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FIELD OF THE INVENTION

[0001] The invention relates to grease compositions containing high

viscosity index polyalphaolefins (“HVI-PAO”) and polyurea thickeners.

BACKGROUND OF THE INVENTION

[0002] Lubricating greases are homogeneous products of semi-liquid to solid
consistency. Essentially, they consist of a dispersion of a thickener in a liquid
lubricant or base oil. In general, the thickener is a significant determinant of the

properties of the greases.

[0003] ASTM D 288 defines lubricating greases as,” a solid to semifluid
product of dispersion of a thickening agent in a liquid lubricant. Other
ingredients imparting special properties may be included.” See ASTM
“Standards on Petroleum Products,” p. 156, 1950

[0004] A grease is a lubricant which has been thickened in order that it
remain in contact with the moving surfaces and not leak out under gravity or
centrifugal action, or be squeezed out under pressure. Thus a major practical
problem is the provision or a structure which will stand up to shear and
temperature stresses to which it may be subjected during use. See Vold,

Marjorie J., and Vold Robert D., J, Inst. Petroleum Tech., 38, 155 — 163 (1952).



[ 0004] A grease is a lubricant which has been thickened in order that it
remain in contact with the noving surfaces and not | eak out under gravity
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shear and tenperature stresses to which,it may be subjected during use. See
Vold, Marjorie J., and Vold Robert D., J, Inst. Petroleum Tech., 38, 155 -
163 (1952). - 2 - [0005]Pol yurea corrpounds are anong the thickeners used

TGRS T eI e SR L SR
0006] Po g?gae@sqyﬁémﬁm AR dord M&Jﬁe zﬁ%%,ggna;caglga Ao o

be useful @In syn I'C fand sem -s et1c reas

for nul at | gSreas@6n of amihESivaRGSocyanaRiser s 22 and 23 in Rudni ck et al.,
"Synthetic Lubricants and Hi gh-Péerformance Functional Fluids", 2nd

Ed. Mar cel Dekker Inc., NY. (1999). Conpared to the conventional m neral
oi | - based ducts these PAGhased products have excellent visconetrics,

hi gh and [ np%wla@lnh@owmdr“mg)&foﬂl EGTH V18§ aSItY &fﬁ ¢S AredEROWB P ne

Vi scost ¢y ot apeitans Beslc o SERF Sy mhelE ira Bl G 3k BRase fromlations one of
the critiggh fdrinSfan@e, PRAFRYS a2 ARSRAGAIRK. eefgmn '%%Jn%ﬁétwausnkmsl cant

for a particular grease ap |cat|on Viscosity in I's an enpirical,

uni t | essandidigh-Pérfermand BaheondleFluid«, @‘nchatMaroem ]Ddald(eu $nasiNy.of an
oil within a given tenperature range. Fluids exhibiting a relatively |arge
change i n(lﬁ%‘?gosCommtqdntq éwpe(mavqntr@na} aisera aibbiredeproduets, mmd%

faster th %va*gv'mrohu%s Jave efleyt” ViseomeBicSu high i vt tGEpraBE
because | weindv HEAS 'otriRlerpl O0Rke! SBRRRE! USRiiBAL Clhd rg@%@ﬁges

into bett8Y or I cker ation | ms an protection

cont act i ngeplacdmhéa seh@a(ﬂeg_s. I n anot her aspect, as the oil operating
tenperature decreases, the viscosity of a high VI oil will not increase as
much as the viscosity of a low VI oil. This is advantageous because the -

excessi ve hi gh yiscosity of the | ow VI Wi decr.ease the efficiency
of the opaﬁl& Kisgest psraﬁvrgrre{nﬂoasﬁlpnaﬁltﬁgwpmkgl A §#iCldes in

ot R 8 e o S AR, 25T

at for a particular grease application. Viscosity index (VI) is an empirical, unit less
number which indicates the rate of change in the viscosity of an oil within a
given temperature range. Fluids exhibiting a relatively large change in viscosity
with temperature are said to have a low viscosity index. A low VI oil, for
example, will thin out at elevated temperatures faster than a high VI oil
Usually, the high VI oil is more desirable because it has higher viscosity at
higher temperature, which translates into better or thicker lubrication films and
better protection of the contacting machine elements. In another aspect, as the
oil operating temperature decreases, the viscosity of a high VI oil will not
increase as much as the viscosity of a low VI oil. This is advantageous because
the excessively high viscosity of the low VI oil will decrease the efficiency of
the operating machine. Thus a high VI oil has performance advantages in both
high and low temperature operation. VI is determined according to ASTM
method D- 2270-93 [1998]. VI is related to kinematic viscosities measured at



- 3 - 40C and 100C usi ng ASTM Met hod D 445-01. [0008] Greases are required
to ensure the foll ow ng: good adhesion, |ow oil separation, |low starting

t orques, worpatisss25ity with synthetic materials, and noipse/usasnoemiony (c.f.,
Rudnick et al., supra). Mst inportantly, grease requires good frictional
properties. There is a need for a greasg _neeting all these requirenents

i ncl udi ng i nproved or lower frictional properties. This invention satisfies
t hat need. SUVMARY [ 0009] The invention is directed to oil and grease

formul ati for strial oupr,i.Si hi gh viscosity index
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C less than the viscosity of the first base stock, the second base stock
selected fromthe group consisting of Goup Il, Goup IIl, PAO GIL and any

conbi natigmﬁ?{f, a polyurea thickener conprising at - 4 -
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[0009] The invention is directed to oil and grease formulations for industrial
use comprising a high viscosity index polyalphaolefin (HVI-PAO) and a
polyurea thickener. In one embodiment a grease with favorable frictional
properties is disclosed. In this embodiment, the grease comprises a first base
stock comprising a PAO with a viscosity over 100 ¢St KV 100 °C and a viscosity
index over 100, a second base stock with a viscosity at least 25 ¢St KV 100 °C
less than the viscosity of the first base stock, the second base stock selected from
the group consisting of Group II, Group III, PAO, GTL and any combination
thereof, a polyurea thickener comprising at least 5 weight of the grease and less

than 25 weight percent of the grease.

[0010] In a second embodiment a method to improve frictional properties is
disclosed. In this embodiment, the method comprises obtaining a grease
comprising a first base stock comprising a PAO with a viscosity over 100 cSt
KV 100 °C and a viscosity index over 100, a second base stock with a viscosity
at least 25 ¢St KV 100 °C less than the viscosity of the first base stock, the
second base stock selected from the group consisting of Group II, Group III,

PAO, GTL and any combination thereof, a polyurea thickener comprising at



| east 5 weight of the grease and | ess than 25 wei ght percent of the grease
and lubricating with the grease. [0011]In a third enbodi nent a nethod to
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and any combination thereof, a polyurea thickener comprising at least 5 weight

of the grease and less than 25 weight percent of the grease and lubricating with

the grease and blending the first base stock, the second base stock, and thickener

to form a grease with favorable frictional properties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention and its advantages will be better understood by

referring to the following detailed description and the attached drawing.

[0013]  Figure 1 is a graph illustrating the viscosity losses for several example

formulations.

DETAILED DESCRIPTION

[0014]  The invention involves a surprising discovery involving novel grease
composition comprising a high viscosity index PAO (HVI-PAO) and polyurea
thickeners. According to the invention, formulations for use as industrial oils
and greases are provided comprising a high viscosity index PAO mixed with a

second base stock with a lower viscosity than the high viscosity PAO and a



- 5 - polyurea thickener. The present invention also conprises grease
conpositions containing |lubricant base stocks and additional additives
known by wersemas®Rilled in the art to be useful for greasas2009/001984
100151Appl i cant has di scovered novel conbinations of base stocks that
provi de unexpected favorable inprovenents in frictional properties pf
greases. In U S. Provisional Application No. 60/811, 273, bi-nodal

conbi nati ons of base stocks are disclosed that provide unexpected increases
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[0016] In one embodiment, this novel discovery is based on wide “bi-modal”
blends of oil viscosities which are base stock viscosity differences of at least 25
¢St KV 100 °C, preferably at least 50 ¢St KV 100 °C wherein the high viscosity
is at least 100 cSt. Kinematic viscosity (“KV”) is determined by ASTM D-445
method by measuring the time for a volume of liquid to flow under gravity
through a calibrated glass capillary viscometer. Viscosity is typically measured
in centistokes (“cSt”, or “mm?/s”) units. The ISO viscosity classification which
is typically cited for industrial lubes of finished lubricants based on viscosities
observed at 40°C. Base stock oils used to blend finished oils, are generally

described using viscosities observed at 100°C.

[0017]  The kinematic viscosity of the grease should preferably be over 100
¢St KV 100 °C, more preferably, 150 ¢St KV 100 °C and most preferably over
200 cSt KV 100 °C. The final viscosity index of the grease should be

preferably over 100, more preferably over 150 and most preferably over 200.



- 6 - [0018] vari ous basic formul ati ons of some enbodi ments of the invention
are disclosed in Table 1. The fornul ati on conponents in these enbodi nents
are showworroprasesred, nore preferred and nost preferredTrsegeso19sabl e 1:
Basi ¢ Fornul ati on Ranges Conponent Preferred Percentage Preferred
Percentage Preferred Percentage G| Bagsg _Stocks 60-95% 70-77%

[0018] Various basic formulations of some embodiments of the invention are
disclosed in Table 1. The formulation components in these embodiments are

shown in preferred, more preferred and most preferred ranges.

Table 1: Basic Formulation Ranges

Component Preferred | Preferred Preferred
Percentage Perceﬁtage Percentage
Oil Base Stocks 60-95% 70-77% 72-75%
Thickener 5-25% 17-23% 18-22%
Additive Package 5-10% 6-8% 6-7.5%

[0019] Table 2 discloses the formulation in more detail. The formulation
components in these embodiments are shown in preferred, more preferred and

most preferred ranges.

Table 2: Detailed Formulation and Ranges

Component Preferred More Preferred | Most Preferred
Range Range Range
40-90% 80-90% 82-85%

First Base Stock: PAO with
greater than 100 ¢St KV 100°C

Second Base Stock: a viscosity | 5-40% 10-40% 16-18%
at least less than 25 cSt KV
100°C than the first Base Stock

Friction Reducer .5-10.0% 1.75-5.5% 3-5.0%
Anti wear additive 2-5.0% | .5-2.5% 1.0-2.0%
Extreme Pressure Additive .1-4.0% .25-2.0% 5-1.5%

Rust inhibitor 1-2.0% .20-0.5% 0.20-0.40%




72-75% Thi ckener 5-25% 17-23% 18- 22% Addi ti ve Package 5-10% 6-8% 6-7.5%
[ 0019] Tabl e 2 discloses the forrmulation in nore detail. The fornul ation
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[0020] This “bi-modal” blend of viscosities also provides an improved
coefficient of friction. This improved coefficient of friction improves grease

performance.

Lubricant Formulation

[0021] The formulation is based on bi-modal blends of high viscosity
synthetic group IV PAO. In a preferred embodiment, a high viscosity index
catalyzed PAO of greater than 100 ¢St KV 100 °C is blended with a lower
viscosity base stock selected from the group consisting of Group II, Group III,

PAO, and GTL with a polyurea thickener.

[0022] In one embodiment, the favorable frictional property grease,
comprises a first base stock comprising a PAO with a viscosity over 100 ¢St KV
100 °C and a viscosity index over 100, a second base stock with a viscosity at
least 25 ¢St KV 100 °C less than the viscosity of the first base stock, the second
base stock selected from the group consisting of Group II, Group III, PAO, GTL
and any combination thereof, a polyurea thickener comprising at least 5 weight

of the grease and less than 25 weight percent of the grease.

Base Stocks

[0023] Groups I, II, III, IV and V are broad categories of base oil stocks
developed and defined by the American Petroleum Institute (API Publication
1509; www.APILorg) to create guidelines for lubricant base oils. Group I base
stocks generally have a viscosity index of between about 80 to 120 and contain
greater than about 0.03% sulfur and/or less than about 90% saturates. Group II
base stocks generally have a viscosity index of between about 80 to 120, and
contain less than or equal to about 0.03% sulfur and greater than or equal to

about 90% saturates. Group III stock generally has a viscosity index greater than
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Pr ef er r eawBanger4k&2se Preferred Range Mst Preferred Rang@CT/uSzemmiooBase
Stock: PAOw th greater than 100 cSt KY 100C 40-90%

-8-

about 120 and contains less than or equal to about 0.03 % sulfur and greater than
about 90% saturates. Group IV includes polyalphaolefins (PAO). Group V base
stocks include base stocks not included in Groups I-IV. Table 3 summarizes
properties of each of these five groups. All discussion of Gr I to V base stocks
can be found in “Synthetics, Mineral Oils and Bio-Based Lubricants, Chemistry
and Technology” Edited by L. R. Rudnick, published by CRC Press, Taylor &
Francis, 2005.

[0024]  Group VI in Table 3 are Polyinternal olefins (“PIO”). Polyinternal
olefins are long-chain hydrocarbons, typically a linear backbone with some
branching randomly attached; they are obtained by oligomerization of internal n-
olefins. The catalyst is usually a BF3 complex with a proton source that leads to
a cationic polymerization, or promoted BF3 or AICI3 catalyst system. The
process to produce polyinternal olefins (PIO) consists of four steps: reaction,
neutralization/washing, hydrogenation and distillation. @ These steps are
somewhat similar to PAO process. PIO are typically available in low viscosity
grades, 4 ¢S, 6 ¢S and 8 cS. If necessary, low viscosity, 1.5 to 3.9 ¢S can also be
made conveniently by the BF3 process or other cationic processes. Typically,
the n-olefins used as starting material are n-C12- C18 internal olefins, more
preferably, n-C14-C16 olefins are used. PIO can be made with VI and pour
points very similar to PAO, only slightly inferior. They can be used in engine
and industrial lubricant formulations. For more detailed discussion, see Chapter
2, Polyinternalolefins in the book, "Synthetics, Mineral Oils, and Bio-Based
Lubricants - Chemistry and Technology" Edited by Leslie R. Rudnick, p. 37-46,
published by CRC Press, Taylor & Francis Group, 2006; or "Polyinternal
Olefins" by Corsico, G.; Mattei, L.; Roselli, A.; Gommellini, Carlo. EURON,
Milan, Italy. Chemical Industries (Dekker) (1999), 77(Synthetic Lubricants
and High-Performance Functional Fluids, (2nd Edition)), 53-62. Publisher:



80-90% 82-85% Second Base Stock: a viscosity at least less than 25 ¢St KY
100C than the first Base Stock 5-40% 10-40% 16-18% Fri cti on Reducer
. 5-10. 0%WO0 2095145845 3- 5. 0% PCT/US2009/001984
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Marcel Dekker, Inc. PIO was classified by itself as Group VI fluid in API base

stock classification.

Table 3: Base Stock Properties

Saturates Sulfur Viscosity Index
Group 1 <90% and/or > 0.03% and > 80 and < 120
Group II | >90% and <0.03% and >80 and < 120
Group IIl | >90% and <0.03% and > 120

Group IV | Polyalphaolefins (PAO)
Group V | All other base oil stocks not included in Groups L, 11, III, or IV
Group VI | Polyinternal olefins (PIO)

[0025] In a preferred embodiment, the base stocks include at least one base
stock of synthetic oils and most preferably include at least one base stock of API
group IV Poly Alpha Olefins. Synthetic oil for purposes of this application
shall include all oils that are not naturally occurring mineral oils. Naturally

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

[0026] A new type of PAO lubricant was introduced by U.S. Pat. Nos. 4,827,
064 and 4,827,073 (Wu). These PAO materials, which are produced by the use"
of a reduced valence state chromium catalyst, are olefin oligomers or polymers
which are characterized by very high viscosity indices which give them very
desirable properties to be useful as lubricant base stocks and, with higher
viscosity grades; as VI improvers. They are referred to as High Viscosity Index
PAOs or HVI-PAOs. The relatively low molecular weight high viscosity PAO
materials were found to be useful as lubricant base stocks whereas the higher
viscosity PAOs, typically with viscosities of 100 ¢St or more, e.g. in the range of
100 to 1,000 cSt, were found to be very effective as viscosity index improvers

for conventional PAOs and other synthetic and mineral oil derived base stocks.
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[0027]  Various modifications and variations of these high viscosity PAO
materials are also described in the following U.S. Patents to which reference is
made: 4,990,709; 5,254,274; 5,132,478; 4,912,272; 5,264,642; 5,243,114, 5,
208,403; 5,057,235; 5,104,579; 4,943,383; 4,906,799. These oligomers can be
briefly summarized as being produced by the oligomerization of 1-olefins in the
presence of a metal oligomerization catalyst which is a supported metal in a
reduced valence state. The preferred catalyst comprises a reduced valence state
chromium on a silica support, prepared by the reduction of chromium using
carbon monoxide as the reducing agent. The oligomerization is carried out at a
temperature selected according to the viscosity desired for the resulting
oligomer, as described in U.S. Pat. Nos. 4,827,064 and 4,827,073. Higher
viscosity materials may be produced as described in U.S. Pat. No. 5,012,020 and
U.S. Pat. No. 5,146,021 where oligomerization temperatures below about 90° C.
are used to produce the higher molecular weight oligomers. In all cases, the
oligomers, after hydrogenation when necessary to reduce residual unsaturation,
have a branching index (as defined in U.S. Pat. Nos. 4,827, 064 and 4,827,073)
of less than 0.19. Overall, the HVI-PAO normally has a viscosity in the range of
about 12 to 5,000 cSt. |

[0028]  Furthermore, the HVI-PAOs generally can be characterized by one or
more of the following: C30-C1300 hydrocarbons having a branch ratio of less
than 0.19, a weight average molecular weight of between 300 and 45,000, a
number average molecular weight of between 300 and 18,000, a molecular
weight distribution of between 1 and 5. Particularly preferred HVI-PAOs are
fluids with 100°C viscosity ranging from 5 to 5000 cSt. In another embodiment,
viscosities of the HVI-PAO oligomers measured at 100°C range from 3
centistokes ("cSt") to 15,000 cSt. Furthermore, the fluids with viscosity at
100°C of 3 ¢St to 5000 cSt have VI calculated by ASTM method D2270 greater



0.20-0.40% - 7 - [0020] This "bi-nodal" blend of viscosities also provides
an i nproved coefficient of friction. This inproved coefficient of friction

i mproves Woea®e4pest or mance. Lubricant Fornul ation [ 002PCTHiS26000meBat i on i s
based on bi-nodal bl ends of high viscosity synthetic group IV PAO In a
preferred enbodi ment, a high viscosity jjndex catal yzed PAO of greater than
100 cSt KV 100 Cis blended with a | ower viscosity base stock selected from
the group consisting of Goup II, Group 11, PAO, and GIL with a polyurea

t hi ckener 0 ] .o one enbodi nent, avar f ert
gr ease, GH'% %@ Iis SHCYJBEC @{ﬁ’\égp JFE Fﬁit‘ﬁ aﬁﬂﬁ%\Vﬂ%@ y over
100 cSt 01%1?%0 (?p |scosi ty index over 100 a second base stock with a
vi scosityrat Teas 2% t KV 100 C less than the viscosity of the first
base stock, the second base stock selected fromthe group consisting of
Goup Il, Goup Ill, PAQ GIL and any conbination thereof, a polyurea
t hi ckener [0038pr i sTing HEVI-BA€)s Scawi fiirtharf Wehecharecteeizadd ak e iy drbearbos
wei ght percent of the grease. Base Stocks
compositions comprising the polymers or oligomers made from 1-alkenes, either
by itself or in a mixture form, taken from the group consisting of C6-C20 1-
alkenes. Examples of the feeds can be 1-hexene, 1-octene, 1-decene, 1-
dodecene, 1-tetradecene, etc. or mixture of C6 to C14 1-alkenes or mixture of
C6 to C20 1-alkenes, C6 and C12 1-alkenes, C6 and C14 1-alkenes, C6 and C16
1-alkenes, C6 and C18 1-alkenes, C8 and C10 1-alkenes, C8 and C12 1-alkenes,

C8, C10 and C12 1-alkenes, and other appropriate combinations.

[0030]  The lube products usually are distilled to remove any low molecular
weight compositions such as these boiling below 600°F, or with carbon number
less than C20, if they are produced from the polymerization reaction or are
carried over from the starting material. This distillation step usually improves
the volatility of the finished fluids. In certain special applications, or when no
low boiling fraction is present in the reaction mixture, this distillation is not
necessary. Thus the whole reaction product after removing any solvent or

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

[0031] = 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, etc. The amount of the double bond or the amount
of olefinic compositions depends on several factors — the degree of

polymerization, the amount of hydrogen present during the polymerization



[0023] Groups I, II, Ill, IV and V are broad categories of base oil stocks
devel oped and defined by the American PetroleumlInstitute (APl Publication
1509; wwwoRbowored2st 0 create gui delines for |ubricant base/uszémoo@soup |
base stocks generally have a viscosity index of between about 80 to 120 and
contain greater than about 0.03% sul furyand/or |ess than about 90%
saturates. Goup Il base stocks general1y have a viscosity index of between
about 80 to 120, and contain | ess than or equal to about 0 03% sul fur and

greater than or egu | to about 1910% sat ur at e% Goup.lll ner.al ly has
a Vi iscosi PIPCeRYaR éﬁ"e& H’grpt €T PromeigE, v 1%13%551%&% § tF'%%‘é‘aPHBn or
ol udes BPyayoHpeeritidl bribSR, S HHEE PR otk ThBL e egoks |

not incl U@%ﬂal‘Hﬂ @e%fﬁéuﬁr bP’doiiBRe' Boﬁ»dss BIER aARSun®'dTPSIERhRS cOinp @ﬁéﬂitsqfs these
five groups. di scussi on of to V base stocks can be found in

"Synt het i decreMetderbgzI thi | kigher thgreBasfaqadljaherlzamls, thdh elmiigher yaraount of
Technol ogﬁ Edited by L. R Rudnick, published by CRC Press, Taylor &
Franci s gencgmn@s@mpm/ltm PoluBpEzaion Prowssy; ar dhe highesy amoupt pfo) .
Polyintemal olefins .are lon tﬁﬁﬁl n hédr oc rbons, typically a linear

backbone RIAROEEHRAHCIRALINS FoHpgLoR § Bﬁed they are obtained by

ol i goneri zation of internal n-olefins. The cat al yst is usually a BF3
conplex with a proton source that |eads to a cationic polynerization, or

pronoted [@632pr At Glas kabamnydiatsusialy, thbeoxidades stdbiligr aﬂuclegm%nyWerral
olefins (PIO consists of four steps: reaction, neutralization/washing,
hydr ogenastabhitaraf fuigsi improves whnethe smepst af ainsetusation doubie hends oPAO

process. P aret |caII il e.in IowwscosHy rrades 6 cS
P8 o5, OlefinocauttBis  reluitds Jﬁmﬁmi §'hesessagy 1t iR Hralacanihe
conveni en F eSS y, the
n- ol ef i nsbéﬂlg,ngéfas seg ﬁ?ﬁ%%ggt?edrel A are " %88%18 ?ﬂi’n?ﬁe fﬁﬁplg (r}g{thm)re
pr ef er abl YrontinelkurkBér 6f ¢édsnthad! § asShikasited WVASTBMTElEISW 4 sifitatsig dfopour

points very simlar to PAQ only sllghtly inferior. They can be used in
engi ne anbighnguality itaise Istwki appilcaltmnnu@ﬁtcnour&c, tixo dower ﬁledth{niIEdnldanMSS| on,

see Chapt ... Polyintemal Ql efins.in _the book, "Synth M_ner Qls,
2 B o Bsdapticang dabg Gualionelhads Wﬁhgroremnwm U Oﬁi?slsetha{s y Pk |4rs R

Rudni ck, 7- 46 I i1S 06; or
"Pol yi nt eﬁ%‘f‘ﬁtﬂ efmgﬁ?%gt%go%sr?égo%ge §%§S§ fth;-ﬁ“i &r le%)s e?ﬁrﬁ L ﬁgégethgﬁ
Carl o. EURNdritreainto ﬂeﬁﬁbé’ th 6 uh?&ﬂiﬁitfdneﬁ WQ‘P kk8twn i(n]@t%?ziture EUS
77(Synthetic Lubricants and 1-Ugh-Performance Functional Fl uids,
Edi ti on) ) 48732 exhnigleé liégr : In ¥én2 AAVIPAO2pfadlictd, 37O A4S Inddk! direétly
Marcel Dekker, Inc. PIOwas classified by itself as Goup VI _fluid in API
base stocion thespelymgrization already have very low degree of unsaturation, such as
those with viscosities greater than 150 cSt at 100°C. They have bromine
numbers less than 5 or even below 2. In these cases, we can chose to use as is
without hydrotreating, or we can choose to hydrotreating to further improve the

base stock properties.

[0033]  Another type of PAO, classified as Group IV base stock and used
extensively in many synthetic or partial synthetic industrial lubricants, is
produced by oligomerization or polymerization of linear alpha-olefins of C6 to
C16 by promoted BF3 or AICI3 catalysts. This type of PAO is available in
many viscosity grades ranging from 1.7 ¢S to 100 cS from ExxonMobil
Chemical Co. '



Tabl e 3: Base Stock Properties Saturates Sulfur Viscosity Index Goup | <
90% and/or > 0.03% and > 80 and < 120 G oup Il 90% and
WO 2009/145825 PCT/US2009/001984
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[0034]  Base stocks having a high paraffinic/naphthenic and saturation nature
of greater than 90 weight percent can often be used advantageously in certain
embodiments. . Such base stocks include Group II and/or Group III
hydroprocessed or hydrocracked base stocks, or their synthetic counterparts such
as polyalphaolefin oils, GTL or similar base oils or mixtures of similar base oils.
For purposes of this application synthetic bases stocks shall include Group II,

Group I1II, group IV and Group V base stocks.

[0035] Gas to liquid (GTL) base stocks can also be preferentially used with
the components of this invention as a portion or all of the base stocks used to
formulate the finished.lubricant. We have discovered, favorable improvement
when the components of this invention are added to lubricating systems
comprising primarily Group II, Group III and/or GTL base stocks compared to

lesser quantities of alternate fluids.

[0036] GTL materials are materials that are derived via one or more
synthesis, combination, transformation, rearrangement, and/or
degradation/deconstructive  processes from gaseous carbon-containing
compounds, hydrogen-containing compounds, and/or elements as 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 base oils are GTL materials of lubricating
viscosity that are generally derived from hydrocarbons, for example waxy
synthesized hydrocarbons, that are themselves derived from simpler gaseous
carbon-containing compounds, hydrogen-containing compounds and/or elements
as feed stocks. GTL base stock(s) include oils boiling in the lube oil boiling
range separated/fractionated from GTL materials such as by, for example,

distillation or thermal diffusion, and subsequently subjected to well-known



0.03% and a 80 and < 120 G oup Il a90% and 0. 03% and al20 G oup IV
Pol yal phaol efins (PAO G oup V All other base oil stocks not included in
G oups | ,wOI2p0%1458250r |V G oup VI PCT/US2009/001984

-14 -

catalytic or solvent dewaxing processes to produce lube oils of reduced/low pour
point; wax isomerates, comprising, for example, hydroisomerized or isodewaxed
synthesized hydrocarbons; hydroisomerized or isodewaxed Fischer-Tropsch (“F-
T”) material (i.e., hydrocarbons, waxy hydrocarbons, waxes and possible
analogous oxygenates); preferably hydroisomerized or isodewaxed F-T
hydrocarbons or hydroisomerized or isodewaxed F-T waxes, hydroisomerized or

isodewaxed synthesized waxes, or mixtures thereof.

[0037) GTL base stock(s) derived from GTL materials, especially,
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax derived base stock(s) are characterized
typically as having kinematic viscosities at 100°C of from about 2 mm?*s to
about 50 mm?/s, preferably from about 3 mm?%s to about 50 mm?s, more
preferably from about 3.5 mm%/s to about 30 mm?/s, as exemplified by a GTL
base stock derived by the isodewaxing of F-T wax, which has a kinematic
viscosity of about 4 mm?s at 100°C and a viscosity index of about 130 of
greater. The term GTL base oil/base stock and/or wax isomerate base oil/base
stock as used herein and in the claims is to be understood as embracing
individual fractions of GTL base stock/base oil or wax isomerate base stock/base
oil as recovered in the production process, mixtures of two or more GTL base
stocks/base oil fractions and/or wax isomerate base stocks/base oil fractions, as
well as mixtures of one or two or more low viscosity GTL base stock(s)/base oil
fraction(s) and/or wax isomerate base stock(s)/base oil fraction(s) with one, two
or more high viscosity GTL base stock(s)/base oil fraction(s) and/or wax
isomerate base stock(s)/base oil fraction(s) to produce a bi-modal blend wherein
the blend exhibits a viscosity within the aforesaid recited range. Reference
herein to Kinematic Viscosity refers to a measurement made by ASTM method

D445.



Polyintemal olefins (PIO [0025]1n a preferred enbodi nent, the base stocks
i nclude at | east one base stock of synthetic oils and nost preferably

i ncl ude avole@gisszae base stock of APl group |V Poly Al pha/uSc@bion®s4
Synthetic oil for purposes of this application shall include all oils that
are not naturally occurring m neral oi_IFS_NaturaI |y occurring mneral oils
are often referred to as APl Goup | oils. 100261A new type of PAO

| ubricant was introduced by U S. Pat. Nos. 4,827, 064 and 4,827,073 (W).

State chr BIRH ooty Bese otk baséialgRrited Gy Belsrial chrifially
or oper 1 L pivi i oAl B8 EE TpBeF Dot el “Bob Y, 400 olRE ity

grades; aggyioiédfﬁéﬂi’&ﬂﬁsodgﬁﬁ)(e@r awhelderived tkases $loek(sy] ss@eh tlas! ndax PACs
or HVI-PAGs. The relatively | ow nol ecul ar wei ght high viscosity PAO

mat er i al shydrodsdmeratestisotbewaxatts)l whichl ciar be ansed laa ase tstadkscathporerys tdfe

hi gher vi scosity PAOs, tygi cally with viscosi 100 cSt, or

i f . e.g.
in the ratlys lgyentism arg hirthey chafactejised ©p y: %Seﬁégivgrgpt@m%e*@i aé@lt =9
i i i i f i | . PA d h het d
o ooral et RS R Tl R VO B o B o s Bl AL RS 0
variati Onfo\%sr, SRESRoRe %et@rﬁ?ﬁiﬁdﬁtpé@@%@fdﬁéé adlCurfle? S oS CohdRfbrisn t he

foll owi ng U. Patents'to reference is made: 4,990, 709; 5, 254, 274;

5, 132, 478 ma¥, Ravd, advantageth, Falit, pGin®4af abdut 25°208; 4d3er, Syith 1is2ff;pour -
5,104, 579; 4,943,383; 4,906, 799. These oligoners can be briefly sumari zed
as being peitsiceidabgui 30Ul | igosbeut af0Un o lower.ef Ihaecessans prienakdle of a
metal oligonerization catalyst .whjch is a orted nmetal .in educed

val ence sHavaxingsiepaeLpediagticel o pclihs IS desited paHt Bainsa Refelonces:
chrom um L =TT t § 1: si ng
car bon noﬁg&eﬁ%iba%&?héwg S}(;ﬁ:rng{ ageﬁ?&#%net o%fiéo %Szrglﬁ %7}??&@&% out
at a tenpauimuted yersterised according to the viscosity desired for the
resulting oligonmer, as described in U S. Pat. Nos. 4,827,064 and 4, 827, 073.

H gher viscosity materials nmay be produced as described in U S. Pat. No.
5,012, 020 _and. U. Pa . 5,146 1 wher i gg i zati on tenper.at.ures
bel ow abolfi038b C.srlé? eégéeNg’aFB ﬁPS&&Sed?rﬁﬁe(ﬁiéﬂ@r ﬁf‘e&ﬂtﬁ?a i‘%BFClahy

ol i goners . : [ ter. r nat. ssar
fo reduconybifihpiAxRpdt i’ FPETRRCrR)_BviE "RENabRER fah, BERRRST X

Pat. Nos. h¢dfAdom&GreFiROdéwaRId QVa-defived Bast habck s} hiCk edr@l baset bcklVI - PAO
normal |y has a viscosity in the range of about 12 to 5,000 cSt.
100281 Fur tomponerts whieh Hdn- Adsedymthislinyentian dre al$mchatacterized tppicaly or
as having viscosity indices of 80 or greater, preferably 100 or greater, and more
preferably 120 or greater. Additionally, in certain particular instances, viscosity
index of these base stocks may be preferably 130 or greater, more preferably 135
or greater, and even more preferably 140 or greater. For example, GTL base
stock(s) that derive from GTL materials preferably F-T materials especially F-T

wax generally have a viscosity index of 130 or greater. References herein to

viscosity index refer to ASTM method D2270.

[0040] In addition, the GTL base stock(s) are typically highly paraffinic of
greater than 90 percent saturates) and may contain mixtures of
monocycloparaffins and multicycloparaffins in combination with non-cyclic

isoparaffins. The ratio of the naphthenic (i.e., cycloparaffin) content in such



nore of the follow ng: C30-Cl300 hydrocarbons having a branch ratio of |ess
than 0.19, a weight average nol ecul ar wei ght of between 300 and 45, 000, a
nunber awsoag®/med2ecul ar wei ght of between 300 and 18, 0@OT/ts20ml0emvsd ar

wei ght distribution of between 1 and 5. Particularly preferred HVI-PAGs are
fluids with 100C viscosity ranging fromé_to 5000 cSt. In another

enbodi nent, viscosities of the HVI-PAO oligoners neasured at 100C range
from3 centistokes ("cSt") to 15,000 cSt. Furthernore, the fluids with

02270 or LSOBPITAIR veslss wishdPe athey andgemeraioLsted of sabér ELTHBEds |
have | ow Qt%ldgs d;tbése b&'l%"*fxpljcﬁﬁ Oé?\? %]eg)elowl SuTRrS aﬁﬁgniftf({%eneEoﬁ%nt

characterize rocar 1 oNs” conprisin

ol i goners aﬁéiﬁn{/ rc@malnmgkﬁgﬁﬁlaxﬁatsmrlobypmt afd fmére ﬂyp@nrga reks!tigarf batt t aken
fromthe group ctonsisting of C6- 1- ‘al kenes. Exanpl es of the feeds can

be 1- hexefgpni-odcachaf thesteclcn&;ntsl Tdieckal:fanandmnregeaatenm of 6’ tL lmase

m xture of C6 to Cl4 1-al kenes or m xture to.C20 1-al kenes, and
Cl2 1- al k8iqek, ansh basa e sobtapnade hys! hq:@YdﬁﬂS@mnzafawmwa@en&rwf g

1- al kenes nd C10 enes, C8 and Cl2 1-al kenes, C8, Cl10 and Cl12
1-al kenesm %ﬁoﬁ?&f“%‘é’pﬁétwagtlge%eﬁﬁla ations. [ 0030] The | ube products
usually are distilled to renove any | ow nol ecul ar wei ght comnpositions such

as these boiling bel ow 600F, or with carbon nunber |ess than C20, if they

are produfoedif ronint he meforred | embbdimemactheorGOL dyage c8tackes) @oaprisesm t he
starting material. This distillation step usually inproves the volatility
of the fi parafiBaict mtmalsnhat:@enashpsqskmmaandmﬁ penicysbc @epméﬂnm@ndow

boiling fractiaon is present ctl m X e, thi Iat on|s
hot necesal, mipararhauntpef <Yelopara S Gl ;baﬁeer%%q?é allYvent
or starti h r

t reat ment g&ngg%%ldﬁ%ffﬁﬁgb@%e?%?%gﬁmw&trecgfédtt%:omt e po(%yr?rlgfrlllgggp?on or
ol i goner i abhiffifs,0 pesferatiyabieatdiavigan! igoatiavat @&deum eisbpmasiing, hete

ol efinic nolecular structure. The anpunt of doubl e bonds or unsaturation or
ol efinic pmfpl@bbntgeatan than r%asra%dldmycyémelmarﬁlﬁmsd@ndsmﬁt pseferablyne

nunber (ASTM 1 591%\1 m ne |n(il SAST D2710) or other suitable analytical
met hods, 8if@ffrdaa RN0Br ey ClieHEORATBUMS- of the doubl e bond or the anmount

of ol efi ni c corrp05|t| ons depends on several factors - the degree of
pol yneri zati on, the amount of hydrogen present during the polynerization -

12 - [0042] Useful compositions of GTL base stock(s), hydroisomerized or
isodewaxed F-T material derived base stock(s), and wax-derived
hydroisomerized/isodewaxed base stock(s), such as wax
isomerates/isodewaxates, are recited in U.S. Pat. Nos. 6,080,301; 6,090,989, and
6,165,949 for example.

Thickeners

[0043] The viscosity grade of the final product is adjusted by suitable
blending of base stock components of differing viscosities. In many
conventional industrial lubricant formulations, thickeners are used to increase
viscosity. HVI-PAO fluids of different viscosity grades are most suitably used
to achieve wide finished viscosity grades with significant performance

advantages. Usually, differing amounts of the various base stock components



process and the anmount of other pronoters which participate in the
termnation steps of the polynerization process, or other agents present in
t he procewe.2oadsuad2sy, the anmount of doubl e bonds or thePamusR09061984 ef i ni c
conponents i s decreased by the higher degree of polynerization, the higher
amount of hydrogen gas present in the pp}ynerization process, or the higher
anount of pronoters participating in the termnation steps. [0032]1t was
known t hat, usuaIIy, t he oxidative stability and light or W stability of
fluids inproves n t e nDunt unsaturaglon doubl e bond ﬁleflnlc

cont ent s lmeafute BESIEk s, secandaty hase stgck apd iy 86t he

I h
o R 86 SO b kot
hi gh qual bbﬁélrba%ﬁséﬁt@ékbﬂﬁiﬂbﬁﬁia ofscoﬂty g;w ?1atéﬂﬂﬂl@ﬁ‘@ih t»bﬁhlﬂt@atuée
nunber, the better the lube quality. Flui brom ne nu er of |ess

t han 3 or c@Gmporentsr(puch adhdescmbed behive)' ofthe aﬁmgﬂledslulbemant hdhis neay bess
than 0.1. The method to hydrotreat to reduce the degree of unsaturation is
vel | knomﬂeteﬁnmesiebw one gfuerdiparyoskill ax dhe) art 119) possessiepeofthe pagsent

Very | ow digpatreomioll el Eiperimenalih, nEBe hiG et Tt SR i e,
than 150 @%duat Ot i ihoie xlahgwtetsw@%qstﬁaéogt@ne&exphl e opel ow

In theSe cases, we can chose to use as i S Ww thout otreatTng, or we

cén choosmdmtrfay@'eat ubaidang appli¢atidnze forl ¢manaple, tipeo labaat ES0ct6,p0®pEot i es.
[ 0033] Anot her type of PAO classified as Goup |V base stock and used
ext ensi vethg loeraiscosifitgradese typicpiy fican I§On2 Iﬁ@tIS@ 104ube Mlsﬂosit}dblrfltbent s,

duced t f qlefuts of
o5 {o Crootpbleateciene il kst Henef dhatina of g Brispad i r?rg ducti | ani e
f i |
chen ozl " BETE Hofl BER GRS 290 b ﬁvtﬁlge Bofr8isEsu: EFBCTH RN heni o
and sat ur 46,000, fet ud&niaifesgmatquubhﬁy &redicOtie PRE6SIDY o(fathedéds%nstbek used

advant ageousl y in certain enbodi nents. Such base stocks include Goup I
and/ or G blepdite i shightlydowee yabut. oWithyalF$0 680kgradb hshricansclos exampit dhe

ol 's ‘or  nhauedk BRend;miahi et FHPEES €\ oSG oSoemnaing B sbF RS on
synthetic, &@g@ﬁocigp@&ggg}v d nclude Goup II, Goup Ill, group IV and

G oup V base S$toliquid (GTL) base stocks can al so be
preferentially used with the conponents of this invention as a portion or
all of the base stocks used to fornulate the finished |ubricant. W have

di scover ef#044pv orlnivoaventomal doemulatioas, mhe/isxmsitgm:-frthe ﬁn‘al phcbchldt mvanbé on are
added to Jubrjcating, systens nprising primarily G o Goup 11

and/ or GTProyg tet%tltsrdk‘@l@érgfad@gytthe |Ué§@érpotamﬁtlptth%emrsaw@waamnﬁh%| ds.
product with the more viscous grades, e.g. from ISO 680 to ISO 46,000. Typical

thickeners which may be used include the polyisobutylenes, as well as ethylene-
propylene polymers, polymethacrylates and various diene block polymers and
copolymers, polyolefins and polyalkylstyrenes. These thickeners are commonly
used as viscosity index improvers (VIIs) or viscosity index modifiers (VIMs) so
that members of this class conventionally confer a useful effect on the
temperature-viscosity relationship. Although optionally used in formulations
according to the present invention, such components may be blended according
commercial market requirement, equipment builder specifications to produce
products of the final desired viscosity grade. Typical commercially available

viscosity index improvers are polyisobutylenes, polymerized and co-



[ 0036] GTL nmaterials are materials that are derived via one or nore

synt hesi s, conbination, transformation, rearrangenent, and/or

degr adat iwo/2d@casesr ucti ve processes from gaseous car boRCTars@onn g+
conpounds, hydrogen-cont ai ni ng conmpounds, and/or elenents as feed stocks
such as hydrogen, carbon dioxide, carbojgnonoxide, water, nethane, ethane,
et hyl ene, acetyl ene, propane, propyl ene, propyne, butane, butyl enes, and
butynes. GIL base stocks and base oils are GIL materials of |ubricating

viscosity that are neral ]y derived from hydrocagbons, for exanple waxy
synt hesi zBB&%F%%EBﬁQet Wfaé?% andemiigd, esferserl Symens Braleic Anbydrigeseous

car bon-co LN 0 . ogen-cont ai ni ng _coppounds and/ or el enents
as feed sp{(%gltp;&};}&‘i‘% %ggtgagﬁl&wtg%ﬁ%rﬁ%@l% F%m§8}l? g in the lube oil

boi ling range separated/fractionated from GIL materials such as by, for
exanple, distillation or thermal diffusion, and subsequently subjected to
wel | - knowf0045] 14 The gialyisbbutenes,s moymally devithx ian qrupitsere asemgeoopr weighe | ube

oi | s of reduced/|l ow pour point; wax isonerates, conprising, for exanple,
hydr oi sonBYsrage melecular svaagkigirerm i 088046 d HY0,.cusraeemmergiallyi isapastanted or

i sod Fi - T h (FT" terial (i.e.. hyd b
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Lodovaxeq, FHF, anolesAREtStatute |, TYRECORNECRRIANCEY URIGERE BBndly
m xtures tépolemiers [G0J(3-didnd3asaclst ac kimadidas | yedsdprimeCldithert aldn2! or

especial ly, hydroisonerized/isodewaxed F-T material derived base stock(s),
and ot her copalymicsizaé r withdstysenewax adsavean doportant istass eomuiersipllay evith

characterjzed typigally as, having kipemajic viscosijies at 1006; of _from
about 2 nﬁ@f“salt%'e 3 ‘E“gﬂﬁﬁﬁﬁf’tﬁ,sgpﬁoﬁe‘% yRPE SAG8u RS B&Wﬂ% t0 X[ﬂ%ut 50
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i ndex of about 130 or greater. The term GIL base oil/base stock and/or wax
i soner at eisbpremelityrebas combautions. usBikske pelymens daren nommatlyaisubjected: do be
understood)é(fls enbraci ng i ndi vidual  fractions of, GTL base stock/base oil or

wax i somehydregenalionste rgmpye degidual diencougsateation and o Agwseys srbilibeess,

m xt ur es t o ocks/ il fractions and/ or X
somer at of Pastoy RGBT o RRFaTy R RabeRcpyeraB pE Re R st o 1o
or more | yletudiOWdightsT fropRSES,B00 Ctel )5, 0015 Sréirksenit 244 dtABK YonMdfQAlIax

i sonerate base stock(s)/base oi'l fraction(s) with one, two or nore high

vi scosi t yingidrtdmselass afk (ligkdreese aid ate asidebn (oOmmeedially vavailableraimice base
stock(s)/base oil fracti on(si .tg,produce a bi-nodal blend wherein the blend
exhi bi t s gesignativasspchas fiGiylaid af oresai d recited range. Reference herein
to Kinematic Viscosity refers to a neasurenent made by ASTM net hod D445. -
15 - [0038] GTL base stocks and base oils derived fromG |, materials,
especi al | I OiCHRATBL4 /4 z @kl | (s),
and ot hermﬂ?ﬁjoi sonerirdzsia%?iﬂsog@\?v};@:@%mﬂlaégggg? it?/lgdﬁ1 Eggg:rdgtmégﬁ??)sﬁmz%gﬁ&as wax
hydr oi sonty ahesanisaite\polpnesizatibn céf wasatneated eghoadniees einshtikig cstypsaiegnt s of
this invention are further characterized typically as_having pour points of
about - 5Gdwadicageand jsopreneabCopalysagrs of luisdype @ne desenthed, fprinstangey imbout

-15C or | .St ferab te > | d

condi 11 ord-SresP ey oSty lgabes iR on 2 o hodt o280, S00Ae A wi h
ful hot - b - fq: ,

Separ at o HRrRy Rl o Tain 306207 BNl Eololgiek? Hky, e LAGRRSSRA L

Ref er encaypbeasopolyrherspand fopithe pres@it piposss the Maidar BlAek polHpEM B9 and

simlar automated versions. ) ) )
preferred. The preferred polymers are the isoprene-butadiene and isoprene-

styrene anionic diblock and triblock copolymers. Particularly preferred high
molecular weight polymeric components are the ones sold under the designation

Shelivis™ 40, Shelivis™ 50 and Shelivis™ 90 by Infenium Chemical Company,



10039] The GIL base stock(s) derived from GIL materials, especially

hydr oi soneri zed/ i sodewaxed F-T material derived base stock(s), and other
hydr oi somwoiza@disseedewaxed wax- derived base stock(s) whipch/ise@obanes st ock
conponents which can be used in this invention are al so characteri zed
typically as having viscosity indices 0fg80 or greater, preferably 100 or
greater, and nore preferably 120 or greater. Additionally, in certain
particul ar instances, viscosity index of these base stocks may be

preferably 130 or greater, nore preferab 35 q, greajer,, and even nore
pr ef er abl YVhial ag¢ lg}e@atwonlpoﬁwr&a&mﬁr%, @@%S@w&( sp0t all AHPWE from
GIL materi r I I - y,.have a
Vi scosi tydﬁﬂé(élg c§£’ 8&’%@%‘}‘&,5&%&& %@é@%@@éﬂe?@?ﬁﬁp \é%/?lggg?i{ ?’ >bbiar{gex
refer to AQFWVbpSHARGsD2270. [0040] I n addition, the GIL base stock(s) are
typically highly paraffinic of greater than 90 percent saturates) and may
contain m xtures of nonocycloparaffins and multicycloparaffins in

conmbination with non-cyclic isoparaffins. The ratio of the_ naphthenijc
(i.e., cyt00dghr afSomy Buekenersimayubg clasgified @pndispersephyiseasitesingekn t he

catal yst and,.tenmperature.uyused, Further, GIL base, st b i

Cyproan |y Ry EeTRy R SE R fudl thnckidn. o5 dese i O bl Sor 34t i ng

| ess than 0, 1&9'9{}5 3 i | W: tha fiweach of
t hese el e}eﬁgtgﬁqulﬁ% su ?‘?ﬁ%@eﬁ‘. H@dgﬁ}scglnsltcg%?dol? @Fﬁ% gtsf’tﬂgc reatR base
oi | obt ai nebden-¢ditainit @steesIfi caboylid-somaing Nateapolyniervvargt itle oil-
especially F-T wax is essentially nil. 100411In a preferred enbodi nent, the
GTL base selublq sjcrylagrpolyaaemaatichy i piodugtst cofi adosylateat estenssi alongr eforthnant | y

of non-cyclic.isoparaffins and only minor amounts of. cycloparatfins. These
or"base” Sombinalivns , bosmey el veebls Mapdspcy Ao IR MG BETS, o
greater t0an GRql MNRNTAKES AdrIRRITA! [Ad arff 99R5ABYY FAIGA! £hd (FgR, 80 Wt %
non-cycli Cc I'soparaftins, nore preferably greater than-8 Yo non-cycl’i c

i sopar affW&oWISIPVQicBF 8089 ByeRSHMIGMBHEO™ Registetod! T  and
i soparaffins 0%{2] Useful conpositions of G 1. base stock(s),

hydr oi sonkbubriedl 0r37102cael 3k F- T naterial derived base stock(s), and
wax- derived hydroi sonerized/ i sodewaxed base stock(s), such as wax

i somer at es/ i sodewaxates, are recited in U S Pat. Nos. 6,080, 301;

6, 090, 989[00%%i 6’\%’%%a%%gd{s%vgﬁéargﬂsl%niﬁcant improvement when using polyurea

greases. Polyurea greases are among the latest high performance greases to be
developed. Their introduction more or less coincides with that of the lithium
complex greases. Although certain specific types of greases consumers, such as,
precision ball-bearing manufactures, have long appreciated the merits of

polyurea greases, these greases have not rapidly gained market share.

[0049]  Polyurea has the general properties of solubility and resulting gel-
forming capability necessary to make an excellent grease thickener. However,
polyurea is not a metal salt of a fatty acid (or mixture of acids) as is the soap and
soap complex thickeners. Polyurea is something very different. It is a low

molecular weight organic polymer which is usually formed in situ in base oil.

[0050] Polyurea grease thickeners are produced from the reaction of

isocyanates and amines to form ureas. Through the use of polyfunctional



Thi ckeners [0043] The viscosity grade of the final product is adjusted by
sui tabl e bl endi ng of base stock conponents of differing viscosities.In many
convent i omal20éwmdssesri al | ubri cant formul ati ons, thickenecs/tsec@08mdst o

i ncrease viscosity. HVI-PAO fluids of different viscosity grades are nost
suitably used to achieve wide finishedjjscosity grades with significant
performance advantages. Usually, differing amounts of the various base
stock conponents - 17 - (primary hydrocarbon base stocks, secondary base
stock and, any addi%%ﬁnal base_ st ock co onenﬁsé@gf differ%gt visgo jties,
may be suisPa¥AnAtes AtRMINGSy PORERCTS MOBE RIGFISelHRAYUI3E IcaB befRrmetn T he

vi scosity .appropriate faor b i i Ensa . hnas
descri _bedSIBﬁﬁ%_ p%_&uf?f’e CPPJ’%@H%G%}’Q‘;&FS lsl)1 |sd’tlrrogl;’7'fr§gg e g%ém%%{gd by one
of —ordi nagynisklchts éfa M¥hothhctichalaafife $6 9itl@fa édagp@lﬁms edttafiifg twouirea
wi t hout undue experinentation. The viscoSity grades for the final product

are pr ef estaldtyresnThivetypandealfuledds 2efeared 30 bhOfase nearexfadtirgseas diorea.
industrial gear |ubricant applications, for exanple, up tqQ about ]SO

46, 000. Foiurcpagareused asi compmergiakgrgasesthiekemess jangd are pary Y PEPRIDHIA 0O,

t he vi sco%itﬁ of the conbi ned base stocks will be slightly higher than that
of the fiffiP@fed product, typically fromI1SO 2 to about 1SO 220 but in the
nore viscous grades up to |ISO 46,000, the additives will frequently
decrease the viscosity of the base stock blend to a slightly |ower val ue.
Wth a | SQ088P grdste of ubtbaibifiatidnoof ehififietional hsvcyasstes tandkaimimssd withht be
about 780-800 cSt (at 40C.) depending on the nature and content of the
addi t i vesmonofuetiningl enringnin thea¢orfest pappertions, yiekds ¢itstaysea: yIhsr tefangeai nal
product nmy be brought to the desired gradg t he,use of polyneric

t hi ckener’§ ¥Wa8bONg| ‘}mi‘ﬂ%f H@Feﬁ? gﬂ'uﬁl%e me tﬂ‘gl%'HB‘?ae ﬁéﬁ grgpgtdggpulg_rg_
froml SO g&%séﬁ}lélg‘eQe%%sQ&)Qn Té’ﬂhﬁ@{l st 'bgkeners whi ch may be used i ncl ude

t he pol yi Sobut yI enes, as vvem as et hyl'ene- propyl ene pol yners,

pol ynmet hacryl ates and vari ous di ene bl ock polymers and copol yners,

pol yol efi ns and pol yal kyl styrenes. These thickeners are conmonly used as
vi scosi t y[0082Fx i Tipr propesti¢svof diurea and pobirey greases and depéngdant uppngheso
that menbers of this class conventionally confer a useful effect on the

t enper at ustBaGHEs 6 thg patignlasnispryanates ABA AMYISS| B?EQS-I tﬁggggpf:wes also

formul ati gns cor di t esent_ | nt | o be
ot B0 RO A, A 360 oA Reu B AP e
speci fi calepilt HRMBRBIEE sREI HIC t8lafle t AifohhRALS dRSEIEr Vingeadibhts ahade.
Typi cal co rcially avail able viscosity index inprovers are .

pol yi sobuinahafeturipg cynditionsd SeadNIcG1 Lubritting Grease Guide, Fourth Edition,

National Lubricating Grease Institute, 1987, p 2.16 — 2.17.

[0053] In preferred embodiment, the polyurea thickener comprises a polyurea
particle that is at least between 10 microns and less than 700 microns, a density
of less than 7.16 Ibs/gal, and a specific surface arca of more than 20 m*g. Ina
more preferred embodiment, the polyurea grease are manufactured according to
the method described in U.S. Patent Application No. 60/791,805 filed January
24, 2006 which is incorporated by reference.



pol yneri zed al kyl nethacryl ates, and m xed esters of styrene naleic
anhydri de interpolyners reacted with nitrogen containi ng conpounds.

[ 0045] Thewpahgwedrat enes, normally with a nunber aver ageCorusamoghtosaver age
nol ecul ar wei ght from 10,000 to 15,000, are a conmercially inportant class
of VI inprovers and generally confer styiong viscosity increases as a result
of their nolecular structure. The di ene polyners whi ch are normal |y

copol ymers of 1, 3-di enes such as butadi ene or isoprene, either al one or
copolynerized with styrene are also an inportant class commercially, with
typi cal nBMg8H¥essf this class sol d under names such as ShelivisTm The
statistical polyners are usually produced from butadi ene and styrene while
t he bl ock[oospp! yrepslicane disconadred that ithisduhique) baseasioeketombiiation aan

i soprene/ styrene conbi nations. These polyners are nornally subjected to
hydr ogenatmpart eyen dither faxrablel propertiesuwban ombined avith spe¢ifisr additive

tabilit Th th b ht
verage WOYSKITR o WRGRGHT@S) neeyaDabs Eomiutioitly FpPeLC ke age: ©

commercially i rrportant class of thickeners and are widely comercially

avai | abl e under designations such as Acryloi &n [0046] One cl ass of

pol ymer i c[opB5F kerEes alditivies Rla9Clie CehiRbl Nr ddifdwasidubd propertRii ofithe

pol ymeri zation of unsaturated fonomers including styrene, butadiene, and

i sopr ene. luboisetipgeoits of théiigressme Foregrtases; itheddditoves abowldcprovide the. Pat .
Nos. 5, 18t7 ﬁﬂ" 5,268,427, 5,276,100; 5,292, 820; 5,352, 743 5, 359, 009;

5, 376, 722t 1983’!59?%‘?@5 ‘BFtb‘tYRarcEﬁS’Eﬁ%Prﬁ?é‘p @WOE?@ iphErigticn fedugt 10{15/

I
or of o r ectertideufe PRORER S ePREBB I Binuly BrindtfEt , Relfhuh g ia Be®
| sopr ene- g WWAN RSP Safionk OfddiBies thdtbtAr beCOmiey "Ry %chﬂ%%tfa%k@dléy
preferred hi gh nol ecul ar wei ght pol yneric conponents are the ones sold

under t heprpsrtigsantcludirghévioralsi€prdpertish ¢or gicagd/apiilicatbnShel i vi sTm 90 by

| nf eni um Chem cal Conmpany, - 19 - which are |inear anionic copolyners. O
t hese, Shelivisimb50 is an ani oni c di bl ock copol ymer and ShelivisTm 200,
Shel i vi sT, a d sShel i VI sI m re. st I 11 Some

t hi ckener@oﬁ'&s cY%fé%‘i‘Sf I gpe‘? s‘gﬁ{ ggrnf%?di F}&’g %ﬁvﬁ evtvgll
because Oﬁné\k’ﬂ'z{s ﬁfﬁ%{loﬁél”ﬂhicpﬁddﬁ‘ﬁregeiﬁ%bbﬁg ¢dh Blss: b fi’ﬁcorb@ratéd $94he78.
The di spersant-viscosity index nodifiers di sclosed in the ® 378 patent are

t he nitrogease eotrositionsest ¢hes infermtion) dnytelativadytsaall agowttgr fodgsireds and
the oil-sol uble acryl ate-polynerization g)r oducts of acrylate esters, alone

or in confieguantbn. legoihan cbsut \0.80EYd p @bgpterlgazﬁ%vpsdagtw ilndene

di f 1d trad Acr d 1265 b R h d
aas, | vi seBbbLeHts et O08H BT RYArS SRS e ghe (BPuR Spsiiiine oF o
Lubr i zol Té\q &éﬁ&axﬁgd s%}ﬁz?réooa‘}ﬁ%rhﬁa&tﬂ)%C%‘fér‘ggm% Shitf¥ohhf a:ﬂfdltlves

i npr ovenen en using po
viscosity index improvers, copper passivators, metal deactivators, rust inhibitors,

corrosion inhibitors, pour point depressants, anti-wear agents, extreme pressure
additives and friction modifiers. The additives listed below are non-limiting

examples and are not intended to limit the claims.

[0057]  Antioxidants: include sterically hindered alkyl phenols such as 2,6-di-
tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-(2-octyl-3-
propanoic) phenol; N,N-di(alkylphenyl) amines; and alkylated phenylene-

diamines.



greases. Pol yurea greases are anong the | atest high perfornmance greases to
be devel oped. Their introduction nore or |less coincides with that of the
l'i t hi um cwopb@xi4gs2eases. Al t hough certain specific type®cofusgrenasmss
consuners, such as, precision ball-bearing manufactures, have |ong
appreciated the nerits of polyurea greages, these greases have not rapidly
gai ned mar ket share. 100491Pol yurea has the general properties of
solubility and resulting gel- formng capability necessary to make an

excel l ent grease thickener. However, polyurea (s pot a nmetal salt. of a
fatty aci Hl%ég} mi Y pBtigxidapt gemponents maye E@ablréﬁaefé Phsnebgantipxidant

t hi ckeners. ,Pol yur i onet hi ver. | f{ t. t, 1 egd)l ar
wei ght - or D16t & BBbTHeh TAPER Oy Sty arfiin an otpnf BRGS0 -
| socyanat 5% & 2014Ne%0. %'Besrrw ht'B'the MEaAR O mpition. SARefRfvES, ber med.
The si npl st@ﬂggl}sg‘r ea cgn b fc??grred frgmthe bi fumnrgjt%i onal igocygnlg,t’e and
two equi vial sdditionf camponerdtubicinagnaimprisenan aromatt dnsine ampioxidhnt suthaiasi ng
two urea structures. This type of polyurea is referred tq by grease

manuf act umenozestyiphenylalphanapthy lamene, 8 0. pdieeiyidipbenylagipes 8sed singyer s,

d ticularl lar in Japan. [0051] Use of. mhi nat.i f
b1 1 unct | ORI SUBEYUHFaIEE Aipe hrBRR) CHRGhER e opisRel TR i Taes

correct p hQNSs ¥6 : i68n! RRa10q sl 'y
refers by{n?ﬁ‘g%lggrjg t'op% ostuf g%agﬁﬁ)fa%el?lﬁrelwn@s%&%gg% g?’ grdgg?éet | cgener used
in the Unid g9t at es. [ 0052] The properties of diurea and pol yurea greases
are dependant upon the structure of the particul ar i socyanates and am nes

used. The properties also depend upon factors affecting the average
ol ecul ar P RS LG Bt Bl S5 DUl an such 5 1L,
e o N A P T R R
thi ckener noABRbhPRSpeNPAMIHeEa  dialkyldiphenylamines such as 4.4'-
dibutyldiphenylamine, 4,4'-dipentyldiphenylamine, 4,4'-dihexyldiphenylamine,
4,4'-diheptyldiphenylamine, 4,4'-dioctyldiphenylamine and 4.4'-
dinonyldiphenylamine; polyalkyldiphenylamines such as
tetrabutyldiphenylamine, tetrahexyldiphenylamine, tetraoctyldiphenylamine and
tetranonyldiphenylamine; and naphthylamines such as .alpha.-naphthylamine,
phenyl-.alpha.-naphthylamine, butylphenyl-.alpha.-naphthylamine,
pentylphenyl-.alpha.-naphthylamine, hexylphenyl-.alpha.-naphthylamine,
heptylphenyl-.alpha.-naphthylamine, octylphenyl-.alpha.-naphthylamine and
nonylphenyl-.alpha.-naphthylamine. of these, preferred are
dialkyldiphenylamines. The sulfur-containing antioxidant and the amine-type
antioxidant are added to the base oil in an amount of from 0.01 to 5% by weight,
preferably from 0.03 to 3% by weight, relative to the total weight of the

composition.

[0060] Oxidation inhibitors, organic compounds containing nitrogen,
phosphorus and some alkylphenols are also employed. Two general types of

oxidation inhibitors are those that react with the initiators, peroxy radicals, and



particle that is at |east between 10 mcrons and | ess than 700 m crons, a
density of less than 7.16 | bs/gal, and a specific surface area of nore than
20 n2/ g. wo a0wmse2spref erred enbodi ment, the pol yurea gPEIAS2@9001984

manuf actured according to the nmethod described in U S Patent Application
No. 60/791,805 filed January 24, 2006 w4 ch is incorporated by reference.
-21 - Additives: [0054] Applicant discovered that this uni que base stock
conbi nati on can inpart even further favorable properties when conbi ned with

] ARS8 o B b U BEMTRGE D,
1o 2 ARSI, B oSS e SRR AR,

rust protgeéndls, fégCti Qmi(téﬂblﬁltyl)m-nﬁélh\? BERET at [, 6- dNteRButy 1§ 5p-cRR8I,
extrene pressure properties. Persons skilled in the art will” fecogni ze
vari ous alPBRCleand haomatio dmineispseyy Neplaanyl ealphd-aaphithblaeineoddrese eme

i ncludi ng favorabl e properties for grease applications. [0056]In various
embodi mentged iR thFhme,peir¢iHateRs aed hydaaulicy ails i thak atge interdrshion extendedi onal

comos: t1 Bviaices il ket pes BopRoEE < BEJHGREF O a il BT lp Filresc

frequent| ?reféﬁg& t han about 0.001% up to about 10-20% or nore. In one
enbodi nent, at |east one oil additive is added fromthe group consisting of
antioxi dants, stabilizers, antiwear additives, detergents, antifoam

additives, viscosity index_ inprovers, copper passivators, netal
deact i vat §1061] r usdtxamplesi afophenaldrased i antioxiddngs daelude Potrbupdphenol, 2-t-

o 1 or oPStH A eiPhREy T o b bedRIpRgheh | rhvidig Bufipenel andare not

B
methoxyphenol, 2,5-di-t-butylhydroquinone (manufactured by the Kawaguchi
Kagaku Co. under trade designation "Antage DBH"), 2,6-di-t-butylphenol and
2,6-di-t-butyl-4-alkylphenols such as 2,6-di-t-butyl-4-methylphenol and 2,6-di-t-
butyl-4-ethylphenol; 2,6-di-t-buty1-4-alkoxyphenolé such as 2,6-di-t-butyl-4-
methoxyphenol and 2,6-di-t-butyl-4-ethoxyphenol, 3,5-di-t-butyl-4-
hydroxybenzylmercaptoocty- 1 acetate, alkyl-3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionates such as n-octyl-3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate (manufactured by the Yoshitomi Seiyaku Co. under
the trade designation "Yonox SS"), n-dodecyl-3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate and 2'-ethylhexyl-3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate; 2,6-di-t-butyl-.alpha.-dimethylamino-p-cresol, 2,2'-
methylenebis(4-alkyl-- 6-t-butylphenol) compounds such as 2,2'-methylenebis(4-
methyl-6-t-butylphe- nol) (manufactured by the Kawaguchi Kagaku Co. under
the trade designation "Antage W-400") and 2,2'-methylenebis(4-ethyl-6-t-
butylphenol) (manufactured by the Kawaguchi Kagaku Co. under the trade
designation "Antage W-500"); bisphenols such as 4,4'-butylidenebis(3-methyl-6-
t-butyl- phenol) (manufactured by the Kawaguchi Kagaku Co. under the trade
designation  "Antage @ W-300"), 4,4'-methylenebis(2,6-di-t-butylphenol)



tert-butyl phenol, 2,6-di-tert-butyl-p-cresol and

2,6-di-tert- butyl 4-(2-octyl-3- propanoic) phenol; N, N-di(alkyl phenyl)

am nes; am0add1ays2at ed phenyl enedi am nes. - 22 - 10058pTharsasvioorosdant
conponent may be a hindered phenolic antioxidant such as butyl ated hydroxy
tol uene, suitably present in an amount_#f_0.01 to 5% preferably 0.4 to
0.8% by weight of the lubricant conposition. Alternatively, or in

addi tion, conponent b) may conprise an aronatic am ne antioxidant such as

nono- octyl hen | al napt hyl a or p, p=dioc henyl am.ne,  used singly
or in adnk ﬁ*ﬁaq’é’nﬁﬁggﬁ eg%'i“éﬂi’r‘ff’ lﬁ?ign .ﬂ{ﬁfr&gi:f 1B8@BRR in a
range of f. 0.01t wei ght 4 gf I r 03|t|o

preferably 081% to 1. 20%6&1%?59] Thea?hgngﬁt%aipe&iaﬁtl?lﬁgm e‘fmgl hcl udes@‘ffzog?)?anpl e,
nonoal kyl diefsxyphanyl fibasmo(wiephadli pheny! am rLeartsisG 5-di-t-butyl-4-h-
nononony! di phenyl am ne; di al kyl di phenyl am nessuchas4, 4

di but yl di ydfmyflphanylléprop,ané di pentyl dﬂbbysdphemyllr@nebls(Z 6-di-t-butylphenol),

-di h | di ph | a
4.2 i heDRYAPBHIGRA ardigols, bisidh oc(LSuligHutyl-drhydaxsmhenylpropionate]

di nonyl di E’mgrrllﬁ/f'a% o5 b?fc{hg%llﬁxlﬁoe&a?{tv l(ﬁlerrﬁgglss%o. under the trade designation
"Irganox L109"), triethylene glycol bis[3-(3-t-butyl-4-hydrox- y-5-
methylphenyl)propionate] (manufactured by the Yoshitomi Seiyaku Co. under
the trade designation "Tominox 917"), 2,2'-thio[diethyl-3-(3,5-di-t- -butyl-4-
hydroxyphenyl)propionate] (manufactured by the Ciba Speciality Chemicals Co.
under the trade designation "Irganox L115"), 3,9-bis{1,1-dimethyl-2-[3-(3-t-
butyl-4-hydroxy-5-methylphenyl)-propionylo- xyJethyl}2.4, 8, 10-
tetraoxaspiro[5,5]Jundecane (manufactured by the Sumitomo Kagaku Co. under
the trade designation "Sumilizer GAS80"), 1,1,3-tris(2-methyl-4-hydroxy-5-t-
butylpheny- l)butane (manufactured by the Yoshitomi Seiyaku Co. under the
trade designation "Yoshinox 930"), 1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4--
hydroxybenzyl)benzene (manufactured by Ciba Speciality Chemicals under the
trade designation "Irganox 330"), bis[3,3'-bis(4'-hydroxy-3'-t-butylpheny-
Dbutyric acid] glycol ester, 2-(3',5'-di-t-butyl-4-hydroxyphenyl)-methyl-- 4-
(2",4"-di-t-butyl-3"-hydroxyphenyl)methyl-6-t-butylphenol =~ and  2,6-bis(2'-
hydroxy-3'-t-butyl-5'-methylbenzyl)-4-methylphenol; and  phenol/aldehyde
condensates such as the condensates of p-t-butylphenol and formaldehyde and

the condensates of p-t-butylphenol and acetaldehyde.

[0062]  Viscosity index improvers and/or the pour point depressant include
polymeric alkylmethacrylates and olefinic copolymers such as an ethylene-
propylene copolymer or a styrene-butadiene copolymer or polyalkene such as
PIB. Viscosity index improvers (VI improvers), high molecular weight polymers

that increase the relative viscosity of an oil at high temperatures more than they



tetrabut yl di phenyl am ne, tetrahexyl di phenyl am ne, tetraoctyl di phenyl am ne
and tetranonyl di phenyl am ne; and napht hyl am nes such as

. al pha. - nphéwyilssszsne, phenyl - . al pha. - napht hyl PCT/US2009/001984

am ne, butyl phenyl - . al pha. - napht hyl am ne,

pentyl phenyl - . al pha. - napht hyl am ne, hexyjqphenyl - . al pha. - napht hyl am ne,

hept yl phenyl - . al pha. -napht hyl am ne, octyl phenyl -. al pha. - napht hyl am ne
and nonyl phenyl - . al pha. - napht hyl am ne. O these, preferred are

di al kyl di ahe&y am nes. The s ur-containin %t.i oxi dant and tge a|l”n' ne-type
ant i oxi daf® #r PWJEEPErauIes. HagMOS CPAMPN aYb JMPTEYCES, 8hf dneipagrylaje, py

wei ght, p |y 4f t 0 | ght | ati I I ght
of the corgyBEr st STLEES S PaliFacty ol Phiyhfert At o ers®
cont ai ni ngndstyk@eButadeRitpolimand some al kyl phenol s are al so enpl oyed.
Two general types of oxidation inhibitors are those that react with the

Initiators, peroxy radicals, and - 23 - hydroperoxides to forminactive

conpounds, and those that deconpose fhese materials to formless active
conpounds (9063 knpI Qeherr eeXampiss edofalth%yl WseRPityphdndexs, impsover include

o omt 1o By mehagy RGN AsRoufonk. noplefreaBtiby ol S, avlfeaterin™™
ervi oo RAVIRH S0, PAE MHCAULEARNE CoBOued, ROLAIE R e PTG
m xtures pomfepsates,. naphthalene condensates, a styrenebutadiene copolymer and the
like. Of these, polymethacrylate having a number average molecular weight of
10,000 to 300,000, and alpha-olefin polymers or alpha-olefin copolymers having
a number average molecular weight of 1,000 to 30,000, particularly ethylene-
alpha-olefin copolymers having a number average molecular weight of 1,000 to

10,000 are preferred.

[0064] The viscosity index increasing agents which can be used include, for
example, polymethacrylates and ethylene/propylene copolymers, other non-
dispersion type viscosity index increasing agents such as olefin copolymers like
styrene/diene copolymers, and dispersible type viscosity index increasing agents
where a nitrogen containing monomer has been copolymerized in such materials.
These materials can be added and used individually or in the form of mixtures,
conveniently in an amount within the range of from 0.05 to 20 parts by weight

per 100 parts by weight of base oil.

[0065]  Pour point depressors (PPD): include polymethacrylates. Commonly
used additives such as alkylaromatic polymers and polymethacrylates are useful

for this purpose; typically the treat rates range from 0.001% to 1.0%.

[0066]  Anti-rust additives include (short-chain) alkenyl succinic acids, partial

esters thereof and nitrogen-containing derivatives thereof. Anti-rust agents



[ 0061] Exanpl es of phenol -based anti oxi dants include 2-t-butyl phenol, 2-t-
butyl- 4- et hyl phenol , 2-t-butyl -5-nethyl phenol, 2,4-di-t-butyl phenol, 2,4-
di met hy 1-woteoduisys2phenol , 2-t - butyl - 4- met hoxyphenol , 3- PChatsgdooAo1984

met hoxyphenol , 2, 5-di-t-butyl hydroqui none (rmanufactured by the Kawaguch
Kagaku Co. under trade designation "Antgge DBH'), 2,6-di-t-butyl phenol and
2,6-di-t-butyl -4-al kyl phenols such as 2, 6-di-t-butyl -4-net hyl phenol and
2,6-di -tbutyl-4-ethyl phenol; 2,6- di-t butyI 4- al koxyphenol s such as

:2)) g g: E ﬁ'ﬁ’.ﬁ% jfor rg[apr? )ixppneor}l%lcar oxy ic ac1ds whlgﬁyhave Frtopﬁ) )§ypoh%6 cdrbon

hydr oxybe _A- )
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hydr oxyphaihydh haoei ot QZ(f(ﬁBOf aarbohestols hhé d@mrtiv@m theRiof alshircesineynder

t het r adedesi gnati on" YonoxSS"), n- dodecy1- 3- (53 5-di-t-butyl-4- )
hydr oxyphwﬂﬂwgi‘) havupfrona 8ozl c@rboata’iyllnh and1dgivatives dhereofaminodacids and
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2,2'-nmeth E e- nol) (manuf actured by the
Kamguchix-{gagzﬁ%% ag@gerﬁtlﬁaé{f&gé%ldggm gnation "Antage W400") and

2, 2" -nmet hyl enebi s(4-ethyl-6-tbutyl phenol) (manufactured by the Kawaguchi
Kagaku Co. under the trade designation "Antage W500"); bisphenols such as
4, 4" - but y[(lOdéhebiRz(rﬁelmlnrlbrypreﬁerrd:d lantiytust pariolaye @nmilcufedcbcload Er;amllnles
Kawaguchl aku under the trade designation "Antage W 300")

4, 4" - met h9f éﬂ@m@(bowltﬁ Aclé%t(QSpGé%Ny‘apryhmamd( relaigericuadd, ﬂyca_rem@rte
Perfor mance ,Che uncli(gr t he trade desi.

Ionoxzzo%ﬁ—‘idj u&glﬁcq%lg(az lgurc. g |IBX13 &?) gi 2p:elarint1§ acid, stearic acid,

arachic acid, behenic acid, cerotic acid, montanic acid, melissic acid, oleic acid,

docosanic acid, erucic acid, eicosenic acid, beef tallow fatty acid, soy bean fatty
acid, coconut oil fatty acid, linolic acid, linoleic acid, tall oil fatty acid, 12-
hydroxystearic  acid, laurylsarcosinic acid, myritsylsarcosinic acid,
palmitylsarcosinic acid, stearylsarcosinic acid, oleylsarcosinic acid, alkylated

(C8-C20) phenoxyacetic acids, lanolin fatty acids.

[0068] Examples of Polybasic Carboxylic Acids: The alkenyl (C10-C100)
succinic acids indicated in CAS No. 27859-58-1 and ester derivatives thereof,
dimer acid, N-acyl-N-alkyloxyalkyl aspartic acid esters (U.S. Pat. No.
5,275,749).

[0069] Examples of the alkylamines which function as antirust addives or as
reaction products with the above carboxylates to give amides and the like are
represented by primary amines such as laurylamine, coconut-amine, n-
tridecylamine,  myristylamine, n-pentadecylamine, palmitylamine, n-
heptadecylamine, stearylamine, n-nonadecylamine, n-eicosylamine, n-
heneicosylamine, n-docosylamine, n-tricosylamine, n-pentacosylamine,

oleylamine, beef tallow-amine, hydrogenated beef tallow-amine and soy bean-



hydr oxyphenyl ) pr opane( Bi sphenol A), 2, 2-bi s(3,5-di-t-butyl-4-h-

ydr oxyphenyl ) pr opane, 4, 4'-cycl ohexyli denebi s(2,6-di-t-butyl phenol),
hexanet hywerreodgl4y26l bis [3, (3 ,5-di-t-butyl -4-hydroxypharuskjopnoesonat e]
(manuf actured by the G ba Speciality Chemi cals Co. under the trade

desi gnation "lrganox L109"), triethyleng glycol bis[3-(3-t-butyl-4-hydrox-
y-5- net hyl phenyl ) propi onate] (manufactured by the Yoshitom Seiyaku Co.
under the trade designation "Tom nox 917"), 2,2'-thio[diethyl-3-(3,5-di-t-

Chor cal saEbhe (BUD ReOF i eta Aty ek A o dury ryine, di-docondt- ¥
3,9-bis{1, 1-di net hy.l- - (3 yl -4 . - thyl phe i | o-
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1,1, 3-tris(2-nethyl-4-hydroxy-5-tbutyl pheny- 1)butane (manufact'ured by the
Yoshi t om dBaieiedsyld{taineynderditivheheizdsyldringnat i disn“déwolylamin®30") di-n-

1,3,5-trinethyl-2,4,6-tris(3,5-di-t-butyl-4-- hydr QxybenZépbenz,ene' .
( manuf act sy lamioey digypentaresxl-amiagi cieleylampise, dideef daHoweamyitat dion

"lIrganox 330"), big[3,31-bi s(41l-hydroxy-34-butylphenyDbutyric acid] glycol
estor . udrogenghed et i v syaF SR sy Bebtiamies 4
(2",4"-di-t-butyl-3"-hydroxyphenyl)nmethyl-6-t-butyl phenol and 2, 6-bi s(21-
hydr oxy-3' -t-butyl-5'-net hyl benzyl) - 4- net hyl phenol ; and phenol / al dehyde
condensat g78}ch Egarhplescooflerthat eafopémpntioned y N dikglbobyatkyeaedidminegde and
the condensates of p-t-butylphenol and acetal dehyde. 100621Vi scosity index
i npr over sinphedesethylenedtamingsi nt sudpr esatnt lancyledhylensdiamine ¢ coconut
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than t heyheptadécyleth9letedidideeper at ur esstearipRethipiehediafitae, vVl i nprovers are
met hacryl at'e pol'yners and copol yners, acrylate polyners, olefin polyners

aﬂd copol ;xqmad;:_,cykahlﬂyl_andierrén@yt afli gne d}}ptﬂoy)r']rbtlgf.lelieﬁﬁﬁmjlﬁf,hgr Exarr}:)lnes of
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having a pealoRVahdincdRingime! By diRkethled Hecl alRAP-ctigy13R1iARANE and soy

al pha-ol efin polyners or al pha-ol efin copolyners having a nunber average

mol ecul ar bewi-gthylafediaribie; t propylenediapands csuchr |35 elabyylprem/l emediamaie, n

copol yners having a nunber average nol ecul ar wei ght, of 1,00Q to, 10,000 are
e

pr ef er r edcoemWE4] The vi sdBepPYleng Nencreasi ng BdEAeyIRFoRIAcRediaming, se ¢

I ncl ude, In%/rristylpropylenediamine, n-pentadecylpropylenediamine,
palmitylpropylenediamine, n-heptadecylpropylenediamine,
stearylpropylenediamine, n-nonadecylpropylenediamine, n-
eicosylpropylenediamine, n-heneicosylpropylenediamine, n-
docosylpropylendiamine, n-tricosylpropylenediamine, n-

pentacosylpropylenediamine, diethylene triamine (DETA) or triethylene
tetramine (TETA), oleylpropylenediamine, beef tallow-propylenediamine,
hydrogenated beef tallow-propylenediamine and soy bean-propylenediamine;
butylenediamines such as laurylbutylenediamine, coconut butylenediamine, n-
tridecylbutylenediamine- , myristylbutylenediamine, n-

pentadecylbutylenediamine, stearylbutylenediamine, n-eicosylbutylenediamine,



exanpl e, pol ynethacryl ates and et hyl ene/ propyl ene copol yners, ot her

non-di spersi on type viscosity index increasing agents such as olefin
copol ymerwol2néoe14s¢29r ene/ di ene copol yners, and di sper si blpeTtusp@wi®8osi ty
i ndex increasing agents where a nitrogen containing nononer has been
copol yneri zed in such materials. These j@terials can be added and used
individually or in the formof m xtures, conveniently in an anmount within
the range of fromO0.05 to 20 parts by wei ght per 100 parts by wei ght of

base oil. [,0065] Poyr point, depressars (PPD): inclyde pol ynethacryl ates.
Conmonl y Otdeiagy %'@ngﬁi@n as afk{far orratm-é%eﬁiigrw@erﬁamme, n-

pol ynet hagk [ I i i | C .rates
Fange. 1o Sy BRE4HERRE A FfentdtobuBhRRR Elipht "R REACA BN,

aci ds whi BBei*‘t%l’l@wf-BﬁWl&efd?arﬁ%eQﬂ Bfﬁ'geﬁhféﬂ%eeilté‘%wﬁutﬁiehwﬁékniﬁé%ﬁd%@&es or
partial esters theredf, hydroxy-fatty acids which have from 12 to 30" carbon
at oms andbear busitlenediamine;earid psarytasidi@mningsi suichhasy laury lpensdylencdidmire, bon
atonms and derivatives thereof, anm no acids and derivatives thereof,

napht heni €06 and derandlenediaminer eof , | BYBIStyPentylgnediamain-ner capt®-fatty

e i nai caREHerBaisiiine credminsellisBiaintng, RS T Rblh Rl <
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cerotic asoybeampémiylehediindinelrel i ssic acid, oleic acid, docosanic acid,
erucic acid, eicosenic acid, beef tallow fatty acid, soy bean fatty acid,
coconut oil fatty acid, linolic acid, linoleic acid, tall oil fatty acid,
12- hydroxystearic acid, laurylsarcosinic acid, nyritsylsarcosinic acid,
pal m tyl sarcosinic acid, stearylsarcosinic acid, oleylsarcosinic acid,

of  por yballTTkar pueis SRUAGERAG, SEPDunbe"P Cridtioy HhiBRorsOdaabaEarP! e
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[ 0069] Exaoqiresionfagemts, adthey ithari selsacihiactdsf whith onapeansed astthaduese or as
invention, are adipic acid, azelaic acid, dodecanedioic acid, 3-methyladipic acid,
3-nitrophthalic acid, 1,10-decanedicarboxylic acid, and fumaric acid. The anti-
corrosion combination is a straight or branch-chained, saturated or unsaturated
monocarboxyiic acid or ester thereof. Preferably the acid is a C sub 4 to C sub
22 straight chain unsaturated monocarboxylic acid. The preferred concentration
of this additive is from 0.001% to 0.35% by weight of the total lubricant
composition. HoweVer, other suitable materials are oleic acid itself; valeric acid
and erucic acid. A component of the anti-corrosion combination is a triazole as
previously defined. The triazole should be used at a concentration from 0.005%
to 0.25% by weight of the total composition. The preferred triazole is
tolylotriazole which may be included in the compositions of the invention
include triazoles, thiazoles and certain diamine compounds which are useful as
metal deactivators or metal passivators. Examples include triazole, benzotriazole
and substituted benzotriazoles such as alkyl substituted derivatives. The alkyl

substituent generally contains up to 1.5 carbon atoms, preferably up to 8 carbon

atoms. The triazoles may contain other substituents on the aromatic ring such as



reaction products with the above carboxylates to give am des and the |ike
are represented by primary am nes such as |auryl am ne, coconut-am ne,

ntri decylwoi2n@®/14588251 st yl am ne, n-pentadecyl am ne, pal m Pgraszee/001984

nhept adecyl am ne, stearyl am ne, n-nonadecyl anm ne, n-ei cosyl am ne,

nhenei cosyl am ne, n-docosyl am ne, n-triggpsylam ne, n-pentacosyl am ne,

ol eyl am ne, beef tall ow am ne, hydrogenated beef tall ow am ne and soy bean-
- 27 - amine. Exanples of the secondary am nes i ncI ude di l auryl am ne,

di - coconu ne, dj-n-tridecyl am ne, rist nt a | am ne,
d| pal m tyhﬁ RBS, BT, 3B am,nsc ¥31pp I9 SHéta i(ﬂ RWGHB @ffami ne,

-n-el Coﬁgllllfcﬂ}lgfoledénd‘ g nfo agl?ﬁ%%&ggmngtgyﬁd&n'}f)g%%%fé's q{g){&%ebnzofnazoles

-ntricosylamne -pen oS am ne

t al | ow arrb@@lbéiizoh%{éﬁo@&eaﬁa §ftroB&izotAhZ IS ABEMALARLLIE I ankiOibIPREARZAE die .
10070] Exanpl'es of the aforementioned N-al kyl pol yal kyenedi am nes

i ncl ude: ephrticaterly prefeasduciastraight! @t bydnehedi dimesatratedutr unsaturated
et hyl enedi am ne, n-tridecyl et hyl enedi ani ne- nyristyl et hyl enedj am ne, n-

pent adecymanegrehoxylisracid ‘ﬂaphq is yapsiomp| Ly sedpliirsed, . an amount which may

hohadecy! EEY bAaa% S, B8P BT by PERGATHT ol and o ot or ally
henei cosy gl PuiwRat RS N6 £h&1%ﬁ§i>ﬁ' AkYPYbengitd™ Bsbon atoms; n is zero or an

integer between 1 and 3 inclusive; and is hydrogen, morpholino, alkyl, amido,
amino, hydroxy or alkyl or aryl substituted derivatives thereof; or a triazole
selected from 1,2,4 triazole, 1,2,3 triazole, 5-anilo-1,2,3,4-thiatriazole, 3-amino-
1,2,4 triazole, 1-H-benzotriazole-1-yl-methylisocyanide, = methylene-bis-

benzotriazole and naphthotriazole.

[0072]  Alkyl is straight or branched chain and is for example methyl, ethyl,
n-propyl, iso-propyl, n-butyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, 2-
ethylhexyl, n-nonyl, n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-octadecyl

or n-eicosyl.

[0073]  Alkenyl is straight or branched chain and is for example prop-2-enyl,
but-2-enyl, 2-methyl-prop-2-enyl, pent-2-enyl, hexa-2,4-dienyl, dec-10-enyl or
eicos-2-enyl. Cylcoalkyl is for example cyclopentyl, cyclohexyl, cyclooctyl,
cyclodecyl, adamantyl or cyclododecyl. Aralkyl is for example benzyl, 2-
phenylethyl, benzhydry! or naphthylmethyl.

[0074]  Aryl is for example phenyl or naphthyl. The heterocyclic group is for
example a morpholine, pyrrolidine, piperidine or a perhydroazepine ring.
Alkylene moieties include for example methylene, ethylene, 1:2- or 1:3-
propylene, 1:4-butylene, 1:6-hexylene, 1:8-octylene, 1:10-decylene and 1:12-

dodecylene.



tricosyl et hyl enedi am ne, n-pentacosyl et hyl enedi am ne, ol eyl et hyl enedi am ne,
beef tall ow ethyl enedi am ne, hydrogenated beef tallow ethyl enedi am ne and
soy bean-wOhytserasstsam ne; propyl enedi am nes such as | aurgirprse@yloeryedi am ne,
coconut propyl enedi am ne, n-tri decyl propyl enedi am ne,

myristyl propyl enedi am ne, n- pent adecyl prgpyl enedi am ne,

pal m tyl propyl enedi am ne, n- hept adecyl propyl enedi am ne,

st earyl propyl enedi am ne, n- nonadecyl pr opyl enedi am ne, n-

ei cosyl propyl enedi am ne, n- henei cosyl propyl enedi am ne, n-

docosyl propyl endi am ne, n-tricosyl propyl enedi am ne,

n- pent aco opy T liene
Fetram no ek a) AGEG %F%%@fﬂéﬁ%@#ﬁﬂ&%ﬂe@%ﬂwﬁﬁpﬁ%pﬁh@ﬁ%ﬂ% e,
hydr ogena(&d4}1eﬁinét jélla%@ﬁfémyl redialel Ne(org)-cdivthyanmvmey Dnetlizend, ne;
butyl enedi am hes suc | auryl utyI enedi ani ne, coconut but yl enedi am ne,
ntridecyl ﬂ)t('oyl@P(eiiﬂmpmpylammnome}lhjdocttyiaeobd| b:(mnné) (di-n-butylaminomethyl)
npent adecyl but yl enedi anmi n st earyl butyl enedi am ne,

el cosyl é’&ﬁzy)ll%nedh(ﬁ{ ne. D-(Ba- ﬁexylammome&y riazole, I-(or  4)-(di

e cosyl pboRUILRRTRHES D PReRic d e e R BN Rinome bl Friseels: ani ne.
beef tall <P lt@gy(ld%ee'é rﬁﬁmﬁngg&iﬁbféi hest 45qhi-ﬁmia&ylaﬁﬂ%h%mm and

soy bean b nedi am ; 'yl enedi’am nes”such

| auryl pentrycizemgdl avfone, 4);cmcrmt:ta|deoyly1hﬁneme&ml)1e triagolest ylfent yd)e(aeai-ani n-
e, pal mtyl pentyl enedi ani ne, stear pen I ened| anm ne
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enyl)aminomethyl] triazole, 1-(or 4)-(di-cyclohexylaminomethyl) triazole, 1-(or
4)-(di-benzylaminomethyl) triazole, 1-(or 4)-(di-phenylaminomethyl) triazole, 1-
(or 4)-(4'-morpholinomethyl) triazole, 1-(or 4)-(1'-pyrrolidinomethyl) triazole, 1-
(or 4)-(1'-piperidinomethyl) triazole, 1-(or 4)-(1'-perhydoroazepinomethyl)
triazole, 1-(or 4)-(2',2"-dihydroxyethyl)aminomethyl] triazole, 1-(or 4)-
(dibutoxypropyl-aminomethyl) triazole, 1-(or 4)—(dibutylthioproﬁyl- :
aminomethyl) triazole, 1-(or 4)-(di-butylaminopropyl-aminomethyl) triazole, 1-
(or-4)-(1-methanomine)-N,N-bis(2-ethylhexyl)-methyl benzotriazole, N,N-bis-
(1- or 4-triazolylmethyl) laurylamine, N,N-bis-(1- or 4-triazolylmethyl)
oleylamine, N,N-bis-(1- or 4-triazolylmethyl) ethanolamine and N,N,N',N'-
tetra(1- or 4-triazolylmethyl) ethylene diamine.

[0076] The metal deactivating agents which can be used in the lubricating oil
a composition of the present invention include benzotriazole and the 4-
alkylbenzotriazoles such as 4-methylbenzotriazole and 4-ethylbenzotriazole; 5-
alkylbenzotriazoles such as 5-methylbenzotriazole, S5-ethylbenzotriazole; 1-
alkylbenzotriazoles such as 1-dioctylauainomethyl-2,3-benzotriazole;

benzotriazole derivatives such as the 1-alkyltolutriazoles, for example, 1-



al kyltri azol es and benzotri azol es. Exanpl es of dibasic acids useful as
anticorrosion agents, other than sebacic acids, which may be used in the
present iwoentyass2sare adi pic acid, azelaic acid, dodecaagdiSeio/ a8,
3-net hyl adi pic acid, 3-nitrophthalic acid, 1,10-decanedi carboxylic acid,
and fumaric acid. The anticorrosion comynation is a straight or
branch-chai ned, saturated or unsaturated nonocarboxylic acid or ester
thereof. Preferably the acid is a C sub 4 to C sub 22 strai ght chain

unsat ur at ed nocar bo iC,ac e pr ferre ncentr t| n_af
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conposi ti . Hg%l]&v r I i ) are ol ei c acid itself;

val eri c aglgrdvan ecﬁuc&ngélgtgé 'dkﬁﬁ)l? rﬁlonenslﬂl(l)%k?%e anti - corrosi on conbination
is atriazole as previously def i ned The triazol e should be used at a

concentration fromO0.005%to 0.25% by wei ght of the total osition. The
preferr ed[QMthoIAnhsvearl ggants i/ agplremehprelsurayagent i/nEtictien R udee aryl
conp03|t|ons of th nve ion include triazoles, thiazoles and certain
di ani ne cBhpwkAtRS &&iﬁée&saéﬂwe areshrireseearbamatesr oA phosphate ester
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The triazoles nmay contain ot substituents on the aromatic ring such as
- 29 - hahpdmrarbydi groap iadependemelycegmitainsefrom BbeupBet® athowudd,abt drom
conpounds are benzotriazole and the tolyltriazol es, ethyl benzotriazoles,

hexyl benz8boutaZonp §0 ab@t@ty%@rzfé@m about 44 umt@ ahqutaﬂeﬁz&qm abevtekd up to
B t | t X d. A st t
br anched Ehaftn S satiemaion: Thoat mabaindil tis BedirBriaraua At g ©

opti onal | p ) or an
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short chahexalesyl, heptadecylp odtauetbgroapsand rﬁlmlt@rezelliﬁeof an integer bet ween

1 and 3 inclusive; and is hydrogen, norpholino, alkyl, am do, am no,
hydr oxy or al kyl or aryl substltut ed derlvatlves thereof or a triazole
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chain and rexanple ropyl, 1so-propyl

sec- butyl h@sﬂ@ﬁﬁs’bcldrbr%hyhrldemgéﬁéi’ally RmG@bygani@ phes derhﬁmdgentl smohyl
n- decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-octadec or n-eicosyl.

100731A ke:nylphosphmrual gpentoxids; arwmsphohm n trexides fpdmsBlmutpl etq@mpdez enyl ,

but - 2- enyI 2- et hyl -2- enyI t - 2-enyl , dec-10- enyI
or ei cos- Pbesh orona,pggap esphoric 4¢id, paishal ‘fﬁ‘pgﬂ WP 9 %H%)?? CrS,

cycl ooctyl s Al 0 nple
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exanpl e pBB@éﬁho?lﬁs Adadsters eﬁéﬁn@&;&ﬁﬁﬁyﬁémq &0 Qy&mvscﬁn%neatam@hﬁ e%ch

nor phol i ne, pyrrolidine, plperldlne or a perhydroazepine ring. Al kylene

noi eti es estet lgieup OAleslnoipl esetbubypmpere ¢héyplersphotus2 acisk esteds qir oalfs.ene,

1: 4- but yl ene, 6- hexyl ene, 1:8-9cty 1 ylene and, 1:12-

dodecyl gngxamples of C(;(r%mermally available a?coehols anccl) aFco%ol mr}xtures mcluc%e Alfol
1218 (a mixture of synthetic, primary, straight-chain alcohols containing 12 to
18 carbon atoms); Alfol 20+ alcohols (mixtures of C 18 -C 28 primary alcohols
having mostly C20 alcohols as determined by GLC (gas-liquid-
chromatography)); and Alfol22+ alcohols (C 18 -C 28 primary alcohols
containing primarily C 22 alcohols). Alfol alcohols are available from
Continental Oil Company. Another example of a commercially available alcohol

mixture is Adol 60 (about 75% by weight of a straight chain C 22 primary



- 30 - [0075] Aryl ene noieties include for exanple phenyl ene and

napht hyl ene. 1- (or 4)-(dinmethylam nonethyl) triazole, 1-(or

4) - (di et hwbandviasse2shyl ) triazole, 1-(or 4)-(di-isopropylPariuseeneioniwk)
triazole, 1-(or 4)-(di-n-butylam nonmethyl) triazole, 1-(or

4) - (di -n-hexyl am nonmet hyl ) triazole, 1-{pr 4)-(diisooctylani nomethyl)
triazole, 1-(or 4)-(di-(2-ethyl hexyDam nonethyl) triazole, 1-(or

4) - (di -n-decyl am nonet hyl) triazole, 1-(or 4)-(di-n-dodecyl am nomethyl)

%; i ?é;"_ b abbubisthobs A by Woam and 4664 % or'C ¥ and C 24
2Ll -t DBfttnpis) TS W ARTRLIY ark hEHBEH By ASpdHd Chemgical i o 5

enyl)am nonet hyl] triazole, 1-(or 4)-(di-cyclohexylam nonethyl) triazole,
1-(or 4)-(di-benzylam nonethyl) triazole, 1-(or 4)-(di-phenylam nonethyl)
triazol e, [(079] or A)virdetynmof phidturesmef hyonohydraz datty dledlools derived from

4)- (1" -pyrrolidinomethyl) triazole, 1- (or 4)-(11-piperidi nonet hyI8
triazol e, natugally gycyrnngokiglyeenides sl rngang jn chaim Eezxgﬂé,frcnn@rfi to C 18
4)-(2',2"-di hyd th m.no I iazol e,1-(or. 4)- . .

(di but Oxyﬁﬁ,eoi)‘élf_’aﬁﬁﬁ'gﬂipﬁ?ﬁt T ?ﬁ? Ibgébdlgfdoip?%r}y. Thesg: mlx@nes contain various

4) - (di but i LhRIB -riazebe,141-{@r

4) - (di -bu%‘ﬁ"g*rh&ﬁé’gf%ﬁ%?{'?‘am ng%%ﬁt‘?’hgr ?g’zollll’e,‘of} or 18 carbon atoms. For
(or-4) - ( lexmhpr)COI4NsN Iatey dlcdhby ikt )comedinidg 0694 @fr Caldbhkohol,
N, N-bi s(1- or 4-triazolylnmethyl) |laurylamne, N N-bis-(1- or

4111 8201 6686 01O 1 5hlphahi Mo0%apRCoralcaholand.6% af 61 16 misohgl.)

et hanolamne and NN N ,N - tetra(l- or 4-triazolylnethyl) ethylene
di am ne. [0076] The netal deactivating agents which can be used in the

| ubricati il a SiLid nt _J i i u

benzotria ofsg] anﬁ ﬁ@gg g%‘%"ﬁﬁyl(géenézogﬁplgg@% esa%él}léafw%sHﬁz(hnfll;l%%yﬁ%le%dzeottpfazoI e
and 4- et hyNeed10prbdddds @vaidabla!fioth [SheHCdrakal €. Fee kxample, Neodol 23 is

5- et hyl benzotri azol e, 5-ethyl benzotriazole; 1- al kyl benzotriazol es such as

1- di oct y| aumixtaneeefh( 112 aBd@niZoalcohelst Neadeh26t isi apuktirdenti €al2 @€ d4bch as
the 1-alky]tolutriazol es,, far, exanple, 1- - 31 - )

di octyl a%ﬂ%ﬁ%&swﬁﬁzﬁsoael 4 {523 gnExtees of d]zfgéi’ dantbdinsarialeohyle The
derivativ hoconcentr ry 0 X%t . = agents
e remPodbeR ASTANTAGh A 3l (8o T8 PP Hame P G REdrobRy1 20

phosphi t egoupndrHEEhPdroRh UBS ofahbgsiispRate/arkNeGRhall e Rehved RonsSal t may
be a nnno%c}%gcar by 1r di ﬂ%%@arﬁbyl or a t?i hydr ocar byl %hosphate, wherein

each hydr odzming bf gatgualcobolsdtavimg fidm hboutnkd epivodboeint § cadbon dtgohsodhe byl
group i ndependently contains fromabout 8 to about 30, or.from abqout 12 up
to about bydrogarbyl phospbate mayudlsoobapdarivesh frasn 3 {3ty apsinal 1diol Faly apout

ar oups. £ abolsy Mefife. BEREAVERRblr, bofn AR DY nf S ePhfal ot
pent adecyjesippattfteAdbl 118RNALAYN] 15 ClRAfSMer 3§ QAT ed FrbriTia%dtkdight ERMih €Of
alpha olefin fraction of C 11 -C 14, and the latter is derived from a C 15 -C 18

fraction.

[0081] The phosphate salts may be prepared by reacting an acidic phosphate
ester with an amine compound or a metallic base to form an amine or a metal
salt. The amines may be monoamines or polyamines. Useful amines include

those amines disclosed in U.S. Pat. No. 4,234,435.



[ 0078] A phosphate ester or salt is a phosphorus acid ester prepared by
reacting one or nore phosphorus acid or anhydride with a saturated al cohol.
The phosphoro®/@ss2d or anhydride is generally an i nor galRCE/Ush@ophoBus
reagent, such as phosphorus pentoxi de, phosphorus trioxide, phosphorus
tetroxi de, phosphorous acid, phosphoricsqacid, phosphorus halide, |ower
phosphorus esters, or a phosphorus sul fide, including phosphorus

pentasul fide, and the |ike. Lower phosphorus acid esters generally contain

from1l to about 7 carbon atons in each ester, groyp., Al cohpls used t.0
prepare t H983hosphas udoneammIRss &eéleE?ﬁPys aﬂqr’églnE)?aﬁ&dégc%Bygoﬁ%‘Pc ivhich

avai |l abl e 0, a I ] r LN 0 1 L xt ure of
synt het i Cc&k}?ﬁﬁﬁt@m Eﬁ?gﬂb&&? %@ h%rﬁs}glag(%ﬁ(gfl éll g%n g‘:{(ﬁ %%&%Zﬁt’(()oq 1@)@a?t§§n
atoms) ; Ahhlt 80Eaing9ee! Sf pRinXdry" Afondhniind$ usEfid i théBréséitChivehiohavi ng
nmostly C20 al cohols as deteifm ned by G.C (gas-Iiqui dchronatography)); and
Alf 0122+ alohwdew hsethlaifine,Ceth§ laminen pyopylanting,sbutylearmine] cyclopengdamynes 22
al cohols). Alfol alcohols are available from Continental G| Conpany.

Mot her  exeYgipBexylaming ey mipeay adedgaydamings nolaltylamine | Sosgemingg

bout 75%0b i ght i ght.chain C 22 pri - 32 .- al.cohgl,
Sbout | 1605 ERAaIH, HH Ay i dERafnlésoal seBipdRy tmpnodfping NG
ar i oty of Ty B e e PR PR ATl AR P enl AT
occur ri ngdidycwhegelansige, methylbogilagine) ethydhexylamgid) eic.om C 8 to C 18 are

avai |l abl e from Procter & Ganbl e Conpany. These m xtures contain various
anounts of fatty al cohols containing 12, 14, 16, or 18 carbon atons. For

exanpl e, 1214 |s a fatt | cohol m re contalning,0, 5% of 10

o oohor . 9835, AR amingis gy BesehEi e Bl I - SspipTEe,

al cohol . her - CO i ail a ] Lnclude the
“Noodol + BRSSHlARAE)C - S6@UR i NPl eciaRRl, & BRelldtellafiint CCE 7
i's a m xtgededylamine, 16y dmine, @t¢: ARbSised aRires inchidet sorBmetciglly2 to C

15 al cohols;. and Neoélol_ 45 is a m xture of Cl4to C15 | i near al cohol s.
The phospaatilablo fatty amihesosncibaut Atmeen’ amones (Boducts @vatablesirom Akzn

hyd b . h | f the phosph Il
dor ved' {Lhetcalhchitaze T St pnaadreh CorATag (L ormaBgL O AATRCES Tabou
18 carb aph ' fatt
Vot nal SRR T YRpeRh SR XroRBR ST ko BReP S BRI rolRREy & 1
under t heqgemay roﬁﬁ,aéﬁ%h%sdcﬂﬂ%iezﬂ tallOV, o dteand gh@ps. 158. The former is

derived froma“straight chain al pha olefin fraction of C 11 -C 14, and the
| atter is derived froma C 15 -C 18 fraction. [0081] The phosphate salts may
be prepared by reacting an acidi c phosphate ester with an am_ne cqQnpound or
a metalli Hmﬁéﬁe tQ@thesrusehl amines dnclydgepramagy ) etherrggnings.nsuchrgy Hose

S)gﬁ)agﬂn ersqﬁgésegl%%%fnigg%omuﬁ a]: ‘fi"(éﬁ')”ﬁﬁxlh”f,' \lzjvijn%retirq %elsadmapv%?enqiaﬁﬁ)lll%ﬁgd in
group having about 2 to about 6 carbon atoms; x is a number from one to about
150, or from about one to about five, or one; and R" is a hydrocarbyl group of
about 5 to about 150 carbon atoms. An example of an ether amine is available
under the name SURFAM.RTM. amines produced and marketed by Mars
Chemical Company, Atlanta, Ga. Preferred etheramines are exemplified by those
identified as SURFAM P14B (decyloxypropylamine), SURFAM P16A (linear C
16), SURFAM P17B (tridecyloxypropylamine). The carbon chain lengths (i.e., C
14, etc.) of the SURFAMS described above and used hereinafter are

approximate and include the oxygen ether linkage.



-33 - [0082] The nonoam nes generally contain a hydrocarbyl group which
contains from1l to about 30 carbon atons, or from1 to about 12, or froml
t o about WO 2B00aIIp826s of primary nonoam nes useful in thecprss@aoisyenti on
i ncl ude met hyl am ne, ethylam ne, propylam ne, butylam ne, cycl opentyl am ne,
cycl ohexyl am ne, octylanine, dodecyl ami{ye, allylam ne, cocoanm ne,
stearylam ne, and | auryl am ne. Exanpl es of secondary nonoam nes i ncl ude

di mret hyl am ne, diethyl am ne, dipropylam ne, dibutylam ne,

di cycl opentyl am ne, dicycl ohexyl am ne, . et hyl but yl am ne, Eﬁt%hyl hexyl am ne,
etc. [008HIUBAl aniAB REIBE f it 13/ tettiagraliphgti ™ ARMATY WAMHRAC; fgencraly, the
n-octyl am n-decyl ammne, ;n-do ylam ne, n-tetradgc 1. N

n- hexadec?ﬁ@?ﬂt}?egrol"ll cpgﬁ}ﬁgaghlydﬁpﬁ?ﬁ&rgygnf%rg?mgff@@&%dtﬁ@gf %?oqta%ot’ f Tani nes
| ncl ude C%H?é@@'é Yo Y&t 2P| fh@hlaboREBREAbBUE D2 Rarbdl FRAAS. 13¢UaN9Sthe
(products available from Akzo Chem cals, Chicago, Ill.), such Arneen C
Armeen O, toftiamealk§l prifiiargeaminesArearondanings the alkylapduprisechy&idcatiydr ei n
the letter designation relates to the fatty group, such as coco, oleyl,

tal | ow, ograitpeeonthingng §km qreoBvplRUic?7 aabon atarisnand Rn61isdehpdiosartylet her
am nes, such as those represented by.the formula,, Ry (OR ) x NH .2 rein
R 1e"h aihPcRninegE S of 57,50 17 st ORs Susheamb s scaaP NS G
is a nunmb f .ab fr t L v Qr one;
and R 155% EAMAIRReD” Mtk Slanihe! (LR BB Sy ERkate Therll
exanpl e obpctarRinRer téiideeylatniagdi terbdedesidamind)e teﬂﬂt%trﬁhﬂzi}b“ﬂéﬂ ®pg-nes
produced and mar ket ed by rs Chem cal Conpany, Atl anta, . Preferred

et her ani nhexagteeylaxwing) i ftcadottpdedydaminalentért-teftacosagyRmine,P 1wl tert-

(decyl oxypropyl am ne), RFAM P16A (linear, C.16),. SURFAM P17 .
(tri decyl BPESSRYIARse MINHEESCaF BeRiann Aiphen m@e(;imé.y,a@ie used I of

e, SRR R A A, B b FSGRRR LIF o
tertiary- epdipRatisd RO WHRY istdinikturesteC all YC 1YhRrtiary alkyl primary amines
and "Primene JMT" which is a similar mixture of C 18 -C 22 tertiary alkyl
primary amines (both are available from Rohm and Haas Company). The tertiary
aliphatic primary amines and methods for their preparation are known to those of
ordinary skill in the art. The tertiary aliphatic primary amine useful for the
purposes of this invention and methods for their preparation are described in
U.S. Pat. An amine is a heterocyclic polyamine. The heterocyclic polyamines
include aziridines, azetidines, azolidines, tetra- and dihydropyridines, pyrroles,
indoles, piperidines, imidazoles, di- and tetra-hydroimidazoles, piperazines,
isoindoles, purines, morpholines, thiomorpholines, N-aminoalkylmorpholines,
N-aminoalkylthiomorpholines, N-aminoalkyl-piperazines, N,N'-
diaminoalkylpiperazines, azepines, azocines, azonines, azecines and tetra-, di-
and perhydro derivatives of each of the above and mixtures of two or more of
these heterocyclic amines. Preferred heterocyclic amines are the saturated 5- and
6-membered heterocyclic amines containing only nitrogen, oxygen and/or sulfur
in the hetero ring, especially the piperidines, piperazines, thiomorpholines,
morpholines, pyrrolidines, and the like. Piperidine, aminoalkyl substituted

piperidines, piperazine, aminoalkyl substituted piperazines, morpholine,



ali phatic group, preferably an al kyl group, contains from about 4 to about
30, or fromabout 6 to about 24, or from about 8 to about 22 carbon atons.
Usual | y twe 2oevi4ssesy al kyl primary am nes are nonoam ne®Crlus2@bkyiosgr oup i s
a hydrocarbyl group containing fromone to about 27 carbon atons and R 6 is
a hydrocarbyl group containing from1 tf about 12 carbon atons. Such am nes
are illustrated by tert-butylam ne, tert-hexyl am ne,

1- net hyl - 1- am no- cycl ohexane, tertoctylam ne, tert-decyl anm ne,

tert-dodecyl.am ne, tert-teiradegyl am ne, terthexadecyl am ne, )
tert-octa a&ﬁylné}lgﬁt&m dDPERNolIgS, ding,qjand, @&%@thlamhsamtﬁé.

M xt , i . . : be . . h
phosphat ePRaP el il el pPEARD. TRy clheo iRl (g RRsE AL T,
81R" whi clybstit@elioff #hRrd¥enCatdh fdemifg ?)ﬁﬁtdﬁw Htdey rind. ISPREMi At dMslednd
"Primene JMI" which is asimlar mxture of C 18 -C 2Z teéertiary alkyl

pri mary aof nesichbohbteroeycdicai laatines f rimeludeh MNHachihapop@brpephgline] heN-
tertiary aliphatic primry am_nes and nmethods for their preparation are
known to eméreethylpiperaziaey asdi NiN'-diapinoethylpiperazingr tydroxy| hgggeacyelipr i nary
am ne usefuf for the purposes, of thi sf{llnvent#on agd met hocﬂs for t ed'zr

or epar at | BRIYAPERGRscr iBed i ndfPs, PACfUan anFRRmpLes, hedBdg ol i N2

pol yam ne Qﬁl‘%r‘?f i am nes include aghli i1 Sl ,

azol i di neg},’&t&gy ra- é’ﬁceibbgﬁleﬁg{?@g%é’r. di nes, pyrrol zhy?ﬂiﬁ? Zg{o@%ﬁfa/é%hgﬁe&

i m dazol eparaﬁzdr(ﬁdydnilﬁiel; al-hydroiyeiltdpipleeszing)iapdrthgilikes, i soi ndol es,

puri nes, norpholines, thionorpholines, N am noal kyl norphol i nes,

N- am noal kyl t hi onor phol i nes, N am noal kyl - pi per azi nes,

di am noal kyl pj per.azi nes, azepi nes, azqQcines, .azoni nes, azecjnes and tetra-,
i “and_pellishl b gafritingaoBPOSHORS Aq HEAHE) Se ATdv L LLODRE (Fioh or

more of tﬁ%ﬁﬁgﬁgﬁg{l%y i?‘z&%ﬂi&?ﬁ)ﬁ% Rt &lcrd Lhd atﬂ%s?s"t%%.cﬂdlﬁ%&‘iﬂ Fhic Th the

sat ur at ed nber e ycl'rc am nes contdining onl'y ‘ni'trogen,
oxygen anghidaz6lihé Was ifitty Babditients donbdningSAeai 8l tbyaboue 30, Rerfréthnout

pi perazi nes, thionorpholines, norpholines, pyrrolidines, and the |iKke.

Pi peri di n&2 taraboutiRlydarbom sitomest Ehe pupstitudinhsmy bé patuzatedeor ensaturatddy |
substituted piperazjnes, rpholine, -_35 - am nogl kyl substituted

mor phol | nﬁgetgﬁ%@sy dimied o %lﬁﬁpsm%amﬁer ISssﬁ‘Wﬁtteadi%%? 8Fhastribs fa

especi al | [ e a 1 I, s ti . are. S 1 L uted
on a ni_tr%%@%gé.ﬁ%%rss}/nl{lﬁﬁgblbeg)rakagfb%{nhrggﬁé b gcaé’g)e&&?lﬂ 881ed>$<§prr% eé of
such het epgIo¥ Myl éncpdlyitine) GubHeadVtifdHen aRCAREIMRBHNY! ThE. fatty carboxylic

Nam noet hyl pi pérazine, and N, N -di am noet hyl pi perazi ne. Hydf oxy

het er ocychéids pod gereralés nixtures ebstugightiand brarhed chaincfattyecaxb¢2ylic acids

hydr oxyet hyl ) cycl ohexyl am ne, 3- hydroxyc¥cl opentyl am ne, parahydraoxyanili ne,
N- hydr oxyeRmamng abayl §do abeyt SRecarbei atorossey figm pbawt hg te Aoyt 2t 8hs al so
may include a fatty |m.dazaolg [ &-reacti.o roduct . of a fatty.carboxylic
nerd and BBy el ¥ IS HERG A RourBintid BRONIiRNRBE 36 RoRiacBot i deidEor
substi tueéHrBoﬁflj'i'é adcﬁuﬁ%rférﬂ{r?cﬁide@ H@sﬂﬂg #8m 2 tb' BRI Warbdny10 g?&ﬁ&ét, 24
carbon atons. The substituent may be saturated or unsaturat ed,

hept adecepeyératibr Rv dtheopelyicaghoxybis, agidefinclade ysugainic aicéds ahd anhydadpect ,

the fatty imdazoline may be prepared by reacting a fatty carboxylic acid
with a podidhilkglseAddss| seantian, produptsaef nsarated ciposesrrhpyylc amds mith y
carboxylic acid re.general l.y, m xtures of .straight and branch chai n
fatty cartpanraied srt b, asite lsusBofi 6yl aisthacedic, PIHCAdBARMCy 11 om
about 12 : b o] {<C I

i ncl ude t%@t(%ﬁ?%nadrzgtgggﬂccngg?gs?%%fe%g#%ogﬁ?%ﬁ}é? 52&%192?#)/(1&? esfg@avi ng
from 2 t omehovdrbéxghc aokig] haviegpfrompalsder&itd wbaut IOepredtmbhr hbouytl 12 taci ds

i ncl ude succinic acids and anhydrides and Di el s-Al der reaction products of
unsat ur at dwuwigdosabowatoms, sichds agtanpigrelgiodstaasig, bapleisydadecaroigsanduch as

acrylic, thacrylic, .maleic, funmar] crotoni¢c and itaconic acids).

B e er abl 1 Shackds, biptEabbySaric s dhe by carboRhlis st Basege Rl itk at.
having fr ahqut utT30, bl baut 3 ab bon

at ons, su@ﬁgtagﬁ%éct‘%ﬁl ?I(I:],%%I g]% %c?ggﬁ?r(ﬁ:@s Il?aﬁgl (yéc,alr@)c})%eg’atn%?%ﬁ)n%ﬁcél | oil
acids, preferably stearic acid. The fatty carboxylic acid is reacted with
at | east one polyam ne. The pol yam nes may be aliphatic, cycloaliphatic,

36 - heterocyclic or aromatic. Exanples of the pol yam nes include al kyl ene
pol yam nes and heterocyclic pol yam nes.



[ 0087] Hydr oxyal kyl groups are to be understood as neani ng, for exanple,
nonoet hanol am ne, di et hanol am ne or triethanol am ne, and the term am ne

al so i nclwdesovdi4sszsne. The am ne used for the neutralizacrars2adeperyds on t he
phosphoric esters used. The EP additive according to the invention has the
foll owing advantges: It very high effec{4veness when used in |ow
concentrations and it is free of chlorine. For the neutralization of the
phosphoric esters, the latter are taken and the correspondi ng am ne slowy

added with stirring. The resulting heat of neutralization is renpved by
cool i ng. Ireteregycligdiori eomatisy dixgmplest o ithe, epelyamigeh, weludg plkyleaced

into the relg;&ective %ﬁs%rl i q:iicd vi/ithitehe aid of fatty substances (e.g. tall
oi | fattypg AInGT AR IEEreeY 't(?%y%gl IS ubi 1'i zers. The base | i qui ds used
are napthenic or paraffinic base oils, synthetic oils (e.g. polyglycols,

m xed pol ygl ycol s), polyolefins, carboxylic esters, etc. [0088] The

conposi ti o8gpnprisédoxgalkydagoups ar e behaidetstoodtasi meagingx tfoerrampissur e
addi tive. Exanples of such additives are am ne phosphate extrenme pressure
addi ti vesmanegthasolaminek disthanelaevng pe triethanolamine, swhtheserzyamgigalsani ne

h hat ..t abl t | t of f 0.0L t % f bl
0.2 Lo 0. Buiessdisine Thicaming vl b Bs< vk hpnaseinds el Bre
trai ght i : : ' id
i onis BAPort SREP Rbh 10 “PrUARIEHe HcolRARE TR IAPIRRAL MUhED =

wei ght; afsliewingnadd@helesolt wetgthigh efifdictlverdss vataat useibin lova coheemratiinky |
derivatives thereof, or short chain alkyl of up to 5 carbon atons and is

hydr ogen, ambitpkifteeraf, chdotipe. Fernthd meutralinasjorhgfithexghasphatik ghteos, the Jatter
substituted derivatives thereof; or a triazol e, sel e%ted ,fro%l, 2, Al
triazol e, are taken apd 4he cerrespongipg aming ,sipw o/ %@%ﬂdewlt stirring. ‘The resulting

1- H benzog ] =1y c.net.yl [ - et -PhS- | - -

benzotri a%é%tg&g}ﬁ%t#e%zﬁipﬁgtl?iJg%%feégﬁ@nggqjﬁ@neu‘% ;E;fagérhglgﬁi%ccgﬁcgg Shtgttgemhi ch
forms a cafRAEBhH cah HelifcbidittedtinfthERéspetiRicRB Uiquid it HRUATH offfaflyO0l1 to
4% preferably 1.5 to 2.5% by wei ght of the conposition. The above am ne

phosphat esutztahceny(eqd. talle odf fatmanid, cleid beidz ®tc.prast sdlybilizeaz.olThe basa be
m xed together to form a_single conponet capabl e of  delievering antiwear
per f or ranb@uidsised ag papthenicer Ea@%&lﬁ 6@ ojls, syndlaetic e%&‘egtp%la{gfycols,

[ di .0f .| | ' it nd h I [
ohosphat eriSrd P @R PoRRTRER eSS ot i ned may be empl oyed.

[ 0090] Phosphates for use in the present invention include phosphates, acid
phosphat es, phosphites and aci d phosphites. The phosphates include triaryl

phosphat ef0088] i al'Ryd ¢Umpeditibas cotmprizekyatarlghstploaspiphvgshorusi aoytaatiky|
phosphates and tri al kenyl phosphates. As specific exanples _ of these,
referred exreme meswén@ddlgms %ﬁ@r@,le& of cyushy pdditiysp hareeamis Bhogphdeny |

phosphat e, et hyl di phenyl sphate, tributyl, phosphate. sgthyl dibutyl
Phosphat cexEvat, P AEHRSE Raf 4 el AERERY LAgRE < it L84S hine
et hyl phen i I ] el t

propyl phe%% @%‘ﬁgﬁyf"p%%’?gﬁ%’?‘émdg%%éw pﬂ%ngpﬁ;%%f? Qﬁggghﬁ{ eelfnount of
tri et hyl pfreay0.00ho%apefetablyp 0 2pil REENYY weigispdtahe lubtitatit poamydsiiigheny|

phosphat e, di butyl phenyl phenyl phosphate, tributyl phenyl phosphate,
tri hexyl phosphate, tri(2-ethyl hexyl) phosphate, tridecyl phosphate,

trilauryl phate, trinmyristyl ph ate, tripalmtyl osphat e,
tristear y[(’%gﬁf)sptéE ée,asgt%‘ t%tTadgléﬁ/gn%g #nghed nﬁ%agﬁﬂgbwg@rwﬁ& ude,
for exanp = . TR P ] , 4.d (W= acid
phosphat eln%gpé?/'ﬁ%gﬁlg%ﬁ%ggﬁgﬂép%ﬁ Z@?gfégssyﬁﬁgisgagho?gngog?ﬁi‘gglge?%‘&aci d
phosphat epe Lipubyd 5% Gydweipdit Padd/6r ahlestée Oflsudh iadl M@ SAD a8t ofit edaxdle i d
phosphat e, and isostearyl acid phosphate. )

alkyl derivatives thereof, or short chain alkyl of up to 5 carbon atoms and is

hydrogen, morphilino, alkyl, amido, amino, hydroxy or alkyl or aryl substituted

derivatives thereof; or a triazole selected from 1,2,4 triazdle, 1,2,3 triazole, 3-

amino-1,2,4 triazole, 1-H-benzotriazole-1-yl-methylisocyanide, methylene-bis-



-38 - tri(2-ethyl hexyl) phosphite, tridecyl phosphite, trilauryl phosphite,
triisooctyl phosphite, diphenylisodecyl phosphite, tristearyl phosphite,
and triolwglophasshi te. [ 0092] The aci d phosphites incl usger/usesosesmapl e,

di butyl hydrogenphosphite, dilauryl hydrogenphosphite, diol eyl

hydr ogenphosphi te, distearyl hydrogenphgsphite, and di phenyl

hydr ogenphosphite. Amnes that formamne salts with such phosphates
include, for exanple, nDno substituted am nes, di-substituted anines and

tri -substbt ut ed a nes | e f th no- substituted am ne Hde
but yl anin en?;%ﬂ? i naRBIPER e 289 oo IR TBa G PP

Iaurylam LDe. o/l he
substlr&fneoé es i nc U?Oﬁéhgaﬁ ﬁgﬁlﬂelﬁg&é&%ﬁ%ﬁ@q E hex gé’l’ne

dl cycl ohegswféﬁbﬁe 1.91 gsty ke bie, welightust | thei a@mpdsmoﬂarm@rame amine

di ol eyl am ne, di'benzyl am ne, stearyl nonoet hanol am ne, decyl

monoet hanphespha&:s drekany nﬁﬂmaaﬁmamehﬁoﬁetbbethqzqu tolyjtlimoﬂesmﬂrahe neixegheny|
nonoet hanol ami ne, and tqlyl] nonopropanaql am ne. npl es of tri-substituted
ani nes i niagsderieifouny %wgwecomwrpféﬁ@pﬂi@lmqtéieh@wm&ynameﬁbper ormance.

L1 of oyt anbaruf bl HaBRbTs 450 CEbuHIoh ibbisBleagiaf ffpRene

mNopr opaggy Htﬂﬁ%ns %a 's }aﬂ %osﬁh&t@ﬂlh IEIPB?é”'Rh?rﬁHQe
di butyl nonopropanol amin et 3ano| am stearyl dipropanol ani ne,

| auryl di estbwwbmyhy deﬁne@hydybbemph@mdt am ne, butyl diethanol am ne, benzyl
di et hanol am ne, phenyl diethanol am ne, tolyl dipropanolam ne, xylyl
di et hanol anmi ne, triethanol am ne, and tri propanol am ne. [0093] Phosphat es or

e g e L bR e 1
I ght of b | t

Fnclude, PAPLEREE oD Res Al A, PoFhIES,  THEPARETARS, MdmsHiagt

(di basi ¢ phosphates, trialkyl phosphates, trialkylaryl phosphates, triarylalkyl phosphates

and trialkenyl phosphates. As specific examples of these, referred to are
triphenyl  phosphate, tricresyl phosphate, benzyldiphenyl phosphate,
ethyldiphenyl phosphate, tributyl phosphate, ethyldibutyl phosphate,
cresyldiphenyl phosphate, dicresylphenyl phosphate, ethylphenyldiphenyl
phosphate, diethylphenylphenyl phosphate, propylphenyldiphenyl phosphate,
dipropylphenylphenyl phosphate, triethylphenyl phosphate, tripropylphenyl
phosphate, butylphenyldiphenyl phosphate, dibutylphenylphenyl phosphate,
tributylphenyl phosphate, trihexyl phosphate, tri(2-ethylhexyl) phosphate,
tridecyl phosphate, trilauryl phosphate, trimyristyl phosphate, tripalmityl
phosphate, tristearyl phosphate, and trioleyl phosphate. The acid phosphates
include, for example, 2-ethylhexyl acid phosphate, ethyl acid phosphate, butyl
acid phosphate, oleyl acid phosphate, tetracosyl acid phosphate, isodecyl acid
phosphate, lauryl acid phosphate, tridecyl acid phosphate, stearyl acid
phosphate, and isostearyl acid phosphate.

[0091] The phosphites include, for example, triethyl phosphite, tributyl
phosphite, triphenyl phosphite, tricresyl phosphite, tri(nonylphenyl) phosphite,



acids), and aromatic carboxylic acids. The aliphatic carboxylic acids have
from8 to 30 carbon atons, and nmay be saturated or unsaturated, and |inear
or branchw0.2089p6826i c exanpl es of the aliphatic carboxylPCce/tseod®oime! ude
pel argonic acid, lauric acid, tridecanoic acid, nyristic acid, palmtic
acid, stearic acid, isostearic acid, eggp§anoic acid, behenic acid,
triacontanoic acid, caproleic acid, undecylenic acid, oleic acid, linolenic
acid, erucic acid, and linoleic acid. Specific exanples of the dicarboxylic

201 d, azohiPceuHEy i BhOgMLS: coideryl PBRBOWInIIBIEN PRSP GrtispocB”
carbocrl Gnaghil. BT RPAEoT” et T AFRHE BFOHARE ot ol

di et hyl enghédphiiene, triethylenetetram ne, tetraethyl enepentam ne,

pent aet hyl enehexam ne, hexaet hyl enehept am ne, hept aet hyl eneoct am ne,

di propyl enetriam ne, tetrapropyl enepentam ne, and hexabutyl enehept am ne;
and al kanol ani nes_such as nonpet hanol anj ne and,_ di ¢t hanol am ne. . O t hese,

pref erredl0992] a cBioreigiphaspbites inpdude fpe example dhbviyd hydreganphepiliteani ne,
and a confination of .ol ei ¢, aci,d._and di et hanol.am ne. The actio roducts
of car boz&l’i’%ry Ci dgy%?(gegﬂhﬂ%ogmzfre aaﬁ)z@nto thﬁ' T esrg)-[l&spﬁlﬁ an (ﬁﬁgﬁﬁ}lf of
fromO0. 01 9 kgh : . d 0 A3 { e tive
to the to{l%(?m%?l h?gﬁg?tgi %Ieldg%ﬁ%%{g? ﬁy?g&éél}%?ggz Iﬁ%of?ﬁﬂ@cfgﬁn%onentagﬁ g?e
phosphi t esaltsAsvithsasthhphesphatéshinclwde) foh yestanpde, binonssubktituted tamiaes, di-
“hydrocarbyl group" is used_ in its ordinary sense, which is well-known to

t hose ski substitutad aneings end Gisubsiiited gmines. dotamples of theymane-substifufed

car bon atonldirecthﬁgft ac?ed.to t he renaindeﬁ oq t he nol e qﬁe znd.having
pr edoni nafffRFShy e bBHO#RING + HeNtPaINRgE.e She5FY W%Ca?@? GroHpEne,

i ncl ude: r.b L.t - hat i i ti s,

ol keny ) , U IAERED S gl SEANAAiRE olePlanBhp BAR) béndyfadiine A thdt
aromat i c- of e dibaibstitute@achiaks Mothde dibubglantiné edipangi@hine, ditkstylamend,s, as

wel | as cyclic substituents wherein the ring is conpleted through another
portion odicyhwhesylamine, (iocfylamine, dilagrylamuisstdisteantamingediotyylaming, an

alicyclic,radical).; The substituted dr.ocar pon, substituents,. that is,
Subst | t uSHPENEATHI HERBh-HYBPUREREIIG o S50y TORO ARG HEA RGBSR of
this i nvepti . al 1 : r it t,

s el BcoRo il bEhol I gROGHANRARL Nl ARACRNDMIR S uRE
subst it uefilgl Widdhoprapnotaiisid. NERarRpRYOndMa i lsMbstitdtr anhfifies handlater . in
the context” of thisS invention, contain other than carbon in a ring or chain
ot her wi setritotplassde. ofripeatydaminge,ctrhexylanene atricyel ohrextylatains, [tfioctylamyngs n,

nitrogen, and enconpass ,substituents as_ pyridyl, furyl, thienyl an
i mi dazol ytrﬁaqna/ JBHSs al risgandamngan HREYIPREcer adnpengy lapyine.; haf?\‘og‘?)’é,

non- hydr ocar dtue il be e tor ev n ons in
the nyar opagaBpiRlney Mifautty oifoebEaGmAL B6ERY bithsR iRl

substi t Uedi‘fh%x%l t hoRYPFsHfaoPthind! OUP ditu#P195] TRenbBFdPanbkhiear by blegioup,
in the context of the present invention, 1s also intended to enconpass
cycli ¢ hydietmmobarhine; hstelaryt ar diptepanolamines, laberde disthanolamime,of octyd al kyl
groups in_the abgve_ structures together forma cyclic structure. The

hydr ocar b§iprepanefanicar Butshe diethapelagiine,hebgnzd e ndicthapolamine. gephsl | y are

al kyl or e¢ygl oal kyl groups,.whi ch contain_at, lL.east carbon. at o .

pr of er bl SefPRlAiner SOHB R RofRR. S, B nolpSRle) deisetilamine:
contai n 4adPirdtopilagdiaer natively 5 to 18 carbon atons. In anot her

enbodi nent t hey gontain about 6, or exactly 6 carbon atons. The hydrocar byl
groups can be tertiary or preferably primary or secondary groups; in one
enbodi ment t he conponent is a di(hydrocarbyl)hydrogen phosphite and each of
t he hydrol9898ly| dthegphates oz their gerine saltsy pregadsies toj t%edw@@m inepb SANAWENt t he

ryar ocar 98 g fhgs VS5 B AsibhY PreRET draR .1 in B ibihy, FRgs toen:

t he conp j dr, 3 LGt he 7 - qﬁ@@g
n-octadegﬁﬁﬁbg¥§§ ?ﬂgﬁﬂ ce‘?ﬁb&ﬂggﬁbfggﬁg y@?%ﬁ@%gg}gﬂgéﬁfﬁfgggcar o%
groups i nigclidie, i foe pexiple, idiphatiy | carbegylie alcyds) udighrboxglici acids b(dihsic
neopentyl, 2-ethyl hexyl, and 2, 6-di net hyl heptyl. Exanples of cyclic groups
i nclude cycl obutyl, cyclopentyl, nethylcyclopentyl, cyclohexyl,

met hyl cycl ohexyl, cycl oheptyl, and cycl ooctyl. A few exanples of aromatic
hydr ocar byl groups and m xed aromati c-al i phatic hydrocarbyl groups include
phenyl , met hyl phenyl, tolyl, and naphthyl.




100971The R groups can al so conprise a m xture of hydrocarbyl groups
derived fromcomrerci al al cohols. Exanples of sonme nonohydric al cohols and
al cohol mvetoeesss2acl ude t he commerci al |y avai |l abl e " Al olr/Usk0Y/081980N01 S
mar keted by Continental G| Corporation. Alfol.TM 810, for instance, is a
m xture containing al cohols consisting gssentially of straight chain,
primary al cohols having from8 to 12 carbon atons. Alfol . TM 12 is a

m xture of nostly Cl2 fatty al cohols; Alfol.TM 22+ conprises C 18-28

primary al cqohol s .having nostly C 22 alc¢ohqls, .and so qn. Varjous.n X{ures
of rmnohya‘flﬁg,@afitayowgsﬁaf@)ééwi%&-h‘fﬁsrﬁ?wi@upmtw’&ml % ‘ferfram/éeri des
and rangi i i p n i f er &
Gl o CoRpihyabe oty S 5 Sy or o RhfaBil B Bh g driPabliReL. O
Co., whergpedific_&XhpIRS Cof NEOUMphAliL cRbbRylic McidsUlifcl@fe PeldrgbficCadid,

al cohol s. f0098] Speci fic exanpl eés of sone of the phosphites within the
scope of ldneici aviéntridecanocicl acid, plycistibacnl)padmitic acistearidi acidoisostearipr opy |

phosphite; nono-, di-, or_ tri-butyl phosphite, di-, or tri -ar‘r}/I, phosphit e;
nono-, di acidpr eicppanpigy acishobshenis; apitho-triagpntangic t agidpheaproleigpasid, dj - |
or tri-tol hosphi t.e; no-,. di r tri-cresyl.phasphite;..dibutyl.phenyl
phosph t ubecRiaE. acif. OTBIEarick Findamie acidgiicis’ AERGy mEHOIRG Soidl 2.
[ 00591 ThespOGRRNEX APl B YA SdiehrbloRF1E! SABY inb RN bLRACEYBuBiRRARERL DY
wel | known' reactions. e route the reaction of an alcohol or a phenol wth
phosphor ugcthdésdnlysucdmior adiyl, adipienaciall eddelaicahcidp armhakebacic &tidohOhs and
phenol s can be reacted with phosphorus pentoxide to provide a m xture of an

al kyl or examplsho§ phe rrematic casbexiciaeidryis salicyligradidpibepromes tache.

Shospht t CEACIE S CaGoRSHRearida i biiec At Hxegutbuep R Ry ehe polamfgs " "

heating. NDREOYET, 4iak a&é%ri,%?ﬁé’hoitfrfé%lp‘fléhare&taﬁﬂﬂe bet&ﬁ%@l@ﬂ%@sﬁt&ﬁ lon
ar us, |

usi ng ot her phosphorugJ esters as s ng materials. um chain (C9
to C22) pﬁ&ﬁﬁé&?l&eﬁéﬁ@ﬁﬁlé}avehbﬁmhﬂéﬁ_éﬁ’é;ﬁﬁmbde,f eatieptietldflencoctamine,

di met hyl phosphite with a mixture of nmedi um chain al cohols by neans of a

t her mal t dipmepyglenetriaimine, ©trapropyienapentamnineh and-hexabutylentheptamine; and

e e anioch e S Forbendon T TS st
h hi ' i | A A J il .
i e but yPRAEptER SRR BF iRl wad T GirtliRReRabRe Md o

DBHP. TM ; cgfiBiratioRh &Y bidit opéias Rhat didthablshidde. STRel abidtidehgpfoaats aFf
| rgal ube TPPT. TM . [00100] The ot her nmjor conponent of the present

conposi t i carbbzykic hyids andrammebave added toy/thenbasewrit at an amamt offreamvibOl d
normal |y be _described as an olefin or a diene, triene, polyene, and so on,
dependi ngtof% by Werehds pesferabhy Ifeomc0-03 ster 3¥aby owsightcselative o dhertgily t he
olefin is_no tfﬁﬁaturat eg that is, containing only a single ethylenic
doubl e boW&lgB’glp T &P PRe ol efin can be a cyclic or a linear olefin. If
a linear olefin, it can be an internal olefin or an al pha-olefin. The
olefin can also contain aromatic unsaturation, i.e., one or nore aronatic
rings, pr@edded tlhgioriant atemponaitai ae ghoypleinesc Asomsed dmating) the term

unsaturation. - 43 - . o )
"hydrocarbyl substituent" or "hydrocarbyl group" is used in its ordinary sense,

which is well-known to those skilled in the art. Specifically, it refers to a group
having a carbon atom directly attached to the remainder of the molecule and
having predominantly hydrocarbon character. Examples of hydrocarbyl groups
include: Hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,
and alicyclic-substituted aromatic substituents, as well as cyclic substituents

wherein the ring is completed through another portion of the molecule (e.g., two



are not normally suitable for formulation into a conposition suitable as an
antiwear lubricant. Preferably the olefin will contain 6 to 18 or 6 to 12
car bon atwopposaraas2al ternatively 6 or 8 carbon atons. 10@CoAB20090NYSSUI t abl e
ol efins are al kyl -substituted cycl opent enes, hexenes, cycl ohexene,

al kyl -substituted cycl ohexenes, heptengg,.cycl oheptenes, alKkyl-substituted
cycl ohept enes, octenes including diisobutylene, cyclooctenes,

al kyl -substituted cycl ooct enes, nonenes, decenes, undecenes, dodecenes
including propylene tetraner, tridecenes, tetradecenes,. pentadecenes,
hoxadeconstbsieRaogehee. Tosin antmvelc taiabod B wihstinted avderoon

di cycl ope i e i 0 I 3 Eﬁ&] ;%?f :

pr ef erredg% e*‘t?ér}gté’aﬁl%vgéfc%g@eé%gggéhﬁi@éét@r}ghy%% ne B3 X Eér%smof

al cohol s gy deatdkt XbftRE YMvelitidrer @0tndtr blt8F }thé! preldehfinaitly t kyddcaibon

di fferent secondary al cohols or m xtures of prinmary and secondary al cohol s.

Exanpl es efibstiteént| hydraxy; elkdxys hitde); Heténotatooi cemtdiming tsabstituentsptratasiol and

2-ethyl -1-hexanol ; isoputanol. and n-hexangl; jsobutanqgl and isoanyl
al cohol ; Palstiteenis syhighgwhilehayjng a-msﬁ?@mn,tix B)S«Eﬁosgﬁm &Eﬂ{éc@écmb‘tb@yl

[ i ast of s CORSR AL Bho/BLCnslqie Sohtin A Ba Altiort IFairi pr SR s B8 ©
esters i nebﬁhgl%ﬁéd oR AP gig%%eﬁete&&tahﬁwhlcﬂi&sahﬁiﬁ%xy 8h}! httogdink har V!

a
phosphat es, oxyal kyl ph ates, triaryl phosphite, "trial kyl phosphite,
neutral akhyompissl sybstiapnits as pynidyl,r falrylphbisphband émidazlygl. dndgenevdly ab
phosphi ne oxi de esters. In one enbodi nent, the |long chain dialkyl

phosphonameredhar éway preferably msr mose fthae enganpy-hydrecagbom tsubstituent sty - |
and di propyl - ol eyl. phohphonat can be. used utral acids _of osphor us
201 ds. ar Bt iEtY dafBral e Rarbah alpriirs iy deceh St epPietbaiiag 0. -
44 - 00 | | may be enpl oyed
in the in\%ﬁheéiryn op&g§%§%&¥%sﬁm{]{ﬁngﬁ%sgﬂatgtegﬁ%iggﬁlg%d tri- isooctal
phosphate (TOF) can be used. The specific triphosphate ester or conbi nation

of esters can easily be selected by one skilled in the art to adjust the
density, 0096bsi tTheterm Yiydrhearbyl groum tih theucentext alethecpresent inyertions

041 oSl BRI o S s SR p TR 5 B AF s
Lot 1 Do N R B g SN il g

t enper at ugpdic GameasEeMtHey hydrdéatBl @3t Rydroent 'léﬁdlcggaupé e thensrepeitt i al |y
al kylated with a C3 to C4 al'kyl group is very desirable, for exanple, 4-

i sopropy! phventibndgeierally areoslkiyhtar oyclealiuyl ydrphipsiywhidhpbentpin pitolepstaBe.
Even nore desirable |s a triaryl phaosphate produced by partially alkylating
phenol wi Pﬁiﬁl}t%ﬁP@ﬁePEﬁfeﬁ%bﬂré}Pélm?b‘YfW@g rﬁufﬁla, PREGEST. QRiOXNEFS; hedin

reacted wt. hoyr ychlior i aug ' . P 923.
[00107] A??{}ﬁ m%’ggﬁ’t?‘u 1 y%’prc?ggpﬁg?‘%‘a?% )%eg{) & %?"%eg‘hs’%%b%ns 3“5‘?’@%& |

di phenyl pR®SAIAES: thel! Ol bt S Seaclly X@ darbony htomisS Shie RHAEIVARBYAS |

| ower all cyl phenyl | phényl phosphates, such”as m xed i sopropyl phenyl /"phenyl
phosphat egroupsbuaary | iEheentiarphenyprefenatslyhptiemry Toe secesdanys gaowpsysiad one
extensively as_ plasticizers, functjgnal fluids, gasoline additives

f Ihfameh r et &m@&ﬁtmﬁ‘&cﬁhﬁiC\?@@m;tlfhé.qifm’émcqrbﬁ@bg‘fﬂogfé P&Kﬁﬁbﬁ%@ﬂé eachPfest ﬁr :
brcatt 18 bi@%%%&gﬁié%?pgﬁg o By SRk B0 b cHRfte ipp G e tne
convent i 08@1&1@?3&%Qav&féh%o%hgﬁﬁg?ggﬁﬁ{.ﬁsﬂfgpm 56T the Yiy8ratheyad are

phosphoric a esters, or an whi ch has ah al kyl™ group,

an al kenypraipsup a stcondargyalayy eraipodp yeo anatheareaibodimgno the camponéntiisi ch
cont ai ns a%pr oximately 3 to 30 carbon atons.
a hydrocarbylenehydrogen phosphite.

[0096] Examples of straight chain hydrocarbyl groups include methyl, ethyl,
n-propyl, n-butyl, n-hexyl, n-octyl, n-decyl, n-dodecyl, n-tetradecyl, stearyl, n-



- 45 - [00109] Exanpl es of the phosphoric acid esters include aliphatic
phosphoric acid esters such as triisopropyl phosphate, tributyl phosphate,
et hyl di bwOyebogpiassphat e, tri hexyl phosphate, tri-2-ethylPhesiskoohomphat e,
trilauryl phosphate, tristearyl phosphate, and triol eyl phosphate; and
aromati c phosphoric acid esters such asypenzyl phenyl phosphate, allyl

di phenyl phosphate, triphenyl phosphate, tricresyl phosphate, ethyl

di phenyl phosphate, cresyl diphenyl phosphate dlcresyl phenyl phosphat e,

SJ; gggiglﬁgﬁ%g&ﬁ?’gﬁg%ﬁchosggﬁat(ﬂey IdleJ}[?B eﬁﬂe ﬁp agpiéﬁ@ é}eél-cham |
phosphat oI BSERUTL RRRTE mhfe‘fr‘?y%{lg%"@%“&b@?as%ﬁhﬁa?pﬁ’“tﬁ %F‘”ﬂvljxosp i¥hice,

Pref er abl yeopdity DR BARESy12GInd 956-Biméthyfhepty 2| BYARPRIY bf RYRHEN
[ 00110] Algoﬂégﬁrr}ol oyagjlﬂg a)?ye am ne sal ntls g ettpﬂé above ment | gﬁgd p os;l))rslat es.

Ani ne sal irclede aci dydobutyy) or cyslgpertyl,er s méthiybey obbmesyoylor i ¢ cyclotierpl
t hi ophosphorjic acid are al so enpl oyable. Preferably, the amne salt is an

ani ne sal medhyleyelahryylpiticiehepids sing; syelpostylad rf@wSmmp#eSapfiwmpnagphat e.
[00111] combi nati on_ o Q ected.fromthe oup
consi st i gﬁy%rrocgﬁnaﬁogwgha@ g}léeésqrgplaﬁg{%lpi)ﬁggnﬁwgog% ltH»YBPB%fm?#aere
used. TheyR L jts amine salt function to enhance
the | ubri 8a§ﬁ§gﬁggwgﬁﬁigﬁcggypangmgﬁﬂ%)e sel ected from known conpounds
conventionally enployed as extreme pressure agents. Generally enployed are

a phosphorus acid ester or an am ne salt thereof which has an al kyl group,
an al kenyIOOQFbup Tml%llgrs)ula? wan galea pcomprisen aamakkye @bm@uocarhylogrmmsch

t tel 3 b t - h I
bhosphi t eQERYEL Biogh fomARsty ol Uiy dxatipIeR o By e g hal e
phosphi tealcﬁﬁgl trﬁbﬁﬁx%%' rfé?ﬁ& hqhtee fﬂef’é{ gﬁtdv%HBpf%Sp GFsSTRC dalﬁéﬁcﬂ s such
as benzyl enyl osphi eny hosphi riphenyl phosphite,

tricresyl nﬁhl@ét@@lli}e Caiitihentali Qiileroﬂ prioRhi AHoL. TM.PB1§] fehaastbhées. iseahyl
di butyl phosphite, cresyl diphenyl phosphlte di cresyl phenyl phosphlte

et hyl phe nmlx‘vmm hmmyamptg) spdohods consistipg pessentialipheofy Btrqulghs pihiairg, primary
ropyl phe hen osphite, r opyl h hosphi t
SR T e X sasbob s AHBL IV £2%5, alrpRaNe 04 masiheny

hosphi t Ay
oo’ aveS A SHOAPORIY ARRT urﬁf&%r“fsqf‘?%%kﬁq* B IR S
phosphi t efnosﬁgad: QQFH]@(B%IS pchﬁsmbheVaHbﬁé adixRirés of o ROfay ASdKbISSt er
is a diallcyl phosphite or a trialkyl phosphite. [00113] The phosphate salt

may be dedénvext froomnatyrally axcueringltreglpotrydesi ared ramgihg de chhiolepigti édm
di am nes, fatty polyam ne di am nes, al kyl enepol yam nes, hydroxy cont ai ni ng

pol yani ne€S, & donfie h care ppiajlabie, &zona rBnogtst \&nGagble fnempany; oNgefpl TM

Phose am neoREREe v Aletts i sHEFCRITIE! £3-Shndleciipfable R focLuoe
i ncl ude BpSodyaiiRARe DEES1206 CT18Q1c0AbEN are ethyl ene oxi de condensation
products of N-tallowrinethylenediamne containing 3 and 10 nol es of

et hyl ene oxide per nole of diamne, respectively. [00114] In another
enbodi ment, the polyamne is a fatty diamne. The fatty diam nes include
nono- or Hli0881<y| SpﬁyiﬁﬁeFX@I@BICSo@f %Qyﬁm,ftthﬁd&loséhtt% srthinithaiseere ofrthpane
di am nes anal ags of .t he abo Sui t abl e
commer o aVEREPY ingdd ArAREndiPuY Al aniRe: PN of ducetondl BHPsRITHG RehEne)
Duoneen (No op . 0 -

(Ntal l ow—s(:iL1 3- gﬁéﬂ‘?]}% ng 1&plo(galndafl")u(;‘?l E gﬁﬁkﬁg éyl?%??,-(gi am r%rophreogane) .
- 47 - phosphite; mono-, di-, or tri-phenyl; mono-, di-, or tri-tolyl phosphite; mono-, di-

, or tri-cresyl phosphite; dibutyl phenyl phosphite or mono-, di-, or tri-phosphite,
amy]l dicresyl phosphite.



"Duoneens” are comrercially avail able from Armak Chem cal Co., Chicago,

[ 00115] Suchal kyl enepol yam nesi ncl udenet hyl enepol yam nes,

et hyl enepaDyam1asss but yl enepol yam nes, propyl enepol yaniPo@a1is2009/001984
pentyl enepol yam nes, etc. The higher honol ogs and rel ated heterocyclic
am nes such as piperazines and N-am no. gl kyl -substituted piperazines are
al so included. Specific exanples of such polyam nes are ethyl enedi am ne,
triethyl enetetram ne,

{11 pr opy | DHDE: ¢ ZHiehBROHRRGN K TERUBR AR ST RERALTYTANC RSO iERAIRe by
pent act hyL PSSR B Le Rk 30le IRTRLAAS, off Ah AL SOATMARdvidD, O

nore of t ove-no neam nes are sim y use as dare m xtures

of two or pheNphofis frithlEfi@E 8B4 trafskske ficutioneactiGP 1A Rlohbls e pRefksldi ment
the pol yam né is an ethyl enepdl yam ne. Such pol yam nes are described in

det ai | uncar beheatteddvith phidsphens pentorilei to praviideOahmixtuse dEranyalkypedi a of

Chem cal Technol ogy", 2d Edition, Vol. 7, pages 22- 37, Interscience

Publ i sher aryl mhpsphenic aeukand adialid rpdinpd rehespharie astd eyl Rhasphatesi xt ur e
of pol yal kyl enepol yam nes .i ngl udi.ng..cycld ¢ condensati on_product s 00117]
Qnor vecrdh SRORER PRIPARER pinreSkitit & e SAHISBRR IR P RERE ol 28Y 1 ot ng
of the ab - j i et : i is
often ter Qn%%, ﬂge(g)?f/dgg%ﬁe&g{o?té?ggﬁpqeﬁ gﬁetﬁzrpgﬁf}agflﬁlgftelﬁ%po ygﬁy‘%’é ‘)ggi? P(sims can
be char acpkésphedusnisstbrviaigbe espdrbdby2féactisn alsing behes phbephdrs (estersvas ght )

mat eri al boiling bel ow about 200C. A_t\)gEi cal _sampl e of such ethyl ene
pol yani nestagingomatesiglsi Haup, medinmnehabo (CBHe (622 phosphers estershagpdeen Tex.

desi ted "E- ". Th Kyl i bot t i ncl | i .
Condanaat PRATSD By EACEaBnOh ST HOIRRREI ST Br i, ofgfeim:chain.

i ot Fyl P . pveTant ko T

21 Kyl aneprbha 8P meahs B W URAERF AR R, ab SRid. S Be catalyzed |
they can figndesesifwationptéeforaikiangsie LRS! ParN® 1,652,416 XMusesu¢ figrials

Anot her useful polyamne is a condensation reaction between at |east one
hydr oxy cangpasaccommigrcially envsilables foolipstaness triphenyghphosphite is agaidable east

ngyﬁih??ﬁ%gfémr b s alaongs Defreos i AkE+ Sheoiial By dreBonbphes -
compountst aFL Na Ry S, & EREARE Bk TN Br TR RhiophhFpiBiE"

above- desgbhPEtba19pAAMyY Chehfioslk @d ¥gdlibaTPRIKFMVENe oxide (e.g., ethylene
oxi de, propyl ene oxide,” butyl ene oxide, etc.) having fromtwo to about 20

carbon atons, or fromtwo to about four. Exanples of polyhydric am nes
include tri -éhydroxypropyl )am ne, tris(hydroxynethyl)am no nethane,
2- ami no- 2[0020¢)y| -The3_othgh aMaieio| companeqt | Qf - the present composition 1s a

hyalr oxyet KA SO I EERRRG. TS iyl HopRatkie &b hane
(THAM . an olefin or a diene, triene, polyene, and so on, depending on the number of
ethylenic unsaturations present. Preferably the olefin is mono unsaturated, that
is, containing only a single ethylenic double bond per molecule. The olefin can
be a cyclic or a linear olefin. If a linear olefin, it can be an internal olefin or an
alpha-oleﬁn. The olefin can also contain aromatic unsaturation, i.e., one or more
aromatic rings, provided that it also contains ethylenic (non-aromatic)

unsaturation.

[00101] The olefin normally will contain 6 to 30 carbon atoms. Olefins having

significantly fewer than 6 carbon atoms tend to be volatile liquids or gases which



[00118] Pol yam nes which react with the pol yhydric al cohol or amne to form
t he condensati on products or condensed am nes, are described above.

Pr ef er r eawpabgzamassreés i ncl ude tri et hyl enet et ram ne ( TETAPCT/US2009/001984

tetraet hyl enepent am ne (TEPA), pentaethyl enehexam ne (PEHA), and m xtures

of pol yam nes such as the above-describgd. "am ne bottons”. [00119] These
extreme pressure additives can be used individually or in the form of

m xtures, conveniently in an amount within the range fromO0.1 to 2 parts by

e e Ao o ek R R
ADPS,  ADPM, ;@ad ﬁ{b?fcaﬂt.V]?I{?'ffr%l)p{qen&%ﬁhb@ﬁl Conflin B4R ‘r’ES @ é& Mobgsibbn €St €r s
in -49 -“conjunction Vi ow’sulfur, | ow aromatic, |ow iod né number, |ow

brom ne nyEhe, andiARrdiRlely'6 i@ Edrboh atdias.af i n. EXAVPLES [00120] The
foll owi ng exanples are neant to illustrate the present invention and

provi de a conparison with other nethods and the products produced

be- Under SIWUZE hahmaner s HIAPE L aoat SN P USIo L] APAET e BERDEN! | on
Vet or mul avdanererinyae OB B BRE ST N BT o Ry 8 e
2L e cal PR SIORpaRS] s ARt Lyt atpes BRAP,©
rel ati ve substihtedotydlaseteatsicliongmdsy deeants)i nhdevenesndodelctines vinchalikgge are

shown in Table 4. Both blends contain two base stocks and contained the
sane st anpeanylens clatvasnerandridersines, etefradregnes, Thentadecencse paxadesenesicl udes

friction reducgers, anti-wear additives, ,.extrene,pressure. additive and
rust i nhi BRIBAECEegy, onadictnes) §8-00Bpamengy dicYCfopentadiend
squalene, diphenylacetylene, and styrene. Highly preferred olefins are

cyclohexene and 1-octene.

[00103] The mixtures of alcohols may be mixtures of different primary
alcohols, mixtures of different secondary alcohols or mixtures of primary and
secondary alcohols. Examples of useful mixtures include: n-butanol and n-
octanol; n-pentanol and 2-ethyl-l-hexanol; isobutanol and n-hexanol; isobutanol
and isoamyl alcohol; isopropanol and 2-methyl-4-pentanol; isopropanol and sec-

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

[00104] Organic triesters of phosphorus acids are also employed in lubricants.
Typical esters include triarylphosphates, trialkyl phosphates, neutral alkylaryl
phosphates, alkoxyalkyl phosphates, triaryl phosphite, trialkylphosphite, neutral
alkyl aryl phosphites, neutral phosphonate esters and neutral phosphine oxide
esters. In one embodiment, the long chain dialkyl phosphonate esters are used.
More prferentially, the dimethyl-, diethyl-, and dipropyl-oleyl phohphonates can
be used. Neutral acids of phosphorus acids are the triesters rather than an acid

(HO-P) or a salt of an acid.



Tabl e 4 Exanple 1 2 Base stock 83% 150 cSt KV 100C Paraffinic Bright Stock

83% 150 cSt KV 100C PAO Base stock 17% 6 cSt KV 100C PAO
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[00105] Any C4 to C8 alkyl or higher phosphate ester may be employed in the
invention. For example, tributyl phosphate (TBP) and tri isooctal phosphate
(TOF) can be used. The specific triphosphate ester or combination of esters can
casily be selected by one skilled in the art to adjust the density, viscosity etc. of
the formulated fluid. Mixed esters, such as dibutyl octyl phosphate or the like

may be employed rather than a mixture of two or more trialkyl phosphates.

[00106] A trialkyl phosphate is often useful to adjust the specific gravity of the
formulation, but it is desirable that the specific trialkyl phosphate be a liquid at’
low temperatures. Consequently, a mixed ester containing at least one partially
alkylated with a C3 to C4 alkyl group is very desirable, for example, 4-
isopropylphenyl diphenyl phosphate or 3-butylphenyl diphenyl phosphate. Even
more desirable is a triaryl phosphate produced by partially alkylating phenol
with butylene or propylene to form a mixed phenol which is then reacted with

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

[00107] Any mixed triaryl phosphate (TAP) esters may be used as cresyl
diphenyl phosphate, tricresyl phosphate, mixed xylyl cresyl phosphates, lower
alkylphenyl/phenyl phosphates, such as mixed isopropylphenyl/phenyl
phosphates, t-butylphenyl phenyl phosphates. These esters are used extensively
as plasticizers, functional fluids, gasoline additives, flame-retardant additives

and the like.

[00108] The phosphoric acid ester, thiophosphoric acid ester, and amine salt
thereof functions to enhance the lubricating performances, and can be selected
from known compounds conventionally employed as extreme pressure agents.
Generally employed are phosphoric acid esters, or an amine salt thereof which
has an alkyl group, an alkenyl group, an alkylaryl group, or an aralkyl group, any

of which contains approximately 3 to 30 carbon atoms.



17% 100 cSt KV PAO Tot al wei ght percent of base stock in grease 74.1% 74. 1%
Grease Viscosity @O0C 270. 825 1460. 29 G ease Viscosity @00C 22.410 140. 233
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[00109] Examples of the phosphoric acid esters include aliphatic phosphoric
acid esters such as triisopropyl phosphate, tributyl phosphate, ethyl dibutyl
phosphate, trihexyl phosphate, tri-2-ethylhexyl phosphate, trilauryl phosphate,
tristearyl phosphate, and trioleyl phosphate; and aromatic phosphoric acid esters
such as benzyl phenyl phosphate, allyl diphenyl phosphate, triphenyl phosphate,
tricresyl phosphate, ethyl diphenyl phosphate, cresyl diphenyl phosphate,
dicresyl phenyl phosphate, ethylphenyl diphenyl phosphate, diethylphenyl
phenyl phosphate, propylphenyl diphenyl phosphate, dipropylphenyl phenyl
phosphate, triethylphenyl phosphate, tripropylphenyl phosphate, butylphenyl
diphenyl phosphate, dibutylphenyl phenyl phosphate, and tributylphenyl
phosphate. Preferably, the phosphoric acid ester is a trialkylphenyl phosphate.

[00110] Also employable are amine salts of the above-mentioned phosphates.
Amine salts of acidic alkyl or aryl esters of the phosphoric acid and
thiophosphoric acid are also employable. Preferably, the amine salt is an amine

salt of trialkylphenyl phosphate or an amine salt of alkyl phosphate.

[00111] One or any combination of the compounds selected from the group
consisting of a phosphoric acid ester, and an amine salt thereof may be used.
The phosphorus acid ester and/or its amine salt function to enhance the
lubricating performances, and can be selected from known compounds
conventionally employed as extreme pressure agents. Generally employed are a
phosphorus acid ester or an amine salt thereof which has an alkyl group, an
alkenyl group, an alkylaryl group, or an aralkyl group, any of which contains

approximately 3 to 30 carbon atoms.

[00112] Examples of the phosphorus acid esters include aliphatic phosphorus
acid esters such as triisopropyl phosphite, tributyl phosphite, ethyl dibutyl



Vi scosity Index 100.6 205.3 Pol yurea thickener 19.1% 19. 1% Addi ti ve Package
6.8% 6.8% [00122] The first blend conprises a 150 ¢St KV100C Paraffinic
Bri ght Stwolkoodlihasszsecond base stock contai ned a PAO wi t IrCa/Us2@008i198Yy of 6
cSt, KV100C. The blend also includes a pol yurea thickener and a grease

addi tive package. - 46 -

phosphite, trihexyl phosphite, tri-2-ethylhexylphosphite, trilauryl phosphite,
tristearyl phosphite, and trioleyl phosphite; and aromatic phosphorus acid esters
such as benzyl phenyl phosphite, allyl diphenylphosphite, triphenyl phosphite,
tricresyl phosphite, ethyl diphenyl phosphite, tributyl phosphite, ethyl dibutyl
phosphite, cresyl diphenyl phosphite, dicresyl phenyl phosphite, ethylphenyl
diphenyl phosphite, diethylphenyl phenyl phosphite, propylphenyl diphenyl
phosphite, dipropylphenyl phenyl phosphite, triethylphenyl phosphite,
tripropylphenyl phosphite, butylphenyl diphenyl phosphite, dibutylphenyl
phenyl phosphite, and tributylphenyl phosphite. Also favorably employed are
dilauryl phosphite, dioleyl phosphite, dialkyl phosphites, and diphenyl
phosphite. Preferably, the phosphorus acid ester is a dialkyl phosphite or a
trialkyl phosphite.

[00113] The phosphate salt may be derived from a polyamine. The polyamines
include alkoxylated diamines, fatty polyamine diamines, alkylenepolyamines,
hydroxy containing polyamines, condensed polyamines arylpolyamines, and
heterocyclic polyamines. Commercially available examples of alkoxylated
diamines include those amine where y in the above formula is one. Examples of
these amines include Ethoduomeen T/13 and T/20 which are ethylene oxide
condensation products of N-tallowtrimethylenediamine containing 3 and 10

moles of ethylene oxide per mole of diamine, respectively.

[00114] In another embodiment, the polyamine is a fatty diamine. The fatty
diamines include mono- or dialkyl, symmetrical or asymmetrical ethylene
diamines, propane diamines (1,2, or 1,3), and polyamine analogs of the above.
Suitable commercial fatty polyamines are Duomeen C. (N-coco-1,3-
diaminopropane), Duomeen S (N-soya-1,3-diaminopropane), Duomeen T (N-

tallow-1,3-diaminopropane), and Duomeen O (N-oleyl-1,3-diaminopropane).



[ 00123] The second bl end conprises a PAO base stock wwth a viscosity of 150
cSt, KV 100C. The second base stock is a PAO base stock with a viscosity of
100 cSt, WU 22000@s825he bl end al so i ncl udes pol yurea thi cleemars2emadom®sgr ease
additive package. [00124] An SRV test was run to denonstrate the
coefficient of friction of the two greages. The Optinol SRV Test is a ball
on disk (Point Contact) test. The ball oscillates on grease sanple, | mm
stroke, 80C, 1000Hz, and load is applied every 3 mn and graduates from 50N

to 1200N. Coefficient of Friction GQis reported. This test is g.slightly
modi 11 ed VBNGMsERS; areseRmBecially ayajisbledrém7ammak_Ghemiqa s Qat a

fromthe fgst Is shown in table 5 and figure 1. Figure 1 is a graph
illustrating the inproved coefficient of friction of the new candi date
grease 3 conpared to a typical grease fornulation 1. [00126] There is a
correl ati on between wear constant velocity joint of test elenments and
per f or man{e01as] | oSudhN) | add/lergpadyamineshe SR¢lsdeep | oaethylentpolyapiines,s i s
on the low | oad region between 10 to 100 N.. A preferred grease woul d

mai nt ai n &thylesrepolyamings.a coef f betylapepelyamings,i on belRFaPBlenepelyRRHBEY hout

the test duration., [00127] The,flat, |iine of the.new candjdate.,grease 3 is a
Signi 11 caRENISEBpLHERTCoVE. Tt pisherneipSloss BRarRlhel RElEh R FRIEs e
PAO bi - nmo 1L At it 4 s r i a
Favor abl o aaey PeEkfich ARt NipHin® AR sIpRAI! BRck i caf e HIMARE Do
been t o aSpecisicaxamtttoef such polvaminaaae ctiiyleaedianing) teietlaenetotrainiiegnded
to be limting. The novel formulations provide inproved properties to all
greases. Wih(Zamigeethpl)amdegvent i aprapylenediamine, trimethylenediamine,

tripropylenetetramine, tetracthylenepentamine, hexaethyleneheptamine,

pentacthylenehexamine, etc. Higher homologs obtained by condensing two or

more of the above-noted alkyleneamines are similarly useful as are mixtures of

two or more of the aforedescribed polyamines.

[00116] In one embodiment the polyamine is an ethylenepolyamine. Such
polyamines are described in detail under the heading Ethylene Amines in Kirk
Othmer's "Encyclopedia of Chemical Technology", 2d Edition, Vol. 7, pages 22-
37, Interscience Publishers, New York (1965). Ethylenepolyamines are often a
complex mixture of polyalkylenepolyamines including cyclic condensation

products.

[00117] Other useful types of polyamine mixtures are those resulting from
stripping of the above-described polyamine mixtures to leave, as residue, what is
often termed "polyamine bottoms". In general, alkylenepolyamine bottoms can
be characterized as having less than 2%, usually less than 1% (by weight)
material boiling below about 200C. A typical sample of such ethylene polyamine
bottoms obtained from the Dow Chemical Company of Freeport, Tex.
designated "E-100". These alkylenepolyamine bottoms include cyclic

condensation products such as piperazine and higher analogs of



New Candi date Load (N) Coefficient of Friction Coefficient of Friction 50
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diethylenetriamine, triethylenetetramine and the like. These alkylenepolyamine
bottoms can be reacted solely with the acylating agent or they can be used with
other amines, polyamines, or mixtures thereof. Another useful polyamine is a
condensation reaction between at least one hydroxy compound with at least one
polyamine reactant containing at least one primary or secondary amino group.
The hydroxy compounds are preferably polyhydric alcohols and amines. The
polyhydric alcohols are described below. (See carboxylic ester dispersants.) In
one embodiment, the hydroxy compounds are polyhydric amines. Polyhydric
amines include any of the above-described monoamines reacted with an alkylene
oxide (e.g., ethylene oxide, propylene oxide, butylene oxide, etc.) having from
two to about 20 carbon atoms, or from two to about four. Examples of
polyhydric amines include tri-(hydroxypropyl)amine, tris-
(hydroxymethyl)amino methane, 2-amino-2-methyl-1,3-propanediol, N,N,N',N'-
tetrakis(2-hydroxypropyl)ethylenediamine, and N,N,N',N'-tetrakis(2-
hydroxyethyl)ethylenediamine, preferably tris(hydroxymethyl)aminomethane
(THAM).

[00118] Polyamines which react with the polyhydric alcohol or amine to form
the condensation products or condensed amines, are described above. Preferred
polyamines include triethylenetetramine (TETA), tetraethylenepentamine
(TEPA), pentacthylenechexamine (PEHA), and mixtures of polyamines such as

the above-described "amine bottoms".

[00119] These extreme pressure additives can be used individually or in the
form of mixtures, conveniently in an amount within the range from 0.1 to 2 parts
by weight, per 100 parts by weight of the base oil. All the above can be
performance enhanceded using a variety of cobase stocks, AN, AB, ADPO,

ADPS, ADPM, and / or a variety of mono-basic, di-basic, and tribasic esters in
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conjunction with low sulfur, low aromatic, low iodine number, low bromine

number, high analine point, isoparafin.

EXAMPLES

[00120]  The following examples are meant to illustrate the present invention
and provide a comparison with other methods and the products produced
therefrom. Numerous modifications and variations are possible and it is to be
understood that within the scope of the appended claims, the invention may be

practiced otherwise than as specifically described herein.

[00121] We formulated an inventive grease blends for comparison against a
typical grease. The application was for constant velocity joint grease. Example
1 is typical grease and example 2 is an embodiment of the invention. The
relative amounts of base stock, polyurea thickener and additive package are
shown in Table 4. Both blends contain two base stocks and contained the same
standard thickener and additive package. The additive package includes friction

reducers, anti-wear additives, extreme pressure additives, and rust inhibitors.



600 0.065 0.060 - 52 - [00129] In addition, based on the disclosure herein
ot her base stocks of a "binodal" blend with at | east one PAO base stock and
a pol yur exot2bhéxciess2er can al so be envi sioned with the bemrefritus2ab/ob1ves

di scl osure herein to deliver other favorable properties to grease. These
properties include but are not limted §p.shear stability, inproved |ow
tenperature properties and any conbi nation thereof. [00130] Al patents and
patent applications, test procedures (for exanple, ASTM nmethods), and other
docunments cited herein are fully | rlé)arat ed by reference to the extent
such disclosure is not inconsistent this invention and for all
jurisdicf i i .
nuneri ca E?Qr\?,\lgwl imts and nungeri cal upper1 limts are|listed hezrei n, ranpes
from any| Bay@stockmt to any upper giign 30 eSEKYONEE! at ed.g3dii159, ésheKv
illustrative enbodi ments of the invention have been d¢scribed with
particulprity, it will be understBarhffihaat Bright Stsclot her nmodiOPCRAONS wi | |
be appargptto-and can be readily nade by those skilled in the art without
depar t i ngBesostoeke spirit and [scbpb GeStRY IMVEPAG. A&%d@or@atw.mos
not i nt epsl that—the pe—ofthe—ctatms—appended—hefeto—be—+mted—+ he
exanpl es gﬂald@éedgl?tptl?%ﬁ?ﬁse‘?fforth herein but rather |that the claims be

construed dg all jthe featur S f patentabl e novelt yo,Whi ch
reside i b?% S%@ée)isHe) | nventl on, i ncl udﬂ%g gl | featureés whi cﬁhvv(};ﬁ’l d be

treated agr@gglv@b@gj by thoseygxgrsed in the art tpgdpeh the
i nventi op_pertains. 132 ] The i nventi on has been desgcri bed above with

referenceGrcnsal)ﬁiecmty @idO3Oreint s and s@2eilli c exanpl ¢s. Many4@.2B3 ati ons

W ll suggest thenselves to thgse skilled in this art iin light of the aboye
det ai | ed Hmsﬁmmﬁx Al such obvi ous vidi0.@t i ons are|within 2¢B3f ul |
Ao

i nt dedrseope enoe etatrs- b3
| ntende 19.1% 19.1%

Poly’ﬁrea t'hlckener
Additive Package 6.8% 6.8%

[00122] The first blend comprises a 150 ¢St KV100°C Paraffinic Bright Stock.
The second base stock contained a PAO with a viscosity of 6 c¢St, KV100°C.

The blend also includes a polyurea thickener and a grease additive package.

[00123] The second blend comprises a PAO base stock with a viscosity of 150
cSt, KV 100°C. The second base stock is a PAO base stock with a viscosity of
100 cSt, KV 100°C. The blend also includes polyurea thickener and a grease
additive package.

[00124] An SRV test was run to demonstrate the coefficient of friction of the
two greases. The Optimol SRV Test is a ball on disk (Point Contact) test. The
ball oscillates on grease sample, 1mm stroke, 80°C, 1000Hz, and load is applied
every 3 min and graduates from SON to 1200N. Coefﬁéient of Friction () is
reported. This test is a slightly modified version of ASTM tests D-5706 and D-
5707.



CLAIMS: 1. A grease with favorable frictional properties, conprising

a) a first base stock conprising a PAOwith a viscosity over 100 cSt KV
100C and wiowhecass2sy i ndex over 100; b) a seeomasSh@w®o®8oOCck with
a viscosity at least 25 ¢St KV 100 C less than the viscosity of the first
base stock, the second base stock selec§jed fromthe group consisting of
Goup I, Goup H, PAO G| and any conbination thereof c) a
pol yurea t hi ckener conpri si ng at | east 5 weight percent of the grease and

araim 1. iR e B dide gt%@ﬁa%hgwg indableshang Btetly TOEHE bivdse.
3, The 9" 8ok ARSHAANOHD |hANRAl OUIATEHL 6P WickShn e She | FRFLcARRIAET (1 ve

sel ect ed oup cons vvear additirves, rust ectlon

addi ti vesgrehaké stdoﬁrparredimhltmcaﬂghebse/ﬁﬁmdlm%ﬁ gnperature property
addltlves and extreme pressure additives and any conbination thereof.

4. The grease according to Claim1l wherein the polyurea is a reaction of
ol yr oa. (M B6knahestrisrd cosrelitian PoRUEHTD A140F GBSt VEIQOHY JouHse! Btwoen
10 mi crong.anded 433 ﬁe%‘&manc% at low (N) load region of the SRV step load test.
Emphasis is on the low load region between 10 to 100 N. A preferred grease
would maintain a profile with a coefficient of friction below 0.6 p throughout the

test duration.

[00127] The flat line of the new candidate grease 3 is a significant
improvement over a typical grease formulation 1 and thus the PAO bi-modal
base stock formulation with polyurea thickeners provides a favorable coefficient

of friction profile.

[00128] While this example has been to a constant velocity joint grease, these
examples are not intended to be limiting. The novel formulations provide

improved properties to all greases.

Table 5
Example Conventional Grease New Candidate
Load (N) Coefficient of Friction | Coefficient of Friction
50 0.140 0.067
100 0.100 0.058
200 0.070 0.057
300 0.060 0.058
400 _ 0.065 0.060
500 0.060 0.060
600 0.065 0.060




700 mcrons, a density of less than 7.16 | bs/gal, and a specific surface
area of nore than 20 n2/g. 6. The grease according to Claim1l wherein
the firstwbas®/gsg2sk conprising at | east 40 wei ght percentr/uspeoloenss t han 90
wei ght percent of the grease and the second base stock conprises at | east
10 and | ess than 40 wei ght percent of tde grease. 7. The grease
according to Claiml1l wherein the grease has a viscosity of greater than 100
cSt KV 100 C and a viscosity index of greater than 100. 8. A nethod of

i mproving frictiqnal properties, conprisin . a) obtai ning,a grease
wi th favorspd f dndaddis , pASSHMm ﬁ@s"&ésl:%vqgesbwglraomershaswgﬁétQJn&E bi-
conprisin | ' ' | Lty
e overofal et eufat|sBEE5AS ¥aRY Bheetiel s Bplier RMeRentat@SoY) 1o
C less 1 hpd ehtiRioHedoR RN the Denthiof tHeSdisOldSEreSh&teln td &R GIREr RABLalslEOCk
selected fromthe group consisting of Goup Il, Goup IIl, PAO GIL and any
conbi nat i propeftécsetd ,greaszol ylhese ptupekiiceinclodprii ag aot lmaged Jovnshaint of
the grease and | ess than 25 wei ght percent of the grease and

| ubri cat i $igbulity impreved éewdemperaturegproppeisseandany.cBbmatignithersodi m 8,
wherein the grease is used as a constant velocity joint grease. 10.
The met hod according to Caim8 wherein the grease further conprises at

| east onerpaqdsoit i VLS edndr ; ongisSthi | te.55 -
bt vocladl | RUDEAERImnd ! GEAT SpBlieHRINELE ik dibed Thir ERmpte, O
t enper at uAS TIMometiodspdaid iotkes, decimentsreiteel heess wre fatlgt incegsorated by
conbi nati on thereof. .

reference to the extent such disclosure is not inconsistent with this invention and

for all jurisdictions in which such incorporation is permitted.

[00131] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. While
the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that
the scope of the claims appended hereto be limited to the examples and
descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof

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

[00132] The invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves
to those skilled in this art in light of the above detailed description. All such

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



11. The method according to Claim8 wherein the polyurea thickener is a
reaction of isocyanates and am nes. 12. The nmethod according to Caim
8 wher ei rwoheogpiabsear ea t hi ckener conprises a pol yurea pactiusb@owhass i s at

| east between 10 microns and |l ess than 700 microns, a density of |ess than
7.16 I bs/gal, and a specific surface arga_of nore than 20 n2/g. 13.
The met hod according to Caim8 wherein the first base stock conprising at

| east 40 wei ght percent and | ess than 90 wei ght percent of the grease and

t he secong:&g/gifs_stock conprises at |east 10 and | ess than 40 wei ght percent
of the gr . 14. The method according to Caim8 wherein the grease
has a viscosity of greater than 100 ¢St KV 100 C and a viscosity index of
greater than 100. 15. A nmethod of formulating a grease with favorable
frictional profdertiAegreas©mith favogable frictional papperbiesi comprisingi r st base stock
conprising a PAOwi th a viscosity over 100 cSt KV 100 C and a viscosity

i ndex over 100, a second base stock with a viscosity at |least 25 ¢St KV

100C | ess than the yisc of the first. ba t oc t he second se stock
sel ected fromthe & ou %zs%tr%sgﬁ% CHRRJNL & %N&E&Ylﬁ?OS‘WAﬁyer and any
conbi nat i b f orrprl sing at | east 5 weight of

t he greasgggrﬁ)E ggsct an lé%%ﬁ?y h{yeg{?ﬁ)@g%?éof the grease and - 56 -

b) formulating the first base stock t he second base stock, and the

t hi ckener to forma grease with favorabl e frictional properti es. 16.
The net hod accor di hy tms@mdrivass stadkewithra Ylbeosjtryeaisleast§511§ad(¥sl()i) Yonst ant
vel ocity grease The net according to aim wher ei n

t he greasie g‘re‘f,‘%‘fﬂﬁ“iys%fsthﬁtﬁrﬁe% $4G Fé&cg(ﬁell?"é {1081 gr oup
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pressure ggdeédfves and any conbi nation thereof

¢) apolyurea thickener comprising at least 5 weight percent of the

grease and less than 25 weight percent of the grease.

2. The gréase according to Claim 1, wherein the grease is used as a

constant velocity joint grease.

3. The grease according to Claim 1 further comprising at least one
additive selected from the group consisting of antiwear additives, rust protection
additives, friction reduction additives, low temperature property additives, and

extreme pressure additives and any combination thereof.

4. The grease according to Claim 1 wherein the polyurea is a reaction of

isocyanates and amines

5. The grease according to Claim 1 wherein the polyurea thickener

comprises a polyurea particle that is at least between 10 microns and less than



18. The method according to C aim 15 wherein the pol yurea thickener is a
reaction of isocyanates and am nes. 19. The nethod according to Caim
15 wher eiwotzh@/ed2pur ea t hi ckener conprises a pol yurea pamritsedoe/ovotyat i s at

| east between 10 microns and |l ess than 700 microns, a density of |ess than
7.16 I bs/gal, and a specific surface arga_of nore than 20 n2/g. 20.
The met hod according to Caim15 wherein the first base stock conprising at
| east 40 wei ght percent and | ess than 90 wei ght percent of the grease and

t he secon ase stock .conprises at |le 0 d I ess than 40_.wei ght r cent
of the grgggémcrons, a ésnsq%hg?ﬁash@anaﬁiérléwﬁgfta&dd 3PRSIEE SHIEACE: Fop il

gr ease ha?n&e‘fﬁ?r??ﬂinw of greater than 100 cSt KV 100C and a viscosity

i ndex of greater & "&00.

6. The grease according to Claim 1 wherein the first base stock
comprising at least 40 weight percent and less than 90 weight percent of the
grease and the second base stock comprises at least 10 and less than 40 weight

percent of the grease.

7. The grease according to Claim 1 wherein the grease has a viscosity

of greater than 100 ¢St KV 100 °C and a viscosity index of greater than 100.
8. A method of improving frictional properties, comprising

a) obtaining a grease with favorable frictional properties
comprising a first base stock comprising a PAO with a viscosity over 100 cSt
KV 100 °C and a viscosity index over 100, a second base stock with a viscosity
at least 25 cSt KV 100 °C less than the viscosity of the first base stock, the
second base stock selected from the group consisting of Group II, Group III,
PAO, GTL and any combination thereof, a polyurea thickener comprising at

least 5 weight of the grease and less than 25 weight percent of the grease and
b) lubricating with the grease.

9. The method according to Claim 8, wherein the grease is used as a

constant velocity joint grease.

10. The method according to Claim 8 wherein the grease further

comprises at least one additive selected from the group consisting of antiwear
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additives, rust protection additives, friction reduction additives, low temperature

property additives, and extreme pressure additives and any combination thereof.

11. The method according to Claim 8 wherein the polyurea thickener is

a reaction of isocyanates and amines.

12. The method according to Claim 8 wherein the polyurea thickener
comprises a polyurea particle that is at least between 10 microns and less than
700 microns, a density of less than 7.16 lbs/gal, and a specific surface area of

more than 20 m?/g.

13. The method according to Claim 8 wherein the first base stock
comprising at least 40 weight percent and less than 90 weight percent of the
grease and the second base stock comprises at least 10 and less than 40 weight

percent of the grease.

14. The method according to Claim 8 wherein the grease has a viscosity

of greater than 100 cSt KV 100 °C and a viscosity index of greater than 100.

15. A method of formulating a grease with favorable frictional

properties, comprising

a) obtaining a first base stock comprising a PAO with a viscosity
over 100 ¢St KV 100 °C and a viscosity index over 100, a second base stock
with a viscosity at least 25 ¢St KV 100 °C less than the viscosity of th.e first base
stock, the second base stock selected from the group consisting of Group I,
Group III, PAO, GTL and any combination thereof, a polyurea thickener
comprising at least 5 weight of the grease and less than 25 weight percent of the

grease and
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b) formulating the first base stock, the second base stock, and the

thickener to form a grease with favorable frictional properties.

16. The method according to Claim 15, wherein the grease is used as a

constant velocity joint grease.

17. The method according to Claim 15 wherein the grease further
comprises at least one additive selected from the group consisting of antiwear
additives, rust protection additives, friction reduction additives, low temperature

property additives, and extreme pressure additives and any combination thereof.

18. The method according to Claim 15 wherein the polyurea thickener is

a reaction of isocyanates and amines.

19. The method according to Claim 15 wherein the polyurea thickener
comprises a polyurea particle that is at least between 10 microns and less than
700 microns, a density of less than 7.16 Ibs/gal, and a specific surface area of

more than 20 m%/g.

20. The method according to Claim 15 wherein the first base stock
comprising at least 40 weight percent.and less than 90 weight percent of the
grease and the second base stock comprises at least 10 and less than 40 weight

percent of the grease.

21. The method according to Claim 15 wherein the grease has a viscosity

of greater than 100 ¢St KV 100 °C and a viscosity index of greater than 100.





