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A lubricant composition capable of improving the fuel economy of an internal combustion engine and comprising a base oil as a
major component and from about 2 to about 15 wt.%, based on the weight of composition, of a fuel economy improving additive having a
viscosity greater than the viscosity of the bulk lubricant and being selected such that the lubricant is characterized by (1) a positive deviation
form that of a theoretical line when the elastohydrodynamic (EHD) film thickness thereof 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 the fuel economy improving additive were not present in the lubricant is disclosed.
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IMPROVED FUEL ECONOMY ADDITIVE AND LUBRICANT COMPOSITION
CONTAINING SAME

BACKGROUND OF THE INVENTION

The present 1invention relates to lubricating o1l
compositions, and more particularly to crankcase
lubricant compositions which contain an effective fuel

economy improving additive.

There 1s an 1increased requirement for lubricant
compositions which are capable of improving the fuel
economy of the 1internal combustion engines in which they
are used. An 1mprovement 1n fuel economy, 1l1.e., a
reduction in fuel consumption, generally requires a
lowering of frictional losses under a range of
lubrication regimes. These regimes are known to those
skilled 1in the art and may be defined 1n terms of the
extent to which lubricant film thicknesses formed in the
various polnts of contact within an engine exceed or fail

to exceed the combined roughness of the contact surfaces.

The film thickness depends, 1in part, on contact
geometry, load, elastic properties of metals, lubricant
viscosity and the speed with which a lubricant 1is
entrained 1into the points of contact. Generally
speaking, film thickness increases as the viscosity of
the lubricant 1ncreases and as the speed of sliding
and/or rolling motion between the points of contact
increases. The 1increase o©of the film thickness 1s not
linear, however, and well established equations for
predicting film thickness under elastohydrodynamic
conditions 1indicate 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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the same rate as the speed of sliding and/or rolling
contact to the 0.7 power increases, i.e. speed®’. Dowson
D. and Higginson G., "Elastohydrodynamic Lubrication",
Pergamon Press, Oxford, England, 1977; and Hamrock, B.
and Dowson, D., "Ball Bearing Lubrication: the
elastohydrodunamics of eliptical contacts", J. Wilet,
N.Y., 1981. In accordance with these well established
equations, 1ideal Dbehavior would be characterized by a
linear increase in elastohydrodynamic film thickness when
plotted against entrainment speed on a log basis, i.e., a
straight line (referred to herein as the or a

"theoretical line") having a slope of about 0.7.

The lubrication regimes which need to be considered
are (1) the hydrodynamic regime, (2) the mixed regime,
and (3) the boundary regime. The hydrodynamic 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
when contact pressures are low and/or when speed and/or
lubricant viscosity are high. The frictional 1losses
which occur under hydrodynamic conditions are generally
proportional to the viscosity of the 1lubricant at the
points of contact. Thus, for increasingly more viscous
lubricants, there will be increasingly thicker 1lubricant
films at the contact points, such that there will be a
correspondingly lower probability of metal to metal
contact and wear. However, as the viscosity of the
lubricant increases, there will also be a corresponding
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

beneficial for fuel econonmy.
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As speeds fall, as contact pressures rise, oOr as
lubricant viscosity falls, the 1lubricant film thickness
generated for a given contact geometry will decrease to
the extent that it approaches the dimensions of the
surface roughness encountered by the 1lubricant. Under
these conditions the lubricant 1is operating in the mixed
regime and frictional losses are 1n part due to metal to
metal contact and 1in part due to lubricant shearing
friction. Metal to metal contact results i1in high friction
losses and wear, whereas lubricant shearing friction
results 1n lower friction losses. Typically, friction
coefficients due to lubricant shearing are on the order
of about 0.03, whereas friction coefficients due to metal
to metal contact are on the order of from about 0.08B to
about 0.30. Thus, as the lubricant film
thickness/surface roughness ratio decreases, the
contribution to friction 1loss due to metal to metal
contact becomes dominant and the combined friction
coefficient (from metal to metal contact and 1lubricant
shear) rapidly 1increases, 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 1is a rapid 1increase 1in
friction losses with a relatively small decrease 1in
lubricant film thickness. Accordingly, any lubricant
formulation which enables operation under fluid
lubrication to occur down to lower speeds will Dbe
beneficial both as to wear and fuel economy. This 1s
especlally true 1f the friction (traction) losses due to
the properties of the lubricant are minimized. The
difficulty, however, 1is to get low friction, high
viscosity lubricant films into the contact areas when

operating at lower speeds.
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When speeds are very low, or when lubricant
viscosities are very low and/or when contact pressures
are very high, the lubricant film thicknesses generated
in the contact areas fall to values very much less than
the roughness of the contact surfaces. Under these
conditions, referred to as the boundary friction regime,
the friction losses depend on the properties of surface
films formed by physical and/or chemical processes at the
contact surfaces. Depending on the properties of the
films so formed, the friction coefficients under boundary
conditions for contact surfaces lubricated with oil
formulations typically are in the range of from about
0.05 to about 0.15. It is known in the art that what are
normally referred to as friction modifiers, e.qg.,
glycerol monooleate, are effective for reducing friction

losses under boundary lubrication conditions.

The hydrodynamic lubrication regime, the mixed
lubrication regime and the boundary lubrication regime
occur simultaneously in internal combustion engines at
any given time. Depending on the contact geometry, the
speeds of sliding and/or rolling contact, the 1load and
the lubricant oil viscosity and temperature, the friction
losses can be described in terms of the contribution from
the various lubrication regimes, bearing in mind that the
contributions will vary for any given lubricant 0il as

the operating conditions of the engine vary.

One way to 1illustrate the effects of the various
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, 1s
useful for comparing the friction losses expected from

use of one lubricant formulation over another. A typical
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Stribeck traction curve (see Figure 1) will show that the
friction coefficient will decrease rapidly with
increasing speed (or lubricant film thickness) at very
low speeds, and then will level out, and possibly
lncrease slightly, as speeds (or lubricant film
thickness) 1ncrease. The 1ntegrated area under the
Stribeck traction curve 1s a méasure of the total
friction loss and can be used to project the relative
fuel consumption requirements of various lubricant

formulations.

There are a number of prior art disclosures relating
to the addition of friction modifiers and other additives
to lubricating o1l compositions with an eye toward
reducing friction losses and engine wear. U.S. 2,493,483
to Francls, for example, relates to lubricants for marine
steam engines which form o1l in water emulsions. The
lubricants include "secondary additives" which function
to i1mprove performance under certain severe and adverse
conditions. The secondary additives comprise esterified
polyhydric alcohols, such as glycerol mono- and dioleate,
sorbitan mono-, di and trioleate, and pentaerythritol

monooleate.

U.S. 2,783,326 to Bondil relates to lubricants usable
under extreme operating conditions, e.qg., extreme
pressure conditions, high speeds, high temperature gear
and bearing protection, etc. The lubricants, which are
sultable for transmission applications, contain extreme
pressure additives and solubilizing agents for the
exXxtreme pressure additives. The solubilizing agents may
comprise non-ionic esters such as glycerol monooleate,

sorbiltan monooleate and pentaerythritol monooleate.
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U.S5. 3,235,498 to Waldmann discloses the use of an
ester additive such as glycerol monooleate or sorbitan
monooleate to inhibit the foaming tendency that might
otherwise occur in 1lubricating oil formulations which

include one or more detergents.

U.S. 3,933,659 to Lyle relates to transmission
fluids which contain a number of additives, 1ncluding
fatty esters of dihydric and other polyhydric alcohols,

such as pentaerythritol monooleate.

Uu.S. 4,175,047 to Schick discloses the addition of
from 20-40% of a hydroxy-containing ester to a
lubricating o©il composition as a fuel consumption
reducing agent. The improvement 1in fuel economy is said
to Dbe the result of a reduction of viscous friction
(which would be pbeneficial under hydrodynamic
conditions). The esters of this patent are derived from
aclds having a carbon chain length of from about 5 to
about 30 carbon atoms and include, for example, glycerol
monooleate and sorbitan monooleate. ’There 1S 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.

Uu.S. 4,304,678, also to Schick, relates to the
addition of from about 1 to about 4% of a hydroxy-
contalning ester to a lubricating oil to improve fuel
economy. The 1mprovement is said to be the result of
reduced friction under boundary lubrication conditions.
There 1s no discussion in this patent as to the possible
effects under hydrodynamic or mixed lubrication
conditions. The esters disclosed in this patent include

glycerol monooleate and sorbitan monooleate.



CA 02286898 1999-10-08

WO 98/45389 PCT/US98/00053

10

15

20

25

30

35

.7 -

u.S. 4,336,149 and U.S. 4,376,056, both to Erdman,
relate to the addition of from about 0.25 to 2 wt.% of
pentaeryvthritol monooleate to a crankcase lubricating oil
to 1ncrease the fuel economy. These patents 1ndicate
that gains in fuel economy through the use of additives
to reduce friction under mixed regime conditions probably

wlll be small and difficult to assess.

U.S. 4,734,211 to Kennedy relates to lubricating oil
compositions for use with railway diesel engines, which
typically have silver plated bearings. The lubricant
compositions include base 0il, a dispersant, at least one
overbased detergent, and a polyhydroxy compound such as
glycerol monooleate or ©pentaerythritol trioleate to

inhibilt silver wear.

U.S. 5,064,540 to Dasal relates to lubricating oils
which reduce friction 1in transmission, wet clutch and
shock absorber applications. The lubricating oils
contain a specific base 0il and a friction modifier such
as a fatty acid ester of sorbitan, pentaerythritol,

trimethylol propane, or the like.

U.S. 4,083,069 to Brewster relates to 1lubricating
o1l 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-Cys fatty acid.

u.s. 4,105,571, U.S. 4,459,223 and U.S. 4,617,134,
all to Shaub, relate to 1lubricating oil compositions
having improved friction reducing and antli-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

ashless dispersant to 1improve package stability. The
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'223 patent discloses the use of up to about 2 wt.$%$ of an
ester additive, which 1is derived from dimer carboxylic
acids and polyhydric alcohols having at least three
hydroxy groups, to reduce boundary friction. The '134
patent discloses the use of less than 2 wt.% of an ester
of a polycarboxylic acid with a glycol or glycerol, plus
an ashless dispersant and a Z1inc dihydrocarbyl

dithiophosphate to reduce boundary friction.

U.S5. 4,167,486 to Rowe relates to lubricating oils
containing olefin polymerizable acid esters and dimers
and/or trimers thereof as fuel economy improving
additives. The esters disclosed in this patent contain
at least two double bonds paired in one of the following
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.

U.S. 4,440,660 to Van Rijs describes low V1iscosity
esters for use 1in lubricating oils. The esters typically
would have a viscosity lower than the viscosity of the

base o01il.

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 olls, but there are no details given as to the
which esters might be used, as to the viscosity of the

esters, nor as to the their contemplated treat rates.

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

economy.
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SUMMARY OF THE INVENTION

I€ 1s an cbject of the cresent iavention Co provice
& lubricant o1l composition which is capaple of improving
the fuel econemy of an internal combusticn engine in
which the lubricant is used.

It 1s a further object to provide a fuel consumption
lmproving additive which can be mixed with 2 Dase oil of
lubricating viscosity to provide a crankcase lubricanrt
whnich L1s characterized DYy 1lmproved friction perormance
under  coundary Lubricatrcion, mlxed lubrication and

nydrodynamic lubrication conditions.

Tet another cbject 1s tc provide an economical and
convenientc metchod oL limproving fuel consumprtion

perrormance of an internal comoustion engine.

SC1Lll anocther object 1is to provicde a lubricanc
tormulater with facile means “or calancing Zuel economv
and wear protection in low V1SCoSity lubricating oils of
chne =types wnich wWwill bhe required Qo meet current and
future specificactions.

These and other objecrcs and advantages of the

present lnvention are achieved by aading to a base oil of

willly  —tum

lubri&atinq viscosity a fuel eccnomy IMproving additive
comprised of a polar compound naving a viscosity higher
than Che viscosity of the nase oil and neLlng
characterized in that the polar compound, when added to
the base oil, (1) will cause the resulting mixture to
nave a positive deviation from that oL a theoretical line
when the elastchydrodynamic (EHD) film thickness of the

miXture 1s plotted against the entrainmentr speed cn a lLlog
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basis, and (2) will reduce the friction coefficient (also
known as the traction coefficient) of the mixture

relative to the friction coefficient of the base oil.

In one aspect of the invention, the fuel economy
improving additive, which is present in the lubricant
composition in an amount of from about 2 to about 50
wt.%, typically from about 5 to about 15 wt.%, based on
the weight of the fully formulated lubricant composition,
comprises an ester, such as sorbitan monooleate, sorbitan

trioleate or pentaerythritol dioleate.

BRIEF DESCRIPTION OF THE DRAWINGS

The i1invention will be more fully appreciated in view
of the following detailed description, especially when

considered 1n conjunction with the drawings, wherein:

Figure 1 1s a schematic graph illustrating energy
losses versus lubricant oil film thickness for
conventional lubricant o1l compositions which differ only

1n viscosity;

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

and for an "optimized" lubricant composition;

Figure 3 1s 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, o©of a theoretical 1line, and of a

lubricant composition 1in accordance with the present
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invention, which 1is characterized by a positive deviation

relative to a theoretical line;

Figure 4 1is a graph, similar to Figure 3,
illustrating the Stribeck curves for a binary mixture of
10% sorbitan trioleate in 6 c¢St. PAO and a binary mixture
of 10% sorbitan trioleate 1in ESN 90;

Figure 5 1s a graph 1illustrating Stribeck traction
curves for approximately equilviscous solutions of
sorbitan monooleate in ESN 90 base 01l and 6 cSt. PAO in
ESN 90 base o0il;

Figure 6 1s a (graph, similar to Figure 4,
1llustrating the Stribeck curves for a 5W20 o0il which
contailns pentaerythritol dioleate as a fuel economy
lmproving additive and for a comparison 5W20 o0il which

contains a molybdenum dithiocarbamate friction modifier;

Figure 7 1s a graph illustrating the traction
coefficient as a function of slide/roll ratio for a 5W-20
01l 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;

and

Figure 8 1s a graph, similar to Figure 3,
l1llustrating the generally neutral or negative deviation
relative to a theoretical line of a lubricant composition

which 1s outside the scope of the present invention;
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DETAILED DESCRIPTION

The present inventicn reslates S0 crankcase lubriczant
cempositions which are crepared 2y adding to a base 'oil.
of lubricating wviscesity a @ fuel econemy  lmproving
aaditive comprised of a polar compound naving a viscosity

nigher than the viscosity of <the base oil and

celng
characterized in that *the polar compcund, when added ro
Che base o0il, (1) will cause rhe rasulting admixture to

nave a positive deviation from =hat of & theoratical linec
~hen the elastchydrodynamic (EHD) film Chickness cf the
acdmixXture L1s plotted against the entrainment speed on a
l0g Dpasis, and (2) will reduce rhe Ffricrcica coefficient
(also kncwn as the tracticn ccefficient) of

relatlive tc the fricticn coefficient OL tChe base cil.

The base oil of Llubricating V1lsCcsity comprises *=he
major component of the lubricating oil ccmpositicns oF
the present invention and Cypically L1s rpresen 1l an
amount ranging Ir-om about S0 to abour 98 ~wC.%, 2.g., from
apout 83 to about 95 wt.:, based on the toral ~NeLlLChT of

the compeositlon. The zase 0ll nay ce selecrac “-on anvy

cf the synther.c or natural oils vplrcally used as

i
-

crankcase lucricating 21ls or spark-.Lgniced and

cocmpresslon-ignited engines. The 'Case o1l conven:ently

Nas a viscosity cf about 2.5 to about 12 ¢St or mm/s and
preferably about 2.5 to about 9 ¢St or mm°/s ac 100° C.
Mixtures of syntheclic and natural base oils may se used
LL desired.

In addition ofe the Dbase oil of Lubr:icatcing
V1isScCosity, Che present lubricating oil comgposloions
contain, as an essential component, a minor amount of a
fuel economy improving agent. The fuel economy Lmproving

aadlitive comprises anv oolar compound whlich nas a
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V1sScoslity greater than the Viscosity than the base c1l,

and which i1s capable of causing the mixture of the pase

o1l and Tuel sconcmy Laproving addit:ive e ce
charactarized by (1) a positive deviarion from that of a
theoretical line wnhnen rhe elastohydrodynamic (£HD) Tllm

thlckness o¢f the admixture is plotted against the
entrainment speed on a log basis, and by (2) a reducricn
ln the traction ccefficient of the mixture, as compare

Co the traction ccefficient of the lubricant composition

~ltiout the presence of the fuel sconomy lmproving
additive.

Polar materilals having a vl1scosity higher than rcthar
OL the D2dulx cil at a given Cemperature, and having a
Cracticon coefficlent lower than that of the Dbulk oil,
would e eaxpected to reduce fricrian under bboundary
lubrication cocnditions. However, it has now been found,
Cotally unexpectedly, that such colar materials also can
De used to reduce £fricticn losses under mixed lubrication
conditilons z2ndé under nydrcdynamic lubrication concirtions.
Thlis Jdisccvery 1s a basis of the Present Lnvencion and
provices & lubricant formulator with a powerzZul Zcol Zor
palancing Iuel economy and wear Qrotecrton in lLow

V1SCOS1lY Lubricant cils.

In one aspect ©f the invention, the Zuel economy
Lmproving additive may comprise one or s mixture of Zull
or partial esters of polvhydric alcohols and unsaturaced,
allpnatic carbexylic acids naving from about 9 to about
36, and preferably about 10 to about 20, e.g., 12 to 20,
carcon atoms in the carbon chain. The esters must have a
V1sCosity which 1s greater than the viscosity of the base
cil In order to be suitable for use in the present
invencicn. The esters also must be capable of causing

Che _.ubricant composition to which Chey are added to
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exhibit a rositive deviation £rom that of a theoretical

line when che _Lastohydrodynzmic (2dD) f£ilm thickness of
the lubricant compositlion 1S ploetted against the
entrainment speed on a log basis. The esters also must

5 cause a reduction 1n the traction coefficient of the
lubricant composition, as compared‘ £o the traction
cocefficient of the lubricant composition without the

presence of the ester fuel economy LlLmproving additive.

10 Suitable ester fuel economy 1mproving additives
1nclude, Zor example, esters of oleic acld and polvhydric

alcohols such as sorbitol, sorbitan, rpentaerythritol,

Crimecthvylol rcrorvane or the Like:, esters oI lincleic acicd
and poliynycric alconols such &as sorpbitol, sorbhitzan,
13 pentaerythriccl, =trimethvylol propane or the lLike; esters

of linolic acid anc colyhvdric alconols such as sorbitol,

sorbitan, rcentaerythritcol, trimethvlol propane or the
like, and mixtures of such esters. Particularly sultable
esters Lnclude, for example, sorbitan moncoleace,

20 pentaerythrizcl dloleate and scrbitan trioleats.

Certain =2sters of glvycerol, such as glycercol
monooleate, are ot suitabple Ior l1se Lao the pDresent
Lnventcion. Nhen addecd To a p2ase c¢lLl 1n the amcunts

25 contemplated nerein, glycerol moncoleate tends to form
sQapy deposits wnich can foul engine componentcs. Also,
dependling on how much glycerol moncoleate 1s added, the
resulting mixture may exhibit a neutral or even a
negatlive deviation relative to the theoretical line. The

30 addition of certain esters of pentaerythritcl, such as
pentaerythricol moncocoleate, also <cause the resultiling
lubricant ccmposlitions to exhiliblt a neutral or negative
deviation from chat of the theoretical Line.
Accordingly, pentaerythritcocl monooleate, like other

35 esters rthat result in a neutral or negative deviatichn
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relative to the theoretical line, would not be among the
fuel economy improving additives contemplated for use in

the present invention.

The amount of fuel economy improving additive that
1s required to be admixed with the base o0il to be
effective varies over wide limits. However, it has been
found that a minimum of about 2 wt.% of fuel economy
improving additive, based on the weight of the finished
lubricant composition, should be added. Typically, the
fuel economy improving additive will be added in amounts
ranging from about 2 to about 50 wt.%, e.g., about 5 to
about 15 wt.$%. In preferred aspects of the invention,
from about 4 to about 25, and more preferably from about
S to about 15 wt.%, of the additive will be present in

the final lubricant composition.

ADDITIONAL COMPONENTS

In addition to the base lubricating oil and the fuel
economy improving additive, which are essential
components, the 1lubricating o0il compositions of the
present 1nvention typically contain one or more or
optional components, such as ashless nitrogen containing
dispersants, ashless nitrogen containing dispérsant-—
viscoslity modifiers, antiwear and antioxidant agents,
supplemental dispersants, supplemental friction
modifiers, rust inhibitors, anti-foaming agents,

demulsifiers, pour point depressants, and the like.

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

substituents that are capable of associating with polar
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particles to be dispersed. Typically, the dispersants
comprise a nitrogen containing moiety attached to the
polymer backbone, often via a bridging group, and may be
selected from any of the well known o0il soluble salts,
amides, 1imides, amino-esters, and oxazolines of long
chain hydrocarbon substitued mono- and dicarboxylic acids
or their anhydrides; thiocarboxylate derivatives of long
chaln hydrocarbons; 1long chain aliphatic hydrocarbons
having a polyamine attached directly thereto; and Mannich
condensation products formed by condensing a long chain
substitued phenol with formaldehyde and polyalkylene

polyamine.

The o1l soluble polymeric hydrocarbon backbone is
typically an olefin polymer, especlally polymers
comprising a major molar amount (i.e. greater than 50
moled) of a C, to Cis olefin (e.g., ethylene, propylene,
butylene, isobutylene, pentene, octene-1, styrene), and
typically a C, to Cs olefin. The o1l soluble polymeric
hydrocarbon backbone may be a homopolymer (e.q.
polypropylene or polyisobutylene) or a copolymer of two
Or more oI such olefins (e.g. copolymers of ethylene and
an alpha-olefin such as propylene and butylene or
copolymers of two different alpha-olefins). Other
copolymers include those in which a minor molar amount of
the copolymer monomers, e.g., 1 to 10 mole %, is a C; to
Coo non-conjugated diolefin (e.qg., a copolymer of
1sobutylene and butadiene, or a copolymer of ethylene,

propylene and 1,4-hexadiene or 5-ethylidene-2-norbomene).

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.
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Suiltable olefin polymers and copolymers may be
prepared by cationic polymerization of Thydrocarbon
feedstreams, usually Cs;-Cy, 1n the presence of a strong
Lewls acid catalyst and a reaction promoter, usually an
organocaluminum such as HC1l or ethylaluminum dichloride.
Tubular or stirred reactors may Dbe used. sSuch
polymerizations and catalysts are described, e.g., 1n
U.S. patent 4,935,576, Fixed bed catalyst systems also
may be used as disclosed, e.g., in U.S. patent 4,982, 045.
Most commonly, polyiSobutylene polymers are derived from
Raffinate I refinery feedstreams. Conventional Ziegler-
Natta polymerization also may be employed to provide
olefin polymers suitable for preparing dispersants and

other additives.

The 01l soluble polymeric hydrocarbon backbone
usually will have a number average molecular weight (Mn)
within the range of from about 300 to about 10, 000. The
Mn of the backbone 1s preferably within the range of 500
to 10,000, more preferably 700 to 5,000 where the use of
the backbone 1s to prepare a component having the primary
function of dispersancy. Particularly. useful olefin
polymers for use 1n preparing dispersants have a Mn
within the range of from 1500 to 3000. Where the
component 1s also 1intended to have a viscosity
modification effect it 1s 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
1s 1intended to function primarily as a viscosity
modifier, polymers having a Mn of from 20,000 to 500,00
Or dgreater 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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The Mn for such polymers can be determined by
several known techniques. A convenient method for such
determination is by gel permeation chromatography (GPC)
which additionally provides molecular weight distribution
information, see W.W. Yau, J.J. Kirkland and D.D. Bly,
"Modern Size Exclusion Liquid Chromatography”, John Wiley
and Sons, New York, 1979.

The o1l soluble polymeric hydrocarbon backbone may
be functionalized to incorporate a functional group 1into
the backbone of the polymer, or as pendant groups from
the polymer backbone. The functional group typically
wilill be polar and contain one or more hetero atoms such
as P,0,5,N, halogen, or boron. The functional group can
be attached 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

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
an ethylenically unsaturated functional compound;

reaction of the polymer with an unsaturated functional

or anhydride); reaction of the polymer with at least one
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 reactlon to introduce a carbonyl group in an iso or
neo position; reaction of the polymer wilth the

functionalizing compound by free radical addition using a
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free radical catalyst; reaction with a thiocarboxylic

acid derivative; and reaction of the polymer by air

oxidation methods, epoxidation, chloroamination, or
ozonolysis.
5
The functionalized o1l soluble polymeric hydrocarbon
backbone 1s then further derivatized with a nucleophilic
amine, amino-alcohol, or mixture thereof to form oil
soluble salts, amides, imides, amino-esters, an
10 oxazolilnes. Useful amine compounds 1include mono- and

(preferably) polyamlines, most preferably polyalkylene
polyamines, of abut 2 to 60, preferably 2 to 40 (e.g. 3
to 20), total carbon atoms and about 1 to 12, preferably
3 to 12, and most preferably 3 to 9 nitrogen atoms in the
15 molecule. These amines may be hydrocarbyl amines or may
be predomilinantly hydrocarbyl amines in which the
hydrocarbyl group includes other groups, and the 1like.
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 l,4-d1i (aminomethyl)
cyclohexane; heterocyclic nitrogen compounds such as
imidazolines; polyoxyalkylene polyamines; polyamido and
related amido-amlines; and tris (hydroxymethyl)amino
methane (THAM). Dendrimers, star-like amines, and comb-

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

amline compounds such as those prepared by reaction of

alkylene dihalides with ammonia.

A preferred group o0f nitrogen containing ashless

35 dispersants includes those derived from polyisobutylene
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Or with aminoalcohols and, optionally, with additional

reactants such as alcohols.

The nitrogen containing dispersant can be further
post-treated by a variety of conventional post treatments
such as boration as generally taught in U.S. patents
3,087,936 and 3,254,025. This is readily accomplished by
treating an acyl nitrogen dispersant with a boron
compound selected from the group consisting of boron
oxide, boron halides, boron acids and esters of boron
acids 1in an amount to provide from about 0.1 atomic
proportion of boron for each atomic proportion of
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
0.05 to 4, e.g. 1 to 3 wt.% (based on the welght of acyl
nitrogen compound) of a boron compound, preferably boric
acid, which is usually added as a siurry 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

hours followed by nitrogen stripping.

Suitable viscosity modifiers (or viscosity index
lmprovers) that may be added to the present lubricting
01l compositions include o0il soluble polymers having a
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.
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Representative examples of such polymers 1include
polyisobutylene, copolymers ©0f ethylene and propylene and
higher alpha-olefins, polymethacrylates, methacrylate
copolymers, polyalkylmethacrylates, copolymers of styrene
and acrylic esters, copolymers of a vinyl compound and an
unsaturated dicarboxylic acid, and partially hydrogenated
copolymers of styrene/isoprene, styrene/butadiene, and
isoprene/butadiene, as well as the partially hydrogenated
homopolymers of butadiene and isoprene and copolymers of

isoprene/divinylbenzene.

Viscosity modifiers that function as dispersant-
viscosity modifiers also may be used. Descriptions of
how to make such dispersant-viscosity modifiers are
found, for example, 1in U.S. patents 4,089,794, 4,160,739,
and 4,137, 185. Other dispersant-viscosity modifiers are
copolymers of ethylene or propylene reacted or grafted

with nitrogen compounds such as described 1n U.S. patents
4,068,056, 4,068,058, 4,146,489 and 4,149, 984.

Antiwear and antioxidant agents which may Dbe
incorporated 1n the lubricating oil compositions 1include,
for example, dihydrocarbyl dithiophosphate metal salts,
wherein the metal may be an alkali or alkaline earth
metal, or Zz1Nnc, aluminum, lead, tin, molybdenum,
manganese, nilckel or copper. The zinc salts are most
commonly used 1n lubricating o1l compositions 1n amounts
of from about 0.1 to about 10, preferably about 0.2 to
about 2 wt.%, based upon the total weight of the
lubricating o0il composition. The salts may be prepared
1n 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 compounc.

The zinc dihydrocarbyl dithiophosphates can be made from
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mixed DDPA which in turn may be made from mixed alcohols.
Alternatively, multiple zinc dihydrocarbyl

dithiophosphates can be made and subsequently mixed.

Preferred zinc dihydrocarbyl dithiophosphates useful
in the present invention are o0il soluble salts of
dihydrocarbyl dithiophosphoric acids wherein the
hydrocarbyl moieties may be the same or different
hydrocarbyl radicals containing from 1 to 18, preferably
2 to 12, carbon atoms and may comprise radicals such as
alkyl, alkenyl, aryl, aralkyl, alkaryl and cycloaliphatic
radicals. Particularly preferred hydrocarbyl radicals
are alkyl groups of 2 to 8 carbon atoms, including, for
example ethyl, n-propyl, n-butyl, i-butyl, amyl, n-hexyl,
n-octyl, and 2-ethylhexyl. In order to obtain o0il
solubility, the total number of carbon atoms in the
dithiophosphoric acid ~generally will be about S5 or

greater.

Supplemental dispersants, 1i.e. dispersants that do
not contain nitrogen may be used. These nitrogen free
dispersants may be esters made by reactiong any of the
functionalized o1l soluble polymeric hydrocarbon
backbones described above with hydroxy compounds such as
monohydric and polyhydric alcohols or with aromatic
compounds such as phenols and naphthols. The poiyhydric
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
alcohols include glycercl, monostearate of glyerol,

pentaerythritol, dipentaerythritol, and mixtures thereof.

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

Classes of the alcohols capable of yielding nitrogen free
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ashless dispersants comprise ether-alcohols 1including,
for example, oxy-alkylene and oxy-arylene-ether alcohols.
They are exemplified by ether-alcohols having up to about
150 oxy-alkylene radicals in which the alkylene radical

contains from 1 to 8 carbon atoms.

The ester dispersants may be prepared by one of
several known methods as illustrated for example 1in U.S.
3,381,022. The ester dispersants also may be Dborated,
simlilar to the nitrogen contalning dilspersants, as

described above.

Oxidation 1inhibitors also may be 1included 1in the
lubricating o1l compositiocons. Oxidation 1inhibitors
reduce the tendencey of mineral o0ils to deteriorate 1in
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,
alkaline earth metal salts of alkylphenolthicesters
having preferably Cs to C;; alkyl side chains, calcium
nonylphenol sulfide, ashless o011l soluble phenates and
sulfurized phenates, phosphosulfurized or sulfurized
hydrocarbons, metal thiocarbamates, o011 soluble copper
compounds such as those described 1n U.S. ©patent
4,807,890, and molybdenum contalning compounds such as
molybdenum octoate (2-ethyl hexanoate), mo lybdenum
dithiocarbamates, mo 1l ybdenum dithiophosphates, oil-
soluble molybdenum xanthates and thioxanthates, and oi1l-

soluble molybdenum- and sulfur-containing complexes.

In one aspect of the invention the 1lubricating oil
composition includes a sulfurized alkyl phenol or
hindered phenol antioxidant. Generally, hindered phenols

are 01l soluble phenols substituted at one or both ortho
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positions. Additional antioxidants which may be used in

the present compositidns are disclosed 1in U.S. patent
5,232,614,

Supplemental friction modifiers may be included in
the lubricating oil compositions to further reduce engine
wear and/or to further improve fuel economy. Examples of
other such friction modifiers are described by M. Belzer
in the “Journal of Tribology” (1992), Vol. 114, pp. 675-
682 and M. Belzer in the “Journal of Tribology” (1992),
Vol. 114, pp. 675-682 and M. Belzer and S. Jahanmir in
“Lubrication Science” (1988), Vol. 1, pp. 3-26.

Rust 1nhibitors selected from the group conslisting
of nonionic polyoxyalkylene polyols and esters thereof,
polyoxyalkylene phenols, and anionic alkyl sulfonic acids

may be used in the present lubricating oil compositions.

Copper and lead bearing corrosion inhibitors may be

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
described in U.S. patents 2,719,126, and 3,087,932 are
typical. Other suitable corrosion inhibiting materials
are disclosed 1in U.S. patent 5,232,614. When these
compounds are 1included in the 1lubricating composition,
they are preferably present in an amount not exceeding

0.2 wt% active ingredient.

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

example, silicone 0il or polydimethyl siloxane.
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A small amount of a demulsifying component may be
used. A preferred demulsifying component can be obtailned
by reacting an alkylene oxide with an adduct obtained by
reacting a bis-epoxide with a polyhydric alcohol (see, EP

5 330,522). The demulsifier should be used at a level not
exceeding 0.1 mass % active ingredient. A treat rate of

0.001 to 0.05 mass % active 1ngredient 1s convenient.

Pour point depressants, otherwise known as lube o0il

10 flow 1mprovers, 1lower the minimum temperature at which
the fluid will flow or can be poured. Such additives are
well known. Typical of those additives which improve the

low temperature fluidity of lubricating oil compositions

are Cg to C;g dialkyl 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 requlire further elaboration.

The various components may be incorporated into a

base 01l 1n any convenient way. For example, each of the

25 components can be added directly to the oil by dispersing
or dissolving 1t 1in the 01l at the desired 1level of
concentration. Such Dblending 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 1into a concentrate that 1is subsequently blended
into basestock to make finished 1lubricant compositions.

Use of such concentrates 1S conventional. The

35 concentrate typically will be formulated to contain the
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additive(s) in proper amounts to provide the desired
concentration in the final formulation when the
concentrate 1s combined with predetermined amount of base

lubricating oil.

Preferably the concentrate 1is made 1in accordance
with the method described in U.S. patent 4,938,880. That
patent describes making a premix of ashless dispersant
and metal detergents that is pre-blended at a temperature
of at least 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:

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
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
Mineral or synthetic base oil balance balance

The final formulations may employ from 3 to 15 wt.$%
and preferably 4 to 20 wt.%, typically about 5 to 15 wt.$%
of the additive package(s) with the remainder being base
o1l. A preferred concentrate contains at least one

ashless nitrogen containing dispersant, at least one
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overbased metal detergent, and at least one ester fuel

economy improving additive.

With reference to Figure 1, it can be seen that
energy losses that occur during the operation of a
lubricated internal combustion engine vary with respect
to the thickness o0f the lubricant film on the contact
surfaces. More important,‘ however, 1t can be seen that
energy losses are significantly higher when the engine 1s
operating under boundary lubrication conditions, 1i.e.,
when the lubricant film thickness 1s very small
(typically in the sub 20 nm. range), than when the engine
1s running under mixed lubrication conditions or
hydrodynamic lubrication conditions. Figure 1 also
illustrates that when the viscosity of a lubricant
composition is lowered, without changing any of the other
properties of the 1lubricant(the dashed curve 1in Figure
1), the energy losses 1n the hydrodynamic reglon are
lowered, but the energy losses 1increase at a greater rate
in the mixed and boundary regions. This would be
expected because, when operating under hydrodynamic
lubrication conditions, frictional losses are
proportional to the viscosity of the lubricant 1n the
areas of contact; but when operating with lubricants
having a very low viscosity, there 1s a much higher
probability of metal to metal contact 1in the sub;-ZO nm.
region, when using the apparatus described 1in Example 1
herein, because lubricant film thickness generated at the
contact surfaces falls to values less than the roughness
of the contact surfaces more easily with lower viscosity

lubricants than with higher wviscosity lubricants.

An "optimized" lubricant would be one that results
1n reduced friction enerqgy 1losses regardless of f1lm

thickness, 1.e., regardless of whether an engilne 1is
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operating under boundary, mixed or hydrodynamic
lubrication conditions. This scenario is illustrated in
Figure 2, wherein the solid curve represents the results
achieved by a conventional lubricant and the dashed curve

represents the results achieved by an "optimized"

lubricant.

By adding the fuel economy improving additives of
the present invention to an otherwise conventional
lubricating o0il, a formulator can prepare "optimized"
lubricant compositions. This 1s because the EHD film
thickness formed in the very thin film (<10 nm.) region
1s controlled by the viscosity of the polar fuel economy
lmproving additive, rather than by the viscosility than the
fully formulated lubricant. This means that a mixture of
a highly viscous fuel economy improving additive, such as
pentaerythritol diocoleate, 1in a less viscous base o0il,
such as a poly(alpha-olefin) having a viscosity of about
6 cSt., will result in thicker than predicted lubricant
films 1n 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
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.)

and the engine 1is operating under mixed and/or

hydrodynamic lubrication conditions.

Figure 3 1illustrates one of the criteria that must
be met for the present lubricant compositions, i.e., that

they must be characterized by a positive deviation
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relative ta the theoretical line thatr would represenr
ldeal behavior w~hen the elastchydrodynamic (EED) film
Chlckness {in nm.) of the lusricant Lis plotted against
Che entrainment speed (in ms™’) of the Llubricant ac tha
areas of contact on a log basis. FOr purposes of
Llluscracion, the solid line (at a slope of approximately
0.7) represents the curve that would be exhlbited by a
fluid which fclleows the thecretical line. The curve
represented by the filled squares illustrates a POSitive
deviation relative tg the théoretical line, and the curve
representec 0y the filled triangles illustrates s
negatlive deviation relative to the theoretical Line. A
curwve (noc snown) which assentially follows zhe

i &

Checretical line would be descrized as pelng neutral.

The Lnvention is further described, by way of
Lllustration only, 1a the focllowing examples, wherein all

parts ana percentages are by weight unless noted

otherwise.
nXAMPLZ L
zlastcnydrecynamic (EHD) Cilm Chlcknesses and

fricticn  {traccion) coefficients were measured £for a
series of bilnary nixtures of ester fuel eCONnomy L1lmproving
additive 1n o cSt. poly(alpha-olefin) (PAQ) base oil or
1n Ex;con solvent neutral 90 (ESN) base oil, as indicared
in Table 1. The measurements were made on a Traction and
optical EHD film thickness rig. The test rig used a
reflective steel ball and a glass disc contacr suriace,
and measured the EZHD by ultrathin film interferometry. A
nign gressure contact was established herween Che steel
ball and the flat surface of the glass disc, which was

coated wWith a thin, semi-reflective laver of chremium. 2

& »
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silica spaéer layer (about 500 nm thick) was coated over
the chromium layer. White light was shown on the contact
surface. Some of the light was reflected from the
chromium layer, while some of the 1light passed through
the chromium layer and any lubricant film present and was
reflected from the steel ball. The two reflected beams
of light recombined and interfered. (The sillica layer
functioned as a spacing layer which ensured that
interference would occur even 1f no o0il film were
present) . The 1nterfered light from a strip across the
contact was passed 1nto a spectrometer where 1t was
dispersed and detected by a so0lid state, black and white
TV camera. A frame grabber was used to capture this
image and a microcomputer program was used to determine
the wavelength of maximum constructive interference 1in
the central region of the contact. The lubricant film
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
able to measure film thicknesses down to 10 nm with an
accuracy of *5% and below this down to 1x0.5 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
across the glass disc. In the traction mode the ball is
1in contact with a steel disc. The speed of the ball and
the disc may be varied. The contact can be described as
a varlable ratio of sliding to rolling, (Slide/Roll
ratio). Traction coefficients are a measure of the
friction 1losses under sliding and/or rolling contacts.
Two types oI measurements are made, namely: traction
coefficient as a function of Slide/Roll ration, and
traction coefficient as a function of entrainment speed

(Stribeck Traction).
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For each mixture, the friction (traction)
coefficient was measured as a function of slide/roll
ratio at 40, 60, 80, 100 and 135°C., the traction
coefficient was measured as a function of entrainment
speed at 80, 100 and 135°C., and the EHD film thickness
was measured as a function of entrainment speed.
Viscometric data for each mixture, and for 3% and 15%
binary mixtures of 6 c¢cSt. PAO and ESN 90 are set forth 1in
Table 1. In Table 1, sorbitan monooleate 1s abbreviated
as SMO, pentaerythritol dioleate 1s abbreviated as PDO,
and sorbitan triooleate 1s abbreviated as STO. The
integrated value of the area under the Stribeck curve at
135°C (referred to as the Stribsum) and the 1limiting
traction coeficients (TRAC 40, TRAC 60, etc.) are set
forth i1n Table 2.

Table 1
Binary Mixture Kv 40, cSt. Kv100, cSt.
10% SMO in ESN 90 21 .50 4,27
10% PDO 1n ESN 90 20.91 4,19
10% STO in ESN 90 20.80 4,21
10% SMO in 6 cSt. PAO 35.26 6.40
10% PDO 1in 6 cSt. PAO 33.95 .23
10% STO 1n 6 cSt. PAO 33.66 6.24
2% SMO in ESN 90 18.63 3.84
2% PDO 1n ESN 90 18.53 3.85
2% STO 1n ESN 90 18.55 3.85
2% SMO 1n 6 cSt. PAO 31.55 5.92
2% PDO 1in 6 cSt. PAO 31.32 5.86
2% STO 1in ©6 c¢cSt. PAO 31.33 5.92
3% 6 cSt. PAO in ESN 90 18.65 3.93
15% 6 ¢St. PAO in /ESN 90 20.16 4.17

e e e e e R e I A AL R R B R B AR R o R - . o soness.m i ames sasaibat = Raes a8c. o oses omusndsssPs "D wss § 0%Bnles sBe™ ss Sds e 8 5 ©® . Nt sy e "B%2a bumd’® 2% es « Saie B

» 45+ 4 3o iax D | DM AR M Lanl s o507 dote il pphatiam”, * « I+



CA 02286898 1999-10-08

WO 98/45389 PCT/US98/00053

1

1

10%

10%

10% STO in ESN90 4.83E-01 | 4.76E-02 | 4.11E-02 | 3.35E<02 | 2.57E-02 | 1.79E-02
10% SMO in 6 cSt. PAO 3.14E-01 | 3.37E-02 | 2.65E-02 | 2.11E-02 | 1.59E-02 | 1.05E-02

10%

10% STO in 6 ¢St. PAO 3.03E-01 | 3.38E-02 | 2.66E-02 | 2.15E-02 | 1.67E-02 | 1.14E-02

-32-

Table 2

Stobam | Trcdo | Tacoo | Tmeso [ Tmeio0 | Tme1ss
SMO in ESN90 4.13E-01 | 4.81E-02 | 3.96E-02 | 3.29E-02 | 2.55E-02 | 1.70E-02
PDO in ESN90 4.57TE-01 | 4.85E-02 | 4.02E-02 | 3.26E-02 | 2.59E-02 | 1.74E-02

PDO in 6 cSt. PAO | 2.94E-01 | 3.29E-02 | 2.71E-02 | 2.11E-02 | 1.61E-02 | 9 63E-02

2% SMO in ESN90 6.72E-01 | 5.21E-02 | 4.50E-02 | 3.81E-02 | 3.28E-02 | 2.65E-02
2% PDO in ESN90 4.90E-01 } 5.07E-02 | 4.38E-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%

PDO 1n 6 ¢St. PAO 3.38E-01 | 3.46E-02 | 2.75E-02 | 2.10E-02 | 1.64E-02 | 1.51E-02

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

3%

]

-

¥,

3%

6 cSt. PAO in ESN90 | 6.73E-01 | 5.16E-02 | 4.41E-02 | 3.48E-02 | 2.83E-02 | 2.04E-02

6 cSt. PAO in ESN90 | 5.73E-01 | 4.93E-02 | 4.21E-02 | 3.33E-02 | 2.72E-02 | 2.00E-02

ln a significantly lower traction (Stribsum) than for
elther the 3% 6 cSt. PAO in ESN 90 mixture or the 15% 6
cSt. PAO 1n ESN 90 mixture. Differences between the
traction measured for the individual esters were small
and varied generally as follows: SMO < PDO < STO. (The
lower the traction wvalue, the better the fuel economy
performance). At the 2% treat rate, SBO and STO in ESN
90 showed little or no clear advantage over 3% 6 cSt. PAO
1n ESN 90; the PDO, however, showed a significantly lower
traction (Stribsum) than either of the 6 cSt. PAO/ESN 90

mixtures.
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Figure 4 shows EHD film thickness as a function of
entrainment speed at 100°C., for 10% solutions of STO 1in
both ESN 90 and © c¢St. PAO. The so0lid lines represent
the theoretical lines expected from the bulk viscosities
of the test fluids at the contact pressures of the test
rig. As seen 1in the figure, the theoretical film
thicknesses are higher for the mineral basestock (ESN 90)
than for the PAO basestock because mineral o1ls have
higher pressure coefficients of viscosity than do PAO’s.
Hence the mineral oils are more viscous at the contact
inlet pressures (0.5GPa) than the PAO o1l1ls. Figure 4
also shows that 10% STO in both 6 cSt. PAO (represented
by the filled squares) and in ESN 90 (represented by the
filled diamonds) resulted in a positive deviation from
the theoretical, particularly at lower speeds. This 1s
evidence of surface film formation by the polar ester
species 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
in Table 2, to differing degrees, at all temperatures
tested. At high film thickness, 1.e., >30 nm., the
system was under hydrodynamic lubrication conditions.
Under these conditions the lower traction of the PAO
solution 1s clear. Both test fluids show a substantial
positive deviation from the theoretical in the region of
22-25 nm. This represents the transition to thé mixed
lubrication regime and OCCUrs when the film
thickness/surface roughness ratio 1s approximately 1.0°5.
At very low film thicknesses, i.e., when operating under
boundary 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 o011 and for an

approximately equiviscous solution of 15% 6 cSt. PAO 1n
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the same base 0il at 135°C. The frictional advantages for

the SMO solution under all conditions can be seen.

Figure 8 shows the traction curves as a function of
Slide/Roll ratio at 80°C. for a 5W-20 o0il which contains
no ester fuel economy improving additive and for a 5W-20
01l which contains 10% PDO as a fuel economy 1lmproving
additive. The frictional advantages for the PDO-

contalning oil are readily apparent.

EXAMPLE 2

In order to validate the data observed in connection
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 oil based upon
MTX-5 basestock with PMA as a viscosity index improver, a

mixture of primary and secondary Z1lnc dialkyl

dithiophosphates, a detergent system based on overbased
calcium and magnesium salicylates, and both ashless and
molybdenum dithiocarbamate friction modifiers. The
comparison 01l 1is shown in Table 4 as 5W20-Mo. The 5W20-
Mo test o1l 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 M111 Fuel Economy test, and a
HTHS and Kv 100 less than that of the 5W20-PDO test oil.
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Table 3 - Addpack Formulation

COMPONENT $ IN ADDPACK
Dispersant 43.19

5 Anti-foamant 0.02
Diluent 3.5
Overbased detergent 14.55
Neutral soap 16.36
Antioxidant 10.46

10 Primary ZDDP 9.09
Secondary ZDDP 2.27
Demulsifier 2.27
Friction modifier 0.46

15
Table 4 - 01l Formulation

Test 01l Addpack PDO Basestock HTHS,cSt. Kv1l00,cSt.
S5W20~-PDO 11.00% 10% 790% 2.99 g.11
20 5W20~-Mo - - — 2.55 8.81

Traction and film thickness data were generated for

OW20-PDO and 5W20-Mo using the same procedure that was

25 used for the binary mixtures in Example 1. The PDO-
containing oil showed thicker film formation, especially

at higher temperatures, than did the conventional, Mo-
containing 5W20 oil. The PDO-containing o1l also showed
much lower friction than did the Mo-containing oil. This

30 was true at all temperatures tested. The Stribeck curves
for the 5W20-PDO and 5W20-Mo test o0ils (Figure 5) clearly

show the 1mproved friction performance of the 5W20-PDO

test o1il.
35
EXAMPLE 3
The procedure of Example 1 was repeated for a binary
mixture comprising 10% pentaerythritol monooleate (PMO)
40 1n ESN 90. Figure 6 1s a Stribeck curve showing the

neutral to negative deviation relative to the theoretical

that was observed for the 10% PMO solution. That curve

e ol A S I U s G e s e senn an sun ans s sl e s e s s s an s o ol db i N
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clearly indicates PMO is not suitable for use as a fuel

economy 1mproving additive in accordance with the present
invention.
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CLAIMS:

1. A crankcase lubricant composition capable of improving the fuel economy of
an internal combustion engine lubricated therewith, which comprises:

a base o1l of lubricating viscosity as a major component;

and from about 5 to about 15 wt.%, based on the weight of composition, of a
fuel economy improving additive; said fuel economy improving additive comprising a
polar compound having a viscosity greater than the viscosity of said base oil; and said
fuel economy 1mproving additive being sclected such that the lubricant composition 1s
characterized by (1) a positive deviation from that of a theoretical line when the
elastohydrodynamic (EHD) film thickness of the lubricant composition is plotted
against entrainment speed on a log basis, and by (2) a traction coetficient under both
hydrodynamic and mixed lubrication conditions which is lower than 1t would have
been if said fuel economy 1mproving additive were not present in the lubncant

composition.

2. A crankcase lubricant composition according to claim 1, wherein said fuel
economy improving additive 1s selected from the group consisting of full or partial
esters of polyhydric alcohols and, unsaturated aliphatic carboxylic acids having from

about 9 to about 36 carbon atoms in the carbon chain.

3. A crankcase lubricant composition according to claim 2, 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.

4. A crankcase lubricant composition according to claim 1, wherein said fuel
economy improving additive is selected from the group consisting of sorbitan

trioleate, sorbitan monooleate and pentaerythnitol dioleate and mixtures thereof.
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5. A method of improving the fuel economy of an internal combustion engine,
which comprises:

adding to the crankcase of an engine to be operated under improved fuel
economy conditions, a crankcase lubricant composition comprising a base oil of
lubricating viscosity as a major component, and from about 5 to about 15 wt.% of a
fuel economy 1mproving additive; said fuel economy improving additive comprising a
polar compound having a viscosity greater than the viscosity of said base oil; and said
fuel economy improving additive being selected such that the lubricant composition is
characterized by (1) a positive deviation from that of a theoretical hine 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 1s lower than 1t would have
been 1f said fuel economy improving additive were not present in the lubricant

composition; and operating the engine.

6. A method according to claim 5, wherein said fuel economy improving additive
1s selected from the group consisting of full or partial esters of polyhydric alcohols
and unsaturated, aliphatic carboxylic acids having from about 9 to about 36 carbon

atoms 1n the carbon chain.

7. A method according to claim 6, wherein said fuel economy 1mproving additive
1s 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.

8. A method according to claim 7, wherein said fuel economy improving additive
1s selected from the group consisting of full or partial esters of polyhydric alcohols
and unsaturated, aliphatic carboxylic acids having from about 12 to about 20 carbon

atoms 1n the carbon chain.
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9. A method according to claim S, wherein said fuel economy 1mproving additive
1s selected from the group consisting of sorbitan trioleate, sorbitan monooleate and

pentaerythritol dioleate and mixtures thereof.
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