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[0008] The additive for the grease compositions disclosed herein is highly cdmpatible
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
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with the grease conpositions. Accordingly, exenplary
enbodi nents of the disclosure nay provide increased
flexibility for formulating greases while providing
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alcohol with propylene oxide; carbonate esters, e.g. the product of reacting Cg-oxo
alcohol with ethyl carbonate to form a half ester followed by reaction of the latter with

tetraethylene glycol; and the like. Other suitable synthetic oils include the polyphenyl



copol yners of ethyl ene and propyl ene; silicon oils,
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{0014] Useful hydroxy fatty acids include hydroxystearic, hydroxy-ricinoleic,
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t é@tv\atlms @b mdmml@gc apd mhly”t!hroob@plmdcphxdspmdtmaw others. A few
t Ehdaedr I r
L PR ARPIY o NISK \BirBonnds ckHGAGP pdbonad byt Srospbice
dfripheqy} | phosphite] tri- (Z-ethylhexyl) phOSphate dlhexyl th:ophosphlte diisooctyl
butylphosphonate, tricyclohexyl phosphate, cresyl diphenyl phosphate, tris(2butoxyethyl)
phosphite, diisopropyl  dithiophosphate, tris(tridecyl)tetrathiophosphate,  tris(2-
chloroethyl) phosphate, and like compounds.

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

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



tetrat hi ophosphates; the various hydrocar byl

phosphonat es and t hi ophosphonates; the various

hydr ocar byl phosphorites and thi ophosphonites, and

anal ogous oil -soluble derivatives of polyphosphoric

and pol yt hi ophosphoric acids; and many others. A few
speci fic exanpl es of such conpounds are tricresyl
phosphate, tributyl phosphite, triphenyl phosphite,
tri-(2-ethyl hexyl) phosphate, dihexyl thiophosphite,

dii sooctyl butyl phosphonate, tricycl ohexyl phosphate,

cr %ﬁysﬁma Bmgi Bééus%@eap!i}@&e@bya Hoh&ﬁlamﬂmeww hnd (c) combinations

I 1 'soprop di t'hi ophosp d byl
tr |0§(ft) e y$uch é?fﬂmlﬁﬂso‘ﬁ%%fprﬂﬁiﬁé?y f?aﬂ"g%(azm% PRV Hdiopary

ph %Qﬁﬂ'{t@ widNChihut K& 60 NRaWN dsifur boRZikihg Pedriotnd a;nﬁy as, sulfur,
suitable netal -free phaosphorus- conta q@q@ﬂf oun

f ordilydecaibyl gropysulfifes. (s'é!ﬁlftZFfb okfips, SpifTize L3P s‘"é‘?‘““es

MO NQIRY e GRERY | de&\mﬂtebl anﬁﬂwhwxpdaesacsudﬁmeab)mgohm 6f C,-Cs
oi | -sol ubl e am ne  salts o

o DT B AU i20 Bl s A g RAODCy SEp RS o 19 REmacy pr esgrdary
anthnfifkks. SueH CldacEiORE N As HEHMglbjE emﬁ@mhy rdactivdik Ivﬂ@chamay become

nono- or . di hydrocarb 0S ith.sul fur or
an %ﬁﬁ@@bl@u} fimgt Songiaich Rf%ﬁ‘?@'yc gniygtgﬂ ﬁfeﬁ °£§°““E'ﬁ|affme salts as
di hyeebrieERdbBYd inffiey: %lﬁréde&%wlﬁu&lﬁdtﬁ (G AtrotkoRfg M, rate such that the

sul furized fatty acid er rithiones, fur
iR o P BXcec PP s o F pEnere dpeyf irosen
oI l;memam th ﬁ&d‘:ﬁkym@mgéxﬂihbmne a6l ars ktckssrquakity of one or more

d
secERTa T eaffihie. MarBs, SD: o ER] PERBE-g it 2.
ex otdbeuytm; dnsmuftylenﬂ stniabhmﬁermagtc hedilemgitatingahd rrmttthraisb dormed,
f t t . th d

t oriF T SERPHINE BiP TRREH o B Hich W S DR docg not exceed
pr cbasg §0‘V\m ohe bmmbtedﬂ$ha(uc)prlmt}r mthgcnudgty aiing, foaktgangplebne or -
th !

or Hhort Bl RGP b RS SaD8L 1nCE BoR, BB £ foow, A firbon
di a@komysl pehyrlegye nvlphcmpmngethe |rrnxtuream ‘@m@s sndyidih niainjaimifig the
ONQerfferdARE & édnmhagg&%a&mfnwb Qt%erw&eﬁ btk §5° 54 HWhut 60°

as sulfurized branc In o

i s&huynty|teareaction issubaanyipineomplatq. | &@tﬂm yuuehb waytof pjoducing these
wh 'alnﬁxe%ﬂisﬁ@io'c@&u"r@ﬁl}ﬁhé&dﬁﬁ@alﬁﬂr& gf‘ e geacta.&tk lir)t the reaction zone at
introducing into thi's m xture, a rate such that the

t eﬁﬁ@b’&t@?ﬂeﬂl@d@éerﬁ%w&t@@e@m@ Bmht thGGhUmnpetﬁ@remloesmmeexceed
al Lph@kdee primary or secondary am nes, for exanple one

or nore aliphatic primary nonoam nes having in the

r amzpfheahﬁ&ﬁn &t Per@iO Wear% {Jedﬁéﬁ%’ QBent Sh oaimfuﬂ’ﬁ I ulateg grease

nol ecul ¢ while agitating ure so - orne

(i PTPOSHPRIAY ﬁpgfgﬁqrﬁ ébf’“f %#rﬂéqbavtdf’@eréﬁmtbﬁ aveight Jsefishgmounts of
ag tHe&?eﬁﬂg WeaGhdulig Ahetk Binge Hém Qﬁiﬂ“@g R RS percenPBYhweight based

on %he 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,
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C. until the reaction is substantially conplete.

Anot her suitable way of producing these amne salts

is to concurrently introduce all three of the

reactants into the reaction zone at suitable rates

and under tenperature control such that the

tenperature does not exceed about 60 C. [0022) The

anmount of fretting weary reducing agent in a fully

formul ated grease conposition may range from about

0.1 to about 10 percent by weight. Useful anounts of

the, fr raeu aeant pogterr Qo as
cﬁmd’,?) ?c{( e%%ent agﬁj &glﬂ% ht baélémmbgsﬁ %Jrée}mff%t al

\Aemgm:nm ctomtegr @wssee c olkso 8icpido Freaseoerpppsifipn Sppfped g major
ah%ﬂ(r(ﬁ‘ttsséélp%hsa Rfinok REmodhe S 1ARES BARAG BRRES ,coﬁ‘lblex zinc

OW ng non- ng exanpl es are_provi ded.
aﬁdgﬁmum

eﬁmﬂmi echthmpmmfareetqnﬂ n@phml@mrnéd herwgitegetaredale as

t Q@ drtMPex CORER" (.2l Tie KA1 Jr@Bd BoriBRSE ifcARIBE Sbduit S wt. ENEF an
first grease COﬁ'pOSItI on cont ai ned a maj or amnou nt

f
paddifive patkase contringgd ziac ndiplkyditiopbasehas, il rigedy rpouyiene, a

bDAAIIE inh D162 Al SeCRRNPARN xS KRN RGP 8fted ANEY HOMYthium
di t hi ocar bamaf e, nol bdenun1d|sulf

de
t feomplredireasy € S Thecl e e BANRE F5H AT B’ﬁtSB(“Ele mixed amine
hakiebffilydRicarbAffinb@thph&spAsiic aciblnid By Kl fuabRlon ¥f Fo@AIHdrogen

The second grease osi.tion contal ned a
arPBERh R 5o of ol prine A7 arocatAgting S gncimblegsbed in U,
hydteaiyd. ssbearatm e@@m}i tBXsung, itheCfretGhigakday weight loss was determined

di t hi ophqsphat e dj her ei naf t

i PRy Jandard TR BTS00 i Thereises e loppgf the test
t pidcelaftsf eARRrOARASLilatNgG comiitidngled about 4.5 wt. % of an
addi ti ve package contai ning zinc

di al kydi t hi ophosphat e, sulExamptedd i sobutyl ene, a
corrosion inhibitor, and several antioxidants,
hereinafter referred to asIablelli t hi um Conpl ex G ease

2) " The fretting wear reducing agent was a

iRundy. || pFestting et drmi nAlumiaym of | Hithiym Coowtesy|| Lithium Complex
not hi cph@@ﬁ)‘mﬂﬁi ¢ la&ompiesdiseasy sul Oneasg@d i or] of Grease (2)
i butyl |hydregEn gho¥firiasema t heWirlasetmem qf Wl ooss (me)

dd_n-Wetvl arfi ne as _aener Ly described in U S

bat eht No. 59828 619. | n224ch of| the s, tHe 39.9

retiing weagpower gnt T os3gwas def erm ned  usting am__.
Fregsty—st-andard-ASTM- D 4170-97(2002) that |neasures

hei ght f{oss 8f theltest '$fece dfter 26 hourg undedd

psci4 | afi ng condi tijons. xanple [I Tabl€é I -

5 1.0 178 8.4 -

6 15 1.1

7 2.0 4.2 7 7.2 _ -

[0024} As shown by Runs 3-5 in the above table, an Aluminum Complex Grease
containing 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 a 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,



Run No. Fretting Wear Al um num Lithi um Conpl ex Lithium
Conpl ex Reducing Conplex Grease Grease (1) Gease (2)
Agent W. Loss (nmg) W. Loss (ng) W. Loss (ng) W.%
10.022.49.339.9 20.030------30.519.528.6
10,9 41.0 14.3 --- --- 51.017.8 8.4 --- 6 1.5 11.1
--- ---72.04.2 7.2 -- [00241 As shown by Runs 3-5

in the above table, an Al um num Conpl ex G ease
containing from0.5 to 2.0 wt. % of the additive showed

a dramatic reduction in fretting wear (4.2 to 19.5

vep ghifim e mpikx CRARARE Had woﬁtfhe‘liisiadfere@eaawelgw iesaoren §.havt. % of

addi ti ve |IIu rated in
o PR S A e T i é&éé?‘%‘% o Raplk Wrerine
| easar@édanmg a@ndipsdut was still significant as the _

fretting wear was | owered from93rr?vve|ght loss to _
7. doogy mf@hhglmsremm Szewt mgg Pso beheffegtivti tojrgduce comosion and

However Li 1. hi 2) oth
e e
f r altatve gg:amefamulaedmﬁcwtng sidyreted tova$-Bal @@gtr@w&%@e tespro lgigrmine
' %Fdongg.gg @%J@ﬁ ElrlakNGad. V8@ e %ﬂmw&nmmmse@@) was
use re | ng wear reducing agent may al so

besubjectad td ¥ beariog P@dl}@e tesor Theieats af the frgeriemists agpravifdsd in

Pr8ss: foﬁnrﬂg@e properties of a grease. In the follow ng
exanpl e, tthe above grease fornul ati ons were subjected

to a 4-Ball extrene pressugg.dhet to determne the
wel d point and/or 4-ball wear under |oad. Al so, the
Li t hi um Conpl ex Grease (2) wmge2subj ected to a bearing
corrosion test. The results of the foregoing tests are

pf Buh tled| Fretting Mezaf PAlvmihig Coaflke| LiEtamplomplex [Mathien Complex

‘ Reducing Grease Grease (1) Grease (2)

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

Wt.% , (kg weld) {mm) (kg weld)
I 0.0 230 - 0475 300
2 0.0 : ' 250 ) ——- —-
3 0.3 250 L - 310
4 1.0 250 —- ——
5 1.0 260 — —-
6 1.5 250 - -
7 2.0 260 0.402 |

| [0026] In the Toregoing Table 2, the Ahtminum complex grease without the fretting wear
teducing agent had weld points of between 230 and 250 kg while the addition of 1 to 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 also
improved the 4-Ball wear scar of the Lithium Complex Grease (1) about 13% over the

.same grease without the fretting wear reducing agent.



Run No. Fretting Wear Al um num Conpl ex Lithium Conpl ex
Li t hi um Conpl ex Reducing Grease Grease (1) Gease (2)
Agent 4-Ball EP 4-Ball wear 4-Ball EP W.% (kg wel d)
mmweld 1 0.0 230 0.475 300 2 0.0 250 3 0.5 250 ---
310 4 1.0 250 --- --- 51.0 260 --- --- 6 1.5 250 --
7 2.0 260 0.402 B (0026) In the foregoing Table 2,
the Al um num conpl ex grease without the fretting wear
-reduci ng agent had weld points of between 230 and 250
kg while the addition of | to 2 w.%of fretting wear

I QAYG AiRIANL of A 86E BdaAnyvebebspai Ritsatt §2° 260wk conducted on
Addltlonall the fret u0|n e
mbewgwft&véa Lithwm Comp m%&%ﬁag& g g @?‘ e @“‘“g Wear
3RQukigk a2g¥8l dORRI die dud of thwed Heaﬁ!gsnlhadoﬁo Sifdsky whenmehe Lithium

al so roved

frettln wear_ reduci 1

weampleE gireaaq (3 et %%@8%&63&“&‘%“ %ge{'i)”hmﬁgsu‘%“% ’L‘d :
O¥filretby@he SSUNE IZQ[’BI&S&{ iethbdUHowher, ipatstdondjtiovswas obtained wuh
reduci n 0271 Additionall 48

et s 06 B derg® bate ng Catssian Whst Yie Ry Chblex Grease )
beaitding®.5usi%a of thi fredihg WeatmedConphgext. G ease (2) with and

wi thout the fretting wear reducing agent. Only one
o 028if Whilhr de ﬂ)&@omgg:gmhalds nhw@drmgnsﬁ@nt fikiting twear reduction in

Lit hi Conpl
A GBI, 5, T s SORIELISY s 09 i

Asmmblafarm&ldlgsme rfmttimgdveamﬁ@me type ®f ;game cdmdmgin angrgase

ggc;rn?ﬂglgl %ﬂx%vé]dhweta% E&E &A&_{J g%dg&sf[%gi’r}g WHir \Qehicle

cwheed bmdgsomffomn%tﬁfshﬂhe cﬁmmlmt hgﬂnmm ¢leatrige] angliances, bali-
gl ler(bQ %%us\éﬁ' i @m‘ioh?lg%&r ﬁ%ﬁb@&l%@&%'ﬂ Qﬁ%dapparatuses

S|gn| I cant rettin uction I n
c e la hard digk idfivasi umtevmlree‘xdg? daggicheami mntess, mnaé&/@si( drives,

t Bi3tal biteo BRKkifiYe¥ CarldSther applications where fretting wear may be present due

to non-use or vibrations and/or inadequate lubnication of moving parts.

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

incorporated in full into this disclosure as if filly 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 clai?ns, 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 disclosed 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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suitable for reducing the fretting wear 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 equi pnent bearings, in electrical appliances,
bal | - and-roller bearings used in various types of

el ectronic recording and readi ng apparatuses such as
hard di sk drives, video tape recorders, |aser beam
printers, conpact disk drives, digital video disk
drwugess clam@dd @t her applications where fretting wear may
be present due to non-use or vibrations and/or

i riadequagrasd tolipogiadn amppkinge \ful lygoparnidtal gr&fﬁ@ﬁﬁsi aft an effective
p:me%gngtﬁife Qa es c%rlgur)gstil hOUt e%ap krée i@? Io{uipfé‘ lg)sfﬁ?gr({us c?ntammg,
arsdlﬁpubdi arome sa(btmslfﬁcbdnt tcsprohde:a fretdngi oeurvenghs laas ef less than about
exprefsly., incorporated in full into this disclosure

as it Eu y set forth herein. 100301 The foregoi ng

erpodi "i‘ﬁé‘ as@ﬁ:&mﬁ&é feGRIf d!?aluﬁ it YhERRShHE %@B%ere‘élafok&‘s'l&g than
inits acti ce. ccor Ingly, the enbo are not
|ﬁ@@ﬁd@d“wﬁm®é limted to the specific

exenpllflcatlons set forth hereinabove. Rather, the

f Gr egoit Py EERES0 APIHRASION APE olfite hi.n Whemgie 85 mictel-fpm ok sglble

OfphbdpBordRRBRGRGe Ghithd it it B& W RBE 4 HEruePatdahe Btdﬂlydrocarbyl
thereof avallabFe as a matter of law (0031J The

s do not intend to dedi cate any di scl osed
enbodl nts to the publi and to the extent an

Y
di*scl oSRe BHFBRi FareResitigh sof Fla'ﬁ} e r Bt gh dhgrihydearbyl phosphite

| icbpraded ydiklRyIhydivoidi phosphite h&a@noibotitetoGbait X5 carbdififoms in
are C nzldered to be part hereof under the doctrine of
10 What is cIained i Ss: 1 A grease

cgrrposﬁ 3 s ’ él? J)nngf ann %edéx{? Iihe su t ed é gasglecte%al%m the

and an ef 30 anoun
mgtostp abnseer;g cd |sh1ﬁs'odhhja1r®aﬂiybmolﬁdcssmfuntdl aieﬁng, sulfunzed fatty

R G N ke
Thbgcg?@@esé@z-@@npmlttﬁn&ranéﬁulﬁmandrﬁléls -Ajdeeadsiurtst he

frettlng wear loss is |ess than about 10 m|lligrans.
38 ThelhsiEeageomppgiing aficlaim bf wheres) the amingpabthe pining palt comprises

”ﬁz‘i @ilphfaﬁce Brim&Y lor SQHPIF amPRASRRRINE Uit %Hu? ignh NG PaNGrbon
is derived froma sul fur source and

dP‘I‘W’é] PE ElasYiF-

7. The grease composition of clalm 1, wherein the Tully formulated grease base
comprises from about 0.1 to about 5 wt. % of the additive,

8. A wheel bearing comprising the grease composition of claim 1.

9. A moving part having a bearing surface wherein the bearing surface is lubricated

with the grease composition of claim 1.

10. .Equipment containing- one or more bearings and comprising the grease

~ composition of claim 1.
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phosphite. 4. The grease conposition of claim3,

wherei n the di hydrocarbyl phosphite conprises a

di al kyl hydrogen phosphite having from about 4 to

about 25 carbon atonms in each al kyl group. -5. The

grease conposition of claim3, wherein the sul fur

source is selected fromthe group consisting of

sul fur, dihydrocarbyl polysulfides, sulfurized ol efins,

sul furized fatty acid esters, trithiones, sulfurized

thi enyl derivatives, sulfurized terpenes, sulfurized

ol jiygOMeledirdfc %&ﬁtl@%&hﬁ@aﬂ§ e Spphrhtdbds Z@fhaining ball-and-
Di el s- Al der adducts. 6. The grease conposition of

cl rﬁ'l"’rhbﬁa”"ﬁﬁ?éﬁ é‘i"ﬁprtsh‘@ thgrease eAMROREoRPidemdal t conpri ses

al i phat | r .secondary am ne containin

f ﬂ&m a dﬂﬁth‘é‘ fg ‘B’Eﬁ ‘QTQ‘H"% (o oJoly! a%a%rwﬁscwswa PRRIYfPg 2 grease
7, coﬂ:xb@sugah@c&iﬂ\e bERTIROGE e@dd cOmp6sitidh Rorpridkhleds Rillp fdrhhﬁiated grease
"ful l or nu ated rease b e D conpri ses fram ab;

0.55% 8" FBufEHYR  BRouR f’ﬁ ol t‘i"(?@ g 3 mpdee of “Soluble
b@ﬁbﬂph@o@%ﬁtﬁinﬁigﬂﬂxlﬁxﬁﬁed@hﬁ&%b 8lt QFfRas tdf pr@ﬂd%fn freised \maf].weight
9., A povin ar iing a bearing surface erein the
be%?.ﬁ%“éﬁ%ﬁg%%a?gﬂy &?cated with the grease
c osi-t i on t. con
qumr 1’é'g e‘“&‘rhf"r’] g°§ A Zf B‘r"%‘f‘ ﬁ‘é t“ﬁ‘ﬂ e&agi Softbf2 %35 forous-
c oppasing aome edlt is Hariveal immh]sulﬁfr sotrbecant] mdihydromﬁﬁ phasphien
recordi ng and readi ng appar atuses contai ni ng bal | - and-

r af er Theauathaded claina lbm#preirsthmjhtdu@:agxyéat@ep}dt@ Npomisty zocﬁalkyl
OE%&bQénﬁ‘Bh h:ile%(avﬁg %%Inl']a%gut 495 aﬂoﬁ%&aﬁgn a{o 1r{ A% X}ﬁq &roup

ear | conpriSing applying a grease conpos

t@st heﬂ{%enﬁéthd?ﬂmf ahe o, Qﬁﬁfelrﬂﬁgﬂﬁﬁk s GOMRle IE3h fe group

fully formul ated grease base and an effective anount
oPOTﬁHH?& phaulfee fibyirerarey! polyiilfdes s uliwized jofefigy | sylfrized fatty acid
DBQ&E) hethRHEs; Elﬂ)ﬁlh%drlhﬁﬂyl @Waﬁt%’s' A2 8 Bened Ishifurized oligomers

Eé élent to provide a fretting wear wei.ght |oss of
'h‘B‘i‘P"ﬁ‘S ?&&W“m‘q‘qefl&‘%ﬁldeflaﬁ “"Tshe met hod of claim
phosphorous-

1 rein t tal - solu
i?n merfaﬂ%?ﬁq pclaigy 12, &gﬁaﬁlt{feam\ﬂ? the Gmppne Al <omprises an
asalthhatichrimetly acsREdihryRiSdntaRing from about § to about 24 carbon atoms

per molecule,

17.  The method of claim 12, wherein the fully formulated grease base comprises from
about 0.1 to about § wt.% of the additive.

18.  The method of claim 12, whereirg the fretting wear weight loss is less than about

10 milligrams.

19. 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.

20.  The vehicle wheel bearing of clalm 19, where the fretting wear weight loss is less

than about 10 milligrams.
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14. The method of claim 13, wherein the di hydrocar byl

phosphite conprises a dialkyl hydrogen phosphite

havi ng from about 4 to about 25 carbon atons in each

al kyl group. 15. The nethod of claim 13, wherein the

sul fur source is selected fromthe group consisting

of sul fur, dihydrocarbyl polysulfides, sulfurized

ol efi-ns, sulftnized fatty acid esters, trithiones,

sul furized thienyl derivatives, sulfurized terpenes,

sul furized oligonmers of C2-Cs nonool efins, and

stl.f urthz eghblectbecAlbeeingacfddaitns 19, 1@heréin eharptelabieepfoil soluble
él%l o:ll‘o%s-cg\'l? rrulq me{\g %al?rg c[é%ve%ffr nlpg sﬁ'ﬁlr@& §ea!1nd a dllﬁydrocarbyl

|ses ar 1 pha primary or secon

—CDM$HHWlng fron1about 8 to about 24 carbon atons per

nol ecul e. 17. The nethod of claim 12, wherein the

f 241 y Thgrvehiclat witelgbessing ob glem ddnphersiasthe didwydroedsiel tphesphiite

t Qi a1l h)@r&en EH& RitCHalihy Fromhfout -ﬂ?@aﬂaﬁf $40h atoms in
claim 12, wherein Frettlng wear weight loss is
I§§§a$ﬂéﬁnmbout 10 mlligrams. 19. A vehicle whee

b ar i comprising a fully formul ated grease base and
’ Pﬁ’@(‘f%’h“i}%“ﬁ%gﬁf‘%f‘f Aamidti veeran s 131%@‘ Agpreg is selected from

rma.b gtoup lcBiistifg bf suftu) @ihgdRBABP POty SIS, ORffdiAd BBfins, sulfurized
| furized a salﬁ suff|C|ent to provide a frettlng
g

ke acig FYfE o igBeso fulfugiaad g Oepygtives. spiuger [§TRfPETrguluriZed
26)igomhbi 0¥ EPCLhencoRERY, aliBsarfgd DielCARbrndd@ts. Wher e the
fretting wear weight loss is less than about 10
4. | i Ghervehicld 2vh2dl. bedtegz vblhial €9, Wieedin hﬁa'miuﬂg oD theCdndimenzalt
free, oil

hmoHS Lo Ror ey oAe? o i Hotin RntdMir: e abops g dpout 2¢

smﬂbuamsspmnmﬂand a di hydrocarbyl phosphite. 22. The
vehi cl e wheel bearing of claim2l1l, wherein the

Bny diThe vehinid wirdebbgahing of clgwni¥r wherein shedully foymulhtgdigrogse hase
RARRAL ﬁsmuqutaq o i SR thobGRoUt 25 carbon at oms

eac e ve |cre wheel bearing of

@Ga| Mad ]addlm?kefo? h %‘&gﬁvlﬁm ﬁﬁtzdé%&ﬁtlbr? msﬂl@r%t Wr HEi@hP 1oss

t he 8rou p cansisting of sul hydr ocar b
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27.  The additive of claim 23, wherein the fretting wear loss of a grease containing the
additive is less than about 10 milligrams. ?

28.  The additive of claim 26, wherein the metal-free, oil soluble phosphorous-

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

29.  The additive of claim 28, wherein the dihydrocarbyl phosphite comprises a
-dialkyl hydrogen phosphite having from about 4 to about 25 carbon atoms in each alkyl

group.

30.  The additive of claim 28, wherein the sulfur source is selected from the group

consisting of sulfur, dihydrocarbyl polysulfides, sulfurized olefins, sulfurized fatty acid
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ol i goners of C2-Cg nonool efins, andsul furized

Di el s- Al der adducts. 24. The vehicl e wheel bearing of
claim19, wherein the am ne of the am ne salt

conprises an aliphatic primry or secondary am ne

contai ning fromabout 8 to about 24 carbon atons per
nol ecul e. 25. The vehicle wheel bearing of claim19,
wherein the fully fornul ated grease base conprises
fromabout 0.1 to about 5 wt.% of the additive. 26..
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fretting wear melght Ioss of Iess t han about 20
mlligrams. 27. The additive of claim 23, wherein the
fretting wear | oss of a grease containing the

additive is less than about 10 mlligranms. 28. The
additive of claim26, wherein the netal -free, oi

sol ubl e phosphorous- containing amne salt is derived
froma sul fur source and a di hydrocar byl phosphite.
29. . The additive of claim28, wherein the

di hydrocar byl phosphite conprises a dial kyl hydrogen
phosphite having from about 4 to about 25 carbon atons
in each al kyl group. 30. The additive of claim 28,
wherein the sulfur source is selected fromthe group
consi sting of sulfur, dihydrocarbyl polysulfides,
~sulfurized olefins, sulfrized fatty acid 13 esters,
trithiones, sulfurized thienyl derivatives, sulfurized
terpenes, sulfurized oligoners of C2-Cg nonool efins,
and sul furized Di el s-Al der adducts. 31. A grease
conprising fromabout 0.1 to about 5 w. % of the
additive of claim26. 14
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