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| NVENTI ON The present invention is a |ubricating grease conprising a 4major
portion of a base oil of lubricating viscosity, a thickener and a m nor
portion of a diamine additive of the fornulfa [err] wherein Rand R are the
sane or different and are err The anopunt of
sai d di ani ne additi {EaidE 1A Ml 3 dIBITORSo 10
wt % The invention also rel ates to a rret hod for enhanC| ng the corro- sion
resi stance of greases by incorporating into the grease the diam ne additive
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i s disclosed conprrsimng & T&j Ol a base oil of lubricating
viscosity, such base oil being any natural, synthetic or m xture of natural
and synthetic oils, a thickener which may be any of the conventional netal
soaps and salts such as Fhepresent insentibrxs h libricat ajet@isprising Smapdre or
conpl ex cal ci um soap thickener, mxed |ithiumand calcium sinple or conplex
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wherein R and R’ are the same or different and are C;-C3 hydrocarbyl groups.

The amount of said diamine additive added to the grease may be in the range
0.01 to 10 wt%. The invention also relates to a method for enhancing the corro-
sion resistance of greases by incorporating into the grease the diamine additive

described above.

DETAILED DESCRIPTION OF THE INVENTION

A grease formulation 1s disclosed comprising a major portion of a
base oil of lubricating viscosity, such base oil being any natural, synthetic or
mixture of natural and synthetic oils, a thickener which may be any of the
conventional metal soaps and salts such as simple or complex lithium soap
thickener, simple or complex calcium soap thickener, mixed lithium and calcium
simple or complex soaps, aluminum soaps, urea, di-urea, tri-urea or polyurea

thickener, and a minor amount of an additive of the formula



-2- wherein Rand R are the same or different and are CJerr]-(err] .
hydr ocar byIW8P¥8b9? Additional small quantities of other conPERUSHE?S
additives may al so be included in the grease formnul ati on. Those ot her
~additional additives being extrene pressure, agents, anti oxidants, dyes,

ot her rust and/or corrosion inhibitors, t ackr ness agents, oiliness agents,
viscosity index inprovers, etc. The lubricating oil base stock that is used

in preparing tflteréincRadRNDRIhE sane dfdiffbient iafd @pd COICHHydescarby! @oupke
conventionally used mneral oils, synthetic hydrocarbon oils or synthetic

ester oils. | mdhtensl smélhgﬁaxdﬁd@rdfcmher édlﬁ/eﬂ'tibﬁal\/ﬂdditimvrﬁﬁ? aVdoseoficlydadn
the range of about 5'to 500 cSt (Mrerr]/s) at 100[err]C. neral s

| ubri cating oih thegrease farsulased Thoge ether additional gdditives bebug dxdreamsy
conventional ly refined base stqocks derived froma paraffinic, naphthenic
and ni xed bas®ressutreagents apsiraxidants, dyas athey rugtand/efueasTosien infubitors,
distillation, sqgl.vent or, catal gt I ¢ dewaxi ng, .sql vent extraction,
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oils that can be used include esters of di-basic acids, reacted with |inear
or branched aliphatic al cohols such as (Jerr]-Clerr] alcohols, such as
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or tetraethylene glycol, or conp esters su m-1 nol e

of sebacic acicdmpuditbnynifakisdhvériormeimpe ang ofltlye obnvwndioRaliphesd afineral
2-et hyl hexanoic acid. Qther synthetic oils that can be used include

synt heti ¢ hydwossasymshetic hydrogarbankails tresynthetss; esseigoi)s. alnkgenera, Butste dubri¢atom
the al kyl ation of benzene with tetrpropylene, or the copolymers,of eth oI ene
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by reaction o
mixed base crudes. Conventional refinery techniques include distillation,

solvent or catalytic dewaxing, solvent extraction, hydrofinishing, hydrocracking,
vis-breaking, etc. Synthetic lubricating oils that can be used include esters of
di-basic acids, reacted with linear or branched aliphatic alcohols such as Cg-C;s
alcohols, such as di-2-ethylhexyl sebacate, esters of glycols such as C;; oxo acid
diester or tetraethylene glycol, or complex esters such as one formed from

1 mole of sebacic acid and 2 moles of tetracthylene glycol and 2 moles of
2-ethylhexanoic acid. Other synthetic oils that can be used include synthetic
hydrocarbons such as alkyl benzenes, e.g., alkylate bottoms from the alkylation
of benzene with tetrpropylene, or the copolymers of ethylene and propylene;
silicone oils, e.g., ethyl phenyl polysiloxanes, methyl polysiloxanes, etc.; poly-
glycol oils, e.g., those obtained by condensing butyl alcohol with propylene
oxide; carbonate esters, e.g., the product of reacting Cs oxo alcohol with ethyl
carbonate to form a half ester followed by reaction of the latter with tetra-
ethylene glycol, etc. Other suitable synthetic oils include the polyphenyl ethers,
e.g., those having from about 3 to 7 ether linkages and about 4 to 8 phenyl

groups.



et hyl ene -gl c. Oher suitable synthetic oils include nyl
et hers, e. 3”."‘?9?’%522 having fromabout 3 to 7 ether |inkages gﬁgn}ég;géﬁpi to
8 phenyl groups. WO 98/ 41599 ST
PCT/ US98/ 01678 -3- O her suitable oils are.she polyol ester oils nmade by
reacting an aliphatic polyol with carboxylic acid. Aliphatic polyols
contain from4 to 15 carbon atons and has from2 to 8 esterifiable hydroxyl
groups. Exanpl es of polyols are trinethyl ol propane, pentaerythritol,

di pentaerythritol, neopenjp saitme'onsta[rie@ﬁ@Pa@rowewe}bﬂk rﬁ&&éﬁgﬁd&iﬁg an

t hereof. The carboxylic acid reactant 1s selected fromalipha
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m xtures of aliphatic nono- and di-carboxylic acids. The carboxylic acids
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and the oils produ thereby. O her synthetic oils include the polyolefins

such as pol ybwaeexylizoddids obntaine so a0 daetsasciml ingludesstidifiytedmphranehed shain
I.e., fluids fornmed by the ol egonerzation of
carboxylic acids.

Included in the group of synthetic oils include those recovered
from tar sands, shale oil, light hydrocarbons produced via, for example, the
Fisher-Tropsch process for converting synthesis gas (CO and hydrogen) into
hydrocarbons, wax isomerate oils produced by the catalytic hydroisomerization
of natural petroleum waxes (i.e., slack wax) or synthetic waxes (i.e., Fischer-
Tropsch waxes) or mixtures of such waxes. See USP 5,059,299 and USP
5,158,671 for description of wax isomerization and the oils produced thereby.
Other synthetic oils include the polyolefins such as polybutene, polyisobutenes
and especially the polyalphaolefins, i.e., fluids formed by the olegomerzation of
at least one 1-alkane hydrocarbon having from 6 to 20 carbons, preferable 8 to
16 carbons, more preferably 10 to 12 carbons, most preferably 10 carbons.
Hydrogenated oligomers are preferred and hydrogenated oligomers formed from

1-decene are particularly preferred.

Thickeners useful in the present grease formulation include simple
and complex lithium soaps, preferably complex lithium soaps, simple and

complex calcium soaps, mixed lithium-calcium soaps, and polyurea.
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carbons. Hydrogenated oligoners are preferred and hydrogenated ol i goners -
fornmed from 1-decene are particularly preferred. Thickeners useful in the
present grease fornulation include sinple anid conpl ex |ithium soaps,
preferably conplex |ithium soaps, sinple and conpl ex cal ci um soaps, m xed
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case of grease producti'on, Is a quantity of the base oll t I n the
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production for greases can be found in USP 4,929,371. Sinple and conpl éx

l'ithium or cal eceomplished iher saleentas/hidh keeesase ofi gyasapeoduwtion, & 4 quantiyd
their nethod of production are also well known to the grease practitioner.
Si npl e soaps aptther basecebitdolye usathimthedirat @rease formeulativhy Retadéd fischydomof
fatty acid(s), oy esters thereof in a suitable solvent usual I%gt he grease
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Li OH or CaCH. Conplex lithiumor calcium soap thickeners are prepared by

Simple and complex lithium or calcium soaps for use as thickeners
in grease formulations and their method of production are also well known to the
grease practitioner. Simple soaps are produced by combining one or more fatty
acid(s), hydroxy fatty acid(s), or esters thereof in a suitable solvent usually the
grease base oil and reacting the acids or esters with the appropriate base, e.g.,
LiOH or CaOH. Complex lithium or calcium soap thickeners are prepared by
combining one or more fatty acid(s), hydroxy fatty acid(s) or esters thereof with
an appropriate complexing agent in a suitable solvent, usually the grease base otl
and reacting the mixture with the appropriate base, e.g., LiOH or CaOH. The
complexing agent typically consists of one or more dicarboxylic acids, or esters

thereof, or one or more C, to Cg short chain carboxylic acids, or esters thereof.

The fatty acid or hydroxy fatty acid used in the production of the
thickeners employed in the grease of the present invention has 12 to 24 carbon
atomns. Thus lithium or calcium salts of C;; to C,4 fatty acids or of 9-, 10- or

12-hydroxy C, to Cy, fatty acids or the esters thereof are employed.

The lithium complex soaps are prepared by employing both the
Cy5-Cy4 fatty acid, hydroxy fatty acid or esters thereof and a C,~C,, dicarboxylic



conbi ni Ng QARFodY; re fatty acid(s), hydroxy fatty acid(s) o ers :
thereof with %82 lzsi{)%ropri ate conpl exing agent in a suitable s%?ﬁ@%%s,/mﬁ@ual_l y

the grease base oil and reacting the m xture with the appropriate base,
e.g., LiOHor CaOH The conpl exing agent tygpically consists of one or nore
di carboxylic acids, or esters thereof, or one or nore CJerr] to (Jerr]

short chain car kG :aci . ers. it hgr . The f,at agi d or, hydrox
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stearic acids, .e. g.,,9-hydr , 10-hydroxy.qr 12-hydr stearjic acid.
Unsat ur at ed fd&ﬁ%/g@bhrﬁar‘weé‘?ﬁ?‘?yr g{qrassné;gqgg i’t‘%ﬁ/&}?g(‘éﬁf“ Zgé PETS
recinolic aci i g fo - t |
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or nore straight %I; br ancﬁeac’i chg:é%}scﬁig?ﬁf?gﬂgﬁb?e g?%@?h%@%&?%g)&mdg
preferably Clmalohidlsacéinic, phitarip edipic ket aiifdelico agdlaic, Hodesaiedioty land
acids or the nono- or di- esters thereof. Suitable exanples include oxalic,
mal oni ¢, succichaeic agids and the radipi er, dis gbters thergo fireh dipic,sebhaiicc azelaic acids
dodecanedi oi ¢ and. sebacjc aci ds _and the nono- or di- esters thereof.
Adi pi ¢, sebad?d mixtares tbexag creferably sebacic and azelaic acids and mixture thereof

are employed as the dicarboxylic acids used in the production of the complex

lithium soap grease bases.

The calcium complex soaps are prepared by employing the C), to
Ca4 fatty acid, hydroxy fatty or ester or glyceride thereof and a C, to C¢ short
chain carboxylic acid complexing agent. Suitable acids, therefore, include the
hydroxy stearic acids, e.g., 9-hydroxy, 10-hydroxy or 12-hydroxy stearic acid.
Unsaturated fatty or hydroxy fatty acids or esters thereof such as recinolic acid
which is an unsaturated form of 12-hydroxy stearic and having a double bond in
the 9-10 position, as well as ester of each acid, can also be used. The short chain
carboxylic acid can be straight chain or branched, preferably C; to C¢, and more
preferably C,;, C; or C4. Examples of short chain carboxylic acids include acetic
acid, propanoic acid, butanoic acid, etc. Acetic acid is the preferred complexing
acid in the production of calcium complex greases. Acetic acid can be added to
the grease formulation in the form of the free acid and then neutralized with
CaOH along with the fatty acid, fatty acid ester or fatty acid glyceride, or

alternatively, calcium acetate can be added to the grease directly.



and m xtures thereof, preferably sebacic and azel aic acids and m xture,

t her eof arWORAl8Ped as the di carboxylic acids used in the pCFdisssHBEAS of
the conplex lithium soap grease bases. The cal ci um conpl ex soaps are .
prepared by enmploying the CJerr] to C24 fajty acid, hydroxy fatty or ester
or glyceride thereof and a C2 to C6 short™chain carboxylic acid conpl exing
agent. Suitable acids, therefore, include the hydroxy stearic acids, e.g.,
9- hydr oxy, 10-hydroxy oNet@alzatiomof thesimple aned dypelrospt(simapkedsoap) by or
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or different acid-type acid m xture (conplex soap) with the base is usually
conducted at a tenperature in the range of about 180 to 220[err]F. Wen the
soap has thickened to aWldhvi icetsicidchay tHeskilledrpeicationer bf greaiss produr-

about tion will be familiar with the technique used to produce complex lithium or
calcium greases, various of such production methods are presented in detail in
USP 3,681,242, USP 3,791,973, USP 3,929,651, USP 5,236,607, USP
4,582,619, USP 4,435,299, USP 4,787,992. Mixed lithium-calcium soap
thickened greases are described in USP 5,236,607, USP 5,472,626. The
particular techniques used to produce the simple or complex lithium or calcium
soaps or lithium-calcium soaps are not believed to be critical in the present

invention and do not form part of the present invention. The above is offered

solely as illustration and not limitation.

In the present invention the preferred thickener, regardless of the

technique used for its production, is complex lithium soap.

The grease formulation of the present invention contains anywhere
from 1 to 30 wt% thickener, preferably 5 to 15 wt% thickener, based on the

finished formulation.

A preferred complex lithium grease base is disclosed and claimed
in USP 3,929,651 which also teaches a detailed procedure for its production.

The teachings of that patent are incorporated herein by reference. Broadly that



290-310[err] F to ensure elimnation of water. Subsequent heating to a high
t enperat ure Or°84k3dt  380- 420[err]F fol l owed by addition of t 98484658 of
the oil used in preparing the grease and cooling to about 220[err]F .can-

al so be practiced. Wiile it is expected that, the skilled practitioner of
grease produc- tion will be famliar with fhé techni que used to produce
conplex lithiumor cal cium greases, various of such production nethods are
presented in demplexilithiusrgss268 basecomperesa nrejonaounset 8 basoodsa mineP
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i nvention. The above 1I's offered so _ stration not Timtation.
In the presentmér&wﬁ,&w@r@ > preferred thickener, regardl ess of the
techni que used for it$ production, is conplex lithiumsoap. The grease
fornmul ati on of the present invention contains anywhere from1l to 30 W%

t hi ckener, preferably 5 to 15 W% thi ckener, based on the finished

formul ati on. A preferredlcbiSB BR29i661i the epreples lithisun seaplisanyekbheand

claimed in USP 3,929,651 which also teaches a . detailed procedure for its
product i on. THEOMWEREAR g%orwletcﬁﬁ{uuaaﬁws ofrthe ilﬁérepﬁsra&l@ewpweﬂamnﬂwses a

|r3((a;f|'/e [Egg/e blg;%yinwgﬂ of a cyx\ﬁthglginlls]a?tggf a C,-C,; dicarboxylic acid or the mono- or di-

ester of such acids and a lithium salt of a C;,-Cy4 fatty acid or of a 9-, 10- or 12-
hydroxy C,,-C,4 fatty acid or the ester of such acid. These materials have been
discussed in detail above. In addition, the grease also contains an additional
lithium salt component, the lithium salt of a hydroxy carboxylic acid (s) or
ester(s) thereof having an OH group attached to a carbon atom that is not more
than 6 carbons removed from the carbon of the carboxyl group. This acid has
from 3 to 14 carbon atoms and can be either an aliphatic acid such as lactic acid,
6-hydroxydecanoic acid, 3-hydroxybutanoic acid, 4-hydroxybutanoic acid,
6-hydroxy-alpha-hydroxy-stearic acid, etc., or an aromatic acid such as para-
hydroxybenzoic acid, salicylic acid, 2-hydroxy-4-hexylbenzoic acid, meta-
hydroxybenzoic acid, 2,5-dihydroxybenzoic acid (gentisic acid); 2,6-dihydroxy-
benzoic acid (gamma resorcyclic acid); 2-hydroxy-4-methoxybenzoic acid, etc.,
or a hydroxyaromatic aliphatic acid such as 2-(ortho hydroxphenyl)-, 2-(meta
hydroxyphenyl)-, or 2-(parahydroxyphenyl)-ethanoic acid. A cycloaliphatic
hydroxy acid such as hydroxycyclopentyl carboxylic acid or hydroxynaphthenic
acid could also be used. Particularly useful hydroxy acids (or the esters thereof)
are 2-hydroxy-4-methoxybenzoic acid, salicylic acid, and parahydroxybenzoic
acid. Instead of using the free hydroxy acid of the latter type when preparing the
grease, one can use a lower alcohol ester, e.g., the methyl, ethyl, or propyl,

isopropyl, or secbutyl ester of the acid, e.g., methyl salicylate. The ester of the
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lithiumsalt of a C3-Cl4 hydroxy carboxylic acid where in the OH group.is
attached to a carbon atomthat is not nore than 6 carbon atons renoved from
the carbon of the carboxyl group. In USP 3,%929, 651, the conplex lithium
soap is any of the conventional conplex lithiumsoaps of the literature and
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preparing the stock is then cooled to about 190°F to 210°F, and the additional acid or ester of
the C;-C 4 hydroxy carboxylic acid, e.g., methyl salicylate is added; then, addi-
tional lithium hydroxide is added gradually to convert the acid or ester, €.g.,
salicylate, to the dilithium acid or ester e.g., salicylate, salt. Reaction is
conducted at about 220°F to 240°F, preferably with agitation so as to facilitate
the reaction. In this reaction, the alcohol is evolved, and dilithium acid or ester,

e.g., salicylate, salt forms.

Dehydration is then completed at 300°F to 320°F, after which the
grease is heated at 380-390°F for 15 minutes to improve its yield and is then
cooled while additional oil is added to obtain the desired consistency.
Alternatively, the additional oil can be added to the soap concentrate prior to the
in situ formation of the dilithium salt of the appropriate acid or ester, e.g., the

dilithium salt of salicylic acid.
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| i thi um hydroxoide to give the lithiumsalt’. The nonolithiumsalt or the
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e.g., nethyl agid; cylate is added; then, addi- tional lithiumhydroxide is
added gradually to convert the acid or ester, e.g., salicylate, to the
dilithiumacid or ester e.g., salicylate, salt. Reaction is conducted at

] , licylate, - n is conducte
feaction. In this feact naw EpksepRifi SALER P AR AR Ml dli o

ester, e.g., [ i i c b OF
to S20F. g efqaﬁ?’é’%ﬁ?ﬁ gvt%‘hﬂd bRsfERblIPabyEY B tPRbdiRt 2w ecoml &hed 1i@hiudf

salt components. The additional lithium salt of the C;-C,4 hydroxycarboxylic

acid (e.g., dilithium salicylate) is present in the grease in an amount in the range
0.05 to 10 wt% of the finished grease. The proportion of the lithium soap of
C\2-Cy4 fatty acid or 9-,10- or 12- hydroxy C,5-C,4 fatty acid to the lithium soap
of the dicarboxylic acid can be in the range of 0.5 to 15 parts by weight of the
former to one part by weight of the latter, preferably in the range of 1.5 to 5 parts
by weight of the soap of the C,,-Cy, fatty acid or 9-,10- or 12- hydroxy C3-Cas
fatty acid to one part by weight of the soap of the dicarboxylic acid. The propor-
tion of the C3-C,4 hydroxy carboxylic acid to the dicarboxylic acid will be 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 0.125 to 1.25 parts by weight
of the hydroxy carboxylic acid to one part by weight of the dicarboxylic acid.

A preferred complex lithium grease base useful in the present
member comprises a major amount of a base oil, a minor amount of the three
component lithium salt thickeners described in the USP 3,929,651, discussed
immediately above and thiadiazole. This particular grease is disclosed and
claimed in copending application USSN 712,066 filed September 11, 1996 in the
name of David L. Andrew.



grease is heated at 380-390F for 15 mnutes to inprove its yield and is
then cool edV@AAS9%ddi tional oil is added to obtain the desipenusdniérs
consi stency. Alternatively, the additional oil can be added to the soap
concentrate prior to the in situ formation of the dilithiumsalt of the
appropriate acid or ester, e.g., the dilithi®aumsalt of salicylic acid.

WO 98/ 41599 PCT/ US98/ 01678
An alternative nethod is to co-neutralize all three types of acid used in
maki ng the grease, or to saponify a |lower ester of the hydroxy
Cerr]-Clerr] acid, e.g.Thettihgiazsladypeyhattralsaisadlin angdoshylationhare fiee
neutralization of the hydroxy fatty acid of the first type, e.g.,

hydr oxyst ear i geaera farmulane dcar boxylic acid. Still another alternative is
to co-neutralize the hydroxy fatty acid and the ester of the hydroxy
Jerr]-derr] acid followed by nButrdBizat b $)yt-eRai car boxylic aci d(1)The
greases contain, based on the finished grease nass, from about 2 to about

35 wt % and pr afkél § BkOUS ﬂﬁxiéd&a@&@ul,Z%t%?ﬁ’a%{zle?'l'2,3115%%]&{20‘1@5#'9‘1?251
t he Cerr

conponents. The addi tional” Tithium'salt”of efr]-
hydr oxycar boxythiadizmmile hé¢erecycldi“ki’ ahd iy saay by tied ©Ime or diffsent andatche
grease in an agnount in the range 0.05 to 10 wt% of the finished l_?rease. The

proportion of 18tegers frpmuhitedapddt: ajdkRe preofhersame art diffesentdanarare-H ot €,-Gpo

12- hydroxy CLerrl-derr atty acid to the lithium soap of the
di car boxyl ic at’é‘id&!’%aghygé’]ri(bthe range of 0.5 to 15 parts by weight of the
former to one part by weight of the latter, preferably in the range of 1.5

to 5 parts by weight of th&®sea@)t-tQe-Ci(8),r1-Qerr®)fatRy acid or 9-(2)10-
or 12- hydroxy Clerr]-Cerr] fatty acid t(g ozne part (bg/Jwei ght of the S(Oglp

of the dicar b%ﬂéﬂeﬁl Q?'agd @hﬁe%é’%’r&é 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 R, and R; are
the same or different and are H or C;-Cso hydrocarbyl. The preferred thiadiazole
has the structure 2 wherex=1,y=1landz=2 R, = hydrogen, R, = hydrogen
and Q, = Q; and is 1,3,4-thiadiazole. The preferred thiadiazole is available from

R. T. Vanderbilt Company, Inc., under the trade name Vanlube 829.

In the preferred grease the thiadiazole material is present in the
grease in an amount in the range 0.05 to 5 wt% of the finished grease. The
thiadiazole material is added to the grease in USSN 712,066 for the purpose of

enhancing the oxidation resistance of the grease.

The grease formulation of the present invention contain 0.01 to
10 wt%, preferably 0.05 to 5 wt%, more preferably 0.2 to 1.5 wt% of a hydro-

carbyl diamine of the formula:
A
N “\H,

H



tion of the rr]l-Clerr] hydroxy carboxylic acid to the dicarboxylic acid
will be fror&?}g)&lsg .025 to 2.5 parts by wei ght of the hydroxCT&S98RAT8 c
acid to one part by weight of the dicarboxylic acid, preferably about .0.125
to 1.25 parts by weight of the hydroxy carbomyl ic acid to one part by

wei ght of the dicarboxylic acid. A preferred Conplex |ithiumgrease base
useful in the present nenber conprises a mmjor anmount of a base oil, a

m nor anount ofwhére R and&' aonfiersame o1 diffewemtsanid aret clCenstraighit s dbrarmddchiain

e 52 ot e TR e e
gélzdfggggf 'l ed %Pﬁgeggfcrhe%ijt’o tﬁg %?U‘oié]ent irrllethg ?nn&egalepalxggerléb@%; \éjv§‘987(é,\1{\f78 10
I ) S S BT R
1,2,3-thiadiaz &darByll g?ei@ratﬂ ia&?l@ﬂ&]&ﬁ/.hﬁﬁﬁéﬁ&y ﬁgﬁaodl'%f‘li)ﬂﬁ]grdiﬂés ifRladac

the sane or different and are inteders omlto b and err

are the sane ortholief Wwherih Raisch dodechiiradical and R, Gk arl,3 phyplyladieadiyal, (comniel)
[err] wherein JQerr] and err] are_the sane or different_and are
1, 3, 4- t hi adi az&idly available figim dikae dThemie, nder the waderame BYOMEEN C); or

G 11 orent ana. TP BgoI sdibelofs 1 ApiopyRiiradical Tinoatue U BREEEN 0) or

wherein R=tallow radicals, R’=1,3 propyl diradical (known as DUOMEEN T).

Further the grease of the present invention can contain any of the
typical grease additives including conventional antioxidants, extreme pressure
agents, tackiness agents, dyes, etc. Such typical additives and their functions are
described in “Modern Lubricating Greases” by C. ]. Bone, Scientific Publication
(G.B.) Ltd., 1976.

Examples of antioxidants include the phenolic and aminic type

antioxidants and mixture thereof.

The amine type anti-oxidants include diarylamines and thiodiaryl
amines. Suitable diarylamines include diphenyl amine; phenyl-a-naphthyl-
amine; phenyl-B-naphthylamine; a-a-di-naphthylamine; B-3-dinaphthylamine;
or o, B-dinaphthylamine. Also suitable antioxidants are diarylamines wherein
one or both of the aryl groups are alkylated, e.g., with linear or branched alkyl
groups containing 1 to 12 carbon atoms, such as the diethyl diphenylamines;
dioctyldiphenyl amines, methyl phenyl-a-naphthylamines; phenyl-p (butyl-
naphthyl) amine; bis(4-methyl phenyl) amine or phenyl (3-propyl phenyl) amine
octyl-butyl-diphenylamine, dioctyldiphenyl amine, octyl-, nonyl-diphenyl amine,

dinonyl diphenyl amine and mixtures thereof.



the sane or different and are H or (fer r

t hi adi azol EWRA8/41398 structure 2 where x 1, vy =1 and z = 2pchiesididiés
hydrogen, Rerr]= hydrogen and Qerr] = Qerr] and is 1,3, 4-thiadi azole. .
The preferred thiadiazole is available fromR T. Vanderbilt Conpany, Inc.,
under the trade nanme Vanlube 829. In the pr@ferred grease the thiadiazole
material is present in the grease in an anount in the range 0.05 to 5 %
of the finished grease. The thiadiazole material is added to the grease in
USSN 712,066 for the purpose of enhancing the oxidation resistance of the
grease. The grease formfaititde tivibdidrglaptinseinicludevsininotinagme] tienalkyRied o 10
w% preferably 0.05 to 5 W% nore preferably 0.2 to 1.5 wt % of a hydro-
car byl di ani nepheotliiezihes,pheay! fldo+d-naphtW@l 8direl ph@nyl thio-B-naphthylamine;
PCT/ US98/ 01678 where R and R{err] are the sane or different and are
Clerr]-derr] aio-thightinaphthylactine;nGifthdb idpaphthydemyhe; plickyhthio-ca(methyl
substituted aliphatic chains, the aliphatic chains being attached to the
nitrogen in tHaphéndy amine;rhur-di tathyl phenyl)zanone: (Quty] phenylhihde phanylamine.
noriety, preferably alkyl or alkenyl nmoiety, and R is a (Jerr]-Cerr]
hydr ocar byl , preferably alkyl noiety. Preferred hydrocarbyl diam nes

i ncl ude those wherein R} i radi cal r].J.s pyl

di radi cal (comer- ci al I?ﬁ}:\ asﬂﬂggfc\e/arlft&%ﬁﬁsz@&%mﬁgu&neéeorﬁégg?@ge nane
DUOVEEN C); or wherein R=oleyl radical, R =1,3 propyl diradical (known as
DUOVEEN 0) or wherein R=tallow radicHls, R =R1,3 propyl diradical (known as
DUOVEEN T). Further the greasg{Bof e reﬁe/nt i nvention can contain any of
t he \

N. N Rs

\/

AN
R¢ Ry

r]-Cferr] hydrocarbyl. The preferred

I

where Ry, Rs, Rg, Ry, are hydrogen, C, to Cy hydrocarbyl or pyridyl, and R; is
C, to Cg hydrocarbyl, C, to Cy hydrocarbylamine, pyridy! or pyridylamine. 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-di-t-butyl-4-methoxy-

phenol; materials of the formula

HO Rg—(S)x—Rg OH 11



typical gregssegfidéd i ves includi ng conventional antioxidants,
pressure agents, tackiness agents, dyes, etc. Such typical dgfbéﬁzﬁgﬁd

their functions are described in "Mdern Lubricating Greases by C J:
Bone, Scientific Publication (G B.) Ltd., 1946. Exanples of antioxidants
i nclude the phenolic and am nic type antioxidants and m xture thereof. The
am ne type anti-oxidants include diarylamnes and thiodiaryl am nes.
Sui t abl e di ar ylwhe¢nees is neroutdeS, RparehRo aseitimesarptondiffgrent indaphCivdze ami ne;
phenyl -[ err]-naphthyl am ne; [err]-[err]-di-naphthyl am ne;
[err]-[err]-di raplotarbphwhéch may [centdin [cerygtn dr salfbt by besubstitufddseithuixygehe
antioxidants are diaryl am nes wherein one or both of the aryl groups are
al kyl ated, e. g.or suifum contasminggrowpsimadatateriale ofiheuesmsbmt ai ning 1 to 12
car bon atons, such as the diet hyl d| phenyl am nes; dioctyl di phenyl am nes,
met hyl phenyl [err]-napht phenyt - [err] (butyl - naphthyl) am ne;
bi s(4- met hyl phenyl) am (3-pr opyI phenyl) am ne
octyl - butyl -di phenyl am n¢ yidi phenyl i ne, octyl-, nonyl:-di phenyl
am ne, di nonyl diphenyl ' Xt ur es ¥of . WO 98/ 41399
PCT/ US98/ 01978 -12- Suit ryl gy’r nes include phenothi azi ne, the
al kyl at ed phenot hi azi nes n] - napht hyl am ne; phenyl
t hi o-[ err]-napht hyl am ne __[_err] [err]- _B.L_()%,di napht hyl am ne;
[err]-[err]-thio dinaphthyl am ne; phenyl thio-a (methyl naphthyl) am ne;
thio-di (ethyl ph&ry is P #and @Yiyh CRW%WJO)h)Id?bé’arB?PW% clAfafeontif xygen
sui tabl e anti oxi dant’s i nclude triazi nes of f or mul

or sulfur or be substituted with oxygen or sulfur contammg groups, and mixtures

of such phenolic type antioxidants.

If present at all the antioxidants, preferably amine type and/or
phenolic antioxidants are present in the grease in an amount up to 5 wt% of the

finished grease.

The present invention is demonstrated in the following not limiting

example and accompanying comparative examples.

Examples

Six test formulations were prepared, one representative of the
formulation of the invention, Example I, and five comparative formulations,
comparative Examples 1-5. Physical characteristics of all formulations and
performances in various tests, in particular the EMCOR Rust test run in

accordance with IP 220 European Test method, are presented in Table 1 below:



[err] where err], Rerr], Rerr], Rerr], are hydrogen, C,

hydr ocar bywoc?‘%[” #’i dyl, and R3 is C[err] to (Jerr] hydrocar B’SQT/U-?@P@WW to
C err] hydrocarbyl am ne, pyridyl or pyridylam ne. |If desired m xtures of -
antioxidants may be present in the lubricant conposition of the invention.
Phenol i ¢ type anti-oxidants include 2,6-dij;f- butyI phenol, 2,6-di-t- butyl

al kyl at ed phenal where the al kyl substitiient is racarbyl an ontains
between 1 and 2D ¢ar|bon gt ons, Isdch as iZ,E-d|-t- putyl-4 r’rﬂ:thyl phenol|,
2,6-di-t- buty’& 44etthyl phenol ,| etc., of Z,6-d]-1-hbutlyl t 4{aljkoky} phenol
where the al kiogy gulgstitpent [cqntlai ns betvyegn (L and 20 canbgns| stich as
2, 6-di - t-but y§&#- netlrexyt phenglg| materifalls @| t he |{Lormpbadery]
1 U v 7 o
98/ 41599 T LT et O = 2 |% | BCH|usesl 01678 |~
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The present woygnisoson i s denonstrated in the follow ng not |i gy | e
and acconpanyi ng conparative exanples. Exanples Six test fornulations were
prepared, one representative of the formulation of the invention, Exanple
1, and five conparative fornul ations, conpargiive Exanples 1-5. Physical
characteristics of all fornulations and performances in various tests, in

particular the EMCOR Rust_test run in accordance. w P 2 Eur opea est
met hod, are presented in T& e&res%mfé\xﬁe ﬁeym%#%@@& E“StZPCStLi{atmg §ca-[e
PCT/ US98/ 01678 [ 4. 98/ 41599

PCT/ US98/ 01678 rg?é’-—édréao’lne’r%bvl\grlesents the key to the EMCOR Rust Test Rating
Scale referred to in Table 1. TABLE 2 EMCOR Rust Test Rating Scal e EMCOR
Rust Test Result Description O No rust 1

3 or fewer small corrosion spots, each suTARLEM

EMCOR Rust Test Rating Scale

EMCOR Rust Test Result Description

0 No rust

1 3 or fewer small corrosion spots, each sufficient
to be visible to the naked eye

2 Small areas of corrosion covering less than 1%
of the bearing area

3 Between 1% and 5% of bearing area corroded

4 Between 5% and 10% of bearing area corroded

5 More than 10% of bearing area corroded

The same sample of base grease was used to prepare formulations
Ex 1, Comp 1, and Comp 2 described in Table 1. Formulation Comp 2 did not
contain any supplementary rust inhibitor while formulations Comp 1 and
Example 1 contained barium sulfonate and DUOMEEN C respectively. Barium
sulfonate (NaSul BSN) is frequently used as a rust inhibitor in lithium grease
formulations at the 1% treat level. The EMCOR test data in Table | demonstrate
that DUOMEEN C is much more effective than barium sulfonate in preventing
corrosion in salt water conditions. The data in Table 1 also demonstrate that
DUOMEEN C does not have any negative impact on other grease properties
such as dropping point, water resistance, anti-wear performance, and consistency
stability. In fact, DUOMEEN C has the added benefit of not causing additive
softening problems. Additive softening problems are usually associated with

conventional sulfonate based rust inhibitors. Moreover, DUOMEEN C is



to be visible to the naked eye 2 Smal | areas of corrosion_ .
covering | ¥Q98/MpA% 1% of the bearing area 3 Bet weRGET/US88M67859 of
beari ng area corroded 4 Bet ween 5% and 10% of bearing area
corroded 5 More than 10% of bearing area corroded The sane

sanpl e of base grease was used to prepare-f&rnul ations Ex 1, Conp 1, and
Conmp 2 described in Table 1. Forrul ation Conp 2 did not contain any

suppl ement ar y aéisds ddehddust it coRtdig ahQmAdth Rt (eqNsb4sdirm) Whicid nfayereptensidered
cont ai ned barium sul fonate and DUOVEEN C respectively. Barium sul fonate

(NaSul BSN) i so hesiueddsiniblesatimmneentalseéffeathi bitor in |ithium grease
formul ations at the 1%treat |evel. The EMCOR test data in Table I
denponstrate that DUOVEEN C is nmuch nore effective than barium sul fonate in

preventing corrosion in_salt ter caondiitions,. The data in Table Il' {%9
denonstrate that DUOVEEW"EL%IB@ _On%“tﬂﬁéo% aﬂ@ﬁ%gii_ ‘?‘hﬁ&&urﬁﬁngtﬁgu

et or mance,  SHRORSREIGORRCY BRF Caher 8} Foraipnt ERTLERFR C8bs B2,
benefit of nokht?g#ﬁéy Bg)emnésnbggea;smfézah%ﬂﬁﬂgseﬁriﬂ@&ﬂﬁ-3.AF'@H uldgof Tdrep Bngas

probl ens are usu ssocl at conventional " sul fonate based rust
I nhi bitors. Mpegested VASONEEMfplementarWPubBnRRRN. A comparison of the EMCOR

PCT/ US98/ 01678 -16- ashl ess” and does not contain any netals (e.g., barium
which may be testsesdtsarbtained dmeCompes andiflemp fwvith tinetashressits ebtajned for
Comp 3 demonstrates that complete salt water rust protection can not be
achieved by adding 1 wt% of a calcium or lithium sulfonate (NaSul 729 or
NaSul 707) to a lithium grease. This is to be compared against Example 1 which
achieved a zero EMCOR Rust Test rating (no rust) and does not negatively

impact other grease performance characteristics.



Tabl e 1 al sgo®giaisbns m ed on calciumand |ithiumsulfonates
(Conp 4 and Conp 5). Hmlmﬂllﬂ“m m 4 and Conp 5 contain i SBRIES pe
of base grease as that “uskd l|n"'Cor‘rp 3. Formul ation Conp 3 was not treated
wi th any supplementary rust inhibitor. A cqr,rparl son of the EMCOR test

results obtained for Conp 4 and Conp 5 with i ? ned for
Conp 3 denonstrates that conplete salt water rust % i BAS BEaNnot Dbe
achi eved by a&i—r“hg\’@ wt % of a cal ciumor |ithiun_sul fd’rfﬁtéCE(D\laSul 729 or

NaSul 707) to a lithiumgrease. This is to be conpared agalinst Exanple 1
whi ch achi eved a zero EMCOR Rust Test rating (no rust) and does not

negatively inpact other gre .ormance characteri st - .
CL%\I VB: 1?/ AnFubri cati ndggrgg@o hﬂhgﬁaﬁﬁ COMRPe ﬁd??JPBHOBtI‘OIhogé;éS%P}l of

| ubricating Vi Gash

t hi ckener andbg di aé@ﬁngmq?@os&r@grér)m 1%6%&1}0 Sﬁd‘frdt&"x&% %ﬁxﬁ?ﬁxﬁgﬁ%g}(gn%e
sanme or diffeandta dasige of Becforiufd err] hydrocarbyl group and the thickener
is sinple or conplex lithiumsoap, sinple or conplex calciumsoap, m xed
l'ithiumand cal cium sinple or conpl ex oaps ' aI um num soaps, urea, di-urea,
tri-urea or polyurea. 2. The grease of 1 wherein the | ease oil of

| ubricating viscosity is selected from n?h uralNlKds synthetic base oils. 3.
The grease of claim 1 wherein the base oill of l|ubricating

wherein R and R’ are the same or different and are C}-Cs hydrocarbyl group.

2. The grease of claim | wherein the thickener is simple or
complex lithium soap, simple or complex calcium soap, mixed lithium and

calcium simple or complex soaps, aluminum soaps, urea, di-urea, tri-urea or

poly-urea.

3. The grease of claim | wherein the lease oil of lubricating

viscosity is selected from natural or synthetic base oils.

4.  The grease of claim 1 wherein the base oil of lubricating

viscosity is poly-alpha olefin.
5. The grease of claim 1 wherein the thickener is simple or
complex lithium soap, simple or complex calcium soap, mixed lithium and

calcium simple soap, or mixed lithium and calcium complex soap.

6. The grease of claim | containing from 1 to 30 wt% thickener.

This Sheet Has Been Replaced




viscosity is poly-al hiafi § n '“e grease of claim1l wherein the
e taosorats OOPAMIUIINING 2o ot "o ot mon s
soap, mxed lithiumand caleiumsinple soap, or mixed |ithiumand cal ci um
conpl ex soap. 5. The grease of claim1 contai ni rg”_ﬁgogp
t hi ckener. - 18 - 6. The grease of clai mgd. cqgntail nhé

T 90
go’ppgﬁg{g%% 10 wt % of
the diamne. 7. A nethod for inproving the corrasian iAUEBnce o gr eases

t hi ckened using sinple or, cogplex lithium soap, . sinpl r 08X | ci um
soap, mixed |ithium and dal ci ang?%mog ci%me;ﬁﬁﬁh&%&n@gafﬁg?t%ﬁﬁ%fmf?i%ps,
urea, di-urea, d&rpi\— gr ea or polyurea thickener conprising adding to the
grease about O. Y& 10 wt % of “a di amine of the formula [err\ wherein R and
Rlerr] are the same or different and are CJerr] to (Jerr] hydrocarbyl. 8.
The nethod of claim7 wherein the grease is based on a base oil of
lubricating viscosity selgect @dmieti fortitpadviap thy Bbirekion resiseance lof gréaseIhe
met hod of claim7 wherein the grease contains 1-10 wt %t hi ckener.

comprising adding to the grease about 0.01 to 10 wt% of a diamine of the

formula

N N
I 2

H

wherein R and R' are the same or different and are C; to Cs hydrocarbyl.
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