TITLE Conposition Containing a Bl ock Copolynmer and a Met hod of
Lubricating an Internal Conbustion Engi ne FI ELD OF | NVENTI ON

[ 0001] The invention provides a |lubricating conposition containing an
oil of lubricating viscosity and a bl ock copol yner. The invention
further relates to a nethod of lubricating an internal conbustion
engi ne by lubricating the engine with the |ubricating conposition.
The invention further relates to the use of the bl ock copolyner as an
emul sifier and/ or pour point depressarklTIBACKGROUND OF THE | NVENTI ON
[ 0002] Lubric cont ani na

The cont am na@%rﬁ%rrﬁﬁ% UO%Palgm élrsgg)r(:&é%bé101%n\}%ﬁarqug B@eﬁgﬂggau%nm%a&s
of water through equi pnent sealdedal Combopgs@Engime or from conbustion
by-products that pass into the Emwby The wat er may
forma second layer in the |ubr o reduce the

formation of[Otmﬂa sethadniayien emwideistd arks-mndgarronq:ksnefrsadsﬁtslr@ﬁ@ an oil

enpl oyed. er_.con entratlo becanes high | si on
eoulte 1t of HTRRE AR DS Bharb R BHRATES R, de et bR e
cause addit iaQﬂaﬂhodIoffflulﬁmdaitingSanS&CémﬁiScd%ﬂWsﬂshQﬂgm'Eﬂgf GbEcash® the@gife

from copper _ar d, bearin or.iro 0 d|t on to.the need
for an emul ST} g’realupﬂﬁ?f ?mﬁ%sétéo%l HEGB% ng‘]lf’ggmé it i Eﬁemg}le use of the
conmponent s. bmw@pwnag@makm@%dmmz@@ﬁumbﬁssm of crystals
in a lubricant. Wien this X DL bl e : ng ude reduced

| ow tenperature oil punpabt 253 e properties
or reduced f[ueﬁz]econawcanfe@@@r@Iftélgbypogea t@&an&ﬂﬂﬁ%t@ﬂbuﬂtk offBYat&l, SPhe
be desirable to errg%¥ Ifl)our oi nt d%\‘r‘é nt that uces wax

aggl omer at i GRVAHOOH] FROFHEATOVRIF 7 b Flflﬂ%ﬁ KeNBIFse O gy ater
conbusti on @H@hgﬁ eqalp@keeaﬁgeﬁg duBink WhePli 2 90 Fiohe c O bastieReL pod dudps fHat
85% et hanol (E85). Excep lt( for .a Iew engi ne and fuel system

modi fi cat i oSS IR PheFrankensqiz BowdYga VAT sy OFBcfepecond layer in the

Tradi tional yprichnsPErgARiISy & Scdlfel BRefbrinatish T thi SR 6N YA NBRISifleRs
t he engine oil of gasoline-fuelled cars. Fuel ling with E85 introduces

the potenti &rdfos ¢iFREISINF Are HanRIQYEthe Hi the ﬁ@&?%@ﬁ%&}%%b@%ﬁes Igh

order to Oveheaie atnkﬁnﬁ@ro@i%gm off 1A eﬂﬁﬁ1&bh§uﬁtéﬂ‘l¥ ﬁméloﬁta%naﬂlttwater
woul d be desirable to egﬂ an_enul sifier. [0005]International

publ i cat i on "WH2tNGB/GUYS ifipael| djEfbenltipnaugh aprrerEIsin. RRET coBPpsiaAB msiyale

viscosity | FafX chpRrAFaEa béhrﬁag‘éaéf gby. of lubricants. The RAFT
pol ymer s nay have a variety of architectures including diblock

copol yners. [A943]of bbtﬁ%@% tafhe wrad fps gnionpisifiep, lpbriganiyhase oils may also
(met h) acryl @b8gin m%&%ohg)oﬁgnﬁ' SFLRSUNG %é%fo‘?@&me%doéauké REAmAhtish BF
pol ynmers having emul 5i f [ or pour %o depressant properties.

[ 0006] US Patcéyitalapppilebri¢ans. J0ber 189400s diroblessearising inludarddaged low
conposi ti on

oo ndFR A8 AEE Bl 008 A FALELNS D e
copol yner wsceromiic IA;R#@sdlhgb'r o lhobiconbodinent: is HFHYaﬁéo el desiraldg rte mrply
cormos 1| ond I FREAIRRL AR ARLAIRE; DiIBRely % LP) Scr vl ates.
50 to 100 %[0860415. 3D Alekitile (frek Wylaiclepl EFESs) t@ﬁdn&rnd s@mbussfonaeygiharis
0roup COm AR i ghINEATH T, PRIA S8uf WSS OB eyl Rl
di scl osure orfeveandinngnaffutli sryewm mochﬁaerthml ;hcsrrase hdaritivgl enphisilfmieemly

and/ or pour n%)d 0 ?’?ﬁlﬁgﬁeﬁw d%p%psecmrts 5 designed to stabilise contaminants in the

engine oil of gasoline-fuelled cars. Fuelling with E85 introduces the potential

to transform the engine oil into a milky emulsion. In order to overcome the
formation of an unstable milky emulsion, it would be desirable to employ an

emulsifier.



SUMVARY OF THE | NVENTI ON [0007] The inventors of this invention have
di scovered that a lubricating conposition containing a bl ock

copol yner and nethod as disclosed herein is capable of providing
acceptabl e levels of at |east one of (i) emulsifying properties, and
(ii) pour point depressant properties. In one enbodi nent the

| ubricating conposition containing the bl ock copol yner provides both
enul sifying properties and pour point depressant properties. [00081As
used herei n[0648 t emternpooral"publicatien SVAX2E06f047R83 aliscloses Uswmdr iandt Her

or di nary se'ﬁsﬁf‘ﬁggy}ﬁeﬂéoefs 1@@5’51 ity rl\’l?'ﬁ% QPP G TP %?%?yoq{ Iﬁthéﬂtg The

[ 0009] In one ntt I'on provides a
conposi tion Raéoﬁi’brpshyng:ranmayl hmvfe | aubvyarcdy i of arclsm@ﬁmney m¢d;t16hng1| Bibdedk

copol yner, he S

copolyier WBRSGEIE L REBEPALN I ERTALCR, o s
wherei n at [Thast 15503 dischosofe vheaCling3d 1aiday|or(stmtpm)lﬁnm§sl hayingemsiafier
Cl12-15 al ky

I nit pt050wt % of the C 1.30
al kyl (et h)aﬁérylpl éﬁ gepl%gsaﬁgmf% ‘T yl (meth)acrylic units, with
t he proviso [00] al Uﬁl lganentpsAp[ﬁhdalmenCB(mﬁf{HISWQO(mlmdlr)sasr vl |lubuneitirg
have an average t.ot al car. at ons f at L
(b " secondonpatiofae g ie drrtay Ahe i e et F S BB Fiiogon-
non- car bony Imdtbf}en@apmpem‘.mm aﬂmengd@m@aplspaohnehmgxhaoqﬂoloapogumpuﬂmh
such units, ai econd bl.o its rea er. h iliCht
Chan does. t T BERbebE: FOmBIock. “HoBIGT FRAmCaoR Trbak SRR
51 met h) acr yl isegiisihts Sheidg (Dhtafmldfct ber pdlamerisativn-of Qﬂdirhﬁﬂeyd compositions WhICh
et eroat om cont ai ni g | a h i
Wher eby. oa GoBetisr O AL B b kPl B Raisf b OBy Ay aiaferotliy!
t he hydr ophgiieth)héryidted)|addk) to8Y %l 6Da pelaegoup bﬁdtﬂﬁm@ ae@ptﬁdobitachr
o et AL i SR e e Cona PhVL A Rapporsates
provi des a ITherd G agscmmom tela@Hm(ngfplﬁm&Irlw stdt ulymefs hailing eatuldifer
viscosity and ﬂ di bl ock ﬁ@ mer, wherein the di bl ock copol yner
conpri ses: OrpoPé)’O’g‘ﬁﬁ SAROBIPELHSSt bl ock havi ng Cl1_30 al kyl
(meth)acrylic units, wherei SUMMARFOBTH® IRVENTION CL. 30 al ky!
(meth)acryli |ts re Cl12 15 |lC uni ts to
50wt % of {HWEL. 38h SRy PP }@%ﬂpr’?l},ﬂqﬁ disgorqsd fé?aanadmléﬁcatmg

(met h) acryl icompdsiton Ydifinidrea y1eut @@péllsraier ain&ymegfo@lmd@tlo@éw h€ieiBQs
al kyl (meth)acrylic,.uni t%l have an

ve tal nunmber o
atoms of at cRBARlE ot Papyiding accep(%‘?l {eé’g’éoﬁ R ﬁae.ax.{;( eoMsifying

(met h) acryl igopktits sMd Gl powirt f)kﬁht H@ﬁ&s@n@%oﬁ&ﬁ@@nﬂh one embodzment the
het er oat om cont ai ni ng gr oup. provi ding a @gl ﬂ%’@l‘f oup t0 such un

wher eby sai dUREEHRE HOSIOSEIH pFrdaigingt pfiFag EIPFS/ PRy, e&o&oth
t he hydrophcemlqsﬂfj{(lhgtpr Q6Ks addPddd pdine r@ﬁﬁﬁﬁﬁ)t@?@ftletshe i nvention

provi des a d| bl ock copol yner product (and optio Iy a_lubrjcating

conposi ti on)08¥lai néd/usee dickHAB @669“1& BP%eé%ﬂ%?o?Fﬁtrel i thg:arj 1s)used in the

contacti ng: ordinary sense of the word and is also known to mean hydrophilic.

[0009] In one embodiment the invention provides a Iubricating composition
comprising an oil of lubricating viscosity and a diblock copolymer, wherein the
diblock copolymer comprises:

(a) a hydrophobic first block having Ci30 alkyl (meth)acrylic units,
wherein at least 50 wt % of the C,.3¢ alkyl (meth)acrylic units are Cjz.15 alkyl
(meth)acrylic units, and up to 50 wt % of the C;_3¢ alkyl (meth)acrylic units are
Cis.20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Cj.3¢
alkyl (meth)acrylic units have an average total number of carbon atoms of at

least 8; and



(i) a free radical initiator; (ii) a chain transfer agent
(typically containing a thiocarbonyl thio group useful in RAFT

pol yneri sati on processes); and (iii1) one or nore Cl.30 al kyl
(meth)acrylic nononer units, wherein at |east 50 wt % of the Cl.30

al kyl (meth)acrylic nonomer units contain Cl12.15 al kyl (meth)acrylic
units, and up to 50 wt % of the C1-30 al kyl (nmeth)acrylic units are
Cl16. 20 al kyl (nmeth)acrylic units, with the proviso that al kyl groups

of the C 1-30 al klyJ a(szeddd) Bﬁfck|ha@1ﬂgn(1ﬁahhai°5@tc&ﬂnts whtchaﬂlﬁhﬁgﬁaﬁeoﬁ alon-
nunber of carbon a;oms of at |le to farma pol WhEI‘EIH t he
i

process of SEERIYM wtegoat%}’ﬁ.ceatarryn% %B‘%R rRSPYIdEngy édP?,l ga?upott%e%uc Wiy

pol ymer i sat iveHerdbyaaRBRcid Mokl é’ilﬁﬂitscél@ététcﬁﬁrblﬂﬁh&@ thh®Hodsthé Hﬁi‘r@gl@obic
controlled radl cal polynerisation process); and at | east about 50 wt

% of the pol Vﬁé’rl Fhai ns from step (1) contain a reactive end group

capabl e of ne@iji NgTHé ts@co?ldﬂﬁbé{é/ﬁéx@ﬁg rﬁ@tﬁ}ﬂchﬂﬁ: @I8NWhich further Ha%d a non-
optional Iy contacting the mer of step (I) with a polynerisation

i nhi bi tor; carbonyl h etﬁr%crméetl aHUNG HEOWY | RFAEAIngf aspelpr (gtquna o sfush yuifs,
Wi th one or wRiS(AREREGH Mbbl@e;ﬂﬂbﬁtss%t%é‘tgf ERlrbyhiBlity) 988 HoQn¥hydopholid

| east 75 wt % of the said units further conta| nin

het er oat om dB#tlpeh mpaygrloepe deperibed as a S?%ﬂdotp‘t){:lérg*ﬂﬁt’tfsﬁ Fsthypgry ke units

pol ymer of %ﬁl@erﬁ@vn’ﬂ&'ﬁ&eé@oﬁbh%& Wb%heﬁlfo'?{‘ M} 8FASL LY to forma
| ubricating osition di fferent” enbodrnents the Cl16. 20

al kyl (et h)[g@fﬁ i clnupng §mbaghrb@t®heimsmapnmromet 8)labrigating emmpesition
C18. 20 al kylq{fppistant Xil'ocf 1H15't ézﬁt T\t]/?(:og@ a0l £ %Feck((!tﬁ)to@rggﬂ’ WH&?em the

units may al so contain up (or“typical
Cl4 al kyl (rdéblhylaéﬁmlwmeuﬁpmerlscﬁ one enbodi nent the C16. 20 al kyI

(meth)acrylic uni & k;ﬁy ghbgmt Aetf 9L PK %"’Zn%no ]tfgrﬁkgf ,%gﬁ%mfgﬁwﬁ

conpounds havi ng a ups containing 1 car
atonms. [ 00Mder¢in atHeass r&@c@ﬁs% @édbe iChed ablbtb\ieteth)hermcrtsutmiepﬁms titkevl

B hoxans, CEAPEE TR, ad 05 PO e e o a i (it pe BTk e
sol vents. [@0D4d5] alﬁyb@eeéﬁmhmm wathi the quovien tbatoa/lkﬂbgroalpdwtﬁltb@t& 30
copol ymer pr.gdy g(%x?e(tﬁ%grﬁﬁ:t hﬁ@é”‘hbwye Qn'a‘ér?%a’g%attota?%u%%‘é?oosf‘ %ér&‘}'& atoms of at

obt ai ned/ obt alrn ess co ont ac
(i) a free rdeat8ahnd ni ti ator (ii) a chain transfer agent

(typically cont ai(Bi %gse%ogtﬁl b(i)c():c%r Qa&nx}{é (ﬁlhth? c?yl?cuﬁxrl_lt BS St hf?thRfa"ﬁlve a non-

pol yneri sation protCesses one or
(et h) acr yl icarbenjk skletequtma+doy1taatang egstp Sfrowdird ar palar Igas;t t@' Ssuah ofids,

the said umvghsergb%/rstapc{a seco aA’ f-alrc])gk %xﬂ]lgfts? ét%gttezo Htcﬁggt)t%hclw&lag 18 Pthe hydrophobic
first block.
[0012] In one embodiment the invention provides a diblock copolymer
product {and optionally a lubricating composition) obtained/obtainable by a
process comprising:
(1) contacting:
(i) a free radical initiator;
(ii) a chain transfer agent (typically containing a thiocarbonyl
thio group useful in RAFT polymerisation processes); and
(iii) one or more Cj.3p alkyl (meth)acrylic monomer units,
wherein at least 50 wt % of the C,_3¢ alkyl (meth)acrylic monomer units
contain Cia.y5 alkyl (meth)acrylic units, and up to 50 wt % of the Ci.3

alkyl (meth)acrylic units are Cig.20 alkyl (meth)acrylic units, with the



wherein the process of step (1) is typically a controlled radical or
other living polynerisation process with living characteristics; and
at | east about 50 wt % of the polynmer chains fromstep (1) contain a
reactive end group capable of reacting with a polyval ent coupling
agent; (2) optionally contacting the polynmer of step (1)
with a polynerisation inhibitor; (3) contacting the polyner of
step (1) or step (2) with one or nore C1_30 al kyl (neth)acrylic
nononer units, wpesesd tikdt diegsgrodps of the af; b AtkyCYnidfh)abikyic units have an

(meth)acrylic nononer uni n Cl2.15 a ryI| units,
e un e 50wt oy oree el RusBoE Sl b adms i ipdsTEn 1 E¥in/ byt
al kyl (et hyagsshithe pibdess ofistdd t1)ds Ry sIvaISP atdvatrodlbll Yhdigalospsthef livhey

Cl_30 al kyl thyacrylic units, have an average total . nunber of
carbon at Ongggﬁneﬁsap@ s@rogesst B’lt]h Y& %@r%%rllsqlca or mstance 45 controlled

optionally madtalOps R ePRBANOE Hrédess); end( &) 1wst ab@m o0 thoﬁ/o lolahé GRAYHEr
viscosity to for a |ubri fatl ng. conposi t| [ 0016] Hlfig ffrprocess

descri bed aBB?ﬂé‘S ForR SR §1) SORpinOR RIS FRb X0 URaGE wAhed Yith 2

the presenceoBfvatent@bysliig SaiGlR, as tol uene or tetrahydr ofur an.

[ 0017] The proce55| ng tenperatures, gmessures and re%gents are known

to a person skil KEHOPHORPEY eRRtaGHnE Bist RYYMEH Of &HiPcH) BEh Pk V%laflﬁf&wn
t echni ques. jRRghgrences describing such materials include
WD20061047393 and_t he var.ious references disclosed herein_below in

the description é%) cRBlagipg dbk ROGHBEY RErStel] ODILOT IStERoh® B0 aNered¥t MPFe
invention p (Hx\étlﬂ@&yﬁb%ﬁtsctgg@ampﬁit 1eRiraNeAl o% Ur AbkadtnAPke)wr hB&aid

process described above one enbodi nent the invention
provi des a WBihoWesr qo&b?’rm@étﬁ ergatqugscoplaaning @rovisiingl e (f1 ex f uel

vehicle or FFV) iy @{m@ﬂazgpﬁ%agltﬁg %ggﬁaeoicgepmmﬂl sHBA! 3 MGritRing
the engine a Iubr| cating conposrti og nprising an oil of lubricati ng

viscosity andscasity &@réb?)BJWFﬁéFlﬂgWﬁé?P@ﬁwoﬁlhe bl ock copol yner
conprises: 19013] (@) dﬁfet?é’lqr&m&&n{s' t'h%tcllgl f&fkyh?ﬁﬁbﬂﬂa&}h@%nﬁg Ifﬁ/zly be

(meth)acrylic units, wt provi so that &/ roups of the Cl.
al kyl = (et hiaesylikel P taanie UaftsvoFage Alkybinebiseriomissr §A e

atoms of at 1183k edh)a c umts Iﬁe$’ Q%} oaco?ﬁﬁﬁn.ﬂj B ?gKNtk%V of9ypically up to 5

(rreth)acryllc units wh ave a non-car
het er oat om &6n¥ai ofi Ry glkdh;ﬁmtf69¢r&ilﬁgllatspoﬂla|0ngrm‘pﬂdimeﬁbéhﬁ Gni-esalkyl

the. hydr ophdBe R PAE. BFRLicoy 0B oA ey Samt o [ darraey 1 (ARnGRE e
appr eci at e tchapouhds haneng lBlkey] fgn@lpsmma;n@grﬂ@mb@ fondplted SWOarbpn atoms.
o on or 15T0fRH, Y ROMCRRLER Redhinfd sRof off 1y Ep kit oL pHockRs by
i nst ance be petfioamodl .in the presence of a mineral oil, synthenc oil, hexane, toluene,
tetrahydrofuran, or other known polymerisation solvents.
[0015] In one embodiment the invention provides a diblock copolymer
product (and optionally a lubricating composition) obtained/obtainable by a
process comprising:
(1) contacting:
(1) a free radical initiator;
(11) a chain transfer agent (typically containing a thiocarbonyl
thio group useful in RAFT polymerisation processes); and
(iii) with one or more (meth)acrylic units typically at least 50 wt
% or at least 75 wt % of the said units further having a heteroatom-

containing group,



[ 0021] The hydrophobic first block may contain O wt %to 5 w %of a
hydrophilic nononer (i.e., units derived froma nononmer with a pol ar
group such as a nononer containing a heteroatom group derived froma
nitrogen or oxygen containing group. Mononers of this type are

di scussed in nore detail below. 1In one enbodi ment the hydrophobic
first block may contain O wt % a hydrophilic nmonomer. [0022]1n one
enbodi nent the invention provides a nethod of |ubricating an internal
conmbusti on erigireia td:ermoa:ess rmg? ssa;:ppll)ws ngpically raeccmmgﬂllad radicibbi odteir r]gfmg
conp05|t|on C [i.si.n o] i Ui SCOS, ty l.ack
copolyrer . WACPEFLRE HPefi wihdry e hRkTieles Y a8 ypul s8N %
hydr ophobi ¢ offl thstpoﬂ)jzrﬁelk chaivis Feprlstd0 (B kyltainn®trBy@Beydnd gtovipt Sapable of
wherein at |east 50. wt % of the C1.30 alkyl (neth)acrylic units are
C12_15 al kylS{HEEnY R AR ?&Va&?ﬂttcgupaﬁ%aaﬁﬁto 50 wt % of the Cl_30

al kyl (meth)acrylic unysopienaQl6 cdataztikyl tlaresdiymer yof cstepi {19, with ha
the proviso that alkyl s of the C1. 30 al kyl (meth)acrylic units
have an aveP& ??ﬁ%ﬁéndgﬁﬁég Tof carbon atoms of at |east 8; and

(b) a sgconld EI ?ck h?‘(BP@oﬁfﬁ@hhgQﬁé)@dl?mblﬂb‘f%t?(?ﬁof ldfdlph(i‘Z) ﬁaﬁeor;:-e or
non- car bony et eroa group providing a polar grou 0
such units, wher @Bgred mai@ﬂodﬁfbetﬁ?aawwewapwgua%a‘tf%ffieﬁy%ﬁl@ﬁﬂ.%pq Y
than does the hydurfomaom}c famtyat (rﬁbm&ryhgqagﬂlérﬂep%n@maﬁ{emz tshelkyl

i nvention provides for the use of a block copol yner comp

(a) a hydrophobi ¢Meth §?ryﬂﬂco‘é‘kt3h&0iidﬁ> ©1°30vtatk fl thenet-in) %lkb’biméth&?ﬁrfgc

with the proviso ynfgtarl @}’5 20 ga{’lﬁglpﬁngﬁh)&&}ﬂl@lﬁ@ ik |thf( rﬁ&ﬁk@%w 'aH(yl
or :

units have an aver age t ot al car bon atons of | east ,
(b) a second bl koW dhgthentt-b) a8 (reettimcrgliomindts hfa\fet BBr 2YeA9ee éOtal

non-car bonyl het gf@Hp B cHoRl zﬁ!bﬂﬂg 09RO MRS QY itHHAG lﬁ)lﬁ%@ranar oup to
such units, whereby said second bl ock exhibits greater droBh|I|C|t

than does the hydrophdfi ©Pionaly BPaek the avalumsl of pieP ald) gvshpas wéh o

that the bl ock copeliyiiRiy 8PS B8 TofY! 18bFitAinPOHASEsiRGHr POI Nt
depressant. dé0024]ln one enbodi ment the 1 nventlon provides for the

use of a bl dBR1&opolny ther Pisasst descrged above. the firsastap i dhh PHPLes imast be

bl ock h 0wt
)00 nev sl BB M 0 5 B

(et h) acryl i[BOLH; t sTharmocmssma (SO PArat Y prtea@rcz»lan@@ea@lem are known to a
(meth)acryli pers | tsﬁllﬁ'aelrgtﬁ? 20+ ab#yéongfgﬁte? laal(aﬁé’a ?Hie}éimeﬁﬁ tt@cﬂrﬂ&ues

provi so tha groups the C1 acrylic units
have an averPs@é@renmSadesquhm susth watebiols i mc Y@e?§93 gndathg various

(b) a Seconq‘eﬁlr&fclés Ia?s\éi&;gd (h'g‘r:élﬂ)ogforvy &ﬂ ﬁleLHysI:ﬁ t‘MH SPthfeLHl ﬂ)%f{ clagxgln?er

non- car bonyl “het eroat om contal ni ng group prov ding a a gr
such units, [MAt¥lebylsaneembodimensithe m\@mhoblptrswgpeht@k dopdhomdri dliteined

t han does tEﬁ{Q?@hﬁ%ﬂﬁqﬁpﬁéﬁﬁg&”phgﬁk g%moggat t he bl ock copol yner

may be an e Ier pour p0|n epressant. [0025] Typically
t he bl ock cdfiglYmer Imaye bmbadiment the fineantmndproridse wr mptiodt ofdepriestsams

inan inter r}fgxilglgnﬁlléfweﬂﬂ:lg r@liegefuel vehicle or FFV) internal combustion engine
comprising supplying to the engine a lubricating composition comprising an oil
of lubricating viscosity and a block copolymer, wherein the block copolymer
comprises:

(a) a hydrophobic first block having Ci.5 alkyl (meth)acrylic units, with
the proviso that alkyl groups of the Ci.30 alkyl (meth)acrylic units have an
average total number of carbon atoms of at least 8; and

(b} a second block having (meth)acrylic units which further have a non-

carbonyl heteroatom-containing group providing a polar group to such units,



[ 0026] Pour point depressant properties typically occur when the bl ock
copol ymer contains C16.20 al kyl (nmeth)acrylic units. [0027] Enul sifier
properties may occur for any bl ock copol yner conposition of the
present invention. [0028] Emul sifier and pour point depressant
properties typically occur when the diblock bl ock copol yner contains
C16. 20 al kyl (meth)acrylic units, and Cl2. 15 al kyl (neth)acrylic
units. [0029] The internal conbustion engine may be operated on
gasoline, d ivdﬁﬁby shidafev@midshloet rdhilaits, greatemiydreplélicityithareddesitie yrrophobic
enbodi nment th o nt ernal conbustion engi ne may be operated on a

m xture of 5%31? e and ethanol. The internal conbustion engi ne nay
be referred[0@Rs aAf pepsbh)l skilfeelin vidbi ot avﬂhgpp&c1a[t@03&] Typiflzaibly fubke

bl ock copol r disclo near. .di bl oc r.
L0031 | on BT SE T PSR B O T BH Gy 6 0 B PG o
charact eri sad was%hayings alt %beasts anes ad upitd 88 \su%pdﬂuohcm)rm@rﬁlc@ﬁomn@
wt % or Ies%, %J%%-a thgﬁhgrus content of 0.2 w %or less, or (iil)
a sul phat ed '¥s At BREtEHO % or less. [0032]In one enbodi nent
the lubri Cat[OM]COWDEéII—?rdﬁpraSBYC biestfbﬂbblaaﬁa;mam@ﬁ & Wed Rs5havimnef a
(1) a sul phyr content %.or Iesgd&é hospho us cont ent

of 0.1 wt 9PSATQRILILC MARPMEE] (9)‘: AL Lt DML With 2 BORF 235

| ess. [0033khéh ane Iﬁab@fﬁbﬁe@ﬁtatm Iauhartmatdnm@rm@sv&d ﬁﬂmf brdittegen or
i ncludes at | east one.of a friction nodifier, Vi s 03|tg nodi fi e

an anti oxi d&FYEEHACHGENRS SEY e 84S Oét@ﬁc%Pfh?‘fﬁ CURSED &R SipiE dreaaﬂ
pour point GGRIWSIAMNe @ibdHixeHl 8% Eﬁﬁ‘b? bit @R3hloBk ANE; esrIerh BALY a
u

the lubricating conposition further i1ncludes a
hydrophilic monomer.
{0022]  In one embodiment the invention provides a method of lubricating an
internal combustion engine comprising supplying to the engine a lubricating
composition comprising an oil of lubricating viscosity and a block copolymer,
wherein the block copolymer comprises:

(a) a hydrophobic first block having Ci30 alkyl (meth)acrylic units,
wherein at least 50 wt % of the Ci.30 alkyl (meth)acrylic units are Ciz.15 alkyl
(meth)acrylic units, and up to 50 wt % of the C,.3¢ alkyl {meth)acrylic units are
Cis-20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Ci.3¢
alkyl (meth)acrylic units have an average total number of carbon atoms of at
least 8; and

(b) a second block having (meth)acrylic units which further have a non-
carbonyl heteroatom-containing group providing a polar group to such units,
whereby said second block exhibits greater hydrophilicity than does the hydrophobic
first block.

[0023] In one embodiment the invention provides for the use of a block
copolymer comprising:

(a) a hydrophobic first block having Ci.3 alkyl (meth)acrylic units, with
the proviso that alkyl groups of the C,.3 alkyl (meth)acrylic units have an
average total number of carbon atoms of at least 8; and

{b) a second block having (meth)acrylic units which further have a non-
carbonyl heteroatom-containing group providing a polar group to such units,

whereby said second block exhibits greater hydrophilicity than does the hydrophobic



viscosity nodifier and an overbased detergent. [0035]1In one

enbodi ment the lubricating conposition further includes an overbased
detergent and a succini m de di spersant. [0036] I n one enbodi nent the
i nvention provides a nmethod for lubricating an engine oil conprising
supplying to the engine a lubricating conposition as disclosed
herein. [0037] The bl ock copolymer nmay be used at 0.01 wt %to 0.5 wt
% or 0.05to 0.3 wm %of the lubricating conposition disclosed

her ei n. DETAirktBERoEEPER PihlgON pokar TiHoup NMENTh &N he[ BI03B]chbelymiesmat be an
i nvention provides ubricati.n conyosition and a nethod for

& J
| ubri cat i ng “PHEERLARYAT PARRAUBT d&PrE3%8RY osed above. Typically the

mechani cal ¢e¢24je NBY ohe efbdditnehnahe GorERLShHI BAvRIRGI fae. thBl@ekof a block
Copol yrer [oosg%gf used. herein the term"(meth)acrylic units”
i ncl udes boCRPARMATCOMMFIME hacrylic units and the units are derived

from an appropri ghe a"B@FBhobiENErst LR atRid ©,Upi iRyl yiReGAAdrylic units,
i ncl ude nethqgéylates, acrylg}ef, nethaC{yIanl es, acryl.am des, or
m xtures t hésseinaoanst A weee of Kad Cher lkyhimsthasialigdindis araC e gkl

of the bl ockneapatyierunasameap t68haitnsttht %t NG akRY\WhIBhOQHS un$d e
as GPC anal ysi s usi pol ystyrene standards. Methods_ for ‘determ ning

n
mol ecul ar wéiight 3k} ?IES‘WWV jc angsweith e swpYisTHbatkrogrougs of the Ciz

described faikyinstedMEeryid dnikk Havdh@aYerapE bR iRingser Aff BobdMBoms of at
Chem stry", Cornell Uni'versity Press 91953), Chapter VII, pp 266-315;

or (ii) "Madeas#8i @edil es, an Introduction to Polyner Science", F. A
Bovey and F. H \{ns| QuonEHIRN Bavidl AHEMder NS WB1R) furlPBr R 31dn-
[ 0041] The bl ock copol ymer may be a diblock,” a tribl ock, or a higher
bl ock™ copol yagenyl heteroatom-containing group providing a polar group to such units,
whereby said second block exhibits greater hydrophilicity than does the hydrophobic
first block such that the block copolymer may be an emulsifier and/or pour point
depressant.
[0025] Typically the block copolymer may be an emulsifier and/or pour point
depressant in an internal combustion engine.
[0026] Pour point depressant properties typically occur when the block
copolymer contains Cjg.2¢ alkyl (meth)acrylic units.
[0027] Emulsifier properties may occur for any block copolymer composition of
the present invention.
[0028] Emulsifier and pour point depressant properties typically occur when
the diblock block copolymer contains Cyg.29 alkyl (meth)acrylic units, and Cja.
15 alkyl (meth)acrylic units.
[0029] The internal combustion engine may be operated on gasoline, diesel,
biofuels, ethanol, or mixtures thereof. In one embodiment the internal combustion
engine may be operated on a mixture of gasoline and ethanol. The internal
combustion engine may be referred to as a flexible fuel vehicle engine.
[0030] Typically the block copolymer disclosed herein may be a linear diblock
copolymer.
[0031] In one embodiment the lubricating composition may be further
characterised as having at least one of (i} a sulphur content of 0.8 wt % or less,
(ii) a phosphorus content of 0.2 wt % or less, or (iii) a sulphated ash content of

2 wt % or less.



[ 0042] The di bl ock copol yner may have a AB conposition, where Ais a
hydr ophobic unit, and B is a hydrophilic unit. [0043] The tri bl ock
copol yner may have ABA or BAB, ABA', or BAB', where A and B are
defined above, and A' and B' represent hydrophobic and hydrophilic
units different fromA and B respectively. [0044] Each bl ock may be a
t apered copol ynmer, a random copol yner, a sequential copolyner, or may
have a random or sequential distribution of two or nore nononer
units. | 0045'])(]3‘26} welrg PHneavmlbagﬂnafml teuldricatinghtompoditien binegkbe further
copol yner 100 0 400, 000 0,150, 0 0
or 357 000 1 ShBBIREY Tolanent) vl g P aten of 1B SBEoRODIERK ¢
the first blphokphorys bentent dhe. iranyeoofesd,:addt @iifla $0Phard akh4ohent 030,5
or 1:6 to 1: 1& éLSO47]The |l ength of the first block to the second
bl ock may ha¥fe®£™ &t 0 of 10:1 to 1:10, or 6:1 to 1:2. [0048] The C
1.3 0 al kyl § (resqh) anf yshe Qntﬁddiﬁleﬁﬁﬁld)ﬂlbﬂle&ilﬂgd:ofﬂp@mtm Alrthiek includes at
(et h)acryl 0049] al kyl th)acrylate in fudes for ex%mg

t ant, an

conpounds dg?"}sve % © rﬁ‘ ’cclt,llr"&tg’(? It \dSCOSIRE hinQd iy (A antioxi

met hacryl at ewekdbyd deddrBast! Vi @hecmﬁmaet@mb@emﬁyla (poat oast Wkglessant, or
2- propyl heptyl (rret h)acryl ate, 2-butyloctyl (nmeth)acrylate,

2- et hyl hexylmlé"ﬂﬁ?ﬁfﬁé‘? tate, octyl (meth)acrylate, nonyl

(et h) acryl qo@34]i sopcbyk dmBddimRat ylll@thmda&a@%aﬂlpdsrmm)faﬁnw fefudes a
2-tert-butyl heptyl (rre h)acryl at e -i sopropyl heptyl (meth)acryl ate,
decyl (met hyVataopitaiedifipgend an ?Wbﬁﬁ) Tg%- 5- et hyl undecyl

(met h) acryl ghg3sjdodat vhe CRRERmeRACHY RibEica@ngRbiypbsi@idactikther includes an
(meth)acrylate, ‘tridecyl (meth)acrylate, 5-nethyltridecyl

(et h) acr yI AveTbased fgfg apsatsHyeibppldgidispesiaiiad ecyl

(et h) acryl gpgse)hexpfesy Em(v@a?lhﬁ)lﬁﬁié}ﬁh@ér@ion%réﬁﬁﬂ&yé hex@seot! lubricating an
(met h) acryl at e, hepta ecyl, (nmeth)acryl ate 5-1 sopropyl hept adecy] .

(et h) acryl &tngmmox eFYVPLTE PR é’é%flfo( t%*)gé‘éﬁr 14 pbgicating composition as
5- et hyl oct adgeybsednri-dthacryl ate, 3-isopropyl oct adecyl (et h) acryl ate,
oct adecyl (net _)]acr | at e, nonadecyl (meth)acryl ate, eicos

(et h) acr yl 40837Icet Yheibéeskysonokuntn may yicatsed & Odlr Yt & &)9351 wt %, or 0.05

(meth)acryl gte,3 G/Q@/P%Y'the(l%hbﬂt%é M&ﬁb@sx%ﬁﬁ%lcﬁsb&%b’éﬁ etratriacontyl
(meth)acrylate; (ne - acr{Fa es derived from unsaturated al cohol s,

such as ol eyl (net h) arDETA*I DAaHSCRIPTIQNIQN THRIRYENEION es, such
as 3-vinyl-3g T,Js]yl CT&@%&%&’A‘[ (ﬂ%hﬂ%ﬁ%%lvﬁfeg 9r1u199wtyﬁg (aa;ﬁ{a&ﬁfdrylaﬁaea

[ 0050] The al'ky | ates wth 1ong-chai n al cohol -derived
gr oups metho for lubucatmg a mechanical devwe as disclosed above. Typically the

mechanical device may be an internal combustion engine.

Block Copolymer

[0039]  As used herein the term “(meth)acrylic units” includes both acrylic and
methacrylic units and the units are derived from an appropriate monomer. The
(meth)acrylic units typically include methacrylates, acrylates, methacrylamides,
acrylamides, or mixtures thereof.

[0040]  As described hereinafter the molecular weight of the block
copolymer 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,
“Principles of Polymer Chemistry”, Cornell University Press 91953}, Chapter VI,
pp 266-315; or (ii) “Macromolecules, an Introduction to Polymer Science”, I. A.
Bovey and F. H. Winslow, Editors, Academic Press (1979), pp 296-312.



may be obtained, for exanple, by reaction of a (neth)acrylic acid (by
direct esterification) or nethyl nethacrylate (by
transesterification) with long-chain fatty al cohols, in which
reaction a mxture of esters such as (nmeth)anylate with al cohol
groups of various chain lengths is generally obtained. These fatty

al cohol s i nclude Oxo Al cohol (r) 7911, Oxo Al cohol (r) 7900 and Oxo

Al cohol (r) 1100 of Monsanto; Al phanol (r) 79 of I1Cl; Nafol (r) 1620,

Al fol (r) 61 Al TRE block&bPoBfm&Omde de (@MW) ks alttibideRabt bhi @) roek
Epal (r) 810 of FEthyl Corporation; Linevol(r) 79, Li nevof(r) 911 and

Dobanol (r) 88PRLYS¥IShel | AG Lial (r) 125 of Condea Augusta, M I an;

Dehydad(r) djor oirfyé Hi&ﬁcmﬁb@?n{@ﬁaﬁ Mave GOARI SdmpPSsiMbh wlsre A is a
Li nopol (r) 7-11 "and. Acr.opol %) 91 of | ne _Kuhl mann. [0051] 1 n one
enbodi nent MEErGhesic wHpsndhets HhydmeehBiciEtihacryl at e pol yner .

[ 0052] The hyggpnhobige ftibRick ek MBY a9 MALNABR W BAB!I ABK €, 00880
w %or nore of the CL 30 al kyl' ("meth)acrylic units contali ni r;%ﬁg_lz. 1d5
1€ an

al kyl (et hydery 1A éndrf ese dpbosBpire. iapdr OpreaBi e’ repretenbhydro
contain up _thgfdr?t%_h‘ﬂtic %ﬁité)aiffh?eﬁtc%%g ﬂ"tana/%pffelsﬁaﬁivg ;.30 al kyl

(meth)acryli€ units containing C6-20 alk (nmeth)acrylic units.
[ 0054] I n ond0@dodi Hesh blark madr bpiokaperdd eepolyeek a cendemnecrolymer, a

| kyl th ' ' ' 7 9 41 30
2ol (ot by adyofief bRty e EREY e 4 RRtbm' Sy Mafhlls btfibeicilor oo
and up to 30rwmorgeednaupgy WIs30 al kyl (meth)acrylic units are C1500
al kyl (et h)[?ﬁniéj' ' CTHgWe?gl“lt‘@fvtE%gl%t?ﬁole&ﬂ\c’if ﬁr%i%g%tfﬂ?é K 'ckg;%ggl&ﬁ%e?fmé}hﬁe

C1.30 al kyl t'h)acrylicuni ave an average total n
car bon at onsn die mmgk @23 008 t¢ 400.800] @aki001© 15k Mk oatl 6P, to[IOOSEI0L n

one enbodi Mgghadine PRAORAARL G T RE LGk, IGANE R LSSt pRLIBhEY be in the
(meth)acrylic urllts Wherein at Ieast 0 0 e }’ (.l)(‘a yF
(met h) acryl ir@ngﬁr@ﬁki’lrm)lilﬁ),@tz-:ﬂ& BBRydr [#eoHyBrylic units, and up

to 20 Wt % [ ' -

(et 1) acryl GROHIT STRERRKE ATBRASIIS e RLoy BLEK ARt RR A Btoyge
al kyl (et h)l&ick td 1:dOuei 64 thdv® an average total nunber of carbon

t f at t 8 t . 6
e e (R o TRRIG R RS AR BT B e HORPRE AR ik
(et h) acryl i(metigatiylateherein at least 50 wt %to 99 wt % of the C
1 30 al kyl | i it C12. 15 al ky| th | j it
ana 1 up t o B *oiH i\l S BleBlt e Tt W SR, Sofrp ol Akien,
al kyl (et h)femm ysateratmi tabcoheld, hsucheaprmowtihyb mhéhbedldty) bgtydupstlekrilhte,
Carbon, ot -SRI, B o8 PO YR O U St
one enbodi ménteth)heryintdr opleabiibexdsilr Jindihackylatent actys CGnith3feraldty;l nonyl
th | i its, wherein. at |east 75 Wt %tp,95 % of 1 30
Syt Crret iy EerDrbStaky FoSaPa YesPREtfR, ot by oy ¢ dSne i
l(.lp t ﬁ) 25 wlt _h%pqﬂ_(rrﬁnehﬁ_?cf)ﬁ&eat% kfﬁbpx(op?lﬁ&bﬁdr(yﬁe:tﬁ)auwlh&, aleeyllglﬁghtaﬁhcalijdhw,
nmet acr 1 c.,uni,ts t e oV that ,a ro s of t
oyt G by mgthe et et ratan SmEmaiiERS o dogkdi o frretl-
atons of at degdate, -fethydtodest(mkbhRariae, atioes) . (h&Qpkkylatednemethyl-
(ot hy mory1 Bdehl: ChEbRrapis. derdesst (g5 hleconats, G5 @ ooy ofmsthiaceylate
1_30 al kyl b trieth )d & ar e-didylifexad 3 ki hd
and 1aupyt 0(11% &9@‘% %(f t@gwﬁfggr gl K %rrét hﬂ&ﬁﬁcﬁ%%ﬁ?% ;?%é%gg&gé
al kyl (et h)YEepRrY R tézls%ffwlbﬁ%taé? | dmetinag Yiiky | 44 GhHY lestad ety
Cl. 30 al kyl (tiwelyaragste] i csimhflscRave1an @k R ARt al 304shepyRktadecyl-

carbon atons of at | east 8 (or, at |e€ast 10 carbon atoms?l. .
(meth)acrylate, octadecyl (meth)acrylate, nonadecyl (meth)acrylate, eicosyl

(meth)acrylate, cetyleicosyl (meth)acrylate, stearyleicosyl (meth)acrylate,
docosyl (meth)acrylate and/or eicosyltetratriacontyl (meth)acrylate; (meth)-

acrylates derived from unsaturated alcohols, such as oleyl (meth)acrylate; and



[ 0059] The second bl ock having (neth)acrylic units have a heteroatom
cont ai ning group providing the polar group, wth the heteroatom

i ncl udi ng sul phur, nitrogen, non-carbonyl oxygen, phosphorus, or

m xtures thereof. In one enbodi nent the heteroatom may be nitrogen.
The term "non-carbonyl oxygen"” is not nmeant to exclude the presence
of a carbonyl oxygen, but rather to indicate that if such is present

, there will also be a heteroatomthat is not a carbonyl oxygen (that
i's, neither c@\ﬂlo@m@meﬂn@drymtesa@u@i sedhydieyl- ketniey Ddshesiyl ethgaorglee or
atons of a %ﬁrbgﬁﬁﬁvé or ester). [0060]1n one enbodi nent the
copol yner of?°th At e*further i ncl udes a heteratom group derived

froma nitrggesnjor wwgﬁlayicgﬁémmmtegrw IOTJaecI&ﬁ@La@cmy-dagve@rgrmepls
froma nitrogen or oxygen.contalni oun(% ?H%Fq‘r L L{;

i ncor por at edaubt G BHI PhrerreR(s, rfm 8]t (MPtHBgEHE G %@éﬁect
contai ni ng @Rk cHBYNPEr ﬂ%&hﬂ%eﬂfa@f?l@te @ okl ficaBéh) dethyloaidRin
or a nltrogen contai ning (neth)acrylate nongner thaE3 n%@@ﬁs

repr esent ed [y glehelsy puwaich r\%"éi‘é} # R fuge Hgﬂ?%bgesr\m as peylaie With
one enbodi nﬁ[ﬁoth gRZuﬁb?Warm%s' ShaR 1BhFhST RUPerREaIAN MNBEnEd OVReRr Aty
(oxygen); S mdependentla{; hydr o%en or a,ﬁi%dr ocar byl qr O@P
cont ai ni ng @qu@og ingfude Q¥o 4 leehhtBn’Zkloreo Alcopd® and Oxo°Alcohol

i ndependent |1>{ob>6€”1\@&%n&r Aphysecsy QthErNO&fQ@W@IMfB@ £1H@nd Alfol®
carbon atons and, in one en’go di nent, each hydrogen: and g is an

i nteger in BARgdsCordsay@onySasaly Bpal®y 614 6n@ EW@@@PE&%%Y&§%POT3“0H

sui tabl e ni M198%1®C@@tﬁi&b8@ %W@%bﬁﬁ&@b@ Efofbﬁiéﬂgﬁwcﬁaﬂﬁr?ﬁsegf
into the copolymer 1nclude N, N-di nethyl acryl anide, Vi n

car bonani de$-quslge pi&tggstaNl\/{,aqu Rehyad®iagd Lawl® WW@S@‘OK@Y% (nore Gpayis)

propi onam dgg i ¥ E%'op@lf@ﬁ%y%&%?k@ o@'@ 91V6m%1n931{ﬁlﬂhﬁﬁn N-vi nyl
i m dazol e, N-viI ny g_}c/ di none capr ol act am

di met hyl ami 18@3Hy| wlpambo@mﬁm He ab%pﬁbequlym@t FaT De & énethacrylate
di et hyl am yl acryl am de, dimethyl am nopropyl nethacrylate,

di et hyl am o%%pyl acryl ate, di methyl am nopropyl acryl am de,

i et 1 ant HORT2py! b crophaigts ﬁmmy anntse ] Aybit g1 BOTROG0 Wt

mi xtures theyepf 1{191%6%}'%0&? y e éql)aégghbeﬁﬁ&f cema%ﬁgpﬁgf.{s' Y&

froma nltrogen cont ai ni ng di met hyl am no
acryl ate, dl(ml’rbytlafﬁncnmenshyl rret hacryl ate, di methyl ami nopr opyl

net hacryl at ﬁopgrjjo]mt m{e lh?f CHJ%IBB&D:MI'S/E %I‘fl(gﬁ)ﬁ ﬁ%ﬁ ontam uPn;co 30 wt % orduep to 20

di met hyl am pyl acr di met t hacry

nitriles of v(fm'?éamf)fa@@dm @Ilad|(medﬁdcrorilhemlﬁs|Ctontﬁgmngcﬁbmzaa}kuyhQneth)acryhc
(meth)acryl %tn?tﬁ such as N-(nmethacryl oyl oxyethyl)diisobutyl ketim ne,
N( et hacr yl oyl okxyet hyDdi hexadecyl ketim ne,

met hacryl oyl[86854loac&t one temhod;lmentrréleria(drypmhlofyet hipckehydioy &hamiabe]

cvanoretn BRI, L M 8 REGAO JOBRISEIEM kBl

i ncor por at edmitstmay fbe Copelajir(matbjagddichyuitxanal Wylto 30 wt % of the Ci3p
alkyl (meth)acrylic units are Cjga9 alkyl (meth)acrylic units, with the proviso
that alkyl groups of the Ci.3¢ alkyl (meth)acrylic units have an average total
number of carbon atoms of at least 8 (or at least 10 carbon atoms).
[0055] In one embodiment the hydrophobic first block contains Cj.3p alkyl
(meth)acrylic units, wherein at least 80 wt % of the Ci3p alkyl (meth)acrylic
units may be Cjs.y5 alkyl (meth)acrylic units, and up to 20 wt % of the C;_39
alkyl {meth)acrylic units are Cjg.20 alkyl (meth)acrylic units, with the proviso
that alkyl groups of the C; .34 alkyl (meth)acrylic units have an average total

number of carbon atoms of at least 8 (or at least 10 carbon atoms).
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(meth)acryl ates such as 3-hydroxypropyl nethacryl ate,

3, 4-di hydroxybutyl nmethacryl ate, 2-hydroxyethyl nethacryl ate,

2- hydr oxypropyl nethacrylate, 2,5- dinethyl-1, 6-hexanedi ol
(meth)acrylate, 1,10-decanediol (meth)acrylate, carbonyl -containing
nmet hacryl ates such as 2-carboxyet hyl nethacrylate, carboxynethyl

net hacryl ate, oxazolidinylethyl methacrylate,

N- (et hacryl oyl oxy) f or mam de, acetonyl nethacryl ate,

N- et hacryl qyos@r phg bﬂ@mﬂﬂ%ﬁirﬁé’&trﬂ%%’r@pmﬁb’ié @ritdh 18P R ontains C1.30 alkyl
N (2- n'ethacryl oyI 0X ) - 2-pyrrolidinone, .

N( 3- met hacr ysi lé‘s‘@%ﬁdﬁ}l‘ﬁ) vzheﬁgfmr@ legstnotevt % to 99 wt % of the Ciso alkyl
N-(2- met hacr We%b%ﬂ@%tlé%é:@-l 13 glk?l/(rfl%ﬁé@lﬂ?@ﬁmts and 1 up to 50 wt % of
N ( 3- et hacr%/ gyI ox&he pt adecy 2-pyrrol1dinone; gl ¥1 ol

di met hacryl & sué yéérnmaw ia e gire ot adkyl @neth)azrplie sRifstwigh the
met hacr y1 at o 2 SUMMMBHNAXYEEE e FRLNACIY Al acRrIRt BOXY FIIY,

nmet hacr yl at ?roofv, mﬁ]é;t ulrg%rsg?t Elggraeo%e ?Eﬁ’ ﬁl(lher zaafz?iyrrp | es o? su%r}t a%erage
non- car bony Itotekyamhetofeatbeon apnrosiasnes Sdapableasiofl pasbay atoms).

i ncor porate ot e

al cohol s, 3 ?151128 tnggﬁQgJ%gﬁﬁ ?Iﬁpﬁ% Liﬂ@r %Fﬁéta’&%ék Yonfabll Cra0 alkyl
vi nyl oxyet h(ﬁwét)hwyhmmﬁc ryheaeia, aﬁr@ﬁﬁo%@e&fﬁﬁ)’xy@tﬂﬁym et dfadeyCatealkyl

oycl ohbxy| X TREDRIEEE erd R iG] eI LB And EhHAGTX) 8 6 of
benzyl oxyrrettthmeaﬂiard: l(lylleat)eqryhgrtmunswlre ﬁat lma@lkyl emeth)aa:—rbhnt unyat\hyh ‘the
met hacryl at gf: %ﬁ) ?1{141%1/ t%}Sﬁg’é‘E{f ﬂ-}é cg/ 0. z{]ﬁ?f (%L&iaﬁa«c i {:H%M&‘Jehéﬂl average

nmet hacryl at yl oxy acr
met hacryl at éQtatratuhlbmyufsctehbbn peniact atlledse 8 (bt a’elelaw}y(btfhvbn atoms).

met haeryl at OOEE;]hOXYnngP? nﬁ)n%hn%? s glar%r Ogrh EI‘% I%'Cf)(tyl!) fzg oc)%(/lpglﬁsouﬂ)go alkyl

acryl ates typica ave
m xtures thérredi)acﬁyﬂl@&ﬁhﬂéhewliﬁremkatclnasﬂ forewt Bayo % wt % of the Cy3 alkyl

obt ai ned/ obt.ai_nabl e .from con 0 o
ol yior 1 sat (G DBe e s BR 2 HRuER Eeafls Bl anid ¥ oBito 20 wi o6 of
Fragnent at i ahe Thanafket \mefhaRy{(iAtvmits Bratst.es alleU (maﬂh)myymnlts,a\trltb nhe

ni troxi de- nedi at e n ni oni c. ese p ol te i ques are_
inown 1o a ap e RAgERbS e TS S P IR B0 bEGTBA L e
processes rra_ytabaumbexf of cavhern atdnes dslbﬁtdemtsqm af letabneicséeaabnd abinegk

o quench-t MLOSI maT B RO bATOHe RALE GAETSHRKIE BN GRS TaPeeTRGA-
to a person cekidihiad fivuphproaiding[Me6EdiMreeoulst anﬂhedwdﬁsmmmxnon&iwing
pol ymeri sati o rrechgnl snms_and r.el a} ed cheni.st I’KOI s discussed fo

DTt oxi doe mstRLEgn SoHe PPLARTRANYE CR¥ BT r PHOFBIONSH QL T I‘F%ﬂ?ﬁ?f o
in the HandhgekeibodRadneahe RRleroBlon alidyobe wtbpetl bYh&Krneys 2neh-carbonyl

Mat yj aszewski and, Thormas P. Davi 2002, publi shed [t)) iohn W | eL}/ arfd_
Sons. | ne ( hePUERET ROt Brait 8 Peehidzahe RSt PbRIarowy! gves, but rathe:
[00|69] I 3 ?n&oﬂﬁ@l@ﬁlﬂerf?ﬁi 1fE)sJ|mehE9@téseil1d emewwln%ﬂsopsé Mﬁtdr&@t’bhﬁfhaﬂﬁ@ﬁ@ﬁﬁ
e oye 0 pr.epare e oC copo mer m e a

det ail ed descgrl?ogxﬁ&wg?n %rsgl&%e@ gy e?%gg‘ %Q%ﬁb&/lw@gr
(see whol e dQEMPBRYgdNOftomeaFaNaSho zéarceci ef efteg. to | inear polyners)
or US Patent AE Ilcatl on 2006/0189 (see par.agr aphs

[0131] . [0078PYY oné eRtsEH: ﬁéﬁ{!@&tﬁée copglymer of ﬂF%lHW@&P%5‘Fr§I}¥‘ér1P§%}§F%ﬁ

process enpliygdidn? g@&ﬁp@eﬁvw%&h% K‘llﬁ’@?ﬁ" )SFQ:VX}/@B}Y RetARnA THRBup. The
process. In ATRP polyneri sation, groups that may be transferred by a

radi cal mecHHEANR mqynlaq G%Fév‘fhiaff@@’e%§1t{(¥ﬁe§rﬁfap’i¥@le6é@ﬁt%@ﬁgaﬁoﬁmﬁ’g‘nd capable

conpound) Orof\@'iﬂg)ﬁﬁol'ﬂ(ﬂ%g%unﬁo%bﬁl rfati@fl. review of groups that
may be transferred descri bed” Patent 6, 391, 996, or paragraphs

61 to 65 of lagﬁbhteﬂﬁleﬂ(papg%ﬁmygetyw%nwg ZTANBt MEY heedleniyesdirom an
description ofinAdiRE1 BLeESSSSEinide eIt BEh LontHRIFATERh) AR E AlonSher

that may be represented by the formula:
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[0071] More detail ed descriptions of polynerisation nechanisns and
related chem stry is discussed for ATRP (Chapter 11, pages 523 to
628) and RAFT (Chapter 12, pages 629 to 690) in Matyjaszewski et al.
[0072] I n one enbodi ment the controlled radical polynerisation process
may be a RAFT process. [0073]In RAFT polymerisation, chain transfer
agents are inportant. A nore detailed review of suitable chain
transfer agents is found in paragraphs 66 to 71 of US Patent
Application US 2005/038146. [00Y4]! i t a suitable RAFT
chain transfer agent includes
2-Dodecy|su|phanylthiocarbonyliy
ester, cunyl dithiobenzoate gz~m x t hefleof QO™g of Lubricating
Viscosity [0075]The lubricating c conprises an oil of
lubricating viscosity. Such oils ikgclutde nacural and synthetic oils,
oi | derived from hydrocracki ng, hydfogenation, and hydrofi ni shi ng,
unrefined, refined and re-refined oM’ &nd m xtures thereof

[0076] Unrefined oils are those obtained directly froma natural or
synthetic sotif®&generally without (or with little) further
purification trea} iemfdrogddO HkRRA 2R dinQdeSerdb &iiglet, @5 hethhhe
unrefined oils except they have been. further treated in one or nore
purification stedsista Nnpesowr ongn DR PP BF Bp@Xy2e): Purification
techni ques are kngum R2Nstihg hHelﬁth&d}%Fbﬁj%r 20h)RREarBY T §d6bi @Rtaining 1
secondary distillation, acid or base extraction, filtraflion,
percol ati on ant® &1y 1 fokbcarbgp289me- refi ned oils are al so known as
recl ai med or reprgg o). ' thihar
o those used o am e Hor o B B i T g
processed by tEcharGEBSRINS aed.db one eidipsmpntofadpBnis Byhpgenegdand

oi I breakdown prQdiGiSnteger in ranges including 1 to 6, or 1 to 3.

[0062] Examples of suitable nitrogen-containing compounds capable of

ropi oni ¢ acid butyl

being incorporated into the copolymer include N,N-dimethylacrylamide,
N-vinyl carbonamides (such as, N-vinyl-formamide, N-vinylacetoamide,
N-vinyl propionamides, N-vinyl hydroxyacetoamide, vinyl pyridine, N-vinyl
imidazole, N-vinyl pyrrolidinone, N-vinyl caprolactam, dimethylaminoethyl
acrylate, dimethylaminoethyl methacrylate, dimethylaminobutylacrylamide,
dimethylaminopropyl methacrylate, dimethylaminopropyl acrylate, dimethyl-
aminopropylacrylamide, dimethylaminopropylmethacrylamide, dimethylamino-
ethylacrylamide or mixtures thereof.

[0063] In one embodiment the heteratom group derived from a nitrogen
containing group may include dimethylaminoethyl acrylate, dimethyl-
aminoethyl methacrylate, dimethylaminopropyl methacrylate, dimethylamino-
propyl acrylate, dimethylaminopropylacrylamide, dimethylaminopropyl-
methacrylamide, nitriles of (meth)acrylic acid and other nitrogen-containing
(meth)acrylates, such as N-(methacryloyloxyethyl)diisobutyl ketimine, N-
(methacryloyloxyethyl)dihexadecyl ketimine, methacryloylamidoacetonitrile,
2-methacryloyloxyethylmethylcyanamide, cyanomethyl methacrylate, or
mixtures thereof.

[0064] Examples of suitable non-carbonyl oxygen containing compounds
capable of being incorporated into the copolymer include hydroxyalkyl

(meth)acrylates such as 3-hydroxypropyl methacrylate, 3,4-dihydroxybutyl

12



[0079] Natural oils useful in making the inventive |ubricants include
animal oils, vegetable oils (e.g., castor oil), mneral |ubricating
oils such as liquid petroleumoils and sol vent-treated or
acid-treated mneral lubricating oils of the paraffinic, naphthenic
or m xed paraffinic-naphthenic types and oils derived fromcoal or
shal e or m xtures thereof [0080] Synthetic lubricating oils are useful
and i ncl ude hydrocarbon oils such as polynerised and interpolynerised

ol efins (tY%&Bédrylalﬂé’,cﬁ-Hﬁﬁﬂﬁ &‘H}I fn%tlglcrylﬁ)@ YQWCN&W§pyI methacrylate 2,5-

pol ypr opyl enes, piopyl enei so ene co ol yners - hexenes),

pol y( 1- oct eséaythyls 6#‘%}@9}5%’§€éﬂes¥memf & ur éd 101 (meth)actylate,
al kyl - benze@@ﬁaoﬁﬁl-@ont‘aﬁﬁ %yln{?ﬁﬁ‘@c@ Rfes {flchadgeyl @@r‘%ﬁ ﬁf'l methacrylate
di nonyl benzenes, - hyl hex -benzenes); poal yphenyls

bi phenyl s, Féfh@ﬁéwlt@fl 1&@3@9@3&%@ @feﬂzybﬁ@ywhyi m@tfﬁﬁ@ﬂ@ﬂe al- @aﬁtégcryloyl-
al kyl at ed d'oag%yl&laﬁhd@neécet&{%y' ﬁ‘lteﬁ%cg}'rlgﬁenyﬁ-lﬁ&}ﬂ%lﬁd@ﬁgm Mn%t edN

di phenyl sul phi des and derivatives,” anal ogs and horol o hef eof

or mi xt ur es nétbragfoy] Go@ay thhéﬁn%ﬁit(ﬁeﬁlﬂdﬂa{:ln’ﬂ)wl@mﬂthﬂ)& pasrrcphn@nga@ N-
pol yol esters. néaﬁgaxw&@ H%’sﬂ?%%ﬁhu&ih@ﬁé EAET ﬁlg%lglﬁﬁagﬁn‘e{decyz)

phosphor us- contalnl g "acl tricresyl p 0S

phosphat e, @neyrrélédidpes,hyN- éisireqthaﬁryl@efmmphds@ﬂbﬁrmradlctmonmr glycol
pol ymeric t an Synt. hetic y ed

B saher - Tr o e B o Laf pnEdEEY, MELREAMEST Shytoxyethy
Fi scher-Tr om@ham@m&m@ﬁsgewpxmxwi methamglagnPediesmtthpl sthmyylbte,
prepared by sch gas-to-liquid synthetic procedure as
wel | as othé?nﬁkﬁﬁggﬁfx&gpd oils. [0082] G ls of lubricating viscosity
may al so be [ﬂ@ﬁn]nedO@lmrsrrec@rrmlm oh slhmbkrenonmaiw oloayget ns@mmunng
(APl') Base I c ab | The fiye

groups are gglnip f“% pr&%ﬁe M %e\{ n%% ({}E e(‘élnt”rg’o %‘{3, W?S@)S'm néli‘cmde
<90 Wt % satmethé@slates sxfostitey ahndh«lsBO}uﬁ;BO)ls @ rebpdrofurfeuyl pimlathacrylate

content <O. % rate £ nde 0
Group 111 SurhrCaBRRa b B et PSR, IpghaliIde) 1-
Vi scosity | rhaieoocypic?@l nm@tloepylb M, (h-lrﬂetb}dl-@avmym)dyeéthmb xﬁ&Aﬁ)@y)axe angclo-
Goup V (all

1]
oi 1 or 't ubr ST RGPS su By Rl e SR AR ol MemedblS e B
I11, G oup In’s.é;thﬁ mmhabiglalte ofurfiaryl unehatihyéateof2-bldokeethyhenahhcrgtate, 2-

Iubrlcatlng i SCOSity i n I upsl .. & o l1,.&G0 [, Gou
Vo | or Rl basr i as R et S Be. plveriaring
Vi scosity pmeshadrylaset )‘lpétba}kjbutylhenéahduﬁﬂm r amlhcmymgathjzlt @fiethacrylate, 1-
subtracting from 100 wt . % t S of the.a th 0 nd of
The | nvent P SHORETBRATGHAY ey S BPREREES LR ER4Ete pRosHomETed (heth)-
| ubri cati ng acoypesiwhion tppiyalde hiake tihey 2O ot aftoas.cahoenici@is, andigturas
fully forrmulated.lubricant. If the lubricating conposition of the

i nvention 05ﬁ$7 glng t he additives disclosed herein above is in the

formof a cqooesytralae (Mbcicimogabynﬁe fa m@@m&nédﬁol&dmableowm Qohtroled
form in whol 0{8 erf '

ni shed .l ubri,cant io of the_qf
these addi t i iyings oI BIer RHE PR CU S, U RURALT SRavPaBnE
oi | include Ad@tibANIEMmgafenldtRh t Or@8sfdnby MERENt (AGSMBOT2EhsFG 1®AAal
by wei ght. E;her Per f or mance ditives %?085 ].The CO%@FFIIIOP
optional |y ifRlynigeetnmer ngeridsrmsfatedaend i yugnict fer polymerisation
perfOr”Bncetéﬂﬁh@hﬁ&ﬁeﬁﬁ&@hh§%;ﬁ&mﬁﬁ@éne@ﬂﬁﬂ@ﬁnﬂEta' deactivators,
viscosity r{ﬁlflers detergents, friction nodifiers, antiwear agents,

corrosion i Péﬂkor§“H%F§pé¥%ﬂﬂ?@5m¥W%p@®§§ﬁFSvPEﬁbs??yuﬁﬁﬁif“@ﬁ§ the

extrene prespur8aRatst fhe @@éﬁ@ﬁld&ﬁ%ﬁmﬁ@@mtkégynme&aroﬁtonsi(«m&hsarﬂ‘ ARIrR)
enul sifiers (other than t | ock copol yner, of” the invention), pour

poi nt depr esEket §te@étﬁ§rfatkﬁant0t Aeesbogie @BpBE yHBME PObMRETiSalioRt | odpch
seal swel i ngciagedsSaraRdoWnth U Resd&iRed in dxrireal 1y,

[0068] More detailed descriptions of polymerisation mechanisms and

related chemistry is discussed for nitroxide-mediated polymerisation (Chapter
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[ 0086] I n one enbodi ment the | ubricating conposition of the invention
further includes at |east one of a friction nodifier, a viscosity
nodi fier, an antioxi dant, an overbased detergent, a succinimde

di spersant, or mxtures thereof. [0087]1n one enbodi nent the

| ubricating conposition of the invention further includes at |east
one of a viscosity nodifier, an antioxidant, an overbased detergent,
a succinimde dispersant, or m xtures thereof Deter2ents [0088]In

one enFodl ment p %ge zg@gfd m)ldfgn(m@m&‘aﬂ%dl)&@gf Rth&@IPbB@ﬂdt%ﬁoKn@iﬂ&d by
neutral or ver pas eter 1 tabl.e eter

i ncl ude pheRdEEEELo Maaﬁa%zeg\éﬁ %?ﬁamaﬁgnaa&s, 2 ;m@ﬂléﬁ%igy Tohn Wiley
sal i xar at es ,an8 &oins Yh@lIR$einGAEDRF} d L1cPel ‘MaRASPRNIUS agC).d, nono-
and/ or di- thiophosphoric acids, alkyl phendls, sulphur coupled al kyl

phenol conpdff ol 9aF| yrbedEeny Lt fpatiolled piadisal R EPERFRLO N REPOCSS

their net ho@m% &repﬁre hieOfe 31 6cid meldnigwewﬁw dedrkd. Wndetailed
numer ous pat ent pubI ications, inclu gig W)2004/ 096957 and ref erences

cited ther eidsscriieondef ARt Progeses 4t alesarybase it AV PRQ0MOHR3 S Higeambole

such as cal Qi'oh'iﬂneﬁ@%?sfeﬁgént?maﬁéS}éfmenéé’dﬂourﬁnegf ;mlgsﬁlefs Sot 8§ ephtent
[0089] I n one enbodi ment the overbased det er8ent is selected fromthe

group consi sﬁppﬁt}aapn6986/&18%49%%@9?&%@1#1%[ hEhigodRéabk es,

sul phonat es (;0 e}' XafAl8e, eﬁ%&lﬁ%@ttﬁé’co%@x%ll'gﬁxlta'd'i(ﬁﬁ ﬁd?%@ﬂEatBﬁ%ﬁj%‘eké’
the sel ecte rbased detergent include calcium or TghﬁgneSI um

phenat es, s@npHeyedcnpispaienye phetiacepnlymar pronke o ATSHT Prescat. el ATRP
sal i gi nens, ﬁ%?ylm&Y%)a@itoﬁs gr(ﬁ@s f{ha‘ttlﬂf]y? %ett&%f‘e?ifed[ l%pg%éh@a lﬁ@ﬁ&e

Ecl
t he deterge Ium sa | ate. In one errbo n%n
det er gent nébﬁlqg@na (&@madmfegﬂnpmemg pmoaw@moaawm hg%ﬂs A more

I nvention t E@I%He{eg%’%f gg?ffpﬁ "E‘ha’%‘ﬁ&& rb Qénﬁeﬁﬁg G4 %ﬁ%e‘&hﬂf‘ﬁiseg%’%ﬁt

a calciumsalicylate one e iment t detergent na

cal ci um phefai¥.29 eneamgmdisnehttot 2 Qerér Getent n%@@lb@tlanc%ﬂ(lﬁ/@frﬁl%
sul phonat e. Arﬂvt &edgﬁﬁgﬁi (LE% Bliphidie d N §RYp ?poctelg sdgt 85&??%8"%3/%{?6P9te
phon

m xture of a C|umsu ean a cal ¢ium enate ent
| ubri cating @miﬁ@@pm%%/i@é%\%% (sebpavaramy {§1Q2}sft0r[@llé6}}ar| ne di esel

engi ne the en e a | n

et ves. basiley e oMgFRy PRI 3ptyjp s 0BT phivbiFRagay, Mgknisnfland,
to 4 wt % ofreltat@ thﬂmxsnatlls rsasrpb et AGRP Whkaptethél)] pageisca3i g628) and
conpositiong I I - r i ne the anount
of detergentﬂfﬁgﬁlﬂgrﬁh@?fIl?%)e%e%gab 8%%% MA%’ g%zl%\g}glsﬂ asis)may be 0 wt
%to 40 wt OB 2 Wt diet mE&dMen%therctﬁ‘ltmwle% tewliG) pulydteofatidne process

| ubricating ﬁ%@%iﬂﬁpmc@siper sants
[0073] 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 US 2005/038146.
[0074] In one embodiment a suitable RAFT chain transfer agent includes
2-Dodecylsulphanylthiocarbonylsulphanyl-2-methyl-propionic  acid butyl ester,
cumyl dithiobenzoate or mixtures thereof.
Oils of Lubricating Viscosity
[0075] The Ilubricating composition comprises an oil of lubricating
viscosity. Such oils include natural and synthetic oils, oil derived from
hydroceracking, hydrogenation, and hydrofinishing, unrefined, refined and re-
refined oils and mixtures thereof.
[0076]  Unrefined oils are those obtained directly from a natural or synthetic

source generally without (or with little) further purification treatment.
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[ 0093] Di spersants are often known as ashl ess-type di spersants

because, prior to mxing in a lubricating oil conposition, they do
not contain ash-formng netals and they do not normally contribute
any ash formng netals when added to a |ubricant and polyneric

di spersants. Ashless type dispersants are characterised by a pol ar
group attached to a relatively high nolecul ar wei ght hydrocarbon
chain. Typical ashless dispersants include N-substituted |ong chain
al kenyl sucqppy7y deRefiEX@BRk @%e AfmMSebddki dittgred ON9 eﬁé@fjtrth@& KeW been
succi ni m des_ i ncl ude pol yi sobutyl ene succi ni m de with nunber” average
nol ecul ar wdPgher drateHeihomgi QoRargl Bralicaigy stepento IAPINS PRhGE BSOS
to 5000, or »GRrtibs, 3qquﬁc§%§8ﬁ't@bl‘fﬂl@ﬁesdhl%oﬁfi%ﬁ'tlﬁ tﬁ@cilrf Qﬁcﬂ finclude solvent
preparation-are disclosed, for instance in US Patent 172,892 or US
Pat ent 4, 234xusgions feepndany déstilasipnr acidtas base eipetecal, |fi)tr@h@n,mﬁrfa@laﬂon
f or med from aadRe! Mg ne, typically a poly(ethyl eneanine). [0094]1n
one enbodi ment the Invention further includes at |east one dispersant
which is a 48038] sobﬂpyfbﬁn@d oile @rmpisp darosar ds/xeglaimerhog rpplogessel tilpl apd
wi t h nunber 0

fo 3000, Thé parargh PRLESlesBha 1d Db Rt RBhaRProed il il o
conbi nat i on aw¢ aédigiphally @rm&esiabbt éechpms]dmcwdetoe*mdaheﬁmpmheddltwes
i nvention f%&%ﬁ%&&ﬁ&&b@ﬁg (ﬂfu east one di spersant derived from

pol yi sobut yl ene succinic 8I‘I de, an amne and zinc oxide to forma
pol yi sobut yl[8%&]s uctiahirai oiés umfpl m)anakmg the mevenTive Iploigango e ydeearamal

d I t t
£0056] Anot hter sealle' i1, oo oo R el uloal e TR LIAL b€ Tiquia
Manni ch di srpetrsbmrm oels end kelverotited oprodibtatedimiabiay llu‘q[rhanugsnlmdfhhe
al dehydes ( A% m?c P}/a 551% %}%?h %%?:l Igrrgﬁg %ygiﬁh{h]%ﬁpce@gﬁ 2hd 011 rive

pol yal kyl en pol'yaimn ains eas
30 carbon atfons co{ilO@Qgh]ﬂll’dm mﬁpmsshﬂtesfnay al so be post-treat ed by

conventi onal hods. b e cti.on wi,th_a vari of a
oot hooe 000" S uhefls 1GREEIAT ML TP ResRh o Rl pSmRIRT il
di sul phi de, sabideﬁypeszmdrestednmd mwrpcoiymenseraooldﬁns (typlcally hycirogenated)

hydrocar bon-substi tut ed, succi ni anh | ei.c

e es. efepaerd RISHES RS pEIHssun ato P S SBepiymere:
(typical I y @opall yhexeher)y pelyel -suaks), poblg) - dmyndsaa,mdammtgifesttbémbf s -

nunber or t d| sper sant ave a high.total aci d y
i Sper sant s RPEIER igh SRR RSP ohAE At SATanafone M TRTbysnes aire?
of 1 or hi ghﬂﬁylhtxyl)}benmpept pdlyphenylhi gher,, bipheanit hmrplaa@xh;;t alkydated
hi gher and in t a pect 1.4 I _exa

General | y dlpé’béﬁ?ﬁﬁ[}’g &,Pglﬁn‘é aﬁ}?@rwsT%%yfﬁ]wggﬂﬂﬁg\%a@aegﬁ, %fueg{djs phenyl
ni t rogen rateltl@er@f alesskilhad diphHenybneldspectnd. §¢ deriboivss, dralogs and
anot her aspx_? . 88 .or lower. and 1.n another aspect 0.8 or |ower, for

i nstance 0 %ﬂ?gﬁ?&%fn]ﬁ&“’ﬁ?{}}% nratiois to be calculated on
a nol ar baSI 9081]hat Otlser hethedit | befcatdg €6i19f ineRideonylyol Uéﬁiéﬂso(ﬁicht ﬁs

(e.g., nol es of ni,troge ctionalit

ni trogens) Plﬂ%ﬁ@@ﬁﬁbd@%ws ¢ B %%%Ss% PEH%R}’%%S'FHX%IW%%F‘% 62
('21 ? dl) SDegﬁastyw ﬁ}ita)sghfar Qﬂ@h‘iytl) t phdlsu}?ﬂa&getand aflie0 d@éth}'ﬂ Qz][stélﬂl @he{tiehcane
an 1 a I.Spersan W roony o nitrogen r {1o o0 essS a
1. [ 0099] The"gFRHENE apftidbmg" ?Wé’él%n%et‘(dbﬁ IRUGHS- f ra@theil ol may gﬁ

actives basigyhd@dedOpyMFihb LT 0h %ctinsCart WipidA1EomAS B hydroontbriked
w %to 10 W i % or WF} %tg&% wt O/gofnsthe %ﬁrlgﬂg )/rgmotlcl)ne

Ant i oxi dant @Sf[h?iﬂb]m&fh BXAPEATOOBS o TFEFES-ar 81 IRGWAME ﬁ%m%mbﬁem%m be

exanpl e, SU';QQMrh&% Ql Ffs'cﬁ@n—”l‘?dﬁ&}éh %&Qo%ﬁh&%&'n@i{@tf&eﬁx&cfeﬁmec% lWell as
di - nonyl di phenyl am™ne, octyl di'phenyl am ne, -octyl " di phenyl am ne),

hi nder ed phetibtisgasrigryBtd v compounds (such as nol ybdenum
di thi ocarbangbgs) . @il XfuBrRsihd | R0kt RdyONsHRdFRHRROUNGS  TRY Phe

American Petroleum Institute (API) Base OQil Interchangeability Guidelines.

The five base oil groups are as follows: Group I (sulphur content >0.03 wt %,

15



[ 0101] The hi ndered phenol antioxidant often contains a secondary
butyl and/or a tertiary butyl group as a sterically hindering group.
The phenol group nmay be further substituted with a hydrocarbyl group
(typically linear or branched al kyl) and/or a bridging group |inking
to a second aromati c group. Exanples of suitable hindered phenol
antioxi dants include 2,6-di-tertbutyl phenol,

4-met hyl -2, 6-di -tert-butyl phenol, 4-ethyl-2,6-di-tert-butyl phenol,

4- propyl- 2, @ndtcrt@t)twb% %bﬂﬂfﬁ@@'v&fosftybﬁ&éﬁ 8818004 GEAl Ht?(lslﬁhﬂhﬂheﬂﬂdent
or 4- dodecyl 6-di-tert- butylp enol. In one e dlnent the hlndebﬁ
RE

phenol anti &%t Mayambd X009 8¢t % Séfr‘l‘aatﬁ%yvisﬁ%qIWdéndeé‘ §0-120)g 418

L-135 from @Ghghur foriBie<0i@baii o HRSSo0 Rl %nsa@liraﬁéd' T\/ﬁ;}@bﬁty lndex >19
est er-cont ai ni hg _hi nder ed Pheno ‘anti oxi dant c enlstrﬁ f ound US

Pat ent 6, 55553@95 IV @iopelyalpbaeleEing dBARSH: andCTawr Y da M]@efédt%é%qltltl%
further i ncllﬂmu?% ol heerymgonmpaeng of M?daﬁhg W sy eREmde 9 FROAPH

is selected from group consi sting of nné¥ denum
194

di al kyl di t hi@phpshHate®, Lndipsaelhntaoumilye mraYegi]l afmnpeusss| therest.
mol ybdenum Wﬁﬁdél o‘?rlquv\,h‘l-g %c&éisf 1%0 n gﬂt ea%hb 1 ablgpeptampbes 19f

nol ybdenum ocar bamat es use ant|OX|dant
i ncl ude conﬁb@@PéV<ﬁh@eﬁmﬁmgﬁ§bﬁﬁoﬁnder the trade names such as

Nblyvan 822 |y
bl yvan 22 il YARTH P L BRSO, s HERISERLY
5-710 from Adliuge remathing efiar éEthMMOfIOPOIL@B]V\W%rihprS@g“eﬁf the p@ount of

ol ybdenum QQQP&#PQMH% fl’&]%‘tﬁbélﬁl R ﬂf&f‘?l&%tﬂé%%ri%%‘a{tﬁé addliipgm to 300

ppm of nol enuntto t ricating conposition I scosity Nbdlflers
[ 0106] Vi scos[96§4]rmdﬂ“hc dubri¢aticudemhgsitiogenay ¢ toplul yerm ook canpanteate

anhydri de- (%lnﬁﬁﬁ 9 lfﬁilk ?orﬁt%l?ﬁleé' %Pﬁcalﬁt YNENkes tﬁﬂhﬁ%t@% ’comggsltlon of the

et hyl ene- propyl ene ¢ sobut enes ydr
styrene-i sopnemelopmcymsng hibel radgmvats glisclessgr lemeinpatomgeissip the form of a

pol ymet hacr ycoﬁt&ﬁratgg\wfgﬁ dxig%eémeﬁte\ﬁ%ty 'adétpetlgftgt to FAH. 90SARIEr in

al kenyl arene conju ne copol ynmers ester

mal ei ¢ anhydrrtder §my3hede1ubupmh®nﬁ1681atm S)[ﬁdﬂlsawﬁ thﬁssca)khttiyeswbljltlﬁa @ils of
0107] Di ' f A .

ol utle T and iR Area O BE A BRE oCdifyepP oLAel R The Bl oA, PYM peil v

copol yners twaghthay8012en Ay eveaglitzed mnth an acyl ating agent such

o L < SO OB, A A IDE pol yre hacrylates functonel st

react ed wit H0685jani Mee composition optionally includes other performance additives.
The other performance additives comprise at least one of metal deactivators,
viscosity modifiers, detergents, friction modifiers, antiwear agents, corrosion
inhibitors, dispersants, dispersant viscosity modifiers, extreme pressure agents,
antioxidants, foam inhibitors, demulsifiers, emulsifiers (other than the block
copolymer of the invention), pour point depressants (other than the block
copolymer of the invention), seal swelling agents and mixtures thereof.
Typically, fully-formulated lubricating oil will contain one or more of these
performance additives.
[0086] In one embodiment the lubricating composition of the invention
further includes at least one of a friction modifier, a viscosity medifier, an
antioxidant, an overbased detergent, a succinimide dispersant, or mixtures

thereof.
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Antiwear Agents [0108]1n one enbodi nent the |ubricating conposition
further includes an antiwear agent. [0109] The additional antiwear
agent may be either ashless or ash-formng. Typically ashless
antiwear agents do not contain netal, whereas ash-form ng do contain
metal. [0110] The anti wear agent nmay be present (on an oil free basis
i.e., an actives basis) in ranges including O wt %to 15w % or O
w %to 10 wt % or 0.05 w %to 5w % or 0.1 w %to 3 w %of the
lubricating 998‘1]05' i Q)E&e £88ddiken: oang ﬁ%ﬁ@ﬁ'ﬂlﬁ?f@on{ﬂb‘é‘n O CRET AFention
conposition further i ncl udes a phosphorus-contai ning anti wear agent.
Typical |y tﬁ@rtb%sxm%éqi%ﬂéohﬁﬁu ﬁnﬁgO%m ivicapitagandifitay e aptiesidant. i #n
an amount t 0, gal,kyPhed BNOSPhQLMS oABSEERaeRBEOW i n the
subj ect mattgr &nderetﬁ% 1:cnrllg ﬁ ustrloaﬁﬁk Eiql cgtlon
101121Exarrpm_rrgﬁ_t§w| tabl e antlvvear agents incl ude phosphate esters,
sul phuri sed i ns, V. Hdige
et ol i hycd eIyt o S8 BRGRAL TR 2omBditbh Rulch Tpyfdaed
zi nc di al kykadowhi opliod phatvwesbased detdrgbotenudmigibdd klytedgetmlsapm@tphamcégde
nmol ybdenum b 0 u oC, e
ot ors. Al kyTERECkouaPag FRR kD AR iiind-fis Yalifil? CAROAIRLS
bi s(S-al kyl @ﬂthﬂxcyharabahmh)bsldlcsui; phiidd exanof GihdBir Biampbelsosphodaiackds! elkyl

i di al kyl ' .
Aopl i cat 1 on PO F0RJA0RP (BBl S lengh SsMREhaECr iRibS ot Verighs
Conbusti on Ewgrhmeechddtergmrtsmmdlghdzhmeﬁﬁddsmfepmyar@tionraee Betggiednia greater
Gont rol SyStd% ﬂOfmt hn%n]?%gilg gteg{ uq:)lff): 110 pI '(ﬁla%xngf %9669/6%%&97 and

(entitled "Lu rlcatlng rrp03| I'on an Wprovi ng
Ef ficiency méfeEfncssmmad tGarein. ol THsy d¢tergent s%ﬂti‘atap@dy batsahe\e’s vatlaiammetal

f h d h
B kvt Dnos SR g Yok, T8 IS S5 Riih Ceothiufl hOPRURSRBRLER O 2L 1

a mxture of[O@&ﬁjsphh‘r wsie canbadinieng thenpaubadsdr dpeesantiedelytedhéom the
formula: R3-0 erein.in f rrula Jl.and J2 e

| ndependen 1§°% bfonststngy o PhRAen " siPhEE. FonsdbaRh ey iy iRy
groups, the salirsrage, taicglatesimipdrmdftucanhanofit tb’rjrﬁlcahyﬁﬁe ptlasteRbvErbased

th i xt hos 1 | t 9.5
her o n i ¥l RS R AR 32 B B e SRR R ss. SUPRuBbomEiEte, Bh Siates
of such groupiphoantes) mlikataes] salaginos, &bﬁfﬁﬂaﬁ:@ﬁm(m@tuﬂ:@ th&@e86 nol e

t t t b t wher.ein, i
Do Than o IR herE 88t BaPomhbiife SEbE RO + SNDST e’ one
m XE ure (Z)f t rﬂﬁaﬁﬁhﬁﬁmsthko@étaﬂganggl@on@@ttiw@uxtrﬁ@ﬁblﬁﬁatwanm Bﬂb?dlrr%ent
contain 0 car pon to n I N gjeater an cen (0]
TP eeul 28¢ SRR e SR: S PhA T RaT facalaiupy shiPbaRgAnd 2
?tomsl and Elbahmsm&,ah 1@?6 Icar b(r)rtr; atom; Snd wher ei n, vmtgl?)n tgeR4
or mul a, rag tota er rogen atons 1.n n on
car bon aton§ 6%@& eg“ [$153 &Hh‘? {henty t‘-‘g IHPY §dstalgiugr phenate. In one

embodiment the detergent may be a caimum sulphonate. In one embodiment

the invention the detergent may be a mixture of a calcium sulphonate and a
calcium phenate.

[0092] When the lubricating composition is not lubricating a 2-stroke
marine diesel engine the detergent may be present (on an oil free basis i.e., an
actives basis) at 0 wt % to 10 wt %, or 0.1 wt % to 8 wt %, or I wt % to 4 wt %
of the lubricating composition. When the lubricating composition is lubricating
a 2-stroke marine diesel engine the amount of detergent (on an oil free basis
i.e., an actives basis)may be 0 wt % to 40 wt %, or 2 wt % to 35 wt %, or 5 wt

% to 30 wt % of the lubricating composition.
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[ 0114] The dit hi ocar bamat e- cont ai ni ng conpounds may be prepared by
reacting a dithiocarbamate acid or salt with an unsaturated conpound.
The dithi ocarbamate contai ni ng conpounds nay al so be prepared by

si mul t aneously reacting an am ne, carbon disul phide and an

unsat urated conpound. Generally, the reaction occurs at a tenperature
of 25 Cto 125 C. US Patents 4, 758,362 and 4, 997, 969 descri be

di t hi ocar bamat e conpounds and net hods of making them [0115] Exanpl es

of suitabl e mikgdkirgst hat may be sul phurised to forman sul phurised
olefin inclu e rop | ene, butylene i sobutyl ene, pentene, hexane,

hept ene, oct@A%3] noRésrersagisc affe olighdkeiie, dsdatidessriape uHeRagants because,

tridecene, tp@iorr%eﬁﬁﬁﬁl penRt ﬁfﬂﬁfcﬁﬂﬁﬁr Q%3RSI NN, NBRY @ﬁ%@ﬂ%ontam ash-
OCtadecene OCtadecenene nonod ecene ei cosene or mXxtures thereof.

I'n one enbodPreiE MEinaeddhey dechriaiely, coriridute ame ash dpmuagomeius
nonodecene, Qi&ORRRE 187 lﬁ‘ibi%éﬁtecﬁdd u}&ﬂﬂfﬁghc ansh Afh%'tsr AiARE ’the rci}iﬂnerr&nts

and tetraners are espeC|a usef ol efins. ternati ve
olefin may & gherastayisaf dley aa@éﬂﬁétgr@flpaatéﬁcéﬁé toue hrelgdiviely3-high anolepdar

and an unsatgy g%fgq{cﬁ%ts%o?s%ggla ﬁs%asr'a% rsagg i doBi1 Glcpned ﬁeﬁﬂ?%ﬁﬁéd

of sulphurlse Ininc aC| elr ester
fatty aci ds leRgclginafkenpt ammmmrldmn E&@mﬂ&b |oé anhbs@(tm&d iloveg clih adiearyl

typically cQut@hnfict On?c@u d&ﬁ?zsﬁﬁﬁg‘i’ene 1&%f SHht ?19}11%& aE\Péfage

acids and their esters inc ceri elc acid
acid, palm tlmleclda!ameagmrofrﬂlﬁtpsprlxssoluﬁe}eg@fsummﬁnt mh@efrangg/ 3é&|td§056e

obtained fromJimpy g %(IJ(? tOS‘;?chhyin?l%‘x de @%ﬁ%‘gﬁmg'én]d Q%P0 eﬁgﬁ%l% b a(f?td%?éffsee%d

oil, sunflower seed oi ures feof Tn on
aci ds and/ oforsnssancer i M&é’@tmttfhl& 892 . Usx Preent 492395@1& e S?\Buemlmlde

[0117] Extre [ S: t
i ncl ude sul p rE&ﬁEﬁ G%ﬁggka Erlég%talnlng %%Pagé% Eﬁio?Pma
hydrocarbonPEB(a@ehﬂQaQHMQphosphorus EP agents Exanples of such EP

sten as di baidfici i P Bt ARRN SpRetsbly) YEAT TS ) B S
t et r asul phi aﬂéspesaahphmhzsled isretahy pobstobutydéneol snccimmide sisthprhahr ifsed a

al kyl phenol , i .. dl t I ed t e, and

aul phar sed PArr LU R iR SRR R B URCH LBLREDE B0 g 0o
as the r eaCtOirOWQJrE@Cﬂﬂf)D dfhepholyobutidersukpdriigienide trhay bepesdd aneror in
nmet hyl ol eat sphorus..esters such as the di hydrocarbon and
tr|hydrocarbgﬁmﬁE§§%h|¥h0ﬂwrdmpmﬁanﬁutyl phosphi te, diheptyl
phosphite, qn&&ﬂlohhxthphnﬁpﬁunmn gentigtghemy ifuphas phdltées at least one

di tyl ph hi.t | eyl phosphite, .di-2:ethyl hexyl. .
hosphy o HRSHRE) PoEL Bt BS5andRaRIEn Soaiie prhite e dhine angarigs
phosphite, d]xﬂ;deeetby forin 08 ppa lty o0y gl y;pmp;&hﬂi&e comip$dd twitkedzipbenoThe
phosphite; ne car banmat.es, such gs 2| dloc§%y th|o arbamat e.

and bari um K& lfl?tbug%l%B? g IS Fometes Yl gping) hefised “aloRe or” in

di al kyl phospbathigataa. ds, including, for exanple, the am ne salt of

the reactio duct al | cyl dithi ophosphori c Cld

propyl ene oQP@%1 é‘”ﬁ%ﬁur‘:lﬁ \ér Aoty |Cgf1?egﬁa“|§/bdﬁl pegss va‘B‘i‘fg] bgses.

one enbodi nMﬁnmhle digpRrdanat ar8ghe QegeRInt px@auéﬂsrdffmml pl%‘dnutbeﬁ’ltﬁ aldehydes
ri.ction

friction nodifier S th reof Typi cal.l

modi fier ma ﬁ?&cwléfsﬁwﬂf’% 558 A Paesy éP%“fi‘lYBé oTyalkeiens pelyamisd)
in ranges |ﬁlQiOeLtdk ﬂitél@y d6htins % 1645t 90 QRrboh Hoho 8 W % or 0.1
gl L AR S S B R PSS
fatty im dazokdRasnswah as eendensedi en a@émum&n&f eRsB 0¥ | bdroRC LS,
and polyalky ene-pob§gnlnes Hlne sal ts of alk¥ hos horic acids;

fatty al kyl [PigUf$at dimercapiahiatiagplesar g4rbam g dsu ld?sat% gehyidegy ketones,
tartram des.calybhafik Fr AGHS, Onhf@gbﬁﬂbgﬁssumtu?écﬁo sBAGRITP AgshyWRidRE,] ahBileic

anhydride, nitriles, epoxides, and phosphorus compounds.
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tartrates; fatty alkyl tartrimdes, sul phurised fatty conpounds and
ol efi ns, nol ybdenum di al kyl di t hi ophosphat es, nol ybdenum

di t hi ocarbamates, sunflower oil or nonoester of a polyol and an

al i phatic carboxylic acid (all these friction nodifiers nay al so be
descri bed as antioxidants or antiwear agents). [0121] In one

enbodi nent the friction nodifier friction nodifier is selected from
the group consisting of long chain fatty acid derivatives of am nes,

esters, or epg§desThé ﬁistpﬁls@hkgtygic@ﬂﬁf raa§ﬁ§1sota@ttytey1easluts¢ihnﬁﬁttey idyi Kiee a

and fatty al kyl "tartram des 2] 1 n one e odlneni the friction

modi fi er mayEetefal By BHAPS tnatlteyd&e?laa@fstnéw haye e higihs fafalgadd mupeker-

above as an c&%@taﬁﬁﬁdﬁgtwﬁ@rwﬁge@mgh A NRinesER aghiveEN LafdeRy| Q@Qnﬁbgérﬂ
fatty acid ester e a nono-ester, e.g.,_ a nonoglyceride, and

one enbodi ms#Eo Phé qrdﬁ@h@hm ANg asnegt A o kigher 1%901@@ aspect 1. 4or higher

(tri)glycerige. in QeesnAdd tab%Y&ﬁ 1[4%1%31 Hoher, Bs' eaRBRCE . addiddness) Iy
such as corrosion-inhibitors 1nclude thos€ déscribed in paragraphs

to 8 of US qumerscaatst tyﬁhwsb@/ho’éﬁehgumbm Baveon caioanb o RBrogeooAtingt kess
and Boyer a% @9&%94055 Yd R4, gﬁhﬁgt&g%geﬁt @@?dwﬁatar%d in

products of eceny cinic acid or atty ac
such as ol e|acc>‘é1@r @smeict IQ G opdwern e instanen@ 7énbdii eashenyiHe WEPEYs FHH

i nhibitors i ﬂ(fé)%ecélpﬁa@ﬂn@ﬁ g(fﬂo)latcﬁﬁsrté)sthﬁp id, L RLE8Y of H&@essbf?ﬁh%ﬁw

corrosion in itor Is typic meér or copol
propyl ene oxXieion®hey @@at@ﬁ@)%} too@mmolpm hf bttmﬁenlfgn@recg@rlmbé@gt, @mine

bubti shed b pEln thns eabOUfetl i FREMRR mit (D 7 e 61 o
entitled S%Nﬁbemntubﬁl@amﬂ@py}kgmﬁﬂgﬁﬂmﬂmanﬁé(Pdhg@ﬂy@od£u}@ﬁwpm3mﬁ
Demandi ng Agp¥ %%EH%B tto 1%%§é%yﬁh?hfﬁﬁﬁﬁ{hWators i ncl udi ng

derivatives o enzo azol ypi ca olyltriazol e), _
di mer capt ot H0@¥Mazolke diespevsamt vy, bd [Resknt (pmzol @b ;frebebmsm clazol asgives

2- al kyl di  higbenal iAo o, 2y Lt bl 95enzal bl 540169, o 99%: %,

i nhi bi tors incl cop oI acrylra
2- et hyl hexyloadrwt %t’@ 6mtﬂ %pfﬂmh:lbhyatmglyd)mpcsmane derrul sifiers

i ncl udi ng tr*%l}ghmﬂposphates pol yet hyl ene gl ycol s, pol yethyl ene

oxi des, pol oxi des and (et hyl ene oxi de-propyl ene oxi de)
pol yners; pd0t0¢oi nAntiepidass acdepounsisudiragkesyer andf inmdihdd cfor example,

anh dride-st n oI hacr S acry. | at es or

pol gacryl am'%’@m y be%g?gt %kﬂﬁt?nﬁl%ﬁ%eny aRSR mgtypbcauﬁlsef nqnﬁi
t he conposi tdtplﬁtmydﬁmtnhg bmydantdupirenytmﬂamd,e dopotyy melisheallamting}, hindered
acrylate and e | acryl ate and optionally,vinyl. acet

Gormi o1 £1 or PIASEL TR FoRPEnERsaED o8 W HarhiY iBiGftaes). or
pol éet hyl enlenﬁxmtdesgihegbedﬂpr Qﬂyﬂl(eﬁé%?;igfd?oaﬂds(ﬁ{alyélbenmsed talone or in
oxi de- pr opyl ene .oxi de our i.n epressan

e uaet GOTIEHA: AR GHTDRIHS A4 Re RFVER (N SRISRARDGE o freé basis
pol yal phaol gfd. ngn a(ﬂiiteeﬂﬁsﬁj ofralvei % l@rﬂﬂldﬂtl%l,eorsﬂl ¥ rveintd ooy PRI, 1 wt %

fumarat e ester vip e co ol yrme pol yal kyl (et h) acryl at es,
ponaIkyIacF?IéWE Gﬁt %‘@EWR9P Pé@ﬁ M®8s. 1ndustrial Application

[0126] I n oneognbodi Hﬁ@tllthheteﬁﬁﬁl’(@@l catiodRMhE ©fie8 @mtaink ey @edondary butyl
conmbusti on en |ne 12a&gn one enbodi ne éé%h%ﬁLnternal iﬁ ﬁstlon
ongi ne may BEUOTH BEBHTIHVLE BRGirbs eH oy e BINRENE G50y SR PREndlseroup
natural gas hueligd fenrBbnNeuBbstitdted ¥8ch a hydrocarbyl group (typically linear or
branched alkyl) and/or a bridging group linking to a second aromatic group.
Examples of suitable hindered phenol antioxidants include 2,6-di-tert-
butylphenol, 4-methyl-2,6-di-tert-butylphenol, 4-ethyl-2,6-di-tert-butylphenol,
4-propyl-2,6-di-tert-butylphenol or 4-butyl-2,6-di-tert-butylphenol, or 4-
dodecyl-2,6-di-tert-butylphenol. In one embodiment the hindered phenol

antioxidant may be an ester and may include, e.g., Irganox™ L-135 from Ciba.
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gasol i ne/ al cohol fuel ed engine. In one enbodi nent the internal
conbustion engine may be a diesel fueled engine and in one enbodi nent
a gasoline fueled engine. [0128] The i nternal conbustion engine may be
a 2-stroke or 4-stroke engine. Suitable internal conbustion engines

i ncl ude marine di esel engines, aviation piston engines, |owload

di esel engines, and autonobile and truck engi nes. [0129] As used
herein the conponents of the internal conbustion engine include all

of the partsxolhoieheiemg:unaeﬂerptmd ofrgmgm adstdrlddmitainaingd hiydeasd giighor
| ubricant. Thi.s incl des for rE]p % g%\ l.i npers, canshafts,

pi stons, beéf‘f‘ﬂb’gan’b 1en86t6Yésr niiso 674 §o0Rd C@nbodi ment t he

i nt er nal cormuszt]l ON[reBHE e KuRihahin $heC ARRAEAL Sc ngidsit‘fm{ ifui€her frRIURYS)
conmponent s. f]e ferric conmpopents include Fe, Fe304 or ot her

mat eri al s cdif éibﬁiﬁnh‘&”‘ FOBROUI®O131] I n one enbodi nent the internal

combusti on gppidle CPRS &olshIRNBOORNpSuRS isaR1kddTrBinUiRe &rb@Y corldifing of
al um ni um al | oy i ncl udes_al um niumsilicat es al um ni. um oxi des, or

ot her cer aniolihdenumy dalkyldigverkarpbaese moly plenspy dithierwtamass,i amipe

al um ni um sishi£at B oRHdAGR: conod3dlid Ned MBiiIGAkR&AGo£ONMPOSI tion for an
i nternal conbustion engténe may_ be suitable for_ any engine | ubricant

i rrespecti véObi4lt heSeitatin sramplsssphBrolgbdsnugy Aghigcadamaes ASTN Mag72p

content. Th%s@&'h@ﬁ'x'r‘ ﬁnﬁ&ﬂﬁ%ﬂtlngfudte Q%nﬁﬂ&‘cﬂﬁ n%témilb'@&!dclﬁmer @I?é’tr@@e Aaiiés
% or |ess, or O, % or | ess, % or | ess, % or

less. In onéU@mdM@wart HE2 231 pMe}yVéaH‘f eftt ah%yM@éywaﬁ ﬁﬁé‘"’? aﬁﬁ@t@ & T.
0.001 wt % t\Pan(aerEbil‘MCoA? L&A, QldOAd&a %l&ﬁ‘a Q,L?bem s% ool ke 1 §NesN0KUSHO and

content may be 0.2 wt % or |ess, i % or less, or 0.085 wt

or |ess, or SeV/b(herHOéd@ka %lﬁiﬂﬂnétslﬁs tbe’@@Q %or less, or 0.05 w %
or |ess. e”bﬁﬁﬂe s&die tRDARRYRILS: QB Emargx %r&&l@e F’P?b}noto
1000 ppm 0 ppmto 00 ppm The'tota hat e conten

be 2 wt %orlOp@sl?Pmorle@ \BPDYS O 3|0§s$>pm)rof1 moimbde%um quélse I@brlmat\mg
% or | ess, %@\@h%orless or 0.5 w %or less. In one

enbodi nment the ated ash content may be 0.05 wt %to 0.9 wt % or

0.1 wt %to\(lswﬂ?%f_l‘%)dkﬁems 45 wt % [0133]1n one enbodi ment the
| ubri cating 5pggI0Si {4 QB HRYmB8i s CHGIR ﬂ&%lr%g‘é@ﬂeﬁ P Fﬁ]clﬂlfm'e}ébrdfcﬁfa!éﬂ'cg

conposi tion nmay '‘be characterise as avi ng cont ent
0.5 wt 9% or ahbgdride¢(alphaa ofing plsopelsmetnt enrerst-b@ad®not  Shplent exspylang

ermboti ment AL SIS cale g ABRSSi i 1o a it conrshr spE®, FRlymere,

or a 4-strokednegenateddisepeinei prilgmeed, wdwmaﬁtamdatemgpule/acnyﬂlatgmepoiyalkyl
nbodi t ot i i ne.
A SR T R T

vari ety esters of maleic anhydride-styrene copolymers.

Dispersant Viscosity Modifiers

[0107]  Dispersant viscosity modifiers (often referred to as DVM), include
functionalised polyolefins, for example, ethylene-propylene copolymers that
have been functionalized with an acylating agent such as maleic anhydride and
an amine; polymethacrylates functionalised with an amine, or esterified
styrene-maleic anhydride copolymers reacted with an amine.

Antiwear Agents

[0108] In one embodiment the lubricating composition further includes an
antiwear agent.

[0109] The additional antiwear agent may be either ashless or ash-forming.
Typically ashless antiwear agents do not contain metal, whereas ash-forming do

contain metal.
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of lubricants requiring enulsifiers and/or pour point depressants.
The bl ock copol ymer of the invention may be an enul sifier and/or pour
poi nt depressant in driveline devices, industrial gears, hydraulic
devi ces, off-highway nobil e equi pment such as farmtractors, greases,
nmet al working fluids and fuels. For each of these devices the

| ubricant fornulation nmay, as a person skilled in the art wll

appreci ate, change due to the different additives and treat rates
corm})nl y empl)lgwli]d i’nhea@ﬂﬁif\xmabraigeﬁmrnatyybe.prblmmel _ f(_bheaﬁ eﬁ? frehieastd dek an
copolyner is believed.to function. as,an enulsifier a I, po i, nt
Geprevaant . SPOLsE VB daRaEgs RARGE | et Fored vEis B Jhafdelse
traction drioves t[w(g igﬁdrsA S&i1%NSr 0.aubto¥BbI3cwt Vaasmes'lablgmir@rcmns&ﬁon.
transm ssi o utomat1 ¢ trans sl ons I nclude.contlnuous
variable tr Eﬁyn]i]ssi é’]ngnf Gr\‘}%o,d”inﬁf‘f ﬂ?etni‘ﬁi}'“\?&lflga‘ﬁﬁnépqsﬁ%% %‘@E?‘bﬁ?lh}/des a
(1vT), Torr ?h@@éhdrﬁs’lﬂéﬁﬂaﬁﬁhg Niti wWeaR talgBHIO U ST y)hi&d 115D Bk @hb iT@kes -containing
converted clutches (CSTCC), stepped autonatic t{,ans ssions .0 dliqal
clutch trandhH¥EpLAREHE PBrEp) be PISTH| e FHUNG P Agliesidhp rages ofphggphorus

iTlTustrati oggs@fbedn®eidiy et it subR$ emBH& MInSr athe E‘t@dlhea(cflﬁgsﬂn\dﬁs@i@ﬂ
are not intended to |imt the scope of the invention. EXAMPLES

[ 0139] Pr eparsitilifétifanpl e 1 (EX1): is a di bl ock copol yner of

(C12.. 13- al kyj1aet hpgimbrseofNGiitable antiwear a%ents include phosphate esters,
2- et hyl hexyl net ha_cr%I at e) - b-di et hyl am noet hyl nethacrylate, The

di bl ock cop&PipEFistS Qebpar sdpbyr-etnipging andlagenmt SIAHIGS alngludieg kKagral
flask equi pReel dbEbadNi S RRePLA et(suéﬁ‘era@C%HHia angt a sBedaRg  zinc
mant| e. The re€agents” added i nclude 99. 2 g{ of Cl2_15-al ki&i )

met hacryl at dialgpldgthisiphpsphaigs. hexArmet HaebyHerwn 5. ghalyyldithaoplipsphates).
transfer agemii bEAfGEYHisdabingalRAnahe OUbiho8aie  hel@ifd FidRhrbamate
Trigonox(r)21 Prnl tiator and 41.48 g of IgA0-4 diluent oil.” The fl ask
is stirred &agrpurybplenttdoupledr odeerarbemates.ni aid e Pis(Pradkpidithingarpannidi
rate is 0.028 kg (or 1 SCFH). The flask is then heated to 90 C and
the nitrogen Tlow i s reduced to 0.014 nB/hr (or 0.5 SCFH) and held
for 150 m nufkB3ITheExamplesi of thwatableh atnge diatkylithpordhogplyftes include those
di met hyl am . C N i fc e
hours at QO%Q(E%P olr?igfJ ggo%?hgea%ﬁﬁeﬂgp 2@?% 2? Zegﬁt‘\l/'fghsc%éﬁ?ﬂf (%ltLgﬁ E_lcg‘_tmg
[ 0140] Pr eparaatInieengEx@ambest2or{ Exgine ansl Inptowingcthe ddipisignesrofghe Emissions

(C12-15-al k t LY et :

2 et hy! hoxyl T TacEy I of (b BT PR R APpication USH7AV 428 (ogiiged
of C12. 45- al“kybrigetitgcOyll dfenpésitign ofind - bty exdy | Imprevinge rififiaiency and
0.97 g of Trg [t d »ar f I

one third ofE Y?ﬁgl%)é?(?a(# tfué éc)ﬂstéérqée)g ;%r?'?l g%gggggﬁéogfeﬁaﬁ gaer)rgg&:r%pe '1t7h
a ni trogen 2806t , Thdhemwodielyyldtraophmphatat iongimadiadlleyipboghatgsohan in one
chai n transf n o] -trithio a '

added to thé’%'?og%gl?ﬁt[ 8?&%?%@ ¥l %tszw‘i gaq{st%??lr @E@%ﬁ%ﬁé‘é@%&“#'ﬁ&%ﬂ“g
ni t rogen f orcodpommndsitgsesehibm by tireofpemuid:ow rate is 0.028 nB8/hr (or 1
SCFH). The flask is then heated $0—80,C and' the nitrogen flowis
reduced to 0.014 nB/hr (or 0.5 SCFH) and #he remamining two thirds of
the blend is added over a peri og{,;g_j__ QAPrut-eéd—Fhe flask is

mai ntai ned at 80 C and held for 150 m nutes. The flask is then

charged with 14.4 g of di nethyl agi noethyl methacrylate. The flask i
hel d for a PEbetEr By a8dat oo eeDERIGH §<95|<?=r?gl.d %hén%#%daa'%e

i's a viscouspléstudently hydrocarbyl groups, the average total number of carbon atoms in
R? plus R* for the mixture of phosphorus-containing compounds being at least
9.5; wherein R® and R? are characterised in that (1) 4 to 70 mole percent of such
groups contain 2 to 4 carbon atoms and (ii) 30 to 96 mole percent such groups
contain 5 to 12 carbon atoms; and wherein, in less than 8 mole percent of the
molecules of the formula in the mixture of phosphorus-containing compounds,

each of R* and R* contain 2 to 4 carbon atoms and in greater than 11 mole
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[0142] Preparative Exanple 3 (EX3): is a diblock copol ymer of
(Cu-vs-al kyl methacrylate and Cl6_18- al kyl

nmet hacryl at e) - b-di net hyl am noet hyl nethacrylate. 1500 g of

Cl2_15-al kyl methacrylate, 260 g of Ci s-is-al kyl nethacrylate (the
Cl5 18-al kyl methacrylate also contains up to 5 wt % C net hacryl ate
and up to 2 Wt % C20-al kyl nethacrylate), and 3 g of TrigonoxC21
initiator are blended to forma blend. About one third of the blend

i s charged ipetant of the akdecléask tlerforppéa imishid mixtute 8Jdmsihtet, carbon

t her nocoupl ¢, and _a tin tle, 17,5 of, a, chain transf agen
(dodecyrtri ehLaPadbatd D lyR lvet o b, Pufielh AR L ppBR tne
[0143] The f laastagk Sotat numddr andydrrgediohs bn R’ tandgehof earbda aomutlesated
The ni trogen %IO\&/ ra]e i s .0. EG #11[5/,) r (or 2 SCFH). The flask is then
heated to 8G°E Qife{ @tomst%g $%f (6w i s reduced to 0.014 n-13/hr (or
0.5 SCFH) anoitd]le reEhai ditliigcdrbembii-cdisaiaing Renpoands isapdsie preyed aby
period of 90 mnutes. The flask is nmaintained at 80 C and held for 15
hours. The FFARE € JAUACHRaRGEc AT 54D T UbAIdIRRIWgIAnF HEROYRA. ThE
met hacr yl at elithigvaridnaak cbstairehgl chbepoahdORafafsarbelpleaned. by Himaeaneously
separate charges (each. 1 %zﬁl?of Trigo{éox r)21 initiator are agded
over a peri SeAOREANLRInE. carbon fdigyRpide;and an ysapiated; comrpupds Geaerally:
Fliollzi1 i on wi ttlsk; Qédcu%abce%lﬂs %Q(%ﬁféﬁﬁp@of/%ﬁgFWBEIQW@.T mjsephten@id,?ss,s%z
reparatiy mpl e X4).: is a diblock copol ynmer epareqd .
a process siaﬁfl|%r§9?82%>@smak%éﬁ 1993EbFMHSI CPRYEF gred a0 making
copol ynmer ofihdieel2  15-al kyl nethacrylate and CI 6_ 1|8-al kyl
nmet hacryl at e?)- b- (di pet hy] am poet hyl nethacryl ate and )
met hyl met hadPy13t e) Examplesethyvitanle delins dbdl may Rfasulrbsrsed tedery an
wi th di met hghpRumeed bydfiimehdlags Y T hgutyiehé Oiseb WRle Sit¥ine P BE AR
of Cl2_15-al k%ﬁurret hacr;l/l ate to)[SC(?ifs _G::Lrée- al k{//I rre}tshaléttryi[/t?lg}t,@bi S 32: 15
(the heplepgs IP&EFH AWCAPs e alRASCERL:t 08eaRACIREacH] Wijdecene,
et hacryl at Qe@iifbcbife, {Rnfadtke¥b, GRRaddkNé, MBihRecEyd al®ldecdE detldcReine,
t he wei ght percent of dinethylam noethyl nethacrylate to
met hy| met haélopParenpseigpsae mhalixkres thespefht Ipareermbedimept kradpiane.
bl ock to thecpaeenthed! Qakicent aioRiagcthepe! AondiiRel Sifdseds: orl Mfixtures
product is a viscous liquid before dilution with diluent oil to form
a 50 % pol yrieeresd pdrteeirdigiers, rionus|aodnistieiery erpeaprsiaibi vestek alpsins.
1 (CPl): is ﬁ@lt&-ﬁﬁ'@@a}r,p%é’ e Tmsy 1 LoDk 1d8BLRAGEY bt diene such as
acry net hyl t hyl h

2- et hyl hexyl met hacrylate, and di yl am noet hyl nethacrylate. The
random pol ynet-bitadinepmdean wisatialedicntry Begeantiitylacylaed- necked
flask equi ppggsgy t haRofehr Q98N of @hﬁ}hmifsp@rd]%?qﬂ&%d@{‘%? hefds! A their
mantl e. The readents added 1 nclude "99.2 g of Cl2_15-alk ) )

net hacryl at esteag dheflatty acisdyl ane pylepetthzioey fepme vegetablegoipfor animal oil and
di et hyl am nagr 4 0 of LNyt ]
(dodecyl -tr ??ﬁcg%%rcggﬁg&? g ?q?}ﬁméb?tne? O?_ISO. %%alﬁﬁ%? .%Frsf@gﬁfg)?f (a P?%ﬁc%sv and
initiator aribieinesiess gnadndPniglycetidesemteioideid, Teoleicaahd, palmmwieihagid@r
to 90C as is, deseLi kN . .0 ] fall: 0w i can :
exanpl es ana-nconpg_rtg??\(;g I%ﬂg’cg{ﬁt ﬂaﬁ@a%r%figeg?e toﬁgl%&s? g)gll g%%iugf}’ r(t)z}ll tolfl11é
product s fr qeantieoidr sybean e cettomgskte ool subfiparnstadeoipoepaixtirey ghereof.

ot ceb o} £
enorted 1o BorsaaRp AR ey AR RERer AP BD kS SRR Dl cant

Exanpl e 1 (CixCigme ErexsSARASIMSB0 engi ne | ubricant. [0148] Conparati ve

cLct, “exceptON It ur Erge LRt e o 05 «fioq Bt HRL SERBlr, 3b b b Retuae

sulphur- and chlorosulphur-containing EP agents, chlorinated hydrocarbon EP

agents and phosphorus EP agents. Examples of such EP agents include
chlorinated wax; organic sulphides and polysulphides such as
dibenzyldisulphide, bis—(chlorobenzyl) disulphide, dibutyl tetrasulphide,

sulphurised methyl ester of oleic acid, sulphurised alkylphenol, sulphurised



[ 0149] Conpar ative Lubricant Exanple 3 (CLC31 is a 5W30 engine

| ubricant simlar to CLCL, except it further contains 0.12 wt % of
the product of CPl. [0150] Conparative Lubricant Exanple 4 (CLC4) is a
oil mxture of 80 wt % of ExxonMobil Goup Il EHCTm 45, with
viscosity of 4.6 mR/s at 100 C and 20 wt % of ExxonMobil G oup |1
EHCTm 60, with viscosity of 6.0 m2/s at 100 C. [0151] Lubricant
Example 1 (LCl) is a 5W30 engine lubricant simlar to CLCl, except
it further (dqmnmnns Guhuvisedo gbrpehs pamdjucstulmurif‘zedl Diels—AIder adducts;

to crer, exeopterapiiied hbtod e glh iF, RERS i BLAL by hiPebos

[ 0153] Lubr| (sa]ptucﬁxamﬂi euhefties) or snahﬁVVdB@teengho@hbuisr lesiant sachn dsarthe
it furth

t CLC1, 0..05 % of t

15 Luby | ERlarddanat BAE" i QAGBR3n CufiRailios b0k, Ui BBhiR) afiEe
Egl%]ci bexcphpd:phmta f drcybiehexﬁxbntpmpslﬁuﬁ, mgmylpzfewlet m;ﬂ?iéﬁju?hp?ﬁylaﬁyl

upri c a e l. N .

o GLOL.  exSLRPTE THIThErosDlkt & Retolgv e ol e AP SR P 6551
E glgﬁj]ckub;(garﬁlkﬁx pl‘mirpihitﬁ, (cﬂix%%rla:lﬁlgap}ﬁw %stemgl r}ﬂlolsptbfelr ?gﬂ?i@lgpﬂob%ne
1571 Luby 1 Sotitubd enCS ppSRRE! Betals fiorroaiatere 1 s Cat digafpio-
to CLCl, excefdamate faﬁditﬂmi’uncdﬁ:b@llp‘l&nﬁl @pacd; Smbde 418 pf adivgt arf dRXiyl-

E 8158] Lubri C%osphon g&ds 1nc1§151ng) forsexampl\év fqhe amlge seﬁt OP t relrge%%%n%lrggdcta (r)f a

dialkyldithiophosphoric acid with propylene oxide; and mixtures thereof.
Friction Modifiers

[0118] In one embodiment the lubricating composition further includes a
friction modifier, or mixtures thereof. Typically the friction modifier may be
present (on an oil free basis i.e., an actives basis) in ranges including 0 wt % to
10 wt %, or 0.05 wt % to 8 wt %, or 0.1 wt % to 4 wt %.

[0119]  Examples of suitable friction modifiers include long chain fatty acid
derivatives of amines, esters, or epoxides; fatty imidazolines such as
condensation products of carboxylic acids and polyalkylene-polyamines; amine
salts of alkylphosphoric acids; fatty alkyl tartrates; fatty alkyl tartrimides; or
fatty alkyl tartramides.

[0120] Friction modifiers may also encompass materials such as fatty alkyl
tartrates; fatty alkyl tartrimides, sulphurised fatty compounds and olefins,
molybdenum dialkyldithiophosphates, molybdenum dithiocarbamates, sun-
flower oil or monoester of a polyol and an aliphatic carboxylic acid (all these
friction modifiers may also be described as antioxidants or antiwear agents).
[0121] In one embodiment the friction modifier friction modifier is selected
from the group consisting of long chain fatty acid derivatives of amines, esters,
or epoxides; fatty alkyl tartrates; fatty alkyl tartrimides; and fatty alkyl
tartramides.

[0122]  In one embodiment the friction modifier may be a long chain fatty acid
ester (previously described above as an ashless antiwear agent). In one embodiment
the long chain fatty acid ester may be a mono-ester, e.g., a monoglyceride, and in

one embodiment the long chain fatty acid ester may be a (tri)glyceride.
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CLC1l, except it further contains 0.15 w % of the product of EX4.

[ 0159] Lubri cant Exanple 9 (LC9) is simlar to CLC4, except it
contains 0.26 w % of the product of EX2. [0160] Lubricant Exanple 10
(LC10) is simlar to CLC4, except it contains 0.35 w % of the
product of EX3. [0161] Lubricant Exanple 11 (LCll) is simlar to CLC4,
except it contains 0.35 w % of the product of EX4. Testing

[ 0162] Lubricant exanples LCL to LC8 and conparative Lubricant

exanpl es CL@thenAdilid¥esre eval uated in the foll owing ASTMtests D445,

D4684- 07 an 85- T i .are e L0 :
Chrysler's g mul g_?%erlf ' E@g‘%‘.&&ﬁl’t‘%a’{ﬁe@%‘% flgéfg%A@W%gnlklgftgpeén?%de
measur enent thdsekdaseraed o parsgophs ¥ touhpf $ISmRpEratain WE0503 8P 09 641c43SFEM
D4684- 07 ( M, -Rat ary ar el at ; I .
tenperature (gct}cr)r%gbi%rsi t%ﬁ@fc Ot\giﬁ"al}l‘génegi "lrlflé1 N:%:J%'F |{ c%fi lﬁagn%‘f)| 1}10%?1'8%:3{' s%crt)élggnne
and | ow shearctabetey csndrsisstyorapedreaufrdedeadityd suconici avgd at awontridsl dvelda

rates over eri od exceedi 45 .hour,.to a,final test te ratur

ot veen < 10 78 s FERTGMe i i Lot | TRppAE PRRIEES: he

[ 0165] D5985-c0Zrosmwemnkiliitoes datledariieal ywaioo® @otrsi@oinitibiodr. p€he Gyaalox®
ot at

products by an aut o ﬁiﬁ: instru rpt that conti ngouscl at e t he lene

Pest  speci ménagaruri e Spahtieh e donebRbmgi 86 Sale bR S proid s

t he test spesideen.THeO5664I0R® Chrrgsibar inhfbitenisl deanibet ain hdry deesit in a

involves the St eR%rSdhure with Form No. 118-01453-0702 AMS, published by The Dow
Chemical Company. The product brochure is entitled “SYNALOX Lubricants,
High-Performance Polyglycols for Demanding Applications.”
[0124]  Metal deactivators including derivatives of benzotriazoles (typically
tolyltriazole), dimercaptothiadiazole derivatives, 1,2,4-triazoles, benzimid-
azoles, 2-alkyldithiobenzimidazoles, or 2-alkyldithiobenzothiazoles; 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
may be useful. Foam inhibitors that may be useful in the compositions of the
invention include 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.
[0125]  Pour point depressants that may be useful in the compositions of the
invention include polyalphaolefins, esters of maleic anhydride-styrene
copolymers, fumarate ester-vinyl acetate copolymers, polyalkyl(meth)acrylates,
polyalkylacrylates or polyalkylacrylamides.
Industrial Application

[0126] In one embodiment the mechanical device is an internal combustion
engine.
[0127] In one embodiment the internal combustion engine may be a diesel

fueled engine, a gasoline fueled engine, a natural gas fueled engine or a mixed
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conbining 10 vol unme % E85 fuel, 10% water, and 80% fully fornul ated

engi ne oil

and m xing themin a Waring bl ender. The resultant

emul sion is stored in graduated cylinders at O C and room tenperature

(25 © for

24 hours. At the end of the test, the volune percent oil

(%oil), percent enulsion (%enul), and percent water (% H20) are
recorded. Typically, a fornulated oil is considered to pass the FFV
test if %420 at both OC and roomtenperature is zero. [0167] The

results obt
D445 D4684-

%‘aE@%e‘?ﬂEoﬁcﬁeﬂ{ef‘eﬂt Sn&BSCrinbefe pMMRAIRES 8% [Rbhansombastion
(at -35 C) CLCL 33 32400 CLC2 10. 62 30900 CLC3 10.60

32300 LCl nEREwempche a diesel fueled engine and in one embodiment a gasoline fueled

engine.

[0128] The internal combustion engine may be a 2-stroke or 4-stroke
engine. Suitable internal combustion engines include marine diesel engines,
aviation piston engines, low-load diesel engines, and automobile and truck
engines.

[0129]  As used herein the components of the internal combustion engine
include all of the parts of the engine derived from metal lubricated by an engine
lubricant. This includes for example, cylinder liners, camshafts, pistons,
bearings, oil coolers etc.

[0139] In one embodiment the internal combustion engine contains
components ferric (i.e., ferrous) components. The ferric components include
Fe, FeO, Fe;04 or other materials containing iron.

[0131] In one embodiment the internal combustion engine contains
components of an aluminium-alloy. The aluminium-alloy includes aluminium
silicates, aluminium oxides, or other ceramic materials. In one embodiment the
aluminium-alloy is an aluminium-silicate surface.

[0132]  The lubricating composition for an internal combustion engine may
be suitable for any engine lubricant irrespective of the sulphur, phosphorus or
sulphated ash (ASTM D-874) content. The sulphur content of the engine oil
lubricant may be 1 wt % or less, or 0.8 wt % or less, or 0.5 wt % or less, or 0.3
wt % or less. In one embodiment the sulphur content may be in the range of
0.001 wt % to 0.5 wt %, or 0.01 wt % to 0.3 wt %. The phosphorus content
may be 0.2 wt % or less, or 0.1 wt % or less, or 0.085 wt % or less, or even
0.06 wt % or less, 0.055 wt % or less, or 0.05 wt % or less. In one embodiment
the phosphorus content may be 100 ppm to 1000 ppm, or 200 ppm to 600 ppm.
The total sulphated ash content may be 2 wt % or less, or 1.5 wt % or less, or
1.1 wt % or less, or 1 wt % or less, or 0.8 wt % or less, or 0.5 wt % or less. In
one embodiment the sulphated ash content may be 0.05 wt % to 0.9 wt %, or
0.1 wt % to 0.2 wt % to 0.45 wt %.

[0133] In one embodiment the lubricating composition may be an engine

oil, wherein the lubricating composition may be characterised as having (i) a
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sulphur content of 0.5 wt % or less, (ii) a phosphorus content of 0.08 wt % or
less, and (iii) a sulphated ash content of 1.5 wt % or less.

[0134] In one embodiment the lubricating composition may be suitable for a
2-stroke or a 4-stroke marine diesel internal combustion engine. In one
embodiment the marine diesel combustion engine is a 2-stroke engine.

[0135]  The block copolymer of the invention may also be used in a variety
of lubricants requiring emulsifiers and/or pour point depressants. The block
copolymer of the invention may be an emulsifier and/or pour point depressant
in driveline devices, industrial gears, hydraulic devices, off-highway mobile
equipment such as farm tractors, greases, metalworking fluids and fuels. For
each of these devices the lubricant formulation may, as a person skilled in the
art will appreciate, change due to the different additives and treat rates
commonly employed in each lubricant type. None the less, the block
copolymer is believed to function as an emulsifier and/or pour point depressant.
[0136] Driveline devices include gearboxes, axle gears, traction drive
transmissions, automatic transmissions or manual transmissions.

[0137]  Automatic transmissions include continuously variable transmissions
(CVT), infinitely variable transmissions (IVT), Torroidal transmissions,
continuously slipping torque converted clutches (CSTCC), stepped automatic
transmissions or dual clutch transmissions (DCT).

[0138] 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

[0139] Preparative Example 1 (EX1): is a diblock copolymer of (Cj3.15-alkyl

methacrylate and  2-ethylhexylmethacrylate)-b-dimethylaminoethyl meth-

acrylate. The diblock copolymer is prepared by charging reagents into a 4-
necked flask equipped with a nitrogen inlet, thermocouple and a heating
mantle. The reagents added include 99.2 g of Cy3.15-alkyl methacrylate, 48 g of
2-ethylhexylmethacrylate, 5.04 g of a chain transfer agent (dodecyl-
trithiocarbonate butyl ester), 0.87 g of Trigonox®21 initiator and 41.48 g of
PAO-4 diluent oil. The flask is stirred and purged with nitrogen for 30
minutes. The nitrogen flow rate is 0.028 m>/hr {or 1 SCFH). The flask is then
heated to 90 °C and the nitrogen flow is reduced to 0.014 m’/hr {or 0.5 SCFH)
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and held for 150 minutes. The flask is then charged with 12.8 g of
dimethylaminoethyl methacrylate. The flask is held for a further 3 hours at 90
°C, before cooling. The product is a viscous liquid.

[0140] Preparative Example 2 (EX2): is a diblock copolymer of (Cj5.15-alkyl
methacrylate and  2-ethylhexylmethacrylate)-b-dimethylaminoethyl meth-
acrylate. 111.6 g of Cjj.s-alkyl methacrylate, 54 g of 2-ethylhexyl-
methacrylate, and 0.97 g of Trigonox®21 initiator are blended to form a blend.
About one third of the blend is charged into a 4-necked flask equipped with a
nitrogen inlet, thermocouple and a heating mantle. 5.67 g of a chain transfer
agent (dodecyl-trithiocarbonate butyl ester) is then added to the flask.

[0141]  The flask is stirred and purged with nitrogen for 30 minutes. The
nitrogen flow rate is 0.028 m>/hr (or 1 SCFH). The flask is then heated to 80
°C and the nitrogen flow is reduced to 0.014 m’/hr (or 0.5 SCFH) and the
remaining two thirds of the blend is added over a period of 90 minutes. The
flask is maintained at 80 °C and held for 150 minutes. The flask is then
charged with 14.4 g of dimethylaminoethyl methacrylate. The flask is held for
a further 150 minutes at 80 °C, before cooling. The product is a viscous liquid.

[0142]  Preparative Example 3 (EX3): is a diblock copolymer of (C;.;5-alkyl
methacrylate and Cig5-alkyl methacrylate)-b-dimethylaminoethyl meth-
acrylate. 1500 g of Ciz.;s-alkyl methacrylate, 260 g of Cjg.5-alkyl meth-
acrylate (the Cj¢13-alkyl methacrylate also contains up to 5 wt % Cis-alkyl
methacrylate and up to 2 wt % Cyp-alkyl methacrylate), and 3 g of
Trigonox®21 initiator are blended to form a blend. About one third of the
blend is charged into a 4-necked flask equipped with a nitrogen inlet,
thermocouple and a heating mantle. 17.5 g of a chain transfer agent (dodecyl-
trithiocarbonate butyl ester) is then added to the flask.

[0143]  The flask is stirred and purged with nitrogen for 30 minutes. The
nitrogen flow rate is 0.056 m>/hr (or 2 SCFH). The flask is then heated to 80
°C and the nitrogen flow is reduced to 0.014 m’/hr (or 0.5 SCFH) and the
remaining two thirds of the blend is added over a period of 90 minutes. The
flask is maintained at 80 °C and held for 15 hours. The flask is then charged
with 240 g of dimethylaminoethyl methacrylate. The flask is held for at 90 °C

for 2 hours. Three separate charges (each 1 g) of Trigonox®21 initiator are
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added over a period of 5 hours. The product is a viscous liquid before dilution
with diluent oil to form a 40 % polymer mixture in oil.

[0144]  Preparative Example 4 (EX4): is a diblock copolymer prepared by a

process similar to EX3, except the final polymer is a block copolymer of (Cj.-
1s-alkyl methacrylate and Cis.13-alkyl methacrylate)-b-(dimethylaminoethyl
methacrylate and methylmethacrylate). The methyl methacrylate is added
concurrently with dimethylaminoethyl methacrylate. The ratio of the weight
percent of Cys.js5-alkyl methacrylate to Cg.15-alkyl methacrylate is 85:15 (the
Cie-15-alkyl methacrylate also contains up to 5 wt % C4-alkyl methacrylate and
up to 2 wt % Cyg-alkyl methacrylate). The ratio of the weight percent of
dimethylaminoethyl methacrylate to methylmethacrylate is 91:9. The ratio
weight percent of hydrophobic block to the second block containing a polar
group is 87:13. The product is a viscous liquid before dilution with diluent oil
to form a 50 % polymer mixture in oil.

[0145]  Comparative Preparative Example 1 (CP1): is a random polymer of

Ciz.15-alkyl methacrylate, 2-ethylhexylmethacrylate, and dimethylaminoethyl
methacrylate. The random polymer is prepared by charging reagents into a 4-
necked flask equipped with a nitrogen inlet, thermocouple and a heating
mantle. The reagents added include 99.2 g of Ciz.15-alkyl methacrylate, 48 g of
2-ethylhexylmethacrylate, 12.8 g of dimethylaminoethyl methacrylate, 5.04 g
of a chain transfer agent {dodecyl-trithiocarbonate butyl ester), 0.87 g of
Trigonox®21 initiator and 41.48 g of PAO-4 diluent oil. The flask is then
heated to 90 °C as is described in EX1.

[0146] In the following lubricant examples and comparative lubricant
examples, the listed amount of the products from the preparative example or
comparative preparative example, as the case may be, includes the amount of
diluent oil reported to be added or included therein.

[0147] Comparative Lubricant Example 1 (CLC1) is a SAE 5W-30 engine
lubricant.

[0148] Comparative Lubricant Example 2 (CLC2) is a 5W-30 engine
lubricant similar to CLC1, except it further contains 0.05 wt % of the product
of CP1.
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[0149] Comparative Lubricant Example 3 (CLC3) is a 5W-30 engine
lubricant similar to CLC1, except it further contains 0.12 wt % of the product
of CP1.

[0150] Comparative Lubricant Example 4 (C1.C4) is a oil mixture of 80 wt
% of ExxonMobil Group II EHC™-45, with viscosity of 4.6 mm?/s at 100 °C and
20 wt % of ExxonMobil Group 1T EHCT™-60, with viscosity of 6.0 mm?s at 100 °C.
[0151]  Lubricant Example 1 (LCI} is a 5W-30 engine lubricant similar to
CLC1, except it further contains 0.05 wt % of the product of EX1.

[0152]  Lubricant Example 2 (L.C2} is a 5W-30 engine lubricant similar to
CLCI, except it further contains 0.12 wt % of the product of EX1.

[0153] Lubricant Example 3 (LC3) is a 5W-30 engine lubricant similar to
CLCl1, except it further contains 0.05 wt % of the product of EX2.

[0154] Lubricant Example 4 (I.C4) is a 5W-30 engine lubricant similar to
CLC1, except it further contains 0.12 wt % of the product of EX2.

[0155]  Lubricant Example 5 (LCS) is a SW-30 engine lubricant similar to
CLC1, except it further contains 0.07 wt % of the product of EX3.

[0156]  Lubricant Example 6 (L.C6) is a 5W-30 engine lubricant similar to
CLCI, except it further contains 0.16 wt % of the product of EX3.

[0157]  Lubricant Example 7 (LC7) is a 5W-30 engine lubricant similar to
CLCl1, except it further contains 0.06 wt % of the product of EX4.

[0158]  Lubricant Example 8 (LCS8) is a 5W-30 engine lubricant similar to
CLC1, except it further contains 0.15 wt % of the product of EX4.

[0159]  Lubricant Example 9 (I.C9) is similar to CLC4, except it contains
0.26 wt % of the product of EX2.

[0160] Lubricant Example 10 (LC10) is similar to CLC4, except it contains
0.35 wt % of the product of EX3.

[0161]  Lubricant Example 11 (LCI1) is similar to CLC4, except it contains
0.35 wt % of the product of EX4.

Testing

[0162] Lubricant examples LC1 to LC8 and comparative Lubricant
examples CLC1 to CLC3 are evaluated in the following ASTM tests D445,
D4684-07 and D5985-02. The lubricants are also evaluated in Chrysler’s FFV

emulsion stability test.
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[0163] ASTM D445 relates to measurement of kinematic viscosity (units
mm?/s) at 100 °C.

[0164] ASTM D4684-07 (Mini-Rotary Viscometer or MRV) relates to the low-
temperature pumpability of an engine lubricating oil. Yield stress and low-shear-
rate viscosity are measured after cooling at controlled rates over a period
exceeding 45 hour to a final test temperature between -10 °C and -40 °C. The
units are Centipoise (cP) or mPa-s.

[0165] D5985-02 covers the determination of pour point of petroleum
products by an automatic instrument that continuously rotates the test specimen
against a suspended detection device during cooling of the test specimen.

[0166] The Chrysler FFV emulsion stability test involves the steps of
combining 10 volume % E85 fuel, 10% water, and 80% fully formulated engine
oil and mixing them in a Waring blender. The resultant emulsion is stored in
graduated cylinders at 0 °C and room temperature (25 °C) for 24 hours. At the
end of the test, the volume percent oil (% oil}, percent emulsion (% emul), and
percent water (% H,O) are recorded. Typically, a formulated oil is considered

to pass the FFV test if %H,0 at both 0°C and room temperature is zero.

[0167] The results obtained for the tests described above are as follows:

Test D445 D4684-07 (at -35 °C)
CLC1 10.33 32400

CLC2 10.62 30900

CLC3 10.60 32300

LC1 n/m n/m

LC2 n/m n/m

LC3 10.54 30500

LC4 10.54 31300

LC5 10.45 44500

LC6 10.43 66000

LC7 10.65 36300

LC8 10.66 46500
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Chrysler FFV at 0 °C Chrysler FFV at 25 °C
% o1l | Y% emul | % H,O % o1l % emul % H,O
CLCI 86 0 14 85 0 15
CLC2 87 0 13 84 0 16
CLC3 88 0 12 84 0 15
LC1 n/m n/m n/m 12 88 0
LC2 n/m n/m n/m 3 97 0
LC3 18 82 0 52 48 0
LC4 6 94 0 15 85 0
LC5 7 94 0 3 97 0
LC6 23 77 0 1 99 0
LC7 9 91 0 40 60 0
LC8 5 95 0 26 74 0

Footnote to the tables:

n/m indicates a data point not measured

[0168] Examples CLC4 and LCS to LC11 are analysed for pour point

performance by the methodology of ASTM method D5985-02. The results
obtained are as follows:

Example | Pour Point (°C) | No Flow Point (°C)
CLC4 -18 -19.9
LC% -18 -21
LCI10 =30 -30.1
LC11 -30 -30.1

[0169]

invention indicate that the polymer has emulsifying properties and/or pour

Overall the results obtained for the block copolymer of the present

point depressant properties.
[0170]

in the final formulation, so that the components of the final formulation may be

It is known that some of the materials described above may interact

different from those that are initially added. The products formed thereby,
including the products formed upon employing lubricating composition of the
present invention in its intended use, may not be susceptible of easy
description. Nevertheless, all such modifications and reaction products are
included within the scope of the present invention; the present invention
encompasses lubricating composition prepared by admixing the components

described above.

31



O Footnote to the tables: n/mindicates a data point not neasured
[0168] Exanpl es CLC4 and LCO to LCl1 are anal ysed for pour point
performance by the nethodol ogy of ASTM net hod D5985-02. The results
obtained are as follows: Exanple Pour Point (C) No Flow Point (C
CLC4 -18 -19.9 LC9 -18 -71 LCIO -30 -30.1

[0171] Each of the documents referred to above is incorporated herein by
reference. Except in the Examples, or where otherwise explicitly indicated, all
numerical quantities in this description specifying amounts of materials, reac-
tion conditions, molecular weights, number of carbon atoms, and the like, are to
be understood 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. Multiple groups represented by the
same symbol in the formulae described above, may be the same or different.
[0172]  As used herein the “Cy.30 alkyl (meth)acrylic units” relate to product
formed by the polymerisation of Cj.3 alkyl (meth)acrylic monomer. The Ci30
alkyl (meth)acrylic units may then be used to form the block(s) as described
herein above. Reference to the percentage of Ci.30 alkyl (meth)acrylic units is
considered as a mole percent.

[0173]  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:

(i) 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);

(ii) substituted hydrocarbon substituents, that is, substituents containing
non-hydrocarbon groups which, in the context of this invention, do not alter the

predominantly hydrocarbon nature of the substituent (e.g., halo (especially



LC11 -30 -30.1 [0169]Overall the results obtained for the bl ock
copol ynmer of the present invention indicate that the polyner has

emul sifying properties and/or pour point depressant properties.
[0170] 1t is known that some of the nmaterials described above may
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invention My chberuseH mQEaEASInsWst 1WA ShO EcAHRIMhS apnddn X1 nst he
other elements. Multiple groups represented by the sanme synbol in the

formul ae descri bed above, nay be the sanme or different. [0172] As
used herein the "Cl.30 alkyl (nmeth)acrylic units"” relate to product
formed by the polynerisation of C1_30 al kyl (neth)acrylic nonomer.
The C1.30 al kyl (neth)acrylic units may then be used to formthe

bl ock(s) as descri bed herein above. Reference to the percentage of
Cl 30 al kyl (meth)acrylic units is considered as a nole percent.
[0173] As used herein, the term "hydrocarbyl substituent” or
"hydrocarbyl group” is used in its ordinary sense, which is
wel | -known to those skilled in the art. Specifically, it refers to a
group having a carbon atomdirectly attached to the renai nder of the
nol ecul e and havi ng predom nantly hydrocarbon character. Exanples of
hydr ocar byl groups incl ude: (i) hydrocarbon substituents, that
is, aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl,
cycl oal kenyl ) substituents, and aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, as well as cyclic
substituents wherein the ring is conpleted through another portion of
the nolecule (e.g., two substituents together forma ring);

(ii) substituted hydrocarbon substituents, that is, substituents
cont ai ni ng non-hydrocarbon groups which, in the context of this
invention, do not alter the predom nantly hydrocarbon nature of the
substituent (e.g., halo (especially chloro and fluoro), hydroxy,

al koxy, nercapto, al kylnercapto, nitro, nitroso, and sul phoxy);

(i) hetero substituents, that is, substituents which, while having
a predom nantly hydrocarbon character, in the context of this

i nvention, contain other than carbon in a ring or chain otherw se
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(i1v) heteroatons, including sulphur, oxygen, and nitrogen. In

general, no nore than two, preferably no nore than one,

non- hydr ocar bon substituent will be present for every ten carbon
atons in the hydrocarbyl group; typically, there will be no

non- hydrocar bon substituents in the hydrocarbyl group. [0174] Wil e
the invention has been explained in relation to its preferred

enbodi Méhttds claimed it'o be understood that various nodifications

thereof will becone apparent to those skilled in the art upon readi ng
t he specifi dati onlseTifer ‘el‘o@kezopbl;ynha asambenulsdersinddd & paur pdiet depressant

inventlonldéscl se her& Qﬂ ﬁ%Int nded to cover such nodi fications as
fal | wit AP EIPE O et e g eBPHE*S: what is clained is:

1.Use of a hhpgky %M@rﬁﬁﬁb%kelwézﬁgf@lef andr %eﬁl)ﬁ’&%cﬂﬁhﬂt with the
depressant in a Iubrlcant wherein t he-bl 6ck copol ymer conpri ses:

(a) a hyerioptisdsi akyi glsntupblctfcﬂherfémonglk@(meﬂﬁwyhc (umists e rapl aeeragd tafal

with the rOVESO that alk royps _qQf the C1.30 al kyl (meth)acrylic
units REFEAR 8V3P5§£0T%?g?t l%ﬁzﬁg?o'an f carbon atons of at |east 8; and

(b) a secondpphogkot¥aBiotl HaRBichdrB&h)achaic UiitsSwiMeh Clirther hid@r a h‘ﬁ)‘t’lﬂ:aﬁ)onyl

non-car bonyl ‘heteroatom containing group providing a polar group t
such ufetesqatathepblainingigtoupepion tiling @czkoléxmowttg yeames, whenebylsidi @p@@d

Lne i nCRAR TR SROBRGH Y rEnes af S eiBL cngine.
g

3. The use of claiml or claim?2, wherein the bl ock copol ynmer

conprises: 2, THea)sedothyiding Ah elticteihi ths tint¥rod ke ohgbtisiign Ghgdfd Rl Kfikxible
(meth)acrylic units, wherein at |least 50 wt % of the Cl1-30 al kyl

(et h) Aeelyyehiclepngiscar e C12-15 al kyl (meth)acrylic units, and up to
50 wt % of the C1_30 alkyl (nmeth)acrylic units are Cl6_ 70 al kyl

th I | t 1 30
oyt G horyi M o i 8L BE M0, ke iy bl B Cupa s ik

atons of at (keadtyd8plabit first block thﬁvmgs@gwﬂi[kpl aakthhaoryhg units, wherein at
(meth)acrylic units further_ havin eterpato grou rovidi ng.a

(et g Py L A PR 2 T SLoal S oug, oM g
the bl % @89;05'(3' %r%CQFTH{e' EE%) alkyl (meth§dr H‘c hyeg %P@@Q!; % iikgﬁsﬁx%%‘c'fyhc

havi ng C1 al kyl (nmeth)acrylic units, erel n at | east

t he C1udtsakipl thé meotisachat alkyhgrdusps alfahéjiz 30 Sullag k(e th metyiicaemiyd have an
units, and up %30 wt%/ L Oalk§I ﬁggeth)acrylic units are
C16- 20 2XFIAgF TRIREEWYRET Of ¢4 %Ftto Wi A& Bhdvi so that al kyl groups

of the Cl-3Qpn 5%%0@@15@@1@5%' 'Gnéiﬂ]a‘b%rﬂ@ﬁﬁﬁt@ﬂnﬁ”}é?ﬁﬁg&gb héterdddR Yroup
of carbon atons of 8; a second bl ock having

( met h) geovyiding ajpcllasgm;)ch further have a non-carbonyl
het er oat om cont ai ni ng group providing a polar group to such units,

mgr ﬁ?ér zgihglbisgcf L C&iastl?llsegfoﬁc%(hl l%'et %f%r%gécf'no hc}ialmqul t CJJ t%hgr%?rp tggebslock
copolymer comprises:

(a) a hydrophobic first block having C;.3¢ alkyl (meth)acrylic units, wherein at
least 70 wt % of the Cy30 alkyl (meth)acrylic units are Cjp.15 alkyl (meth)acrylic units,
and up to 30 wt % of the C,30 alkyl (meth)acrylic units are Cys.0 alkyl (meth)acrylic
units, with the proviso that alkyl groups of the C.5p alkyl (meth)acrylic units have an
average total number of carbon atoms of at least §; and

(b) a second block having {meth)acrylic units which further have a non-carbonyl

heteroatom-containing group providing a polar group to such units, whereby said second

block exhibits greater hydrophilicity than does the hydrophobic first block.
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5. The use of any one of preceding clains 1 to 3, wherein the block
copol ynmer conpri ses: (a) a hydrophobic first block having
Cl-30 al kyl (nmeth)acrylic units, wherein at |least 80 wt % of the
Cl.30 al kyl (meth)acrylic units are Cl2_15 alkyl (meth)acrylic units,
and up to 20. wt Tohef usehe@f CINY3®Nal & Ipréceding adaigisi ¢ toni3t swhareinCllg: diock
al kyl éneth lic units, with the proviso that al kyl groups of the
C1. 30 SPRYY ﬁﬁ BPREFS1ic units have an average total nunber of

carbon at ongap§ h@ﬂrd&@ﬁc ﬁrstaeﬁﬁlck having €, ﬁk?pﬁﬁ%)&lrﬂ@ck ulAY, WHerein at

(meth)acrylic units which further havé a nhon-carbony
het er odgashB@ ovit %i off trlng @mmék)ﬂr(mthl]angda: wolnaregt aup atkyl s(m@Hl)aq:nyiis units,

the. hyBPOBHOIS 20 e 4o on v g EHE TR 01 Erec i GPebBRRls

cl ai ms yhith Owhth tﬁ@%@h@o ttm ehﬁylegmb@ FE QRS @, N, RS r(@ieRhRErkauERCRAE an
bl ock cont ai ns sul phur, nitrogen, non-carbonyl oxygen, phosphorus, or

nlxturégﬂﬁﬁéﬁ@@knmnﬁﬁéﬁhgﬁhvfm@ﬁ%Céhéiﬁﬁtﬁr@médlng claims 1 to 6,

any one of (vbacariig: clokmeir BB GRAR Al R BRber Bl S e fop

| i near heieRlagak- c@@@ﬁhﬁ@'@f@up%ﬂibﬁh@@ plardgbupne sath Qﬁlﬁ@eﬁj’hé}@bﬁ'sﬂﬂdnﬁecénd
to 8, wherein the bl ock i s obtai ned/ obtai nable from a

cont r oblasy exbidite greajsd hy%pﬁlélatw drnpslose s iydropbehieirst hlpdkg

pol ymeri sation process. 10.The use of any one of preceding clains 1

to 9, whereigh He U@ ri 5,00 é?‘ol%' @%lé?cﬁﬁgoé%%%r 18R, 31 vﬁﬁ'g%i%i %eﬂ mﬁ%@tcﬁn

pour point dépressant in-a Puori e use of

t he bl ecktabipgloysmr of eigpsdcdRd block contdidy salphydr eipdogbh cndri-t&bohlbekygen,
havi ng Cl1_30 al kyl (neth%acryllc units, wherein at |least 70 wt % of

t he C1PBOSRIIORYS. of mEEkHIeE s units are C12-15 alkyl (nmeth)acrylic
units, and up to 30 wt %of the C1.30 alkyl (meth)acrylic units are

Cl6_20 al kyly (metp.agty 'r%f;aw“o%% oWﬂrgcédﬁ?u RIGHIsSS Idal \%é%ln 9% L!:Héck

of the C1.30 al kyl (net crylic unit an average total nu
of car bopolatemss einabadrelast p@ymand (b) a second bl ock haV|ng
(nmeth)acrylic units which further have a non- carbonyl

het t t ai.ni i dj I h :
wher by sai d-scedi HFOGE BRIt 6 gRatdBre myerbph, 19 ch YovRih ‘podock
the hydbppRaGs hilnedr dibleeKeopolymer.

9. The use of any one of preceding claims 1 to 8, wherein the block
copolymer is obtained/obtainable from a controlled radical polymerisation process or

other living polymerisation process.

10.  The use of any one of preceding claims 1 to 9, wherein the use is of a

block copolymer as an emulsifier and a pour point depressant in a lubricant.

11.  The use of claim 10, wherein the block copolymer comprises:

(a) a hydrophobic first block having Ci3¢ alkyl (meth)acrylic units, wherein at
least 70 wt % of the Cy.30 alkyl {meth)acrylic units are Cjj.15 alkyl (meth)acrylic units,
and up to 30 wt % of the Cy3¢ alkyl (meth)acrylic units are Cs.3¢ alkyl (meth)acrylic
units, with the proviso that alkyl groups of the Cy.3p alkyl (meth)acrylic units have an

average total number of carbon atoms of at least 8; and
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(b) a second block having (meth)acrylic units which further have a non-carbonyl
heteroatom-containing group providing a polar group to such units, whereby said second

block exhibits greater hydrophilicity than does the hydrophobic first block.
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