TITLE Star Pol ynmer Lubricating Conposition FIELD OF
I NVENTI ON The present invention relates to a

WO elriizasd ng conposition containing a a pol ynmnePCHUSIW0HB66950
a star polyner, an antiwear agent and a corrosion
inhibitor. The invention further provides a nethod for
| ubricating a nmechani cal device using the |ubricating
conposi tion. BACKGROUND OF THE | NVENTI ON [ 0001] The
use of star polyners in lubricating conpositions is
known. The star polynmers known in |ubricating
conpositions are sunmari sed TIMLEhe prior art bel ow
[ 0002] Internatignal_ Application WO 04/ 087850
di scl oses | ubri catdf RgleeerlosirtGabng (omasitiithg bl ock
copol ynmers prepared fﬁ@ﬂgﬁﬁgiggﬁgﬁﬁggigle Addi tion
Fragnmentati on Transfe ransfer Radica
Pol yrrerlihsgtresen) ipahyioenrelaasiton lpbocassesomidiéti@obyiteingng a a
have frictional pro ?rties. The bl ock copol ynmer may . . .
nRVLR BB @ AT IATBERE. SRRV BHoRgent BB Sopgpn inbibitor
Stk RVERSE SIS proORRY & mchfd IR dRBAEatiR: g'ﬁgféha‘ﬁfbal device
nmet hods suitable to prepare star copol ynmers. SO
diusipigdbe dutaraatipglcgmpositioni t abl e for greases, notor
punp oils, heat S, + s,
Cy0001Ng OThS usNer St il)ﬂ er@id fubrlc@ARSlcoMPobAbaN s known. The
Application USO5/ 038146 discl oses star polyners '
d&tar edy et nkown & ddiricapiag tdostposiipmsi ase mymanarised in the prior
p%hw%ﬁ%gnt (meth) acrylic nononer, oligomer or polyner
t hereof or a pol yval ent divinyl non-acrylic nononer,
olfb@2yer rcrpaimmr Appticeads M O4/)R78650! @aslode¥ lubricating
arnms of polynerized al kyl (neth)acrylate ester.

y The )
pSPPRETEORYFORRIHPE RUPE cBPOIRAETS PAIRIC B iTam tRART d&Reversible
&t ' I nt.er honal pkj i.0 .
C%g%%%%goggﬁgggg%%gés&gggﬁ%%rg%che Eolgﬁgég %#@%%#eggthd
f Polynaarrsptips) qrolymthsaiopnl ipcocmseaurer $he Thelypadry nierve  frictional
have a.core, or, nucl eus, derived froqh_crylate 0

anpg&t[lvl. at %@P%lf §08f)ly&ﬂrylgpg_have lock, tI‘l-blOer, multi-block,

comb and/or star architecture. However, no guidance is given on methods

suitable to prepare star copolymers. Also disclosed are polymers suitable for
greases, motor oils, gearbox oils, turbine oils, hydraulic fluids, pump oils, heat
transfer oils, insulation oils, cutting oils and cylinder oils.

[0003]  US Patent Application US05/038146 discloses star polymers derived
from (i) a core portion comprising a polyvalent (meth) acrylic monomer,
oligomer or polymer thercof or a polyvalent divinyl non-acrylic monomer,
oligomer or polymer thereof; and (ii) at least two arms of polymerized alkyl
(meth)acrylate ester. The polymers may be prepared by RAFT, ATRP or
nitroxide mediated techniques.

[0004]  International Application WO 96/23012 discloses star-branched
polymers prepared from acrylic or methacrylic monomers. The polymers have
a core or nucleus derived from acrylate or methacrylate esters of polyols.

Further the polymers have molecular weights and other physical characteristics



Furt her the pol yners have nol ecul ar wei ghts and ot her
physi cal characteristicsthat make them useful for
wo elriizasd ng oil conpositions. The star- branchkdr/Uus2007/066950
pol ymers di scl osed are prepared by anionic
pol ymeri sation techni ques. [0005] The star polyners of
EP 979 834 require from5 to 10 wei ght percent of a
Cl6 to C30 al kyl (neth)acrylate and fromb5 to 15
h ercent y cryl A VI cosj t
T RS ETE oRhy  RORE Y BBpp AhERy B Yregghganehed

MpOBMEts [disefsud afd px‘épmdgiyt and@{iC HOlyndrisIonE tédRiques.
reduced | ow tenperature_viscasity perfqrnance because

t m@% ynEe ﬁa%p%lymﬂm Elit9JPeS34[re@%? fragl page dfipveight percent
SoP 4% 1]63t01ﬁ§b %Gfllssﬁs(gqe%%ry‘?dtle AR QRO 5 1!0 %‘%rcent of butyl

|nproved shear 111ty i ndex essentl a sting
ofne@lmmylatd aA vvscmtyt yinderd emlprnperovxetth c o rrp}1|6s itmg Ca O alkyl
ena ed star mer c ing at | east Bour

AT RETTRGRaleGs FonQB R at Be B! RSaFRRInROT o has Feduced low
PR A S UisE ol ek thALObEL s GrkiPhhSa AAdy tGure

arms having a nudnber average nol ecul af wei ght w
t f@006hNgeUDBPBsra0D07) 115 ,ddgdose] g0 1fl domwstions hevipg iimproved

t b | f fo . .
et GBI Rtk S pHa e h ey eyl fpdseimprover

a@@ﬁgﬁﬁb@ & Nyd6Qmhted dtzﬁdﬂ?lﬁlw tompridin®laEMehst Fiue k@M NGe arms

capabilities, inproved fuel econony, shear stablllty,

gé@ﬂpﬂﬁﬂg,t@ﬁ?fé rhadingenatione peliympriged oy weatedediotphia meppmer units
Viré %I dus rﬂﬁg{nf I Ihlge?aattv%né nllo?%/c% ar%élélﬁtwﬁﬁh Qllleafarﬂgg dr 3,000
t fie appropria & ubrica per ormance for a

naﬁhﬂﬂmpal devi ce, such as hydraulic syst ens. [0008]

In view of the prior art it would be advantageous t

héwu | PR &f | the Ieré%agtu qf%fﬁn%?ﬁnﬁla‘i"fﬁ ﬁgSCéPssoWWeformulated
e%(da? V%%Bﬁ-@:o&ugp o?%L %e@ﬁﬁ?%ﬂ%%‘v@ Vb SeeiL %%scgsruy index

enlng capabilrtres,
s{¥b) biltylendydadkdromg tgpqiuelnmw n@pwiveddsict ycqmmanf;o shearcegbility,

and OM/VISCOSIt nmodi fi.er treatnent |e whi. | st.

maP Rt alom ﬁ@mpﬁfé‘t‘%ﬁpmﬁ?ﬁlﬁi PR | ?1‘@3/ §8Wf JisFanite modifier
f Qa@ndi® Qé\%n adst HﬁYﬂtQﬁmé 2R ro-lai‘i%t@ [Lﬁﬁ'{%ﬁﬁng B‘éﬁﬁﬁh&ﬂ’be for a
provi des a | ubricating conposition capabl

pmwh@nln@l @cvasmh & Widedsd systémeex (VI ), oil blend
I 9, FEREAL L SR SR ViR v o
Wﬁﬂjrfdaﬁh técﬁﬂﬁd’ﬁﬁtﬁﬁn |c@¥Rliningi it%iolﬁﬂbﬂttﬂétnisn@aﬁahﬂ?e of providing
aggcre%?arbllea t\?lsltouskl)tgll ?I?(tielxng(VI) oil blend thickening capabilities, shear
stability, good low temperature viscosity performance, and low viscosity
modifier treatment level whilst maintaining the appropriate lubricating
performance for a mechanical device.

[0009] The present invention provides a lubricating composition capable of
providing acceptable viscosity index (VI), oil blend thickening capabilities,
shear stability, good low temperature viscosity performance, and low viscosity
modifier treatment level whilst maintaining the appropriate lubricating
performance for a mechanical device.

[0010] The prior art references, specifically WO 96/23012 and US

5,070,131 employ anionic polymerisation techniques to prepare the polymer.



performance for a nechani cal device. [0010] The prior

art references, specifically WO 96/23012 and US
W®G2@70276831 enpl oy ani oni ¢ pol yneri sati on technPQUES2000066950

prepare the polyner. Anionic pol ynerisation techni ques

are believed to involve conplex processes that require

systens to be substantially water-free, acid-free,

oxygen-free, dry, clean, and have non-contam nated

vessel.s.. . kn on rticul ar odj ment, . I
IS el iR R ARl PER B o huBY il processes
daes re@lird eime tabpeliyseitifNlyeRarcedrad, bbidoRem|wygen-free, dry,
processes that require oxygen-free, dry, cl.ean, . .
n6ke28 o ARG HeNa ol -CISaBIng ed HewRls. efbOF rRAfticY IR cmbodiment it

| URSul € BE 1092, HOIRRS b 'h30e %Clﬁﬁﬁ'&eﬁﬁlgacogmgda&’sﬁ%n I 4080t require

not require preparation by anionic ynerisation

t ecpwliyoiee sprefubi/aRih Ceoniplex | INIESBSEEONh 10 Bdqlfirel nxpgmn-free, dry,
enpodi nent the invention provigdes a |ubrigcating .
cgﬁﬁaasirt%w%ﬁmt n@ssqlg) abBUt O, (FROIBMEBOLHNC 1 B Rftcating
W%Qﬁlﬁ@siﬁ@hy&;%aim tagp&lgl)ne@ MR S Ifb\fetreg&?e WEREMA by anionic
wei ght of about 120, 000 to about 700, 000; and (ii) a
shebmeatsabon teopniqudex of about 30 to about 60; (b) an

antiwear agent; ( Lo R S and (d) an

oi | of lubricating = . _enbodi nent

t peo1i1PVent g aheydidRat the WMREAER hRYIERMPRBIch@Ry composition
conprising: (a) about 0.001 to about 15 wt % of a

pePIEsINgt th (i) a wei ght average nol ecul ar wei ght of

about }%Oab(())gp 098136 %glmﬁf’g 8/9 %2 ; oafgagﬂ?lg'%%% “?%Sé?gﬁrweight average

stabi | 'ty 1'ndeX "of " about

apiolswaai vagemiof abe)t 120000 t@sban 700008 dndr(ii) & dhecad stability index
detergent; and (e) an oil of lubricating viscosity.

[ 063but PR tpRouEA®odi ment t he i nvention provides a

| ubri C%)i aqllgmﬁ%gogg'eh{;on

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0012] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

(b) an antiwear agent;

(c) a corrosion inhibitor;

(d) a detergent; and

(e) an oil of lubricating viscosity.

[0013] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

(b) about 0.0001 wt % to about 5 wt % of an antiwear agent;



conprising: (a) about 0.001 to about 15 wt % of a

polymer with (i) a weight average nol ecul ar wei ght of
W@bwau27620, 000 to about 700, 000; and (ii) a sheEF/US2007/066950

stability index of about 30 to about 60; (b) about

0.0001 wt %to about 5 wt % of an antiwear agent; (c)

0.0001 wt %to about 5 wt % of a corrosion inhibitor;

(d) about 0 wt %to about 3 Wt % of a detergent and

(e) _abg%l-jt() o1 % ttooab%bF S 8{[%19 OI%% Mol SFomﬁerl%

| ubri cat’ing Vi scosit One e nent the

i nvent (cgrabbno@ mdes t@ abolrrd wavs 6fa deoipest, bhdn
conpr|S|n% about 0.001 to about 15 wt % of a
poI yneﬁe Ppt $ 20F % togbout A 9Bwe fis eleak qil ef luprigatig viscosity.

Gt emig&c)lm%np A’ ﬁ%rﬂfbd%q%]vl?c}etsoar iub‘?@g;o%% i):%lglﬁtOSltlon

| | ubricating viscosity. n one e
thempnmmgtion provides a lubricating conposition

CO”W' 001 out. 15 k% of
pol yrre ﬁ]g‘i‘g&o(? g(? & a'l?t)‘étr 1%r"ifthi @ét%&’@lyﬂtﬁ’ﬁ;wg% radial or star
aa&%ﬂgg&eagent (c) a corrosion inhibitor; (d) a

detergent; and (e) an oil of |ubricating viscosity.
[0016]GDmn®meweme@nMEnt the invention provides a

| ubric t| 0si.t.i on nprising: (a) about 0.001 to
about gB éb%ﬂﬁr with a wei ght average

nDIecuhgmmﬁﬂdﬁnmﬁ&nﬁ@ogbxﬁg 000 to about 1,000, 000,
wherein the polynmer has radial or star architecture;

(63018h anni ausagmbriment (he) ingertbny pwivistesi mhibbicaiong cgmgosition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with radial or star
architecture;

(b) an antiwear agent;

(c) a corrosion inhibitor;

(d) a detergent; and

(e) an oil of lubricating viscosity.

[0016] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with a weight average
molecular weight of about 50,000 to about 1,000,000, wherein the polymer has
radial or star architecture;

(b) an antiwear agent;

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0017] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with radial or star
architecture;

(b) an antiwear agent;

(c) a corrosion inhibitor;



(d) an oil of lubricating viscosity. [0017] In one
enbodi nent the invention provides a lubricating

W@ 09p%ictd on conpri sing: (a) about 0.001 to abRUX/UIHOUW66950
% of a polymer with radial or star architecture; (b)
an antiwear agent; (c) a corrosion inhibitor;(d) a
detergent; and (e) an oil of lubricating viscosity.
[0018] In one enbodi nent the invention provides a

| ubri cati ng.c osition conprising: (a) about 0.001 to
about ?@fmgﬁﬂg adpolyner with a weight average

mol ecul@ranwall ghiibrichtia® oigtos§, 000 to about 1, 000, 000,
wherei n the polymer. has radial —or star architecture;

(H018h adn Qﬁ@a@mmﬂwnt the) InyCRinT BRAVéstes; nhibBiceidng corposition
8%@B??%n and (e) an oil of lubricating viscosity.
[

one enbodi nent the invention provides a
nmet hod (f)or bbdartiOc@li fmga‘ta)utréﬁ haniocaf a qbekymae vaidnprwaghtgverage

B B o R D M ce00us Sheiimghe Splymer has

atadi A3 ktaPRChREct@R, | nternal combustion engine, a
hydraul i c system a turbine system a circulating oi

systenﬂ@amithEMUHSnW|al oil systema gear, a gearbox
or a tr3n3n133|on @ wherein the lubricating
conpos (ViSSP IMNRILAT (3) about 0.001 to about 15 wt

% of a(Pal umebeM 4l (i) a wei ght average nol ecul ar
wei ght of about 120,000 to about 700,000; and (ii) a

shear éq)@nuqlhqfﬁubrm@&gﬁlﬁcmut 30 to about 60; (b) an
ﬂfdl go%%t d)lm%nf:&l 1?§%nq{bn &Jabf%feg %rmetﬁgﬁi f&rd})ub?i@ating a

r| ca I ng
mechanlcal device comprising a supplying to the mechanical device a

lubricating composition, wherein the mechanical device comprises at least one
of an internal combustion engine, a hydraulic system, a turbine system, a
circulating oil system, or an industrial oil system a gear, a gearbox or a
transmission, and wherein the lubricating composition comprises:

(a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

(b) an antiwear agent;

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0020] In one embodiment the invention provides a method for lubricating a
mechanical device comprising a supplying to the mechanical device a
lubricating composition, wherein the mechanical device comprises at least one
of an internal combustion engine, a hydraulic system, a turbine system, a
circulating oil system, or an industrial oil system, a gear, a gearbox or a
transmission, and wherein the lubricating composition comprises:

(a) about 0.001 to about 15 wt % of a polymer with radial or star
architecture;

(b) an antiwear agent;



[0020] In one enbodi nent the invention provides a

nmet hod for lubricating a nechanical device conprising
w@2®appieyd ng to t he mechani cal device a | ubri cRET/H§R007/066950

conposi tion, wherein the nechanical device conprises

at | east one of an internal conbustion engine, a

hydraulic system a turbine system a circul ating oi

system or an industrial oil system a gear, a gearbox

or a transm n d. wherein the lubricating

conpos?gﬁéﬁnégognﬂng£n Tuf about 0.001 to about 15 wt

% of a(d)@anfledanﬁ@disadm@r star architecture; (b)
an antiwear ag c) a.carrosjion inhibitor; and (d)
ahOQ%lll ofIn| %rqr%%ﬂdlwsnm@dagwgpn Mrouuie 2 hethae for lubTicating a

HM{EH dhfe! Qé%ﬁ r%‘ﬁgg %‘p ttﬂéjdmfegﬁanlc1l device a

Iu rlcatlng a mec rising a supplying
t murfvetlﬁgccbﬁmosmiond ev\hletmn ahd uﬁmhm&taln@vmmmﬁpme@mt least one

rein the nechani cal device c rises at | easf. one
oPF i ISP FORBREING: FRANENSI e ﬁlﬁw&%ts@r i cw§§?’§1(3e?ﬁ5tem a

cfrb’lﬁllahﬂg o1V $Y &, drCid %L%Eﬁdflgo@'éys@}ﬁ?t %!Tlgeé}f #@Bearbox or a
i ndustrial oi SySt em a gear, a gear box or

t transmissionoand whdroh dreglubricsteng ozmnmmmrngompnmsu tion

pol yrerontehR AT Bh el dragl FofleuPhrtiel i e Sreient average
abikcuR®, WaBht 6f aknidts010000L, Q&Qu VTR G0N wEHRECiR Qhey FBFymer has

has radial or star architecture; (b) an antiwear

agfhil or ¢@y arghiéesitiresi on i nhibitor; and (d) an oil of

Iubric aﬂ%nﬁk%& ;k&¥ [0022] In one enbodi nent the

|nvent| n provi a’method for lubricating a
ChanngdcodBMbﬁaﬂﬁ@ﬁﬁ[m&ing a supplying to the

mechani cal deV|ce a |ubricating conposition, wherein

the nmethanidlef @@V@EBgV§C%VHrauI|C system and wherein

Z(ﬁ) 24br 'I(ﬁa(;de 15:&”% & {h'eqﬂv&ﬁfgﬁrﬂtﬁg es GhetBo@ oY Fl‘thatlng a

dfrom w % or nore of a nopno-vin
moreohericalwhier gien cbhxprlpnigymersupplymgstentthatmablmlncafb d6dice a

RN AT s R - BT
and wherein the lubricating cornp051t10n comprises:

(a) a polymer derived from about 20 wt % or more of a mono-vinyl
monomer, wherein the polymer is present at about 0.001 to about 15 wt % of the
lubricating composition, wherein the polymer has (i) a weight average molecular
weight of about 120,000 to about 700,000; and (ii) a shear stability index of about
30 to about 60;

(b) an antiwear agent;

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.
[0023] In one embodiment the invention provides a method for lubricating a
mechanical device comprising a supplying to the mechanical device a
lubricating composition, wherein the mechanical device is a hydraulic system,

and wherein the lubricating composition comprises:



wei ght of about 120,000 to about 700, 000; and (ii) a
shear stability index of about 30 to about 60; (b) an
W@ ezms3 agent ; (c) a corrosion inhibitor; aneC/U$208T1066950
oil of lubricating viscosity. [0023] In one enbodi nent
the invention provides a nethod for lubricating a
mechani cal device conprising a supplying to the
nmechani cal device a Iubricating conposition wherein
t he neg¢hani cal \Y; Qra e and
wher ei at} ?Ebou l9bdrii)ﬁcgt ?%Ogu%clg V%s °tToh po??yrﬁérrl ‘éthh “ﬁelght average
abdculir GOdightooRbssiit 5DE000t to%alafut a (0o, ()Oﬂ)el’thduh tBe polymer has
mgﬁa?t averag@@ nol ecul ar wei ght of about 50,000 to
L o1 sigberchidesuiher ei n the pol yner has radial or
star a It ) an antiwear agent; (c) a
corrospg%hﬁhﬁﬁﬁéﬁleﬁpand (d) an oil of lubricating
V|scosﬂbmcoﬁﬁﬁéhh&ﬂmﬁ&ﬁ@m PTI ON OF THE | NVENTI ON
[ 0024] Bhe present i.nvention provides a |ubricating
conmpos ViR LU IREPRSEPYY - | ubri cating a mechani ca
device as dpol Q39D PIENRIPRIOWBF TIPEIRNV ASTIREd
herein terns such as "the polymer has (or contains)
mbH2r s T:lmm»@@@dt ohvensmms ptmédfpﬁolayhéxricatinprcbmsmmt gnd a
deriyve m.the parti.cul ar nononer ferred to.
[ 5528 foﬁ l‘gtffﬁ‘faé‘ﬂlé MEARELS ﬁ¥1§etaﬁglsﬁ SSHaPO Yy
CPBlyahdt about 20 wt % or nore, or greater than 50 wt
% or about 55 wt % or nore, or about 70 wt % or nore,
o{ @&d;ut A9 wiedoheicimgeans guchbaut ths plygsorhasofe, contains)
ém]e%) ¥ Jge%f of? Iﬂ? sdﬂhg 33%1?9910 g(?t{ler(l%ég%ni{ssdetrgzeﬁagc;m the
non I'ene no s or units der rom

pphunnhHSﬁdndﬂmeE&@ﬁﬁt@f mor e non- di ene nonomners).
Qﬁgﬁ es of diene nDnoners i nclude 1, 3-butadj ene o

éne. INEifieEné smbodEmensn 1y BAYMSE TyheRNjRIRyAbOUL 720 wt % or
”g{bg%%r i%ﬁiey éd(xf%“ﬁ Fﬁédﬁ@%FW%eép mgg é%? Bh&t B wt % or

one e odlnent t he pol yner deri ved
f none, alpabivut 20 wit %%6ranore, or about 95 wt % or more, or about 100 wt % of a

non-diene monomer (that is to say, non-diene monomer units or units derived from
polymerisation of one of more non-diene monomers). Examples of diene monomers
include 1,3-butadiene or isoprene. Examples of a non-diene or mono-vinyl
monomer include styrene, methacrylates, or acrylates.

[0027]  In one embodiment the polymer may be derived from about 20 wt % or
more of a mono-vinyl monomer, wherein the polymer has a weight average
molecular weight of about 50,000 to about 1,000,000, and wherein the polymer has
radial or star architecture.

[0028]  When the polymer is a radial or star polymer, the amount of mono-vinyl
monomer as described above refers only to the composition of the polymeric arms,
1.e., the wt % values as given are exclusive of any di-functional (or higher) monomer
found in a polymer core.

[0029] As described hereinafter the molecular weight of the viscosity
modifier has been determined using known methods, such as GPC analysis
using polystyrene standards. Methods for determining molecular weights of

polymers are well known. The methods are described for instance: (i) P.J. Flory,



nore of a nono-vinyl nononer, wherein the polyner has

a wei ght average nol ecul ar wei ght of about 50,000 to
W@bwat 2766000, 000, and wherein the pol yner has PEHUS300T066950

star architecture. [0028] Wen the polyner is a radi al

or star polyner, the amount of nono-vinyl nononer as

descri bed above refers only to the conposition of the

polynerlc arms, i.e., the wt % values as given are
fe)égrrlllgclP 14§ 09 Eo%@&g‘ﬁh@%ﬁs&%’ ’ ga%l(ﬁglv sgh(:f’rr%ss ?B?@E rChaptelr V11,
hep @i6633‘1t5§9 br (1Ii1)e“m&reﬁmleamey,\ﬁa1g hitrodfictidietovPslgmst Sylence” F. A.
nodi fi er has been determ ned usLn% known_ net hods,
aBomncanthhl fis VEingepn fdgersy Scgdcane §%Sér{é%?9dspp %@ﬁé%is W used

f ﬁél‘egleh‘% 1:%9{‘%0%%@%‘& 3ﬁm%ﬂ %%%% %’;veﬂi%gé mé&llﬁz\??lﬁﬁds of the

known s are describe st ance:

Ppdlynfeko oy thPrinventiph ese @fotalﬁ(ﬂdybﬁ rintepeanng tthy "arcaCandel the peak
Uni ver si Press 91953), Chapter VII 266- 315: or .

(PP SRR i b pplager bh iy el rthe major high

SEARG R whight™ pe@QV%XCIQ@lﬁg eahi's é/s\%&slﬁt@é[v whHll 8i@fchits, impurities,
Academ c Press (19 % used herein’the

wn@wledvmlag@r athdlnsl Lﬂmidemthwe agdhtw@werTa@maHm dwubelymer of the

hts nmers, of the invention are obtai ned
ﬂ?%b %W?%ﬁlr 3% AFE4CIHSer the peak cor r espondi ng

tgutslo? pofhéﬁ%lgﬁ’tfavtefh%e W&fﬂﬂldr%lgmlfﬁ{b pody & &} byintthe range
nol ecul ar MEI80 peak, excludln peaks

a8 emlat%@o% torabgut §HA0H00, @fp@hqut i18€,00Q 4 8 te&ﬂ)O 000, or about
pq#yﬂgéu)ﬁg%ﬂﬁxﬁﬁ% ot her additives. Typically, the

e rnvéntion has radial or star
al[(nm] ectAl &sed[lﬁ%@}heﬂh@amb@lhy iedear(8gp mm) ba:d&taﬁmned by a 20

wei ght of theg&plyner may be in the range of abou
500F0RE deshbyelkswagrnolapetsd Reerigp Satler bey dﬁlettéstaﬂmtiure is set

506 A¥oen PECAOYIADIAN ﬂs%h%ukﬁ@@ g@?})o{@%i;baesl fify be in

used hereint ear sta ty 1 ndex (
ddteaamgermfchbbyt 21) tBGubmmﬂO &Ribomei;i to{ Aboluk Bwag ebouf df eo elbut 60.
edure i.s set out

o T a8feadmoehhodiion s Hiss Bo B e ney W bONehgaverage

SRloldBYar %lgﬁ’ﬂ of BSout 30980 % al?chl@ Y008 d0b An@RRLY of Qbod? rl O to about
about 15 to about 75, or about 30 to about 60. 32]

| A0Qiof fabowr0 te reboweti e nt thetfrodymet yapharey weaghy aaemgq: gieiecular

SUELAPBRURSHL M PP 810 S0 S0 B4R gy v

2901y@1@hﬁw§ h80s aOKeibheaRelg MRslcEBYr Waight 8f ¥ughL0,000 to about
a\é(% 8 ()e aaniD ?ll ggluéfaarbout 30 to about 60.
[0033] The polymer may be a homopolymer or a copolymer. In one
embodiment the polymer is a copolymer. The polymer may have a branched, a
comb-like, a radial or a star architecture. In one embodiment the polymer may
be a radial or star polymer, or mixtures thereof. The polymer may be a polymer
having a random, tapered, di-block, tri-block or multi-block architecture.
Typically the polymer has random or tapered architecture.
[0034] When the polymer has branched, comb-like, radial or star
architecture, the polymer has polymeric arms. For such materials, the

polymeric arms may have block architecture, or hetero architecture, or tapered

block architecture. Tapered-arm architecture has a variable composition across



wei ght of about 100, 000 to about 800,000 and a SSI of

about 15 to about 75; or the polynmer nmay have a wei ght
war@ragwedol ecul ar wei ght of about 120, 000 t o BEDHUS$2007/066950

700,000 and a SSI of about 30 to about 60. [0033] The

pol ymer may be a honopol yner or a copolyner. In one

enbodi nent the polyner is a copolyner. The pol yner may

have a branched, a conb-like, a radial or a star

ar,chj t ln one e i.ment, the I r

UGB 8L F ool ut fraf PG Kb IE ARGty B @mposed

pof yehc kRY, Declativadl YRy filkavioi@neer nad daithe béperead, a relatively
di -block, tri-block or nulti-block architecture. )
TPpIcc aFF3nd: eonwwnsiner Thasmiddheioth dhe tadperiggmore of a gradient

2g§§bﬁ§gé#%?gg%g?ﬁ&bn&&g&'the pol ymer has branched,

or star architecture, the polyner
ha®0 35| yrEd pohmme. ddriveds firom nmblickalrs, tytpiealpokym@itscone or
arnms may have bl ock architecture, or hetero

aPtORF RO TFe 8B} IEHHET dEPTBITEKORMASF tBRAQIPESS in block structure

TAREH L thALMARGRT e RINE Bchfsd /YA RR & GEMOM-hin®'K given in
acrossthe length of a polymer arm For exanple, the

t &peped 13r(ppma33-BeSronpbsmaioPolymermatorntingples and Practical
rel at.ively,pure firsf.nono and, .at t ot.her. end, a
gy Bt Ereobt Shifand et ek qiFCyr e e New
| ¥oiRI B9 (RerBindetbenifei¢@IROSI Hbien cPhl.f.he two nonomers.
[0035] The polynmer derived froma block-armtypically

c i34l ns Bire beterppian.pairy nenikig-pende riolguctie oimwargttecture
e oo dern
A“WR??%B%@F‘%%I&Q%R &ff&h%&%%@& ﬁﬂ}gf {%{‘éo Qﬂét'ﬂgr & @ Molecular

escripti CK-armis dgiven

I vedapicempdsitionp or 333h,388dcfihed Anildsick ct al., cited above. For
Pol yrmeri zation, Principles and Practical Applications" .
byx By 2HRATEAN HdhReE@s i Q8IVR PNBEPSEMaYeRk &f onerolymeric

P 1 O SHARL OB BE, Mo OB Ehiepo-erm

apolyararhingc berfermypibyatdmybiaorg pomsonarafsthwds oh nmay polymeric
vary from one_ another either in nolecular weight,
c

BHpOE iTPUPHNEHSER. as defined in Hsieh et al.
Cidgzd] abo¥@en RS pEXRAR s radiROHE §@P a&fhitE&%r@ﬂgs%cﬁﬁrm%ric arms

given pol ynmer may be of one polyneric type and a
porayi bey chkmacadloc bordgsoty recors pynpien. Mithe aueapiaidon may be a

056 BRI, Tt A baf R P Rt eror

cetpljorgvaagfndivinyl non-acrylic monomer, oligomer polymer, or copolymer
thereof. In one embodiment the polyvalent divinyl non-acrylic monomer is
divinyl benzene. In one embodiment the polyvalent (meth)acrylic monomer is
an acrylate or methacrylate ester of a polyol or a methacrylamide of a
polyamine, such as an amide of a polyamine, for instance a methacrylamide or
an acrylamide. In different embodiments the polyvalent (meth)acrylic
monomer is (i) a condensation reaction product of an acrylic or methacrylic
acid with a polyol or (ii) a condensation reaction product of an acrylic or
methacrylic acid with a polyamine.
[0038] The polyol which may be condensed with the acrylic or methacrylic
acid in different embodiments may contain about 2 to about 20, or about 3 to

about 15, or about 4 to about 12 carbon atoms; and the number of hydroxyl



[0037] When the pol yner has radial or star

architecture the polyneric arns may be chemcally
Whanedeziesd a core portion. The core portion neRCHESH07/066950

pol yval ent (nmeth) acrylic nonomer, oligoner, polyner,

or copolyner thereof, or a polyval ent divinyl

non-acrylic nononer, oligomer polyner, or copol yner

thereof In one enbodi ment the pol yval ent divinyl

IVI nzen
e oug)% r%n%e the po )e\t/)o en t th@; or b%ut ?rg[ﬂoar‘tr)g}lt fl,sor about 2.

aCKkYMPles ﬁpdﬂl@bﬁaﬁﬂﬂﬁd@t ahe&herglpéolappm yohylene @lycols) alkane
nethacrylan1de of a polyam ne, such as an am de of
pdldjanfid Forl, M%%mf@e didletfadngisamiel Y féﬁnethylolpropane

a8[1g{;]@ac tr tﬂetﬂ oﬁgﬁes {%Eﬁda!sr@&'i(?‘rn@&a&? aYy/ Q(Llﬂrbér Perstorp

rylic nn a condensation react
pPobthwdd. oExaanplasrqﬂ p@lyM1mt haetudel polyatidyensipblyaaines such as

pol.yol qr (ii) a,.c ensati.on reac roduct of an
betdlanedtmifeq hef*e?@wfe CHEAY G t Hﬂﬁthai?rg%ﬁ%ne{ ogsgpethylene

TB@ntﬁﬁﬁﬂ/@'peM‘e 1dRY e Panmendgne&ei g (arddre acrylic or
met hacryl'ic acid in different enbodi nents may contain

al[ililﬁt9]2 tkxaades o0 thorpdpalent3 unsatatated (1Bth)aerydilgoatonomer

PO R rlc BT, stk iy T G oiabisy s, djsthytone

Blébl Zdia@ry’:ll@t@llt dl‘éth}@éneﬂb@%olz dicaiRt@stcof gBRkiR! Hiacrylate,
i ncl ude ethyl ene glycol, poly (ethylene glyc

ol s
akkaeol driere lgac maasital, Betaranese 4d1yt§loh@r(almd+1@1| %daglwéﬁe 1,4-
a%eﬁietnggllolpyldghgﬁlgg P&e hﬁénggegg{h{ﬁf&d te raacrylate | g é)o(])%anedlol

oIpropane suc orn(r eri’a

byhal'c’eylsﬁeprlps Pohtyntdol Bxacthhasiad, piolaaythieeanidn@kthderylates of
pol yal kyl enepol yam nes such as et hyl enedi am ne,
dipetysihyésist rglyaelse oft @@ﬁﬂ#ﬁfen@@&hﬁaﬁb% 200 o about 4000,

t nt a en

n?é{ﬁ% R ST S LA i i LR

umllabﬂmymlpnbp@net hﬁlamy}dte c p@ﬂmthrltnbl doerdatey| eretacrythritol
col, diacryl ate, ethylene col di et hacr

drr)é%w lebine RANASY hgialc t%&a@fqyl Cet ﬁg}F@%L@n@ yé&cof diacrylate,

dkﬁ'@thiﬂl@ﬁé YbRLS} cghﬁéﬁ?arc%ilat‘é' aPrl?’I -BlRethPlYS®pRhe trimethacrylate,

triacrylaté’ mannitol Hexaacrylate, 47cycl ohexanedi ol
dhametthylenedlou dlbelwi@nedr ohexdinmghanediblatdimethacrylate or an

pent hrlt raacrylate, 1,3 -propane di ol

%?? %Oﬂf %Pgﬁ%dlo| di met hacryl at e,
bl[(mm r yl meean@ﬁﬁ ofMpbRaeic! edupsin@lag@aliat By heamount suitable to
gl ycol s of nol ecul ar wei ght about %OO to about 4000,

pofoyidanouphes ohRAUYBEr RIFEERSLY RteparcdarEBs gutAei gt comprising the
t E&ﬁﬁlrn)él @éeﬁt it 'rﬂdn%rnerlc, oligomeric, or polymeric form, to provide a star

polymer. As described above, suitable amounts may be determined readily by the
person skilled in the art with minimal experimentation, even though several
variables may be involved. For example, if an excessive amount of coupling agent
is employed, or if excessive unreacted monomer from the formation of the
polymeric arms remains in the system, crosslinking rather than star formation may
occur. Typically the mole ratio of polymer arms to coupling agent may be about
50:1 to about 1.5:1 (or 1:1), or about 30:1 to about 2:1, or about 10:1 to about 3:1, or
about 7:1 to about 4:1, or about 4:1 to about 1:1. In other embodiments the mole

ratio of polymer arms to coupling agent may be about 50:1 to about 0.5:1, or about
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trimethyl ol propane triacryl ate, pentaerythritol
di acryl ate, pentaerythritol triacrylate,

weenrazoyd hritol tetraacrylate, triethylene glBCDUS2007/066950

di acrylate, triethylene glycol dinethacrylate, 1,1,1
-trimethyl ol propane trinethacryl ate, hexanet hyl enedi ol

di acryl ate or hexanet hyl enedi ol di nethacryl ate or an
alkylene bi s- (neth)acryl ami de. [0040] The amount of

p%% gnltlt lCFuoql lbnlfcl’t ’ﬁgef‘on abom%& lbeTI?en ei%{%‘ ratlosrlf'lié;tl glgo %e agjusted
provi de cou yNer pievi ous d

afdTekenh® &ccoitethe Qﬁﬁg‘th S‘olfl’t@e Tahﬁs clomgﬂrl dGhs esgﬁiatlmlem toleratlng or
ITDHOI’TEFI c, oli orrerl C,

g ymeric fo%g* provi de a
sTIUITHY lyﬁ@rcouagngj@&e@f r@w Qe Asms s (Jivpagsilly ta%@m@réalrﬁrypared
b‘f‘s %@ﬁﬁ%ffhg ﬂfcﬁﬁﬁbhé/athg%m@osﬂ rson skilled in the art

n1n|na experinentation ven t hough severa
Vﬁi(Mdl])I eslnmaye bsﬂnlimdimleu‘edhe F;miymxﬁ'n'pdrms bf thn polymer have a
excessi ve . ano g of. cou i S

| oyed
ROBLRIVE B eaaubd Folfom 4500 T FOT TR AGH! & Phisss. for

PUYARE]! GbBEITE L ABSEIS 114N ak Wﬁea?sﬁ?é@%f&% Oflid1 N @gar polymer
rather than star formation may occur. Typically the

mﬁcbralatmnu or @h paodoppiad anvis tle ooephnibyglimgenthemyedsd polymer
about 5 bo .51 r 1:1 or,. about 30:1.tQ
BStbosRar. biidh Bitudks e bttty i RhauitrehiG . has
ap@wdlsqaeﬂmtyovvltﬁb@mmé}a@l $rohiphet imobal didtAb@EAEr The bimodal or
enbodi nents the nole ratio of polynmer arnms to coupling

a@@h@r néiytrivetighoiit tBo: averd! awdumen. ®mposygong b rcdigyved to be

] g%ﬁﬁﬂ#adu]e 1]JO th@r X J USE ev'ér;{ﬁg R}%Lﬁtntsz?fI'Uncol?lg %fﬁ(%l&ﬁl%r chains

€ I1nto acc

| engroh uﬁéod;ﬂ@d wdisl orl DNGES]yAIchE oS SaBtd-BRS cbopli@tiragd as the
or requiring nore coupling agent than shorter arns.
TPRIYET|Iy PEdRerSeat eri al prepared is soluble in an oi

ri y 0 t
olp) P B ISERSILY o hAOHL LraPRE STROGLTERLL
abouyt thRs arisd dseg uncoqﬂ:cxiﬂpo]lyrﬂerm atres presont &deutrefbrisdao as a

| es for |nst3nce, out 0 about 1.4 as neasur.ed

b8P T r itk OT Jineet ohpB Qmejrh? BFTRENIa8R gmvgrpion of a polymer

UBEQHRB%Q&HDbF§mrkﬁb%%%rﬁ %@%H%ﬁktﬁ@ﬁnqwe%ab¥aPRhMﬂﬁ%utzo
conposi tion, i'ncl udes the polymer with radial or

sf/aroraatdhw abouirdd), Yhas apcbﬁta,%d rlape 5§i Yoy fani inktaacdhpirtrdst about 70

of, hi t|on Ihe bi nodal hi gher .

aith PR HBRC TR *F RE MLl P B ARl APE Conversion
bef p@Mfﬁﬂ:rtcﬁaihetoﬂ@ﬂffal at btvr ?bﬂ@'rﬂe@ rﬁdgewmﬁe PG5, Adr about 95 %, or
vary 8ganounts of uncoupl e ymer chai ns and/ or

uﬁlwm - r lideng crgpodimgnt wloytm gf e pplgmet ghagpspdoces not form
CQUBLHI %%l)rn(?érngrgd %%mtanl% as a linear polymer. In one embodiment the

polymer is a mixture of (i) a polymer with radial or star architecture, and (i)
linear polymer chains (also referred to as uncoupled polymeric arms). In
different embodiments the amount of radial or star architecture within the
polymer composition may be about 10 wt % to about 85 wt %, or about 25 wt %
to about 70 wt % of the amount of polymer. In different embodiments the
linear polymer chains may be present at about 15 wt % to about 90 wt %, or
about 30 wt % to about 75 wt % of the amount of polymer.

[0043] The polymer with branched, comb-like, radial or star architecture

may have 2 or more arms, or about 5 or more arms, or about 7 or more arms, or
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pol ymer is prepared. [0042] The overall polyner
conposition wth the radial or star architecture nmay

W@ be3/1266D have uncoupl ed pol yneric arns preseP@T/(83081066950
referred to as a polynmer chain or linear polyner). The
per cent age conversion of a polyner chain to radial or
star polynmer nmay be at | east about 10 % or at | east
about 20 % or at |east about 40 % or at |east about
55,.% for instanc | eas ut. 70 0 I t t
2305 gpS SR BnBhee 885 1216 dhetdalhaf oaif T g 3B8H's0. o
Cabyeris nasut @Ol A8l Thaipdlyrfer @ithabrafcheslt @bmboliydyatdial or
may be about 90 % or about 95 % or about 100% In
oﬁér SRBErsnMmay broerabont b0 prfas pbIISHIerT ehpat §8 ameor less, or
ng%mﬁgbq&?w§&@&mpolynpr and remains as a linear
polynmer. 1n one enbodi nent the polynmer is a m xture of
(10044 ] pol Hine polyinidn maylibal olorinst/@btandiie tfemh ur eontasitbd radical

(i1) linear polyner chains (also referred to. a o
uREBGATEEtPR| ﬂ%e-a%mpl§% i%_fC@PL_rH[le@ﬁﬁ;@l&?ﬁ@ﬁ{ygneﬂsatwn
t ke haReNhellc Regh Bl A‘PRPZ&rq{i‘g@fdﬁ'@'fﬁ@(ﬁﬁﬂéﬂ%ré%etslé‘ésn Tlgegpolymer

pol ymer conposition may be about 10 wt %'t o about
wmaypalgr babbiaincaBo bipingbledrah enton7O pakynier phtioheranesignt In one

of pol,yner.,In different, e di nts.t I.i ne
bR R oy e bE AT T bRt RaT HART. ATRP or
abRishi OBoWimdHKisafbn 3R0EEssS0 ih Jfod emdbattbent XhWt p ey @br may be
t he amount of pol ynerRﬁé%EOMB The pol yner with

behisitesdbteiaablel Re, RAdd ar AFRBt pelymeshitiat pracssypsy In one
h@xl%oain%ntnqﬁg %Bﬁl&erorm%owe 50b?a{in$&)/r0§taﬂ{at e Bl bgl‘ltRAFT
7°0r nore arns, ‘0 or re arns, fTor I nstanhce about
13olyenckidatibn pitesor about 14 to about 50, or about 16

to about 40 arnms. The polynmer with branched

cOMSI i K Metheds A Bicpating DAlYAFISeRTinE A HRY: RAVET atsonigroxide-
1 . . S 0
SGRPEER BEEES 05 ARAMLed] In BD RAmbfE Scotfn HOUS Patent
o Btpailinatid o bSab MaB1 46, faxempdescbtit 40l | ed radi cal

p risation technique. Exanples of a.controlled .
rmﬁq P%g‘?qt%‘i@i‘p SAFSCHRIRIURS PROITBRSARRT mokhapisgy and
NEdAQRY! dRniTREY & B cRILE &S S GftroxiBE R HEB HolEN e a8@n A€ hapter
obt ai ned/ obt ai nabl e from ani oni ¢ pol yneri sdti on

pA B pagEs 463 rtoohe2 e mybBP nEitaptdre | pobygrsr SAhytobe28) and RAFT

obt.ai ned/ btainq?%; fr RAET, AT r | oni oy
OB SR AP O T KT ARG otymeriaon
PeliyéE by My bRo P A jastivalki aha athognds RND RAK 2002, AUBAshed by
pol ymerisation processes. In one ' '
John Wiley and Sons Inc (hereinafter referred to as “Matyjaszewski et al.”).
[0047]  The discussion of the polymer mechanism of ATRP polymerisation
is shown on page 524 in reaction scheme 11.1, page 566 reaction scheme 11.4,
reaction scheme 11,7 on page 571, reaction scheme 11.8 on page 572 and
reaction scheme 11.9 on page 575 of Matyjaszewski et al.
[0048] In ATRP polymerisation, groups that may be transferred by a radical
mechanism include halogens (from a halogen-containing compound) or various
ligands. A more detailed review of groups that may be transferred is described

in US 6,391,996, or paragraphs 61 to 65 of US Patent Application
US05/038146.
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enbodi nent the polyner may be obtai ned/ obt ai nabl e from

a RAFT pol ynerisation process. [0045] Methods of
w@e@pariosry pol ymers usi ng ATRP, RAFT or PCT/US2007/066950

ni t roxi denedi ated techni ques are disclosed in the

exanpl e section of US Patent Application US05/03 8146,

exanples 1 to 47. [0046] More detail ed descriptions of

pol ymerisation nmechani sms and related chemstry is

di sedf I troxi risa

(@g ? grnBa esfo é@?%%'e% § gw%mn& Und %hagt)ﬂay be used in

PAJERP 58@rﬁeﬁlsﬁﬁ&) ireotad RANEy ( Ghlagdseduch s pdeSﬁan@éiHyl@@rene Q-

690) in the Handbook of Radi cal Polynerlzatlon edi ted

bglthl%%&ltea% Vat%£icioerylesd Thewadibemexxiere, 2odexakis(-

W, an er er

fﬂﬂrloi‘rggt% g)ﬂer}z%lﬂ@ tytiegg \ qRI%(Pet apf"ep%pl %B%]&e 1-bromo-1-

dphm;&lstlhatme ahd tlhehlpod y;mienmdtaam smnbo&y]@cTRE’ld del‘lVatheS which

pol ymerisation is shown on e 524 in reaction sche
1r%ma%\?j@t@6@ %&E?%O%éﬁeﬁg Doy Z RQEqsePigREn@ethyl 2-

1$h1%r&&o{9ﬁl>%te57&hy1f leb%r&ﬁbﬁﬂ@ %ﬁetﬁyloa HeER 507;%0@&1@ and

reaction schene .9 on page 575 of Nhtyjaszems [

akthyl Ol}hﬁ]mmolf\nfmt@otqswb hiakidts onch gasopﬂgluehaiulfmyl b@lorlde

transfert a radl nmech ude .
(PR R ogtnf o b T APHET OB Betha BBy Tvinylethyl

I cHRAS; af MBfiLyl6lRbLAH deYh®hWaldkbed dOHPSti RS ﬁmypmlc acid

transferred is described in US 6,391, 996, or

pastatss algﬂhsasedlmetdtylal@mhowsapdt ent Application

ﬁﬂﬁ Q38 Ga{lé’ dﬁﬁ%‘ﬁ@o %no&?R@%{rQ%ﬁm%%ﬂ{u&'@'&Qployed a

und Pe 'tise merrsati on

i mhuden bﬁe’tzlyéuclhédsl aﬂ@peﬁmcdls@prdse@ml Dﬁ@ffeﬁhybﬁhydtﬁnﬁay be in
a- di chl oroxyl ene, chl or oxyl ene,

athe. Qe b e hBS t%@&lapepé{l%tal BrearpetfPympisAmetal-to-ligand
beaAY lan WhQVrhﬁS obﬁl%ml ctdLbRMe 'd%g‘@a@é/ I GHARPSE the
and 1-c Ioro ane ar boxyl'i c aci
dhgawchtamleeﬂlevvbomhdlaa@orh aiuaxg@m atbﬁedlatmetthﬂe dFlpodighndmay be a
such as pr%régfz-bronnf %fb e, nethyl 2-

c RHERESBOS g mRhosus-geHg nt opr opi onat e, net hyl

2 RSTOPTORIAEL ot AndulblIY! 1i2ay qaahégbmp&aea%lghom&yé 2,2-

halldes such ‘as p-tol uenesul fonyl chlorid
hhlpydleisn@ucalhkﬁSZ Ldtipaedinor omhham;e 4 ﬂrdlkiﬁdmptﬁéﬂh?ahmyrldme

% g?{sgg elh@%t%v@?}%n@g Hg}Elgﬂ ﬁé‘ﬂ g&)% ametl%mdle%hylenequamme
4,4-di-(5-nonyl)-2,2-bipyridine, 1,1,4,7, 10 10-hexamethyltriethylenetetramine
and/or tetramethylethylenediamine. Further suitable ligands are described in,
for example, International Patent application WO 97/47661. The ligands may
be used individually or as a mixture. In one embodiment the nitrogen
containing ligand is employed in the presence of copper. In one embodiment
the ligand is phosphorus-containing with triphenyl phosphine (PPhs) a common
ligand. A suitable transition metal for a triphenyl phosphine ligand includes Rh, Ru,
Fe, Re, Ni or Pd.

[0052] In RAFT polymerisation, chain transfer agents are important. A
more detailed review of suitable chain transfer agents is found in paragraphs 66
to 71 of US Patent Application US05/038146. Examples of a suitable RAFT

chain transfer agent include benzyl 1-(2-pyrrolidinone)carbodithioate, benzyl
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esters, such as di nethyl phosphoric acid. [0050] In one
enbodlnent when the hal ogen conpound is enployed, a

W@ end2edNn netal such as copper is al so presePET/UI087/066950
transition netal nay be in the formof a salt. The
transition nmetal is capable of formng a
netal -to-ligand bond and the ratio of ligand to netal
depends on the dentate nunber of the ligand and the

r.di pati.on nu of the ne The |igand
?{ rgobgeélﬁgnoerd & %OSXB% &OL?S cont ar arlrlﬂ)ﬁdltlillo ghd [ 0051 Syan%%mpzyl
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t gt(fzaemwkmxy@waa}md}ﬁnodﬁ%m% sui t ghhRbkhaARDS  acid,

are described in, for ‘exanple, International Patent
aﬂmhulmfaﬂltbmbwcgdlawcsw etlTYﬂeSKilgzdmdsleﬁaﬁl)XbetlmaedO -ethyl-S-(2-

i vi dual | mbodi t
ol bR o i PR Q- SR PR 2o biitge. O-
OEtlﬁr@-lSp@" cydndpRipE2 §MRafinaR)t Oh@hyIiL9aRendifiethyl xanthate, O-
phosphorus-containing with triphenyl phosphi ne (PPh

ap@mﬁﬂuﬁmﬂ)hg@ﬂoﬁ -bpnzili txpptleate.r ahdienzydhiost wdime yl@yc?ohex 2-
ﬁ%&%ﬂ{&dﬁggf Sl?ghzggérkgﬁ‘ﬁ% néﬂﬁhgﬂ’?g% egﬂ%nota?ean§{% b'\! (a,0-

a@ﬁantltafeﬁl d' h@@ﬁtkarﬁcld)étrﬁbf&aﬂﬁh@ﬂel eS ' - G(W(xDﬂlsubstltuted a'-
sui tabl e chain transfer agents is found in par agr

pecttly cid)drithiecashonaie oxpSralkul s o %sbsw@s‘at%a LB0e acid)-
f |
ARSI, Spligb SRR IR BRT B8R, 2

bphzryyllpﬁbp’zz-lyénzené‘rﬂhlohcltm»atan do) lmetmlgheﬁllyl oat edithiobenzoate,
- c nopr.op- 2- 1-pyrr.ol ecarbo
%%ﬁ%ﬂﬁu?g@zﬂyﬁ t&wﬁ{}% Fiodi m*l %HZB@WzWﬁhyDbenzene

Zd@‘%ockﬁ"%ﬁe%'b%&d%%?ometh I)benzene, .1,4-bis-(2-(thiobenzoylthio)-
di met hyl - S-(2- cyanopr op-2-yl ) dit hi ocar bamat e,

prmﬂeﬂ}b@hzmbenzym-mqﬂmWamb)d hel, cylihmbenrodte,  benzyl

oSG FIRAR G BRIBR AT BuncE R (AL RS P fop-2-1

Wﬁithﬁdbeﬂi&l@é oni ¢ aci d2 au-yimesglent-Oyghenyl - S- bgigbenzoate,
xant hate, N, N-di et hyl

32((2 ﬁlwye@d}mgﬁﬁ blr dﬁh@bﬂl?@m,hﬁﬂé@ﬂbmﬂ éithiobenzoate, 4-

dk, r{gr’ ‘t?e%?&gg ?(11&11 eng aé‘[téh;ﬁjgjgtgz&? k@ig{h@??@%{pﬁiyq%?if(gﬁ‘ki%formate, tert-
butyl trlthloperbenzoate 2-phenylprop-2-yl  4-chlorodithiobenzoate, 2-
phenylprop-2-yl 1-dithionaphthalate, 4-cyanopentanoic acid dithiobenzoate,
dibenzyl tetrathioterephthalate, dibenzyl trithiocarbonate, carboxymethyl
dithiobenzoate or poly(ethylene oxide) with dithiobenzoate end group or
mixtures thereof.
[0053] In one embodiment a suitable RAFT chain transfer agent includes
2-Dodecylsulfanylthiocarbonylsulfanyl-2-methyl-propionic acid butyl ester, cumyl

dithiobenzoate or mixtures thereof.
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(et hoxycar bonyl ) prop- 2-yl ) xant hat e,

O et hyl - S- (2- cyanopr op- 2-yl ) xant hat e, Cet hyl -
wW®2{024zenopr op- 2- yl ) xant hat e, O et hyl - S- cyanoP@&l/lig1007/066950

xant hat e, Opent afl uorophenyl - S-benzyl xanthate,

3-benzyl t hi o- 5, 5-di net hyl cycl ohex-2- ene-1-thione or

benzyl 3, 3-di (benzyl t hi 0) prop- 2- enedi t hi oat e,

S, S -bis-(a, a' - disubstituted a"-acetic

gf(!(%)ﬂtetr :}éhdé%ci gilgﬁ Po?:tﬁ? %egnrg Cél{a%}s 0? i&ﬁ o‘iyélgr(iisatlon 18

askowlos pagt bbltedos an sé:b@l@hllQ 2V Io@MatyJaszewskl et al
t r| t hi ocar bonat es, benzyl .dithi obenzoat e,
11 YRSy | e‘tVIh?F e hPRIBEKE 0dt epr%ﬂr%{h praéleIQCyll)Olymerlsatlon

'técﬂk&@l?pzfﬁ iforsti nl%ﬁﬁfeo@ﬁe%%%lg%% a&%@%ﬂ%ﬁlm initiators such

hexa t’hi obenzoyl t hi onet
, 4s hills{Itittiiote bam@pbd tiddso feg I;lythéthyh zlﬁlmam, n-butyl lithium, sec-butyl

Digind. (elB bty FeRy b 2 PR chhium and ary
| hﬁﬁufﬁmd&%ﬁ&ﬁﬁg%’ﬁ& &l hlyllleng/'lt Hﬂﬁﬁ’@lnzpﬁfeﬁlylgﬁﬂylhthlum p-tolyl

di t hi oacet at e oxycar bonyl met hyl dit hi oacet ate
211(lgumonyplarldﬁhylln) pnql)p lzdmhemylt}n mb@ymtﬁ lithium. Also, useful

iItngt((’)}i’ﬁr Id H% r{%p;qg}aieﬁ%z 1{1131: tﬁg éﬁ@% altt 4,4-tetraphenylbutane,

3diﬁh@ﬁ%lb&nﬁ§yl| pothdshipbe Gﬁﬂl@h?],méhyl‘ébdﬁ)dhbe nzyl

di t hi obenzoate, S-benzyl
d|[ Fodx y pHesspHymerigation prosesramay atserberarsied out in the absence of

%%”tg?eg%{cf ﬁ!?%%en%iodaﬁﬁ ?1'%215%%) ré’%y frz)artgl%asé O)I/1|e inert solvent. In one

1eﬁhbbhirﬁmﬂphﬁlbﬁioatpe);lyrﬂcﬁml@ﬁp&mt@Iﬁdu@te&Chﬁ the absence of any
di t hi gbenzoat e, di benZ}a/ t etrathi ot erepht hal a
diBRwWEY Whicht inidstrimpriahicean @afonis gably pystem. “ffic inert solvent

dhﬂ%%%()@arw)n pol é’rloﬁ{amélsgﬂfenp& gk V\’Shﬁ?ble [SBIVggﬁS include

di t hi te end group or mxtures t ereo
| sobnmnerpodianentyaobendnablbenRAfET toheinn, kybmnsf ectragendfuran,

' g%lgeyﬁegraglfygﬁ‘y|0fﬁkfpt?6%b%h;hlglaﬁwY&rf§ﬂca%n RELHIALS opi on

@) d bpiy | 488t po GBHsadbh h{)ﬂk@ﬁ%ﬁﬁ B GrXbYr 6t at a
t ereof . [ 0054] A di scu33| on of the polyrmer nechanism

oferRXFTtupO T HEECite a8 OB. i s shown on page 664 to 665 in

pgﬁ# n 1 A@P g‘?fj J;/E%Yéﬁagﬁ?ec\f}?%lé% of [})({Py%‘iié ?s é’tr?paﬁe tthe polymer

t ﬂ@ﬁ%cﬂﬂ@ﬁm aniBhicl @boEsscd NCdivélRsed B IrR%@BRbRal Patent Application
é\l@ocarb [1Tithiuminitiators such as al kyllithium

12epege 3.nhtrehld ta pagei ukiners- biaga 7.1 linend utey page 10, line
Cy§| gﬁt\MbI |9:6}2't§:%)Lfg) rrf]fulr ?l c?e% 15?% Iﬁé&iﬁn&dgo%?gﬁggmf% p%l;gmers by
p heioyiic |pdl§2mﬁﬂsatiloﬂTEﬁethlqt1@’sr. yl Ai tdetaileyd pick@iption of anionic
polymerisation process is given in Textbook of Polymer Science, edited by
Fred W. Billmeyer Jr., Third Edition, 1984, Chapter 4, pages 88-90.
[0059] The polymer may comprise at least one of (a) a polymer derived
from monomers comprising: (i) a vinyl aromatic monomer; and (ii) a carboxylic
monomer (typically maleic anhydride, maleic acid, (meth)acrylic acid, itaconic
anhydride or itaconic acid) or derivatives thercof; (b) a poly(meth)acrylate; (¢)

a functionalised polyolefin; (d) an ethylene vinyl acetate copolymer; (¢) a

fumarate copolymer; (f) a copolymer derived from (i) an a—olefin and (ii) a
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l'ithium naphyl lithiumand |,!|-diphenyl-3-

met hyl pentyl lithium Also, useful initiators include
woapmitiabene sodi um PCT/US2007/066950
|, 4-disodio-1,1,4,4-tetraphenyl but ane, di phenyl net hyl

pot assi um or di phenyl net hyl sodi um [0056] The
pol yneri sati on process may al so be carried out in the
absence of noisture and oxygen and in the presence of

ast ane |ner ent Q ni.on
% rb% lllcS Jnonomet tgﬁlcau% tnel ellcna drécgg erﬁ%lglco%ma )gl%ejch(aacryhc

| wu[ ithtyoﬂMﬂ aflydridcdatitdcait @idf 6 edivamivesiieredtt at Pt mixtures
stem The inert solvent includes a hydrocarbon, an

a heaf ¢ s gingepmbegtimenf dhe PStlﬁfflﬁbl"VéthsBPR‘fB‘ﬁf LIPWR geraprises a

ane, benzene, tol uene,
é?EHH£@£H¥@gﬂ&?ﬂg?ﬂﬁéghag?%Iyne tetragl yne,
ofaded er pwemyl thebpplyeny| |s deepalyinmetbacrylatd, athen po[ydkG7may be
He .anj on ol yneri satian Erocess may be carried out
Cave EFB PRMGF COMPRsI{igh COMPHENE 0058] A nore

det ai | %} a@%?ttcid Rt PR %oulP'i@@%ﬁﬁ%t(Qr oaPas %vtt‘ﬂ@% ROO N Byt %)
deri ved from ani oni c processes is discussed

| nf en pétil mha@ata@twmplml thariloh 06! ﬂ@&m@tham@ée :bas about

| o B0l Gt Gbpusli B st B Sy butr B ThanbaRaSisybont 12 to

PEBRANBRArHRI MoRES by anionic pol ynerisation
techni ues A detail ed descrlptlon of anionic

pol ymetd)s@eiton tﬁrﬁb@é‘séo g ‘Gi @erbow STestt’bdelebent HHw vet of an

Egi@?fethﬁcgglzl?ed ﬁ tﬂﬁwlliﬁ g%rhﬂ@é? élﬂ)é]ht %%B;ﬂa%hhas about 1 to

pabyter, dmyboatonpﬁlabeutm chvaatatome (6dr &ampele pRdtiNEbutyl, or 2-
deri ved fron1nnnoners conprising: (i) a vinyl aromatic

netohsEyDaged (ii) a carboxylic monomer (typically
mal ei Cl(@rﬁ‘mr%(i@ boR! ® §t @Cgcq’ 0 (}J{B f{badggylj thaﬁj gf a nitrogen-

i tacon anhydr | e or itaconic acid) or derivat
t henteofing (opomepol y(met h) acryl at e; (c) a

aﬁ@}éﬁ On%ézsgﬁﬁﬁ%g ol et I@gf J%Hzl a?@eﬁéﬁ%rpﬁﬁg Vle(a.?% gerylate  or

C aReh AR d@itsy ednd 59{'391 Qh})@tl@ﬁ‘cﬁta‘%‘é e @R dof 'ekample compounds

acar boxyli c nononer (typically maleic anhydrid
mdbweved abod) letaht)dacalybmisacswh i asacoethyl annylchcryieteor butyl

Qe R 0 T R e
g(QEDSaTONRS, | Sestyd p@hé’tﬁﬁic'ﬂﬂ@few ah@nﬂf (in¥thyi@§late, isooctyl

t her eof . &9060 V%en t he pol yne
pé‘[]ﬁ?ﬁhé@(ﬁﬁ £8| atamony he(mpesh la‘g@ay 2ﬂgrt -butylheptyl (meth)acrylate,

3-isopropylheptyl (meth)acrylate, decyl (meth)acrylate, undecyl (meth)acrylate,
5-methylundecyl (meth)acrylate, dodecyl (meth)acrylate, 2-methyldodecyl
(meth)acrylate, tridecyl (meth)acrylate, 5-methyltridecyl (meth)acrylate,
tetradecyl (meth)acrylate, pentadecyl (meth)acrylate, hexadecyl (meth)acrylate,
2-methylhexadecyl (meth)acrylate, heptadecyl (meth)acrylate, 5-
isopropylheptadecyl (meth)acrylate, 4-tert-butyloctadecyl (meth)acrylate,
5-ethyloctadecyl (meth)acrylate, 3-isopropyloctadecyl-(meth)acrylate,
octadecyl (meth)acrylate, nonadecyl (meth)acrylate, eicosyl (meth)acrylate,
cetyleicosyl ~ (meth)acrylate,  stearyleicosyl = (meth)acrylate,  docosyl

(meth)acrylate and/or eicosyltetratriacontyl (meth)acrylate; (meth)acrylates
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derived froma nononer conposition conprising: (a)
about 50 wt % to about 100 wt % (or about 65 Wt %to
waboat2®6 w %9 of an al kyl nethacryl at e, wherBCTUS$1087/066950

al kyl group of the nethacrylate has about 10 to about
30, or about 10 to about 20, or about 12 to about 18,
or about 12 to about 15 carbon atons; (b) O wt %to
about 40 wt % (or about 5 w %to about 30 wt 9% of an
ald%(lﬁ\éec({r@ hacr au?&‘% a\fho%f?s( sué egy (mgtrg c?&l?lf[el atnﬁ cycloalkyl

bﬁaﬂl)éery‘md@o rsuah aixs 3 Gfinyl- %afmbﬁmmﬂyyl (mdohifaytylator o2 bornyl
et hyl hexyl); and (c) O wt %to about 10 wt % (or 0O wt
%Qpﬁhéﬁéﬁku% wt 9% of a nitrogencontaini ng nononer.

r ) AGHY

9L, TS S R P R TR S ROROPRANRA. groups
( metyhh@obtaimtde fonckadple, fo@rreemrpbé ac@ngbyuddidecidvidg direct
from.satur ted alc hol s net hyl  pethacryl ate, :
bﬁ%tﬁl% Tnﬁfhé’ et Qrﬁ%t% & );Tans%y gllg%pﬁi a{lﬁ}l} tlong chain
2tut M'c@l%lyl in vghl%h I?&ic'?i%’ﬁya! LTBEY Gk, 3hiéh asoﬁflé’th)acrylate with
(met’h) acrylate, nonyl (neth)acrylate i sooct yl
(ﬁ@bh@la(gr(ylmt ef waslgn@n.yllan( hetgthads \Weaer]ly obtained. These fatty

CHlsBRS BaRERAP oo LoR) Pajedho TR RAAD¥RE B Atconole

( mPOdﬂbﬂMst@ﬁt@; Abp@bhy I 79nstacy! Nﬁffﬁ‘@h])@@f WIAI®, 610 and Alfol®
dodecyl (neth)acrylate, 2-nmethyl dodecy

( IS(!]BQ l9f deangdeat(@owt qsﬁgeﬁpa@&lﬂ)a&@r§ng®3810 of Ethyl Corporation;
t t
LRV fdl,ci(lﬁ&o@?if‘)a%&ﬁﬂz B £ iagf‘é){&#]exaﬂua@ 125 of

)acr adecyl acryl a
( mahhéaagmghaa eMllmefoel‘Byddal®( aﬂewfm@rmﬂmxa@n K@d2 (now Cognis)
hept adecyl (et h)acrylate, 5- isopropyl hegt adecyl

( Aets)laeriingRed® 7-ld gnd fbﬂ@p@@%@éé&ame( kpbyaer I at e,
s-ﬂd%l oG, 3gdReY, b&@fﬁfe?ne@l:fig g@ﬁ)g ymer is furthe fuqctlonahsed in the

ropyl oct adec ate oct a
( netehjratbe pbb;umrlmmmwd\&ayla 1(1tragdt1) acmtyimm$moaonmsylrhe nitrogen-

S C e oSyheTai) SpIG e VICUESH e thyosny hagmevelic

apnBmcel & ARy BIhiAbAIKIE PRMH]) aér?ﬁit@)tﬁ&{dfﬁ&t & dialkylaminoalkyl
(neth) acryl at esderi ved from unsat urated al cohol's,” such

agmgtlhégqry angdhpamopiea; & terdiady- élylcth()ajrkytlmlde monomer or mixtures
(ﬂ%t h%facr yl ates, such as 3-vinyl-2-butyl cycl ohexyl
acrylate or bornyl (meth)acryl ate.
[0064] In one embodiment the core or polymeric arms further comprise a

(meth)acrylamide or a nitrogen containing (meth)acrylate monomer that may be

represented by the formula:

Q
H,C
O
Z
CR! )
Rii
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[0062] The al kyl (neth)acrylates with | ong-chain

al cohol -derived groups may be obtai ned, for exanple,
whorezissd on of a (meth)acrylic acid (by direcRCT/US2007/066950

esterification) or nethyl nethacrylate (by

transesterification) with |long-chain fatty al cohol s,

in which reaction a m xture of esters such as

(meth)acrylate with al cohol groups of various chain

Ieng&@gﬁis general |y obtained. These fatty al cohol s

i ncl ude ko Al cohol (r) 791 1, Oxo Al cohol (r) 7900 and

Oxo Al coRadlydrggchlditn&hyMaiil amboe cAbptianait(Q)is Aitiofl;

I C; Nafol(%é 1620, Alfol(r) 610 and Alfol (r) 810 of

CondeaZ(indW sk gropp arf(¥y2e8X0 and Epal (r) 810 of

pobanor (1} <2a° Lo B Relaetjqr 3 MR bl gy Whaining

Augusbbat 1 M Azt & Deabdad ( 1tg albond 4leartmdn(atpmef Henkel KG&GA

(now Cogni g).as wel I, as Linopol (r -1 1 an ..
Acr opor«‘%ﬂs ﬁglﬁlﬂ&ﬁpmeﬂéy Rl ¥ gﬁ%‘@farﬁ’ﬁfg gHup containing 1
embodieRbord MOt Ald, RPbYTBMbLSinfdht tAEh K YR dBp&L;i 28d

in the core or the polyneric arns with a

ni t r ogens eonnigai mgrapgerometudiih ebait tlr togednuiont ai abonigl to about
ngnoner may i nclude a vinyl-substituted nitrogen

het erocyclic nononer, a dial kyl am noal kyl

( (EUd5) aCT Bt AhHcSIOBPNET suitatile ahkyd@Aldd@@likl monomer include
(netnéacrylanlde_nononer, atertiary-(meth)acrylam de
b rmeghylagrytagride. Noemgbicariapegyyics) audnes eNbyoeyirenmamide,
t or .ol . further . ri . .
(Bl Bty LR G A Tl TP ofumides.  N-vinyl
( iplifoxkastcatdahrlcnononily] t hatdazsle, beNwvapn esgmtdidifohel heN-vinyl

formul a:wherein Qis hydrogen or nethyl and, in one
eRBIAIAFENE, Q is dmigihylampqeshydy N H gcstiptcor 0 (DMAEA),

( i ISyl Y i
P RO L LD (VRO Slgerytamide,
abdouotthlahonedpoapiyldethachdmeat oBMAFRNAA)RL idmethylamine-propyl-
i ndependent |y hydrqgen or a _hydrocarb gr oyp .

CHD LT fig 1 lﬁ%hyggwmrwdﬁ%ﬂ@ﬁ@am ‘one EHBTHY EHEOCtYI-
eaely 1 Rlideor YA ROEHher&Td g is an integer in ranges

i ncludi ng about 1 to about 6, or about 1 to about 3.

[ OUBB] ExBrppelynof neaysbé pabiet #fi thooy@hl donbaitniZngt %, or about
MBRRTES od RELMSE 10 wt %, or about 0.075 to about 8 wt % of the lubricating

composition.

Antiwear Agent

[0067] The antiwear agent in known. In one embodiment the antiwear agent
comprises a phosphorus-containing acid, salt or ester, or mixtures thereof. In
one embodiment the antiwear is in the form of a mixture.

[0068] The antiwear agent may be ash-containing (i.e. metal containing) or
ashless (i.c. metal-free prior to being mixed with other components).

[0069] The antiwear agent may be derived phosphoric acid, phosphorous
acid, thiophosphoric acid, thiophosphorous acid, or mixtures thereof.

[0070] The antiwear agent includes (i) a non-ionic phosphorus compound;
(i1) an amine salt of a phosphorus compound; (iii)) an ammonium salt of a

phosphorus compound; (iv) a monovalent metal salt of a phosphorus
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N, N- di met hyl acryl am de, N-vinyl carbonam des such as
N-vi nyl - formam de, vinyl pyridine, N-vinylacetoam de,

WORTAYI66N- pr opi onam des, N-vinyl hydroxyacet oBei/t82007/066950

N-vinyl imdazole, Nvinyl pyrrolidinone, Nvinyl
caprol actam dinethyl am no ethyl acrylate (DVAEA),
di met hyl am noet hyl net hacryl at e ( DMAEMA) ,

di met hyl am nobut yl acryl am de,

g:c?re i)ﬁ%rlfda ryugﬁ,‘ af B%gt:af@itag%g&r#lggﬁﬁos&o%%w tnetal dialkylphosphate;

am ne- propyfacr

dorred) il xaumicp 0P (19§ netihac (iy).am de,
di met hyl am noet hyl acryl am de or m xtures thereof.

[ 8] THe piey nerbodiinepe Hicesitver AB60k epronriges a metal
a ! 0] - 0 [0) r

o gt 8 et SRS R RRRY b it enSor he
c dimplod d ithi@pho #iiatonedt/ o Agentia[ 30 splhite may badarcaagemranched

C BRI SO o GBI ) CeFhoai g, BEn BIeAsif My topd gmber of

OEaibbil I GFFLAAE R0fralct MOARHE AN MBRloHHBSHIRAL bIRBGIS. The

inthe formof a mxture. [0068] The antiwear agent

maetdeofasghe eagitlaidriligdithiophosndasd andior adinikyiphosphate typically

STy TR Y
desdived phesPRAr iC@%ﬁ&% Gal NS RASSRYBINACb&kium or zinc. In one

t hi ophosphori c aci hi ophosphor ous aci d, or m xtures

t REbedfmeit otz o3ntivesr apganhecampitiehta izitd dirdkyldithioghosphate or
n iﬂugéy ‘fhe?@oq‘?’pligrotj% %&%B?Hﬁ‘e% tilé'a?nu%v”ea?'qgt%& fscghﬁari%s 2 zinc
phosphor us™ cofrpound;” (T11) an anmoni um sal®t” of "a

patsiplphespharngranindurcf theresf. Nnonoval ent netal salt of a
phosphor usconpound, such as a

di¥7)1 di iR 9pHaseitEe glﬁ@@@sﬁp&pmaﬁqeﬁﬁﬂéﬁéﬁrre& to as
A T e
dda(dyyldidithiapboespitatznodi-d , Sreimbthgl taitydy dphapphattate, zinc di-
A T AR TR VT
SR, AR 0 SOOBAIo R, B e
t dghiephasphdial kipt dilit(dodphrds phtitieptaisphatel whice di-{éedecylphenyl)
gﬁgﬁi?yﬁfgﬁ&gg% g{enteca#lygﬁleﬁté/:ﬁ%/ | %%zf)hciiﬁﬁ’ohﬁlsd%ﬁ‘étg, oarnrgl{x(%lrlres thereof.

[0073] In one embodiment the antiwear agent is other than metal

dialkyldithiophosphate.

[0074] In one embodiment the antiwear agent comprises an ammonium or

amine salt of a phosphorus-containing acid or ester.

[0075] The amine salt of a phosphorus acid or ester includes phosphoric

acid esters and amine salts thereof; dialkyldithiophosphoric acid esters and

amine salts thereof; amine salts of phosphites; and amine salts of phosphorus-

containing carboxylic esters, ethers, and amides; and mixtures thereof.

[0076] The amine salt of a phosphorus acid or ester may be used alone or in

combination. In one embodiment the amine salt of a phosphorus compound is

derived from an amine salt of a phosphorus compound, or mixtures thereof.
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i ncl udes nonoval ent or divalent netals. Exanples of
sui tabl e netals include sodium potassium copper,

W@ 200¢f12M6$3 magnesi um barium or zinc. | n one enk@CHUSWAT066950
the antiwear agent conprises a zinc
di al kyl di t hi ophosphate or m xtures thereof. In one
enbodi nent the antiwear agent conprises a zinc
dialkylphosphate or m xtures thereof. [0072] Exanples

im%_j)ﬁ)pl tI%Dg,t? F g}u&tk‘}ﬁ p %‘Ipeh?al? o?f ! %‘i‘losﬁlo us %gldt Bt ester

nel o

dind(@ddvet pyttipl apyhg salt-phitap Iﬂwiﬂh@nteCQmIZcbms dir-roixitwtle} thereof.
di t hi ophosphate, zinc di- (I, 3-dinethyl butyl)
din rﬂl’é’pﬁ’é’é’ﬁﬁﬁlﬁ@t thenamiic. spkeph w )9 @ﬁpthﬁrlt&pﬁ@éipﬁateéter further

d:c{ﬁﬁp Lol £ lgfulr ﬂbﬁlﬁhqggﬂfogony - (2-ethyl hexyl)

osp zi nc dlthlophosphate, zi nc
di0(78¢ cy| Thdamiies phiasip matyebe Eullﬂabldlfel( dsedecthe)amine salt include

gi)%l}ql: P}gﬁ ffq@g{sgcon %%galgﬁﬁe%gggﬁﬁﬁﬁgg% Qnd mixtures thercof. The
di, ;i QPSRN RO scOkvifR %F UELS Bﬁkerlﬁlg{rocagm7§ﬂou&)n cﬁnQn certain

embodi nent the antiwear agent is other than net
dicmbk¢ingints; tophoss et &yd{ooaby] glrwmneTbﬂ‘rbadrqmrhyl tgiﬂeups may

ant i wear a n (0] an ammoni um or am.nhe,.sal
D Pl oAl P Rl O B P o G ARt Mout 8 o
agbdif 262bt atut #0 pchmlﬂgou(sr Al 1 Plo Su€l 9 hBodd@sms.
d[(H}{?ﬂrhO“ c acid esters and amne salts t her eof ;

|

| di Rrimaphoxphies i incdedal etbyminandranylamisa| thytylamine,

Itoggégff Le@ﬂgﬂn Sehhismile H@ﬁﬁﬁ‘ée’y?aﬁ?m%”gs %Eln S sﬁ@ﬂ Eagt;%mmes

scon alnlng car oxylic-es
ags desrodyidmiht uredediengef . hOdbdelyRhengm I’lﬁ—teﬁﬁldbcﬂﬁmlne
a phosphorus, acid or, ester nmay be used alone or_in
c B AGRGYSHNINE R s de YR pld pligampch eOther useful fptty amines

pﬁ%&cﬁg el QIROYNG v hifatHET fa¥§d abfif? %ﬁc “%8817@?1 n@f‘)na’g‘mmes

rus COﬂpOUﬂ or mxtdres thereo
eﬁﬂnoductemlvaﬂhtde gmmeAlsal Chorhialp Hds phgr, UHimes)d soch as Armeen

ester |ncludes a p tial a sal t- rt|aI sal t
%HW&%% sATRESE fg“inﬁe% PE?H f\f@een SD,

aWh@?elﬁe%hé 1&%@&%@&%9%&&@&&&@ fa%t%rt oubUsL&LESs coco, oleyl,
n‘&%sesasupur atomin the nol ecule. [0078 The

Omhk@mﬂmH?uME SU|tabIe for use as the am ne salt
A SR 5SRO SRR G v
WdIelﬂh}ﬁlﬁmhI%@Stdlﬁﬂ&)@th@,C afidyityl@haidD, dedmylathif&r t @ihBxylamine,
diheptylamine, methylethylamine, ethylbutylamine and ethylamylamine. The
secondary amines may be cyclic amines such as piperidine, piperazine and
morpholine.
[0081] The amine may also be a tertiary-aliphatic primary amine. The
aliphatic group in this case may be an alkyl group containing about 2 to about
30, or about 6 to about 26, or about 8 to about 24 carbon atoms. Tertiary alkyl
amines include monoamines such as tert-butylamine, tert-hexylamine, 1-
methyl-1-amino-cyclohexane, tert-octylamine, tert-decylamine,
tertdodecylamine, tert-tetradecylamine, tert-hexadecylamine, tert-

octadecylamine, tert-tetracosanylamine, and tert-octacosanylamine.
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enbodi nents, two or three hydrocarbyl groups. The
hydr ocar byl groups may contai n about 2 to about 30

W@ 2a0boereet ons, or in other enbodi ments about 8PEDUSIIOU66950
26, or about 10 to about 20, or about 13 to about 19
carbon atons. [0079] Primary am nes include
et hyl am ne, propyl am ne, butyl am ne,
2- et hyl hexyl am ne, octyl anmi ne, and dodecyl am ne, as

S ch fatt l.nes. as_n-oct,yl am n .

2R oitnind Shipbg B s Py Bk B sphons acid or ester
nitvtxddeqy hafa®ithnc DL t@ ddelylcatiari eal Ryidpomeysagidi®s or mixtures
Q her useful fatty am nes include comrercially )
athsreafh| le qngranyb aisthg geping salt af gadgphoruy gemagund includes

AL i LR O AR FHERF gy SR GRes oot
Apnmeembbdindentettn arfiine Anlted fheuptioArsneampdeind inbkides an amine

t he | er signation relates to the fatt rouyp,

stath GLE &%Qg,f tgrapi ey LpiEay Hpinse @5&%}@1}@?%&9%&6.0%[ 0080]
E{(ﬁfﬁ%‘f]]es Mx kst 8Pl EniRee MR Y AT NGl IF|tHEGnvention. In one
di met hyl am ne, di et hyl am n€e, di propyl am ne,
dietmboginagrit ree usefub myik ture e, andingexiy | "Emomae® 81R" and "Primene®

0GP SRR ML RN P AT S ob DBt 201 06430 % ohm &

aMaB©Sars WeiktAss Bf O&1 itdliNe, teRipeaAZIl PeinfiRgl aflf Nd OF8 to €22
[0081] The am ne may al so be a tertiary-aliphatic

ptarHanyall prémarphamigics peraestevadyoup in this case may be
| . al nj t 30, . .
S BRI TR R ) B o v

at@tson Tgbduar yf al Kyl amaigsalkpbitedhopiteaid Beid $ubhPrimene
as tert-butyl am ne, tert-hexyl am ne

1-
met RYY (Hr_ogﬁp%argg,@qlg el aalasbw%l&ghéﬁiarf@i’xture of C11 to C14
t hilia m‘“ﬁ@;@?y Lehkdodecyl ani ne,

tert-tetra m ne, tert-hexadecyl am ne,
t 0083¢t adéaynh@Elns n€thet @ntnetsattrefcoplarsphamsrneid andster include the

tert-.octacgsanyl gm ne. [0082] I n on di nent the .
aff7E08 art)&eﬁt(sﬁ %ﬂ%gm%wﬁsm%@wﬁa ?éigtéa?lmeﬁ%ﬁfm@'i oF pfnixtures
A€o tﬁe@ylﬂex"yﬁ %?t§19r6ét§f,y n%_hﬂ,’l d@E%UHHUd&ryP,U%tadecyl,
or mxtures theréof. I'ri one enbodi ment the am né salt '
ohexadshyls pletadesylc onpoensyl iphesphdels o dithinphesiphprigl 4cide with
Clg tertiary. al kyl pri mar mnes,or mxturges theregth
e BinRe o PR s ARES L P s bE B ere” 8TR™, and
C eiTR@YEtHePed fU dRSo @ ciaBb dign it tthe @htiWchiDaged?d dodiprisa$ ¥n amine
al kyl primary am nes or m xtures thereof. )
salt of a phosphorus acid or ester or mixtures thereof. In one embodiment the
phosphorus acid or ester is a C14-C18-alkyl phosphorus acid or ester with
Primene §1R™ or 2-ethylhexyl amine.
[0086] In one embodiment a dithiophosphoric acid may be reacted with an
epoxide or a glycol. This reaction product is further reacted with a phosphorus
acid, anhydride, or lower ester. The epoxide includes an aliphatic epoxide or a
styrene oxide. Examples of useful epoxides include ethylene oxide, propylene
oxide, butene oxide, octene oxide, dodecene oxide, styrene oxide and the like.
In one embodiment the epoxide is propylene oxide. The glycols may be
aliphatic glycols having about 1 to about 12, or about 2 to about 6, or about 2 to

about 3 carbon atoms. The dithiophosphoric acids, glycols, epoxides, inorganic
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[0083] M xtures of ami nes may al so be used in the

i nvention. In one enbodi nent a useful m xture of
w@eionegs7ess " Prinene(r) 8IR' and "Prinmene(r) JMICT/US2007/066950

Primene(r) 8/ R and Prinene(r) JMI (both produced and

sold by Rohm & Haas) are m xtures of Cl | to Cl4

tertiary alkyl primary amnes and Cl8 to C22 tertiary

al kyl pri rrary am nes respectivel y [0084] In one

en‘ngg)h etaggntgm Hemgt%loas U rga %St%f LI ,%ﬁeig(aegcrribed in U.S.

Feaction product

aPKi}éhﬁh@dlb}@k@SPl@GH(lS aed @ 5/>44t,4653r I TRNEes@ gt Bids may then be
produced and sol d by Rohm & Haas) which is a mxture

oﬁal@ld viith gmies, ﬁ@r%amp}ﬂ af W‘lablﬁrdrl PBhosRh oS acif go@sgpared by
o O B R R 34 BRI P HIE: Guff o period of
mebdwyt | 4admrhinfulss3-tdi rabbhty | Hldt ygraors mfxthyldmﬁﬂnemdof(),,()-di(lﬁ-
2-eth t decyl, . vl

piliactbe P hieAaRR it GRS BT b Oy aEotyd ¢ haspisidbuty D

( 950%%%&9!1&%%9{ bv?th a%htdls3 Whd1Bs @%??dp?%e@x%@ NGabout 2dS °C).

nor phol i ne, 2-ethyl hexyl am ne or mene 81Ri
milke umegutchéy dshted] at ebeutefbodi rfelntabomtewmhpwarmagénvvlth a

AR, 05 Pl ISP RS E 55058 sou

agi @oproyeslethti hdphdids Cibow! kyt%pbgas\p&gw%u@%ﬂ #d an acid
ester with Prinene 81R(tn) or 2-ethyl hexyl am ne.

[@@@@Pf vhatones e fbyosiopéarolblue) hi ophosphoric aci d may
t h | T t .
OREIE ) A RO Py A T BB

aﬂhlytdfmﬁi@ dithiophovstiorestaeld cstbe Qﬁpﬁﬂdndedetﬁl@édlde&ri}iﬂlon for the
al i phatic epoxi de or a styrene oxide

u&eHdn- C@ﬁewﬂ%glthmhea@%tlwp%ésts& méourﬁir e)tpﬁ %ﬁ‘e938 884. A
OxLae; n*aHt@F‘ﬁleo%&{gcﬂ@% 18%@&%%“ ?oun% WEFESH&HP&' Qfhres 4 to 28.

styrene oxi de an I'n on I ment
efoxialde cxgmpiaspre@red axd dilecloa'drtbngEymlblss ety 7b(eolurnn 8, line 45

2tq 5obispie o gk Ab0LiUS £oSkBbtk ST Gardbn 1t GEde pAgining
diglthioPRDGSHRPR 4Gd RGeSy P YIS, the Bﬁéﬂtﬁlﬁ%f dlthlophosphorlc acid
i nor gani cphosphor us reagents and nmet hods of reacting

t heas apryatarsachescnethgtia¢mylags.S.  Pat ent nurrbers
B0 3 L, P i
dicdita BRROS RIMibFhodphétuk S fi@passedt, byfoaddixagphh 0 SPIN-péntoxy-
pZtﬂqt)é@sgtfoé12518ﬁ§ny?)4pr%£1%gfc) atacfadbommgtﬁyloc oe\s/teelrr 2 3-(dibutoxy-
thiophosphorylsulphanyl)-propionic acid methyl ester, or mixtures thereof.
[0089] In one embodiment the antiwear agent comprises a non-ionic
phosphorus compound. Typically the non-ionic phosphorus compound may
have an oxidation of +3 or +5. The different embodiments comprise phosphite
ester, phosphate esters, or mixtures thereof.
[0090] In one embodiment the antiwear agent comprises a non-ionic
phosphorus compound that is a hydrocarbyl phosphite. The hydrocarbyl-

substituted phosphite of the invention includes those represented by the

formula:
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about 45 minutes to about 514 grams of hydroxypropyl

O O di(l,3- dinethyl butyl)phosphorodithioate (prepared
whorezissd ng di (I, 3-di met hyl butyl ) - phosphor odP@TU83007/066950

acid with about 1.3 noles of propyl ene oxide at about

25 0C). The mxture is heated at about 75 OC for about

2.5 hours, mxed with a di atomaceous earth and

filtered at about 70 OC. The filtrate contains about

11. 8% by wei ght phosphor us," fbout ([15. 2% by wei ght

sul phur, and an acid nunber ajpout 87 (bronopheno

bl ue). [0087] In one enbodi ne t he anti wear agent

conpri ses an am decont ai g’ di§%&ophosphorus acid

ester. A nore detailed descriptiof for the

aihdRi edtha M Mgy 8k iMicpONREMN QY UBg@rdta BedrBEarby drOMf)Gvith the

in US 4,938 884?yA‘desgript?%n?ofgthe no eculég{JQMﬁ

srayésovhat At leastoum@f ithe R0l gienpois hyiiesarbyl t o 28,

S l e I I 8,.di scl ' I
AT o AT e R ARORE oF B 53T W GBS of abou
4 45380 B3BApmsTypiptadllyy thdeorabinde t6t@aht@h RifRgrbon atoms present on
di t hi ophosphorus acid ester is prepared by the

a88iht R on 2BFuPdini bplfes ﬁr?élrabeufa‘bﬁde%dh% abRut P A dessghaiy about

asgs. @M}%G?%@yshﬁﬁﬁe_ &Qg&g}orgﬁggﬁﬁﬁé}b&dé%% atdifis present on

ant | wear gent conpri se C I ccont al nl ng
dbothi Rphgephoincdudesi aboeis? e¢s abdudrd0exberpl3eto about 24, or about 4 to

ety 2 Co b ieN B Bt O HBHESrBP rs B hngrop . ity v
[pggg'g 0 rﬂeﬁtﬂ,c i}féxyptdgﬁ_dlecﬁfs t lt%tad&"yl, mhéi de€VI, the rc?c@zide_cy 1 groups.

] 'I'n"one embodi ment the ant’iwear agent conprises
aGeoarailyrthe hyHuspriod phosphsoissdlubly pr etldast digersible in oil. In

-ioni ¢. ph h d h . i dat i f ..
wanepipadinirl e Bycipeipy ERaGaR HEed Rt Chyfingihpiyohice
est arq,Rhasphalyerapsh eihospiite. MAXindre detatied @efcridtRPO8N the non-
In one enbodi nent the antiwear agenﬂgggggrlses a

n&NLE GRP hores priop e d Byepisierep lemat9, i rdeeEmpyl, line 8 of
phﬁ§@Qb§%73The hydr ocar byl substituted phosphite of the

i nvention includes those represented by the

f po092] a: Winesied embaditheRt the antimayarbechnhdemeridani IpYiosphate ester.
hydrogen or a hydrocarbyl group, with the proviso that
at%XP’é‘Q&S phe eyitahle MRoSDRate 5ECT] MICHFE: wawgw%mmf@@@ﬁuch as

Sg‘g%?g%dg?&%ﬁﬂ%lf tgilbﬁ%lofah&plila{g?ytrl@&’i%e@ﬁﬁpﬁénﬂleﬁﬁésphate, tri-
butylphenyl phosphate, or mixtures thereof.
[0093] In one embodiment the antiwear agent comprises a thiophosphate
ester. Examples of a suitable thiophosphate ester include triaryl thiophosphates
such as tricresyl thiophosphate, triphenyl thiophosphate, tri-dimethylphenyl
thiophosphate, tri-butylphenyl thiophosphate, or mixtures thereof.
[0094] The antiwear agent may be present at about 0.0001 wt % to about 5
wt %, or about 0.001 wt % to about 2 wt %, or about 0.05 wt % to about 1.5 wt

%, or about 0.1 wt % to about 1 wt % of the lubricating composition.

Corrosion Inhibitor

[0095] The corrosion inhibitor of the invention may also be described as

metal deactivators or a yellow-metal passivator.
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4 carbon atons. Typically, the conbined total sum of
carbon atons present on both R " groups nmay be |ess

W@ b@mi1zilboit 45, | ess than about 35 or | ess thaPCEDS20D7/066950
25. Exanmpl es of suitable ranges for the number of
carbon atons present on both R groups includes about 2
to about 40, about 3 to about 24, or about 4 to about
20. Exanples of suitabl e hydrocarbyl groups include

b |
DIRRL., tafigt b M <o REIM, qal S  OHEANS at, gyt ome of

t Beniﬁ)yﬂﬁﬂﬂ@éf byl2, éptl@é,‘zl@mst ebdnilrﬁﬂﬂau&lbg Qf-alﬁyldhtﬁ&ﬁienmmldazoles
di spersible in e enbodi nent t he hydr ocar b

pﬁo@émﬁttblorbﬁyz%blaaPleaut y|2 %Hr@@@ﬁy %Hag%b@@owb%pzo%/hiazoles
te t

CoSh AL Q0m IR0l o2 AU SEAE ffhocarbumon-

i hS 4rleadakoler, 9;alkyldahib85-hoercaito I’thlalﬁazollesner iafurbiSthereof.

6, 103, 67 009 In one e odlne a ti ar agent.
cHhBRT swbod f%q-,c‘aqrgo%gt} 1biggry F’é%?tﬁf‘z suf PAbP %ﬁo}hment
PRRS PRRERIAS Lighilifde! We, t Q'S%M{all%h%ﬂh@}—?% AHARdi8Sole.  The
tricresyl phosphate, triphenyl phosphate,

t corrdsimetinyibphemdy hosghaloss qrrmmsmyblpﬁemypvlth other corrosion

Hﬁ%@?ate or m xtures thereof. [0093] In one
MEnt the antiwear agent conprises a
t E’WE 0S P B treSo8ds. mEX 3baBSh Rfrodarbyi sidtifutions on at least one
i ophosphat e ester include trlaryl t hi ophosphat es

sQEHlea%)”le@g é@ﬂlpotsﬁlo@éﬂos)ﬁﬂatoé -or iSpRefypr 7-. The hydrocarbyl

t?%o‘{ﬁagfy }E%Bﬁfallﬁ ! to %‘i&%at '?ei“{& a%'&h ﬁ)g]oglprl]attoeabofut 7 carbon

henyl thio ures t he
[ 994y, 'ﬁheoﬁbm\bﬁafmﬁgeﬂhb dﬁibbsh‘tﬁl mtﬁsft@ﬁ 1§&ol§tbﬁuiole In one
0.0001. w % to about % or about 0.001 wt %€t

abBlednegt Wﬁf%@f%obﬁnzetrwow sypvtéfutadottt Pasitzongy 4%>f §r or 6-
aBpyt o de %thé%%@ac@&?%th clie%ﬁg/%fs %gg %eU def @ik,

conposi tion. rrosion Inh e ctorrosion
i PO098] t orExafmpilbeof sl ¢ hyldmsag/rbal bmzlme&rlmﬂ;@sr fulpehdr asmcted with

net al. .deacti v tors or, a yel.l ow net al Sivato 009
Eﬁ%nﬂfig@’%@f 8 corPesmdaRy .aﬁﬁ%llpslﬂldeowﬂ}? Sl iR -1 -
Oﬂ%ﬁtrlm&qt&bﬁéﬁérﬁﬁre 1, R Mbidh&GE)-88methyl-1H-benzotriazole-1-
benzi m dazol es, 2-al kyld |th|oben2|n1dazoles

2 nwltlkey]lamlnw 0 b eNzl‘étma;(szylbgr rnethyl 1H-benzotriazole-1 -methanamine,

Zl\élwbtflg@ga g{r %Ilrrg}‘,lt}?}sq?]&?% Xottﬁ t o %ar%%ﬂe N,N-
2bhy @@QN)NT%@&&MHH%dﬂz@ﬁﬂizbwm-)fﬂl@thanamme N,N-bis(2-

1, 3, 4-thi adi azol es, 2-al kyl di thio-5-nercapto
t Bthadhoxybrasmethyiil kk-beneetriazeiedfmethanamine and mixtures thereof,

In one embodiment the corrosion inhibitor is N,N-bis(2-cthylhexyl)-ar-methyl-
1H-benzotriazole-1-methanamine.

[0099] In one embodiment, the corrosion inhibitor is 2,5-bis(alkyl-dithio)-
1,3,4-thiadiazoles. The alkyl groups of 2,5-bis(alkyl-dithio)-1,3,4-thiadiazoles
contains 1 to about 30, or about 2 to about 25, or 4 to about 20, or about 6 to
about 16 carbon atoms. Examples of suitable 2,5-bis(alkyl-dithio)-1,3,4-
thiadiazoles include 2,5-bis(tert-octyldithio)-1,3,4-thiadiazole, 2,5-bis(tert-
nonyldithio)-1,3,4-thiadiazole, 2,5-bis(tert-decyldithio)-1,3,4-thiadiazole, 2,5-
bis(tert-undecyldithio)-1,3,4-thiadiazole, 2,5-bis(tert-dodecyldithio)-1,3,4-

thiadiazole, or mixtures thercof.
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In one enbodi nent the corrosion inhibitor is
benzotriazole. In one enbodi nent the corrosion

WO o726 is a PCT/US2007/066950
2,5-bis(alkyl-dithio)-I,3,4-thiadi azol e. The corrosion
i nhi bitor may be used alone or in conbination with
ot her corrosion inhibitors. [0097] Benzotriazol es may
cont ai n hydrocarbyl substitutions on at | east one of
t faall o ng rin t n r .o
GT(ﬁ]oer%hl- %go%ro%rggclgﬁg) ﬁ of 1%%5(] be? H,raesent a‘[t ;‘g)onuc%lo t%OOi3 wt % to
abboiit 36t 9Q rorltbb@t @booit w15/o t® abduttoos alboutorfaboart 0@001 wt % to
atons. In one enbodi nent the corrosion inhibito
t 8Pt -1 a¥iole. o 4hogh & QRS ouf Yeike ahget BOarwyPe of the Tubricating
b ol es substituted at positions 4- or 5- or 6-
o?géﬁg%gﬁﬁbe further reacted with an al dehyde and a
se@ibrddrubraating ViddeBB] Exanpl es of suitable

B s bt oy ittt | Eppgas % Y " 6P lubricating
Ny NcBiigl hephod )01@r HPRE QWY hatdihenz ot §§)nﬁ¥e‘?iceoﬂs oil derived from

1- met hanam ne, N, N-bi s(nonyl ) -ar - net hyl
1hy@1®nmkm%zlwldeoge_natlmt a:m;hayd]mélmshmg, unrefined, refined and re-

S |1 H benzotriazol e-
T%%Fﬂéﬁg 4@glﬁ% %'%%decyl) ar-m et hyl -
1Irbdqu Ot WhREALE vild afEtHID dBtaId Mré\JQlySﬁom a natural or synthetic
dodecyl)-ar-nethyl -1 H benzotriazol e- 1-nethanam ne

Nswrﬁf: generaldy h\yth@@k {anywigh lige)Hyrther Hrb@wz@mrtr@zmp@t
X o)
i i[]e CO?F OSIfgtﬁedl Jr;]]!g gll §1H1 ﬁ’?‘ t§ I?l% ﬁ&fe‘fmeﬁ oME x%gpt ﬁlemt\fe been
NfidtHrs(r2ated hiypl bexydr) mare rmtrmchnoﬂ Htbgnz®tinpagal &nc or more
1- met hanam _ne.. [0099] In one enbodi nent, the corrosion
| ﬁmp@rfgqﬁ Pgrlﬁlcgtl(m §e(cé1p;@}qes dire |Jﬂn8yvn in the art and include solvent
[ I p

t{ @g&ﬁﬂg 1st1-|1_5,1t'|’i301i3l EYA ﬂlg b2 aéxg c‘gor(l: o%lttlglitlﬁg Rertc%latlon

abmmﬂuﬁﬂ«:or about 2 to about 25, or 4 to about 20, or

a t to a ut 16 car on at ons. Ies of suit
?@%&"i( aﬁ?wf InRd 9 Soﬂrew % §nowmas gr 3 W@r%&ése% oifs, and
2Ry %tﬁl(nteg iy Srokydsel Eltﬁ'u% thtRodk: ﬁé%'dafg'c%%aﬁh §efined oils and often

2,5- |s(tertnonyld|t hio)- 1, 3,4-thiadi azol e,

226 élt;d@‘(l@l@qlty mgyssad tlyi toqhﬂlq®mltmqﬁth®al 2f Spent additives

bIS t ec i 0) 3, 4-thi adi azol e,
]¥?%¥?“ﬁy 8 &ﬁlthlo)-l 3,4- thiadiazole, or

rn[mnums?s Nhafe ofils[eAd0) nﬂk@ng?ﬂferl(ﬁSVélﬁDVd Rtk AtefindBY¥e animal
be present at about 0.0001 wt %to about 5 wt % or

apdeit vezetda onls (962 -ocastseil,olasl wtl).ominsralahbuicating®odsg such as

\8'.&18 /?d t@k?% 0 gl ]aP\AKsof&en? Erﬁgt%%‘r agi(Qggétewmn{%rta? ltﬁ)*%&ld{mg oils

ubrica
of the paraffinic, naphthenic or mixed paraffinic-naphthenic types and oils

derived from coal or shale or mixtures thereof.

[00106] Synthetic lubricating oils are useful and include hydrocarbon oils
such as polymerised and interpolymerised olefins (e.g., polybutylenes,
polypropylenes, propyleneisobutylene copolymers); poly(1-hexenes), poly(1-
octenes), poly(l-decenes), and mixtures thereof; alkyl-benzenes (e.g.
dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl)-
benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls);
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conposition. G ls of Lubricating Viscosity [00101] The
| ubricating conposition conprises an oil of

WO plriizzat3 ng vi scosity. Such oils include nat uPGE/USRNA7/066950
synthetic oils, oil derived from hydrocracking,
hydr ogenati on, and hydrofini shing, unrefined, refined
and rerefined oils and m xtures thereof. [00102]
Unrefined oils are those obtained directly froma

{ ﬁ d ﬁ Lprhteﬁglt Qt%%r 4 Ca{< &f&l@h?% qu%h} @%g e d/\e'irlj‘-vgtives,

Reﬁalﬁgﬁalm h@maro@sshéfbbiadslr ﬂhmtufee thgreef.i ned oil s except
the have been further treated in one or nore

NFH0T7E ot QST styaplactico Inbrivading oHe Biclydsr é’obf%péi’tﬁise§su0h as
P t
|ﬁglﬁgggg%ﬁQeﬁﬁ&%§§?§§?|onﬁféﬂgﬁﬂﬁf @ﬁﬁ]%?? aﬁﬂ aMdS(Qg”
atiiceoy] pasepheit, r atddtpin,phbkphatat iaod, thperdiethat |asnarabd decane
th like, 0104] Re-refjned ls are al sp known

Bospais awdﬁ &oe%@g@ lco.t?tga%ysma gt o b FrF 8315 may  be

pbﬁﬁﬁ%@@ %ySFlgbﬂe@[T&Bséﬂq%@tlHﬁse gnd Sy bLIR) Fharyetgé Ae&koXdnterised
and often"are additionally processed by techni ques

dFrssberdirapsch dmoivmarbcﬁnsspen)t/a@adl ﬂm\m& amodinient oils may be

br eakd |5 usetul |
TRRTHEA R VST TPt e G fonuestin Pragedgtd as well as
vegrt abl-e-aiqLR dies. 9., castor oil, lard oil), mneral

Iubrlcatlng oi l's such as liquid petroleun10|ls and
sHH0Id8 - 1@ &pééub;rrcaﬂ@gda%%ayermamﬁlﬁerb&l dafusdi asatricpigicd in the

o'An? ? an! pgtr&%&r?h I{Sﬁlﬂﬁ ?Silj]tl? lofn&&]cﬁgrg%fa]plht% Cchcl)léilehnes.

parartini c-na an OI

orrhs falcebaze ol gltoulpe&rd hefcelm‘ws [CX1p4] (sﬁbprhhhebmt@nt >0 03 wt %,
lubricating oils are useful and include hydrocarbo

oPPY05 7R Vs “peAtyietis yegoshd NdsEethbPmsrpardl éﬂuéwhu%scontent
(€0%3 wROLY bégthYB 0ERt ‘poéa%fﬁra%ylﬁ%§t index 80-120Q); Group III
ut § e ﬁexen 3

propyl enei $o ene copol yners)
p uythurcdomines )<0. @b wt (%; drd e19Osyt ‘Vamaitumtm{ Lmamstthanéfm‘ >120);

aI&}; g%g@&z ﬁg}eﬁ)i%aﬁg@a%l@g ggﬁ%ﬁ%@éﬁn ér}e.'cgglsf'oup V (all others not included

d'm @01?115§1V|1![|9KY| or I\kbenTFr‘@%ﬁ)of ]Ql@id@ttﬁ?gq 15%0&1%% Somprises an API
bi phen t'erphenyl’s, al kyl ated pol yphenyl s

aﬂxyulatled}rdupﬂénﬁrom HB: Grangd B kGraired oilphemyiktures thereof.
i wéf &1 ?ﬂf )%1{%}0&8%%%%?&@3#?%8 anngt’f)g}srounq E?gl?p ?lgSGroup I11,
Group 1V oil or mixtures thereof. Alternatively the oil of lubricating viscosity
is often an API Group II, Group III or Group IV oil or mixtures thereof.
[00109] The amount of the oil of lubricating viscosity present is typically the
balance remaining after subtracting from 100 wt % the sum of the amount of
the polymer, the antiwear agent, the corrosion inhibitor and other performance
additives.
[00110] The lubricating composition may be in the form of a concentrate
and/or a fully formulated lubricant. If the polymer, the antiwear agent and the
corrosion inhibitor are in the form of a concentrate (which may be combined
with additional oil to form, in whole or in part, a finished lubricant), the ratio of

the of components (a), (b) and (c) (i.e. the polymer, the antiwear agent; and the
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[00107] Ot her synthetic lubricating oils include
pol yol esters (such as Prol ube(r)3970), diesters,
WO pgafizieest er s of phosphorus-contai ni ng aci ds ¥&I/gS$2007/066950
tricresyl phosphate, trioctyl phosphate, and the
di ethyl ester of decane phosphonic acid), or polyneric
tetrahydrofurans. Synthetic oils may be produced by
Fi scher-Tr opsch reactions and typically nmay be
% r%gsgosng ? go f Iesoclrgf Tu-{ﬁﬂ%%ts ﬁ% Vps\égmgyggrbcggp to QludfdéfSinclude
Fu&cﬂaﬁgesTdsﬂJDSQ ho gas—w;owbigqlu,l ¢ EyPo kel 0:00 m’yoﬁ@gm e as
wel | as other gas- to liquid oils. [00108] G ls of

| ireE-t may al so be defined as specified
I Ehdelpgil]angeagaﬁ)&%(gﬁl deli r?g%ﬁﬁ&fﬁgﬁ?&ﬁmy)bg@gég 1rﬁllldes at least

gooupshar ecedrihaldeonsdditiGe ouffht §thol phuformendeeatidit@e®3nclude

W,. % and/qr. <90 wt .% satur tes, viscosjty. index
éleéﬁ?ntSeasﬂﬁbganS (‘4EAPHY LTI BRHOVER, éé s> Y4scatity Tgdifiers
Wh i SrihR RSy m¥ %%Oébl&l}éoﬁé?ﬁ &%) &Ot'héggs)entﬁﬁ Ulhtiokldants, foam
(sul phur cont ent % and >90 wt % satur at es,
virdugbigorsy dﬁmdksxﬁeri,zmur ®iotpepigsgaaltd, foamymhphitob.ed icagboxylic

( PA p_V (al rs not included in
%]$§ ainhyﬁirlde’laflﬁ mlépgr hef eﬂlﬁ oi | of lubricating

VIiEEag) t YTI&OBial S&ﬁnmed\%m&ﬁu Bfl theCotp bésfoldhaldR additive
[11, Goup IV, Goup V oil or mxtures thereof. Oten

t hempprndst pricedin iowaan A fdeskasss myy iiaclade amgesoddow % to about
CoUR il or OHM bt by (SLOHR bV LYY RTanflX) HO£55BTE 580 5 wi
ernaflveyt e oll ubri cating viscosity

oP4, et adoutAP00 AW td kboudrlowp %4, 1dr 2dbut@.00P wt Vo @@ |ab@ft 0.5 wt %
m xtures ther eof . £ 00109] The anount of the qil of

| abihicaampesiiorcdd ngm@mmpge o Precather pemiernisdicq gditives
r t [ a.C

i ﬁg@am)ﬁ%tsagf ﬁt %%H&H(ﬁl fo'r 8 E t%ﬁgv\éﬁg%ncaé’g%dﬁ?tlvc‘éé%q;e present
car didfirent anmduinis tedwatnaantb ecatlnethemerf ormance additives.

[ The lu atln co sition nmay be in the form
f@@]lgl c&wra ' lgw TSP P ICediSPeTB T Aok cxample
I N-ShRtiRRbY g cHalf'f? aﬁd@h&l‘"ﬁﬁ@uﬁ&%) ad"ldlahﬁf%hcd?ﬁﬂe@ﬁn@ Man ester-
inhibitor are |n the formof a concentrate (which may
beomgmmmedlsmltsanfaddl tdopdensatiph tpoodust mofi m vf?atﬁ}'ehadrocarbyl
|n art |n|s dlubr )dhthe ratlo of .th fkl
88%1??P§yld°a)acy ?g aar%ini( 8‘51ﬂk MR Y REH %"h% yl amino

a?héﬂ/@ﬂadls@fg@ﬂit, adlielirb a6 or- élﬁﬁieoﬂlspé\r@hlbﬂ ta0polyeticeligidrsant, a
| ubricating viscosity and/or to diluent oil include
polyetheramine dispersant. In dlfferent embodiments the dispersant may be a

succinimide, succinic acid ester, or Mannich dispersant.

[00114] In one embodiment the succinimide dispersant comprises a
polyisobutylene succinimide, wherein the polyisobutylene has a number
average molecular weight of about 400 to about 5000.

[00115] Succinimide dispersants and their methods of preparation are more
fully described in U.S. Patents 4,234,435 and 3,172,892.

[00116] Hydrocarbyl-amine dispersants are hydrocarbyl-substituted amines.
The hydrocarbyl-substituted amine may be formed by heating a mixture of a

chlorinated olefin or polyolefin such as a chlorinated polyisobutylene with an
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the ranges of 1:99 to 99: 1 by weight, or 80:20 to

10: 90 by weight. O her Performance Additive [00111]
wab@7gziepbsi ti on of the invention optionally fRECT/HE2007/066950

i ncludes at | east one other performance additive. The

ot her performance additives include dispersants,

detergents, viscosity index inprovers (that is,

vi scosity nodifiers other than the polyner (i.e.

compengnty (a%) etﬂf 16&1@ LAY E ! t%g) reBce Ot %aggsse’ lflc%ams sodium

i NI D1 COFS,  demilSriiers, pour pain depressan?s, fdam

| Bidbbhiteras descriiddaxy.Si Paw@ai Noos,4anjapdri de, and

m xtures thereof. [00112] The total caonbi ned anount of

t ROdThernpers syRade@CBiddie iIVETEBRPBUHYS §reriéws dnlent one
Skl B0ty Wk, bORIBLTIZRASH Gk Wy Yo oRhBLy form o

OpOLasobutyledico slvoitimbdam complex atbidut zidc005 Thie 9potipisobutylene
about 1. w % %g ag§Qt 0.005 wt %to about O. .mﬁ.@boﬁ

¢ AR CLURER CPIBIEY WGBS BredBloac g ipreomifgion. In one
PERLOH TR Gh AR Jek 488 cBRYriREs RIRIEREbutyIent SuCOMIRNf @mplex
the other performance additives to be present in

divfithezienor axptuntsstheesiodend descoibed ¢h norhdetail[ 19014 3]164,603.
CHBL S ThEBRP Gk PR % PoRSCrdal B e PEoR M hethods by

suCehitidh a8 anf dBANIERtHicFPRAIHANt ABBng these are boron, urea,
estercontai ning di spersant, a condensation product of

atlfiguiep, h¢idraseantoyiiadiprodesar lsasbpni digdphigdei ngldalyedes, ketones,
W .am or 1184, 1.10Q: ph - -
arbeRUET AR ] STRE G- AR SR #drides, - maleic
pehlygiriiRl nittisgeepatitics, phpophrtih esapbinedsdirtiper satill cohpounds.
di fferent enbodi nents, the di spersant may be a i

sl s Adedingid cihgi dispeisantedt ér bowtedvdipceyynt.  Typically the
dbéﬂl%(?aﬂfspel[sgtgg';l'cddmﬂtri]segne[hgngggéiﬁz et I'Eﬁ%p%y&cﬁ't ni an%?ises a
di spersant “conpri ses a pol yI sobutyl ene su C|n|n13e,
whelygiobutHenpadugcmabutey | eherciasthae pobshsrbuaylenagieas a number

nmol ecul ar  wei ght .0 t 4 t o about 5000. [00115]
SHETRAT mOé@UEq%s%@gﬁfa%? Bt ot r nethods of

PERAOR! [P éirsger‘gﬁ’ﬁtemﬁglble)brg%@ lat D&t v tdaizut FAReE Sor about
4,234,435 and 3,172,892. [00116] Hydrocar byl - am ne

d0dets ahogt Asewhydr ocaaboyt Oslubstabouit &4 witi’dest thRhéubricating
h¥droca¥ | -substituted am ne nay be formed by heating

.bx
a " PrRPUH8 of a

[00120] Antioxidants include molybdenum compounds such as molybdenum

dithiocarbamates, sulphurised olefins, sulphides such as tert-nonyl mercaptan
reacted with propylene oxide (mole ratio 1:1), hindered phenols (2,6-di-tert-
butyl-4-methylphenol, 2,6-di-t-butylphenol, 3-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-propionic acid butyl ester, 3-(3,5-di-tert-butyl-4-hydroxy-phenyl)-
propionic acid isooctyl ester or 3-(3,5-di-tert-butyl-4-hydroxy-phenyl)-
propionic  acid  2-ethylhexyl ester), aminic compounds such as
phenylaphanaphthylamine or alkylated diphenylamines (typically di-nonyl
diphenylamine, octyl diphenylamine, di-octyl diphenylamine, butyl octyl
diphenylamine, octyl styrenyl diphenylamine or diethyl dinonyl
diphenylamine).
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chlorinated ol efin or polyolefin such as a chlorinated
pol yi sobutyl ene wi th anam ne such as et hyl enedi am ne

WO poovhzrep esence of a base such as sodi um car bRCEU£208B066950
described in U S. Patent No. 5,407,453. [00117] In one
enbodi nent the invention further conprises at |east
one di spersant derived from pol yi sobutyl ene, an am ne
and zinc oxide to forma ponisobuterne succi ni m de

¢ (ﬁ%éi %I%ehanztlox(fdan-[he Ol Ic deo ql'alltt}ﬂ t§ 5o § Itg)' m at%out 0.01 to

ZI Nc ma alone or inm co |na

| abowtel . £ od) sredbout b@Sdb?aIbﬁﬁﬁ@.BtwtC%fmrthé @grivating composition.
pol yi sobut yl ene succi ni m de conplex with zinc or

mO&132¢s thedeisrecahmagels privedl answ%beéwde{napne icfbgdiment the
3dé%ﬁ¥9@%;g%9@ 118] The dispersants may al so be

post -treat conventi onal nethods by a reaction
wi{@(123hy e ade«mgmeﬁ ynzqf mgentghenAeDog b heslpharieed-phenate, a

boro ur ea, rca t ot hj.adi.azol es, car

d?‘élﬁ i greant %ﬁ%(ﬁ# @te et ﬁé@ S, AaHERYN; T BLftYES Rt
hY(ﬂ]"lQQ?r bAN-chdbShivodtBehtSYRE] &ét@rg%ﬁhy&frhﬁﬁ% rzlalp?ﬂeﬁate or a
anhydride, nitriles, epoxides, phosphorus conpounds

amdpbuﬂﬁﬁkaMﬂ@bnpounds In one enbodi nent the

di r-sa IS a ate ersant pi ca t he

oFRSE OBy SaRPoiRisRD st BBSIRAT chmbf R quibtolfie detergent
diTep & HABhate QXRTbSAMA HIQb Vb eOBMHYiSm erSbisH fropt@ies.
wherei n the pol yi sobutyl ene has a nunber average

m ARG arThee selrhowdte 1drtengents 0bdhe [c@omPSItiophincludes compounds

aRSFSRE5 5 o BHERE", (€0, SaP stk "0 aglf) 1 is o

1 hdivlcaydbrdupeinl after ¢robddin@ne oomemiiig aout [@@b?&)]ut 40, or about
Ant i oxi dants include mol ybdenum conmpounds such

Ol {9 GREHL AP dP Tt MV &Y 19atheue S0, eUIrPMIY &rabyitet() ngon atoms; A
Sﬂlaghl?éjﬁﬁie élﬂ? 4 @%llﬁef]%ydﬂﬁpcr &@Elte Pof Z‘ﬂﬁﬁ@ﬂeﬁ\q %ﬁdrocarbon

pro ene nole ratio 1:1) der pheno
(BrampdliM tie hydimgyh a 4al|tmt6hyf pmestel jon, an ammonium ion or mixtures
2,6-dis

atheseaf; i ﬁiel?taﬁuawﬁr ot RyrBYphdRy Fyampiedbilort ¢ dc?d In one
bufpbd @8Rk i3-1( 32 Jrdi - e hotel WmibdieEROXYoPheMd Jn another

propionic acid i'sooctyl ester or
36@@06Hmﬂuﬁert but yl - 4- hydr oxy- phenyl ) - propionic acid

h st ré amini.c .co unds uch
oA e E TP Ain el 60 4 ROT & Sh uPHASH atplogroun wio
( by@itadd yboit 40 Q@Wonddtﬁﬂl@ nyjlﬁéﬂd?@mb@@lhté'nt kis 1 and R is a linear
di phenyl am ne, -octy 8heny|an1ne butyl octyl
alkyl group with about 6 to about 40 carbon atoms
[00128] Examples of suitable R' linear alkyl group include octyl, nonyl,
decyl, undecyl, dodecyl, pentadecyl, hexadecyl, eicosyl, or mixtures thereof.
[00129] When M is a valence of a metal ion, the metal may be monovalent,
divalent, trivalent or mixtures of such metals. When monovalent, the metal M
includes an alkali metal such as lithium, sodium, or potassium, and when
divalent, the metal M includes an alkaline earth metal such as magnesium,
calcium or barium. In one embodiment the metal is an alkaline carth metal. In
one embodiment the metal is calcium.

[00130] When A is cyclic hydrocarbon group, suitable groups include

phenylene or fused bicyclic groups such as naphthylene, indenylene,
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di phenyl am ne, octyl styrenyl diphenylanm ne or diethyl

di nonyl di phenyl am ne).[00121] The anti oxi dant may be
wee@sarteent O to about 3 wt % or about 0.01 tRCEDS26D7/066950

1.5w % or about 0.05 to about 0.8 wt %or the

| ubricating conposition. [00122] The detergent may be

natural or synthetic. In one enbodi nent the detergent

i's synthetic [00123] The detergent may be a phenate

g;na%ng;r chzél%glﬁ?t)%glregyleehe a%r:rf; x?urgﬂ?llrt]ereota Ny, 0{1¥ ernbodlrnent A

t bempeifes 4 MK Ichairiape enbodi ment the detergent
Cﬁﬂgﬁlses a phenate or a sul phuri sed-phenate, [00125]
|

d | enfBodiifiessit qnh@dd@@@ts AtdetapRt §areulral of grsthased. |

d rgent may al so have
cgégggﬁgﬁn?%ﬂﬁﬁfg&g ?g%§F%?%§ [00126] The sul phonate
d{a(i(HB@QantEmplbsaoﬁalmﬁsbltel duterignet indbslecortpotinds of calcium Cs.
represented b f or nul a: erein each
Ru-1I5Y ﬁ%%ty&taﬁb engmpwlﬁﬁe%e o0t aiiAphigalene
a?@lﬂho@atéocﬂgﬁﬂﬁ fiecy? n %ﬁ‘\ Aleft SQIpABRALE, %dodércyfil?ﬁﬂﬁthalene

to about 30, or about to about 20 carbon atons;
nanylpbenatn,d@ielndedtneytade@xlatapbtl@ﬂe@c%ldph@ach \Gal retures thereof

G BPog i ot ARC G it s, PSPl g govertased

tbﬁbﬁﬁﬁ dllﬁ)rﬂt 1h Zplﬁhzﬂené SlpBeat&forGnikeuraPeHékedt, for
exanp , In one enbodinment k is 1, 2

0{0(1433t n %tdn@fgféﬁb@ayn%tprqse@t ip thedlubiicating heamposition in

N, ONng %QEH S
gg%rancﬁ%aakggéfz%r%U%Paﬁfﬁ OJ?%@%Pglgnggﬁg}gaE%Ut001
cayﬂ@nu&tﬂhw19ﬂn one enbodinent k is 1 and Rl |s a
l'i near aIkyI group wi.th about 6 to about 40 carb

alYHs4] [ ovisostyERaamiies eﬁhefs dhtmphe miym% éak 05|tia9| invention,
IR (jhg %Mﬁ%eglgge}ﬁc y?ﬂtﬁg%lggss yf %V}’renéj Bgt%a)/elne gﬁtg/‘;r’éé%:c—propylene

pent ade or mxtures’t
[ Gﬁ)pxﬁgﬂneWI enpdlyissbatonad,enbgdmigenatagt abtyrane;isopreneret pdlymers,

be nmonoval ent, divalent, trivale t or Xt ur es of
S NLArORERAPL . SRS nBNSEF S nPolyPeaharEy ?Tﬁ%tru[fée aplyalkyl
E ﬂesnﬁltl@hylsé&%rh c88julshichi UBhe %6’1%1 Hﬂersor o%l@t%% WHd esters of
when di val ent, the netal udes an al kal'i ne

emaﬂehc n@nhydrgcimktyaﬁslena@peg{m Conventlonal poly(meth)acrylate

polymers may be derived from monomers substantially the same as those
defined for the polymeric arms. However, the conventional poly(meth)acrylate
is generally free of a functional group selected from a halogen, an -O-N= group
and a —S-C(=S)- group. In one embodiment the polymer of the invention is
mixed with a conventional viscosity modifier.

[00135] The viscosity modifier other than polymer (a) of the invention may
be present at 0 wt % to about 15 wt %, or about 0.01 to about 12 wt %, or about
0,05 to about 10 wt %, or about 0.075 to about 8 wt % of the lubricating
composition.

[00136] The carboxylic acid or anhydride thercof may contain about 10 to
about 400, or about 20 to about 200, or about 30 to about 150 carbon atoms.
[00137] The carboxylic acid or anhydride therecof may be derived from a

polyolefin. The polyolefin may be a homopolymer, copolymer, or
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cal ciumor barium In one enbodinent the netal is an
al kaline earth netal. In one enbodi nent the netal is

w@ 2dociiznes3 [ 00130] When A is cyclic hydrocar bonP@r/osgep7/066950
sui tabl e groups include phenyl ene or fused bicyclic
groups such as napht hyl ene, indenyl ene, i ndanyl ene,
bi cycl opent adi enyl ene or m xtures thereof. In one
enbodi ment A conprises a naphthylene ring. [00131] In
different e i ment s the detergent, is _neutral. or
ou R0 RS RERRA T P B2t IPmERY 2tz pagnomens
[ 083 dlinExBow BSo aboat $68] babbeutdEtenygent 8] schbsig Ato about 6
| east one of cal cium Cs- 20-al kyl substituted benzene
sGHPRBAfe®s. cAften ks MohgRGIsabi RIReMshit cColIPHNe Paceor more of

. di | I .
ﬁg%ﬁ%}rﬁ%ﬂe, is%%ﬁ% enf‘-@melﬁg, %8?@59, P@Q&ﬂ(ﬁen é'og l‘ﬁﬂ@ﬁ%&s thereof.

éne sul phonate,’ cal ci um’di pent adécy
nHpH3I8H| dineosell gpiianlament dic @hdbowyBs dcldrorodnhyldnidonthercof, or

enbodi ment _ t he_det er.gent conprises neutral or slightl :

ogb%rrllﬁ%%"é’é theicef aﬂmarlg%w% t%ai&@yguﬁﬁﬂeﬁﬁse of gprbloxylic
Mt pRsedrher eof . [00133] The detergent may be present

in the lubricating conposition in ranges fromO to

ab¥i398 vin dneorcmbdlodimerd. Ol ¢asbabydigt atie ant ayhydnde thereof

bout .0.01 t b 0.75 wt. % [.00134]. Vi it
o Babriess 2o bRy NoPHb e, o b 485 YR Thiat: oft more

I d6tatlddl N@sod pHi O ed Tk € it hABYS/1i0f acid or anhydride thereof is
styrene- but adi ene, et hyl ene-propyl ene copol yners,

pOEsarden un e 3/ M ldl ogegrad bdinst M iorge Sdptiap 0.

p S,1.h o) . ' r Y, S .

DRI o4 R i SOPLSIS DL YIRS S g threot o
aldkemtivearitibree 0 Bponpaiked il saetico poddireos,dodot il slicdisic acid
and esters of mmleic anhydride-styrene copol yners.
CHMPeRFOPBIsAF opticy (net h) acryl ate pol yners nay be

deg f SU N
ORGSR {TRTMIIORTR ScmeLAN AL foblP ARTE: BhPR? runss
c trowe Attb aibabit poltyYoret e mpbat @ 00681 genbowtl 3 wt % cer Hbmaabout

f tional group selected fr hal ogen, an, - o
gmﬁ)ﬂ tg 4o 19 1 gytc,@,__ 5] _?ro&} glgﬂyt(hn%lag)n gb%ﬁg)oa W{,L%to%tﬁg lubricating
PebYPELitigh. the invention is mixed with a conventiona

viscosity nodifier. [00135] The viscosity nodifier '
ol MHH42{ hadthgol perkrrniaaye ofdditiecs muelnt dsodoamy injubiperss erdluding

%o&lwglre%)atggue?ﬁﬁu%cr]y?atwan% 296rth}?1 gygdagry?a]fe ta%dako)gt%na}lzy vinyl
acetate; demulsifiers including trialkyl phosphates, polyethylene glycols,
polyethylene oxides, polypropylene oxides and (ethylene oxide-propylene
oxide) polymers; pour point depressants including esters of maleic anhydride-
styrene, polymethacrylates, polyacrylates or polyacrylamides; and seal swell
agents including Exxon Necton-37™ (FN 1380) and Exxon Mineral Seal Oil
(FN 3200); and dispersant viscosity modifiers (often referred to as DVM)
include functionalised polyolefins, for example, ethylene-propylene copolymers
that have been functionalized with the reaction product of maleic anhydride and
an amine, a polymethacrylate functionalised with an amine, or styrene-maleic
anhydride copolymers reacted with an amine; may also be used in the

composition of the invention.
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0,05 to about 10 vt % or about 0.075 to about 8 wt %

of the lubricating conposition. [00136] The carboxylic
wa@eiod1ziweanhydri de thereof may contain about 1BCT/TS2007/066950

about 400, or about 20 to about 200, or about 30 to

about 150 carbon atons. [00137] The carboxylic acid or

anhydri de thereof may be derived froma pol yol efin.

The pol yol efin may be a honopol yner, copol yner,

op(pus%aq% qecatloThe pol yol efin may be prepared from
oﬁl—ynm—rsa%q—e—rron oners contai ni ng about 2 to about 16,

O[O(qult Phd emetthalibf 8he divaabiout is udefulafp@Uubicoraidanvaricty of
atons. Oten the pol ynerisable nonomers conpri se one
ofnesbricaf dpyiepy | eﬂé@ machpRicah deViee perBiases| dofiaghene of an
1 €
oS SO iord o oG S i e L b FraBE pystem. o
orturterei watérnes ctih&ﬂaufg odnpystSeSs an iﬁdtmrln] oilagistkm, a gear, a
ng%rgrl de thereqf, or carboxylic 1(E:?jter t her eof .
6F IhEHABIBAHIAN RO Het RARHO ARSI or
aNMdm dent fereat éh%’ﬂ%ﬁhl%ﬁ% B PRI SRR L RRETMGICR I ¢ Teast
acid or anhydride thereof. A nore detailed description
ofbna of i ﬁladta@hcasrybml i durhiad syteran aydréudgingherlepfstang, or an
r% ? in t\/\D 93/ 03121, page 33, line 10 to page 37,
51100 1%8 I n one embodi ment the carboxylic acid

O(ﬁralsydmckefomla,e\ﬂﬁ@fexarﬁpleg PrdMat i1vi8sratibeY 60ThcGAVRItICHE SThese
e reaction product of dodecenyl succinic acid with

pﬁéirypléﬁeﬂrmoaeexl{a@@tmq]anctt?éemtb@s@yﬂ@@ tadirditghe scope of the
E}WE{I ge thereof nmay be present in ranges fromO to
3wt % or fromabout 0.0001 to about 3 W % or

fEO;[AMP@EIS 0.001 to about 1 w % or fromabout 0.01
to about O 5 W, %of the | ubricating conposition

R1RPY x¢ £xample-L (Prgn; L |1§,ggep§{§éiﬁnélsve§%§éﬁgulpped with a
'Hﬁfo%k{x Qe 'f[b%ﬂg'a@@absapgwmﬁ Afedili kol idelifiod dirrer, 2
2- et hexyl acryfate and optionally Vi ny acet at
ddrmdneco‘up&r gnd EnO/ilaJeh-atg)ld:dr ccaidklysler phohqjg@i wt,h about 80 g of Cip1s

Dol ELIML 05,0 4ecl 3, RELBLINLGhE G 9681 50 zonon™

om ctﬁﬁtlaqaﬂ)y 9%% 4.090 roprH&lec9@91&)3&%@1!3{0%afb6ﬁ§1§@lbﬂ&y1 2-methyl-
esters of | ei ¢ anhydri destyrene, “pol ynet hacryl at'es,

poopamYy Iaaﬂe@decylmsteye(chm aransfes agandagbabous WiA g of oil. The

contents of the vessel are stirred under a nitrogen blanket for about 20 minutes to

ensure sufficient mixing. The nitrogen flow is reduced to about 14.2 L/hr and the
mixture is set to be heated to about 90 °C for about 3 hours. About 6.05 g of
ethylene glycol dimethacrylate is added to the vessel and the mixture is stirred at
about 90 °C for an additional about 3 hours. The resultant product is a mixture of
polymers and is then cooled to ambient temperature. The major product fraction is
characterised as having a weight average molecular weight of about 283,300 g/mol
and having a number average molecular weight of about 215,900 g/mol. The
polymer is believed to have at least 9 polymeric arms (containing about 80 wt % of
Ci215 alkylmethacrylate, about 20 wt % of methyl methacrylate) and the
conversion to a star polymer is 72 %, with 28 % uncoupled linear polymer chains.

[00147] Comparative Example 1 (CE1) is a linear polymethacrylate prepared

in a equipped with a nitrogen inlet flowing at about 28.3 L/hr, medium speed
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agents including Exxon Necton-37(tm (FN 1380) and
Exxon M neral Seal GO (FN 3200); and di spersant

W ®ensictyy nodifiers (often referred to as DVMCT/H81000&56950
functionalised pol yol efins, for exanple,
et hyl ene- propyl ene copol yners that have been
functionalized with the reaction product of maleic
anhydride and an anmine, a polynethacrylate

f e%%an (o lS’tl%gld aMherrn cou 1%] an v&{aﬁerzc\é RA& onaenselg is fhaaged with

de copol'ynmers e an an1ne

bebcuﬁ@@ lidng bh ggg‘mﬁylhmﬁﬁc@/ﬂat&,%ouﬁ@% gQu. ﬂlﬂﬂyﬂsﬁléﬂhad:rylate
Application [06 The nethod of the invention is

uskedutll 10.0rg dfldil, Iabcait i3nng @ofVarigaioy™0P 1 intitanacid. 12 g of n- dodecyl
devi ces. The nechani device conprises at |east on
ofexGPiaR: ef Brarordett l9§ theoMessFl g éﬁ%&earanér Bhied 49 ensure Sufficicnt

| Hﬁﬁﬂng atAm 'onfl LVAb el s %Bﬁtghts %.1‘(% HLR BRSPS §MBth& vessel
circufating oil system an industrial oil system a

gemtalnalggaanﬂqcce)d welh aaoiechmaidat overhosirbtesdro watar-caoltd moalenser,

transn1ss 0014 In . di.fferent enpodi nts

T ERRR I gidgiica B#A pdgitragen Bleet Hhet of B vessel are
hyght @i for Cab&Yts;oelmmﬁesth@f 29itfoeeh ®Mnkat glow?fhlt@bf MbuPDk 3 L/hr.
system or an industrial oil system [00145] The

f oht QwéseDisekaBtRsd B S0udQ 10 IOCUGith at m&agexpﬂoxkzh@te of about 14.2
i nvention. These exanples are non exhaustive and are

nbthri riiéandbeirqastion temperatercgeashes of cxdaiermpeslt theemaining two-
epalrbgﬁhé 9931 Lolp lnoﬁgﬁ%&zgﬁ%tlb%e:g%ﬁﬁé ﬁrs%‘ Vggge RS Jazid%ds %hrough the

In a vesse Itro

f haditiong fidincbd@u b p2Bodofdtvus Oradhwtes, %Bﬁ@ﬂcd&@@&hﬁ €akel to about
stirrer, a thernocouple and a water-cool ed condenser
i $1@Har gﬁdl vict bndalbutadidng @he GERselDs ahkrgbd with about 0.2 g of

net hacry bout 2Qg of hyl th yl ate, about
T@gm@%%“a?rlr g J((ltgﬂﬁ of 2)11131(({ SIS %ra%ou‘ra%l@oqg Olfhlé step is

Ofreé)eated 3 rnore times. The contents of the Vessel are stirred for about one hour
odecyl sul phanyl t hi ocar bonyl sul phanyl - 2- net hyl propi o

nbefoar p@blmgdem}nblagt temp¢rhaé.n Ttheansflent aglemey mnlmhracterlsed as

ut oil. The, cont.
SBrvbed bRadk R ingliehiaf k.ot S b SRS Rl verage
t ehoRRE QveSdht bF €9,906 gioti Ng. The nitrogen flow is
reduced to about 14. % L/hr and the m xture is set to

b &0 HS1 ecHy@raawastgm bbricatinglseutpositipagrase pagrated gop®ining
gtl?ef g? or %]gqst h@%r ya'd?%t?ves atﬁfj %gge 9.t I]?ubrlcatlng

Vess xture 'S s
cornp051t10n 1 (LCl) contains about 6.18 wt % of Prepl and further contains a

total of about 0.85 wt % of all other additives (i.e. a zinc containing antiwear
agent, a benzotriazole corrosion inhibitor, a naphthalene sulphonate, an
antioxidant, a phenate detergent, an antifoam agent, a dispersant and about 0.2
wt % of a polyacrylate pour point depressant). A reference lubricating
composition (RLC1) is the same as LC1; except the polymer of CEI is used at
about 8.2 wt % and the base oil is reduced accordingly.

[00149] The lubricating compositions are cvaluated by determining the
kinematic viscosities at about 100°C and at about 40°C (by employing ASTM
method D445). The viscosity index (VI) is also determined by employing
ASTM method D2270. The results obtained are as follows:
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about 90 OC for an additional about 3 hours. The

resul tant product is a mxture of polyners and is then
W@oml7azietd anbi ent tenperature. The mmj or pr odRECL/US2007/066950

fraction is characterised as having a wei ght average

nol ecul ar wei ght of about 283, 300 g/nol and having a

nunber average nol ecul ar wei ght of about 215, 900

g/ mol . The polymer is believed to have at |east 9

potymeric—arns. (contarning—about—80-wt, 90 of Ci2=15
alkylnethacryﬁ%%%, about 20 w Qboflﬁgthyl RLCI

et haGhathad €Vipsity hergptver sion to @ostar ppl ymer gigs
Y2 % with Zgﬁgﬁuycoupled I i near pol yner chaj ns.

[ QoA TOMRE AL LY G0 BT T (CE Y4, & Fimear 57

ol ynmet hacry prepare n_equipped withl a

hi trogen iVibessityllodéxng at about 28. 340/ hr, nedium 153

speedmechani cal stirrer, a thernocouple and a
wat er - cool ed condenser is charged with about 381.4 ¢
0{00350]\ Hiklbnettiag cyiaostionbhoatsoGabR8teg tof shawt dwydetermined

t | ate,, about ,110.9. g..of oil, about 3.12 f
B AL et v2am s gpluRied Tredharimeli st for about 20
MBHGRPK AR -abdhe SO0NNE N, Af abb@ VAPSElandr & foakassangm. The
m xed to ensure sufficient m xing. About one-third of

t Nscoutsdatabiained frogy thettestnis fdgserdupdi int AS Bomigdod D445, The
nt ai ni.ng equi pped with a nmechani cal overhead

\S/%GGISS?lrﬁlg P’%'Paln are.

wat er -'cool ed condenser, thernocoupl e,

addi tion funnel amgstnitrogen inlet. TheLcontents @&LCI
he vessel are stirred for about 30 m nutes under _a

NI e guhKiscamitist Vseouiy #tak0 ‘6F (ramoist 285321/ hr. TieD62

{1 owt 5t d R ABBHT VAP THT 0% ter the’ Fdackion 0o/

{enper at ure reaclHds /ah exot her m peak,| the repmi ni ng

{wot hi rds of sh@Hakﬁsgygnnnoner m xt Ur g2(74 om t he 14.95

rrst—vessel)—+sadded—through—the—addit+on—funmet

over a period of about 90 m nutes, before cooling the
VeEEIS | t OT1abaubridathe0Cotpokitiohhearenduigtcte@ats i9Blualib® using
vessel is charged with about 0.2 g of Trigonox(t 21
i A dylethog 0. oihe tepicevsduatesehetendeasy of igHbitpodayineral oil
Thi 8.4 [ re, ti . : g

¢ ReRdchEly' BrbRRbALa, THCRIIEE 1R fOTRA o comode
coopparatdysinit@ntant eofermtdiidge dinéng epeiatiantinphk ypregence of
is characterised as having a i ght average nol ecul ar,
waiagHt O%Yge@ﬁ?%‘géo@%ﬁlfﬂdém Wﬁﬁ%?‘t aé\/é?‘é@té fonegafugs: The test

}Nggﬂl!?itonofs 500 MRhrs 409B] 9iyer aylieCr. 3y 8¢ %@ta%iﬁeed are as

ricating conpositions are prepared containing
podlover:s of Prepl or CEl, other additives and base

oi . Lubricating conmposition 1 (LO) contains about
6.18 wt % of Prepl and further contains a
D4310 Test Parameter Measured | Test Pass Limits LC1 RLCI1
Sludge Accumulation 100 mg (max) 82.6 80.8
Copper in Oil 144.7 140.4
Copper in Water 3 15.1
Copper in Sludge 10.8 27.45
Total Amount Copper 200 mg (max) 158.5 182.95
Copper Rating 1B 4A
Steel Rating Bright Tarnished

34



total of about 0.85 wt %of all other additives (i.e

a zinc containing antiwear agent, a benzotriazole
w@rezicoh i nhi bitor, a naphthal ene sul phonat ePCEIES2007/066950

anti oxi dant, a phenate detergent, an antifoam agent, a

di spersant and about 0.2 wt % of a polyacryl ate pour

poi nt depressant). A reference |ubricating conposition

(RLCI) is the sane as LO; except the polyner of CHE

cor%?I?n 9 heag?% O_Lbi@]ne%iﬁ 1n({ el rtlhtgg ﬁ} gg%glggjun% ?m %g{tllor%g of the

e\kﬁ‘ehﬁbﬁ%rbﬁd@&i@rlﬁéﬁ K@nérﬁz&1d< lvixeo®ity ContrSICMSh tlb@sr adcat rate

about 1000C and at about 400C (by .enpl qyi ng ASTM

mEtdod m]ge)rathfh €XeMPEo §’Ylt1§ﬁt i TR 1{1%) theg agprg@rlate lubricating
TM nmet hod D2270. The results

E%g?ﬁhﬂﬁg#gy%§§?%@¥gmg: 0150] The |l ubricating

c@(nn(SQ] I t i Whilesthal mocstih] dat ddeh ocxpheaacd as rdbtiennionés various

Rl ered beayi shear, stabiljty te
@ng%‘?ﬁp S ISR F% IMgBRSTRO L e oSy mﬂ&é*&amms&cféeﬁ will
| BabmAtappheHt td4RoQCsRiMddal, aRowl R0 réRiMe Tllike spemflcatlon

viscosity data obtained fromthe test is describ
ASTMotetch dds D448 . unﬁh@tqoe?suhllat shedbtvamtmddlacleseq be)ttﬁi.l_]s mtended

l\l}gf{}‘z%“ i t | nﬂglc,&gg()SI § I %gg t%%béc%%et‘e%? éé? appended claims.

eval uates the tendency of |nh|b|ted m neral oil based
steam turbine lubricants and antiwear hydraulic

| ubricants to corrode copper catalyst netal and to
form sl udge during operation in the presence of water,
oxygen, and copper and iron netals at an el evated
tenperature. The test duration is about 1000 hours at
about 95 0C. The results obtained are as

foll ows:[00152] The data obtained indicate that the

| ubricating conpositions of the invention provide

i mproved Kinematic viscosity control at a | ower treat
rate than a conparative exanple whilst maintaining the
appropriate lubricating performance for a hydraulic
system [00153] Wiile the invention has been expl ai ned
inrelation to its various enbodi ments, it is to be
under stood that various nodifications thereof wll
becone apparent to those skilled in the art upon
readi ng the specification. Therefore, it is to be
understood that the invention disclosed herein is

i ntended to cover such nodifications as fall wthin

t he scope of the appended cl ai ns. 3495-01- WO
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What is claimed is: 1. A lubricating conposition
conprising: (a) about 0.001 to about 15 wt %of a

weoloyneteiM th (i) a wei ght average nol ecul ar WeGTy$2001/066950

about 120,000 to about 700, 000; and (ii) a shear
stability index of about 30 to about 60; (b) an
antiwear agent; (c) a corrosion inhibitor; and (d) an
oil of lubricating viscosity. 2. The lubricating
conposition of claim1, wherein the polyner contains
about 20 wt % or nore, or greater than 50 wt % or
abBous-095W@ % or nore, or about 70 wt % or nore, or
about 95 wt % or nore of a nono-vinyl nononer. 3. The
I thé%\ﬂaﬁee‘%tﬁmo& tion of claim1, wherein the shear
stabilijty ind 0, or about 30
to about 60% ﬁ%r]‘?ﬁteﬁeg%})%g??ﬁa&?gﬁgm ition of claim
1 V\,he(ael abotih 8.0p b Ity ribouth s wa 2eifghpolamer adih (n))h e;mllghstraverage

%E}@?leég g&]ﬁgg}gdggggb tga al?oméOg 839’%%%(?1?‘6 sﬁlear stability index

cgm&gowaggutgd) aim1l, wherein the polyner is a
copol yner. 6. The lubricating conposition of claimi,

wher ei fb)tanenpokgmagenthas a branched, a conb-like, a

radial ,qor a star Tgt}rﬁhtlte%t’]ure. 7. The lubricati ng

conpos (ViRshIBFOR erein the polymer has radial

or stayd)aneil dfeebitatng Siscddig. | ubri cating conposition

of claim1l, wherein t%e I ubr| cating conposition

furt hel- corrffhpslelbrlaatmm@ﬁ@ﬁﬁlt@n pig sk éolmwn the polymer

r 0 i 0

&lltgﬁls at%}?u?% \lxtuk} b ngor %%Etgfs 'tl}aggg)r\gfg 0. ag}a ﬁ.’?’ wt % or

t h10ré2| @Calﬂgowrmmw t% dirlmsﬂe, ar chbblieos ureY &0 moTénbf a mono-vinyl

| ubricating conposition of claiml1, wherein the

pBIPREFi s derived from20 wt %or nore of a

nono- vihnyl 0 rh .

el ont “aver ag- Mericalfe WIRREH ol A6 BTG, Ba5 T he shear

abrbtlity 100, i@ @boutdo about 90, or about 30 to about 60.

4. The lubricating composition of claim 1, wherein the polymer has
a weight average molecular weight of about 100,000 to about 800,000, or about
120,000 to about 700,000.

5. The lubricating composition of claim 1, wherein the polymer is a
copolymer.
6. The lubricating composition of claim 1, wherein the polymer has

a branched, a comb-like, a radial or a star architecture.

7. The lubricating composition of claim 6, wherein the polymer has
radial or star architecture.

8. The lubricating composition of claim 1, wherein the lubricating
composition further comprises a component of linear polymer chains.

9. The lubricating composition of claim 1, wherein the polymer has
a random, tapered, di-block, tri-block, or multi-block architecture.

10.  The lubricating composition of claim 1, wherein the polymer is

derived from 20 wt % or more of a mono-vinyl monomer, and wherein the polymer
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wherein the polynmer has radial or star architecture.
11. The lubricating conposition of claim1, wherein

W b@7poieyarer i s obtai ned from RAFT, ATRP, nitrBXI/tUg2007/066950

nmedi at ed, or anionic polynerisation processes. 12. The
| ubricating conposition of claim1ll, wherein the

pol yner is obtained from RAFT, ATRP, or anionic
polynerisation processes. 13. The lubricating

oS tglgl?[ Ly raﬁgﬁﬁ}olecu]l%ﬂ%ggﬁ{ ‘ﬁf Dudies (f&é@’ MBLud® 1,000,000, and

O al ne rom nerisat't on processes’

14uheﬁanetuelpbryn¢@mam@dmwg3ﬂ zirbhltbcﬁfre cI aim 13, wherein
t he poli IS obtal ned from RAFT pol ynerisation
pr oces$ The Iybracating ?%PQ%@O%GM&M i oWhgtei[thg pplymer is

{aﬁi&l gﬂarﬁ} \%ﬁfAWﬁl‘tt%%?deahleldﬁﬁé& 6’1”?1181%% id ﬁz)lﬂneirlsatlon

ymsr rom nonomers conprisi’n
apnmetses nmononer; and (ii) a carboxyli c nononer or

fonct s oter T b8 %@?@ﬂéwéff?%np%&}gnagf o e NrsiptRd potymer is

a6BlftR FORA NI ATRP) of afn‘éﬂﬁr ﬁél?m‘éﬁ@&hd{ﬂﬁﬁoces{s@ a
copol yner derived from (i) an a-olefin and (i1

car boxyBi c fbadwercasmgdmmnaitioresf tlhenddf Wlmrel(lgyle polymer is

m S t he, | ubri atln conposi tion of
C Pl RS RAET o RGP et e E8h PReSTE hacr yi at o
or m xtyres Thheiwedatink conlfiRiti 36 f Edirh NG, GHERARIthe PBlymer is
of claim 16, wherein the pol ynet hacryl at e is derived

fpbm@dn%%rPef?’FEm‘?b@WSa@ﬁndﬁﬁ?ﬂSS@ ng: (a) about 50 wt
%to al?g ut J[‘%Q I\M)P(g%t%ég &8 |§1¥10Inn§% Qﬂﬁﬁly I1 gﬁ}er%e{h%l Bolyrner

the al kyl group o acry as ab

abembprid€l, aolcasbond of2a) @ pidpmitr dbricat Iﬁ@m af@Bicr§ Rpmprising:
about 0 wt %to about 40 wt % of an al ky
nélt)ﬁa‘émyl éf@na%émqmqrh@na| () @%rsabyleﬁ m%@mer or derivatives

??%el?gtgfg 4 bﬁgg v\ﬁ@?/g X cr%la{e @ckaoyg/ol%fcﬁ@ﬁ&mst%?igggﬁglefﬂﬂd(d) an
c otity&inei vigy recaater copib8yrnéﬁh de) abfuneaite nppobmposi(f)i omopblymer
Bl o, B A RSl RSO
t 'ﬂf‘ereof, or (g) mixtures thereof.

16.  The lubricating composition of claim 15, wherein the polymer is
a polymethacrylate, or mixtures thereof.

17.  The lubricating composition of claim 16, wherein the
polymethacrylate is derived from a monomer composition comprising:

(a) about 50 wt % to about 100 wt % of an alkyl methacrylate, wherein
the alkyl group of the methacrylate has about 10 to about 20, or about 12 to
about 15 carbon atoms;

(b) about 0 wt % to about 40 wt % of an alkyl methacrylate, wherein the
alkyl group of the methacrylate has about 1 to about 9 carbon atoms; and

(c) about 0 wt % to about 10 wt % of a nitrogen containing monomer.

18.  The lubricating composition of claim 1, wherein the polymer is
present at about 0.01 to about 12 wt %, or about 0.075 to about 8 wt % of the

lubricating composition.
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| ubricating conposition.19. The lubricating
conposition of claiml1l, wherein the antiwear agent is

w@g7gzisai ni ng. 20. The |ubricating conpositiRCI/U$2007/066950

claim1l1l, wherein the antiwear agent is ashless. 2 1.

The lubricating conposition of claim1, wherein the

anti wear agent conprises at |east one of (i) a

non-i oni ¢ phosphorus corrpound (ii) an amne salt of a
phOSph(f@us TRIPY HI‘I atlrE c )n amen! & clSal t Owh%rel the antlwear
phosphorus corpoun § 5) 2 NONOVA rre’t A5art™s
phgsphousisceaspoynd; or (V) mxtures of (i), (||)

(iri) aor (iy 22. The lubricating conposition of

clai m 20- wh é.lﬁbflﬁ@tnsancpméaﬁltla@eﬁ cldipti Sdisrein i gyntiwear

dgg&,{?@gﬁl sophosphate or a metal dial kyl phosphate.
ricating conposition of claim1, wherein

t he antZil\/veafThaglabtlcatmgprceB@nmmh abolaim0] 00Mtraih thetantiwear
about 5 w . % or about Oé) % to.about 1wt % of tla
|a%ﬁ=l}tc°mm&eé&ﬁ6%a§.t ©ng Pt Gha npRgonigPResRbPHy compound; (ii) an

CORRASkilk OF Lhn&dphbMs! corﬁ'ﬁ@ﬁtﬁd N NEmERIT @RI Qi of a phosphorus
i nhibitor conprises at |east one of benzotriazol es,

1compound;a@p] esmohevalenti tiatadl sedt, of a phosphorus cornpound or (v)
2a|k|d| I obenzim ol es,

STl SBEN O o0l s, 2o

(N, N-dpal kleﬂbtlhbﬁﬁaﬁrb%a@m?bh@iﬂﬁ%ﬂﬂcﬁzﬂ @Swherein the antiwear
2,5-bis(alkyl-dithio t hi adi azol es,

2 agerﬁucgpmrmew mevégfh djiillkbi daenhwsplyaty oF agnofak dinbaiphespaic.
| di d
hor oo o1 R OGIFIE PR AL AERIES Sl h i aniveas

whgsRiig ptr&%nc af ab@ltanG)mlhmbl%Qb AbOUPBiwES:, alr dbeas.0n€ % to
of a benzotrjazoles, or a 2, 5-bis(alkyl-dithio)-
1a'3014 kWi Suphiths lebricsgingeannasiiqre at i ng conposition of

claim wh | 0 ri
0. 00 01%4 %q:hg 1 ﬁglﬁln% E&ﬁ@})sqg?h ar}{)?lo an 1 h&%ﬁlsggg cBirosion

abdubit@x OEompri%wf at hdedstibromzat ofig tmmmtmslzb]esn. 1274-triazoles,
LT 2 TRl Dl M i, >

o NN Rk AdithReFRHYb I henARhRZIREL 2,5-bis(alkyl-dithio)-1,3,4-
thiadiazoles, 2,5-bis(N,N-dialkyldithiocarbamoyl)-1,3,4-thiadiazoles, 2-
alkyldithio-5-mercapto thiadiazoles or mixtures thereof.

25.  The lubricating composition of claim 1, wherein the corrosion
inhibitor comprises at least one of a benzotriazoles, or a 2,5-bis(alkyl-dithio)-
1,3,4-thiadiazole.

26.  The lubricating composition of claim 1, wherein the corrosion
inhibitor is present at 0.0001 wt % to about 5 wt %, or about 0.0005 wt % to

about 0.05 wt % of the lubricating composition.

27.  The lubricating composition of claim 1 further comprises a
detergent.
28.  The lubricating composition of claim 27, wherein the detergent

comprises at least one of a phenate, a sulphurised phenate or a sulphonate.
29.  The lubricating composition of claim 28, wherein the sulphonate

contains a naphthalene ring.
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conprises at | east one of a phenate, a sul phurised
phenate or a sul phonate. 29. The |ubricating

W@ awpezictd on of claim 28, wherein the sul phonaR@r/US2007/066950

contai ns a naphthal ene ring.30. The |ubricating
conposition of claim27, wherein the sul phonate
conprises at |east one of at |east one of calcium
di nonyl napht hal ene sul phonat e, cal ci um di decyl

napht haljene gul pf ?Caa[‘ ‘\j—%pogﬂ?oc of ap h2|‘:l7|§l w%e?em the sulphonate

sul phonat e, cal crum di

subpbeipat et QﬁsﬂnontanﬁSatt ﬂ‘@rse(ﬁne L. cdlbrin lelhbﬁﬁt inaghthalene
conmposition of claim27, wherein the sul phonate

pﬁ@@bw@atat calshie ddend raphiienc sulphgpate, déqlodésbtmaphthalene
o
e n_éh&ﬁ’at@b&%lu?uﬂ eﬂ’ftadegé’yég%phtﬁ‘al pgul‘ﬁ?éha{\}ﬁg, Wtzﬂeg RReof.

rising: out to a out
pol ymeB1w t Ah¢ilybrcanmigglummposeiagef ciaime T, arheweah ght swlphonate

about 120, 000 to about 700,000, and (ii shear .
stsapiepityt ph0- ¥ torthout 3¢ Wb%%ﬁ?(gw} 0?3) hl%fﬁ’él?t75 wt %.
0. 000139t Yorl QLA Fc%m%sn%@n?&orﬁﬂnﬁﬂé' wear agent; (c)
0.0001 wt % to abou % of a corrosion inhibitor;

(d) abGitabouind.00d tto abpwutd 3t \We C%?Jopolamd?mﬂlg@ha -weaglt average
87 % 0
| i REB sy P kb8 088 o Rauidobhad iRy @D der By index

COMMJus BO® alor) 6@bout 0.1 to about 15 wt % of a
pol ymer wi th radi ‘al or star archltecture (b) an

ant i wedl) 2hguh 000k wtdo dorbayisowt Pnef ¥ %@Weaéhgﬁné d) an
oi | .Of (% Ld)b(gd(ﬁa\;/{ ‘%ﬂto a{b%‘ﬁf 3 a&&% 0%41 coArorsqson 191ﬂlb

| ubric |ng a nmechanica ing a sUppIylng

t o the(dretdband eal%devbes Zwt mbbf@a&teﬂggn@mosu tion,
wherei n the nmechani cal device is hydraulc system and

wher ei RS %701"4 &l aﬁ@“k%?r%%%”‘ ¥4 ofpncihplr lnbreating yyscosity.
about Q3001 pt R ?ﬁ‘rﬁ%%oﬁmi%sn{% PHQ grrer with (i) a
a

wei ght "aver age nD ut 120,000 to
about T)APOGN0.1 amabduitilp vet %Iméarpolyln&ln withtigdiahokestarafrchitecture;
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(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

34. A method for lubricating a mechanical device comprising a
supplying to the mechanical device a lubricating composition, wherein the
mechanical device is hydraulic system, and wherein the lubricating composition
comprises:

(a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

(b) an antiwear agent;

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

35. A method for lubricating a mechanical device comprising a

supplying to the mechanical device a lubricating composition, wherein the
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(c) a corrosion inhibitor; and (d) an oil of
| ubricating viscosity. 35. A nethod for lubricating a

wore@nazicsnl devi ce conprising a supplying to tPEr/US2007/066950

mechani cal device a |ubricating conposition, wherein
t hemechani cal device is hydraulic system and wherein
the lubricating conposition conprises: (a) about 0.001
to about 15 wt % of a polyner with a wei ght average

I l.ar L ght ,of about t,0 0 0 "
TN A R Tk —
(bdmprisewat i wear agent; (c) a corrosion inhibitor; and

(d) an oil of lubricating viscosity. . .

(a) about 0.001 to about™15 wt % of a polymer with a weight average
molecular weight of about 50,000 to about 1,000,000, wherein the polymer has
radial or star architecture;

(b) an antiwear agent;

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.
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