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

waa7asss3hydraul i ¢ fl ui ds and ashl ess paper maedTNs2006/048676

oils having a high viscosity index and excel | ent
oxidation stability, a process for making ashl ess
hydraulic fluid and ashl ess paper machine oil with
superior oxidation stability, and a nethod for

i mproving the oxidation stability of an ashl ess

hydr i i p [ '
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h%drocar bons, said hydroi someri zati on conducted at a
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| ubricating oils having excellent oxidation stability.
Conoco ECOTERRA(tm) Hydraulic Fluid is fornulated wth

hi gh quality hydpaghaseRfiNRErots IRVENAGN I ed with

an ashl ess, zinc= ge. It

has a hi gh oxidation stability, such that the | SO 32

g
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hydrocarbon feed comprising 650-750°F+ hydrocarbons, said .
hydroisomerization conducted at a conversion level of said 650-750°F+ feed
hydrocarbons sufficient to produce a 650-750°F+ hydroisomierate base stock
which comprises said base stock which, when combined with at least one
lubricant additive, will form a lubricant meeting desired specifications.
Hydraulic oils are claimed, but nothing is taught regarding processes to make

or compositions of lubricating oils havirg excellent oxidation stability.

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



ECOTERRA(tm) Hydraulic Fluid, however has a | ow
viscosity index of about 102 or | ess. PetroCanada
wERRTDYB0) FG AW Hydraul i ¢ Fl ui ds have RPVOT PeBUB1086/048676

of between 884 and 888 m nutes, but they too only have
viscosity indexes of about 102 or |ess. PetroCanada
HYDREX SUPREME(tm is an | SO 32 hydraulic fluid with a
RPVOT result of about 1300 m nutes. HYDREX SUPREME(t M)

is a trademark of PetroCanada The base oil inthis
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significant anmount of viscosity index inprover to
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base oil viscosity index greater than 1 | ess than

0.03 wt % sul fur and a sequenti al

What is desired is a lubricating oil having excellent oxidation stability and high

viscosity index made using a base oil having greater than 90 wt% saturates,

less than 10 wt% aromatics, a'viscosity index greater than 120, less than 0.03

20  wt% sulfur-and a sequential number of carbon atoms, without the inclusion of

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

SUMMARY OF THE INVENTION

25  We have discovered an ashless lubricating 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

nurnber of carbon atoms; wherein the ashless lubricating oil has a lubricating

oil viscosity index between 155 and 300, a result of greater than 680 minutes

30 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 c¢St; and wherein the ashless

lubricating oil is a hydraulic fluid or a paper machine oil.

2.



nunber of carbon atons; wherein the ashless _
lubricating oil has a lubricating oil viscosity index

whednoess3d55 and 300, a result of greater thanP@B0S2006/048676
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mnutes in the rotary pressure vessel oxidation test
by ASTM D 2272-02, and a kinematic viscosity at 400C
from19.8 cSt to 748 cSt; and wherein the ashl ess

| ubricating oil is a hydraulic fluid or a paper
machi ne oil. W have al so di scovered an ashl ess

hygE "!"H:Jvlecalgg %{I#OQ/EBQJSQ}I %§ﬁ q%@&ﬁfdr%ﬂl&?er eﬁ%enssgtba%r(yronéchine

conprising grea | .
samlucrameﬂslrigess than 10 wt% arorriatics, a viscosity

d ter n 120, han_.0. wt%sulf r, 0
sequental B Al napres oiSa b o0 e SriRiEs. g fas 10w
Wt % t ot al ararhaticd @sv:mdquucéwueéaéf tarc120ness ﬂﬂiﬁ otoe wt%

or a traction coefflc:leawless han.or equal to

when reasSPEY Ziseguentishrymber e equyatsfn%n@areatﬁi than 35
at a sli detdotflIrholeatile viith é%l@ﬁé&?mlc f@%ct%aﬂw@ﬁ%?ctlon

ant i oxi dant add| tive concentrate: and | ess t
Wt % based@@fficient jessthan aseasi tng. Qa1|w enangasirediatya
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ashl ess paper has a viscosity
greater tharemss and a result of greater than 600

by ASTR) 032791453 ftersr SR el e S T e
have dicsclesertban &nb adWl easechgul iz total Rubutdting oil of a viscosity

ashl ess. < I ne oil conprising: a) between 1
and 99. 8 ﬁé@%h?ﬁﬁég%ént based on the total |ubricating

oWhemélnahbaﬂhlesd hydrauligflgidest #shlédapaPér a¥hine oil has a

Se}slérogftf ?ﬁdcalxegs’rsé%gr&ma% q 55 and a result-of greater than 600 minutes in
the rotary pressure vessel oxidation test by ASTM D 2272-02 at 150.
degrees C ,

Additionally, we have discovered an ashless hydraulic fluid or ashless:. paper
machine oil comprising: ‘
a) between 1 and 99.8 weight percent based on the total lubricating oil
of a base oil having greater than 90 wt% saturates, less than 10
wt% aromatics, a base oil viscosity index greater than 150, less
than 0.03 wt% sulfur, a sequentlal 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; h
b) between 0.05 and 5 weightperc.ent based on the total lubricating oil
~ of an ashless antioxidant additive concentrate; and
¢) less than 0.5 weight percént'based on the total lubricaﬁng oil of a
'viscosity index improver;



Wt % aromatics, a base oil viscosity index greater than
150, less than 0.03 w % sul fur, a sequential nunber of

w@ a00borssat ons, and greater than 35 wt % total nmRCEUSL086048676
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with 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; b) between 0.05 and 5 wei ght
percent based on the total lubricating oil of an

t . C
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oﬂdxbraﬂatlag\mlswsmm’gy |nde|mgreatpr thesr 1586 andi anredult efsdreatss than 600
h dr ashl ess nachj ne  oi
BRI Fe by podSlre e R R et A4S T8ED a7 2,02 at
r 50l degréegiat er 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

nyiE Havanies m\@ﬁe@ﬁobr@@éwfdrlmarahngraraéahle% hip@R&lic fluid or
machine oil with high oxidation stability. Thé process

f GENIRERIRAP A aginesll wih hial 9xdation §t9c§>r'“tﬂs'ﬁh%§§0?ﬁﬁ§efpf
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a waxy f havi ng greater than 60 W% n-paraffins
| ess tl?dn wqﬁpﬁwemﬁlomw@mg awekyfred havingigreaterttban 60

make a ba‘%%,qll M@%hg%n@rlsﬁ ﬁ{abJ Eg%g%gt%f/%&ﬂw{/e%f IE’ ﬁ'ggen and

| ess t han aronati cs VI SCOSI
gr eat er t dalfurite0nake ssbadeaoil ba@ﬁg\gr%asanltham Qandt% saturates, less

et PSSR0 ) okl AE AR than 120,
oil, c) skelsedhan®.0devttr suthireanaf a sbqudnfidlatenber of carbon
Vi scosi t ya%r'%gl;es of base oil
b) fractionating the base oil into different viscosity grades of base oil,
c) selecting one or more of the different viscosity grades of base oil
having a selected base oil viscosity index greater than 150, and
greater than 35 wt% moleculés with cycloparaffinic functionality or a
traction coefficient less than or equal to 0.021, and
d) blending the selécte'd one or more of the different viscosity grades
of base oil with an ashless antioxidant additive concentrate to make
the ashless hydraulic fluid or ashless paper machine oil;
wherein the ashless hydraulic fluid or ashless paper machine 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 AST D 2272-02
at 150 degrees C.

We have also developed a new method for improving the oxidation stability of
an ashless hydraulic fluid or an ashless paper machine oil, cbmpriéing: :
a. selecting a base oil having greater than 90 wi% séturates, less
than 10 wt% aromatics, a base oil viscosity index greater than 120, less-

than 0.03 wt% sulfur, a sequential number of carbon atoms, greater than

-4 -



having a sel ected base oil viscosity index greater
than 150, and greater than 35 wt % nol ecules with
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coefficient |less than or equal to 0.021, and d)

bl endi ng the sel ected one or nore of the different
viscosity grades of base oil with an ashl ess
anti oxi dant additive concentrate to nmake the ashl ess
hydraulic fluid or ashless paper nachine oil; wherein

t he ' [ . i .
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r esuteefticiegt lessdhan o eqe80tod 02 eshém measured at v kinematic

pres . ' i T 72-02 at 150 ..
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ihn”gr mmﬂe_rwle:’?wjtbxhdr%a’ymib;ﬁrafﬂdid: funoﬁbnamtyjq‘shhe!%;é:ules with
raul.ic ui d.or an ashl ess er, machi ne oil,

anpl?'niu&cp{&l.ppg_rg Eﬁcerg'f‘f:ﬁ@”%ﬁﬁﬁgﬁgf Fheﬁ’a%i nG"gr eat er _
than 9B. w %repkaginit & porticers 6f tHeavasoiMthy &smbs€ hydaulic fluid
base oil .viscosity ipndex greater than.120, |ess than
0. 0PNRIERR Paber thachiecolf i the selcted baseisioqredtce an
gr eatkirolé@ BdRISS Yk AlIng'®il.ecul es with
cycloparaffi-nic functionality or a traction ,
codpeiedn tha imrreyed ashiess luplisptingo hes B eselt indae netedy
Aprés diird YEBAIOUARAPISSY b 'AS PV 220 2 bt 356/ddiffeb O C that is
roll ratio of 40 percent, "and a ratio of nolecules
vt [eash RBdpinubmeegatenthant theoesohin theyratannpilessuteegessel

' LG, f £d i Ick] onal it reater than .
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ashl ess hydraulic fluid or ashless paper machi ne oil

with the sel ' dyc '
ashl ess | ubrémmw .S%H%Nu\?ig&qi@ ess

| ubri-cating oil has a result in the rotary pressure

\é?fyﬁigqlulﬁ;(ﬂuq st, 53 ctlr%ﬁ}at% (o]} sTvl\\/AItr?egge?I énc’gzox?(}atilo%ostgg%i{yeaegd high
viscos’ify indexes are highly desired. Excellent oxidation stability translates
into longer oil life, extending time between oil changes and thereby reducing
downtime costs. Excellent oxidation stability also minimizes sludge l;uiid-up

and reduces harmful varnish deposits, ensuring_srﬁooth reliable operation.:

Several types of hydraulic and circulating oil equipment are required to |
operate under extreme high and low temperature conditions." To
accommodate wide-ranging environmental conditions, lubricating oils with
high viscosity indexes are needed.. In the past, high viscosity indexes were
achieved by including viscosity index (VI) improvers. Increasingly, smaller
hydraulic pumps are being designed to run at higher pressures. Higher
pressures give rise to higher temperatures,i increasing oxidative degradation
of the lubricating oil, and potentially more shearing of any: VI improvers in the
lubricating oil. |



at least 50 mnutes greater than the result in the
rotary pressure vessel oxidation test of the ashless

whyavasse fluid or ashl ess paper machi ne oi | . POEUSL&ENS676
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DESCRI PTI ON OF THE | NVENTI ON Hydraul ic fluids and
circulating oils wth excellent oxidation stability
and high viscosity indexes are highly desired.
Excel l ent oxidation stability translates into | onger
oil life, extending tinme between oil changes and

t : L: ( ' - EXC L oxidation
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i, de-ran l.n nvi ronnment al conditions, |ubricating

gh%'%”?% 'ﬂgé’ - viscosity indexes are needed. In the

past, high viscosity indexes were achi eved by

inclyding viscosity index (M) inprovers. =
| ﬁ@ﬁﬁaéﬁ"%m olkabieinvRpliPB GNP FERrs kiapealis viscosity at 40°C
deohangd ESt toUlmPESh RMEmMETSLESE; is %Qgﬁfreert&isﬁ%ﬁﬁ D 445-

give rise to higher tenperatures, 1'ncreasing o ative

d€8radation of the lubricating oil, and potentially

nore shearing of any VI inprovers in the lubricating
oil.The lubricating oil of this invention conprises a
vilsesxiidatiamstekilibeefibherfullg Soramela BRDIUbNtatings bil yas adewared to

| hdBRS AST -04.. 1 n one enbodi nent the =
V|fhsc:03| yﬂljjﬁgééiolﬁ'sI}éogle\/i%éége@élamgﬁ&efggw'Pﬁ%swrﬁﬁ’esse' oxidation
viest byi AFTMNA@272s02(RPMAIT JabT teis ttestt rhetHudoltiliFes et bkygen-

[ I ase oi l. used jn the o '

| BfsSSute kBSeTio Wialite B BxBaliaH SRibI drifk prodneesyice fuly

ctorpnilates labiicatenpoils; avidsstber fislisabd 40a6camenh khe préSénce of

toz480t. Ki nemat i c, Vi c%sityisrmaasu_red by ASTM D .

aWatergnd a copper catalyst coil at 150°C. "The lubricating oil of this invention
has a RPVOT result of greater than 600 minutes, preferably greater than 680
or 700 minutes, more preferably greater than 800 minutes, and most

preferably greater than 900 minutes.

The oxidation stability of the lubricating oil of this invention may also be
measured by the Turbine Oii Stability Test (TOST), by ASTM D 943-04a. The
TOST measures an oil's resistance to oxidation and acid formation in the
presence of water, oxygen, and metal catalysts in a bath at 95°C. The test
endpoint is determined when the acid number of the 6il reaches 2.0 mg -
KOH/gram of oil or the hours in the test reaches 10,000 hours,~whichevér
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
comprises an air release by ASTM D 3427-03 of less than 0.8 minutes at 50



The oxidation stability of the fully fornul ated

| ubricating oil, as conpared to the Goup Il base
woR007/0730measur ed using the rotary pressure vVeBSEIUS2006/048676

oxi dation test by ASTM D 2272-02 (RPVOT). This test

met hod utilizes an oxygenpressured vessel to eval uate

the oxidation stability of new and in-service fully

formul ated lubricating oils, and other finished

| ubricants, in the presence of water and a copper

c onil . . : .
R o h e bl oI e s PEFE ot b gglSbie B rust
mitesit s ASTM L6503, great er t han 680 or 700 mi nut es,

nore preferably greater than 800 m nutes, and nost
preferably greater than 900 m nutes. The oxidation
sthrbuliFhiid:t he | ubricating oil of this invention nmay

al so be neasured by the Turbine G| Stability Test

(TOST), by ASTM D 943-04a. The TOST neasures an oil's

r q¥isshydiaali¢ Aurisl stahisaAvamtibracbstalingatZied ahfiwbBE(AW) hydraulic
presen g of water, oxygen, and netal catalysts in a _
&l 26, packaos et PEFTRRET hydravligerilsr drsi@nediremest @l major
aGiueh Erelit : j :
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t bi,S;id 1.0 e I . i ses an air r.elease
SR RS e B K BRI E R el LS8 g
sadmgpeemsar:jd) pedduth eispaalally V\E)amprdases vihdrads/draglid pressures
[ Brocedure B rust test by ASTM D 665-03.
I—I%%f%%%?ﬁg%élqﬁ"d: The hydraulic fluids of this

15 invention containing a zinc antiwear (AW hydraulic

b He RS MY S s fucar acive
I pagkagerand gifcofied b RS ateRf tohmdeRBH bLcdU e pdifSrmance
OIréqsuirements of conventional anti-wear fluids while providing an additional

level of environmental safety. All grades meet the requirements of Denison
20 HF-0; while ISO 32 and 46 meet the -requirements.of Cincinnati Milacron P-68
and P-70, respectively. ISO 68 meets the requirements of Cincinnati Milacron-
P-69. ISO 46 meets both the Vickers anti-wear requirements of M-2950-S for
mobile hydraulic systems and 1-286-S for industrial hydraulic systems.
Chevron Clarity Hydraulic Oils AW are inherently biodegradable and pass the
25 EPA's acute aquatic toxicity (LC-50) test. 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;, piston-, and gear-type pumps of
30 mobile and éfationary hydraulic e’q'uip.ment in environmentally ‘ser;sitiv_e'areas.
They are especially well suited for applications that exceed 5000 psi as found
in axial piston pumps. | | |
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dramatically | onger service |ife than conventi onal
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m nimum as required by all anti-wear hydraulic fluids,

hel pi ng extend equi prent |life. These oils are designed

for use in vane-, piston-, and geartype punps and

performespecially well in cases where hydraulic

pressures exceed 1000 psi. The hydraulic fluids of

tﬁm%ukﬁm nbjon containing an ashl ess antiwear additive
inc-free oils fornmulated to neet or
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substanti al | y better oxidation stability than

conventi onal draulic fluids. The hydraulic fluids of
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aRECS SRS A THRY BRthieh PR @r?lsl (AW and

The circulating oils of this invention containing an ashless antiwear additive
package; with a viscosity grade of ISO 100, ISO 150, 1ISO 220, ISO 320 and
460 may be used as AGMA 3EP, 4EP, 5EP, 6EP and 7EP oils respectively.
They are suitable for back-side gears and enclosed gear drives. The
Circulatingj oils of this invention containing an ashless antiwear additive |
package exhibit outstanding 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 additive package are recommended for use in all circulating”
systems of paper machines, including wet-end systems, dryer bearings, and
calendar stacks. 1ISO 220 and 320 may also be used in plain and anti-friction
bearings.



extrenme pressure (EP) oils are all circulating oils.
The circulating oils of this invention are in one
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i n paper nmachine circulating systens, dryer bearings,
and cal ender stacks. They preferably neet or exceed
the specifications of paper machi ne equi pnent

manuf acturers, including Valnet, Beloit, and Voith
Sul zer. The circulating oils containing a zinc

a ragddi ti ve package with a viscosity grade of
|§Lé5—¥?§‘%—o-ﬁso 220, and 1SO 320 may be used as AGVA R&O
OTlel‘h,e dls laeidng to ties BGbé%ngif)elth@F R@t 0|0®$61’1t3¢%aéf ltrchulatmg oils.
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use in all culatln

et yersel SHESto eI RVEB T YRS P 25745, and the Turbine
c aieBeailitg teaHTOIBOY 228TRINY 932004@Yarel he rﬁ@sﬂ'&?rﬁrﬁdh oxidation

plain and antf-friction bearings. Turbine
tests cited by turbine manufacturers. The turbine o:ls of this invention have

oxidation stabilities exceeding those of earlier turbine oils made with Group Il
oils In preferred‘embodiments the turbine oils of this invention will have
results in the rotary pressure vessel oxidation test by ASTM D 2272-02: at
150° C-greater than 1300 minutes.

Group |, If-and il Base Qils:

Grodp I, I, and Il base oils-are defined in API Rublication 1509. In the
context of this disclosure Group lll. base oils are base oils that have greater
than 90'wt% saturates, less than 10 wi% aromatics, a viscosity index greater
than 120 and less than 0.03 wt% sulfur. The preferred Group Il base oils of
this.invention also have a sequential number of carbon atoms. Group Ill base
oils a'ré different from Group IV and Group V base oils, which are defined
separately in API Publication 1509. The Group Hl 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, preférably greater than 50 weight percent n-
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Turbine oils belong to the subsets of either R&O or EP
type circulating oils. Because of their excell ent
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hi gh-quality R&O oils. Turbine oils typically have a

ki nematic viscosity of 28.8 to 110 cSt at 40 C. They

are usually 1SO 22, 1SO 32, 1SO 46, |1SO 68, or |SO 100

vi scosity grades. Turbine oils use different additive
packages than hydraulic fluids and other circulating

oil's such as paper machine oils. Al of the turbine

oi | additive packages include an anti oxi dant

corfsewaxufesd Ferfupinethis inwentionm preferatly haddess thean 25 ppm total

PR o A0 M o S 2 e
pdekdt@asr t oxidative abh@wsbmrﬁl aiémnldmm@saédcé deeection by

Saaa 112 Folhenn o e fatiHe PR s Hinter Aeseiinedl hAds s pages.

t cinctorpbraied Helbin. Uil pedduadd byineltifgthe wi§ifeed prior to
ortlg'giﬂgroperty of turbine oilS The rotary pr.essure

Ry QEEsERNER SY ARME? W3A@5TMTD922$’QU’@Q')OC’ igrfgrther
t kRRsEHBEH NeUQ &, 588844, ik dorbBRited HERinbY ASTM D

943-04a) are the npst commpn oxidation tests cited by
tur bi ne nmanufacturers. The turbine oils of this

' 'WSQ;‘I 'féghsh@é’& CiritARL |r9€n§ d‘?gfé é%b@eﬁ’f&%@%l@ﬁtlﬁh%ﬁs relatively

of earlier tur I ne ol
preesteprmpetiivsi themearifuture asbarge-scals Foéchemﬁropsch synthesis

, BYSSHLER it 18130050l ol B8 L1 RO Fscner
griéapech prowess 00Tisestemixt@reop varibls aold, Houkh smd gaseous
CripiosS O el PR TRES oo et A€ e o
Gldrjratiby beseeibcdrtaimr 2 hixgts propdrior bﬂtvgb@ﬂﬁcﬂrrﬁéﬁéﬁ them ideal
PRGBS RSP b B
WTYossdH wax rdpiesehef & exBelidyBed For PRpariAG! g Quality Group i
base 0il$ according to the process of the invention. Fischer-Tropsch wax is
normally éblid at room température and, consequently, displays poor-low
temperature propertles such as pour point and cloud point. Howeéver,
followmg hydrmsomeruzat:on of the wax, Fischer-Tropsch derived Group "
base oils having excellent low temperature properties may be prepared. A
general description of suitable hydroisomerization dewaxing processes may
be found.in US Patent Nos. 5,135,638 and 5,282,958; and US Patent"
Application 20050133409, incorporated herein.
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 a shape
sélective intermediate pore size molecular sieve, a noble metal hydrogenation
component, and a refractory oxide support. The shape selective intermediate

pore sizé molecular sieve is preferably selected from the group consisting of
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this invention al so have a sequential nunber of carbon
atonms. Goup Ill base oils are different from Goup IV

ware7arsep V base oils, which are d.efined sepetBUSL006/048676
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in APl Publication 1509. The G oup Ill base oils used
in the lubricating oil of this invention are nmade from
a waxy feed. The waxy feed useful in the practice of
this invention will generally conprise at |east 40

wer ght percent n-paraffins, preferably greater than 50

VS50, PETSRPL STREAURXL1 | G0k VoS | Soks LSNERS! SBu.ae

antSijﬁn SHd-3Rubffigtite Netriesgenang cbnﬂﬂmtﬁﬂwswrermd»ft iISQYPO-11,

t : d-pk | to.,oxidative conbustion

b 857,320 2R 25 . p e RO s iR S8 B praterred

t Eseferablydteirmbiairidt@rhydregendash componenbidHpI@MPum, palladium,

|ncor rated h re| Sul fur is nmeasured by nelting the
F’gﬁﬂatﬂﬂqso uI traviol et fluorescence by ASTM D

5453 00. The test method is further descri bed in US

6H§\§3h 956, incorporated herein. ¥] feeds useful in
Weﬁpmﬁrlzar%cma%%aep@nﬁ@ ewaryfeegnesed, the

r ﬁk/éﬁdré’@rln)ér&&ﬁ’én EQ@R}:& usby ethtHeE%r'?r%’i‘%hé Héférlfst"i'ésulf ded, the

fge-scal e Fischer-"Tro esi s processes

| H?é'%‘?’ yigldt afmﬂhes?wrapger Orﬂeéb% ofitifer Grouh i Pase bdr Preferred
Th?@ﬁﬁébrﬂéﬁﬁﬁrgscoﬁﬁﬁnﬂs a1 i L W e?rft rrK% nti8HSnSBKE Y

l'iquid, seous hydrocar bons.
FI@Bh@fatheﬁp@fo?ﬁQ)de@msC Whabbubdil 8 dﬂgrdmmCt(ﬁéOrtanagmut 775

ndsbithe £ PR ttaSse pr 2 tehs o g mpied SpB 1< BikoBE; f goed ratio
i frpm a@boup0.5 to mw@(bﬁ/bbgﬁaeﬁrgbwdn dbcag Meto-ablouapigc h
oIS RIS pRte L G pafEs taphgbl § MRER ) Hanerany,

ohydiugenmwitinie separateztitom fheopeeictand irscythsdral {Hé isomerization
solid at roomtenperature and, consequently, displays

p6BF®i ow tenperature properties, such as pour point
and cl oud point. However, follow ng hydroi sonerization .

of. the x, FlLscher-Trop sch derived:Goup |11
Bpttrona the éroup Ifl base oil produced by hydrorpsomenzatron dewaxing

may be hydrofinished. The hydroflnrshrng ‘may occur in one or more steps,
either beforé or after fractionating of the Group Il base oil into one or more
fractrons The hydrofinishing is intended to i rmprove the oxidation stability, UV
stabrlrty, and appearance:of the product by removing aromatics, olefins, color
bodies, and solvents. A general description of hydrofinishing may be found in
US Patent Nos. 3,852,207 and 4,673,487, incorporated herein. The
hydrofinishing step may be needed to reduce the weight percent olefins in the
Group Ill base oil to less than 10, preferably less than 5, more preferably less
than 1, and most preferably less than 0.5.- The hydrofinishing step may also
be needéd 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 viécosity grades of base oil.
In the context of this disclosure “different viscosity grades of base oil” is-
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base oils having excellent |ow tenperature properties
may be prepared. A general description of suitable
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US Patent Nos. 5,1 35,638 and 5, 282,958; and US Pat ent
Application 20050133409, incorporated herein. The

hydr oi sonmeri zation is achi eved by contacting the waxy
feed with a hydroi sonerization catalyst in an

i soneri zation zone under hydroi sonerizing conditions.

Egremfrqé A Rf Hﬂréﬁéfqublgagt ?Ja?é‘?ttthrq %[)%&ﬁnrgéﬁq%glﬁ hSSaraftins.

ape s€lective inferne ore size
siTbeayeighhpbioenirbtpa rafﬁmkr ie gmlaallyodetemmmmnb by gasnd a

| FhisPhaolod, SR R evetin 3T U BSTER S Appteaen

s¢DBA7TOD6, fited .llthm 2, QOD4pmnSmgf®Zg{Mezf§1énzcsel\34A1§ﬁb ey feed
SAPO- 31 . SAPO- 4
Z8iaVAee @ M@*ﬂtwg@’zpef* 'eernr ivadfeeds shick @s; for exganple, slack

CuaRi Bﬁttlnﬁ)@y%bb*hﬁafr%ﬁ fr&ﬁ%@ﬂntﬁetr@?&é’d s%%% a?sZ,fo.ZéMrﬁére a feed

and COfTbI nati ons thereof are nore pre erred

PPESRAEEfiPrp ReF ﬁsb%TﬁﬁtS&h Ehesiermaiar porisoneftheifeed
Dbﬁbulﬁ%rl Rhlagso @eg?éeé:ﬁ’ ”fﬁré?@FdWSattlg §te§6 weETH? pgreent of the

roi sonerizing conditions depend
Wt"rfeo'hgl@l@m §bfwlegress Enandms;tsxretmuly aWeaskteQO weight

ok BB BT AL o coryg
Ppef‘é\erledehgm by pdeattyrwidlihay ecomihitial qrosir lmfﬁnzdeb(?vg 0 Hegrees C,
s sl S8V E3g B8 G500 o about 775 degrees B,

a total pressure of 15 to 3000 psig, and a hydrogen to
feed ratio fromabout 0.5 to 30 MSCF/ bbl, preferably
f Thmtetyos t‘Fu!scher—ibmnEchld)arhﬁﬁbe BFT dmnvedb hﬁe&fsathbythe product,

WAPER Y rade PicRPRES R BT BBl ity it o dilscher

i Sropachzaocess. The feedstock for the Flscher—Tropsch process may come
from e wide variety of hydrocarbonaceous resources, including natﬁral gas,
coal, shale 'oil, petroleum, municipal waste, derivatives of these, and
combinations thereof.

Slack wax can be obtained from conventional petroleum derived feedstocke
by either hydrocracking or by solvent refining of the lube oil fraction.
Typlcally, slack wax is recovered from soivent dewaxing feedstocks prepared
by one of these processes. Hydrocracking i is usually preferred because
hydrocracklng wil also reduce the nitrogen content to a 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 -
hitrogen and sulfur content. Slack waxes posses a very high viscosity index,
normally in the range of from about 140 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 Il base oils having a
very high viscosity index. ‘
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zone. Optionally, the Goup Ill base oil produced by
hydr oi sonmeri zati on dewaxi ng may be hydrofini shed. The

whyarofisee shi ng may occur in one or nore stepsPCEUB06/048676

10

15

20

25

30

before or after fractionating of the Goup Il base
oil into one or nore fractions. The hydrofinishing is
intended to inprove the oxidation stability, UV
stability, and appearance of the product by rennving
aromatics, olefins, color bodies, and solvents

SEBBP 100se P S o

hehegrees CHeorhedcbfdthes by ag lestse . Ora$t. bmnmadmivbm)suty is
G BRI IR B S bap s Eheind Dl BTG e v

pld&;ma@dvh unit ¢s yicld gotslwithpre Bekicted BbAingltagesss than

0.5. The hydrofinishing step nmay al so be needed to
reduce the wei ght percent aromatics to less than 0.1

prTeEeEaipy | e bidfacloRSwilMypRay ‘P\%Qé@b?ﬁuﬁén%t Fé&%rthan zero
0. and nost -preferably | ess than ,

pgg[ﬁ%?ssec 0 ﬁref%raPWa“E‘?l RAE RSN Wil @ed?ﬁié éhamt1Q deg Eﬁsﬁ& 9
9?\@@%&)&‘!}/ bAsRME 'emﬂr&:ilﬁ'% g';é[ E&ﬂir &élnf Bt ﬁmedéﬁ‘i\%cpﬁ%gse oil

feren VI scosl t
- Pactien wilkhavsa rﬁﬁp@fmoe!r @pmjl *yw dgaseee(C tthdhe tdnameatihviscosity -

pg{ @6@%@99 %?sr &f i B&t gl:QSteW BB P r%cﬁ%{ﬂ r\'ieresthe

t ypi cal efm ned gas c romat ogr aphy
dB@@elebBoun Faetariis deﬁnwbyahemquapphl BxseoDil Pour Factor = 7.35

?}zl%%ﬁnat[f#/%gogw %t %QO ré}c/)q%e ﬁg@r%csgfﬂastrg\ﬁgegred by ASTM D

e ence
péﬂﬁ@%ﬁhn1der|ved feed such as, for exanple, slack
wax, or it may be derived froma synthetic feed, such
as, for exanple, a feed prepared froma

FThef(alou'ﬁrlupm Gﬂ/ﬁtabﬁzsm§ have FdaRiurasletd @ihtiies idieinkaffated

sho ‘%ﬁ% I abov(s byt Il\fig{n a pref'errFf)erdeéne‘}rb%gllr%éntatthel ea-st
hydrmsomerlzatlon dewaxing and.fractionating condltlons in the process of
this invention are tailored to produce one or more selected fractions of base
oil havung greater than 20 weight percent total molecules with cycloparaffi nic
functionality, preferably greater than 35 or greater than 40; and a viscosity
index greater than 1560. The one or more selected fractlons of Group Ill.base
oils will usually have less than 70 we|ght percent total molecules with
cycloparaffinic functionality. Preferably the one or more selected fractions of
Group Il base oil will additionally have a ratio of molecules with
monocycloparaffinic functionality to molecules with multicycloparaffinic
functionality greater than 2.1. In preferred embodiments there may be no
molecules with multicycloparaffinic functionality, such that the ratio of
molecules with monocycloparaffinic functionality to molecules with

multicycloparaffinic fuhctionality is greater than 100. -

The presence of predominantly cycloparaffinic molecules with

monocycloparaffinic functionality in the Group Il base oil fractions of this

-13 -



feed will boil above 650 degrees F, and nost
preferably at |east 90 wei ght percent will boil above
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carrying out the invention typically will have an
initial pour point above O degrees C, nore usually
above 10 degrees C. The terns "Fischer-Tropsch
derived" or "FT derived" neans that the product,
fraction or feed originates fromor is produced at

TR A8 SEEAER B DAL BN vy, as et s
rdﬂﬂlrad\ﬂdﬂetl\&mwlebthnd]yztaSMarebonmpablbdlty eibeer:p Il base oil
' '?%ctﬁghggra%t#w@lgd@% e rﬂ%é%ﬁri %ltsg é@%ll\ " gﬁﬁ?éf‘éraeb% less than 5,

muni cl
cmnbrrewmefamably less dindin 1Sbad knestpreterably lobs thared.5.r PRk Group Ill

nvent. etr derived .f eedst oc
B LERTinsirelir BB i 2 Mo R TTCaR srhalsuisspithan 0.1,
f masttd preferbpR leas tvan 8|68 lartnoks prac Y RSsithaRo.02.
sol vent dewaxi ng f eedst ocks prepared by one of these

processes. Hydrocracking is usually preferred because

hyd ppsieaed! érﬂbwinherﬁlssﬂré Gg&ﬁ 1t B§sé‘ bﬁ rfr%%ﬁBnQ ‘Pr'éb@rg trb&ion

a | ow val ue. sl ack rived from sol vent

r SPEHfisieryiless th?éb@ 1023g Preipratdy iessdhen aremiua te D21, more
ﬁé@@ﬂy%ﬁ%oﬂﬂ&ﬁ&%%ﬁ‘%@é h{a&%@&% n&Altic
o |l ower the ni

be used trogen ‘an ur con
SivisstesiREd 5 s sl at & slige ko ol ratiocf AQ gencrediax Preferably they

n
oadR 7 el SeMERAr cLs haR B tot 8Bubds Y thg capaten
f tretiohicokffidentst ﬁd]Okan%sepreepaﬁedosifV)er@.mPs%wherein the
or. the pre ation o 0
e ey bR sieteh Fo el SB3 MelpShreiagrt & agween 2
- aerﬂl Stbdsasarti\mhewelmmeetrbaﬁ? coefi ctb(r:ft]fciﬂnmwr%\d at ﬁn average
mat i c at 100 re romeach ot her
oyPE shied! 'of S5elars Hermeran oa shide Ga relf 1t of 46 poroent, and a
load of 20 Newtons. Examples of these preferred base oil fractions are
taught in U.S. Patent Publication Number US20050241990A1, filed April 29,
2004.

In preferred embodiments, where the olefin and aromatics contents are
significantly low in the lubricant base oil fraction of the lubricating oil, the
Oxrdator BN of the selected Group Ill base oil fraction will be greater than 25
hours, preferably greater than 35 hours, more preferably greater than 40 or
even 41 hours. The Oxidator BN of the selected Group 1ll base oil fraction
will typlcally be less than 60 hours Oxrdator BN is a convenient way to
measure the oxrdatlon stablllty of Group Il base orls The Oxrdator BN test is
described by Stange|and etal. inU.S. Patent 3, 852 207 The Oxrdator BN
test measures the resistance to oxidation by means of a Dornte-type oxygen
absorption apparatus. See R. W. Dornte “Omdatron of Whlte Oils,” Industrial
and Engineering Chemrstry, Vol. 28, page 26, 1936. Normally, the conditions
are one atmosphere of pure oxygen at 34C°F. The results are reported in
hours to absorb 1000 ml of O2 by 100 g. of oil. In the Oxidator BN test, 0.8
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measured usi ng ASTM D 445-04. Fractionating is done
using a vacuumdistillation unit to yield cuts with

w@e@7seisect ed boiling ranges. The Goup |11 baBeT/v81006/048676
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fractions will typically have a pour point |ess than
zero degrees C Preferably the pour point will be |ess
than - 10 degrees C. Additionally, in sonme enbodi nents

the pour point of the Goup Ill base oil fraction wll
have a ratio of pour point, in degrees C, to the

Ki C, in cSt, greater
22?;'?2&{8 ééédesﬁf%@i %ertﬁga%?] %rn 9 "the Base O | Pour

F@c@ deobutytidenarbis (b f- dnrretbxdghenolm Base O | Pour

o3ty bl HARIPALS BRI, 00, O o 12,

|2L6-U&m91-bulylﬂpmethydm~semﬂv2 eneuaewmnymmmwpheme? of ;
tura S FIMS, In a preferr

e ae BN Brgr Y STty fat G- BB Hg gy P-cresol

f RaE-i- WLNNCGM?&thy@Wnbmétgﬁpﬁéﬁ@@SS of this | ect ed
\Y re tailaore roduce one or nore selecte

frg’a‘gtr}f‘@g’ss(gfmﬁgﬁ' Sd\eftcl:lwllpﬁﬁnﬂpeater than 20 wei ght

Defzﬂﬁtobﬁﬂhaheﬂ@i 6Qéhﬂ§utw henepcl oparaffinic

gnctl onal ity ({;re erably greater than 35 or greater

t

S zmeﬂ}yhd hy %bésteft;bth&eﬂzweutfde gRdn 150. The
OBR(315-ARfckt-B ey REIHFAIrbHARIHRs of Goup Il base oils
wi | I( usual | y ﬁtlgve "I@gss thar%9[}0 wei ght percent total
nbl ecul es with cycloparaffinic functionality.
Preferably the one or nore selected fractions of G oup

| Nno'ﬂ@éeerﬁbbdlmedt ofifHd éht@cﬂ@dér}’tl al?ﬁl‘ftﬁ/eacdr@ehgafg ccilm{)rises the

nol ecul es wit h ‘nonocycl oparaffinic functiona

noKisatipadnkipiter Zréﬂiw@wqycfpa‘:'r gi-+-brive beongithiohagatgte, which is
gégéﬂﬁéletmgréally{ ﬁorﬁr?{b%géﬁgc@g?@ﬂem%ﬁ étlﬁ%roewmﬁé Plains

be no.nol-ecul es w
f fead, deanitewn, N¥clH5Saas iHh@AN@Xdemeaimxb otheri didation

MHHIGHSG! oparaffinic functionality to nolecules with

Additional or other types of oxidation inhibitors may be used in the antioxidant

additive concentrate. Additional oxidation inhibitors may further reduce the
tendency of lubricating oils to deteriorate in service. The antioxidant additive
concentrate may include but is not limited to contain such oxidation inhibitors
as metal dithiocarbamate (e.g., zinc dithiocarbamate), methylenebis
(dibutyldithiocérbamate) zinc dialkyldithiophosphate, and diphenylamine.
Dlphenylamlne oxidation lnhlbltOFS include, but are not limited to alkylated
dlphenylamlne phenyl-. alpha naphthylamme and alkylated alpha -
naphthylamme In some formulatlons a synerglsnc effect may be observed
between dlfferent oxldation mhlbltors such as between diphenylamine and
hindered phenol oxidation inhibitors.

Preferred antioxidant additive concentrates are ashless meaning that they

contain no metals. The use of ashless addmves reduces deposit formatlon '



mul ticycloparaffinic functionality is greater than
100. The presence of predom nantly cycloparaffinic
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the Goup Il base oil fractions of thisinvention
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

fracti ons have a weight percent olefins |less than 10,

prof & r bly._ less tha

r@ rmsté%r e?'er 50 t‘@é}l 13)303 ?1%%%?5%?8@3\'? Iplacgg%% IS
oiinclfided in Yresoipr @hemkﬁlystha\aenadum ohsolpkieaastal naphthenates in
argmatics .l ess | es

th ) [ bl
o BB TSPt o selibie TBe ! PRER T e i pialasineaaerage
emﬂn@tél apalysis éfhesed erdpkédde bl@sﬂfh@llévélr&%é@!’sslm\é%aﬁalyst is as
tion coefficient |ess than 0.023, prefera ess
t Rt Bt 1 6. Topam et g ¥ Pt JLead s ShIAB o
of ] gé%sgw%pﬁmeﬁlﬁ@%%%nﬁ‘wﬁe 5b8ﬁ’@?tdﬁk\c’agé@@btrﬁnhmoles

cSt and at de t.o roll

PPE?M?QOWH@PMWV@WM@N Qhom@atﬂ reireto gms phait, or

f
coe Wﬁrﬁ%ﬁ?@ 1I. f‘%ﬁjarg¥ )?tflsﬁ.((%ln mat | C @%%t'g?{ﬁl\’ test Gn%%ﬁures the
wWRRSRANSEL ofea Kibnisating basesdldpia yimiaiedgppieationc tHigh values, or
d 50
ST RS SRR AT BB T o oty

aver age roII|ng speed of 3 neters per second, a slide
toroll ratio of 40 percent, and a Ioad of 20 Newt ons.

rfﬁ)\‘?é aff cggﬁ%gtfef gl'@ﬁlg$ ?gg r&*\p RV QB which is a

Umetmdir@@@mrk o‘fl(lrmj/rwm)()rbnlzé, 2004. I n preferred
enbodi nents, where the olefin and aronmatics contents

are signifi cantly l ow i.n the |ubricant base oil

f Thetlulmcating oihef tmmmveatuon@om;inse‘smet@éedai ahd BN, @f;velght

oPareRt BEREH R ot luiciofial of Gecslertor arupdll base of

htraction.mPrefepalsly eha bhyo it X seledié@ B rblpan base oil in the
lubricating oil will be greafer than 15 wt%. The -Iubricating‘ 6il of this invention
comprises a viscosity grade of ISO 22 up to ISO 680. The ISO viscosity
grades are defined by ASTM D 2422—97(Reapproved 2002).

Antnoxudant Addltlve Concentrate

The lubricating oil of this invention comprlses an antIOXIdant addltsve
concentrate. Antioxidant additive concentrate is present to minimize and delay
the onset of lubricant oxidative degradation. In a preferred embodiment the
antioxidant additive 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-butylpheriol), 4,4'-bis(2,6-di-tert-butylphenol),-4,4'-bis(2-methyl-6-tert-
butylphenol), 2,2'—methylene-bis(44methyl-6-tert-b.utylphenol),
4,4'-butylidene-bis(3-methyl-6-tert-butylphenol),
4,4'-isopropylidene-bis(2,6-di-tert-butylphenol),
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even 4 1 hours. The Oxidator BN of the selected G oup
Il base oil fraction will typically be less than 60
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oxidation stability of Goup Ill base oils. The

Oxi dator BN test is described by Stangeland et al. in
U S. Patent 3,852,207. The Oxidator BN test neasures
the resistance to oxidation by neans of a Dornte-type
oxygen absorption apparatus. See R W Dornte

[1] M |
1Rl Pl F poleinancd MM aRsp N T p A of Zhe
c eadiainiogsadsiitivasnie the roisidzting mflsmspectaﬂygﬁsn@tj 340 F.

The results are reported in hours to absorb 1000 m of
2 by 100 g. of oil. In the Oxi dator BN test,

O’I‘%% g%t QS?C{ ﬁf #gﬁév%?% cgr%r hﬁg $ %gpﬁted into the lubricating

2 oﬂ of hfeits hly\lr@‘ftmrblhse(rﬂaﬁ‘&idwa abéupd) onexl Ypleasblt 5 wt %,
td tert-buty é Iph nol - o
2 pée &(abllglfrtong) (gie gut 5 wt%, more preferably from about
2O”OSiwlﬂ%ttBYalbcﬁrtt:Ze@)R/Vtwté()enﬂjﬂﬁ@breferably from about 0.05 wt% to
6- dl-tert-l-dl met hyl'am no- p- cr esol
ZaQDHl {eWi%a4- (N, N - di met hyl ami nonet hyl phenol ),
4; 4" -t hiobi's(2-nethyl-6-tert-butyl phenol),
2, 2'-th|ob|s(4 nethyl 6- tert but yl phenol ),
FCRSHHA 1 G ] suf yl benzyl ) -sul fide,
and bi s(3, 5 d| -tert but yl - 4 hydroxybenzyl ) . Anot her
eYbiapravers modrh/eth@ml*a@pmemmcrmaﬂensm ohltbmice atseby reducing

ﬂg@Fété%Ettﬁlpﬁbr%wﬂﬁtlﬁﬁgoﬁﬂg'tglérinatraet%r W'%n it ?90)%%81‘ fhigkening with

c&mﬁmpalatyra‘sr Mhu@pbw&iipelmeraby)prﬁndmmalwoeﬂ geHbrmance at low

1B yoh BB ERAe, L TitRVPis A Ptrly Sibjesied Romechanical

odegtattatlohynﬂstméhemmbabf e molyduletsarnsmgmstlé%stsﬁ@és | Pligh

?esasrllxtréso éegerated in hydraulic systems subject fluids to shear rates up to

107 . Hydraulic shear causes ﬂu:q temperatu_re to rise in aAhydraullc system

and shear may bring about permanent viscosity loss in lubricating oils.

Generally VI improvers are oil soluble organic polymers typically olefin homo-
or co- polymers or derivatives thereof, of number average molecular weight of
about 15000 to 1 million atomic mass units (amu). VI |mprovers ‘are generally
added to lubricating oils at concentrations from about 0.1 to 10 wt%. They
function by'thi'ckeni'n.g the lubricating oil to which they are added more at high
temperatures than low, thus keeping the viscosity change of the lubricant with
temperature more constant than would-otherwise be the case. The change in
viscosity with témperature is commonly represented by the viscosity index -
(V1), with'the viscosity of oils with large VI (e.g. 140) changing less with
temperature than the viscosity 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-
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additive concentrate. Additional oxidation inhibitors
may further reduce the tendency of lubricating oils to

waledogisss@at e i n service. The anti oxi dant addi t PEBRUS2006/048676
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concentrate may include but is not limted to contain
such oxidation inhibitors as netal dithiocarbamate
(e.g., zinc dithiocarbamate), nethyl enebis

(di butyl di thi ocarbamate), zinc dial kyl dithiophosphate,
and di phenyl am ne. Di phenylam he oxidation inhibitors

d%eny (ﬁ*‘rﬁe% eﬂwﬂggéﬁ)lms‘%{' A 'ljén)a\{)'ﬁW %’gém'%g%re oftep hydrogenated

artqkyﬂ?@peel Ie%lﬂpabplefmaMltlrimyvhamrrdganvlahvem meldde dispatsaony/|

oTHRFI, Phih, i S o T Ry R Bk A AT i e
a'dodlpsnder ed phenol oxidation inhibitors. Preferred

anti oxi dant additive concentrates are ashless, neaning
that they contain no netals. The use of ashless

ad’(ﬂietlubﬁéaﬂ’r@j@iceﬁtr@elﬂ0§hﬁoﬁ AE8BPihan A6 widh, |§’rfeferably less than
@tlg %t I S USe(ﬁlﬁ{E 100 grams of oil and an additive -

pac ﬁé MOTERIEIRIBRYi 1RSS H@%P{Z wifgof M iimpyeyen sMast preferably
Mt chﬁflné@'iﬂl@s%d“ﬂﬁh Rﬁléwa@ﬁﬂat es in kerosene. The

m xture of sol uble netal napht henat es si nmul ates the

average netal analysis of used crankcase oil. The

I ciff AR alyst is as follows: Copper
:@g%lgﬁ ppm%a?r-pg%tyh&h%g% ppm ; Lead = 80,208 ppm; :
Manganese= 350ppm ; Tin= 3565 ppm The additive

PR ERefiss:80 M I il es of zinc

blspolypropylenephenyldlthlo phosphat e per 100 grams
of oil, or approximately 1.1 grans of OLOA 260. The

e.of a. . .
LR GTEh FRIULE baEe RB RS leinin cegined b
vprates;NMR bytige fdlloadng steplssdrD: one |iter of oxygen,
i ndi cat e- good oxi dation stability. OLOA is an acronym

for O éniPrepanebs sohttiongof@-H 0%df thevest hyd r\&&eﬂfbri B a

.rgghlsterhqgrotf&argenark of Chevron O onite.

eroc

" B. Acquire a normal proton spectrur‘n of at least 12 ppm spectral width
and accurately reference the chemlcal shift (ppm) axis. The mstrument must
have sufﬁcxent gain range to acquire a signal without overloadmg the
recelver/ADC. When a 30 degree pulse is applied, the instrument must have
a minimum signal digitization dynamic range of 65,000. Preferably the
dynamic range will be 260,000 or more.

C. Measure the integral intensities between:
6.0-4.5 ppm (olefin) .

2.2-1.9 ppm (allylic)

1..9—0.5 ppm (saturate).

D. Using the molecular weight of the test substance determined by
ASTM D 25083, calculate:
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The lubricating oil of this invention conprises
between 1 and 99. 8 wei ght percent based on the total

wo mwiozso ng oil of the selected Goup |11 baseCDUS2006/048676
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20

fraction. Preferably the anbunt of selected Goup |11
base oil in the lubricating oil will be greater than
15 wt% The lubricating oil of this invention
conprises a viscosity grade -of 1SO 22 up to | SO 680.
The 1 SO viscosity grades are defined by ASTM D
2422-97(Rea

Concent Eat eHp%\ée#{/eggaéé?m%ma?ﬁ%ﬂ%fﬁ%\gﬁé trSn‘L’}%eﬁr?{

conpri ses arhydndaskonant additive concentrate.

Ant i oxi dant additive concentrate is present to

m ni m ze and.ddlesgverhge onsletulaf forutula ofitive olafohast | ve
degradation.. In a preferred enbodi nent the anti oxi dant
addi ti ve coridinertatad imtegtdliistensitg (Fswon ofeyl iotegpali intensities)
one or nore hindered phenol oxidation inhibitors.
Exanpl es of mewdnmgrphietMSiwmwmmmk I“zde'rcnmn‘cmotal

L o RS o Sal AR,

f1b|43( 2' ?résh?ﬂ dllél trﬁ%B%Etflgﬁgﬂmyﬂrweﬁs( olefin mtegral/mtegral per
2, 2" - met hyl éyerdges()4-rnet hyl - 6-tert-buty! phenol),
4,4" -butylidene-bis(3-methyl-6-tert-butyl phenol),

4, 4" -i sopr oy [Mihdemembes 62d bulsie-Bdids- (Balafinhaitoben timdS
-and has enyir,onnent.al formal )‘?3 advant.ages. The

renoval of g\ﬂ{: %'Ql(ﬂgﬁ@ H4'®i4des in the

| ubricatin S al | nti oxi dant

addi tive corlc QJHF ‘Z"‘ﬁ‘&@ é’yyﬁ{8g¥bé'ﬁﬂ? dﬂ?%?'a‘elsﬁ e number of

| ubri cat i ng deiubledboidi ﬁmerswaetnmﬁbemoﬂﬁycﬂagéﬁé irPh lcal olefin
about 0.01 wt %togiabout w %. Breferabl from abo

0.05 wt % t o BYSEHIeFVides hyothe nye @F%Wdrpssﬁﬁarbadvplca! test
0. 05 w % t 0 saB8tdncd - rAoMicYie.€ven nore preferably from
about 0.05 wt% to about 1.0 wt %

The wt% olefins by proton NMR calculation procedure, D, works best when

the % olefins result is low, less than about 15 weight percent. The olefins
must be * conventlonal” o!ef ns;ie.a distributed mixture of those olefin:types
having hydrogens attached to the double bond carbons such as: alpha,
vmylldene, cis, trans, and trisubstituted. These olefin types will have a
detectable allylic to olefin integral ratio between 1 and about 2.5. When this
ratio exceeds about 3, it indicates a higher percentage of tri or tetra
substituted olefins ére presént and that d.ifferent assurﬁptionsmust be made

to calculate the number of double bonds in the sample.
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Viscosity Index Inprovers (VI Inprovers): VI inprovers
nodi fy the visconetric characteristics of lubricants

whoweassd ng the rate of thinning wth increasPOmyUS2006/048676
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tenperature and the rate of thickening with | ow
tenperatures. VI inprovers thereby provide enhanced
performance at | ow and high tenperatures. VI inprovers
are typically subjected to nechani cal degradation due
to shearing of the nolecules in high stress areas.

Hﬁgm%% rg%%@g,qui_@_%dr aulic systens subj ect

Ids to ear. rates up 7s 1 . Hydraulic shear

oy erﬁefHdH aséfr@ﬁre%uree WP 1VeREot MofdiEL Aith c léé(ﬁltoer@

ear ring ab St per manent Vi SCOSIty
| empmetie ‘fwgctmﬂ is. th@é&mwﬂtwa‘e{b mhsmfdhlsrlevmtmmudses a Hewlett

PR 568018 BRI Sy LB
nﬂfmomia&mgmphght—imt)mwm Toupd with aTHP|a1|(?60 @idﬁﬁ—Array UV-Vis
" Bifctl e ogn HEhEbaiT Sfatdhe iR aket er 61a ndivdual

1@rovntic Chpebun ehe ﬁ@Wsétﬂkﬁ%ﬁr@ﬂﬂzd I'l‘l%éé@biléiﬂbts MHade on the
ar e ded npre at gh t eratures

t hey
t haﬁ's| %%etrﬁb\é SS@@%@'@W@ a\ﬂdsf@@sr.quﬂ@rhaﬁgae dfe amano column
| ubed ¢@rnﬂ1|é(\fahaly&%'mﬁé@riénb€eé@k%§t%‘ﬁ4@é€ Q?eﬂg%.“c%rﬂthe basis of

ot herwi se be the case.. The change 1 n vi scosmg .
t BIfSerREUPTPST (HIMBFR FoRrepihe sionbiatbppd rienibe cbis tthe single
[ [

(e g A RIS, STy fiedoeyoic
vﬁ%ﬁ@t’@%/"b@rdﬁr lof ingreasingwoublg bohd ant)er péej raplecule. For

LSt 998 06 ] HISE B0

eﬁhW&ih'@OD oopheging eloosgomerthastthose edihemsphthenic substitution.
co ol yners; and pol yi sobutyl ene, VI inprovers are
Uhmab@blmﬁfieaiiqmof theouariqussbatiendil akahatic hytirocarbons from

0 T T TR
salectnonit tengjtionpsvere all red-shifted relative to the pure model compound
analogs to a degree dependent on the amount of alkyl and naphthenic
substitution on the ring system. These bathochromic shifts are well known to
be caused by alkyl-group delocalization of the -electrons in the aromatic.ring.
Since few Unsubstituted aromatic compounds boil in the lubricant rangé,
some degree of red-shift waé’ expected 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.goneral class of
compounds over the appropriate retention time window for that aromatic.
Retention tlme window limits for each aromatic class were determmed by
manually evaluatmg the individual absorbance spectra of elutmg compounds
at different times and assigning them to the’ appropnate aromatic class based
on their qualitative similarity to model com'oound absorption spectra. With few
exceptlons only five classes of aromatic compounds were observed in hlghly
saturated AP! Group Il and I !ubncant base oils.
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The lubricating oil of the invention has less than 0.5
w% preferably less than 0.4 wt% nore preferably

wo ems/orisan 0.2 wt % of VI inprover. Most preferpdl/ysSi00€048676
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l'ubricating oil has no MV inprover at all Specific

Anal ytical Test Methods: W% A efins: The W% O efins
inthe Goup Ill base oils of this invention is

deternmi ned by proton-NVR by the foll owi ng steps, A-D
A Prepare a solution of 5-10% of the test hydrocarbon .

orm B. Acquire a normal proton
spe rum g%%?gtﬁ)east 12 ppm spectral wi dth and

T rcsnléﬂté use%cefoq“wS fggiggtﬁggéé% ?Qg%farc()r?%%ézwounds even

aaq uerydow lsivglsaMulii-ringugromatics ogsically élbl@orbet@tdzm) AXss more

nabindyifef e Bkt e Bl oo e ARk ef Ssorpton

65y Gbdut Poed.erradreiorehg |s§jlr‘ﬁk§’cmahtft@|1&% MPLE ResetfiftalPind identify
Measur e the integral i ntensities between:

T G L e L SR o
aturate) D, Using the nol ecul ar weight of the test
e At QAR oz e g Nilhihe oxtagtion of a

aﬂﬁaﬁgﬂeﬂﬁb%tménftﬁé'ﬁ#oﬁ rﬁéhllj t?@ta?ﬁéd‘ Ep%/?q rrnag ar};om:-ﬁtrc

dro&]ar bons 2. The average nol ecul ar
oliaph

gngs arrsletrredeaﬁt highbygetained edind naphthalemesifallaf the
| BEHAARE cORMPpBRRULdISSIes were baseline resolved. Integration limits for the

co-eluting 1-ring and 2-ring aromatics at 272nm were made by the
perpendicular drop method. Wavelength dependent response factors for each

" general aromatic class were first determined by constructing Beer's Law plots

from pure model compound mixtures based on the nearest spectral peak
absorbances to the substituted aromatic analogs

For example alkyl cyclohexylbenzene molecules in base oils exhibit a drstrnct
peak absorbance at 272nm that corresponds to the same (forbrdden)
transrtlon that unsubstrtuted tetralrn model compounds do at 268nm. The.
concentratlon of alkyl- 1- -ring arématic naphthenes in base oil samples was
calculated by ‘assuming that its molar absorptrvrty response factor at 272nm
was approximately equal to tetralin’s molar ab’so'rptivity at 268nm, calculated
from Beer's law plots. Weight percent concentrations of aromatrcs were
calculated by assumrng that the average molecular werght for each aromatic
class was approxrmately equal to the average molecular weight for the whole
base orl sample.

This calrbratron method was further improved by |solat|ng the 1-ring aromatics
drrectly from the lubrrcant base oils via exhaustrve HPLC chromatography
Calrbratrng drrectly with.these aromatrcs elrmrnated the assumptions and
uncertainties associated with the model compoundS" As expected the
rsolated aromatic sample had a lower response factor than the model
compound because'it was more hrghly substrtuted
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4 . The integral intensity per sanple hydrogen (=total
i ntegral / nunber of hydrogens in fornmula) 5. The nunber

w@boogloefssn hydr ogens (=ol efin integral /i ntegraPCpes2006/048676
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hydrogen) 6 . The nunber of double bonds (=ol efin
hydrogen tinmes hydrogens in olefin fornmula/2) 7. The
wt % ol efins by proton NVMR = 100 tinmes the nunber of
doubl e bonds times the nunber of hydrogens in a
typical ol efin nol ecul e divided by the nunber of

WA, RS Red RS e LB s iod. Bhe
vvrsubstntlum bahssnd hmrﬂ(aﬁd:gefrvﬁ@ stlép?rtdtéd fdm &V bLRSSF thBalbricant
5 t e ol e
" RGN RG R prigaraiive HPE Conb | ioremeeotaample
t ResediRlted it it M@%&ahé‘ﬁd&nnﬁé&é@%ﬁfbsaﬁtatnf%a%ﬁdbd Sifica column,

doubl e bond carbons such : ha, vinylidene; ciIs,

t PapEh Xedrei4 mmélat%tar@uio@awewlas QJZQ*FmrX ?9&@@%@ golumns of 8-
h"’l?%ﬁ:r@ﬁbﬁ%@@o%d@ﬁ'éﬁ:daceéﬁlc@ fn’\éhdeEl%Qé@Ibge%hﬁ'blns%ruments,

bet ween 1 and abou IS ratil o exc
3 Emeryviligi €alitesnia, wﬂ@hehepene estthgenabila phase at atfloav rate of

S YR I/, @ol&ln%félgén?wg a%%%ﬁ%&eﬂtg?égqa%%f t eiqc?glf response

assunptions must
ddend @ duahdavietertdile W\ dptextdr setedti 265 asidr 296, Byturate

H ow_ | eve
regutfe whhE LR 1R thd B ERAAE bRtk SYGhRR phanoe of
| o1 alasxbrbbase umits swlch ei:lgﬁaleﬂvtg@tddr@@t 13 GaniPe Hagledmatic
ard 1050 Ser adi en i g
P BT ANIEOk, 1 8RB PBR Ry qalltled §damabsorbance ratio
Cbepheeh %ﬁhrreaﬂrdPZQGE& Geodaséirar ANniicatifgties bAket of two ring
interf g Chem station, Identification of
t ﬁ‘éomﬁg Fuallggr unflcatlon and separation of the single ring aromatic
fraction was made by re-chromatographing the monoaromatic fraction away
from the “tailing” saturates fraction Wthh resulted from overloadmg the HPLC

column.

This punfled aromatic “standard” showed that alkyl substltutlon decreased the
" molar absorptlwty response factor by about 20% relative to unsubstltuted
tetralin.

Confirmation of Aromatics by NMR:

The weight percent of all molecules with at least one aromatic function in the
purified mono-aromatic standard was confirmed via lohg-duration carbon 13
NMR analysis. NMR was easier to calibrate than HPLC UV because it simply
measured aromatic carbon so the response did not depend on the class of
aromatics being analyzed. The NMR results were translated from*% aromatic
carbon to % aromatic molecules (to be consistent with HPLC-UV and D-2007)
by knowing that 95-99% of the aromatics in highly saturated lubricant base
oils were single-ring aromatics.
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aromatic classes in the highly saturated Goup |11
base oils was made on the basis of their UV spectral

w@atwersssand their elution tinme. The am no col POTYUSREE048676
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for this analysis differentiates aromatic nol ecul es

| argely on the basis of their ring- number (or nore
correctly, double-bond nunber). Thus, the single ring
aromatic containing nolecules elute first, foll owed by
t he polycyclic aromatics in order of increasing double

b ey u I th
o0 DA R 65 i B30 FRRTRL A fefd Lo o
s rsurdtatyi meaomretammatrag dbwit ¢o SRR earoiratic rhblesaley. t h
napht heni ¢ substitution. Unequivocal identification of

t Hdoreasp enificaiigsto acduratedyraiaeas uny tve tevadioball hisletliles with at

et FIeeatt Erlce BN, 2B stansfreo [ER2826E Mbthod was

r edogifiEd t6 Giveth alihveurhcdrBBn Rensitiry ef soemp(!iwisrm standard
anal og to a de ree dependent on the anount of al kyl

?t?’@ﬁ)cA erhour difalion B epa 4@%&099\%&?\"\/\%&& a 10-12

baﬁ:hmaro@a& provd Whs RES. W‘ébtn b@otﬁ'ﬂe 18ti9F sbRUSRE V\Eéé used 16
al k%l-g[rou derealization of the -electrons in

Be shage dfithe baseling asdissnsisterily integrate.cThe carrier
?gd shi f “\j\%séheéx@ect e éajtﬁghﬁgrsme? E/@ﬂ av&S{%‘?‘tﬁaﬁ:@% ﬁ'Snt) maging
pithe @liphaticpeaninte the erpwatideegiohi By takjugspecta ameittier side of

e St el B o R S B B ooy Sy “cach
gWé@b'a?Wn%%'“ndgg,%”@ over the appropriate

retention forthat aromatic. Retention

iR IWbﬂéé’thﬂés@ bifs {)Pthlsg\ﬁ:tg? {)rlq %rl;%g%}%gén?«%ﬁy Field lonization

det er m ned manua
alb&c’wo&neetrwr(ﬁ IMS) ¢htotalkaneoapd snolecales dWifH diffenént

e L R T R T

c raetions| vetssdetptrhinedSPeEIVIS. e Bam@es were introduced via solid
probe, preferably by.placingia small amount (about 0.1 mg.) of the base oil to
be.test’ed ina glass capillary tube. The capillary tube was p'laced at the tip of
a sohds probe for a mass spectrometer and the probe was heated from
about 40to 50°C up to 500 or 600°C at a rate between 50 C and 100 C per
mmute in a mass. spectrometer operating at about 10 torr. The mass

spectrometer was scanned from m/z 40 to m/z 1000 at a rate of 5 seconds
per decade

The mass spectrometers used was a Micromass Time-of-Flight. Response

factors for all compound types were assumed to be 1.0, such that weight

percent was determrned from area percent The acquured mass spectra were
summed to generate one “averaged” spectrum.

The Iubrlcant base orls of this tnventron were charactenzed by FIMS |nto
alkanes and molecules with different numbers of unsaturatlons The
mo!ecules with different numbers of unsaturatrons may be comprlsed of

cycloparafﬂns olefins, and aromatrcs If aromatrcs were present in significant
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exceptions, only five classes of aromatic conpounds
were observed in highly saturated APl Goup Il and |11

wo nlviorsssd base oils. HPLC- UV Cal i brati on: HPLOPCKUSE06/048676
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used for identifying these classes of aromatic
conmpounds even at very low levels. Milti-ring
aromatics typically absorb 10 to 200 tinmes nore
strongly than single-ring aromati cs.

Al kyl -substitution also affected absorption by about

2o NETEIE Rprl oL TRTAGP LA 8y g antyis

aas denovatwatiaid. | Wirent dlgfing weretmesdmt iRisignifitassasowfits in the

AR TSRS S oh Bt BrabaR: %’19 ’

alungbtukationsg zrherratau of wmidweeaﬁraaads titenlse@sammsglﬁ y.
ret ai ﬂﬂ'd al ky %@t hal enes, all of the aronmati

c 458 BHENSAsuESHuFalianes or ynratuEdignseand ﬁw%@atafatms from the
| 'F'Waﬁ@lysf%hﬁlﬁ&e ﬁ‘{eu\ﬁft%%léﬂﬁé Bg g@é’t@n%ﬂﬂﬂ'ﬁ“%n@ﬁ?&ﬂﬂs‘ the wit%

at 272nm were nmade I cul ar drop met hod

WRIInatigs ﬁydﬂbbﬁdéwg tf@s'pmls\@ergat peraent of maleeulge véthal
aweebbsafﬁhmngﬁn;r%m rrﬁfhe%bgégh%é%&8mg{ hh%hﬂsn Note

Beer Law ure no
b #xdf the: ammaimrmtesmas ngk. nmura@sbmrasesnmeﬂ tchke less

1 OLY WP AN RBLCRR e sl ST Bot peiappagpent o
a nmlsculﬁstvaeakcleﬂwaﬁban fenction2lifnm t hat corresponds

to the sane (forbidden) transition that unsubstituted
t Mcvlah!nlemydm Cy:cdmmafﬁiﬂc fan ction268nmeZheargomokrutathatris, or

Okt ah e TR By R ARG RS Rmuticyeic
abamrpted/hycyrobammmubaﬂ’tw c?éloﬁé’&‘ﬁmm@oup may be optionally
SSBEEHTES P RLRLgofe SRR BB bR s e,
péucans nodhmitet It@tey@ltﬁprebylab?ﬂabum ayekﬁ)emylcwc%ﬁé&m

ul ar wei.ght for each

h he average no
Z?:galgn}\egty daecathydronaphtrgalene octahydropen%alene (pentadecan-6-

yl)cyclohexane 3,7 10-trlcyclohexylpentadecane decahydro-1-(pentadecan-
6-yl)naphthalene, and the like.

Molecules with monocycloparafﬁnic functionality mean any molecule that is a
monocychc saturated hydrocarbon group of three to seven ring carbons or
any molecule that is substituted with a single monocycllc saturated
hydrocarbon group of three to seven ring carbons. The cycloparaffinic group
may be optlonally substltuted with one or more substituents. Representative
examples include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl (pentadecan-6-yl) cyclohexane and the Iike’ ’

Molecu|es w:th multlcycloparaffmlc functionality mean any molecule that is a
fused multlcychc saturated hydrocarbon ring group of two or more fused rings,
any molecule that is substituted with one or more fused multicyclic saturated
hydrocarbon ring groups of twe or more fused fings, or any molecule that is
subsfitut_ed With more than one monocyclic saturated hydrocarbon gr.o.up of

three to seven ring carbons. The fused multicyclic saturated hydrocarbon ring
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cl ass was approxi mately equal to the average nol ecul ar
wei ght for the whole base oil sanple. This calibration

woredohoasssms further inproved by isolating the BET/URIP06/048676
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aromatics directly fromthe lubricant base oils via
exhaustive HPLC chromat ography. Calibrating directly
Wth these aronmatics elimnated the assunptions and
uncertainties associated with the nodel conpounds: As
expected, the isolated aromatic sanple had a | ower

SRR 99 TR LS N B o e

aogukmalm gudusgltuutbd atith dhe oHRidCe dbstitlwds. H@r?sentattl\{]e
Ll t.e en e aromatjcs, we ar at rom e
bEFRTBIe REI4SEn PHE 21 NBHBNSH [0 GR VA aRprEaalenc.

S@B‘ﬂahpﬂﬂ?ﬁﬁ »ewe @%@wyclor@yw@@d@éar@ra@caw@@ 1-

di | ut ed in hexane and injected onto an
afRersagerAieg8-4) P@%’Hhélﬁﬂﬁrﬁndéhgé'ﬁﬁx 22.4mm | D guard,

f ol | owed by two 25cm x 22.4nm I D col utms of 8- 12

m cron am no- bpnqled sili ca parti c! es, manufactured by
Reiethdd td irhp RN Sbrida®boll OkiBaticaldihefify.a with

n-hexaneé as the nobile phase at a frow rate of

I 8m s/ mn. Columm eluent was fractionated based on the
depealseh §

SPIE BIREERIPATIASERIE Adhbling MEA0HE, LUl 8Ph lbricating
coil bgceplacing & lportien ebthenorigisal esweil hawericatiobanilfermulation

O\‘;th tﬂé d%gﬁgé B%Jr%%t iy tfnﬁs‘t 'P%hﬁ&' S:‘rﬁga&eees?regg@% ﬁg{ﬁ @fls |

L mavehtlom\ hagsg reatdrdbi;g@OuMﬂ% IsatLl‘ra'fj@tbfkes.rzéomlanm (L M%;aromatics, a
; n e .0, inpdicating .

(e BRBLPoBR LR Mo deBeerana aLrom el 6aeRfnt

andmbepaf ghitoom afonhshegream ltiear BEOVEA Aol h‘fblédﬁLﬁéé (o i}

RO SR SP AR ST [H1R0! BRI aptgeysioparatfini

\/\:hjrﬁ;lﬂoh'éﬁtyltb&ﬁolébgrésqmm hiAttytbd raffifid-farc@bHBMyY greater than

2.1. The 6riginal base oil that is being replaced may be selected from the

group of Group I, Group !, other Group I, polyalphaolefin, polyinternal olefin,
and mixtures thereof. Examples of other Group HI base oils are Chevron 4R,
Chevron ;/R, ExxotiMobil VISOM, She.ll XHVI 4.0, Shell XHVI 5.2, Nexbase
3043, Nexbase 3050, Yuba'se 4,‘ Yubase 6, and PetroCanada 4, 6, and 8.

When a portion of the original bése oil is replaced with the desired base oil of
this invention the RPVOT test result is increased by at least 25 minutes,
preferably by at least 50 minutes, more preferably by at least 100 minutes,
and most preferably by at least 150 minutes. Additionally, the viécosity index
may be increased. Preferably the viscosity index will be increased by at least
10, but it may be increased by at least 25, or even'at least 50. In preferred
embodiments the lubricating oil will 'alsé improve in air release, and may have
an air release by ASTM D 4327-03 of less than 0.8 mifutes at 50 degrees C.
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This purified aromati c "standard" showed that al kyl
substitution decreased the nolar absorptivity response
wo awvorsshy about 20% rel ative to unsubstit ut edPCT/US2006/048676
tetralin. Confirmation of Aromatics by NVR The wei ght
percent of all nolecules with at |east one aromatic
function in the purified nono-aromatic standard was
confirmed via | ong-duration carbon 13 NWVR anal ysi s.
NVR was easier to calibrate than HPLC UV because it

| [ I c.carbon so the res di
ot LG i et Pake SuF ke Fat Bl OB B BRIy Bt hetween 1
Tbﬁd NDB. wiss ubpreserablyehétivaesl 20 add 009 Yamd gt iptefeps bl freater
%[5(5 tic nmolecules (to be consistent with HPLC WV
a o) by know ng that 95-99% of the aromatics in
hi ghly saturated |ubricant base oils were single-ring
aromatics. H gh power, long _duration, and good baseline
S analysis were needed to acEdAMRLESeasure aromatics
dewampfe 9: 2% aromatic nol ecul es. Mre specifically, to
accurately neasure |low |l evels of all nolecules with at
Ieast one aromatic function by NI\/R the st andard D

sen I?&V%Ea%b%%géﬁﬁlsggﬁrﬁfs an rac ICE%EARRS

3@pertest5- hour duration run on a 400 500 MHz NMR with

10 @ 10-12 nm Nal orac probe wasy dé@ . Acorn PC
integration software was use 0 define the shape of

t he basel i ne andPapesiics ently intedrate. The darrier

frequency was clhanged once during tlhe run to gvoid

artifacts fromiji naging the aliphatijc peak intq the

aromati c regi on Rirdgalal perspectra dnegpther sijde of

the carrier speetra—the resolutiog was inproved

significantly. I\%F'@i’upﬁm Conposi ti grl &y FI MS: |The

| ubricant base [gi] %réﬁnttf‘ &Cl WNeItTO/E BT €

characterized by ni zation

Two base oils, FT-7.3 and FT-14, were made from the hydrotreated cobalt
based Fischer-Tropsch wax by hydroisomerization dewaxing, hydrofinishing,

frac:tio'naﬁng, and blending to a viscosity target. The base oils had the

15  properties as shown in Table II.
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10

Mass Spectroscopy (FI M)

i nto al kanes and

with different nunbers of unsaturations.
wale@orissd i on of the nol ecules in the oil
determined by FIMS. The sanples were introduced via

solid probe,

gl ass capillary tube.

preferably by placing a small
(about 0.1 ng.) of the base oil
The capillary tube was placed at
the tip of a solids probe for a nass spectroneter,

to be tes

nol ecul es
The
f r acP@DOS2008648676

anmount
ted in a

and

t he probe was heated from abgut, 40 to 500C up to 500
oatiedh

or 600 C at a rate between

100 C per

m nut e

iin a resAplefRobeai®s er o

j-OOOVEPO%i?;E ak go%ofc'é;%ec 0

ber at | Fg-AB about
5 _scanhned frommng

10 6Ftoq4.
2. 40 to mz

nds per’-3ade. T

he mads.99

$PECT T OPREGER HRRy Was a

Response factors for_ all

M—TT oma}gg T me-

conpound types

f—F gi@g-f
re assuned -

tto be 1Pour Bogh, that wei

jht per e2dt was d

oo _—on

et erm né&d

f g he—a
s,umreglitSioE'gEei r{ei“ﬁé’;)'e F(IJne !
lfubri cant baSe oils of t
¢haracteri y FIMS in
di fferent ﬁﬁ?rﬁ rs of uns
di fferent nwgbers of uns
¢ycl oparaff] ng ol efi ns,
\er e prese / Hsignific

as_4d-unsaturations.  \Wien

S gtHetrass—Sspet
aver aged" spectrd
Ni s i nvgari on wer
0 algqgﬁ nd ng
At ur at’i 5§The n
bt ur at i gpg nmay .be
and aronatics. |

ant a 9% n the
denti figgh4 n the

olefins were pre

ta—were

m The

Ie - 963 )
ecu

ol ec%?é@\g\?k’t h
conpriggeyl of
f aromatics

| uph0%04H168
FI M5 aajay/si s

sent_in

\
hase oil they would be i

$i gniletad Nt Yafrinatics n t

ne | ubk-P2&8H base

oi | 0:0&iA1

0t O~ bRgIeRdreed Tt
e

nsat urations. t ot al

e F VB gatysTs
of the4'%-53nsat ur

as 1397
atlons,

2- unsat uFBIBoWE% 3- unsa

5-unsat ur ati ons, -

inal ysis, mnus t eg?/\'ft@%/%u
1 nus t he wilasammbiioss

Total

per cent 50, &OlREYlSRndhd I

urations, 4-unsa
wsaturay% ns fron
Dl ef i ns pr ot on
by HPLQEZ i s the

0.0
100.0

t urations,
h t he

NVR, Fé%@
t ot al 49w2i ght
0.8

100.0

Total Molecules with
Cycloparaffinic Functionality

22.7

37.8

Ratio of Monocycloparaffins
" to Multicycloparaffins

>100

46.3

Oxidator BN, hours

24.08

18.89

FT-14 is an example of the base oil useful in the Iubricatingﬁ oils of this

inventiop. It has greater than 35 wt% total molecules with cycloparaffinic

functionality and a high viscosi

Example 2:

ty index.

.Two blends of ISO 46 hydraulic fluid Using the FT-7.3 and the FT-14 were
blended with a commercial liquid zinc antiwear (AW) hydraulic fluid additive

yas



cycloparaffinic functionality in the |ubricant base
oils of this invention. Note that if the aromatics

w@onrens3mnas not neasured, it was assuned to beCT/ESE06/048676

10

15

than 0.1 w % and not included in the cal culation for
total weight percent of nolecules with cycloparaffinic
functionality. Ml ecules with cycloparaffinic
functionality mean any nol ecule that is, or contains
as one or nore substituents, a nonocyclic or a fused

TBhb ! e AP RE L 008 R I b agtoricant

Wadlitios @onbemte iA Woshbih etk WothRﬁpeeaeumaés vV exigopsiBsindex

i ncl ude not I|n1 ed to, I .
PRGN oS aclaRdB T O e PR BISTCS- chEs BHgpigtions of these
dese Rydruna pidBlenas are Guaindrigde it Thereall.

(pent adecan-6- yl)cycl ohexane,
3,7,10-tricycl ohexyl pent adecane,

decahydro 1- (pent adecan- 6- W@bﬁgnhthalene and the

ike. Mdlecules with monocycloparaffinic functignality

h@@mmrﬁnmm e that is a myid¥RA | c $&tIPBt ed

N S T TN A AN [T i

n’é‘aokg’gﬁal c saturated hydrocarton group of threejto
L rhn Theo..evel ad
{—+HRg—C€arooRS—Ae €Yy €6§ HH-€gLeup—ay be
oozfl oﬁal |y substituted with orvé{3r1o$5nore ?& i traents
Repcpsent ati ve exanples 1 nclude,7. bt aré1motglifited

o.——cvclonr nn\/l . i\u*l obut \/L q | opent \/I , r‘\l(“| nkexyl ,

LOMARER yI | (pent adecan- 6- yI) %981 ohexa®e20 and |t he
ViRos ||r¢d‘é;<l BprBVEN MU TiTycl qugarn i @?
unctionality mean any nol ecul LS used
Tptalcycl i ¢ sat urat ed hydrocar b1<ﬂﬁ) @0 ng qr1@@pi)Q)f two or
ore—fused—Tings, —any notecute—that—+s—subst+tut ed
with one or nore fused nmulticyclic saturated
hy He grapéndies raf tigesyy tup glifidre bloydraulio flaid bleads rare gHowerin Table
ﬁ&; nmol ecul e that is substituted with nore than one

ocyclic saturated hydrocarbon group of

Table IV
Propefrtit_-:?s ' HYDA | HYDB
Viscosity at 40°C. ¢St 43.7 |43.7
Viscosity Index T163 | 163
RPVOT@150°C, Minutes to 25 PS| 608 610
i 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 examplés of the lubricating oil of this invention
with very high oxidation stability and high VI. The’high VI was achieved
without any viscosity index improver because of the unigue quality of the base
oils used. It is surprising that the oxidation stabilities by the RPVOT test were
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three to seven ring carbons. The fused nmulticyclic
saturated hydrocarbon ringgroup preferably is of two

wo ewed7388ngs. The cycl oparaffinic group may bePCT/US2006/048676

10

16

optionally substituted with one or nore substituents.
Represent ati ve exanpl es include, but are not limted
to, decahydronapht hal ene, octahydropental ene, 3,7,1
O-tricycl ohexyl pent adecane, decahydro- 1-

(pent adecan-6-yl ) napht hal ene, and the Iike. Method to
| npr,ove L ricatin oj | Oxidation Stabjlity : W

aP SR AEdREY fm BanpleriTth s\ RO sdnAh iesh used had
stélativell high ofefinduritemts] A6d @xXidator BNY 8flekd tRaf 25tHdUTs.
of the original base oil in a | ubricating oi
formulation with the desired base oil of this

| PY@RigIes. The desired base oil of this invention has
greater than 90 wt % saturates, less than 10 wm %
aromatics, a viscosity index greater than 120, |ess

0B gt ot A S0 Pl BARNAY) SF6A9or rove

c pakemilsaéither with onwithontithet grddl‘and of visgpsity ofdex.improver or seal

ng}/\légtﬁg%%t‘gntd eVSé opa?’é\ q‘f{&i%‘ %V\*H;?;Iauhcﬂwd

gedditive nahdmgé.ab theWendJs dgsmﬂed)asﬁxambld hafThesfolb@iufgtions of

i FemPRRGE ol Brsu Bt s agta ¥, © O

pol yi nternal ol efin, and m xtures thereof. Exan'pl es of

other Group |11 base oils ar_F Cflwwron 4R, Chevron 7R,

ExxonMbi | VI SOM Shel | XHVI I8V shel | xHvI 5. 2,
SRIViEexDase S50, VURgs, TEHRE, O] EBhp.

Pet r 0Ganada 4, 6, and 8. Wen |a portion of the

pri gi nal base oil is repl aced WiIYRG he | #8EPPed pHYBE

HydPAulldERid RV AT eL e RPV sttt TS

8’ ealéed bi/ at Ifl\eas 25 m nut e%vgpr ef eh;{)?y by Ca)lt73

€8cKage m.nut es, mor e preferably by -at Ieast 100

o

Ag;cfﬁpﬁona éuO";);:e 5: 22;3'3721% nogeiﬁﬁacm)g qq;rleliaslg@.%o.

PGrbapdbByse I8 vi scosity i ndexX Gvobl - be |iggogzasedobyieat
BRIAPPD 1040 |0.20 0.20
Viscosity Index Improver 0.00 © " |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 VL.
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WoOwR0o/02483® | nprove in air
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10, but
| east 50.

rel ease by ASTM D 4327-03 of

50 degrees C. A portion of the original

it may be increased by at
In preferred enbodi nents the l[ubricating oil

rel ease, and nmay havBCHOSENG6/048676

| east

25, or eve

n at

| ess than 0.8 m nutes at

base oil

in

t he

context of this invention is between 1 and 100 wt %

preferably between 20 and 100%
EXAMPLES Exanpl e 1:
Tropsch wax had the
base oils,

greater than 50 wt %

hydrotreated cobalt based FL[%% e(q

follow ng properties: Table

A

FT-7.

and FT-14, were nade fromthe hydrotreated cobalt

déﬁ%ﬁﬁrﬂﬁ? hydr of i ni shing, fra

to a viscosity target. The ba
roperties as shown in Table

1@‘?‘6[@6& i ng

\$eygl s hadpivisp

1. Table F

rizatin

and nost preferably

3

CoReP bl end
)

-14 1s an

i GgMP.
HYDE

eXisepBity ot 4DM3- 83ke oi | usef |

1I143. % t he |

IBBidat i ng

A tron—tt
h&%@ﬁ e‘sd%&t h cycl opar affi ni

la
nas—gre

+ |
1 orart

Cc function

aﬁpﬁy and a

ofbg

158

hREVATE&1EICy Mindtos. to&REI ¢
h?’sdraul ic fluid using the FT-
brEed with a comercial i

» A7 Two bl
7.3 and th

pads of | SO
p FT-14 wer

juid zinc a

346
e

Nt i wear (AV)

J

ydraulitc fTurd additivepackage.

The hydraulTc TlTurd

ditive package, conprised |iquid antioxidant additive
?gH%%FPEFF@r?Wq%BﬁW RE Matienre RIstifRienh Bapeiofiedlid Ret have the
VHESIRSD high VOSXd eRBEIRHR oxisioAddsdiitios 6F ¥H@fub%afirﬁ@ oils of this

two bl ends. The fornul ati ons

of

t hese two hydrauliT

f NYEBtRN e Avthongk tha megitionsef Viscomilyliadex impryer én Comp. HYDE
improved the viscosity index, the RPVOT was still well below 600 minutes.

Note that by replacing the Group |l base oil used in Comparative HYDD with

“the preferred Group lll base oils of this invention (see HYDB) we were able to
increase the result in the RPVOT test by more than 100 minutes.

Additionally, the viscosity index of the hydraulic fluid was increased by more

“than-50, without the addition of any viscosity index improver.

Example 4:

Two base oils, FT-7.6 and FT-13.1, were made from a 50/50 mix of Luxco

160 petroleum-based wax and Moore & Munger C80 Fe-based FT wax . The

50/50 mix of waxes had about 65.5 wt% n-paraffin, about 2 ppm nitrogen, and

less than 4 ppm sulfur. The processes used to make the base oils were

hydroisomerization dewaxing, hydrofinishing, fractionating, and blending to a

viscosity target. The base oils had the properties as shown in Table Vil.
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The properties of these two different hydraulic fluid
bl ends are shown in Table IV. Table |V Both HYDA and

woNYBoasss0 exanpl es of the lubricating oil
invention with very high oxidation stability and high

VI. The
i ndex i nprover

base oils used. It

of tPCBHUS2006/048676

"high VI was achieved wi thout any viscosity
because of the unique quality of the
is surprising that the oxi.dation

stabilities by the RPVOT test wereas high as they were

consi dering that the base
relatively high olefin cont

q@gt\ﬂﬁt wer e used had

and Oxi dat or

BNs of

eSS $hapielPropatties Exa

bl ends were nade using d

pl e 3 FTHAGRe com

ﬂl"\\lﬂl"\fL onal

Dar at IFVGIS 1

|1 Migsesdy s 1087 €nePt wi t

T \.AUU

h or \/\75% ut the

J r Ul

Tohtor

addi t

auua\ﬁébdshggﬁdéyprover

Of segfgpwel I a

jent an{ggu3| ng

t h rcial liqdid zinc AWhydraglic fluid
add| t i RoyddinyeCas the bl ends d&scri bed|in .Exanhl e 2
OF-ra e—conpartson biends—are

t hr ee differgent corrpar at
shown in T%bl e VlI. Table
rade usiné

nproved thggviscosity i
pel ow 600 m nutes. Note

e I AAbIE v, 3

di 3% er ent bas

desi red highoVl and excel |l ent ogd4lati on s
 he lubricating oils of this inv .on
addi tion dOA¥Ecosity index ﬁ?&/g%

Tabl e V The propej

VI Th
e oil

ndex,
t hat

t1lpesRPVOT v

by repl acing

ive hydtzgilic fldid bl ks are

BEENOC have. 2Tt 'S
\I t hq Hgl@ 6éla%

ties of these

t abi | HoBBs of

vas st iqibowel |

oo A

bas eT oial WIB%dATQWEHﬁﬁpar ative NS84 th tH
:er;pahwto%ghﬁﬁéh*c{?;;sgl t heII ?elsﬂlvt9 | Inophc(aSFEeBV(H)'T'EtBeqt by
Tor e thaiﬁll\{l@QWtP/nut es.
Alkanes 58.3 427
1-Unsaturations 34.4 394 -
2-to 6- Unéaturations ’ 7.3 17.9
Total 100.0 1 00.0
~Total Molocules with | A7 573
Cycloparaffinic Functionality
Ratio of Monocycloparaffins 4.7 2.2
to Multicycloparaffins '
Oxidator BN, hou,rs 4542 33.52

Both Ff-? 6 and FT-13.1 are examples of the preferred base oils used in this
" invention. Both of them have greater than 35 wt% total molecules with

cycloparaffinic functlonahty and viscosity indexes greater than 150. Both of

them were derived from a waxy feed having greater than 60 wt% n- paraffin

and less than 25 ppm total combined nitrogen and sulfur. Additibnauy, both

of these base oils had very low aromatics and olefins, which also contributed
to higher oxudat:on stability. They both had Oxidator BNs between 25 and 60
- hours.: FT—7 6 is an especnally preferred Group i base ol as it has a vnscosny
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wa@adarnrsseo of any viscosity index inprover.
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Additionally, the viscosity index of the hydraulic

fluid was increased by nore than 50, w thout the

Ex ap@it/eS2b06/048676
Two base oils, FT-7.6 and FT-13.1, were nmade froma

50/50 m x of Luxco 160 petrol eum based wax and More &
Munger CB0 Fe-based FT wax . The 50/50 m x of waxes

had about 65.5 wt % n-paraffin, about 2 ppm nitrogen,

and | ess than 4 ppmsul fur. The processes used to make

e Rr R TP ORAITHGor SANOBLREN TR 98 hgurs. If one of

ViisgaeShilsywe Ry g&dd td Rsplaes a Gidup h@tols en R U Ilﬂ%aﬂs‘é oil
shown in Table VI Table VI | Both FT- and FT-

ah@vieshyFeasibt indg lessethan 130 kua éutmqagmas@hfqrwuiaﬂoy the
| REAPOT 85 IBebMdahcidRY W.%agéﬁwaﬁm 561&1%&53 é’t‘i’;@t\ﬁécosny

mol ecul.es with cycloparaffinic functionality
vingeyssaud infeass by meeresihaiiih wiiput toe ﬁddfthm@fmmeo@er

d ng greater than 60 w %
n%“gg‘l\r{gg? Oﬁggﬁgsﬁgﬁdé{)ﬁgﬂo gg&;)pm total conbi ned
nitrogen and sul fur. Additionally, both of these base
X?"ﬁl%b gdgvery low aromatics and ol efins, which also
con utéd to higher oxidation stability. They both
had Oxi dator BNs between 25 and 60 hours. FT-7.6 is an

o TRECRBYY pBISOHE B irid 48 P5E s H&¥hahatd SR blend of
giSates (HYRH) 4115d Felicstiuidi usirgethefF T7es andithe men 8. M&éﬁb
hBAREeth Beosat e sormerpablivi zinci BB nyoep i Hid adaitve
| phekads Lsad M Exéﬁfﬁlé& atdren3 t R 5063ty inaek impriled was added

i ncrease b\é g{ ater than_150 m nutes and the vi scosnt?/
i Riedher R thei h@ee'a@dﬁy The ormwiationsmf thepee dtrest draulic fluid
a@ﬂérfd's%e@un%&n@éb% Tadt Vilves or viscosity index

i mprover. Exanple 5: Two bl ends of 1SO 46 hydraulic
fluid (HYDF and HYDG and one bl end of
Table VII
Component, Wt% _ HYDF HYDG HYDH
Hydraulic Fluid AW Additive 0.73 0.73 0.73
Package
FT-7.6 88.94 50.00 | 36.05
FT-13.1 10.13 8.87 63.02
PMA PPD 0.20 0.40 0.20
Viscosity Index Improver 0.00 0.00 0.00-
Total "~ - 100.00 100.00 100.00

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

Table VIII.
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| SO 68 (HYDH) hydraulic fluid using the FT-7.6 and the
FT-13.1 were blended with the sanme comercial liquid

wa kove/07888hydraul ic fluid additive package usedPCTUS2006/048676
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Exanples 2 and 3. No viscosity index inmprover was
added to either of the three blends. The formnul ations
of these three hydraulic fluid blends are summari zed
in Table VII. Table VII The properties of these three
different hydraulic fluid blends are shown in Table
VIII.Table VIl Exanple 6: bl ﬂ of Chevron
Clarity(r) Synthetic Hydrau ?%bgﬁ id AW SO 46 using
FT- 7.6 and FT-13.1 was prepared (HYDJ). An ashless
vwas used in this hlend.  The

am;_l_\Aear_ade_t_uLe_packaim

hERPRArEeaINt i wear addi tive package RYRE i ¥R G 51D 6%
oSOt WgRE Tgg addl TTve TomCe g At 4171 g
ant | ox1 dant additive concentrate |conprijsed a m xture
of\/lsmophwhydam ne and h| gh nol ecul|&62nei|gtd3 hi ndéBed

NN | HEEZW2 2SN

TR e MR et Baslat | v Gend A CobbiZm
SDaopty(r) Synt hetl ¢ Hydraulic Fliuid AW 1 SO 32 usi ng

Chavr on and—Chevwron—4R ggup M1 basle—gilstand—-4-i6
Ntd%'\?i?@@%l(pﬁd@?aét qqrﬁr over was |a-98 pr%égre(ﬁ(&n'p.
Chéevron 4R and Chevron /R Goup ITT base oils
:Téol caII have greater than about 75 wt %t ot al
¥@BRIRE: wi th cycloparaffinic functionality. Unlike
the base oils used in the hydraulic fluids of the
current invention, they both have ratios of nolecules

Wa blend 6 Shevepa Clanity®) Symthetic iHysaulio Fluid AYY 4501 48 using FT-
ef‘ afy P 6y 9 &Q%?ééén‘%‘dc(ﬁ%‘@h e/gﬁ Q%hfe%ﬁ (Hntﬁ«%%w dght;]ve

ess. The for drau "urd
bpenls@eawesswadamtlasoblend The ashless antuwear additive package-

comprised about 46% liquid antioxidant additi\}e concentrate. The liquid

~antioxidant additive concentrate com‘prised a mixture of diphenylamine and.
high molecular welght hlndered phenol antnoxndants No viscosity index -
improver was added to the blend. A comparatlve blend of Chevron Clarity®
Synthetic Hydraulic Flmd AW ISO 32 using Chevron 4R and Chevron 7R
Group 1l base oils and 4.6 wt% viscosity index i improver was also prepared
(Comip. HYDK) Chevron 4R and Chevron 7R Group Ill bass oils typically
have greater than about 75 wt% total molecules with cycloparaffinic
functionality. Unlike the base oils used in the hydraulic fluids of the current
invention, they both have ratios of molecules with monocycloparaffinic
functionality to molecules with multicycloparaffinic functionality of about 2.1 or
less. The formulations of these two hydraulic fiuid blends are summarized in
Table'IX.

Clarity® isa registered trademark of Chevron Products Company.
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wo b@se7isem di fferent hydraulic fluid bl ends areCEHOS2MN6/048676
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Table I X. Carity(r)

is a registered trademark of

Chevron Products Conpany. Table | X The properties of

in Table X. Table X Although the conparative HYDK

hydraulic fluid had a very good RPVOT result,

It

was

| ower than the result obtained with the hydraulic

fluid of our invention,

RPVOT of HYDJ. Note that the Conparative HYDK

conpri sed base oils (Chevro Rl
ot

and notably | ower than the

Goup I1l) that did

not have viscosity indexes than 150, nor did
they have a preferred ratio of nolecules with
||f\/ tomoleceswith

mquWerW@?fl nic function HYPJgrea EPMMan p. 1 of
fhe preferred base oils used ijn our I NVEAYHRA.
Conparative HYDK al sa conprised a significantanmount of
P@@d@sﬂyyqirﬁub& ﬁilnﬁrpd»()/eﬁ\dwbveck@-éﬁe a v] 8d&sity | ndex
Rk ?9 than 155. Exanple 7:° A bl end of| Chevron
O ari tyer) Synthetic Paper Machine Q1 ]SO 220 is nade
by T-é;8l aci ng greater than fifty86dcent| 0f0Q he
f i i 'tha";; derim"\b ase—pi |
havi ng 't he properties as shown ﬁg tabl e g(l. Tabl p X
ICHEVrem 4RPPRIG ORI BasdTBasuriegioat a k| pamatic
\!Qr‘nclf\l of 15 ¢St and at. .a slide to rbll ratiol of 40
pEMBAPD The 1 oad applied is 2d%20correb Bd®ing 1o a
RIS GISRY ISR RHpRVEr 0. B3 Cha [ @GN The giggimar | paper

chine’oil the inproved paper mach|ne oil cpntain
t Hotalame ashl ess antiwear addilt18@0Packh3e0.0

UIIpUIICIIl UI lIIC

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

X.
Table X

Properties HYbJ Comp.

A HYDK
Viscosity at 40°C. ¢St 45.4 36.4
Viscosity Index 162 180
RPVOT@150°C, Minutes to 25 PSI 931 678
Drop

Althdygh the comparative HYDK hydraulic fluid had a very good RPVOT
result, it was lower than the result obtained with the hydraulic fluid of our
invention, and notably lower than the RPVOT of HYDJ. Note that the

. Comparative HYDK comprised base oils (Chevron 4R/7R Group 11l that did
not have viscosity indexes greater than 150, nor did they have a preferred
ratio of molecules with monocycloparaffinic functionality to molecules with
multicycloparaffinic funétionality greater than 2.1 of the.préferred base oils

used in our invention. Comparative HYDK also comprised a signffibant
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ashl ess antiwear additive package is an anti oxi dant
additive concentrate By replacing a significant

w@eooriozas3of the base oil in the paper machi ne BCT/US20D6048676

10

15

20

the FT Derived Base G| A the resulting inproved paper
machine oil has a result in the rotary pressure vesse
oxi dation test by ASTM D 2272-02 greater than 680

m nutes, which is at |east 200 mi nutes greater than
the result in the original paper machine oil (475

A1 B br Pty b E e B et di Sater than

i n66rporated by reference in their entirety to the
same extent as if the disclosure of each individual
publ i cation, patent application or patent was
spaahfpleat |y and individually indicated to be

i ncorporated by reference in its entirety. Mny
nodi fications of the exenplary enbodi nents of the

| PVSIBhE & %@%@@Wﬂt%?{?@%t%h& PapRf MacHTE il IS0 t2@95i§ made by

skilled in the art g the 1nvention 1S
€

beeM@ﬁ@grgﬁ@@teaéharhﬂftmen@ermqf the polyalphacietn besa@dgvnth aFT
t Rativ i ms. WHAT

| 82y bs? ol e GRPE S S SnARRIR JHE X

conprising: a base oil having greater than 90 wm %
saturates, less than 10 vvt%l%rf%y( ics, a base oil

vi scosity index greater than sul fur I ess than

)P@Gpe_mti%~ and a sequenti _al n_unt)e’r_ of Eaqrberved @xse Oil A

BYGOEY IMF%0i | viscosity index between 155 &HP 300;

JTrjctkﬁS@béfﬁ@feng’f eater than 680 mnute€s 1 n kpgFotary
ssel oxidation. test hv ASTM D 2272-02 at

ressure ve
¥ 7 Sptealesc, and c. a ki nemati c viscosity aw940 C -

M #\Voﬁﬁaﬁ?é to 748 (,D[ and \ herermthe db&b BBD

ricating oil is a hvdraullc fluid or a paper
Tt(\tﬂ% fHetiy . . - 0.0
Total Molecules with Cycloparaffinic Between 35 and 70 wt%
Functionality ' _
Sdlfur ppm ' ' o )
Nltrogen ppm c ' e <1

*traction coefficient is measured at a kinematic VISCOSIty of 15 ¢cStand at a
slide to roll ratio of 40 percent. The load applied is 20N, corresponding to a
Hertzian pressure of 0.83 GPa.

Both the original paper machine oil and the improved paper machine oil

contain the same ashless antiwear additive package. A component of the

ashless antiwear additive package is an antioxidant additive concentrate. By
- replacing a significant portion of the base oil in the paper rhachine oil with the

FT Derived Base Oil A the resulting lmproved paper machlne 0|l has a result
.in the rotary pressure vessel oxidation test by ASTM. D 2272- 02 greater than
' 680 minutes, which is at least 200 minutes greater than the result in the
'.onglnal paper machlne onl (475 mlnutes)

-35 -



10

2. The ashless lubricating oil of claim1, wherein the
[ ubricating oil viscosity is between 160 and 250. 3.

wab@7asisBess | ubricating oil of claiml, wherePOT/UR®06/048676

result in the rotary pressure vessel oxidation test is
greater than 700 mnutes. 4. The ashless |ubricating

oil of claim3 , wherein the result in the rotary

pressure vessel oxidation test is greater than 800

m nutes. 5. The hydraulic fluid of claim1, wherein

the viscosity grade is selected fromthe group

consisting of 1SO 32, 1SO 46, and |1 SO 68. 6. The paper

nél lof thee pUb|iccﬁtiou:isapatents ahd paitentt dygplications icitgd g dde aipplication

sel ected fromt oup, consi sting of. IS 0, 1SO : i
155 o€l biss ol dby o el Shireiifo Rejsessextent as i
I w%rdlsdbsuge o[l_ éa%f g‘fl\ﬁdmllputﬂlddtléh ?pmbh‘gagamidl@tnad‘r r?éttént was
rel e ess an m nutes at .
5P %@éﬁf&f "Q'V'%%JFVAQ%C@@ +CUB?|"?:%%fpﬁ&'t§¢|b3/d1ef“?f?apﬁ1'n its
1ent&é€9 tionally having a Pass result in the Procedure

B rust test by ASTM D 665-03. 9. The ashl ess
| ubricating oil of claim1l1, wherein the base oil is

%ﬁ?%odﬁ&ﬁﬁéﬁ@oﬂﬁfé S&dn I%P%Sﬁ%m% Sf h#é%b&ﬁﬁc}rﬂgiscldsed

.claim1, vvherelnte |catn
h%BO\é? witireaddly @ceupto @matséﬂledharthecarooecmmngly the Anvention

all§%%%sc$\¥§ﬂ?éa églrwl&iﬂ%%ﬂ s%cﬂfr{% dS nfe%ﬁaq%gfag? lrwétﬁm the

%W@%ﬁaﬂm@mw ¢glaimess than 10 vvt % aromatics, iii.
a viscosity index greater than 120, iv. |ess than 0. 03
wt % sul fur,
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v. a sequential number of carbon atons, and vi.
greater than 35 wt% total nolecules with

waeyohopms@f finic functionality or a traction PCT/US2006/048676
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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; b. an ashl ess anti oxi dant
additive concentrate; and c. less than 0.5 wei ght
percent based on the total lubricating oil of a

ltS}’C rover; wherein the ashless
Mashl ess paper nmachine oil has a

| ubricating oil viscosity index greater than 155 and a

r asuhb aghlegsaabecatintpoil, dfnpriging €3 bb@emq]mg\gkater than 90

| ti t est ASTM D 2272-
50 Wt aletss. 1655 i JaMtiaaromaica i tass of visspsiy index
ashl @eatdrapah ’miﬁré'uﬁﬁr Risk tRhn @l @3 Wt‘%l an%%@%@eﬁﬁbq number of

base oil is derived froma waxy f havi ng
t hanC%bowa#@WSpwh@remrtbemle%slybtmtmgeen bps conbi ned

ni t rQQ%uBHQatg#eﬂg b c&gny}nfe 25 1HElLAYH0p. 1 ui d

or ashl ess |neo claim711l, wWheréin the
baseP-oi rem; of rgeaaf@r tlnafaﬁBﬂ(Dmvw%st iotthe rotdrg puessureiviessel

CY o P RSRHHR Gel BD AT Db oy T (BSIIES ang o
11, mherkinematie Wessitpidt 4:)|§CFfrcsnht@r8 Tsops Th8dest| ued.
o WieR 8 st A il ¥ pATBLER BUBfPrH papar machine

traactil.on coefficient I ess than or equal to 0.021 when
neasured at a kinematic viscosity of 15 cSt and at a
slide to roll .ratio of 40 percent.

2. The ashless lubricating oil of claim 1, wherein the lubricating oil viscosity is
between 160 and 250.

3. The ashless lubricating oil of claim 1, wherein the result in the rotary
pressure vessel oxidation test is greater than 700 minutes.:

4. The ashless lubricating oil of claim 3 wherein the result in the rotary
préssure vessel oxidation test is'g_reater than 800 minu;tes.

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

6. The pép.er machine oil of claim 1, wherein the viscosity grade is selected
from the group conSIstlng of ISO 100 ISO 150, ISO 220, 1SO 320, and
ISO 460. ' ‘

7. The ashless 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.

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

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

10. The ashless lubricating oil of claim 1, whérein thé ashless lubricating oil
has a TOST result of greater than 10,000 hours.

11.An ashless hydraulic fluid or an ashless paper machine oil, comprising:
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16. The ashl ess hydraulic fluid or ashless paper
machi ne oil of claim1ll, wherein the |ubricating oi

wham7a7isebri cating oil viscosity index greaterPCTaR2006/048676
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160. 17. The ashl ess hydraulic fluid or ashl ess paper
machi ne oil of claim11l, wherein the result in the
rotary pressure vessel oxidation test is greater than
700 m nutes. 18. The ashless hydraulic fluid or

ashl ess paper machine oil of claim17, wherein the

result _i,nth ary pressure vessel oxidation test is
;%‘e?’" %Sgn&bég&'é' '

gre nutes. 19. The ashl ess hydraulic
fluid ar gmbte&stlaa»péﬂ@ejvt%rwahhnaeesyi | of claim 11,

wherein t shl hydraul jc fluid or ashl ess paper
machi n& JF ﬂb@i& F%(Eﬁ* ©S:of greater than 10, 000

hour s. i20a, vaesaqsmd@is%erHrauéhqzbl uid or ashless
paper pachi'ne oil aim1l which is selected from

the gr Bagesdandi0fgvbe sur2, |1so 32, 1SO 46, (SO
68, ang, |HE40htial nbindbhr éﬁ!ﬁrﬁ?ﬁ aiflsaghdg c fluid or

ashl ess paper machine-oil of claim20, which is

sel ect ¥ gregtartthen @Boutds dois maleedes withstyddopare§Dias

and | SO h I

paper qﬁl nﬁg%el’hl-{y 81[ gstfg& {}yeq‘fmﬂ%”‘ésé t@%‘?é’@t ggg\b %%21

t he gr oupvkemsieasungd et al KhGemhalic visBOsitp0f 16AS 2 al HSlide to

320, and Hoﬁpaéggf48%erggﬁt ashl ess hydraulic fluid or

ashl ess paper nmach of claim 11, wherein the
| ubrb.caniastlessl aradﬁmdarctrmidntwdﬁamcmmtmte gred ease by

& etiahan s HeiaiRabPrionsdh B B RRal beelaligd i o

nachi ngisobht)oindeka:inmrdaer wherei n the ashl ess

ant Iwxelrglanntthe as léésv ﬁygl%rllﬁl Qluuf‘ E)I? agr?lngé Ipsé%%r machine 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.

12.The ashless hydraulic fluid or ashless paper machine oil of claim 11,
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.

13.The ashless hydraulic fluid or ashless paper machine oil of claim 11,
wherein the base oil has gréater than 40.-wt% total molecules with
cycloparaffinic functionality. ' -

14. .Th‘e ashless hydraulic fluid or ashless paper machine oil of claim 11,
wherein the base oil is 'Fischer-Tropsch derived.

15. The-ashless hydraulic fluid or ashless paper machine oil of claim 11,
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 slidé to roll
ratio of 40 percent.

16. The ashless hydraulic fluid or ashless paper machine oil of claim 11,
wherein the lubricating oil has a lubricating oil Viscosity index greater than
160.
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hi ndered phenol, a di phenylam ne, or m xture thereof.
25. The ashless hydraulic fluid or ashl ess paper

wor@nions3®i | of claim 11, wherein the ashl ess PCT/US2006/048676
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anti oxi dant additive concentrate is a conponent of an
ashl ess antiwear additive package. 26. An ashl ess
hydraulic fluid or an ashl ess paper nmachine oil,
conprising: a. between 1 and 99.8 weight percent based
on the total lubricating oil of a base oil Eavi ng : L

. ter than 90 % saturates, ii. less than 10 wt %
I @P}%%Sim.vdr% o ﬁwaﬁr@%ﬁem ARSI TPAFhING Oilpf claim 11,

sequ@Rbieih tRe!FRRNt iAfthE 36RAY péiTe VessON SadSor kAR is_'3§reater
W % total nolecules with cycloparaffinic functionalily:

or ath@naddQ BHineess fici ent 1ess than or equal to 0.021

A ETAFASHIAS hrfulk R Apcasadmacnls i g 17,
oi | Wwhewirthg resvlidr the eatesy présaure yessél. oxidatioretesd iDgreater

and & wed : ent based on the total lubricating, .
oi I 15o‘fa\{xfgéh(s-ﬂzjls. "P@%g' ant i oxi dant additive concentrate;

af@.The lasblessryardulls fluid gintashiessardpdranachias dilhsf daibah 1,
| oI Hhohe Rt R Y o Bk TR e 5 s o
oi | T@ST iesuit df gbeatenthary 10id00vhewesi ty i ndex greater
BB AR50 i Bk e e 20800 TS
2272vAkhas seittategbrethelgroup JaHsIaRY SIS AYY! fithig 1SO 46,
fl ui&é)%afagmﬁg% %a&er machine oil of claim 26, ‘
21.The ashless hydraulic fluid or ashless paper machine oil of claim 20,
which is selected from the group consisting of ISO 32, ISO 46 and ISO 68.
22.The ashless hydraulic fluid or.ashless paper machine oil of claim 11,
which is selected from the group consisting of ISO 100, ISO 150, 1ISO 220,
ISO 320, and ISO'460. |
23.The ashless hydraulic fluid or ashless paper machine oil of claim 11,
Wherein the lubricating oil additionally has an air release by ASTM D 3427—
03 of less than 0.8 minutes at 50 degrees C.
24.The ashless hydraulic fluid or ashless paper machiné oil of claim 11,
wherein the ashless antioxidant additive concentrate comprises a
- hindered phenol, a diphenylamine, or mixt‘ure»thereq%. -
25.The ashless. hydraulic fluid or ashless paper machine oil of claim 11,
wherein the ashless .antioxidant additive concentrate is a component of an
ashless antiwear additive package. '
26.An ashless hydraulic fluid or an ashless paper machine oil, comprising: -
a.’ between 1 and 99.8 weight percent based on the total lub’ri‘cating oil of
" a base oil having : . | .
i. -greater than 90 wt% saturates,
ii. less than 10 wt% aromatics,
iii. less than 0.03 wt% sulfur,
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wherein the base oil has |less than 0.05 wt % aronatics
and |l ess than 5 wt% ol efins. 28. The ashl ess hydraulic

wo ke @73880 ashl ess paper machine oil of clai m 2BCT/US2006/048676
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wherein the base oil has |less than 0.05 wt % aromati cs
and less than 1 wt% ol efins. 29. The ashless hydraulic
fluid or ashless paper nmachine oil of claim 26,
wherein the base oil additionally has a ratio of

nmol ecul es wi th nmonocycl oparaffinic functionality to

nmol ecul es ticyclo raflnlcfunctlonallty

r eat ekvetaﬁgﬁ&’ieqya' %X ‘gra%?g pa&d ri‘i';?draul ic fluid or
ashl esy. p@eeterrthahISB?wt%Hoﬁﬂ nrdlaclmeaawtn/\bm@a;éraﬁhﬁc
traction f§oe flclent is |l ess than ar equal

when rmeasNEHCRRIIYY of atEasiioncqgttcissi l‘-:\fsahan@r@svabmﬂ 021
at a slidehér meddureatdt@ @ﬁeﬂn@t:@@ﬁ&%&y op 5l é}?d“éte§§hde to

hydraulic fluid or ashless paper machinhe oil of claim
26, wher &4 raHe oA4R| Q%r§e'&htaP6X| dant additive

concen r
di phenﬁllr Zémﬁﬁggm Wé@o%' %ﬂgr eo?%%%oiﬁ] ashl ess
hydrkau BM¢¢®D&5)$N@§NV@QQ’L papent askd e thiel totf] Idbridating oil of

26, wihepeldhd ARl SR ARAEH AYGLhLVE, foncent rat e

is a conponent an ashless anti wear ive _
paclkagtess3dBan mﬁmglst ;ﬁ@"cen‘alkase;i an ths bbtas Ribnigetiag loilof a

fluid SS machi ne oil with high

oxi dat ?%’ﬁgg'ttgﬁﬁes(tlwp% ?TEprl sing: a. hydroisonerization
dewardindha asme,ssﬂqaﬂahléwﬂmd cgra&hﬂ@s EYGE)Y rﬁacM\ifn%o:l has:
n- paraf fi ns and t an %gntotal conbi ned

nitrogen & @@F'f‘g tvésm NOHSgEaeT thasy 198y ardkat er
t han 9. w.t Béaﬂtt off greater thah B00NAUlEs W IR AT preSsur vessel

base of | ox1 ac\:t?gr; Eeyst Ibgdfs).(T rS%tZQI'rZ (t)éq g?'l%%%eglrggss C. {han
27.The ashless hydraulic fluid or ashless paper machine oil of claim 26,
wherein fhe base oil has less than 0.05 wt% aromatics and less than 5
wi% olefins.
28.The ashless hydraulic fluid or ashless paper machine oil of claim 26,
wherein the base oil has less than 0.05 wt% aromatics and less than 1
Wt% olefins. '
29.The a'shless.hydraulicﬁ fluid.or. ashless paper machine oil of claim 26,
wherein the base oil additionally has a ratio of molecules with
monocycloparaffinic functionality to molecules with multicycloparaffinic
functionality greater than 2.1.
30.The ashless hydraulic fluid or ashless paper machine oil of claim 26,
wherein the traction coefficient is'less than or equal to 0.019 when
measured at a kinematic viscosity of 15 ¢St and:at a slide to roll ratio of 40
percent. .
31.The ashless hydraulic fluid or ashless paper machine oil of claim 26,
wherein the ashless antioxidant additive concentrate comprises a
hindered phenol, a diphenylamine, or mixture thereof. )
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0.03 wt % sul fur, and a sequential nunber of carbon
atons; b. fractionating the base oil into different

WO R®c0%issy grades of base oil; c. selecting onBCDUSINDG/@48676
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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 nolecules with
cycloparaffinic functionality or a traction _
coefficient less than or equal to 0.021; d. blending
different viscosjt

orEe BEhE NGl Tiia o sbifssckoramasF sl of odim 26,

Sddi Whris 6is aBhie’b @ntivaR kRIdie asitlepatd s %Hp%nent of an
fluid qr ashl ess paper machine 6il; wherein the

ashl ema%\\uﬁ?&a@'#@va R&ckag®l ess paper nachine oi |
hzss A p%ééé&fotrynam%w@gmg@@hgl&%uﬁe %@Qr an %sﬂlés%%ﬁer

of greater than m nut es he rotary pressu
v es s@pchipedeit wih W%DXWUMTSMWIWZKZQH@IISW 150 degr ees

C. e, OF o

ror o IARIEEREREaNSH Bl wal REhAVIR: 310 than 60 wix

have gndaar@ﬁlnmand s anthent 28 apmmltaimﬁimlslnwtrhtrogen and sulfur to
I al it rocess o

Y <! OPRAN b Heleel HHAVBA B 75 8F VRSB FaGsclase than 10

Vi scosmityo grmdascmfﬁ momwlscbmuwd&gg@&}]@ﬁhan 120, Iedss than
ffi t or en freasure

ook PRSPl o & siefual By o1 fatban Pl to

rol lb.r &‘blcﬂoﬁétll“ﬂ@tmbﬁﬁ]bﬂmo diterepit Q%‘E)%ltﬁbréd@d &1 Sase oil;

V\herelntﬁcsashlesshdrallcflwd or "ess paper

macHf n&CGHNE L0 © gifiesertrvistraity wadas @ubé@e oil
in thehaoingry pressure vessel oxidation test by ASTM D
2272-02 at 150 degrees C. 37, The process of claim 33,

wher ei h t?\ée%ﬁée‘ggaﬁ%ro@ Vo¥COosiE iRt greater apctx).iapd

ii. greater than 35 wt% total molecules with cycloparaffinic
functionality or a traction coefficient less than or equal to 0.021;

d. blendmg the selected one or more of the different viscosity grades. of
base oil with an ashless antioxidant additive concentrate to make the
ashlesshl'ydraulic fluid or ashless paper machine oi;

wherein the ashless hydraulic fluid or ashless paper machine. 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. ' S

34.The process of claim 33, wherein the one or more of the different viscosity
grades of base oil have greater than 40 wt% total molecules with
cyclbparafﬁnic functionality.

35. The process of claim 33, 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 at a kinematic viscosity of 15 cSt.and at a slide to roll. -
ratio of 40 percent.
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grades of - base oil have an Oxidator BN greater than 4
1 hours. 38. The process of claim 33, wherein the one

woroomors3of the different viscosity grades of bPeEESINNG/048676
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additionally have a ratio of nolecules with

nonocycl oparaffinic functionality to nolecules with
mul ticycloparaffinic functionality greater than 2.1 .
39. The process of claim 33, wherein the one or nore of
t he different vi scosity grades of base oil

h . [ f. n d
CHPoThe Riiabe ShTail, 28, yhafein B5e e RRsT o g leclid S pshiess
a Basspdd lhaatimé dilaredson ,reMEbEgmdt@ﬂhBaSm@ﬁmtE{@@ﬁn the rotary
a1 weshge Sdaygh testhdsa i 207 L3 B desrees c.
18001he pﬂc?cesé(bf'%lé’fﬁf B@dwﬁéfelh ’ﬂﬂ?é @Merw nﬁ&% @Nh@adlffefént viscosity

stabili of an as | ess Ciﬁrau i C i d an ashl ess
i |

papegraﬁﬁ‘ém ‘hasgiqil havsnpn or BN Q@W'ﬁhﬁ‘g‘ 41 bayes. o |
h8gi Tge procd3s&AH Rlind @@%ﬁ@réﬁ‘ﬁ ({‘ﬁé @F\Hro"i‘trﬁére of theI (ﬁﬁéreémt viscosity

t han 10 wt%arormtlcs Vi Sco
gr ecdredes Wéﬁaw@ll addntlcbrwly hamma @amowwleﬂ wlthv a

35, .
o 0 B oRrel AR E hurf ORI R Bicables RE T HlipyiBPaiignic
or dupctenalith geesdéef theinedt!. Iess than or equal to 0.021
B8 BRAE] s 2SR 5ROl Bt vscosty
r at igradés wbbase lodtsadditidnatiyrteniech opws ef ot Soint, in degrees C, to
t Q.. M hrrultl chogarafflnlc

tuncinSREHE MpehRlBLTOY G in 551 briater iR aBEE Gil Poir Factor,

wherein the Base Oil Pour Factor is calculated by the following equation:
Base Oil Pour Factor = 7.35 x Ln(Kinematic Viscosity at 100°C) -18.
40.A method for improving the oxidation stability of an ashless hydraulic fluid
or an ashless paper machine oil, comprising:
a. selecting a base oil having: .
i. greater than 90 wi% saturates,
" ii. less than 10 wt% aromatics,
iii. a base oll viscosity index greater than 120,
iv. less than 0.03 wt% sulfur,
- V. a sequential number of carbon atoms,
vi. 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
vii. a ratio of molecules with monocycloparaffinic functionality fo
* ‘molecules with multicycloparaffinic functionality greater than 2.1;
and .
b. replacing a portion of the base oil in the ashless hydraulic fluid or
ashless paper machine oil with the selected base oil to produce an

“improved ashless lubricating oil; wherein the improved ashless
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and b. replacing a portion of the base oil in the
ashl ess hydraulic fluid or ashless paper machi ne oi

wWowaoh/0tr4se0 sel ect ed base oil to produce an i nprBEBUS2006/048676

10

15

20

25

30

ashl ess lubricating oil; wherein the inproved

ashl esslubricating oil has a result in the rotary
pressure vessel oxidation test by ASTM D 2272-02 at
150 degrees Cthat is at |least 50 m nutes greater than
the result in the rotary pressure oxidation test of

o . Aokl Aok eoeskltan Hi P SRR HE T ERifon test

i's derpyasti W??Z\@QYatfﬁiﬁdé@‘éleﬁg'J tiatds et [dds5060inLtes
n-paraffin. 42. The method of claim40, wh elntE S the

waxy fereaterdhands sesult gpbeotrty injeesugPxi
of cl ahLpdls ﬁﬂuﬁb@lu‘d@r ﬁﬁ%@s@Bprﬁ&é@hﬂ@@ulo”

viscosity I'n greater t The net hod of

o4 hilineapetharbebelaing B, wheeeipithe hasepiigderyed from a waxy feed
Vi s A . 45. The net hod of

cl a%%%iwyg'{ﬁ%g%%ﬁ égsrgegf has | ess than 70 wt %

t 42 AThenmiettoad efclain HOC y\d'iea)@lartbéfwmfeEdri& tHisghgri irppsch

46. ThF t hod of claim40, wherein the base oil has

an 6? Y&tor BN | ess than 25 hours. 47. The nethod of
chAiThedthetivde bEciairh 4O, bdeeeini thelmsearil s ddiase GNviscosity

bet vve;n 25 nd 60 rs. 48. The net hod of cl ai m 40,

wher® ?f‘gf?@ R0an5130-has 1ess than 0.05 wt % aromati cs.

4894 Trien@hdwdf obirg 43, wrdeinvhereise dihhadadeass bil bissosity
tr a%agg gigeoaetcfe“hgne 0.

45.The method of claim 40, wherein the base oil has less than 70 wt% total
molecules with cyc!oparaffmlc functionality.

46.The method of claim 40, whereln the base oil has an Omdator BN less
than 25 hours. :

47.The method of claim 40, wherein the base oil has an Oxndator BN between
25 and 60 hours. .

48.The method of claim 40, wherein the base oil has less than 0.05 wit%
aroméﬁcs.. :

49.The method of claim 40, wherein the base oil has a traction coefficient

" less than or equal to 0.019 when measured at a kinematic viscosity of 15

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

50.The method of claim 40, wherein the improved ashless.lubricating oil
additionally has an air release by ASTM D 3427-03 of less than 0.8
minutes at 50 degrees C. '

51.The method of claim 40, wherein the portion of base oil in the ashless
hydraulic fiuid or ashless paper machine. oil is selected from the group of
Group 1, Group I, Group lil, polyalphaolef"n polyinternal olefin, and
mixtures thereof. . '

52. The method of claim 40, wherein the |mproved ashless lubricating oil has

a result in the rotary pressure vessel oxidation test that is at least 100
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| ess than or equal to 0.019 when neasured at a

ki nematic viscosity of 15 ¢St and at a slide to rol
woavi7m78830 40 percent. 50. The net hod of cl ai m 207/US2006/048676

wherein the inproved ashless lubricating oi

additionally has an air rel ease by ASTM D 3427-03 of

| ess than 0.8 mnutes at 50 degrees C. 51. The nethod

of claim40, wherein the portion of base oil in the

ashl ess hydraulic fluid or ashless paper nachi ne oi

is selected fro of Gou , Goup Il, Goup
11 TGS BErAET KA GRDI i i otBebas SUHhues At oyidagon test
t hergiahe dehiddehylrbins gl o iHRAOpapbemaicRidd s,

ngroved ashl ess lubricating oil has aresult in the .

r 88al e prathed af clainsdd, wWherght V@nmmgveti wghless lgbricating oil has
100%&‘%&%&6&\%&5&%%&% Qﬁe‘é@ﬁﬂ?thlg?] ﬁ\'\ a‘?’nt iAlthl viscosity index
pressure vessel oxidation test o e as
hydr%fdhe@leﬁSdhmraabmﬂe@sarmb@smmmaohlne &B.  The -

t e . ,
| BTN pfitnBa e At s AAGED AR IBL R Rk i is at teast
| eas0 n@mrgnm thehbnitiad visicosity aldexi cs‘dbed@lesmﬂ@ydraﬁlid figid or
ashl ?ﬁ '%CLI id or ashl ess paper machi ne oil

53 wherein the inproved
vBSchm rryethod(ex clesma40 Jvetestirbhehagiiess hharauibeiuidbt bshless
Vi scosity i ﬁ6$8h ess h%g aullc fluid or

ashlpeas??rﬁgﬁ@?mﬁaoé'iﬁ'%fg imprayed pRalessMBUc NG pibcaRESse the

whersainme Wedglatspdresnt biysli avhiess fantiblidant ﬁﬁBltﬁé&:o‘P\%Bﬁfrate
machi ne oil and the inproved ashless |ubricating oil

conprise the sanme wei ght percent of an ashl ess
anti oxi dant additive concentrate.
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