistpesitiyon aoefhiedi errconomy gl SFHAVIHNAES
the traction iclLe A e ) | ati t .t he Jird £ld
coefficient o—??&?%{éiggsgg%)‘??;sgg oq:drg %%1%%12%8%@ %?vﬁﬁgr itéce‘l{ﬁgrlc%ém

vi scosity conpiglses ttiman thej orscmogidnenofof thee badei cail nganrfl| being

conpositions Qf resent. . Lpventi d L.cal l | e I n
an 20 armunt&rl%ﬁ?ﬁ:ﬁé??rzg% gglou?hjgg ?2’%&8%%%8%#%&?82'g&h%l?o%aaga amboout

85 to about 96hett b¥sebasiel, ol hevitldt atawee gltheofresultting cedpaxituiren.to The
base oi l y be _selected. f.romany. .. of e nt hetjc ur . Qi ls
typical | ))réaus}é V€ a8 %OSl(Frlé’rﬁ(ci%%la'fh%rr?i gﬁ%’?‘ng}h%)eoi#ﬁ 5 Fgre'q:onsq%tgr kﬁl%lnc?t ed
and 25 conprwisshorthegnelest ehgdnedynamibe (EiEP ofllwormkdmilomesy of thes a

viscosity of Q&ﬁf&térg %2;%398£t%3 %%%f%één@ﬁ%ané§a§Bgent speed on a

log basis, and (2) will reduce the friction coefficient

(also known as the traction coefficient) of the admixture

15 relative to the friction coefficient of the base o0il.

The base o0il of lubricating viscosity comprises the
major component of the lubricating oil compositions of
the present invention and typically is present in an

20 amount ranging from about 50 to about 98 wt.%, e.g., from
about 85 to about 95 wt.%, based on the total weight of
the composition. The base oil may be selected from any
of the synthetic or natural oils typically used as
crankcase lubricating oils for spark-ignited and

25 compression-ignited engines. The base oil conveniently
has a viscosity of about 2.5 to about 12 cSt or mm?/s and
preferably about 2.5 to about 9 cSt or mm?/s at 100° C.
Mixtures of synthetic and natural base oils may be used
if desired.

30

In addition to the base o0il of 1lubricating
viscosity, the present lubricating oil compositions
contain, as an essential component, a minor amount of a
fuel economy improving agent. The fuel economy improving

35 additive comprises any polar compound which has a

Viauog
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preferabl"y abbut 2.5 to about 9 ¢St or merr]/s at 100[err] C
M xt ur esypfgg¥doheti ¢ and natural base oils nmay be used pci/iissbapogsed. 30

In additi on to the base oil of lubricating viscosity, the
present lubricating oil conpositions -13€ontain, as an essenti al
conponent, a mnor anmount of a fuelL econony irrprovi ng agent. The fuel

econony i nproviBgosityddytéa€er Calyam S’ClSe siycopdtyy tkanpemwsd bade cbilhas

a Vi scosit reater thap the
viscosity thafPEhehdeh 5§ capablgy %l ﬁ‘“‘lssu’rf-‘aptoﬂ)‘l3 embi‘\éegﬁsﬂfg the Masture
of the base oigil agAd fliel eeeRemy  LAPTOVIRG adautllt\mre t@o bepe
characterized by (1) a positive deV| ation fromthat of a theoret i cal

line when thEheFasteRideshyanit) EEMSSitiven deVlFﬁF@Rn&%‘”‘bf Rak o

adm xture § s Rbtbad anagaiEnglidt hfhen {84 I ALY h EPReSI O EC | O(EﬁmSl $,1l§hnd
by (2) a reduction in the traction coefficient Qf the m xture,

conpar ed BlFPf@etslsactCP%n tBef f iadmintt e ¢ hés| updioddad co%%éﬁlﬂ:on the

W thout the cpEes8RaRntOfspdd® ohuel 1&f%lé)§ys,laaaoww9$2) aagdiduicteon
Pol ar material s havi ng a viscosity_ hjigher than he bul k oil at
r

a given tenpéRatithe, trasgirayisrebiiCierta@f orhe oBERtETEnt 35 oREFPERSS
that of the Pyl ki |tract1$ﬁ“'c§>e‘ﬁ1%&9ﬁ'9§ edet (Ehreedﬂﬁ?rfééﬁﬁ' EBmBBgﬁrtlon

boundary | 'ubrication conditions. However, it has now been found,
total |y ulexpedtaemy, tihe seERsporar mdtetihdl s fusb CSPONOMY he 1 NBES VAT
reduce fricti ?adhgq_s,%s. under mxed |ubrication 20 conditions and under
hydr odynam c |ubrication conditions. This discovery is a basis of the
present invention and provides a lubricant formulator with a powerful

tool for bal anei % f erf&?goﬂ%vfﬂgjam€§5coeag e?LdﬂEr'Eh ahOWh

viscosity lubri cant ol I'n"one aspect o € 1 nvention, th :
fuel econony of tlh@rémldg @ddl t e am@ivemr Feppenatorea e urhaGing ukl

or partiajs esttgaatqfonp%%s@f%e&e%'tcobehéran&lws%Hgtat 8¢ the HdPhabiq,
car boxylic aci havi n rom about 9 to ab
) would be expected to reduce friction under boundary

lubrication conditions. However, it has now been found,
totally unexpectedly, that such polar materials also can
be used to reduce friction losses under mixed lubrication
20 conditions and under hydrodynamic lubrication conditions.
This discovery is a basis of the present invention and
provides a lubricant formulator with a powerful tool for
balancing fuel economy and wear protection in low
viscosity lubricant oils.
25
In one aspect of the invention, the fuel economy
improving additive may comprise one or a mixture of full
or partial esters of polyhydric-alcohols and unsaturated,
aliphatic carboxylic acids having from about 9 to about
30 36, and preferably about 10 to about 20, e.g., 12 to 20,
carbon atoms in the carbon chain. The esters must have a
viscosity which is greater than the viscosity of the base
oil in order to be suitable for use in the present
invention. The esters also must be capable of causing

35 the lubricant composition to - which they are added to
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30 36, and preferably about 10 to about 20, e.g., 12 to 20, . car:bon
atons in the carbon chain. The esters nust have a viscosity which is
great er whasnsgsbe viscosity of the base oi |l in order t®crasosndgosbl e for
use in the present invention. The esters also nust be capabl e of
causing 35 the lubricant conposition to wch they are added to

- 14- exhibit a positive deviation fromthat of a theoretical l'ine
when the el askdAPditodgnam it Erp) devimtionkifeon othat 16 3 ublewtamian
conposi tion fihgq mxﬂﬁtﬁ &he a&féQE dsrlaa amng f@rfmenhfﬁeeﬁle&n@s' 0% £
basi s. The esters SO nust ca uction in traction
coefficient &he théubricppkri c@m\poéé‘ﬁrﬂ)@m tiba, Ebkpt*é‘éﬁlrparaaﬁlrt%t t e
traction ch@ehl et %Ezeé!i‘eohu | £8 tb%%rﬂ%os' tTH@ V&éﬂk&% hDSo mus
presence of the ester fuel econo | nprovi ng additive. Sui t abl e
ester fukl cagsSony Freguetiay h@dltthe/e§lra<=tl|ml Mffkﬁlmﬁmfe tdst ers
of ol eic acidyugrd RAYyhy, coh bi r

pent aerythrltuF Sk rlc?r‘%rh o?lFlg{F‘opa%essor %ﬁéaféée %g;tet'géof tl%%né(ﬁlteoﬁlg
acid and Coﬁcflf)lwmfc of cdihe s lwbmicant compbstionsombitheut 15he
pent aeryt hri I r k nolic
acid and pol &%ygrl c al co%és) eséu)l(E: Zfslﬁggr%%:?g?h& gmp?%&’g"n% adai¥ive!
pentaerythritol, trinmethylol propane or the i ke, and m xtures of

such estggs. Par |l e e | nc
sorbitan nonool etéslt eLeagfolé/pen%%%?yt ﬁl’l flol %fgrﬁ)e i%'?%g%gét an tr| rT{veat e.
Certain esténsluge, gﬂqzrceemmplesuehteas odfl ycdeam acidnendobpediydydraimce

0 (SUtabl gycfio1dioGudd! D SHSREDE  solBYEDh) OMpentiBeydded Lo

a base oil anoun erern ycero nnnoo edce
tends to f@mmethyﬁ@dpwm@sm grwmrrm tikef oebtengi maf cbipohears.acid
Al so, di C ol ool egat e d

resul ti n? m xt grer%%ﬁlyh@&ﬁy\‘bgu glgéégf?% i 21\/ nesg 61??1%8?1'?rve %\s)llé:talndn
rel ativello pleatelesortdididtdl | |he;Lmetherlso rathitanenosf tdw t hikeesteste nsf

pentaer yt hr %%' 1intHYE Acid aRE"BBEAAY O 1 JBOAL C8lEn 28! $RrpiRSIS
sorbitan, pentaerythritol, trimethylol propane or the
like, and mixtures of sﬁch esters. Particularly suitable
esters include, for example, sorbitan monooleate,

20 pentaerythritol dioleate and sorbitan trioleate.

Certain esters of glycerol, such as glycerol
monooleate, are not suitable for use in the present
invention. When added to a base o0il in the amounts

25 contemplated herein, glycerol monooleate tends to form
scapy deposits which can foul engine components. Also,
depending on how much glycercl monooleate is added, the
resulting mixture may exhibit a neutral or even a
negative deviation relative to the theoretical line. The

30 addition of certain esters of pentaerythritol, such as
pentaerythritol monooleate, also cause the resulting
lubricant compositions to exhibit a neutral or negative
deviation from that of the theoretical line.
Accordingly, pentaerythritol monooleate, like other

35 esters that result in a neutral or negative deviation
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| ubri cant conﬁositions to exhibit a neutral or negative devi ati on

from %?Wﬁ&g the theoretical l'i ne. Accor di NOpgT/1S98/00053

pent aer yt nonool eate, |ike other 35 esters that result in a
neutral or negative deviation WD 981515389

PCT/ US98/ 00053 -15 - rel attve to the
theoretical |iReatWed dedothbe thvpR@etikal 1idele!l weGoROMGH BY Oé{mﬁﬁg the
addi tives contenplated for use in t he resent i nventi on. The

amount of f uefUedoRFRNIYr STPRE VADS tadﬁéltih‘aefs con?:gmpéa&ﬁﬁeoﬁ% pge in
adm xed wi th the Pasald {vdeion.effective varies over wide limts.
However, it has béen found that a m ni num of about 2 wt.% of fuel
econony i nproving additive, based on the weight of the finished 10
lubri cant gonposi t i aﬁBQHSdokie 266¢d e conbty C%\bYovﬂaP addifipé @&@RONY

i nproving additive wl| I n anounts ran rom about 2 to

about 50 wt.%iSe. Fequdrm@g 3qobe am@medwwtk% the nb|§|5@f efidd &$pedess
of the inventigQtectivd r@é&ﬁéeu ﬁ%lgﬁsandwe%qr efﬁE aﬂag Ue%%

about 15 5 to about 15 wt tive Wl present

final |ubr|carftoua§hp§battuom mlnlmum of about 2 wt. %Am:fﬂf@w @gwpgmmrrs
20 i 3 as I cati I

econony mpro&@qq’lvtl dd%?fi%g,gvg'vﬁ?a{c%jd g?e t%eg‘géjﬁ(?ﬂg b E%gngéﬁér? sed
the | ubri tGti Agbaillcaggnposinpreasiof,t ehould pbesadddedyentTyvericgblyal lthe
contain one O, ree@én&?g"%??ﬁ%‘in?'%i%&e SUED 83 aSI&PSiA Efn%%?&s
cont ai ni ng I'spersan es nitrogen containing dispersa

vi scosi ty nodireingrigyg afiromeaboatd Zantd orboutit Hyewt 8%, e.gsuppmnent al to
di spersants, pi gment | gggl l;&rs t

I nhi bitors, abﬁ%ﬁPf%gn1ng%; ageﬁ}sﬁ£§ggﬁgﬁﬁl {gég Bguﬁﬁﬂ§ vaentlon'
depressants, d&nbnt ebduked to about 25, and more preferably from about

1S 5 to about 15 wt.%, of the additive will be present in

the final lubricant composition.

ADDITIONAL COMPONENTS

20
In addition to the base lubricating o0il and the fuel
economy improving additive, which are - essential
components, the lubricating oil compositions of the
present invention typically contain one or more or
25 optional components, such as ashless nitrogen containing
dispersants, ashless nitrogen containing dispersant-
viscosity modifiers, antiwear and antioxidant agents,
supplemental dispersants, supplenmental friction
modifiers, rust inhibitors, anti-foaming agents,

30 demulsifiers, pour point depressants, and the like.

In general, suitable ashless nitrogen containing
dispersants comprises an o0il solubilizing polymeric
hydrocarbon backbone derivatized with nitrogen

35 substituents that are capable "of associating with polar



In general, suitable ashless nitrogen containing di spersant s’ conpri ses
an oil solubilizing polyneric hydr ocar bon backbone derivati zed

W th nWoOrRegeRy 35 substituents that are capabl e of assoecatusagiososst h pol ar
WD 98/ 45389 PCT/ US98/ 00053

-16 - particles to be dispersed. -Tppi cal |y, the dispersants
conprise a nitrogen containing noi-ety attached to the pol ymer
backbone, of tpartialesbricigbeg dispprsadd mayyipdcally,setket alidpersaantys of

th 11k i l.sql ubl e sal 5 1 des,. i m , L0Q-
oxazol i nes of PaRELE8 "B ik agin o SN | M aes o REEaEREE el 0 1
aci ds orpthpinerablapdkbicoes,; ¢fitenavihexy dwdisimyagroes, okndomgay be

chai n hydroc + .0 ain.al iphatic ogcarhbaons . g a

pol yam ne at %%ggétg%ir en%?(ig %ﬁgr e?ig; %glﬁd %ﬁu %ﬁoggo olclon 8gg§lgonsap]r%§iuct S
formed by Sconamhderng aimddgsghaiamino-esstidrs,i t e ploeredo Mirtds f orfral ey de
and pol yal kyl . I 1 ne. . The ol I l.ymeric

hydr ocar bon bgggﬁgngyﬁspr%%%@%psf%%sf‘ﬁ/tu%% MoBPef Fﬁd %(é(ﬁ%?r?%rxmlcgg%%:cq%l |y
pol yners ororgueiizi nenlaydmni de s po vl cvanyaix liate deravetiveanod0 long

mol e%) of a rel t rrl.olefin.(e g.,  ethylene, .propylen

but yl ene, is%ﬁ?%#engyg%gﬁFkﬁ’gpsdct &%’é‘% %}%%né)ilpg%&lg %S{E%Q%%kﬁpsa
Cerr] to ( ehayinbehi polyaiimeidtsathbdedpobyityi th2@etydraoxhM™Mamich
backbone ma . _honopo [ e. d, | ypr.opyl ene or .

pol yi sobultoyl e% ?ggpsg%&8ﬁolpﬁ%‘$‘¥%$st \%(rme% %‘f E‘B’F@%‘Fl@ h? oﬁgpfgnscr(%%rb.
copol yners ofsebbylienedangphenol anwiatiphafokmbildehydk aangr oo Eyel layitene
but yl ene or coggl yners of two different alpha-olefins).

O her 25 cop%?%%}n Fricl ude those in which a minor nolar amount of

t he copol yner nmononers, e.g., 1 to 10 nole % is a (Jerr] to C22
non- conj ugated di ggefi n, ne and

. Q. | f i t
but adi ene, or a co Fyn%}lg%cgltwegné’%q‘%&qg oﬁgﬁéﬁsaﬁﬁégi,bﬁ?ﬁ@aa?erﬁes or
5-et hyl i déne-Rypbchaigne) an30 olefin  pgdlshmyy,ed @syfdaigidlymersolymdtale

pol ybut enes aggmprising a major molar amount (i.e. greater than 50
mole%) of a C, to Cis qlefin {e.g., ethylene, propylene,
butylene, isobutylene, pentene, octene-1l, styrene), and
typically a C; to Cs olefin. The o0il soluble polymeric

20 hydrocarbon backbone may Dbe a homopolymer (e.g.
polypropylene or polyisobutylene) or a copolymer of two
or more of such olefins (e.g. copolymers of ethylene and
an alpha-olefin such as propylene and butylene or
copolymers of two different alpha-olefins). Other

25 copolymers include those in which a minor molar amount of
the copolymer monomers, e.g., 1 to 10 mole %, is a C; to
C,; non-conjugated diolefin (e.q., a copolymer of
isobutylene and butadiene, or a copolymer of ethylene,
propylene and 1, 4-hexadiene or 5-~ethylidene-2-norbomene).

30

Preferred olefin polymers include polybutenes and
specifically polyisobutenes (PIB) or poly-n-butenes, such
as may be prepared by polymerization of a C, refinery
stream.

35
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pr epare merization of a C4 refinery stream
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-17 - Sui tabl e ol efin pol ynmers _gyd copol yners may be pr epar ed
by cationic polynerization of hydrocarbon feedstreans, usually

Cerr]-Cerr], in §H§tgf>?§en?ﬂe 1rfa %noa rs kAW Sﬁ:%?dilﬁézaé YSha@ndp@

reaction pr onot er, usua y an um num sucC
et hyl al um numpdephrgdi dedy cammmeq pelymerizetiqreacedr s hudyocpsbon

d. ol
O Us plpdiftieanslo RS (B0E, MR Brkied PRET P Cerbn
used as di sclbeedls awg.d q:ataﬂ.ﬁstpaxrehta4r@82t04m poomiyber, corml ly an
pol yi sobutsyl egggﬁéiéé?ﬁfnﬁgﬁﬁ\z. ée{?{ﬁ"%% fﬁ@ 5@%&2%&1 uEneféFgfxiorld

f eedstrearns. er - merization
enpl oyed to pFebider ol efsrtmrpr@Idyrrersasuorabl endyr peepansed.di speﬁuahts

and ot her | 1. il ub ric h dr ocarbon
backbone ngg#n%kyggtlloégveagdnuﬁ%grngsgra égrkﬁ)l lejgﬁpghsgg‘ M) 1k
wi thin the raudgs. ofpa‘t'eml abp8B53606t.o aBDHEdlmdei)Ocata"ﬂzgst symtamflsthéso

backbone is prefeqabl h|n £ ange of 500,20 0
preferably 7002 & E b‘é %cel%ss & 8 g tlﬁleUback oanée)&?% %nggrzéggrr’e a

corrponentl(haVMﬁgtt hmmdrfﬁqr,y polylédhutymaneofpomm samey.derived from
PR UL AV YRRl O s PUIEIS L0 P G ASARIIH fspgieans
25 conponentNatsa abebymermtzandied B@sohamay abevi smpsoygd tonodrbidakei on
Cypi cal 1y pol JREFSAnat hSERn " R Le , JRpBhE L2700 t 8 BBSHE 25 008P%and
I f the conponetther addgtimetsended to function primarily as a
viscosity,30 nodifier, polyners having a M of from 20,000 to 500, 00
or greater should be used. The functionalized olefin pol ymers used
to prepare di spersahbs €l er abllpblave pol yméppe oX hyairelaa rom t ebatkBbne
doubl'e bond peruBQE f¥uﬂave a number average molecular weight (Mn)
within the range of from about 300 to about 10,000. The
Mn of the backbone is preferably within the range of 500
20 to 10,000, more preferably 700 to 5,000 where the use of
the backbone is to prepare a component having the primary
function of dispersancy. Particularly. useful olefin
polymers for use in preparing dispersants have a Mn
within the range of from 1500 to 3000. Where the
25 component is also intended to have a viscosity
modification effect it 1is desirable to use higher
molecular weight polymers, typically polymers having a Mn
of from about 2,000 to about 20,000; and if the component
is intended to function primarily as a viscosity
30 modifier, polymers having a Mn of from 20,000 to 500,00
or greater should be used. The functionalized olefin
polymers used to prepare dispersants preferably have

approximately one terminal double bond per polymer chain.
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- 18- The Mh for such polyners can be determ ned by severa

known t egyinbgis8go A conveni ent nethod for such det er ngc@tisoRodss by gel
per neati on chromat ography (GPC) whi ch additionally provides nol ecul ar

wei ght distribution 5 information, see Wi§.-Yau, J.J. Kirkland and D.D.
Bly, "Modern Size Exclusion Ligquid Chronatography", John W/ ey and

Sons, New York, 197%%he Mn for shithOipoBE@halble @hyBEi cabydFAsaBEOND
backbone may 10 be fu ctlonallzed to incorporate a functiopal %3Pup |n¥o

the backbone GRVEFEHoFHRER, tHCRIS Bifrant Ayrepipeenicnt metppd Jfay nspch

backbone. Thi%tj‘di:lmiria(ﬂh&in QéOlﬂytyéﬂ.C%éMneathlc?M'bhli@m@tb@fra@ﬂ@ CQGP@»”
al_ogen or,

one or nore heter as P, O SN

functi onal bdéﬁa éggkiﬁpa%}YaEHEHldFé mQIQE%ﬁﬁﬁﬂ%%Pgn%d?bﬁﬁFbBHtlon
backbone su amfoxsnatxsidrt ut seB 'eagli as,orgle, am@kqfah@ Cal@@rtD QD VBay,
addi tion or CM&P dd|t|on reactlons Alternatlvel functiona

group can be i akee i brel PﬁéoﬁoP&ﬁﬁﬁdbghromQEHQ£iﬂnﬁ1KNJ%P%aVébéyof

a smal | porti @hdofsdrys ey ofo®, ideopol yner (e.g., as in ozonolysis).
Useful functionalization reactions i ncl ude, for exanpl e,

hal ogenati on of the polyner at an ol efinic bond and subsequent reaction

of the hal ogenat edm@yaﬂ wWdie 881 %Ui}é' Ay 89S EArbdilS M dife may

functlonah anpou reaction of the polynmer with an unsaturated
functionat® Pecdipgintrnyl %ﬁ%d"§HEQQQQﬁRQRﬁF%&%eﬁPnﬁﬁp@gé&ﬂgﬁﬁpRe1§t°

mal eation wherge Nea@RbYAB! JfS £RECHRA yidr) n@fe'a% af::dn‘édant o&iﬁydﬂgﬁ)
reaction of th% olyner with at | east one 30 phenol group permts

derivati zati or2§ nPRINERAI cRackbopgse- t il cEMaEkd n)grPEQctFﬁﬂlﬁﬁlﬁﬁe

polymer at a willpGhét pelavnsHdr dbheaiMi bBeCQﬁbQﬁbf@nHé't@%ousdtr&né‘ KQeh-
type reaction to |ntroduce a_carbonyl group in an iso or neo position;

reaction of 3Shé’Qotyherbahpean, oFe o yncFRenEMPELAGNEG AP byahr ee
radi cal aﬁﬂltb@n WHtakr®ed to a saturated hydrocarbon backbone via

substitution reactions or to an olefinic portion via
addition or cycloaddition reactions. Alternatively, the
functional group can be incorporated into the polymer by
oxidation or cleavage of a small portion of the end of

20 the polymer (e.g., as in ozonolysis).

Useful functionalization reactions include, for
example, halogenation of the polymer at an olefinic bond
and subsequent reaction of the halogenated polymer with

25 an ethylenically unsaturated functional compound;
reaction of the polymer with an unsaturated functional
compound by the “ene” reaction absent halogenation (e.q.,
maleation where the polymer is reacted with maleic acid
or anhydride); reaction of the polymer with at least one

30 phenol group (this permits derivatization 'in a Mannich
Base-type condensation); reaction of the polymer at a
point of unsaturation with carbon monoxide using a Koch-
type reaction to introduce a carbonyl group in an iso or
neo position; reaction of the ©polymer with the

35 functionalizing compound by free radical addition using a



V\D 98/ 45389 ° PCT/ US98/ 00053

- radi cal catalyst; reaction with a thi ocarm aci d
der| vat |W898}éﬁ§8rea0t ion of the polyner by air oxi dat’i on 548%0%53
epoxi dati on, chl oroam nation, or pogenolysis. 5 The

functionalized oi | soluble polyneric hydrocarbon backbone is then

f urt her deri V‘"f:r éed d&*& mﬂ:%lt%qs;%é react']fHH n%utéHn 30~ %hﬁ%%g’bogcryllc
m xture thereo o m Ol sa am des
am no-esters, ac1ain dedivatddzasg i nend lmcunoramme dﬁrmomﬂis'memclmde atono-

o0 s S POREVIGS, MBS AT enBORMINEDS, | g

carbon atons azdénafigsisl. to 12 preferably 3 to 12, and nost
preferably.3 to 9 nitrogen atons in the 15 nvolecule. These am nes may be
hydr ocar byl am nes or may be predom nantly hydrocar byl amnes in
whi ch the hyd?m’::afthyd:tlj;onami'zadl wdds sziherlerpopgmennd hty\dﬁoidee:bon

Preferred am nes re all h rateda t|n .
exanpl es of s&%tc %e%&l ?eog%ééedl%%? afii Rblgt lic
pol yet hyl ene aniimes smﬁrﬁﬁ-&lllcml'kryleneor nixtraren nehereahnd to form oil
tetraet hyl ene ent am ne; and pol vpropyl engam nes _such as

1, 2- propyl enes&lé’tﬁlr?e. Safts' amé:dﬁgr’ us elf’%]ré%% ne 5‘8?1{38uﬁ8 SERel udé®
for exanpl®, oZazddlimyelic Usdifali nagine samhpounds 1ricnude(ammrretamd)
cycl ohexane; heter lJc nltr en,.conpounds suc oI|n Sin

pol yoxyal kyl en€¥ élosigfrcﬁ]ﬁé)s ;%SW%BSSand most r%?%f%ﬁablﬁm R (a4

and  tris(hygoQyanEttad ) aﬁanbut 2 nebha&ne (ﬁ'ﬂ-@f\éra&aﬁdm Ry s40st(ar g| | kf:
am nes, and c

, ctur am nes al so.nma sed ma
of am ne%@or%p%)u’ndgogﬁ Host P2 paPhdd 2 @L‘r%e;ﬁct'?%n?gf ‘yrerPe&- yene
di hal i des wit h? aoad 2. and most preﬁeﬂ'raﬂl@r red@roupRiotogehr agemsCcdm ainy ng
ashl ess I%; slper ants hncl udes, t hose derived from Jle yll sobut yl ene

ecule. These amines may be hydrocarbyl amin€s or may

be predominantly  hydrocarbyl amines in which the

hydrocarbyl group includes other groups, and the like.

Preferred amines are aliphatic saturated amines. Non-

limiting examples of suitable amine compounds include:

20 1,2~-diaminoethane; polyethylene amines such as diethylene

triamine and tetraethylene pentamine; and

polypropyleneamines such as 1,2-propylene diamine.

Other useful amine compounds include, for example,

25 alicyclic diamines such as 1,4-di (aminomethyl)

cyclohexane; heterocyclic nitrogen compounds such as

imidazolines; polyoxyalkylene polyamines; polyamido and

related amido~amines; and tris (hydroxymethyl)amino

methane (THAM). Dendrimers, star-like amines, and comb-

30 .structure amines also may be used, as may mixtures of

amine compounds such as those prepared by reaction of
alkylene dihalides with ammonia.

A preferred group of nitrogen containing ashless

35 dispersants includes those derived from polyisobutylene
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- 20- substituted with succinic anhydride groups and reacted wth
pol yet hylogsamsiygi nes (e.g., tetraethyl ene pentani ne) OPCTNUSY8/00053

am noal cohol s and, optionally, with additional reactants such as

al cohols. 5 The nitrogen contai?3dng di spersant can be further
post-treated by a variety of conventional post treatnents such as
boration as gehekidFufetaunghthi vussSinpat @nhydrides, @3DW@E6 and 3rescteds.

This isr ead&ifﬂa%qwﬂ@l%@yaﬁgngtgagﬁésec?ect ggtfgglhlyh@nter Oggﬂtamlneel ng

di spersant rom conslt s
of boron oPBxiwieth b@mmmaenqqmsls bansh aopdidoaad last ewstbf @@dbhlonal

acids in an agpupLtQ gh%%l%% %g |haut 0.1 atomc proportion of boron
0 NIt rol

for each atom c proportion gen of the acylated nitrogen
conp05|t§on to about 20 atom ¢ proportions of boron for each atomc

t f t i
Bor at1 on i's 1 eadi FhCcarPeEofen; U AEILELE], MISSR A0S (bR eyrther
to 3 wt.% (beest-bneahedwbivgln wirbeyy of cn n@drrmnﬁﬁi)tbeaémbatan
conpound, prefienably ROLie son 8l dﬁ;eg{a YSHY éﬂdegg aoét%‘c\é to

t he acyl nitrogen conpound and th stirring a out
135[err] C. t@:@@@[éﬁﬁ]aed S,F.54,10005 - 1Tb@srnFCreadm1ﬁraanMplnShaé biour s

fol lovedpy BLLLPGRR, SUd PRLOGL  nitrogen LAMENLsCOTLY tpdi Lhers (or

viscosity In nprovers resent rlc
oi | conp03|tc0mpoundludelectedolﬁbbm pbhynegsohEV|ngnalsﬁanE|gﬁt hoepage

10 500, 000, B2 del et AEh Y1l Bortn ackal oY ot S LAY Yo8PeR™

| i ght scataeidag in anuramnunt to provxde from about 0.1 atomlc
proportion of ©boron for each atomic proportion of

15 nitrogen of the acylated nitrogen composition to about 20

atomic proportions of boron for each atomic proportion of

nitrogen of the acylated nitrogen composition.

Boration is readily carried out by adding from about
20 0.05 to 4, e.g. 1 to 3 wt.% (based on the weight of acyl
nitrogen compound) of a boron compound, preferably boric
acid, which is usually added as a slurry to the acyl
nitrogen compound and heating with stirring at from about
135°C. to 190° C, e.g., 140° - 170°C., for from 1 to 5

25 hours followed by nitrogen stripping.

Suitable viscosity modifiers (or viscosity index

improvers) that may be added to the present lubricting

0il compositions include oil soluble polymers having a

30 weight average molecular weight of from about 10,000 to

1,000,000, preferably 20,000 to 500,000, as determined by

gel permeation chromatography or light scattering
methods.



WO 98/ 45389 - PCT/ US98/ 00053

-21- Represent ati ve exanpl es of such polyners i
pol yi sobﬁ‘f@?%ﬁé” copol ymers of ethyl ene and propyl ene and p&}dg%mg?ﬂ@r

al pha-olefins, polynethacrylates, nethacyylate copol yners,
polyalkylnethacrylates copolyners of styréne 5 and acrylic esters,

copolyners of a vinyl ¢ uns turat d di carbaxyli.c i

and partially hydr [3%%‘?15 VSOpSf‘?WErlgsof ° tytsélﬁ /i ESBLS&FF s cafuéjé
st yrene/ but adi;ﬁ@lmtylEnéSOpbpb&/yhi&aﬂlmeetmlm | and phremaretriealdrm
hydr ogenat ed honop 0 butadle e a | sopyene and _c s, of
10 i soprene/ dHYARSA ber‘i‘?‘éﬁ?"o e o&y&e&g} 1§5er s T (%I%F%n
as di spersant -copolméﬁgpspbﬂyﬁﬂ(ﬂ:lyﬂm@t&iaﬁﬂz%ﬁlaﬁés beccbp@ﬁymerDeW Isrﬁyﬁme of
how to nmake such,di s&ﬁ{_sant %I scosi t O%@Ilflers are .15 found

exanpl e, in U389 3¢E¥C 166667994 C Véﬂ814c?’é‘?°F§§ ang 12p
di spersant - vi sgosdtyraeddf Heearbbgylic £iRd) y@MSpaitehmwem@dzrogﬁmé&ne
reacted or graf wi th nitrogen conpounds such as scrafg.ed in U Sd
pat ent s EUL TS 4 OB, DUEORS{SG0REG Ny FLVIGTEgRUTastene, an
Antiwear and 1@55r%ﬂBﬁtadasﬁa;Saszan a@yth@epartlaum rr%ta richd thed he
| ubricating oil n§05| tions include, for exanple, dih ocar byl

di t hi ophosphatl'ép }ymegst f butadiernei ﬂnghésﬁ&rﬁnW%eCQHOQWrs Rt
al kaline qarthisedref®f@ivin9ibenzefe. alumnum |ead, tin,

nmol ybdenum manganese, "~ nickel or copper. The zinc salts are nost
comonly used in lubricating oil conpositions in anpunts of from about
0.1 to about 10, pr’@i@éé‘?k! abyl@iérk0 that akAmctdont . %s baseddimthe
total weight of the grlcatl ng_oil conposition. The salts may be

pr epar ed Y%ﬁ%%b?ﬂaﬁ‘é@%%%%né%ﬁot eI §Gesu 984 f i r SPesFaPRgcRs of

di hydrocar byl gty hi QQhOﬁﬁbl%“ Gued d |3 sax‘z‘ﬁ“@ié&oQYty moBQ@fiTe'r%n ofrone
or nore alcohols or a_phenol w.th Pe Slerr t hen neutrali zi ng

the fornmed DDFEOWRENH BOFi REap®HSourd 333 30 eleﬁc‘ldpﬁ?dr”@éar By|160,739,
di t hi ophosphatgsq canibe, Agee fr@f‘her dispersant-viscosity modifiers are

copolymers of ethylene or propylene reacted or grafted
with nitrogen compounds such as described in U.S. patents
4,068,056, 4,068,058, 4,146,489 and 4,149,984.
20
Antiwear and antioxidant agents which may be
incorporated in the lubricating oil compositions include,
for example, dihydrocarbyl dithiophosphate' metal salts,
wherein the metal may be an alkali or alkaline earth
25 metal, or zinc, aluminumn, lead, tin, rnolybdenum,
rmanganese, nickel or copper. The zinc salts are most
commonly used in lubricating oil compositions in amounts
of from about 0.1 to about 10, preferably about 0.2 to
‘about 2 wt.%, based wupon the total weight of the
30 lubricating o0il composition. The salts may be prepared
in accordance with known techniques by first forming a
dihydrocarbyl dithiophosphoric acid (DDPA), usually by
reaction of one or more alcohols or a phenol with P,S; and
then neutralizing the formed DDPA with a zinc compound.
35 The zinc dihydrocarbyl dithiophosphates can be made from
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-22 - m xed DDPA which in turn may be nmade from m xed al cohol s.

Al t er nat {Wodayss3go mul tiple zinc di hydrocar byI S98/00

di t hi ophosphates can be made and subsequently mi xed. PCTU 3ﬂg?erred
zi nc di hydrocar byl dithi ophosphates useful22. in the present I nvention
are oil soluble salts of di hydr ocar byl di t hi ophosphoric aci ds

wherein  themixed yppRCRhb¥h A8 hires MY ke hdde SAASM Ohidblf sa@:@thols.
hydr ocar byl r cals cpnt ining from1 tq 18 preferably 10 2 to

carbon at ons Yse radi EEIRG as  zing kyl, QFP&@%PCQﬁQMl
aral kyl, al kar@dlt:,mmbm@mé@h@awe madeadh@akdbse %htﬁwﬂxﬁrﬂe\aprefe”ed
hydr ocar byl radicals are al kyl groups of 2 to carbon atons,

i ncl udi ng, for exanple ethyl, n-propyl, n-butyl, i-butyl, anyl

n-hexyl, 45 n-octpteferrsd ElﬁbhﬂﬂH?@HocarHyl &Eﬁﬁiopﬁ85¥ﬂgﬁéénu§@ﬂul

solubility, the taotal nunber of carbon atons in hi ophosphori c

acid general i W'l BESSeRbyt inyenfdion arg eqQik. sobgble salts of

Suppl enent al mlmm&& 11 . edidhSRYEPodatl d@cids NOlWHOREA N the
nitrogen may ﬁ§§ed ese nitrogen free di spersants may be esters

made by reacti t hBoletipgncMashal e edthepi [sameso| o edifferemsri c

hydr ocar bon d:afd@tmms geacehhead cf&h&\/ﬁﬂri f'f Gk Ooxy t%or@@unﬂ§e%geab3§ 25
nnnohydrlﬁ% Bg hydrlc al cohol s aromatic conmpoun
nol“s

such as p 1Rapariian atg @Spél%MchomprléﬁcmléFaelrse prehepsed,
e. g. ethy|eneagm#¥ﬂ7afﬂﬁhﬁiheéryl, dygﬂﬂyy“aélﬁﬁ¥§§ éﬁ%ﬁﬁg?faégﬁﬁﬁh%XEene

radi cal contains from2 to about car bon at ons. .
pol yhyric 30 TSRS m@ﬁﬁ&écuawéé'r obPrefegresk ehvdrecagbylgl yadércals

pentaerythrit alre i Dyt agrytiplsi tof 2a% g XERFBSNT RRLRS. - in ¥B§
dl CI: 1?% sSuc as

ester dispersants also may be derived from unsaturate

al 'yl al cohol £*a8Rlq %ﬁqﬁ% SB'PEPH§§esnGP“ﬁWé:M%ﬂﬂRﬂXica@%ble pfhekgldi ng
nitrogen f3een-octyl, and 2- -ethylhexyl. In order to obtain oil

solubility, the total number of carbon atoms in the
dithiophosphoric acid ~generally will be about 5 or
greater.

20 Supplemental dispersants, i.e. dispersants that do
not contain nitrogen may be used. These nitrogen free
dispersants may be esters made by reactiong any of the
functionalized oil soluble polymeric hydrocarbon
backbones described above with hydroxy compounds such as

25 monohydric and polyhydric alcohols or with aromatic
compounds such as phenols and naphthols. The polyhydric
alcohols are preferred, e.g. ethylene glycol, and other
alkylene glycols in which the alkylene radical contains
from 2 to about 8 carbon atoms. Other useful polyhyric

30 alcohols include glycerol, monostearate of glyerol,

pentaerythritol, dipentaerythritol, and mixtures thereof.

The ester dispersants also may be derived from
unsaturated alcohols such as allyl alcohol. Still other

35 classes of the alcohols capable of yielding nitrogen free
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-23 - ‘”09§§$%€SS di spersants conprise ether-al cohols in%##@bﬂgwgﬁ3 for

exanpl e, oxy-alkyl ene and oxy-aryl ene-ether al cohol s.
exenplified by ether-al cohols having up tq gbout 150 oxy-al kyl ene
radicals in which the alkylene radical 5 contains from1 to 8 carbon

at ons. egt i rsa V. e epar ne of .
several known %%?%%%g aEESFFggggaFédaéﬁﬁgiﬁﬁﬁnéyﬁégﬂfﬁkgﬁbfs3,é@i}&?ﬁ?gr
The ester di spéesamxempiles rayy-tml hwlenedand0oxyi—@rydrend-etlidie abcbhoden

containing di S S —_ [i b , ... Oxidatio

i nhibitors alsgﬂﬁgygg% Fﬁﬁﬁ?eﬁfﬁn ﬁﬁ% gege?u%¥§83 Hﬁghﬁﬁﬁngcﬁﬁmg iFE8H§
Oxi dation inhldPt oxy-Ed kwkroe rhditeddenoeywbfich nehal adikyddme radical
deteriorate in Vi i C erioration can be evidenced by
t he pr%duc?%ng?§§§iggﬁpb%mgﬁb% é%ﬁérﬁﬁjgxgﬁa‘varnish-like deposits

on engi ne surfaces and by viscosity grow h. Such oxidation inhibitors
ine__earth .netal salt

i ncl ude hindered no 0 ,alkal of
al kyl phenol t hi oest e?gg égE%\‘\g/i gt r%f%?%ﬁy RI%, He (?r@[péarrrﬁCFaWyl oBEgeot
chai ns, cal ci upeverahokyopinenadtiseds i de, iddisayntnid 6 ubkamphenatesyand

sul furized phgn S phogphosul furized or sul furized hydr ocar bgns,
met al thiocar&%éﬁggozgrl siﬁﬁmﬁf%ﬁ$p895ﬂ§r%%ﬂﬁbuﬁ §° gy bgs berated,

descri bed 10i n simBlarpatent the 4n867o820, atsht®iybAgnuRicPUAAHEY, as
conpounds sucqias . gnlébdenun1 octoat e (2-ethyl hexanoate),

nol ybdenum %??ﬁf%% r BRAEEes, nol ybdenum  di t hi ophosphat es, oi | -
sol ubl e nol ybdenum xant hat es and t hi oxant hates, and oil- 30 sol uble

nol ybdenum and sul fur n gne aspect of

the invention the | ﬁ%?%gg%’ﬁé%ﬁryﬁigg%%gﬁ§?i ey n@]eudul'}EC%uﬁ?ldf ut-fzeghe
al kyl phenol orubricatimderedighenebmposiiexbdant. Geogiakkyonhi NOEKE£9itors
phenol s 3§5ar eréjciithcesmtl!!xbel etggggglcgysug) tin&%%%%latogilg otro b?ite?:e%ritorrl'%te in
service, which deterioration can be evidenced by the

products of oxidation such as sludge and varnish-like

deposits on engine surfaces and by viscosity growth.

Such oxidation inhibitors include hindered phenols,

20 alkaline earth metal salts of alkylphenolthioesters

having preferably Cs to C;, alkyl side chains, calcium

nonylphenol sulfide, ashless o0il soluble phenates and

sulfurized phenates, phosphosulfurized or sulfurized
hydrocarbons, metal thiocarbamates, oil soluble copper

25 compounds such as those described in U.S. patent
4,867,890, and molybdenum containing compounds such as

molybdenum octoate (2-ethyl hexanoate}, molybdenum
dithiocarbamates, molybdenum dithiophosphates, oil-

~soluble molybdenum xanthates and thioxanthates, and oil-

30 soluble molybdenum- and sulfur-containing complexes.

In one aspect of the invention the lubricating oil
composition includes a sulfurized alkyl phenol or
hindered phenol antioxidant. Generally, hindered phenols

35 are oil soluble phenols substituted at one or both ortho
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-24 - positions. Additional antioxidants which may be used in t he
present wogMs3sd i ons are disclosed in U S patent 5, 282x/6998/00053 5
Suppl enental friction nodifiers may be included in the lubricating oi
conpositions to further reduce engine -24wear and/or to further inprove
fuel econony. Exanples of =~ other such friction nodifiers are described
by M Bel zer Positipnshe AddiiEharasds anbifisiants 19b4arh way Pesussd &ns-
10 682 and M%eBﬁF%%%eh% t 86mpdQitABhsOf atei R osed 1992) u.s, Metentls,
pp. 675-682 and Bel zer and” S. Jahanmr in “Lubrication Science"
(1988), Vol . 5223%.613 26, Rust inhibitors selected fromthe
group consisting 15 of nonionic pol yoxyal kyl ene pol yols and esters

t her eof pol yoxyal kyl ene phenols, and anionic al kyl sulfonic acids

may be us@d in th@%ﬂ@s@‘ﬂnﬂairif@ém:ﬁ@noimoébﬁ%gﬁF!@rYs.be included Chpper
and | ead bearifg QAFAS %DA@%P' EB:ilgog&)ﬁiQﬁsZQo_ UsEdhe P Uedudé Cengine
typically not require t th conpositions of t%e pr esent
invention. WRAH cndiosueh furtherpimpaover Suefle adanamyaz ol Bxpaples| ¢fdes

cont ai ni ng _otHeFxO”%@cﬂC’{?gcgi‘tBEiogxi i¥Rerd @f% QSEEE%E&E?%‘@. PRLYHEES

t her eof . Deeratlves of i'azol es such as those 2 described in
U.S. patentsin 7dwe 128ournal 8fofridsdiegy’ (1992ypi Val. lGtherpBui 64bte

COrrosi oRgi Nhygai t i t e1d ; e w4l e e} 5 : at
5, 232, 61?1(.) rleB\%‘ieér\llwt Eigsggélaéér c%)rrlrpc?gl;\eds g‘?éﬂ%l gge&‘}iln%otihoegilpub??_%gtzl) hg
conposition, Vol. 1héy @re ppePebBB| vns dfenBeilgean andbufit ndhanmigeding 30

0.2 wt % act i wa jdiaredl &1 -science” (1958RM §80LT 0l £an Beoprovided by many
conpounds
Rust inhibitors selected from the group consisting
15 of nonionic polyoxyalkylene polyols and esters thereof,
peclyoxyalkylene phenols, and anionic alkyl sulfonic acids

may be used in the present lubricating oil conmpositions.

Copper and lead bearing corrosion inhibitors may be
20 used, but are typically not required with the
compositions of the present invention. Typically such
compounds are the thiadiazole polysulfides containing
from 5 to 50 carbon atoms, their derivatives and polymers
thereof. Derivatives of 1,3,4 thiadiazoles such as those
25 described in U.S. patents 2,719,126, and 3,087,932 are
typical. Other suitable corrosion inhibiting materials
are disclosed in U.S. patent 5,232,614. When these
compounds are included in the 1lubricating composition,
they are preferably present in an amount not exceeding

30 0.2 wt% active ingredient.

Foam control can be provided by many compounds
including an anitfoamant of the polysiloxane type, for

example, silicone oil or polydimethyl siloxane.
35



I ncl udi n"g an anitfoamant of the pol ysi | oxane type, for exanpl e,

silicone oil or polydinethyl siloxane. 35 WO 98/ 453

PCT/ USOs\VE 545389 - 25 - 8‘9“’“59&’“8?5% |
amount of a denul sifying conponent may be_g5. used. A preferred
demul si fyi ng conponent can be obtai ned by reacting an al kyl ene oxi de
w th an adduct obt a n gﬁ% Y,

al cohol (see, ?‘ %ﬁ?%zgnouﬁrﬁ %(tfen%I geﬂ uL sy ’F% gbhg Q'J lné{?eve
not exceudlenig OAL pmasée%edt demmlmgrfed:r@tcompbmere'at cant beobbtalned

0.001 to 0.05, §ﬁ§§ é;gn % &ﬁéﬂg %}88”%@@&0%q adduct obtalﬁgquy

poi nt depressant as |u | Nprovers
t he m ni nrum te&p.@tairlgea ablmpbx1de willth fd pal yhydridc oavloohoam (Iseepoum:ed.

Such addi tj ve r plcal Qse |t|ves mhl

i nprove tHe §3%'%@\%’terr\£@‘3t§ 1?°‘|‘£% P’ éid ik %o%ﬁggtun@ﬁcs
are (CJerr] toegcerdind amkylmassar%atas:ltaml 1ageeauend:opolzyn'ersat15aa|&d of
polyalkylnethac %Iates f._the aboye nentloned aqgltlves

Pon o ovi de. 200017 kES 0 .08 mass 3 affives inutgAlant I VA A LLVES

may act as a dispersant-oxidation inhibitor. This 20 approach to

| ubricating oil forjmulatin s well kno and doe requ further
el aborati on. Pour pel“ﬂIéLv%P&@?s&%neﬂFEeﬁ“E%sSew&& il a#‘&g i i a
base oil 100 afyosonineprenersay.léwerexagl mn&&m otemperzabucenpobentsatan
be added dire¢tly tfo.the di spersin dIS ol vin I n the oi

at the desi regi"lee\ft u"c#] £l g%ﬂh’eﬁ ré:ﬁ'noﬂ’e po%%ql' Bﬁﬁl ﬁédl&f'ﬁ

at anbient welll eeRRal ureypical. @TI el eactidﬂfrp@é@twheCh 1m§@ove the

zggfngbLgurabb.ngghﬁ§gg§§%¥egH@l J)of l%%rfgg%ing oyisgg%b%%f¥¥gJ§E”

are Cg to Cig _dlalkyl fumarate/vinyl acetate copolymers
15 and polyalkylmethacrylates.

Some of the above-mentioned additives can provide a
multiplicity of effects. For example, a single additive
may act as a dispersant-oxidation inhibitor. This

20 approach to lubricating oil formulating is well known and

does not require further elaboration.

The various components may be incorporated into a

base 0il in any convenient way. For example, each of the

25 components can be added directly to the 0il by dispersing
or dissolving it in the o0il at the desired 1level of
concentration. Such blending may occur at ambient

temperature or at an elevated temperature.

30 Preferably all the additives except for the
viscosity modifier and the pour point depressant are
blended into a concentrate that is subsequently blended
into basestock to make finished lubricant compositions.
Use of such concentrates is conventional. The

35 concentrate typically will be’ formulated to contain the



bl ended into a concentrate that is subsequently bl ended I nt 0 basest ock

to make finished | ubricant conpositions. Use of such concentrates
s conv s The 35 concentrate typically wll % /bYsst ed to
contain mﬂ 9 WD 98/ 45389 R 3

PCT/ US98/ 00053 -26- -26 - additive(s) in
proper amounts to provide the desired concentration I n t he final
formulation awhekivel(dd in peBpeM rah%uh%swﬁal nséo%ae ptﬁéet aegiped
amount of base | ubricating oil Preferably t

concentrate |§°HE&QtFﬁt&GEbrd&Hce the wﬁﬂﬁaﬂhe F@FﬂH&a&égerleHePn uthe
pat ent 4, 938, 88dcehitalate 1sFﬁﬁﬁﬁﬂnéﬁsﬁitﬁeﬁr@@%t@%m1dﬂﬁﬂﬁmb&ﬁta§h|BS%e

di sper sant and nmetal detergents that is pre-blended at a tenperature
10 of at |&4BFiCatdRI ofdoferr]C. Thereafter the pre-mx is

cooled to st least 85[err]C and the additional conponents are added.
Such a concentrat e_advant ageously conprises the foll om ng additives:
15 ADDI TI VEreferably the conogntygate is mggeo,in “accordance

( Broad) (Pwetar 't@i@) method Nid £ @8E8Pe §0RhaNENd patentAH) £56, d8Gper @ﬁat;( s)
20- 40 25- 35 Met al detergents 0-

1- 4 Cor PBSRB& |<ﬁﬁ$%ﬁ%¢s making a “prempzo qp ashlessp. @l@&egéant_

Metal DithiophagPhaitdl detergents thétl19s pEe-b ~-blepded at aSHEH%GBEEEQE

ant i - oxi dant 0-6 0-4 Ant1 - Foam ng Agen

0.001-0. 110  8fpoato. beast about 100°C. Thereafter the pre-mix is
cooled to at least 85°C and the additional components are
added. Such a concentrate advantageously comprises the

following additives:

15 ADDITIVE Wt.% Wt.%
(Broad) (Preferred)

Nitrogen containing

" Ashless Dispersant(s) 20-40 25-35
Metal detergents 0-6 1-4
Corrosion Inhibitor 0-0.02 0-0.01

% Metal Dithiophosphate 4-10 5-8
Supplemental anti-oxidant 0-6 0-4

30 Anti-Foaming Agent 0.001-0.1 0.001-0.05
Supplemental Anti-wear Agents 0-4 0-2
Supplemental Friction Modifiers 0-4 0-2

3 Mineral or synthetic base o0il balance balance

The final formulations may employ from 3 to 15 wt.%

and preferably 4 to 20 wt.$%, typically about 5 to 15 wt.$%

40 of the additive package(s) with the remainder being base
oil. A preferred concentrate contains at least one

ashless nitrogen containing dispersant, at least one



Supplenenfal Ahti-mear Agent s 0-4 0-2 Suppl enent a

Friction IfLars 0-4 0-2 35 M neral qr_synthetic base
oi | %@ﬂ%&g@B bal ance The final formul 3Gk 8"l‘}‘éﬂ”errploy
from3 to 15 wt. % and preferably 4 to #p wt.% typically about 5 to 15
w.% 40 of the additive package(s) wth the renai nder bei ng base oi |
A preferred t gi | eqst, ope ashl ess . nitrogen
cont ai ni ng diggggggﬁ%gie%?ﬁgpegi e%é%?t” %%dV[?€8ﬂf§§§© 3rle“estel ' Tud
PCT/ US98/ 00053economy improving additive. -27 - over based neta
detergent, and at |east one ester fuel econony i nproving additive.

Wth reference to Figure 1, it can be seen that 5 energy |osses that occur
during the operati oWidh areferehdlri tat efigunter rigl danbgshi Ge engeie vaay
with respe t thickness of the lubricant filmon the,contact
surf aces. rgnﬁﬁég}tgﬁﬁfﬁﬁméghﬁ, TR %an PEFHEn %%%t °peragﬁ8ng°Fos§es
are significanfhbriicglted winterhalerngniaustsion 0 eppenat | VEr ynGErtborBdpeyt

| ubrication copditions, .i.. e, e the. lubricant film thickness

is very snal :Qg éh?t}ﬁ’ll&gﬂﬁfﬁ noﬁe&é%bﬁé’@rrﬁﬁanr%ngé)lfn tPfan thfencPRECE
engi ne i s sowfiaiceg. unMere nimgrsrtadtibr herbier, qﬁﬂdé?hoﬁé $¥en that
hydrodynam ¢ | ubrication conditiopns, _, Fi guyr 1 .also_ 15 . i
illustrates thStShfAen Qﬁfgﬁsﬁf%iTﬁgﬁ*f%C?ﬂB}chﬁﬂger WhEShpdis 1eREing 1s

| ower ed, w@ hooperhadgignguady rof bbhadakerlubricheepartésadotibhs, i.e.,

| ubricant (the dashed curve .in Figure .. 1), the energy losses in the
hydr odynani ¢ r &3F8n aq%e ldﬁ f, Bdi™ hetBhekBesEossks | Nerdasesmela

greater rate 2Qtypiically iH xatk Sul 200HRdaEAngesyi Ahmn whéﬂ”@he“@ﬂ%gnebe
expected because, when operating .under _hydrodynam c | ubri cation
conditions,  frictoR&rY Pﬂ¥§?§ miged lubrdgaitdiosnal cepdikéopsscosrt y
of the lubricahydiradiyhamic angasi &t LNt agbnabeionlen openaid g W thayse
ubricants; 25 bRYLa8,3e48 Y S VISES ne "SiS bt sty ™St M 8" ricant
composition is lowered, without changing any of the other
properties of the lubricant (the dashed curve in Figure
1), the energy 1losses in the hydrodynamic region are
lowered, but the energy losses increase at a greater rate
20 in the mixed and boundary regions.- This would be
expected Dbecause, when operating under hydrodynamic
lubrication conditions, frictional losses are
proportional to the viscosity of the lubricant in the
areas of contact; but when operating with lubricants
25 having a very low viscosity, there is a much higher
probability of metal to metal contact in the sub-20 nm.
region, when using the apparatus described in Example 1
herein, because lubricant film thickness generated at the
contact surfaces falls to values less than the roughness
30 of the contact surfaces more easily with lower viscosity

lubricants than with higher viscosity lubricants.

An "optimized" lubricant would be one that results
in reduced friction energy losses regardless of film

35 thickness, i.e., regardless "of whether an engine is



probability of nmetal to metal contact in the sub-20 nm regi on, when
usi ng the apparatus described in Exanple 1 herei n, because | ubricant
filmthiglonemsggenerated at the contact surfaces fall spdpustdlobes | ess
than the roughness 30 of the contact surfaces nore easily with | ower

Vi scosity | ubricants than with higher-28scosity |ubricants.

An "optim zed" lubricant would be .one that results I n reduced friction
ener gy Iossesopegatdh@ss(ﬁndéin1350uhhhe&messmiﬂeda, ox egahgdesdynafhic
2@;}3@58/0005§ngkggatlon cond1¥¥%8§/ %s scea%rlo is l%ﬁﬁﬁ%ﬁ?aad ﬁﬁder

boundary, nFigdre @, whydedadynds csolid tubvecaepiesend ttivasresibtcs
scenario is |IIBstrate er.ei n the(f l.i d éurve

. = ,
represents th8C é?Uﬁﬂ;%Qrg ?ﬁﬂﬁ%égggg9§alwgﬁ&€ﬁPF At anredngurre

dashed curdve rapreepmsentehet haed\©Bts t s achdleveded bjay aan “optiiized®

| ubricant. By addi ng the fuel econony inproving additives of

t he present |ﬁygﬁﬁ|89tto an othermﬁse conventional 10 lubricating oil,

a formulator can prepare "optim zed" | ubri cant conpositions Thi s

i's because the EHD_film forned in the very thi ilm (<1
nm) region i 8Y, coﬁ??b?geotl]'b‘gy &ﬁ’@ i SCORPRY OHMRIRYV ‘Fara‘ﬁf'é‘:l e&% %y
i nprovi ng addtheve preddret t haveby ildwe V‘tt§CO§htydthﬁ§hhh§5é 1éontehtyonal

f | at ed. | t Th t t hi ghl
ool caorty  PibE b nk Balya g dRrma 1368 8aRl prenafer) PpLivasegh®,

a less vi sc?usubaaeawd composi'tfilﬁalnl%s a prlﬂavé almﬂabﬁbsﬁs? ey gfmm gllm

Vi scosity o ou W result in thicker than predjcte

| ubri cant 20 %RFF%Ee%§t£EF§%% Z@Iﬁﬁergﬁanthlnﬁ1%1$héﬁ8ﬁbﬁHﬁ kahegdon
ascribed to the focaaiddimaid onayothteharﬂswsicwltom xhel @olar fiwéDSecohbmyt he
cont act surfaces .due nol ecul e/ sur f ace van der al s

forces. Nbre&W@F°V§ﬂ%x?ééitlY%e B?Egéﬁttpéglb@b&ﬁﬁn?ﬁ?ﬁﬁ%h YgtBami Fhees

are chosers fully formulated lubricant. This means that a mixture of
a highly wviscous fuel economy improving additive, such as
pentaerythritol diooleate, in a 1less viscous base o0il,
such as a poly(alpha-olefin) having a viscosity of about

© cSt., will result in thicker than predicted 1lubricant

20 films in the sub-20 nm. region. This phenomenon can be
ascribed to the fractionation of the lubricant mixtures
close to the contact surfaces due to lubricant
molecule/surface van der Waals forces. Moreover, since

the present fuel economy improving additives are chosen

25 not only because they are polar and more viscous than the
bulk lubricant composition, but because they also lower

the composition's friction (traction) coefficient, there
will be a reduced energy (friction) 1loss when the
lubricant film thickness increases (above about 20 nm.)

30 and the engine is operating under mixed and/or

hydrodynamic lubrication conditions.

Figure 3 illustrates one of the criteria that must
be met for the present lubricant compositions, i.e., that

35 they must Dbe characterized by a positive deviation



25 not oOnly because they are polar and nore viscous than the bul k

Iubrlcant co gsition, but because they also | ower | on' s
frlctlon P%n) coeff|C|ent t here will be a redugggﬂgﬁ@@%§i
(friction) Ioss when t he | ubri cant fi_lhg.t hi ckness increases (above

about 20 nm) 30 and the engine is operating under m xed and/ or
hydr odynam c | 0 oRgy fi - st

of the cri temyg{#:ﬁé nﬁ& i EH%Oft‘yucatlhelf)'rneeseg%iglﬁug"r’&flﬂa féﬁfés&%
conposi tions, ideal thehadbortiwyen mihe lelastiehydredyradichy (EBD)pofitive
devi ati on : IL\e : e
t heoreti cal IF$%Fk EA Vo PEﬂﬁ%sgﬁF lubmggngehawéih@te}é %églng@
el ast ohydr odynahnece@EIﬂB)lnﬁnelnh spebadckidessméT'n rof ) toe tIwbrivantamt i she
pl otted agai nst the.en nt _speed n err]) h nt _at
the 5 ar e§ ’fea%on?gctéorg%ac ?%g balsclgé 15?!; pur%%sé“l‘f% 589 of
i1 lustration, ihbusbradlbnnetbatsodxd(ﬂxneﬁ(appaosﬂmpEebf appX¥boxjmately
represents t he, cuy ve that ul d_be exhi y | ui Iloms
t he theor etlca9 Jff %@pre% CUF€8 cuz r%pfgggnt%%uo?/ E’ ?*%ﬁgiau
illustrates a :pbusidil wehiléh ddiladwon the atheeret iided t Ddoveat | cafhei neuraed
t he curve resen I l,led trian ustrates
negative devi af? ﬁe?'avg?g ?yy trf%effﬁispeﬁ% res ngifusgra eSc i \/%os%ﬁbye
shown) Wwitioch deesatbbhalrkyatif@ |twsthet Newtonitdieof Riidal ahdneehwutdrbe

descri bed as beln neu | . I nventi [ her
descri bed, §°¢B ed 9¥Iu§Pﬁﬂ|§ﬁ}{#ﬁy Gt ?ﬁﬂl&%ﬁﬁ& &
vvhﬁrei n all 20 ne@&tiﬁe @édrlapﬁrdiﬁnfégéﬁlvélr &o bﬁhgvﬁg@airemrﬁﬁshzbﬂ@ted A
ot herw se. EXAVPLE 1 . Elasto ro mc
thi cknesses  Ghtves f??%ticﬁPOYQ¥eunWQﬁ§% cdet ?%?%%fgy mef%£f%§ surEﬁe
for a theoretical line would be described as being neutral.

15

The invention is further described, by way of
illustration only, in the following examples, wherein all
parts and percentages are by weight unless noted
otherwise.

20

EXAMPLE 1

Elastohydrodynamic (EHD) film thicknesses and

25 friction (traction) coefficients were measured for a
series of binary mixtures of ester fuel economy improving
additive in 6 cSt. poly(alpha-olefin) (PAO) base o0il or

in Exxon solvent neutral 980 (ESN) base o0il, as indicated

.in Table 1. The measurements were made on a Traction and

30 optical EHD film thickness rig. The test rig used a
reflective steel ball and a glass disc contact surface,

and measured the EHD by ultrathin film interferometry. A
high pressure contact was established between the steel
ball and the flat surface of the glass disc, which was

35 coated with a thin, semi-reflective layer of chromium. A

This Sheet Has Been Rep} THIS SHEET HAS BEEN
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series of binary m xtures of ester fuel econony inproving additive in 6
cSt. poly(al pha-ol efin) (PAO base oil or I n Exxon solvent neutral 90
(ESN) baweomi#sd3ge as i ndi cat ed in Table 1. The neasur ePETUS98/48083 nade on
a Traction and 30 optical EHD filmthickness rig. The test rig used a
reflective steel ball and a glass disc ceB@act surface, and neasured
the EHD by ultrathin filminterferonetry. A hi gh pressure contact was
est abl i shed IsitMiezan spaceredbyer (@ddutanSiod hemf thtick)r fwas cbathd givexs

di sc, which ' a thi s ~r.ef |l ecti aver .f chromum A
VO 98/ 45389 4935 3 FA & %&Qr White 8P gH Iﬂ%gl‘ggcg\f%o%ﬁ?)tﬁe UL
- 30- si lSuxfapacer Sy Edbodthe500.ightt hiwals) waslecdtesld drem thet he

chromum | BYetu:llhe, Lo "Gin bl e, BE S 26t gne, SHIASE e

of the lig was rom r om yer,
the |ight Spasse chwomim bayae ehdominymlubrdrcaartd finkm | phesennt ahidl mas

present and f eq.fromth teel ball. ,The t refl ected beans
of Iight rec\é%sbqlnee%t%&adk?ﬁ#‘er eeren}.:eef(%‘gﬁgi I itéel g)wé)r rg\ﬁ?ﬁ{'\%&i %’ﬁ@ﬂ‘sas a
spaci ng | ayerofashlighénsteesbbiméd and niestéefened.woul(Ghecsil sven liafyemro
oi I filmwer 0 nt). The intecfered light f a stri ro he
contact was sziénscetdp clmr?&(; aggpec roﬁg%génﬁeﬁeaxﬁqr mgh?._% diesrbselﬁ)gé a ?}att
det ected by drsmrifesemte, wbatd aodculri t even TH\f cameracil Affiidmnewegrabber
was used Lo t t hi . L rage an ML croconput er_.pr.ogr am was ed to
det er ni néBISCpq{)%S:agr\it/a)v‘el e?\%’teh Jo?t%gg?ﬁﬁ% 3&%2‘[% fc“f‘%ea Pt ,F?e?%ﬁgﬁs i%%e
the central regitactf wde eadsset. intbhe d ubpeciniordetemn wheldd ckries wasas
t hen cal cul at f h i f.ferenc etween .. . the neasured fil .
t hi ckness ar?g’dﬁ%ée}%%%i%ﬂ%egs%e ftet%h y & ?Hga%ﬁg@ér S‘flg%/(g’f 3{181 F‘n’g‘tlte
posi tion. Thi¥ t ealwerque wads Z@amabl gralbberanwase hiskn tto clomsase daist o
10 nmwith an yracy, of 5% and, bel ow t hi.s down 'guo (]g.lo.tSOngl + Dur.i ng
E(] 5t

the st tna s SE4 P mEor dSRerSF  Btgalel GREE RotDa
and the dPsc tiker ewhsled ength t efipanatimen constonictol ved imdterifd st dal
e oo k! URERRLLAL AN BE SR BB RhREs Yiife, Mt 2SR
and thickness was then calculated from the difference between
the measured film thickness and the thickness of the
silica spacer layer at that position. This technique was
20 able to measure film thicknesses down to 10 nm with an
accuracy of *5% and below this down to 1+0.5 nm. During
the test, the ball was loaded against the glass disc, and
both the ball and the disc were held in a temperature-
controlled, stainless steel chamber. The ball was rolled
25 across the glass disc. In the traction mode the ball is
in contact with a steel disc. The speed of the ball and
the disc may be varied. The contact can be described as
a variable ratio of sliding to =rolling, (Slide/Roll
ratio). Traction coefficients are a measure of the
30 friction losses under sliding and/or rolling contacts.
Two types of measurements are made, namely: traction
coefficient as a function of Slide/Roll ration, and
traction coefficient as a function of entrainment speed
(Stribeck Traction).
35



the disc’ may be varied. The contact can be described as a variable

rati o of i .di torolling, (Slide/Roll rati o). Tr ag}J

coef fi cigﬁdsﬂsgsge a neasure of the 30 friction |osses 8% gfr§9ss/?alogzi ng
and/or rolling contacts. Two types of mgasurenents are nade, namnely:
traction coefficient as a function of Slide/Roll ration, and

tracti Ffici fuRcti ons {18l noent o Ak
T;Z&:gﬂ)?og‘g'c' eng.?/%sggﬁ Cg' Of; QEueRL T &l VROt SRe8erion (St{LPEEKIon)

PCT/ US98/ 00053 cefficient was measured as a fg@nction of slide/rodich
m xture, t . frigtio ractg.-pn) ffigkent Was, : a
function of slmleac}:eﬁé OI%{: ElO’rat%}()é aétd)’ 407',Oo 60€8§80?§5?8'd andgeiggfgg%?%
the tractioncoeffiobéhtcivns wesaswrsdr ek a® affincdtioon of eemtrnainpent

5 speed at 80,_.100.an [e C. n EHD_f.i | hi.gkn .

measur ed gs 5 ?ctimggi (]:)8:05' o?‘bberﬁnrcgi g:rsréﬂie' sgé‘éid.{ﬂé tﬁbﬁ ?écsiLrlrt‘etFlil%: arac
for each m xt was andakoresdo aad 156 funchipary of xt enésadhn@erdSt . spPadédand
ESN 90 are set,.forth in. Table 1. _In Table.l, sarbjtan ol eat e. |
abbr evi at od - 10 SHERKHICpaR U r yom | EBPRAI SATES | 3 Hbbr SUFat el AR TpEpS
and sorbitanbinaoplrebkeures odblE exdtal ePROaandSESN 90 Hm: set forehrahed
val ue of the under the Stribeck curwve. at 135[err].C (referred. t

25 the StribsAEEhAlthe T nTePhe 1+ Sq3skfin mepePiZell LS RFab e

60, etc.) lare smet SMOp peaxitderpthabltel?.dioleate is abbreviated as PDO,

Table 1 Bi M X , v 40, . Kv , 2
1830 VD i n ESgRgh sorbitan ‘t:%%‘?%&ate is 4?55?-"9(‘)’13%2% asloéo?gbocish%%No
38 80 irke@dated valule ]CQESK/%e aréaa &Q%zsgﬁhénSESNb%gzk 2curve at
. 10% in cSt. . PA 526, ...
6. 40 1%%&% Pe8feT et sito pAS the gcr%g.s@%‘) and  ghgg fﬁfﬁltlng
10% STO in 6 ctact¥éh coeficidRt66 (TRAC 4066 24RAC 60, et&%)SMarien &SN
Eig - 1s f%t]l?fg Table 2:%. 84 2% PDO in ESN 90
Table 1
Binary Mixture Kv 40, cSt. Kv1l00, cSt.
20 10% SMQO in ESN 90 21.50 4.27
10% PDO in ESN 90 20.91 4.19
10% STO in ESN 90 20.80 4.21
10% SMO in 6 cSt. PAQO 35.26 6.40
10% PDO in 6 cSt. PAO 33.95 6.23
25 10% STO in 6 c¢St. PAO 33.66 6.24
2% SMO in ESN 90 18.63 3.84
2% PDO in ESN 90 18.53 3.85
2% STO in ESN 90 18.55 3.85
2% SMO in 6 cSt. PAO 31.55 5,92
30 2% PDO in 6 cSt. PAO 31.32 5.86
2% STO in 6 cSt. PAD 31.33 5.92
3% 6 cSt. PAO in ESN 90 18.65 3.93
15% 6 cSt. PAO in /ESN 90 20.16 4.17

35



2% STO in ESN 90 18. 55 3.85 20 SMD in 6 cSt.
PAO 31. 55 5. 92 30 20PDOin 6 cSt. PAO
31.32 WO 98/453886 206 STOin 6 cSt. PAO PCIIUSHB/00053
5. 92 3% 6 cSt. PAOin ESN 90 18. 65 3.93
15% 6 cSt. PAOin /ESN 90 20. 16 -324 17 35 WO 98/ 45389
PCT/ US98/ 00053 - -32-
Table 2 Stri bsub@Plerac 40 Trac 60 Trac 80
Tr ac 100 Ir ac 125 1004 SN i n ESNON A 1 8;5 ()2 % QRIZ_ ﬂ2
3.29E-02 | 2. 55E-02 1. 70E- QZtribsum 2alk0 1| SO0 Trac 86t. 3 Afracibo ATR6 83502
4. 02E- 02 [ 3 26E-02 2595024 —~O%5-STIO-T T ESKS0 8301
4. 76E- 02 | W/aSMOGPESNYO35E- (2.13B-0L 7|E4-81E-02 | 399E-09 0| 3.29E-Q)d0259B02 n| §7¢BRH2 | PAO
3.14E-01 | .3 - " 65E! NE. TSOE. 0p - 0ROl n
3. 19500 | 10% S ikt ©°F) Q58 [6adtn 150385 s pen P 1 00p 0z | 1OAEEC) D
10% STO i ;g8 ST in HING 5 Q35E.01 | 4 ForEQA1E02. POBHR [2.5955020P1. 79802
1. 67E- 02 —3AF—02 2o -EA~—HSNO S P53 RSO0
3 81E. 02 | BYRSEONP6 2. FIEE. §2.14E-01 203 FIED 1 2ESEOY z.uamﬁoastam 51.058020%
4. 38E-02 43.o ok-02 E- 1, E- 02 2% SO 1 n. ESN90 L 2TE-01
e 17E. 05 | 3 BRR bt FAD | 394ES1 f0802 | 371603 o) 21 1bS2 SiE0n LIEED b
_3-n52'5-cgt1 103 §F0-indest. PAO 7 Eg%%ol 2 29482 | 2 bERSE DisE-02l | 34FEDZ | 1148205 DO
| B oy i\ OO T T 3—46E At \v g yam » 1CE 02 %64[ 92
1.51E- 02 %SMiSESN?m 6 CHE6.72BA0 | 5.3L00E GIS0E-03. PRBDR 3.7REDB2 0P2.6 B3 E- 02
1. 64E-02 X - 02 % 6 Cot . O 1 n EPNY0 ol /oE-01 o. 1oH 02
4. 41E- 02 ZQPE@@ 5%\]90 2 83 ~4(99E-02 O&EZEO@ 438E-02 | 3.56E-02 | 2.80E-02 1.86E-02

2% STO in ESN90 5.21E-01 5.17E-02 4.26E-02 3.55E-02 2.73E-02 | 2.01E-02

2% SMO in 6 cSt. PAO 3.59E-01 3.42E-02 2.77E-02 | 2.24E-02 1.66E-02 1.24E-02

2% PDQ in 6 ¢St. PAO 3.38E-01 3.46E-02 2.75E-02 2.10E-02 1.64E-02 1.51E-02

2% STQO in 6 cSt. PAO 3.00E-01 3.43E-02 | 2.71E-02 | 2.13E-02 1.64E-02 1.02E-02

3% 6 ¢St. PAO in ESN90 6.73E-01 5.16E-02 4 41E-02 3.48E-02 2.83E-02 2.04E-02

15% 6 ¢St. PAO in ESN90 | 5.73E-01 4 .93E-02 4 21E-02 3.33E-02 2.72E-02 2.00E-02

The data in Table 2 indicates that at a 10% treat
rate the binary mixtures of ester and base o0il resulted
in a significantly lower traction (Stribsum) than for
either the 3% 6 c¢St. PAO in ESN 90 mixture or the 15% 6
cSt. PAC in ESN 90 mixture.
traction measured for the individual esters were small
SMO < PDO < STO. {The
the better the fuel economy
At the 2% treat rate, SBO and STO in ESN
90 showed little or no clear advantage over 3% 6 cSt. PAO
in ESN 90; the PDO,

traction (Stribsum)

Differences between the
10
and varied generally as follows:
lower the traction wvalue,
performance) .
15 showed a significantly lower
PAO/ESN 90

however,
than either of the 6 c¢St.

mixtures.



15% 6 cSt". PAC') in ESN9O 5. 73E-01 4.93E-02 4.21E-02 3. 33E-02

2. 72E- 02 =02 5 The data in Table Wslaf S

that at wgasq 0 treat rate the binary mxtures %gmggés@@%f and
base oil resulted in a significantlyg | ower traction (Stribsun) than
for either the 3% 6 cSt. PAO in ESN 90 mxture or the 15%

6 cSt. PAO .i S ] . : L.L.f.erences he
10 traction measﬁ%g‘érgf gr 59,?%‘%@ ?'r%@lr \e/flldlu%l thé(s: EF%E v?eeéseg anugﬂ%ltt‘&%‘?ﬁ °£
and varied gereraihmenssspeeld as: 108MD, <foPDO0% sl ions (Pie STO in

| ower the tragti t bet t t hgyfuel no, . ‘ rf

At the 2% tcééaa %:r%zlliq'tj 2?0 g@% E‘éangélr'ST%Adl{n Eé% SBlid 96l?%§\/\/elgéé?€§%tor
no cl ear advarthegetbeerellcchlc Xind\Cexpbctedn S €ife buA& ROGcosibheesr,
showed a gignifi tl oper. . tr,action riRsy han_ei ther of the
6 cSt. F>Ao§’ESI\i£éo%?ig é’esngli Etpigs at o “\’/\ocgﬁ}:%g%sé’%srguées of! 'thY fist

PCT/ US98/ 00053rig. As seen in the figure,33the theoretiqule #ilm

shows EHD fil m.thickness as_a function. of entr ai nt speed a
T00[err] .. 1OrMACSEESEEs, BRE G OBRD (5PF thgoRhPeERloBasrT T ls: (EPASO)
The solid |ineshaeprizsentthe PAte bhsesebickal betaaseexpentedlf ronl § henduid k

viscosities of . the test fluids at.the contact pressures _of the t ,
rig. As seg}hlg%“ﬁr PRESSHEGur ?egﬁh%le?ﬁﬁopgt ivéaﬁcostlH:I% than |Cﬁé¢$§€5
are hi gherlOf orHéhee mithey ahihasedt @ikl ESNe9@ore vikbensf art t hBRePAfdntact
basest ock becaus ineral oils v | gher_.pre re coefficients of

vi scosity thannaﬁegA@rs?ss‘ir(?S I—QﬂcS’thﬁé n%g?altrg? I ?Eér ChbFe vi ¢4 eat?
tlhe coEt act ) also nbgbggrw?g%(gmo bbhan & f'k@StPﬁ\OPQU S(bre;ﬁLegé)éfI@tlfldd
al so shows that 10% STO.i.n pot cSt. PAO.(represent t ille
squares) and i E8RSod e%%‘?ﬂ’é%ls)oyaf‘ﬂelg‘ %[)Sl‘fi?‘?egraf”éﬁﬁﬁﬂgfdr Ul gy
in a positive flevliegi e didids )15 retsha e oi gt iLabosp@fitieCUiavi ¥t @abnl ofesm

spesds. TBL5 Ue roeoRhlooe Shantihataall MY oLmALONRede pRLar epler
in Figure 4, pesidéneedeyf alsi@Falde0mFilm  fdiEmd HEOH et £ akheaspbodnd dofeal |
of the ester Sé)rl:géiggs which are more viscous than the bulk fluid.
Although not shown in Figure 4, positive deviation from
the theoretical was found for all of the ester solutions
20 in Table 2, to differing degrees, at all temperatures
tested. At high film thickness, i.e., >30 nm., the
system was under hydrodynamic lubrication conditions.
Under these conditions the lower traction of the PAO
solution is clear. Both test fluids show a substantial
25 positive deviation from the theoretical in the region of
22-25 nm. This represents the transition to the mixed
lubrication regime and occurs when the film
thickness/surface roughness ratio is approximately 1.5.
At very low film thicknesses, i.e., when operating under
30 Dboundary lubrication conditions, the PAO solution

resulted in extremely low traction losses.

Figure 7 shows the Stribeck Traction curves for a
10% solution of SMO in ESN 90 base o0il and for an
35 approximately equiviscous solution of 15% 6 c¢St. PARO in



20 in Table 2, to differing degrees, at all tenperatures ‘'t est ed.

At high film thickness, i.e., >30 nm, the system was under

hydr odynsyo gs/4spg i cati on condi ti ons. Under these condedtospsnbdse | owner
traction of the PAO solution is clear. Both test fluids show a
substantial 25 positive deviation fromth&4theoretical in the region of
22-25 nm This represents the transition to the m xed | ubrication
regime and thecaamse badkenoilthe 135fC| mThe fhickienslsadfraneageggliness
ratio i s apprqQxi y. S . At, very.low filmthicknesses, i.e., when
oper ati ng undgﬁmggh&%5ﬁiﬁ%$§°nlHBPFEa?#&nCOESﬁG?PPSnS?n Eh &SP

sol ution resulted in extrenely low traction | osses. Figure 7
shows the Stribeck Jractjiop curves for . 10% sol ution of SMO. jn ESN_90
base oil and for agaégr%pgr8§9ﬁ§téqfeﬁkﬁ%?%% uguggﬁﬁﬂ%ﬁ1§ﬁgﬁ%§g%°389£
PAO in 5 SIOBH/REBBIratio at 80°C. for a 5W-20 oil which contains
PCT/ US98/ 0005 . . -34 . - the sane _bgse
o | at 135 er PG STHEE { FPEYi GRAPORK, SHIRERY R, 2801 t1vhe a8 B o1 B Ahder
all conditionoidanwhécheetontains 10% PBOgase 8 fheds ddundmypchimppodtiihyges

f ti ... SlidelRoll tio.at 80 C . f 5W 20 qi.l whi
2§n?aiﬁgc Ion%aéﬁﬁﬁ%ﬁ!fﬁ I%%co%%ﬁ?%ﬁﬁﬁﬁ gﬁéégaﬁF?géﬁaa ?orq%*%vv§§g‘_

oi | whi ch contamtsa ikl ¢P0E1 hsapef vehdetgnappar@ptqQvi ng additive. The
frictionall0 advant ages for the PDO containing oil are readily
apparent. "710 EXAMPLE 2 In order to validate the data

observed in connection 15 wth the binary mxtures tested in
Ef?nple 1, 1&%%MPLE frocedure of Exanple 1 was followed using a 5W20 test
In order to validate the data observed in connection
15 with the binary mixtures tested in Example 1, the
procedure of Example 1 was followed using a 5W20 test oil
formulated with 10% PDO (5W20-PDO). The composition of
the test o0il is shown in Tables 3 and 4. For comparison,
the test was run again on a second 5W20 o0il based upon
20 MTX-5 basestock with PMA as a viscosity index improver, a
mixture of primary and secondary zinc dialkyl
dithiophosphates, a detergent system based on overbased
calcium and magnesium salicylates, and both ashless and
molybdenum dithiocarbamate friction modifiers. The
25 comparison o0il is shown in Table 4 as 5W20-Mo. The 5W20-
Mo test o0il was characterized by a 4.9% EFEI in the
Sequence VI Screener, a 1.48% EFEI in the Sequence VIA
test, a 2.7% EFEI in the M1l1l1l Fuel Economy test, and a
HTHS and Kv 100 less than that of the 5W20-PDO test oil.
30



f or mul at €d mﬁfh 10% PDO (5W20- PDO) . The conposition of the test oi

I S shown | s 3 and 4. For conparison, the test ain on
a second \!&3@%8? based upon 20 MIX-5 basestock with PMVA g@@s&#@ggzgi ty

I ndex i nprover, a- m xture of pripgsy and secondary zinc

di al kyl di t hi ophosphates, a detergent system based on overbased

cal ci um and nagnesiun1salicylg%§§e and ﬁﬁhﬁa@%?ﬁ??hgﬁgkion nol ybdenum

di t hi ocarbamate friction no I ers. conparison oil is

shown in Table 4 as SVQOCBQ oﬁEﬁTSVQO' Mo test §N§§\¥ acteri zed

by a 4.9% EFEI in the DI e VI Screener, a T t he
Sequence VIA t est, in the Ml11 Fuel EConomy,tgest, and a
5 Anfit r : 0162
ﬁg £ e 5W20-PDO test oil. 30 3V

HTHS and Kv 100 | ess thaBi
PCT/ / 00053
o OvEERREed ISGEIREE For mi BT oy, 5o
& %i 1’%%§ersant

0

98/ 45389

COVPONENT Af .Fa ACK

43.19 5 Ant i

Di | uent 10 P 9&&?9 2DbDP 3.5 diég%ased
'2716.36

det er gent 14.55 Secondary zﬁggtral

o soap

) ) Demulsifier .
Ant i oxi dant . g z \ Pri mar é%;%f
9. 09 Secolr";El%fr’f/i BDgc’gﬂfler ¢

Demul sifier 2.27 Friction nodifier
0.46 15 15 Table 4 - Q1 Formulation Test Q|
Addpack PDO Basestock HTHS, cSt,., Kv1Q0, c]t. 5W.0-PDO  11.00% 10%
79% 2. 99 9.11 20 IT&E&EOQM) 051 rormaraliead 2. 55
8.81 Tesf 2611 °"2808a Lk "PDY' CEIRER ARG s IRET Heflob st
SW20-PDO 11.00% 10% 79% 2.99 9.11
20 5W20-Mo - - - 2.55 8.81

Traction and film thickness data were generated for

5W20-PDO and 5W20-Mo using the same procedure that was

25 used for the binary mixtures in Example 1. The PDO-

containing o0il showed thicker film formation, especially

at higher temperatures, than did the conventional, Mo-

containing 5W20 o0il. The PDO-containing o0il also showed

much lower friction than did the Mo-containing o0il. This

30 was true at all temperatures tested. The Stribeck curves

for the 5W20-PDO and 5W20-Mo test oils (Figure 5) clearly

show the improved friction performance of the B5W20-PDO
test oil.

35
EXAMPLE 3

The procedure of Example 1 was repeated for a binary

mixture comprising 10% pentaerythritol monooleaée (PMO)

40 in ESN 290. Figure 6 is a Stribeck curve showing the
neutral to negative deviation relative to the theoretical
that was observed for the 10%.PMO solution. That curve



5W20- PDO and 5W20- Mb using the sane procedure that was 25 used for the

bi nary m xtures in Exanple 1. The PDO containing oil showed thicker
filmforywealogassgeespecially at hi gher tenperatures, tpemvusoghobdse
conventional, Mo- contai ning 5W0 oil. The PDO containing oil also
showed much lower friction than did-t3%6e M-containing oil. This 30
was true at all tenperatures tested. The Stribeck curves for the
5W20- PDO and &¥ea8rMy tiesiicrttess (FMQuis Sjot| saityble fozhawvse hasi mprfved

The. pr ocedur coBPRBRLATE - A Fiitt b « bb “BonPhappee Wi, el WisRRTS i ng

10% pent aer yt hnwealtt imonool eate (PMO) 40 in ESN 90. Figure 6 is a

Stribeck curve show ng the neutral to negative deviation relative to
t he theoreti cal t hat was observed for the 10% PMO sol uti on. That
curve WD 98/ 45389

PCT/ US98/ 00053 - 36- clearly
indicates PMOis not suitable for use as a. fuel econony i nproving
additive in accordance with the present i nvention.

-37- CLAI Ms:



1. A ¢ranktase |ubricant conposi tion capable of inproving the fuel

econony of er nal e |lubricated therewh,kt].m
conpri se¥ 09,{)433?& ’lﬂﬁm‘mjm !Jj gl |cat| ng viscosity as a ngg?g&@;
r
C

conponent ; 0 about 50 w.% based on the weight
of conposition, a fuel econony inproving additive; said fuel
econony i nprovi ng addltlve conprising a polar conpound having a viscosity
greater than the viscosity of said bagg- oil; and said fue

econony inproving additive being selected such that the | ubricant
conposition |[$gxfitaracterized by (1 ) a positive deviation from that

of a theoretrttal line when t he el ast ohydrodynamc (EHD) film

t hi ckness of the |ubricant conposition is plotted against entrai nnent speed

on a log basis, and by @x)am@caééacmwmsaeffé&hﬁ&éltwﬂercap&we of

hydr odynanmi ¢ and m xed | ubrication condi tions Is |o
it woul d havdmHFEsHing j fthesgifel ydconremyiort i régt O\ﬂ-lnffg’—‘rra"d)dl tqm@um@

ot Present dhiiddienlicd 28" cAERATIEN, Ohntch comdrisdy Of ankoase

| ubri cant conposition accordin ereln - sal uel econony

i nproving additive is pr%sbﬂﬁel@lﬂhGDEoﬁPb§#F3¢dW91Yﬂﬁ@ﬂﬁkﬁ& 8f far dma3dout
5 to about 15&%ﬁn . A crankcase | ubricant conposition according
to Cdaiml, F@ln sdid fueI econony inproving additive is present in
the conposition in an amdinfroh fbomtabbuto 4about abbuwt.25 Wased on theD

98/ 45389 weight of composition, of P§7/9§ggloggé%omy improving

38 additive; said fuel economy improving additive comprising
a polar compound having a viscosity greater than the
viscosity of said base o0il; and said fuel economy
improving additive being selected such that the lubricant
composition is characterized by (1) a positive deviation
from that of a Newtonian fluid when the
elastohydrodynamic (EHD) film thickness of the lubricant
composition is plotted against entrainment speed on a 1log
basis, and by (2) &a traction coefficient under both
hydrodynamic and mixed lubrication conditions which is
lower than it would have been 1if said fuel economy
improving additive were not present in the lubricant
composition.

2. A crankcase lubricant composition according to
Claim 1, wherein said fuel economy improving additive is
present in the composition in an amount of from about 5
to about 15 wt.$%

3. A crankcase lubricant composition according to
Claim 1, wherein said fuel economy improving additive is
present in the composition in an amount of from about 4
to about 25 wt.$%
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4. A crankcase Iubricant conposition according to claim1l, wherein

said fuel econony inproyv addi tive i sel ected fromthe group
consi st i WO 8A/45880 | or Hmﬁ !l ul “ﬂ IE of pol yhydric al cpovlusosisds3
unsaturated aliphatic ds having from about 9 to about 36

car bon atons in the carbon chaln 5. A crankcase | ubricant
conposition according to claim2 or claim3, wherein said fuel econony
| mprovi ng additive is selected fron1th§ group consisting of full or
partial esters of polyhydric al cohols and; $ihsat ur at ed al i phatic

car boxylic acids h%ving fron1about 10 to about 20 carbon atons in the
car bon chai n. 6cra%‘E?éﬁmﬁ¥9¥4QEﬁqcﬁﬁFPESﬁﬁ&ﬂqi%ﬁF@E@bPEiﬁ§>to

claim1, whereilaisail, fugbrecAne@d IOV 88ca8flt ¥ rcvring &88¢eHed fireOm
t he group consi t|n égf sorbltan triol eate, sor bi tan_npnool eate and

pent aeryt hrit §F &lEI t £¥GRd the GrQup eSOpFdsddmy of full oxr partial

crankcase | ubeisteiis C@ﬂppél?h?ﬂr&@:“&ﬁd!ﬂol@ and, Ch# 8 tur3¥&d elanl i$Hat ifuel
econony i nmprovin sel ected fromthe group consisting of

sorbltantrloFé‘ig’é’xy lcs%ﬁbé?aﬁaﬂﬁﬁiﬂﬁ%ﬁ% gheyfent abPy@hattol 36i Gashon
and m xt uaesmishdredhe carbon chafn. A crankcase |ubricant conposition
according to claim3, wherein said fuel econony inproving additive is
selected fromthe group consisting of sorbitan trioleate, sorbitan

monool eat & and pemsaerytphr¢f9hkéa9éethﬁ>ﬁ%nt cBhpbYies o &@brding to
- 39- 9. A, nethod of |nprOV|ng t he fuel econo of an

claim 2 or claim 3, Wherein said fuel economy improving

additive is selected from the group consisting of full or

partial esters of polyhydric alcohols and, unsaturated

aliphatic carboxylic acids having from about 10 to about

20 carbon atoms in the carbon chain.

6.
claim 1,
selected
sorbitan

mixtures

7.
claim 2,
selected
sorbitan

mixtures

8.
claim 3,
selected
sorbitan

mixtures

A crankcase lubricant composition according to
wherein said fuel economy improving additive is
from the group consisting of sorbitan trioleate,
and

monooleate dioleate

thereof.

and pentaerythritol

A crankcase lubricant composition according to
wherein said fuel economy improving additive is
from the group consisting of sorbitan trioleate,
and

monocleate dioleate

thereof.

and pentaerythritol

A crankcase lubricant composition according to
wherein said fuel economy improving additive is
from the group consisting of sorbitan trioleate,
and

monooleate dioleate

thereof.

and pentaerythritol



i nt ernal ‘conbustion egﬁwﬂéj h conpri ses: adding to the crankcase

of an engj e op ved fuel econony congif;
crankcasgdvagg}?%ggnt corrpcfS| ti I!’Ml si ng a base oi | 53?/600551

| ubricating viscosity as a maj or conpgonent, and from about 2 to about 50
wt. % of a fuel econony inproving additive; said fuel econony inproving
additive conprising a polar conpound having a viscosity greater than the
viscosity of said base oil; and said fuel -&9onony inproving additive being
sel ected such that the |ubricant conmposition is characterized by (1) a

posi tive deviation br, om A tiéthodOfof @mprbbeagetiral fukineeconomy WiNan
t he elastohydrodgnan1c (EHD) filmthickness of the |ubricant conposition

is plotted agatREETBALr SPHPUSL 1T &P TN 1YY FAFIWPILFEShy (2) a

traction coefficiegliqingerto behd BydhRexBamsr adxw ehyefle E@bfbéaép@f‘ated
conditions which is lower  than it wuld have bheen if said

econony |nprov?ﬂ@eradémﬂﬁﬂ¥edvwﬁ%?lno?COBPEXenFOnFﬁtlpﬁé' Idbrl%ﬁﬁ?kcase

conposi t on; anﬂueﬁ%awtng Repditi®n  comprildindg i hodggeordboy tor
Caim9, wherein said_ fuel “econony inproving additive is present in

the |ubricantlebap6atinsh vissrsdidunesof af rdad abouEoBPeBentpouands Hrom,
11. A nethod aggg(@i g 1Q CEBb{Ptg s@hgeign sal dy iRl 8EBHBRY 1MPFO¥IRG

additive is present in | ubri cant conposition in an afrount” of from
about 4 to abs@difiver. %@ld fuel goongmie i RBYONAESr Aidf tiveD gemppising

‘_"nge' n said fyelyofePNORmpIRAQY Ky A td V&1 sld it yeChedatbrOmnbie ghoup
viscosity of said base o0il; and said fuel economy
improving additive being selected such that the lubricant
composition is characterized by (1) a positive deviation
from that of a Newtonian fluid when the
elastohydrodynamic (EHD) film thickness of the lubricant
composition is plotted against entrainment speed on a log
basis, and by (2) a ‘traction coefficient under both
hydrodynamic and mixed lubrication conditions which is
lower than it would have been if said fuel economy
improving additive were not present in the lubricant

composition; and operating the engine.

10. A method according to Claim 9, wherein said
fuel economy improving additive 1is present 1in the
lubricant composition in an amount o¢f from about 5 to
about 15 wt.%.

11. A method according to Claim 2, wherein said
fuel economy improving additive 1is present 1in the
lubricant composition in an amount of from about 4 to
about 25 wt.$%.

12. A method according to Claim 9, wherein said fuel

economny improving additive is selected from the group

i




consisting of full or partial esters of polyhydric al cohols and :
unsaturated, aliphatic havi ng fromabout 9 to about 36
carbon awworss/4sasd he car amﬂmﬂmnﬂ@ !HZ" 3. A nethod accorpcTwgsssmosssai m 10,
wherein said fuel econom* i rprovi |ve Is selected fromthe group
consisting of full or partial esters of polyhydric al cohols and
unsaturated, aliphatic carboxylic -acids having fromabout 10 to about 20
carbon atons in the carbon chain. 14. A method according to claim 11,
wherein said fuel econony inproving additf9@-is selected fromthe group
consisting of full or partial esters of polyhydric al cohols and
unsaturated, &MHRGINTardbxyfudlaciods MaAtiRY resteout @f t Bodbbydric
carbon at ons ign ddibiGar bagg ch 5. ggghac c 9,
wherein said fﬂél eg%ﬁony | ?ggﬁﬁuraggFglvéﬁi@§§e ecte% ggﬁ?%ﬁg g%%&%g
consisting oftavidy pifren PBtea?e, to s@asittan3foneareane akems in the
pentaerythrit @ar®ic e @nd m xtures thereof. 16. A nethod according
to claim10, wherein said fuel econony inproving additive is selected from
the group consisting of sorbitan trioleate, sorbitan nnnooleate and

pentaerythritol diqglgat gaﬂgtmt UéééoEB%?Ofto cl ml? oA 1R gg?gl ng
to claim1l, wherein said fuel econony Inproving a t|ve IS se ecte rom
t he v[gngggggconomy improving additive is selected from the

group consisting of full or partial esters of polyhydric
alcohols and unsaturated, aliphatic carboxylic acids
having from about 10 to about 20 carbon atoms in the
carbon chain.

1l4. A method according to claim 11, wherein said
fuel economy improving additive is selected from the
group consisting of full or partial esters of polyhydric
alcohols and unsaturafed, aliphatic carboxylic acids
having from about 12 to about 20 carbon atoms in the

carbon chain.

15. A method according to claim 9, wherein said
fuel economy improving additive is selected from the
group consisting of sorbitan trioleate, sorbitan
monooleate and pentaerythritol dioleate and mixtures
thereof.

16. A method according to claim 10, wherein said
fuel economy improving additive is selected from the
group consisting of sorbitan trioleate, sorbitan
monooleate and pentaerythritol dioleate and mixtures
thereof.

17. A method according to claim 11, wherein said

fuel economy improving additive is selected from the
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group consisting of sorbitan trioleate, sorbitan
monooleate and pentaerythritol dioleate and mixtures
thereof.



