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[ 0001] The invention relates to |ubricant conpositions containing high

vi scosi t ywondaw3pwkyal phaol efi ns (HVI - PAO). BACKGROUND EET/ISEN0bMRVENSTT ON
[0002] Pol yal phaol efins (PACs) of different viscosity grades are known to
be useful in synthetic and sem -synthetig¢ industrial oil and grease
formul ati ons. See, for instance, Chapters 22 and 23 in Rudnick et al.
"Synthetic Lubricants and Hi gh- Performance Functional Fluids", 2nd

Ed. Marcel Dekker, Inc, par ed to the conventional mineral
oi | -based products, HNERONE AQBIMODAL LUBRICANT i sconetri cs,
hi gh and | ow tenperature perfor effl Ci ency under routine

conditions and ordinary repl ace = [0003] The
vi scosity-tenperature relationship of a lubricating oil is one of the

critical criteria, which nust be considered when selecting a |lubricant for
a particular application. Viscosity Index (VI) is an enpirical, unitless
nunber which indicates the rate of change in the viscosity of an oil within
a given t il OF FHBAVERTIONs exhibiting a relatively large change in

it f?_"?i;yelﬁ‘a{xﬂl o TR; TR daloia 8 eVt SpPotings. FomplRnE haR N gh
VI oil. ?&Lsy%,hlhagx E%ﬁl%a&éﬁniﬁwﬁrﬁ*@ﬁs' rabl e because it has higher

vi scosity a ature translates into better or thicker
| ubrication filnms and better protection of '

BACKGROUND OF THE INVENTION
[0002] Polyalphaolefins (PAOs) of different viscosity grades are known to be

useful in synthetic and semi-synthetic industrial oil and grease formulations.
See, for instance, Chapters 22 and 23 in Rudnick et al., "Synthetic Lubricants
and High-Performance Functional Fluids", 2nd Ed.Marcel Dekker, Inc., N.Y.
(1999). Compared to the conventional mineral oil-based products, these PAO-
based products have excellent viscometrics, high and low temperature
performance and energy efficiency under routine conditions and ordinary

replacement schedules.

[0003] The viscosity-temperature relationship of a lubricating oil is one of the
critical criteria, which must be considered when selecting a lubricant for a
particular application. Viscosity Index (VI) is an empirical, unitless number
which indicates the rate of change in the viscosity of an oil within a given
temperature range. Fluids exhibiting a relatively large change in viscosity with
temperature are said to have a low viscosity index. A low VI oil, for example,
will thin out at elevated temperatures faster than a high VI oil. Usually, the high
VI oil is more desirable because it has higher viscosity at higher temperature,
which translates into better or thicker lubrication films and better protection of
the contacting machine elements. In another aspect, as the oil operating

temperature decreases, the viscosity of a high VI oil will not increase as much as



t he contacting machi ne el enents. In another aspect, as the oil operating

t enperature decreases, the viscosity of a high VI oil will not increase as
much ast wowvomassicby of a low VI oil. This is advant age®@a3/use@aunsi4s he
excessively high viscosity of the low VI oil will decrease the efficiency

of the operating machine. Thus a high VI, oil has perfornmnce advantages in
both high and | ow tenperature operation. VI is determ ned according to ASTM
met hod D 2270-93 [1998]. VI is related to kinematic viscosities rreasured at
40C and 100C using ASTM Met hod. D 445-01. [0004] PAGCs conprise a
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4,827,073 op@katfmughl Badetemmnmedfaccoming e ASTM methodd 227(198n[E 9984l VI
propyl ene may al so be used, especially copol yrrers of ethyl ene wi th higher
ol efins, 48 relesest toddnematic gisqusttias: measwsd1312491C zandgb()d@ugmg Ml Mat ent s
referred t rﬁ g éOOOS] H gh viscosity index polyal phaol efin (HVI - PAO
are prepar 8&’6\3 - stance, polynerization of al pha-olefins using
reduced nmetal oxide catalysts (e.g., chrom un) such as described in U S
Pat ent Nos. 4,827,064; 4,827,073; 4,990,771; 5,012,020; and 5, 264, 642.

These HVI [W@? aPAO%fk%rﬁph% laZ@lds§3Mf h@zdrdwrl@odsl mhnuf&mdttyy thedeatalydc) and
one or nore the followi ng characteristics: a branch ratio of |ess than

0.19, a mml@wnmlage(mbyracumwmm ltw melesulanaweighb pragustdsoibinearatnunber

I I
average rmolee Hs ?yrplc\:,\qiygrangmg from 1-hexene to 1-octadecene, more typically from 1-

octene to 1-dodecene, with 1-decene as the most common and often preferred
material. Examples of these fluids are described, by way of example, in U.S.
Patent 6,824,671 and 4,827,073, although polymers of lower olefins such as
ethylene and propylene may also be used, especially copolymers of ethylene
with higher olefins, as described in U.S. Patent 4,956,122 or 4,990,709 and the

patents referred to therein.

[0005] High viscosity index polyalphaolefin (HVI-PAO) are prepared by, for
instance, polymerization of alpha-olefins using reduced metal oxide catalysts
(e.g., chromium) such as described in U.S. Patent Nos. 4,827,064; 4,827,073,
4,990,771; 5,012,020; and 5,264,642. These HVI-PAOs are characterized by
having a high viscosity index (VI) and one or more of the following
characteristics: a branch ratio of less than 0.19, a weight average molecular
weight of betweén 300 and 45,000, a number average molecular weight of
between 300 and 18,000, a molecular weight distribution of between 1 and 5,
and pour point below -15°C. Measured in carbon number, these molecules range
from C30 to C1300. Viscosities of the HVI-PAO oligomers measured at 100°C
range from 3 centistokes ("cSt") to 15,000 cSt. These HVI-PAOs have been

used as base stocks since their commercial production and are commercially



bet ween 300 and 18, 000, a nol ecul ar wei ght distribution of between 1 and 5,
and pour point below -15C. Measured in carbon nunber, these nol ecul es range
from C30 woO 2€03B%266Vi scosi ti es of the HVI-PAO ol i goner s pogdsaeoemdozis 1000C
range from3 centistokes ("cSt") to 15,000 cSt. These HVI-PAGCs have been
used as base stocks since their commercial production and are
commerci al | yavai | abl e, such as for instance SpectraSyn Utra(tnm fluid,
from ExxonMobi | Chemi cal Co. [0006] Anot her advantageous property of these

HVI - PAGCs is that, while | ower nolecul ar weight sat ur at.ed i gogers.. are

t ypi cal | ya‘é&ibﬁbé‘?,eﬁ'é‘?lhlﬂsnyfy&Wagﬁﬁcq%SW gg]@'@emt ﬂé‘f"{mhp?‘ Wﬂé@i vel y
st abl e materi al s,~hi gher nol ecul ar wei ght unsaturated HVI-PAO ol i goners
useful as B}l?%a(f:l?' are sufficiently thermally and oxidatively stable to be
utilized without hydrogenation and, optionally, may be so enpl oyed. [0007]
HVI - PAO materi al s have been used for formulating oils for internal

conmbust i o[00d6pi FesothBy adveantadectrs prpperty WOt IEW2P ABadh dsathivdinledomfeor mance

oil conprising a first and second polyner of differj nﬂ nmol ecul ar i.ght's
di ssol vedmalecilans aveighic kunsatpraied;; okigemeys e ftypisallpol 3nfbr Preferbly gh

vi scoel asi i ol r, prefera an, Hvl - PAO , The, ba t d rally
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finished prodcuct. A? o included 1n the finished product is a polymeric

t hi ckener suffiRieraly thebmalg and d¥idativety prablerey be ptitided edthont hiydragenation

pol yneri zati on of unsaturated nononers including styrene, butadiene, and

i sopr ene. and,"apsionallyi tvaai be spieinplaygdpackage, contai ni ng di spersant,
detergents, anti-wear, or

[0007] HVI-PAO materials have been used for formulating oils for internal
combustion engines. By way of example, WO 00/58423 teaches high
performance oil comprising a first and second polymer of differing molecular
weights dissolved in a base stock of low viscosity. The first polymer is a high
viscoelastic polymer, preferably an HVI-PAO. The base stock used generally
has a viscosity of below 10 cSt at 100°C. The HVI-PAO is "normally present in
relatively small amounts", e.g., 0.1 to about 25 wt % in the total finished
product. Also included in the finished product is a polymeric thickener, normally
based on block copolymers produced by the anionic polymerization of
unsaturated monomers including styrene, butadiene, and isoprene. A
"conventional" additive package, containing dispersant, detergents, anti-wear, or

antioxidants such as phenolic and/or amine type antioxidants is also added.

j0008] See also U.S. Patent Nos. 4,180,575; 4,827,064; 4,827,073; 4,912,272,
4,990,771; 5,012,020; 5,264,642; 6,087,307; 6,180,575; WO 03/09136; WO
2003071369A; U.S. Patent Application No. 2005/0059563; and Lubrication
Engineers, 55/8, 45 (1999).

[0009] Industrial gear oils have to meet the following requirements: excellent



anti oxi dants such as phenolic and/or am ne type antioxidants is al so added.
[ 0008] See also U S. Patent Nos. 4, 180,575; 4,827,064; 4,827,073,

4,912, 27270408@AB9%61; 5,012, 020; 5, 264, 642; 6,087, 307; @CIEG2®IBYSNO
03/09136; WD 2003071369A; U.S. Patent Application No. 2005/ 0059563; and
Lubrication Engineers, 55/8, 45 (1999)._ f0009] Industrial gear oils have to
neet the follow ng requirenents: excellentresistance to aging and

oxi dation, |ow foam ng tendency, good | oad-carrying capacity, neutrality
toward the materials i.nvol ved erroys and nonferrous matgég,g eal s

paints), SEFSHBCEiPyFHE MGRXUHAIGH ‘PHW UHTE tandeney, g% CaITY_ing
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ensure th esl| on, Oow Ol separatl on, |'ow star

torques, CQBERY, i dhals tpﬁiﬂ\ﬂské,hsﬁtﬁbtilw f6r RBiEhhaloy, lodndempeitudsMaaai gubd c. f .,
Rudni ck et al., supra). retoforé, a universal gear |ubricant neeting all
t hese requiiseostytteniperatare bekaviar, geartdreasgs cxeoontrastcacareguace taveansere
commercially available. This requires that |ubricant manufacturers devel op
di fferent thypdallowing, gapdt adhesion: HOPr opbr SSRATAURR, dOVi ATHIRG] PTAVES,

operating needs..f. each appl.icat]on. 10]. 1 ry i e]o"] very
hi gh vi scocsqr?@f"sqbﬁg@xwﬁt@l S)ynﬂf%’lcsﬁétf?]@ésa%%gtfbd??ecggqqﬁg%%%g |fgﬁ¥‘§&fk‘a&6§ga vV and
G oup V baﬁ,?r&j. UHdSetofrRBY a Univdi8NCe 3@ hbaSAR AEEDRL GRAhedciRIGusRitehtd/ld | | ze
chrone-silica catal yst derived 15CSt PAO. This very high vi'scosity index
G oup |V basggeasifar ashthe prestitneyentdrh areragwarey conmmecidlly hasialdel This
conponents (PAO 2 and a polar G oup V base StOQkI‘)ﬁ has di spl ayed di sti nct
ef fi ci encyregwides/thatdlubitcage snyweactyrersr deyelor yhffigeant ctygesirofi fimmd&mrss | t
i s understoqd that .the high VI .an i de bi-nodal viscasity.distribution of
the. comportiit £FUBTEES BAEIE B Ll AR Drasion CaCh P i
[0010] Industry is developing a very high viscosity index (VI) finished gear
lubricants comprising Group IV and Group V base fluids. Many of these next
generation gear lubricants utilize chrome-silica catalyst derived 150cSt PAO.
This very high viscosity index Group IV base oil, when combined with very low
viscosity base oil components (PAO 2 and a polar Group V base stock) has
displayed distinct efficiency and VI advantages over prior art synthetic gear
lubricants. It is understood that the high VI and wide bi-modal viscosity
distribution of the components contributes significantly to the fluid performance

advantages.

[0011] One area for improvement to this bi-model base fluid system is the
relative shear instability of the high viscosity Group IV base stock - 150cSt
PAO. Current formulation options using 150 cSt SuperSyn'™ utilize 40-50% of
this component in the finished fluid. Due to the rather wide molecular weight
distribution of the existing chrome-silica derived SuperSyn base stocks (cs-
SuperSyn), some shear instability is observed in traditional lubricant shear tests
(KRL 20hr Bearing Shear Test / CEC L-45-A-99). This shear instability may

lead to overall permanent viscous losses of the finished fluid



advant ages. [0011] One area for inprovenent to this bi-nodel base fluid
systemis the relative shear instability of the high viscosity Goup |V
base stock0-200808e%6 PAO. Current fornul ation options usPol/UB2@INE44SuUper Syn
tmutilize 40-50% of this conmponent in the finished fluid. Due to the
rather wide nol ecul ar weight distributiof_of the existing chronme-silica
deri ved SuperSyn base stocks (cs- SuperSyn), sone shear instability is
observed in traditional lubricant shear tests (KRL 20hr Bearing Shear Test
/| CEC L-45-A-99). This shear instability may |l ead to overall permanent

vi scous | osses of the finished fluid[0012] There is a need to inprove. shear
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pol yal phaol efin (HVI-PAO) . I'n one enbodi ment the oil formnulation conprises
a netall ocene catalyzed HVI-PAOw th a viscosity greater than 125 ¢St kv

1000C and a viscasjt Fi ndex rE ter thag I100, ahsecond basE st ock V\n\'A;]h a
Vi scosity MQ&MM&S@& an ess than 60 cSt kv 1000C wherein
i pao ardo0Ehe, TheTHvArtiRis SRRledi GProluplans chRpBslitf R aldEvEFbELOF o

conpri si ngnARk 3;&19ﬁpha&em! FIQVIH%&@?.“F BN @nk eSAbbdidieniOthee bl MorRfi &esr  Of
the oil formulation, the oil formulation having a viscosity index of

greater thampises 4 adddllodemeacaayaed HVBPA Oenith aaviseositd greatemihraavE2 s hear
stability is disclosed. In this enbodinent, the nmethod conprises obtaining
an oil forghillet 1QKW cand e wseesity index greatenthamd (b aesond basgisteckswvith a

greater thalosity of at least 2 cSt kv 100°C and less than 60 cSt kv 100°C wherein the

second base stock is at least 60 ¢St kv 100°C less than the metallocene HVI-

PAO, an ester with a viscosity of at least 2 and less than 6, the ester comprising
more than 10 weight percent and less than 30 weight percent of the oil

formulation, the oil formulation having a viscosity index of greater than 195.

[0014] In a second embodiment, a method to improve shear stability is
disclosed. In this embodiment, the method comprises obtaining an oil
formulation comprising a metallocene HVI-PAO with a viscosity greater than
125 ¢St kv 100°C and a viscosity index greater than 195, a second base stock
with a viscosity of at least 2 ¢St kv 100°C and less than 60 cSt kv 100°C
wherein the second base stock is at least 60 ¢St kv 100°C less than the
metallocene HVI-PAO, an ester with a viscosity of at least 2 and less than 6, the
ester comprising more than 10 weight percent and less than 30 weight percent of

the oil formulation and lubricating with the oil formulation.

[0015] In a third embodiment, a method of blending an oil formulation with
favorable shear stability is disclosed. This method comprises obtaining a
metallocene HVI-PAO with a viscosity greater than 100 cSt kv 100°C and a

viscosity index greater than 100, obtaining a second base stock with a viscosity



125 ¢St kv 1000C and a viscosity index greater than 195, a second base
stock with a viscosity of at least 2 ¢St kv 1000C and | ess than 60 cSt kv
1000C wheweizniodse2ésecond base stock is at | east 60 cSt PCTAG@YODHIS t han
the netal l ocene HVI-PAO, an ester with a viscosity of at least 2 and | ess
than 6, the ester conprising nore than 19 wei ght percent and |less than 30
wei ght percent of the oil formulation and |ubricating with the oil
formulation. [0015] In a third enbodi nent, a nmethod of blending an oil

f | ati ith f bl bility i [ d.  Thi, t hod .
conpri aes AAtEATIS 8t it HIbeeme 1ot theach q}c%ﬂ?%@%ciswpsregiéﬁ&ﬁqwag 100
St kv 10Q0Q Vi it¥ni : i.Ql
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than the netall ocene HVI-PAO, obtaining an ester with a viscoSity of at

| east 2 arnmbnmssng maorebthahhd) esight proogntianidnigssrthan 30 aveight percght opérecent
and |l ess than 30 wei ght percent of the oil formulation;, and bl endjng the

net al | ocer@! fRowagony; and ¢ hlendmeothe metallosene H ¥ hE AL rwith the se¢onsd hase an
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di stribution of high viscosities PAO [0017] Figure 2 is a graph
illustrating the inproved Kinematic Viscosity of a gear oil shear

f or nul at i BRIEF DESERIPTHONNOF GHBIDRA WBNKGved PAGCs conpared with
chrom um cat al yst derived PAGs. [0018] Figure 3 is a graph _illustrating
Noack vol d0914lt yFigyse dds agreph dlugsting thermelecular weight distribution of high

viscosities PAO.

[0017] Figure 2 is a graph illustrating the improved Kinematic Viscosity of a
gear oil shear formulation using metallocene-catalyst derived PAOs compared

with chromium-catalyst derived PAOs.

[0018] Figure 3 is a graph illustrating Noack volatility losses based on ester

content;

[0019] Figure 4 is a graph illustrating oxidation performance based on ester

content;

[0020] Figure 5 is a graph illustrating Brookfield viscosity based on ester

content.

DETAILED DESCRIPTION

[0021]) According to the invention, formulations for use as industrial oils and
greases are provided comprising a high viscosity index PAO (HVI-PAO). We
have discovered the use of metallocene-catalyst derived PAOs surprisingly

greatly reduces, if not eliminates permanent viscosity losses due to shearing in



[0019] Figure 4 is a graph illustrating oxidation performance based on
ester content; [0020] Figure 5 is a graph illustrating Brookfield viscosity
based on weterv/mesbent. DETAI LED DESCRI PTI ON [ 0021] Accecaiusgomnoishe

i nvention, forrmulations for use as industrial oils and greases are provided
conprising a high viscosity index PAO (_H)/I_-PAO). W have di scovered the use
of netall ocene-catal yst derived PAGCs surprisingly greatly reduces, if not

el i m nat es pernmanent viscosity | osses due to shearing inbi-nodel

formul ations. It is understood that the very narrow nol ecul ar wei ght
di stri but i Brmedek fumplatiensait isrendeatoad thatothsayrry Rastow dnalseular weight j ¢ y

of this high \iscosi ba ack, but.the hi degree of s rved
"n the tesBrmPREE thibe P AT Bl wYidg, Simg MhalRGR, 4 e SRl aET VT
of ot her ¢ Al ' i+ ; RiQefil tors
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i nproved gesting waisi aaedpeetdd. ciThis propertyg debupleth witthitlse dvaidabbity of sother
applicable to ather viscosity versions of nPAO preferably above 125 cSt and
nor e pr ef eshenr-ytable higher 5us@e0y sftes o ga-RAOn gllemsaformadaterscia miden thg 0022]

Th f. . hj gh i ity, table b t .| for th
ormut at | - BptelbEaning Seapt sof Tinher BRBHOEICTD i haPS LAY e B8N bi ¢
little t : : ! : equi i £ o B

i scosi ty SPEFRRAIICRTRGS IiCHBATRY, RS MRRBYY ISHREDILRS MG ASCRBY i 1y
modi fi ers {drsioRs bEaSRAQ prdeiably abdwas 25 cSt and myoreqadefaratly iarthe 41562600

unstabl e and exhi bit pernmanent shear viscosity |osses due to nechani cal
shearing. ¢3St ramge using metallocene catalyst.

[0022] The use of very high viscosity, shear stable base stocks allows for the
formulation of extremely high VI, wide bi-modal formulations which exhibit
little to no shear losses. Current technology requires the use of high viscosity
olefin co-polymers (“OCP”) or poly-iso butylene (“PIB”) viscosity modifiers to
increase viscosity. These viscosity modifiers are shear unstable and exhibit
permanent shear viscosity losses due to mechanical shearing. In one
embodiment, this invention eliminates the need for these components and in
some embodiments eliminates the need for any viscosity modifiers, and provides

favorable gear efficiency.

[0023] The HVI-PAOs useful in the présent invention are characterized by
having a high viscosity index (VI), preferably 160 or greater, more preferably
greater than 180, and still more preferably 195 or greater, yet more preferably
200 or greater, and yet still more preferably 250 or greater. An upper limit on
VI, while not critical to the characterization of HVI-PAOs useful in the present
invention, is about 350. VI as used herein are measured according to ASTM

D2270.

[0024] The HVI-PAOs generally can be further characterized by one or more



enbodi nent, this invention elimnates the need for these conponents and in
sone enbodi nents elimnates the need for any viscosity nodifiers, and
provi des wavorcaiBbmegear efficiency. [0023] The HVI - PACs Pagafsadoions4udhe
present invention are characterized by having a high viscosity index (Vl),

preferably 160 or greater, nore preferabdy greater than 180, and still nore
preferably 195 or greater, yet nore preferably 200 or greater, and yet
still nmore preferably 250 or greater. An upper limt on VI, while not

critical to. the_ charact r|z of, HVI - PACs usef int resent
i nvent i on,of i%‘eaﬁﬁ’ilﬁ‘ﬁ"lggo éiégﬁé’é@r‘i’f@rr@??ﬁ & al’i’@ srl's‘PQoo'ta]@ég @'po NSTM

D2270. [002 The r ne or
nor eof thew‘f3 Mﬁgé n&@%&%‘g%& yd%/%g%% jwélgf ?rq)@rgﬁugﬁ% EFl'eéspége{)han
0.19, a \A%et&upa&‘%}gﬁt apbeﬁr%e%r3owawuS@foobetrﬂereeu&%agﬂt 43t Riorponunber
average nol ecul ar werght of between 300 and’ 18, 000 ecul ar wei ght

di stri but imtweén beinde'en 1 and 5. [0025] Particularly preferred HVI-PAGCs are
fluids with 1000C ki nematic viscosity ranging from5 to 3000 centi st okes
(cSt). The term "kinematic viscosity" as used herei n will be referred to

T M O i i
100C. %6
enbodi mﬁ&_?&sﬁ cos.@‘%%ﬁﬂ%m Snﬁgf&é hwtgegsukgfcf%{ %&)%‘?@r anglen
from 3 cStyi§csky" @9AseéSheredh wAlICH réferréd @@Qm‘i;ﬂfy asOFisébsif§t uhlesd OBkeroGe or

725 ¢St to 15,0 0 cSt, or 20 cSt to 3000 cSt.
noted and will be the viscosity determined according to ASTM D445 at the

temperature specified, usually 100°C. When no temperature is mentioned,

100°C should be inferred.

[0026] In embodiments, viscosities of the HVI-PAO oligomers measured at
100°C range from 3 ¢St to 15,000 cSt, or 3 ¢St to 5,000 cSt, or 3 ¢St to 1000 cSt,
or 725 ¢St to 15,000 cSt, or 20 ¢St to 3000 cSt.

[0027] The HVI-PAOs may be further characterized, in an embodiment, by a
low pour point, generally below -15°C, as determined by ASTM D97.

[0028] The term "PAO" in HVI-PAOs means, as is generally accepted in the
art, an oligomer (low molecular weight polymer) of one or more alpha olefins,
such as 1-decene. In embodiments, the HVI-PAOs of the invention may be
further characterized as hydrocarbon compositions comprising the oligomers of
one or more 1l-alkenes selected from C6-C36 1-alkenes, more preferably C6-
C20, still more preferably C6-C14. Examples of the feeds can be 1-hexene, 1-
octene, 1-decene, 1-dodecene, 1-tetradecene, etc., or mixtures thereof, such as
one or more of C6 to C36 1-alkenes, or one or more C6 to C20 1-alkenes, or one
or more C6 to C14 alkenes, or mixtures of specific 1-alkenes, such as a mixture

of C6 and C12 1-alkenes, a mixture of C6 and C14 1-alkenes, a mixture of C6



[ 0027] The HVI-PAGCs may be further characterized, in an enbodi nent, by a

| ow pour point, generally below - 15C as determ ned by ASTM D97. [0028]
The ter mwBAMv/3meblVI - PACs nmeans, as i s general ly acceptred/uspoovessast, an
ol i gonmer (Il ow nol ecul ar wei ght polyner) of one or nore al pha ol efins, such
as 1-decene. In enbodinents, the HVI-PAG_of the invention may be further
characterized as hydrocarbon conpositions conprising the oligoners of one
or nore 1-al kenes sel ected from C6-C36 1-al kenes, nore preferably C6- C20,

still nmore preferably C6-Cl4. Examples of. the feeds can be 1-hexen 1-
oct ene, 1-%@%5,1‘@%ééﬁﬁﬁmrf-qu§§ é&@céel(&,l'aé’ﬁ%’!e,s’ BWF&%égﬁﬂ@m ,
such as o r_nore of I o) .. t

el kenes. afkenfe St oo AR Lakehss 0r,f HisboBSis s Baseitibo
1-al kenes, | giehe@ SelRcl@romahe fer&lp 8ofkistids bf UK TWPan@ OTXI-Hlkenes, 41 and
Cl4 1-al kenes, a m xture of Cband Cl6 1-alkenes, a mxture of C6 and C 8
1- al kenes, soafortigtaltlugh 6BgamersCoDldwat lodefass, suchmax tathyené a8 propylrie

1-al kenes, or a feed conprising at |east twg 1-al kenes_ sel ected fromthe
group congnayialsp & used, anoluging copolymerse b £thyghe swithohigher glefas gas

ol i gomers of | r fins s et hyl ene and propyl ene may al so be used,
I ncl udi ng @8%6%@'%1%3?%4{553,&1% h hi gher olefins, as described in U S
Pat ent 4, 956, 122. [0029] Preferred nethods of naking the HVI-PAO fl uids
useful in the present invention can be nade from several process catal ysts.

Exanpl e cqoetg]st Brefeeed upgthode df smdkinlg tiesl HIOCHPEM fluidd Bsefat al tHeepesent
chrom um catal yst under ol isgomeri zation conditions at a tenperature of

about roonnventpar ganrhe madesfiom severakepradess satalyys.al Kxamplencatalystssaggat ent s
descr i be the preRal atl onsole NARAD YAE Yheta (1 BRSHSm) WERNCHnash 2
oligomerization conditions at a temperature of about room temperature to 250°C,
or metallocene catalysts. Numerous patents describe the preparation of HVI-
PAO useful in the present invention, such as U.S. Patent Nos. 4,827,064;
4,827,073; 4,912,272; 4,914,254; 4,926,004, 4,967,032; and 5,012,020.
Additional methods of preparing a HVI-PAO useful in the present invention are

described herein.

[0030] In preferred embodiments for preparation of HVI-PAOs useful in the
present invention, the lube products usually are distilled to remove any low
molecular weight compositions such as those boiling below about 600°F (about
315°C), 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, in preferred embodiments, the
whole réaction product after removing any solvent or starting material can be

used as lube base stock or for the further treatments.



4,827,073; 4,912,272; 4,914, 254; 4,926,004; 4,967,032; and 5,012, 020.

Addi ti onal nethods of preparing a HVI-PAO useful in the present invention
are descrwbediomsomicn. [ 0030] In preferred enbodi nents fecTarse@aneidodHn of
HVI - PAGs useful in the present invention, the |ube products usually are
distilled to renove any |ow nol ecul ar wgpght conpositions such as those
boi li ng bel ow about 6000F (about 315C), or with carbon nunber |ess than
C20, if they are produced fromthe poI yrreri zation reaction or are carried
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reaction %@I@éﬁlaraétftﬂ:'tur'éembr’é}n@ﬂﬂt 6Pldvable Bonds @ftunsgrmfci@m iotl olefifiidoe
used as | ube base stock or for the further treatnents.[0031] The | ube

fluids madenporentd yafirenméasuped yoyeseveaal onetbods)| supbmas i bramion prrobesss
1y h d doubl e, b | ef |
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and the |idgl ineiHe- KROWTHREAm®ANnt SFOME @cf)ulﬂédlbdiﬁf Yr Sthie! dmbfint F @efinicThe
amount of the double bond or the anobunt of ol efinic conpositions depends on

sever al f amnepcsitionshdepemgiseen alevprdl yfaetdrsz at ithe, deghee afipolymetizhyidn,ogen

present during the polynerization process and the anount of other pronoters
whi ch par taneeyiit @ hydrogen peesenh siurieg dednl yarerizadon aroesss; ansk thenappulkss,

or ot her e nttﬁelp rgrso?r%te}sn \Evpﬁachp rpa 101pateUS ynal h}’e ttepr%matlon steps of the
polymerization process, or other agents present in the process. Usually, the
amount of double bonds or the amount of olefinic components is decreased by
the higher degree of polymerization, the higher amount of hydrogen gas present
in the polymerization process, or the higher amount of promoters participating in

the termination steps.

[0032] Oxidative stability and light or UV stability of fluids usually improves
when the amount of unsaturation double bonds or olefinic contents is reduced.
Therefore in preferred embodiments, 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 applications of the invention. Fluids with bromine
number of less than 3 or 2 are preferred. The most preferred range is less than 1

or less than 0.1.

[0033] In embodiments, the lube products in the production of the HVI-PAOs
are hydrotreated to reduce unsaturation. This may be done by methods well-
known per se in literature (e.g., U.S. Pat. No. 4,827,073, example 16). In some
HVI-PAO products, the fluids made directly from the polymerization already



anount of doubl e bonds or the amount of ol efinic conponents is decreased by
t he hi gher degree of polynerization, the higher anmount of hydrogen gas
present iwothw/q3edégneri zati on process, or the higher ampamtusedooprian®t er s
participating in the term nation steps. [0032] Oxidative stability and
light or UV stability of fluids usually ijnproves when the amount of

unsat uration doubl e bonds or olefinic contents is reduced. Therefore in
preferred enbodi nents, it is necessary to further hydrotreat the polyner if

t hey have hi gh degree of unsaturation. Usually, the fluids.with brom ne
nunber of BaEaripwgleases oE OSHUERIOP. A ABIdsSIVIth yisasitias| STCRF tharyh
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nunber of n r re preferre € nmost preferred rangée’is |ess
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production of the AVI-PAGCs are hydrotfeated to reduce unsaturation. This
may be doneydrptrestnrend ofvehe | KNovIA Qeproglact s bptiena; deper{ding.on theSmeHadd No.
4,827,073, exanple 16). In sone HVI-PAO products, the fluids nade directly
from the pediamaks ths Y [-PAdamdbe ¢adyiseow degree of unsaturation, such
as those with viscosities greater than 150 ¢St at 1000C. They have brom ne
nunbers |l ess than 5 or even below 2. In these cases, the direct product may

be used wi [Iﬁ)b@d(jt e ppédep iniGitioh 1o ch}shg)gEEé BriEmt c8pddRidi¥ coriiniigoduct

IS optiona epending on the nmethod u to make the HVI-PAO and the end
use. [ 0034ubiibantpbaseestocks vamalt additiznes pezosgikineoes kaltbel aseful dormindudtriahs
containing |ubricant base stocks and additives per se known to be useful
for i ndustlubarantapplicatien apgigreases.on and gr eases.

[0035] Industrial lubricants comprise a wide variety of products. Examples of
industrial lubricants are gear lubrication oils, hydraulic oils, compressor oils,

circulation oils, paper machine oils, and the like.

[0036] Depending on applications, industrial lubricants can have wide viscosity
range, from 2 cSt to 1650 ¢St at 100°C, which are much wider than the viscosity
specifications for automotive engine oils. For most industrial oils, viscosity is a
significant criterion. General machinery oils are classified according to ISO

Standard 3448 viscosity specification.

[0037] Viscosities of base stocks used to formulate industrial lubricants have
critical effect on finished lubricant performance for industrial machinery
application. For example, high speed and lightly loaded plain bearings can use a
low viscosity lubricant. The viscosity film generated by such low viscosity fluid
is enough to ensure hydrodynamic lubrication. However, higher loadings and
lower speed equipment requires higher viscosity oils to provide stronger and
thicker lubricating film for protection. There are many ways to achieve wide
viscosity range, blending of commonly available low viscosity fluids, such as the

100 SUS solvent-refined base stocks or low viscosity Group IV or Group V base



[ 0035] Industrial lubricants conprise a wide variety of products. Exanples
of industrial lubricants are gear lubrication oils, hydraulic oils,

conpr essowoanimn3omsr cul ati on oil's, paper machine oils, a&oa/ush@9dlopises [ 0036]
Dependi ng on applications, industrial lubricants can have w de viscosity
range, fromz2 cSt to 1650 cSt at 1000C_,4hich are nmuch wider than the
viscosity specifications for autonotive engine oils. For nost industrial
oils, viscosity is a significant criterion. General machinery oils are
classified according. to | SO Standard 3448 viscosity specjficat.ion. 037]
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hi gher | oagliatigy cfhthd digh wipessityebasep ootk iequiticad thi gleepropertpsndytls | s to
provi de stronger and thicker |ubricating filmfor protection. There are
nmany ways Resforamings ofhe @inisheddubrigantange, bl endi ng of commonly avail abl e

| ow viscosity fluids, such as the 100 SUS sol vent-refined base stocks or
| ow viscosity Goup IV or Goup V basestocks, with high viscosity fluids,

such as t 0@”‘{885%‘ lh?d’é“ﬂ)és%@tﬁcl&rds%ﬁtin% ial BB cHASFREIINIAQoripse as

SpectraSyn(t urd, high viscosity polyisobutylenes, or with

vi scosity dtrpasdsente amovhsobsidgle ivisdexity @pade or a. miktterejofibéveralotistosityni gh
viscosity base stock is critical to the rlgﬁ)erty and the performance of the

fini shed |gradecahttVI-Pag3d]uidse Thentotala Ak sompesition ¢an tangedafrom
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the starting viscosity grade of the HVI-PAO or the viscosities of other
components present in the finished lube. In preferred embodiments, the amount
of HVI-PAO present can range from 1 to 90 wt %, or 15 to 50 wt %, or 15 to 45

wt %, or 50 to 99 wt %, or 50 to 90 wt %, or 55 to 90 wt % .

[0039] Basestocks that may be blended with the HVI-PAOs of the invention
include those that fall into any of the well-known American Petroleum Institute
(API) categories of Group I through Group V. The API defines Group I stocks
as solvent-refined mineral oils. Group I stocks contain the least saturates and
highest amount of sulfur and generally have the lowest viscosity indices. Group
I defines the bottom tier of lubricant performance. Group II and III stocks are
high viscosity index and very high viscosity index base stocks, respectively. The
Group III oils generally contain fewer unsaturates and sulfur than the Group II
oils. With regard to certain characteristics, both Group II and Group III oils
perform better than Group I oils, particularly in the area of thermal and oxidative

stability.

[0040] Group IV stocks consist of polyalphaolefins, which are produced via the
catalytic oligomerization of linear alphaolefins (LAOs), particularly LAOs



grades of HVI-PAO fluids. The total HVI-PAO conposition can ranged from 1%
to 99 wt % depending on the desirable viscosity grades of the finished

| ube, thewetarwasmgovi scosity grade of the HVI-PAO or thecvitscamiooises of

ot her conponents present in the finished |ube. In preferred enbodi nents,
the anount of HVI-PAO present can range;grom1 to 90 wt % or 15 to 50 wt
% or 15to 45w % or 50 to 99w % or 50 to 90 Wt % or 55 to 90 Wt %.
[ 0039] Basestocks that may be bl ended with the HVI-PAGs of the invention

i ncl ude those that f [,nt o _an f the well-kno nmeri can, Petr ol eum
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performance. Goup 1l and Ill stocks are high viscosity index and very high
vi scosi ty dthylere haderepyleks, oligemers of ethylentfimténauand isobutydengdbatcned v
contain fewer unsaturates, and sul fur than the G Il oils.. Wth ard to
certain chhraid oligemess ofpethyleneowpthy Pﬂkfﬁdnég%‘uﬁ?q%ﬁ}s: S| dessaibed i Lﬁgt er
than G oup,l, Qi Hticularly. | [e, f t.hernnl 0X] i
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particularly LAGCssel ected from C5-Cl4 al phaol efins, preferably from

1- hexene tdhatadtertistadeodhese baseeilsriaf@romipl Iy IF, madhIll oct ene t o 1- dodecene, and

m xtures thereof, with 1- decene being the preferred material, although
ol i goners of |lower ol efins such as ethylene and propyl ene, oligomers of

et hyl ene/ e- 1 _and i, sobut.yl ene/,but ene-, 1 nd ol igoner f. hyl ene with
ot her i grDFI o Br AR IR AIEI HEGF pate S0 noPTiTihded in BrblpS"F
through IV. Group V base stocks includes the important group of lubricants
based on or derived from esters. It also includes alkylated aromatics,

polyalkylene glycols (PAGs), etc.

[0042] Particularly preferred base stocks to blend with HVI-PAO include the
API Group I base stocks with viscosity ranging from 3 ¢St to 50 ¢St, Group II
and IIT hydroprocessed base stocks (see, for example, U.S. Pat. No. 5,885,438,
5,643,440, and 5,358,628), Group IV PAOs such as those described in U.S. Pat.
Nos. 4,149,178, and 3,742,082, and fluids prepared from polymerization of
internal olefins (also named polyinternal olefins or PIO), or lubes produced from
Fischer-Tropsch hydrocarbon synthesis process followed by suitable
hydroisomerization process as described in U.S. Pat. No. 6,332,974,

Metallocene Base Stocks

[0043] In one embodiment, the metallocene catalyzed PAO (or mPAQO) used
for this invention can be a co-polymer made from at least two alpha-olefins or
more, or a homo-polymer made from a single alpha-olefin feed by a metallocene

catalyst system.



Pat ent 4,956,122 and the patents referred to therein, and the |ike may al so
be used. PAGCs offer superior volatility, thermal stability, and pour point
char act erwet2no#3vw6t hose base oils in Goup |, Il, and PCr/USp@OALI44& oup V
i ncludes all the other base stocks not included in Goups | through IV.

G oup V base stocks includes the inportgnt group of l|ubricants based on or
derived fromesters. It also includes al kylated aromatics, polyal kyl ene
glycols (PAGs), etc. [0042] Particularly preferred base stocks to bl end

wi th HVI-PAO i nc]lude the API | base.stocks with viscosity ranging
from3 cSt [09‘64]5011{1& CORg mnrﬁ?m COMPARATH bt BB’é@séemoQE ieassf 6%’!?55?8%@, f or
exanple, U . 4 4 4 ] . V., PACs
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polyinternal "olefins or PIO, or |ubes produced from Fi scher-Tropsch

hydr ocar boAdsantagemisty, mtiogdens ahd lpropydndyif pueseabirethieyfded, arorpresentin thre

process as descrihed in U S. Pat. No, 6,332,974. tal |l ocene Base Stocks
[0043] | n dpeunBbdeseihan t My wepamdividhally 105 p5s aﬂx Qsérteb@PA W& for

this invention nb - Pl r e from I t | pha- ns or
nore, or a"%o??{}g@m ymﬁ %Bgﬂ%% é’ﬁlig?\egl léwgfl@ﬁ&u%- g%zf P%}\A?Sé)g%&bcy gia%ilc,
metal | oce Y tpyslefiN di00dd] ofifirS F&RRObY WEeC qBRREy! | OThbse Made
fromat | e@ggﬁ{t\%} czl%hglg%efi ns o 8311{[?0 8(313918 ra@grgﬁd ﬁavi nmnorrers
random y diopolyrheitselshvienuddfel hdiricamt propdrties igoledimgr @delleat Mihpoav poage
carbon nunber is at least 4,1. Advant ageousl }/ et hyl ene and_pro%;]/I ene, if
present i randnhlow deappeeatarepyiscemetiigs pyethemselves or as blend fluid with other

lubricants or other polymers. Furthermore, these copolymers have narrow

molecular weight distributions and excellent lubricating properties.

[0045] 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.

[0046] This homo-polymer mPAO composition is made from single alpha-
olefin choosing from C3 to C30 range, preferably C3 to C16, most preferably C3
to Cl14 or C3 to C12. The homo-polymers of the invention can be isotactic,
atactic, syndiotactic polymers or any combination of these tacticity or other form
of appropriate tacticity. Often the tacticity can be carefully tailored by the
polymerization catalyst and polymerization reaction condition chosen or by the
hydrogenation condition chosen. These homo-polymers have useful lubricant
properties including excellent VI, pour point, and low temperature viscometrics

by themselves or as blend fluid with other lubricants or other polymers.



amount of less than 50 wt % individually or preferably | ess than 50 wt %
conbi ned. The copol yners of the invention can be isotactic, atactic,

syndi ot acwpDeopai3yzeer s or any ot her form of appropriate tPratttisecomposiIhese
copol yners have useful |ubricant properties including excellent VI, pour
point, and | ow tenperature visconmetrics)dy thenselves or as blend fluid
with other lubricants or other polyners. Furthernore, these copolyners have
narrow nol ecul ar wei ght distributions and excellent |ubricating properties.

0045] In_an enbodi nent,, nPAO i.s nade fromthe mxed feed LA onprisin
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e ethyle gro

is obtain rom an "process using an alum num catal yst or a
net al | ocene catal yst. The growth ol efins conprise nostly C6 to C18-LAQ

LAGCs from ot her process, such as the SHOP process, can also be used. [0046]
Thi s hono{@pE7yndn arAber emuxiimeat; the alpdie-dlefin(syi cagl beathdsgol FdmM avjoosi ng
fromC3 to C30 range, preferably oC 6,_m)fst,prefe ablly C3 to Cl4 or C3
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by the hydrogenati on condition chosen. These hono-pol yners have usef ul
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tenperature visconetrics by thenselves or as_blend fluid with other
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example, C3 to Clé6-alpha-olefins, more preferably linear alpha-olefins, are
suitable to make homo-polymers. Other combinations, such as C4 and Cl14-
LAO; 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.

[0048] 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-dimethylanilinium tetrakis(perfluorophenyl)borate or other equivalent
non-coordinating anion and optionally with co-activators, typically

trialkylaluminum compounds.

[0049] According to the invention, a feed comprising a mixture of LAOs
seiected trom C3 to C30 LAOs or a single LAO selected from C3 to C16 LAO,
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 copolymer composition
made from at least two alpha-olefins of C3 to C30 range and having monomers

randomly distributed in the polymers. The phrase "at least two alpha-olefins"



[0047] In another enbodi nent, the al pha-ol efin(s) can be chosen from any
conponent from a conventional LAO production facility or fromrefinery. It
can be usw02aloome2éso nake hono- pol ymer or together w t hrPamatShe9/ oL@

avai lable fromrefinery or chem cal plant, including propylene, 1-butene,
1-pentene, and the like, or with 1-hexene or 1-octene nade from dedi cated
production facility. In another enbodi nent, the al pha-ol efins can be chosen
fromthe al pha-ol efins produced from Fi scher-Trosch synthesis (as reported

in US 5,382, 739). For exanple, to Cl6-al pha-ol ef [ ns, ,nor referably
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conponents or as functional fluids. This invention is also directed to a
copol yner Acatiogneteoprefeteeds eorthagiment sromprises| phieesi draving diotlz3of dheso
range and havin .rmné)rrerfs . . .

aforemeiitioned 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.

[0051] 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 ordinary 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
monomers. In other words, it is the product obtained by polymerizing or

oligomerizing said certain number of alpha-olefin monomers.

[0052] This improved process employs a catalyst system comprising a

metallocene compound (Formula 1, below) together with an activator such as a



randomy distributed in the polyners. The phrase "at |east two

al pha-olefins"will be understood to nean "at |east two different al pha-ol ef
ns" (and wormicasbaee" at | east three al pha-ol ef i ns" neans PCatUS@adOS4hr ee

di fferent al pha-olefins”, and so forth). [0050] In preferred enbodi nents,

t he average carbon nunber (defined herei glgel ow) of said at |east two

al pha-olefins in said feed is at least 4.1. In another preferred

enbodi ment, the amount of ethylene and propylene in said feed is | ess than
50 wt% i ndividually or preferably |less than 50 wt% conbi ned. A still nore
preferred mwrmtlwwpn@@d fEamHa g, fglow) andoptigeally @renastivaiord

preferred enbodi nents,. J.e., a feed .havi aver.age r er of at
Peast 41 SRR i Sl abaini 56 LR oREETaRTRREE, FAROT (FUIRE Ran 5o
wt % i ndi vighgadhhy. [0051] In enmbodi ments, the product obtained is an
essentially rahdom i quid copolyner conprising the at |east two

al pha-olefins. By "essentially random is neant that one of ordinary skill
in the art would consider the products to r amdom copol yner. O her
characteri zati ong, of randomess, sone of h BFe pr ef er rksdmds 2 nor e
preferred, ar eéﬁr oWed herein. Likew se tmé\"t”érm "liquid" will be
under st ood by g ordinary skill in the are, but nore preferred
characterizations® of the F@ﬁﬁﬂl?ﬁe provi ded Wefein. In describing the
products as "conprising” a certain nunber of al pha-olefins (at |east two
di fferent al phaolefins), one of ordinary i I/ in the art in possession of
the present disclosure would understand th t is being described in the

pol ynerization (or oligonerization) product dyncorporati ngosalad certain
nunmber of al pha-olefin nmononmers. In other wygdls, it is the product obtained
by pol yneri zing or

[0053] 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.

[0054] 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,
preferably zirconium (Zr), hafnium (Hf) and titanium (Ti), L1 and L2 are
independently selected from cyclopentadienyl ("Cp"), indenyl, and fluorenyl,
which may be substituted or unsubstituted, and which may be partially
hydrogenated, A can be no atom, as in many un-bridged metallocenes or A is an

optional bridging group which if present, in preferred embodiments is selected



ol i goneri zing said certain nunber of al pha-olefin nononmers. [0052] This

| nproved process enploys a catal yst system conprising a netall ocene
conpound WwBanmui3zmek, bel ow) together with an activator ®OThiSa@9/005448

anon- coordi nati ng anion (NCA) (Fornula 2, below) and optionally a
co-activator such as a trialkylalum num;gor w th nethyl al um noxane (MAO)
(Formula 3, below). Formula 2 Formula 3 O [0053] The term "cat al yst
systent is defined herein to nean a catal yst precursor/activator pair, such

. i . I o .
R T e e R Ll R R o
(precataly r WLt IV ry a opt 1onal . C hV r
(such as aéi{?ig?%a_t’ Qi\‘ﬂﬁ@ﬁﬁ@@ﬁ%@ﬁﬁ@@'%@ﬁ“Ft& I(i?g]ebg{%&d)eeg@%‘%%%%ﬁch a
pai r aft eryoacé YAdyl PAdichl ox‘*ﬁﬁé}@ltm I?QW%&i‘éaPﬁ@{HéSﬁké}%dt\bﬁe@ﬁi ex@t or or
ot her char ge-bal anci ng noi ety. F’urt)rqer re, this activated "catal yst
systent’ negf thpttivonkigryupes) ipa asé XH)are mdeptnderitby selected frah hatides, OR (R
char ge- bal anci %nl%ym)i ety. C})t ionally and often, the co-activator, such as

e

trial kyl all§rAndikyt srpta macterably sedected from G lnfu G5 straight ehjeanched gbain The
N i | f d i ng _t oul a1,

Tbove. |1 n BkvhgrRn, bt Ch R B BT O AR an Rk lyahd b 1ke! °

P oeponacn FUISCRNILER: s WHA0 hiBACLAIRS( ik bldnct Kb

f I uorenyl ,protiuctivicpyaree widest ptoduet wdscositsubsigdsutaad, arendhudi efferimayiote

artiall
P Y preferred.

[0055] In another embodiment, any of the polyalpha-olefins produced herein
preferably have a Bromihe 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.

[0056] 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.

[0057] 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.



hydr ogenated, A can be no atom as in many un-bridged netall ocenes or Ais
an optional bridging group which if present, in preferred enbodinents is
sel ect edfwormndvmsbiegl si |l yl, di al kyl net hyl, di phenyl si | yl por/useaenssisret hyl |
et hyl enyl (- CH2-CH2-), al kylethylenyl (-CR2-CR2-), where al kyl can be

i ndependently C to O 6 alkyl radical qg_phenyl, tolyl, xylyl radical and
the li ke, and wherein each of the two X groups, Xa and Xb, are

i ndependently selected fromhalides, OR (Ris an al kyl group, preferably
selected fromd to C5 straight or branched chain al kyl groups), hydrogen,
C to A 6Yal kyl or aryl groups, haloalkyl, and the like. Usually
relatively|nore highly substjtuted netal | ocenes give higher catalyst
productivif{y and wifder produg§t viscosity ranges and are thus often nore
preferred. odi ment, any of the polyal pha-ol efins
produced her Brom ne nunber of 1.8 or |ess as neasured
by ASTM D 1159Mprilef er ab . ss, preferably 1.6 or less, preferably
1.5 or less, preferably 1.3 or less, preferably 1.2
or |less, preferabl erably 1.0 or less, preferably 0.5 or

| ess, preferably O. &s/ §0056f~mn anot her enbodi nent, any of the

pol yal pha- ol efi ns produced herein are hydrogenated and have a Brom ne
nunber of 1.8 or | ess as neasured by ASTM D 1159, preferably 1.7 or |ess,

preferably 1.6 or |less, preferably 1.5 or |ess, preferably 1.4 or Iigs,
pr ef er abl ywherg jok andsw argreachy idependently; 1) 253, 4p5ebct- a&@; ), 11942y b3s

[0057] 1 n*hdendp LB Rt Zng 0 S wpdfiep bR 10 aleBaliThoroi
may have ngROEprdttiably SQBV%?GBE%aQMrédf}S/f)RﬁSHWR n addition to the all

[0058] 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.

[0059] In another embodiment, any of the polyalpha-olefins described herein
preferably have a Mn (number average molecular weight) of 50,000 or less,
preferably between 200 and 40,000, preferably between 250 and 30,000,
preferably between 500 and 20,000 g/mole.

[0060] In another embodiment, any of the polyalpha-olefins described herein
preferably have a molecular weight distribution (MWD = Mw/Mn) of greater
than 1 and Iess 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 viscosity.
Alternately any of the polyalpha-olefins described herein preferably have an
Mw/Mn of between 1 and 2.5, alternately between 1 and 3.5, depending on fluid

viscosity.



regul ar 1, 2-connection.where j , k and mare each, independently, 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22, n
is an i ntwoenidfmmesl to 350 ( preferably 1 to 300, prefecahisgoos/ovza4s0) as
measured by proton NVR [0058] In another enbodinent, any of the

pol yal pha-ol efins described herein prefgpably have an Mv (wei ght average
nol ecul ar wei ght) of 100,000 or |ess, preferably between 100 and 80, 000,
pref erably between 250 and 60, 000 pref erably between 280 and 50, 000,

01 "t he. pol Wb Bhal e &k Saase Maaud mmsirrd e (RGBS Rdyeng AFOCRER:
30, 000, proFavERlty “’Edv?m“%lé%e%ékﬁ‘ 5813’81?&& bttt el

20, 000 g/ nEi19 styf&ﬁ@f&] cdlibratiéd Bﬁhd@fd)%h@e&éd veikty tigd ﬂhmevrs@bsw QJS@)TS{%“ ns
descri bed hereln preferably have a nol ecul ar wei ght distribution ( =

MV Mn) of tgraepaewer ¢dquation. and | ess than 5, preferably |l ess than 4,
preferably | ess than 3, preferably less than 2.5. The MAD of nPAO is al ways
a function of fluid viscosity. Alternately any of the polyal pha-ol efins

betveen: 1 WAt B0 SeElRRa e @i DD e fiolofl PAR fedirbeghe B S, © ¥
are m%'asurrﬁ By a@PS g@ﬁxhg itSbNded QIQAIPW°C0(as”ﬁ%a§ﬁ?efdobb0WS'meD“9@')

wei ght pol y rs, tet rofuran as sol vent and pol ystyrene as calibfation
st andar d, meferreblgzt legs \t\harh 100 éCf lpueférabilgdess thanacoP@j preferabdy pessethan -

equati on. i£062 I n a referred embodi ment of this invention any PAO
descri bed ffepretemp tham 030°Cy gireieraly| lesssthan 3 St crreferabheless than by
ASTM D 97)

-50°, preferably between -10 and -80 °C, preferably between -15°C and -70°C.

[0063] 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.

[0064] 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 ¢St to about 1,000 cSt, and yet more
preferably from about 8 ¢St to about 500 ¢St as measured by ASTM D445. The
PAOs preferably have viscosities in the range of 2 to 500 cSt at 1000C in one
embodiment, and from 2 to 3000 ¢St at 100 °C in another embodiment, and from
3.2 to 300 ¢St in another embodiment. Alternately, the polyalpha-olefin has a
KV100 of less than 200 cSt.



preferably less than -10 0C, preferably less than -20 0C, preferably |ess
than - 250C, preferably |less than -300C, preferably | ess than -350C

pr ef er ablwol2es3visan -50 , preferably between -10 and - @0TAS20090a4e8 abl y
bet ween -150C and -700C. [0063] In a preferred enbodi nent of this
invention, any PAO described herein may Jjave a kinematic viscosity (at 400C
as neasured by ASTM D 445) from about 4 to about 50,000 cSt, preferably
fromabout 5 ¢St to about 30,000 cSt at 40 OC, alternately fromabout 4 to
about 100,000 _cSt, preferably fromabout 6 cSt to abou , 0Q0 cSt

pref er abl y[00p3m &bane ﬁoewgpdtrae%auy pobyaipla ekgfing eS@ui)e hergin@agy have

anot her e I .0ol -0l ef§ S,l he rein. haxe

i memat i ¢ ROOES, vPESBEAK DR SR A Ty 1868y R AR BNATY 1R of ab
from aboutmdrd Hrefealy 2000€ shor® (& BEARIY by WS _RPR 5. CSt to about 1,000
cSt, nore preferably ?,r om about 4 gSt to abou[y 1,000 cSt’, and yet nore
preferably fromabout 8 cSt to about 500 cSt as neasured by ASTM D445. The

PACs preferably have viscosities in the range of L 2 to 500 ¢St at | OOoC in
one enbodi 986e] Imanethenembedimentoaggpobalploledin dessribed beresniveay heve , and

from3.2 to 300 .cSt in ano enbodi . grnat el th

pol yal pha-%fiéqqf:%nﬁacémétwoge'%forﬁg%tfﬁg# ?%% C t*.ls[ gﬁ%g}nqeﬁ %&%@M D
enbodi mentgygny pol yal pha ol efin described herein may have a kinenmatic
viscosity at "1000C from3 to 10 cSt and a flash point of 150 OC or nore,
preferably 200 OC or nore (as neasured by ASTM D 56). [0066] In another
enbodi nent, any gglyalpha ol efin described herein may have a dielectric

const ant d067]5 by anether gmbogdiment: azg polyalphajeledinrdaseribed haghnmnmayobaye

[0067] 10 anot et - ebodi 7795 vo 88 BRI LRI b b (554 g ner el n may
[0068] 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].

[0069] 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
units for kinematic viscosity are in m?s, commonly converted to ¢St or

centistokes (1cSt=10-6 m*/s or 1 ¢St =1 mm?/sec).



a specific gravity of 0.75 to 0.96 g/cm3, preferably 0.80 to 0.94 g/cm 3.
[ 0068] In another enbodi nent, any pol yal pha ol efin descri bed herein may
have a viwoasinogicadex (VI) of 100 or nore, preferably PRO/USRO0NDOAS
preferably 130 or nore, alternately, form 120 to 450, alternately from 100
to 400, alternately from 120 to 380, altgrnately 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 |east about 165,

alternately at |east abouyt 187, alternately_ at_ |east abqut 200, alternately
at | east aﬁé%‘ﬂ 252‘.3 ¢EIHPORMPRAY) i@ ey i@f/ppbﬁaﬁiiar@egn&rw @%@%e"he or

1- decene equival ent . feeds . C 3 tq. 1l )4 e pr.efe range
"t om 108 e i S0ButeS s BirRleritshidnl High eeleiCo R Baein hod

D 2270- 93 {nkP98ly r @Wiuﬂwré@ WalBddifie \UnTGRS hedd- Yehe8§ doRReEfiGits ACthd | ui ds
herein are neasured at 100 OC unl ess otherw se noted. Dynam c viscosity can
t hen be oldmi pesition ofilthe ppylyneert beaine asihee pokyaiphmbiafing, swhethty Homao-he

density of the liquid. The units for kinematic viscosity are in nR/s,
comonl y d¥Hyeersar ce-RuymesFs, it be dgtectiq, |sysdiotactic opptasctiey palyamsys,-or

1m?2/ sec) ., [ 0070 e .enbodj,nent .is a hew class,of . poly-al pharolefin whi ch
have a uni%& %%Bﬁ]négpncgdngl?sﬁc%ﬁyc hiﬁg(ﬁe& ip?&ﬁ' a aég]‘r‘f?i&ﬁ ‘ﬁgﬁq é‘ée%?f’ﬂ I near
branches s bf it oEtr Ryt h WNhBMEatfRPrdpRrRGAd
connect i Oﬁt@@rg}é@lt )ﬁsébegﬁérgggig’%llﬂg% o{qtﬁ'ﬁgé ngf/ﬁgr?luchalgﬂril. _Tltﬁgﬂrcfp
pol yal pha-ol efi ns, whet her honopol ynmers or co-polyners, can be isotactic,
syndi otactic or atactic polyners, or have conbination of the tacticity. The
new pol y- d0pTH- oAapthes ineat iHg neMeskass o€ hrydrogsinetediepolyi-alphaolefing | ui ds
have uni quye L ubrication properties,.[0071] Another errboglj rtrlent IS, a new
cl ass of g%@ngglg&epgfr?p 1893_\6}1 i IS Characterized by a high percentage o
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.

[0072] 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) and optionally with co-activators such as trialkylaluminum
compounds. 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
believed to increase catalyst productivity, typically more than 5 fold, preferably
more than 10 fold.



havi ng a uni que conposition which is characterized by a high percentage of
uni que head-to-head connection at the end position of the polynmer and by a
reduced owQrew/wasbi city conpared to the product bef or ePhydisogeneiston. The
new pol y-al pha-ol efi ns when used by itself or blended with another fluid
have uni que lubrication properties. [0042] This inproved process to produce
t hese pol yners enpl oys netall ocene catalysts together with one or nore
activators (such as an al unoxane or a noncoordi nating anion) and optionally
Wi th co-activators such as trial kyl al um num conpounds. The netal | ocene
catal yst can be a bridged or unbridged, substituted or unsubstituted

chialyats BT B pREEHY, AbbodRAE) o BERREC tp 138005 % Poh AL I T

producti Vidom ndi gher product viscosity. Another preferred class of
nmet al | ocenes ‘are Dbridged and substituted cycl opent adi enes. Anot her
preferred class of netall ocenes are bridged and substituted i ndenes or

fluorenes. One aspect of the processes described herein aqu inéludes
treat ment of the HeetPrép@imen@ttleastegpgealpha-0lohn mensnies haypg asto 30

per oxi des, en, sulfu ni trogencont ai ni ng organi,c coO LT and_or
eetyl ent catoiponrss ity B BPRBREEH "5 EnPRydioaRu AiF cBOLS: DT
producti vi j I t f ;

For d. [ 007d1NAmSHERES: chnRidhs WAErem 13Road AT Predt, Sapgbret ardial

pol yal pha-mtssuire) ofo2@0 ipsi (9379 kPayrdratess,nbased Lipars tthentetall pressurt edfi the
nononer having 3 to 30 carbon atons with a netal |l ocene conpound and an
acti vat or rgaeter (prsifenably 130 insh (EQIhkPrbes logse pesterablurldfepst (6PO0PRDoR | i s

present atleéas, %%%eirgll)ly 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 30,000ppm or less by weight, preferably 1,000 ppm or less 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), and wherein the alpha-
olefin monomer having 3 to 30 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 PAQO,
and obtaining a PAO, comprising at least S0 mole% of a C3 to C30 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:



pressure of 200 psi (1379 kPa) or |ess, based upon the total pressure of
the reactor (preferably 150 psi (1034 kPa) or |less, preferably 100 psi (690
kPa) or Iwezpiosefeer ably 50 psi (345 kPa) or |ess, prefecahisgoi2bojss (173
kPa) or |less, preferably 10 psi (69 kPa) or less (alternately the hydrogen,
if present in the reactor at 30, 000ppm_gy | ess by weight, preferably 1,000
ppm or | ess preferably 750 ppmor |ess, preferably 500 ppmor |ess,
preferably 250 ppmor |ess, preferably 100 ppmor less, preferably 50 ppm
or |ess, ppeferably 25 ppmor |less, preferably 10 ppmor less, preferably 5
ppmor | es¥), and wherein the al phaol efin nononer having 3 to 30 carbon
atons is pjesent at /10 volu % or nore based upon the total volune of the
catal yst/ag¢tivator/Lo-activator solutions, nononers, and any diluents or

sol vents present i he reacthgn; and 2) obtaining a polyal pha-ol efin,
optionally h i and obtaining a PAO conprising at |east
50 nol e% of a i nmononer, wherein the polyal pha-olefin
f 5000 cSt or less, and the

pol yal pha-ol efin cqnpri se @%fr nore of units represented by the
formul a: where | iach, M¥mdependently,!, 2, 3, 4, 5 6, 7, 8§,

9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22, nis an integer
from1l to 350, and [0074] An alternate enbodinent is a process to produce a

pol yal pha-o| efin_conprising: 1) contactin feed_ siream conprising. one or
at | east o‘HBerélJpll‘Fa%}EFi werﬁfﬁbnﬁ%deﬁswﬁglﬁ?{i Méré&na&t%ﬁr@) ils 5231?,

ol kyl ol umogaris® 361 FUattones Al Gt 2y R SO AR monnd,  under

pol yneri zati on conditions

[0074] An alternate embodiment is a process to produce a polyalpha-olefin

comprising:

1) contacting a feed stream comprising one or at least one alpha-
olefin monomer having 3 to 30 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 3 to 30 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
poiyaipha-olefin has a kinematic viscosity at 100°C of 5000 ¢St or less.
Preferably, hydrogen, if present is present in the reactor at 30,000 ppm or less by
weight, preferably 1,000 ppm or less 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

S ppm or less.



wherein the al pha-ol efin nononmer having 3 to 30 carbon atons is present at
10 volunme % or nore based upon the total volune of the

cat al yst /aot2owateaebcoact i vat or sol uti on, nononers, and &Oy/u$2é090n03488 or
solvents present in the reactor and where the feed al pha-olefin, diluent or
sol vent stream conprises | ess than 300 _pgm of heteroatom containing
conpounds; and obtai ning a pol yal pha-olefin conprising at | east 50 nol e% of
a C5 to C24 al pha-ol efi n nonomer where the poiyai pha-oiefin has a kinematic
viscosity at 1000C of 5000 cSt or less. Preferably, hydrogen, if present is
present in the reactor at 30, 000 ppn1or | ess by weight, preferably 1,000

ppm or |es %g%ef K2t ¥maRd emﬁﬁ‘x g?? gg&fe% 3B! YroaBle paogbﬁéa}gﬁéleggl ppm

pr ef erabl pm or 1ess mor’ | ess,

or |ess, pé‘(ﬁlfllﬁﬁﬁﬁ y 25 ppmor |ess, pref erably 10 ppmor less, preferably 5
ppmor | ess.[0075] An alternate enbodi ment is a process to produce a

pol yal pha-ol efin conprising: 1) contacting a feed stream conprising at

| east one al pha-oJefin rmnorrer 3 to 30.carbon_ atons
met al | ocene cat al 1))stCQ;rB éh‘ifi/ AL COBRRAIHAE flg least o?fleaé{llir’]%?lﬁﬁ’br

al kyl al uno, gﬂgm%? Vfﬁ%’g to V\#j cgpt;dnt ﬁﬁ'}ln'l%/ v\ﬂ{h ﬁ: e%éla]ﬁ)lcgﬂé QH{QI W(gn%dmder

p0| yI'TEI’I za I on con erern a-o n nononer

carbon at offf] iaS RIrLESYdimitink0 at@bn! ”Ect%d%r e QlRAREMGRATR td&ﬁvhairal anepl ume
of the catalyst/activator/coactivator solution, nononers, and any diluents

or sol venteptpmaligniani alkyialumarior canponines eunder fpedaymammtaoml afndationk | uent
or solvent stream corrgrl ses | ess than 300£&m of het eroat om cont ai ni
conmpounds Wh¢eH! thenaiphatoletm @goneprp@q havipg apicareQrnptoms wgpresentaatskl 5o

0,
ol e% of 3 volu mteo%c%?'arlngpea b%lseeci 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;  Alternately, in this 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.

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. The hydrogen pressure for



nmononmer where the polyal pha-olefin has a kinematic viscosity at 1000C of
5000 cSt or less; Alternately, in this process described herein hydrogen,

i f presemwQ 200/@B9®sent in the reactor at 1000 ppm or | ePSThR2000i003348
preferably 750 ppmor |ess, preferably 500 ppmor |less, preferably 250 ppm
or less, preferably 100 ppm or |ess, pr_ezf6e_rably 50 ppmor |ess, preferably
25 ppmor less, preferably 10 ppmor |ess, preferably 5 ppmor |ess. 2)

i solating the lube fraction polynmers and then contacting this |ube fraction
wi t h hydrogen under _typical —hydrogenation conditions wth hydraogenation
cat al yst t@UgPracess is ¥sudlin imtheirangen fiepe SOnesi de 30U psis p&?%@bi&tm?km/,
I sol ati ng | ube fragti ol rs. and then contacting this |lube fraction
wi th hydr o%ée@ %d%rref?%ﬁb SQQ/E? égg@%ﬁ't ions with hydrogenation catalyst to
give fluid with brom ne nunber below 1.8 and with reduce nol e% of mm
conponents than the unhydrogenat ed pol yners. The hydrogen pressure forthis
process i sMobecalldaryWenglitHistrdimgdort (MWD psi to 3000 psi, preferably 200 to
2000 psi, preferably 500 to 1500 psi. Mblecular Weight Distribution (M\D)
[0076] Mol [B@Zﬁ]ar MadpgHar wieight digtribmionsis & fumstion ©f vascositye okhe highenghai gher

the viscosi.ty the higher the nolecyl ar i ght distribution. Fi.gure 1.is a
graph showf Sftﬁet%ﬂéélﬁra&’ev\gfodm‘ﬂﬁ‘i é‘f‘iﬁ%‘ﬂ?f%‘jﬂf"é@% f UHREHF lgfa Fhbsity
at Kvl OO0 ' tq; j j uar es
and Upper T ang the e IR R AR B Bh 36 nclbh of o B KO 100N
repr esent sThdeifelaf espreserdtowry piiangart giricrohac @IAAD. Walhghbqetires rdﬂ@lufu'p?Gr for
the high viscosity netal |l ocene catal yzed PAO. Line 3 represents preferred
upper randeiapgles Hepresericthicanewanegatlogénst eatalyzed PAOs. tlhsehl ygpresentothe y

metal | Ocenperefe%ead Yozvsgr Fébﬁ%e of molecular weight distribution for the high viscosity

metallocene catalyzed PAO. Line 3 represents preferred 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 2 represents the desirable and typical MWD of actual experimental samples
of the metallocene PAO made from 1-decene. Line 5 represents molecular

weight distribution of the prior art PAO.

[0077] Equation 1 represents the algorithm for line 5 or the average molecular
weight distribution of the prior art PAO. Whereas equations 2, 3, and 4

represent lines 1, 3 and 2 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)

[0078] 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



Therefore, the region bounded by lines 1 and 3 represents the preferred
nol ecul ar wei ght distribution region of the new netall ocene catal yzed PAQ
Li ne 2 repoesnmi3s2ébhe desirabl e and typi cal MAD of act uaCTasp@vionsng al
sanpl es of the netall ocene PAO made from 1-decene. Line 5 represents

nmol ecul ar wei ght distribution of the prher art PAO [0077] Equation 1
represents the algorithmfor line 5 or the average nol ecul ar wei ght
distribution of the prior art PAO Wereas equations 2, 3, and 4 represent

1036 1 Luif o b SSion " 58 n 3, ookt o -
MAD 0.8 + * - af . i . = . 4922 *
| og (Kv atrgggﬁﬁer?ﬁelé@%h%&%qﬁ Irllgsast(::t ﬁ%])éggﬁa%%le%orgg%n {ljetzlhlétl?r%lﬂ'ecul ar

wei ght distribution is at |east 10 percent less than equation 1. In a
preferred enbodi nent the nol ecul ar wei ghtdistribution is | ess than equation
2 and in 00Tt Pakleel ied wbbodemmmstratieg rthe atiffeagnoesibgiveen shetablacéren i s

| ess than equation 2 and nore than equation 4. [0079] Table 1 is t abl e
denonst r atGatdlyzek P @ emaRd£5) rrtdrvsurent tugh ouseRsIyaPHPY A8H %@ (5436 "
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cat al yst s. ysifien{BAIfddeAe @A b AMERImEMNoEEhe BARIKE 9steR] ?ﬁ@éﬁct@, okeqds
were described in Patent Applications Nos. PCI/US2006/ 021399 an

PCT/ US2006dnd2feeds werd desorfbadsinsRatphteApplicakadiseN as Ww@CT /26 0610210380 @ndCo, 12,

C6 to C18, C6, 10,1 4-LACs. Exanples 1 to 7 sanples all have very narrow
mol ecul ar RIGTAFS2006602 1%k | Ge(IMRBYOS FpIDTON koAb ersamage drom C10,

C6,12, C6 to C18, C6,10,14-LAOs. Examples 1 to 7 samples all have very
narrow molecular weight distribution (MWD). The MWD of mPAO depends on

fluid viscosity as shown in Figure 1.

Table 1

Example Ho. | 1 2 3 4 5 6 b 8 9 10 1
cHVI. | cHVL. | chvi.
Esample type mPAO | mPAO | mPAO | mPAO mPAO mPAO mPAO | mPAO PAO PAO PAO
Feed LAO | C6/C12 | C6-C18 | C6-C18 C10 C6.10,14 C6,10,14 c10 C10 Cc10 Cc10 C10
{ 100°C Kv. ¢S 150 151 540 671 460 794.25 1386.63 | 678.1 150 300 1,000
i400C Kv, ¢S 170 1600 6642 6900 5640 10318 16362 6743 1500 3100 | 10.000
vl 198 207 257 248 275 321 303 218 241 307
{Pour, °C 33 -36 -21 -18 nd nd -12 -33 -27 -18
MWD by GPC
i Tw 7.409 | 8,089 | 17.227 | 19772 16149 20273 31769 | 29333 8.974 | 12,511 | 32,200
{ MWD 1.79 2.0 1.90 1.98 235 2.18 1.914 5.50 2.39 2.54 4.79
E% 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 -46.78

160 hrs 0.83 -0.70 -1.07 1.79 nd nd nd nd nd -21.83 -51.09
E
i{al CEC L45-A-99 Taper Roller Bearing/C (20 hours} (KRL test 20 hours) at SouthWest Research Institute

[0080] 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

10%. When fluid viscosity is above 1000 cSt as in Example 7, the fluid loss is



fluid viscosity as shown in Figure 1. [0080] Wen Exanple 1 to 7 sanples
were subjected to tapered roller bearing ("TRB") test, they show very | ow
vi scosi t ywbasw/m@abdteer 20 hours shearing or after extende@CIOB260000034&heari ng
(TRB). GCenerally, shear stability is a function of fluid viscosity. Lower
viscosity fluids have m nimal viscosityjkosses of |less than 10% When fluid
viscosity is above 1000 cSt as in Exarrp?e 7, the fluid | oss isapproxi mately
19% vi scosity. Exanple 8 is a netall ocene PAOwith MAD of 5.5. This
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test. [0082] In enbodinents, one or nore of the aforenentioned Goup | to V
base stocks may be bl ended with the HVI-PAO of the present invention, in
t he anmount[0081]1%ExamPbesn®, 19 and Ehhoedcomphmtiveosramples. O vet high wiscégity o 99

w % or 55 to 90w % or 1 to50w % or.1to4d45 w % or 5t 50w %
or 5 to 4PAD sie wRderaccaring tormetds cleseribrdda WhdratertsBlos: 4809.0654
chosen to bl | - PAO t 0, 0Dt ai e _0opti 1 Vi SC ri.cs;:.and the
perfor mnc@f@%@%@ﬁ %ﬁ%‘é‘?ﬂ bé?&?@%t@%r theé?é??(? otoi es(%\g?}s & t?i)?lt‘@ ﬁ'ndex
of the basgrptiggks usabl e as bl ending conponents in this invention, where
in some instances the viscosity index is preferably 80 or greater, nore
preferably 100 or greater, and even nore preferably 120 or greater.

Addi ti onal | in certain particular instances, viscosity index of these

base stoc klﬂgmiy beemberinenisy ongor grorgrafztheraforanentimedeGrony | 133 base
greater, asqgcl?sv ?nnay E:ebl%hgfe rv%lt{hyth%d'lql\ﬂr-PngFac}te fhie present invention, in the
amount of 1% to 99 wt %, in embodiments from 1 to 90 wt %, or 50 to 99 wt %,
or 55 to 90 wt %, or 1 to 50 wt %, or 1 to 45 wt %, or 5 to 50 wt %, or 5 to 45 wt
%. Often, one or multiple of these other base stocks are chosen to blend with
HVI-PAO to obtain the optimized viscometrics and the performance. Further,
preferred embodiments relate to the viscosity index of the base stocks usable as
blending components in this invention, where in some instances the viscosity
index is preferably 80 or greater, more preferably 100 or greater, and even 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.

[0083] In addition to these fluids described above, in a preferred embodiment a
second class of fluids, selected to be different from the fluids discussed above,
and preferably having a higher polarity is also added to the formulation. The
polarity of a fluid may be determined by one of ordinary skill in the art, such as
by aniline points as measured by ASTM D611 method. Usually fluids with
higher polarity will have lower aniline points. Fluids with lower polarity will
have higher aniline poinfs. Most polar fluids will have aniline points of less than

100°C. In preferred embodiments, such fluids are selected from the API Group



[0083] In addition to these fluids described above, in a preferred

enbodi nent a second class of fluids, selected to be different fromthe
flui ds diwousmedombove, and preferably having a hi gher polrarseeog/onsi4s@l so
added to the formulation. The polarity of a fluid may be determ ned by one

of ordinary skill in the art, such as byganiline points as measured by ASTM
D61 1 nethod. Usually fluids with higher polarity will have | ower aniline
points. Fluids with [ower polarity will have higher aniline points. Most

I fluid ill h il i nt f | t.h 1000 [ f d
Ebodi ment ¥ baStietpek . Eaamles Gelhest GHORP SnThis MGy beBaEsdrodies
Ex I J | Wi, dsl.ned Kk
descri bed PRUBECrER MBS B PSR B X 53893 i d ARG, oo
(e.g., U S(g.g?,au.s.'\b&. Mo WedPa91 2l 5,6002096)0) OthdhalkyRltéd lapéiagtiey arati cs
are described in "Synthetié Lubricants and H’'gh Perforrance Functi onal

Fl ui ds", Meshibéd icHSymehetit, Lubrickats Rathithgh aPetfdtmdnce Sruitdtionall dduids” 5

Mar cel Dekker, N Y.l 999. [0084] In _one enbodinent, the use of |0

Vi 5Cosi {y, MaiNiWp Crplgs 7 (- BagRuditicks anddt b ABubis ). Marest oskeras an

alternate ng{gps | ow vi scosity PAO nodal conponent, and the use of an

al ternate est- %‘orrposi tion provides surprising performance. These

formul ati ons nmove away from conpletely synthetic base stocks, they

denonstrate favorabl e gear energy efficiency performance. [0085] Al so

i ncl uded ip0084]i slrcbas<cmivetinienk, ther ysedes lowbliscosity; ihdgl iVig Grbap dek basest i cs

are the al k'élc'at ed aromatic cogz)ounds I ncludi ng the al kyl ated di phenyl

conpounds @lscinchdingevisomy4 andwrdi@hbngs apxalirsnateatoctheatosy vasgosbFAO

sul fi des and all kyl at ed digh&\r%l nmet hanes and the al kyl at ed .Phenoxathi ns as

wel | modal component, an e use of an alternate” ester ’composition provides
surprising performance. These formulations move away from completely
synthetic base stocks, they demonstrate favorable gear energy efficiency

performance.

[0085] Also included in this class and with very desirable lubricating
characteristics are the alkylated aromatic compounds including the alkylated
diphenyl compounds such as the alkylated diphenyl oxides, alkylated diphenyl
sulfides and alkylated diphenyl methanes and the alkylated phenoxathins as well
as the alkylthiophenes, alkyl benzofurans and the ethers of sulfur-containing
aromatics. Lubricant blend components of this type are described, for example,
in U.S. Pat. Nos. 5,552,071; 5,171,195; 5,395,538; 5,344,578; 5,371,248 and EP
815187.

[0086] Other Group V fluids that are suitable for use as blend components
include polyalkylene glycols (PAGs), partially or fully ether- or ester end-
capped PAGs. Ester base stocks may also used as co-base stocks in formulations
according to the invention. These esters can be prepared, for instance, by
dehydration of mono-acids, di-acids, tri-acids with alcohols with mono-, di- or

multi-alcohols.  Preferred acids include C5-C30 monobasic acids, more



as the al kyl thi ophenes, al kyl benzofurans and the ethers of

sul fur-containing aromati cs. Lubricant bl end conponents of this type are

descri bedvoforo/esmapl e, in U S. Pat. Nos. 5,552,071; 5, PCT/UK&®9/0854395, 538;
5,344,578; 5,371,248 and EP 815187. [0086] Other G oup V fluids that are

suitable for use as blend conponents ingpude pol yal kyl ene glycols (PAGs),

partially or fully ether- or ester endcapped PAGs. Ester base stocks may

al so used as co-base stocks in fornulations according to the invention.
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about 1 wt % up to no nore than about W~ % of the total conposition, and

I n enbodi nents from about 1 wt %up to no nore than about 20 wt% This
contrasts with autonotive gear applications, wherein up to 75% of
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In the samgmposition, and in embodiments from about 1 wt % up to no more than about

20 wt%. This contrasts with automotive gear applications, wherein up to 75% of
formulations comprises similar components. Alkyl naphthalenes are preferably
used in amounts from about 5 to about 25 wt %, preferably about 10 to about 25
wt. %.  Alkylbenzenes and other alkyl aromatics may be used in the same
amounts although it has been found that the alkylnaphthalenes in some lubricant
formulations are superior in oxidative performance in certain applications. PAG
or esters are usually used in amount of about 1 wt % to no more than about 40 wt
%, in embodiments no more than 20 wt % and in other embodiments less than 10

wt % or even less than 5 wt %.

[0088] The present inventors have found that using these secondary Group V
base stocks usually improve one or several of the finished lubricant product
properties, such as the viscosity, solvency, seal swell, clarity, lubricity, oxidative

stability, and the like, of the finished lubricant products.

[0089] The viscosity grade of the final product is adjusted by suitable blending
of base stock components of differing viscosities. In many conventional

industrial lubricant formulations, thickeners are used to increase viscosity. One



anounts al though it has been found that the al kyl napht hal enes in sone

| ubricant formul ations are superior in oxidative performance in certain
appl i cat iwo2010R3@66r esters are usually used in anbunt eCTalseam/0dwus % to no
nore than about 40 wt % in enbodiments no nore than 20 wt % and in ot her
enbodi ments less than 10 wt %or even | ggs than 5 w % [0088] The present
I nventors have found that using these secondary G oup V base stocks usually
i nprove one or several of the finished |ubricant product properties, such
as the viscosit ol venc

1 | | b cablliee SN i b
SCabi ity PAAIENIARadr NGRS BF theBraseR S¥eaPRLF Fidk HhICHFBUSCRS 1of 0OBLFIhe

. » PN . s . Do f
base. ot ou D SeRr T, EhIaMERR B, (TGRS oF€ s HEEERC AT 10r ©
i ndustri a'dirfépéﬂtcaﬂho§iw rgthaéd %@é,mb]@ﬂ' GHRABKS udEE® t8S86hik9e | Widee Fhfished

viscosity. Oneparticul a& advantage of the present invention is that
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experimentation. The viscosity grades for the final product are preferably in the
range of ISO 2 to ISO 1000 or even higher for industrial gear lubricant
applications, for example, up to about ISO 46,000. For the lower viscosity
grades, typically from ISO 2 to ISO 100, the viscosity of the combined base
stocks will be slightly higher than that of the finished product, typically from
ISO 2 to about ISO 220 but in the more viscous grades up to ISO 46,000, the
additives will frequently decrease the viscosity of the base stock blend to a
slightly lower value. With a ISO 680 grade lubricant, for example, the base
stock blend might be about 780-800 cSt (at 40°C.) depending on the nature and

content of the additives.

[0090] In conventional formulations, the viscosity of the final product may be
brought to the desired grade by the use of polymeric thickeners especially in the
product with the more viscous grades, e.g. from ISO 680 to ISO 46,000. Typical
thickeners which may be used include the polyisobutylenes, as well as ethylene-
propylene polymers, polymethacrylates and various diene block polymers and
copolymers, polyolefins and polyalkylstyrenes. These thickeners are commonly
used as viscosity index improvers (VIIs) or viscosity index modifiers (VIMs) so

that members of this class conventionally confer a useful effect on the



applications, for exanple, up to about |SO 46,000. For the |ower viscosity
grades, typically fromISO 2 to | SO 100, the viscosity of the conbi ned base
st ocks wwbD 2bm/sbicght | y hi gher than that of the finishe#Cprusdeonps4ugpi cally
froml1SO 2 to about |1SO 220 but in the nore viscous grades up to I SO
46,000, the additives will frequently o_la?r_ease the viscosity of the base
stock blend to a slightly | ower val ue. th a I SO 680 grade |ubricant, for
exanpl e, the base stock blend m ght be about 780-800 cSt (at 4Q0C.)

dependi ng on the nature and content of the additives. [0Q90] .In .
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the final desired viscosity grade. Typical commercially avail able viscosity
I ndex i nprovers are polyisobutyl enes, polynerized and copol yneri zed al kyl
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VI improvers and generally confer strong viscosity increases as a result of their
molecular structure. The diene polymérs which are normally copolymers of 1,3-
dienes such as butadiene or isoprene, either alone or copolymerized with styrene
are also an important class commercially, with typical members of this class sold
under names such as Shelivis™. The statistical polymers are usually produced
from butadiene and styrene while the block copolymers are normally derived
from butadiene/isoprene and isoprene/styrene combinations. These polymers are
normally subjected to hydrogenation to remove residual diene unsaturation and
to improve stability. The polymethacrylates, normally with number average or
weight average molecular weights from 15,000 to 25,000, represent another
commercially important class of thickeners and are widely commercially

available under designations such as Acryloid™.

[0092] One class of polymeric thickeners is the block copolymers produced by
the anionic polymerization of unsaturated monomers including styrene,
butadiene, and isoprene. Copolymers of this type are described, for instance, in
U.S. Pat. Nos. 5,187,236; 5,268,427, 5,276,100, 5,292,820; 5,352,743;
5,359,009; 5,376,722 and 5,399,629. Block copolymers may be linear or star
type copolymers and for the present purposes, the linear block polymers are



nol ecul ar wei ght from 10,000 to 15,000, are a commercially inportant class
of VI inprovers and generally confer strong viscosity increases as a result
of their wolemui3gaeest ructure. The di ene pol yners whi ch &ce/useeogmbisys
copolynmers of 1,3- dienes such as butadi ene or isoprene, either alone or
copol ynerized with styrene are al so an_ihgportant class commercially, with
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statistical polyners are usually produced from butadi ene and styrene while
t he bl ock coEonners are normal |y derived from butadi ene/i soprene and
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pol ymeric thickeners is the block copolynmers produced Ry the anionic,
pol yneri zavhish arc linean anigniel cepabmeers. | (| thebegShelyisne, Shas a8 amenicand
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5,376, 722 S@Mﬁo eR29. Block copolyners may be linear or star type
copolymers and for the present purposes, the |linear block polyners
arepreferred. The preferred polyners are the isoprene-butadi ene and

I soprenestyrene anionic diblock and tri bl ock copolyners. Particularly
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these, ShepjiggieMantQidcdsft) ABEL Thbdifiers disclosed in the '378 patent are the
nitrogen-containing esters of carboxylic-containing interpolymers and the oil-
soluble acrylate-polymerization products of acrylate esters, alone or in
combination. Commercially available dispersant-viscosity index modifiers are
sold under trade names Acryloid™ 1263 and 1265 by Rohm and Haas,
Viscoplex™ 5151 and 5089 by Rohm-GMBHO™ Registered TM and
Lubrizol™ 3702 and 3715.

[0094] Antioxidants, although optional, may be used to improve the oxidative
stability of formulations according to the present invention. A wide range of
commercially available materials is suitable. The most common types of
antioxidant which may be used in the present compositions are the phenolic
antioxidants, the amine type antioxidants, the alkyl aromatic sulfides,
phosphorus compounds such as the phosphites and phosphonic acid esters and
the sulfur-phosphorus compounds such as the dithiophosphétes and other types
such as the dialkyl dithiocarbamates, e.g. methylene bis(di-n-butyl)
dithiocarbamate. They may be used individually by type or in combination with
one another. Mixtures of different types of phenols or amines are particularly

preferred.



di bl ock copol yner and Shelivis(tn) 200, Shelivis(tm 260 and Shelivis(tm
300 are star copolyners. [0093] Sone thickeners may be classified as

di sper sarwovorossicsy i ndex nodi fiers because of their dealr/useecenizang as
described in U S. Pat. No. 4,594,378. The dispersant-viscosity index

nodi fiers disclosed in the '378 patent _gye the nitrogen-containing esters
of carboxylic-containing interpolyners and the oil sol ubl e

acryl ate-pol ynmeri zati on products of acrylate esters, alone or in

conbi nati on. Comercially avail abl e di spersant-viscosity index nodifiers
are sold under trade nanes Acryloid(tm 1263 and 1265 by Rohm and Haas,
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di t hi ocarbamates, e.g. nethylene bis(di-n-butyl) dithiocarbamate. They may
be used individually by type or in conmbination with one another. M xtures
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The preferred sul fur conpounds which are optionally added to conpositions
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salts of certain phenolic compounds. The amount of phenolic compound
incorporated into the lubricant fluid may vary over a wide range depending upon
the particular utility for which the phenolic compound is added. In general, from
about 0.1 to about 10% by weight of the phenolic compound will be included in
the formulation. More often, the amount is from about 0.1 to about 5%, or about
1 wt % to about 2 wt %. Percentages used herein are based on the total

formulation unless otherwise specified.

[0097] The preferred phenolic compounds are the hindered phenolics which are
the ones which contain a sterically hindered hydroxyl group, and these include
those derivatives of dihydroxy aryl compounds in which the hydroxyl groups are
in the o-or p-position to each other. Typical phenolic antioxidants include the
hindered phenols substituted with C6 alkyl groups and the alkylene coupled
derivatives of these hindered phenols. Examples of phenolic materials of this
_type is 2-t-butyl4-heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl
phenol; 2,6-di-t-butyl-4-heptyl phenol; 2,6-di-t-butyl-4-dodecyl phenol; 2-
methyl-6di-t-butyl-4-heptyl phenol; and 2-methyl-6-di-t-butyl-4-dodecyl phenol.
Examples of ortho coupled phenols include: 2,2'-bis(6t-butyl-4-heptyl phenol);
2,2"-bis(6-t-butyl-4-octyl phenol); and 2,2'-bis(6-t-butyl4-dodecyl phenol).

Sulfur containing phenolics can also be used to great advantage. The sulfur can



performance include the dial kyl sulfides such as di benzyl sulfide,

pol ysul fides, diaryl sulfides, nodified thiols, mercaptobenzi m dazol es,

t hi ophenewodeaninvabicées, xant hogenates, and thioglycols. [PC0AGRoResIas | C
antioxi dants which may be used in the present lubricants may suitably be
ashl ess (netal -free) phenolic conpounds gr neutral or basic nmetal salts of
certain phenolic conpounds. The anount of phenolic conpound incorporated
into the lubricant fluid may vary over a w de range dependi ng upon t he
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phenol ) %(6))(11’ el l?érG IT{G ta¥1| alky e%%c%llk&y?ene, or aralkylene group, R’ is a
higher alkyl group, or an alkenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The
aliphatic group R* may contain from 1 to about 20 carbon atoms, and preferably
contains from 6 to 12 carbon atoms. The aliphatic group is a saturated aliphatic
group. Preferably, both R? and R? are aromatic or substituted aromatic groups,
and the aromatic group may be a fused ring aromatic group such as naphthyl.

Aromatic groups R® and R* may be joined together with other groups such as S.

[0099] Typical aromatic amines antioxidants have alkyl or aryl substituent
groups of at least 6 carbon atoms. Examples of aliphatic groups include hexyl,
heptyl, octyl, nonyl, and decyl. Examples of aryl groups include styrenated or
substituted-styrenated groups. Generally, the aliphatic groups will not contain
more than 14 carbon atoms. The general types of amine antioxidants useful in
the present compositions include diphenylamines, phenyl naphthylamines,
phenothiazines, imidodibenzyls and diphenyl phenylene diamines. Mixtures of
two or more aromatic amines are also useful. Polymeric amine antioxidants can
also be used. Particular examples of aromatic amine antioxidants useful in the
present invention include: p,p'-dioctyidiphenylamine; octylphenyl-beta-

naphthylamine; t-octylphenyl-alpha-naphthylamine; phenyl-



Sul fur containing phenolics can also be used to great advantage. The sul fur
canbe present as either aromatic or aliphatic sulfur within the phenolic
ant i oxi dawo 20olse26be. [ 0098] Non- phenol i ¢ oxi dati on i nhipbirtuse@/oesipeci al |y
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anti oxi dants include: alkylated and non-al kyl ated aromati c am nes such as
the aromati c nmonoam nes of the fornula RBRAR5N where R3 is an aliphatic,
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the copper salts of carboxylic adds such as stearic add, palmitic acid and oleic

acid, copper phenates, copper sulfonates, copper acetylacetonates, copper
naphthenates from naphthenic acids typically having a number average or weight
average molecular weight of 200 to 500 and the copper dithiocarbamates and
copper dialkyl dithiophosphates where the copper has been substituted for zinc.
Copper salts of this type and their use as antioxidants are described in U.S. Pat.
No. 4,867,890.

[00101] Normally, the total amount of antioxidant will not exceed 10 wt. % of
the total composition and normally is rather less, below 5 wt. %. Usually, from
0.5 to 2 wt. % antioxidant is suitable although for certain applications more may

be used if desired.

Inhibitor Package

[00102] An inhibitor package is used to provide the desired balance of anti-wear
and anti-rust/ anti-corrosion properties. One component of this package is a
substituted benzotriazolelamine phosphate adduct and the other is a tri-
substituted phosphate, especially a triaryl phosphate such as cresyl

diphenylphosphate, a known material which is commercially available. This



al so be used. Particul ar exanples of aromatic am ne antioxidants useful in
the present invention include: p,p'-dioctyidi phenylam ne;
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[ 00100] Typical of the dial kyl dlthlophosphate salts which may be used are
the zinc dial kyl dithiophosphates, especially the zinc dioctyl and zinc
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di t hi ophosphates include the copper salts of carboxylic adds such as

stearic add, palmtic acid and ol eic acid, copper phenates, copper
sul fonat es, copper acetyl acetonates, copper na thenat es from napht.heni c
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together with the method by which they may be prepared. Briefly, these adducts

comprise a substituted benzotriazole. i.e. an alkyl-substituted benzotriazole
where the substituent R is hydrogen or lower alkyl, C; to Cs, preferably CH;.
The preferred triazole is tolyl triazole (TTZ). For convenience, this component
will be referred to as TTZ here although other benzotriazoles may also be used,

as described in U.S. Pat. No. 4,511,481.

[00104] The amine component of the adduct may be an aromatic amine
phosphate salt of the formula set out in U.S. Pat. No. 4,511,481, i.e., a triazole
adduct of an amine phosphate. Alternatively, the main component may be an
aliphatic amine salt, for example, a salt of an organoacid phosphate and an
alkylamine such as a dialkylamine. The alkyl amine phosphate adducts may be
made in the same way as the aromatic amine adducts. A preferred salt of this
kind is the mono-/di-hexyl acid phosphate salt of long chain (C,; -C,4)
alkylamines which can be made into an adduct with TTZ in this way for use in
the present compositions. The adduct can range from 1:3 to 3:1 (mole) with the
preferred adduct having a 75:25 ratio (weight) of the TTZ and the long chain
alky/organoacid phosphate salt.



[ 00102] An inhibitor package is used to provide the desired bal ance of
anti-wear and anti-rust/ anti-corrosion properties. One conponent of this
package iwOaosui3sieht ut ed benzotri azol el am ne phosphat e &duaoustocanassihe ot her
is a trisubstituted phosphate, especially a triaryl phosphate such as
cresyl diphenyl phosphate, a known nateriygl. which is commercially avail able.
Thi sconponent is typically present in mnor amounts up to 5 wt. % of the
conposition. Nornmally less than 3% e.g. from0.5to 2 wt. %of the total
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will be referred to as TTZ here al though ot her benzotriazoles may al so be
used, as described in U S. Pat. No. 4,5 11,48 1. [00104] The am ne
conponent [00106)eAdddiontal nanti-best aadditivesmtmay satsmebep lmseh Metak aleactrfatotse
formula set out in U S Pat. No. 4,51 1,481, i.e., a triazole adduct of an
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disubstituted amino methyl-benzotriazoles. The N,N-disubstituted aminomethyl-
1,2,4-triazoles can be prepared by a known method, namely be reacting a 1,2,4-
triazole with formaldehyde and an amine, as described in U.S. Pat. No.
4,734,209. The N,N-disubstituted aminomethyl-benzotriazole can be similarly
obtained by reacting a benzotriazole with formaldehyde and an amine, as
described in U.S. Pat. No. 4,701,273. Preferably, the metal deactivator isl-
[bis(2-ethylhexyl)aminomethyl]-1,2,4-triazole or 1-[bis(2-
ethylhexyl)aminomethyl]-4-methylbenzotriazole (adduct of
tolyltriazole:formaldehyde:di-2-ethylhexylamine  (1:1:1 m)), which are
commercially available. Other rust inhibitors which may be used to confer
additional rust protection include the succinimde derivatives such as the higher
alkyl substituted amides of dodecylene succinic acid, which are also
commercially, the higher alkyl substituted amides of dodecenyl succinic acid
such as the tetrapropenylsuccinic monoesters (commercially available) and
imidazoline succinic anhydride derivatives, e.g. the imidazoline derivatives of
tetrapropenyl succinic anhydride. Normally, these additional rust inhibitors will
be used in relatively small amounts below 2 wt. % although for certain
applications e.g. in paper-making machinery oils, amounts up to about 5 wt. %

may be employed if necessary.



made in the same way as the aromati c am ne adducts. A preferred salt of
this kind is the nono-/di-hexyl acid phosphate salt of Iong chain (Cnh -C 4)
al kyl am n&e 2twmsbee6an be nade into an adduct with TTZ i rCrhiSgoosmys4fior use
in the present conpositions. The adduct can range from1l:3 to 3:1 (nole)
with the preferred adduct having a 75:23gratio (weight) of the TTZ and the
I ong chain al ky/ organoaci d phosphat e sal? [ 00105] The TTZ am ne phosphate
salt adduct is typically used in relatively snmall amounts bel ow about 5 wt.
% and normally fromabout 0.1 to 1 w. % e.g. about 0.25 wt. % is
adequate when used in conbination with the trihydrocarbyl phosphate, e.g.
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thermal oxidative stability, etc. These properties can be measured by many
standard or special test. Usually, the kinematic viscosity were measured by
ASTM D445. VI can be calculated by ASTM D2270. Pour point of a lubricant
can be measured by ASTM D97 method. Cloud point of lubricant can be
measured by ASTM D2500 method. Saybolt Universal Viscosity can be
calculated by ASTM D2161 method. Low temperature, low-shear-rate viscosity
of many gear oils, transmission oils, industrial lubricants and engine oils can be
measured by Brookfield viscometer according to the ASTM D2983 method.
Alternatively, when a range of viscosities at low temperatures are required, a
scanning Brookfield viscosity can be obtained according to ASTM D5133
method. Viscosity at high temperature high shear rate can be measured by
D4624, D5481, or D4741 method.

[00109] Good antiwear characteristics are indicated by performance in the FZG
Scuffing test (DIN 51534), with fail stage values of at least 8, more usually in
the range of 9 to 13 or even higher. The FZG test is indicative of performance
for steel-on-steel contact as encountered in normal gear sets; gobd performance
in this test indicates that good spur gear performance can be expected. The

higher FZG test values are typically achieved with the higher viscosity grade



commercially available. Qher rust inhibitors which my be used to confer
additional rust protection include the succininde derivatives such as the
hi gher alw9l20suizsicht ut ed am des of dodecyl ene succi ni ¢ &cirdiS2euioasr4@ar e al so
commercially, the higher alkyl substituted am des of dodecenyl succinic
acid such as the tetrapropenyl succinic _pgnoesters (comercially avail abl e)
and i m dazol i ne succinic anhydride derivatives, e.g. the imdazoline
derivatives of tetrapropenyl succinic anhydride. Normally, these additional
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whi ch may be bl ended according to conventional methods using conmercially
avai l able materials. [00108] As noted above, the present lubricating oils
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[00111] The rust inhibition performance is indicated by a Pass in ASTM D 665B
with synthetic sea water. Copper Strip Corrosion (ASTM D130) at 24 hours,
121°C, is typically 2A maximum, usually 1B or 2A.

[00112] Excellent high temperature oxidation performance is shown by a
number of performance criteria including low viscosity change, low acid number
change and low corrosion or sludge deposit. A catalytic oxidation test has been
developed to evaluate all these important criteria in one single test. In this
catalytic oxidation test, 50 ml. of oil is placed in a glass tube together with iron,
copper, and aluminum catalysts and a weight lead corrosion specimen. The cell
and its contents are placed in a bath maintained at 163°C and 10 liters/hr of dried
air is bubbled through the sample for 40 hours. The cell is removed from the
bath and the catalyst assembly is removed from the cell. The oil is examined for
the presence of sludge and the change in Neutralization Number (ASTM D 664)
and Kinematic Viscosity at 100°C. (ASTM D 445) are determined. The lead
specimen is cleaned and weighed to determine the loss in weight. Test values of
no more than 5 mg. KOH (DELTA TAN, at 163 °C, 120 hrs.) are characteristic



of many gear oils, transmssion oils, industrial lubricants and engine oils
can be neasured by Brookfield visconeter according to the ASTM D2983

met hod. AvDenmashreel y, when a range of viscosities at | @aTiuSapeneisus es are
required, a scanning Brookfield viscosity can be obtained according to ASTM
D5133 method. Viscosity at high tenperatyre high shear rate can be neasured
by D4624, D5481, or D4741 nethod. [00109] Good antiwear characteristics are
i ndi cated by performance in the FZG Scuffing test (DIN 51534), with fail

stage values of at least 8, .nore usually in the range to 13 or even
hi gher. The! BYcRressnticompeiitians yeithrvales Delathct e, I@bkﬁmoﬁv% @yver

contact as | r 000 r g .0 :Lh est
i cat eo. TRATHREAVERANY J8S Fab, € R IOH heBRDER0E S NSy bl oo
test val uey @eRatalPii€ dkidatdmMesviddypicall il ho@@anVIisos aniditag bRARooWS
e.g. 1SO 100 and higher wll have an FZG val ue of 12 or higher, even 13 or
hi gher, i nasc®4P%.i son with values of 9 to 12 for grades bel ow | SO 100.

Val ues of 13 or higher (A/16.6/90) or 12 and hi gher (A/8.3/140) may be
achieved with | SO grades of 300 and higher. [00110] The anti-wear

f be ;i ndi cat.ed by . - Bal | ST 2St I
Ce" o oo Bt S RSB 1 et A5T U PO bl i 130
rpm S54C, 0s159f D@M?goowa{ a2 BOD Rurf AlsudRy et UEAR 19 G AHhRSWith TR | Y
attai nabl e. 4-ball Wl d values of 120 or "higher, ftypically 150 or higher

may be achiledgs(l,08T kbdrsBaleing heahereathahriowr.eperedntpaswedl] yon® momthawe 85 scar
di aneter) are t%j.cal_. [00111] The rust inhibition performance is indicated
by a Pass WVHoASTMigetosStakility Sant alsei be sneasnsed by cdppemethodsp soshr 8si on

(ASTM DlBOAS'ﬁ\/I %ﬁz%ur S,

[00114] The superior shear stability of the oils described in this invention can
also be measured by many shear stability tests. Examples are Kurt Orbahn
diesel injector test (ASTM 3945) or ASTM D5275 method. Another test for the
shear stability is the tapered roller bearing shear test (CEC L-45-T/C method). It
can also be measured by a sonic shear stability test (ASTM D2603 method).
Shear stability is important for many industrial oil operations. Higher shear
stability means the oil does not lose its viscosity at high shear. Such shear-stable
oil can offer better protection under more severe operation conditions. The oil
compositions described in this invention have superior shear stability for

industrial oil applications.

[00115] The tendency of lubricating oils to foam can be a serious problem in
systems such as gearing, high volume pumping, circulating lubrication and splash
lubrication, etc. Foam formation in lubricant oils may cause inadequate
lubrication, cavitation and overflow loss of lubricant, leading to mechanical
failure. Therefore, it is important to control the foam property of a lubricant oil.
This is especially important for industrial lubricants. Many methods were

developed to measure the foaming tendency of lubricant. For example, in a



121C, is typically 2A maxi num wusually IB or 2A. [00112] Excellent high

t enperature oxidation performance is shown by a nunber of performance
criteriawoebwdi3ggel ow vi scosity change, | ow aci d nunberCthsege/oasids | ow
corrosion or sludge deposit. A catalytic oxidation test has been devel oped
to evaluate all these inportant criterigyin one single test. In this
catalytic oxidation test, 50 m. of oil Is placed in a glass tube together
with iron, copper, and al uni num cat al ysts and a wei ght |ead corrosion

specinmen. The cell and its contents are placed | a hath i nt a| ned af 163C
and 10 || Mimesten foa; watheds 35 %@pr destrpibuyhe w@ds%r@ € COPIARETHRN A

The oot ! Tt STRNS MOEF REPREN THAANG GPRR WBha@ RETBloh A eay 9o r o

the cell. I's “exam ne e présence o ange in

Neutral i Z%h@fbl‘\ﬂﬁ@ﬁ{mﬁt‘é@-rwlﬁ @@lﬁér RNYoppdie THtddColM SBgidiVard al8@@Gny 6FT™ D

445) are determned. The |ead specimen is ¢l eaned and wei ghed to det’ermi ne
the | oss ito dmughiack‘ﬁam thalcoatindr for 2drsecomdsy Shem ni¢@kluEDEHETOtaIAN amt
163 C, 120 hrs.), are characteristicof the present conpositions wth \é?q)l ues

bel ow 3 rrgVOlk’@el igrmby dius snhe foasyyehmg at yime § mjnytess Thearatterny 10«

ypi cal Ty 1he0nic RTRS: beasie GR)Ca WAUfsR Dot 1En KBS Bhrbgplm
oxi dati on g ?s?bﬁ%ar(gﬁldlgf fleSRs H%stgbo‘dhf’bam]: éﬁ}*l?islt%rbéhé@dleéﬁg%%”)

of at l|east 8,000 hour usual [y at Teast 10 0 Hours, with TOST sl udge
(1, 000 houhs endeifrtye rfomimites ofiagitatiod angrchetfastesthel fomrn dissipaeest dfeer the 5
W% Oxidation stability can al so be neasured by other nethods, such as

ASTM D227 2gifation1s4ppsthd heulpbricant Eanratedasing (VP AQearsially hpvecsupsei@ri n

this i nventt Iar(%lnproperty Furthermore, the aged or contaminated lubricants based on HVI-

PAO also have much better foam property than conventional formulations. Other
foaming tests include ASTM D892 method — Foam Characteristics of Lubricating
Oils.

[00116] Energy efficiency is becoming a more important factor in modemn
machinery. Equipment builders are looking for ways to improve the equipment’s
energy efficiency, reduce power consumption, reduce friction loss, etc. For
example, refrigerator builders, consumers and government agencies are demanding
energy efficient compressors for refrigeration units. Government mandates
minimum energy efficiency for automobiles. Gear operators are demanding more
efficient gears with lower energy consumption, lower operating temperature, etc.
A lubricant can affect the energy efficiency of a machinery system in many ways.
For example, lower viscosity lubricants with specified protection level will have
lower viscous drag, thus less energy loss and better efficiency. Lubricants with
lower frictional coefficients usually have better energy efficiency. Lubricants that
produce excessive foaming reduce the volumetric efficiency. For example, on the
downstroke of the piston, the foamy layer is compacted. This compaction absorbs
energy and thus reduces the energy available for useful work. The lubricants

disclosed in this invention have many of these energy efficient characteristics.



al so be neasured by many shear stability tests. Exanples are Kurt O bahn
diesel injector test (ASTM 3945) or ASTM D5275 net hod. Anot her test for the
shear st aWDI20tp3pB6t he t apered rol | er beari ng shear tesPCirTEDHEE4T/ C
method). It can also be nmeasured by a sonic shear stability test (ASTM
D2603 met hod). Shear stability is inporygnt for many industrial oil
operations. Higher shear stability neans the oil does not lose its
viscosity at high shear. Such shear-stable oil can offer better protection
under nore severe operation conditions. The oil conpositions described in
this invention have superior shear stability for industri aI oi |

applicati 0{6@][175“0 %Jé}ﬁc}e%% erbcfy iQdushir 'O(Eﬁt nq)egq |t R Cgﬂeljaﬁng

serious pro tens such as gearing h "Vl uie punpl ng

ci rcul ati n@nduiirscabuen dmbarRons tanubé hﬁ@éxmgﬁlu?t MadEBRMubiig rrﬁaexvy $lﬂe

| ubricant oils may cause inadequate |ubrication, cavitation and overfl ow
| oss of | wompaison. | Eratnplestaf smbheesultabrd m}jomted inTh papérnfBevélopiment and
i nportant to_control the foam property . of a lubricant ogil. This |s

especi al | yPq f\ﬁi&}fatn&ﬁt Adyantagessof; andysiral, cAvtemotikey andt Aodationr SYMBEHF oped
L e St POt PO SDRR LRALARR, T T Bl SA VR Al RefMhOTREL,

duty M XmLc%ux?'Je'?dBfeauTb!?g)bﬁéﬂﬁv Q{dwq{@h@&ger was then agitated at 750
rpmfor five m’nutes eater is stopped, lifted out of the oil and

allow any oil to drain back into the container for 20 seconds. Then neasure
the total foamvolunme in mM. This is the foamvolune at tinme O m nutes.
Then after_E_CﬁD!,O_nQO 30, 40, etc. mnutes, neasure the foamvolune to

| 9o o 5t e AR SRR i R P M R 988
agi tation 1gapdéfiod % fiRhg relEHf'enft BB e S{PB BAIPbESFingdE gears, circulation
lubrication system, hydraulics, compressors used to.compress gas (such as
reciprocating, rotary and turbo-type air compressors, gas turbine or other process
gas compressors) or to compress liquids (such as refrigerator compressors),
vacuum pump or metal working machinery, as well as electrical applications, such
as for lubrication of electrical switch that produces an electrical arc during on-off

cycling or for electrical connectors.

[00119] The lubricant or grease components disclosed in this invention are most
suitable for applications in industrial machinery where one of more the following
characteristics are desirable: wide temperature range, stable and reliable operation,
superior protection, extended operation period, energy efficient.  The present oils
are characterized by an excellent balance of performance properties including
superior high and low temperature viscosities, flowability, excellent foam
property, shear stability, and improved anti-wear characteristics, thermal and
oxidative stability, low friction, low traction. They may find utility as gear oils,
bearing oil, circulating oils, compressor oils, hydraulic oils, turbine oils, grease for

all kinds of machinery, as well as in other applications, for example, in wet clutch



agitation stops. The lubricant fornul ated using HVI-PAO usual ly have
superior foam property. Furthernore, the aged or contam nated |ubricants
based on WWI2PlO3gd6s0 have much better foam property tharCtarse@aodiangl
formul ations. Ot her foam ng tests include ASTM D892 net hod - Foam
Characteristics of Lubricating Ols. [0Q}16] Energy efficiency is becom ng
a nore inportant factor in nodern machi nery. Equi pnent buil ders are | ooking
for ways to inprove the equi pnment's energy efficiency, reduce power
consunption, redyce fricti.on |oss, ef¢c. For exanple, refrigerator buj.l ders,
consuner s Ao RIPWRE ReaHBEhcVEY Brbingegetaboy @?irrwqu? ¥gs, cooling
conpr essor r fri .at | i r i y
o1 ci oncy SPSH estiBkehikoTPet Pab P MRS AERIERS H U FIBER:
gears with | ower energy consunption, |ower operating tenperature, etc. A

| ubricant can affect the energy efficiency of a machinery systemin many
ways. For Exgamphental ower viscosity lubricants with specified protection

| evel will have | ower viscous drag, thus |ess energ&ploss and better

ef fi ci encyl00120r Tha felowingrexasmples prs meaphta lustpte be piesent sapantioniange
better enerqy. gfficiency. Lubricants ihat duce essi am reduce
t he vol uneﬁrg%ﬁ'é{%eﬁ‘ %?@Pﬁ%?}l Wuﬁlr 6@5%‘?@?&0#4 u%r&;ﬁl)g(fsr%ﬁ'gﬁgqé ﬁ’r?ée % 'ontJ
the foany Na¥gfodsSmoAiRaRicRE- anthV SrisomRase g&sﬂé%ﬂsit%%% aRdersthéd
reduces the energy available for useful work. The lubricants disclosed in

t hi s i nvenhaowithiy ghesoypefoftthe ssppended claihis, chenhveaitiomaiar betprastidedd117]
Energy efficiency of industrial oil is best tested under operating

condi t i onsothgiveine tampns spseificatlardaseribed hered®ul |y made by using si de- by- si de
conpari son. Exanples of such results are reported in a paper "Devel opnent
and Performance Advantages of Industrial, Autonotive and Aviation Synthetic

1. HVI-PAOs from non-metallocene catalysts
[00121] Preparation of the HVI-PAOs set forth in Table 2 below was described
in U.S. Pat. No. 4,827,064. In this process, fluids with 100°C viscosity ranging

from 5 to 3000 cSt were prepared in high yields. Three representative examples

of these fluids used for product formulation were summarized in Table 1, below.

Table 2. Properties of HVI-PAO

Sample 1 Sample 2 Sample 3
100°C vis, cSt 18.5 145 298
VI 165 214 - 246
Pour Point, °C -55 -40 -32

II. HVI-PAQ by metallocene catalysts.

[00122] Sample 4. To a 500 ml flask, charge toluene (20 grams), 1,3-
dimethylcyclopentadienyl zirconium dichloride (0.01 gram) and 10% MAO in
toluene solution (20.1 grams) under inert atmosphere. Add 1-decene (100 gram)
slowly into the catalyst mixture from addition funnel while maintaining reaction

temperature at 20-25°C. Let reaction mixture stir for 16 hours. Quench catalyst



Lubricants"” Journal of Synthetic Lubrication, [1] p.6-33 by D. A Law and J
. R Lohuis, J. Y Breau, AJ. Harlow and M Rochette. Applications [00118]
The | ubriwetnrg3gichks or grease of the present inventi onPoayush@owssds f or the
| ubrication of rolling el enent bearings (e.g., ball bearings), gears,
circulation lubrication system hydrauligs, conpressors used to . conpress
gas (such as reciprocating, rotary and turbo-type air conpressors, gas
turbine or other process gas conpressors) or to conpress liquids (such as

fri t or : ) . t al ki achi Y, . 'l
e ol act 1 VHh SRS Rk basie RS | B dorrevEaR g dhablrhe Hduidat on
t hat prode: 63% el qgf?ré_}_%al ar c durie on-of.f, cycling or for el e&jtrica!
tor s 4614 e spioNany; Cap ahdllighieh Soutwears.f9 BEyids ukg,
CREM it o Aokttt
one of noreé € foP?ovvl nghglnar ac?erl's{%'i cs are desi ra%l e W ggcé}lgﬁper ature

range, stapjeCangsd & 3apl &1O0ROPELVIRE = 39B9TdSH at WELL 250, EHisNB8dvas
operation period, energy efficient. The present oils are characterized by

an excel | efurtheal ydregefiatpér dorsimmiaed ptyppeal t hpdrogeanhtion ngomsdifiens ao lziwgh and
| ow tenperature viscosities, flowability, excellent foam property, shear

st abi | i ty,fimished pEdwgbd anti-wear characteristics, thermal and oxidative
stability, low friction, lowtraction. They may find utility as gear oils,
bearing oil, circulating oils, conpressor oils, hydraulic oils, turbine

oils, gre r kn of [WaT-1g ] «asit4 gl ons,
for exarrpla@,ﬁlilﬂ S o] Stc }g}g/sstagﬁ?%o%P%%g\é@iAna@?llmgi@ﬁﬁ?%ggr’ box,
coal pul vesicepr dimetesilyt dsikjoyeldpeneddiged] bar@miuki dichdorideswapaped amchi ne
drives and rotary screw conpressors. Experinental

catalyst. The lube product has the following properties: 100°C Visc = 8.96 c¢St,

40°C visc = 49.32 ¢St and VI = 164. The lube after hydrogenation under

standard conditions can be used in industrial lube formulation.

Table 3: Lube properties of synthetic automotive gear oils

Example ' 17 - 18 19 ' 20
Vis grade 75W-90 75W-90 . 75W-.14O 75W-140
Wt% HVI-PAO 53.4 0 60 0
W1t% conventional 0 54.2 0 60
PAO
W1t% other base 36.3 36.3 30 30
stock
Wt% additives 93 9.3 10 10
Visc at 100°C, ¢St 15.7 15.7 248 26.3
VI 174 151 203 174
Pour point, °C <-65 -55 <-65 -55
Brookfield viscosity 61,500 116,600 54,000 147,600
@ -40°C, cP




[ 00120] The follow ng exanples are neant to illustrate the present

i nvention and provide a conparison with other nethods and the products
produced wbepw/iemin Nunerous nodi fications and vari at i eas/ise@9posgs bl e and
it is to be understood that within the scope of the appended clains, the
invention may be practiced otherw se thgg_as specifically described herein.
| . HVI-PAGs from non-netall ocene catal ysts [00121] Preparation of the
HVI - PAGs set forth in Table 2 bel ow was described in U S. Pat. No.

T B e S e SR,
betow. Tabt@5copsTid BB fe KRB SR YTOECTHRAL TS yst

[00122] jpandtte tékt, ilPtiR pSerde bf BfKtest NerdRink 0hde8Ne tdpéPed) ¢GlN&) beaking
di met hyl cycl opent adi enyl zirconi um di chl oride (0.01 gram) and 10% MAG i n

t ol uene salnt ato60{Q0for 20 drmiys.unHeremates tvistiosity pineasurevedtsl at dOORE k00
gran) slowy into the catalyst mxture from addition fuynnel ile

mai Rt ai ni Rfrfemed; on tfl@&aem;m @:1&@ pterotg @de.Z ke nrtblae igHn lﬁfe&}’@f@ﬁ r for
16 ) . W ) : ) i i i
rommue oo THE R EARE it PkiehnE, HooPBhfis AR indfed it B e krmlaneh® shbA, o

and | i ght tifie 85t PG AT hi R & rdpaRtdduRe a ol idcostyOfoset - %
The | ube HndRrEBHEIDY the toxt p?’gpertiéégz GO R rRRcd A0 SSt,  400C vise =

3259 cSt dhypiddl fmighéd gdd lblichrtsvexdilitiup e rs% Jossoipefhaidedisedsityt aivetathds
typi cal hydrogenation conditions to give finished product. [00123] Sanple
5. This sdepl elwasapdisdate Buid were submittad fosthisrtestingsimprder 40 demoristrate

the enhanced shear stability of m-SuperSyn. In addition, to further demonstrate

the enhanced shear stability, this testing was performed at triple-length (60hrs).

[00125] The test fluids were identical in composition with the exception of the
catalyst used to produce the 150cSt SuperSyn component (chrome-silica derived
vs. metallocene derived). Table 4 shows the basic formulations of the two test

fluids labeled formulation 1 and 2.

Table 4
Formulation 1 2
cPAO 150 cSt 38.74
mPAO 150 cSt 38.74
cPAO 2 ¢St 28.00 28.00
di-octyl sebacate 20.00 20.00
Defoamant 0.10 0.10
Gear Oil Package A 13.16 13.16
Total(%) 100 100




except di nmethysilyl bis[cyclopentadienyl] zirconiumdichloride was used as
catal yst. The | ube product has the follow ng properties: 1000C Vise = 8.96
cSt, 4000v0i2e®/039268. 32 cSt and VI 164. The | ube aft er phydrsegenei4son under
standard conditions can be used in industrial |ube fornulation. Table 3:
Lube properties of synthetic autonotive gear 0oi 1 s[00124] In order to

eval uate the shear stability of n}Superéy measur enments were conducted
using the KRL Bearing Shear Test (CEC L-45-A-99). This industry test, in

t he presence of the test |ubricant, uses. a tapered rgller bearlng run at

600C for J80KAr Sablg; ﬁeibmScﬂm sheai s@bﬁﬁxmoeﬁem%o formplation, & &Y ned

G 11 or encaormUlaieth | FopLlaldh ?h%gﬁﬁaﬁﬁ“f P AT B SEVPHBIE el eRbiinGa,

under gone Iﬂ'ﬁpéﬁféstcﬁ 3}éd1{djfor;lﬁul§n&5f £€0i. s reported as a %viscosity

| oss. Typical finish gear lubricants exhibit up to 5%loss in fluid
viscosity after this test. Two candi date f|UId were submtted for this
testing in order to denonstrate the enhanced shear stability of m SuperSyn.

In addition, to further denonstrate t anced shear stability, this
t esti ng was—perforretd—at—t+rpte-—tenrgth(66hts) 06125 —Thetest—Ft+uids
were i dentIFQTHiulattinmorrposi tion with the except iom of thd catalyst used2to
produce tihe15CcSt—SuperSyn ~COTpoTTeTTt (chrome=siftica derived Vs,
met al | ocqrieingaraticeilscosith|49°C shows the basic folo@istions of t6b2Pwo test
fluids | ghefed fornuiation I _and 2. Tabl e 4[ 0012 ﬁ«b rablre 5 Shows ége shear
st abi | i ty ngpwtici ¥iscesity,di08iCat i on 1 versus fofddt&tion 2. ForMP8tion 2
wi th the [MPAO has Tavorable shear stability propertles conpared
f or mul at i|oWSEOMY IRdeBA0. Tabl e 5 b 198
Density @ 60°F 0.8627 0.8618
Brookfield Viscosity, -40°C 12768 14460
Brookfield Viscosity, -55°C 252200 130200
KRL Shear (bearing, 20hr) 9.3 1.1
KRL Shear (bearing, 100hr) 1.7
Add. Metals in Lubes, XRF <0.0020 <0.0020
Add. Metals in Lubes, XRF 2.19 2.27
Add. Metals in Lubes, XRF 0.1412 0.1433
Add. Metals in Lubes, XRF <0.0020 <0.0020
Add. Metals in Lubes, XRF 0.0091 0.0094
Add. Metals in Lubes, XRF <0.0020 <0.0020
Add. Metals in Lubes, XRF <0.0020 <0.0020
Flash Point 176 176 (est)
Volatility, @ 200°C 19.3 19.6
TAN 4.08

[00127] Figure 2 displays the shear testing properties of a formulation with

metallocene catalyzed PAO compared to a chrome-silica catalyzed PAO




[00127] Figure 2 displays the shear testing properties of a fornulation
with nmetal |l ocene catal yzed PAO conpared to a chrone-silica catal yzed

PACE or mulwiDi2010/0371se net al | ocene catal yzed PAO 11 cl ear | yChas2doanoisabl e
shear stability conpared to the chrone-silica catal yzed PAO 12 t hroughout
the entire test. [00128] This unexpectedghbenefit in shear stability shown
in Figure 1 is exenplified by stable visconetrics up to triple the normal
testing tine which greatly increases test severity. Based on this

unexpected result for_gear |ubricants usin Super Syn, There e n
addi t i onalfopaRktions tTﬁlﬁtm&Faél%ﬁB%&a&IYZﬁé’gfengﬁeCﬁﬁ% ihﬁélhfgtd%rza% ﬁg%bl)e/d
filmthicknesses under sheari candi:tian | i g
beari ng coff éﬁfys?O@Rﬁ%?gctgdt%ﬁocgﬁggﬁé%{ll%%S%Ilg%elra} #8@ t(%?t @c%gg?ﬁ?e{ﬁ@%ant
(e.g. lowggtroduction of |ow viscosity sheared conponents); with the
reduced shear, |ess free-radical conponents due to base oil shearing are

created. This therefore consunes |ess antioxidants (AO in the finished

gear lubricant and allows nore AO to be available for use. in_other .
freeradi cdP0A8dcEhiseyneyprcted benafite in ysheag astabHyy nghowac 8y sFigure bhisy

fluid viscosity.retenti i.n the absenc f. fraditional lyneric viscosit

i mpr over s;eﬁeﬂﬁglﬁgdg}'ogﬁ 9i‘f1§/°°d?et6’§§ru%§? ﬁglptq sn?%%]ugq%ﬁnéat?rﬁ?e‘ﬁéiﬁ e) ::Iug
to viscosi t: ' I fit t er:cW 9 one
enbodi manté,rx%thg 1?1 gﬁéﬁg att%:gbtn s%ﬁ{gg. co]?/%éryig t e@glss\ghgg)(é]éi\ég%&@?s%@g%% ﬁhnbase
oils for qubiipdts MiagndSuperdyas Diierdi gie YhaiBAQdditondl5Benditst thab08rec St ,

and two different ester conpositions, either isononyl heptanoate ester or

di octyl setspeeted. edhese bienctitsi incdwdsdemhanced i@l thickmesses(puder) shassiagoi |

conbi nati Oc%%dﬁ?or}lsbseinﬁ{a?dtgcl%gde(]- t:geeare a%gnlt))éarllg[gi 8gr§ta8tfs; \éi ance Sgstt-eslilsearrz:%y
volatility of the gear lubricant (e.g. low introduction of low viscosity sheared
components); with the reduced shear, less free-radical components due to base
oil shearing are created. This therefore consumes less antioxidants (AO) in the
finished gear lubricant and allows more AO to be available for use in other free-
radical processes typical in the lubricant aging process; finished fluid viscosity
retention in the absence of traditional polymeric viscosity improvers; improved

longevity of gear parts (less frequent maintenance) due to viscosity retention.

II1. Benefits of Ester with HVI PAO
[00129] In one embodiment, the formulation space covers the use of high VI

Group III base oils for example, Visom 4, grades of high VI PAO from 150 ¢St

to 600 cSt, and two different ester compositions, either isononyl heptanoate
ester or dioctyl sebacate ester. In this embodiment, very high VI (200+) base oil
combinations can be produced. These combinations of visom 4 esters may
provide lower cost alternatives to compositions using PAO as the low viscosity

component.

[00130] Table 6 shows various formulations. Formulations A, B, C and D are

base stock combinations. Formulations E, F, and G are fully formulated



provi de | ower cost alternatives to conpositions using PAO as the | ow

vi scosity conponent. [00130] Table 6 shows various fornmnul ati ons.

For mul at iwo20W/03®66C and D are base stock conbi nati ons. PEDrusadoavizans E, F,
and G are fully fornul atedl ubricant denonstrating 3 different preferred

i nventive enbodi ments. Fornulations Hapg_| show fully formulated

| ubricants w thout di-octyl sebacate for conparison. Table 6 [QQOS | Table
7 bel ow shows the properties of all the forrmulations in table 5. As shown
in Table 7, the inventive formy atjgns E, F, _and, G, provjdes inproved

lor opert ijefsli“beﬁ%@e_ fAeeartrauag i nt| GWdCbouTPRaEed, | dovRItvg NSRORAYBERE | ity
i reront TODMIRRORY BOALT Mho ARE TRl HIBHCAAR wABERETHHEM Shatate) at e

i nventive REReRIPARRSS, for conparison. Table 7 [00132] In a preferred

enbodi nent, we have di scovered an unexpected synergistic benefit of using
di -octyl sebacate ester in the inventive blends. In particular, we have

di scovered the favorable treat range of di-octyl sebacate esterof
preferably greater than 10 wei ght perk@He6of the finished fornul ation, nore

pr ef er ably—greater—ttanito—werght—percentTandtess—than—30weigh{—percent

and nost |fcehpenagnty at | kash 15 Wei ghtCpefcddt jandE | dssFt han @5 \weilght

percent. [Evem nore prefefabty jthe egter tgs a v s(,osiq{ glr Fater (a3 and

| ess t har] Gear§ilPackagq [00133] Filgure B is a dBabH ilBilugt k3 1gl3l\%a~ck

vol ati|litlyAl osses based pn estler content from florrul gti éns |A 6B, {C 1and D

I n tabl eg6—and—7—As tan be Seen i thrstfrguregNoagk—votat++ity—tnprioves

as the egteearddiPagkage | ncreased - [3 1. 9
B

49.0 | 43.0 | 47.0 | 47.0 | 38.7 | 40.2 | 37.2 | 434

mPAQO 150 cSt 0 0 0 0 4 4 4 9 44
46.0 | 42.0 | 38.0 | 33.0 | 270 | 36,5 | 19.5 | 23.1

cPAO 2 ¢St 0 0 0 0 0 0 0 0 25.90

cPAO 4 cSt

Monoester 2%0 20.00
) 100 | 150 | 20.0 | 20.0 | 10.0 | 30.0

di-octyl sebacate 5.00 0 0 0 0 0 0

Antioxidant 1.0

Defoamant 0.10 | 0.10 | 0.10 | 0.10 | 0.10

100. | 100. |100. | 100. |100. {100. | 100. } 100. | 100.0

0
Total(%0) 00 {00 {00 |00 |00 |00 |00 | 00 | ©

{00i31j Tabie 7 below shows the properties of all the formulations in table 5.
As shown in Table 7, the inventive formulations E, F, and G provides improved
properties. These properties include Brookfield viscosity Noack Volatility loss
and flash point. are fully formulated lubricant demonstrating 3 different
inventive embodiments. Formulations H and I show fully formulated inventive

embodiments for comparison.



[00134] Figure 4 is a graph illustrating oxidation performance based on
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51. [00136] The exanpl es above denon t hat HVI - PAO can be used
broadl y ipmany TrndustrTRR—or{and greasgs wt :Lﬁperf DT TTEICH dUVd d%eb OVET
convent i qried® S conpos| tons. B00[13H Tralle panks liseli hereih I
i ndi cate 1¥ex§atfcmco§1¥y ol or|(r) syrrbol i ndi ¢ati ng{t hat thhe narﬂes may be
prot ect eq byp fa d?ﬂ? K olght § 3.1 e ABY PELT 9L SELTRG) 14 | 1135
trademarkslolO varlous jurisdietions| 681'1 ]‘ AS\II patepts ang paten
applicatijons” test proceflures|(such aq ASTM neflhods | Ul netlhods . jand the
l i ke), andkiaéhaic daestgents cited herein dre fully ingporporated by| reference
to the extgsitMPpaah kv scl psuse| ied.omol sb.8€qnsd. Bt €nd2.76i | hssthi § bowsent sam dndo.4s
for all jlwocsdictions inlwhich such|incorjporatiion is|permitted. [[00139]
When nungrHecat—toewer—tmts—apadrurerecal—uppet—tmts—arested—hereir;
ranges frlovh(ealy | ower I|m%18t b Ay uppér (I i2d9t | arE cpnZ&hpl|at28. |Wi2le |t h&7
i1l ustrat] n‘ﬁqgmnts 8'r ne 1 nventi1orf have|been gescrihed Wt
parti cul g ity {jfdpossamodo s1sat| amss pusenst hessmodi Disvat | E8S3 Wi 0.5504
be appar gn o and can be readily npmde by thosé skil]ed in|the arjt without
departi nd ghQMeld\eis&Riy,i | and| scope| of the inventioni Accordingly, it i|s
not i nt erldegirn®dbs3-7, cp, | 8780 | 8640 | 8760 | 9360 | 12768 | 10560 | 13180 6320

-40C

Brookfield Viscosity, <1 20840

ASTM D2983-17, cP, 0 314000 | 353000 61787

-55C

Noack Volatility,

ASTM D5800, 200C, | 21.5 | 19.8 18.4 15.8 20 34.3 34.3

% lost

Noack Volatility,

ASTM D5800, 150C, | 2.8 2.8 2.5 2.3 35 6.7 15.6

% lost

Flash Point, COC,

ASTM D92 176 160

Flash Point, PMCC,

ASTM D93 156 135.5

DKA Oxidation (192

hr), 160C (500 ml),

CEC L-48-A-00, % 853 | 174.63 | 145.16 | 104.6

KV100 Visc Increase

L-33-1 Gear Moisture

/ Corrosion, ASTM PASS FAIL | PASS

D7038

[00132] In a preferred embodiment, we have discovered an unexpected

synergistic benefit of using di-octyl sebacate ester in the inventive blends. In

particular, we have discovered the favorable treat range of di-octyl sebacate ester



the scope of the clains appended hereto be limted to the exanples and
descriptions set forth herein but rather that the clains be construed as
enconpasswogorld3ozche features of patentable novelty whi eoTrusséodmoi4ms t he
present invention, including all features which would be treated as

equi val ents thereof by those skilled insjhe art to which the invention
pertains. [00140] The invention has been descri bed above with reference to
nuner ous errbodi ments and specific exanples. Many variations w |l suggest

t hensel ves hose skille nthis art in light aof th bove detail ed
descri pti pr fra {Ycﬁre@Eﬁﬂgﬁg %W%htom%rcameoaﬂm?w%g ﬁmu?qtmner{a% scope
of the ap | 0 hsSing...a)

of L. 2PASEARRS) Bl AL g bl B IS 08) SOFRIR cetiafl,
1000C and Iﬁoé/t'pﬁ*éfb?bﬁl%(r dt e 19@@1 at géﬂ%@ﬂt ditPlesbhah 38 RAShiIRGEerRt TenM th a
viscosity of at lea 2 ¢St kv 1000C and less than 60 ¢St kv 1000C wherein
t he secondnbresprefemabky ilee aster hasta Gi8cosity greal€rOh@n| kaadtlbsmtltanet oSt &vi ocene
HVI - PAQ, c%)a di -octyl sebacate ester with a viscosity of at |east 2 and

| ess than WS kv 1000C, the ester conprising nore than 10 wei ght percent

and |l ess than 30 wei ght percent of the oil forrmulation; d) the oil
formul ati on having a viscosity index of greater than 195. 2. The oil

formul at i QOOPJB‘}OF[%IJ?Q 3R Qg% Jllluw@drﬁg NdalbR Wﬂhﬁhbﬂ&@@s it L0 &dsr a
viscosity greater than 150 T kv 1000 3. The oil fornul ation according
to d ai m Icohterit fesmcfomauiaiong A, BolGrand Dup tableseand 9CkAs can be seen in

this figure Noack volatility improves as the ester content is increased - 31.

[00134] Figure 4 is a graph illustrating oxidation performance based on ester
content from formulations E, F, and G in tables 6 and 7. As can be seen in this
figure, favorable oxidation is between 10 weight percent and 30 weight percent

ester with a preferred of 20 weight percent - 41.

[00135] Figure 5 is a graph illustrating Brookfield viscosity based on ester
content comparing formulation E with H and I in tables 6 and 7. As can be seen
in this figure, favorable oxidation is between 10 weight percent and 30 weight

percent ester with a preferréd of 20 weight percent - 51.

[00136] The examples above demonstrated that HVI-PAO can be used broadly
in many industrial oil and greases with performance advantages over

conventional lube compositions.

[00137] Trade names used herein are indicated by a ™ symbol or ® symbol,
indicating that the names may be protected by certain trademark rights, e.g., they

may be registered trademarks in various jurisdictions.



4. The oil formulation according to Claim1, wherein the second base stock
Is a PAO 5. The oil fornulation according to Caim1 wherein the second
base st ockoi2e1003@66up |11 base stock. 6. The oil fornul aCirars2@omod4ds ng t o
Claim 1 wherein the second base stock is a GIL base stock.7. The oil

formul ation according to Claiml, V\,hereisg_the oil formulation is used as an
autonotive gear oil. 8. The oil fornulation according to Caim1, wherein
the oil formulation has no ol efin co-polyners ("OCP') and no poly-iso

butylene ("PIB") viscosity difiers...9.. The oil fornul atjon accqrgj to
e m 1 AR bl GRS BalaAtert BRONGAION I RICEGITR SR S Asol e

I ndustrial okl or@r o] A oL.¢li i , ' ) d
- pao | MENRNSCYERBERAORIN R RS B et Apbiinthe el netR! SRR
measur ed RQycApoMteR D{OrefRAcd Yo ahe lekbsiit SRBR dibclbfifelioldihognsidtehr Mih
ratio of less than 0.19, a weight average nol ecul ar wei ght of between 300
and 45, 00Ghisanwemtbmr amd foraa) bjursidectidnarinwehightsuch incstrpertioBGS parmiitiedl. 000, a
nol ecul ar wei ght distribution of between 1 and 5, a pour point bel ow - 15C,
a brom ne nunber of less than 3, a carbon nunber ranging from C30 to C1300,

o092 KL VSTRH, VR Rl EE A SR L (R SRR SRl .
a{/ ?P iplAiOt Y HeRETR! fatiges RYYh3InY 18%eRNirRit! to fady P Rk 18RIt GPERbh sl atedTERWAileOC ene
the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that
the scope of the claims appended hereto be limited to the examples and
descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present

invention, including all features which would be treated as equivalents thereof

by those skilled in the art to which the invention pertains.

[00140] The invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves
to those skilled in this art in light of the above detailed description. All such

obvious variations are within the full intended scope of the appended claims.



viscosity greater than 125 cSt kv 1000C and a viscosity index greater than
195, a second base stock with a viscosity of at least 2 ¢St kv 1000C and

| ess t harw6QonBi39266 1000C wherein the second base stockPC3/ustodvmesis 60 cSt
kv 1000C | ess than the netall ocene HVI-PAO a di-octyl sebacate ester with
a viscosity of at least 2 and less thangg_cSt KV 1000C, the di-octyl
sebacate ester conprising nore thanl0 wei ght percent and | ess than 30

wei ght percent of the oil formulation and lubricating with the oil
formulation, 12. A nethod of blending an oil formulation with favorable
shear st athLAtIMSéorrpri sing a) obtaining a netall ocene HVI-PAO with a
viscosity greater than 125 ¢St kv 1000C and a viscosity index greater than
195, b) obtaining a second base stock with a viscosity of at least 2 ¢St kv

1000C and | ess than Rf oifSforkinldeéiPEompesmigh t he second base stock is at
| east 60 cSt kv 1000C |l ess than the netal locene HVI-PAQ c) obtaining a

di -octyl sebacate esd)er matalboceneicatalyzed/ HMf[-BAQ sath a ¥isnodity egeatehtians ¢St
kv 1000C, the ester conprising nmore than 10 wei ghb percent and | ess than 30
wei ght perZorStdev 10 Copnd porsaashy ilbdexagreater thardlPng the et al | ocene

P o 1 SRR e Rt PSS P10 Sl o
than 60 ¢St kv 100°C wherein the second base stock is at least 60 ¢St kv 100°C
less than the metallocene HVI-PAO;
c) a di-octyl sebacate ester with a viscosity of at least 2 and less
than 6 cSt kv 100°C, the ester comprising more than 10 weight percent and less
than 30 weight percent of the oil formulation;

d) the oil formulation having a viscosity index of greater than 195.

2. The oil formulation according to Claim 1, wherein the metallocene

HVI-PAO has a viscosity greater than 150 ¢St kv 100°C.

3. The oil formulation according to Claim 1 further comprising a

polar Group V base stock.

4, The oil formulation according to Claim 1, wherein the second base
stock is a PAO.
5. The oil formulation according to Claim 1 wherein the second base

stock is a Group III base stock.

6. The oil formulation according to Claim 1 wherein the second base

stock is a GTL base stock.
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7. The oil formulation according to Claim 1, wherein the oil

formulation is used as an automotive gear oil.

8. The oil formulation according to Claim 1, wherein the oil
‘formulation has no olefin co-polymers (“OCP”) and no poly-iso butylene

(“PIB”) viscosity modifiers.

9. The oil formulation according to Claim 1, wherein the oil

formulation has no viscosity modifiers.

10.  The industrial oil or grease formulation according to Claim 1,
wherein said HVI-PAO is characterized by a viscosity index (VI) greater than
160, as measured by ASTM D2270, and by at least one of the following: 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, a pour point below -15°C, a
bromine number of less than 3, a carbon number ranging from C30 to C1300,
and a kinematic viscosity measured at 100°C ranging from about 3 ¢St to about
15,000 cSt, as measured by ASTM D445,

11. A method of improving shear stability comprising

obtaining an oil formulation comprising a metallocene HVI-PAO with a
viscosity greater than 125 ¢St kv 100°C and a viscosity index greater than 195, a
second base stock with a viscosity of at least 2 ¢St kv 100°C and less than 60
cStkv 100°C wherein the second base stock is at least 60 ¢St kv 100°C less than
the metallocene HVI-PAOQ, a di-octyl sebacate ester with a viscosity of at least 2

and less than 6 ¢St KV 100°C, the di-octyl sebacate ester comprising more than
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10 weight percent and less than 30 weight percent of the oil formulation and

lubricating with the oil formulation.

12. A method of blending an oil formulation with favorable shear

stability comprising

a) obtaining a metallocene HVI-PAO with a viscosity greater than 125 cSt
kv 100°C and a viscosity index greater than 195,

b) obtaining a second base stock with a viscosity of at least 2 cSt kv
100°C and less than 60 ¢St kv 100°C wherein the second base stock is at least
60 ¢St kv 100°C less than the metallocene HVI-PAO; |

c) obtaining a di-octyl sebacate ester with a viscosity of at least 2 and less
than 6 ¢St kv 100°C, the ester comprising more than 10 weight percent and less
than 30 weight percent of the oil formulation and

c) blending the metallocene HVI-PAO with the second base stock and di-
octyl sebacate ester to formulate an oil formulation with favorable shear

stability.



