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[0003] The processing of the star polymers is complex. The star polymer
disclosures describe making polymers with arm-first, core-first or arm-core-arm
approaches. In addition anionic polymerisation processes require more complex
processing. For instance, the process requires highly pure solvents and an inert
atmosphere substantially free of water, and typically performed at sub-ambient
temperatures.

[0004] It would be desirable to have a polymer suitable for use in lubricating
compositions with at least one of acceptable viscosity index improving

characteristics, acceptable cleanliness, acceptable shear stability, acceptable

viscosity index per thickening efficiency and acceptable dispersant properties.
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(i) 30 wt % or higher of a hydrocarbyl-substituted (meth)acrylic
monomer, wherein each hydrocarbyl contains greater than § carbon atoms; and

(ii1) 0 wt % to 40 wt % of a hydrocarbyl-substituted (meth)acrylic
monomer, wherein each hydrocarbyl contains 8 or fewer carbon atoms; and

(iv) 0 wt % to 10 wt % of a nitrogen containing monomer.
[0007] In one embodiment the present invention provides a process for
preparing a polymer comprising reacting at a temperature of 45 °C or higher:

(1) 0.001 wt % to 7 wt % of a di- or higher functional crosslinking
monomer;

(i) 30 wt % or higher of a hydrocarbyl-substituted (meth)acrylic
monomer, wherein each hydrocarbyl contains greater than § carbon atoms;

(ii1) 0 wt % to 40 wt % of a hydrocarbyl-substituted (meth)acrylic

monomer, wherein each hydrocarbyl contains 8 or fewer carbon atoms;
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monomer, wherein each hydrocarbyl contains § or fewer carbon atoms; and

(iv) a free radical initiator; and

(v) optionally a chain transfer agent;
to form a crosslinked polymer; and

(2) adding or preparing a conventional polymer in the product of step (1).
[0012] In one embodiment the present invention provides a process for
preparing a polymer mixture, the process comprising:

(1) preparing a conventional polymer; and

(2) in the conventional polymer of step (1) adding and reacting at a
temperature of 45 °C or higher:

(1) 0.001 wt % to 7 wt % of a di- or higher functional crosslinking

monomer,



(1) preparing a conventional polyner; and (2) in the
conventional polyner of step (1) adding and reacting
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copolymer. In one embodiment segments of the crosslinked polymer may have a
homopolymer, a random copolymer or a block copolymer architecture between
crosslinks of the crosslinked polymer.

[0019] In one embodiment the present invention further provides a
crosslinked polymer obtained (or obtainable) by the process described above.
[0020] The process for preparing a crosslinked polymer may be carried out at
a temperature in the range of 60°C to 250°C, 70°C to 200°C or 80°C to 150°C.
The process may be carried out for a period of time in the range of 30 seconds to
48 hours, 2 minutes to 24 hours, 5 minutes to 16 hours, or 30 minutes to 4 hours.
The process may be carried out at a pressure in the range of 86.4 kPa to 266 kPa
(650 mm Hg to 2000 mm Hg), 91.8 kPa to 200 kPa (690 mm Hg to 1500 mm Hg)
or 95.1 kPa to 133 kPa (715 mm Hg to 1000 mm Hg).

[0021] In one embodiment the present invention provides a process for

preparing a polymer mixture, the process comprising:
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co%%gl\l/t?or]&alllongllyme?o{]s defined in more detail as a conventional, non-
crosslinked viscosity modifier as defined below. In one embodiment the
conventional polymer may be prepared by reacting the same a hydrocarbyl-
substituted (meth)acrylic monomer as is reacted from (ii) and/or (iii) above.
[0025] Typically the reactants of step (1) may be at least 50 % reacted or at
least 80 % reacted before commencing step (2). In one embodiment the reactants
of step (1) are substantially completed depleted resulting in a final product that
may be relatively unreactive towards products of step (2). In another
embodiment the reactants of step (1) are partially reacted before carrying out
steps (2).

[0026] In one embodiment the product of step (1) acts as a polymerisation

medium during the formation of the conventional linear polymer. Therefore step
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controlled free radical
by Krzysztof Matyjaszewski and Thomas P. Davis, Copyright 2002 and
published by John Wiley and Sons Inc.) discloses possible mechanisms for the
formation of the crosslinked polymer by ATRP or nitroxide-mediated stable free-
radical polymerisation processes as described above. A reversible addition-
fragmentation chain transfer (RAFT) polymerisation may also be employed (see
Chapter 12, pages 629 to 690 of the “Handbook of Radical Polymerization”,
Edited by Krzysztof Matyjaszewski and Thomas P. Davis). In one embodiment
the controlled free radical polymerisation is selected from the group consisting

of reversible addition-fragmentation chain transfer, atom transfer radical

polymerisation and nitroxide-mediated stable free-radical polymerisation.
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i s not a star-polyner. [0034] In one enbodi nent the

Padplossl i nked pol ymer is substantially free of to free

[Og{} gﬁs er?{] %&er% SIdin &P nlflo gg%] Ql/r&n igh EP?I%HP&% | @08 when hi gher

"Mohoner eature o
cotnbentpart&me rdf thp rossiinkimg menémer Meomkiltlklﬁdparpcthy redsslisked

pal gmgﬁelr %v’g{ﬂg? g’%l ezgg@slpqitlllanl»pg ngjg%r\(,:\,ggli){f’elalfrgtgglgq O%O%ee radical
1nmﬁ&% ranfd}‘ﬂ}céh'aﬁ{‘ﬁ’hnscf&o§§én't§g l: 'cl;fsig hf%?%? Bheenl3fion@BPYRE Qfical

di - or higher functional ki ng nononer is
ingrassrindior @nimmeositr agantsliand belstvetilte deossbdilid pyssttolity of

L R SRS e 5 SRR o S qpigions o
thB@feclida® #cifigHo el Rl dOfhail HaRbfer agents will be be apparent to a
person skilled in the art.

[0037] In other embodiments the di- or higher functional crosslinking
monomer may be present at 0.05 wt % to 6 wt %, 0.075 wt % to 3 wt %, or
greater than 3 wt % to 5.5 wt % of the crosslinked polymer.

[0038] The di- or higher functional crosslinking monomer includes free
radically polymerisable moieties. These moieties may have the same or different
reactivity towards free radicals. These moiecties typically include unsaturation.
Examples of moicties include (meth)acrylic, allyl, vinyl, styryl, conjugated

double bonds, or mixtures thereof.



[0036] A person skilled in the art will appreciate

t hat when hi gher concentrations of the crosslinking
WOor0wses10sr e used to prepare the crosslinked PCH/ysn7/083728

it may be desirable to have hi gher concentrations of

dIC ators nd/or C |ntransfer agents. .
lﬂﬁ‘ﬁ Srhe?t %n%nM%mné of dif @ Hghgre Apnctiohay | %9&5@111%
ma&%@[r SRAIrRcl r@rm?fun@gsﬁms p@ﬁt@e@%t%veﬁoﬁanﬁe@ga@gﬁee a

the possibility of "formng a gell'ed pol ymer.
p@pﬁlmopom@t(me&dﬁu@'ﬂate,rd@mb nphacgditcannerati gns mﬁtance ldevinyl
b r adi % pi a(l IS and/ or chal transf 5

et d st h eRRE: SERSERI ok AR a8 JRp e or
mE@AStlatt Rs@f BEE RMAAL RN SnindE W on®enmbodhiént the functional

functional crosslinking nononmer may be present at
crosspmkig welapreermcowpr@e@)?e {ii- ofpetignaht ong higher (grestlimking
{ng%g%ﬁ?; %to 5.5 wm %of the crosslinked polyner.
" The di- or higher functional crosslinking
[00%v0oNEExkmplesdest f4 e@olyvattneal(ytipadrytier isattnger include a
noi eties. These noieties my have the sane or

dipethdcapipte, rtélé@teﬂ\)%r)}’latt%mfeﬁt@émﬁﬂ]é@W% ©F] Sactiypgguivalents
t L [
thR0E HE3 DIUPHERLC ¥r pBRHA: (ORH U] Bh) B SHATRICAmfL. for
insten§aig atetithcrylomid eobamasylapridej ot ieretsva dpriedents Thaaepf.

083G FSAPEI L i o v grBPet UL R OUN G et inglude

diVRPERZ e O TPT 'dﬁf‘e%ta@rﬂﬁhwlunCth'eQﬂﬁEthQ@ﬂﬂaﬁ@r yt rHlbétﬁ!lelrythmtol
mono( et hyacryl at e, pol yfuncti onal th)acryl ateé,

hemawrmwe,ntmeatapwthmtqlrmmmfrthwm‘atq rtsmamt@er Ivﬁomolctaacrylate
a nct | acr ner r
ARl RuBPV St PR Gk BuPROBIE by and
m@tﬁla&@zﬂatagn Be) pol}&tlﬁﬂ@neﬁn’g%bmen@f t AR lddungt i weight 200-4000,
crossl i nki n(g nonomer conprises a tri- functional or
10

pq%y@qpévla@ﬁoeg inldiwf?@ylamnmmaer}[tboum tEReiites pentaerythritol

trlgr?é(tﬂélﬁﬁl?la eryla tteHrﬁEftfl%/l(a n@t E? ! y{ %lg% Ligje%taaelrythlrltol diacrylate,

peneterpthniedlhyacraygtydite, Ctr‘leﬁ@dmtel géyoat udivadynt s tricthgreaof glycol

r a pol yam ne m de (such
dlg@ﬁ%mlﬁé flopl- tﬁlﬁl@ﬁﬂa@er%aﬁet AR ST e ogewethylenedlol
e) q her.eo [ .
TR e R s R Sr R
(mmkn)canarlamrdrl ude divinyl benzene di pentaerythritol

0PFX 0 AP t of Bovei et bk RieamOgama W Hifn moieties

ineRidaedIi RuktRk, ﬁ%@@?[dﬂg@ﬁ)ﬁne dRARY aghtt Ayt %lentaerythrltol or
tetraacrylate, pentaerythritol tetranethacrylate,

mixtercadherrelt es and

[0043] Examples of di- or higher crosslinking monomer containing moieties
with different reactivities towards free radicals include allyl methacrylate, allyl
acrylate, propoxylated allyl methacrylates (commercially available from
Sartomer including CD513®), propoxylated allyl acrylates, ethoxylated allyl
methacrylates (commercially available from 3B Scientific Corporation,
Amfinecom Inc, and Monomer-Polymer & Dajac Laboratories Inc), ethoxylated
allyl acrylates, or mixtures thercof.

[0044] The crosslinking monomer may be present as a portion of the

monomer charge at the beginning of the polymerisation. The incorporation of



nmet hacryl ates of pol yethylene glycols of nolecular

wei ght 200- 4000, pol ycaprol actonedi ol diacryl ate,
w@eosasiys hritol triacrylate, pentaerythritol PCT/US2007/083728

trimethacrylate, 1,1,1-trinethylol propane triacrylate,

entaerythritol diacrylate, ent aeryt hrjtol . .

thf e&rP%\SEI@?wgammWF Py HEnBOYMRE oy i yhagtion of (i) relative
reh &N YnAN @i Pl domebntrdidiedrafl ey @b Rlinking monomer (studied in

1,1, I-trimethyl ol propane trimethacryl ate,

“Frencates lny Pehaiérédatiod; ACrEdition”, dvediex &bahylobneWiley & Sons,

ol 397 B B2 o BN G B FER MG ERences i

theoRae@yityMolf hthal érgks MRigt ingSnonhdtChdldenplatad t& Uoh0&8sslinking
trlnethylolprogane di allyl ether, allyl o '
mpeemele RArhmiaobs some ikt ir iy anevriop! clmodBiinEaenArey in

dj - laher. cr Wel i
iy o SFS e ASLN, PRI SOARLEY Agst rovar
the @dd @dltbe pabinudBatibh.y lOnvedkildet i thiceart alllyydppraciagek atia,if the

ropoxyl ated all nmet hacryl ates (commercially

I
Cfg%%limkg’cﬂ BoNPBIef %érat YHEST TCRENVIE denctis afhey ymonomer that the
poﬁ%ﬁ@&xyﬂoﬁggﬁj Ay waig" Khﬁ CRss e&&@%wﬁgdmﬁhbﬂer. As the

thacrylates (commercially avalla om 3B
pdbgimensatfanccddompes dte w@imtiveArvhicexgcadmnl oiftthe amokslinking monomer

.Mb - Pol Daj L tories.| , _eth | d
RN KEPATTBEO gh U Be GBS TRATEGH s {OPBRITRLerclore th

arGé BR U1 LG KR HFonTBRYin R aRseRRRd A8tcainP Hel ic@BH@ will be
the nononer charge at the beginning of the

high¢rydrey fostht icdlect Thehis meosgsod sonemtefiong W de08o0B8 18 led
. PCT/ US2007/ 083728, the crosslinking.nmnonmer into the
i A ey b dh ke FIBRTRT® o PR RPElcs Qo cact

chand (ii) concentration of the crosslinking nononer

studied in "Principles of Polymerisation, 3rd o
[0B45k i ory pesesr gellcdiinrthe yohivilly Pesregiatofat if|the  crosslinking

mpiither RARERG A NGOLE of bBIRTRABRRC R Bplh iR such o
prot s siré rikér:]hygo enatsEde g8 @ogpaff et ﬁr@sﬂgﬂ)lﬂm&mﬁ%&l [ Pki ng
nomer there may he some drift int mount o .
10878551 #M@ﬁ_@uﬁﬁﬁ%ﬁglrm%%s tlh st Vit rafeie dHIdFgRar Byl sypstituted
(nﬁggﬂé%gﬁmcﬁﬁBh&ﬂeﬁsangoﬂﬂ RE bethet cqo§s|'1119_§ﬁ1gf ﬁBH@ﬂe{] Fh\%grt% id%Ht‘?cal,

of the polynerisation. One skilled In the
sifnilkt yr dffredi df € tehativity of the hyclrassbydbsgtuteah@neh)acrylic

has a | o r tivity then the ot her.pononmer that the
Ty e B nG ST PE MRS SeS TGSk Fiadifgrenes may
bdRELIHRH-30R%, bNRss RRNYIEY, §Alds@hasoNt ¢nues the relative

concentration of the crosslinking nononer rises as a

(084 ekt eV immotherhtiglon fonctiana! erdselinlipaeranonias is @ iswimenctional
rng-t g&% a E,ethtehr%activity of the crosslinking monomer may be approximately
equivalent to that of the hydrocarbyl-substituted (meth)acrylic monomers (see
“Principles of Polymer Chemistry”, Paul Flory, Cornell University Press, 1953,
pages 391).

[0048] A person skilled in the art will also appreciate that the amount of
crosslinking monomer may be varied depending on the amount of chain transfer
agent and/or free radical initiator used. Typically, in the presence of a chain
transfer agent higher levels of di- or higher functional crosslinking monomer

may be used. Conversely, in the absence or presence of reduced amounts of



amount of crosslinking nononer in chains fornmed |ate

in the reaction wll be higher due to the effect of
WO P008/05816% eased concentration. It is clear to PCBEUS2007/083728

skill ed in the art, however, that these nononers are

still cor por at ed throu hout ach _ .chai A. .
chji SRS Sk i T qHGeA AR O 1a|8|5rhé%1il%{t Bineligat, drophigking
m6h&ast iekbfgregrononer is added at the end of

pol ynmeri sation, the polynmers formed by such a process
(Mieth)A érigkit Momprher outS| de the scope of the present

[Obggﬁn-t 3?1? : %gr%gﬁ 0 éé\%ﬁ?} s@%ﬁ&t?& t atthlj]acryhc monomer”

1n61ﬁ6%§")rﬁ@th¥&r'y{htmwf@r scrande tRadrs,0f mickiRicey19®sddsNicAdamides,
nononer be identica simlar or different. If

acrylec ﬁ@écmﬁ agxyligfacitheachylanioa bes Bythasnpeniteile asgwell as mixtures
that of the crosslinking

thggﬁgnmgggé%gefqpm éyg?',Ehc’etr%g'jldifference may be | ess

[0056N 3Dn %omer lkadedithan 2the¥ egprebdss tHamrddrBgl-substituted
[ 0047] When the hi gher functional crosslinking nonomer

(niegh)gchilict | MeneMchnalinCligsshaBicfhastWater nesteisaceilely ofsters,

Lk n be.a

e R Rl Se aP By SUBREI 0t rovctive

eq(ummlmtadreybofc nononmers (see "Principles of Polyner

| ar) ity Press,
t A tsthe art

[()WSH aﬁ1§ OofHRPT %ﬁl‘b@&ﬁ‘rnédﬂ@t tHeh %y%@@dé% IOJubsﬁtru@&IS' q(rﬂé%h)'h@ryhc
mononer may be varied depending on t%e anount of chain

mopemeif eqbntamgemhyémmqyl fwide 9r edimgat carlioni atoors eiséd.or more

CT]%((pi c? %P nxath En 8 .9 chal n trr%nt?n ! ag Ttster)
HrghéroTeve € Bibigy teofy gher yP il i (AE Ry iy

dorBRAMBOHmM ﬂﬁyal@ﬁh@ﬂsﬁﬁbcuﬁﬁﬂw &Rl Ysted, M adSBNGRstOY carbon
presence of reduced amounts of 9 WO 2008/ 058108

ateuy) UShoorpogampgiunttesi of £4rhps faspmygeasent rqiy thee dydrocarbyl-

s BIRAREE CftanSer B midh OREE il HHSE SOBBLITTERS My W8ty 4w o
3(EX1prt6%l, op t6 DY dr apao Yl esupst if.uted (nmeth)acrylic
nmonomer” i ncludes methacryl F‘gﬁ‘{ﬁ ers acryl ate

[083tler s Expmptracely raawrader ticpy &ar ogcatmscprgée;rg on the
hﬁf{@%ﬁhb&d@@' b 4oa2rtw3@nm td h€ o Btiagy yl onitrile as

as m xtures ereof, or reactive equivalents
[00R2} eofin pﬂ@ﬁopmbndmtewﬂwdlhy@mcatrhyd abopt eissd o(mneth)acrylic

dr oc stit ut rret h
mp RSBl Fee i B o b ek i SRR atoms may be
present from 30 wt % or higher, 35 wt % to 99.999, 45 wt % to 99.85 wt %, 60
wt % to 99.825 wt %, or 75 wt % to 99.625 wt % of the crosslinked polymer.

[0054] The hydrocarbyl-substituted (meth)acrylic monomer may be a
methacrylate or acrylate monomer, wherein each hydrocarbyl contains greater
than 8 carbon atoms. Examples of said monomer include nonyl(meth)acrylate,
isooctyl(meth)acrylate, isononyl(meth)acrylate, 2-tert-butylheptyl(meth)acrylate,
3-isopropylheptyl (meth)acrylate, decyl(meth)acrylate, undecyl(meth)acrylate,
5-methylundecyl (meth)acrylate, dodecyl (meth)acrylate, 2-methyldodecyl
(meth)acrylate, tridecyl(meth)acrylate, 5-methyltridecyl(meth)acrylate,
tetradecyl(meth)acrylate, pentadecyl(meth)acrylate, hexadecyl(meth)acrylate,
2-methylhexadecyl  (meth)acrylate, ecicosyl (meth)acrylate, heptadecyl
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nmet hacryl am des, acrylam des as well as m xtures
thereof, or reactive equivalents thereof.

W@ keBljsaes yl i ¢ Mononer Cont ai ni ng G eat er t hanPGI/Cs2000083728
Atons [0051] In other enbodinents the

h ocar byl - substi t ut ed rret a Ii nonomner
(BRRSTESS, hydSRaPEPEPHER GG Ti6¥ e ar BofT abuHocgpdecy]
(m@h REryIREe 9—%&%@6‘ct§&&'§§(ﬁ%hﬁéﬁy‘m|ee 3Ji‘s% Pc)gﬁfé’@t@&&x/‘l(meth)

group’in a (neth)acrylate (estér), derived fromthe

acaylat‘ﬁhol Optaé.cwlémﬁthbicryllaee estnenadmy(nmlw)@cmlatbeas@etQIelcosyl

(B e VOGS RS | eSS BBy SR wnavor

elmoteﬁama@o@ﬁyme(mamaym@nt@néfﬁ)acbﬁatlé@ H&iAQ fidmt Blcohols,
to 26, 22 or up to 18, orupto 15. [0052

SuEka%ﬁ?'gq)léXl(@lﬁth)&ﬁg@éﬁof @srclwbylaﬁmﬁﬁlé@crmat%arsu@m agt mélyl]2 butyl
IR Ry S RS sl B RIHET er ' enbodt ment's ¢ he

[00§8) ocahbythethubigtdte wredrilart bgtac cythpoundsomayere wdreveel from

each hydrocarbyl contains greater than 8 carbon atons
thpdgagsien qfrasthatrydicdth asoy i 29 oy ith jagRésohodsopjpingg § or more

ca%)or? gt%msﬂ'SEX\gm{PeE gg %Elt%e Véﬁco%o sﬁglﬁlﬁ’éfe &k %19%%@7%1 Oxo

% or % o e Cross
Algohyifer7900 [ 0@5@ko Thizohytl dd byl Meubsttbt uilpithnol® 79 of ICI;

NYETGREE! Kol Enan 0 e B BER e RPBreEamiyR Eoting pral® 810
ofH(BFT €brpdritadh; &.iE& IO BYGHE 0l BATPNRS 8w BPd il PEPATR® 25
i ncl ude nonyl (neth)acrylate, isooctyl (meth)acrylate,

L jof @h@ﬂﬁ@n@tdﬁ@aﬁ@q)%(:endea Augusta Milan; Dehydad® and Lorol® of

H?%? %% Aj y%! yP?@%?ﬁ)l l&l?t§6g98§l® 5PR% ?)Oéfrllehﬁeflﬁnann

( Mﬁﬁﬁ@M*v(ﬁMdiﬁ@ﬁéM@tt@LnlngEg ESBIFBWEH adesonl Atoms

érret h) acryl at e, dodecyl th) acryl at e,
[0956kt h@p@l@@@@w thq nesoyli | dtodymer may be derived from a

h}{(fﬁ%?dﬁ@ s ecy‘%f n%%ﬁgigagpa catrélonorner wherein each hydrocarbyl

conedinga danyfe(vee chibaar atbak e, In pehéragiebydifzatshiha aruphtadr eyt carbon
hexadecyl ( met hyl hex

h yl I
atpms PRYSSET m@% él)yggceag{lﬁna(ym hyaer w%légfj t%%ﬁfé&eéw 10
[0¥§720084 058LP8 gzwmqpms 5?$ocaeﬂﬁt$ub§ﬁ{u¥4@t Eneth)acrylic

5-1'sopropyl hept adecyl (et h) acryl ate
mdndreet, vizhdrwm@tchdeﬁyd)carbyﬁe¢dn)taosﬁl at &5wE caebdry hwnet awg be

o TEL R 6y 80 S 2 hSOPEORYLOS! ABGY B, 20 wi vt or

0. m%a/desnb(vmeqxwaﬁé xio@,m@nkecaego\wﬁbposyl (meth)acryl ate,
stearyleico syl (neth) acryl ate,

[0888b sy It memk) aembedimenandior hyémgﬁml{seb&tauiedacﬁmty)acryhc
élgégl’hgl)aéxﬁlo l ?}:ﬁ ?edr%l( ﬁe%é)?g;ali%r ¥|con alns er¥ OCr;Jr,]I‘baoll‘lC% Oq’IllSS 1S a
méthatgadtky lof ne&ﬂy)aa@r ybtaf es, Esaapleds o8- wi RyltaBlebubdel include

2-cthylhexyl(meth)acrylate, octyl(meth)acrylate, methyl(meth)acrylate, butyl

(meth)acrylate or hexyl (meth)acrylate or mixtures thereof.

Nitrogen Containing Monomer (b){(iv)

[0059] In one embodiment the crosslinked polymer is further derived from a
nitrogen containing monomer or mixtures thereof. A nitrogen containing

monomer may also be described as a dispersant monomer.
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cycl ohexyl (nmet h) acryl ate or bornyl (nmeth)acryl ate.

[ 0055] The nethacrylate or acrylate ester conpounds
worespsossioer i ved from the reaction of nethacr yPETUS2007/083728

acrylic acid with an al cohol containing 8 or nore

on_ato a es of sujtable al cohols include
l“@?{ﬂb aﬁa"f% t%?gf trog@}@ocowwawI{l?l}orﬁ@fo@wafn&eowcted with
I RGOS )
mﬁfa@%??r ﬁéf)i%%dloqg A@(lp'baﬂﬁi 618b)§t§§d i foltﬁé hyﬁ?o&féb}‘lgubstltuted
(n@@h);ewhcﬁpah@m):r mmegm@rﬂ@aac(ld) a@ybc agf En¢thhcrylate esters or
t%on Li nevol (r) 79, Linevol (r) 911,
a“r\i’e%g'g‘ie(?s)% and Dobanol (r) 25 L of Shell AG Lial(r)
[008D] of TEendaroAudushesinii! afnoReRY dad(dds aandmhplr oJubktituted
of Henkel KGaA as well as Linopol N% 7-11 and
nigeefpbFcr9cyghic énouggqueamﬂkﬁ@nnnoalg (rhst}wfowlﬁte monomer, a

d1%<?f? Fah ap&g algﬂ%frﬂ 1l %Il?th(gg V\%{ gﬁ{ep on, AEG%H&I‘&’L&IQ dac]{ylarnlde

manmhmdmananbykiﬁmbsﬂltuted (neth)acryllc nononer ,
wher ei n each hydrocarbi%e contains 8 or fewer carbon )
[096%hs. Exampiasedt antibdpife AttEOaReCoinBELE HToneaIBoRclude vinyl
r e 1
PIAE, REGREN il Ao PYELIRIRILITER. SR N fnf clpfhetam,
dimethrydamardesiyl su bsucrylwlte d ( métnhythglaylinecthytonomemgthacrylate,

.wh i n. each rocar cont ai ns or .fewer carbon.
dlﬁ}@@ﬁﬁaw%@y PRBERDTE ahog S, P G Tt algplents
thERo80 W % 005vvt %to 20w % or 0.1 w %to 10

w % of the crosslinked polynmer. [0058] In one
[086Blodi ﬂnmmmetdm@bm:emfcdreb«yﬂosgmk@ﬂiHQLYmdr firter yoimprise a

PR RS £ RS SR e s f RAE L R Bl LA tnay be

refasmkevyahe forduili:abl e ester include
2- ethylhexyl(neth)acrylate octyl (et h)acryl ate,

nmet hyl (net h)acryl ate, butyl (meth)acrylate or hexyl
(nmeth)acrylate or m xtures thgreof. N trogen
Cont ai ni ng Monomer (b) (iv) [P059] In one enbodi ment
the crosslinked pol yngicd urther derived froma

ni trogen containi ng nonomer \or m xtures thereof. A

ni trogen containing nonomner al so be described as
a di spersant nononer. 11 WO ?058108

PCT/ US2007/ 083728 [0060] Typically the nitrogen
cont ai ni ng nonomer may be r{Qacted with nononers
defined in (b)(i) and/or (b) ||) when t he

hydr ocar byl -substituted (ne Q@ Lylic nmononer is

nmet hacrylic acid, acrylic a ngthacrylate esters or
an acryl ate esters. F@,/fN

Rii

wherein

Q is hydrogen or methyl and, in one embodiment, Q is methyl;

Z is an N-H group or O (oxygen);

each R" is independently hydrogen or a hydrocarbyl group containing 1 to
8, or 1 to 4 carbon atoms;

cach R' is independently hydrogen or a hydrocarbyl group containing 1 to
2 carbon atoms and, in one embodiment, each R’ is hydrogen; and

g is an integer from 1 to 6 and, in one embodiment, g is 1 to 3.
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[0061] The nitrogen containing nononer includes a

vinyl substituted nitrogen heterocyclic nononer, a
waele@Bkyd1e8 noal kyl (neth)acryl ate nononer, a PCT/US2007/083728

di al kyl am noal kyl (neth)acrylam de nononer, a

rtia Iam monomer or ni xt ur es

(opfak eoﬂaff@n%ézw nﬁvlé%ﬁ%f nATQERN SN HIE  Bgagmer  include
N Q@-ﬁhﬁét‘ﬁ?fﬁgrmw FNLRL M8 rBonaidesP Xﬁé}g lddEN- Nn\jll-@éﬁlmamlde

I m dazo N-vi nyl pyrrolidinone, and N-vinyl
vigglpr oparetinen lﬂwmexlhgﬂtaamrd@et hN—Vlaylr y+mt>1elonam1des N vinyl

di net h h h
s RaE RAV A or hrind T a0 ke o T B FTURSRE P ivinyl
capedlayament st harRelylahRdlyll n one @dfpmg ment t RBMAEA),

crosslinked pol ymer may further conprls

dipyedinHyminogt hmathasry et nPMyEM Ao nd mathylgminobutylacrylamide,

iR ARIeY BpSERATlue 77 (TR PR R ERRb Gl -p Ry -
aclnyldm@@ n or dlf@EHWhm&nﬂ)xopﬁmﬂQC@mmd;re nt ,dif@ettsylaminocthyl-
net hy Z.is an NNH group or O (oxygen); each R' is

acma%%%wtyrqwa?r@a%n or a hydr ocar byl group
P83 pendentTy Ry oS AaFLCER RN BaR e ohdmer
presamtt ain they einttodlim@nts £rdyo ) wt O adokt %nOdnwt % to 8 wt %, 0.1

dj : i,s h t
wE TR A o b Bt Trfoomt SnbereRtingd B RS 5. o1
[0\4\@5]200% Qp8&kae BOH4 HSRART(HRBIB28inkkA %m@( RBRpBSitiBhs dnay
sui tabl e nitrogen-containing mononer i nclude

bay, N- di met hyl acryl am de, N-vinyl carbonani des such as
N-vi nyl -formam de, vinyl pyridine, Nvinylacetoam de,

N-vi nyl - n- propi onam des, N-vi nyl
wt % of monomers

Embodiments (b)(1) (b)(i1) (b)(ii1) (b)(iv)
1 0.001 to 7 35 t0 99.999 0 to 40 0to 10
2 0.05t0 6 45 to 99.85 0 to 30 0.1to8
3 0.075 to 3 60 to 99.825 0to 20 Oto4
4 0.075 to 3 75 to 99.625 0.1to 10 0.2to2
5 3to 5.5 60 to 97 0 to 20 0to4
6 3to5.5 75 to 96.7 0.1to 10 0.2to2

(where (b)(1), (b)(ii), (b)(iii) and (b)(iv) are defined above)

[0067] Optionally the crosslinked polymer further comprises a
non-(meth)acrylic monomer such as styrene, an olefin or an acylating agent such
as maleic anhydride. The non-(meth)acrylic monomer may be present in other
embodiments from 0 wt % to 10 wt %, 0 wt % to 8 wt %, 0 wt % to 6 wt % or 0
wt % to 2 wt % or 0.1 to 2 wt. % of the crosslinked polymer.

Free Radical Initiator

[0068] The free radical initiator of the invention is known and includes
peroxy compounds, peroxides, hydroperoxides, and azo compounds which

decompose thermally to provide free radicals. Other suitable examples are
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chl@ropOrbedzEhtO5t e bikrsdval @OniBdlc0 6103hiktuddso8theod. 0751nt oone

3601to099.825 0 to200to4 4 0.0/5to0 3 75t
crglypdgmsny tl@ frgc radigab genprating; regegnt 9136’01?% oty I@Sb Qee @tf dabutyl

pe?g%zi%o 1751yﬁ901%gs)){1d9 }- atn‘rl}rc}lgbgb(gd% g d 5)@1 e, t-butyl
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I h
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f |
0 BLat b v S of MRooRES 1P A8 PAARRA O b FohfiGyeighe of
tht e dfdtu I 1s@Bstitatcdn@w Igaﬁﬁllﬂcr}ﬁbﬁtdﬂé‘rs. peroxy conpounds,

perOX|des hydr oper oxi and azo conpounds whi ch
tral |y to provide free radicals. O her

“’ﬁ?:‘rlf SBsFAE /8 MEr sl Y W a0
crhivodmgut theGdbteas fof Palpyrieg tidaadbdaled potgner further comprises
at least one chain transfer agent. A person skilled in the art will appreciate that
specific classes of chain transfer agent are required for certain polymerisation
techniques.

[0072] Examples of a suitable chain transfer agent include xylene, toluene,
t-dodecylmercaptan, isopropyl alcohol or mixtures thereof.

[0073] In one embodiment the chain transfer agent is suitable for a RAFT
polymerisation technique. A detailed description of suitable RAFT chain
transfer agents is disclosed in US Patent Application 60/621745 filed on October
25, 2004, now WO 2006/047393 and US Patent Application 60/621875 filed on
October 25, 2004, now WO 2006/047398.

[0074] Examples of a suitable RAFT chain transfer agent include benzyl
1-(2-pyrrolidinone)carbodithioate, benzyl (1,2-benzenedicarboximido)
carbodithioate, 2-cyanoprop-2-yl I-pyrrolecarbodithioate, 2-cyanobut-2-yl
I-pyrrolecarbodithioate, benzyl 1-imidazolecarbodithioate, N,N-dimethyl-S-(2-
cyanoprop-2-yl)dithiocarbamate, N,N-diethyl-S-benzyl dithiocarbamate,
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WO piososs1e8 i ncl ude those derived froma free PCT/US2007/083728
radical-generatlng reagent and exanpl es incl ude

benzo pero yl nzoat e,
Cyﬁﬁ?%ﬁ% B%fﬁ%d%ﬁe tcag*m({))ﬁ Rty oxuc&@ypseéilthlobenzoate
2- BHde)(:%rBlﬁlﬁyﬁa%ﬁiﬂhi‘&ﬁ%ﬁ%ﬁlphﬁ%@@-xﬁbtﬁ?bﬁ%ﬁfoﬁ[&' t Takdde, butyl  ester,

t-bu peroxi de, hydr oper oxi de, t-a
Ospdcoxi-Bdeneyiny Balptélra@m d1§ Ndidshyly| Sp€r-etbowgicerbonylprop-2-yl)-

alpo s TREEBFO i End RRah AR T aoRT g nsi-s-0-
p}feagleﬂ@ll)@@ﬂﬁat@tl ng reeuanyl-SHY- (Bﬂloapcdrsaﬁ;tl)ﬁap 20§1)xanthate
per oxi de, t-butyl hydroperoxide,

Orsdlnd x$- CY@wppﬁey Mndléate,t thfy yl- %é?—wamnr@gy 2-yl)xanthate,
O 5 LRI AGRE . Py TAOBLBNPRIRL PR Skt o

bdnﬁylt]n@t—i;ﬁailmﬁdiylllqelo'ﬂfdxgb-ﬁﬁe(:ﬂﬂh%e foi- oberayha3 Spcﬁcbeaﬂzwhlo)
Chem cal s. 007#;@The free radical initiator nay

Prp s eMRAifhipasenesS -@bsaE rdir ks ifptedho " goghc \icid)s tfléhlfear\kpnate
S,%. sth(I f&'&&hb@ﬁt d-g faQe Mcug/f @ﬁﬁl%gal% % EOS ali 1:8"(0,0-

ydrocar byl bstitute acrylic
dlsltdnultnﬁeet- ”@haﬂm Tacad)strehiodgdonate®07 bpnGpt i d)ltlhillobynztdam 1-

i nvention.requires a chal trapsfer nt. In one
PG Rt BREMsds: o2 R B PEBARY | R REVioplss s PRkeayethy!
dlﬂﬁbwﬁbatfeuﬁ&mlis(ﬂﬁ@wlﬂzw%loﬁietﬁﬁ?o%hz&fee 1<08isfthidRASE R hio-
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en(ljbot({]rln%q srlkﬂ% MRLE0 to 10 wt %, or 0.5 to 2 wt % based on the weight of
monomer.

Lubricating Composition

[0076] In one embodiment the present invention provides a lubricating
composition comprising:

(a) an oil of lubricating viscosity; and

(b) a crosslinked polymer derived from monomers comprising:

(1) 0.001 wt % to 7 wt % of a di- or higher functional crosslinking

monomer,
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[097614 c i s sERPYBeEpOD- e iveRiigbehe olbsicating composition

fu?’ﬂl\é#] %@?@ésy co%é‘_é@%c%%?{%gc%tsﬁy rﬂod&%}’,' gl%[]%;}l,l not a crosslinked
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b B S EmehgDp et ey S blinso plefirogomglymers
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process in o odi ments includes 0
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S T T CIIN T e T
compipAtd B idighe ( @bp@l@nwré pblyblkBimembtatyd S@ASkityis ah dmaleic
anhydride-styrene copolymers. In one embodiment the conventional viscosity
modifier comprises polymethacrylate acid esters, polyacrylate esters or mixtures
thereof. In another embodiment the polymethacrylate esters, polyacrylate esters
are linear or star. In one embodiment olefin based polymers may be branched.

[0080] In other embodiments the conventional viscosity modifier has a
weight average molecular weight of more than 5000, 10,000 or more, or 20,000

or 30,000 or more. Examples of suitable ranges for the number average
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(b) a crosslinked polyner derived from nononers
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ligad eetery oﬁahoaplhgwscrqnyalml gdiér Syathebie alsiaede produced by
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odi nent the ctonvent’l on VI SCOSi ty
there may be up to 40 wt % or up to a maximum of 5 wt % of the lubricating oil

an API Group I oil.

[0085] In one embodiment the lubricating composition has a SAE viscosity
grade from XW-Y, wherein X may be an integer from 0 to 85 and Y is an integer
from 20 to 250.

[0086] In other embodiments X may be an integer chosen from 0, 5, 10, 15,
20, 70, 75, 80 or 85; and Y may be an integer chosen from 20, 25, 30, 35, 40, 45,
50,90, 110, 140 190 or 250.

[0087] In other embodiments the oil of lubricating viscosity may be present
from 5 wt % to 99.9 wt %, or from 25 wt % to 98.9 wt %, or from 40 wt % to

97.9 wt %, or from 60 wt % to 96.5 wt % of the lubricating composition.
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aﬁédﬂtmlatb@e%dea@hlo,thé Ilqw d esters of

phosphor us-contai ning acid. Synthetic oils may be
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[0[)91] [ IAmfox[dantwrmletdberrﬁaﬁrbdeﬂlfmt ldethmchrhafnates sulphurlsed
bri ng Vi scog L%Wmay be.an APl G oup II

fer st ‘Riep hbéylamine 4@ueresser ! %Féucli%l%eultr\él or
os’%dsgﬁl nN@\tho'éuéM o2& -NeWGohidR! bLAL haﬂﬂ; & d1kal@ ATtn K#Pand

ol l. 85] In one embodi nent t | ubri cati ng
trmltpmslrmet@hs hith anSAE wiosc o typhayatdea fsugrhuxigéd, phenate, a
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thlophosphorlc acid, a saligenin, an alkylsalicylate, or a salixarate. Dispersants
include N-substituted long chain alkenyl succinimide as well as posted treated
version thereof. Post-treated dispersants include those treated by reaction with
urea, thiourea, dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones,
carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitriles, epoxides,
boron compounds, or phosphorus compounds. Viscosity modifiers include
hydrogenated copolymers of styrene-butadiene, polyolefins, olefin copolymers
such as ethylene-propylene polymers, polyisobutenes, hydrogenated styrene-
isoprene polymers, hydrogenated isoprene polymers, polymethacrylate acid

esters, polyacrylate acid esters, polyalkylstyrenes, alkenyl arene conjugated
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from20 to 250. [0086] In other enbodi nents X may be

an i nteger chosen fromoO, 5, 10, 15, 20, 70, 75, 80
w@e0080581ed Y nmay be an integer chosen from 20PCRBS2080083728

35, 40, 45, 50, 90, 110, 140 190 or 250. [0087] In

.ot her enbodi nent he oi | ricati Vi Scosi.t.y m
ls%e gl Eners, P?@ﬁﬁ@tlw thggylat %a@P a&tef%ofgﬁalﬁ%ar#zéﬂéff-%yrene
@ W % or from40 wt %to 97.9 w % or from
O Ww %to 96.5 wt % of the lubricating conposition.

[0992MO 2008/R5 8LE8tSPTTIUIS200MpOBBIA2uchAdslirnétohahiophosphates,

cspe ko G e o Speakn G RTRoR et B il bgteor

pldphitdsy eandThRospHdiisl @mddin R EAHORPGE RekdL,t bthers, and amides.
including nmetal deactivators, detergents

A@ﬁl%ﬁ@éﬁ%&rﬂg@ntSf mckeding ersanici swlphidgp sfp@r svaiﬁsuml%%suwh as

e a ar
s e T L
ted&ﬂyll $iutylerglyfubptiidoi dlt-tedéﬂftﬁlSﬁ@)rhi(ie, sephusvel | Digs-Alder
agents or m xtures_ thereof. @%OSQ I n ot her

addga ik Sulnieny N -k ametest bpggme Pressure (EP)
%%?%'rrl]tn' Rfa%% cﬂlgflfélg{e\%?\gg/f @r%gﬁltc's %ﬁ@%&%gﬁg@hgﬁ%?%ﬁh as

bedtry wlisidpvitie % dIlchElombe‘ﬁzyl() 1(dlsmlpl%1@f tdileutyl  tetrasulphide,

oSi,tio Al t hough .one .qr e of  t ona
sl SR el hier bRl sTRbEHEcd (4o FEhaly SaRhurised
dlfa&{teﬁ@e ﬁﬁﬁhﬁrﬁ&ﬂa' te‘i’ﬁérfeor %ﬂcesﬁgﬁhﬁéédes ﬁl@lsb@ld&“ esa%ﬁﬁcts
different anounts relative to each ot her. 90]

phOfsphchsellmwzse@t liydveqarbans, i gngtal t Heowbam@tfes,a such as  zinc

dl%?‘[{}]’&f %1?cafﬁ%rl(1v¥t§| Ch %?18?11e|hﬁp§gbl%enog (¥VI a%IHSh y (%nﬁle above

clhdsbs bEfaddiives nbg a[s@tbeous@fi if lie: €0 ik efltheahyémTonof
the invention and the optional additional erf ormance
(0893 ¢ i Velditiqnadly dhe Brvenpter i ay| ﬁbswng@l@é@t Eﬂctm modifiers

S, s U000 T, 81 OB EOREC TP A i,

fatp| ydidemmided) tfhity cagpoladeat dwratsd| ﬁaktyr ep@ddesn| dlkoxglated fatty
hi ndered phenol s, di phenyl am ne. e ent ncl ud
apaGr APTabY aé]%’%%@dp \ﬂif"é‘h‘fsarfnﬁ‘ia 1 s ﬁnfjaHYawSS fatty
m{iééio%n§§l tc§n@éns§ﬂlé§1§ %abf N& i tythla aBds Eﬁ@r}?dlglélf?{]‘lene-
metals with one or reo hena a sul phuri sed
pgihenartes, ammwa]tphbmlkymhoaplwrdamg@ ic acid, a

[Oﬁggﬁphgﬂgzpﬁarﬁ%lg 1?]1‘;Jl 0 noﬂnkzwtéoé}o{rl@glag%o_em% 0 I?s%séPsan{ viscosity
m@ificka (M@ rPbeBELSARUSVM), including functionalised polyolefins, for
example, ethylene-propylene copolymers that have been functionalized by
reaction with maleic anhydride and then an amine; polymethacrylates
functionalised with an amine, or styrene-maleic anhydride copolymers reacted
with an amine.

[0095] Other performance additives such as corrosion inhibitors including
octylamine octanoate, condensation products of dodecenyl succinic acid or
anhydride and a fatty acid such as oleic acid with a polyamine; metal
deactivators including derivatives of benzotriazoles, 1,2,4-triazoles,
benzimidazoles, 2-alkyldithiobenzimidazoles or 2-alkyldithiobenzothiazoles;

foam inhibitors including copolymers of ethyl acrylate and 2-ethylhexylacrylate
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i nclude N-substituted | ong chain al kenyl succinimde
as well as posted treated version thereof.

weomsosaiemt ed di spersants include those treat eBlCHYyS2007/083728
reaction with wurea, thiourea, dinercaptothiadiazoles,

car bon dj sul al dehyde keton car.boxyl
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ene

SR bl e 2R R S s Bl OB OIS B PR acrylamides:

IﬂOISé’a{TE§\36:11 mg@mgmcﬁﬂglg@wxﬁm&cmi ymer SEN 1380) and Exxon
nethacrilate acid esters, polyacrylate acid

Metsqrélr Scal 8lil AF Ry B2PY: emex | alsg Keshyiscdrianiicc soinpgtiey of the
1n$§ 2008/ 058108 PCT/ US2007/ 083728 di ene copol ymers,

ol ya'kylnethacrylates and esters of maleic
Indodtyidr Adplisdtionene copol ymers. [0092] Antiwear agents

i ncl ude_ conpounds such as netal thi ophosphates

W@%@ec. dheerosshiaked aplymdli afnihs prissssh an watiopHpay heruseful as a
S, .

SRR Sl LRSSk PSRNyl omymens

thamrdﬂﬁnkedkmblmmfmamg)eagnmbbe farcd ltu(anmglssrogaﬂuxd a gear oil, a

sul S and sulphl suc
gl AfRe Rt e BB e tefrisngnfafesxample, for
dlgée@%wle& %ﬁﬁlﬁéyl @cﬁbgﬁe fﬁiéliedt @ﬂélh@sr YhabthY bas fuelled engines or
pol ysul phi d di-tert- but yl sul phi de, sul phuri sed
mmeélgwwlll@éaﬂcoladcfucltl@i engin¢kyl sul phenyl N N-dial kyl

O T G AP Rl PPl ST DRATEo Gl o rEO, Foy tubricating

a PRnYBEs [, degears UC Ry @sulibedizydedbs Whphitélaal combustion engine,
bi s- (chloroben ) disul phide, dibutyl tetrasul phide,
cognitTstig pupady metthgrictass {uricant eprapidsiagitl crogslpthedinodamer and
sul phuri sed
orfohbl1p 4 PR R8s APl o
[ODD&Bphdﬁﬂhﬁb@fﬁb@dﬂh&@ﬂﬁﬂﬂﬁﬂ@ernﬂEh&hmﬁhﬁQﬁﬂﬂ@ﬂn&QﬁSroﬂ
%g h ?Shélnc dloctylgmthlocarbanate and barium
é’fay‘/‘ 16 Wdl ogradnEET QPTBIPuSt K8 &gle My Jeywst gre or more
[

P P BT IR ERa Y R O SRBAR ARpale
visqrshtydiedex,i a:ctqeptabtmdlsfcomlemc& el ddwnignimetrdtyreaniseemgetrics or
ste uch s bor at ed .gl ycer.ol. ester fagt
S<SRRh TUET Ty Uho YA GEE) | Ay ox] tiks cconomy  and
mﬁ@@ﬁb&dﬁﬁﬁ%&%t? Rperdes, al koxylated fatty am nes,

borat ed al koxylated fatty am nes, netal salts of fatty
[0Q89]ds I sthay emm@amt& thescross ied sealy oar proydbetngessnt in a

luga 1n gll;olrg&?(gs)c;ﬁl%%cf)rgorpﬂﬂg lya % e?&wtp’/%, Mq pg/asto Qﬁnwnte%, 0.5

wt % to 15 wt %, 1 wt % to 10 wt % or from 2 wt % to 8 wt % of the lubricating

composition..

[0100] 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

[0101] Example 1 (EX1): A polymerisation reaction is carried out in a vessel

equipped with stirrer, thermocouple, reflux condenser, and pressure equalising
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[0094] The formul ation of the invention may al so
i ncl ude di spersant viscosity nodifiers (often

WO edogissads t o as DVM, including functional i sedPCT/US2007/083728
polyolefins for exanple, ethylene- propylene

dr\ﬂggﬁ %/ﬁlelé(?l that g?s?/ug%te)gﬁ 13{11#:% ;olé)%Pal Zeel 18 charge C&vitﬁ%lz_ls

al |yt inacdydiat eg68.bunghi onakinsichi t hnaal@wlafe qrso 9),
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trmmthjelolqrop)@@] tmﬂhélacnéatﬁofwaé/léhomﬁlv@é si@dh03dsmercaptan
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p@gwdﬂtmﬁu@g@n avitibtfYorGh@ SUTR7asn ™ @drCl.8Gcth)\Wirddstared at
pol yam ne; netal deactivators including derivatiyves

arplpicpleigmperatateoioa 45 mingtes. {Theavaspelgs thandreated t@akld| Esover 20

Y SNSRI BT, (AP, 1 50 s e

addod Ito! dlnmgesselpoT}ymﬁageﬁ fRivhydte asmeha*eeuwddo 0.79 cm’/s (or 0.1
2-et hyl hexyl acrylate 19 WO 2008/ 058108 .
scpeT l%ﬁb@‘?ﬁ@@f@??@ thangrespire owaﬂlyma AyaPriRetapeel are added
f p 0
drgg?/w E trg ﬁgssg gléégdasﬁ&b% é))/%t EXFenEH%QIQ tPR then held at 110 °C
fopalfynhﬂp& hews, tllodes! lmnah adxhhyh ehd.5 g)“x"ngmq)@ﬁylmmator in 5

e 881 OPke BRAIITEY Bi1g PO cBientn SoBF ERERC'S TP 6P8s minutes.

THEE){Ié’s@@It 1|§ QGBI@dE{B ‘:a%lbl@tﬁl HAGHY bR RRt A reRRIVEAC Mg §oduct is
seal swell agents including Exxon Necton-37TM (F

a ma@)s legid YEMQWrﬂulmWn&r ame@lalav@rage(rme@z@oyvelgdms»f al é@O

7St Exahol R TS, P e e enr BUER: ool put ppyosse
eq@fip eldew[-’theétﬁfﬁr tHveRto@ile MBdflukectiRhidr, afd PredsufC 0gudlKing

I ndex |nprOV|ng (VISCOSIty nodi fier) addj tive. In
drgppiae fapbldi Thnprsssurpeqeslising drpeingbimpabls chayeddewith Ciois
alﬁ%ﬁl o ggllagr I%F J?gt%f QZeHﬁflﬁ%%ﬂ IL%;tlﬂa aﬁg ??@%) oﬂrlmetﬁylolpropane
trimdohacepiate (TP ToXAN00.625 fedr dodticeb eleréapedd €U253rggJ MeEgonox®-
gasollne fuel |l ed engj nes, atur gas fuelled engjnes
2lppnitipgog &g %3 ?%aa gone! pilel T@a VéW@I e BUreey o@rg}ﬁl ni{fogen

wiRR& RSP et Aty PEmt/h %01I Ny es@ﬂi) QR dREPNH S %mg)r émtt&ﬁgetfaﬁfre for

lubricating 'a transm ssion, a gear, aul i c
yheunwesoﬁhannﬁng@rﬂahfcmmbuﬁmnandmngnnd)79®oﬁﬁyﬁsﬂhgscﬂn

i S| TR Bgiiban dao dCH dhal va LnyERe] ghaents reaet
preawggranae&o%sﬁlréﬂom her ging. vek&@%}hemeewa@ 194 °th®r 1 hour,

crossli nked mer in a transmssion fluid, a gear
badpie cooling to arnblent The product is removed and analysed The product is

a viscous light yellow fluid with weight average molecular weight of 69,300.

[0103] Examples 3 to 5 (EX3 to EXS5) are prepared by reacting Ci2-C;s-alkyl

methacrylate, trimethylolpropane trimethacrylate (TMPTMA), 2-cthylhexyl
methacrylate, dimethylaminopropyl methacrylamide, Trigonox®21 and
n-dodecylmercaptan in a similar process to EX2. The amounts of various

monomers used to prepare EX3 to EXS5 are defined in the following table:
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a hydraulic fluid or an internal conbustion engi ne,
may inpart one or nore properties including

wae@spsss e cl eanl i ness, acceptabl e shear st abPCT/U§2007/083728
acceptable viscosity index, acceptable visconetrics
(i.e. low tenperature visconetrics or acceptable high
tenperature visconetrics), acceptable fuel econony and

accepkaphe dlsggﬁ@gﬂgopropeques ?gg%ehggo

enbodi nent s heTlgerq%N nke @@ )é ese?t in
i 0
81|Ubr'cat'ﬂx%t/(?nnfﬁﬁ'te1}§?n rom /oto 30 wt |%

vy 2 Ot + A
16 Aﬁi@g% fron120§F %to Q@ﬁ)f thg7lubr|cgpzﬁ@

conposgxion. . [0I§QL The Tol hgyi N exangl es proygde
illustrations of the invention. These exanplles are

nont exdfist | ve an@.9are not idﬂénd=d to7ﬂin1t th%7$@cpe

of the—nvention—BEXAMAEES—-010HEBxanple1{(BEXH- A
FQouRe/frePheiet 118rs PRAITIOEFUAE Weikhi ed out in a vessel

0204F PPedaiipide St ipkéfated bPEr RERYRISoest &6 IFXK , CRREGNSE oh
[ grpresgure equal H%ﬁ%g 0 WO 20 8/6%8108 Qﬁ ohain
trmferu@zoow @mmthldbmpmqlfmghe%e moempreesmmc@d are Cia.15

e e RABE P B B RERE oo S BTAGT ) Redy hngprene

m&x%hzg:)r latd (1.M8{))¥sOlvBIll eiRadi€udnk ioiE raMidaTﬁ 6dP V.40
(0. 31 yé glode%)h nmer capt an 59)ph$$ onox r) -Zlmmm )
(28

WhWhtalr%lF eddn tham@ams, %gi @ﬂltrﬁg@éraémow cre Thestgldished in the
VGS?I%] gllege\sjefg\%tlﬁ c&ﬁ&éé) 91?001 ethgat d él?ma%ta? 9%t’C7 %‘ﬁe reaction

and

mixeufeek ahaih@ifal atd®) AC ot es hoﬁkse Tas pedducs hhbenwehgm @etrage
to 111 C qver, 20 mnutes., D wethglanlnopropyl

mﬁ’@@ﬁ@ém%%@bwmmowh@z%@lp TPhen added to the

[GYE%]Sel X;,—Hl 1d EX@ nAfﬂ ELfiohSreh &t {]%yﬁ&goﬁtoinoa {&sel
'IQ he contents of the pressure
eqaiipmidi ssntig mrmmplthgrrﬂqmnple areéluaddenidensmopptasmrboeqltvéising
vessel r eriod of. ur. ssg s
ArREP e g 69 % Bk (P g o FRT ISR by The
pragidi-d | Qafing- éﬁ)pﬁqﬂ§quﬁffé1r)g Zhal it M&O&hé M&turd 8f|butyl
The vessel is held a tenperature of 106 Cto 110 C

métbrcehtei(Adites methfh emstbsewlate €54 @ol €d2t1¢ mnthieentdatar(d4! g),

clir3s SuenHFye gal A ratabblfs Get Ghmirdilafe 13125 o)
TR 31 Wit (1015 @1 o8th-dod @30 FerEuampL RO of XRhiAl of

pol ynerisation reaction is carried out in a vess

thesguigpedisviratsfered fethe vesselroduelpiethepdiqatpd @othan@erAfter
th@%%l%gﬁss'alﬂlo% &%ﬁ%rhﬁ! Be remaining two-thirds mixture in the addition

funnel is added dropwise to the vessel over a period of 1.5 hours. One hour after

the addition is complete, final residual monomer finish-up is conducted by
adding Trigonox®-21 initiator (0.125 g) in dil oil (1.125 g) to the vessel and
reacting for 1 hour. This same finish-up procedure is repeated for another three
times. Then dil oil (61.3 g) is added for final dilution, and stirred for 0.5 hour
before being poured hot from the vessel. The final product is a viscous light

yellow fluid.

22



droppi ng funnel. The pressure equalising dropping

funnel is charged with C12 15 alkyl nethacrylate (70
w@008@ssavhyl hexyl methacrylate (30 g), PCT/US2007/083728

trimethyl ol propane trimet hacryl at e (TMPTMA) (0. 425

lﬂﬁhﬂ doﬁ%@g@—%ﬁa@@ f‘goaa?d ﬁf it gpgnn %fr?ﬂeE@s%?ep t allyl

BRESShtwi(h P sniy regeRx@b 1 13 §) awd rdlicAf mércBptaf @/
rn( .0 sgcfh%)andgo)?t |eredlaat éa)nbl ent t%}ﬁp%lrrgt%raer(? g) are
uSS@ mnutes The nitrogen flowrate is then reduced to

cnB/s (o scfh). The e
ofa7e b3 Pdmred VS UERRE smirdet BT P AR BXE Bt aty
m%@@lﬂwts @, arg&emgﬁ@r@nzqf(slg%a& dddRyV aes@iptdrs(3t dedte used.
held at 124 for 1 hour before cooling to anbi ent.
[0F88] pr &etamm_é_d%ﬂédsaﬁ@p%mémyswcmr& igwse- 1k (4Q 2),

oy I g Y e )
CRTEC Tl BIFY LR LG 2 | Dol TRRKFIERS (gog 0. n
dodeXBinevc &pXi) (45& €) qidepareedl diy(I08ac)iing 4Cﬂ.é’ek@315{aﬂokmti bottom
nmet hacryl ate trinmethyl ol propane tri met hacry] ate
ﬂe{s-kwpqﬂlmg)) zwlé]@ h"}‘ﬂ Wﬁv}eadnﬂf%ﬁcr‘yﬁtﬁf -§00 led condenser, Ny inlet,
di net hyl am no met hacryl am.de, Trijggopox(r)21 and
R lﬂ faf adpriah e SR ip Grandle” e@@ctl% asa Np

R b Bl At 20 TR RS OB 2P Saction
mBQPR/ PRBIOB iPERLPIZRLRIB 12 8he BaRMRNE FANRYUNT 0 YRR TMA
Pol ydi spersity M* TMPTMA (1000's) {"PDI"} (wt %

(1A @ires éh)en@@le@ teshqseznalau% mzte@@@ mEm @sg0. BB kaction is

117 7
nedfePitrn oot oo sdgnfd Braforh MM DERGs b g 30
mahusdgrihleate mpeRE@ESddoPedsdd frodx @&ﬂﬁmhﬁﬁn offaids °Ct tansd C. The
agent is curryl di t hi obenzoate The nononers

repagEngd b avarglpt afghe maneaers ﬁ%é ti,le(r%lgjmng Tatgepprex3l and n-
do{@?ﬂe%f%é{%)?&? x§ %31 %)afiéi'éélcfgga]é\m/seo%t plrl% IeJélﬁ t1re%ct on( H}éxt)ure is
stargd for ogo ladaahtlzihal(lﬁblﬁ@g)gwe a/\,ﬁnelrpraﬂectchar ged to the

[Ollﬁgct or., an?le a n! t roger; art rmsgher%alﬁ%éégigg@&% & 5 o),

CP?H? a1 PO Cnefihier #I%Ct%é%guc%j“ XhUh§1 | ndfRl D l%e”egz(ﬁt 90 n-

for 12 hours. The pr has a”wei ght averag
dq’d@bﬁlmdraerptm(@ﬁltg),oTMwm (390g 000! mintdnalapiPOI0 @ in7a $-necked

25[é)aP$[r5 dqu tboftﬂma ﬂ%glg Sezgplppeﬁow}{cﬂee{nl Sé%te%hggd ' ":f‘%getrl gvrglter cooled
condenser, N5 inlet, thermocouple and a heating mantle. The reaction has a Ny

blanket for approximately 20 minutes whilst stirring. The reaction mixture is
then heated to 95 °C. Once the reaction reaches 95 °C, the exotherm increases
the temperature to 110 °C. The reaction is then stirred at 110 °C for two hour to
give the final product.

[0110] Examples EX7 to EX11 are characterised as follows:
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equi pped with stirrer, thernocouple, reflux condenser,
pressure equalising dropping funnel, and a nitrogen

WO phospsgipow ng at 3.95 cnB/s (or 0.5 scfh). TheCT/US2007/083728
pressure equalising dropping funnel is charged with
the m xture of butyl nethacrylate (54 g), nethyl
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pdlsz)lme‘dmotyhaﬁvush:peleyntqdm@@ Then dil oil (61.3 g) is
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1n£tﬁ@1l) andS EE ?QF %ﬁm’y? gﬁg%%@hk(?%tle gﬁfg%(e&-istsgll@%ven%?g@& with

7. @l)dﬁf’w (cﬂ‘E]r Oapﬂﬁrfof 30gnimites. uSiegogen| 03P} tEe«ﬁ[’mjueed.@o 3.94

cr@%x%o_fé) g|s1;‘(t§15% gt%r}gra‘teo:&i i(ggalégvggq?g%(%%mtame at 9(9 C for
3 %ﬁﬂ%fgllela{cﬁ) 1@1%0[8 ?Q?bleﬁ‘t #pd F&’ JTREEARMAR da‘hgi zg)al)‘%%q The

m ner al In a 4- ed 5L roun ottom
fidd]l gsadwed us [aped wsdolns diquod/ endh haxd asté¢ighteaveragt molaobiredeight

ser, i.nlet nocoupl e, and addition
ﬁzgsﬁd@b anéin?j'a‘glyﬂbggﬂsﬁé Q‘an{ The reaction has a N2
[ol@hgpkekef&en@eoﬁk%bléai @k}ts?-@s me@uﬁe%smmlsirﬁﬂars tolcBds"@ RF2,
A portion of the reaction mxture (70 %9 is then

extice pindf grobaden tormhe cad@insi Yhwt Yhieeiryl Madhagiybatyand 30 wt % 2-

ctpBel2belr e, SHRT Poh Mot AT B o MLEV e dfgcuter

wEigREHT DOV, 0@RENEM p8B dispeadityexor. ber m occurs After 30
m nut es t he tenperature decreases froma maxi num of
Lubyipating & omppsgtions b Clytogeh) 19 Grar Qiliei ght of t he

[OWE]O e i%bﬂ@&’nﬁ& %oﬁl%%'tl%hp garg_rﬂrglgeﬂr%é (\;/}th 2‘&16 a}%’lyﬂfers of EXI,
EX2, RF1 and RF2. The lubricating compositions are blended to have a

kinematic viscosity at 100 °C of about 19 mm?/s (or 19 ¢St). The lubricating
compositions contain a mixture of API Group IIl and Group IV base oils and
contains conventional oil additives. In addition, the lubricating compositions
contain 0.2 wt % of a polymethacrylate pour point depressant.

[0115] The lubricating compositions are evaluated by determining the
kinematic and Brookfield viscosities (by employing ASTM methods D445 at 100
°C (KV100) and D2983 at -40 °C (BV-40) respectively). The viscosity index
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The reaction mxture is
whows/058108)i ve a fi nal

product .

is prepared by reacting Trigonox(r) 21 (2.5 9),

i s added dropw se at 110 C
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[1 near polynethacrylate vi SCOSI ty nodifier. [0112]
Ref erence Exanple 2 (RF2) is prepared in a vessel
[0& &6 ppGTéle\/\PtblYUéﬁfS nekt Hani etmenbver meacapabler ef  providing to a
lu%\@[g %ng %]omg%sgs: Se?r%n o%reﬁar g\éa ucs, tvh 1‘7*86“*‘%%%%111@%‘ LI9€hitial
vieddsitly avel BRedrydtabibity &@C)slnlglaf)ffoﬂn@ﬂ'aﬁyh@@ﬁw conventlonal lincar
nmet hacrylate, 351.9 g of mneral oil, 0.48 of
POy ek éul)rlczllngwﬁmppaltﬂ@ps capgining 1hegp<avmétﬁ1{rpm the RF1 and
t
REDEOREARR R pPlind DT The U chlIER RLEAFELELE Brog Uifig bover
ort érpnal ﬂe\dueeqbetamur:& etforanits a( ar loved wcdqupl eborae compared
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LESTEYRE @Rt AN MIEEs HNECof folAlutBhedy GharsshisisRd
viscouS TIquid and has a Weil ght average nol ecul ar
[OWd7Ilght Lubfic&bz GoMpanidioas pelthdi dpeemiatiy vofcogitg. off BhAB] 7.2
Ref e ce Exa RE3 S eare i i, mLar
B 50680 6 PRESTed bl e 1R B RER g hacE BnEASREXfrnd
RM i%ed aut YRt Pags¢hmddamanshss bim %cz'lubricating compositions
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further contain a conventional additive package and 0.2 wt of a

polymethacrylate pour point depressant. The lubricating compositions are

summarised as follows:
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s ear stablllty as simlar fornulations wt

blgrdndeiot hoieat Kitameatic visersyirerts4Q of efughaug 46 mg’/s (or 46 cSt).
n pol f 0 RFL
T AO A G BARN Al s Soh i B IR, PP TOMRELTE 1 AE and
TOZpAMec@iIN prpv i dis)andetderentiohalegilahddioved. ennnea@dluoe the
%rformance at. a lower or equal treat rat& npar ed
IEHINE 5PIPaRIARS COREHsI L1 ot e At ainslvge ﬁ%ryllaéF 08 e int
0& olypmrs. Lubricating Conpositions (LGS to LC9) for
utomatic Transm ssions [0117] Lubricating
[Odbﬁbos iLubonastinvg tdongpdsitmewali(d 3vits cb€ilty aof pabpued 7wzh the

L TR S BPR e 2, Bl e 09 0, PO YRS, i8E s are
blended to have a kinematic viscosity at 40 °C of about 46 mm?/s (or 46 cSt).
The lubricating compositions contain a mixture of Yubase™ 4 and Yubase™ 6,
and conventional oil additives. In addition, the lubricating compositions contain
0.2 wt % of a polymethacrylate pour point depressant.

[0120] The lubricating compositions are evaluated by determining the
kinematic and Brookfield viscosities (by employing ASTM methods D445 at 100
°C (KV100) and D2983 at -40 °C (BV-40) respectively). The viscosity index
(VI) is also determined by employing ASTM method D2270. Shear stability
index (SSI) is determined by employing an Orbahn shear 30 pass (ASTM D6278)

or a KRL bearing shear test (for 20 hours). The results obtained are as follows:
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[op2bly metARaceydriied petiingfidrnthdeporssnt welB120f thBeviscosity
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megidicr ps beglt detcapigcsusmitinomg pictedsi tucB s (@RC analysis using

poq{/rﬁglr%)ﬁle NGarf R nﬂ&%j@s %4(?6‘[%11?191% molecular weights of polymers

are well known. The methods are described for instance: (i) P.J. Flory, “Principles of
Polymer Chemistry”, Cornell University Press 91953), Chapter VII, pp 266-315; or
(i1) “Macromolecules, an Introduction to Polymer Science”, F. A. Bovey and F. H.
Winslow, Editors, Academic Press (1979), pp 296-312.

[0123]  As used herein, the term "hydrocarbyl substituent" or "hydrocarbyl
group" is used in its ordinary sense, which is well-known to those skilled in the
art. Specifically, it refers to a group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbon character.
Examples of hydrocarbyl groups include:

(1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,
and alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule (e.g., two

substituents together form a ring);
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C (KV100) and D2983 at -40 C (BV-40) respectively).
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Chem stry" O%rne Uglversmy Press 91953), Chapter
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r Science"

{ d t t . A, Boye) . F.
rel Pt e e B s e ep v P gyl MR,
ntﬁﬁ@i&lﬁuaﬁtﬂie%ah ths desedpthel Siarifyldpearhints oRyitaeds bthetion

substituent” é\]%drocar byl group” is used in its
copdiinar w%@wéa,f wolgingsh nugrbge of cRFwanatessy Apd éhes kikp, &g to be

uﬂd%rsttgc?d as modified by the word "about." Unless otherwise indicated, each
chemical or composition referred to herein should be interpreted as being a
commercial grade material which may contain the isomers, by-products,
derivatives, and other such materials which are normally understood to be
present in the commercial grade. However, the amount of each chemical
component is presented exclusive of any solvent or diluent oil, which may be
customarily present in the commercial material, unless otherwise indicated. It is
to be understood that the upper and lower amount, range, and ratio limits set
forth herein may be independently combined. Similarly, the ranges and amounts
for each element of the invention may be used together with ranges or amounts
for any of the other elements. As used herein any member of a genus (or list)
may be excluded from the claims.

[0125] It is known that some of the materials described above may interact in
the final formulation, so that the components of the final formulation may be
different from those that are initially added. The products formed thereby,
including the products formed upon employing the composition of the present

invention in its intended use, may not be susceptible of easy description.

28



art. Specifically, it refers to a group having a

carbon atomdirectly attached to the renai nder of the
woredogmosi1es and havi ng predom nantly hydr ocar bonPCT/US2007/083728

character. Exanples of hydrocarbyl groups include
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cogthtnqmlerﬁpsredéoy a/demlxugsthcyomponsmtbsiﬁmrd@dtabovvmer ein
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Vdridﬂg)mo&?chI?@%mgﬁ bREThYPPAEhO8S 1REe (Hillrd in the art

substituted hydrocarbon substituents, that is,
uppbsadingeibhe pepifigptiphg ﬁ@ﬁmﬁwr dtdp benbgrundssstopd dhat the
1n{79nt§ edl%&%%?&(hﬁl%gl shlln ndgé{%] 9&’ R Tﬂ&&lf%% (? H‘Fall within
om nantly hy F Ocar bon nat ur e t
théec@m;ommh@pp@&mdaﬂahﬁy chloro and fluoro), hydroxy,
al koxy, nercapto, al kyl nercapto, nitro, nitroso, and
sul phoxy); and (iii) hetero substituents, that is,
substituents which, while having a predom nantly
hydr ocarbon character, in the context of this
i nvention, contain other than carbon in a ring or
chai n ot herw se conposed of carbon atons. Heteroatons
i nclude sul fur, oxygen, nitrogen, and enconpass
substituents as pyridyl, furyl, thienyl and
i mdazolyl. In general, no nore than two, or no nore
t han one, non-hydrocarbon substituent will be present
for every ten carbon atons in the hydrocarbyl group;
typically, there will be no non-hydrocarbon
substituents in the hydrocarbyl group. [0124] Each of
the docunents referred to above is incorporated herein
by reference. Except in the Exanples, or where
otherwi se explicitly indicated, all nunerica
guantities in this description specifying anounts of
materials, reaction conditions, nolecular weights,
nunber of carbon atons, and the like, are to be
understood as nodified by the word "about." Unl ess
ot herwi se i ndicated, each chem cal or conposition
referred to herein should be interpreted as being a
conmercial grade material which may contain the
I somers, by-products, derivatives, and other such
materials which are normal ly understood to be present
in the conmercial grade. However, the ampunt of each
chem cal conponent is presented exclusive of any
solvent or diluent oil, which may be
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| ubricating viscosity; and (b) a crosslinked pol yner
derived from nononmers conprising: (i) 0.001 wt %to 7

wt % of ' ' [ Cr 0Sshinki .
m)noﬁmer ; al{% }ubgg[fa\[}kg&)%gl}ﬂoﬁﬁg tnegf] gl{alrgl P; %E&lfﬁ Mfe crosslinked
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pdYREPRA PYbryaHBELsid Wrads (gBg.h) acrylic

4. The lubricating composition of claim 1, wherein the crosslinked
polymer comprises a random copolymer or a block copolymer.

5. The lubricating composition of claim 1, wherein the di- or higher
functional  crosslinking monomer comprises a tri(meth)acrylate, a
tetra(meth)acrylate, a allyl (meth)acrylate, or reactive equivalents thereof, or
mixtures thereof.

6. The lubricating composition of claim 1, wherein (b)(ii) and (b)(iii)
are (meth)acrylic monomers comprising methacrylate esters, acrylate esters,
methacrylamides, acrylamides as well as mixtures thercof, or reactive
equivalents thereof

7. The lubricating composition of claim 1, wherein the hydrocarbyl
of the hydrocarbyl-substituted (meth)acrylic monomer (b)(ii), contains 9 to 30

carbon atoms.
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mbyidico gepratad as tl wichieroi Hopr Ene polyners hydrogenated
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modifiers, extreme pressure agents, antiwear agents, antioxidants, corrosion
inhibitors, foam inhibitors, demulsifiers, pour point depressants, seal swelling
agents and mixtures thereof.

15. A process for preparing a crosslinked polymer comprising reacting
at a temperature of 45 °C or higher:

(1) 0.001 wt % to 7 wt % of a di- or higher functional crosslinking
monomer;

(i) 30 wt % or higher of a hydrocarbyl-substituted (meth)acrylic
monomer, wherein each hydrocarbyl contains greater than § carbon atoms; and

(ii1) 0 wt % to 40 wt % of a hydrocarbyl-substituted (meth)acrylic
monomer, wherein each hydrocarbyl contains 8 or fewer carbon atoms;

(iv) a free radical initiator; and
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is 10:90 to 70:30. 19.. A polyner obtalned bg
Orpﬁ‘%c‘é‘éegn f cambugipn SRSHICaiGORIPIEIRg SYpplying t Ff@ a lubricant

f in the crosslinked pol yner
co?ﬁsﬁ)r?ﬁﬁgtlf% corhifsiBiokPof MREE ¢!

24. A crosslinked polymer derived from monomers comprising:

(1) 0.001 wt % to 7 wt % of a di- or higher functional crosslinking
monomer;

(i) 30 wt % or higher of a hydrocarbyl-substituted (meth)acrylic
monomer, wherein each hydrocarbyl contains greater than § carbon atoms; and

(ii1) 0 wt % to 40 wt % of a hydrocarbyl-substituted (meth)acrylic
monomer, wherein each hydrocarbyl contains 8 or fewer carbon atoms; and

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

25.  The use of the crosslinked polymer of claim 24 as a viscosity
modifier.
26.  The use of the crosslinked polymer of claim 24 as a viscosity

modifier in a lubricant.
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prepared by free radical polynerisation or controlled
free radical polynerisation techniques. 21. The

wWEe@sesHof claim20, wherein the controll ed fPEBUS2007/083728
radi cal polynerisation techniques include at | east

one rou conS| tln revers le . :
cdai Tt onhﬁm‘a Srraiet i, O PR R Re ¢ Btofh biskes fgetional
ch?s‘IiﬂnT(ﬁ{ nﬁﬁﬂomréo?ﬁ&hm‘atafégstnbﬁé %1@%1 RediRbeffoft @&:‘ %roup
free- radlca pol yneri sation. 22. The ‘process of cla
collslstmgeqfe(methMryleqr@kyé; umeylLi stygdCconjugasdGloubide bAnds and

t ho for | ubricating a transm ssion, a gear, a
YEROTGTEC deV|ce or an internal conbustion engi ne,

conprising supplying thereto a lubricant conprising

the composition of claim1. 24. A crosslinked pol yner

derived from nononers conprising: (i) 0.001 wt %to 7

wt % of a di- or higher functional crosslinking

mononer; (ii) 30 wt % or higher of a

hydr ocar byl - substituted (nmeth)acrylic nononer,

wherei n each hydrocarbyl contains greater than 8

carbon atons; and (iii) O w %to 40 wt % of a

hydr ocar byl - substituted (neth)acrylic nononer, wherein

each hydrocarbyl contains 8 or fewer carbon atons; and

(iv) Ow %to 10 wt % of a nitrogen contai ning

nmononer. 25. The use of the crosslinked pol yner of

claim?24 as a viscosity nodifier. 26. The use of the

crosslinked polyner of claim?24 as a viscosity

nodi fier in a lubricant. 32 WO 2008/ 058108

PCT/ US2007/ 083728 27. The conposition of claiml,

wherein the di- or higher functional crosslinking

nonomer contains at | east one noiety selected fromthe

group consisting of (neth)acrylic, allyl, vinyl,

styryl, conjugated doubl e bonds, and m xtures

t hereof. 33
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