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[0001] This-invention relates to |ubricant conpositions. Mre particularly,
this invention relates to |ubricant conpositions having reduced friction
coefficient, inproved viscosity index and inproved sol vency. BACKGROUND OF
THE | NVENTI ON [ 0002] Inproving frictidnal properties in |ubricant
conposition has been an objective of the industry Friction between two
surfaces w || |ncrease the p uired to effect novenent and where the
movenent is afYBREGANT EQMPQPSIEFPNngW IMRRENEBPROEEBHIES: i s nost
desirable to effect lubrication in a manner which will mnimze this
frictiorFIERD OMITHEINYENTEINon in a |ubricant system fuel econony and
energy efficiency are maxim zed. Friction nDdifiers have been used to
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di al kyl di t hi ocarbamates, trinuclear organonol ybdenum corrpounds. [ 0004]
Friction nodifiers are not commonly known to inprove the viscosity index
(M) of BAUKGREOAMND GENEHE INVEMTIONr overs are ol efin polymers such as

pol yi sobutyl ene, ethyl ene propyl ene copol yners, hydrogenated pol yners and
copol yrrers and terpolyners of styrene with isoprene and/or but adi ene,
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required to effect movement and where the movement is an integral part of an

energy conversion system, it is most desirable to effect lubrication in a manner
which will minimize this friction. By minimizing friction in a lubricant system,
fuel economy and energy efficiency are maximized. Friction modifiers have been

used to promote such friction-reducing properties in lubricant systems.

[0003] Friction modifiers are well-known in the art and are currently used in
engine oil formulations. Friction modifiers know in the art include glycerol mono-,
di- and tri-oleate and mixtures thereof, oleylamide, ethoxylated amines such as
Duomeen® TDO, alkyl dithiocarbamates, molybdenum dialkyldithiocarbamates,

trinuclear organomolybdenum compounds.

[0004]  Friction modifiers are not commonly known to improve the viscosity
index (VI) of a lubricant. Generally, VI improvers are olefin polymers such as
polyisobutylene, cthylene propylene copolymers, hydrogenated polymers and
copolymers and terpolymers of styrene with isoprene and/or butadiene, polymers of
alkyl acrylates or alkyl methacrylates, copolymers of alkylmethacrylates with N-
vinylpyrrolidone or dimethylaminoalkyl methacrylate, post grafted polymers of
ethylene-propylene with an active monomer such as maleic anhydride which may

be further reacted with an alcohol or an alkylene polyamine, styrene-maleic



et hyl ene- propyl ene with an active nononer such as mal ei ¢ anhydri de which may
be further reacted with an al cohol or an al kyl ene pol yam ne, styrene-naleic
-2 anhydride polynmers post reacted with al cohols and am nes and the |ike.
These materials function by increasing the viscosity of the base oi
proportionately nore at high tenperatsires than at | ow tenperatures. Vi
inprovers are a well-known separate class of additives than the friction
nmodi fiers. Most, if not all engine |lubricant conpositions, are fornulated
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many fricti Itives have been suggeste used. For exanpl e,
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as friction reducers, viscosity 1nprovers and filmformng enhancers. The
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ester wherein the succinate group contain alkyl_or alkenyl K substituents.
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4,707, 304, ) Si+flid ected to lubricant additives that inprove friction

modi fyi ng properties in functional fluids. The lubricant additives conprise
di mer ester and polyester naterials derived from adducts of 0, 0 - dial kyl

di thi Ophg‘gﬁﬁg ! CI@ﬂiegz;i(?{gél/f,EBQﬁ’yﬁ B‘?étﬂﬁi‘ﬁroaiﬁérddd%ﬁ\%%}e%e%ﬂ%ggéﬁéd ah@OOB]

EP 02598 directed t riccating oil conpositions exhibitrng good
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and polyester, which includes hindered esters and dicarboxylic acid esters. -
compositions that act as friction reducers, viscosity improvers and film-forming
enhancers, The lubricant composition comprises mineral oil and at least one
polysuccinate ester wherein the succinate group contain alkyl or alkenyl

substituents.

[0006] U.S. 4,683,069 relates to lubricant oil compositions exhibiting improved
fuel economy which contain 0.05 to 0.2 wt% of a glycerol partial ester of a C14-Cyg
fatty acid as the fuel economy additive.

[0007] U.S. 4,707,301 is directed to lubricant additives that improve friction
modifying properties in functional fluids. The lubricant additives comprise dimer
ester and polyester materials derived from adducts of O, O - dialkyl
dithiophosphoric acids and 5-norbornene-2,3-dicarboxylic anhydride.

[0008] EP 0259808 is directed to lubricating oil compositions exhibiting good
frictional characteristics, where the composition comprises a mineral oil and

polyester, which includes hindered esters and dicarboxylic acid esters.



-3- [0009] EP 0815186 is directed to pol yol ester conpositions, which exhibit
| ower friction coefficient when conpared to conventional synthetic esters,
havi ng unconverted hydroxyl groups. [0010] Despite the advances in

| ubricant oil formulation technology, there remains a need for an additive
that will effectively reduce the friction coefficient of oil based

| ubricants and additionally inprove Vi3 -and sol vency in said |ubricants.
SUMVARY OF THE | NVENTI ON [0011] In accordance with a first aspect of the
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conpositions. [0012] I'n another aspect of the invention, there is provided

a lubricant conposition containing the additives of the present invention
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having a kinematic viscosity at 100C of at |east about 2,500 mm2/s provide
friction reducing properties and VI and sol vency inproving properties in
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[0011] In accordance with a first aspect of the invention, there is provided
additives useful for reducing the friction coefficient in lubricant compositions. In a
further aspect of the invention, there is provided additives useful for improving the
VI in lubricant compositions. In still another aspect of the invention, there is

provided additives useful for improving the solvency of lubricant compositions.

[0012] In another aspect of the invention, there is provided a lubricant
composition containing the additives of the present invention having a reduced

friction coefficient, improved VI and improved solvency.

[0013] Other objects and advantages of the present invention will become

apparent from the detailed description that follows.

[0014] It has now been found that lubricating compositions comprising a major
amount of at least one base oil and an effective amount of a high viscosity polyester
additive having a kinematic viscosity at 100°C of at least about 2,500 mm?/s
provide friction reducing properties and VI and solvency improving propertics in

lubricant systems.



[ 0015] Lubricant conpositions conprise a major anount of base oil. A wde
range of lubricating base oils is known in the art. Lubricating base oils
that are wuseful in the present invention are synthetic oils and
unconventional oils of lubricating viscosity, typically those oils having a
ki nematic viscosity at 100C in the range of 2 to 100 m2/s, preferably 2 to
50 mR/s, nore preferably about 4 to 5 m2/s. [00161 G oups |, 11, 11, IV
and V are broad categories of base stocks devel oped and defined by the
Anerican PetroleumInstitute (APl Publication 1509; ww.APLorg) to create
gui del i -'J_ Wy N36R oils. Goup | base stocks generally have a

Vi scosi t y+id 6 t—about 80 to 120 and contain greater than about
0.03% sul fur and/or |ess than about 90% saturates. G oup |l base stocks
generally have a viscosity index of between about 80 to 120, and contain

| ess t haf00kd] eduatridamt adompositidiBoecampfise aandjocyranbernt dhdascobileghalvide about
90% saturates. Goup Ill base stocks generally have a viscosity index of
greater range ebbihricapog bkasd wbsnisaknioweds theaunt. o Lubgigating baad @ils thadase sul f ur
and greater, than_about 90% sat urates. oup LV base stocks .include
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and <0.03% and >80 and <120 oup 1'I"l >90% and <0.03% and >I20 Group |V

Pol yal phasdlmins ( PAO)

[0016] Groups I, II, IIT, IV and V are broad categories of base stocks developed
and defined by the American Petroleum Institute (API Publication 1509;

www.APl.org) to create guidelines for lubricant base oils. Group I base stocks

generally have a viscosity index of between about 80 to 120 and contain greater
than about 0.03% sulfur and/or less than about 90% saturates. Group II base stocks
generally have a viscosity index of between about 80 to 120, and contain less than
or equal to about 0.03% sulfur and greater than or equal to about 90% saturates.
Group III base stocks generally have a viscosity index of greater than about 120
and contain less than or equal to about 0.03% sulfur and greater than about 90%
saturates. Group IV base stocks include polyalphaolefing (PAQO). Group V base
stocks include base stocks not included in Groups I-IV. The following table

summarizes properties of each of these five groups.

[0017]
Table A: Base Stock Properties

Saturates Sulfur Viscosity Index
Group 1 <90% and/or >0.03% and >80 and <120
Group 11 >90% and <0.03% and >80 and <120
Group I >90% and <0.03% and >120
Group IV Polyalphaolefins (PAO)
Group IV All other base stocks not included in Groups I, 11, IIT or IV




Goup IV All other base stocks not included in Goups I, II, IlIl or IV -5-
100181 Synthetic oils include hydrocarbon oils as well as non hydrocarbon
oils. Synthetic oils can be derived from processes such as chem cal

conbi nation (for exanple, polynerization, oligonerization, condensation,
al kyl ati on, acylation, etc.), where nmaterials consisting of smaller,
sinpl er nol ecul ar species are built Gp~ (i.e., synthesized) into materials
consisting of |arger, nore conplex nolecular species. Synthetic oils

i ncl ude hydrocarbon oils such as polynerized and interpolynerized ol efins
(pol ybut yl enes, pol ypropyl enes, propyl ene isobutyl ene copolyners,
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m xtures thereo may be utilized. See U. S. Patents Nos. 4,956, 122;

4, 827, 0O6éxampld, 4pdgihedizatiomhiaipgonserezabiengi condensutiver, askkgldijon; ededsiog.
10020] The nunber average nol ecul ar wei ghts of the PAGs, which are known
nat er i al eiCanwhgen aradenials seapisting of smallermgimplerometeceilar speesare boik Snppl i er s
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not limtedto, C2 to about 2 al phaol'efins wth the to about C16

al phaol etopulymers; letlad efie-obdfan eopolintes e, ethy hodedphalafin copelymdrs, fdpei ng
preferred. The preferred pol yal phaolefins are poly-I-octene, poly-I-decene
and pol yexamgpl§acene and mi xtures thereof and

[0019] PAO base stocks are commonly used as synthetic hydrocarbon oil. By
- way of example, PAOs derived from Cy, Cyg, Cy2, Cy4 olefins or mixtures thereof

may be utilized. See U.S. Patents Nos. 4,956,122; 4,827,064; and 4,827,073, which

are herein incorporated by reference.

[0020] The number average molecular weights of the PAOs, which are known
materials and generally available on a major commercial scale from suppliers such
as ExxonMobil Chemical Company, Chevron Phillips Chemical Company, BP, and
others, typically vary in viscosity from about 250 to about 3,000 mm%s (100°C),
although PAO’s may be made in viscosities up to about 100 mm*/s (100°C). The
PAOs are typically comprised of relatively low molecular weight hydrogenated
polymers or oligomers of alphaolefins which include, but are not limited to, C, to
about Cs, alphaolefins with the Cg to about Cy4 alphaolefins, such as l-octene,
1-decene, 1-dodecene and the like, being preferred. The preferred polyalphaolefins
are poly-1-octene, poly-1-decene and poly-1-dodecene and mixtures thereof and
mixed olefin-derived polyolefins. However, the dimers of higher olefins in the
range of Cy; to C;g may be used to provide low viscosity basestocks of acceptably

low volatility. Depending on the viscosity grade and the starting oligomer, the



m xed ol efin-derived pol yol efins. However, the diners of higher olefins in
the range of Cl4 to C18 nmay be used to provide |ow viscosity basestocks of
acceptably low volatility. Depending on the viscosity grade and the
starting oligoner, the -6- PACs may be predomnantly triners and tetraners
of the starting olefinms, with mnor anmounts of the higher oligoners, having
a viscosity range of 1.5 to 12 nnﬂ/s;6[00211 The PAO fluids may be
conveniently rmade by the polynerization of an al phaolefin in the presence
of a polynerization catalyst such as the Friedel-Crafts catalysts
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propi onate. For exanple the nethods disclosed by U S’ Pat'ent No. 4,149,178
or U S. Ramfst No. 3,382,291 may be conveniently used herein. O her
descriptions of PAO synthesis are found in the following U S. Patents Nos.
3,742,082; 3,769, 363; 3,876,720; 4,239,930; 4,367,352; 4,413, 156;
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Gas- t o- Licathlfss (fatlodinRt o absamPIEL HlafSn@inl trieRIdeides ebdrdse tffl6kds) or
obtained froma GIL process via one or nore synthesis, conbination,

t r ansf or matiplexesr eabormgtriftunirideamdthowathrg aldhblsosudhe eo ettanodt propanpr ocess
from gaseous carbon contaj ning conpounds. Preferably, the GIL base _stocks

are deri aganoloparbpsy aeilsr oregisiscriohray etipiliasstate opratbik praeratenFar
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to | ower
3,382,291 may be conveniently used herein. Other descriptions of PAQO synthesis

are found in the following U.S. Patents Nos. 3,742,082; 3,769,363; 3,876,720,
4,239,930; 4,367,352; 4,413,156; 4,434,408; 4,910,355; 4,956,122; and 5,068,487,
which are herein incorporated by reference. The dimers of the Cy4 to Cyg olefins

are described in U.S. Patent No. 4,218,330.

[0022] Unconventional base stocks include one or more of a mixture of base
stock(s) derived from one or more Gas-to-Liquids (GTL) materials. GTL base oil
comprise base stock(s) obtained from a GTL process via one or more synthesis,
combination, transformation, rearrangement, and/or degradation deconstructive
process from gaseous carbon containing compounds. Preferably, the GTL base
stocks are derived from the Fischer-Trospch (FT) synthesis process wherein a
synthesis gas comprising a mixture of H, and CO is catalytically converted to lower
boiling materials by hydroisomerisation and/or dewaxing. The process is
described, for example, in U.S. Pat. Nos. 5,348,982 and 5,545,674, and suitable
catalysts in U.S. Pat. No. 4,568,663, each of which is incorporated herein by

reference.



boiling materials by hydroisonerisation and/ or dewaxi ng. The process is
descri bed, for exanple, in U S. Pat. Nos. 5,348,982 and 5, 545,674, and
suitable catalysts in U S. Pat. No. 4,568,663, each of which is

i ncorporated herein by reference. -7- [0023] GIL base stock(s) are
characterized typically as having kinematic viscosities at 100C of from
about 2 m2/s to about 50 mmR/s, prefgrably from about 3 mm2/s to about 50
m2/s, nore preferably fromabout 3.5 m2/s to about 30 nmmR/s. The GIL base

stock and/or ot her hydrodewaxed, or hydroisoperized/ cat _ (qr so]vent)
dewaxed féﬂ?%er GoL base 9 RY e ushtragigHzechI ypicetyt Ae Rgdagnkinemafignt i on
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measur ement made by ASTM net hod D445, [ 0024]° GTL base stocks and base oils

derived 80 onm&El ThagTls baskstoskiantl/oz atherdeydisdeivascd)as agat(ﬁmneﬂmbmnt s of
this invention are further characterized toﬁlfl cally as having pour points of
S

about - 5@rosolvenir dewaxddervedy eaivedt baseostook(s) | usedr typaealky pn ether piissgntabout

-15C or |ower,, still .nore preferaply about -20 r lower,,and_undeyr sone
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preferably about -20C or higher. References herein to pour point refer to
measur engnide bydeSHM ARt ODA4ENd sim | ar automated versions. [0025] The GIL
base stock(s) derived from GIL naterials, especially hydro-

[0024] GTL base stocks and base oils derived from GTL base stocks which can

be used as base stock components of this invention are further characterized

typically as having pour points of about -5°C or lower, preferably about -10°C or

lower, more preferably about -15°C or lower, still more preferably about -20°C or

lower, and under some conditions may have advantageous pour points of about -

25°C or lower, with useful pour points of about -30°C to about -40°C or lower. In

the present invention, however, the GTL basc stock(s) used generally are those

having pour points of about -30°C or higher, preferably about -25°C or higher,

more preferably about -20°C or higher. References herein to pour point refer to

measurement made by ASTM D97 and similar automated versions.

[0025] The GTL base stock(s) derived from GTL materials, especially hydro-
dewaxed or hydroisomerized/cat (or solvent) dewaxed synthetic wax, especially F-
T material derived base stock(s) are also characterized typically as having viscosity
indices of 80 or greater, preferably 100 or greater, and more preferably 120 or
greater. Additionally, in certain particular instances, the viscosity index of these
base stocks may be preferably 130 or greater, more preferably 135 or greater, and
even more preferably 140 or greater. For example, GTL base stock(s) that derive

from GTL materials preferably F-T materials especially F-T wax generally have a



dewaxed or hydroi sonerized/ cat (or solvent) dewaxed synthetic wax,
especially F- T material derived base stock(s) are also characteri zed
typically as having viscosity indices of 80 or greater, preferably 100 or
greater, and nore preferably 120 or greater. Additionally, in certain
particul ar instances, the viscosity index of these base stocks nmay be
preferably 130 or greater, nore prefe%ably 135 or greater, and even nore
preferably 140 or greater. For exanpl®, GIL base stock(s) that derive from
GIL materials preferably F-T materials especially F-T wax generally have a

-8- viscosity i.ndex of 0 or greater. References herein to viscqgsity index
orer T RoRKIRAER SN 15 PS EreRer b dCueek (6] iy Moot fade Faet idcoo: 1y
of at |egst / s B ' at d about
130 provi deMgg}oégﬁﬁdr @g Wtﬁ ss(}?%&%ag? gfiﬂdﬁgscﬁ?aﬁng%,gﬁilﬁgméig%gsggéugtogcaﬁ?%St are
typi cal lapolit i’ pasri 60T and 290eosiBt HidekasD at lRAS 4BdOL OB Biovidd gbsdes of
nonocycl oparaffins and nulticyclo- paraffins in conbination with non-cyclic
i sopar afresuls. The ratio of the naphthenic (i.e., cycloparaffin) content in

such conbi nations varies with the catalyst and tenperature used. Further,
GIL base stocks and base oils typically have very low sulfur and nitrogen

content, erall nt aj,ni l ess th bout 10,ppm . and e. Leally
| ess tha{ﬂgg@outi%xig‘%ﬁp&f a@ﬁ"lbﬁas(el.,ségg&gf%%péqall% ﬂ%‘gg Pﬁ‘}g%é\'ﬂ]& (%?%r/ﬁc‘)gen
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pref er r gr£iMfAQdh Ribinktieh With Rés-eysli® WoparaftiasPTeestivas @ik Miphthérmé eri al s
that consi st predom nantly of non-cyclic isoparaffins and only m nor
amount s (o¢., cyclqpaaliin)i osnteflh s esucliLcdrabmatibos kiaxjest ywithe dhd ycatalpytr bad
paraffinic materials that cagnsist of glzeat r than 60 w % non-cyclic
i sopar aftempstatyieassefagiyrther, GTL base stocks and base oils typically have very low
sulfur and nitrogen content, generally containing less than about 10 ppm, and more
typically less than about 5 ppm of each of these elements. The sulfur and nitrogen
content of GTL base stock(s) obtained by the hydroisomerization/isodewaxing of

F-T material, especially F-T wax is essentially nil.

[0027] In a preferred embodiment, the GTL base stock(s) comprises paraffinic
materials that consist predominantly of non-cyclic isoparaffins and only minor
amounts of cycloparaffins. These GTI. base stock(s) typically comprise paraffinic
materials that consist of greater than 60 wt% non-cyclic isoparaffins, preferably
greater than 80 wt% non-cyclic isoparaffins, more preferably greater than 85 wt%
non-cyclic isoparaffins, and most preferably greater than 90 wt% non-cyclic

isoparaffins based on total GTL base stock composition.

[0028] Useful compositions of GTL base stock(s) are recited in U.S. Patent Nos.
6,080,301; 6,090,989, and 6,165,949 for example, which are herein incorporated by

reference.

[0029] In the present invention, mixtures of base stock(s), mixtures of the GTL

base stock(s), or mixtures thereof, preferably mixtures of GTL base stock(s)



greater than 80 wt % non-cyclic isoparaffins, nore preferably greater than 85
wt % non-cyclic isoparaffins, and nost preferably greater than 90 wt %
non-cyclic isoparaffins based on total GIL base stock conposition. [0028]
Useful conpositions of GIL base stock(s) are recited in U S. Patent Nos.

6, 080, 301; 6,090,989, and 6, 165,949 for exanple, which are herein

I ncorporated by reference. [0029] I m%he present invention, mxtures of
base stock(s), mxtures of the GIL base stock(s), or mxtures thereof,
preferably m xtures of GIL hase stock(s) -9- praqvided each component in the
m xt ure REQVidebpach gnraperenttin the gxhuEe Bas beemsibiorird tp achiffetant dinab¥iexi que,
can constitute all ,or part of th e oil 01 The base oil of the
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co- base stock(s) are G oup IV base stock(s). Co-base stock(s) that can be
used include al kyl ated aromati c conpounds. Exanples of alkylated aromatic
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per cent ag rogens ( and the proximty of branching, as
nmeasured by the percentage of recurring methyl ene carbons which are four or
nore carbons renoved froman end group or branch (CH2 > 4), are such that:
(a) BI-O0JE3@}H2 =Tk preferred base stocks or base oils derived from GTL materials and/or

from waxy feeds are characterized as having predominantly paraffinic composi-
tions and are further characterized as having high saturates levels, low-to-nil sulfur,

low-to-nil nitrogen, low-to-nil aromatics, and are essentially water-white in color.

[0032] A preferred GTL base stock is one comprising paraffinic hydrocarbon
components in which the extent of branching, as measured by the percentage of
methyl hydrogens (BI), and the proximity of branching, as measured by the
percentage of recurring methylene carbons which are four or more carbons
removed from an end group or branch (CH, > 4), are such that: (a) BI-0.5(CH, > 4)
>15; and (b) BI+0.85 (CH; > 4) <45 as measured over said base stock.

[0033] The preferred GTL base stock can be further characterized, if necessary,
as having less than 0.1 wt% aromatic hydrocarbons, less than 20 wppm nitrogen
containing compounds, less than 20 wppm sulfur containing compounds, a pour
point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and (CH,
> 4)<22.5. They have a nominal boiling point of 370°C”, on average they average
fewer than 10 hexyl or longer branches per 100 carbon atoms and on average have
more than 16 methyl branches per 100 carbon atoms. They also can be

characterized by a combination of dynamic viscosity, as measured by CCS at -



>15; and (b) BI+0.85 (CH2 > 4) <45 as neasured over said base stock. [00331
The preferred GIL base stock can be further characterized, if necessary, as
having | ess than 0.1 wt % aromati c hydrocarbons, |ess than 20 wppm ni trogen
cont ai ni ng conpounds, |ess than 20 wppm sul fur contai ni ng conpounds, a pour
point of less than -18C, preferably less than -30C, a preferred Bl > 25.4
and (CH2 > 4) < 22.5. They have a noyd nal boiling point of 370C+, on
average they average fewer than 10 hglyl or | onger branches per 100 carbon
atons and on average have nore than 16 nethyl branches per 100 carbon
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100C) - 700 4] The preferred GIL base oil is also characterized as
conprising a mxture of branched paraffins characterized in that the

| ubri cant base oil contains at |least 90%of a mxture of branched
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the free carbon index of said branched paraffins is at least about 3.

[0035] In the above the Branching Index (BI), Branching Proximity (CH, > 4),

and Free Carbon Index (FCI) arc determined as follows:

Branching Index

[0036] A 359.88 MHz 1 H solution NMR spectrum is obtained on a Bruker 360
MHz AMX spectrometer using 10% solutions in CDCl;. TMS is the internal
chemical shift reference. CDCl; solvent gives a peak located at 7.28. All spectra
are obtained under quantitative conditions using 90 degree pulse (10.9 us), a pulse
delay time of 30 s, which is at least five times the longest hydrogen spin-lattice

relaxation time (Ty), and 120 scans to ensure good signal-to-noise ratios.

[0037] IIatom types are defined according to the following regions:

9.2-6.2 ppm hydrogens on aromatic rings;

6.2-4.0 ppm hydrogens on olefinic carbon atoms;

4.0-2.1 ppm benzylic hydrogens at the a-position to aromatic rings;
2.1-1.4 ppm paraffinic CH methine hydrogens;

1.4-1.05 ppm paraffinic CH, methylene hydrogens;



are obtai ned under quantitative conditions using 90 degree pulse (10.9 s), a
pulse delay time of 30 s, which is at least five tines the | ongest hydrogen
spin-lattice relaxation tine (Ti), and 120 scans to ensure good

signal -to-noise ratios. [0037] H atomtypes are defined according to the
followi ng regions: 9.2-6.2 ppn1hydroqens on aromatic rings; 6.2-4.0 ppm
hydr ogens on ol efinic carbon atons; 4.'0-2.1 ppm benzylic hydrogens at the
u.-position to aromatic rings; 2.1-1.4 ppn1paraffinic CH net hi ne hydr ogens;
1.4-1.05 ppn1paraff|n|c CH2 h Iene h gens; -11- 1.05-0.5 ppm
paraffinic CH3 nebPfP> RyHY Py ﬁ$ﬂ YEFQEf®8i ng i ndex (Bl) is
calculated as the ratio in percent of non- benzylic nmethyl hydrogens in the
range of 0.5 to 1.05 ppm to the total non- benzylic aliphatic hydrogens in
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which is™at Teas VE i nes the | ongest carbon spin-lattice relaxation
time (T1), to ensure conplete relaxation of the sanple, 200 scans to ensure
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atom types , CH2, and CH are 1dentified fromthe 135

Polarization Transfer (DEPT) NMR spectra are obtained on a Brucker 360

MHzAMX spectrometer using 10% solutions in CDCL;. TMS is the internal

chemical shift reference. CDCL; solvent gives a triplet located at 77.23 ppm in the
BC spectrum. All single pulse spectra are obtained under quantitative conditions
using 45 degree pulses (6.3 ps), a pulse delay time of 60 s, which is at least five
times the longest carbon spin-lattice relaxation time (T,;), to ensure complete
relaxation of the sample, 200 scans to ensure good signal-to-noise ratios, and

WALTZ-16 proton decoupling.

[0040] The C atom types CHs;, CH,, and CH are identified from the 135 DEPT
Bc NMR experiment. A major CH, resonance in all >C NMR spectra at ~29.8
ppm is due to equivalent recurring methylene carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are
determined based primarily on the B¢ chemical shifts for the methyl carbon at the
end of the branch or the methylene carbon one removed from the methyl on the

branch.

[0041] Free Carbon Index (FCI). The FCI is expressed in units of carbons, and
is a measure of the number of carbons in an isoparaffin that are located at least 5
carbons from a terminal carbon and 4 carbons way from a side chain. Counting the

terminal methyl or branch carbon as "one" the carbons in the FCI are the fifth or



13C NWR experinent. A major CH2 resonance in all 13C NVR spectra at 229.8
ppmis due to equival ent recurring nethylene carbons which are four or nore
renoved froman end group or branch (CH2 > 4). The types of branches are
determ ned based primarily on the 13C chem cal shifts for the nethyl carbon
at the end of the branch or the nethyl ene carbon one renoved fromthe

met hyl on the branch. [0041] Free Qq@Qon Index (FCl). The FCl is expressed
in units of carbons, and is a nmeasuré of the nunber of carbons in an

i soparaffin that are |ocated at least 5 carbons froma term nal carbon and
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car bon. ese carbons appear betwe 29.9 ppm and 6 ppmi

spect r untarbbeyl 3apectrasas UTBey ek hohduwed as oll@md:cul ate the average carbon
nunmber of the nolecules in the sanple which is acconplished with sufficient

accuracy for lubricating oil materials by sinply dividing the nolecular
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Transform (QW¥3; spectrometer. Preferably, the neasurements are performed
ieing @ b. divide the total carbon-13 integral area (chart divisions or area counts) by the

average carbon number from step a. to obtain the integral area per carbon in the

sample;

c. measure the area between 29.9 ppm and 29.6 ppm in the sample; and

d. divide by the integral area per carbon from step b. to obtain FCI.

[0042] Branching measurements can be performed using any Fourier Transform
NMR spectrometer.  Preferably, the measurements are performed using a
spectrometer having a magnet of 7.0T or greater. In all cases, after verification by
Mass Spectrometry, UV or an NMR survey that aromatic carbons were absent, the
spectral width was limited to the saturated carbon region, about 0-80 ppm vs. TMS
(tetramethylsilane). Solutions of 15-25 percent by weight in chloroform-d1 were
excited by 45 degrees pulses followed by a 0.8 sec acquisition time. In order to
minimize non-uniform intensity data, the proton decoupler was gated off during a
10 sec delay prior to the excitation pulse and on during acquisition. Total
experiment times ranged from 11-80 minutes. The DEPT and APT sequences were
carried out according to literature descriptions with minor deviations described in

the Varian or Bruker operating manuals.

[0043] DEPT is Distortionless Enhancement by Polarization Transfer. DEPT

does not show quaternaries. The DEPT 45 sequence gives a signal for all carbons



spectronmeter having a magnet of 7.0l or greater. In all cases, after
verification by Mass Spectronetry, UV or an NMR survey that aromatic
carbons were absent, the spectral width was |inmted to the saturated carbon
regi on, about 0-80 ppmvs. TM5S (tetranethylsilane). Solutions of 15-25
percent by weight in chloroformdl were excited by 45 degrees pul ses
followed by a 0.8 sec acquisition tiT™S.- In order to minimze non-uniform
intensity data, the proton decoupler was gated off during a 10 sec del ay
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[0044] GTL base stock(s) are of low or zero sulfur and phosphorus content.
There is a movement among original equipment manufacturers and oil formulators
to produce formulated oils of ever increasingly reduced sulfated ash, phosphorus
and sulfur content to meet ever increasingly restrictive environmental regulations.
Such oils, known as low SAPS oils, would rely on the use of base oils which
themselves, inherently, are of low or zero initial sulfur and phosphorus content.
Such oils when used as base oils can be formulated with additives. Ewven if the
additive or additives included in the formulation contain sulfur and/or phosphorus
the resulting formulated lubricating oils will be lower or low SAPS oils as

compared to lubricating oils formulated using conventional mineral oil base stocks.

[0045] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wt% or less, preferably 0.6
wi% or less, more preferably 0.5 wt% or less, most preferably 0.4 wt% or less, an
ash content of 1.2 wi% or less, preferably 0.8 wi% or less, more preferably 0.4 wt%
or less, and a phosphorus content of 0.18% or less, preferably 0.1 wt% or less, more
preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and in certain

instances, even preferably 0.05 wt% or less.



to produce formulated oils of ever increasingly reduced sulfated ash,
phosphorus and sul fur content to neet ever increasingly restrictive
environnmental regulations. Such oils, known as |low SAPS oils, would rely on
the use of base oils which thenselves, inherently, are of |ow or zero
initial sulfur and phosphorus content. Such oils when used as base oils can
be fornulated with additives. Even if,fhe additive or additives included in
the formul ati on contain sul fur and/ or phosphorus the resulting fornul ated

| ubricating oils will be lower or |low SAPS oils as conpared to |lubricating
oils formul ated using conventional mneral oil base stocks. [0045] Low SAPS
formulated oils for vehicle engines (both spark ignited and conpression
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hi gh viscosity polyesters. They typically have a kinenmatic viscosity at
100C of at |east about 2,500 mR/s, preferably at |east about 3,000 Mmm®/s.
The VI ofjopdry adehé iav@Rives usecltmhé g?&@npfnveﬁagﬂtareﬁ@g@%co@i i pelyaters about
300, as rreasur ed by ASTM D2270. The additives used in the "present

i nvent i orthaging dhephical stomsuteyl. pol yesters havi ng chem cal structure |I. Rl
COOR2 COOR2 n where R1= C8 - C20

[ ]
R1  COOR,
COOR, —In
where R1 Cg—Czo
Ry=0C4
n=3to 14 |

[0048]  For a molecular weight range between 2,000 and 6,000 and when R, is
Cg (2-ethylhexyl) and R, is C, to Cy; (olefin part) or a four to twelve carbon number

chain, n will range from 4 to 14.

[0049]  Preferably, the high viscosity polyesters are co-polymers of alpha-olefins
and alpha, beta unsaturated 1,4 dicarboxylic acid esters. Preferably, the alkyl group
of the esters is 2 ethyl-hexyl. The preferred high viscosity polyesters employed in
the present invention are commercially available from Akzo Nobel under the

tradename Ketjenlube 23000.



R2=C8 n=3to0l14 | [0048] For a nol ecul ar weight range between 2,000 and

6, 000 and when R2 is C8 (2-ethylhexyl) and Rl is C4 to Cl2 (olefin part) or
a four to twelve carbon nunber <chain, n will range from4 to 14. [0049]
Preferably, the high viscosity polyesters are co-pol yners of al pha-ol efins
and al pha, beta unsaturated 1,4 dicarPﬁxylic acid esters. Preferably, the

al kyl group of the esters is 2 ethyl=hexyl. The preferred high viscosity
pol yesters enployed in the present invention are commercially avail able
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and at | east one performance additive. Usually, the base stock is a si ngl e
oil secured froma single crude source and subjected to a single processing

schenme ang eting a particular specifjcation. Base ojls conprjse at | east
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base oil constitutes the major conponent of the |lubricating oil conposition
and typi ctodky Prefgmbleithe bascaoilsiob thet preserdiingentianare GTL base oils or PAO
base oils. The base oils can be blends of GTL base oils and other base stocks

and/or base oils such as PAOs. More preferably, the base oils are GTL base oils.

[0052] The lubricant compositions of the present invention comprise a major
amount of at least one base oil and an effective amount of a high viscosity polyester
additive. 'The at least one base oil constitutes the major component of the
lubricating oil composition and typically is present in an amount ranging from
about 50 wt.% to about 99 wt. %, e.g., from about 85 wt.% to about 95 wt. %,
based on the total weight of the composition. By effective amount, it is meant that
the high viscosity polyester additive is present in amounts ranging from about 1
wt.% to about 10 wt.%, preferably ranging from 2 wt.% to about 7 wt.%, of the
‘total lubricant composition. Optionally, the additives of the present invention may
be used in combination with other additives such as molybdenum dithiocarbamate,

a known friction modifier additive.

[0053] The additives of the present invention can be used in, but not limi’_ced to,
both straight grade and multigrade lubricating oil formulations for both gasoline
and diesel (compression ignition) engines, natural gas engines, turbine engines,
automatic and manual transmissions, marine diesel engines, gear boxes and other

industrial lubricants formulated with highly saturated base oils.



about 50 wt.%to about 99 wt. % e.g., fromabout 85 w.%to about 95 mt. %
based on the total weight of the conposition. By effective amount, it is
meant that the high viscosity polyester additive is present i-n amounts
ranging fromabout 1 w.%to about 10 wt.% preferably ranging from2 wt.%
to about 7 wt.% of the total |ubricant conposition. Optionally, the
additives of the present invention gy, be used in conbination with other
addi tives such as nol ybdenum di t hi ocarbamate, a known friction nodifier
additive. [0053] The additives of the present invention can be used in, but
not limted to, both straight grade and nultigrade |ubricating oil

formul ati ons for both gasoline and diesel (conpression ignition) engines,

natural [RS4EngiMRslubticating eompashinm of tiet merddtdnoandismnisg! bé femmitagsl ons,
marine di esel engines, gear boxes and other industrial |ubricants
f or nul at withwont ¢1i givirg  sdditipnale dddisisies ofuch. as 1Bhlgse odispersamts) uipringhtomg

conposition, of the present invention nmay.he forpulated wth ope or nore
addi t i on@Yerhard: g ey Srba§HF1EW§Md?‘¥‘BEV§a?‘Ht§?Xl&‘t‘ﬂtﬁsﬂu%rmh Fha88d net al
deter gen{iéfa ti-wear additive, antioxidants, rust inhibitors, and

def oamants. T’@g 5] Dispersants useful in this invention are borated and
non- borated nitrogen-containing conpounds that are oil soluble salts,

am des, imdes and esters nmde from high nol ecul ar wei ght nono and

di - car bopisE} addidseramitsvaséfalisin ainaavemtiaf edree boditegenadnndnascratede
reaction of polyolefins (C2 - C5 olefins), such_ as polyisobutenyl succinic
anhydr i deitmoigen-centainingxgompowidsythaherepal gelibleesaisc Amades, imides and esters
tetraet hyl enepent am.ne. The borated di spersanf.s contain bpoyon in ap anount
from. bR Oam: High GholesyBACRAIED, WOBPRab il e onisr aSiss And cvariut
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wei ght o
as polyisobutenyl succinic anhydride with an alkoxy or alkylene polyamine such as

tetraethylenepentamine. The borated dispersants contain boron in an amount from
about 0.5 to 5.0 wt% based on dispersants. Dispersants are used generally in
amounts from about 0.5 to about 10 wt% based on the total weight of the

lubricating oil composition.

[0056] Detergents useful in the formulations include the normal, basic or
overbased metal, that is calcium, magnesium and the like, salts of petroleum
naphthenic acids, petroleum sulfonic acids, alkyl benzene sulfonic acids, alkyl
phenols, alkylene bis-phenols, oil soluble fatty acids. The preferred detergents are
the normal or overbased calcium or magnesium salicylates, carboxylates, sulfonates
and or phenates. Detergents are used generally in amounts from about 0.5 to about
25 wt% more preferably from about 0.6 to about 6 wt% based on the total weight of

the lubricating oil composition.

[0057) Examples of suitable antioxidants are hindered phenols, such as 2,6-di-
tert-butylphenol, 4,4'- methylene bis (2,6-di-teri-butylphenol) 2,6-di-tert-butyl-p-
cresol and the like, amine antioxidants such as alkylated naphthylamines, alkylated

diphenylamines and the like. Antioxidants are used generally in amounts from



| ubricating oil conposition. [0056] Detergents useful in the formulations

I ncl ude the normal, basic or overbased netal, that is cal cium nagnesium
and the |like, salts of petroleum naphthenic acids, petroleumsulfonic

aci ds, al kyl benzene sulfonic acids, alkyl phenols, alkylene bis-phenols,
oil soluble fatty acids. The preferrefydetergents are the normal or

over based cal ci um or magnesi um sal i cyl‘ates, carboxyl ates, sulfonates and or
phenates. Detergents are used generally in anmobunts from about 0.5 to about

25 wt % nore preferably fromabout O 6 ta ahout 6 w % based .on.the total
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ant i oxi d%{‘ﬁ"’ %nhi nder ed phenol's, such as 2,6-di- tert-butyl phenol, 4,4'-
nmet hyl ene S@fz ,6-di-tert-butyl phenol) 2,6-di-tert-butyl-p- cresol and the
| i ke, am ne antioxidants such as al kyl at ed napht hyl am nes, al kyl ated

di phenyl am nes and the |ike. Antioxidants are used generally in amunts from
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wi th thecbingpbsiioncosi ty polyester of this invention, are the olefin

pol ynmers such as pol ybut ene, ethyl ene-propyl ene copol yners, hydrogenat ed
pol ymers and copol yners and terpol yners of styrene

[0059] Conventional viscosity index (VI) improvers that can also be used in
addition to or in combination with the high viscosity polyester of this invention, are
the olefin polymers such as polybutene, ethylene-propylene
copolymers,hydrogenated polymers and copolymers and terpolymers of styrene
with isoprene and/or butadiene, polymers of alkyl acrylates or alkyl methacrylates,
copolymers of alkylmethacrylates with N-vinyl pyrrolidone or dimethylaminoalkyl
methacrylate, post grafted polymers of ethylene-propylene with an active monomer
such as maleic anhydride which may be further reacted with an alcohol or an
alkylene polyamine, styrene-maleic anhydride polymers post-reacted with alcohols
and amines and the like. These additives arc used in amounts from about 1.5 to
about 15 wt% based on total weight of the lubricating oil composition. The

amounts also depend on the desired viscosity specifications.

[0060] Friction modifiers that can also be used in this invention comprise
molybdenum dithiocarbamates. Examples of molybdenum dithiocarbamates
include Cq - Cyg dialkyl or diaryldithiocarbamates, or alkylaryldithiocarbamates
such as dibutyl, diamyl, diamyl-di-(2-ethylhexyl), dilauryl, dioleyl and
dicyclohexyl dithiocarbamate. The amount of molybdenum dithiocarbamate(s)

present in the oil, ranges from about 0.05 to about 1 wt% based on total weight of



wi th isoprene and/or butadi ene, polyners of al kyl acrylates or alkyl

nmet hacryl ates, copolyners of al kyl nethacrylates with N-vinyl pyrrolidone or
di met hyl am noal kyl met hacryl ate, post grafted pol yners of

et hyl ene- propyl ene with an active nononer such as nal ei c anhydri de which
may be further reacted with an al cohol or an al kyl ene pol yam ne,
styrene-mal ei c anhydride polyners postereacted with alcohols and am nes and
the Iike. These additives are used in amounts fromabout 1.5 to about 15

wt % based on total weight of the lubricating oil conposition. The = anobunts

al so de . i AV | if i 1.00S. Frl cLi

nodi fi efgnﬂﬁ%p né gﬁl g‘?@gbg@m\é’s ggg%B%kﬁgﬁﬁ%v%ﬁ%%né%o%%ggémn%% enhom

di t hi ocapbaires0RSpp bRt Sf&hbRDfryROHINSditbhbeaa I b@ppies i nclude C6 - C18
di al kyl or diaryldithi ocarbamates, or al kyl aryl dithiocarbamates such as

di butyl, dianyl, dianmyl-di-(2-ethylhexyl), dilauryl, dioleyl and
di cycl ohexyl dithiocarbamate. The anount of nol ybdenum dithi ocar bamat e(s)

present (M&lhe dPefoamuntiedypically sisenceompauadsisoch as palydimebylsdaxans al
Fange. f  BAPESH: TS0l mesTaY " SBlabl o B, Per eiedn i doPd At SB0K o
about 12%} Bf}H}s Ll%ﬂglxlvitge{n%fr%%ﬁive%ys?icﬁa:!lé Meﬁhiéiﬁ@&e Lﬁgﬁfﬂﬁ’%ﬂg%ﬁbﬁg Gy :
pol ydi e %& Si'l oxaRle polyners are commercially availabl'e and nay be used in

convent i g{iaé adtities cdMBIAES i91R8Tha | Rvioh kel cRidi sy esars 0wk, B d fiers;
usually the amount of these additives conbined is less than 1 w % and often

| ess t hatotfl Reightobhagettating coatpaisitiei.ght of | ubricating conposition. [0062]
The foregoing additives are all comercially available materials. |ndeed,
these additives are usually not added i ndependently but are preconbined in

[0062] The foregoing additives are all commercially available materials. Indeed,
these additives arc usually not added independently but are precombined in
packages which can be obtained from suppliers of lubricant oil additives. Additive
packages with a variety of ingredients, proportions and characteristics are available
and selection of the appropriate package will take the requisite use of the ultimate

composition into account.

[0063] In preparing the lubricant compositions of the present invention, the
additives of the present invention and, optionally, other additives are added to and
mixed with a base oil to make up a substantially homogeneous mixture. Preferably,

the base oil is a GTL base oil.

[0064] The following non-limiting examples are provided to illustrate the

invention.

Example 1
[0065] A series of lubricant compositions were formulated and evaluated for

friction reducing properties using a GTL base oil. The GTL base oil used had a
kinematic viscosity at 100°C of about 3.6 mm*/s. The additive used was a high

viscosity polyester, Ketjenlube 23000, having a kinematic viscosity at 100°C of



packages which can be obtained fromsuppliers of |ubricant oil additives.
Additive packages with a variety of ingredients, proportions and
characteristics are available and selection of the appropriate package wil |
take the requisite use of the ultimate conposition into account. [0063] In
preparing the |ubricant corrpositionsn]??f the present invention, the
additives of the present invention and,” optionally, other additives are
added to and nixed with a base oil to make up a substantially honbgeneous

non- i mi €94 ref@@%@z sare D P30 % Wis EIREEL WiHL comAYaR I BrEvatRblpl ¢ 1
[0065] A,3ies 4Ty 5@1@% SRBPORIRAP TINS8. 1R RGO gmgél.)w jed for

friction® re u0|ng pr ties using a base Oi used had

a ki nemhpfovét, Se{iﬁlSPérYa@FMQ@% 04 fﬁ‘&mﬂ modBiePdidstive. hPeﬁQﬁ'[FM‘B@%QﬁQ awas a

high viscosity polyester, Ketjenlube 23000, having a ki nematic viscosity at
100C of kmmeahouiscasmpmtrmm%: dfeapaut! 1DemABO00 Additiomatlay dZ W720c, a

comercially available additives at varying treat rates: |Indopol H 1500, a
pol yi sobielicsise knpwm) to/improwsr ¥l evas used gzesh@a that agiall m)lwst@nsumwd@du fier

addi tive. r.f.ad FM 336 has a. Kki C VI sc 5| at .10 t

o) s, ABEPS iR fectiome pameTties e Y206 A kA vigrove W S afsed 1o
show thatab&&t 0%'111111{]% yesters provide good friction reducing properties. LZ
7720c has a Ki ne I'C viscosity at 100C of about 500 mmR/s. [0066] The
friction coefficient was nmeasured using a Hi gh Frequency Reciprocating Rig

(HFRR), commercially available from PCS I nstrunents. The
[0066] The friction coefficient was measured using a High Frequency

Reciprocating Rig (HFRR), commercially available from PCS Instruments. The
HFRR test method measures the lubricity, or ability of a fluid to affect friction
between surfaces in relative motion under a load. The factors considered in
determining lubricity are friction coefficient, film thickness and scar average. The
test method used was based on a modification of ASTM D6079. ASTM D6079 is
incorporated herein by reference. The modified test method used is as follows. A
2-ml. test specimen of fuel was placed in the test reservoir of an HFRR. The
temperature of the specimen was increased from 30°C to 160°C at a rate of
2°C/minute. When the specimen temperature was stabilized at 160°C, a vibrator
arm holding a non-rotating steel ball and loaded with 400-g mass was lowered until
it contacted a test disk completely submerged in the specimen. The ball was caused

to rub against the disk with a 1-mm stroke at a frequency of 60Hz for 75 minutes.

[0067] As can be seen from Table 1, treating the GTL base oil with Indopol H-
1500, a VI improver, at a treat rate of 2 wt.%, did not form much of a film, This
shows that Indopol H-1500 does not behave as a friction modifier. As a result, the
friction coefficient was relatively high ranging from 0.15 - 0.22. Suprisingly, using
Ketjenlube 23000, at the same treat rate, provided the base oil with a very low
friction coefficient ranging from 0.028 - 0.059. Compared to a known friction

modifier additive, Perfad FM 3336, at a treat rate of 2 wt.%, Ketjenlube 23000 gave



HFRR test method nmeasures the lubricity, or ability of a fluid to affect
friction between surfaces in relative notion under a |oad. The factors
considered in determning lubricity are friction coefficient, film

t hi ckness and scar average. The test method used was based on a

nmodi fication of ASTM D6079. ASTM D6079 is incorporated herein by reference.
The nodified test method used is as fghlows. A 2-nL test specinen of fuel
was placed in the test reservoir of an HFRR The tenperature of the

speci men was increased from30C to 160C at a rate of 2C/ m nute. \Wen the

speci nen A Vi ; a

mon- ot ac AR fi fHickRSs B ikt Blcfbn Hifcitns  RefleuneCashdpblovifed,
cont act eGxaell@ftfilth $hickRed! AlEIowauRiRIGedodficidie WRAE bigided RRhbRAIJTVAS
caused to rub against the disk with a 1-nm stroke at a frequency of 60Hz
for 75 mbas¢ ed. [0067] As can be seen from Table 1, treating the GIL base
oil with Indopol H 1500, a VI inprover, at a treat rate of 2 w.% did not
formmuch of a film This shows that |ndopol H 1500 does not behave as a
friction nodifier. As a result, the Tahlclion coefficient was relatively
hi gh ranging fromO0.15 - 0.22. Suprisingly, using Ketjenlube 23000, at the

same treat rate, provi ded ThRi®F5¢ OFluide! M aFKRES T PVFIdia €11 Ofies T 1 ci ent
- i £ =l -l

rangi ng ey 0 0%?“ —0665 ared T Kow T U1§ rodi-f ddhiti ve,
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sinilar ﬁ%fﬁ?%ﬁ?gg’gés but | gwer ffriction cpefficient. Ketjenlubéogéooo
provi de Widycel lent filmithicknesst and lower frictioh_coefficient

bl ended |inddpobhHEM00, wilse loi | . Tablle 12 uid 1 Fluid P Fluid 3|Fluid 4 Fluid
5 GIL 3.Perfatd¥ IO wI% O 98.0 98.0 90.0 2.0

LZ 7720c, wt% 2.0
Friction Friction Friction Friction Friction
ffici Coeffici ffici Coeffici Coefficie

~— T+ q)

C

HFRR

Temperature,

60 0.059 0.153 0.071 0.126 0.098
70 0.051 0.168 0.072 0.128 0.095
80 0.053 | 0.172 0.079 0.122 0.071
90 0.048 0.180 0.079 0.129. 0.055
100 0.042 0.200 0.075 0.132 0.044
110 0.031 0.227 0.069 0.143 0.037
120 0.028 (.208 0.046 0.136 0.040
130 0.029 0.223 0.048 0.143 0.033
140 0.025 0.210 0.046 0.132 0.036
150 0.040 0.203 0.043 0.133 0.032
160 0.039 0.212 0.065 0.137

“Average film % .
Average Scar, pm 239 429 138 329 257




Ket j enl ube 23000, 2.0 10.0 wt % | ndopol

2.0 LZ 7720c,

W% 2.0 Friction Friction Friction Friction Friction

Coefficient Coefficient Coefficient Coefficient Coefficient

r. r Tenper at ur e,

0.072 0.128 0.095 80 0.053 0.172 0.079
0.129 0.055 100 0.042 0.200 0.075 0.13
0.037 120 0.028 0.208 0.046 0.136 0.040 130 0.029 0.223 0.048 0.143 0.033
10.0.,046 0.132 0.036 150 0.040 0.203 0.043 0.133 0.032
ht ?2ukr”;P'n Pn ~;7

Average T g6 A5 &l betsdth t Hatle AVEEASH Stohe Libridh PhpAficiz® 257

140 0. 025

2
0.039 0. 21%@%%20. 137 0. 049 |

-21- Exanpl

of

",r ot

~X r t°

H 1500, Wt % 2.0 Perfad FM 3336, wt %
HFRR

Y~ g+s i~ Y

| C 60 0.059 0.153 0.071 0.126 0.098 70 0.051 0.168
.122 0.071 90 0.048 0.180 0.079
0.044 110 0.031 0.227 0.069 0.143

significantly improved with the additive treat rate. The VI was calculated from

the kinematic viscosity (KV) at 40°C and 100°C using ASTM D 2270, which is

herein incorporated by reference.

Table 2
Fluid 7 | Fluid 8 i Fluid 9 | Flaid 10
GTL 3.6, wt% 100.0 98.0 95.0 90.0
Ketienlube 23000 0 2.0 5.0 10.0
KV @ 40°C, mm’/s | 14.68 | 15.87 | 17.88 220.0
KV @ 100°C, mm®/s | 3.65 3.92 4.34 5.19
VI 138 148 159 179

Example 3

[0069] - Table 3 illustrates the solvency properties, as measured by the aniline

point, of the high viscosity polyester-GTL blends as compared with those of

PIB-G1TL blends.

Solvency is measured by the aniline point as measured

according to ASTM D611, which is incorporated herein by reference. Lower

aniline point translates to better solvency. As shown in Table 3, PIB increased

the aniline point of the mixture, whereas Ketjenlube 23000 did not. The aniline

point of the lubricant composition remained relatively constant with increased

Ketjenlube 23000 treat rate. However, the aniline point increased with increased

PIB treat rate.

Table 3
Fluid { Fluid | Fluid | ¥luid | Fluid | Fluid ; Fluid
11 12 13 14 15 16 17
GTL 3.6, wt% 100 98.0 98.0 95.0 95.0 90.0 | 90.0
Indopol H-1500, wt% 0 2.0 0 5.0 0 10.0 0
Ketjenlube 23000, wt% 0 0 2.0 0 5.0 0 10.0
Aniline Point, °C 119.2 | 1203 | 1193 | 1214 | 1194 | 1245 | 119.7

titm




[ 0068] As can be seen in Table 2, the VI of the lubricant conposition
significantly inproved with the additive treat rate. The VI was cal cul ated
from the kinematic viscosity (KV) at 40C and 100C usi ng ASTM D 2270, which
is herein incorporated by reference. Table 2 Fluid 7 Fluid S Fluid 9 Fluid
10 GIL 3.6, W% 100.0 98.0 95.0 90.0 Ketjenlube 23000 0 2.0 5.0 10.0 KV
40C, mm/s 14.68 15.87 17.88 220.0 KV QOOC, mm 211s 3.65 3.92 4.34 5.19 VI
138 148 159 179 Exanple 3 [0069] Tabrg 3 illustrates the sol vency
properties, as neasured by the aniline point, of the high viscosity

Poaured oyO7AE aie; REUAGFDPE e Mibfab dfP6ntin, pll KT ol v o | <
i ncor por at &y Ass @b with 4 ﬁcgfcga Qﬁctib&%éfﬁﬁéﬂtlahaﬁneﬂbv§d ws%aﬁkﬂrﬁ&?(t@ﬁget ter

sol vency. As own in Ta , PIBincreased the aniline point o

m xture, wher erigditkalsj edlsolbedzat@feslisty ndinprdne e | ksleengpi Bf dhbitibent

| ubri cant conposition remained relatively constant with increased

Ket j enl ubecon@o@ddionseat rate. However, the aniline point increased with
increased PIB treat rate. Table 3 Fluid Fluid Fluid Fluid Fluid Fluid Fluid
11 12 13 14 15 16 17 GIL 3.6, wt% 100 98.0 98.0 95.0 95.0 90.0 90.0

[0071] 1t will thus be scen that the objects set forth above, among those
apparent in the preceding description, are efficiently attained and, since certain
changes may be made in carrying out the present invention without departing
from the spirit and scope of the invention, it is intended that all matter contained
in the above description and shown in the accompanying drawing be interpreted

as illustrative and not in a limiting sense.

[0072] It is also understood that the foliowing claims are intended to cover all
of the generic and specific features of the invention herein described and all
statements of the scope of the invention, which as a matter of language, might be

said to fall therebetween.




| ndo of H 1500, %0 2.0 0 5.0 0 10.0 O Ketjenlube 23000, %0 0 2.0 O
5.0 0 10.0 Aniline Point, C 119.2 120.3 119.3 121.4 119.4 124.5 119.7 -22-
[ 0070] The additives of the present invention not only provide a |ubricant
conposition with a reduced friction coefficient and inproved viscosity index
but the additives al so advantageously inprove the solvency of |ubricant
conpositions. [0071] It wll thus be se®IT that the obj ects set forth above,
anong those apparent in the preceding description, are efficiently attained
and, since %ﬁ&@ﬁin changes may be made in carrying out the present

i nvention Sideparting fromthe spirit and scope of the invention, it
is intended that all matter contained in the above description and shown in
t he acconpanying drawing be interpreted as illustrative and not in a

limting sense. [0072] I ]EAi RbBcamt LAABbStiBALd isih?ea fn?éib?"é@nﬁﬁnﬁ'(ﬁi 4 are

intended to cover all of the generic and specitic Features of the invention

herei n descr idasd oaedbadd oilshateadliph ofscodiey podpatal aldieivenweindredn saidhi ch as
a matter of |anguage, mght be said to fall therebetween. -23- CLAIMS: 1. A
| ubri cant coagdisiveildpresenpiti 8l amoanhejnging hwamaboat htvt.YodastbovhdObes® oi |

and a high viscosity. pol yester additive, . wherein sai,d addifive.is, present
n an anount OF SHfoHg! RPBIAORISE 40 oS vh KineHEAS Vissot o 10P°E IR POkt

fngrer})gsi tion Qﬂ&t}fﬁoﬁnﬁhl}@.m“ c viscosity at 100C of at |east about 2,500

2. The composition of claim 1, wherein said high viscosity
polyester additive is a co-polymer of alpha-olefins and alpha, beta unsaturated

1,4 dicarboxylic acid esters.

3. The composition of claim 2, wherein said esters contain 2-

ethylhexyl as an alkyl group.

4, The composition of any of claims 1 to 3, wherein said high
viscosity polyester additive has a kinematic viscosity at 100°C of at least

about 3,000 mm?/s.

5. The composition of any of claims 1 to 4, wherein said at

least one base oil is a GTL base oil.

6. The composition of any of claims 1 to 4, wherein said at

least one base 0il is a PAO base oil.

7. The composition of any of claims 1 to 6, wherein said at
least one base oil comprises about 50 wt.% to about 99 wt% of the

composition.



2. The conposition of claim1, wherein said high viscosity polyester
additive is a co-polyner of al pha-olefins and al pha, beta- unsaturated 1,4
di carboxylic acid esters. 3. The conposition of claim2, wherein said esters
contain 2- ethylhexyl as an al kyl group. 4. The conposition of any of clains
1 to 3, wherein said high viscosity polyester additive has a kinematic
viscosity at 100C of at |east about 3,000 nmm2/s. 5. The conposition of any
of clains 1 to 4, wherein said at |easf one base oil is a GIL base oil. 6.
The conposition of any of clains 1 to 4, wherein said at |east one base oi

is a PAO base oil. 7, Th i t1.0 .cl aj 1 t,0 6. whenei.n said
at least one base o%'l cmgirggﬁ‘@oé%]@@[8%6%?%?%‘%%8@7’ @f@j‘?ﬁn@ga&? %l?e .
conposi t i on. vis%ésitﬁgoTy@staoaMﬁwélm £ a98%o0 melRUIE Welght TanBhfy Gok sai d
hi gh viscosity polyester additive has an avérage nol ecul ar wei ght™ rangi ng
from about HBoMOMD,000 ababdutZD,00R. 9. A nmethod for inproving frictional

properties in a lubricant conposition conprising adding a high viscosity
pol yester additive present in an anmount ranging fromabout 1 w.%to about

10 wt.% of the totalg, Cormoﬁlietﬂdzﬁfd}ailfﬁﬂ%ﬁm Hi@ItHal pryp&ties ihYa Albripf of

2,500 /s to at | east one base oi he met hod of claim9, wherein

sai d hi gh vi sompiokitiomotormptiging adding a high viscosity polyester additive present in
an amount ranging from about 1 wt.% to about 10 wt.% of the total
composition having a kinematic viscosity at 100°C of 2,500 mm?/s to at least

one base oil.

10.  The method of claim 9, wherein said high viscosity polyester
additive is a co-polymer of alpha-olefins and alpha, beta unsaturated 1,4

dicarboxylic acid esters.

11.  The method of claims 9 or 10, wherein said high viscosity
polyester additive has a kinematic viscosity at 100°C of at least about 3,000

mm?/s.

12, The method of any of claims 9 to 11, wherein said at least

one base oil is a GTL base oil.

13.  The method of any of claims 9 to 11, wherein said at least

one base oil is a PAO base oil.

14.  The method of any of claims 9 to 13, wherein said base oil

comprises about 50 wt.% to about 99 wt.% of the composition.

15. The method of any of claims 9 to 14, wherein said high
viscosity polyester additive has an average molecular weight ranging from
about 10,000 to about 20,000,



additive is a co-polyner of al pha-olefins and al pha, beta unsaturated 1,4
di carboxylic acid esters. 11. The nethod of clainms 9 or 10, wherein said

hi gh viscosity polyester additive has a kinematic viscosity at 100C of at
| east about 3,000 mmR/s. 12. The nethod of any of clainms 9 to 11, wherein
said at | east one base oil is a GIL base oil. 13. The nethod of any of
claims 9 to 11, wherein said at |east -4dne base oil is a PAO base oil. 14.
The nethod of any of clainms 9 to 13, wherein said base oil conprises about
50 wt. % to about 99 wt.% of the conposition. 15. The nethod of any of clains
9 to 14, wherein said high viscosity polyester additive has an average

mol ecul ar wei ght rabgi ngAf rmethodbofitprdOiding frivtivnowtdiRdng®OfropertRS add. A
met hod of providing friction reducing properties and viscosity index and
sol vency i npfigspsity ipdepand selyeney impring grapesties sns lishnigant sysemorsiagi t i on

of claim 1. . .
! the composition of claim 1.





