WD 2008/ 013697PCT/ US2007/ 016172 -1- GREASE COWPOSI TIONS FI ELD OF THE

| NVENTI ON 10011 The present invention relates to a |ubricating base oil and
grease mage héxangforom Mre particularly, the present i pegrish@Pi@hates to
a grease conposition providing anong ot her properties good | ow tenperature
torque, low oil separation, inproved dropping point and high tenperature
evaporation properties. BACKGROUND OF THE | NVENTI ON 10021 Greases are used
in a wde variety of applications such_as protecting and |ubricating
mechani cal parts like ball and roller bearings and rotating shafts in
vehicles, aircraft, machine tools and appliances, to nention but a few.

Al t hough greases consist of a lubricant base oil, a thickener and
performance enhancing additives, the properties of the grease are due
primarily to the properties ofCREASECOMBOSHHONS | ysed in nmaking the

grease. 10031 There are many applications for greases that possess

si mul t aneously properties of | ow evaporation |oss at high tenperatures and
adequat e t BIELP @F THE INNVBBFIONes, such as lubricating aircraft ailerons,
el evators, flaps and the |ike. However, this conbination of properties is
difficult to achieve, because l|ubricant base oils that provi de adequate

torque at te res. j.cal | 0, Nof . h | w_evapaoration at .high

t enper at ur [Ty OPEC BletkRE iy SRR relar g p ki 5 YRGBl Blagfe 2o
neeting t hekeefremIMate/pdrticQIERRY ik Frdséﬂpi_i‘i%hﬂén ¢elatdiqofOgreds@t ed from

Fi scher-Tropsch wax derived base oils having high viscosity indicies (VlIs).

- 2 - SUMVRMPCSItIPREPTOMIGNG papeng ather prepestiesrigood taw ttemperadtareptosqestlow
, tom. > oS . FrEd D ant b .
v g a P g$paRESn: AERATsY dpbheldht A5H nAs Rt eV ABHAEH. . oot he

base oil cpropirtiss.at |east 10 w%to 100 wt% of a gas to liquid (GIL) base

stock and about 0 wt%to 90 wt % of a pol yal phaolefin (PAO fluid. The
grease al so contains a thickener. [5] In a preferred enbodi nent, the

grease i NCRYG @@%@#Fﬁ[@wﬁqh}q [6] In yet another enbodinent,
the gr ease‘c%rns—a't—!-east—wre—mm nce enhancing additive. DETAILED
DESCRI PTION OF THE | NVENTION [7] The grease conposition of the invention
conprises a |ubricant base oil having a VI of greater than about 120,

pr ef er abl yI@dat direasemareamedria aawidsuyaniety f applisations sushuas pratedtingnd

r ef er abl . - rtantl base, 0i, cont ai out JIQ WMt% to
Pbout 100 MrShdticating mecMC iRl ke bAIT AR FENS ReaFies EniroBatfy stihs!
(GTL) | ubriceeticlessaircrafis nachiid &4 ind Bppldiceldd®imehabk btk fehave a
ki nematic viscosity (Kv) at 400C in the range of fromabout 10 cSt to about

40 cSt. | nAltheugh gzeases gonsist afia lubricant hase oilsa thiskensscand penformance,

ffinic_Ri - Tk. E-T)_synt hesi zed hyd bon. .. [.8].. | F-T

Dynt hesi s SHaREEE addias int prod e oR Tt ERGHsC 1R ACChARRy S mtg Oo

cat al yti captopeptiesvef thedubftantbuse il véed ihy:ﬂalaﬁ@thegseaswe nole ratio of the
r

hydrogen to the carbon nonoxi de may broadly range om about 0.5 to 4, but
is nmore typically within the range of fromabout 0.7 to 2.75 and preferably

from - 3 out : . nEe T osynt hesi r sses

i ncl ude pr[)ocgzﬁsesﬂ?er{z\ﬁk?c nghaﬁgﬁ:?glf’ﬁg@ﬁ%%gw% Sso?méul?ar'%ggg ed, a
fluidi zed pespentiesssf wwstvdporatidbn @@ésadt)l'ﬁ%h perhpenges hﬁdadbgquafdawmsl urry
liquid. The stoichionetric nole ratio of H2 and CO for a F-T synthesis

reaction ilowtanpergtures,sushasdubtesgting aireradl aidgrops, ¢lgvators flapsandthe

stoi chionmegg i C ' . « Ski || ' he argedknow. ln.a c |t slurry
hydr ocar ggw(és'y n %‘;eés‘{%g’a%? goé(;&e}ggnfa?émf ‘g&}oﬁgﬁée%rigtd}'fotﬁg?ﬂoha@%@cf g)g%sles

typi cal | y hibpicanPbdseloilsl®apprdvidé Adegaae toique ai|lblwrt¥n'igm}'atﬂfés0t9§&:all§lf'tﬁ)
synt hesis gas conprising a_mxture of H2 and CO is bubbled up into the

bot t om of Rofhavelpi canoraiion athigh tempaspases dhediresant ipyenticiuisshased. on

synt hesi s t Ul I I { 1Q faorm
hydr ocar boﬁg,‘ﬂg&é{)ﬁ# il&(‘)&ntr%?g\ﬁgi'{é%etgdr%& elga glé%fﬁg'[kq# b}'lécoorr}ﬁe%%%l:;lgrc“”gé%alle icgﬁ s and
whi ch conpbé SerntuletedyfiomcRisblest-Trapsch waxidetved basesoits hesingdiigh yilcesity bon
liquid is separated fromthe catalyst particles as filtrate by means such
as filtratingicles(Ylugh ot her separation neans such as centrifugation can
be used. Sone of the synthesized hydrodarbons pass out the top .of the

hydr ocar bon synthesis reactor as vapor, along with unreacted synthesis gas
and ot her gaseous reaction products. Sonme of these overhead hydrocarbon
vapors are typically condensed to liquid and conbined with the hydrocarbon
liquid filtrate. Thus, the initial boiling point of the filtrate may vary
dependi ng on whet her or not sone of the condensed hydrocarbon vapors have
been conmbined with it.




1010] Slurry hydrocarbon synthesis process conditions vary sonewhat

dependi ng on the catal yst and desired products. Typical conditions

ef f ect i vewDaodsanaa9nydr ocar bons conpri si ng nostly Cs+ parafrfusee7/oa61d2
preferably C 10+ paraffins, in a slurry hydrocarbon synthesis process

enpl oying a catalyst conprising a supported cobalt conponent include, for
exanpl e, tenperatures of - 4 - from about 320-850F (160C- 455C) , pressures
of from about 80-600 psi (550 kPa -4137 kPa) and hourly gas space
velocities in the range of from about 100- 40,000 V/ hr/V, expressed as
standard vol unes of the gaseous CO and-I22- m xture (0C, 1 atm per hour per
vol ume of catal yst, respectively. The term "C5+" is used herein to refer to
hydr ocarbons with a carbon nunber of greater than 4, but does not inply
that mat er3dMMARY Q JONs to be present. Similarly other
ranges quoted for carbon nunber do not inply that hydrocarbons having the
limt values of the carbon nunber range have to be present, or that every
carbon nunjoed] i nIhaekEnbedinichn of the pisentinivention ld ghdask Tofipeisiioreid t hat

t he hydrocarbon synthesjs reaction be conducted_ under conditions in which
limted orPrayidgsi¢ampgisinga lubricantbassrpibhaving aVd greater hasr 0anda Roun no
wat er gas shift reaction urrin urji ng the hydrocarbon synthesis. It is
al so pref é?Q‘EHIEQISWCMC’?B? e“’{‘%"& ﬂ&P%ﬁd@PC%%mSﬁtgﬁésfﬂ& L ita@0an al pha
(Schultz-R j IoCli Gk @Tﬂ ber ast 0.9 and
nore pref e‘]rvg}l%)’?bflsi a Iﬂggﬁ&lgkgz, s%&gssltﬁéé@(g?ﬁég ggﬁﬁ;@@%ﬁ%gfﬁme

desi r abl e pulgalphaokeifec{(RA©) fliidiFhdgrbase alsbarontaihbiasthickenbeen achi eved in a
slurry process using a catalyst containing a catalytic cobalt conponent.
While suitable F-T types of catalyst conprise, for exanple, one or nore

G oup VIII al ypi : F | it ql erred
t hat the c[z(i)t6 g ys%ﬂl gﬁ)ﬁt%ﬁ@%@gﬁ?%ﬁgﬁ?ntég%eagﬁals %ﬂ}:c(%%%ﬁﬁ?ﬁe*) %h(&)ﬁgﬁléer%éé{&i ment
the catal yst conprises catalytically effective anounts of Co and one or
nore of Re , Fe, Ni, Th, ZzZr, H,6 U, and La qgn a suitable inorganic
suppor t ndpgﬁlal Enﬁreéf‘ﬁ?';ﬁf 9"&99‘%1“@@%%??§9§‘36%3ka@ refractory

met al oxi r : or Co containing catal ysts conprise
titania. %ﬁﬁrﬁ{ﬁﬁcﬁ%ﬂﬁggﬁm&o é'usef ul F-T catalysts and their
preparation may be found, in U S. Patents 4,568,663; 4,663,305; 4,542, 122;

4,621,072 3 _ hasestock is produced by
DELAILER DES G150, P e 120 gll--@-‘- al | y-one having an

hydr oner i < A y-aH-eE5

initial boiling point in the range of 650F to 750F and preferably one which
continuously boils up to an end point of at |east 1050F. The

hydr oi sond0D7ht i dihedreaseecovapysitioadifthe imveraiomocdmpriséshz hericantrbyseeil

conduct ed ,over a i natiop of, cat sts_or, over a sing catal yst. A
parti cul arfi3yIRg eﬁéf%%ﬁﬁ?% ahet L20) peRtecikls) greater thalt 15088 BIPAYr,

nmol ybdenum an tional | morphous si lJ ca- aljuyHa, conponent anpl es
of vat al y RURCoT BelW St 200 f T piR Al iBnl A SIrBPEHARE g 5S¢

5, 378, 348.0il EdnthirldyaHovit 307 RI%28abstt $O0WAYS bR prEPAIFIY VR4t Rbeat by ange
from about 150C to about 5000C at pressures ranging ffom about 500 to

20, 000 kPawt¥%hoka gastebiquid(GTEh) byhricant bas¢ stockeTppizatindbe G TIh pdswstenk at

hydrogen partial pressures rangi n&ﬁfrom abouyt 600 to 6000 kPa. The ratio of
hydr ogen t'W$illBaxe & kinerpgtic viscpsity Hiykat 40Ynin the rangy offrgmoabayt 101ehttes t o

19, 660 SCF, d i f. i f
about 0.1 5030 88, 1h s RARRoHHE TTY bhe biK I FRoducuBona FERDCS (1T
it w th hyshraffaic iPisdhiee-Tropsen@ T) fsyatlksizedihygiroedrboyist to form a dewaxate

fromwhich the light ends are recovered. A dewaxing catal yst that has been
found to be particularly effective conprises a noble netal, preferably Pt,
conposite ki h )| i : ical i |b}+

Cemper at rlQ08], " 10 IO ba puRieE o AEHRRD o SORHIBE 2 HGRIE ST, e
in the rang@ @b idRaulyfitali? Cohertings pardfAARCh IS %4%5%1 i B ogen
treat rate in the ranég 01?>Oa%out 1580 Po 3500 S@/ t‘):%fb 270 n. 1. f-rllto 625
n.1.1-1) fthe hydoegenhtothgltarber rmnexadumalyi®roadlyrahge drdifi .abpi6]S tord,dbut
preferred .enbodinent .. the O0Th base oLl. has, a carbo nmber djstribution
Such that 13MYrEYPICally, WHPEY Be JBnge af frogsabowtiyTdp 4 Aa aRg drecmtlydtom - ¢
in the base oil have at |east 20 carbon atons. Mre preferably, at |east
90% of the hydrocarbons in the base oil have from 20 to 50 carbon atons,
and nost preferably from22 to 40 carbon atons. 10161 Optionally, the base
oil of the grease of the invention may contain fromO wt%to 90 w % and
preferably 5 wt% to about 90 wt% of a PAO having a Kv-at 40C in the range
of about 5 ¢St to about 40 cSt. PAO oil base stock is a commonly used
synthetic hydrocarbon oil. By way of exanple, PAOs derived fromC8, Cop
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acid. Also useful are lithiumconplex soaps, i.e., soaps forned froma
lithiumbase and a m xture of such fatty acids. [20] The grease of the

i nvent i orwoanesaiia®7pr ef erably about 1 wt % to about 25 wePC¥usnah7ondie2
preferably about 2 wt% to about 15 wt % of thickener based on the total

wei ght of the grease conposition. [21] Various conventional grease
additives nmay be incorporated into the conpositions of the invention to

i nprove desirable properties such as oxidation stability, tackiness,
extrene pressure properties and corrosion inhibition. A description of the
additives used in greases can be found,-¥eor exanple, in "Mdem Lubricating
G eases," 1976, Chapter 5. -8- 10221 1In a preferred enbodi nent of the

i nventi on, theﬁgiease conposition wil] _contain a pour point depressant.

Pour poi ntaRAROeLE A1 Ay is well knpnaw k-2 synthesiscprocssses apslnde processesiy .
i al kyl fi ] : - ,
the pour piRIcH Gle\CaBiysclS Shhe AP B KTl BRE MR AT & A8 FSIury BECE 1Y

pr ef er abl ycdlalysvpaftictestina by dpochriidreslinydiquidcThe swichiofiettio mold ratio of
particularly preferred lgg_ur poi nt depressant is an allcylated

f umar at e/ VvilayandZe @t for @ Idpomthesis reqopion ipied, butshergase maanyoraaspas fors
cvapor a1 |onARSEbREfolehfumatictalo €555 Bl RISER ko b
For examp Soaidiny b EBERAYHIRSIs froess B B ARKd YFme ) RACLT €0

Boei ng Speigi(%bféan'y(ybouBﬂﬁ/ﬁ- 33. [24] The invention will be further
illustrated by the following nonlimting exanples. EXAMPLE 1 [ 25] The

evaporative weight |osses for five lubricant base stocks were determ ned

and are gi .n,Taple 1 along w their S (ASTM D 445) and. VIs (AST'MD
357) " oo OcliiBh. " 383Re Sofr S R T priess M s s lmBRSP B

rel ativel ymiaurE¥PPRY fid €O Isosiled upShto?theWitfom F tHOMREry A Feactdih GV
base stocks have hi gher VIs than Base stocks 4 and 5 althdough all Base

stocks 1 o ptesoideRfihe paftidiflaté P MUsymthiésis cafadyst in e slaf liquidtat1000C. -

9 - Table 1 1 2 3 4 5 Base_stock wt % wt % wt % wt % wt %
conditions effective to form hydrocarbons, a portion of which are liquid at the
reaction conditions and which comprise the hydrocarbon slurry liquid. The
synthesized hydrocarbon liquid is separated from the catalyst particles as filtrate
by means such as filtration, although other separation means such as
centrifugation can be used. Some of the synthesized hydrocarbons pass out the
top of the hydrocarbon synthesis reactor as vapor, along with unreacted synthesis
gas and other gaseous reaction products. Some of these overhead hydrocarbon
vapors are typically condensed to liquid and combined with the hydrocarbon
liquid filtrate. Thus, the initial boiling point of the filtrate may vafy depending
on whether or not some of the condensed hydrocarbon vapors have been

combined with it.

[010] Slurry hydrocarbon synthesis process conditions vary somewhat
depending on the catalyst and desired products. Typical conditions effective to

form hydrocarbons comprising mostly Cs. paraffins, and preferably Cj0+

paraffins, in a slurry hydrocarbon synthesis process employing a catalyst

comprising a supported cobalt component include, for example, temperatures of



100.0 0 0O PAO4 0 O O 100.0 0 PAOB6 0 0O O 0 100.0 GIL 3.6 100.0 O
6 0 100.0 0O
WO 2008/013697 PCT/US2007/016172
-4.

from about 320-850°F (160°C-455°C) , pressures of from about 80-600 psi (550
kPa — 4137 kPa) and hourly gas space velocities in the range of from about 100-
40,000 V/hr/V, expressed as standard volumes of the gaseous CO and Hp

mixture (0°C, 1 atm) per hour per volume of catalyst, respectively. The term

“Cs+" is used herein to refer to hydrocarbons with a carbon number of greater

than 4, but does not imply that material with carbon number 5 has to be present.
Similarly other ranges quoted for carbon number do not imply that hydrocarbons
having the limit values of the carbon number range have to be present, or that

every carbon number in the quoted range is present.

[011] It is preferred that the hydrocarbon synthesis reaction be conducted
under conditions in which limited or no water gas shift reaction occurs and more
preferably with no water gas shift reaction occurring during the hydrocarbon
synthesis. It is also preferred to conduct the reaction under conditions to achieve
an alpha (Schultz-Flory kinetic alpha) of at least 0.85, preferably at least 0.9 and
more preferably at least 0.92, so as to synthesize more of the more desirable
higher molecular weight hydrocarbons. This has been achieved in a slurry
process using a catalyst containing a catalytic cobalt component. While suitable
F-T types of catalyst comprise, for example, one or more Group VIII catalytic
metals such as Fe, Ni, Co, Ru and Re, it is preferred that the catalyst comprise a
cobalt catalytic component. In one embodiment the catalyst comprises
catalyti(}ally effective amounts of Co and one or more of Re, Ru, Fe, Ni, Th, Zr,
Hf, U, Mg and La on a suitable inorganic support material, preferably one which
comprises one or more refractory metal oxides. Preferred supports for Co
containing catalysts comprise titania. Non-limiting examples of useful F-T
catalysts and their preparation may be found, in U.S. Patents 4,568,663;
4,663,305; 4,542,122; 4,621,072 and 5,545,674.



0 Properties KV @40C, cSt 14.68 29.68 5.10 16.46 30.28 KV A 100C, cSt
3.66 6.05 1.70 3.79 5.79 VI 139 157 144 122 137 Evaporative Losses, w % 22
hrs @ 10080Q0@&A186974 6. 23 PCT/US2007/016172

-5-

[012) The GTL basestock is produced by hydromerizing a GTL waxy
hydrocarbon product especially one having an initial boiling point in the range of
650°F to 750°F and preferably one which continuously boils up to an end point
of at least 1050°F. The hydroisomerization of the waxy product, or a portion
thereof, may be conducted over a combination of catalysts or over a single
catalyst. A particularly preferred hydroisomerization catalyst comprises cobalt,
molybdenum and optionally an amorphous silica-alumina component. Examples
of catalysts of the type may be found in US Patents 5,370,788 and 5,378,348.

[013] Hydroisomerization conversion temperatures typically range from
about 1500C to about 500°C at pressures ranging from about 500 to 20,000 kPa.

This process may be operative in the presence of hydrogen at hydrogen partial
pressures ranging from about 600 to 6000 kPa. The ratio of hydrogen to waxy

feed typically ranges from about 10 to 3500 n.L.I-1 (56 to 19,660 SCF/bbl), and
the space velocity of the feed typically ranges from about 0.1 to 20 LHSV.

[014] The hydroisomerate is then dewaxed by rca.cting it with hydrogen in the
presence of a dewaxing catalyst to form a dewaxate from which the light ends
are recovered. A dewaxing catalyst that has been found to be particularly
effective comprises a noble metal, preferably Pt, composited with H- mordenite.

Typical dewaxing conditions include a temperature in the range of about 400 to
6000F (2040C to 3159°C), a pressure in the range of about of 500 to 900 psig
(3450 kPa to 4140 kPa), a hydrogen treat rate in the range of about 1500 to 3500
SCF/bbl (270 n.LI-1 to 625 n.LI-1) for flow through reactors and LHSV of 0.1 to
10.

[015] In a preferred embodiment, the GTL base oil has a carbon number
distribution such that at least 85%, preferably at least 90% of the hydrocarbons,



0 0.03 10261 This exanple shows that the G| base stocks have relatively

| ow evaporation |osses after 22 hours at 100C, and for a given viscosity at
100C, t hewGbRhosmas@7st ocks have a hi gher VI than t he PAOPhagms2&voeds2 Hi gher
VIs are indicative of better |ow and high tenperature properties. EXAMPLE 2
027] A series of base oils were prepared by bl ending two PAO base stocks,
two GM base stocks or one GM base stock wth one PAO base stock. These base
stocks were blended to neet a viscosity target of about 15 cSt at 400C

Tabl e 2 shows the conposition of the blends (base oils) and their
properties. - 10 - Table 2 Base Ol 66Base Ol 7 Base Ol 8 Base Ol 9
Base 011 10 Base Ol 11 Base 011 12 Base stock wt % wt % wt %

in the base oil have at least 20 carbon atoms. More preferably, at least 90% of
the hydrocarbons in the base oil have from 20 to 50 carbon atoms, and most

preferably from 22 to 40 carbon atoms.

[016] Optionally, the base oil of the grease of the invention may contain from
0 wi% to 90 wt% and preferably 5 wt% to about 90 wt% of a PAO having a Kv
at 40°C in the range of about 5 cSt to about 40 cSt. PAO oil base stock is a
commonly used synthetic hydrocarbon oil. By way of example, PAO’s derived
from Cg, C,¢, C)2, Ci4 Olefins or mixtures thereof may be utilized. See U.S.
Patents 4,956,122; 4,827,064; and 4,827,073.

[017] The number average molecular weights of the PAO’s, which are known
materials and generally available on a major commercial scale from suppliers
such as ExxonMobil Chemical Company, Chevron, BP-Amoco, and others,
typically vary from about 250 to about 3000, or higher, and PAO’s may be made
in viscosities up to about 100 mm?*/s (100°C), or higher. In addition, higher
viscosity PAQO’s are commercially available, and may be made in viscosities up
to about 3000 mm?*/s (100°C), or higher. The PAO’s are typically comprised of
relatively low molecular weight hydrogenated polymers or oligomers of alpha-
olefins which include, but are not limited to, about C, to about Cs, alphaolefins
with about Cg to about C,¢ alphaolefins, such as 1-octene, 1-decene, 1-dodecene
and the like, being preferred. The preferred polyalphaolefins are poly-1-octene,
poly-1-decene and poly-1-dodecene and mixtures thereof and mixed olefin-
derived polyolefins. However, the dimers of higher olefins in the range of about
C,4 to C,;3 may be used to provide low viscosity base stocks of acceptably low
volatility. Depending on the viscosity grade and the starting oligomer, the
PAO’s may be predominantly trimers and tetramers of the starting olefins, with
minor amounts of the higher oligomers, having a viscosity range of about 1.5 to

12 mm?/s.



wt % wt % wt % W % PAO 2 40.7 34.3 30.1 0 00 7 PAO4 0 00 0 O 50.0 93 PAO 6
59.3 65.7 69.9 10.0 0 0 O GIL 3.6
WO 2008/013697 PCT/US2007/016172

[018] PAO fluids may be conveniently made by the polymerization of an
alphaoleﬁn-in the presence of a polymerization catalyst such as the Friedel-
Crafts catalysts including, for example, aluminum trichloride, boron trifluoride
or complexes of boron trifluoride with water, alcohols such as ethanol, propanol
or butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.
For example the methods disclosed by USP 4,149,178 or USP 3,382,291 may be
conveniently used herein. Other descriptions of PAO synthesis are found in the
following U.S. Patents 3,742,082; 3,769,363; 3,876,720; 4,239,930; 4,367,352;
4,413,156; 4,434,408; 4,910,355; 4,956,122; and 5,068,487. The dimers of the
Ci4 to C,3 olefins are described in USP 4,218,330.

[019] The grease of the invention includes a thickener. Typical thickeners
include alkali metal soaps, clays, polymers, silica gels and polyureas. In the
present invention alkali metal soaps, especially lithium soaps, are the preferred

thickeners. Typically, the lithium soaps are derived from a lithium base and C
to C24 and preferably Cj 5 to C; g fatty acids, conveniently, 12-hydroxystearic

acid. Also useful are lithium complex soaps, i.e., soaps formed from a lithium

base and a mixture of such fatty acids.

[020] The grease of the invention contains preferably about 1 wt% to about
25 wt % and more preferably about 2 wt% to about 15 wt% of thickener based

on the total weight of the grease composition.

[021] Various conventional grease additives may be incorporated into the
compositions of the invention to improve desirable properties such as oxidation
stability, tackiness, extreme pressure properties and corrosion inhibition. A
description of the additives used in greases can be found, for example, in
“Modern Lubricating Greases,” 1976, Chapter 5.



0 0090.090.050.00GIL 600O0O0 10.0 0 O Properties KV @ 40C,
cSt 13.61 15.30 16.55 15.70 14.74
WO 2008/013697 PCT/US2007/016172

[022] In a preferred embodiment of the invention, the grease composition will
contain a pour point depressant. Pour point depressants are well known and
typically comprise Cg to Cyg dialkylfumarate/vinyl acetate copolymers and
polymethacrylates. Typically, the pour point depressant will comprise about 0.1
wt% to about 1 wt% and preferably 0.2 wt% to 0.4 wt% of the total grease
composition. A particularly preferred pour point depressant is an alkylated

fumarate/vinyl acetate copolymer.

[023] When a grease composition is formulated as described above, it will
possess the properties of low evaporation loss at high temperatures, e.g., above
about 1000C, and adequate torque at low temperatures, e.g., below about -700C
as required, for example, by the U.S. Military specification MIL-PRF-23827, or
the Boeing specification, BMS 3-33.

[024] The invention will be further illustrated by the following nonlimiting

examples.
EXAMPLE 1

[025] The evaporative weight losses for five lubricant base stocks were
determined and are given in Table 1 along with their Kvs (ASTM D 445) and
VIs (ASTM D 457). As can be seen, the GTL base stocks (Base stocks 1 and 2)
have relatively low evaporative losses after 22 hours at 100°C. Also, the GTL

base stocks have higher VIs than Base stocks 4 and 5 although all Base stocks 1

and 4 and Base stocks 2 and 5 have about the same Kv at 1000C.



15.48 15.05 KV @100C, cSt 336 3.63 3.83 3.82 3.84 3.71 3.56 VI 121 123 125

139 141 130 118 Evaporative Losses, w % 22 hrs @100C 3.07 2.63
WO 2008/013697 PCT/US2007/016172
-9.
Table 1
1 2 3 4 5

Base stock wt% wt% wt% wt% wt%
PAO 2 0 0 100.0 0 0
PAO 4 0 0 0 100.0 0
PAO 6 0 0 0 0 100.0
GTL 3.6 ' 100.0 0 0 0 0
GTL 6 0 100.0 0 0 0
Properties
KV @ 40°C, cSt 14.68 29.68 5.10 16.46 30.28
KV @ 100°C, cSt 3.66 6.05 1.70 3.79 5.79
VI 139 157 144 122 137
Evaporative Losses, wt%
22 hrs @ 100°C 0.23 0.74 6.23 0 0.03

[026] This example shows that the GTL base stocks have relatively low
evaporation losses after 22 hours at 100C; and for a given viscosity at 100C, the
GTL base stocks have a higher VI than the PAO base stocks. Higher VIs are

indicative of better low and high temperature properties.
EXAMPLE 2

[027] A series of base oils were prepared by blending two PAO base stocks,
two GTL base stocks or one GTL base stock with one PAO base stock. These

base stocks were blended to meet a viscosity target of about 15 cSt at 40°C.

Table 2 shows the composition of the blends (base oils) and their properties.



2.41 0.19 0.31 0.13 0.35 HC Distribution, w% C20 44.8 38.3 34.
0 0 6.96 C30 19.6 21.4 23.3 90.31 100.0' 93.8'

WO 2008/013697 PCT/US2007/016172
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Table 2
Base Base Base Base Base Base Base
Qilé | Oil7 | Oil8 | Oil9 | Oil10 | Oil11 | Oil 12
Base stock wt% wt% wit% wt% wt% wt% Wit%
PAO 2 40.7 343 30.1 0 0 0 7
PAO 4 0 0 0 0 0 50.0 93
PAO 6 59.3 65.7 69.9 10.0 0 0 0
GTL 3.6 0 0 0 90.0 90.0 50.0 0
GTL 6 0 0 0 0 10.0 0 0
" | Properties
KV @ 40°C, 13.61 | 1530 | 16.55 | 15.70 14.74 15.48 15.05
cSt
KV @ 100°C, 3.36 3.63 3.83 3.82 3.84 3.71 3.56
cSt
VI 121 123 125 139 141 130 118
Evaporative
Losses, wt%
22 hrs @ 3.07 2.63 2.41 0.19 0.31 0.13 0.35
100°C
HC
Distribution,
wt%lll .
Cy| 44.8 38.3 34.1 0 0 0 6.96
Cyx| 19.6 | 214 | 233 | 90.3" [ 100.0' | 93.8' [ 81.61
Cso| 274 31.0 329 7.6 0 6.0 10.99
Cso| 7.6 8.6 8.9 2.0 0 0.2 0.44
Ceo| 0.6 0.7 0.8 0.1 0 0 0

[028] As can be seen, while all the blends have a similar viscosity, not all the
blends meet the U.S. Military Specification, MIL-PRF-23827 requirement of 2
wt% maximum evaporation loss for greases such as aircraft greases. Also, base

oils 6, 7 and 8 prepared solely with PAO base stocks have high evaporative



81.61 C40 27.4 31.0 32.9 7.6 0 6.0 10.99 C50 7.6 8.6 8.9 2.0 0 0.2 0.44 Co60
0.6 0.7 0.8 0.1 000 [028] As can be seen, while all the blends have a
simlar wecosstige7not all the blends neet the U S. M| pCcamg2@pmediiz cati on,
M L- PRF- 23827 requirement of 2 wt % nmaxi num evaporation | oss for greases
such as aircraft greases. Also, base oils 6, 7 and 8 prepared solely with
PAO base stocks have high evaporative weight |osses. Base oils 9, 10 and
11 neet the mlitary weight | oss requirenents and have desirably higher VIs
t han base oil 12.
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weight losses. Base oils 9, 10 and 11 meet the military weight loss requirements
and have desirably higher VIs than base oil 12.

[029]
distribution such that at least 85%, preferably at least 90% of the hydrocarbons

In a preferred embodiment, the base oil has a carbon number

in the base oil have at least 20 carbon atoms. Most preferably, at least 90% of
the hydrocarbons in the base oil have from 20 to 50 carbon atoms, conveniently
from 22 to 40 carbon atoms.

EXAMPLE 3

[030]
from Base Oil 12 (Grease 2) using about 12-14 wt% of the same lithium soap

Three greases were prepared, one from Base Oil 11 (Grease 1) and one

thickener, lithium 12-hydroxystearate. A third grease (Grease 3) was a
commercially available grease that contained a mixture of PAO and di-isooctyl
azealate base oil and a lithium complex thickener. These greases were subjected

to the tests shown in Table 3.

Table 3
Test Grease 1 Grease 2 Grease 3

60X Penetration ASTM 237 306 298

D217
Cu Corrosion, 24 hrs @ ASTM 1A 1A 1B
100°C D4048
Rust Protection, 48hrs @ | ASTM Pass Pass Pass
125°F D1743
Dropping Point, °C ASTM 245 198 220

D2265
4-Ball Wear, Scar Diam, ASTM 0.44 0.422 0.518
mm : D2266
Qil Separation, 30hrs @ ASTM 0.31 4.82 44
100°C - D6184




[29] In a preferred enbodi nent, the base oil has a carbon nunber
distribution such that at |east 85% preferably at |east 90% of the

hydr ocar bwo=o0esmisése base oil have at | east 20 carbon at ecs/USkMISIN16172
preferably, at |east 90% of the hydrocarbons in the base oil have from 20
to 50 carbon atons, conveniently from22 to 40 carbon atons. EXAMPLE 3
[30] Three greases were prepared, one fromBase Gl 11 (G ease 1) and one
fromBase Q| 12 (Grease 2) using about 12-14 wt % of the sane |ithium soap
t hi ckener, lithium 12-hydroxystearate. A third grease (G ease 3) was a
comrercially avail abl e grease that comt®ned a mi xture of PAO and

di -i sooctyl azeal ate base oil and a'lithium conpl ex thi ckener. These

greases were_ subj ct ed to the tests shown in Table 3. Table 3 .Test G ease
1 Gease J0&lkasdhis expmpleshovs theha grsaseof thisigyenten fgeeass lodas somen, 24

Pass Pass EREEHS sﬁéﬁéﬁt‘t@. ke o Shf Ry i e 1

Greases 2 and 3.
EXAMPLE 4

[032] 0.3 wt% of an alkylated fumarate/vinyl acetate copolymer pour point
depressant sold by Infineum Corporation, Linden, NJ, under the trade name

Infineum V387 was added to Grease 1 from Example 3. As shown in Table 4,
the addition of the pour point depressant to Grease 1 significantly reduced the

low temperature running torque at -73°C and did not affect the low temperature

starting torque at -73°C or the U.S. Steel Mobility, a widely used measure of

grease flow.
Table 4
Test Greasel | Greasel

Infineum V387, wt% 0 0.3
Properties
Low Temp. Running Torque @ | ASTM D1478 0.317 Nm 0.227 Nm
-73°C '
Low Temp. Starting Torque @ - | ASTM D1478 1.0199 Nm 1.0885 Nm
73°C
US Steel Mobility, 0°F, g/min 129.0 129.2

EXAMPLE 5

[033] To better compare the low temperature torque properties of a grease of
the invention, 30 wt% of Base Oil 11 of Example 2 was added to Grease 1 of

Example 3 to make it a softer grease (Grease 4). The Grease 4 was subjected to
the tests shown in Table S, which for comparative purposes also includes results

for Greases 2 and 3.



220 4-Ball War, Scar Diam nmm ASTM D2266 0.44 0.422 0.518 Q| Separation,
30hrs @100C ASTM D6184 0.31 4.82 4.4 - 12 - [31] This exanple shows that
a grease WD 2d8/m3dnventi on (G ease |) has sone properti @sSTAISN7AIGITD
Greases 2 and 3 but significantly lower oil separation than G eases 2 and
3. EXAMPLE 4 [32] 0.3 wt% of an al kyl ated fumarate/vinyl acetate copol yner
pour point depressant sold by Infineum Corporation, Linden, NJ, under the
trade nane |Infineum V387 was added to G ease 1 from Exanple 3. As shown in
Table 4, the addition of the pour point depressant to Gease 1
significantly reduced the | ow tenperatul®e-running torque at -730C and did
not affect the | ow tenperature starting torque at -730C or the U S. Steel
Mobility, a widely used neasure of grease flow Table 4 Test Gease 1

G ease 1 Infineum V387, wt% 0 0.3

Table S
Properties Test Grease 2 | Grease3 | Grease4 | MIL-PRF-
23827
60X Penctration ASTM 306 298 309
D217
Low Temp. Running | ASTM |0.084 Nm | 0.051 Nm | 0.052 Nm { 0.10 Nm
Torque @ -73°C D1478 max
Low Temp. Starting | ASTM |0.654 Nm | 0.464 Nm | 0.681 Nm 1.0 max
Torque @ -73°C D1478

[034] As can be seen, Grease 4 has a better low temperature running torque
than Grease 2, made with 100% PAO base oil.

EXAMPLE 6

[035] The oxidation and hydrolytic stability of a blend of a GTL base stock

and a PAO base stock of the invention and of commercial Grease 3 were

determined in accordance with ASTM D943, which was run for 10 days at 950C

using 20 wt% water. The results are given in Table 6.

Table 6
Base Oil 11* | Base QOil 12

Base Stock wt% wt%
PAO 4 500 80.0
GTL 3.6 50.0 00
Diisononyl Adipate 0 20.0
Properties
ASTM D 943
Acid Number, mg KOH/g 0.006 10.8

* Same fluid as in Table 2 used to make the grease used in Examples 3, 4 and 5.



Properties Low Tenp. Running Torque @-73C ASTM D1478 0. 317 Nm 0. 227 Nm
Low Tenp. Starting Torque @- 73C ASTM D1478 1.0199 Nm 1. 0885 Nm US St eel
Mobi | ity,wORBposgisaon 129.0 129.2 EXAMPLE 5 10331 To betrceruseampadiez t he | ow
tenperature torque properties of a grease of the invention, 30 wt % of Base
Gl 11 of Exanple 2 was added to G ease 1 of Exanple 3 to nake it a softer
grease (Grease 4). The G ease 4 was subjected to the tests shown in Table
5, which for conparative purposes also includes results for Geases 2 and .
3. WD 2008/ 013697PCT/ 1JS2007/ 016172 - 13 - Table 5 Properties Test G ease
2 Gease 3 Gease 4 MLL- PRF- -14 -

[036] The high acid number of the PAO base oil (Base Oil 12) can lead to
reduced grease life and corrosion of metal components if not properly

neutralized in the grease formulation.



23827 60X Penetration ASTM D217 306 298 309 Low Tenp. Runni ng Torque
g -73C ASTM D1478 0.084 Nm 0. 051 Nm 0.052 Nm 0. 10 Nm nmax Low Tenmp.
Starting Torque @-73C ASTM D1478 0.654 Nm 0. 464 Nm 0.681 Nm 1.0 max
1034] As can be seen, Grease 4 has a better |ow tenperature running
torque than Grease 2, made with 100% PAO base oil. EXAVPLE 6 [035]
The oxidation and hydrolytic stability ©f- a blend of a GIL base stock
and a PAO base stock of the invention and of commercial G ease 3 were
determ ned in accordance with ASTM D943, which was run for 10 days at
950C usi ng~2 % water. The results are given in Table 6. Table 6
Base Q| ql‘%%e al 12

1. A grease composition comprising:
(a) a lubricant base oil having a VI greater than 120 and a pour point below about -20°C

and less than 2 wt% evaporative losses after 22 hours at 100°C wherein the base oil
contains about 10 wt% to about 95 wt% of a gas to liquid (GTL) base stock and about 5
wt% to 90 wt% of a PAO fluid and in which base oil at least 85% of the hydrocarbons in the

oil have at least 30 carbon atoms; and (b) a grease thickener.

2. The grease of Claim 1 wherein the PAO has a Kv at 409C in the range of about 5
¢St to about 40 cSt.

3. The grease of Claim 1 wherein the GTL base stock has a Kv at 40°C in the range
of from about 10 ¢St to about 40 cSt.

4. The grease of Claim 3 wherein the GTL base oil is produced from a Fischer-
Tropsch synthesized waxy hydrocarbon.

5. The grease of Claim 4 further comprising a pour point depressant.
6. The grease of Claim 5 wherein the thickener is a lithium soap.

7. The grease of Claim 6 further comprising at least one performance enhancing

additive.

8. A grease composition comprising (a) a lubricant base oil having a VI greater than
120, a pour point below about -20°C and a Kv at 40°C in the range of about 10 ¢St to about

100 ¢St and less than 2 wt% evaporative losses after 22 hours at 100°C wherein the base oil

contains 10 wi% to 95 wt% of a GTL base stock and from 5 wt% to 90 wt% of a PAO



Base Stock wt % wt % PAO 4 50.0 80.0 GIL 3.6 50.0 00 Diisononyl Adipate
0 20.0 Properties ASTM D 943 Acid Nunber, ng KOH g 0.006 10.8 .*
Sanme fluid as in Table 2 used to nmake the grease used in Exanples 3,
4 and 5. - 14 - [D361 The high acid nunber of the PAO base oil (Base
Gl 12) can lead to reduced grease |ife and corrosion of netal
conponents if not properly neutralized }ar the grease fornulation. -
15 - CLAIMS

having a Kv at 400C in the range of 10 ¢St to 100 cSt and in which base oil at least 85% of
the hydrocarbons in the oil have at least 30 carbon atoms; (b) a thickener; (¢) a minor

amount of a pour point depressant; and (d) at least one additional grease additive.

9. The composition of Claim 8 wherein the thickener is a lithium soap or lithium

complex soap.

10. A grease composition comprising:
(a) a base oil containing

- 10 wt% to 90 wt% of a lubricating oil formed by (i) hydroisomerizing a paraffinic,
Fischer-Tropsch synthesized waxy hydrocarbon to form a hydroisomerate, (ii) catalytically
dewaxing the hydroisomerate to form a dewaxate which contains low boiling hydrocarbons,
(iii) removing the lower boiling hydrocarbons to obtain the base oil wherein the base oil is

formed under conditions whereby the base oil has a VI greater than 120 and a pour point
below -200C, and

- 10 wt% to 90 wt% of a PAO oil having a Kv at 40°C in the range of 10 cSt to 40
cSt, said base oil having less than 2 wt% evaporative losses after 22 hours at 100°C, and at
least 85% of hydrocarbons in the oil have at least 30 carbon atoms;

(b) a grease thickener, and

(c) optionally a minor amount of a pour point depressant.

11. The grease of Claim 10 wherein the thickener is present in an amount of from

about 2 wi% to about 15 wt% based on the total weight of the composition.

12. The grease of Claim 11 wherein the thickener is a lithium soap or lithium

complex soap.

13. The grease of Claim 12 wherein a pour point depressant is present in an amount

ranging from about 0.2 wt% to about 0.4 wt% based on the total weight of the composition.



1. A grease conposition conprising: (a) a lubricant base oil having a
VI greater than 120 and a pour point bel ow about -20C and |l ess than 2.
wt % evaporative | osses after 22 hours at 100C wherein the base oil
contains about 10 wt% to about 95 wt% of a gas to liquid (GIL) base
stock and about 5 wt%to 90 wt% of a PAO fluid and in which base oil
at | east 85% of the hydrocarbons in theldil have at |east 30 carbon

atons; and (b) a grease thickener. 2. The grease of Cdaim1l
wherein the PAO has a Kv at 40C in the range of about 5 cSt to about
40 cSt. has
2 Kv 8t 40C i n fb SR EIR 15 ARk L Eblpl At HARGUSARGK

4. The gr d’ameraﬁ.fb’wﬁ}fla:cma@cm@ymm the GIL base oil is produced froma
Fi scher Tropsch synt hesi zed waxy hydr ocar bon. 5. The grease of
Claim4 further conprising a pour point depressant. 6. The

grease of O ai msbAh@h&i for ddgcihB tHektiNRparhGordoflal drbdst BbHPMng a lubricanf base
The grease of Claim6 further conprising at |east one perfor mance

enhanci ng Oalcft!lidtai gyease thickenergthe meghedpompeising asing g the dehrisanidiapgyoif gye having
| ubri cant , 4,0
ubr | ki thE&?YQdZ% p\élur GiEPhRSw Eﬁl%?dﬂ %ﬁ@ an@%}&’&l%% leQé)ihgz%z%/

about -20 a Kv at I'n t e range o ut 1 out 100
cSt and I%s rhtm 18ss¥d MR 22 PS8t MMOLOESPShish b 0dZohQinsabalt 1HQRE to
wherein the base oil contains 10 w%to 95 wt % of a GIL base stock
and fr om 5barof0nw %o of eante fiqyd PAEL) basg gtock nlai/ah@gt AWK 1 abonh B0 wiverafa@
range of A6 Blid Ind QferCintat A giso, h@%ﬁﬂ & llf?l% oh%%etb el S bt
hydrocarbons in the oIl have at -l east car on at ons 3 a
t hi ckener ;atgmy. a m nor anount of a pour point depressant and (d) at
| east one additional grease additive. 9. The conposition of
Claim8 wherein the thickener is a [ithiumsoap or |ithium conplex
soap. 10. A gr &sEheRBROs bi ¢18ith COWRERSI tRIPAOdas @ Kias @0l In thORingé B AiPut
- 10 wt%to 90 wt%of a lubricating oil formed by (i)
hydr oi soner$3ihePost $&e¥f fi ni c, Fi scher-Tropsch synthesi zed waxy
hydr ocarbon to forma hydroi sonerate, (ii) catalytically dewaxing the
hydr oi sonerate to form a dewaxate which contains |ow boiling
hydrocar bons,  (1i7i The metivod bhgaithb5 Whevemn tho(Gl Lrbgsdstekdean Bores 4% oithai n
t he base 0|I e\l\ggm %10 gf bﬁ e_0il he formed under conditions whereby
the base off & NNy ed oalfqliléﬁ Yo and a pour point bel ow - 20C,
and - 10 wt%to 90 wt%of a PAD oil having a Kv at 40C in the range
of 10 cSt to 40 c$St, rgé‘l se oil having |l ess than 2 wm % vaporalve
pde o

| osses after 278n B e gm Lhwherein BEGT Libas o s pYRAVE LI RB A Ifcher-
the oil glljs% s&ﬁﬁéﬁzeé%aﬁ?h?&ﬂce%&ﬂs (b) a grease thickener, and
(c) opti ona y a m nor anount of a pour point depressant. 11.

The grease of Claim 10 wherein the thickener is present in an anount
of from about %to (Vba dont ht O
corpos ton. 19" RGeS A e e i SRS i ©
is a l|ithidepresaap oOr I|th| um conpl ex soap. 13. The grease of
Claim 12 wherein a pour point depressant is present in an anount
ranging fromabout 0.2 wt%to about 0.4 w % based on the total weight
of the conposi HigOfhe methdd of claim 15 wﬂr&em-m@thgfkgﬁe?@s Plithfdn@bdip13 wherein
t he pour point depressant is an al kylated funarate/vinyl acetate
copol ymer. 15. A method for reducing the oil separati on of a
grease conpri si b i [ cken

met hod conpri S|228T%s?1§t§°%§9{l%m f:'S Fﬁglartl 2 eﬁ%é)goggﬁone % Ekﬁa&u}s\g %?Pﬁwe
greater than 120 and a pour point bel ow about -20C and havi ng | ess

than 2 wt % :
° 22. The grease of claim 1 wherein at least 90 % of the base oil is hydrocarbons

having 30 to 50 carbon atoms.



evaporative | osses after 22 hours at 1000C, and which base oil
contains about 10 wt% to about 90 wt% of a gas to liquid (GIL) base
stock and about 5 wt%to about 90 wt % of a PAO fluid, and wherein at
| east 85% of the hydrocarbons in the oil have at |east 30 carbon

at ons. 16. The method of claim 15 wherein the PAO has a Kv at
40C in the range of about 5 cSt to aboul840 cSt. 17. The net hod
of claim15 wherein the GIL base stock has a Kv at 40C in the range
of from about 10 cSt to about 40 cSt. 18. The met hod of claim
15 wherein the R e I L :

synt hesi zed Waxzflj;T Jﬁ@%%g?ﬁélﬁﬁl@%%%ﬁ Iélaﬁgéan%toﬁg%%ég ¢ %!:-IIrl gﬁﬁ@%%arbons
wher ei n t Havgg8ase 5§ varbvestomenpri ses a pour point depressant.

20. The nmethod of claim 15 wherein the thickener is a |ithium soap.
21. The nethod of claim 15 including at | east one performance
enhanci ng addi ©4VEhe method oPdaim! TEwBérERA%E1eaét 90193 bfiht bakediFlks RydiocdrBat
90% of the base oil is hydrocarbons having 30 to 50 carbon atons. -
18 - hayipg 391e S¢rahawatemsc| ai m 10 wherein at | east 90 % of the
base oil is hydrocarbons having 30 to 50 carbon atons. 24. The
met hod of claim 15 wherein at | east 90% of the base oil is

hydr ocar bons having 30 to 50 carbon atons.
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