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- phot ocr osBteramesrsitef raroggntiavention may be prepared in hexane o
tetrehydrofuran/hexane with a high content of hexane, which is belicved to be s

block-selective solvent for the P(EXA-r-1BA) block. In such & block-selective
solvent, the insoluble PCEA or P(CEA-r-OEA) block may form the core of either
spherical or cylindrical aggregates, depending on the n/m value of the diblock and the
solvent. The soluble P(EXA-r-#BA) block provides the corona. The core of such
Bggregate may be crosslinked photochemicatly to fock in the structure to provide
substantially permancat friction modifying or wear reducing components.



ci nnanoyl oxyet hyl acrylate) or PCEA bl ock. The gl ass
transition tenperature of the derivatised PHEA bl ock
may be adjusted by reacting a fraction of the-HEA
hydroxyl groups with octanoyl chloride to yield
pol y( (2. ci nnanoyl oxyet hyl acryl ate)-ran-(2-
oct anoyl oxyet hyl acrylate)) or P(CFA-r-COFA). The
conmponent of the present invention may be prepared in
hexane or tetrahydrofuran/ hexane with a high content
of hexane; which is believed to be a block-selective
sol vent for the P(EXA-rtBA) block. In such a
bl ock-sel ective solvent, the insoluble PCFA or
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achleve lubrication primarily by two mechanbsms, Based on the law of fluid
dynamics, a hydrodynamic pressure pushing two sliding surfaces apart is the h:gbest
“in regions where the two surfaces are the closest. The pressure supports the load and
avoids the direct contact of the stiding surfaces in the hydrodynamic lubricetion
(HDL) regime. In a high load and/or low speed situation, a lubricant system enters a
mixed lubrication (ML) or a boundary lubrication (BL) regime and the asperitics of -
‘_lhc surfaces are Inevitably in partial or extensive contact, A lubricant contalning




desirable for its photocrosslinkability of the
friction nodifying or wear reduci ng conponent of the
present invention. In order to |l ower the glass
transition tenperature Ts of the core-form ng bl ock
copol yner, a portion of the hydroxyl groups may in one
enbodi nent be reacted with octanoyl chloride before
reacting with an excess of cinnanoyl chloride to
yi el d P(EXA-r--BA)-bP(CEA-r- CEA). The CEA nol ar
fraction in the bl ock copolyner Is desirably no | ower
than 50%to facilitate effective core crosslinking.
While not desiring to be bound by theory, it Is

bel i evaghipiia tolddlas dvéidittic Aigbot Qntadk of 13 Gpir Ry krifid aGifi dnON

pri marjd yaby ﬁm&a&ﬁﬁ@m&%&m&gﬁl of fluid

cur aceEAM Al ok P&‘ﬂgumw B

t wo swawgsweawww WW@H?WWWHS
t he | owmelangthvras hmasnonmmrm« boshes fargitd cablidisics| | di ng
sur f acsdacdsn t he hydrodynami c |ubrication (HDL)

regi me. |nuﬂM RRfb ﬂ@ﬁ&&ol}-@%ﬁ&ﬁ&guﬁiﬂﬁé%wn a

1 ubric trLon (M) or a
boundary cér%rgrgm‘fi}g'""‘t(?“" ES‘“‘“’é"“f"rfe'““é‘rt’g‘E'tﬁ@ pesrtr)es of
the sUpeFhapians: P@’W\%ﬁ#ﬁi’&m%’%ﬁgﬁ’gﬁﬁb&w&mp@k‘t"eﬂ& ve
cont acpaversion ofifliding:feietion ktwean the sidinguriages tormpdiling iictidn between

DI eC Uherfacty @ Etnpbriosls, &bk )R6ting SR ladi&ént QlfEtesby B PEri ti es
by f Orcihyfdfkn@ orffadribhiObh e r&ﬁ\ﬁaﬁmﬁ;e%ﬁi@é bed films

reduce f| c ":OWl cau e %marcmr:rt')‘rae rbee sheared
of f froma sur canre ormonthe

net al ol after the anr ng parts nove away from
one anot he¥he oilgolyble qompongsld destribed aboveiatendyantageansly ihoprperaiade |
one ariné lheicatumohpmtﬁd&e Necotdingly) IhGdilksallithChompbhen]s Gyt wdded

br uS h @fechih PR ubkal Wh%%ﬁﬂﬁﬁnghb&ev&%

eXpeCtoﬁgolan%onfpgneﬁgs%lH& Os?bshr&ﬁ!??nc% Heh gﬂgﬂ?‘P {S may

functi ngq I agents
by oné"“&t‘ "rfbf’é""tif"‘l“rfé" of &Rzr'ﬁ‘@"’ Hs asi oop

physi W%&Mo%@ﬂﬂﬁ%ﬁﬂ#ﬂg‘@%&t%‘%y t he

C ONMPO kaxioénBaie. The additba vapeestiapsmapionisih frak aboyt B wiabat BBt ween .

the sliwcighi Bille il bnd RO strearao.r,ratet.u ng friction between
the Surfainetﬁe .g Q:Eﬁﬂ o?rrarrﬁmon‘ii.s%m&{rpgm o Lhe
adj acgnt sg*‘ﬁ %g:@m ﬁ’ rggg gpt Se, QL m%snts of
the cdWps e fom o [ 2> Wy %;a¢tis ipexsient
nanop&FpentEdies in "Y‘l‘i@'%mﬁ & B EYnera) luprfcating eil, protharaspiieblesolesdt | on
may e itiskihahesd cdeentnuamiay eladieddo dbricatingalil stkape control . The
0i | - S QlspeRAGInKSHIRD Sddhite paRizE dndl VRS iGRRRY (TP fRovers '
advan E&Eﬁﬂh‘& blyto 5%@99@@%? gbﬂuting oil per part by weight of the DI
8  package to form finished lubticants, 2.8, crankcase motor oils. Suitable DI packages
are described for example in U.S, Patent Nos, 5,204,012 and 6,034,040 for example. .
Among the types of additives included in the DI additive package nre detergents,
. dispersants, antiwear agents, friction modifiers, seal swell agents, antioxidants, foam
‘inhibitors, ubricity ageats, rust inhibitors, carrosion inhibitors, demulsificrs, viscosity
index improvers, and the like. Several of thase components are well known to those




into lubricating conpositions. Accordingly, the

oi | -sol ubl e conponents may be added directly to a
finished lubricating oil conmposition. In one

enbodi nent, however, the oil-soluble conponent is
diluted with a substantially inert, normally |iquid
organic diluent such as mneral oil, synthetic oi
(e.g, ester of dicarboxylic acid), naptha, alkylated
(e.g, Cl0- C13 al kyl) benzene, toluene or xylene to
forman additive concentrate. The additive
concentrates may contain fromabout 00/9 to about 99%
by weight diluent oil and the oil-soluble conponent
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f.or spehd-amign dricad palan oloieties attached to the polymer backbone often via a

" ‘bridging group. Dispersants may be sclected from Mannich dispersants as described

in U.S. Pat. Nos. 3,697,574 and 3,736,357; ashless sucecinimide dispersants as

deseribed in U.S. Pat. Nos. 4,234,435 and 4,636,322; amine dispersants as described
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conpression-ignited internal conmbustion engi nes, such
as autonobile and truck engines, marine and railroad
di esel engines, and the |like. The conponents descri bed
above may be used In fully fornul ated automatic
transm ssion fluids, fully fornul ated crankcase
fluids, fully fornul ated heavy duty gear fluids, and
the |like. Such conponents nmay be effective to reduce
friction coefficient and wear. The conponents may In
one enbodi nent be present in a lubricating
conposition In an anpbunt of up to about 5 w %f the
fully formul ated | ubricant conposition. As another
exanmplys. hhﬁoscmm.eﬂmmwsbmw ﬁ&cﬁ@i en'sdihsm@éﬁﬂadint of
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C 0P O Piiliaisninhibint Comrdhegits CcONMponent s may i n one enbodi nment
have a C%ﬁaaﬁunmﬁo% &aoximmaumbmm%rs&smew 100
run aﬁeqaf%f‘)(?' &%&nﬁggboﬁ%& vidm&dﬁ F:mrn?bcgul' 10 to
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t he pmwmﬁammmmmmmmmbmmmg group.
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as deggpkgaed in U S. Pat. Nos. 3,697,574 and

3.736. 357; n
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| wh ic hz.weem Butylihesaf) 4-86241-2/di-tetiely SRR, Bindedy, gaioduct s
t h t ?ﬁbno‘i %%e%ﬁﬁhﬂ?&@bﬁﬁ&mﬁ%&yﬁnednh&? deposits
a neﬁgﬁﬁﬁndcud ph rch":ls i?tcludlsng [)ut r%?lﬁited to 4.4-methylenebis(6-tert-butyl-

' a-cresol), 4.4-methylenebis(2-tert-amyl-o-cresol), 2,2-methylenebis(4-methyl-§ tert-
butylphenol, 4,4-methylene-bis(2,6-di-tert-butylphonol) and mixtures thereof as
described in U.S Publication No. 2004/0266630.

Diarylamine antioxidants include, but ase not limited to diarylamines lwvmg

the formula:

{
R'~N—R"



by viscosity growh of the finished |ubricant Such
oxi dation Inhibitors include hindered phenols,

sul furi zed hindered phenols, alkaline earth netal
salts of al kyl phenolthl oesters having Cs to Cu al kyl
side chains, sulfurized al kyl phenols, netal salts of
ei ther sulfurized or nonsul furized al kyl phenols, for
exanpl e cal ci um nonyl phenol sulfide, ashless oi

sol ubl e phenates and sul furized phonat es,

phosphosul furized or sulfurized hydrocarbons,
phosphorus esters, netal thiocarbamtes, and oi

sol ubl e copper conpounds as described in U S. Pat. No.
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rary ou
4-h ex?‘ wuted, e.g. monporallga digé’(l lated diphenylamine, or
4- hepiyess of manotand 1'1!1&!'3# H‘a‘m&l«phen ol , 4{2-
et hyI hex yThs Bualytaniiees ihdydé of a hﬁt&t}fdm@m than oacmtmgen

" | - slonfidhhe theddchi@ rﬂmmmm mtro en Aloms
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4- do ;9 Wda? ""‘f‘ﬁ'ﬂw "Bﬁéﬁ?ﬂ'“ ssiwpsglken bri dged

stedc%ﬁﬁ?wﬂWnaewsﬂ phenol s i ncluding but not limted

- to 4,4- ﬁ%ﬂeﬁd’fﬂhﬂyﬁ:{niﬁmﬂtﬂﬁrﬁy%w&ldudabﬁizeﬁ@mme_dto

4 4- rma m&e@hﬁa %&Y@gmin@' 3% lamm N-
% Jﬂ %MT@%!#%"FI "’ETRIWCE '?‘/f K W&q’llﬁ’&tures

| ther °-a§"‘3’ decnyfapisi ronopehidiismyiagine; dost

2oo4/m@mmmwwmm,@mmmwmm but

ar e nRiMiradetylliphcaglachier, ﬂu@uﬁﬁﬁi&mﬂmhﬁﬂmm th@:-afpsat mila: N
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; { ut Lyt

| LS@T?&WH‘E“%’? Sﬁg‘ 8‘*%3?%‘&3"&?@ SAomBH v og“’”p
subs PTPaEE: i ncl ude aliphatic

hydr ocar MWW@W#PM& iaﬂtld;slphdmulmgorfﬂkﬂmdl to 30

car b plenaitixing havifipahbchomicaldéniul®s, hal ogen radi cal ;
carboxylic acid or ester ﬁroup; or nitro groups.

wherein Ry is & lincar or branched C, 1o Cs« alkyl, aryl, heteroaliyl or afiylaryl group
and R; Is hydrogen or a finear or branched C; ~ Caq alkyl, heteroalkyl, or alkylaryl
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The aryl group is preferably substituted or
unsubstituted phenyl or naphthyl, particularly
wherein one or both of the aryl groups are substituted
with at [east one alkyl having from4 to 30 carbon
atom preferably from4 to 18 carbon atons, nost
preferably from4 to 9 carbon atons. it is desirable
that one or both aryl groups be substituted, e.g.
nono- al kyl at ed di phenyl am ne, di-al kyl at ed

di phenyl am ne, or m xtures of nono- and di-al kyl at ed
di phenyl am nes. The diaryl am nes may be of a structure
contai ning nore than one nitrogen atomin the

nol ec e QNI a| | east
t Wo nllgi:“rﬁc AT@H&M% w’E"m’L@nm %?“fx%asﬁm'é"n s "?? ‘ogen at om
nas mﬁﬁ?ﬂa Bepiepie, monotsaynmoiFne
case '“i!l menerorviebeqiipting ginonylpheoeshietinn, womitrly ogen

at om abwm#dne. dbcwmcahgdeanmtylﬂﬁamﬁnct Mylih&mﬂaﬁ{,l

at O%mﬁ%ﬁﬁﬁeﬁﬁu&iﬁq ehwmk@mmwﬂ%h odite, o €d

phenyl am ne;

|ncluq,§w,o?h l[tTmted to:
\éa{w;gtjgx;‘ | éﬂ@ %‘ﬁﬂ'gﬁggqﬁ“‘ ;’T‘"i“%ﬂﬂ@ﬂ%’é‘ﬁ‘@ﬁi’ am ne;
N- pheflf nsebﬂarsa}mvwﬁémw fin ysedribieintpycdestiolanihe| -
am ne finaifutfiur copicutiofsiwentiokidant, iizh meteuinraicight il @a b ni ne;
3' oct ykmmlaaﬁgmmmm&mmws ae:lua R4,
i non
i ter ol ﬁf’ﬂﬁm “ﬁam“%;“"ﬁ]@ﬁ‘*ﬁ‘*%ﬁ""w%%fﬂ O e,
gﬁgﬁ& beﬁ %WWWN'WMpWP%ﬁMW@m ne,
di he pmwwmmgwmmwrmp thesuifusipitientcastioy Srattring dél
di phegyraitorvesctiod] meh:huﬁmb&%%hﬂhm&ﬂﬁ%ﬁ%ﬁrn and

?mxﬁldg}%t&lng{t(%a tsﬂﬁttyﬁg k@@éﬂ%.ﬁgﬁ%‘? aZI ne or glf

“al kyl "5k "t"h‘%" B2HFEal f or nul a:
H ~S2 S%éfrwmnnmbsuseﬂ urtlmd rizatinn ragetiones plefiss @Hude:0 C24
al ky| stenmntyl balfurselfie mowttiloyiie, Sifur dithopiieasoyibm gpifide) pdivand R, i s

hydr omama, aid olikt IR Y thédd sd 2 RRHE Bt Sifferent Bbes By |
heterg L al kylaryl 12 group. Alkyl ated

henot i azi ne be se ted fromthe
20n5| Sti ﬁ'é' %@* p e BRisabe %ﬂé“’g"‘“‘d
di t etedaewpstioridanto Expmples °ﬁ@!'s Onﬁmﬂ@dwﬁ ystddastydervorm il ne,
di deocsykopalolt raiditid 3il, gRpeseamaiiponieiay, lpii ol péahiit BY, tod@ut oil,
di NoeRRAN Aheiwaredd i, sdIMA %4 ofll soyabean oit, sunflower seed oll,
 taliow, and combinations af these. -
_ The amount of sulfurized olefin or sulfurized fatty oil delivered to the finished
. lubricant is based on the sulfur content of the sulfurfzed olefin or fatty oil and the
desired Jevel of sulfur to be delivered to the finished lubricant, For example, a
sulfurized fatty oil or olefin containtng 20 weight % sulfur, when added to the
finished lubricant at a 1.0 weight % treat lovel, will deliver 2000 ppm of sulfur to the
-Rinished lubricant. A sulfusized fatty oil o olefin containing 10 weight % sulfur,
‘when added to the finished lubricant at & 1.0 weight % treat level, will deliver 1000
~ ppm sulfur to the finished lubricant. It Is desirable to add the sulfurized olefin or
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phenot hi azi ne, di octyl phenot hi azi ne,
nonobut yl phenot hi azi ne, di butyt phenot hi azi ne,
rnonost yryl phenot hi azi ne, di styryl phenot hi azl ne,

but yl oct yl phenot hi azi ne, and

styryl octyl phenot hi azi ne. The sul fur contai ni ng
antioxi dants include, but are not limted to,

sul furized olefins that are characterized by the type
of olefin used in their production and the fina

sul fur content of the antioxidant. H gh nol ecul ar

wei ght olefins, i.e. those olefins having an average
nol ecul ar wei ght of 163 to 351 g/nole, are preferred.
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13 sulfurized fatty oil to deliver between 200 ppm and
2000 ppmsul fur to the finished Ilubricant. The
foregoi ng am ne, phenothi azi ne, and sul fur contai ni ng
antioxidants are described for exanple In U S. Pal.
No. 6, S99, 865. The saltless dial kyl di thi ocarbamat es
whi ch may be used as antioxidant additives include
conmpounds that are sol uble or dispensable in the
additive package. It is also desired that the ashless
di al kyl di t hi ocarbamate be of low volatility, with a
nol ecul ar wei ght greater than 250 dal tons, desirably,
a nol ecul ar wei ght greater than 400 daltons. Exanples
Of  as Nhofydendbhlcbribioie ol FRAIRS: ol BRI BYoGack G | NCI ude,
but ar,ﬁod,;g,ot limted to,
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- aminoethyl)aminoethanol, and a molybdenum source as described in U. S. Pat. No.

5,137,647,
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nodi fiers may al so exhi bit antioxidant functionality.
U S Pat. No. 6,797,677 describes a conbination of
or ganonol ybdenum conpound, al kyl phenot hi zi ne and

al kyl di phenyl am nes for use in finished |ubricant
formul ati ons. Exanpl es of suitable 14 nol ybdenum
containing friction nodifiers are descri bed bel ow
under friction nodifiers. The friction nodifying and
wear reducing conmponents described herein may be used
with any or all of the foregoing antioxidants in any
and all conbinations and ratios. It |Is understood

t hat vari ous conbinations of phenolic, anmine, sulfur

cont ai ni n [ y be
optim zedgfor t ﬁsﬂ § EI ugrl %%aﬁorw at |"'gﬁ
based “on lBenc S or nodifications of the
di sper sanf c"VP"“Pﬁﬁf‘EﬁFé y reapsing atiah diaming, er aging-alerhple r
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nol ybdenum SONr e an o H¥ai ni ng
ani no Yemiprslysprides end p pplytd W%ﬁ%%ﬁﬁﬁ?@é’%?“-%‘&l fur- and

phosp&d¥8d&. f r ee nol ybdenum sources include nol ybdenum
trioxi de, Mﬂ?ﬂﬂﬁﬂh%ﬁﬁﬁs}b&ﬁh&ﬁ&sm&ﬁﬁﬂﬁ@dﬂa&%ﬁq&ﬁd
POt aS § inblfBadHith Mm%wm%gi £3589

cha gygohol

g? 2825 "sPr"gl?/d \%,ﬁ higmlowi'?us@k?m't“f'&@ %@?&H‘g‘ r bi s-

al cohBPd cenieal ehmposition o flgse waterialsis nop fullykaows apd may frdactbact i on
of di amwm!nmmvtwlmmmm@mnqsr oduct

cont ai ni ng both amgo ané al copol thal can
react with the mil:lkfm /and ph pl*%?’gfstﬂp%‘ﬂbml ybdenum
S
ol

source. Ex l e ur - hosphor %
or ganonol ! ou\ds IncI A0 }‘ wi ng: 1.
Qgen

compound< AR ﬁ?‘zﬁﬁg“ R R LT

S.  Pabreraryly 8 vaficty gtm V‘B‘H‘S‘mﬂzw@ifﬁf)ounds

pr eparbeghdyy-fiveaantybilenym spurteyith mmlncl@dupg\dlgmormwr

hy dr O6yrces. Sulfif ydurtesah ifdide for exdnfil) bub arbiiol frhicte ) udtbehOUr Ce as
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ol yb mﬂy&m‘e@ sagma@gwmwmwmgmp adid optionslly

a second sulfur source,

Examples of sulfur- and phosphorus-free molybdenum sources include
molybdenum trioxide, ammonium molybdate, sodium molybdate, potassium
molybdate, and molybdenum halides. The amino groups may be moncamines,
diamines, or polyamines, As an example, the reaction of molybdenum trioxide with a
secondary amine and carbon disulfide produces molybdenum dithiocarbamates,
Altematively, the reaction of (NH.);M0,$13*n(H;0) where h varies between 0 and 2,
‘with a tetralkylthivram disulfide, produces a trnuclcar suifur-containing molybdenum
dithiccarbamate,
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Pat. No. 4, 266,945. 4. Conpounds prepared by reacting
a fatty oil, diethanolamne, and a nolybdenum source
as described In U S Pat No.4,889,647. S. Conpounds
prepared by reacting a fatty oil or acid with 2-(2-
am noet hyl ) am noet hanol , and a nol ybdenum source as
described in U S Pat. No. 5,137,647. 6. Conpounds
prepared reacting a secondary am ne with a nol ybdenum
source as described in U S. Pat. No. 4.692,256. 7.
Conmpounds prepared by reacting a diol, diamno, or

am no- al cohol conpound with a nol ybdenum source as
described In U S. Pat. No. 5,412,130. 8. Cbnpounds

repar ed nono k
| kyl e ne num so Scri bed
prep gsxzanrﬁ]ﬁﬁ&ma &&.nﬁngo%x g, s R TRE S
in U "“'ﬁ?ﬁ""’%“'?b’é“‘@ %88, pounds prepared by
reacti ng d Famppupdsgtepaced byveAsEne mplxbpltann trigxidewithd seaaudary

di an reejne gid yarton dighfids as desaibed] intS. Pa.0NDR 0,509 DEXLERI X3 S60D2.

descri bed2j ﬁonHouSdspB b;Nthu g Psulfd e AR bde MR sSHIRE RN
COMPOYL S, %ﬁg@ms&awmwm

enum source  as badescn bed

di eth [
In U QESOL%'I{ rll%K1’07{i)’§]4 889, 647 are sonetines illustrated

with the Po?q"mwﬁgmwwmmm@nwwemwm al kyl
chai n,amit s exebgindisuifide as deseribed indh® Ritd¥el 4,18828posi t i on of

time nmateai eduﬁmhdipiaﬁtedﬁﬂhhqﬁghmnﬁwwuﬁsﬁ act be

nul ti Edaﬂ&i%ﬁlﬁﬁﬁ&u&ﬁdc&ﬁ%&fn@ 9&%@%2%1_"}'6”“”‘

I
{:ﬁb(n'pcgbl% 3} S?qiﬁ%ﬁz,[ gl ni nﬁ"’&?ﬁgﬁ’om ;bdenum
conpounds S+fayProsds lapeliydsyvithe \ ar j et y

of nemamsemmmwwm&&eame@mmg a sul fur and
phosphor us.-Gompaindi prlepsRdiB ating M Wlefi sulfirlalaiat a@d NO gr oup

and omuy%numreeéuéérma.nﬁ%%9ﬁ§4.ae§uhfur sources can
i ncl ude f9r exa

b
di sul fide" B B?mgfpasu?’fm%r@g’"g"8ﬂfrﬁﬁ?’§'fwgl gé‘gﬁar o
el erreﬁ'l"éif‘“’%gﬁ'l ‘1°{!}?°“““AM“5PW&F sgprce psidgscribed in U, S. Pat. No.
sul f uA4@a8#: ai ni ng nol ybdenum conpound may be prepared

by react i igtompdants firepared iyadaéiag spihdglicREMpyiRa| @idshine Bldn I Ce
Wi th 2yERERR SouE ViR silfor shedhle W dBERLAS iR UL, D flo. ARdsioinal |y - a
second s u& ft’.%m %l?d%l rrgpgmd by reactmga triglyceride, a basic nitrogen

compatnd, a molybdenum source, and 2 sulfiur source as described in UL S. Pat. No.
4,765918. o

10. Compounds prepared by reacting alkali metal alkylthioxanthate salts with
molybdenum halides as described In U. S. Pat. No. 4,965,719, .
7 11. Compounds prepared by reacting a tetralkylthiuram disulfide with
molybdenum hexacarbonyl as described in U, S, Pat. No. 4,978,464,

12, Compounds prepared by reacting an alkyl dixanthogen with molybdenum
hexacarbonyl as described in U. S. Pat. No. 4,990,271,

13. Compounds prepared by reacting alkali metal alkylxanthate salts with
dimolybdenum tetra-acetate as desceibed in U. S, Pat. No. 4,995,996,
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Exanpl es of sul fur- and phosphorus-free nol ybdenum
sources include nolybdenumtrioxide, amonium

nol ybdat e, sodi um nol ybdat e, potassium nolybdate, and
nol ybdenum hal i des. The am no groups nmay be

nonoam nes, di am nes, or polyanm nes. As an exanpl e,
the reaction of nolybdenumtrioxide with a secondary
am ne and carbon disul fide produces nol ybdenum

di t hi ocarbamates. Alternatively, the reaction of
(NH4) 2Mb3S13+n(H2 0) where n varies between 0 and 2,
with a tetral kyl thiuram disul fide, produces a
trinucl ear sul fur-containing nol ybdenum

di t hi ocar ha'@hﬁwuéﬁnﬁé@ gﬁ JU{HS |“ng
or ganopmy m um conpo %ﬁ:*'&ﬂqﬁt’bﬂm{lﬁ@w@ip nt's and

patent. a catl ons e
CorrpoJ?!f'd “pared by reactl ng nol ybdenum tri oxi de
with a sedéri@mpopnds presardbyasaclingan eseom aciki vihi b Hibmice, 215

descr lrhpwcnmsum&deﬁ’m\dmﬁﬁa&sd&n‘&@ﬂaLD§MW6,%53§6 702.
2. %%;ﬁgﬁwm&%% .9..,&..?.. lotioesrbae

di sul f qgo E &gn?c%dp?w% "‘g‘bﬁr“\,‘i‘@"ba‘é“us
descrlPB"e ? EJS Pat. No. 4. 098 705. 3. Conpounds
pr epar ed WM@%#MWMWM Ghsmmedhalht iowhig ktfuctire,

secondary am e apd caxbon, di;sul fi de as described in
U S. Pat. 4, 108, 258. npouflds gkepared by
reacting a rml TR EMe cg,%ﬂr'rﬁ badi ¢ nitrogen

conpound and sul fur sourm®é as describd&® In U S. Pat

Nos . %o?ﬁﬁulﬁﬁn e%ﬁi:%i%lséﬁl&éﬁ.g xiso &8 822,
ra

4, 369. 119, S epared by
reactin | o'ﬁB’I °ﬁ‘FF'§°“°'bask
nitro 5‘%% %Eﬁwﬁ‘ faelede glycprides of the foymulss,  pat

4,283,295, 6. Conpounds d by reading an.olefin
sul fur, an am ne and a %ﬁﬂégnum source as descri bed

in U S Pat No. 4, 362, d33 7. Conpounds prepared by
reacting amoni um t etraﬂH-e-mﬂ)Rbdat e wwth a basic

- nitrogen conmpound and af organi c sul fur source as
~described In U S Pet —HR02, 840. 8. Conpounds
prepared by reacting a &ol I'C conpound, an am ne and
a nwbytﬁdmmmumwwwmﬁmamaﬁcmcri bed
in Uwhé}ea-maibelﬁl@am&d%u&%mdalﬁym&{amymsBﬁfaﬁ,ﬁned by
reactaodl FRaniplel SHelGRlel S maybe RERAfde ] Blybded? Sadinurate,

glycerol monomyristate, glycerol monopaimitate, glycerol monostearate, and mono-
Blycerides derived from coconut acld, tallow acid, oleic acid, linolelc acid, and
linolenic acids. Typlcal commercial monoglycerides contain substantial amounts of
the comesponding diglycerides and triglycerides. These materials are not detrimental
- to the production of the molybdenum compounds, and may In fact be more active.

Any ratio of mono- to di-glyceride may be used, kowever, it is preferred that from 30
to 70% of the available sites contein freo hydroxyi groups (i.c., 30 to 70% of the total
R groups of the glycerides represented by the sbove formula are hydrogen). A
preferved glyceride is glycerol monooleate, which is gencrally a mixture of mono, di,
and tri-glycerides derived from oleic acid, and glycerol,
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compound, a nol ybdenum source, and a sul fur source as
described in U S. Pat. No. 4,765,918. 10. Conpounds
prepared by reacting al kali metal al kyithioxanthate
salts with nolybdenum halides as described in U S
Pat No. 4,966, 719. 11. Conpounds prepared by reacting
a tetral kylthiuramdisulfide with nolybdenum

hexacar bonyl as described in U S. Pat. No. 4,978, 464.
12. Conpounds prepared by reading an al kyl di xant hogen
wi t h nol ybdenum hexacarbonyl as described in U S.
Pat No. 4,990, 271. 13. Conpounds prepared by reacting
al kali netal al kylxanthate salts with dinol ybdenum
tetra-acetate as described In U S, Pat No. 4,995, 996.
17 14 AdGiQnd RAARS prepared by reacting (NH4)2
Nb38132FQQ mfh a%hw ;

di al k | di t@aocar Fm'?mgﬁ"ﬂVP ©RPHT am di sul fi de

as de eng ppl "‘S ““rﬁd'fm PRigexvaliyior phegolsgand anlgnic

Conpo a¥d gifpnicapidsmaybeygedr eact i ng an ester or acid with a
di am ne, &smalrehouidesddmniSHing cGRpoitchaft RO fhirsed f 1 de as
descr uamifying cdepondnt isBabribed ¥EP 3&5&10 Fudk Eé‘mursntﬂn@ compitier OUNds

repagghe
SI aIOkgu I°d] t |M§q%g§?ﬂ%afﬁx w'mﬁf 6‘?‘5 BhRrsnTrtigs; g,
fol | onedH ‘?7 'l°f‘|TEf>E'f"B'§' %@‘d@@ﬁqﬂmwlm U S

Pat . "GF"ﬂl"P"B"Z‘G“"‘ oRPdjcel & PRat TatecHE ©.001 G basmbasie: Ry be
|IIustﬂereﬁeeldscblycttldnefollovmng structure, RSXll/Xl
N-d-S mrrpe.mwesa.@hmems A Rpl yl

gfoupmﬁﬂmghwr&lﬁmwrfc‘ﬁuk ui&@rﬁ ng‘qgﬁag%g %}. LS 0 or

o HESER, Tobl sl i ey e o

| ncl uBrstyefihe Bvid aes ml Fngreiefpinyhacer@p-opa@imersCH- OR |
CHI - ORriyalipinstheriryiatee sndithe Beei s | ndependent |y sel ected from

t he gr oufFosidafioBdsh RGrodilicd by denftofiobddRncluding an antifoamant
' of the polysiloxane type, for example, silicose oil or polydimethy! siloxanc,
Seal swell agents, as described, for example, in U.S. Patent Nos. 3,794,081
. and 4,029,587, may afso be used.

Viscosity modifiers (VM) fuaction toimpart high and low temperature
.operability to a fubricating oil. The VM used may have that sole function, or may be
multifunctional. .

Multifunctional viscosity modifiers that also function as dispersants are also
known. Suitable viscosity modificrs are polyisobutylene, copolymers of ethylenc and -
propylenc and higher alpha-olefins, polymethscrylates, polyalkyimethacrylates,
mdhacrylate copolymers, copolymers of an unsaturated dicarboxylic acld and a vinyl
compound, inter polymers of styrenc and acrylic esters, and partially hydrogenated
copalymers of styrenefisoprenc, styrene/butadiens, and isoprene/butadienc, as well as
the partially hydrogenated homopolymers of butadienc and i isoprene and
isoprene/divinylbenzene. -

Functionalized olefin copolymers that may be used include interpolymers of
cthylene and propylene which are grafied with an active monomer such as maleic
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where R may be a saturated or an unsaturated al kyl
group having from3 to 23 carbon atons. Exanpl es of

gl ycerides that nay be used include glycero

nonol aurate, glycerol nononyristate, glycero

nonopal mtate, glycerol nonostearate, and nono-

gl yceri des derived fromcoconut sold, tallow acid,
oleic acid. linoleic acid. and |inolenic acids.
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tC 22 |OI mmat:geoatm ﬁ?fm base itstinylude %Iélqﬂ &am‘stalwdoxgrc Reidef tO
BABIR61E peffy-afphildfd m?&%

ol E& at e ontrol can
ge )p;r oV Enéw" C ;’rFﬁM Sl"ﬁ"c*‘@ﬂf“ﬁggg 4 mant
of t HE PB&'("H?H%‘"? %@WW@M tgming hydpogine oi | or
‘pol y cirypsthpme bc%mildefmgten%ddn. cheiStationzagdihe ke, Ths
des Criyiieds olls muy aleodroliid the gad tliqlit spatheRadiignt  Nos. 3, 794, 081

_ ' Natural base oils include animel ofls and vegetable oils (¢.g., castor oil, lard

oil), liquid petroleum oils and hydrorefined, solvent-treated or acld-treated mineral
. lubricating oils of the paraffinic, naphthenic and mixed paraffinic-naphthenic types.
Qils of lubricating viscosity derived from coal o shale are also usefisl base oils. The

base oli typlcally has a viscosity of about 2.5 1o about 15 ¢St and preferably about 2,5
toabout 11 cStat 100° C.
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and 4,029,587, may al so be used. Viscosity nodifiers
(VM function to inpact high and | ow tenperature
operability ton lubricating oil The VM used may have
that sole function, or may be nmultifunctiona

Mul tifunctional viscosity nodifiers that al so function
as di spersants are also known. Suitable viscosity
nodi fiers are pol yi sobutyl ene, copol yners of ethyl ene
and propyl ene and hi gher al pha-ol efins,

pol ymet hacryl at es, pol yal kyl met hacryl at es,

nmet hacryl ate copol yners, copol yners of an unsaturat ed
di carboxylic acid and a vinyl conpound, inter

pol yners dhe fgloyingexempie ebe gieeh o theapupsit FeRmpiRfid adatisbf al | y
hy dr ogtermbodickentsaRd R RbTREBed & limk Y Ln MR hdnS

styrene/ but adl ene, and i soprene/buta di eng%ggs wel | as

the partially hydrogenated homopol ynmers of butadi ene

and |soprene.and |sopre nylbenzene

Functi onal i z €8 EGesBie of DI

i ncl ude i h‘tﬂyﬂ'qﬂmﬂyammledhma‘t(m cas)d...mgaylmgne whi ch
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et hyl ne an pro )'/'f"g %/WF W‘B?@Q}P"&‘W%QW“Mtrogen
conpou/iids ¥ Jt¥s 0 patent solyticatseriiainipe diffelint sizg emponedmem used,

i s usBemesredin ¢ highdroiuona tebiprpeatin tisogl (HRRR) ata RRpsHrdop | MDA t
t he deC.rAat/Tpwopisdic GETHFGndH Basd ol Bdhia SR bxamhinbliSs o T OF

exanpkdaol. i f an additive is a corrosion inhibitor, a

functiona}, ECEI ve anount of this corrosion

i nhi bj tor vvou “E%ﬂf”‘g‘ﬁ?‘f'ﬁ‘g%ﬁl‘“ﬁ%“ifmrt t he
dasheWB‘l"r’B@‘?gdﬂ‘di“Pﬂ% bition characteristics to the

| ubr i cantinordsaiaamestirt the bouigy Gicios bits atainbgicacf coyfidit 20

t hes eatcrapgabiart inure @levanhieMfic doMIoh oA st 1o Budy@e BRI 20% by

wei gh&mtawasammasma.em&h&m ontw; #HBEJnﬁgth Lng oil

conpo NeNEcE m_about 0. 001%
to ab%}In y vvel ﬁ?mgﬂ%ﬁﬂeﬂﬁg"@%ﬂ §ti%ent about
0. 0198°F %" i es EXX QN BHEAS) spitgions condbeg ht  of

the | 'I:?Mtﬂ'i lﬁQj Comervettknpiﬂsmmm cofppenseaimed icion
descrmlbedohhmilmmﬁmubﬁmad'dedmﬁﬂn&&ﬁ ly to the

| ubri cat |ul?sg-xﬁaéd thaPﬂHBﬁﬁdmt !989!"' ‘g'n‘b sf .U‘H{&Qa]

howevy, | nert

nor ne wul-}cﬂ ﬁfponenqsa\rv]iﬂ ||r gﬂ(tn oi |,
synt &'“’dr“l ‘“ H}Hﬁwﬁm lhafbéww(ﬂes'gepc@wm@otls
al ky [Pplivticn pontsql equipmeit orcweiicks whikeschiedng a Similsf arimpraved addi ti ve
_ conc didisaadetficient pdfofance GrbERM hid A nd kakeab didc 6ARE @i N from
aboutooraog{oeg&oaami 100% by wei ght and in :
At numerous places throughout this specification has been made to a number
of U.S. Patents, All such cited documents are cxpressly incorporated in full into this
disclosure as if fully set forth herein.
' 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 hercinabove, Rather, the foregoing embodiments are withia
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one enbodi nent about 10%to about 90x6 by wei ght of
the conponents. Base Ofs Base oils suitable for use
in formulating the conpositions, additives and
concentrates described herein may be sel ected from any
of the synthetic or natural oils or m xtures thereof
The synthetic base oils include al kyl esters of

di carboxylic acids, polyglycols and al cohol s,

pol y- al pha-ol efi ns, including pol ybutenes, alkyl
benzenes, organic esters of phosphoric acids,

pol ysilicone oils, and al kyl ene oxi de pol yners,

i nt erpol yners, copolynmers and derivatives thereof

wher & g e L SLITL AR Sy PO, n RIS RAILR diRER TOCI 1 e

by esterljcation, etherification, and the |ike. The
synthé?ﬁ °ﬁﬂﬂ??$&”%lso i ncl ude the gas to liguid

synt het i c Thsipptepteesida pay jniged sicdicate oy discloper] Ephodimentsta s o | s
and v egplit, &id keaheaiténgany disclpsed motifications orgltcrations ppythot ligsfajly) |

| i QUi GaiRakis B CosED e kisime Mek shyalkidicefobegin haofwdnke t r eat ed
or acigglidhd #efufflenl Neral lubricating oils of the
paraffinic, naphthenic and m xed paraffini c-naphthenic
types. Qs of lubricating viscosity derived from
coal or shale are also useful base oils. The base oi
typically has a viscosity of about 2.5 to about 15 cSt
and preferably about 2.5 to about 11 cSt at 100 Q 20
The follow ng exanpl es are given for the Purpose of
exenpl i fying aspects of the enbodi mrents and are not
intended to limt the enbodinents in any way. rxenple
3 Boundary Friction Coefficients of QI Sol uble
Components In the follow ng exanpl e, a base oil (EXXON
EHC45) can be added to a conponent containing one or
nor e di bl ock nonopol yner conponents solubilized in
tetrahydrofuran (THF) until 70 wt % of the sol ution was
the base oil so that the concentration of conponents
1n the base oil is about 0.07 weight percent. Boundary
friction coefficients of conponent solutions
containing different size conponents can be neasured
in a high frequency reciprocating test rig (HFRR) at &
tenperature of 30C. A 30/70 w.% m xture of THF and
the base oil can also be exam ned as a control. The
results will indicate that the conponents are '
effective to reduce friction




under pure sliding conditions. In order to neasure the
boundary friction of oils containing each conponent at
a tenperature nore relevant to the condition conmonly
used to study the boundary friction of engine oils or
ot her lubricants, one weight percent solutions of the
conponents can be suspended in a Goup It base oil
The boundary friction coefficients for the
conponent/ Base oil (such as EXXON EHC45) sol utions can
then be neasured at 100 C. The results will show that
the conponents reduced friction relative to a base
oi | having an absence of the conponents. It is
expect atlaiski@ined i@r Mul ati ons contai ning fromabout 0.5
to about 1.0 wt.%or nore oil-soluble conmponents w ||
enable ar gﬁ%t In the anmobunt of conventiona
phosphor us A frictipa coe ficientadiaepniadubriated sifresy eby
i mpr oV ToRgFising erovidinefamsmennt ofan eifsolublsor dikshispasibleeOrolica ,
equi premprisops wedialctiesd fdi thegromhisiRing G photcrdBii@ie OF
| Pr OVh(Hcinhdido}1oHFar ﬁtyfaeﬁuem a m&& RHEGRIRL ol nefit

o

d | X
of thg?ﬁ‘:ﬁﬂ%&mo 5 okoig st s g o

speci fI'C B@ﬂ%%ﬂed'wmm@nttowr&w@e

Pat ent'riead| such cited documents are expressly
incorporated in full into this disclosure as if fully
set forth 2neHe@ictiod of 1im 1, VRGBS &M i
SUSCeRtibetafl, t O consi derabl e vggrgg?%ﬂgln F%?§£§Emc
practice. Accordingly, the enbodi nents are not
Intended to be |imted to the specific

exenpl i fi atheBethodobqlain b wharinti jubsicatedrusfaes copristser | t he

f or egditemg! senfiowol campovied ofan iateid! tokbudtion 2dgink.he spirit and
scope of the appended claims, including the

equi val enisny n.aamfc.a,.@lva%ek@@l,g.l Al Ll | v The

pat ent, e not inte any
embodi rren‘ts"'Pfeo Bﬁ"@mﬁﬂﬂ‘ °B°’t5ﬂ"e extent any
di scl osed nndlflcatlons or alterations may not
literallys. Theinéthodiotchin, tiReinthe mpent of oillsitdbleal dl-difessiblehey
are Cedipord indk IR rdaﬁmarusmh.a{oﬁ.s&m&mEéuMmm?w' ne
of eqpy ents. 22 What is clainmed is: 1. A nethod for
reduci'ng a friction coefficient adjacent a lubricated
surface, conprising providing an anmount of an
0i | - sol ubf-abeynetto pEoidimd pbessin ht amount ofioisedyble o oitdispersible

. component in the fully formulated lubricant composition ranges from about 0.1 to

about § percent by weight.

_ 7. The method of ¢laim |, wherein the amount of oil-soluble or oil-dispersible
component in the fully formulated lubricant composition ranges from about 0.5 to
sbout 2 percent by weight,

8. A method of reducing a friction cocfficient of an engine lubricant
composition during operation of an engine containing the lubricant composition,
comprising contacting the engine parts with a fully formulated lubricant composition



conprising a material selected fromthe group

consi sting of a photo-crosslinkable

pol y(2- ci nnanoyl oxyal kyl acrylate) core and a di bl ock
acryl ate copol yner corona in a fully fornul ated

| ubricant conposition containing a base oil of

| ubricating viscosity, and applying the |ubricant
conmposition containing the conponent to a surface to
be lubricated. 2. The nethod of claiml, wherein the
| ubricated surface conprises an engine drive train.
3. The method of claim1l1, wherein the lubricated
surface conprises an internal surface or conmponent of

an | nt edipasng mmusmtﬂ&u@woa@md S amdlEor GG Qf ic ! @l M

1, whegigksud Jaﬁpolnéﬁpéfegg‘frgtg the gxoup c%{tsalstlng 8 Oétgg?sﬂlﬁh}ﬂg nition
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engi ne&’@f%ﬁ °ﬁ?f’i§'§%6 )"E'FH‘F'FT‘M Kl seeplymaseoratount
of oi | i3 reduce the irtion epriigianttaticlow e frictonenpBciends s luticinn e

fully foopniitngtveid of thripilisadhibiebr oil GERSIBIE domPdaent. 2NJES UP tO

about $ percent by weight. 6. The nethod of claim1,

wh bl
g A A L3

conposition ranges fromabout 0.1 to .about $ percent
by weight. 7. The nethod of claim1l1l, wherein the
anmount of 18i The meshod pfchinch; wigicin thelirppesfsbniphnt iByRAGNENt i N

t he f Ubdnytadubrahtainidsitloh Riigesip b3 FRQAIL) W&gle. F @aNges from
about 03 to about 2 percent by vvea?g b ‘ﬁh A net hod

of reduci fr.ict efficient of an en

| ubri cant i ﬁcmct)hé)lg ‘lcpﬁtsd‘&m i w8 of ﬁ“@ﬁ“'ﬁf“‘%ﬁ“"éngl ne

cont ai r?ﬂ"?‘f@f‘dﬁ‘ﬁ EESHHP Byt £.5 toabout 2perpepbly whighy

contacting the englne parts mnth a fully fornul ated

| ubri cant :zmarwmmmmammmhﬂfsﬁgmdmaﬁ
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ding a
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pol y( 2 orein the wearsidicip sgenbgomprispsa campgrert di bl ock

acryl at wwwwwn& photafofslinkatispbly@-cinmeadiesikyth e
- fri ct isgylae aefahd aoditdook actylate Bpbi@it carodal | Cti on coef fi ci ent
of a Iubricant conpositfon devoid of the oil-soluble

or oil-di 9. .The net hod of cIa|n18
Bbdor GRHRD DR
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14. The method of claim 12, wherein the engine is selected from the group
_ consisting of a compression ignition engine and a spark ignition engine.
15. The method of claim 12, wherein the engine includes an intemnal
combustion engine having a crankcase and wherein the lubricating oil comprises a '

~ crankoase il present in the crankease of the engine.

16. The method of claim [2, whersin the lubricating oif comprises a drive
train Jubricant present in a drive train of & vehicle containing the engine.
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engi ne. 10. The nethod of claim8, wherein the anount
of conponent in the fully fornulated |ubricant
conmposition ranges up to about S percent by weight.

11. The nmethod of claim8, wherein the anmount of
conmponent in the fully fornulated |ubricant
conposition ranges from about 03 to about 2 percent by
weight. 12. A nethod of for reduci ng wear between
noving parts using a lubricating oil, the nethod
conprising using as the lubricating oil for one or
nore noving parts a |ubricant conposition containing

a base oil, and an oil additive package including a
wear reducnmma&amorfmmi,w&tim %@9&&' R Agent
CONPri §@5a@ ecte 0

consi sting o ia pﬂg 0- 8‘?‘25 1"?"ﬁga épm“'byq""‘g“

pol y( 2-ci nnam)yl oP‘}/aI kyl —acrylate) are and a di bl ock
acrylate cHp of eJtim A% whetely the Weaprednoing wpeht is presedt it 12,
wher ei r!ﬂbmoonmumgn pambist ranginglomatur i\ dbgn Piekckdity OF  an
engi neweigdd. The net hod of claim 12, wherein the engine
is selected fromthe group consisting of a

conpressio .gni ti o n nd a spark Ignition
engi ne, é'S'?Fé‘?ﬂ"g'ﬂ 9’0\"""5 nity '252'“'0&?5‘?“&* preseiia the
engi ne P’f?ﬂ’f ‘i?ﬂ%“'%?ﬁ" AP TEBInG Fiow AW IS taphouthmgicenebyhavi ng

a crankegse and wherein the lubricating oil conprises
a crankcase oil present in the crankcase of the

engi ne. 16, ﬂﬂ&mﬂ?&%ﬂm&. c&i%ndmglsl? utedsurf

or osenpr e e 8 Sﬁ%@*ﬂ%&ﬂ"ﬂ%@ BB  he
engi ne “‘EK'“H'“‘\‘F&“ Wb serrspnsistingof a phetorcedisstinketlee  viear

" reduci Py Caizesmoylongaliyt ssglatcor: sd 4 ditdock ketylareicghaines corona in

C ONPOS# fullyGsimldted Aubricast CoaipbsibPRHintg a bede dilQF [Meidtihg viscd§y CeNt
by wei @ipptyifSine b AGtethgdihn Hhvaifiheh %ﬂmﬁ“ﬁ:ﬂﬂc& {,che |
wear rl@,gi% rg},g@pctong)ﬁmpusens L. Lhe llj"ﬁﬂ"'d’?
conp03|t|on N an anpunt rang: ng f?"ﬁﬁﬁ%

about %plbrisatrompasition, e gt - 19. The met hod of cl a| m
12, wherein the wear reducing agent is present In the
| ubri cant 2tcVvRG:ad éfirediting DiiQidn @EMMikALof indAliHe NBridakt0M about
0.5 t Qomfaath a@mmaaﬁf;wramﬁm%ma the I%Q‘(canﬁ;oﬂﬁfs figd for
redumegtgpn?mcsfcwmg&dgln %&e \@&?ﬂ radhlgeaﬁﬂap rlcat ed

surface ng an ano

oi | -S&Tmf“@"g&ﬂi of m?ﬂ‘@{ﬂ%ﬁ%i’%‘é‘ 2 By e pil-soluble or oil-

dispersible componeat selected from the group consisting of a photo-crosslinkable
poly(2-cinnamoyloxyalky! acrylate) core and a diblock serylate copolymer corona
. sufficient to reduce the friction coefficient to below a friction coefficient of a lubricant

-composition devoid of the component, whereln the component has & core diameter
greater than the film thickness of the lubricant composition.

22. A fuel composition comprising (8) & fuel selected from the group
consisting of gasoline, diesel, and biodiesel fucls, and (b) a component selected from
the group consisting of a photo-crosslinkable poly(2-cinnamoyloxyalkyl acrylate)
core and a diblock acrylete copolymer corona.



conprising a material selected fromthe group

consi sting of a photo-crosslinkable

pol y(2- ci nnanoyl oxyal kyl acrylate) core and a di bl ock
acryl ate copol yner corona In a fully fornul ated

| ubricant conposition containing a base oil of

| ubricating viscosity, and applying the |ubricant
conmposition containing the conponent to a surface to
be. lubricated, wherein the conponent has a core

di ameter greater than the filmthickness of the

| ubricant conposition. 21. A nethod of reducing a
friction coefficient of an engi ne | ubricant
conmposition during operation of an engi ne contai ni ng
the | ubricant conposition, conprising contacting the
engi ne pnts Mﬁth a fully fornmul ated | ubricant

conposi t i off- AStfaFrstiongompisigds il seloged fomiPre wowt | ng

Vi scos Fanyistieavéigasatineadivsel rund tdddieatfucls,ahd (6ol sdMbR ofdil-dRjelsible

di sper gdiblisdk poliR EROAHE B listbRLiGRd sdonk bigdR t he group

consi sting of a photo crosslinkabl e

ol y(2-ci npa ore dj bl ock
er vl ate choRTRG Ralies Py ol afifen s it cisone
fricti W”’SBEF?‘?[ dine amamepns ofoilsalnble of of-isnersible dibleck patyiers i ent
of a | bMirg adishblock endrasesend blockiin adlly foimaliaed lubrie @epsicaent |

wher ei @ntbikie abasBBiDIT @Biicallng Gisckics; A SpKlin SRBILan cBrhBoR
than t&maitibg t0dibRUGH BRSSP hutlcEbe1ld %k?.ant conposi tion.

22. A fuel conpoOsition conprising a fuel selected
fromthe rQﬁg consi sting of gasoline, diesel. and

bi odi esel grethad af clalip, 34, Whercin id Grshinek & a pholecregslinkablgm

the grisli-cisesmeyiexyalihecriuicteon ind sid sesond blsdkiisak aibolsble

pol y ( Miktdekwaerime ydpobubdianh. acryl ate) core and a di bl ock
acryl ate copol ymer corona. 2% 23. . A fuel conposition

conpri si ngg (‘?tl mBndd l&?cllam’?’ﬁl \ﬁlgrglﬁfqld qu:gge% (lfg%@gﬁ e el s,

consi st | ng 0

and ( %'!flqﬁﬁ]“gl ”Bgld%'ﬂf'?m* B‘f”é“""’ At ock
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A et Heseoff or reducing a friction coefficient adjacent
a lubricated surface, conprising providing an anount

g;wo'n' -Sofbﬁiéﬁmg.&& m‘ik %:R&En%iab:l blgr;kglc %ﬁck%/ m;
f or mul 'E?f"lhﬂﬁ?“&ﬁﬂ” ?&'ﬂ‘ﬁ@%f’f‘l on cont ai n| ng a base

oil of lubricating viscosity, and applying the

| ubri cant 2& dhgruhiod efolaim 24,ouhéraki tivilubdcated @it lnpits apol yer s
to a siaght@mewdi® be | ubricated. 25. The nethod of claim
24, wherein said first block is a photo-crosslinkable

Cacond bl S0 E AR oS ofriha e ioes Serpes o

copol W?E'F‘ syrface opcomponent of an internal combustion engine.

30. The method of claim 24, wherein the lubricated surface comprises an
internal surface or component of a compression ignition engine,



26. The nethod of claim 24, wherein said first block
Is selected fromthe group consisting essentially of
pol y(2- ci nnanoyl oxyet hyl acryl ate, poly][2-

ci nnanoyl oxyet hyl acryl ate)-ran-(2-ocmanoyl oxet hyl
acrylate)), and conbinations thereof. 27.71ie nethod
of claim 24, wherein said first block and second bl ock
undergo a chemical reaction to formmcelles. 28. The
met hod of claim 24, wherein the |ubricated surface
conprises an engine drive train. 29. The nethod of
claim 24, wherein the |ubricated surface conprises an
i nternal surface or conponent of an interna

conbusti on ?lngile'?lﬁth clawl-gﬁwmﬁ:tiggnog&oﬁ lurne214 wher ei n

t he Iuer surface
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The net A Wfe 2L Rsreerby wiightr ei n t he anount of

oi | -sol ubl e or 0|I di spersi bl e di bl ock pol ymer
conponent i 32, 'ﬂheleiiwdof Saich I&(Wﬁgﬁh&ﬂlohd&l&fdbmkwod- h
conposi f SRREENmdRorhBneRt t.
Ao e L

oi | - sol or oilf ersi bl ock pol ymer
component in the fully for nmul at ed | ubri cant

conposi t i or?> T mgaa of dlaisna4embireie thoampunt of odsbybie oril-per cent
by wei géigpersi8aiibloBtyelynmicingonea in i Ity fomidited Mb3edEompoliths

anount  Qiges flom 3L 0Bkdabde 2 pledneby WhighRer si bl e di bl ock
pol ymer conponent in the ful ry ormul ated | ubri cant

conmposi ti orsézr{an s. fromabout 0.5 to about 2 percent
by wei ght W‘bf““f“%ﬁﬁm%'ﬁﬂ'g’fﬁﬁﬁ“!‘m%

coef f i cyoRppsitigriuriag onsmipn plan tagipsreprisinivg the Wbrispsbusmpdsitan, dur i ng
oper at | @mpriihg @macinzgic agincpnd vt nfulGortnitged labHcaineaipbsition
CONPOSi deinfiiBing a baR mmus ﬁ&&hﬁﬁd dn%uﬁt'%?an%ﬂgihﬂl@or%r ts

\(,:Mo:'rgrﬁy n e oS VI ss%:’osn "gnd an
anount 3\"’9'5@“5&?’?%"%’&“83&* g'ﬁ?“bck
pol ynerwe@ﬁﬁbﬁmwe@’wwdwwla-mwww nkabl e
pol y ( 2-comporitina Havgill ofithe ail-folpble @ od-Jidpatitds) dibdook @iymerdoniporditb| ock
acrylate copol ynmer corona sufficient to reduce the

friction ceefm,ﬁeusﬁlsrcmﬂ%m&%&%&&%ﬁt,C' ent

of a lupr sant  conposition devol sol ubl e
or oil -ff“spéry bl e di.bl ock polynmer conponent. 35. The
nmet hod of claim 34, wherein the engine conprises a
heavy duty 36. The‘method of claim 34, wherein the amount of ofl-soluble or oil-

dispersible diblock polymer component i the fully formulated lubricant compoesition
ranges up to about 5 percent by weight.

37. The method of claim 34, wherein the amount of oil-soluble or oil-
dispersible diblock polymer component in the fully formulated lubricant composition
ranges from about 0.5 to about 2 percent by weight.

38. A method of for reducing wear between moving parts using & lubricating

oil, the method comprising using as the lubricating oil for one or more moving parts a
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di esel engine. 36. The nethod of claim 34, wherein the
anmount of oil-soluble or oil- dispersible diblock

pol ynmer conponent In the fully fornul ated | ubricant
conposition ranges up to about S percent by weight.
37. The nethod of claim 34, wherein the anount of

oi | -soluble or oil- dispersible diblock polyner
conmponent In the fully formulated | ubricant
conposition ranges fromabout 0.5 to about 2 percent
by weight. 38. A nethod of for reduci ng wear between
nmovi ng parts using a lubricating oil. the nethod
conprising using as the lubricating oil for one or

nor e nﬁllricihﬂcoﬁ ilich cﬁitam%Zs Mﬁ. mﬁ!%fﬂ a&gﬁp ?a%ﬂaéc in%mdtilg a
cont ai Qhﬂ%@n ewh%ma he %ear recﬁ‘ncnwﬁem COMRLises fn oils °\W§’ T
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phot o- crossl i nkabl e pol y(2- ci nnanoyl oxyal kyl

acryl at €) ROomemakd o I n or ona
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conprise noving parts of an engine. 40. The net hod of
claim 39, wherein the engine is selected fromthe
group corf@i e reted eficlaim 39.ovkeseintheenging isisgjeried fraorihegrogi ne and
a spardensisipg plajcaipregsiog) ighition evbine and bparkRbiti@dng. cl ai m 39,
wherein the engine includes an internal conbustion
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| ubricant present in a drive train of a vehicle
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| ubricant conposition In an anount ranging up to about

5 percent b ht 44. The nmethod of claim 38,
wherein tfid i%@'&ff" L IR hespindintvenr edusingegent i prEset inhe
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45. The method of claim 38, wherein the wear reducing agent is present in the

lubricent composition in an amount ranging from about 0.5 to about 2 percent by
weight.

46, A mcthod for reducing a friction cocfficient adjacent a lubricated surface,
* comprising providing an amount of an oil-soluble or cil-dispersible diblock polymer
component derived from a photo-crosslinkable poly(2-cinnamoyloxyalkyl acrylate)
core and a diblock acrylate copolymer cocona in a fully formulated lubricant
composition containing a base oil of lubricating viscosity, and applying the lubricant
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46. A nethod for reducing a friction coefficient

adj acent a lubricated surface, conprising providing
an amount of an oil-soluble or oil-dispersible diblock
pol ymer conponent derived from a photo-crosslinkabl e
pol y(2-ci nnanoyl oxyal kyl acrylate) core and a di bl ock
acryl ate copol yner corona in a fully fornul ated

| ubri cant conposition containing a base oil of

| ubricating viscosity, and applying the |ubricant 28
conposition containing the di bl ock pol ynmerconponent to
a surface to be lubricated, wherein the diblock

pol ymer conponent has a cote diameter greater than the
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or o 'wmﬁkifsnmmbhfg@nb RV R AL OGRSl | VO
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-~ 0i | - diconpasiian dlofs RinkbiRslinl b diSds; %ﬂ.‘m{l,%g.ﬁ, wherein
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great gr than t a §|ftm PR CR A BT SIpter SR thedps
conpo&%ﬁ. e cicant cppofition.o | at ed | ubri cant
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0i | - di spe#ssi Bilipfockiubled bbricodoybfioneipp@igent having a
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| ubri caduk Bk ¥ieSCOSi ty. 49. The conposition o aim
48, V\_lgga&%h&hiai d first block is a photo- crosslinkable
(.

pol y(2-Cinnanoy T 8XY4FRy| acryl ate) core and said
second block is an . oil-soluble diblock acrylate
copol ymer4cBeranposiion of tlaie: 46,0ngihid ikt BloXfis aphdié-m 48,

wher eénsislisiabléipoly2RihsidNbr MR chiOthd sshiQRbRIbRL 1S 21 d
di bl 0Gksolt dibiFEN aciG R BAbY %m ovi des for a reduction In
wear between noving parts ich is bel ow t he anount

of wear in a |ubricant conposition devoid of said
di bl ock p&1 \PrEemPstinRRs slaim s, wisrein saidiiphsicaptsamassitiani on of
¢l ai neourgningwgidlibdsickpotyaietorijolempoiidep fol tEdactiofin MM Befitn | S
moving parts which is below the amount of wear in a lubticant composition devoid of
- said diblock polymer component.

_ 1. The composition of claim 48, wherein said diblock polymer component is
preseat in an emount sufficient to reduce the fiiction coefficient adjacent a lubricated

- surfece below a friction coefficient of a lubricant composition devoid of the ofl-
sotuble or oll-dispersible diblock polymer component, '
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present in an anmount sufficient to reduce the friction
coefficient adjacent a lubricated surface below a
friction coefficient of a |ubricant conposition devoid
of the oil- soluble or oil-dispersible diblock polyner
conmponent. 29 52. The conposition of claim48, wherein
sai d di bl ock pol yner conponent is present in an
amount sufficient to reduce the friction coefficient
of an engine lubricant conposition below the friction
coefficient of an engine |ubricant conposition devoid
of the oil-soluble or oil-dispersible diblock polyner
conmponent. 53. Use of a conponent to inpart friction

modi f i cat 50 indbmpRadn of BT AN & fada@.o?gwﬁé b is O |
3F|uelu cicant
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£1 ui d8f thegiirapluble il dispersisle diblotk polymvesomponens ai d conponent is
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pol y ( esslinkable patyyd-cnayridyloxyaikytylil)be ind @ AbRckaadua  di bl ock
~acryl ahéyneBRhay"er corona; and (b) a base oil of

| ubricating viscosity. 30
54. A fully formulated Jubricant composition comprising:
(2) an oil-soluble or vil-dispersible component selected from the group
consisting of a photo-crosslinkable poly(2-cinnamoyloxyalky} acrylate) core and a

diblock acryiate copolymer corona; and
(b) a base oil of lubricating viscosity.
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