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- LI TH UM OBIOMSATIRREASE W TH EXTENDED LUBRI CATI ON LI FE BACK 618
FNVENTI ON FI ELD OF THE | NVENTI ON The present invention relates to a conpl ex
l'i thium soap thickened greases having extendgd lubricating Iife, and
enhanced hi gh tenperature anti- oxidancy which are not degraded by the
presence of water resistance, extrene pressure or ot her performance

enhanci ng additi , 2 N bk ' g@ | gé(

greases have bech-taron—aro— e . s Eg?-é;ﬁ EB ?‘%%
.can be nade from any of a Wi de nunber of di fferent base stocks of

| ubricating oil viscosity, and conbination and m xtures of such stocks. The
resulting gre ATIEGER UN #eﬁ{ﬁw g)}hevels of desir- able grease
characteristi m%m%ham cal and/or shear

stability, oxidation resistance.  etcgc all of which in conmbination are
taken into acww lubricating life of the grease.
‘Lubricating fornul ati ons and greases containing a wi de assortnent of
different materials are described in the literature. Japanese applications

JP 63162791 di scl oses grqq?e%nggmqﬁwﬁt%ﬁragfgs%ry% plex mhhhhosda S:}nckened

(1, 3, 4-thi adi azol e- 2-t hi ol an am I'-oxi dant® such as al kyl ated

di phenyl ami negighsds IRRARE lextéideddtbresing fifadid baNariceddhigh titbperateamni-

conposite conplrex lithi um soap. The greaSe is described as haV| ng a
oxxdancy which are not degraded by the presence of water resistance, extreme

pressure or other performance enhancing additives.

DESCRIPTION OF THE RELATED ART

Lithium complex soap greases have been known and manufactured
for quite some time. Such greases can be made from any of a wide number of
different base stocks of lubricating oil viscosity, and combination and mixtures
of such stocks. The resulting greases are all marked by varying levels of desir-
able grease characteristics including dropping poiht, mechanical and/or shear
stability, oxidation resistance, etc., all of which in combination are taken into

account of description the lubricating life of the grease.

Lubricating formulations and greases containing a wide assortment

of different materials are described in the literature.

Japanese applications JP 63162791 discloses grease compositions
containing S5,5'dithio bis (1,3,4-thiadiazole-2-thiol) and an amine anti-oxidant
such as alkylated diphenyl amine or a phenol anti-oxidant in addition to a lithium

soap or composite complex lithium soap. The grease is described as having a
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life tinme twossmmoght tinmes |onger at hi gh tenperatures (13@cirrsynidzesr] C)
than a correspondi ng conparison grease. The |ongest 1ived fornulation in
the applica- tion was a conplex lithium s.?rg,&rz) grease contai ni ng Vant ube 829
and a phenol anti-oxidant. U S. Patent 5, 7682 is directed to a coll oidal
product containing cal cium and/ or nmagnesium as well as sulfur and nitrogen
prepared by nodi fying-colloidal products conprising overbasic sul fonate
and/ or over batife tinletwd o eiglit tifes\ongarsit higla tsmpératures (3 Qted 150C) thaha um
carbonat e and/or magnesi umcarbonate in the formof nicelles by the partlal
neutral i zat i ororresponsding cetnipasisay gmaansmelangmmdcfngnulmm@mapp e4d
~of the formula [err] wherein "a" is a whole nunber é“’&

are whol e nunbORVaHAGPMPlex bmxmsean grease Goptanyg ‘g’an &Z% m@a&%ﬁﬂel e
- nunber_ rangin romO to 4. The material is useful in |ube oils and greases
. as an-anti we rerre pressure additive. U S. Patent 4,849,118
. describes a Iubr| cant conprising a base oil and a m nor anmount of a.
1, 3, 4-thi adi azol e, an overbased detergent selected from al kali and al kal i ne
_earth metal sul fonates, WBePﬁie’ﬁ%Sm&@Qi%@ét@&toﬁ%@ll@iﬂzﬁﬁb@@étcontauung
" dispersant. U.S. Patent 3,985, 662 descri bes a grease conprising a base oil
- of . calcium and/or magnesium as well as sulfur and nitrogen prepared by modifying

colloidal products comprising overbasic sulfonate and/or overbasic phenate
and/or overbasic salicylate charged with calcium carbonate and/or magnesium
carbonate in the form of micelles by the partial neutralization of the micelles by

means of at least one dicarboxylic acid of the formula

[

HOOC—(—CHZ %5 Sx I_ Ny _C—sy -§7—t-CHz 35 COOH

wherein "a" is a whole number of 1 to 8, "x" and "z" are whole numbers ranging
from 0 to 4, "n" is 1 or 2, and "y" is a whole number ranging from 0 to 4. The
material is useful in lube oils and greases as an anti wear and extreme pressure

additive.

U.S. Patent 4,849,118 describes a lubricant comprising a base oil
and a minor amount of a 1,3,4-thiadiazole, an overbased detergent’ selected from
alkali and alkaline earth metal sulfonates, phenates and sahcylates, and an

ashless dispersant.

U.S. Patent 3,985,662 describes a grease comprising a base oil of

Iubricating viscosity and a lithium Soap derived from a fatty acid containing an



+lubricating_viscosity and a lithiumsoap derived froma fatty acid

cont ai ni ng WP 98/18}¢8 98/ 11180 PCT/US97/16783
PCT/ US97/ 16783 -3- epoxy group and/or ethylenic unsaturation and a
dilithiumsalt derived froma straight chaimg dicarboxylic acid and,
preferably a lithiumsalt derived froma hydroxy-substituted carboxylic
acid such as salicylic acid. The patent recites that grease properties are

general ly inproved when t gregase. contai ns. a hydroxy, substjtyuted aronatic
aci d conponent€POKY£roup iapﬁf%ﬁntﬁam&m%ﬁypn&aﬁ %gﬁét"é"“ Bajé&]eﬁ'éﬁegr om a
.3, 940, 339 desc¢i.has T ' 4 A, DG:ens DA il

conbi nati on o%ﬁj "ﬁl%ﬁ#’%’g{gp e e%é‘giﬁ% @%ﬁ@@gﬂb,a%ﬁg?fhﬁmﬁ%ﬂ
nitrate and a E,am,’ LBd ' L [ cal G| The Yatént!retiteg!m
soap of a C12Illl 0 &sﬂyﬁg%@gtﬁ? l%?%flaaﬁn}gﬁa%nsoa?%yﬁfhi um saﬁi{aof gori C
acid and can ithat gréesexptopeiti¢snare geherdllyvimproved wheh theygreasdosntains aci d
such as salicylic acid. U S Patent 4,176,075 describes a high tenperature
grease with ehydroxysubstitutedi asomatiaticid componpnt, diendithivmsaltosf§ methyl

| ubricating vis osi%g:, a lithiumsoap of a CJerr] to (Jerr] hydroxy fatty
aci d t hi ckeneS3HEYRi dant conpris- ing an alkali nmetal salt of hydroxy

benzoic acid and a diozinme conpound. The al kali netal salt of
hydr oxybenzoi ¢ acid include dilithiumsalicylate. U S. Patent 3,929,651

describes a grease of exgq IPRént® 046859 Hescribes a lubricating grease containing a

base oil and a combination of lithium complex grease thickener, a quaternary

-

ammonium nitrate and an amino imidazoline. The thickener is a complex of a
lithium soap of a Cj7 to Cp4 hydroxy fatty acid and a monolithium salt of boric
acid and can include a lithium salt of a second hydroxy carboxylic acid such as

salicylic acid.

U.S. Patent 4,176,075 describes a high temperature grease with
excellent oxidation stability comprising a base oil of lubricating viscosity, a
lithium soap of a C17 to Cp4 hydroxy fatty acid thickener antioxidant compris-
ing an alkali metal salt of hydroxy benzoic acid and a diozime compound.- The

alkali metal salt of hydroxybenzoic acid include dilithium salicylate.

U.S. Patent 3,929,651 describes a grease of excellent oxidation
stability prepared using a complex lithium soap which is a combination of a
dilithium salt of a C4-C3 dicarboxylic acid, e.g., dilithium azelate, a lithium
soap of a 9-, 10- or 12-hydroxy C12-C24 fatty' acid, e.g., lithium 12-hydroxy
stearate; and a lithium salt formed in-situ in the grease from a second hydroxy
carboxylic acid wherein the -OH group is attached to a carbon atom not more
than 6 carbons removed from the carboxyl group and wherein either of those

groups may be attached to either aliphatic or aromatic portions of the materials.




stability prepared using a conplex lithiumsoap which is a conbination of a*
dilithiumweleg/iimgoa Clerr]-Clerr] dicarboxylic acid, e.g., ? hjsb-y,m
azelate, a lithiumsoap of a 9-, 10- or 12-hydroxy Cl2-C24 fatty acid

e.g., lithium 12-hydroxy stearate; and a lithiumsalt fornmed in-situ in the
‘grease froma second hydroxy carboxylic achd wherein the - OH group is
attached to a carbon atom not nore than 6 carbons renoved fromthe carboxyl
group and wherein either of those groups may be attached to either

al i phati c or Sufficiznt titltieni hpdroxide tofbéased tdfoim the MHHEBMISalBHS the latter
PCT/US97/16783 - 4 - Sufficient |ithium hydroxide can be used to formthe
dilithium salamd;feghdﬂlthlmmsahcyldte e.g., dilithiumsalicylate. DESCRI PTI ON
. OF THE.I NVENTI ON The present invention is directed to a conpl ex |ithium
soap grease of enhanced hi gh tenperature oxidation stability and |ong

| ubricating | ! of a base stock oil of
Iubrlcatlngm = AR of a conplex lithium soap

t hi ckener, a lithium sal t of a C[err] ( err] hydroxycarboxylic acid and a

t hi adi azol e. The grease may al so optionally and preferably contain

addi ti onal anti oxi dant ) q

‘anti-oxi dants, nost prﬁfgﬁ%ﬁgﬂvﬁgﬁ%gdgﬁ?{?g% antﬁy Extrl] tﬁe sozg;sérease
grease, the wbfeahancmkhigh tempessurnd bxidhtibn Rtabikityi aiai longdﬁbméahng life

comprising a major amount of a base stock oil of lubricating viscosity and a

minor amount of a complex lithium soap thickener, a lithium salt of a C3-Cj4
hydroxycarboxylic acid and a thiadiazole. The grease may also opticnally and
preferab_ly contain additional antioxidants, preferably amine type or phenol type

anti-oxidants, most preferably amine type antioxidants.

In the present grease, the base stock is a base oil of lubricating

viscosity.

- The 1ubricating oil base stock that is used in preparing the grease

compositions of this invention can be any of the conventionally used mineral

) oils, synthetic hydrocarbbn oilé or synthetic ester oils. In general, these lubricat-
ing oils will have a viscosity in the range of about 20 to 500 SUS at 210°F.
Minerals lubricating oil base stocks used in preparing the greases can be any
conventi.onally refined base stocks derived,ﬁ‘ém paréfﬁnic, naphthenic and
mixed base crudes. Synthetic lubricating oils that can be used include esters of
-di-basié a'f:ids, reacted with linear or branched aliphatic alcohols such as C6-C1 5
alcohols, such as 'di-2—ethy1he>£yl sebacate, esters of glycols such as C13-_oxo
acid diester or tetraethylene glycol, or complex esters such as one formed from 1
mole of sebacic acid and 2 moles of tetraethylene glycol and 2 moles of 2-ethyl-

hexanoic acid. Other synthetic oils that can be used include synthetic hydro-




. The lubricating oil base stock that is used in preparing the grease

conposi ti onVOPSAHB. | nvention can be any of the conventionall T{URY716783
mneral oils, synthetic hydrocarbon oils or synthetic ester oils. In
general, these lubricat- ing oils will have s.viscosity in the range of
about 20 to 500 SUS at 210[err]F. Mnerals lubricating oil base stocks used
I n preparing the greases can be any conventionally refined base stocks

derived from paraffini napht beni ¢ and m X B

| ubricating oi Garbons fuch a¢'3fio) 588279?& G “ﬁ@d‘é‘?@@?‘sﬁ‘gﬁg‘?. ‘gxgickﬁggs‘f‘&r‘e"gct ed
wth [inear or L4l f Lo a8 o Q{jg;] fo fg&hol s,
such as di-2-e %&%ﬁ%@?&gﬁ%é{:gﬁ&mﬁg yg%Iag sucﬁﬂzéﬂ& erg hoxo aci d
ci i ester or tetgGaebRY bﬁa,ee,gl,ml,plﬁhyt9ﬁwsﬁbxﬁﬁé§rrﬁe&ytbobtsilonmés;md from

mol e of sebacic acid and 2 npbl'es of tetraethylene glycol and 2 noles of

2-et hyl - hexanpolyghiad oils; bgr, thyse bbtainedby sondensing buiyd aleehpl; with paepylene
synt heti c hydro-, WO 98/11180 — . ' .

PCT/ US97/ 167830%idensarbonateestersae gyl the produrtof reagfing Gigragleohst pathetylm

the al kyl ati b i t t I .n . hyl

and pr opy! eno: CEPPRERB o Rl getel SodnEd Ty, Shcliil o WO IR el el o1
d propy| ene; SPPREGHID TIPS 752 7 P 75 |

But )T ol conor SEvieas BRGHE Ol shitablClynth C B8 ThellOe o P A eers

reacting C6 oxggalthe§@having!fréthiblout 3t8oNéther linkhgesarnl dlodnit 4266 81phieny] owed
by reaction of e latter with tetra- ethylene glycol, etc. Qher suitable
synt heti c oi | sgiompsL8et RESpBateptNuoy 3,424)686, caduin 3.9)hose havi ng from about
3 to 7 ether linkages and about 4 to 8 phenyl

Other suitable oils are the pdlyol ester oils mad¢ by reacting an
.aliphatic polyol with carboxylic acid. Aliphatic polyols contain from 4 to 15
carbon atoms and has from 2 to 8 esterifiable hydorxy1 groups. Examples of
polyols are trimethylolpropane, pentaerythritol, dipentaerythritol, neopentyl
glycol, tripentaerythritol and mixtures thereof. The carboxylic acid reactant is
selected from aliphatic monocarboxylic acid or mixtures of aliphatic mono
carboxylic acids or mixtures of aliphatic mono- and di-carboxylic acids. The
carboxylic acids contain 4 to 12 carbons and include straight and branched chain

carboxylic acids.

The grease contains a minor amount of complex lithium soap, an
additional lithium salt of a hydroxy carboxylic acid and a thiadiazole. Amine

type or phenol type anti-oxidants may also be included.

The complex lithium soap thickeners typically comprise a

combination of a dilithium salt of a C2-C 2 dicarboxylic acid, or mono- or di-

esters of such acids and a lithium salt of a Cj3 to Ca4 fatty acid or of a 9-, 10-, or

12- hydroxy C2-C24 fatty acid or the esters of such acids. The hydroxy fatty




groups. (See U.S. Patent No. 3,424,686, colum 3.) O her suitable oills are

t.he pol yowaes/aH18®i | s made by reacting an aliphatic pol yol perirserasigIxylic

acid. Aliphatic polyols contain from4 to 15 carbon atons and has from2 to
8 esterifiable hydor xyl groups. Exanpl es %t pol yol s are trimethyl ol propane,

pentaerythritol, dipentaerythritol, neopéntyl glycol, tripentaerythritol -

and m xtures thereof The carboxylic acid reactant is selected from

‘al i phatic nonocarboxylic acid or mixtures of aliphatic nono carboxylic

aci ds or m xacides esterstliepbof émployed in prepatingthelgresies of dhisdavertion will -
carboxylic acids contain 4 to 12 carbons and include straight and branghed

chai n car boxlyava:fram dmutﬂﬁetog&@mmmmsaauy abont 1o to 28warkomatoms,and W
“I'ithium soap, I|th|ums t of ahy%g cargﬁgéldgc aci d nda

t hi adi azol e. pfﬁ 3{5 %&%ﬂqw OF §B1ET. & Bl ity BXY>rf¥¥| -
The conpl ex I ck t ©o
i li thi um sahérge&?e%ﬁ%‘%c@ of $5&T it Plstdbly &%?ﬁﬁéﬁﬁr&y@@ﬁcr%é# §?59%
~such acids %}é .a 9-,
10-, or 12- aﬁgaé%xyk%f er r?adéfderarr‘ f&F ‘Ng“or tﬁdeuggét&el%st,@% sucﬁqgci ds.

- The hydroxy hydroxystea©aBill, hatitig a double bond in the 9-10 position, can also be used.
PCT/ US97/ 16783 -6- acid or esters thereof enployed in preparing the greases
of this inveBtherhydroky IﬁatV;eaéxdsmdhdeuﬂZil@drox;Zbl:hemc acidandsi{xhydraxysut 16

to 20 carbon ataonms, and will
palmitic acid.

The C2-C} dicarboxylic acid employed in preparing the lithium
soaps used to thicken the greases of the present invention will be one or more
straight or branched cham Co-Cjy2 dicarboxylic acids, preferably a C4 to C13
more preferab]y aCgtoCjo dlcarboxyhc acid or the mono- or di-esters of the
acids. Such materials include oxalic, malonic, succinic, glutaric, ad1p1c, suberic,
pimelic, azelaic, dodecanedioic and sebacic acids or the mono- or di-esters
thereof. Sebacic and _azelaic acids are particularly preferred and may be used

either individually or as a mixture, preferably individually.

: The additionél lithium salt component, the lithium salt of the
hydroxy carboxylic acid used in this inventién, is derived from one or_' more
hydroxy carboxylic acids or esters thereof having an OH group attached to a
carbon atom that is not more than 6 carbon atoms removed from the carbon of
the carboxyl group. This second hydroxy acid has from 3 to 14 carbon atoms
and can be either an aliphatic acid such as lactic acid, 6-hydroxydecanoic acid,
3—hydrox&butanoic acid, 4-hydroxybutanoic acid, 6-hydroxy-alpha-hydroxy-
stearic acid, eic., or an aromatic acid such as para-hydroxy-benzoic acid, |
salicylic acid, 2-hydroxy-4-hexylbenzoic acid, meta-hydrdxyﬁenzoic acid, 2,5-
dihydroxybenzoic acid (gentisic acid); 2,'6-dihydxoxybenzoic acid (gamma



- R

preferably b xystearic acid or ester, e.g., 9-hydroxy, =

or 12- hydro%@?@éﬁ?@ acid, or ester, nore preferably the 12- hygﬁ%stﬁ?c
acid or ester thereof Ricinoleic acid or ester thereof, which is an
unsaturated form of 12- hydroxystearic acid,-Raving a double bond in the
9-10 position, can also be used. Oher hydroxy fatty acids include

12- hydr oxybeheni ¢ acid and 10-hydroxy- palmtic acid. The C2-Cl2

di carboxylic acjid.. Y j.n ! LiHALHIP S u ,to%',gm i
t he greases of l]tegg&&%@ea%?djl’ n‘?'/e tl%\%’fﬂ%hﬁ%ﬂ(ﬁﬁ%ﬁ %ra’gétgi’ﬁgﬁgﬁfd or ane
branched chain ﬁgstﬁh% Alid 30eR>ax 1 3-Corditd Hydradyphengh) 2-(andthdiydioxyplignyt), jor 2-
nore preferably Cerr] to (Jerr| dicarboxylic acid or the nono: or

di -esters of thparahytroxgphényiethinvic acidc| Adycloaliphaticrhyidsexy acidisusinas:,
glutaric, adipic, suberic, pinelic, azelaic, dodecanedioic and sebacic

aci ds olr tlhe wdl;;drouygyclopsnwlsarbqugﬁ aqiéa:dmdcomlﬂﬁlbﬂépécyt cauld:also be
el B A T S 5 P A8 i 5 2SO,
one. or more hydPERP SR da IR Rl b ek DUEPb R aolc el THEHEad P

attached to a Cﬁiﬁgarﬂlﬁm “mbﬁ%,%"ﬁbf 110 ﬁ&hﬁ@@%%@ﬁﬁ%d greaye,dorig oan

t he carbon of t rboxyl “gro I s second hydroxy ‘acid has from3 to 14

carbon atons angsecgltower gicohel ester,ad.gpideé ietiayl] etisdcor pmﬂyi,Ciprl_‘@ylﬁ(_)T sec-
6- hydr oxydecanoi ¢ aci d, 3-hydroxybutanoi c acid, 4-hydroxybut-anqic acid,

6- hydr oxy- al phabutyliestey of the acid; eapj methylsalicylaten Themstariof theihydsoxy as

par a- hydr oxy-benzpi c acid,, sal i ic . acid, 2-hydr.oxy-4:hexyl benzoic id,

met a- hydr oxyben@BPeX¥ F&F’dzl,sgly L%Wﬂo‘ﬂﬁgé‘lfﬁp sg@f"ﬁ“‘( Bgﬁﬁq\{‘é’?‘ie 5’6’)8%3

2, 6-di h i ' . : -
- 6-dihydr oxybelri\ Qtlxr% sa tI delg ?nrrgr?oliﬁxium salt or the dilithium salt of this C3-Cj4 hydroxy

acid or ester thereof can be used, but the dilithium salt is p_referred.

The three component lithium soap thickener system comprising the

lithium soap of a C13 to Cp4 hydroxy fatty acid or ester, the dilithium soap of a
C; to C2 dicarboxylic acid or ester and the lithium salt of a C3-C)4 hydroxy

carboxylic acid or ester thereof as hereinbefore defined employed in the present
invention is disclosed and claimed in U.S. Patent 3,929,651, which also recites
the process for producing a grease containing the three component soap

thickener, the teachings of which are incorporated herein by reference.

The three component soap thickener used to produce the grease of

the present invention can be formed in a number of different ways. One
convenient way when the C3-Cj4 hydroxy carboxylic acid is salicylic acid is to
co-neutralize the Cli-C24 fatty acid or 9-, 10-, or 12- hydroxy C),-C,4 fatty acid

and the dicarboxylic acid in at least a portion of the oil with lithium hydroxide.
This neutralization will take place at a temperature in the range of about 180°F
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resorcycl iwossirio 2-hydroxy-4-nmet hoxybenzoic acid, etc., OpcRuseri6783

hydr oxyaromatic aliphatic acid such as 2-(ortho hydroxyphenyl), 2-(neta
hydr oxyphenyl ), or 2- (parahydroxyphenyl) ethanoic acid. A cycloaliphatic
hydroxy acid such as hydroxycycl opentyl t&rboxylic acid or

~hydr oxynapht heni ¢ acid could al so be used. Particularly useful hydroxy
acids (or the esters thereof) are 2-hydroxy-4- methoxybenzoic acid, )

sal i cylic aqp®200Rd WheR ivel§eap/ 66K Ras thikéhed 0 BétlyConststélityl g f r ee
hydroxy acid of the latter type when preparing the grease, oné can use a

| ower al cohakmpstature is.rgised tdabort 260°F tet300°F, to bringapbut delpyndtratiph., The sec-
butyl ester of the acid, e.qg., nmethyl salicylate. The ester of the hydroxy
car boxyl i ¢ #¢Rp stacknigthen m&ad\m ahoulgl A5Estol 2 10fiF. and yhe additional acidiore .t he
lithiumsalt. The nonolithiumsalt or the dilithiumsalt of this .
d err] - ( er restemofithe 3eCi ghydroxytoarbmtydiceariid ceg., methybshliaylateis added;i t hi um
salt is preferred. The three conponent |ithium soap thickener system

~conpri sing tthen, addifiomal dithinnohydro¥ide is| added@radugllygicanyert et salizylate o

ester, the djlithiumsoap of a C2 to Cl12 dicarboxylic acid or ester and the

i thium sal tthe dilithiyre salicylpte salt. FB.eacsion is sopdugtedat abrut 320°F5ta:249Mer eof  as
Cl o tod 1 Grefersy cuith BeB4Eon 5q o5 i FRHRFS the astioh i iy feptdicd iy °"

produci ng afagévmqs Qg&%&w&?g@gh?#gﬁﬂm%gt soap thi c_kener, t he

teachings o h™are I nNcorpo n by reference.

Dchydration is then compiete'd at 300°F to 320°F, af‘t;:r which the
grease is heated at 380-390°F for 15 miﬁute’s to improve its yield and is then
 cooled while additional oil is added to obtéin the desired consistency. Alterna-
tively, th_e additional oil can be added to the soap concentrate prior to the in situ |

formation of the dilithium salicylate.

An alternative method is to co-neutralize all three types of acid
used in making the grease, or to saponify a lower ester of the hydroxy acid, e.g.,
methyl salicylate, simultaneously with the neutralization of the hjld:pky acid of
the first type, e.g., hydroxystearic acid and the dicarboxylic acid. Still another
alternative is to co-neutralize the hydrdxy fatty acid and the ester of the hydroxy
- acid followed by neutralization of the dicarboxylic acid.

The greﬁses of the present invention contain, based on the finished
grease mass, from about 2 to about 35 wit% and preferably about 10 to about
25 wt% of all three lithium salt components. The additional lithium salt of the

C3-Cysg hydroxyca}boxylic acid (e.g., dilithium salicylate) is present in the grease

in an amount in the range 0.05 to 10 wi% of the finished grease. The proportion



.The't hree conponent soap thickener used to produce the grease of the

pr esent invéﬁnBPﬁM"é‘an be formed in a number of different ways.PEHYSI16783
conveni ent way when the Clerr]-Cerr] hydroxy carboxylic acid is salicylic
acid is to co-neutralize the CJerr]-Clerr] fetty acid of 9-, 10-, or 12-
hydroxy Cerr]-Clerr] fatty acid and the dicarboxylic acid in at |east a
portion of the oil with Iithium hydroxide. This neutralization wll take

pl ace at a tenperature in the range of about 180[err]F WD 98/ 11180

PCT/ US97/ 167830f the lithidGjoaprdfiCi#Ben fatheasidar 24, d6k ond2- hiydreenEaz a4 fatty
heavy consistency, the tenperature is raised to about 260[err]F to
300[err]F, to #cidrtg the dithivtesyap of thendicatboxylizmcid cah bednithe nange0£0.5tte 15
about 190[err]F to 210[err]F, and the additional acjd ster of, th
Clerr]-Cerr] pats byyweightekihe former o one part %w@@%‘&ﬁ?‘aﬁe and prefesebly
then, additional lithium hydroxide is added gradually _to convert_the .
salicyl ate to mnthegiange of Un to5ipaytsdeweight ofthe soapaf ﬂseéo tfatty acidgbut
220[err]F to 240[err]F, preferably with agitation so as to ;}?ciil_u:héate tk}eth
reaction. |n tois0-eack2-diydrd QOfofattysacid 06 'vad pantbly weightho soap of the
salicylate forns. Dehydrati onhslas@‘tbhen cg)%?] eted at p300[err] F to 320[err]F,

after which thg: - J Swlje Q- I+, fev ?aﬂ% ; iB¥B Ry €
its yield and ?lgg{tﬁgﬁq}:o%ﬁlgd%@bg i ?gﬁgﬁecéi(lﬁ‘*l @’%%g{ to %@%ﬁta?ﬂa{fﬁetﬂ ¢

desired consis L elRasat ket ' F,c‘ggi ¢ of e HvaR

t he soap concezrl\ft%r a %"yg". %cﬁ&%ﬂ{l?]ééﬁ]io# %‘:’@9 (?grﬂﬁg??g%bgftklb e digl“i tohi um YAy
salicylate.  carboxylic acid to one part by weight of the dicarboxylic acid, preferably about

0.125 to 1.25 parts by weight of the hydroxy carboxylic acid to one part by

weight of the dicarboxylic acid.

The grease of the present invention also contains as a necessary

component a thiadiazole.

The thiadiazole type materials are of the general formula (1)

Ri—(8)—Q—(Sy—R2 | M

wherein Q is a 1,3,4-thiadiazole, 1,2,4-thiadiazole, 1,2,3-thiadiazole or a 1,2,5-
thiadiazole heterocycle, “x™ and “y” may be the same or different and are
integers from 1 to 5 and R| and R; are the same or different and are Hor Cy-
Csp hydrocarbyl, or (2) |

Ri—(Shx—Q—(S)—Q—S)y—R2 )

wherein Q; and Q are the same or different and are 1,3,4-thiadiazole, 1,2,4-

thiadiazole, 1,2,3-thiadiazole or 1,2,5-thiadiazole heterocycles, “x”, “y”, and “z”

may be the same or different and are integers of from 1 to 5, and Ry and R are




An alternative nethod is to co-neutralize all three types of acid used in

maki ng t he goemae1spor to saponify a | ower ester of the hydropcpossliemsg. .
met hyl salicylate, sinultaneously with the neutralization of the hydroxy

acid of the first type; e.g., hydroxystearic acid and the dicarboxylic
acid. Still another alternative is to co-nd@tralize the hydroxy fatty acid
and the ester of the hydroxy acid followed by neutralization of the '
di carboxylic acid. The greases of the present invention contain, based on

the finished ﬂi@@ﬁﬁe'@ﬁ%ﬁﬁeﬁeﬁ@ﬁt@hﬁlﬂ&C?—@?gmydﬁ&amb%.dmepreféﬁ_edhhiﬁ- about
10 to about 25 wt% of all three lithium Sall conponents. The additi onal

lithiumsalt diazobehsy tre §trucimere 2 where mxy oy bangl2=2, Rqrlydrogen, Ry=hydnegen

salicylate) is present in the grease in an anount in the range 0.05 to 10

wt % of the fi ahd/Q@e=Qs andds 1,Bé-thindiazold. OThe préférredthindiizole is available from
PCT/ US97/ 16783 -9- of the lithiumsoap of CJerr]-Cferr] fatty acid or 9-,

10- or 12- hyfk.%!(/aﬁﬂ@ﬂﬁlt@rﬂﬁﬁﬁy,ﬂﬂbl,hnd@fﬂlet@addiﬁn'ld Vanlubes82%h of the
di carboxylic acid can be in the range of 0.5 to 15 parts by wei ght of the

former to one part by weight of the latter, and preferably in the range of
1.5 to 5 parts by weight_of the sogap of the CJerr].-(err] fatty acid qr 9-,
10- or 12- hydroxy (] er rihefhiadipzelgimatesial is preseidn 1a¢ £T435€ JR AR IANQJNL IR

| soap of the digcarboxyl ke .agid,,, The, pr rtion of the CJerr]-Clerr] hydroxy
carboxylic aci@f@@&%ﬁ%%%ﬁﬁbgﬁg‘%?F% from about 0.025 to 2.5 -

. parts by weight of the hydroxy carboxylic acid to one part by weight of the

~dicarboxylic acid, preferably about : '

~ Additional antioxidants may be present, preferred antioxidants
being selected from the group consisting of amine type antioxidanfs, phenolic
type antioxidants and mixtures ther'ebf the most preferred antioxidnats being
amine type antioxidants. The additional antioxidants will provide additional
 anti-oxidant protéctiqn to the grease formulations comprising the base stock,
thiadizole and complex lithium soap compounds in much the same way that they
provide anti oxidant protection to conventional c;omplek lithium soap greases
‘which do not contain thiadiazole and the lithium soap of the second hydroxy!

~ carboxylic acid.

The amine type anti-oxidants include diarylamines and thiodiaryl
amines. Suitable diarylamines include diphenyl amine; phenyl-a-naphthyl-
amine; phenyi-B-naphthylamine; a-a-di-néphthylamme; B-B-dinaphthylanﬁne';
or a;B-dinaphﬂlylamine. Also suitable antioxidants are diarylamines wherein

one or both of the aryl groups are alkylated, e.g., with linear or branched élkyl
groups containing 1 to 12 carbon atcnis, such as the diethyl diphenylamines;
dioctyldipheny! amines, methyl phenyl-a-naphthylamines; phenyl-p (butyl-
naphthyl) amine; di(4-methyl phenyl) amine or phenyl (3-propyl phenyl) amine



0 125 to 1.25 parts by weight of the hydroxy carboxylic acid to one _Part by
wei ght of t OB EMBBoxylic acid. The grease of the present i nvBRT/USA7/I6783
contains as a necessary conponent a.thiadiazole. The thiadiazole type
materials are of the general forrmula (1) RL.gqr]-(S)x-Q (S y-Rerr]

(1). wherein Qis a 1,3, 4-thiadi azole, 1,2, 4- thi adi azole, 1,2,3-thiadiazole
or a l1,2,5- thiadiazole heterocycle, " " and "y" may be the sane or

different and are |nteg from1l tq nd, Rl and r he sa
or different a@efykrbatyl @pﬁqﬂmne @eqawidwgwﬁ%ﬁnm octyl-, Qc;ny? cfipflenyl amine,

Bert]- (8% A sohot AL bt aint Sh bt heradfone and are 2

1,3,4-thiadiazole, 1,2,4- thiadiazole, 1,2,3-thiadiazole or _
‘1, 2,5-thi adi azol e heterocycles "X, ty", and z" may be the sane or

di fferent and are int egeSalﬁblefmmﬂxirﬂmesandlﬁeephdnoﬂndzﬁkethd akkytated VO
98/ 11180 PCT/ US97/ 16783 - 10-

the sane. or dl% erothiazined, pheny thio-&heaphithyl @mirle; hyhienyd dhioyB-naphthylaniiney ed
thi'a- diazole has the structure 2 where x=l, y=l and z=2, R err]=hydrogen,
Rl er r] =hydr ogem-casthio@inaphth@lamine; +B-thio difaphthilamine; qihenylrtlnom émethydd

thi adi azole is avajlable from R T, Vanderbilt Conpany,. |Inc nder, th
tradename Van|RaRhthyk) ampne; thioadi (ethylpheny, mnq’s&ﬁMﬁ”M Hp Pheny¥hse in

an anount in
amine.

Other suitable antioxidants include s-triazines of the formula

N RS
RT__( \"—N<
NYN

N .
R1°/ '\R“
where R8, R9, R10, R11 are hydrogen, C| to Cq hydrocarbyl or pyridyl, and
R7 is Cy to Cg hydrocarbyl, Cj to C3q hydrocarbylamine, pyridyl or pyridyl-
amine. If desired mixtures of antioxidants may be present in the lubricant

composition of the invention.

Phenolic type anti-oxidants include 2,6-di-t-butyl phenol, 2,6-di-t-
butyl alkylated phenol where the alkyl substituent is hydrocarbyl and contains
between 1 and 20 carbon atoms, such as 2,6-di-t-butyl-4-methyl phenol, 2,6-di-t-
butyl-4-ethyl phenol etc., or 2,6-di-t-butyl-4-alkoxy phenol where the alkoxy
substituent contains between 1 and 20 carbons such as 2,6-d 1—t-butyl-4-methoxy-

phenol; mateirals of the formula

e st e



the range 0.05 to 5 wt% of the finished grease. Additional anti oxi dant s may
be present ywobgifqgs ed anti oxi dants being selected fromthe JPOMOSSRIEIS3St i Ng
of ami ne type antioxidants, phenolic type antioxidants and m xtures thereof
the nost preferred anti oxi dnats bei ng am rféotype anti oxi dants. The

addi tional antioxidants will provide additional anti - oxi dant protection to
t he grease formul ations conprising the base stock, thiadizole and conpl ex

| ithium soap conpounds in nuch the sane way that they provide anti oxidant
protection to conventional conplex |ithiumsoap greases which do not
contain thiadi azole and the Kig hium soap of the second droxyl carboxylic
acid. The am ne type anti - oxi/Oan i ncl ude d| aryl am aes¢and t hi odi aryl

am nes. Suitable diaryl -;. r) ngdI p N\eNyhpa- napht hyl -

am ne; phenyl -[err]-naph @ _ | ani'ne; -
[err]-[err]-dinapht hyl am ne; \Q err], [err] d| naphth ] Al so suitable
anti oxi dants are diaryl am nesg erein one or both of thé™aryl groups are

al kyl ated, e.g., with linear or branched al kyl groups containing 1 to 12
carbon atons, such as the diethyl . di phenyl am nes; _ dioctyl di phenyl am nes,
‘methyl phenyiwheneaHs gtcatel R anch Bayare fher same pridifferen AbEH a5 §1%raone

di (4- et hyl phenyl) ‘am ne or phenyl (3-propyl phenyl) am ne WO 98/ 11180
PCT/ US97/ 167 dydrocarbybwhich riayrampaiarixygen or sulfyir oF basabstititadwithouoigen,

nonyl - di phenyl amnine, dinonyl di phenyl am ne apd_.m xtures thereof
_ Y P yor sulfur contammgygroups P and){naterr{]als of %he formula

— - _

CH(4-y)

/
R3/

— —y

whereyis 1 to 4 a@d Rj3 is a Cy to Cyg hydrocarbyl which may contain oxygen

or sulfur or be substituted with oxygen or sulfur containing groups, and mixtures
of such phenolic type antioxidants.

. If present at all the additional, optional antioxidants, preferably
amine type and/or i)henolic antioxidants are present in the grease in an amount

up to 5 wi% of the finished grease.

The amount of lithium salt of the second hydroxy carboxylic acid,
and thiadiazole present in the grease in total is in the range 0.1 to 15 wt% of the .
finished grease. '

It has been discoveréd that lithium complex greases can have the

lubricating life greatly extended and exhibit enhanced high temperature oxida-



Sui t'abl e thi odi aryl am nes incl ude phenot hi azine, the al kyl ated

phenot hi azi n‘@é",”{)ﬁé%l t hi o-[ err]-napht hyl anine; phenyl PCT/US97/16783
thio-[err]-naphthyl am ne; a-a-thio dinaphthylamne; [err]-[err]-thio

di napht hyl am ne; phenyl thio-a (nethyl naphthygl) am ne; thio-di (ethyl
phenyl) am ne; (butyl phenyl) thio phenyl amne. O her suitable
antioxidants include s-triazines of the formula [err] where Rerr], Rerr],

Rtorr] i o o er o GsHHGD incTninelip e Boihllariby Y SORbRANAY of A Tisam 3R br
pyridyl or pyr iﬁtarrioc | Afboxylid #il E@cl?l{{l]ﬂftﬁﬁuﬂfsaﬁ lafX i@y thiddikz6R, such as

present in the nt composition o € rnvention. Phenolic type

anti - oxi dant s i5p8'ldigteioBiso¢ 108 AL thiadidzolel2fibl). 2Gfedses from which dneydfahedbove

phenol where the al kyl substituent is hydrocarbyl and contains between 1
and 20 carbon &womecited inhgredientsisiomittédidg not exbitiit/ bxidatiovlresistancditotthe same
butyl - 4-et hyl phenol, etc., or . 2,6-di-t-butyl-4-al koxy phenol where the

al koxy substit §eBreeahaagreasss ch bathicompenentsiare pressnis

2,6-di-t-butyl -4-nmethoxy- phenol; mateirals of the formula WO 98/11180
PCT/ US97/ 16783 -12- [err] where X is zero to 5 Rerr] and Rerr] are the

sane or different and arerff grédseCofid present invention may, of course, contain any of

the other, typical grease additives such as rust inhibitors, barium dinonyl

naphtheline sulfonate, order modifiers, tackiness agents, extreme pressure
agents, water shedding agénts, dyes, etc. Typical additives and their function are
described in Modern Lubricating Greases by C. J. Boner, Scientific Publication
(G.B.) Ltd. 1976. |

The present invention is demonstrated in the following non-

limiting examples and comparative examples.
EXAMPLES

In the fqlloﬁng Examples, the lubrication life in hours was deter-
mined by ASTM method D3336 at a test temperature of 177°C (350°F). For
each grease formulation, 5 independent bearing failure points were determined
using equipment conforming to the ASTM D3336 specification. Weibull
statistics were then used to determine the L(50) failure point for the statistical
data set. The L(50) valve is reported as the grease lubrication life for all grease

- formulations listed.

g i, e e
CHORR I S




hydr ocar byl which may contain oxygen or sulfur or be substitut ed with

OXYgen or i dgiiiagoont ai ning groups; and materials of the forpaygsdferds
where y is 1 to 4 and Rlerr] is a CJerr] to (err] hydrocarbyl which may

contain oxygen or sulfur or be substituted,wth oxygen or sulfur containing
groups, and m xtures of such phenolic type antioxidants. If present at al
the additional, optional-antioxidants, preferably amne type and/or

phenol i c anti oxi dants are present in t he grease in an anount up to 5 wt % of
the fini shed EXAMPIEThe anount of lithiumsalt of the second hydroxy
carboxylic-acid, and thiadiazole present in the grease in total is in the
range 0.1 to 15 wt% of the finished grease. It has been di scovered that

L corm o o1 £22° . Uokpokilink b5 %39}%8%%‘#&%8& ed and.
TR Lo g axy&glgp 29) e st ey,
di I'i thi um salégpéechiEly. AbFkase kifRl $ coftagls Bethoofihest ¢dthpbhents in the
. (1,3, 4-thi adi azol e- 2- th| ol). Geases fromwhich one of the above two
! recited ingr esinerformikation tﬂmﬂfa&othmuhemSMDBQBGhnbmahmsh&tdﬁecaso Stise
sane degree as do greases in which both conponents presen
significantly longer than the lubrication lrIPe of either érease 1 or Grease 3
indicates that a significant beneficial effect is achieved by combining the two
components in the same fonnu'lati'ox.l. A synergistic interaction betweeﬁ the two
components can be demonstrated by comparing the lubrication lives of Grease
compositions 2 and 4 with the lubrication life of Grease 5. The results obtained
for Greases 2 and 4 indicate that the lhbric_:ation life of a grease cannot be
increased by simply raising the concentration of either the Vanlube 829 or the
dilithium salicylate in formulations containing just one of these components. In
fact, comparison of the lubrication life of Grease 2 with the lubrication life of
Grease 1 demonstrates that there may be debits to increasing the concentration of
dilithium salicylate passed a certain point. Similaﬂy, a comparison of the
lubrication lives of Greases 3 and 4 demonstrates that increasing the Vanlube
829 concentration may also have debits. Therefore, the data show that the
" excellent lubrication life obtained for Grease 5 is a result of a novel interaction
between the thiadiazole (e.g., Vanlube 829) and the di-lithium salt of the
hydroxy carboxylic acid (e.g., dilithium salicylate) which increases the effective |
‘antioxidant characteristics of the formulation. The lubrication life exhibited by
Grease 5 cannot be achieved by utilizing Vanlube 829 or dilithium salicylate

independently.

The data in Table 1 are not intended to demonstrate the effect of
dialkylated diphenylamine antioxidant. This particular component is part of the



The - gr eases of theggresent I nvention may, of course, contain any of the

ot her, typlc e additives such as rust inhibitors, bari uRFEUS8TH}4783
naphthel|ne sulfonate order nodifiers, tackiness agents, extreme pressure
agents, water sheddihg agents, dyes, etc. FSical additives and their
function are described in Mddem Lubricating Geases by C J. Boner,
Scientific Publication (G B.) Ltd. 1976. The present invention is

denonst r at ed | r
Cxanp e ExanitisBdafit pANaRE afl3iock dOnkibifte W Hicte Rl PpasO IS Abbéder, the
was deter- m néignificaht Iprevdinent?aabrication 1ife bf Grewsy Sirelativeto the/lubridation

(350[err]F). For each grease formulation, 5 independent bearing failure

poi nts were defigédibfGteases otoHlss £ FEvult Mfe%iﬁdi'&dle ge‘%%rltr?ﬁiy S{aﬁtg@lﬁ((:%

specification. \Weibull statistics were then used to

fdilure point fodroxyecarbakylié h&idlsydd g@emnoirb?ediﬂésfmaﬁfe@m& aemerted as

the grease lubrication |ife for a ase formulations 1isted

98/ 11180 dialkylated dxphenyla:mne The concentration of the dﬁWlM&pﬁéﬂ;’&lmﬂé
- EXAMPLE | Grease cO 03|t|ons 1 and 3 in Table | contain 5,5 -dithiobis-
(1, 3, 4- t hi adi ansiexidant was kept conspantifos Greases| 1iteS 3 thereforg, the contribution of

salicylate.  is antioxidant to grease life was also kept constant. The differences between
the lubrication life of Grease 5 and the lubrication lives of the other greases are
the result of the thiadiazol plus lithium salt of C3-C)4 hydroxy carboxylic acid

interaction and not the dialkylated diphenylamine antioxidant

Japanese application J6 3162791 (referenced above) is directed
toward lubricant compositions containing Vanlube 829 and aminic or phenolic
based antioxidants. The applicants in that case claim that those grease composi-
tions have lubrication lives 2 to 8 times longer than conventional lithium or
lithium complex greases. This Japanese patent application does not discuss
greases which contain lithium salts of C3-C}4 hydroxycarboxylic acids. Greases

3 and 4 are essentiaily the same types of formulations as those listed in the
Japanese application. A comparison of Grease 3 or 4 with Grease 5 demon-

strates that a significant improvement in grease life is achieved when the lithium
salt of a C3-C4 hydroxy carboxylic acid e.g.) dilithium salicylate is added to

formulations containing Vanlube 829 and an amine based antioxidant. These

improvements are the direct result of interactions between Vanlube 829 and the
* lithium salt of a C3-C)4 hydroxy carboxylic acid (e.g., dilithium saticylate) and
not a result of interactions between Vanlube 829 and an amine such as those

proposed in the Japanese patent application.




respectlvely C?ease conposition 5 contains both of t hese conponents in the ~

sane for

is significantly

f act

t hat

The t he ASTM D3336 | ubrication
¥5nger than the lubrication life of either

- Grease 3 indicates that a significant beneficial

conbi ning the two conponents in the sane fornul ation
I nteracti on between the two conponents camg

| ubrication lives of Grease conpositions 2

of Grease 5. The resu
lubrication Life of a
concentration of eith
formul ati ons cont ai ni
of the lubrication |

denpnstrates that thef

dilithiumsalicylate
| ubrication |ives of

Vanl ube 829 concentra
that the excellent lu
novel interaction bet
di-lithiumsalt of th
whi ch i ncreases the e
formul ati on. The | ubr
by utilizing Vanl ube

Table 1 are not inten
di phenyl am ne anti oxi

TABLE 1

ef f ect

é?ﬁg%%ngﬁﬁase 5

i s achi eved by

A synergistic

be denonstrated by conparing the
and 4 with the lubrication life -

t-s—gbtaihed—fqr H-gat-e—-hat— he
regse cgnnot Jbe i nc | by sinply|raising the
t e Vanl ube 829 Hi | ift hi upn salicylate |n -
g yyst pne of |Jt hgse nenfs. I fact, conpalison
8 & gsey 2 |wiglh L rindation |jjfe of Geehse 1 .
! . &
T Hy dgbi t|s ~ijo ci sind t he | cOjcent r atBoh of )
ogsgd & dertailn imldrly, |a donpari son] of the
[3Beages 3 |and 4 dd bs fthat i{ncreasing thg
[ &on fmay 4l so Have Thé¢refofe, {the data phow
icdtionllife lobtlai 5 s a resull of a
heeg ft he thiadijazdl e ke.g.| Vi nl ub¢ 829) and thg
e hyqr o cgi baxylfic pcid fe. g., diIithiun1s%Li:yIate)'
ffec%iv en% oXi FntoCIRr agt @i sti ¢sef the &
caslon d i|f & exhi T by fregse 5|capnot be acpi eved .
B20%4r di I{i t hi dm sfal i ylate i depe dently. The pata in
ded—ifo—dedonstrHata —effpetftot—ditat-kytated
dang, 1?25 particdlar conpgne?t i s{pant -of the
] &~ '
2] o wy o o~ g
8l Blew |22 | & ™ 3
= e | &
o -
(|
of X :
“ = | =] = - | &
S 5 S§ | = e ® | = ™ Q
e .E .
Q
” .
o X}, .
] ] *® | n af =
o=
w - ot
g8 | .
& 2 D 1] ®
=) é =] B o=
z =] Q -_BS 5 = ..
Z| 8ol E g9 B = 3 8
ClOoF I ol T3 =l ©n| o =
g | DOl & 8 < 5l of K| =9 2. n
=53 8l3los|e FI§3E &
AR E R E S pa
8= 9] & 8- 8 gl ™ =)
i of o L ol o =
CEl & gl a3 & sl 8 =
- qut — = ~ = L2~
ES| 2 38§ =l 29 S
= =R R | Q=& g
=gl 2] E| 1.2 ey Sl @ H
= & Q] Al wB| | Zl <~ 2




WO 98/ 11180 PCT/ US97/ 16783 -
15 - anti oxivaes/yteokage and does contribute to increased grea®€TIYS9#16783
however, the significant inprovenment in lubrication |life of Gease 5
relative to the lubrication lives of Geaseg7l to 4 is a result of the

thi adi azole plus lithiumsalt of Cferr]-Clerr] hydroxy carboxylic acid
synergy and not a result of the presence of the dialkylated di phenyl am ne.
The concentration of the dial kylated di phenyl am ne anti oxi dant was kept
constant for 5; therefore, the contribution of this
antioxidant to grease life was al so kept constant. The differences between
the lubrication life of G ease 5 and the lubrication lives of the other

th It of i aflf Atidih t
greases are the resu o_mégé.ae%%‘% gﬁ%ﬁ“ﬁﬁﬁﬂ%ﬁmbs of TabrR ) wakerr]

hydr oxy carboxylic acid int not t ted di pheng am ne
ant,i oxi dant Japamparedapingtad manbdboSdfEfeAt ¢omfrereint athltitpurppsé or kinglifeed
toward | ubricant Conpositions containing Vanl ube 829 and am ni c ot phenolic
based anti oxi dgreases dfivanying foramlations.t The reslts aregirasented belaye an Jiablesd.
composi - tions have lubrication lives 2 to 8 tinmes |onger than conventi onal
lithiumor |ithiumconplex greases. This Japanese patent application does
not di scuss greases which contain lithiumsalts of Cerr]-Cerr]

hydr oxycar boxylic acids. Geases 3 and 4 are essentially the sanme types of
formul ations as those listed in the Japanese application. A conparison of
Gease 3 or 4 with Gease 5 denon- strates that a significant inprovenent
in grease life-is achieved when the lithiumsalt of a (Jerr]-Cerr] hydroxy
carboxylic acid e.g.) dilithiumsalicylate is added to




formul ati ons contai ni ng Vanl ube 829 and an ani ne based anti oxidant. These
irrproverrentﬁ,dysﬁﬁ e direct result of interactions between V. Ig& and
the lithiumsalt OBP a (err]-Cferr] hydroxy carboxylic acid ?%T 5%7’%7%3
dilithiumsalicylate) and not a result of .interactions between Vanl ube 829
and an anm ne such as those proposed in thggJapanese patent application.

WO 98/ 11180 : . " PCT/ US97/ 16783

-16 - [err] WO 98/ 11186 - _ :
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. 18 - [err] WD 98/ 11180
PCT/ US97/ 167W® 98131801, A grease conposition of extended | ubri c RCTAISII6TE3
and i nproved high tenperature anti oxi dancy conprising a ngjor anount of a

basestock oil of lubricating viscosity and.ggm nor anount of a conplex——

lithiumsoap thickener, alithiumsalt of a (Jerr]-Cferr] hydrox
carboxylic acid wherein the OH group is attached to a: ciﬂ' ﬁ :I u z“'gm)s
not nore than @_‘éﬁ@n atons renoved fromthe carbon ofl!§ up
and a thiadiaz 2. The grease of claim| wherein the conplex ithium

soap thickener conprises a conbination of a dilithiumsalt of a
Cerr]-Cerr] dicarboxylic acid or a nono- or di-ester of such acids and a

lithimsalt of Clerr]-C¢rr] Afgichye 86inPosition offefenddd lubrivatihg Infeckrtk y

Cerr]-Cerr] fatty acid or esters of Such acid. 3. The grease of claim]l
wher ei n t he t dinsprowesd high témpératire tantioxidaicy comprisiagtamajersanountof e
grease ranges from about 2 to, about 35 wt% based on finished grease._ 4,
The grease of hasgsteck aihef lubricating snsnasity and 2 minorameunt of acomplexithiumy
carboxylic acid in the grease is in the range 0.05 to 10 wt % based on,
fini shed gr eass9ap3hickener;adithiumssaltl of #C3-Cpy hydsexy carhoxylic acad wherein the
t hi adi azole is ' :

OH group is attached to a carbon atom that is not more than 6 carbon atoms

removed from the carbon of the carboxyl group and a thiadiazole.

2. The grease of claim 1 wherein the complex lithium soap
thickener comprises a combination of a dilithium salt of a C5-Cj5 dicarboxylic
acid or a mono- or di-ester of such acids and a lithim salt of C},-C»4 fatty acid or

of a 9-, 10-, or 12-hydroxy C)5-Cj4 fatty acid or esters of such acid.

3. The grease of claim 1 wherein the total amount of the lithium
salt components present in the grease ranges from about 2 to about 35 wt% based

on finished grease.

4. The grease of claim 1 wherein the amount of lithium salt of
C3-C) 4 hydroxy carboxylic acid in the grease is in the range 0.05 to 10 wt%
based on finished grease.

5. The grease of claim 1, 2, 3 or 4 wherein the thiadiazole is

present in the grease in an amount in the range 0.05 to 5 wt% based on the

finished grease.




-

pfesent in the grease in \” ‘ he range 0 05 to 5 wt % based on the
finished gr Eﬁw ‘ H‘
PCT/ US97/ 1 %&"ﬁb’“’ ﬁ gase of claim1, 2 3 or 4 f urRGIAYSITI6TE .

containing an additi onal anti oxi dant . The grease of claim5 further
contai ning an additional antioxidant. 8. <1#- grease of claim6 wherein the
addi tional antioxidant is selected fromthe group consisting of am ne type
anti oxi dants, phenolic type antioxidants and m xtures thereof. 9. The

grease of claim7 whereig, thFh@@?EaEé%éimﬁ“i 20 éﬁlﬂtﬁmﬁeﬁ&hﬁ%ﬁ% anom the
~ group consisting of am ne type antioxidants, phenolic type antioxi dants and

m xt ures t her endditional Butioyidante of claim 6 wherein the additoi nal
antioxidant is present in an anbunt up to 5 w% 11. The grease of claim?7
wherein the additional-antioxidant is present in an amount up to 5 w %

7. The grease of claim 5 further containing an additional

——

antioxidant,

8. The grease of claim 6 wherein the additional antioxidant is
selected from the group consisting of amine type antioxidants, phenolic type

antioxidants and mixtures thereof.

9.  The grease of claim 7 wherein the additional antioxidant is
selected from the group consisting of amine type antioxidants, phenolic type |

antioxidants and mixtures thereof.

10. The grease of claim 6 wherein the additoinal antioxidant is

present in an amount up to 5 wt%.

11. The grease of claim 7 wherein the additional antioxidant is

- present in an amount up to 5 wt%.



