GREASE COMPOSITION AND ADDITIVE FOR IMPROVING BEARING
LIFE TECHNICAL FIELD: [0001] The disclosure relates to a lubricating
grease composition for rolling and rotating bearings, use thereof, and
more particularly to an improved lubricating grease composition that
provides improvements in resistance to 'fretting developed by repeated
impact and oscillation caused by exterior oscillation as occurring during

transportation and dropping impact developed by dropping during
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. determined by the foregoing ASTM D-4170 test. Such specificatjons

is caused by a short oscillating arc of the bearings which does not allow adequate
lubricant flow to the bearing region and traps wear debris adjacent to the bearings.
Corrosive oxidation may also take place at the surface of the bearings which may
exacerbate wear and damage to the bearings, All of these conditions in turn increase the

severity of bearing wear.

[0003] Fretting wear is primarily experienced in bearings that are not operational for
periods of time since regular operation of the bearings will tend to distribute protective
lubricant to the bearing area and flush wear debris away from the bearing area. Fretting
wear 18 determined by an industry standard test ASTM [D-4170-97(2002) entitled
“Standard Test Method for Fretting Wear Protection by Lubricating Greases” which
measures the amount of weight loss of a test piece after 20 hours under oscillating
conditions. Several key specifications in the grease industry require low values of
fretting wear as determined by the foregoing ASTM D-4170 test. Such specifications
include, but are not limited to, NLGl's GC-LB specification (<10 mg fretting wear},
GM’s LS2 specification for “High-Temperature”, “High-Speed Bearing”, and



include, but are not limited to, NLGI's GC-LB specification (<10 mg fretting
wear), GM's LS2 specification for "High-Temperature”, "High-Speed
Bearing"”, and 1 "Multipurpose" greases (<10 mg fretting wear), and GM's
LS2 specification for "Fretting and Corrosion Inhibiting" greases (<2 mg
fretting wear). Accordingly, a continual need exists for improved grease
formulations that meet industry specifications for fretting wear without
detrimentally affecting other important properties of the greases. [OOO§F]8I?% ing
I
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sufficient to provide a fretting wear weight loss of less than about 2 .
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composition is applied to the bearing. The grease compasition includes a

conps orhitfEasgrdaty Faawiary SFratfetiiredfhatst SEiyadmaant of fretting
wegompitsiaGadmetal-ree feiltselukier phosphoraustkeain g siidliz8tkoluble

amine salt sufficient to.provide a fretting wear weight loss of less than .
PhCBATIP S0P B0 P Mot WA ptary Ao HARY GF g ent t©
prodigeln Surengrovitlesdghe hicle»ivbheah edring 20 eohigetwith a fully

formulated grease base and an effective amount of additive comprising a
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[()(}Btrﬁ?\(\i%te%r%ther exemplary embodiment of the disclosure provides a vehicle wheel
bearing in contact with a fully formulated grease base and an effective amount of additive
comprising a metal-free, oil soluble phosphorous-containing, sulfurized amine salt

sufficient to provide a fretting wear weight loss of less than about 20 milligrams.

[0007] Another exemplary embodiment of the disclosure provides an additive for a
grease which provides a reduction in fretting wear weight loss characteristics of the
grease. The additive is a metal-free oil soluble phosphorous-containing, sulfurized amine
salt component that when added to the grease Iin a predetermined amount provides a

grease having a fretting wear weight loss of less than about 20 milligrams.

[0008] The additive for the grease compositions disclosed herein is highly compatible
with the grease compositions. Accordingly, exemplary embodiments of the disclosure
may provide increased flexibility for formulating greases while providing enhanced

fretting wear protection without significantly altering other performance properties (such



grease having a fretting wear weight loss of less than about 20 milligrams.
[0008] The additive for the grease compositions disclosed herein is highly
compatible with the grease compositions. Accordingly, exemplary
embodiments of the disclosure may provide increased flexibility for
“formulating greases while providing enhanced fretting wear protection
without significantly altering other performance properties (such 2 as

extreme pressure properties and corrosion protectjon) of the grease .
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the additive described herein include a wide variety of conventional
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include, but are not limited to, greases containing metal complex
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ab%lét 10,000 cSt at 40 C., although typical applications may require an oil

pmRearvmscj; a viscosity ranging from about 10 to about 1,000 cSt at 40 C.
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ined base stocks derived from paraffinic, naphthenic, and mixed base
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C13-oxide acid diesters of tetraethylene glygol, or ompslex esters such as
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40° C., although typical applications may require an oil having a viscosity ranging from
about 10 to about 1,000 ¢St at 40° C. Mineral oil basestocks which may be used may be
any conventionally refined base stocks dertved from paraffinic, naphthenic, and mixed
base crudes. Synthetic oil basestocks that may be used include esters of dibasic acids
such as di-2-ethylhexyl sebacate, esters of glycoils such as Cjs;-oxide acid diesters of
tetraethylene glycol, or complex esters such as those formed from 1 mole of sebacic acid,
2 moles of tetraethylene glycol, and 2 moles of 2-ethylhexanoic acid. Other synthetic oils
that may be used include synthetic hydrocarbons such as polyaiphaolefins; alkyl
benzenes, alkvlate bottoms from the alkylation of benzene with tetrapropylene or with the
copolymers of ethylene and propyiene; silicon oils, e.g. ethyl phenyl polysiloxanes,
methy! polysiloxanes, etc.; polvglycol oils, e.g. those obtained by condensing buty!
alcohol with propylene oxide; carbonate esters, e.g. the product of reacting Cg-oxo
alcohol with ethy] carbonate to form a half ester foilowed by reaction of the latter with

tetracthyiene glycol; and the like. Other suitable synthetic oils inciude the polyphenyl



2 moles of tetraethylene glycol, and 2 moles of 2-ethylhexanoic acid.
Other synthetic oils that may be used include synthetic hydrocarbons
such as polyalphaolefins; alkyl benzenes, alkylate bottoms from the
alkylation of benzene with tetrapropylene or with the copolymers of
ethylene and propylene; silicon oils, e.g. ethyl phenyl polysiloxanes,
methyl polysiloxanes, etc.; polyglycol oils, e.g. those obtained by

condensing hutyl alcohol with propylene_oxide; carbonate esters, e.g. the
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base oil in the grease composition may also vary broadly, but, typically,
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or alkaline earth metal complex soap greases have found a major use as
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For alkali or alkaline earth metal complex soap greases, useful thickeners .
temperature benefits, such greases ofien suffer from generally higher noise characteristics

than an alkali or alkaline earth metal simple grease.

[0013] For alkali or alkaline earth metal complex soap greases, useful thickeners
contain two, typically, three alkali or alkaline earth metal components. The first may be
an alkali or alkaline earth metal soap of at least one, hydroxy fatty acid, such as Cyz to Cyg
hydroxy acid. The second component may be selected from a alkali or alkaline earth
metal compound of (i) a C» to Cy2 aliphatic or cycloaliphatic dicarboxylic acid (or C; o
Cie. such as C; to C., alkyl ester thereof); or (it} of a C; 1o Cos hydroxy carboxylic acid
{or C, to Cs such as C; to Cy, alkyl ester thereof y which has the hydroxy group separated

from the carboxyl group by six or less carbon atoms; or a mixture thereof.

[0014] Useful hydroxy fatty acids include hydroxystearic, hydroxy-ricinoleic,
hydroxybehenic and hydroxypalmitic. An especially useful hydroxyl fatty acid is
hydroxystearic acid. The second alkali or alkaline earth metal compound is suitably a Cs

to Cyy aliphatic dicarboxylic acid, more typically azelaic or sebacic acids, especially



contain two, typically, three alkali or alkaline earth metal components. The

first may be an alkali or alkaline earth metal soap of at least one, hydroxy

fatty acid, such as C12 to C29 hydroxy acid. The second component may

be selected from a alkali or alkaline earth metal compound of (i) a Cz to

C12 aliphatic or cycloaliphatic dicarboxylic acid (or C, to C19, such as C,

to C4. alkyl ester thereof); or (ii) of a C3 to C24 hydroxy carboxylic acid

ar C; to C19 such as C, to C4, alkyl ester thereaf) which has the hydroxy. .
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alt-soap’‘complexes suc cium stearate-acetate (U.S. Patent No.
cal @9 7a6 ydoarpmy Stearaiet aubtatey(ns, Peaanedive? /562 BE19n @adgiahsnd

h@ggiﬁ%f?é%%%gt&@& (a6 compexes (HQs £AEFHINQ112,939,065);

alcium caprylate-acetate (U.S. Patent No. 2,999,066); and calcium salts
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conmpayi e effectivénthickeinind: adresets dorbgréasets may include aluminum laurate,
aluminum soap oleate, aluminum stearate, aluminum benzoate stearate, aluminum
benzoate oleate, aluminum benzoate 12-hydroxy . stearate, aluminum toluate siearate,
alominum benzoate naphthenate, aluminum benzoate hydrogenated rosin, aluminum
benzoate sulfonate, aluminum azelate stearate, aluminum phosphate benzoate stearate,
aluminum benzoate hydroxy stearate, lithium laurate, i.ithiun& stearate, lithium benzoate
stearate, lithium benzoate oleate, lithium benzoate 12-hydroxy stearate, lithium toluate
stearate, lithium benzoate naphthenate, lithium benzoate hydrogenated rosin, lithium
benzoate sulfonate, lithium azelate stearate, lithium phosphate benzoate stearate, lithium

benzoate hydroxy stearate, and the like.

[0018] The metal complex soap or alkali or alkaline earth metal compiex may be present
in the grease in an amount sufficient to thicken the oil to the consistency of a grease.
Broadly speaking, the amount of soap or alkali metal complex may range from about 1 to

about 30 wt. % of the grease. Typically, however, from about 5 to about 20 wt. %, for



compositions according to the disclosed embodiments may include
aluminum laurate, aluminum soap oleate, aluminum stearate, aluminum
benzoate stearate, aluminum benzoate oleate, aluminum benzoate
12-hydroxy stearate, aluminum toluate stearate, aluminum benzoate
naphthenate, aluminum benzoate hydrogenated rosin, aluminum
benzoate sulfonate, aluminum azelate stearate, aluminum phosphate
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the lihism benzoate 12- hydroxy stearate, lithium toluate stearate, lithium
benzoate naphthenate, lithium benzoate hydrogenated rosin, lithium
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are for the most part artlally or full%esterlfled acids of phosphorus Such
Co‘?ﬂﬁomlfﬁe gehgges: dihydrocar phosphites; dihydrocarbyl phosphates;

dihydrocarbyl mono-, di-, tri-, and tetrathiophosphites; dihvdrocarbyl mono-, di-, tri-, and
tetrathiophosphates; trihydrocarbyiphosphites; trihydrocarbylphosphates; trihydrocarbyl
mono-, di-, tri-, and tetrathiophosphites; trihydrocarbyl mono-, di-, ti-, and
tetrathiophosphates; the various hydrocarby! phosphonates and thiophosphonates; the
various hydrocarbyl phosphonites and thiophosphonites, and analogous oil-soluble
derivatives of polyphosphoric and polythiophosphoric acids; and many others. A few
specific examples of such compounds are tricresy! phosphate, tributyl phosphite,
triphenyl phosphite, tri~(2-ethylhexyl) phosphate, dihexyl thiophosphite, diisooctyl
butylphosphonate, tricyclohexyl phosphate, cresyl diphenyl phosphate, tris(2butoxyethyl}
phoéphite, diisopropyl  dithiophosphate,  tris(tridecyl)tetrathiophosphate,  tris(2-

chloroethyl) phosphate, and like compounds.

[0021] Particularly suitable metal-free phosphorus-containing compounds for use herein

are (a) the oil-soluble amine salts of monohydrocarbyl monothiophosphoric acids, (b) the



example phosphates, phosphites, phosphonates, phosphonites, and their
various sulfur analogs. Examples include monohydrocarbyl phosphites;
monohydrocarbyl phosphates; monohydrocarbyl mono-, di-, tri-, and
tetrathiophosphites; monohydrocarbyl mono-, di-, tri-, and
tetrathiophosphates; dihydrocarbyl phosphites; dihydrocarbyl phosphates;
dihydrocarbyl mono-, di-, tri-, and tetrathiophosphites dihydrocarbyl
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exceed about 60 C., one or more dihydrocarbyl hydrogen
C. until the reaction is substantially complefe. Another stitable way of producing these

amine salts is to concurrently infroduce all three of the reactants into the reaction zone at
suitabie rates and under temperature control such that the temperature does not exceed

about 60° C.

[0022] The amount of fretting wear reducing agent in a fully formulated grease
composition may range from about 0.1 to about 10 percent by weight. Useful amounts of
the fretting wear reducing agent range from about 0.5 to about 5 percent by weight based

on the total weight of the grease composition.

[0023] In order to illustrate aspects of the disclosed embodiments, the foliowing non-
limiting examples are provided. In the examples, the fretting wear reducing agent was
added to two commercially available grease compositions. The first grease composition
contained a major amount of paraffin base oil and a minor amount of aluminum benzoate

stearate complex thickening agent, antimony dithiocarbamate. molybdenum disulfide,



phosphites, such as a dialkyl hydrogen phosphite, into an excess quantity

of one or more active-sulfur-containing materials, such as sulfurized

branched-chain olefin (e.g., isobutylene, diisobutylene, triisobutylene,

etc.), while agitating the mixture so formed, (ii) introducing into this

mixture, at a rate such that the temperature does not exceed about 60 C.,

one or more aliphatic primary or secondary amines, for example one or

more aliphatic primary monoamines having ip.the range. of about 8 to
an [T b GR Htonfo ber MSTRETIE WL K tSting SR Rk re Sgred 1o as
“Allorined, aheh(hiymairtaining the tecopératemecof-tisprasittaniagiiatéda major
amdGRCHON e aLpetueen ahout 96 and about 00 G, untl e reaction isy,

dlibstan |§ﬁy comp ete "AnotHer Sultable way of pro u&ng ese“Antine
diakaltsdshocorphatenthpintdgheos | ath thre rofthelieactantsdnto the meddtionum

itaple.ra . e cont, a o

o e o G R Rt Sty
addiiegr negielisg egemning filly formtdiddogheapbateonpdsitiod meprariges. 2
corfEQ2 AR ALL, 1AL IR PEEERURY: Welght YRefUAMAHNIS Qf the<t itium

frettln% wear reducing agent range from about 0.5 to about 5 percent by

Comgidigh dZbn theetBRINRIY S iHE BRcHSE CBA FH <o Thb2Bxsd amine
saliQyelghiRillustkatenaspasty e dissdasadeniagdimentsidhefellingydrogen

non- limiting examples are provided. In the examples, the fretting wear,
PhospgifEiHY AYBMEHS B B o RIRMERAIN vk gRedeeeried in U.S.
Pat@@mpRoSiions: Pheifirsicarense eampositionicomainecgimajel amaisialined

. paraffin,base oil an inor.a inum benzoate, stearate
e I S ALy e SRSyl i o the ts
piedisufilfid®( hoandinidacidirsa@agenisicand rust/oxidation inhibitors,
hereinafter referred to as "Aluminum Complex Grease." The second
grease composition contained afsajopiamount of base oil, and a minor

amount of lithium hydroxyl stearate complex, zinc dialkyl dithiophosphate,
and diphenylamine, hereinafter reféi¥dito as a "Lithium Complex Grease

(L)."The third grease ¢ ! d-abo . 9 N
Rupd¥kage EmiBmtErZine diayaHABPhosphale St fPBI sobtRRE. grplex
Reducing Compiex Grease Grease (1) Grease (2)
Agent Wt. Loss (mg) Wt. Loss (mg) Wt. Loss (mg)
Wt.%
1 0.0 22.4 9.3 39.9
2 0.0 30 e e
3 0.5 19.5 8.0 10.9
4 1.0 14.3 o -
5 1.0 17.8 8.4 -
6 1.5 111 — .
7 ! 2.0 42 7.2 -

[0024] As shown by Runs 3-5 in the above table, an Aluminum Complex Grease
contéining from 0.5 to 2.0 wt.% of the additive showed a dramatic reduction in fretting
wear (4.2 to 19.5 mg weight loss) compared to the same . grease without the additive
illustrated in Runs 1 and 2 (22.4 to 30 mg weight loss). The Lithium Complex Grease (1)
showed & less dramatic drop but was still significant as the fretting wear was lowered

from 9.3 mg weight loss to 7.2 mg weight loss with 2 wt.% of the additive. However,




corrosion inhibitor, and several antioxidants, hereinafter referred to as a
"Lithium Complex Grease (2)." The fretting wear reducing agent was an
oil-soluble mixed amine salt of dihydrocarbyl monothiophosphoric acid
made by sulfurization of dibutyl hydrogen phosphite in the presence of
oleyl amine and n-octylamine as generally described in U.S. Patent No.
5,328,619. In each of the runs, the fretting wear weight loss was

_..determined using an industry stangdard ASTM D-4170-97(2002) t e
L S8 o g o0 BT e e AR A0 hL€ Bsr CReh g * of
the Canmdlitonsatxample dgehableslWRethehiapErettingWeamakmimumdfithiufretting

Complex | Lith%'um Complex Reducing Complex Grease Grease (1)

we F%%%Céné?gi%%%s\m? ‘0ss (mg) Wt. Loss (mg) Wt. Loss (mg) Wt.% 1 0.0

10028 33 RiR e 20 ?’éhaaﬁzg' St R 884 @ ek Q143 RQ L6:B8iéh and
61511.1- - 72.04.27.2[00241 As shown by Runs 3-5 in the _

incrgpeveapie areRInihiTh Tomplex Gresgeasontdiilty fomos tsprple. the

abotd-%-Qfdhe-additive shewed Bedramaticsesictiondm fretingravearHdédmine

19.5 mg wei%loss) compared to the same grease without the additive

the yyigldranet MR IRHAFY 1Y {8280 MHECWRIG hEIBRE). GerRPisthidishse (2) was

subfe@APIea Graase Chirshoywed a lessrdiamalicialsoReubwasstillsigpificart in
as the fretting wear was lowered from 9.3 mg weight loss to 7.2 mg
the (USRI LMWith 2 A t % of the additive. However, 8 Lithium Complex
Grease (2) had about a 73% deﬁrvease in,weight loss when 0.5 wt. % of
Example 2

Table 2
Run No. | Fretting Wear | Aluminum Complex | Lithium Complex | Lithium Complex

Reducing Grease Grease (1) Grease {2)

Agent 4-Balt EP 4-Ball wear 4-Balt EP

Wt.% (kg weld) {mm) (kg weld)
! 0.0 230 0.475 300
2 0.0 250 e e
3 0.3 250 ‘ - 310
4 1.0 250 - -—-
5 1.0 260 e e
6 1.5 250 -—- -
7 2.0 260 0.402 -

[0026] In the foregoing Tabie 2, the Aluminum complex grease without the fretting wear
reducing agent had weld points of between 230 and 250 kg while the addition of 1 10 2
wt.% of fretting wear reducing agent raised the weld points to 260 kg. Additionally, the
fretting wear reducing agent at 0.5 wt.% improved the Lithium Complex Grease (2} from
a 300 kg weld point to a weld point of 310 kg. The fretting wear reducing agent aisc
improved the 4-Ball wear scar of the Lithium Complex Grease (1) about 15% over the

same grease without the fretting wear reducing agent.




the fretting wear reducing agent was used compared to Run | where none
of the fretting wear reducing agent was used. (0025) The fretting wear
reducing agent may also be effective to reduce corrosion and increase
extreme pressure (EP) properties of a grease. In the following example,
the above grease formulations were subjected to a 4-Ball extreme
pressure test to determine the weld point and/or 4-ball wear under load.

he. Lit um C rease (2) was sub ected.to a bearin
008, AT Th P SFRE ol QU e rouiceni gt on
beafm@meg;gabie Eﬂamlé@nﬁblﬁe%n(&ouﬁﬂetm Wémmmnmﬁemno wear

G ST B SR E AR RS

I(K{ijevvél"i!.if)a&eo@)mwm% BOGr2 D0 V50 30V E-2F0agerB 10K 1§ 280:Faw 2
fail gl%%\ﬁtﬂe@\%%@\d?g Prd-20Q %é&%é‘op{%%\;&t@ep%g%%'&g&agg %bgﬁﬁed with

Aluminum complex grease without the fretting wear reducing agent had
thrﬁ\w@r poiHE o bBRtREL A IR KU KRG WIS delditibh 6PMB'YC WESHHi2)

conttSitRg. W%@%‘%ﬁ%@ﬁ%&%ﬁ%@d@ﬁ%@om& to 260 kg. Additionally,

the fretting wear reducmg agent at 0.5 wt.% improved the Lithium

[pofmlay Grease:()droakampRe kioxeld pigiittaun Wﬁlﬁﬂn}i)g)lme@f 3§.ﬁhkgon in
The fretting wear r >(jucmlg agent Iso |mpr0\1edt e 4 B wear sca&
SR PR SO A O Ko BEFegh dueh A Brellie WS

e'GreasSe Wi bt s
suitigefrettingivear radueintnagesdts of any type of grease. Accordingly, a grease

containing the additive as described herein may be used to reduce fretting wear in vehicle
wheel bearings, in rotating and sliding equipment bearings, in electrical appliances, ball-
and-rolier bearings used in various types of electronic recording and reading apparaiuses
such as hard disk drives, video tape recorders, iaser beam printers, compact disk drives,
digital video disk drives, and other applications where fretting wear may be present due

to non-use or vibrations and/or inadequate lubrication of moving patts.

[0029] At numerous places throughout this specification, reference has been made to a
aumber of U.S. Patents and publications. All such cited documents are expressly

incorporated in full into this disclosure as if fully set forth herein.

[0030] The foregoing embodiments are susceptible to considerable variation in its
practice. Accordingly, the embodiments are not intended to be limited to the specific
exemplifications set forth hereinabove. Rather, the foregoing embodiments are within
the spirit and scope of the appended claims, including the equivalents thereof available as

a matter of law.

[0031] The patentees do not intend to dedicate any disclosed embodiments to the public,
and to the extent any disciosed modifications or alterations may not literally fall within
the scope of the claims, they are considered to be part hereof under the doctrine of

equivalents. .
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9 [0027] Additionally, a-48 hour bearing corrosion test at 52 C. was
conducted on bearings using the Lithium Complex Grease (2) with and
without the fretting wear reducing agent. Only one out of three bearings
had no corrosion when the Lithium Complex Grease (2) contained no

witatiindaugeas igducing agent which is considered a failure by the ASTM
D-1743 test method. However, a pass condition was obtained with three

1. out of thresdealingsiniaving npLoesiofuihefothalaiiupcaamiplex and an
Grease (2) contain éj 0.5 wt.% af the fretting. wear re?#cin gent. 5028

S et Rl s ol A

coralmmay suidomptexane lithiup teivplax greakisaitisbelieved haidieloss of
additive is suitable for reducing the fretting wear of any t f grease.

s GBI A EBta MR e B KA AL e G OLR R R Ty T

contsedhtpaiathice fredtieg vedgrimvehitier swheel hebsidgs;drocatatinghanphite.
sliding equipment bearings, in electrical appliances, ball- and-roller

2. bearligzused mmvadeusiypeslafelectxrionabortaigrandaaalsigs iess than
apparatyses such as hard disk drives, video tape recorders, laser beam

aboprlnters, cﬁg%%gbt disk drives, digital video disk drives, and other

appligati h Hng wear e - r .
3 e e SR LT G 12 SHEietl W DA phosphic
compriserousplize dikirogghaiiomisispbeificatioanraferendeihas beerbaradems

indgapgnd&ggpg{ Qafcyasfkﬁ and publications. All such cited documents

e expréessly incorporated in full into this disclosure as if fully set forth

4. herein[00301 The fetaaging embodimantsare,suseeptible o cansiderable.,

variation'in its practice. Accordingly, the embodiments are not intended to

thep @ififite estHaNSpadifis Lo miirckitienis e tiorthuhdemabg el Rethelefins,
sulfhe faregging grbediments;arg yuithig, the sRirtand, scapgatitte, sulfurized

appended claims, including the equivalents thereof available as a matter
terpmiasv. J08F13erh e RaBsise8id6 bt it Bedicie shibigetbdaigls-Alder
ad@mbodiments to the public, and to the extent any disclosed modifications

or alterations may not literally fall within the scope of the claims, they are

5. consjgereekigdbedasbiieiaoldmearthe daathiem he amine of the amine salt
comprises an aliphatic primary or secondary amine containing from 8 to 24 carbon

atoms per molecule.

6. The grease composition of claim 1, wherein the fully formulated grease base

comprises from 0.1 to 5 wt.% of the additive.
7. A wheel bearing comprising the grease composition of claim 1.

8. A moving part having a bearing surface wherein the bearing surface is

lubricated with the grease composition of claim 1.

9. Equipment containing one or more bearings and comprising the grease

composiiion of claim 1.

11



equivalents. 10 What is claimed is: 1. A grease composition comprising a
fully formulated grease base and an effective amount of additive
comprising a metal-free, oil soluble phosphorous- containing, sulfurized
amine salt sufficient to provide a fretting wear weight loss of less than

10,2004 20 BHIIGrAmS: MBS RIL G IGia HEEn 2 hOMAlG RNOSARRIRH Sall -and-

containing amine salt is derived from a sulfur'source and a dihydrocarbyl
rollshbsphings 2ndremyresiss dongpersitioprareidiam phwlarein the fretting wear

loss is less than about 10 milligrams. 3. The grease composition of claim
111, whergithere Hihysrbcarsy TsHED TR cBnibrisesiagd siyPHym® gerlying a
ordRROSRAMERRIRI T OMmahRUELAJO dr CaHRRR Q@ﬁgﬁoéﬂﬂﬁp%ﬁﬁﬂiwg‘ eaqiy

alkyl group. 4. The grease composition of claim 3, wherein the sulfur
fOf@bli/

pieligrsarsciats ofh el iy eoisisting sldtirarcamydrtanayetal-free,
oil PRINHIH IR salized Rlefing: swiftized fatyRCihRSIaBicIHRINESovide a

sulfurized thienyl| derivatives, sulfurized terpenes, sulfurized oligomers of

fretinacuasonBisIioss A dest iz ey S il i vrbsren the yréadace, oil

solGRRARI g Rl dinihersindbaamineiofitha amine sallGeMRIses:an
aliphatic primary or secondary amine containing from 8 to 24 carbon

dibydnrarhat Rsrtile. 6. The grease composition of claim 1, wherein the
fully formulated grease base comprises from 0.1 to, 5 wt,% of the additive.

: BBt EBHbriding S HroAS LSS SN BheRRiHoL CamATses a
dialRQViniRat D autgia b eanngestacebserets v bearng®iageds in each
lybricated with the grease composition of claim 1. 9. Equipment containing

alk LLgrB‘rll?nore bearings and comprising the grease composition of claim 1.

13, 'The method of claim 11, wherein the sulfur source is selected from the group
consisting of sulfur, dihydrocarbyl polysulfides, sulfurized olefins, sulfurized fatty
acid esters, ftrithiones, sulfurized thienyl derivatives, sulfurized terpenes, sulfurized

oligomers of C,-Cg monoolefins, and sulfurized Diels-Alder adducts.

14, The method of claim 11, wherein the amine of the amine salt comprises an
aliphatic primary or secondary amine containing from about 8 to about 24 carbon

atoms per molecule.

15, The method of claim 11, wherein the fully formulated grease base comprises

from about 0.1 to about 5 wt.% of the additive.

16. The method of claim 11, wherein the fretting wear weight loss is less than

about 10 milligrams.

17. A vehicle wheel bearing comprising a fully formulated grease base and an
effective amount of additive comprising a metal-free, oil soluble phosphorous-
containing, sulfurized amine salt sufficient to provide a fretting wear weight loss of
less than about 20 milligrams, wherein the metal-free, oil soluble phosphorous-

containing amine salt is derived from a sulfur source and a dihydrocarbyl phosphite.

18. The vehicle wheel bearing of claim 17, where the fretting wear weight loss is

less than about 10 milligrams.

12



11 10. Electronic information recording and reading apparatuses

containing ball-and- roller bearings and comprising the grease

composition of claim 1. 11. A method for reducing fretting wear in a

bearing, comprising applying a grease composition to the bearing, the
190reasgCoMRAS AR qosprsingra ity formulaiad meass nase AR Absphite

effective amount of additive comprising a metal-free, oil Soluble

copRESHhSrolidled nbarRErs BHOREE dbaiias Arosu bt dolpralwe 35 carbon

atgﬁgtjﬂgé@ggrk\?pjéggﬁlgqss of less than about 20 milligrams, wherein the
metal-free, oil soluble phosphorous-containing amine salt is derived from

208 sulfesaipice: aska siandeosalyRhosrieel? (e Methodof flaifcied

11, wherein the dihydrocarbyl phosphite comprises a_dialkyl hydrogen

froph dbp e RS R Abot o ibyireos buk oy arbfidssn srkizegyplefins,

sulghiepd 18t ThadaethnstOf alaimdk, whergindne i sgurcadsseleaiadized
from the group _consisting of sulfur, dihydrocarby! polysulfides, sulfurized

terB RS SEIMGHS S MRS PEsterS strittaBRRS U Alse d4Higigad Diels-Alder
addlerivatives, sulfurized terpenes, sulfurized oligomers of C2-Cg
monoolefins, and sulfurized Diels-Alder adducts. 14. The method of claim

2111, Whereshitie amisetehihe amideisall LoMRiseShe salipbaliCtREManmObait
secondary amine containing from apout 8 fo about 24 carbon atoms per

CoTBREELRT 18PHIS LT O SATFCLAY GIRERS FPIHBIRA oM tet iaabeut

24 bascamprises frelevabout 0.1 to about 5 wt.% of the additive. 16. The
method of claim 11, wherein the fretting wear weight loss is less than

22 aboukHOweiiliidrantsell BeAiughicleluihe e bedring comphiging@tullyted grease

formulated grease ba nd an_effective amount.of additive comprising a
bas%g?aﬁq-?%sg,s%?&% e&ﬁ’l‘é@h@?p?ﬁ%%%%%bﬁt%?r%g? (mfl‘jﬁZed amine salt

23Sufidgnidgpravide AJEIUG WERTNRIANGIASE AL IESR 10 AROMAR: weigh:
milligrams, wherein the metal-tree, oil soluble phosphorous-

loss characteristics of the grease consisting essentially of a metal-free oil soluble

phosphorous-containing, sulfurized amine salt component that when added to the

grease in a predetermined amount provides a grease having a fretiing wear weight loss

of less than about 20 milligrams, wherein the metal-free, oil soluble phosphorous-

containing amine salt is derived from a sulfur source and a dihydrocarbyl phosphite.

24, The additive of claim 20, wherein the fretting wear loss of a grease containing

the additive is less than about 10 milligrams.

25. The additive of claim 23, wherein the dihydrocarbyl phosphite comprises a
dialkyl hydrogen phosphite having from about 4 to about 25 carbon atoms in each

alkyl group.

26.  The additive of claim 23, wherein the sulfur source is selected from the group
consisting of sulfur, dihydrocarbyl polysulfides, sulfurized olefins, sulfurized fatty

actd

13



containing amine salt is derived from a sulfur source and a dihydrocarbyl
phosphite. 18. The vehicle wheel bearing of claim 17, where the fretting
wear weight loss is less than about 10 milligrams. 12 19. The vehicle
wheel bearing of claim 17, wherein the dihydrocarbyl phosphite

esfQRIPHSESAdialkylhydiag %ﬂa%l}?sﬁaif@aBQ&QQ JEom20e u{ezllp%@sb OWl#Rized

carbon atoms in each alkyl group. 20. The vehicle wheel bearing of claim
oliggmgretbirethe manaplsdireand seibeiae Piststhédgreddussnsisting of
sulfur, dihydrocarbyl polysulfides, sulfurized olefins, sulfurized fatty acid
2T esterd, AFAFIBITQEIRE i BRI BidripatRey, Sumuithebithegsishiéee of claim
23sulfurized oligomers of C2-C8 monoolefins, and sulfurized Diels-Alder
adducts. 21. The vehicle wheel bearing of claim 17, wherein the amine of
the amine salt comprises an aliphatic primary or secondary amine
containing from about 8 to about 24 carbon atoms per molecule. 22. The
vehicle wheel bearing of claim 17, wherein the fully formulated grease
base comprises from about 0.1 to about 5 wt.% of the additive. 23. An
additive for a grease which provides a reduction in fretting wear weight
loss characteristics of the grease consisting essentially of a metal-free oil
soluble phosphorous-containing, sulfurized amine salt component that
when added to the grease in a predetermined amount provides a grease
having a fretting wear weight loss of less than about 20 milligrams,
wherein the metal-free, oil soluble phosphorous- containing amine salt is
derived from a sulfur source and a dihydrocarbyl phosphite. 24. The
additive of claim 20, wherein the fretting wear loss of a grease containing
the additive is less than about 10 milligrams. 25. The additive of claim 23,
wherein the dihydrocarbyl phosphite comprises a dialkyl hydrogen
phosphite having from about 4 to about 25 carbon atoms in each alkyl

group.
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26. The additive of claim 23, wherein the sulfur source is selected from the
group consisting of sulfur, dihydrocarbyl polysulfides, sulfurized olefins,
sulfurized fatty acid 13 esters trlthlones sulfurized thienyl derivatives,
sulfurized terpeneg, sul} Qlefins, and
sulfurized Diels-Altfer4dititic : mptismy-frofm about 0.1 to
about 5 wt.% of the am&mm@wm HEAGHESSHKK)M POSITION
AND ADDITIVE FOR IMPROVING BEARING LIFE Abstract of the
Disclosure Grease compositions, methods for using the grease
compositions, additives for grease compasilioes-and equipment and

SEra
vehicles containing the grease compositions for improved fretting wear

performance. THGJERSE. qgmpfas'm&ndﬂﬁwdesgﬁuélwmm agitiges for

base and an effective amount of a et wear r ditive, Jh&ions for
frempY RBEPTEeRTCATY SHURDETSA n\wfeeglc? ree, 0| eggg &8

phegphemis egtainiRyfosukoriz cthaTrE %‘ﬁnﬂfaﬂf&ﬁ‘ @%%%F‘é rfyffy formulated

amount sufficiant tofranide a.iatibng weanyveighttassiof dets thaTabbeting

cirr::;r I?el;i%rgr?g additive is a metal-free, oil soluble phosphorous-containing, sulfurized

amine salt which is used in an amount sufficient to provide a fretiing wear weight loss of

less than about 20 milligrams.
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