WD 20061133293 PCT/ US2006/ 022109 -1 NOVEL BASE STOCK LUBRI CANT BLENDS FOR
ENHANCED M CROPI TTI NG PROTECTI ON BACKGROUND [ 0001] Mcropitting is an
unexpectedly high uniformrate of fatigue wear. It occurs in rolling
sliding Elasto Hydrodynam ¢ Lubrication ("EHL") contact during the first

m | 1ion rotatwonosysbes of machine |ife. The affected gear scricysposedhye have
a gray matte finish on the contact surfaces with mcroscopic exam nation
revealing a network of cracks and mcropits;10 to 20 micronmeters in

di anmeter. This type of failure has been a chronlc problemw th | arge

gear boxes including the gearboxes used in the wind turbine industry.
Mcropits coalesce to produce a co lQus fractured surface with a
characteristic dul & e Rde 2] BLENDS FQR SN ANGERG
frosting, or, in Gernan RO ARCITION t o gears The rel at ed
termfor the phenonenon in bearings |s peeling or general superficial
spalling. Mcropitting is generally, but not necessarily exclusively, a
problen1a5500|gggﬂ§@h¥g£$§§viIy | oaded case carburized gearing. [00021 The
progressi on of may eventually result in (macro)pitting, or it
may progress to a point and stop. Al though it nmay appear innocuous, such

| oss of metal fromthe gear surface causes |oss of gear accuracy, increased

vi brati on and [0903E, Mlnmmttimgrls pr uacxpechrdbp highemifa@00die offatigus weer. It

measuri ng mcr0|tt1n rs deve ed at Glnstitute in
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and Mcro Pitt i r edur es"
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appr oach was suygeﬁﬁnyela% ¥ E@@’@iaﬁ@@ﬂuﬁhﬁr@t}@ dRhOREe ST es &ﬁmwr@@bo@)'c t he FVA
rmany an

as§00|at|on in formal |y published in 1993.
examination revealing a network of cracks and micropits 10 to 20 micrometers

in diameter, This type of failure has been a chronic problem with large
‘gearboxes including the gearboxes used in the wind turbine industry. Micropits
coalesce to produce a continuous fractured surface with a characteristic dull
matte appearance variously called gray staining, frosting, or, in German,
graufleckigkeit when applied to gears. The related term for the phenomenon in
bearings is peeling or general superficial spalling. Micropitting is generally, but
not necessarily exclusively, a problem associated with heavily loaded case

carburized gearing.

[0002] The progression of micropitting may eventually result in (macro)pitting,
L or it may progress to a point and stop. Although it may appear innocuous, such
loss of metal from the gear surface causes loss of gear accuracy, increased

vibration and noise, and other related problems.

[0003] Methods for measuring micropitting of gears have been developed at
the FZG Institute in Munich more than a decade ago. See "Influence of the
Lubricant on Pitting and Micro Pitting. Resistance of Case Carburized Gears -
Test Procedures" Winter, H; Oster, P. AGMA Technical Paper 87 FTM 9,
October 1987, The FZG approach was subsequently developed into a procedure
sponsored by the FVA association in Germany and formally published in 1993.



WO 2006/ 133293 PCTI US2006/ 022109 -2 See "FVA-Infornmationsblatt Nr. 54
| -1V: Testverfahren zur Untersuchung des Schl ni-erstoffeinflusses auf die
Ent st ehung von Graufl ecken bei Zahnradern”™ FVA-Nr. 54/7 Stand Juli 1993.

10004] The FV‘%{(??H{;Z/ ﬁﬁﬁcedure has becone the industry Sta”@%rr/iijs%d%mzzwaw
assessing i ndustri ail geéar lubricant mcropitting-resistance performance. The

nmet hod uses the FZG power-circul ating equi prent that has two separate
stages. First, a progressive |oading test=dr stage test in which the pinion
or smaller of the two gears in a set nust be disnmounted and rated after
each 16-hour |load stage fromload stage 5 through | oad stage 10. Then the

second si de of StheFainfeimationsblathNe.o4al-BY Agstviceahrenane [Utitergudlomg desages 5
t hrough 10 each 16 hours long with fresh oil. This is followed by :t'he
endur ance t est Sehinigstoffciniiusspsauf die Eufatelieg von Srauligakenibei £alraderas t he

second stage t r total . of . si.x 80-hour periods starting at |oad stage
8 for the fi rsﬁ@ﬁhﬁo@‘?@ﬁ%ﬁdjﬁhﬁii ni shing at | oad stage 10 for
subsequent 80 hour periods. |Inspections are performed between each peri od.

The inspections assess mcropitted area of the pinion tooth flanks, pinion

wei ght | oss afiodhe TheHAAISdNT piocpdmiitae bbasme thkomtibstpy sthhdadfeasur enent i s
carried out through use of a profiloneter. The sensing tip is noved from
tooth tip to rawessingmindupisial geydwmpeant mjcropiftingrresistapempafamagesgfhem  The
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Virginia, was twogemes i abdétagekstibe digR8uaed andiiated pittrt dael 16esig et stagedust ri al
gear oil. The primary market for this lube is the wind turbine industry.
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fresh oil. This is followed by the endurance test in which the gear is run with the
same oil charge as the second stage test for a total of six 80-hour periods starting
at load stage 8 for the first 80 hours, and then finishing at load stage 10 for
subsequent 80 hour periods. Inspections are performed between each period.
The inspections assess micropitted area of the pinion tooth flanks, pinion weight
loss and the deviation of profile form. Tooth profile measurement is carried out
through use of a profilometer. The sensing tip is moved from tooth tip to root
and the topography is fed into a computer program. The before and after test

{ measurements are compared and the difference reported as "profile deviation".

The damage load stage is reached when the profile deviation exceeds 7.5 pum.

[0005] Mobilgear Synthetic HydroCarbon-Xira Micro Protection or (“SHC
XMP™) sold by ExxonMobil Corporation in Fairfax Virginia, was
commercialized in 1998 as a micropitting resistant industrial gear oil. The
primary market for this Iube is the wind turbine industry. Mobilgear SHC XMP
was very successful in use with one exception. That exception is the superior
level of performance demanded by builders today in the, Graufleckigkeit Test
“GFT” FLS greater than 10 Class High. GFT Class High is a rating requiring a



" GFT" FLS greater than 10 Class H gh. GFT Class Hghis arating requiring a
WD 20061133293 PCT/ US20061022109 -3 FLS greater than 10. Mbbil gear SHC XMP
320 provides a FLS equal to 10 high. Currently, only the BP Castrol Opti nol

Synt hetic %%[2786@%‘?%?“ claims this equivalent |evel of,8eERpidbi99

per f or mance. n the | ast several years, there has been a nunber of
key equi pnent builders in this sector that are starting to require the

hi ghest | evel of performance in the FVA 54 Mcropitting test of FLS greater
than 10. A high FLS greater than 10 high rating require less than 7,5

m crons of gear tooth profile deviation in the FVA 54 Mcropitting test at
the end of sFhferdfler thanld(. Aobilgear SHGEKIME B2@ pravidese FBS eqoal tkridwn

hydrocar bon based | ubes that consistently give this |evel of performance.
Accor di ngl y, highe (aurfestly, ariydbe P Gastiph Qrtianel Symictisrdv2e @soduct Bims st ent  FVA
54 M cropitt{h?g testI relsultgof. FLS . greatger than 10 high. The present

i nvention satPEFqHLHEY EVfﬂéJ dmﬁ{)'-’pﬁ?t iR &ngnﬁeovel conbi nati on of base
stocks that give the desired performance. SUMVARY [00071 A novel | ubricant

for mulati on fobg8l5) 8%l sVl RUNRBKTEN LIS n P be LUPLARBAL,T O Ul 2t on

conprises at' least ase S a vIscoSsit etween the

first and thgnikRepmdhRasetos tRalse Stafiaipeio refgife B Hifhost lovel 8¥p&EErmanbe t he
| ubricating oil provides a FVA 54 Mcropitting Test is Fail ~ Load greater

than 8. 1000i@%the HVaA §4 MicdopdtthgdesterftFLS preatenvhen 10 bAikdginFLS @reatbuthaon
conprises at east .two base stocks. The first base stock conprising
synthetic oil0 {nggﬁafangm%l&rs Fgs ﬁ@? e BICTORGO 2680 teoty pro&ile dgwiationdn Bic ond
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The are no known hydrocarbon based lubes that consistently give this level of

performance. Accordingly, there is a need for a lubricant that provides a

consistent FVA 54 Micropitting test result of FLS greater than 10 high. The

present invention satisfies this need by providing a novel combination of base

stocks that give the desired performance.
SUMMARY

[0007) A novel lubricant formulation is disclosed. In one embodiment the
novel lubricant formulation comprises at least two base stbcks with a viscosity
difference between the first and the second base stocks greater than 96 ¢St,
Kv100°C, and the lubricating oil provides a FVA 54 Micropitting Test is Fail
Load greater than 8.

[0008] In a second embodiment, the novel lubricant formulation comprises at
least two base stocks. The first base stock comprising synthetic oil with a
viscosity greater than 100 ¢ST, Kv100°C. The second base stock comprising
synthetic oil with a viscosity less than 10 ¢ST, Kv100°C.

[0009] A method for blending a novel formulation is also disclosed. The

method comprises obtaining a first synthetic base stock tubricant. The first base



nmet hod . conprises obtaining a first synthetic base stock lubricant. The first
base WD 20061133293 PCTI US2006/ 022109 -4 stock having a viscosity greater
than 100 cSt, Kv100C. A second synthetic base stock lubricant is obtained.
The second base stock lubricant has a viscosity less than 10 cSt, Kv100C.
The first andvQalWf#2Bhse stock lubricants are mxed to proddiiclosipaod

| ubricating oil wherein the lubricating oil to provide a FVA 54 -
Mcropitting Test Fail Load greater than 84{0010] A nmethod of achieving
favorable mcropitting protection is also disclosed. The method conpri sing
obtaining a lubricating oil conprising at |east tw base stocks, at |east
10 per cent an%tm%m 5 BRRoGR) pehesManOfoedl K$100928SE sebaidsyz @i Si ng a
synthetic oil Wth a Viscosity greater than 100 cSt, 'Kvl00C, “at |east 5
percent and ndas®steck hinicdat perbtained. oThasaendidsbsteek htboicknt asrqovissisity a oi |
with a viscosity less than 10 cSt, Kv| 00C _ wherein the |ubrication, oil

provi des a FVAeS4han &0 69tV 109° Fe Jtherist andegong hate Spdaluricams are Mixgdd

e Do s (oaiaee 15E nRERal bl stFendit hERinite Bl o pEBIE pFSER T N
devi ation bas‘?ﬁic%biﬁg%’lr;ééé;t%ﬂqi&aﬁ g€tk gt he bl ended base stocks; [0012]

Fig. 2 is a graph sh the gear tooth profile deviation based on the
final viscosit[g010] tAenéthod b€ athibvingdhvorgbleirhictomtiingheotectonl édhlbmse st ocks.
[00131 Fig. 3 js_a graph show ng the gear tooth profile deviation based on
the final Vishwiosed. Ihganethad camprigimg abiaining a;iw%npatmg eih sompEpidgdatbase

of base st ockdeRato provies s 10 asfealBi Ro YT ook ot g " "

protection. Tha.eqbaneadpibnbARyhilehe oiPRRRk ViR ARIGE LN 2

modi fied FVA 54St ype mﬁgpopi ?%mﬁg t estmangﬁian 1? heﬁy ctual FVA 5?1 fype

m cropi tting tKesit00°Chet haast Dptrctniregdary froreian 80l peveint bfis second base stock
comprising a oil with a viscosity less than 10 cSt, Kv100°C, wherein the
lubrication oil provides a FVA 54 Micropitting Test Fail Load Stage greater than

§ and lubricating at least one gear with the lubricating oil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]) Fig. 1 is a graph showing the gear tooth profile deviation based on the

viscosity delta in the blended base stocks;

[0012] TFig. 2 is a graph showing the gear tooth profile deviation based on the

final viscosity in the in the lubricating oil from the blended base stocks.

[0013] Fig. 3 is a graph showing the gear tooth profile deviation based on the

final Viscosity Index in the lubricating oil from the blended base stocks.

DETAILED DESCRIPTION

[0014] We have discovered a novel combination of base stocks that provides
an unexpected increase in micropitting protection. The enhanced micropitting
benefit was demonstrated in a modified FVA 54 type micropitting test and in the
actual FVA 54 type micropitting test. The micropitting performance level has



WO 2006/ 133293 PCT/ US2006/ 022109 -5 achi eved a consistent Fail Load Stage
Greater *than'10. Hydrocarbon based | ubes have historically not been able to
reach a Fail Load Stage of greater than 10 in the FVA 54 mcropitting test.
[0015] In Onew‘?f%i?éﬁs pt, this novel discovery is based onyw.gdegbinpgdal "
bl ends of oil "vVi'scoSities which are base stock viscosity differences of at

| east 96 c¢St, KvlOOC. Kinematic Viscosity js determ ned by neasuring the
time for a volume of liquid to flow under gravity through a calibrated
glass capillary visconmeter. Viscosity is typically neasured in centistokes
(cSt, or mR/s) units. The 1SO viscosity classification which is typically
cited for i ndusthi¢ved 2 comsistant FallilriadBagd Gteaiardhars 1 baBydravarhdnsassd fubes
observed at 40C. Base stock qils used tqQ blend finished oils, are generally
descri bed usi npveiigiesraligoidipsaaplegiogeac el Lpad Stagg;ofigsepter than dfdn of

viscosities algo i,des_a..fe rature benefit by lowering the |ubricant
tenperature in Sgg’;ﬁﬁéﬂicﬁ%}nﬁﬁg@% oxi mately 10C. This tenperature drop
woul d provide increased efficiency boosts. [0016] The | ubricant oil
conprises at | t fi: 0l : ' !&@% 3 k bl end
conprises | ubr@?gﬂ ‘gfiIo%%%&b?}éﬁ@?glg%@?ﬂ@vég{h%\(}g?ry}gga%efgtc?ns% v1 Séé%gre

preferably theplbhdsSdf dIRGIRCENEKWHIChERS bisk stckbabavwits Mferdhees dfvdt Wst e avoid
instability issues due to rapid nmechanical shearing. Even nore preferable

is a first basStsKeti0). dhthemiatic \isgasiyas deigrgined tharmeasaring the tisie, for Kv100C
and |l ess than 200 cSt,,., Kv.100C and ,nost preferably j.s a viscosit bet ween

120 and 200 ﬂﬁ%@f@b@mﬂ%@dfw inde graxkn thrpaet e Selieiod las CBHNY ses

| ubricant oil Vi -1 ye . 2 ably
| ess than 6 céﬁ% éo%/é}lﬁroy ﬁg(r?éelbilrs %]gélﬁfﬁg&@ﬁé‘%%rg?@ﬁmoo‘k’é{ @&@@g%%ﬁbﬁﬁcant
shoul d prefer ameWS@vi%bodiﬁﬂghss?ﬁé‘aﬂon wWhidk QGypleatin cived Eorfihehariablubed 6F a

viscosity of between 3 an eSt, Kv100C. Table 1 is mcropitting test data
for both convditisheddubieants based on viscosities observed at 40°C. Base stock oils used

to blend finished oils, are generally described using viscosities observed at
100°C. This “bi-modal” blend of viscosities also provides a temperature benefit
by lowering the lubricant temperature in gear testing by approximately 10°C.

- This temperature drop would provide increased efficiency boosts.

[0016] The lubricant oil comprises at least two base stock blends of 0il. The
first base stock blend comprises lubricant oil with a viscosity of over 100 cSt,
Kv100°C. More preferably the first base stock viscosity is below 300 ¢St,
Kv100°C to avoid instability issues due to rapid mechanical shearing. Even
more preferable is a first base stock blend with a viscosity greater than 110 ¢St,
Kv100°C and less than 200 ¢St, Kv100°C and most preferably is a viscosity
between 120 and 200 ¢St, Kv100°C.

[0017] The second base stock blend comprises lubricant oil with a viscosity of
less than 10 ¢St, Kv100°C and preferably less than 6 cSt, Kv100°C. Preferably
the viscosity of the second lubricant should preferably be at least 2 cSt,
Kv100°C. Even more preferable is a viscosity of between 3 and 5 ¢St

Kv100°C. Table 1 is micropitting test data for both conventional gear oil
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‘The data is illustrated in the
Data Kv 40, Kv 100, Viscosity Profile Delta BS vise.,
0 41.28 190 4.6 146 2 350.8 43.6
4 321.7 34.41 .151 9.7 60 5 308.4
raph show ng the teeth gear

bl ends.

Dev, mcrons
335.0 37.60 1

S ity

6 316.6 23.91 96 8.9 50 [0018) Fig. 1 is a

profile deviation |line 10 based
second bl ended base st ocks.

As

shown

on the def
in this graph the wide difference in

¢

-6 formul ati ons as wel |
Figures 1, 2 and 3 graphs.
Poi nt cSt cb5t

thabatit®y ) 6,

as novel

bi - nodal
Tabl e |
Index

a in viscosity in the first and

viscosities provides inproved mcropitting protection breaking through the
FLS greater th&omidaticnsrasevelbas m@\ml btemadebblepds.| Thed4dif is Alustrated ipthient 3 with

a viscosity difference of 94 cSt, Kvl00C between the first and second base
stocks there i § I%eﬁﬁ&@ﬂ}'gﬁﬁ ver the prior art.

However, at data point 2
with a viscosity difference of 124 cSt, Kvl100C between the first and second
base stocks there is a significant

m cropitting protection.

! %%J/eagenml‘ll intao

The crossover point 9 fromthe FLS 'rhp ELS greater than
10 region 11 occurPatat pRyrbxi Mﬂt‘él@ﬂ 10?V$SOSIBKVHI©® The | Deltadd@Nisat, |i n
mcropitting pragtection ginstat, a difference 96 ¢St C bet ween
the first and secgﬁgﬁimb St ock&hnd contiffies ullngY:Imlcé‘b‘bﬁ' bgﬁg ely 300 cSt,
Kv1i00C. A nore [ gey& rget (& AUU—Cd& KVlUUL 250-TSt)
Kvl 00C. The nost; préferred fange i'n viscosity |’Pf erences pears to be
bet ween approxi mateby 12Psmgd 15966St, KW{100C |45 121
3 335.0 37.60 161 9.3 94
4 321.7 | 3441 151 9.7 60
5 308.4 33.97 154 11.2 60
6 316.6 23.91 96 8.% 50
[0018] Fig. 1 is a graph showing the teeth gear profile deviation line 10 based

on the delta in viscosity in the first and second blended base stocks. As shown
 in this graph the wide difference in viscosities provides improved micropitting
protection breaking through the FLS greater than 10 barrier as represented by
line 19. At data point 3 with a viscosity difference of 94 cSt, Kv100°C between
the first and second base stocks there is no improvement over the prior art.
However, at data point 2 with a viscosity difference of 124 ¢St, Kv100°C
between the first and second base stocks there is a significant improvement in
micropitting protection. The crossover point 9 from the FLS = 10 region 11 into
the FL.S greater than 10 region 11 occurs at approximately 103 ¢St, Kv100°C.
The improvement in micropitting protection begins at a difference of 96 ¢St,
Kv100°C between the first and second base stocks and continues until
approximately 300 ¢St, Kv100°C. A more preferred range is between 100 cSt,
Kv100°C and 250 ¢St, Kv100°C. The most preferred range in viscosity
differences appears to be between approximately 125 and 150 ¢St, Kv100°C.



+ WD 20061133293 PCTI US2006/ 022109 -7 [0019] Fig. 2 is a graph show ng the
gear tooth profile line 20 deviation based on the final viscosity in the

bl ended base stocks wherein sinmlar elenents in Fig. 1 have been assigned
the sane reference nunerals. This graph shows the final viscosity of the

| ubricati ng owos20ed/138293t he base stocks have been bl ended t echwszonsthiiay | SO
320 (Kv 40C) grade. [0020] As shown in Fig. 2, the higher viscosities
provides inproved mcropitting protection_freaking through the FLS greater
than 10 barrier as represented by line 19. At data point 3 with a viscosity
38 cSt, KviOOC there is no inprovenent over the prior art. However, at data
point 2 with a.scosity,..of 44 . cst, .Kvl00C there 1s..a.sSlgRificant

i mpr ovenent | n[oﬁll@fogsjllblgt?ﬁsga gﬁ’ﬂ’gtsg%’il%. CEvar EQD&B’ER%EP IIBS%QtJBQ’?%PP(?ﬁF?%e FLS
= 10 region | bt S hoid <idni RS
approxi mately %ﬂ%@a&%@ lﬁﬁg%?{%@c@gﬁéﬁf R{’?ﬁ’hfgn&g g&l?fﬁ%ﬁ%ﬁ%nelg i on

begi ns at a vi bhesd bsenodssiyppd the smmiccteferedSe mbheraly | O geaph shontsitheGaalunt i |
approxi mately 300 cSt, KvlQO0OC. A nore preferred range is between 40 cSt,
Kv100C and 100vis@sityiafthe tubricating pilsafjethe basestgeksglinverhegn blended tgbar t oot h

profile 30 deviati ‘ on..Lhe final Viscosity Index or ("VI") of

| ubri cati ng oivﬁ?F@:ﬁ(ﬁZ&gﬁ%%Qe{i%@Qs- stocks wherein sinmilar elenments in
Figs. | and 2 have been assigned the same reference nunerals. The Vi
Practice, as i bed in_ASTM.st ard,D2270,. ...s a w.dely used and

accept ed rreas&ﬁ@ﬁm ?Xﬁé@%’ﬁ%%%ﬁ?ﬁe &1@8%1??%51%53%%%%”8%%0‘% 0 changes in
t he tenper at urg;@HpRiRELFR &l A9y SLVBRIF AP 1D baebhgher

Vi scosity | ndelg1 i n%li gg%e sO%a s?atlgfer %%ehgrBe%se i nﬂ%)grse?gggi lé‘%pas ?Iglr;cgl‘elgat ure

i ncreases. Theeptestistedbydingsed Asdata poingBewithatviscositp 88 e§t, koel eQetidence of

ki pematic viscosity due to tenperature change. [0022] As shown in Fi_gy. 3,
the higher VI 1ppevingeevamgt oventheinziossre tilonevey drdata peint Bvdka mpcesiflough

the FLS great & 4t4hca§, 1@118@‘(6 itﬁer:reellss a 'stpi 1053%%1%81*0%ment in micropitting
protection. The crossover point 25 from the FLS = 10 region 11 into the FLS
greater than 10 region 11 occurs at approximately 40 ¢St, Kvi00°C. The
improvement in micropitting protection begins at a viscosity of approximately
39 ¢St, Kv100°C and continues unti! approximately 300 c¢St, Kv100°C. A more
preferred range is between 40 ¢St, Kv100°C and 100 ¢St, Kv100°C.

[0021] Fig 3. is a graph showing the gear tooth profile 30 deviation based on
the final Viscosity Index or (“VI”) of lubricating oil from the blended base
stocks wherein similar elements in Figs. 1 and 2 have been assigned the same
reference numerals. The VI Practice, as described in ASTM standard D2270, is
a widely used and accepted measure of the variation in kinematic viscosity due
to changes in the temperature of a petroleum product between 40°C and 100°C.
A higher Viscosity Index indicates a smaller decrease in viscosity as temperature
increases. The V1is also used as a single number showing the dependence of

kinematic viscosity due to temperature change.

[0022] As shown in Fig. 3, the higher VI provides improved micropitting
protection breaking through the FLS greater than 10 barrier as represented by
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022109 1ine 19. At data point 3 with a VI of 161
there s no mcropitting inprovenent over the prior art. However, at data
point 2with a VI of 181 there is a significant inprovenment in mcropitting
protection. The crossover point 35 from the FLS = 10 region 11 into the FLS
greater than Jg8.5@4589; 11 occurs at approximtely 168 VI .pcihgs2odtanigenent
in mcropitting protection begins at a VI of approximately 165 and
continues until a VI of approximately 300. ,The mcropitting protection
shoul d conti nue past a VI of 300. [0023] GrBo"ups [, 11, 111, IV and V are
broad categories of base oil stocks developed and defined by the Anmerican
Petroleum Institute (APl Publicatjon_ 1509; www. APl .org) to create

gui del i nes f odinedl i dbdata paid 3owith 2 \& ofUk$ 11 thpeesis nogrigrapitiipgimpsovemenive a

vi scosity index of bhetwee bout 80 120, and...coni.ai eat.er than about
0. 03% sul fur - QNaT e AR et ARV Akgatt B8 Pa Aretie Viaiatd iR iBase ot ooks
general | y have;a;is i g : I n

| ess than or glc%é éﬁ?%ggd’u\([e 0. Oggmﬁé%@?wgﬁgﬁg@iggt 2&%‘%81%5%3? g%lﬂg?§?@ about
90% sat ur at es th&FD8p- 10 regivwt k igerke BLB\préaesr thanil®aogiohy liowders gr eat er t han

about 120 and contains less_than aor equal to about Q.03 % sul fur and greater
than about 9OpPwximpleleiod 8lodheimprovamans i puckPRItHAG Breeslinn ez at &G oup V

cummar zae proguAppEsnae RS 3pd Bhntlientll s VY afePRSgralel 308 tRe oo

Properties SatULaes g}r 486t it o< 90% and/ or > 0.03%
P a0 and o TERRREnE HbbGH SRARA LinhiflitRact 1348 S0t 90% 5T Goup 11 ?
90% and <_ 0.03% and 120 Goup |V Pol al haolefins PAO Goup V Al other
base oi | stocksoaat GrRupyded, TN I /0 ake bidad chidgories of Maddl@iPB&és133293

PCT/ US2006/ 022109
\) developed and defined by the American Petroleum Institute (API Publication

1509; www.APLorg) to create guidelines for lubricant base oils. Group I base

stocks generally have a viscosity index of between about 80 to 120 and contain
greater than about 0.03% sulfur and/or less than about 90% saturates. Group II
base stocks generally have a viscosity index of between about 80 to 120, and
contain less than or equal to about 0.03% sulfur and greater than or equal to
about 90% saturates. Group III stock generally has a viscosity index greater than
about 120 and contains less than or equal to about 0.03 % sulfur and greater than
about 90% saturates. Group IV includes polyalphaolefins (PAO). Group V base
stocks include base stocks not included in Groups I-IV. Table 2 summarizes

properties of each of these five groups.

s

Table 2: Base Stock Properties

Saturates Sulfur Viscosity Index
Group [ < 90% and/or > 0.03% and > 80 and < 120
Group II > 90% and < 0.03% and >80 and <120
Group Il | > 90% and < 0.03% and =120
Group IV | Polyalphaolefins (PAO)
Group V All other base oil stocks not included in Groups I, I, III, or IV




-9 [00Z4]T Thn a preterred enbodi nent, the base stocks include at |east one
base stock of synthetic oils and nost preferably include at | east one base
stock of API" group IV Poly Alpha Aefins. Synthetic oil for purposes of
this application shall include all oils that are not naturally occurring

m neral oils.wiabssrdddy occurring mneral oils are often refeswed2t09as AP
Goup | oils. [0025] Anew type of PAO lubricant was introduced by U S. Pat.
Nos. 4,827, 064 and 4,827,073 (Wi). These g°PAO materials, which are produced
by the use of a reduced val ence state chrom um catal yst, are olefin

ol igonmers or polynmers which are characterized by very high viscosity

i ndi whi ch gi t desi rabl ti 1 ful | ubri t

basest ocks andiVaR nib Biedroved bRt RE ABE SdundE biirtencdies ‘ar e
f dt i id; : | &t

ol ccul ar e, gLt TRy PR i Al 3t pRAEROR Ko st JpTAR st ARt P

basest ocks whegreap IViFelhiAdpies OlefisosBynthetRASH fort wrposeslof thik apphdatioasi ties of

100 cSt or nore, e.g. in the range of 100 to 1,000 cSt, were found to be
very ef fecti veshall indludeall pils ihadexe notgrabyely openrring sniper pdpaNatmay and ot her

synthetic and mineral oil .derived.basestocks. 61 Var.ious nodifications
and vari ati onsOCSPnfqge@gleFﬂ}lqlgﬁée HQF%F?fEFE&QQ%SA%S%OH%!S}]F-bed in the
following U S. Patents to which reference is nade: 4,990, 709; 5, 254, 274;
5,132,478; 4,912,272; 5,264,642; 5,243,114; 5, 208,403; 5,057, 235;

5,104, 579; 4, 9062383A mwotipe tLIPAC helntcaat wao intralucad b &).8r P&if Nivs, 482Tar i zed
as being produced by the oligonerization of 1-olefins in the Ig)resence of a
netal ol i gonerd64anddh8ZA0a} (Win)whhash PAO matenidarwiigh seg piodpeedby thediseed

val ence state. The preferred cat st. conprises a . reduced val ence state
chy om um on & GrHedieeBufRE ST BkRiumRINES Pkt Eh BB RFRTRRs! ng
o o RJER G550 bl TSRS AN B ot o
ol i goner, as diesicabl®prbpentidd 8. beRaeful Mo dubribalPBaRsbckaahd) vathvhighe: H gher
viscosity grades; as VI improvers. They are referred to as High Viscosity Index
PAOs or HVI-PAOs. The relatively low molecular weight HVI-PAO materials
were found to be useful as lubricant basestocks whereas the higher viscosity
PAOQs, typically with viscosities of 100 ¢St or more, e.g. in the range of 100 to
1,000 ¢St, were found to be very effective as viscosity index improvers for

conventional PAOs and other synthetic and mineral oil derived basestocks.

[0026] Various modifications and variations of these HVI-PAO materials are

( also described in the following U.S. Patents to which reference is made:

.‘ 4,990,709, 5,254,274, 5,132,478; 4,912,272; 5,264,642, 5,243,114; 5, 208,403;
5,057,235; 5,104,579; 4,943,383; 4,906,799. These oligomers can be briefly
summarized as being produced by the oligomerization of 1-olefins in the
presence of a metal oligomerization catalyst which is a supported metal in a
reduced valence state. The preferred catalyst comprises a reduced valence state
chromiium on a silica support, prepared by the reduction of chromium using
carbon monoxide as the reducing agent. The oligomerization is carried out at a
temperature selected according to the viscosity desired for the resulting
oligomer, as described in U.S. Pat. Nos. 4,827,064 and 4,827,073. Higher



WO 2006/ 133293 PCT[ US20061022109 -10 viscosity materials may be produced as
described in"U S. Pat. No. 5,012,020 and U.S. Pat. No. 5,146,021 where
ol i goneri zation tenperatures bel ow about 90 C. are used to produce the

hi gher nol eculsay ,048i-gh; ol igomers. In all cases, the oli g%ﬁ?ﬁgﬁﬂg@@%

hydr ogenat i on en necessary to reduce residual unsaturati

branching index (as defined in U S. Pat. Nos. 4,827, 064 and 4,827,073) of
| ess than 0.19. Overall, the HVI-PAO normaWy have a viscosity in the range
of about 12 to 5,000 eSt. [0027] Furthernore, the HVI-PAGCs generally can be
characterized by one or nore of the foll ow ng: C30-Cl1300 hydrocarbons

havi ng a br ancfisooaity maséridle gy berprodacetions desobahin Ebe PaydNardlHE 24 andei ght

of between 30Q_and 45, 000, nupber _aver age  nol ecul ar ight of b en 300
and 18, 000, At geﬁﬁw%’wﬁ%w P lRETer SRt o IsRsraares Delory Bout $0° €.
Particularly pr -P : ' ' I 6CAP) rangi ng from
5 to 5000 cSt %r?&?%i}t@%‘é‘?ﬁcgﬁ%}%ﬁ{%Jlé@%l@é\figb?%%&gﬁe%h@ %@f&%ﬁéﬁ %I i goner s
nmeasured at 1QHgonfngdffl RARgehRtitn WhaKRscebsa#ypto tedule 50 ufiituration,
Furthernore, the flui'ds with viscosity at 100C of 3 ¢St to 5000 cSt have VI
cal cul at ed by hagd Mbranidhiag DA2T Qagdetatedrin U.BaPatl Bos. 48231064 andel8240%H from

130 to 350. The flujds_all have_ | ow pour points, below_ -15C .[Q028] The
HVI - PACs can fOlpesdpah@ 1@n&tvesalh rthezbﬁflaEAﬁvmra@éM@ﬂe SRSty i1 &sgange

conprising th Lgoners made from| -al kenes, either by itself
or in a mxt ug)gg%%({n?@aié%{?%%mthe group consi sting of C6-C20 1- al kenes.

Exanpl es of the feeds can be 1-hexene, 1l-octene, 1-decene, 1- dodecene,
1-tetradecene, etc. or mxture of C6 to C 14 1-al kenes or mixture-of C6 to
C20-1-al kenes [0 | ariirGk2mbrey ithe H3E - P ABs gavkerally can bt kbarasterigsd hpen€os

L e, e R B, SRR 0t e SR i e ke
than 0.19, a weight average molecular weight of between 300 and 45,000, a
number average molecular weight of between 300 and 18,000, a molecular
weight distribution of between 1 and 5. Particularly preferred HVI-PAOs are
fluids with 100°C viscosity ranging from 5 to 5000 c¢St. In another embodiment,
viscosities of the HVI-PAO oligomers measured at 100°C range from 3
centistokes ("cSt") to 15,000 ¢St. Furthermore, the fluids with viscosity at
100°C of 3 cSt to 5000 ¢St have VI calculated by ASTM method D2270 greater
than 130. Usually they range from 130 to 350. The fluids all have low pour
points, below -15°C.

[0028] The HVI-PAOs can further be characterized as hydrocarbon
compositions comprising the polymers or oligomers made from 1-alkenes, either
by itself or in a mixture form, taken from the group consisting of C6-C20 1-
alkenes. Examples of the feeds can be 1-hexene, 1-octene, 1-decene, 1-
dodecene, 1-tetradecene, etc. or mixture of C6 to Cl14 1-alkenes or mixture of
C6 to C20 1-alkenes, C6 and C12 1-alkenes, C6 and C14 I1-alkenes, C6 and C16
1-alkenes, C6 and C18 1-alkenes, C8 and C10 1-alkenes, C8 and C12 1-alkenes,
C8, C10 and C12 1-alkenes, and other appropriate combinations.



WO 2006/ 133293 PCT/ US2006/ 022109 -11 [0029] The |ube products usually are
distilled to renove any | ow nol ecul ar wei ght conpositions such as theose
boi l i ng bel ow 600F, or with carbon nunber |less than C20, if they are
produced fromthe polymerization reaction or are carried over fromthe

starting maGgyb@bassddy S distillation step usually inprovegrsb@euph@tility
of the finished fluids. In certain special applications, or when no |ow

boiling fraction is present in the reactiqn_ m xture, this distillation is

not necessary. Thus the whol e reaction product after renoving any sol vent

or starting material can be used as |ube base stock or for the further

treatnments. _10030] The |ube, f|luids_ made directly fromthe pollymiri zation or
gFu

ol i gomeri zat [¥29hr dhedube prpducts usaaldy arscdistilien Waemoys 2By oW molsrulaay

olefinic no l.ar_str I T £} o) b I tion or
olefinic co#%ﬁétggf) ?ngﬁ%_gg S@a%ﬁﬁ%%%‘@%%?@%@@ﬁbﬁﬂ%g 3‘%%2‘2’% I ne
nunber  (ASTId Q) CoB)iPHHré Pt d BOM He pbNmerizAlngeadioniatke anal yti cal
met hods, such as NVR IR, étc. The ampount of t’he double bond or the amount
of ol efinic canpdsiver from the peartisg omtariate This diatiliation step hanatlydmpeoias

pol ymeri zatign, the, amunt _of hydrogen present duying, the pol ynerization
process and e olptitn ol ahe Srisked g%%oﬂ%%rt%ﬁisé’ﬁmﬂg@ﬁn%&?%% OF Whep@o

term nation . Of is ' . Of: . present in
the. pr ocess. IUERRFR RIS RTRY 704 B60R iR Tue.3his it aBHIT RS, Por o i ¢
conponent s i geced@fy eTHAL Y WhHIR rbi@RApro@ett fiePleR®inpBAY S6lveMbr T he hi gher
anmount of hydrogen gas present in thé polynerization process, or the higher
anount of  psteriigenstepal tarchgutedrag libe bdse stavknonfat thenfusthepseatd@a®l] It was

known that, usually, the oxidative stability and light or UV stability of
f4uids i nproves when the anount of unsaturation double bonds or olefinic

ol ymer i IR e et ARl e e TRER A mSmab bR of Y e 1 Ui s wi
oligomerization process usually have unsaturated double bonds or have olefinic
molecular structure, The amount of double bonds or unsaturation or olefinic
components can be measured by several methods, such as bromine number
(ASTM 1159), bromine index (ASTM D2710) or other suitable analytical
methods, such as NMR, IR, etc. The amount of the double bond or the amount
of olefinic compositions depends on several factors — the degree of
polymerization, the amount of hydrogen present during the polymerization
process and the amount of other promoters which participate in the termination
steps of the polymerization process, or other agents present in the process.

Usually, the amount of double bonds or the amount of olefinic components is

| decreased by the higher degree of polymerization, the higher amount of
hydrogen gas present in the polymerization process, or the higher amount of

promoters participating in the termination steps.

[6031] It was known that, usually, the oxidative stability and light or UV
stability of fluids improves when the amount of unsaturation double bonds or
olefinic contents is reduced. Therefore it is necessary to further hydrotreat the
polymer if they have high degree of unsaturation. Usually, the fluids with
bromine number of less than 5, as measured by ASTM D1159, is suitable for



brom ne nunber of less than 5, as neasured by ASTM D 1159, is suitable for
WO 2006/ 133293 PCT/ US2006/ 022109 -12 high quality base stock application.
O course, t'he | ower the brom ne nunber, the better the |ube quality.
Fluids with brom ne nunber of less than 3 or 2 are common. The nost
preferred range e 13683 than 1 or less than 0.1. The net hopcT/Uszobyatembr eat
to reduce the degree of unsaturation is well known in literature [US
4827073, exaple 16). In sone HVI-PAO prodg%s_, the fluids made directly from
t he pol ynerization already have very | ow degree of unsaturation, such as
those wth viscosities greater than 150 eSt at 100C. They have brom ne
nunbers | ess n 5. or even P(el 0 hese cases, \é\gﬂgan chose to use as
qr

is wit hou':] Byéig @ralily; bage stac mpga%i%%?faﬁ%mr&ﬁ%m FEING THRbEher
! . ohaal & ! .
bararT1ni of naoRE RehoS BBOAGIHY PFiibe ARl bRRR ABESRN A3 fatle

percent can ofd@imbR. THeInGH \1RexeAe Patide)s 1dds Bain RbPles€fHARM. TEThe meliigh base
stocks include Goup Il and/or Goup I'Tl hydroprocessed or hydrocracked

base stocks, do hydedtreas yomtadece thedegreeopansatirstiahis well bodwa lip Hteodtefd fUDI | s,
GIL or simlar oils or _.mxture simlay base pils. Foy pyrposes of
this applicat |‘%§%§§$vtfﬁ'€?i%{®a gssog{eigﬁi—Pgﬁ@pmd’qq@, Wy mde d|:1rec B,
group IV and S I, £l a di ment ,
< the. conbi nabs LE i BeR kR, Rk 1o BB b e R s R T
SYN ULTRATM ( Ibfth ofstositiky bfeaker tRaidll $0 tSivit M10e00s img Rave/broniihia nGhdkisteds’ PAC)

I ncl uding PACs with a viscosity of less than 6 ¢ Kv100C and nore
preferably w ttham5 v sves belpw be%mﬂk@ﬁe QasasdvelciRchuse topselaciStwithut 00C) and

even nore preferably with a ma| | anmouynt, of ter r al kyl ated, aromati cs.
T\rllp esters né}yea?trétﬂgz@wc&ﬁnc Pmtah’w roleghag e SUTiich THBTQIEde Besan
addi ti onal ba t r.aS a co-base stock wth either the first and
second base sfsg%c%ﬁpé?&aegfdi tive solubility. High

[0032] Base stocks having a high paraffinic/naphthenic and saturation nature of
greater than 90 weight percent can often be used advantageously in certain
embodiments. Such base stocks include Group II and/or Group II1
hydroprocessed or hydrocracked base stocks, or their synthetic counterparts such
as polyalphaolefin oils, GTL or similar base oils or mixtures of similar base oils,
For purposes of this application synthetic bases stocks shall include Group 11,

Group II1, group 1V and Group V base stocks.

[0033] A more specific example embodiment, is the combination of High
Viscosity Index PAO, or as an example, SPECTRA SYN ULTRA™ (150 cSt,
Kv100°C) and a low viscosity Poly Alpha Olefin (“PAO”) including PAOs with
a viscosity of less than 6 ¢St, Kv100°C and more preferably with a viscosity
between 2 and 4 (2 ¢St or 4 ¢St, Kv100°C) and even more preferably with a
small amount of esters or alkylated aromatics. The esters including esters or
alkylated aromatics can be used as an additional base stock or as a co-base stock
with either the first and second base stocks for additive solubility. High
viscosity index PAO or SPECTRA SYN ULTRA 150 is a high viscosity

synthetic lubricant oil and is a commercially available lubricant sold by



viscosity index PAO or SPECTRA SYN ULTRA 150 is a high viscosity synthetic
| ubricant oil and is a commercially available |ubricant sold by WO

2006/ 133293 PCT/ US2006/ 022109 -13 ExxonMobi|l Corporation in Fairfax
Virginia while esters and PAGCs are comercially available commodity

| ubricants. TWwe prwatewesed ester is an al kyl adi pate. [0032T/GERE06{03210% qui d
base stocks can also be preferentially used with the conponents of this

i nvention as a portion or all of the base.g${ocks used to fornulate the
finished lubricant. W have di scovered, favorable inprovenent when the
components of this invention are added to lubricating systens conprising

primarily Go | . | 1]..and/Qr. .base st.ocks co r to |esser
quantities of L@ﬁog]r\@oﬁlgéﬁp&gz%}go‘}f wgﬁglﬂlﬁt &Y ergﬁgg%e(gsr?rgl s that are
derived via OQ%nﬁﬁeﬁfHI% SATEDIE Tofamo GBI RIbAREASN Thb #r0d BBkt B alkyl
rearrangenent, and/or degradation/decdnstructive rocesses from gaseous

car bon- cont ai midipgpte.onpounds, hydr ogen-cont ai ni ng conpounds, and/or el enents

as feedstocks such as hydrogen, carbon dioxide, carbon nonoxi de, water,
net hane, ethane, ethylene, acetylene, propane, propylene, propyne, butane,

butyl enes, an ynes, L. tocks a e 1l.s,are terials of
| ubricating vﬂgQ%*sll P@&T Wﬁqg&%agﬁeﬁgﬁgq ‘r$a>9 fgg(} F@ﬁ@fﬁrgg@%wpﬁ@;. ns, for
exanpl e waxy yfiRashE e Y HRAEOAAS S pdrfich oR4IE of RTRRE ¥RRks f&dged from

si npl er gaseous carbon-contal ni ng conﬁ%unds, hydr ogen- cont al ni ng conpounds
and/ or el enentfermasafedie $indabled lulfidanha ¥ sdveaki§cverddn tdvotdsbleimprdveidenng i n

the lube oil bqiling range separated/fractionated from GIL materials such
as by, for exawpndhe gpmpPpemds pbHusmveREpware afided (o fWnicating syseBsequent | y

Tube o s of o RRERIE Sl R oif TR P VB Ry 8 o

exanpl e, hydr @dss@qianBaes OF altGASeWRNGS synt hesi zed hydrocarbons; hydro-

[0035] GTL materials are materials tﬁat are derived via one or more synthesis,
combination, transformation, rearrangement, and/or degradation/deconstructive
processes from gaseous carbon-containing compounds, hydrogen-containing
cémpounfis, and/or elements as feedstocks such as hydrogen, carbon dioxide,
carbon monoxide, water, methane, ethane, ethylene, acetylene, propane,
propylene, propyne, butane, butylenes, and butynes. GTL base stocks and base
oils are GTL materials of lubricating viscosity that are generally derived from
hydrocarbons, for example waxy synthesized hydrocarbons, that are themselves
e derived from simpler gaseous carbon-containing compounds, hydrogen-
containing compounds and/or elements as feedstocks. GTL base stock(s)
include oils boiling in the lube oil boiling range separated/fractionated from
GTL materials such as by, for example, distillation or thermal diffusion, and
subsequently subjected to well-known catalytic or solvent dewaxing processes to
produce lube oils of reduced/low pour point; wax isomeratés, comprising, for
example, hydroisomerized or isodewaxed synthesized hydrocarbons; hydro-
isomerized or isodewaxed Fischer-Tropsch (“F-T”) material (i.e., hydrocarbons,
waxy hydrocarbons, waxes and possible analogous oxygenates); preferably

hydroisomerized or isodewaxed F-T hydrocarbons or hydroisomerized or



i.somer.i zed or isodewaxed Fischer-Tropsch ("F-T") material (i.e.
hydr ocar bons, waxy hydrocarbons, waxes and possi bl e anal-ogous oxygenates);
preferably hydroisonerized or isodewaxed F-T hydrocarbons or

hydr oi somer i 20 0 611 3 3 29 3 PCT/ US2006/ 022109, .- ' xed
F-T waxes, hé@’?@ﬁégﬁgfsi zed or isodewaxed synthesi zed waxeg,méjgﬁm?ﬁe%?ag?es

thereof. [0036] GIL base stock(s) derived from GIL materials, especially,
hydr oi soneri zed/ i sodewaxed F-T material dddi-ved base stock(s), and .ot her
hydr oi someri zed/ i sodewaxed wax derived base stock(s) are characterized
typically as having kinematic viscosities at 100C of fromabout 2 Mm2/s to

about 50 M/ sodewatal BOI wakes) iy dloduoimaizedidr $sddewaked tydibesitoidb axesnor e
preferably fromabout 3.5 m®/s to about 30 nmm2/s, as exenplified by a GIL
base stock demixtgeesghierend i sodewaxi ng of F-T wax, which has a kinematic
viscosity of.about 4 m®2/s at 100C and a viscosity index of about 130 or
greater. The term GIL base oil/base stock and/or wax isonerate base oil/base

reat Jterm GIL bas stor base
ndivi dual 17 ee0bne BF PR RIS AR fon DAL SO e base

stock/ base ohydragoneeiredfigdicivaxéhB-Phegired iderived baeSsockild )xtnd sthepf two or
more GIL base stocks/base oil fractions and/or wax isonerate base
st ocks/ base oiydrpisamerigad/isodewaned waxslenived basessterk(raae eharegistised nor e | ow

viscosity GIL_ base stock(s)/.base.oil fraction(s) .and/o i soner at e base
st ock(s) ] base VB A AV BRI Rp R Visresttiey g 100 Cros Teom Aepll mad ey T base
st ock(s)/bas J eIy ¥ ISONERY )/ base oil
fraction(s) ?%)Haglrtggl@g /g%?%%@gﬁ%ﬁgﬁgmv%gel n atatﬁglt Eﬁgﬁgg/%’;]ﬁl its a
vi.scosity wi tpreferibiig fedrnrabeni 315 el eslabangd. mRéfseaeaaenplifgdlbna GIIK nemat i ¢

Viscosity refers to_a measurenment made by ASTM nmethod = D445. [0037] GIL base
st ocks and bakase§tack desived by the sedorexingtod I Bvex, sdiedchas 4 kinematic

viscosity of about 4 mm?/s at 100°C and a viscosity index of about 130 or
greater. The term GTL base oil/base stock and/or wax isomerate base oil/base
stock as used herein and in the claims is to be understood as embracing
individual fractions of GTL base stock/base oil or wax isomerate base stock/base
oil as recovered in the production process, mixtures of two or more GTL base .
stocks/base oil fractions and/or wax isomerate base stocks/base oil fractions, as
well as mixtures of one or two or more low viscosity GTL base stock(s)/base oil
fraction(s) and/or wax isomerate base stock(s)/base oil fraction(s) with one, two
or more high viscosity GTL base stock(s)/base oil fraction(s) and/or wax

isomerate base stock(s)/base oil fraction(s) to produce a bi-modal blend wherein

TN

the blend exhibits a viscosity within the aforesaid recited range. Reference
herein to Kinematic Viscosity refers to a measurement made by ASTM method

D445,

[0037] GTL base stocks and base oils derived from GTL materials, especially
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax-derived base stock(s), such as wax
hydroisomerates/isodewaxates, which can be used as base stock components of

this invention are further characterized typically as having pour points of about



hydr oi-someri zed/ i sodewaxed F-T material derived base stock(s), and other
hydr oi soneri zed/ i sodewaxed wax-derived base stock(s), such as wax
hydr oi somer at es/ i sodewaxat es, which can be used as base stock conponents of

this inventi ther characterized typically as havipgyRMEnRRoNt s Of
about WO 200@@1@&@&5”5CT/ ug2006/ 022109 -15 -5C or | ower, preter abﬁy about

-10C or lower, nore preferably about -15C qor Ilower, still nore preferably
about -20C or |ower, and under sone conditiPéns may have advant ageous pour
poi nts of about -25C or lower, with useful pour points of about -30Cto
about -40C or |ower. If necessarg, a separate dewaxing step may be
practiced to d¢kiwalewehdrelerablya @iéiuﬂOifgbthWﬂeH@f%n@&Tﬂbheﬂt@uh-HSCWUr

ﬁSéSts] The. é&“ﬁﬁﬁéﬁ%{%@?&%@%@ﬁﬁ%ﬂa%@%ﬁ?@ﬁ?ﬁéﬁéﬁ so‘é‘ré‘%&;"?déq?q‘?rgfve:i o
yar of somer | 728 et i i PR FOE of AR 20 PR fodho B RIRP

conponent s whpgihtsaehuabbet 139ed tbabbl -H0P0\ve tewen [dhecaaba9, £hegaaateri zed
typically as having viscosity indices of 80 or greater, preferably 100 or

greater, and $Ryvaxingsiep snasbbyprapticest topchicverthe destiedinowappint. Refarendeai n
particul ar instances, Viscosi i ndex of the b ) .oe
preferably 1 1'81(1%8,1383{’ BPl,n?ﬁ#P’\émp‘PS?%’F%{B?V @%%%%gﬁgﬁﬁbj@%ﬂ%en nor e
preferably 140.0f &H%Fﬁéns.':or exanpl e, GIL base stock(s) that derive from
GIL materials pre?erab y F-T materials especially F-T wax generally have a
viscosity index of 130 or greater. References herein to viscosity index

refer to ASTM net hod D2270. [0039] In addition, the GIL base stock(s) are
typi cal Iy hi g@0§8lpalhe G basststogi(@edasived Heom §il lpmratasinls, sapeniallies) and may

B o e B PR o o gl SRR S b o

(i.e., cycl opgisebitoMbrisaMs8Btwh RS WE  derived base stock(s) which are base stock
components which can be used in this invention are also characterized typically
as having viscosity indices of 80 or greater, preferably 100 or greater, and more
preferably 120 or greater. Additionally, in certain particular instances, viscosity
index of these base stocks may be preferably 130 or greater, more preferably 135
or greater, and even more preferably 140 or greater. For example, GTL base
stock(s) that derive from GTL materials preferably F-T materials especially F-T
wax generally have a viscosity index of 130 or greater, References herein to
viscosity index refer to ASTM method D2270.

[0039] In addition, the GTL base stock(s) are typically highly paraffinic of
greater than 90 percent saturates) and may contain mixtures of
monocycloparaffing and multicycloparaffins in combination with non-cyclic
isoparaffins. The ratio of the naphthenic (i.e., cycloparaffin) content in such
combinations varies with the catalyst and temperature used, Further, GTL base
stocks and base oils typically have very low sulfur and nitrogen content,
generally containing less than about 10 ppm, and more typically less than about

5 ppm of each of these elements. The sulfur and nitrogen content of GTL base



conbi nat i ons~Varies W ih the caralyst and tenperature used. Further, GIL
base .stocks and base oils typically have very |ow sul fur and nitrogen
content, generally containing | ess than about 10 ppm and nore typically

| ess than about 5 ppm of each of these elenents. The sul fur and nitrogen
content of Gib Josmes P 2006/ 133293 PCT1US2006/ 022109 - 16pst/oskeanchobase oi |
obt ai ned by the hydroi sonerization/isodewaxing of F-T material, especially
F-T wax is essentially nil. [0040) In a prgferred enbodi ment, the GIL base
stock(s) conprises paraffinic materials that consist predom nantly of
non-cyclic isoparaffins and only m nor anounts of cycloparaffins. These GIL

base stock(s) typically conpris raffinic terials that c j st of '
greater thgn)mmﬁ-@y‘gﬁ?@e& 5’88@? SY‘FWOW&me?%PE?@?SQgPVa&nS&% rithan 80 wt %
non-cyclic i af fL0S.: _ : ter than 85 wt% non-cyclic

i soparaffi nsﬁﬁgﬁgg{ﬁﬁa@&lﬁ%ﬁ%ggé%%t@g{lﬁgn 90 wt % non-cyclic

i soparaffins. [0041] Useful conpositions of GIL base stock(s),

hydr oi sonmeri zed or isodewaxed F-T naterial derived base stock(s), and

wax- derived [B040loi bonprafermed embddinaentdthb 4. basscitoe(s) cumprises pasaffinic

i soner at es/ i sodewalxaﬁes, are %gci teq%f n US. Pat. Nos._6, 088, 301; .6, 090, 989,
and 6, 165, 94BatFGRISARalonEIst prsgasynanklyphnonasyelis jsaparr tfing and Bply Mifl%Gue base
st ock conbi nat| i % i it1l protection
when condi ned g i SEutRREhtrR Shel L U1 bR INARAI LI BUBBIRE, S Vo ol
commer ci al |y pavaffinabmetegiaiy thet tonsikeok geter tHALSEwaRddd-YReIRASKALSFInkNCl ude a
hi gh performance series of conponents that include antiwear, anti oxi dant,
def oamant, deuefesibiy greaterdbare Bgavits nati-spaicsiaoparaffotsamopaprsifsrablyqreatand r ust
inhibition additjve chemstries to_.deliver desire erfornmance, 043) The
additives nayf %S%Hféée‘wr{-@’ﬂwmgﬁrefgfnso@ﬁ Wémﬁfqrgﬁﬁmctﬁﬁan 5o i

non-cyclic isoparaffins.

[0041] Useful compositions of GTL base stock(s), hydroisomerized or
isodewaxed F-T material derived base stock(s), and wax-derived
hydroisomerized/isodewaxed base stock(s), such as wax
isomerates/isodewaxates, are recited in U.S. Pat. Nos. 6,080,301; 6,090,989, and
6,165,949 for example.

[0042] We have discovered that this unique base stock combination can impart
even further enhanced micropitting protection when combined with specific
additive systems, The additives include various commercially available gear oil
packages. These additive packages include a high performance series of
components that include antiwear, antioxidant, defoamant, demulsifier,
detergent, dispersant, metal passivation, and rust inhibition additive chemistries

to deliver desired performance.

[0043] The additives may be chosen to modify various properties of the
Iubricating oils. For wind turbines, the additives should provide the following
propetties, antiwear protection, rust protection, micropitting protection, friction

reduction, and improved filterability. Persons skilled in the art will recognize



| ubricating oils. For wind turbines, the additives should provide the
followng properties, antiwear protection, rust protection, mcropitting
protection, friction reduction, and inproved filterability. Persons skilled
inthe art will recognize WO 20061133293 PCT/ US2006/ 022109 -17 vari ous

addi tives thawocess/ibeoxhosen to achi eve favorabl e propertiksr/usmbandzrog
favorabl e properties for wnd turbine gears. [0044] The final | ubricant
shoul d conprise a first |ubricant base stggy_having a viscosity of greater
than 100 cSt, Kv100C. The first |ubricant base stock should conprise of at

| east 40 percent and no nore than 80 percent of the final |ubricant. The

east 20 per cORBOHRASD VoL ERERE SOt Ba aHLoRY GRS RPCFIISGIBE o ot al
The amount of 1?%?{;?%3%&‘&9?&!%%?@%@? ggarglp_ to 90 percent of the final

| ubricant tota roportiona ase in the acceptabl e ranges of
first and second base stocks. The preferred range of esters and additives

is between 10 op44) 9%@%&¢Mbridaﬁpﬁﬁhld\cé§ﬁ?§)s/@% ]ﬁiﬁﬂﬁlﬁ%ahv’%ﬂ% R d

conprise a first base stock with a viscos greater than 150 cSt, Kvl
OCC, the fir sta Waswitgtod@keatapthes &80 icBy Kat100P€adthefiysplabriemit bake stoek f i nal
product and no nore than 60, percent of the final |ubricant. The second base
stock is a PAGh@pidrPomprissddt {gashey petsantandqtp more iep S0meresmeoh e final

representing at, lL.east five rncent. of .the final prqdu a e than 30
per cent of thzu?'i]??g_?' EL%&E%GF‘% 5 tﬁff‘é’ﬁ&’lnga?dﬂﬁqs@xg SSE@%%FS&P‘)@? cl udes a
base stock W tdldn@riéh SERAEN Péredit zln%arﬁ)tm@reclﬁﬁ? iyt eﬁ%nﬂBf et fiie b&@st?& 1
Kv100C representing a range of between 0 an ess than 65 percent of the
final | ubri caol pTdaabuntol esdrandadcidtitive daableageoP@yparesrgyef theofindd per cent

up to 25 percent of the final lubricant product. [0046] The preferred
ashl ers anti oXplyganstosglovith ageprertigpalfiscecass i theageenialle sangey oif disst addanpl es

are second base stocks. The preferred range of esters and additives is between 10

and 90 percent.

[0045] A more preferred lubricant should comprise a first base stock with a
viscosity of greater than 150 ¢St, Kv100°C, the first base stock representing at
least 10 percent of the final product and no more than 60 percent of the final
lubricant. The second base stock is a PAQO with a viscosity between 2 and 10
¢St, Kv100°C and representing at least five percent of the final product and no
more than 30 percent of the final product. An optional additional base stock
includes a base stock with a viscosity of at least 6 ¢St but no more than 100 cSt,
Kv100°C representing a range of between 0 and less than 65 percent of the final
lubricant product. An ester additive package may range from 5 percent up to 25

percent of the final Iubricant product.

[0046] The preferred ashless antioxidants are hindered phenols and
arylamines. Typical examples are
butylated/octylated/styrenated/nonylated/dodecylated diphenylamines, 4,4'-
methylene bis-(2,6-di-tert-butylphenol), 2,6-di-tert-butyl-p-cresol, octylated
phenyl-alpha-naphthylamine, alkyl ester of 3,5-di-tert-butyl-4-hydroxy-phenyl



but yl at ed/ octyl'at ed/ st yr enat ed/ nony[ at ed/ dodecyl at ed di phenyl ani nes, 4, 4' -
net hyl-ene bis-(2,6-di-tert-butyl phenol), 2,6-di-tert-butyl-p-cresol,

octyl ated phenyl -al pha-napht hyl am ne, al kyl ester of

3,5-di-tert-butyl -4-hydroxy-phenyl WO 2006/ 133293 PCT/ US2006/ 022109 -18

propi oni ¢ aciyy ;@pAksA®Ny ot hers. Sul fur-containi ng anti oxipdahtsSeosseGly as
sul fur |inked hindered phenols and thiol esters can also be used. 100471

Sui t abl e di spersants include borated and ngn-borated succinimdes, succinic:

aci d-esters and am des, al kyl phenol - pol yam®ie coupl ed Manni ch adducts,

ot her rel ated conponents and any conbination thereof. In sonme enbodi nents,
it can often be advantageous to use m xtures of such, above described

di spersants anﬂ)m@méracn‘gﬂad@eﬂrm@b@ﬁs§ﬁlf§t-c@ﬂamm@@nu%dmﬂ% syelyps FWEE  t hat

are borated, t.hpse that are imarily of higher polegular weight, those that
consi st of prglﬂ’g?(ﬁ&plaﬁ{ﬁ@hé?ag%%%éhﬁ%,eﬁﬁ’fssqagﬁstﬂl?ﬁ?ﬁege, or nixtures of
above, those nmade with different am nes, those that are end-capped,

di spersants wherein the back-bone is derived from polynerization of

branched ol ef {0073 uSuitable ¢isparsanbinchidermraed bndmopdoysted sucvigimides, ot her
pol yol efins other than polyisobutylene, such as ethyl ene, propylene,
but ene, si ni | B¥ccinis geidsegiers and @amides, alkkylplienat-polyattieg @Qﬁpledrﬁ@nw@r aged

nol ecul ar wei @& ?f 0%he h gr carbon . backbone qf. nost.,di spersants, including
pol yi sobut yl eRAUEs Ot ERBed P et and gy OmRpRD FIOE, THR™E  om 1500 t o
3000 and nost RLERRAHME Yt cl'i’s[rpméh %Q&anta{gg&gﬂo weihRahes deheharle | ncl ude

but are not Iimted to cal ci um phenates, al cium sul fonates, cal cium
sal i cyl ates, desgribsd dispptraniztans othargnhsddudispasdfionBkanpleshgriads additives
salicylates, netal carbaonates, related components including borated
detergents, at@t aigbozeliedi hase thet erccprappuilyfdigharengenilar waightBosctlier al |
m | dly overbased,  or. highly overbased..The. amount of detergents. ,usually
cont 11 but s aSEiSKPF BRLELY, ATo-ReRRyide. Biscssgmids, O s iees ¢ aboye
formul ated | ulpph€ afie SARPARTeRA hmilYEd, FosdTha 96 BhE AR, BRBLrsGRRSAREHOM
the back-bone is derived from polymerization of branched olefins such as
polyisobutylene or from polymers such as other polyolefins other than
polyisobutylene, such as ethylene, propylene, butene, similar dispersants and any
combination thereof. The averaged molecular weight of the hydrocarbon
backbone of most dispersants, including polyisobutylene, is in the range from

1000 to 6000, preferably from 1500 to 3000 and most preferably around 2200.

[0048] Suitable detergents include buf are not limited to calcium phenates,

f calcium sulfonates, calcium salicylates, magnesium phenates, magnesium
sulfonates, magnesium salicylates, metal carbonates, related components
including borated detergents, and any combination thereof. The detergents can
be neutral, mildly overbased, or highly overbased. The amount of detergents
usually contributes a total base number (TBN) in a range from 1 to 9 for the
formulated Iubricant composition. Metal detergents have been chosen from
alkali or alkaline earth calcium or magnesivin phenates, sulfonates, salicylates,

carbonates and similar components,



al kali or arkaline earth calciumor magnesium phenates, sulfonates,

salicyl ates, carbonates and simlar conponents. WO 2006/ 133293

PCT/ US2006/022109 -19 [00491 Anti oxi dants have been chosen from hi ndered
phenol s, arylam nes, di hydroqui nolines, phosphates,

t hi ol / t hi ol epsoheisusf i de/trisul fide, |ow sul fur peroxi deTdscomepnser s and
other related conponents. These additives are rich in sulfur, phosphorus
and/ or ash content as they form strong ch_elrgi"cal films to the nmetal surfaces
and thus need to be used in limted amount™"in reduced sul fur, ash and
phosphorous lubricating oils. [0050] Inhibitors and antirust additives may
be used as needed, Seal s trol conponents agd def oamapt s may be used

1. co |
with the mxt (#0491 ofAlitH?"ég\"!eqts hﬁ%ﬁ@%@hvsw rpBLRIngeted PheROlS oY Imines: nay al so

be utilized. i | imqt y 1.4l ol s,
esters, diol smg? ‘Lo‘i%sz‘l“%g‘ﬁ's;@f%s}’ B?%? ,ﬁ;ﬁ%@g&&h&;&?ﬁ%ﬁgﬁ%ﬁﬁé%\ﬁaﬁﬁ@r

phosphor odi t hhgakiR ddvBRipRsers mRNMG IR Ao eath ARk € ddiMRE 4k rich in

sul f ur/ phosphorus free ofgani c nol ybdenum conponents, nol ybdenumtri nucl ear
conponent s, aswfianyhaspitbiusariddor asheoatent as {9 Fotm Sudngbhenical Himoto thedi fiers

i ncl ude phosphanate esters, phosphite esters .aljiphati¢ succinim.des,
mol ybdenum coﬁ‘ﬁ@ﬂiﬁﬁ’gﬂ%‘?‘?’oﬂ%hgs &ﬁ&g@sl?e wedin ;ﬁilt@ﬁtamwt 1 regdgad sygnr, ash

| ubri cant coggr?(fé%%go&m%ﬁéﬁ&goigol ybdenum car boxyl ate and sul furized

i sobutyl ene ressure age can reduce mcropitting in gears.
EXAMPLES [0052] We have discovered several novel fornulations that provide
enhanced mcropitting protection. These formul ations are shown bel ow in

Table 3 as ENWAP] ednhibtibrscnghargirust additives viayl hoyusedais nabdesl. ieat swell package
is shown for reference as exarg)l e 7. Al lubri anﬁﬂﬁlor mul at i opi_i n Table 1
are bl ended t¢pnirol components and defoamants may be used with the mixtures of this
{ invention. Various friction modifiers may also be utilized. Examples include
but are not limited to ainines, alcohols, esters, diols, triols, polyols, fatty amides,
various molybdenum phosphorodithioates (MoDTP), molybdenum
dithiocarbamates (MoDTC), sulfur/phosphorus free organic molybdenum

components, molybdenum trinuclear components, and any combination thereof.

[0051] Suitable friction modifiers include phosphanate esters, phosphite esters
aliphatic succinimides, molybdenum compounds and acid amides. U.S. Patent
No. 6,1184,186 a lubricant composition comprising a molybdenum carboxylate
and sulfurized isobutylene extreme pressure agent can reduce micropitting in

gears,

EXAMPLES

[0052] We have discovered several novel formulations that provide enhanced
micropitting protection. These formulations are shown below in Table 3 as
Examples 1 through 6. A commercially available gear oil package is shown for
reference as example 7. All tubricant formulations in Table 1 are blended to
International Standard Organization (“ISO”) viscosity grade 320. Viscosity

grade 320 is the predominant recommendation from most wind turbine builders.



International Standard Organl zation ( 'I'so" ) Vi scosi ty grade 320. Viscosity
grade 320 is the predom nant recomrendation from nost w nd turbine builders.
WD 20061133293 PCT1U52006/ 022109 -20 Table 3 Exanple: 1 2 3 456 7
Conmponent Adi pate Ester 10.00 10.00 10.00 10.00 10.00 10.00 10.00 PAO 2 cSt

14. 00 14.00 wO2006/1320 4 cSt - - 18.00 18.00 18.00 18. 00 -POPAB@GHHYIOL - - -
22.00 PAO 100 cSt - - - 34.10 34.15 64.60 Hi gh viscosity index 73.10 73.15
69. 10 69. 15 35.00 35.00 - PAO 150 cSt Gea20G | Package 1 2.90 - 2.90 - 2.90
- - Cear Ol Package 2 - 2.85 2.85 - 2.85 - CGear Ol Package 3 - - - - 3.40
[0053] Table 4 illustrates the mcropitting protection of the seven exanples
fromTable 3. As shown in Table 3, Exanples | and 2 include the respective
assenbl age of additives fromgear oil package | in Exanple | or gear oil
package 2 in Exarrpl e 2. Both Exanple 1 epag]e% have adi pate ester dissolved in
a wde "bi- Lpidlydrocarb bt epdof j’llgﬁ Wi SCOX TY |J eX PAO I50 cSt and
PAO 2. Table strates fhese [®bi - mydal " |bl end$~and additives relsult in
out st andi ng n“c@) nkht Ng results. [Exanpl es 3 fand 4[denonstratel that {the
assenbl age of ifives fraomlgear loil _p 1 in!lExanple 3 oi |
package 3 in Eﬂm‘qﬁd:Ester Both H)(%pll@é)OhaI\ﬂeO(hdilMﬂe es@er (M1.86o1088 iin a wi de
"bi - nodal " hyidrecar-ben—blend G. gh—y-seositiy—+ndex—PAOHE50—est—and PAO 4.
Tabl e 3 shovvstgtcgﬁdl ng m W?ﬂﬁg resul tfs wit T t hes¢ "bi -(nodal "| bl ends
and PAO 4 oSt - | [18.00 |18.00 |18.00 |18.00 |-

PAQO 6 ¢St - - - - - - 22.00
_ PAO 100 cSt - - - - 34.10 134.15 {64.60
(L High viscosity index|73.10 73.15 169.10 [69.15 |35.00 135.00 |-

PAO 150 ¢St

Gear Oil Package 1 290 |- 290 |- 290 |- -

Gear Qil Package 2 |- 2.85 |- 2.85 |- 2.85 |-

Gear Oil Package 3 |- - - - - - 3.40

[0053] Table 4 illustrates the micropitting protection of the seven examples
from Table 3. As shown in Table 3, Examples 1 and 2 include the respective
assemblage of additives from gear oil package 1 in Example 1 or gear oil
package 2 in Example 2. Both Example 1 and 2 have adipate ester dissolved in a
{ wide "bi-modal” hydrocarbon blend of high viscosity index PAO 150 ¢St and
PAO 2. Table 2 demonstrates these “bi-modal” blends and additives result in
outstanding micropitting results, Examples 3 and 4 demonstrate that the
assemblage of additives from gear oil package 1 in Example 3 or gear oil
package 3 in Example 4. Both examples have adipate ester dissolved in a wide
"bi-modal" hydrocarbon blend of high viscosity index PAO 150 ¢St and PAO 4.
Table 3 shows outstanding micropitting results with these “bi-modal” blends and
additives. Additionally, Examples 5 and 6 from table 1 are three component
lubricant base stocks with high medium and low viscosities base stocks. These

base stocks are mixed the assemblage of additives from gear oil package 1 in



additives. Additionally, Exanples 5 and 6 fromtable | are three conponent
| ubri cant base stocks with high nmedium and | ow viscosities base stocks.
These base-'stocks are m xed the assenbl age of additives from gear oil
package | in WD 2006/ 133293 PCT/ US2006/ 022109 -21 Exanple 5 or gear oil
package 2 invigsaghee W th adi pate ester dissolved in a pges20dsiozrodal
hydr ocar bon bl end of high viscosity index PAO 150 ¢St and PAO 4 in

conbi nation with PAO 100. This three conpogent base stock [lubricant also
provi des outstanding mcropitting benefits as shown in table 3. [0054]

Table 4 Exanple Profile Deviation (7.5 mmmaximunm) 1 6.7 1 (repeat) 5.9 2
referen .[0055] In

6.1 2 (repea 7. 345 4 7.2 A4 6.7.2,7 (, ce )

addition to th%‘aﬁﬂﬁ‘?/é %%P@??ﬂﬁ%&%ﬂaﬁw%6%@@@!@6@@’[@6&%}%@( iBAs give
enhanced M cr Qpist. tri N it L ong ' RV and gas
Co 11 quid (» GHck BABREF Bk AfbolhRla K AERSHdos i VRO Rt ha T

i ndex PAO 150 P 44in@ogstiination Wata®/80 A0S ThiY Gieo/GRpGIchY baRAeHckPAO 150 cSt
+ Group |l base stocks, 150 cSt + PAO 100 (with or without Poly Iso

But hyl ene (" PlhEnjgantalspiprovides suistekdingtmighopittingdsinefits ascbewhADaHO 3¢St +

PAO 100 (wit hl&ssw thout PIB) + Goup Ill base stocks, high viscosity index
Table 4
Example Profile Deviation (7.5 mm maximum)
1 6.7
1 (repeat) 5.9
. 2 6.1
2 (repeat) 7.2
3 4.5
4 7.2
5 4.4
6 7.2
7 (reference) 95

[0055] In addition to the above examples, The following base stock
combinations give enhanced Micropitting protection: high viscosity index PAQO
150 ¢St and gas to liquid (“GTL") base stocks or wax derived lubricants, high
viscosity index PAQO 150 ¢St + Group III base stocks, high viscosity index PAO
150 ¢St -+ Group II base stocks, 150 ¢St + PAO 100 (with or without Poly Iso
Buthylene (“PIB™)) + GTL base stocks, high viscosity index PAO 150 ¢St +
PAOQO 100 (with or without PIB) + Group III base stocks, high viscosity index
PAQO 150 ¢St+ PAO 100 (with or without PIB) + Group II base stocks, high
viscosity index PAQ 150 ¢St + Brightstock (with or without PIB) + GTL base
stocks, high viscosity index PAO 150 ¢St + Brightstock (with or without PIB) +
Group III base stocks, high viscosity index PAO 150 ¢St + Brightstock (with or
without PIB) + Group II base stocks. In addition, based on the disclosure herein
other base stocks of widely disparate viscosities that give a "bi-modal" blending
result can also be envisioned with the benefit of the disclosure herein to deliver

enhanced micropitting protection to operating gearboxes.



PAO 150 cSt + PAO 100 (with or without PIB) + Group 11 base stocks, high
viscosity index PAO 150 cSt + Brightstock (wwth or without PIB) + GIL base
stocks, high viscosity index PAO 150 cSt + Brightstock (with or w thout PIB)
+ Goup Ill base stocks, high viscosity index PAO 150 cSt + Brightstock
(wth or wthout PIB) + Goup Il base stocks. In addition, based on the

di scl osure herein other base stocks of ., dely disparate viscosities that
give a "bi-nodal" blending result can & so be envisioned with the benefit
of the disclosure herein to deliver enhanced micropitting protection to
operating gegkpgxes. _22_ CLAIMS 1. A lubricating oil, conprising a) at

| east two base stocks; b) at least 10 percent and no nore than 73. 15 percent
of a first base stock conprising a synthetic oil with a viscosity greater
than 100 cSt, Kvl OOC, c) at least 5 percent and no nore than 30 percent of
a second base stlock oohpric&ing@ilac@nprismg h a vi scosityl ess than 10 cSt,

Kvl 00C, d) a viscosity difference of the first and second base stocks of at
|l east 96 cSt, Kv1H0Gt wheiwd BaskRRckdibricating oil provides a FVA 54
Mcropitting Test Fail Load Stage greater than 10; and e) wherein the

lubri cant conposi tlg)orht:?@a'%t PO?%%&Q?nH%o%oﬁrtﬁﬁ{ 83.1% g@:gieli?’cgoé%sf‘nlfst pAx ARk and a

viscosity index of "at | east he lubricatin f claiml wherein

t he second donwasisg eskntheficapil wigina Mistesity Rodater diapHA0CBeKiva0I h a vi scosity
| ess than 10 ¢St and greater than 2 cSt, Kv100C and the first base stock is
a PAO oil with a vg)scadedsyS|peegnt hahn@dibre Hian 3KydrOQE.of A settel basbrstaekt i ng

oil of claim1l wherein the first high yiscosity base stock is chosen from
t he group %H@P%Wgﬁgllﬂltbrﬂ‘@‘ﬂc‘%ﬂ%@é%&ﬁ?f\{?ﬁé‘e%"}dﬁb%é 150 cSt, Kv1000Q), a
synthetic lubricating oil with a viscosity greater than 100 cSt, Kv100C a
PAOWith a d) "aviscosity difference of the first and second base stocks of at least 96 ¢St,
Kv100°C wherein the lubricating oil provides a FVA 54 Micropitting Test Fail Load

Stage greater than 10; and

e) wherein the lubricant composition has a viscosity of greater than 39 cSt,

Kv100°C and a viscosity index of at least 161.

2. The lubricating oil of claim 1 wherein the second base stock is a
synthetic Poly Alpha Olefin with a viscosity less than 10 ¢St and greater than 2 cSt,
Kv100°C and the first base stock is a PAO oil with a viscosity less tﬁan 300 cSt,
Kv100°C.

3. The lubricating oil of claim 1 wherein the first high viscosity base stock
is chosen from the group consisting of high viscosity index PAO (150 cSt, Kv100°C), a
synthetic lubricating oil with a viscosity greater than 100 c¢St, Kv100°C, a PAO with a
viscosity greater than 100 cSt, Kv100°C, and any combination thercof.

4. The lubricating oil of claim 1 wherein the second low viscosity base
- stock is chosen from the group consisting of GTL lubricants, wax derived lubricants,
Poly Alpha Olefin, Brightstocks, Brightstocks with PIB, group II base stocks, group I

base stocks, and any combination thereof.

5. The lubricating oil of claim 1 further comprising at least one additive,

the additive chosen from the group consisting of antiwear, antioxidant, defoamant,



- viscosity greater than 100 cSt, Kv100C, and any conbi nation thereof. 4. The
| ubricating oil of claiml wherein the second |ow viscosity base stock is
chosen fromthe group consisting of GIL lubricants, wax derived |ubricants,
Poly Al pha O efin, Brightstocks, Brightstocks wwth PM group Il base stocks,
group Il base stocks, and any conbination thereof. 5. The lubricating oi
of claiml further conprising at |east_gfe additive, the additive chosen
fromthe group consisting of antiwear, antioxidant, defoamant, -23-
demul si fier, detergent, dispersant, netal passivator, friction reducer, rust

i nhi bi tor, @Hﬂnlmﬁ’é?}’d& At afsh@Bank, NAEBDpassRatod, BickisiPrddaadr] ABt HhibiLt, ldai m 1
further conprising third base stock and the first base stock is no nore

t han 60 pera@m@mbmatlmthp@bfl cating oil. 7. The lubricating oil of claim®,
wherein the third base stock is chosen froma group consisting of a PAO
W th a viscosi t;ﬁ of atTHedalsicaﬁngSﬂ of Klﬂirﬁ(leuahd aqemprivimge thivd hagk0@oakSind

Kvl OOC, est e st o al k I at e t onbi nation thereof.
8. The Iubrtﬁ%gfsﬁi eSﬁOF no(,pfl F‘:@f‘ *ﬁ%f‘i‘gf‘f’%{“}étﬂ’ se stock has a
viscosity greater thapn 100 cSt Kle t he second pase stock ha
viscosity of Ies7$ tharﬁ"&lzl gpricafing Oﬂlh‘éf?ﬁ‘il‘ré Fheeinsthg dhir figgseaﬂ%ksléc?iﬂpﬁey of at

| east 6 cStg &{%mhﬂg%f%@A d&?&& ot9at 1%&?6'&'?%&%0:?%9'11% of

clalmlfurt er rising at at ourth ase stoc e third base
st ock conprm@ﬁn@amlmthﬁvl(w@Caemrén@s stbgk atkydted sashti6 agdanypomnbihgsa t han
100 cSt, Kv%ﬁ{_()(i,r the fourth base stock conprising an al kyl ated aromati c base
st ock. 10 ubricating oil of cI ai m 9 further conprising an additive

chosen to obt a| fav le.lubri, t| es for gear protection.
11. The Iubricat§ng oiih 3\& bricpiipgpil ol Heine Whetsin Pyt b Baes%oc%tfaaﬂ"fsgoaﬂ@ss t han

300 cst, KVérQaﬁ’&: than 100 ¢St, Kv100°C, the sc_acond base stock has a viscosity of less than 6¢St
and the third base stock has a viscosity of at least 6 ¢St and no more than 100 cSt,
Kv100°C.

9. The lubricating oil of claim 1 further comprising at a third and fourth
base stock, the third base stock comprising a PAO having a viscosity of at least 6 ¢St and
less than 100 ¢St, Kv100°C, the fourth base stock comprising an alkylated aromatic base

stock.

10. The lubricating oil of claim 9 further comprising an additive chosen to

obtain favorable lubricant properties for gear oil protection.

11. The lubricating oil of claim 1 wherein the first base stock is less than
300 cSt, Kv100°C.

12. The lubricating oil of claim 1 wherein the first base stock is at least 125
eSt, Kv100°C and less than 300 ¢St, Kv100°C.

13. The lubricating oil of claim 1 wherein the second base stock has a

viscosity greater than 2 ¢St, Kv100°C.

14. The lubricating oil of claim 1 further comprising an alkylated aromatic

and an additive package.

15. A method of blending a lubricating oil, comprising,



12. The lubricating oil of claim1l wherein the first base stock is at |east
125 eSt, Kv100C and |ess than 300 cSt, Kv100C. 13. The lubricating oil of
claim1l1l wherein the second base stock has a viscosity greater than 2 cSt
Kv100C. 14. The lubricating oil of claim1 further conprising an al kyl ated
aromatic and an additive package. 15. A nethod of blending a |ubricating
oil, conprising, -24- a) obtaining a_Ek[st synthetic base stock | ubricant
the first base stock having a viscosity greater than 100 cSt, Kv100C, b)
obtai ning a second synthetic base stock l[ubricant, the second base stock

| ubri cant has i J %?ﬁth g t ; L Xk fjrst and
second base st%cﬁbﬁ%ﬁl%% {l:girﬁ%t 0 %ﬁ%gﬁ%gt{cﬁéu?@é%?g%t?ﬁgbﬁb fgtda\gmﬂg?]glfg nd t he

| ubri cat i vieposity gysaterihde $0hcFMAVBH G4 cropitting Test Fail Load Stage greater
than 10 and the lubricating oil having a viscosity greater than 38 cSt,
Kv1000 and a Wi sibodniny a satend gyethéy bideagiockblubritdnt, Heeseowidhbakeodtock ai m 15
further conprising gbtaining a third base stock, the third base stock
having a ¥ %%*lw@?ﬂ@é}f}éﬂeﬁtﬁ%}h%@sﬁl%@boc and | ess than 100 cSt, Kv100C
and m xing the third base stock lubricant with the first and second base
stock - | ubri cant Bukieg thedisteang secandbescgedinlgbasant tojrodagedhedubpesingfoik| ai m 15

further c Y i_ni: o) . i Si n | at ed
o omtt o SeinihBLABH R RAREVE DERRSHRRE TSPPRLE Sl R 2 P
base st octhan t10 and abelbebriching oib haciag iangsaisity giddter Than 3R EtBO&KWADOC|aadm 15

further co rjs&r&g addi n adgitives to the lubricating oil to achieve
f avor abl eVlﬂn'}éé’Fy x geglsetbgn dal-of the lubricant. 19. The nethod of claim 15

wherein the hi]gh vi scosity base stock is chosen fromthe group consisting

of high viscosi®y i nbesmethost ebdaim 59 further comboe obtainingythisd base sfaghr i cat i ng
oil wth g YhirlERe Et%clgﬁ:ﬁ%gei st&%ﬂy :épegte? ﬁ‘[an 6}%\9%,%’003(3 Fhe e t]ilgh 200 cst,
Kv100°C and mixing the third base stock lubricant with the first and second base stock

lubricants to create the lubricating oil.

17. The method of claim 15 further comprising obtaining a fourth base stock
comprising an alkylated aromatic and mixing the fourth base stock with the first, second

and third base stocks to produce the lubricating oil.

18. The method of claim 15 further comprising adding additives to the

lubricating oil to achieve favorable gear oil properties of the lubricant.

19. The method of claim 15 wherein the high viscosity base stock is chosen
from the group consisting of high viscosity index PAO 150 (150 cSt, Kv100°C), a
synthetic lubricating oil with a viscosity greater than 100 ¢St, Kv100°C, a PAO with a
viscosity greater than 100 ¢St, Kv100°C, and any combination thereof.

20. The method of claim 15 wherein the second low viscosity base stock is
chosen from the group consisting of GTL lubricants, wax dertved lubricants, Poly Alpha
Olefin, Brightstocks, Brightstocks with PIB, group II base stocks, group III base stocks,

and any combination thereof.

21. The method of claim 15 further comprising an additive, the additive
chosen from the group consisting of antiwear, antioxidant, defoamant, demulsifier,
detergent, dispersant, metal passivator, friction reducer, rust inhibitor, and any

combination thereof.



viscosity greater than 100 cSt, Kv100C, and any conbination thereof. 20. The
nmet hod of claim 15 wherein the second | ow viscosity base stock is chosen
fromthe group consisting of GIL lubricants, wax derived |ubricants, Poly
Alpha defin, Brightstocks, Brightstocks with PIB, group 11 base stocks,
group Il base stocks, and any conbination thereof. 21. The nethod of claim
15 further conprising an additive, thg additive chosen fromthe group

consi sting of antiwear, anti oxi dant éfoanant, dermul sifier, detergent,

di spersant, netal passivator friction reducer, rust inhibitor, and any
conbi nati on t hgyreof L.evi rabl cropitting
protection co%n Si nEh‘“'Z‘ﬁ" %‘ﬁﬁyﬁg%%quq% F@%F’%l&%ggg ?tgééllé’%ﬁ:r%?l ﬁ?\gk ‘at | east
two base stock erce nt _and. no r n of a
st base. st ok B & lwamgp 86 &l oriteghya ToiF 18 Wsel o0, BPSRERr ¢ han
100 csSt, {eh‘ééi&@@md ab tﬂ&@ﬂ{an@w@ﬁe@é&n 8ndl MQ vIBd Godihadin@in F@@ﬁﬂﬂéﬁcqj:ﬂ a second

base stoc conprising an oil th a viscosity |less than
wher ei n t Weh [agpscosit gl@htebmandﬁa\ﬁﬁaéévléwﬁm Kast i arespi end ng. muss fhanall  Load

St age gre | ..h [ er than
38 cSt, @%&%368? ﬁ%ggibggb%sa{C&ﬁﬁg%ﬁgg#é%&gﬁhpﬂgﬁafgﬁﬁg %%%qolu Yicating
at | east Kni@e€arwvhsrdih thid RibkigfifonCail pRgidesla FVA 54 Micropitting Test Fa11 Load

Stage greater than 10, the lubricating oil having a viscosity greater than 38 ¢St, KV100C

and a viscosity index greater than 161; and

b) lubricating at least on gear with the lubricating oil.



