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DESCRIPTION OF THE RELATED ART

[0002] In the industry there is a current trend to lubricating oil formulations
possessing and exhibiting enhanced low temperature performance, as evidenced
by lower pour points and lower -40°C Brookfield viscosities. This trend is
especially relevant in transmission fluid formulations where good low temperature
properties are essential to ensure adequate lubrication at low temperatures which
may be encountered upon equipment start-up. Low -40°C Brookfield viscosity is

also essential for enhanced fuel economy.

[0003] US2007/0000807 (WO 2007/005094) teaches industrial lubricant and
grease compositions containing high viscosity index polyalphaolefins
(HVI-PAQ). The use of HVI-PAO in such compositions provides improved shear
stability, enhanced anti-wear performance, superior foam properties, energy
efficiency, etc. HVI-PAO is prepared by the polymerization of alpha olefins
using reduced metal oxide catalysts such as described in U.S. Patent 4,827,064,
U.S. Patent 4,827,073, U.S. Patent 4,990,771, U.S. Patent 5,012,020 and U.S.
Patent 5,264,642. HVI-PAQ can also be made using zeolite catalysts, activated

metallocene catalysts or Zeigler-Natta (Z-N) catalysts.

[0004] HVI-PAOs are characterized by having a high viscosity index and one
or more of 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



or nore of a branch ratio of less than 0.19, a weight average nol ecul ar
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[0005] Group II or Group III stocks are high viscosity index and very high
viscosity index base stocks, respectively. The Group III oils generally contain
fewer unsaturates and less sulfur than the Group II oils. In ‘807 it is indicated that
the Group III stocks are materials such as those disclosed in U.S. Patent
5,885,438, U.S. Patent 5,643,440 and U.S. Patent 5,358,628. In ‘438 the stock is
a high VI wax isomerate made by isomerizing slack wax, F-T wax, waxy feed
such as petroleum, VGO or raffinate. In ‘440 the high VI material is made by a
two-step process of hydrocracking-hydroisomerizing wax. In ‘628 the high VI
material is made by the two-step process of hydrocracking-hydroisomerizing

petroleum waxes.

[0006] It is stated that the lubricants of ‘807 have superior properties and
performance features, including excellent viscometrics, high VI, low pour point,
superior low temperature viscosities, thermal oxidative stability, etc. In the text,
examples are given only of HVI-PAO per se or of mixtures of HVI-PAO in
combination with conventional PAO and/or in combination with conventional
mineral oils identified as a mixture of a 4 ¢St paraffinic solvent dewaxed stock

and a 3 ¢St naphthenic base stock, both of which are Group I stocks. In examples
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whi ch the second base stock is anything other
second stock can be a low viscosity PAO, one or more Group V base stocks such
as an ester, polyalkylene glycol or an alkylated aromatic while Group II and/or
Group III hydroprocessed or hydrocracked base stocks or their synthetic
counterparts such as PAO, GTL or similar base stocks or mixtures thereof are also
embraced. It is stated that favorable improvemenfs are observed when the first
high viscosity stock is added to lubricating systems comprising primarily Group
II, Group III and/or GTL base stocks (page 9, para. [0089]). Despite this
statement there are no examples in which the second base stock is anything other

than a PAO of lower kinematic viscosity in combination with alkylated

naphthalene, phalate ester and adipate ester along with a gear oil additive package.

[0008] US2007/0142242 is directed to a method for improving the
performance of lubricating oils of high viscosity comprising GTL base stocks in
combination with an effective amount of a polyolefin fluid having a KV @ 100°C
in the range between about 10 to about 1,000 mm?s. Such lubricating oils are
described as exhibiting improved oxidation stability, low temperature properties,
viscosity retention and shear stability/weight retention superior to that exhibited
by GTL additized with conventional viscosity modifiers and superior to that

exhibited by Group I and Group II oils additized with the same polyolefin fluid or
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process. Such waxy stocks are ' . .
requirement of a Group III base stock. Waxy feed stocks are identified as being

either conventional natural, mineral stocks or stocks produced by synthetic
processes exemplified by gas-to-liquids synthetic process on the
Kolbel-Engelhardt process or the Fischer-Tropsch process. Such waxy stocks are
processed by hydrotreating, hydrodewaxing and hydrofining to produce the
desired paraffinic oil stock. No mention is made of using HVI-PAO anywhere in

the text or in any of the Examples.

DESCRIPTION OF THE INVENTION

[0010] It has been discovered that lubricating oil formulations comprising base
stocks selected from the group consisting of Group III hydroprocessed base
stocks, GTL base stock, synthetic or natural waxy hydrocarbon hydroisomerized
base stock and mixtures thereof can be formulated to exhibit enhanced pour points
of about -45°C or lower, preferably about -50°C or lower, and -40°C Brookfield
viscosity of about 60,000 cP or less, preferably about 35,000 cP or less, more
preferably about 30,000 cP or less, still more preferably about 25,000 cP or less
by adding HVI-PAO to such base stocks in an amount of at least about 10 wt%,
preferably at least about 22.5 wt%, more preferably at least about 45 wt% of the
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t enper at ur ehydrocarbon hydroisomerate base stocks and mixtures thereof when blended with
HVI-PAO instead of with conventional higher KV PAO have low temperature
performance comparable to that of fluids using PAO-4 in combination with
conventional higher KV PAO at the same concentration; that is, unexpectedly it
has been found that when Group III, GTL waxy feed isomerate or mixtures
thereof is combined with HVI-PAQ, the result obtained is similar to that observed
when PAO-4 is mixed with conventional higher KV PAO. Conventional higher
KV PAO is identified for the purposes of this text to be PAO having a KV @
100°C of about 80 to 140 mm?/s (c>St), more usually about 100 mm?s.

[0012] It is unexpected that Group III hydroprocessed oil, GTL base stock,
synthetic or natural waxy hydrocarbon hydroisomerate base stock and mixtures
thereof can be combined with HVI-PAO to achieve the same or superior level of
low temperature viscometric performance as has hitherto been achievable only by
use of a combination of PAO-4 and conventional PAO (e.g., PAO-100) or by the
combination of PAO-4 and HVI-PAO. That such Group III hydroprocessed base
stock, GTL base stock, synthetic or natural waxy hydrocarbon hydroisomerate
base stock and mixtures thereof can replace PAO-4 or PAO-100 as the base stock
used in combination with HVI-PAO to achieve the same level of low temperature

viscometric performance is unexpected.



performance conparable to that of fluids using PAG-4 in conbination with
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The formulation can further contain from about 20 to 35 wt% of one or more of a
conventional high viscosity PAO having KV@100°C in the range of about 80 to

140 mm?/s, preferably about 100 mm?/s.

[0014]  The Group III hydroprocessed base stock, GTL base stock, synthetic or
natural waxy hydrocarbon hydroisomerate base stock and mixtures thereof is
characterized as having a KV @ 100°C in the range of about 2 to 30 mm?s,
preferably about 3 to 20 mm?/s, more preferably about 3.5 to 15 mm?/s, and a VI

of at least about 120.

[0015]  Group III hydroprocessed base stocks are American Petroleum Institute
(API) base stocks characterized as having a viscosity index equal to or greater

than 120, contain 0.03 wt% or less sulfur and have 90% or more saturates.

[0016) GTL materials are materials that are derived via one or more synthesis,
combination, transformation, rearrangement, -and/or degradation/deconstructive
prbcesses from gaseous carbon-containing compounds, hydrogen-containing
compounds and/or elements as feed stocks such as hydrogen, carbon dioxide,
carbon monoxide, water, methane, ethane, ethylene, acetylene, propane,

propylene, propyne, butane, butylenes, and butynes. GTL base stocks and/or base



ester conponent in an anount in the range of about 10 to 25 wt % based on
the finished lubricant as well as fromabout 5 to 12 wt % of an additive or
of an addwoizos/paskage such as a manual or automatic tr@osrassewomaddi tive
package. The fornul ation can further contain fromabout 20 to 35 w % of one
or nore of a conventional high viscosity-PAO having Kv@ooOC in the range of
about 80 to 140 mm2/s, preferably about 100 nmm®2/s. [0014] The G oup |11
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i nclude oi | g, ddihtidawaRed kyRBedidd Rak!drngnfiRE@8d wakly hydrocarbons; (3)
hydrodewaxed or hydroisomerized/cat and/or solvent dewaxed Fischer-Tropsch
(F-T) material (i.e., hydrocarbons, waxy hydrocarbons, waxes and possible
analogous oxygenates); preferably hydrodewaxed or hydroisomerized/followed by

cat and/or solvent dewaxing dewaxed, F-T waxes, or mixtures thereof.

[0017] GTL base stock(s) and/or base oil(s) derived from GTL materials,
especially hydrodewaxed or hydroisomerized cat and/or solvent dewaxed wax or
waxy feed, preferably F-T material derived based stock(s) and/or base oil(s), are
characterized typically as having kinematic viscosities at 100°C of from about 2
mm?/s to about 50 mm?®/s (ASTM D445). They are further characterized typically
as having pour points of about -5°C to about -40°C or lower (ASTM D97). They
are also characterized typically as having viscosity indices of about 80 to 140 or

greater (ASTM D2270).

[0018] In addition, the GTL base stock(s) and/or base oil(s) are typically
highly paraffinic (>90% saturates), and may contain mixtures of
monocycloparaffins and multicycloparaffins in combination with non-cyclic
isoparaffins. The ratio of the naphthenic (i.e., cycloparaffin) content in such
combinations varies with the catalyst and temperature used. Further, GTL base

stock(s) and/or base oil(s) typically have very low sulfur and nitrogen content,



separated/fractionated from synthesized GIL materials such as, for exanple,
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typically ag syl é@%e&hﬂ?gﬁfftilﬁeYér%ﬁ@%‘éﬁﬂv.ﬂﬁi&ioﬂl@mpfprédwﬂﬂ.about 2 /s to
about 50 m2/s (ASTM D445). They are further characterized typically as

havi ng pour points of about -50C to about -400C or |ower (ASTM DO7). They
are al so chi@Pi®h er Thedermy §ildalbrse sockAnding Rase @bk prd/of NExcisemsratabask 80 to

140 f T 70 0 Lt .
andl o baseigh ¢OMEERNR b Srfirsiody A hlnpiing Iy Fin) BERHAS TSNP
may cont ai NmAleXhld TSwide vidRasiey edrgpak aédoversl idnBe productiye pagesh miiknged n

conbi nation with non-cyclic isoparaff ns. The ratio of the naphthenic
(i.e., cyclofpaicadr neye obpuadnfractionsyahweb isi mitiren of wae o8 dwgj arimergelodqt al yst

and tenperat.ure. d.. Further L b ock( s. 1d/ b i
t ypi calrrlpy h%{g%OS{}gfffPCPSWu%ﬁ‘r ﬂ?e’gﬁr@ ?{?{fslfe)ﬁe; %ﬁg{éﬁ%g(%ﬁltyg@%%}ogs ﬁ?/%géé\lfc)giani ng
| ess than apest wherePPihe 1860 BHHiBItS ¥ RirE& MiNeth@AsSvik&wstyabout 5

[0020] In a preferred embodiment, the GTL material, from which the GTL
base stock(s) and/or base oil(s) is/are derived is an F-T material (i.e.,

hydrocarbons, waxy hydrocarbons, wax).

[0021] In addition to the Group III base stock or GTL base stock, base stocks
suitable for use in the present invention include base stocks and/or base oils
derived from the hydrodewaxing or hydroisomerization/cat (and/or solvent)
dewaxing of natural wax or waxy feeds, mineral and/or non-mineral oil waxy feed
stocks such as gas oils, slack waxes (derived from the solvent dewaxing of natural
oils, mineral oils or synthetic; e.g., slack wax from the solvent/dewaxing of F-T
waxy stocks, Fischer-Tropsch feed stocks), natural waxes, and other waxy stocks
such as waxy fuels hydrocracker bottoms, waxy raffinate, hydrocrackate, thermal
crackates, foots oil or other mineral, mineral oil, or even non-petroleum oil-
derived waxy materials such as waxy materials recovered from coal liquefaction
or shale oil, linear or branched hydrocarbyl compounds with carbon number of
about 20 or greater, preferably about 30 or greater and mixtures of such base

stocks and/or base oils.



ppm of each of these elenents. The sulfur and nitrogen content of GIL base
stock(s) and/or base oil (s) obtained fromF-T material, especially F-T wax,
i s essentwal2bw/n2rds4 I n addition, the absence of phosphoPouasacd/oedvaesat i cs
make this material especially suitable for the formul ati on of | ow SAP
products. [0019] The term GIL base stock and/or base oil and/or wax

| sonerate base stock and/or base oil is to be understood as enbracing

i ndi vidual fractions of such materials of w de viscosity range as recovered

inth dyct i xt f f such N

wel | s m 1280 oA VSR ARS T i M Ohse o e ot MR PRER R B e,

two or norenhiNifRarkVvi & 280% id ﬂ@csahga%fta@o@trpdu%o@t Poonginyhe eeferdbte bl end
Y.

exhibits a target Ki nemat i c Vi scosi [0020] In a preferred enmbodinent,
the GTL nat abdudl3, tof §&hmmkiiss maerhgreSErathnoboutt Bdkios30Chman éy niers erefierabdy

i s/are derived i F-T terial (i.e..,, . hyd hyd ,
w1 0o o0k ERsihrEiTAtTR o ety it ap S8 S ReRy, A YRR SR
base stockspsuipAdl 8 digfinglieedNfrbRecoiv@nabhall PXONhAARAg ithe saide drasimilst ocks

and/ or base oils derived Tromthe hydrodewaxing or hydroi sonerization/cat
(and/ or sol mehtcnlateveghtsgkinématit uisadsityaindipes ang potiepeists by thebapnchingssr

-m I ol f eed K h i | iyed
from the soptisc SEEAT AEe B HehaptFmafied Ty fndindis SVaRESITKERRY 6 4.
sl ack wax fpoqm, tc'Bﬁv@rﬁioYﬁﬂPA@PH@é‘ﬂt%tﬂfhaEe theVane El’h@ﬁl'éﬁe visca§ihe vistosity ch

feed stocks), natural waxes, and other waxy stocks such as waxy fuel's
hydr ocr ackeindes} pammoimasty. aad, therafore, dppdarcortecicaniaally ther samte, theycdibfees,

ety mat er | H) OB GRBPERRE: i BT LT LED B Ba ESUIPSE o or
shal e oil, E)irrﬁﬁé’srizeﬁf branched hydrocar byl conpounds with carbon nunber of
[0023] Conventional PAOs are made by the polymerization of C; to Cs; alpha
olefins, preferably Cg to Cy¢ alpha olefins such as 1-octene, 1-decene, 1-dodecene
and the like in the presence of a polymerization catalyst such as the Friedel-Crafts
catalyst including, for example, aluminum trichloride, boron trifluoride or
complexes of boron trifluoride with water, alcohols such as ethanol, propanol or

butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.

[0024] In comparison, HVI-PAQO are a distinct class of PAO, different from
conventional PAO, the HVI-PAO being prepared by, for instance, polymerization
of alpha olefins using reduced metal oxide catalysts (e.g., reduced chromium on
silica gel), zeolite catalysts, activated metallocene catalysts, or Ziegler—Natta (ZN)
catalysts.  HVI-PAOs are further distinguished and differentiated from
conventional PAOs by their possession of branch ratios 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. For the purposes of the present
application and the appended claims, viscosity index is measured by ASTM
D2270, kinematic viscosity is measured by ASTM D445, pour point is measured
by ASTM D97.



about 20 or greater, preferably about 30 or greater and m xtures of such
base stocks and/or base oils.[0022] The HVI-PAO enpl oyed in the present

i nvent i orwo0nher4et eri zed as having a KV @ 1000C i n t hecrarsg@ood49about 3
to about 1000 mm2/s, preferably about 3 to 500 mm /s, nore preferably about
150 to 300 nm /s, nore preferably aboutid20, preferably at |east about 140,
nore preferably at |east about 160. HVI-PAO is distinguished from

conventi onal PAO having the sane or simlar nolecular weights, kinenmatic

viscosity ipdhges af noj ! el t - nd the
met hods errp‘?@?/g fgl?&} ? geés;} tk@tg?ﬁ Mag égﬁ{‘@@%}@g% Q%B%Il;\é\geﬂot’ i(Pgﬁa! PAO
m ght bot h diavgléhpolsaeeizkiise Bt diphatl s idiMg subp6@ed tsylid NdedcedPGedurPoi nt
etc. and, therefore, ae&par to be nomnally the sanme, they differ in how

t hey perfor¥iBi metddeioxidst catadystsl (crtbr prdvesgy chrumium howy siley gele under

o ool pro eI RUOR SERRLpR AL = Rl SRt Yo RrREerd i S B4R U ene.
1-decene, lLyuetceRngstanattivird héalldbdent RetaPfseS@NE Ecailydt sYSleH¥RIonFR st

catal yst such as the Friedel-Crafts catal yst 1ncluding, for exanple,
al umi num t ra gn¢telocrae at gn ahimdxaoe) dad oficglompVattec €2 davalysts tyuch| aor i de

ith water, ,al cohol. h t . : ut anal ..C i, i d
o ostore WBRIEEP R, RS ) pafend (BT sl OE b o PRy & 0 ST AT Son S
HVI - PAO ar e4 a9@li7$1;i 86b6®0as 3 97 (3OS 6 62 enbed k410 saNveIs9l val TRAG t he

HVI - PAO bei ng prepared by, for instance, polynerization of alpha olefins
usi ng reducBY1e¥@$ arsx chiaractariz¢d) by hagmgga higleaiscesityc mdsmi (b andsirlei e gel ),

AR N RS N T e G
\(/:vce)iméﬁ?t | onalveRYes nidledIfl TwdIPRS 8FSh@Webd FWRANGA 450005 PfnuhfiRs ARasEL- 19, a
molecular weight of between 300 and 18,000, a molecular weight distribution of
between 1 and 5, and pour point of about -15°C or less. Measured in carbon
number, these molecules range from C;¢ to Ci300. Viscosities of the HVI-PAO
oligomers useful in the present invention measured at 100°C range from about 3
mm’/s to about 1,000 mm?s, preferably about 3 to about S00 mm%s, more
preferably about 100 to about 400 mm®/s, still more preferably about 150 to about
300 mm?%s. These HVI-PAOs have been used as base stocks since their

commercial production and are commercially available, such as, for instance,

SpectraSyn Ultra™ fluids, from ExxonMobil Chemical Company.

[0026] The HVI-PAOs useful in the present invention are characterized by
having a high viscosity index (VI), preferably 120 or greater, more preferably 140
or greater, and still more preferably 160 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-PAQOs useful in the present invention, is
about 350. VI as used herein are measured according to ASTM D2270.

[0027] The HVI-PAOs generally are characterized by the following: Csq to

Ci300 hydrocarbons, a branch ratio of less than 0.19, a weight average molecular



aver age nol ecul ar wei ght of between 300 and 45, 000, a nunber average

nol ecul ar wei ght of between 300 and 18,000, a nol ecul ar wei ght distribution
of bet weewOoRoswd7&4 a pour point bel ow -15C. For the puPpodsg000f0049he
present application and the appended cl ains, viscosity index is nmeasured by
ASTM D2270, kinematic viscosity is neasyred by ASTM D445, pour point is
measured by ASTM DO7.[0025] Hi gh viscosity index polyal phaol efin (H V-PAO
are prepared by, for exanple, polynerization of al phaol efins using

support ed S\erej troqdﬂ&%e 1184%6(5“ aoﬁ(drgger(:% eStn?olg 13 wdigftV's d
er ofl Ftrons a

chrom umon si'i ca gél un gomeri’zat’i on con a tenperature of

about room p&Rer 300 aRd 18,006 0% Holectta!vdightcdiéttibMads of Betiveeatl eshdriet al | ocene
catal ysts (e.g., catalyst systens conprising a netall ocene and an

al unoxane) and Ziegler-Natta (ZN). catalysts such as describhed in U S
Pat ent Nos.[0928b7, eal,cuke,ﬂmr,e&r@fi Izl,\’rlrff?@smr;e fiuidg yigwuinemato yisposity (32
4,926, 004; 7 2,829 4 ;2 (AN 59, h . - PAGs
are char actfel(?(?geag%n%g{/%gaa Qi lg%\? \%/(?s%bgélgt%@i n e%é(vrglégtﬁggoﬂgg%wgﬁr%re of
the fol | ow vigcasitg? astueed hereqrs wildk berrafetted rtatsiraplefasl scsithamiessl&theravivei ght
aver age nol ecul ar wei ght of between 300 and 45,000, a nunber_ avera

nol ecul ar waQtgtht aRd Vilt b dhe Jarsosity deteropied acwe&qiiéglﬂOaAS\WdM‘*-‘diaggﬁ(? buti on
b _ . € .
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HVI - PAO ol i gkt be ligefred. i1 n the present invention neasured at 1000C range

fromabout 3 Mfmm /s to about 1,000 mm /s, preferably about 3 to about 500 mm
/s, nore preferabl t still more preferably

Q0 bout 400 e/ s,
about 150_t6’0§@but¥_§8m}*§?s l}‘l%@i@o‘ PA@awsxsiée_d@é@ﬁnﬁ@_zpde\@ewa &t ocks
since thei i GORIRNIA! (BILANPIERR - POE G16wERWRERIAL Y BYASTRPDY7. Such as,

for instance,

[0030] The term “PAO” in HVI-PAOs means, as is generally accepted in the
art, oligomers (low molecular weight polymer) of one or more alpha olefins, such
as l-decene. In embodiments, the HVI-PAOs of the invention may be further
characterized as hydrocarbon compositions comprising the oligomers of one or
more 1-alkenes selected from Cg to Ci¢ 1-alkenes, more preferably Cq to Cy, still
more preferably C¢ to C,4. 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 C4 to C;4 1-alkenes, or one or more C6 to C20 1-alkenes, or one or more
Cs to Cy4 alkenes, or mixtures of specific 1-alkenes, such as a mixture of C4 and
C,, l-alkenes, a mixture of Cs and C,y l-alkenes, a mixture of Cg and C;,
1-alkenes, or a feed comprising at least two 1-alkenes selected from the group
consisting of Cg C,y and C;, 1-alkenes, and so forth, although oligomers of lower
olefins such as ethylene and propylene may also be used, including copolymers of

ethylene with higher olefins.

[0031] The HVI-PAO fluid can be made by reacting the olefin monomers in
the presence of a conventional Ziegler or Ziegler-Natta catalyst; e.g., TiCl,, TiCl;,
VCly or VOCI;, with promoter, such as magnesium chloride, zinc chloride, etc.

and with an activator(s), including trialkylaluminum, trialkylboron, and/or a



SpectraSyn Utra(tm fluids, from ExxonMbil Chem cal Conpany. [0026] The
HVI - PACs useful in the present invention are characterized by having a high
vi scosi t ywonde2(di) , preferably 120 or greater, nore prefrasamopodbqd or
greater, and still nore preferably 160 or greater, yet nore preferably 200
or greater, and yet still nore preferably. 250 or greater. An upper limt on
VI, while not critical to the characterization of HVI-PAGs useful in the
present invention, is about 350. VI as used herein are neasured according

to ASTM D227Q.. [0027] The | - PACs, geper al are char er W e
ol o ng: RelielsySERamaRo bRim EpERes o pREREET BT R Y 1o &
wei ght aver agftidRs estlZeyet Wit ZéglbeNURENCANYsBNths4 dedtPbedaimufieboskver age
nmol ecul ar wei ght of between 300 and 18,000, a nol ecul ar weight distribution
ieglerd-Natta] GatahjstsPand Polymarizationseby Jobal Bagr.- BAGkcasieai¢ IPi¢sds wi t h
ki nematic vj sccg?i Y, 000C rangi ng from about 150 to about 300 nmmR/s. The
t erm " ki nenafVe! ¥is ity" as used herein will be referred to sinply as
viscosity, unless otherwise noted, and will be the viscosity determ ned
accordi ng t moddT™M Mk & dlékn bepalgmets(GCBPRALE usidg Zisgler-NattaQafGstdhen no
tenperature is nentioned, 1000C shoul d be inferred. 002&%] The HVI - PAGs may
be further €hdrtachavei pwaber avesage medenuwiasnweighy of qbowt JOR00pel Froregabr al |y

about -15C or | o as_det.erm ngd. by AST 7. | T " "in
v - pace meiey e, BiniEEnM, Vot O e ARy B Hhr i

nol ecul ar vWRviedrigl ghdstdr I of NabAtarTA il e THehAsttyand Supphicatsork; ddcene.

I n enbodi nents, the HVI-PAGs of the 1 nvention may be further characterized

as hydr ocarbwh. BoRpdsicki Mlascet Bekkers g, Naw Bork2808y thegiroense uging dgegler
1- al kenes sel -al ken
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1-octene, foruse in the present invention.

[0033] Preferably the HVI-PAO fluids used in the present invention are
produced using a catalyst system comprising a metallocene and an aluminoxane.
See, for example, U.S. Patent 4,668,834; U.S. Patent 4,704,491; WO 90/1503;
U.S. Patent 5,043,515; U.S. Patent 5,859,159; U.S. Patent 5,498,809. The
polyolefin fluids which are preferred in the present invention are those
synthesized using metallocene catalysts and are characterized as having a
molecular weight distribution (MWD) defined as the ratio of the weight average
molecular weight to the number average molecular weight of about 5 or less. The
HVI-PAO fluids have a MWD of from about 1 to 5. Both number average and
weight average molecular weight can be determined by the technique of gel
permeating chromatograph (GPC) with a suitable calibration curve, as is known to

those skilled in the art.

[0034] The polymerization reaction for the production of polyolefin fluids
from a first alpha olefin such as ethylene, propylene, 1-butylene reacted with a
second, different alpha olefin which is a straight or branched chain alpha olefin
selected from C,-C; alpha olefin and mixtures thereof, preferably C,-C,, straight

or branched chain alpha olefin and mixtures thereof, is conducted in the presence



1- decene, 1-dodecene, 1l-tetradecene, etc., or m xtures thereof, such as one
or nore of C6 to C35 1-al kenes, or one or nore C6 to C20 1-al kenes, or one
or nore GBono10D22dskenes, or m xtures of specific 1-al kemeT/USswoloass a

m xture of C6 and G 2 1-al kenes, a mxture-of C6 and G 0 1-al kenes, a

m xture of C and C 2 1-al kenes, or a feaqd-conprising at |east two 1-al kenes
sel ected fromthe group consisting of C8 G0 and C 2 1-al kenes, and so
forth, although oligoners of |ower olefins such as ethylene and propylene

(051 The PR SHRT Pt RRRIe/ATIeR She oL ERR 17 0V AORENRERY,

presence of t@n§ia6y embiad Wmpbuad) afndOpreZe@Blﬁranl\@dttvatdratea%]y%h, aRingoxandi G
Tid3, VA4 or VOO 3, with pronoter, such as magnesi um chl ori de, zinc

chloride, erempawril.wihe teym metallogens (e§9rs to ﬁ@m@aum@s Qqnt@nm %ﬁ@nﬁimﬁpn

trial kyl bor n /or & SUg h an

v ogen nappib Ok, € B3psifig Fot0. AR B B8R0 QR SRGREAero R el .
catal ysts, gnedessy idetpentatiRaebaal dreahrr mna@ @aﬁﬂwétsr akbaturated
Pol yneri zations by John Boor, Jr., Academ c Press, New York 1979. [0032]
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t o have nunber fver age | ecul ar wei f Q 0,,0

of the convamEE AdE e EovaPhestE ditbetheal by oolfieh drftel BeaelEifaned i n
Chapter 10 of ﬂ{euhétaqaéene%@huygt\e%&l JaBRIMRE by camteblNRP the AlAtRRSpro gémolay L. R
Rudni ck, Marcel Dekker, Inc., New York 2003, the process using Ziegler or
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itable f t t [ 00 P bI t h | - PAO
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conpri sing andelmkdniecene and an al um noxane.

[0035] The catalysts employed in the production of these polyolefin fluids are
organometallic coordination compounds which are cyclopentadienyl derivatives
of a Group IVB metal of the Periodic Table of the Elements (56™ Edition of
Handbook of Chemistry and Physics, CRC Press, 1975) and include mono- di-

and tricyclopentadienyls and their derivatives of the transition metals.
Particularly desirable are the metallocenes of Group IVB metal such as titanium,
zirconium and hafnium. These metallocenes are further activated with an
alumoxane. The alumoxanes employed in forming the reaction product with the
metallocenes are themselves the reaction products of an aluminum trialkyl with

water or precursors which act as water source, such as copper sulfate hydrates.

[0036] In general, at least one metallocene compound is employed in the
formation of the catalyst. Metallocene is a metal derivative of a cyclopentadiene.
The metallocenes usefully employed in accordance with this invention contain at
least one cyclopentadiene ring. The metal is selected from the Group IVB,
preferably titanium, zirconium, and hafnium, and most preferably hafnium and
zirconium. The cyclopentadienyl ring can be unsubstituted or contain one or
more substituents (e.g., from 1 to 5 substituents) such as, for example, a

hydrocarbyl substituent (e.g., up to 5 C1 to C5 hydrocarbyl substituents) or other



See, for exanple, U S. Patent 4,668,834; U S. Patent 4,704,491; WO 90/ 1503;
U S. Patent 5,043,515; U S. Patent 5,859,159; U S. Patent 5,498,809. The
pol yol ef iwof2buvodz4swhi ch are preferred in the present i neemttsemnomand44 hose
synt hesi zed using netal |l ocene catal ysts and are characterized as having a
nmol ecul ar wei ght distribution (MAD) def.ijged as the ratio of the weight
average nol ecul ar weight to the nunber average nol ecul ar wei ght of about 5
or less. The HVI-PAO fluids have a MAD of fromabout 1 to 5. Both nunber
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curve, as i %éfﬂﬂyé@né Qah f&@ﬁ@lrﬁbhé Q@ brntlir&?c?d’lb pert&fiShl rillR; REEIET kwat i on
reaction for the production of polyolefin f ds froma first al pFla ol efin

such as et hyingnere prefamiedene, 1-butyl ene reacted with a second, different
al pha olefin which is a straight or branched chain al pha ol ef i n selected

or "br anched {8t &t aPafe ok e {AFEERled R BeRalmmullsd ) L7L e

presenceof a catal yst system conpri SI ng at |east one.netallocene (e.g., a
cycl opent adi enyl transi tion net C,nMRINd) and preferably an acti {ator;
e.g., an alunoxane conpound. The term netallocene refers to conpounds

contai ning a.coordination bond bet transiti nmet al . and east one
Cycl opent sdndiREeth tnge e Fiapspademl g, Rt i8/8 3 IR G id g TR o

i ncl udes sahyaRiced SRR &b Y 'hh tffdiﬁtl%% SY6dh &dnisnsteqy! and
fl uorenyl ?ch mgglg{)dﬁ?at eﬂi{i i vedr%g'lrr%’grg % he co- nononer gontent can
be controll adlaldgenuqkd inhe as&ehcdchumbenfrohhbtmﬁimﬁsl zowdmk: mahkdryfsem datioBonent
and by controlli.n reI oportlons of the feed olefins, usually

et hyl ene an&n‘éﬂdﬁg"\’ﬁo‘wwn ©hl ene and 1-butene or ethyl ene and
propyl ene, or ethylene and 1 pentene or ethylene and propyl ene

(CSR'k)gR’ 's(CSRIk)MQ.’»-g (H)

and

R”{(CsR").MQ’ ey

wherein (CsR’y) is a cyclopentadienyl or substituted cyclopentadienyl, each R" is
the same or different and is hydrogen or a hydrocarbyl radical such as alkyl,
alkenyl, aryl, alkylaryl, or arylalkyl radical containing from 1 to 20 carbon atoms,
a silicon containing hydrocarbyl radical, or hydrocarbyl radicals wherein two
carbon atoms are joined together to form a C4-Cq ring, R is a C;-C, alkylene
radical, a dialkyl germanium or silicon, or an alkyl phosphine or amine radical
bridging two (CsR"}) rings, Q is a hydrocarbyl radical such as aryl, aikyl, alkenyl,
alkylaryl, or arylalkyl radical having from 1-20 carbon atoms, hydrocarboxy
radical having from 1-20 carbon atoms or halogen and can be the same or
different from each other, Q" is an alkyldiene radical having from 1 to about 20
carbon atoms, sisOQor 1,gis0, 1 or2,sis O when gis 0,k is 4 whensis 1, and k
is 5 when s is 0, and M is defined as above. Exemplary hydrocarbyl radicals are
methyl, ethyl, propyl, butyl, amyl, isoamyl, hexyl, isobutyl, heptyl, octyl, nonyl,
decyl, cetyl, 2-ethyl-hexyl, phenyl and the like. Exemplary silicon containing



and 1-butene. [0035] The catal ysts enployed in the production of these

pol yolefin fluids are organonetal lic coordinati on conpounds which are

cycl opentwdizeryi274ber i vati ves of a Goup | VB netal of theckascadiosssFabl e of
the El enments (56th Edition of Handbook of Chem stry and Physics CRC Press,
1975) and include nono- diand tricyclopgstadi enyls and their derivatives of
the transition netals. Particularly desirable are the netall ocenes of G oup
| VB metal such as titanium zirconium and hafnium These netall ocenes are

further acti ] : G Jhe. g H?IR [ ,ng the
reaction pr @ﬁﬁ’f%%g%% H}P?dgs %%%ﬂ : gf%ﬂ%@? \S/tgg exﬁgaﬁf I@%ﬁ%}'oduct S
of an al um hulegeh i &byl indldde vhlbgihe ObratheUhirieWhnd Hodik a&3d,Wef eliessour ce,

such as cop%gr sul fate hédrat es. [0036] In general, at |east one
net al | ocene helogpouatemiss chlpsingy isd preferrpd f Eremplasy Wydrecasbext spdisals are
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usefully errf)rf nventio one

cycl opent adirgfi€al§ isY@ethYHi@ene bilylidensaEgiopdliderem the Group 1VB, preferably
titanium zirconium and hafnium and nost preferably hafni um and

zirconium The cycl gpentadi enyl ring can be unsubstituted, or contain one or
more substi {0B§]s (hegalumoxaps gompornds wsefuk inethespolymerzafion prcess Byl e, a

hydr ocar byl gt g h | nts)
oF "ot hor subFi Rt Hsat Br e, cHiLhpn o b, &b, ML UKL AR hN bE
substi t uent reprbe:nel ity thegenerat FOmMaAa(R-AABAE), imlledinebhileeoxyaésopenbadi eny|

rings; however, two rings are preferred. [0037] Useful netall ocenes can be
r epr esent ed refesentedglen Bieagenern! fpmagla R(@pj—r?ﬂﬁ'&%q QIR whe the genepnlifgrnaula

cycl opent adiRe{'&y $ (fli-@sgalk%//i ig?ou% gc?luz%, lf(\)/rBe)Ez{n%]g,i Heﬁpyl,”gth%’pra))i/l,s bﬁtyl and
pentyl, n is an integer of from 3 to 20, and n” is an integer from 1 to about 20.
Preferably, R is methyl and n and n” are 4-18. Generally, in the preparation of
alumoxanes from, for example, aluminum trimethyl and water, a mixture of the

linear and cyclic compounds is obtained.

[0039] The alumoxane can be prepared in various ways. Preferably, they are
prepared by contacting water with a solution of aluminum trialkyl, such as, for
example, aluminum trimethyl, in a suitable organic solvent such as toluene or an
aliphatic hydrocarbon. For example, the aluminum alkyl is treated with water in
the form of a moist solvent. In an alternative method, the aluminum alkyl such as
aluminum trimethyl can be desirably contacted with a hydrated salt such as
hydrated copper sulfate or ferrous sulfate. Preferably, the alumoxane is prepared
in the presence of a hydrated ferrous sulfate. The method comprises treating a
dilute solution of aluminum trimethyl in, for example, toluene, with ferrous
sulfate represented by the general formula FeSO,,7H,0. The ratio of ferrous
sulfate to aluminum trimethyl is desirably about 1 mole of ferrous sulfate for 6 to

| 7 moles of aluminum trimethyl. The reaction is evidenced by the evolution of
methane. General method to produce methylaluminoxane (MAQ) or other
alumoxane can be found in many patents: U.S. Patent 5,663,394, U.S. Patent
5,693,838, U.S. Patent 6,194,340, U.S. Patent 6,518,445, etc.



hydr ocar byl group or hydrocarboxy group having from1 to 20 carbon atonms, X
Is a halogen, and mis a whole nunber froml to 3, nis a whole nunber from
0 to 3, awmo2qive7&4whol e nunber fromO to 3; (C5R k) gRPeT@sBRI090MAB-g (1)
and R" s(C5R k)2MQ (111) wherein (C5R k) is a cycl opentadi enyl or
substituted cycl opentadi enyl, each R i.ggthe sanme or different and is

hydr ogen or a hydrocarbyl radical such as al kyl, alkenyl, aryl, alkylaryl,
or arylal kyl radical containing from1 to 20 carbon atons, a silicon

contal 10, NG nERGR o RSB SRR AT, e >
radical, a ﬂie@dli@él&:n&%ﬁi‘éﬁ'c‘dﬁ‘b@%s@fdl &C&ﬁplo%d 8dh Bé W{heﬂﬁﬁg@ﬂf BoWdr0. /M ne

radi cal bridging two (C5R ) rings, I's a” hydrocar byl i cal such as aryl,
al kyl, al ketrybQOGd kydmdr@ds;rab}y @bqpltdl klyto tG0 chl Preferably,fthomdle 2&tic sitbon

at ons, hydr car r ad 20 car on. atons qQr hal qgen and
can be the R’Srrg‘&ﬁef?fleaﬁ@m QW ﬁg% %’%"n‘@?“p{f f@lﬁﬂb%t@gpdi}]éﬁgg'rgdi cal
havingfromlto about 20 carbon atons, s is Oor 1, gis O, 1 or 2, sis O

when g is O{OMIFS Theh@ilvénts Bisdd ik Iprép%ra'ilom@m& t&talst Syieryl dré i@k i ned
as above. Exenplary hydrocarbyl radicals are nmethyl, ethyl, propyl, butyl,

amyl , i soarrtzydmh@byns msa@nmar a hygrogarbon ¢hay lis mmtnvlth reiepeyt to tbeto,atalyst

2-ethyl -h K t d byl
Fadi cal s ar Sgemectigh S et St FGHRI i tlodep an GREmPA . SRR ary
hal ogen at oBBtahéIC lpeAAnEhIRkARE, hB5tBRE, NBctahé UQSJ&I‘Bﬁeﬂﬁﬁ | QeI yRhex e, t hese

hal ogen atons, chliorin€ is préferred. Exenplafy hydrocarboxy radical$ are
toluene xylene and the like.

[0042] Polymerization is generally conducted at temperatures ranging between
20°C and 300°C, preferably between about 30°C and 200°C. The polymerization
feeds, including the olefins, the solvents and any other feed gases, preferably are
purified by passing through molecular sieves and/or oxygenate removal catalyst
beds, as typically practiced in polyolefins synthesis. The purpose of the
purification is to remove water, oxygenates or any other trace polar components
that can deactivate the polymerization catalysts. Usually highly purified feed
streams result in high catalyst productivities and high lube selectivity, simplified
work up or product isolation step, narrower molecular weight distribution. All
these are beneficial for an economical process and more desirable product.
Reaction time is not critical and may vary from several hours or more to several
minutes or less, depending upon factors such as reaction temperature and the like.
One of ordinary skill in the art may readily obtain the optimum reaction time for a

given set of reaction parameters by routine experimentation.

[0043] The catalyst systems described herein are suitable for the
polymerization of ethylene and alpha-olefins in solution over a wide range of
pressures. The polymerization can be complete at a pressure of from about 10 to
3,000 bar. The polymerization reaction can be conducted in batch mode, semi-

batch or semi-continuous mode, or in continuous stir tank reactor (CSTR) mode.



met hoxy, ethoxy, butoxy, anyloxy and the |like. Exenplary of the al kylidene
radicals is nethylidene, ethylidene and propylidene. [0038] The al unbxane
conpoundswogefwil274sa t he pol ymerizati on process nmay be cyclrius2aw/obionear or

t he conbi nation of the two. Cyclic alunoxanes may be represented by the
general formula (R-Al-On while |inear. gl unoxanes may be represented by the
general formula RRR-AI-On-AIR2. In the general formula Ris a C -C5 al kyl
group such as, for exanple, nmethyl, ethyl, propyl, butyl and pentyl, nis

o1 0% Gho TR oyl ol S0 1 B €3
pr epar at i orpyofcoalaiioranasciques kosh exaeph@acting Whi npolyicrizetidty | reactibrvat er

a mxture of the linear and cyclic conpounds is obtained, [0039] The
al unoxane caedibm witbpratetior an atnohelisugkips methatady propynol; eprepapok ipar ed by

contacting water. wi th.a, solution,of alumnu ri .. h S No)

exanpl e, al(lfrﬁor?ifﬁ‘lgtofﬁ?éPWI t,ﬂeinaecgg {il)t tggpgnagér ghgn@é%ﬁ%%%% rseagrﬁorgsf Il uene
or an al i phabiet PUNRERERPBe rEQivefoiabP destillatien aindsi abtuad ky rerh6vd tight ed
with water in the formof a noist solvent. In an alternative nethod, the

al um num al fkadtiosuathicts has anbailing tointebadlgw @HISF g aymesphesicypresiract i with a

hydr at ed sal t. . such, as hydrated copper sulf.ate or. ferto S

Pr ef er abl y,reflﬂgﬁaqlhﬁ:ﬁﬁté%bcﬁ%gf)P%‘;pcggseﬁ; ]i%ﬁ thif d0ysLio ghcder %?)reaﬂx}?&%%glpegl % errous
sul fate. TheqaBiihed FREA6A SRS fhika! hyardiertbdt 8sif@! sthhddrd Ohydbbiis

trimethyl in, for exanple, toluene, with ferrous sulfate regresente by the
general f orconditiofie SOth AsROdeH0-2800 psiol; prasswras1@hR e Ceand2 attbimrnislieh
trimethyl is sira e of ferrous.sulfate for 6to7m){es of

| bout |
al uni num t r9ThetifsAeY Kﬁg}?@gtctf%{)?r?%ereﬁn&@%é’ 0t e TeHSE LIS 158 12t hane.
General  met RantAid @SWE S TRY ol hnasaN asudyDelow 2t 1RGally, the lower

the bromine number the better the product, especially the better oxidative

stability.

[0045] The polymerization may be conducted employing the liquid
alpha-olefin reactant as solvent. For example, 1-butene or propylene or other
appropriate alpha—oleﬂh liquid can be used as the reaction medium. Alternatively,
polymerization may be accomplished in the presence of a hydrocarbon inert to the
polymerization such as butane, isobutene, pentane, isopentane, hexane, isooctane,

decane, toluene, xylene, and the like.

[0046] Another method to produce these HVI-PAO fluids is by using
Friedel-Crafts polymerization catalysts. For example, the high viscosity
polyolefin fluids can be made from ethylene and alpha-olefins in range from 0%
ethylene to 50 wt% ethylene as feled. The other alpha-olefins can be propylene,
1-butene, mixed butenes or mixed butanes in BB stream, linear alpha-olefins,
including 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene,
1-octadecene, or the mixture of them. The amount of these alpha-olefins in the

feed ranges from 50 wt% to 100 wt%.



al unoxane can be found in many patents: U S. Patent 5,663,394, U S. Patent

5,693,838, U S. Patent 6,194,340, U. S. Patent 6,518, 445, etc.[0040] The

nol e ratiwoabisl2asenum i n t he al unoxane to total netal PoTiUSe00e@OAME OCENES

whi ch can be usefully enployed can be in the range of about 0.5 : 1 to 5000
: 1, and desirably about 1 : 1 to 1000.:181. Preferably, the nole ratio w ||
be in the range of about 500 : 1 to 5 : 1 and nost preferably about 250 : 1
to 5 : 1. [0041] The solvents used in the preparation of the catalyst

system are i h Me) ta.cul At | S.lert
with res pectmﬁ?t]t h%ﬁ%%ﬁ%y@%@%‘ﬁ% @éﬁa\?eélrﬁfgggéglgewgrﬂ%m%égén
i ncl ude, fodefixidionl o pdlselefih heds Bsuset hereinh@Ngenehelkaneailabkpdbraemajet ane,

cycl ohexane, nethyl cycl ohexane, toluene, xylene and the |ike, [0042]
Pol yrrer i zat commesCigbrieplgl fipm: swppbersdsuah pénpBerenMeld Chemical REBh 200C

and 3000C, fera et n about 300C and 2000C. The pol yneri zation
feeds, incl %%H%’“t Elgy%]llae(ftﬁ%g, the solvents and any ot her feed gases,

preferably are purified by passing through nol ecul ar sieves and/ or
oxygenat e r ¢omi83| datthkymtpdration o HVI-PACGE Lyefpr acthe prbsem pweydref thas
synthesis. The purpose of the purifjcation is to renpve water, oxygenates
or any ot hefulier fEedusss arsvallymerse dissiliedato cigmaysa@ry viawe melecylary Wetghat i on

oroqubti vi t FRuPaifofl S04 af dhed) BRHRE SV RRTE DB ({okf I15%0), G BUKC,

i sol ation steonnmimbyelessothas UCRI iMehghtarelipsddudedt from tifd Ipolyieatzaaoe
beneficial for an econom cal process and nore desirable product, Reaction
time i s not IACHiON Rl amneRIRAY QMEF \remotheseyding matsgial of hispdistilafione §tep a

m nutes or | l.ng u t ugh: r I Ot a and
the 1 ke, oevapy FRFNS) o RefadIRF: BE P\ BlksR% (ARG}, Oy, EREATERITT
reaction ti gpplicitiods,dorvwhers @b 10ty bEiHA IfRRtIDANIAPFREsenSiDihel RUEticIEmixture,
experimentation. = _ )
this distillation is not necessary. Thus, in preferred embodiments, the whole
reaction product after removing any solvent or starting material can be used as

lube base stock or for the further treatments.

[0049] The Ilube fluids made directly from the polymerization or
oligomerization process usually have unsaturated double bonds or have olefinic
molecular structure. The amount of double bonds or unsaturation or olefinic
components can be measured by several methods, such as bromine number
(ASTM 1159), bromine index (ASTM D2710) or other suitable analytical
methods, such as NMR, IR, and the like, well known per se to one of ordinary
skill in the art. The amount of double bond or the amount of olefinic
compositions depends on several factors — the degree of polymerization, the
amount of hydrogen present during the polymerization process and the amount of
hydrogen present during the polymerization process and the amount of other
promoters which particulate in the termination steps of the polymerization
process, or other agents present in the process. Usually, the amount of double
bonds or the amount of olefinic components is decreased by the higher degree of
polymerization, the higher amount of hydrogen gas present in the polymerization

process, or the higher amount of promoters participating in the termination steps.



[ 0043] The catal yst systens described herein are suitable for the

pol yneri zati on of ethylene and al pha-olefins in solution over a w de range
of pressuweoiofinesspol yneri zati on can be conplete at a presaisc@Iod49fs om
about 10 to 3,000 bar. The polynerization reaction can be conducted in

bat ch npode, sem batch or sem -continuouggnode, or in continuous stir tank
reactor (CSTR) node.[0044] After polynerization and, optionally,
deactivation of the catalyst (e.g., by conventional techniques such as
contacti ng ol i.zat | . i i ht.h - |,
such as net It@gsc())ﬁ , );g%%%no ét%&%?@pgggﬁ {;Eeg;\élg?%\fcl#y 8@?‘?‘%@%‘?%@?@8&8 t he

medi um t o t evhehnaé anididt RFluHBuFARIN dsuble dohdP B} oléfliic RoAMKME! ispRUNE®R). can
be recovered by distillation under vacuumto renove |ight fraction, which

has a boi | i A§ersdongt inbpreforred corbogimentsp ipive peeesgare stoufusther iy dretsgad the  oi |
fraction can he used.,as is for.this invention, .Ox re.preterghbly, the

resi dual oi Pog'lnéeét ﬁoWeYShq‘VSr ﬁlrggr 8?'%)'8? oogfgﬁgiag'ﬂaﬂg?'ng g‘t‘a‘& datﬁlg ﬁ'f/lggo\?nltgni shi ng
condi tions, bedthithedfumbtd T 18430thdR B0 aPp heaklreAr8s ASTM OG220 RksuaaBlefort %0

ni ckel on Ki esel guhr catal yst for proper anount of tine to reduce the

degree of uhightquality basedtook applicaionsad thamvantidrer Fluidsuwith praseingwumber
Usual 'y, the lower the hrom ne.nu the better the produc especially
the better SkIGRMIRL OF 2AEIRSPER0 Jehe e el v Bl oo pmaE B R uct e

enpl oyi ng t kgnlg. qui d al pha-ol efin reactant as sol vent. For exanple,

1- butene or propylene or other appropriate al pha-olefin liquid can be used
as the reaction nmedium_ Alternatively, polynerization may be acconplished

in the presé8d]of TheryHiBedrnare hyrspireated tmeedysk yinsatupmitononTkig dpayabe

DUt ane. 1 SBLeBy m BRSNS ARRAL AR BRI R ARRA R AL

i's by usingexample 16). In some HVI-PAO products, the fluid made directly from the
polymerization already have very low degree of unsaturation, such as those with
viscosities greater than 150 ¢St at 100°C. They have bromine numbers less than 5
or even below 2. In these cases, the direct product may be used without
hydrotreating. Thus, hydrotreatment of the HVI-PAO product is optional,
depending on the method used to make the HVI-PAO and the end use.

EXPERIMENTAL

[0052] Experiments were performed combining various Group III base oils and
a GTL base stock with conventional PAO-100, PAO-4, and HVI-PAO, along with
blending conventional PAO-100 with PAO-4, all in combination with 20% of an
ester and 9 wt% conventional transmission fluid additives, based on the weight of

the total compositions.

[0053] The results of these experiments are presented in Table 1:



Friedel -Crafts polynerization catal ysts. For exanple, the high viscosity
polyolefin fluids can be nade from et hyl ene and al pha-olefins in range from
0% et hyl ewe 20w/ @35t % et hyl ene as feed. The ot her al phaPolrafsees/ocens be
propyl ene, 1-butene, m xed butenes or m xed butanes in BB stream |inear
al pha-ol efins, including 1-hexene, 1-octene, 1-decene, 1-dodecene,
1-tetradecene, 1-hexadecene, 1-octadecene, or the mxture of them The
anount of these al pha-olefins in the feed ranges from50 wt%to 100

wt % [ 0047] The HVI-PAGs which are kno eri als and fall within the

resent definition of in flui e generall

gval | abl e on a ngj or cgwg?ifané@éﬁséoq? mghﬁwg‘i gegﬁ@ ag Exxonl\/zbll
Chem cal Caonpany. Chewvaon, BP| amd at Ber $. B['00d48¢ Iln 1 he avatli @i of
HVI - PACs u{ Nsoﬁjédei n-tthe prnesent invention, the |ube nrninm‘ S |L;uaj_lj¥_are
distilled {4 ¢Bmove lany low npl ecullar wei ght |cdfipdsiiti pn& such ds Phdse
boi i ng bel  epmeighout |6000F (abput 315C), [or wijth carbon|nunber | é€ss than

C20, if theyrare produced 4550m 4slie [pabymers zdti on[reaction pr arje carnried
over from f{hgnstattiing materipl. This distilljation step usuplly |i nprgves

the vol ati I iy ,6(9f the finished fluilds. In ceritain|special applidations, or
when no | oywweeLikk Ng [T £5aci1 on [ S present |1 n thez23seaction m Xfure,| this
distillatio ﬁAq’@Cﬁ’mt necessary| Thug, in|prefgrred{enbodi nments, tlhe whol e

ol LA N AL T CATT =AYl wTTU A\ A} T U Cll TATT LA %Y LI %1 ATt
reactl on pv |l affr\v [ NaaalVi] ng an cnlviant Ar cof v%u n; nmatihr i Al oan be
S

used as Iub@;,g@%‘&tgtock or fof the|further trjeatmgents. |[00409] THe | ube
fluids madewedk Geetl ¥ Trom t hel polayrferi zat1 on Jor olfi gonerzsgzaf 1 on [process
usual | y hayé&ubsrsat uat ed|{doub| e bonds of have ol efii ni c| nol ecul ar| struycture.

%FCSt)-ln hl & Ihandae ~Av ] viinoatliir of Aan—aorl Al of ~comibnpntic o~

The armunt Wt%b‘r%u LI)I L OUTTUS Ul UTTOS A U25(§L U!I Ul Ul Tl I |"|I C LaUIIlJ I2§9ILO oAl be
measur ed by @ever al |met hods, puch as brom ne [nunber

W1t% Group | 259 |7 259
(AP/E Core .

100)(4 <cSt)

W1t% Additives 9 9 9 9 9 9 9 9 9 9
Ester (5.3 cSt)* 20 20 20 20 20 20 20 20 20 20
Vis at 100°C 15.7 15.2 15.5 15.5 16.8 16.2 15.9 15.5 15.7 17.1
VI 183 181 180 189 180 199 206 190 201 192
Brookfield 33,150 | 82,182 | 167,200 | 66,486 | 615,869 | 20,500 | 20,950 | 22,245 | 21,245 | 49,989
Viscosity, cP

Pour Point, °C -51 -51 -45 -45 -42 -51 -54 -51 -45 -48

*Esterex A-32.
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Wt% 9 9 9

Additives

9 9 9 9 9

Ester (5.3
cSt)*

20 20 20 20 20 20 20 20 20

Vis at 100°C 15.7 14.7 15.2 15.5 16.8 15.9 153 153 15.5 16.5

Vi 188 181 182 194 185 189 189 183 192 183

Brookfield
Viscosity, cP

28,294 | 41,391 | 41,341 | 36,642 | 159,166 | 26,494 | 53,243 | 53,889 | 45,740 | 323,131

Pour Point, °C -48 -48 -45 -42 -54 -54 -45 -45 -42

*Esterex A-32.

[0054]

to formulations can improve low temperature performance in transmission fluids

As seen and was already known in the industry, the addition of PAO-4

and gear oils with stringent Brookfield viscosity limits.

[0055]
cPAO (100 cSt) with PAO-4 (Blend A), with Group III (Visom-4) (Blend B) and
with Group III (Yubase 4) (Blend B’), with GTL-3.6 (Blend B"’), and with a
Group I stock (Blend B"""), at similar concentrations. The Brookfield viscosity of
Blend (A) is lower than for Blend B or Blend B” which utilize Group III stocks as
well as for Blend B”* which used GTL-3.6 and Blend B”"" which used a Group I

Table 1 shows conventional blends made by combining conventional

stock. This was expected from the literature. The results are as expected when
using conventional cPAO (100) with PAO-4, and conventional cPAQO (100) with
Group III stocks, as well as with GTL and Group I base stocks. The low

temperature performance is unacceptable with the Group III GTL and Group I
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hydrotreati ng. Thus, hydrotreatnent of the HVI-PAO product is optional,
dependi ng on the nethod used to nake the HVI-PAO and the end use.

EXPERI VENVOL0{00Q5&} Experinents were performed conbi ni ngcrasc@asod@oup |1 |
base oils and a GIL base stock with conventional PAOC 100, PAGC 4, and

HVI - PAO, along with bl ending conventiongg - PAO- 100 with PAO- 4, all in

conbi nation with 20% of an ester and 9 wt % conventional transm ssion fluid
additives, based on the weight of the total conpositions. [0053] The

results of fhes XRer i { [ t LRl 1 1 A

Transm ssi o aSIEISS cg(so%% %%1 @eg}éoggﬁﬁgélglgbg? %@?Esjﬂegl?géf% ggﬁqé gd4] As
seen and wagis@dsitadabdafeMeeitd fivie timdUsiphet, thhheheddind asingfP ADG 4s tthe
formul ati ons can inprove | ow tenperature performance in transm ssion fluids
and gear oi ¢abedetstock(BlerfbAd. Brookfiel d viscosity linmts. [0055] Table 1
shows conventional bl ends made by conbi ni ng conventional cPAO (100 cSt)

w th PAOC 4 d ' \Y/ . ' 1]
(Yubase 4) E‘@Fﬁﬂd @f?%g{}%ﬁcﬁlﬁ%@d( §| Ae’ﬁigmgég‘t,‘&ei’]%ﬂgmsﬁlega2%\%&9%5 ook
(Bl end B"')andBl@idnD! awheenesnthidnad P AT HE0Bs seplhced withi BVOPAQ aofthdl end
(A) is lower than for Blend B_or Blend B which utilize Goup Il] stocks as
vel | as fors@nesangntighpenthes Broakfield viscapidy pyasnangypectgalyc an s‘lﬂ!’d‘lo oup |
tock. Thi ' , h t : t ed
when usi ng 9T R RERLT 8% 105, oL kBB R e Sy BRI C100)

with G oup blehd SRgKSVIPAO®RING @FTLVE.6 hh&SpbulpeinGresentol -458G ethetexeiemelyThe | ow
tenperature performance i s unacceptable with the Goup Il GIL and G oup

| base st ockkvaPBreekiieldediscesityhef 4 B dpdictenyen thee8uid eghibis an
Brookfield

unexpected improvement in performance as compared to reference Blend A.

[0057] This improvement is not seen when Group I oil is employed in place of
the Group III base stock or GTL-3.6 in combination with the HVI-PAO. In Blend
D"’" which mixes a Group I base stock with HVI-PAO, the Brookfield viscosity is
an unacceptable 49,989 cP while the pour point is -48°C.

[0058] Additional blends were prepared to determine if the enhancement in
low temperature properties could be secured at concentrations of HVI-PAO as

low as 25% or 11.25% of the formulation.

[0059] Blends E, F, F', F'" and F'*" report blends with a 50:50 ratio of
conventional cPAO (100) to HVI-PAO in combination with PAO-4 (Blend E),
Group III Visom 4 (Blend F), Group III Yubase-4 (Blend F"), GTL-3.6 (Blend
F"") and Group I (Blend F""").

[0060]) Blend E shows a slight decrease in apparent viscosity by ASTM D2983
when the ratio of cPAO-100 to HVI-PAO is 50:50 (22.5 wt% HVI-PAO in the
blend). Although the Brookfield viscosity for Blend E is higher than that for
reference Blend A, it is still within 30% of the value found for Blend A while the
pour point is within the margin of error of the test and thus meets that of Blend A.
In comparison, for Blends F, F', F"" and F'"’, while both the Brookfield



viscosities about three to five tinmes higher than the blend using PAG-4 as
the co-base stock (Blend A). [0056] In conparison, for Blend C and

i nvent i vewbl2erwdr74s8l end D, Bl end D and Bl end D' where eomuspeionaks cPAO
100 is replaced with HVI-PAO at the sanme concentration, the Brookfield
viscosity was unexpectedly and uniform._y3l.ower and superior to that even of
reference Blend AL Wiile for Blend D' , the blend using HVI-PAO and GIL-3.6
t he pour point rose to -450C, the extrenely | ow Brookfield viscosity of

21,245 cP indicat.es even the flui,d exhibits. an unexpected I nprt nt in
Ser f or mance SORby A aPet Dot direE Blovat iaS BRsF HhRE pbIBEEREMD | o
not seen whepmihAsth to refererice FIBRd AY @kkyl die @iinfaaefgiectémy SHipeior kd Bldms @, st ock
or GIL-3.6 in conbination with the HVI-PAO. In Blend D' ' which m xes a

Goup | bas®'samtB Wi th HVI-PAO, the Brookfield viscosity is an
unaccept abl e 49,989 cP while the pour point is -480C [0058] Additional

bl ends were ar { tieryp ng..i f the. nQ@Q i Siried) re
properties é@fﬁelg bgﬂgré‘gsﬂggﬁ’aﬁt’ggncaenn I?at i%gns g,‘f%ﬁ@% f%ﬁgggiﬁeﬁlow a-sp%(g% or
11. 25% of t kentepf iteaiidedno [10D5AL% B ERE Fotmulhtionrand e afid Jf cPA@AO0tobl ends
with a 50:50 ratio of conventional cPAO (100) to HVI-PAO in conbination

with PAO- 4 tB/eRA08s 75G%up 111 Visom4 (Blend F), Group Il Yubase-4
(Blend F'), GIL-3.6 (Blend F') and Goup | (Blend F "). [0060] Blend E

shows a sli ecr8asg, ; PRV ' 1" . ratio
of cPAO 100?{5\%62%\/' RS fdgﬂgglfag@'éf%t}éé B tif -ﬁo@gnﬁs%&ﬁﬁ%wauﬁp hough
t he Brookfi @lehdsi €cd3j D/ dmd DBI' ebdt stillsuhexgetediyhaupdrivat tof die Brbekfeslde
Blend A it is still within 30% of the value found for Blend A while the
viscosities exhibited by Blends B, B" and B™".
[0063] Overall, it is unexpectedly seen that the use of Group III and GTL base
stocks with HVI-PAO base stocks provides enhanced low temperature
performance similar to that using PAO-4 (Blend A), but not obtained when using
cPAO-100 base stocks (Blends B through B”"). As much as 70% improvement in
Brookfield viscosities are observed in blends with HVI-PAO concentration as low
as 11.25 wt% compared to using cPAO alone (Blend H' vs. Blend B"), while the
total replacement of cPAO-100 with HVI-PAO produces blends which are

superior in terms of the Brookfield viscosity and at least meet the pour points of
oils formulated using PAO-4 and cPAO-100 (Blends D, D" and D" vs. Blend A).



pour point is within the margin of error of the test and thus neets that of
Blend A In conparison, for Blends F, F', F' and F'", while both the

Br ookf i elwoizemarr4sies and pour points have noved into regirasooshiohs are
inferior in conparison to reference Blend A they are still unexpectedly
superior to Blends B, B" and B ". [0061]p4Blends, G H H, H and H"
summari ze the results when HVI-PAO content is reduced to 11.25 wt % of the
formul ation and the ratio of cPAO 100 to HVI-PAO is 75:25. [0062] The
Brookfield vi scosi ties are higher than the best results exhibited by Bl ends

C, D D an¢gXput still unexpectedly superior to the Brookfield
Vi scosities exh| rted by Blends B, B and B". [0063] Overall, it is
unexpectedly seen that the use of Goup Ill and GIL base stocks with

HVI - PAO base stocks provides enhanced | ow tenperature performance simlar
to that using PAD 4 (Bimethodfor produciog ldiricating ¢ilvlhenulasionghasinga poor base
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total replacenent of PAO produces bl ends which are
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2. The method of claim 1 wherein the pour point is about -50°C or less.

3. The method of claim 1 wherein the Brookfield viscosity at -40°C is
about 30,000 cP or less.

4. The method of claim 1 wherein thé Brookfield viscosity at -40°C is
about 25,000 cP or less.

5. The method of claim 2 wherein the Brookfield viscosity at -40°C is
about 30,000 cP or less

6. The method of claim 2 wherein the Brookfield viscosity at -40°C is
about 25,000 cP or less.

7. The method of claim 1, 2, 3, 4, 5 or 6 wherein the HVI-PAO is
added in an amount of at least about 22.5 wt% based on the total lubricating oil

formulation.



hydr ocar bon base stock or m xture thereof, by adding to the base stock (a)
at | east about 10 w % HVI - PAO based on the total |ubricating oil

f ormul at iwo 2odvemeisa the rati o of the HVI-PAO t o base st @ch/uSajovioss9at | east
1: 2. 2. The.nethod of claim 1l wherein the pour point is about -500C or

| ess. 3. The nethod of claim 1l wherein._thge Brookfield viscosity at -400C is
about 30,000 cP or less. 4. The nethod of claim1 wherein the Brookfield
viscosity at -400C is about 25,000 cP or less. 5. The nethod of claim2

wherein the Brookfiel i i 3 C,i , R |l ess 6. The
met hod of ol ai m 3 wnet 3 RERE 5Bk Lbd- 1 & gg%ergigtggg%@?gbéﬁout 25, 000
cP or I|ess. addedlimcan@hoaf offat Iast dbolit 42 wi% bated on @ie otathebridatingeel HVI - PAO
is added in an amount of at | east about 22.5 wt % based on the total

| ubri cati ng ferimulatéemul ati on. 8. The nethod of claimi1, 2, 3, 4, 5 or 6
wherein the HVI-PAO i s added in an anount of at |east about 45 w % based on
the total lubricating oil fornulation. 9. The nethod of claim7 wherein the

ut ratio of HVI-BAO tenbastod dtaib) siirdRB wiratiolor HOLPRIS Bddod of
claim8 wherein the wt ratio of HVI-PAO to base stock (a) iIs about 1 : 1.

11. The net ktedk¢d) islahown I7: Wherein the wt ratio of HVI-PAO to base stock (a)
is about 2 : 1. 12. The nethod of claim8 wherein the wt ratio of HVI-PAO
t o base

10.  The method of claim 8 wherein the wt ratio of HVI-PAO to base

stock (a) is about 1 : 1.

11.  The method of claim 7 wherein the wt ratio of HVI-PAO to base
stock (a) is about 2 : 1.

12. The method of claim 8 wherein the wt ratio of HVI-PAO to base
stock (a) is about 2 : 1.

13.  The method of claim 1, 2, 3, 4, 5 or 6 further comprising the step of

adding about 10 to 25 wt% of an ester to the lubricating oil formulation.

14.  The method of claim 1, 2, 3, 4, 5 or 6 further comprising the step of
adding about 5 to 12 wt% of an additive or additive package to the lubricating oil

formulation.

15. The method of claim 1, 2, 3, 4, 5 or 6 wherein the HVI-PAO is
characterized by a KV@100°C in the range of about 3 to about 1000 mm?*/s, a VI
of at least about 120, 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 S and a

pour point of about -15°C or less.



stock (a) is about 2 : 1. 13. The nethod of claim1l1, 2, 3, 4, 5 or 6
further conprising the step of adding about 10 to 25 wt % of an ester to the
| ubri cat iwgQ 20id/02f4samul ati on. 14. The nethod of clai m 1, P2T/UB2004/00840r 6
further conprising the step of adding about 5 to 12 wt % of an additive or
additive package to the lubricating oil.ggornul ati on. 15. The nethod of
claimi1, 2, 3, 4, 5 or 6 wherein the HVI-PAO is characterized by a Kv@ooC
in the range of about 3 to about 1000 nm2/s, a VI of at |east about 120, a

branch ratio of Ss .19 wej ght _aver,a | ar ! o Of

bet ween 300 and , Oot},bea%eﬁlt?#bdefrc{?%vmeL%&'ﬁi’e%[f g’@ﬁ&ﬁ\?@?g‘ﬁ?a W @gp\%gh“ 300
and 18, 000, tle rARéEe6LAEIut W80 eh800heh?/kbuti on of between 1 and 5 and a pour
poi nt of about -15C or |ess.16. The nethod of claim 15 wherein the HVI-PAO

has a KvV@OOOC in the range of about 150 to 300 mm2/s. 17. The met hod of
claim1, 2, 3, 4,5 6 fyrth conprj sing_the step of addi ng about. 20 to
about 35 wt % of 57'cogtlé‘?1frﬁeﬂwgl°?lﬁlijﬂ’nﬁi%§0 i1 9r pAsthes compnsing the siEPt oi |
formul ati onygding about 20 to about 35 wi% of a conventional high viscosity PAO to the

lubricating oil formulation.



