TITLE Star Polymer Lubricating Conposition FIELD OF | NVENTI ON

The present invention relates to a |lubricating conposition containing
a a pol ynerweoeti/iassia star pol yner, an anti wear agent amdTaSzOv/6eE00N
i nhibitor. The invention further provides a nethod for lubricating a
mechani cal device using the |ubricating conposition. BACKGROUND OF
THE | NVENTI ON 100011The use of star polyners in lubricating
conpositions is known. The star polynmers known in |ubricating
conpositions are summarised in the prior art bel ow
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Appl i cation Ug%éqgg%gcg;@cg aphar polyners derived from (i) a

core portion conprising a ponvaIent (meth) acrylic nmonomer, oligoner
or polynmer thereof or a poI%@KM@MME&W_@E monomner ,
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Application V\Qt%G{ 23012 discl oses star-branched pol yners prepared
fromacrylic or FEX 1 acrylic nononers. The polyners have a core or
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Furt her the pol yners have no) ecul ar wei ghts and ot her physi cal

charact eri sti 8 positions contammg block copolymers prepared from RXFT (Reversible
Addition Fragmentation Transfer) or ATRP (Atom Transfer Radical
Polymerisation) polymerisation processcs. The polymers have frictional
properties. The block copolymer may have di-block, tri-block, 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 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



t hat make them useful for lubricating oil conpositions. The
star-branched pol ymers di scl osed are prepared by anionic
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treatment level whilst maintaining the appropriate lubricating performance for a
mechanical device, such as hydraulic systems.
[0008] In view of the prior art it would be advantageous to have a
lubricating composition containing a polymer that is 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.
[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.



5,070, 131 enpl oy ani oni c polymerisation techniques to prepare the
pol ymer. Anionic polynerisation techniques are believed to involve
conpl ex pr c@aWds27643at require systens to be subst anti aPCHUS2007/066950
wat er-free, acid-free, oxygen-free, dry, clean, and have

non- cont am nated vessels. In one particular enbodinment it would be
advant ageous to have a | ubricating conposition that does not require
a polyner prepared with conpl ex processes that require oxygen-free,
dry, clean, nﬂ'ﬁi&@@?@@hﬁﬁ%@c%n}’é@%h&s 4B RS &MBORL IR lcobdpfex processes
| ubricating conposition contains a polynmer that does not equ?re
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(1) a weight ﬁagm@g&tmlt%h@{%y\ei ght of about 120,000 to about
700, 000; and (ii) a shear stabili té i ndex of about 30 to about 60;

(b) an antiwear agent; SUMMAR YcQF rIgHE BMYVENTIGN: or ;

[0011] In one ¢cmbodiment 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; and

(d) an oil of lubricating viscosity.

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

(2) 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:

(2) 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;
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(d) a detergent; and (e) an oil of lubricating viscosity.

[ 00131l n one enbodi nent the invention provides a |ubricating
conposi ti onoe@pLiced Ng: (a) about 0.001 to aboubctiswh8ash a
polymer with (i) a weight average nol ecul ar wei ght 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 ; (c) 0.0001 vt %to about 5 wt % of a corrosion

nhibi tor; () abei oty L0yahoY 30t o % it dRgEGENt  and

(e) about 87 wt % 0 about /oO icating
viscosity. [00141(d) aboe Oewbbdicrmbott 3 We % oheedetérgant;mndvi des a
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(c) a corrosi@14f nhith ioh@rcmbaﬂlﬂlcnt thc invention prov1dcs 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; and

(d) an oil of lubricating viscosity.

[0015] 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) 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;

(c) 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. [0015]1n one enbodi nent the

I nvention provides a lubricating conposition conprising: (a)
about 0. 00Wdmoaioess 15 Wt % of a polyner with radi al oFcst®007/066950
architecture; (b) an antiwear agent; (c) a corrosion

i nhibitor; (d) a detergent; and (e) an oil of

| ubricating viscosity. [0016] 1 n one enbodi nent the invention provides
a lubricating conposition conprising: (a) about 0.001 to about

15w %of a poly Wik R.a. Wei ght average nol ecul ar wei ght of about
50, 000 to about 1?%6%,0%%? hﬁ%&ein t he pol yner has radial or star

architecture; (e) an( @) ofdnbrematingvaisgosiggent ; (e) a corrosion
I nhi bi tor; anf6018] 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,

(c) a corrosion inhibitor;

(d) a detergent; and

(e) an oil of lubricating viscosity.

[0019]  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 (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; 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;



(d) an oil of lubricating viscosity. [0017]1n one enbodi nent the

I nvention provides a lubricating conposition conprising:

(a)

about 0. OGtote7abesst 15 Wt % of a polyner with radi al PET/BSA7/066950
architecture; (b) an antiwear agent; (c) a corrosion
inhibitor; (d) a detergent; and (e) an oil of lubricating viscosity.
[0018] I n one enbodi nent the invention provides a |ubricating

conposi tion conpri sing: (a) about 0.001 to about 15 wt %of a

polymer with a “E¢ﬂggoﬁ&&%ﬁ9ﬁb g&ylar wei ght of about

about 1, 000, 000 erei yner has radial or star
(b) an ant I wear a@Bat pil of Iubmoatmg viscosity.

50,000 to
architecture;

[0021] In one embodiment the invention provides a method for [ubricating 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 a weight average
poiym g

molecular weight of about 50,000 to about 1,000,000, wherein the polymer has

radial or star architecture;
(b) an antiwear agent;
{c) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0022] 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 hydraulic system,

and wherein the lubricating composition 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,
(c) 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

[ubricating composition, wherein the mechanical device is a hydraulic system,

and wherein the lubricating composition comprises:



(c) a corrosion inhibitor; (d) a detergent; and (e) an
oil of lubricating viscosity. [0019]1In one enbodi nent the invention
provi des aweetthuk7é6dr | ubri cati ng a nmechani cal devi ce crImUI2817M0g6980
supplying to the nmechanical device a lubricating conmposition, wherein
t he nechani cal device conprises at |east one of an internal
conbustion engine, a hydraulic system a turbine system a
circulating oil system or an industrial oil systema gear, a gearbox
or a transm ssion, MESAT I %q{mo [
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a shear StabllltahfaYOIJS"?a(;%%% R%Cnﬂlgout 30 to about 60; (b) an
antiwear agen &1 a corrosion inhibitor; and (d) an
oi | of [ ubricatingbyarsotisictyagefitD020] I n one embodi ment the invention
provides a nethod for |ubricati.ng a,mechani cal device conprising a
suppl yi ng to the fEEhsHiosigp? %@Q}F’geanﬁ | ubri cating conposition, wherein
the mechani cal devire &psmtbrsRgn@tisdogi@st one of an internal
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circulating oil syste Al HIERIPBION QF EHETNWVENTIL
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corrosion in (ml]hglr, and

[0025]  As used herein terms such as “the polymer has (or contains)

1

monomers composed of”’ means the polymer comprises units derived from the
particular monomer referred to.

[0026]  In different embodiments the polymer may contain about 20 wt % or
more, or greater than 50 wt %, or about 55 wt % or more, or about 70 wt % or
more, or about 90 wt % or more, 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.

[06027] 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,
i.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,



(d) an oil of lubricating viscosity. [0021]1n one enbodi nent the

i nvention provides a nethod for |ubricating a nechanical device
conpri si ngv@2@appkesi ng to the nmechani cal device a | ubrrcatsngnesse
conposition, wherein the nechani cal device conprises at | east one of
an internal conbustion engine, a hydraulic system a turbine system
a circulating oil system or an industrial oil system a gear, a
gearbox or a transm ssion, and V\/nerei n the | ubricating conposition
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[0031] As used herein the shear stability index (SSI) may be determined by a 20
hour KRL test (Volkswagen Tapered Bearing Roller Test). The test procedure is set
out in both CEC-L-45-A-99 and DIN 51350-6-KRL/C. The polymer SSI may be in
the range of about 20 to about 90, or about 15 to about 75, or about 30 to about 60.
[0032] In different embodiments the polymer may have a weight average
molecular weight of about 50,000 to about 1,000,000 and a SSI of about 10 to about
100, or about 20 to about 90; or the polymer may have a weight average molecular
weight of about 100,000 to about 800,000 and a SSI of about 15 to about 75; or the
polymer may have a weight average molecular weight of about 120,000 to about
700,000 and a SSI of about 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



(a) about 0.001 to about 15 Wt % of a polyner with a wei ght average
nol ecul ar wei ght of about 50,000 to about 1,000,000, wherein the

pol ynmer haswo zwv/ad7sesr star architecture; (b) an ECW/USPBEW066950
agent ; (c) a corrosion inhibitor; and (d) an oil of

| ubricating viscosity. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0024] The present invention provides a |lubricating conposition and a
nmet hod for lubricating a nmechanical device as disclosed above.

Pol yner [ 0025 ' S48 " V.
cont ai ns) mn%ﬁ?g@g%mﬁ?ﬁ%ﬁ%ﬁ' mgﬁgé{}@%éﬁg%ﬁ?ﬁaw&%@g?e&%‘ gsed
derived from ohet pag tid alreletivdnoney firsefenomer angl, af 00 28]er endli o febationly

enbodi nents t p r ontai n about 20, Wt _Y% or mmre, -0 greater
Chan 50 w5 Pe" ST wBRpEoe o FALToPaBH, of bl pet 05 TBYS ot *h el
about 90 W Y%c@npavitien ofche abombn&hemst % or nore, or about 100 wt % of

a non-di ene r hat .is to say,.non-di.ene nmononer, units or units
derved 11 om Bgher (S tHobiiet SuRelofomo C1idedt SHRCHingiray one o
Exanpl es of dm@Re pdRHRARKSS IdREVed ol 3wb Wradb@NBoREmESOR! BB&k structure
Exanpl es of a non-di ene or nono-vinyl_ nononer include styrene,

met hacryl at esWitBi Besgnaces. /f poryfetalshdeseripbon Aete lerk-yo1 Pridremiy
wherel n'the poldier haT A Vs ghe. auaras e oo Hin pROTRY Prectce
50, 000 t o aboépplicados 0t Heard Hatedr @idnRoderiq QuirkeiMdrasd Peldical Inor Nswar
architecture. York, 1996) (hereinafter referred to as Hsieh et al.).
[0036] The hetero-arm, or “mikto-arm,” polymeric arm architecture
typically contains arms which may vary from one another either in molecular
weight, composition, or both, as defined in Hsieh et al., cited above. For
example, a portion of the arms of a given polymer may be of one polymeric
type and a portion of a second polymeric type. More complex hetero-arm
polymers may be formed by combining portions of three or more polymeric
arms with a coupling agent.
[0037]  When the polymer has radial or star architecture the polymeric arms
may be chemically bonded to a core portion. The core portion may be a
polyvalent (meth) acrylic monomer, oligomer, polymer, or copolymer thereof,
or a polyvalent divinyl 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 & 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



[ 0028] When the polymer is a radial or star polyner, the anmount of
nono-vi nyl nononmer as descri bed above refers only to the conposition
of the polwoedswg2méas, i.e., the wt % val ues as given BCEUSNG/04693v€
of any di-functional (or higher) nmononmer found in a pol yner core.

[ 0029] As described hereinafter the nol ecul ar weight of the viscosity
nodi fier has been determ ned using known nethods, such as GPC

anal ysi s usi ng pol ystyrene standards. Methods for determ ning

mol ecul ar wei S | ¢ a
descri bed foﬁ%gtpg%g{e?fk%??’reﬁbg Fltea{\%ra bolhq%graf %@@%FQ@ %’?Jq %’I é/lrerzébrom 2.
Chenistry", Garmeles dfimiokerlsiinguder ethgledd $5RYp], EHpitibylent glycols) 28iGaBd5;

Bovey nd F. TRV g 1B dr e Aidladh bR ont re 7y R o smaty.
As used her ebHgéheiswei tgfhietiBVEpagenantich usiBltovwed ghiterddl € s@lg ©ynBdreety ar

wei ghts of the polyners of the jnvention are obtained by integrating
the area undépPb Eé‘éR”P@’@r?%EB]dﬁH‘W?é ingludp epqhilyignengtyamiges such as

i nvention, Weikgnkdiaf@fdTRl hikiHyGeiRindhie,N GhclPleRGHrAhinge| Q%a&%@gne
excl udi ng peaksS associated with diluents, inpurities, uncouple
pol yner chai Rentamineppeisictydenahicyasine pppimaiurss themef. pol yner of t he

ol eoul o nafedsdfl AlexRinRlR6e 36 MdRI: Pyl TARMBLANE AYGHAGE
to about 1, Og&hﬁﬁocthﬂﬁnag@ubl 205y 0436, tthylﬁb@Lglycﬁoﬂirﬁﬁﬂacrplmtwldigan?ylene
120, 000 700, 000. 0 As i il

e Css) Ry Haedle, MRS P36 O Enford B * BBGkiT A0ty ieh

Taper ed Bear ghygefsd it girylhes tanntbe hé:astrypiQcedydlehdxansdit! didiryiade, bigdh
CEC- L- 45- A- 93 and (PI N %13 0-6-KRL/C. The gol ynmer SS|I may ?e in t(pe
range of aboltP8B°4d afBIFtIa6 2 t6r RABATTY B o 'HFREY 4%, ~ P PERFEYI3D
to about 60. 4[20834¢, | B-fthidedientiRaRAG RN 1bSs-5091RR! Mﬁeﬁe!;i&%rgm&seofi

wei ght average nol ecul ar wei ght of about 50,000 to about 0, 000

and a SSI of Palpsiliyleng gbcaborl Towecwir aweight 2eboub 2WMbuie ghoutord00fe

pol ymer may Bane,d.uel.dilio RV eupge,1iR! ecyubat el abt Ot kot 10q, 000
to about 800?0 Oapg?]d a 5ol of da%gyu?@fw ?o a%%ﬁitr ?_5; or ?ﬁe pol yrer
may have a weiméthylaleepape nivleewyldtar weitaghythgfol abbarylaz), @edtacnyttabolt
700, 000 and a.SSl. .of Q..t0 . [0033], The | r: e a
honopol ymner %%53? l?:tgbo%g%é%r.y%rﬁ&on%q%#%rgga??fengmt éenp?ol g%@érm:ssdlagp }Matg’
copol yner. Thetipdbnaratyvashydifeitecayleanc hédrimattgdsiprodpake, trignctladidbte pr

a star architecture. In.one, enbodi nent the | yme be radi al or
St poryanr Gt FhERREE Thaisstrensrenlt e dute S m
a random tapeyRde bik-mi¥tORksyldntide bl ock or nulti-block architecture.

Typically the polynmer has random or tapered architecture. [0034]Wen

the pol yner H980hr adénamourigiipolyivrisnt qonpling agspt gy pe an amount suitable to

provide coupling of polymer previously prepared as arms onto a core comprising the
coupling agent in monomeric, 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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architecture, the polyner has polyneric arns. For such materials, the
polymeric arnms may have bl ock architecture, or hetero architecture,
or taperedWyok1286@hi t ect ure. Tapered-arm architect ur ePERES2007/066950
vari abl e conposition across the length of a polynmer arm For
exanple, the tapered arm nay be conposed of, at one end, a relatively
pure first nononmer and, at the other end, a relatively pure second
nononmer. The mddle of the armis nore of a gradient conposition of

the two nonong(:s o LABDI TheabBR ¥ I8 avder \zeq“hé HeyRa rmoqggy A5dThe adjusted
typically contains one or nore polynmer arns derived fromtwo or nore

mononers in biootgke &1t @eqountethgi length of the @mffeioagm arms rpometipes gilgrating or

R

"Ani onic Poly es an Ication
Henry Hsi eh amcisol%d)hremlwmﬁmb:ﬁmmgedlscﬁaky(er I nc, New York, 1996)

(hereinafter ed to_as 0036] Th etero-a
"mikto-arm " B@f‘am ?rb O3F rﬁrﬂl? Iimf”ét %htfr 80%3’ Caf' g tpgl ??éy’ﬁ?rng‘]d‘(?ﬁﬂ 4ch
may vary fronpalpéispaathef agiut D&Fr lesy, BBlaBeU 1T ovBisghdr, abe@IMPeSdrtiesn foror
both, as defined in HSI eh et , ci t ed abovg For exanple, a portion
of the arns of1SENEH AR A1 0%&%%9 &eagiHE d%?f%ﬁe?andéalt?/fpéfaérm]ﬁ“ef

portion of a gemefsh R TBAdSpidPEaitdVOITE cﬁl@%%lﬁ%ﬁ@n&- BV P YoYIIRES
may be formed by comnbi ni 8 ortlons of three or nore polyneric arns

with a coupl i tranregdien, WhodsTicllen thhpolyaley math fralial readitarl arghitestuge, has
archi tectur e ?dl@lgéréﬁgg%t(ﬁ a5 od@yorgrﬁ l?é?%@a‘fllldlé{rﬁ?%ed 0 Hmb5&1%r

portion. The ‘core portion my be a p vaI ent (et acrylic m)norrer,
ol i goner, pol igher, dtstrlhnblpol yrmlne tdveraélopplymeracqmnpqsmajnem bdtiWadyto be

non-acrylic nono Qner or co [ _thereof

enbodi nent t H& n[F va en ed’r‘\aﬁenyﬁ Xﬂgafyéncgrzi}m'%?%%ﬂeﬂ%oﬁwﬁg pd’IW?Fy?hamS
benzene. In omﬂ/c&rmmdmmtadﬁﬂe)rrmirypoaﬂ’rﬁﬂ{s of ARl -3 YbiislingOfdeRed ad thean
acrylate or nethacrylate ester of a polyol or a nethacrylam de of a
pol yanmi ne, sWRHWEE BR"PAFe of a pol yanine, for instance a

net hacryl am deogz] anTRe EVérfﬂmp@BﬁmdrrboﬁﬂpBgﬁbﬁ RbitL RO AR BE Stak BRhitecture
pol yval ent (meth)acrylic nononmer is (i) a condensation reaction

product of ar@&e ﬁhwsl @%%Paﬁ%vﬂwq ROLHBREHC TR Pée%%'! 94%0 grfenred jo gs 2

e S L e Rl P R R

or met hacr yl i daaciodrailial di $tepelymee mpydiargricast ﬁhqutd@r%abmatalbmab@m@

ZP glrjr;[s; Zgn do'[ h‘gb ﬁﬁ%blé?&%Pglﬁ%:%’;gf fea&ba%gut fk J/e fc?rbl?llsft%ng'ezatcleas %Bout 70
%, at least about 75 % or at [east about 80%. In one embodiment the conversion
of polymer chain to radial or star polymer may be about 90 %, or about 95 %, or
about 100%. In one embodiment a portion of the polymer chains does not form
a star polymer and remains as a linear polymer. In one embodiment the
polymer is a mixture of (i) a polymer with radial or star architecture, and (ii)
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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groups present may be about 2 to about 10, or about 2 to about 4, or
about 2. Exanpl es of polyols include ethylene glycol, poly (ethylene
gl ycol s), wbkema2dsnl s such as 1, 6-hexanene di ol or trporwsau0#HcEs
trimet hyl ol propane, oligonerised trinethyl ol propanes such as
Boltorn(r) materials sold by Perstorp Polyols. Exanpl es of polyam nes
i ncl ude pol yal kyl enepol yam nes such as et hyl enedi am ne,

di ethylenetriamne, triethylenetetram ne, tetraethyl ene pentam ne,
pent aet hyl enqheaf%%re%rcfﬁ%zckopmsta%sgb&mﬁ%Qfabmlt996%9&?6@1%'46@ Bbut! s or
pol yval ent unsaturate met h)acrylic nononer include ethylene glycol
di acryl ate, ebtllénte apoycéd adnsreflthaqoyimetreyitilibeinvhed nemgl-fkoiradial or

di acryl ate, et hyl.ene gl yceol di.ne ryl ate | yceral,.di acryl.ate
gl yoeror i Sef yreRE0S ety Ray € HERL 2T iy frea? S AP OB o 8o
di acryl ate, hbdi# 6benaecedsol di met hacryl ate, pentaerythritol
tetraacryl at 3- propanedi ol diacryl ate, 1, 5-pent anedi ol )

di met hacryl aﬁ%‘?“]‘%i s%rzi’@r%ﬂq&‘fl%rsm&ﬁd’% tﬁl&&ﬁ?fyrﬂéfl@épeo ToRof eRIE/icdnkgdical

gl ycol s of mpbBetdrRhtioreidhhiqaboutx28flct @fab bt ARQO0sadical polymerisation
pol ycapr ol act onedi ol di acrxl ate, pentaerythritol triacrylate, 1,1, 1-
tri met hyl ol ptespaae fnghader§ Eifef\TBE?rﬂrdétfyﬁflﬁﬁ megiatefl BroFgAsas: elhe polymer
pent aer yt hri tol, 4d Resthiat HobRRAbASTHA Rhich! pdi GoX pPd Rsses 1
triethyl ene Bﬁdlglrcojro i acrlyf:a'?e, trll%et‘#lyl er?e g? y%%F I netpﬂ(sac?%?ratne?ne

1, 1, 1- t ri met kybotlipreop diree pelyinree trhage by |t anc diebkaimeblhyren RIABT, ATRP or

di acryl ate or anpet . di ol di nethacryl at r _an,al kyl ene

bi o (et hy ac Py PR AR MG SAGT eoeit nd® ain ShSelinal Bty ing magehs
may be an anmobmaines(obtaddbée fimwnp RAH T er COTRP ipody mdrisatby escepdetV i mushey
prepared as ar ont core conpri si the.c li.ng .agent in
ononer o ofPgatarng, e SlrgRerne 1 B mo bR I TR PoRARS
As descri bedpal@ieeisatid frabdsg. anounts nmay be deteunined readily by the

person skilled in the art with m . nimal experinentation, even though
several vari d¥i485 nifetbeds At Brapatine mobyrestarising, ATRParRARE g syiiyexide-
amount of COoWpLi MY 3GRIques FIPLBNEEd H th SAEEIS| MEHIFAOEE Batent
mononmer fromthe formation of the polynmeric arms remains in the
system cros@pphkdtivg VM8 1thagrasmwdes ¥iordfat i on may occur. Typically

the nol e rat p r STl . b 0,1, to
about 1.5 1 |48, DRHEPUSBIRE ABeARHRN. U8, POSRrTRon R RRelns O
about 3:1, orclabdwheistrytio didsossed 4od pitarxiddbmatiatedlpdiymertisatibn X Chapten

ot her enbodi nents th I ti f polynmer. arms tQ,couply.n

may b about 1Bopies o B 26 shiRB o HpET 1 By 3 o B " A
ablc<)ut_ 7:1 to(chopwr 2, Zblaga'ehﬁﬁgie}si@ﬁﬂiﬁ did Hailildii()oahﬁDRﬁﬁczaCﬁdlﬁr_hadzdti@n,
take into account the length of the ar onger _ar s _soneti es

tol erating o P _RW@ZW% PSSRy 3 AP™EREN DRy P@?Wh_gghed_ by
Typi cal l'y theHielak] ahd BEEPRE §erkmafO! MR th @ MAlyaQEwhiMRE LAt | Ng
vi scosi ty. [00411I n_one enbodiment the polyneric arns of the pol ymer
have a pol ydi¥dé} si thie gliscapssen ob they pelemsr meehaynyof ATRER polyawsisatagm
about 1.5 orJ ' : teck. :

bef ore radi afs %?%gﬁg?ﬁag%{%?ﬁ?? SFI%tgF%erlﬁeoirpé’?}pd%%csgéﬁﬁ%%%am és.gfﬁ"t’one
enbodi ment t heecowesdidmedl yner pegaPdsi réastipn wohahe iINA odgmge Y2 and

pol ymer with_radial  or architectyre,. has pol ydi spersity with a
D el o NGRS e SARhe PR S VG BRReREr S R gher
di stributi on[00a8] he IOWARE polp@kisaions HFRHS tHat oayibe thekfetée tytaorabiRal

partially due to the, presence of varying anounts of uncoupl ed pal yner
chai ns and/ of°ERES pdedioncns et Qﬂ%rﬁ@ﬁ@l!ﬂpg§9@?w@)§€a@rwus

coupling fornpshdas A BRrPNIRS rek PSRBTl RA¢ 2L ThEseMEd A kesb@bodTer
conposition wth the radial or star architecture nmay thus al so have

uncoupl ed poinyng$ i €.38F.286pross earagaphs o6t efterGedft & asPHcolAnpicalédnai n
or linear pobgﬁg/ro}’gm'léhe percent age conversion of a polyner chain to
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[ 0044] The pol ymer may be obt ai ned/ obtai nable froma controlled

radi cal polynerisation technique. Exanples of a controlled radical
pol yrer i saw@mot/erbasi que i ncl ude RAFT, ATRP or nitroxi decTrestetoschso
processes. The polynmer may al so be obtai ned/ obt ai nabl e from anionic
pol ynmeri sati on processes. In one enbodi nent the polynmer may be

obt ai ned/ obt ai nabl e from RAFT, ATRP or anionic polynerisation
processes. |In one enbodi nent the polyner may be obtai ned/ obt ai nabl e

from RAFT or AhRE polwiBlfiicabt MRk 2888 A ' i
pol ymer may b@ obt ai ned/ (%Jbt al nablae ngr om a I%&%:'?'op %@E@gﬁ%’e W in

process. [ 00458 REtIdeisedfatipn epdedenpngpl Yakdes suphi as-ATRRmMaRETy one, o-
of LS Pt ent - AomPReki IR eBRy Bl RE. 03 e b B SIS, CoBERkSRE
L oyt s ol s
10 bages 463 NGTEINR Ot bR s GacR e aoicE ) s RARY
(oS 12 ot 800 et e -

Davis, 2002, FUBPCPERENal; IBrn2whlagrentpnesnsnithyl erepeppmwpiate, and

referred to aghyMBinthAszeMEkiat@t (@)1 hilides[ QRA 715 Englu@hés‘c‘lﬁ%ﬁ%loBhIBfidE;he
pol ymer mechani'sm of ATRP pol ynerisation is shown on page 524 in

reaction schetteyll halidepageh 566 tcwachidrometvhengribbmpmathanst | bivingddtbyle
11, 7 on page . t .1..8 A I, i .
sohers 159 cicriad, §RE 0 ARV RADE BT mhde. AR a2y Al of SRGHgp0Rc acia

pol yneri sat i osstergrsocipss dinathyphyosbkeoria anidf erred by a radi cal nechani sm
i nclude hal o (frpm a_ hal.ogen- cont ai nin onpound) or .vari Qus

li gands. A ng@ @g%iet al'l 88° reg%)%Og%ﬁ% ‘ﬁﬁ%}hglée gﬁ%@%m@gmﬂ‘i{ dﬁﬁ’@?‘?yé’&’ i%s
described in tf5sfiodGhet@Puchls BBp&dE ABBrE&tnt OTESt@Asitiln PRt May be in
Appl i cati on Ugogl 038%46. V\E) 20071127663PCT/ US2007/ 066950 _
100491Exanpl &8¢ 5¥MaChafdhene GAEAIPH MG dhipahls AfHatmingy Betahivelisand
ATRP pol ymer iigati 4 1h8GhHE@ N8Rt to habiad@sycaE Bnafe dentate number of the

p- chl oronet hyl st yrene, adi chl or oxyl ene, a, a-di chl oroxyl ene,

a, a- di br omoxyi&sa8 akle Kk reCEBREHEMBER) b ehibhanetplenZBhe Bpnsk mdg, be a
benzyl brom n ]ﬂma- = .hh : nd 1-chl or o- 1- phenyl et hane;
carboxylic agﬁgo%eéllr)(lg at F%hé)é \Aﬁ}%ﬁﬁ%?g{%gﬁogenat ed at the a-position,
such as propyP03Libr obgdpd arfat esuitabtehyigad iabiude opipbpiydplatsphinet 1Ry3-
2- chl or opr opi;Qnat methyl, 2:bro r opi gnat e, ,gn t.h Ny
2- br onoi sobutbﬁ?%f(gi;le’t oagl??i'zr'élbllpd%{sﬁ?%ﬂcﬁuc Bt t %ﬁifg?{ggﬁ&y%%z'%m%qmﬁe;
al kyl hal i desris@edimiascthelianhl(TREND] Nanal', N, N"heatmaiihétylenetriamine,
1-vinylethyl chl.orjde, 1-vi.nyl ethyl brom de; an al pgen )
derivatives O#E'SH B ﬁggﬁlélpﬁn@él?’er Ei%ﬂ&ﬁ’q]gg‘eﬁ?’ﬁ%‘gﬁ%lﬁ Beprisipmine
aci d. [0050] lapdenaceihadraRicnehamiid1e FiahQoaR 6 RNPOHAY oS d8JFPbey &d,
a transition netal such as cogger is also present. The transition

metal may be fPhexamepleokyiraptiopat Ratent Tpiplicatian sV O SH4 PastlalThie digcapapioy
Gepends on © R dak S o B e o L B o Rk on
number of theoneinihg lighed IS gapldyediin Be presente ofeopmr. In one embodiment
phosphor us- CoRt %Igfgtllcp% ;l)l:ilo%gﬂgrus—containing with triphenyl phosphine (PPh;) 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 benzy!l 1-(2-pyrrolidinone)carbodithioate, benzyl
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[ 0051] Exanpl es of a suitable Iigand include triphenyl phosphine, 2, 2-
bi pyri dine, al kyl -2, 2-bipyridine, such as

4, 4-di - (5-vepdyd)res 2- bi pyridi ne, tris(2-am noethyl) anpoeusbbRiaNseso

N, N, N , N, N'- pent anet hyl di et hyl enetri am ne,

4, 4-di - (5-nonyl) - 2, 2- bi pyri di ne,

1,1,4,7,10, 10- hexanet hyl tri et hyl enet et ram ne and/ or
tetranethylethylenedlanlne Further suitable |igands are descri bed
in, for exa s Iy at ent n WO 97 T.
Ilgands may iegubs?g ?[;[PI FPi/D or ast’g‘a‘aw'!?r(;lI %drtg In on ieé%%gémprr%m

t he n|trogen1qgmtﬂmmﬂn@umqﬁﬁmﬁxgmemptbwédemehembnéﬂﬁuﬁe dkngydpper .

I n one enbodi nment the and i ) r.us-.containin henyl
bhosphi ne. ( PERER e Rad g N AT E P £ T Rt Pl s RaF e
triphenyl pheﬁpkm&ayt S@aﬁl@rll nalithiteartiBhatd}u, chgron@hyINi 10[2- Eﬁrohdone)
[ 0052] I n RAFT ynerisation, chain transfer agents are |nEortant

nore det ai | eaar%ewwte@w@m dishiphengpaeni-fiodenelpulphangishipcarbonyispiphenyi-g-
par agr aphs 66ig 1%9@%1&%(;18% 91 ARR! DCAehd ﬂs@%%/;o??ﬁ;kﬂée RxRonLes) of

a suitabl e RAFT chain transfer agent |nclude benZy
1- (2-pyrroli (Sr(ﬁcmhq’@a@aﬁwydmpnéﬂé)dlﬁmp@yhamate dlthlobenzow acid,

(1, 2- benzene a dpt

L byr ol ecar ARt ARMEUAT L IR 01 fr e RO AAUAIL Qe s
bgnzyll) é t |h n(ejhmgaﬂbenfmﬂuopm ylbptand}]eml eQ eElt,yN—S @kg}ﬂ?ﬂ@bp%ﬁl&mﬂ;@aﬂqd@{ op

- ithio,c anat e e -S-ben i thi r ba

cyanonbt vl ShE5S Aot IR a2 a1 Aoy P TSR CRBRE A O

g ?o?ecy{sulp%ﬁﬂ%ﬁ&th%§[SQﬂmkﬁulmﬂﬁﬁ?ﬂ ZKP?F%hMT)ﬂ?@%hamymyaﬁha<2—
utyl ester enyl - S a e , Xy -c

ar bonyl prop 3% ﬁ?HP?HF B4 3% %ﬁé? Bﬁ@ﬁ%ﬁpﬁyg%ﬁ%F (o0

4-chl orodi t hHQQ@ﬂﬁﬁ’t’e&-a&C&bQﬁc Oa@aﬁmtm%c&r%om@nyé stml(maaisﬁgs%&ﬁed a'-

0-et hyl -S-(2- (ethoxycarbonyl) prop-2 kaanthat

0- et hyl - S-( 23W§né‘ﬁﬂ{)§l@myi Bi#He hert &;allgy!-S'- (a o'-disubstituted-o"-acetic acid)-
ethyl-S-(2-c 0 %%h I t e,_ 0-

pent af | uor opﬁztg%lg%%?%%reﬁz/ iﬁ Eﬁhwgmﬁt)mé R e gl ling @Y’thw)ﬁgﬁgora?et 2

3-benzyl t hi opE@IBIJMDpﬁEﬁyI cyditbiméﬁn@ateene | l-agdtonetigl  bendighiobenzoate,

3, 3-di (benzy edi t ate sub stituted-

22 lcert e b AR BRSPS R BB DSl PlomR i bt

a"- acetic atj2h, S-ttcftretklfﬂ(ﬂ@cﬂfebmmﬂﬁorﬂﬁhyl)benzene 1,4-bis-(2-(thiobenzoylthio)-

S-al kyl -S1-(a, cf-djsubstitut a" acet Cld - t i ocar bon

benzy] i thi BIRTSAPEIEO phe g SR ab e iicbsBEdHie " by
phenyl prop- 2dyfiolddtdte oé@h@@mbaﬁﬁmenrﬁqahmwmyt (Ethby@BRAZDpRHe-yhex
akis (thiob enzo | t hi omet hyl )b enzene"4-b is (thiob

enzoyl t hi omefil gﬁgﬁﬁéne 1, 2, 4251bﬁﬁﬂﬁhﬂp§ﬁﬁhybb enzoyl@ﬁﬁ@hﬁﬁﬁyp)b

enzene, 1 ,45h4i 'cﬁtcfrgglfe?;?!)@%%)%“ $0¥ithidb 0! @pwr@lg fiftbokhz6ate, 4-

1-(4- nethoxyphenyl) enzoate benzy i oacet at e,
et hoxycar bonyingchgyl d]thlhbmefteatsebm@y( @uﬁbwwapmwlqm@@rmam tert-

di t hi obenzoa | p d io
2-(4-ch|orophﬁﬁyeﬁﬁgggéﬁjﬁgém%hl?ﬁ@ﬁ%&%%o béﬁVI€§ O&ﬂmome %
di t hi obenzoapkgnytprop2rgll betithydnaghthhlatd) ehrzoatopentSndie nzg&ﬂ dithiobenzoate,

di et hoxyphosphi nyl di t hi for tertbutyl trithi gperbenzoat

2- phenylpropgg 1 t@ﬁF ?qﬁ$% Enzag?%%d 1 %W@? BiSp- fmﬁfanth
1- di t hi onaphgigbBéoatd- 6 FOPFEHM! Fa:a@l sxiae) With tdithpivenzaad %nddgxl@anyﬂ
tetrathi oterephthal ate, dibenzyl trithiocarbonate, carboxynethy

d|th|obenzoa@@“ﬁ@sﬂﬁﬁ?{ethylene oxi de) with dithiobenzoate end group
or mxtures [dmpof in LQQ%%luoemQ&ﬁ LA TRAF TS tARkR: BOEL HBRALL

transfer agent 1ncl
2- Dodecyl sul i-lebQ}ﬂﬁudferwilbmyrfbswlﬂéfayﬁ-zmn@b/hybplpnmpacohbctylacﬂtfd burtnyl
ester, cunyl q& Qlobenzoate or H] Lures thereof. WO

dithiobenzodte of mixtures thereo
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shown on page 664 to 665 in section 12.4.4 of Matyjaszewski etal.

[ 0055] When the polymer is prepared from anionic polynerisation

t echni ques wo miot/iasor s i ncl ude, for exanpl e, hydrocar bybdT/0$pemsseso
initiators such as al kyllithium conpounds (e.g., nethyl lithium
n-butyl lithium sec-butyl lithiun), cycloal kyllithium conpounds
(e.g., cyclohexyl lithiumand aryl [ithium conpounds (e.g., phenyl
lithium |I-nmethyl styryl lithium p-tolyl lithium naphyl |ithium and
1, 1- di phenyl th I i e
mapht hal ne et T el At POl Hon R TSE T g RhishG 1
di phenyl met hy$hogor ersBiggritao 66®hemtimtlh§il4s@fd\dmasmwﬁ}etr¢ie

pol ynerisatio i carr t.in the absen

noi sture and xyggn an(fg?r%h?héglgggge?lscéjrogﬂgéj FRAst T ONE" eﬁfnmsmon
sol vent. |n owehminixesgimtiatoraiiconics fgrodyammid, Saidramnrbydlithan icitietbrs lsucthhe
absence of any i ity which i etrinmen to an anionic catal
system The i%e?&g'ﬁgh}léhtcomw eg"% W&l?y(tia]éﬁhﬁ% DDt T 588 lWélnt
or ether. Suifabke), S@cY&@IE;ﬂhthﬁ'&h%kﬂn%cﬁ@@M@Qﬁ c@@@h@;tsﬂ Ilﬁ]y&howaa?ﬁ
benzene, tol uene xyl ene, tetrahydrofuran (lg yme, tetra

or t hot er pheny thi pFRIRpeUNdg o (eat-i ri’hﬁﬂylt dithw,n] ”[e@[BéSFFWdehg‘mHﬁanrwlyi

pol ymeri sat i fi a SIRAT
P28 C. 100581 A e ﬁ’{mé‘gﬁa‘e‘giﬁ.‘% hath 3 hlg?ha@ess tlg}“‘éﬁ‘gplg‘?sé’ e

pol ymer der i visdhaters ninghide niaphphetroe ssdiuin.s | dr-disedisddl . # A-temsdrengibiene)

Pat ent Applic 1l to page 5, line 8.
Page 7, line (géhﬁl%\%lgpé%g&?’ﬁ%e %ﬁ%’fyl\‘/ﬁ@%ﬁé’ﬁﬁz further describes
met hods of pri@p&a6]i nngtxyhymmshwmbmsmapcallsormmméd o ihehd i sghesefA
detail ed descrli ﬁgong‘g ani on| C. pg YITEr | sa%‘tl on %rocess IS give |n
Text book of PBPGHEF “adioshess anedint By PEPeRcecel i leBt PRapat Salvent

Edi tion, 1984 midamtar aﬂmnﬂﬁ%g’nﬁﬁrsgﬁon 100 HTbRdPH MH@raH@@i%eC@fmidyse
at |east one of (a) a rived from nononers conprisin (1) a
vi nyl aromat |181Pr¥ﬁ%ﬂ‘€li*°h ]érij&tr(m‘?l)talatocaélr%‘kWF icatahish sy thAs .1&@% 59l

mal ei ¢ anhydrlhs%demhﬁa@c@fsw,an(ﬂsﬁqmcasawédt%r@sfepl Shﬁ@&@@él@ezﬁ@ﬂ%ﬂ!&ede

or itaconic acid) or derivatives thereof; (b) a poly(neth)acrylate;
(c) a functi opeiiteeg q@st&pm ev¢lphexgny, benzerhylodypaey iilene.atsstahydrofuran,

copol yner; (ec)z%@{r{ . ;E%@ cal’ P[% %%%%1( {J@%ﬁo&)&aﬁg‘ﬁf te(iir%h' ved from (i)

an a-olefin an
anhydri de, ndl08%Y acTlk E(nmtanh)pgﬂymbnsatmn c;broqe‘ssacmany cbeardamierdi dat osit a
i taconi c aci %m rgerl \{es%] reof; or (g) mxtures thereof. In
one enbodi nent™PHE L\S%P W t endant groups conprises a
pol yret hacryl [anm]or m pfolk Qﬁtaﬁlh&r &atripiQ0 60 IMBessst ke ppayd Bl ipdlyner
pol ynet hacrylda ol ymer may he

erived rom niohic processes 1s discussed in International Patent Application
WO 96/23012, page 3, line 11 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 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 thereof; (b) a poly(meth)acrylate; {(c)
a functionalised polyolefin; (d) an ethylene vinyl acetate copolymer; (e) a

fumarate copolymer; (f) a copolymer derived from (i) an o—olefin and (ii) a

15



derived froma nononer conposition conprising: (a) about 50 wt
%to about 100 vt % (or about 65 Wt %to about 95 wt % of an al kyl
net hacryl at@200ntie6es N t he al kyl group of the nethacryl atevbhasabsut
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) Owm %to about 40 Wt %
(or about 5w %to about 30 wt %9 of an al kyl nethacrylate, wherein
the al kyl group of the nethacrylate has about 1 to about 9, or about

ey Py SRR AT i BTTRLE BB e VB o8 Tppypy

about 5 wt ‘13/<)101df itaconid anhgérid € onitadonicngidjomairEratifod 0bdrdds ot émdnixarred n
a1 kyl (et ) SEFITal I PR FORBE oY e AprEe b ERIE OB PP TR °

saturated al g@ﬂ?ﬁieﬂqacﬁylﬁb oammatdgyhcra@ﬂ; hacryl ate, butyl methacrylate,
2- met hyl pent ropyl heptyl butyl octyl, 2-ethyl hexyl

(et h) gc'row ai/@ p f?y qq)pgzwraﬁeay%ﬁ#* ﬁ@%ﬂﬁaaﬁrwmaﬁf@leri BEHCRY |

(meth)acryl aH@plvédsf?&ﬁ%or(dﬁ?é‘rm)ﬁlﬁﬁéﬁ 184 @(amgrl&ﬁét but yl heptyl
(meth)acrylate, 3-isopro h) acryl ate, decyl

(neth)acryl ate, utedébsut SBHﬁt“/ﬁ}faéﬁFCW AW 5 (rsrhgutGh decito about 95 wt %)
(meth)acryl a%f“ an ?&g?ﬁ%{ dgx?ff}t? \?&Jl‘gllllq}l dllcg[sgi%ﬁlp%f IQ? %ﬁlamiylate has about

(meth)acryl ate dec acryla
(et h)acryl aie to abciutédecytbo@frm iy aleruy Ra} @&, alqoenlzadeaﬂ;dut Q&;emh)lmut id ate,

hexadecyl (neth ryl ate met hyl hexadecyl (nmeth)acryl ate,

hept adecyl ?ﬁ%ﬂ%?ﬁ&%@@éf‘fé’ms& i sopropyl hept adecyl (neth)acryl ate,

? teL'; but Iy| oct ad@gwl wi et )tar ¥o gxte%l(sr( ﬂid‘&KBGﬁﬁ %ldtacabbut 30 wt %) ofl an
met h) acryl at - i sopropy| o ecy nmet cry oct a ecy

(et h) acryl aﬁ1§Y I mstaaedsye: Wh@?ﬁ) YA{EEOUDe? gwe‘fﬁ 1ﬁ5‘°“a‘&5 qifel to

cetyl ei cosyl gggmedhhagkoHk at@, ab%ﬁtefﬁlbé(ﬂb%h GasYd (foPRkibse rﬁ{étﬁ&le bu%ﬁPC&sz’J

(meth)acryl ate and/or eicosyltetratri aconty (et h)acryl ate;

(met h) acryl aet@gtheyehiapdd from unsaturated al cohols, such as ol eyl

(meth)acryl ate, aﬂgﬁi 0G¥C0R! do¥he (07%t I%% Gk aveRy ab%‘dpg1 V\QS%3 of a njtrogen-

3-vinyl - 2-butyl cycl ohexyl (neth ])acry te or born net h acry1a e.

[ 0062] The al kgdtai(lmmf)mqu ates with long-chain aI cohol deri ved

groups may b exarrp rreth acrylic

acid (by di JRoptLa) B skl p S oS ?Téiw &ﬁ%%‘%&é’# TP als (‘“‘byagﬂ’&‘tey or

transesteri fmeﬂiacmha)te whith Irhagl@h@methﬁmﬁlyteahclobeﬁ for ekampli @hpounds

reaction m, xt ur.e esters such as (neth)acr te with al coho

o oups of valerbie” e n St het e enarat | §° ot et imadEsr abey!

al cohol s i nCh‘lléﬂﬁm?kﬂeN zahalip ént§7191irpr§%<ﬂh§4t§10hQLl§ﬁt}IOZ§'@P 28thyeRyl

o

Al cohol (r) 1100 Monsant o; Al phanol | Cl ; 620
Al fol (r) 610(msiBaarigro ottylof (mRiANEH tRow"SAEbI )(meéﬁ@ﬁrma 61508yl

Epal 810 d
Con L) $10 G| oy bt (13 el s

Dehydad(r) ahdsqymwﬂlliﬁp@ﬂ (mﬂﬁmwiﬂaﬁiﬂ(ﬁdwe@@wb)e asdemyl (meth)acrylate,
orbods ment ¢ s ndie PR Bl Aol K P S B et
t hte pol yner i fmah)rasryhtb,h aidecylr ogmh)ao:gﬂae ni srgnalmyitrmgyl Tft&eth)a_c;ylate,
ni t rogen-cont ai ni n m)S)mer ‘f?uli ah Iﬁ%)t{}tlle" g‘:%yrot en
het erocycl i cte Fﬁ%ﬂ%‘ﬁgﬁ tga(‘fﬂé{f" HHRI56% qe@ﬁl e exot sy b Hgh ala
di al kyl am nO@n’ﬁﬁylﬁé@H@é cr Wlﬁé?hﬁ@ryﬂ@éloneheptadec I (meth)acrylate,  5-
tertiary-(neth)acryl am de nononer or m xtures thereof [ 064Lln one

embodi nent t KePwsyBepidssyl y fErctioagyiie. f HAbPuiglnsidesd a(meth)acrylate,
(meth) acryl am.dg tac@c{{"‘l'ht r Ogﬁ&hﬁgﬂhﬁbm Ng3 (GE0RL DY ACEYARY B (HRRAE Ntk hat

may be represente
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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wherein Qis hydrogen or nethyl and, in one enbodinent, Qis nethyl;
Zis an NNH group or O (oxygen); eachis independently hydrogen or a
hydr ocar by wgemap27eent ai ni ng about 1 to about 8, or aboptr/dstoer@baut
4 carbon atons; each IV is independently hydrogen or a hydrocar byl
group containing 1 to 2 carbon atons and, in one enbodi nent, each Ri
is hydrogen; and g is an integer in ranges including about 1 to about
6, or about 1 to about 3. [0065] Exanpl es of a suitable

ni trogen- cont @ézns!*éﬁlgfr@fﬁrﬁ%‘ﬁﬁra{éaca!l%%ls st ﬁ\w%%ﬁ)éérgfgtéé%nd AR AT

car bonam des such as N-vinyl-foti anmde, vin

N-vi nyl acet oafmcté)aCNd%emyd;uCh o 6pllmjriaﬁﬁ‘bdek:,ycthiy'iqueth)acrylate or bornyl
hydroxyacetoaghgg Ny nyI i m dazol e, N-vinyl pyrrolidinone, N vinyl
caprol actam dine ﬁﬁ anlnoethyl acryl ate (DVAEA),

di et hyl am nofti6g] rret[ha&rﬂﬁla(xﬁetﬁ]BM@EdV@s) with long-chain alcohol-derived groups

?blnwi};,%l) amd:’l 2&“&%% a(ﬁ:ir %@atg] %bﬂ;ama tg%gﬁ{%@ﬁ opfrao %%Lt%az}c?ﬁfcr ch‘,lgt(gy direct
, di et hyl am negsomskiar} ba@rreyﬁﬁrﬂl&ﬁa&ymt hy {rﬁ{E'eﬁ@ﬁE@a\ﬂong Y lcﬁagtch%
or m xtures thereof. [0066] The pol yner may be present at about

to about 12 wiettypalesholpydyuwy @ha@%n%wt%@ﬁﬁﬁm wh%(m@thmmb@tem@vs
to about 8 W, BRI §BGpd YPJafiBhi MHamOMRES isOfknerally obtained. These fatty

alcohols include Oxo Alcohol® 7911, Oxo Alcohol® 7900 and Oxo Alcohol®
1100 of Monsanto; Alphanol® 79 of ICI; Nafol® 1620, Alfol® 610 and Alfol®
810 of Condea (now Sasol); Epal® 610 and Epal® 810 of Ethyl Corporation;
Linevol® 79, Linevol® 911 and Dobanol® 25 L of Shell AG; Lial® 125 of
Condea Augusta, Milan; Dehydad® and Lorol® of Henkel KGaA (now Cognis)
as well as Linopol® 7-11 and Acropol® 91 of Ugine Kuhlmann.

[0063] In one embodiment the star polymer is further functionalised in the
core or the polymeric arms with a nitrogen-containing monomer. The nitrogen-
containing monomer may include a vinyl-substituted nitrogen heterocyclic
monomer, a dialkylaminoalkyl (meth)acrylate monomer, a dialkylaminoalkyl
(meth)acrylamide monomer, a tertiary-(meth)acrylamide monomer or mixtures
thercof.

[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
HoC
O
Z
CRI )
Rii
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Antiwear Agent [0067] The antiwear agent in known. |In one enbodi nent
t he antiwear agent conprises a phosphorus-containing acid, salt or
ester, or v ¥dowtiegest hereof I n one enbodi ment the anti we@t;gkMotdécdshe
formof a m xture. [0068] The antiwear agent may be ash-contai ni ng
(i.e. nmetal containing) or ashless (i.e. netal-free prior to being

m xed with other conponents). [0069] The antiwear agent nmay be derived
phosphoric acid, phosphorous acid, thiophosphoric acid,

t hi ophosphorouswr%%ig, or m xtures thereof [0070] The antiwear agent

i ncludes (i) a non-ionic phosphorus conpound; (ii) an amne salt of a
phosphor us conpouQds hydrokgn eemethmbaridyim sed dmieddigemh) Qsiphatiud; conmpound,
(iv) a nonoval ent _net aiﬂ alt of (g hosphorus conpound, such as a
metal dial kyl di t hfobhd ﬁlﬁ&r‘é‘lpo?r &t di al kyl phosphate; or (v)
mxtures of (i), gdch)R" (d iddlp&ﬁdeﬁtg}/hfdlb?&?é} lanhyRREC 2% Qb IF Rbnthidéng
antiwear agent conprises a netal dialkyldithi ophosphate or a netal

di al kyl phosphataoutiinie aapiy ogreupl tortbouhd ceiban RIS t hi ophosphat e

and/ or the dialky ' i r t 2l

2ot 2 to about 25 aarbarRrurtf HyLBRE o GRIANAT sl alrilhe |
carbons is suf ftp @icgriiontaommkml, ithenmenkddigiend, kydhdk tik hpdiogsprate oi |
sol uble. The netal .of the netal dialkyldthi osphat e and/

di al Kyl phosphate. §Jore s ihinadBolin Anduh (ORRPL S ARt L iosbou
Exanpl es of 3uitable netals include sodium potassium copper,

cal cium magpesium baripmor. zinc, .ln one enbodinment the antiwea
cent compr BERSE, ERAMAIER] BF 1 & PRGN oS TRARE SO PO e BRI
one enbodi NnERtNidn@edRlaWBAhided BNYingPRRLLESSIRs ZublE o1 | ky1HBasahake
or m xtures t_ﬁer eof ?QO 2] Exampl es of a suitable zinc . .

di al kyl phospHaFk dPtERS ef Nreya¢edoay dgpppl-virpbngroppygmides,nc Nygay!
zine di - ( 2 MRL Ak plogR il NILABNOSANGLSe, NGyl shfiidone, N-vinyl

di t hi ophosphate, zinc di- (1, 3-di et hyl butyl) di ¥h| ophosphate, zint

di (heptyl) dfamelepmsphat e, dinatlyleininoedyy| ) di t hérplgtosphat DMAEA),

di - (2- et hyl he; . . . .
G 11 ophoephSiiylamipoctimethacryiate (DMAEMAY, dimethylamipgbutylacrylamide,
dimethylamine-propylmethacrylate  (DMAPMA),  dimethylamine-propyl-

acrylamide, dimethylaminopropylmethacrylamide, dimethylaminoethyl-
acrylamide or mixtures thereof.

[0066] The polymer may be present at about 0.01 to about 12 wt %, or about
0,05 wt % to about 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.e. 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 (1) a non-ionic phosphorus compound;
(ii) 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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di t hi ophosphate, zinc di-(dodecyl) dithiophosphate, zinc

di - (dodecyl phenyl ) dithi ophosphate, zinc di-(heptyl phenyl)

di t hi ophosphatoe7/120663m xt ures thereof. [007311 n one enboeiTnestoorobe@so
antiwear agent is other than netal dial kyldithiophosphate. [0074]In
one enbodi nent the antiwear agent conprises an ammoni um or am ne salt
of a phosphorus-containing acid or ester. [0075] The am ne salt of a
phosphorus acid or ester includes phosphoric acid esters and am ne

sal ts thereof ool Ahlyldh L0 ORNOSHRRY G ihdfnds B8 1esS ARG ARARRRbhAe;
t hereof ; am neeongﬂa(ﬁlt_syof ph_(E)isp Ites,; Slangﬁg)mg?@%sea‘fts o?1 o b ©
phosphor us- coert@p niixigrasaxd fioxyd)i ¢ilest@)s, ethers, and ani des; and

m xtures ther [ 0076] The 1 ne._sal t.,of a.phosphaorus acid or ester
may be used a@@ﬁg orﬁ}no%%n%ﬂ%al?gﬁi1ﬁﬁ 8%%9%%béﬁ$%%dﬁmﬁﬁge%nﬁném§%|t
of a phosphordislkgbtithinphdsphateder b wedalf diatkyfphogptiane Faktallofl @oups of the

phosphorus co u .or mxtures thergaof. . WO )

2007/ 127663PC£?%§2‘€%’?9P@8§%57 Proer 7P r?‘@ké‘%ﬂ%?&ﬁ‘ier%m b¢ thgeampmbraaghad
of a phosphorditAging a8buteStoeiboli®) BHBSn atoRRA! hiAkdeANhBEhe Abfat RAhbEAF
nmetal salt conpounds or m xtures thereof In one enbodi ment the am ne

salt of a phosppisds suEictenbto waketherpetehdinlkyblithiondesrhatoseil prlubleatdm
in the nol ecul, ] AHNES b , i 1tUB61 351

the am ne salt @tlaln%?%g n})-ér-tlglmar y%%rﬁgg%@g@%nd géoi%e{%nﬁgi g?g@éﬁet ?@rl f/éy
ami nes, and nisiudesemontraaiedfor divdemtninetels. | Bxdmples vhestmbld tietadt idcaaist
one hydrocarhyl.. gro r. in certain enmbaodi nents, two or thre

nydrocar byl oP Sl Bt Bt st NI Mokl Sl 2% o
about 30 car bobcalies, ther artiwaat eente obagissni irddidk8ditkkopliasyhat2 Gor

or about 10 to. about. 20 or, about 13 .to about 19 carbon atons. :
mixtures theredf. ~In one embodiment the antiwear agent comprises a zinc

ne

dialkylphosphate or mixtures thereof.

[0072] Examples of a suitable zinc dialkylphosphate often referred to as
ZDDP, ZDP or ZDTP). include zinc di-(2-methylpropyl) dithiophosphate , zinc
di-(amyl) dithiophosphate, zinc di-(1,3-dimethylbutyl) dithiophosphate, zinc di-
(heptyl) dithiophosphate, zinc di-(octyl) dithiophosphate di-(2-ethylhexyl)
dithiophosphate, zinc  di-(nonyl)  dithiophosphate, zinc  di-(decyl)
dithiophosphate, zinc di-(dodecyl) dithiophosphate, zinc di-(dodecylphenyl)
dithiophosphate, zinc di-(heptylphenyl) dithiophosphate, or mixtures 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 2 phosphorus compound is

derived from an amine salt of a phosphorus compound, or mixtures thereof.
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[0079] Pri mary am nes include ethylam ne, propylam ne, butylam ne,
2-et hyl hexyl am ne, octylam ne, and dodecyl am ne, as well as such

fatty am nee 2007127663 PCT/US2007/066950
asn-octyl ani ne, n-decyl ani ne, n-dodecyl ani ne, n-tetradecyl am ne,

n- hexadecyl am ne, n-octadecyl am ne and ol eyani ne. O her useful fatty
am nes include comercially available fatty am nes such as
"Arnmeen(r)" am nes (products avail able from Akzo Chem cal s, Chicago,

[11inois), n XS e

HT, Arneen S%d]] Ar %géﬁn%sﬁ%m(ﬁ&rggl ﬂlet %mﬁ e aﬁ 9& g EE?I#]%r?mr e?gt%gtgr to
t he fatty gronpydesucparasl aniae saloipestial nieadllsaw coﬁfpoaﬁmmwﬂm:gumm plsareof.

[ 0080] Exarrpl s of s bl e condary m nes c ude di | any, ne,

i et hyl anm ne.0% e SRYPEieRe i By ool o s GHSRRYTTAR it o0 Wty T aEhe,
di hept yl am negompHEdRW @uﬂlmlramrrnmthe&ﬂmédﬁw yl am ne and ethyl anyl am ne.

The secondari am nes_may be cgcl ic amnes _such as piperidine
pi per azi ne an®¥br pHdreidaney phh|Mmiveba sfdladay wr @b threamine salt include

tertiary-ali @h%&f aﬁfﬂe@%ééo@d’é'rﬁ'%mu&@ete%dr?f&%hé‘s Qﬁ@ﬁﬂxﬁl&sttﬁééoﬁaﬁe
may be an al gr OUP cont ai ni'ng about o about 30, or about

about 26, or 3E1Eitﬂ§t ingludg ﬁubemtwrﬂu at e drd notet &mérocaréyt |ga¢1yn atkyin @nﬁanes

i ncl ude mno%ﬁi'bﬂé”?qeﬁﬁé@w@%r i %g@&%&é%ﬁ%& m@?oupE i\ eﬂﬁ?& ﬁ%%r#%’rm}ps may

met hyl -1 - am no-cyc xane ter
t ert dodecyl anvuteint ebott 2 ¢b nbele SPl canbdmeatbmsl emmxatﬂe:cythﬂmmnﬂseibbut 8 to

oct adecyl am n et racos I d t ct cosa I am ne.
VO 2007/ 1276%@&'&%’? S5 é%@g‘ax[zgo%fzﬁ] on e B S-ani ne
salt of a phmbpruyr@wrgd emiRst eficlidyc| dBFiamate, a dp@la\fmh&l Gliyliinel 4

tertiary alk prjmary groups or m X s thereo I n one enbodi nment
the amine sa te R e YR E B [amiRs %de ChlapYiRRe @ A¥¢ LAt sHeh %ttyrﬁneﬁas to

C18 tertiary,al kylocBidREy aﬁﬂdg@ﬁaxﬁfnem Xh 1088y IIRIMEOT A RetRRBcylamine,
enbodi mrent the ami né salt of phosphor us conpound i ncl udes an am ne

with Cl8 to Gdexedacylagyye, all-wadepylnamwa@mlnﬁmm Fitharwmsefy] faverampines
0083] M xt f wl
[ ] M xtugps, c&%}rf%‘?aalg?yavghéﬁe bﬁttyzﬁﬂglre? W%Jr%g ( %%‘ %;:9@ d dhiB0¢

enbodi nent a use m xture of amn
"Prinmene(r) (ivBdictPrvarimbby( ﬁgwmmcaﬁuerﬁ’tciahe féd{aao ,JMTnc(ib)omhckpaDammeﬂl

or i mary. am nbs Aetas o9t ArERE A iF: Sarsr e hE e D,

respecti vel ywherein the letter des1gnat1on relates to the fatty group, such as coco, oleyl,
tallow, or stearyl groups.
[0080] Examples of suitable secondary amines include dimethylamine,
diethylamine, dipropylamine, dibutylamine, diamylamine, dihexylamine,
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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[0084] I n one enbodi ment the am ne salt of a phosphorus acid or ester
is the reaction product of a Cl4 to C18 al kyl ated phosphoric acid

wi th Pri neme 88RBM6Gpr oduced and sold by Rohm & Haas) wiets20@ /066950
m xture of Cll to Cl4 tertiary alkyl primary am nes. [0085] Exanpl es
of the am ne salt of a phosphorus acid or ester include the reaction
product (s) of isopropyl, nethyl-anyl (1,3-dinethylbutyl or m xtures
t hereof), 2-ethyl hexyl, heptyl, octyl, nonyl, decyl, dodecyl,

but adecyl, he yl i i :

it i ophosphor ! acdS it T oa Pl e o A L ARG HoRs acid or ester
2- et hyl hexyl iapiudes on apiieveith @1 IROM:14nettiniyxellyepritmher golips nr onistures
enbodi nent th Nt agent ¢ rises a mne salt of a osphor us
acid or est ert%gl%o{r?ﬁ irfﬁree%“g%%ér?%%ﬁﬁ ﬁmf)nr?esa{e}rﬂ%g i r?%%sl'lor%(éomp%%lg gﬁ%‘ﬁlﬁ%s
aci d or est eran sniac@lidr ClBtcal k§ terpdre o prisnaae belines o€ giieturasithdrcof. In

Pri mene 81RTM or 2-ethyl hexyl .am ne. .[0086]In one enbqdi nent a .
di t hi ophosphott°c™d dam?{%hfﬁﬁémwé%é@&af ‘[mv%ﬁS_ e IR NG NG o mine
Thi's reacti ongpr 0dges (3 térubihBkyIrRasdrodnmthdsbraniRhesPinerdg acid,
anhydride, or_|ower ester. The epoxide includes an aliphatic eg}gm de

or a styrene §Pde. Widnisseal amingsemay dprbicded ftitheidneantignede one
oxi de, pr OPy|£ﬁ!?oéi%%ﬂe? ,uEéfB?ﬁﬁxt‘&i‘é q?ﬁgﬂﬁéseﬂe"f‘?ﬁﬁ&%(@ degecaneppiiden
styrene oxide and the like. I'n one enbodi ment the epoxide is

propyl ene oxildél." Puenagke@cHllRs anhijrilmene® il pathioth groglo ofdsandaspildlyy Rlobont &
Ito about 12,.;0r t or. abagut 2 to about 3 0

at o, The i b RaLGs & GEPHLC Py laP A080 ofiplefe B8R g SR IS 22
phosphor us r eagent sikahghimetyodseofespeaetiyng t he sane, are descri bed

in US. Pate nbers 3,197,.405 d 3,544, 465. . The resul{ing acids
my then be. SIPPHG Wi s RHE AR A of < el aoid or el 82
di t hi ophosphatigioachddi& f epai£do byl nddiyiged HHs HHEESade Wi irdRuene
(about 64 granms) at about 58 C over a period of about 45 m nutes to
about 514 gr OfPRddsshansr o by Bobmgge(Haag) which 1s a mixture of C11 to C14

di net hyl but yltg@{apﬁsﬂggrﬁ%&gimh@s_( prepared by reacting

di (1, 3-di net hyl butyl)-" phoSphorodithioic acid with about 1.3 noles of
propyl ene oxil8@8Ht plepoiChe aThee pilkeils phosphomataetdl atestayontludsthe

for about 2. ' P i at ar.t h d.filtered at
about 70 ¢ Teatpire Bl shitchiodl BeANRAERNT SR o R
about 15. 2% bheraeh)ghl-chulipRyl; , hepgll, ancyti chonphybdecydf dduonyl, 8Butadecyl,
e bt SO B BT S TED il Do b SBd Frora
det ai | ed descthypédeoniahtfie,t horghiide, Colhsdyharting h0 pHaspb ot RS™MAGHd

ester is found in US 4,938,884. A descri Bti on of the nolecul ar )
structure is gHREF a6l dApng eophodaaent the apliweas dgeqh CRMBSISHINedine

prepared are it $¢la03@hHIPuEXARE @8ted of thidtukshstaBr. 8in bAd EmBit@nt the
columm 10, line 13 of US 4,938, 884). Té?l cally the am de-containin

di t hi ophosphdhosphagisdacidtaar estey pr efaded] bylkvhohasmiorisoacigfor ester wit
di thi OphOSph%f%eng%ilﬁTﬁg %Qt@ﬁﬁé’)!\@%&ines.mh as, methyl acrylate.
0 fhe anty

[0088] I n one e i ment ar agent conprises a carboxylic-
cont ai ni ng di[006dphdspheramsboeicnentes tigipplicsphexanplenay be reacted with an

but oxy-thi oSHBRBRF § ROIPhn Ry TraaPh srohiel M e e vath £phosgporns
ut oxy- i 0 2 q :
m xtures thenewf apiBABAL) 6t loner efbodTREfioxidieinantbNaakliFHAERtepsBaP bE 8€S

a non-ioni c phosphorus conpound, T picalhé t he non-ioni c phosphorus
conpound nay $ Fidox et enohrseiy epoxidss mgledgipthylepg pridenBdy Bat s

conprise phogRhict Bu@sd Bkide PHASRNEE 8 ERId@EShe HiddTsibiESxiHOGREBe 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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[ 0090] I n one enbodi ment the antiwear agent conprises a non-ionic
phosphorus conmpound that is a hydrocarbyl phosphite. The

hydr ocar bywe whstiisst ed phosphite of the invention incl pgggsdotagyso
represented by the fornula: R -0 Rs"-OP' o wherein each R' nay be

i ndependently hydrogen or a hydrocarbyl group, with the proviso that
at |l east one of the R' groups is hydrocarbyl. [0091] Each hydrocar byl
group of R'" may contain at |east about 2 or about 4 carbon atons.

Typical ly, t i t n 0 resen n,both.R"
ot oupe my baToEBEbRERAE Mo BERR, of Aitthe 0 fim Gt Aolealle IRl
about 25. Ex&aphesumbersud,t@hiE aadgesidi4ns. t Mae rusdbeng aéids andyotheat o3ms

present on both R-. graups jncludes about 2.to about .40,. about 3 to
about 24, or S Y s b e %ﬁ%ﬁflséltﬁppgeﬁpﬁa‘ﬁ? &I A PERATEYY
groups i ncl udgdipg @ﬁ&s’phoﬁiﬂt@éhtoxld'equbb‘db64p§fﬂin§éjeat hRxybs todesyd period of
but adecyl , hexadecgl, .or octadecy glr oups. neral ly the hydrocar byl
phosphi t e i 2Rt ubb eMdputat 1oe 2P0 SlderBrms e of nhygirpXynrepend,0-di(1,3-
enbodi mentt ey e, QR oot i DAQGRGAR [onty))-
phosphite or a Cl}g%ggg{?i%f]%ygr ogeen(pp ogégﬁ]i“?e?a A%roi(e_xdeit alﬁﬁe}ﬂlﬂ
descri ption phospherodishioémacid phibsabheir s modespdipmepilenst axdés gobout259C).
l'ine 48. to C?hyrpﬂltx & ils'lye%te g{ ah&x’caﬁlo%’ ?oz-sabol;ip %252 Mo?rsonrg‘ g&r‘o \291% qient
t he antiwear "agent conprises a phosphat € ester. anpl es or - a

sui t abl e phodphatecest etrth acd didierddr staghout OOEphaTles fistuat castainsi aoesy|

phosphate, triphenyl phosphate, tri-dinethylphenyl ph hat e, .
P Ertl ohend | 2By orBERS BAR o, it {RaDadD WEle S and an acid
embodi ment t hemBAtdrWBak 8aqBRimdpRBIdLILEES. a t hi ophosphate ester.
Exanpl es of a suitable thiophosphate ester include triaryl

t hi ophosphat 8¥84LichIsone j rbodymenthithip HESHTAT c2gept | (oRuipps an amide-
thi ophosphal gontdifeifRb s PREDY laci L ARNORPHRLE dehliba fae%céﬂgma@% the

t hi ophosphate, or m xtures t eof . [0094] The anti wear nt may be
present at aboule-@nEEONE whithdgpthosphivput agdvister, is clouad dutUD ASHE.88¢. %t o

chout 2w g ledh 0 S AR Ry S et u ot
Suitable examples prepared are disclosed in Exampies 1 to 7 (column &, line 45
to column 10, line 13 of US 4,938,884). Typically the amide-containing
dithiophosphorus acid ester is prepared by the addition of dithiophosphoric acid
to an acrylate, such as, methyl acrylate.
[0088] In one embodiment the antiwear agent comprises a carboxylic-
containing dithiophosphorus acid ester, for example 3-(bis-pentoxy-
thiophosphorylsulphanyl)-propionic acid methyl ester, 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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[ 0095] The corrosion inhibitor of the invention may al so be descri bed
as netal deactivators or a yellow netal passivator. WO

2007/ 127669RCMIIB260B 7/ 066950 [ 0096] Exanpl es of a cor r oseays2mdtiobéosor
conprises at |east one of benzotriazoles, 1,2,4-triazoles,
benzi m dazol es, 2-al kyl di t hi obenzi m dazol es,

2- al kyl di t hi obenzot hi azol es,
2-(N,N—dialkyIdithiocarbannyl)benzothiazoles

2,5-bis(al kyl-dithio)-1, 3, 4-thi adi azglgs,

2, 5-bi s(N, N-di al kyl di t hi ocar banoy1) - 1, 3\47{h|ad|azoles

2-al kyl di t hi o-5-nercapto thiadi azol es or %%gtures t hereof In one
enbodi ment the corrosion inhibitor iRS- (Siazole. I n one

enbodi ment the corrosion inhibitor is a _

2, 5- bi s(al kyl whiireinicagh B’ 3may bhindepcadeitly. hyftteger or ¢ bydrosrrbymh gicups with tey
be used al on [ »ts on i nhi bi tors.
[0097]Benzotﬁ?ggg}g%ﬁﬁggggﬁﬁpg?ﬁ%%yg?@@ ‘ﬁ?agka ‘itutions on at

| east one of WAL ol Emlm ngiredantgy posit cbﬁ)lh‘s’ fray @oni@din orledst absut 3-or@bo@-
or 7-. The hydro arb ar. con 0 abqut .30, or 1 to
Sbout 15, or Seuoh g AR e e Bt O h 8B A e TP reseht on

corrosi on i nhideh ROT grSups@hayl Bd leBzdbe abdud 4@mes£m@@dbdﬁeas oPYsds ararapylt
benzotri azol es s&?stitutgd at p03|t|ons 4- or_ 5- - or 7- can be

further reacted WFEAPKH o4syEM}aL22g5 far élé‘c%%‘é?fy"fa‘?ﬁf\?@ atoms present on
[ 0098] Exanpl astek”™s %uohﬁphﬁlmégrag&ﬁrzb%labQ@th{ptam@%%ea%oszt Retbsigached

with an al dehyde and a secondary am ne incl
N, N- bi s( hept yabputa?d. rr@tXIagnpleﬁHtfewz@b}el kdspearhylngrohpin soelude, propyl, butyl, t-

N, N- bi
et hanam ne. MR bi oo b COREBA bBEe hefadconl or, optedecst gioupsie,
lt;l" Ni 3i 3( unci;ac@@ﬂ)e:@y h{tﬁﬁm;lﬂocaﬂﬂybtgmwf aszsja-dhdal;ionet haﬂainmlmphh oil. In
i s(dodec ar - - enzot [, e-1-ne
et hyl hexyl>/) ar et %%J&#beg‘??’z%ﬁaﬂy%%sﬂhlmw a rﬂ%ﬁ;‘!ﬁ'y ?ﬁeQ'EpﬁP%g“te

thereof In one aeﬁhqgiiam@hhyﬁlhgechhtﬁspﬁ[t@n A alvirpdé@lled gescription of the non-
N, N- bi s( 2- eth Ihex ar - net hyl enzotrlazo Ie 1 -nmet hanam n
[ 0099] I n one* ﬂ%ﬁus FHRP 16 e oq HAr e 4asto column 11, Hne § of

, 5-bi s(al ky|U$|6,tle,@)73.
[0092] In one embodiment the antiwear agent comprises a phosphate ester.
Examples of a suitable phosphate ester include triaryl phosphates such as
tricresyl phosphate, triphenyl phosphate, tri-dimethylphenyl phosphate, 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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1, 3, 4-thi adi azol es. The al kyl groups of

2, 5-bis(al kyl -dithio)-1, 3, 4-thi adi azol es contains 1 to about 30, or
about 2 tovabeutizidés or 4 to about 20, or about 6 to abevtsheaessbon
atons. Exanples of suitable 2,5-bis(alkyl-dithio)-1,3,4- thiadiazoles
include 2,5-bis(tert-octyldithio)-1,3,4-thiadiazole,
2,5-bis(tertnonyldithio)-1, 3, 4-thiadiazol e,
2,5-bis(tert-decyldithio)-1, 3, 4-thi adi azole, 2, 5-

bi s(tert-und ithi0)-1.3 4-thiadiazale,. .
2,5 by 5(cor 1 1Byl anRs) °f &, SRRREIRYRY compriess ket aped
[ 001001 The bemzotisazoiesi rihk Bittierolemybdneinpidesdey 2hlkgbiithio@noig(dazotesdo

to about 5 0 r, .apout 0. 0001 % t.0,.about . 0.5 wt 9%. or abou
0.0001 wt %\A?ba(%ﬁg 1°€°.nf°ﬂ%a ?esorm%b‘ﬁ:ﬁ'%?‘%ﬁg%thb&“%a%@%w%&zﬁ St
% of the | ubpjxeik{ane!RRnIsl,} taRiad@zblss,0f 2 SUREINGELdi NGy iteesibhMoyl)-
[ 00101] The Il ubricating conposition_ conprises an oil of lubricating
vi scosity. Sdck-8irdiazoles. paelkpldithioad-mererrsy thindinrles o gnixgires wrsafed

from hydr ocr ¢k DembMAELRABEREIrO0en BIMGhiRY G 04i-8-2BHRY In YBE EhboEHent
refined and re-refined oils and m xtures thereof. [001021 Unrefined

oi | s are tho#e orasinad ieliibieart iy 4 r difriis(abitylndithiopr], S ¢thindieiade souFlee

X . ' T Dt _ Lf . _
P00103] Beri b Biide ot bt 4 sk OFTn BUlrkldfEh h bEEL SHiticn
have been f uithiilgtors.r eated in one or nore purification steps to

: ties Purificat.i ' : .
the art and TS Dde "EBPBAL G EPACPT Bt MLEEBRIGA U LTS A GFS 8 d
or base extr attheddlioWingtdiat pdditiorRar @@habi eno@fidbrtdier 7l k&he h9@be4by!
Re-refined oils are al so known as recl ained or reprocessed oils, and

are obt ai nedSHPHIRTecRENSY fR pBGULAD: PRJsE BRBY 100 OBt i #Poubf/; GEkPn

oi I's and of t gRnar e 1AL tdnidalih ¥nt Phe CRS2RInPMhBGRNL ANEBrididieCl ot O
renoval of spent additives and oil breakdown products. 1001051

Nat ural oi | scmbediglient hygrakiragl baneoiripgelas isviestituibd ot aptigonsndd €& el
oils, vegetahle qiLl i I )

| ubricating g% ?s&g ubc%hf(lgdsl&‘lrieacg?tg&%gtagg;%&k\@%%ds% %ie)r?gmggg? \%][én?]ljfe-'t reated or
aci d- t r eat ed [Hi98kr aExkmbles odtsuitaplohy&ocdrbylHenpatriatdlenfurthenspbtet eviihc

or m xed paraffi ni.c-,napht heni c es.and qils ri.ved from caoal
Share or P AL angaa Bl RGP SRR e MR G Sk [ ey B8
ysef ul iand ibaizgdellzh%e_dr-ﬁm&fah@mir&i,l lS\J,ﬁUBilsl(rfﬂﬁy]gcﬂrwiéll&nml&ﬂ-blaﬂf@triazole-1-
I nt er po neri s olerlns ey (0] ut e , (0] ro enes, .

oo Dol S ot gm0 N B Pt by BB YR to oGt emiagy
pol y( 1- decenssy-bidiet P lan@sh1ey-8ed 7o tidd A6 ¥d- 1 DeAESRgSnd €. 9. N,N-

dodecyl benzenes, tetradecyl benzenes, di nonyl benzenes,

di - ( 2- et hyl hb({dopecyilprwsty]-1 Hobangomiangle sl -nethgnamisiepheny | s, N,N-bis(2-
t er phenyl s, I Yoy hen ot Ky i.ph [ r

al kyl ated di %ﬁg%?’gﬁf g%!t%g??g# t réazgigr?/\k}gpﬁ\g}g%?&ana c%lg{ug%dﬁm%q'
honol ogs t helreoie embedixent ds cohresienfinhip0on e 2§, Nebise-ctbyhitkid)-pemethyl-
| ubricating ojlis L1 ilayoqg_lpr%%%llanﬁ%ers (such as Prol ube03970),

di esters, |iqQui aUEStEF S of phosphor-us- contai ning acids (e.g.,
tricresyl phiigbhat eln bnt eaibytinpnesthbajoemosiandnhib@orie? Sylis(@idybrlithio)-
decane phosphqgnj ¢.agi d), p nmeri c tetrahydrofyrans. Syntheti
e I K NC ARG ARG CE M LT
be hydroi songgtsias 1 b $6her 30TIRRSEM NYHERAANBOBS 406 ABENRED, ot ALORS; to
enbodi ment oils nay be prepared by a Fischer-Tropsch (I%as-tp-,lplagw d
synt hetic pr#@dule cadoieriontgs JPHariast tauitrblgurd-Wpkbyl-dobipdg)3.6i | s
of lubricati i Si; yoal s 3 i: _ S ifhed bn t: _
Arer i can et vl e ety o & 2CAr S oS TR 3 4P RRELLARRE, Pty

CQui del i nes. Myldithie)-bagethgidiazgtey uhS-tas(eeradedytlithomst,3 Srtbiadiazoles B, phur

content >0. O e 1 a&0Hifi0) D3, 4%hiah 281" 3t 55 YIREOR ety lafRF-1,3,4-

thiadiazole, or mixtures thereof.
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[ 00110] The lubricating conposition may be in the formof a
concentrate and/or a fully formulated lubricant. If the polyner, the
anti wear agantooamdsdshe corrosion inhibitor are in the frrmubo@esoso
concentrate (which may be conbined with additional oil to form in
whole or in part, a finished lubricant), the ratio of the of
conponents (a), (b) and (c) (i.e. the polymer, the antiwear agent;
and the corrosion inhibitor to the oil of Lubricating viscosity

and/or to dil Oi byl t:he: ' , I, ght

or 80:20 to 1@?8%0}bth%irkghltdggl&lﬁg$ Et%lgr rfraréa C%S%%d%ifta?@]etlo'%%lﬁf% Se
conposi ti on ofbouhé wtrleemntdbont ®REGlowmald tp dbont hénvtisacirnedest @b ersts one
ot her perfornmgnc ddi t} ve. ;Th I rforma addjtives incluyde
di spersants, aeotugroglems?’ i %”é’é‘gf’@?a?ﬁ“&g@ fior'r%Jro ggﬁé ‘Z’gﬁ';f’yﬁke fugmé{mg
vi scosity nodidmmisiont her than the pol ymer (i.e. conponent (a) of the

invention), antioxjdants, foamjnhibitors, denmulsifiers, pour point
depr essants, é@%ﬂﬁm%f—ﬂ%%——é—% 113 VASCOSILY oy boxylic acid or anhydride, and
m xtures ther@iolj00%4<] lubhgait2t alongRRicnedoaippldtt &f diheooOt R8ficating

performance additive conmpounds present on an 0il free basis my

i ncl ude rangedsERitp wSuok tadlsabelide 2mingal ogndopyrdlsist ofs.weil vdartyedbbom
10 wt % or U o010 %t Biaboy ; HhLe
about 1 wt %@R@r Ce{g%ul'?éo. (r)(gewt lcosar/?tdoha g\g%ﬁlgsﬁﬁ%\ﬂa&&)g%?%%gﬁnw aif &
conposi ti on. mfintbodgharshmixpurestreesodf t he ot her perfornmance additives

may be prese 14 1. ¢ n.for the qgther perforpmance additives to
be present i%gll(#]er@ﬁ{e%lélg%ﬁ}%f %rertéP%et%%lnF%Hgg%ﬁ' %?Iﬁ’ear?ﬁfﬁkﬂrlﬁ“%}éw
sui tabl e di spensanicnemily bdthause edith Itttldefidibep pisfctioq fraatrexanpl e
N-substitute chaln al.kenyl .syccjnim des), .a _Manni ch di spersant,
an ester-conﬁgbﬁﬁig ]g‘f’é‘ﬁféir%‘ ?I),é SHnﬁ%fn@ethgé‘PFﬁ)ﬁleBr% dEeeRyrithey ?‘g‘fet en
hydrocarbyl npegaERes | inCoRe bk ahbRIp@eREiow §tBpAfh aApRRe0bnA TR R
an al kyl am no phenol dispersant, a ﬂydrocar byl’- am ne di spersant, a
pol yet her di SEePEHERAY, Paripettyes: irehuishereaigi ksypermsanthe 4t agd finglpdmsolvent
embodi ment s te'i%‘ra@'ﬁ&{?%&ﬁ%?”m’ﬁl?a@ioﬁ, G S Ml garacaﬁ&%waﬁome fatfof -
00714] | & de

or Manni ch dispersant. [ n one enbodi nent t succl ni'm
di spersant comgithskle.a pol yi sobut yl ene succi ni i de, wherein the

pol yi sobut yl S g&.n r_.aver | ecul ar, weight of about. 400 .to
oout 2000 (BHE} Bt o PR TR B e oo IR b e
preparation areobmiredfuyl prgcadescsiinbledtd thokt GsedRatobrtis rdfidddibImdaritn

3,172,892. [0011 4 H%(ag ocar byl -am ne dispersants are .
nydr ocar byl - SGbSITHAVAN BPREE P HETRF DRET O SOVt of SEnb#HGiEvstay
be forned by daaail frgzi@dloingrod@tRf a chlorinated olefin or polyolefin
such as a chlorjnated polyi sobut %/,I ene with an . . _ )
[00105] Natural oils useful in making the inventive lubricants include animal
oils, vegetable oils (e.g., castor oil, lard oil), mineral lubricating oils such as
liquid petroleum oils and solvent-treated or acid-treated mineral lubricating oils
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, propylencisobutylene copolymers); poly(l-hexenes), poly(l-
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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am ne such as ethylenediamine in the presence of a base such as

sodi um car bonate as described in U S. Patent No. 5,407,453. [00117]

I n one entpgbow@idrséshe i nvention further conprises at | paftsBis6950

di spersant derived from pol yi sobutylcne, an am ne and zinc oxide to
form a pol yi sobutyl ene succi ninmde conplex with zinc. The

pol yi sobut yl ene succinim de conplex with zinc may be used alone or in
conbi nation. In one enbodinent t he dispersant conprises a

pol yi sobut yl t and
feser bed | iRk IeFR! futidyibag, St M B e

al so be postamﬂegaaﬂiﬁmuﬂmgmﬁﬂtbb@@mpnmthdﬁ&xﬁy a reaction with any
of a variety of e . Anopg.these are b ran,, yrea, thiaqur

ai mor capt ot nAAAIEoRkEer CERBRHF JFSueBrEaBTS anuui dalyolyetige uch s
carboxyl i c apidlghe@BOIONCHEROR; Siqbﬁi itbtsedf pHEHhBhE-ARhYHhE dRRs Pasg eic
anhydri de, nltrlles epoxi des, phosphorus conpounds and/or neta

conpounds. | Hi%#w! en%ah%mm?%l dhegrdateanind dhey dethal eastedi epetesant .
Typi cal l'y th d uc i risant
conpr i ses & BT L e O e ] S R She
has a nunber valeﬁfaﬂgby riicberd | ap seheieghtionsf anti4@picel [ 000, bg DpdreGpniFtiecd

di sper sant n bout 5 to
about 2.5 wt CQ%rﬂégé‘:% Bbﬁﬁcaggggasbﬁjb@afgg \L/\jlﬁtn 3}1 of° mt%dmi1 3 c?ltzéapgnob
conposi ti on. pfepxt20}y AnFischardanpshi geskHtodayui [syio et @rmdm@umlszeﬁuw
as nDbedenun1d|th|o arb n@tes sul phurised ol efins, sul phides such
as tert - nonyPPHeEBES taﬂ“ 8% ted with propyl ene oxide (nole ratio

1:1), hinder Rlﬁlpg]en@ﬂ% c(fauﬁ‘uﬂitmgaﬁécﬁbﬂty ilna‘ﬂ‘ dmmhm(ﬁs,spemﬁed 1n the
2,6-di-t- buté pheno I 5-di-tert- r oxyp. henyl

i oni ¢ acid bOPIFFCAR e Froleam( e ] R ﬂﬂ Anwwﬁwbﬁﬁér@welmes

propi oni ¢ acige %QQCBEQ'A 01@%?&1&)5 Qke as follows: Group 1 (sulphur content >0 03 M %
3-(3,5-di-tert-b droxy-phenyl) - propionic acid 2-ethyl hexyl

ester), am n#d/ @fo wnd/s s@u&ﬁeswspmnymép’hé dphk HytoapriTh ssudphualckyteatt ed
di phenyl am n typlga ny!

di phenyl am n‘gé Ogléép 3 }nll&’ >@Reﬁ9|,§n§aﬂlg9£g ?gg]t?t 11-]Id(8 §io0- hzor?me“% -
octyl styr engshlpiiupluenrtyhtaﬂ@ Y] wjr%dam R0 vdl %o&mguratds phwitanndaa)>120),

[O55211"Tne k5 0 B BT gl Sty o

| ubricating moGRapk i UNIII] SOM22] THNei] dEtetbriakihg Mgtokiey Bahpiigs a@rAPI
synthetic. In one_enbodi e t he deter entdﬁ }Qét hetlc {001&15] he
detergent may"B® & Pr¥Ratle BPuR IHuBRLR ile frpRR NG, O% mixEHo PaFEL

al kyl sal i cybatg th@ogalf maﬁ@ah%g VAscRity Geh API Grolh At Gr& thersaf 111,
[00124] In one enbodi nent the detergent conprises a phenate or a

sul phur i sed- Breirdieoll poorzwyes thersat Apoativelithe pd ofdelicgting viscosity
combri ses a Suhhanate €SLETOL. e UOher y al so
have corrosion il%nhilaggl; tor pﬁ p’)g}r}&ll%s 5 géi 6 ?‘h S’%tﬁtoﬁg%rgg%et er gent
of the conpodiii®tin Thehumdast Qfdhpoumdéubré;atiegeispe&itymﬁesdnelsfﬁypwallarhe
(R1) k- A- S03 rein.each,12. ' is.a ¥ ro

enbodi nment (ﬁ%n a“.%nr.%%mé ﬁ{tGTGSLibga‘a%%?% ?a#f)o% lggtogq %omfm%t'sOf
about 8 to atheyiolydQcr, alic aftdudar 8gérmn, mbcwfroﬂ@n Gaitinn aald antsr Prifcayabe

i ndependently, a.cyclic or acyclic divalent or multival ent hydrocarbon
group; Mis %lﬁ?j(’j ‘ffé a val ence of a nmetal ion, an anmmoni umion or

m xtures thelgmim amﬂe Kuﬁr&aﬁﬁgldah%a&loﬁfm e 1ﬁbl(HHtf05m Jfoa B¥&mRag O,
1, 2, 3, 4 I n one enbodi nent is 1, or 3, in another

embodi ment  1angorz Al fOﬁmahde@brI@amodf Hheritolgmer, ¢fp 2tTwaap agerd and the
enbodi ment k :mgp t

about 40 car dé% Sl%?gﬁr@bl ndré ﬁ@ tfgérrb ?gr??é %M%Eg%ggﬁawkl ﬁ?}z%gﬁoflﬁ)é%%a
al kyl group with hddibond! il todoai.autwhiblde oamtmnt atfonshed [h(h@fbﬁﬂﬂ) B artpl &S
of suitable tﬁle olf Icgr%%tgnentsk%lal) @)5 Pty ((Is)n((f tqi% p%%}n¥er th rflzoarlll}/z\a*’ear age¥1lt 'and the
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phenyl ene or fused bicyclic groups such as napht hyl ene, indenyl ene,

i ndanyl ene, bicycl opent adi enyl ene or m xtures thereof. In one

enbodi ment whd moenmrésses a napht hyl ene ring. [00131] | n dediineszemtossoso
enbodi ments the detergent is neutral or overbased. In one enbodi ment
the detergent is neutral. [00132] Exanples of a suitable detergent

i nclude at | east one of calcium Cg_ 20-al kyl substituted benzene

sul phonat e, cal ci um di nonyl napht hal ene sul phonate, cal ci um di decyl
napht hal ene s - di t

i pont adecy! - meRBR Byl ARRANLE BRNLAS ARG ELPGDA! b P hRac
enbodi nent t hibe detges g€h®9coRPrii lseseightibr 80:261to $0:19§ ity weighter based

cal ci um di non& nap| (t) haal en daulvphonat e, or mxtures thereof. [00133]
The det ergent—ﬁy—gg—%%t he lubricating conmposition in ranges
fromO to abO[lﬁ'l)IBI]Wt The cOnhpesinit oOih@Gdvdntioa @uubndllybfutheinclrdealao Wast
0.01 to about 0.7 % fl%00134 Vi scosity nodifjers other than the
pol yner (a) o2 R eT 27 Yfdi npfeh PHied geriRrBancso pefiynes snchyde
styrene- but adiignesantl f&i)éte?gh%tdorv@s%h%ﬂﬁxd%@H{%YJ%‘F&S(thﬁoik}’{/é&%‘rt&erﬁ&ﬁﬁers
hydrogenat ed styrene-isoprene polyrners, hydrogenated |soprene

pol ymers, pol §ihet thaw thel et ymerb yeqreRangnte(a pﬁﬂlﬁank@nﬁosi ywnepeidanta] fiemy |
aryl conjugat n Y f

anhydri de- stylﬁglr?gbgsogg y%gﬂri%gelé%n\}j% (rit)'!tltl %Ii)a%sspof’ 1? ﬁgﬁ{ﬁ Qat(ém&wh%
pol yners nay dsel diegnihydddd, raommmnmsethsreeﬂbst antially the sane as those

defined for t ly. I’IC convent i onal p

Dol vC ot by o OPLES! YIRS i fBhpip e Gfiane ' d1C O YRR b RGpnes aditiog
from a hal Ogecm)mp@ﬂnd@pﬂ@erg foR U (ﬂhﬁ:ea baﬁs G(ayS)chuGé @éﬂges bh 0G#AEY: to about
enmbodi nent tg%%‘g‘{gl’ ynmer _of the inv onvent| onal

vi scosity no OF §BAus ) Wirketa s Ebgé]t";tr%/mﬂilaﬁf"étro é‘ﬁw%{? A apPbP y¥fer

(a) of the ingegtiRd: 0BYS e WECHRNE 1 3kt K, W ab¥ut @08P XY, bt §o5 W o,
about 0.01 to about 12 wt % or about O, 05 to about 10 wt % or about

0.075 to abowf the \ﬁ@m%?%twm hélihgngh ene PhgoEv R 8 ethenperfapars)] adtidves
boxy! d
300, or about 800} pRATHT IS EhhSh IR AU AL AR s P La ek

400, or about car on-atons.
[00137] The oardb‘:ﬁswﬂlﬁmcamtscirelﬁﬁvamm?@hhudben hereof may be derived from

a polyol efin. ol yol ef be a nmopol yner, . copol s OfF

i nt er pol yner. [Hf.ﬁlé&? poj%(ystlz)let lfle dich §lsa tem6¥ Sar %ué’% tnlllg%*ﬂep%?@/eﬁ%ag? é%?bleéample
nononer s cont}alsmtbmgutadbmﬂg &atmalammtsudcﬁnirrﬂdesa,bmttanﬂlch@h@bﬂsuﬁt an coter-
about 2 to about car,bon at ons. Cfen theﬂgoé%nerl sabl e Cge
conpri se one G at‘i‘BP% GrPEstdy| &n&ondedstione thaf efc, atfyso%f garbyl
1, 3- but adi en&norﬁfcamox%l% Q@ylhh@%}@@én’t[\Q@H%ﬁlalhiﬁe%}earﬁﬁﬁﬁ@ raﬁrmk)tthanmo
carboxyllc acid or anhydride ereof, or derivatives thereof

conprises a SWEReIndigPaitand, 2 dnkirertyd-amies dipersant, capdjysthei €iseemsant, a
thereof 100 tﬂe?alﬁ ?&gﬁ'ﬂfm B giffgemal Mﬁlbrgs Rfrd gtsﬁéra Eﬁ(&jf bde

t her eof conpri ses a p utyl ene succinic acid or an
t her eof A norsecdeimilt, @dC@e@(ﬁCIQnSlt@nmoMaamsbldtsabﬂsentcar boxyI ic acid or

anhydri de t hgﬁ@gﬂ?ﬂl [SIBO 1 Fneo%d L YO R3/ 8.1%%%&'1%1 dg %spg an{ com]%ris&g o

page 37, lin n-one enbodi car ica
anhydri de thqmgdiqbuquembersumamnmés, tierdnf t}morpptmmtyﬂm maacé i tumber

product of dodecenyl | ni. %gr e oxide. [00141] The
car boxylic a&varag?}/@l]] Qrttt?gfig%’lmh(ggp B O@@ent in ranges fromoO
to about 3 wWiodhispr sttrc@mlahwals&r%@slaﬁcpt@bouteth%d%f%eﬁatatfotl%ab&*ét
0.001 to about 1w % or_fromabout 0.01 to about 0.5 % of the
| ubricating cohpéescribehin 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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[00142] Ot her performance additives such as foam inhibitors including
copolynmers of ethyl acrylate and 2-ethyl hexyl acrylate and optionally
vi nyl acetyad ejo7/4ee3sl sifiers including trial kyl phosphapesusioo7iosseso

pol yet hyl ene gl ycol s, pol yet hyl ene oxi des, pol ypropyl ene oxi des and
(et hyl ene oxi de- propyl ene oxi de) polymers; pour point depressants

i ncluding esters of nmaleic anhydride-styrene, polynethacryl ates,

pol yacryl ates or pol yacryl am des; and seal swell agent s including
Exxon Necton37T N 13 on | Seal FN 3200 and
di sper sant v?%cdglsig'fc %%l%g ng@( élﬁmﬁgfpé‘?sregc £ 8 aa R}II i Aicl® é%l%m
functionali sedbmﬁw@é édsicribed indy. SeRaapﬂI@o *40WABne- propyl ene

copol yners t ve been f ti on lized wit e reaction product of
mal ei ¢ anhydﬂ@hépg gné’r?ea?ﬁlﬁ%dcmﬁmp o HEFRE: 3?%{‘] FURRESSS | Ireggd"% th
an am ne, or dgpyrsONthBRLE Ifon? PEKAILUE/1GRP ah VIEHS ah@aGhEdx b tth Bfin a
am ne; may al so. be used in the conposition of the invention.

I ndustrial Applvisehetylsne pooidBlderhemenoliBf zitte i rbentiobrisqbatiienst ul
for Iubricat Mbglrﬁm}/cﬁré S@Iepw@n@m gade &%&la@&& T REIFRERANINC 8ln gne
devi ce conprises at one nt er nal ustlon engi ne (for
crankcase | ubmb@témeoh)he @Smmna@bmpriwsa @ﬁi)’l%)btlmetmlerwcsiyﬁnidmcomplex
circulating &%th z I¥Strenﬁnxtuar9s éhe%'ﬂ%%nd 3 sC 1I)ed 1nyn515reergetaal 1%3%%,&?3 ikl box,
an automatic fransm al Y Ensm Ssion. Th

di f ferent errt}mdm]entrhe ﬂn@emhmwado epdiscaesodpy icseentibndlershodity of
a hydraulic sys urbln system .a circu atln oil system or an
st 11 al of 1A EhaRith (g0} SHREST BT RSty SRanp bR e, uh

i1l ustrati ongi@fred, thlm&‘éQﬂbth@iutaz-Bl@SGcﬁ‘K@rﬂpHﬁﬁl al®, n@lﬂe guSitdtotes and
are not intended to limt the scqpe of the |nvent|on VPLES

[00146] Prep8ainis Badpl éYﬂrqcpII@ﬁ sppstitytegy ear Bt i ﬁnla'd&@%emalew
equi pped wi tﬂx}ﬁrdﬂﬂé rRgass 'egbﬁh :ggﬁ‘%ﬂ\gr&tc %ﬁﬁﬂhd@&&%&m H&ﬂg&mds

speed nmechani cal stirrer, upl e and a wat er-cool ed condenser
i s charged wint ﬁnatmhodggerg o @mer&@talskylqu@macbwmn@ Hyoeally2dy of

Met hyI met ha t o] 2 a bqut
4. 07 of 2- gog!éag ﬁislstﬂ%gsﬁ I’O(%rﬁ?ﬁ-ls%zsar ftt)lcljny su{h?%{z;gﬁ ]ﬂiééeggeﬂl Fg&ém?egni%c
acid dodecyl ptﬁstsebutykehai suct:mamsifeerwmgemt )tharpzbl;amjnﬂyléﬁe Zhag af nmmber
The contents_of the 1veLgseI {3 fs Orrsgﬂ(?mder a nitrogen blanket for
about 20 mi nH{EEABOER Elrr‘gelg 91 G0dR Xing. The nitrogen flowis
reduced to ajsouwi9]14TRe IdIstérsamdna}hee Ii]ités'élwﬁ 0 srts«e&o o e Reead, e abeut
about 90 C f‘é) aboag);t9 3 hours. éig 05 g .of ethyl ene fgI ycoI o

di met hacryl a$-85i%¢ %@abd- &t fe % g‘éloéntﬁ %h@@t mixPilira qfsthst upriggting
about 90 C feym@nita@di tional about 3 hours. The resultant product is
a mxture of poI nmers and i s then cooled to anbient tenperature. The
maj or pr oduc[ﬁﬁi?éct PaHoxidanth apdedcemolbdenyn wampﬁgn@ sneh ghtmqiv@eag@

nol ecul ar t I

nol ecﬂl ar wel 8@’"&% n%ggﬂtsu%ﬁ?g%gogﬁ ibagl ?I%}ﬁ po ngrfag?teﬂ;ﬁ%g Pg%%

have at | easrtea@eqbohj&nprqpodmﬁrrs{i@a:(molal nahngl hbduntd@@i phefglof2, 631:12~tar5
I kyl met h I te t 2 I t

et e £ RIRE, gl N TSRS Sl AL

pol ymer chai m&ny])@ﬁdﬁahlc%ﬁﬂdaﬂﬂlylvesﬁxalﬁp@% di-{eCiEdytyli-$-hgdioixpehenyl)-

pol ynet hacryl ate prepared in equi pped th a nitrogen inlet flaow ng
AT i A R B R A S A

nechani cal Sﬁrb foflo @cmernt@cﬁ91%ek a@@Iera) V\Bé:ﬁhrcco%%oﬁmde%ﬁ@ﬁ ¥
charged with out 381.4 1gof C1Z2 15 Oa/l nmet hacryl ate, about 62.28
1

g of methyl @I@pﬁlaehwah@y @fmormtky@atgd pb@ﬂyia%@m(tﬁnq@m difnonyl

Tri gonoxTm yl
contents ofz(li.1 %éﬂ\%dggg gﬁ ﬁ?&l&lﬁq Fn xe%?fl deﬂﬁ%g nglgéf?f P%—?gn?dyl
m xi ng. Aboudiplamgianmine,d aictytlhesuymél diphteidsinar e ot r adieflsi r edinonglo

anot her vess(?l heny tn%lmr;u)l ng equi pped with a nechani cal overhead
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[ 00148] Hydraulic system |l ubricating conpositions are prepared

contai ning the polyners of Prepl or CEl, other additives and base

oi | . Lubri eatdongizeegposition 1 (LC 1) contains about 6. g8 /wd20f008d950
Prepl and further contains a total of about 0.85 w % of all other
additives (i.e. a zinc containing antiwear agent, a benzotriazole
corrosion inhibitor, a naphthal ene sul phonate, an anti oxi dant, a
phenate detergent, an antifoam agent, a dispersant and about 0.2 Wt %

of a pol yacr o] Ent f Lubr.i [
Cormost ) on (HBLEYPY Ths RALABPRLS B0 £ 6 BOFEERs b B et o
used at aboutal®uRlwwiamdatiochel base almiut 0iSwt Bduckd deratink oghposition.

001491 The | jcati conposi tigns are, eval uat ed det er m.ni ng ,t he
i nomat i o i SOBLIATLERS aCRARER iy O ieSL B SR oY ph R BT
ASTM net hod DE4&pentTheynth@rosity index (V1) is also determned by

enpl oyi ng ASTM net hod D2270. The results obtained are as follows: WO
2007/ 127663PdP 00 hosbBECte 812y b8 RLLRCTRIS St suiphwissdinhgnate, 200

\a g(r:g];z{ s) I ﬁd%)l(ﬁzogaﬂéi, REMRLI QI 8R08 shiYx addte ADsab ot AL Sthixdre S tiftre ok,
Y [00124] In one embodiment the detergent comprises a phenate or a

sulphurised-phenate.

[00125] 1In one embodiment the detergent comprises a sulphonate detergent,
The sulphonate detergent may also have corrosion inhibitor properties.

[00126] The sulphonate detergent of the composition includes compounds
represented by the formula: (R!)—A-~SOsM, wherein each R' is a
hydrocarbyl group in one embodiment containing about 6 to about 40, or about
8 to about 35, or about 8 to about 30, or about 8 to about 20 carbon atoms; A
may be independently a cyclic or acyclic divalent or multivalent hydrocarbon
group; M is hydrogen, a valence of a metal ion, an ammonium ion or mixtures
thereof; and k is an integer of 0 to about 5, for example 0, 1, 2, 3, 4, 5. In one
embodiment k is 1, 2 or 3, in another embodiment I or 2 and in another
embodiment 2.

[00127] In onc embodiment k is 1 and R' is a branched alkyl group with
about 6 to about 40 carbon atoms. In one embodiment k is 1 and R! is a linear
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 earth 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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149 153 [00150] The lubricating conposition is also subjected to
shear as determ ned by KRL tapered bearing shear stability test. The
I nst r umentwb Serdyebpr about 20 hours wi th about 5000 Nptegdoodseadaout
140 C and at about 1450 rpm The viscosity data obtained fromthe
test is described in ASTM net hod D445. The results obtained are: Test
LCL RLC1 New G| Kinematic Viscosity at 100 C (im2/s) 8.32 8.062
After Test Kinematic Viscosity at 100 C (nmm2/s) 7.26 6.857 Shear Loss

(% indanylene, bicyclopentadienylene or mixtures thereof. In one embodiment A
comprises a naphthylene ring.
[00131] In different embodiments the detergent is neutral or overbased. In
one embodiment the detergent is neutral.
[00132] Examples of a suitable detergent include at least one of calcium Cs.
z0-alkyl substituted benzene sulphonate, calcium dinonyl naphthalenc
sulphonate, calcium didecyl naphthalene sulphonate, didodecyl naphthalene
sulphonate, calcium dipentadecyl naphthalene sulphonate, or mixtures thereof.
In one embodiment the detergent comprises neutral or slightly overbased
calcium dinonyl naphthalene sulphonate, or mixtures thereof.
[00133] The detergent may be present in the lubricating composition in
ranges from 0 to about 3 wt %, or about 0.001 to about 1.5 wt %, or about 0.01
to about 0.75 wt %.
[00134] 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, polymethacrylate, polyacrylate, polyalkyl
styrenes, alkenyl aryl conjugated diene copolymers, polyolefins, and esters of
maleic anhydride-styrene copolymers. Conventional 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 thereof 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 thereof may be derived from a

polyolefin. The polyolefin may be a homopolymer, copolymer, or
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12.74 14.95 [00151] The lubricating conpositions are subjected to
eval uati on using ASTM Met hod D4310. The test eval uates the tendency
of inhibitwdwoneras oil based steam turbine | ubricant secmgk260Ti056a8@ET
hydraulic lubricants 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 C. The results obtained are as foll ows:

A0 e ORI 0TG5 38 LALE it SR8
containing about 2 to about 16, or about 2 to about &, or about 2 to about 6
carbon atoms. Often the polymerisable monomers comprise one or more of
propylene, isobutene, 1-butene, isoprene, 1,3-butadiene, or mixtures thercof.
[00138] In one embodiment the carboxylic acid or anhydride thercof, or
derivatives thereof comprises a succinic acid, anhydride thereof, or carboxylic
ester thereof.

[00139] In one embodiment the carboxylic acid or anhydride thereof
comprises a polyisobutylene succinic acid or anhydride thereof, A more
detailed description of a suitable carboxylic acid or anhydride thereof is
described in WO 93/03121, page 33, line 10 to page 37, line 20.

[00140] In one embodiment the carboxylic acid or anhydride thereof, or
derivatives thereof comprises the reaction product of dodecenyl succinic acid
with propylene oxide.

[00141] The carboxylic acid or anhydride thereof may be present in ranges
from 0 to about 3 wt %, or from about 0.0001 to about 3 wt %, or from about
0.001 to about 1 wt %, or from about 0.01 to about 0.5 wt % of the lubricating
composition.

[00142] Other performance additives such as foam inhibitors including
copolymers of ethyl acrylate and 2-ethylhexylacrylate and optionally 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 Qil
(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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140. 4 Copper in Water 3 15.1 Copper in Sludge 10.8 27.45 Total
Amount Copper 200 ng (max) 158.5 182. 95 Copper Rati ng
WO 2007/127663 PCT/US2007/066950

Industrial Application
[00143] The method of the invention is useful for lubricating a variety of

mechanical devices. The mechanical 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,

[00144] In different embodiments the mechanical device comprises at least
one of a hydraulic system, a turbine system, a circulating oil system, or an
industrial oil system.

[00145] The following examples provide illustrations of the invention. These
examples are non exhaustive and are not intended to limit the scope of the
invention.

EXAMPLES

[00146] Preparative Example 1 (Prep 1) is prepared in a vessel equipped with a

nitrogen inlet flowing at about 28.3 L/hr, medium speed mechanical stirrer, a
thermocouple and a water-cooled condenser is charged with about 80 g of Ciz45
alkyl methacrylate, about 20g of Methyl methacrylate, about 0.55 g of TrigonoxTM-
21 (initiator), about 4.07 g of 2-dodecylsulphanylthiocarbonylsulphanyl-2-methyl-
propionic acid dodecyl ester (chain transfer agent) and about 48.2 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
Ci2.15 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

32



1B 4A Steel Rating Bright Tarnished [00152] The data obt ai ned

I ndicate that the lubricating conpositions of the invention provide

| mproved Kwoexei2e66¥i scosity control at a | ower treat rrirar2mEncaso
conparative exanple whilst nmaintaining the appropriate lubricating
performance for a hydraulic system [00153] Wile the invention has
been explained in relation to its various enbodi nents, it is to be
under st ood that vari ous nndifications thereof will becone apparent to
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The vessel is then heated to about 110 ©C with a nitrogen flow rate of about 14.2
L/hr. After the reaction temperature reaches an exotherm peak, the remaining two-
thirds of the 2/3 of monomer mixture (from the first vessel) is added through the

addition funnel over a period of about 90 minutes, before cooling the vessel to about

110 ©C until the end of reaction. The vessel is charged with about 0.2 g of
Trigonox™ 21 in about 1.8 g of oil and stirred for about one hour. This step is
repeated 3 more times. The contents of the vessel are stirred for about one hour
before cooling to ambient temperature. The resultant polymer is characterised as
having a weight average molecular weight of 36,600 g/mol and number average
molecular weight of 19,900 g/mol.

[00148] Hydraulic system lubricating compositions are prepared containing
the polymers of Prepl or CEl, other additives and base oil. Lubricating
composition 1 (LC1) 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 CEl is used at
about 8.2 wt % and the base oil is reduced accordingly.

[00149] The lubricating compositions are evaluated 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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(c) Ow %to 10 W % of a nitrogen containing nononer; (b) an
antiwear agent; (c) a corrosion inhibitor; and (d) an oil of

| ubri cati mvgo Yiosgensdst y. 2. The | ubricating conposii/spomisessh ai m
1, wherein the shear stability index is 20 to 90, or 30 to 60.

3. The lubricating composition of claim1 or 2, wherein the

| ubricating conposition further conprises a conponent of |inear

pol ymer chains. 4 The Iubrlcatlng conposltlon of any one of
Cl al m 1 to J, VVIIBI el ] L té pUI VAL lld.b a1 dllut)@js ld.pe eu Ii I ULK
tri-block, or multi-bloc archltecture The Iubrlcatlnq

conposi tion|of Hinenanie Vifcosltaas001°G 0 4, wher &i2n t he pol ynmeR.0i s
derived from 20 wt % orma¥s® of a nono-Vi nyl nononer. 6. The

lubricating | daHBRAsid VRBodHy ARY "ON@uRYs)Cl al ms 4730 5, phereiqs fhe
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7. The lubricating cgﬁfﬁ§ﬁﬁﬁéﬁ‘of claimé eieln the pol vl s
obt ai ned from RAFT pol yneri sation processes.

D

[00150] The lubricating composition is also subjected to shear as determined
by KRL tapered bearing shear stability test. The instrument is run for about 20
hours with about 5000 N load, at about 140 °C and at about 1450 rpm. The
viscosity data obtained from the test is described in ASTM method D445. The

results obtained are;

Test LC1 RLCI

New Oil Kinematic Viscosity at 100 °C (mm?/s) 8.32 8.062

After Test Kinematic Viscosity at 100 °C 7.26 6.857
(mm?%/s)

Shear Loss (%) 12.74 14.95

[00151] The lubricating compositions are subjected to evaluation using
ASTM Method D4310. The test evaluates the tendency of inhibited mineral oil
based steam turbine lubricants and antiwear hydraulic lubricants to corrode
copper catalyst metal and to form sludge during operation in the presence of
water, oxygen, and copper and iron metals at an elevated temperature. The test

duration is about 1000 hours at about 95 °C. The results obtained are as

follows:
D4310 Test Parameter Measured | Test Pass Limits LC1 RLCI1
Sludge Accumulation 100 mg (max) 82.6 80.8
Copper in Oil 1447 1404
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
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8. The lubricating conposition of any one of clains 1 to 7, wherein
the polyner is present at 0.01 to 12 wt % or 0.075 to 8 wt % of the
| ubri cat i ngoGRHASSRkS | ONn. 9. The lubricating conpegivshfodbseany
one of claims 1 to 8, wherein the antiwear agent conprises at |east
one of (i) a non-ionic phosphorus conpound; (ii) an amne salt of a
phosphorus conpound; (iii) ammonium salt of a phosphorus conpound;
(iv) a nonoval ent rretal salt of a phosphorus conpound; or (v)

m xtures of (| i i (1 brlcatln 05|t

of any one of[b@%ﬁ é Q’L é’r]@fiﬁfa{ehtg‘aﬁﬂl (}&gﬁf’a’:&’&eﬁq tlh
met al di al kyllﬂl'wetnhlb@gh@&aaaﬁqprmm{memﬁc eHsabdiy wiﬂﬁammataelower treat raté—l
The lubricating conposition of any one of clains 1 to 10, wherein the
antiwear agerfdy & fﬂ%%f’é?ﬁ"ea?x%nlﬁeo‘i it ogingpining, the, appromyiate \Wbregatipg 1

w % of the pr@{%hﬁﬁ{cbqgr £RPMAeSid §RRm.12. The lubricating conposition
of any one o clalms to 11, whérein the corrosion inhibitor

conpri ses at ofailefthe nb@ntlgn riiaa ke sexplyineg in relation to its various

2, 5- bi s(al kyl {n%atdnﬁquts 1?' C al msrﬁ%%%& %a’s jx%n-(l)_ng nllc{lﬁﬁ 1n.’:a(fi%§1§ r!Qerf.:of will

conposition o ny oné of e corr
inhibitor is bpccﬁsemppa‘entouﬂﬂﬁﬁevsﬂal%dtm thewbrt %ponrre@dﬁ@Otﬁevs!pe@{(ﬁtmuﬁL 05
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phenate or a sul phonate.
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15. The lubricating conposition of claim 14, wherein the sul phonate

contai ns a naphthal ene ring. 16. The |ubricating conposition of claim

14, wherein the sul phonate conprises at |east one of at |east one of

cal ci ungﬂ_} rt"i)snélll . na(pht hal ene sul phonat e, cal ci um di decyl napht hal ene
df'd

sul phonat' €, "aF8B¥ECYt napht hal ene sul phonate, cal ci um di pent adecy!

napht hal ene sul phanabRcat@fg donfddsitas Edmpeahg:17. The | ubricating
conposition of clainms 14, 15 or 16 wherein the sul phonate is present

at 0 to 3 w& ©O0Qoto 11§ wt Fovaf agobimethagylete wolymenwwithy (i) 8. weight average

| ubr i cati UL Cof . chai . g
B SETRRI b G Ay 68 e i 0 d TR O e
wei ght  theqrodgaenbiseaidiaor \weir githiadctut20ai0@hé@in/ 2, f10methadrylate Jis derived

shear stability index of 30 to 60; ) l(b) 0.0001 vt %to 5 wm %
of an aHPMEEETgEEREomposition cppsistinoesentiallvst o 5 wt % of a corrosion

87wt o610 99,08 W DoFLh BRI &(Ef"}f?{“a?‘.kﬂ'gt‘ﬁ@%% ll;a%?.r\glle&?i/g the, 4}
for | u_bgliouatoifm]ge meﬂmb&mﬁedmb_menimeonbhm i Scapon asupgl ying to the
(rjrg\(iihggl ?:gl adeVI Ce(bsl bl{aptr%ctgtéi!on t%oo gl? Iahcly??ﬂeti\{\g]c%d%lteij V\Ehhe?eiget Q aaﬂéy??glroup
of the methacrylate has 1 to 9 carbon atoms; and
(c) 0wt % to 10 wt % of a nitrogen containing monomer;
(b) an antiwear agent;
{(c) a corrosion inhibitor; and
(d) an oil of lubricating viscosity.
2. The lubricating composition of claim 1, wherein the shear stability index
is 20 to 90, or 30 to 60.
3. The lubricating composition of claim 1 or 2, wherein the lubricating
composition further comprises a component of linear polymer chains.
4. The lubricating composition of any one of claims 1 to 3, wherein the
peolymer has a random, tapered, di-block, tri-block, or multi-block architecture.
5. The lubricating composition of any one of claims 1 to 4, wherecin the
polymer is derived from 20 wt % or more of a mono-vinyl monomer.
6. The lubricating composition of any one of claims 1 to 5, wherein the
polymer is obtained from RAFT or ATRP polymerisation processes.
7. The Iubricating composition of claim 6, wherein the polymer is obtained
from RAFT polymerisation processes.
8. The lubricating composition of any one of claims 1 to 7, wherein the
polymer is present at 0.01 to 12 wt %, or 0.075 to 8 wt % of the lubricating composition.
9. The lubricating composition of any one of claims 1 to 8, wherein the

antiwear agent comprises at least one of (i) a non-ionic phosphorus compound; (ii) an

amine salt of a phosphorus compound; (iii) ammonium salt of a phosphorus compound;
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hydraulic system and wherein the lubricating conposition conprises
the lubricating conposition of any one of clains 1 to 18.

(iv) a monovalent metal salt of a phosphorus compound; or (v} mixtures of (i), (ii), (iii)
or (iv).

10.  The lubricating composition of any one of claims 1 to 9, wherein the
antiwear agent comprises a metal dialkyldithiophosphate or a metal dialkylphosphate.

11.  The lubricating composition of any one of claims ! to 10, wherein the
antiwear agent is present at 0.0001 wt % to 5 wt %, or 0.1 wt % to 1 wt % of the
lubricating composition.

12.  The lubricating composition of any one of claims 1 to 11, wherein the
corrosion inhibitor comprises at least one of a benzotriazoles, or a 2,5-bis(alkyl-dithio)-
1,3,4-thiadiazole.

13.  The lubricating composition of any one of claims 1 to 12, wherein the
corrosion inhibitor is present at 0.0001 wt % to 5 wt %, or 0.0005 wt % to 0.05 wt % of
the lubricating composition.

14.  The lubricating composition of any one of claims 1 to 13 further
comprises a detergent, wherein the detergent comprises at least one of a phenate, a
sulphurised phenate or a sulphonate.

15.  The lubricating composition of claim 14, wherein the sulphonate contains
a naphthalene ring.

16. The lubricating composition of claim 14, wherein the sulphonate
comprises at least one of at least one of calcium dinonyl naphthalene sulphonate,
calcium didecyl naphthalene sulphonate, didodecyl naphthalene sulphonate, calcium
dipentadecyl naphthalene sulphonate, or mixtures thereof.

17. The lubricating composition of claims 14, 15 or 16 wherein the
sulphonate is present at 0 to 3 wt%, 0.001 to 1.5 wt %, or 0.01 to 0.75 wt %.

18. A lubricating composition of any one of claims 1 to 17 comprising:

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

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

(c) 0.0001 wt % to 5 wt % of a corrosion inhibitor;

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

(e) 87 wt% to 99.98 wt % of an oil of lubricating viscosity.

19. A method for lubricating a mechanical device comprising a supplying to

the mechanical device a lubricating composition, wherein the mechanical device is a
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hydraulic system, and wherein the lubricating composition comprises the lubricating

composition of any one of claims 1 to 18.
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