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i1 WO 2006/096304 PCT/US2006/005721 POLYALPHAOLEFIN &
FISCHER-TROPSCH DERIVED LUBRICANT BASE OiE LUBRICANT
BLENDS The present invention is directed to blended lubricants and
erdeefinighed lubricants 5 comprising a Fischer-Tropsch déritR06/005721
lubricant base oil and at least one polyalphaolefin lubricant base oil and
processes for making the same. The blended finished lubricants require
surprisingly less anti-wear additives to achieve acceptable wear
’ o Fi ot b i
Pg%%ﬁ%tg&%r%?ﬁoﬁf%?e%{t onerR gﬁg%ﬁgggﬁn (PAOi?eﬁlil?bricant bgsag%?%i%m
BACKGROUND OF THE Wﬂ%ﬁ SN BighipePormance automotive and
industrial lubricants are in demand. Accordingly, lubricant manufacturers
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control, and lubricity. A growing Source of these high quality lubricant base
SUTPEF BB Rtk ret AR 1 @@E&ﬁ@?%ﬁ%\ﬁ%ﬂ&ﬂ?f?@ﬁ@?ﬁéﬂ?&é@qmd for
Fishbrigebgscl fepseh derivad hubyichnhhhsebeits:andaylelyaiphaolehiniaclefin (PAO)
lmb_m.tPol}/g\I;é)ttj(zglﬁ)lefins are synthetic lubricant base oils produced by a chemical
%npo?ymer'ization process. However, these lubricant base oils are
expensive to produce. In the search for high performance lubricants,

attention has recenjlyoeem fpougeeprrEigaheraanssh derived
lubricants, Although Fischer-Tropsch derived lubricant base oils are
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Iubridmpm%itieﬁ@u_rﬂmagasuiﬁmiﬂaéﬁﬁiﬁmldéubﬁmﬁdh@gﬁﬂﬁdHighrimf@srg&mralIy
prop EQ—R@QOtr%%ﬁl}cg‘%ﬁé%%l?{&é’ﬁ@@E&%@%{I‘ﬁ‘aﬁ&&ﬂ %ﬁlﬁ’acﬁi}&%%%%%% higher

_performance. Although it is well known in the art to improve these =~
qualiiydperipgaiis cridPaerd ks Mdomithe dsearagintithe 2naisaifatiednde
additAkesGRPETR! MYPensive 2Rtk thuscgan significantly increase the cost of

the lubricant base qil, In addition,.engine manufacturers worldwide are,
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lubripetaubaibds bisheveds theltitkdSechienitsapilt provide! thbrisafit margilisfdr
poly-ARBIALGR. ObafleEaImanLAANdWRIR 1D AIIWEY Additves Afign. cantain

significant amounts of both sulfur and phosphorus. Therefore, it is

POlyRIdRABRPIG S o R i e BRie MO IRID I GFE SE PO g groduce. In the
searchifaragiRpstiosnwitbolibt@nts, attention has recently been focused on Fischer-Tropsch

derived lubricants. Although Fischer-Tropsch derived lubricant base oils are desirable for their
biodegradability and low amounts of undesirable impurities such as sulfur, the Fischer-Tropsch
derived lubricants generally do not exhibit desirable wear performance, jubricity, and deposit
performance. Although it is well known in the art to improve these performance characteristios
through the use of additives, these additives are generally expensive and thus, can significantly
increase the cost of the lubricant base oil. In addition, engine manufacturers worldwide are
considering low sulfur and phosphorus limits on engine oils and additives because it is believed
that these limyits will provide the safe margins for operation of aftertreatment hardware,
Antiwear additives often contain significant amounts of both sulfur and phosphorus. Therefore,

it is desirable to produce lubricant base oils with high performance characteristics without the
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-1 significant use of expensive additives, or with reduced amounts of
-additives that contain sulfur and phosphorus. It is well known in the art to
produce synthetic lubricants and there have been many developmental
attempts at producing synthetic lubricants with high performance
characteristics. By way of example, U.S. Pat. No. 6,008,164; U.S. Pat No.
6,080,301; U.S. Pat. No. 6,165,949; WO 00/14188; WO 02/064710 A2,
WO 021064711 Al; WO 02/070629 Al; and WO 021070636 Al are

. . directed.to synthetic, Jubricant compositions and é&%ds for producing the
Sigm ﬁc?é%?%a%n%%é%??‘é%ﬁ%@f%?@ Gyl gé 5@8%@? %%Egcﬁmﬁé%“
and phogplrisocracked base stocks and polyalphaolefins. "The Influence of

f&ﬁewan:ﬁh&wﬁm{@@ﬁ&é{ﬁgﬁ%@ﬁﬁ%&f@%ﬂ@%&mSe

of Hydrocracked Base, | ) olefins,’ . J. Gatto at dl.,
developseafal piisrpts b Arodising emthatis ipbrieana wytbigh archesesee melerisios.
By waylufas(oskeKES. bacNost068ct6alTICS) pm&.%@bs‘ognﬂymmrmmpsﬁéﬁ@@;

{l . nf .aqgitl se. In stu
w0 00 e 0 S BT S R R o Wi e
Al are dipgried ot romibisd weriwat srmesitipntheiit rhelthisints, pheheiantixishaiceing
base stolfds Synthetic lubricants comprising Fischer-Tropsch derived lubricant base
ils tg%;see hipit high performance including improved friction and wear

ﬁ’Sﬁ s ﬂ%aﬁ@aﬁmﬁme? it RasoTtaRldRaves to

polyalplaziitdue. tHEhbigihpaciosiCinedcd StOtuddtin th/BYFHIRihasbess
e he ble ubricant base oils and hlended finishe

Ao R B e e e B . g o,
J. Synthsqg bﬁb}iwymb?raohmié’-,()@mﬁﬂ), B odisdidnetitre affectveziydropeciied base
stock cHHEPEMIRBSRIPU R AE AR AL AddMES o b ARRE hat Gt SR ant

..__provided a prqocess for making a blended lubricant base oil ‘comprising:
Bt PR o A IS P Y ASEERSR, B g mabRUEiMeIsdse e

anatyzedomprising > 6 weight % molecules with monocycloparaffinic functionality
. veight weight % lecules with aromatic functionality; .
e TSR e SO0 B o s
lubricangy terprieng Jtediey BropsdiCigiued dviriornphbens &1 88t exidvis degthperfofifance
includingSHiRBveChidiSN aHIGHER RbiRANOMeTE R THRP mﬂ&{&%ﬁf%biz@éﬁ%%ms

oil.and Et&l%gltgfast one polyalphaolefin lubricant base oil. -

of addinkt)r%ss ?o achieve performsnce,

SUMMARY OF THE INVENTION
It has been discovered that the biended Iubricant base oils and blended finished lubricants

disclosed herein, comprising Fischer-Tropsch ubricant base oils and polyalphaolefins,
exhibit improved friction and wear properties with reduced amounts of anti-wear additives.

In a first aspect, there is provided a process for making a blended lubricant base oil
comprising: (a) synthesizing at least one Fischer-Tropsch derived lubricant base oil comprising > 6
weight % molecules with monocycloparaffinic functionality and less than 0.05 weight weight %
molecules with aromatic functionality; (b) providing at least one polyalphaolefin lubricant base oil
with a kinematic 'viscosity at 100°C greater than about 30 .cSt and less than 150 cSt; and (¢)
blending the at least one Fischer-Tropsch derived iubricant base oil and the at least one

polyalphaolefin lubricant base oil.



In a second aspect, there is provided a process for making a blended
finished lubricant comprising: (a) performing a Fischer-Tropsch synthesis
to provide a product stream; (b) isolating from the product stream a
substantially paraffinic wax feed; (c) hydroisomerizing the substantially
paraffinic wax feed using a shape selective intermediate pore size
molecular sieve comprising a noble metal hydrogenation component
under conditions of about 600F to 750F (316C to 399), (d) isolating an
isomerized oil; (e) hydrofinishing the isomerized oil to provide a
Fischer-Tropsch derived lubricant base oil comprising ? 6 weight % '
molecules with monocycloparaffinic functionality and less than 0.05
WetgHt A RAELUBE Wit PR RRSE R FRAIiR i GorovintRg Aninsedidrigant
comprispgly@lpiraidtefing aifighat-Tasecbifimiviag & kinendatcpvigoasityah; 10D Golating
from thIPFRRERE Rm30s fekARMISS AN 20 636, 3pey &&‘8{%@}[}% Ege%la%%%&auy

one Fischer-Tropsch derived lubricant base oll, the at least

paraffinig o HIREOISIE PR ESSLE SNt aRe e atRie (N Al EoT e sasptiieg 2
noble mmihwmmmvmpmﬂniéeadoldm bfisthed $umﬂ:amsmfmzttﬁr¢ to 399,
(d) isola?ﬁ@_edﬁtisg?\?é'ﬁzéﬁ disqloseRBMEAGES $HO ﬁﬂﬂ%@&%'&%ﬁb&@}%&ﬂ@hﬂ%@m

ubricant at a first site and at a second site remote from the first site,

derived bricalt BASEH LIPSt RURACHTEY aftHEdrsiskevathemarasyeloparaftinic
. functiorklgg hed-Ese pischidEriveighiutricairtasevall eemiatisifg@ionaieighy Yoviding at

east nPRBRIER MR RDAR XA ANANG LiRSUANBIY, QNG eae R0 0-0naelalh

% molecules_with aromatic functionality; (b) receivin

cSt and lgs (et B fekr B A8EOUNAREES Sbleac R TEHTBTEIRST thdvAfdBitearahite
oil, the {t)ebtemdimglthiptaigche tubropsdhdeanileddubridantibasacail with laiseastant-
' wear ad@i%@eRQB&%@é@%‘?éH&é&'ﬁ%ﬁEﬁ Rase.pil having a kinematic viscosity at 100C

reater than about 30 and less than 150 and an effective amount of at
|Exdt e wsewisat iadistlowdp PPAHD DESORIPTION @I fiEshed lubricant
at a filNVGRNTHO M Finishad lvhricanticamnrise alrleas0n Whsicanthasesnil: @
at least.one. additive. Lubricant.base qils are the most important, |
e e e R RSP e oo
weight &f prdennlishisiehitisrieastepTistrelinativredintsd dgs bliansbebimeight % molecules
with M&H?%Wﬂ@&&nﬁ?%&b???ﬁéﬂfﬁg&%&$i§@@§%§§i&ﬂ§e@% iﬁgﬂ%&?&as% oil at the
ications. Finished lubricants. must meet the specifications for their
e e e e S e
oil with gt {ps} PEUBIYIEREIcPTTENISRUBS!GOERY Ing/k Fisohetic Mopsith aléfivistgreater

‘than ablibBiCant RaseHil i adsase sikterieshat deaskiRRALHOMAr additive.
Fischer-Tropsch process. The blended lubricants according to the present

invention comprise at least one Fischer-Tropsch derived lubricant base oil
comprising > 6 weight % molecules with

DETAILED DESCRIPTION OF THE INVENTION
Finished Iubricants comprise at Jeast one lubricant base oil and at least one additive,
Lubricant base oils are the most important component of finished lubﬁcénzs, generally
comprising greater than 70% of the finished lubricants. Finished Jubricants may be used in
automobiles, diesel engines, axles, transmissions, and industrial applications, Finished lubricants

must meet the specifications for their intended epplication as defined by the concerned governing
organization. | -
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monocycloparaffmic functionality and less than 0.05 weight % molecules
with aromatic 5 functionality, and at least one polyalphaolefin lubricant
base.oil ing a kinematic viscosity greater than about 30 ¢

tﬁﬂ% 2&@%&& 100C. The blended finished lubricants of the %%ggég#ﬁ%GSTZI
invention comprise at least one Fischer-Tropsch derived lubricant base oil
comprising 6 weight % molecules with monocycloparaffinic functionality

and less than 0.05 weight % molecules with aromatic functionality; at
leasForepbiypphdoiefid llbriearitdasi ioi hasérngl ded Gelimdrasitio patt from a

FischUSERSIY3HIQAC-BeptardatrRout §&&§ﬁ%n9 !ﬁﬁﬁrﬁg@& AR ERh ALAR ot

effective amount of at least one antiwear additive, The b'Ienq)ed finished
least pitsvicsiiee-drpre b essre IbsS Rose P SRISXRAEREGHAMRIsHb Y Zpfdearkes with
mon@iEhediesinReferabiy)ithadd endedd vhidcashasenilccamprisesrontiic
eight percent Eischer-Tropsc ived lubricant, base oil. In general, th
i e R S e

greaighibisriding HERichdrlarchaeh dadvedl ibticanbbblsadsd irisbedthenicmis of the

presd?ﬁ%jkiéﬁﬁcjﬁ‘ c@ﬁiﬁ@é%@lé&é@ Gﬁ@?ﬁs@%ﬁ@f@iﬂﬂ @&%MQQE&@%lt B%EQJE WHkprising >
6 Weg}%ré;ant base oil or a polyalphaglefin lubricant base oil. According to the

& RSO RSP iT1948 WE A HBTY hatbt A ipth e Ry el 7
moldeds ani-wearntadifitiveisiequireskfonapbhishdddidhindabt comiprsisigtaving a
e ok derived.lubri e rising. 2.6 . weight % :
Ko i e T e
amoufyeed At e hivte efiss witHBismmAtie biendet Sy biehréraatoetiilze present invention
exhifiobyalphaclefipdehrisaniaaseiliRavingia ine matitHacOsity a0
‘ feats%@“&g; %Pog% 3(% Stian_ less tl;ian 1(22 Vf;t th@ﬁ in a finished
wm‘%%??can ESIERSSE A "B Sheroprsh e SR AR b Rt base oil in the
abvegwerdf hpdizatplaoiefin hilsrtantbaséiwik ndetot dinglyidhethimbricant
com&lﬁfﬂg%@i@&é@?%ﬁé@ﬁ'8@9&%&%9?%&%%%?&"&i”i‘é%‘é‘%ﬁa&ﬁ%ﬂ%ﬁﬁﬁefa%%‘ﬁﬁi&(ed
.25 anti-wear additive is needed. Thus, the blended lubricants of the '
lubriggl CORPRRBA AGATEAA IR BEEPTE TARECATS 5 456 Aty ehpmhe e i dehdsant
base fiflishegbidhicanis preeting heimoshainegenimasiany 8aging-ithat
. _.specifications. An effective. amount of at least gne anti-wear additive..
s P e B A e BB st
Troppdigevieee iplaiveninbrise HIRRRES D PRIy dinkeritonobyedes30teast 1,000

mondBIGISNSFEARALGEININEEAL valims below the.RIREa D e absange of
the additive. Preferably the effective amount of at least one anti-wear
g

SENS e ANSHREST oL RS SR BB baY e F AR DIte et Py ot
100° Grtiewteathailitivie3thcdin caddidy enpatkage Oningividuailydnded:ta tbeprising a
FissRIERABCLBIATLRARS, 01,10 prOYIde alinisned, LAEAN I AT base o
Frequency Reciprocating Rig 04 ) wear volume

Accordingly, in the blended finished lubricants of the present invention, a reduced amount of
anti-wear additive is needed. Thus, the blended tubricants of the present invention can be used to
make high quelity engine oils and other finished lubricants meeting the most stringent modern
engine o1l specifications,

An effective amount of at least one anti-wear additive means the amount of anti-wear
additive that reduces the wear volume below the plane in the HFRR test of this inveniion by at

least 1,000 microns® compared to the wear volume below the plane in the absence of the

additive. Preferably the effective amount of at least one anfi-wear additive means the amount of
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below the plane with 1000 g applied load of less than 460,000 microns3,

preferably less than 350,000 microns3. According to the present

invention, preferably an effective amount of at least 5 one anti-wear

G ETYo1 t0 5 weight % of the blended finished lubricalt HRgo06/005721

effective amount of anti-wear additive in the blended finished lubricants of

the present invention is less than the effective amount of anti-wear

additive required in a lubricant comprising a Fischer- Tropsch derived
anti-fuilarigaifiaase iR dpecpigie ad Rempesidaniab tisirvesliamidhsase oil

absence. of a polyalphaolefin lubricant base ail having a.ki ic
o A R O M g SR L e voome
belovT i plfferiivid HABErIPpEahivadodicasititivesih (e iendediinfstét less than
350,JobrigaBte’olhisnyeRIieR jRdese thrnile GERCING AMeNBL AL ANHWERE at teast

additive req_uwed ina lubricant comprising po%yalphaoleﬂn lubricant base
one agli-wegiRg Ainmis HABL viscuErhior grardionAsh i dnpectHnd hesfentire
amoubbOfeB-at-100id: it dthe thbsendeldlitie:Fistheinly opseip ey ihsie attbss
man ARSBQOT NS RICIARLINNENIOR 2 MBI SIPREA LcaN ShecliEations

lude | B [ that inciidéed

Include limits on wear. Examples of specifications tha £ limits

Tropssh deezedieriamt passsihyith baprEfgirborasedtagdiids BYeetivg Sithe absence
of a PRGEM2002: Rrapeen QibSeauensemial.Gasplingy Light DutyRiesek @ and

e t iesel Engines; ASTM D4950.Grease Categories; ,
e AL BB e G S Se GO B lndid rihed

lubrigeitorsIgs i utomisticst thmstissioerFtuin Gpeafiivations s 20 diendeid o
lubriduiGARISARY NG IRIGBAR fﬂ%ﬁ&%‘?ﬂb%%@?ﬂ%@ﬁ%ﬁ%géﬁvﬁ %&Qyﬁ?ﬁ%‘t‘%wer

invention comprise a pola/al haolefin Jubricant base oil with a kine
than %ﬁe&h%%séf*ﬁ?g%ﬁewﬁéﬁ &6%%& H§ESp drerdoencand tesEiwmbar-Tsoebtdsrived
lubricdQO&sThieqpaly phehaslefienkdbricant base oil may be obtained

coppme %ig{rlé/ qrs Cgt %sizce_ af descEibe(il.in.tShubkin, Ronald L. (1993)

PO yarphao RS Byhihetic LUBHRLRES AR HHo R BErbrHEREs of
specifrepions Hat Mieis, aridipidroik 26 Mark k3 PEOORE FOly intiaoBfin S8 ttes ST
and %ﬂﬂ@@'ﬁl\@@@ﬁ'@lgrdﬂ%ﬁ@ﬁpég%:&é@tﬁﬁ@d%r&% &R&’ iS&sel, ande*Iez%VéfoDuty

D].lesel?gflé/alphaolefin base oils with kinematic viscosities greater than abou
C

HREF18E ThRA PG Eer et 1660 shd-stnsrManyan it 4B I ety Fluid
Specifigmbay; efihianufadtivers (ntluaingatChemean Rhillips: BejishRetraleum,
a i, lended lubricant. b qils and the,blended finished
Y e S
mvenHELHERPTS pstdiiveldlinhriuinnbeise ol whnpisingatcerigeigiy Fgreater than
aboulBOleRulemwithmorecyaloparatfinic: fiunctianality; /! SHALY BB MeloNk &

may 19 (-%,cul s with -5 10-200 /096§O4§CT/U5. 006/005721
ay bR ol o S s SR BB hSTE  To A3ht o6

Polyaipbletafies wilhv:thetic Lubricants and High-Performance Functional Fluids, and Pernik,
Mark G. (2002) Polyalphaolefins, STLE Annual Meeting, Houston TX, Synthetic Lubricants
Course. Polyalphaolefin base oils with kinematic viscosities greater than about 30 ¢St and less
than 150 ¢St at 100°C are commercially available from a number of manufacturers, inchuding
Chevron Phiilips, British Petroleum, and ExxonMobil.

The blended lubricant base oils and the blended finished hubricants according to the
present invention comprise a Fischer-Tropsch derived lubricant base oil compl;ising > 6 weight

¥ molecules with morocycloparaffinic functionality, preferably > § weight % molecules with
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monocycloparaffinic functionality. The blended lubricant pase oils and the
blended finished lubricants according to the present invention comprise a
Fischer-Tropsch derived lubricant base oil comprising very low 5 weight
p&feathedPtiflecules with aromatic functionality, a high weigtEEHBPOE0S721
molecules with cycloparaffinic functionality, and a high ratio of weight
percent of molecules containing monocycloparaffinic functionality to
weight percent of molecules containing multicycloparaffinic functionality
monﬂomﬁﬂéﬁﬁiﬁ%%f&%@tﬁfaﬂﬁ@%@%@%@fe@@%!@ lpataifinitolecules with
functionality and very low weight percents of molecules with 10
monqey FRTEAGHEr ARt TR tionality), as described in U.S.S.N. 10/744389,
fil@t e eetabeb23nt206080ild &6 LoV TE48vith 4l édheasmizer B8 2003,

presefl g Bt o o oL R SRAAR T, b a0 2 1A USRI

_ by reference eir entirety. In a preferred embodiment, t ‘
weigh pecaRt Yagesikeandneprisdeactianshse albishicarisibaueerding Te grales with
cyclo@ﬁ@ﬁ@ﬁlé@ﬂ%@@@i@@mriﬁﬁ@ E&ﬁ?hﬁﬂﬁr&g}@%@&_@iﬂf&\i%dwdﬁﬁb&aﬁﬁ?é5 f

Ooll comprjsin welgnt percent of molecules with aromatic unctlonaltyo
mon g R DB TETERY St G L e TGP i
multihmmwmmyicpﬁagcéanehmh(m High Wiﬁa héghﬂai}”mfemé@htiﬂerce nt of
mondRRESHIGRH A MARREACIARRBDG LOGHENAbLICRIABLRE AL o

molecules with multicycloparaffinic functionality, &referab(%greater than

multiggelgpypbiviefuprarsnEd) ahboarheht: he Bidhded bt dhebRsersis i

2003the berded finishe dildneants:20320050ing toSIYRERRM, NYEAlAIMD ecember
23, RIS A Flscher.Tionseh. derbyedlubrican base oil comprising a
" "WElY percenlipo? MolECUIES WIth aromatic ff‘l}ﬁctionality less than 0.01, and
mdrer préferalsyiedsnimile. 088dhebFisuhbrsEropsuld derivethdotivslmd

1ubriBARE RUSGAPRIENG A WG MlacUlas WIth TRAROEYCIARARHIAG base

.. _functionality are prepared from the waxy fractions of the Fischer-Tropsch
oil correiiig B 18)! & BRI Wy drerasin kBt iy RETess than 0.05, a
weightsehentisopsthderivat dubsieanitbastaisnsad of thatbiehderh|ubdaans
ratio %@%Q‘%ﬁ%‘%&é nished Q&%ﬁ S 208 MAs Dy Y 9§§c%%ﬁcﬁ[§? 5 '%Q%t percent of
perrtor [ ing at Ischer- ropsc s_ynt ESIS 10 prowde a progu t stream;
moldggkstirighfromictivo prodiies Swstamadisu bstirmidineysararinie Wakfeaeher
prefdiNar eisouBRIEN e ig-subsiantially RAaiinic WL feeid IHAAUR G B cants
[ omeriﬁgd oil; and optionally hgdr inishing the isomerizlle 30 oil. Fro;g
BCCOTHEM, 1 S CE R BB NP GFER G &V D REIRE BEREEDNEB NG
commwvizigh 9 ciglolpautesolitivlarols eyitioparatiinferiuinatitnaity diad 0eEs thamore
pmfeq.a(g{:y\%%gmg/&%g!ecuIes with -6 WO 2006/096304 PCT/US2006/005721
The Fischer-Tropsch derived lubricant base oils comprising > 6 weight % molecules with
monoecycloparaffinic functionality are prepared from the waxy fractions of the Fischer-Tropsch
syncrude by a process including hydroisomerization. The Fischer-Tropsch derived lubricant
base oils used in the blended lubricants and blended finished lubricants are made by a process
comprising performing a Fischer-Tropsch synthesis to provide a product stream; isolating from
the product stream a substantially paraffinic wax feed; hydroisomerizing the substantially
paraffinic wax feed; isolating an isomerized oil; and optionally hydrofinishing the isomerized
oil. From the process, a Fischer-Tropsch derived lubricant base o1l comprising > 6 weight %

molecules with monocycloparaffinic fonctionality and less than 0.05 weight % molecules with
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aromatic functlonallty is isolated. The above-recited preferred

embodiments of tHe Fischer- Tropsch derived lubricant base oil also may

be isolated from the process. Preferably, the substantially paraffinic wax
fEHY JPRIB omerized using a shape selective intermediatef80r&S 319005721
molecular sieve comprising a noble metal hydrogenation component

under conditions of 5 about 600F to 750F. Preferred processes for making
the Fischer- Tropsch derived lubricant base oils are described in U.S.S.N.

aromatfl Fu%@cﬁ%i ‘?&Rﬁ»&@c{nk}% 450 e R0 AR M MU 87 hellner-

December 23, 2003, herein mcorgeorate éreference in their entirety.
Tropsgh dsFefiveh BTt et HROSPHbRE 119 EE SR Hetmhtesh draEeribrikant
substianél pilsrafididheblentiedfirshetlikioaints campristfischatdrapsaelpore
size m(()el eld ubrlcant base 0|Is ggntaeltnf % high welglht gertcen s of

sS1eve sm% Iﬁ] 1011 CO ]'l ﬁCOndﬂIDT}S of
mo ecu es wit cyc oparaittinic UnCtI ecause cyc oparaftfins impart

aboutr¥itie S61UBil |¥9’€§¢Téﬁéragtéﬁﬁ@rf@bmé%nﬂoﬁthB%ﬁdE@m@h@ﬁﬁteﬁé%@%@
base @eﬁ%k&%ﬂémeﬁnﬂﬁb@s'wfﬂgmtﬁﬁ@mﬂém&%h% DepsehadeRves.

lubricant base oils contammgﬁery high ratias of elght percent of

L0748 Sesd Wit RRShaty B parErRiC RMETYARY TS VRIGHR PSie sy
malecuiBsevistthenuitticycloparaifinicsfuendtid nbbityheosl ng bdwdightnp escenil 0énd

the bIUQIE Hlﬁ%‘éi%érfo&ﬁé%%%ﬁ?&%%ﬁé@ i, Junstignality E%@Qc%{ O&lﬂ-[ WdWitaining

welg tpercento olecules with multicycloparaffinic functi are
high gt esieapitds ardesBermsibcidenmtiHafaegiéoapaiabrpiust %iwa ns
1mpafﬁﬁli&ﬁv@é&ﬁéﬁ%&%ﬁﬂ%o&%y%mﬂﬁl% l@ﬁ&ﬁé@cﬂ%ﬁ@ haos&Re %?ﬁ&lﬁ blended
volatjl |ty odels of.the effec olecu ithm tlcyc oparaffinic X
i A SR A 0 CORTES CoL R e e B P RGayer bieh
raticSifwctighd prcine Fhysicald mpbmwemébﬁa@ Ahtioxidant Résponseigit percent
of mﬁé’ﬁgg@%%ﬁgfﬁoﬁﬂﬁﬁﬁﬂg}g BWQ!%}[@PBEH% Oéhé%%@r?ttg?f molecules with
Lubrication 19-1, April 2002, pp 3-1 S. The blénded lubricants of the
mon?fr\?é@?ﬁf%@ﬁtf&?FEB?ﬁb‘rYé’é“b@fWé’éﬂﬁ@%W&%B&ﬁf%t Wé’@%?m}ﬂes with
multlemTfmpSﬁhamye@)l u&rmd@asﬂ@bmmm&ma@m than 30
multo o %‘ﬁ OI aIEP Q%%%lf%%%%%tzgml blgnggcd fi I?né? Tease
LPB éjanso the' resen |nvent|on compn]s etween T0°and abo C}‘é’@
NOdodvef@hml%fFM@ﬁdﬁW@;ﬂs@l&d@ﬂﬁwmmaﬁﬂb@é@Mclbﬁwé@m Sbyotionadifiglare

givers Weiaht % polyalahaeigfinlubricant-Rasesnilcahd hehwesnQ 00,8883 and
weight % anti-wear additive( %?3 Preferably, the finished lubricant

ANt HBHEES Bt B oAt AR ElgHE P hhtlilAr Alfthtivelsyynibetic

LubrDefimtions, SpHT hettolewig. terms will be used throughout the

;5 d%gg'ﬁ;%%%h gD LolNIng: NESNINGR HIESS, GRS ut 99
weight % Fischer-Tropsch derived lubricant base oil and about 1 to less than 30 weight %
polyalphaolefin [ubricant base oil. The blended finished lubricants of the present invention
comprise between 70 and about 99 weight % Fischer-Tropsch derived lubricant base oil, between
about 1 and 30 weight % polyalphaolefin lubricant base oil, and between 0.001 and 5 weight %
anti-wear additive(s). Preferably, the finished Iubricant comprises between 0.001 and 4 weight
% anti~wear additive(s).

Definitions

The following terms will be used thronghout the specification and will have the following

meanings unless otherwise indicated,
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WO 2006/096304 PCT/US2006/005729 The term "derived from a
Fischer-Tropsch process" or "Fischer-Tropsch derived,” means that the

product, fraction, or feed originates from or is produced at some stasge b
a Fs&P 5 psch process. Aromatic group means any PCT/US2006/005721

hydrocarbonaceous compound or group containing at least 5 one group of
atoms that share an uninterrupted cloud of delocalized electrons, where
the number of delocalized electrons in the group of atoms corresponds to

a SRlan ‘t@f?m%d:m el Fg@l&tmt&(ﬁf&ﬁﬁ” 1}1f %i&ﬁ@-@f@ﬁb%h%)ﬁed,” means
that t%fg%r sen#?tlv.e exa%r%)clles include, but are not limited to, benzene,

T HApH AT e STETRE TR MO e s“%ﬂﬁta?f’d?ﬁéfﬁ%ﬁﬁ(&i}éiﬁ%{h‘%y
Tropstigamasy molecule that is, or contains as one or 10 more substitutents,

2\ AMALE AP HR MR MRS W I ORALBTAG D ORI, A0

molecule that is, or contains as one or more substituents, a monocyclic or

one EEPRRRIF RIS RS0 BE RYBISCENE R it elop2 e clspdipprardiaryghe number
of delgraliptnaychere piiaraiy subsiisie domithones es MeIeipielarinaRet: of
three, substituents. Representative examples include, byt are not limite
o b DT, 1ty T BLE A LU o Lt
benzqgechinfevhaptittralene podthhydiropentalene, (pentadecan-

6-yhgyGlehexanG ot d Qe G IOREXMREIRAURABNSE that is, or contains as one or

decahydro-I-(pentadecan-6-yl)naphthalene, and the like. Molecules with
more SebS Rl B &t AHHIET SBnality mean any molecule that is a monocyclic
saitirfatetthydiocaibpmgrotprofidhisesite sexe anyngotankie s ok amtontains as
1at is. 20 substituted with a single manocyclic saturated
one o e B oS ST o e
cyclogisiBis AR Btidn Al substihedwatrohent morerpretérably omeadhree,
substHiERS;. SUBstiteRtSRenreRaniative, exampies iﬂﬁ]%@o,%ﬁﬁﬁé}'}%,lm%tyl,
1019 cyclo&rogry_l, cyclo uthIJ cyclohexyl, cyclopentyl, cyclohept}/,
oye "%‘r%ﬁré SORREE YT QAOE A& AR TRE IS [0 SR alR g R iaTene, (pentadecan-
6-yDemiitioyeteparatfinicdymctionditytamleandaiy nholeoule thatisadubglh@bthalene,
and (BYicyclic saturated hydroparbon ring group of two or more fgseo! rings,
any molecule that is substituted with one or more fused multicyclic
san st hydbEeRssHeHRg aHoUp SuBF e biyrmsre Fusewhngs et iy
monomelecuigddhnal is/suhstiviegdovitbmese than anemenosycie satliatedie that is
drocarbon fou of three to s in csrbons. The fused multi%}/clic

R SR ke P DPRRRAI OR i 1ee g Thgcecoos.
The capbippafafiini groupnbaypiiougtioniysosulibtitated witke,gnefanriiores to
three PIEIQIRRINO %ﬁ%é@ﬁ%@%&%@@%ﬁﬁ%ﬁ%@ﬁtﬂw ﬁrﬁm&zl@?clégropyl,
cyclobutyl, cyclohexyl, cyclopentyl, cycloheptyl, (pentadecan-6-yl)cyclohexane, and the like.

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 monocychic saturated
hydrocarbon group of three to seven ring carbons. The fused muiticyclic saturated hydrocarbon
ring group preferably is of two fused rings. The cycloparaffinic group may be optionally

substituted with one or more, preferably one to three, substituents. Representative examples
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~l| WO 2006/096304 PCT/US2006/005721 include, but are not limited to,

decahydronaphthalene, octahydropentalene, 3,7,10-

tricyclohex Igentadecane, decahydro-1-(pentadecan-6-yl)naphthalene,

an g 8% g?’ 4‘Compression ignition internal combustion engir\)gémf‘ﬁéﬂgﬁ{mm
diesel engines. "Internal Combustion Engine" is an engine, such as an
automotive gasoline piston engine 5 or a diesel, in which fuel is burned
within the engine proper rather than in an external furnace, as in a steam

inclué) Ginerd e Senétaginektanidaemnaitindgas engtiesstiase] 8yrgines, and

tricydls Se?;r:\'/ﬁ‘ﬁ%n%%%é%%% LBy ARy e Wp-SlIC n%g%%{f%g{a HOKE Mﬂﬁggade
interrtal combustion engine crankcase oil™is a Tubricant meeting the
spédifiratesing SRE IR0 Jompool cRie R PR dEif swEiipe oil
aceRichng ¢o-dnelisf t viseasityisrades o { ablehRRiow simmarzes Bigine
classification. Table I: APl Engine Oil Classification SAE, Maximum

or & GRS RA A A RS FRIHT AR PORRIERPL B0 [y extermal fumace, as

in a slow-Shear- Rate koyinShedrdatedrighn:ShearesGliack chginperatugescline

engin-gs.e.r%@;%%%%gbléit@%m%&& KSingatigRate Cranking Pumping Viscosity at
Viscosity at Viscosity Viscosity, cP Viscosity with 100C, cSt 100C, cSt at

150 padginiaan] SirdestivpeEiohfraprats &35 ¢ Bboooidarcgne Be -
speciBYNHGRQP 94 F30CHE0RL0 (L -3BKe 18 chitdls 4RO all 226 EPA Rl 30E
ook d - 15W- %poggg]t -20C 60000 %Eé%sc" 6= - 20W- 9500 at -15C 60000
VISR B 6 22 S5 W T3 GT AT RO C B 00B0 A YC 9.3 - W-20--5.6 9.3
2.6 W-30 - - 9.3 12.59®i8 IOWIAgine DIBC18:@RBI0BW-40, 10W-40

——%5\/\1 40- 12-5-16-3-3F
SAE Maximum Maximum Minimum Maximum Minimn
Viscosity Low Low Low-Shear-Rate | Low-Shear-Rate High-Shear-
Grade Temperature Temperature Kinematic Kinematic Rate
Cranking Pumping Viscosity at Viscosity at Viscosity
Viscosity, cP | Viscosity with 100°C, cSt 160°C, ¢St at 150°C, ¢P
No Yield Siress, '
cP
OW-_ 1 6200 at -35°C | 60000 at -40°C 3.8 - -
SW-__ | 6600 at -30°C | 60000 at -35°C 3.8 - -
YOW-_ | 7000 at-25°C | 60000 at -30°C 4.1 - -
iI5W- 1 7000 at -20°C | 60000 at -25°C 3.6 -
20W-_ 1 9500 at -15°C | 60000 at -20°C 5.6 - -
25W- [ 13000 at-10°C 1 60000 at -15°C 9.3 - -
_W-20 - . 5.6 9.3 2.6
W30 - - 93 12.5 2.5
OW-40, - - 12,5 16.3 2.9
SW-40,
10W-40
15W-40, - - 12.5 16.3 3.7
20W-40,
25W-40
_ W-50 - - 16.3 21.9 377
W60 - - 21.9 26.1 3.7
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20W-40, 25W-40. W-50 - - 16.3 21.9 3.7 W-60 21.9 26:1 3.7 -9 WO
2006/096304 PCT/US2006/005721 An engine oil havmg a viscosity grade
of OW has a maximum low temperature cranking viscosity of 6,200 cP at
W09 1P4%8thum low temperature pumping viscosity with nopﬁngSQPé’§§572‘
of 60,000 eP at -40C, and a minimum low-shear-rate kinematic viscosity

of 3.8 ¢St at 100C. An engine oil having a viscosity grade of 5W has a
maximum low temperature cranking 5 viscosity of 6,600 cP at -30C, a

An e@ﬁéimyéem%@mmy%aﬂmwﬂw @emﬁéehtﬁmsmfng

visco t %@%@O % 353C nd a mlnlmlgwlow -shear-rate klne‘rpatlc wscq?g fa
iscosyTy I 200 PG e B REEB h G P TR BE Ry TR ke B PO ey

stressmBs0tncow i Peratunsircranking vbeosityedfit o eR@sHITCI & cSt at
100"@‘%{@}{&}.@8{&’1 ‘iﬁ@]ﬁ{f E%E%sﬁy @QH&%&!W%‘%%%&’ 8@ é&ﬁﬁé&ﬂ?e cranking

60,000 cP at -30C, and a minimum low-shear-rate kinematic viscosity of

viscosity ok, 4% &P POOT" At BIGTETBITTAIAFE AASE BETRP Beatie o oVifieg veld
stressTBARINO0:oxY Imrpaﬁatur@nﬁf@ﬂklngvvsﬁe@&ayeqﬁﬂe&@@oa?smsr@w 3® ¢St at

o mum low. erature [ ity with no Id stress o
100 g P e A e P R e W ape ey SRR B
crankig @smamm@msﬁngm@mmm contbuptiohengimestermsessity with no

yield 9RSQI600GScL80° YR il INANIUSIRAL COMBHSHAR SRAIRGy of 4.1 oSt
consists of valves and a camshaft. Current Y}%/(i}there are two types of

at 10Q&sigts Teas mil ey BB b RGBS &hgin @ e Y45 1a cuanmy i doariyTe
crankmgivmmiya:‘f 7Lbdoe:mamsmft dsriecates lﬁvthﬁrﬁp’&tlaﬁl@& jneaﬁugwﬁﬁagtp &vigh no

d sign. l-f the haft is | cated in the en
T e T DT o
at 109fGir valves mounted above the cyllnders in the 20 cyllnder head. It is the

Ioe@}im QhifecAmshatbMhich OperRIas Mg yalueindhabgistinguishes the
gf?{ ns, A dual over ?ﬂgﬁam (DOHC) engine_ has two camshafts on
%f&r e GRa' & ARSI ST RERE AR G tHe
Carreytltberﬂnme peratypdhel éxfigustsedluegic " bowrsbifa mt;e&eﬁoﬁuhé'ma&mem of the
valve§HHH 8&@1&‘3@ of 4P 29, AR sqo%é%f’ak?%{ 1‘6’@&%1%@& 1%%5%2@'9& Y I0G LS,

method specified in ASTM D26 ow-sulfur gasolines" have

over i@ﬁﬁ&ﬁ@&ﬁ%ﬁtgi%&%@%ﬁ@@t@miﬁwn G BEs Heekpibn st Bricdsd en
overtease Nils @nbhlendeddinished dubsicanmtaastardRg e e PEGSRNrs in the

cylinder head, It is the location of the camshaft, which operates the valves, that distinguishes the
two designs, A dual overhead cam (DOHC) engine has two camshafts on each cylinder head;
one camshaft operates the intake valves, while the other one operates the exhaust valves.

“Low-sulfur diesel fuel” has a sulfur content of up to about 0.05% by weight as
determined by the test method specified in ASTM D2622-87.

“Low-sulfur gasolines” have sulfur contents below about 300 ppm, or 0.03%.

‘The blended lubricant base oils and blended finished lubricants according to the present
invention exhibit desirable properties in addition to exceptional friction and wear properties,
including high viscosity indexes, low Noack volatility, excellent oxidation stability, and low

pour points. Further benefits obtained by the use of the finished lubricants of the present

- 10 -
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invention exhibit deswable properties in addition to exceptional friction and
wear properties, lncludlng high viscosity indexes, low Noack volatility,
excellent oxidation stability, and low 30 pour points. Further benefits :
cbteinecppithe use of the finished lubricants of the present -201IV¥£006/005721
2006/096304 PCT/US2006/005721 invention include improved fuel
economy, reduced wear of components of engines, longer oil change
intervals, Iess Waste oil for disposal, and reduced high temperature

deposits, O fIS ?Iht Tests Oxidation stability was eterml
mvenmo 1110 udel ePé’ﬁ ft S éga?(l) Ns %xu%ga? En&er oil
Ghang@ammts,@sme@teeﬂ Mmseﬂ, todetdreainbigxiayerestats Id9p9$1the
Fischer-Tropsch derived lubricant base oils, which do not contain any

additives. A convenient way to measure the stability of lubricant base oils
Oxygq8 A1 S™ST the Oxidator BN Test, as described by Stangeland et al.
Inﬂiz&tfd&tﬁﬁlﬁlﬁt@ Mfelﬂ&&@lﬁﬁh@tﬁ#cﬁhﬁaﬁhmﬁamsﬁj ©1Qator BN and
re b r e.0 en absorptio
Oxidator
e R T
Fischeﬁa’meh ﬁgﬂ@?fb}vﬁmt\b@w 28s, p*ég@z@, nmgmtmm@éltmswhmmem

way faﬁee@aﬁe&&m@é@h%@fueﬁaen%xeem!@@dﬁe&@orﬁﬁa s RIgorepetiad i
s to absorb 1000 ml_of 02 by 1%)5‘9%9?01‘ oil, In the Oxidator BN test, 0.8

d@SC%ﬁ%ﬁY&é@&%ﬁéﬂé o hEr1 68t 8t ahip SRdalaRiGY ftrsgergs the

resistinctudediiutie oyl nEhes @&tan@hwj@aoﬁygamreb&ﬁ@umm See R. W,
Dornfd EHSP&L%? DRIBENS, EQ&QFM %még lyple-mel %%ht%g) gf;szg
st cran f

simulate € average met analysIs 0 case dil. The

1936 eremsily- the %%t%fag%ﬁmpmg@we?w@@pﬁﬁ%%‘%n’ﬁlm}fe%éts are

reporRRM hb@2d:2RAA0BROM of Wangareset AP0RAME Okim 3588 RRM.IhE of
gdltlve pack e is 80 &Ilm Ies g& zinc
|

Catal%;lslﬁbl en RS RAGHARS, BRSSPt BEr 266 e dibiegyl: The catalyst

isa m&pr@mﬁnawic ttgreapislen 2001 A 2606. Then@xidatosBNlestetal

nephEARULES geterpanse ot lbricARAsE AN A SDUIRIad. RN ER AR i
he c%g{l@‘%%lﬂalues or long times to absorb one liter of oxygen, |nd|cate%ﬂcl?

ot Sk, TR RAT PR GRS TS BRER tHe iR

Manghetdd hmaheve d-hosss phar the sprasentdovention) tagioxrdatarBN
bisp e D O R e A0 PR o
OLOBIéﬁ@e@ﬂﬁ@hé@duﬁmm@ewhmkwmadylwnﬁalh@d@ntéﬂsmmh@mSlmulated

apph@sg%'vﬁt gﬂ.‘@afa&d@t%n% R Lo Aratalystit L ok 5 lesinmeRs g()'&gomdatlon

resistance to oxidation means of a Dornte-t pe oxygen abSOI’ptIOI‘l
stabilify s dratidopeti it Berh e&f&a‘t%‘ﬁ SrimrtBi e thihfstharapdovs. For the

presengiresingHe iendigtyBMohkl28wilage @6ater than about 30 hours, preferably greater
than about 40 hours,

Oxidator B was used to determine oxygen stability of the blended finished lubricants,
which already contained an antioxidant additive. The Oxidator B with L-4 Catalyst Test is a test
measuring resistance to oxidation by means of a Dornte-type oxygen absorption apparatus (R.W.
Dornte “Oxidation of White Oils,” Industrial and Engineering Chemistry, Vol. 28, page 26,
1936}. Normally, the conditions are one atmosphere of pure oxygen at 340°F, reporting the
hours to absorption of 1000 ml of O; by 100 g of vil. In the Oxidator B with L-4 Catalyst test,

0.8 ml of catalyst is used per 100 grams of oil. The catalyst is a mixture of soluble metal

-11 -
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1936). Normally, the conditions are one atmosphere of pure oxygen at

340F, reporting’ ‘the 30 hours to absorption of 1000 mi‘of 02 by 100 g of oil.

In the Oxidator B with L-4 Catalyst test, 0.8 ml of catalyst is used per 100
gramsoefgikod he catalyst is a mixture of soluble metal -11 W@cT/uszo06/665721
2006/096304 PUT/US2006/005721 naphthenates in kerosene. The

mixture of 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 p
naphtfmplasidesosonso DHRTIITHE %f%%l‘ﬂﬁmetwp%%ﬂm BIRHRHE t&ed‘ﬁ?é?%tmetal
analyfiesf meﬂauﬁ&ﬂa&fb%seeb&ﬁﬂammadﬂu bsiahnt i a ﬁjﬁuﬁatﬂrb@er = 6,927

icati es Ilt f

pom R B 2008, ave
OXIdw@@t@ighbm@?ﬁéié%a“@éf ABOEHTS W&}@pqnﬁ@@?aﬁimsiﬁé b&mxﬁmwwmd
applidartbivalugvitibe grerter thag t@@@&&ﬂ@rﬁ%@-&fbﬁy@@ﬂ qﬁﬁicafﬂ'@g&llaaﬁtabiﬁty.

n tio e res lts mu reater than ours.
Genepy DAL Bt SR ] LSS TN Prebert b ot
Prefeanl@xiddderdBa il ICatedist weisbd Greesultiehgheatdilthan 2 2Mho i ded
fl‘ﬁSh%H%'fEﬁHQE? Reeferabl greasr ihan 30 Ao, HERRINE 1655 Wea vy, the

tests were conducted on | ml oil samples using a High Frequency

blendebfiivadiRg c iy ?ﬁﬂhmwm@g’ﬁ%ﬂwéﬁ@%@gsoagn‘gtéké @%@iyst test

resulfod08 GO CHameiemthtqueardfihatdeneshhalls(orade 24 per
ANSI B3.12, having a Rockwell hardness "C" scale number of 58- 66, in
accordance with the Test Method ASTM E 18, and a surface finish of less

HERB&pe0 BBIsmicrons RA); on polished SAE-AISI E-52100 10 mm flat disks,

h
EW"&Q t@s%é'ﬁ]é?é%m& gt épsaﬁﬁﬁﬁgﬁg{g?mﬁzgﬂo tu@fﬁ‘f{%@ﬁ}ﬂoﬁanng

a Rockwell hardness "C" scale number o

Rig @HB‘M’%@%B%&HM B YSE 0735 T Ay o
hardeBeSBﬂ.ﬂKXﬁi Al 2 04f e il IBY. Wlthaalﬁm&aioﬁjﬁmﬁiﬁﬂrﬁ@ﬂgﬂsﬁm&fnber of 58-

66, m ac Q% hg‘egsr %othe c%l%et%gd %’SJ‘?MJ “gz(}) a%uzr z?ée nbs %?fgsrsm ’0 05

50%. The test conditions were as ollos: fl-equency
ey %&B@),O@@g%l girgkeNErmgth fintal Qﬁﬂ@ t@?ﬁﬁé‘?éi@ﬁf& h@@@ #éfatw Bﬂarﬁmﬁﬁ/"ﬁv

30", GreRiRahan. 30 Sheanchigatros; a&@&%@@mﬂm&%«; Thedes! inArnadifed 1o,
ersion, of that described in. AS 079. 25 Because of the extreme
e B & RIS et Eah T SR A L8 TSP the T Erag 00 is 2

ferrowedppetiriagpintbdisks thedom of Qddtmm 16 hefnigpheedab siear
siticdtR8Ks ORISR thweanpe ég{@aﬂa%%mé?e Q@h%&g &fsleﬁfe LD /20 Hz;

amount of material removed from the disks, and not t alls D|

appligd lopdd HH048 sretreith drerm Suis %@fﬁ@{re 120°C, relative hum;dlty greater than

30 %, and test duration 200 minutes. The test is a modified version of that described in ASTM D
6079.

Because of the extreme hardness differences between the balls and disks, most of the
material wear occurred on the disks in the form of a 1 mm long hemispherical wear track.
Consequently, anti-wear performances were based solely on the amount of material removed
fom the disks, and not the balls. Disk wear volume measyrements were made after first
removing fine wear debris from the surface of the disk with a cotton swab immersed in hexane
and then profiling a 1/24 mm .x 1.64 mm rectangular area of the surface in the vicinity of the

wear scar with a MicroXAM-100 3DSurface Profiler (ADE Phase Shift). A distinction was

- 12 -
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removing fine weal debris from the surface of the disk; -with a cotton swab
immersed in hexane 30 and then profiling a 1/24 mm x 1.64 mm

rectangular area of the surface in the vicinity of the wear sear with a

WerPRENEHd0 3DSurface Profiler (ADE Phase Shift). A distiREHGrriiag#0s721
-12 WO 2006/096304 PCT/US20061005721 made between the volume

of material removed by adhesion (lubricant released wear) from that
displaced by abrasion (plowing) by first leveling the disk's surface profile

madeRR8RLORLINEIHRE J?Hﬂé%@ﬁa'mé%@batﬁ%ﬂ%ﬁ%%ﬁ&j%%t\é@@és%&@&eﬁ? RS @at
MicroXAM's s ftwa,re leveli then subtractin olume of

n tine, an
displegrethy BRER A éog%g)e ﬁg 18?1‘?%‘8% 15,08 BSOS %”r? arihe Joid
regionoinmetexdrdingpitaiohdheplamewithtsMiace fddhesifte)art e dikRidutine,

and YE AR %Eef%mlﬁ'a %f"x%@a@%fi‘&%jﬁé%%@gg‘t%i)ﬁ@é’ Jhe.p '%5‘5 & l_fB'ﬂ?aswe)
ere reporte

surface and the HFRR net wear scar Volumes

from theaurd/silime %@Wﬁq@mﬁ@ RREHIE RRsNdeedhesTsrimire HERR wear

voluri@speative oiilnveulie BrieHIng: Emwm@&@ﬂ@ﬂm&sw@fm@wm igear
techni ue iS es at ron AIII ants

sear e B e e S TR e

'Volumﬁ,thf@mpesém mmvem@m@xhtrb"Imvpﬂﬁﬁ@wemwomﬁsr@mv\bmlptaquue is

emmwet&ltmog@ﬁﬂ%d lagch@flgsssthen &9@@%{1}3&5%@%{1@%&&@9&@%@

less than or equal to about 170,000 microns3, even more preferably less
thaiEE8 D oke AT br I bserte Ob R mETe i vesaing fadibiham HARRopesr volume
belovmierplas3with additignpihedinishett dsdticants Of)ﬂlﬁlcﬁﬁﬁﬁae RidMaBTEb]y less
exhibi ear Volume less than 1 referabl
e L D e L o B R R Yo
cven mjerareSiaihtives Lubrldérﬂowyt-‘somnémmtmsc@m@msbadﬁdawmwé tteof

presciignteiRiangsye fawral RduwdundanaravitynMany ddbrcRRESeRilSbTy less

finished lubricants made from them, and the correct gperation of 20
than %%%qgmécﬁ?rﬁeﬁgﬁa?mfﬂﬁ@g(ﬂﬁ%%‘ﬁ%@ VIXLBERPBY the fluid being used.
Kinematic viscosity is determined by ASTM D 445-01. The results are
Ok efrﬁggrgcegl,rlgneggntlstokes (cSt). The blended finished lubricants of the
present invention have a kinematic viscosity of between about 2,0 eSt

arinsBtie Y5estals FopEsVesin) hurssiwos aflempindiidrmdesgravity.
Manyﬂldm%tlBﬁ@aﬂﬂmﬂ%ﬁfﬁﬁk@iﬂ@%@@é%w}@@ change m&heo&smm%@

viscosity o the oi uids chan e Visc S| temper becoming
o AL KO Ot D1 WL 0000 BFAACETE R ol iy
detertaind®hey i M@ﬁdé@lsﬁdmtyswmre mpetadure:dighokss (dstgats: atended
finisAGHG L WNLIUELISIAIME M GRASTATY YISRASIN. i {GAHISE Mé@ﬁ%out 2.0 oSt

varying temperatures. VI may be determined as described in ASTM D
and about 200¢St at 100°C.

Viscosity Index (VT) is an empirical, unitless number indicating the effect of temperature
change on the kinematic viscosity of the oil. Liquids change viscosity with temperature,
becoming less viscous when heated; the higher the VI of an oil, the lower its tendency to change
viscosity with temperature. High V1 Tubricants are needed wherever relatively constant viscosity
is required at widely varying temperatures. VI may be determined as described in ASTM D
2270-93. Preferably, the blended finished lubricants of the present invention have a viscosity
index of greater than 140, more preferably greater than 1635, '-

- 13 .



10

i5

20

25

30

2270-93. Preferab.[.ﬁl, the blended finished lubricants ofth)e present
invention have a viscosity 30 index of greater than 140, more preferably

ALeELRR,165. -13 WO 2006/096304 PCT/US2006/00572 ~Rakkin@ist21
is a measurement of the temperature at which a sample of lubricant base

oil will begin to flow under carefully controlled conditions. Pour point may
be determined as described in ASTM D 5950-02. The results are reported
in degrees Celsius. Many commercial lubricant base oils have

spisifieitibing forepoampeint, kv enblubiesrt Weish pirwelblkriseat wse oil
will tRPIS. AbRYuRlseAguliel RNy e RINREBOA 1o ol BRI BlE PFAREATISS,

such as low cloud point, low cold filter plugging point, and low. )
doser g AR R VISETER) 5P BT T Bt Py commercil
lubriceanbpie mierttary g@diepous foiptpapdis éXpradsedeas adempehaterbwatpour
- ihssa%elootgzuirt i '§eto Velop
roi o o A e ke
pointeleznple NAS PP srd qoEER otk enitis 2y tHel pd goiat 1s
meas@bneP R EHRGIWE ¥ Whinis JastivkpR ibe Rk ighpatectkabh2oREh o

0 Hg (2.67 kPa;.26.7 mbar) bel t heric in a; ibl
S ARG Se o i i sbpesthele o e el
Cloud\@TivmBE80G sdnmoercbgofivernientlenafidd foscaleddating Noacic volatility

angeone WS, CoAIALas, RN AT MDBR0RP A0 HBE TR whn
the 0irawmetrlc analyzer test (TGA&%/ ASTM D6375. 15 TGA Noack volatility

i aedethit R4S B S diRfe <6 GIMEFRRE St Ribign & test
crucivRlatiibppianginewit.astoeasuies b+ b Noaakand sicianmethouss
DssdiRADseR found o, &%Eﬁ%ha{c‘?rwéﬁhu%lhﬁo. RO PP ENIeE B oryelates

engines. §ﬁ‘ICF requirements r1or low vglaﬁﬁfy are important aspects C?fr
well wethekSllddeie nghve il spisificatioénsucheag yor sxarhiid) MCEN -136375.

TGAMN &3 EHraRe AN aAG BR-gdnNathAnesica-Breterablynitier

. blended finished 20 lubricants of the present invention have a Noack
volaR)gtatlity G 1ess thaiPts WG Y. ettiaeraTiking SifiittoPadisaretitod 10
correliscogiyh(CESWiSpisiaiestusedto.measurentberediseametticopiopesieslity
are i%é%{ icanL hase, Qlls yinder low temperature and.high shear. GESXIA cra -

ay _aiso%e referred to as ow temper tqre cranf(mg VISéOSIty. e tQSt
3 andithisditerde feftine: (CESAISNeriR STirp: 5 Fodnsh st thedderdadodriahare
lubriRSiWEeRs Praffh i3RGH BRESHES AIS:FRRAIEE 2 NaeNHROISRetiit 4CS VIS
ha(sé(§$en fg,und,to‘rlﬁagrrelate with,low_tegaé% %e, enrgiqe cﬁr$nking. ;
SPEXiCHIGIE FOP A HRH T OE PREs detined T8 St fVBERGHE®
viscopilg iy 8AE 1300 |ubevise dase diineZo0byHighpdrenpenat iehHighrSREa VIS
may HN6 BASERFILY (HEHS) MGASURS Al SEeSisIANe8 IO Wethod to determine

CCS VIS is ASTM D 5293-02, at a set temperature between -5 and -35°C. Resulis are reported
in centipoise, ¢P. CCS VIS has been found to correlate with low temperature engine cranking.
Specifications for maximum CCS VIS are defined for automotive engine oils by SAE J300,
reviged in June 2001.

High Temperature High Shear rate viscosity (HTHS) measures a fluid's resistance to flow
under conditions resembling highly-loaded journal bearings in fired internal combustion engines,

typically 1 million s™ at 150°C. HTHS is a belter indication of how an engine bperates at high

temperature with a given lubricant than kinematic low shear rate viscosities at 1060°C. HTHS
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under conditions.rgsembling highly-loaded journal bearings in fired

internal combustion engines, 30 typically 1 million s -l at 150C. HTHS is a
b%%er i)nc/:lication of how an engine operates at high temperature with a

glven2 qh%??ggﬂﬁt than kinematic low shear rate viscosities at 100CT EFFg105721
-14 WO 2006/096304 PCT/US2006/005721 directly correlates to the oil

film thickness in a bearing. SAE J300 June '01 contains the current
specifications for HTHS measured by ASTM D 4683, ASTM D 4741, or

direciySchiela: B8 Ihdbin ERO tRigkscarmbetifl AR ¢lalehite thedneshamsfrrent

’ ity and is. 2| RV i
srec s By A 5 R S D L AT T e
puMipidtpiAscY sityrsieniddBipreldeolrigeraks harive efatwonabiisy fedtardow

 shearASEMplRIsRIA Ratedi{obave-a spasifiedihemalisionsuhichinsiigdesas

. warming, slow cooling, . and soaking cycles. MRV measures an apparent
OW TR RS ERHIER T BF el tHaBPER FOSHB R Valt A OStES S pStatifiar
sampddridpndingpumipingafeikeié @rdibter. boyevaickitalnddseasitingceloentiyling,

and LEHNEIRE.60P00 ﬁ&%%%ﬁagﬁ%%éﬁ&% 4001, Jili&%if?,i Lmay be,subj ﬁ;\éﬁ%om

pumpability 10 failure by a mechanism called "flow limited" behavior. Ar
valuegimhoptes\yrofictit! aiiigie Lieradiarad s Prabder nfsbaraUn WigEoSRyPEEY,
curreB(hQQEER af 680CHWItNOANEId @iNRSSs 250S tathoshyals aumeasyemPability
., apparent yviscosit der shearr of Ito 50 s-1,. TEQST MHT is a test
i BRI LR Ot SR (o) YORa B AR EHBE
requigigimbavils otilizingrthsdbemd @xidatdrnedditevoth sinutadiometestThis methed
aiso KREIST AR O Alal ok Iemparety g conditions, The test

method is designed to predict the high temperature deposit forming

tenteHERY b e gifrst Sipaf tiEmBIsIas SPEToRrRAsife PR HAERGE BEIt
antotBad 8l @ BOME YinkRE S Mbl bxtaut fiecHine BiTHSlS3tshbenubstestnder

units already in_the field.for ASTM D 6335, with, retrofit hardware and
o g s R SR A s
tepgEH SitsP PO Teasing tindrestboiistetincatibwing fornienirigiof@0rtike piston-ring

belt Sd@HANMIERPSH, PrEERSSNVAY MILE WAURd:ALPESHONOMS.G RN AR in
flow gver the heated rod, and 3) collection of volatilized material

oil € AT | :
the SRS W BB QSO iR B M GO HSE S0 Ferngiogry
hardwraxidifiirespe eificatigniaef dpovignptatal depositsdndthesrelvasiengifte viikving of
the SRR GRIEIPROIRL A AMENYE AR AOREIINTS ORI NG 30D Y e

that give iImpr ve'd Ig temperature ) eposit control In t |s_test are ) )
heaf@k@éi?ée 10 (iR ekteiiba i rensTin D rapahinddspaiirasiectigrduring
the (HAPIOVOSTOISIONHIRY SIEARIALSSIADSRMANAING: HiR(AQeh BRI QY8R newest engine
oil Séwggcgtaé%er e[fqirmaince. A Tlurbocharc?erg@ §ﬂ{%€%§?¢§rive ump that

S IR FRSERY iHEaRECR P R G ¥, SSsTHANGS the L o ERARISerd & Ve

imprhigdér ghéematmosplerisipressul éstiiesinceaageded to provide exiended oil drain
capability, less abrasive wear, improved piston ring cleanliness, longer engine life, and improved
turbocharger performance. A turbocharger is an exhaust driven pump that compresses intake air
and forces it into the combustion chambers at higher than atmospheric pressures. The increased
air pressure allows more fuel to be burned and results in increased horsepower being produced.

Table I summarizes the TEOST MHT protocol.
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air pressure allowsff}more fuel to be burned and results-.:i*r‘,\), increased
horsepower being produced. Table Il summarizes the TEOST MHT
protocol. 30 -15 WO 2006/096304 PCT/US2006/005721 Table Il: TEOST
I\)N—?I’zf)%?aﬁ%?f’Test time 24 hours Temperature 285C SamplggTi'éSi@W57zl
Flow rate (sample) 0.25 g/min Flow rate (dry air) 12 mL/min Catalyst Fe
+ Pb + Sn The blended finished lubricants according to the present
invention preferably have a TEOST- MHT total deposit weight of less than
or equal to about 45 mg:biEisChEOITORETHRNHBESIS The
Fischer-Tropsch deriv M ] ising> 6 weight %
molecules with monodyefhiEsaffinic fu nd less than 0.05 wt%
molecules with aromaqiﬁdupeiibnality arﬁéi’fﬁde byla Fischer-Tropsch
process followed by h)ﬂggaifgmggizatior 10fthe waxy fractions of 10 the

Fischer-Tropsch syncrijg.g; Tﬁe':(%%%iﬂﬁé} .Qf’ﬁ?fﬂiﬁﬁ mistry, syngas is
converted to liquid hyd W@“ gy L I‘ni Fischer-Tropsch
catalyst under reactivemil--m Pl e and optionally
heavier hydrocarbons S and heabishan 3 sent through a

conventional syngas generator to provide synthesis gas. Generally,

The IWIRLEIRHBS RORLRINS LYRIEH ANA,CRERPR TRRRANIASABE, L2 @Y EOST-
include minor amougts of carbon dioxide and/or water. The presence of

MHTSGHR) AmRpggereh aldgsn Lete Al SpHESHASIIS and arsenic
contaminants in the syngas is undesirable. For this reason and

T thE;p q%gs 'ihﬁ quality of the syngas, it is preferred to remove sulfur and
- oltheFH> conta?r{r;}tllne&r%‘ts from the feed before performing the Fischer-Tropsch

chBrpisirshaviE s do Aerssibibig thbsscolianmnepiiearé Wapktownlggules with
mondPR%EH Qfaﬁﬁﬂiﬁl; @uﬁl@i@&}iﬁ@n&m ltlﬂls];&, 2R Wﬁ@&dﬁiﬁf%&fﬁfﬁf reskiRmality
removing. sulfur jmpurities. s for remqving other contaminants are,
e T R PSR CRT Y RRATTR O ARE VAR PRy B RN B B ngs
the Feyhga$rppioh tomthredeischer-Tropsch reactor to remove carbon dioxide
prﬂpﬁﬁgﬂzg%g}gc@ %@W 53%%99 Qg]cgﬁ%rted to liquid hydrocarbons by contact with

a Fischer-Tropsch catalyst under reactive conditions. Typically, methane and optionally heavier

[a—

hydrocarbons (ethane and heavier) can be sent through a conventional syngas generator {o
provide synthesis gas. Generally, synthesis gas contains hydrogen and carbon monoxide, and
may include minor amounts of carbon dioxide and/or water. The presence of sulfur, nitrogen,
halogen, selenium, phosphorus and arsenic contaminants in the syngas is undesirable. For this
reason and depending on the quality of the syngas, it is preferred to remove sulfur and other
contaminants from the feed before performing the Fischer-Tropsch chemistry. Means for
removing these contaminants are well known to those of skill in the art. For example, ZnO
guardbeds are preferred for removing sulfur impurities. Means for removing other contaminants
are well known to those of skill in the art, It also may be desirable to purify the syngas prior to
the Fischer-Tropsch reactor to remove carbon dioxide produced during the syngas reaction and
any additional sulfur compounds not already removed. This can be accomplished, for example,

by contacting the syngas with a mildly alkaline solution (e.g., aqueous potassimm carbonate) in a

packed columm.,
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any additional sulfus compounds not already removed. This can be
accomplished, for €xample, by contacting the syngas with a mildly

alkaline solution (e.g., aqueous potassium carbonate) in a 25 packed
CHRAMSMEWO 2006/096304 PCT/US2006/005721 Inthe FPCT/US2006/005723
Fischer-Tropsch process, contacting a synthesis gas comprising a mixture

of H2 and CO with a Fischer-Tropsch catalyst under suitable temperature
and pressure reactive conditions forms liquid and gaseous hydrocarbons.

T . L Qrbéﬁt%ﬁ Iy coRAVGIRE Al tempetatiies b
a%ﬁ%@%%%%oﬁg% Eggﬁé:) oreferably TP 550&3%m e Soacy

and GG vty pd3sheI OGRS B0 LRI AP 6 58PS, Félréer%%%&m@a%%
condifista, fiZn i bﬂarcsanamsa)aﬁa{yaf@aﬁmqvememiaﬁmfab@wca@&&&@&&yp1calty
(gl ferabl t f
cond e L RS B oo

228Gy Mesaﬂew@lpwd@c@(bﬁme(ﬁ:’ééﬁém}apg&x@hﬁbes@M%bs@asr{a;z1 bars);
and chaNge $m LIdQieL0PmMih d- ﬂ@o@lﬁ&@/@}iﬂ nHibREHJarel8800r2008 e 8r.

reaction can be conducted in a variety of reactor types, such as fixed bed
EXH%&%?&@E@H%FH@P&&%W&&lacﬁ A EPBRAE R PR PSSR those

of skitled {heactors, or a combination of different type reactors, Such reaction

pr‘?ﬁ? RER AN RATALRAE NEY 5{%‘@1 doeymented, i theditgral i bocwith a

The slurry Fischer-Tropsch process, WhIC Is preferred in the practlce of
majopis imtherition Cwmm%ﬁém%mat &l Wahsrerigpd sesiisties

such fRFHR 5&@%6{&%@@%@1@, %Memaﬁaﬁe @ﬁ@&@mﬁa%@@p{@a&o@@w@&ed bed
§:lrelatlve %}gh p”lol Wetl ffln rocarbons when %sm 2

et AR T e I BB BAS g a R TR S A e

well khydroged dmdreaibbm thehisxitleds bubbled up as a third phase through a
slury Md}wﬁeﬁépft@a%@n@%&@g'%&ﬁmﬁ@%h@feﬁéa@&@@etyﬁ&m,&qsa@m%m

synthesis catalyst dispersed and suspended in a slurry liquid 2
ﬂﬂhzea?ﬁbﬂg?ﬁaeﬁ%ﬁ*&%@m%@aebgré?fﬂﬁ'fétwrfﬂfééwéggﬁbﬁ*wmﬁr%mth6818

reaetilﬁiﬁﬂdﬁﬂdﬁé therenciatagonditipnsndibamole ko of thieib ygtegamtadRaien
u%mgnf% c{)P&?t ciagg ;(tlv(?lﬁhln t Qitroﬁglxqfl cgzgngeﬁg%l c%r%?r?ggggigo 8 %g}g?hﬁg%ogen and
carb(pﬂréf@rrab@ﬁ fropnbabsutoey q@aﬁ@m@ guaugantiduiariyiprbferrentises a particulate

F ibChFiS%ECTl 8@5@1@'&@% @n@b@b&dﬂl?ﬁgﬁg%g@aﬂ%@s@gmlﬂ@Q/slurry Liquid
e P

incorporated herein by reference for all purposes, 25 In_general

compEidng érY@FPc?BE’&’? R SR A RT R CI5(d s mYat PivishetoHHE atdh Bemagion
condokige Shpparte FHie chtadystsérogayialde cohtaimanoable metalqaidmeter SHom

a‘bou’?ag/ & ﬂ%%%tf@ ll!: 1smm%|reec%makga e“é@lﬁmﬁ%ﬂ”%@lﬁ%@%?%her E-'LE) OtR%)C?tgaé%e}!Xls ESJ 5 and
comprise oné or more o

preferably from about 0.7 to about 2.5. A particularly preferred Fischer-Tropsch process is

taught in BEPG609079, also completely incorporated herein by reference for all purposes.

In general, Fischer-Tropsch catalysts contain a Group VHI iransition metal on a metal
oxide support. The catalysts may also contain a noble metal promoter(s) and/or crystalline
molecular sieves, Suitable Fischer-Tropsch catalysts comprise one or more of Fe, Ni, Co, Ru
and Re, with cobalt being preferred. A preferred Fischer-Tropsch catalyst comprises effective
amounis of cobalt and one or more of Re, Ru, Pt, Fe, Ni, Th, Zr, Hf, U, Mg and La on a suitable
inorganic suppert material, preferably one which comprises one or more refractory metal oxides.

In general, the amount of cobalt present in the catalyst is between about 1 and about 50 weight
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TR e
and Re, with cobalt being preferred. A preferred Fischer-Tropsch catalyst
comprises effective amounts of cobalt and one or more of Re, Ru, Pt, Fe,

Ni, Th, Zr, Hf£1 U, Mg and La on a suitable 30 inorganic suppog rgatsezr(i]%llm5721
M&é?%%?&"’a%e which comprises one or more refractory metal oxides ™K

- general, the amount of cobalt present in the catalyst is between about 1
and about 50 weight -17 WO 2006/096304 PCT/US2006/005721 percent
of the total catalyst composition. The catalysts can also contain basic
percepofepran obels sstehpasiFda0 2iHa203y Maah apel cbitin prsinoieds muslviers
asZr02, nqbl tal , Pd, Ry, Rb, Os coinage metals, (Cu,-Ag
such B T S ST ety s LSO R AR FtiPro 0,
k), codpgasareiniateralsantcmdnihsiizansilion metinasih widMmidorrdiRires

Suitaﬁﬁ%ﬁﬁ%r@r%&@?ﬁﬁé@gcﬁi&éEﬁfﬁ%ﬁ@!s@@&?&&@%%ﬂg GRS SOMBYiSR cof,
titania. Useful catalysts and their_ preparation are known and illustrated.in

Prefeqp&supRpriR (5T 48K SES RS TSR RIS BEnifudtrsfiletipysts and their
preparagind imitkng welativ 8ltoicatdlyst st [Botidie. €eahittatalysts areddvdwntio

iluseBFQUIEG GRALGERWIR RIoOPRDITISA AL Al relatively low to moderate, and

the reaction products include a relatively high proportion of low molecular

16 pesrpiRkih s BRpETaRd S vl abaR gewy Bropoaistitiss Highrastbeiry low
to moﬂ?iﬁ@hf@@l@é%kﬁ%ﬁ&ﬁ%m@ﬁ%ﬁ%%ﬁﬁ_%ﬁmd %@&W_lb@c@ﬂ@w(ﬂﬁolecular

relatively high chain growth probabilities, and.the . reaction product
(oI Oy oSBT ORI T (0 B he SRt
Cerlamndbar reldtivielyriigiopndportvid ofehighein big@w@im@@hﬂl(ﬁlﬁﬁaﬁiwaaxwd the
reacti%%ﬁ&%lﬁiﬁcﬁrg I\Q{QHV%WQ ﬂl%}ggﬁﬁﬁl QI" ﬁiﬂ!&'ﬂ{b@%ﬁ{kéng %ﬁkﬁ’@oleﬁns and a

readily obtained and/or prggared. 15 The product from a Fischer-Tropsch
relati iy (e RIGPRERE B BHBMERH TS Sharapredtbes fidphysts are well known
to thokdsgheiiropseh raactinns gederabyninedugd/aliges4eaction product and a

w reaction product. The light reaction praduct (i.e.. the condensat

s B A B e e
produgisdigh vidgle [apstilareattivnr) shagelly irckde G5 abpGacvgenravdtist and a waxy

reactilSHIEAKING AMAURS MR RAULLE30; dbeoNaxwiracionAraducid ., 20

the wax fr; ,ctlong includes h(erocarbqns boiling above about 600F (gl}f%"l
PyAreGaRgT SN tAROERSH AV ardfing) TRl o TiAge ol areely
in thedecfaasing:aniibuivisdownatodGlie uB othiibet Kght t@action peeadiet goduthé.e.,

the wH@YRIAPHE A1 ﬁg@%@%&%@(ggﬁa&eﬁ el

(&g.“%ﬁ%%?%%ﬁ%ﬂ through
comprises greater than 70 weight % normal paraffins, and often greater

heavitpaRiBmiaigRy 6 Horfrat A ferechgnesaetsh froaircomprises
Both pRraginicRimdustawitina &9 sighificanipriepartiamalicohaisandolefingy

roci] SO aces, e Iaht reqctio product may. qomprise as mych as 20
PrOCR gt a/%),yanfiinpeven%(}J igher, a ((:;@1%@ ¢ 3@%@.3?1%{%% FaLgEBIgT than
80 weight % normal paraffins. The light reaction product comprises paraffinic products with a
significant proportion of alcohols and olefins. In some cases, the light reaction product may
comprise as much as 50 weight %, and even higher, alcohols and olefins. It is the waxy reaction
product (i.e., the wax fraction) that is used as a feedstock to the process for providing the
Figcher-Tropsch derived lubricant base oil used in the blended lubricants and blended finished
lubricants of the present tnvention,

The Féécherﬂ'ropsoh derived lubricant base oils comprising > 6 weight % molecules with

monocycloparaffinic functionality and less than 0.05 weight % meolecules with aromatic
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product (i.e., the wax fraction) that is used as a feedstogk to the process

for providing the::Fischer-Tropsch derived lubricant base oil used in the
blended lubricants and blended finished lubricants of the present

inventi 988 he Fischer-Tropsch derived lubricant base oils X ij1emgos721
> 6 weight % molecules with monocycloparaffinic functionality and less

than 0.05 weight % molecules with aromatic -18 WO 20061096304
PCTIUS2006/005721 functionality are prepared from the waxy fractions

funotiﬁfu%jn%{ Eﬁ%%é@@ B%ﬁhtﬁé/ 0% qﬁi&YOﬁB%@ﬁ@%ﬁSéﬂQiﬂ@?Ch sanitcmde by a process

. ydroisomerization. Preferably, the Fischer-Tropsch derived lubricant

inchiipg dvsiigispecriatienn P iridedialiudseibersch Gy Noremthessaals are

madefited Recenharg3i2d03 and . B8 4N,3 40)/F4, 18entiled December 23.s.N.
, herein incorpaQr reference in their entirety. The § .

L A Ao el BaC B P RS

Fischembrieriddd findshibdcdubiricants ofahe phe Sémlinl/itiommaydibéended finished

bricANAcired At e ATHRrAN Kamihe siie, 8] WRIGh: NG SURRAPENS QO hich

the blended lubricant are received and blended. Hydroisomerization 10
the compgmsiats ks Aioisd irvErd artdsrbretathlasietflow properties of the

lubricant base oil by the selective addition of branching into the molecular

H dra%roﬁcg#r%ﬁHXdroisomerization ideally will achieve high conversion levels
0

1 r-Tropsch wax to non-waxy iso-paraffins while at the same
tirdgdiinimgitgtiveieonvedelon npurecitingo Rréderaplycties eohditibrsdarbase

oil byHIERISHMEHABHRA BF the IBseRbIDNERIRBAEGARRl g Aol that theon
ideancon 1er5|0n of Iqﬁe 15 cgmpounds gom? above about 700 F in the wax
HeBH P EEYBR AL BBING LG BB o708 - F I8 WS Oy b8 &tp-paraffins

whileald dut Sh@lwtz% aﬁdﬁﬁ&wg%epnambhy mwehfm glEPW’(%aB]@d 5 nititions for
hydro’?é%??ggégQOW§meD§?cﬁgﬂti %ﬁ@él%é&é%ﬁ%ﬁé&?l%&%%?%%88{}‘%‘18%3% Ysing
a shape selective intermediate pore size molecular sieve.

comppRioRedine AbativrPetaRstE b tsed presemeimnde htdinebripriskont 700
°F is shapssalective-iniesmediate pare Sizamoegua siene @ad 20-0ptianadlyay;,.

catalytically active metal hydrogenation component on a refractory oxide

OB S e N e pOrR LA S (e HETe e s
Selecfé‘fﬁei@tﬁwp@i_ﬁeemgjze Ii_wth_elfaaﬁ'gee .oﬂﬁmmmtzat@noaaﬁ@m wsEfA whien
preseliSPAIQYS d%@%@'&ﬂé&%é&éﬂ@ﬁz&%&ﬁ%@%&&@ st EhHARE &%%%%e

. intermediate pore size molecular sieves used in the practice of the present
OPHORRYE A ASHF BT YA B! Dol OB g ioP AR ISISELIAP Si6 Y OF g support
The preferrecmelaeilpssieves 2bieftherdvantionareretthe joi 48:ANG in the range

variet re. 10-(or. I1-or 12-) ring maolecular sieves haye 10 (or 11 or '
of froffag t%‘q@?f 0n 14 ﬁzu?- ‘ i} the ¢ ‘

T S el MM T SIARS FAE) Brsalatoii T
shapqgplective intermediate pore size molecular sieves used in the practice of the present
invention are generally 1-I3 10-, 11- or 12-ring molecular sieves. The preferred molecular sieves
of the imvention are of the 1-I> 10-ring variety, where 10-(or 11-or 12-) ring molecular sicves
tave 10 (or 11 or 12) tetrahedrally-coordinated atoms (T-atoms) joined by oxygens. In the 1-D
molecular sieve, the 10-ring (or larger) pores are parallel with each other, and do not
interconnect. Note, however, that 1-D 10-ring molecular sieves which meet the broader
definition of the intermediate pore size molecular sieve but include intersecting pores having 8-
membered rings may also be encompassed within the definition of the molecular sieve of the

present invention. The classification of intrazeolite channels as 1-D, 2-D and 3-D is set forth by
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molecular sieve_,‘{me 10-ring (or larger) pores are paral.l,ei with each other,
and do not interconnect. Note, however, that 1-D 10-ring molecular

sieves which meet the broader definition of the intermediate pore size
motelthar &&te but include intersecting pores having 8 30 mgr%@}%zaos/aosm
rings may also be encompassed within the definition of the molecular

sieve of the present invention. The classification of intrazeolite channels

as 1-D, 2-D and 3-D is set forth by -19 WO 2006/096304

R. M. F%ﬁfFéUﬁ%@ﬁi&QSZ%ﬁc&nMT&mﬁﬁdsgn Egiolitas; Bae R@Gr@ﬁs]’Eﬂiblﬂ&iDgsyxs and

C. Naedltge %@Q éi%?“%,ss‘ Y [%uch caassaﬁ]ca 9 % rl}é:%ccoargp 1%3 enhre%f by

eries HHon i€ incorporated i
referersfelasp oarisatparticalatly page 75). Preferred shape selectlve

Inﬁ%&f&%@d@ﬁ%ﬁ@i&é&@%%@Jﬁﬁé&ﬁ&@%@@é&%ﬁgm@y&lf@%@%&zatlon are
based upon aluminum phosphates, such as SAPO-11, SAPO-31, a

hydrosapgZE OB ABPRSEY BT SABERB PPk tﬂ%?é‘?réé%ﬂ% SW@ i and
SAP(beingSmpst preferfad OSiV «3cisrar pardieutal | ywiiebarPed Ishahe; sedettivderred.

SM- 3“&? ! t%&ﬁ%@g&%ﬁ %ﬁf ?e1¥¥ﬁl%ﬂrﬁ9r§n%d&‘c¥%§ﬁﬁ@Eesgk%r%ﬁ?éﬂﬁk sa

wit ato molecular sieves e preparatlon of -3

crystali g usteR B ERaraiten e s Hhs 88 SEHbbenpiagulr BgyeN okhepgpaTaon of
SM-3ahd %L@&@@&&&A@&w@{@a@&%@mslqm;iV@z&@tarmedim%mq 785,

ecular sieves useqd for roisomerizati e zeolites, such as
Also Bk s o e AE SR e 555 Bhdto, o
hydr%omn@tﬁﬁﬂ%dﬂ&mM-@%Sﬁéﬁﬁoféqﬂr@&rmAﬁamré& ZSM-57, 852-32,
offredniermediate Roressize maloswlarsiava s.qharaclgrized by selected

crystallographlc free diameters of the channels, selected créstalllte size

(COrPESSBRIRG TR SIeR St CRANR BRISHRYS SR smerdPnereed
crystdDegitphie @é&%ﬁﬁﬁ@é@mméfﬁﬁﬁﬁm@fi&lﬁﬁeﬁfdﬂ@ta@’k@m%|§o@xfréb@aﬂm@i§%I|ar
VES ar of from b abo 7.1A havin
Selecmg gﬁ%ﬁrrf Icr>%§ti’llogggr%;1elp Gte r%('é me‘3 élfa}é no rgttljlroeg{ﬁjﬁr% §I %negnéa e ot e
chammhmﬁﬂnmmiymr@grﬁpm freibedinngreté frofmetdess Hant®9 Ahdstesmm,

havin ?r?ﬂ‘%lﬁ%ﬁrﬁ@y‘&%@‘dﬁh&%@'&%@m%Jf%o%asﬂéﬁt@rl IS RQL MRk fhan

1 and the minimum crystallographic free 20 diameter is not less than 4.0
orysigliogetrbin f%‘%‘f‘ﬁﬁfé?éf‘éy s RBIMaESRRTIBTARY theanHidiBter is
crystnﬂitgﬁaphe: thendmhaaddhet mmmmtyaiamb@mhmlﬁmﬁiﬁmm frot

dzame%n 15'91%{11(?'5 Othé‘f? Q%ans%he Rt Jb (?ighg 1a)8§@$ t?{%eol r%phlc fres

i anne mo ecular leves are p Int SO
diamptes i SRIOTITPY hEs 6, A W@mg@a@mﬁtﬁﬁﬂlmq%ym d@mﬂ@dhépt Ty pan 4.0

AngMgierand it Slepmc BlaeHiaheRR; %@zﬂ%ﬂ%@kl@ﬂﬁf@@émaﬂe@b&e@[adaxshed
o fhgegs}igﬁgg%%sgﬁ%cu'agﬁgsgeffeﬂ' tomeglE oI5 78 PR e,
W.M. Meier, and D.H. Clson, Elsevier, pp 10-15, which is incorporated herein by reference,

A particularly preferred intermediate pore size molecular sieve, which is useful in the
present process is described, for example, in United States Pat. Nos. 5,135,638 and 5,282,958,
the contents of which are hereby incorporated by reference in their entivety. In United States Pat.
No. 5,282,958, such an intermediate pore Siée molecular sieve has a crystallite size of no more
than about 0.5 microns and pores with a minimum diameter of at least about 4.8 A and with a
iﬂaximum diameter of about 7.1 A. The catalyst has sufficient acidity so that 0.5 grams thereof

when positioned in a tube reactor converts at least 50% of hexadecane at 370°C, a pressure of
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present process‘is described, for example, in United States Pat, Nos.
5,135,638 and 5,282,958, the contents of which are hereby incorporated
BYCOraferdcedin their entirety. In United States Pat. No. 5,28209838)8(@4003721
an intermediate pore size molecular sieve has a crystallite size of no more
than about 0.5 microns and pores with a minimum diameter of at least

about 4.8 A and with a 30 maximum diameter of about 7.1 A. The catalyst

1200 2485 SHICISEH A6WILE SR RRLAL RS HAIE Y RS- PORIONET I RIWR it

reactor converts at least 50% of hexadecane at 370C, a pressure of -20

isomeRjgey POBEHIEZ0A WF?@B%(%%@B@WW%@I%WH?WWHW

followh 600 Risig R Brigeekdats; af draaidy ./ Iﬁﬁ@ﬁt%ﬁﬁhﬁéﬁ@dﬂﬂlﬁiﬁoduct + weight

% C isome |z t|o selec(ywt‘y of 4% perc nt or ggg/ élsomerlzaton seI] ctl\é é)écane
° Mg determimed as “Tollows: € m?we{3 SRS L P ACRE CIRAR S pro ut%e}x

(n-C; M@M%@na&ched C16 in product + Welght % C13_ in product) when

Uﬁ%ﬂe TRRRIHRNGLALING.10 51600 GRANEISION, Al ArmalNeXadecanR vy,

gé C16) to other speC|es If the crystallographic free diameters of the
the cIRRRHHRAIE 5174 1 IME UL RIBVECKFE BB e 818 SRAS PO ARt the
techmqm@hemdlaymmh&m&@urﬁdsusm@mmdafﬂﬁdsmmima;amﬂhnlqms

Breck AGIRAR G Sty THATIR JRUNGR @%191?%1* Eg”)x”ﬁ““m KIe bcgzs?%steE%

See rec 80|Ite e |eve eC|a a te
114 (187 Qe el é’ﬁUN@a&é‘%&?sghmeatm(tMprmé hish Pratimgerporated herein

by 1ef4dA0, 87 bethe-RodinantprisesebwhichAR samRyated hergi Ry

reference. Iné)erformlng adsorption measurements to determlneq;;ore
1

technigils ALt Actard BetTENEY ' e TEH P COITERRAYS RbRMbiErG T doos not
reach patisudaiimbdliecuieiBisiexchdsadtibdodseriot theachi ableast 85hblefsitBan about

10 miﬁ%‘é't?ﬂa“m@%‘?ﬁ@“@ Y@&%Q&aﬁ@@d&%‘%&%@o&l‘é@ eSS 1%91%%‘&1%91

minute /p = 0.5 at’25C). Intermediate pore size molecular sieves will

mofEWﬁéﬁﬂwéamﬁtifsl%?é‘éﬁ@sS Rd0itg Wﬁ@%éﬁﬁbﬂé’%@&@m@% 5
AHQ&%MMEhﬂHchE!ﬂ@§&ﬂ@@fuiHydf@§§@m&riﬁa§l&Eb§@EﬂJ~¥§I§e usetulin.the

ent i ventlo rise a catalytic tive h enatlon metal
i T UNRA ST CLIRRBRSIS b8 Dy oASHH AEORF G B e
pfodupﬁramuowqmpﬁbxﬁemamtlye%bmamwharﬁfsmﬁlhayalwm&alacatalgzudajgpnaﬁon
metal SRR OYCRGERAUAL FRETAIS, %Eﬂéﬁ%ﬁ@&?ﬁu%b@'é(&g%&‘%n@'%ﬁ fum, and

vanadium, cobalt, turigsten, zinc, platinum, and ZOF%TIIadlum The metal$

palladiyinl B HREH Bl FARS UETERAy Frsei e PRI Bt iR Asgem most
especﬁﬁpmlyapreﬁeﬂﬂdmhhp&auwnaw@ﬁm%admmd&umduﬁheﬁw@%@mount
active enafj ion metal is t lly.in th ge t
hydmg%rcéorlllt 181& ¥1 a¥a ys}ilte Hﬁn i %ﬁ%?)t(r}nlso f 1% Epwelg%? %gllrec%n : Cat dt
usualippfepe8ddad m@%paéméﬁvm@étpeﬁfmm@ﬁﬁom@swp@ﬂ may be

seiectedror thase.oxide SHPRONS WG A hose oxide supports, which are
conventionally used for catalysts, including silica, alumina, silica-alumina, magnesia, titania and
combinations thereof.

The conditions for hiydroisomerization will be tailored to achieve a Fischer-Tropsch
derived lubricant base oil comprising > 6 weight % molecules with monocycloparaffinic
funetionality and less than 0.05 weighi.% molecules with aromatic functionality. The conditions
for hydroisomerization will depend on the propesties of feed used, the catalyst used, whether or

not the catalyst 1s sulfided, the desired yield, and the desired properties of the lubricant base oil,
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25 conventionally.used for catalysts, including silica, al\l}mina,

silica-alumina, magnesia, titania and combinations thereof. The

condltlons for hydroisomerization will be tailored to achieve a

PIStAe ﬂ'lgropsch derived lubricant base oil comprising > 6 we@ﬁ"“@z 006/005721

molecules with monoeycloparaffrnic functionality and less than 0.05

weight % molecules with aromatic functionality. The conditions 30 for

hydroisomerization will depend on the properties of feed used, the catalyst
Condiﬁsedmlaemﬂcﬁﬂmaer}gxdﬂt}&@ﬁw‘mis psutﬁs‘leﬁlf ﬁlf@odﬁsiﬁﬁdvﬂ&ldn ang Heearried
out mp% 'F %g%%%ée}gleg of tQ&u 69990 a ?7(36*314‘ ;-‘} 1¥V t 9%\9’% referably

itions un er which the r0|somer ation

about §RGEB &z HPith & QR Eht Svémtisial b nthiserseige i?fi@*liy dectérhiplerdifesie,

prefeﬁ!ggﬂéwwgﬁf@%%g?:q{g@ ESé&%QEr@rl:@%cﬁ%ﬁwgfg%%%u%ﬂffﬁi@'h’(gﬁ@@j‘%&t to
to a ut to.a Out an ressures 1ro Qut
R i M ey et v i e ot gy

partiatiensaotinds pressurieByiththssnooftexdartfdreteath e sy mgéprpsamal Phedsimie

nouny4HALR %@%HW&Q&%@S&E@&%! %@&é&ﬁhﬁﬁ@&%&bﬁ Pyesegen, B%%Q%'biy from

pressure is substantially the’same (or nearly the same) as thé total

aboutﬁréé%a‘?@u‘fﬂ%eﬂlqtﬁae hdirgesgadediersting dtimt tontadtng g dvsraiput 1.0
to abdiON ARRED. éetmﬁﬁemy&,opﬁm‘@{abwéﬁﬁ%@b%&ﬂa&abm& vl 2d0 RBles

e RISRE crocarion ratl s wibin e, fom chou .0 o ghout

ermo §rocar mGre pre o ap to
in U.Seut\2e. m@ﬁéé?i@ 4@ i)éﬁqﬁéﬁe thydm@atbgﬁ Wﬁuinam:smmmm&nreference in
their ming hydroisomerization are described in U.S. Pat. Nos. 5,282,958

and 5,135,638, the contents of which are incorporated by reference in
tHRHEETE PR SR M IS HeSeP T HS FABe Bt SaPB AR e cess, typically
ina hh@admnsmwﬁ%zaﬂem: progess Oty pickl Y SoRtHy diegsanibsteathratichfedma per

L T e

Prod"géwaﬁl@(ﬂﬁ‘éfﬁ ‘ﬂh@eﬁ%%é@%d recycled to the reaction zone.
Hydrotreating Waxy feed to the hydroisomerization process may be
h[}/drotreated prior to 20 hydroisomerization dewaxing. Hydrotreating

0 a catalytic process, usually carried out in the presence of free
hytireg éredite Wivibhdteé prienasiqpuiposs isdhbaepdoveadofd/atious metal
hydro%%%%@i%ﬂ@e&%ﬁgga%%@Q‘l—:ﬁumma%gg:u %@gmgﬁ%ﬁ?}mﬁ%&t in

as sulfur and nitrogén; oxygenates; or aromatics from the feed stock
the presgRes SfI{ P HORRET RN GpBFATBRACPHERME b f D ATE PGSty metel
contafipletyleshie alserkingdhadargardoydrocathenoneleces intasmalekogen;

oxygenates; or aromatics from the feed stock. Generally, in hydrotreating operations cracking of

Hydr

the hydrocarbon molecules, 1.¢., breaking the larger hydrocarbon molecules into smaller
hydrocarbon molecules, is minimized, and the unsaturated hydrocarbons are either fully or
partially hydrogenated,

Catalysts used in carrying out hydrotreating operations are well known in the art. See,
for example, U.S, Pat. Nos. 4,347,121 and 4,810,357, the contents of which are hereby
incorporated by reference in their entirety, for general descriptions of hydrotreating,
hydrocracking, and of typical catalysts used in each of the processes..'Suitable catalysts include

noble metals from Group VIIIA (according to the 1975 rules of the International Union of Pure
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25 hydrocarbon molecules, is minimized, and the unsaturated

hydrocarbons are” elther fully or partially hydrogenated. Catalysts used in
carrying out hydrotreating operations are well known in the art. See, for
WARYIEY938 Pat. Nos. 4,347,121 and 4,810,357, the conteRETH FHER0S721
are hereby incorporated by reference in their entirety, for general
descriptions of hydrotreating, 30 hydrocracking, and of typical catalysts

used in each of the processes. Suitable catalysts include noble metals

and gﬂ%@tﬂu&w%@g% ingie e AR 4R ruies: et ihg lnterRatianad Mttt% ofa
ure -22 !Ir: zi WO 2006/096304 PCT/US2006/005721 and Applied

Grovp ety uncH RS PR EHISH PRI Hrabifngg 8 Sapy siiceous
matrinatfif, BN AR WO dnerBeoupuifiBie suth aswalckelipodylddeihiisnditions.

Othek &C"tetg 9020 gr'b r%%%ﬁsﬂd?%%%a%pt aliixs Uy ﬁ&‘ N&f’z@%ﬁoj@m 513,

descrl esa U|t e meta alyst and mild conditions
The aeritapiNe &atanens tire TRislksipsd, Ffor senplEbdaus apdsuyiby PEEgyiD e

final %Qﬁi@f)%@ég&i& E@@x’ﬂﬂﬁ Bﬁ%ﬁe IﬂM@JlQQ@ﬁ@E@Bdf‘!iﬁ&@tﬁ&%.@'ﬁb@@r sulfided forms
NIcCKe enum, are us re tlnt e |na ata tCO

R el e R e e

nof- Mhadﬁﬁﬂemﬂpommrmmtwfméwﬂ@ micigbt partisul araivetbly

aborl Y RIVEEL mt%tgggptmmptmﬁtat CRAIRYRLSOMPASINIANS,COMAIRNIN and

excess of about’ weight percent, preferably about 5 to about 40 weight

gencralt e oy BRRY %‘%@}Wt{?ﬁ%@ﬂ%ﬂ angt/(l’é sebaboritorEedia e
corrd3Porei ﬁﬁ%ﬂbwtdaiﬂ}&m&}ﬂa@ﬂ@mm%ﬂt@ﬁlm @Kﬁhﬁﬂﬁ@b@ﬂbﬁﬂﬁn excess of

0. oz%}%%?r’g}%%% DR by bereen tf'{.‘%l%' i) ta'gtegs EQh; 1'15" ?nobte metals

O, contain in extess of 001 percent meta
mﬂyplwémbhﬂmm@em@mrandf tletpercent peldtdlu@ombinations of noble

meﬁ?&caﬁf@é@%@%‘d%ﬁ@tﬁﬂ%a@é%&%ﬁﬁ: ofpatnlmRRd, RIS HSV is

pical hydrotreating conditions vary over a wide range. In general, the

ab"”éée?r%FP 2Hsyreerabty 258t 328 to'2. e&ﬁé’r@lﬁ‘l?%@tﬁ"@@f% R g eﬁ*ﬁreman 200 -
psiahyef@gen pagtigl prassuue: BOgieaier than 200 p:ma Iw&f@gab}yotamgaﬁq; rates

from bout 5 00 psi ulati r
e e A e o R
Temﬁ@'@@*@@FﬂB%ﬁaqtéi'ﬁT}Bﬁ@m%qw ﬂb@%@é)@f@r%ﬁb?&hé@fﬁﬁtﬁbabbtﬁ%ﬁw eput
4000 oME 2 (abadt 1eRC1 togheut #O0L)-preferbly,ranging from 450F to

725F (230C to 385C). 20 Hvdrofnishing Hydrofinishing is a hydrotreating

process that may be used as a step following
Hydrofinishing

Hydrofinishing is a hydrotreating process that may be used as a step following
hydroisomerization to provide the Fischer-Tropsch derived lubricant base oil. Hydrofinishing is
intended to improve oxidation stability, UV stability, and appearance of the Fischer-Tropsch
derived lubricant base 0il product by removing traces of aromatics, olefins, color bodies, and
solvents. As used in this disclosure, the term UV stability refers to the stability of the lubricant
base oil or the finished lubricant when exposed to UV light and oxygen. Instability is indicated
when a visible precipitate forms, usually seen as floc or cloudiness, or a darker color develops
upon exposure to ulfraviolet light and air. A general description of hydrofinishing may be found
in U.S. Pat, Nos. 3,852,207 and 4,673,487,
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hydroisomerization to provide the Fischer-Tropschderived lubricant base

oil. Hydrofinishing is intended to improve oxidation stability, UV stability,

and appearance of the Fischer-Tropsch 25 derived lubricant base oil

proA &8 oving traces of aromatics, olefins, color bodied’ (eh{f52006/005721
solvents. As used in this disclosure, the term UV stability refers to the
stability of the lubricant base oil or the finished lubricant when exposed to
UV light and oxygen. Instability is indicated when a visible precipitate

forms rusHally:5eRRA asillaen:aouuine 5 o &8 BrhRhCRIERIBKaIRR HeUpON

exposure to ultraviolet light and ajr. A general description of hydrofinishin
by b RSO S AP 4 40 J0 v A AP ) P
hour@O@@@Q@Bﬁ@ IP[C_HH\B)SQ mﬁmwgﬂ.wm* Ejsdambmrdpm@.q eoiveilhr’. The
hydrlWRHSARE ARG QIS LR NGRS INENHOR Y DS INARHNISNGH I osia to

Improve product quality and stability. During hydrofinishing, overall liquid

aboub SOR peida sty eRrsEIfF B9 S2HGER BPSHHY Zioak Teretlrab R Botites:
prefd@ulybiicdhenduyaeDgRID Bamiabprassiyeis @raater than AARRIBSE to about

Jpreferably ranging_fro t sia to 5 about 2000 psia. Hydrogen
750 régﬁ#ﬁﬁ% |Bﬁa?1§3§ %?gln%/%ﬁ:%%ﬁ/%gr%gter than 50 SCF/Bbl, and are

préftdtinbiéniaishilo00rsts 506! SOBIBbE e fye @tore iy & frording o
the 1899 %1&0&%@1&%%0&0(%Bﬁ‘%‘?ﬁ%@%ﬂ@ﬁggl&@@ﬁ%ﬁ%}%&9‘%’5 platinum or

Suitable hydrofinishing catalysts include noble metals from Group VI11A
Palla RO g R e L 9SS B th & HEHAT OO B Pre AP V1B, such
as nié\l_mﬂziﬁdy@dmamjswﬁcmeﬂma_ﬁx pladtotwinaorr tlcpaliaciitix ORy an BN a, 852,207
desc%%'%eoé%ﬁdlﬁﬁa”%zé‘%%ta Neyided Grolp VXA 20d Groun viB, SUCh as, .

nickel-mo yB enum or nickertin on an alumina or siliceots matix’ U.5.

descpbad.Nw, 388202070 deBetibes. 4.30MidtairbbieltmEldl dhmnpstaeidermifge! (such

as nicRAAHIPNSIMINSHL SWIARIs cAlalYSES RES: MEsCHBEsLI QLA AMAICeIN Hedbout 15
Pat. Nos. 4,157,294 and 3,904,513. The non-noble metal (such _as

el g RS BT R SR OB R T e A ch ARG FRERTRORERES S SShd  gemapinjete!
(suckhbopizftaraboibiys: tenweight percent ©f hicketmniol, poifaibdetetminad dsnd

1.0 69{%@9?%gép0@g%8§5%§%f-£% Q&Qﬁb@lﬁ’gﬁhsﬁ? HE %sgé QJ%H%%?%X%%@%%%%%tmum

contains in'excess of 0.01 percent metal, preferably betwee
and pledEtmetal. Combinations of noble metals may also be used, such as

mixtisescefiladi nudy ansppatiaslivio. [Hiayatreating eotemaus i prIeSHScher-

Troal g%(/n _tf'l\llbeﬁgngllprg%%gs step to provide Fischer- 20 Tropsch derived
HUbricant base ois. Fractionation Optionally, the process to provide the
Fischer-Tropsch derived lubricant base oil may

Fractionation

Optionally, the process to provide the Fischer-Tropsch derived hubricant base oil may
include fractionating the substantially paraffinic wax feed prior to hydroisomerization, or
fractionating of the lubricant base oil obtained from the hydroisomerization process. The
fractionation of the Fischer-Tropsch substantially paraffinic wax feed or lubricant base oil into
distillate fractions is generally accomplished by either atmospheric or vacuum distillation, or by
a combination of atmospheric and vacuum distillation. Atmospheric distillation is typically used
to separate the lighter distillate fractions, such as naphtha and middle distillates, from & bottoms
fraction having an initial boiling point above about 600°F to about 750°F (about 315°C to about
399°C). At higher temperatares thermal cracking of the hydrocarbons may take place leading fo
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include fractionating the substantially paraffinic wax feed prior to

hydroisomerization, or 25 fractionating of the lubricant base oil obtained

from the hydroisomerization process. The fractionation of the

F\%@ﬁ@?gﬁ%&é‘ch substantially paraffinic wax feed or lubricant PREEBR A5 72!

distillate fractions is generally accomplished by either atmospheric or

vacuum distillation, or by a combination of atmospheric and vacuum

distillation. Atmospheric distillation is typically used to separate the lighter
foulidgstifl te dyaiptions xsdichl asengehth af ainchmaiddiedistitatesm ol atholiomsically

jonshavi 4nitial hoill int ahqve abaut 600F,t0 about 75QF

e i AR A AR AT 1 BBl Frren
boilipgaamggiotar bt edhe [phaicenchaging tarto2ifiyertiods/n oB@e 4uts enables
the 1% T4kt B2Q061 Q0S4 B niomipE Rt ShRRAM PMENhARdHo Jawe Ly igldsal the
1ubriha?aﬁier cu]:s. Vacuum distillation is typically used to separate the higher
Bt £g‘;|s’€f‘n°é erial, such as the lubricant base oil fractions, into different

boiling range cuts. Fractionating the lubricant base oil into different boiling
SolviangefHig £nables the lubricant base oil manufacturing plant to produce

maore than one grade, or viscosity, of 5 lubricant base oil. Solvent

DelvaRiRgerhie Britcdls ¥ thaxbronecrieier Trerrseh Raesivl nmsreainciude 2

solvdinge-nikingyalsalinchugdteh ratvesheewaingstap. folRwingh8ing optionally

droispmerization process. Solvent dewaxin tiqnally 10 may.be used |
G T ARS8t B vt avm i o
after ydeosiraserhyd dsisoriveri fafiomdwaxingisSotvent dewbxigglis ldbriextmybase

oil 1@&%?@%&5195&% iy Q{é%ﬂ%ﬁ@éﬁet@ﬂé%t%?l‘{%B&%Q@?ﬁ}é?b‘%%&&%}ﬂr‘%ﬁé%%mug

methyl iso-butyl ketone, or toluene, or precipitating the wax molecules as

the vs apdsaisheE PistTes] T hhy SRERRsIcURe g Epiig i dima i itliam
GrusGrod@and Donels, Stevens; NCBsaEiBoaKCOMpansrineo N ews¥osks o

>66. 10,15 570., Solvent.dewaxing,i d jbed in
5 s e BT s
Lubr cant Base Oil The Fischer-Tropsch derived lubricant base oil used to
Fiscieparadhobiopdediubricants and the blended finished lubricants of the
invention re?rabl ave a vjscosity of about between 20 about 2 and 20
St B 100 TR IS e U ey 81 Wb EaHiE RS D6 ABerrppiaas g and
the blgeiblit Yol édulesiwioti thm orvesyiclopatatiinicifive ationality; prefecabbwcd

abouWVEIght %6 Molegyles with monocycloparaffinic functionality, and even
more preferably > 10 weight % molecules with monocycloparaffinic

fimEtfohiaftyT tHoBspefatred Bbriseisene theommitser Tropsthldareles with
mondehticpntb@se Rilctionality, preferably > 8 weight % molecules with monocycloparaffinic

functionality, and even more preferably > 10 weight % molscules with monocycloparaffinic
functionality. In a preferred embodiment, the Fischer-Tropsch derived lubricant base oil
comprises very low weight percents of aromatics, a high weight percent of molecules with
oycloparatfinic functionality, and a high ratio of weight percent of molecules with
monocycioparaffinic functionality to weight percent of molecules with multicycloparaffinic
functionality (or high weight percent of molecules with monocycloparaffinic functionality and
very low weight percents of molecules with multicycloparaffinic functionality). The Fischer-
Tropsch derived lubricant base oil comprises a weight percent of molecules with aromatic

functionality of less than (.05, preferably less than 0.02 weight %. In a preferred embodiment,
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25 comprises véry low weight percents of aromatics, a high weight

percent of molecules with cycloparaffinic functionality, and a high ratio of

waightqercent of molecules with monocycloparaffinic functioheliysayo6/005721

weight percent of molecules with nmlticycloparaffinic functionality (or high

weight percent of molecules with monocycloparaffinic functionality and

very low weight percents of molecules with multicycloparaffinic
e r{HCLPRRIN). The Fischer, 30 Trapsch derived lubrlcant base. ol comprisgs

a Welgﬁtppercent of molecules with aromafic. fun |o?1aﬁ%y of less than
cycloypmpSinirafareiisiyalés s fizsavior O Hig s, iglaprefef red sbhmisedimehrolamles
with M@%Qﬂ%g%ﬁ%fﬁ’&%%%ﬁ%&@%@&c&h@dﬂ%@i&@{g%%ﬁﬁégv&sipamfﬁmc

Jubrijcant as% oil comprises a eié;ht pe}écent ?f moleculﬁls with

fumeti QpR Y SRR A A EHEN SR OF JPe el A T S STgRTsd BT
Tropsplefcentdiubotestites: withmeiecycloparaffiniemfulictionality tdtveighbtic

functiBEIGENEES t'i{b%'%%',efx%lgﬁﬂg]%@@%%@&%%0 ' %&%Q%%X?B{%ﬁb'y

greater than 15. In yet ahother preferred embodiment, ischer 5 _
functiqpaligcef geniredibHtand paseehiResApr R e derey Htiharditysioparatfinic
functibh@laowerwith.aromatic functionality less than 0.05, a weight percent of
lecules wijth manqcyclgoparaffinic functionaljty of greater than 10, and a
it KR A Y
biend¢eHdmBlkd THeiFisthenfrogsetdbrived wiigldditshasteoits dsedhindghby elution
conmlERAEEybrisants ane Bsblensiecfinished A RaniAIngEEAlREhan

95 weight % saturatgs as determined by elution column chromatography,
detectaldeRy pongdigation Olehie! stV HEdis RTsanr R oISt TS RTAAT R le drighrautes
with deyriarlg tlucatienity arilvelear iMagneticrReSenanes GReetescpRYMNMRIPLC-

Mplecules with fi ionali e present in an amount.of less_
. ety TPt SR an Ey AT o Pretered
embogipgRt9 Qe o tth Arerasiin duleniidevielyaro pretics. inep rafienrddeiss than 0.02

weigtehadimsats.melecules it aromatic.funetionality are present in an
amaount less than 0.02 Weiglht percent, preferably less than 0.01 weight
pETHEH ST TR SBRTR &T HiHbImP RIS AP SEHM, o R prefaratty

detertessdthamiirpivivt decdetenningd Sy Mlbadtdetfluorescence by ASTM D
5453-00. 20 Aromatics Measurement by HPLC-UV: The method used to

measure low levels of molecules with aromatic functionality in the
Aromghigshdeervopeen Befféd1tBricant base oils uses a Hewlett Packard 1050

Setigsruataraans sadieNvwiighk erfernencs kiguich ke mateeraniVin the
Fischcng NrLC(% %y$tem di]‘?igpledtrﬁ/jth a.lHP 105r?1{| Diod%-i%rraﬁ}/ l?lv- IS, detector

RiCFRCEa TR AR ST Ao Tagrthdstion B TRl oy
Gradient High Performance Liquid Chromatography (HPLC) system coupled with a HP 1050
Diode-Array UV-Vis detector interfaced to an HP Chem-station. Identification of the individual
aromatic classes in the highly saturated Fischer-Tropsch derived lubricant base oils was made on
the basis of their UV spectral pattern and their elution time. The amino column used for this
analysis differentiates aromatic molecules largely on the basis of their ring- number (or more
correctly, double-bond number). Thus, the single ring aromatic containing molecules would
elute first, followed by the polycyclic atomatics in order of increasing double bond number per
molecule. For aromatics with similar double bond character, those with ouly alkyl substitution

on the ring would elute sooner than those with cycloparaffinic substitution.

226 -



10

i35

20

30

25 aromatic classg_sf;)in the highly saturated Fischer-Tropsch derived
lubricant base oils was made on the basis of their UV spectral pattern and
their elution time. The amino column used for this analysis differentiates
ardhiatcbieélécules largely on the basis of their ring- number @fiirdos/05721
correctly, double-bond number).-Thus, the single ring aromatic containing
molecules would elute first, followed by the polycyclic aromatics in order
of increasing double bond number per 30 molecule. For aromatics with
similar souble apnd charasiee1iess with i Al SURsHton, BRNGer uv
ring would elute sooner than those with cycloparaffiniC substitution. 26 ri
absor RS POBIOOBSORPTY TRUS TG P2 he Giv invscak rleritmiatisnstimerere
all re¥aHiPE KRGS OlarePatcnbydrasappons famsheis diabaesbanse GPeetitount
oraniEnRompuhateamplicaied by (e fact thelc peak slectipnic tansiions, .
- purg model compourid analogs 10 a
knowdégles depehielitbathe dehoumaibiatityhandoptiopardtfricosutistiingofince

few vBRLHRRLING SEIEM LRESERAHNACHANICHRIIR AW el HRARWE IPrb8shift was

caused by alkyl-group delocalization of the 7r-electrons in the aromatic

expegipthand phserrsh fohel BE it sa SPbARTRAES BsoRR HYieth the Iubricant
raQge;snod ed e ditadsshifiwasmexpedietanthabseivedritingll of the
crzorpIBEIRIS. A emals, arauRs. dentlid Oy anticaion of e e NG ALME YK cr re
con%oung}s was made by tegPatlng c romatc?grams made fro
appropaselerigiierdptimivadriofasdet gemerist diesentpedmpoimisvdvartier ggh
aromARPEAREIHE ¢ leRHERIMEMREaW IR ihal AHomAle: REIeNRR. R pectra of
~window limits for each aromatic class were determined by manually
cluting EATROHE e mﬁeﬁfﬁaaam%fiﬁaﬂ@é%ﬁ’éﬁa%fhs RRAAEPESIH PO gpss based
on theliffi@réit timesidhdigssignikidhepetadthisappkopnater-ardiiatievelassptions, only
|

five Q{Ss%@éjof’a(}o%%' faualatye Sl %ﬁé&%‘éﬂ?ﬁ%h?? DIRQMAS ABEOIBUSR and 11x

_spectra. With few exceptions, only five classes of aromatic compounds
lubriggatgagpgdpved in highly saturated API Group 11 and lll is lubricant base
oils. HPLC-UV Calibration: HPLC-IN is used for identifying these classes

f ic compounds even at very low levels. Multi-ring aromatics
Hm?yé?ﬁ%@b%%% 10 to 200 times more strongly than single-ring 20

arbiatics VAlkyisubstitertidhiaisbeadfcotech alf sorpttn dwyabeouds2096.at very low
teveld NGRAIRIS: LIS AMPQIANEIQ Y 18 Th o B0 8RR AN, ISR IDENALIOUS

species of aromatics and know how efficiently they absorb. Five classes
sromigc oA R e AL DR S oA Rt SR Erfh Tnportaat
to use HPLC to separate and identify the various species of aromatics and know how efficiently
they absorb. ‘

Five classes of aromatic compounds were identified. With the exception of a small
overiap between the most highly retained alkyl-1-ring aromatic naphthenes and the least highly
retained alkyl naphthalenes, all of the aromatic compound classes were baseline resolved.
integration limits for the co-eluting 1-ring and 2-ring aromatics at 272mmn were made by the
perpendicular drop method. Wavelength dependent response factors for each general aromatic
class were first determined by constructing Beer’s Law plots from pure model compound
mixtures based on the nearest spectral peak absorbances to the substituted aromatic analogs.

7 For example, alkyl-cyclohexylbenzene molecnles in base oils exhibit a distinct peak

absorbance at 272nm that corresponds to the same  (forbidden) transition that unsubstituted
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overlap between the most highly retained alkyl-I-ring aromatic napl'it

henes and the least highly 25 retained alkyl naphthalenes all of the
aromatic compound classes were baseline resolved. Integration limits for
tMOCBUENTGAY 1-ring and 2-ring aromatics at 272nm were madé By $ae6/005721
perpendicular drop method, Wavelength dependent response factors for
each general aromatic class were first determined by constructing Beer's
Law plots from pure model compound mixtures based on the nearest

wetraBPaclal SRl ARRAIDANESR 10 m%umwﬁgrez;%as ”a'o S0 ol

am§)Ie allé}g cyclohe Ibenzene molecules In 0ilS X %Hiancdus’t)ht Fhes

o o O O S 93 i AP el 6 A ey (oihsgtor
272mrawgstapp: thatetebustiltedua R YQIZ006608630A P55 2000/0067 24
Beelt@;wuamomf%gm%g{ig Lo O S A S

aromatic naphthenes In base oft samples'was cé?’c?ﬁ?a lﬁ?ﬁ‘ﬁ@mg that
the 2 W&%gﬁér&ﬁs%ﬂaém&%?%ﬁemqa@mm 2mAnrIas apped stiatelyrage

rnoleeﬁnuaiv@gtetf@htmgm@larba@s&r@mg}éat 268nm, calculated from Beer's law
ations of aromatics were calculated by

i Vsl percent ponoena palousted
assuming e ARG IR BRI Bighefarnsas &R iggsdirectly
ffom\ﬁﬁé@mmkmﬁ@teigﬁ equahtodtiie mgmmategwﬂwﬂ@mwnmmw Qith
thesasRQit samplg:hNis saliRratian metho rvx@,%lfurétss%%;a“ %?1 ?“”9
ex

the 1-ring aromatics dlrectly from the lubricant base 0| s V|a
COMABIE CATSTRADSE sy eesbieirtieifaerly Witha ih@seraqrmnanmtor than the
mod@liminated the.assumplions-anchyncestainties associated with the model

1 ex e |soI omatic sample had a lower

o ol i R 88 SR A S AR B e
aromgigsHRiteaPvItee Spadificeuly, abiachliratelyteatibiateite: MRk Wi preparative
}}PLmﬁthoth@%élQ§§§ﬁkEﬁg PRNARRS AIOMAYGS WE'E, &%li Efﬁg[romé%?n?%onded

ve un

he lubricant base oil using a Waters semi-prepara

e ‘%%t%m Pof SEMBIWHEH S P Heldwae ZAemmicetémanto ejunns of 8-12
micraminoxbboeied $5sibesiciolu m@%m%&&éfﬂm Hrgarnes fgﬂ%ﬂiﬁﬁi@}’
s

S e e O R b Rl e e

particles, manutactured by Rainin Instruments HFOR AT
fn a’mﬁ“ﬁb”)@dﬁéﬁéé“fﬁberﬁ‘?iﬁ‘ﬂ@rﬁﬁﬁ?@ésatf@mm/vlmdtef@ﬂ&mgﬁ(rﬁ‘tﬁ dSottmseetueetnm

and MWasnfragienates-based-anthe deteste %@%9&%@5‘8{8&&%@&’@&’ lend dH% of
0.01 %{) Jetector. set 2‘6% 65n 85%% 295nm. Saturate fractions were col ecte

tntil the 285Hn SWEH4 BREsgE e rE e o BbeBrhAEsle ring
ﬂmmaﬁ*ﬁtﬁ‘amW@gnémdacﬂhatdnheambﬂiagje 1t Beoveatizakitiond Assingl@ecreased

to 2.0, '%x@d@@%@cjﬁ%tlﬁ%%g (}J&%E%g (HQPI the})ab%{%r et ratlorgt%\:l}v gf EIB single

265nm and 295nm decrease 2.0,1n |cat|ng e onsec% of'two ring

ring PR ERRR A PHAR B STckrsgsaralios Btemigiwatic fraction away from

the “tailing” saturates fraction which resulted from overloading the HPLC column.
This purified aromatic “standard” showed that alkyl substitution decreased the molar

absorplivity response factor by about 20% relative to unsubstituted tetralin,

Confirmation of Aromatics by NMR:
The weight percent of moleculgs with aromatic functionality in the puritied mono-
aromatic standard was confirmed via long-duration carbon 13 NMR. analysis. NMR was easier

to calibrate than HPLC UV because it simply measured aromatic carbon so the response did not
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ring aromatic fraction was made by re-chromatographing the
monoaromatic fraction away from the "tailing" saturates fraction which

reeLdtagdsemy overloading the HPLC column. 25 This purified peam@bisheisos721
"standard" showed that alkyl substitution decreased the molar absorptivity

response factor by about 20% relative to unsubstituted tetralin.
Confirmation ofAromatics by NMR: The weight percent of molecules with
aromatic functionality in the purified mono 30 aromatic standard was

depend GRfbfdesY Rf FERGASFRTEH earbior’1 3 RINIR Rraryits MAim R EHEE "o
aroma€aliarede thehartitlaGelbbibagayge it songlyertessh IRl Q-oWatic! CArDOT) 3¢
the.r did,not_-28.WO /0963 T1/1JS2006/005721. :
o ot A R e s M B el e
aromatigfslated from % aromatic carbon to % aromatic molecules (to be

CORSISIENL IR HRETANG B 200TH DY Gk 5 ARG g
aromatics in highly saturated |ubricant base oils were single-ring

meastle sHAmatics BRI Jote P ISHY URPAS®and good baseline analysis were
ndksle eptaidcaliyate i cmealure aromatidsveb 40 Shltodeomisitiat least one

olecules. cifically..t tel iilg s, :rmum
o et B S R B B
carbon saRihG it ABY Way Aodvisdndrgiveratsafimtmm Sdrbrisdnstiriguson 2
400-509Q1 L byWAST M standard Rnaaties: Braf6)ab dainonE sturatianiEb @ SoliQare
400-5(2(% M»g}zﬁ%kMR witg %ﬁilol"lz mm Nalorac P[i)rotbe V\t/as, sed. Accgn PC
as UiSHGHBIF e OWAS S o AL A BB BN AP &80 e BRSEITHR Bryerey
was chonsibtent yintegiateuThe val ietifzeg dencymagsachanygthonpenl iringhe
aromdfE:EHRA0 BYQIEAHURGIS RN A Hhe. Aiphatic, eak ANLo. DR RAIPMAtIC

_region. By taking Spectra on either side of the carrier spectra, the
mproyed SgHEIFWEYE: improved significantly. 1.5 Cycloparafin Distribution by
FiAtS: Paraffins are considered more stable than cycloparaffins towards
oxid :El?()Bz g}_rl] u}hergf%ﬁ:{ﬁmore desirable. Monocycloparaffins are
a

Cycl’ogam 100 é” ). . . o
onsidered more stable than multicycloparaffins towards oxidation.

HBuveifers athemmshisiwbinte pide Hiaofeatl ppotefine towiti aotedsoona@ therefore,

more SY¥GlARRIafliRie SUNGHAR ISV aFY JonGiR @dvhricanihags Pibuiheadditiygins
solub_llltjy1 is low and the elastomer compatlblllt}/éﬁ?foor. Examples of base

towargs oxiialone AP BrSSEia drs Boipractenha Al eerlehEith i FeshoBse
cyclopilaffailiibaterciis)enith e thariahousb%i cyelapéiraffincubidity is low and the

elastomer compatibility is poor. Examples of base oils with these properties are polyalphaolefins
and Fischer-Tropsch base oils (GTL base oils) with less than about 5% cycloparaffins. To
improve these properties in finished lubricants, expensive co-solvents such as esters must often
be added. Preferably, the Fischer-Tropsch derived lubricant base oils used in the blended
lubricants and biended finished lubricants of the present invention comprise a high weight
pescent of molecules with monocycloparaffinic functionality and a low weight percent of
molecules with multicycloparaffinic functionality such that the Fischer-Tropsch derived
lubricant base oils, and thus the blended lubricants and blended finished lubricants, have high
qxidation stability and high viscosity index in addition to good additive solubility and elastomer

cémpatihility‘
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improve these properties in finished lubricants, expensive co-solvents
such as esters must often be added. Preferably, the Fischer-Tropsch
C‘{%{) (30 t% cant base oils used in the blended 25 lubricants &Jgﬂ%gﬂsm
fiMished lubricants of the present invention comprise a high weig
percent of molecules with rnonoeycloparaffinic functionality and a low
weight percent of molecules with multicycloparaffinic functionality such
that the Fischer-Tropsch derived lubricant base oils, and thus the blended
[ubnicemtpesiidoblehdetd ditis nadh h}bﬁxpamﬁidiaaadﬂgﬂti@quaﬁmﬁfsﬁawnyﬁonalﬁy
are d@&%ﬁ%&@ﬁ%ﬁ&& 1@9195’&&%‘9&&' E@r&@ ng 2%5 qvere obtamed
304 PCT/US2006

elastomer compatibility. 29W 2006/ 1005721
on a I QGHR B SPReFPrSTSEUTRS TIPSy ISTarimARe shdaselisprabh araishras
heatetmtﬁﬂcaaaﬂmwe @@@I@Bﬁﬂr&t@@%ﬁ@@d@ﬂﬁﬂﬁﬂ@%ﬁﬁ@@ﬁé&ﬁ@%ﬁ@@ww
S). sp t obtaiped on.a VG 7OVS ass spectrometer.
s P G SOre M DB CoTmUR wTE TAARES g oot
Were abmm@@mes@@@lat“avmee@f OCper MvitepcFhenmessGiiestroniedasing a

ssﬁw‘é‘f@%été%?'lﬂﬁﬁj IOM VG40 Oz IR0 A SRiIE.0f R AECANIRRSKsing blends of

decad he acquired mass spectra were summed to generate one

nearly Q8T SRR SHRERERT 24 OPRERAR O e TS ot BasasiAga The fonization
efﬁma@ﬁwatespaﬁsa@iwmmc@@aﬁda@ﬁpmh&msmatm efiplenpytagme. Iso-

paraan te‘%x%'sé” Hiends %Q%%‘Eé’ﬂ? iﬂﬁ 1ed paraling AN NN vase oils
IC aroma ICS ee base StOC e loniza |on e iclencies O

of thlrs@vpamm n%eam@g@@tpm&fméqmn@@eim vitsopeqerwdderitall). tieh that

wagﬁqmeeﬂﬁ% gihRaraffing preheyclopatatfins comprise more than 99.9% of
the saturates in the Jubricant base oils of this invention, Response factors

for A1 B ) PRetas e eUinh ate FhBRcieaZ S HME Risgrtsereant
molewgs givieditfineotlyindrrartenpenceitsT i tubricantch adeh dilcofithismbers of

unsatﬂ“é(&&}é%a?rﬁe%B%&?&?J'&F&BX{ tMl%t g?e E‘a]:’i (58 t%&%'%%%?%%@i)&am base

different numbers of unsaturations. T ol€cules wit erent numbers

ols OéftmsIatﬁamaﬂwgefﬁd%temﬁwmwabﬁaﬁaﬁiH@, BRéfFenrygh different

mimtRfoBralissAsithe Iha@riﬁaﬁteaﬂ@@d Qs &h thisdRyeRIRR: RAVEVETYClQWIRYEIS of

of_ig at|%s Pa%d oleffans the 3 ecules with gln‘ferent numbers of

rings ort rica S 111 eniton,

unSaturations may be nterpr eing’c QIOPEFAHRY SR Gifferent
monqquehipersbhsyihgs- Wmm;ﬁbvnherMcmaba:fw@M -thigfmegntiomsthe

mcydr{!fgm%@u@@@ ARG QR0RY £l RAFRIINS, AREFRURRAIUTALANS s are

dicycloparaffins, the 3-unsaturations are 20 tricycloparaffins, the
pentegyilepateitii ARLTS fotieiErioar i trecknmraiinratbifempgics were present in

sigmﬁ@ﬁ:myﬁimma[rﬁﬁm&bﬁﬁdﬁm@séﬂihﬁﬁmtmﬂsa&@rﬁﬂ%ﬁ%ﬁimﬁlﬁ&lﬂsxs as 4~
aromatlc? &%pr{e |n S!tgr icant. amo |n th

ba%e
unsatirations UL, Rﬂ% ut; F) um 10118, unsaturatlons unsaturations,
e WOU e | ent |ed n ana YSIS aS

and 6—unsatmatsons in the white oils of this invention are the wenght percent of molecules with
multicycloparaffinic functionality. The total of the 1-unsaturations in the lubricant base oils of
this invention are the weight percent of molecules with monocycloparaffinic functionality.

In one embodiment, the Fischer-Tropsch derived tabricant base oils have a weight
percent of molecules with cycloparaffinic functionality greater than 10, preferably greater than
15, more preferably greater than 20. They have a ratio of weight percent of molecules with
monocycloparaffinic functionality fo Weiglzt percent of molecules with multicycloparaflinic

functionality greater than 13, preferably greater than 50, more preferably greater than 100. In
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unsaturations. The total of the 2-unsaturations, 3-unsaturations,
4-unsaturations, 5-tinsaturations, and 6-unsaturations inthe white oils of
this invention are the weight percent of molecules with 25
nmitigspelensaraffinic functionality. The total of the 1-unsaturati®eEibsgees/605721
lubricant base oils of this invention are the weight percent of molecules

with monocyclopara'ffinic functionality. In one embodiment, the
Tischer-Tropsch derived lubricant base oils have a weight percent of

profeISEHIOS IR %y&iﬁpc%@ﬁgm%gw&m@m@ésﬁtggﬁ%fé ﬁ%ﬁ%&a@%am of

greater than 15, more preferably greater than 2 ave a ratio of
moleqpisigiiTh a1ty P MEBIERiRCY AR restioe dep il effifit Wronesy &5
moledﬁ@iagsbtt@ar@?ewtﬁmamw %wiﬁmgtw@ééqtmf ﬁffﬂilfiﬁvéﬁ ﬁi@tirﬁaﬁ@li&veg kgiaer

.than 15, prefera eater than 50, more prefera reater than . In
Bt e e T R e R A
base EisoherkTro pé*@tﬁmeﬁiwwchﬁblsi@aé@?f&bebﬂﬁhqbemmmnmﬁﬂaﬁt,
prefeRlARUIRS LR MOBICKEIPAIAIIRIS NS ARAU A BBIFL R aRA0s 8088

WEI%ht percent of molecules with multicycloparaffinic functionality less
2boutd453h 1, or even no molecules with multicycloparaffinic functionality. In
this embedimentinibe fniseheecheeschsdetved:ilbgant Hhasailsroaya

. in iC_Visgcosity a between about 2 ¢St and about. 20 cSt,
s R RS e e
fanctigasliiganHbe g ESiamsitabb thelghesmt ramoitcrfdhibodimént ifikgs, the

higheHiBCRBEREARSERARNIVEhBbrigart bass: Qlls. dherads A o relRiQnshiRin
bet\?/geen the weight percent of all. molecules with at least one

oYl a1 SRR PO U RLIR AR A the RAGGRstiEvhecysRyobHE slscERpsch
derivdsdisbroistdkthisinvenrtioneifhgtdiscthef higherlthevidnerdaiiervisaasity@lonality
i.QS i . . qf mplecules with cycloparaffini )
e L T e
preferppligErtPrapracH): detivad iptivsish bagecsils favis alweldit pereeyrefaratfinic
functimﬁlﬁﬁ} H{Bﬁéi@gﬂ &Y@éﬁiﬂlﬁﬁgﬁg BéG1EY %E@ﬂ?t@gﬁﬁ%ﬁfﬂﬂ@?ﬁ&%éﬁ'ﬁﬁf?@%m than
viscosity in ¢St multiplied by three, preferably greater than 15, more 15
15, prelt e B %%?%ﬁ%%?}’ TERIF WaTL A bl et h AR B
lubricemt hersyle paraffikicerianetionedity 4 Weightcpeteeab ofimott cutesbuitt20 cSt,

pz»efmawmw%amm@Mileitmr@tﬁ&mnssﬂe%ﬁ)ésef%@é)b{ggEﬁ@ﬁ%fa&@%”
.50, more preferably greater than 100. The Fischer-Tropsch derived
Kinemi OAEREA b Do RIIGHA S GBSt SobES bRt BBGiRS percent

of mopStracyab oyt @eSinipfefeiaklyibehaaenighout ReShanthahout breStk.
inerga ic vis(fositxy at 1Q0C of
e 1o me

E%%QIRE%%%UR%E%%%%Qi @n%yggﬁggigﬁgeﬁ R PO Sl 10 120

between about 2 ¢St and about 3. ave a welgnt percen

aromiieseid dae WA Tirsiopribasfiviedfimmtiomidity s vaiuisthighs Bercliss! thdh Q0K ramer,
et aI.,V\‘fﬁlﬂﬁErﬁ@@Q%up Il & 1 Base Oil Composition on VI and Oxidation Stability,”

presented at the 1999 AIChE Spring Natjonal Meeting in Houston, March 16, 1999, the contents
of which is incorporated herein in its entirety.

Although the Fischer-Tropsch wax feeds are essentially free of olefins, base oil
processing techniques can introduce olefins, especially at high temperatures, due to ‘cracking’
reactions. In the presence of heat or UV light, olefins can polymerize to form higher molecular
weight products that can color the base 0il or cause sediment, In general, oleﬁns can be removed

during the process of this invention by hydrofinishing or by clay treatment.
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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
Grauprb&2etBase Oil Composition on VI and Oxidation Stability[/t33006/005721
presented at the 1999 AIChE Spring National Meeting in Houston, March
16, 1999, the contents of which is incorporated herein in its entirety.
Although the Fischer-Tropsch wax feeds are essentially free of olefins,
bage. Al IoceSPINSRANNILER SAINIRIHER Qleline  AsReciali ' Dighcs

temperatures, due to crackln reactions. e presence 0 heat or U

are S#@ﬁﬁlﬁéﬁlh@%ﬁﬂﬂ“@h}ﬁf&lze to form higher molecular 30 weight products
that can color the base oil or cause sediment. In general, olefins can be
removed during the process of this invention by hydrofinishing or by clay
treatment. -31 WO 2006/096304 PCT/US2006/005721 The properties of
the Fischer-Tropsch derived lubricant base oils used in the examples are
summarized below in Tallg {L1;. Tﬁ%%@'&%&? Proper';ies FT-4A FT-4B
FT-SB Viscasity at 100C (cSt) 3,94 4,415 7,953 Viscaosity Index 143 147
165 Pour Paint (C) -19 -12 -12 IME AkallsiFTxBarafii a0 89.1 87.2
% Monocy de.ﬁé%"@ £8t0 12 %M ul 'L(‘y?kl‘?‘m]rénr ffir?@gég’&(“_o 02 Total
100.0 100.0V1BOEOHIRE differeht saftirated hydrocatbon&¥ound in

o

Y
lubricant b (E]Tﬁgimg@lﬁhﬁu\l ar:i'ilFan Q\ID-I]\% “nn.séere more

Oyt ArAMT T o Ty C—ICT

stable than %ﬁbﬁ‘?\?&ﬁjﬁ naphthengs) toyvard( f(ld tion, 0 gnd
therefore, mo([/e Ono Wever,l\(\'/ enithe amount o ? matics in the
base oil is les 5 Jhe r@@st effec%vda way tqyfyirther improve

oxidation stabllqty |s to mcrquq:dﬂhe 1YIBEOS|tY ingex of thehase; oil.
Fischer-Tropsch derived Tubricant base oilS typically contain 1€ss than 1%

aromatics, Due to their extremely low amount of aromatics and_multi-ring

oy S P MRS The L e TPt e fodRTi bt mG T At b Bl

parafiteskenteibvantiemdthelmore stable than cycloparaffins (naphthenes) toward oxidation,

and therefore, more desirable. However, when the amount of aromatics in the base oil is less
than 1 weight %, the most effective way to further improve oxidation stability is to increase the
viscosity index of the base oil. Fischer-Tropsch derived lubricant base oils typically contain less
than 1% aromatics. Due to their exiremely low amount of aromatics and multi-ring
cycloparaffins in the Fischer-Tropsch derived lubricant base oils of the present invention, their
high oxidation stability far exceeds that of conventional lubricant base oils. Additionally,
Fischer-Tropsch derived lubricant base oils are generally classified as APT Group 111 base oils
and have a low sulfur content of less than 5 ppm, & saturates content of greater than 95%, a high
viscosity index, and excellent cold flow properties.

The Fischer-Tropsch derived lubricant base oils useful in this invention have high
viscosity indexes, Viscosity index is measured by ASTM D 2270-93(98). Generally, they have
a viscosity index greater than 120, preferably an amount calculated by the equation: Viscosity
Index =28 x Ln{Kinematic Viscosity at 100°C) + 95, more preferably greater than an amount
calculated by the eguation: Viscosity Index = 28 x Lu(Kinematic Viscostty at 100°C) + 105.
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15 high oxidatior stability far exceeds that of conventional lubricant base

- oils. Additionally, Fischer-Tropsch derived lubricant base oils are
geraraipaiatssified as APl Group Il base oils and have a loWST§E006/005721
content of less than 5 ppm, a saturates content of greater than 95%, a
high viscosity index, and excellent cold flow properties. The
Fischer-Tropsch derived lubricant base oils useful in this invention have

BlenRigh 20:)5G0SIN iBglexes. Viscosity index is measured by ASTM D
2270-93(98). Generally, they have a viscosity index greater than 120,
Fc?}ié

prefarabfyded Bibrbant bareifaddhs P dustisienyisoiiey =T Adwieht 8 Rischer-
TropkeH{inbrbtid ﬁﬂamsﬂytcﬁt %Q%@%ﬁwﬁﬁﬂﬁﬁfgéﬁhlmggﬁﬁﬁﬁﬁgm @Qtying a
: cu eqguation. COSI ex = X Lh(Kinematic
e B i Bt e RS0 BT b8 s
hubripgahbrsd eilibréantB aseiGils Tiverblentiod: Gisticaritbast ddtsved thbricant base ol
in aufIRSRALIRNEROM SMAKSE PEIAN ST RSl dsrivedbrica

base oil and at least gne polyalphaolefin lubricant base ol h ving a
amo‘&?ﬁ%ﬁ?ﬁﬁ%‘\ﬁé%ﬁsh%ﬁ?dﬁéﬁ@r%}atéP%WWBW&@%%M@@M%M

blendBg thh€iblbadea dulbridant basexnilbpretarablyropoprigas dhgiatleash#Bsse oil
Myg}i}c%rét base oil in an amount between 70 and

by el (E‘Qx%s' T{E%nga% g’x%ge\:/ gp i

about 99 weight % an _t%e at Ie'asatnc')ne polyalphaolefin in an amount
betfiediseisoutPaish S vwdihtigenTtectsidn et ibroant beisevsityraayObeC

vetwRad@AY Jisnaingvhe Fissherckionsehaeses bibrcanthaseqihand the

alphaaglefin lubricant base oil by techni ues known to those of skill in
Fre o i KRS, HSRUOER Rk B0 Bieliaoach detved

lubrigime breati oW mebibity ety 0B  diietivedrratiost 2iCSgantabaut@OKSid more

prefdlpierabivhatweenakout 2 cSt and about 12 cSt. Preferably, the
difference in the kinematic viscosities at 100C of the Fischer-Tropsch

deRdeC it ihs hded Biisheiwra psiyaisridenstn ibivearhasess bikised with at

leastgresder thand0ies and MokdnTafeiabibisareatss than 0,6 BledBnl e
blen@g@y& e thet glgng?d H%She lubricants, the blended lubricant base oll is

With at Teast She aitivesr Addm e s Blard S HRndbeRn kit in the

mixed wit
at. Twblsadedeithedlobitiog thepbientedalubribbnttbise sihgadttheoing from the

indih@dikWealRdditive byte erriares oo dhess ofskilkin, H? %eagit)g};gi?&])aoieﬁn

.blenged gﬁished lubricant components may be blended in a sin

TR R R EARAPE BRI AESLE o the YR8 dhe biTrepsk BRiehsevekricant.

In thhuigtizant base dikche Dolyalphanlefin el lbtsanthasaiRibapdhe e fin
Jubrléﬁﬂ‘%é‘é@%f?‘?%y‘{x%hﬁi% Célglﬁt:gd%(ﬁot\éig%w e mg%?e%geﬂq&%%gnltua%g% Qr&ltha blended
lubricant, as such, may be mixed with the anti-wear additive. The blended lubricant may be
isolated as such or the addition of the anti-wear additive may occur immediately.

The Fischer-Tropsch derived lubricant base oils used in the blended lubricant base oils
and blended finished lubricants of the present invention may be manufactured at a site different
from the site at which the components of the blended lubricant are received and blended. In
addition, the blended finished lubricant may be manufactured at a site different from the site at
which the components of the blended lubricant base oil are received and blended, Preferably, the
blended iubricant base oil and the blended finished lubricant are made at the same site, which

site is different from the site at which the Fischer-Tropsch derived lubricant base oil is originaily
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In the alternative, the Fischer-Tropsch derived lubricant base oil and the
polyalphaolefin lubricant base oil may initially be blended to provide the
blended lubricant and then the blended lubricant, as such, may be mixed
wWith BecaitiVear additive. The blended lubricant may be isofAtEH &E06/005721
such or the addition of the anti-wear additive may occur immediately. 25

The Fischer-Tropsch derived lubricant base oils used in the blended
lubricant base oils and blended finished lubricants of the present

adeinxgégi@fh@‘}aﬂfé@iﬂf%ﬁauth bf%isl hﬂl@gﬁ@dﬂ'ﬁ%ﬂéﬁfﬁ'@@& Jf%mﬁﬂlﬁjﬁﬁlﬁiivé{bg:ﬁrst site
onents of the blengded lubricant are receive
e s e e
denvcaﬁﬂ‘émmrfrbmabé sitepatyaiihiciicie echiponkiityof thé thicrdettdbridedt
nbridfse Qg Jecsivedand hlended. Preferably, the 30 blended lubricant

base oil and the blended finished lubricant are made at the same site,
which site is different from the site at which the Fischer-Tropsch derived
Blend&bﬁﬁm}team@jhfﬁ originally -33 WO 2006/096304 PCT/US2006/005721
d|n the FISC er-Tropsch, den ed lubric nt base oi .
manu accfurer Cﬁ%%é "Site rcim ﬁ:)?pqé RG] a\\é %Sgc%g ‘r%mo e%s a‘ﬁl{tewe'
Lubrigemdnigereitnote t@nmt@weﬁm@@rm@mmg@mdjeﬁvmm laricamiihase
compRiliibespalyarhasieliog anddheadgilivesnendihghiendad BW%@%V&H‘HOH

lubricant is manufactured at this second site. 5 Blended Finished
may b8 pisd AR eEmmbdes vl e snipis e ap s oe Wb irtors-
atleastadeddiditive lubritarisarthageseilsiaveriie agirisepo [Bafttone Fischer-

Tlops%%rg r}i?qé ffl %ﬁo%b“ca éﬁ%%%eraj tg}) o “8”115% l_tlg) ny(i8parafﬁmc

fInIS rlcants INIs icant e presen |nven 10

fumt@é@\h%tééﬂ#lIaﬁt&ﬁb@)ﬁww@fﬁéIIMQW@,‘@Mommmgméﬁaﬁalwst one

polyaipdusiuial @Bﬂﬂmtiﬁ@@mm{aelmﬁs&ﬁyﬂi@bﬁe&%rg;@m ehhe Arese and less
lg ention se at least one Fischer- Tropsch derived lubricant base ol
than % (g 2

i éi&%?’@/’% BN \GtR FHOR B ABpEF arfific faHti GRS
lubncand b ethaasDi0bvertightdbinotsceesmlithidiomatiovianptigrality, at least

ong @9&&'%@9&%‘2{}@?&18&@0%%% glhaving.a }]%“858 G X f’é&i%%ﬂ%}%@?&er

than about 30 cSt and less 15 than 150 cSt, and an effective amount

compixap AREEiTTERsIATivEd e Bt fsketMRibebTe brdre plakdd

1ubndmmmm@|b&@xeﬁﬂimmpéﬁﬂlm@mm&@bmaﬁser@p&ra%im}gﬁ%&@l RS cant
b fl Rtlve gtmou%of anti- wear gddlt;[ eeded in.a fin Shed I
das8€ Ot CCOr

COmMpASING & LisehBr-Tropsch darved’y erlllcsé"’ﬁ?rbsm oif S 1885 ’i’ﬁt e Gty
less aréqW@bﬁﬂd@*fﬁrﬂsmwrhdbhmﬁmbnddnm@m aonveton lspetralewseh derived

lubridMRrCRDLIRSE 03 BQ{Bé?équjxgi&!H'Qrwﬁﬁ‘gnonocyclopamfﬁnic functionality

and less than 0.05 weight% molecules with aromatic functionality blended with a

polyalphaoclefin lubricant base oil having a kinematic viscosity at 100°C greater than about 30
¢St and less than 150 ¢St than in a finished lubricant comprising a Fischer-Tropsch derived
lubricant base oil in the absence of a polyalphaolefin lubricant base oil. Accordingly, in the
blended finished lubricants of the present invention, a reduced amount of anti-wear additive is
needed. Thus, the blended lubricants of the present invention can be used to make high guality
engime oils and other finished lubricants meeting the most siringent modern engine oil

specifications,
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20 base oil. According to the present invention, it has been surprising

discovered that significantly less anti-wear additive is required for a

finished lubricant comprising a Fischer-Tropsch derived lubricant base oil

CHmMPHISIA 3946 weight % molecules with monocycloparaffinic RiFkcHBHAREPS721

and less than 0.05 weight% molecules with aromatic functionality blended

with a polyalphaolefin lubricant base oil having a kinematic viscosity at

100C greater than about 30 25 cSt and less than ISO ¢St than in a

finished JRicanteOmRIising A RiscRek LRRECH Hervar MRsicaot hase oif

_.in the absence of a polyalphaolefin lubricant base oil. Accordingly, in the |

additipdn gR AL eactinsR R b predehiive HrBe L Rt RaE AR R ROLIREB PV ide
a blepdedi fweatabitiibais/iteedetR Tivwsy thauble rdadl 0bbigaptdiet theipfdsarthan
300,o@VI%{‘CE'&%B?a%%%?a&seigsé‘%h@nai‘?ofb'g@n%%%éﬁ, %QQ%%?&%@ J.Qlher ished

ubricants rﬁeetlng¥he most stringent modern endine oil 30 specifications.

microngy WoH2008/096364 P TS de0Eohsd bibrisentbrscan B EHiouprroPme with
1,000leasp RReARIERTRACIIVO MBI ameehanl-eanaddith@y) an
additive package or indjvidually added to t_hefglende lubricant bﬁﬁ ?il tg 5
prefergply e e BIEhtaa i AR P AT REI W B R R RESPTRRIAE tith °
weighl V0T i phidel bzdhof lebs dthan TBOE000mioronst 3f preferablydtbsscthathe
blenddd ﬁn‘?é%gc{ﬁ%%ﬁ%’d?‘%eppés%ﬁ rADNARRSNRE dipPRO0R MICTRNS Rt FUER -wear

__more preferably, the blended finished lubricant has an HFRR wear volume
additiFasaigging Appireatiearsriasa fissher 1oothiErsHdsb A Fas g itk
absenPé@SQHGIRNYPALICBINKRieAl Y88 Sftecty podympu R iofiallBAs QR sa R Wek

b addjtiv istrl%e eenlEa o.utgiogl an 5 W;?ight% of the blended finished
ANt “The EfECTVE amoUnt of ant-wedr additive in the blended
fiMishedduplicantsroitherpriséntintrentiohsigfess thaquihmeffbeingdubricated to
form 2MOUHATAMAYERELA AHAING FSIEROIN BlURHCARICRRIRIS YA

Fischer-Tropsch derived lubricant base oil in the absence of a

temperyRESRATASREH IGBRCAIY BEdBet sHlrerpetyapRao IS 18 BHeknt Bagdigyear
additive they absaneenadra hischehJropss mdarivesh dyhsipantebasetail. Antiwear

dialk a}%%%’%%f{ %%?ts?ﬂq%@ﬁﬁ‘ﬂ% with,metal spifaces Ineduipment heing
XU I'IC&%Ed 0 Torm a layer étiﬁat regLices wear at EII%EI’ ow-medium

dialk fisiiferaterastemdicatision ghoBdkmpidrapies biier sHeS Y Pypiesly the

dithidE&@a%&[@&ﬁ%]QQ?A@ﬂﬁ%@sfﬁﬁ&?%@Hﬁyfrﬂmﬁ)@éﬁﬁl\ﬁ’%%@qgﬁé\!%rgéﬁbﬁmﬁw
~one_or mﬁ]re meta @oshphates, metalljéilthlophosph%'fﬁes, _m%tal ;

Com PG I D HHBR B o S T RE LTS QA PE S AP TS (RO o Brsh e, 2t

wear naéial ediad kytdithindarldamatbsspdthoxyliatech amia@referably, the metal is zine. An

oven%'r?é ‘éX'ﬁ&ﬂk%&?ﬂ%@?@i‘%ﬁfiﬁ%ﬁ%&@&%@%iQx%%%@%?ﬁé%ﬁﬁc. DEYNALRIGAIGy,

osphites, organo-molybdenum compounds, organo-sulfur
D., “Lubricant Additives Chemistry and Applications,” Chapters 2 & 3, 2003.

The blended finished lubricants of the present invention may further comprise additional
additives such as EP agents, detergents, dispersants, antioxidants, pour point depressants,
vigeosity index fmprovers, ester c:ousolvents; viscosity modifiers, fiiction modifiers, demuisifiers,
antifoaming agents, corrosion inhibitors, rust inhibitors, seal swell agents, emulsifiers, wetting
agents, lubricity improvers, metal deactivators, gelling agents, tackiness agents, bactericides,
fluid-toss additives, colorants, and combinations thereof,

When viscosity index mmprovers are added, preferably they are present in an amount less

than § weight percent, and when ester co-solvents are added, preferably they are present in an
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20 compounds, suifur compounds, chlorine compounds,.or mixtures
thereof. Preferably, the anti- wear additive is a metal =~
dialkyldithiophosphate and even more preferably, the metal is zinc. An
ayerdiesp¥teiifferent types of antiwear additives is given by MEDHRHAIIGR05721
A. and Phillips, W. D., "Lubricant Additives Chemistry and Applications,"
Chapters 2 & 3, 2003. The blended finished lubricants of the present
invention may further comprise additional 25 additives such as EP
amouﬁ;ﬁ%é&tﬁuaqg%f&&iﬂtﬁm@@&eW‘ﬁm@é‘ﬂ%&?ﬁi‘ﬁ 'ﬂ&oﬁ'ﬁié’&é@m&%ﬁ@%&ﬁng to
viscosity index improvers, ester co-solvents, viscosity modifiers, friction
the Prs BRI GR AR A e P R ARG ASH BB A B S &t
Prefeitiflihifios 8] sdad Swrlcdehitapmel siienssavettingntagants; dubisicigity index of
impro metal deactiv I i . :
e A e e e
WHerfipiskeskinprisaes ahibroversnaravsesadrprcie iaprpited Brbesragdigrsic
intermAlNcamaKAtiessHibanAweioht persentissod wWheanesterearINNeRtedIg: oil, a

added, preferably they are present in an 35 WO 2006/096304 . . .
cors e S AABRIOBETIT S BT TodL THAA RTBR L AR L dbricant is
a mulpgeédeabiyth edirhskbeh lcigicants kose dimgetingh 8 Agras$6bt Invehtidh do

speciiOkLCOMRK %ﬁeas%%z?ﬁ?éé%ﬂ%%ﬁ{l‘ RIONRLAILR-SHE! 60:RAMEDY: muttigrade

Preferably, the blended finished lubricants of the present invention have a

interFlesaFRE SRR Granter thaih ading b prefaraliy s i Frgiag 4ibbaving 2
viscodiNaLd ISR W-a0ysVIS 08 HONUEX |BHIOWEK 5 Whedinsiel Jbpsanmtssofor 60.
In an(t:)}ghee erl%%g 1%@1\1/?&&3% erl?(?%i ttlneug g%kfaéggn% ?5%% 181'1 €l u!ﬂ g?ndbeuslt?ct:g %r%alne
combustion englne crankcase oll, a transmission oll, a power train %lUId, a
crankigpdsinié wilstinsobmypressontions donyticasiionoit\ 6E 4 gReadarbpasnddil Sequences for

gasolfRRQAIMENt the Rignded finishedilwbiicantds g nultigrade internal

combustion engine crankcase oil meeting SAE J300, June 2001,
spfraiisrdemismelgradtsiom B EREte s seT Hnsidbaarrient
inveriSca pReftigradeiobindarnBOSIMEHStio R leltgiie: erapkcaSewitimeestiagihe about

45 mg@ggifilcations for an engine oil having a viscosity grade of OW-20,
XX 10W-XX, or 15W-XX wherein XX is 20, 30, 40, 50 or 60. In
andtiesagbotirhisndah & Bkpd B irish of thibpicsmt s o prhibit exceptional
fﬂcti@ﬁ%ﬁﬁ&@@r%%%% \ﬁﬁﬂ@'ﬁ@@glﬁr@rm&ﬁm f %@R@qﬂﬁ'l_' a«t}g@ﬁégﬁﬁ&ézeastl
one uropean Oil Sequences for gasolipe, light duty diese
e hEE I e o B TS O GSAS e G prent made
of fecomblistiorFengineltrpnkease pilod coor dimgpioitiyer pieseandnventicarbon,

man E%E%[%R&Voﬁé'aﬁ&&@ JEQIALMIE lal deposit weiaht of lsss hanargaual

o about 45 milligrams. Surprisingly, the blended finished Idbricants of the
Chfo?}?@@eﬁlpiﬁ%ﬁﬂ?@ﬁ %ma&'@z@pﬁbﬁ@ements, when combined with iron, form

different types of steels with varying properties. Antiwear additives are designed to react with
the metal surfaces, usnally of ferrous alloys, to reduce wear when the asperities on the surfaces
come Tn contact with each other.

When the blended finished lubricant is formulated to be a multigrade internal combustion
engine crankcase oil, an internal combustion engine comprising a valve train may be operated by
operating the engine using fuel and ubricating the engine using the blended finished lubricant of
the preseﬁt]y claimed invention. The engine may be a compression ignition engine, or more

specifically a compression ignition engine equipped with an exhaust gas after treatment device.
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friction and wear properties while requiring reduced amﬁgunts of anti-wear
additives. 20 The blended finished lubricants of the present invention
reduce wear in equipment made of ferrous alloys. Ferrous alloys are
MO BIGP6194 containing various amounts of carbon, mangan&sEUaH#6/605721
one or more other elements, such as sulfur, nickel, silicon, phosphorus,
chromium, molybdenum, and vanadium. These elements, when combined
with iron, form different types of steels with varying properties. Antiwear
The agaiivesy A dpsiy E‘Qﬁtf&lr&?giﬁéﬂvm&ﬁet&%mgﬂl?'dqﬁmgﬁﬁml Bﬁg‘le equipped
mihf%{'éo su%,lloz}és, fggr rt'gd ce \{v(%%'r. Whﬁ? the asperities on the surfaces come
in contactawith each othar “Witén tHe BeRasH GheHERSd with 2
turbderprgaatdd e fibama nheltighashd fmtk akconiioudten fedginmerinkaataoilnleaded
gasoggei@tle[mg}aq(gggpustion engine comprising a valve train may be operated
by operating the engine using fuel and lubricating the engine using the
blended finished lubricant of 30 the presently claimed invention. The
engine may be a compression ignition engine, or more specifically a
compression ignition engine equipped with an exhaust gas after treatment
device. -36 } dl WO 2006/096304 PCT/US2006/005721 The engine may
be a spark ignition engine, or more specifically a spark ignition engine
equipped with an exhaust gas afie(jfpaimaent device, The engine may
further. be _uippefl with a turboqhar%er. The fuel may be a diesel fuel, a
jow SCIRPHIESSTILEY Ty gesStRe RIE PR Uit HHsEHhe Grmalerapat are
intergas (obE XAMRILES. 10 The invention will he further explained by the
following illustrative examples that are intended to be non-limiting.
Example 1: Fischer-Tropsch Wax and Preparation of Fischer-Tropsch
Derived Lubricant Base Oils 15 ¥##8®%rhples ofhydrotreated

FischeriTopRach manmdtcveifh andifellelViax R \Ve ks vBaIRde HeiNBBise Oils
Co-based Fischer-Tropsch catalyst. Both samples were analyzed and

fourEbia eI BOREIER ShoWR ILTRNIGY 3R 20PRORAIN:
PCT/US2006/005721 Table V: Fiscf%%?-ﬂopjé’c Wax PR v
made using a Co-based Fischer-Tropsch catalyst. Both samples were analyzed and found to

have the properties shown in Table V.,
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Fischer-Tropsch Catalyst Co-Based Co-Based Fischer-Tropsch Wax FT

Wax A FT Wax B-Sulfur, ppm <6 7, <2 Nitrogen, ppm:6, 5 12, 19*

Oxygen by NA, Wt% 0.59 0.69 GC N-Paraffin Analysis Total N Paraffin,

Wi062825/4%88.72 Avg. Carbon Number 27.3 30.7 Avg. MoleBUREMASIgHE 721

384.9 432.5 D-6352 SIIVIDIST TBP (WT%-~ F To.s 515 129 T5 597 568
TW 639 625 Teo 689 674 Teo 714 717 Too 751 756 T50 774 792 Teo
807 827 Ibo 839 873 Tao 870914 T90 911 965 T95 935 1005 T99.5 .
978 1090 T90-Tho, C 133 17 Wt% C311 34.69 40.86 Wt% C6* 0.00 0.00
C%X30+ 0.00 0.00 *The results with more than one value are duplicate

test results. 5 The Fischer-Tropsch syncrudes had a weight ratio of

compounds having at lea3t80 Vcéisbastaisaiswaxcompounds having at

least 30 CRIDQEHORIE @fidgss than 018 and aptad botiing point between
900F and HRRDR:HEe samples of the FisGeT=T FOpSCHWaKes (orfe
sample ofsiMixVWax A and two samples of|E§ Wax B) Were;
hydroisonerized pver a Pt/SSZ-32 catalyst,or 12, 19%
Oxygen by NA, W% 0.59 0.69
£3C N-Paraffin Analysis
Total N Paraffin, Wi% 84.47 83.72
Avg. Carbon Number 27.3 30.7
Avg. Molecular Weight 384.9 432.5
D-6352 SIMDIST TBP (WT%), °F
Tos 515 129
Ts 597 568
T 639 625
Tap 689 674
Tsg 714 717
Tao 751 756
Tso 774 792
Teo 807 827
Tn 839 873
Tso 870 914
Tos 911 965
Tas 935 1005
Tgos 978 1090
Too-T 0, °C 133 i71
Wi% Cior 34.69 40.86
Wi% Cypn 0.00 0.00
Caor/Ciot 0.00 0.00

*The results with more than one value are duplicate test results.

The Fischer-Tropsch syncrudes had a weight ratio of compounds having at least 60

carbons atoms to compounds having at least 30 carbon atoms of less than 0.18 and a Tg boiling
point between 900°F and 1000°F. Three samples of the Fischer-Tropsch waxes (one sample of
T Wax A and two samples of FT Wax B) were hydroisomerized over a P1/SSZ-32 catalyst or
Pt/SAPO-11 catalyst on an alumina binder, Operating conditions included temperatures between
652°F and 695°F, LHSVs of 0.6 to 1.0 hr“‘, reactor pressure of 1000 psig, and once-through
hydrogen rates of between 6 and 7 MSCE/bbl. The reactor effluent passed directly to a second
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Pt/SAPO-11 catalyst on an alumina binder. Operating conditions included
temperatures betiveen 10 652F and 695F, LIISVs of 0:6 to 1.0 br t, reactor
pressure of 1000 psig, and once-through hydrogen rates of between 6
e 78T DI. The reactor effluent passed directly to a secBREUSBES/805721
WO 2006/096304 PC'1/US20061005721 reactor containing a Pt/Pd on
silica-alumina hydrofinishing catalyst also operated at 1000 psig.
Conditions in the second reactor included a temperature of 450F and an
reactbHOMa0fid 0 PP d DheifteduesHadilag Abiche $ B0 el metaadated 1P psig.
tmospheric or vacuum. distill duc lat fra -4
Cong R e R IR £l IR s,
0|I%m%@%&@%ﬁ%%ﬁﬂ@%@%@@&%@hﬁ@PTYBB‘l(‘Bbth
distﬁ?:'é‘?ﬁrl]”c_ﬂ_ E}'M&%@%:séf igsk @d%?x%ﬁ Sﬂﬁﬁt@%ﬂéﬁié@ﬁty%&sme@%ﬁﬁliﬁ“mpsch
ischer-Tropsch.derived lybr o] 0 elaw.in Ta
derivgd BRRGPBh et 51 PISHREF 48 5&«? N A b e g (oo
fromettieR dkFl)- 4Pt TathBrib B BicHyadiidisometizadiose Mbm pier HiseksrF 62RO rived
bR daispmet aplan PevapkGatalyst PUSAPO-11 PUSAPO-LL
PO-11 Reactor Pressure, psig 1000 1000 1000 Viscosity at 100C,
cSt 3 94 4.415 7.953 Viscosity Index 143 147 165 Aromatics, Wt% 0.004
0.008 0.006 WIW@@MWQ@H&S%@MW@BS%&B&@&E Bls

%gpgﬁygoparamns 117010913 jﬁgﬂ Total
100 ba i) 1O e lara vily 4-@%1.6 39.62] Rour POIﬂt, b9 -12 -12
Cloiel datntatos DeBakihg CRalyo AfMGAGNIIt cychuSaRLHis >100 S4B 61
RatitooP Poue RPoint/Vis100 (SMA 1482 -2.72 -1.39%Consider relf#ying)
RassastiEPWGTEavttor -7.92 -7.09 2% 6 4,415 7.953
Viscosity Index 143 147 165
Aromatics, Wit% ‘ 0.004 0.008 0.006
FIMS, Wt% of Molecules
Paraffing 85.0 g9.1 87.2
Monocycloparaffing 11.0 10.9 12.6
Mutticycioparaffins 0.0 0.0 0.2
Total 100.0 100.0 100.0
API Gravity 42.0 41.6 39.62
Pour Pom, °C -19 <12 -12
Cloud Point, °C -9 -8 +13
Ratio of Mono/Multicycloparaffing >100 >100 51
Ratio of Pour Peint/Vis100 (SMA | -4.82 -2.72 -1.51
consider removing)
Base Oil Pour Facior -7.92 -7.09 -2.76
Oxidator BN, Hours No data 41.35 No data
Noack Volatility, Wit 14.6 10.89 2.72
CCS Viscosity @ -35C, cP 1611 2079 13627

The ratio of pour point and kinematic viscosity at 100°C is merely the pour point in °C divided
by the kinematic viscosity at 100°C. The Base Oil Pour Factor is an empirical number calculated
by the following equation;
Base Oil Pour Factor = 7.35 x Ln(Kinematic Viscosity at 100 °C) -18,
wherein Ln(Kinematic Viscosity at 100 °C) is the natural logarithm with base “e” of Kinematic

Viscosity at 100 °C in oSt.
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Oxidator BN, Hours No data 41.35 No data Noack Volatjlity, Wt% 14.6
10.89 2.72 CCS Viscosity 35C, cP 1611 2079 13627 10 The ratio of pour
point and kinematic viscosity at 100C is merely the pour point in C divided
by ARENRiPEVALiC viscosity at 100C. The Base Oil Pour Factor 1§ Hf3*006/005721
empirical number calculated by the following equation; 15 Base Oil Pour
Factor = 7.35 x Ln(Kinematic Viscosity at 100 C) -18, wherein
Ln(Kinematic Viscosity at 100 C) is the natural logarithm with base "e" of
Kinematic Viscosity at 100 C inE&8tmpBPWO 2006/096304
PCT/US2006/005%21 ExampiernbuepaiatiomaetBignded Finished
Lubricants The Fischer-Tropsch derived lubricant base oils prepared
above (FT-4A, FT-4B, and FT- 5 8B) were used to make the blended
fimshedshsbritanisnsevesal A Ivatitsbdperadticovis (OB HIaSH-4BO@d FT-
op) Jvere al§o used I r&%k&:& it}lgé]fj%d fgln'ghed lubricants. The PAOs used
8B) isgeassd R otwe “ErEASs PR IpS PAS A PAO-8, and PAO-25:
Duifersyal FPOrRe Prac:dBiDurasyirwities ridistered wadlemaek & Bkedy
blendeNBMIGAL GARARNY 2R Mok Sk 10831BAO-ERQ-dhennumberdnaies o-s,
PAO identifications (i.e., PAQ- 10 100) represents th kinﬁm tic

and RAQISHBLEPEE PASA- 1860 v & Bl RS ESAitmg Both A moco Chemical

Compasghend Masceivet ubricamt Daseuoibenth Higf AfSébsitifidkds (i.¢., PAO-
PAO-40 or PAO- 100) were fo i i i|s using a standard

100) é)e sfgseeﬁ]gse%%éﬁnﬁé? CD%?%?%&%%%%%?%?(%}?(aﬁéac%ﬁr%/%%gckage and a pour
pofiettmenisiaime PEDjisshsrvisensih/ dqrvek hpravirir-ll aa8 distotprosity

PACHIERESI@S PR YISeoSHY iNdaxesweErtAlrpadyveRshigh santbstkereierear

it was not nec,essaéét\%ﬁg)dd any viscosity index im%gvr%g. %EQBTN (()jviscosit
with peereprk unpaad BVERHELSS ThS ISR UL ISEER “Avith 1ow o
indekiripR feictienaddedficignts cydmerally Gowelated with oo diferslyeconbigy. and

theret r%t {teékgté on %@&?ﬁbemsa %1%9&‘{‘( i%%r&lérs.z%ﬁ%gowgd wear
m%§06/0963004 e S T - o ,
measurements were made on the test oils using an HFRR, with low HFRR friction coefficients

generally correlated with good fuel economy. Test results on these blends are shown in Table

VIL
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Table VII: Very Low Wear Blends of FTBO and High Viscosity PAO
Description OW- 20 IOW-30 t% FT-4A 73.36 0 t% FT-8B 0 78.5 t% Mobil
SHF-1003 PAO-100 0 10.85 t% Durasyn(r) 174 PAO-40 15.99_0 t%ﬁ?
AU Pidkage 10.35 10.35 1% PPD 03 0.3 CCS (cP) 4100 At 638 A
-35C -25C Viscosity at 100C lest) 7.093 12.54 Viscosity Index 170 172
Noack Volatility (Weight 0/.) 14.36 3.65 V (cP) 8,442 at 228,879-YS -40C
at-30C Oxidator B, L-4 Catalyst (Hours Not tested 30.04 ITHS at 150C

(cP) 2.22 3.93 EOST MH‘I\"}/( ?%33 .354.2 HFRR Friction Coefficient

0.111 0.1t}4® MERFe Wy Vi1 @@él@fﬂﬁ’@ﬁ%ﬂlmé’ 525108479

ibliCrons3-FRR-Net\Wear\o Microns--1.600.20.086._YS refers to
A

I ] T ¥
the pres Desetpiptic o ciress in the .v.72\/ test. 5 THe2Abdve!GH=0 |
demonaiis et weat—as idatith-stabititt (Oxidator
! \Wﬁ}pﬁlﬁﬁ wear, as Wwe .r\.r,‘.r.‘ tetkd
B with Leis, ISR Risnga gl fop

lubricarg Dbﬁ &)A @”1'7?1 PA tt';@nt 70 |_|| .
functiormﬁ%@aj—hg@o) andhigh VISEOSY REAC

DD

PAO-10g)shheplend withrthe towest FtFRR¢oefjcrent
lowest ear Below 570 0n
Fischer Tropsch derived lubricant base oil with 2gapeight %anefecules
with mdvaeysloparaffitic.Rmctionality and high yigegsity PAQsyhete the
differentestadineikfiaematic viscosities at 100G befwgen the Hseher-
Tropschideskvediaubiricantibase il and PAO Wasigreatel tham 0 cSt,

(4’)‘

R - nc&?“‘%p” ffinic

llbf..ngl 19 and

MRV {(cP) 8,442 at | 228,879-YS
-40°C at -30°C
Oxidator B, 1-4 Catalyst (Hours) Not tested 30.04
HTHS at 150°C (cP) 222 1.93
TEOST MHT (mg) 33.3 54,2
HFRR Friction Coefficient 0.111 0.104
HFRR Wear Volume Below the Plane 148,645 109,779
(Microns”)
[HFRR Net Wear Volume (Microns®) -1,600 20,086

YS refers to the presence of yield stress in the MRV test.

The above data demonstrated low wear, as well as excellent oxidation stability (Oxidator
B with 1L-4 Catalyst) of blends of 270 wi% Fischer-Tropsch derived lubricant base oils with =6
weight % molecules with monocyclopasaffinic functionality (FT-4A and FT-8B) and high
viscosity PAO (PAO-40 and PAO-100). The blend with the lowest HFRR coefficient of friction
and lowest HHFRR Wear Below the Plane was a blend of 30 wt% Fischer-Tropsch derived
tubricent base oil with 26 weight % molecules with monocycloparaffinic functionality and high
viscosity PAQ, where the difference in the kinematic viscosities at 100°C between the Fischer-
‘Tropsch derived lubricant base oil and PAO was greater than 70 ¢St

By coniparison, as can be seen in Table VIII, blends of <70 wi% Fischer-Tropsch
derived lubricant base oils with > 6 weight % molecules with monocycloparafﬁn.ic functionality
(FT-4A or FT-4B) with either low viscosity PAO (PAO-8 and PAO-25) or high viscosity PAQ
(PAQ-100), exhibited excellent friction and wear properties, but did not demonstrate the
enhanced friction and wear benefits scen with blends of the present invention containing =70
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By comparison, astan be seen in Table VIII, blends of 'j%*_?O wit%
Fischer-Tropsch 15 derived lubricant base oils with > 6 weight %

mvademueswith monocycloparaffinic functionality (FT-4A or FhedR)saith/eos721

either low viscosity PAO (PAO-8 and PAO-25) or high viscosity PAO
(PAO-100), exhibited excellent friction and wear properties, but did not
demonstrate the enhanced friction and wear benefits seen with blends of

w8 BIaSeR %&K%H?Eﬁ?%ﬁ%&ﬂ
PCTIUS0DEDE oY e i

27 :) pg}(h%

AV1IT1
eryv

006/096304 o
nS‘BF’&‘SH? piesliyagoec

greaisR ByeR Ahmit 30 IQﬁféFﬁb‘c‘?és\ﬁs’ébbﬁﬁﬁﬁf T4 redtBAthaAlabout 30 cSt and

less than 150 cSt (PAO-40 and PAO-100). 'Fable VIII: 5 Comparison
Blends of FT and PAO Descriptiona®¥W2@ OW-20 5W-30 t% F F-4A

31.8369.870

__ 1% RTesiBafison BIGGLILEF #%0ahewon Phillips PAO-8
57,52 0 0 t% Chevron Phillips PAO-25 0 19.47 0 t% Mobil SHF-1003

DATIUPHOND 0 23.2 1% DI Additivie Pa@kazfe 10.35 10WE00.3p 16 WRD

10 5l0'4 CCS (cP) 5534 at -35C 382684t -35C 5983& 30C iscosity at
Wﬁ%‘ﬁé% 555 6.981 11.32 [Viscositydndex 145 169161 dack #6latility

Wi GhevioncPillipy RADfaRY (cP) 115768 at -40C 9.600 at -40C 130207 af

@Ez% C&Wﬁmﬁhﬂmsj’f?&;ﬁf\m ( nllrQ\ 38 82 Nat test@d?23.29 Z11-18 at
F@lg?ﬁl\@ ¢§%W%Pé991®nc1 MHT. fng).28|7 25 99285 HFRRZrction
N LA RAglae 0 111 abpR Méér\/m ime HElaw the 187,885

JodPa79 190 03 0.3

wp e 5534 at -35°C | 3876 at -35°C 5993 at

Viscosity at 100°C (cSt) 7.555 6.981 1310.3(2:
\Viscosity Index 145 169 161
Noack Volatility (Weight %) 7.19 13.77 9.6
MRV (cP) 11,768 at -40°C | 9,600 at -40°C | 13,207 at
Oxidator B, 14 Catalyst (Hours) 28.82 Not tested 2335.2(;
HTHS at 150°C (cP) 2.32 2.41 3.58
TEOST MHT (mg) 287 25.9 28.5
HFRR Friction Coefficient 0.116 0.115 0.111
HFRR Wear Volume Below (he 187,885 182,030 172,120
Plane (Microns®) ;
HFRR Net Wear Volume (Microns®) 55,510 35,960 29,425

Two OW-20 biends, one with an all-FTBO formulation and one with an all-PAQ

results on these samples are shown in Table IX.

R i

formulation, were made. HFRR wear tests were done on these blends for comparison. The test
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Plane (Microns) HFRRNet Wear Volume-(Microns ) 55,510 35,960 29,425
Two OW-20 blends, one with an all-FTBO formulation and one with an
aMePAdbeEmulation, were made. HFRR wear tests were dongcan diesgses 21
blends for comparison. The test 10 results on these samples are shown
in Table IX. -42 WO 2006/096304 PCT/US20061005721 Table IX:
Comparison Blends of A11-FTBO and All-PAO Description Ail-FTBO
All-PAO OW-20 OW-20 t% FT-4B 53.74 0 t% FT-813 35.61 0 t%
Chevron Phillips PAO-4 0 31.83 t)g,§henron lips PAO-8 0 57.52 Wt% DI
Additive Package 10.35 10.35 t% PPD 0.3 0.3 CCSrgéi‘é 5660 at 5534 at
-35C -35C ViscosParisnctaty ¥ EEB ek lingel 167 145 oack
Volati) (Welght %) 8.86 7.19 MRV (cP) Fail 11,768 at 71,156 at -40C)

-40C Alua I = 4 \,atalyot \I |uUi’3} PO q? *Qf’ OLlTn S-at-1R0C IO)
2.36_ 2% 1:F“R}I.]HT (mg) 40 28.7 HFRR Frl"é%_ Eoeffiq‘ie‘% ( 110 0.116
HFRR W 2 m@&gne _beww thePtane-170 3405%0/*4 560 |“v‘|iul6| 1S TFRR
Net WeggVofeggs (Micronsy30,19038,975 535 ¢ 0
W% Chevren Phillips PAO-4 0 31.83
(Wi% Chevron Phillips PAO-8 O 57.52
Wi% DI Additive Package 10.35 10.35
iW1i% PPD 0.3 0.3
CCS (cP) 5660 at 5534 at
-35°C -35°C
Viscosity at 100°C (cSt) 7.09 7.555
Viscosity Index 167 145
Noack Volatility (Weight %) &.86 7.19
MRV (cP) Fail 11,768 at
(71,156 at -40°C) -40°C
Osxidator B, L-4 Catalyst (Hours) 28.7 28.82
HTHS at 150°C (cP) 2.36 2.3
TEOST MHT (mg) 40 287
HFRR Friction Coefficient 0.110 0.116
HFRR Wear Volume Below the Plane 170,340 180,560
(Microns™)
HFRR Net Wear Volume (Micronsj) 30,190 38,975

‘While these comparison results demonsirated that all-Fischer-Tropsch derived lubricant

base oil blends give better frictional properties and lower wear than all-PAO blends, it was found
that a blend of the same viscosity grade, 0OW-20, coraprised of a mixture of =0 wt% Fischer-
Tropsch derived lubricant base oil and higher viscosity PAO (PAO-100), had significantly lower
wear than the all-Fischer-Tropsch derived lubricant base oil blend. It was surprising that the
blends having the mixture of 270 wi% Fischer-Tropsch lubricant base oil and high viscosity

PAOs gave reductions in HFRR Wear Volume Below the Plane of 12.7 % (0W-20) and 35.6 %
(10W-30).

While the present invention has been described with reference to specific embodiments,

this application is intended to cover those various changes and substitutions that may be made by
those of ordinary skill in the art without departing from the spirit and scope of the appended

claims.
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5 While these comparison results demonstrated that all-Fischer-Tropsch
derived lubricant base oil blends give better frictional properties and lower
wear than all-PAO blends, it was found that a blend of the same viscosity
grade, OW-20, comprised of a mixture of '0 wt% Fischer- Tropsch derived
lubricant base oil and higher viscosity PAO (PAO- 100), had significantly
lower 10 wear than the all-Fischer-Tropsch derived lubricant base oll

Vﬁ%’?‘iﬁ@ﬂ%ﬁﬁ%’]{%qgmg that the blends having the mixture of ~570 wt%
pschlu

Fischer-Tro ricant base oil and high viscosity PAOs gave

reduttiBiiS 7 HrRRNA P MsiehistBetovi the Rlanepefika: 7 % (OW-20)

and 35.6.%s (W36 .\Mhbe.the-present | ion,has been described
with referengg to stﬁ@/é@cif}i%gu@bodégwents, %%gﬁé%%pﬁ%%ﬁ%?ﬁ%ﬁ 10 B
cover those varlg}lﬁs changes and suBSt GRS tHEE iy Hecmidentyicss then 0.05
those of ordifx: gkimasres aritvithoutdépacting:figm the spirit and scope

of the appendedieiaimss-43 WHAT IS, DS ARrocess for

making a b{g&q}%ciylupgﬁaet base %T cor%ﬁ;{i%g%%.{%aﬁ%eﬁizég atteR&tc

one Fischer-Tropsch derived IUbrcant base it 8 1 Bhwightdb
moleculés WitAFResajdrspartiicHuriotionatiti-and lessdhan0:05; md the at
weight % melecsilesavitharapaticfungtionality; b. providing at least one

; poly@@%@;@ J)lf;t&iaqarit b%se oil with a,, ematic 'viscosity at 100C greater

than about 30 cSt and I6ss than 150 CSt it ERTdeg thelet fedstiofemt base
FiscReCFrEBsen terkicribmic af rhaseleil witd themtsleast functionality of preater

‘oneiolyalphaclefiadubrieanthase-oll 2-The progess.of Claim 1, wherein

- the %Jﬁgg}lgﬂ?fischr%{-ﬂoggch derived lubricant base off CORApTISEY a

Ly

weight

weight percent of moleciies with SyieparatiictiNctiorriefofgfeatenaticy
tharPI0™ @nd?% fatio of weight percent of molecules with

- moriBeycleparatE mienfunetianalitydeweight percent of molecules with

multicycloparaffinic g}gyﬁ{:tionalitx\c

onali gggigter than 15 3- The process ot At base
1, wherein the at least oneé Fischér:

SRS e fvad TaBHsanT basdeitban 0.01.

- comprisEY &g ht e reetiotimblecules: with Hsomatie-facHenality eSS ant base

thare0.0LrpisFhe preeess oi:Claimd.wherein e b east.one

molgjc&u&_gs with monoc clopargﬁinlc {i

- Fisehet donsclydativer Lbricant.base ol comprises = 10 WA TG By

%‘ff&ﬁ:ﬁﬁt i kinematic viscosittes at 100°C of

1scher-Tropsch derived hbricant base il and the polyalphaolefin lubricant base o]

18 greaier than 40-38‘5_

The process of Clam 1, whersin the difference in the Janematic viscosities at 100°C of
Tropsch derived Inbricant base oil and the pelyalphaolefin ubricant base oil
15 greater than 70 oSt

the Fischer-

A process for making a blended finished hibricant comprising:

8. penormung e Fischer-Tropsch synthesis to provide a product stresm:

b. isolating from the product siream a substaﬁtialijr paraffinic wax feed:

¢. hydroisomenzing the substentally paraffinic wax feed nsin 2 & shaps selective

intenmediate pore size molecular sieve comprising a noble metal bydrogenation
componernt wmder conditions of about 60G°F to 750°F (316°C to 399“0}(
a. isolating an isornerized oil: ’
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5. The process of Clain 1, wherein the difference in the kinematic
viscosities at 100C of the Fischer-Tropsch derived lubricant base oil and
the polyalphaolefm lubricant base oil is greaterthan 40 cSt_ 6. The
process of Claim 1, wherein the difference in the Jcinematic viscosities at
100C of the Fischer-Tropsch derived lubricant base oil and the
nolyalphaolenn lubricant base oil is greater than 70 cSt_ 7. A process for
making a brlle(%d%d _fiﬂ}[%séled Jubricant C(_)mprisir}gé a. performing a _ _
Fischer-Tropsch Sy AtHe 818 T BrEvrde L HIs ey SPHeT o rBetatieg tretpbricant
the productstedrmossubistmntiathyiper #ifinitvvies feRl nnocyclovaraffinic
hydroisomeszingibesubstantialy payaffinic wiax fed ising 2 Shape. & ooaie
SE|€‘CtIVF mtgrrg_edlate pore size malecular sieve comprising a nob e me aﬁl ’
hydrogenation CBRT et RISPESR A M L BR S50 b 00 ey B BRiBTBT.
to 399C), diisekitng Rafsdprerizetioiligsexdydsofinishingtheigomerized ‘
oil to pr@.vi@ﬂ:ﬁaﬁig%kwﬁé&pgﬁpﬁ@ﬂ@%@@éﬁ?a&%&%’%ﬁ%%géiéﬂ‘%% 1 least
weight % moIeCLEIes }\évitp g}zonoc;yclo arafimic fimetpnaﬁty and less’than
0.05 weight S MoleetiRs Wi%ﬁbﬁﬁm%ﬁaﬁﬁqcﬁﬁﬁﬁﬁt?%@im%a@%@m
polyalphactefirressricainivy asproififray higpdefdfieimaticuhiseasity at 100C
3. greatee ma&%%@&tﬁﬁdz,l%%mrﬁhé§Px&~§4a&yﬁi&hgl%?gégagtggﬁédﬁécam base -

one Fischer-Tropsch derived lubricant base oil, the at least one

polyaiphaotern lbreant BRSa" G “SH P dr: Srettveahidineinatiteatisnan 0.05,
anti wagiEbldeitiveitof providié-a wiengedfinished tubrinanti§. FRe-PERERSS10, and =
of Ciaif s whesejn:the: aklearl-oneKischers Tropseh deriv %%éﬁggéi%% weight

base ol corP%ri§es a We%ht percent of molecules with aroma
funchionaity o faee Hant B aRg R PRrcEme B prble catatsn e 15.

2. cycldpamramnes ffidionaliybofgrdater than16 Fantka Traiecnweightubricant base
peroentobmaieaips thmanoeysianaa dmie unsionaliv o weight

1pereent o;{}@egée%u!gs W ulticycloparaffinic functionality great rfhan;ﬁ.o'm‘ ’
S. The process of Crain 7 e aif thisast Tesdtshe Fisarsr dropatbricant base

derivelrrabriesnthbmel sbi Yonmrisks witveight pelogat:ofmoleeies:with
1l aronmaseivnetopaitless:han,0:0 %, s Themracess of Glaim, 7, wherein

the %tﬂlggl%t ane Eiigher_-gq sch derived lubricant base 0|I_compr_|se§_:r§;§1E base
weight % molecates With Tons e AP aHmE G HE fBtHafRpe fopmenality.
L prockRsBrehint Zlaphdreihate didbhstohokisehenTapsalganved 70 weight %

lubrigastfaB@psch derived Tubricant base oil, I to 30 weight % polyalphaclefin Jubricant

base oil, and 0.001 and 5 weight % anti-wear additive.
L. The process of Claim 7, wherein the blended fimished hbricant has a inematic viscosity

. between about 2.0 and 20 ¢St at 100°C.

it. The process of Clam 7, wherein the blended finished lubricant has a Noack volatility of
less than 12 weight %.

1i. The process of Claim 7, wherein the blended fimished Tubricant has an Oxidator B with - |
4 Catalyst test result of greater than 22 hours.

{3 The process of Clatm 7, wheren the blended finished hibricant has a TEOST-MUT total

deposit weight ofless than or egual 1o about 45 milligrams. b
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oil comprises > 10 weight % molecules with, monocycloparaffinic
functionality. 12. The process of Claim 7, wherein the blended finished
lubricant comprises > 70 weight % Fischer-Tropsch derived lubricant
base oil, | to 30 weight % polyalphaolefrn lubricant base oil , and 0.001
and 5 weight % anti =wear additive. 1-3- The process of Claim 7, wherein
the blended finished lubricant has a kinematic viscosity between about
2.0 and 20 cSt at 100C. 14. The process of Claim 7, wherein the blended

sinisheg Jybrisantdias,  Nacl ol BUBLOL. 855 R0 2 eSO Y T: Volume
procgs of Claim 7, \%Dereln the %ended finished lubricant has an

OxidARTBREHTS 4 EXeR RSP TSP G FRRIEFIHER 22 hours. 16. The

process of Claim 7, wherein the blended finished lubricant has a

TEOSHV,, Hwei than or.egual to outds
EmiIIigram\sI/). E%%ﬁ'l%ﬁ%ﬁ%%gﬁﬁgﬁn%?wﬁ%g?gﬁﬁ%e %gr%i%dg fcin]iescﬁeddfJr om the

lubricEH BXITBTE R K EreR WhosP Bt e BEBRPIs R ple BERISS than or
equaldie!BPT dg6rtukibaricons! tf.cEhagineeas:af Ciair-wheteithe )
at leagf . 9n8Bpti-wearadditive i cled rgfé’_ht!;i +roup consisting o .
metal ?%lﬁphates, metalgdgitér?iﬁggr%%%lha;%éﬁs% metalglé%ﬂg%/{)ﬁﬁ%ﬁhg%% aﬁté%?mma
meta|‘ﬁ%§%%8?%%té’§?ﬁ?éﬁﬁﬁ?fﬁ RO R ateE R AiBteliybdenum compounds, organo-
diallcytditlvicoanbramétes Bthoxlatedsacnine-diatiooithio phaspRates thereof.

1ethoxylate, amine dithigbenzoates, neytral organic phosp hétaed%fﬁa?ﬂ Tnbricant

organ-molybdenum compounds, organo- Sulfur compounds, su
comp%%#ﬁ‘&%?éﬁ%‘i’i’??e%%%‘fﬂf@, ShATHERTES tHeTEoFToETHe Shrcessts,
of Claiptizgiimie peomplisitgasding aitess: bexadgitinnal bibrcanbrvents,
additiye.selectad fom Be.group.soNsising ot £6 adents, detergents, o

dispe%nts, antioxidants, pour point depressants; viscosity Tndex
improVars: SEter o BRI ERtsS R SESLiRp o TS EFe iRt ine diffats, Inbricity
demuisifierasrantifodniingragient sg EDSIORs, | RRIbHEES: suat, IBhibitt s S8Rk a-10ss

swell ageptscemilsifiers,weting.agents, lubricity improvers, metal
eactivators, gellin agents, tackiness aB%;ents, bactericides, fluid-loss

2g’olditives“'ﬁFEST’oPér‘?- “13A8 MikEGFEY fhereble DO BT eEsss o CrRimeT, is platinum,
wherainliburlsiecnsbatdtimioberation component is platinum, palladium, _
201 Comﬁg}ﬁﬁe% El’ﬁfﬁ% a,kvgé?grp{ﬁécsﬁﬁgeosfag&%@ IthéN hggein the Sha%?olecular

ve i i i fected fom the
selecg%{%ér}gerrpedlate pore size mole(_:u!ar sieve Is selecte om the
group Consisting of SAPCEF FERPEITmg APGH- SMSPO-31, SAFO-41, SM-3,
48M-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, SSZ-32, offictite, femierite, and
combinations thereof.

2. The process of Claim 7, wherein the effective amount of at least one apt-wear additive is
less than the effective amomnt of anti-wear additive in a finished Tubricant comprising
Fischer-Tropsch derived Iubricant base ofl in the absence of a polyalphaolefin Inbricant
base oil.

- 3. 'The process of Claim 7, wherein the effective amount of at least one anti-wear additive is

less than the effective amount of ati-wear additive in a finished Jubncant comprising

polyalphaolefin lubricant base ofl in fhe absence of & Fischer—"fmpsch derived Tnbxicant

base oil.

24, The process of Clairn 7, further cOmprising solvent dewaxing the isomerized oif.
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ZSM-22; ZSM-23, ZSM-35, ZSM-48, ZSM-57, SSZ-32, offretite, ferrierite,

and combinations thereof. 22. The process of Claim 7, wherein the

effective amount of at least one anti-wear additive is less than the

effective amount of anti-wear additive in a finished lubricant comprising
Fischer-Tropsch derived lubricant base oil in the absence of a

polyalphaolefin. lubricant base oil_ 23. The process of Claim 7, wherein

the effective amount of at least one anti-wear additive is less than the e$

gtlve amount of anti-wear additive in a finished lubricant comprising
polyal&lgoqeﬁﬁ Ta BPEARCBEEE bhimdee ngwddeboratmisohr sieapdehe second site remote
derivedfbtcafst s tiopkods dnepepeess of Claim 7, further comprising

solvent dewaxing the isomesized.oit, - @lég’ﬁ%é A Process J%Dfe facgll 09 ot bace

a blended finished lubricant at a first site at a secon

from the f|rst°§?t§°‘ﬁ?é”’ﬁi?§ee%§"’5‘§mﬁl%‘*‘ﬁﬂ%ﬁﬁﬁﬁéﬂﬂ%@%@nmmﬂwy
at least one EistheriinopSchwairived tutiicans haserQl ARTRHSHETS

weight %gmo}g&ﬂg&wyymgp oparaffmis functiopality and less than

0.05 weight % molecules with e?!o&r%atlc functlo{r%ﬂty, reé::e]?‘vmt{fl fen site remmote
Fischer- Trop@r@ﬁ:‘a]éer WeitRARANt base oil at the second site remote from

the first stte; elsddinhllerEintthEbischerTreprohicorved hibraant Rase e

.oil with at le I | 0il having a kine
viscosity at ip%;:,g%ré%%g%%g% %%éﬁ?%ﬁ%% %a‘r?seﬁ% iv ﬁl%tdgc greater

amount of at %ﬁﬁ'&q&ve amomt of &t least one anti~wear
additive.

47 -



