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FIELD OF THE INVENTION

(0888 This invention is divecied to a lubricating composition. In particular, this
invention is directed to a lubricating composition that is comprised of a blend or
admixtore of a low viscosity Group V base ol component and a high viscosity

polyoletin base oil cornponent.

BACKGROUND OF THE INVENTION

[0802]  Certain industrial machinery requives high viscosity lubricating
compositions, for example gears, bearings, couplings, and pumps. Theve are

b=

several known high viscosity tubricating compositions for such machinery.

13003] US Patent No. 7,790,660 to Carey ¢f al. discloses polvalkviene glyeol
{PAG) lubricants including rust nhibiting compositions used it worm drive gear
boxes. The rust inhibitors consist of an N-acyl sarcosine and ap imidazole while
the antioxidant consists of an alkylated dipheny! amine and a hindered phenol.

These lubricants deliver lower operating temperature in worm drive gear boxes.

[3004] U8 5,602,086 to Shim et al, discloses a fubricating compnsition of
cnbanced thermal and oxidation stability, The lubricating composition is produced
from a blend of components including an APt Group V base stock, such as
atkylated naphthalene having a kinematic viscosity of 13 o8t at 160° C; and 2
polyalphaolefin (PAD) base stock having a kinematic viscosity of 300 ¢St or less at
1007 €. An example composition includes 10 weight percent (wt %) alkylated

naphthalene having a kinematic viscosity of 5 ¢St at 100° C; 87.62 wt %
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polyalphaoletin {PAU) base stock having a Kinematic viscosity of 100 oSt at 1007

C;and 238 wi % additives,

[0005]  US 2008/0020954 to Carcy ¢t al. discloses g lubricating composition for
worm drive gears comprising a blend of polyalphasiefin base stocks having
viscosity differences of at least 200 ¢8t. The polyalphaolefin base stocks may be
reaction products of metallocene catalysts. An example lubricating composition
inciudes at teast 19.7 wi % of a fivst polyalphaolefin base stock having a kinematic
viseosity of at feast 300 ¢St at 100° C; at feast 29.0 wt % of a second
polyalphaoicfin base stock having a kinematic viscosity less than 60 ¢St at 100" C;
and not greater than 13.3 wi % of an AR Group V base stock, for example

alkylnaphthalene or alkylbenzene.

[g006]  US 2007/0000807 to Wu ¢f al. discloses a lubricating composition for
worm drive gears produced from a blend of an AP Group 'V base stock, for
example alkovinapthalone or alkyvibenzence; and a polvalphaolefin base stock, An
example coroposition includes 20.0 wt % of the APl Group V base stock, and 78,35
wi % of the polyalphaolefin base stock.
{007 US 2009/0036725 to Wu et al. discloses Higuid a polyalphaclefin and
process for producing the polyalphaolefin. The liquid polvalphaolefing (PAQs) are
produced in the presence of a meso~-metallocene catalyst with a non-coordinating
anion activator and, optionally, o co-activater. The PAOs can be combined with
one ot more other base stocks, including Group I to Group VI base stocks with
viscosity range from 1.3 to 100 ¢8t at 100°C (o fornulate suitable viscosity grades

of finished oils,
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[0008]  The operating temperature and efficiency of any tubricating composttion
is especiatly importani to the designers, builders, and user of certain industrial
machinery, such as worm drive gear boxes for material handling systems, A higher
percentage efficiency rating for a lubricating composition resulis in rore power
being transroitied through the machinery and fess power heing wasted to friction or
heat, For example, a 3% efficiency gain in a baggage handling systern with 300
worm drive gear boxes ts worth about 515,000 per year in electricity savings, A
decrcase of 10°C of operating temperature can double the life of seals used n the
machinery, and decrease overali costs of operation and ownership, Thus,
designers, builders, and users of such machinery arve constantly striving to obtain

more eflicient lubricants.

SUMMARY OF THE INVENTION

{00097  This invention provides a lubricating corposition that has iraproved
operating tormperature and officicncy when used o cortain machinery, such as
ndusirial worm drive gear boxes, compared to other lubricating compositions. The
lubricating composttion absorbs less water than other higher efficient lubricants,
such as polyalkylene glveol (PAG) lubricants. The tubricating composition
inciudes bigh quality base stocks in an amount sufficient such that there is less need

for performance enbancing additives,

[0610] According to one aspect of the nvention, there (8 provided a tubricating
composition comprising a blend or admixture of components, According to

another aspect of the invention, there is provided a method Tor producing the
fubricating composition, which comprises blending the components together,
According to a further aspect of the invention, there is provided a maethod for

improving the efficiency of machinery comprising the step of lubricating
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based or PAO-based lubricating compostiions that do not coniain the claimed

amounts Group V and polyolefin base oil components.

10041 The blend components include at least 45 wi, % of the Group 'V hase oil
component, based on the total weight of the blend components that are used to
produce the lubricating composition, The Group V base oil component having a

kinematic viscosity of less than 20 o8t at 100°C,

10042] The blend components Turther include from 10 wit. % to 60 wi. % of
polyolefiv base otf component, based on the tolal weight of the blend components
that are used o produce the lubricating composition. The polyoletin base oil
component has a kinematic viscosity of at least 500 ¢St and not greater than 4000

chtat 1007,

HEITRY In one embodiment, the blend components are cornprised of not greater
than 83 wt, % of the Group V base oil component, based on the total weight of the
biend components thar are used o produce the lubricating corpostiion. Preterably,
the blend components are comprised of from 50 wt. % to 85 wt. % of the a Group
V base oil component, based on the total weight of the blend components that are

used to produce the hibricating composition.

HEEY Iy another embedimant, tho Group V base ofl component has an aniline

point of at {east ~-5°C.

(0015} Additionally or alternately, the Group V base oil component is one or
mere Group V base stocks selected from the group consisting of alkylated

aromatics and esters,
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[00i6]  Additionally or aliernately, the Group V base oil component has a

hygroscopicity {water absorbed) ess than that of glyeol.

104 7] Additionally or aliernately, the Group V base oil component contains not
greater than 20 wt %, preferably not greater than 10 wt. %, total glycol and
polvghveol compounds, based on the total weight of the blend components that are

used to produce the Group V base oil component,

{00181  The polyolefin base ofl component can have g M., of about 200,000 or
fess, as well as a MWD of greater than 1 and less than 5. The polyoletio base ol

component can also have a viscosity index of greater than 60.

{00197 Addittonally or alternately, the polyolefin base oil compounent is

comprised of less than 3 wt % of polvolefin with Cy; or lower carbon tunbers,

[6020] The fubricating composition is preferably a fully synthetic oil, although it
can be a partial synthetic. In one embodiment, the lubricant composition is
comprised of a hlend of components containing not greater than § wt % of any of a

Group {-11 base off coraponent.

[028]  The lubricating composition can be blended to a kinematic viscosity of

from 133 o8t 10 7,500 eS8t at 407 C or an [SO VG grade of from 150 1o 6,800

{6022} Additionally or aliernately, the Group V base ol component and
polyolefin base oil component together comprise at least 90 wt. % of the lubricating

compoaition,
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DETALLED BESCRIPTION GF THE INVENTION

i INTRODUCTION

[0923]  The lobricating composttion of this invention is primarily comprised of a
blend or admixture of a Group V base oil component and a high viscosity

polyolefin base oil coraponent. The lubricating composition has improved

£

efficiency, machine life, and seal life, relative to other lubricating compositions,
The lubricating composition enables power to be efficiontly transported through the
machinery in which the lubricating composition s used, so that listle power is

wasted to nclion or heat,

{0024]  Another advantage of the lubricating composition of this invention is that
the base oif componeots iclade polar base stock that ts low w hygroscopic nature,
Thus, there Is reduced water absorption which leads to enhanced protection against

tust and corrosian.

13025] The lubricating composition of this investion is primarily comprised of a
specific blend of a Group V hase off component and at least one base ofl
component of a polvalphaolefin or polyinternalolefin that provide the desired
characteristics of the fubricating composition. This means that little if any other
additive components ave needed. Since the use of additives at higher
concentrations can contriburg to inofficiency of machine operation, the use of the
tubricating composition of this inveation can provide increased efficiency of

operation relative to lubricating composttions that include a vartety of additives.

{0261  The lubricating compaositions of this invention provide advantages over

compositions comprised of a high viscosity PAG, alow viscosity PAQ, and low
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content of a Greup V base stock, The high Group V content {2.g., greater than 45
wi %6) of the inventive lubricating composttions imparts improved selvency (o the
formulation and provides improved additive and degradation product stability,
This results from the increase in amount of polar base stock. In embodiments of
the invention that contain no low viscosity PAO, blending complexity is also

reduced.
HR Low Viscosity Group V Base Ol Componeut

{00271  The lubricating composition comprises an APL Group V base oil
component. The Group V base oil component s a Group ¥V base stock or a blend
of more than one Group V base stock. Group V base stocks include ali other base
stocks not included in Group 1, I 1, or IV, as set forth in APPENDIX E—AP
BASE OIL INTERCHANGEABILITY GUIDELINES FOR PASSENGER CAR
MOTOR OILS AND DIESEL ENGINE OILE, July 2009 Veosion. Group | base
stocks contain less than 90 porcent saturates, fosted according to ASTM D2007
and/or greater than 0,03 percent sulbfur, tested according to ASTM D332, D2622,
D3120, 24294, ot 4927, and a viscosity index of greater than or equal to 80 and
fess than 120, tested according to ASTM D2270. Group H base stocks contain
greater than ot equal to 90 percent saturates; less than or equal to 0,03 percent
sulfur; and a viscosity index greater than or equal to 89 and less than 210, Group
I base stocks contain greater than or equal to 90 percent saturates; lass than or
cqual to (.03 percont sulfur; and o viscosity index greator than or cqual to 120,

Group 1Y base stocks are polyalphaoclefins (PAOs)

[6628] The terms “base oil” and “base stock”™ as referred to heretn are to be
considered consistent with the definitions as also stated in aforementioned API

APPENDIX E. According to Appendix E, base oil is the base stock or blend of
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base stocks used in an AP-lcensed oil, Base stock is a lubricant component that (s
produced by o single manufacturer to the sarae spectlications (independent of feed
source or manufacturer’s location); that meets the same manufaciurer’s
specification; and that is identified by a unigue formula, product identification

number, or hoth.

10829 In one embodiment, the Group V base oil component is poe or more
Group V base stocks sclected from the group consisting of alkylated aromatics and
cstors. Examples of aikylated aromatics include, but are not limited 1o

alkyinaphbthalenes and alkylbenzenes.

00301 The alkylnaphthalenes can tnclude a single alkyl chain
{roonalkylnaphthalene), two alkyl chains {(dialkyinaphthalene), or moultiple alloyl
chains (polvalkylvaphthalene), The alkyibenzenes can include a single alkyl chaw
{monalkylbenzene), two alkyl chains {(dialkylhonzne}, or multiple alkyl chains
{polvalkylbenzene). Each alkyl group present can be independentty represenied by

a C-Csy alkyl group, which can be hingar or branched.

{031]  Examples of esters include, but are not Himited to polyol esters (reaction

ety et e o oy cxsb iy yerted 1 o T PRTaS A L) A O TET cvrlsen
products of at feast one carboxylic acid |Le., mono-basic or ruulti-basic carboxylic
acid, and at least one polyoly and complex alcobol esters {reaction products of at
feast one polyel, multi-basic carbexylic acid and mone-alcohol). Specific examples
of polyol esters include, bur are not Hmited to, trimathylelpropanc estors of £,-Cy
acids, di-iso tridecyl adipate, and dilosoctyl ester. A specific example of a

carboxyhic acid ncludes, but s not Jimtted to, hexanedioic acid.

[3032] Additional exarples of esters nclude esters of dicarboxylic acids {e.g.,

phrhalic acid, succinic acid, alkyl suceinic acids and alkenyl succinic acids, maleic
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acid, azelaic acid, suberic acid, sebasic acid, famaric acid, adipic acid, Hoelew acid
dimer, maslonic acid, atkylmalonic acids, alkenyl malonic acids) with any one or
more of a variely of aleohols (e.g., butyl alcohol, hexyl aleohol, dedecyl aleohol, 2-
cthylthexyl alcohol, ethylene glyeol, digthylene glycol monocther, propylene

ivool), These esters inchude dibutyl adipate, dif2-ethyvlhexyl) sebacate, di-n-hexyl
Y ; 3 s 5 Y Y

fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dicctyl phthalate,

dideoyt phihalate and dicicosyl sebacate, Other examples of esters include those

made trom Cs to Cp, monocarboxyvlic acids and polyols and polyol esters such as

neopentyl glycol, pestacrythritol, dipentacrythritol and tipentaervthritol,

{3033} The Group V base otl cornponent of the Jubricating composition of thiy
invention has a blend concentration of at least 45 wit. %, hased on the total weight
of the blend components that are used o produce the lubricating composition,

Preferably, the Group V base oil component of the Inhricating composition of this
invention has a blend concentration of at least 50 wt. %0, based on the total weight

of the blond components that arc used to produce the lubricating composition.

H3334) In order to ensure sufficient quantity of pelvalphaolefin or
polyinternalolefin base oil component aéorig with the Group V base oil component
in the lubricating composition of this invention, the fubricating composition will
contain a blend of not greater than 835 wt % of the Group V base oil component,
tased on the total weight of the blend components that are used to produce the
fubricating composition, Preferably, the lubricating compasition will contain a

7

blend of not greater than 80 wit %, altervatively not greater than 75 wt %, or oot

~
I
i

greater than 78 wt % of the Group V base oil component, based on the total weight

of the blend components that are used to produce the lubricating composition.
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HIERY Examy

s of the ranges of the amount of Group V base ot component
that can be blended with the other components of the tubricating composition of
this invention include from 45 wt. % to 85 wit %, or 30 wi. % to 80 wi % or 530 wt,
% o 75 wt %, based on the total weight of the blend components that are used to

procince the hubricating composition,

[0036]  The Group V base ol cormpenent of the hubricating composition of this
invention has a kincratic viscosity of less than 20 ¢St ag 100°C (Ky 100), The
finomatic viscosity of the Group V basc oif componcnt is intended to refor to the
total content of the Group V base stocks that make up the Group V base oil
component, with the kinematic viscosity of the Group V base otl being determined
prior to blending with the other components of the lubricating corposition of this
invention, The kinematic viscosity can be measured according to ASTM 3445 - 10
Standard Test Method for Kinematic Viscosity of Transparent and Opague Liquids

{aud Calculation of Dynamie Viscosity),

13037) In an alternative erubodiment, the Group V base oid comaponent has a
kinematic viscosity of not greater than 15 ¢S at 100°C, or not greater than 12 ¢St at
109°C, or not greator than 10 ¢St af 100°C, or not greater than & oSt ar 100°C, or
not greater than 5 ¢St at 100°C. For example, the kinematic viscosity of the Group
Y base oil component can be within the range of from 1 ¢8t at 100°C to not greater

at 106°C, or

than 20 ¢St at 100°C, or from 1 oSt ar 100°C 10 not greater than 15 ¢S

fraom 1 ¢St ar 1007 to not groater than 12 oSt ar 100°C, or from 1 ¢St ar 1007C to

not greater than 10 ¢St at 100°C, or from 1 oSt at 1007C 0 not greater than 8 oSt at

100°C or from 1 oSt at 100 1o not greater thap 5 ¢St at 100°C,
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[0038] It s haghly desirable that the Groop V base ol be relatively hugh in
polartty. The Group V base oil component should be sufficiently high o polarity to

affect the solubility with the polyalphaoiefin or polyinternalolefin base oil.

168391 In general, polarity can be quantified by antline point, such as according
to ASTM D611 - 07 Standard Test Methods for Aniline Point and Mixed Aniline
Point of Petroleurn Products and Hydrocarbon Selvents. Lower antline point

indicates higher polatity, and higher anilivg pouwnt indicates lower polariiy.

{0040 In one embodiment of the tnvention, the Group V base oil component of
the lubricating composition of the yvention has an aniline point of at least -5°C,
alternatively an aniline point of at least §7C, or at least 10°C, or af teast 20°C, orat

least 40°C or at least 60°C.

{0841}  The Group V base otl coraponent has a relatively low hygroscopicity,
Hygroscopicity is gonerally the capaclty of a composition to absorb moisture frovw

aiy,

[0842]  Hygroscopicity (water absorbed) of the Group V base oil component of
the Tubricating composition of this invention can be weasured after exposure to air
under conditions of 80% relatively humidity at one {1) atmosphere and 20°C for 16
days. The Group V base oil component is evaluated under the stated conditions
after 16 days according to ANTM E203 - 08 Srandard Test Method for Water Using

Yoilumetric Karl Fischer Titration.

[0043]  The hygroscopicity (water absorbedy of the Group V base oil componeut

q

of this invention will be less than that of glycol. More precisely, the hygroscopicity

of the Group V base oif component of this invention will be not greater than 10,000
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ppe More preferably, the hygroscopisity ot the Group V base otl cormponent of
this invention will be not greater than 5,000 ppm, still more preferably not greater

than 2,000 ppm, still more preferably, not greater than 1,000 ppm, and most

preferably not greater than 500 ppm.

[0044]  Ouc convenient way to measure hygroscopicity is on the basis of relative
hygroscopicity, The Group V base ot component will have a hygroscopicity less
than that of glyeol. On a celative basis, with the hygroscopicity of glyeol = 100, the

velative hygroscopicity of the Group V basc oil componcat will be not greater than

80. Preferably, the Group V base oil component of this invention will have a
velative hygroscopicily of not greater than 68, more prefurably not greater than 40,
stili more preferably, not greater than 20, and stifl more preferably, not greater than
20.
(0045 The Group V base ol can comprise a quantity of Group V basc stocks
othier than alkyiated aromatics and esters. However, the Group V base ol
component should not contaln any quantity of compounds that contribute o
increased hygroscopicity, For example, the Group V base oil component of this
invention can contain glyeol or polyglycol, including polyalkylene glveol, butat a

concentration that will not adversely affect water absorption.

[(30406] In one embodiment of the invention, the Group V base oil component of
the lubricating compesition of this invention contains little if any glyeol or
polyglveol, including polyalkylens glycol. Preferably, the Group V base oil
component will contatn not greater than 20 wt. %, preferably not greater than 10

Y

wt. Yo, ore preferably not greater than § wit. %, and even more preferably not

greater than 1 wt, % total glycol and polvglyco! compounds, based on the total
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[FR)
1

weight ot the blend components that are used to produce the Group V base ol

component,

Hi High Viscosity Polyalphaoclefin or Polyinternalolefin Base Ou Component

13347 The lubricating composition of this invention comprises a high viscosity
polyelefin base nil component that mixes well with the Group V base oil
component. The combination of the high viscosity polyolefin base oil component
and the Group V component provide a high guality lubricating composition,

withowt having to use substantial quantifios of non-buse stock additives.

[0048]  The polyolefin can be a polyvalphaolefin (ic., Group IV basc oilyora
polyinternalolefin. Preferably, the polyolefin is a polyalphaolefin (L.e., Group IV
base otl).

{3049}  The high viscosity polvolefin base ot component can be a single type of
polyolefin base stock such as a metallocene derived polyalphaolefin base stock ot
as a blend of differcut types of polyolefin base stocks such as a blend of a
metallocene derived polyalphaolefin base stock and @ non-metallocene derived
polvalphaclefin base stock. The high viscosily polyolefin base oil component will,
however, have a kinematic viscosity of greater than 300 ¢St at 100°C, with the
viscosity being measured priov to blending with the additional components of the

tubricating composition.

3030 Pepending upon the particular use, higher viscosities are also desirable.
Inosome uses, the polyolefin base it component will have a ktoematic viscosity of
al feust 600 ¢St at 100°C, or at feast 700 51 at 100°C or at least 800 ¢St at 140°C,

The kinematic viscosity should, however not be so high as to negatively immpact
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tlow characteristics. Preferably, the kinematic viscosity will not be greater than

4,000 ¢St at 100°C.

IR In a particular embodiment of invention, the polyolefin base oil
component will have a kinematic viscosity at 1006° C of from greater than 300 ¢St

to aboul 4000 o8¢, preferably from at least 600 ¢St to about 3000 ¢St.

100321 The polyoletfin base il component of the lubricating composttion of this
invention s preforably a tiguid polyalphaolctin composition. The polyelefin can be
obtained by polymerizing at least one monomer, ¢.g., L-olefin, in the preseuce of

tydrogen and a catalysi composition.

{3033] The polvolefin, particularty the polvalphaolefin, base ol component of
the lubricating composition of this favention bas a blend conceuntration of from 10
wi, % to 60 wi. %, based on the total weight of the blend compencents that are used
to produce the lubricating corposition. The bigher the kineroatic viscosity, the tess
guantity of polyolefin base o1l component that will be needed. Preferably, the
polyolefin base oil component of the lubricating composttion of this tuvention has @
Blend concentration of from 15 wt. % to 60 wi. %, alterpatively from 20 wt. % to
GO wit. %%, or from 25 wt. % to 55 wi. % or from 30 wit. Y to 30 Wi %, based on the
total weight of the blend components that are used to produce the lubricating

composition.

[3034] Alpha-olefing suitable for use in the preparation of the saturated, liquid
polyalphaolefin polymers described herey contain from 2 to about 30, preferably
from 2 to 20, carbon atoms., and more preferably from about 6 to about 14 cartbon
atoms, Nop-limiting examples of such alpha-olefins include ethylene, propylene,

2-methylpropene, -butene, 3-methyl-1-butene, 1-penteng, 4-methyl-1-pentene, 1-
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hexene, -hepiene, L-octene, 1-oonene, t-decene, t-undecene, I-dodecene, §-
tridecene, 1-tetradecene, [-pentadeceone. |-hexadecene, 1-heptadecene, 1-
octadecene, F-nonadecene, and F-cicosene, including mixtures of at least two of the
alpha-olefins, Preferred alpha-clefing for use herein are [-hexene, 1-octene, 1-

decene, [-dodecene, and Tetradecene, including mixtures thereof,

[00388]  Specifically, the polyalphaoiefing (PAOs) that can be used according o
this invention can be produced by polymerization of olefin feed 1 the presence of a
catalyst such as AlCL, BF;, or promoted AlCH, BF,, Processes for the production
of such PAOs are disclosed, for exampic, in the following patents: U.S. Pat. Nos.
3,149,178, 3,382,291, 3,742.082; 3,769,303, 3, TR0, 12K; 4,172,855 und 4,956,122,
which are fully incorporated by reference. Additional PAOs are also discussed in:
Wiil, J. G. Lithrication Fundamentuls . Marcet Dekker: Mew York, 1980,
Subsequent to polymerization, the PAU lubricant range products are typically

v

bydrogenated in order to reduce the residual unsaturation, goncrally to a lovel of

greater than 90% of saturation.

RN High viscosity FAOs that can be used according to the thvention can be
produced by polvmerization of an alpha-olefin in the presence of a polymerization
catalyst such as Friedel-Crafts catalysts. These include, for example, boron
trichloride, alumimun trichloride, or boron wifluoride, promoted with water, with

alcohols such as ethanel, propanel, or buranol, with carbexylic acids, or with esters

such as cthyl acctate or othyl propionatc or cthor such as dicthyl cther, diisopropyi
cther, ete. {See for example, the methods disclosed by ULS. Pat. No. 4,149,178 ot
3,382,291.) Other deseriptions of PAD synthesis are found in the following
satents: ULS, Pat. No. 3,742,082 (Brennan); LLS, Pat, No. 3,769,363 (Brennan);
U8 Pat. No. 3,876,720 (Hetlman), U.S, Pat. No. 4,239,930 (Aliphin): UK, Pat.
No., 4,367,332 (Watts ) ULS. Pat. No. 4,413,156 (Watts); U.S. Pat. No. 4,434,408
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{Larkin); U5, Pat, No. 4,910,355 (Shubkin); U.S. Pat. No, 4,956,122 (Watis); and
U.8. Pat, No. 5,068,487 (Theriot).

{00577 Another class of HYI-PAQs that can be incorporated as a part of this
invention can be prepared by the action of a supported, reduced chromiom caialyst
with an alpha-olefin monomer. Sach PAQOs are described in U.S. Pat. No.
4827073 (Wuay, U8, Pat, No. 4,527,064 (Wu); Us. Pat, No. 4,907,032 (Ho et al.

RaFAA

U3, Pat, No. 4,926,004 (Pelring of al); and U.S. Pat, No. 4,914,254 (Pelrine).

Commercially available PAOS include SpectraSyn Ulira ™ 300 and SpectraSva

Ulea™ 1000, {(ExxenMobil Chemical Company, Houston, Tex.).

EHIREY PAGs made vsing metalocene catalyst sysiems can also he used
according to this invention. Examples are described in ULS, Pat, No. 6,706,828
{oquivalent g0 US 2004/0147693), where PAOs having KV 10U0s of greater than

1060 ¢8t are produced from meso-torms of certain metallocene cmz‘.ﬁiysts undet high

bydrogen pressure with methyl alumoxane as a activator,

{64359) PAGs, such as polydecens, using various metallocene catalysts can also
be incorporated into the hubricating composition of this invention. Exarnples of
bow such PAOs can be produced are described, for example, in WO 96/23751, EP
0613 873, U5, Pat. No. 5,088,887, LS. Pat. No. 6,043,401, WO 03/0208506
{equivalent to 1S 2003/0035184), .S, Pat, No. 5,087,788, US. Pat. No.
6,414,090, U5, Pat. No. 6,414,091, L5, Pat. No. 4,704,491 U5, Pat. No.
6,133,209, and U.S. Fat. No. 6,713,438,

{00601  In one embodiment of the invention, the polyolefin base oif component

of this invention has a M, {weight average molecular weight) of about 200,000 or
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fess, preforably from about 250 to 200,000, alternatively from about 288 to

156,000, or frorm about 300 to about 100,000 g/mol.

{6061} In another embodiment of the (nvention, the polyolefin base oil
component of this invention has a M, /M, {molecular weight distribution or MWD

3

of greater than 1 and less than 3, preferably fess than 4, preferably less than 3.

preferably less than 2.5, proforably less than 2. Alternatively, polyoletin base ol

component has a M, /M, of from 1 to 3.5, aliematively from 1 to 2.5,

{0062} In one embodiment, the polvolefin base oif component has a unimodal
Mo/M, deiermined by size esclusion or gel permeation chromatograph. In another
embodiment, the the polyolefin base ofl component has a multi-modal molecular
weight distribution, where the MWD can be greatery than 5. o another aspect, the
polyolefin base ol component has a shoulder peak either before or after, or both

before and after the major usimodal diswibution. In this case, the MWD can be

broad =5 or narrow (<5 or <3 or <2), depending on the amount and size of the
shoulder.

[0863]  For many applications when superior shear stability, thermal stability or
thermal/oxidative stability &s preferved, it is prefervable to have the polyolefios wade
with the narrowest possible MWD, PAO fluids with different viscosities, but made
from the same feeds or cataiyats, usually have different MWEBSs. In other words,
MWiks of PAC fluids are dependent on fluid visceosity, Usually, lower viscosity
fluids have nacrower MWDs (smaller MWD value) and higher viscosity fluids have
broader MW Ds (larger MW value), For a poivolefin base oil compenent with
100°C Kv of less than 1000 ¢St, the MWD of is preferably less than 2.5, and
typically around 2.040.5. A polyolefin base oil component with a 180°0 viscosity

greater than 1000 ¢8t can have broader MW Ds, usually greater than 1.8,
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{0064} Molecular weight distribution (MWDB), defined as the ratio of weighi-
averaged MW to number-averaged MW (= Mw/Mn), can be determined by gel
permeation chromatography (GPC) using pelystyrene standards, as described in p.
P15 to 144, Chapter 6, The Molecular Weight of Polymers in “Principles of
Polymer Systems” (by Ferdinand Rodrigues, McGraw-Hill Book, 1970}, The GPC
sotvent was HPLC Grade tetrahydrofuran, uninhibiied, with g column lermperature
of 30°C, a flow rate of I mi/min, and a sample concentration of T wi%, and ihe

Column 8¢t is a Phenogel S00 A Lincar, 10E8A

[0865]  PAOs mude using wetallocene catalyst systerns may have a substantially
minor portion of a high end il of the molecalar weight distribution. Preferably,
these PAUs have not more than 3.0 wt%e of polymer having a molecular weight of
greater than 45,000 Daltons. Additionally or altemnately, the ameunt of the PAO
that has a molecular wot ght greafer than 45,000 Daltons s pot more than 1.5 wit,
or not more than 0,10 wi%%., Additionally or alternately, the amount of the PAQO that
has a molecular weight greater than 60,000 Daltons is not more than 0.5 wi%, or
not more than .20 wive, or not more than 0.1 wi%. The mass ractions at
motecular weights of 43,000 and 60,000 can be determinad by GPC, as described

above

eI In a preferred embodiment of this invention, the polyelefin base oil
component has a pour point of loss than 23°0 {as measured by ASTM D 97},
preferably less than 0°C, preferably lgss than —107C, preferably less than ~20°C,
prefevably less than ~25°C, preferably less than —30°C, preferably less than —~35%¢
preferably less than ~40°C, preferably less than - 55°C, preferably from —~10°C to

~8O°C, preferably from —15°C to -70°C.
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18067} Preforably. the polyolefin base oil component has a peak melting point

(T of 0°C or less, and preferably have no measurable Tm. “No measurable Tm”
is defined to be when there is no clear meliing as observed by heat absorption in the
DSC heating cycle measgrement. Usually the amount of heat absorption is less

than 20 J/g. Tt s preferved 1o have the heat refease of less than 10 J/g, preferred ke

than § Jg, more preferved less than T J/g. Usually, it is preferred o have lower
meiting temperature, preterably below 0°C, mwore preferably below —10°C, more
preferably beolow —20°C, more preferably below —307C, more preferably below

=40°C, most preforably no cloay melting peak 1 BSC.

{3068} Peak melting poini (T4}, crystallization texwoperature {13, heat of {usion

and degree of crystallinity (also referved to as % crystallinity) can be determined
using the following procedure. Differential scanning calorimetric (DSC) data is
obtained using a TA Insttuments model 2920 machine. Samples weighing
approximately 7-10 mg are sealed iv aluminum sample pans, The DSC data can be
recorded by first cooling the sampie 1o ~100°C, and then gradually heating 1o 30°C
at a rate of 10°C/minute. The sample can be kept at 30°C for 5 minutes before a
second cooling-heating cyele is applied. Both the first and second cycle thermal
events should be recorded. Areas under the curves are preferably measured and
used to determine the heat of fusion and the degree of crystallinity. Additional

details of such procedure is described in US Patent Fub, No, 2009/6036725,

[(1069] In one embodiment of the invention, the polyolefin base oil componant is

preferred to have uo appreciable cold crystallization in DSC measurement. Puring
the heating cycle for the DSC meibod as described above, the PAD may crystathze

if it has any crystallizable fraction. This cold crystallization can be observed on the

DSC curve as a distinet region of heat release. The extent of the crystallization can

be measured by the amount of heat release. Higher amount of heat release at lower
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temperature means higher degree of poor low temperature product, The cold
crystallization is usually less desirable, as i may mean that the fluid may have very
poor low temperature propertics—not suitable for high performance application. It
is preferred to have less than 20 /g of heat release for this type of cold
crystallization, preferred less than 10 /g, less than § /g and less than 1 i/g, most
preferably to have no observable heat relcase duc to cold crystallization during

D5 heating cyele.

(00701 In another preforred embodinent, the polyolefin base oif component will
have a viscosity index (V1) of greater than 60, preferably greater than 100, roore
preferably greater than 120, preferably at feast 160 and more preferably au feast
180, Vi is deterrmined according to ASTM Method 13 2270-93 (1998}, Viota
fluid is usually dependent on the viscosity, feed composition and method of
preparation, Higher viscosity fluid of the same feed composition usuality has higher
V1. The typical VI vange for fluids wade from €, or Gy ov Cyor 5 lincar alpha-
olefin {LAO) will typically be from 65 to 250, Typical VIvange for fluids made
fram Cgor C; will be from 160 10 308, depending on thud viscosity. Typical Vi
racge for fluids made from Cyto )y LAD, such as 1-octene, l-nonene, l-deceus or
l-undecene or T-dodecene, -etradecene, are from 120 to >430, depending on
viscosity, More specifically. the VI range for fluids made trom t-decene or 1~
decene equivalent feeds are from about 100 to about 300, preferably frouy about
126 to about 400, Twao or three or more alpha-olefing can be used as feeds, such as

combipation of (:‘,{1%—(:‘}, (:2'5'{:',()., (\*(‘1\, {.‘2‘1\“,, (‘,1*<1m (:;;'T'(j;:\), {“*(H, (‘jg'?"(:](’),

Cillyg, Ugtls, CytCyn, Cat U, Cat Oy, U, Catr Oy, CytrCpty,

CotCigt Ot CutCtUi, e, The

Ly, Cet Oy, Oyt Cor Uiy, Oyt
product Vi depends on the fluid viscosity and alse on the choice of feed olefin
composition. For the most demanding lubricant applications. it is better to use

fluids with higher V1
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{0074} in another embodiment, it is preferable that the PAO base oil does not
contain a significant amount of very light fraction, These light fractions contribute
to high volatility, unstable viscosity, poor oxidative and thermal stability, They are
usnatly removed in the final product. 1t {s genorally preferable to have less than §

wt % of the polvolefin base oil with Cyp or lower carbon numbers, more preferably

fess than 10 wt %% of the polvoletin base oil with Cys ot lower carbon nurabers or
more preforably less than 15 wi 9% of the polyolefin base ol with Cyg or tower
carbon purnbers, [i is preferable to have less than 3wt % of the polyolefin base oil
with Uy or lower carbon nurnbers, move preferably less than 5 wt % ot the
polyolefin base oil with Cyy or tower carbou nurubers or more preferably less than 8
wi % of the polyvolefin base ofl with Oy or lower carbon numbers. i is preferable
to have tess than 2 wt % of the polyolefin base oil with Ty or lower carbon
wumbers, wore preferably less than 3 wt % of the p@ﬁwsichn base ot with Chy or
fower carbon numbers or more preferably less than 5 wi % of the polyolelin base
oil with Cy or fower carbon numbaors, Also, the lower the amount of any of these
tight hydrocarbons, the better the fluid property of the polyolefin base oil as can be

determined by Noack volatility testing {ASTM D3800).

10072 Iy general, Noack volatility s a strong function of fluid viscosity, Lower
viscosity fluid usually has higher volatility and higher viscosity fluid has lower
volatility, Preferably, the polyolefin base oil has a Noack volatitity of less than 30
wt %, preferably less than 25 wt %%, preferably less than 10wt %, preferably less
than 5 wi %, preferably less than 1wt %, and preferably less than 0.5 wit %,

[6073) In ancther embodiment, the polvo!cf n base oil has a dielectric constant

of 3 or less. usually 2.5 or less (1 kHz at 23°C, as determined by ASTM D 9243,
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G374} Iy ancther embodiment, the polyolefin base oil carchave a specific

gravity ol 0.6 t0 0.9 g/’cmj’? preferably 0.7 to 0.88 glonr.

{8075] In another embodiment, the PAOs produced directly from the
oligomerization or polymerization process are unsaturaed olefing. The amount of
unsaturation can be quantitatively measured by bromine number measurement
according to the ASTM D 1159, or by proton or carbor-13 NMR, Proton NMR
spectroseopic analysis can also diftereniiate and quantify the types of olefinic
unsaturation: vinylidene, 1,2-disubstifvied, trisubstituted, or vinyl, Carbon-13 NMR
spectroscopy can confirm the olefin distribution calculated from the proton

spectrurm.

f0076) Both proton and carbon-13 NMR spectroscopy can guantify the extent of
short chain branching {SUR) in the olefin oligower, although carbon-13 NMR can
provide greater specificity with respect to branch lengths, In the proton specirum,
the SCB branch mothyl resonances fall in the 1.05-0.7 ppm range. SCBs of

=

sufficiently different fength will give methyl peaks that are distinet enough to be
integrated separately or deconveluted to provide a branch length distribution. The
rerining methylene and methine sigoals resonate in the 3.0-1.05 ppm range. In
order to relate the integrals to CH, CH, and CH, concentrations, cach integral st

be corrected for the proton multiplicity. The methy! integral is divided by three to

derive the number of methyl groups; the remaining aliphatic integral is assumed
comprise one {UH signal for each methyi group, with the remaining infegral as CH,

signal, The ratio of CHACH-CH+CH;) gives the methyl group concentration,

60771 Similar logic applics to the carbon-13 NMR analysis, with the exception
that no proton multiplicity corrections need be made, Furthormore, the enbanced

. . R P T  epe
spectral/structural resolution of O NMR vis a vis H NMR allows differentiation
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of tons according to branch lengths, Typically, the methyl resonances can be

integrated separately to give branch concentrations for methyls (20.3-13 ppmy),

propyls (15-14.3 ppmy, butyl-and-longer branches (14.3-13.9 ppm), and ¢thyix

{13.9-7 ppm).

[6078)  Olefin analysis is readily performed by proton NMR, with the olefinic
signal between 5.9 and 4.7 ppm subdivided according to the alkyl substitution
patiern of the olefin, Vinyl group CH protons resonate between 5.9-5.7 ppm, and
the vinyl CH, protons between 5.3 and 4.85 ppm. 1,2-disubstituted olefinic protons
cesonate in the 5.5-5.3 ppm range. The trisubstituted olefin peaks overlap the vinyl
CHy peaks o the 5.3-4.85 ppro region; the vinyl contributions to this region are
removed by subtraction based on twice the vinyl CH integral, The 1,1~
disuhstitnied- or vinylidene-olefing resonate in the 4.85-4.6 ppro region, The
olelinic resonances, once cotrected for the proton mulliphetics can be normalized
o give a mole-percentage olefin distribution, or compared to the rmiiupimﬁv
corrected aliphatic region {as was described above for the methyl analysis) to give
fractional concentrations {e.z. olefins per 100 carbons}).

{08797  Generally, the amount of unsaturation strongly depends on fluid viscosity
or fluid molecular weight., Lower viscosity fluid has higher degree of unsaturation
and higher bromine number, Higher viscosity fluid has lower degree of
unsaturation and lower bromine number. I a farge amount of hvdrogen or high

hydrogen pressure is applied during the pelymerization step, the bromine number

can be lower than without the hydrogﬂn presence. Typically, for greater than 300

et fo 4000 oSt polyalphaclkefin produced from t-decene or other suitable LAQOs,

the as-synthesized PAO will bave bromine number of from 60 to less than 1, but

greater than O, preferably from about 30 to abont 0.01. preferably from about 10 to

about (.3, depending on fluid viscosity.
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V.  Groups - Base Ol Component

{0680  The lubricating composttion of this invention is substantially a synthetic

fubricant, That is, the lubricating composition of this invention can include some
amount of any of a Group -1l base oil component. However, the lubricating
composition should inchude not greater than 25 wt, % of a total arcount of a Group

1-1T base otl wmponmt Proforably, the lubricating composition should include

not greater than 20 wt. %, more preferably vot greater than 15 wt, Y%, and most
preferably not greater than 5 wi. % of a total amount of a Group -1 base ot

component, based on the total weight ol the blend components that are wed to

produce the lubricating composition.

V. Additives

Lubricating Ol Flow Improver

{081} Pour point depressants, otherwise known as hube oil How improvers,
tower the miniraurn temperatuire at which the Said will flow or can be poured.
Such additives are well nown, Examples of such additives that improve the low
temperature fluidity of the fluid are Uy to Oz dialloyl fumarate/vinyt acetate
copolymers and polyalkylmethacrylates. Due to the advantages provided by the
Blend of Group V base oil component and the polyoletin base oil component in the
fubricating composition of rhis invention, Hitle if any pour poiat depressant will be
aceded. If any pour point depressant is used, it is preferred to include into the
fubricating corposition a total amount of pour point depressant of not greater than
1wt %, more preferably not greater than 0.5 wt. %, based oo total weight of the

blend components that are used o produce the lubricating composition.
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Viscosity Medifier

{0082 A viscosity modifier {VM) functions to impart high and low temmperature
operability to a lubricating oil. A VM may also be considered multifunctional. For
cxample multifunctional viscosity modifiers can also function as dispersants.
Examples of such viscosity modifiers are polyisobutylene, copolymers of ethylene
and propyiene and higher alpha-olefins, polymethacrylates, polyatkylmethacryvlates,
methacrylate copolymers, copolymers of an unsaturaied dicarboxylic acid and a

vinyl compound, inier polymers of styrene and acrylic esters, and partially

bydrogenated copolymers of styrcne/isoprene, styrenc/butadione, and
isoprene/butadiene, as well as the partialiy hydrogenated homopolymers of
butadiene and tsoprene and tsoprene/divinyibenzene. Due to the advantages
provided by the blend of Group V base oif component and the polyolefin base ol
component in the lubricating composition of this invention, littde if any viscosity
modificr will be needed. If any viscosity modifier is used, itis prefered 1o include
1o the lubricating corposition a total amount of viscostty modifier of not greater

than 1 wit, %, mare proforably not greater than 0.5 wi. %, based an total weight of

i

the blend components that are used to produce the Jubricating composition.

Antiwear Additives
[0083] Autiwear additives may be used in the lubricating compositions of the

present inventions.

[(3084) While thore are many difforent types of antiwear additives, & common
antiwear additive is a metal alkylithiophosphate and more particularly a metal
diaikyldithiophosphate in which the primary metal constituent is zing, or zing
dialkyldithiophosphate (ZDDF). ZDDP compounds geperally are of the formula
ZlSPESHOR {OR ‘33 where R and & are C -2 alkyl groups, preferably (-0

allcyl groups. These alkyl groups may be straight chain or branched., The ZDDP is
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typically used w amounts of from about 0.4 to 1.4 wi% of the total lube oil

composition, although more or less can often be used advantageously,

[0085] A variety of non-phosphorous additives are also used as antiwear

additives. Sulfurized ofefing are useful as antiwear and EP additives. Sulfur-
containing olefing can be prepared by sulfurization or various organic materials
inciuding aliphatic, arylaliphatic or alicyelic olefinue hydrocarbons containing from
about 3 1o 30 carborn atoms, preferably 3-20 carbon atoms. The olefinic

compounds contain at Jeast one non-avomatic double bond. Such compounds are

detived by the formula

RIR*C=CRIRE

- 2 & . R (s
where gach of R7-R” are independentty hydrogen or a hvdrocarbon radical.
Prefesred hydrocarbon radicals are alkyt or alkenyl radicals. Any two of R7-R” may
be connected so as to form a cyclic ring. Additional information concerning

sulfurized olcfing and their preparation can be found in USP 4,941,984,

[#08%6]  The usc of polysulfides of thiophosphorus acids and thiophosphorus acid
gsters as lubricant additives s diselosed in U5, Patents 2,443.264; 2471 115;
526,497, and 2,591,577, Addition of phosphorothionyl disulfides as an antiwear,

amtioxidant, and EP additive is disclosed in USP 3,770,854, Use of

alloylthiocarbamoyl compounds (bis(dibutylthiocarbamoyl, for example) in
combination with a molybdenum componnd {(oxymolybdenum diisopropyl-
phosphorodithicate sulfide, for example) and a phosphorous ester (dibutyl
hydrogen phosphite, for example) as antiwear additives in lubricanis is disclosed in
ISP 4,501,678, USP 4,738,362 discloses use of a carbarnate additive to provide

improved antiwear and extreme pressure properties. The use of thiocarbamate as
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an antiwear additive s disclosed in USP 5,643,598, Thiccarbamate/melybdenura
complexes such as moly-sulfur alkyl dithiocarbamate trimer complex (R=Cs-C iy
alkyly are also useful antiwear agents. The use or addition of such materials should

be kept to a minimum if the object is to produce low SAP formulations,

{6087} Esters of glycerol may be used as antiwear agenis. For example, mono-,

di-, and tri-oleates, mono-palmitates and mono-myristates may be used.

[B08R1  ZDDP can be combined with other compositions that provide antiwear
propertics. USP 5,034,141 discloses that a combination of a thiodixanthogen
compound (octylthiodixanthogen, for example) and & metal thiophosphate (Z12DP,
for example) can improve antiwear propertiea. USP 5,034,142 discloses that use of
a metal alkyoxvalkylxanthate {nickel ethoxyethylxanthaie, for example} and a
dixanthogen (diethoxyethyl dixanthogen, for example) in combination with ZDDP

UNEIoves anhiwear propertics.

[3059] Preforred antiwenr additives include phosphorus and sulfur compounds
such as zine dithiophosphates and/or sulfor, aitrogen, boron, melybdenurs
phosphorodithioates, molybdenum dithiocarbamates and vartous organo-
meivbdenum derivatives including hetevocyelics, for example dimercaptothia-
diazoles, mercaptobenzothiadiazoles, triazines, and the like, alicyclics, amines,
alcohols, esters, diols, triols, fatty amides and the like can also be used. Such
additives may be used i an amount of about (.01 1o & wi%, preferably about 0,03
to 4 wi%, ZDDP-like compounds provide limited hydroperoxide decomposition
capability, significantly below that exhibited by compounds disclosed and claimed
in this patent and can therefore be eliminated from the formulation or, if retained.
kept at a minimal concentration to facilitate production of low SAP formulaticons.

Antioxidants
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{30949 Antioxidants retard the oxidative degradation of base oils during service.

Such degradation may result in deposits on metal surfaces, the presence of studge,
or a viscosity increase in the fubricant. One skilled 1n the art knows a wide variety
of oxidation inhihitors that are useful in labricating ol compositions. See,
Elamann in Lobricants and Related Products, op cif, and U.S. Patents 4,79%,684

and 3,084,197, for example.

(00911  Useful antioxidants include hindered phenols. These phenolic anti-
oxidants may be ashless (roetal-free) phenolic compounds or neutral or basic wetal
salts of certatn phenolic compounds. Typical phenolic antioxidant compounds are
the hindered phenolics which are the ones which contain a sterically hindered
bydroxy! group, and these include those derivatives of dibydroxy aryl corapounds

i which the hydroxy! groups are in the o- ot p-position to each other. Typical

phenolic antiogidants include the hindered phenols substituted with Cp+ atkyl
groups and the alkylene coupled devivatives of these hindered phenols. Examples

of shenolic materials of this type 2-t-butvi-d-hepivl phenol; 2-t-butyl-d-octyl
p r‘ o i - ¥ o -

~

phenol; 2-t-butyl-d-dodecyl phenol; 2,6-di-t-butyl-d-heptyl phenol; 2,6-di-t-butyl-

d4-dodecyi phenol; Z-methyl-6-t-butyl-d-heptyl phenol; and 2-wethyl-6-t-butyl-4-

7

dodecy! phienol. Other useful hindered mono-phenolic antioxidants may include

"y

for example hindered 2,6-di-alkyl-phenolic proprionic ester derivatives, Bis-
§ J it

phenolic antiokidants may also be advantageously used in combination with the
instant invention. Exarmples of ortho-coupled phenols includer 2,27-bis(d-hepryi-6-
t-butyl-phenel); 2,27-bis{4-ootyl-6-t-butyl-phenol); and 2,27-bis{4-dodecyl-6-t-
butyl-phenol). Para-coupled bisphenels include for example 4.4-bis{2,0-di-t-butyl

phenot) and 4 4 -methylenc-bis{2,6-di-t-butyl phenotl).
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{00921  MNoun-phenolic oxidation inhibitors which may be used include aromatic
amine antioxidants and these may be used either as such or in combination with
phenolics. Typical exampies of non-phenolic antioxidanis include: alkylated and
non-alkylated aromatic amines such as aromatic monoamines of the formula
RYRORIW where R® is an aliphatic. aromatic or substitated aromatic group, R” i< an
arornatic or a sabstituted aromatic group, and s i, atkyl, aryl or R“’S( Oy R
where R' s an alkylene, alkenylene, or aralkylene group, R s a higher alloyl
group, or an alleenyl, aryl, or alkavy! group, and x is G, 1 or 2. The aliphatic group
R may contain from 1 to about 20 carbon atoms, and preferably containg from

about 6 1o 12 carhon atoms. The aliphatic group is a saturvated aliphatic groun.
p ¥ { Zrouy

Preferably, both R” and R™ ave aromatic or substituted aromatic groups, and the

arorpatic 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,

160931 Typical aromatic amine antioxidants have alkyl substituent groups of at

feast about 6 carbon atoms. Examples of aliphatic groups include hoxyl, heptyl,

octyl, ponvl, and decyl. Generally, the aliphatic groups will not contain more than
about 14 carbon ators. The geneval types of arvine antioxidants useful in the
present compositions include diphenylamines, phenyl naphthylamines,
phenothiazines, imidodibenzyls and diphenyl phenyiens 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 -dioctyldiphenylamine; t-octylphenyl-alpha-naphthylamine;
phenvl-aiphanaphthylaming; and p-octylphenyi-alpha-paphthylamine.

{6094}  Sulfurized alkyl phenols and allali or alkaline carth metal salis thereof

also are useful antioxidants,
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[009%]  Ancther class of antioxidant used in lubricating il compositions is otl-

soluble copper compounds. Any oil-soluble suitable copper compound may be
blended into the lubricating ofl. Exarnples of suitable copper antioxidants include

copper dihydrocarbyl thio- or dithio-phosphates and copper salts of carboxylic acid

{naturally occurring or synthetic). Other suitable copper salis include copper

dithiacarbamates, sulphonates, phenates, and acetylacetonates. Basice, neutral, or

acidic copper Cully and or Cu(ll) salts derived from atkenyl succinic acids or

anhivdridss are know 1o be particularly useful.

{3096} Preferred antioxidants include bindered phenols, arylamines. These

aptioxidants may be used tndividually by type or iy combination with one another.

Such additives may be used in an amount of about 0.01 1o § wi%, preferably about

0.01 o 1.5 wi%, more preferably zero to less than 1.5 w2, most preferably zero,

Defoamants
{3097} Defoarmants may advantagoously be added to tubricant compositions,

These agents retard the formation of stable foams. Silicones and orgauie polymers

ate typical defoamants. For example, polysiloanes, such as silicon ol ot

polvdimethyl siioxane, provide antifoam propertics. Defoamants are commercially

available and may be used (n conventional miner amounts along with other

additives such as demulsificrs; usually the amount of these additives combined is

fess than 1 pereent and often less than .1 percent.

Demulsificrs
(66981 Dewmulsifiors include atkoxylated phenols and phevol-formaldehyde

ing agent is a predominant

resing and synthetic alicvlaryt sulfonates. A demuls

amount of a water-soluble polyoxyallkiviene glycol having a pre-selected molecular

weight of any value iy the range of between about 450 and 3000 or more. An
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cspectally prefered family of water soluble polyoxyalkyiene glycol usetul in the

compositions of the present invention may alse be one produced from slkoxylation
of n-butanol with a mixture of alkylene oxides to form a random alkoxylated

product.

Corrosion Inhibitors

164399} Corrosion inhibitors are used to reduce the degradation of metathic paits

that are in contact with the lubricating oil composition. Suttable corrosion

inhibitors incinde thiadiazoles, Sce, for oxample, USP Nos, 2,719,125 2,719,126;

and 3,087,932, Such additives may be used v an amount of about 0.01 1o 5 wi%,

preferably about 0.0 to 1.5 wi%,

Antirust Additives

[00100]  Antwust additives are additives that protect tubricated metal surfaces
against chemical attack by watcr or other contaminants, A wide varicty of these arc
commercially available:; they are referved to o Klamann in Lubricants and Related

PFroducts, op cit.

[88801]  One type of antirust additive is a polar compound that wets the metal
surface preferentially, protecting i with a filvo of oil. Another type of antirast
additive absorbs water by incorporating it in a water-in-oif emulsion so that only

the oil touches the meral surface. Yet ancther type of antirust additive chemically

adheres o the metal to produce a non-reactive surface, Examples of suitable
additives inchude zine dithiophosphates, metal phenolates, basic metal sulfonates,

Fatly acids and amines. Such additives may be used in an amount of about 0.0t 1o 5

Wi, preferably about 8.01 to 1.5 wils,
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VI, Formulated Coroposition

(00102} The lubricating composition of this inveuation is prepared by blending
together one or more of the desived Group V base stocks to produce the Group V
base ot componeni. One or more of the desired polyolefin base stocks can be
blended together to produce the polyolefin base ol compenent. The base ot
componerits can then be blended together. Blending can, however, be dong o any

order, including any additional amount of components that may be desired.

[00103]  The blended tubricating composition prefevably bas an [SO grade of 156

to 6,800 and 1 wed 1u industrial applications, such as industrial worm drive gears.
However, in another embodiment, the blended lubricating compaosition has a
corresponding SAE grade of SAE 73W-00, SAL BOW-00, or SAL BSW-90 10 SAE

85W-250, and ts used 1o autemotive applications, such as autorotive gears,

[B6104]  In one embodiment, the blended ubricating composition has a kinematic
viscosity of 135 ¢St 1o 7,500 oSt at 40° C and a corresponding 1SO VG grade of
150 1o 6,800, The blended lubricating comsposttions having the 150 VG grades of
50 to 6,800 are acceptable for use in industrial gear applications, such as steel on
steel gears or steel on bronze gears. In another embodiment, the blended
fubricating composition has a kinematic viscosity of 288 ¢St to 748 ¢St at 40 C
and a corresponding IS0 VG prade of 320 10 680, The blended lubricating
compositions having the IS0 VG grade of 320 10 680 arc aceeptable for use in
worm drive gears, such as steel on bronze gears.  [n yet apother embodiment, the
biended lubricating composition has a kinematic viscostty of 414 ¢St to 306 ¢St of
40" C and a corresponding ISO VG grade of 460, and is also acceptable for use in
worn drive gear applications, such as worm drive gear boxes of baggage handling

systems.
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[0010%]  In one embodiment, the blended lubricating composition has a kinematic
viscosity of from 45 ¢St at 100° C to 80 ¢St at 100" C. In another embaodiment, the
biended lubricating composition has a kinematic viscosity of from 46 ¢St at 100" C
to 76 o8t at 1007 €. In vet another embadiment, the blended lnbricating
composition has a kinematic viscosity of from 50 ¢St at 160" C to 70 ¢St at 100° C.
The kinematic viscosity is measured according to the ASTM D44S standard test

method,

[60106]  In another embodiment, the blended tubricating compaosition having ¢
kinematic viscosity of 135 ¢St to 7,300 ¢81 ot 40° C has a corresponding SAE grade
of SAE 73W-90, SAE BOW-80, or SAE 85W-90 to SAE RSW-250. The blended
tubricating compositions having the SAFE grades can be used in agtomotive gear

applications.

{60107 In anothor embedirnent, the Group V base oil componcent and polyolefin
base otl cornponent together comprise at least 90 wi. % of the Inbuicating
% g i g

composition.

IG108]  In one embodiment, the blended hubricating composition has a viscosity
index (V1) of 120 10 300, In another embodiment, the blended lubricating
composition has a viscosity index of 132 to 247, In veot another embodiment, the
blended fubricating composition has a viscosity index of 138 10 244, The viscosity

tndex s measured according to the ASTM D2270 standard test method.

601091 In one cobodiment. the biended lubricating composition provides a shear
stability such that the blended lubricating composition has minimal loss of

kinematic viscosity during use. The shear stability of the blended lubricating
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cotposition s measured according 1o the CEC L-45-99 standard test method.
CEC-L-43-A-99 is an industry standard for measuring [uid shear stability, Details
of the test method are available from the Coordinating European Council (CEC),

fnterlynk Administrative Services Lid, PO Box 6475, Eart Shilton, Leicester, LE9

7R, UK, Asalluded to above, the test includes determining the kinematic
vigeosity loss of the lubricating composttion after 20 hours and approximately
740,000 revolutions in a tapered roller bearing, which indicates the shear stabiluy
of the lubricating composition. Alternatively, the test can be run for 100 hours and
approximately R 700,000 revolutions, rathor than 20 hours as specificd by the CEC
L-43-99 test method. The kinematic viscosity Joss can be measuved by % viscosity
foss relative o the kinematic viscosity of the biended lubricant before the kinematic
vigcosity test. A lower % loss of kinematic viscostty indicates a higher shear

stability which is rwoore desivable.

[B0110]  In onc cmbodiment, the blended lubricating composition has a kincmatie
viseosity foss of not greater than 13%, relative to the kinematic viscosity of the
blended tubricating composition before use. In another embodiment, the blended
tubricating corpposttion has & kKinematic viscosity loss of not greater thau 11%. In
vet another embodiment, the blended hubricating composition has a kinematic
viscosity loss of not greater than 10%. The fow kinematic viscosity loss and thus
high shear stability of the blended tubricating compesition contributes to the

efficiency of the blended lubricating composition,

[B081Y]  The oxidative stability of the lubricating composition is measured using
the rotary pressure vessel oxidation test {RPYOT), and according to the ASTM
D2272 standard test method, which utilizes an oxygen-pressured vesse! to evaluate
the oxidation stability of the lubricating compesition in the presence of water and a

copper catalyst coil ar 150° C under an initial pressure of 90 psi. Pressure inside



WO 2012/166999 PCT/US2012/040333

H

%)

LY
1

the vesset is recorded while the vessel is rotated at 100 cpri. The amoennt of time
required for a specified drop m pressure is the oxudaiion stability of the lubricating

composition.

[60882]  In one embodiment, the blended lubricating composition has an
oxidation stability of at least 100 minutes, when tested using the RPVOT test. In
another embodiment, the blended lubricating coraposition has ar oxidation stability
of at feast 160 mirnutes. In yet another crnbodiment, the blended lubricating
composition has an oxidation stability of at least 220 minutcs. In yot another
embodiment, the blended tubricating composition has an oxidation stability of 100

minutes 10 300 mirnudes.

[00113]  The blended lubricating composition allows power to be efficiently

transported through the wachinery inwhich the lubricating composition is used, so
that tittic power s wasted to friction or hoat. The shear stability, viscosity, and
other properties of the blended fubricating composition allows the machinery to
employ lower operating teroperatures, which leads to lower evergy consumption
and fower energy costs. The lower operating temperature also leads to less
degradation of the machinery and seals due to heat, and thus provides a longer
machine tife and longer seal life. The lubricating composition provides an
efficiency of 77% to 80% when used in worm drive gear box applications, which is
higher than the efficiency provided by other lubricating compositions including
PAQOs, which typically provide an officioncy of not greater than 75%. Even a small
increase in efficiency, such as a 1 % increase provides significant energy cost

savings.

[6184] The efficiency of the blended hubricating composition, as evaiuated in

gearbox, ts about equal to polyalkylene glycol (PAG) lubricants. However, as
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discussed above, the blended lubricating composition provides several advantages

over PAG lubricants, such as less water ahsorplion.

[60115] In onc embodiment, the lubricating composition has an efficiency of 70%

to 90%. In another embodiment, the lubricaiing cornposttion has an efficiency of

75% to §1%. In yet another ernbodiment, the lubricating composition has an

~ oy

ctticiency of 77% to 85%.

[00116]  According to another aspect of this invention, a method of improving

encrgy efficiency of machinery is provided, cormprising the step of lubricating

machinery with the inventive lubricaling corapositions, as corupared to mineral-
based or PAO-based lubricating coropositions that do not contain the claimed

amounts Group V and polvolefin bage ol components.

VIL  Examples

[00117]  Tables 1 and 3 include nine examples of the ioventive lubricating
composition and Table 2 includes five comparative exampies of other lubricating
compositions. Tables 1, 2 and 3 also include the kinematic viscosity a1 40° €,
kinematic viscosity at 100Y C. viscosity index {VI}, and efficiency of the lubricating
compositions, The fnventive examples {ncluds a blend comprisiog the AP Group
Y base oil component and the high viscosity base oil component, as described
above. In addition, the inventive cxamplos contain a water level of foss than 300

ppm.

[003118]  Inventive Example A includes 69.65 wt % of the API Group V base ol
component, The APT Group V base oil component of Example A includes one AP

Group V base stock. The AP Group V base stock of Example A is alkylated
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naphthalene having a kinomatic viscosity of 5 ¢8t at 160" €. Inventive Exarmplc A
also includes 30.0 wt % of the high viscosity polyoletin base oil component, The
high viscosity polyvolefin base ol component of Example A includes one high
viscosity polyvalphaolefin base stock, The high viscosity polyalphaolefin base stock
of Example A is a reaction product a linear alphaoiefin and has a kinematic
viscosity of 2000 ¢St at 1007 C. Inventive Exaraple A also includes 0.35 wi % of

an additive component,

[00189]  Inventive Exaraple B includes 66.5 wi % of the AP Group V base otl
component, The APL Group V base oil component of Example B inchudes one API
Group V base stock. The API Group V base stock of Example B is alkylated
naphthalene having a kinematic viscosity of 5 e8¢ at 100" C. Inventive Example B
also includes 38.0 wit % of the high viscosity polyolefin base off component. The
bigh viscosity polyolefin base ol component of Example B includes ove high
viseosity polyalphaolefin base stock, The high viscosity polyalphaolefin base stock
of Example B s aveaction product a lincar alphaolefin and has a kinomatic
viscosity of 2000 ¢Stat 100° C. Inventive Exarople B also ivcludes 3.5 wt % of an

additive cormponent.

{00120]  Inventive Example C includes 54.65 wt % of the AP Group V base ol
component. The AP Group V base oil component of Example € includes one APL
Group Y base stock. The API Group V base stock of Example C is alkylated

naphthalene having a kinematic viscosity of 5 ¢St at 100° €. Inventive Example (

also inchides 45.0 wt % of the high viscosity polyolefin basc ofl component. The
high viscosity polyolefin base oif component of Example € includes oue high
viscosity polyalphaolefin base steck, The high viscosity polyaiphaolefin base stock

of Example C i a reaction product a lincar alphaolefin and has a kinematic



WO 2012/166999 PCT/US2012/040333

Lad
-
o

3./

viscosity of 1000 8t at 1007 €. Inventive Exarple U also includes 0.35 wt %% of

an additive component.

100121] Inventive Example D includes 61.65 wt % of the API Group V base oil
component. The APT Group V hase oil component of Example T includes one APY
Group V base stock. The API Group V base stock of Example D is alkylated
paphthatene having a kinematic viscosity of 5 ¢St at 100" C. Inventive Example D
also includes 38.0 wt % of the high viscosity polyoletin base oil componcnt, The
high viscosity polyolefin base oll coraponent of Example I3 includes one high
viscosity polvalphaolefin base stock., The high viscosity polyaiphaolefin base stock
of Example D s a reaction product o linear alphaolefin and has a kinematic
viscosity of 600 ¢St at 100° C. Inventive Example D also includes 0.35 wt 9% of an

additive component,

[08822] Tnventive Example J includes 60.0 wt % of the API Group V base oil
component. The API Group V base oil component of Example J includes one APL
Group V base stock. The API Group V base stock of Example J is alkylated
naphthalenc having a kinematic viscosity of 12 ¢St at 100” C. Inventive Example J
also includes 10.0 wt % of the high viscosity polyolefin base oil component. The
high viscosity polyvelefin base otl component of Example T includes one high
viscosity polvalphaolefin basc stock, The high viscosity polyalphaolefin base stock
of Exampls T is a reaction product a lincar alphaotefin and has a kinematic viscosity
of 1100 ¢St at 100° C. Inventive Example J also includes 26.6 wt % of a
polvalphaolefin base stock with a kincmatic viscosity of 150 eStat 100°C, and 3.4

wi o of an additive component.

{61231 loventive Example K weludes 75.0 wt % ol the AP Group V base oil
component. The AP Group V base off component of Example K includes one AP

Group V base stock, The AP Group V base stock of Example K is allovlated
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naphthalene having a Kinematic viscosity of 12 ¢St at 108" C, Inventive Example
K also includes 24.55 wt % of the high viscosiy polyvolefin base oil component.
The high viscosity polyolcefin base oil compounent of Example K includes one high
viscosity polvalphaolefin base stock, The high viscosity polyalphaolefin base stock
of Bxample K is a reaction product a linear alphaolefin and has o kKinematic
viscosity of 600 ¢St at 100" C. Inventive Example K also includes 0.45 wt % of an

additive comnponent.

[00124] Inventive Example L includes 64.65 wt %o of the AP Group V base il
compenent. The APL Group V base oll cormponent of Example L includes one AP
Group V base stock, The APE Group V base stock of Example L is ester having a
kinematic viscosity of 4 ¢8t at 100" €. Inventive Example L also includes 35.0 wt
Y of the high viscosity polyolefin base oil component. The high viscosity
palyelefin base oil component of Example L includes one high viscosity
polyalphaolefin base stock, The high viscosity polvalphaolefin base stock of
Example L is a reaction product a linear alphaoicfin and has a kinematic viscosity
of 2000 ¢St at 100° C. Inventive Example L also includes 0.35 wt % of an additive

componert.

[06125]  Inventive Example M inclodes 51.65 wi % of the AP Group V base oil
component. The AP Group V base oif component of Example M includes one AP
Group V base stock. The APE Group V base stock of Example M is estey having a
Kinematic viscosity of 4 ¢St ai 100° C. Inventive Example M also includes 48.0 wi
9% of the high viscosity polyoletin base o component, The high viscosity

polyolefin base oil componcat of Example M inchudes onc high viscosity
polyalphaolefin base stock. The high viscosity polyalphaolefin hase stock of
Example M s a reaction product o linear alphaolefin and bas o kKinemanic viscostty
of 1000 ¢St at 1007 . Inventive Example M also inclades (.33 wt % of an additive

component.
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[00126]  Inventive Example N includes 56.55 wt % of the APl Group V base oil
component. The AP Group V base ol component of Example N includes one AP

Group V base stock. The API Group V base stock of Example N {s ester having a

kinematic viscosity of 4 ¢Stat 1007 €. Inventive Fxample N also includes 43.0 wt
% of the high viscosity polyvolefin base oil component. The high viscosity
polyolefin base oil component of Example N includes one bigh viscosity
polyalphaolefin base stock. The high viscosity polyalphaclefin buse stock of
Example N is a reaction product a lingar alphaolefin and has a kincosatic viscosity
of 600 ¢St at 1007 C. Inventive Example N also includes 0.45 wt % of an additive

component.

[60127]  Comparative Example E inclades 15.0 wt % of an API Group V basce oil
component. The APL Group V base oil component of Example E includes one APT
Group V basc stock. The API Group V basc stock of Example E is alkylated
naphthalene having a kincmatic viscosity of 5 ¢St at 100” C. Comparative Example
E also includes 22.0 wt % of the high viscosity polyolefin base oil component. The
high viscosity polyolefin base oil component of Examyple E includes one high
viscosity polyalphaolefin base stock. The high viscosity polyalphaolefin base stock
of Example E is a reaction product a lincar alphaolefin and has a kinematic
viscosity of 2000 ¢St at 100" €. Comparative Exampie E also includes 62.65 wt %

of a low viscosity base oil component. The low viscosity polyalphaoictin base

stock of Example E has a Kinematic viscosity of 20 ¢St at 100" C. Comparative
Example E alse includes 0,35 wit % of an additive component, Comparative

i v
Example E can be prepared according (o a process similar o processes disclosed in

LS 2008/0020954 to Carey ¢t al.

[00128]  Comparative Example F includes 38.63 wt % of an APL Group V base ol

component. The APL Group V base ol compoenent of Example F includes one APE
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Group V base stock. The APL Group V base stock of Example F s alkylated
naphthalene having a kinematic viscosity of 5 ¢St at 100" C. Comparative Example
False includes 6 1.0 wt % of a low viscosity polyolefin base oil component. The
fow viscosity polyalphaolefin base stock of Example I has a Kinematic viscosity of
300 ¢St at 1007 C. Comparative Example F also tnclades 8,35 wit % of an additive
component. Comparative Example F can be propared according to the process

described 1n US 5,602,086 to Shim et al, or US 2007/0000807 te Carey et al,

001291  Comparative Example G includes 27.65 wi % of an API Group V base
oil component. The APE Group V base oil component of Example G iocludes one
APL Group V base stock. The APEGroup V base stock of Exaraple G s alkylated

naphthatene having a kinematic viscosity of 5 ¢8t at 100" €. Comparative Example
G also includes 72.0 wt % of a low viscosity polyolefin base oil coroponent. The
tow viscostty polvalphaelefin base stock of Example G has a kinematic viscosity of
150 ¢St at 100° C. Comparative Example G also includes .35 wt % of an additive
comnponent. Comparative Example G can be prepared aceording to the process

described in US 5,602,086 to Shim et. al.

[80130]  Comparative Example H includes 20.0 wt % of an API Group V base oil
component., The AP Group V base ol component of Example H includes one AP
Group V base stock. The AP Group V base stock of Example H is alkylated
naphthalene having a kinematic viscosity of 5 e8¢ at 100" €. Comparative Example
H also includes 58.0 wt % of a first low viscosity polyolefin base ol component.
The first fow viscosity polyalphaoltefin base stock of Example H has a kinematic
viscosity of 100 ¢St at 100° €. Comparative Example H alse includes 18.5 wit % of
a sccond fow viscosity polyolefin base oif component. The second low viscosity
polyalphaolefin base stock of Example H has a kinematic viscosity of 40 ¢St at

1007 ¢ Comparative Example H also includes 3.5 wt % of an additive component.
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Comparative Example H can be prepaved aceording to the process deseribed in US

5,602,080 to Shum ¢t al.

[00131] Comparative Example I includes 97.3 wt % of a polyatkylene glycol base
stock having a kinematic viscosity of 80 ¢St at 100° C. Comparative Example |

also includes 2.5 wt % of an additive component.

160132)  In Inventive Examples A, C, 3, L and M and Comparative Exampies E,

Facd G, the 0.35 wt % additive component includes 8.25 wt % of an antiwear
additive and 0.1 wt % of a defoamant, In Inventive Examples K and N, the (.45 wt
% additive component includes 0.25 wit % of an antiwear addinive and 0.2 wi % of
a defoamant. Inventive Examples B and J and Comparative Example H are fully
additized gear or clreutation oils with 3.5 wt % or 3.4 wi % additives, including one
or more antiwear additives, antioxidants, defoamants, demndsitiers, corrosion

inhibitors, and antivust additives,

[60£33]  The efficiency of the inventive lubticating compositions of Examples A-
D and J-N and comparative example lubricating corapositions of examples E-1 &8
measuraed using a worm drive gear at 100% rated loaded, 1.1 horsepower, and a
20:1 reduction ratio. The data is shown with a 95% confidence interval via
standard statistical analvses. The kinematic viscosity is measured according w the
ASTM D445 standard test method and the viscosity index is measured according to
the ASTM D2270 srandard tost mothod, The officioney is measured in percent (%)

of available energy being used by the worm drive gear.

[00334]  Tables 1A-1B, 2A-28 and 3A-3B illustrate the blended lubricating
compositions. Inventive Examples A-D and J-N and Comparative Examples £

have comparable kinematic viscosities and viscosity index. The blended
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tubricating cornpositions of loventive Exaroples A-D and J-IN and the lubricating

compositions ol Comparative Examples E-1 mecet the ISO VG 460 standard and

thus are suitable for use in industrial gear applications, such as worm drive gear

baxes.
Table 1A
Kinematic , R . .
Component Viscosity Inventive Taventive inventive Enventive
~ ’ e n Example A | Example B | Exanmple C | Exampie D
{eSt, Ky 108) B 2 pre P

AN base stock 5 69.65 wi % $6.5 wt % 3465wt % | 81,65 wi%
PAG base stock 2000 300wt % 30,0 wi %%
PAD base stock 1000 450wt %
PAO base stock 400 IR0 Wt %
Additives

0.35 wi %

Tablc IB

Inventive Iaventive Inventive Inventive
Example A | Example B | Exawpde € | Example B
Gearbex Efficiency (%) 78.8 782 7l 77.3
By 4 {ele) 4352 466.5 4872 480.0
Ky 188 (e 54,1 36.6 76.3 50.2
Viscosity Index (VD 191 196 239 166
Table ZA
Compenent %iiﬁl?:it {f?"“‘* ‘{“G m?.' {‘ﬁ mgf C.ﬁ Hig. C? .
(e8t, Kv iiﬁb} fx. E fx, F Ex. & fx, B £x. 8
AN base steck 5] 153.0 38.65 27.65 20.0
PAD base stoek 2000 22.0
PAQ base stock 30 S0
PAD base stock 150 72.0
P AL base stack Hil) 58.0
PAL base stoek 40 I18.5
PAQ base stock 20 62,65
PALG hass siock 80 973
Additives [URN] (.35 (.35 3.5 23
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Comp, Comp. Comp Comp. Comp.
Ex. B Ex. ¥ Ex G Ex.H Ex. i
Gearbox Bfficieney (9%) 749 5.0 5.0 75.5 78.9
By 40 (¢80 528.8 485.0 309.5 469.3 471.7
Kv 166 {88 58.1 3.6 §3.0 48.5 79.9
Viscosity Index (V1) 179 203 {830 163.0 253.6
Table 3A
Kinematic .
Component Viscosity Inventive | Invemtive Inventive Inventive Inventive
(eS8, Ky | Example d | Example K | Example L. | Example M| Example N

AN base stogk

i2

0.0 wi %

75.0 wi %

fater base stock

4

64.65 wt %

5165wt

56.55 wt %

PAD base stock

2004

350wt %

PAOG base stock

FHG0

16,0 wt %

P ALY base stock

160

48.0 wi %

PAD base stock

&40

24585 wi%

43 0wt

PAO base stock

1530

o FAr - Y7
260 wi Yy

Additives

34wt %

.45 wt %

035 wt %

(.45 wt %%

Table 3B

Emventive Emventive Isventive Envendive Enventive

Example d | Example K | Example L | Exampie M| Example N
Gearbox Efficioncy (Y} 77.6 77.% 6.9 773 77.4
v 48 (o586 445 3 4478 435.0 488.4 4762
Kv 198 (S0 4572 482 54.0 76.1 572
Yiseosity Index (V1) 162 {70 195 237 192

[80135]

Tables 1A-18, 2ZA-2B and 3A-38 illustrate the blended lubricating

compositions of Examples A-D and J-N provide a kinematic viscosity of 435 ¢St at

407 C to 488 ¢bt at 40 C; a kinematic viscosity of 45 ¢St ar 100° C to 77 ¢St at

1O0° C; and a viscosity index of 162 to

my

23

lubricating cormposttions of Comparative Examples E- provide comparable

9, Tables 1, 2 and 3 alse ilustrate the
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kinematic viscositics, of 470 oSt at 40° C to 510 ¢St at 40” C; a kinematic viscosity

of 48 ¢St at 100° C 1o 80 ¢Bi at 1007 C; a viscosity index of 163 10 253,

[0¢136]  Tables [A-1B, 2A-2B and 3A-3B illustrate the inventive lubricating

-

compositions of Examples A-D and J-MN provide an efficiency about 2-3% greater

than the comparative lubricating cormpositions of Examples E-H. The efficiencies
of the inventive lubricating compositions of Inventive Examples A-D and N are
fram 77% to 79%. The lubricating composition of fnventive Example A has an
cfficiency of 78.8%, which indicatcs 78.8% of available energy was used by the

worny drive gear, and 21.2% s lost to friction or other factors.

[08137]  The lubricating compositions of Comparative Exarnples E-H have an
efficiency of from 74% to 75%. The higher efficicncy of the inventive fubricating
compositions of Examples A~ and J-N leads to lower operating teraperatures and
related bonefits, including lower cocrgy consumption, lower cocrgy costs, longer
machine Hife, and longer seal life. Even a small nerease in efficiency, suchas a

196 increase, provides siguificant energy and operational cost savings.

[08138]  Although Comparative Example | provides an efficiency of 78.9%,

Comparative Example 1 absorbs a greater amount of water than Inventive Examples

&

A-Dyand J-N, which leads to rust and other undesirable effects. Thus, foventive

Examples A~ and - are preferred over Comparative Example L

[(0139] The principles and modes of operation of this invention have been
described above with reference to various exemplary and preferred embodiments,
As understood by those of skill in the art, the overall invention, as defined by the
claims, encompasses other preferred embodiments not specifically enumerated

herain.
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Claims:

1. A lubricating composition comprising in admixture:

at least 45 wt. % and up to 75 wt. % of a Group V base oil component comprising alkylated
naphthalenes, based on the total weight of the blend components that are used to produce the
lubricating composition, with the Group V base oil component having a kinematic viscosity of 5 to less
than or equal to 12 ¢St at 100° C.; and

from 24.55 wt. % to 45 wt. % of a polyolefin base oil component, based on the total weight of
the blend components that are used to produce the lubricating composition, with the polyolefin base oil
component including one or more PAO base stocks having a kinematic viscosity of at least 150 cSt and
not greater than 2000 ¢St at 100° C,,

wherein the Group V base oil component and polyolefin base oil component together comprise
at least 90 wt. % of the lubricating composition, and |

wherein the lubricating composition yields a gear box efficiency in a worm drive gear box at
least 1.8% greater than a similar lubricating composition including alkylated naphthalene at less than 45

wt. %.

2. The lubricating composition of claim 1, wherein the lubricating composition is comprised of
from 50 wt. % to 75 wt. % of the a Group V base oil component, based on the total weight of the blend

components that are used to produce the lubricating composition.

3. The lubricating composition of claim 1, wherein the Group V base oil component has an aniline

point of at least -5° C.

4, The lubricating composition of claim 1, wherein the Group V base oil component has a

hygroscopicity less than that of glycol.

5. The lubricating composition of claim 1, wherein the polyolefin base oil component has a M,, of

about 200,000 or less.

6. The lubricating composition of claim 1, wherein the polyolefin base oil component has a MWD

of greater than 1 and less than 5.
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7. The lubricating composition of claim 1, wherein the polyolefin base oil component is comprised

of less than 5 wt % of polyolefin with Cy or lower carbon numbers.

8. The lubricating composition of claim 1, wherein the lubricant composition is comprised of a

blend of components containing not greater than 5 wt % of any of a Group I-lll base oil component.

9. The lubricating composition of claim 1, wherein the lubricating composition has a kinematic

viscosity of from 435.2 ¢St to 487.2 ¢St at 40° C.*

10. The lubricating composition of claim 1, wherein the lubricating composition has an ISO VG grade

of from 150 to 6,800.

11. A method for producing a-lubricating composition, comprising blending together at least the
following blend components:

at least 45 wt. % and up to 75 wt. % of a Group V base oil component comprising alkylated
naphthalenes, based on the total weight of the blend components that are used to produce the
lubricating composition, with the Group V base oil component having a kinematic viscosity of 5 to less
than or equal to 12 ¢St at 100° C.; and

from 24.55 wt. % to 45 wt. % of a polyolefin base oil component, based on the total weight of
the blend components that are used to produce the lubricating composition, with the polyolefin base oil
component including one or more PAO base stocks having a kinematic viscosity of at least 150 cSt and
not greater than 2000 cSt at 100° C.,

wherein the Group V base oil component and polyolefin base oil component together comprise
at least 90 wt. % of the lubricating composition, and

wherein the lubricating composition yields a gear box efficiency in a worm drive gear box at
least 1.8% greater than a similar lubricating composition including alkylated naphthalene at less than 45

wt. %.

12. The method of claim 11, wherein the blend components are comprised of from 50 wt. % to 75
wt. % of the Group V base oil component, based on the total weight of the blend components that are
used to produce the lubricating composition.

13. The method of claim 11, wherein the Group V base oil component has an aniline point of at least
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-5° C.

14. The method of claim 11, wherein the Group V base oil component has a hygroscopicity less than
that of glycol.

15. The method of claim 11, wherein the lubricating composition is produced from a blend of

components containing not greater than 5 wt % of any of a Group I-Ill base oil component.

16. A method for improving energy efficiency of a lubricating composition used in a worm drive gear
box, comprising providing in the worm drive gear box a lubricating composition of at least the following
blend components:

at least 45 wt. % and up to 75 wt. % of a Group V base oil component comprising alkylated
naphthalenes, based on the total weight of the blend components that are used to produce the
lubricating composition, with the Group V base oil component having a kinematic viscosity of 5 to less
than or equal to 12 ¢St at 100° C.; and

from 24.55 wt. % to 45 wt. % of a polyolefin basé oil component, based on the total weight of
the blend components that are used to produce the lubricating composition, with the polyolefin base oil
component including one or more PAO base stocks having a kinematic viscosity of at least 150 ¢St and
not greater than 2000 ¢St at 100° C.,

wherein the Group V base oil component and polyolefin base oil component together comprise
at least 90 wt. % of the lubricating composition, and

wherein the lubricating composition yields a gear box efficiency in a worm drive gear box at
least 1.8% greater than a similar lubricating composition including alkylated naphthalene at less than 45

wt. %.

17. The method of claim 16, wherein the blend components are comprised of from 50 wt. % to 75
wt. % of the Group V base oil component, based on the total weight of the blend components that are

used to produce the lubricating composition.

18. The method of claim 16, wherein the Group V base o0il component has an aniline point of at least

-5°C.



-49-

19. The method of claim 16, wherein the Group V base oil component has a hygroscopicity less than
that of glycol.
20. The method of claim 16, wherein the lubricating composition is produced from a blend of

components containing not greater than 5 wt % of any of a Group I-lll base oil component.




