LUBRI CATI NG BASE O L COWPCSI TI ONS AND METHODS FOR

| MPROVI NG FUEL ECONOWY | N AN | NTERNAL COVBUSTI ON

ENG NE USI NG SAME BACKGROUND OF THE | NVENTION 1.

Technical Field [0001] The present invention generally

- rel ates t olVBBIIABNGRABROE SOMPOSIIEBE ANDIYETHODS FOR
contai ning at |east one Fi schvBIROYID¥sch deri ved

| ubr i cdtUHgEGRNEMIT IN ANINTERNAELSOMBRES THON ENGINEUSING SAME
and to nethods for inproving fuel econony in internal
conmbust i on engi nes usi ng sane. 2. Description of the

Rel at & YOXPF THE NTHNrently a need to
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base qil ssl_l breakdown of the oil in the engine due to
oxi dat’Pon” %‘f%’g“ﬁ)bs(%gjs *fie viscosity grade of an

engi n? il is o :i\tua&lwhen sel ecti-ng a

| ubr i aé—ﬁ?&%?—ﬂ—hﬂai—?—%? cating oil is typically
chosenomeror di rthefeQs fi@fehtly A1ee kd #Rrdve thd STHIENCH kM @Rl Afe of
whi ch the engine is exposed, and the tenperatures and

shear engigydist pa&ib‘&]aklg @Rk VBl &drhdk8ase MbREtOREABMA ombustion
Thus, the oil nust be of sufficiently |ow viscosity :

at a”ﬁh@ﬁgs it QIR EAII4H 8 ot aRpRYiviEnAHEIMA tRicks. Generally, engine
| ubricati on upon cold starti ng of the engine, and

capablfs @bd hidtngl dohib8stidH bhdifds@ate & Inﬁﬁ&f’lﬁffs Y’I'ﬁé?r efficacy can be
| ubricate the engine when it is under a

oper atirfled BRdich FRRAAL, P& fé' ik lé}gﬂfatl@ﬁ‘ Bﬁﬁ@gﬂeyﬁc additive
Engi neers classification sys
package that is blended into the base oﬂ(s), breakdown of the 011 in the engine due to
oxidation, etc.
[0003] The viscosity grade of an engine oil is one feature when se]ecting-a
lubricating oil. The lubricating oil is typically chosen accofding to both the climatic
temperatures to which the engine is exposed, and the t‘emperétures 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 éngine, and capable of maintaining sufficient viscosity to lubricate the engine
“ when it is under a full operating load.

[0004] The Society of Automotive Engineei’s classification system, SAE J300,

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




defines engine oil grade viscosity specifications.

Si ngl e grades are designated as SAE 20, 30, 40, 50,

~and 60 grade, and are defined by a | ow shear rate

ki nematic viscosity range at 100C (ASTM D445), as

wel | &8, 3, AP H0nanhobiggide, hé ane defirted bvlaslmshetayraatkmeﬁ@@@wscosxty
(such as ASTM D4683, CEC L-36-A-90, or ASTM D5481).

Engi neangielat1008e %Wmﬁ)ag @Eﬂs@mitﬂmmu@igh gy hta wescosity at
been cl assified according to their Iow tenperature

cr ankil¥8°C/isedios IASTHEDYRSTREOL283).-90) ok STMPE4 &Y. UEegine oils
punpi ng viscosities (ASTM 4684), and a m ni num

ki nemalesignatddsis S4E0W tirougB OV ik bdeg chaskifiedaidosding®ttheir low -
both the high and | ow tenperature viscosity

requi nengenttee crndkisgtisdsitios (ASAM DS203iE0e kaiparagure puoniping
exanpl e, an engi ne oil designated as SAE 5W 30

poss esrs;semt_(ds EASTM 6 ) ednd iagniairaihekihendti tvise Ssitg bt HOEC. 3PIultigrade -
notor oils as well as the low tenperature visconetric .
qual i toilemeefboBARe G ardQ60 tmpérahitb viseaity Rguitinien8htiidatd in their
be chosen with the appropriate high tenperature

Ki nemabmenciantte hF@fexatuslefan eadite i Ssititkd KL AOIWBOPoYREes the
engi ne type and operating conditions in an effort to
preve Mscdﬂiﬂ:neﬂgtddﬁnmabf SWIE 3@inbtot 1S HRINI 20 ﬂletlmtemljéﬁﬁlre

be associated with inadequate boundary | ayer

| ubri eRtémsiriandlitdslof SAEFW.NY, respectively.

Simlarly, to afford | ow tenperature engine

pr ot eqdoosn, t hea mBXédMMEbil SR BREA tWith@hChpBidlifng
punpi ng viscosities of the [ubricant shoul d mat ch

requi kipRitige kiBRRRGn®Yigh Qﬁeaﬁﬁi@\ﬁ&ﬂﬁﬁ&tfox‘ 'eﬁ@intt: Bfe and
engine wi |l be operated. The maxinmum |ow tenperature

visc Oﬁpéré’txﬂghﬁh&ﬁon@ﬁn ;ﬁl Vi85 pRidnt Q{e%qgnécv@ar 2 608G urhion that
define the oil's ability to facilitate engine

start cdibel Rsceted Witiak
fl ow of ceolsél oil to téagqugfeﬁggﬁdr?%:ﬁﬁ b%b!;/trb%aﬁ?%ﬁjg}mrﬁléng’

the peaspatilal. Qfml%g}g 't@ﬁfcﬁi@m@m HoGird & n@?fbftefch&‘l E'Etmammum

Iubrlcat|on 11n addltl ntos ting ¢

appr oy @&Sergﬂietdr:gﬁcﬁg%n@bllmplhé v1§c%sﬁl?§‘& thé‘ﬁﬁﬁ&ﬁﬁs'h il g{at h the

the internal conbustion engine ave 1ts ol ed

per i oglgg@lrhehtd ithposed 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 oil to the oil pump, thereby minimizing the potential of engine damage

due to insufficient lubrication.




order to maintain the efficiency and nmechani ca
integrity of the engine. However, it is comon for

oil change intervals to | ag behind other service

i ntervals since consuners can view oil -changes_as one

of thd%¥¥ e i ncWiddirineelasting haprawrtate myltigrade pibtit iy also
regul ar nai ntenance aspects of vehicle ownership. .
Typi caiepspsary K Hinisrad gombustion enginede havistits oi} ah@g@szp@odwally in
been extended with the introduction of higher quality -
base SdéxEaigh haalficency and mechanics defpgrityef tharniginge Slowever, it is
Yet regular oil changes still tend tolag behind ,
ot her REFMIR&MDHchanze Bvrsvalsiotaghshindofheesearips intervals since consumers
filter replacenent, brake replacenment, etc. [00071

Ther e caP ley|odghangen avions ofghe mipteirtonpamient andwinisoine t4ses; eostly

is a desire to wutilize an engine oil having a

pr ol onggder gainjingwse aieets ofwhicksaammpsbip. Typivally, recgremended oil

mai nt enance costs and equi pnent downtine, |easing o
conparifse andvaghive hesntexteoded vathahsingoabktiasofthighekqualjty base
conpanies desire engine oils that retain their

or i gi mtekks avd beitr mbricet alpbbiphikaies Yetregylaalilaheeds still tend to lag
peri ods of service. Additionally, original equipnent - -
manuf &chiod eths ragenaecel itehis isoditdsNigr @iamplepaiphilsdr tréptsesment, brake
havi ng extended drain capabilities whereby their

| ease replestmensredc.can oper ate t he equi pnent for | onger

periods of tinme or for greater distances before

dr ai nil¢0§7} he erBiereardilio aaehbesd sigitidgs @lvWwhichGherpRratdesite to

it wth a new engine oil. 100081 There has al so been

an i notiézsinrggisositierigiaprolagedtervie@lie. For dxBRpMS mihiffze

fuel econony performance of an internal conbustion

engi nenaiaahdecudteaidyqiipntnt @bwnRas IQBBE borfitinies R él]Qngent

and di esel fuel engines. Fuel econony in the Unite

St at espérstorsfsadhen audking R Aatierictye SRR QIR the: A B tBGForiginal
Fuel Economny (CAFt), specifying the fleet-average

fuel petumaycelcapabiitiesOnESlontd feriodsBILAVRE AdtBliorRA 0B al
can result in nore environnental ly desirable

CONMPOsiipridis mabdtR &S d@fire 1@9isatind®lil cBRposTidnS hivimVe&tabed drain
3 hence | ower greenhouse gas em ssions and al so

consectapabilifies valerdd tHeR I QW Rus@Bhers can operate the equipment 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 Average Fuel Economy (CAFE), specifying the
fleet-average fuel cconomy for passenger cars, Improved fuel economy can result 1n

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




i ncreasingly scarce resource. The viscosity of the

engine oil is one factor that influences fue

econony. The lower the oil's viscosity, the | ower the

vi scoys drag on the engine and hence the better the

f uel Bﬁ?dwgefﬁéfﬁﬂwwwe EMISFIgNeARE also eensetyjipg of petroleum, an

Vi scosi t rade oils nust still, provide adeguate

| ubr i dBFASTEY seasregeonice e wirgpifyeof theepgingqil is one factor that
Accordingly, .there renmains a need for |ubricating base

oi | BB fieberoneiny; Ty lawerdha dharasropits te beysr g Wigpysgireg on
al so providing significantl i nproved fuel econony.

sumvare g e hergeherbatike Peéﬁbwwey pirfosmnce; Howeier dhe lower
provi des | ubricating base oil conpositions and .

net hod$°ePdy eradp Py stihaoigesdegeatmigbricaion tampratest Biegagine.
conbusti on engine enploying the lubricating base oils .
and/ orl0®8hposi tAwsalingly thsrecemeiant eeediferfubsisetingbpesdiinent

of the present invention, a lubricating base oil

- conpog$PRpesfians haying\an gutnded M pesion yrhileyIsaprovifiag signifipwntly

Fi scber-Tropsch derived |ubricating base oil ' _
char admpiovelgelggodemyi ng a ki nematic viscosity of

about 2 to about 5 centistoke (cSt) at | OO C, and (b)

at |l east one polyol ester.. [00111 In accordance with

a second enbodi nent of the present invention, a

| ubr i GAMMARYAIBTHEINVENFHNt i on havi ng a ki nematic
“viscosity of about 2 to about 9.3 ¢St at 100°Cis

provi d&H 0L onpr i Bie prps¢rd)nvertiongastdes hbribdting haese ol cappasitions and -
derived lubricating base oil characterized as having

a boi metigpds fongepraiisg the bt economy odndnemillOmbtstioa bagite employing
3000F between the 5 percent and 95 percent points by

ASTM dwdhbyrichatirg basendls hadloRo6bdti@ts. It &c@daticy afite ohe empivdiment of
(b) at |east one polyol ester. 4 [0012] In accordance

Wi t h ghetphesent vevebidoki, srimhticatihg bdve ofi caspdiition yvotid@yomdrising (a) at
| ubricating base oil conposition having a kinenmatic

Vi scoddastyone FiselleoTitopahtderieddduliricatisg bagShil eHaratfi£edias having a
provi ded conprising (a) at |east one Fischer-Tropsch

der i vé&othematic viscosity of about 2 to about 5 centistoke (cSt) at 100°C; and (b) at least

one polyol ester.

{0011} In accordance with a second .embodiment of the present invention, a
lubricating base oil composition having a kinematic viscosity of about 2 to about 9.3
cSt at 100°C is provided comprisiﬁg (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 ASTM analytical

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




| ubricating base oil conprising (i) a weight percent
of. all nol ecul es having at | east one aromatic
function of |ess than about 0.30, the weight percent
- based on the total weight of the Fischer-Tropsch

deri vé¥1BLibr i cdnpergrdoncsevith 4 third pmpodimend ofythe prgeant ismentiof, a

all ol ecul es having cycloparaffinic functionality of

gr eat dybricking basswiltco@positing hawing h kinepeticdssosityas abbup ta #hout 9.3
total weight of the Fischer-Tropsch derived

| ubr i e8tat AP basrroviléd compriding (d) ia least pretHigherf Tropsclyigrived
percent of  nol ecul es havi ng nonocycl oparaffinic
f-unct ilubrigiting pase@ilweingtiting@r ceeightgtrcensloé diinescienhiavigg at least
mul ticycl oparaffinic functionality greater than about

15: 1; oandoipigic fanctior aflesschan abolty0cA0, the tveight ped@h@asddron the total
accordance with a fourth enbodi nent of the present

i nventicight ofdhe Fisther Trapsich getbad dutmichtingazasl {ii) @welphyvpargent of all
‘a kinematic viscosity of about 2 to about 9.3 ¢St at

100C m®lgonievhateg cgadogarafinin dunctgnality df g@ater hmxeabout 8; the weight

Fi scher-Tropsch derived |lubricating base oi

conpr ipeicent bised omthevaita hieighe 6RO FiscHer-Tlopsolitdetvad| I6tgicating base oil;
having at | east one aromatic function of |ess than '
about afd @0),a rhtieofweighbperpeit 6Hbleduds @avithmbheyélopaddffinic

wei ght of the Fischer-Tropsch derived |ubricating base

oi I';  @inclionalityed ghibhtiRfceRItf nidflecales haviflyl i tidyeBpdiafinidGunctionality
nonocycl oparaffin functionality of greater tﬁan about

8, t hgrewtei B aboPEISCIS Bid BRSGERsOShelpdB ol &tecdl Wei ght  of
the Fi scher-Tropsch derived lubricating base oil; and

(i) e@1vei ght pedeRRdce Hithal fourtPéRtddtisht BAUE Msent invention, a
mul ticycloparaffin functionality of |ess than about

0.5, tibdicati) B5ke ol @6mAdRtticRARSAHy 8 RinkRSivadcadityWe kit 2 ®f about 9.3
the Fischer- Tropsch derived %ubrlcatlng base oil; and _

(b) atstlaeaePC ¥ RoRMdRpAShE ) al 1IBRLAH. FRhAOESysERberived

.operating an internal conmbustion engine conprising

oper alibAghthb 8258 BA HBpMirlg i) aheeiftR HEIQI BFa1l MBIELGAhERL, at Teast
base oil conpositions are also provided. 5 100151

Vet hoghge dréthaticTRcAdh Hideds MGmfabile 080 0RO B pedidnt YAl Rdhe total

conbustion engine conprising operating the engine

Wi th Gbenf FHRIGIAG-HHREH 88iVed LibBasE 8hde oil; (i1) 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 weighf. percent of all molecules having mu]ticycloparafﬁn functionality of
ess than about 0.5, the weight percent based on the total weight of the Fischer-
Ti'opsch derived Iubricaﬁng 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

provided.




conpositions are also provided. [00161 Anong ot her
factors, the present invention is based on the
unexpected and surprising discovery that the
| ubricating base oil conpositions herein
advantléjébus| y Methedsiforompamen tbd fabli deotomyofen irerhad wgmbustion
period of tinme thereby resulting in excellent
| ubr i eaginnepnpeising pprawting tikuemiging vwéthiteniiegoiug Bibrieating bassil
to or greater than about 30,000 mles, while also
i mpr owpmpositives éraelso povidedry of an i nt er nal conbusti on
engi ne. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBODIIMERITS [ 00%ddngktter facesse iite prevvt fifivettion is bakd ecthe dnexpccted
to low viscosity |ubricating base oil conpositions
whi ch aad sirgapabliseoety thihd Bbrigatingpase vi domgaitionsiepesi t
and oxidation resistance while also having an

i ncr eadedtapéduely bxpdndredned/statidinevdlallyng geled bitbhd takebisulting in
base oil conpositions of the present invention wll

I ncl uaeceliént hbdisiting pPrf@mahRaRiting &endEd 5&[@% ; U 1918 ERater than
derived lubricating base oil; and (b) at |east one

pol yolab@s B&OOO miles,NrikilehllsoGipRyviiz ARG cLbdkyEPar infernal combustion
TBRI CATI NG BASE O L COVWONENT 100181 The

Fi schefigidg. opsch derived lubricating base oil conponent

of the Ilubricating base oil conpositions of the

present invention can be prepared having very |ow

wei ght percents of all nol ecules having at |east one

ar omapDBTATUES DESORIMHON oM HE TR IPERREM VRO DRVENTS
nmol ecul es having cycloparaffini¢ functionality, and

hi gh fatyos offhyBicgit mQ@l{tﬁ)%n&; diRkte AR 1%%%5%551@%1{&&1@ base oil
nmonocycl oparaffinic functionality to wei ght “percent

of nok&k
(or hi ghlsﬂ\igl?gs{]?m%m%g F%:Hgﬁllte %%EO%E%%E %110% éa‘y %13639‘%11 okidation

NDNOCY&lsAR@ ik alkh ﬁa\flﬁ’%ﬂ 1h91@%leﬁ i, eqeéé a‘ﬂ%é %n?%@'ﬁ%hgﬁgncaung

‘percents of nol ecules having nultic

f unct p88h b&){ﬂosm-gﬂseof'%hﬁgs%ﬁf ing&nBBR GAl ﬂa}:l&e\éaq él\s/t éa) at least one

| ubricating base oil conpositions can a
noder gfsgeRPHpsch derived lubricating base oil; and (b) at least one polyol ester.

1. THE FISCHER-TROPSCH DERIVED LUBRICATING BASE OIL

COMPONENT

[0018] . The Fischer-Tropsch derived Iubﬁcating base oil component of the
lubricating base oil compositions of the present invention can be prepared having very
low weight percents of all molecules having at leastr'one aromatic ﬁJﬁction, high
weight percents of all molecules having cycloparaffinic functionality, and high raﬁoé
of weight percént of molecules having monocycloparaffinic functionality to weight

percent of molecules having multicycloparaffinic functionality (or high weight




poi nts. [00191 Cenerally, the Fischer-Tropsch derived
| ubricating base oil conponent rmay be obtai ned from
the steps including at least (a) perfornmng a

Fi scher-Tropsch synthesis to provide a product

st r earferEph ofimolscales kryingrmenoeysioppraffinicfunstonaldyrmmd very low weight
substantially paraffinic wax feed having | ess than.

about Fstrepis At melecillesdevipg maliicyelpnaradtiesin fumnidbrelity). iFhe Fasebler- -

| ess than about 1 weight percent oxygen, (c) dewaxing

the stiBechaerivad luprigssing bise wil compositiogechnlaiso have moderate pour

hydr oi soneri zati on dewaxi ng using a shape selective

i nt er 9t e pore size nol ecul ar sieve conprising a

nobl e nmetal hydrogenati on conponent, whereby an

i somerP9®l oi | Genepilpdbe Bidchealithpéa)deriveddutafcatiigshabag] component
the isonerized oil whereby a Fischer-Tropsch derived

| ubr i cuayi hiegbidase fromithe steps puchdirget lchsa Vd) perfarmisy giitcher-Tropsch
percent of all nolecules having at- | east one aronatic '
f unct isynthesis th poside h arodatiatitant) (BAsolAinpiogitie Prothie Bteanfa

all nol ecul es having <cycloparaffinic functionality of

gr eat epbstantisllyghodifini8wan fhed hafigy laklthangbaate pphheut dbelkd
9.5, and a high ratio of weight percent of nolecul es :

havi ngutmgaoadchfippamaflléss tat abdul 1 el ghtgdrécny ody@enVed) @BWaxing the
percent of nol ecul es having nulticycloparaffinic

f unct isolmstdniidlly, parfivid yax fe@By Bydrdibtadbriaktion devkiide @i a shape
preferably greater than about 45:1. 7 [0020] :

Al t er meltdtive infermsdiftp p6id sizB @61 LV RE MG hdb % héll
hydrofini shing the isomerized oil whereby a

Fi scheydrbgeapsanlvotipodent vhbieby hitRbh 088 R pdducdd and (d)
produced having a weight percent of all nolecules

havi n@yabfihistas thOREmaiRIBI iwhefebP iHsir-Ffopb @SR rivdd ¥ahticating base
about 0.30, a weight percent of nol ecul es havi ng

monoc il hoRaduaéd having afwbieh p&Bak bt il AbleHiRBhGhe L1884 one aromatic
about 8 and preferably greater than about 9.%, and a :

vei ghtfurR@siCaméss Gan BRIuE YD SSwdigh bBient of all miolecyles havi
mul ticycloparaffinic functionality of less than ag%ut

0.5. kfflepkiaffifinRiBonslity bf SRt Har Dot S8 &R Eregtfer than about
the resistance to flow of a -
9.5, and a high ratio of weight percent of molecules having monocycloparaffinic

functionality to weight percent of moleculss having multicycloparaffinic

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




fluid under gravity. -Many | ubricating base oils,

finished lubricants made fromthem and the correct
operation of equi pnent depend upon the appropriate
viscosity of the fluid being used. ‘All kinematic

vi scosl?®3p] meas uslereaiivslyheepe(dnmay ke dhitirastetisidpe (B hidrefidéhing the
100C and determ ned by ASTM D 445-01 with the results

bei ng ipepsizedal WierdyntRishakiepstl Srjved lubrion@g base oil is produced
enbodi ment, the kinematic viscosities of the Fischer-
Tr ops davidg p weiglt pendsni afatlimdecblas Bavirig at aspas SBnstic function of less
enpl oyed in the present invention are between about 2

cSt  arfthradboutd. 38, £ Bight[peR2RA]of Roleculpoiatinginfondcycloparaffinic
nmeasurenent of the tenperature at which the sanple

wi | | Hegptinndlity dflgesaten e abauia 8 efdiprbitrablypirdatr tid about 9.5, and a
condi tions. Pour point may be determ ned as descri bed

i N ASTiMight PGEGH O2molkdules ieing @8kt GopRRIFMTC APV of Bss than
degrees Cel si.us. Many commercial lubricating base oils
have speaiofsicati ons for pour point. Wen |ubricant

base oils have | ow pour points, they also are |ikely

t o haJeo2ipt her Igﬁéiﬂaﬂcﬁzﬂ!cbﬂ?w{ RAEARMBAQR HelrkSRancS W Hdw of 2
~as low cloud point, lowcold filter plugging point,

- and | did widRekaitir Maby Riblibdtidg ¥Ase 608 iffnlhedTuOHnR RlabL frbf them,
a neasurenent conplenentary to the pour point, and is

expr ess@the 35ircdt dRFiAGH 8t dfuPniht depbldGoR S PRSI vi ‘
| ubri cant base oliﬁl begiérilsﬁ)to dg\%}% §%°a hag%h%ade?gclaﬁwc’ﬁhe

car ef whidbeing el B visba ' aperat
det er mi negm%y, - for er;(arrpl e,S Ag_me%u%ﬁgé%g%%%@ A1BY aEmperature of

Lubr i qegeicngd Basinifidl by AW POIBH Mwifdl R 8%&%?@5&?&%&
er pour-cloud

bel ow about 35C are "also desirable. Hg

POi Nt cEHERRAFIEH bﬁ@eﬂ&ﬁﬁéﬁ'tﬁhﬁ(i{a@%ﬁ% 3}2%@,@?& 'f%f‘g% g@&%&

oil to very l'ow pour points I n or

POi Nt TEIHSA Jeﬁ%tlh}ﬁ'fb%ﬁng-rﬁge @p%ngxpﬁén(?é‘eqwg&%ggn e ?)1‘%9&91 in%ntion

t he Fi scher-Tropsch derive Icatl e o

Conp'oﬁl%%ﬁveeﬂlﬁugféﬁﬁﬁﬁé%uif than about 35C,
preferably |l ess than about 2 and nore preferably

lt ﬁ: S . gdr%fe] 31? 0 :J_t?ljg&rgagin_t gol%ngals%gerﬁ%k‘ ﬁlte%rr%re?a ggteng}%lolll the isar}np}e
will begin to flow under carefully controlled conditions. Pour point may be |
determined as described in ASTM D 5950-02 with the results being reported in
degrees Celsins. Many commercial Ipbﬁcating 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 point, low cold filter
_plugging point, and low temperature cranking viscosity. Cloud point is a
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




[0023] Noack volatility of engine oil, as neasured by

TGA Noack and simlar nethods, has been found to

correlate with oil consunption in passenger car

engines. Strict requirenents for low volatility are '
~ i npor t #8-%4s prlkricstingfbaseenilshating pentoud pointepreaid below about 35°C are
speci fications such as, for exanple, ACEA A-3 and B-3

i N Eurdypedesizably. Shghed po0-cBid peinidspica BASGE-rBodessidyalid lnbricating
Anerica. Any new |l ubricating base oil devel oped for

use ibeseeil Orvewiloe pewrgioimts ipptder ®heat doipoint spedifiastions. The pour-
volatility no greater than current conventional G oup

| or Glendpoint spreaghof thieBisehet-Twipbch. defiveel NaRatng\babadil doiripgnents
-of the Fischer-Tropsch derived |ubricating base oi
conporashganetally ssythar aboutelSaE,ipretbrgblly doas thag stvat 28°Cyind RSk

than an anount cal cul ated by the foll ow ng equati on:

Noack pyefbrably llést than Yol H0°COWBe Klogd<ponesmt igenVAly GOk kahgabf +30 to
100C)-2.7. [0024] In another enbodi nent, the Noack:

vol ati-B#Cy is |l ess than an anobunt calculated by the
follow ng equation: Noack Volatility, W% = 900 x-

(Ki nerié@23t Vi scleick yolafilit} 00&ping o, as nlddflé&] byNOG& Koack and similar
volatility is defined as the mass of oil, expressed in .
vei ghtmetipds,donbeen find B dosrela@StithdiEdRdnéui@tich in faSseRBRE&Lngines.
at 250C and 20 mmHg (2. 67 kPa; 26.7 nbar.) bel ow ‘

at mos St keguiptrasBLOEoW VOBl ate iGHbGINR la%e&tb 513 6Ha 1 WS ngine oil
a constant flowof air is drawn for 60 mnutes (ASTM

D 5808peciffatinng SudhBMEx@RbleREDAK 5 Hd BB Eﬁ&lo?é, iaﬁlﬂ?]AE 1300-01
Noack volatility and one which correlates well wt T

ASTM BnSBBAC SFBYn Rotds ARGriéh. LAMHIR 1 RYEdBEEd &1 developed
anal yzer test (TGA) in accor (ﬁﬁce with A’@I@I D 6375 F o use

99. TafauNardtke ¥adird dilsishonld Bavkl§ %aé@o@iﬁ%@é’%&?«%&ﬁr than current

di scl osure unl ess ot herw se st at ed. ecul es

W th eyskapmaaebbin & droaet L pakking 5Ra @%a&@oﬁ%ﬂ{)ﬁof the

t hat is, or contains as one or nore sggstltuents, a
MDNOC Fisblies-Tedpséh dewSS&ubktalin CA6d bif Qnﬁﬁhéﬂt@ﬁeggn are relatively low
I %I | nay be ’

hydr ocar bon group. The cyclopar af C group

opt i ogetet¥ly 1eabah b AhRel WhdubiAn Y follR g %&{Qﬁgﬂt uents
and preferably one to three substituents:
Noack Volatility, Wi% = 1000 x (Kinematic Viscosity at IOO°C)'2'7.
[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)™5,
[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 5 800). A more convenient method for

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




Representati ve exanpl es of cycloparaffinic groups

i nclude, but are not limted to, cyclopropyl,

cycl obutyl, cycl ohexyl, cyclopentyl, cycl oheptyl,

decahydr onapht hal ene, :

oct ahyXiing géprme ewrimepisranalpzee tast FOA) ficyecbrdhrex silb ASTH] D53 75-

- -tricycl ohexyl pent adecane, ' : '
decahy8r 6GA Nogdnroldatiditian ud ylirpughpint thia disclesureurdess bberwiisestated.
and m xtures thereof. [0027] Mol ecules with

monocy8¥6par af f Makeenldsuritht dyclopdraffipicrfestioshiyy m@heayinelecule tha
that is a nonocyclic saturated hydrocarbon group of -
t hr ee 1% O eSS ag eneeeT nrdrggrbstandnin s mooscyalivyoratitsed multicyclic
that is substituted with a single nonocyclic saturated
hydr osatatated hydmocanlpnggouph The cotopatadiittic growmeimay begptionally
carbons. The cycl oparaffinic group may be optionally
subst isplstipdEdwrithpne nemore sntsstitiests bsd préfa@blyne icthree substituents.
preferably one to three substituents. Representative
exanp Represstatimneanples piryafobaraifiaicgirauipp nciude, lbdtkee ndtWmited to,
are not limted to, cyclopropyl, cyclobutyl,

cycl oleelgpiropytycgtlopeyif opblohexyt lcphiaRhiyl, cycloheptyl, decahydronaphthalene,
(pent adecan- 6-yl ) cycl ohexane, and the |i ke and

m xt uoeshydnepeataltne, [20R8dcadvblybeydchexate 3)7,10-tricyclohexylpentadecane,
mul ticycloparaffinic functionality nmean any nol eche a

that idecabydrors dpenmadbdah Yyl nashtisaddrie] At @b 10K AR PHAHRO thérbdTO
group of two or nore fused rings, any nol ecul e that

I's sulpeol} ut ed Méledaled Reth@konBBcphi EREE MK HohAWE Mk any molecule
saturated hydrocarbon ring groups of two or nore

f used that 8@ SnonoEycROM IRE Rk R afbBR brobd of BHRSS Aol Lk MR arbons
nore than one nonocyclic saturated hydrocarbon groups

of 't hoesmytiolecalRand isSEYERtdd Wigh £RRRORSnoctOIR hHRRA hydrocarbon
mul ticyclic saturated hydrocarbon ring group ,

pr ef egmbp yf thiee &f atoWQel SR chibBAES Thi eI GUEIARAERES I Ge
(0]

group may be optionally 10 substituted w th onhe ‘or
nor e sptivakilyt heneRfth MHet RlofddstiiGislfa Pg?egﬁ)ly one to three

substituents. Representative exanples o

mul ti gybetitana. aldbleBinatigs SURDIds BEMYAG Yl '
limted to, dee%ahydr onapht bgl ene, g%t a %/tgélgﬁg)%ﬁsa gﬁ%ﬁ’butm

3, 7, 1RottiliGy &, OREYdpRE B AGtH -
decahyd r]o -II - (pent ad epg agi-( 6-y %&Zﬁlﬁeﬁﬁ’ g%cé?pe%tr‘{ld clfc}]oeh eII-}t?’]R e

and nNipshtddcRsn-bHBERBheMAX AEEBH like and mixtures thereof.

- (0028] 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 monocyclic 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




|

‘herein has a significant fraction with a

100291 The wax feed used to make the Fischer-Tropsch

derived lubricating base oil conponent is _

substantially paraffinic with | ess than about 30 ppin

t ot al onbi ned nitrogen -and sul fur. The |evel of )

oxy gerFuPLinigdswith ong ot mgELbStitygaIsgRd Prefrssbderne to three substituents.

preferably | ess than about 0.6 weight percent, and

mor e JrBFETIRIVG craaples oh alticygiensraffinio gwepyineludse betarstnot limited

In nost cases, the level of oxygen in the

subst dPtdecaydropaphthalens petakydsopertalgnerdy/s [0 driguslohexyineatedesene,

0.01 to about 0.90 weight percent. The oil content of

the f é’éﬁﬁ%(ﬁlrptl-(@wamganﬁqyl)mhqh@lsm irbthe liksoant] migtuige thgteof.

percent as deternmined by ASTMD 72 1. The term

"substantially paraffinic" as used herein shall be

understood to nmean as having greater than about 75

mass pEEcERd: normal paraffin by gas chronmatographic

analysis. The n-paraffin content of the waxy feed may

be md¥¥d ed bylThyaexdtrdowet togrekp Hiedismhet Trepssh deeived lubssating

described in U S. Patent Application Serial Nos.

10/ 89 PaB@ileanpahBie 8 Bthntiailylpefipric Fith jes2Ran OO0 pphetotal

contents of which are incorporated by reference

her ei sompipOBEtrogdn rndgydiar. DBtedevel ofdxiygen is Nis¢ thagebioud ISweight

nmeasured by nelting the substantially paraffinic wax

feed peicent, preferally dess thaw alwmnh b steighnpecet, and more preferably less than

chem | um nescence detection using ASTM D 4629-96. The

test aeaUtO3 wesght par¢enerin nohes@sdshihd 1dvel df.oSygelPat e bubantially

6, 503, 956, the contents of which are incorporated by

r ef er emefinirered foed Midy hl}eFon Svhi 0101 fdebeitmI0atdi@hpercent. The oil |

Sul fur is neasured by nelting the substantially

par af tomeént ofithx fed adll gdinarilytbe lash thanbak 66 whibMGERERAL 8&ermined

usi ng ASTM 5453-00. The test nethod is further

descr bpaSTMD @ 5. THatrerttsubdeantifllybikeaBRiE” ad |ROBRIi 40 S8

Determ nati on: Oxygen is neasured by neutron

act i vabdeastoodammbyttdshavih§Bd3ddr thiveabsaxys wad Bér@elfn_t Héifhal paraffin by
oi ling '

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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poi nt greater than about 650F (343C). The T90 boi l i ng

poi nts of the wax feed as determ ned by ASTM D 6352

can. range from about 660F (349C) to about 1200F

(649C), nore preferably from about 900F (482C) to

about [0€NQF ( 648D DaRAnindMS! SR iSmedined i;? QiR tRE Ml substantially
1000F (538C) to about 1200F (649C). T90 refers to the

t enperpataffiic Ghx Md srivr LOuweViget MRedsER0s uilg Adwviseerdod aBhe test
a lower boiling point. [00341 The wax feed can have a
wei ghtmetidd iofigtherasceibed @Y. 9 Patiint NeagsoRdHBuUt 60 carbon
atons to nol ecul es of at |east about 30 carbons of

| ess t[bea2] about 0L:edBDdterntilRionWeixgEkn i AbdsBre@ by ADILRG Yk SRtion
of at |east about 60 carbons to nol ecul es of” at | east
about agflysi€ar bons can be determ ned by (1) neasuring

the boiling point distribution of the Fischer-Tropsch

wax  byoeaspul at ethethastriddl faitiise Rerdinaga AHMLAR: BRA0n wihh boiling
converting the boiling points to percent weil ght

di St rigaist reRteHarCAbREBOTFUTRLT) .dﬁli?é.r]f@al}gpglg krBQi.gksi dxgﬁe'\w}lv% feed as

poi nts of n-paraffins publishe

. 6352- ; i ' o . o
e po TR SO 5 B R OBl Pl  fhout 200

wei ah r&F al o

wei g t(6499%§%%&tp %naﬂi?%ﬂboﬁﬁﬁ%%@%ﬁg?g b%?@fﬁbo%?s‘ C), and

greater, dividing the sum of ercen

f eed %ospﬁéi@ﬁgly%ﬂﬂ%’%‘buﬂ%g% (?98;?{? bongSlﬂtﬁ 0°?Sf61£9l38)[.5?§refers to

of wei ght perceént feed o on. nunber “abol

. _ ; e . .
or gr %%tt@rﬁper&xja &l wﬁﬁﬁ%ﬁgﬂ%%wg?tgo% ?{e%e%d?]\ég zg war P(}ﬁ]@ﬁg point.

Fi scher - Tropsch wax ra no

havi ngogal | east g%&é? e an 3L ?g\gzighf %g”‘&é%%%ﬁ%_o?g{’ﬂi{‘s?about 60

at | east about carbons o

b e S B SR
Lt o DAL e Yy AP PP 26 oo 30
oet e 50 AL B0 IR TEh L R
about F%%'r-q’rop%h vgarx%?rts%ulgtgc? &st?lg%gltl usinzg%g&%/l 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—9.8, (3) summing the
weight percent of feed of ca_rbon 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 embodiménts 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 about 0.10:1.
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Fi seher-Tropsch Synthesis and Fi scher-Tropsch Wax
- [0036] A preferred wax feed for this process is a
Fi scher-Tropsch wax which is a product of ' ‘
Fi scher-Tropsch synthesis. During Fischer-Tropsch -
synt hd®§38] | i quite boding rapgs distibutignchf theavdxdes] waefel ihdherprocess of
by contacting a synthesis gas (syngas) - containing at
| east this pveation map farlyy desidgeablia nBorcastyge thediffexinde bativedn the TOO -
Fi scher- Tropsch catal yst under suitable tenperature - '
and pread S} eoikingmoirits; detemriokidt iy RTM DHis 52, Fnaytieareatr dps about
reaction will ordinarily be carried out at
t enperfaioegreatentpnrapoltr I6AC, abgraste3DH Mot 0D bt gré®er than about
(about 150" C to about 370'C), preferably from about -
400' F22&CGbout 550' F (about 2050C to about 2300C); at
pressures of fromabout 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 catal yst-
s pace FisehapdirgrisesSynthesis and Bikubent-Trbp@htwmxabout 10, 000
cc/g/hr., and preferably about 300 to about -3, 000 :
cc/ g/ i#036]10037 1A filaferrpd adki tded for@isisiprotddgisfalFaydhdr@opsch wax which .
Fi scber-Tropsch synthesis may range from C, to about _
C200 [ aszoduygtisfiisatidrolepschbyinkhesis. "Biuig Rise herTrbpdh Gtleis, liquid
about O oo plus range. Cenerally, Fischer-Tropsch" o
synt hesd gaseday hjiRocdiboneste &imad PREHIRThZAdynPBsis ERIGMERAN -
Thus, applying pol ynerization kinetics, a sinple one
par amesiediniag kdédsQNimix@Re o BRIk Shdl iAo Mohb 8dddk RITY Bischer-
distribution, referred to as the Anderson-Shultz-Flory

( ASF) Tebipsdhrdatalytt @Bér sM¥tabe femperafaR ahd présdireesktive dohditions. The
wherein W is the weight fraction oP product wth -

car boRisehefdTeIpsdh read6h #ill SrdinbSly b Src\ Gt Bt SLAMAD o
probability. The higher the value of a , thg I orﬁagar“glng om

the aweues®°F ehabit 7061 hBout TRECAS GNP pRMsbly
probability of the C20+ fraction of0 t he F)lgécr:éér-y om about

g eSO RO A0 S B e e 01

carri @sbubstio psi (o7 Rlbo41HRAS, bR¥ferably about 30 to about 300 psia
(about 2 to about 21 bars) and catalyst space velocities of from a’ooutIIOO to about
10,000 cc/g/hr., and preferably about 300 to about 3,000 cc/g/hr.
[0037] The products resulting from the Fischer-Tropsch synthesis may range
from C; to about Cyp plus hydrocarbons, with a majority in the Cs to about Cjgo 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:

W,=(~-~a) xnxag™!
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‘reacti ongt

‘cobalt present in the cat

types such as, for exanple, fixed bed reactors

contai ning one or nore catalyst beds,  slurry

reactors, fluidized bed reactors, and the |ike and a

conbi na iong&t‘gifferent_ t%pes of reactors. Such )
cesUpFeighfracon¢fgradug withyarhon prwier rarfad o is the

docunented in the literature. The slurry

Fi schepSHetopsgrowihpobebidityu tlihk higher thanpdiel i@io , theRhget @iRAverage

mass) transfer characteristics for the strongly

exot hettwindengiintThe LSF chaa gtowdinprobatdlity sf tb g He s WeFischer-

relatively high nolecular weight, paraffinic

hydr ocEreprohwanheein casiangg feont afpat 0.8£ atabytais) n t he

slurry process, a syngas containing at |east a m xture

of  hyl@93yen antheckisdherTropsehdatifon can belbhli@loud i ABridty of reactor

third phase through a slurry which includes at | east

a par s bahes,Fosoxheple e dedirehdtfie chitahiag 8hd@nore catalyst beds,
synthesis catalyst dispersed and suspended in a

sl ur r yshirrygresctbrs; @lnidévied béilyeattors, Qa6 the Y6l i RICAIRDha RSP fiSent
of the synthesis reaction which are liquid under the

r eact itgpes ofwealitdrs.OS\%h réaldfon Mb@Rsde@hndreactrs 5B Svell XIEPOSIY
to the carbon nonoxi de may broadly range from about

0.5t dloalmuiteddn the Hittkatins. TRY Surky k&8l T36pdh phicBsstbifizes superior

range of from about 0.7 to about 2.75 and preferably:

- from E]bﬂldﬁnd@na@s)tt@nﬁ&%ﬁra&el%ﬁcﬂopﬁi%ts{r&igl}aé')éoﬁleﬂﬁiggﬁﬁﬁe@f; reaction

Fi scher-Tropsch process is disclosed i’'n European

Pat entand\R.ablef HOARR fdativelydi 16a¢ %%g?hr‘éﬁ%n?cra Idrec)carb()m'~1 when

i ncorporated by reference herein. [0

Fi schekind b 0§ba8 Ratgigéta by B Stutr plobdlS 2 égﬁéas @&ﬁ‘ggl?)% gi!dlia%%ﬁlgxture of

to, one or nore Goup VIII netal’s t he

of t hey&bemna idk | : i
yEbANRAY SarBdiHodRide E%bﬁ]ﬁ%g? as 4 ?Eﬁ%ﬂ}asé g;?%u §g a lﬁlr%rry which

nickel (N), ruthenium (Ru), -r

(Pd), ifcheed 4 ﬂ@ast(a%%)ﬁcuﬁf%ﬁiéégér( sch ‘P{pg ﬂ%ﬁ@a@o}{n?sjmvt\nhetsw catglyst

platinum (Pt), and the and sa ereo

cobal Yisp@éadn®ERbSIEEH o slﬂgﬂysgpﬁrcghmingng%é gag%? l}{g rﬁmg : %d&tpr?ducts of

can r

t 0 abeidlsymBesebahdén @}%Eﬁ:%@ﬁig%iﬁ %ﬁ(?&g g%gea\tcggn (E(?lhlgilong{\efh% r11111013 ratio

of the catalyst conpositi esire

cat al yghs hﬁﬁ&eﬁ W b @er(ﬁﬁﬂ&%&ﬁe %9 ibgoiagf}ar!mge 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 Pétent No. EP 0609079, the contents of which are incorporated
by reference herein.

[0039] Suitablé Fischer-Tropsch catalysts include, but are not limited to, one
or more Group VII metals of the Period Table of the Elements such as iron (Fe),
cobalt (Co), nickel (Ni), ruthenium (Ru), rhodium (Rh), palladium (Pﬁ), rhenium

(Re), osmium (Os), iridium (Ir), platinum (Pt), and the like and salts thereof, with
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conmponents which include, but are not limted to, one

or -nore pronoters, e.g., basic oxide pronoters such

as n02, La203, MO, and Ti 2, or other pronoters such

as Zr02; coinage netals, e.g., Cu, Ag, and An;

“t r ansiebdibeingratierede Imgeneoh theamwutivd cotialt@resam dh the catalyst can
conbi nati ons thereof The catal yst can al so be forned '
on a gefpsdiom abgyf lttabbaut 5& wpightrpercenit séddrsthe el welight dfulte -
are not limted to, alumna, silica, magnesia and

ti t anicatalystnedippdidon| itikdesiaaid theeatelystesntfingree edntaitUsdelitional

catal ysts and their preparation are known and

i || ustcempengnisiwhighSachidas e tre4pH6B8it<d6R onvvd mbre ipfomoters, e.g., basic
intended to be illustrative but non- Iimting relative

- to catoaldy ptonsdresich exiThd, o 6f, Mg AndF T h@TothEe plosofers such as
catal yst can include effective anounts of cobalt and -

one orZr@droeimage Metpls, g, G, AgFad AN trankltion Ateiald;ik.g., Md; addhe like

and La on a suitable inorganic support material, e.g.,

ti t aniaad comigfiationdthstedn he viltilys cdnt0dobd €Small oh & 8§ipoRNSuitable

or nore refractory netal oxides. 15 Hydroi soneri zation

De wax ismygpoft @ivdihls As:Tudy [Hue il nyt 16RIRI0Y, Qiiniifk, bifi€a, RMa@SBftand titania,

invention, the substantially paraffinic wax feed is '

dewax edd thy liky ghdahignree ezt Uit Quvalyitd shdaheifHBsHritiod A% known
sufficient to produce a Fischer-Tropscb derived

| ubri ead iilngrab@sL U, Patehitul568,66%5 Sibichds inf-ARRAAS bk IRGrRHo but non-
cycloparaffins and a noderate pour point. In general,

the cointlidgirelBtive th Odtaliiy QISR TR Hetdted PR CEEVENIsBPc ARt B
controll ed such that the conversion of the ‘conpounds

boi | i nighabeie iabatéunkQl Totaf ahdsnthokeGihRe RuIQRONNES, 71, HE,
boi Il i ng bel ow about 700T is mmintained between about

10 Wt U20vBnsid 59 ok %itaata%&ga%fcesﬁemrymataﬁﬁ,iveﬁ%égiﬁ%%d ﬁ{eg@r?dwone

45 wt % Hydroi sonerization dewaxing Is e

| MPr owich iktudePdtGeabd B ' Lddor i cating

base oil by the se1ec??ﬁ%gggg%#ﬁﬁ%ﬁ%?ﬂg?ggchjng into

the nol ecul ar structure. Hydroi sonerizati on dewaxi ng

~ideally wll achieve high conversion |evels of waxy
feed to non-waxy iso-paraffins while at the same tine

m ni-m zi ng the conversion by cracking.
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[ 00411 Hydroisonerization is ordinarily conducted
usi ng a shape selective internediate pore size
~nol ecul ar sieve. Hydroi sonerization catal ysts for use
ude at | east a shape selective
e gpiiond)oyaxmg| ecul ar si eve and a

catalytically active nmetal hydrogenati on conponent on
a ref r@8%r vy~ oxfalypisalbparnloved e prasent énveitionghopdstantially
pore size," as used herein means a crystall ographic
free RiFaAPiRiE B foud isHlewmid e hpdrolsemenzation dewaxigg pisouditiorts
7.1 Angstrom when the porous inorganic oxide is in
t he cavdiciagtomsidyre FiechehivpsobalervdiIvtaichtirtgdnseadi veitho desired
pore size nolecular sieves used in the practice of
t he preegwatitionrfeytorsrefBnsang e mexdetateyour poidt.1Br-generdl, the eonditions
or 12-ring nol ecul ar sieves. The nost preferred
mol ec uPrkydglisspesizaior dofaxitgean be @ntrblld sutin@atiiar doategsion of the
where | O-(or I | -or 12-) ring nolecul ar sieves have
10 (orcomppungg baifiye aboret atmheDON Inthewar fedatcampaindBoiling below
- (T-atons) joined by oxygens. In the | -D nolecul ar
si eve,aboig0QW-is innigtajned bitavegeabpuiplOrves ande50para hhdprefatably
- each -other, and do not 16 interconnect. However, it is

t o be batvcben £§ w0l andvik wids. - Hydrdiordrizaticile @ axihpiks ifér@vE® improve
whi ch meet the broader definition of the intermediate
por e dhe@lhidivepwbaticessif @ briating baseadiltgahd sateliw@@litiBgof branching
pores having 8-nmenbered rings may al so be enconpassed
Wi t hi rinto thitendeshlanitiicaire, GlydidiSoniepizenl dawaihEMe Il Hill béHeve high
herein. The classification of intrazeolite channels
as | chyvedidd leweth i3 whky e Rinohabdxh iddYpaRRffid¥lwhla bt (BE sandd time
Zeol ites, Science and Technology, edited by F. R
Rodr i gnisisizihg {Be céRobilsivh by enckifg. Naccache, NATO AS|
Series, 1984 which classification is incorporated in
i ts erl4npty byHydedimefieRion SERdinRRE chiubid hindA88pe/Rlective
[ 00421 In one enbodi nent, the shape sel ective _
i nt er ieehrbiatePofaizs ntfeculPioRU HBroNoR ¥R HHS Bl R for uss in this
hydr oi soneri zati on dewaxi ng are based upon al um num

phospb@p arlude bidkasesshapy¥etedtivk, intoARidadlpordditt mAEME Leve and a
with SAPO-1 | and SAPO 31 being preferred and SAPO 1

1 bei agaigtstly piRE &fefa?ﬁydr@%ﬁioh%oﬁb&%n@on%@fr&&or? Bﬁ@@suppoﬂ.

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 {or 11 or 12)
fetrahedrally-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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sel ective internedi ate pore size SAPO 'which has a

- crystalline structure falling within that of the

SAPO-1 | nol ecul ar sieves. The preparati on of SM 3 and

its unique characteristics are described in, for
exanpigercennect. Haweyer, iNg &0 beamdagtoad ihatin® 105ing 5®]G8M8! sieves

O her shape sel ective internedi ate pore size nol ecul ar -

si evedhighaeect de bropded Aefimnrenfithecinteonedidamord sigp meledulag sieve but
zeolites such as, for exanple, ZSM 22, ZSM 23,

ZSM 3%cludeiptorgectizeargs haviggg-ngmbersidfrings intyeslsd kgrong@npassed within
and the |ike with SSZ-32 and ZSM 23 being preferred.

[ 0043 theplefpisprelh thamplagudarsiselé for vsqdran. sTheelasnfi@ton affintrazeolite
sieve is characterized by selected crystall ographic

free &hames ey kDo?-Diand 3dhmrseidhsh by Bl McBadtr or Zetiak,| Sctepce and
size (corresponding to sel ected channel |ength), and

sel ecfleehnglogy ietijed bpds Rr Rririgues; EALs Rallinegseinh iNacdackse NATO ASI
di aneters of the channels of the nol ecul ar sieves are

i n t héerigsalfi§é whichiclenficatbouts iBofpotateddh siéntifet bywefsénce (see
havi ng a maxi mum crystal.l ographic free dianeter of

not nprtictlithrpaghb®t 7.1 and a mi ni num crystal | ographic

~free 17 diameter of not less than about 3.9 Angstrom

Pref ef®d2ly, t hdn omembodiment, fetshigeceleainbimernedigte pore size

di aneter is not nore than about 7.1 and the m ni num

cryst aloleogregidvecustd foe hytlrais@haizatich dedhxihgss bhRa Bpaduthinum
4.0 Angstrom Most preferably the nmaxi mum ,
cryst phdspigteaplibicasfSARD-th, SWPOR31, bid HORO-IDEtH $verD-aD et SAPO-
6.5 and the mninmmcrystallographic free dianeter is

not | 8bBeitidyaafeatibatd SAPO- Mgy A58t Fr-Ehs@red. SM-3 is also a useful shape
crystall ographic free dianeters of the channels of

ol ecsdl@tivsineuesliaf gorPsld $.5P00vNich has BerystllingsinRfure falling within
Zeolite Framework Types", Fifth Revi serc?, Edi tion, 200

1, bythetof theFer0-0Chelecul W sidvedVETR Hrep@RBord b tdM-Sai®ils unique

El sevier, pp 10- 15, the contents of which are

I ncor garRtstics Yreldedcabaria foh8faipt, UTOPAdk Nok. 4918 424 and

-crystal |l ographic free dianeters.of the channels of a

ol ecsifi $8,665 ICEMEL sRAPE sl ROMRmbdife ﬁérfe 858 YRR sved 1%€d for
of the nol ecul ar sieve can be neasured
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 SSZ-32
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 écidity. 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 crystaliographic

free diameter of not more than about 7.1 and a minimum crystallographic free
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usi ng standard adsorption techni ques and

bydr ocar bonaceous conpounds of known mi ni num ki netic

di anmeters. See Breck, Zeolite Ml ecul ar Sieves, 1974
(especjally Chapter 8); Anderson et a]. J. Catalysis

58, 1Yhiengeiayphyot legnthan phout 18 Aaestromp  Prefarably Chemaximutne
pertinent portions of which are incorporated by

1 ef er sREBRIpERNI{Tee|dipmataris rnt morgthamkbontst i and the minimum
measurenents to determ ne pore size, standard

t echnicgB8ognhic fipsalipmetar ij mot trsnthamitent4.@ Angsonmi ddpst areferably
particul ar nol ecul e as excluded if does not reach at

| east tefyBARMYBoEysiRllegraphisciise| idpreten i rmdimorepbancibonta Lemd dire
the nol ecular sieve in |less than about 10 m nutes

( p/ pozBnBunpETEloghpltie fraedinmeter ip ovtdess e abnmk €.0 Mngstrom. The
sieves wll typically admt nol ecul es having kinetic

di anercesBllegraphisdiee dEnBtaroofdhotdenElsof mategsthr Sevesmart Published in
little hindrance. 18 [00451 Preferred '

hydr oitheoiles ofeolitn Foewavorkifypest, BiffrResiséRditiae 2008¢ By Ch.
have sufficient acidity so that about 0.5 grans

t her e &envgher, Wodi Meion ent DAL Oldou/iisavisd,qipd0-1 50the v@itén®s cftwhich
| east about 50% of hexadecane at about 370" C, pressure

of abexgtincbB®tatediyirefereacdhetimgen f1 ow of about 160

mM/mn, and a feed rate of about | m/hr. The

cat al yiedlal so dkihe bryttslldgsaplriritcs dlanRRrsSA R Ghintels b f ® fnolecular
about 40 percent or greater (isonerization

sel ectibwi dryunkaoestier afictnyed pafe diRlof HoSnoldRr NeveWah Bhnedured
branched C16 in- product)/(weight % branched Cl16 in

pr oduetingtstainglatisobptich SechiqRisQAUBFdrocbBRacUGRomPRAASE of known
conditions | eading to an about 96% conversi on of

~'nor maitiexadeeas siahtecl §le BRck, YeMRE MRS ESievds 0948 lespecially

’

Sui t abl e hydroi soneri zati on dewaxi ng catal ysts include

at | eghipta 8);cakdakot dt 6B Gatagdd 36€1 ﬂWi’ﬁ’@%@aﬁ@U.@ PafRRONE
nmetal, e.g., platinumand palladium The presence of

a cat 4ky6,871aihk Yerdifidnt ¥oibwTOMRRALd ifbrpBRiEd byERBAEAREER. In
product inprovenent, especially viscosity I ndex ané

st abi pdrfoyming BesofiBh thehRkdthetitsRb 8dtbriHD RAizeP @k a3 kit hiques are

are especially preferred, with platinumbeing nore

pr ef eiige@dIt id JonRInRhd t8WMhsider a particular molecule as excluded if does not reach
at Jeast about 95% of its equilibrium adsorption value on the molecular sieve in less

than about 10 minutes (p/po=0.5; 25°C). Intermediate pore size molecular sieves will

typically admit molecules having kinetic diameters of about 5.3 to about 6.5

Angstrom with little hindrance.

18




and/or palladiumis used, the total anmount of active
hydrogenation metal will ordinarily not exceed about

10 wei ght percent of the total catalyst, and can range
from about 0. 1 to about 5 weight percent of the

total W83 yst , Prefeared hedreisainrizatianclewakiogitatdystsifor s herein have
about 2 weight percent, based on the total weight of o
t he caP#ioestacidigea et 4Houtids praed thetdofwhen positioned in a tube reactor
hydr oi sonmeri zati on dewaxi ng catal ysts can be fornmed on
a supperverts stleashitiost Yippbirekaletae atubout BF0U, preissued afdBout 1200
refractory oxide support and the |ike. Useful

r ef r adtsigs y hysikogge flowpfardus 1 @anl/bia, drldaseedaxic deatUPPAI/HS The

~which are conventionally used for catal ysts such as,

for exahpialsogixhibitaisoradrizationeselestiity ©fal@hitidti fofcent or greater
magnesia, titania, and the like and combi nations '
t her edisomgratiar0Bk8tvifiedaanmiicdiaofislofari00 x (weight % branched Cig in
hydr oi someri zation dewaxi ng depend on such -factors

as, f arodust¥impdight % brendhedqsuss pddudt hevegat Bl (75 in MBARL) when used
whet her or not the catalyst is sulfided, the desired -

yi el d,underdonditgns Esding th farabpa v694a8n@ksidd nbil h&aMcane (n-Cy¢) to
base oil. Conditions under which the '

hydr oicemgpecizat i on process for use herein may be

carried out include tenperatures from about 600F to |
about [MB6F ( abdliitatdd bfdréifondddRation 3R Mg cabiREQh ARVt leasta
about 600F to about 700F (about 315C to about 371C);

and praeslyticalig adtive iydbgubiichnobR n@p Ul .é@zgﬂuﬂ%h@ palﬁﬂﬂm. The
preferably from about 100 to about % 00 psig. The

hydr oipssenes bzadataBicABMRN G RIESSHE SBtal BintibiiSo ﬁ%ﬁ&&xt
refer to the hydrogen partial pressure within the

hy dr oirsmoesneaf bipagiallyoasdosity inddx aR@ Walhtii& N e ne ANMAY QGER }atinum and
partial pressure is substantially the sane (or near y

t he sasljlivataré PedilyPreferdde Sl f)ﬁtinumﬁeilllé ﬂb’]{e%ré?%gd! Yf platinum
space velocity during contacting 1s generally from

about anddorballadidbR Wed2fe i t
SO0} anderpalaahaDi ke TﬁEJ tﬁédmr‘) g’g?ﬁ%@%&ﬁ?@%ﬁ’%@@&?ﬁo

3 e DS 2 R g o
about atlllt 6.0 tedbots P AeHTBLRSH HPmP Rlal %Ptlll?st, 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. Suitable supports for use herein include refractory oxide support and \‘;he
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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hydr ocar bon.. Suitable conditions for performng

hydr oi soneri zati on are described in U S. Patent Nos.
5, 135, 638 and 5, 282,958, the contents of which are

i ncorporated by reference herein. [00491 Hydrogen is

usual | Po48] esent ThetohfiBordsTacyiRkorRAL HEH Hévﬂﬁnfgm@pend on such
hydroi someri zati on dewaxi ng process, typically in a

hydr ogastots @s, fer@ariplé, itk fea@bdGhe dafaBiR RB W;heﬁ)leIa:rEQt the catalyst is
about 30 MSCF/ bbl (t housand standard cubic feet per

bar r el shifidad)Ghe dekifligieidhid fht Q8GR pdberfiedd? t}ﬁhﬁ’ﬁﬂcaﬁt%ase oil.
MSCF/ bbl . I f desired, hydrogen can be separated from

t he progaiionsand J\ﬂﬁMﬁﬂa@ drQsdrhSizhtRR '
Fydrotreatlﬁg azd Fydrogynlghlngt 8ﬁk@££§ﬁggP?égnﬁﬁgecmnmi

r ef er sout RoRdERipbitiies ﬁﬁﬁl%&ﬁ%{)odﬁb@duymﬁf FHd o6t 3‘?5Hc ﬂo%bout
the presence of free hydrogen, in e pri

pur pospotc, frlRrabE YAk 1o £19ﬂ1t gﬂ%tﬁ 31 th %’tﬁjt g?lt% and

cont anmi nants such as arseni c, m and cob
- het er QRIS 1Sd¢ boat1 St bkt ﬁfdﬂ) dq%%ﬁh 3
and ar or?at ics fromthe ? gl t%]é%g{ ner gﬁég’ Jﬂgﬁﬁ%o to ab-o_ut

hyd i a es ¢ O tothe
e R S .
nol ec%&%gén'};aﬁlﬁﬁgslsln% ﬂ%gﬁ? 9 me@a lil'ea%tc'or altiltﬂgﬁ the .

m nimzed and the unsaturate rocar ons are e

fully h9&rog<§1ﬁ§=}gﬂl ér)gssullg uggﬁ{ﬁ%ﬁf gleﬁ}ge? oPax; &h%%g?‘iﬁ)gqﬁ the total

pref erabl'y reated prior 150

d T h d

| ‘a\g?lx'cg%?u:r]é; '{’)}Eﬁl 1‘&@1 )Js[spg% Tclégg %%ﬁ é:?ﬁat%c&% Sgepsrafhyfrom about
used igf) G Ao puﬁq ﬁx@fa% by o%gsb” 3 P R8T B ﬁ,ﬁw hydrogen to

we known 1 n

4, 347, %&?}c rﬁ‘iloafg:]? “%E‘l %}'a:;]lg? ggxﬁggquéﬁ%d%ﬁlauﬁ{) moles ﬁ , per mole

I ncorp rate er enc

?;;F(r:lar% Pﬁ?olny s?td dérg}eraﬁg/etjéog% élbqu}lfﬁL Eﬁn}; Igng : g?)erorgole
ut,. ar.e Imted to,

Sui t
no o IbI Zlﬂk%? f F o!riﬁ%ércgﬁ S PeriaCeins E’fdﬁ(ﬁswr‘tzﬂ@nf?ﬁsmbed in
rules UOSf pgq!g]% 1\& tgs {%h da g,Zéﬂ?éS%ptthon?gnrtseofar]nch are mcorporated 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/bbI (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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- Chem stry), such as.platinum palladiumand the |ike

and conbi nati ons thereof optionally on an al um na or
siliceous matrix; Goup VIIl and G oup VIB netals and
conblnatlons thereof, such as ni ckel - nol ybdenum or

nlckeﬁL hd Hydiefinighing  si|iceous matrix. See,

e. U. S. Patent No. 3, 852,207 which discloses a

s u. t adP®0hobl e Hskefreating rafegsdp a spialyfic Pracess meaally garged out in the
O her suitable catal ysts are described in, for

exanplEesenge of fresfiydipgemniswhich e arimary pameseys fiszemow! off frs

non- nobl e hydrogenatlon netal s, such as

ni ckelXHBPIGYEEoHI Hetah petanyipInsuEl agpreesisnaluninumisad pobakiy

~ catalyst conposition as oxides, but are usually

enpl oyeiErqaipmsisashras sl i actinitsegen) AxyEenatesfand promatipserons the ieed

- sul fide conpounds are readily forned fromthe

par t i ¢tfickr Genstadly, in hydspiyeating operatiansdrycking of thethainosanpn molecules, -
nobl e nmetals, such as platinum wll ordinarily

cont ail. biealdng s brgephydaration Grobtulpeintgramaierhydrcathet mblecules,
and preferably between about 0.1 and about 1.0 weight ‘
per cent mingniged and dhwauhsagurate by drotagionsvar githier 6fllytonpartiaily

catal yst conposition. In one enbodi ment, the non-noble

met al hydrogdnget. Thermpogifedd dspsrefaiably hyrlnbitmaed prior toolgtdadisvnienzation
excess of about 5 weight percent, preferably from

about dswagngto dorm HOFvehieTitopsphrdedved lubrivhtylpcbasawilsand/ or
tungsten, based on the total weight of the catalyst
conpod®dSibn,  dPuthlwt cdngmsitiomhsed in@aidying ot hg@orEadihg Yperations are
about 1 to about 15 wei ght percent of nickel and/or

cobal twetldhewminribrhrasSet, gz, ADB I TRSMONG. AG4DX2 04M[.4,810387 the

on the total weight of the catalyst conposition.

[ 0052 Torftgtps efabhidhyatk ntdrpahicd by txdatelict hadin, foapsheRY Bdscriptions of
wide range. In general, the overall LHSV is about

0. 25 tepdratentitig, hydrocraskthgp el Eiyphday catdipe bditeath &F theprocesses.
about 1.5. The hydrogen partial pressure can be

gr eat Snitdbiadatallie iicluidbup sic aot 1aRitbdRs,8bBl atdkals f@h Gralg VIIA
from about 500 psia to about 2000 psia. Hydrogen

reci r ¢cacbatling o tha €75 rale€of thy/Piedmhibyal PnRAloE Purk RAN AgRRUL

50 SCFBbl, and are preferably between about 1000 and

about c&aeeetrﬁcﬁcﬁbd plath@Ap pAIREMMESA e kD @nd QRHikioNY théreof
-ordinarily range from about

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
m.etals, 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. |

21




300F to about 750F (about 150C to about 400C), and
preferably from about 450F to about 725F (about 230C

to about 385C). [00531 Hydrotreating is used as a step

foll owi ng hydroi sonmeri zati on dewaxing for preparing

t he FiCaipsts chnapirgmotie meidy shahbs pRhinGvil afkhadiy contain in excess

~This step, referred to herein as hydrofinishing; is
capabl & abfut 0.9p moightygrdehemenl| stallrerorably 3wl dbout 0.1 and about 1.0

ultraviolet (UV) stability, 'and appearance of the

pr oducweight pereemd wietal bised 6% the@btalav FM bF B8 catall® bdAsosition. In one

col or bodies, and solvents. The term UV stability as

used rearbeilimenithe nen-hebld Metal Gtadt Ednipssi@bnstvig ordinarily contain in

| ubricating base oil or the finished |ubricant when:

expos extcdsooflddonti Sofight pérten® pydeably dst Aokt I th ¥oduB40 weight percent
i ndi cated when a visible precipitate forns, usually

seen asolydemen ard/d2lnigelen) @8sed of EhedotdBkdig of @b Bdtalyst composition,
devel ops upon exposure to ultraviolet Tight and 22

~air. Anderiesedbotelss; hdidnSRNPELIY HEfbbat @mei%t np@fnic%kel |
found in U S. Patent Nos. 3,852,207 and 4,673,487. |

~desi r efid/ocdodylt ddiedined 8s e BorR8p sy RO Yhsel Bn e 0¥ Sveight of the
these inpurities as an alternative final process o

st ep. cHabsticoMmpaditioan [ 0054] Optionally, the process for
preparing the Fischer-Tropsch derived |ubricating

base 99053] nmay f'ltjrbfcmfydf:oﬂ;@;ht\ﬁg)%(o d; %ﬁﬁg&?%&értqgﬁﬁé ra%&:? In general,

; ! i
substantially paraffinic e

hydr oitgQverail LASVAN SV 3% bofR".d 5@;&%@&%%{%&3@%&@? to about |

Fi scher- Tropsch derived lubricaftin ase

fractijgnatk ﬂﬁir@%e_n bRBaISHESHAR & éré/aée?ﬁalglfafu%{ﬂ g&} Qséavg%(rildoq{gfe;ably

feed or lubricating base oil 1nt® _
IS genfpablbnbensh bsg? %ga;x/)t}lyt ZOS%JI?% ;Iilfc%%%zg Fel?:l%dleﬁio%rrates are

vacuum di stillation, a co

G St TP ERAg GHABUTD ST B B her TR SEREC) g gpo ma

distilTation is typically use _

)51 ol bt e BB T e o o

* (oo RSSES Bo RS ML BEEE o BEBHb Bt 50

ther M) ab6 3 KrtiboBl 29088 (WAL LRREAONS MRy
[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 l-zsed' herein refers to the
stability of the lubricating base oil or the finished lubricant when eprsed 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 Tight and
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take place leading to fouling of the equipnent and to

| oner yields of the heavier cuts. Vacuumdistillation

is typically used to separate the higher boiling

materi al, such as  the |ubricating base oil fractions,

i nto diff Fegsarie! dserripiemothydrpdinishing maype frndindd.Sniptanh Nos.
lubricating base oil into different boiling range cuts
enabl &85?#%@7 PG 7S 487-nlg dpsised. ! treatingrnan he carriedept il rgmpve these
to praoduce nore than one grade, or viscosity, of _

| ubr i CRPYTHYS B ltesptive f@é?ﬂf@%ﬁs fpwaxi ng 100551 Sol vent
dewaxi ng may be optionally used to renove snal |

- amounts of remai ni ng waxy nol ecul es fromthe

| ubricating base oil after hydroisonerization
dewaxifigomEpyent dewaxi ng can be acconplished by

di ssol ving the Fischer-Tropsch 23 derived |ubricating

base 69954?n a dentipelly, e ptecess forardpptingthtFischeeTamech derived
met hyl iso-butyl ketone, or toluene and .precipitating ,
t he wagbrisgingdatead!s mey Birbetinslode fravtiGinging afihe sibetaitintlly papffinic
of Petroleum 3rd Edition, WIlIliam G use and Donal d

St evenyx f9¢d Griente hyfrpiborBaikti @odeparing, or fractiondiing of ¢ielfischer-
1960, pages 566 to 570. See also U.S. Patent Nos.

3, 775, Trg8ch @rivetdpigEatingieiseloils? 7Tha B3ctiokativalof the substantially paraffinic
Fi scher-Tropsch Derived Lubricating Base G| Conponent =
[ 0056]waX ifeed i Wwbivetinglvaspsit ntel distiliaedirdctifisiicgintmly has@plished by
oils enployed in the present invention will typically
have gitgatiprosghesnoainoutn SistiNuebg vk by t@bihatvAbIftRbLEheASand
determ ned by el ution colum chromat ography, ASTM D

2549- e@uuldistillatona Aemosgherizr didtilliti i §pithily Wed WNeparate the lighter
anmounts, typically less than detectable by |ong

dur at distillaB BactibhsctueRns MpyMe bhd miRARAANEEs, BRI BASHE PMction
(NVMR). Mol ecules with at |east one aronmatic function

are phaseyn initialdoling b6int AHSe HHBANCEVIOH abButF Y (@tut 315°C to
percent by HPLC- UWV,. and confirned by ASTM D 5292- 99

nodi f aleit 399°0e e highed topdraties, thérRaBdrhdkie of he @) 8rocarbons may
enbodi nent, nolecules with at | east one aromatic

f unct takeplagedleqding3€ Mulihdlof the equipment and to lower yields of the heavier cuts.

Vacuum distillation is tjrpically used to separate the higher boiling material, such as
the Iubﬁcaﬁng base oil fractions, into different boiling range cuts. I'ractionating 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

[6055] 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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amounts | ess than about 0.10 weight percent. In

anot her enbodi nent, nolecules with at |east one

aromatic functi on are present in amounts | ess than

about eﬁge%I t g ent @ anot her enbodi

nol ecu es V\ﬁl éﬂg beped ’nérsr@lvea‘?té aﬁe’efl’lyh?,tﬁifl&ﬁton%ln@thﬂ iso-buty!
pr esent unts | ess.than about 0.01 wejg

per centton %l? ? g P.S%C‘Iﬁﬁﬂ%%%ﬁ? ViR moﬁﬁﬁ&?ﬂséhqc'e%%d in (Chgmical

oot RBRELgPeeRas Sk %nu@ei b s 5 Dt R yons, MeGrave

5453- 0 ur ement HPLC- 00571 The

ot hod BB HBhER, 6, N Lare 190upreey oo é% e elsp e Patent
Wi th aromafic function enploys a Hew ett
Packartst Fglgszgéﬁn@g %o arkt- w3324 G adi ent Hi gh

Perf ormance Liquid Chromat ography (HPLC) system

coupled with a HP 1050 Di ode-Array UV-Vis detector
interfaced to an HP Chemstatlon Identlflcatlon of

t he ..‘!' 185G RE -T . OEIG 2309 165

saturated | ubri catl ng base (o] I S was rrade on the basis

of théiP8luy spede Fischesdirensetndeainel mhmgatingbase pidyenigloped in the
The am no colum used for this analysis differentiates

aro rraP’Ff’Ee“ﬁB’IV@E’@F‘ &4l tyaically have areatenbabaiminsdSofeighi emcent saturates as
ring- nunber nore correctly, doubl e-bond nunber). '
Thus, d?fﬁennf‘éiubbrglteon Felumn elypmetograplon ASTM P § 548602 ik firss are
elute first, followed by the polycyclic aromatics in

or der geferally presens inrlgwdoobite tipivatly inssithen dgentablectydong duration c?
For aromatics with simlar double bond character,

t hos e N#Fleas MagnsticaR cgrianen Spsttrdsedpy (NMR). Mucctilengite biltat one
sooner than those with naphthenic substitution. [0058] :
Unequpipwetd fupelionaiefireantiinamodnts lhe thearabout 9. 3oasight edcent by HPLC-
aromati ¢ hydrocarbons fromtheir UV absorbance

spect VY sislroptmed bl iAAMIDre8bghinpilifigd tohasasurt et Tevdl @dnatics.

el ectronic transitions were all red-shifted relative

t o t hie qpaewbodigeit, melerbsuvith aakvadtopsarbMatic fiRGIoA@re present in
dependent on the anmount of al kyl and napht henic ‘

‘subst fmemmisdess dranabmit Hil O greizyisperent. Thasehdd ainbBeGMERWnblecules with

shifts are well known to be
‘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 ppfn as determined

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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- caused by al kyl -group del ocalization of the it

-electrons in the aromatic ring. Since few

unsubstituted aromati c conpounds boil in the |ubricant
range, sonme_degree of . red-shift was expected and

obser VEations High Reffeﬁnqnh%Lﬂnﬂernm@oamMﬁﬁPbC)gaystap soupled with a
identified. [0059] Quantitation of the eluting '
ar onattcl 088 BinserfamyBS Visedbtectyy intirfacalyp at FR@Chem-station.

chromat ogranms nade from wavel engths optin zed for each
gener &engfigasion ofyhe indivisyalemaicetastchin thphighly sitated lubricating
retention tinme window for that aromatic. Retention

ti me RRIPEHWRS midepnfthy basia ofitheir bivhdpearat paism and itieir elution time.
deternm ned by nmanually evaluating the individua

absor Bhneming welbmnasdifforthisehalgsiobfrentiats antmatic friokeeied Iargely on
times and assigning themto the appropriate aromatic

cl ass thsdgeisiofiheit tie- nugbeal(ortradre vare2 By, slotbib-8oid npniber). Thus, the
model conpound absorption spectra. Wth few

‘excepsinglasing erinati¢ contrining msleateseiutafingdliones byihe pokisyclic
were observed in highly saturated APl Goup Il and 11

| ubr i ewmiatics ih asler afiihseasinPlidibidbdnd hivabea treOmRolbEIE Obr aromatics
HPLC- WV is used for identifying these classes of

ar omawith sivolipdanbiibondsiamctt, e With oulylalyBdubstitution on the ring elute
Mul ti-ring aromatics typically absorb 10 to 200 tines -
nmor e s@hercthal thosk th napHAEnR-sabdigatdAOMAL i CS.

Al kyl -substitution al so affected absorption by about

20% [0s8Jef or e Uneduivdsal io@@ifita1dh of e Y&RukiBAE ofl @romatic
separate and identify the various species of

ar omahydescatbiofls ka0 MehQWV esbivahRRpdcra Waﬁycc@ilﬁﬁﬁ)dh&l rebSAHg that
Five classes of aromatic conpounds have been

i dent ibkir pebk Wctrbnié BensitRACVAE B RedOhiffd $4TRIVe tOME hhRRnodel
bet ween the nost highly retained alkyl-I-ring aromatic

napht bmin@andadlogh® Jd Ra%E dediidny of G &hB&H o@iﬂ@l land naphthenic
napht hal enes, all of the aromatic conpound cl assés

wer e hmstaﬁmmmmg\@aeml Th&8 bahd@fbnlib MiftSart Yt kiGwn to be

co-eluting 1-ring and 2-ring aromatics at 272nm were

‘made byisddbg 2RGI-pRASEAM R At BPMERt RRGtrons in the aromatic ring. Since
few unsubstituted arématic compounds boil in the lubricant range, some degree of”
red-shift was expected and observed for all of the principle aromatic groups
identified.
{0059} Quantitation of the eluting aromatic compounds was made by
integrating chro_matograms 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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Wavel engt h dependent response factors for each genera
aromatic class were first deternined by constructing
Beer's Law plots from pure nodel conmpound m xtures
based on the nearest spectral peak absorbances to the

subst i similedty & modd cammnad sigsmtiod GRE6Z1 WRaNfe® ¥20¥Plidhs, only five
al kyl - cycl ohexyl benzene nol ecul es in base oils exhibit

a di stlhwetof ppaktiabsgobadicesr@bbs2riedin Hidhd sabRLtEECAPHRS IT and
to the sanme transition that wunsubstituted tetralin

nodel Bbijpduatinsbadoociat 268nm  The concentration of

al kyl -1- ring aromati c naphthenes in base oil sanples

was cal cul ated by assum ng that its nolar absorptivity
response factor at 272nm was approxi mately equal to

t et r al HALG-UVOAlbkatiahsor ptivity at 268nm cal cul at ed
fromBeer's | aw plots. Wi ght percent concentrations

of ar ojfedljcs weHeLCahCisladedr ﬁh‘ntﬁ?ﬁ% [HeEE]clis%tof Etjaﬁlatlc compounds
average nol ecul ar 26 wei ght for each aromatic cl ass

was appeoxdeBtiek YeveURull-fnd AEmANGARGITRLERM oAb 200
wei ght for the whol e base oé|l Igarrpl e. gg%S] Thi hmcsmom

calib rmbnglﬁ thﬁﬁblhglén‘ﬁ@&oﬁidﬁ&hﬁ[kyl 5@9&%@& 4% dfﬁgle@éﬂs&guon by

the 1-ring aromatics directly fromthe |ubricating

. base aibbst 2092 To¥RRNS ity BpoRhiE (& I ARICOQT
. Calibrating directly with these grormtl c%ﬁaﬂaﬁﬁdﬁ?m@ the

“th 2 h th
the agfcERbéRRSS ABMBHAGEY ki gfﬁééﬁtﬁ&hgfda%g M th the

nodel conpounds. As expect ed, t I SO Fomat i c

sanpl qgoéa¢d a | Wi@éclﬁs@énﬂ%ﬁla{l ouh&s?}[% %Qet%ntqﬁ%gﬁtlied With the

conpound because it was nore

[ 0064] fi6h SMEEIafl lbFa] the
L Or apaen s ;hﬁgﬁ%u@ggﬁa@ﬁ@xw%%ﬁa

S were Sﬁﬂﬁﬁﬁ&%dfﬂgqusf 19%119 Wedinddlandy/ g%ljhﬁiﬁ[l Cat %%gmatlc

oil using a Waters se preparati

gr ans ¢BhpSARR aSe¥\@ere @bécgﬁeetg oéveqi lﬁe onq P %OI%H%%orﬁl§nng l-rlng_

|nJected onto an am no- e

22. Ammgpd @rlﬂ% HothaticsaPh T ANEHEDYna }ﬁb%ﬁ]\g etﬁe gerp?nggulabw{’ methed-

col umms of m cron am no-

manuf gedleRsn Qéﬁ)eﬁ@bﬂr’ %ok&%gtmp each g%rﬁgrgyar(inlnzlmec’class were first

California, wt

determined by constructing Beer’s Law plots from pure model compound mixtures

based on the nearest spectral peak absorbances to the substituted aromatic analogs.
[0062] For example, alkyl-cyclohexylbenzene moIecuIes 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 alkyl-1-
ring aromatic naphthenes in base oil samples was calculated by assuming that its

~ molar absorptivity response 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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as the nobile phase at a flowrate of 18mis/mn.

Col unmm eluent was fractionated based on the detector
response froma dual wavel ength UV detector set at

265nm and _295nm Saturate fractions were coll ected

unt i | Y9ight S8 s agiseatie blasrceasshpsichately ealig theaiveragmolecular
absor bance units, which signaled the onset of single '
ring aresafarhe vdjolpthagapil amplengl e ring aromatic .
fraction was collected until the absorbance ratio

bet wedP0355nm abs 2bbmtierimethediwacfutther 2mprovadriniisnddtingghe 1-ring
the onset of two ring aromatic elution. Purification

and s@paatics Grecf frem dedirighing hasgoikrvimaxhawstife BBEC on

was made by re-chromatographi ng the nonoaromatic

f r act ichivmatoasAphy- dinliblating disicHy migh tleed arvabtixs clifanatet iten

whi ch resulted from overl oadi ng the HPLC col um. 27

[ 0065 pssFmipEonsand fricexthintics ambeiated vithtdandiel @hpoesst Yad expected,
al kyl substitution decreased the nolar absorptivity

r esportigdsdlaied aemdsie sabpleha®dbiweeteaidnyefattor than the model compound
unsubstituted tetralin. Confirmation of Aromatics by

NVR [ be®8ie ifes mvee bighly sebsstemdd. of al | nol ecul es with at

| east one aromatic function in the purified

mono- #6tkiat i ¢ Mametmeificaihs toenirneiyRalibhia HeHIT-ClUNVahEBY, the
carbon 13 NMR analysis. NVR was easier to calibrate

t han BRs@uidy bbeemusandtics seri3byarateERsH ERGulkl THRLIBricating base oil
carbon so the response did not depend on the class of

ar onatsinga Betengemiipdeyasibe HIE MR 10 @sanlstoF sHBE18 was diluted 1:1 in n-
translated from % aromatic carbon to % aromatic

mol ec béxese {riddnjeedmiRSinsdneié-bded sitlb Giuhh, 8136k R 2200 1D guard,
by knowi ng that 95-99% of the aromatics in highly

sat ur éflleded biptwioQath RQ2PAHETID LIEmUESB- B R abdiMBbonded silica
aromatics. [0067[ H gh power, |ong duration, and good

basel particle) mlaphSur¥ElyeR 41618 RS uments Il € CHIFSRAS Wifh n-hexane
aromati cs down to about 0.2% aromati ¢ nol ecul es..- More :

speci s thadnblile ph@seACL H6 R kR Y ISRARHIE CoRWinl BG! WasOfacBblated

-nol ecules with at | east one _ B
based on the detector 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 until the absorbance ratio
between 265nm and 295nm decreased to 2.0, indicating the onset of two ring aromatic
clution. 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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aromatic function by NVMR the standard D 5292-99
nmet hod was nodified to give a m ninmum carbon
sensitivity of 500:1 (by ASTM standard practice E
386). A 15-hour_ duration run on a 400-500 Miz NMR
wi th 400681 12 rmihigpwifiad aypmstie “siandandd etbwed fwbalky! Rabstitution
integration software was used to define the shape of
t he ba&erispbthgmelar sbsamitivite resbopss fatteyedbeout 2DPieretsive foer
frequency was changed once during the run to avoid
arti f A8FSsttpledicialigi ng the aliphatic peak into the
aromatic region. By taking spectra on either side of
the carrier spectra, the resolution was inproved:
signif i cant I Y. 28 Det erm nat| on of Weight Percent

L OGO Eomaf A8r cent of ol efins was
determ ned by Proton NI\/R (PROTC]\I NMR) as set forth in
the fd9066lii ng sthepeighapatcenadf gbrmgiarules oyith askhasbhddomitic function
about 5 to about 10 weight % of the test hydrocarbon
i n dein &p peffiedmuhommmat) saodud whsy@nfirniaridlongaeketh carbon 13
spectrum of at |east 12 ppm spectral w dth and
accur AR ynatsiseNbiRceastcasieh estibeat thah HPLC((PPBIca@$iitSsimply
The instrunment used nust have sufficient gain range
t 0 acgyruedaregnagn adrbovi fohheitesined 410 ack dégerr‘dhbﬂ the class of aromatlcs
recei ver/ ADC. Wien a 30 degree pulse is applied, the
i nst r beraganalyret. Tha NMR reviu i WersushsUna frdhh % drbBatc c@fbon to %
dynam ¢ range of about 65, 000. Preferably the dynamc

r angeamiviatic foeleabsto 1R&OnHAHt wirth HPRCEUV Ghd sz@awuy@ao&iﬁg that
integral intensifies between about 6.0-4.5 ppm

(ol ef PRPI% abthe bromatias-ik hhpatut-Add MbricGling BHEIRRALL single- -ring
1.9-0.5 ppm (saturate) d) using the nolecul ar V\Elg%

of t harometids, subst ance deternm ned by ASTM D 2502 or
ASTM D 2503, calculate the follow ng: 1) The average

ol ec[006T] f or miligh gfvet, h@xg&ﬁiéﬁbﬂtaﬁﬁi Ma@éiﬁlé Qﬁ%ﬁlfsls wefd needed to
The average nol ecul ar formul a of tﬁe ol efins; ,

accurately measure aromatics down to about 0.2% aromatic molecules. More

.speciﬁcally, to accurately measure low levels of all moleéules with at l_east 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 10-12 mm Nalorac probe was used.
Acorn 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 reglon By taking

spectra on either side of the carrier spectra, the resolutton was improved significantly.
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3) The total integral intensity (=sumof all integral
intensities); 4) The integral intensity per sanple
hydrogen (=total integral/nunmber of hydrogens in _
f or mul a) 5) The nunber of olefin hydrogens (=olefin

i nt egdetcmipaion of(Weight Poreeit@liefins; 6) The nunber of
doubl e bonds (=ol efin hydrogen ti mes hydrogens in

ol ef i 0068} mul a/The;weightip2€n? Hf oTéfns wak gétermbihedfby Pradr-NMR
by PROTON NVR = 100 tines the nunber of doubl e bonds
t'i mes (RRTONADIR) asfsetfyndly inghnollowing steppieaal ol ef i n

nol ecul e divided by the nunber of hydrogens in a

typi cal t edtprepating asvbeionof gout Bto 4bOMAweidhes uitghtst
percent ol efins determ ned by the PROTON NVR

cal cubpdro@rboprindattucdbloasfosgt forth is step d) works
best when the resulting weight percent of olefins is

low, | ess Whaquizipoirorhal pastbgkiec@h 6LilleastTh BpRk@lirdlSvidth and
nust be, “"conventional" olefins; i.e. a distributed

m Xt ur@uicly fefsacothe bhamit i OIS (ﬁﬁﬂ) 3%, TRY ﬁ{sﬁﬂﬁé}ﬂ? used must have
attached to the doubl e bond carbons such as: al pha,

vi nyl sufScient gainSangt (Pdtquire Ddighal Mtﬁdﬂ%ﬁdtﬁ)h’dlﬁéjthe TRESE/ADC. When
olefin types will have a detectable allylic to olefin

I Nt ega b degitpuiye RepPRANH RAYEmEnt 3Gt 1BRO Y tnidmam s}ﬁhﬁrhlgltlzanon
this ratio exceeds about 3, it indicates a higher

per cediragi refigelofhbddk 63,600, Brefibbty ikl RchiOlahd »Or‘n 1R afont 260,000
present and t hat di ffer ent assunptions nust be mde

to cabmatdrat e the nunber of double bonds in the sanple.
Cyclonaraffin Distribution by Field Ionization Mass

Spectrosc Q@Meﬁﬁh@)he 11(tQQZ]q}1teEs§’t§e§fbfeM§n Hobt Q1 %I ?ﬁxr(glgﬁn) about

nmore stable than cycloparaffins towards oxida

and. 2.bepghar @lylPra8d g&%kggm%ﬁ%g@gyegl oparaffins are

consi dered nore stable than paraffins

tovar ds o) Gainl & mdTQRY %]gh%ﬁﬂa %Q%u%h@&et%rﬁ[n%g By ASTMD -

of all nol ecul es wth at | east one cyclopara
functsop of ASYRINY 25@NediAN TRl towlile

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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properties in 7 hhsTeghtse Gﬂ?}éﬁ@ by dRSERY

additive solubility is |low and the cl astoner

conpatibility is poor. Exanples of oils wth these

properties are Fischer-Tropsch oils (GIL oils) with

| ess than about 5% cycl oparaffins. To i ove these
gg/H%DIOO times the number

sol vents such as esters nust often be added.

Pr ef epbduple t heowls|tinges therupyber ofdigtirogang in 4 wpiselielegimplecule
paraffinic wax and used as dielectric fluids, conprise
a hi gRiviger gnthe npmpeehhydspgons inecipieal tes gufystance molecule.
ﬁDnOCﬁFJOparafflnIC functionality and a | ow wei ght

per cetft068hf no|Tde weight nareent aiefinsidetpaningrthyaht PROEON NMR
functionality such that the oil fractions have 30 high
oxi datsleatioppricedurs/as spidartly ts|stepid) vetks begh vdiemthe easiing weight
wth other oils, good additive solubility, and good

el ast peregnt @fﬁiﬁﬁﬂsiisdp?vi less. thqnGdut] | S FreéghFpeednb r ThErodgfigs tust be
derived lubricant base oils enployed in this

i nvent¢osrentionad” elpfEnsaict e distribgted ynighvBf thosoolefitkiipesdatingl
nol ecules with different nunbers of unsaturations.

‘The dhyiregepuitiagkeddé thedbddebad carborsracloist alphaginylotesc, wi strans

determi ned by FIMS. FIMS spectra were obtained on a :
M cr oabisisubSitiGY/SEhavmslsfin typescwilldmed edetectibl: adlghipio @keﬁn integral
were introduced via a solid probe into the

spect ratip hetweereibont, 1 gudebart a5 yWin thik stio egeeadsstvabtl3, it indicates a
anmount (about 0.1 ng) of the base oil to be tested in

a gl abighgrppickhtageyof tridractraldubstitatpd dlbfisyard proenismg that dicfednt

at the tip of a solids probe for a nmass spectroneter,

and t hsumptidne mnstbe heds extafcnan thbaisibed HiQouPle bonds WBECsaiiple.

a rate of 50C per minute, operating under vacuum at
approximately 10-6 Torr. The mass spectroneter was
scanned frommz 40 to mz 1000 at a rate of 5
secondsgclosiafte Dadthutidiiey BieldUbiietioNBESs SReEdstehyWEIMS)
sumed to generate one "averaged" spectrum Each

spect [pomeas 1 3era ek bRGbAGddIS ke 8tabIe iRy QofRatiRdswards

from PC- MassSpec. [0072] Response factors for all
CONMPOLiGation @ theesfEe af6Y OBkable. MRndoyPlopSbiis ark BéHsidered more

wei ght percent was determined from area percent. The

acqui sigtsle thas GuBieRdépadaffins 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 improvg 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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~ were summed to generate one "averaged" spectrum The

output fromthe FIMS analysis is the average wei ght
percents of al kanes, 1-unsaturations, 2-unsaturations,

3- unsaturations, 4-unsaturations, 5-unsaturations, :
and 6-HBEtdAtign stabikty; lgwrvelatiliys good amigstitility WiEWRT oilhgood additive
nmol ecul es W th different nunbers of unsaturations nmay

be coitfbildegudeocd plastemsr eomimatiilityol ef i ns, and

aromatics. If aromatics were present in significant
amountl€@9T1) t he Thadfischemtropwh derived Iubinieant Wsa lotls edeyed in this
likely be identified'in the FIMS analysis as

4- uns 2PYRIHET WeTs chapgrécaizes] bof FINGS interadkapesomd mioldcwles with different
significant amounts in the Fischer-Tropsch derived

| ubr i cBibers&S unsaiurationse Thodigirbutiose! nidldceley inthe @llfractions was
identified in the FIMS analysis as | -unsaturations. _
The t cletgrmiged bhEIMS. RiMSapentatieonshiaiisd onnddicwnmbs WA IOVSE mass
3-unsat ur ati ons, 4-unsaturations, 5-unsaturations, and

6- uns @Petamctsh sThefspropies Were HitivBu@d alayasiold probsin® thdhre

wei ght percent of olefins by proton NMR, and m nus

t he wePgifopiséemestont proferablybypldcog aynaHRinGaritabost 0t hAg) of the base
total weight percent of nolecules with cycloparaffin

f unct iodiriabé tegted in atgless FEpilaembe r Tpsapillae hibe ods pldudiac o tip of a
base oils enployed i'n this invention. The total of the '
2- uns apligsariborier,a iiass spestadntaf dndnie prébelnabatédfir® BSout 40°C up to
5-unsaturations, and 6-unsaturations fromthe FI M

anal y $08°C ariamais of 10&C yexi rgitrte pope@€ing urider Ro@mRE HBroRiynately 107
HPLC- WV is the weight percent of nolecules wth

mul ti dyol dpamaisfspevombiinedd Lmnaled Fymindz 4 & BizI1600 at a rate of 5
enployed in this invention. Note that if the

ar onatsesdqgentende. ks amtredlﬁaﬁlép&ﬂ'a wicte sited f5it B ofe

be less than 0. 1 W% and not 1 ncluded in the

cal cul“ateragadfspectiumt Hacle@iim Re$ €€ BbnQted u@;g% 8 6dhvR%e package
with cycloparaffinic functionality. [00741 Tn one
enbodifisertC-MabsSpéd. scher - Tropsch derived | ubricating

base oils enployed in this invention have a wei ght

per cefio7of al | Reop@edtaedrs\Worlalll comyblRRAeR ivbleRtfimed to be 1.0, such
functionality greater than about 8 and preferably

gr eat efat ivoight paRem twas JetrmidddHonh AYLpARcdnBLTHR 20fuidE .inggétspectra
percent of nol ecules with nonocycl oparaffinic
were summed to generate one “averaged” spectrum. The output from the FIMS
analysis is the average weight percents of alkanes, 1-unsaturations, 2-unsaturations, 3-
unsaturations, 4-unsaturations, 5-unsaturations, and 6-unsaturations in the test sample.
- [0073] 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 iﬁ

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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functionality to wei ght percent of nolecules with ‘
mul ticycloparaffinic functionality greater than about
15:1, and preferably greater than about 45:1. The npst

pref er fegifielri STz[ngﬂfE% Bs 9%hda %glolné'l bfﬂe%&ztilg(ﬁg-leq-unsaturﬁnons 2-

oi | s enploye |n thi s 1'nvention

of ol lﬁﬁ&fhlglﬁoﬂéd %Hns%%ﬁgrysch %ﬁ%‘fmrfﬁt{olny I S:ung:al’étlprgt%ol n ial:d |6tu¥15aturatlons

greater t wel ght™ percen

Toss than nots Tyt Y SR gt sfe upﬁtfkg$ Iofoh N, and
5292-
Minddfe @%%ﬁ ﬁt (ﬁtaro'g}akygoliy hl%gle nq% %t percent of

| evel aronmmtic

o1 AR U e DA e
Co d

at ”Fﬁé‘f*a&%% %paxgd L’%g'gf RSt B T ks s R gt on,

I\/archu}]g ngec ntets of WhIC re incor rate% :

by refer ence er’é %wraF THSAF”FWS% Anq ‘ﬁ%n%?“f’ the FIMS

enpl oye erein sentl al I fre f glefins, base
ol ol A S el B B By v o

" espeC|aII tures ue to 'cracking'
react | o%%%l tpﬁg’“l’}?ég&ﬁ n’Bff“q‘f@%H 1rin fhe ofls gppployed m this

ol eflnsec€ ﬁ\?%ﬁe %t?le to f.orm hi gher ol ecul ar wei ght '

pr oducts™ (H'a dhatdnig ﬁromgcmgt@ntdyqs ngimeagiyed it was assumed to be

sedi mg perg ol efins can be renoved by

bydr of ﬂ g’vt )l;o'rclp%wdqdrnég{e Kelpylationyferdptal wei ght percent of

Fi scber 1Tr Pgsctp Derived Lubricating Base QO

Pr opert§i@dics xith greloparaffinic funeiopalityo771 The viscosity

[ ndexe@ 7? t he Fi scher-Tropscb derived |ubricating

base '8R5 enpIiByRYEmRpdipEns, theisther- Biapsch Aeried hubghating fpase oils

a preferred, enbodi nent they will have viscosity :

i ndex SEPEYELRERS iNegtion ave 4 wight pewent oEalMnelooudstwithat

100' O +95 For exanple a 4.5 cSt Fischer-Tropsch _

der i v&¥clonaratipis f““h%i‘gi 1ty s{Aatss Byn about & ershorefersblly @reaten than about
9.5. They have a ratio of weight percent of molecules with monocycloparaffinic
functionality 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 lubricating 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 11 & 1 Base Oil
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about 137: The test nethod used to measure viscosity

index is ASTM D 2270 93(1998). B. Aniline Point [00781 -
The aniline point of a Fischer-Tropsch derived =

| ubricating base oil is the tenperature at which a

i xt ur@onafosigipn b Mearglakiditibn Spidityett @ 6sente SIS 1909 QLOKE Spring
the nmethod used to neasure aniline point. It provides

a r ougrationd Meatingin HyiisttlyeMarstol 6y 900y the torthifts &fivwhidhQie incorporated

materials which are in contact with the oil, such as
addi t ibyesfereprechesdimst omers. The | ower the aniline point
the greater the solvency of the oil. Prior 33 art

| ubri d8#36hg basalttiuplsthamtah fdyengbicd Dekmend esdntidly free of olefing
nol ecules with at |east one aromatic function |ess

t han disgautil Bo@8singredeighesann tioaica blefiad, leypeballpdhighitémperatures,
wax feed having |ess than about 30 ppmtotal conbined
ni t r oglen toetoelcléng’ freactianadIn thy fte S SOREA 2R UIVORbHE SWRNE Ol

tend to have high aniline points and thus poor S
addi t ipelymesigd to férin Highcpmeleedl St prod @1P@hd dah bdibdthe UREoil or
hi gher ampunts of all nolecules wth cycloparaffinic ‘
f unct icausabddirenit. Nintgoerl] Sl6MRcar BORHGMeddF Hy ¥R Bnishing or by clay

- lubricating base oils reduce the aniliné point.. The

ani | i meatpentht of the Fischer-Tropsch derived

| ubricating base oils will tend to vary dependi ng on

the kinematic viscosity of the lubricating base oi

at 100Cin cSt. C Oxidation Stability [00791 One

desor Woslustuhy Polent 3,852, 207, The | det ol BN
s or e e 198V ARSDLEH QDR ARREARL P i e
oS o OB e 2, PR 5y i e

g)t?s/ g ?gis%iggﬂ@&es ;,f:‘a&elf i) Stﬁrﬁkﬁmeﬁ]gﬁco\rhtsgodsit)i/ A 1%8&5)5-’!-98 OFor

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

3

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 61 1-01bis
the method used to measure aniline point. It provides a rough indication of the
so}vency 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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m of O2 by 100 g. of oil. In the Oxidator BN test,

0.8 mM of catalyst is used per 100 grans of oil and

an additive package is included in the oil. The

catalyst is a mxture of soluble netal naphthenates

i n ker wtkhecatifhieaservilstwithen éiginpeicbiter fieimalec@plitthe Ratese
sinmul ates the average netal analysis of used crankcase

Oi | . Térembtenfehctiof lesethal Boitr0. 300 SadCRbm kytstantiSly Psraffinic wax feed
foll ows: Copper = 6,927 ppm; lron = 4,083 ppm; Lead

= 80, 268ingbess than Ao gHNesestaBERRNIBd nitfdgerakb@fupm The
addi ti ve package contains 80 mllinoles of zinc

ar yl di likrodphodpiias éevpring 1061 @haveshig adlide poiien@tivd Bb&additive
BN test neasures the response of a lubricating base

oi | i rsolubdlityrardadae@mapinipatbiiiyn ThéhigherbRloWaS of M mdlSbs with
34 times to absorb one liter of oxygen, indicate good

oxi datdyolopartffibic|firicyonalifyaal e IFasdMrl Dropsth ddrive® RBSEMRE Bske oils
that the Oxidator BN should be above 7 hours. For the

pr esentduct teantlinOpuint! Mhe &tiaiontt oBe FALRR TRABHRrived lubricati
greater than about 30 hours. D. Noack Volg??lity HOTICAIng

[ 0080]babiodils kil eehdiol Vaiyt depb:flinhefnl tREEn@Sat HR SRS 3¢ AL 1@iikating base
expressed in weight percent, which is |ost When the

oi | i silheadeed imést250C and 20 mmHg (2. 67 kPa; 26.7
nbar) bel ow at nospheric pressure in a test crucible

t hrough which a constant flow of air is .drawn for 60
m nutes (ASTM D 5800). A nore conveni ent nethod for

calcukaumHQRQQQEMH%SlatiIity and one which correl ates
well with AST Ois by wusing a therno

gr avi 70t C an T [ . ' oo
T ot

t hr ough@nstust bi e Bkisthosy TEsp 4R 'ljjgs%ﬁb&f Y Wik, 5 ?ﬁfz?%gaghe

‘The Fi scher-Tropsch derive ricating base i

have @xaas BNEd Hehdulds Yne r@s?s?ancklgbgc%gﬁ@%x?gw{oﬁ?%nf )(/)f a Dp c;r::e-t_',rp.e

cal cul ated fromthe equation

1000 XYxydeKiaR@RFbh SopdlaiROSE N, WD %Qbkfdétéon cﬁlg%tetc%iés,” Industrial

prefeya% y less than an amount calcula . .

AL S I AT EN R R —"
atmosphere of pure oxygen at 340°F. The results are reported in hours to absorb 1000
ml of O, by 100 g. of 0il. In the Oxidator BN test, 0.8 .ml of catalyst is used per 100
grams of oil and an additive package is included in the oil. The catalystis a mixtufe
of soluble metal naphthenates in kerosene. The mixture Qf soluble metal naphthenates
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 additive package contains 80 millimoles
of zinc aryldithiophosphate per 100 grams of oil. The Oxidator BN test measures the

response of a lubricating base oil in a simulated application. High values, or long
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[0081] The Fischer-Tropsch derived lubricating base
oils enployed in the present invention can also have
excel l ent visconetric properties under [ow o
tenperature ﬁnqhhi%r spear, maki ng them very useful in ‘
mul ti grade 8AgT hEe Ji 8T oxygen, indiate 2opd AKflatign stebilitya Teaditionally it

apparent viscQqsit CCS VIS) is a test used to neasure

t he v%SsE’S‘E)SH%ng%?t ﬁlﬁ o @%? puld §ip ppevs t/ihays hBerdhegirpsnt

under Iom%gquﬁég%rr%ﬁgnd hi gh shear. The test nethod

to det &Y R% 1A' B, valeerqan e gregter then atmas3A hogrsar e

- reported in centipoise, cP. CCS VIS has been found to
correlate with | ow tenperature engi ne 35 cranking.

Speci ficati q; for maxi mum CCS VIS are defined for

aut ono iS@ggﬁéﬁﬁ&ﬂroils by SAE J300, revised in June

2001. &H CCS VIS neasured at -35C of the

Fi schet’?3¥ opschNerekivolatiltity igdiafined 4sribe hass of oil, lespressed inowight
preferablx | ess. than an anmpunt cal cul ated by the

equat i BFFehigpaiclyjsdost whgrthe ol s heatg@at2 501G amalP@tncHg (2.67 kPa; 26.7
Viscosity at 100C)3, and nore preferably.less than an
amount™eas) Relpveategsphria nesswg ima feshrructb@SthroveBwhicB 5 EnstanPllow of
= 38 x . (Kinematic Viscosity at 1000)2.8. 1l. THE -
POL YO 2TiEEdpn SnyGpanmnes (ASTRDD 5300). deuan domvenipenettod b

the lubricating base oil conpositions of the present

i nventislatneNqaek yadutilisg arsrane whind cpotlytes welb tvith ASTERID5600 is by
synthetically prepared by esterifying one or nore '

pol yolv§nge thermamgravmenisragalpreg tosi (TG idsccorlige SHMAATIM B 6375-
of polyol esters fromone or nore polyols and one or

nore APyadifideNeaaskaslatility imed fheruizhouretds diyclaeichamss HRGWRe stated.
in the art, for exanple, by subjecting themto

dehy drl&e Fiseher-draperhativaiiubrivatifsbape 62126 Bavefa Nuaciaedlsility less
catal yst. [0083] The polyols for use in formng the

pol yolthaagn emgunt aaiciiaed fos ehetequitiog: NéacR MoRtilig, Wipatt 1000 x
carbon atons ‘and fromtwo to six hydroxyl groups. One
exanpl(BinewyfticaVipwkipodt 10Q7C) Us endyreRiablyi 16ss M2 RABIN balculated
pol yol having 5 to 10 carbon atonms. The term

" neopéiemythe prohtjant Noak Viedaithtyh &g -AOTIBA(KSnen B WYRYSH/1af 100°C)2%,

al cohol having a
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. rResults are reported in

ccntipoise, cP. CCS VIS has been found to correlate with low temperature engine
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neopentyl group. Exanples of these polyols include,

but are not limted to, 1,2- propanediol,

1, 3- propanedi ol , 1, 2-butanediol, 1, 3-butanediol,

2, 3-but anedi ol , 2-ethyl- 1,3-propanediol, . :
2- et h;?raﬂlzmétﬁpwﬁ?a:ﬁlsméyp@pavﬁ@amc YIS3relilefined {om avteinytive engin
neopent yl |ycol), 2,2,4-trinethyl-1, 3-pentanediol,

2. 2- diogd Pbﬁ;fgﬁ Qrievipeddnding| 200D Phe CCS VIS measured at -35°C of the

di butyl propane-1, 3-di ol , : ,

2- et ﬁ’wh%TmlﬁﬁydeﬁwHah@aﬁpgbm oils ar¢ Jowe piaferablyplesspbanain amount
(TMP), pentaerythritol, dipentaerythritol and the like
and cG6alBiiated bxothe equatiens 61CS B8 (j300843P ThE x diKigamittic Bissodisy at
for use in formng the polyol esters can -be those

havi nd 09y ram meye piséuablpsstharmmmaotrslcuEed bp esqodtion: CCS
organic acids include, but are not limted to, .

but anMLE (A&, cPi=s BoutKammiatic Adscdsityme HA08EBTE.Cc aci d,

I sopent anoi ¢ acid, hexanoic acid, 2-ethylbutanoic

acid, cycl ohexanoic acid, heptanoic acid, isoheptanoic
aci d, nethyl cycl ohexanoi c acid, octanoic acid, '

di net By | THERQINGDE ESTER COMP@NBMIrhexanoi ¢ aci d,
2,4,4-trinmethyl -pentanoic acid, isooctanoi.c acid,

3, 5, 5{0082} net hyhhecambéctnpeadd of the NBFiGitGe B il compositions of the
i sononanoi ¢ acid, isodecanoic acid, isoundecanoic

aci d, p@sdptinyéniot ame olyokbesiots. The ipdigelaListambé §nthetically prepared by
tetradecanoi c acid, hexadecanoic acid, heptadecanoic

aci d, eoaifsidgoaneinbragilghls RiteblydrAXOG8aRORId. 6k Synthesis of
nonadecanoi ¢ aci d, 2-nethyl octadecanoic acid,

I cosapdyd esteds drombnaet Myte PBSRMAAH 6ne @Ghdde organic acids can be

3- met hyl nonadecanoi ¢ aci d, docosanoic acig, _

t et r apefonadis) MethdisGnown B &1y |f6ﬂe&&ﬁ;§@,n)gisﬁb'&§ﬁ1§ tiRRko

the |li ke and conbi nations thereof. [0085] %he or gani c

aci dsdegdrahgs@nf@sdih inytha gledhc¥bf MhicRAlcBtaBsC| ass of
conmpounds contai ning a | ong hydrocarbon chain and a

term u@B3jcar boxlt peIfolgfoR e in FFhir 1B SO 8GES EAZRINGS having
unsaturated or saturated dependi ng upon whether a

doubl fomt2a8ebdub! (WagHARtontsind BEMNE IPGRARREE BRI, One example
one :

Therefore, an unsaturated fatty acid has at "I east
doubl ef ymai fod udctiSreityd El@l@é}fem}gp(ﬁ Wi €188 afbon atfoms. The
o)

saturated fatty acid has no uble bonds Inits fatty

aci d ehfiopdak P&l adisedl G aih WMBhSho i ACHdPhaving a
i ncl ude, but :
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

(IMP), pentaerythritol, dipentaerythritol and the like and combinations thereof.
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are not limted to,_nyristoleicracid,'palhitoreic
acid, oleic acid, linolenic acid and the |ike and:
combi nations thereof. Exanples of saturated fatty

aci ds ude, t are no limted to roic acid,
capryl ‘OﬂgJalci d, gg%?rﬁ’:ma%“ oy ‘ﬁamfgﬂﬂeg H’ep P} estersoan bé those
aci d, fic ag q arlc a rachi di.c aci.d,
beheni ¢ ag] fr(?m tlogan%%gf} %?t‘ﬁf“%lﬁ%‘w s pf wrganipgpids include, but are
Che poRS i bR g0, Bolaiang R st Rrone 28&31@%2#@@@

7 t.t I I t d
L L R AR —
ester. gjh % ?é érol est ers for_use herein can be
gl ycert eEedErY Ahgxanoieiid pemoisagidpfimethyhexpngic acid, 2- -

sourcezl}y dﬂgﬁ derived from natural sources such
dsGioteq 4-trimgthy hpentagoig peid, isgegtandieadid, Bes, and
conbl atlﬁ%ry}]?l?thereqf Useful natural oil include, but

are n PO aCid.1RYIRIs2ch isonasansigsasid, Wﬂeﬂaw #pid,

ker nel, é F‘F olive oil, castor oil, rape

oi |, dHPRdsGRfoic aﬁéie? btl%(lchpremad tigasrnoiccid, tesaddchnpiescid,
eed 0|I linseed oil, tung oil, tallowoil,

cott ons '
| ar d gﬁewde‘fi’@%lﬁ att d.dieptadecannig apidpopta 39333053 agid, 2-etinbhetadecanoic acid,
i ke and conbj nati ons thereof. Useful synt hetl c oils
i ncl udenadseanoig peid,Jomethylaptadegancis, acids igasaneic iacid G1-fsthylicosanoic
derived fromthe reaction of one or nore carboxylic '
aci ds ¥t hmetheinepadeqappie agjflydoegsanaic ackd, tptradagoyaneicabid, 2-
triacetate, and the |ike and conbi nati ons thereof.
Sui t alS‘PeéhY%‘fl%\?IPqﬂFgﬂCéﬂ gnd thei likie and ctintamatibys thamefai n
tri aciqu ﬁcerol S (TAGs), which contain three fatty
aci d Shs estBeiofdgasld atids canglsp be sty anids ehich ard danobe
natural or synthetic. For exanple, TAGs such as
tri ol EPHPOURES et rolong hysrockrbbm chadi andeaerntiel b BekyRse group
startin materials. TAGs are commercially avail abl e,
.for e 12 ehar@twmcelsglmumﬁWmﬂuratﬁmmdmg(u&n whéhbr g ,double

, _or can be synthesized using standard techni ques.

[ 0087})0nm@pr[emn§gdherig’dgjcyrbett cHaine Slherefore, an uﬁ@ﬁirﬁd:mfaftf &97d has at

about C4 to about C75 and preferably contain about C6

t o abiast o@dombkthoyd Bdisthyéwtab®), chhin@vheres ey Shahted Akt Ycid has no

acid noieties, the nunber and type varying with the

sour cdoubfe tohds iniits fatfylaeidfcbdit. yExamipths 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.

[0086] In another embodiment, the polyol ester is at least one glycerol ester

such as a C, to about Cys fatty acid glycerol ester and preferably a Cq to about Cy4
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. noi et es independently can be unsaturated or saturated
fatty acids. Exanples of wunsaturated fatty acids

. include, but are not limted to, nyristoleic acid,
~palmtoleic .acid oleic acid, linolenic acid, and the ..
li ke ép 1 YS! pUHs Theglyesse! estessdprsise Berein carshe alycrides derived
fatty |ctis i nclude, but are not limted to, caproic

aci d, f?“é’b i Emplgitatural seees, i.eq dhoge dariyed from seftired] sources such as
myristic acid, palnmtic acid, stearic acid, arachidic :
aci d, PARieRpRmalsesyathetig 'gh@e'éthieélkaem%pondpmumséhqr@qfetlmfd natural
conbi n ns t hereof . [00881 The acid noiety may be

suppl i gdn‘i iegbyt aremgt Igglﬁeé‘rtﬁ,uce@pn@bwb@eh@uonl mimkem ghypalm oil,
is less than fully esterfied, e.g., glyceryl ‘
tri - stol%s &b sastegioflciapsgil, gpmod reaf fell@mdll,sﬂwgal gilcemgibwer, cottonseed
nono- oleate respectively. As one skilled in the art :

wil |l elglinseed cdlp g eildaliow oil, kaed eif, aeariungil, warobr dikboye ail, 4ve the

pl ant derived oils, i.e., vegetable oils. Suitable

veget ke and qombinations dheseofpHenfirl sputhetiztodld ik hitle, putet dot limited to,
content of at |east about 50% based on total fatty

aci d Evrkeinpils dasiged fromh tbasaction oftona wphere cadprdie@dids with oné or
(Brassi ca) sunfl ower (Helianthus), soybean (d ycine

max) , o yc(em:_lsa emagbr):q:robtnmtm @it therliled andabsitbinations thereof.
meadowf oam (Li mant hes) oil. Canola oil, which has

| ess Shitablexdartng i mliionddw,anlys:oatampﬂadylglybleﬁld (YAGSE fvlilch contain
rapeseed oil. G ls having a nonounsaturated fatty acid

cont eflreeothtty axtid ¢heius tstatilal av egldesel ety beddaarbt Matths Périynthetic.
The nonounsaturated fatty acid content can be
conpofetexaiplef DhGesuairp teiplei, Rleizosbi, ¢rGldldm can be used as starting

- eicosenoic acid (C20,i), erucic acid (C22:i), or

conbi materiglns TAGe ne @bmmpRGAY hvdimbie)or &R FBAKigna Chemical

pol yol esters can be glycerol esters of the general '

f or muCampdny:(SOLGKE MO, or calRbe Qyrthesized using standard techniques.

[0087] The foregoing glycerol esters can contain from about Cy4 to about Css
and preferably contain about Cg to about C,4 faity 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

_ gcid, 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, behenié

- acid, lignoceric acid, and the like and combinations thereof.

[0088] The acid moiety may be supplied in a fully esterfied compound or one 7

which is less than fully esterfied, e.g., glycery! tri-stearate, glyceryl di-laurate and

38




CHO-R 0OIl CHZ OCR3 (1) wherein R, R2 and R3 are

i ndependently aliphatic hydrocarbyl noieties having 4

to about 75 carbon atoms, preferably 4 to about 24
carbon atons inclusive, and nore preferably wherein

at | egbreghoonstolRts, raRectingy. RAsiose skilsitin fhataeovith kdapiadppeeciate,
hydrocarbyl noiety having 4 to about 10 carbon atons

i ncl ughesgrangdnaigrat einde ptant dezived oifiei.of vefRiabléuls. SnidabRBvegetable
is an aliphatic hydrocarbyl noiety having from 11l to

about oflgthaya p beonowsowsted fatiylaciticontent/of B1Q&]st dhoueddes, based on total
enbodi nent, the polyol esters are conpounds of the

gener ity atidrcomtbrd, aptHinciuds FoOexafilpl) vapEReed PBrdsGtD)) sunfovidr

I1-Rs” (CH2) : Il \ OC R6 wherein R4, R5 and R6 are -

‘i ndepé&Acianthhs), sallieph (Gl Gndud)panat (Kea nimi)eéri@be (CRahRY, and
from 4 to about 24 carbon atons, R7 is hydrogen or- an

al i phateadowfyalr (dmindnytes)nail. €layiold @il) wWigich hastl@s thdn CBrRRIE acid, is a
atons and x, y and z are the sanme or different and are

I nt egearsicilariymséful iapesddd. oilT IMEls GAWRO b AdSowdkatheed @R atidlopntent of
are known conpounds and can be prepared by

~ at least. 70% are also pgrticularl_y useful. The monounsaturated fatty acid content can
bé composed of, for example, 6Ieic acid (Cig.1), eicosenoic acid (Cy,)), erucic acid
(sz;l), or combinations thereof, | |
[0089] In one -embodiment, the polyol esters can be glycerol esters of the
general formula (I):

O

CH,—/ O0C——1R!

, 0
CH—— 0C——R’ ®
0
CH; 0C——-R?

wherein R', R? and R® are independently aliphatic hydrocérbyl 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 incl_usive and wheréin 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 generalr

formula (I0):
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known procedures and hence readily commercially
avai l able. Referring to the R4, R5 and R6 groups, the
al i phatic ‘hydrocarbyl noieties may be independently
saturated or unsaturated, |inear (straight chain) or
branched chain and preferably hgve 4 to about 24
carbon atons, nore preferably 4 lo abput 16 carbon
atoms and nost preferably 6 t/dxa‘b‘ﬁu?‘ 10 carbon atomns.
The R7 group can be hydroge{b}g an aliphatic
hydrocarbyl noiety such as,l {7 way of exanple, a
l'i near or branched chain al Kyl '%roup daving fpom1l to
about. 10 carbon at ons Bnd—pretd Eﬂ{g to 6 carbon’
atons, optionally containirg an, ar tic,or aryl
group. Exanpl es of such .pol mﬂz)zelrsters\for use herein
include, but are not limtedNo,l trinethylol propane
(TMP) esters such as, for exanfl&e—RMP tri(2-ethyl
hexanoate), ,TMP trisheptanoate, TMP tricaprylate, TN
tri cab”?‘ﬁrleé’,w’ fl}féawdtlﬁé Prei ledsneisabnalwhatishy diopabylinieties having from
[0091] | eneral, the foregoing polyol esters can be _
used éi“hgwgt Srearoen ategsdt Hahydspeesor prwlinbpticydecarbyl moiety having
conpounds_ wi th the foregoing Fischer-Tropsch derived
| ubri ¢4 1hgrapaatomsiapd x.tvornd grars thp sanme g diféeaent arg dseintegeisifrom 1
conpositions of the present invention. The
Fi sché 107 p sempayads of Sermuladil) exstkinpyn ponspounds and wirl be prepared by
ordinarily be 40 present in the |ubricating base oil ‘
conpokPavrgreceiwesanddipesne readiy pemmerciglly awaifalderoReferring to the RY, R
greater than 50 wt. % preferably greater than about
70 wt 2ndbR” gigne, the dibbstisiygrotarbyhmeime mag be indemindantly 88tusated or
w. % and nost preferably from about 85 to about 95
wt . opmsatyepdedgllinear (staight ghaih) anbiaghbliedahait el preferablydtaived) to about
base oil conposition. The polyol ester wll o
or di nat sargontséons; mowmprefembly Kdo hiulnt i Catbangtdnasad aidst preferably 6
conpositions in a mnor effective anount, e.g., an ‘
anounie abairtd P werbén Boma BBhetR Eré&ipwen bébydoepes endn dliphatetiytirocarbyl
15 weight percent and preferably from about 1 weight
per cempietysuelbasuby Wiy ofekginle,pdineantr brahetsd dhaivaikylpoup having
total weight of the lubricating base oil conposition. '
[ 0092frorkH do kheot | Ccaattion gtopmsied picferatdyrp asd dar@nsitodts, bftnally
present invention can '

containing an aromatic or aryl group. Examples of such polyol esters for use herein

include, but are not limited to, trimethylolpropane (TMP) esters such as, for example,
TMP tri(2-ethyl hexanoate), TMP triheptancate, TMP tricaprylate, TMP tricaprate,
‘TMP tri(isononanoate) and the like.

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

invention. The Fischer-Tropsch derived Iubricating base oils will ordinarily be
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further contain one or nore |lubricating oil additives
for inparting auxiliary functions to forma finished
| ubricating oil conposition in which these additives
are dispersed or dissolved.. The |ubricating oil
addi t i RFe$n¥1p fheubmicpingdiape oiheimpdeitionsin a srajpr mpounit;ierg. tag dmount of
to, antioxidants, anti-wear agents, detergents such as
net al @eAE a0 vt ‘oupreferahly dueaten then abaie AR wi. 146, ragepreferably from
demul si fyi ng agents, netal deactivating agents,
fricti E’é)ﬂut.ﬁgg? #hoet 0.5 wh Susndonesh prefhegbhefaanbsit 85 to about 95 wt. %,
antifoam ng agents, co-solvents, package '
conpatb2pad andhe tetal weightrof diedwbricatnghiaseoribsonmekitiers sThe polyol ester
di spersants, dyes, extrene pressure agents and the
li ke vaH@rdimalbeasesehidn doflubrGpimsese oil ddmpositiorsiea tr effective
addi tion of appropriate thickeners. A variety of the
addi t iapegniae-g, dnownnbrdgio froerabowel0lSywagta ptradit & abbixeiSaveight
addi tives, or their anal ogous conpounds, can be
enpl oyeweltand pleérablyefian aboud h weight peecevibtoiabolft 10 weight percent, based
| ubricating oil conpositions herein. The total anpunt
of addinthesels] weightloéthkilutirieig bakddil doappsition. | | fal |

- within the range of fromabout | to about 30 wei ght

per ceri€092] 0093 ITEtebrcatig tasd din@ngiokitigbahit tHe\pedssnt is@htion can
further contain a diluent oil to form an additive

concerfintet eonidini ofe ot atord lbrcakify sitl sREiveo ok Rpdritr gk iy Tonctions
base oil conpositions. These concentrates usually ‘

i ncl udiefoan alfiadshiéd HbatADEIUEonYdsitiba i Hich thede QiR W dispersed
% and preferably fromabout 90 wt. %to about 50 w.

% of ondigiolve@nThedlibrichfingéitladditpd Ao Qdthededh WeinddbhiQire not limited
about 90 wt. % preferably fromabout 10 wt. %to

about to, sftiosidant¥pantifwehehief REAIAE sAGs Irle¥® (Sdrgents, rust inhibitors,
Suitable diluents for the concentrates include any

i nert dehaking agentspdentudyifriio)agdils, dlckal Qéac{i%%&‘ {s,nﬂicti n modifiers,
vi scosity such as, for exanple, a base oil, so t%a‘t

the cpne@Dint &ipeestml, HRif6-RAR dodnt] %%le%tg,?aél&gé oriatiftlsers,
oils to prepare lubricating oil conpositions.

Sui t abéreoslonbitiisitkd, BehRE BSpdriaats, S | i
can be any oi Il of | ubri calgi ng v(i!%%:l’ggﬁ y. %Sﬁﬁ%nltsua%ﬁtﬂ%hke

Exanphebmitur@nhdréyt] danats il ﬁﬁﬁi@}‘.he Q&ﬁlté&f & aﬂﬁ{)pllizitmhkﬁglers. A

to, amnic types, e.g., diphenylamne, _
phenyarktydFand bapdkiheg ARy anh'c&bﬁik&ﬁhy Y RR0Y Aese additives, or

am nes; and
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. -
[0093] The lubricating oil additive(s) can further contain a diluent oil to form
an additive concentrate which caﬁ 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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al kyl at ed phenyl ene-di am nes; phenolics such as, for .
~exanpl e, BHT, sterically hindered al kyl phenols such

as 2,6-di-tert-butyl phenol, 2,6-di-tert-butyl-p-cresol

and 'Z,S-di-tert-but | -4-(2-octyl -3-propanoi c) phenol;

sul f uPtEEAmaPoHtAg Wﬁ‘a% & 3bapi0 v, ¥, prefesablyf fiorh alectt B wt Pinte about
or esters and the |ike and m xtures thereof. [0095]
ExanplP&tof- of s iegping additive(s)-nSyitablle dilbents far e peycentrates include
limted to, zinc dialkyldithiophosphates and zinc -

di ar y PBY TRt S{3vab preasrey amoihof ubrivgties esositi dweftiasi for eprample, 2 base
article by Born et al. entitled "Rel ationshi p between

Cheni OH1 sodhat fheregreentiriemarhe wedilyvired with fubgontins ik talprapere

Di al kyl - and Di aryl -di t hi ophosphates in D fferent

Lubri Hingedicampesiions. Siyijsbladibmigating ofls Bret magt beared as diluents
Science 4-2 January 1992, see for- exanple pages

97- 10020 berapy o leblibHenting viaengitphosphi t es,

sul fur-containing esters, phosphosul fur conpounds, o
met al {@P4hsh- f Exemgles bf avtiaxibanteindsde, katratdat Bmijteddokaminic types,
sul fides and the like and m xtures thereof. 10096] '
Ex anpk&s diphenydaming ghangl-ilpla-nagéyl-raine AV 8- diGikylphenyt)ethines; and
to, overbased or neutral detergents such as sul fonate

det er gémlated phenylene-thames;mheelits ach as, Kytlexmplz, BHT, siafichily

fumi ng sulfuric acid; phenates (high overbased or |ow

over bhmdet¥q alkylpherolsentiasatlb-diphebatytphshiot,a;@diesit-butyl-p-cresol and
phenol at es, salicyl ates, phosphonates,

t hi opRoshimrattgs!-(2i@hil-8-prepandiacihandl Ssulfarenbas@fmaterals, e.g.,
carboxyl ates (e.g., overbased pol yi sobutyl ene succinic

42 - ankyfirizaioddfina ndestdreandithelilengd mities Bsrebhier eof . Low

over based netal sulfonates typically have a tota

base [oafler ( TEMmplks dfftaptwed agdntOnél@dcab@ute @P1i@N6k to, zinc:
preferably from about 10 to about 25. Low overbased

net al dislkyKihiaplespland aftbiing hrythdbhosphitdsONA! MSse@eribed in an
wel | known in the art. [00971 Exanpl es of rust

~ i nhi battide by Boal a1die enthiad "RelSioAsHip bétednCheitial SRRLROLR
pol yoxyal kyl ene agents, e.g., polyoxyethylene |auryl

et her EffproivsrexyeftSoink engalld DB 1- aad DRRAldidldpRdsphates in Different

pol yoxyet hyl ene nonyl phenyl ether, polyoxyethyl ene

oct y| piteieyted Bebighisms", appearing in Lubrication Science 4-2 January 1992, sce for
example pages 97-100; aryl phosphates and phosphites, sulfur-containing esters,
phosphoéulfur compounds, metal or ash-free dithiocarbamates, xanthates, alkyl
sulfides and the like and mixtures thercof.
[0096] Examples of detergents include, but are not limited to, overbased or
neutral detergents such as sulfonate detergenté, e.g., those made from alkyl benzene
and fuming sulfuric acid; i)henates (high overbased or low oﬁerbased), high 6verbased

phenate stearates, phenolates, salicylates, phosphonates, thiopﬁosphonates, ionic

.surfactants, overbased carboxylates (e.g., overbased polyisobutylene succinic
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pol yoxyet hyl ene octyl steary] ether, polyoxyethyl ene
ol eyl ether, polyoxyethylene sorbitol nonostearate,
pol yoxyet hyl ene sorbitol nonool eate, and pol yet hyl ene

| |a ?@ﬁfé Ia .;i xhifes .ro. wotx;r} s'mte sulfonates
gc?/gg; o Car %o?%?ék%%lg%g{ lhﬁrre?[g% gs%ggs? ?E% Fé/a %}él {fonate
1 . ' | f.ur] cid;
i T C T T A e —
h . _ - . | P _
Do lo: e b  Flo3bode23°F b 5B el Fibnslis S ey

deri vat, t : heti c al karyl sul fonat es,
e

e.g., nap ene sul fonates; and the

|1 ke %697']” xtur gjgar&pge% l§ QJst inh%&g % %Wﬁ)&g,g}jult %g ngtflirr]:itreld %, Ingll;}onic

modi fiers inclu utare _

oty RRSBA N BT P8 horih b Efong B o R b8 ey tene igher
bor at | koxvl ated fatty am nes, tal, salts of fatty ‘
aci ds ?aq?og? llt<e$h %?é)lo d O)gr%;hef (Lfg‘?! “Ofg}ll??éw 83’_‘3{3 8 'i’%?_’@’?&%’&?%?“@dphenﬂ ether,
O BB B0l sthen o Setali el st abipoRihvine
are i roprated by reference herein: friction

nodi f %é?”é*glg’%%’g’ﬁtﬁ@@\é’fﬂ"gvrﬁ‘%e Yi%i%?ﬁPf&HO‘ﬁP%’aaleeteﬁfld golyzthylene glycol
C75, pref bly a C6.to 4, and npst preferably a C6

to czd‘,“’”f"g%%* é%ﬁ“& agd pngd ‘?‘gﬁ‘?ﬁa@ Frids; Sepabrxalimacidsimpigl soaps; fatty
conpoun%_selec ed fromthe group consisting of

amoni®8"¢ 25N S &3; H’IeWLﬁHF ahhieqBy subfogic acidy pegipdcatbaxglioasidiester of

in U S gq{i%%Phq: 10/402, 170, filed March 28, 2003, _
the c&IPBY{re aseholphogphoxs estyrr(shopoainkelkeny! suesinie arids partial
herei n,, and tEe |i.ke and m xtures thereof. 43 [0099]
Ex anp|CEETS ereon prdnitzegeirgonigiarme derivagivesdberedfy synthetes aliorylsulfonates,
limted to, . polyners of alkyl nethacrylate; polyners -
of di fetMAR dinerdhiehthplang mifonatespandibe likeiaed mixares thereof.
thereg&j LOOlOO Exanpl es of ashl ess dispersants
i ncl ud®28hut  arfeamples pf frtieramedifiers prgluyle bieydre ne limited to,
~succi njc anhydrides; non-nitrogen containing

deriv 3*’?’@3@%@“& amiggt: arated fetyepexides fatte phosbRitis,ifatey, epaxides, fatty
- basic nitrogen conpound selected fromthe group
‘consi &WingY borated glkexvintad By amings.heotalisalts o Gittyt acids, Gy, acid amides,
hydr ocar byl nonoam nes,

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 Cy4 to Cys, preferably a Cs to
C24, and most preferably a Cg to Cyq, fatty acid ester and a nitrogen-containing
compound selected from_ the group consisting of ammonia, and an alkanolamine, e. 2.,
those disclosed in U.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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hydr ocar byl pol yan nes, Manni ch bases,
phosphonoam des, thi ophosphonamni des and
phosphor ani des; thiazoles, e.qg.,

2, 5- di to-d,.3 4-thiadi azol es, »
ner c aI ?@%ﬁﬁg o? hli“lxamzngf}a’% gpzlénzigga%é% %%’?ti; {pelede pagasgpat limited to,
t hazol G Al Kyl tri _ tri ;
copol Yo anyPaditc i858l BT Om AR Rohs At a0

or nor i;.t.i gpal polar function, including anne,
anidefgw%%%g?ﬁ?ﬁide, hydroxyl , carboxyl, and the

i ke, , praduct epared by copal rizatign.o

| ong’ FUBAY Pk ranies Prashicss diperianivincids Btats mot frieed o,
nononer f, the ahove function; and the |like, and

i xt u PRyl Siecinic Sfycndes; Rpnriiasen pqniginug derivatives of

di spers ,_€.0., bqrated dispersants such as borated
succi B f_’l&f“ﬁi@g?e Sﬁg(ﬁ}n’%\i”g’éﬁ%%; Eg%%‘? nipgep SpEpAURd sql¢cged from the group

di sper sant.s e pal yal kyl ene, succi ni m des derived .

f r om SRTHHES %ff“ﬁgmﬁﬁﬁwﬂbwﬁﬁéméa@&eﬁihadra?ﬁﬁlgbd Fjogeagines,

W th | yal kyl ene pol yam ne. [00101] The | ubricating.

base 8?‘%0%%}}%%‘??‘?16%51‘%@1%‘@31% Baasplionpaiyides; thiswhegphgnapides and
formul ated to _have a kinematic viscosity range at 100C

r angi REPSPRHMIdES H¥azoled 8ie. e -dimstsaptod, IgH- @@lam%@ﬁ,w Il be

sel ected or bl ended depending on the desired end use.

to gi WErcaptabengeibipzales a ‘5) agrvaites dhipggofidriazoles, e, glkylteazoles and
conpo%iti on having an SAE Viscosity Grade of OW

O 20 deregiriagplesosppalymersyhid: compinerartayylats petaoyitheme gomore
5W40, 5W50; 5WG60, and the |ike. 44 [00102] The

| ubr i edditqngl refar fpkiens iicludigeminenamide.dmins, iinddexhyiirerabicatyoxyl,
only Iow | evels of phosphorous, i.e., |ess than about

0. 19 255} 1b¢ lkea pRy Prioductsenrerazadi hygopdpuerizatior0gdengebiaimplkgl acrylates
preferably not exceedi ng about 0.05% by wei ght.

Accor & ‘ﬁ@%‘}ﬁy latpsewitteerswnsirs ¢fdhesabove fuhaiopy and ditlike and mixtures
invention are nore -environnentally desirable than the

hi ghethejsab sihisdedas vasob ticsadisnstpanss,le. oo dopedidispersmts such as borated
general ly used in internal conbustion engi nes because

t hey fugeininidest way dsagerusedat Ribfiptably, tho disparaets atei fotyalkytine
activity while also providing the desired high wear

and d&jsergimidgsderived thioorandmationxif delyalkylene succinic anhydrides with

polyalkylene polyamine,

[00101] The Iubricating base oil compositions of the present invention will be
formulated to have a kinematic viscosity range at 100°C ranging from about 2 cSt to
about 9.3 ¢St 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
0W, OW-20, 0W-30, 0W-40, OW-50, OW-60, SW, S5W:20, 5W-30, SW-40, 5W-50,

SW-60, and the like.
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corrosion inhibition. This is due to the decr eased
| evel s of additives containing phosphorus conpounds
in these lubricating oil conpositions. Conventiona

| ubri Cl?ﬁi(ﬂﬂ oi | TRk &FW?%H’M&%E[&E]E@ e H&%ﬁ’h&vigg only low

typically contain relative concentration

such ﬂg@lstdf\ﬁﬁ&phc{r&g;‘pé] le%'e laHMt '()Ci% gﬁ%ﬁ%%ﬁfort) rgzjéér%edui% about

conmposi tions hereln nmay ornmul at é

fini shegkel b&ﬁrﬂl&@P{gﬁrﬁw I(l‘tlg 8 e@dﬂ?gﬂt}oh%ﬁa}) {e)yw%%étt %gzlr:(r%ndingly, the

for use in an interna ustton engin

"inte rd?)ﬁllpom Bk {ése%?ﬂliv&ﬁilbp ?‘% r#oﬁ% %?‘Jé}'gfé)rrgéﬁé%@%%s{aglettﬁan the

an '‘engi ne whi ch uses a norma eous

el RSl B AL Db S TR
R S
ubr i RS bttt AR O4% o TS pro o ot S iatam

oot 1 o PEeRR s i 3e bR eraRy 158 o pliyes Fompining

i e M T e
TR DR A e LB Eby v

i nclude_a tﬁrbogggr r.. which as used herein refers to

an exKaUSTHAPTSA "W¥$at conpresses the intake air

and f it ipto . the. conbusti on chanmbers at hi gher )

t han iédrinﬁ)@p her i & foagdine pasemileompositinns hergin ey s dermudpied into

engineﬁgg glsg Hqglude n.exhaust qas_after-treatnent

devi c &MY dfshed ubrieants phich areggripaiathe suitable foxusg ingn dpternal

trap, @hécg IS intggded {0, reduce pollutants in the

engi nE BRRHAULTENC 0 TDET™ TREEMALSAEWILRY cAgiAe | aswpad hegpin refers to

exanples are i llustrative of the present invention.

EXANVPERSHgIne 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 either
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.
- [00104] 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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[00106] The additive package used in the follow ng:

exanpl es was formed ‘containing the additives set

forth belowin Table 1. TABLE 1 . Concentrations are
based on the total weight of the lubricating oil )
conposiiefmalrombygion premempy dso inpladepagrihaustass ifierigpimentdevice,
are described as follows: [00108] Borated succinim de

di sper¥ehas asaBlYHF eVERERF B@’L‘Wl@‘bﬁm’ yhishés intesded do redece polluiants
anhydr.i de, and a pol yet hyl ene pol yani ne; and

post - P &5eBgmGERRUShor i ¢ acid.  [00109] Ashl ess

di spersant - An_ashl ess succini m de di spersant

pr eparl@Y0ft om Budollorspeeai-limiting prgmples efeyillustrptineydf theepresent
succi ni ¢ anhydri de, and a pol yet hyl ene pol yam ne; and
post - tPFERE®Y wit h et hyl ene carbonate.

COVPONENTSAMOUNT*  Bor at ed succi ni m de di spersant 3. 2

wt. % Ashl ess di spersant5 2 wt % Low over based cal ci um
sul fonate0.34 wt. % H h overbased cal cium :

sul fonatel. 55 wt. % Di al kyl aE84MALEHenyl aminel.5 wt .

% Secondary zinc dial kyl di t hi ophosphate0.66 w. %

Ashl es[QOIQﬁﬁ/ hi ocBreldditivemcBgamsedda the following examples was formed
Mol ybdenum succi ni m de conpl ex0.75 w. % Silicon-based

f oam icarthiping grezdditirBEMpgicbedow jn Tadttitii er 4. 10 wt. %

Pour- point depressant0.2 w. % 46 [001101 Low

over based cal ci um sul f onat e d€EABLBént contai ni ng about

2. 4% '

COMPONENTS AMOUNT
Borated succinimide dispersant ' 32wt %
- {Ashless dispersant 32wt %
Low overbased calcium sulfonate 0.34 wt. %
High overbased calcium sulfonate 1.55 wt. %
Dialkylated diphenyl amine 1.5 wt. %
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 the total weight of the lubricating oil

composition
[00107] Each of the additives in Table 1 are described as followsf
[60108] Borated succinimide dispersant prepared from polyisobutylene,

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

polyamine; and post-treated with ethylene carbonate.
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cal ci um and about 2. 7% sul fur, and having a total base
nunber (TBN by ASTM D2896) of 17. [001111 High '
over based cal ci um sul fonat e detergent containi ng about

17. 1% E)gi W) UM angy aRttse ot Wifolhre. d?@l%?xh %rgﬂ&[ng Bhops g%

total base nunber (TBN by ASTM D2896

Di al kydaafi@hlach &B&@W%Eﬂlﬁ? B3] QX il (T

[001131 Secondary zinc di’ aaaitk} It hi op aosp ((B%MgM
[ 00114pogdghimss dithiocar bamat e. [00115]

Mol ybdenum succi ni m de conpl ex anti oxi dant contai ni ng

5.5 wt | 3
o o o S ORGP ARSI 8o 17154

Eé&%%ﬁ%‘%"“{“%%*f%%?r%‘y R o e L e KRR PR a5

for medy s pskcy ;2519 to a lubri catl ng base oil
conmposition o 90 Wt . %of Fi scher - Tropsch deri ved

base ophipflentif r 10 wt. %
of Errg[ry 2925 (a b }agbgt edme %}és antm g?nqderlved

(o) JBofegp &¢) Sy “3?’}?%“!“’3‘:@4‘%;, 0@“950 ?*emgr?“?ﬂe

P ooodbotibl! SaALGs B GRIRRE, | anﬂigp?omi”?%f ent

f |

P schad 6’4‘5{1’325 HRodeautlspceltimick OmARk prtdiagt eswg?fgew@mngéé wt. %
as sehﬁl%gth in Table 2. TABLE 2 47

PROPE CREVCAFT
[00116]) Silicon-based foam inhibitor.
[00117] Shear stable olefin copolymer viscosity modifier.
[00118] 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 CHEVCAA4FT and 10 wt. % of Emery 2925 (a triesterified polyol ester derived
from Cy-Cig acids) available from Cognis Corporaﬁon (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 deri{red base 0il can be characterized

as set forth in Table 2.

TABLE 2
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Wax FeedFe- Based FT Wax Hydr oi soneri zation Tenmp, OF682
Hydr oi soneri zati on Dewaxi ng Pt/ SAPO 11 Cat al yst

React or Pressure, pSI glOOO Vi scosity at 100C cSt4.524
Vi scosity Inde ) ‘

Proton NWMR, W
Al kanes 10.4 1 _ NS IRZ
100.0 Total Myl ecules with Q/cl opar af ffi ni gy
Functional i ty, " VelgREisShdzaton TamgVer 682

Hydroisomerization Dewaxing Pt/SAPO-11

Catalyst

Reactor Pressure, psig 1000

Viscosity at 100°C, ¢St 4.524

Viscosity Index . 149

Aromatics, wt% 0.0109

Olefins by Proton NMR, Wi% 0.9

FIMS Analysis, Weight %

Alkanes 89.4

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
Multicycloparaffinic :
Functionality, Weight % by
FIMS
Pour Point, °C -17
Cloud Point, °C -10
Molecules with Mono/Multi- - 475
cycloparaffinic Functionality ‘
Ratio of Pour Point/Vis100 -3.76
Base Qil Pour Factor -6.91
Oxidator BN, Hours 34,92
Aniline Point, D 611, °F 253.2
Noack Volatility, Wt% 12.53
CCS Viscosity @ -35C, Cp 2090
COMPARATIVE EXAMPLE A
[060121] 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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F

Mol ecul es with I\/UItlcycIoparafflnlc 02
Functionality, Wight %by FIMS Pour Point, C17
Cloud Point, C 10 Mol ecules with Mono/Miulti- 47.5

%fL&%ﬂ@%%W BE AL 8o Bl B0y g men, 0 an 10
O ar P SR s L BaRAN R poff P TR R @ggbgads) available

COVPA% MEE‘I‘[@@NF&TEI(% é[ﬁ\%%?‘e% ﬁ’é\)ﬁhl ?(IPJIH‘% ta%ka gﬁéxamplel The

conposition was Torne

base O;Er!)dugf)l)mgca{ngé &ﬂoﬁfgﬁ%ﬁ?ﬁ/\ﬁad a e%\ﬁH%é%Aéf 7(§ cs(? o H)%“C and

| V base ol aval

Chevrao CA) and 100 wt.
% of &%§%§%ﬂgggf%g &Ia rt(”élrl ?l 20 pr ester derived
from Cs-Cno aci ds) aval lable from Cognl s Cor poration
(Anbl er, PA), the additive package of Exanple 1. The

COMPARATIVE EXAMPLE B
{00122} A lubricating oilrcromposition was formed by adding to a Iﬁbricaﬁng '
base oil composition of 90 wt. % of Exxon 150N (a Group I base oil) commercially
available from EXXONMOBIL Corporation and 10 wt. % of Emery 2925 (a |
triesterified polyol ester derived from Cs-Cyg acids) avai]ablé from Cognis
Corporation (Ambler, PA), the additive package of Example 1. The product
lubricaﬁng 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
[00123] A lubricating oil composition was formed by adding to a lubricating
base oil composition of 90 wt. % of Chevron 100N (a Group II base oil) commercially
available from ChevronTexaco Corporation (San Ramon, CA) and 10 wt. % of Emery
2925 (a triesterified polyo! ester dertved from Cg-C)g acids) available from Cognis
Corporation (Ambler, PA), the additive package of Example 1. The product
| lubricating 6i1 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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product lubricating oil conposition had a kinematic.
viscosity of 7.5 ¢St at 100C and a phosphorous content

of approximately 0.05 wt. % COVPARATI VE EXAMPLE B

[ 0012 & A Iubricatin%roil conmposition was fornmed by :
addi né HZ41s | uptheddm Fib Opyace Uptake dest kG Dorrs gpndyigted

wt. % of xon 150N (a G oup I'base_o%hﬁ@connercially

avai | AB1PERE 19 MG epleR i methert spsfified BAHAIDATIM . % of

Enery ggzg (a triesterified polyol ester derived from

Cg- CLEMMERlys)  Absitastes] commogifipmssy frampled prbe erppagative Examples A-
(Anbl er, PA), the additive package of Exanple 1. The.

pr odu&tWerF gashmixadiin g 2lasq copgmsbith theps ofherTignids thal ivgrd used to
viscosjty of 9.8 cSt at 100C and a phosphorous

conte ﬁ’tm“g?‘e Aspre saditians () exisligod/nitogted SonPaRrRePEVE(2) 2 mixture of
EXAMPLE C [001231 A lubricating oil conposition was

f or me&o!pYle Hgtal paghihenates ((gash cenper, irgn, tymgancesi, pnd tin naphthenates), and
conposition of 90 wt. % of Chevron I OON (a.Goup Il

base &DIdjstileshtitierei al Ly avail abl e from ChevronTexaco
Corporation (San Ranon, CA) and 10 wt. % of Enery

2925 (W124]i est dh glassropbingbholding e ofl eriktvedvas plnedis aGigh
acids) available from Cognis Corporation (Anbler,

PA), Pressugddictdrgeuipred kder rodssiEs gagel d'hd high hresspreadantdr was sealed,
| ubricating oil conposition had a kinematic viscosity . . -
of 8. ehard vith oxPBE tampressurepif 629 kP (G0 psiglp adaridced in an oil bath at
approximately 0.05 wt. % EXAMPLE 3 Thin Film Oxygen

Upt ak é60F€st anihgle@® 30°AfforT the hotizamtaFi Tha Kidhyiresaurtpéaatoe was rotated
Test (TFOUT) was conducted according to the standard

t est metlhod a spred pf 108adpm forAGTgM Bindfliddbf ofl XGthRbhe Jbs comSiner

oi | conpositions of Exanple 1 and Conparative Exanpl es

A- C wevlingiachelnivebdaiga of-ogyga somata@hner Wi th three

~other liquids that were used to

[00127) The pressure of the high pressure reactor was recorded continuously
from the beginning of the test and the test was terminated when a rapid dec;rease of
the high pressure reactor pressure was observed. The period of time tha§ 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 rapid]y was called the oxidation
induction time and was used as a measure of the relative oil oxidation stability. The
longer times indicates better oxidative stability,

[60128] The results of this test are set forth in Table 3. The test data clearl§ '
shows that the lubricating 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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simul ate engine conditions: (1) an oxidized/nitrated

fuel conponent, (2) a m xture of sol uble netal

napht henat es (| ead, copper, iron; manganese, and tin
napht henates), and (3) dist%#¢ﬁﬁ?§€.er. [00126] The

gl ass container hol ding the ure was placed in

a high pressure reactor eHuinpieeHowiibe Tastpr essure gage.
The hi gh pressure reactor was sealed, charged with
oxygen08129h pr eTsaKenasu BEATukPaest GOHPE) ighsed Etdepdrivpemd quality |
in an oil bath at 160C at an angle of 30 fromthe

hor i zomwh@dl of Feyesihioghatipn@esotignéefacingne\WaS addajiak 61k subjected to
axially at a speed of 100 rpmformng a thin fil m of

oi | wihigh tampdretugh.ass container resulting in a

relatively large oil-oxygen contact area. [001271 The

pressup@13of t heAhlaghtubs #8sslicRd iSRS bR Kluk@find KIS 248 small air hose
continuously fromthe beginning of the test and the -

. test wes atteched Ratheerdt e RitbARE theGEE BBS EA 9ml syifrehh@M-inch -
pressure reactor pressure was observed. The period of

tinme titeaibloahlsipg @ere filed WaR telollQadk IHBTlM‘ﬁﬁih% B&s MMaBikd to the holder
pressure reactor was placed in the oil bafth and the

time abowhhedir Kddeanl GBSt <Rl &&u@eﬂﬁﬁﬁﬁ‘@ﬁ%s AR Silil%‘arcés the -

was called the oxidation induction tine and was use

as a relapuiep]at nibb trsthahd NGt Hlodbdal Mol Ble!tdst YAfier 16
The Ilonger tines indicates better oxidative

st abi [holiy, thd HE&k2etes WhR réRSIl s antithiSa IR t .
forth in Table 3. The test data J?Ea#?yEﬁgﬁgﬁgﬁ?ﬁgtThenmn&

the | whiweed hitd (Qlvhs SHRAS Thé RE vk ohBERLES SO temperatﬁres to

i nvention offers superior protection agal nst

oXi datdeténild @ KRR pdrflrAhdcd §vdrQ 6&%@&3 EQ,%QP '%gh;‘#é:i{a%ﬂgs

of Conparative Exanples A-C. 5 Su
Hot Tlﬁl@@ue ﬁﬁfestl@@ér_%%tw@@ﬁﬁ@@h@%daetN-I'Ecl-:‘:qﬁgh-r%% er(srgr@rr irable, a
d I tFol e of &%p05|q o

is used for screening and quality contr

forna&&gﬁhggﬁgﬂ@g@ggglggg engine oils and other oils
subj ected to ' '

00131} The results of this test are set forth in Table 3. The lubricating oil
composition of the present invention gave a 6.5 rating versus a_4..5 to 7.0 for the
lubricating oil compositions of Comparative Examples A-C. Thus, the lubricating oil
composition of the i)resent 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-Ball Weld Test
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hi gh tenperatures. [00130] A gl ass tube_mas pl aced
i nside an al um num bl ock and a small air hose was
attached to a holder at the bottom of the glass tube.

d[oﬁmknge @M&?Bbﬂmld "r%s B@k &éé%ﬁtﬂ;cté@ﬁ&ord ingto the

f|IIe the oil sanple |ng was attache

the hokg@k te%?ﬁb’tﬁo&:!?ﬁmﬁéd 1n|')-\0.551§/[i’93%' was steadi |y

i ntroduced into the glass tube r forces the oil up

the gl [@§§33¥ ube fRreUgRs Bﬁ%télﬁ\g&ﬂ ﬁﬂl st PG b8 ltgah“?otau 2 ainst

duration of the test. Afte ours, the glass t

Ver e IR Vied balid iRRESHh éﬂﬁﬁﬁﬁh@ﬁmﬂ%‘i‘h E%ﬁl&aﬂsr{% ﬂl%ﬂ@e[n?mvzgﬁ the

rating, between 0 and was repor

of ten 1hpg thile BANETR] rotaﬁﬂggte@& Hgselgiﬁb %m dfﬁe%&h&% ahd'Est lubricant

deposit performance over

T { 230C
3300 Wit 208 ﬁ*“ﬁ%ﬁ’&%ﬁ@?ﬁ%@????@? dv*ﬁee“”% Se“%"f"*‘esg of 10-

per f ecsgé(%ﬁd ‘ah #Q &adé% Qr}b%%smg qux {vtealamgforzéugrleé ern tests were

are set ort r|ca I'ng

co npo%&da%@lg&ffthet \geq%tg# gos If fedh o% st lllag op ae\ér? 81% wq-len weﬁimg 0%curred

versus a

[ uor i o PR3y SRERAL L IZV“? B 39 TR HR O s o

prOV|q&g1 rg¥ggmqésrelatlvely equal deposit contro
‘conpare ot rf fghp05|t|ons of Cbnparatlve

compoditeh of f}wéé’%?%%ﬂht el P BARDS e b gpesin o

21 L0638 'ﬁ-m 0P P st YR g Vet oo FESRReR AL, Aceordingy,as
Cpeci THEHTOR %m’t%r%%g%“&[ce%%%‘%?fnﬁ%éﬁqe%éspﬁé@e%xon provided
operatedfm .one S eeI l der |l oad rotating

agai nSEREAMET0Y %tf“i“@ ytf*‘élf’ vepL gy pLfoypared t"ttﬁ%ml

formof a cradIF Test Ebrl ant covered t he
_ compositions of Comparative Examples A

[00135} Moreover, the last non-seizure load showed much the same results.
That is, the lubricating oil composition of the present invention was at least
comparable and usually superior in wear performance to the lubricating oil

compositions of Comparative Examples A-C.

TABLE 3
ITEST | | Comp. Ex. A |Comp. Ex. B{ Comp. Ex. C | Example 1
|TFouUT* - 712 230 940 >1440
KHTT * 7 4.5 6.5 6.5
Load Wear Index °
LWL KGFY| 3527 427 50.7 354
Last Non Seizure Load, KGF 80 100 126 80
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| ower three balls. The rotating speed was 1760 rpm’
The machi ne and test |ubricant were brought to 18.33C
to 35.0C (65F to 95F) and then a series of tests of

10- second duratl erpdvgiGr| madep@t | ncr Q@@I nd‘PI 0%l 200

until l.ding occurred. Ten tests bel ow t he

wel di nérhﬁ’oﬁ'lﬁ’toxygqnui?‘@hﬂeﬁiads had not been run when

wel di AkaaGHhbaEhe tafpd the scars at | oads bel ow sei zure
were within 5% of the conpensation |ine, no further
runs wEPW hillowelddesty. [00134] The results of this test

are sé%l{,@gﬁl%ﬂf&cgabl e 3.. The lubricating oil
conmposition of the pr esent invention gave a | oad wear

i ndex (11385 4. Inwdidiedinderptgod that vatipus neralificationswsy be ede to the
l'ubricating oil conposition of the present invention

pr ovi GBlodizEYRdistlesafhergini fiperefpethorbore fetiintioh phad it be

wear control conpared to the oil conpositions of
Conpargistyed Ftigiigebut mely p0oesplifidiosof prefertl embadiments. For
non-sei zure | oad showed nuch the sane results. That

i s, t§¥annl,thedandtions dssdribedalpus hid iopleofente es the bssembde for
invention was at | east conparable and usually :

super opirating thvaacsepxeweohm@ fortlustriton pulposes ahlyn Prier hrrangements

“conpositions of Conparative Exanples A-C. TABLE3 _
"TEST Canpmettisds na@bepmpl&xent&Onntosekilledinxiarget without departing from |

TFOUT' 712230940>1440 KHTT74.56.56.5 Load Wear | ndex
LW, KEEeHe2udliritsP thissibvehtiba sMobdorer,I0bsa kitted akh art will envision
KG|:8010012680 52 Wl d, KGF 1

other modlﬁcatxons within the SCOpe and spirit of the claims appended hereto.
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- ki ne

Thin fil moxygen uptake test 2 Komatsu hot tube test
3 Four ball weld test 4 kilograns of force 200 200 200
200 [00136] It will be understood that various

nodi fiﬁﬁﬁﬂ@%ﬂ@gﬁ;ﬂade to the enbodinents
di.scl : et ef ore the above descri ption
shoul d not ;b onstrued as limting, but rely as:.
“exenplifi cat ?‘olhﬂgs:mg ngHasy eif pupposiipn ing.(g‘ls;#‘b]ﬁm one Fischer-
~exanplg. .t fu i.ons desct.i bed aboye and inplenented .
as t heﬁB%Sg{P S fbpfeing E@F&‘i*:ﬁﬁa‘itﬁ’ée%?se@éws aikRGBALS Hpposity of
are fop ilJustration pur es. only. Other arrangenents
and el AL ﬁ%‘&}‘% 86"i“ﬁ‘§#ee¢)‘r§§ FEHOHS i Gu 8t leas PReRIBOReY o
art without departing from the scope and spirit of
this invention. Mreover, those skilled in the art
w1 envisi o?h ﬁgger_ nmodi fj cations within the scope
and spi ri t “of "% HEA®RHES basc a1 punenstion ef elagn Lgdhergipthe Fischer-
CLAI I\/Elg I §1 1, @ L}ubr_i cati nq base oi | conposition
conpr i SPRTG ferivedjubnicating base a1l pomapties ) Hyseiah persentwéell molecules
- | ubr ing’?t.i ng base oil characterized as having a _

Tiee §hileastae pfprstic fumgon ofdess ghap Blonit 0.80,¢kmv ight pResent based
(cSt) at I QOOCC and %b) at_ | east one polyol ester. 2.
The | PBieda] wejely a6 e SischesdJipnsel darised lsbriaating of; 1ii) a weight percent
wher ei ﬁhe Fi scher Tropsch derived |ubricating base
oi | cOhl melseules havige Gesleparafiyds Saptionality of greater| thaudbeut 8, the
having at |east one aromatic function of |ess than
about WFEHt Parerat basedymt thytotad anishiefskaFisober-Trapsch deritled lubricating

wei ght _of the Fischer-Tropsch derived lubricating oil;
(i) &SUyma g a pdip eEweight percent of molecules having monocycloparaffinic

functionality to weight percent of molecules having multicycloparaffinic functionality

greater than about 15:1..

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

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

4. The lubricating base oil composition of Claim 2, 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,
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of all nolecul es having cycloparaffinic functionality

of greater than about 8, the weight percent based on

the total weight of the Fischer-Tropsch derived _

| ubri catd nghe 1QiHcat -1 1) a_ratio.of Lght percent

of ol ecul es havin ntsnegl%!:éy()gfpgsplé?ré?t?cijﬁlfncy’ve“fhg??gttﬁ%ﬁ‘éf Ty

t 0 WRLARlIREHS I aving ... .

mul ?ﬁjgycl opar alfﬂ%}lfcﬁl & '%gén%f %gﬁz)f)?ltnﬁ m"g? disrigptionf aboyy 40 to
15: sbbut 30090 Gch il | oi | _conpasition of im.
2. Wherein the vvedllég:]ﬁ[jérgpéf?%entpeﬁclgmﬂof I@&W%‘i“’r‘?g‘\?ﬁﬁﬁTM
at heass ,one tic function is |l ess than about

0. 05. 4. QTEeq?iﬁﬂgﬁbati ng base oil conposition of daim

2, wherein the ratio of weight percent of nolecules
havi ng nonocycl oparaffinic functionality to weight

percent @fThémabREdAL Bie BRGILDGLiILE LSyl oparaf £i ni ¢
fungtional i tl% i s %)r egter F%é\n légbag %{neoﬁtg?ff?ceéﬂg%‘f‘mrhe
| ubri Cat I Rg PASE" P histar aresict of onglonsare bolyolsvethenn
t hePr o @rgenic acids.opsch derived | ubricating base oil has
a boiling range distribution of about 100 to about
300F between the 5 percent and 95 percent points by
anal yti 9all‘h uhho TM D- 6352 or its equivalent. 6.

The 1ubr'i ¢at I"AGHAER*EPI ceprstionef GRim . wheyein e opp ormere
precedi ng claipgs, . wherein the pol yol ester conprises

a rpé’§’8ls ith? '%%gEPcftbOB? 10g3ebop ptomsragd Femywp & sik hysdrexyé groops
nor e glr%ani c acids.. 7. The lubricating base oil

cofPO I PPYR BT eiEaRifARds e fremif tpigkous A casborrmsers. _
pol yols have from2 to about 10 carbon atons and from
two to six hydroxyl groups and the one or nore . .
organi c a_gll};ﬂs have from 4 to about 24 carbon atoms. 8.
The | ubfi FhTyapnechasyoif capepigion of Glaino, vdleaimthé pne or more
wherein the one or nore polyols are polyhydric

al e §relﬁ’ﬁb’g¥f5‘°éi°ﬁ‘€@bé?ﬂ"wa wpepentyl gupThe | ubricating
base oil conposition of Caim®6, wherein the one or
nor e

9. The lubricating base oil composition of Claim 6, 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—efhyl-l,3~propanediol, 2-ethyl-2--
butyl-1,3-propanediol, 1,3-diol, (namely, neopentyl glycol), 2,2,4-trimethyi-1,3- '.
pentanediol, 2,2—diethylpropane—1,3-diol, 2,2—dibuty1propanc-1,3-diol, 2-methyl;2-
propylpropane-1,3-diof, trimethylolpropane (TMP), pentaerythritol, dipentaerythritol
and combinations thereof;, and the one or more organic acids are selected from the
group consisting of butanoic acid, isobutanoic ;dcid, pentanoic acid, isopentanoic acid,
hexanoic acid, 2-ethylbutanoic écid, cyclohexanoic'acild, 'heptanoic acid, isoheptﬁnoic

-acid, methylcyclohexanoic acid, octanoic acid, dimethyl-hexanoic acid, 2~
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‘polyols are sel ected fromthe group consi sting of
1, 2- propanedi ol , 1, 3-propanedi ol 1,2-butanedio|,
1, 3- but anedi ol , 2, 3- but anedi ol ,

2- et hYéthﬁheﬁalRﬁ@&ﬂf‘ Qqu%me%yﬁﬁéﬂ)'a!nm% acid, isooctanoic acid, 3 5,5~
butyl -1,3-propanediol, 1,3-diol, (nanely, neopentyl

gl ycol ﬁime %eﬁ‘anbfc'a@fﬁtﬂbﬁlmoao aid, ESﬁHn@Hcﬁgﬁc‘?& risodecanoic acid,
2, 2-di et hyl propane- 1, 3-

2, 2-di @&ﬁﬂécﬂﬁ&@m 'ZJbu%/‘l&'taﬂlm aéid r@ﬁﬁé&éﬁmgamd tetradecanmc acid,
propylpropane |, 3-diol, trimethylolpropang (TMP),

pent aefe¥idetdnbR! ac:ddlheﬁ}%ﬁécaﬁ&é/ L3, 'oEﬁheca@d?glacgd) Q‘tyﬂ@ﬂ}ek&fg@anmc écxd

thereof; and the one or nore organlc acl

sel eCt&ﬂa&eﬁ%c aiafc’l 2- Q{e&ggc&e&%(ﬁé éc'?cg 1&@@%#: a%@f ) (ﬁleﬁisrggdsano;c

i sobut anoi ¢ aci d, pentanoic acid, rsopen

hexanojf, @»%{e@lylr%nﬁfe%%hg %xﬂn@cgsaﬁt% Heiq G dg(!}:%ﬁ(n%pcoa{c% 2- |

aci d, heptanoi'c acl I'sohept anol ¢ aci

met hyl aci-d,
d|ne¥ﬁ§M&%§§§%g?§h§%l <%5m§§££§ E%%éxlanoic aci d,

2,4,4-trimethyl -pentanoi c acid, LsooctanoiC'acid,
- 3,5,5- trinmethyl hexanoi c acid, nonanoic acid,

| sononanoi ¢, agh .t 3R atg:a?e o1 (%: %%glggrh%ﬁl @lg%‘gg Sv%%r%loni thie one or 'mére |

acid, 2- buty Ioctan0|c S
aci 5:‘b%@%ﬂ%éesg%%%e%ffg%lT‘%Xg:rgl%%%ﬁ%ﬁmgaiééga?p&ﬁ%ﬁﬂsfgpmpmedml
nggaﬁ%%fi Fllg-bﬁiatn%{)l %‘é%ﬁ{% dgtﬁ aﬂ;g#%l af -propanediol, 2~ethyl-2-
3- nEtEM%$ aggggg I?%o? docosanoi c g i a
te:ﬂr) adoCosano A > PPIPERY B‘io b%r% dmﬁﬁ%‘yl 1,3

10. T
comod et R RL P R S P grlet Gioh r A g 1 ewl 2-methyl-2-
'1°'2y811%°a§f Eonrtr £S48, B irare (P obpisesHste ipentacrytircol

% 2t E;t 11{}?\“8’,},3 th‘éraﬂrbfuqn%q%d%{%lﬁypm? organic acids are unsaturated or
but yl 3 [ iol, (namely, neopentyl

gl ycolséIHJ E’H FFZ‘%CW&IOP% gﬁgﬁf%gﬁy%q:f mym? leic acid,

2, 2- m

2, 2-dPh E]%‘S(}F E??ﬂg%gpﬂglc fcxg 18105,11110 agzdnrélpfm acid, caprylic acid, capric acxd
pr opy ane- |, 3-di trimethyl ol propane (TMP),

pent a ?liitn@f“Stl‘Ej? ﬁi‘lﬁé'i“w’ﬁlp FERIC acidnaractidip peidbrlmic acid,
thereﬁ and Hpe one or nore organic acids are

~ unsat JECERS 3519 and spmbingtiows st aci ds sel ect ed from

the group consisting of nyristoleic acid,

11. The lubricating base oil composition of Claim 1, wherein the polyol ester

is a triesterified polyol ester.
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palmtoleic acid, oleic acid, linolenic acid, caproic

acid, caprylic acid, capric acid, lauric acid,
nmyristic acid, palmtic acid, stearic acid, arachidic
acid, behenic acid, lignoceric acid and conbi nations

thereof. 11. The |ubricating base oil conposition of
Claim1l, wherein the polyol ester is a triesterified
pol yol ester. 56 12. The lubricating base oi

conposi ti an. 9 8V f. the precedi ng cl ains,
wher gjpn the Fi s cﬁaeétrug'l%fgsg %Isl, chrg fopg WY PHHE the atepedye aime
oi | i's pre&EReherFropschdsrivnd Inbrivating bagennal i fagent PR b &hd the
i s pPelseptter ispraennin B @inopdMAL . 13. The |ubricating base
oi | conmposition of any one of the preceding clains,
having a _kinematic viscosity fromabout 2 to about
9.3 cSt 3113 Tlebricatiag baphet dombsitionbs ol 3PBe ﬁlecjeding claims, having a
corrpbserxtan@ﬁscez_ﬁty &bt a0 t9£bo£tr§% c@{ eg&&jl ng clai s,
further conprising one or nore il |€at|ng oi |
additiveshfelected fromthe group consisting of
ant i oxi datft dhe higivhting WRAE1 RGEH S ts, rust
i nhi freRlomprigighazi Ng agents 6 de rraildag% ?%?’ﬁ%e DErsHipaclaims,
metal deactivating agents, friction nodifiers, pour
poi RE mawdytaicating ail addibives sstavted droimathe gtosip coisting vRmitisxidants,
package conpati bilisers, corrosion-inhibitors, ashless
di s pEryaHEgents, dgiergents xust énhibifore dehuring ageins, Seraisifying agents,
conbi nations thereof. 15. The | ubricating base oi
conB§¥ dqaptivaghg Gealsnfritdon madifien, ouk poiendtbicesant] SeiHidisg
fromabout 2 to about 9.3 cSt at 100C. 16. The
| ubfgatt Songlisatsepadidge compubilisbro/codlosich-aihiibitds, adhdés Migpedsants,
phosphorous content not exceedi ng about 0.08 w. %
bas8xsorireheptesuel agwes att confbinakienctheg@osi ti on. 17. The
| ubricating oil conposition of Claim14, having a
phosphorous content not exceedi ng about 0.05 wt. %
based on the total weight of the conposition. 18. A
| ubri catldnghb hbscaing beenjiasivpbsittortheTlnigh B, khvi@ Plkih&matic
viscosity of about 2 _

viscosity from about 2 to about 9.3 ¢St at 100°C.

16. The lubricating base oil composition of Claim 14, having a phosphorous

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

| 17. The lubricatihg oil composition of Claim 14, having a phosﬁhorous
gontent not exceeding about 0..05 wt. %, based on the total weigﬁt of the composition.

18. A lubricating base oil composition having a kinematic viscosity of about 2
to about 9.3 ¢St at 100°C and corﬁprising (a) at least one Fischer-Tropsch derived

lubricating base oil characterized as having a boiling range distribution of about 100
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to about 9.3 cSt at 100C and conprising (a) at |east

one Fischer-Tropsch derived |ubricating base oi
characterized as having a boiling range distribution o
of  abylpiPReS) en _.th rLcen

and" o2 bR ¥ e ecRA ] el e B o i e RUEEY pmoa
its egyival: " St on ol yol ester. 19.
The | ugéil‘/%zﬁ:g uév%%gégﬁ)%élg%gggﬁgoﬁwﬁeo?r' C ai m 18,

wherein the Fischer- Tropsch derived |ubricating base

- oil conprises (i) a weight percent of all nolecules

about 0. 30,1 1e LU e Cp ket i BFpgebo iter
vt Ohir Gl 0 SRR ST oot L B R0 Phbcuts

(i Nt percent :

the MBI e PR Bt e faf it o 00 Bipe el berStnt based
Fi scher o, Traopsch .derived lubricating oiJ; and . (iii) .

rati o 8 evt\%ot?]g%et’ghgg{tb%ﬁisc%fqumﬂs‘gt‘iﬂ“ggﬁﬂg‘?ﬁaﬂﬁg oil; (ii) a‘z’elght percent -
nonocygl ratfini.c functignaljty. to i ght percent - )

or o PEA PR e YiBe STPr G b op ity PEE b AR o
reater.than ahout, 15:1. .20. .The.l uybrjcatjng. b oi] .

gonpo%"ie PHRFSR Rapesliom Weléﬂféf gleﬁ:‘scc %‘nglhfleg“"ﬁgﬁ’gé?ﬂmg oil; and

of all...nol ecul es havin t | east, one aromatic function .
Us | o0l TRiRoL¥ g P&C%rg.O?Qlflec'%ﬁ%hq%moeawcw@a%%f@& fgpqtionality

conposithqp of lein1%§, wherein the ratjio of ~weight

per cefft VEET pEcEt ot meleqcs haynggRYHeloppratiniG fupgtionality greater than

functionality to weight percent of nolecul es having
nulti@V@Fthraffinic functionality is greater than

. about 45:1. 22. The | ubricating base oil conposition

of Claim 19, wherein the polyol ester conprises a
reaction product of one or nore polyols with one or
nore or gamlc The {Wyscating basg oilprmppsitian of 4ll4img Spwkeseipthe weight
conposition of Claim 22, wherein the one or nore

pol yoP¥Ecemadialimpaderuies heying leastiare armatn fmedonsis tpadthan dheut 0.05.
two to six hydroxyl

21. The lubricating base oil composition of Claim 19, 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.

22. The lubricating base oil composition of Claim 19, wherein the polyol ester

comprises a reaction product of one or more polyols with one or more organic acids..
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groups and the one or nore organic acids have from4
to about 24 carbon atons, 24. The lubricating base oi.
conposi tion of Caim22, wherein the one or nore

pol yol s ar e3 sehaeh&dudd Qi b godﬂ%)gfﬁ&i Sf;@%in’?ﬁi m%fn the one 01.r

1, 2- propanediol, 1, 3- propanedi ut ane

1, 3- buh@s ﬁ@b&ls hav% ﬁ%n@fo@%gﬁ' 19)carbon atoms and from two to six hydroxyt
2-et hyl -1, 3-propanedi o

2-eth . - di,Ql
e pe% g}l%s glﬁltg% oﬂe’ 03 Zn{%%@%@%}ﬁg%ég«{lshha% 13(’%_1? g?nlb aebr?t(dg%g%%% ’atoms.-

2, 2-di et hyl propane- 1, 3-di ol ,
2, 2-di butyl propane- 1, 3-diol, 2-nethyl-

~2-propyl prep h}brg; ase 51[ ?MF,%P(QQ%O érrlvxlﬁ)the one or

pentaerythrito taery I'Mat 1 ons

* ther eqfac g g (08, 1B bR ER £ 2B edion 4.5

sel ect e group con ng

nexand bagid b S BRICE T Rl 2 -bu%"?%ﬁai A £ popancdio
| C.acCl

aci d, @ria(ﬁ %%opahe glopg%goqgo%neé%, nao;ientyl glycol), 2,2 4-tnmethy1—-

nethyl ohe BIfC TACrd:” oetam

2 Zei‘iﬁ?e“ﬁ?%d“@ SRl BrerRaf ARt il 2 met
| ?sini%ﬁ%ﬂ@%%’?%&‘ i ﬂl@d At P pifaseitaieh o

fetra ﬁ)@%ﬁ% bl oLt et oo s Ao dersaigrids e

Ihexadecan0|c acid,

aci d, q , ca 0|c aC|d 2 e%@¥

nonad&Tana AL §OUB CoRSIsHpE Bifulmatc 2hidi sobatanpic acid, pentanoic acid,
i cosanoi c.acid, I| S aci d,

3ot A PTEREE R T Eoi e Sc0B Juiame aodsylohexanoic acid, heptanoi

t et rada o n0|c acl é@ Hlgsltrlcosanmc acid and
conbi ﬁ%f A gp ?’P?é‘i’a@ megley XF%??céjaPFtﬁ‘ﬁ’l%% d@ilqthyl -hexanoic

conposi alon éﬁﬂ ‘gz wherein the one, or

pol yoP€d Xé‘&fi“‘e%f* Pt wﬂg}-a%ﬂf@wﬁﬂdstww&new acid, 3,5,5-
1,2-pro diol, 1,3- propanediol, 1,2-butanediol,

1, 3- bmrg‘%’ eaimomzacgi B?Raﬁ?iléﬁ?lé’l isononanoic acid, isodecanoic acid,

2-eth I% 3- pr opanedi ol ,
2- et h;{ff’ HRapypeid, %bwleﬁal%%w& tridpcagiogiagid, te(rqr@nve!oy: acid,
neope chol 4-trimethyl 59 1, 3-pent anedi o
2, 2- dF@%ﬂV MBS @eqadggqﬂomamd octadecanoic acid, ethylhexadecanoic acid,
2, 2-di but yl propane--1, 3-di ol , 2-nethyl -
2" pr oBSARRFBRRHRSI% 230givdpctadesanaistapig) S93eneipacié 2(mwiRylicosanoic
pentaerythrltol :

acid, 3-methylnonadecanoic acid, docosanoic acid, tetradocosanow acid, 2-

methyltricosanoic acid and combinations thereof.

25. The lubricating base oil composition of Claim 22, wherein the one or
more polyols are selected from the group consisting of 1,2-propanediol, 1,3-
prqpanediol, 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-
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di pentaerythritol and conbinations thereof; and the
one or nore organic acids are unsaturated or
saturated fatty acids selected fromthe group

i Std_pgobahy s hskol el e acid.. Lt ol ei ¢ aci.d.. |
COnS! A b4 yps 5 PRI RS 25 s 2
oc1 ¢, SBE) SSRGS V) L i

id, {1l i6 acjid i nati th f. 26...
201, RSSO B e e
e o B 8e Tl Sl TEORSENSE Koo AU Leat LR, Bt
5 PSR o B RO b s S S B S

or rmragidl llé.l\?rgi Cﬁ'ﬂ&% oi | .dad it] ve.%l selected fromthe h
gr oup “COnET LAy M HS I RE doRa R €1, Steaif peiyerachidisagidg behenio
det ergent,s, rust .i.nhjbitors, dehazjng agents, )
denul %Flgylilgﬁﬁceélﬁéﬂfi@,&.cq]f‘@:l’%tm @f9lvati ng agents,
friction nodifiers, pour point depressants,
antifoam ng agents, -co-solvents, package
conpati bilj S, .corrosion-jnhibitors, ashless L
- di sper sant%é‘eﬁﬁ)}@g’,ca@&b@%l orpesitionofiCJwn L9, wherein the Fischer- -
conbi patiqns thereof. 28. The lubricating base oil
conpo F‘tprs%‘nd%t?f’ eddpbGaingbase gif jspgesent i Bipien ekt arsghe pelyol ester
not exceedi ng about 0.08 wt. % based on the total
wei ghtS FEFSeRHR 2 RS 88P¥ton. 29. A lubricating base oil
conposition having a kinematic viscosity from about 2
to about 9.3 cSt at 100C and conprising (a) at |east
one Fi scher-Tropsch _derived |ubricating base oil
conpri si ng?’ i jpedubpsstpgtassailcomposionf|Clanyl 1c ukther comprising one
havi ng at 60 | east one aromatic function of |less than
“about 0 brigatingexlgeditipesrselested fom die monptdessistingbfisntioxidants,
wei ght of the Fischer-Tropsch derived lubricating oil;
(i) -aNErayREcnie Aetergents fushinhibitpys| debadingsagunits, emulsifying agents,
cycloparaffinic functionality of greater than about 8,
t he V\E‘F@h@eaaﬁ’épwmbafge@mdiﬁ%&\Relill‘giofnt dépreshants, antifoaming
Fi scher-Tropsch derived lubricating oil; and (iii) a
rat i o?8PiSyiersghventpaackage corfipatibilieers) cesosiantinhibitors, ashless dispersants,
nmonocycl oparaffinic functionality to wei ght

yes, extreme pressure agents and combinations thereof,

28. The lubricat_ing base oil composition of Claim 19, having a phosphorous

content not exceeding about 0.08 wt. %, based on the total weight of the composition.
29. A lubricating base oil composition having a kinematic viscosity from
about 2 to about 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
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percent of nol-ecul es having nulticycloparaffinic

| 6ast one polyol ester. 30, The | ubricating base of
T b T S T
B L e
| PRSP S0k Tl I WG] £ A

o BB UL MBS SR BT sl W -
t he 0&¢ %i@(@ﬁﬁnf@ﬁ%\%@ RS nﬁo:?%%gyp%r%ﬁ?coéﬁgﬁggli%;;?dweight

carbon ato Si

th ' .d f Lt bout 24
car B s OfmBen s WA fon By ke U e el B

of dl.ai : rein gne or nore polyols are
selg%?gﬁhﬁﬁgﬁﬁgﬁgg%?%%%%g%hsisting of 1, 2-propanedi ol

1, 3- propanediol, 1,2-butanediol, 1,3-butanediol,
-2, 3-but anedi ol , 2-ethyl -1, 3- pr opanedi ol ,
r opanedi ol.

- 2-ethyl -2- L -l 3- . 1,3-diql, ly, .
“Eaopont 7T g bR B magion or St i bR ek
g, %éeg%%h%é}lgéog%gﬁg :th{l% %‘:cg{p%lratiﬁnlipe@ﬁviopality for the Fischer-Tropsch
2- -1, 3-diol, trinethylol TWP),

er it B RRRr b S Bt fapRPRPSL and combi nat | ons

thereof; and the one or nore organic acids are

sel ected fromthe group consisting of butanoic acid,
isoputqﬁohgl cid,]fenﬁanoic_acid . 1 sopentanoj c acid,
hexanoi'c" & BAePy SRRt Sliti2® € Clatpfle by e polyol ester
aci d, heptanoi.c acid, isoheptanoic acid,

et HPPESE PoHESaHeduch of ene op moERsXolsawithjone or more organic acids.
di met hyl - hexanoi ¢ aci d, 2-ethyl hexanoi c acid,
2,4,4-trinmethyl -pentanoic acid, isooctanoic acid,

3,5, 5- hgiﬁﬁtthhexanoiC_acid,_nonano[c acid,

i sononanti thedebrratingbage el pesnrosition gf Clajm 3 Lrvefwesimthe one or
acid, 2-butyl octanoic acid, tridecanoic acid,

t et‘?"éﬁ%‘gﬁﬂﬁ%‘/ e der to ahaytdsedhapitoms eadifror dpe tobciamloixy!

aci d, octadecanoi c acid, 2-ethyi hexadecanoic acid,
groups and the one or more organic acids have from 4 to about 24 carbon atoms.

33. The lubricating base oil composition of Claim 31, wherein the one or
more polyols are selected from thf_: 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-propa1_16diol, 1,3-diol, (namely, neopentyl glycol), 2,2,4-trimethyl-
1,3-pentanediol, 2,2-diethylpropane-1,3-diol, 2,2—dibutylpropane-l,3—diol, 2—methyl- "

2-propylpropane-1,3-diol, trimethylolpropane (TMP), pentaerythritol,
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nonadecanoi c ‘aci d, 2-net hyl oct adecanoi ¢ aci d,

i cosanoi ¢ acid, 2-nethylicosanoic acid,

3-met hyl nonadecanoi ¢ aci d, docosanoic acid,

tetradgcosangi c .acjd, 2-° | tricosanoic acid an

conbi rARgIERE Tl R gombstions ﬂléyrﬁfg ng1he Qg OF wafewagféw&ﬂds are
conp03|}|on of Claim3 1, wherein the one or

pol yol Selegted fromthe grovp copgsting ﬁébﬁ?wc@oﬁg#"anpﬁ@c@fpmmw acid,
1, 2- propanedi.ol , 1, 3- propanediol, 1,2-butanedial, :
1, 3- bdﬁ%@@i‘%‘f aclcbhgméqu Ee &reéhlylbutanom acid, cyclohexanoic acid, heptancnc :
2-ethyl -1, 3- propanedi ol

2. et hquIdZISB]?PPVF’OIi aeid, ﬁeétpréqyé]@p@e}anozg_ agd,d)pf@pom Q%ﬁlgp%;hyl -hexanoic
neopentyl glycol), 4-trimethyl - 1, 3-pentanediol,

2, 2-di 8@{(],&1 W@ﬁ)ﬁlﬁ@m 101@, 2} tb[tnmethylupentano:c acid, isooctanoic acid, 3,5,5-
2, 2-di but ropane-1, 3-di ol ,  2-nethyl-

2-pr oﬁVFﬁé‘ﬁg‘é’W@Oli acid.glopnoictacidpisernppistiqrcis isadecpnpigacid,
pentaerythritol, dipentaerythritol and conbinations

t her edﬁounéf??@(thw@“b Adugylocispeie agd JHfteancitdcyh tefpdecanoic acid,
unsaturated or saturated fatty acids selected fromthe
group }@éﬁF%WCr‘i@lddTePWPmlm@{ ectadrsndic g5k, Aicthylhexadecanoic acid,
acid, oleic acid, linolenic acid, caproic acid,

capr ylnogadgeqngic aélép}mthylaeta@bcanmcact icqeAndic aw;i,rz-mﬁhnhcosanom
acid, palmtic acid, stearic acid, arachidic acid,
beheniagid, &medlyfﬂon@!nmelp iagid adoicobaneicl acid tdtiadecobannis acid, 2-
thereof. 35. The lubricating base oil conposition of

d ai mm@ghylihesandipadihadomblietions Treoéch derived

| ubricating base oil is present in a major anount and

the polyol ester is present in a mnor anount. 36.

The lubricating base oil conposition of O aim 29,

further conprising one or nore |ubricating oi

- additives selected fromthe group consisting of
anti oxi dants, anti-wear agents, detergents, rust

I nhi bitors, dehazing agents, denulsifying agents,

metal deactivating agents, friction nodifiers, pour

poi nt depressants, antifoam ng agents, co-solvents,
package conpati bilisers, corrosion-inhibitors, ashless

di spersants, dyes, extrene pressure agents and

conbi nations thereof 37. The l|ubricating base oi
conposition of Caim29, having a phosphorous
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content not exceeding about 0.08 w. % based on the
total weight of the conposition. 63 38. A lubricating
base oil conposition having a kinematic viscosity from

about 2 t 032boH uBkicRtifpihas@bil 3&%&35&90@% 1 ISWH&exgm"ﬁle &He or

| east one Fi scher-Tropsch derived |ubricating base

oi | - COfRE bslyNPakisdle@ed ¥Rl e sREDH SR stiRS oﬂ'% f&gin%ﬁlu §3-

having at | east one aromati ¢ function of

b f i
about RepdRedidll 1,2-bAaNBicgNL3 ﬂjiﬁlﬁ@i@f 28t buﬁtlnledlolgg ?]Uig;?-ﬁré)ggnedlol,

havi ng nonocycl oparaffins of greater than

(111) RetRirafy- 1Beﬁr8§,i%clhelf 1§'d|ﬁol ffﬁéméi;ﬂtn@cga @ﬂyi Q?rcé)l), 2.2 4-t{imethy1-

mul ti cycloparaffins of |ess an ab

percents. Pea]ga%gdﬂnz bhg rgﬂyhe-@f ctuhez 7 'dﬁ)ﬁ%ﬁ:ﬁ'op-gﬁé) P3 9{'01 %—methyl—

deri ved ricating o

832_6%23%91’%%‘9@3%E%tr‘h&a““.{%nmﬁ%a% COFPTRRHAREL es
h .aVI n gil]s‘é{ﬁglgﬁllﬁEO?E%jed}h%IJéHPI%tmGQGO?l BI.IIE %lefO%E O} mmie 01’%11110 acids are

Fi scher-Tro ubrlcatlng base

great %satttngtgd @bs%ﬂ;ate% tgtgr a%\gl)ﬂ% sele&ed i? ) jthC %%olugl rggs?gg of‘ myristoleic - '

COITpOSI tron o erern

C on‘pr 'aﬁﬁspa?n*toq@}g Ec!u? r(')le? ac‘i’d’I ?III%}EIIIC %2 caoﬁr{ ic Fﬁg ]&rg)zf(f ;hcéd , capric

nore or

b ] f CI

base o PSS e
f t d dth '
O st PR3 87,  phe o7 o

42. The | ubricating base oil conposition of Caim40,
wherein the one or nore polyols are selected fromthe .
group consjst.i fanedlol pr opanedi ol

t.1,n
1, 2-but ane theq‘i atﬂﬁfbﬁ%e‘ﬂ qgppositiog! %Q%ﬁé&; Bherem the Fischer-
2-eth ol _ .
2- et hs)/ﬂ“’ lbqfrf'ly? aﬁ%‘ﬁﬁ%@aiscwesefi inza gpigY amqueh#ng) the polyol ester

neopent , 2,2, 4-trimethyl 64 1, 3-pentanedi ol
P G § B 2B o1

2,2-d|butylpropane 1, 3-diol, 2-nethyl-
- 2-propyl propane-1, 3-diol, trinethylolpropane (TMP),
' pentaerytrgé

t'l%e Tubricating base oil composition of Claim 29, further compnsmg one
or more Iubricating oil additives selected from the group consisting of antioxidants,
anti-wear agents, detergents, rust inhibitors, dehazing agents, demulsifying agents,
metal deactivating agents, friction modifiers, pour point depressants, antifoaming
agents, co-solvents, pgckage compatibilisers, corrosion-inhibitors, ashless dispersants,

dyes, extreme pressure agents and combinations thereof,

37. The lubricating base oil composition of Claim 29, having a phosphorous

content not exceeding about 0.08 wt. %, based on the total weight of the composition.
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di pentaerythritol and conbi nations thereof; -and the
one or nore.organic acids are selected fromthe group
consi sting:of butanoic acid, isobutanoic acid,

pent anoi ¢ acid, isopentanoic acid, hexanoic acid,

2-et hyl but anoi ¢ acid, cyclohexanoic acid, heptanoic

aci d, isohgptg rﬁa 'b?se dﬁoh‘%hﬁtx& &G&é@ﬂﬂfc&aﬁﬂi%sﬁy from

oct anoi ¢ aci d, hexa

2- et hyelbbﬁ)ﬁqg %o‘ﬁt 9? §§t’ gt g@(ﬂ’C‘l’ln& 5(%1‘% E}é )Eag%?ﬁgsé Bl% dwc%gll 'flropsch

i sooct anoi ¢ aci d,

nonan ?gﬁv@q{l&caﬁ@?ﬂ%@ﬂ&%@lr%g% Q}]% lv%%a %%%191] ocfa@ ﬁmﬂ:hulcs havmg at

I-soundecanol ¢ acl ecanol

aci d, C}Erﬁ{ SRAGHAROL c}.ﬁic@o‘%}oqésss E‘Sl)l( at()jo%‘f‘@ 9(? (lc) a welght percent of all

hept adecanoi ¢ acl

aci d, y(ﬁéclares dn%gnaorc], oclop&ra‘ffins of ngtigra %I’(Lﬁ, { é: g dﬂ% a weight

2- neth ol C oS &

2- et rce ?gﬁ]%lofef:ul S w%iolgg’lg%i q%raﬁo ggisatﬂan a%m?t% 5d gaid weight

docos noi'c acl

T SRR B3t P TR ARl

mherelam() ollyeE { nore polyols are selected fromthe
group ESHEFEPYRFSSF 1, 2- propanediol, 1,3- propanedi ol

"1, 2-butanedi ol, 1,3-butanediol, 2, 3-butanediol,

2-ethyI-I 3- pr opanedi ol ,

2- et hyl - 3- anedi ol ; .
neopent yl gsryﬁ?}l lﬁj‘bm??nfob%set T‘ Cr?g}pﬁypon @ Céa"ﬁ’eargt ‘éfh‘é?ﬂ‘ 6@6 weight
e i 0

g g g:Pg{ﬁ? |0B?lg%al§@ﬂ?s hgvigg gcio@raﬁ@th@pctlonahty for the Fischer-Tropsch

2-pro ne: | diaol, trinethylol propane (TMP),

pent ag% ?‘ﬁ?’ﬁ?t‘“gha?ep?é'ﬁf Erentok than abgpt %\‘gd conbi nat i ons
thereof, and the one or nore organic acids are

unsaturated or saturated fatty acids selected fromthe
group consjstin nyristoleic acid, palmtoleic

acid, ol eid a@eg“chﬁtf%lbé?ﬁ il compesitiqegf | Cdaim 38 wherein the polyol ester
capryllc acid, capric acid, lauric acid, nyristic

aci d, “parmct ¢ *t'?a%ﬂf’i”@m@fté‘& PPecOfal&f%iPOIﬁ?lﬁtYﬁh Eiecor apgrelorganic acids.
behenlc acid, lignoceric acid and conbi nations
t hereof 65 44. The l|ubricating base oil conposition of

C ai m 40, wherein the Fischer- Tropsch derived
| ubri cat i nfy- b ubsicting baggrodlempositipnepf g inr40 awdruein therage or

‘the polyol este

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.

42. The lubricating base oil composition of Claim 40, 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-
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is present in a ninor effective anount. 45. The
- lubricating base oil conposition of Caim40, further
conprising one or nore lubricating oil additives

52"

e BRSSP S, et

dehazi t | sifyi L
deact PO R e ol Ry ST PP PR

d t | .0ani ng.. ts, co-solvents, package
comparp Pyt Pl sndGBPh S Rittied i e s SRR orHE S8 e

di sper

t . t and N
B
b e L PR B
O b B o A S T s

conpri Si rati.ng.the engine.with the lubricatin

base 8F1ﬁ=n%%tﬁéﬁﬁ§ﬁa{%%1%f2=4’4dﬂ§1erh>fkpena@9w/scwe{svmn?ls acid, 3,5,5-
inproan% tFe fyel .econony aof .an internal, conbustion '
engi n &g Pf‘ﬁ ?Xg?%‘ga%dp EPTRPPIR @c‘tiﬂ%m@FPd‘P’rﬁ’é‘c% Befepangic acid,

| ubricatipg base oil conposition of Cdaim19, 66 49.

A net ﬁ%?anﬂpﬂaffmwﬁ&do%rb%om@lq 35l triseemginpold tetiperaoisapig)
conbusti on engi ne conprisin% oper ati ng ;he,e%gine S
wi t h BREedpRs add, hprjadssansicsrid, eckadserapiciasid, Hethihexadsopupic acid,
50. A nmethod for inproving the fuel econony of an B

i nt er AgtedeEReH 3t Srmethyleftadscansiseidsicoigneip edidiZ-mefhilisesanoic
engine with the |ubricating base oil conposition of

a ai mtas. 3-wmythylnonadecanoic acid, docosanoic acid, tetradocosanoic acid, 2-

methyltricosanoic acid and combinations thereof. .

43. The lubricating base oil composition of Claim 40, 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-¢thyl-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

. 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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44. The lubricating base oil composition of Claim 40, wherein the Fischer-
- Tropsch derived lubricating base oil is present in é major amount and the polyol este;

is present in a minor effective amount.

45. The lubricating base oil composition of Claim 40, further comprising one
or more Iubricating oil additives selected from the group ¢onsisting of antioxidants,
anti-wear agents, detergents, rust inhibitors, dehazing agents, dcmulsifying agenfs,
metal deactivating agents, friction modifiers, poﬁr point depressants, anﬁfoaming
agents, co-solvents, package compatibilisers, corrosioﬁ-inhibitors, ashless dispelfsants,

dyes, exireme pressure agents and combinations thereof,

46. The lubricating base oil composition of Claim 40, having a phosphorous

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

47. A method for improving the fuel economy of an internal combustion
engine comprising operating the engine with the ]ubﬁcating base o0il composition of

Claim 1.
48. A method for improving the fiel economy of an internal combustion

engine comprising operating the engine with the lubricating base oil composition of

Claim 19.
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49. A method for improving the fuel economy of an internal combustion
‘engine comprising operating the engine with the lubricating base oil composition of

Claim 29.
50. A method for improving the fuel economy of an internal _combusﬁén

engine comprising operating the engine with the lubricating base oil composition of -

Claim 38.
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