- LUBRICATING BASE OIL COMPOSITIONS AND METHODS FOR
IMPROVING FUEL ECONOMY IN AN INTERNAL COMBUSTION

ENGINE USING SAME BACKGROUND OF THE INVENTION 1.

Technical Field [00011 The present invention generally relates to

lubricating b&$8381CATTIHO SitGis(UbNCINIRY ST TeasISons 5 isiE i IS IsaRh
derived lubricating base oil and at le&&PHiEpYIyol ester and to methods

for impréYikl R<PEERREHY AN RERBINAG IR ASEHY M ESGENTg S&INE: SAME
Description of the Related Art [00021 There is currently a need to improve

the eﬁﬁfﬁﬁﬁ% ﬁzegéi: :ﬁ 2; egﬁine ails, particularl_y those use_d as
crankcasi T n engines in such vehicles as,

for exdmpkehaigediiekiles and trucks. Generally, engine oils used in

internal combustion engines have a limited life. Their efficacy can be .
curtail&PBY such fa:@té@%@?ﬁé’l@%&?ﬁ[ﬂ@}%@%%iﬂmi@d@fﬁ(t?é@i@c:iﬁfiﬁﬂ '|
additive_package that s blended into the base oil(s), breakdown of the oil

in the ERGREUUE (S BRRR Bt C B ST e Pdbdsty gdeleristting base oil and
engine pil is. one feature when selectin lubricating oﬁii. The lubricating

ol s t)?p{))ilééﬁy&é%g(g RS ISLARHb s OB (e, sepseRe ol

which 3e.8RgINE.I5EXPASEY AR the temperatures and shear conditions
under which the engine operates. Thus, the oil must be of sufficiently low

viscosity ptampienbersneiaiiesito provide adequate lubrication upon
cold St]% ? of theﬁlnlgine, and capable of maintaining sufficient viscosity
'ca@ the enginé

to lubr S SH R, éﬂfgngﬁ‘éq-é}%ﬁfﬁ@g@py and useful life of

engine oils, particularly those used as crankcase lubricants in internal combustion
engines in such \?ehicles as, for example, automobiles and trucks, Generally, engine
oils used in internal combustion engines have a limited life. Their efficacy can be
curtailed by such factors as, for example, the expirétion of the specific additive -
package that is blended into the base o0il(s), breakdown of the oil in the engine due to
oxidation, etc.

[0003] The viscosity grade of an engine oil is one feature when selecting a
lubricating oil. The lubricating oil is typically chosen according to both the climatic
temperatures to which the engine is exposed, and the temperatures and shear
conditions under which the engine operates. Thus, the oil must be of sufficiently low
viscosity at ambient temperatures to provide adequate lubrication upon cold starting
of the engine, and capable of maintaining sufficient viscosity to lubricate the engine
when it is under a full operating load.

[6004] The Society of Automotive Engineers classification system, SAE J300,

defines engine oil grade viscosity specifications. Single grades are designated as SAE



[00041 The Society of Automotive Engineers classification system, SAE
J300, defines engine oil grade viscosity specifications. Single grades are
designated as SAE 1 20, 30, 40, 50, and 60 grade, and are defined by a
low shear rate kinematic viscosity range at 100C (ASTM D445), as well

as a mitintmhitgh stigdr gatk. vist esityedin )G (sucihas AS ki-R4683iscosity
CEC L-36-A-90, or ASTM D5481). Engine oils designated as SAE OW
throug oA RAVE BASH M dxkdifib asare b raingrivithely gk sheppeteatisosity at
crankir‘i%\é?cosi ies (ASTM D5293), low temperature umpifr{};g viscosities
(ASTM 4882 SAELMAHRIN Ritdiiatic Gidc8&isr ASTAd & Stfikidragiae oils
oils me e hi low ature viscosity requirements .
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10005%ikduiieatinuN i shoWdbecRasam With he ARRIapLats hied, Multigrade
temperature kinematic and high shear rate viscosities for a given engine

type anmdls opetatifigiearditionsdn ameffortite pevent iR eRene Weak@ath their
oil consumption that can be associated with inadequate boundary layer
lubricafidRcaniateit tHinntenniespeativisly o itiignstedoafiaRITBNE0 possesses the
temperature engine protection, the maximum low temperature cranking

and pultisIR Fis cheiteritien el SRR h ound maatee trethedguitenmemeire

imposed by the enviranment in which the engine will be operated. The
maximu ?ﬁt’ilgr%‘bagﬂ%%? %ﬁ‘gcgg{ty limits of a given oil grade are

e e RS R

minimizingdhe,RoteRHAkeLANGIReHemane s R nayigient IPrisNng
operating conditions in an effort to prevent the engine wear and oil consumption that
can be associated with inadequate boundary layer lubrication and oil thinning,
respectively. Similarly, to afford low temperature engine protection, the maximum
low temperature cranking and pumping viscosities of the lubricant should match the
requirements imposed by the environment in which the engine will be operated. The
maximum low temperature viscosity limits of a given oil grade are intended to define

the oil’s ability to facilitate engine starting in cold weather, and to ensure the ready

flow of cold ol to the oil pump, thereby minimizing the potential of engine damage

due to insufficient lubrication.



2 [0006] In addition to selecting the appropriate multigrade oll, it is also
necessary for the internal combustion engine to have its oil changed
periodically in order to maintain the efficiency and mechanical integrity of

the engine. However, it is common for oil change intervals to lag behind

other stfiek intervais:dittie consuriestheannriawiof mhhpges ai, orie OHfo

the more inconvenient and, in some cases, costly regular maintenance
aspectBEFTRRIER BainErarls ompyrtia cretstmheyidbtbdicheageibperiodically in
intervalsdwave been.extended with the introduction of higher quality base -
stocks And be %Irnfﬁﬁr%% e A deRehyeic A s aduiel b Erepryddastaen, it is
tend to ind.other maintenance items such as, for example, air filter
replacé:r?lg[rrll? I?r‘“J)arI?éPCreap eclél#ﬁlévr%?é Eaﬁo%&ﬂ%%g?fesa?’ew&%eév AriRes Gpsumers

situationg %W%@GHQ%%% I3 g desie tx%o%'l%%ﬂ%rﬁ&g@nedglrlz Q(?‘r}l/aian S%S, coatly

prolonged service life. For example, to minimize maintenance costs’an

equipmenidawniiciendeaging CompaBIe S RAL SV IRMANN RSB SR

as trucking companies desire engine oils that retain their original

perforrmarice inepediilities fecpealongetiviarindsmbassiintoAdditionaliyy vase
original equipment manufacturers desire lubricating oil compositions
havingséderiad daiaihbeapaibifidisty whelelgysthEir legsraibthanges eihtend to lag
operate the equipment for longer periods of time or for greater distances
before ﬂ%ﬁ%“iﬁ%ﬁ@n@%n’fﬁm Yeihacidlr siaslsaridiliewithlasoasnt, brake
enginergi_lalgr(})}g%] There has also been an increasing concern in recent

years topi'mprove’ ?ﬁcé fuel economy performance of an internal combustion

engine icularly ssenger car ines and diesel fuel engines.
go@@ﬂ fﬁ&%%ﬁe% 0 a mgn ]@é 8§s§ﬁanon3 g é)irg}(ﬁb@%%%%ﬁéte to

Fuel economy in the United States Is y man

Averaggifi@hagRemy Hi-hk @pr%ﬂﬁ‘%@@ R0 tife. For example, to minimize

maintenance costs and equipment downtime, leasing companies and equipment
operators such as trucking companies desire engine oils that retain their original
performance capabilities for prolonged periods of service. Additionally, original
equipment manufacturers desire lubricating oil comp;)sitions having extended drain
capabilitics whereby their lease customers can operate the equipmenf for longer
periods of time or for greater distances before draining the engine oil and replacing all
or part of it with a new engine oil.

{0008] There has also been an increasing concern in recent years to improve
the fuel economy performance of an internal combustion engine, particularly that of
passenger car engines and diesel fuel engines. Fuel economy in the United States is
federally mandated by Corporate A verage Fuel Economy (CAFE), specifying the
fleet-average fuel economy for passenger cars. Improved fuel economy can result in

more environmentally desirable compositions, the use of less fuel per mile traveled,



fleet-average fuel economy for passenger cars. Improved fuel economy
can result in more environmentally desirable compositions, the use of
less fuel per mile traveled, 3 hence lower greenhouse gas emissions and
also conservation of petroleum, an increasingly scarce resource. The
viscosity of the engine oil is one factor that influences fuel economy. The
lowehdive bitsngeeositysetires tovissiotiiend stoystdeagion dterigimeaand
hence the better the fuel economy performance. However, the lower
viscorfrpaghemiesems hiesorE Hrovisko ey thaewipriehiorn edastenée the
engine, 100091 Accordingly, there remains a neeg\f r lubricatin b%se oil
comHLIERSRS EASHRERER b RO R NOER AL S8 BB i dre on

ignificantly | d fuel . SUMMARY OF THE INVENTI

[001. men e present disclosure provide lubricating base

oil C%Bﬁéj%%%% achme hadRSOninRAUIRY HR A 6 PACTHOk Ahe.

internal com ion engine employing the lubricating base oils and/or

compgmejons. In ageorglapsev@nanemieedin e ehihe ke seRbmpositions
disclosure, there is provided a lubricating base oil composition is provided

compirisingafaxehded dtfopeidd sdkikeralfoqpechinesiyet dattisi catpngy ba S& bil
characterized as having a kinematic viscosity of about 2 to about 5
centistok@{ESt) at 100C; and (b) at least one polyol ester. [00111 In
accordance with a second embodiment of the present disclosure, there is
provided a lubricating base oil composition having a kinematic viscosity of

aboug t %&% : Is provided comprising (a) at least one
Fischer= g base oil characterized as having a
boilingy@iae distrnyiion.of AR 100 ARAELRINE REINERAH s oil

percent and 95 percent points by ASTM analytical method
compositions and methods for improving the fuel economy of an internal combustion

engine employing the lubricating base oils and/or compositions. In accordance with one
embodiment of the present disclosure, there is provided a lubricating base oil composition
is provided comprising (a) at least one Fischer-Tropsch derived lubricating base oil
characterized as having a kinematic viscosity of about 2 to about 5 centistoke (cSt) at
100°C; and (b) at least on.e.polyol ester.

[0011] In accordance with a second embodiment of the present disclosure, there
is provided a lubricating base oil composition having a kinematic viscosity of about 2 to
about 9.3 ¢St at 100°C is provided comprising (a) at Jeast one Fischer-Tropsch derived
lubricating base oil characterized as having a boiling range distribution of about 100 to
about 300°F between the 5 percent and 95 percent points by ASTM analytical method

D-6352 or its equivalent; and (b) at least one polyol ester.



D-6352 or its equivalent; and (b) at least one polyol ester. 4 [00121 In
accordance with a third embodiment of the present disclosure, there is
provided a lubricating base oil composition having a kinematic viscosity of
about 2 to about 9.3 ¢St at 100C is provided comprising (a) at least one
Fischer-Tropsch derived lubricating base oil comprising (i) a weight

[peZlent of all moleculesdaaviridt altdist anodimemsd mprisenbf legastan
about 0.30, the weight percent based on the total weight of the |
thiseiferavispd e sitoEaa pcaling HRsEian NaRardiiPBsIcRRE QY Bt 2bout

molecules having cycloparaffinic functignality of greater than abaopt 8;
R e R s R R R

Ischer- fbsﬁs%ﬁﬁ derved
- Jubricating base gil; and (iii) a._ratio.of wel I I i
el e R R AOR R S SR R

;Qaw%%&ﬂ@a@éfmifc{w&}q%lﬁyagrz%t@rotb@n@w?ﬁﬂ,ﬁp&caﬁ%&da&m@e%mal

one polyol ester. [00131 In accordance with a fourth embodiment of the
WERSEOF distinskee T e iknoviltdalubriaatiog:;hise wiighrppasitiar all
having a kinematic viscosity of about 2 to about 9.3 cSt at 100C is

pebadelies leomprigidopéa)itinle fistwvedtigofardatoptcn adwerv8dtabyidakingereent
base oil comprising (i) a weight percent of all molecules having at least
eedarothatiiauvesbhoithedd seher Aipselodso vedduberghp pbrcenihaad i a

on the total weight of the Fischer-Tropsch derived lybricating. base ail; (ii
P Ry A R R
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ischer-Tropsc e ing base oll; and~ (Til) a weight percent

£ f%a(I[%?qrgpig%lth&% Igg}sjgge%[ticycloparaﬁin functionality of less than about

e weight percent based on the total weight of the Fischer-Tropsch
derived lubricating base oil; and (b) at least one polyol ester.

[6013] In accordance with a fourth embodiment of the present disclosure,
there is provided a lubricating base oil composition having a kinematic viscosity of about
2 to about 9.3 ¢St at 100°C is provided comprising (a) at least one Fischer-Tropsch
derived lubricating base oil cdmprising (i} a weight percent of all molecules having at
least one aromatic function of less than about 0.30, the weight percent based on the total
weight of the Fischer-Tropsch derived lubricating base oil; (i) a weight percent of all
molecules having monocycloparaffin functionality of greater than about 8, the weight
percent based on the total weight of the Fischer-Tropsch derived lubricating base oil; and
(iii) a weight percent of all molecules having multicycioparafﬁn functionality of less than
about 0.5, the weight percent based on the total weight of the Fischer-Tropsch derived
fubricating base oil; and (b) at least one polyol ester.

[0014] Methods for operating an internal combustion engine comprising
operating the engine with the foregoing lubricating base oil compositions are also

providéd.



[00141 Methods for operating an internal combustion engine comprising
operating the engine with the foregoing lubricating base oil compositions

are also provided. 5 [001.5] Methods for improving the fuel economy of

an internal combustion engine comprising operating the engine with the
foregoing lubricating base oil compositions are also provided. [0015a] In a
first 48@ksgt, thereNehrals dedmdubicathefisd sewivmompasinnal combustion
comprising (a) at least one Fischer-Tropsch derived lubricating base oil
charsogsny eomas fre/ingratiaa dinsaeivredbithofoapming b agsaehase oil
centistoke (cSt) at 100C, wherein the Fischer-Tropsch derived lubricating
base“SIPesHiesEsR's? WagAEdpercent of all molecules having at least

one aromatic function of less than about 0.30, the weight percent based |

on thE9¥&alweightot fise EiBerleFrTTo BoRie desi 8 LB RIGER! gRyngosition
weight percent of all molecules having cycloparaffinic functionality of i
greatSMREHZIBLAEAH OGP Eait b ASaYr & i BRIsARgI AR GH B rkerized
Fischer-Tropsch derived !ubripa}ﬁﬁ oil; gnd i) a_ratio.of wej égelrggg‘? of
mole®tB¥ RadiRGIBHO eI AR Fare ABRRy B R %d%ﬂ dent o’
molecuyles, havi ulticyclgparaffinic functionality greater than.about

15:1:. 4GB tlﬁlggg] réﬁﬁ%%%%f%%@efﬁéﬁﬁfgﬁ] ﬁgaggecgéw !%eés[)(l & TRER

is provided, a lubricating base oil compasition i -Ki IG_VISGOS
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distribution ut 100 to about 300F between the 5 percent and 95
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Fischer-Tropsch derived
functionality of greater than about 8, the weight percent based on the total weight of the
Fischer-Tropsch derived lubricating oil; and (iii) a ratio of weight percent of
molecules having monocycloparaffinic functionality to weight percent of molecules
having multicycloparaffinic functionality greater than about 15:1; and (b) at least one
polyol ester.
[0015b] In a second aspect, there is provided a lubricating base oil composition
having a kinematic viscosity of 2 to 9.3 ¢St at 100°C and comprising (a) at least one
Fischer-Tropsch derived lubricating base oil characterized as having a boiling range
distribution of about 100 to about 300°F between the 5 percent and 95 percent points by
analytical method D-6352 or its equivalent, wherein the Fischer-Tropsch dertved
lubricating base oil comprises (i) a weight lﬁercent of all molecules having at least one
aromatic function of less than about 0.30, the weight percent based on the total weight

of the Fischer-Tropsch derived lubricating oil; (ii) a weight percent of all molecules

having cycloparaffinic functionality of greater



lubricating base oil comprises (i) a weight percent of all molecules having
at least one aromatic function of less than about 0.30, the weight percent
based on the total weight of the Fischer-Tropsch derived lubricating oil;

(ii) a weight percent of all molecules having cycloparaffinic functionality of
greater 6 than about 8, the weight percent based on the weight of the
FischiemEiapsshtaenviad tehroating i) drdv@idta sbtho Bisvheightparrdatved
of molecules having monocycloparaffinic functionality to weight percent of
molebiés: tiayin andufiicyotoparbffmghtfuectonaitoypredtehahiaa about

15:1; and (b) at least one potyol ester. [0015c] In a third aspect, there is
provitledogicloneating Haseioiabignip ositbhrerasin g landlserrateiin osity
from 2 to 9.3 ¢St at 100C and comprising (a) at least one  Fischer-Tropsch
derivedtigatenary ae&atticonhprisirye framaignit jiekcard 0D least one polyol
molecules having at least one aromatic function of less than about 0.30,

the wWélght percent based on the total weight of the Fischer-Tropsch

derived lubricating oil; (ii),a weight percent of all molecules with . iy
eyl N e o B 5P o e A BRIV A#S Hbeeipesiton
based on the weight of.the.FischerTr e/ lubricati il;
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functionality greater than about 1571; and (b) at least one polyol ester.

[00136}ikactonithaarest shetedsRronidesha dakicaling s .o, the weight
composition having a kinematic viscosity from 2 to 9.3 ¢St at 100C and

compisiag: (R)at daakst pne vkishhef {i¢diisthrditipad Hdbiveadlingibasge oil; (i) a

comprising (i) a weight percent of all
weight percent of all molecules with cycloparaffinic functionality of greater than
about 8, the weight percent based on the weight of the Fischer-Tropsch derived
lubricating oil; and (iii} a ratio of weight percent of molecules with
monocycloparaffinic fuﬁctionality to weight percent of molecules having
multicycloparaffinic functionality greater than about 15:1; and (b) at least one polyol
ester.
[00154d] In a fourth aspect, there is provided a lubricating base oil composition
having a kinematic viscosity from 2 to 9.3 ¢St at 100°C and comprising (a) at least one
Fischer-Tropsch derived lubricating base oil comprising (i) a weight percent of all
molecules having at least one aromatic function of less than about 0.30, (i) a weight
percent of all molecules having monocycloparaffims of greater than about 8, and (iii) a
weight percent of all molecules with multicyc]opafaﬂins of less than about 0.5 said

weight percent based on the weight of the Fischer-Tropsch derived lubricating oil;

and (b) at least one polyol ester.

6a



molecules having at least one aromatic function of less than about 0.30,

(i) a weight percent of all molecules having monocycloparafflns of greater
than about 8, and (iii)) a weight percent of all molecules with
multicycloparaffins of less than about 0.5 said weight percent based on

the weight of the Fischer-Tropsch derived lubricating oil; and (b) at least
one gobidkepster. badGdhospot alidth aspedciddheradtpidvidegravingtihoduel
for improving the fuel economy of an internal combustion engine
comprisimgnyPE rating e endindiovtngive dobpcating basengitiicomgosiwoh the
of the first aspect. [0015!] In a sixth aspect, there is provided a method for
imprdvitigatiesfersk eteppneyibeapliefiis]asepibustion engine comprising
operating_the engine with the lubricating base oil composition of the
secorl.%Pféfaect. [oBnagih asRsshehtheds pertidrbianeing frasaremiagbafuct
for imﬁfroving tge fuel egono of an internal combustion engine . th th
compriShg e pa ARG Hie CRYIRE WHHEHS SOBRESHsgBALL B ESRREEHioh ™
of the, hird asnect (0ASAMD AN g aspeghdhere is provided a
method for improving the Tue economy of an internal combustion engine
compgg!

peragng (b6 ARAGR WIS MBURRENG.RARR 9. SAMBORYIAR fuel

of the fourth aspect. [0016] Among other factors, the present disclosure is

basedeRoe obiIeHRaREE ol HPEIRIRG Ebnaaiary thakthe MbEeaHBith the
base oil compositions herein advantageously have increased stability

over attengipgiad of inmeptkatebyf tleshitkhgspr@xcellent lubricating
performance during extended use, e.g., up to or greater than about

30,0d004kds, while sistehtiprepsrigthhe ioereddsbnmedfodriommmeprmaing the fuel

combustion engine. ] ] o ] o
economy of an internal combustion engine comprising operating the engine with the
lubricating base oil composition of the fourth aspect.
[0016] Among other factors, the present disclosure is based on the
unexpected and surprising discovery that the lubricating base oil compositions
herein advantageously have increased stability over a long period of time thereby
resulting in excellent lubricating performance during extended use, e.g., up to or

greater than about 30,000 miles, while also improving the fuel economy of an

internal combustion engine.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017) The present invention is directed to low viscosity lubricating base oil

compositions which are capable of providing improved wear, deposit and oxidation
resistance while also having an increased life expectancy. Generally, the lubricating
base oil compositions of the present invention will include at least (a) at least one

Fischer-Tropsch derived lubricating base oil; and (b) at least one polyol ester.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] The present invention is directed to low viscosity lubricating base

oil compositions which are capable of providing improved wear, deposit
and oxidation resistance while also having an increased life expectancy.
Generally, the lubricating base oil compositions of the present invention

will in&l(dEdt IREEERTTROES b D R EEhel (Tdd SchdN /B4 Sibating
base oil; and (b% at least one polyol ester. 6b I. THE FISCHER-TROPSCH
DERI TING BASE OIL, COMPONENT 10018] The
Fischer-Tropsch derived lubricating base ojl companent of tk}]e lubricatin
base APBimpositioAS bFEETpHEER: ANERAH CARIEE BPebals RRVII! O e

very lQw weight percents of all molecules having at least one aromati -
et e e D R S S PRI i

functiQaality. AN NP LRHRS PhIVRISL NEGaRER MRIREUIRS: ARG IR,

cycloparaffinic functionality to weight percent of molecules having
multicygleramaffiniecBancionalityitonbighweighiGpaeraant Rhorolegisesnd
having monocycloparaffinic functionality and very low weight percents of
molechigs hmaving mtiiiicycloparaffinidefunetionatitynohoe Fikgherfiifitopsch
derived lubricating base oil compositions can also have moderate pour
points{OU IR teratightmerrist henTisisHhaungsauisHdanmg baie oil
component may be obtained from the steps including at least (a)
perforfHIG RIS el &M sy nthesis to provide a product stream, (b)

isolating from the product stream a

n»_

6c



substantially paraffinic wax feed having less than about 30 ppm total
combined nitrogen and sulfur, and less than about 1 weight percent
oxygen, (c) dewaxing the substantially paraffinic wax feed by
hydroisomerization dewaxing using a shape selective intermediate pore

size mBIEEHH ol HehpHSE A AOHIe TReETR fHrstekitorndorip deie rtcight
whereby an jsomerjzed oil is. prodyced, and (d) .hydrofinishing the
oo A5 S bR A S o B G bae e
produc ing: i I lecules having at least one

e R G M b e
molecygsthaving cycloparaffinic functionality of greater than about 8 and
preferably greater than about 9.5, and a high ratio of weight percent of
molecyieshaving nneeyislaparadiing- frupetio ali it douneiahi PeIeeit Bdmponent
molecules having multicycloparaffinic functionality, namely, greater than
about 181 baredtpreftfabhytiyreaperitbhriapouteds: ) pdA020hAltERBIVERYpsch
step (d) may be characterized as (d) hydrofinishing the isomerized oil
whereByESdRSFoT i err derivaeaimb Ddselgtivadeowilts protheteideam a
having gle)wei ht percent of all molecules having at least one aromatic

functiott DY 1R YRAF SR T dec LhrsRhics el Ator g apm iy somgned
monoc araffinic functipnality of greater than about 8 and preferably,
greater ﬁg% abou u%i.{g,’ aérh%{gass wéf‘g%%oﬁle :lc‘évﬁi%? ReG R TR fgie waxing the
multicycloparafipis funstionalin of loss, e, ABMLQ,24 (00211 Kinematie
viscosity is a measurement of the résistance to How of a fluidunder

gravitysddamny inbrierting basespisminishadiuricaniamads i ihem.

and the correct operation of equipment depend upon the appropriate

viscositydb ghextituidobgingntsete Al KinEBalis M aCaBINH FIRRSYI GRAGRJS

herein are at a temperature of
hydrofinishing the isomerized oil whereby a Fischer-Tropsch derived lubricating base
oil is produced having a weight percent of all molecules having at least one aromatic
function of less than about 0.30, a weight percent of all molecules having
cycloparaffinic functionality of greater than about 8 and preferably greater than about
9.5, and a high ratio of weight percent of molecules having monocycloparaffinic

functionality to weight percent of molecules having mulficycloparaffinic

functionality, namely, greater than about 15:1 and preferably greater than about 45:1.



100C and determined by ASTM D 445-01 with the results being reported
in centistokes (cSt). In one embodiment, the kinematic viscosities of the
Fischer- Tropsch derived lubricating base oil components employed in the
present invention are between about 2 cSt and about 5 cSt. 10022] Pour

point i3 Heasure rﬁ@ﬁ%@-‘fﬁ@t@ﬁ%@?éﬁ%’é’ﬁﬁhﬁﬁi’éﬁﬂ?éds?ﬁrwglbydmlﬁﬁé@nﬁ the
flow. unde: f ntralled conditions. Pouy point may be .
et s R 2Bt S AR e g produced
ted. i j cial lupri atIiln bas 1o'Is ave
A e

points ikhexvalza 3oedikelyHorbrye: AtheIQaRd 1avde m&%a,tgaﬁ&a%ﬁ&“es’

such as low cloud point, low cold filter plugging point, and
tempefatutienaian kifgo4se dsitya ol@ kROt for b HNGaRUFeMeAbout 9.5, and a
complementary to the pour point, and is expressed as a temperature at
which gsghpieoftpioosadantibdse villbegirpiafevefopcddiais unEes than
carefully specified conditions. Cloud point may be determined by, for

exam é?%%fr-m D 8 5773-95. Lubricating base oils having pour-cloud

point s s below .about 35C are also desirable. Higher pour-cloud
point pziﬁs requirdBRSHSSERGS N T FTREATIFGN B O& B Terisanpednsaust a

ints jn . eet cloud point specifications, The pour- cloud point _

Sproads b ihs s%‘ﬁ@’f-%r&g%%%%\?‘&gbfﬁ%ﬁ%?%ft%‘g‘%%%%“%ﬂ%?%g?ﬁ%iﬁn them,
- prefe than abou an

e B e 0 A S AR I AR or e

the rangeiotihdQded. -30G: 10028 Noaskylatliteata0ding Pilk.a3 temperature of

measured by TGA Noack and similar methods, has_ been found to

correlatedWitimoiligensumiition ST S SESJAENCAk 8RAMIERs being reported in
centistokes (cSt). In one embodiment, the kinematic viscosities of the Fischer-
Tropsch derived lubricating base 0il components employed in the present invention
are between about 2 ¢St and about 5 ¢St.
[0022] Pour point is a measurement of the temperature at which the sample
will begin 1o flow under carefully controlled conditions. Pour point may be
determined as described in ASTM D 5950-02 with the results being reported in
degrees Celsius, Many commercial lubricating base oils have specifications for pour
point. When lubricant base oils have low pour points, they also are likely to have
other good low temperature properties, such as low cloud poiﬁt, low cold filter
plugging point, and low temperature cranking viscosity. Cloud pointisa
measurement complementary to the pour point, and is expressed as a temperature at

which a sample of the lubricant base oil begins to develop a haze under carefully

specified conditions. Cloud point may be determined by, for example, ASTM D



Strict requirements for low volatility are important aspects of several
recent engine oil specifications such as, for example, ACEA A-3 and B-3
in Europe, and SAE J300-01 and ILSAC GF-3 in North America. Any new
lubricating base qil developed for use in automotive engine oils should

have & Noatk voRBHITSPyieals DirkRe qrare o sia atotie et 35°C are
Group Hl Light t ils. The Noack.volatility of the Fischer-Tropsch .
v SRR L st aR A e St T o

derived Tubrlcatlng b components

genergllyJegsd M&ﬂ%ﬁxﬁé‘ﬁ%‘?&%ﬁ? Xﬁ%@f@%@%é@%%%é?j% ﬁonrﬁo%%lé pour-

Volatility, Wt%= 1000 x (Kinematic Viscosity a

anothesiei pedimasidiie hopskseratiiy:isdege. IR RRBINOMRLl components
calculated by the following equation: Noack Volatility, Wt% = 900 x

(KinematigeWisdsitysaba006): 25 ° 0Nz & Moakrkvalatiityis defingd asrthe
mass of oil, expressed in weight percent, which is lost when the oil is
heate P#fSIC lexsdhr0 abemHG 2. 6vhkRrRuZGFnmbar)dpetally atnhospiiericf +30 to
pressure in a test crucible through which a constant flow of air is drawn
for 60 Mintites (ASTM D 5800). A more convenient method for calculating
Noackégﬁﬁjility and one which.correlates well with ASTM D-5800 is by 9

e

using mo graviiie V@%H%Wfétef&?e(?éﬂi mea%%?d’éf&%ﬁm}ﬂﬂamsimﬂar
otnerv e B DO Aa e S S oo aimes

otherwise stat olecules with cycloparattni

any m@kﬁ@%@q‘h@n@t@f&m@ﬁtﬂﬁy W 9h 5%‘:%%?%%%?@%%&%1 rﬁceent engine oil

monocyclic or a fused multicyclic saturated hydrocarbon group. T
cyclopggafiitiniono s maybe.eptigRallc sHbsiiiadith RORAY, HATAR 1300-01

substituents and preferably one to three substituents. Representative
examples BEACIOPar afiiicigronpscincludendsutmie: notdivaikesitoeveloped for use
in automotive engine oils should have a Noack volatility no greater than current
conventional Group I or Group II Light Neutral oils. The Noack volatility of the
Fischer-Tropsch derived lubricating base oil components herein are relatively low,
generally less than an amount calculated by the following equation;
Noack Volatility, Wt% = 1000 x (Kinematic Viscosity at 100°C)>”,
[0024] In another embodiment, the Noack volatility is less than an amount
calculated by the following equation:
Noack Volatility, Wt% = 900 x (Kinematic Viscosity at 100°C)?%,
[0025] Noack volatility is defined as the mass of oil, expressed in weight
percent, which is lost when the oil is heated at 250°C and 20 mmHg (2.67 kPa; 26.7
mbar) below atmospheric pressure in a test crucible through which a constant flow of

air is drawn for 60 minutes (ASTM D 5800). A more convenient method for

calculating Noack volatility and one which correlates well with ASTM D-5800 is by



cyclopropyl, cyclobutyl, cyclohexyl, cyclopentyl, cycloheptyl,
decahydronaphthalene, octahydropentalene,
(pentadecan-6-yl)cyclohexane, 3,7,10-tricyclohexylpentadecane,

decahydro-l:é]lpentadeqan-a-yl)naphthalene, and the like and mixtures
thereof' {882 Pl TRYEHER it ABHEE S IT A A e Ranersa aTHD MEEH Bhg375-
gted drocarbon gﬁ&oup of three to

| t] lic sat
bt GG SO S SIS LB Y BEBEHE i e

Mmonocygig:saturat 0 three to about seven rin
Nﬁﬁ%ls %Mg{c%%{t% J}c%fé%?fg}‘ugﬁ'ﬁ?ncu E} &ﬁ?ﬁ&%ﬁy Vi\}‘lxt(ﬁecule that

carbons. The cycloparaffinic group may be optlonaﬁy S one

or morg shsHikants achPHRs sl RGO IURASHIRIHEAISd multicyclic
Representative examples of monocycloparaffinic groups include, but are
not limietrieddychopadioy ceyglotitiy b eyshaherilc cyalppentyl sysiaheptyl,
(pentadecan-6-yl)cyclohexane, and the like and mixtures thereof. [0028] -
‘Moleciestigitedrivihi ey loparedfinhsfitnotiomadityafedityamy mdleculebdiiatnts.
is a fused multicyclic saturated hydrocarbon ring group of two or more
fused HFRYESSHRFTRSIREIEIREEYS coBETiniscEw P drdude rhdrarfuseimited to,
multicyccli(l‘, satur drocarbon ring groups of two or more fused rings,

ted
or iy SRR At o DS SR h FROHEP e GGG onaane,
saturag?cqaﬂyﬂ%%ﬁﬁ{i?é%{é %g%%%%ﬁﬁh&%ﬁ %%g)lign%egeﬂ Pé?‘g‘f?icﬁ‘a}{i’ %gﬁsrm%t]tgdecane,

fused multicyclic satura rocarbo isng group “pre

fused agamydhe cyelonaraliinio giaiRmar:os aRfional G pURRIHIE ¢

with one or more substituents and preferably one to three substituents.

RepI regeﬂga;ive examuestaf Ml isyelpainie arauRs A Y end A molccule
not limited to, -
decahyironapinihelgeie, ostaktydiopeatatboe ol pLOF @Oy RLBIAEGC b ons
ne, decahydro-1-(pentadecan-6-yl)naphthalene, and the like and mixtures
thereoP W XIEsHle that is substituted with a single monocyclic saturated hydrocarbon

group of three to about seven ring carbons. The cycloparaffinic group may be
optionally §ubstituted with one or more substituents and preferably one to three
substituents. Representative examples of monocycloparaffinic groups include, but are
not limited to, cyclopropyl, cyclobutyl, cyclohexyl, cyclopentyl, cycloheptyl,
(pentadecan-6-yljcyclohexane, and the like and mixtures thereof.

[6028] Molecules with multicycloparaffinic functionality mean any molecule
that is a fused multicyclic saturated hydrocarbon ring group of two or more fused
rings, any molecule that is substituted with one or more fused multicyclic saturated
hydrocarbon ring groups of two or more fused rings, or any molecule that is
substituted with more than one momnocyclic saturated hydrocarbon groups of three to
about seven ring carbons. The fused multicyclic saturated hydrocarbon ring group

preferably is of two fused rings. The cycloparaffinic group may be optionally

10



100291 The wax feed used to make the Fischer-Tropsch derived
lubricating base oil component is substantially paraffinic with less than
about 30 ppm total combined nitrogen and sulfur. The level of oxygen is

less than about 1 weight percent, preferably. less than about 0.6 weight
percenst‘,l%efﬁ%“r%éo\?’é p?e?e?%’l?f?eséé’#ﬁgﬁngk%?étpé‘%(ﬁ%?gﬂ’fep%r@é‘?ﬁ.SW?S?HHE’?“S'
P e AL R A AN PRI AR BN e

range from about 0.01 to about 0.9 percént."The oll tontent 0

feed wi ardingiiyrhgniassiban ahaubl ueighbpeersent Assieringd oy
ASTM D 721. The term "substantially paraffinic"%i use hgreinﬁshall bg >

undersieatitdrsviegrasibavingyireaiehinag, aboule1kmasspesentergnal

paraffin by gas chromatographic analysis. The n-paraffin content of the

waxy feed may be measured by gas chromatographic analysis, e.g., as

described in U.S. Patent Application Serial Nos. 10/897906 and

10/897861 Faedy on July 22, 2004, the contents of which are incorporated

by refe[rre%gf] herein, [00301 Nitrogen Determination: Nitrogen is measured
t

by meltiigthe subdtSnt&ivepRMSATIe Wake a8 d s fo Bxiiadryiyed lubricating
bustion.and. chemilumi d tion .using ASTM D 4629-96.

The teo R R TR s o B e

Contenégxgéméaiﬁhreg@ni999@Bﬁ{@t%@%@fs%%q%geﬂ%ﬁégs thh é&k%%'{ it

Determination: Sulfur is measured by melting the substantially para

wax fepetqrio @f@fausm_@sleuﬁucumﬁ@sevagﬂg,Aéx%éﬁé%f(?grem@bﬁ?%ss than

method is further described in U.S. Patent No. 6,503,956. [0032] Oxygen

Determatmation: \@ighy eerismeasursddayenatitrbRe-actyaign iamalysistantally
paraffinic wax feed may range from about 0.01 to about 0.90 weight percent. The oil
content of the feed will ordinarily be less than about 10 x&eight percent as determined
by ASTM D 721. The term “substantially parafﬁnié” as used herein shall be
understood to mean as having greater than about 75 mass percent normal paraffin by
gas chromatographic analysis. The n-paraffin content of the waxy feed may be
measured by gas chromatographic analysis, e.g., as described in U.S. Patent
Application Serial Nos. 10/897906 and 10/897501, filed on July 22, 2004, the
contents of which are incorporated by reference herein.
[0030}] Nitrogen Determination: Nitrogen is measured by melting the
substantially paraffinic wax feed prior to oxidative combustion and

chemiluminescence detection using ASTM D 4629-96. The test method is further

described in U.S. Patent No. 6,503,956, the contents of which are incorporated by

reference herein.
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[0033] The wax feed for use herein has a significant fraction with a boiling
point greater than about 650F (343C). The T90 boiling points of the wax

feed as determined by ASTM D 6352 can range from about 660F (349C)

to about 1200F (649C), more preferably from about 900F (482C) to about
1200Fi($33IC), and SwibsDstefaradsiyriroinlflyoutnt000d (538a)ite thbaulistantially
1200F (649C). T90 refers to the te_m{)erature at which 90 weight percent

of the REEITHYS Weiblied Bty b fofsapTasacpasitedd EXhHaYER The test

weight ratjo pf molecules of at.least about 60 carbon atoms to molecules
of at I€ASTS (l)st:{]ugtgerélleﬁ%rh‘%%ﬁe[&‘tﬁﬁﬁ’g%t%.Sféﬁs.érhe weight ratio of

C

molec b% f at Ieag ?gu 60 carbons.to. molecules of at,least about ?O .
carbo#s ca@l be dete?ﬁu n%geb%%slﬁggsg)rﬂé%g’ gﬁfr‘f’éeé)g?/n?edﬁ%%baﬁ fgAion
of the Jrigglgr-Tropsch wax by simulated distillation using ASTM D 6352,

(2) converting the boiling points to percent weight distribution by carbon

numbenossing the tadingx paints:afsa-pRasafling Publishad: iRl akleuduof voiling
ASTM D 6352-98, (3) summing the weight percent of feed of carbon

numbercat@utdd teynbate G5(2F stHdAUNg the Toeighiliparcent dfifeethofced as
carbon number about 60 or greater, (5) dividing the sum of weight
percerficsTraBaddncA oM 1A GAIBermban EcETOOY AadtEiOby (S unabout 1200°F

weight percent of feed of carbon number about 30 or greater. Other '
embod P mﬁigfﬁ%’eféhhfoﬁaoa*s@%g%%ﬁﬁ%w%%@wa@w%mw and

ratio of molecules having at | oyt 60, carbons to molecules having

e B S Teo: L AoaE b e o
0.10:1 HiNen distribution of. the wax, feed.useful in.

e pre e Rt gty oo

differepgmpetweenthe TRGandd #OLailing, RAIS. FSIETIINe S Py AT Mout 60
D 6352, may be greater than about

carbon atoms to molecules of at least about 30 carbons of less than about 0.18:1. The
weight ratio of molecules of at least about 60 carbons to molecules of at least about 30
carbons can be determined by (1) measuring the boiling point distribution of the
Fischer-’i’ro.psch wax by simulated distillation using ASTM D 6352, (2) converting
the boiling points to percent weight distribution by carbon number, using the boiling
points of n-paraffins published in Table 1 of ASTM D 6352-98, (3) summing the
weight percent of feed of carbon number about 30 or greater, (4) summing the weight
percent of feed of carbon number about 60 or greater, (5) dividing the sum of weight
percent of feed of carbon number about 60 or greater by the sum of weight percent of
feed of carbon number about 30 or greater. Other embodiments of this invention use
Fischer-Tropsch wax having a weight ratio of molecules having at least about 60

carbons to molecules having at least about 30 carbons of less than about 0.15: 1, or

less than ahout 0.10:1.
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95C, or greater than about 160C, or greater than about 200C, or greater

than about 225C. Fischer-Tropsch Synthesis and Fischer-Tropsch Wax
[00361 A preferred wax feed for this process is a Fischer-Tropsch wax

which is a product of Fischer-Tropsch synthesis. During Fischer-Tropsch
synthedi&3diquid aridgesbopshgaitttttvtng af :éommetiddysdntactirepcess of
synthesis gas (syngas) containing at least a mixture of hydrogen and
carborFSHERIERN Witk WmiserdtoTbysdireatanylehelditisuinsblectween the T90
tempe?rl%&u[_ @qlpressure reactive conditions. The Fischer-Tropsch

reactich will HFSARR B cAHTERBUL BY (ripdRited BRgRgREm hamghent
300F t@sa(go&t O0F. (ghout 15@%, about 370C), prefe , from about
400F to about S&OFr (%boaut0 50 F’cni ab {?tageﬁ ; atOBtrésagﬂjxré%rgﬁ? %'%Jhan about
about 4fste: about 600 psia (about 0.7 to about 41 bars), preferably about

30 to about 300 psia (about 2 to about 21 bars) and catalyst space

velocities of from about 100 to about 10,000 cc/g/hr., and preferably

hydrocarbos, with amjority in the C5 to about Cleo plus range.
GenerHIR26tischer-Argpieresynthesid fordhiberoiewde alésipolymeswibationwhich

reaction. Thus, apgl ing polymerization kinetics, a simple one parameter

equatiSif REHUEESERISE N BWETR Brudets dlewisadtss besrbivaer e ushess, liquid
Andersgg-Shultthlgr(}/ &ASF di tribuistign: W' = (1- a )2x nxa 13 wherein
W. is the welght fraction o1 B “85%‘?% EEBGH AR he Shers Gyge)

e oAy AR 3Rl TR MR e Va5 2l Do a8 1909 RRer
Tropsch catalyst undf:‘:r suitable temperature and pressure reactive conditions. The
Fischer-Tropsch reaction will ordinarily be carried out at temperatures ranging from
about 300°F to about 700°F (about 150°C to about 370°C), preferably from about
400°F to about 550°F (about 205°C to about 230°C); at pressures of from about 10 to
about 600 psia (about 0.7 to about 41 bars), preferably about 30 to about 300 psia
{about 2 to about 21 bars) and catalyst space velocities of from about 100 to about
10,000 cc/g/hr., and preferably about 300 to about 3,000 ce/g/hr,

[0037] The products resulting from the Fischer-Tropsch synthesis may range
from C; to about Cago plus hydrocarbons, with a majority in the Cs to about Cyg9 plus
range. Generally, Fischer-Tropsch synthesis may be viewed as a polymerization
reaction. Thus, applying polymerization kinetics, a simple one parameter equation
can describe the entire product distribution, referred to as the Anderson-Shultz-Flory

(ASF) distribution:
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chain length. The ASF chain growth probability of the C20+ fraction of the
Fischer- Tropsch wax herein can range from about 0.85 to about 0.915.
[0038] The Fischer-Tropsch reaction can be carried out in a variety of
reacto,rw tgf)es g,uc ,as, forintegample, {ix%(%?bed reactors containing one or
more catalyet Dedis, SllitR rE ARG HTaRZSH BE AL SR It et il 18 the
and a combination of different types of reactors. Such reaction processes

and re2cloféaPERENATBRAR ARG dciistenibe intnaliter Sitfenerhd e rispee

Fische[:Tropsch proce, ilizes superior, heat (a ss), transfe )
charac‘%}éﬁgtlﬁg‘[’%r ?ﬁlg g%%%f}}“&&ﬁﬂ%?@ Egjﬁrl? é)érig‘errggﬁi }fﬁméoﬁ’oﬂfgsﬂéeb}l:é“her'
to prodige.ralativelndiah malscuiarweight PaRifinig hydrocarbons when

using a cobalt catalyst. In the Slurry process, a syngas containing at least
a mixtyee3sf hydrogan mrsh&arbaRdRenRXsisieds plbiadiuras ALy of reactor

phase through a slurry which includes at least a particulate
Fischetylaopsbhdyfe dydndcafinoh isyhitiesisseatalyshdispersasrabdalyst beds,
suspended in a slurry liquid containing at least hydrocarbon products of

the syRHHESKS AL Bhdiridheakesticioid, und Erethiberaatiomdonditions diffeent
mole ratio of the hydrogen to the carbon monoxide may broadly range

from aB®GE Bf SeAstaBo ok Bt RERECtp aafly SRR aevdhgwwh from
about Q.7 to a %t Ztcfi‘%j and Fre rab#/ from about 0.7 to about 2.5. A
i <

particuTarR B rRrE ML H HsAR e pvdcaderslarsechoriagsts eidhsgesperior
QR
39

Pate nth'élaq (51'3 8@%? Tfép gh%%r{]:%e rl]Et;% Osff\gﬁi}k?ehsg%}?aé%?g{y é%%%a‘g agéh%ﬁ reaction

reference herein 0 uitable Fischer-Tropsc

are nokAMIREIdQ BRRLAY MAGR PR MH!&I&&?%‘?{@F%‘%%?%%% I]?}?#%%a%’ons when

the Elements such as iron (Fe), cobalt (Co), nicke

rhodiumitiz b qpaltadibi(Rehenanitm 4Re); LSBT RSN 4R mixture of

platinum (Pt), and the like and salts thereof, with 14
hydrogen and carbon monoxide is bubbled up as a third phase through a slurry which
includes at least a particulate Fischer-Tropsch type hydrocarbon synthesis catalyst
dispersed and suspended in a slurry liquid containing at least hydrocarbon products of
the synthesis reaction which are liquid under the reaction conditions. The mole ratio
of the hydrogen to the carbon monoxide may broadly range from about 0.5 to about 4,
but is more typically within the range of from about 0.7 to about 2.75 and preferably
from about 0.7 to about 2.5, A particularly preferred Fischer-Tropsch process is
disclosed in European Patent No. EP 0609079, the contents of which are incorporated
by reference herein.
[6039) Suitable Fischer-Tropsch catalysts include, but are not limited to, one
or more Group VHI metals. of the Period Table of the Elements such as iron (Fe),
cobalt (Co}, nickel (Ni), ruthenium (Ru), rhodium (Rh), palladium (Pd), rhenium

(Re), osmium (Os), iridium (Ir), platinum (Pt), and the like and salts thereof, with

14



cobalt being preferred. In general, the amount of cobalt present in the
catalyst can range from about Ito about 50 weight percent, based on the
total weight of the catalyst composition. If desired, the catalysts can
further C‘?ﬁ t%n additjional components which include, but are not limited

to, one OPthFEprET s Mg eRls1Re GRIAWh RS AABRYETE N Bdhpifesplyst can
12203, Mo 1100, o aeh omeets such 25, 2102 o

metals, eg., ?%,B”Ag, and Au; transition metals, e.g., e

COmbiQQ{QB@&MS&&&T‘?fﬁ@gﬁlé’cfttﬁéga@%t?gaﬁoﬁﬁpﬁgﬁggn ﬁ%%%ﬂal

Suitable support materials include, but are not limited to, alumina, silica,
magnesid@nehtianizh aordbelikeand: mxias thereph Mseiucaalysts vasic
and their preparation are known and illustrated in U.S. Patent 4,568,663,
which isidtendedds bellhsTiabye bandrrdindng oeativente gatabyst such as
selection. A preferred Fischer-Tropsch catalyst can include effective '
amourds 3t evlbate arfiatin e or MoregohRGA R traPitiee nidialEhe. Zr NHE, abf] the like
Mg and La on a suitable inorganic support material, e.g., titania, preferably
one wHIgKImbiaE s therset oRke SrirlgFecrarrirabp oraedl Gxidespats Suitable

Hydroisomerization Dewaxing [00401 As typically employed in the present
inventiony ﬂ%te%aﬁ%ézflﬁﬁﬁgﬁge’p %ﬁﬁ‘c?meféé!e@ié'&@w&x@dcwnagnem and titania,

hydroi iZati Waxin gg S__Suffi si%n ﬁroglucea
Fscher e B TR S AP S s

cyclopgraffins.and A Mederals: BaWR &%ﬁ]twmcﬂ%‘ﬁﬁ@hd%et&% QIHE’:%JQ {)ut non-

hydroisomerization dewaxing can be controlled such that the conversion

of the lampoundisdoiiagiahave akaut X QRifcke 8 W% TB8H:L® catalyst can

compounds boiling below about 700F is maintained between about 10 wt
% andiBguitdffanidepneferabhf dbtiterd i wiYoandf4s REHPt, Fe, Ni, Th, Zr, Hf,
Hydroisomerization dewaxing is intended to improve :

U, Mg and La on a suitable inorganic support material, e.g., titania, preferably on

which includes at least one or more refractory metal oxides.
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the cold flow properties of a lubricating base oil by the selective addition of
branching into the molecular structure. Flydroisomerization dewaxing
ideally will achieve high conversion levels of waxy feed to non-waxy

iso-pagaffins while, gt]q%g\%guentime minimizing the conversion by
cracking. yarol ation is ordinarily conducted using a
shapegglertive iniermediale AR AZEIAIGTLALSIS G ton, the substa tially

Hydroisomerization catalysts for use in this ‘step include at' least a shap

selectiveafiisikmeslisiel posesizedBoleriaisiRYRARd dwatalyticalbaastive
metal hydrogenation component on a refractory oxide support. The
phraseuihterhediatéupe el sidest- i psedihdredirheans atatysialagra@bitred
free diameter in the range of from about 3.9 to about 7.1 Angstrom when
the pofEtigCHfityahy dsmdeiGnn arbacatedaste form pThe dhapeesdldotivenditions
intermediate pore size .molecular sieves used in the practice of the
presenPiVERSITATEGRGATR PEranbe qanasled stk thablbe enar aivest the
oo B B IO 06 Mo e B Gpamgonas boring betow

111
I’Ingng ecular sieve \Y

tetrahegiallyogoefdinaias Ao s Jplems ) Pines demgﬁﬁﬁﬁgéé%?%ﬁggf

molecular sieve, the 10-ring (or larger) pores are par €

and dedetdbinterzanaestwigWaVEfoildhiAARHNERIINNA LAt MR to improve
10-ring molecular sieves which meet the broader definition of the

intermixdiate! fiove sizemialecuRbRiRR DUisdE kYeHOLISARUINARGSE ST branching
having 8-membered rings may also be encompassed within the definition’

of the itloIBeulwiesidvestorctge. Ndydinistherciassifiationngfidetiazeillitehieve high
channels as 1-D, 2-D and 3-D is set forth by R. M. Barrer in Zeolites,
ScienCaHAF PdeHHORIgR B dRed Bpm-RoORdeiguesins Bhikolihansandi@e
Naccache, NATQ ASI Series, 1984 which classification is incorporated in

its entfPé’fﬁﬁBf/‘?%%?e‘i‘i’gé’e(ré@é] by cracking.

[0041] Hydroisomerization is ordinarily conducted using a shape selective
intermediate pore size molecular sieve. Hydroisomerization catalysts for use in this
step include at least a shape selective intermediate pore size molecular sieve and a
catalytically active metal hydrogenation component on a refractory oxide support.
The phrase “intermediate pore size,” as used herein means a crystallographic free
diameter in the range of from about 3.9 to about 7.1 Angstrom when the porous
inorganic oxide is in the calcined form. The shape selective intermediate pore size
molecular sieves used in the practice of the present invention are generally 1-D 10-,
11- or 12-ring molecular sieves. The most preferred molecular sieves are of the 1-D
10-ring variety, where 10-(or 11-or 12-) ring molecular sieves have 10 {or11 or 12)
tetrahedrally-coordinated atoms (T-atoms) joined by oxygens. In the 1-D molecular

sieve, the 10-ring (or larger) pores are parallel with each other, and do not
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particularly page 75). [0042] In one embodiment, the shape se!ective
intermediate pore size molecular sieves used for hydroisomerization
dewaxing are based upon aluminum phosphates, such as SAPO-1 1,
SAPO-3 1, and SAPO-41, with SAPO-11 and SAPO- 31 being preferred
and SABTRITBENgoMBE préfdprbauaiortorddiss Hladeringmieuler sieves

lectiy ntermediafe pore.s e SAPQ, which has a crystalline structure
?;Ihng w%llt]hln %ggl oaf%t gg %1111 R O s € BPRHepe %ﬁ?’é?f B‘I‘We but

SM-3 and,ie tpiguesEhaReieristics. g describe ag's 'ﬁ‘mef *’1%@ Stupiead within
Patent Nos. 4,943,424 and 5,158,665. Other sh pe sefective ntor late

pore size ﬂﬁﬂ}eﬁ&k&aff%@‘(&ﬁdéﬁ%i oK E@@H&?&ﬁlzqfﬂe@m@&ﬂ@%ﬁ?}%ﬂﬁ'ﬂf&’ﬁohm
zeolites such as, for example, ZSM-22, ZSM- 23, ZSM-35, ZSM-48

ZSM-5haB8E-82| -Off teliten derlietite-angiine kevivita-8 5% 3 1a04 mo_{b@&d
being preferred. [0043] A preferred intermediate pore size molecular sieve

is charbeebiedybyditdlbr B ReRstalivgsaphicRndimdiamée @rsabihise:, NATO ASI
channels, selected crystallite size (corresponding to selected channel

length Sl SERdCHbe s leit)ioaliai Hols B S OB iApIIE e d Ylinfrreters ot
the channel of the ecular sieves are in the range of from about 3.9 to
about ¥’ f s¥r8rﬁml71%aR/lng a maximum crystallographic free diameter of

not m n abo minimym sta Io raphcfre 17 diameter
of notcl)@égﬁan abg%t%%]%%%\n(b%slﬁg% ﬁ ?{ bﬁe,e %@er%nax Fﬁte pote size

crystalipgeaphicices 9@&%?@&@&9&%%%&9@'&%%#& a ase Illlp8n aluminum

minimum crystallographic free diameter is not less

Angstreiaspyiass, prekerabipthe meaxipaum ,Qfﬁ(@@l@@@ﬁ),m&itf{%%lﬁ’dﬁmeéﬁé $APO-

not more than about 6.5 and the minimum crystallographic free diameter

is not [Eseihanafoet 4:@ AhBSHDINbcTHaaNost preferred. SM-3 is also a useful shape
selective intermediate pore size SAPQ, which has a crystalline stracture falling within
that of the SAPO-11 molecular sieves. The preparation of SM-3 and its unique
characteristics are described in, for example, U.S. Patent Nos. 4,943,424 and
5,158,665. Other shape selective intermediate pore size molecular sieves used for
hydroisomerization dewaxing include zeolites such as, for example, ZSM-22, ZSM-
23, ZSM-35, ZSM-48, ZSM-57, SSZ-32, offretite, ferrierite and the like with SSZm32
and ZSM-23 being preferred.
[0043] A preferred intermediate pore size molecular sieve is characterized by
selected crystallographic free diameters of the channels, selected crystallite size
(corresponding to selected channel length), and selected acidity, Desirable
crystallographic free diameters of the channels of the molecular sieves are in the

range of from about 3.9 to about 7.1 Angstrom, having a maximum crystallographic

free diameter of not more than about 7.1 and a minimum crystallographic free
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crystallographic free diameters of the channels of molecular sieves are
published in the "Atlas of Zeolite Framework Types", Fifth Revised
Edition, 2001, by Ch. Baerlocher, W.M. Meier, and D.H. Olson, Elsevier,
pp 10-}5, the Gontents f which_ are incorporated ference herein.
[0044] If the grystaﬁoeé?;aﬁ %élf?gé%d?aﬁn Fét%néftﬁﬁg%%é nél%%?ﬂ’?ﬁmecular
lla%rt leve can be

sieve afguidaoni. the afferlive;PaLe Sz %fa}hﬁ)gg?l?eﬁg Thfium

measured using standard adsorption techniques and rocarbonaceous

compocipstaibiapaw T-adnime Kinstit el 296 RiecknZenlile preferably
Molecular Sieves, 1974 (especially Chapter 8); Anderson et al. J.

Cataly$ic B8xitidn(d9F8ipandHit. P dianttids whdko:8 Tihnthepertingathe
portions of which are incorporated by reference herein. In performing
adsorploRTHERS U BHemBhe Betahiatimicporecsilzes Stardand 46chnigres:. The
are used. It is convenient to consider zgl)articular molecule as excluded if

does nBFTBICARMRAET ABBEUB94 Brichunainimalerisorpaon venebbished in

the maolecular. si in less than ut 10 minutes, (p/po=0.5; 25C).

Intermg(13 |afl§{ﬁso§g%%iger§ otecl 3?%?&%% \Nﬁ? B AR R b S
havingkipetis, di 340, nb t6i§r Angst Wghlliggle .
hindrar%e%@ ?L%%%?Sﬁf %%%%%ﬁl%gb%%ié%%gﬁoﬁ 8%%%)2%% ?:af)a]lglsfg Qb hich

use hesgimbayersificignt.aqidinesethat about 0.5 grams thereof when
positioned in a tube reactor converts at least about 50% of hexadecane at

- about 37} pressufehotaboillotZO8 P61, Adnekaasmienaeiabory 18Q cular
ml/min, and a feed rate of about 1 ml/hr. The catalyst also exhibits

isomersicreselavtivityhefeifsotitefope sientfohgredter i stmariaaiioneasured
selectivity is determined as follows: 100 x (weight % branched C16 in

produciiik ey sleamtimsdechs g mdutidronehyht SO G nipoprdd eéfnown

when used o .
mimmmum kinetic diameters. See Breck, Zeolite Molecular Sieves, 1974 (especially

Chapter 8); Anderson et al. J. Catalysis 58, 114 (1979); and U.S. Patent No.
4,440,371, the pertinent portions of which are incorporated by reference herein. In
performing adsorption measurements to determine pore size, standard techniques are
used. Itis convenient to consider a particular molecule as excluded if does not reach
at least about 95% of its equilibrium adsorption value on the molecular sieve in less
than about 10 minutes (p/pOEO.S;.ZSOC). Intermediate pore size molecular sieves will
typically admit molecules having kinetic diameters of about 5.3 to about 6.5

Angstrom with little hindrance.
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under conditions leading to an about 96% conversion of normal
hexadecane (n-C16) to other species. [0046] Suitable hydroisomerization
dewaxing catalysts include at least a catalytically active hydrogenation

noble , €.9., platinum and palladium, The presence of a catalytically
active wéé?igenat%ﬁelﬁﬁ‘@?gl BErrlsYB It a e HpESoE s foB uprohagiy have

ISCOS|{Ve ang. stahility..Th ble metals plaiinum and palladium are
\ é‘i}’fﬂ&%%%(am 13/ so.?h!dg f!bou%e Or.1§)l%nfc111‘13%‘xereoﬁf1 %I} lpeotﬁltwrbel fﬁ\ﬁ};ﬂ%e reactor

especially preferred, with platinun being more pre

and/oropalladiumeis uset 66, tatalamount of active W@f%@iﬂ%‘%@ é}?&;&?boo

will ordinarily not exceed about 10 weight percent of the‘total catalys

and caningediarh Ao Bbbdo:aboulRiweiahl Rercel afinedot e, The
catalyst, and preferably from about 0.1 to about 2 weight percent, based

on thecwidsiveightxbitiie cataliyatidOQ4IEL i ile sif et hyeraiseanerization
dewaxing catalysts can be formed on a support. Suitable supports for use
herein(ifRfgEatgraelor i tredsispporeasifthewik &) Us tfelgiaffadbtonghed Cyq in
oxide supports can be those oxide supports which are conventionally

used fB’f"é%?QI/W@%{Egh'ﬁ%‘?‘f}é‘?de(iarﬁ‘ppé?%‘iﬁ&ﬁ,vﬁiiﬁ’ﬁ*ﬁFf‘a?sﬂ inavarietnahen used
magnelg&\értétoar&i%, %Snfj '[Iéle like ang corgtg)}nations thereof 19#0048 The
conditions for Nydroisonefz 28R TahaXihgodsraitg Srrati as(n-Cie) to
for example,ihgfeed used, the catalyst used, whether or not the catalyst

is sulfided, the desired yield, and the desired properties of the lubricant

base qodepnditions,ualehvanich e DyRisamerizAUOR MAGeRSJr 156 ,

herein may be carried out include temperatures from about 600F to about

750F (@tduti LS Gotly alalit 0320(), isBlenaily, aROWMARAR 19 APAHRRO FThe

(about 315C to about 371 C); and pressures from about 15 to about 3000

psig, anesprefelablytfipimaiipeuti kOB thraiooatton metal can lead to product
improvement, especially viscosity index and stability. The noble metals platinum and
palladium are especially preferred, with platinum being more preferred. If platinum
and/or palladium is used, the total amount of active hydrogenation metal will
ordinarily not exceed about 10 weight percent of the total catalyst, and can range from
about 0.1 to about 5 weight percent of the total catalyst, and preferably from about 0.1
to about 2 weight percent, based on the total weight of the catalyst.
[0047] If desired, the hydroisomerization dewaxing catalysts can be formed on
a support. Suifable supports for use herein include refractory oxide support and the
like. Useful refractory oxide supports can be those oxide supports which are

conventionally used for catalysts such as, for example, silica, alumina, silica-alumina,

magnesia, titania, and the like and combinations thereof.,
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2500 psig. The hydroisomerization dewaxing pressures in this context

refer to the hydrogen partial pressure within the hydroisomerization

reactor, although the hydrogen partial pressure is substantially the same

(or nearly the same) as the total pressure. The liquid hourly space
velocitiP8#f¥ing contBetipeibitigenéndiydrommbotich tdwabauiedendrel sund
preferabl¥ from about 0.1 to about 5 hr-1. The hydrogen to hydrocarbon

ratio fafS'WitAin 190 ERgE dhs SsBusadoths aralyeEpaRordsthe gaohibleatalyst is
B e B R B i o ase L.

per mole hydrocarbon. Sultabie &5

hyd rOi%Rﬂlﬁ{fé@s“&{hé}r g/lgg}’ﬁvﬁ'v%%%grh%gm§nz%%%%§a§ %%s ?d]pll’“;’s%’gesrg'r? g}%}(' be carried

5,282,958, the contents 0 are incorporat y reference hereli
[0049] ddly Hae@ it pauRHYsRFeSeRbIR SRR ZRerdling §18-c (0 about

hydroisomerization dewaxing process, typically in a hydrogen to feed ratio

rangingodran) b iymboua boorr30 ABSE Fiobk (theusanshstangatd £UbLS); and
feet per barrel), and preferably from about 1 to about 10 MSCF/bbl. If

desiregrdsydrsdemodnibie SepdratetD Foqri ghenprediseitandsecyoied 60 thabout
reaction zone. 20 Hydrotreating and Hydrofinishing [0050] Hydrotreating

refers oY eatalytieeprsteissmageinpcieviedrautrissives jorésermutent frbe to the
hydro %,’?%’ in which the primary purgose is the removal of, for example,

various TS RSN RFATS S0indaehedmisomeraniGRT sstPeabanueh the

heterogt(alr,gses%ch as §glggrreqngu£gr%%gﬁ; 8@/ enates; and ﬁromatics f_glom .
the feed StGek - Genaraly. in hyarotreating Sparstiond WALKIR G BE S the tota
nYarocaiRARJMAIRHIER Hbein ARRKDAIIS, AL WIHOEAIRCAMAIFEUES: about
into smaller hydrocarbon molecules, is minimiz dand the unsaturated
hydrooarbensaieekher fillyefcpAtiai¥m about 0.1 to about 5 hr-1. The hydrogen to
hydrocarbon ratio falls within a range from about 1.0 to about 50 moles H per mole
hydrocarbon, and more preferably from about 10 to about 20 moles H, per mole
hydrocarbon. Suitable conditions for performing hydroisomerization are described in
U.S. Patent Nos. 5,135,638 and 5,282,958, the contents of which are incorporated by
reference herein.
{0049] Hydrogen is usually present in the reaction zone during the
hydroisomerization dewaxing process, typically in a hydrogen to feed ratio ranging
from about 0.5 to about 30 MSCF/bbl (thousand standard cubic feet per barrel), and
preferably from about 1 to about 10 MSCF/bbl. If desired, hydrogen can be separated

from the product and recycled to the reaction zone.
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hydrogenated. The waxy feed is preferably hydrotreated prior to
hydroisomerization dewaxing to form the Fischer-Tropsch derived

cl

= contents of which are incorporated by

. T 2T ant 24810 357 1HE
refere rein, f ral descriptions of. hydrotreatin H drocr ckitn i
and ofr[‘g{/%@:l catag/&g%?(fr}feé%l?ﬁ ga%ﬁ%f%ﬁgqug}éé)srg%?& §§f aglcéagéet @}ét ©

includerdaeh iRk initegeio :NRRlEH RIS HIOML GIOUPVAIA . ASSPIding.

to the 1975 rules of the International Union of Pure'and Applied

Chemistaypisyciriassplatinusapalagdivsand thelike angicambinations

thereof optionally on an alumina or siliceous matrix; Group VIII and Group

VIB méttiyantscothbinatibnsithercotesuckyasnickehmalybaeRuremhe feed

nickel-tin on an alumina or_siliceous matrix. See, e.g., U.S. Patent No.

3,852, Jo7whiir @iselbsasieteatasonmiiennmeaekioatefyst Aytiawiftion molecules,

conditions. Other suitable catalysts are described in, for example, U.S.

Patent Rio&® Sf@&%f?%?fﬁﬁfﬁ?‘?f@?@ﬂfé‘ﬂ%ﬂﬁ%Wﬂﬂb@éﬁﬁﬁ@ﬁ molecules,
tals, such as nickel-molybdenum, are typically present in the final

meta lée yi %lrqu gﬁ)

15 Anfimized and the un APS REUAIR A ﬁﬁ}&l}é&”?ﬁ%ﬁ%&uced

i} rat%
catalyst composition as oxides,

or sulfi whens ulfi er adlil f e_dlfrom. ;
the pat o e S e e e pE T H R eacn
as pIatiawmm@i{bcmmafélﬁi%wmﬁs@%%ﬁ%@i@o%%gg%%&'Q.ht percent

metal, and preferably between about 0.1 and about 1.0" weight percent

metal, (haSHd on th€ielighweeighsididhe wataly SheOMPOKINOMotRORE; operations are
embodiment, the non-noble metal catalyst compositions will ordinarily
contaiiv i leweasis dicatybUis. weight Petaent Narefesah)y2frand 4180035 10the
about 40 weight percent molybdenum and/or tungsten, based on the tptal
weightCereRes @éﬁgﬂyglf RGrHiseEEBEd by reference herein, for general descriptions of

hydrotreating, hydrocracking, and of typical catalysts used in each of the processes.

Suitable catalysts include, but are not limited to, noble metals from Group VIIIA
(according to the 1975 rules of the International Union of Pure and Applied
Chemistry), such as platinum, palladium and the like and combinations thereof
optionally on an alumina or siliceous matrix; Group VIII and Group VIB metals and
combinations thereof, such as nickel-molybdenum or nickel-tin on an alumina or
siliceous matrix. See, e.g., U.S. Patent No. 3,852,207 which discloses a suitable noble
~ metal catalyst and mild conditions. Other suitable catalysts are described in, for
example, U.S. Patent Nos. 3,904,513 and 4,157,294, The non-noble hydrogenation
metals, such as nickel-molybdenum, are typically present in the final catalyst
composition as oxides, but are usually employed in their reduced or sulfided forms

when such sulfide compounds are readily formed from the particular metal involved.
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and at least about 0.5, and generally about 1 to about 15 weight percent
of nickel and/or cobalt determined as the corresponding oxides, base_d on
the total weight of the catalyst composition. [0052] Typical hydrotreating

conditions vary over a wide range. In general, the overall LHSV is about
0.25 to BN EiP PR R AT s BB we, a8 i dingilylgentain in excess

hydrogen partial pressure can be greater than about 200 psia, and
p)r/efe r%cb%gor‘gnoghf gfréh BBt ﬁbsﬁﬁ%ﬁ*@ﬁfﬁﬁ&mﬁﬁ by Brbgshpbout 1.0

O e B o AN 1 one

preferably between about and about

in the rm@fnwﬂt,%@iﬁ@{ihesmaima%@y&%%%&&%Rﬁ%%ég’rﬁiﬂ%gﬁg%n in
150C to about 400C), and preferably from about 450F to about 725F :

(about X366 dpaabai $8ph)pdARBBHFLYCOILAIRGIDUSEM RSB e R cight ﬁercent
following hydroisomerization dewaxing for preparing the Fischer-Tropsc

derivednkibbiEatingabdse wilgstEhibastelnyrefered teifler@masatalyst composition,
hydrofinishing, is capable of improving the oxidation stability, ultraviolet_

(UV) stasiftyeashebapidbramtecotit photuttbsbretidviretraseseof of nickel
aromatics, olefins, color bodies, and solvents. The term UV stability as

used HEIEAT FaRarsdgepmined 481ty rirpmIeRIg bAsE i i BhIListE of the

Iubrica(r;]at ?n ex Oc‘);sfed to UV light and oxygen. Instability is indicated

h
talyst composition, .
when a visible pr C|p|1tal%e forms, usually seen as floc or cloudiness, or a

darker q@@[ﬁﬁ develog%%@ggﬁﬁﬁ%%r %:90 u Ergae\%%e?té}l, :%%ragn% gzrgir. A I seneral

general description of hydr Ing may atent™Nos.

3,852, 207ne f eier48 fudfide sy ?@aﬁ@yj.'@, atig %r@?&'&gﬁf (I’?orlﬂ%go%'tlb@ to about

remove these impurities as an alternative final process Step. Fractionation
1.5, The hydrogen partial pressure can be greater than about 200 psia, and preferably

ranging from about 500 psia to about 2000 psia. Hydrogen recirculation rates are
typically greater than about 50 SCF/Bbl, and are preferably between about 1000 and
about 5000 SCF/Bbl. Temperatures in the reactor will ordinarily range from about
300°F to about 750°F (about 150°C to about 400°C), and preferably from about 450°F
to about 725°F (about 230°C to about 385°C).

{0053] Hydrotreating is used as a step following hydroisomerization dewaxing
for preparing the Fischer-Tropsch derived lubricating base oils. This step, referred to
herein as hydrofinishing, is capable of improving the oxidation stability, ultraviolet
(UV) stability, and appearance of the product by removing traces of aromatics,
olefins, color bodies, and solvents. The term UV stability as used hereiﬁ refers to the
stability of the lubricating base oil or the finished lubricant when exposed to UV light
and oxygen. Instability is indicated when a visible precipitate forms, usually seen as

floc or cloudiness, or a darker color develops upon exposure to ultraviolet light and

22



[0054] Optionally, the process for preparing the Fischer-Tropsch derived
lubricating base oils may further include fractionating of the substantially
paraffinic wax feed prior to hydroisomerization dewaxing, or fractionating
of the Eischer- Tropsch derived lubricating base oils. The fractionation of
the Bt BT AR YA L Eol B0 I o G

or

fraCtiOﬁ‘,@ﬁ,W@H}G@gw @Pﬁ@ﬁ%gycl .tt}gg‘t%tmcofc’l%tcl%ggri% ¥ CUl{iE:nmove these

distillation, or by a combination of atmospheric and vacuum dis i'i?a on.

Atmosﬂmﬂg@ig@iﬂaﬁg&ﬁﬁy@m%mgstg eparate the lighter distillate
fractions, such as naphtha and middle distillates, from a bottoms fraction

having an initial boiling point above about 600F to about 750F (about
315C to about 399C). At higher temperatures, thermal cracking of the
hydrodagpigrmatinay take place leading to fouling of the equipment and to
lower yields of the heavier cuts. Vacuum distillation is typically used to
separzi?@%ﬂe highePB#iRAYYniBtariesesutn rispanadubribithey Bramsdilderived

fractiop .intto different boiling range cuts. Fractionating the lubricating .
base ot in %lcrllﬁflléarséﬂ’n‘%1 dﬂ%%hﬁé‘}ﬁ}?éee%%@&a{wg BResthtwidl siwatiinic

f i | d t ' I ity, of
bricat e Badh o1 B AT LR R BB oy
0ption@{%mmé@mﬁ%ﬁg%ﬁ@@ﬁynﬁé’f’re{&mHHE%)W%XJ@S?Agﬁ?L\'Iﬁfﬁamfﬁnic

from the lubricating base oil after hydroisomerization dewaxing.

dewaxing a0 hawweeennplishedi b sspiNRIAhe IS eLLFARSER Arplished by

derived lubricating base oil in a solvent such as methyl ethyl ketone,
methytiderbirtykphetsne, vacdotudind ldnibpredigitasingbthevox MHSHHEs: and
as discussed in Chemical Technology of Petroleum, 3rd Edition, William
GruseafiD gttt Srevdnwombeaiadistillation is typically used to separate the lighter

distillate fractions, such as naphtha and middle distillates, from a bottoms fraction
having an initial boiling point above about 600°F to about 750°F (about.315°C to
about 399°C). At higher temperatures, thermal cracking of the hydrocarbons may
take place leading to fouling of the equipment and to lower yields of the heavier cuts.
Vacuum distillation is typically used to separate the higher boﬁing material, such ag
the lubricating base oil fractions, info different boiling range cuts. Fractionating the
lubricating base oil into different boiling range cuts enables the lubricating base oil
manufacturing plant to produce more than one grade, or viscosity, of lubricating base
oil.

Solvent Dewaxing

[0055] Solvent dewaxing may be optionally used to remove small amounts of
remaining waxy molecules from the lubricating base oil after hydroisomerization

dewaxing. Solvent dewaxing can be accomplished by dissolving the Fischer-Tropsch
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Hill Book Company, Inc., New York, 1960, pages 566 to 570. See also
U.S. Patent Nos. 3,775,288, 3,773,650 and 4,477,333. Final
Fischer-Tropsch Derived Lubricating Base Oil Component [0056] The

Fischer-Tropsch derived lubricating base oils employed in the present
ven O U 1 BHCAN 05 ) o R A5 OR O HEEFER mer iso-buts

satura rmined by elution calumn chromatography, ASTM D .
a0 e B O B e e sl i

detectaieRydongrieraiomGa Mﬁ@&@'@ﬁﬂﬁ?&?ﬂ@%ﬁ%ﬂﬁ% Stevens, McGraw-

Spectroscopy (NMR). Molecules with at least one aromatic function are
preserutin BRWHSIESS hamahpyobid WeighhRe eI YolY ¢1RECHIN 8NBhtent
confirmed by ASTM D 5292-99 modified to measure low level aromatics.
In one Besbhdfihask, hiolketlesivitd &t kéast one aromatic function are
present in amounts less than about 0.10 weight percent. In another
embodiment, molecules with at least one aromatic function are present in
amounts less than about 0.05 weight percent. In yet another embodiment,

,, S PO =‘--’a'--;a:a Lpbucaimp Base Ohh fo1apa glamounts less
than ag 2.01 wejght percent. Sulfur,.can be present in amounts less.
than a @tﬁﬁ 5 ppm,l%ﬁtg?f)crséﬁ‘ré 4BR7 Sdsel?ﬁﬁ?lnlﬁg%‘iﬁnpﬁﬂ?ﬁ?ea@ﬂmﬁ%“ the
by ultrayjolet fluerassente, By 4 T D24p3-09, Aromatics Measurement
by HPES Oy [0057] The %%t%o used %ar%fﬁ%%“ﬁﬁeoé‘rggre“i%‘%? Vel faturates as

molectles il byl eRshRBE AHABRlc i 'gﬂyemmm&i%@b?&%ag%
1050 Series Quaternary 24 Gradient Hig erformance Liquid

Chromgiegidp et 1:0) s ysienneoupled Witk R d0RM RIGFRMY BYation C¥
UV-Vis detector interfaced to an HP Chem-station. ldentification of the
individDackroMatvetioBsesindh 8eighiycoppuitaber)) ulidbating with at least one

aromatic function are present in amounts less than about 0.3 weight percent by HPLC-
UV, and confirmed by ASTM D 5292-99 modified to measure low level aromatics.

In one embodiment, molecules with at least one aromatic function are present in
amounts less than about 0.10 weight percent. In another embodiment, molecules with
at least one aromatic function are present in amounts less than about 0.05 weight
percent. In yet another embodiment, molecules with at least one aromatic function
are present in amounts less than about 0.01 weight percent. Sulfur can be present in

amounts less than about 25 ppm, and preferably less than about 1 ppm as detenmined

by ultraviolet fluorescence by ASTM D 5453-00.

Aromatics Measurement by HPLC-UV

[0057] The method used herein to measure low levels of molecules with at

least one aromatic function employs a Hewlett Packard 1050 Series Quaternary
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base oils was made on the basis of their UV spectral pattern and their
elution time. The amino column used for this analysis differentiates
aromatic molecules largely on the basis of their ring- number (or more
correcgi\/éaégouble ond number), Thus the single ring aromatic containing

molec Rt B GeHoOSE Birtib OBiyBg ek KIS ity Breesaypled with a
mcreaﬂ?q le db(};&nd nﬁq}lq%st% {en%o ecul acF raro @s with similar

double bon aracter, those Wi ﬁlﬂono ?Hjeslrﬁji@rélute
sooneﬁ&m{hya%amﬁa %M&QM%%‘R?J'&%Q& lo&é%i%ﬁf{ﬂg x&a%bmamg

identification of the various base oil aromatic hydroca ons om their U

absoriaseeispeat iR AcCpBR Theer ecogizing thaltheir R A ution time.
electronic transitions were all red-shifted relative to the pure model

compolircteanalegButo asdé grechidepehdant flartheaamauniaat alkidoand largely on
naphthenic substitution on the ring system. These bathochromic shifts are
well kribapsts betheausadrvynhikybyroos detoctizétidedfotnbnitmblaltrbinss, the
in the aromatic ring. Since few unsubstituted aromatic compounds boil in

the lubFRERERERIET&bHsedipiae Fadessintiosteipiosted barbeonderedis

for all of the rn matic ntified. [0059] Quantitation of

the eluting a%'rﬁnaﬁc cor{w) B%liﬁﬁ?ig%tééﬁ?}] qb"&%?“ﬁﬂ‘f%@?%ﬁ@ S g P s
made ng’é{@}é‘? lc?(ﬂx% Q%o%tgmgac%iogh 43 tﬁlér?l 1%' a}ss gtgtgﬁgl] %%l'iﬂe ring elute

over the appropriate retention time Wln ma IC ention

time wsegﬁemhmﬁng@amasﬁmg%9&@%&\5%@ determined by manually
evaluating the individual absorbance spectra of eluting compounds at

differepuaésies andiasgigniog themsie i APRIOPLIAe: MRIRIS SRS

based on their qualitative 25 similarity to model compound absorption

spectrayititiartens dxoe fteonsVamlyoflvence spectra was accomplished recognizing that
their peak electronic transitions were all red-shifted relative to the pure model
compound analogs to a degree dependent on the amount of alkyl and naphthenic
substitution on the ring system. These bathochromic shifts are well known to be
caused by alkyl-group delocalization of the ® -¢lectrons in the aromatic ring. Since
few unsubstituted aromatic compounds boil in the lubricant range, some degree of
red-shift was expected and observed for all of the principle aromatic groups
identified.
[6059] Quantitation of the eluting aromatic compounds was made by
in_tegrating chromatograms made from wavelengths optimized for each general class
of compounds over the appropriate retention time window for that aromatic.
Retention time window limits for each aromatic class were determined by manually

evaluating the individual absorbance spectra of eluting compounds at different times

and assigning them to the appropriate aromatic class based on their qualitative
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classes of aromatic compounds were observed in highly saturated API

Group Il and Il lubricating base oils. HPLC-UV Calibration [0060]

HPLC-UV is used for identifying these classes of aromatic compounds

even at very low levels. Multi-ring aromatics typically absorb 10 to 200

times MEHETET TR eherrsipryd Hhsarariomutissa AR Sub stitatidenalsoly five
affected absorption by about 20%. Therefore, it is important to use HPLC

to SepSIATE S ARBRHY BT E S EEre R e e KA oW I and

efficientiy ihey, absorb. [A061] Five classes of aromatic compounds have
been identi%zé. Véiﬁégt)%égséxception of a small overlap between the most

highly retained alkyl-I-ring aromatic naphthenes and the least highly
retained alkyl naphthalenes, all of the aromatic compound classes were

baselinePresolvathiipiaghation limits for the co-eluting 1-ring and 2-ring
aromatics at 272nm were made by the perpendicular drop method.

Waveléiglh depenti@itrésponseddotdiefafiearhgeneratasomatiailastmpounds
were first determined by constructing Beer's Law plots from pure model

compofilifl #hiersirey Isxeled Malthengearesttipdntied lheasabdorbaliteintes more
the substituted aromatic analogs. [0062] For example,

alkyl-cy BRI RE REReRASSin bade Bhibskiniitse affagidmbeantion by
absorba%ggtez(?@/27 nm hat.corresgonds to the same transition that
unsubstituted tetralin model SOMPBINEL I8t D itrentiatearbiisaitioche

of allyidenaaianalGaARRINENERI0 PASE olkeampien s cqiculated by

assuming that its molar absorptivity response nm-was

approXimetply equalie Jelaling . MRl ARSI RN 2080 Th SIS e

from Beer's law plots. Weight percent concentrations of aromatics were

calculatedhipastusnial dhaliHeavesadR:MRIR Bilaly26tained alkyl-1-ring aromatic

| naphthenes and the least highly retained alkyl naphthalenes, all of the aromatic

compound classes were baseline resolved. Integration limits for the co-eluting 1-ring
and 2-ring aromatics at 272nm were made by the perpendicular drop method.
Wavelen.gth dependent response factors for each general arﬁmatic class were first
determined by constructing Beer’s Law plots from pure model compound mixtures
based on the nearest spectral peak absorbances to the substituted aromatic analogs.
[6062] For example, alkyl-cyclohexylbenzene molecules in base oils exhibit a
distinct peak absorbance at 272nm that corresponds to the same transition that
unsubstituted tetralin model compounds do at 268nm. The concentration of aliyl-1-
ring aromatic naphthenes in base oil samples was caleulated By assuming that its
molar absorptivity re.sponse factor at 272nm was approximately equal to tetralin’s

molar absorptivity at 268nm, calculated from Beer’s law plots. Weight percent

concentrations of aromatics were calculated by assuming that the average molecular
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weight for each aromatic class was approximately equal to the average
molecular weight for the whole base oil sample. [0063] This calibration
method was further improved by isolating the 1-ring aromatics directly
from th ré icating base, oils via exhaustive HPLC g?:‘!wro atography.
b RS B AR oA s R e
unceraigs AROGRRAUR ineprgel compounds. As expected, the

isolated aromatic sample had a lower response factor than the model

compeanwd] becausghit wiasaRIEUGRIY SUPRLHLE dn IPARAIMAI . ting the 1-ring
specifically, to accurately calibrate the HPLC-UV method, the substituted

benzenenzzidrndiiestywérersip aratest figin the ik ek aestibricating base

oil using a Waters semi-preparative HPLC unit. 10 grams of sample was
dilutedtrompagantxafelieting dotstlp mithdheasnimos e ddichisitied toelumn,

a 5cm x 22.4mm ID guard, followed by two 25cm x 22.4mm ID columns

of 8-12 FHRPER™SATIAG5ETIHBtCs Asac phdieTith he arskel cmpausgsR afviprpected,

Instrumentﬁ F eryville, Califo ntila, with n-hexane as the mobile phase at
a flow TSt ot i%]?ﬁls ?ﬁli%.sa@é)#ﬁ it 3Ih°e“ﬁ?r\ﬁf§§??§%ﬁ’ifﬁ‘§tgﬁnBléfs'é‘ﬁdghcﬂ’@po“nd
detecgycgg%og%g ﬁﬁgf@}@gﬂﬁu‘ﬁ’&}ﬂe@@gth UV detector set at 265nm and

[ e

295nm. Saturate fraction re colllectéd until the 265nm absorbance

showgdggachangeah @ %eaaémp%%&%@1&@1@}&&9@&%@%@%@&8&, the

single ring aromatic elution. A single ring aromatic fraction was collecte

until thebafisarbance dationabyeer: 26RM:a MR RN IHSEIRARARIIARDbase oil
indicating the onset of two ring aromatic elution. Purification and

separasion oihersisglie ringpatom B G action vaamadedmple was diluted 1:1 in n-
re-chromatographing the monoaromatic fraction away from the "tailing"
saturdtBe TR a8 dpiskisiprte doRatnhdrAngod dise irduthe, Bl RInCxcldmm 1Y guard,

followed by two 25¢m x 22.4mm ID columns of 8-12 micron amino-bonded silica
particles, manufactured by Rainin Instruments, Emeryville, California, with n-hexane
as the mobile phase at a flow rate of 18mls/min. Column eluent was fractionated.
based on the dete;ctor response from a dual wavelength UV detector set at 265nm and
295nm. Saturate fractions were collected until the 265nm absorbance showed a
change of 0.01 absorbance units, which signaled the onset of single ring aromatic
elution. A single ring aromatic fraction was collected unti! the absorbance ratio
between 265nm and 295nm decreased to 2.0, indicating the onset of two ring aromatic
elution. Purification and separation of the single ring aromatic fraction was made by
re-chromatographing the monoaromatic fraction away from the “tailing” saturates

fraction which resulted from overloading the HPLC column.
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[0065] This purified aromatic "standard" showed that alkyl substitution
decreased the molar absorptivity response factor by about 20% relative to
unsubstituted tetralin. Confirmation of Aromatics by NMR [0066] The

weigh ent of all. molecules with at Jeast ong aromatic function in the
purified m éino aroriila s§uﬁ3 FITAL ¢ 5tﬁﬂfsﬁ{§ AiEhia arstoHesE R

13 NMR analysis mNMRW, ﬁtﬁ%@?&sﬁ’% aliprate fhal E'Pﬂot ée}étl%%ct%use it

simply measured aromati e response epend on the
class ahamematicsieReiRg analyzed. The NMR results were translated from
% aromatic carbon to % aromatic molecules (to be consistent with
HPLC-UV and D 2007) by knowing that 95-99% of the aromatics in highly
saturated Iubrlcatlng base oils were single-ring aromatics. [0067] High

ph frestiohA pmih hadBline analysis were needed to
accuratel measure aromatlcs down to about 0.2% aromatic molecules.
More @Sg’@flcally, thasEimbitancrmb adatemelodeive rits aillaso lesutesnatithfunction
at Ieast e&allrfg&atlc function by NMR, the standard D 5292-99 method

was modifiet velR? ﬁfﬁﬁﬁ?ﬁrﬁtmgﬁ”%ﬁ%ﬂfm‘éf’ done-(yrAgmagrbon 13
stand ractice ). A 15-ho ratio 00-500 MHz NMR
%ﬂ/{ﬁ fa i Nalorac Brobecy o oSl % %%:ga[rﬁ/ FERISH L ST AYe

with a 10-12 m ac probe was use

was Uﬂg@ﬂ%@&ﬂ@o%ﬂ%%%&%ﬁ?é‘@% %99@%9&‘3&%‘&'%2 rtf%e atics

The carrier frequency was changed once during the run to avoil Ifacts

from inmagingdheealiphatioyrR aksiMOLRR: atRmate FRYeR BRI NS bon to %

spectra on either side of the carrier spectra, the resolution was improved
signifiezntigtio@ detdeninadanaiswe ghthRErcent Qlgling 2007) by knowing that

95-99% of the aromatics in highly saturated lubricating base oils were single-ring
aromatics.

[0067] High power, long duration, and good baseline analysis were needed to
accurately measure aromatics down to about 0.2% aromatic molecules. More
specifically, to accurately measure low levels of all molecules with at least one
aromatic function by NMR, the standard D 5292-99 method was modified to give a
minimum carbon sensitivity of 500:1 (by ASTM standard practice E 386). A 15-hour
duration run on a 400-500 MHz NMR with a 1012 mm Nalorac probe was used.
Acom PC integration software was used to define the shape of the baseline and
consistently integrate. The carrier frequency was changed once during the run to
avoid artifacts from imaging the aliphatic peak into the aromatic region. By taking

spectra on either side of the carrier spectra, the resolution was improved significantly.
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[0068] The weight percent of olefins was determined by Proton-NMR

(PROTON NMR) as set forth in the following steps, a-d: a) preparing a

solution of about 5 to about 10 weight % of the test hydrocarbon in

deuterochl

ppm SPEEEEIRA ‘ (8l F&nce the chemical shift (ppm)

axis. T e '%strume%gsegg must have _sufficient gain range to acquire a
It

signal ut overioBd i BFEEBNEIREE Wi an s HagReR Rty Ts
applie st ve.a minimum signal digitization dynamic
range %1?}&;@5@;){{)}565,0 (r)ll.tsg%?é)r%%vt eg? %{}/%"5‘“ css[rei}ﬁ’gaég\ivill be about
260,000 or marepmiMeasiiag teunledal ipispsifiesiswesn,about
6.0-4.5 ppm (olefin); about 2.2-1.9 ppm (allylic); and about 1.9-0.5 ppm

(saturatelratriising havrodaritaomeight of the test substance determined

by ASTM D 2502 or ASTM D 2503, calculate the following: 1) The

average molecularifogmularohiesatuyatad hye odaiap $pa sgdeal width and
average molecular formula of the olefins; 3) The total integral intensity
(=sum?6FanEhtégasirteheithesyica) Sl (npegratimt@hsitspensampié must have
hydrogﬁs%\‘(z_:total,integral/number of hydrogens in formula); 5) The number
of olef

Ci C -

55 SR TR R P e g ek oV s S Tehes/ADC. When

number-@f double bonds (5olefin hydrogen times hydrogens in olefin
formu% X ’cga%%e 535?56 is anghecEt e instrument must haxyearglmmum signal digitization

dynamic range of about 65,000. Preferably the dynamic range will be about 260,000
Or more,
¢) Measuring the integral intensities betWe.en about 6.0-4.5 ppm (olefin); about
2..2-1.9 ppm (allylic); and about 1.9-0.5 ppm (saturate)
d) using the molecular weight of the test substance determined by ASTM D
2502 or ASTM D 2503, calculate the folowing:
1) The average molecular formula of the saturated hydrocarbons;
2) The average molecular formula of the olefins;
3) The total integral intensity (=sum of all integral intensities);
4) The integral intensity per sample hydrogen (=total integral/number
of hydrogens in formula);
5) The number of olefin hydrogens (=olefin integral/integral per
hydrogen);

6) The number of double bonds (=olefin hydrogen times hydrogens in

olefin formula/2); and
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7) The weight % of olefins by PROTON NMR = 100 times the number of
double bonds times the number of hydrogens in a typical olefin molecule
divided by the number of hydrogens in a typical test substance molecule.
[00691 The weight percent olefins determined by the PROTON NMR
calculation procedLﬁérB% weiehs th aE Yl G BREN e 1A tasa thegumber
weight percent of olefins.is low, less than about 15 weight percent. The
ofoPe c ﬂ@i%ﬂfi?ﬁ%fh%w‘%?ﬁ?é.hé{da@?fﬁu?eadwﬁfaPéeéflﬁﬁegeéuie

olefins'mus
olefin tbas Vi M 599181{15 attached to the double bond carbons such
as: alphal, v?gbéiigqeegﬁle, cﬁs, tra gr Oﬁ%ﬁt}ﬁsau%g%ﬁﬂ% t.sf%seggcglrélﬁile 3‘}5’(&5 will

have gaigictable aivlicdopipfiadntamials RIGRRINRSMARIHFARARRRUL

2.5. When this ratio exceeds about 3, it indicates a higher percentage of
tri or teﬁi&%h&tbﬁaﬂm&&hﬂ&ﬁf@tﬁ@%@éﬁc@ﬂﬂoﬁﬁ@b@ﬂf@ﬂ%ﬂ&h@%&ﬁ%ﬁ%%gﬂ
must be made to calculate the number of double bonds in the sample.
Cycloparaffiro DistfibuidovhyeRiatdd abiaationMasspSpettr aseayisiMS) be
100701 Paraffins are considered more stable than cycloparaffins towards
oxidatiGRMEHH P ersfnshisre distifutitd miontscyilopareafffinstares having
consi%gar d more stable than multicycloparaffins towards oxidation.

Howeve r%ﬁ’ésnamé'}\%@ ﬁ’i‘%%%@ﬁt‘.’%‘?da‘fﬁﬁ?ﬂéé%§§/ﬂlﬁ’}ﬁb Iﬁé&‘é]ﬂ‘%ﬁf?é cis, trans,
IS T o0 g e Sadb o Bl

and the elastomer compatibility
properyes %&@ﬁ%ﬁg&fqrﬁ%ﬁbgf I§§G%gﬂlﬁ’21\/\{fla£g I%ise% § nb%%? ;3 ti? %)dicates a
cycloparaffins. To improve these properties in finishe prodﬂijcts, ’

eXPENgiyR:EPe:sAVRRISIHER RELalsERIUSLRAR Do Rdded, Rrglerallye n:

the oil fractions, derived from highly paraffinic wax and used as dielectric

fluids, semptisesarhighaveightoparadai-ahlasues ithle bonds in the sample.
monocycloparaffinic functionality and a low weight percent of molecules

with multicycloparaffinic functionality such that the oil fractions have

Cveloparaffin Distribution by Field lonization Mass Spectroscopy (FIMS)

{0070] Paraffins are considered more stable than cycloparaffins towards
oxidation, and therefore, more desirable. Monocycloparaffins are considered more
stable than multicycloparaffins towards oxidation. However, when the weight percent
of all molecules with at least one cycloparaffinic function is very low in an oil, the
additive solubility is low and the elastomer compatibility is poor. Examples of oils
with these properties are Fischer-Tropsch oils (GTL oils) with less than about 5%
cycloparaffins. To improve these properties in finished products, expensive co-
solvents such as esters must often be added. Preferably, the oil fractions, derived
from highly paraffinic wax and used as dielectric fluids, comprise a high weight
percent of molecules with monocycloparaffinic functionality and a low weight percent

of molecules with multicycloparaffinic functionality such that the oil fractions have
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30 high oxidation stability, low volatility, good miscibility with other oils,
good additive solubility, and good elastomer compatibility. [0071] The
Fischer-Tropsch derived lubricant base oils employed in this invention

were dtigitactesizershyi VB iniolaikanasanchmolaayesnith-difarentd additive
numbers of unsaturations. The distribution of molecules in the oil fractions
was delebililnethdyociMBsEidScspaetiailirere obtained on a Micromass

VG 70VSE mass spectrometer. The samples were introduced via a solid
probe #dthe spethoPieteniaesschrésaradipbncpiabing ilsmatlambinthis
(about 0.1 mq) of the base _ oil to be tested in a glass capillary tube. The
capillafy TbE §§66%6%%65‘F?ﬂé’¥i5%ﬁ%“§8Ii’él1§aﬁ‘?§)5@3f6‘|05%4§§§’ﬁh different

spectrgmeter, and the probe was.heated from ahout 40C up to 500C at a
rate ofg 50Cei)seo?r%l}ﬁaﬁ%%%ﬁ%rﬁﬁgdﬁ%a%%gggcﬁmqgf BorbneatdRraens was

Torr. Themass speaiemelewas. ssaneddrom iz, %E%%é%s%%{f mass

rate of 5 seconds per decade. The acquired mass spectra were summe

to gengrateonRer. aVRIABRNSPaStHIbEAAN SPEGIPIRS ASReorrected
using a software package from PC-MassSpec. [0072] Response factors

for all gonipptinehypesprdtaibagsypediie Bemha0, susht B weigiDIE8P base
was determined from area percent. The acquired mass spectra were

summed b érsiadiie orlessavpidae duispebirummilas ehtputdiomethst FMS of a
analysis s the average weight percents of alkanes, 1-unsaturations,
2-unsARHKIBAR BT ameshiResBREICET Tadtieatiohe WaUrrstead frtio aBoetri@°C up to
6-uns%tbr ions in thte bgét sample, [0073] The molecules with different “
GirAttons RYAST D& SRTSALRE B MG paPAtrp ety 10

numbers o .ﬁtnaslgfura _ SEUOI'T) _

e R S S A OO . o
seconds per decade. The acquired mass spectra were summed to generate one
“averaged” spectrum. Each spectrum was "C corrected using a software package
from PC-MassSpec. |
[0072] Response factors for all compound types were assumed to be 1.0, such
that weight percent. was determined from area percent. The acquired mass spectra
were summed to generate one “averaged” spectrum. The output from the FIMS
analysis is the average weight percents of alkanes, l-unsaturations, 2-unsaturations, 3-
unsaturations, 4-unsaturations, 5-unsaturations, and G-unsaturations in the test sample.
10073] The molecules with different numbers of unsaturations may be
comprised of cycloparaffins, olefins, and aromatics. If aromatics were present in
significant amounts in the lubricant base oil they would most likely be identified in

the FIMS analysis as 4-unsaturations, When olefins were present in significant

amounts in the Fischer-Tropsch derived lubricant base oil they would most likely be
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the FIMS analysis as 4-unsaturations. When olefins were present in

significant amounts in the Fischer-Tropsch derived lubricant base oil they
would most likely be 31 identified in the FIMS analysis as | -unsaturations.

The totddrditigrbid thenBBMIH atidpss 2s Unsatirations, Fhdnsatwxtionsynsaturations, 2-
4-unsaturations, 5-unsaturations, and 6-unsaturations from the FIMS
analySiSSHIFRIS the Wi iiabers ehtios slafiensy SprotunrMiviR, axdd-miatsations
the wejght percent of aromatics by HPLC-UV is the total weight percent of
molecé?%@ \%ﬁﬁ%él%ﬁﬁiﬁl’fﬁ% SnsRePeRes st AlsfinT By sEriadivEy and

lubricant_base oils employed.in this inventiqn. total of the .
2t e S ey ot s P f
6-uns%q@$mwrﬁ%ﬂﬂ@pﬁuﬂ§ ARAYRIRADIR lﬂ’?{et%'gg%cl%

Ot percent of ;v
' ' fub t
aromatics by HPLC-UV is the weight percent o u é"g’%ﬁ%h Ve lubncan

multicyakeparadiinie funslienaliveinitie ol smpleyedhinhis inyaation.

Note that if the aromatics content was not measured, it was assumed to

be lessmthamOobsdmandrnomiscudadiinthesaleutagioades oiahyvaight FIMS
percent of molecules with cycloparaffinic functionality. [0074] In one
embodipabRLs thienFisbheeiThbpschnd erivediubridatiiBl IEABR diltheomdbypetcent of
in this invention have a weight percent of all molecules with

cyclopRraffntes ivHB feH ity epaaiSnin drnateonality an thp rcamiplywgebiattiis

than about 9.5. They haye a ratio of weight percent of molecules with
monocyCioparaminic i E‘b%%fﬁf%%%&?&ﬁﬁ‘bé“m ibietuleEpdiumed to be

multcyglosaafinie Jnciionally, reaterhan ahout 45:1, end proferah

greater than about e most preferre r-Tropsc L RGEgnT of

lubricaging-haseQilscsamayathip AHiSdgxaRyon have a weight percent of

molecules with monocycloparaffinic functionality greater than about 9.5,

and a yeeight percent almalpiesmivite muticyeparifinicineHenaliitase oils
employed in this invention have a weight percent of all molecules with
cycloparaffinic functionality greater than about 8 and preferably greater than about
9.5. They have a ratio of weight percent of molecules with monocycloparaffinic
fnctionality to weight percent of molecules with multicycloparaffinic functionality
greater than about 15:1, and preferably greater than about 45:1. The most preferred
Fischer-Tropsch derived Iubricating base oils employed in this invention have a
weight percent of molecules with monocycloparaffinic functionality greater than
about 9.5, and a weight percent of molecules with multicycloparaffinic functionality
less than about 0.5.
[0075] The modified ASTM D 5292-99 and HPLC-UV test methods used to

measure low level aromatics, and the FIMS test method used to characterize saturates

are described in D.C. Kramer, et al., “Influence of Group II & 111 Base Oil
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less than about 0.5. [0075] The modified ASTM D 5292-99 and HPLC-UV

test methods used to measure low level aromatics, and the FIMS test

method used to characterize saturates are described in D.C. Kramer, et

al., "Influence of Gr Il & 11l Base Qil 32 Gomposition on VI and .
et e O T R R P e sprng
Meeting,| gl\gp;gg t ents of which.are .
incorpr})g}%%%&?l%%erence r%é%lé#?é%g?hé ,%ﬁ)%éﬁ% h‘% té"l\;}vsaé}%%elag a1 incorporated
employedderains reeigssentially free of olefins, base oil processing

techniques can introduce olefins, especially at high temperatures, due to
“crackif#§ 7sactionsilthcing: fre sende ot keat orUMlghiro e8I SBN free of olefins,
polymerize to form higher molecular weight products that can color the

base dif# oBREsBEiRdHigHsyEndritodlefinttan bpaaniigwetiply emperatures,
hydrofinishing or by clay treatment. Other Fischer-Tropsch Derived
LubricHHhE BASESH prsperted hevisseris hirak 00 Y Ajehhelleosity
indexes Pf the Fisclgher-Tr sch derived lyhricating base oils employed in

SO Calt ba Mg Th A BTeHEH S EMBEMIRTE Hithes walcrdiebase off or

this inventon can
viscosityindexes great Lthan &%x Ln(Kinematic Yjscosity at.100C) +95
For example a 4.5 cStgzPsc%ér- ropsch : ervet %élllt\;(/ciﬁyé%v%g\} _ rsl?ﬁ/day
index grgaterthan about 137. The test method used to measure viscosity

index is ASTM D 2270- 93(1998). B. Aniline Point [0078] The aniline point

of a Fischer-Tropsch derived lubricating base olil is

Other Fischer-Tropsch Derived Lubricating Base Qil Properties

A. Viscosity Index

[0077] The viscosity indexes of the Fischer-Tropsch derived hubricating base
oils employed in this invention can be high. In a preferred embodiment they will have

viscosity indexes greater than 28 x Ln(Kinematic Viscosity at 100°C) +95. For

example a 4.5 ¢St Fischer-Tropsch derived oil will have a viscosity index greater than

about 137. The test method used to measure viscosity index is ASTM D 2270-

93(1998).

B. Aniline Point

[0078] The aniline point of a Fischer-Tropsch derived lubricating base oil is
the temperature at which a mixture of aniline and oil separates. ASTM D 611-01bis
the method used to measure aniline point. It provides a rough indication of the
solvency of the oil for materials which are in contact with the oil, such as additives

and elastomers. The lower the aniline point the greater the solvency of the oil. Prior
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the temperature at which a mixture of aniline and oil separates. ASTM D

611-0 Ib is the method used to measure aniline point. It provides a rough
indication of the solvency of the oil for materials which are in contact with
the oil, Sﬁg as additives and elastomers. The lower the aniline point the

greatefthE SSRES R Sraie 6ik phsiebsnsrerabrtalimg badesoméhatdsagt one
weight,percent.of all moISe lléhea \évi Ien%s one ar matic functiop less
than a %%ntggs : n?g & ro@n su sutg&rigglly p%ara i L&féﬂ?&é pﬁ?f\t}? P& feed

than aH%g?_Qd@%H&QE%FQ@B%J&%H%9&%&&1‘%&‘&%%%‘%1&; and

hydroisomerization dewaxing, tend to have high aniline points and thus

poor anivlittieormetizbility @nehalasienacisanaliR kiR RGeS AMPINS:dditive
of all molecules with cycloparaffinic functionality in the Fischer-Tropsch
derivegolubtlicatingdrasercisongdtib#ithe Hnillighpointodiie Aailine peinisafith
the Fischer-Tropsch derived lubricating base oils will tend to vary
depentiflpisidiiairifuatiatnelifisodbitF ot tee Tutwichtieg tsd debuiban d BRE dits
cSt. C. Qxidation Stability [0079] One convenient way to measure the

stabilif SIRBE TS BaLE difs iribyaneivis SrRisdsidaeordnerised tnkricating
descrilggsoleirhéJWI f%ﬁ%ﬂt 3,852,207. The Oxidator BN test measures the
resistance 1 oxtansn B MESREEPE oS RBEIS Ko nE Sipligricating base
apparatys: fRedRn Y Dornte "Oxidation of White Oils,” Industrial and
Engineering Chemistry, Vol. 28, page 26, 1.936. Normally, the conditions

are one atmosphere of pure oxygen at 340F. The results are reported in
hours to absorb 1000 ml of 02 by 100 g. of oil. In the Oxidator BN test,

0.8 mI©f Catalystiswsggyper 100 grams of oil and an additive package is
included in the oil. The catalyst is a mixture of soluble metal

naphtHe#Ekes in kefosenevdatmmixyukenfasotdbie metatnanbthienaiesase oils is

by the use of the Oxidator BN Test, as described in U.S. Patent 3,852,207, The
Oxidator BN test measures the resistance to oxidation by means of a Dornte-type
oxygen absorption apparatus. See R. W. Dornte “Oxidation of White Oils,” Industrial
and Engineering Chemistry, Vol. 28, page 26, 1936, Normally, the conditions are one |
atmosphere of pure oxygen at 340°F. The results are reported in hours to absorb 1000
ml of Oy by 100 g. of 0il. In the Oxidator BN test, 0.8 ﬁl of catalyst is used per 100
grams of oil and an additive package is included in the oil. The catalyst is a mixture
of soluble metal naphthenates in kerosene. The mixture of soluble metal naphthenates
simulates the average metal analysis of used crankcase oil. The level of metals in the
catglyst is as follows: Copper = 6,927 ppm ; Iron = 4,083 ppm ; Lead = 80,208 ppm ;
Manganese= 350ppm ; Tin= 3565 ppm. The additive package contains 80 millimoles
of zinc aryldithiophosphate per 100 grams of oi!. The Oxidator BN test measures the

response of a lubricating base oil in a simulated application. High values, or long
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simulates the average metal analysis of used crankcase oil. The level of
metals in the catalyst is as follows: Copper = 6,927 ppm ; Iron = 4,083
ppm ; Lead = 80,208 ppm ; Manganese= 350ppm ; Tin= 3565 ppm. The

additiverpaekagR.easiaing 80-nilimaes At Zasianidithiophasahate.Brlonally it
100 grams of oil. The Oxidator BN test measures the response of a

lubricasingnbidsedihin tacdimidiate B phioation abdigh/values For tangrSsdnt
times to absorb one liter of oxygen, indicate good oxidation stability.
Traditidizon. BedoridrierBi trdtasertridemeBhshonitibédatove 7

hours. For the present invention, the Oxidator BN value can be greater
than about 30 hours. D. Noack Volatility [00801 Noack volatility is defined

as the nass ﬂf gllla%gressed in weight percent, which is lost when the oil

is heated 20 mmHg (2.67 kPa; 26.7 mbar) below
atmospigli- Pressu,ip aiigsherucioifrougb wiicha cansiant fom.of

air is drawn for 60 minutes (ASTM D 5800 more convenrient me \ggl%F

calculgtipgdeaskmeRWibvhanthone iwhish earrelates WelhWItht ST M kpa; 26.7

D-5800 is by using a thermo gravimetric analyzer test (TGA) in

accorasinepbaithy AmbbftiarkPébssHan T @A blasithe RIakRYBidSLEonstant flow of
throughout this disclosure unless otherwise stated. The Fischer-Tropsch
derivesflifotieatirfgrifdseioissda isl/® 4900pck votatititydesenthathad for
amount calculated from the equation: Noack Volatility, Wt/o= 1000 x
(Kinerfiifiglafisgdkity arol adity g cap o picdrepatshyths seethwuirah EWolr800 is by
calculated from the equation: Noack Volaﬂ'ggl‘%%th% =900 x (Kinematic

Viscosit & TH0ES. S8V BB EALISHY 1081 frmsecrdapsrevatit duih D 6375-

derivegglutﬁ:&c tm% ase ails emplayed in the present invention can also

have exce er‘ﬁ1 viscome ??Ich résplgre%zﬁﬁﬁ eorulto’!\llgvHS Relosbre unfoss Seriise sated
The Fischer-Tropsch derived lubricating base oils can have a Noack volatility less
than an amount calculated from the equation: Noack Volatility, Wt% = 1000 x

(Kinematic Viscosity at 100°C)™>7, and preferably less than an amount calculated

from the equation: Noack Volatility, Wt% = 900 x (Kinematic Viscosity at 100“(3)'2‘8._

E. CCS Viscosity

[0081] The Fischer-Tropsch derived lubricating base oils employed in the
present invention can also have excellent viscometric properties under low
temperature and high shear, making them very useful in multigrade engine oils. The
cold-cranking simulator apparent viscosity (CCS VIS) is a test used to measure the
viscometric properties of lubricating base oils under low temperature and high shear.
The test method to determine CCS VIS is ASTM D 5293-02. Results are reported in

centipoise, ¢P. CCS VIS has been found to correlate with low temperature engine
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temperature and high shear, making them very useful in multigrade
engine oils. The cold-cranking simulator apparent viscosity (CCS VIS) is
a test used to measure the viscometric properties of lubricating base oils
under low temperature and high shear. The test method to determine

CCS VIENEMESTHGF 85 6% 7 Resdenre Sopis el dpiiesshipp aisemepive engine
CCS VIS ha found to correla, ith low temperature engine 35
crankir(l)f?.S g{)%e%%gg%(gﬁgv 8?%rﬁ% Lllrlﬁeu%?ﬁ) cS¥ i ard BeRFEY S marhivae
enginep Qi LY 24 1BA0: Jayisad e 2001, The CCS VIS measured

at -35C 1of the 1’E%‘%cher-Treopschi 'del%é%r%uér%cgﬁ?réavﬁﬁeeq%l }s{hé}gsfo%v&:n an amount
preferalydrgs tiananamatticealelateddy the-aguatign: GHSMSsity at
(-35C), cP = 38 x (Kinematic Viscosity at 100C)3, and more preferably

less thagn2w) amduntrepletdated hysthe:eaquaionnGRaSIMS ;386 eRim36Cs

X (Kinematic Viscosity at 100C)2 8. Il. THE POLYOL ESTER
COMPOURNERT(DEE2] e (Kénunaicoviiporignatafaie)tibricating base oil
compositions of the present invention are polyol esters. The polyol esters

can be synthetically prepared by esterifying one or more polyols with one

or morg organic acids. The synthesis of polyol esters from one or more
polyols anaoneorm SR SOME

BBt i GO CaR-he performed by methods

knOWn[Hbé_EF a.rt’ fo’h?g( %rpc}!)llg bg g%%@%am et%%?c%)ﬁg%]%ﬂé gg%B?glfB)rns of the

condensation in the presence of an acid cata

use in farming BRI ARSI S50 bﬁh@%?ollq aving 1o <48, %%%k#%ra ]ﬁa(r)epared by

carbon atoms and from two to six hydroxyl groups. One example

polyol é@feﬂﬁﬁnlgeyli%iBﬂﬁ]@f@@@@ﬁﬁt%ﬂ%ﬁ@ld@%Y(B@Qo';’g%i%g&@{b%}eastﬁm?is of

The term "neopentyl polyol" as used herein means a polyhydric alcoho

havingralineepen fibgreupormxamplescdf thesecnalyels nehseadul areyaot

limited to, 1,2-
performed by methods known in the art, for example, by subjecting them to
dehydrating condensation in the presence of an acid catalyst.
[0083) The polyols for use in forming the polyol esters can be those having
from 2 to about 10 carbon atoms and from two to six hydroxyl groups. One example
of a polyol for use herein is a neopentyl polyol having 5 to 10 carbon atoms. The
term "neopentyl polyol" as used herein means a polyhydric alcohol having a
neopentyl group. Examples of these polyols include, but are not limited to, 1,2~
propanediol, 1,3-propanediol, 1,2-butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-
1,3-propanediol, 2-ethyl-2-butyl-1,3-propanediol, 1,3-diol, (namely, neopentyl
glycol), 2,2.4-trimethyl-1,3-pentanediol, 2,2-diethylpropane-1,3-diol, 2,2~
dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol, trimethylolpropane

(TMP), pentaerythritol, dipentaerythritol and the like and combinations thereof.
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propanediol, 1,3-propanediol, 1,2-butanediol, 1,3-butanediol,

2,3-butanediol, 2-ethyl- 1,3-propanediol, 2-ethyl-2-butyl-1,3-propanediol,
1,3-diol, (namely, neopentyl glycol), 2,2,4-trimethyl-1,3-pentanediol,
2,2‘d|€[ﬂ0}§mrOPaneT%Qégé%iga%i_ﬂ'wl{@rﬂgﬁﬁﬁﬁgg el 5531 ol esters can be those
2-methyl-2-propylpropane-1,3-diol, trimethylolpropane (‘?',MP),

pentaémpting thhndipenteanythriabandtthe limand cambinaions 40818ede 38t are
[00841 The organic acids for use in forming the polyol esters can be those
havingidimiteddabotngit ecidawlatems: Eid ppiesoi argdniomaidsoic acid,
include, but are not limited to, butanoic acid, isobutanoic acid, pentanoic
acid, iS6FaAGTE Aty heranisiackbiaydoberpnoitanisiciapiencic acid, isoheptanoic
cyclohexanoic acid, heptanoic acgid, isoheptanoic acid, :

methy R CIBITERARGTC KSR AR B Hb e Hpie At eI Adiacip Apid 2-

ethylhexanaic acid, 2.4.4:trimethyl-pentanoic acid,.isooctanoic. c% ,5,5-
trimethg%%e%g?%ig g%ﬁd@:zﬁ%é] a@ﬁg%%zigi &° ?s%nr%)(})%zé(ﬁdiésgl%?&’%éiﬁgga% i’g'acid,

iSOUnOlﬁﬁﬁeﬂgiﬁlé}%ig&ﬁy&%ﬁ%@%&ﬁ!ﬁs&%‘%ﬁ%@ AGdaletiagesanoic

acid, hexadecanoic acid, heptadecanoic acid, octadecanoic acid,
2-ethylbexadeednai6iacithu RAIREARAIL ARith-AdRethYIeGIaERsAN0IG d

acid, icosanoic acid, 2-methylicosanoic acid,3-methylnotadecanoie acid,
docosamviteesidictetiddepesinniciaaidd o metbhwlticasanpiaiatid:aneshsic acid,
like and combinations thereof. [00851 The organic acids can also be fatty
acids Wttiefeereols efadS obedonybdads cortdihngsantwngeiydroesihlitosancic
chain and a terminal carboxylate group and are characterized as
unsattﬁ%?ea'w@a%a?aféaca%%ﬁ@fi&giaww%@ﬂifér@ra@ﬁmr@n@ﬁ@mm& 2-

present in the hydrocarbon in.. Therefore, an unsaturated fatty acid has
s o%%rfgl%ﬁg ?H%?@ﬁ%?o%ﬁ?fﬂ%’?ﬁ%ﬁ@f%%fs a saturated

at Ieag_% one di 1yu ( _

o o o, SOHPSaRIR MR AR RN ARTRER S or
compounds containing a long hydrocarbon chain and a terminal carboxylate group
and are characterized as unsaturated or saturated depending upon whether a double
bond is present in the hydrocarbon chain. Therefore, an unsaturated fatty acid has at
least one double bond in its hydrocarbon chain whereas a saturated fatty acid has no
double bonds in its fatty acid chain. Examples of unsaturated fatty acids include, but
are not limited to, myristoleic acid, palmitoleic acid, oleic acid, linolenic acid and the
like and combinations thereof. Examples of saturated fatty acids include, but are not
limited to, caproic acid, caprylifalacid, capric acid, lauric acid, myristic acid, palmitic
acid, stearic acid, arachidic acid, behenic acid, lignoceric acid and the like and
combinations thereof.

[G086] In another embodiment, the polyol ester is at least one glycerol ester

such as a C4 to about Cys fatty acid glycerol ester and preferably a Cq to about Cyy
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are not limited to, myristoleic acid, palmitoleic acid, oleic acid, linolenic

acid and the like and combinations thereof. Examples of saturated fatty

acids include, but are not limited to, caproic acid, caprylic acid, capric

acid, lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid, _
beheni@iicigidighestesisrid hnalserkestsrofosonathieratiors vesloofrides derived
[0086] flrr(; anpther egibodiment, the polyol ester is at least one glycerol

L KDY BEB EOrE et adioyigeaisr dermmannabrerseabiych as

ester such as & | |
C6to t fatty.acid glycerol ester. The glycerol esters for us
herein%(%q#b%% ilnéggr‘cid?égg(é%rfﬁfegg ?Pcc)li rrﬁlfefglir(%%mcﬁ %‘?ﬁ%’ﬁ?ﬁ%ﬁﬁ&%ﬁﬁ?&eg Slegﬂ natural
E%f@tgﬁ ticalm oil
ude, it ’

those garivaddasm: nalyFRtSQMIERS é!r!:%‘ihﬁ%n?kaa%%s%ro%'?%@ﬁﬁ ket

oils and the like and combinations thereof. Useful natura _ )
are noblimitell dasteannrageait, Rabasabed: RALT KaINEhello DM AILlMRonseed
oil, castor oil, rape oil, corn oil, beef tallow oil, whale oil, sunflower,
cottonséelnssild liniseag ofl, tukgveill, taldvilpiledand @i cpasn @t10dbyeanDlnd the
oil, soya oil, and the like and combinations thereof. Useful synthetic oils
includéi¥sardreTRbiAtee theacoSy Hilsduicpiltbdisrpitsdrivide thet reactiotingfed to,
one or more carboxylic acids with one or more glycerols, e.g., glycerol

triacetYBIEHE SHe dReysdfrerb ibirRstisRofitarcemag if&ﬁl@’iﬁ@r@iﬂésoﬂ%}gﬂﬂe or
dinaril tain triacylglycerqls (TAGS), which contain three fatty aci
chaine NP 2 By ST i e LA i PG S e
: iolein, frieicosenoin, or.trierucin canbe used as .
g e SRR R o

Sigmark:benigalcig @ﬁ@%@)&e{%\e!ﬁ}@wzs glly_@r))l ASEY Q?d 24 E.I).éelﬂﬁl%‘gl P isr)]r%thetic.

standard techniques. [00871 The foregoing glycer0l esters can contain

from abeutx@Artie, abotd LidbaantbiprefetabhisRntal fRAMCEIO AU starting
C24 fatty acid esters, i.e., several fatty acid

materials. TAGs are commercially available, for example, from Sigma Chemical

Company (St. Louis, Mo.), or can be synthesized using standard techniques.

[0087] The foregoing glycerol esters can contain from about C4 to about Cos
and preferably contain about Cg to about Cyy fatty acid esters, i.e., several fatty acid
moieties, the number and type varying with the source of the oil. The fatty acid
moieties independently can be unsaturated or saturated fatty acids. Examples of
unsaturated fatty acids include, but are not limited to, myristoleic acid, palmitoleic
acid, oleic acid, linolenic acid, and the like and combinations thereof. Examples of
saturated fatty acids include, but are not limited to, caproic acid, caprylic acid, capric
acid, lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid, behenic
acid, lignoceric acid, and the like and combinations thereof,

{0088] The acid moiety may be supplied in a fully esterfied compound or one

which is less than fully esterfied, e.g., glyceryl tri-stearate, glyceryl di-Jaurate and
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moieties, the number and type varying with the source of the oil. The fatty
acid moieties independently can be unsaturated or saturated fatty acids.
Examples of unsaturated fatty acids include, but are not limited to,
myristoleic acid, palmitoleic acid, oleic acid, linolenic acid, and the like
and coghsiFiativraaiskieeihestivsiys ofssmushilel fattheacidslinehdde, dppteciate,
are not limited to, caproic acid, caprylic acid, capric acid, lauric acid,
myristic &S BE ARG Mt diyed pibnidic waetablendniSuisble vegetable
Iignoceor{'ﬁ; ﬁl&g\i,d, and the like 2 dfaL ombijnations thereof. [00881 The acid

. i

D BIRATH 4 T St SEP i o B S g gon

moiety may be supplied in a

than fully.eStarfisshe: G SiYGERY! fﬁfﬁa%ﬂﬁn%e}%ﬁ%%séx@-'aw te and 38

rassica er
glyceryl mono-oleate, respectively. As o in the art ilfreaquYy
appreciaiaihesiasinamateriak canbe plantderives oils.iecrsasiable
oils. Suitable vegetable oils have a monounsaturated fatty acid content of
at leastabdut Ho%(hasedier) wialCiaitsacidaonient 18RAHRcIe it acid, is a
example, rapeseed (Brassica), sunflower (Helianthus), soybean (Glycine
max), ericEaly nrafd xapessvbel( Craimbe)ingrnommeasanfeamtaity acid content of
(Limnanthes) oil. Canola oil, which has less than 2% erucic acid, is a
particufaifptidBiarraplee e latyispiVingha momonsraied i@t fatid acident can
contenlgeog at least 70% are a sogarticularﬁlyy useful. The monounsaturated
fatty acid COMEITE S hEUBRHALEA BHESF wrafiphscrisiacit(§ e 3rayic acid
eicoseppic acid (C20: ), erucic acid (C22d), or combinations thereof.
[0089] h one eﬁ’%(g\lé 1|?%fgﬁ%fﬁt?ﬁ§%%lyol esters can be glycerol esters of the

genergblgggnula (1):1Q dhe embodiment, the polyol esters can be glycerol esters of the

general formula (I):

0
CHj OC——R!
] 0
CH——— O¢ —R? @
1 0
CH; o¢— R3

wherein R!, R? and R? are independently aliphatic hydrocarbyl moieties having 4 to
about 75 carbon atoms, preferably 4 to about 24 carbon atoms inclusive, and more
preferably wherein at least one of R, R* and R® is a saturated aliphatic hydrocarbyl
moiety having 4 to about 10 carbon atoms inclusive and wherein at least one of R, R?
and R® is an aliphatic hydrocarbyl moiety having from 11 to about 24 carbon atoms

inclusive,

[0090] In another embodiment, the polyol esters are compounds of the general

formula (I1):
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CHZ OC-R'1 CH- O~-R2 ELI 111,7- OC- R"wherein R', R2 and R3 are
independently aliphatic hydrocarbyl moieties having 4 to about 75 carbon
atoms, preferably 4 to about 24 carbon atoms inclusive, and more
preferably wherein at least one of R', R2 and R3 is a saturated aliphatic
hydrocarbyl moiety having 4 to about 10 carbon atoms inclusive and
wherein at least one of R', R2 and R3 is ,_aligq{atic hydrocarbyl moiety
having from 11 to about 24 carbon atomas inclusive. [00901 In another
embodiment, the polyol esters are coBipunds of the general formula (l1):
390 11 OC- (CH2)x R-~-(CH2) (%) (11) O lI-RS (CH2)z IIIOC- R6
wherein R4, R5 and R6 are independentlycalipha hydrocarlg)ﬂ moieties
having from 4 to about 24 carbon atgms, 57 s.h Cﬁg%[g or an aliphatic
hydrocarbyl moiety having (CH), l

N OC~— RS

wherein R*, R® and R® are independently aliphatic hydrocarbyl moieties having from
4 1o about 24 carbon atoms, R’ is hydrogen or an aliphatic hydrocarbyl moiety having
1 {0 10 carbon atoms and x, y and z are the same or different and are integers from 1
to 10. The compounds of formula (IT) are known compounds and can be prepared by
known procedures and hence readily commercially available. Referring to the RY, R
and R® groups, the aliphatic hydrocarbyl moieties may be independently saturated or
unsaturated, linear (straight chain) or branched chain and preferably have 4 to about
24 carbon atoms, more preferably 4 to about 16 carbon atoms and most preferably 6
to about 10 carbon atoms. The R’ group can be hydrogen or an aliphatic hydrocarbyl
moiety such as, by way of example, a linear or branched chain alky] group having
from 1 to about 10 carbon atoms and preferably ! to 6 carbon atoms, optionally
containing an aromatic or aryl group. Examples of such polyol esters for use herein
include, but are not limited to, trimethylolpropane (I'MP) esters such as, for example,
TMP tri(2-ethyl hexanoate), TMP triheptanoate, TMP tricaprylate, TMP tricaprate,
TMP tri(isononanoate) and the like.

[0091] In general, the foregoing polyol esters can be used singly or in
combination of two or more compounds with the foregoing Fischer-Tropsch derived
lubricating base oils to form the lubricating base oil compositions of the present

invention. The Fischer-Tropsch derived lubricating base oils will ordinarily be
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1 to 10 carbon atoms and x, y and z are the same or different and are
integers from | to 10. The compounds of formula (II) are known _
compounds and can be prepared by known procedures and hence readily

commercially. ayailable. Referring to the R4, R5 and R6 groups, the

aliphafic hyd %8%%‘9 "FRO1E %Sﬁw%%’énﬁﬂf&&é’ﬁd%ﬁfvﬁm@? &gt-;l anh amount of
unsat ol traight chain) or hranched chajn and, prefera ve
1o a5 e R D R B iCrom

and masspefesablyiGde @h%faﬁ@rﬁ@gpﬁ%f@}mﬁm%&lﬂ%%ﬁaﬂ Bet o

hydrogen or an aliphatic hydrocarbyl moiety such as, by way of example,

a linedrassdorartehed oheighadkyhgresmhavingsdromdnifoaion!t 0G0 8ester
atoms and preferably 1 to 6 carbon atoms, optionally containing an

aromatidlording iy bepré&seimples dhisusmpbiyelodisters iettivaeibemifor effective
include, but are not limited to, trimethylolpropane (TMP) esters such as, _

for exdffipe] TMPIREEthTER OB POTVIF tritiehtasoste TRt 15 weight
tricaprylate, TMP tricaprate, TMP tri(isononanoate) and the like. (0091] In
genergﬁrfﬁgtfd%%ﬁ‘?ﬁl BIOMehars Ly isk pesansivglhont 19 eeiabbneati, based

of two or.mare compaounds with. the foregoing Fischer-Tropsch derived
Iubrica(ﬁ]ntgi;;%bg%%c %lﬁ%}%ﬂ?ﬁ%&fﬁ%ﬁ%éﬁ o b SSE Bt Mipositions of the

presenboiyention. it eischey: HIOPSH RHNaH MR RInA base Als il

ordinarily be 40 present in the g base oil compositions In a major

amoutreg il 3BANDE AbITBRIBEHARIND Qitivh RrelRsallyreater B tions

about 70 wt. %, more preferably from about 80 to about 99.5'wt. % and

most preferablfifidm alinic: iy toilaboniAivd ifwhbasasoRthe i@k dispersed
weight of the lubricating base oil composition. The polyol ester will

ordinafilylise beds dritcihe binigaing ich i gihasd ok sohepositiong dnbatminast limited

effective amount, e.g., an amount ranging from about 0.5 weight percent .

to abolfe itglwé@&ms, anti-wear agents, detergents such as metal detergentg rust inhib1tor$,
dehazing agents, demulsifying agents, metal deactivating agents, friction modifiers,
pour point depressants, antifoaming agents, co-solvents, package compatibilisers,
corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents and the like
and mixtures thexeof. Greases will require the addition of appropriate thickeners. A
vatiety of the additives are known and commercially available. These additives, or
their analogous compounds, can be employed for the preparation of the various
lubricating oil compositions herein. The total amount of additives in the finished
lubricant will fall within the range of from about 1 to about 30 weight percent.
[6093] The lubricating oil additive(s) can further contain a diluent oil to form
an additive concentrate which can then be added to the lubricating base oil -

compositions. These concentrates usually include at least from about 90 wt. % to

about 10 wt. % and preferably from about 90 wt. % to about 50 wt. %, of a diluent oil
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percent and preferably from about 1 weight percent to about 10 weight
percent, based on the total weight of the lubricating base oil composition.
[0092] The lubricating base oil compositions of the present invention can
further contain one or more lubricating oil additives for imparting auxiliary

functicté T8GR Hhigheti R aneafRvbib oorassahis i amnwhish hase to about

additives gre, dispersed or dissalved. The lubricating oil additives for use
nerein DeiaE Bt S HFE 55 L i gergues nctuce

deterggpts, ol AsMelal Jelerde s iuskin ;ngit‘f%%bs, ehazi

in ents
[ . mpl
demulsifying agents, metal deactivating agents, trictio m(g%dl?l%rgs% ef)%uP ¢ a base

point AgPEESRANIR, RALEARMING. 998 AT RAINEHIEN Iﬂ?&l&%ﬂﬁg oils to prepare
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme

pressunbragangsind:tipesikensarskimntuisitherg ofil Greases Will 20U iBRuents
the addition of appropriate thickeners. A variety of the additives are
knowrrainte cosneilertlatijcatiagablensithese additives, or their analogous
compounds, can be employed for the preparation of the various

lubricafiAgfbil comgostmies peratioxitsaticnaiedndunersiattinied in ahdnic types,
finished Iu rh:an wi|l fall within the rag%()e, of from about 1 to about 30

weighf SerCeRt 08 S TS R BHEARRG O AA iR (S e itikriRbedrmtines: and
dil ilto.f dditive c te which can then be added o 1
'Uenawﬁ%c%ﬁé ?f&%&%&’&%ﬁﬁﬁ%‘éf&% I%s {%’Ztn%’%a‘ﬁglj’a?%ﬁu C%Hé’aé@e

lubricating base oIl compositio ese concen
rably, from about 90
,63‘ 1%1'9‘5'111%0?0(:1'6301 and

least fERMMAROHKADREIE IRAROHE 1) Wk ¢ g
wt. % to about 5 %t. 0/3, of a dilue’étjtgileéﬁbﬁrﬁﬂrgggﬁﬁé%out 10 Wt.

about 98-witt¥pbprefarahly fomaloih &9 W, 1Q BRoL AL A8:2hibe 4

foregoing additive(s). Suitable diluents for the concentrates include any

inert diléntzqiefefiably anceil.afi inbritating wvisaositswedt.as, for example,

a base oil, so that the concentrate may be readily mixed with lubricating

oils to i3A9Bhre Examples of antiwear agents include, but are not limited to, zinc
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an
article by Born et al. entitled "Relationship between Chemical Structure and
Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different
Lubricated Mechanisms", appearing in Lubrication Science 4-2 J anuary 1992, see for
example pages 97-100; aryl phosphates and phosphites, sulfur-containing esters,
phosphosulfur compounds, metal or ash-free dithiocarbamates, xanthates, alkyl
sulfides and the like and mixtures thereof,
{0096] Examples of detergents include, but are not limited to, overbased or
neutral detergents such as sulfonate detergents, e.g., those made from alkyl benzene
and fuming sulfuric acid; phenates (high overbased or low overbased), high overbased

phenate stearates, phenolates, salicylates, phosphonates, thiophosphonates, ionic

surfactants, overbased carboxylates (e.g., overbased polyisobutylene succinic

42



lubricating oil compositions. Suitable lubricating oils that may be used as
diluents can be any oil of lubricating viscosity. [0094] Examples of
antioxidants include, but are not limited to, aminic types, e.g.,

diphenyiryainges phrnid-alphaapthkaming N N-dilalkvinhenyl amingses

and alkylated phenylene-diarnures; phenolics such as, for example, BHT,

stericajyidinderechatil iphe noishsu cliEe) 266diH e RUPRRAOBO and preferably
2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-(2-octyl-3-propanoic)
phenofr&ulthpudfta ning rddtdralsy ety selifiatiz ed fotefinsind estess aeid]

the like and mixtures thereof. [00951 Examples of antiwear agents

includé RResreerot in tbinAicadialkyldithiophosphates and zinc

diatyld hosphates, e.g., those described in an article by Born et al.
entltleéb Béﬁlationshéﬁ%%%ﬁ@h@ﬁﬁ@éﬂ%i?ﬁ&@ﬁ Ouf e E?@/&Wéﬁééél@#mmc

S d Diaryl- d thi t D ff Lubricated
M%rgﬁagr]qgm} glappear heLé?b%Cg!ﬁOf% |eSI#:12:ir:]l(§1 eﬁzm ?#U%e?@efg’@?g‘yigg%g e
examplR ARYESS gy@@xf’éﬁﬁ&%@%ﬁ%ﬁﬁeﬁﬂ%@x@? ?J%E, & lj'/fure:%%% té?e'ﬁ% ether,

esters, phosphosulfur compounds, metal or ash- hloca

xanthatesorkiy ulfises! andrinedike angonjsiyradReraelnlPqY oxyethylene

Examples of detergents include, but are not limited to, overbase

neutra$tu‘bi:®igmnsswarﬂnea§o$ydmaiﬂdetmgﬁmﬂm&galéﬁ@§ﬁ1ﬂ1@dﬁeﬁgmne glycol
alkyl benzene and fuming sulfuric acid; phenates (high overbased or low

overbdBePo pth siverbasatrnshehatéticanidie diptenplates satieybtess; fatty
phosphonates, thlophosphonates ionic surfactants, overbased

carbo>?;ﬂ'§t@§1(’§ Ef t%ax?é?‘ﬁé%@éti PoRsRGDIRSifasist criabcarhanybiviekid ester of

and the |j 181 reof. Low overbased metal sulfonates

typlcal?ylllx e %ot Qrf Se %’ be ?Sﬁ'éﬂﬁh(?ftff@ﬁinéﬁgﬂﬁ?ﬂ ycahBu s apytial

preferably thereof and nitrogen-containing derivatives thereof; synthetic alkarylsulfonates,
e.g., metal dinonylnaphthalene sulfonates; and the like and mixtures thereof,
{0098} Examples of friction modifiers include, but are not limited to,
alkoxylated fatty amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty
amines, borated alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides,
glycerol esters, borated glycerol esters; and fatty imidazolines as disclosed in U.S.
Patent No. 6,372,696, the contents of which are incorporated by reference herein;
friction modifiers obtained from a reaction product of a C4 to Crs, preferably a Cy to
Ca4, and most preferably a Cq to Caq fatty acid ester and a nitrogen-containing
compound selected from the group consisting of ammonia, and an alkanolamine, e.g.,
those disclosed n 1J.S. Serial No. 10/402,170, filed March 28, 2003, the contents of

which are incorporated by reference herein, and the like and mixtures thereof,
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from about 10 to about 25. Low overbased metal sulfonates and neutral

metal sulfonates are well known in the art. [0097] Examples of rust

inhibitors include, but are not limited to, nonionic polyoxyalkylene agents,
e.g.,p yethylepe lauryl ether. polyoxyethylene higher alcohol ether,
polyox@g%é/lene nﬁﬁ‘ﬁﬁﬁ%? 5 t%?%p%’f%%@ W%%geo P)t/labrﬁélﬁft}lg} &t o
polyoxyathyleng aety In%ﬁﬂ%ﬁ@ﬁ;oﬂ%%fe&ﬂxgﬁ%ﬁsﬁ@%eeg%gEﬁﬁe like and
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbito

monoaigaie: ame-palyethylene glycol monooleate;. stearic acid and other
fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts; metal

salts ofbh&edly sulfdhiengdid;qpartibdss atibpylictaioicl @ist e ofroaly hydia to,
alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial

esters i pEafandusitiog enbedntshinendetioativestsiepfiesyntivetiof a
alkarylsulfonates, e.g., metal dinonylnaphthalene sulfonates; and the like

and mRALAYS RS E Y B Bsidenp (B3 ISMA%OssH SrmamaEssHiestrddT e e eroup
not limited.to, alkoxylated fatty amines; borated fatty epoxides; fatty
phosphites.” a%t(f/}(é%%i?l eiscfefaé%/r %ﬁ%g?‘ﬂc??ﬁl%‘?f’ah%%?ﬁi’é?é’b‘?ﬁﬂf}am‘ms’
amineg, metal splts H&gy a{gﬁi Lat acid amides, glyceral ester .
boratedY glycergﬁés'ggrs; an’c??atty?m%dyg%sdl%gs g(s).n flsc (c};ﬁs‘q’é({}1 i ??ﬁ%lg{%lgf s and

No. 6, 3¥ iR iNe: SARIBHISOL Which. ara JRepIperated Ry felgrence

herein; friction modifiers obtained from a reaction product of a C4 to C75,

preferablyaGtigoBidd | enshinastarefer el or G5 1016:20 cfatty acishesteid
and a nitrogen-containing compound selected from the group consisting

of amrhowietriandesrralkbnoiamineh egiaithoseidisglosesidn Wi omariahdie.

10/402,170, filed March 28, 2003, the contents of which are incorporated

by refedhientaidim fudiencimmde divg amiva rosidharent, 481[008BI0xy!, carboxyl,

Examplec? of antifoamin% agents include, but are not limited to,
and the like, e.g., products prepared by copolymerization of long chain alkyl acrylates
or methacrylates with monomers of the above function; and the like and mixtures
thereof. The derivatives of these dispersants, e.g., borated dispersants such as borated
succinimides, may also be used. Preferably, the dispersants are polyalkylene
succinimides derived from animation of polyalkylene succinic anhydrides with
polyatkylene polyamine.
160101) The lubricating base oil compositions of the present invention will be
formulated to have a kinematic viscosity range at 100°C ranging from about 2 ¢St to
about 9.3 cSt and will be selected or blended depending on the desired end use to give
the desired grade of engine oil, e.g., a composition having an SAE Viscosity Grade of
OW, OW-20, 0W-30, 0W-40, OW-50, 0OW-60, 5W, SW~20, SW-30, 5W-40, 5W-50,

5W-60, and the like.
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polymefs of alkyl methacrylate; polymers of dimethylsilicone and.the like
and mixtures thereof. [00100] Examples of ashless dispersant.s include,
but are not limited to, polyalkylene succinic anhydrides; non-nitrogen

contaiid dprivatives, ofi ahilyIBan SHAGH G ATIVINAS: 8038w onty low

nitrogen compound selected from the group consisting of succinimi

carboxyliel asigeiide sy AU ORaERYLMBRAAMIDE re AYM RS MW ceeding about
polyamines, Mannich bases, phosphonoamides, thiophosphonamides and

phosplidiéiinade sy dhiazeleshle.gor 2xbedimgraanios b 3Wbihadidzolesordingly, the
mercaptobenzothiazoles and derivatives thereof; triazoles, e.g.,
alkyltrig@®nresitions dehzpreianblessiopoiyemers whishroontaliy desarbtepatenc
ester with one or more additional polar function, including amine, amide,
imine, HSRFE PROSEGEsdubBesime athg trwenitons genpidliuces! frapiared by
copolymerization of long chain alkyl acrylates or methacrylates with

mononiar B NEREEG ﬁgffaow,ﬁﬁﬁ%cm@tﬁllgnﬁﬁﬁcWH?&“H‘?@F@@@T’H%3°ti"ify
Sy e SRS A SO

borated succinimides, may also IS

po'Y“'@é'ﬁE‘ﬁm?Wd%@%W@tgﬂ@ &Q%@é@ﬁ\%ﬁsf)&lxg 1 '!f%?gontainin
succinic anhydrides with polyalkylene polyamine. [001011 The ubrlcatlné

base ofihceshpasitiansoohdbepresERLIMERALT WilhbssifRmp iRt tahave
a kinematic viscosity range at 100C ranging from about 2 cSt to about 9.3

cSt an Ulbviuabeggs'[@@adoeitibiﬁsndedudenehdmg,@fptbkg}ylesﬁteijik IEiuse ch
give the desired grade of engine oil, e.g., a composition having an SAE
Viscosi§Pesragacss dwelioddiggesow-30, OW-40, OW-50, OW-60,5W,
5W-20,5W-30,5W-40,5W-50, 5W-60, and the like. 44 '
{00103] The lubricating base oil compositions herein may be formulated into
premium finished lubricants which are particularly suitable for use in an internal
combustion engine. The term “internal combustion engine” as used herein refers to
an engine which uses a normally liquid or gaseous fuel, such as, for example, natural
gas, gasoline, diesel fuel and the like. Internal combustion engines include, but are
not limited to, gasoline piston engines and diesel engines, The engine may be cither
of the two-stroke or four-stroke design. The finished lubricants of the invention are
used to lubricate the various engine parts, including, for example, the cylinder walls,
bearings, and the valve train, i.e., the valves and the camshaft. In automobile engines
the valve train is generally one of two designs, the overhead valve design and the
overhead cam design.
[G0104] The internal combustion engine may further include a turbocharger

which as used herein refers to an exhaust driven pump that compresses the intake air

and forces it into the combustion chambers at higher than atmospheric pressure. The
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[00102] The lubricating oil compositions can also be formed having only -
low levels of phosphorous, i.e., less than about 0.1%, preferably not
exceeding about 0.08% and more preferably not exceeding about 0.05%

by weight. Accordingly, the compositions of the present invention are

more é%ﬁ%ﬁ?@}%ﬁ?%wwmﬁwmﬁ@ﬁwwgwr@%—mﬁemvice,
oil compgsitions .generally used in internal combustion. engines because

they fasgﬁ?'ﬂe{ltsealgar%le rea 3%}%&3{0(&?\?&]’[%%& o HR0 HERE e pduce pollutants
providipgHhg.desited.high wear and deposit protection and oxidation-
corrosion inhibition. This is due to the decreased levels of additives
containingoshosphoRdSHRMRG WAHS R hRSe ricaling QU LOMNGSHIONSsent
Conventional lubricating oil compositions, on the other hand, typically
contaimretatively high concentrations of such additives. [00103] The
lubricating base oil compositions herein may be formulated into premium
finished lubricants which are particularly suitable for use in an internal
combustion engine. The term "internal combustion engine” as used herein
refers to an engine which uses a norRaflifddid or gaseous fuel, such as,

for ex natur as,.gasoline, diesel fuel and the like. Internal
combﬂ%ﬁ%nginiqggﬁﬁ‘ ye qé&i'%e ASimifsd oy ot pietafs formed

engin%ﬁ%ﬁiﬁﬁ%'aﬁ&%@%ﬁe{r %ﬁ%@@%&)e either of the two-stroke

or four-stroke design. The finis ricants of tlhe invention are used to
lubricate the various engine parts, inclugiig, for example, the cylinder
walls, bearings, and the valve train, i.e., the valves and the camshatft. In

automobile endinesHR MRV Train is generally gne of two designs e

overhead valve-design-and the_overhead cam design. [00104] The

internal combugtSAEhyRade difpEFIAtiude 4 turhacharger. whidRagt. %

used herein ref S Ist driven pump that compresses the ihéaf@ %

air Low overbased calcium sulfonate 0.34 wt. %
High overbased calcium sulfonate 1.55 wt. %
Dialkylated dipheny]l amine 15wt %
Secondary zinc dialkyldithiophosphate 0.66 wt. %
Ashless dithiocarbamate 0.5 wt. %
Molybdenum/succinimide complex 0.75 wt. %
Silicon-based foam inhibitor 5.0 PPM
Viscosity modifier 4.10 wt. %
Pour point depressant 0.2 wt. %

" Concentrations are based on fhe total weight of the lubricating oil

composition
[00107] Each of the additives in Table 1 are described as follows:
[00108] Borated succinimide dispersant prepared from polyisobutylene,

succinic anhydride, and a polyethylene polyamine; and post-treated with boric acid.
[00109] Ashless dispersant — An ashless succinimide dispersant prepared from
2300 molecular weight polyisobutylene, succinic anhydride, and a polyethylene

polyamine; and post-treated with ethylene carbonate.

46



and forces it into the combustion chambers at higher than atmospheric
pressure. The 45 internal combustion engine may also include an

exhaust gas after-treatment device, such as a catalytic converter or
particysteitpp, whichvis ateireect; tadsine RalUaRS e BRGNGout 2.4%
exhaust. [001051 The following non-limiting examples are illustrative of _
the preskentminvéation. EXAMRIEA( 00106 2 bhe waditivetpackayaeyseriivi
the following examples was formed containing the additives set forth
below #?§%nief 17 TABLE 1 COMPONENTS AMOUNT* Borated
succinjmide dispersant 3.2 wt. % Ashless dispersant 5.2 wt. % Low

overbaleti Ehicium ' LiFhcaERRer S 440t % SHIfgRA6R Sriseaset coateinipe about 17.1%

sulfonate 1.55 wt. % Dialkylated dighenyl amine 1.5 wt. % Secondary
i R A e e o AR i A A0t
Molybégrugy/sueginimide complex 0.75 wt. % Silicon-based foam
inhibitor 5.(??PPM Viscosity modifier 4.10 wt. % Pour point depressant 0.2

wt. % @oncentrations. RiR-RAsegHRA e itakueight g ubricating oil

[00113] Secondary zinc dialkyldithiophosphate (ZnDTP)
{60114] Ashless dithiocarbamate.
[00115] Molybdenum/succinimide complex antioxidant containing 5.5 wt, %
molybdenum.
[00116] Silicon-based foam inhibitor.
100117} Shear stable olefin copolymer viscosity modifier.
[60118] Pour Point Depressant.
EXAMPLE 2
[00119] A lubricating oil composition was formed by adding to a lubricating

base oil composition of 90 wt. % of Fischer-Tropsch derived base oil identified herein
as CHEVCAAFT and 10 wt. % of Emery 2925 (a triesterified polyol ester derived
from Cs-Cg acids) available from Cognis Corporation (Ambler, PA), the additive
package of Example 1. The product lubricating oil composition had a kinematic
viscosity of 8.1 ¢St at 100°C and a phosphorous content of approximately 0.05 wt. %.
[00120] CHEVCAAFT Fischer-Tropsch derived base oil can be characterized

as set forth in Table 2.

TABLE 2
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composition [00107] Each of the additives in Table 1 are described as
follows: [00108] Borated succinimide dispersant prepared from
polyisobutylene, succinic anhydride, and a polyethylene polyamine; and

post-treated with

succinimide dispe
polyisobutylene, s
post-treated with

sulfonate deterge

sulfur, and havin
[001111 High ove
17.1% calcium at
(TBN by ASTM

ashless antioxida
(ZnDTP) [00114]
Molybdenum/sucei

molybdenum. [00
olefin copolymer
EXAMPLE 2 [001
to a lubricating

[06121]

horic-acid._ 1001091 _Ashless dmnnrqant - An_ashless
rsar praparEdfom 2300 molecular WeRQHEAIET
succiniexafdagdride, and a polyethylengpsiyarme; and
ethylene carbonate. 46 [001101 Low awetbased cglcium
ht cdlh:telmis\cgratimlﬁcﬁazl%npﬁlﬁiun1 and&bout 2.7%
TAA-_DDOQ \ ~f 1

A S e (TN Ry S TV RAERG pf 1.
rbaseghgaleium sulfonate detergent containing abqut
id a@\%gtgrgw{géﬁ%%spgna Havinga totg;gase numper
2896).0f.425.[001121 Dialkylated diphenylamine
ht. [Hf‘fﬁ’@iy gbb%gaﬁﬁtzlnc dialkyldithidghosphate
Ashlessodmth[@aaibamate 001131 149
‘iﬂim'ue Cnl“ l\, ulluul\ldanuf r\r\n Q!n!n” 55 \vl\-lt O/n
116]ASr Meon: ase/%l foam inhibitor [OOQVI)'}P%hear stable
iscdsitfina bolifertof0QUERE IW%Ur Poind Depressant
T8 A MH?#&QIW&;&M@)&I|pUbitiui"| vas-formed-by-agding

Alkanes 894

1-Unsaturations 10.4

2-6-Unsaturations 0.2

Total 100.0

Molecules with Cycloparaffinic 9.7

Functionality, Weight % by

FIMS

Molecules with 0.2

Muilticycloparaffinic

Functionality, Weight % by

FIMS

Pour Point, °C -17

Cloud Point, °C -10

Molecules with Mono/Multi- 47.5

cycloparaffinic Functionality

Ratio of Pour Point/Vis100 -3.76

Base Oil Pour Factor -6.91

Oxidator BN, Hours 34,92

Aniline Point, D 611, °F 2532

Noack Volatility, W% 12,53

CCS Viscosity @ -35C, Cp 2090

COMPARATIVE EXAMPLE A

A lubricating oil composition was formed by adding to a lubricating

base oil composition of 90 wt. % of CHEVTXPA4 (a Group IV base oil)
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base oil composition of 90 wt. % of Fischer-Tropsch derived base oll
identified herein as CHEVCA4FT and 10 wt. % of Emery 2925 (a .
triesterified polyol ester derived from Cs-C to acids) available from Cognis

Corporation (Amp) E{}%&%?e H‘o?n?gﬁétiyg%ﬁa%é‘c?%% 0{,};&9}%@% %?%_Qfl,c%%)a%nd 10

product lubricating oll composition a kinematic" visc

100C aﬂdo,@mgw%%%%ﬁ@ﬁmm@%&%% #1008 vaitavle

CHEVCAAFT Fischer-Tropsch derived base oil can be characterized as

set fortioin Tagles ZomARLE 24 AbIBROBERI AESGHRVGAMT W eethe
Fe-Based FT Wax Hydroisomerization Temp, OF 682

Hydroistdusti dtioatiDewihximp Hit DA PG kiCataly stifRedigtof Pfessure0°C and
psig 1000 Viscosity at 100C, cSt 4.524 Viscosity Index 149 Aromatics,

wt% 0. DRBOrEyeHaS BYerreteprramiRaA. 059V FIMS Analysis, Weight %
Alkanes 89.4 1 -Unsaturations 10.4 2-6-Unsaturations 0.2

COMPARATIVE EXAMPLE B
[00122] A lubricating oil cémposition was formed by adding to a lubricating
base oil composition of 90 wt. % of Exxon 150N (a Group I base oil) commercially
available from EXXONMOBIL Corporation and 10 wt, % of Emery 29235 (a
triesterified polyol ester derived from Cg-Cyp acids) available from Cognis
Corporation (Ambler, PA), the additive package of Example 1. The product
lubricating oil composition had a kinematic viscosity of 9.8 ¢St at 100°C and a

phosphorous content of approximately 0.05 wt. %.

COMPARATIVE EXAMPLE C
[06123] A lubricating oil composition was formed by adding to a lubricating
base oil éomposition of 90 wt. % of Chevron 100N (a Group I base oil) commercially
available from ChevronTexaco Corporation (San Ramon, CA) and 10 wt. % of Emery
2925 (a triesterified polyol ester derived from Cg-Cy acids) available from Cognis
Corporation (Ambler, PA), the additive package of Example 1. The product
lubricating 0il composition had a kinematic viscosity of 8.6 ¢St at 100°C and a

phosphorous content of approximately 0.05 wt. %.

EXAMPLE 3
Thin Film Oxygen Uptake Test
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Total 100.0 Molecules with Cycloparaffinic 9.7 Functionality, Weight %
by FIMS Molecules with 0.2 Multicycloparaffinic Functionality, Weight %
by FIMS Pour Point, C -17 Cloud Point, C -10 Molecules with

Mono/Multi- 47.5 cycloparaffinic Functionality Ratio of Pour Point/Vis100
376 BILEbi podie BB ISR HRI R BN est S RO YA opasnilius ted
Point, D 61

atiljty, Wi%, 12. iscosity @
35, €5 3066 CSRMRETVE EXANPEE Ki00AZT) K1 ALatng ol

it f . ' rcatin ase Qil composition o0
0wt B e, P R P ls -

from GhewierIaxase GRParAeo(HAR: Wﬁﬁee%)e?ﬂgu}& M wWarQlised to

Emery 2925 (a triesterified polyol ester derived from C8-Cto acids)

availablewlate engine conditions: (1) an oxidized/nitrated fuel component, (2) a mixture of
soluble metal naphthenates (Iead, copper, iron, manganese, and tin naphthenates), and
(3) distilled water.
[00126] The glass container holding the oil mixture was placed in a high
pressure reactor equipped with a pressure gage. The high pressure reactor was sealed,
charged with oxygen to a pressure of 620 kPa (90 psig), and placed in an oil bath at
160°C at an angle of 30° from the horizontal. The high pressure reactor was rotated
axially at a speed of 100 rpm forming a thin film of oil within the glass container
resulting in a relatively large oil-oxygen contact area.
100127} The pressure of the high pressure reactor was recorded continuously
from the beginning of the test and the test was terminated when a rapid decrease of
the high pressure reactor pressure was observed. The period of time that elapses
between the time when the high pressure reactor was placed in the oil bath and the
time at which the pressure began to decrease rapidly was called the oxidation
induction time and was used as a measure of the relative oil oxidation stability, The
longer times indicates better oxidati\_fe stability.
[00128] The results of this test are set forth in Table 3. The test data clearly
shows that the fubricating oil composition of the present invention offers superior
protection against oxidative breakdown relative to the oil compositions of

Comparative Examples A-C.
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from Cognis Corporation (Ambler, PA), the additive package of Example
1. The product lubricating oil composition had a kinematic viscosity of 7.5
cSt at 100C and a phosphorous content of approximately 0.05 wt. %.
COMPARATIVE EXAMPLE B [00122FAAMbPICBting 0il composition was

formed by adding to a lubricatingihase oilcompesiign of 90 wt. % of
Exxon 150N (a Group | base oil) commercially available from

EXXONM@RIL CorpayalianandidOnub70ef meny) Z94ed @ tiesteriieda quatity

polyol ester derived from C8-C1lo acids) available from Cognis

Corporation] (#ridper; RA)athe additivespackageidomrmple thel bEspioghietd to
lubricating oil composition had a kinematic viscosity of 9.8 cSt at 100C

and a phbgprsreusceontent of approximately 0.05 wt. %. COMPARATIVE
EXAMPLE C [00123] A lubricating oil composition was formed by adding

to a ludfithithg bask Baseshpostiol erdosie o BrTREW bl anall air hose

Group I bas e Oi ’ commerC|aII available from ChevronTexaco

Corpor&iHt RAMOHSEA) ﬁﬂW%ﬁ SEnS égszg’l(é‘f‘ffﬁt%‘?ﬂ"é%f inch -
polyol %%Ecetg Ilayé}eﬁgvggo ?% Qeldo?z a\xﬁaéag I'Fk)f:% as att?%lwd to the holder

Corporatlon ( itivé pac

productyliRricatingQl ma%@%@% M&‘%M}&M '&%Ogiggfs . %?%o@ées the
100C and a phosphorous content of approximately 0.05 Wt. %. EXA

3 Thin bilap @%yge8 tiptakeubeshe42 4004 2L T he: mauEalanmgaef@st. After 16

Uptake Test (TFOUT) was conducted according to the standard test

methochsipedifiegdn ASEM dedddidved, rinsed and rated against a standard. The rating,
between 0 and 10, was reported. Thhe test was offen run at several temperatures to
determine the deposit performance over a temperature range. Temperatures
frequently tested were between 230°C and 330°C, Note: high numbers are desirable, a
ten being a perfecily clean tube. |
[G0131] The results of this test are set forth in Table 3. The fubricating oil
composition of the present invention gave a6.5 rating versus a 4.5 to 7.0 for the
lubricating oil compositions of Comparative Examples A-C.
composition of the present invention provided improved or relatively equal deposit

control compared to the oil compositions of Comparative Examples A-C.

Accordingly, the lubricating oil composition of the present invention afforded very

good deposit control.

EXAMPLE 5
Four-Bali Weld Test
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[00125] The test oil compositions of Example 1 and Comparative

Examples A- C were each mixed in a glass container with three other
liquidggppyvere usgdrtq, Simyiateenginerenditions dedudld according to the
oxidized/nitrated fuel component, (2) a mixture of soluble metal
naphtbenaigsdeadhecoppaifirom asuyapese3and tin naphthenates), and
(3) distilled water. [00126] The glass container holding the oil mixture was
placeddmashigh prasserevasagtoreduippetwittehtplassisrdogd getatitgegainst
high pressure reactor was sealed, charged with oxygen to a pressure of
620 kPaotepsigls ard praceannmihsiltsaeza e e B efvserd the

from the horizontal. The higgh Ppressure reactor was rotated axially at

speed BF £0b it forrhilig 4 tHiR T OF WithiFPthe Giagd duRtafels oneent
resum?&%rlg P‘% ﬂé% f?’ltééi/’ﬁ Q{'ﬁl@’g ?00.’! g-%%(éégfég D(E:ot%tég gFﬁre%%' %%Ljézs*,gigs‘hc?f Fests of 10-

pressure pressure reac was recor continuously from the

beginns}g%ﬁdf gdestand ihe eshwaserminalervhen; A anid-d8Creasess were

of the pressure reactor pressure was observed. The period of time

that elapsesRatwesn ihs timssher the.nioh Presske feacken wesiRlasadred
in the oil bath and the time at which the pressure began to decrease

rapidlynascaled.the.exidatioseingction timenand vds usegmsadon line, no
measure of the relative oil oxidation stability. The longer times indicates
better dxitlativestaioilitycd8d28] The results of this test are set forth in

Table 3. The test data clearly shows that the lubricating oil composition of
the preB®ht4hventidioftersseipaiidesprataetisntagairidiokiddpabricating oil

breakdown relative %o the oil comf/)ositions of Comcf)arative Examples A-C.
50 EX wﬁqﬁ:&am of the present invention gave a load wear mdex of 335.4.

Accordingly, as the data shows, the lubricating oil composition of the present
nvention provided significantly improved or relatively equal wear control
compared to the o1l composition of Comparative Examples A-C.

104135} Moreover, the last non-seizure load showed much the same results.
That is, the lubricating oil compasition of the present invention was at least
comparable and usually superior in wear performance to the lubricating oil

composition of Comparative A-C.

TABLE 3
TEST Comp. Ex. A |Comp. Ex. B| Comp. Ex. C | Example 1
TFOUT ' 712 230 940 >1440
KHTT * 7 4.5 6.5 6.5
Load Wear Index
LWL KGF'| 3527 427 50.7 354
Tast Non Seizure Load, KGE 80 106 76 50




Komatsu Hot Tube Test 100129] The Komatsu Hot Tube Test (K'IITT) is
used for screening and quality control of deposit formation performance
for engine oils and other oils subjected to high temperatures. 100130] A

glass fube was placedyngidg gRjalimiygm bIqCK apgha SMjalt agiose Wwas, g
attacH t the bottom of the glass tube A 5-mil syringe and

led to g holder a g
12-inch RGBT QBse woksks fiRéd with the oil sample. The tubing was
attacheldémihe halder ®bove the air hose and oil was steadily introduced
into thefg)ﬁ\gg Hjb tir forces the oil up the glass tube through the heating
block for the éu%%gﬁegf the test. After 16 hours, the glass tubes were

removekilemisng efifereated against a standard. The rating, between 0 and

10, wapaemrted. TRQest Wai:fien il AirRRNCHBHIBIIRGTAINESd ®iade to the
determine the deposit performance over a temperature range.

Temperaboriscfitedisehitlydtesten \Ware diebvee 8330 Ceangt@30GoUNDESE be

high numbers are desirable, a ten being a perfectly clean tube. [001311

The rexisgsidihiditeidinarowadicithrincXabigicdioesl ubpicéting ethbodiments. For
composition of the present invention gave a6.5 rating versus a 4.5 to 7.0

for the™foBRtatig EiFtonh fersibitsebprsomp tratraerizd arghedastmode for
composition of}&%?}?gresent invention provided improved or relatively equal

deposiP ESHT I EIHHELFET {ETHIR BiF (Orb oLt RFRestH pakariher arrangements
Exam -C. JAccordingly, the lupricating oil. camposition of the present
o S B i T o

Test 3. scope and spirit of this invention. Moreover, those skilled in the art will envision

other modifications within the scope and spirit of the claims appended hereto.
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[001321 The Four-Ball Weld Test (FBWT) was conducted according to the
standard test method specified in AS TM D 2783. 1001331 The test was
operated. with one steel ball under load rotating against three steel balls
held stationary in the form of a cradle. Test lubricant covered the lower
three balls. The rotating speed was 1760 rpm.. The machine and test
lubricant were brought to 18.33C to 35.0C (65F to 95F) and then a series
whAests of Adngesead duration were made at increasing loads until
welding occurred. Ten tests were made below the welding point. If ten

loads hadnptdagen e wihenwelshing Q@ﬁiﬁﬁ@filga('ﬂg R REBIR &tdOAYS ropsch

below seizure were within 5% of the compensation line, no further runs
deMiRI® 10BEERSEE 100l 3tdrhherTRsUis 1ofthis 1ash arasel I o F a8 1o
The lubricating oil composition of the present invention gave a load wear
abintéxaitdbolte RS0QNAINGNT, aththa tidia BRoWs, Thetuhideating labricating base
composition of the present invention provided significantly improved or
oilrebativédysdiiuaimight mantrolb Cdinpelredites the oif aorapositionrehatic function
Comparative Examples A-C. [001351 Moreover, the last non-seizure load
of $vovifed Awoh Q36 shenecielsuts ceihbibisd e thdomicating ghit 6ot Gaitios-of
the present invention was at least comparable and usually superior in
Tropsah derfordiahgeatnthalubieativighdibecornpobitibmat@dmparative A-C.
TABLE 3 TEST Comp. Ex. A Comp. Ex. B Comp. Ex. C Example 1 POT
cyqterpgdiono bipgd@ak ot repsralns #Houb dhw e shtipstcent based on the total

weight of the Fischer-Tropsch derived lubricating oil; and (iii) a ratio of weight percent
of molecules having monocycloparaffinic functionality to weight percent of molecules
having multicycloparaffinic functionality greater than about 15:1; and (b} at least one

polyol ester.

2. The lubricating base oil composition of Claim 1, wherein the weight percent of

all molecules having at least one aromatic function is less than about 0.05.

3. The lubricating base oil composition of Claim 1, wherein the ratio of weight
percent of molecules having monocycloparaffinic functionality to weight percent of

molecules having multicycloparaffinic functionality is greater than about 45:1.

4. The lubricating base oil composition of Claim 1, wherein the Fischer-Tropsch
derived lubricating base oil has a boiling range distribution of about 100 to about 300°F
between the 5 percent and 95 percent points by analytical method ASTM D-6352 or its

equivalent.
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LWI, KGF 35.27 42.7 50.7 35.4 Last Non Seizure Load, KGF 80 100 126
80 52 Weld, KGF 200 200 200 200 Thin film oxygen uptake test 2
Komatsu hot tube test 3 Four ball weld test 4 kilograms of force [001361
It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should
not be construed as limiting, but merely as exemplifications of preferred

em@%@%fﬁ{nﬁmel?%ge BnEsions geschibe 16%80%&&%‘3. ol cster

implemented as the best mode for operating the present invention are for

coliERHORPHERPSESRNN: RS ASFRNLAMRNS AR mSih Q%r@%%cba%ids.

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

heretoT53 MbrlAalidg LAMERIRIski A brigating haseRibcomeesition.

comprising (a) at least one Fischer-Tropsch derived lubricating base oil

polgbhrastetized 2s hbving @ddnpmalicndseasivnotabautiz 18 Roups and
centistoke (cSt) at 100C, wherein the Fischer-Tropsch derived lubricating
thehaser oilcconprise adi)iahyeightperceaboialkmalaculeshaving at least
one aromatic function of less than about 0.30, the weight percent based
on the total weight of the Fischer- Tropsch derived lubricating olil; (ii) a
weight percent of all molecules having
7. The lubricating base oil composition of Claim 5, wherein the one or more

polyols are polyhydric alcohols having a neopentyl group.

8. The lubricating base oil composition of Claim 5, wherein the one or more
polyols are selected from the group consisting of 1,2-propanediol, 1,3-propanediol, 1,2-
butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3-
propanediol, 1,3-diol, (namely, neopenty! glycol), 2,2,4-trimethyl-1,3-pentanediol, 2,2-
diethylpropane-1,3-diol, 2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and combinations thereof:
and the one or more organic acids are selected from the group consisting of butanoic acid,
isobutanoic acid, pentanoic acid, isopentanoic acid, hexanoic acid, 2-ethylbutanoic acid,
cyclohexanoic acid, heptanoic acid, isoheptanoic acid, methylcyclohexanoic acid,
octanoic acid, dimethyl-hexanoic acid, 2-ethythexanoic acid, 2,4,4-trimethyl-pentanoic
acid, isooctanoic acid, 3,3,5-trimethylhexanoic acid, nonanoic acid, isononanoic acid,

isodecanoic acid, isoundecanoic acid, 2-butyloctanoic acid, tridecanoic acid,
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cycloparaffinic functionality of greater than about 8, the weight percent
based on the total weight of the Fischer-Tropsch derived lubricating oil;
and (iii) a ratio of weight percent of molecules having monocycloparaffinic
functionality to weight percent of molecules having multicycloparaffinic
functionality greater than about 15:1; and (b) at least one polyol ester. 2.
The lubricating base oil composition of Claim 1, wherein the weight

tetpa%r&%%gaéﬂ m&s&ﬂ&&?@&nga@%??% ngarom a“f g@%&gpvﬁe Sp than

about 0.05. 3. The [ubricating omposi ioh of Claim téin the

cofatigQfiveight Rercentatmelecules B%@me{aagx&h%ﬁaﬁéﬁﬁ"}&s oic acid,

unctionality to weight percent of molecules having multicyc 6par Inic

2-RARHieRAlingis Qfﬁa@efrmﬂﬁ@cg%%%&c%c;ﬁhﬁAU@JAﬁ%@&Qfﬁ%&%ocosmmc

composition of Claim 1, wherein the Fischer-Tropsch derivéd lubricating

acliaseQiias aeibingtan g distibiometiabayit 100 to about 300F
between the 5 percent and 95 percent points by analytical method ASTM

D-6352 or its equivalent. 54 5. The lubricating base oil composition of
claim 1, wherein the polyol ester comprises a reaction product of one or

more putyolshini R Qe PR R OIFRIIGREIISIA6n BN HeRrisakngRas s il
composition of Claim 5, wherein the one or more polyols have from 2 to

pobloduirtQubankedriratonhs grorasmsiwinioosik hydsoxytgups -arshathigiona 2-

‘or more organic acids have from 4 to about 24 carbon atoms. 7. The
bulatwitalin g Hesmedich MPdsitimedd I Claih 3, Wherepatbéidne-ehmreutyl-1,3-

polyols are polyhydric alcohols having a neopentyl group. 8. The

propbrichthd bakel dihaompositipenaf €laiwl b 2\khetsindhelond-penmoediol, 2,2-

_polyols are selected from the group consisting of 1,2-propanediol,
didhslprepranddiollial,2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and combinations thereof;
and the one or more organic acids are unsaturated or saturated fatty acids selected from
the group consisting of myristoleic acid, palmitoleic acid, oleic acid, linolenic acid,

caproic acid, caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic

acid, arachidic acid, behenic acid, lignoceric acid and combinations thereof,

10. The lubricating base oil composition of Claim 1, wherein the polyol ester is a

triesterified polyol ester.

11. The lubricating base oil composition of claim 1, wherein the Fischer-Tropsch
derived lubricating base oil is present in a major amount and the polyol ester is present in

a minor amount,
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butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-1,3-propanediol,
2-ethyl-2-butyl-1,3- propanediol, 1,3-diol, (namely, neopentyl glycol),
2,2 ,4-trimethyl-1,3-pentanediol, 2,2- diethylpropane-1,3-diol,
2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and
combinations thereof, and the one or more organic acids are selected
fromithegroL s cansisting.Qf RaReIG ARG, HAMaRNG A RENIRR IS cosity
acid, isopentanoic acid, hexanoic acid, 2-ethylbutanoic acid,
freyalefigxapaisoachl; keptanoir@cid, isoheptanoic acid,
methylcyclohexanoic acid, octanoic acid, dimethyl-hexanoic acid,
2-ethylhexanoic acid, 2,4,4-trimethyl-pentanoic acid, isooctanoic acid,
3,5,5-trimethylhexanoic acid, nonanoic acid, isononanoic acid,
isodédaridie labith«isoghakeoshcienpoidti@nhutylsetan digthcid oififesaRISe or
acid, 55 tetradecanoic acid, hexadecanoic acid, heptadecanoic acid,
maetadacaimmiodciddidvet hylhexd decartieigacip coosistiecainit@gdihnts, anti-
2-methyloctadecanoic acid, icosanoic acid, 2-methylicosanoic acid,
wegrpraniylvsiagetanuit abididocdshavigagidttetiadusiyanoigeasidnetal
2-methyltricosanoic acid and combinations thereof. 9. The lubricating base
degitivavngosition Gidienmedifitisroirtimiondaprssoms, polyblsane setattech-
from the group consisting of 1,2-propanediol, 1,3-propanediol, 1,2-
Soidﬁf*éhé’a?ge%, SoBtRBHEHRSTs 2cgrssiandtidbipratiasiless diropamediolyes, extreme
2-ethyl-2-butyl-1,3- propanediol, 1,3-diol, (namely, neopentyl glycol),
Pressune sapRis R ICIpRIREReabrT9%- diethylpropane-1,3-diol,
2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and
comlftw?j[igg hereof; and the one or more organic acids are unsaturated
r

or satl AIa L Lt EPIHI LG I brivisepdirayRspMosity
acid, itoleic acid, olejc acid, linolenic acid, caproic acid, caprylic acid,
fm(%éir)fé%gg?& ?aﬁﬁtcagaécﬁdgl’?f @%g acid, palmitic acid, stearic

15. The lubricating base oil composition of Claim 1 having a phosphorous

content not exceeding about 0.08 wt. %, based on the total weight of the composition.

16. The lubricating base oil composition of Claim 1, having a phosphorous

content not exceeding about 0.05 wt. %, based on the total weight of the composition.

17. A iubricating base oil composition having a kinematic viscosity of 2 to 9.3 ¢St
at 100°C and comprising (a) at least one Fischer-Tropsch derived lubricating base oil
characterized as having a boiling range distribution of about 100 to about 300°F between

the 5 percent and 95 percent points by analytical method 1>-6352 or its equivalent,
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acid, arachidic acid, behenic acid, lignoceric acid and combinations
thereof. 10. The lubricating base oil composition of Claim 1, wherein the
polyol ester is a triesterified polyol ester. 11. The lubricating base oll
composition of claim 1, wherein the Fischer-Tropsch derived lubricating
base oil is present in a major amount and the polyol ester is presentin a
minor amount. 56 12. The lubricating base oil composition of claim 1,
whessingakinaematiopsscasity o fram:R2eME 210 A0t 8%A LS 1idh MAQEh b3rcent
The lubricating base oil composition of claim 1, further comprising one or
of alioreletieatingmoibatiditives selecied fiamishe OraymeaRsIRHNG30f the weight
antioxidants, anti- wear agents, detergents, rust inhibitors, dehazing
perageriissdemulsifying egehts £ thetblsdeacivaptioly kgepisiubittion magifiers,
pour point depressants, antifoaming agents, co- solvents, package
wetgmpatibitiseral] cerosicn linhibitors] aghidbsidiSpersantsydyfeseaxtrémeabout
pressure agents and combinations thereof. 14. The lubricating base oill
8, bermstditioerestChaied DrHhoing ahking thaficviscdsitpsfrotaraledutR kmting oil;
about 9.3 cSt at 100C. 15. The lubricating base oil composition of Claim 1
andhgihyratisrisprieh nsresonh el plstebesduding mbootGloBw i c fasatbority
the total weight of the composition. 16. The lubricating base oil
to WeialostrsaioHoalssdenbaiing anHospporsa GolstEmcHordkapaitag than
about 0.05 wt, %, based on the total weight of the composition. 17. A
ab?ﬂb?iéﬁﬁﬁﬁ"o@%@éﬂa@b%éﬁm ##¥ing a kinematic viscosity of 2 t0 9.3
cSt at 100C and comprising (a) at least one Fischer-Tropsch derived
lubricating base oil characterized as having a boiling range distribution of

aboyt 1Q0Q tq about 300F betyween i
LitS Ol%equ%ncatmg gase 01¥\éomp031t10n of Claim 17, wherein the weight percent

of all molecules having at least one aromatic function is less than about 0.05.

19. The lubricating base oil composition of Claim 17, wherein the ratio of weight
percent of molecules having monocycloparaffinic functionality to weight percent of

molecules having multicycloparaffinic functionality is greater than about 45:1.

20. The lubricating base oil composition of Claim 17, wherein the polyol ester

comprises a reaction product of one or more polyols with one or more organic acids.
21. The lubricating base oil composition of Claim 20, wherein the one or more

polyols have from 2 to about 10 carbon atoms and from two to six hydroxyl groups and

the one or more organic acids have from 4 to about 24 carbon atoms.
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the 5 percent and 95 percent points by analytical method D-6352 or its
equivalent, 57 wherein the Fischer-Tropsch derived lubricating base oil
comprises (i) a weight percent of all molecules having at least one
aromatic function of less than about 0.30, the weight percent based on
the total weight of the Fischer-Tropsch derived lubricating oil; (i) a weight
percent of all molecules having cycloparaffinic functionality of greater than

abopy. 8ribausieighi ppicepiikasgdaadhe vaight of thadrise e thonsshre
derived lubricating oil; and (iii) a ratio of weight percent of molecules

polheiving mbnacyfitepataffnicfoationalityf IweighhpamenBafoleces! -
having multicycloparaffinic functionality greater than about 15:1; and (b)

butadéast bAadpahwlidsks-hiBaildkol Briahiing, basepa ol stion0bEHAIN3 -
17, wherein the weight percent of all molecules having at least one
propaoedatic filndtidietedy, thapatipug®08), 22, Fhenhebridatihgbasedid], 2,2-
~ composition of Claim 17, wherein the ratio of weight percent of molecules
diethatnnep Anoriotylidphrathibicyiprepisaliy-tholv SightthekCemtopl/profeseés-diol,
_ having multicycloparaffinic functionality is greater than about 45:1. 20. The
rimgRridelprepprs el diifoopspisstitiriotICapen Eprindintheopdiijatiostethereof;
comprises a reaction product of one or more polyols with one or more
anddhs01e Yoiree onzarkefitiestrsi oaddemdbmposnionnsistnginf batanoic acid,
. Wwherein the one or more polyols have from 2 to about 10 carbon atoms
isobHEPRIASR RSO IR A IR ke thBcorraoly #aiskeluialiateraipsacid,
have from 4 to about 24 carbon atoms. 58 22. The lubricating base oll
oyc @mwﬂf LIRIR6 26 rohPRRBife i ats R aPa e Rsdted
from the group.cansisting of ]@2 ropanediol, 1,3-propanediol, 1,2- ]
S RS PSS ARV 5 pU TS it At paSappentanoic
acic%les‘é)h clt_azn_ct)%léltg(lﬁgi,’%ZS,S—tn’meththexanoic acid, nonanoic ac.id, 1sononanoic acid,
isodecanoic acid, isoundecanoic acid, 2-butyloctanoic acid, tridecanoic acid,
tetradecanoic acid, hexadecanoic acid, heptadecanoic acid, octadecanoic acid, 2-
ethylhexadecanoic acid, nopadecanoic acid, 2-methyloctadecanoic acid, icosanoic acid,
2-methylicosanoic acid, 3-methylnonadecanoic acid, docosanoic acid, tetradocosanoic

acid, 2~methyltricosanoic acid and combinations thereof.

23. The lubricating base oil composition of Claim 20, wherein the one or more
polyols are selected from the group consisting of 1,2-propanediol, 1,3-propanediol, 1,2-
butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3-
propanediol, 1,3-diol, (namely, neopentyl glycol), 2,2.4-trimethyl-1,3-pentanediol, 2,2-
diethylpropane-1,3-diol, 2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,

trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and combinations thereof:
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propanediol, 1,3-diol, (namely, neopentyl glycol),
2,2 ,4-trimethyl-l,3-pentanediol, 2,2- diethylpropane-1,3-diol,
2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and
combinations thereof; and the one or more organic acids are selected
from the group consisting of butanoic acid, isobutanoic acid, pentanoic
andBgiél iROREAtRPBIGAGICh d\@xaaQissatithiddINYARMRANPIGACILids selected from
cyclohexanoic acid, heptanoic acid, isoheptanoic acid,
therpeilly leyslohexanaigratitci Ot pitaaisi- Hmethylhe xaaoimarithc acid,
2-ethylhexanoic acid, 2,4,4-trimethyl-pentanoic acid, isooctanoic acid,
capol; adidmethylhexddpiamtide o hankiaddidnisamienaisaaaidc acid, stearic
isodecanoic acid, isoundecanoic acid, 2-butyloctanoic acid, tridecanoic
acidcithchetradadabdicraciaifiéxacecaneidheid, hepiadecandieracid,
octadecanoic acid, 2- ethylhexadecanoic acid, nonadecanoic acid,
2-methyloctadecanoic acid, icosanoic acid, 2-methylicosanoic acid,
3-methylnonadecanoic acid, docosanoic acid, tetradocosanoic acid,
2-methyliichduiseinadicband conpisigtond (Heisof7 2@8hdiem [Wisriathrg-
base oil composition of Claim 20, wherein the one or more polyols are
Trogspdicded vied iy kel b eondistiTgssnin prapenadioint agdihsganealiobter is
1,2- butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-l,3-propanediol,
Prescatpy R B AR BWhropanediol, 1,3-diol, (namely, neopentyl glycol),
2,2 ,4-trimethyl-l,3-pentanediol, 2,2- diethylpropane-1,3-diol,
2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and
combinatitE tHEIEBE P&F SHEMPOHEBY thbraBrddnferdigesoaperising one or

unsaturated or saturated fatt ids selected from_ the group consisting of
ol RSB Sl SIS E R T AT ROTEHIETRE ) S e -

weSapr Illlt% aamtd ca Sric asgztglhi I1%ri1g: zluﬁ ng)}/ristic tz;lc(iﬁg%{ﬁal itic acid, stearic1
AciG-Arachidic aci’ Belenit Yéid GRoRSHEHE %bﬁ%ﬁﬁﬁ’&tﬁsmm
deaté}%/ra%%cg agents, friction modifiers, pour point depressants, antifoaming agents, co-
solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme

pressure agents and combinations thereof.

26. The lubricating base oil composition of Claim 17, having a phosphorous

content not exceeding about 0.08 wt. %, based on the total weight of the composition.

27. A lubricating base oil composition having a kinematic viscosity from 2 to 9.3
¢St at 100°C and comprising (a) at least one Fischer-Tropsch derived lubricating base oil
comprising (i) a weight percent of all molecules having at least one aromatic function of

less than about 0.30, the weight percent based on the total weight of the Fischer-Tropsch
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24. The lubricating base oil composition of Claim 17, wherein the Fischer-
Tropsch derived lubricating base oil is present in a major amount and the
polyol ester is present in a minor amount. 25. The lubricating base oil
composition of Claim 17, further comprising one or more lubricating oil
additives selected from the group consisting of antioxidants, anti- wear
agents, detergents, rust inhibitors, dehazing agents, demulsifying agents,
defietpluBagtvatingapenisfigion-modifie s oRRUIR L ASBIS At Sic
antifoaming agents, co- solvents, package compatibilisers,
fusalsasion-dibikiaishashless glisRersants. fyam SHQIIg (RESSSUIR SUBRtS
and combinations thereof. 26. The lubricating base oil composition of
FicleinTiohshiadiagyaddbbsphorgul; eanten) neitexeeediph abeuh08 vk Ues
based on the total weight of the composition. 27. A lubricating base oil
witdompesitidoiewiiigia kintinaticwiscosiphfiom dito O kShlat hAEeand
comprising (a) at least one Fischer-Tropsch derived lubricating base oil
mdtiayphisimg ina Weightpditgent oéadhaclbouldS having Bt dekatione polyol
aromatic function of less than about 0.30, the weight percent based on
estifie total weight of the Fischer-Tropsch 60 derived lubricating oil; (i) a
weight percent of all molecules with cycloparaffinic functionality of greater
than about 8, the weight percent based on the weight of the
Fischer-Tropsch derived lubricating oil; and (iii) a ratio of weight percent of
moledtilddaitbrivisivecsasopacammirsitinemdridntpntd welsmeipdheaneight percent
molecules having multicycloparaffinic functionality greater than about
of 3l molgcyles hay g sydREarERRc Butetionglityenthsidathe-Baeesey derived
composition of Claim 27, wherein the weight percent of all molecules

T RES AT B AR SUIHGHHfor the Fischer-Tropsch derived

29. The lubricating base oil composition of Claim 27, wherein the polyol ester

comprises a reaction product of one or more polyols with one or more organic acids.

30. The lubricating base oil composition of Claim 29, wherein the one or more
polyols have from 2 to about 10 carbon atoms and from two to six hydroxyl groups and

the one or more organic acids have from 4 to about 24 carbon atoms.

31. The lubricating base oil composition of Claim 29, wherein the one or more
polyols are selected from the group consisting of 1,2-propanediol, 1,3-propanediol, 1,2-
butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3-

propanediol, 1,3-diol, (namely, neopentyl glycol), 2,2,4-trimethyl-1,3-pentanediol, 2,2-
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lubricating base oil is greater than about 9.5. 29. The lubricating base oil
composition of Claim 27, wherein the polyol ester comprises a reaction
product of one or more polyols with one or more organic acids. 30. The
lubricating base oil composition of Claim 29, wherein the one or more
polyols have from 2 to about 10 carbon atoms and from two to six
hydroxyl groups and the one or more organic acids have from 4 to about

didfyaihenalomsoBh 2 AdBrigatiag baas, 0ib cBARASIoN A GAIM 293 _giol,

wherein the one or more polyols are selected from the group consisting of

rih2HtoRReeiol TP RIRanesdiakdl,2ibutaredighd 3xRwansdiftons tereof:
2,3-butanediol, 2-ethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3- propanediol,

and Brdipk (pamalyrpacpesid glysol)c22 Hothmetiio, soRsptaRadiehidic acid,
61 diethylpropane-1,3-diol, 2,2-dibutyipropane-1,3-diol,

iscbureettiyla2igropyttprapani; is3pdiobndimetdylaipiogianei (T MBhylbutanoic acid,
pentaerythritol, dipentaerythritol and combinations thereof; and the one or

cyphdrexenganiciddidptaneisetédtéohlirpmithe gealpednsisihghefhuianeia,
acid, isobutanoic acid, pentanoic acid, isopentanoic acid, hexanoic acid,

ocpgtinydbutahivietiadid e aypoicheid oittaticx heptandls 21did;tisohdptapaitnoic
acid, methylcyclohexanoic acid, octanoic acid, dimethyl-hexanoic acid,

acpldgrpiieninericdid; 2 dimethmbthyhpie ntadoionagits modctanoicasidacid,

_ 3,5,5-trimethylhexanoic acid, nonanoic acid, isononanoic acid,

isqderfsetnsitlasrimdenascenidid-aeid] isnojiowtah oid awichitritédanoic
acid, tetradecanoic acid, hexadecanoic acid, heptadecanoic acid,

tetmdeiee ksl disgadecansisrmsiddsetatisraneiel 2pignadiedenoi el 2-
2-methyloctadecanoic acid, icosanoic acid, 2-methylicosanoic acid,

Sy bRk R RN dndit aidt opstrisgeRis anisi cicasioic acid,
2-methyltricosanojc acid and combinations thereof. 32. The lubricating

2Bl LiP eSS GrEIT S imer S it tfhedBrRs B Gidd. tetradocosanoic

acid, 2-methyltricosanoic acid and combinations thereof.

32. The lubricating base oil composition of Claim 29, wherein the one or more
polyols are selected from the group consisting of 1,2-propanediol, 1,3-propanediol, 1,2-
butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3-
propanediol, 1,3-diol, (namely, neopentyl glycol), 2,2 4-trimethyl-1,3-pentanediol, 2,2-
diethyipropane-;l ,3-diol, 2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and combinations thereof:
and the one or more organic acids are unsaturated or saturated fatty acids selected from
the group consisting of myristoleic acid, palmitoleic acid, oleic acid, linolenic acid,
caproic acid, caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic

acid, arachidic acid, behenic acid, lignoceric acid and combinations thereof,
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polyols are selected from the group consisting of 1,2-propanediol,
1,3-propanediol, 1,2- butanediol, 1,3-butanediol, 2,3-butanediol,
2-ethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3- propanediol, 1,3-diol,
(namely, neopentyl glycol), 2,2,4-trimethyl-I,3-pentanediol, 2,2-
diethylpropane-1,3-diol, 2,2-dibutylpropane-1,3-diol,
2-methyl-2-propylpropane-1,3-diol, trimethylolpropane (TMP),
pentaerythritol, dipentaerythritol and combinations thereof; and the one or
more organic acids are unsaturated or saturated fatty acids selected from
the goumennsistingHa3tysistRigisoaridn RATHBIEN 2 ihroleit aBithher-
linolenic acid, caproic acid, caprylic acid, capric acid, lauric acid, myristic
Tropsith, qeaivaititbdid istebsie @tid parashitic acithrbehenic.adichdignosesier is
acid and combinations thereof, 62 33. The lubricating base oil composition
pregiClaimn2@yvahensin the Fischer- Tropsch derived lubricating base oil is
present in a major amount and the polyol ester is present in a minor
amount. 34. The lubricating base oil composition of Claim 27, further
comprising one or more lubricating oil additives selected from the group
conéfstihbedirbnerinid s, @htommattageritS dieisgdotshausirghibitgrs;e or
dehazing agents, demulsifying agents, metal deactivating agents, friction
morp bHIRERENE Gl additit b pressdntom Mfcartingoageting eoatuividatss, anti-
package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes,
weahagehte dsieestie BgbMSbRrcIFsHRE sa efetr ISEY TH e dan cCatY
base oil composition of Claim 27, having a phosphorous content not
deaguuting bo (HeH08 NEYHCSaBatr NS BaPwelgHrEfmeissmesoition.
36. A lubricating base oil composition having a kinematic viscosity from 2
SOy EE PRETEE TOTRARY T SARIOR t RE a5t Greless eI THBssErPs, extreme

derived Iubricgtin hase oil comprising (i) a weight percent of all

PORRSTR ARTRYE ARSIy Y TEYSPR S Smatic function of

35. The lubricating base oil composition of Claim 27, having a phosphorous

content not exceeding about 0.08 wt. %, based on the total weight of the composition.

36. A lubricating base o1l composition having a kinematic viscosity from 2 to 9.3
¢St at 100°C and comprising (a) at least one Fischer-Tropsch derived hubricating base oil
comprising (i) a weight percent of all molecules having at least one aromatic function of
less than about 0.30, (ii) a weight percent of all molecules having monocycloparaffins of
greater than about 8, and (iii) a weight percent of all molecules with muhicy{:ioparafﬁns
of less than about 0.5 said weight percent based on the weight of the Fischer-Tropsch

derived lubricating oil; and (b) at least one polyol ester.

63



less than about 0.30, (ii) a weight percent of all molecules having
monocycloparaffins of greater than about 8, and (iii) a weight percent of
all molecules with multicycloparaffins of less than about 0.5 said weight
percent based on the weight of the Fischer-Tropsch derived lubricating
oil; and (b) at least one polyol ester. 63 37. The lubricating base oll
composition of Claim 36, wherein the weight percent of all molecules
having. cygtoparafinig Basetianabiydonthedriehsl 35 ARG RLieht percent
lubricating base oil is greater than about 9.5. 38. The lubricating base oil
of ahimpisities IoHGIg X6 BReIMINePONRY €518he JOSBREISER AstBaRtiRRA
product of one or more polyols with one or more organic acids. 39. The
hubribsibatibgsbasesqileompesitbouwwbGlaim 38, wherein the one or more
polyols have from 2 to about 10 carbon atoms and from two to six
hydroxyl groups and the one or more organic acids have from 4 to about
24 carbon atoms. 40. The lubricating base oil composition of Claim 38,
wherdin the whe atinmbesqpolyoinpre setadt €ikiro 36t vehgrenpheqniistirgiaf
1,2-propanediol, 1,3-propanediol, 1,2- butanediol, 1,3-butanediol,
copumibRsta eGP BN D Bopeopanediob] 2obtwikipopatyl-th@e propanedidd,
1,3-diol, (namely, neopentyl glycol), 2,2,4-trimethyl-l,3-pentanediol, 2,2-
diethylpropane-1,3-diol, 2,2-dibutylpropane-1,3-diol,
2-methyl-2-propylpropane-1,3-diol, trimethylolpropane (TMP),
pentdenkhFtsh Hipdrsdarpicsaprsisomplidains thadenrindhe ane wmecoe
mare organic acids are selected from the group consisting of butanoic
POl h¥SBIRENDIE Akt pErkesPRIIREN, Fad Hemdnsicostiah ysruriowospidind
2-ethylbutanoic acid, .¢cyclohexanoic acid, heptanoic acid, isoheptanoic
the 8 TS| QY ABH eI YT %@ﬁé@é&fﬁ?ﬁhﬂ%t‘ﬁ?&ﬁexamoic acid,
2-ethylhexanoic acid, 2,4,4-trimethyl-pentanoic acid, isooctanoic acid,
3,5,5-trimethylhexanoic acid, nonanoic acid, isononanoic acid,

40. The lubricating base oil composition of Claim 38, wherein the one or more
polyols are selected from the group consisting of 1,2-propanediol, 1,3-propanediol, 1,2-
butanediol, 1,3-butanediol, 2,3-butanediol, 2-ethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3-
propanediol, 1,3-diol, (namely, neopentyl glycol), 2,2, 4-trimethyl-1,3-pentanediol, 2,2-
diethylpropane-1,3-diol, 2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
trimethylolpropane (TMP), pentaerythritol, dipentaerythritol and combinations thereof;
and the one or more organic acids are selected from the group consisting of butanoic ac.id,
isobutanoic acid, pentanoic acid, isopentanoic acid, hexaneic acid, 2-ethylbutanoic acid,
cyclohexanoic acid, heptanoic acid, isoheptanoic acid, methylcyclohexanoic acid,
octanoic acid, dimethyl-hexanoic acid, 2-ethylhexanoic acid, 2,4,4-trimethyl-pentanoic
acid, isooctanoic acid, 3,5,5-trimethythexanoic acid, nonanoic acid, isononanoic acid,

isodecanoic acid, isoundecanoic acid, 2-butyloctanocic acid, tridecanoic acid,
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isodecanoic acid, isoundecanoic acid, 2-butyloctanoic acid, tridecanoic
acid, 64 tetradecanoic acid, hexadecanoic acid, heptadecanoic acid,
octadecanoic acid, 2- ethylhexadecanoic acid, nhonadecanoic acid,
2-methyloctadecanoic acid, icosanoic acid, 2-methylicosanoic acid,
3-methylnonadecanoic acid, docosanoic acid, tetradocosanoic acid,
2-methyltricosanoic acid and combinations thereof. 41. The lubricating
tetRRABEAH iEQMIRORINAOfEIa N S hRIRIM e RNE QLiReLe, ROQlS are
selected from the group consisting of 1,2-propanediol, 1,3-propanediol,
ethbiBeutenediohdd3 doutaresisle 2ckdbutanedial 2o 3RIORBNERHIR  acid,
2-ethyl-2-butyl-1,3- propanediol, 1,3-diol, (namely, neopentyl glycol),
2-BAa2diicivaaibyd -dcidpentianstichadctaf@EWIRIORAC Ao dI98, tetradocosanoic
2,2-dibutylpropane-1,3-diol, 2-methyl-2-propylpropane-1,3-diol,
acifinethyiolpriopanei ( EM® ngeotablyihiial fidipedtaerythritol and
combinations thereof; and the one or more organic acids are unsaturated
or saturated fatty acids selected from the group consisting of myristoleic
acid, palmitoleic acid, oleic acid, linolenic acid, caproic acid, caprylic acid,
capritl adile labricatioglbany rdtioagioyipatmifiClacid 38tedriciacit, @tachidice
acid, behenic acid, lignoceric acid and combinations thereof. 42. The
poljbipkicating tsaesbivirctha pusitonuisCim{ds] whermsind ible Fisphgrantdigs -
derived lubricating base oil is present in a major amount and the polyol
bupgedied, bcbeirnrdialmiddrethediol 2retbuht. erapseddiotiGatitiylbabeipit 13-
composition of Claim 38, further comprising one or more lubricating oil
propsairiels seriebd g thecgrsaprahisrting bt dritrskichn 3 nentansdial, 2,2-
. agents, detergents, rust inhibitors, dehazing agents, demulsifying agents,
digRe B g e bty G EHEE IRRTSA Thowid:< el baintapsfrensants;3-diol,

.antjffoaming agents, co- X . ) L
trimethylolpropane {TMP), pentaerythritol, dipentaerythritol and combinations thereof;

and the one or more organic acids are unsaturated or saturated fatty acids selected from
the group consisting of myristoleic acid, palmitoleic acid, oleic acid, linolenic acid,
caproic acid, caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic

acid, arachidic acid, behenic acid, lignoceric acid and combinations thereof,

42. The lubricating base oil composition of Claim 38, wherein the Fischer-
Tropsch derived lubricating base oil is present in a major amount and the polyol ester is

present in a minor effective amount,
43. The lubricating base oil composition of Claim 38, further comprising one or

more lubricating oil additives selected from the group consisting of antioxidants, anti-

wear agents, detergents, rust inhibitors, dehazing agents, demulsifying agents, metal
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solvents, package compatibilisers, corrosion-inhibitors, ashless
dispersants, dyes, extreme pressure agents and combinations thereof.
44. The lubricating base oil composition of Claim 38, having a
phosphorous content not exceeding about 0.08 wt. %, based on the total
weight of the composition. 45. A method for improving the fuel economy
of an internal combustion engine comprising operating the engine with the

dedetriaatingsbaserl LRAMRRSHIQY AhEIFM L dbfetume R ALITPIONING o

the fuel economy of an internal combustion engine comprising operating
soltR@enaipev e NeatNG Rase Al FRRRASIHANR! SR fs 4l extreme
method for improving the fuel economy of an internal combustion engine
PreSQIRPLSAG eRetingdha engineith the lubricating base oil composition
of Claim 27. 48. A method for improving the fuel economy of an internal
combustion engine comprising operating the engine with the lubricating
base oil composition of Claim 36. 66 LUBRICATING BASE OIL
COMP.OBid 1N G g D AT HORE RO SMPIRQ\IR Ga bl ThooNIMLY
IN AN INTERNAL COMBUSTION ENGINE USING SAME ABSTRACT
coffG1 8¢ #xdubdiogtabguh AR oiltchimiposition iheavided gooftising{g)siion.
least one Fischer-Tropsch derived lubricating base oil characterized as
having a kinematic viscosity of about 2 to about 5 centistoke (cSt) at
100C; and (b) at least one polyol ester. Methods for improving the fuel
ecorfémy: ateaboihfernairconiudtivh dngireare o flsoigrovid edmbistion engine

comprising operating the engine with the lubricating base oil composition of Claim 1.

46. A method for improving the fuel economy of an internal combustion engine

comprising operating the engine with the lubricating base oil composition of Claim 17.

47. A method for improving the fuel economy of an internal combustion engine

comprising operating the engine with the lubricating base oil composition of Claim 27.

48. A method for improving the fuel economy of an internal combustion engine

comprising operating the engine with the lubricating base oil composition of Claim 36.
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LUBRICATING BASE OIL COMPOSITIONS AND METHODS FOR
IMPROVING
FUEL ECONOMY IN AN INTERNAL COMBUSTION ENGINE USING SAME

ABSTRACT
[00137] A lubricating base oil composition is provided comprising (a) at least
one Fischer-Tropsch derived lubricating base oil characterized as having a kinematic
viscosity of about 2 to about 5 centistoke (¢St) at 100°C; and (b) at least one polyol
ester. Methods for improving the fuel economy of an internal combustion engine are

also provided.



