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gxeases mot01 0115, geal box 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 thereof 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 that
make them useful for lubricating oil compositions. The star-branched polymers

disclosed are prepared by anionic polymerisation techniques.
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[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 viscosily
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. Anionic
polymerisation techniques are believed to involve complex processes that require

systems to be substantially water-free, acid-free, oxygen-free, dry, clean, and
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performance for a nechani cal device. [0010] The prior
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(c) a dispersant; and
(d) an o1l of lubricating viscosity.
[0013] In one embodiment the invention provides a lubricating composition
comprising:
(a) 0.001 wt % to 15 wt % of a polymer with radial or star architecture;
(b) an overbased detergent;
(c) a dispersant;
(d) an antiwear agent, such as a metal dialkyldithiophosphate; and
(e) an o1l of lubricating viscosity.
[0014] In one embodiment the invention provides a lubricating composition
comprising:
(a) 0.001 wt % to 15 wt % ot a polymer with radial or star architecture;
(b) 0.1 wt % to 5 wt % of an overbased detergent;

(c) 0.1 wt % to 25 wt % of a dispersant; and
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(c) a dispersant; and

(d) an oil of lubricating viscosity.

DETAILED DESCRIPTION OF THE INVENTION

[0017]  The present invention provides a lubricating composition and a
method for lubricating a mechanical device as disclosed above.

Overbased Detergent

[0018]  The lubricating composition comprises an overbased delergent, or
mixtures thereof. The overbased detergent includes phenates (including alkyl
phenates and sulphur containing phenates), sulphonates, salixarates,
carboxylates (such as salicylates), overbased phosphorus acids; alkyl phenols,
overbased sulphur coupled alkyl phenol compounds, or saligenin detergents. In
one embodiment the overbased detergent comprises one or more of salixarates,
phenates, sulphonates, or salicylates. In one embodiment the overbased
detergent is a salicylate. In one embodiment the overbased detergent is a
sulphonate. In one embodiment the overbased detergent is a phenate. In one

embodiment the overbased detergent is a salixarate.



m xtures thereof. The overbased detergent includes
phenal es (including al kyl phcnal es and sul phur
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alkaline earth metal includes calcium or magnesium. In one embodiment the
alkali metal 1s sodium. In one embodiment the alkaline earth metal 1s calcium. In
one embodiment the alkaline earth metal 18 magnesium.

[0024]  In one embodiment the overbased detergent comprises a salixarate. The
salixarate typically has an organic substrate of a salixarene. The salixarene may
be represented by a substantially linear compound comprising at least one unit of

the formulae (I) or (1I):



al kaline earth netal includes cal ciumor magnesium In

one enbodi nent the alkali nmetal is sodium In one
weaod2isent the al kaline earth nmetal is cal ci UPCT/USROOTIEH6945

enbodi nent the al kaline earth nmetal is magnesi um

[0024] In one_enbodi nent the overbased detergent

conprises a s learatgg The salji xarate typically has

an organi c supstrate af’ a salixXarene. The salixarene

may be represgented by stantially |inear conmpound
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hydr ocar byl group containing 1ito 5 carbon atons; R is
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O “i's hydrogen or a hydrocarbyl group; R4 is a
hydrocar byt group or a substjtuted hydrocarbyl group;
gis 1, 2jor 3, provi at | east one R group contains
8 or nore|carbon atons; and erein the conpound on
aver age C¢ [ of unit (1) or (111) and
at | east (1'V) and the ratip of

t he total and (I11) to the total
nunber of V) in the conmposition is
about O . 0025] The U group in
formul ae | ocated in one or nore

positions or para to the -COOR 3 group
The U group nay belocated or-tho to the -COOR group.
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hy@'{‘&@byl group containing | to 5 carbon atoms; R® is hydroxyl or a

hydrocarby!l group: jis 0, 1, or 2; R’ is hydrogen or a hydrocarbyl group; R* is a
hydrocarbyl group or a substituted hydrocarbyl group; g is 1, 2 or 3, provided at
least one R* group contains 8§ or more carbon atoms; and wherein the compound
on average contains at least one of unit (I) or (IT) and at least one of unit (II) or
(IV) and the ratio of the total number of units (I) and (I1I) to the total number of
units of (1I) and (1V) in the composition is about 0.1:1 to about 2:1.

[0025] The U group in formulae (I) and (IT1) may be located in one or more

positions ortho, meta, or para to the -COOR’ group. The U group may be

6
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mBuhehunhksed aﬂth}Qh@ﬂl%}) @ﬂdtl@ﬁéd Qilﬁe’:ﬂd yul@h&ﬁyﬁh acid may be
salicylic acid. A nore detailed description of hybrid
sYRRYEE geriteiils G a1eas €804 tno Whe 2odssdmion e g jmapnke benzene,

to%ﬁh%ﬂ&fﬂﬁ%mﬁb{%&e RE R3EEm&diQent ?‘hc%yc%o!zﬁb}p sWhstitutRl arene

sulphonic acid comprises alkyl substituted benzene sulphonic acid. In different
embodiments the overbased sulphonate may be a sodium salt of the hydrocarbyl
substituted arene sulphonic acid, a calcium salt of the hydrocarbyl substituted
arene sulphonic acid, or a magnesium salt of the hydrocarbyl substituted arene
sulphonic acid.

[0029] The hydrocarbyl group (typically an alkyl group) may contain § to 40
or 10 to 36 carbon atoms. In different embodiments the overbased detergent may
be a polypropene benzenesulphonic acid, or C4-Csq alkyl benzenesulphonic acid,

or Ci4-Cy6 alkyl benzenesulphonic acid, or Co-C;s alkyl benzenesulphonic acid.



w % or 1w %to 4w % or greater than 4 to 8 wt

7c Polymer [0032] Ls used herein terns such as "the
weoliynEiehas (or contai ns) nonomers or conposeRCD82007/066945

nmeans the polynmer conprises units derived fromthe

&artlcul ar nmononer referred to. %4033] In different

[0 di eners ¢tRBoGaIpEre mresyDessat LT 2ablotRMPIDSap Moy gies of at
of n of..Ahout w..%ar

I oot SRR oS0, Mt SRR Bl Y. e

on@tbesedodetamaut f&5nemt m%y dfe d@cepedras aboatp LR ywid% Ofpiaally
nondi ene nonormer is to say non di ene nononer
theniceg rde*/ i S ‘aé}‘l K’ﬁ‘ed’lF%ﬁ&* pBY ylr?e% it PoM ofPTBHEcef of the

| I rj o 4 1 at iec
@%ﬁﬂggqugd% utygg‘”l’ gg@lg%mi:?ggfg 1955/1 qogﬂ%%gglﬂggﬂlg%fcﬁ at least

omo kgl phtemb(%umnm& \Ikyiyp 1cm®n®1ntelnydcnxolupde agltw pban!, sulphurised
met h@ | al or .acr

alkila P )n@}de ﬁg&}Orblélydagl}/ lSslél gjf]'. mlgo mm% Ogelenbog%splatmn of

h{&ﬁpde\(él@é’lhb lEQﬂQ”&Ean@'O%GJ’Re pol yner has a wei ght
average nmol ecul ar wei ght of 100,000 to 1, 000, 000, or

(W30 ) 000! teodele @Oy, 1@@}2) be @reSB@Odtcﬁ)@ vl 19 000v0DOOT Brl Wt % to 8

0 0, 400 800, 000. [0035] In
Wg%O Oé(r]iLb\gb ik n‘? R (‘Bcﬁ”flﬁg 19' % 8%;14 ‘shear stability
pasniggasured by ASTM D6278 at 100 0C (or CEC- L-14A-93,

except shear neasurenents are dep‘erm ned after 30 _
(2] es “at upOd be)cm |EITHs ffusheds efBodPerft's Niheloshegtains)

m%%glplels (%ycdn%zc?‘s ? F 1§ th% ]I({jg L&Rylge‘% L{Tlri]& erived from the

cosl ec ease

pﬁf}di@ﬁ&dﬂb&ﬂf] 3@&%@(10(5 20 %or |l ess, or 15 %or | ess,
0 %or |ess. [0036] }é pically the anmount of
¥

HWéﬁb vilPyAi RS FBIDOdENGUs Hig BRTRB SV F e yorwt % or
mtohse o d@éltmnom Qk o4, 118 1PQl ¥ABE € Rnilfe. er dﬁabﬁ ﬂ%b“%% more,

or stararchitecture, 1. wt % val ues
oxaﬁ)ogt Ve gl erexat usi abeunds anyo dr niwrcwtm(b»nall 1§wt % of a non-

hi gher) nongner. found in mer core [0037. . -
Rl RO h s rar- pot By el aafgher Bpts farived from
pol{&esitiby omedé bf 8lordasn-BREA niiRbAER) NedaMplcB @f KRAWMonomers
net hods, such as GPC anal ysi s using pol ystyrene

ingludnddr whwrﬁ droelepr Wr %remm*qﬂ i anp b Pieecer] rpnapging hmenomer
The net hods are descri bed

m?]é)ldg“% e mLHdL(l g/\ﬁﬁ’ Y. ‘ml:\’i 5F y, “Principles of Polyner

(00BN ST Yie eBEAIBIcht HBIPYBHR by yAYeEsivBd 858) 20 Ghapbemore of
VIT, pp 266-315; or (ii) "Mcronol ccul es, an
4 PAPY-OEUE TIBAMED HT eh¢ SdyepcEs a weighl Bsasymalaenf weight

of1400,000 to 1,000,000, or 200,000 to 1,000,000, or 300,000 to 1,000,000, or
350,000 to 1,000,000, or 400,000 to 800,000.

[0035]  In one embodiment the polymer may have a shear stability as measured by
ASTM D6278 at 100 °C (or CEC-L-14A-93, except shear measurements are
determined after 30 cycles at 100 °C). In different embodiments the shear stability is
such that the final lubricating composition (after testing) has a viscosity decrease of
less than 30 %, or 20 % or less, or 15 % or less, or 10 % or less.

[0036] Typically the amount of mono-vinyl monomer as described above refers

only to the composition of the polymeric arms of the polymer with radial or star



Wnslow, Editors, Academ c Press (1979). pp296-3 12.

As used herein the wei ght average and nunber average
worelozariear wei ghts of the polyners of the i nveP@T/US208T/@6945

obtai ned by integrating the area under the peak

corresponding to the polyner of the invention, which
afcyiterdvigal By [)@Ehe\’[rféj \GY UK d5hgiN) eteu beatusied gﬁpnb@a—kgnctlonal (or

l,udi : iated with diluents, inpurities,

e S R AR R Sl oner aadi ¢ ves.

[00BA1 cal Ay, ddshebpol yoreihahtr tthe hoventdowdigs nadikel vidcosity
star architecture. [0038] The polynmer may be a . ,
RGP SN G TCAMERHIO YR KO h Mshia0 denbiesdy #rert Crimglysis using

I LiSndu AOPAY Jhe. Ter . PRl Y8  vimers
PR e, By B VTN 10" ORI TR nITHCuBF (2B W Fhlymers
amrwb¢li kiblvot KT lar whihbeciardescribypii@ahiiyndehe) pdl Floey, “Resciples of

randomor .tapered grchitecture. [0039] The yme o
PR E&amﬁr or C8tsf BRI e Lt e bﬂﬂw il PP To6-315: o
(iPOINABE 1 61cBHIES - anFRkro @M En BRI 1AL SS cit e Po! XMBES, AP, H.

may have bl ock architecture or” hetero architecture, or
Wiagewreddapshittedmir ErestdpeTOd pp24h- Ak hidsestd herdiagheaweight
,variable conposition across the | ength of a polymer . =
gt AR s REE URE Pty h ey ohd adnb Bsdivgpion we
othined®yeMderading ehddrty @hderPhE Befll Etes PRHIMEI @BGolyalier of the

t he ot Ker end, a relatively pure second nmononer. Th

e
inyFRitHne Wofchtinaosmaly dicmiier ljeh ancdecadr errighi awplosixelugimeaeaks
a %Fcei\at&Mi{BD LS - %9191‘11'@%] LHI(bO%pF(’?%lelyor'?rq’lmdgl alir\l{seignc SAM ditives.

Brock® arm typi call'ycont ai‘nsPone’ of roré pol yner . ar s
Toged Me chefpodmdrwo tiey inn@iti@nman e s kiar hteiedcnser uct ure
W thin the same arm A nore detailed description of
[00RB] b1 ddk- apinnied GiwveRei & EHApREYMEB Qpp. c3B3yREs) dp one
m BRI E RO UBEE ZAL EQIy REL MAOLES nAD G R BEL bSRlmer havi
Ln,&@%?&caat |t cﬁls ngy Henr@ Hgﬁelh anﬁlegg%?i C % rll<3 %Jﬁthrlcqeqlvmg
a Deldeer, ,tapened, deviodartki;blad96) n{therteodiahiceriectefeer Tepictldy the
3s Hsieh e iI al . ). %9(’)4\ % The hetcro-arm or
POTHTRE ( ‘-‘““‘a‘r“r’i'f@mp‘ﬂll;}% f @'Y EFThi tecture typi cal ly
[0999] ai N$c AMPmWOLGIR AR VAT Yaf LeMQAgeanNth8y Rid BElymeric
i n nol ecular” wei ght, conposition, or both, as define
aring. Heprebucdt malerialgithegobbove: afor newalnplicehloak pogttiicotre, or

QeSB! e P o P R SRR 16
viGaBR eXmhetienhe- arMsPMeymEs Ry, belyhernaeh. bYFGoshiniBg the
portions of three or nore polyneric arns with a

tapyap|armgmay drst conpowd] ofThe opeloper Tlathyehagie figy ngergmer
zm@f ﬁmhtee()%éjtr &1&, ¥1prjeﬁﬁli|vleyy &ggts@k(ﬂ?d Hl%hm%[' She middle of the arm
is more of a gradient composition of the two monomers.

[0040]  The polymer derived from a block-arm typically contains one or more
polymer arms derived [rom two or more monomers in block structure within the
same arm. A more detailed description of the block-arm is given in Chapter [3
(pp- 333-368) of “Anionic Polymerization, Principles and Practical Applications™
by Henry Hsieh and Roderic Quirk (Marcel Dekker, Inc, New York, 1996)
(hereinafter referred to as Hsieh et al.).

[0041] The hetero-arm, or “mikto-arm,” polymeric arm architecture typically

contains arms which may vary from one another either in molecular weight,
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arms that may be chem cally bonded to a core portion.
The core portion nmay be a polyvalent (neth) acrylic
wWOorRneneEmwel ol i gorer, pol ymer, or copol yner t herBGF/USR00H066945
pol yval ent divinyl non-acrylic nononer, oligomner
pol ymer, or copolynmer thereof. In one enbodi nent the
cmpyvap@npl api, nyldqﬁmda@rlglwﬁh arphorpeied | dodivi gl example, a
?ﬁ@?ﬁ?gé}}e u%pﬁoﬁ‘bﬁgr N RO t[ﬁltcgirr} a%(\e/?loo?n%n%(t)lﬁmcnc tgpe and a
pesicarofof seopalpsdymeric aymscu\m@cr@oh@wﬂﬁc@fo-alrquloyﬁmI@emy be
such as an am de of a pol yam ne, for i nstance a
forscnder GramMndRe 8prtEms £6 thicarirdaorel pplymefigrgns with a coupling
,@ odi ments the polyvalent (meth)acrylic mononmer is
{1) a condensation reaction product of an acrylic or
[(tei2hac rHel @l aabdwiah t:hlia opelay elchogcufit itypiaaltw neheasatpodbymeric
reacti on product of an acrylic or nethacrylic acid
AN ménwﬂya&ﬁuﬁém Ebbﬁ‘i}]edﬁﬁe‘ YOF yOr UQthi ¢RC e ppation may be
h. o ¥Ethagr
a %%Qg@gkgﬁ?m\gﬁ@oagf ﬂgcnf}%rﬁﬂh)c;?c(g%d;ﬁn gGIyﬁlc'x ?13969) ﬂ/lﬂgl 5-)561€OT
onRn | wa@ﬁ damybmoatmngjc andotlte olugheer pdlyhmedr axydpolymer

Lh%ffé ' Er(ﬁl?e%tai)%ﬁem Hg? bg’éyl ‘gijﬂf}{‘élﬁ{é“ygl WBF‘C"YﬁSI yonomer is
dx(vﬁ{)l'l‘)ﬁleﬁﬂ%eg I} GRk bl ]K@IHQhQ{in)ﬁ’d@lﬂp me®) dor PO BXADERE is an
di or triols such as trinethylol propane, oligonctri

dcse’dttet e et il pllagr @q@@nefsawtwlas Bolethaorylgmydavat erricdygnine,
suc? f$ ‘}/n F:%)rl%ltl RP p%ﬂ‘?‘é]ﬁ-]E)% lgatzlﬂgéa S orlngt%rzpcrg%c’mide or an

i'nclude yI
ace_t/l_t\w]@aedm aireent dtnebtﬂlwcﬁlm‘ﬁtlfel BTy Nent (meth)acrylic monomer is
trleth%lenctctran1ne tetract hyl ene pentam nc

(ibénf%nf R§AU e e HAP ndodmd o B iceyliq werlé@lﬂwlyb94z4id with a
f. | t
o BSATILAR, LB k800 RS e PR o

wghquﬂydmmethacrylate di et hyl ene glycol dlacrylate
cerol diacrylate,

hy choI I met hacryl at e,
["gf@c kﬁ w}r\yhla? éﬂf%ﬁmqoariewﬂa%gyh%\ﬂ@wm or Mmethactylic

achs GY @i Q;h@.mnﬁm&}nem@ﬁ YL@ Gin 3 uélv@e&zem@%% 4 to 12 carbon
di met hacryl at e, pentacrythrltol tetraacryl ate,

atdm3- cp]'dotpamlgmmll oﬁha«txroyb/bgle)m& pascpentyaheditol10, or 2 to 4, or 2.

di tha,r at e, S- ac Iate and nethacryl ates of =~
TG A1 e, g1 ELTE OFY T at s PG G0 06 Fo° Gobgikune
diPR! yeapr ak agt@nedineHé @H@c royl altlsl,sp%nmemyt Bk @lylolpropane,

triacrylale, 1,1, 1-irinmethyJol propane trlacrylate

Olch@mcaleﬁ@/tthmcﬂmloml epny$ ateh apé%nltmn@t hwtemﬂs sold by Perstorp
acr taerythritol tra
1%1 t hy xan )%/)20 (%31 ?(xglcnrcsl lgtacucgt POé/f L{yl] nnegblgylammffs such as

et]@llﬁiﬁi&(ﬁﬁfn)él at ehetﬂ.y &némhﬁ]luﬁﬁi‘t hytlielhgt@RaNfimine,  tetracthylene
trimethacryl ate, hexanet hyl enedi ol diacrylate or

peﬁb%gﬁ@twp@ﬁl@dp@ﬂhexamme arid mixtures thereof.

[0044] Examples of the polyvalent unsaturated (meth)acrylic monomer
include ethylene glycol diacrylate, ethylene glycol dimethacrylate, diethylene
glycol diacrylate, diethylene glycol dimethacrylate, glycerol diacrylate, glycerol
triacrylate, mannitol hexaacrylate, 4-cyclohexanediol diacrylate, 1,4-benzenediol
dimethacrylate, pentaerythritol tetraacrylate, 1,3-propanediol diacrylate, 1,5-
pentanediol dimethacrylate, bis-acrylates and methacrylates of polyethylene

glycols of molecular weight 200 to 4000, polycaprolactonediol diacrylate,

10



di met hacryl ate or an al kyl ene bi s-(neth)acryl am de.

[ 0045] The anpunt of polyval ent coupling agent may be
w@eooanwent suitable to provide coupling of polBEEDS2007/066945
previously prepared as arms onto a core conprising the

coupli ng agent in nononelic ollgonerlc or polymeric
pémaenyitsopriovidile $tlab-Upokykrpropsnedsieeivbee. abowerythritol
Sald{);f?tb é)kcnfngggﬁnto %mu et o nhmyhn{sq"ildtdlyn %atlc triethylene

person’ rECnilth

B/K@Eﬁhi@?ld&t | gieth even dihanghinseNaralata/ar llalbllﬁﬁeﬂﬂi%()lbﬁ)pane
i nvol ved. For exanple, 1f an excessive anount of
UgBeihrE g iagenbe: @@hﬁ%%@l, oflisicyleigceseli ve hantegey cgediol
dﬁ%lf?{@glﬁé 81“}} U]%\}TC%'B‘?@ 19&]19{@1%]”% i@ol ymeric arms

enmai n r oss k|n rat her than star

[(f()@iSﬂmt iThie amayuno ot wol yvilepi c‘alpllmgtalgemrmlm be aini on@fnt suitable to
ling agent may be 50; 1 to 1.5: 1

ner ar ITB to coup
p]c)dy.ly}o%)lm pf }géyq]ext]au?mis!y@fepﬂy,d ‘.’E s Yntogd cyye comprising the
Lo‘lgﬂlgr% 95nt4m hdi@nkrid; ollg()l%]t@rmegagmeﬁ@%ﬁnt e p%’\h@e a star

pol ymer arms t6 cou gent may be
p@yded, Asrde:%@lbell dh@vi dhitable dmdlintsomay :be. derlrmndaelsrlen@d)y by the

be adj ted to take into ac
P ST DR R O A B BOERR g

nHj Hee Aol g W%EQﬁQQ@R!nguﬁgeﬁﬁuK@Qﬂuﬁﬁ@ﬂﬁe&némﬁs‘@em is
ypically the material prepared is soluble in an oi

umﬁlomb o chwq@gﬂw sn@gwt@cy ma[noome}l ohn thenier Iénfbbumn’élﬁt pa ﬁéem

drgﬁ 0 cn?Qérg%C lnalrlhr[;i %}?Sl edgg %qno l‘zgla%'rt dg (t)dl’y OII Fézt taYC QCCur.
Topit0lylhd ndse ﬁﬁw}ﬁﬂiyxh@f@ﬁa@ té @dLh}ﬂianfgeﬁttlﬂﬁy @@hymab 151 (or
formati on or on uncoupl ed units. In one enbodi nent the

Ly er aP1l tpal rrirl Odoiepbsi ariohto duhi et dell Uddg atfvs embodiments

thg%&{ygﬁgg\gﬂggﬁg fn?cqla IH R)r(ba%ﬁgrgﬁd%%c%m] a@%tﬁgg)el’ togj”.‘?:l, or 30:1 to 1:1,

ordi: ta 2: buﬂiheﬂesdﬂdealm magalso be ahpugtl&éno diks tiwtb udduanthie fiength of

the overal I conposition |s believed to be partjally
(hg FEME-JONFRE PRESORKETSF WEFYNAGT dROURTE BFTe wﬁealufgﬂ adpnt than

shBRLY IR, C'E@ﬁl@%ll)aﬂgz/ %ﬂlté#ﬂ¢i>%§4ﬁ&i radi1@bhleQh an oil of lubricating
star-polymers or star-to r coupling fornmed as the

vipoisygrer is prepared. [0047] The overall conposition

rofi S8t B vl Sttt Mt o bt matpeBahopgharchave o

poAydTEpRER8ND rakso of af BbF edst&r BS & 1PQ Yo®msGhak Nl Q:Il 4 as
I'inear polyner). The percentage conversion of a

m?}‘tﬁluyﬁ'ebﬁ@f?ai'ﬁhﬂdn rséadi pellyiopr fsql Ao oy regr UirpRyPlsd wtits. In one
0.% .95 st 20 9 9

en{xbeo%ﬁxﬁle%%t ovfeo It%geﬁcceo?‘n té@y {ﬁ?}o 1(?'&}5 téqetpo.})g%%} with

ra@ifal @k shﬂaﬁﬁchﬁ&%lrel, MmaonN® | edrheaiime Rt hebigaMe s i eghaf modal

polyner chain to radial or star o
distribution.  The bimodal or higher distribution in the overall composition is
believed to be partially due Lo the presence of varying amounts of uncoupled
polymer chains and/or uncoupled radial or star-polymers or star-to-star coupling
formed as the polymer is prepared.

[0047] The overall composition containing polymers with the radial or star
architecture may thus also have uncoupled polymeric arms present (also referred
to as a polymer chain or linear polymer). The percentage conversion of a

polymer chain to radial or star polymer may be at least 10 %, or at least 20 %, or
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pol ymer may be 90 0A, 95 % or 100% In one enbodi nent
a portion of the polyner chains does not forma star
wealogneieand remai ns as a |inear polyner. |n OPEI/US2007/066945
enbodi nent the polymer is a mxture of (i) a polynmer
with radial or star architecture, and éll) l'i near
alplsP§irék %og Ra NS 2{lal s G- F&Tiapinaer tldeasd TinEotiplead 75 % or at least
86@' yrﬂ?rd ALBBdimd D AL FLGLE Q%&B’P?ﬁlﬁ?@ Shd J?etoaﬂ‘aw‘tm star
of "radi or star arc |tec ure w
p@@ﬁ’@@&hny oa 9|y bes TO oMt 186t 0 BSomd c%bodrmé?lﬁ wtpo%dm of the
70 wt % of the anopunt of palyner. In different

PRIYBSAChiAE §0EheOY foRB &Y btrﬁ‘om}ﬁ%ll@‘ é%‘érﬁﬁ%«“ﬁ%y}b bé’“ﬁi“e%‘é%f“el
o caq%om?e{?t t? 3}8) }‘%f 0%48 mx?lﬁu)é"toi %1 Q 3705VIWE1 0i0f | C¢L or star

amount o ol yrrer with bran
am:b'ﬂbuthfd&e(,md adb dinear 1&tl@1mearo¢1hntsec¢ sy eefamyedhay eas2 uocouplcd
re arns aor 5 or

nore ar
PYP T PG 11 % ROEAhCETAPbritole GRiovs 1§ Epialorr star
al%ﬁlt&&uﬂeowﬁﬁfﬁst 1eTﬂﬂ¥]1ﬁ%@1L YERpoMibh 1@fmmﬁ%t LAel11ach {Nlﬁ‘% or 25

radial or star architecture may have 120 arns or ess
wote 807@amte’ orf thessouor 0160) ames or diféfssm qlﬁbmgplemhethe linear

PSR B R S5RBa ¢ Sotnf dat st a9 g ad 758 o6 or

the afdudk bedoradircal pol ymeri sation technl que | ncI ude
RAFT, ATR or nitroxi dc nmedi at ed processes. The
[094BY e T heepl vingiowBe bowtcdicAed ot & nelgl @ o sbrh sl e may

he R/%l'ygp{no‘?@ lll'I]g{] O[l)rsogl 1%% drg%s O?F}eqlq{{?[%d HEA&lrtIBZLh.BE)O]ﬁ arms,

obt ai ne ai nab rom

Ioarnmemha aal wreonisat ilantprsocesses o B anes.enbbedipmnher with
the pol yner may be obt ai ned/ obt ai nabl e from RAFT or
blAkawdpvaﬁérhesa«mlénmpwi@c@s@é%«wutrfﬂéhéd\é%éar%w tepe or 80

dlgﬂl&{q@gs Ry RELOBL pisned/ obt ai nabl e from a RAFT
pol ymeri sation process. [0050) Methods of preparing

(0049 meSic usd Ry e ATRE, bRAFTaiokdfobtai oxildemedi atcodtrolled radical

techni ques are disclosed .in the exa S ct on .of US
PPN B TS USOSITSE Ph60 wgﬂiﬁpﬁs Dppymensation

mJSrQQé&d it Ratmal | errdesaliir Qh‘c@ﬂﬁccﬁﬁtcﬁ%%&@s&éssatI‘h@rbo lymer
mechani sms and related chemstry is discussed for

may tlksgxbed@btmd@tbe«dwﬁbyrmn g altnu@nol(ymmpvé@n pcepsrgesin one

erigitiPen 2wl R Bhuoo RBRR R TP RRRRoORTRY o

anRadi cally iRt yamim %)ﬁﬁdeﬁ){bs edh ted bfy]bodlmcnt the polymer may be
Krzyszt of Mat yj aszewski and Thomas P. Davis, 2002,

obsiiBEd/e Raen ae jtﬂm R Fdy onrfbl 1S3 nolymerisation processes. In one

embodiment the polymer may be obtained/obtainable from a RAFT
polymerisation process.

[0050]  Methods of preparing polymers using ATRP, RAFT or nitroxide-
mediated techniques are disclosed in the example section of US Patent
Application US05/038146, examples | to 47.

[0051] More detailed descriptions of polymerisation mechanisms and related
chemistry is discussed for nitroxide-mediated polymerisation (Chapter 10, pages
463 to 522), ATRP (Chapter 11, pages 523 to 628) and RAFT (Chapter 12, pages
629 to 690) in the Handbook of Radical Polymerization, edited by Krzysztof



Inc (hereinafter referred to as "Matyjaszewski et

al."). [0052] The discussion of the polyner nmechani sm
W@ROATRIB6pOIl yneri sation i s shown on page 524 iPCT/US2007/066945

reacti on schene 11. 1, page 566 reaction schene 11.4,

reaction schene 11,7 on page 571, reaction schene 11.8
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m@cl@%ﬂérﬁﬁ@@i‘aﬁy|h%ﬂﬁ%nb‘€ﬁ@h1‘ 8 haf eQrd%ﬁplnﬁ QYJ)}TH%&%@?% various
benzyl chloride, "benzyl ron1§ br ono- | phenyl et hane

lgndls]- /éshh@ucoclctzhlhphenyd\eIOhanerpscianlbmmyIblcctl @oidred is described

: iV whi ch are e at the a- pos
mdﬁgr? ?‘}1 %f%&y Pd?l_gbc}} é;]a‘8839‘ ‘ﬁqtjg?) apenf m IEdt?Oﬂ USbQR)’%Slém
[(mbhpr OpEQthl@@taﬁr, a ety qu&&tU}ﬂ]ﬁ&pmﬁp@nﬁrt €hat MBEPWe used in
2- br onopr opi onat e, an % i 2-br onoi sobut yrate; tosyl
n

ARRID plels Msuiehti o i) gd h@ﬁefé @bwyww@hcl%owabnoeww%wcne -
LT T R ST S A AR

brloalcogeny ldiesnzead,i weszydf phrspBOr i Iﬁenayi d msheds, Jueldmo-1-
as di net hyl phosphoric acid. [0055] In one enbodi nent

PREREIFhHe ‘H]éll bg‘é’ﬁ*‘bérﬁ%ﬂﬁ’d“‘?‘@eewﬁp%bé& ad de wali Ygs gphich are
u [ I enRt t -

TR AL B8 EORREEy . Sudhl FO ROETT Morpdloprdi SIRLL bty 2

chm@toalonem(rapaﬂdt\é GfcHl aroptapgoantere tnadth ylo-2- blgmrmpl bpreda@ndand
the.ratio of and tq nmetal depends on t

e%ﬂrﬁo@w%w‘h‘aﬂ e dRey! o lthé”‘gb%P UPINERTSY OHM EP*@% alkyl

haﬁﬂ@s Hﬁclﬁhs elRenlol &ﬁ@%\ﬁ@%i1‘9?{)@01@&1{198(9[1\/9{}/ lethyl thond e, and
phosphor us- cont ai ni ng Ilgan [ 0056] Exanpl es” of

1SUD@@byembﬁgéndHuh@ﬂu@31dmr@h@nybphb@ﬂhpnccmgiaﬁem such as
n al k 2,2-bipyridine, such as
(hﬁmﬂ%ﬁ?h gﬁ%%%FV%) 2,2-bipyridinc, tris(2-
[()%B]noelrh}{n)eaEihwlB@dy(nTé?E'\Q/hen the halogen compound 1s employed, a
N, N, N, N, N'-pentanet hyl di et hyl enetri arni ne, 4-di -
[Ir?(HELthleyd.l 2uoh jgF sPPPHi RcllsoprEsenty, Thgtransition meu] may be in

thé‘?ml']]?)é)@rgestaﬂyl ill;é &l Hé’l SE‘%&BF@’&B% @rbqliglx’mmg a metal-to-ligand

bond and the ratio of ligand to metal depends on the dentate number of the ligand
and the co-ordination number of the metal. The ligand may be a nitrogen or
phosphorus-containing ligand.

[0056] Examples of a suitable ligand include triphenylphosphine, 2,2-
bipyridine, alkyl-2,2-bipyridine, such as 4,4-di-(5-heptyl)-2,2-bipyridine, tris(2-
aminocthyl)amine (TREN), N,N,N'\N',N"-pentamethyldiethylenetriamine, 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
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t et ramet hyl et hyl enedi am ne. Further suitable |igands
are described in, for exanple, International Patent
wW@ppliizasi on WO 97/ 47661. The |igands may beusBdr/us2007/066945
individually or as a mxture. In one enbodi nent the
nitrogen containing ligand is enployed in the presence
ub(fd gbgbléllua ]f R on et g%l@aq nélhtonf:rfénlm RAEC § h§ nitrogen containing
hprhﬁ)é p;]&lhﬂfovggq thmpr&ﬁmeb J%herl‘lylon@ nqgm( tl?'gh c)and 18
conmon [ 1'gan sul't anS|t|on nmet a
phmlmhewdsomhmﬂ@lmm Itng}angil Iplhod;phldﬁs (H‘?Ph ) I%u,cox’ﬁmonReoari‘dl A

or Pd. [0057 RLFT pol ner|sat|on ntra
S‘éllfﬁé’ﬁ?t "é‘ﬂ%ﬂ@n Jﬁ%ﬁ@éﬁtw%ﬂ Peoshlipaiiesi! i udevﬁafﬁu e, Re, Ni
ospitabl e chain transfer agents is found in paragraphs
66 to 7 1 of US Patent Application US05/038146.
[(E}édﬂrpl do OAFE 13w1tlabi'ei oRAHFTaIT hlalinn‘et raegf ere ageertant. A more
yl ponc t hi oat e,
IR i S KBt a0 carBadh el Ganals 66 to 71
o0y 2ORRPE Qﬂyﬂrcﬂloxl w9t eaar bedihpicealrea suitable RAFT chain
2- cyanobut - é -pyrrol ecar bodi t hi oal e, benzyl 1-
Urppdfeaz okelar b‘@djjl(teh| ey 1-(2 py11olldmonc)cmb0d1thloate benzyl
N, N- di nct.hy yanoprop hlocarbaqate o
(1 ﬁeam%eﬁl “”’é’"tlféhdzy| di t hi 66‘5% il}r]rﬁ)tdeﬁ cyanomet iy oPropP-2-y!

pr(]Z)‘ltﬂyl“fLleﬂhM@) Tayhedut-haat &, pauytardbdimiobenzeatgl 1-
“dodecyl sul phanyl t hi ocar bony! sul phanyl - 2-

1%‘@%@1?@ bP@?BF}Bﬂi“é aciMNbdpth Est-64- cy@tmh%wtxlghB@ﬂc}ybamate

I di ety 2.
Né??%gg%ﬁgfghcarbo%&%%?ggmﬂhu ) di thrggg¥ﬁénatl( pyrrolidonc)
mﬂbbdhitmbmnza:unmyIamuldpbénz@hteoﬂodbdeby @leemmyilthloambdny sulphanyl-2-

m(:@ty ggl_mgl wr) lﬁi/{slgteg lw) ;(Qilg {,]lt t%benzﬁt xanthate N ,N-diethyl
S- %ttlm&ly Sirb&yd Y RIPOPK P)Bltgldéld])l’)(l%ti(hat e, RhiWenzoic acid,
(2- cyanopr 6p- 2-yl Y xant hate, O ét hyl - S-cyanonet hyl

ﬂhhmhdteompenuaﬁmubr6pm¢my5(ISﬁwbehzmwbxaﬁnhmteO<1hw -S-(2-

- he enzy t hio-5, A C - ene-
ﬁ\é/C(IH )gnél)]aro ’Sﬁgiﬂnyh 18) p¥0%11}9 %ﬁ &Iytnmpdgk)c_ yl?xanthdte O-
t -Ql b 2-ydk sHbat] t ubedhyiaS caeRih@hyl  xanthate, O-
ei%l ; f??ﬁﬁ?ggér%gnate S S - |é-( §&ﬁjld|subéﬁwtui%d-
Peém“tabélt)*?@@vh@r@f)ﬂzt/lr Mnﬁhe@aﬁdmavéhl@r% S-chingihdgrelghex-2-ene-
di sub te id)-

I- ?Tr t?’]l o(gar E}%}ﬁaﬁ QQ glrgﬁeq L?&hiol% PRt iedid ithioate, S,S'-bis-(a,a'-
didutphienyd-et hytiidi tm @)btﬁii’ﬂyll@ai@mlz{ﬁ prsasyblpr(@px 2hyUbstituted-a"-
di.t hi obenzoate, 1-accl oxycthyl dithi obenzoate, . .
“Cﬁ@kak‘rlgﬁlﬁﬁhmﬂ%ﬁwq HiTo @ﬁyr§b@hgecﬁéubsmuted o'-acetic acid)-

: 0 yl ate, 2-
tngh 8 ng&t(}é?ér a%%g%?m%g{ég%%pxﬁ %ﬁ %bhé{l] dlthlol enzoate, 2
pheﬁy]lpm sp-C2¢I( t hi abemzlmfyizbtnueo) pﬂapeﬂ)-xy/bl)hlyEnzenel;thlo henzoate,

hoxyphc di t hi oben/ oat e,
hcafl Riggt E@@ %/)Eth %%ﬁ%%b é?/ﬁahyll Frlelflh(ﬁ(uo ?If‘myéb)tgt%%%{% l)benzene,
,H,Zl,(ﬁtelf'l@ﬁys@@ﬁmrﬂﬂ)))lﬁﬂQﬁxe%y‘}’)lbemene, 1,4-bis-(2-(thiobenzoylthio)-

prop-2-yl)benzene, 1-(4-methoxyphenyl)ethyl dithiobenzoate, benzyl

dithioacetate, ethoxycarbonylmethyl dithioacetate, 2-(ethoxycarbonyl)prop-2-yl
dithiobenzoate, 2,4,4-trimethylpent-2-yl dithiobenzoate, 2-(4-chlorophenyl)prop-
2-yl dithiobenzoate, 3-vinylbenzyl dithiobenzoate, 4-vinylbenzyl dithiobenzoate,
S-benzyl  diethoxyphosphinyldithioformate,  tert-butyl  trithioperbenzoate,

2-phenylprop-2-yl 4-chlorodithiobenzoate, 2-phenylprop-2-yl
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di t hi obenzoate, 2,4, 4-trinethyl pent-2-yl

di t hi obenzoate, 2-(4-chlorophcnyl)prop- 2-yl
walohiizlsenzoat e, 3-vi nyl benzyl dithi obenzoat e, PCT/US2007/066945

4-vi nyl benzyl dithiobenzoate, S-benzyl

di et hoxyphosphi nyl dit hi oformatc, tert-butyl A

Ltdithi g aphErdefz oattesyano] e Hr oplQQ:L | dithiobenzoate, dibenzyl

4-.chl i.ob

oo N L2 SO i hiaesrboniye, qurbgrymettyl dithiobenzoute

oapb@(dhyhhebankoanelmd1bbﬂwyhmkﬁm@ameofemﬂphmhab@be

i hen/ yl Lrlthlocarbonate car boxye| hyl . .
@ﬁﬁl oB8n2HACE Lo BTy SLHP! @ngg‘éﬁi al%j%vﬁf%fﬁfef agent includes
2 %‘oti@a@s@ﬁqﬁﬂ%@ca Q(lglt‘r%l@r mE'ﬂRXF #_r ?ﬁ)ﬂsch &LR0buryd AQR8] cumy!

e enpodi nment sul tab hal n transfer agent
d]tlmxc)lbumslte or mixtures lheleof

dec ulfan thlocarbon Jsul fanyl - 2- | - propion .
S9ReT ¥l T TR P B Ak ATy D RigPagth is
sHder 80hagd BOPR] 665 di seHssiion #Hr Mgy ROIMRI ciBChani sm

of RAFT pol ynerisation is shown on page 664 to 665 in
(00681 i orVhion 4tk opolvhteyj aszeverkicdt fiam  pO060O] WMhemeriation
Legpn%uesqdgi[mﬁ)orgea(.rl%q%ré?@ﬁ%q éh\/%h%ga%n?l 'hisu%tl i ators such as

alRydrpear byoﬂqusLhMAm(e ’itingdpyIS ISUam as- adulyyl litHi iy mMsec-butyl
compounds rrethl ['ithium n- bul yl Tithium

h%ﬂé@ﬂhﬁyyloa xlg i, werwuaé? &g wﬁph‘?ﬁyééhb@ﬂhd%d gyl dithium
cog%g(%&ﬁ@mftghl %ﬁrﬁmygmlﬂﬂ ‘fi”rxéthgl‘d)h%luﬁ?h(f%ﬂpg%{ggﬁyftﬁm%, naphyl

yl st
lithidrhiaanth 1, halpihehyl-Bt thietml &m’dyll lithhdh plgey | us8ful initiators include
th | pentyl lithium Al so, eful initiators jnclude
n'}r;)g : fﬁigﬂ endiggdi ulm?dlsodlo ,1,4 -tetraphenylbutane, dphenylmethyl

pé'taﬁu%%?‘él'l&xelnyimé‘[hfl §o%['i£rﬁpheny| but ane, di phenyl net hyl
pot assi um or di phenyl met hyl sodi um [0061] The

[0961})/nerllhsaiqu;nelpmbwesls onmsy ralsolsheéccarriedduout thenabishece of
ence of noi st nd_oxygen_.and in the pres
R Rt Bhaeh st T SR Rl deipatheraRt S
cnﬁ’&icb{ﬂi%ﬁ! sabhRMpdIsSmeARdumt R onuéBe iRRSCNERnOf ofBYy impurity
nEurlt which is detrinental to an anionic catalyst
whigB ti e lTheN thinigr an sobrentatilie] Ve aﬂhydn@éapb@nl inghudes a
hy%r&ﬁl %&n a%oju\ég{%c vee'iip%l cth%lf” tSaLu ag csbool ycenrt]% ?rful Qc(l:celsogutanc

Xane, Zen ;
pmy;lnenecygﬂ@terxah@/dna@f]wnan Loﬂillcgﬂeynﬁyleﬁfﬁt tagihytfuran, diglyme,
ort hot er phenyl , bi phenyl, decalin or tetralin. [0062]
tetri@ YR BHhelchyIep e @“&P%ﬁbb‘ﬂ%@’s@“ﬁhy be carried out
22 tegpet ‘ c : :
[Ogée ]al Ig dé‘fé,ljté)lrdlrc 1}5’5%1%&%?)&6@3“{@8 [6‘?@@2?]3‘% lelr:(goloi}t 7o
tepeiavned off 00 @m’/’ﬁh’ﬂc pr ocesses i s discussed in

: .ernational l'ication WD
[0{)&] g more detaﬁefc esulpPon ofa process to prepare the polymer derived

21fn one

from anionic processes is discussed in International Patent Application WO
96/23012, page 3, line L1 to page 5, line 8. Page 7, line 25 to page 10, line 15 of
WO 96/23012 further describes methods of preparing polymers by anionic
polymerisation techniques. A detailed description of anionic polymerisation
process 18 given in Textbook of Polymer Science, edited by Fred W. Billmeyer

Jr., Third Edition, 1984, Chapter 4, pages 88-90.
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96/ 23012, page 3, line 11 to page 5, line 8. Page 7,

line 25 to page 10, line 15 of WD 96/ 23012 further
wale®en2ioes nmet hods of preparing pol ynmers by anP@riig2007/066945

pol ymerisation techniques. A detailed description of

ani oni ¢c_pol ynmeri sati on process is glven i n Textbook of
(489K e r TIscp@pBeT divt @anmisert deprsivongiof (e aplymrer demypd drom

n}%q“rfe?s coh %nnglﬁgt\e(nny} »arBRYRS ﬁgpg? gOQ]%l] ll-gl'clxecmboxy

east one o

nﬁbebnmeojt)tpn@Mynmratmenshymmr msaleng acfd,) (neethr)anyl lcaﬁ@ﬂattnmmc
NoONONET ; a carboxylic nonone

apRidaide C&HHVBF‘M&]%‘HI e d&mtm(%t ﬁﬁ>ab§@)§ﬁeef§éicdyldte (c) a
e t

“{”tﬁg?g&g%%d?%?y‘géhg (d? an e%@i@@yﬁg?ﬁ?@%ug?%gﬁi@&h\éﬁ ('eY@%tmamte

cdezmbnné)mgndmmphvoﬁ@fwmiﬁ@dohanmemhytémandi®vhlcmbOXﬂ'

acetate copolyner; (e . fu t
"EBRry e gy et O Fid Tk e TR A naconi
AR R Yy m[mra WRD) tphe@ldstnembel & @nhygikdene Bk entone
acid, (nmeth)acrylic acid, itaconic anﬁydrl de or

enbadoring tec pd)ynor dieh ipeadiny g ot e @oPti SO pghymmtkaqiykage or

one enbodi nent the pol yner with pendant
mﬁQSKHQLgéﬁgrlses a pol ymethacryl ate or mixtures

[oolsT e0fwhEDORSpoIVIRR id heo B e ARIrylafe, @he polymer may be derived
pol ynmet hacryl ate, the polynmer may be derived froma

frieinb RON O BGAPORPPIHAN CBMPFFEIShg: (a) 50 wt % to 100 wt

% 6 d f alo I ATk
mhé?g a%n%td?kyﬁlggoﬁ4 %aughggﬁ%?H§Zr Ia:g@ﬁz &B%?oﬂkw

mB(h,acgﬂatﬂ:Owﬂqel e21011eonll<i1201t00 b A8, themel2adrol a[lc5hzcsar(bmﬂ() or 10 to
5 Q to 40 wt % (or 5w %to 30 wt % of
%éﬁ’dPKQN n@tﬁaé?}ﬁéﬂ@“mwﬁ@Péln the al kyl group of the

et h(%‘%roylw@tﬁm ap vih b0(09:5 QY ok 14 QO"MCW)Q)(P mahQ?Fm(cﬂﬂErylate
exanpl e et hy butyl, or 2-ethyl hexyl);
wharefrOthat al%ey | gwou@ ot theorheahBenwtat@gapfl @ 9, or 1 to 4 carbon atoms

ni trogen ni ng npn r. [\0066J As used herein the
“?b?ﬁyﬁﬁﬁpﬁ¥ r paQéM2§gﬁgﬁgéy i 41 or nethacrylale

uni t@y oThe calikylo (et hyaoryl at & isngl vdest § fir&x@M Raining

conmpounds derived from saturated al cohols, such as

mpeRIRgl. nethacrylate butyl nethacryl ate, 2-

09@6 yl egn& fl’h 101 ocpt%ltg qeyll)ﬁc@ R%%{ fh%/giate or %ﬂelhduy]ate

me acry

urﬂ@nyT 1&( TZ(B&)JTI)(&QIEML@tyﬁne li5€06dsyfor (d}(ahﬂb)cacmyﬂpatlﬁls derived from
i sononyl (meth)acrylate, 2-tert-butylheptyl
sa Lﬁér{eﬁ) AGaNoht e SUGL @orjp@ﬁy] h@ﬁt"y‘F] y(lﬁtﬁt h!yl_ty methacrylate, 2-

methylpentyl, 2-propylheptyl, 2-butyloctyl, 2-ethylhexyl (meth)acrylate, octyl
(meth)acrylate, nonyl (meth)acrylate, isooctyl (meth)acrylate, isononyl
(meth)acrylate, 2-tert-butylheptyl (meth)acrylate, 3-isopropylheptyl (meth)-
acrylate, decyl (meth)acrylate, undecyl (meth)acrylate, S-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, S-isopropylheptadecyl (meth)acrylate,
4-tert-butyloctadecyl (meth)acrylate, S-ethyloctadecyl (meth)acrylate,

3-isopropyloctadecyl-(meth)acrylate, octadecyl  (meth)acrylate. nonadecyl
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acrylate, decyl (neth)acrylate, undecyl
(meth)acryl ate, 5-nethylundecyl (neth)- acryl ate,
waeloeayies net h) acryl atc, 2-nmet hyl dodccyl PCT/US2007/066945
(meth)acrylate, tridecyl (ncth)acrylate,
5-ncthyltriclecyl (ncth)acrylate, tetradecyl
(PREDH) HEFY | at BCOP@Nt adePlcTieh) acellaicesy! hexdagbyicrylate,
yl at hexa (et
1%813{(2 gxg\{l/ n@wﬁéﬁémgpé{ e sgcﬁcg%g l(ﬁi@@ﬁﬁ%b@ﬁl and/or
eicoey! t@tamng/dcaltyd (rdeth pict ylbuet yhmdt)adc/cyée @Emt &) aﬁmylet%m,umted

5- et hyl oct ade nme ryl at e,
"”C%‘Oﬁ%lépﬁ w%ef%&é(a? 1><l%@f’ﬁ§'azem&t lgalkyl {mgidegnrylates, such as
2(\1??% im %ﬁfﬂiﬁﬁ&xex@x%ﬁ%?%‘ &l"ﬂ%tch)lﬁﬁﬁ%” @ﬁ&h)a‘é‘i )99(%)"
(nmeth)acrylate, Cetyleicos acry
(X6 dr yIEwodkyH (nQdfethy)d@tﬁy I\/»aﬂhelong@dmswluélmétdn:) aed yrate may
osytetrat i acont. nct h) agr I“a.(;;”.v
ot sty JPalebTne! DhaRMit Wi o ARl s by direct
cqMGhcaR9! @Y ctiEt R} @deEyl at abyanshseyeligahkyl) with long-chain
(nmeth)acryl ates, such as 3-vinyl -2-butyl cycl ohexyl
Tl@n’et h?@ii? yinay 'élcbrleikfcblﬂrﬁyl m(lhlﬁtm?h@?tyllsauéh “I[SGOEi’Yl])qub/élte with
alc,ohé/] £oﬁ;)5h% va 1|tog£ ﬁjl in f]%l}btgggs C%%e'ﬂ%yy ro%écg ulac_gﬁ&g?be fatty

d](,mﬂb)lfﬂ@[lﬁé |CExoaA|l(d)hbW mmeclxoe/st@lhbl@ o8t :01) om‘) Alcohol®
rreth m:t hacr | at c transesterification) w

1 T Bhg? D ORI & (Gl e | ¢ Sach S ol &1 frvng gl ®
I el
it SRl S I o0l P on

Lifhat b ® aocdhodwwi®ngl uded Mrabaot®hmd (r pf BOLIIAGOGal® 125 of
Oxo Al of ©Monsant o;

Al cohol (r) 7900 cohol (r) 110
CN‘&‘\‘&\%B@W‘) Mdd‘b*?D%F‘dd@af“tﬂ %P)’O@%@OI{@M%‘&‘F‘?P)" (goygCognis)
%axpgll Al; Lﬂi&ﬁd@& ﬂ-paﬁ)é A @@ deQWJﬁzf\%%L)hlmFTﬁﬁll ( r) 6 10
and Epal ( Et hy rporation; Linevol(r) 79,
[0Q68\]evolh( rO)negenlllocamded’mamt Er)yn25 is folﬁthShémhgtm@a 1ch in the

B S T ETE e

coat AP Gionofiret T8N eh AGIO ROV s%b@tl@lfecpghG@géﬂlh{eﬁﬁﬂychc
[0068f In one enbodi nent the star polyner is further

meumnet onalidlssninodlkegl cord)onytie rpwmm@n i daalivglawiinenlkyl

mcalh J,&Ed(?‘lgl%n %%H %I ng '[?Pl e mcg;gpl,e &ogg{]%ocl{“ gllamm alkyl

auhﬁhﬁﬁ(ﬂlﬁmaht)muﬂm’l@ﬂ&ﬁy aal }d;lualdé)ﬂlalﬁﬂlﬁ@fablkmlxtules thereof.

&@t h) acryl ate npnonmer, a di al kyl am noal kyl
[OR@YhacHy 108k ded bR 0KCePt PRIYIGHY Hamyuah?rdeomame a
xxfti,'tl?)lcl lﬂﬁnc ocﬂ'l l‘Xln Eﬁycloﬂmnqg mﬂmgr Ife monomer that may be

ry-acrylam dé nononmer ©r m Xtures there ot .
lelpxtaé)ﬁ%d bp tlenfrenixodi nent the core or polyneric arns
further conprise a (neth)acrylamde or a nitrogen

contai ni ng (nctth)acryl ate mononmer that may be

H.C
O
Z
;‘Cﬂig) .
Ri—" N\
Rii



represented by the fornul a:wherein Qis hydrogen or

met hyl and, in one enbodinent, Qis nethyl; Z is an
woRM7geep or O (oxygen); each R' is independeP@T/¥S2007/066945

hydrogen or a hydrocarbyl group containing 1 to 8, or

1 to 4 carbon atons; each Rl is independently hydrogen

oﬂ”@ﬂﬁyhrocarbyl group containing 1 to 2 carbon atons

a”d rgjt 3/1‘%%%@%9?%@?9 Andeg?ﬂnﬁémbédl'ﬂ%’rs‘gx ﬁﬁgmeﬁﬂg igsli

n one e

to 37 1EQ6M]H Eoapplres (©fycan g ui tabl e
nltrogen ¢onta|n|ng nononer i ncl

N, N- 875PeR hyd ‘@dFRAnaRi e Ny Eogemgr dé‘é(ﬂkf&ﬁ&?ﬁ FEQUR prEHaiggne 1 to

N ioY! o 08178 GGmsvi Nyl pyridine, N vinylacetam de,
N-V|nyl-n propi onam des, N-vinyl hydroxyacetani de,

N- vi mydh RhnSdad@jee;eINLwlnny‘bg@yDr ohiydiogerte] ghowd eyltaining 1 to

rol actam di ncthyl an noet hyl a | al e, (DVAEA
e R GO By Pt RABTS sl ENPERRroSen: Tt
d' nmcE hy hamBabutyh 1a8MYankl M 88s o boBHAlL, @m | to 3.

ﬁEro pyl methacry | ate ( DVAPMA) | _
[QW thﬁxammg% peopyl aertylbleamltﬂegelmcpmtnmwc amonomer include

Nng {W%%a ‘“Wéﬁﬁ{lﬁé VW‘P )Eicljl bonaPHé(rseSflch [ BO%]\'szﬁémmamldc

v1|ﬂ91yﬁ@5mﬂﬂx)é be NokBSEREAtidO, OINt@n2n WhoMonOhid2s05 Whvinyl
%to 10 wt % or 0.075 to 8 wt % of the ubr|cat|ng

hyBrpgsetangde. DNpERS antMitleore] T‘ﬁémIYubrlP)@a‘fli“HQO“e N-vinyl
u@%ﬂ?{&%h{'on CO”}PMCF% afifllcgRgr sant . ?h@%\fpefsa%\/ﬁ'ﬁg ).

a succini m de spersant (for exanp substitutc

dihenigy leiédaetlafi kerylergueci DA el ), dinMamylhelnobutylacrylamide,
di spersant, an ester-containin dlspersant

a
S HIHBATS BODBIBRNBTYRC a | SAGTSRMI: hy aReR Bpm sty
dcﬁgldﬁfnflcatty @W}%ﬁQﬁqlﬂydpl&Sylﬁlghylu%ql?lmcyel ene)mmeth laminoethyl-

nocarboxyl i c acyl ating ‘agent an am ne
a%whmmdanaMMahkyhmanino phenol dlspersant a

ocC nc di s er sant et hecr djspers
oY PL O g Pl RS h S Lah o DI RESS Mol PR&HER o 10 w
% eFoeT BN §1 the b SRRTSARL cm{aob@oa succi ni m de,
succinic acid ester, or Mannich dispersant. [0074] In

Dispetsp] enbodi nents the N-substitutcd |ong chain
[06’175]0'“/l I'he lubricating composition comprises a dispersant. The dispersant

may be a succinimide dispersant (for example N-substituted long chain alkenyl
succinimides), a Mannich dispersant, an ester-containing dispersant, a
condensation product of a long chain hydrocarbyl (such as a fatty hydrocarbyl or
polyisobutylene) monocarboxylic acylating agent with an amine or ammonia, an
alkyl amino phenol dispersant, a hydrocarbyl-amine dispersant, a polyether
dispersant, or a polyetheramine dispersant.

[0073] In different embodiments the dispersant may be a succinimide,
succinic acid ester, or Mannich dispersant.

[0074] In several embodiments the N-substituted long chain alkenyl
succinimides contain an average of at least 8, or 30, or 35 up to 350, or to 200, or

to 100 carbon atoms. In one embodiment, the long chain alkenyl group is

derived from a polyalkene characterised by an M. (number average molecular
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or 35 up to 350, or to 200, or to 100 carbon atonms. In
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ot VD R e B Atk 1BFLAECG @ BbgT 11 18 '98ohbe PRSH el Ienc
mqg Y a%n@ﬁ%en@%ubﬂ: @oﬁclhéc{]rgcdtrb?tﬂaﬁc@%f PP S&Q)n%ﬁl{%mnce of
[ 075 T Tn one enbodi nment e succi nimde dispersant
5@un@9%semja1@dhyismbmtgbbﬁ@t$a5%1n|n1de wherein the

i sobut yl ene a nunber avera I ecul ar
05140 T8 o oG e T leoonL i Eootr s S0, Crog N @

podyGEbhiiydrdesudi sReIRantSr@ndhd PeiylsomBEMAdShAfa number average
preparatlon are nore fully descrlbed in US Patents

malepgir 23%ekd 130172080201 AB0P2P08upt 2H) & %000
gL PP Bl O b RS el AR RY ¥ B dBon g egore
fullp clas@dflebaia"&ﬁjls PatcbtsSt 2 Patenund3382,9022. [ 0078]
Manni ch di spersants arc the reaction product of a
[ORY Ak oc &HBYPISUBSEN-Euttad hehecr sugks a‘F‘ﬂéH?GGHYah’cghaﬁmleCU ar
a hydr u t the
Wﬁ%?%&%? 1 B PP LA, LS EY AL RERL L g epaien:
3.88rbon atons, in another |nstance 30 to 180 carbon
nd.in further tance .10 or 40 to
U’ﬁil?lbon Mirwigh Cwyw‘ba:a Gy Feastigl t PRt %y 8éd1‘06ﬂ1‘byl~
Sugﬁfthy&ﬂ )E&Qﬂ] ap phafyde, ahd Qmp%}’r%l 8f lihmMsf the Oh RE-bASHY!I
i ncl ude al pha-ol efins, such 1-decene, which are
bubsnnemmphnmwP@damhdbﬂeubﬂOQQQ]MdetmmawbyV@aﬁ1me4m3cmbon

di spersants .are h car -substitute nes. .
atoms, pm another mstamcyg{) (306}88 carbon atoms, and m a mrt%er instance 10

to
01 even to

or 40 to 110 carbon atoms. This hydrocarbyl substituent may be derived from an
olefin or a polyolefin. Useful olefins include alpha-olefins, such as l-decene,
which are commercially available.

[0079] 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
amine such as ethylenediamine in the presence of a base such as sodium

carbonate as described in U.S. Patent No. 5,407.,453.
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The hydrocar byl -substituted am ne nay be fornmed by
heating a m xture of a chlorinated olefin or

walogermbi n such as a chl orinated pol yi sobut yl BCEUSED 1066945
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ones
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cﬁb&&@fesﬁﬁ‘@% ih$ d @ RAAL LB FiusReIZ M ¢ AR ﬁ@L | Md]tunecm hydride,

borated di spersant comprises the succinim de
nigh spetg@nﬂe&;ompbcsgsauqmn)pqul@@kxutdydwen@tducco:mpwnctSe, In one
er._aver

erein the polyi sobut ne has.a nu e
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diSRQs 4@ &%915&50@83§lefh1@ﬁﬁ3 ﬁ%@ﬁihﬁﬁ@bmﬁaﬂ@e@|43§§Iry$s%|ﬁbty ene

may be prepared by heating (i) a dispersant materi al

sudeigenidse v apeve t(lff d“rolelxalmwbanm Barbst intoibed dverrgec vailecular
w BEKEOY L SHORIM 11 468 addd \o B0 dump capt o |
la su

azole or a hydrocar Stituted
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thereof, (iii) a borating agent, and (iv) optionally a
digegsnp oieylarel adssaribrd aRols ottt i Bk NmdbYEp s g chain
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tiona phosphor us aci d conpoun
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oot vrshlis] phginaf Gt 3@5&%0@&'&/.&%@0@. {y Mo compound
scRtRREFRAN hPT BRADEE:RYsihgabi ng3i gidrReChidedsi maREE or (v)
optionally a phosphorus acid compound, said heating being sufficient to provide
a product of (1), (ii), (iii) and optionally (iv) or (v), which is soluble in an oil of
lubricating viscosity. The dispersant prepared by heating is described in more
detail in US Patent Applications US04/027094 and 60/654164.

[0084]  The dispersant may be present at 0.1 wt % to 20 wt %, or 0.25 wt %
to 15 wt %, or 0.5 wt % to 10 wt %, or 1 wt % to 6 wt %, or 7 wt % to 12 wt %

of the Tubricating composition.



detail in US Patent Applications US04/027094 and

60/ 654164. [0084] The di spersant may be present at O .
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refined oils and often arc additionally processed by
MK@@hWMQues directed to renoval of spent additives and

bhq br pr.oduct. 008 1 Ly f
[Oﬁg%g ng he%lnﬁeeorl]@ g lliqbr?%“aﬁtdgl}% [nff‘écfl 8 résplgi?f%séjé 0& 0 and
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arg GIgE I Y P eehs o baéﬁamlwat@aew%é% EMO\haf SRENhgdditives

Al d § khibe finic, naphlhenic or m xed

M a#a ﬁn?c Hgﬁﬂﬁﬁénlc types and oils derived from coa

[0089]shaﬂ\énmta mlxtuuﬁe& it verkeod the BOOO veSurtrvetiscinclude animal

Jubricating oils are use ul i ncl ude dr acar bon
oily M e€abl " Hu bRy rafict g -t P oPET i Gl B BB sy as
lid8d PeiroRQnY BUE ¥1|n§Q@ﬁ/’enpgjeyt@HQQYJcﬁnﬁ*%aled mineral lubricating oils

propyl enei sobutyl cne copol yners); poly(Il-hexenes),
ofptiey phraffiost sn@@)henpoloy(mlmedlc@gwégync -rsapditheinka dyess and oils
,thgr,of:\alk 1 -be p/enes dodccyl benzenes,
aopdeh St e BB GRS Fidivenes.
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bi phenyl's, |erphenyls, alkylated pol yphenyls);

as  polymerised and mtelpolymensgd olefins  (c.g.,  polybutylenes,

polypropylenes, propyleneisobutylene copolymers); poly(l-hexenes), poly(l-
octenes), poly(l-decenes), and mixtures thereof; alkyl-benzenes (e.g.
dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-cthylhexyl)-
benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls);
alkylated diphenyl ethers and alkylated diphenyl sulphides and the derivatives,
analogs and homologs thereof or mixtures thereof.

[0091]  Other synthetic lubricating oils include polyol esters (such as
Prolube®3970), diesters, liquid esters of phosphorus-containing acids (e.g.,
tricresyl phosphate, trioctyl phosphate, and the diethyl ester of decane

phosphonic acid), or polymeric tetrahydrofurans.  Synthetic oils may be
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dispersant to the oil of lubricating viscosity and/or to diluent oil include the

ranges of 1:99 to 99:1 by weight, or 80:20 to 10:90 by weight.

Other Performance Additives

[0095]  The composition optionally comprises other performance additives.
The other performance additives comprise at least one of metal deactivators,
viscosity modifiers, friction modifiers, antiwear agents, corrosion inhibitors,
dispersant viscosity modifiers, extreme pressure agents, antioxidants, foam

inhibitors, demulsifiers, pour point depressants, seal swelling agents and

o
[N
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[0099] Suitable cxamples of molybdenum dithiocarbamates which may be
used as an antioxidant include commercial materials sold under the trade names
such as Molyvan 822™ and Molyvan™ A from R. T. Vanderbilt Co., Ltd., and
Adeka Sakura-Lube™ S-100, S-165 and S-600 trom Asahi Denka Kogyo K. K

and mixtures thereof.
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t hi ophosphat es or

[odioal kyITdhet hiuld)pimslpimattes;onmtmng)cambpmmds oont denipngpared by
esters, thiocarbamate

0 ﬂ{ such as thi carb
re o, di I GLRPBANT CUiL Fer 1! Al EngBiBIEgempound. The
ﬁmt)@ﬁ@ﬁﬂﬂ@!@uﬁﬁam%dc&h Sdupa@lky Qish HeqGaphamey) simultancously

di sul phi des. [0101] The di t hi ocar bamat c- contalnlng
1e@@tmg)gnd@mnaycnbéorpme@négrlede byd ragagtsiiigatad compound. Generally,

di t hi ocar banat e aci sal t, N.unsa ted
g gkt e G e ot dhi hg. ESmputa T2
andll £99Des P eRaihe dithivcsibAH tENObtIYs bR Gk NH@s A Nl Nehem.
car bon _di sul phi de and an unsaturated conpound.
[0d8%kr alFxympldseoty gebiconledide Uhal aray Dot eriplyratcdrie vrms the

sug}%LE%egzéaﬁP Méuc@t %ﬁ_&?leﬁe7%§t ‘19’8 E}E‘L%dl‘%%gﬁ% g?%e?e hexane,

escri hlocar € conp
hepeddengodthem npOAR2] ch)caﬁpltﬁlSleﬁfmsuﬂdcabér&a oleddcys tuHadcene,
be sul hurlsed to forman the sulphurlsed ol efin
tey Iﬁ%‘l“ﬁﬂ% B‘r%b‘;ﬂ“@ﬂ% %‘u‘ldfr‘reé“ﬁe hepygifngl @padciraRt ofErdecenene,

nol'xlx%é@ﬂ:%u, Q%Q)R@ﬁke 0 ;x%gs tHORERE, Jnd GGLE e, boldlmgr?te Mexadecene,

dodecene, undecy tridecepe, tetradecene,
hep@@baﬁ&neneﬁdhemadeEeHEpmhmptadﬂmenanwOCMadﬂmener mixtures
. oct enene,. nonodeccne, geicosene or mxtu
hifaF S8f

B G enbigtr et 'HlERBUScBR et PREL SdBEEHe01elins.
AlRghagdeaenene ant@secgnene 'ﬂﬁ@l@%@@ﬂebddﬁ&tc%$e@edl@ﬁc such as

m xt ur es

1,3-butadiene and an unsaturated ester, such as, butylacrylate.

[0103]  Another class of sulphurised olefin includes fatty acids and their
esters. The fatty acids are often obtained from vegetable oil or animal oil and
typically contain 4 to 22 carbon atoms. Examples of suitable fatty acids and
their esters include triglycerides, oleic acid. linoleic acid, palmitoleic acid or
mixtures thereof. Often, the fatty acids are obtained from lard oil, tall oil, peanut
oil, soybean oil, cottonseed oil, sunflower seed oil or mixtures thereof. In one

embodiment fatty acids and/or ester are mixed with olefins such as alpha-olefins

e.g., l-hexadecene.



thereof and their diners, trimers and tctrancrs are

especially useful olefins. Alternatively, the olefin
woreop7bzreal Di el s- Al der adduct of a di cne such aBCT/US2007/066945

1, 3- but adi ene and an unsaturated ester, such as,

butyl acryl ate. [0103] Another class of sulphurlsed

(1041 i n Inriel Yswsat et epbadimbat.ahg ashieby aelswedrsigeThéwhich may
al sgt (]le%gu SR fllC{]ng o%fatl:x %'(xja é’mn\{&%fts@?'o‘? dolBAa Sl dnd an

and 'ty 4°t0 carbon

a]ﬁxaln‘pl @8b@fyl ﬁumicabifﬁsnf@t tgyd a@mdfmﬁl@dﬁlb@mcaﬂ&hﬁm@ms Often
i ncl ude trlglycerldes oleic acid, linoleic acid,
thsanAN Pet i @f adiodyBrangd it uklélécllt%wlhafylltcﬁwérfs ipH&C ffamyof

m‘ff‘)&}peswq{h aquﬂ }Q@goﬁr@lmhlealrﬂge ‘ﬂchtrﬁ b% msc’?ﬁqg%BC ashless

ol I,  soybean ol cottonseed oil, suntflower seed ol

arafweirddgunesitier eofudel Ntonhe, @n@qﬁhnenhbémhmymau)ds90 or 20
d/or. ester are mxed with olefins

a !
o IR s ey Per T Sk b GRS 01 bt g P carboylic acids
e@faé&ﬁlm\atl Wﬁm%'mﬂ%\%m z\clhge\)\l‘f?‘éﬁl Bt LT MERE AgeMose acids
may al so descri as a friction nodifier)
tym—;{yt ]beoaummrmge]s& @r 7-bb1 a4 p@IQQ(;jdrlamdalamsalE\@hatlctof carboxylic

rbo cid,. often an. aci. ont aj i ni
G o Sl B i € hsnuds BRRG PR JGB S e oleic
d@Q]phatlc carboxylic acid is in the formof a m xture
with a sunflower oil or the I|ike, which may be present ;
[01A51 he Pasillessclade i diekr tragléntandi deolrds i wich ldehg ﬂ@mbsrs of
al?ohqlé 6t}P§f11](t)u)s Q%I yrc]ltnfsi c:h ldoqs mcf Lyt e%ﬁ),)h]el e U? 09} 1m luding

erceh aP

dicarpoxydl i etracthgEnt eglpesls ;a|p|1(yp}aufﬁ) @D@amqmylmdm ga@md)n i- and
which formthe esters are those acids typical
teHBHORY fiNAgE Yoo sp urcesrl: 1ty ool ekt élﬂ‘HrTBSO”E%%{n'p‘F ahytol;

m%mgﬁrbgﬁﬂﬂp q{f%r(t%sb' ne &%@edo ‘P@r{é ll a‘ahﬁ §1t %rltlo(i:, and

acl | auri c aci ehéni ¢ aci ) ol el ¢ aci
pc[n@db@ﬁt]‘n1Rﬂl>yimkEudhn’g:thudteddr1pd:1$melty[l11abls Oéird tixt po]lyol & dicthyl-

wi t h hi gher ers of |COhO|IC CH r.o Pol drlc
°ngl c8R6PS | H&“&ggm’et h%?)/%ﬁe @I XF(%‘P s, (ﬂdl rE’(j“H‘Pyth
dlamdéx%ﬁﬁ@t hyl cne glycols; propyl ene gl ycol s,

Including di-, tri- and tetrapropylene glycols

[0Og0gicer dhe bumamercailbl ; ahakdhe dD@MWSSmrthWQNH as  “glycerol

arabi taol . ni to 0 f.ructo e; -
YR AnBER L Ll GYRET B ol BanaB R degchomica
spt&iet WiNdago [dinonaddatel iaRARL FERYINL § Qlercdek tomet éledlf@)wcﬁ{@ and

|s dlethylene glycol, tricthylcne glycol, glycero
lessofint dIperqsanttae Jtehand oleigricii. pelrﬂea@rlywﬁmq olhe lﬁleu%}ew

de#ﬂ?becP'UIﬁr? 11%I JLMcLﬁXL%I lb%@éc?oﬂlpcogahfl, L!(HQ(WQC APmount of " polyol

monoester present in any such mixture.

Viscosity Modifiers

[0107]  Viscosity modifiers other than the polymer (a) of the invention,
including hydrogenated copolymers of styrene-butadiene, ethylene-propylene
copolymers,  polyisobutenes, hydrogenated  styrene-isoprene  polymers,
hydrogenated isoprene polymers, polymethacrylates, polyacrylates, polyalkyl
styrenes, alkenyl aryl conjugated diene copolymers, polyolefins, esters of maleic
anhydride-styrene copolymers. Conventional poly(meth)acrylate polymers may

be derived from monomers substantially the same as those defined for the
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nonool eate"” is believed to include 60 + 5 percent by
wei ght of the chem cal species glycerol nonool eate,
wakong2awst h 35 + 5 percent glycerol diol eate, BECHUSWET066945
than 5 percent trioleate and oleic acid. The anounts
of the nonoesters, described above, are cal cul ated
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B R
Cp©$yqyﬁuﬁaﬁnoﬁeEh@oﬂhﬁ@nnhempbmmﬁhudhagnhyMDogemakem\wu1a
copol yners of styrene-butadi ene, ethyl ene-propyl ene
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Egl%PYFf ns, esters mal ei ¢ anhydri de- styrene
WEdp Ibﬁé?@lu%ﬂhVéWﬁrﬁHHV’poly(neth)acrylate pol yrer s
ERRYmP®regnivad. ficom nononers substantially the sane as
those defined for the 2polyneric arns. However, the
[WHOAY entlixdrealc d’@¢%ﬁ(ll’ﬁet(ﬁ)’b(§lroylllat dhay smgewémlzalm in flhe@ibfingude

suIPhnL(l:It— ag] dckgﬁlosg%(h%ueg?%ttaﬁg gyt eln lgl?%gl alaeﬂel}%drg%ubon EP

dg@mwma ehodphe risn\rEnticesi S Eﬂz?ﬁﬂﬂes\/\/l dfhs@cic v enth@nahciude
VISCOSIty nodi fier. [0108] The VISCOSIty nodi fier

chdpHettet havdyol yAEFIN(@) BFPEHES | nvetht | BAlYR#Yhskes pr é8eht  as

dl?% z\%tl%/l cf&olg,?g (:chlo/ ol?crnz& 8?‘ : lé)%fdcm | %fgtugf tcggsJiBhide,

mﬂﬂﬂpﬁ%dtﬂﬂﬁudE%mmeﬂE(ﬂ%@SS@ﬂESA@ﬁDUSedOﬂ@ﬁbi@yﬂreﬂmhuﬁﬁﬁ
Pressure (EP) agents that arc soluble in the oi

dipFRiFlte %lﬂpbwu%e affdPEH or Bl PRBPUEHit al i gt igpr  adducts;
lﬁggﬁ]&ﬁvl Pﬁhls@ﬂ'l%‘i@uu Bydr agar bo nthEeEg%ﬂ oald 0( phosphorus

sph or P dagents. Exanpl es of such agents
muMUH@dwnbhhopmnaﬁednmawﬂw@rg@nuc shulsphimiescamd such as the
. ysul phi ch as, dib d isulp
B PE SR HI o ell BRPEE ST bty PEae Pheitify dihert!
phS)lé lmlwr NEGI] JH%&PVI pleshRiie, 0fpeal\@hiendei fhopuliphudibs@diphenyl
phenol sul phuri sed di pentene, sulphurlsed
pmep%&aénda%d RIS Pl | B el ehesphli idem dapdifptopylenc substituted

oSS IRLETHE LTS YR GEALEG0R (SUEh, A5 LRELTEAEELRN and
clmﬁmy}bp@/hﬂﬁ:ﬁl@l dﬁlfw@ piﬂﬁflﬂéssﬁﬁt@f 8l J@U@hd&ﬁa[ﬂ@ﬁ)hos )hOIlC acids,

including, for example, the amine salt of the reaction product of a

dialkyldithiophosphoric acid with propylene oxide; and mixtures thercof.
Other Additives

[0110] Other performance additives such as corrosion inhibitors include those

described in paragraphs 5 to 8 of US Application US05/038319 (filed on October
25, 2004 McAtee and Boyer as named inventors), octylamine octanoate,
condensation products of dodecenyl succinic acid or anhydride and a fatty acid
such as oleic acid with a polyamine. In one embodiment the corrosion inhibitors
include the Synalox® corrosion inhibitor. The Synalox® corrosion inhibitor is
typically a homopolymer or copolymer of propylene oxide. The Synalox®

corrosion inhibitor is described in more detail in a product brochure with Form
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di hydrocarbon and iri hydrocarbon phosphites, e.g.,

di butyl phosphite, diheptyl phosphite, dicycl ohexyl
webwspticte, pentyl phenyl phosphite; di pentyl phRCiKEUS2007/066945

phosphite, tridecyl phosphite, distearyl phosphite and

olypro§§lene substituted phenol phosphite; neta
hf@hiloléaﬁ) el (8 Sdéh Beblhae R Eéﬁﬁwﬂﬁb@wwbm Ranygndlhe
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or C prop y ene OXide

pcsyﬁlaklmc(y)1tc§,015d’l9§dxS)l’«htdsl’lhlpb)lly&lfylhﬁndﬂﬁ.scrI bed in nore
detail in a product brochure with Form\o. .
101181 014831ig7020ANES!s pUtHHgEe by ATHed DOV CREMUERI 28 amines,

o FaPEL 119, PLOREL RO B, PO s

ardppbiyadtslanspdly 1ﬁﬁne]slaumwmﬁhe ckehs:tdfvﬂlk@hﬁloslﬂnzh itdiaigs, mtty

erivativ s of b nzotrla oles (typica
F I+ tWHtF%l IPisy! ’Ygi‘%eflb‘g SR a‘z‘BIYe‘ avértw\}lamkéswtyakyl

Lal]u a%ﬂf&leg [y ?Z«:ﬂhg%trp%ﬂﬂkﬂ‘ [qﬁ;cg‘l‘;l%.%%) may also be used in the lubricant
2-al kyl di't hi obenzi m dazol es.

CO@HHBMyNdltﬁhm@@nzouhhhwalesuff@ﬂhﬂmﬂhmbﬂ&ﬂﬂgamnehuduﬂg as

ol rs of eth l te and 2- X
RS sharyTortg PREESVE, FabnlSiey B Rt Ryfoces
mblrvlbaéﬂﬁ)dh dhesahBtiBses PalnyRWY | 8N6r GhoteRb@r of a polyol and an

| yet hyl ene oxi des, polypropélene oxi des and
dll(péﬂhyrelrhvéxmbw d@dp{s@@w efethe eatlommwy%wss hpsureepoleptribed
1bg€gragsa 3§£1ani)/tr Lglaqgl\\%r‘%{éqgégg F?cetéon rrl)qo lilhers May beesproe:rbem
in pmhgeaorwlluamgdem % @d 1(1)2»}1 ‘Ehb]CUIIOWt mod § ivarg drniclhviudi ngs wt
., fatty acid derivatives such as am nes, esters,
’6@b6W?H%%““?%&P?mpﬁ$89%ol|nes condensati on products of
X RMXbbGe.@&ehds and polyal kyl cnc-pol yani nes and ani ne

salts of alelphosphorlc acids, fatty alkyl tartrates

[0113]pi c&ht ynétavd yofdihal kykntian tis atseEu)l foatltpriadtkng a variety of

tartrimdes, fatt | kyl : A Co
mec%dmca[ndevwes. lahe %eghun%/cal device comprises at least one of an internal

combustion engine (for crankcase lubrication), a hydraulic system, a turbine
system, a circulating oil system, an industrial oil system, a gear, a gearbox, an
automatic transmission or a manual transmission.

[0114] In different embodiments the mechanical device comprises an internal
combustion engine. The internal combustion engine may be a 2-stroke or a

4-stroke internal combustion engine and may or may not be sump-lubricated.



lartram des (typically fatty dialkyl tartram dcs) may
al so be used in the lubricant conposition. Friction
wWorem7fizess may al so enconpass material s such aBCT/US2007/066945
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ankcase l'ubrication), a hydraulic system a turbine
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systen1 a gear, a gearbox an automati c transn153|on
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I nt'ernal” conbustion en Aterna
gengs enmaychéor. 2- stroke or a 4- stroke |nterna
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gasoline fu engi ne, a natu
a brbrand, xed, gasol tlwetzaismj)ztsd)dm,famdIlh@dxbemgnng oillgetoh@ween the
egggdinent the internal conmbustion engine is a diese
VI ed engine and in another enbodi nent a gasoline

()leS:I | eqh %'ﬂ@|eﬁ}ﬂ30d§§’lbthatlﬂhQm‘c‘ﬂr‘iﬁﬁ'&ﬁibu@@mHﬁ@rﬂn@rha@rltgéd'h%%on oil
i ncl ude marine di esel engines, aviation p|ston

regdiyPriesippl one | badadicekidricelngd wesposinidn aiwt reobiahkcanadind at
]e!i uqh: ?P%né‘%? anLlO%L ?Llutgégn)g] %:e %kcegﬁaeodntggrgtéatpeelHBn%atmo

u)\fﬂimﬂldht eh wﬁptadonaluha/ ckbifkchsit efndab Genbust ioermengiingy of
further conprises a manual or automatic transm ssion.

ECPHF) ofie (e HisOU A tHE (GRarclicduirhon @ Gearpigseas ond ppth the
geé\? (d384,JehaI A LAP LGN Twet-clutch’ i s known 1o a
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[OHISE]I ut &h cplluatmbsbimﬁd”mt thiesirhatnhedoarbuspo@yediby i@ a 4-stroke
Iubrigant e. hat of the transm ssion, and the

engir i hppﬁ@lqﬁqd]@@el thgPitay §Hebustion engine is also referred to

generically as a small engine.

[0120] The small engine in one embodiment has a power output of 2.24 to
18.64 kW (3 to 25 horscpower (hp)), in another embodiment 2.98 to 4.53 kW (4
to 6 hp) and in another embodiment exhibits 100 or 200 c¢cm’ displacement.
Examples of small engines include those in home/garden tools such as
lawnmowers, hedge trimmers or chainsaws.

[0121] In one embodiment the internal combustion engine has a capacity of
up to 3500 c¢m’ displacement, in another embodiment up to 2500 cm’
displacement and in another embodiment up to 2000 cm’ displacement.

Examples of suitable internal combustion engines with a capacity up to 2500 ¢cm”
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plate(s). [0118] In one enbodi nent the interna

conbusti on engine has a common oil reservoir supplying
wQ bw7-ziel | ubri cati ng conmposition to the crankPGBES2AT066945

at | east one of a gear and a wet-clutch. In certain

enmbodi nents the lubricating conposition is supplied to

dispecegnk ¢ b adansotosc ks, gaar My lepuligtisls. ciuad-lpkes, or all-

i $khicPls, LG 6&%@5?{}5@2?hgcggﬁu%qiecgﬁusﬂoﬂtc%%%%fs §0 actor
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engine in one enb as a power output
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hEnbOiHEHE" XA Bt é“f@%j“‘dﬁlo 00 En’ Eﬁt PAKeNEHE - In another

Rk ARl s (0 nﬁéfﬁhhl cERGLNERM émh@@ken&m@%menmhca@@/vga{ deflesel
tools such as | awnnower s, hed ge trimers or chai nsaws.

lL[6@)121] In one enbodi nent the internal conbustion
ne has a ¢ 500 cnr' disp
153 Mt O R R N o el S
mbtbrafatd el r esesh TeMo 1By d1es 2000 enilsdbrPliateABNtcombustion
Exanpl es of suitable internal conbustion engines with

Crggleg@gpacity up to 2500 cpvdi spl acenent incl ude

rcycl - bl ke | SU
TAPECAS) BT IBRN Ry LR Bbu , es «
lubaobustdrom enginae cosbast sraeh@imeowitdt henmgidcosity wiale rom
vehi cl e such as a combi ned harvester. [0122] In aqne
X drhodverit X ket Hilesshadlone 8B ustdndny éngi Heeges Myp 24 o 50.

[Otl?rgot ftofny, Qév&%h@ﬁb&gﬁicﬁ )t{lljsr "‘E’A m\{gmx Cclhgsqnl ofgﬂpt@qb 15 or 20;

di ment e |nterna ustion engi ne doés not
mnbﬁhaumlmﬁgmyﬁmhmtbbnlNe95a3@yﬁiémxﬂh@tSerarates t he

jne. fr the transm ssion such as a transm ssion on
[Oiﬁgia afﬁﬁﬁnbléwlémompwm R SR TR F U O Higine may be

sul@bRI R afPIRUSHd %bleﬁgt NEelpcNOt SUiHABLSHEON pSRGhorus or
with a diesel fuel. [0123J In one enbodi nent %

suj pritagach agh ééﬁﬁ%t@@ﬁ%ﬁgmmm i dhsuiud fbheccm@nln@t dm«;n@glecs oil
u{)rlun%n% rT)pL w{ 9@ ()yﬁzlsse,smvﬂé W% oﬂtesrso%le OI '{] ?W’] or less, or 0.3

wt % or less. ln one cmbodlmcm the sulphur content may be 0.1 wt % to 0.5 wt
%. The phosphorus content may be 0.2 wt % or less, or 0.1 wt % or less, or
0.085 wt % or less, or even 0.06 wt % or less, 0.055 wt % or less, or 0.05 wt %
or less. In different embodiments the phosphorus content may be 0.01 wt %
0.075 wt %, or 0.01 wt % 0.06 wt %. The total sulphated ash content may be 2
wt % or less, or 1.5 wt % or less, or 1.1 wt % or less, or | wt % or less, or 0.8 wt
% or less, or 0.5 wt % or less. In one embodiment the sulphated ash content may
be 0.1 wt % to 0.5 wt %.

[0127] In one embodiment the lubricating composition comprises an engine
oil, wherein the lubricating composition has a (i) a sulphur content of 0.5 wt %
or less, (ii) a phosphorus content of 0.1 wt % or less, and (iii) a sulphated ash

content of 1.5 wt % or less.
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[0124] In different enbodiments the |ubricating
conposition conprises a lubricant for an interna
wW@awhustson engi ne with a SAE viscosity grade PEDIS2007/066945
XWY, wherein Xis an integer fromO to 20 and Y is an
i nteger from20 to 50. [0125] In several enbodi nents X
(91283 n |Iﬁt@”geepm@hdswﬂffh@nhubmdtglc q@npasgligh ipouitaplg fpr a 2-
s%%kea{]%ll 6] gsﬁl{%\%lhEh%?rﬂwce;nc?@e?ol‘né%?%I 50 h}b%éﬁond' Ocnoé}r?c or In one
e @OV Qe eN@iine digy! bezn&um(ablgegffnemamw ﬁl’tgdcnenome The
| ubricant irrespective of the sul phur, phosphorus or
pglumapédthﬁshnmsw Mg7AF e8Abre. dTHRATER phese! lubricating
9B 8Mbn 80 Y1% FIANG, 81 boSUBTLGAN DR 108 shyibs. % of
% or [ess .9 %or less, or 0.3
HWQ9%)oﬂWke®$owhmg@nanphhqm®hﬂmﬁnmhenwukphwhcoomhenn Thuw
be 0 . %to 0.5 wm % T Porus conte
e%yp B 4h¢ 2“’\}\[ ea% ‘b‘”l‘Y‘;eslg, B WL miu %o rrmeélgc &opc of the
iQelBSnWM 70 or less, or even 0.06 wt % or |ess, 0.055
w %or less, or 0.05 wt %or less. Tn different
EEd8LbENnt s t he phosphorus content may be 0.01 wt %

5 %, pr 0.01 w 7c 0. .06 w % The total o
3Pl ot SR dnbent Sotfoal Sty it ULEH Y exqmplag the
arfo @ikt |p€c§>§me@r eﬂc]quW()l%a@[v k@sent OF dilwdnt O6ill 8Sch Ofhay be

0.8 w /o or less, or 0.5 W %or less. In one
cusiyadi ireresahén sl phameEridsRacoat Bt cady Chrmial campgneagy is

megageé whn wnLQﬁ;mh In one enbodi nent the | ubricating
"on conprises an engine oil, wherein the

[Olle]’ [ ca?&a:matommm@mﬁeon Thas 1a A \Ess)al aqua pipealnwith @ o @g&h inlet
% or less, (ii) a phosphorus content of

.1
“wm% 281@3@1 TRsHUIp; spped) mschs*umahatﬁéﬁ B ERTREHRUBI arzﬁlrd water-
w%ie% WndXALQF id &%ﬁa&P%&’tﬁ]Sd g 09@7 ,3”’999' Hgl'hau%n?c, 20g of methyl

l'ubricating composition is suit for a
methderstarcok e0.7ar i pe dfes@hommmg?ﬂal conhustlon07 g of 2-
dlne t the marine di

Iln o
%swgﬂéﬁw'”@ﬁw RS TE T s st oS oS e yeaer ghain

wrdnBRr I RVANthaNgRY, e Added: to@ iR iRe vdisepale stired under a
| ubricating conposition at 0.01 to 15w % or 0.05 to

nitt@eant blankst for 7(1 niputss Wi engurd gmggqcnrrmexmgu | &0 mgrogen fow is
Vi illu tratl g g t The
e BEam 8RR WER it Vst iR bl o B kv V8
of ldtifilénet §19c S GRPEhatr ytattelslcﬂl\d@cmd oR. vc@é/f-\M?cﬂ-Eﬁ hd@e]is E@lﬁed at
each chem cal conponent used in the follow ng
9e¥atnplae gdditigeal 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 283,300 g/mol and having a number
average molecular weight of 215,900 g/mol. The polymer is believed to have at least
9 polymeric arms (containing 80 wt % ol C;».15 alkylmethacrylate, 20 wt % of
methyl methacrylate) and the conversion to a star polymer is 72 %, with 28 %
uncoupled linear polymer chains.

[0132]  Preparative Example 2 (Prep 2) The process to prepare Prep 2 is

similar to Prep 1 above, except the amounts of reactants are as follows: 0.63 g of
chain transfer agent, 0.11 g of initiator, 68.8 g of C12-15 alkyl methacrylate,

11.2 g of methyl methacrylate, 1.58 g of ethylene glycol dimethacrylate. The

o
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anount presented exclusive of any solvent or dil uent
oil, which may be customarily present in the

weoawmgzesrl material (i.e. each chem cal conmpoPENUS1087/066945
presented on an actives basis). [0131] Preparative

Pre 1) A yessel equipped with a nitrogen
I?SH?tg?t PPé\NA Hghs “2‘881§‘L/“H?“‘gﬁg‘ Pf?hﬁljslbe“é‘ag%{?ﬁa‘rw Cgi and a
n&fnbEF @lerade hmameowelo%t z-a)rwbs@ gt erﬁe@rd@qmmﬂaerﬁ@e’helvéa to
charged wth 80 g of C alky] ntthacrylatc, 20y o
hiet lay lleasgthaonyl atd tho .cbsvagsiof (Trsiaqggnoyiemnys- 24 % with 30 %

&rni}i tor) 4.07‘g.of 2-

YYSHREY gﬁﬂdﬁ&ﬂ??(ﬁ g@arbonylsLilphanyl 2- el hyl - propi o
[0W33] aciEefodacy Bt B { ¢haipn3t rla)@SFﬁch@Q%"'tp) cé M8p B s
g of oil. The contents of the vessel arc stiircd under
sV R tte den | whank e certhoomeiupistdscrdarpsus es sufnyseilentg of

[ i tyrooen.f du 14,2 L
AT e D N S YS! Sty 20
06im@th g méthedrpyhenesglygalth dicnethaer yméRadsladdadetr Bsultant

t he vessel and the mxture is stirred at 90 OC for an
Pyaiet i biral SeigBLryeragRempEsy|d ane! 2hF Gdue?o-190.aand xt gr@ber
0 o ol t ; Fe.
e IR T oR0s® pf TR BT ER r BORLEN s RIRE L e w
lcastvieiuging, aay eliage vemlactdlsar )W@/lrrg:his 4f %283h 300% grbmlipkﬁhdm ar
aV|n a number average nol ecul ar wei ght of 2 15, 900
PYY R ¢ “ﬁﬁe polymer is believed to have at |east 9
OQQh}’”erLu‘Bn% 11”350 (&9[3&@!15‘1'1 @%L@)‘Mmt i G o l)pthe ol met flom

al kyl met hacrylate, met hyl ncthacryl a Q

Pichel, dohwer%iobnlisper samStQa@ \Aﬁd%wréK)Or%BNZsu%homttcch@g%t l wt

L unc line er ch ins. [0132] Preparative, .
ellabt 653 ppPaR 55 VB (bl by Bkt 2 v
ofSbifek akddi@vdr eRclidalovian wext @REnik hgh RRRHMN S Ofcents) and the

reactants arc as follows: 0.63 g of chain transf er

bagpegtto 160 »\ﬂl‘r@e@rb wetqﬂatle@l 1168c181@0@fy g)allzoie OFY 19
hacpyl 1 o net ha 8 |

[Ogﬁr{/l en@e(mg.‘lt‘ls‘%:l]o\l;le éeg%glg OSmo'flher u¢ an‘ Stﬁ%‘:i%)l/nrrg‘ir]g the
sah@sasa A, g:htcravml‘ealgﬂyfmr eﬁiih Hreplightpladc A0 Tth600, wandof a

a nunber average nol ecul ar wei ght of 289, 900. The star
coOpBNSiEN Y &VHMbTEV et PohdUehatyiaast The arpaunt a9fd bpse ol is

SARYELSLOR Ay $ lewPat [4 C1 he
muncoupl eg V?n%araﬁgpynggﬁgﬁgﬁﬁép“ %T?% ﬁ%gﬂg%at?bgl1lbd
\uEwampgem®cﬁHﬂM64® The process to prepare Prep 3is

I a Prep.1 above, .except the anpu s of
Pt 2hb& CuPe Ry ST TR o Earal ; pneraiaied b
deﬁﬁﬁﬂ‘imoothelﬂlngm‘?rflc' Ws@ds Ohy 180 ‘@3 Qtlsr%zAgi’l\/Pllﬁéﬂmc fD445)

net hacfyl ate, 20 g of hyl met hacryl ate.
bLEvhwménéughymeumrﬂeth@cmyMegeomvhennesulKéﬁltaxnedbem1n0

shear test at 80 “C for 4 hours. The lubricating compositions are also evaluated

for cold crank properties at -25 °C (using ASTM D5293) and high temperature
high shear (HTHS) properties (using CEC-L-36-A-90). The results obtained as

follows:
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pol yner has a wei ght average nol ecul ar wei ght of 696.
100, and a nunber average nol ecul ar wei ght of 814, 600.
wabmw782761 pol yner is believed to have at | eastP@GI/HSI987/066945
and the conversion to star polynmer is 40 % with 60 %
uncoupl ed |inear polyner chains. [0134] Lubricating
conposition 1 (LC I ) contains 6 wt % of the pol yner
fromPrep I, 1.4 W % of dispersanty c9.6 W o ef; 30C
TBN sul phonatc detergent, 1 W % of 255 TBN phenat e,
0.2 wt %iotmpot yaswoyitatel QOUC pai ntl2dépr gssanf,442 wi %
of of her add(iﬁt tv_es %i_nc] udi ng anti wear agents and
ant i f oam ageifSy e ARG (Y bal ance to 100 wt % bei ng
base @ihemktd VARSsidy ¥i BRPE TMiQr|adq 192 T0W 49, 4o013%
Conparative |ubricating conpositlion 1 (CUC | ) is
substantial |y tsheardast® as LC, except the polyner firom
PrepHi : —wi—th— Y-of—a—correretalty
avai | abIEOPThERP 561G et RREY (1 atle. e arfount’ 8 base
oi | I's nodi fyigdyGaetdigngly Tn View gf tTHe Thcgeaset
amoupnts of polyner. CLO has a viscosity |grade of
10W40. [ @l88jcratkeprbpbticcat i ng qonégPt i dns H&lOand
CLA | are eval uat ed .py determining the kinenatic
viscpsity at 100°0C-(usi ng ASTM|nmet hod D445) before
and after subjecirpg the Tubricatingsconpositygns t
KRL tapered bearing shear test at 80 OC flor 4 hours
The lubricating conpositions arc also evaluated for

crank properties at ;25 0C (using,ASTMD5293) and
O138h ¢ bnpeie Bt OF SO RPgN Chehr LA ThPoRar 11 d6 Hudkrgome
fréRGPlep 866 9Ly P0) of T0E TB2EYLE S 0Rt MPREnAS3 wt % of succinimide
follows: 0137]77 Lubricating conposition 2 (LC2) o
digemsatiths0-2.\0t Wit obsafol Ydveypsl porerPdinoasPesspnt, a@dol.frwge of
L [ BN er deteragents, 3 w, % of inimde.
oLt S SR S SRR Dol L RSB T T E8siey
grdeproe BB, and badkimenQiticCviefosotyhar | GHACtACS. 13 mm?™/s, cold
(i ncluding antiwcar agents and_ anti oxi dant s(?. LC2 has
crgnlg,pgc&%m@syalqﬁgd& G20 M 1232 KA o1 G188 ¢ gigh temperature
v S, : -8 31 MERLS. Qe @ r ank
niEh Shar R O R CEEASTY pesoa] ot%6 180, and
[OhB§h t eopecainr eompghitishealLCHTES)tapsoherwi és of use nelymer

CEG L- 365A-90) of 2.60. [0138] Lubricati conposition .
H@W%Lr@g’ % nYhihdispegajs. g/}o%fmtﬁ@‘ﬁb@‘ﬁ;ﬁél’c{égql%%qgl%ejﬁz\;t % of
po\%t/z@g 8%@b§ﬁef’§iamd§pregsa%l,WE.SY\Qt oy eF Raged, et @ISR Balln is

base oil. LC3 is then evaluated in a number of tests. The tests include high

—_

ol

—

O

temperature high shear properties using ASTM method D4683 (result obtained:
3.19); and for cold crank properties using ASTM method D5293 at -30 °C (result
obtained: 6059 mm?/s). LC3 is also evaluated using Orbahn shear test (ASTM
D6278). The results obtained include a final test viscosity is 10.09 mm®s, a
viscosity loss (%) of 8.69, and a shear stability of 16.0.

[0139] Lubricating composition 4 (LC4) is substantially the same as LC3,
except the polymer used is from Prep3 at 2.3 wt %, and the amount of base oil is
modified accordingly. LC4 is then evaluated in a number of tests. The tests
include high temperature high shear properties using ASTM method D4683

(result obtained: 3.16); and for cold crank properties using ASTM method D5293
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pol yacryl ate pour point depressant, 2.5 wt % of other

addi tives and bal ance is base oil. LC3 is then
werarnzteed in a nunber of tests. The tests i ncPUHESINTYIH6945

tenperature high shear properties using ASI M net hod

D4683 (result obtained: 3.,19); and for cold crank

aproper tiresy tu@‘PlﬁgleAS?-R/ﬁ hetnde). DbE531sat!so 3yal@redr sgag tOrbahn

e I

9j Inchwde, a \/Ncﬂahy I@SK%\}IOSGQSZJH ynd § sAQurQObINIESHl 8. 7.
viscosity loss (% of and a shear stabilit

Od. 13974 IDGBH T c IS wﬂcdmb@wbﬂnwtﬂwzv) PE Yﬂycmwbyl
Uﬁ)lﬂltﬂ?ggﬂgﬁlﬁﬁln % %hcﬁg%gm%n \J\Tlggh IE&%ﬁPIEn(M}PtcP&'c%@%m%ﬁ‘%ﬂ th

rom and the anount of base ol
wts S‘mmifdae}gi am«:@mdnmgﬂ g/mup.(ﬁlﬂl\lr& i he;rh)oevad)mahenbt|ynata1ched to

nmber of tests. ests .include hi erat ur
U G SHBET o H@#@qu % ai@h@ﬂ& Y Bagpé@u(@ésfﬁw ucter.
EQBLAI0ed hydroctE) gﬂngv sfigFugel d Crank properties using
ASTM net hod D52 5 C(result obtained: 275 1
m rr{ig)hydi@rben ablsoitesras,udtaeds.uslipigiticr bapn dhdaer ndsnyl),
ASTM D6278 The [
AR oy S SR AR et e oGS e

arRf dﬂ{g?'/]caﬂe subANeL8d SHeRN StsaBbitubys Ofas 23ell - asl OYAR] sdstituents

used herein, the term "hydrucarbyl substituent" or

whergdy 6@3};1’1@)34’5 ¢roplgtedi tglqygédmioﬁiq:rtpgnt@@lﬁpﬁﬁ]ﬁymgk@ﬁg@, (e.g., two
L@n &QP g thu !((%n% s f’ those skilled in the art.

s to a group having a carbon

at onoudl§u®€¢1ﬂu¥ecﬁh§@1@b@16ﬂ>0hqubht@tuf:ﬁmi'tmdeﬁ, afbstinents containing
nol ecul e and havi ng. predom nantly hydrocarbon
nRhBYHEE EPoN XA Véglc f Ih{gr SRAHyAL té’rsdmé%mi%ldﬁd@f aftey the
] 0 ti L u hat, LSyl dphatic (|
pxg%f%ﬁﬁgp?aﬁ%%%g% boh ﬁ:ﬁgiecloﬁ 091 'sgbstﬁ%ci/ngl éﬂ"kykfd?o Yespecially
chtyol oall Keny), )h;&lm@@t jaf eyt sneraipao,aftoylatarespt@l iipbatitesp, and
d alicyclic-substituted aromati c substituents, as
PYas cyclic substituents wherein the ring is

corrp( ief edidrbr auagh crnet hgn: ROr KLeNi B d heniml eekile having a
(e.g., two substituents together forma ri ng), (i)

Plsmmdwt/e‘d/thm boarhoncsubist icuemteyt ethditis isyention, contain

uents cont ai ni ng_non- hydrocar bon groups which,
ofef P’ LG R8s b e RO GO S B B r e R oms.
H&&ﬁﬁamm@m L¥e BYGHOE a5B@Bn Nattdeen Ofind BEcSHPSET duBeitucnts as

hal o (especially chloro and fluoro), hydroxy,

pyalldngfyﬂyﬂeﬂaalmloﬁmdallnkwmwc alit genenglt pe merictthas dwo apksferably
SH—LOE(?ICEF%)GH g V\}%)] hﬁ/ﬁ!@% ﬂ}@%ugﬁ)sk {L}{%thﬁ‘]’! EQ% ese‘?ﬁl for every ten
carbon atoms in the hydrocarbyl group; Lyplcally, there will be no non-
hydrocarbon substituents in the hydrocarbyl group.
[0141] It is known that some ol the materials described above may interact in
the final formulation, so that the components of the final formulation may be
different from those that arc initially added. The products formed thereby,
including the products formed upon employing lubricant composition of the
present invention in its intended use, may not be susceptible of easy description.

Nevertheless, all such modifications and reaction products are included within



predom nantly hydrocarbon character in the context of
this invention, contain other than carbon in a ring or
webmrm2wéher wi se conposed of carbon atons. Het BCDHSAB066945
i ncl ude sul phur, oxygen, nitrogen, and enconpass
substituents as pyridyl, fury], thienyl and
wmcmzcﬂfyhe puwegbnmeatmn ndeneent hayenting engpepessgblybricant
0 oc u Il be
BTl ROy o Pl Ay SRR Bt e S oy
[@4QUp; Baepi @[alHeydo(tLhﬁcElﬂs WblfehciHElon@h(mnhyﬂfL@CIﬁﬁ kil@ﬂ herein by
substituents in the h drocarbyl group [0141 It is
IRRERAC t Feters é)"r‘réh‘biEXf‘ﬁ]@l%Pé PYIEIS OsEWiSeHBP! %fb%)(/ @CHaved all
I o t ,
P L Rl B Y o TR B PR dalgpevction
cdlrdnm)mmoﬂ;@letﬂat wal ghts, mttmlaahl(y @dbked atohine apﬂaduchtks are to be
|nclud|ng t he ts formed u

nedthere ro
'é%thBQ?i Ag m lﬂee{wt th@o‘f‘?%‘éis ’tbiOBE gn G oH*reéglésﬁtm 1caled each

cHe,n)Y]%nlt bR ok ﬂbo'sﬁ%n' nirendedo u]?&eln'TQYOUn@tbebﬁn@lLfﬁ&@@t {sbl)ﬁnv a
easy description. Neverthel ess, such

unnmwﬁndaﬁymhsIam@nnbawhubnnpnodwotsnaﬂ@ nﬂuh@dednfmoduds
wi t hi nt he scope of t I nven t he

AN O et R MR N TR R IR
pRYerddA Xh & ohhiBecQMPONGAL S HRsGEF bad ahewe: drOd4R] chemical
Each of the docunents referred to above is
cqmmmbmnve@eh@de@xmltbyvq ef emenebfeﬂEyoceipltuemOtlhevhwh may be
cuslol%l@é?resem 11 ?l eecosontn:?"l 1@1 n(:i\atglxlm LL%IIGtSS ¥)lh g/m% %Stcﬂtc%l lIt 18

I on

toam)ldxﬂﬁ&sﬂfodl’fﬁltlelﬂhcﬁh@pcﬂ ﬁﬁbldv@cﬁ @ﬁa@lm haxrgs; dﬂ'ﬂ'l@ﬁﬂ' [&hits set
ghts, nunber of carbon atons, and the |like, are to

f%fél fmﬁ@l@r@ﬂbé@ e PRAYRTIYeP YN ethe SUiBH ¢l Y. BB R0 ges YAF ggrounts

109t H@ﬁ W m%‘?"tﬁ@'ir?\%n 18@91'3‘4)99@“{‘,&9 ou%[he‘%ﬁ%ﬂ?ﬂrwe&’nw amounts
ferred to herein sh |nter§?ete é’ng a

fbcannetduahhgwddemn&ter|aI mhlch may contain the

raducts, derivatives, apd other such
[Onlé?f S(Y'é‘?%\ﬁ‘ue H‘%‘?‘E‘Oi‘?ogﬁsalbl%”lﬁ%‘cﬂ’ 8%%44 ltﬁéh)”‘é’él H dSepprious
erhBbdi R8N GONMIBE Gbabe AhddRioddOVRY eFarlI® AMRHMaBhs BREROF will
chem cal conponent is presented exclusive of any
besomgenppasentdid verse efiilled whi gie nayube cestiogeht | gpeuﬁcahon
resent. mat eri al , .unl ess, ot herw
RGBS el o 1 B T L o EREn et Mhfied o
covemBiciamuaiticatiang@s amd wigkih ahki fHobs sethd Abbbndeer ejums.
may be independently conbined. Simlarly, the ranges
and anounts for each el enent of the invention nay be
used together with ranges or anmounts for any of the
ot her elenments. [0143] Wile the invention has been
explained in relation to its various
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enbodi nents, it is to be understood that various

nodi fi cations thereof wll becone apparent to those
w@Riohz@ei n the arl upon readi ng the specifi caRCDHS2007/066945

Therefore it is to be understood that the invention

?%%%%Iosed herein is intended to cover such

- Ufications as fall within the scope of the appended

Vel A0 48143499101 What is clained is: 1. A lubricating
conposition conprising: (a) 0.001 wt %to 15 wt %of a
pol yirer widt hibrigdiizg conpstiaen epmwhiisiegt ure; (b) an

overb deter t; o(c) a dispcrsant: and (d).an oil
of 1 URE AL G st B PSR RRLS Flkp R highi &R

conpasiahiderbafedcleairient, wherein the pol ymer contains
20 Wt % or nore, or greater than 50 wt % or 55 wt %

or nte diserspet: wid % or nore, or 95 wt %or nore of a
nnnpgykﬂ%h(gqagﬂgpwé%B%F§ e | ubri cating conposition of

cl ai wherein r has a wei ght average

nmol eeul ar Thei lghticafngl @QOnpoeitioa df Q0AO0Q, waere30QhO0ymer

to 1, 000. OQO, or 350,000 to 1 OOOOVOOOL or 400,000 to .
CEBYNDGH. W%, OrPRETe GbeTaist iy YopGs Pt 3 DA 8 ociarenn [0 wt %
o1vmglre,ebln9§_ Reap JI%:{ fof 'asl‘n(ﬁmg\qpﬂ!]%%)%ers . The lubricating

conposition o aim1, wherein the lubricating
conpdsi tidhe funtcheng compokisies « chont | ,omhatin thegad ymer has a

ol ymer chains., 6 . Th icatj co (tion o
wBRhy e AR i e pEr EorbRPaEE TBRRL OB 000,000, or
39080081 doRnnesh 40 oobl98ke,0b¢ 1 - bl ock, or mul ti-bl ock
architecture. 7 . The lubricating composition of claim
1, wher ei hhe hbrpeliygeoripssioivnad inddinf rlomRAFT, (hAPRP;mer is a
niL;oxjdc medi at ed, or ani onic pol ynerisation
“Procd¥ses. 8 . The lubricating conposition of claim 7,
whergi n thiee pedyEhel omRisaineds fl.om RARherAdRRe 1@bricating
ani oni ¢ pol yneri sation processes. 9. The lubricating
COPAMPOEMT ﬁtﬁﬂ‘ebfﬁo@ﬂjﬁﬁﬁ’ﬁ gpoipeerdilmephgolyaicy kiing.s

obt aé.ned fﬁeomlw{[in%r L(ﬂﬁg’slﬂ% y(grlercia%l%t il9rlx/lpf,[rgﬁle‘?l‘?eesﬁolymer
comprises arms with random, tapered, di-block, tri-block, or multi-block
architecture.

7. The lubricating composition of claim 1, wherein the polymer is
obtained from RAFT, ATRP, nitroxide mediated, or anionic polymerisation
processes.

8. The lubricating composition of claim 7, wherein the polymer is
obtained from RAFT, ATRP, or anionic polymerisation processes.

9. The lubricating composition of claim 8, wherein the polymer is
obtained from RAFT or ATRP polymerisation processes.

10. The lubricating composition of claim 9, wherein the polymer is
obtained from RAFT polymerisation processes.

I1. The lubricating composition of claim 1, wherein the polymer
comprises at least one of (a) a polymer derived from monomers comprising: (i) a
vinyl aromatic monomer; and (ii) a carboxylic monomer or derivatives thercof;

(b) a poly(meth)acrylate; (c) a functionalised polyolefin; (d) an ethylene vinyl
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10. The lubricating conposition of claim9, wherein
the polyner is obtained from RAFT pol yneri sation
wWpeweesses. 11. The |ubricating conposition of PCI/EB290066945
wherei n the polynmer conprises at |east one of (a) a
pol ymer derlved from nononers conprising: (i) a vinyl
i efpwope!l yio e e fugdate icppolamear @Exypp@ YRShERBredfrom (i) an
d(?leh ndV gg{b%%/h (;ﬁ’éno%&"% Y&H‘F& %@?RMJI@&IE 01((%3 ixtures
ona |se
Mmmylacetate copolyner (e) a funarale copolyner (f)
a cogolyner derived from (i) an a-olefin and (ii)

car boxyl i ¢DAOWIHEHING COFWOR RN / edaithét elherest “xcglaolymel is a

p@y?ﬁe%ﬁ%yl 1&%}?9&3(&1 . therkhg | Ub.“ cating conposition of
cfaim1 wherein the polymer is a polynethacryl ate,

or ni&tur@hctHebeaﬁuwchmﬁheﬁhubrimattmgncloOSWhﬂ@hi the

met hacrylate is derived
I e AT A L AR g 1P &P BRI 06 t o

I vy sefwen @l kyl Vvtn@t(haﬁlrm(ﬂtlﬁeh“@@q ﬁé nwﬁél@nﬁﬂhléya <v group
group of the nethacryl al e has 0, or 12 to

ofcl@ﬁbmhacwme h{h)0 O W, Hol2g040 qmb% dfnran al kyl

neth ere n the | group of the . or

et h t%\ﬁ@ ‘ﬁ_t dfbg%gﬁ%ﬁ%ﬁ@maﬁv 16(615] tBe \Mky%bloup
ottmelﬁ)etmm%@é h& Did 9@@1%:1(1@@&@,! dMdng nonomner. 14. The

| ubricating conposition of claiml, wherein the

poI ytre P WisTppeldkyit ae! OGP ED cmtcwm%n%wm1075 to 8
O/‘fZPf tﬂ‘?e IMQJ{ d?]?lLILQ)gnlg(‘?)F{P(ﬁTq! $¢nm\/\%,swll-gheq1 the polymer 1s
claim1l, erein the

| ubri cating conposition
mewﬁnbaeeﬂtd&ﬁ@m@@nﬁOdﬂﬁp@Be&$@emaunmomnn@n§éomheﬁabes
sulphonates sal i xarates, salicylates, carboxyl ates,

over based! b‘hé%‘iﬂ‘?o‘r“lﬂé CREPRRSTigpn @émlg@h. W'él‘é?@r Yesnpycrbased
deléweﬂ—hecd} s&gatolngg of ORRRST bF Ogh&ftxt&l akﬂbﬁémtwerﬁhﬂuates

he overbas det ergent conpri Ses one or nore
HSayaxarameexwphenameb¢mem%phﬁnaﬂeeﬂdonn$ahg@yhamegvmﬂi

. The t ng .co osition o wherein th
over%%sed H@?&#é@ qugnﬁ#ﬁgeﬁ&oébem mwhwwpbt%bomp%amx

deYorp®fit Qohpsed0diR 8 WhoPl Qff heakMBL 1 GREAMMG, sulphonates, or
conposition. 18. The lubricating conposition of claim

saficybiser ei n t he di spersant conprises one or nore of

ngglﬁglonmtﬂ}en%bslpm[lﬁuncto%ﬁpol\ﬁgmw olﬁ eqanpq \91"1616111 the overbased

detergent is present at 0.1 wt % to 10 wt %, or 0.1 wt % to 8§ wt % of the
lubricating composition.

18.  The lubricating composition of claim 1, wherein the dispersant
comprises one or more of succinimide dispersants, Mannich dispersants, ester-
containing dispersants, condensation products of a long chain hydrocarbyl
monocarboxylic acylating agent with an amine or ammonia, alkyl amino phenol
dispersants,  hydrocarbyl-amine  dispersants, polyether  dispersants, or
polyetheramine dispersants.

19. The lubricating composition of claim 18, wherein the dispersant

comprises one or more of succinimide dispersants.



di spersants. condensation products of a long chain

hydr ocar byl nonocarboxylic acylating agent with an
wW@eiong2ms1 anmoni a, al kyl am no phenol di sper saP@EPS2007/066945

hydr ocar byl - am ne di spersants, pol yether dispersants,

or pglyethcram ne dispersants. 19 .The |ubricating
conpg_bi 1 aRe PP el SRR PR e b gkl dSpersant is
pEQERI AS®$ WN® ©r20TRE € ofr susChnimgles disspensent &t 20w 10 of
The lubricating conposition of claim1, wherein the

thehi lypeieaiarg comppyiesent at 0.1 wt %to 20 vvt % or 0.25
vvt %to %..0r, 0.5 wt. %to.10 of the |ubricatin
corrpﬁ%i ti iﬁ?%‘%‘?“%@ CUBET RN R Cc%?pols?%‘li‘%% of "elai'm "
adtifeartpent.conpri sing an antiwcar agent. 22. The

| ubricating conposition of claim2 1, wherein the _
anti wear a @Hflb@@:ﬁﬁ}g sampasifap a9l claim 21, wherein the antiwear

(Sl kyldithi JolStel: ' Thel ubricating
l‘cgnﬁogl!ptlis%)ér:lgﬁhgﬁgp%&@lﬁhﬁhﬁg %é(b'n‘pri sing an
ant i 0Xi dafhe [24ricdiver lcabmogiaibnngf ctarpodi tioierotompasime an
23, wherein the antioxidant is selected fromthe group

a‘&‘_b‘ﬁ%?i@}li ng of sul phurised ol efins, alkylated
di pheqy! amng"?tcl'bri&f[iﬂgecro%qjcﬂnﬁﬂlo%lsclumqlyﬁd@%@ﬂn_ the antioxidant

conpounds, and m xtares thereof. 25. The lubricating
isconposidt i lommofthel giomp24:.onwkienei of t haplanidedxiodelints, i slkalated

mpl yhdenum canpound. . 26.. The | ubri cati ng conposition
GRG0, ARG & RS arer R4 SETRR P gt depiures
theidyrenyl am ne. 27. The lubricating conposition of

claim 24, wherein the antioxidant is a hindered

phend}.. 28he THu1qabBE| @Aty cworipolsi i dn vdfereingihmantioxidant
. rej h il of lubricating viscosity is an API
‘Sg}gag}bflf’%”‘ Cgﬂn O?‘P?l' or Goup IV oil or mxtures

therzof . P& lubreakivprdogios i@ ncenP@gh ta40nviRfcial it MnZ&8xidant

_wherein the oil of lubricating viscosity is an API
is@notipyIedsliphengtimimRe | ubri cating conposition of claim

1, whereifpd hﬁ‘)]‘lcﬂgﬁéc‘cgmp%gition of claim 24, wherein the antioxidant
is a hindered phenol.

28.  The lubricating composition of claim 1, wherein the oil of
lubricating viscosity 1s an API Group II, Group IIl or Group IV oil or mixtures
thereof.

29.  The lubricating composition of claim 28, wherein the oil of
lubricating viscosity is an API Group 1II oil.

30.  The lubricating composition of claim 1, wherein the lubricating
composition has a (i) a sulphur content of 0.5 wt % or less, (ii) a phosphorus
content of 0.1 wt % or less, and (iii) a sulphated ash content of 1.5 wt % or less.

31. The lubricating composition of claim 1, wherein the lubricating
composition has a SAE viscosily grade from XW-Y, where X is an integer from
0 to 20 and Y 1s an integer from 20 to 50.

32. A Jubricating composition comprising:

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

(b) 0.1 wt % to 15 wt % of an overbased detergent;
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conposition has a (i) a sul phur content of 0.5 wt % or

| ess, (ii) a phosphorus content of 0.1 wt %or |ess,
w@e@7fizies) a sul phatcd ash content of 1.5 wt 9%BCF/UB®ET066945

3 1. The lubricating conposition of claiml1, wherein

the | ubricati ng conposi tion has a SAE viscosity grade

f r om0 YWt fhlere W ol anlispatsafer™f rom 0 to 20 and Y is

an integer. 4.r (D 32¢ 1 ALLubri cat i

conp ﬁﬁffn%é‘gr}%p?%ﬂ(ﬁé’?q?85%6“@ 1%&%&\%0%1 5w %f a

pol yaer waAt hnredadidal foor Isbacatarechit eatteima) ¢bnbubtio engine

%0 .15 wt %f an overbased Qeter%ent;(.gg 0.1 wt 02 25
CHPPYSGE & dHBpEHEanP; Bhd {ET45OMO R & o8N e A o ByicRiing
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[ubricating an internal cConbustion engine conprising a

supplaiody itva % e | b mtt & nad pdembustth omlidnyiste aghitecture,

| ubri,cat i n%‘hg:g ] ?ri‘(t)i on, wherein the |ubricating

conpo¥i*f'i°sH 8??%& Ged™ (a) 0.001 wt %to 15 wt %of a
pol yr®n dMpkiaf@di@l or star architecture; (b) an
over based detergent; (c) a dispersant; and (d) an oil
of | (fbrah@atal hgpricigepgisegpity.
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