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LUBRI CATING AL WTH H GH OXI DATI ON STABI LI TY FI ELD OF
THE | NVENTION This invention is directed to

wout7ioecsasing oi |l s having a high viscosity i ndeRrCaus2006/048677

excel l ent oxidation stability, a process for making

| ubricating oil with superior oxidation stability, and
a nethod for inproving the oxidation stability of a

| ubricating oil. BACKGROUND OF THE | NVENTI ON WD

00/ 14183 and US 6,1 03,099 to ExxonMobil teach a

process ;ggpg%dwg;g@ yglﬁ%’ﬁlﬂbﬂ OXIDATION Sﬁ@mwe

st ock wh roi somerizing a
paraffihic, Fischer-Tropsch synthesized hydrocarbon

hydrof soner i zat| on Elpcaed i GUERTION T
hydr oi someri zation sion | evel of
sai d 650-750F+ feed hydrocarbons sufficient to produce

a 650- 7500F+ hydr oi sonerate base stock which _conprises
s]'ahlsj irhastios ti dievlieddi, lubtieatingopils hadngiat ghtviseassy ingex and
n {

SIS Bt Bk brossPr Rl RBlicHERY bl superior

ddatinnhstabilitys anaug htethed dodinmgropingdbs seddatiomstiebdility of a

gon"p S{ltl ans of lubricating oils having excellent
PUCAUNGPSt abi 1 i ty. Conoco ECOTERRA(tm) Hydraulic

Fluid is fornulated with high quality hydrocracked

base oils and fortified with an ashl ess, zinc-free

antiwear additi N T&NHat i on

stability; such that the |1SO 32 grade has a result of

700 mnutes in the rotary pressure vessel oxidation
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Q‘ﬁydroisomerization conducted at a conversion lével of said 650-750°F+ feed
hydrocarbons sufficient to produce a 650-750°F+ hydronsomerate base stock
which comprsses said base stock which, when comibined with at least one -
lubricant additive, will form a'lubricant meeting desired specifications.
Hydradlic oils are claimed; but nothing is taughtregarding processes to make
or compositions of lubricating oils having excellent oxidation stability.

Conoco ECOTERRA™ Hydraulic Fluid is formulated with high quality
hydrocracked base oils and fortified with an ashless, zinc-free antiwear
additive package. It has a high o-xidation stability; such that the 1ISO 32 grade
has a result of 700 minutes in the rotary pressure vessel oxidation test
(RPVOT) by ASTM D 2272at 150 degrees C. The-ISO 46 grade has a result
of 685 minutes, and the 1SO-68 grade has a result of 675 minutes. Conoco
ECOTERRA™ Hydraulic. Fluid, however has a low viscosity index of about

102 or less.



bet ween 884 and 888 mi nutes, but they too only have
viscosity indexes of about 102 or |ess. PetroCanada

WOYRRBXSSSUPREVE(t M) is an | SO 32 hydraul i ¢ fl uP@TAR2006/048677
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RPVOT result of about 1300 m nutes. HYDREX SUPREME(t M)
Is a trademark of PetroCanada. The base oil in this
product is a highly refined water-white base oil. The
base oil used in the PetroCanada HYDREX SUPREME(t M)
hydraulic fluid does not have a viscosity index that

ol .
' ﬁeﬁéégﬁgég quanltyﬁ\{w wwg&%t}éggﬂﬁgﬁk}%@a@QGﬁ%&lts of
sh)@mefelmmn aam&fBBtm[vfute/s Smdshey tomdely haver dseositydndexes of
prow t with a viscosity index of about 353.

I ¥SShydraulic fluids having high viscosity
|ndexes and good oxidation stabilities have been made
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quantitires. What is desired is. a lubricating oil
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ar'gﬂkﬁogﬁﬂéﬁ?eﬁﬂ’ed@@%?a?'i Bhthis apduct {5 amghly gefined water-white

VhS&O8II L rhesifoe SRGSed R ﬁeﬁaé;%neaé HavREX QU@EREMETM
than 90 wt % saturates, |ess than W % aromati cs

vlnm:raylm ﬂmdwae@ pelhave atwmsmmd%t@@t iexpeptonaiy Figh, and
SH\' ﬁeagnh ésa?\?]agﬁﬂfenﬁw' Iﬂl\?&g ﬁg%h |f?x—]:\s cqf gorﬂeﬁ(ﬁé’mltpya significant

usion o el s of 'visco
[ am@xmt oprisvesity, indax imppm\cefdssarbwdaak‘alth . vistaaRiwvdex of about

o PR e HUREDR R ot VRSB 9b88SE bnd good
saxidatibre stabikties Havenbdéh m%afromatyrﬁhetuabbes @ilsj and also from
hiePRelshask Sl ere Tm ASHs G o 5ol BBTF HRGRs0t Dase ol

Whevweler, e elkpbnsiodandonsti dvaiabledinl iHkyd @aémtrt@sm I
vi scosity index between 155 and 300, a result of
greater than 680 minutes in the rotary pressure vesse

owiklis @Bsired s RYureHYng GikiaviRg exadterd deld!ﬁlBﬂ §@bility and high
V\I/lgggssllcyt %dex made using a base oil having greaterthan 90 wt% saturates,
less than 10 wt% aromatics, a VISCOSIty index greater than 120, iesfs than 0.03
wit% sulfur and a sequential number of ca.rbon'atoms, without the inclusion of

high levels of viscosity index improvers; and a process to make it.

SUMMARY OF THE INVENTION

We have discovered a jubricating oil, made from a base oil having: greater
than 90 wt% saturates, less than 10 wt% aromatics, a base oil viscosity index
greater than 120, less than 0.03 wt% sulfur and a sequential number of
carbon .atoms; wherein the lubricating oil has a lubricating oil viscosity index
between 155 and 300, a result of greater than 680:minutes in the rotary
pressure vessel oxidation test by ASTM D 2272-02, and a kinematic viscosity
at 40°C from 19.8 ¢St to 748 cSt.



at 40 Cfrom19.8 cSt to 748 cSt W have al so
di scovered a lubricating oil; conprising: a) a base

wWoR007l02888Nng: greater than 90 wm % sat urates, | eBST/URANG/048677
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.10 wt% aromatics, a viscosity index greater than 120,
| ess than 0.03 w % sul fur, a sequential nunber of
carbon atons, and greater than 35 wt% total nol ecul es
with cycloparaffinic functionality or a traction
coefficient |less than or equal to 0.02H when neasured

roﬁahgvé‘ls%t ﬁﬁ%\}éf&S%\' ﬁ.lprle%t)lr;lggoﬁ%orﬁaﬁs gg aslide to

ratio o ercen 'ant | oxi nt additive
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wher ei n- CHETRER e Slser§y b aEBatdth I35, 14HR4R008 wiv
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Wt % sat un@diggpt: | ess than 10 wt% aromatics, a viscosity
i ndex greater than 150, less than 0.03 vvt%sulfur, a
sequen ) &N Ankpdadagraddiive AoRsentateannd gr eat er t han 35
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or a traction coefficient an or equa
when neasodexdimaprayeki nematic viscosity of 15 cSt and

B R i o SRRl RER Yo a rosur
I orbgrie@ageﬂ thgnd300 minutes in the rotary pressure vessel oxidation test by

ASTM D 2272-02 at 150 degrees C. -

Additionally, we have discovered a lubricating oil-.comprising:
a) beﬁNeen 1 and 99.8 weight percent based on the total lubricating oil
of a base oil having greater than 90 wit% saturates, less than 10
wt% aromatics, a viscosity index greate'r' than 150, less than-0.03
wt% sulfur, a sequential number of carbon atoms, and greater than
35 wt% total molecules with cycloparaffinic functionality or a traction
coefficient less than or equal to 0.021 when measured at a '
kinematic viscosity of 15 ¢St and at a slide to roll ratio of 40
percent:; . - '
b) between 0.05 and 5 weight percent based on the total lubricating oil
of an antioxidant additive concentrate, and-
c) less than 0.5 weight percent based on the total lubricating oil of a
viscosity index improver,
wherein the lubricating oil has'a lubricating oil visc.osity index greater than 155
aﬁd a result.of greater than 600 minutes in the rotary pressure vessel
oxidation test by ASTM D 2272-02 at 150 degrees C.



of an anti oxi dant additive concentrate, and c) |ess
than 0.5 wei ght percent based on the total |ubricating

WwW@R0070F58a1 vi scosity index inprover; ..wherein POBUS2006/048677
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lubricating oil has a lubricating oil viscosity index
greater than 155 and a result of greater than 600
mnutes in the rotary pressure vessel oxidation test
by ASTM D 2272-02 at 150 degrees C W have al so
invented a process for making a lubricating oil with

hW@ HaYe dd Rﬂ/eﬁi&% ¥ess fB)? nﬁ’élﬁﬁ@%sluEﬂ&ating(;bE g\/itﬂ high

| ubricating oil | SOMEr |
dewishating Séabthbyy'fhem]‘obass fu;g rgaleag@r lubhiaatig oiMcimprises:
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than 90 w#bsapharaifies antdsss thaar2d fpmt tétalr combined, nitogen and
reater tha 120, | ess than

vi scosity i pdex

Curfor ratBir S s Hase bedvios oLST@s e Swlp patirates, less
fragtl on?mwgﬁmd W/oth’w%@néticls aM@d@it?frweﬁﬂgréétéﬁffP\%tho less
grades o ase qil sel e one or nore o

differ entth\?PsQ:Qg W é?‘gﬂ%%“‘g 9§%§€”B?| nyEpehgt carbonzatoms;
sel ect gg @é‘@tﬁ)r@ting é%%}etdﬂ ah&Sja?ﬁe%ﬁ@%%oén%}aaéQof base oil,
and ii. greater 't 35 % total nolecules wt

cycl op& a?ferlﬁﬁﬁ"as POf @trmwa ofithestifferent yisciosity grades of base oil
coef fici ephyihgss than or equal to 0.021 when neasured

at a kinemati € viscosity of 15 ¢St and at a slide to

rol |l ratio iof a@eﬂmte@rbase@)l MWVHW@MQF%EEW@@M

or more of; theQ% %ne{h% é’h/f%qaiawn ﬁ%% With EzaSP%alfﬁmc

with an anfi ox |ve concen
| ubricating oi fqnowbeatetlyrortdmad:tum Cczeﬁflcreg\t teds thas aa equal to

oreater than cooah WiEAoteb PR oF 8o sRebEiety 8 48 ost and
-at.a slide to roll ratio of 40 percent;

d) blending the selected one or more of the different viscosity grades
of base oil with an antioxidant additive concentrate to make the
lubricating oil;

wherein the Iubricatiﬁg oil has a viscosity index between 155 and 300

and a result of greater than.680 minutes in the rotary pressure vessel

oxidation test by ASTM D 2272-02 at 150.degrees C.

We have also developed a new method for improving the oxidation
stability of a lubricating oil, comprising:

a. selecting a base oil having greater than 90 wt% saturates, less
than 10 wt% aromatics, a base oil viscosity index greater than 120, less
than 0.03 wit% sulfur, a.sequential number. of carbon atoms, greater than
35 wt% total molecules with cycloparaffinic. functionality or a traction
coefficient less than or equal to 0.021 when measured at a kinematic

- viscosity of 15 ¢St and at a slide to roll ratio of 40 percent, and a ratio of
molecules with monocycloparaffinic functionality to molecules with

multicycloparaffinic functionality greater than 2.1; and

-4



oxi dation test by ASTM D 2272-02 at 150 degrees C. W
have al so devel oped a new nethod for inproving the
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a. selecting a base oil having greater than 90 wt %
saturates, less than 10 wt % aromatics, a base oil
viscosity index greater than 120, less than 0.03 wm %
sul fur, a sequential nunber of carbon atons, greater
than 35 wt % total nolecules with cycl oparaffinic

functi gnal t
Cooed ' B0%0" S8R A RRBIP AR TRRCH A TRty B yitn the
of d]@@ﬁéd s eadil W !SﬂOIddueetam lrrmrbvedmub:ncramngmlbwrteeam the

and .a rati
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portion of the base oil int elubr||cat|ng oil with
t he YERIRIRAN BAR BT ot hephBARWGA! npr oved
| ubricating oil; wherein the inproved |ubricating oil

has a result |n t he rotar pressur e vessel oxidation
test by ASTMPEE SCRBT N, O THE INAENTLOR

| east 50 mi nutes greater t han the result of the

| ubricating oil. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Hitydsanliccfivids apd carwlaﬂngcculsamtlmgxeell@tmmdatmeﬂab&m and high
0

Ms%%&ﬁ@g%?%g Ar%xw%rﬂpgﬁtglrggl E%){élgg%ﬁtg Xi %@%ﬂfﬁ translates
t irdndorgaril Iﬁeoektenge‘rg tine bemreenexlt@angegs amdﬂzhereby reducmg

o SeVEm boath AR R AL B SSL PR e buo-up

slandgedboes tarpfldvarmisa m@sshareﬁsﬂrmgasmoeth adipbke dperation.
ensuring snooth reliable operation. Several types of
hydraulic and circulating oil equipnent are required

t Seveesiay e Bﬁlﬁj’/d exlic @i difcuitatiigtoil eyuipergrersatuequired to
conditions, To accommda%;'vm de- ran i ng [.ronnent al

c SREFRtEdHSier SbEMaa QW {PRETTYE Goadiiant y To

' %g:@éﬁﬁn@déieﬂrﬁﬁgﬂﬁngld?g émArcdiméntahE QMO SS,JBbfiating oils with
i ndexes were
high wscosuty mdexes are needed. ln the past, high viscosity indexes were

_achieved by mcludlng viscosity index (V1) improvers. Increasingly, smaller
hydraulic pumps are being designed to run at higher pressures. Higher
pressures give rise to higher temperatures, increasing oxidative degradation
of the Iubrica{ing oil, and potentially more shearing of any VI improvel"s in the

lubricating oil-

The lubricating oil of this invention comprises a viscosity index between 155
and 300. Viscosity index is measured by ASTM D 2270-04. In one
embodiment the viscosity index is between 160 and 250. The high viscosity
indeX is attributable to the high viscosity index of the Group 11l base oil used in
the lubricating oil.



achi eved by including viscosity index (VI) inprovers.
I ncreasingly, smaller hydraulic punps are being

walem@nsdit o run at hi gher pressures. H gher pPEFENI086048677
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give rise to higher tenperatures, increasing oxidative

degradation of the lubricating oil, and potentially
nore shearing of any VI inprovers in the lubricating
oil. The lubricating oil of this invention conprises a

viscosity index between 155 and 300. Viscosity index

I d ~ H il o o
] B EOHEAG L BN TeRdch Srlite s S RERRRo s Bt a0nc
viroond 9 Bchiiacid§ eStat iKinematithyiecasitytinenéamyired ibyoASTIM/D 445-
i pdex of the Goup IIl base oil used in the

| ubricating oil.The lubricating oil of this invention
conpri ses a kinenatic viscosi ty at 40 C from 19. 8 cSt

4358 Gudetan R0 Gr WiGRT rloted TBAGHH Y ad Sparea to
1|‘ mmd;gaé@m bake bftaid Agasured asm@?ﬁa?m b%édiﬁg?ﬁgg@l oxidation
st B RSP 2z A BE TR GBS sostsmob octnliens Bmmogen-

t pRdssiédN 08s48|ith evaRIal tﬁé%ﬁtﬁﬁﬂbﬁ%%lm? o HEFEENE h-service fully
eval uate the oxidation stabil of new and in-service

f {ATMulatedubHsNa ilss PEgdi ether Bmseed dvRrieaierinfthaipsasence of
| WekdCam & c:o'pBeTr B§tagrs@%%ﬂ%ﬁ 180°atile RBACA ﬁ%?ﬁ%rf this invention

catal yst coil The lubricating 0|

i heest 'RBNQﬂésesaﬂtmrﬁ\gwamman 660 rgrre&e%rpfefvaabwweater than 680
I

ot 208 @i, PR ke BBl el A e e ot

ppe&fferamyweﬁteatl‘@n 0¢AmMivd@sni nut es. The oxi dation

stability of.the lubricating oil of this invention may

al so be neasured by the Turbine G| Stability Test

( T%‘li)xldemprwﬁilwhﬁ) @ﬂt&e(]élancéiﬁr@ 6T thi® issehtion anapialscsbe

e RS By AL SPGB, B7 A og-o0a. e

baOS BM&stred be dilastesistance to oxidation and acid formation in the
preséhCe of water, oxygen, and metal catalysts in a bath at 95°C. The test
endpoint is determined when thé acid number of the oil reaches 2.0 mg
KOH/gram of oil or the hours in the test reaches 10,000 hours, whichever
comes first. The TOST results are reported in hours. The TOST results of
the lubricating oils of this invention are preferably greater than 10,000 hours.

In preferred embodiments the lubricating oil of this invention additionally
comprisés an air release by ASTM D 3427-03 of less than 0.8 minutes at 50
degrees C, or additionally comprises a Pass result in the Procedure B rust
test by ASTM D 665-03. '

Hydraulic Fluid:

The hydraulic fluids of this invention containing a zinc antiwear (AW) hydraulic

fluid additive package are premium hydraulic oils designed to meet all major

-6 -
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reaches 2.0 ng KOH gram of oil or the hours in the
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TOST results are reported in hours. The TOST results

of the lubricating oils of this invention are

preferably greater than 10,000 hours. In preferred

enbodi ments the lubricating oil of this invention

addi tionally conprises an air rel ease by ASTM D
%aﬂp alc%%rét? unperﬁegf ?fot%%hélq o@'ﬁﬂ& |c?urﬁ|5$ The oils
Pi'ona y conp es a Pass result in't edur e

Bdermnstrem high mammm sabilioa yleuglmgadnanmﬂaadjy dongeneservice life

e Reriots Ryl e R LR il Regl %
prémirium asdeguired bnylaillsarmtemegnbgldtauhnﬂ&ﬂdalHelpmg@)qbemm
L.renents. rotection

manuf.act requ

BRI b S RUS &7 BedianndBr B6€ vaRes pisiapy. gind gear-
Siy@bl Purhigs andeddidieh dsgemaiycartll in basgewhees werlicfRessures
t han conventl onal hydraulic fluids. Metal-to-netal

ce¥eRd 1990 PSht to a mini num as required by all

anti-wear hydraulic fluids, helping extend equi prment

life. These 0ils are desi ned for use in vane-,

pit 8€ ra yea ! N LOMPBINGAMEE siau Mgear aaaitive
ih (hyd Wiedflujd p{yp rp@mg ti Bigs ti dditi

| r
Epbiddh S0 RCUR! 61 UAEME DrRSSHSRSBLARE (lRmance
afeoagnﬂne@stsaftqomantmﬁhamwepra&wag avhileeprpivisiing peeadditional

' Ojhg Bpénuwrﬁgnws SRE Al g %@%eéhﬁég@%%%og Denison

requi rements of conve anti -wear
pHEVD divhide EPOaRland dhahektthel reqblrememsa oir€mcihnataMilagron P-68

@%J\?QJ ?g %{l\ééfgelsrﬁ 5 ' %gﬁ:}bé J% g%ﬁ}eﬁ%py&m%mnatl Milacron
CPFﬁQ niSMi46vricats botthhé&/naheIrthrﬂDwelaes@mmtemehtys of 8Q950-S for
et he.re r nci n on P- 69.
b6 Rer DS TRET bade-s totimdutio! MaibiCReieds.
?Ch%&ﬁﬁ@iaﬁ?@ ;P{ydli’@ghld l@lémo?vaué lu¢h§r)éﬁtl? BroddtffalialBBbard pass the
I%F—’AI sn agatteral‘«guathzyto&%lijty I(I(_:CS Os)ttest These oils have substantially better

oxidation stability than conventional hydraulic fluids.

The hydraulic fluids of this invention containing an ashless antiwear additive
package are designed for use in the vane-, plston— and gear-type pumps of
mobile and stationary hydraullc equnpment in envnronmentally sensitive areas.
They are especnally well suited for apphcatuons that exceed 5000 psi as found
in axial plston pumps '

Circulating Oil:

Turbine oils and paper machine oils, for example, belong to the generél class
of circulating oils. Rust and oxidation inhibited (R&O), antiwear (AW) and
extreme Apressure (EP) oils are all circulating oils. -

The circulating oils of this invention are in.one embodiment paper machine
oils that are highly useful in paper machine circulating systems; dryer

-7-
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bi odegr adabl e and pass the EPA's acute aquatic
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better oxidation stability than conventional hydraulic
fluids. The hydraulic fluids of this invention

contai ning an ashl ess antiwear additive package are
designed for use in the vane-, piston-, and gear-type
punps of nobile and stationary hydraulic equipnent in

envi ron al l five Lal

Bl BByt IR B U B R0RG A Y.
fspenﬁlrl caguoamcﬁlpamwgmnmuﬁriquupﬁeruuhaHUT@t@EIrsl., imcludingeValmet,
oils. an r.machine oils or exanple, belong to
tﬁ%’oﬁéﬂ@qgﬁ?@l B4Rt circul ati ng oi | gp Rust andg

oxidation inhibited (R&), antiwear (AW and extrene

pressure gEP oils are all_ circul atl;gcgi oils. The
cT'P% giravipigo Sils soptaipingsa FRGatingar Additive pagkage with a

%ﬂ@e&é.@}ﬁdawqemﬁl IR 92b Sakd S0 R MAMhe udsghdlAGMA

chine circul ating systens, dryeérbearings,

aR&Q;@uIeﬂd@r agddt kespativiehpios eacksed Qﬁ'ﬂé'tdrmesex'ﬁlfetﬁo 220 and
REGLHY ﬁ?édé%néf tﬂ% TS %gllnﬁzc?l’@' c'%g]tgﬁlﬁdjg?gﬁ%ri\tt;\rﬁear additive

rranu?acture Inclu ) / Bel 0
phage My a$0 belusteidrip piaihansoantédtiaiion bearings at elevated

TR e REE S BEHEES 0 ArNiE Sed o2 A Reo

Ols 4, 5; and 6, respgctlvely for encl osed gear

j . The | SO . 20 f.1h
b sy EfolTe A0 RD ORI B0 e e
Dp@dﬂm NwEh @:vis;mbey geaie oSO 400, T B, iI180 zm,gso 320 and
SR s eisSeras ACMAREH, AEr, B BB 7Rpikileapectively.

CPRéR RS BUitAeashbasit-sie! dodaanddshdlbysd gégkagees WrhE
awscosnt%sgraeof | SO 100, | SO 150, O 220, 1SS0

3‘2‘(?‘5?\"6"918 ﬁﬁ%ifa@\«%@en@nmgﬁpasweps anfipeas pediivg
T58ciRideSe XRB R 8ttdt¥Blivg oxidation stability and yield gear-oil- -like EP

characteristics. They also have superior wet filterability, as demonstrated by
the Pall Filterability Test. The circulating oils of this invention containing an
ashless antiwear add'itive package are recommended for use in all circulating
systems of paper machines, including wet-end systems, dryer bearings, and
calendar stacks. ISO 220 and 320 may also be used in plain and anti-friction

beaﬁngs.

Turbine Oil:

Turbine oils belong to the subsets of either R&O or EP type circulating oils.
Because of their excellent oxidation stability, most turbine oils are considered
high-quality R&QO oils. Turbine oils typically have a kinematic viscosity of 28.8
to 110 ¢St at 40°C. They are usually ISO 22, ISO 32, ISO 46, ISO 68, or ISO
100 viscosity grades. Turbine oils use different additive packages than
hydraulic fluids and other circulating oils such as paper machine oils. All of
the turbine oil additive packages include an antioxidant concentrate. The

-8-



They are suitable for back-side gears and encl osed
gear drives. The circulating oils of this invention
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exhi bit outstanding oxidation stability and yield
gear-oil-like EP characteristics. They al so have
superior wet filterability, as denonstrated by the
Pall Filterability Test. The circulating oils of this
i nvention containing an ashless antiwear additive

DA RAB A G S kel b B iz ror

diGreup bieamd mg;supandbasalmﬂsdaWuﬂ:tlmbﬁ addﬁ@&ﬁébl@yés?&@ available
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thejr excellent. OXI dati on stabil nost turbine oils
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gpéé‘s%'ré YeBsuendd SidHE TRt | '(IQV?73 AFS’T MfDS%%g% 08 é&&ige Turbine

at ‘400C. They are usual
| & Stability testOr by AWM 9@65@@5) arﬂfdhelrn@stcndmmsamdatlon

d 't%éctg CRO4 vyddidih %méﬁﬁé hAls H}fgfn%u&ks %f hxq %ﬁ/eﬁﬁ‘?p have

C|rcul ating oils suc ®as paper
Pdelﬁﬁot\ @ﬁmlh@emekcﬁiﬂng ithasepaicéatjesturbitieusis made with Group I

t bi ne
8l BRALBaRaR0L iRl TRERIRIELO Bat M VG pfot v pave
f oesuBlsou heé Irotanyl pEssupe VebsdlanddatidrstesT by STEMAD 12272-02 at
tiwv es |Iable comercially from

gglbtlb repﬁg?{ﬁﬁggt@éf@m Y'f& udi ng Chevron Oronite,
Ci ba Specialty Chemicals, Lubrizol, and Infineum
Al ordi.rs t | bi n lGEMs oxi datlon stability is the
M@%@p@#@y of turbine oils. The rotary
pGroapl &l vasb Rl base da¢ bfd defréd IMNPEPUBYicARIAM B0, In the
2272-02 the Turbine G| Stability test (TOST b

ASREN éﬁ%"% iprloguge GreupdU bassmilsareiass: eilsnt bﬁyeéreater
CtHAIOO WtV EMuRsteSRRISEAREN1BNGt% E'F@mb%é" é‘@lSQ:bE@ Mdex greater

this invention have oxidation stabilitles excee

t el el a@arlw%thammfin\@%.augunaabemrefer@obapoww I base oils of
this invention also have a sequential number of carbon atoms. Group Il base
oils are different from Group IV and Group V base oils, which are defined -
separately in API Publication 1509. The Group. Il base oils-used in the
lubricating oil of this invention are made from a waxy feed. The waxy feed
useful in the practice of this invention will generally comprise at least 40
weight percent n-paraffins, preferably greater than 50 weight percent n-
paraffins, and more preférably greater than 60 weight pércent n=paraffins.
The weight percent n-paraffins is typically determined by gas
chromatography, such as described in detail in US Patent Application
10/897906, filed July 22, 2004, incorporated by reference. The waxy feed
may be a conventional petroleum derived feed, such as, for example, slack
wax, or. it may be derived from a synthetic feed; such a's, for example, a feed
prepared from a Fischer-Tropsch synthesis. A major;portion of the feed
should boil above 650 degrees F. Preferably, at least 80 weight percent of the
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oils. In preferred enbodi nents the turbine oils of
this invention will have results in the rotary

w@r@smumsel vessel oxidation test by ASTM D 2272PORUS1006/048677
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150 C greater than 1300 m nutes. Goup I, Il and H
Base O ls: Goup |, Il, and Ill base oils are defined
in APl Publication 1509. In the context of this

di scl osure Group Il base oils are base oils that have
greater t han 90 vvt%saturates | ess than 10 wt %

tiCsS VI S |nd reater than 120 an ess
15501, agres $5 e refe e p@& bly 1t g 90 waight
OPéﬁ:éhft willbsil bBM@é‘BBGrUe’%%ré@s ‘Pﬂ‘Fﬁgﬁ %ﬁ‘ﬁéﬁmd fled8UERRS in carrying
carbon atons. G oup base 0Oi s are different

f puhiheripupniion tiricatly vip haveaeingial ounrpit akovededeaiss C,
EEHS%(I?MY 'aBoﬁ@wP%gqré@é“d on 1509. 'The Goup Il base

0| S use cating oil of this invention are
made froma waxy feed. The waxy feed useful- in the

practice of this invention will generally conprise at

| €hsttenys \eisgher- pensehtdearivesy @ff‘Fﬁ@l,eripeé%/embﬂsyhat the product,
g f

PG R od el R oRE G RObrcRED ot e, SRR} B fscher-
Theopgsshgbrocpes.c&he fee@stoakffomthel Elsclqu'ﬁwrisyhd:arbeem nfmy come

b ch _as described i.n

KofE8 ofi0e AR RS RGooB tRRo 8RR e PRI uESS fob 8 bl gas.
i ooal pbal@t@bl pejroteaine) mindicipdiheastex defiestivesryf thés& and

caon tltona etrol eum derived feed, such as; for

eQ%W&rba §IS§E or it may be derlved froma

synt hetic feed, such as, for exanple, a feed prepared
froma Fischer-Tropsch synthesis. A major portion of

t Bladkauax sAD @emﬁeﬁiedam@mmmegam@rcﬂeum aérvarbfegdstocks

S niotRidtla OPER SRl A0S SH oL LBl gl

p&m@aﬂy vilack Wwak ||s a&mwerﬁfrodegobeet ﬁewaklgglfyedstocks prepared
P8l Bkt PRt e, e AR i U R B oR heRause

degdreesadRingriealss wadlige #owirof@ndegitentstoG low value. With slack
Wax derived from solvent refined oils, deoiling may be used to reduce the
nitrogen content. Hydrotreating of the slack wax can be used to lower the
nitrogen and sulfur content. Slack waxes posses a very high viscosity index,
no'rmally in thé range of from about 14Q to 200., depending on the oil content
and the starting material from which the slack wax was prepared. Therefore,
slack waxes are suitable for the preparation of Group Hl base oils having a
very high viscosity index.

The waxy feed useful in this invention preferably has less than 25 ppm total
combined nitrogen and sulfur. Nitrogen is measured by melting the waxy
feed prior to oxidative combustion and chemiluminescence detection by
ASTM D 4629-96. The test method is further described in US 6,503,956,
incorporated herein. Sulfur is measured by melting the waxy feed prior to
ultraviolet fluorescence by ASTM D 5453-00. The test method is further
described in US 6,503,956, incorporated hérein.
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The ternms "Fischer-Tropsch derived" or "FT derived"
nmeans that the product, fraction, or feed originates

wo e@monas3i s produced at sone stage by a Fi schePET/US2006/048677
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Tropsch process. The feedstock for the Fischer-Tropsch

process may cone froma w de variety of

hydr ocar bonaceous resources, including natural gas,

coal, shale oil, petroleum nmunicipal waste,

derivatives of these, and conbinations thereof. Slack

wax can be obtained from conventional petrol eum

derived feedstocks by either hydrocracki ng or by

sWaoanfeedefus@mgn this tif\gertidhearel éxpacted tobe platiifoldnd relatively
[ ver ed fron1s | vent

T eEtaRe e dReden) \WHEE 65 estal bREhEEITopsch synthesis

waic@@rség lébﬁﬂa in‘@o Fﬁdbﬂldt%npr@rﬁfrﬁ@é’ pR&serd8aSrom the Fischer-
¥rrocrac |n al so reduce he nltrogen content to

QRﬁGb‘d?fQEGSWPW%'ﬁaﬁ i@ EstUIR:p VP usy sids Hnyign gnd gaseous
{«Hr'i‘)%gr%dss’Tl'%Q'F}lérﬂ%rnﬁb Ben gﬁ&?’uétg ﬁrﬁﬁgﬁgllmm the range of

rogen content otreatin the s wax ca
blélbu'@étjnﬁ @als@mlrcqrﬁ@mra htgdsrg@@paﬁwrsgﬂ Wwax wueh erakes them ideal

ﬁ%%qrr(g'fj P@% n r{B he ran ’g" #gr Iall‘tf))lgg'% %illg‘)é? g&ﬁ@%ly Fischer—

d'ém&mhngan repriesenisiarc em@tant et fdrepreparing highmatality ﬁiroup 1

N e e T

| hb’rrbamesolld at oo temperature andg) h:onseqoently displeys p'6be low

f f th t
PP S &5 PEpEies, shEh e ST R Alpag oty HowsVer
NFdil oo hyeromaﬁarmhdwomletwag FibehaveKipplseh diepivedGitoup 1l
§| datLv conbust i on and chem | um nescence detbectl on

as& PP axmgf”@-‘@”ewé’“t PERAYIEPTPREFGS: [RaY be prepared. A
dgéﬁé#é?@l@sbﬂpti& 6t éﬂ?ab?éﬁydfdi%h?ﬂfzﬁ&gdéﬁéﬁin@ probésds may

I'S neasure ¥ane t1ng th

BeaunS S Paline oo Sel 15 CAb S 88 g angrdS Faagent
MRpPhREtich 2O65GEI348RS ‘fﬁdob?grdt@d Her&ino03, 956, .

i ncor porated herein. Waxy feeds useful in this '
i nvention are expected to be plentiful and.relatively

" The hydroisomerization is achieved by contacting the waxy feed with a

hydroisomerization catalyst in an isomerization zone under hydroisomerizing
conditions. The hydroisomerization catalyst preferably comprises é shape
selective intermediate pore size molecular sieve, a noble metal hydregenation
component, and a refractory oxide support. The shape selective intermediate
pore size molecular sieve is preferably selected from the group ,.consi.sting of
SAPO-11, SAPO-31, SAPO-41, SM-3, ZSM-22, ZSM-23, ZSM-35, ZSM-48,
ZSM-57, SSZ-32, offretite, ferrierite, and combinations thereof. SAPO-11,
SM-3, SSZ-32, ZSM-23, and combinatiohs thereof are more preferred.’
Preferably the noble metal hydrogenation component is platinum, palladium,
or combinations thereof. .

The hydroisomerizing conditions depend on the waxy feed used, the

hydroisomerization catalyst used, whether or not the catalyst is sulfided, the
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cost conpetitive in the near future as |arge-scale
Fi scher-Tropsch synthesis processes cone into

w@ew@doeisson. Syncrude prepared fromthe Fj schePET/US2006/048677
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Tropsch process conprises a mxture of various solid,
liquid, and gaseous hydrocarbons. Those

Fi scher-Tropsch products which boil.w thin.the range
of lubricating base oil contain a high proportion of
wax whi ch makes them i deal candi dates for processing

into Goup Ill base oil. Accordin .. Fischer- Tro c?
w@sweép@@geﬁﬂ@ the, degired pasrerties @F %aé/ %P@BEP %ﬁéelﬂ" ﬁ"% erred
q-pl?j{éﬁl&%m@rg% édddl@&%ﬁ@éﬂuﬁrﬂﬁ%%tmé}& ihferth lﬁbm@i@SS

e I nventihon. Fischer-Tropsch wax 1s normal

stemp@r@wr&?ocfn?ﬁ@ ﬁ#@@r%mﬂéOeahﬁUtédﬁg&QI@ﬁﬁl(%/ (508 @p@%@m 775

iRerdly SERRL PSR Br PE I pR0 RIS i o PQlodth B feed ratio
dforhlabowd0,5 fo $0MBCFl spiefei@biy FdrCabaypt 1 td abaske10
a2 Bbre el Pl e AR Bl Bl PRI LBE BBNerall,

h‘éﬁir@@é@ml ba&eparatéavirorh fige proiestserl raeyclkd thahaddmerization
Pat ent Nos. 5,135,638 and 5, 282, 958; and US Pat ent

AP1S-cat i on 20050133409, incorporated herein. The
hydr oi soneri zation is achieved by contacting the waxy
feed with a hydroi sonmerization cataly [

i @@H@Wﬁ’h/aih% reundll brgeciiRraduced My rhyﬂrﬁ'égﬁ“t%'&f“%‘?% Aewaxing
Trﬂgr\; ; réﬁﬁﬁhba at'l*r@‘hﬁﬁhﬁh ERIngPal bl Yn 8RR inS&re dteps,

ectlve I nt er medi at e ore size nol ecul ar
s¢ithes, be&orreo@r aftercirastiangiine g b euedHimsenil infhgng or more
r or Gh tion stability, UV
REREBTEN JEGUIN s G RARy Tk 3piaiop bty
ssibb[tltye@nfdrapnemenge@[ﬂ@e:pmm by emovgzgvamnatics olefins, color

‘i% a%ﬁfﬁ%} i g%%?’az cfe 'Xtﬁﬁon%f"r{&ﬁ?’ .@% 12y be found in

cCUSPataht blos. BIBEXRRO7 aSAP(BB B87SMcrp@sted BereZG;MTDS,
nat i,ons t hereof nmor,e

PPrBPBRDY HEPTBRY Lo droneh A0 S af Ryment olgns in the

pGadup HMbaabiladiess than 10, preferably less than 5, more preferably less
than 1, and most preferably less than 0.5. The hydrofinishing step may also
be needed to reduce the weight percent aromatics to less than 0.1, preferably
less than 0.05, more preferably less than 0.02, and most preferably less than
0.01. '

The Group il base oil is fractionated into different viscosity grades of base oil.
In the context of this disclosure “different viscosity grades of base oil" is
defined as two or more base oils differing in kinematic viscosity at 100
degrees C from each other by at least 1.0 ¢St. Kinematic viscosity is
measured using ASTM D 445-04. Fractionating is done using a vacuum .

distillation unit to yield cuts with pre selected boiling-ranges.

The'Group Il base oil fractions will typically have a pour point less than zero
degrees C. Preferably the pour point will be less than -10 degrees C.
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or conbi nations thereof. The hydroi soneri zi ng
condi ti ons depend on the waxy feed used, the

whyarorseneri zati on catal yst used, whether or POL/US1066/048677
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catalyst is sulfided, thedesired yield, and the
desired properties of the Goup Il base oil.
Preferred hydroi soneri zing conditions useful in the
current invention include tenperatures of 260 degrees
C to about 413 degrees C (500 to about 775 degrees F),
a total pressure of 15 to 30 and_a hydrogen to
£ actionell e BsRodmeNTs Ts b RiRBb P! st Sresall hase oil
f FRARISH UM havé @ réh@lﬂf p&wgﬁ%/ PdegrBBE T p(b%@ﬂ@#&fﬁatlc viscosity

from about” 4 to about General I'y dr ogen

wiet 1108 slegeprs Gt BHCPH Hipates tfparzoaﬁqsea@d Ffee;ry%acéar wéhargdhe
| SRR i %LPFfaEfH?% deRhEa DY th¥ e gh'aﬁoﬁ* B bheﬁaﬁqréat&r =7.35

produced by hydroi sonerization dewaxi ng may
hydmgKinginatialVistheithatid 60TE) <I8. ngowsgoidt sumeasuattby ASTM D
@g s£ps, either before or after fractionating of
he 8?oup Il base oil into one or nore fractions. The
hydroflnlshlng i's intended to i nprove the oxidation

o BGHsEY B B et B SRR AN tnls® hPeatiratea

s«xhdemles reggred Ay FIRAST IpkipreferfedigmibidirneantHeg may
ound in LgS P@t ent. Nos % 852,207 and 4, 673, 487, ;
B e lepta Qe waxinRoTi, BacioA ow G iens Rlipemrocess o

neisid el dndioheuasildred fﬁﬂir@ﬂhc@Qh@%}tm@*eeéelééte‘d*fr&&ﬁ)ns of base
base o0il to less than preferably |ess

t ﬁgﬁ'laylng,ﬁ,l',egt?{rtgfagrQ@owﬁlgf‘éggrQQ{gﬁot@ melacyigswith cycloparaffinic
predionBlity, bRSErdbIRgréatar ttTeh?S@lb‘il ?%ét@'r HUAD0SLRP aWcosuty

al so be needed to réduce the wei ercent aronatics
t dexgreptarihan 150y, Hre paBIof me%serlﬁaﬁedofr@@owf@roup Il base

p"oﬂ§ %lﬂbéuallyeﬁévé fé%@ tF?a:Q%o ﬁ@@hﬂpﬁﬁ ?&%’i AR IES Sith -

act i1 onat ed
| ﬁdeIavra*@merﬁuncvticsrtaﬂéy t ?r@‘eealms thf Obam rodie selacteddractions of

Ceﬂgﬁéﬁu %Fya.mﬂ SAiRSHEIG haleld Ritf'br MoPERRLL WiHr ades
of base ol I's

monocycloparaffinic functionality to molecules with multicycloparaffinic
functionality greater than 2.1. In preferred embodiments there may beno

~molecules with multicycloparaffinic functionality, such that the ratio of
molecules with monocycloparaffinic functionality to molecules with
multicycloparaffinic functibnaliﬁy is greater than 100.

The presence of predominantly cycloparaffinic molecules with
monocycloparaffinic functionality in the Group Il base oil fractions of this -
invention provides excellent oxidation stability, low Noack volatility, as well as
desired additive squ-biIity and elastomer compatibility. The Group Il base oil
fractions have a weight percent olefins less than 10 preferebly less than 5,
more preferably less than 1, and most preferably less than 0.5. The Group Il
base oil fractions preferably have a weight percent aromatics less than 0.1,

more preferably less than 0.05, and most preferably less than 0.02.
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defined as two or nore base oils differing in
ki nematic viscosity at 100 degrees C from each ot her

whygooam7isenst 1.0 cSt. Kinematic viscosity i s nPeEUSEA6/048677

usi ng ASTM D 445-04. Fractionating is done using a
vacuumdistillation unit to yield cuts with pre

sel ected boiling ranges. The Goup Il base oil
fractions will typically have a pour point |ess than
zero degrees C. Preferably the pour point will be |ess

IR@Tstie SPGB || B B §AERo FERRUG o
%ﬁgggﬂitgét?tﬁ\f?&e pm:fegably iesﬂ;elgaeezr dﬁuals o O, tmore

| ee
irerabliass fan BoRRELe o0 15 JHERE s B 2t & R ERHRE
Eﬁé‘éd%‘ity'o? 1@@&% Ba EliGe eS| FAR: ofBHSQe@elnt PWéferably they

Factor " = Ln(Ki nematic Viscosity_ at

e fptnaﬁtlon §0ﬁ@§@mt &S%V\aﬂsﬁm@m%@%éeéﬂed ‘]h%(etg@%@%m
t}éctik&ﬂsc?oe%éxeﬁ a@t ﬁ\ermwa,%@muamomn Qﬁ')é?ém the

unsat ur at ed ecu es ms sured FIMS." In a preferred -
Memmmls@mtmm tentsactian cc@ﬁfﬂq@mmqa@ument is between 2

f4af 5{)%@}?1&@\/\/?\8@}1% l%c'tlgntcg)% |éWﬁ§$né’§erEHSat an average

invention are uce one or nore sel ected
fnoﬂmtgl spEedodt Hasdens [bel‘rmccmgi grigede f@lﬁaﬁleOf feipgneent, and a

t I I
Bra G Pl et Rty BreRRR st i ractions are
ttbaghﬂ(m; UBPateni Bobkiddtion Ndabey LUS2EISAHD0020., filkvbApril 29,
Vé}f‘{) nore selected fractions of Goup Il base oils
4 usual Iy have |ess than 70 wei ght percent total
nol ecul es with cycloparaffinic functionality.
Flmqﬁref@’féd/emb@dﬁnentﬁr whare tbelobsftreaind remnatios coftents are

SoOBobly TR R 0 ROB Y ARG e
nokeIRtbEBN W tthe BBlectey Gropanibiiseidl ffantion wrhlati»e g;eater than 25
S et 6 Ho B, S AR B BFo i 40 o

f S0 49MRIUKS Y The USHALTIABN e thakblRcrfd GRO@S Ul Basaidifraction

Ty B e thaw 66 Pt Bhiddlor BN & SSEhidht Wy to
measure the oxidation stability of Group |ll base oils. The Oxidator BN test is
described by S{angeland et al.)in U.S. Patent 3,852,207. The Oxidator BN
test méasurés the resistance to oxidation by means of a Dornte-type oxygen
absorptlon apparatus See R. W. Dornte “Oxidation of White Oils,” Industrial
and Engineering Chemlstry, Vol. 28, page 26, 1936. Normally, the condmons
are one atmosphere of pure .oxygen at 340°F. The results are reported in
hours to absorb 1000 mi of O2 by 100 g. of oil. In the Oxidator BN test, 0.8
mi of catalyst is used per 100 grams of oil and an additive package is
included in the oil. The catalystis a mixture of soluble metal naphthenates in
kerosene.. The mixture of soluble metal naphthenates simulates the average
metal analysis of used crankcase oil. The level of metals in the catalystis as
follows: Copper = 6,927 ppm ; lron = 4,083 ppm ; Lead = 80,208 ppm ;
Manganese= 350ppm ; Tin= 3565 ppm. The additive package is 80 millimoles
of zinc bispolypropylenephenyldithio-phosphate per.100 grams of oil, or
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mul ticycloparaffinic functionality is greater than
100. The presence of predom nantly cycloparaffinic

wolgotdses Wi t h nmonocycl oparaf finic functi onal PCYUSI006/048677

the Goup Il base oil fractions of this invention
provi des excel |l ent oxidation stability, |ow Noack
volatility, as well as desired additive solubility and
el astomer conpatibility. The Goup |IIl base oil
fractions have a weight percent olefins |less than 10,

RP RS 4 08T ofAkOPraRt.0T BS G B e BaRwes the

Fbpbhde b AMGoMIRInG BRIYoiINFYVS sﬁn%iéﬁ‘égﬁﬂ!&ii@ﬂt High values, or
aromatics less than 0.1 , nore preferably |ess:than

dong timesdtonglsorb carditanetoxyasn, infisate. 40d axigatien stakility. .
enbodi nents, the Goup H base oil fractions have a
traction coefficient |ess than 0.023, preferably |ess
@@ Aois argaaionym or @ropitedubricating QibAdditive®, whégh isra

SPURterd PR O BTBRIBRIE 7t 0707 40 percont .

Preferably they have a traction coefficient |ess than

o FRiRanbs oie dus el ick Hinaies beBitar f and og Bgugiont
,peraentbasddien the estat iudrivhting il oy titkisergtdhSronadt base oil |

coefficient; syrenment s, between.2 an 0 cSt: and
e, Srephetecabuat B SSEhRY GlodLl| paes Bl n i
auBFiéatnhd 6l WilnBe gesaer eiard158ies.S RS lubeicatity of of thidanvention
to roll ratio of 40 percent, and a | oad of_20 g@wt_ons._
\dscosity

ESQIRPYiEes 8ivisanede IF &R Bf IRfd A 15190148 1 ThAS
tﬁgﬁaak ar8 défified %@tﬁm‘wmbuz_cza@vgte g&d 2002?.

20050241990A1 ; filed April 2 04 In preferred
enbodi nents, where the olefin and aronmatics contents

 SLEQRL A i-atd.he | ubricant base oil
?&ﬁtu&z&&hﬂ&&ﬂ%bdnf&.\é’n{ré}_éﬁg oil, the O«idator BN of
t Fee yikiriceting obobtips invientias eooidrises &ot adfioxidant agditive
a ; ISy :R)-E . 35.

Rl oA L BN St o and ey
hiberanseTbéubriceat axid@Necdegradatian.cbt a gradetreg ermbodiesant the
Oérlltigxﬁcf‘é:r}tla(?inditive concentrate of this invention may comprise one or more

hindered phenol.oxidation inhibitors. Examples of hindered phenol (phenolic)
oxidation inhibitors include: 2,6-di-tert-butylphenol, 4,4"-methylene-bis(2,6-di-
tert-butylphenol), 4,4'—bis(2,6—di-—tert—butyl;5hehol), 4,4'-bis(2-methyl-6-tert-
butylpheriol); 2,2"-methylene-bis(4-miethyl-6-tert-butylphenol),
4,4"butylidene-bis(3-methyl-6-tert-butylphenol), |
4-,4'—isopropylidene-bis(2.6-di-tert—butylphe‘nol),
2,2'-methylene-bis(4-methyl-6-nonylphenol),
2,2'-isobutylidene-bis(4,6-dimethylphenal),
2,2'-methylene-bis(4-methyi-6-cyclohexylphenol),

2 ,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, .
2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-dimethylamino-p-cresol,
2,6-di-tert-4-(N,N'-dimethylaminomethylphenol},
4,4'-thiobis(2-methyl-6-tert-butylphenol),
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will typically be less than 60 hours. Oxidator BN is a
conveni ent way to neasure the oxidation stability of

w@e@ap74sBi base oils. The Oxidator BN test is PeBFUS200&048677

10

15

20

25

30

by Stangeland et al.'in U S. Patent 3,852,207. The
Oxi dator BN test neasures the resistance to oxidation
by neans of a Donte-type oxygen absorption apparat us.
See R W Dornte "Oxidation of Wite Gls," Industrial
and Engi neering Chem stry, Vol. 28, page 26, 1936.

r L e atnosphere of pure
g%%gh’_‘%’?s(%Qﬁeﬁ‘?’ﬂghtsrt?‘g@&ﬂ‘§”§$e reported in hours to
abigsimadB4riydobxyB-tbpt-thAPbgnzgf-saifide, bAdt he OXi da]E or
BN.test,. 0.8 nl of catalyst is used per 100 granms o
oi"\>|r3<§§ad'aﬁ?ﬂa'a%ﬂﬁyl-.2wdﬁ% éybs included in the oil.

The catalyst is a m xture of soluble netal
napht henates in kerosene. The m xture of sol ubl e netal

BB T e S i U L Eopfes e

C akdaYiSh inisibiAsr i.@iihgwasx REI-t-Buf) B%szmo%) ade@hteT which is
4,083 ppm; Lead = 80,208 ppm , Minganese= 55(2&pm . )
TeMailajyg sopyRercialy B @Ib\?eélb%%ﬁ'é)g@ egnigalsat 54 Whitgs Plains

Z RYadd TRk ORY! fisPh Nt R h(gioe idati

gr ais_ of oiwﬁbﬁfpproxiﬁgﬁﬁlgbwpg Lg???é 0 r&'i%?e;g%.ldatlon
THYilgerdat or BN test neasures the response of a

| ubricating base oil in a sinulated application. High

val ues, or long tinmes to absorb one liter of oxygen,

i ndi cate good oxi dation stabili tg OLOA is an acronym

f Gdaiasyal & otharrtyees Phexidptiominfibiteis(mpy benisgd insthg antioxidant
r %Eliﬁﬁlérc%?lc%hﬁ??émb\hﬁﬁifon@@%&?ﬁorﬁrﬁﬁbﬁ&s MA$ further redyice the
lubricating ol of this invention conprises’between

atRnAdEnCy @/fgugmatm eilsnto deieddrate in hertics.allhe wntioz@iainh gdditive

OEbpEEnS FRL TSI B BA5E, L] 8584 Btep inoors

i astrhetal dishiocathargats (e.gv, kincloithgo eabamatén mdthylentbis

The, | J.catl oi,l,of this ipvention conprises,.a . .

LR TGarRan o) S dalyl i s ustE nd fptnyiamine.

v Dipleentigmirieadrigiation intabitare dnéludéS3M dte not limited to, alkylated

2Lclth _egnZ/‘aF\r)%Pn%Prp?l\éﬁgl—.%?p%za?.—'naphthylamine, and alkylated-.alpha.-
naphthylamine. In some formulations a synergistic effect may be observed
between different oxidation inhibitors, such as between diphenylamine and

" hindered phenol oxidation inhibitors.

Preferred antioxidant additive concentrates are ashless, meaning that they
contain no metalé. The use of ashless additives reduces deposit formation
and has environmental performance advantageé. The removal of zinc.
containing additives in the Iubricatihg oil is espécially desired. .

The antioxidant additive concentrate may be incorporated into the Iubricating
oil of this inventipn in an amount of about 0.01 wt % to about 5 wt %,
preferably from about 0.05 wit% to about 5 wt%, more preferably from about
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Ant i oxi dant Additive Concentrate" The |ubricating oil
of this invention conprises an anti oxidant additive

wa@ongemssat e. Anti oxi dant additi ve concentr at ePCEUS2006/048677
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present to mninmze and delay the onset of |ubricant
oxi dative degradation. In a preferred enbodi nent the
anti oxi dant additive concentrate of this invention may
conprise one or nore hindered phenol oxidation

i nhi bitors. Exanpl es of hindered phenol (phenolic)
oxidation inhibitors include: 2,6-di-tert-butylp ol

40 H5 Wi Hg labmtt 8 Q wi%e syen mesetRTBiRRbPHENS Fbout 0 05 wtth to
i-tert-butyl phenol), :
aa&ngl s(‘g[o/?ret hyl - 6-tert~ butyl phenol ),
2, 2 - net hyl ene- bIS(4 nmet hyl - 6-tert-butyl phenol),
v & .ert - butyl phenol ),
Tt-butyl phenol),

Z@Jm%\@% }%& tg\gévl éﬁﬁ%ﬁna%ﬁ%ﬁ%’t%@%@%{:ﬁ lubricants by reducing

2trﬂa rate o ythianingowith narebsinh t6mpecatane apdthe mate) of thickening with

logv 'rﬁ%}%r ur%l%t yl "Epgf?“}%% H%SEE? Ip’rovide enhanced performance at low
2a2d ?tg'fetémb?@athﬂfst \butrydrovénermb typlcally subjected to mechanical
i-tert-|-dine

S dgatidation:dus APReaical Mol BArOIS RyERSsss areas. High

p?essbi’é@@éﬁé?at@@tir‘?%bd Mu@rst/sfel#ﬁé/ bobjeaefilidd 18 'shiehr edtes up to
| -6-tert-butyl pheno

b|19(% néVﬁSﬁU-“@ W&?&‘SES f'télfzteﬁmeypggﬁztwr)s_eslmq hyraulic system
anfdRheb? mhaybrihg Bholt b¥tmadndMAigodrgnNayd in 1ubReAIE oils.

enbodi nent of thé anti oxidant additive concentrate
conprises the oxidation inhibitor 2-(4-hydroxy-3,

gt e id DB e LSS AL Ut nomo-
Wor ce- plalysmaes foderivatiesytheraof, mqmsenaaeragmm@mar welght of
1%%[}? 15@66JI tcm rﬂhﬁb%{ a%ﬁlg%é&nuﬁl@té?ﬁb?r A\ 1mprovers are generally

added to iubriceting oils at cqncenfrations from about 0.1 to 10 wt%. They

function by thickening the fubricating oil to which they are added more at high
temperatures tha‘n low, thus keeping the viscosity change of the lubricant with
temperature more constant than would otherwnse be the case. The change in
viscosity with temperature is commaonly represented by the viscosity mdex
(V1), with the viscosity of oils with large VI (e.g. 140) changing less with
teniperature than the \I_iscosity of oils with low VI (e.g. 90).

Major classes of VI improvers include: polymers and copolymers of
methacrylate and acrylate esters; ethylene-propylene copolymers; styrene-
diene copolymers; and polyisobutylene, VI improvers' are often hydrogenated
to remove residual olefin. VI improver derivatives include dispersant Vi
improver, which contain polar functionalities such as grafted succinimide

groups.
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Addi tional or other types of oxidation inhibitors may
be used in the anti oxi dant additi ve concentrate.

w@darssaal oxi dation inhibitors may further rednus2006@48677
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tendency of lubricating oils to deteriorate in
service. The anti oxi dant additive concentrate my
include but is not limted to contain such oxidation
inhibitors as netal dithi ocarbarrate (e.g., zinc

di t hi ocar bamat e), net hyl enebi s

QQE&W lcddth'@' SF&f tﬁ%gﬁ%ﬁﬁhorf h&§ Iéjés‘%lé lofls o0 m;f@ﬁé?gﬁlfyqess than

Ip eny am ne pnenyl am ne OXl atlonl
R wife, maue pagteralely lessittand0 Loytoalok Wl émprbver. Most preferably

ht hyl am ne, and
a %F‘%é%@ﬁ%ﬁggw{éklﬁ&@wﬂgﬁ In sonme fornul ations
a synergistic effect may be observed between different
0 igatﬁi on..i.nhibito uch as between di phenyl am ne
a ' jon inhibitors. Preferred
anti oxi dant additive concentrates are ashl ess, neaning

t hat, ey contain no netals. The use of ashless
a%@kﬂ%@”sreduces deposit formation and has

envi ronment al perfornmance advantages. The renoval of
zinc containing additives in the lubricating oil is

edPe VAt Ylefipgiin the Gl'ﬂkép Ahbresiodls @ thig dn\terr\ﬁ@n is determined by

CERAEAINIARGDYTE BRolvitiPsiepsaned: i nto the lubricating
o?l of this inventi on |n n anount of about 0.01 wt %

to abopt Prephre’4 sOILAbRIG- 310 & 8RR h;&hregamoﬁ

about 5 wt% nore preferably from about©0.0
aﬁ%mer@"dowwneven nmore preferably from about O. 05

W %to about 1.0 wt% Viscosity Index |Inprovers (Vi

| mpr ov B s’-‘}thxwe ? REFOREPEOtAD GPPptrumeohatdeastdRrpm spectral width

CBﬁH %Eﬁfdtél? irEfer@hice WhE bRaRiSaI Nt ﬁgﬁgﬂn{:}g%tfﬁe rlr?éti?urﬂgnt must

|nn|n%' I nereasi ng tenperatu he rate
t R eHitisigniigain range tonpeguitaua @sgnaVWithnpt oversadihgthey

PR S0E NS RESH OCRRAS B Bk 000, Mgt st nve
naohinm gl sngeglrdaglatmbm dypatic sdres ofigp,000t F?eeferably the

ngyr?é:rHl r%nge V\r/}h%h 2%(5 680 ot msre. H gh
C. Measure the integral intensities betWeen:
6.0-4.5 ppm (olefin)
2.2-1.9 ppm (allylic)
1.9~Q.5 ppm (saturate)

D. Using the molecular weight of the test substance determined by
ASTM D 2503, calculate:

1. The average moiecular formula of the saturated
hydrocarbons

2. The average molecular formula of the olefins

3. The total integral intensity (=sum of all integral intensities)

-18 =



pressures generated in hydraulic systens subject
fluids to shear rates up to 1qV . Hydraulic shear
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and shear may bring about permanent viscosity |loss in
lubricating oils. CGenerally VI inprovers are oi

sol ubl e organic polyners, typically ol efin honoor
co-pol yners or derivatives thereof, of nunber average
nol ecul ar wei ght of about 15000 to 1 million atomc

mass units (anmu). VI inprovers are generally added to
| ubri cat i ng%eil N8 ilegrdyictensityPessaNPie hvdimaen Gtatal o

10 wt % Theﬁnttggmﬁ,h%eq?%gﬂg cl)‘gféﬂsnﬁ fhifulaybri cating

; F
oil to whic ey are a nore at high tenperatures

than |ow, tBUgHkeRRHES Mﬁeﬁﬁgagdé]éhs%t%t  Rtedrfintegral per

| ubricant with tenperature nor st

ot herwi se béydingenase. The change in viscosity with
tenperature-is conmonly represented by the viscosity

i ndex (VI), 6wil'hi rumeben cfcdaikly bohdsi(kelefinthydrageye times

(e.g. 140) c¢hangi J ess.. Wt eaperature than the
viscosity o Dg%?\%n'{"ﬁ?%bw%"@% 90). Major classes

met haory a4 I0a BE 6P BrbiRioh G0k EORD 4HESInd fumber o
copol yrer s; dstibledhent stimesdpelnumses; ofdndirogens in a typical olefin

pol yi sobutyl ene, M ..i.nprqvers are often dr ogenat ed

Po Yempve. ; SEfigeulP asylBh BYHR TS Mslboeas i aieal test
i ncl ude di spabstante Vholegpleover, which contain pol ar
functionalities such as grafted succini m de groups. The

| Theivet® ofedingiby wriotdd 8l MR waihddlatiohpeodeeisise,t DawofksShest when
% Preterably Iess than 0.4 wt % _nmore prefer b.b¥ .

el o RS Fsdt seiow. (e thah et 1 aotk G eetceabi (e Alsfins

| Harst @at cogvéentionaitsoleiny/ i.d. mdiguRIutéd nitklure SPBfddd 6lefin types

AHaI, tical Test Methods:. W% QA efins: The W% d efins

[

aying hydsegens pliaghed 1q the dpullsbond farheng gupk as: alpha,
@Gl E i Mrats? bPB-tHibb St Thekb AR tyedRFil HivVE a
detectable allylic 1o olefin integral ratio between 1 and about 2.5. When this
ratio exceeds about 3, it indilcates a hig.hér percentage of tri'or tetra
substituted olefins are present and that‘different assumptions must be made

to calculate the number of double bonds in the sample.
Aromatics Measurement by H.PLC—UV:

The method used to measure low levels of molecules with at least one |
aromatic function in the lubricant base oils of this invention uses a Hewlett
Packard 1050 Series Quaternary Gradient High Performance Liquid ‘
Chromatography (HPLC) system coupled with é HP 1050 Diode-Array UV-Vis
detector interfaced to an HP (_Zhem-station..lde.ntiﬁcation of the indfv_idual
aromatic classes in the highly saturated Gréup mn 5ase oils was made on the
basis of their uv spéctral pattern aﬁd their élutioﬁ time. The amino colﬁmn
used for this anélysis differentiates arorhatié molecules largely or; tHe basis of
their ring- number (6r more'correctly, double—bond nﬁmber). Thus, the single
ring aromatic containing molecules elute first, fbllowed by the polycyclic
aromatics in order of increasing double bond number per molecule. For
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A. Prepare a solution of 5-10% of the test hydrocarbon
in deuterochloroform B. Acquire a normal proton

wa@p@airisal of at | east |12 ppm spectral w dt h anBCT/US2006/048677

10

156

20

25

30

accurately reference the chem cal shift (ppm axis.
The instrunent nust have sufficient gain range to
acquire a signal w thout overloading the receiver/ ADC.
When a 30 degree pulse is applied, the instrunent nust
have a mninmmsignal digitization dynam c range of

Arefigatios With Slrdtenad i BERB Qrper ARFtnlte willCorfiaudl

63@@%t15n¢rpoh(tbé eihigrdlutd. sboher Shpmwthdsd Withinaphihehi® sﬁbstltutuon.
ppm (saturate) D. Using the nol ecul ar wei ght of the

t HsﬂaqewbsaHdeatlﬂtsaltt&:rnr?frtaéf\)aytoalsﬂds@ cﬂﬁ&bm&t&i dergbarbons from
ar ormul a .o t he sat.ur at R
eIy B S S vas oM RIahaR TGroRIFRORa teir peak

obletirbRicIrandifornivate N vE@sAlftddebRRid 1 thepre Hhoddllcompound
integral intensities)4. The integral i ntenS| ty per

sanpres kg armﬁe(dqp&naﬁnt an e amotntisdalio apddapdingnic
' @ulféiﬁm’orﬂbnfthe TJ?\@ @Véf@ﬁWﬁésé’bStHd&h‘?ﬂrﬂf@%ﬂ§ a@e@\}efﬂfkrfbwn to

integral /integral "per hydrogen)

dee @ﬁéS%mSa”(séltgr@ﬂp slelgoalisgiéon of "rr& w@mt&gmg thﬁ aromatic ring.
oéﬁCbr}'etApuﬁ%yt%/ﬁlﬁ) ngg ar &% d@'tcbé?'@ orlr%%@}/m%%t 108 (5 range,

100 tinmes the I mes t nunber
o$omedtagyea of ired-ghift/yas sixpetied and observed for all of the principle

aromatic groups identified.

Quantitation of the eluting aromatic compounds was made by integrating
chromatograms made from wavelengths optimized for each general class of
compounds over the appropriate retention time window for that aromatic.
Retention time window limits for each aromatic class were determined by
manually evaluating the individual absorbance spectra of eluting compounds
at different times and assigning them to the appropriate aromatic class based
on théir qualitative similarity to model compOund absorption spectra. With few
exceptions, only five classes of aromatic compounds were observed in highly
saturated API Group Il and 1l lubricant base ouls

HPLC-UV Calibration:

HPLC-UV is used for identifying these classes of aromatic compounds. even
at.very low levels. Multi-ring aromatics typically absorb 10 to 200 times more
strongly than single-ring aromatics. Alkyl-substitution also affected absorption
by aooqt 20%. Therefore, itis important to use HPLC to separéte 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 overlap 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 272nm were made by the
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nol ecul e divided by the nunber of hydrogens in a
typi cal test substance nol ecule. The w % ol efins by

w@raronssBiVR cal cul ati on procedure, D, works beBCTNRENG6/048677

the %olefins result is low, |ess than about 15 wei ght
percent. The ol efins must be "conventional" ol efins;
i.e. adistributed m xture of those olefin types
havi ng hydrogens attached to the doubl e bond carbons
such as: al pha, vinylidene, cis, trans, and

trisubstituted. These olefin tyges will have a
dPeseengiryas drop methed oy\avelendid sgpgndent fespeasadastors for each

andnaPatromatic él%t@étwble first %Et&n?ﬁé& %@Sccﬁl%%lctu?lg Hder's Law plots

i ndi cates a hi gher percent age of tri
s (iSSP iPUR etpdﬂiepmm npﬁee@rhamom me neafesé spactral peak

th b f.
R A e L B i S T

doubl e int SMeasur ement by

T UITE, IR OGRS SRR IR oyt o e

I wll@lalkcamtorlbals@ ot 282 thht sorresmomtdsoto theesame l(tembreldtan)

IR e 80 R SRR o A Ryl gy oo, The

' cmplcedtraildnln of.ayl-1441y soncketictnaptythbdeYiis beed @tﬂtsarmples was
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RSl Ap R R R bS5 aro) e ot ot 272nm
satasr ap;ed)x(a‘raww bhlialtasetrglih’s m@sar BBYSHINity Be 2@85#}3 c@fculated
ectrag_, W%tggrn and their elution tine.

Rte' : B@& ﬁ W Rlg hPgreent coarentgations; @tqaroare&s Were

arcamiatedi §64lifimg |tﬁbgﬂle)/a\%ta%E%@l@%h%rQ&el%ﬁleﬂo'r eabﬂ%romatrc
nunber (or ‘nore ‘correctl Y e- bond nunb

t IRASS) WP @PPTREMARInecua tﬁattreaa\rﬁrﬁge rm@le@ulaéyveegmnf@r the whole

f inagk, o,ﬁég,lngmed by the pol ycyclic aromatics in order
of.-i ncreasi ng doubl e bond nunber per nol ecul e.

Forag egmiraGsn ‘Ntéthoa'\ﬁéé AlrtHP Yol ﬁ%ﬁaﬁ QY %@éﬁl fHe 1Lh§%omatics

with only al kyl 'substitution o e soon
t ety foen fe Wbiigpnt hese eils vissexhaustive. Hlt’h@qmrmoemgraphy

oAt rgggd lrQ?‘tl;Pwrth I?ﬁeé/éaar%&:&aélﬁnmaJte@'tl%TBEé&mptrons and

rocar
uncertarntres assocrated with the model compounds As expected the"

rsolated aromatlc sample had & lower response factor than the model
‘compound because it was more highly substituted.

More specmcally, to accurately calibrate the HPLC uv method the i
substituted benzene aromatics were separated from the bulk of the lubrlcant
base orl .using a Waters semi-preparative HPLC unit. 10 grams of sample
was_diluted 1:1 in n- hexane and injected onto an amino-bonded srlrca column,
a 5cm x22.4mm ID guard followed by two 25cm x 22.4mm ID columns of 8-
12 micron amino- bonded silica particles, manufactured by Rainin Instruments,
Emeryvnlle Calrfornra wrth n-hexane as the mobile phase at a flow rate of
I8mls/m|n Column eluent was fractlonated based on the detector response
from a dual wavelength UV detector set at 265nm and 295nm Saturate
fractions were ‘collected until the 265nm absorbance showed a change of
0.01 absorbance units, which sngnaled the onset of srngle ring aromatic

elution. A srngle ring aromatic fraction was collectéd until the absorbance ratio

-21-



their UV absorbance spectra was acconpli shed
recogni zing that their peak electronic transitions

woweoe/0adsB1 red- shifted rel ative to the pure nodeCT/US2006/048677
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conmpound anal ogs to a degree dependent on the anobunt
of al kyl and naphtheni c substitution on the ring
system These bathochromi c shifts are well known to be
caused by al kyl -group derealization of the -el ectrons
in the aromatic ring. Since few unsubstituted aromatic

CBERRE 20801 ad 200 ABe5R0l 6 2195RSIo $R9PRECRYrtwo g
paroroaic eluiconBurificagtioupsdisepatratidred, th@usinglietritg aronodtic
st W nBeR S er e SR ar R R L B kg away
géoen e thiting” sdtucatap dravtionovisich résultgapfropr o‘aérdbadmg the HPLC

ret ntion tine window for that aromatic. Retention
nndowllmts for each aromatic class were

ual I ati di vi
ﬁivﬁ B‘é’ ”atf% S ﬁ awegﬁaaﬂﬂ'éxpafb%r?rm eﬁ?reased the
t ieaar ats@brpﬁﬂt;gresrp@ntseeraube bl P ROIPF1atife 85 gﬁ@&bartuted
cl ass based on their qualitative sinmlarity to nodel

c&‘?ﬁﬁ‘ilﬁ‘nd absorption spectra. Wth few exceptions, only
five classes of aromatic conmpounds were observed in
highly saturated APl Goup Il and Il lubricant base
oils. HPLC-UVY Calibration: HPLC-UV is used for
|M‘F’?’§‘F'ﬂ@°ﬁ%§'@a@%§’é’é§m& aromati ¢ compounds even

ver w | ev i-ring aromatics typically
npat '95? P%f%lewf F‘Pr@%"'ﬁﬁ'r"@sé’Y'Vbﬁb'P\?SE ARR ag@rﬁ@rlequr@n in the
apafRéd psondrhlomatie Belndard Wk @drtpmldf \ﬁsqsﬁg-@%}r&{ bérBon 13

by about 20%_ Therefore, it is inportant.to use
t MR paedisis- MR wanEasieritaealibrate frar M%y\bbecause it simply

ARUBRUES a?&ﬂa{f@ BABEVGS thd RSN didebt @?ﬁ@hg\ﬁﬂ: ﬂt@ée%lass of

cl.asses of aromatic conpounds were I dent
eREapetiehbeinganaiywaad. der NMR Kesulisererchisarngstechirgim % aromatic

" bR B! drbhiatic’ hBR RS consistent with HPLC-UV and D 2007)
by knowing that 95-99% of the aromatics in highly saturated lubricant base

oils were single-ring aromatics.

High power long duration, and good basellne analysis were needed to

accurately measure aromatics down to 0.2% aromatic molecules.

More specifically, to accurately measure low levels of all molecules with at
least one aromatic function by NMR, the standard D 5292-99 method was
modrfned fo give a minimum carbon sensitivity of 500:1 (by ASTM standard
practlce E 386). A15 hour duratron runona 400-500 MHz NMR with a 10-12
mm Nalorac probe was used Acorn PC mtegratron software was used to
define the shape of the baselme and consrstently mtegrate The carrier
frequency was changed once during the run to avoid artifacts from imaging
the aliphatic peak into the aromatic region. By taking spectra on either sid'e of
the carrier spectra, the resolution was improved significantly.

Molecular Composition by FIMS:

9o



napht henes and the | east highly retained al kyl
napht hal enes, all of the aromatic conpound cl asses

woweog/osssel i ne resol ved. Integration |imts foPCT/I82006/048677
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co-eluting 1-ring and 2-ring aromatics at 272nm were
made by t heperpendi cul ar drop nmethod. Wavel ength
dependent response factors for each general aromatic
class were first determ ned by constructing Beer's Law
plots from pure nodel conmpound m xtures based on the

Qf @%ﬁ{ tf @%ﬁﬁé % gllg E@Fh g@&&qgﬂ%z?rﬁ &%gg eﬁ‘%gé;q b%l%fodlomzatlon
plglaﬁé L)S:‘;mdtr@swgv? b?:lMS)ontCSallmheb|amdamdl$uia;]scmtpela°kerent
(ROMBRERIGRY M PP Ponl oS RBSt PG eRASEUERdT e of

mgeloseonag wedsnite@by2GRBn ThEsapaies mdrat.mmd@cfed via solid
al kyl-1 -ring aronmati c napht henes i n base. oil

v hea peeieEtly bwl%@aum srpall parount Sabeitl- 1589&@2%’% pgge ol to
r'es é8 irh %‘%? %W%%?hé%bﬂ?é‘r@%lﬁi Wa@‘iﬂl’é‘éed Qt the tip of

tet I.n's vity at 268nm cal cut
fa @nmee grokse foawa lpi!laos §pe¢£rpg1ﬁtelpan@lethe righe avas b@af@ﬁlsfrom

LS4t 5§ elo%%ioc @‘l: B a ?ét%%@:t%e‘n °d Bﬁd 100°C per
&< t

aver age no each aronati
apyndeiins mhgs eqaaﬂromtempmanggxe abouttd d@rrv\ﬁhg lmnass

V\gée#t %@? |“fasb&§a§1 §8{%’Wx 240 TJ;‘ hf/ﬁ Cl%lf'ob 48] l'e?tg Jre Q&%nds

|nprove |so at ng ring aromatics
dpeedétadd.rom t he | ubri cant base oils via exhaustive
HPLC chr omat ography Calibrating directly with these
aﬂ'be&bfamsmdtmmateesl ushd veessa ifitiraonssafmernddright.fRegzonse

d
"GRG TP P B i R A TSy
t barcetrlnwasmiﬁérmmmddwm dreaqeseentt Ties acquiesdhivissyspectra were
subst |%télé)ed Mor e s ci fical 0 accurately

l,
cﬁl’mlS"r‘ Qﬁ%erﬁﬁ@‘ l‘l%rﬂgﬁﬁ‘ g'F’ﬁ e'Wlihsti t ut ed benzene

R Hese R U R AR T Loty fes o

HBlk@nlé@lalnd ria@l&:lu&!giwﬂﬁ difféieh€numbers of unsaturations. The
molecules with dlfferent numbers of unsaturatlons may be. compnsed of -
cyoloparaffms oleﬂns and aromatlcs If aromatics were present in S|gnlf|cant
amounts in-the Iubncant base oil they would be identified in the FIMS analyms
as 4- unsaturations. When olefins were present in significant amounts in the
lubncant base oil they would be |clent|f|ed in the FIMS anaIyS|s as 1-
unsaturatlons The total of the 1 unsaturatlons 2- unsaturatlons 3-
unsaturations, 4-unsaturations, 5-unsaturations, and 6 unsaturations from the
FIMS analySls minus the wt% olefins by proton NMR and minus the wt%
aromatlcs by HPLC~UV is the total welght percent of molecules wnth
cycloparafﬂmc functlonahty in the lubrucanfc base oils of’ thls mventlon Note
that if the aromatics oohfeht was not méasired, it was assumed to be less
than 0.F wt% and not included iu the calculation for total weight percent of
molecules with-cycloparaffinic functionality.

Molecules wnth cycloparafflnlc functicnality mean any molecule that i is, or
contains as one or more substltuents a monocycllc or a fused multlcychc
-23 .



was diluted 1:1 in n-hexane and injected onto an
am no- bonded silica colum, a 5cmx 22.4nm | D guard,

wo b onEsdl by two 25cm x 22.4nm | D col uims of 8PCT/RS2006/048677
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m cron am no- bonded silica particles, manufactured by
Rainin Instruments, Eneryville, California, wth

n- hexane as the nobile phase at a flow rate of

[ 8m s/mn. Colum eluent was fractionated based on the
detector response froma dual wavel ength UV detector

set at 265nm and 295nm Saturate fractions were i
c opluseteshyiiprarboRe 2B n g eRaeHIndG siRiee Bnayrkmgetionally -

oéugst%téwmﬁ RaRcS: rHBh% §ubé!ﬂwéntss'F@@ﬁe%en{snﬁe%e%pneé include,

S|nger|ng aromatic uti on erlng aronmati c
f batareonotlisited te cayclapropy!i cyalolutyh syclopsndy!, cyclohexyl,

| BYoIBREbUE bcay I RANISRT, CAShERREEridledo Dpeptadecan-6-
Pub¢ydlaizexaome, Snd 18dpayclohexyiparitatbeanse mgaahyidng 1-(pentadecan-

made b h t hi th ‘
%3’3& R ESs, S IR S Y om the ot ingh 1o e

d f | oadi h .

PRI QUES SR B SR AEE f Al R AR AR Aol fpat s 2
t Igmnwlyk:yd: satuivateidth;tdmdf:arﬂeorgegap@fﬁlh?egtg )ﬁveln ring cartbons or
absor pt.i vi Spo a abou %relative to :
CAG0 bRt BRI E i 1 Sl Motookoissatraiest,
Wroﬁbﬁbwg@hlp ﬁﬁ‘vhwto 8éven HngWaesens s ThHe idycRpatffMflc group
one %V&@a'iuncu in the purified nono-aromatic

sifbstidgdurin op ¢ dupR FWstderien Reprrpptative
aéﬂém%le’e mUMaeV%t aAshefl Itrhﬁe&% ' &Vc%p?robglaﬁyﬂgbgtyv\éyclopentyl

because it si measur ed aromat’i ¢ carbon’ so

r es@ehe@/ldw!wmub frenfadacams-y) grelobexans mnd the like.
ej ng anal yzed. The NVR results were-translated from %
M%%f‘i' les wathyawiticyclaparastiaici funatipralily seqn anyeolecule that is a

CRRHEShBIcyWid Qat'ﬂ?ét@aWd%@arQoaq lpgéﬁW mBA fused: rings,

95-99% of the aromatics in hig ted Iubrlcan
bagk MRlesulgdhat i sr\.gqs@tqteﬁ Qvithy @mpr mpre fused multicyclic saturated

hydrocarbon nng groups of two or more fused rings, or any molecule that is
substututed W|th more than one monocychc saturated hydrocarbon group of
t.hree. tq seven ring carbons. The fused multicyclic saturated hydrocarbon ring
group preferably is of t\‘NO fused rings. The ey’cloparaffinic group may be
optionally substituted with one or more substituents. Representative
examples mclude but are not limited to, decahydronaphthalene
octahydropentaiene 3,7, 10-trlcyclohexylpentadecane decahydro-1-
(pentadecan-6-yl) naphthalene, and the like.

Method to Improve Lubricating oil Oxidation Stability:

We discovered a method for improving the oxidationéstability of a lubricating
oil by replacing a portion of the briginal base 0il in a lubricating oil formulation
with the deSlred base oil of this invention. The desired base oil of this
mventlon has greater than 90 wit% saturates, less than 10 wit% aromatics, a

wscosnty mdex greater than 120, Iess than 0.03 wt%rsulfur a sequentlal
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H gh power, |ong duration, and good baseline anal ysis
were needed to accurately neasure aromatics down to

wa@2a9massemat i ¢ nol ecul es. More specifically, tBCT/US2006/048677
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20

accurately measure low |l evels of all nolecules with at
| east one aromatic function by NVR the standard D
5292-99 nethod was nodified to give a m ni num car bon
sensitivity of 500:1 (by ASTM standard practice E
386). A 15-hour duration run on a 400-500 MHz NVR with

10- 12 b d
PUEEE el Bhel PR astel i o et Tole! Mol uap ity
tdsr,&;l(ﬁmelfﬁlrﬂe fl&‘ﬁtﬂlmﬂlﬁﬁ shard fatio MMGTMS whe rﬁ@tﬁdct oparaffinic
enc vvas chan nce dur| t he r to av
SRR npieRuEey T OISR CRar M bockRpg iy gaeater than
ap Anethe ofigHiz? Bas@bllttﬁgt B%e‘iﬁ??éﬁléc@é’i‘ n?é} be rse?écgé‘d gbom the

the carrier spectra, resol ution was rove

OGN S GIUR | GretdbiaiherBrRpiR It yAlph FRERTRelyinteral olefin,
Cﬁl“n’a Wit d 855 <0k | Ex??‘npﬁ& of 6%%?25%&@ W%raesetons are Chevron 4R,

aracteri zed by dionlizatio I oS
(@hm)on ﬁRoEakkweblléﬂaQﬁvhl Sloell K61\Mli4.0, Shéﬂ KH)ﬂtS 2 Nexbase

r r S t r | ‘
cu’ﬁ%gé?ér?ﬁw ﬁ’ﬂ)?r azé't\l?gﬁ%gé ertfﬁr}%w%'baciﬁ/gﬁ ARnd 8.,

The sanpl es were introduced via SO|Id probe,

ferabl b aC| n nmal | am)u t,. O.
a8 Biotus P S ofidnBLE R o1 B Bt ot LR s iogslfBebase oil of
tthilineiglwvéhﬁogab? |RW®ﬂtébEre§a&tl@ir&ﬁt§és@d bl :?ftléhasl f mihutes
sol i _ds e for SS . spectroneter, an e pro
TSR BY B st BT TS R BtoerlrbY Byt irasggaminutes.
aalﬁ@h@osh@ré@éb@%ﬂ@dsﬂmﬁnﬁ@fesmA&ﬂlﬁohél tlﬁ@ﬁ%cosnty index

ectroneter o eratln at about 10 6 torr. The

e isieasshsPefsrbiy the Wacesity indexywilkbe lmmsgﬂ ky at least
r ﬂ!) %lﬁf:t |51a§19§é’m§e£’§éd Q?Q@%STQS Eﬂaé§e§ B¢ fdd <P Bt %Zpreferred

used was a M cromass_Ti ne- Response fact
f emnbgimedtsbertblisaing méw&l %i§@ umm\taalrb@r ielpase,uard may have

LR Gireldie d&ﬁa C?%g%%:éﬂb@?ﬂmér{ 8'8 AifiRel %t 58 Hegrees C.

e acquire

A portion of the original base oil in the context of this invention is between 1 .
and 100 wt%, preferably between 20 and 100%, and-most preferably greater
than 50 wt%.
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sumed to generate one "averaged" spectrum The
| ubricant base oils of this invention were

waehb@vaciseri zed by FIMS into al kanes and nol ecuP€EUBRDE048677

di fferent nunmbers of unsaturations. The nolecules wth
di fferent nunbers of unsaturations may be conprised of
cycl oparaffns, olefins, and aromatics |If aromatics
were present in significant anmounts in the |ubricant
base oil they would be identified in the FIM anal ysis
as 4-unsaturatiops. \Wen S%Mre present in
significant anmounts in th t base oil they
vekh@pketi dentified in the FIMS analysis as 1-

unsat urati ons The total of the 1-unsaturations,
2-unsaturat ions, 3- unsaturations, 4-unsaturations,

5 . .
o B T B Wt B R Ol
npropertigse wt % aromatics by HPLG-WV is the total weight
percent of nolecules wth cyﬂ?ngr affmc functionality
in the lubricant_base oils o 'S invention. Note
that if the ardndopestieont ent was rljot nmeasured, it was

assunmed to be lless than 0.1 w % and not included in
the calculation for total weight pgrcent of nglecul es

wi th cycl opar af{fNistogehtppid.onal 1 ty.[ dpecul es |with

cycl oparaffini cfunctionality nean ana;mol_f,c.ule t hat

i s, or contains 34f¢n€PBt nore subdtfR uents, 3

monocyclic or & { HspskiAHf GEYGhiCSqrAg gged hydr ocar bon
group. The cyclloparatfini’c group y be optiongally
substituted with one or nore substituents.

Represent ati ve exanpl es include, but are not limted

to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cywbdiesgt gils, Fdetshgmd &Taphtwaicamade dodralthe hypesttedtedeobalt

g%%qaﬁﬁéﬁgri’ﬁ%i{%\&ﬁ% %&%ﬁ%i"somerization dewaxing, hydrofinishing,

daethyitiog] st &xradingdna AsudanaphidiaTrebassdil hed the
i ke. ecul es wi ocycl oparaffinic functionality
nRGReRIRS ADP BWPén'hht‘?ﬁ{(giﬂs a nonocyclic saturated

hydr ocar bon group of three to seven ring carbons or

. Table Il . ‘
Sample Properties FT-7.3 FT-14
Viscosity at 100°C, cSt 7.336 13.99
Viscosity Index 1‘65 157
Pour Point, °C _ 20 -8
SIMDIST (wi%), °F -
B 5 742 963
10/30 777/858 - 972/1006
50 906 - 1045
70/90 950/995 1080/1168
95 - 1011 1203
Total Wt % Aromatics 0.02819 0.04141
Wit% Olefins 4.45 3.17
FIMS, Wt%
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any nolecule that is substituted with a single
nmonocycl i c saturated hydrocarbon group of three to

wa@ewen7ssBng carbons. The cycl oparaffini ¢ gr oupPOBEYSIE6/048677

optionally substituted with one or nore substituents.
Represent ati ve exanpl es include, but are not limted
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycl oheptyl, (pentadecan-6-yl) cycl ohexane, and the
i ke. Molecules with multicycloparaff inic

unct T any HF#EtUﬁgrtl t—s—afusegd

ul ti ?\%@ﬁ'%%gt{%@gtsed hy|dr ocar bo‘r?‘?i ng giroup orf:‘T"tv\}o or
ore fused rings, Atkanespl ecul e 2hat is suybstit Boed

M th one or re . fused nmulticycljg saturated

hydr ocar bon1“:[?'ﬁ§atUFa§l?g5§ of tvvo#r more filsed %2, or
any nol 2ctel @ Whedturgtiongbst i tuted oM th nofe thanggne
ronocycl i c saturated hydrocarbon group of three to
seven ring carbons. TR fused #MPA cycl'i¢ sat ut@@-&d
YdT AGAEDABISCUTRE WRRUP ref eTabjy T s of Tywo 1 Uy
rings. The cycloparaffinic group may be ¢ptionally

s ib&deraraEigf vnactieraldy more substituent $. '

[ ' : rctudehut—aretnot—t+ag *éd
tg,@étg);gg&h@g%ﬁ%{gﬁ%@"g%e, oct a%)jgpopent al ene, §1€73
10- t 19 Muttiysloparaffinsadeclane, decahydro-1(-

(pentgyg ooy —napht-hat-enressgng—the—tHrke—Method—t-o
ror o2 8 SERB T NaPPHS oi | |Oxi dat Parostabi | ity - V&

di scovered a nethod for inproving the

oxl jon-stabi|ity of a fubricating oil by replacing
o 5o oG SHSTPRIE o4 bie BAUESB In The WoriGRinG Bl AEIS
oinvehtismultaidsogrevtdriinbRes Siwsktethi pasigciklt vath EiSparaffinic
IE%E¥IIOQ' The ﬂgﬁgned base oil of this invention has.

g Igpality aRdah NighoyiseRsiVANEeX. | ess than 10 wt %
aromatics, a viscosity index greater than 120, |ess

than 0.03 wt% su! fur, a sequential nunber of carbon
AESRBPIYLeat er than 35 wt% total nolecules with
cycloparaffinic functionality, and a ratio of

nol ecul es” wi t h nonocycl oparaffinic functionality to
nmbvedierds of 15O #bl hydraulioflaidaiding tiee FIiALBiaonhthet FT-14 were

?@%flggg a\f@a&‘{‘y cBrrercHlifighid #nddnBA%e Rl ARRhuli¢aldl Sdbitive
package. The hydraulic fluid additive package comprised liquid antioxidant

additive concentrate in combination with other addifiyes. No viécosiiy index

improver was added to either of the two blends. The formulations of these
two hydraulic fluid blends are summarized in Table”lll. '
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group of Goup | , Goup Il, other Goup III,
pol yal phaol efin, polyinternal olefin, and m xtures

wo b@voefs31t Exanpl es of other Group Il base oi | BCHUS2006/048677

Chevron 4R, Chevron 7R, ExxonMobil VI SOM Shell|l XHVI
4.0, Shell XHVI 5.2, Nexbase 3043, Nexbase 3050,
Yubase 4, Yubase 6, and PetroCanada 4, 6, and 8. Wen
a portion of the original base oil is replaced with
the desired base oil of this invention the RPVOT test
result is increased by at ﬁ ﬁ m nutes, preferably
by at | east 50 m nutes, rmrears?ee rably by at | east
1Compandreswiand nost preferalliyyba at || ¢pgdB150
' . diti ! j j Fndex nay e
yreadisd v AY\eAdEIYet he visqdsT8y i nde®- i 11 Be
pg&@@@d by at least 10, but |it may be|i ncreas¢d by
at | east 25, or even at least (50, In preferred
efbodBnent s the |ubricating oi|l8WeHI| al ,(83i5‘§3ro ein

— Etease;,—and—maythave—an 4 Icabt StV D -
25371“63 of less than 0.8 m nut e?'%? 50 de r5£s C A
pBMAﬁYrPEQ)f the original base qid.20n the|om@a ext |of

Ry bet-ween—1-and—100—w9%—preferdbl y

bg{s\}?@é E’Eﬁ%(ﬁnﬁrﬁ’ﬁ% and nost B)rgﬁyerablyoaceater t han
Powdl % EXAVPLES Exanple 10 A Qydioodd eat ¢dopqgipl | based
ischer-Tropsch wax had the follow ng ploperties:
Table | Two base oils, FT-7.3 and FT- 14 wer e made
frﬁm&raseﬂmégr&ttﬁ@«éé b QRRALh W&%ﬁ IEHRRNR HJ& aps ERoWAXin Table
Ké\ dr ol soneri zati on evvaxr n | ni's
fhactionating, and blending to a viscosity target The
base oils had the properti eg %t; [\)pown in Table I1.
Tabl eFT-14 is an exanple of t ase oil useful in the
lubricating oils of this invention. It has greater

W@f&l—rﬂﬁm—%ﬁm th wﬁ)g oH\qu. ni c
Viscosity at 40°C. ¢St 43.7 | 437
Viscosity Index ] 163 163 |
RPVOT@150°C, Minutes to 25 PSI 608 610 -

Drop . '

TORT B Rust Pass
Cu Strip Corrosion@100°C for 3 Hours | 1b
Air Release (D 3427) at 50°C 1.8

Both HYDA and HYDB are examples of the lubricating oil of this invention
with very high oxidation stability and high V1. The high VI was achieved
without any viscosity index improver because of the unique quality of the base
oils used. It is surprising that the oxidation stabilities by the RPVOT test were
as high as they were considering that the base oils that were used had
relative!y high'oteﬁn contents, and Oxidator BNs of less than 25 hours.
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functionality and a high viscosity index. Exanple 2:
Two bl ends of 1SO 46 hydraulic fluid using the FT-7.3

waee7nhs3FT- 14 were bl ended with a conmerci al PCTHUSINNG/048677

10

15

zinc antiwear (AW hydraulic fluid additive package.

The hydraulic fluid additive package conprised |iquid
anti oxi dant additive concentrate in conbination with

ot her additives. No viscosity index inprover was added

to either of the two blends. The fornul ati ons of these

t¥D hég{gulic fluid blends are sunmari zed in Tabl e

| FXan 11l The properties of these two different
hydraulic fluid blends are shown in Table IV. Table IV

Bot h HYDA and. HY! re exanples of the | ybricating oi

o-?h'ﬁ% %W‘Hé‘é?’ft"ﬁ&ﬁgﬂﬁ_i wele F“;%ﬁ gRing:Gamensanak @mynk gr Group 1l
apgse1bld) either With &F @indit theadRitid reyeds¥bdionbie’ Mprover or seal
vi scgsity i ndex_inprover because of -the uni que quaILt¥ o
oswelhagsabandiusing ihedsarse comynesialdiawig ¥'ﬁ§tA%41'éydﬁaU"Q luid

oxhgiald PAcRAGD LS thL BRerids %%%rﬁ{%ﬁgﬁb%%zﬁ%ny’is.e?'ﬂgtfsgrgglgtio'ns of

as they were”considering

uthegerampaiisar blends lirgisuoiraétized onTablesy. and Oxi dat or
BNs of |ess than 25 hours. Exanple 3: Three conparative
bl ends were made usi ng conventional Goup I or Goup
Il base oils, either with orfTaki¢ Nout the addition of

AW N1

$ 07 3o AlAN, Loy A Ay Ay onnal el | anont.—and ici.na
\ QULUST U LI EI\ T Ilpl UVl UT 9 I UVVCT T CTTITC T i a1 ULAY |
| KETRGREL WG i al liquid zi 4 HWPhyd} SR £ 1]UFamP-
addi ti ve package as the bl endg HieBCri baeleDEx:lLvnm}(e)EZ

afornmil ati ane nf asa ommarisanl hl ends
e S5e—G H--SOH-D+—-ehRas

Th th Fal fay
sHhelrauiic Suid AL Addtve Tapl eV Orhe propfrid es of O-fRese
tpheeagh fferent conparative hydraulic fluid blends are
shown_1n Tahle \l

Group | Base Oil 99.17 0.00 0.00
Group |l Base Oil . 0.00  {99.07 93.16
PMAPPD.- o010 |0.20 0.20
Viscosity Index Improver - 10.00 0.00 5.11
Seal Swell Agent ' 0.00 - |0.00 0.80 -

Total 100.00 100.00 100:00

The properties of these three different comparative hydraulic fluid blends are
shown in Table VI

Table Vi
Properties’ ' Corhp. Comp. Comp.
| HYDC HYDD | HYDE
"Viscosity at 40°C. cSt . 437 43.4 437
Viscosity Index _ _ 99 100 158
RPVOT@150°C, Minutes to 25 PSI [ 317 | 483 | 346
Drop ' ‘
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Tabl e VI These conparati ve base oils nmade using
different base oils did not have the desired high Vi

wa@prah7exssel | ent oxi dation stabilities of the | ubeT/w82006/048677

10

15

20

oils of this invention. Although the addition of

viscosity index inprover in Conp. HYDE inproved the
viscosity index, the RPVOT was still well bel ow 600

m nutes. Note that by replacing the Goup Il base oil

used i'n Conparative HYDD with the preferred Group III

base oils of this invention (see HY we were ab

i hRessaeemprEativedase ol m?éieemmdtféeg?nbg?a% pds firrlaﬂotﬂm@\'e the

hy%gife‘?fhrgﬁ‘qﬂ'édépg%élbént BQﬁaYbﬁ %%lﬁt}’eé Bidfﬁ?é I98rr&%%orls of this ‘

was | ncreased nor e

‘t Ineemntiteh.t Abhowegh m@/addﬁmmftvgsqqsdexndemrrmr@wer Px@apipe HYDE

91%9% %Y@‘Eé;'cyoﬂéé% aﬂ?ﬂ\fcﬁ s]stnnv\ﬁel?bgﬁ)g\??)g@) Ahftes.

§trol'eum based
I\/Unger C80 Fe- based FT vvax . The 50/50 m x-of waxes

had. - 65 f bout t

e R b RS A b el OBl P8 Thypp wir

tihe prassred tasrouenre bbsdrous&wmménrz@éntm @ewvrm) we were able to
fractli on ti nql and bl endi

hydr of hi
VhSEser e apgin e BPOASL tertiby THaE 1D BPOsERLIess as
SR@WRohAI akE 6%rs\ébbrty Trﬂili)@of\{hb 3%'?3:.’1_1-6 ﬁ uif v@é‘éjrn'f:r—eée"edlby more

are exanples of preferred base oils used in th

i haemQ, ovithoed the @ddttr%mfrmev'g@@atyendﬂwﬁpwam % t ot al

nol ecul es with cycloparaffinic functionality and
viscosity indexes greater than 150 Both of them were
dexkawele #r om a waxy feed having greater than 60 w %
n-paraffin and | ess than 25 ppmtotal conbined

nitrogen and sul fur. Additionally, both of these base
oTwe tiase aits; ¥ T-0\6 and 139, wede otade from atfioéb0 alix of Luxco

e e e e e oy A L
e50/50i rald of wardsehae ébouo8p. 5L s haparaifih, alsoutt2 ppm mitrogen, and

‘e E%t f‘f{’-l}jﬁr}g%“ﬂg ?bg{qr%g%%sq? Lcr)sea tdo r?’r%koxtke%ase orlN s were

hydrqrsomenzatron dewaxing, hydrofinishing, fractionating, and blending to a

' viscosity target. The’l base oils had the properties as shown in Table Vil.

Table VI
Sample Properties FT-7.6 . FT-13.1
Viscosity at 100°C, cSt - . 7.597 13.14
Viscosity Index 162 152
Pour Point, °C 13 -4
SIMDIST (wt%), °F
5 778 953’
10730 : 862/902 ' - 974/1007 -
.60 934 - 1036
70/90 972/1026 ~ 1061/1106
95 . 1056 - 1140
Total Wt % Aromatics 0.01683 1 - 0.04927
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Exanpl es 2 and
pdded to either

FT-
-ant i wear _addij.ti ve packd

these oils were used to
or Goup IlIl base oil

wWo b@/01881 i n a | ubricating oil

repl ace a Group |

, Goup II,

having a viscosity index |ess
fornmul ati on t hePERUSI06/048677

result could increase by greater than 150 m nutes and
the viscosity index could increase by nore than 50,

wi t hout the addition of

vi scosity index inprover.

any ot her
Exanmpl e 5: Two

addi tives or

bl ends of | SO

46 hydraulic fluid (HYDF and HYDG and one bl end of

SQ 68 (HYDH) _hvdraulic

fluid using the

T-7.6_and the

FT- 13. 1 Wi Olefidnded wi t

h the s&®e comme

cial [198uid

i NC AW d/C fuid
3 No vi g
oflkanest

pf these th Q%

n Table VI :i%f ﬁfa@@lnls
di ffer eﬂ’rttoiﬁydjrmdturatblnsl
VI I1. Table VI

Clarity(r) Synthetl Cﬂ—@)d

additTvepackage
cosity index inp
hree bl&&ndls. The
fluidl ends ar:
The prdperfties of
d bI ends.3are sho

r auI | c?éﬁ@ddOfAWG

IsedT

over was

f or mukd&tf ons
B SuU i zed
t hes ree
wm in Tiade
nevron

SO 461920ng

Tobalapdletitel3vith Was
hShiciprarglinigeYrctionality

prepared THYDJ) .
ge was used in ti
e package conpri {

An ashjress
nis blend. The

sed about 46%

I@é&i&oﬂnbheéyaaaéraaﬁf@ T

i qui dant i oxi dant additi

M xt tﬂMUdifcyamﬁéa@mam ne

Ve congentrare.
ve concentrate CJ
and hi gh nol ecul

The _
bprised a
ar wei ght

| nue@;&aaw}qﬂql Ia&'u‘l]s' oxTdants: STOoST

y— 1o
nprover _was_addéd to the bl en conpai ative§%I énd
of Chevron Carity(r) Syntheti c Hydraul ic Fluid AWI SO

AL SRR 18 SR8 MR (e D Rt babEBp et i s

( ﬁweptlorh-lY Bkﬁlh ofotremm MVé%raatér(f]‘n@N BEWIPRtSEOHDI¢dlIed asid:

Ol fo
them were derived from a waxy feed having greater than 60 wt% n-paraffin
and less than 25.pph>m total éombined nitrogen and sulfur. Additionally, both

z;/r%!ﬁflnlc #LYnctlonahty and viscosity indexes greater than 150. Both of

of these base oils had very low aromatics and olefins, which alsc contributed
-to higher oxidation sta.bility. They both had Oxidator BNs between 25 and:60
hours. - FT'—7.6is‘ an especially preferred Group III‘ base oil as it has é viscosity
. index greater than 150 and an Oxidatof BN greater than 45 hours. If one of
) thése éil'é were used to replace a Gfoup 1, Gfoup I, or-Gr(')ulp 11l base oil -
) havmg a viscosity index less than 130 in a lubricating oil formulation the -
. RPVOT result could mcrease by greater than 150 minutes and the viscosity
index could increase by more than 50, without the addition of any other

additives or viscosity index improver.
Example 5°

Two blends of ISO 46 hydraulic fluid (HYDF-and HYDG) and one blend of
ISO 68 (HYDH) hydraulic fluid using the FT-7.6 and the FT-13.1 were
blended with the same commercial liquid zinc AW hydraulic fluid. additive
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have greater than about 75 w%total nolecules with
cycloparaffinic functionality. Unlike the base oils

was@d/orss3t he hydraulic fluids of the current |POBUS2006/048677

they both have ratios of nolecules with

nonocycl oparaffinic functionality to nolecules with
mul ticycioparaffinic functionality of about 2.1 or
| ess. The fornul ations of these two hydraulic fluid
bl ends are sunmarized in Table I X. Carity(r) is a

I stered trademar VI Qon Prod cts, Co| .
1%%@@9@@ mpéjmp@ﬁ aé:Q HGuiScRsItIT<sK Bhrover was added
hsclsigalricF thé whideiERES The féﬁﬁ%hbﬂs bré&sehree hydraulic fluid

Tabl eXAl t hough the conparative DK hydraulic fluid
Haands wee pugtaarizeiorT alkisivii., |t was | ower than the
result obtained with the hydraulic fluid of our
i nvention, and notably | ower than the RPVOT of HYDJ.
Note that the Conparative HY@ileddhpri sed base oils

(Chevron 4R/ 7R Group I11) that did not have viscosity -
i ndexes greater than 150, nor did they have a

p@eﬁwdned\tr\am/oo of rml ecul es WHYDRonocyelYip@r af ffiHYDH

nr-i-un ac i flh M||f|r~\l*~|nnara-F-Finir-
L

gt L@ﬁZﬁ'vadﬁ\éf/ééfif@?é’F nan 2 10651 he pFBrES T ad hased
oPhekated in our invention. Conparative| HYDK al sd .

conpri sed_a si rml ficant_amountt of viscositv inde

ifpricGer to achieve a vi scosi f8-9tex g 89iQQ t hqr$6.05

ﬁ&ﬂpl&‘ 7 A biendof—th TP uarlg.f) 6302
Svnt etic Paper Machine Q| I‘g E% i s made by

rRMAPPRYy greater than fifty pékr2@nt of | O 0.20

hZGlEﬁalq ﬁgée&rlgﬁpesﬁ 'es as shou/r iblgd T;;; e Qrbbd)?l";;l ;'d.OO

XT'dtahcti on coefficient i s neaguoedoat al|Koosmti d 100.00

II cr\r\cwf\l r\f 15 <t _and at o

mOTOoTtTTy T COTU T X e =

The properties of these three different hydraulic fluid blends are shown in
Table VIIi.

Table VIl

Properties ' HYDF | HYDG | HYDH
Viscosity at 40°C. cSt 43,7 |43.7 65.1
Viscosity Index ' 162 163 158
RPVOT@150°C, Minutes to 25 PSI . 690 746 697
Drop ™ ‘ '

Air Release D 3427) at 50°C 1.06 | 0.67 1.75
 Example 6:

A blend of Chevron Clarity® Synthetic Hydraulic Fluid AW ISO 46 using FT-
7.6 and FT-13.1 was prepared (HYDJ). An ashless:antiwear additive
package was used in this blend. The ashless antiwear additive package
comprised about 46% liquid antioxidant additive concentrate. The liquid
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w@oeaoh/0r3sae1 or i gi nal

10.

15

" base oill

orlglnaF

slide to roll
20N,

ratio of 40 percent. The load applied is
corresponding to a Hertzian pressure of 0.83 GPa.
paper machine oil and the | PET/USBA6/048677
paper machine oil contain the sanme ashl ess antiwear
addi ti ve package. A conponent of the ashless antiwear
addi tive package is an antioxi dant additive
concentrate. By replacing a significant portion of the
in the paper machine oil with the FT Derived '
B [ hi.ne ojl .
anfoRantddifive ERHcCAPe RIS BN didfarBlaspine and
t bigh rmlewm \@e@mnm@lm@d eaeem mmtmxnmﬁsnuouﬁms:tymm

t t a
Ak AR R PR B SimhaRlivediehdr dreias arive
pBIghthrmm tydtraupe Fauid sAV&rISQaaZ esinga@hkleat 4REMEChedrdr7R

a icati.on a e |n |n or rated by reference
| Groua P bake SRy £ ozt A lord et Hsd Srepared

d(cs@ﬂnps DK, Gaslion A% é(rh@l mlevlwb erC@w@mu Bas€Blis typically

aﬁgl ication or patent was s eC| fically

YS SERAtEr Shamabewk Wt 18 1”?\%'6%@83}1”&*@1 CWOP@'faéfr"@ﬁce :
| furictisna iyl r@hike tMBMHAsEOS sl it inot'ﬁ% R régﬁ’c ﬁl?ﬁ@gmf ¢ current

enbodi ments of the invention discl ose ove W |
r BNENTgN olkeyrbath hewgdatiek pf madesules Methampnocycloparafﬁmc '

Aﬁﬁ\%‘h@h@@t‘yﬁo rhORcLIREEHH ﬂ{hlﬁc}gﬁcﬂ)aggﬁﬁwh ﬁjrl;clﬁﬁﬂa@tfytcg about 2.1 or

including all structure and

t l§gss Jd}fef%fﬂ Wationsppidheee twh diydsauleAiuit Hleidy MEDUBmarized in
l1ahd oricating oil, conprising: a base oil having

greater than 90 vvt%saturates | ess than 10 wt %

aromatl cs a base oil viscosity index greater than

L8 W B R M e PR PRI Bl
has. a. a lubricating oil viscosity index between 155

and 300; b. a result of gre bbpan 680 m nutes in
the rotary pressure vessel

Component, Wt%- HYDJ Comp.

HYDK

Ashless-Hydraulic Fluid AW Additive

Package

0.55 -

-0.49

FT-7.6

82.61

0.00 -

FT-13.1

16.74

-1 0.00

Chevron 4R/7R Group |ll Base Oil

0.00~

94.72

PMA-PPD

0.20

0.19

Viscosity Index Improver

0.00

4.60

Total ~

100.00°

100.00

The properties of these two different hydraulic fluid blends are shown in Table

20 X

Table X
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oxi dation test by ASTM D 2272-02 at 150 degrees C, and

c. a kinematic viscosity at 400C from 19.8 cSt to 748
wa@ 307/0ndser ein the lubricating oil is a hydraul PCT/UB2006048677
of claim

10

15

{800 m nut es.

or acirculating oil.
1, wherein the lubricating oil

1, wherein the result
OX|dat|on t est
| ubri er

2. The lubricating oil

cin the r

viscosity index is
bet ween 160 and 250. 3. The l|ubricating oi

osult in

of claim
in the rotary pressure vessel

is greater than 700 minutes. 4. The

t he

rlameythﬁ essure vessel oxi dati on
5. The hydraulic fl
wherein the viscosity grade is s

HYJ i s
i d of cl
bl ected f

peemibr t
2}
*bmthe g

han

I oup

Cissosityl agd@TC.1C8D 32, |1 SO 46, an

14520 68.

664The

Aol

g;ié‘HQSiFysir@gl.’zect ed fromthe group

o 4BRo1 st

P

1. SG

TRPVOT@1509C, Miuteslo A59REH20,

circulating oil of claim6, wher

oPI°/"'s a paper machine oil or tu

hpd1l SO 4
bin the ¢
‘bi ne oil

b@7g/7. Th
rculatin
8. The

Q @D

rel ease by ASTM D 3427-03 of

fobricating oi t—of ctaim I, addi

ionat 1y

aving an

air

| ess than 0.8 minutes at

SGIUGJLEQ’JI'E&B @moarative HYBK knydrantic Buid had el\einyngood RPVOT

TUS

bl RUE T 5 Sk iy AP HEBREREHE By our

uhaentudn ambneiably losveydban the RFS/GT sEHEYDIr dyte hat the

r|ved

8"1"’36??

VYT P HERY el G Sh PRITRAPER iy frat aid

1lﬁ)ot0ﬂﬂ/dmsc651tyllﬁdéxé$l breatat ihag 150, naradipthey hgee agreferred

braa%% oqir!‘xog%\t{niens%ith monocycloparafﬁnic functionality to molecules with

: multicyclop')araffi'nic functionality greater than 2.1 of the preferred base oils
used in our invention. Comparative HYDK also'cc‘:amprisecl~ a significant

amount of viscosity index improver to achieve a viscosity index greater than

155.

Example 7:

A blend of Chevron Clarity® Synthetic Paper Machine Qil ISO 220 is made by
replacing greater than fifty percent of the polyalphaolefin base oil with a FT

derived base oil having the properties as shown in Table XI. -

Table XI
Properties ' FT Derived Base Oil A
Viscosity Index >160
Traction Coefficient* <0.021
Wit% Saturates . >99
Wit% Aromatics <0.05
Wi1% Olefins 0.0
Total Molecules with Cycloparaffinic Between 35 and. 70 wt%
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I . greater than 90 mt % saturates, ii. |less than 10
Wt % aromatics, iii. a viscosity index greater than

wa2®;7/073881 | ess than 0.03 wt % sul fur, v. a seqPenUSBNG6/048677

10

15

20

nunber of carbon atons, and vi. greater than 35 w %
total nolecules wth cycloparaffinic functionality or
a traction coefficient |less than or equal to 0.021
when nmeasured at a kinematic viscosity of 15 ¢St and
at a slide to roll ratio of 40 percent; b. an
tioxidant additive concentrate; and ¢ less than Q.5

WeHgetongdifcent based on the total lubricating oil of a

Ity Tdex Tprover;wier el m the tubricgg g ort
hggﬁgﬁlpu ricating oil viscosity index greater than 155

ANdragereppht of greater than 600 minutes in tdke rotary

raccoclurao vacanl o

e—vessel —oxi-dat-on—test-by—ASTM-D-2272-02at
15pegrasdfidentis meRaEgRt T KPPMATS YiSEs o 1a 43¢ and ata
WBideetdrdlinati® % 400 rebht. dERé YR ApBiBcRisVROY, ddresbponding to a
havi ng .great.er than_60 w % n-paraffins and |.ess than

2ElepsiancREswelc? 83dgBA- and sul fur. 14. The

| ubricating oil of claim12, wherein the base oil has
greater than 40 wt% total nolecules with : ) _
c Bethoiher eriginal papenipecbing oit 3nd tie impieved papeammagpios oil

dé?ﬁ\?g{d{n 1%.m i hehréu%r%@g% ng ol “»eopé%@aq%r:h %fo-ﬁmer el nOf the

t hehlbas antiwkeahaddiiverpaskage i€ asfdritiokisiant add#iveheconcentrate. By

e . 0,:02:1 S, | ti ' ' .

oo s e PNERCERMGE ety G SR ARGk Bl win e
FT Derived Base Oil A the resulting improved paper machine oil has a result
in the rotary pressure vessel,oxidatioh test by ASTM D 2272-02 greater than
680 minutes, which is at least 200 minutes greater than the result in the

original paper machine oil (475'minutes;).

All of the publications, patents and patent applicétion,s cifed in this application
are h‘é_réin inc‘o'rporated by reference in their eritirety to the same extent as if

the dis_p|osuré of each individual publication, patent application or patent was
sp'eciﬂcélly épnd individually indicated to be incorporated by. reference in its
entirety. |

Many modifications of the exemplary embodiments of the invention disclosed
above will readily occur to those skilled in the art. Accordingly, the invention -
is to be construed as including all structure and methods that fall within the

scope of the app'ehded claims.
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17. The lubricating oil of claim12, wherein the
lubricating oil has a lubricating oil viscosity index

w@e@aneis3t han 160. 18. The | ubricating oil of cPei/sa6/048677

wherein the result in the rotary pressure vesse
oxidation test is greater than 700 m nutes. 19. The
lubricating oil of claim 18, wherein the result in the
rotary pressure vessel oxidation test is greater than
800 m nutes.20. The lubricating oil of claim12,

e ating oil has a TOST result of
é&gggb. t éﬁkﬁg’ﬂgo hours. 2 1.The lubricating oil of
claim 12, which is selected fromthe group consisting

of. hﬂ@bﬁ@atir\gﬁ@l.&mﬂnﬁgﬂwéﬁa blag@cﬁl&amigigfﬁﬂeﬂﬂﬁan 22 wt%

The | ubrjcating, oil i.s .sel ect

f r ofPIHRISSy lﬁfﬁ%aﬂsps‘ﬂ %gafefﬂﬁé%% baﬁ%@"&@ﬁ%ﬁ% %%?égfeatef
23. tHA1e 10obsiRAlES0tHRIN 0.08 vod%l ahd 3.seyiiential rsum@beéf @érbon
fromthe group consisting of JSO 100, 1'SO 150, |SO 2

I SOaBZ'OSaWBeTe&!D”M%b‘b”EQ“”Qt@ hagbricating oil of cl al m

F@%H I as an
al r re é‘%@%%&%‘iﬁ) 3&2‘@8’%)%% esgs?ﬁgﬁ 3606]8 m nut es

at 50 degswbsl gweahy than&Sa0uminuas imiheiatanf presauia-yessel
wher el &.&gﬁorﬁ&}ét §R§FM @dﬂﬁ 4 a‘f‘%%edb‘ﬁ{ g%sgrcg%w | ses

a hi ndere enol; [Tanm ne
t heiceoh klr%naﬂthﬂstmmtyl ata«t@"r(igfrom 188 chtdorm4RecSther ei n

LS iRt B SRIIENE RS oPa SiFRERRT ©

.| Th@dllbl‘lcaﬁr@oﬂ of clairatyedterdirating 18BriGativy gihvisgesiteirtdex is
bas on t t ot ubricating oil of a base oil :
haV| éwe qgaraéﬁ‘?%?ét han 90 wt % sat ur at es,

3. The lubricating oil of claim 1, wherein the result in the rotary pressure

vessel oxidation test is greater than 700 minutes.

4. The lubricating oil of claim 3, wherein the result in the rotary pressure
_vessel oxidation test is greater than 800 minutes. C

5. The hydraulic fluid of claim 1, wherein the viscosity grade is selected from
the.group consisting of ISO 32, 1ISO 46, and ISO 68.

6. The circulating oil of claim 1, wherein the viscosity grade is selected from
the group consisting of ISO 100, ISO 150, 1ISO 220,'ISO 320, and ISO
460; |

7. The circulating oil of claim 6, wherein the circulating oil is a paper machine
oil or turbine oil. ' '

8. The lubricating oil of claim 1, additionally having an air release by ASTM D
3427-03 of less than 0.8 minutes at 50 degrees C.

9. The lubricating oil of claim 1, additionally having a Pass result in the
Procedure B rust test by ASTM D 665-03.

10. The lubricating oil of claim 1, wherein the base oil is Fischer-Tropsch
derived.

11.The lubricating oil of claim 1, wherein the lubricating oil has a TOST result
of greater than 10,000 hours. -

12.A-lubricating oil, comprising:
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ii. less than 10 wt % aromatics, iii. less than 0.03
wt % sul fur, iv. a sequential nunber of carbon atons,

wo 200gnesser than 35 wt % total nol ecul es with PCT/US2006/048677
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cycloparaffinic functionality or a traction
coefficient |less than or equal to 0.021 when neasured
at a kinematic viscosity of 15 ¢St and at a slide to
roll ratio of 40 percent, and vi. a base oil viscosity
i ndex greater than 150; b. between 0.05 and 5 wei ght
percent based on the total lubricating oil of an

ant Pox@ Bage cddvindie concentrate; and ¢ less than 0.5

wei ght; p réé‘;l%tr =66 vao, Ea‘ﬁrét@sal | ubricating oil of a

Vi SCOSI t ex 1 nprover erein the lubricating oil
has: iii. dessutiainctl wify Emomatlcscosmy i ndex greater than

155, and i han 600 m nutes in
the rof aﬁﬂ'ﬁ?@%@dﬁgg gg aet?,:g'% (‘lt)on test by ASTM D
2272- 0. aésslﬁﬁndegﬁerﬁ% Sulfag. The | ubricating oil of
claim 27, wherein,the oi.l Iess han 0.05 w %

o e SaTBL hRedT of Bigarl BRme Hhd " T

| ubri cat lgﬁéat@lrkhéﬁ 36 wtbamctdl nWéift@éQMthQ:ybmr@ﬂflhldlaS
| ess than % aroggil cS an

ol efi ns. T4pct 'Oﬂ?\ﬁﬂ bR 'Pﬂgosﬁd c'%?tsiess%ﬂmnﬁr ew@ 19;3,021

the base \ghdn aridistirenat & kintfafic UREDLSItPES MPlSEBhast a slide to
with m)nocegcl opar af fi ni ¢ ‘functional i ty to nol ecul es

with nul /PR yaYeBAPEIGR™N: functional ity greater than

2. 1y 3nbnliBRidaHPhbGRLE '&Bn@éhtrQ{e @h@l m 27, wherein the
traction coefficient 1s [ess than or equal to 0.019

whe§- niegs ihad 0% weight meregntdasestes the taip! lubrigadinggi of a
at a s|ikd6sityPinkik impdvep; Of 40 percent.

wherein the lubricating oil has a lubricating oil viscosity index greater than
155 and a result of greater than 600 minutes in the rotary pressure vessel
oxidation test by ASTM D 2272-02 at 150 degrees C. .

13.The lubricating oil of claim 12, wherein the base oil is derived from a waxy
feed having greater than 60 wt% n-paraffins and less than 25 ppm -
combined nitrogen and sulfur. '

14.The lubricating oil of claim 12, wherein the base oil has greater than 40
wt% total molecules with cycloparaffinic functionality. '

15. The lubricating oil of claim 12, wherein the base oil is Fischer-Tropsch
derived. o

16. The lubricating oil of claim 12, wherein the base oil has a traction
coefficient less than or equal to 0.021 when measured at a kinematic
viscosity of 15 ¢St and at a slide to roll ratio of 40 percent.

17.The lubricating oil of claim 12, wherein the lubricating oil has a lubricating
oil viscosity index.greater than 160. '

18.The lubricating oil of claim 12, wherein the result-in the rotary pressure
vessel oxidation test is greater than 700 minutes.

19. The tubricating oil of claim 18, wherein the result in the rotary pressure

vessel oxidation test is greater than 800 minutes.
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32. The lubricating oil of claim25, wherein the
anti oxi dant additive concentrate conprises a hindered

w@b@norss3a di phenyl am ne, or m xture thereof. BG3I/UI1066/048677

10

15

20

25

30

| ubricating oil of claim27, wherein the anti oxi dant
additive concentrate is a conponent of a zinc antiwear
addi ti ve package. 34. A process for making a

| ubricating oil with high oxidation stability,

conpri sing: a. hydroisonerizat on dewaxi ng a waxy feed
havi_ng greater than 60 wt % n-paraffins and | ess than

220 gt bfiapting at ok &pimi 12 yyesTelnteslbrigeting Ofhivg s TOST
basereeuuk ohgaeaﬁgr @{a@@ﬁ@bobmréo W % saturates, |ess

than 10 wt% aromati1cs, a base oil viscosity |ndex

g2 bafther lubrigatingojl of elsim %M@Cb@ sectad fram thergromp consisting
seq nEbodo qg@gé §§?f el’en YRy 19D 1lgact i onati ng

ase o'l into’ VI SCOSI ty grades of base
02?. The lubecating oi of ckainy 2 hovtdcbfis salectéd fromethte group consisting

Vi sc having: i . a selected
base(?i%p/?/? 'ngﬁﬁ ’HE%S@ 6great er than 150, and ii.
gr@Atey lubhiaatidy thdYoctajﬂnam rohieh ig esleaiémfrom the group consisting

CokPEEEA8IISE: RS8P, 3 S BB weasur ca

ap4 arnd mgﬁi&btnﬁg il oF @%ntnw @fwﬂ&eﬂﬁheamlﬂahtlﬁg &il la@@httdhally has
roll ratio of 40 percent the sel ected one
!‘%559‘%

or AT Fleapg byiAP E%WWSQ%QF 20%8 spinyiasalsR§ degrees

wi tlgan anti oxi dant additive concentrate to nmake the
Iubrlcat|ng oil; wherein the lubricating oil has a

v28Jdw upricatiag ol &f waim 153vhergintie anioxdarisadditivg
ar ealpeehftafe E8QpRLAY LaSnbEd herliah 366:9{ eV &% Hfikture

oxi dation test by ASTM D g272 02é at’ 150 dedrees C.
thereof.
26.The lubricating oil of claim 12, wherein the antioxidant additive
concentrate is a component of a zinc antiwear additive package.
27.A lubricating oil, comprising:
a. between 1 and 99.8 weight percent based on the total lubricating oi} of
-a base oil having :
i. ‘greater than 90 wit% saturates;
ii. less than 10 wi% aromatics,
iii. less than 0.03 wt% sulfur,’
iv. a sequential number of carbon atoms, -
v. greater than 35 wt% total molecules with cycloparaffinic
functionality or a-traction coefficiént less than or equal to 0.021
‘when measured at a kinematic viscosity of 15 ¢St'and at a slide to
- roll ratio of 40 percent, and

vi. a base oil viscosity index greater than 150;

b. between 0.05 and 5 weight percent based on the total lubricating oil of
an antioxidant additive concentrate; and

c. less than 0.5 weight percent based on the total lubricating oil of a
viscosity index improver;
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35. The process of claim 34, wherein the one or nore
of the different viscosity grades of base oil have

w@e@anegis3it han 40 wt % total nolecules with PCT/US2006/048677
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cycloparaffinic functionality. 36. The process of claim
34, wherein the one or nore of the different viscosity
grades of base oil have a traction coefficient |ess
than or equal to 0.019 when neasured at a kinematic
viscosity of 15 ¢St and at a slide to roll ratio of 40

percent. 37.The Rrocess of claim 34, wherein the one
oWhRERIB the IynicatingRihas: vi scosi ty grades of base oil

have ap %u@ﬁfbaf*ngwgr&@sﬁp indBgréatenPahst 553&ndhe

process of claim wherein the result in the rotary

pr essulie a el of greatarithan GO MptesG miary.mesaure vessel
150 degr t e

process o {fldrﬁte%ﬁ?ﬁéeﬂélr\%@ @%%Pg?é%eﬁ ge? &

dR8f Erechubricating il tof clpiada3, wmemﬁwmbasa@dlh%daa&t trgan 0.05 wi%
hav f nocycl oparaffinic

fun r?g{@%’s%n‘&tIgggn%tﬁ%@éﬁ/zts)’“ﬁ%?w@wl ticycloparaffinic

f QﬁcThe)mfh)Irlcayng; bdatfenlaltthTI Ehdreirlthe Base pildeadesothan 0. 05 wi%
claim 34 vvhereln re of the different

vi scgmalicy Alglss 5# ge PII tg: ti onal Iy have a ratio

0BO P lmbatlng oll cfegHineg7 Gvhéik theebase oil\ddaisidlly hals a ratio
1000C i n CS reater than a Base O Fact o
shord Mol BT B dosygionesatioie fcHanally 46 S gpiieRavith

f ol lipuitiegciegHriffige: fuReSehdity gRRier @i 2r . = 7. 35 X
Ln(Kinemat 1 ¢ Viscosity at 1000C) -18. 4 1. The process

oP1clhg bsigating gilaf ¢laife27 yybeein fhgytrariion gogfficient is less than

hydr@dduat té B h PivhdnGhessthraki dt% Rihbnftdic il AFeScSt and at
of claim4 1, wherein the circulating oil is a paper

mac hg skidetq radrragiotaf 4 percent.. 43. L net hod . for

'OIEFT Y RBrBin@ N IAm 85 ARGy 1l aﬂtﬁ&MBéhPé‘&&iﬂ%.

concentrate comprises a hindered phenol; a diphenylamine, or mixture
thereof.
33.The lubricating oil of claim 27 wherein thé antioxidant additive
concentrate is-a componént of a zinc antiwear additive package.
34.A process for making a lubricating oil with high oxidation stability,
comprising: '
a. hydroisomerization dewaxing a waxy feed-having greater than 60 wt%
" niparaffins and less than 25 ppm total combined nitrogen and sulfur to
make a base oil having greater than 90 wt% saturates, less tha.n 10
" wt% aromatics, a base oil viscosity index gréater than 120, less than’
0.03 wt% sulfur, and a-sequential number of carbon atoms;
b." fractionating the base oil into different viscosity grades of base oil;
¢. selecting one or more of the different viscosity grades of base oil
having: - .
i.- -a selected base oil viscosity index greater-than 150, and
ii. greater than 35 wt% total molecules With cyélopara’fﬁnic

- functionality or a traction. coefficient less than or equal to 0.021
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conprising: . a. selecting a base oil having: i.
greater than 90 wt % saturates, ii. less than 10 Wt %

w@e@mmrises, iii. a base oil viscosity index grRer/@62006/048677

than 120, iv. less than 0.03 wt% sul fur, v. a
sequential nunber of carbon atons, vi. greater than 35
wt % total nolecules with cycloparaffinic functionality
or a traction coefficient |less than or equal to 0.021
when nmeasured at a kinematic viscosity of 15 cSt and

at a slide toroll ratio of 40 percent, and v
rati o of Wheiremgpedreg aha #mm%q b’ﬁﬁ?%lf&‘f‘?fnﬁécs'f and at a slide to

functi On?{ﬂlﬁéh&&mgé%% RS Wi th nulticycloparaffinic

functionality great an 2.1; and b..replacing a
por di dpleoflingrtbelsadected lonenon mereé ubtha:@rffe@tomscwtwmrades of

the. sej; &é S whAsHh th)hga gc%*ﬁ\? 20nLeTRrA%ad make the
s, dhtioidaf ik

Iubrlca|ng npr ove |ngol
has a llubsubﬂmg mlthe rot ary pressure vessel oxidation

t est A T 2272-02 t 150 deagr ee 1

| eathakg g e fbs als ey iader pe M doParg, 300 and

_FIJ_LG%SM#‘Sﬁlt@X gBedtenth4re6 80 dhintites ||nthéIrgﬁiry nge:frndre vidsel oxidation
e net in -t ase oil is - .

derlt%%obwggmﬁv%ﬁ 6é@dw‘%’ ‘fﬁ;{eﬁﬁ ter than 60 wt %

RBHATR picdesd df cibitt IEiesten] the Ghdrodmhorshgire @i!ffé]’@nt viscosity

waxy feed is Fi scher-Tropsch derived, 46. The net hod
of @rafes abbaseell bpne@realessaan 0 W tefabmaleqies with

Vi sQ8lob¥raffinic functionality.

36.The process of claim 34, wherein the one or more of the different viscosity
grades of base oil have a traction coefficient less than or equal to 0.019 ‘
when measured ét a kinematic viscosity of 15 ¢St and at a slide to roll
ratio of 40 pércent. |

37.The proceés' of claim 34, whetein the one or more of the different viscosity
grades of base oil have an Oxidator BN greater than 41 hours.

38.The process of claim 34, wherein the result in the rotary pressure vessel
oxidation test by ASTM D 2272-02 at 150 degrees C is greater than 700
minutes. .

39.The procéss'"bf claim 34, wherein the one or mbre 6f the dif‘férent viscosity
grades of base oil additionally'haVe a ratio of molecules with .
monocycloparaffinic functionality to molecules with multicycloparaffinic
functionality greater than 2.1.

40.The process of claim 34, wherein the one or more of the different viscosity
grades of base oil additionally have a ratio of pour point, iri degrees C, to
kinematic viscosity at 100°C in cSt, greater than'a Base Oil Pour Factor,
wheréin the Base Qil Pour Factqr is calculated by the following equation:
Base Oil Pour Factor = 7.35 x Ln(Kinematic Vis.cosity"ait‘100°C) ~18.

41.The process of claim 34; wherein the lubricating oil iS'é hydraulic fluid or a

circulating oil."
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‘et hod o

I ndex greater than 150. 47. The nethod of clai m 46,
wherein the base oil has a base oil viscosity index

w@e@aness3t han 160. 48. The net hod of claim43, MMIBPUSI006/048677

the base oil has less than 70 wt% total nplecules with
cycl gparaffinic functionality. 49. The nethod of claim
43, wherein the base oil has an Oxidator BN | ess than
25 hours. 50. The nethod of claim43, wherein the base
oil has an Oxi dator BN between 25 and 60 hours. 51. The
claim43, erein as | ess

t
o’l?eg'%ﬁ,trby@g?mf claim %thﬁgunﬁggm&u%gmg'% Ig yRAPET fk3Rine oil

wheperniutdife Base oil has a traction coefficient |ess
than or equal to 0.021 when neasured at a kinematic

w3 Agmethyodbforimpestina e axidatignistrbitity of @ lubpigating.ei. 40 -
perggm ns . The method of claim43, wherein the

i mprov ricating oil additionally has an air

rel eawlbwlmmaseswmw of less than 0.8 minutes at

50 degiregl?e%a ﬁwAEan gglg‘ﬁ%e%mqa fs claim 43, wherein the

portion 583 rIcatlng oil is selected
from tnheI@so'mPnOfO @%Lmornat@soup I't, Goup IIl,

pol yal. ef| n, Po nt enal n m xt ures
t her eof” % évﬁﬁ %b’ '"SFXCQTE? lléé aggrei n the
|rrprov|ed léssbmaelaa 0Bvtos bulfies a result in tne rotary
pressure vessel EI dati on tea?t that is at |east 100

m nut 6% & teAuSNtiahg £ of G8[RQN #OM%e rotary pressure

vessel v.Ongréattelr ttmart 85wtof tdthAembidtulEitA G:y@lo'paréf@nlc-rhe
claim4 wherein the inproved |ubricati n%}epm

oi | has dHN¢ MW@H 3 fractien cpefficint lass thagser eauaitg
than an iyidd RleablfsPst & XirldHibtic Oﬂcscosuty of 15 ¢St and at a slide to

- roll ratio of 40 percent, and
vii. a ratio of molecules with-monocycloparaffinic functionality to.
_molecules with multicyclopafafﬁnicfunctionality greater than 2.1;
and’ |

b. replacing a portion.of the base oil in the lubricating oil with the selected

ba_sé oil to preduce an improved lubricating oil; wheréin the improved
- lubrieating oil has a result in the rdtary pressure yéss.el oxidation test
by ASTM D 2272-02 at 150 degrees C that is-at least 50 minutes
greater than the result in the rotary pressure oxidatioﬁ test of the
lubricating oil.
44 The'‘method of claim 44, '-Wh'erein the base oil is derived from a waxy feed
having greater than 60 wt% n-paraffin.” '

- 45.The method of claim 43, wherein the waxy feed is Fischer-Tropsch -

derived:

46. The method-of claim 43, wherein the base oil has ‘a base 01! wscosnty
index. greater than 150.

47.The method of claim 46, wherein the base oil has a base. oil viscosity

index greater-than 160.
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the lubricating oil. 57. The nmethod of claim 56,

wherein the inproved viscosity index is at |east 50
woe@herssshan the initial viscosity index of thECT/US2006/048677

| ubricating oil. 58. The' nethod of claim43, wherein

the lubricating oil is a hydraulic fluid. 59.

The' met hod of claim43, wherein the lubricating oil is
a circulating oil. 60. The nethod of claim&59, wherein
the circulating oil is a paper machine oil or a

t uﬁé’.iﬁ% !%iekhod of claim 43, wherein the base oil has less than 70 wt% total
molecules with cycloparaffinic functionality. '
49.The method of claim 43, wherein the base bit has an Oxidator BN less

than 25 hours. |
5 50, The method of claim 43, wherein the base oil has an Oxidator BN between
25 and 60 hours. | -
51.The method of claim 43, wherein the base oil has less than 0.05 wt% -
aromatics.
52.The method of claim 43, wherein the base oil has a traction coefficient

10 less than or equal to 0.021 when .m.easuréd at a kinematic viscosity of 15

cSt and at a slide to roll ratio of 40 percent. |

53. The method of claim 43, wherein the improved lubrlcatlng onl additionally
has an air release by ASTM D 3427-03 of less than 0.8 minutes at 50
degrees C.

15 54.The method of claim 43, wherein the portion of base oil in the lubﬁcating
oil is selected from the group of Group I, Group Il Group III
polyalphaoleﬂn polyinternal olefin, and mixtures thereof.

55 The method of claim 43, wherein the lmproved lubncatmg oil has a.resuit
in the rotary pressure vessel oxudatlon test that is at Ieast 100 minutés

20 greater than the result in the rotary_pressu[e-vessel oxidation tgst of the
lubricating oil. |

56.The méthod..of cla|m 43, wherein the improved Iubncatmg oilhas an "
improved vnscosﬁy index at Ieast 25 higher than an mltlal viscosity-index of
the lubficating oil.

25 57.The method of claim 56, wherein the improved viscosity index is at Isast

50 higher than the initial viscosity-index of the'lubricatifig oil.

58. The'method of claim 43, wherein the lubricating oil is a hydraulic fluid.
59. The'meihddbfcl'aiirh 43, Wwherein the lubricating-oil is-a circulating-oil. - -
60.The méthod of claim 59, wherein the circulating.oil is a paper machine oil

30. ' ofa turbine oil. :
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