-1- HIGH VISCOSITY METALLOCENE CATALYST PAO NOVEL BASE STOCK LUBRICANT
BLENDS BACKGROUND 100011 Micropitting is an unexpectedly high rate of fatigue wear. It occurs
in rolling slidigg, Blgstadsydrodynamic Lubrication ("EHL") contact during thgdgisiaws gliligs rotation
cycles of machine life. The affected gears typically have a gray matte finish on the contact surfaces
with microscopic 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, graufleckiglceit 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
D o o ISR e 0 SO ERY SRRV IRpioP RSl -
micropitting may i EPTRRICEANY BPElgDs 0 @ pomtand Sop. Although it
may appear innocuous, such loss of metatfromTtre gear surface causes loss of gear accuracy,
increased vibration and noise, and other related problems. [0003] Methods for measuring micropitting
of gears havemi%iﬁ at the FZG Institute in Munich more than a decade ago. See "Influence
of the Lubrica icro 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 peﬁ,’i%to a procedure s onsorefé the FVA a iation in Ge dglformally
published in 1993, See Rgfrtﬁgﬁngti%ﬁs%'?gﬁ%ﬁg Bylkl}ﬁleé Ver a%sh?%qulgzul?r Uﬁ%rsfg:i%{{gsn s -2-
SchmierstofferollingeslalihgiEEstetdiydpdyndanie flackenavizin’ {1 B UE)NtonrdetN dubing Sbend Juli
1993. 100041 The EVA 54/7 procedure has,became the industry standaged for.assessing industrial gear
lubricant micr(f)iﬁﬁ{ir%?r'ersrllg[{é %er %Crgllgpmc ‘S"clg.sﬁmnr]naé: 0d #58'8 tﬁ?&faé%c%\(lle -ec?rrgu&%ﬁ%%f&uipment
that has two Sepas adegstggamtidrfinialpmy thestmntaatisur fastsonsthgaiastsicopili ex aingipation or

smaller of the two gears in a set g(])uﬁ bec%:ﬁsrgo(émteid an(isra}tgc{ (?fi%r I%allghmln%trégsurirllo 9 arsr;[ ?from
load stage 5 tRFSEANB St LRy 8 0 TRET R ONG RIS of the gear LRI e S agefiest
involving loadBhag egpe thfdadiinrtOhaadiedt hahoitiogrotidreskithl.1atge gehobowesdibyltdirgndurance
test in which the gear is run with, the same ojl charge as,the second stage test for a total of six 80-hour
periods startinﬁglea%f’oaargos)fg\f;(1}l ¥ olrntﬁ%efi‘r"é'tnéi()tﬁf)gu{% it fﬁ‘?ﬁ %ﬁ%@%ﬁég"' (s:?a%)ep fB%?e a
subsequent 80dmimypeodsatchpectiondae peithrnaethataoteriseizchdplricdaife e appeactinces assess
micropitted area of the pinion.tooth flanks. pinign weight loss and the deviation of profile form. Tooth
orofie measurBHRATIE SRR Bt Ol e Mo o e o TRe Lo AP SR o el oot
tip to root andaipysliexb og)rggHry.isThe relatadctenpufer the griaen ofen e fordearingiids tpetlingastirements
are compared.and W differgncg repafted as pofile deriadan, Tne.damadis 197 slesiasfpened
when the profﬁe §E3IadoR Ex B2 ySH gl%'. prting g ’ Y
exclusively, a problem associated with heavily loaded case carburized gearing.

[0002] The progression of micropitting may eventually result in (macro)pitting,
_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 Gennahy and formally published in 1993.
See "FVA-Informationsblatt Nr. 54 I-IV:Testverfahren zur Untersuchung des



[0005] Mobilgear Synthetic HydroCarbon-Xtra Micro Protection or ("SHC XMP") sold by ExxonMobil
Corporation in Fairfax Virginia, was commercialized in 1998 as a micropitting resistant industrial gear

oil. The primgyy KgFkgEdey this lube is the wind turbine industry. Mobilgear sH &G MR W asvery
successful in use with one exception. That exception is the superior level of performance demanded

by builders today in the, Graufleckig,keit Test "OFT" FLS greater than 10 Class High. GFT Class High
is a rating requiring a WO 2007/145924PCT/US2007/013205 - 3 - FLS greater than 10. Mobilgear
SHC XMP 320 provides a FLS equal to 10 high. [0006] In the last several years, there has been a
number of key equipment builders in this sector that are starting to require the highest level of
performance in the FVA 54 Micropitting test of FLS gr‘e%lt'er than 10. A high FLS greater than 10 high
rating require less than 7.5 microns of gear tooth profile deviation in the FVA 54 Micropitting test at the

end of stage 1Q Ipads. [0 7.1§ addition to mi itting, air entrainmeat is angtherjssue. in lubricating
oils. All Iubrica%ﬁ%%?%%gggﬁ ki‘(’)sn %ﬁnas%ttm%lp%(i:#o cgﬁgglegfaluor%aﬁ%%?%%gge% re%%:?{fr‘,‘ issolved air,
entrained air aRY foNn, F4¢E Standd FafipEPB a system, such as an air pocket in a hydraulic line.
Dissolved air is in solution with the oil and is not visible to the naked eye. Foam is a collection of
closely packed bubbles surrounded by thin films of oil that collect on the surface of the oil. 200081 Air
entrainment is[ee043!l arheur\oAais#ithefocedotexhiasmdycoma!l ubbiagdgenesiiydass tifon Imm in
diameter) dispersed.throuéqgoutélﬂs bulk o@?e oil. A iIation#)f Iubricagn oil with air in equipment,

; ps,

such as bearirﬂfé?%%ﬂﬁlir\ uaté %e(% THEh PRIGHRAL ég,g'rﬁ%ﬁ}s F0atcBE %Bg?%‘n ﬁnely
divided air buhhkahdd theeoithéf FEGesiteaseititnbatintheqeganait thaohah ondcepimatthstagesubbles

to rise to the ojl.surface, a mixture, of air and oil will circulate thra thhe lubricating ojl system. This
may result in rﬁﬁtaSiﬁ’rlff)%r FEin le aéil}lnﬁégsstu% ?tﬁégfi%%ﬁg'r@% #ﬁ: n?r?ﬁléla npﬂrrﬁ'g%?,“ﬂ)clgﬁtgete oil
films in bearingyaptasaiis  aanct poosthyd rdisieaystisinpdriatathateoedatu ié-Roue rivadseegd is

ot S T e
Io_ss of_ precisi_@nn-iﬂ acmngelteébiaﬁom:xg'l_lonhﬂathgescsw \l\(?@dhel‘q’)het_im:l;mhglbvi@hn? _
the bubbls ShaXHTS?the FIUh ToHUGTARCHES S ED B CommaRe LA P GRS B ems in
turbines if oversapeeditiehimnes de thet seachd stalgly sofimha sotdllefsdé B8dwbir peniofisgahningps.
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, pinioﬁ 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 pm.

[0005] Mobilgear Synthetic HydroCarbon-Xtra Miéro 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 lube 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



[0009]Antifoamants, including silicone additives help produce smaller bubbles in the bulk of the oil. In
stagnhant systems, the combination of smaller bubbles and greater sheath density can cause serious
air entrainmagRhRb)eESy Turbine oil systems with quiescent reservoirs of geyaraddiapsagd gallons
may have air entrainment problems with as little as a half a part per million silicone. [0010]Casual
exposure to silicone can have a significant effect on the lubricant. There are reports of air entrainment
resulting from oil passing through hoses that had been formed on a silicone-coated mandrel. In one
instance in a turbine application, all sources of air were removed, and the system was carefully
evaluated, component by component, to check for sources of contamination. After an exhaustive
search, the culprit was found to be a silicone coating o1 electrical cables that were immersed in oil.
Other known causes of entrainment problems include contaminants, overadditizing and reservoir

design. [001118% widely methog, to test.ajr rele r%ﬁi;i f petroleum gilsds v D3427-03.
This test meth r%igﬁgﬂ%sqh‘?él timé for ﬂ1béi ﬁ?fa%igga alr con%@t rf%ﬁ?f%%h%?e gi\%@%fo\g\? vg ue of
0.2% under a highdardized set of test conditions and hence permits the comparison of the ability of
oils to separate entrained air under conditions where a separation time is available. The significance of

this test meth noj been fully established. However, entrained air C | nd lack
of sensitivity gﬂﬁ@@orﬁ%lﬁf -{%Sgﬁjer ?ﬁaei ang ‘hsj/ il |ceﬂs%/ssrt1éer%]s). arr{?é’ ?ﬁ% rm%‘;?%%a? bg sé@ﬁf for
ranking oils in sypidieasinnshisretoesidenate statmg o sequisnthgdd glwsidetschad pigriofoenieln the

ASTM D3427 h d air.is bl h il, which h
temperature mﬂqﬁe ,éj)g}lcd&%éiﬁffgp?#ﬁgi }%\gv%és%;%%é%&ﬁﬁ%%we&#@ %ﬁgr }aél?r’%ﬁgrt}?ﬁgd in

the oil to reduceiRighl¢ainioréqifieed essuiin reSomlietioass e gaar eterbepliofde[dediatidocor dhegly,
there is a needq.{qr. a_lubricant that provides,a consistent fa ble, micropitting and air release
properties usiga%aﬁ%%b&ﬂ%gwgstg%ﬁi%lgﬂg} r\é?s{éi‘r? %ns\'/ention'satisfies this need by

providing a novel combination of base stocks that give the desired performance. SUMMARY

[0007] In addition to micropitting, air entrainment is another issue in
lubricating oils. All lubricating oil systems contain some air. It can be found in
foﬁr phases: free air, dissolved air, entrained air and foam. Free air is trapped in
a system, such as an air pocket in a hydraulic line. Dissolved air is in solution
with the oil and is not visible to the naked eye. Foam is a collection of closely
packed bubbles surrounded by thin films of oil that collect on the surface of the

oil.

[0008] Air entrainment is a small amount of air in the form of extremely small
bubbles (generally less than 1mm in diameter) dispersed throughout the bulk of
the oil. Agitation of lubricating oil with air in equipment, such as bearings,
couplings, gears, pumps, and oil return lines, may produce a dispersion of finely
divided-air bubbles in the oil. If t:.he residence time in the reservoir is too short to
allow the air bubbles to rise to the oil surface, a mixture of air and oil will
circulate through the lubricating oil system. This may result in an inability to
maintain oil pressure (particularly with centrifugal pumps), incomplete oil films
in bearings and gears, and poor hydraulic system performance or failure. Air
entrainment is treated differently than foam, and is most often a completely
separate problem. A partial list of potential effects of air entrainment include:

pump cavitation, spongy, erratic operation of hydraulics, loss of precision



[0014] A novel lubricant formulation is disclosed. In one embodiment the novel lubricant formulation
comprises at least two base stocks The first base stock is a metallocene catalyzed PAO
(poly-alpha-Qledinggvyitky s viscosity greater than 40 cSt, Kv100C having a mpelegiasweighy distribution
(MWD) as a function of viscosity at least 10 percent less than the algorithm: MWD = 0.2223 + 1.0232*
log (Kv at 100C in cSt). The second base stock is lubricating oil with a viscosity of less than 10 cST,
Kv100C. [0015] In a second embodiment, the novel lubricant formulation comprises at least two base
stocks. A first base stock comprising a metallocene catalyzed PAO with a viscosity greater than 40
cSt, Kv100C and a second base stock comprising a oil with a viscosity less than 10 c¢St, Kv100C. - 6 -
[0016] A method for blending a novel formulation is atshdisclosed. The method comprises obtaining a
first synthetic base stock lubricant. The first base stock having a molecular weight distribution (MWD)
as a function of viscosity, at least 10 percent less than the algorithm: MWD = 0.2223 + 190232* log (Kv
at 100C in csﬁpﬁtggéoﬁ’a’@éw&o‘eﬁl%ﬁaﬁth??s SOTRRRERT IVERE iF, IR Fediised, ApRHSEt S 5
viscosity less $jgeosySéqiipkhest sHig itevandaesorsvbaieprtasilalyieholeaneip)ixéehiorproduce
the lubricating gil. BRIEF DESCRIPTION OF E_“'ng RAWI GSéO%JfQAFi .1lis %Jgraph iIIustra:ing the
molecular weigHisGiene iR toramHRRb e ;Sfff(?fg]alt: .e 'ﬁ?gﬁﬁr FaEgFShproved
viscosities lospgscanipRis¢achshbabblas)fxfes piobténi o theblses sy oéihsebibdevtaasdy
metallocene catalyzed base stocks; [0019] Fig. 3 is a graph showing the improved air release
properties of tﬂ@ﬁ’iﬂ%ﬁb@ﬂfﬁf@tﬁﬂ% e%a\ﬂﬁfe%ﬁbﬂ%ié%ﬁ%ﬁé'%#ﬁg romium catalyzed PAO as
a function of the viscosity grade. DETAILED DESCRIPTION [0020] We have discovered a novel
combination of base stocks that provide unexpected fayorable improvements in lupricating properties.
In various em$88fRtnts theéé‘ﬂ%ﬁ@‘ifé@’irf Wﬁcrﬁ!’ﬁf?ﬂ&, gﬁ]gpg}vsqa A9 \’é"gsé"%ﬂ?rpoint,
temperature cpaBBleyIECIEEWDEIRS dhtheriIgyIafieighayt kyticms nhéstontbinptibpatidshiller
60/688086, we have discQvered a novel combination of base stocks that provides an unexpected
increase in miBFB%ﬂﬁﬁj"b&o%ﬁﬁm shigathJensiBs SRS SIS SR AL %‘%%%%%l’%?ﬁ%@ﬁmproved

aeration propeTiigbirihodlr Sjstuliiy angheqaieaceniotessyoirs of several thousand gallons may

have air entrainment problems with as little as a half a part per million silicone.

[0010] Casual exposure to silicone can have a significant effect on the
lubricant. There are reports of air entrainment resulting from oil passing through
hoses that had been formed on a silicone-coated mandrel. In one instance in a
turbine application, all sources of air were removed, and the system was
carefully evaluated, component by component, to check for sources of
contamination. After an exhaustive search, the culprit was found to be a silicone
coating on electrical cables that were immersed in oil. Other known causes of

entrainment problems include contaminants, overadditizing and reservoir design.

[0011] One widely method to test air release properties of petroleum oils is
ASTM D3427-03. This test method measures the time for the entrained air
content to fall to the relatively low value of 0.2% under a standardized set of test
conditions and hence permits the comparison of the ability of oils to separate
entrained air under conditions where a separation time is available. The
significance of this test method has not been fully established. However,

entrained air can cause sponginess and lack of sensitivity of the control of



WO 2007/145924PCT/US2007/013205 - 7 - [0021] In one embodiment, this novel discovery is based
on wide 'ti-modal" and "extreme--modal” blends of oil viscosities which are base stock viscosity

differences of@} J6a5t362$St, Kv100C, preferably at least 96 cSt, Kv100C g pBssibhv sgater than
290 cSt, Kv100C respectively. Kinematic Viscosity is determined by ASTIvl D445 method by

measuring the time for a volume of liquid to flow under gravity through a calibrated glass capillary
viscometer. Viscosity is typically measured in centistokes (cSt, or mm2/s) units. The I1SO viscosity
classification which is typically cited for industrial lubes of finished lubricants based on viscosities
observed at 40C. Base stock oils used to blend finished oils, are generally described using viscosities
observed at 100C. This "bi-modal" blend of viscosities als0 provides a temperature benefit by lowering
the lubricant temperature in gear testing by approximately 10C. This temperature drop would provide

increased efficiency boost X[&OZ ']Bln the past.high viscosity base stocks ha notn?i) n practical from
most applicati&'ﬁrg)}ﬁfe 35% araslfi-l iﬁK/SE)er'gﬁler?isﬂ ﬁltﬁéfn'é‘??\({g‘ﬁ%?%?ség‘s%f’f?‘ﬁ;f’é stoc lg.g\lgleﬁg{/e
discovered thaippdivdranes stbeke vesideaveeniimesarevshno end gas egyitedistateubighs provide excellent
shear stability. This discovery provided the ability to utilize high viscosity base stocks in "dumbbell”,

"bi-modal" and "extreme-modal” blends. [0023] In a preferred embodiment, the new base stocks are
produced accqoing]to IhethecASTMEBD 42 Trirethdal, Raniptossd d\pivlisabilowi ch6oughOtRO Geand U.S.

Application Nos, 11/036,904, 11/172,161, and 11/388,825. All wr,met or produging PAO
including meta‘ﬂ%t&’%“g‘&?%r%cﬁﬂeﬁ%ae%qc}%@ ?t'ﬁ‘lﬁeﬁ’?ﬁ" §80%% or’t e’in?/r:r? lon. T eigeerbﬁ]ageag{ocks
are known as fielallosaippedalieadnasequieck fantherair entriinedninlatel bkl bovred8ee in
Metallocene Basge Stocks, [00 Ag Ino embolii ent,.the metallocene catalyzed PAO (or mPAO) used
for this inventigﬂﬁ,lghet}g ng’zﬂ I)‘?‘ﬁ*@ﬁ&éﬁ%"f efrﬁ & Fggs?lfﬁg%?ﬁﬁélgfgﬁns or more, or a
homo-polymer made from a single alpha-olefin feed by a metallocene catalyst system. [0025] This
copolymer mP, mpgosition.is made from at least two al r]%a;\r-.olef'n of C3 to £30 range and having
monomers rar@?r}%j diéﬁ%‘ﬁﬁgﬁ’ﬁﬁhiﬁﬁﬁ?‘ym&s’?%é%\i&%ﬁé {%%?{ttﬁéaa err%‘g']le%sar Sﬂ%ﬁsm%lér is at
least 4.1. Advaaiegableshiicibpiniinand piepylens fropestios using tagh, vsegpitiarivdasetbtoeknount of
less than 50 wit% individyally or preferably less than 5Q.wt%.combined. The copalymers of th
invention can gefé actitﬁh%/a&fg,sg? o%{ggﬁ{:ofiolwg%ée& gﬂff o?ﬁggfo?% & 3§§ro§riaﬁe ?é)c‘:,t?city.
These copolyrsembiaxeoisefibasbreack privaasiies tincdelitg & peeflamhadic@our point, low temperature
viscometrics by themselves or as blend fluid with other lubricants or other polymers. Furthermore,

these copolymers have narrow molecular weight distributions and excellent lubricating properties.
SUMMARY

[0014] A novel lubricant formulation is disclosed. In one embodiment the
novel lubricant formulation comprises at least two base stocks The first base
stock is a metallocene catalyzed PAO (poly-alpha-olefins) with a viscosity
greater than 40 cSt, Kv100°C having a molecular weight distribution (MWD) as
a function of viscosity at least 10 percent less than the algorithm: MWD =
0.2223 + 1.0232* log (Kv at 100°C in cSt). The second base stock is
lubricating oil with a viscosity of less than 10 ¢ST, Kv100°C.

[0015] In a second embodiment, the novel lubricant formulation comprises at
least two base stocks. A first base stock comprising a metallocene catalyzed
PAO with a viscosity greater than 40 cSt, Kv100°C and a second base stock

comprising a oil with a viscosity less than 10 c¢St, Kv100°C.



[0026] In an embodiment, mPAO is made from the mixed feed LAOs comprising at least two and up to
26 different linear alpha-olefins selected from C3 to C30 linear alpha-olefins. In a preferred
embodimentypespxadoiged LAO is obtained from an ethylene growth progegsHsiRg /A3 LmMinum
catalyst or a metallocene catalyst. The growth olefins comprise mostly C6 to C18-LAO. LAOs from
other process, such as the SHOP process, can also be used. [0027] This homo-polymer inPAO
composition is made from single alpha- olefin chosing from C3 to C30 range, preferably C3 to C16,
most preferably C3 to C14 or C3 to C12. The homo-palymers of the invention can be isotactic, - 9 -
atactic, syndiotactic polymers or any other form of appropriate tacticity. Often the tacticity can be
carefully tailor by the polymerization catalyst and poly'r'r‘?e'rization reaction condition chosen or by the
hydrogenation condition chosen. These homo-polymers have useful lubricant properties including

excellent VI, p t, low tem tu ometrics b ems es or as,blend fluid with

lubricants or om&fﬁ)lylﬁef@ %f%g) c@ nﬁn§e%d’rﬂ\6polymers e rllar?g)w rrf#j) ei(j:u ;qwe t
distributions amﬂeﬂm&lt&nﬁbﬂx&ﬂh@wtﬁst[@pﬁ&khcdr%et@hﬁmm ﬂﬁhei[fmalmieﬁn(s) can
be chosen from a nentf om a conve w faC|I| or trom rteflner t can be
used alone to ﬁﬁg ggp%lw ?cé‘lll%ge?ﬁér: with \};?abﬁe rom reflnery or ch mical
plant, lncludlngapreasglet)q;etdwtems ﬁpammelmdhhe MéNﬁ) Wﬂ]ZlZ—Z&)@ﬂlé)@BZ"—‘ddglﬁKmade from
dedicated pro on facility. In anot embodlm the f|n be cho fro

alpha-olefins & CéL e’&'ﬁ‘gﬁg F%Eﬁg? @ﬁ g%ﬁheié éﬁo % gﬂgﬁ%‘?} or:%ezlgmple
C3to C16- alphﬁbeiemshmevmmi@blgehmmmm&ﬂ,emm%CSUlmeﬁmﬂmkbmmpm;mers
Other comblnatlo%% k:‘gc:h as C4 and CéﬂLAO C6 16-LA C? C10, C12-LAO; or C8 and

C14-LAO: C6, X “f_% 5 TN PRO" S gdlél S f«lagto make co-polymers. [0029] The

activated metallocene catalyst can be simple metallocenes substituted metallocenes or bridged
metallocene ¢ 56, methylaluminoxane (MAO) or a
non-coordinating al rakis(perfluorophenyflborate or other

equivalent ”%&@Pﬁ‘j"”%‘igg 13%051 gra};@l illustrating the molecular weight distribution of High

viscosities PAO;

[0018] Fig. 2 is a graph illustrating the improved: viscosities losses or improved
shear stability as a function of the viscosity of the high viscosity metallocene

catalyzed base stocks;

[0019] Fig. 3 is a graph showing the improved air release properties of high
viscosity mettalocene catalyzed PAO compared to the chromium catalyzed PAO

as a function of the viscosity grade.

DETAILED DESCRIPTION

[0020] We have discovered a novel combination of base stocks that provide
unexpectéd favorable improvements in lubricating properties. In various
embodiments these properties include micropitting, shear stability, air release
pour point, temperature control, viscosity loss and energy efficiency. In U.S.
Provisional Application No. 60/688086, we have discovered a novel
combination of base stocks that provides an unexpected increase in micropitting
protection . We have also discovered that these base stocks provide improved

aeration properties, shear stability and energy efficiency.



is contacted with an activated metallocene catalyst under oligomerization conditions to provide a liquid
product suitable for use in lubricant components or as functional fluids. This invention is also directed

to a copolymgiLawasiign made from at least two alpha-olefins of C3 to G3q A4aRes A dzaving
monomers randomly distributed in the polymers. The phrase "at least two alpha-olefins" will be

understood to mean "at least two different alpha-olefins” (and similarly "at least three alpha-olefins”
means "at least three different alpha-olefins”, and so forth). [0031] In preferred embodiments, the
average carbon number (defined hereinbelow) of said at least two alpha-olefins in said feed is at least
4.1. In another preferred embodiment, the amount of ethylene and propylene in said feed is less than
50 wt% individually or preferably less than 50 wt% condbined. A still more preferred embodiment
comprises a feed having both of the aforementioned preferred embodiments, i.e., a feed having an
average carbon number of at least 4.1 and wherein the amount of ethylene and propylene is less than
50 wt% individually. [0032] In embodiments, the product obtained is an essentially random liquid
copolymer coif(02lihg fine aitdezsbdimepitatbie firaved Wdiseweenyally baseidon iwideaibitmadald of
ordinary skil i {e. a5t yatld. sonsifier s o 61 IRRBJAIORNEOR dre 5L NBEE ARG pations
of randomness, some GFWhich are preterred or more preferred, are prowdeoF erein. Likewis€ the term
"liquid" will be dififteestoex] dfyadieast 3E0aStKsKINTEhpeefetakiynatdgast BoradtcHavd ORIz amshs of the

term are provided herein. In desgcribing theuragdu ! 'zi;'![g%“ a g' 4 gg,fs hg-olefins
(at least two dﬁf’eslﬁé}ﬁ yaIﬁ:]ea'fl(g?elffrst;nﬁsajl,1 ogr%eéo? 0 gll%griy skill ﬁ%ﬁg%rt | boggg‘ssk%n of t ecpre%%nt
disclosure wodietenaiiersdaigt tAs8 TWaDi44eimy thest fitye anicateipglythee fimgofotos oviglomerigdtion)
product incorporating sajd certain number of alpha-plefin nomer. £ it 1 Jroduct
obtained by p%?%% r?%cl’ngHI gyolyélc?r%rer%ﬁl‘atga% cer manﬁarlnlir%?%: a ﬁt?égo%e%%ﬁ%ﬁ%@l%%%l This
improved proc¥iscesipioigstymiatdlysteysteradcompeisiistokendeSit cenewaisponits (FeulSQ, below)

metnyialumin e TIAG TR G B Ry SRt HAFRbA TuBEuE Rhjshs
lubricants 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
{he lubricant temperature in gear testing by approximately 10°C. This

temperature drop would provide increased efficiency boosts.

[0022] In the past high viscosity base stocks have not been practical from most
applications due to shear stability problems in using higher viscosity base stocks.
We have discovered that new base stocks with low with narrow molecular
weight distributions provide excellent shear stability. This discovery provided
the ability to utilize high viscosity base stocks in “dumbbell”, “bi-modal” and

“extreme-modal” blends.

[0023] In a preferred embodiment, the new base stocks are produced according
to the method described in U.S. Provisional Application No. 60/650,206 and
U.S. Application Nos. 11/036,904, 11/172,161, and 11/388,825. All known
methods for producing PAO including metallocene PAO are intended to be
within the scope of the invention. These base stocks are known as mettallocene

catalyzed bases stocks and are described in detail below.



100341 The term "catalyst system" is defined herein to mean a catalyst precursor/activator pair, such
as a metallocene/activator pair. When "catalyst system" is used to describe such a pair before

activation, it gapgthadspactivated catalyst (precatalyst) together with an getivaptap@ndsfRtionally, a
co-activator (such as a trialkyl aluminum compound). When it is used to describe such a pair after

activation, it means the activated catalyst and the activator or other charge-balancing moiety.
Furthermore, this activated "catalyst system™" may optionally comprise the co-activator and/or other
charge-balancing moiety. Optionally and often, the co-activator, such as triallcylaluminum compound,
is also used as impurity scavenger. -12- preferably zirconium (Zr), hafnium (Hf) and titanium (Ti), L 1
and L2 are independently selected from cyclopentadieﬁyl ("Cp"), indenyl, and fluorenyl, which may be
substituted or unsubstituted, and which may be partially hydrogenated, A is an optional bridging group
which if present, in preferred embodiments is selected from dialkylsilyl, diallcylmethyl, diphenylsilyl or
diphenylmeth)W,r pssne Bass B195Ks o icylethylenyl (-CR2-CR2-), where alkyl can be independently
C 1 to C16 alkyl radical or phenyl, tolyl, xyly1 radical and the like, and wherein each of the two X

groups, Xa and Xb, are independently, selected from halides, OR (R is yl gro eferably
selected from BPEILs SRRt 8%&%&8@@%%‘7@%?8%55? 88219 I{Sgdﬁg%ﬁi 162yl
groups, haloakad tBidithefitionUsiat reladvshtyieierhigit\fssit Utedumeial kphaesiefirs kigher
catalyst productivity and wider product viscqsity ranges and gre thus qfte re preferred. [0036] In
another emboBARTENPTZh Y YRHE YTsp e Fe#r??bgoﬂﬂgg%ﬁj@ ii? r%%%é%%?’agéna?gﬁoor%%ﬁlg number
of 1.8 or less gatAIgsssyrsedy ASTM D 1159, preferably 1.7 or less, preferably 1.6 or less, preferably

1.5 or less, preferably 1.4 or less, preferably 1.3 or less, preferably 1.2 or less, preferably 1.1 or less,
preferably 1.0 or less, preferably 0.5 or less, preferably 0.1 or less. [00371 In another embodiment,
any of the polyggas-olefins sopenaadhaiPiA@rediigmaeoatzdmaden fiven 4irisasoawonlpsiacf 1.8 or
less as measured_by ASTM D 1159, preferably 1.7 or less, refera%6 fr Igllss,. r%f%rably{ 1.5 or
less, preferabfialing 0k &S3 defertbirres g daving PEHFREOT B ﬁghs‘ifl ol

preferably 1.0pgy1igferfrefpraplyfterrdassharefecabietageord@¥on number is at least 4.1.
Advantageously, ethylene and propylene, if present in the feed, are present in the
amount of less than 50 wt% individually or preferably less than 50 wt%
combined. The copolymers of the invention can be isotactic, atactic,
syndiotactic polymers or any other form of appropriate tacticity. These
copolymers have useful lubricant properties including excellent VI, pour point,
low temperature viscometrics by themselves or as blend fluid with other
lubricants or other polymers. Furthermore, these copolymers have narrow

molecular weight distributions and excellent lubricating properties.

[0026] In an embodiment, mPAO is made from the mixed feed LAOs
comprising at least two and up to 26 different linear alpha-olefins selected from
C3 to C30 linear alpha-olefins. In a preferred embodiment, the mixed feed LAO
is obtained from an ethylene growth process using an aluminum catalyst or a
metallocene catalyst. The growth olefins comprise mostly C6 to C18-LAO.

LAOs from other process, such as the SHOP process, can also be used.

[0027]) This homo-polymer mPAO composition is made from single alpha-
olefin chosing from C3 to C30 range, preferably C3 to C16, most preferably C3

to C14 or C3 to C12. The homo-polymers of the invention can be isotactic,



- 13 - [0038] In another embodiment, any of the polyalpha-olefins described herein may have
monomer units represented by the formula, in addition to the all regular 1,2-connection. where j, k and

m are each, ipeepsndgosly. 3. 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17pd3u a3 9bs0r 22, N is
an integer from Ito 350 ( preferably 1 to 300, preferably 5 to 50) as measured by proton NMR. [0039]

In another embodiment, any of thc polyalpha-olefins described herein preferably have an Mw (weight
average molecular weight) of 100,000 or less, preferably between 100 and 80,000, preferably between
250 and 60,000, preferably between 280 and 50,000, preferably between 336 and 40,000 g/mol.
[0040] In another embodiment, any of the polyalpha-olefins described herein preferably have an Mn
(number average molecular weight) of 50,000 or less; Br’eferably between 200 and 40,000, preferably
between 250 and 30,000, preferably between 500 and 20,000 g/mol. [0041]In another embodiment,
any of the polyalpha-olefins described herein refera%}ly have an molecular wejght distribpgon (MWD =
Mw/Mn) of gré&? Pl I.’Lgéﬂ@fég:s]?ﬂg?ﬁ“&rﬁr% e%'z%l)(/’ gk ? an ﬁ%r%?é?gﬁff}wes{gsc{ﬁ% 3, gqgfenrably
less than 2.5. fhige tMiRinf neBACHis atatefalbyfutaition biyfluibe - plymscirstion teatadysty amgd of the
polyalpha-olefing described herein referabé have an Mw/Mn of hetween 1 and. 2.5, alterpately
between 1 an8 )g’nagﬁgﬂam gr%%q%fa G }éft?/n chosen or %y B-Iewhyé]rogenatlon concﬂgon

chosen. These homo-polymers have useful lubricant properties including
excellent VI, pour point, low temperature viscometrics by themselves or as blend
fluid with other lubricants or other polymers. Furthermore, these homo-
polymers have narrow molecular weight distributions and excellent lubricating

properties.

[0028] In another embodiment, the alpha-olefin(s) can be chosen from any
component from a conventional LAO production facility or from refinery. It can
be used alone to make homo-polymer or together with another LAO available
from refinery or chemical plant, including propylene, 1-butene, 1-pentene, and
the like, or with 1-hexene or 1-octene made from dedicated production facility.
In another embodiment, the alpha-olefins can be chosen from the alpha-olefins
produced from Fischer-Trosch synthesis (as reported in U.S. 5,382,739). For
example, C3 to Cl6-alpha-olefins, more preferably lincar alpha-olefins, are
suitable to make homo-polymers. Other combinations, such as C4 and C14-
LAQO; C6 and C16-LAO; C8, C10, C12-LAO; or C8 and C14-LAO; C6, C10,
C14-LAO; C4 and C12-LAO, etc. are suitable to make co-polymers.

[0029] The activated metallocene catalyst can be simple metallocenes,
substituted metallocenes or bridged metallocene catalysts activated or promoted
by, for instance, methylaluminoxane (MAO) or a non-coordinating anion, such
as N,N-dimethylanili'nium tetrakis(perfluorophenyl)borate or other equivalent

non-coordinating anion.

[0030] According to the invention, a feed comprising a mixture of LAOs
selected from C3 to C30 LAOs or a single LAO selected from C3 to C16 LAO,



[0042] The Mw, Mn and Mz are measured by GPC method using a column for medium to low
molecular weight polymers, tetrahydrofuran as solvent and polystyrene as calibration standard,

correlated withghg,fiHidesipcosity according to a power equation. [0043] In aefafesissRRpdiment of
this invention, any PAO described herein may have a pour point of less than 0 C (as measured by

ASTM D 97), preferably less than -10 C, preferably less than -20 C, preferably less than - 25C,
preferably less than -30C, preferably less than -35C, preferably less than -50 , preferably between -10
and -80 C, preferably between -15C and -70C. [0044] In a preferred embodiment of this invention, any
PAO described herein may have a kinematic viscosity (at 40C as measured by ASTM D 445) from
about 4 to about 50,000 cSt, preferably from about 5°¢Stto about 30,000 cSt at 40 C, alternately from
about 4 to about 100,000 eSt, preferably from about 6 cSt to about 50,000 cSt, preferably from about

10 cSt to about 30,000 ¢St at 40C. [0045] In anothe bodiment.,a lyalpha-olefin described
herein may haVe %\bﬁi é:(rt:neétiew \}ltg‘co%l yaaﬁ v(% fanrﬁ[%T)@ﬁ?fS ?é} g (?ym%?&% C tl%?g%}g%%/oﬂom
about 2 to abadrisiiidths $, priefédel\liijoid phadid saitdablefonndcOB0lubticat e prgfenshly fom about

4 ¢St to about 1,000 ¢St t e preferably from abqut 8 c$t to about,.500 ¢St as measured by
ASTM Dads. TRABRER SIS, Lo S TR S ST b L naref OB
embodiment, angliédrom ot 360849 cSbailpha-6léfias oh€3am iR nteng eamudfttaming 5 8mdner300 cSt in
another embodiment. Alternatel e pelyalpha-olefin has a KV10Q qf Jess than 2 S 46] In
another embodim °&E‘Xn¢§61§/’3¥6§;‘8|é%§ QSCNSEY heroir rigr%s/ a"\iﬁe ig?ﬁ]eﬁvn%tﬂzpé/i?sgcgtlsﬁ[@ggt 100C
from 3 to 10 cSfiHrtsk anfidebhspmodt taf i "t feast, tovefdifele@006]pher olefiesa$and asumidarlyy ASTM

D 56). [0047] In apother embodiment,.any, polyal Iefirﬁesﬁgd herein,may have, a dielectric
constant of 2.5%3%@& %hr?(?_&?% &9 Efﬁg%e grxﬁllsggag Ee)? ﬂ N 259{%@1%? nag#g Se’raenn(?t?c())diment,
any polyalphafotafin described herein may have a specific gravity of 0.75 to 0.96 g/cm3, preferably
0.80 to 0.94 g/cm3. [0049] In another embodiment, any polyalpha olefin described herein may have a

viscosity index (VI) of 100 or more, preferably 120 or more, preferably 130 or more, alternately, form
120 to 450, alt@estly Fronpideried Oenditativatelys frathee 1 2(v ¢0ag80, cdtborataiymber 10fon8d0,

alternately from 140.to 38Q, alternately from 180 to 306, alternately from 2 2to$3 6, alternately the
viscosity inde>%rl1 gan E—:-calgtw 8uts'i)@,agll%g?rsgtté?’yo a??r%%%tbf I;)SL]R iggaéfe%%feig ggg?;%ﬁdut 0,

alternately at laasthel qpre?&2ed mbadinomer thscasityuiitidd rethgdefionarid dpremd anelidesmde
equivalent feeds (KV100 %Of?jw %th‘@% ferred VI.range is from 100.to 130, Viscosity index is
determined ac%gﬁd%ﬁér?gsA q’Ni e f{% % @%ff@gg Ak L 90 w}‘ﬁ’ combimed.
A still more preferred embodiment comprises a feed having both of the
aforementioned preferred embodiments, i.e., a feed having an average carbon
number of at least 4.1 and wherein the amount of ethylene and propylene is less

than 50 wt% individually.

[0032] In embodiments, the product obtained is an essentially random liquid
copolymer comprising the at least two alpha-olefins. By "essentially random" is
meant that one of ordiné.ry skill in the art would consider the products to be
random copolymer. Other characterizations of randomness, some of which are
preferred or more preferred, are provided herein. Likewise the term "liquid" will
be understood by one of ordinary skill in the art, but more preferred
characterizations of the term are provided herein. In describing the products as
"comprising” a certain number of alpha-olefins (at least two different alpha-
olefins), one of ordinary skill in the art in possession of the present disclosure
would understand that what is being described in the polymerization (or

oligomerization) product incorporating said certain number of alpha-olefin



[0050] All kinematic viscosity values reported for fluids herein are measured at 100 C unless otherwise
noted. Dynamic viscosity can then be obtained by multiplying the measured kinematic viscosity by the
density of thylisivigh, 743624 16 - units for kinematic viscosity are in m2/s, copgpeRbFanyssted to cSt or
centistokes (1 eSt =10-6 m2/s or 1 ¢St = 1 mm2/sec). 100511 One embodiment is a new class of
poly-alpha-olefins, which have a unique chemical composition characterized by a high degree of linear
branches and very regular structures with some unique head-to-head connections at the end position
of the polymer chain. The polyalpha-olefins, whether homopolymers or co-polymers, can be isotactic,
syndiotactic or atactic polymers, or have combination of the tacticity. The new poly-alpha-olefins when
used by themselves or blended with other fluids have bhﬁwe lubrication properties. [0052] Another
embodiment is a new class of hydrogenated poly-alpha-olefins having a unique composition which is
characterized by a high percentage of uni ueégead- 0-head, connection at.the end pasition of the
polymer and b‘?%“@%ﬁ%)d é’g%%ﬁﬁéc?(&f co plgret ‘ioﬁﬁ"g‘ﬁ%dﬁ%i 5e c‘?rebﬁygé)lgenez%ﬁl.gT RE new
poly-alpha-olefiligostherizissgddigt terthiarmientstrcfiiphaathedifimdiwmersnique lubrication properties.
[0053] This improved process to produce these polymers employs metallocene catalysts together with
one or more activators (such as an alumoxane or a non-coordinating anion). The metallocene catalyst

can be a bridged3sjunimidgeinpubssd.tpiocesnsehgiloyed £y catpbrindigsidmindemypris fhgpranyl
compound. One preferred class of catglysts are highly substituted metallocenes that give high catalyst
productivity arfd BFO&%R?E@S@PKH%éE%%&Wi&o&g Tofth gﬁo%%?%%t%rreg%??ﬂgaégaaand
substituted cyaiopediadangmngi\noiter (SEApd@THaanofan2iallatonds are mktgddlandswbstituted
indenes or flu?@% ﬂ;ﬁ ect Zf %‘uebg ocesses described herein also includes treatment of the
feed olefins to e %@5’{5&] s, Stith/as peroxides, oxygen, sulfur, nitrogen-containing organic

compounds, and or acetylenic compounds. This treatment is - 17 -

pE] Q o)
g B(CeFs)
A L{Mx 2 @I.\—Me . Formula 2
Formula 1 H e
NCA
‘ PV
f’i‘] O)\ Formula 3
CH;
MAO

[0034] The term "catalyst system" is defined herein to mean a catalyst
precursor/activator pair, such as a metallocene/activator pair. When "catalyst
system" is used to describe such a pair before activation, it means the
unactivated catalyst (precatalyst) together with an activator and, optionally, a co-
activator (such as a trialkyl aluminum compound). When it is used to describe
such a pair after activation, it means the activated catalyst and the activator or
other charge-balancing moiety. Furthermore, this activated "catalyst system"
may optionally comprise the co-activator and/or other charge-balancing moiety.
Optionally and often, the co-activator, such as trialkylaluminum compound, is

also used as impurity scavenger.

[0035] The metallocene is selected from one or more compounds according to

Formula 1, above. In Formula 1, M is selected from Group 4 transition metals,



believed to increase catalyst productivity, typically more than 5 fold, preferably more than 10 fold.
[0054] A preferred embodiment is a process to produce a polyalpha-olefin comprising: 1)

contacting atlgnsi@angsespha-olefin monomer having 5 to 24 carbon atomsphhRnelelegene
compound and an activator under polymerization conditions wherein hydrogen, if present, is present at

a partial pressure of 200 psi (1379 kPa) or less, based upon the total pressure of the reactor
(preferably 150 psi (1034 kPa) or less, preferably 100 psi (690 kPa) or less, preferably 50 psi (345
kPa) or less, preferably 25 psi (173 kPa) or less, preferably 10 psi (69 kPa) or less (alternately the
hydrogen, if present in the reactor at 1000ppm or less bi/ weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or Ie'sé, preferably 100 ppm or less, preferably 50 ppm
or less, preferably 25 ppm or less, preferably 10 ppm or less, preferably 5 ppm or less), and wherein

the alpha-olefin mongmer having 3 t carbon ators ds pre 10 v, % ¢ ed upon
the total volunfé %}?fﬁ%mgaﬁf?&?gémggg)éo%gﬁﬁ%r@ﬁti%‘ﬁ%ﬁqr%ﬁ%lrﬁger@;} an)?g%%%r?ts%%%
solvents presentleptmeleatiytisaleated fron? cyblarintadigapa(PEp Hlefimdemtioranty fludrsgyhating the
PAO, and obtaining a PAO,,comprisjng at.Jeast 50 mole? a 0 lpha-olef gm;er,
wherein the pa?’ya{fg}\a@?gfinb ass%)ﬁ#%}ﬁgtiCO{/islég%%SgﬁtggC gﬁéoé%’%’:@?ﬂ%%?’éﬁﬁﬁ@
polyalpha-olefliydongeristedy Adke 80 aptionalobridiging (gewemtehishthe foasant: in Fefevrede |, k
and mare each, independently, 3, , £.8.9,.1 gl 13 17,. 21.0r22,n
is an integer fr%trnn%fag gélg [d%ng%ﬁ?gﬁer?rl{g{g e%%giljlﬁ%e&ﬁf is%aapr 1c%'ﬁsés ol’prglﬁlﬁg@%ﬁcﬁ)l/aléﬁ'ua-oleﬁn
comprising:  diphentdniithyd,fexttydenypin (cOHRHEHE On aabrydetbpkinyie (2(PRA-CIB2A))mevtwmreer having
5 to 24 carbon gtoms with a metallgcepe I ound.and a ngn-coprdinatin 0 ivator or
kyiatumoxar AL TS SO ERIERTy ST AR RGN R B KRS U A 0T g
conditions wherein the dijzea-aledinwizneimeeaclvingf Sthe 2thaarFOngrmups, isXacsadt 68,0 actume %

or more basec& Apon tla% r’gﬂtal V%Iéjrpeedo tgreh C %al%%t/a gé%%ﬁ%cha%g#ﬁ?&%%%gﬁs%&@ and any

: en . selec S
diluents or solVents presen¥|n e réactor and where th ha-o tream

comprises lessealate@fqm @ bt €16 rstasightcontaannhecbohpoualiey lagmba i hindrageoly@lbba-olefm

comprising at t 0le% of a C5 to, C24 alpha-olefin monomer wher lyalpha-olefin has a
kinematic viscoEsill yagf() 1%85%?@8881 8§’[0%?12eas%9|§r%?é reetlfib?yﬁ,?ﬁf/d rlgggg%\m?f 5%%%&%’%@@52}%‘}’he
reactor at 10068ppstitatdds snisyaliecging preifecabighsO qapalyst pesdpctfeatybhnd806/plen prddest

preferably 250 umar less grg%&%%/#l%OE m or Iegs I%%gf_?ergbly 50 ppm or less, preferably 25 ppm
erab y ess.

or less, prefera yofb 5%1%rsless, pré pglrﬁro

[0036] In another embodiment, any of the polyalpha-olefins produced herein
preferably have a Bromine number of 1.8 or less as measured by ASTM D 1159,
preferably 1.7 or less, preferably 1.6 or less, preferably 1.5 or less, preferably 1.4
or less, preferably 1.3 or less, preferably 1.2 or less, preferably 1.1 or less,

preferably 1.0 or less, preferably 0.5 or less, preferably 0.1 or less.

[0037] | In another embodiment, any of the polyalpha-olefins produced herein
are hydrogenated and have a Bromine number of 1.8 or less as measured by
ASTM D 1159, preferably 1.7 or less, preferably 1.6 or less, preferably 1.5 or
less, preferably 1.4 or less, preferably 1.3 or less, preferably 1.2 or less,
preferably 1.1 or less, preferably 1.0 or less, preferably 0.5 or less, preferably 0.1

or less.



WO 2007/145924PCT/US2007/013205 - 19 - [0056] An alternate embodiment is a process to produce
a polyalpha-olefirt comprising: 1) contacting a feed stream comprising at least one alpha-olefin
monomer hawiogaia &d,5arbon atoms with a metallocene catalyst compoyeraRdsanasseordinating
anion activator or alkylalumoxane activator, and optionally an alkyl-aluminum compound, under
polymerization conditions wherein the alpha-olefin monomer having 5 to 24 carbon atoms is present at
10 volume % or more based upon the total volume of the catalyst/activator/coactivator solution,
monomers, and any diluents or solvents present in the reactor and where the feed alpha-olefin, diluent
or solvent stream comprises less than 300 ppm of heteroatom containing compounds which; and
obtaining a polyalpha-olefin comprising at least 50 niold% of a C5 to C24alpha-olefin monomer where
the polyalpha-olefin has a kinematic viscosity at 100C of 5000 cSt or less; 2) isolating the lube
fraction polym d then contacting this lube fraction with hydregen Ser typical hydrogenation
conditions wit ggﬁa%ongc%rtﬁ?/gﬁél&\?g uﬁaywﬂﬁ ﬁ%ﬁ%@aﬁaﬁ% & %v)é% f‘gl Qér(&iaﬁé’ﬁé?ively,
isolating the luheyfrhavenmolyonets andtshespreseiaedndyhichéuferfradapriwvidddigidmogen thadall more
severe conditions ile I}ydro enﬁltion catalyst to give fluid with bromine number below 1.8 and with
reduce mole% 8t i ¢oniponents than the unhydrogenated polymers. [0057] Alternately, in any
process described herein hydrogen, if present, is present in the reactor at 1000 ppm or less by weight,
preferably 750-ppm or less, preferably 500 ppm or less, preferably 250 ppm or less, preferably 100
ppm or less, pidferably 50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or less,
preferably 5 pgm or less. 20 - 100584 Alternately, in any process described herein hydrogen, if
present, is pregent in the jeed at 1000 ppm or less by weight, preferably 750 ppm or less, preferably

Distribution (MWD) 100591 Molecujar weight distribution is a function of viscosity. The higher the
viscosity the higher the mglecular \@gight distribygion. Figure 1 is a graph showing the molecular weight
distribution as a function of'viscosity at’K¥#100C. TRE circles represent the prior art chromium catalyzed
PAOQO. The squares represent the new mattellocene catalyzed PAO. Line 1 represents the preferred
lower range of molecular weight distribution for the high viscosity metallocene catalized PAO. Line 3

represents préf&fEdiufpRRddRgE e e iBRsRABAsERynBeidirhUtior Br thd Righlviddedidy Abtallocene

catalyzed PAQs Thgrefore ghegeginmioupdsd Hwéi%satigé’r%{&arqsmﬁsw preferastymotgcular
weight distribution region of the new metallocene catalyzed PAO. Line 5 represents molecular weight

distribution of R8-Sttt 8 MR c A sasYradby proton NMR.

[0039] In another embodiment, any of the polyalpha-olefins described herein
preferably have an Mw (weight average molecular weight) of 100,000 or less,
preferably between 100 and 80,000, preferably between 250 and 60,000,
preferably between 280 and 50,000, preferably between 336 and 40,000 g/mol.

[0040] In another embodiment, any of the polyalpha-olefins described herein
preferably have an Mn (number average molecular weight) of 50,000 or Iess,
preferably between 200 and 40,000, preferably between 250 and 30,000,
preferably between 500 and 20,000 g/mol. ‘

[0041] In another embodiment, any of the polyalpha-olefins described
herein preferably have an molecular weight distribution (MWD = Mw/Mn) of
greater than 1 and less than 5, preferably less than 4, preferably less than 3,
preferably less than 2.5. The MWD of mPAO is always a function of fluid



100601 Equation 1 represents the algorithm for line 5 or the average molecular weight distribution of
the chromium catalyzed PAO. Whereas equations 2, 3, and 4 represent lines 7, 9 and 11 respectively.

Eq. IMWD 02203 i5b232* log (Kv at 100C in cSt) Eq. 2MWD = 0.4166:¢-4/&775,i 19@sKV at 100C
in cSt) Eq. 3MWD = 0.8 + 0.3 * log (Kv at 100C in cSt) Eq. 4AMWD = 0.66017 + 0.44922 * log (Kv at

100C in eSt) -21- 100611 In at least one embodiment, the molecular weight distribution is at least 10
percent less than equation 1. In a preferred embodiment the molecular weight distribution is less than
equation 2 and in a most preferred embodiment the molecular weight distribution is less than equation
2 and more than equation 4. [0062] Table 1 is a table demonstrating the differences between
metallocene catalyzed PAO ("tnPAQO") and current HTg]ﬁ‘ viscosity chromium catalyzed PAO
(cHVI-PAO). Examples 1 to 8 in the Table | were prepared from different feed olefins using

metallocene catalysts. The metallgcene ca t Syst r , scribed
in Patent AppIYclgﬁ\{())sr} No&%ﬁ&%‘%OWB85#%5(%%%@%%%@30@%@?@@@%@% r{é‘fggigq amples
in Table were mnasdeafrdvin@¥n cbbepweentd @id 2C% ddcatalpheEwaeplband:d. 3,5denpislingl have
very narrow mole eigh distribution (MWD). The MWD of mPAO depends on fluid viscosity as

on ul%r‘y%/s

shown in Figure M EBIE R mple No- T1 2

[0042] The Mw, Mn and Mz are measured by GPC method using a column for
medium to low molecular weight polymers, tetrahydrofuran as solvent and

polystyrene as calibration standard, correlated with the fluid viscosity according

to a power equation.

[0043] In a preferred embodiment of this invention, any PAO described herein
may have a pour point of less than 0 °C (as measured by ASTM D 97),
preferably less than -10 °C, preferably less than -20 °C, preferably less than -
25°C, preferably less than -30°C, preferably less than -35°C, preferably less than
-50 °, preferably between -10 and -80 °C, preferably between -15°C and -70°C.

[0044] In a preferred embodiment of this invention, any PAO described herein
may have a kinematic viscosity (at 40°C as measured by ASTM D 445) from
about 4 to about 50,000 cSt, preferably from about 5 cSt to about 30,000 cSt at
40 °C, alternately from about 4 to about 100,000 cSt, preferably from about 6 cSt
to about 50,000 cSt, preferably from about 10 cSt to about 30,000 cSt at 40 °C.

[0045] In another embodiment, any polyalpha-olefin described herein may
have a kinematic viscosity at 100°C from about 1.5 to about 5,000 cSt,
preferably from about 2 to about 3,000 cSt, preferably from about 3 ¢St to about
1,000 cSt, more preferably from about 4 cSt to about 1,000 cSt, and yet more
preferably from about 8 cSt to about 500 cSt as measured by ASTM D445. The
PAOs preferably have viscosities in the range of 2 to 500 ¢St at 1000C in one

embodiment, and from 2 to 3000 ¢St at 100 °C in another embodiment, and from



34567891011 sample type mPAO
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3.2 to 300 cSt in another embodiment. Alternately, the polyalpha-olefin has a
KV100 of less than 200 cSt.

[0046] In another embodiment, any polyalpha olefin described herein may
have a kinematic viscosity at 100°C from 3 to 10 cSt and a flash point of 150 °C
or more, preferably 200 °C or more (as measured by ASTM D 56).

[0047] In another embodiment, any polyalpha olefin described herein may
have a dielectric constant of 2.5 or less (1 kHz at 23 °C as determined by ASTM
D 924).

[0048] In another embodiment, any polyalpha olefin described herein may
have a specific gravity of 0.75 to 0.96 g/cm’, preferably 0.80 to 0.94 g/em’.

[0049] In another embodiment, any polyalpha olefin described herein may
have a viscosity index (VI) of 100 or more, preferably 120 or more, preferably
130 or more, alternately, form 120 to 450, alternately from 100 to 400,
alternately from 120 to 380, alternately from 100 to 300, alternately from 140 to
380, alternately from 180 to 306, alternately from 252 to 306, alternately the
viscosity index is at least about 165, alternately at least about 187, alternately at
least about 200, alternately at least about 252. For many lower viscosity fluids
made from 1-decene or 1-decene equivalent feeds (KV100 °C of 3 to 10 cSt), the
preferred VI range is from 100 to 180. Viscosity index is determined according
to ASTM Method D 2270-93 [1998].

[0050] All kinematic viscosity values reported for fluids herein are measured at
100 °C unless otherwise noted. Dynamic viscosity can then be obtained by

multiplying the measured kinematic viscosity by the density of the liquid. The
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units for kinematic viscosity are in m?/s, commonly converted to cSt or

centistokes (1c¢St =10—6 m%/s or 1 ¢St =1 mm%/sec).

[0051] One embodiment is a new class of poly-alpha-olefins, which have a
unique chemical composition characterized by a high degree of linear branches
and very regular structures with some unique head-to-head connections at the
end position of the polymer chain. The polyalpha-olefins, whether homo-
polymers or co-polymers, can be isotactic, syndiotactic or atactic polymers, or
have combination of the tacticity. The new poly-alpha-olefins when used by

themselves or blended with other fluids have unique lubrication properties.

[0052] Another embodiment is a new class of hydrogenated poly-alpha-olefins
- having a unique composition which is characterized by a high percentage of
unique head-to-head connection at the end position of the polymer and by a
reduced degree tacticity compared to the product before hydrogenation. The
new poly-alpha-olefins when used by itself or blended with another fluid have

unique lubrication properties.

[0053] This improved process to produce these polymers employs metallocene
catalysts together with one or more activators (such as an alumoxane or a non-
coordinating anion). The metallocene catalyst can be a bridged or unbridged,
substituted or unsubstituted cyclopentadienyl, indenyl or fluorenyl compound.
One preferred class of catalysts are highly substituted metallocenes that give
high catalyst productivity and higher product viscosity. Another preferred class
of metallocenes are bridged and substituted cyclopentadienes. Another preferred
class of metallocenes are bridged and substituted indenes or fluorenes. One
aspect of the processes described herein also includes treatment of the feed
olefins to remove catalyst poisons, such as peroxides, oxygen, sulfur, nitrogen-

containing organic compounds, and or acetylenic compounds. This treatment is
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believed to increase catalyst productivity, typically more than 5 fold, preferably
more than 10 fold.

[0054] A preferred embodiment is a process to produce a polyalpha-olefin
comprising:

1) contacting at least one alpha-olefin monomer having 5 to 24
carbon atoms with a metallocene compound and an activator under
polymerization conditions wherein hydrogen, if present, is present at a partial
pressure of 200 psi (1379 kPa) or less, based upon the total pressure of the
reactor (preferably 150 psi (1034 kPa) or less, preferably 100 psi (690 kPa) or
less, preferably 50 psi (345 kPa) or less, preferably 25 psi (173 kPa) or less,
preferably 10 psi (69 kPa) or less (alternately the hydrogen, if present in the
reactor at 1000ppm or less by weight, preferably 750 ppm or less, preferably 500
ppm or less, preferably 250 ppm or less, preferabiy 100 ppm or less, preferably
50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or less, preferably
5 ppm or less), and wherein the alpha-olefin monomer having 3 to 24 carbon
atoms is present at 10 volume % or more based upon the total volume of the
catalyst/activator/co-activator solutions, monomers, and any diluents or solvents
present in the reaction; and

2) obtaining a polyalpha-olefin, optionally hydrogenating the PAO,
and obtaining a PAO, comprising at least 50 mole% of a C5 to C24 alpha-olefin
monomer, wherein the polyalpha-olefin has a kinematic viscosity at 100°C of
5000 cSt or less, and the polyalpha-olefin comprises Z mole % or more of units

represented by the formula:
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Cx /, Cm

where j, k and m are each, independently, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, or 22, n is an integer from 1 to 350.

[0055] An alternate embodiment is a process to produce a polyalpha-olefin
comprising:

contacting a feed stream comprising one or at least one alpha-olefin
monomer having 5 to 24 carbon atoms with a metallocene catalyst compound
and a non-coordinating anion activator or alkylalumoxane activator, and
optionally an alkyl-aluminum compound, under polymerization conditions
wherein the alpha-olefin monomer having 5 to 24 carbon atoms is present at 10
volume % or more based upon the total volume of the catalyst/activator/co-
activator solution,‘ monomers, and any diluents or solvents present in the reactor
and where the feed alpha-olefin, diluent or solvent stream comprises less than
300 ppm of heteroatom containing compounds; and obtaining a polyalpha-olefin
comprising at least 50 mole% of a C5 to C24 alpha-olefin monomer where the
polyalpha-olefin has a kinematic viscosity at 100°C of 5000 cSt or less.
Preferably, hydrogen, if present is present in the reactor at 1000ppm or less by
weight, preferably 750 ppm or less, preferably 500 ppm or less, preferably 250
ppm or less, preferably 100 ppm or less, preferably 50 ppm or less, preferably
25 ppm or less, preferably 10 ppm or less, preferably 5 ppm or less.
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[0056] An alternate embodiment is a process to produce a polyalpha-olefin
comprising: |

1) contacting a feed stream comprising at least one alpha-olefin
monomer having 5 to 24 carbon atoms with a metallocene catalyst compound
and a non-coordinating anion activator or alkylalumoxane activator, and
optionally an alkyl-aluminum compound, under polymerization conditions
wherein the alpha-olefin monomer having S to 24 carbon atoms is present at 10
volume % or more based upon the total volume of the catalyst/activator/co-
activator solution, monomers, and any diluents or solvents present in the reactor
and where the feed alpha-olefin, diluent or solvent stream comprises less than
300 ppm of heteroatom containing compounds which; and obtaining a
polyalpha-olefin comprising at least 50 mole% of a C5 to C24alpha-olefin
monomer where the polyalpha-olefin has a kinematic viscosity at 100°C of 5000
cSt or less;

2) isolating the lube fraction polymers and then contacting this lube
fraction with hydrogen under typical hydrogenation conditions with
hydrogenation catalyst to give fluid with bromine number below 1.8, or
alternatively, isolating the lube fraction polymers and then contacting this lube
fraction with hydrogen under more severe conditions with hydrogenation
catalyst to give fluid with bromine number below 1.8 and with reduce mole% of

mm components than the unhydrogenated polymers.

[0057] Alternately, in any process described herein hydrogen, if present, is
present in the reactor at 1000 ppm or less by weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm or
less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or

less, preferably 5 ppm or less.
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[0058] Alternately, in any process described herein hydrogen, if present, is
present in the feed at 1000 ppm or less by weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm or
less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or

less, preferably 5 ppm or less.
Molecular Weight Distribution (MWD)

[0059] Molecular weight distribution is a function of viscbsity. The higher the
viscosity the higher the molecular weight distribution. Figure .1 is a graph
showing the molecular weight distribution as a function of viscosity at Kv100°C.
The circles represent the prior art chromium catalyzed PAO. The squares
represent the new mattellocene catalyzed PAO. Line 1 represents the preferred
lower range of molecular weight distribution for the high viscosity metallocene
catalyzed PAO. Line 3 represents preférred upper range of the molecular weight
distribution for the high viscosity metallocene catalyzed PAO. Therefore, the
region bounded by lines 1 and 3 represents the preferred molecular weight
distribution region of the new metallocene catalyzed PAO. Line 5 represents

molecular weight distribution of the prior art chromium catalyzed PAO.

[0060] Equation 1 represents the algorithm for line 5 orthe average molecular
weight distribution of the chromium catalyzed PAO. Whereas equations 2, 3,

and 4 represent lines 7, 9 and 11 respectively.

Eq. 1 MWD = 0.2223 + 1.0232* log (Kv at 100°C in cSt)
Eq. 2 MWD = 0.41667 + 0.725 * log (Kv at 100°C in cSt)
Eq. 3 MWD = 0.8 + 0.3 * log (Kv at 100°C in cSt)

Eq. 4 MWD = 0.66017 + 0.44922 * log (Kv at 100°C in cSt)
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[0061] In at least one embodiment, the molecular weight distribution is at least
10 percent less than equation 1. In a preferred embodiment the molecular weight
distribution is less than equation 2 and in a most preferred embodiment the
molecular weight distribution is less than equation 2 and more than equation 4.

[0062] Table 1 is a table demonstrating the differences between metallocene
catalyzed PAO (“mPAO”) and current High viscosity chromium catalyzed PAO
(cHVI-PAO). Examples 1 to 8 in the Table 1 were prepared from different feed
olefins using metallocene catalysts. The metallocene catalyst system, products,
process and feeds were described in Patent Applications Nos. EMCC 2005B090
PRO and EMCC 2005B095PRV. The mPAOs samples in Table were made
from C10, C6,12, C6 to C18, C6,10,14-LAOs. Examples 1 to 7 samples all hévc
very narrow molecular weight distribution (MWD). The MWD of mPAO

depends on fluid viscosity as shown in Figure 1.

Table 1
Example No. 1 2 3 4 5 6 7 8 9 10 11
cHVI- cHVI. cHVI.
sample type mPAO | mPAO | mPAO | mPAO mPAO mPAQO mPAO | mPAO PAO PAO PAO
C6,10,14 C6,10,14
Feed 'LAO C6/C12 | C6-C18 | C6-C18 c10 (25/60/15%) | (25/6015%) c10 c10 c10 C10 c10
100°C Kv, ¢S 150 151 540 671 460 794.35 1386.63 | 678.1 150 300 1,000
400C Kv, cS 1701 1600 6642 6900 5640 10318 16362 6743 1500 3100 10,00(
Vi 199 207 257 248 275 32 303 218 241 307
Pour, °C -33 36 21 -18 nd nd -12 -33 27 -18
MWD by GPC
Mw 7,409 8,089 17,227 | 19772 16149 20273 31769 29333 8,974 12,511 | 32,20(
MWD 1.79 2.01 1.90 1.98 2.35 2.18 1.914 5.50 2.39 2.54 4.79
% Visc Change by TRB Test {a)
20 hrs -0.33 0.65 -2.66 -3.64 -4.03 -8.05 19.32 -29.11 -7.42 -18.70 -46.7¢
100 hrs 0.83 0.70 -1.07 1.79 nd nd nd nd nd -21.83 51.05
{(a) CEC L-45-A-99 Taper Roller Bearing/C (20 hours) (KRL test 20 hours) at SouthWest Research Institute

[0063] When Example 1 to 7 samples were subjected to tapered roller bearing
(“TRB”) test, they show very low viscosity loss after 20 hours shearing or after
extended 100 hours shearing (TRB). Generally; shear stability is a function of

fluid viscosity. Lower viscosity fluids have minimal viscosity losses of less than
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10%. When fluid viscosity is above 1000 cS, Kv100°C as in Example 7, the
fluid loss is approximately 19% viscosity. Example 8 is a metallocene PAO

with MWD of 5.5. This mPOA show significant amount of viscosity loss 29%.

[0064] Examples 9, 10 and 11 are comparative examples. The high viscosity
PAO are made by catalysts other than metallocene catalysts. These samples
were made according to methods described in US4827064, US4827073 and
other patents as further described below. They have broad MWD and therefore
poor shear stability in TRB test.

[0065] The comparison of shear stability as a function of fluid viscosity for
mPAO with narrow MWD vs. cHVI-PAO is summarized in Figure 2. This
graph demonstrates that the mPAO profile shown as line 21 has much improved
shear stability over wide viscosity range when compared to the cHVI-PAO

profile shown as line 23.

[0066] These examples demonstrated the importance of MWD effect on shear
stability. Accordingly, The higher viscosity base stocks with tighter molecular
weight distributions provide favorable shear stability even at high viscosities.

Lubricant Formulation

[0067] In one embodiment, the lubricant oil comprises at least two base stock
blends of oil. The first base stock blend comprises lubricant oil with a viscosity
of over 40 cSt, Kv100°C and more preferably over 100 cSt, Kv100°C. Most
preferably, the bases tock is over 300 cSt, Kv100°C but less than 5000 cSt,
Kv100°C. The first base stock has a molecular weight distribution less than 10
percent of equation 1. In a even more preferred embodiment the first base stock
is a metallocene catalyzed PAO with a viscosity of at least 40, more preferably

100 and most preferably at least 300 cSt, Kv100°C.
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[0068] The second base stock blend comprises a 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 be at least 1.5 cSt,
Kv100°C. Even more preferable is a viscosity of between 1.5 and 5 cSt,
Kv100°C.

[0069] The air release performance enhancement of the current invention is an
unexpected result since the typical performance of these very viscous oils (ISO
320) is typically an air release time to 0.2% air in the ASTM D3427 test to be 20
minutes or more. Also, the low temperature performance of these novel
formulations .vshows significant improvement as demonstrated in the ASTM D97
and D5133 data shown in Table 2. The air release performance enhancement of
the ‘current invention is unexpected and novel since the typical performance of
these vei'y viscous oils (ISO 320) is typically an air release time to 0.2% air in

the ASTM D3427 test to be 20 minutes or more.

Table 2

ASTM D3427

(75C) Results

Current Typical ISO
Air Release in Minutes Invention 320 Gear Oil
Time to 0.1% air 14 25
Time to 0.2% air 12 21

[0070] Table 3 is a table showing the low temperature benefit for the fully
formulated subject oil using the extreme-modal viscosities of the blended base

stocks. Oil A is an embodiment of the present invention whereas the other oils
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are typical fully formulated commercially available products. The commercial

products are labeled as Oil B, Oil C and Oil D.

Table 3

Scanning Brookfield Viscosity ASTM D5133

1
Viscosity (cP)

Temp (°C) Qil A Oil B Qil C Qil D
-5.0 4,500 6,100 6,280 7,454
-10.0 7,600 10,000 10,300 12,900
-20.0 21,000 29,500 30,500 41,600
-30.0 78,000 105,000/ 110,000} 220,000
-40.0 170,000 210,000| 220,000 TVM

Pour Point ASTM DS7
-45°C -39°C -39°C -29°C

[0071] Groups I, II, III, IV and V are broad categories of base oil stocks
developed and defined by the American Petroleum Institute (API Publication

1509; www.APIl.org) 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 4 summarizes

properties of each of these five groups.
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Table 4: Base Stock Properties

Saturates Sulfur Viscosity Index
Group 1 < 90% and/or > 0.03% and > 80 and < 120
Group II > 90% and <0.03% and >80 and <120
Group III > 90% and <0.03% and > 120
Group IV Polyalphaolefins (PAO)
Group V All other base oil stocks not included in Groups I, II, IIl, or IV

[0072] In a preferred embodiment, the base stocks include at least one base
stock of synthetic oils and most preferably inclﬁde at least one base stock of API
group IV Poly Alpha Olefins. Synthetic oil for purposes of this application
shall include all oils that are not naturally occurring mineral oils. Naturally

occurring mineral oils are often referred to as API Group I oils.

[0073] A new type of PAO lubricant was introduced by U.S. Pat. Nos. 4,827,
064 and 4,827,073 (Wu). These PAO materials, which are produced by the use
of a reduced valence state chromium catalyst, are olefin oligomers or polymers
which are characterized by very high viscosity indices which give them very
desirable properties to be useful as lubricant basestocks and, with higher
viscosity grades; as VI improvers. They are referred to as High Viscosity Index
PAOs or HVI-PAOs. The relatively low molecular weight high viscosity PAO
materials were found to be useful as lubricant basestocks whereas the higher
viscosity PAOs, typically with viscosities of 100 cSt or more, e.g. in the range of
100 to 1,000 cSt, were found to be very effective as viscosity index improvers

for conventional PAOs and other synthetic and mineral oil derived basestocks.

[0074] Various modifications and variations of these high viscosity 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



439 % Visc Change by TRB Test (a)

WO 2007/145924 PCT/US2007/013205

-26 -

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
chromium 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
viscosity materials may be produced as described in U.S. Pat. No. 5,012,020 and
U.S. Pat. No. 5,146,021 where oligomerization temperatures below about 90° C.
-are used to produce the higher molecular weight oligomers. In all cases, the
oligomers, after hydrogenation when necessary to reduce residual unsaturation,
have a branching index (as defined in U.S. Pat. Nos. 4,827, 064 and 4,827,073)
of less than 0.19. Overall, the HVI-PAO normally have a viscosity in the range
of about 12 to 5,000 cSt.

[0075] Furthermore, the HVI-PAOs generally can be characterized by one or
more of the following: C30-C1300 hydrocarbons having a branch ratio of less
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 S000 cSt. In another embodiment,
viscosities of the HVI-PAO oligomers measured at 100°C range from 3
centistokes ("cSt") to 15,000 cSt. Furthermore, the fluids with viscosity at
100°C of 3 ¢St 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 -1$°C.

[0076] The HVI-PAOs can further be characterized as hydrocarbon

compositions comprising the polymers or oligomers made from 1-alkenes, either
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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, l-octene, 1-decene, 1-
dodecene, 1-tetradecene, etc. or mixture of C6 to C14 1-alkenes or mixture of
C6 to C20 1-alkenes, C6 and C12 1-alkenes, C6 and C14 1-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 combinatibns.

[0077}] The lube products usually are distilled to remove any low molecular
weight compositions such as these boiling below 600°F, or with carbon number
less than C20, if they are produced from the polymerization reaction or are
carried over from the starting material. This distillation step usually improves
the volatility of the finished fluids. In certain special applications, or when no
low boiling fraction is present in the reaction mixture, this distillation is not
necessary. Thus the whole reaction product after removing any solvent or

starting material can be used as lube base stock or for the further treatments.

[0078] The lube fluids made directly from the polymcrization or
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
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hydrogen gas present in the polymerization process, or the higher amount of

promoters participating in the termination steps.

[0079] 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
high quality base stock application. Of course, the lower the bromine number,
the better the lube quality. Fluids with bromine number of less than 3 or 2 are
common. The most preferred range is less than 1 or less than 0.1. The method
to hydrotreat to reduce the degree of unsaturation is well known in literature [US
4827073, example 16). In some HVI-PAO products, the fluids made directly
from the polymerization already have very low degree of unsaturation, such as
those with viscosities greater than 150 cSt at 100°C. They have bromine
numbers less than S or even below 2. In these cases, we can chose to use as is
without hydrotreating, or we can choose to hydrotreating to further improve the

base stock properties.

[0080] 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 III
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 II,
Group II1, group IV and Group V base stocks.
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[0081] A more specific example embodiment, is the combination of high
viscosity metallocene catalyzed PAO having a molecular weight distribution
(MWD) as a function of viscosity at least 10 percent less than the algorithm:

[MWD = 0.2223 + 1.0232* log (Kv at 100°C in cSt)] with a low viscosity Poly
Alpha Olefin (“PAO”) including PAOs with a viscosity of less than 6 cSt,
Kv100°C and more preferably with a viscosity between 2 and 4 (2 cSt or 4 cSt,
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. The preferred ester is an alkyl adipate.

[0082] Gas to liquid (GTL) base stocks can also be preferentially used with the
components of this invention as a portion or all of the base stocks used to
formulate the finished lubricant. We have discovered, favorable improvement
when fhe components of this invention are added to lubricating systems
comprising primarily Group II, Group III and/or GTL base stocks compared to

lesser quantities of alternate fluids.

[0083] GTL materiéls are materials that are derived via one or more synthesis,
combination, transformation, rearrangement, and/or degradation/deconstructive
processes from gaseous carbon-containing compounds, hydrogen-containing
compounds, 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
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
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line 23. [0066 subsegacntiyriibjedwd o sietickindenncataipticons dlVEDt di¢echongheasestisilioy .
Accordingly, The kE%?ef isco.iity sedsto vv\‘//ith ti hteori plvevcél)J(lair Wne1i h{ distri(;)rﬂti%ng  Bro é’)ge
favorable she&’r"%fi | |tyu Vel at ﬁ’lgﬁewggg& 28, PObridant ormulafl%n T%?)g% frone em%’oglment, the
lubricant oil casrpnigde, ahadistibomeérigedstockibleleteantdil syhthéisitdih deyshasiathens; chygmises

lubricant oil with a viscosity of oyer 40 c¢St,. Ky10QC and,m ferably. gver 100 cSt. K C. Most
preferably, thé%’&ggg%gékgfslg?gf‘g@ eccgﬁl \\/fl%gg %‘Eﬁﬁgsg ﬁgfﬁsgﬁgec}:/@, {%%\?1’08%. %jﬁ%yﬁg%%base '
stock has a melagylaiydedwiarbaisp uiiarde sanithapoksibler camtloegs atiay gerates v erefarablyreferred

embodiment the f{irst base st%?k is a.mejallocene ga{al)‘fe Fé%r g\ﬁigh %rviicodsri(t,yfsgl;ﬁaér%%at 400r, more
preferably 100"¥APRBAPIER B AFTEEY f, KV PIOES y

isodewaxed F-T waxes, hydroisomerized or isodewaxed synthesized waxes, or

mixtures thereof.

[0084] GTL base stock(s) derived from GTL materials, especially,
hydroisomerizcd/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax derived base stock(s) are characterized
typically as having kinematic viscosities at 100°C of from about 2 mm’/s to
about 50 mm?%/s, preferably from about 3 mm?/s to about 50 mm?/s, more
preferably from about 3.5 mm?%s to about 30 mm?/s, as exemplified by a GTL
base stock derived by the isodewaxing of F-T wax, which has a 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 0il 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

the blend exhibits a viscosity within the aforesaid recited range. Reference



- 23 - 100681 The second base stock blend comprises a lubricant oil with a viscosity of less than 10
cSt, Kv100C and preferably less than 6 cSt, Kv100C. Preferably, the viscosity of the second lubricant

should be at{egshd+&9fs Kv100C. Even more preferable is a viscosity of Betwgeietfi5939 5 cSt,
Kv100C. 10069] The air release performance enhancement of the current invention is an unexpected

result since the typical performance of these very viscous oils (ISO 320) is typically an air release time
to 0.2% air in the ASTM D3427 test to be 20 minutes or more. Also, the low temperature performance
of these novel formulations shows significant improvement as demonstrated in the ASTM D97 and
D5133 data shown in Table 2. The air release performance enhancement of the current invention is
unexpected and novel since the typical performance'oﬂhese very viscous oils (ISO 320) is typically an
air release time to 0.2% air in the ASTM D3427 test to be 20 minutes or more. Table 2 ASTM D3427

75C) Results CurrentTypical ISO Air Release jn Minutesinvention320 Gear, Oil T 0,1% @ir1425
Time to 0,29 SE 1O BOPOPIURS SR B AR el g WSO DT DA RN ALy

formulated supyagsoil using the extreme-modal viscosities of the blended base

[0085] 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
-5°C of lower, preferably about -10°C or lower, more preferably about -15°C or
lower, still more preferably about -20°C or lower, and under some conditions
may have advantageous pour points of about -25°C or lower, with useful pour
points of about -30°C to about -40°C or lower. If necessary, a separate
dewaxing step may be practiced to achieve the desired pour point. References
herein to pour point refer to measurement made by ASTM D97 and similar

automated versions.

[0086] The GTL base stock(s) derived from GTL materials, especially
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisbmerized/isodewaxed wax-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.



stocks. QOil A is an embodiment of the present invention whereas the other oils WO
2007/145924PCT/US2007/013205 - 24 - are typical filly formulated commercially available products.
The commergig) ppdysss,are labeled as Oil B, Oil C and Oil D. Table 3 Scaphind.Biopkfighd Viscosity
ASTM D5133 _t
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[0087] In addition, the GTL base stock(s) are typically highly paraffinic of
greater than 90 percent saturates) and may contain mixtures of
monocycloparaffins 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
stock and base oil obtained by the hydroisomerization/isodewaxing of F-T

material, especially F-T wax is essentially nil.

[0088] In a preferred embodiment, the GTL base stock(s) comprises paraffinic
materials that consist predominantly of non-cyclic isoparaffins and only minor
amounts of cycloparaffins. These GTL base stock(s) typically comprise
paraffinic materials that consist of greater than 60 wt% non-cyclic isoparaffins,
preferably greater than 80 wt% non-cyclic isoparaffins, more preferably greater
than 85 wt% non-cyclic isoparaffins, and most preferably greater than 90 wt%

non-cyclic isoparaffins.

[0089] 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.

[0090] 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
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components that include antiwear, antioxidant, defoamant, demulsifier,
detergent, dispersant, metal passivation, and rust inhibition additive chemistries

to deliver desired performance.

[0091] The additives may be chosen to modify various properties of the
lubricating oils. For wind turbines, the additives should provide the following
properties, antiwear protection, rust protection, micropitting protection, friction
reduction, and improved filterability. Persons skilled in the art will recognize
various additives that can be chosen to achieve favorable properties including

favorable properties for wind turbine gears.

[0092] The final lubricant should comprise a first lubricant base stock having
a viscosity of greater than 40 cSt, Kv100°C. The first lubricant base stock
should comprise of at least 5 pércent and no more than 90 percent of the final
lubricant, , Preferred range is 10 percent to 80 percent or 20 percent to 80
percent or 40 percent to 80%. The second base stock having a viscosity less than
10 cSt should comprise at least 10 percent and no more than 90 percent of the
final base stock total. The amount of ester or alkylated aromatics and/or additive
can be up to 90 percent of the final lubricant total with a proportional decrease in
the acceptable ranges of first and second base stocks. The preferred range of
esters and additives is between 10 and 90 percent. Sometimes, some Group I or
II base stock can be used in the formulation together with ester or alkylated

aromatics or as a total substitute.

[0093] In various embodiments, it will be understood that additives well
known as functional fluid additives in the art, can also be incorporated in the
functional fluid composition of the invention, in relatively small amounts, if
desired; frequently, less than about 0.001% up to about 10-20% or more. In one

embodiment, at least one oil additive is added from the group consisting of



4,500 6,100 6,280 7,454 1-10.0 7,600 10,000 10,300 12,900 r-20.0 21,000

WO 2007/145924 PCT/US2007/013205

-34 -

antioxidants, stabilizers, antiwear additives, dispersants, detergents, antifoam
additives, viscosity index improvers, copper passivators, metal deactivators, rust
inhibitors, corrosion inhibitors, pour point depressants, demulsifiers, anti-wear
agents, extreme pressure additives and friction modifiers. The additives listed

below are non-limiting examples and are not intented to limit the claims.

[0094] Dispersants should contain the alkenyl or alkyl group R has an Mn
value of about 500 to about 5000 and an Mw/Mn ratio of about 1 to about 5. The
preferred Mn intervals depend on the chemical nature of the agent improving
filterability. -Polyolefinic polymers suitable for the reaction with maleic
anhydride or.:other acid materials or acid forming naterials, include polymers
containing a predominant quantity of C.sub.2 to C.sub.5 monoolefins, for
example, ethylene, propylene, butylene, isobutylene and pentene. A highly
suitable polyolefinic polymer is polyisobutene. The succinic anhydride preferred

as a reaction substance is PIBSA, that is, polyisobutenyl succinic anhydride.

[0095] If the dispersant contains a succinimide comprising the reaction product
of a succinic anhydride with a polyamine, the alkenyl or alkyl substituent of the
succinic anhydride serving as the reaction substance consists preferably of
polymerised isobutene having an Mn value of about 1200 to about 2500. More
advantageously, the alkenyl or alkyl substituent of the succinic anhydride
serving as the reaction substance consists in a polymerised isobutene having an
Mn value of about 2100 to about 2400. If the agent improving filterability
contains an ester of succinic acid comprising the reaction product of a succinic
anhydride and an aliphatic polyhydric alcohol, the alkenyl or alkyl substituent of
the succinic anhydride serving as the reaction substance consists advaﬁtageously
of a polymerised isobutene having an Mn value of 500 to 1500. In preference, a

polymerised isobutene having an Mn value of 850 to 1200 is used.
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[0096] Amides suitable uses of amines include antiwear agents, extreme
pressure additives, friction modifiers or Dispersants. The amides which are
utilized in the compositions of the present invention may be amides of mono- or
polycarboxylic acids or reactive derivatives thereof. The amides may be
characterized by a hydrocarbyl group containing from about 6 to about 90
carbon atoms; each is independently hydrogen or a hydrocarbyl,
aminohydrocarbyl, hydroxyhydrocarbyl or a  heterocyclic-substituted
hydrocarbyl group, provided that both are not hydrogen; each is, independently,
a hydrocarbylene group containing up to about 10 carbon atdms; Alk is an

alkylene group containing up to about 10 carbon atoms.

[0097] The amide can be derived from a monocarboxylic acid, a hydrocarbyl
group containing from 6 to about 30 or 38 carbon atoms and more often will be a
hydrocarbyl group derived from a fatty acid containing from 12 to about 24

carbon atoms.

[0098] The amide is derived from a di- or tricarboxylic acid, will contain from
6 to about 90 or more carbon atoms depending on the type of polycarboxylic
acid. For example, when the amide is derived from a dimer acid, will contain
from about 18 to about 44 carbon atoms or more, and amides derived from
trimer acids generally will contain an average of from about 44 to about 90
carbon atoms. Each is independently hydrogen or a hydrocarbyl,
aminohydrocarbyl, hydroxyhydrocarbyl or a  heterocyclic-substituted
hydrocarbon group containing up to about 10 carbon atoms. It may be
independently heterocyclic substituted hydrocarbyl groups wherein the
heterocyclic substituent is derived from pyrrole, pyrroline, pyrrolidine,
morpholine, piperazine, piperidine, pyridine, pipecoline, etc. Specific examples

include methyl, ethyl, n-propyl, n-butyl, n-hexyl, hydroxymethyl, hydroxyethyl,
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hydroxypropyl, amino-methyl, aminoethyl, aminopropyl, 2-ethylpyridine, 1-
ethylpyrrolidine, 1-ethylpiperidine, etc. |

[0099] The alkyl group can be an alkylene group containing from 1 to about 10
carbon atoms. Examples of such alkylene groups include, methylene, ethylene,
propylene, etc. Also are hydrocarbylene groups, and in particular, alkylene
group containing up to about 10 carbon atoms. Examples of such hydrocarbylene
groups include, methylene, ethylene, propylene, etc. The amide contains at least
one morpholinyl group. In one embodiment, the morpholine structure is formed
as a result of the condensation of two hydroxy groups which are attached to the
hydrocarbylene groups. Typically, the amides are prepared by reacting a
carboxylic acid or reactive derivative thereof with an amine which contains at

least one >NH group.

[00100] Aliphatic monoamines include mono-aliphatic and di-aliphatic-
substituted amines wherein the aliphatic groups may be saturated or unsaturated
and straight chain or branched chain. Such amines include, for example, mono-
and di-alkyl-substituted amines, mono- and dialkenyl-substituted amines, etc.
Specific examples of such monoamines include ethyl amine, diethyl amine, n-
butyl amine, di-n-butyl amine, isobutyl amine, coco amine, stearyl amine, oleyl
amine, etc. An example of a cycloaliphatic-substituted aliphatic amine is 2-
(cyclohexyl)-ethyl amine. Examples of heterocyclic-substituted aliphatic amines
include 2-(2-aminoethyl)-pyrrole, 2-(2-aminoethyl)-1-methyl pyrrole, 2-(2-
aminoethyl)-1-methylpyrrolidine and  4-(2-aminoethyl)morpholine, 1-(2-
aminoethyl)piperazine, 1-(2-aminoethyl)piperidine, 2-(2-aminoethyl)pyridine, 1-
(2-aminoethyl)pyrrolidine, 1-(3-aminopropyl)imidazole, 3-(2-
aminopropyl)indole, 4-(3-aminopropyl)morpholine, 1-(3-aminopropyl)-2-

pipecoline, 1-(3-aminopropyl)-2-pyrrolidinone, etc.



[-45C -39C -39C -29C [00711 Groups | II, Ill, IV and V are broad categories of base oil stocks
developed and defined by the American Petroleum Institute (API Publication 1509; www.API.org) to

create guidelipgsdeyiywdkyigant base oils. Group | base stocks generally havga XissRSiy iiex of
between about 80 to 120 and contain greater than about 0.03% sulfur and/or less than about 90%

saturates. Group Il 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 Il 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 1V includes polyalphaolefms
(PAO). Group V base stocks include base stocks notindladed in Groups 1-IV. Table 4 summarizes
properties of each of these five groups.

[00101] Cycloaliphatic monoamines are thos_e monoamines wherein there
is one cycloaliphatic substituent attached directly to the amino nitrogen through
a carbon atom in the cyclic ring structure. Examples of cycloaliphatic
monoamines include cyclohexylamines, cyclopentylamines,
cyclohexenylamines, cyclopentenylamines, N-ethyl-cyclohexylamine,
dicyclohexylamines, and the like. Examples of aliphatic-substituted, aromatic-
substituted, and heterocyclic-substituted cycloaliphatic monoamines include
propyl-substituted cyclohexyl-amines, phenyl-substituted cyclopentylamines,

and pyranyl-substituted cyclohexylamine.

[00102] Aromatic amines include those monoamines wherein a carbon
atom of the aromatic ring structure is attached directly to the amino nitrogen.
The aromatic ring will usually be a mononuclear aromatic ring (i.c., one derived
from benzene) but can include fused aromatic rings, especially those derived
from naphthalene. Exafnples of aromatic monoamines include aniline, di-(para-
methylphenyl)amine, naphthylamine, N-(n-butyl)-aniline, and the like. Examples
of aliphatic-substituted, cycloaliphatic-substituted, and heterocyclic-substituted
aromatic monoamines are para-ethoxy-aniline, para-dodecylaniline, cyclohexyl-
substituted naphthylamine, variously substituted phenathiazines, and thienyl-

substituted aniline.

[00103] Polyamines are aliphatic, cycloaliphatic and aromatic polyamines
analogous to the above-described monoamines except for the presence within
their structure of additional amino nitrogens. The additional amino nitrogens can
be primary, secondary or tertiary amino nitrogens. Examples of such polyamines
include  N-amino-propyl-cyclohexylamines, = N,N'-di-n-butyl-paraphenylene

diamine, bis-(para-aminophenyl)methane, 1,4-diaminocyclohexane, and the like.
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[00104] The hydroxy-substituted amines contemplated are those having
hydroxy substituents bonded directly to a carbon atom other than a carbonyl
carbon atom; that is, they have hydroxy groups capable of functioning as
alcohols. Examples of such hydroxy-substituted amines include ethanolamine,
di-(3-hydroxypropyl)-amine, 3-hydroxybutyl-amine, 4-hydroxybutyl-amine,
diethanolamine, di-(2-hydroxyamine, N-(hydroxypropyl)-propylamine, N-(2-
methyl)-cyclohexylamine, 3-hydro_xycyclopentyl parahydroxyaniline, N-
hydroxyethal piperazine and the like. '

[00105] In one embodiment, the amines useful in the present invention are
alkylene polyamines including hydrogen, or a hydrocarbyl, amino hydrocarbyl,
hydroxyhydrocarbyl or heterocyclic-substituted hydrocarbyl group containing up
to about 10 carbon atoms, Alk is an alkylene group containing up to about 10
carbon atoms, and is 2 to about 10. Preferably, Alk is ethylene or propylene.
Usually, a will have an average value of from 2 to about 7. Examples of such
alkylene polyamines include methylene polyamines, ethylene polyamines,
butylene polyamines, propylene polyamines, pentylene polyamines, hexylene

polyamines, heptylene polyamines, etc.

[00106] Alkylene polyamines include ethylene diamine, triethylene
tetramine, propylene diamine, trimethylene diamine, hexamethylene diamine,
decamethylene diamine, hexamethylene diamine, decamethylene diamine,
octamethylene diamine, di(heptamethylene) triamine, tripropylene tetramine,
tetracthylene pentamine, trimethylene diamine, pentacthylene hexamine,
di(trimethylene)triamine, and the like. Higher homologs as are obtained by
condensing two or more of the above-illustrated alkylene amines are useful, as

are mixtures of two or more of any of the afore-described polyamines.
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[00107] Ethylene polyamines, such. as those mentioned above, are
especially useful for reasons of cost and effectiveness. Such polyamines are
described in detail under the heading "Diamines and Higher Amines" in The
Encyclopedia of Chemical Technology, Second Edition, Kirk and Othmer,
Volume 7, pages 27-39, Interscience Publishers, Division of John Wiley and
Sons, 1965, which is hereby incorporated by reference for the disclosure of
useful polyamines. Such compounds are prepared most conveniently by the
reaction of an alkylene chloride with ammonia or by reaction of an ethylene
imine with a ring-opening reagent such as ammonia, etc. These reactions result
in the production of the somewhat complex mixtures of alkylene polyamines,

including cyclic condensation products such as piperazines.

[00108] Other useful types of polyamine mixtures are those resulting from
stripping of the above-described polyamine mixtures. In this instance, lower
molecular weight polyamines and volatile contaminants are removed from an
alkylene polyamine mixture to leave as residue what is often termed "polyamine
bottoms". In general, alkylene polyamine bottoms can be characterized as having
less than 2, usually less than 1% (by weight) material boiling below about
200.degree. C. In the instance of ethylene polyamine bottoms, which are readily
available and found to bé quite useful, the bottoms contain less than about 2%
(by weight) total diethylene triamine (DETA) or tricthylene tetramine (TETA).
A typical sample of such ethylene polyamine bottoms obtained from the Dow
Chemical Company of Freeport, Texas designated "E-100". Gas chromatography
analysis of such a sample showed it to contain about 0.93% "Light Ends" (most
probably DETA), 0.72% TETA, 21.74% tetracthylene pentamine and 76.61%
pentaethylene hexamine and higher (by weight). These alkylene polyamine
bottoms include cyclic condensation products such as piperazine and higher

analogs of diethylene triamine, triethylene tetramine and the like.



All other base oil stocks not included in Groups I, Il, Ill, or IV [0072] In a preferred embodiment, the
base stocks include at least one base stock of synthetic oils and most preferably include at least one

base stock ofyy3herqy iy Poly Alpha Olefins. Synthetic oil for purposes opgyis;aRplicayaR shall
include all oils that are not naturally occurring mineral oils. Naturally occurring mineral oils are often

referred to as APl Group | oils. [0073] A new type of PAO lubricant was introduced by U.S. Pat. Nos.
4,827, 064 and 4,827,073 (Wu). These PAO materials, which are produced by the use of a reduced
valence state chromium catalyst, are olefin oligomers or polymers which are characterized by very
high viscosity indices which give them very desirable properties to be useful as lubricant basestocks
and, with higher viscosity grades; as VI improvers. They are referred to as High Viscosity Index PAOs
or HVI-PAOs. The relatively low molecular weight high viscosity PAO materials were found to be

useful as lubri @sesto whereas the highey vi ity PAOs, typically with viscosities of 100 cSt
or more, e.g. iﬁ?g’u‘fe range of 100 tlgpfﬁabﬁgﬁgvgggc 8%%%%{:1)3e very effective as viscosity index

improvers for Mavichio bakexA\ Gmtiadeo tendsnsiton angctivme priosiidsrivdddhéghtavkde¢obira)

Various modificatiqns and variatio f these,high.viscosity PAQ) materi r %ﬁl ' in the
following U.S.vﬁ%{é}wtg%gl\}v fjilcﬁ“re e ?r?gg igor%?'a elnfﬁ@%bégﬁgﬁ%7§%ﬁl%z %ﬁg@gﬁ
5,264,642; 5, Bir;diicbhared, dixpersants 2Abiat afd4cactipd, 8BRS 4D @6 gefinThelaneiganters can
be - 26 - briefly summarized. as being praduced by the oligomerizati f 1-0lefins n the.presence of a
metal oligomesrﬁ%ﬂghcc?gé% lp%ﬁﬁﬁ’gs%%%?)ﬁg%%%mg’tﬁs |nra°rrei&£l’1?({:‘£e m%r&% ee.ér éﬁrl)rael}erred
catalyst compoggmicreducechyalence state cbhonmponndn a silicanslpport, prepared by thmmeeluction of
chromium usi%g@?rbon&mogﬁ_xide aﬁherrnel%ucirég1 ggntt. Th(sau%' oamerr(i:zaatli%r}lis ?3%6 o%&gﬂ%a
temperature s Nk weo mg‘?’S'ﬁ VISCO ﬁ?/ eSired 1or the resuﬁing o‘flgomé’r, 568stibéd in U.S.
Pat. Nos. 4,82 afdcartyyl, 82yl Bidg Hagieat \anch sityampodylaydrivayalipimtiduabhbel d éswelbead in U.S.
Pat. No. 5,012 PZO arfd U.S. Pat. No. 5 142?026&I Wth?re oligomerization temperatures 5’848}% out 90

C. are used togp’Fgarl?cé the higher molg%u glh?oligomers. In allogases, the oligomers, after
hydrogenationAshkssn@aessafiet) relyoceris nlandrialsathat tisnalipwonathaachoib sobiblddsglefined in
U.S. Pat. Nos. 4,827,064 and 4,827,073) af.less,than 0.19. Oyerall, the HVI-PAO normally have a
viscosity in théq% ﬁgl?)'f %%5% 12§ of %%86% %gﬁ( f&o%]"Fﬂﬂ aérmor%}QHgﬁkﬁfﬂmAé?satggﬁse?grﬁ/%san be
characterized witlongactictesr e @ fhib edispersed) : ££8 pIGO hyskedcasbdisp xsamty . adiran cleettio of less
than 0.19, a weight average molecular weight of between 300 and 45.000,.a number ayerage
molecular wei‘éla“ﬁ%?‘%e \i\?geﬁ% gﬁ%‘l& ,raa%tbl&?blg} \}v%‘fgﬁ%d% rfgﬁ?%ncg%t\ﬁ(%\{?\og%ﬁﬁ 5.
Particularly prefivexppidi- palyalisd éhédnatiic Mg dririzo aimgd réreg lilgefronidures @F0sofite Inodnother

embodiment, viscosities af the HVI-PAO ,oligomers measured a 1%9C range from 3 centistokes ("cSt")
o 15,000 oSt RS RO, e h RISy DRy 0 PoBeobt £ ade B abl KEEhZe SUraStE, iated by
ASTM methodoR#rOrdyeaisedh iy diidakirimnl lydcidyoisngadterials3@ie Id6finhedlyneall hade low
pour points, below -15C. WO 2007/145924PCT/US20 7{013205

copolymers, 1.€.--ethylene, propylene, butylene, isobutylene, styrene; there may

or may not be further functional groups incdrporated into the backbone of the

polymer, whose molecular weight ranges from 300 tp to S000. Polar materials

such as amines, alcohols, amides or esters are attached to the backbone via a

bridge.

[00110] Antioxidants include sterically hindered alkyl phenols such as 2,6-
di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-(2-octyl-3-
propanoic) phenol; N,N-di(alkylphenyl) amines; and alkylated phenylene-

diamines.

[00111] The antioxidant component may be a hindered phenolic

antioxidant such as butylated hydroxytoluene, suitably present in an amount of



- 27 - 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, I-decene, 1- dodecene, 1-tetradecene, etc. or mixture of C6 to
C14 1-alkenggpsgqintiggsof C6 to C20 1-alkenes, C6 and C12 1-alkenes, GE1aphodd132aikenes, C6
and C16 1-allcenes, C6 and C18 1-alkenes, C8 and C10 1-alkenes, C8 and C12 1-alkenes, C8, C10
and CI2 1-alkenes, and other appropriate combinations. [0077] The lube products usually are distilled
to remove any low molecular weight compositions such as these boiling below 600F, or with carbon
number less than C20, if they are produced from the polymerization reaction or are carried over from
the starting material. This distillation step usually improves the volatility of the finished fluids. In certain
special applications, or when no low boiling fraction i’s‘b‘résent in the reaction mixture, this distillation is
not necessary. Thus the whole reaction product after removing any solvent or starting material can be
used as lube to r for the further trea ts, [0078] The tube fluids. made directly. from the
polymerization? ?f oﬁ%og%?igéﬁécﬁa&&j ces’g Ltfs’ual y ﬁ’a\l? uns utra?gjgé%upg erﬁgﬁgs"%’ﬂ?é’\%“&%ﬁnic
molecular strualteeakhebmouninohdditiie,booniponents bjuratiy ncongiefsei anomomatictanznde

measured by se%/.eral m'etthods %luch as brorrpline nu ei}gészll\/llll&n%?q‘b om%rgle ind%>§ (ASTM D2710)
or other suitaSl® %mal m%'tiﬁ ds, &ich TN IR AL *ln Aount orihe double bon&8r the
amount of oletlivetgddipheitidamilegensedosinge rairfaict oatmixtutieg rEheofanoigen ent aoondaine amount

of hydrogen-present during the, merization process and the a nt o r prameters ywhich
participate in t%%lqgﬂﬂﬁ%t%ns é%%%f%ees%lﬁ%grﬁ%en %ﬁ&%@s%&ot‘iﬁ’e&%ghe%tsw [?rlgis%erﬂ%ir\g}ﬁe
process. Usudilpribanacmmpbosititaybtoboprfantilg Gridornt.6%@lefinic components is decreased by
the higher degree of polymerization, the higher amount of - 28 - hydrogen gas present in the
polymerization process, or the higher amount of promoters participating in the termination steps.

[0079] It was {oontRihat, ushaiifilvecontdiing statiditydand tighyt be Wdiystaid| ey afyflandoxigaot/es

when the amount of ynsaturgtion double bor]%s or‘ale inic Cém%ig(nbséﬁ.re ucedng?refoL%}ilt igs
necessary to ﬁf?fﬁ%ﬂ\%r th oﬁoﬁ?fﬁg}pl ’né9 4 énﬁig ! 5 ee OPUIRESRIFRORS lf’sually, the fluids

with bromine wilaisd ahiiegkiprepicnate redsdikteaby] AST0di propsen ses udiabitey lidit tigtacbeditic base
stock application.,Of course, the lower the bramine numbey, the better the tube quality, Fluids with
bromine numB$i% Ieséﬁgﬁ%"ﬁ 2 aréESTHEDE The AT 3{ pref@#&f’ramgé’s@ 'SJF%R"‘%%F ess than

0.1. The methhygdwkytentzgBstifiddy aseibapiebeaemhinredd miacn it \peddusvofiplitesphiorafUS
4827073, example 16). In sgme HVI-PAO,praducts, th f%lid at%e direct! sffro the polymerization
already have 9 R}? %Ieﬁ?ge é‘e?ﬁ?atm%o 1< l%fw 33% %‘esgﬁh Fss(:e(asﬁlrg eéfggteafrﬁa%%&wt at
100C. They havio dimropienatesbersdels than 5 dileweyl belthiodipadpiesaaseand/e cdistelaoge to use
as is without hydrqtreating, or we can choogse to hydrotreating, to further improve.the base stock
properties. [Odétﬂgé%rsoé) ls‘?ggkes‘ ham% a%%ﬁ%'gygénicﬁﬂggﬁﬁgﬁc an lié’a@fr’ati?r? hatlite %lprg?leater
than 90 weighinesksdii bdiplodierl dminesd advactiagecasly inmeresceyidipHenghimifieich basé stocks
include Group Il and/or %io 1] Q%ﬁro _rocesEe?l&r}#ﬁé rocr?cked base stocllfs, or gheir sygt‘pc_atic
counterparts s’BSH%{éOBS él%%é’é’l Bis, cTE'S 1BPERCETHEDr mixttites of sifflilar bagé oils. For
purposes of thdsbapyldiptienyduniidic 4aatistnckklgitsshlylanniee(sré4)-dilexyildiphegsdamiveand
Group V basezis,ao-cci(lﬁéﬁt}z/?diphenylamine, 4,4'-dioctyldiphenylamine and 4,4'-
dinonyldiphenylamine; polyalkyldiphenylamines such as
tetrabutyldiphenylamine, tetrahexyldiphenylamine, tetraoctyldiphenylamine and
tetranonyldiphenylamine; and naphthylamines such as .alpha.-naphthylamine,
phenyl-.alpha.-naphthylamine, butylphenyl-.alpha.-naphthylamine,
pentylphenyl-.alpha.-naphthylamine, hexylphenyl-.alpha.-naphthylamine,
heptylphenyl-.alpha.-naphthylamine, octylphenyl-.alpha.-naphthylamine and
nonylphenyl-.alpha.-naphthylamine. of these, preferred are
dialkyldiphenylamines. The sulfur-containing antioxidant and the amine-type

antioxidant are added to the base oil in an amount of from 0.01 to 5% by weight,



[0081] A more specific example embodiment, is the combination of high viscosity metallocene
catalyzed PAO having a molecular weight distribution (M'WD) as a function of viscosity at least 10
percent less {gndhe derithm: [MWD = 0.2223 + 1.0232* log (Kv at 100Cgp6aihwith #dow viscosity
Poly Alpha Olefin ("PAO") including PAOs with a viscosity of less than 6 cSt, Kv100C and more
preferably with a viscosity between 2 and 4 (2 cSt or 4 ¢St, Kv100C) and even more preferably with a
small amount of esters or allcylated aromatics. The esters including esters or allcylated 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. The preferred ester is an alkyl adipate. [0082] Gas to liquid (GTL) base stocks
can also be preferentially used with the components ofhis invention as a portion or all of the base
stocks used to formulate the finished lubricant. We have discovered, favorable improvement when the

components of this invention ar ded tolubyricatin st C risy imagjly; L, Group 111
and/or GTL ba%‘?f%g&i’ c@r%%a?ég‘%oﬁ%sgﬁ E)Jan‘ﬁﬁ%f gﬁ%‘?ﬁ‘é glﬁ)u %{g[g%&]%x@rﬁ:%r%% are

materials that enenglesiitéshvia one or more synthesis, combination, transformation, rearrangement,
and/or degradation/deconstructive processes from gaseous carbon-containing compounds,
hydrogen-containing compounds, and/or elements as feedstocks such as hydrogen, carbon dioxide,
carbon monox{00113}er, m&henexidasion, dithikitersachiteass ppapticelaply pykefal pippyuke butane,
butylenes, and butynes. Gil base stocks and. base ails are (il materials of lubricating ui ity that are
generally deri\?é)#gﬁwl h?/%sroc?a?rbtoir?s, %Yee&gé%lplgr v?/a@esyﬁi gélrzegj R?/1 %)(l:fgrb?f%,’ tfézft%ggrz'%
themselves debived) fivensiim p logestio u andnes n-Gogtai mtigytateh o diplse inyid r agemes)n taatkyd
compounds and/gr e! ents as fegdstog(1§§a GTI(éJase esto;:“ké?)‘;g%udgcogs rb%i(l:' 2 gnin thgdluqte oil
boiling range B act8ITRS T Hom 230 - GPr niatanals such as by, for examee, IS ?ﬂation or
thermal diffusiphospitosodithipie ratyids)bgstied andiml | daltsyyarch thigtiti v coivbamadéevéx g pmecesses
to produce lubg, lfs ol feducedlopBou BalR e R AMGIa eSO BT B XA Rlf bitors
hydroisomerized or iIsodewaxe synﬁ1e5|ze ahyélrocar ons; ﬁyc??’msomerlzed( or Isodewaxe
Fischer-Tropsdis¢iisseq atareeitihéi prefeyadbby arbtresinventidy dtdesdis od, abant § 85 tusstiviat
analogous oxy, nates%j; refer t?g/ droi rized or isgodewaxed 5T hydrocarbons or .
hydroisomeriz M8 \fv%%%) A V\?élxe(z(,aﬁﬁ rg?)s%lﬁﬁg?%ib Or 78 el\:/’vag)%gidp gy%‘[%g%%g W x}as, or
mixtures thereof . 5068 ¢pmphditiensstadkisations aliafrime G phenalaritdshe spauidlt} 0 to 10:1 of
hydroisomerizg%iso@axed Ii.—T H1ateria| derived base stock(s), and other ,
hydroisomeriz BRSNS EWEX Yerived base stock(s) are characterized typically as having
kinematic viscosities at 100C of from about 2 mm2/s to about 50 mm2/s, preferably from about 3

rrim2/s to abo 2/s, more prefetably from aboyt 3.5 mm2/s to ut 30.nun2/s, as exemplified
by  Gil base SRR AL ived B ORI TR LP R Theb 81 AIeR AESE R RS abour 4
mm2/s at 100Gfathe énvientisityaredelofiahtud dBPhatigrbgtrochsotes suc hshelsloondtadenstvrk and/or
wax isomerateopaésr% °”/b%s‘ff§c{8§k as uged her iglufilﬁgeigl thesclc ims igsto b unnd(irstoggs gl%ggnbracing
individual fracfioRa Of GTC base stockibase dIPoF Wax Icomerate base stock/base oil as recovéred in
the productionbis(eidsso bentydisalfide diboty G tradsatBdstp skifbrizgedirfetitybrstean dfopleax
isomerate base stocks/base ojl fractions, as well.as mixtures of one or two or,more low, viscosity GM
base stock(s)/BglsHé) oslf'l#aaualz()er‘]i(sfg(r?'ﬁ)g}évr\llgit is%lrlnefé %ﬁtbaslg esrt‘ct)%rﬁé)/%%se %llﬁrlgczt?ﬁv(\‘ssr\gﬁﬁlebne, two
or more high vdesphofalfimzedstoakisdrbsaisddrisniiss anaktiowprshioe clie Evesphuri)/base
oil fraction(s) to uce A bi-modal blen erein.th nd exhibit ' [t withi esaid
recited range. ?(12 ereervl\géﬁglfp-eﬁe%?nofo%z%#ua?t?gg\tﬁég)(lg?sol% sg{é]?s %8@%@%1%&#&%%%%{ %’y ASTM
method D445 .d0085bGiFbdresadstublysi eowutbaseplitss phites ducbrasGlibutyd tphiasphétsp aahipty|

h d . . / B H H b A .

reroisomern-ESBARE ™ (REOIbHBRAT BRERSE, Dty indlaflice, dipentyiphenyl | .o
which can be phedptuteascdtopk phospbitentdisttund iphesphiteardifethyl caphtbidrphospipisally as
havi ints,of ab - bl - | [ t-15C
o oy a0 R ERE Y LS bSO IS BHGIoME TR s00

advantageousspbstipgints piahdupREphtdowiisabittylsatstuted aenyt apbespBoe tongkdut -40C
or lower. If neqRRsA,ARRE AR AW ARMBNRRAIASIRkIOAEHRME HEAVRTheRY Point

References herein to pour point refer to measurement made by ASTM D97 and si ormated
versions. dithiocarbamate; Group II metal phosphorodithioates such as zinc

dicyclohexylphosphorodithioate, zinc dioctylphosphorodithioate, barium



[0086] The GTL base stock(s) derived from GTL materials, especially hydroisomerized/isodewaxed
F-T material derived base stock(s), and other hydroisomerized/isodewaxed wax-derived base stock(s)
which are bagg,sipek se9ponents which can be used in this invention are 3lsp/gbRiasieged 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. - 32 - [0087] In addition, the*8 TL base stock(s) are typically highly paraffinic
of greater than 90 percent saturates) and may contain mixtures of monocycloparaffins and

multicycloparaffins in combination with non:cyclic isopgraffms. [IThe ratio of the n hepic (i.e,,
cycloparaffin) g@f‘&ﬁﬁ ?Mﬁggﬁﬂﬁﬂ ﬂlé%gs}tvé%gwﬁg{ﬁéugétgwﬁnﬁnﬁ?}%?ﬁp8?3?1%%%8%&3. Sarther,
GTL base stogls acuttiescobijshiyphaityspentysuifides witfuamredwitnodenmodtieet of dsepadipy]
containing less than about 1 , and more typicall than about 5 ppm of each of these
elements. Theag‘iﬂ?lﬁgﬁﬂei ) % BSH%%?%P Eé‘yf%" 5%%'1?%3?1 Shid base ol obtained by the
hydroisomerization/isodewaxing of F-T material, especially F-T wax is essentially nil. [0088] In a

preferred embodi t, the QTL base stock(s) comprises paraffinic materials that consist
predominantlyfg(#meﬂcyclicgps’gﬁlgfgmnsl (hké)éﬂﬁ’miﬂlégagr%ouﬁ?sm (R%%‘%pa(r’gﬁ%lsm?ﬁes%ugﬁ base
stock(s) typicatitrogemriphosplisficandteanis thiktytphaisilofayeealso temphfyeddslivon-gyokral
isoparaffms, preferably greater than %.wt% non-gyclic igoparaffins re preferably greater than 85
Wt% non-cycli&'@ﬁiaﬁ&ﬁﬁ@%ﬁ%&ﬁ’ VRS, 8K é}/gﬁ?eﬁ? aﬁ%%@?ﬁo%‘%yb ?i‘?g‘g%%rgﬁfr?é‘.y[oosg]
Useful composiiiiosl§f @rd baskspectkidebydooifommerinadtivescdavpaxeds; - andatthasedehatd base
stock(s), and wax-derived hydroisomerized/isodewaxed base, stock(s), such as wax
isomerates/iségoe&%%‘fé%, %SFe(ng&cfﬁa%.St.oP%% 02?%530@6%‘61; ,%&f%gg'and( gﬂgl§§4g?or
example. [009RIndke dih\(alitigansdy ephitwo8)i 1 id+dilese oyl -dembihgljsirenah [2ybadi@eetq further
enhanced micyopit{ing protectio combined with specific additive systems..The additives include
various com mé\"gyahigé%aﬁggle &ﬁ?ﬁpa%ﬁes@?ﬁ&? cadaffl‘\l/réeﬁack%gés iﬁé u}(l:f"é'l %%‘éﬁi‘a"
performance sefjitleflandite.COhese raratasithinnairisiadrdiveedationtiand dryidoeibeods thde arelsifier,
detergent, dis%%rsaéﬂaﬁ?etal)égasii\éation, and rust inhibition additive chemistries to deliver desired

T8 FhGTRE

performance. 58 ?ﬁ'é‘)’/‘%eé chosen to modify various properties of the lubricating oils.
For wind turbines, the additives should provide the following properties, antiwear protection, rust

protection, mi itting protection lriction re%l]Jction and improyed filterability. Persons skilled in the art
will recognizei@' additi%‘cé@m %an be ¥ osenat'c’)'gl(ﬁ'u?’;vsg qavorab e%g)rxolégﬂ%s incllc |i1‘é‘fpavorable
properties for diaityidiphergdarnines such as p,p'-dioctyldiphenylamine (manufactured by the

Seiko Kagaku Co. under the trade designation "Nonflex OD-3"), p,p'-di-.alpha.-

methylbenzyl- diphenylamine and N-p-butylphenyl-N-p'-octylphenylamine;
monoalkyldiphenylamines such as  mono-t-butyldiphenylamine,  and
monooctyldiphenylamine;  bis(dialkylphenyl)amines such as  di(2,4-
diethylphenyl)amine and di(2-ethyl-4-nonylphenyl)amine; alkylphenyl-1-
naphthylamines such as octylphenyl-1-naphthylamine and N-t-dodecylphenyl-1-
naphthylamine; arylnaphthylamines such as 1-naphthylamine, phenyl-1-
naphthylamine, phenyl-2-naphthylamine, N-hexylphenyl-2-naphthylamine and
N-octylphenyl-2-naphthylamine, phenylenediamines such as N,N'-diisopropyl-p-
phenylenediamine and N,N'-diphenyl-p-phenylenediamine, and phenothiazines
such as phenothiazine (manufactured by the Hodogaya Kagaku Co.:
Phenothiazine) and 3,7-dioctylphenothiazine.



[0092] The final lubricant should comprise a first lubricant base stock having a viscosity of greater than
40 cSt, Kv100C. The first lubricant base stock should comprise of at least 5 percent and no more than
90 percent of{yBsfi3al4esicant” Preferred range is 10 percent to 80 percerg ¥ g nprcanhio 80
percent or 40 percent to 80%. The second base stock having a viscosity less than 10 ¢St should
comprise at least 10 percent and no more than 90 percent of the final base stock total. The amount of
ester or allcylated aromatics and/or additive can be up to 90 percent of the final lubricant total with a
proportional decrease in the acceptable ranges of first and second base stocks. The preferred range of
esters and additives is between 10 and 90 percent. Sometimes, some Group | or |l base stock can be
used in the formulation together with ester or aIIcyIatéé“aFomatics or as a total substitute. 100931 In
various embodiments, it will be understood that additives well known as functional fluid additives in the

art, can also bg,j orate%in‘the functional
amounts, if de@rHeﬁ; :ffequen i/‘,me1 éeﬁwgn gg%)

AR T GalRS SRS bl ae

embodiment, atitdnas odid adeagthtilphisiedoeld diootatiecy tsulphidiesithinglipiropdnia ratasi¢aters

stabilizers, antiwear addjtives, dispgrsants, detergents, antifoa at?%(iibt ' [ty | g’ Jmprovers,
copper passiv%\‘tlgqr}s,arﬁe a 8§§8 |\§/a olr%{j‘}ﬂ rsﬂ%%rﬁ%?tedrsa,igg?c%%%lin |6§‘5§§%§t§g§%in}tﬂ gi?e ants,
demulsifiers, ahibdipaopigenite, exteerde prdeduecyladtiticegland thisdipropuifists, Thasdditiv2s listed
below are non-limiting exam Iea and are not intented to limit the claims. [0094] Dispersants should
contain the allzgﬁgﬁ?ﬂq eyrf%%bpaﬂ) fis an Mn value of about 500 to about 5000 and an Mw/Mn ratio
of about 1 to about 5. The preferred Mn intervals depend on the chemical nature of the agent

improving filtei;ﬁawti)pgfolyo ;i(gic %Igln}edé ésrtlji Les éar thg J}?%Catriffgf'ﬁ'i% @ea&g'kgbahr?}ﬁ[i%%grzgther acid

materials or a rming natérials, Iiclu pofilr'ners containing a predominant quanti yeo Sub.2 to
C.sub.5 monotlsiityd-4emexayipiienelhy 2rebptyip§ienethlylphemal, is@htdiareutyipipemibne2 A-highly
suitable polyolefinic.pglymer i isobutene. The succinic anhydride preferred as 2 feaction
substance is ’é%ei}%ﬂ]ﬁ% B%ﬁosh(; nl?t%nyl suceil.'r%(?) g&ﬂyﬁrﬁﬁ%&@%‘ t§1ié dispers%ﬁ%o i[);la%ms a
succinimide caneghisiygphenobajbdptcbiutylloy dregoaivinea imaidectitied: bylytwnikawagadheny! or
alkyl substituept of the succinic anhydride serving as,the, reacti bsfange consi referahly of
polymerised iz%gg?eneéug\/i%gaeﬁ%%g\ea Sglngﬁoﬁt EBB’% 2%%3??5?0%” Ialoge g&?ﬁl‘t%%%o%% y, the
alkenyl or alky2 $i+dstitbany lof tak glpteeniol 8 slwghiad 2 sedirtebatyth4-raethidplseriostande2cbdiidts in a
polymerised isobutene hayving an,M lue of aboyt 2100 to.about 240Q. If the agent ir /ipg
filterability cor?fgﬂé'gﬁeéﬁg\é?qg?%ﬂm%ﬁ\?glﬁ%&% %Erii's%l%o Peeeflléics)nsﬁ(%éug oélg S@C&ﬁﬁ:{%ﬁl ydride
and an aliphatingihtytyplienalcoholatide alken§tdi-abuylydubstibeeryphfeined succidis-alittybuigd-4erving as
the reaction substance consists advantageously of a polymerised isohutene having.an.Mn vglue of
500 to 1500. I?Pf)rlé% g)rf:cnez,yailr%% f/ﬁl\’g%%%%'isobutgne ha\%ﬁ?gggﬁ’Mn va?%yg%@igi%l&%ﬁged. -35-
100961 Amidhyduitgipbensd¥pobpivititssincludesachiwvear agents, ertartyd-3r€3sindi-adulitles; friction
modifiers or Djspersants. The amides which areutilized in the ¢ itionsof the present invention
may be amidei%*’gz)qe‘:rPn’%?ﬂ"'oil Nord @ §/° lr%%%e/liéréac?gsfg c?ﬂé%?c‘:tlg er}gl(aerivza#\gggofﬁé?%% . lgg?ﬁiélgg ?ﬁay be
characterized the a hychdearbdegignatioontaififgricom al88N)6 to akindeed ledrth o -diotrtmtyhe is

éﬁ@édrocagkggl, aminog_)ég ocarbyl, B;{%{%Xﬁl%%ﬁ%@é@ﬂ_ L butyl-4-

Ir:ﬁi?:?&iﬁ!&%%ﬁ%eaq}%ﬁ a?Bi/??group, provi that bothare rogen’ each Is,
independentlyhgdrpetyqeteshy|gpm prongieodusiding-bptyd-aipba tdicsetipratnes pAtkesobn 2Rylene
monosarboxy e S s B s more
often will be ampthytgisybutpiphetenobd(ramufdetoyest byc thealkaveguehil Kagalbo (€ Q4udeon
atoms. the trade designation "Antage W-400") and 2,2'-methylenebis(4-ethyl-6-t-
butylphenol) (manufactured by the Kawaguchi Kagaku Co. under the trade
designation "Antage W-500"); bisphenols such as 4,4'-butylidenebis(3-methyl-6-
t-butyl- phenol) (manufactured by the Kawaguchi Kagaku Co. under the trade
designation = "Antage = W-300"),  4,4-methylenebis(2,6-di-t-butylphenol)
(manufactured by Laporte Performance Chemicals under the trade designation
"Ionox 220AH"), 4,4'-bis(2,6-di-t-butylphenol), 2,2-(di-p-



[0098] The amide is derived from a di- or tricarboxylic acid, will contain from 6 to about 90 or more
carbon atoms depending on the type of polycarboxylic acid. For example, when the amide is derived
from a dimenggidyoilhsetain from about 18 to about 44 carbon atoms or pefa; aghAMKes derived
from trimer acids generally will contain an average of from about 44 to about 90 carbon atoms. Each is
independently hydrogen or a hydrocarbyl, aminohydrocarbyl, hydroxyhydrocarbyl or a
heterocyclic-substituted hydrocarbon group containing up to about 10 carbon atoms. It may be
independently heterocyclic substituted hydrocarbyl groups wherein the heterocyclic substituent is
derived from pyrrole, pyrroline, pyrrolidine, morpholine, piperazine, piperidine, pyridine, pipecoline, etc.
Specific examples include methyl, ethyl, n-propyl, n-Batyl, n-hexyl, hydroxymethyl, hydroxyethyl, - 36 -
hydroxypropyl, amino-methyl, aminoethyl, aminopropyl, 2-ethylpyridine, 1- ethylpyrrolidine,

1-ethylpiperidipe, etc. [0099] . The alkyl group can be an alkylene groyp,containing from. 1,tg about 10
carbon atomsl.ﬂ%% eBYbBEﬂpﬁﬁélene @dﬁ% eﬁgude, megthylengghectﬁﬁg%,%ré%ﬁﬁeg, etc. Also
Ere hydlroca;bytﬁmh hﬂ;hﬂﬂﬁlt))pmbmll ' Barticulgr, ag(zy,lenwgrohqaxl ghidenebis (QMTabbutﬂlﬁlﬁtbt)n q(;oms.
xamples of suc ocarbylene grqups, in e, met e ene, propylene, etc..The amide
contains at Iei‘:ﬁ"@ﬁé’fﬁ?ﬁﬁﬂ%linﬁ%%o p. Th%ﬂg erﬁg]bgd%-g'r?f}’meé%yﬁ%?ﬁ%%m s?ﬂ?’c?? reha o??ﬁaggi asa
result of the condantatiined’ byatiey Ctibay Speciatity@Hearie sl d0b.cdrideththb tdide alsipmatigroups.
Typically, the amides are prepaged by teacting a carboxylic acid or tive dervative thereof with an
amine which cﬁcinFﬁgfh%xat Igag(?%rfe >l\yﬁr-]e r u?)gTOOl Ipha |'csd(§b(n§%%%ﬁlf%l§‘?ﬁﬁ Jd&hond-aliphatic
and di-aliphatiereshiiipifieisd) propieaarar (@irtvdaeipati by rthep Yoshitoems Beigtdar cConsatieated and
straight chain or branche chain..Suc};(;lamines mﬂu,d,s: erze_ mfci?é qgg):@g_g%:?_lky{;g#%muted
amines, mono- SndHISIK %V%ﬂB&'ﬁut d’glrlrwl}ﬂés, etc.”Spécific examp &< of Stich monoamines include
ethyl amine, digitiydayplenyDpribpionztd, (danbfiyhasdrtsy; thebOibhaSpeciatiog Cherrieabi€@wyl amine,

it YL G EER R TR T e T
2-(2-aminoethyijetadipgt oyyrolanetizd plsindpipsopionydiny pyrejifedeydyzi4, 8, 10-
3 ilbont U e T T O
aminopropy|)ida®letéads-aésipianghmdSinailiect - (Bax8DOprandl )-2;4bikdobiis(8 -methyl-6-t-
1-(3-aminoproé)‘yé)lﬁ]-gx(r)rﬁli?&]gggfa%%e-f%& the Kawaguchi Kagaku Co. under the trade
designation "Antage RC"), 2,2'-thiobis(4,6-di-t-butylresorcinol); polyphenols
such as ‘ tetrakis[methylene-3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionato]jmethane (manufactured by the Ciba Speciality
Chemicals Co. under the trade designation "Irganox L101"), 1,1,3-tris(2-methyl-
4-hydroxy-5-t-butylpheny- l)butane (manufactured by the Yoshitomi Seiyaku
Co. under the trade designation "Yoshinox 930"), 1,3,5-trimethyl-2,4,6-tris(3,5-
di-t-butyl-4-- hydroxybenzyl)benzene (manufactured by Ciba Speciality
Chemicals under the trade designation "Irganox 330"), bis[3,3'-bis(4'-hydroxy-
3'-t-butylpheny-  l)butyric  acid] glycol ester, 2-(3',5-di-t-butyl-4-
hydroxyphenyl)-methyl-- 4-(2",4"-di-t-butyl-3"-hydroxyphenyl)methyl-6-t-
butylphenol and 2,6-bis(2'-hydroxy-3'-t-butyl-5'-methylbenzyl)-4-methylphenol;
and phenol/aldehyde condensates such as the condensates of p-t-butylphenol and

formaldehyde and the condensates of p-t-butylphenol and acetaldehyde.

[00119] Viscosity index improvers and/or the pour point depressant include

polymeric alkylmethacrylates and olefinic copolymers such as an ethylene-



[00101]Cycloaliphatic monoamines are those monoamines wherein there is one cycloaliphatic
substituent attached directly to the amino nitrogen through a carbon atom in the cyclic ring structure.

Examples of gyshapiphatis monoaminesincludecyclohexylamines,cyclopenfdaidgsrois2os
cyclohexenylamines, cyclopentenylamines, N-ethyl-cyclohexylarnine, dicyclohexylamines, and the like.

Examples of aliphatic-substituted, aromatic-substituted, and heterocyclic-substituted cycloaliphatic
monoamines include propyl-substituted cyclohexyl-amines, phenyl-substituted cyclopentylamines, and
pyranyl-substituted cyclohexylamine. [00102]Aromatic amines include those monoamines wherein a
carbon atom of the aromatic ring structure is attached directly to the amino nitrogen. The aromatic ring
will usually be a mononuclear aromatic ring (i.e., one"#&rved from benzene) but can include fused
aromatic rings, especially those derived from naphthalene. Examples of aromatic monoamines include
asmiline, and ihe ﬂlée. Examples of

aniline, di-(paramethylphenyDamine, naphthylamine, N-(n-butyl
aliphatic-subsﬁﬁﬂ%&l,g&c %é%ﬁglﬂszs%gﬂfﬁgpg—,ﬁgﬁﬁé&%ﬁgg alkene such "as

S e B ArSnatic mondamines are
para-ethoxy-apiBeVissestigdiederiitipeovss (Virtgptiostits hiphibldentizeyvighysijysnbstituted
phenathiazines, and thienylsubstituted aniline, [00103]Pglyamijnges are aliphatic, cycloaliphatic and
aromatic polyéshﬁh&c’é LTS ARIGEL i?)'éd’aw%rghgﬁiﬁ@%??éﬁ%mﬁéepﬁﬁﬁ}gwithin
their structure i agdiisnaleinpemniteagche Thoaddiinned ANMWIOiNipeeeds cae hagtiawenate
secondary or tertiary aming nitrogens. Exam L?lf of sgych%olyalgf'nes include d I
N-amino-propPOyRISH: 20 FRRYY R§aS: ACRYIRTR PO n HISHD RQfymgrs and copolymers,
bis-(para-amingphsyyyéneditandie el opalineeyclonexane, and the like. -38 - )

[00120] Other examples of the viscosity index improver include
polymethacrylate, polyisobutylene, alpha-olefin polymers, alpha-olefin
copolymers (e.g., an ethylene-propylene copolymer), polyalkylstyrene, phenol
condensates, naphthalene condensates, a styrenebutadiene copolymer and the
like. Of these, polymethacrylate having a number average molecular weight of
10,000 to 300,000, and alpha-olefin polymers or alpha-olefin copolymers having
a number average molecular weight of 1,000 to 30,000, particularly ethylene-
alpha-olefin copolymers having a number average molecular weight of 1,000 to

10,000 are preferred.

[00121] The viscosity index increasing agents which can be used include,
for example, polymethacrylates and ethylene/propylene copolymers, other non-
dispersion type viscosity index increasing agents such as olefin copolymers like
styrene/diene copolymers, and dispersible type viscosity index increasing agents
where a nitrogen containing monomer has been copolymerized in such materials.
These materials can be added and used individually or in the form of mixtures,
conveniently in an amount within the range of from 0.05 to 20 parts by weight

per 100 parts by weight of base oil.

[00122] Pour point depressors (PPD) include polymethacrylates.

Commonly used additives such as alkylaromatic polymers and



1001041The hydroxy-substituted amines contemplated are those having hydroxy substituents bonded
directly to a carbon atom other than a carbonyl carbon atom; that is, they have hydroxy groups

capable of fugeliapmeasalcohols. Examples of such hydroxy-substituted g@iesisdsos
ethanolamine, di-(3-hydroxypropyl)-amine, 3-hydroxybutyl-amine, 4-hydroxybutyl-amine,
diethanolamine, di-(2-hydroxyamine, N-(hydroxypropyl)-propylamine, N-(2- methyl)-cyclohexylamine,
3-hydroxycyclopentyl parahydroxyaniline, Nhydroxyethal piperazine and the like. [00105]In one
embodiment, the amines useful in the present invention are alkylene polyamines including hydrogen,
or a hydrocarbyl, amino hydrocarbyl, hydroxyhydrocarbyl or heterocyclic-substituted hydrocarbyl group
containing up to about 10 carbon atoms, Alk is an alk'y‘f ne group containing up to about 10 carbon
atoms, and is 2 to about 10. Preferably, Alk is ethylene or propylene. Usually, a will have an average

value of from 2 to about 7. Examples of such alkylene polyamines.inclyde methylene polyamines,
ethylene polyaﬁ'ﬂ?x&?tg'ﬁﬁ;éﬁ eﬁgffa‘rhsl%%llsi,%rro{pmﬁe%"ér%%ﬁyaﬁ ‘S‘s‘f%en ?/%ﬁ%%ﬁé%rﬁﬁ%gi%?ylene
polyamines, hefigiEetpdly®éines, etc. [00106]Alkylene polyamines include ethylene diamine,
triethylene tetramine, propylene diamine, trimethylene diamine, hexamethylene diamine,
decamethylene diamine, hexamethylene diamine, decamethylene diamine, octamethylene diamine,
di(heptamethyjeoe23jamineDeiprgpyteindkidencaleivetralktyigidivy Frasacatanmmikplpbesatéamine,
pentaethylene h?‘%@ﬂf‘{}?l rm tr‘y Rﬁglt?r%rﬁl z nd ‘;[ eenl{léga.ll—il(l)%@e& h mg@ggsas are obtained by

; SEC magnesium
condensing twigr ne amines are useful, as are MBTes Of two or
more of any obdituaio e sediuihc i palyprasnefthe 3Rani)y ArniEdispens nm ygentseshiicbaashhose
mentioned above, are £s eciagl;i?sefu f‘%r reasons of gost gnd eff ctivetrrl‘ggjs. Suc Qﬂl}/ami s are
described in d4H &R RS D R P ER R R R LR AR S EAR e IS h e aF Chemical

Technology, Seetdld sudfileonatéss aalit At eariholmpeal, plagesed7 @8] |alkestien carfthbiisttets,

Division of John Wilg% and ?ﬁﬁns F1F965 v.vhi,qu is he(;ebg"réc:orl g(r:%ged bi\érefeeréatrége f%rnt e ﬂi}scl!osure of
useful polyamﬁ?&c.y & ¢ 83 ¢ %%"Er‘eﬁargg mo {ccr)lﬁvenlenlff)‘/noyethe Feaction of an g]kylene

chloride with cporobiyidridteby fsaatmasof salietiyie comphexvwitter getsoperdngsitdese ntispefsiag

ammonia, etc. These r agﬁtl:: ns re§ult in th fregﬁyvc&gon (ﬁ;}txh?- ggme&vlﬂ? Sc%%wﬁlex mi>r<1 ires glkylene

polyamines, inac%ﬁafﬁgw&) e ¥ortd ﬁ%’éﬁ%ﬂ‘% Saues L aePas plpergzmes.'[ ag]eﬁﬁer S types of

polyamine mixiddedl asadhosedraadividuatiyn or in the form of mixtures, conveniently in an
amount within the range of from 0.01 to 1 part by weight per 100 parts by
weight of base oil; these can also be high TBN, low TBN, or mixtures of
high/low TBN.

[00124] Anti-;'ust additives include (short-chain) alkenyl succinic acids,
partial esters thereof and nitrogen-containing derivatives thereof; and synthetic
alkarylsulfonates, such as metal dinonylnaphthalene sulfonates. Anti-rust agents
include, for example, monocarboxylic acids which have from 8 to 30 carbon
atoms, alkyl or alkenyl succinates or partial esters thereof, hydroxy-fatty acids
which have from 12 to 30 carbon atoms and derivatives thereof, sarcosines
which have from 8 to 24 carbon atoms and derivatives thereof, amino acids and
derivatives thereof, naphthenic acid and derivatives thereof, lanolin fatty acid,

mercapto-fatty acids and paraffin oxides.

[00125] Particularly preferred anti-rust agents are indicated below.
Examples of Monocarboxylic Acids (C8-C30), Caprylic acid, pelargonic acid,

decanoic acid, undecanoic acid, lauric acid, myristic acid, palmitic acid, stearic



stripping of the above-described polyamine mixtures. In this instance, lower molecular weight
polyamines and volatile contaminants are removed from an alkylene polyamine mixture to leave as

residue whatjig,0fignige3ed "polyamine bottoms”. In general, allcylene polyagnrepalms can be
characterized as having less than 2, usually less than 1% (by weight) material boiling below about

200.degree. C. In the instance of ethylene polyamine bottoms, which are readily available and found to
be quite useful, the bottoms contain less than about 2% (by weight) total diethylene triamine (DETA) or
triethylene tetramine (TETA). A typical sample of such ethylene polyamine bottoms obtained from the
Dow Chemical Company of Freeport, Texas designated "E-100". Gas chromatography analysis of
such a sample showed it to contain about 0.93% "Ligﬁ’tsEnds" (most probably DETA), 0.72% TETA,
21.74% tetraethylene pentamine and 76.61% pentaethylene hexamine and higher (by weight). These

lkyl I ine bot inclyd li d tion.nprod h ' ' d high
analogs bf o AR eAE Ao R SLRSA S TR AR N AR 5 UK SHERhis e

selected fromabManasdobasiesadidl aradiorutedseicosanizciicid fredf citl owafaithavidesoyebeaaight
phenol, an allgylene pqlyamine ang an aldehyde sych as formaldehyd cinic:based dispersants
that are reacti%‘%rﬁ t@c‘fl"é“b’i@*i%&%rﬁ‘é\xaﬁ&éh&ﬁﬁ? ‘adff ﬁhche%i’n%g&a,%g?myﬁ} és,%féter or
halide) furtherp@eiggstéirian oegiadjc hygieylsacossptiond anildpr amaritsglshigbsinidecutaridyeight
amides and estelrs such as reaction, groducts .of a hydrocarbyl a%IP?ltin agent aaQ:q %#%%Qggric
aliphatic alcoltRHRISAECERIBAS RSN SISATMRREF 5HS 1680, AL essaslg?&e'tléﬁfree POIYMEric materials
that usually cq@8ir20)opseidxiaigic meicey knutig hfavacldeid eatidk €8tC 24 atmréapoticattygroup
that associates \z\ath particles to be dispersed are typically used as dispersants. Zinc acetate capped,

also any treat88i%spersant, which include borated, cyclic carbonate, end-capped, polyallcylene maleic
anhydride and the like; mixtures of some of the above, in treat rates that range from about 0.1% up to

copolymers, DO one. ERRRIRS LRSI LIRS, TR0 Crid GOD e
functional grospédiifieracidscihditatde hndASNNof 178 5OIgBr andossten dedutaivwsididreafpes from
300 tp to 5000, .Polar materials su s amjnes, alcohols, amides pr esters ar ac to,the
backbone via Q‘Wg&ﬁé@l%ﬁﬁ%ﬁ&?’oﬁ%@%g g gt@ﬁ?ﬁﬁmﬁir?océ ed® ?ﬁﬁ pm Is E’Le?ghogﬁh(kﬁ-
di-tert-butylphgai 5 7490i- Bk diples-cf ehel kgl o6ty avhivh e (o @y drdirpsopddiis)epenol;
D e AR e S R i SRR

.8%, by wei ; r , Itrof, 9 omprise
an aromatic aggpeseiedidant pishhasymanamesty ikeny i phangbiyias)ined@onut-amine, n-
p,pdioctyldiphen I%ﬂrm#%ﬁgeodlsgggg% in admixtL;IrE%.BeThe Ergﬂ%{}aﬁiﬁ-gxmgﬁf’ﬁ%? onée’fg[risblsg}qitably
presentin a rafﬂé@ i V’Wéﬁ’&’lt 0 Sitiof, ably 0.5 to
1.5%. [00112]Repriiiecstataing)g astéarydaniineay be-aoyaiedgluaiinentioxddobsylamine, n-

heneicosylamine,  n-docosylamine,  n-tricosylamine, n-pentacosylamine,
oleylarﬁine, beef tallow-amine, hydrogenated beef tallow-amine and soy bean-
amine. Examples of the secondary amines include dilaurylamine, di-coconut-
amine, di-n-tridecylamine, dimyristylamine, di-n-pentadecylamine,
dipalmitylamine, di-n-pentadecylamine, distearylamine, di-n-nonadecylamine,
di-n-eicosylamine, di-n-heneicosylamine, di-n-docosylamine, di-n-

tricosylamine, di-n-pentacosyl-amine; dioleylamine, di-beef tallow-amine, di-

hydrogenated beef tallow-amine and di-soy bean-amine.
Examples of the aforementioned N-alkylpolyalkyenediamines
include:ethylenediamines such as laurylethylenediamine, coconut

ethylenediamine, n-tridecylethylenediamine- , myristylethylenediamine, n-
pentadecylethylenediamine, palmitylethylenediamine, n-

heptadecylethylenediamine, stearylethylenediamine, n-



containing sulfur, for example, including dialkyl thiodipropionates such as dilauryl thiodipropionate and
distearyl thiodipropionate, diallcyldithiocarbamic acid derivatives (excluding metal salts),
bis(3,5-di-t-bity L hyshaxybenzypsulfide, mercaptobenzothiazole, reaction-pipehiets,efaaosphorus
pentoxide and olefins, and dicetyl sulfide. Of these, preferred are diallcyl thiodipropionates such as
dilauryl thiodipropionate and distearyl thiodipropionate. The amine-type antioxidant includes, for
example, monoalkyldiphenylamines such as monooctyldiphenylamine and monononyl diphenylamine;
dialkyl diphenylaminessuchas4,4'- dibutyldiphenylamine, 4,4'-dipentyldiphenylamine,
4,4'-dihexyldiphenylamine, 44'-diheptyldiphenylamine,4,4'-dioctyldiphenylam ineand4,4'-
dinonyldiphenylamine;ponaIIcyldiphenylaminessucha‘s“?etrabutyldiphenylamine,
tetrahexyldiphenylamine, tetraoctyldiphenylamine and tetranonyldiphenylamine; and naphthylamines
such as .alpha.-na (ﬂth lamine, phenyl-.alpha.-naphthy lamine, butylphenyl-.alpha.-naphthylamine,
pentylpheny.afb%%la.[j e&gh%? Teﬁg&]l%"}/l f X-r?é%%st%lﬁg!fﬁ%g?d%m“%’ -

amine, ex?/ phenyl-.alpha.-
heptylphenyl-. hiptecomsibthylenedmmitglphenyl-alphan-dapbiyjéahyilendizmoneyphenyl-. alpha

.-naphthylamine. Of these, preferred are dialkyldiphepylamines. The sulfur-cqntainin tioxidant and
the amine-typéré‘iﬂ%l%ggﬁ{%ee Clo[s[S1o 410 t'i’i?%%?gg%g .%XT ASUHTESron? lﬁﬁf 8’%@?%‘(5?@%,
beef tallow-ethylenediamine, hydrogenated beef tallow-ethylenediamine and soy

bean-ethylenediamine; propylenediamines such as laury1propylenediamine,

coconut propylenediamine, n-tridecylpropylenediamine,
myristylpropylenediamine, n-pentadecylpropylenediamine,
palmitylpropylenediamine, n-heptadecylpropylenediamine,
stearylpropylenediamine, n-nonadecylpropylenediamine, n-
eicosylpropylenediamine, n-heneicosylpropylenediamine, n-
docosylpropylendiamine, n-tricosylpropylenediamine, n-

pentacosylpropylenediamine, diethylene triamine (DETA) or triethylene
tetramine (TETA), oleylpropylenediamine, beef tallow-propylenediamine,
hydrogenated beef tallow-propylenediamine and soy bean-propylenediamine;
butylenediamines such as laurylbutylenediamine, coconut butylenediamine, n-
tridecylbutylenediamine- , myristylbutylenediamine, n-
pentadecylbutylenediamine, stearylbutylenediamine, n-eicosylbutylenediamine,
n-heneicosylbutylenedia- mine, n-docosylbutylendiamine, n-
tricosylbutylenediamine, n-pentacosylbutylenediamine, oleylbutylenediamine,
beef tallow-butylenediamine, hydrogenated beef tallow-butylenediamine and soy
bean butylenediamine; and pentylenediamines such as laurylpentylenediamine,
coconut - pentylenediamine, myristylpentylenediamin- e,
palmitylpentylenediamine, stearylpentylenediamine, oleyl-pentylenediamine,
beef tallow-pentylenediamine, hydrogenated beef tallow-pentylenediamine and

soy bean pentylenediamine.

[00127] Demulsifying agents include alkoxylated phenols and phenol-
formaldehyde resins and synthetic alkylaryl sulfonates such as metallic

dinonylnaphthalene sulfonates. A demulsifing agent is a predominant amount of



-42 - preferably from 0.03 to 3% by weight, relative to the total weight of the composition. [00113]The
oxidation inhibitors that are particularly useful in lube compositions of the invention are the hindered

phenols (e.gwe SseH7{iRkyl)phenol); aromatic amines (e.g., alkylated diphepyAarginesd 1 Ak
polysulfides; selenides; borates (e.g., epoxide/boric acid reaction products); phosphorodithioic acids,

esters and/or salts; and the dithiocarbamate (e.g., zinc dithiocarbamates). These oxidation inhibitors
as well as the oxidation inhibitors discussed above the preferably of the invention at levels of about
0.05% to about 5%, more preferably about 0.25 to about 2% by weight based on the total weight of
such compositions, with ratios of amine / phenolic to be from 1:10 to 10:1 of the mixtures prefered.
[00114]The oxidation inhibitors that are also useful in rRibe compositions of the invention are
chlorinated aliphatic hydrocarbons such as chlorinated wax; organic sulfides and polysulfides such as

benzyl disulfide, bl%r@gfogle éPdlselﬂ%g(eéd;gﬁ'%%Eg” e oS p;u_rlz%% %‘i}%{gé&? acid

sulfurized alky?pWenol sulturiz osp urlze arbons
such as the reaf:ting pmmwmnam@mﬁmmmmmmmdiﬁew meﬂqﬁeolaﬂ@mmmqiﬂwrus

esters including princigally di dro arbo and ri droc rbon hltes tyl h JeRly hite,

diheptyl phosd%‘%r 'dlcaycly el;i< I p osplﬁ1 Ite, pegﬁ/gp%eﬁ BE( %Fpe%ﬁpa % osp |te trldecyl

phosphite, d|stﬂm1yiqsﬁnephltefdmeti'gdesaphthw;:hneph|mapleqls¢pbntymfeerpiqﬂ1qu1ltﬁrpm

polypropyleneﬁ ole uaéwe%grr)ltlg1 l)lﬁ)Fub%tuted gfdeyl Ph rélrtl% (()ZI)I{I;S bu%l Fu tltu %n %tljr?nyl
AN c

phosphite; me af o Amates. sach ad zinddid thloca amate, an & barium ep{ enyI
dithiocarbamaatk &xdapetd prethigthosphorodithioates such as zinc dicyclohexylphosphorodithioate,
zinc dioctylphosphorodithioate, barium - 43 - di(heptylphenyl)(phosphorodithioate, cadmium
dinonylphosphorodithioate, and the reaction of phosphorus pentasulfide with an equimolar mixture of
isopropyl alcof@128hethyl-Fyrertianal, thuidmahe&ydihigdbdbcf(iﬁﬂﬂﬂ'@nid@ﬂscsmMmsmingazf ic
compounds cqgntai [fu r ﬁos (ri d som I ols.ar aI loved. Two
general typesqo o>{<}|lda |§*r3|1 mL g@ogrg ee[t) b‘s“é) eac Witht % ﬁ] ato{r?s1 llper((;?)‘(ay rag’%r%?%(\ﬁd
hydroperoxides¢arfaddithactind extrpmenpiesanct taddititreat dheofopusdatiese anatvedalg to then less

active compoundsn =xan Igsgg é’l‘lll‘(l)(ii retdé?JIclyea%aeﬂal%h ngl ngIH a# %tert buté((})mh{ﬂet@/ (Rhenol

[2,6- d|(tertbutyT)- -creso aromatic amines; eg napitthalamine. These
are used in tuﬂndmaty(sklﬂlmmﬂmdrhydmnldmlisgfwithrpdlﬁehdndcﬁmé)mdwlserwce.

[00129] Polyoxyalkylene glycols useful in the present invention may be
produced by a well-known process for preparing polyalkylene oxide having
hydroxyl end-groups by subjecting an alcohol or a glycol ether and one or more
alkylene oxide monomers such as ethylene oxide, butylene oxide, or propylene
oxide to form block copolymers in addition polymerization while employing a
strong base such as potassium hydroxide as a catalyst. In such process, the
polymerization is commonly carried out under a catalytic concentration of 0.3 to
1.0% by mole of potassium hydroxide to the monomer(s) and at high
temperature, as 100 degrees C to 160 degrees C. It is well known fact that the
potassium hydroxide being a catalyst is for the most part bonded to the chain-
end of the produced polyalkylene oxide in a form of alkoxide in the polymer

solution so obtained.

[00130] An especially preferred family of soluble polyoxyalkylene glycol

useful in the compositions of the present invention may also be one produced



[00116]Examplesofamine-basedantioxidantsinclude diallcyldiphenylamines such as
p,p'-dioctyldiphenylamine (manufactured by the Seiko Kagaku Co. under the trade designation

"Nonflex ODy3 0 2P isdoAalpha.- methylbenzyl- diphenylamine and PCT/US2007/013205
N-p-butylphenyl-N-p'-octylphenylamine; monoalkyldiphenylamines such as
mono-t-butyldiphenylamine, and monooctyldiphenylamine; bis(dialkylphenyl)amines such as di(2,4-
diethylphenyl)amine and di(2-ethyl-4-nonylphenyflamine; alkylpheny1-1- naphthylamines such as
octylphenyl- 1-naphthylamine and N-t-dodecylphenyl-1- naphthyl amine ; arylnaphthylamines such as
1-naphthyl am in e, phenyl - 1- naphthylamine, phenyl-2-naphthylamine,
N-hexylphenyl-2-naphthylamine and N- octylphenyl-‘?haphthylamlne phenylenediamines such as
N,N'-diisopropyl-pphenylenediamine and N,N1-diphenyl-p- phenylenedlamlne and phenothiazines

such as phenqtiiezige (quaapcied thneor'%%aava?ﬁh KU QBRSO BRAREN S Wb

3,7- dloctylphenofpuazme [ xamples of su ase oxidants include
dialkylsulphideamslonh alkdixiddesd/seddhicte and dioctadecylsulphide; thiodipropionic acid esters such
as didodecyl thiodipropionate, dioctadecyl thiodipropionate, dimyristyl thiodipropionate and
dodecyloctadecyl thiodipropionate, and 2- mercaptobenzimidazole. [00118]Examples of phenol-based

antioxidants iqommz -t-butyphenih?bitdrstydeldeetoliphersob PatibyltyhEtlraetiidph esptcially
2,4-di-t- butylph 1 65 t henol, 2-t- but ethoxyphgnol, 3-t-but
methoxyphen?)‘lS 8> %lﬁ@?ﬁt %rc‘(u?ﬁ%rﬁ/ %nufae & kyﬂ] v{/}zéa%uﬁ agac%:éﬁ é t(j QRder
trade de&gnahwthﬂnta@hﬂBlﬁbp’yﬁ dlﬂelpmaJﬂpherML@hd 26-dso-bbiytyd-alindp hpolymerschafs
2,6-di-t-butyl- 4-me nol an tbut I 2 6 utyl-4- alk henolg,such as
2,6-di-t- butyl gﬁ'&i RBRoY tll ?ﬂ%p/‘(%llxyp }ggéﬁl&éﬂu@f Xﬂ:rs in the
hydroxybenZyﬁmﬁﬁgtaan‘gelca&emmsﬂhylﬂ)(-),(mﬂﬁsﬂ Gmheﬂaddltlves are defoamers, such as
(manutactored SRS PRCTIEHT SHIIHAES bqgaost teacicd Wit S ORIBBI CBtaining
moieties, are the most widely used defoamers. Organic polymers are sometimes

used as defoamers although much higher concentrations are required.

[00132] Metal deactivating compounds / Corrosion inhibitors include 2,5-
dimercapto-1,3,4-thiadiazoles and derivatives thereof, mercaptobenzothiazoles,
alkyltriazoles and benzotriazoles. Examples of dibasic acids useful as anti-
corrosion agents, other than sebacic acids, which may be used in the present
invention, are adipic acid, azelaic acid, dodecanedioic acid, 3-methyladipic acid,
3-nitrophthalic acid, 1,10-decanedicarboxylic acid, and fumaric acid. The anti-
corrosion combination is a straight or branch-chained, saturated or unsaturated
monocarboxylic acid or ester thereéf which may optionally be sulphurised in an
amount up to 35% by weight. Preferably the acid is a C sub 4 to C sub 22
straight chain unsaturated monocarboxylic acid. The preferred concentration of
~this additive is from 0.001% to 0.35% by weight of the total lubricant
composition. The preferred monocarboxylic acid is sulphurised oleic acid.
However, other suitable materials are oleic acid itself; valeric acid and erucic
acid. A component of the anti-corrosion combination is a triazole as previously
defined. The triazole should be used at a concentration from 0.005% to 0.25% by
weight of the total composition. The preferred triazole is tolylotriazole which

may be included in the compositions of the invention include triazoles, thiazoles



thetradedesignation"YonoxSS"),n-dodecy1-3-(3,5-di-t-buty1-4- hydroxyphenyl)propionate and
2'-ethylhexy1-3-(3,5-di-t-butyl-4- hydroxyphenyl)propionate;

2,6-di-t-butykglpbay7HipggthY lamino-p-cresol, 2,2'- methylenebis(4-alkyl-- 64taypdniaeneiheompounds
such as 2,2'-methylenebis(4- methy1-6-t-butylphe- nol) (manufactured by the Kawaguchi Kagaku Co.
under the trade designation "Antage W-400") and 2,2'-methylenebis(4-ethy1-6-tbutylphenol)
(manufactured by the Kawaguchi Kagaku Co. under the trade designation "Antage W-500");
bisphenols such as 4,4'-butylidenebis(3-methy1-6- t-butyl- phenol) (manufactured by the Kawaguchi
Kagaku Co. under the trade designation "Antage W-300"), 4,4'-methylenebis(2,6-di-t-bu tylphenol)
(manufactured by Laporte Performance Chemicals undérthe trade designation "lonox 220AH"),
4,4'-bis(2,6-di-t-butylphenol), 2,2-(di-p- -45-.
hydroxyphenyl)propane(BisphenolA),2,2-bis(3,5-di-t-buty1-4-h-.ydroxyphenylpropane, 4.4'-cyclohexyl
idenebis(2,6-d%—$—‘§ KN r%pﬁ?%‘&é’ z ‘;’/é‘r% éYﬁéStf'bafsg [‘é‘,eﬁ" B YR JRaL OB of me‘iXF
(3,5-di-t-butyl-pagtiraxysherBRaqiienatajdude ufaritxeld by beafotviaZpleciatind Charbititistéc. under
the trade designation 'lrganox L109"), triethylen col bis[3-(3-t-butyl-4-hydrgx- y-5-. .
methylphenyl)%?&ﬁ%trﬁ‘oﬂgﬁaﬁﬁaﬁﬁ? cté?ec? hg"%’ggﬂi%ﬁ?i é%gy‘ﬁgly 0.45& e?iﬁ%ytra'élésgg%?aﬁation
"Tominox 917'gerezalfyiafdintiid 3p(8o51B-tarboty htbniy prrefipiisiyyiip nopSoatediratomtaclked by
the Ciba Speciality Chemicals Co..under the g de desi na;ﬂlon "Ir anox L115"),

3,9-bis{1, 1-dirfBAIES 22 FOBtG LM, SUDSLSHERR, ANy OB Tog Siehg prlogs o
tetraoxaspiro[ miifondatiaoe tneacapas!eted By dhpesrof cuitali by aémpoundserd e tzatei aladig nation

"Sumilizer GA80") and 4,4'-thiobis(3-methy1-6-tbutylphenol) (manufactured by the Kawaquehi Kagalcu
Co. under the #4e deé’ﬁnatioﬁoliééféﬁzeog&"), 25%&%5@%5} < F%%tylres%?’gﬁgﬁ%%%g%g%grs such
as tetrakis[meuuteiber¢iaxbled) uililode berchotjqivdey pb pitredtetet iz dsn Benzotriazdlby the
Ciba Speciality Chemicals Co. under the trade designation."lrggnox Li. 01"), 1,1 3-trig(2:methy1-
4-hydroxy-5-t-f)’ﬂf{/]lﬁ?ﬂé'ria -lﬁﬂfta?fg (rﬂ%ﬁlﬁgﬁ:ﬁﬁg’eo"g?/fa & OSh%OI’S;]%Ir %‘gllyjl}ak%r o{aﬂﬁ%%(rl tﬁ%‘%réde
designation "Y&#hiated9SOunshititatcidneibydearbdx i Abdowhinliyii -dptioyaidyx shipiaybed iene
(manufactured by Ciba Speciality Chemicals r.the trade designation "lrganox 330."),

oL 3 bis( L PR, PO AMEH P s S 1S B P SeteE o Sup A i and
hydroxypheny tnianele Wr-aAkiA" dériliativety thére by don st clyaimatkyl -6 ftoptydoh eard@ndtoms;
2,6-bis(21-hydroxy-34-buty1-5'-methylbenzy1)-4-m Iphenol; and phenol/aldehyde cgndensates
such as the cOndRASEReY ot'h! -{?&%é?‘%%%ngnb ?&’i@léﬁ%ﬁlg éa’n%f’%ésiho% é’ﬁs%%e%‘%@p-@tl)ﬁ?ylphenol
and acetaldehytiey],-dfidorceauiaoe lkphaixser atkybotrang-bubaditnedodgivatiecstheniystena such
as FIB. Viscosity index improyers (VI iggrovers), hj olecular weight po rs that increase the
relative visconga&Pi%SS?&%‘?#%‘%%%Z&E}%? éoégzégtr?ﬁzé)yled og! aatlﬂg\?v'aé%%;gfﬁfﬁ?g%. Eg;?'ost
common VI imattivierd 2.4 naetizabey|dtdpbbmetd @xnvdes bpdhmethy ]l sogyate de) lyrmettsy letefibisolymers

and copolymers, and styrene-butadiepe copolymers. [00120]0Other examples of the viscosity index
improvgr iﬁcluh@nzo%‘a%?e and naphthotriazolc. [ ] P y

[00133]  Alkyl is straight or branched chain and is for example methyl,
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, 2-ethylhexyl, n-nonyl, n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-

octadecy! or n-eicosyl.

[00134] Alkenyl is straight or branched chain and is for example prop-2-
enyl, but-2-enyl, 2-methyl-prop-2-enyl, pent-2-enyl, hexa-2,4-dienyl, dec-10-

eny! or eicos-2-enyl.

[00135] Cylcoalkyl is for example cyclopentyl, cyclohexyl, cyclooctyl,

cyclodecyl, adamantyl or cyclododecyl.



polymethacrylate, polyisobutylene, alpha-olefin polymers, alpha-olefin copolymers (e.g., an
ethylene-propylene copolymer), polyallcylstyrene, phenol condensates, naphthalene condensates, a
styrenebutadigh e goradysmer and the like. Of these, polymethacrylate having-g/gsmdes gy arage
molecular weight of 10,000 to 300,000, and alpha-olefin polymers or alpha-olefin copolymers having a
number average molecular weight of 1,000 to 30,000, particularly ethylenealpha-olefin copolymers
having a number average molecular weight of 1,000 to 10,000 are preferred. [00121]The viscosity
index increasing agents which can be used include, for example, polymethacrylates and
ethylene/propylene copolymers, other non-dispersion gé)e viscosity index increasing agents such as
olefin copolymers like styrene/diene copolymers, and diSpersible type viscosity index increasing
agents where a nitrogen containing monomer has been copolymerized in such materials. These
materials can be added and used individually or in the form of mixtures, conveniently in an amount
within the range of from 0.05 to 20 parts by weight per 100 parts by weight of base oil. - 47 -
polymethacry|§064 36¢ useflMtatlltbvb mur fosegxapipdély Wﬁatl@&mal@bﬂorb@ﬁh}tdmb 010%.
1001231Deterge smr) c{g alciym alk¥lsall at %al aIk IRE1 pates and calcium
alkarylsulfona B alternate me aI ions use a jne barlum or sodium. Examples, of
the cleaning and dispersing agents which can be used mclude metal based detergents such as the
neutral and baﬁﬁﬁkg:me eath ’H {al suI onatels alk Ilne egrthlgn%tal ﬁ1 tes and al earth
metal salicylat yIsuccmlml er?ﬂ' eﬁe/'?s ccmlml S osters dnd'hen oroh%“(?es, phenates,
salienius compliperidiargentspertyahioeapitispdnging agents which have been modified with sulphur
compounds. These agents can be added and used individually or in the form of mixtures, conveniently
in an amount within the range of from 0.01 to 1 part by weight per 100 parts by weight of base oil;
these can alsq@e188h TBN AtkyIEB& novietiet.iaslofipidbrexdniie ToetRdenatiethglanditv2s include
(short-chain) alke ;_41 suecinic aci arti I este t_here f and nigro cont [ g‘%g v ereof;
and synthetic aﬁ<apry Riferaf r] es s%c by |n60¥1ly r?'apﬁfharegeo%, S‘r‘]%’t?sqﬁ %} %a%e éhlnclude
for example, niohdabodecyleneacids WhICh have from 8 to 30 carbon atoms, alkyl or alkenyl succinates
or partial esters thereof, hydroxy-fatty acids which have from 12 to 30 carbon atoms and derivatives
thereof, sarcosines which have from 8 to 24 carbon atoms and derivatives thereof, amino acids and
derivatives thej@@f38hphtheAicybene anoi etbes, ariclad ¢hfene ok danpdé rplathy barid, and maphthfdenacids and

paraffin OXideSl'-%gro iﬁ?lﬁ%@i%“y'%%%%%r e)ﬂ)aﬂ}a%% (5 apents‘f)lr?dleghc g%jqugrlgyhyl) triazole,
1-(or 4)—(di-isopropylaminomethyl) triazole, 1-(or 4)-(di-n-butylaminomethyl)
triazole, 1-(or  4)-(di-n-hexylaminomethyl) triazole, lI-(or  4)-(di-
isooctylaminomethyl) triazole, 1-(or 4)-(di-(2-ethylhexyl)aminomethyl) triazole,
1-(or 4)-(di-n-decylaminomethyl) triazole, 1-(or 4)-(di-n-dodecylaminomethyl)
triazole, 1-(or 4)-(di-n-octadecylaminomethyl) triazole, 1-(or 4)-(di-n-
eicosylaminomethyl) triazole, 1-(or 4)-[di-(prop-2'-enyl)aminomethyl] triazole,
l1-(or  4)-[di-(but-2'-enyl)aminomethyl] triazole, 1-(or 4)-[di-(eicos-2'-
enyl)aminomethyl] triazole, 1-(or 4)-(di-cyclohexylaminomethyl) triazole, 1-(or
4)-(di-benzylaminomethyl) triazole, 1-(or 4)-(di-phenylaminomethyl) triazole, 1-
(or 4)-(4'-morpholinomethyl) triazole, 1-(or 4)-(1'-pyrrolidinomethyl) triazole, 1-
(or 4)-(1'-piperidinomethyl) triazole, 1-(or 4)-(1'-perhydoroazepinomethyl)
triazole, 1-(or 4)-(2',2"-dihydroxyethyl)aminomethyl] triazole, 1-(or 4)-
(dibutoxypropyl-aminomethyl) triazole, 1-(or 4)-(dibutylthiopropyl-
aminomethyl) triazole, 1-(or 4)-(di-butylaminopropyl-aminomethyl) triazole, 1-
(or-4)-(1-methanomine)-N,N-bis(2-ethylhexyl)-methyl benzotriazole, N,N-bis-
(1- or 4-triazolylmethyl) laurylamine, N,N-bis-(1- or 4-triazolylmethyl)



Examples of Monocarboxylic Acids (C8-C30), Caprylic acid, pelargonic acid, decanoic acid,
undecanoic acid, lauric acid, myristic acid, palmitic acid, stearic - 48 - acid, arachic acid, behenic acid,
cerotic acid, {HgniRpjEsa¢, melissic acid, oleic acid, docosanic acid, erucipagigssiga§eRis acid, beef
tallow fatty acid, soy bean fatty acid, coconut oil fatty acid, linolic acid, linoleic acid, tall oil fatty acid,
12- hydroxystearic acid, laurylsarcosinic acid, myritsylsarcosinic acid, palmitylsarcosinic acid,
stearylsarcosinic acid, oleylsarcosinic acid, alkylated (C8-C20) phenoxyacetic acids, lanolin fatty acid
and C8-C24 mercapto-fatty acids. 1001261Examples of Polybasic Carboxylic Acids: The alkenyl
(C10-C100) succinic acids indicated in CAS No. 27859-58-1 and ester derivatives thereof, dimer acid,
N-acyl-N-alkyloxyalkyl aspartic acid esters (U.S. Pat.'l\§6.'5,275,749). Examples of the alkylamines
which function as antirust additives or as reaction products with the above carboxylates to give amides

and the like are,re resentecﬂtlbﬁ Rumary qfrpiq@&%%rﬁ,ﬁlleqﬁgtam& -apipeiyigegamine,
eptadec e

. . ole 1ne . 2
myristylamine, n- eanrf'aae’cy amine, palmitylamine, n lamine, stearylamine,

n-nonadecylartitra( h-eicdsyliamilyd nrethybietbylentriiamigecosylamine, n-tricosylamine,
n-pentacosylamine, oleylamine, beef tallow-amine, hydrogenated beef tallow-amine and soy
bean-amine. Examples of the secondary amines include dilaurylamine, di-coconutamine,

di-n-tridecylan{id@ 40jnyristylelson diblydrpenrtsyledifliophespliaainntgtahnaks dvhrepetitedsetdbinine,
distearylaminedldi-n-n%ap%%yliamirrlgaltljiglﬁe;cos ‘I)eing)lg di}?{he eicgg Iaco'rgltqli;nkg cos Iarrnine, '
di-ntricosylam|né",m0’|1-1r‘1'-pén?acb§y -amln%, (ﬁo?éya INE, %ﬁ’-%eé]a% ow-arhine, |’-hyarogena ed beef
tallow-amine asupgesopbeamastindidnxainpgiesSittfeaformant phedihalkydp obradkye Nealiegrine s

|nclude:ethyleré%dkamLnessuchaslal#gllethx enedianjne.c c%ﬂ%gsthx}gdwediami

n-tridecylethylengoalamrh[fﬁe-cf’%ﬂ%{ly e’th?/‘llenealsarsnlfne,rhz-e vegeta%‘fe oils, tritolyl

pentadecylethplessypdiatejnripedsyity iehiogishnetdjaohitorinated paraffins, alkyl and aryl di- and
trisulfides, amine salts of mono- and dialkyl phosphates, amine salts of
methylphosphonic acid, diethanolaminomethyltolyltriazole, di(2-ethylhexyl)-
aminomethyltolyltriazole, derivatives of 2,5-dimercapto-1,3,4-thiadiazole, ethyl
((bisisopropyloxyphosphinothioyl)- thio)propionate, triphenyl thiophosphate
(triphenyl phosphorothioate), tris(alkylphenyl) phosphorothioates and mixtures
thereof (for example tris(isononylphenyl) phosphorothioate),
diphenylmonononylphenyl phosphorothioate, isobutylphenyl diphenyl
phosphorothioate, the dodecylamine salt of 3-hydroxy-1,3-thiaphosphetan 3-
oxide, trithiophosphoric acid 5,5,5-tris(isooctyl 2-acetate), derivatives of 2-
mercaptobenzothiazole, such as 1-(N,N-bis(2-ethylhexyl)aminomethyl)-2-m-

ercapto-1H-1,3-benzothiazole or ethoxycarbonyl 5-octyldithiocarbamate.

[00141] The metal deactivating agents which can be used in the lubricating
oil a composition of the present invention include benzotriazole and the 4-
alkylbenzotriazoles such as 4-methylbenzotriazole and 4-ethylbenzotriazole; 5-
alkylbenzotriazoles such as 5-methylbenzotriazole, 5-ethylbenzotriazole; 1-
alkylbenzotriazoles such as 1-dioctylauainomethyl-2,3-benzotriazole;
benzotriazole derivatives such as the 1-alkyltolutriazoles, for example, 1-
dioctylaminomethyl-2,3-t- olutriazole; benzimidazole and benzimidazole
derivatives such as 2-(alkyldithio)-benzimidazoles, for example, such as 2-

(octyldithio)-benzimidazole, 2-(decyldithio)benzimidazole 4 and 2-



heptadecylethylenediamine,stearylethylenediamine,n- -49 -
nonadecylethylenediamine,n-eicosylethylenediamine,n-
heneicosyletydengdiagage . n-docosylethylendiamine,n- tricosylethylenediagifgis2007/013205
n-pentacosylethylenediamine, oleylethylenediamine, beef tallow-ethylenediamine, hydrogenated beef
tallow-ethylenediarnine and soy bean-ethylenediamine; propylenediamines such as
laurylpropylenediamine, coconut propylenediamine, n-tridecylpropylenediamine,
myristylpropylenediamine,n-pentadecylpropylenediamine,
palmitylpropylenediamine,n-heptadecylpropylenediamine,
stearylpropylenediamine,n-nonadecylpropylenediamine;n-
eicosylpropylenediamine,n-heneicosylpropylenediamine,n- docosylpropylendiamine,
n-tricosylpropylenediamine. npentacosylpropylegediaming, di lene triamine ( A) 9f trigthylene
tetramine (TE%&%??@&%%’ I'(;%r?e 'lgr?ni?r%eg?gegef %ﬁ%@ﬁ %%ﬂg%?%gr%?naeﬁg}/%grogg%ed §ee ) :
tallow-propyletmdiddiithécd+to lsim uzenolpr @p (lecy tiitinio t dlwiyts dezidenands2s (dbdes yldithio)-
laurylbutylenedigming caronil pulenedimine i deeyBbdengciamias sl Ryl gpegiamine.
npentadecylbu?y}lene lamineg,’s eary%uafgll enediamine, n-elcosyTbu ylenediamine,
n-heneicosylbaliidsdtiaeline, Srakyhndbndjés ndidrenzethiamdsy |buB4arerdaptibenzothiazole
["pe”tac"sy'bg't lenediami xﬁax‘%l'f;fX'c%%l‘f”%%‘a@ié‘e. ‘ig&?"%@b%&keﬁégi?rﬂl{‘c?erhytﬂreogg%‘éed beef
allow-butylenediamine and soy bean butylenediaming; and pentylenediamines such as
laurylpentylendesigniatéoicotbhidljtenBi8n60I9mand, 2n(ritktyldititidgbemdiathiazeles such as 2-

palmitylpentylenediamine .stear entc‘enedia ine, gleyl-pentylenediamine. beef : )
tallow-pentyleﬁ%%gﬁﬁ%ﬂ% P%S%%‘% eg ebeef?éﬁow-p%i%‘ﬁgﬁgl iam %gnézr?g% é%zyoegn%an p%n(@lll%lediamine.
dithio)toluthiazoles such as  2-(benzyldithio)toluthiazole @ and  2-

(octyldithio)toluthiazole, 2-(N,N-dialkyldithiocarbamyl)benzothiazoles such as
2-(N,N-diethyldithiocarbamyl)benzothiazole, 2-(N,N-dibutyldithiocarbamyl)-
benzotriazole and 2-N,N-dihexyl-dithiocarbamyl)benzotriazole; benzothiazole
derivatives of 2-(N,N-dialkyldithiocarbamyl)toluthiazoles such as 2-(N,N-
diethyldithiocarbamyl)toluthiazole, 2-(N,N-dibutyldithiocarbamyl)toluthiazole,
2-(N,N-dihexyl-dithiocarbamyl)- toluthiazole; 2-(alkyldithio)benzoxazoles such
as 2-(octyldithio)benzoxazo- le, 2-(decyldithio)-benzoxazole and 2-
(dodecyldithio)benzoxazole; benzoxazole derivatives of 2-
(alkyldithio)toluoxazoles such as 2-(octyldithio)toluoxazole, 2-
(decyldithio)toluoxazole, 2-(dodecyldithio)toluoxazole; 2,5-bis(alkyldithio)-
1,3,4-thiadiazoles such as 2,5-bis(heptyldithio)-1,3,4-thiadiazole, 2,5-bis-
(nonyldithio)—l,— 3,4-thiadiazole, 2,5-bis(dodecyldithio)-1,3,4-thiadiazole and
2,5-bis-(octadecyldithio)-1,3,4-thiadiazole; 2,5-bis(N,N-dialkyl-dithioca-
rbamyl)-1,3,4-thiadiazoles such as 2,5-bis(N,N-diethyldithiocarbamyl)-1,3,- 4-
thiadiazole, 2,5-bis(N,N-dibutyldithiocarbamyl)-1,3,4-thiadiazole and 2,5-
bis(N,N-dioctyldithiocarbamyl)1,3,4-thiadiazole; thiadiazole derivatives of 2-
N,N-dialkyldithiocarbamyl-S-mercapto-1,3,4-thiadiazoles such as 2-N,N-
dibutyldithiocarbamyl-5-mercapto-1,3,4-thiadiazole and 2-N,N-dioctyl-
dithiocarbamyl-5-mercapto-1,3,4-thiadiazole, and triazole derivatives of 1-alkyl-
2,4-triazoles such as 1-dioctylaminomethyl-2,4-tri- azole or concentrates and/or

mixtures thereof.



[00127]Demulsifying agents include alkoxylated phenols and phenol- formaldehyde resins and
synthetic alkylaryl sulfonates such as metallic dinonylnaphthalene sulfonates. A demulsifing agent is a

predominantyggouit9fes,20 - a water-soluble polyoxyalkylene glycol having-q/p&8r5eiagkgs molecular
weight of any value in the range of between about 450 and 5000 or more. An especially preferred

family of water soluble polyoxyalkylene glycol useful in the compositions of the present invention may
also be one produced from alkoxylation of n-butanol with a mixture of alkylene oxides to form a
random alkoxylated product. [00128]Functional fluids according to the invention possess a pour point
of less than about -20 degree C, and exhibit compatibility with a wide range of anti-wear additive and
extreme pressure additives. The formulations accord'lr?g fo the invention also are devoid of fatigue
failure that is normally expected by those of ordinary skill in the art when dealing with polar lubricant
base stocks. [00129]Polyoxyalkylene glycols useful in the present invention may be produced by a
well-known process for preparing polyalkylene oxide having hydroxyl end-groups by subjecting an
alcohol or a gly@el 42fer andAmlbweamm@atkylﬁmremdepmssmmagenu(:Wﬁstixthﬂtn@m«ideiﬂmtylene

oxide, or prop () ide of m block q in ad |t lymerization while emplo a strong
%ﬁ:%s ffn f\ €s, Ayl §t€ﬁ¥ ";hzfn S a1 FP egﬂﬁ/ S su rcoftal esY 1

base such as SIS merlza on | comm’only

carried out unﬂhoq;h@saiyﬁtr wmpaﬂmis;mmdl n8ted mwhbij'enaialubpatbamammydromde to the
monomer(s) and at high temperature, as 100 degrees C to 160 degrees C. It is well known fact that

the potassium hydroxide being a catalyst is for the most part bonded to the chain-end of the produced
polyalkylene opd@&4a]a formAf gthasisieate thesfeolyroer salititiomsy obiainad. mériohydrocarbyl,

dihydrocarbyl or a trihydrocarbyl phosphate, wherein each hydrocarbyl group is
saturated. In one embodiment, each hydrocarbyl group independently contains
from about 8 to about 30, or from about 12 up to about 28, or from about 14 up
to about 24, or from about 14 up to about 18 carbons atoms. In one embodiment,
the hydrocarbyl groups are alkyl groups. Examples of hydrocarbyl groups
include tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl groups

and mixtures thereof.

[00144] A phosphate ester or salt is a phosphorus acid ester prepared by
reacting one or more phosphorus acid or anhydride with a saturated alcohol. The
phosphorus acid or anhydride is generally an inorganic phosphorus reagent, such
as phosphorus pentoxide, phosphorus trioxide, phosphorus tetroxide,
phosphorous acid, phosphoric acid, phosphorus halide, lower phosphorus esters,
or a phosphorus sulfide, including phosphorus pentasulfide, and the like. Lower
phosphorus acid esters generally contain from 1 to about 7 carbon atoms in each
ester group. Alcohols used to prepare the phosphorus acid esters or salts.
Examples of commercially available alcohols and alcohol mixtures include Alfol
1218 (a mixture of synthetié, primary, straight-chain alcohols containing 12 to
18 carbon atoms); Alfol 20+ alcohols (mixtures of C 18 -C 28 primary alcohols
having mostly C20 alcohols as determined by GLC (gas-liquid-
chromatography)); and Alfol22+ alcohols (C 18 -C 28 primary alcohols
containing primarily C 22 alcohols). Alfol alcohols are available from

Continental Oil Company. Another example of a commercially available alcohol



from alkoxylation of n-butanol with a mixture of alkylene oxides to form a random alkoxylated product.
[00131]Foam inhibitors include polymers of alkyl methacrylate especially useful poly alkyl acrylate

polymers whgrg allkyhissagnerally understood to be methyl, ethyl propyl, isqrepRxhdas k5 iso butyl
and polymers of dimethylsilicone which form materials called dimethylsiloxane polymers in the

viscosity range of 100eSt to 100,000cSt. Other additives are defoamers, such as silicone polymers
which have been post reacted with various carbon containing moieties, are the most widely used
defoamers. Organic polymers are sometimes used as defoamers although much higher concentrations
are required. [00132]Metal deactivating compounds / Corrosion inhibitors include 2,5-
dimercapto-1,3,4-thiadiazoles and derivatives thereo'f?%'ercaptobenzothiazoles, alkyltriazoles and
benzotriazoles. Examples of dibasic acids useful as anticorrosion agents, other than sebacic acids,

which may be used in the present invention gye,adipic.acid, azelaic acid, dodec iQc. aci
3-methyladipi((,n é%fgf%-ﬁitfé)éﬁfhéaﬁceg\%%?tl?l -‘(’jeb ANeg éé{rb%?(ﬁic?%’t%}é‘ gr% Llj?naer?g gac?é; l%lﬁ%'
anticorrosion alvoholatbous &5aidhd @ Plaprimanpialkeohedtandtabt cutudXani Zet8nandoCa2doxylic
acid or ester thereof which m ptijonally be sulphurised in maount up.to 35% by weight.
Preferably the® cé%%\ggi ﬁ%ggﬁo% u8Y§fr§trr3%%e(t: ga?’ u’%ié%rr‘gte Fn'%'r%c':g'arboxylic acid. The
preferred concentration of this additive is from 0.001% to 0.35% by weight of the total lubricant
composition. referred monogcarboxylic acid is sulphurised olejc acid, H ver, other suitable
materials are Eiﬁ{)%éld itse@, VAR 2 d‘ﬁﬂﬁ"gﬁﬁc??u 5@%’9?%@%%4%% tag?ﬂgéffnﬁ?g&?gsg%m
combination imatiiallg|eantiewg cnistyydefides . ahdertinzinfe shohtdbéengé friomcOhBetatr&tid® from
0.005% to 0.25% b ight of the total ¢ osition. The preferred triazole is tolylotriazole.which may
be included inaﬁ?eagéﬂ%g itﬁ%?‘fg gfrﬂ'nc Shven %WE?X%IS&W?%\"Z%IQFS?,‘ a6 e%slr-'_‘egf% %tr%n certam diamine
compounds wincbumts useffites aletioleactuadniimgr ixtdlfadsiyvaiord 8Exarbpiesatorhsdetonzole,
benzotriazole and sybstituted benzotriazoles such as .alkyl substituted deriyativ, e alkyl
substituent ge %oﬁéﬁfg% ) ?L.gn’ZE%r })%gﬁ?&rﬁél,’{%?e?%ﬁ?l&b%dgéggb%ﬁgt-(i)_ﬁ]g&ﬂﬁeo {Tiazoles
may contain ofleedsubBiiuenitcohshe28r02adiCCing atabhak amldy89%6 ofiCol Galewhahercapto, etc.
Examples of suitable compounds are benzotriazole and the tolyltriazoles, ethylbenzotriazoles,

hexylbenzotriazoles, octylbenzotriazoles, chlorobenzotriazoles and nitrobenzotriazoles. Benzotriazole
and tolyltriazoj@ttrég)articulAnpirafegretpAdiraigneerbialby hevhilable sativated dnchekiuthéed

monocarboxyli¢.acid yyhich js gptionally sulphuri in.an amopnt which may be uyp to 35% hy weight;
or o eater of SIERAR RTACAH 2(ADIBE SO L ATOLETh Gt o TP G S 51 i o &
carbon atomsamigxzere of € 12tegel Cetdesiochalzg Nsodob¥s;isndnsiksdog€rC mRra@ing, alkyl,
amido, amino, hydroxy or alkyl or aryl substituted derivatives thereof; ora triazole selected from 1,2,4
triazole, 1,2,3?11;4:y E’ SQﬂﬁil fiof%{zf‘ iéstrﬂaiafé‘,t‘geaf%fn(ﬁ-ffg,ﬁotr(é\z%?e%]ff@ﬁr-b%lﬁ? &z018%1
-yl-methylisocyhosphateaibiytine frisieszontidzote aboutdi$tasbivazaloniOd apN kyydewinsbgiit or
branched chain and igfor example methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl..n-pentyl,
n-hexyl, n-nerfRockle STEROIESII ey o Ja% BbseBaid e, senetally revsd, s 2
noctadecy! or migiues\df [t S4lcdkety hisvitigfrbhoaboanthatbclaabaund]is farboratp@prbhe2- enyl,
Dut-2-eny, 2O R RS a5 Moot B S A B S B Wy

vicinal diols include those available from Ashland Oil under the general trade

designation Adol 114 and Adol 158. The former is derived from a straight chain

alpha olefin fraction of C 11 -C 14, and the latter is derived from a C 15 -C 18

fraction.

[00147] The phosphate salts may be prepared by reacting an acidic
phosphate ester with an amine compound or a metallic base to form an amine or
a metal salt. The amines may be monoamines or polyamines. Useful amines
include those amines disclosed in U.S. Pat. No. 4,234,435.



- 53 - [00136]Aralkyl is for example benzyl, 2-phenylethyl, benzhydryl or naphthylmethyl. Aryl is for
example phenyl or naphthyl. [00137]The heterocyclic group is for example a morpholine, pyrrolidine,
piperidine orgdsshyergazepine ring. [00138]Alkylene moieties include for gxampigetinene,
ethylene, 1:2- or 1:3-propylene, 1:4-butylene, 1:6-hexylene, 1:8-octylene, 1:10-decylene and
1:12-dodecylene. [00139]Arylene moieties include for example phenylene and naphthylene. 1-(or
4)-(dimethylaminomethyl) triazole, 1-(or 4)-(diethylaminomethyl) triazole, 1-(or
4)-(di-isopropylaminomethyl) triazole, 1-(or 4)-(di-n-butylaminomethyl) triazole, 1-(or
4)-(di-n-hexylaminomethyl) triazole, 1-(or 4)-(diisooctylaminomethyl) triazole, 1-(or
4)-(di-(2-ethylhexyl)aminomethyl) triazole, 1-(or 4)-(dT-15\8decyIaminomethyl) triazole, 1-(or
4)-(di-n-dodecylaminomethyl) triazole, 1-(or 4)-(di-n-octadecylaminomethyl) triazole, 1-(or

4)-(di-neicosylagmin ethyl).ﬁbiazole 1- or.rétlé-[diéFro -2'-enyl)aminomethyl] triazole, 1-(or , .
4)-[di-(but-2'- ;la nomet ﬁtWaoz%?g?T- ot ﬁ cﬁ{%ln‘éocsgg‘gaé%y%aﬁr#ﬁ{fgrﬁ]aé&ﬁ] %’rlglzlgle‘:v!f}((‘gr

4)-(di-cyclohexykainofrethyl) toaziadeyt Bocatb(di-btomyaonifiomeihyd) abamdld 2] ¢orfrom 1 to
4)-(di-phenylaminom thg triazole, ]f-g)r. 4)-(4'-mor hoIinomethXRJriazo 1-(ar t inventio
4)-(1‘-pyrro|idiﬁ%?r‘\’étl§ﬂ) ﬁ%‘i’zé%ﬁ-o(or ﬂrﬂ - ip%ﬂé%?%’r‘n%ﬁ?yl‘)‘?nazol‘é’, gy Present mvention
?éjéll-perhydﬁiohiﬁﬁ)'mmmhﬂﬁh I ‘ﬁréalml@;lin(m(ﬂ);tﬂpal’fl;ﬁhndrdnmﬂmﬁl Maﬁ]r?mmpgﬂtylanﬂtm,l-(or 4)-
ibutoxypropyl-amjnomet triazole, 1-(or 4)-(dibptylthigpr amingmet triazole, | -(ar
4)-(di-butylamﬁ¥§‘g$bﬁw ‘“meth%tYi%‘%\he,}’l- (Efﬂé?-c()ﬁgﬂ‘éa%no Mﬁ%is(ﬁgﬁ?ﬂﬁl&%-methyl
benzotriazole shéAdyhistiney 4ridakniyynaetin®. |Exyiaplae,of, Nebimdhrpr ddriaaniyieetindlude

dimethylamine, diethylamine, dipropylamine, dibutylamine, dicyclopentylamine,

dicyclohexylamine, methylbutylamine, ethylhexylamine, etc.

[00149] An amine is a fatty (C.sub.8-30) amine which includes n-
octylamine, n-decylamine, n-dodecylamine, n-tetradecylamine, n-
hexadecylamine, n-octadecylamine, oleyamine, etc. Also useful fatty amines
include commercially available fatty amines such as "Armeen" amines (products
available from Akzo Chemicals, Chicago, Ill.), such Armeen C, Armeen O,
Armeen OL, Armeen T, Armeen HT, Armeen S and Armeen SD, wherein the

letter designation relates to the fatty group, such as coco, oleyl, tallow, or stearyl

groups.

[00150] Other useful amines include primary ether amines, such as those
represented by the formula, R"(OR') x NH 2, wherein R’ is a divalent alkylene
group having Aabout 2 to about 6 carbon atoms; X is a number from one to about
150, or from about one to about five, or one; and R" is a hydrocarbyl group of
about 5 to about 150 carbon atoms. An example of an ether amine is available
under the name SURFAM.RTM. amines produced and marketed by Mars
Chemical Company, Atlanta, Ga. Preferred etheramines are exemplified by those
identified as SURFAM P14B (decyloxypropylamine), SURFAM P16A (linear C
16), SURFAM P17B (tridecyloxypropylamine). The carbon chain lengths (i.e., C
14, etc.) of the SURFAMS described above and used hereinafter are

approximate and include the oxygen ether linkage.



- 54 - oleylamine, N,N-bis-(1- or 4-triazolylmethyl) ethanolamine and N,N,N,Nrtetra(1- or
4-triazolylmethyl) ethylene diamine. [00140]Also, dihydrocarby! ditbiophosphate metal salts where the
metal is aluniry!sge1Bashotin, manganese, molybedenum, antimony, cobalt, gighked,ddne Bhazopper, but
most often zinc. Sulfur- and/or phosphorus- and/or halogen-containing compounds, such as sulfurized
olefins and vegetable oils, tritolyl phosphate, tricresyl phosphate, chlorinated paraffins, alkyl and aryl
di- and trisulfides, amine salts of mono- and diallcyl phosphates, amine salts of methylphosphonic
acid, diethanolaminomethyltolyltriazole, di(2-ethylhexyl)- aminomethyltolyltriazole, derivatives of
2,5-dimercapto-1,3,4-thiadiazole, ethyl ((bisisopropyloxyphosphinothioyl)- thio)propionate, triphenyl
thiophosphate (triphenyl phosphorothioate), tris(alkylbﬁ nyl) phosphorothioates and mixtures thereof
(for example tris(isononylphenyl) phosphorothioate), diphenylmonononylphenyl phosphorothioate,
isobutylphenyl diphenyl phosphorothioate, the dodecylamine salt of 3-hydroxy-1,3-thiaphosphetan 3-
oxide, trithiophosphoric acid 5,5,5-tris(isooctyl 2-acetate), derivatives of 2- mercaptobenzothiazole,
such as 1-(N,j8Bi52]ethyIhduy| amine niethyteftiangraptatiél -frBrizeyz athiazol Senetaldyy diwbony| 5-
octyldithiocarbgmate. 1001411 The metal deagtivating agents which can be ysed | icating oil a
composition o?i‘r?g ?)ef‘rlgs%ﬁ%ﬂvgﬁ %ﬁ%ﬁ‘&u@e ﬁé ggﬁ‘%‘?@l‘é"é‘%ﬁ'?ﬁeﬂ -nélﬁy%gn‘gg r%é%%?@ﬂé% as
4-methylbenzdtoaz-abewtrl td-athylio @4z airifixote abeut I8/ kocalzont 22otes syt atems. Usually the

5-methylbenzgtriazole, 5-ethylbenzotriazole; 1- allcylbenzotriazoles,such as . .
1-dioctylauain%er§%%f§?§-B’éh?gma%g?egeﬁfomgég%ndgﬁﬁ}%@%ic as lesf-g?’cg/rﬁgﬁ??gzoles,
for example, lgrdwpty@aantime tfrpin2dii¢- tol beab 27 loarzinidtmole amtl Rehzarddaydiecdebiyhtives
such as 2-(alk Idithir?%)-b%?lzimid%zoleﬁ%g%r Xalél‘ﬁ"i’ sugh a%t%}égc 1'1% hg%ibenzimiqﬁzggg ted
2-(decy|dithio)%ré)r¥£ e d o™ - -%d% ecyl&?ﬁlo -benzimidazole; -{laﬁﬁyafrdﬁ:thlol;- o?wmidazoles
such as 2- (ochyldittect-bolylamars|e, t2rfceosythrimes ol Ui middhplel amuidgelcyddobicitne)- tert-
toluimidazole; indazole and jndazole derivatives of toluimidazoles such as 4-.alkylindazole
5-a|Icylindazo@?%'l?{?gt’ﬁfazé &-é_e f frzggbrfgbeﬁ%lgfé%éj%‘fg%rerﬁ\r}aetiveygrfr'n%%ﬁﬁ SSPdFe'H‘B%thé"'Bﬁiyoda
Kagalcu Co. uhelerdbeylmdindgesigeationtidhaylltarBad;1 00 teartdtPataibahyitimibenzoghid zolestsuch as

2- (hexyldithi 0)benzothiazole and, 2:-(octyldithi %tl)_{enzoth'a ole; 2-(alkyl- dithio)teluthiazgles such as
2-(benzyldithio ?(t:)?ﬁﬂﬁ%tn aaNE 2- (l)c%'/%ﬁh?ggo ufﬁlrgzgllél?zha%c a&mr%s may also %e sed

2-(N,N-dialky|gitepacarpathy|phogphihiazcids dikistastiR-¢No -aiethy|ditiedeseb aofiyhiie typthiasole,
2-(N,N-d_ibuty| 'hir%careb H- e zogriazol_e and gl&l\i it A%t ;ocara mlyl pl%lzotré%ﬁlgé
benzothiazole &lvgﬂve%qg 23?’%,ého’laliyﬂlﬁ?égargamyﬁtmﬁlazo e%rgu?:%)é ary
2-(N,Ndi(_athylcﬁﬂt_lot_bBrham;d)tﬁMﬂ’ﬂaw'm}Qi@ﬂsﬂﬁ@l@hﬂwhﬁ@l)lﬂu-t@i&@bleertiary alkyl
e e YRR AT
benzoxazole ddiptatiiccprifiary amines and methods for their preparation are known to those of
ordinary skill in the art. The tertiary aliphatic primary amine useful for the
purposes of this invention and methods for their preparation are described_.in
U.S. Pat. An amine is a heterocyclic polyamine. The heterocyclic polyamines
include aziridines, azetidines, azolidines, tetra- and dihydropyridines, pyrroles,
indoles, piperidines, imidazoles, di- and tetra-hydroimidazoles, piperazines,
isoindoles, purines, morpholines, thiomorpholines, N-aminoalkylmorpholines,
N-aminoalkylthiomorpholines, N-aminoalkyl-piperazines, N,N'-
diaminoalkylpiperazines, azepines, azocines, azonines, azecines and tetra-, di-
and perhydro derivatives of each of the above and mixtures of two or more of
these heterocyclic amines. Preferred heterocyclic amines are the saturated 5- and
6-membered heterocyclic amines containing only nitrogen, oxygen and/or sulfur
in the hetero ring, especially the piperidines, piperazines, thiomorpholines,

morpholines, pyrrolidines, and the like. Piperidine, aminoalkyl substituted



(alkyldithio)toluoxazoles such as 2-(octyldithio)toluoxazole, 2- (decyldithio)toluoxazole,
2-(dodecyldithio)toluoxazole; 2,5-bis(alkyldithio)- 1,3,4-thiadiazoles such as
2,5-bis(heptweihiyli3e4sthiadiazole, 2,5-bis(nonyldithio)-1,- 3,4-th i adiazplesus2007/013205
2,5-bis(dodecyldithio)-1,3,4-thiadiazole and 2,5-bis-(octadecyldithio)-1,3,4-thiadiazole;
2,5-bis(N,N-dialkyl-dithiocarbamy1)-1,3,4-thiadiazoles such as
2,5-bis(N,N-diethyldithiocarbamy1)-1,3,- 4- thiadiazole,
2,5-bis(N,N-dibutyldithiocarbamyO0-1,3,4-thiadiazole and 2,5-
bis(N,N-dioctyldithiocarbamy1)1,3,4-thiadiazole; thiadiazole derivatives of 2-
N,N-diaIkyldithiocarbamy1-5-mercapt0'-1,3,4-thiadiaz'o?gs'such as
2-N,Ndibutyldithiocarbamy1-5-mcrcapto-1,3,4-thiadiazole and
2-N,N-dioctyldithiocgrbamyl1-5-mercapto-1.3.4-t }ggiaz ﬁ.g]qt jaz ivative ?g .
1-a|ky|2,4-tria£5P<—:-e§1§Llj%?1sas Rlﬂ%gﬁ}%%in%%g}%é] E ,4-'[%-%320 eegr cgri‘ﬁ:eg%%%e% azé) of ]rh%l(ltrllﬁ’es
thereof. - 56 -ajafricklldvitisubatingedtsudphelinesrgpyodidimnt ARdcthoniRedkyksubstituted

alkyldithiophospha aryl phosphates,and sphites, sulfur-containing ester sphosulfur
compounds, ﬁtg' éflg%/’agﬁ?fr%é) %?ﬁ@%a?gé}r%rgeé%i ]A&&g&)‘rﬁlﬁ%ﬁ(@é eg;ﬂ(l)?rsqs%f'? ?n%y % a

monohydrocasfstilibst @ra syl toogetriaymnofaroih g ipasph fithevhietrsorriag: IS hycriac ankaringles p is
saturated. In one embodiment, each hydrocarbyl group indepgndently contains fram about § to about
30, or from abdut ﬁlﬁ% tcr:}é%%cé)ﬁ ?é?]b(%/frc?r%l a e\cé)ut ﬂ%f)gt% ak?gl?tralé{'?() r ?tlg%rl}r%%lgu ollfﬁp t?l;bout 18
carbons atomaniinoethgipipetazan, tredh)jNedidayiinoetipd pipeadzihegrddpdraxsaimgteoydiydrocarbyl
groups include tridecyl, tetradecyl, pentafi%cyl, hexagﬁc-:yl, h tadecylsoctadecg){lllgéoupsgﬂ mixtures

thereof [0014413\% %??ate esfef or saft ®a pho%sp%orus acid cater p?reparea1 y reacting one or more

phosphorus abigdeosyétigiptyvldhexghtnrimed alcohol. The phosphaydraxcidyclapbytiidmisgenerally

an inorganic phospharus reagent, h as phosphorus pentoxide, bhasphorus trioxide, phosphorus
tetroxide, phogﬁﬁ%ﬁx ogé'i%',l Hbesrﬁ%ﬁ'gﬁ%g ,ep c}gl eorrguzs“heal'fldleﬁ, %&qeﬁrpﬁhosphorus esters, or a
phosphorus sulfide, including phosphorus pentasulfide, and the like. Lower phosphorus acid esters

genealy o) S ST D R R R B
include Alfol 1h8t{amofta mmmmtmmmdwpmmmm akleho?ﬂleonmaiibgstzna)&ﬁmarbon
o) A WSLP ST SE F SRR Db e ARy SR ealdo
containing prinmiid€ @R2talcokils}, Alfdirakidbs)| carbomatdisbialfates Coortates) tet GheAdaapdime. Another
example of a commercially Ayl apIg AN dR ‘Group IA, 1A, IB through VIIB, and VIII
metals (CAS version of the Periodic Table of the Elements). These metals
include the alkali metals, alkaline earth metals and transition mefals. In one
embodiment, the metal is a Group IIA metal, such as calcium or magnesium,
Group IIB metal, such as zinc, or a Group VIIB metal, such as manganese.
Preferably, the metal is magnesium, calcium, manganese or zinc. Examples of
metal compounds which may be reacted with the phosphorus acid include zinc

hydroxide, zinc oxide, copper hydroxide, copper oxide, etc.

[00153] Lubricating compositions also may include a fatty imidazoline or a
reaction product of a fatty carboxylic acid and at least one polyamine.The fatty
imidazoline has fatty substituents containing from 8 to about 30, or from about
12 to about 24 carbon atoms. The substituent may be saturated or unsaturated for
example, heptadeceneyl derived olyel groups, preferably saturated. In one

aspect, the fatty imidazoline may be prepared by reacting a fatty carboxylic acid



mixture is Ado! 60 (about 75% by weight of a straight chain C 22 primary alcohol, about 15% of a C 20
primary alcohol and about 8% of C 18 and C 24 alcohols). The Adol alcohols are marketed by Ashland

Chemical. [0Q45dfvNa¢igly of mixtures of monohydric fatty alcohols derived fomynatuahyoccurring
triglycerides and ranging in chain length from C 8 to C 18 are available from Procter & Gamble

Company. These mixtures contain various amounts of fatty alcohols containing 12, 14, 16, or 18
carbon atoms., For example, CO-1214 is a fatty alcohol mixture containing 0.5% of C 10 alcohol,
66.0% of C 12 alcohol, 26.0% of C 14 alcohol and 6.5% of C 16 alcohol. [00146]Another group of
commercially available mixtures include the "Neodol" products available-from Shell Chemical Co. For
example, Neodol 23 is a mixture of C 12 and C 13 alc8Gls; Neodol 25 is a mixture of C 12 to C 15
alcohols; and Neodol 45 is a mixture of C 14 to C 15 linear alcohols. The phosphate contains from

about 14 to about 18 carhon,atqms. in each. hydrocarbyl grqup. The h ar 0 of
phosphate arevﬁ%}}le?alﬁo%%?}\%%eﬁ%f ?nnllifhy?e (S)‘J‘?éttyasjc%h%% r@%ﬁﬁggﬁ‘gm% (‘)gé't iﬁﬁf p fé}gﬁout 18
carbon atoms cattokylicezidy| preogenemilyaymidones ddrisizaightnmandativaviched dlwin-dastyicinal
diols include those available from Ashland Qil r the ral trade designati d 4 and Adol
158, The form&F BRIICAT 2 ek anail 55 500 38 SR BRI Bl naf abodf PF o
derived from a& 4bo 1BHrantidnof®0dHAT hkophospbaie dfts Cabdreyfiepaidd inchulstindean acidic

phosphate ester with an amine compound or a.metallic base to.form an aming or etal salt, The
amines may bg‘ﬂ}'&ﬁé%?ﬁ%é% %‘F’lp(s)lyar%allﬁe%’.‘ﬂé%ﬂﬁlé?n?ﬁeas@r%%ég %f?b%%mﬁn%%%%?gl(%gﬁﬁ# U.S.
Pat. No. 4,234cdffonybg8rojiix] 48 Teeabigrdaitecpodpcmtziyytontaitds inadmieasogcinioipoidsch
contains from 4t a%@%ﬁ%ﬁ“%&"mip‘%ﬁsﬁ& N S %?Ou.h?lsaﬁ)&?é?ﬁ"de? of
primary monoamines userul in the present invention include methylamine, ethylamine, propylamine,
butylamine, cyclopecdrbanxyii; gcidéewithminsatatgtadicaerbloddoylavide, Giythmase, asaybiamine,
stearylamine, and, laurylamine, Examples.of secondary moepoamines.inelu ' lami
diethylamine, gl‘ﬁ?%%‘fﬁﬁhﬁhgf %%ﬁty@%ﬁé?’d%%%‘ﬁgn% arlr{l%ﬁg,m |c%%1§ éx%?gqr%?r%%eﬁ%g{ﬁyﬁ%lamine,
ethylhexylamirartsdgylic acids are fatty monocarboxylic acids, having from about 8 to about
30, preferably about 12 to about 24 carbon atoms, such as octanoic, oleic,
stearic, linoleic, dodecanoic, and tall oil acids, preferably stearic acid. The fatty
carboxylic acid is reacted with at least one polyamine. The polyamines may be
aliphatic, cycloaliphatic, heterocyclic or aromatic. Examples of the polyamines

include alkylene polyamines and heterocyclic polyamines.

[00154] Hydroxyalkyl groups are to be understood as meaning, for
example, monoethanolamine, diethanolamine or triethanolamine, and the term
amine also includes diamine. The amine used for the neutralization depends on
the phosphoric esters used. The EP additive according to the invention has the
following advantges: It very high effectiveness when used in low concentrations
and it is free of chlorine. For the neutralization of the phosphoric esters, the latter
are taken and the corresponding amine slowly added with stirring. The resulting
heat of neutralization is removed by cooling. The EP additive according to the
invention can be incorporated into the respective base liquid with the aid of fatty
substances (e.g. tall oil fatty acid, oleic acid, etc.) as solubilizers. The base
liquids used are napthenic or paraffinic base oils, synthetic oils (e.g. polyglycols,

mixed polyglycols), polyolefins, carboxylic esters, etc.



[00149]An amine is a fatty (C.sub.8-30) amine which includes ri- octylamine, n-decylamine,
n-dodecylamine, n-tetradecylamine, nhexadecylamine, n-octadecylamine, oleyamine, etc. Also useful
fatty amines {pglysle, cpuaynercially available fatty amines such as "Armeen'pahi8sdDipshdsts available
from Alczo Chemicals, Chicago, lll.), such Armeen C, Armeen 0, Armeen OL, Armeen T, Armeen HT,
Armeen S and Armeen SD, wherein the letter designation relates to the fatty group, such as coco,
oleyl, tallow, or stearyl groups. [00150]Other useful amines include primary ether amines, such as
those represented by the formula, R"(OR') x NH 2, wherein R' is a divalent alkylene group having
about 2 to about 6 carbon atoms; x is a number from one to about 150, or from about one to about
five, or one; and It" is a hydrocarbyl group of about 5°t8%bout 150 carbon atoms. An example of an
ether amine is available under the name SURFAM.RTM. amines produced and marketed by Mars
Chemical Co tlant a. Preferred etheramin s [fle Jdentified:

SURFAM P 13@3?0%5£I0xy§rrfpeylg?nnﬁ?éss,%ﬂh FAM ?L%Aa%ﬁn%)é??p&% ),Bﬁfgé%%ﬁépﬁﬁgm’ﬂé
(tridecyloxyprepytamingyresbareaadditioteai Eiamties(i @f, hdh astdi}iveshars UmENG/ ghisphdited above
and u_sed h_ereéngférer{eare rae%&rl%im@gig‘r}d inclucqle _tra1e %gemmgx{ "%ﬁ?- R i @S&Mamine is
a tertlary-allpha{flc prlma?y amine. eneraeﬁy,sf e allp%atlc group, preferably an alkyl group, contains
from about 4 tTRGALIEIB 849 andbmutripteapbphégplwrvtinoabtaue Sttomd pue 3R sAaptvatams.

Usually the terti%ﬁé%@" @rcl&wagr%/ ﬁlrg'nfgoare rﬂgg%a&wliggt%at é&yﬁ%ﬁ@%ﬁ%&ﬁc}ﬁ;%ﬁﬁy GyP

containing frof {0 abo carbon atoms an isa arpyl'g ntaining from 1 to
about 12 carbamaienphdsphtasmines suitabilgtrptesehy tert-dutplmonnt, oditfremy|8riihao 2%,

1-methyl-1-amino:cyclohexgn ripctylarnine, tert- lamine, tert-dodecylamine, . .
tert-tetradecyl?xﬁ‘?ﬁ?@%&tﬁg?aggc@ééin)[)él, tgﬁlgé%a gﬁ%m%@?%ﬁ&e‘f%ncg‘s}%%ﬁgm%}g}%nsdl ch
tertoctacosanyhospieordikioresasf taxtiayitlihapceaennhds ray aisount odfetrompi@fdritg thiko,
phosphate salt. II#st tive of ami ixtures of thi ]t¥pf-:- re 'Primene 81W' which is.a mix of C 11
-C 14 tertiary gﬁgy ﬁ?ﬁ%@'%rﬁﬁe’?ﬁ’n P BYi ﬂrgeoﬁ Wlhgll{: c?g{acg?n]ﬁg?lrtﬁ?ﬁu% g}léhig%kuég tertiary
alkyl primary amiiresghotplee and phisftorofdbnaterid etapbo@ednpany). The tertiary aliphatic
primary amines and methods for their preparation are known to those of ordinary skill in the art. The
tertiary aliphatic primary amine useful for the purposes of this invention and methods for their
preparation arf0@@Sélibed inAl Isaft ainé\staightasdidrébeancheticchaliycsainmt@h ethatsatuyatied
polyamines '.”%go%%%‘[;'%&”y ic a%ﬁl"%ﬁ‘&% Az eSS S SOy G0 r%&’ﬁ%‘&&n@%ﬁ?&%snk goles,
piperidines, imidazoles, di<and tétra-nydroimidazo es,)f)lpe azines, isoindoles, purines, morpholines,
thiomorpholinég, i aon BifA kynweeigitlinad/dt-améastal lofthashnarphcithest easthonsatkipzplesrazines,
diaminoalkylpipergazines, azepings, azpcines, azonines, ggecines and tetra-. .di-and perhydro.
derivatives of g‘?@ﬂ 65;5 ﬁ%‘e’%‘ﬁ’t%e%ﬁ% (ﬁgix?ﬁrggoé W6 of raﬁ%yg 81? tHgs{ejoh%tg%%%liggg?rnllsneal[sl.&Plrseferred
heterocyclic ahydesgeite tinegtiliate chBeydnainticdoe minéned Insdeoayyotiaplnesayhsuibstgutety
nitrogen, oxygen and/or sulfur in.the hetero ri cially the piperidines, pi zines )
thiomorpholin s‘?,nrﬁ%gt’é'ﬁ&iﬁ‘gsr,eé;;{lrr%ﬁi&lr%relg,zgir:%g%ﬁge%%é&é ﬁ’a‘é‘riéir?%? ar‘rﬁ%%aem;?r%sru E’ﬂﬁﬁ%&?’ 60 -
piperidines, pipatkzihg, Arhithiatiiytcle)stitBtachpipelszihes trirmpleolind - Birbanadtylazobstityéd

morpholines, pyrrolidine, and aminoalkyl-substituted pyrrolidines, are especially preferred. Hsually the
aminoalkyl su S0 %%(i:’l] S ¢ gnslﬁ%’stlr{fﬁqehdy g)er? &Rl r%ﬁg% a (l)arlrzl(?loerm%g gfﬁﬁglsﬁ%%lze%efo ﬁﬂ‘g pgcific

examples of snehtraltengaydticphospbstinsvhilzh fearmmeprompuonempthofitks Kerminlatibny|piagrbeine, and
N.N™-diaminoelhylgipetazine, iy £ 616107 Ao:P PrarDings, A S A5 50 Uy NiRiBR e de N-(2-
composition. The above amine phosphates and any of the aforementioned benzo-
or tolyltriazoles can be mixed together to form a single compoent capable of
delievering antiwear performance. The neutral organic phosphate is also a
conventional ingredient of lubricating compositions and any such neutral organic

phosphate falling within the formula as previously defined may be employed.

[00157] Phosphates for use in the present invention include phosphates,

acid phosphates, phosphites and acid phosphites. The phosphates include triaryl



hydroxyethyl)cyclohexylamine,3-hydroxycyclopentylamine, parahydroxyaniline,
N-hydroxyethylpiperazine, and the like. [00152]The metal salts of the phosphorus acid esters are

prepared by {08 56a6129,9f a metal base with the acidic phosphorus ester. dhgagildiass may be any
metal compound capable of forming a metal salt. Examples of metal bases include metal oxides,

hydroxides, carbonates, sulfates, borates, or the like. The metals of the metal base include Group IA,
lIA, TB through VIIB, and VIII metals (CAS version of the Periodic Table of the Elements). These
metals include the alkali metals, alkaline earth metals and transition metals. In one embodiment, the
metal is a Group IIA metal, such as calcium or magners)' m, Group |IB metal, such as zinc, or a Group
VIIB metal, such as manganese. Preferably, the metal’is magnesium, calcium, manganese or zinc.
Examples of metal compounds which may be reacted with the phosphorus acid include zinc hydroxide,

zinc oxide, copper roxide, CORPSL OXi tc [catl nmg;!f g'?y lude a
fatty imidazoli € o hgfz?gegét?gg % od c%’%?%%S%fy‘é{a%g%%gﬁ%@gﬁgtg? least Lgeﬂ(}'(g ami e?% E‘:E-:-fatty
imidazoliﬂe hawnwt@iaumnhﬁpt@mﬁing\ﬂospe}:'tﬁtab@(map]@r fedntlxgseut efereshdot Zﬂﬂcallrbtljn
atoms. The substituent may he saturated or unsaturat: xa S’Eﬁﬂ ne ived olye
groups, prefeLr%l%b‘f)i/1 %%P(lgrat 0 ﬁ?%%ee ’asp%}:?,r?ﬁglfat eil|rg;l%bjiél)%tégf’lnenir;nJéay e ;@?é(%o%;?ed éj? i%éﬁ%% a fatty
cargoxy:@c acigtth@ldiphiﬂ:h)d pOM_iﬂSpMefolyﬁ_ib:M}d, su;bths:lat@e d_':std:yidﬂmaﬂovq_)m:glfatw S
carboxylic acids are geperally mixtures of straight and brapc att X ntaining
about 8 to about i‘ﬁ(ggr%%wgto s(,’sgr rBem a@%?sf%ﬂoegggut@% %ﬁ%’m a%tggti %%e%{éL g%%ﬁ?
Carboxylic acipbasphate, thiigtbjslphdpphesyd plhospiatexy icopytshenidiphcugt iphasphitem 2 to
about 4 carbogyl g)ﬁg}% e%rbﬁfq{%%}i 2. ];Q g%cartpl%g? Efﬁ:ilq?lingﬂgg ﬁ%ﬁginiﬁﬁg@fg&wymides
and Diels-Alderreaction pr ducts of u%sa rated mono anoxyllc cl spwn Unsaturated carboxylic
acids (such aphosplatmetbatylphemyddiphdoylamphasphetdc alibutydphénpiptishybrgfbasphatee fatty
carboxylic acigs.are fatt nagarbexylic acids. having f boyf.81¢ ﬁ@{m preferably. about 12
to about 24 cg%%?l?%[l%ir‘r%gr?su Bgs g‘é%%ﬁo?@%%%?sé%ongg%%eilcﬁz%lg%tg:ec n(ég?q a?nﬁ@%?féc%ds,
pr?ferably steatidtc)myit:_. Ehe_sizhmetlzarf_ldlqdnyh J h;]:'phmmmeel_ dtﬁm)aidt;dsémmplbmamitr@ﬂlh'étyl_
polyamines may be aliphatic, cycloaliphatic, heteracyclic or aromatic. Ex es of the mines
et alkyloRb oA S CHAT RISy SRS SRR e RE S SRy
understood asmebadendoforamapiple? retrydbenyh alcidipbosipditen athylnacod phetspivatieynbintyland the

term amine alsq.includes, diamine. The.amine used for the neutralizati nds t? phesphoric
cotore used. TIEPoTaHAR 0 S ATBREREE, e B BT AR CERAE, T.00GP Rt
effectiveness pinasphatey induorykoacihtrphiosphate] it tiddesy of atidripghdsphdte, neteagyizatoidof the
phosphoric est, latter are taken,and the corrqu:onqing amine %L%W'y added with sti ripé;. The

rs,.t
resulting heat%??%gu %ﬁfzation is rear‘TI]lgved by coo’l?r?a. EP additive according to ¥he thvention can

be incorporatéthieitphiosphxpe ctiva Uil e fioguickantiplthe idthy faphespisten ceibiayd. phbspHitky acid,

oleic acid, etc,) as solubilizers..The base liquids,used are napthenic or paraffinic base oils,.synthetic

ois (6. poly PR, BRSPS G AR RS eI o spiee et
ethylhexyl) phosphite, tridecyl phosphite, trilauryl phosphite, triisooctyl
phosphite, diphenylisodecylv phosphite, tristearyl phosphite, and trioleyl

phosphite.

[00158] The acid phosphites include, for example, dibutyl
hydrogenphosphite, dilauryl hydrogenphosphite, dioleyl hydrogenphosphite,
distearyl hydrogenphosphite, and diphenyl hydrogenphosphite.

[00159] Amines that form amine salts with such phosphates include, for
example, mono-substituted amines, di-substituted amines and tri-substituted
amines. Examples of the mono-substituted amines include butylamine,

pentylamine, hexylamine, cyclohexylamine, octylamine, laurylamine,



- 62 - [00155]The composition comprises at least one phosphorus containing extreme pressure
additive. Examples of such additives are amine phosphate extreme pressure additives such as that

known underfe,ipdgsosyme IRGALUBE 349 and/or triphenyl phosphorothjeRal® S¥#eisss
pressure/anti-wear additives such as that known under the trade name IRGALUBE TPPT. Such amine

phosphates are suitably present in an amount of from 0.01 to 2%, preferably 0.2 to 0.6% by weight of
the lubricant composition while such phosphorothionates are suitably present in an amount of from
0.01 to 3%, preferably 0.5 to 1.5% by weight of the lubricant composition. A mixture of an amine
phosphate and phosphorothionate is employed. [00156]At least one straight and/or branched chain
saturated or unsaturated monocarboxylic acid which 16 ptionally sulphurised in an amount which may
be up to 35% by weight; and/or an ester of such an acid. At least one triazole or alkyl derivatives

thereof, or short chajn alkyl of ug to 5 carbon atoms and is hydrogen, sgorphilin kyl, amido, amino,
hydroxy or alkﬂe(ﬁrgir?ﬁnsfﬂésﬂiﬁﬂ lenr?v%l?f\il)egse ?ﬁﬂ%‘&?r&f g‘?réligg'o ees%ﬁrgé%e%l? f?grgﬁs%},/idﬁiazole, 1,2,3
triazole, 5- anitmminSiAchideridibaie;13rmmen dipéhtyldanaks, ditidsydagotreazbidydiolercthatisoeyanide,
Componont of VESHHDIERof A LR DY e ATME o7 S S TR ARG to 2,556 by
thailght of Ithe meagylsmiﬂﬁﬂbmﬁiﬁmhla:pbﬂﬁnhﬁﬂmnommiyeoﬂmmorgmen_tioned benzoor
tolyltriazoles can be mixed t%gether to form a sm%lg compoent czipab of deli verlngmapnwaeg&

performance. THARRA 'Ie%l]i’(?%?fg?g% ey %Ilg?é%‘l'é)ﬁt o?rfgk])rlca?’l?fg
compositions a6l biiavphopantskirmigaixphysiphaftiiiobstittited tmioeminaladepreviously defined

may be employed. - 63 - phgosphates, trialkyl ghosghates, trialkylaryl sphates, triarylalkyl
phosphates a!ﬁ%&%ﬁ?ﬁﬁhﬂﬁ%@@g% %‘lﬁ@%%}'ﬂb%éjgﬁwllaggggrg%ggrlj?elg’tgigrctﬁf%ﬁﬂg%yl
phosphate, trieréiayirp kespigteistenzyidifinenyti phydphmte, ettbddintiemihphdsdhgte, tributyl

phosphate, ethyldibutyl phosphate,,cresyldiphenyl phosphate, digtesylphenyl phosphate
ethylphenyldipﬁé’ﬁ&ﬂ%%%ﬁ%é%é‘}%iga %Bﬁéﬁ%%@%‘ﬁlﬁ%, E%)'Pé:p plﬁ'g#ﬁga%ﬁle%]l)%w&phate,
dipropylphenyigihenyl phospprspaiittinyiptadiphribepredpréppnepyipinendlphbsphate,
butylphenyldiph

enyl sphate, dibutylphenylphenyl phosphate, tributylphenyl phosphate, trinexyl

phosphate, tri&'—%%?ﬂrf 5"§h8%%@?9{83%%?@/@%;&8%1§6?§??}h3£§8ﬁ8éQﬁ ﬁyr‘istyl phosphate,
tripalmityl phogiipripatiidaemityé Phats ldiétharsl driiesy tdresyiditeh dined amichg helsgahdtes include, for
example, 2-ethylhexyl acid.phos ethyl acid phosphate,.butyl acid phosphate, oleyl acid
phosphate, tef%% y: mlﬁﬁbgg&f@?@@gggﬁ}g‘aﬁpﬁgls%ih%lt%&%ﬂ?ry n&@?& %E‘S?éﬁ% (ia, rf&gtyl acid
phosphate, stemylteipicbphnshimine.aPiiisphtiaasydathdipansipeaisits are pddedritethenbhsdeaifor
example, triethyl phosphite, tributyl phosphite, triphenyl phosphite, tricresyl phosphite, tri(nonylphenyl)
phosphite, tri(%éﬁ?ﬂﬁ%’)’&ﬂ} Bﬁwhlﬁe(?il%)eiﬁ’ o%'ﬁf%t‘ﬁ,’t?ﬁ H&Bﬂﬁb;{lﬁ%%o%t Vphosphite,
diphenylisodesytighmspilicveisiahe/tgtabs@ight afithkiolyipobitigrhite. [00158]The acid phosphites
include,for example, dibutyl hydrogenphosphite, dilauryl hydrogenphosphite, dioleyl
hydrogenphosphite, distearyl hydrogenphosphite, and diphenyl hydrogenphosphite.

[00160] Carboxylic acids to be reacted with amines include, for example,

aliphatic carboxylic acids, dicarboxylic acids (dibasic acids), and aromatic
carboxylic acids. The aliphatic carboxylic acids have from 8 to 30 carbon atoms,
and may be saturated or unsaturated, and linear or branched. Specific examples
of the aliphatic carboxylic acids include pelargonic acid, lauric acid, tridecanoic
acid, myristic acid, palmitic acid, stearic acid, isostearic acid, eicosanoic acid,
behenic acid, triacontanoic acid, caproleic acid, undecylenic acid, oleic acid,
linolenic acid, erucic acid, and linoleic acid. Specific examples of the
dicarboxylic acids include octadecylsuccinic acid, octadecenylsuccinic acid,
adipic acid, azelaic acid, and sebacic acid. One example of the aromatic
carboxylic acids is salicylic acid. The amines to be reacted with carboxylic acids

include, for example, polyalkylene-polyamines such as diethylenetriamine,



[00159]Amines that form amine salts with such phosphates include, for example, mono-substituted
amines, di-substituted amines and tri-substituted amines. Examples of the mono-substituted amines

include butylgrging,7Agegylamine, hexylamine, cyclohexylamine, octylaminep dgurybadminB2os64 -
stearylamine, oleylamine and benzylamine; and those of the di-substituted amines include

dibutylamine, dipentylamine, dihexylamine, dicyclohexylamine, dioctylamine, dilaurylamine,
distearylamine, dioleylamine, dibenzylamine, stearyl monoethanolamine, decyl monoethanolamine,
hexyl monopropanolamine, benzyl monoethanolamine, phenyl monoethanolamine, and tolyl
monopropanolamine. Examples of tri-substituted amings include tributylamine, tripentylamine,
trinexylamine, tricyclohexylamine, trioctylamine, triladrﬁjfz'mine, tristearylamine, trioleylamine,
tribenzylamine, dioleyl monoethanolamine, dilauryl monopropanolamine, dioctyl monoethanolamine,

dihexyl monopropapplami tbutyl mo | ley: dieth [ :
dipropanolam?ﬁ%e?ﬁgl%ﬁgg%gfﬁﬁéggémine,chg)%%%?g}%p %ﬁe&ﬁ%’butyl ?et an‘agﬁr%g, grnnzlye’
diethanolaminkexsethyletieteptatainge, tolyhdjpactylchnanataminks diethsiptamiltencttiaminelamine,
and tripropan ' hej ' d01 il 1) an of from
0.03 to 5% oy Lt oPy SR e ShE RPBSANAR BRI, SR AR s uch
composition. B30h68ethbosidmbridaitbdiethenciathine) @fthescinprefiurédr anzamsimbinptianc
carboxylic acidg, dicar Ij ids {(qihasi ' icicar ic aeids ' iC
carboxylic aci ? sﬁze?rrgfr%/ é%%c %a?rlﬁganég}%%%%er?lg%n@§%e% S§t££§§y)¥ﬁﬁl%gtﬁg§g?%%§near or
branched. Speoifcdisthanidanint.e Hiiphatctieniprodicctidf dachakybelagidsismtiamingdcazeid,
tridecanoic acid risti id. palmitj i iC aCid, IS0 ri g, qeic iC acl nic acid,
triacontanoic aagé?%a%rc%le%iib%é?d,!) ?}n{ e%&gﬁ%z%{l{df) %Tﬁgigc%tﬁﬁlgfeﬁégﬂd@gg% Q:Cf!c?e égnﬁ linoleic
acid. Specific fooamie3 tf §% bicavbighticclatileite vt obdeight el thic casithesdtiatecenylsuccinic
acid, adipic acid, azelaic acid, and sebacic acid. One example of the aromatic carboxylic acids is

salicylic acid. The amines to be reacted with carboxylic acids include, for example,
polyalkylene-d89kédihes submpertinthyéenponantinere- @iosphites, thiophosphites phosphates,

and thiophosphates, including mixed materials having, for instance, one or two
sulfur atoms, i.e., monothio- or dithio compounds. As used herein, the term
"hydrocarbyl substituent" or "hydrocarbyl group" is used in its ordinary sense,
which is well-known to those skilled in the art. Specifically, it refers to a group
having a carbon atom directly attached to the remainder of the molecule and
having predominantly hydrocarbon character. Examples of hydrocarbyl groups

include:

[00162] Hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,
and alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule (e.g., two
substituents together form an alicyclic radical);
the substituted hydrocarbon substituents, that is, substituents containing non-
hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon substituent (e.g., halo (especially chloro and fluoro),
hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy); and
hetero-atom containing substituents, that is, substituents which, while having a

predominantly hydrocarbon character, in the context of this invention, contain



triethylenetetramine,tenaethylenepentamine,pentaethylenehexamine, hexaethyleneheptamine,
heptaethyleneoctamine, dipropylenetriamine, tetrapropylenepentamine, and hexabutyleneheptamine;

and alkanolagpiss syEIAs monoethanolamine and diethanolamine. Of thgsey ptsigried AL a
combination of isostearic acid and tetraethylenepentamine, and a combination of oleic acid and

diethanolamine. The reaction products of carboxylic acids and amines are added to the base oil in an
amount of from 0.01 to 5% by weight, preferably from 0.03 to 3% by weight, relative to the total weight
of the composition. [00161]Important components are phosphites, thiophosphites phosphates, and
thiophosphates, including mixed materials having, for instance, one or two sulfur atoms, i.e., monothio-
or dithio compounds. As used herein, the term "hydrdcéoﬁbyl substituent” or "hydrocarbyl group" is used
in its ordinary sense, which is well-known to those skilled in the art. Specifically, it refers to a group

having a carbon,ato direcé:%attached to the re ainderﬁ?f the molecule aﬁ:&d hta\ggé%grrleggomigantly
hydrocarbon cﬂg}gct AL & ;ﬂgslgf ﬁy%a%y%?gbp% SEEE: ﬁ%&gﬁ ydrocarbon su s'ﬁ]tu'ents,
that is, aliphatiEléecgoatdlys dnallidsybulliey dicy(geq, , sitetpricy bri doatapalsssbbsitireatss arsd
aromatic-, aliphatic-, a aic. clic-s bst%uted arom%trif substituents, as well as %clic su?stilgu]ents
wherein the rir*ﬁ'fédé'dn%j\‘@i FB%L AN AR S L I BRRETRE MG, FR O AR Y S SR Mg ether
form an alicyclipragiealXhfe substiviptydidcboin 3ehiitiiemanisilinbe ipresdrstifornéy eonteining

non-hydrocarbon groups which, in.the coptext of this invention, dq.not alter the.gredominantl
hydrocarbon s ﬂﬂeﬁf‘(@.ﬁ.,lﬂaw‘ieg’r}'é%%‘fﬁ%ﬁiogg‘ﬁﬁﬂWb ?qlwdr%&{eal% ,%ﬁe&%p?c?%’

allcylmercaptohydrocaribossubstiteeiiein the hydietarbidgroaptaining substituents, that is,
substituents which, while having a predominantly hydrocarbon character, in the context of this
invention, contain - 66 - other than carbon in a ring or chain otherwise composed of carbon atoms.

Heteroatoms 'ifgaé8]sulfur, Theyofmitrhgdrocaiblyd ngesnpassinu istituiniters pyridye, fprydetiienyl
and imidazolyl, In general, ng mqre than. two, preferably no more than one, non-hydrocarbon
substituent Wi|f‘?3‘é¢%ﬂ§r§bd?f8$s&/é?§ff£e Qa‘fbc?ﬁ%%?ﬁ%% ?P(&T;m‘i/&%%‘é’r%%ﬂbgﬂoﬁbn;‘} Bf&% a‘?ﬁf%‘?& will.be

no non-hydrocgrbapssutistiteians ivr thioky & desalkgtogioulld 16 ShEhsbieven sthycinesrkygettastp,” in
the context of the preseni.invention, is alsq infended to encompass cyclic hydrocarbyl or
yclrocarbylontoE &9 URGHEHEIERS: 05 S0 TREPS) SRS 5. CHER oh EABAEHRRY form o
cyclic |St“|J|CtU|reﬂﬂﬁi@ﬁf%ﬂﬁwlﬁfﬁﬁldmkﬁfbweg?@mbﬂ o@bemrashmﬂnuent?n genwﬁty:al;e alkyl
or cycloallcyl groyps which cqptain at least 3 carbon atoms. Preferably. or optimaly containg sulfur,
irogen. o oSN ASSHIS LIPS P AR SPRAR Lt R ERBER b R R B D
embodiment theplceoiaaimbouicd, 2F, exadtlyaBeeatbisreigtotnio The nyatanaraydasuns canibetertiary
or preferably primary.or secondary grQups; in one embodiment the com onen[rﬂﬁ
di(hycrocarby STRBPAE RIS FRA R o O SEREA X By PRI IS PEOPBFBYD: in
another embogyveps tharcarapeasitiais adifrptendsasb\piyticger Nwspidieyangdags) dhthene
hydrocarbyl groups is a secondary alkyl group. In,.yet another embodimeni the compopent is
hydrocarbyl engﬁ&d)r@éléﬁnﬁﬁ%%ﬁﬁépoxegt is g Al(ﬁy ocar yli)%ygrogen pflosphlte erP each o

the hydrocarbyl groups is a primary alkyl group; in another embodiment the

component is a di(hydrocarbyl)hydrogen phosphite and each of the hydrocarbyl

groups is a secondary alkyl group. In yet another embodiment the component is

a hydrocarbylenehydrogen phosphite.

[00164] Examples of straight chain hydrocarbyl groups include methyl,
ethyl, n-propyl, n-butyl, n-hexyl, n-octyl, n-decyl, n-dodecyl, n-tetradecyl,
stearyl, n-hexadecyl, n-octadecyl, oleyl, and cetyl. Examples of branched-chain
hydrocarbon groups include isopropyl, isobutyl, secondary butyl, tertiary butyl,
neopentyl, 2-ethylhexyl, and 2,6-dimethylheptyl. Examples of cyclic groups
include cyclobutyl, cyclopentyl, methylcyclopentyl, cyclohexyl,

methylcyclohexyl, cycloheptyl, and cyclooctyl. A few examples of aromatic



[00164]Examples of straight chain hydrocarbyl groups include methyl, ethyl, n-propyl, n-butyl, n-hexyl,
n-octyl, n-decyl, n-dodecyl, n-tetradecyl, stearyl, n-hexadecyl, n-octadecyl, oleyl, and cetyl. Examples

of branched-Ghsiaivdegsarbon groups include isopropyl, isobutyl, secondgsybéshotesiiagg butyl,
neopentyl, 2-ethylhexyl, and 2,6-dimethylheptyl. Examples of cyclic groups include cyclobutyl,

cyclopentyl, methylcyclopentyl, cyclohexyl, methylcyclohexyl, cycloheptyl, and cyclooctyl. A few
examples of aromatic - 67 - hydrocarbyl groups and mixed aromatic-aliphatic hydrocarbyl groups
include phenyl, methylphenyl, tolyl, and naphthyl. [00165]The R groups can also comprise a mixture of
hydrocarbyl groups derived from commercial alcohols. Examples of some monohydric alcohols and
alcohol mixtures include the commercially available 2fbr. TM." alcohols marketed by Continental Oil
Corporation. Alfol. TM. 810, for instance, is a mixture containing alcohols consisting essentially of

straight chain, primary alcohols having from 8 tg 12 carbon gtoms. Alfol. TNJ. 12 i [ mostly
C12 fatty a|coﬁ%é€°ﬁ%6$’?w§‘é’é‘i’ S(:(?rnn%n?é’ée féf’é%a?)‘r?rr?g‘éh g@%hlgfs og\%{a’]'mﬁi?%prg ?ggfgéhols,
and so on. Vaphesyhintethglphemylptolgliafadtnagbdiyls derived from naturally occurring triglycerides

and ranging in chain length from C 8 to C 18 are available from Procter & Gamble Company.
"Neodol. TM." alcohols are available from Shell Chemical Co., where, for instance, Neodol.TM. 25 is a

mixture of C 1f00165)5 alcofhts ROgbapiSpacitiise conmpesoasorawttoé bjdephitbylagrbups
thiophosphites,within, the scope of the invention include phosphorous acid. .mano-, di-..or
trithiophospho?SE@’ 3%@:0%103%%?%1?!:&%%%%%f%‘saﬁﬂﬁée%r m%(r){g-e, |-? %9%%6?8p%8‘§‘6ﬂ}?e?‘r’ﬁ‘ono-, di-,
or tri-butyl phaslpblielomirnoesdiinchidighithehasphitesneially-, airaitabie-atifohddHiteatrololso-, di-,
or trithiophosphite; mona-, di=, or. tri-hexyl phosphite of.mon gd trighiophosphite: mono-, di-, or
tri-phenyl phoéBﬁFeetoeréﬁ) ok-:,oé'lg,noern ?raﬁhlcc%)%%rﬁﬁ)é?{rlnogﬁo& ﬁi,'g?/?fi-t%gg’ p ors;la?ﬁ%[})crefngsnc%, di-, or
trithiophosphitairtane-cditaininigcdsphplospinsistnm assentiial lyr vEhstraiglspichainlibptimpheny
phosphite or mon th or.tri-g?os gi e, | dicresyl pho itle,ﬁrF o-,.di-.. or tri-thjophosphite,
and any of theaz%ogv mv i%'{g %oro?uﬁgg?rs%uoc aag‘gﬁlo%‘gg%ény %]fic:]ﬁ?o?orggﬁ{/'l’.rg %g’rﬁos@

C12 fatty alcohols; Alfol.TM. 22+ comprises C 18-28 primary alcohols having

mostly C 22 alcohols, and so on. Various mixtures of monohydric fatty alcohols

derived from naturally occurring triglycerides and ranging in chain length from

C 8 to C 18 are available from Procter & Gamble Company. "Neodol. TM."

alcohols are available from Shell Chemical Co., where, for instance, Neodol.TM.

25 is a mixture of C 12 to C 15 alcohols.

[00166] Specific examples of some of the phosphites and thiophosphites
within the scope of the invention include phosphorous acid, mono-, di-, or tri-
thiophosphorous acid, mono-, di-, or tri-propyl phosphite or mono-, di-, or tri-
thiophosphite; mono-, di-, or tri-butyl phosphite or mono-, di-, or tri-
thiophosphite; mono-, di-, or tri-amyl phosphite or mono-, di-, or tri-
thiophosphite; mono-, di-, or tri-hexyl phosphite or mono-, di-, or tri-
thiophosphite; mono-, di-, or tri-phenyl phosphite or mono-, di-, or tri-
thiophosphite; mono-, di-, or tri-tolyl phosphite or mono-, di-, or tri-
thiophosphite; mono-, di-, or tri-cresyl phosphite or mono-, di-, or tri-
thiophosphite; dibutyl phenyl phosphite or mono-, di-, or tri-phosphite, amyl
dicresyl phosphite or mono-, di-, or tri-thiophosphite, and any of the above with
substituted groups, such as chloropheny! or chlorobutyl.



[00167]Specific examples of the phosphates and thiophosphates within the scope of the invention
include phosphoric acid, mono-, di-, or tri-thiophosphoric acid, mono-, di-, or tri-propyl phosphate or
mono-, di-, o{lg-shiokrkesphate; mono-, di-, or tri-butyl phosphate or mono-p gy Rbdhiiligeosphate;
mono-, di-, or tri-amyl phosphate or mono-, di-, or tri-thiophosphate; mono-, di-, or tri-hexyl phosphate
or mono-, di-, or tri-thiophosphate; mono-, di-, or tri-phenyl phosphate or mono-, di-, or
tri-thiophosphate; mono-, di-, or tritolyl phosphate or mono-, di-, or trithiophosphate; mono-, di-, or
tri-cresyl phosphate or mono-, di-, or tri-thiophosphate; dibutyl phenyl phosphate or mono-, di-, or
tri-phosphate, amyl dicresyl phosphate or mono-, di-, ?tri-thiophosphate, and any of the above with
substituted groups, such as chlorophenyl or chlorobu'g. [00168]The phosphorus compounds of the
present invention are prepared by well known reactions. One route the reaction of an alcohol or a

phenol with p us tricRlori r rificati ' I n be
reacted with p aoasﬁpﬁ?(jrus pe%%?(i%g;zggﬁgti{?g?rﬁ%gf%g&oﬁgw{gj‘éﬁ%%ﬁ%%@%iE@%‘g gﬁ? a
diallcyl or giarytﬁpoqﬂmddmwkﬁt;phu@hthmmgommmpﬁ@d,wmietbiillﬂmsphmﬂttﬁ
correspondin sphites. Thiopho a ar e rgacti ' it
elemental sul%ug.1 h glr?f 8é’sép,l fh§ ?eﬁﬁﬁsgn%@%%céd@v)lstﬁarﬁoa%fatgg %ﬁﬁ%ﬁ#&?gg\%ﬁ various
phosphorus esterseadifheoptepbresliphesphiate ersmgrahatiphaspirdhiepdsisphate; siaetiog, diaterials.
Thus, medium_chain (C9 to C2 hosphorus esters have been pr. re reaetio . _
fife -a{??'a]iznlo? fiof o=, diy o 4 loByOtp e lgé?%\o-’%? &%Iééhs?émication

dimethylphosrﬂwltelm SHhre ot medium-ehaih alconols ans’o ermal tr

or an acid- or phespbatelyped tnansestahificationtrstizi dphexphatés UrdnBat. Nie, 40852ri-phehdst such
materials are also commercially available; for.instance, triphenyl phasphite is available from Albright
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unsaturated, that i taind Qfl Ingle leni }6? e?) Shid lecule. The olefin can be a
cyclic or a Iine%%%%f@n?@f%%%ggl%qo e%ﬁ&llt%gér%sgg gﬁ ?R(t?egrn Iﬁo e%}i]n%(ﬁ an ép pﬁwﬁg&glefin. The olefin can
also contain aromatic unsaturation, i.e., one or more aromatic rings, provided that it also contains
ethylenic (nong tic) tmsatur tion.% 017Q]The olefin nprmally will contain 6 to 30 carbon atoms.
Olefine having Bl bantty PR IoL oGRS SR brelOnE ST BICaHS BRERRILE P20
not normally soytadeéd! fknéonm wrktesiono@neoroptesitenreaitadie cfSannadeived aorl abploems] Priterably
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can be reacted with phosphorus pentoxide to provide a mixture of an alkyl or

O

aryl phosphoric acid and a dialkyl or diaryl phosphoric acid. Alkyl phosphates
can also be prepared by the oxidation of the corresponding phosphites.
Thiophosphates can be prepared by the reaction of phosphites with elemental
sulfur. In any case, the reaction can be conducted with moderate heating.
Moreover, various phosphorus esters can be prepared by reaction using other
phosphorus esters as starting materials. Thus, medium chain (C9 to C22)
phosphorus esters have been prepared by reaction of dimethylphosphite with a
mixture of medium-chain alcohols by means of a thermal transesterification or
an acid- or base-catalyzed.transesterification; see for example U.S. Pat. No.
4,652,416. Most such materials are also commercially available; for instance,
triphenyl phosphite is available from Albright and Wilson as Duraphos
TPP.TM.; di-n-butyl hydrogen phosphite from Albright and Wilson as Duraphos



[00171]Among suitable olefins are alkyl-substituted cyclopentenes, hexenes, cyclohexene,
alkyl-substituted cyclohexenes, heptenes, cycloheptenes, alkyl-substituted cycloheptenes, octenes

including diisQlpr4yiengsssyclooctenes, alkyl-substituted cyclooctenes, nonepes dssPnas:d¢sndecenes,
dodecenes including propylene tetramer, tridecenes, tetradecenes, pentadecenes, hexadecenes,

heptadecenes, octadecenes, cyclooctadiene, norbornene, dicyclopentadiene, squalene,
diphenylacetylene, and styrene. Highly preferred olefins are cyclohexene and I-octene. - 70 -
[00172]Examples of esters of the diallcylphosphorodithioic acids include esters obtained by reaction of
the dialkyl phosphorodithioic acid with an alpha, beta-unsaturated carboxylic acid (e.g., methyl
acrylate) and, optionally an alkylene oxide such as pr'o‘iﬁlfene oxide. [00173]Generally, the
compositions of the present invention will contain varying amounts of one or more of the

above-identifi%i%‘i]_ﬁ;%%hio hpsphates_such as from abaqut 0.04.t0 al?%u % byMeigh ore
generally from-about 0. ,to%éjo%ﬁla%/g@%lvlquﬁgsgoggé% ﬁoﬂ"ue évltie)lah F&%{%tﬁ%ﬁéggg
[00174]The hyldgatabeyl PPH¢ TiNiophosphate may be alkyl, cycloalkyl, aralkyl or alkaryl groups, or a
substantially hydrocarbon group of similar structure. Illustrative alkyl groups include isopropyl, isobutyl,
n-butyl, sec-butyl, the various amyl groups, n-hexyl, methylisobutyl, heptyl, 2-ethylhexyl, diisobutyl,
isooctyl, nonyljggte9jyl, deFhedadbey| iijecytmtpdiiestratifiethew predknip vemypgstips inclade
butylphenyl, a 4 henyl, heptylphenyl .etc. Cyclqallcyl roltjgxs likewise are include
chiefly cyclohé-;% %’ﬁ&%‘é“@%‘g‘ﬁél?%b%’i‘é%é‘éﬁ#‘éﬁ%éﬁ%: alrsuyv sf’d\g‘sﬁﬁﬂfé’ﬁ% dffljlcé):cg% %ﬁggér%é%s may
also be used, angolefinropendienicHinenehgollarg dishlsvodecylejeddittgTon i spimbeditfioic
acids from Whg:tﬁ)tlpeenpge&%'sggg'%tlijggéull){%sem. Preferably the olefin is mono unsaturated, that

is, containing only a single ethylenic double bond per molecule. The olefin can

be a cyclic or a linear olefin. If a linear olefin, it can be an internal olefin or an

alpha-olefin. The olefin can also contain aromatic unsaturation, i.e., one or more

aromatic rings, provided that it also contains ethylenic (non-aromatic)

unsaturation.

[00170} The olefin normally will contain 6 to 30 carbon atoms. Olefins
having significantly fewer than 6 carbon atoms tend to be volatile liquids or
gases which are not normally suitable for formulation into a composition
suitable as an antiwear lubricant. Preferably the olefin will contain 6 to 18 or 6 to

12 carbon atoms, and alternatively 6 or 8 carbon atoms.

[00171] Among suitable olefins are alkyl-substituted cyclopentenes,
hexenes, cyclohexene, alkyl-substituted cyclohexenes, heptenes, cycloheptenes,
alkyl-substituted cycloheptenes, octenes including diisobutylene, cyclooctenes,
alkyl-substituted cyclooctenes, nonenes, decenes, unde_cenes, dodecenes
including propylene tetramer, tridecenes, tetradecenes, pentadecenes,
hexadecenes, heptadecenes, octadecenes, cyclooctadiene, norbornene,
dicyclopentadiene, squalene, diphenylacetylene, and styrene. Highly preferred

olefins are cyclohexene and 1-octene.



this invention are prepared are well known. Examples of dihydrocarbylphosphorodithioic acids and
metal salts, and processes for preparing such acids and salts are found in, for example U.S. Pat. Nos.
4,263,150; 408%63R4%308,154; and 4,417,990. These patents are herebyeMpRFAeARY reference.
-71 - reaction involves four moles of the alcohol or phenol and one mole of phosphorus pentasulfide,
and may be carried out within the temperature range from about 50C. to about 200C. Thus, the
preparation of 0,0-di-n-hexyl phosphorodithioic acid involves the reaction of a mole of phosphorus
pentasulfide with four moles of n-hexyl alcohol at about 100C for about two hours. Hydrogen sulfide is
liberated and the residue is the desired acid. The preﬁation of the metal salts of these acids may be
effected by reaction with metal compounds as well known in the art. [001771The metal salts of
dihydrocarbyldithiophosphates which are useful in this invention include those salts containing Group |

metals, Grou Iﬂﬂmﬁ Is, aluminum, | i o) n IC e Group
Il metals, alur?“l,num, in, irourg,])ﬁ:aggg E%ﬁ%%%%%ﬁﬁ%m&f%gganegg‘?ﬁ%ie géz%ag‘gége@rlggaémong the
preferred meteideBinbtaidesbppearcactienmdcthitydiakiyl prmaphdreditipleis acidevdtisanpdphas which
may be reacted with the acid include lithium x&; lithiu o(}g& [ y ide; [um
carbonate, po a?é%ig%s#yé?c{f&idec,aﬁ%?g rsllllj:magél‘ gﬁété ;ﬁ‘\%‘f (gx?e, %%% nuégé}m%ﬁég%@g%sium
hydroxide, cakikiylemeideidensuchchs prtpydeneiodéydroxide, cadmium oxide, cadmium hydroxide,
barium oxide, aluminum oxide, iron carbonate, copper hydroxide, lead hydroxide, tin butylate, cobalt
hydroxide, nickel hydroxide, nickel carbonate, and the like. [00178]In Some instances, the
incorporation fO@ETS}in ingréairetal jydhasempbsitionmof ahthpreszal avetatéoor wikdticoatadnin
conjunction with the metal reactant will facilitate reaction and ué: in_an improved pr t. For
example, the H%%?%S %Ogggsutgﬁ) 36t TNt aceta eﬁllﬁ ca?g?nvtﬁr%i:elgﬁ%\% rtlﬁfarrhegtlréo %?nggfgl#: §f zinc
oxide facilitatesitheafo firomti arb oo 0z0hkc tohalspito286lithyoarts ghithapctended)\g emgralle drperfeboance

propertes. - {2109 ASIE R N b BeLA G R HPIE R A systals o

[00174] The hydrocarbyl in the dithiophosphate may be alkyl, cycloalkyl,
aralkyl or alkaryl groups, or a substantially hydrocarbon group of similar
structure. Illustrative alkyl groups include isopropyl, isobutyl, n-butyl, sec-butyl,
the various amyl groups, n-hexyl, methylisobutyl, heptyl, 2-ethylhexyl,
diisobutyl, isooctyl, nonyl, behenyl, decyl, dodecyl, tridecyl, etc. Illustrative
lower alkylpheny! groups include butylphenyl, amylphenyl, heptylphenyl, etc.
Cycloalkyl groups likewise are useful and these include chiefly cyclohexyl and
the lower alkyl-cyclohexyl radicals. Many substituted hydrocarbon groups may
also be used, e.g., chloropentyl, dichlorophenyl, and dichlorodecyl.

[00175] The phosphorodithioic acids from which the metal salts useful in
this invention are prepared are well known. Examples of
dihydrocarbylphosphorodithioic acids and metal salts, and processes for
preparing such acids and salts are found in, for example U.S. Pat. Nos.
4,263,150, 4,289,635; 4,308,154; and 4,417,990. These patents are hereby

incorporated by reference.

[00176] The phosphorodithioic acids are prepared by the reaction of a

phosphorus sulfide with an alcohol or phenol or mixtures of alcohols. A typical



phosphorodithloic acids which in turn are prepared by the reaction of phosphorus pentasulfide with
mixtures of alcohols. In addition, the use of such mixtures enables the utilization of less expensive

alcohols whighgngivigially may not yield oil-soluble phosphorodithioic acidg-TRuS@7psdsse of
isopropyl and hexylalcohols can be used to produce a very effective, oil-soluble metal

phosphorodithioate. For the same reason mixtures of phosphorodithioic acids can be reacted with the
metal compounds to form less expensive, oil-soluble salts. [00180]The mixtures of alcohols may be
mixtures of different primary alcohols, mixtures of different secondary alcohols or mixtures of primary
and secondary alcohols. Examples of useful mixtures include: n-butanol and noctanol; n-pentanol and
2-ethyl-l-hexanol; isobutanol and n-hexanol; isobutarid and isoamyl alcohol; isopropanol and
2-methyl-4-pentanol; isopropanol and sec-butyl alcohol; isopropanol and isooctyl alcohol; and the like.

[00181]Organic triesters of phosphorus acids are aJso employed in lybricants. Typical esters ipclude
triarylphosphafgg??ﬁﬁlcwvﬁﬂggﬁh Res, H’e‘?}ﬁsal S )a}#é?yﬁp%%ié%ihﬁfes?é no@yﬁkgl p ngsprﬁgiegs? riaryl
phosphite, triaphdpphenhitpeneisiibiidésyhndy hpho behigsiet ouahpithiphbeatagsissiendangeatral

phosphine oxige esteys. In embodimen Q@ long chaip dialkyl phosphonat ters are used. More
prferentially, t OHfmﬁﬁ’ﬁﬁt-; g@%yf—? a%"b’ﬁo% %olgaluﬁho{hﬁhgﬁza?g:saébgr?bgﬁjg’?ﬁgﬁfra xgilleds of
phosphorus aghisspisotoditliésiersakitheiihalves abiel (tactynr afal ofmieacof [phobsphenysC4 to C8
alkyl or higher phosphate ester may be employed.in the invention. For ex , dributyl phosphate
(TBP) and tri ié%ﬂ@%%h%s%’éﬁ‘?ﬁ%ﬁ?ggg t?gl Lrj'élel .*E]%lg(gg%ﬁigttr?p 08531@;@? efs e E)yroggrg"m?’nation of
esters can - 7TRougnshiydeogeiectatiide dedictisddndhé dretoesiiust isethendesiredacsity Ehe of the
formulated fluid. Mixed estegs, such a %ﬁutyép%sghosahate or the ljke gybbe em&{gxevq’iﬁther than

a mixture of S TPRGRAAIFRSLE acitis may be etfectcd by rea

metal compounds as well known in the art.

[00177] The metal salts of dihydrocarbyldithiophosphates which are useful
in this invention include those salts containing Group I metals, Group II metals,
aluminum, lead, tin, molybdenum, manganese, cobalt, and nickel. The Group II
metals, alufninum, tin, iron, cobalt, lead, molybdenum, manganese, nickel and
copper are among the preferred metals. Zinc and copper are especially useful
metals. Examples of metal compounds which may be reacted with the acid
include lithium oxide, lithium hydroxide, sodium hydroxide, sodium carbonate,
potassium hydroxide, potassium carbonate, silver oxide, magnesium oxide,
magnesium hydroxide, calcium oxide, zinc hydroxide, strontium hydroxide,
cadmium oxide, cadmium hydroxide, barium oxide, aluminum oxide, iron
carbonate, copper hydroxide, lead hydroxide, tin butylate, cobalt hydroxide,

nickel hydroxide, nickel carbonate, and the like.

[00178] In some instances, the incorporation of certain ingredients such as
small amounts of the metal acetate or acetic acid in conjunction with the metal
reactant will facilitate the reaction and result in an improved product. For
example, the use of up to about 5% of zinc acetate in combination with the
required amount of zinc oxide facilitates the formation of a zinc

phosphorodithioate with potentially improved performance properties.



[00183]A trialkyl phosphate is often useful to adjust the specific gravity of the formulation, but it is
desirable that the specific triallcyl phosphate be a liquid at low temperatures. Consequently, a mixed

ester containgpg soleashone partially alkylated with a C3 to C4 alkyl group j-Yan.eesiasie. for
example, 4- isopropylphenyl diphenyl phosphate or 3-butylphenyl diphenyl phosphate. Even more

desirable is a triaryl phosphate produced by partially alkylating phenol with butylene or propylene to
form a mixed phenol which is then reacted with phosphorus oxychloride as taught in U.S. Pat. No.
3,576,923. [00184]Any mixed triaryl phosphate (TAP) esters may be used as cresyl diphenyl
phosphate, tricresyl phosphate, mixed xylyl cresyl phosphates, lower alkylphenyl/phenyl phosphates,
such as mixed isopropylphenyUphenyl phosphates, el yIphenyl phenyl phosphates. These esters
are used extensively as plasticizers, functional fluids, gasoline additives, flame-retardant additives and

the like. [00185]A treme pressure agent,.sulfursbased gxtre ressure ggents, such as sulfides,
[ ity <! Zr T e SR e

. . C a €S (8]
sulfoxides, sul ioph ina e%, focalbona uriz Eand olls, oletins and
the like; phospstassishoeséithtsiccnaeigse ssvielngimtausnchas phepmtedrichycidhesteeadtan, tofresyl
phosphate (TCP) and the like), phgsphorous acid esters, ph orc agid ester amine salts
phosphorous QSHSB%WQM@%%@%M%ME‘HS%&%ﬂsﬁ%-ﬁ&s@%‘&&%ﬁ eugﬁeoﬁ}ig,ﬁ&}}ch as
chlorinated hygipaareorenabltshthtketilirationmsiabics exstins v esisotobg evtisclsualdiatdually
thiophosphoric acid salts, (¢,9., zin¢ dithiophosphate, (ZnDTP) .and.the like) and thiocarbamic acid salts;
and the like cdRBeRe '.eﬁ% Q‘éﬁoﬁ‘[ﬂ?ieapﬁﬁﬂi%%‘?rg g ,ob?g%zf‘\%f‘n 3eh TR OUIRSPRRH as
molybdenum difldophofaleshdi¥ alan Rye nasédb de npradiitei ecarbgmefite ¢tial) odl) suldiihe tiletal
organoboric compoynds such as allcylmercaptyl borate and the like; solid lubricant anti-wear.agents
such as graphﬂgf?m%@ﬁd%ﬁ%ﬂ?ﬁshﬁégg nf#ﬁ%ﬁf@%ﬁﬂﬁe’,%ﬁ%ﬂe %o%s &0385,068@ A58* S hylene
and the like; acahtitse likeaced beitisatie[0Rdtabjdvwaphmsiheccfama &steretipemtiveploiliscdutlester,
and amine salt thereof functions to enhance the lubricating performances, and can be selected from

known compoﬁ conventionally employed as extreme pressure agents. Generally employed are
phosphoric acid esters, a thiophosphoric acid ester, or an amine salt thereof which has an alkyl group,

an alkeny| oy, Ak AIoNR, 010 SIURLALT R ISR R BRI sty ® o %0
alcohols, mixtures of different secondary alcohols or mixtures of primary and
secondary alcohols. Examples of useful mixtures include: n-butanol and n-
octanol; n-pentanol and 2-ethyl-l-hexanol; isobutanol and n-hexanol; isobutanol
and isoamyl alcohol; isopropanol and 2-methyl-4-pentanol; isopropanol and sec-

butyl alcohol; isopropanol and isooctyl alcohol; and the like.

[00181] Organic triesters of phosphorus acids are also employed in
lubricants. Typical esters include triarylphosphates, trialkyl phosphates, neutral
alkylaryl  phosphates, alkoxyalkyl  phosphates, triaryl  phosphite,
trialkylphosphite, neutral alkyl aryl phosphites, neutral phosphonate esters and
neutral phosphine oxide esters. In one embodiment, the long chain dialkyl
phosphonate esters are used. More prferentially, the dimethyl-, diethyl-, and
dipropyl-oleyl phohphonates can be used. Neutral acids of phosphorus acids are

the triesters rather than an acid (HO-P) or a salt of an acid.

[00182] Any C4 to C8 alkyl or higher phosphate ester may be employed in
the invention. For example, tributyl phosphate (TBP) and tri isooctal phosphate

(TOF) can be used. The specific triphosphate ester or combination of esters can



[00187]Examples of the phosphoric acid esters include aliphatic phosphoric acid esters such as
triisopropyl phosphate, tributyl phosphate, ethyl dibutyl phosphate, trinexyl phosphate, tri-2-ethylhexyl

phosphate, tki4yd-Phesphate, tristearyl phosphate, and trioleyl phosphatep @g dmatis,ghosphoric
acid esters such as benzyl phenyl phosphate, allyl diphenyl phosphate, triphenyl phosphate, tricresyl

phosphate, ethyl diphenyl phosphate, cresyl diphenyl phosphate, dicresyl phenyl phosphate,
ethylphenyl diphenyl phosphate, diethylphenyl phenyl phosphate, propylphenyl diphenyl phosphate,
dipropylphenyl phenyl phosphate, triethylphenyl phosphate, tripropylphenyl phosphate, butylphenyl
diphenyl phosphate, dibutylphenyl phenyl phosphate, and tributylphenyl phosphate. Preferably, the
phosphoric acid ester is a triallcylphenyl phosphate. T 1001881Examples of the thiophosphoric
acid esters include aliphatic thiophosphoric acid esters such as triisopropyl thiophosphate, tributyl

thiophosphate, ethyl dibutyl thigphosphate.,frinexyl thiophosphate, tri-2- ethylhexyl thiophosphate,
trilauryl thiophggif lt(’f ﬁ?s?ecg?gl%*&%o%p#aeéf 2h etrfll(‘ﬂre})?l ‘f@éﬁ?é&%ﬁa‘ﬁgl ﬁ(? éérl‘(!)érs']g)fce%' &a
thiophosphorigtacifbanidetal dhuid Rdiyd pisterg] thichhas phbuty bibdtvl phlevsphiate phro theh didee
triphenyl thiophosphate, tricresyl thiophpsphate. ethyl diphenyl thiophos e.Cr iphenyl
thiophosphate?&i%%ﬁ%é’ﬁﬁ%ﬁ%aﬁ {)%% a?efné%%ﬁgh(g%’rﬁipﬁ%?/ et%%aggﬁ,gﬁg%f}yéfgﬂgylphenyl
phenyl thiophosphate, propylphenyl diphenyl thiophosphate, dipropylphenyl phenyl thiophosphate,
triethylphenylgii #}‘prhate triprapylphenyl thiophosphate, butylpheny| diphenyk thiophosphage,
dibutylphenyl {gﬁ hioph&[gﬁgﬁgﬂlﬁg(ﬁéu"fﬁp%eor{%% ]ilgs#gfs%qr?%@g%re er‘sgbeélﬁﬁéﬁ%ﬁgsphoric
acid ester is attiiaforipadatybihibphitsishdesiribdd 883 the spyoifiabiabrd phosplsetiisbefalequid

bove- tioned phosphates and thiophosph . Ami f acidic alkyl I f th
phosphoric aot) At RIRSKRBIE mbH FAARED b loAE Pl AL S e e oo
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salt of trialkylppaidl phaBphatedwaith andBacTUailkiKly phws b atary| e BOYGn o exaynpdey nation of
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“more desirable is a triaryl phosphate produced by partially alkylating phenol
with butylene or propylene to form a mixed phenol which is then reacted with

phosphorus oxychloride as taught in U.S. Pat. No. 3,576,923.

[00184] Any mixed triaryl phosphate (TAP) esters may be used as cresyl
diphenyl phosphate, tricresyl phosphate, mixed xylyl cresyl phosphates, lower
alkylphenyl/phenyl phosphates, such as mixed isopropylphenyl/phenyl
phosphates, t-butylphenyl phenyl phosphates. These esters are used extensively
as plasticizers, functional fluids, gasoline additives, flame-retardant additives
and the like.

[00185] An Extreme pressure agent, sulfur-based extreme pressure agents,
such as sulfides, sulfoxides, sulfones, thiophosphinates, thiocarbonates,
sulfurized fats and oils, sulfurized olefins and the like; phosphorus-based
extreme pressure agents, such as phosphoric acid esters (e.g., tricresyl phosphate
(TCP) and the like), phosphorous acid esters, phosphoric acid ester amine salts,
phosphorous acid ester amine salts, and the like; halogen-based extreme pressure
agents, such as chlorinated hydrocarbons and the like; organometallic extreme
pressure agents, such as thiophosphoric acid salts (e.g., zinc dithiophosphate

(ZnDTP) and the like) and thiocarbamic acid salts; and the like can be used. As



[00191]The phosphorus acid ester and/or its amine salt function to enhance the lubricating
performances, and can be selected from known compounds conventionally employed as extreme

pressure agepis 6a¢ned@lly employed are a phosphorus acid ester or an apieEaliaees which has
an alkyl group, an - 76 - alkenyl group, an alkylaryl group, or an aralkyl group, any of which contains

approximately 3 to 30 carbon atoms. [00192]Examples of the phosphorus acid esters include aliphatic
phosphorus acid esters such as triisopropyl phosphite, tributyl phosphite, ethyl dibutyl phosphite,
trinexyl phosphite, tri-2-ethylhexylphosphite, trilauryl phosphite, tristearyl phosphite, and trioleyl
phosphite; and aromatic phosphorus acid esters such_as benzyl phenyl phosphite, allyl
diphenylphosphite, triphenyl phosphite, tricresyl phoég%t'e, ethyl diphenyl phosphite, tributyl phosphite,
ethyl dibutyl phosphite, cresyl diphenyl phosphite, dicresyl phenyl phosphite, ethylphenyl diphenyl

hosphite, di Iph | j di , di I
Bhosphite i Eptc B SR i \EOIRRARAICRILS, o siipbatualery
dibutylpheny! githiophtrppitée(todXiiBltyipodyhdemospidithiotstarateb KMelpldyk dade thewuryl

hosphite. diojayi TR ) : . e o
Bl bster s R o OB iR e A S el S R R e o
a polyamine. Thbrisalyaanitiewaaclagentkoudhted @raphits;, faalypdsnunindidilidee antimony
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amine where péuiedl above formula is one. Examples of these amines include Ethoduomeen T/13 and
T120 which are ethylene oxide condensation products of N-tallowtrimethylenediamine containing 3 -

and 10 moles of ethylene oxide per mole of diamine, respectively.
[00186] The phosphoric acid ester, thiophosphoric acid ester, and amine

salt thereof functions to enhance the lubricating performances, and can be
selected from known compounds conventionally employed as extreme pressure
agents. Generally employed are phosphoric acid esters, a thiophosphoric acid
estef, or an amine salt thereof which has an alkyl group, an alkenyl group, an
alkylaryl group, or an aralkyl group, any of which contains approximately 3 to

30 carbon atoms.

[00187] Examples of the phosphoric acid esters include aliphatic
phosphoric acid esters such as triisopropyl phosphate, tributyl phosphate, ethyl
dibutyl phosphate, trihexyl phosphate, tri-2-ethylhexyl phosphate, trilauryl
phosphate, tristearyl phosphate, and trioleyl phosphate; and aromatic phosphoric
acid esters such as benzyl pheny! phosphate, allyl diphenyl phosphate, triphenyl
phosphate, tricresyl phosphate, ethyl diphenyl phosphate, cresyl diphenyl
phosphate, dicresyl phenyl phosphate, ethylphenyl diphenyl phosphate,
diethylphenyl phenyl phosphate, propylphenyl diphenyl phosphate,
dipropylphenyl phenyl phosphate, triethylphenyl phosphate, tripropylphenyl
phosphate, butylphenyl diphenyl phosphate, dibutylpheny! phenyl phosphate,
and tributylphenyl phosphate. Preferably, the phosphoric acid ester is a
trialkylphenyl phosphate.



WO 2007/145924PCT/US2007/013205 - 77 - diamines, propane diamines (1,2, or 1,3), and polyamine
analogs of the above. Suitable commercial fatty polyamines are Duomeen C. (N-coco-1,3-

diaminopropgs hPMamsen S (N-soya-1,3-diaminopropane), Duomeen T per/us2007/013205
(Ntallow-1,3-diaminopropane), and Duomeen 0 (N-oleyl-1,3-diaminopropane). "Duomeens” are
commercially available from Armak Chemical Co., Chicago,
[00195]Suchalkylenepolyaminesincludemethylenepolyamines, ethylenepolyamines, butyl enepolyami
nes, propylenepolyamines, pentylenepolyamines, etc. The higher homologs and related heterocyclic
amines such as piperazines and N-amino alkyl-substituted piperazines are also included. Specific
examples of such polyamines are ethylenediamine, friéﬁylenetetramine,
tris-(2-aminoethyDamine,propylenediamine,trimethylenediamine,

tripropylencteygy g tetraciehaRe NI ie MEBRIERSHEP NN 8- RECIARNIMED hEpAANCe, et

Higher homologs obtained Dy cortdensing two or more e above-noted allcyleneamines are
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phenyl thiophosphate, allyl diphenyl thiophosphate, triphenyl thiophosphate,
tricresyl thiophosphate, ethyl dipheny! thiophosphate, cresyl diphenyl
thiophosphate, dicresyl phenyl thiophosphate, ethylphenyl diphenyl
thiophosphate, diethylphenyl phenyl thiophosphate, propylphenyl diphenyl
thiophosphate,  dipropylphenyl  phenyl thiophosphate, triethylphenyl
thiophosphate,  tripropylphenyl  thiophosphate,  butylphenyl  diphenyl
thiophosphate, dibutylphenyl phenyl thiophosphate, and tributylphenyl
thiophosphate. Preferably, the thiophosphoric acid ester is a trialkylphenyl
thiophosphate.

[00189] Also employable are amine salts of the above-mentioned
phosphates and thiophosphates. Amine salts of acidic alkyl or aryl esters of the
phosphoric acid and thiophosphoric acid are also employable. Preferably, the
amine salt is an amine salt of trialkylphenyl phosphate or an amine salt of alkyl

phosphate.

[00190]) ° One or any combination of the compounds selected from the group
consisting of a phosphoric acid ester, a thiophosphoric acid ester, and an amine

salt thereof may be used.

[00191] The phosphorus acid ester and/or its amine salt function to enhance
the lubricating performances, and can be selected from known compounds
conventionally employed as extreme pressure agents. Generally employed are a

phosphorus acid ester or an amine salt thereof which has an alkyl group, an



[00197]Other useful types of polyamine mixtures are those resulting from stripping of the
above-described polyamine mixtures to leave, as residue, what is often termed "polyamine bottoms".
In general, alk\jegepplyamine bottoms can be characterized as having less 206 s1s9@dly less than
1% (by weight) - 78 - material boiling below about 200C. A typical sample of such ethylene polyamine
bottoms obtained from the Dow Chemical Company of Freeport, Tex. designated "E-100". These
alkylenepolyamine bottoms include cyclic condensation products such as piperazine and higher
analogs of diethylenetriamine, triethylenetetramine and the like. These alkylenepolyamine bottoms can
be reacted solely with the acylating agent or they can be used with other amines, polyarnines, or
mixtures thereof Another useful polyamine is a condéd&stion reaction between at least one hydroxy
compound with at least one polyamlne reactant containing at least one primary or secondary amino

group. The hyd ompounds a >§? ol h [ % d amin
alcohols are def%%r\?{ﬁ (ge)lllgw 5 g@étgr spgerrgsh:(glltP ﬁr?i%heg@mgg |ment t%&ﬁ%éﬁroxy
compounds a@pmdﬁmmsommwwmmes include any of the above-described

monoamines reacted with an allcylene oxide (e.g., ethylene oxide, propylene oxide, butylene oxide,
etc.) having from two to about 20 carbon atoms, or from two to about four. Examples of polyhydric

amines includ¢0@it@3jdroxyErpyijdesinefirisiiey dphospletnys) amdid nestheneinclude aliphatic
2-amino-2-methyl-1 3- ropas diol, N, N Ntetrakis(2-hydro ethylenediaming, an

N,N,N,N- tetraki f’f Hygfox%/celfiﬁs)te I%n'\é"dlam{lmso q ﬁy%éﬁ]%r%xﬁrﬁglﬁlp n'i?ri]tomg%
(THAM). [0019ﬁiﬂﬁtylyaphbepthch meheky\hthphesphimydtm—al@mplmalphmphimm théauryl

condensation products or conde mines, ar Pre erre include

triethylenetetr Mg "F‘Efﬂft?e qsé%epén%nmlneﬁ(ﬁ“)é)lyg)o Sﬁe ae?ﬁ' enene QP%? (ﬁ‘ﬁéﬂ%) nd

mixtures of poWMSwdclasﬁhbeahgh&hlasyhbhdﬂﬂrﬁmealﬂq{tmeuymsphnte triphenyl
phosphite, tricresyl phosphite, ethyl diphenyl phosphite, tributyl phosphite, ethyl

dibutyl phosphite, cresyl diphenyl phosphite, dicresyl phenyl phosphite,
ethyfphenyl diphenyl phosphite, diethylphenyl phenyl phosphite, propylphenyl
diphenyl phosphite, dipropylphenyl phenyl phosphite, triethylphenyl phosphite,
tripropylphenyl phosphite, butylphenyl diphenyl phosphite, dibutylphenyl
phenyl phosphite, and tributylphenyl phosphite. Also favorably employed are
dilauryl phosphite, dioleyl phosphite, dialkyl phosphites, and diphenyl
phosphite. Preferably, the phosphorus acid ester is a dialkyl phosphite or a
trialkyl phosphite.

[00193] The phosphate salt may be derived from a polyamine. The
polyamines include alkoxylated diamines, fatty polyamine diamines,
alkylenepolyamines, hydroxy containing polyamines, condensed polyamines
arylpolyamines, and heterocyclic polyamines. Commercially available examples
of alkoxylated diamines include those amine where y in the above formula is
one. Examples of these amines include Ethoduomeen T/13 and T/20 which are
ethylene oxide condensation products of N-tallowtrimethylenediamine

containing 3 and 10 moles of ethylene oxide per mole of diamine, respectively.

[00194] In another embodiment, the polyamine is a fatty diamine. The fatty

diamines include mono- or dialkyl, symmetrical or asymmetrical ethylene



polysulphides, dibenzyl disulphide, alkyl mercaptans, dibenzothiophene and
2,2'-dithiobis(benzothiazole); phosphorus-based extreme pressure additives such as trialkyl

phosphates, {igngphegrlates, trialkyl phosphonates, triallcyl phosphites, fsiagy|ahipsRREas and
dialkylhydrozine phosphites, and phosphorus-and sulphur-based extreme pressure additives such as

zinc dialkyldithiophosphates, dialkylthiophosphoric acid, trialkyl thiophosphate esters, acidic
thiophosphate esters and trialkyl trithiophosphates. These extreme pressure additives can be used
individually or in the form of mixtures, conveniently in an amount within the range from 0.1 to 2 parts
by weight, per 100 parts by weight of the base oil. [00200]All the above can be performance enhanced
using a variety of cobase stocks, AN, AB, ADPO, ADPS -ADPM, and / or a variety of mono-basic,
di-basic, and tribasic esters in conjunction with low sulfur, low aromatic, low iodine number, low

bromine number, high analine poipt, isoparafig. EXAMPLES [00201]For comparis three industrial
oil blends Wg@‘?&ﬂ?&t@&?ﬂﬂpﬁléﬁ@?‘éﬁ%ﬁngd?ﬁé lggs@s 0[%1@' %rrlll o é‘%géi t%?;@grﬁg Nshdard
gear oil gddlt}g@,ﬁgﬁl@g@,&@@@&%}ﬁhe fusiyblgrs panipesesazeneDiionzea cabaly @8- 6040-bdse stock
with a V|sc05|té/.of 150 cSt, Kv100C. The se o@ base st c&.contained aP qj/vith a Vviscosity of 4 cSt,
Kv100C. [00288RiRRIeRAD e P CBIFER RS 'c?ﬂ%ﬂiilaﬁ AR PR Base' gfggﬁr\l/vﬁsg%scosity

of 100 cSt, KvhPx-11e diaaandfropahese aidciDudmesis 0siNedkeyiSl, edif@hopropane).
"Duomeens" are commercially available from Armak Chemical Co., Chicago,

Il

[00195] Such  alkylenepolyamines include  methylenepolyamines,
ethylenepolyamines, butylenepolyamines, propylenepolyamines,
pentylenepolyamines, etc. The higher homologs and related heterocyclic amines
such as piperazines and N-amino alkyl-substituted piperazines are also included.
Specific examples of such polyamines are ethylenediamine, triethylenetetramine,
tris-(2-aminoethyl)amine, propylenediamine, trimethylenediamine,
tripropylenetetramine, tetracthylenepentamine, hexaethyleneheptamine,
pentaethylenehexamine, etc. Higher homologs obtained by condensing two or '
more of the above-noted alkyleneamines are similarly useful as are mixtures of

two or more of the aforedescribed polyamines.

[00196] In one embodiment the polyamine is an ethylenepolyamine. Such
polyamines are described in detail under the heading Ethylene Amines in Kirk
Othmer's "Encyclopedia of Chemical Technology", 2d Edition, Vol. 7, pages 22-
37, Interscience Publishers, New York (1965). Ethylenepolyamines are often a
complex mixture of polyalkylenepolyamines including cyclic condensation

products.

[00197] Other useful types of polyamine mixtures are those resulting from
stripping of the above-described polyamine mixtures to leave, as residue, what is
often termed "polyamine bottoms". In general, alkylenepolyamine bottoms can

be characterized as having less than 2%, usually less than 1% (by weight)



- 80 - [00204]The third blend comprises a regular high viscosity PAO with a viscosity of 100 cSt,
Kv100C and a low viscosity PAO with a viscosity of 6 cSt, Kv100C. This third blend is a typical

commercially,ayajiahigsbignd. [00205]Table 5 shows the shear properties gfthq;tBi680R1808S. As
shown in table 5 the shear benefit is most pronounced in the mettalocene catalyzed base stocks. The

chromium blend with the bi-modal viscosities has improved shear stability from the prior art "dumbbell”
blend but does not provide the same shear stability as the Metallocene catalyzed PAO. Table 5
Tapered Roller Bearing Results (% Viscosity loss at 100 Hours) All blended to ISO VG 320 with full
additive packages Blend OneBlend TwoBlend Three metallocene cat.Chromium cat. PAO 150/PAO
150/PAO 100/ PAO 4 mixPAO 4 mixPAO 6 mix B

material boiling below about 200C. A typical sample of such ethylene polyamine
bottoms obtained from the Dow Chemical Company of Freeport, Tex.
designated "E-100". These alkylenepolyamine bottoms include cyclic
condensation products such as piperazine and higher analogs of
diethylenetriamine, triethylenetetramine and the like. These alkylenepolyamine
bottoms can be reacted solely with the acylating agent or they can be used with
other amines, polyamines, or mixtures thereof. Another useful polyamine is a

~ condensation reaction between at least one hydroxy compound with at least one
polyamine reactant containing at least one primary or secondary amino group.
The hydroxy compounds are preferably polyhydric alcohols and amines. The
polyhydric alcohols are described below. (See carboxylic ester dispersants.) In
one embodiment, the hydroxy compounds are polyhydric amines. Polyhydric
amines include any of the above-described monoamines reacted with an alkylene
oxide (e.g., ethylene oxide, propylene oxide, butylene oxide, etc.) having from
two to about 20 carbon atoms, or from two to about four. Examples of
polyhydric amines include tri-(hydroxypropyl)amine, tris-
(hydroxymethyl)amino methane, 2-amino-2-methyl-1,3-propanediol, N,N,N',N'-
tetrakis(2-hydroxypropyl)ethylenediamine, and N,N,N',N'-tetrakis(2-
hydroxyethyl)ethylenediamine, preferably tris(hydroxymethyl)aminomethane
(THAM).

[00198] Polyamines which react with the polyhydric alcohol or amine to
form the condensation products or condensed amines, are described above.
Preferred polyamines ‘include triethylenetetramine (TETA),
tetracthylenepentamine (TEPA), pentaethylenehexamine (PEHA), and mixtures

of polyamines such as the above-described "amine bottoms".

[00199] Examples of extreme pressure additives include sulphur-based

extreme pressure additives such as dialkyl sulphides, dibenzyl sulphide, dialkyl



0.66.31.1 [00206]In addition, the metallocene based bases stocks in a bi-modal formula provides
favorable air release benefits as compared to a typical PAO blend. Table 6 demonstrates the improved

air release bpghitgas@fynction of ISO viscosity grades. Table 6 ASTM D3d24:§4ef=bhResults (time to
-81 - 0.2% air) All blended to ISO VG with 10% Ester Current Invention (PAO 150/PAO 4 ISO
VGmix)PAO 100/PAO 6 mix

-79-

polysulphides, dibenzyl disulphide, alkyl mercaptans, dibenzothiophene and
2,2'-dithiobis(benzothiazole); phosphorus-based extreme pressure additives such
as trialkyl phosphates, triaryl phosphates, trialkyl phosphonates, trialkyl
phosphites, triaryl phosphites and dialkylhydrozine phosphites, and phosphorus-
and sulphur-based extreme pressure additives such as  zinc
dialkyldithiophosphates, dialkylthiophosphoric acid, trialkyl thiophosphate
esters, acidic thiophosphate esters and trialkyl trithiophosphates. These extreme
pressure additives can be used individually or in the form of mixtures,
conveniently in an amount within the range from 0.1 to 2 parts by weight, per

100 parts by weight of the base oil.

[00200] All the above can be performance enhanced using a variety of
cobase stocks, AN, AB, ADPO, ADPS, ADPM, and / or a variety of mono-basic,
di-basic, and tribasic esters in conjunction with low sulfur, low aromatic, low

iodine number, low bromine number, high analine point, isoparafin.

EXAMPLES

[00201] For comparisons three industrial oil blends were formulated. All
blends contained two base stocks and contained the same standard gear oil

additive package.

[00202] The first blend comprises a metallocene catalyzed PAO base stock
with a viscosity of 150 cSt, Kv100°C. The second base stock contained a PAO
with a viscosity of 4 cSt, Kv100°C.

[00203] The second blend comprises a chromium catalyzed PAO base
stock with a viscosity of 100 ¢St, Kv100°C. The second PAO base stock with a
viscosity of 4 c¢St, Kv100°C.



681.42.1 1502.95.6 4606.519.7 [00207]The data from table 6 is shown in figure 3. Figure 3 is a graph
illustrating the improved air release benefits profile 31 of high viscosity metallocene catalyzed base
stocks in bi-asiaiBlendAas compared to the profile 33 of a high viscosity PAQ,basf 569N a blend
with a low viscosity base stock. [00208] While the examples have been to gear oils, these examples
are not intended to be limiting. The novel formulations provides improved properties of all lubricating
uses including but not limited to industrial, engine and hydraulic oils. [00209]In addition to the above
examples, The following base stock combinations give favorable properties: high viscosity metallocene
catalyzed PAO 150 cSt and gas to liquid ("GTL") base stocks or wax derived lubricants, high viscosity
metallocene catalyzed PAO 150 cSt + Group llI base'%bks, high viscosity metallocene catalyzed
PAO 150 cSt + Group IlI'base stocks, metallocene catalyzed 150 cSt + PAO 100 (with or without Poly
Iso Buthylene ("NB")) + 0Th base stocks, high viscosity metallocene catalyzed PAO 150 cSt + PAO
100 (with or without FIB) + Group Il base stocks, high viscosity metallocene catalyzed PAO 150 cSt +

PAO 100 (withjpe2eigjout PIBhe thiodblehdsedmtiptiseshigtedatasihighetdiicssing PAGlrathPAO 150
cSt + Brightstock - 82 - (with or withgut PIB) + GM base stocks, high viscosjty metallocene gatalyzed
PAO 150 cSt ’é?@i&éﬁ%ﬁ%’%ﬁ&%ﬂy rgﬁglﬁlﬁ%%sétgt cfl}§ Wd#%?sgé%ﬁ&s}ﬁet% I%cene
catalyzed PAQSHK&306WigMstotkifi/blend ¢ th ovpicaB ronfsnenpi l lyeseaiiaisliesblendll above cases,
some portion of Group | base stock can be added to achieve suitable viscosity and to impart

solvency/dispersancy and other property typical to Group | base stocks. In addition, based on the
disclosure her¢ggo20is3r baseTakleks shaidetiiclidpatajeopsedeitios thatthive bldndsnodes”shown

"extreme-modal” blending result can also.be enyisioned with the benefit Qf the disclosure, herein to
deliver favoraﬂféﬁ?}gﬁgafgﬂ%sj’r%?fegﬁggﬁf’%géoﬁ}gﬁgﬂ?é‘?f d%%u?‘fﬁ%%ﬁﬁi% :f Zrﬁf%:r%%ﬁting, air
release, pour pesksovTtemjlaiiiyibhasitywibuhp Givinsldad vitabiityesihdsaiv marwdsdnshiear thereof.
[00210]in one gtgigﬁ%lf %r}}i %%'AQ gxgt\‘eéar%%ebgﬁ’e%?gng%eupdg]ees rt]llgp provide the same shear

stability as the Metallocene catalyzed PAO.

Table 5

Tapered Roller Bearing Results

(% Viscosity loss at 100 Hours)

All blended to ISO VG 320
with full additive packages

Blend One Blend Two Blend Three
metallocene cat. Chromium cat.
PAO 150/ PAO 150/ PAO 100/
PAO 4 mix PAO 4 mix PAO 6 mix
0.6 6.3 1.1
[00206] In addition, the metallocene based bases stocks in a bi-modal

formula provides favorable air release benefits as compared to a typical PAO

blend. Table 6 demonstrates the improved air release benefits as a function of

ISO viscosity grades.

Table 6
ASTM D3427 (75C) Results (time to



inherent VI of the base stocks. This benefit permits the ability to avoid VI improvers that may adversely
affect shear stability. In this embodiment, the shear stability of the lubricant should be less than 15
percent and gugRoiARaeferably less than 10 percent and in the most preferrdBResENReNt, there
will be essentially no VI improvers. [00211]In a preferred embodiment, no transition or alkali metals are
used in the finished formulation. This finished formulation would provide enhanced hydrolytic stability.
[00212]In another embodiment, another benefit of the improved base stocks properties is the ability to
use less additives. In a preferred embodiment, the base stock combination provides the ability to use
treat rates less than 10 percent and less than 5 percent. - 83-- CLAIMS 1. A lubricating oil, comprising

a) at least two base stocks; b) a first base haan@la' viscosity greater than 40 cSt, Kv100C and
the first base stock having a molecular weight distribution (MWD) as a function of viscosity at least 10
percent less than algorithm 0.2% air) :
All blended to ISO VG with 10%
Ester

Current Invention (PAO 150/PAO 4

ISO VG mix) PAO 100/PAO 6 mix
68 1.4 2.1

150 2.9 5.6

460 6.5 19.7

[00207] The data from table 6 is shown in figure 3. Figure 3 is a graph
illustrating the improved air release benefits profile 31 of high viscosity
metallocene catalyzed base stocks in bi-modal blend as compared to the profile

33 of a high viscosity PAO base stock in a blend with a low viscosity base stock.

[00208] While the examples have been to gear oils, these examples are not
intended to be limiting. The novel formulations provides improved properties of
all lubricating uses including but not limited to industrial, engine and hydraulic

oils.

]

[00209] In addition to the above examples, The following base stock
combinations give favorable properties: high viscosity metallocene catalyzed
PAO 150 cSt and gas to liquid (“GTL”) base stocks or wax derived lubricants,
high viscosity metallocene catalyzed PAO 150 cSt + Group III base stocks, high
viscosity metallocene catalyzed PAO 150 cSt + Group II base stocks,
metallocene catalyzed 150 cSt + PAO 100 (with or without Poly Iso Buthylene
(“PIB”)) + GTL base stocks, high viscosity metallocene catalyzed PAO 150 cSt
+ PAO 100 (with or without PIB) + Group III base stocks, high viscosity
metallocene catalyzed PAO 150 cSt + PAO 100 (with or without PIB) + Group
IT base stocks, high viscosity metallocene catalyzed PAO 150 cSt + Brightstock



MWD = 0.2223 + 1.0232* log (Kv at 100C in cSt); c) a second base stock with a viscosity less
than 10 cSt, Kv100C. 2. The lubricating oil of claim 1 wherein the viscosity difference between the

first and the $p§anshRags Stocks is greater than 30 ¢St, Kv100C . 3. Thedyhisaiing £i0f claim 1
wherein the first base stock is a metallecene catalyzed PAO base stock. 4. The lubricating oil of

claim 1 wherein the second base stock is chosen from the group consisting of GTL lubricants, wax
derived lubricants, Poly-Alpha-Olefin (PAO), Brightstocks, Brightstocks with PIB, Group | base stocks,
group Il base stocks, group Ill 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, demulsifier, deterg‘eﬁ,'dispersant, metal passivator, friction reducer,
rust inhibitor, and any combination thereof 6. The lubricating oil of claim 1 further comprising a third

e o N MRS G S S R R R
ester base stop.@lkg@iesk ar Birilaandiafyichvbiwithont RIBDPH Gréuf BH ldsecstingihigiclaim 6
wherein the ﬁrgfsgggi%yStr%%lanﬁ)scgn\gSggtsailtyz%??’tgrdh?gosggtc-sl—t'ﬁ%’é‘l?t%%cﬁ %ﬁvfth or without
PIB) + Group II base stocks. In all above cases, some portion of Group I base
stock can be added to achieve suitable viscosity and to impart
solvency/dispersancy and other property typical to Group I base stocks. In
addition, based on the disclosure herein other base stocks of widely disparate
viscosities that give a "bi-modal” or “extreme-modal” blending result can also be
. envisioned with the benefit of the disclosure herein to deliver favorable
lubricating properties. These properties inlduce but are not limited to
micropitting, air release, pour point, low temperature viscosity, pour point, shear

stability, and any combination thereof.

[00210] In one embodiment, no VI improvers are needed due to the high
inherent VI of the base stocks. This benefit permits the ability to avoid VI
improvers that may adversely affect shear stability. In this embodiment, the
shear stability of the lubricant should be less than 15 percent and even more
preferably less than 10 percent and in the most preferred embodiment, there will

be essentially no VI improvers.

[00211] In a preferred embodiment, no transition or alkali metals are used

in the finished formulation. This finished formulation would provide enhanced

hydrolytic stability.

[00212] In another embodiment, another benefit of the improved base
stocks properties is the ability to use less additives. In a preferred embodiment,
the base stock combination provides the ability to use treat rates less than 10

percent and less than 5 percent.



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 cSt,
Kv100C, the fourth base stock comprising an alkylated aromatic base stock. 10. The
lubricating oil of claim 1 wherein the second base stock has a viscosity greater than 1.5 and
less than 6 cSt, Kv100C 11. The lubricating ailgf claim 1 wherein the viscosity difference
between the first base stock and the second base stock is greater than 96 cSt, Kv100C.
12. The lubricating oil of claim 1 wherein the first base stock has a molecular weight
distribution | S\ algorithm: MWD = 0.41667 + 0.725 * log (Kv at 100C in cSt). 13. A
lubricating oﬁi’ccmprising a) at least two base stocks; b) a first base stock
comprising a metallocene catalyzed PAO with a viscosity greater than 40 c¢St, Kv100C,;
c) a second base stocR dehripaishept, shmpEsIgiscosity less than 10 cSt, Kv100C.  14. The
lubricating oil of claim 13 wherein the first base stock is greater than 300 cSt, Kv100C. 15.
The lubricating oil of clifth et ierbisa @St base stock has a molecular weight distribution
(MWD) as & unction qvisgosiy, o |6251,12 RIS s bR S8 B kvi00°c and the s
base stock having a molecular weight distribution (MWD) as a function of viscosity at

least 10 percent less than algorithm
MWD = 0.2223 + 1.0232* log (Kv at 100°C in cSt);
c¢) a second base stock with a viscosity less than 10 ¢St, Kv100°C.

2. The lubricating oil of claim 1 wherein the viscosity difference between the

first and the second base stocks is greater than 30 cSt, Kv100°C .

3. The lubricating oil of claim 1 wherein the first base stock is a metallecene

catalyzed PAO base stock,

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

group III 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,
demulsifier, detergent, dispersant, metal passivator, friction reducer, rust inhibitor, and

any combination thereof.
6. The lubricating oil of claim 1 further comprising a third base stock.

7. The lubricating oil of claim 6, wherein the third base stock is chosen from a
group consisting of a PAO with a viscosity of at least 6 c¢St, Kv100°C and no more than

100 cSt, Kv100°C, ester base stock, alkylated aromatic and any combination thereof.

8. The lubricating oil of claim 6 wherein the first base stock has a viscosity

greater than 300 cSt, Kv100°C.



MV/fl = 0.2223 + 1.0232* log (Kv at 100C in cSt). 16. The lubricating oil of claim 13
wherein the second base stock has a viscosity greater than 1.5 ¢St, Kv100C. - 85 - 17.
The lubricating oil of claim 13 further comprising an alkylated aromatic and an additive
package. 18. The lubricating oil of claim 13 wherein the first base stock has a molecular
weight distribution less than algorithm. MWD = 0.4%667 + 0.725 * log (Kv at 100C in cSt).
19. The lubricating oil of claim 13 wherein the second base stock is chosen from the group
consisting of GTL lubricants, wax derived lubricants, Poly Alpha Olefin, Brightstocks,

Brightstocks with PIB,.Group |.base stoc roup U base stocks, group 11l base stocks, and
any combination toreok ARG T LA o B Gk e T TR bR oTg AR,
the additive sthasahdthindthasgroogk congisting efRhviear aatidsdokant ofl efdemsiahit; Siemulsifier,

detergent, djspersant, smetal ivatorfriction reducer, rust inhibitor, ny combination
thoreor TR TR S TR SR SR o0 BRAGY SRR
to obtain faweakle lubricant properties from the group consisting of micropitting, air release,

pour point, low temperature viscosity, pour point, shear stability, lower oil operating
temperature, enerdyf effiblehbyig#tng iyl cdrplsimatonhereiadhe secppd page|sioakmi g oisePBRtim

13 wherein the.yiscRsily difistencahstyesnthe dirst base stock and the second base stock is
greater than 30 cSt, Kv100C.

I1. The lubricating oil of claim 1 wherein the viscosity difference between the

first base stock and the second base stock is greater than 96 ¢St, Kv100°C.

12. The lubricating oil of claim 1 wherein the first base stock has a molecular

weight distribution less than algorithm:
MWD = 0.41667 + 0.725 * log (Kv at 100°C in ¢St).
13. A lubricating oil, comprising
a) at least two base stocks;

b) a first base stock comprising a metallocene catalyzed PAQ with a

viscosity greater than 40 ¢St, Kv100°C;

¢) a second base stock comprising a oil with a viscosity less than 10 cSt,

Kv100°C.

14, The lubricating oil of claim 13 wherein the first base stock is greater than

300 cSt, Kv100°C.

15. The lubricating oil of claim 13 wherein the first base stock has a molecular
weight distribution (MWD) as a function of viscosity at least 10 percent less than

algorithm
MWD = 0.2223 + 1.0232* log (Kv at 100°C in cSt).

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

greater than 1.5 ¢St, Kv100°C.



23. The lubricating oil of claim 13 wherein the viscosity difference between the first base stock
and the second base stock is greater than 96 cSt, Kv100C. 24. A method of blending a
lubricating oil, comprising, a) obtaining a first synthetic base stock lubricant the first base
stock having a viscosity greater than 40 c¢St, Kv100C and the first bases stock having a
molecular weight distribution (MWD) as a function_gfviscosity at least 10 percent less than
algorithm - 86 - MWD = 0.2223 + 1.0232* log (Kv at 100C in cSt); b) obtaining a
second synthetic base stock lubricant, the second base stock lubricant has a viscosity less

than 10 cSt, Kv100 E xm%tpgfflcrls % }J&ﬁg\rdcgas% Sgi%oc[a(nlu gi% o) m uce &he
lubricating oil. ubricatirty oil of claim &réin the Vi Srefice pendieen
the first andaha@hbwﬂ@hwstocks is greater than 30 cSt, Kv100C . 26. The lubricating

oil of claim 24 wherein the high viscosity base stock is a metallocene catalyzed PAO base

stock. 27. Thel&briEagifgpoitasing ainot 4 e idinviimsese tom ishbase ok iah e sapléeotar

the group copgisting @fiGafibubicaNSYERdRrived lubricants, Poly Alpha Olefin,
Brightstocks, Brightstocks with PIB, group | base stocks, group Il base stocks, group Il base

stocks, and any comipmatianthereefo. 725 * log (Kv at 100°C in cSt).
19. The lubricating o0il of claim 13 wherein the second base stock is chosen from
the group consisting of GTL lubricants, wax derived lubricants, Poly Alpha Olefin,
Brightstocks, Brightstocks with PIB, Group I base stocks, group Il base stocks, group III

base stocks, and any combination thereof.

20. The lubricating oil of claim 13 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.

21. The lubricating oil of claim 13 further comprising at least one additive chosen
to obtain favorable lubricant properties from the group consisting of micropitting, air
release, pour point, low temperature viscosity, pour point, shear stability, lower oil

operating temperature, energy efficiency and any combination thereof.

22. The lubricating oil of claim 13 wherein the viscosity difference between the

first base stock and the second base stock is greater than 30 ¢St, Kv100°C.

23. The lubricating oil of claim I3 wherein the viscosity difference between the

first base stock and the second base stock is greater than 96 cSt, Kv100°C.

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

a) obtaining a first synthetic base stock lubricant the first base stock having
a viscosity greater than 40 c¢S8t, Kv100°C and the first bases stock having a molecular
weight distribution (MWD) as a function of viscosity at least 10 percent less than
algorithm



28. The lubricating oil of claim 24 further comprising at least one 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.

29. The lubricating oil of claim 24 further comprising a third base stock. 30. The
lubricating oil of claim 29, wherein the third base stggk is chosen from a group consisting of a
PAO with a viscosity of at least 6 cSt, Kvl 00C and no more than 100 cSt, Kv100C, ester base
stock, alkylated aromatic and any combination thereof. 31. The lubricating oil of claim 24

wherein the first base W@B 32\3 cogiﬁigg ég»&%u\gn jg@“ﬁsﬂt’ﬁ v100C. 32. The
urther’ ing at It

lubricating oil of claim rther'co p+ri | dt u Qé stock, the third base

stock comprising a PAQ having.a vis %it of aghle[as 6 ¢St and less than 100 cSt, Kv100C
the fourth base stock c@m@?fgfﬁlgn%ré gf%yrgées arc?rﬁcatlgsﬁafé%cgtqouc r}ce_irlg,?ﬁ}e Secggé e SQOCk
lubricating ditlricsnimas sawisepsity tleesshaond ¢RisK st06k(as a viscosity greater than 1.5 and

less than 6 cSt, Kv100C11. 34. The lubricating oil of claim 24 wherein the viscosity

difference between theSirtBbtasdarstan fse 8 Bedelshsiens igramdion s bdricating

oil.

25. The lubricating oil of claim 24 wherein the viscosity difference between the

first and the second base stocks is greater than 30 ¢St, Kv100°C .

26. The lubricating oil of claim 24 wherein the high viscosity base stock is a

metallocene catalyzed PAO base stock.

27. The lubricating oil of claim 24 wherein the second base stock is chosen from
the group consisting of GTL lubricants, wax derived lubricants, Poly Alpha Olefin,
Brightstocks, Brightstocks with PIB, group I base stocks, group Il base stocks, group III

base stocks, and any combination thereof,

28. The lubricating oil of claim 24 further comprising at least one 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.
29. The lubricating oil of claim 24 further comprising a third base stock.

30. The lubricating oil of claim 29, wherein the third base stock is chosen from a
group consisting of a PAO with a viscosity of at least 6 ¢St, Kv100°C and no more than

100 ¢St, Kv100°C, ester base stock, alkylated aromatic and any combination thereof.

31. The lubricating oil of claim 24 wherein the first base stock has a viscosity

greater than 300 ¢St, Kv100°C.

32. The lubricating oil of claim 24 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 cSt, Kv100°C, the fourth base stock comprising an alkylated aromatic base

stock.
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33. The lubricating oil of claim 24 wherein the second base stock has a viscosity

greater than 1.5 and less than 6 c¢St, Kv100°C11.

34. The lubricating oil of claim 24 wherein the viscosity difference between the

first base stock and the second base stock is greater than 96.





