TI TLE Conposition Containing a Block Copol yner and a Method of Lubricating
an I nternal Conbustion Engine FIELD OF | NVENTI ON [ 0001] The invention

provi des wol2otwadsssbi ng conpositi on containing an oil of pcwhrsc@ats3vge
viscosity and a bl ock copolyner. The invention further relates to a nethod
of lubricating an internal conbustion engine by lubricating the engine with
the lubricating conposition. The invention further relates to the use of

t he bl ock copol ynmer as an emul sifier and/ or pour point depressant.
BACKGROUND OF THE | NVENTI ON [ 0002] Lubricants are often exposed to

contam nant anounts of water. The contam nant anounts of water are believed
to be caused by ingress of water throughgqui pment seals during operation,
or from conbustion by-products that pass rnto the crankcase via bl ow by.
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probl ems arising include reduced | ow tenperatur Ity, poorer

col d t enper avigh ehplubpertingeomposieduc ébic innantion dnshyr. reﬁé@oﬁodhngusslo fihe one

enbodi nent i nt depressant that
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transformth into a y enuf si on. n order to overcone the
pass 1nto the crankcase via blow by. The water may form a second layer in the

lubricant. Typically to reduce the formation of the second layer emulsifiers
and/or dispersants are employed. If the water concentration becomes high
enough, an emulsion results. If the emulsion is unstable, the contaminant water
may then cause additional difficulties such as corrosion. The corrosion may be
from copper or lead bearings, or iron.

[0003] In addition to the need for an emulsifier, lubricant base oils may also
contain waxy components. Waxes may agglomerate and cause accumulation of
crystals in a lubricant. When this occurs, problems arising include reduced low
temperature oil pumpability, poorer cold temperature properties or reduced fuel
economy. Accordingly, in one embodiment it may also be desirable to employ
a pour point depressant that reduces wax agglomeration.

[0004] In flexible fuel vehicles (FFVs) the internal combustion engine is
designed to run on gasoline or a blend of up to 85% ethanol (E85). Except for
a few engine and fuel system modifications, they are identical to gasoline-only
models. Traditionally, dispersants are 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.



formati on of an unstable mlky enulsion, it would be desirable to enpl oy an
emul sifier.[0005] International publication WX2006/ 047393 di scl oses |inear
and st ar WORIopsBsgners as viscosity index inprovers in RCYAIS2@9P639it6
| ubricants. The RAFT polynmers may have a variety of architectures including
di bl ock copol yners. Al of polymers are derived from Cl12-15 al kyl
(nmeth)acrylates. There is no disclosure or teaching of |inear or star
pol ymers having emnul sifier and/ or pour point depressant properties. [0006]
US Pat ent Application 2006/ 0189490 discloses a |ubricating conposition
cont ai ni ng H49@5loi | Indpnationdlepuhlicgtien AN2000D4A93 gscleses tlinparsail f3fdng
properties. g LEEMELd Si g I\ Gl ol y.r I sl uggs
hydrophobicIgggﬁéﬂ?%&gﬁhﬁd§gg?%bn§§§ﬁgg§29%#5gg?hbﬁgﬁgégﬂg%ﬁgMgg ment s
bei ng obt ai fedFBy ppbinyarer mext have of Waisyree! casabisedtincsnsollieg él%&ﬂyrku ses 0
to 40 % of (y,g12hdey! Aﬁeg)péégﬁﬁfér?ta?é deri¥ed FraB 0 %, 9fallGh- GcthldWates.
(nmeth)acrylates,” and O to 50 % of a polar group contairing ester, thioester
or am de fundiaromane wyscloyure of teagbingxainpiess oglissar| nedemerslhaying prayfsifier
(et h) acryl - j g or teaching of linear or star
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pol ynmers havi n mu I er an P oi nt depressant properties. SUMVARY
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copol yner provides both emul sitfying properties and pour p0|ng pressant
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is used in e o
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bl ock having G _30 al ky meth)acrylic units, erei'n at Ieas W % of

the C _3o0 aﬁmwe (sree iy wdasyre er tasichmgagfeligpp o1 Stag| nojymers having emulsifier
and/or pour point depressant properties.

SUMMARY OF THE INVENTION

[0007] The inventors of this invention have discovered that a lubricating

composition containing a block copolymer and method as disclosed herein is
capable of providing acceptable levels of at least one of (i) emulsifying
properties, and (ii) pour point depressant properties. In one embodiment the
lubricating composition containing the block copolymer provides both
emulsifying properties and pour point depressant properties.

[0008] As used herein, the term “polar” in the state of the art is used in the
ordinary sense of the word and is also known to mean hydrophilic.

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

(a) a hydrophobic first block having C;3 alkyl (meth)acrylic units,
wherein at least 50 wt % of the C;_3 alkyl (meth)acrylic units are C;,.15 alkyl
(meth)acrylic units, and up to 50 wt % of the C;_3¢ alkyl (meth)acrylic units are
Ci6-20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Cj.39
alkyl (meth)acrylic units have an average total number of carbon atoms of at

least &; and



(meth)acrylic units, and up to 50 wt % of the G _30 alkyl (neth)acrylic
units are C16-20 al kyl (nmeth)acrylic units, with the proviso that alkyl
groups ofwoOhlelc@s3Po al kyl (nmeth)acrylic units have an aPerAFe0WO63M6 number
of carbon atons of at |east 8; and(b) a second bl ock having (nmeth)acrylic
units which further have a noncarbonyl heteroatom containing group
providing a polar group to such units, whereby said second bl ock exhibits
greater hydrophilicity than does the hydrophobic first block. [0010] The
second bl ock having (neth aCFK|IC units which further have a noncarbonyl

het er oat om cont ai(hl rgsegens plosk dwivitiengnethjserydie writsuphicl fuiledr havets nowher eby
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first block, nay al so descri bed as 'a secon neth acrylic
units furt hevhdsehy seel @ca@i klpglaedbigr gragciphsivoniigtydhygodens t@@(%OpH@@ll] I'n
one enbodi nefg; g1h&. i nvention provides a lubricating conmposition conprising
an oil of lubricating viscosity and a diblock copol yner, wherein the
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units have an average total nu carbon atons of | east” 8; and (b) a
second bl ocKurhei ryiigratricaestgm groumiprevidimigehpdlar g19ep- have a noncar bonyl
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sai d second bl ock exhibits greater hydrophil ICItY t han doe rophobi ¢
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copol yner pQﬂQMERcBﬁ@QnQPEb ?§&gy a Iubrlcatlng conposi tion)

obt ai ned/ obt al nabl e % ess conpri sing é?) contacting: (i) a free
radi cal initiator(® ( )’dfé?phh]@llcnflfsrt dﬁ@@lérhaéigt%n 166 yhid amethasntlsd mindg, a

t hi ocar bonylwherein at least 50 wt % of the C;_3 alkyl (meth)acrylic units are Cj,.15 alkyl
(meth)acrylic units, and up to 50 wt % of the C;_3¢ alkyl (meth)acrylic units are
Ci620 alkyl (meth)acrylic units, with the proviso that alkyl groups of the C, 39
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.

[0012] In onec 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;

(i1) a chain transfer agent (typically containing a thiocarbonyl
thio group useful in RAFT polymerisation processes); and

(iii) one or more Cj.30 alkyl (meth)acrylic monomer units,
wherein at least 50 wt % of the C,.39 alkyl (meth)acrylic monomer units

contain Ciy.5 alkyl (meth)acrylic units, and up to 50 wt % of the C;.30

alkyl (meth)acrylic units are Cis20 alkyl (meth)acrylic units, with the



thio group useful in RAFT pol ynerisation processes); and (iii) one or nore
C 30 al kyl (nmeth)acrylic nmononmer units, wherein at |east 50 wt % of the

C _30 al kb 20metsBgoacryl i ¢ nmononmer units contain Cl2-15 aChyus2quamsinia@crylic
units, and up to 50 wt % of the G _30 alkyl (neth)acrylic units are Cl16-20
al kyl (meth)acrylic units, with theproviso that al kyl groups of the G _3o0
al kyl (meth)acrylic units have an average total nunber of carbon atons of
at least 8, to forma polynmer; wherein the process of step (1) is typically
a controlled radical or other living polynerisation process with Iiving
characteristics Gﬂ@YBpﬁb¥%ﬁkélﬁﬂ%@ﬁﬂﬁdh¢éﬂ30aﬂﬁéénwﬁﬁﬁVWﬁﬁthﬁﬂﬁweﬁmocess)

and at 1,east abouk et hamLsr BRWIEoNNG! NICLY AMciorR {jdaaRtai n a

reactive end group reacting w Yvalent cou ‘agent ;
(2) opti onalwlyer@@nithaditrp@@smestqm(lyrtértymﬁaléx @pcomr}) Igfl trpdigalpey ther (18E on
i nhi bi tor; ( HERL A ﬂx%c&é’sewl?tﬂ' N ? &far&ét@r@st{c%) (@dr ﬁ{sﬁalﬁcéza) cdhtdliQne or

nor e (neth) l'ic units typically at |east % or | east 75 wt % of
the said unlrﬂélcﬂ]uPt)]fr'émeftﬁﬁh@mmp@ﬂjsh ek afr b@@bﬂb@ﬁnﬁ%lwﬁ %gOQrtb@molsem@r (4)
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viscosity to forma |ub |cat|ng conposition. I'n dif
enbodi ment s ohevatag-ceopankggetinet h) acryl i c unlts nay be C16 18 al kyl

(methyacrylic um(tb% Hﬁnﬁﬁgc&ga@thﬂ@’{heg%@%%)efi%?ﬁép &1 ?%M? a pp %@at?o(ﬁ al kyl

(rmeth)acrylic uni y al’so contain or typi up to 5 w
% of Cl4 aliRhibitoreth)acrylic units. In one enbodinent the C16 20 al kyl
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conmpounds havin ai nin t'o 20, 16 to 18 car
atoms. [0014met aﬁh@£ﬁﬂb@d§@“@@§dﬁﬂﬁ@ﬂ ﬁW@G(HHé]ﬁﬁ$§F5gﬁéﬁ(ﬁﬁhﬁﬁwdprocess

may be perfq{nng ftH ﬁ%tﬁhﬁ%@ﬁﬁe&fat&n%ﬁﬁﬁﬁhﬁgéu .Sygthetic oil, hexane,

tol uene, tetrah y uran known ation solvents. [0015] In
one enbodi nent tr(é) pnvémlbbmvpmé\ﬁh@l@glsan@” of @i@]k (Zbpdthyarepil mfdubideat{ngnd

optionally qqg ﬁ&q@hh%gagggggghg%g&bogg&ﬁlned/obtalnable by a process
conpri si ng: contactln
In dlfferent embodiments the Cis.20 alkyl (meth)acrylic units may be

C16_18 alkyl (meth)acrylic units, or Cig.59 alkyl (meth)acrylic units. The Cig.0
alkyl (meth)acrylic units may also contain up to 10 wt % (or typically up to 5
wt %) of Cy4 alkyl (meth)acrylic units. In one embodiment the Cis,0 alkyl
(meth)acrylic units may be in the form of a mixture of (meth)acrylic
compounds having alkyl groups containing 16 to 20, or 16 to 18 carbon atoms.
[0014] In the process described above, the first step of the process may be
performed in the presence of a mineral oil, synthetic 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;
(i1) a chain transfer agent (typically containing a thiocarbonyl
thio group useful in RAFT polymerisation processes); and
(ii1) 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,



(1) afree radical initiator; (ii) a chain transfer agent (typically
contai ning a thiocarbonyl thio group useful in RAFT polynerisation
processeswp 2ardsg890i ) with one or nore (meth)acrylic uniPC3/uSg@ooedoly at
| east 50 wt % or at least 75 Wt % of the said units further having a
het er oat ontont ai ni ng group, 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 polymer chains fromstep
(1) contain a reactive end %r oup capable of reacting with a pol yval ent
coupl i ng agewtereintheqpesesnai|sjercontiadypinglly kecopbolpg radpalserepthen Jiviig h a
pol yneri sati I phi i : ) I yar t ro,step
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(2) with on nore C ) acrylic nmonomer uni erelin at
| east 50 wt Whibe nalemey chongifigm steref h) entyini & reastigremdugions @onablgi of C12- 15

al kyl (et h)agtid GitHRl A8H WRpfife 3%t % of the G _3o al kyl
t 290 al kyl© (

(meth)acrylic units ar 1\6 th)acrylic units, with the proviso

that al kyl groups of t(Be @rtigwllyl lepntactag hikec mplymeunft stdpavd) awithver age

total nunber,@fmEaLRRR iAh®M®rof at least 8, to forma polyner; and (4)
optionally rﬁm ng the polynmer’ of step (3) with an oil of lubricating

viscosity to forma | UB)iceatictige dbepedymeionf sfpofle] on sephe) pride @gs or
descri bed above, }he é{-{osﬂkﬁt(%%bé{?fagf £ RbRGHSS @ngsgvaﬁeraﬁra&%m@]o'@h%he

presence of a solvent such as uerie or tetra ofuran. [0017

processi ng tenperdt thee&3pradisdufraethdaraylie apeinmerapaitk rowpin oCa-1petlsvin
skilled in the ard, Hcr Hilsednti A ©2ko RQI % g at | O EACHIAAeR 1

Ref er ences descri(bi.n “Such msits’er?aﬁ% I ncl ude \‘/\1020(‘)6/103373932.andﬁb't%!lh]zy vari ous
ref erences di scl ogeld #er€ioro bakyw(methdassylde st pwildnthsf pravesadithit odkyl

copol yner. [0018 i t i i an::priovi.d ol ymer
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1
obt ai ned (or obta e proce descri bed above. [0019]" I n one
enmbodi ment the i ripardr oh cproowiadess af aeleagid. é¢ forubp ipehtmergaad f | exi bl e f uel

R e
lubricating viscosity to form a lubricating composition.

[0016] In the process described above, the first step of the process may be
performed in the presence of a solvent such as toluene or tetrahydrofuran.
[0017]  The processing temperatures, pressures and reagents are known to a
person skilled in the art of controlled radical polymerisation techniques.
References describing such materials include W0O2006/047393 and the various
references disclosed herein below in the description of the diblock copolymer.
[0018] In one embodiment the invention provides block copolymer obtained
(or obtainable) by the process described above.
[0019] In one embodiment the invention provides a method of lubricating a
flexible fuel vehicle (flex fuel 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 C;_3¢ alkyl (meth)acrylic units, with
the proviso that alkyl groups of the Cj.30 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,



of lubricating viscosity and a bl ock copol yner, wherein the bl ock copol yner
conprises: (a) a hydrophobic first block having G 30 al kyl (nmeth)acrylic
units, wwb2ptespsoovi so that al kyl groups of the G _3o0 aChkyus2uamsinia@crylic
units have an average total nunber of carbon atons of at |east 8, and (b) a
second bl ock having (neth)acrylic units which further have a noncarbonyl

het er oat om cont ai ni ng group providing a polar group to such units, whereby
sai d second bl ock exhibits greater hydrophilicity than does the hydrophobic
first block. [0020] A person skilled in the art will appreciate that the
flexi bl e fuevhayelieidserand beck edlibisczrgatehygaeniiiliciey thypdessithg/hydsentebisi ng 5
w %to 85 Vﬁrsto’@loﬁ{ 10 wt %up to 85 w % or 15w %to up to 85 wm %

al cohol . The al cohol may for instance b e ethanol. [0021] The hydrophobic
first block [#30lconfaiparsonwikibed dnsthart ards will apprediaspihat @mﬂﬁm%@ fpel e. |

uni ts derivegn{dioMag RSB Wikl s@liﬁ@#;ﬁ%caﬂ%z%b%tﬁﬁ St 8, WPRONR%, or

I m nltroq n or oxygen contai ning

contai ning a heteroatom group derive
group. Monondérwat &f up ke 85 tKtpe, ar &5 ditJede sedoida winteealeeltadi Thsedlenhol mpyone

enbodi ment tye; hyAephligofi rst block may contain O wt % a hydrophilic
mononer. [0022] In one enbodiment the invention provides a nethod of

| ubri cati ng [8821Int edhalhydovthediq rsteblgcheneowpriast Qgws fppoy? gt Yo of e

engine a | Utﬁé)d? HilE nfSHYARS! qi.'ep, RS0 %dnoﬂ{erl\w{'ﬁ'acﬁélhpgrdﬂpscos' ty
and a bl ock copol yner, wherein the bl ock copol yner conprises: (a) a

hydr ophobi ¢ stich ¢ aomeaRmka¢PRGinE 3cheaneglon] gEQUP) deriyad foni nErogMediei n at

| east 50 wt 2 I y AN it & z i
(meth)acryl iO(Q:/PygEIil %Eﬁtagﬂﬁgg%[g&%ﬂé %&ﬂv;iﬂ%éo?/g gf? &%het%]gf??oag SSTCP%@ n_emtjf’% g('e:%r%ll iC
units are Cl&le. dhigpe qmiadingat (hei eydiaphabic Rirsthblpple npyyosandainthant %alaky|
groups of thg {(dpidhc AdibnetMmeth)acrylic units have an average total nunber
of carbon atons of at least 8, and (b) a second bl ock having (nmeth)acrylic
uni ts whi ch P022]her Imanecmbadinmat Boniiverideepoaidnacaathed midgbreasing an

04 175 LS, GRS SHER Wikl g et sty i
composition comprising an oil of lubricating viscosity and a block copolymer,
wherein the block copolymer comprises:

(a) a hydrophobic first block having C;3p alkyl (meth)acrylic units,
wherein at least 50 wt % of the C;_3 alkyl (meth)acrylic units are C;,.15 alkyl
(meth)acrylic units, and up to 50 wt % of the C;_3¢ alkyl (meth)acrylic units are
Ci6-20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Cj.39
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.

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

(a) a hydrophobic first block having C;_3¢ alkyl (meth)acrylic units, with
the proviso that alkyl groups of the Cj.30 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. [0023] In one enbodinent the invention provides for the use of
a bl ock copol yner conprising: (a) a hydrophobic first block having G 30

al kyl (nmewvb)aovosBsoe units, with the proviso that al kyl @coogssoofsciohe C 30
al kyl (meth)acrylic units have an average total nunber of carbon atons of
at least 8; and (b) a second block having (nmeth)acrylic units which further
have a noncar bonyl heteroatom containing group providing a polar group to
such units, whereby said second bl ock exhibits greater hydrophilicity than
does the hydrophoblcflrst bl ock providing a polar group such that the bl ock
copol yner neyshbleclamrevtding 4 ipetaragrapprsuplthatpdiclhloele sppalyarer . m30024 |1 n one

enbodi nent t 1&@%?95&%989%thﬁﬁégﬁQSaﬁhe use of a block copol yner
conpri si ng: g l'ock having C _3o0 al kyl (neth)acryllc

units, wher dPf24dk |ita§p65®nmdl%e@1f thehénventige papkides (frethy ase yafi & bledkt s are
C12-15 al kylgq gﬁ%&% r191 nits, and up to 50 wt % of the G _3o0 alkyl
(neth)acryllc units ar - 20 aIkyI (nmeth)acrylic units, with the proviso
that al kyl groupdabfa hM@O@O@Q Elrskybb@lﬁétaﬁ)%c 1o @l €methiageylim vaitsr age

total ”U”berwﬁ’éreﬁlaétbl%stast(ﬁ% oRhr U?@os'él @&)éc@éh@uﬁﬁg%@d’ %Caﬁk?l ving

(meth)acrylic units which rther ave a car bon het er oat om cont ai ni ng
group prOV|dnﬁﬁﬁﬁﬁmémaﬂnﬁrw%bupéo§Qdﬁ“ﬁnﬁﬁhe(hheﬁ%ﬁy0@@ﬁ&“§éh@ﬁﬂﬂbﬁﬁtk

exhi bi ts grgva,k@ éaem)éer 11%3(1n§t'§'a&1tﬁ(%ﬁé Tr&k‘ﬁs&'YlgeftQa@lmb%}rSué Bmhebtpgok such

t hat the bl e an enul sifier and ol nt ressant.
[0025] Typi caékyly(mﬁb AgrdEkuRispbryaTeR aNesAehdolh NEMbCs |01f icarbanaoss @fg@ﬁr poi nt
depr essant qgma@ Lpgernal conbustion engine. [0026] Pour point depressant
properties typlcally occur when the bl ock copol ynmer contains C16-20 al kyl
(meth)acrylic unis.a jgondblamiayity encthlaspdict it whigh dother flaye angnbl ock

copol ymer couppsii 'h%fér@aftoﬁlh':%nﬁ'f "gfr gﬁ&tlhfﬂ e%[ﬁﬁgﬁg d%ﬁS‘;lt:oE'sE Ig(r:ukn"f‘tgd pour

poi nt depressant " properties typi cal cur
copol ynmer covcshyssagigconl bk pxhyibrs gf?%t@fr Epdrephiligitysthamdess dighydrophobic

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 Cie20 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 Cjs.20 alkyl (meth)acrylic units, and Cj,.
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,
(i1) a phosphorus content of 0.2 wt % or less, or (iii) a sulphated ash content of

2 wt % or less.



15 al kyl (meth)acrylic units. [0029] The internal conbustion engi ne may be
operated on gasoline, diesel, biofuels, ethanol, or m xtures thereof. In
one enbodwoento/asBsoi nt er nal conbusti on engi ne may be op@CatuSA9M6I461 Xt ur e
of gasoline and ethanol. The internal conbustion engine may be referred to
as a flexible fuel vehicle engine. [0030] Typically the block copol yner

di scl osed herein may be a |linear diblock copolyner. [0031] In one

enbodi ment the lubricating conposition may be further characterised as
having at |east one of (i) a sul phur content of 0.8 wt %or less, (ii) a
phosphorus d8034nt Bi(UWZGK@O¢M@®HIﬁ@shﬁwﬂmpngl%HBP®%Mﬁmapéﬂ‘%Bﬁh@bﬁtent of
2wt %or | esard0RZH 4 HR0RLCHOMiWhHur B LHDE! G24 1W00 of OIPRSL! k2 JTay De

further characterised as having (I | phur cont ent of Yoor | ess,
(ii) a phospthesplorepaeetsnt of 00, Wt Wt ondesy. alnés(sn) faﬁ@lp(lilﬁeﬁ)ash cgmephaf éd ash
content of 1,5 w. %or less. [0033] In one enbodi nent the |ubricating
conmposi tion further includes at |east one of a friction nodifier, a
viscosity md@f33ler, Imenarmmbsdinant thealubsigetinasempasitiongenther analudesi i ni de
di spersant, 18,04 RP Dt feRheRRAMier, A VIiCH Eﬂg%ohﬁ%fre% ah 03! rhnone
embodi ment the |ubricating conposition furt I ncl udes a viscosi

nmodi fi er andvarbaseerdsdegrgentdet speantmidp odi3BIrsaH, GneowhiveHitngsircsshat, Yor
Iubrlcatlngrﬁgﬁﬂg§ﬂkk&ﬂ;further includes an overbased detergent and a
succi ni m de di spersant. [0036] In one enbodi nent the invention provides a
met hod for 1[0834Icat imgnarerebryiimentithe ddwisetiag memaaspion Aerthes ltnﬁgldéﬁg‘l ne a
Iubrlcatlng\ggggm?k&ﬁgﬂc@§“9%§g@gg%gdn%&gg&n [0037] The bl ock copol ynmer may
be used at 0. % or 0. to 0.3 w %of the lubricating
conposi ti on [03| os&d ohe reaibodimentathcHpbDESaR POmppsiten TrrthemNyETleoN 0038]
The prese”t<k%H£ﬁE&BBmB%9NhH&§sﬁc&HHﬁkﬁQﬁg%gmﬁP"pos't'0” and a method for
| ubricating a nmechanical device as disclo above Typlcally t he
mechani cal d803de nlyomecmbodiment halineoHbypravidesengicied for lubricating an

engine oil comprising supplying to the engine a lubricating composition as
disclosed herein.
[0037] The block copolymer may be used at 0.01 wt % to 0.5 wt %, or 0.05
to 0.3 wt % of the lubricating composition disclosed herein.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention provides a lubricating composition and a

method for lubricating a mechanical device 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 VII,
pp 266-315; or (ii) “Macromolecules, an Introduction to Polymer Science”, F. A.
Bovey and F. H. Winslow, Editors, Academic Press (1979), pp 296-312.



Bl ock Copol ynmer [0039] As used herein the term"(nmeth)acrylic units"

i ncludes both acrylic and nethacrylic units and the units are derived from
an appropwpavw/osssyoner. The (meth)acrylic units typi cal PgTiuseéo90e3046

nmet hacryl ates, acryl ates, nethacryl am des, acrylam des, or m xtures

t hereof. [0040] As described hereinafter the nol ecul ar weight of the block
copol yner has been determ ned usi ng known net hods, such as GPC anal ysi s
usi ng pol ystyrene standards. Methods for determ ning nol ecul ar wei ghts of
polyners are well known. The nethods are described for instance: g)) P.J.

Flory, "Prir80plles dhe P&WOM% way e a @blarkl b tublogkr e & flighcsdioak1 953) |

Chapter VII,..pB| -315; or (ii) "Macronol ecules, an Introduction to
Pol ymer Science™, F. A Bovey and F. H Wnslow, Editors, Academ c Press
(1979), pp 4984212, fTbostblotheopplyarrdppohyrer ABycdiepesiidenl whie A isd bl ock,

or a higher g &ﬁﬁo%wﬁlyra%msLsoyﬂgamgﬁﬁw%m ock copol yner may have a AB
conposi tion, "where I's ay){%rop unit, and Bis a hydrophilic unit.

[0043] The tPP4block Theptbloskrcapelyher mandmver ABABor RavB, AGA BAR BARhere A
and B are defjHeds aly Vl§1ar@'21‘éflﬁ‘ed %Bgvé?’ anrdeR" eREM’ he)eb‘ijés‘éﬁhﬁg ABGic and

hydrophilic units different fromA B respectiv Each bl ock
may be a taﬁ@ﬂé@pl@bganyﬁérfferantrfamﬁ%@Botleyrmtlveh/ sequential copol ymer, or

may have a ry m o ty | qunits.
[0045] The WPaRE. avar Ay R E e e b

the range ofscq0@Uia ¢orQGNEOOOr By IEoe « wndsm goequentialsligghutign XFFMOO0.
[ 0046] The V@lrg&re rﬁé’ﬁdrﬁeﬂfmfshe second block to the first block may be in
t he range of 1: 100, or 1:4 to 1:30, or 1:6 to 1:18. [0047] The
| engt h of tH@045lr sthﬁ sestehtaverage seelepdabivetsht ehjhaloek gopalymst fayl®: 1 t o

1:10, or 6: ]mttﬁ’el]a% o&qgéél 16@061)_&01@0'%'1%%“5@?5bb?‘%o‘f@bb@omﬂy be

derived froman al acryl ate 9] The’ al )acryl ate

i ncl udes f orl084@npl éhéo‘fﬂbgiﬂrfagodéﬁh@/é@ofﬂﬂdﬁ@@@tmﬂl&tf@@t blogkheysbe sude as
met hyl et hagryl af €2 BYt Yoo, Tt baRS VhE8I & 1:6 to 1:18.

[0047] The length of the first block to the second block may have a ratio of
10:1 to 1:10, or 6:1 to 1:2.

[0048] The C;30 alkyl (meth)acrylic units may be derived from an alkyl
(meth)acrylate.

[0049] The alkyl (meth)acrylate includes for example compounds derived
from saturated alcohols, such as methyl methacrylate, butyl methacrylate,
2-methylpentyl (meth)acrylate, 2-propylheptyl (meth)acrylate, 2-butyloctyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, octyl (meth)acrylate, nonyl
(meth)acrylate, isooctyl (meth)acrylate, isononyl (meth)acrylate, 2-tert-butyl-
heptyl (meth)acrylate, 3-isopropylheptyl (meth)acrylate, decyl (meth)acrylate,
undecyl (meth)acrylate, 5-methylundecyl (meth)acrylate, dodecyl (meth)-
acrylate, 2-methyldodecyl (meth)acrylate, tridecyl (meth)acrylate, 5-methyl-
tridecyl (meth)acrylate, tetradecyl (meth)acrylate, pentadecyl (meth)acrylate,
hexadecyl (meth)acrylate, 2-methylhexadecyl (meth)acrylate, heptadecyl
(meth)acrylate, 5-isopropylheptadecyl (meth)acrylate, 4-tert-butyloctadecyl
(meth)acrylate,  5-ethyloctadecyl  (meth)acrylate, 3-isopropyloctadecyl-
(meth)acrylate, octadecyl (meth)acrylate, nonadecyl (meth)acrylate, eicosyl
(meth)acrylate, cetyleicosyl (meth)acrylate, stearyleicosyl (meth)acrylate,
docosyl (meth)acrylate and/or ecicosyltetratriacontyl (meth)acrylate; (meth)-

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



2-met hyl pentyl (neth)acryl ate, 2-propyl heptyl (neth)acrylate, 2-butyl octyl
(nmeth)acryl ate, 2-ethyl hexyl (nmeth) aery late, octyl (meth)acrylate, nonyl
(et h) acrwbabw/osssooct yl (meth)acryl ate, isononyl (nethpaErosk@was3ods
2-tert-butyl heptyl (nmeth)acrylate, 3-isopropyl heptyl (nmeth)acrylate, decyl
(meth)acryl ate, undecyl (neth)acrylate, 5-nethylundecyl (neth)acrylate,
dodecyl (net acrylate, 2-nethyl dodecyl (neth)acrylate, tridecyl
(meth)acrylate, 5-nethyltridecyl (neth)acrylate, tetradecyl (meth)acryl ate,
pent adecyl (neth)acryl ate, hexadecyl éneth)acrylate 2- met hyl hexadecyl

(et h) acr yl aveloabedaedgerylaies. kyele oy bateyl- %bu@éwc@ﬁwmbﬁm%mylate or

(met h) acryl %% I rﬂe@l’i)tacugﬁét ¥l oct adecyl (neth)acrylate, 5-ethyloctadecyl
(meth)acryl ate, 3 I sopr |'oct adecyl - (et hl acryl ate, octadecyl

(net h) acr yI dﬂ@SOInonEh@c%} yl( ety \ifest withelangsshain rﬁé‘tq]il))ér@ﬁ?V%fi egroups
cetyl ei cosyln{ymBEMRLHYY afo‘?’ex%tﬂ?@%yﬁﬁ'r@a‘eﬁl% c(fr@t(ﬁ)aﬁgééﬂzﬁé eamdj?&;pai’tject

(met h)acryl at e and/ or el cos triacontyl | at e;
acryl at es destoydiratipphotmsed Ilalrﬁlteétﬁlcwlé‘f@H@B’stra@@&ﬂqﬂé@amféywltbnlﬁtlﬁjcéémyI ate;

andeycl oal kyd,{, RRIALAC hymmlspea&%ha %ﬁxélr?”of%ét]e% é%hxlk Ebﬁ%ﬁf)lﬁ'@?ﬁte with

(meth)acryl ate” or bor nyl (meth)acrylate )acryl ates
wi th | ong- cHé¢ahod| grenps ncﬁevqrma glradn psn gy %eg@m@lbn@@tam@i Ehesspfasly by

reaction of a@cc(H’cS‘i—‘st MARIYOLS AEbithI&PYo il (RS A@é&h%‘idﬁ”%@tdn%r@x&%lgﬁmw

met hacryl ate (by transesterification) With lon ain att%i)ac

whi ch react i IR0pIMQRsango; klphanals7% b Hola Nafokd h§ 3G rAifelte 61 end AlEdRol

f | cohol
?L2353e°0xéag/ii°2%‘f]8?*§@% G S OO d T93h8 e SRR ool 1700 °

of Monsant o;LingpH&nd?( Eineyol®91lgnd N@b@m@@ 23d20f queﬂoAQr )Ligh®) 13%d0f
Alfol (r) 81lQgfqe %‘ta§ Mﬂxﬁm&had@%h(ﬂ&m@gf ﬁ%ﬁkéﬁdg&@%@ g%m { hyl

Cor poration; LinevolTr) Li nevol (r) and banol hel |
AG Lial (r) as2®elbgs WW@H@KUUU%Q%ACMHO&E 91@?‘1\}@3@!(&19111@%@11 Lor ol (r) of Henkel

K&GA (now ) a N r L r Ugi ne
Kuhl renn. Cﬁ%‘%ﬁﬂ A e b BT PR B Py oy I e
nmet hacryl atep ﬂll?frrer [ 0052] The hydrophobic first block may contain 70 w

%or more, qpesH W i G h%bf%ffntslf'%logk_rﬁ% biatn GO, AR HbIC oM DS
cont ai ni ng 12 15 al kyl )acrylic unit
% or more of the C130 alkyl (rneth)acryhc units containing Cip.15 alkyl

(meth)acrylic units.

[0053] The hydrophobic first block may contain up to 30 wt %, or up to 20
wt % of the C.30 alkyl (meth)acrylic units containing Ci¢.20 alkyl (meth)acrylic
units.

[0054] In one embodiment the hydrophobic first block contains C,_3¢ alkyl
(meth)acrylic units, wherein at least 70 wt % of the C;30 alkyl (meth)acrylic
units may be Ciy.15 alkyl (meth)acrylic units, and up to 30 wt % of the C;.30
alkyl (meth)acrylic units are Cjs.20 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 (or at least 10 carbon atoms).

[0055] In one embodiment the hydrophobic first block contains C,_3¢ alkyl
(meth)acrylic units, wherein at least 80 wt % of the C;30 alkyl (meth)acrylic
units may be Ciy.15 alkyl (meth)acrylic units, and up to 20 wt % of the C;.30
alkyl (meth)acrylic units are Cjs.20 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 (or at least 10 carbon atoms).
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[ 0053] The hydrophobic first block nmay contain up to 30 wt % or up to 20
w %of the G 30 alkyl (nmeth)acrylic units containing Cl6-20 al kyl

(et h) acrwbi2o1um38898. [ 0054] I n one enbodi nent the hydr oph@hiseoios®e bl ock
contains C _30 alkyl (nmeth)acrylic units, wherein at |least 70 wt % of the
C _30 alkyl (meth)acrylic units may be Cl12-15 al kyl (neth)acrylic units,
and up to 30 wt %of the G 30 alkyl (nmeth)acrylic units are Cl16-20 al kyl
(meth)acrylic units, with the proviso that alkyl groups of the C _30 alkyl
(nmeth)acrylic units have an average total nunber of carbon atons of at

| east 8 (or [405¢leasin eoc eathodimentohs )by draimb)c flnstdﬂ@cl@ﬁbmamﬁe@tsota%byl

hydr ophobi ¢ e&@tacgﬂlfa%l%onmr&% e Le%g’t 9¢]Kw o4 R OD) REBYIdF Ut 5 o kT 1 1
at | east 80 3acr Ic units may 5 al kyl

(et h) acr yl i@atikerylicamdtsae Co2- zsoalwl omerh)acheiCpnigy aaldklyup (f(?réf) hytaéorcyﬁ ic
units are Clfz20 3@0@1 (ﬁl%ﬁ{)s'ér?ﬁl’: Yhnii§ alﬂé"dlézo éM( 1h(rﬁé1§)ale{~ﬁ¥d g0itd Rath alky!

groups of the G acgé Ic unit ave an daverage total nunber
of carbon atmﬁﬁlsgﬁhﬁtalkiéﬁpuﬁe thegt1-Joerdky! @@thhﬁbdw wiisni)ve[amoBaYTaden one

embodi ment the, BM&%@PQPPArBoﬁ la{o?ﬁs ot eﬁqgas@%’}Bﬁ'an%aQ L@&r%%%ﬂon{sﬁet h)acrylic

units, wherein at | east 30 al kyl “(nmeth)acrylic
units are CI905H al kypng @éth@ﬁé@?l}tl the hydrerhobimfirst hJ@C—It sogingt Cosooflkylhe

G _30 al kyl (t(ris@ﬁ)*az@@wyﬁﬁl@s wmetrémaétele%fiﬁ%a*({c% ?nﬁ ) %Cfraablél slanem{;ﬂ, with

the proviso that al gr oups_ of )acrylic units have
an aver age t(@t@&h)aﬁﬁ)’ﬂr@éml@faf@é?rlbmallﬁylofmetb)acéth BRISY, aad(Soup & 2P eisto afo

carbon at omg}e gggﬁayl I(ﬂleansmfﬁp%a@%% . he ahmr eﬂé}ﬁp.ecff‘yﬁd ﬁﬁ»&s BYi8E e

contains G 30 W %to 95 wt
% of the Ci IBoviap ikhat kneltm’pan& 9f the Qmotasl,kjdr(éne@mnmélcwmyﬂ ha(vmnh%)\@@‘gpl ic

uni f s, and 3J,Up nél%lﬁlbgﬁog‘%ar%/e)l?fatotnt&eogt-lﬁ%t%l(gy N ) ﬁ-ﬁ:{)c}ﬁ{ ht%nﬁ'j" ts are

Cl6 20 al kyl &é’l acryltrc unit roviso t al kyl “groups of the
C 30 al kyl [(l ]h) att phe embeidirsetaiie fa/rdr@nh@gagér&tdﬂacrk aomBEY Gf30cdkyon
atoms of at heff cOknifd. WiRAsh H0icaar @@nmah@bg ‘sz%fﬂf the ©ng ARpodi ment

t he hydrophoblc f| cont al ns h)acrylic units
wherein at I(@@éln)asl(ylwuméstaée%zwalwam@théacuh@,@maﬂ wﬂ (metnploryia o uni ts

are Cl12-15 ghky .( )(ﬁl%ﬂéhé&hlé%h%,arf‘@q & ME}rlt &l a‘e@yh/é’ Qbitd %ﬂpth.éo

al kyl (rreth)acryllc uni'ts E:/ acrylc units, wth the
provi so t hatprayvieqthajradkidsereps pbthei Cgo adkyyimataem) wcunjtsi kavigriint avereage an

average total number of carbon atoms of at least 8 (or at least 10 carbon atoms).

[0059] The second block having (meth)acrylic units have a heteroatom-
containing group providing the polar group, with the heteroatom including
sulphur, nitrogen, non-carbonyl oxygen, phosphorus, or mixtures thercof. In
one embodiment the heteroatom may be nitrogen. The term “non-carbonyl
oxygen” is not meant to exclude the presence of a carbonyl oxygen, but rather
to indicate that if such is present , there will also be a heteroatom that is not a
carbonyl oxygen (that is, neither an oxygen atom of an aldehyde, ketone or
either oxygen atoms of a carboxylic acid or ester).

[0060] In one embodiment the copolymer of the invention further includes a
heteratom group derived from a nitrogen or oxygen containing group. The
group may be derived from a nitrogen or oxygen containing compound capable
of being incorporated during copolymerisation.

[0061] The nitrogen or oxygen containing group may be derived from an
aminoalkyl (meth)acrylamide or a nitrogen containing (meth)acrylate monomer

that may be represented by the formula:
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total nunber of carbon atons of at |least 8 (or at |east 10 carbon atons).

[ 0059] The second bl ock having (neth)acrylic units have a

het er oat owoaentoissdong group provi di ng the pol ar group, wpPCh/ush@9oloetods oat om
i ncl udi ng sul phur, nitrogen, non-carbonyl oxygen, phosphorus, or m xtures
thereof. I n one enbodi nent the heteroatom may be nitrogen. The term
"non-car bonyl oxygen" is not neant 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 carhenyl oxygen (thagys, neither an oxygen atom
of an al dehyde, ketone or eithen o carboxylic acid or
ester). [0060] In one enbodi nent\t f the invention further

i ncl udes a heteratom group deer@ or oxygen contai ni ng
group. The group may be deriRed frloMfa)nitrfgen or @xygen cont ai ni ng
conpound capabl e of being incorporktijed/ durimg copol ynerisation. [0061] The
nitrogen or oxygen containing grou be Herived from an ani noal kyl
(meth)acrylam de or a nitrogen cont igg (neth)acryl ate nononmer that may
be represented by the fornul a: wherein is hydrogen or nethyl and, in one
enbodi ment, (drsipmethyl; Z is an N-H group or an NR2 group or O (oxygen);
each R2 is independently hydrogen or a hydrocarbyl group containing 1 to 8,
or 1 to 4 carbon Qibhxdrogear methyd apggesimssamadmaye Qbigenethyl:a hydr ocar byl
group contai ni ng Aid & R-93rd@NoPLPNR*MEup bNOQBLyEPodi nent, each Rl is
hydrogen; and g is an,integer in ranges including 1 to 6, or 1 to 3. [0062]
Exanpl es of suit £8Fk Kaiis dpdensnderbahidieger rpdundecasbyafrup spnisdiing 1
incorporated i@ dhetLPpAMYABRIorhiIC! ude N, N-di met hyl acryl am de, N-vinyl

car bonam des (such as,, N-vinyl-formm de, N-vinylacetoam de, N-vinyl

propi onani des, NSFMR iRyBdFepdebolrdiaacn of Ay dsgqarty!groupconigining 1

i mdazole, N VidylkafphraadhdbA®NS onbrerivdimEAPEA AR AMyddbdet Ayd am noet hyl
acryl ate, dinethylam noethyl methacryl ate, dinethylam ™nobutyl acryl am de,

di met hyl ani nopr opf/1S aveifikeast i snges dicksting Il 490n8ht 6pyl acryl at e,

di met hyl am ngpsppy! ﬁszal?ﬁbpe!mdgﬁ,su%%t Rtk Eh DQRE QRN MBE LY ARl of

di nmet hyl am noet hy| acryl am de . . .
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



or m xtures thereof. [0063] In one enbodi nent the heteratom group derived
froma nitrogen containing group may i nclude dinethyl am noethyl acryl ate,

di met hyl woi2omasbgoh net hacryl at e, di net hyl am nopropyl meChaSReMA6ID46

di et hyl am no propyl acryl ate, dinethylam nopropyl acryl am de,

di met hyl am nopr opyl net hacryl am de, nitriles of (neth)acrylic acid and ot her
ni trogen-contai ning (neth)acrylates, such as

N- (et hacryl oyl oxyet hyl ) di i sobutyl ketimne, N

(et hacryl oyl oxyet hyl ) di hexadecyl ketim ne, nethacryl oyl am doacetonitrile,

>- et hacr y| oyetbrsrataic] drby drpkrgthihmcthacridgtan drwdrspy phenyh aeethaciy late, @5
m xtures t he(flﬁl%{hylllo@‘ﬁélar!%ﬁ?&p' %ﬁe@i a %/'fakabl ¢ 1'00& GRERONY ¢ n%ﬁ%)%‘}lar%% r

cont ai ni ng COI’TpOUI']dS capa ncor por at e into the

i ncl ude hydraasSaykygpniaming) arethayl@gesS Lﬁelﬁha§832hwb@mhjdpymeﬁhém ,yI at e,
3, 4- di hydr oxy, %{@ﬁ arﬁEtYlLlé’tty‘?ate opt%gflﬁ?ﬁﬁ%tp?'ll mgﬁltaggﬁz{%lﬁt@methacr

2- hydroxypropyl hacryl at e, edi ol (et hB/ ryI at e,
1, 10- decanedixy) O(flmémh(}%lcrwﬁ‘é@lé’l cmeﬂ@ﬁwla@ontlﬁtmﬁhgcfmh@@? odines Nrch as

2- car boxyet Ry, B NAGIYLH A&l 18%%7%3(5%&1’1% XS%W%)"" neqﬁf‘cﬁ?d?ﬁéxf@ .l et hyl

met hacryl at e, N—ﬁ thac y oyl o f or mam de hacryl at &,
N- net hacr yl dyt pworllqm@xymlbrélcwr@ydmom dW?owtawmmloxypentadecyl)

N- ( 2- met hacr yl
RS yl%la%éfy?%%‘%%% ) IS EE PR R A Repseyh Dipyeralidingns; el daecy1)-

2-pyrrolidi rdmethageyl Qteﬁret Hiecdr ylaéyl ddyhetpredielc y Imethagrytate| i drbisasycthylycol
di met h | t
et hacr y| 3468k A5y BMbRARIGH b DagEA] 2L aho;yée@n%maamate

nmet hacryl ate thox t hacrylate, 2-eth et hyl
met hacryl at & wtufﬁ&thﬂf@%f t her eof . [0065] Ot her exanpl es of suitable

non- car bonyl; oggy]gengq aéh h&g,?scogpo%{? eﬁagglplcgrbgﬁlype'bg%:'nncggn}gﬁh dinto

t he copol yner 1nclu @ty ates ¢ | cohol's, h as tetrahydro
furfuryl netdeatiopnds ecapabhy| y@quhg)xylcemwatedetlh@crtw a@@polymer include

met hoxyet hoW&hQ?@gldT?ste Qﬁfcreiﬂe?t §1’coljr01'sb%tugffy95r OtQMrLlh Bhﬁ'ﬁfr %g‘vhac late

| - met hyl - (2-vi ny th met hacryl a i: acrylate
met hoxymet hd&mélpﬁwt Y T rym&t@cmﬂ@ﬁzymﬁtgﬁ?@ﬁ XYﬁ’élty acmf‘;l %ﬁf@latﬁf urfuryl

met hacryl at gout@mgﬂﬁ yﬁ{etﬁﬂcrﬂ%{ehaf: Wétl‘?}tleQ \Zin?lﬁ)&g%%@t WHMIQVJ cyclo-

met hacryl at oxyet hyl methacryl at e, Y
exyloxyrnethyl methacrylate, rnethoxyrnethoxyethy rnethacrylate benzyloxy-

methyl methacrylate, furfuryl methacrylate, 2-butoxyethyl methacrylate, 2-
cthoxyethoxymethyl methacrylate, 2-ethoxyethyl methacrylate, allyloxymethyl
methacrylate, 1-cthoxybutyl methacrylate, methoxymethyl methacrylate, 1-
cthoxyethyl methacrylate, ethoxymethyl methacrylate and ethoxylated (meth)-
acrylates which typically have 1 to 20, or 2 to 8, ethoxy groups, or mixtures
thereof.

[0066] The block copolymer may be obtained/obtainable from controlled
radical or other living polymerisation techniques such as RAFT (Reversible
Addition Fragmentation Transfer), ATRP (Atom Transfer Radical
Polymerisation), nitroxide-mediated and anionic. = These polymerisation
techniques are known to a person skilled in the art.

[0067] Anionic polymerisation processes may be useful when the
heteroatom of the second block contains a nitrogen heteroatom (from an amine)
when steps are taken to quench the amine during polymerisation. Such
techniques are known to a person skilled in the art.

[0068] More detailed descriptions of polymerisation mechanisms and

related chemistry is discussed for nitroxide-mediated polymerisation (Chapter
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met hacryl ate, 1-ethoxybutyl nethacrylate, nethoxynethyl nethacrylate, 1-

et hoxyet hyl nethacryl ate, ethoxynethyl nethacrylate and et hoxyl ated (neth)-
acryl at eswotzootnssggpi cal |y have 1 to 20, or 2 to 8, ethoPg¢TgrSeuPs63006

m xtures thereof. [0066] The bl ock copol ymer may be obt ai ned/ obt ai nabl e
fromcontrolled radical or other living polynerisation techniques such as
RAFT (Reversible Addition Fragnentation Transfer), ATRP (Atom Transfer

Radi cal Pol ynerisation), nitroxide-nedi ated and anionic. These

pol ymerisation techni ques are known to a person skilled in the art. [0067]

Ani oni ¢ pol yifePrgesk %WOpﬁ%?c)esfsléghﬁﬁl)ﬂndboql%@f BrdigakPRolymeriratien.citsttor t he
second bl OCkKI(‘zﬁﬁ%tﬁfe N’I;a ngl?]a&ewsi%%ﬁh PRLELOBL DA beM ?ﬁﬁﬁghéf% ‘J\Qﬁ{‘\ﬁkgrps are

taken to quenc duri n% ynerl sat | on n| ques ar known
to a person aKiJansdn¢ pharpigager re f@%@]awﬂw@tyu@tzawm@wtabsbn ptions of

pol ymeri sati @06ﬂEChﬁ{"o§1@Eerﬁ9gdlﬁfelnﬁttﬁg &)Iﬁ?rmléa r¥dical %o?ﬂ&%@a%ohoﬁrocess

ni troxide- rredl ated polynerisation (Chapte pages 463 522) of 1n the

Handbook of Radpred tqamem@rtihzéptlwﬁcomlwmeﬁm@y ber Rt loprogassy j Askesaikii  and
Thomas P.  Dayisgi t?&ho%f IQMP*F'@%%stQ%’ 1s]Qf%QTrWéde}h W@Z@@@ﬁ%ﬁ% (her G/'hﬂ?efter

referred to as aszewsk In one e nment the
control | ed rd@@u@&nt p%r yitegedat asf }fﬁfé@@% @nﬂ)ﬂ%?fed)oﬂﬂnﬁftﬁép%{r &% h]éatmltock

copol yner § ir n of RAFT processes
i s descri bed 152?0\%%3?3? 6@71282%3 eepgﬁg%edhgqgg%@%? ?qur eagents, and

reference td0P7Hear hp@lnyn@ﬂb?dlmenUShPaIOélﬁpUA@maﬂ@ai iNoAY RODBIOLIDATOSY s ee
par agraphs [ §Jze& R %&%Qﬁ:‘e] the [&9&0 Oﬂd‘yﬁ@ﬁrn% di RAR P %mfn%'Tﬁ(ﬂ’

radi cal poly |sat| 0 rocess enp to pfepare the copol yner may

be an ATRP mchﬂ@g@satm, Awsrsmtm bgétann@fﬁ:rregrttmmactlﬁ%ltmmnm tnchisf erred
b di calyy
y a radica QM 'aflfal&'g’&l mﬁmﬁ@zggﬁg@@ew é%?b%{g 1?@[#(1@' PA Nore

conpound) or va i ous |1 gands. A nore oups that may be
transf err ed desaipdseavidye dfi grouss taataney delgansdosed of dp%?rﬂé?gdalpih@SGP@@tlto 65 of

US Patent Agpbd €4 0f; %Qg%%ﬁgééﬁ to%‘s)tdfeﬁsdﬁét%h! %%g%‘g?%’%% o 033811 46 TRP

processes is described’i t ent |'ication 20 see
par agr aphs [An@byr detafled 2B3yripfi@prf] AVBPeptsraicseld drestibeptinods Btent

pol ymer i sat i g, (BEBARIOEER 189490 (sce paragraphs [0102] to [0126]).
[0071] More detailed descriptions of polymerisation mechanisms and
related chemistry is discussed for ATRP (Chapter 11, pages 523 to 628) and
RAFT (Chapter 12, pages 629 to 690) in Matyjaszewski et al.
[0072] In one embodiment the controlled radical polymerisation process
may be a RAFT process.
[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.

Qils of Lubricating Viscosity

[0075] The lubricating composition comprises an oil of lubricating
viscosity. Such oils include natural and synthetic oils, oil derived from
hydrocracking, 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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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] In one
enbodi mrerwot2b/os88%0r ol | ed radi cal pol yneri sati on proces®CRAB2008/0630RAFT
process. [0073] In RAFT polynerisation, chain transfer agents are
inportant. A nore detailed review of suitable chain transfer agents is
found in paragraphs 66 to 7 1 of US Patent Application US 2005/ 038146.
[0074] In one enbodi nent a suitable RAFT chain transfer agent includes

2- Dodecylsulphanylthlocarbonylsulphanyl 2-met hyl - propi oni c aci d butyl
ester, cunyll0877lhi oBefinedods gie rinkilarrtosthe Hereldted ails sxespt thyr hevs bery

Viscosity [QQ#ARL: Tﬁ%te'duﬂ{ '0‘1?1%t blngn&f@ fi LR g@ rtbSBSprdle Odrde BF more

| ubricating viscosity. | s 1 nclude natura and synthetic oils, oi
derived frorrpgeitiesr d’dmfrr@tlowaelvg@w prgnknoyry uwhn @fﬁ s nahede selvent ned,

refined and Jx@ﬁa@ﬁbﬂi‘%@c@ﬁda@y %l%qllmléhuéd%é drR5E QL tradt A7 Ehiry L e&%@atﬁin‘ S are

those obtained directly froma natural or synthetic Source generally
wi t hout (or amdtthe liketle) further purification treatnment.[0077] Refined oils

are simlar fpgygjne R@G%Eh@@%?'a%éal%%B%vntﬂ%cﬂﬁi{Qd bBee rBHésts@c%ﬂE r&ated in

one Oor nore purl fication steps O I nprove one or nore é[;bl’o erties.
Puri ficati orfre ebHmnefes Percssiesovimilinta Hesanscdaifdobtab mﬁ@eé @ibsemd often

extraction, a%@%&&%h)ﬂlig%deké&ltl};p{bch Qs H{re&@?% ?&h&@ﬁtdf‘%@enﬂc Addifiadd on,

percolatlon and Re-refined oils are al so known as
recl ai med oﬂﬁﬂép¥@@é§@@ﬂnQHKBWHand are obtained by processes simlar to

those used oMY &l Natiehl s Qi SindAchiALLRD G uad i anal bRk gegaaed by

t echni ques directed to renova spent —addi tives and br eak
product s. [0@¢9P®E@@bkﬁpﬂ®K¢§,u@éﬂulOﬂhlﬁﬁWﬂﬂgh®ﬁ@ammy@ﬂ$|$@hl%%hﬂ@ﬁhts

i ncl ude ani ?Itro‘?édrﬁ 011¥§E@ts§p7le§t Rbét%d (a?a&dutr&aﬁ‘éd RinQkl %bn’&‘aﬁﬁ‘ 8lis bPRd cating

oils such a petroleumoils and solvent-treate d-treated
m neral | ubriagaffiniy wiphshesic Phanixad didrqAindc-naplishere niyecopndioibdderived

paraf finic- Qﬁﬂﬂkhgﬁbﬁﬂkkﬂﬁ%nﬁaﬂmﬁ%héegﬁr'Ved fromcoal or shale or mxtures
t her eof . [0080% Synthetic lubricating oils are useful and include
hydr ocar bon [80/8@] =~ Synthetic lubricating oils are useful and include hydrocarbon oils

such as polymerised and interpolymerised olefins (typically hydrogenated)
(e.g., polybutylenes, polypropylenes, propylencisobutylene copolymers);
poly(1-hexenes), poly(1-octenes), poly(1-decenes), and mixtures thereof; alkyl-
benzenes (e.g. dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-
ethylhexyl)-benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenyls); diphenyl alkanes, alkylated diphenyl alkanes, alkylated diphenyl
cthers and alkylated diphenyl sulphides and the derivatives, analogs and
homologs thereof or mixtures thereof.

[0081]  Other synthetic lubricating oils include polyol esters (such as
Prolube®3970), diesters, liquid esters of phosphorus-containing acids (e.g.,
tricresyl phosphate, trioctyl phosphate, and the diethyl ester of decane
phosphonic acid), or polymeric tetrahydrofurans. Synthetic oils may be
produced by Fischer-Tropsch reactions and typically may be hydroisomerised
Fischer-Tropsch hydrocarbons or waxes. In one embodiment oils may be
prepared by a Fischer-Tropsch gas-to-liquid synthetic procedure as well as
other gas-to-liquid oils.

[0082]  Oils of lubricating viscosity may also be defined as specified in the
American Petroleum Institute (API) Base Oil Interchangeability Guidelines.

The five base oil groups are as follows: Group I (sulphur content >0.03 wt %,
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such as pol ynerised and interpolynerised olefins (typically hydrogenated)

(e.g., polybutylenes, polypropyl enes, propyl enei sobutyl ene copol yners);

pol y(I - heworrew)os3gvol y(| - oct enes), pol y(l-decenes), and mCItuse@9/063ve6 eof ;

al kyl benzenes (e.g. dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes,
-(2- ethyl hexyl)-benzenes); pol yphenyls (e.g., biphenyls, terphenyls,

al kyl at ed pol yphenyl s); diphenyl al kanes, al kyl ated di phenyl al kanes,

al kyl ated di phenyl ethers and al kyl at ed di phenyl sul phides and the

derivatives, anal ogs and honol ogs thereof or mxtures thereof. [0081] O her

synthetic | usdiaratdthyt §b Isaturates.ndecqstl yiallcre30d28):(Grasm Hiswpbuw@(tm)tsg?m

diesters, |igyps V@t%/@r%@BW%WO@%%Naahsk?hg,sﬁwesis?é 20).» CrbiasY!

phosphate tTioctyl phosphate, d the di'e ter o ecane phos honlc
aci d), or pdbylpBri gontent aAPAret i e, >3 mthétﬁa@féieﬁsVﬁﬁwlb’elqﬂﬁécﬁic?@

i scher - Tr ORS{efpr1SAEHT BESafdofeyiRl $BAOG) RN RGNV Qb AR 56 %%gmcluded

Fi scher-Tropsch hyd oc oNns or waxes. n one enbodinent oils may be

pr epar ed by19(ﬁﬂw@hérlﬁﬂébsﬁﬂ\@asTh®imhQﬂﬁdﬁgyﬁﬂhéﬂﬂwsﬁyd@@ﬁd@%aﬁskﬁklI as
other gas- t kUi, dgplps 1 GBI 1) Loof IVURBLGRLY NG wrs&gamtex B)of! SO be

defined as dgf the American Petroleuminstitute % Base

| nt er changedditen the QlllQfe'lubﬁé%tlngrhécq)ﬁltb’elsbﬁsél’dlqimglpolu&foapél,a rqus HJ)aWS

G oup | (su&gQM4Iqo&ﬁgphnﬁgﬁgqhw%0%6and/or <90 wt % saturates, viscosity

i ndex 80-120 ur content <0.03 w % and >90 Wt %
saturates, vP8&Ysit 5 hg ﬁa@%HBQf theoyil oGhubdisating vissasiphnresens éyiticadly 08 wt %
and >90 wt %9 ?aﬁltc’é rI%I’ﬂ%ﬁllng 'a%P%hlBt}‘adtﬂl%ePfoﬁl?@ Wt%OLHQ shM &P{ﬂ amount of

pol yal phaol efi ns (PA )}, ot hers not included in Goups I,
11, 111, or thyyomppendgp tl@flnvmmncmduthg oo petforpangecadddiéscsan APl Group |,
Group 11, Ggyyl || Th@1aHRcdMe RapBsiNofiha frben;nxmér it BELOdnchb e the

oi | of Iubrlcatlng VISCOSIt¥ I'S an ﬁ% , Goup IIl, Goup
|V oil or miadifres fuHgr Egmu E[tQ@QBPHWé a%lﬁ 1@1?f1<t?14iélgop¢mb@51‘tlglbrqfcﬁtel ng

viscosity prigs&nion &&%ﬁélﬁg uthé/ aH?%v%'d%@@seH 19' ?ng)V@flE &h tﬁé’%rrn’f‘%tf' ng from

100 wt % t he sum of he co o he i nventi on and the
ot her perfoﬂWﬁﬁ@éﬁﬁ@ﬁWhﬂ$e§ayP@QS@PﬂmﬁéNM@de%@ﬂﬂnylEbﬁﬁGSﬂmvﬁwkhﬁwﬂbe in

the form of A .CaneeRiAt ﬁbﬁ@%t?r e tatld vefRE B alegd daHRIVesaRt thel bittdie
| ubricating conposition of
lubricating viscosity and/or to diluent oil include the ranges of 1:99 to 99:1 by

weight, or 80:20 to 10:90 by weight.

Other Performance Additives

[0085] The 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 modifier, an
antioxidant, an overbased detergent, a succinimide dispersant, or mixtures

thereof.
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i nvention conprising the additives disclosed herein above is in the form of
a concentrate (which may be conbined with additional oil to form in whole
or in parwQ?a0fisag9shed | ubricant), the ratio of the of rheas2@&dasiives to
the oil of lubricating viscosity and/or to diluent oil include the ranges
of 1:99 to 99:1 by weight, or 80:20 to 10:90 by weight. O her Perfornmance
Addi tives [0085] The conposition optionally includes other perfornmance
additives. The other perfornmance additives conprise at |east one of netal
deactivators, viscosity nodifiers, detergents, friction nodifiers, antiwear
agents, corrl888Tn i Hhidsict enbodigonpeths AbEcatin s sempanttioi szdlsw tiPVeRSHIN | er s,

extrene presl? ﬁl‘quaﬁaés a@nfehflo'oﬁé‘néi&a fv?s%Hkﬂt@%ﬁMff&S’and x%liﬂtera%

enul sifiers r than the bl ock copol e invention pour poi nt
depressant s qv(sfb?éﬁd fptgreahe Wcﬁékm&?p@lﬁmf#ntoﬁf mheurantberepbn) , seal

swel i ng agghlisrRAR pd m xtures thereof. Typically, fully-fornulated
| ubricating oIl W contain one or nore of these perfornmance additives.

[0086] | n orl@0%%bodi Frernctdmbediment dh¢ dubrientivgs pempesiten tiyethenyediuden
further incliydes ﬁéu&aﬁao%tos%?ﬁ%s% (ﬁtér%ér?tts' LB hERE Ggen@ sHbSEAS! InerdRdi fier,

an ant|OX|dant an over based eterge a succinim |spersant or
m xt ures t hethepatep.0oBIPhUT roptdniagbpllngtast ubzhanatssi c,sahwgte@oni‘pb@ylﬁe@,n of

the inventi %rl; 1|3ear01d 3531' g@foguétacﬂdeﬁ?&noogﬁdﬁfr di fﬂl@fﬁsﬁ% ﬂéhc”?ﬁ'dg'eﬁ l an

ant i oxi dant, ver bas rgent a succlnimde rsant, xtures

t her eof . DetRiﬂtegélrSt su mgaqoupkﬁdoﬁ&y(émimph@ﬁmpph@ds Ul |8@l$geinrh@€ co\l@mmu on
further inclydgs, Emmrghegé LAY tl?erlr \éﬁ{&ﬁscﬁ%rgﬁérﬁﬁﬁrg'aloédes%wbkﬁ% %réja%ter gent

substrates |ncIu hen sul phur containi nat es nat es
sal i xar at es,degal | @ylratr@@fou%apmwylmﬂoh&éil@ns Bg uéV@éi)%/Oﬂ%?ﬁ? andd/ or

di - thi Ophosrgfé%ﬁc%sac‘%ﬂe@lstheé%WTH%h&%}&l nt §1‘ﬂ$§9ﬁ&%’€ 2“15’4 el Kt PREAL

conmpounds, or saligenins. Various overbased detergénts and their methods of
prepar at i on siek ageslerimegagnesmaaatessiur.aiodiym, erunbrtes thrieeht

publ i cat i onggoggic! ugi QﬁeVQBQ cfih%%@%ﬁg cﬁ%ﬁjoars&fl ede?&%@ﬁt & %ﬁgctteﬁefr%”the'rhe

det er gent substrate may as cal cium nagnesium
pot assi um sHeLR npor@pstmgxtqf r ehendiey, egmlphur contalnlng phenates, sulphonates,

salixarates, salicylates, and mixtures thereof. Typically the selected overbased
detergent include calcium or magnesium phenates, sulphur containing phenates,
sulphonates, salixarates, saliginens, salicylates, or mixtures thereof.

[0090] In one embodiment the detergent may be a calcium salicylate. In one
embodiment the detergent may be a calcium sulphonate. In one embodiment
the invention the detergent may be a mixture of a calcium sulphonate and a
calcium salicylate.

[0091] In one embodiment the detergent may be a calcium phenate. In one
embodiment the detergent may be a calcium 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.c., an
actives basis) at 0 wt % to 10 wt %, or 0.1 wt % to 8 wt %, or 1 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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[ 0089] In one enbodi nent the overbased detergent is selected fromthe group
consi sting of phenates, sul phur containing phenates, sul phonates,

sal i xar atwe,208a158899| at es, and m xtures thereof. Typi cal lPgTiuse0sMb3®e¢ ed

over based detergent include cal ciumor nmagnesi um phenates, sul phur
cont ai ni ng phenates, sul phonates, salixarates, saliginens, salicylates, or
m xtures thereof. [0090] In one enbodi nent the detergent nay be a cal ci um
salicylate. In one enbodi nent the detergent may be a cal ci um sul phonate. In
one enbodi ment the invention the detergent may be a m xture of a cal cium
sul phonat e éhﬂﬂﬁ;ﬁﬁﬁciun1salicylate [0091] In one enbodinent the detergent

may be a calgpygp phep H%Je santd! afm%ft%ﬁb%v%rys ﬁslﬁ?esgqgﬁé Qﬁsﬁ%rs@iﬁi’s Becfscal ci um

sul phonat e. In one e nen the 1nvention the d be a m xture
of a cal ci uririul fpheHame ehd Hbekktngmipikerwositiongdbey dmh@@nt Fﬁ@alm@ﬁh'catl ng

COMpoSi ti 0N fiofin MYt metf laG@LthBd dd gotsﬁ&%a‘?l ﬂtﬂﬁuﬁ' gaLhsie @&'nﬂﬁétrﬁétals

detergent may be present (on an oil free bBasis i. an actives basi's) 0
W %to 10 whogadgdedgon Wbriggntoang palympriedispge Sa%St OAﬂhIWES ypefdigpgesants

| ubri cating a?QrU?l%dcttér%d &n Bﬂl‘? %ﬂd%' e?t?atch@@ tSOM}@E'tJv%@z high 'n&bt?édlﬁé"r“ ng a

2-stroke marine diesel englne t e det er gent an ol free basis
i.e., an actWweiebt brdiosypay Bein vitypisa @Shl@swdlwrsgntsznﬁkud%Nrﬁuhslwed% or 5

W %to 30 %n%‘bﬂim alier :ngud&ﬁﬂlﬂﬂs e%g&ﬁ?@l'eg bP R gb%ﬂﬁfté@m dHR0P Rlkenyl

Di spersants are often wn as as di spersants bécause, prlor to
m xi ng i n a suadinimkep nglcéilde cortpebetydame tSﬁégmu@ldﬁotWIélbnwmheraswgﬁ ng

metal s and then gar %E%IRCHME %}ﬁ@%(}[t&féﬁé %uﬁél%u@r?t*’inft% %xt'i%\ 54 @ Sophen

added to a Iuﬁklcant a éf | Sper sants. | ess e dlsPersants
are charact ertj ¥¥dtchy0@0.p ugﬁlngm&@pdlamraa;médmﬂdhalrrnrr:mriav@m Wmdgsﬁ aseflecul ar

wei ght hydr ggar Hagné‘ehﬁ{ s Bapen@ad mﬁab@so% @;spgtreﬁ@atm gl udg Dysyhgt i tuted

| ong chain alkeny succi ni m des. N-substituted l'ong chalin
al kenyl sucdlisiarsanés ai“hdb’ﬁ@é”]@o‘lhyl !mlﬂ@t §qfé¥$é §198t i anipetdening  hymeathera

aver age nnlqﬁgy§ 6»@1 %y t he pol yi sobutyl ene substituent in the range
350 to 5000, 500 to 3000. Succinimde dispersants and their preparation

are discl osd&094lor imsagnsabiodinut pghce ipveation? figdpr oinclyglepattedeast, @84, 435,
Succi ni m de gigpersant which is a polyisobutylene succinimide derived from a

polyisobutylene with number average molecular weight in the range 350 to 5000,
or 500 to 3000. The polyisobutylene succinimide may be used alone or in
combination with other dispersants.

[0095] In one embodiment the invention further includes at least one
dispersant derived from polyisobutylene succinic anhydride, an amine and zinc
oxide to form a polyisobutylene succinimide complex with zinc. The
polyisobutylene succinimide complex with zinc may be used alone or in
combination.

[0096] Another class of ashless dispersant includes Mannich bases.
Mannich dispersants are the reaction products of alkyl phenols with aldehydes
(especially formaldehyde) and amines (especially polyalkylene polyamines).
The alkyl group typically contains at least 30 carbon atoms.

[0097]  The dispersants may also be post-treated by conventional methods by
a reaction with any of a variety of agents. Among these are boron, urea,
thiourea, dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones,
carboxylic acids, hydrocarbon-substituted succinic anhydrides, maleic

anhydride, nitriles, epoxides, and phosphorus compounds.
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di spersants are typically the imde fornmed froma polyanmne, typically a
poly(et hyl eneami ne) . [0094] In one enbodi ment the invention further

i ncl udes WO 2bwass8%ne di spersant which is a polyi sobut ylPemarssaons3vien de
derived froma polyisobutylene with nunber average nol ecul ar weight in the
range 350 to 5000, or 500 to 3000. The polyisobutyl ene succinimde may be
used al one or in conbination with other dispersants. [0095] In one

enbodi ment the invention further includes at |east one dispersant derived
from pol yi sobut yl ene succi ni ¢ anhydride, an am ne and zinc oxide to forma
pol yi sobut yl [Qﬂ%g]s uc &hnidaipgesast fipbiallyia polyisabutyimme speripinzigplimpy drec a

succi ni n de 1GEMRLEX pikd RuAbBCofBYe BRUSER: Ak9NENR hiLCRIRI 3L RFrbck 0096]

Anot her cl ass of ashless dispersant [ncludes”Manni ch bases. Manni ch

di sper sant s @eneralhe dispgesentnwhod lieghs TefN alumher pHesol satkiontil &0 dérgeRas
(especi al |y @5 '6?'1%%!%&& %‘Qné‘%{& $ 1(2e§191?i hal liy aHQﬂh)é@hé@é'c?ﬁ‘@f Mlgﬁé‘ﬂ nes) .

The al kyl group typica cont ai | east” 30 carbon atorms.
di spersant s awgy iml ¥ b@ﬁé®3ﬁ5P¢@aﬂé@ oy kighoenfirosarmpist Holls 6¥mﬁﬂﬂbact|on

with any of (ﬁs azgslt ¥/1tq’ifa ﬁ?%gﬁ"BN ﬁﬁ’i‘ﬁﬂﬁr Bé\eﬁsa’? cglrb%ngpfcpﬁltrdgeﬁa}atlg) que§

dlnercaptothl n di sul phi al dehyde ketones carboxyllc
aci ds, hydrdbag H@HDSUI@S@SP@E{& 8@4seic lawire uarﬂﬁytheir deBectrBics lamiey dvniddia,

Ctri
nitriles, epd‘ﬂ)é'tﬁ%?%s O%Blgt y?"BP?(Rp&r Ufor GREREX e%éngiﬁ[ Oﬁ%B&arﬂ_ﬁr%rlqbsfﬂf% A tatio

(typlcally a polyis ene succinimd have a tota base nunber
or the di spdpdanic pelgulstsdeon timghan besas. het ¢, thapetio @e@éleél ofy ceibeper sant s

with a high ay I 1 r er, in
one. aspect 10 s ghar s TSl e mniggz?f ARQRER oAl G e

anot her aspdutrogemnss, oﬁn pingylBYbodfraentetha rdibrergars m@erb@r@l ﬁynm‘tlgpecrfséhtas with
a high TBN wgﬂ%%anlﬂ%xﬂl Qc&%ﬁﬁr%' it QﬁtrétﬁgGPIroq‘tﬂlg%&f an B8P 4 Hﬁgeﬁsanﬂ n one

aspect 0.94 or lower, In anot asp . and I'n anot her aspect
0.8 or | owervith acarbesyhtrceitogyy ratichef say henyll. to nitrogen ratio is to be

cal cul at ed qgoggymo! gt tﬁ@%e?san& rﬁ?&g bﬁgrés@ﬁ't g@rf b oQf fi r@@lb%§fsoif e.Cal Qgﬁ‘yés

functionality (e.g., - nitrogen functionality
(e.g., am ndasis) ebferis).to| Wh%éﬁb@dlw’e% ta he vdi‘sper 8dnvt Halp Hewitfoa

m xt ur e of (dr)1 #t % to 6 wt % of the lubricating composition.

Antioxidants

[0100] Antioxidant compounds are known and include for example,
sulphurised  olefins, alkylated diphenylamines (typically  di-nonyl
diphenylamine, octyl diphenylamine, di-octyl diphenylamine), hindered
phenols, molybdenum compounds (such as molybdenum dithiocarbamates), or
mixtures thercof.  Antioxidant compounds may be used alone or in
combination. The antioxidant may be present in ranges (on an oil free basis
i.e., an actives basis) of 0 wt % to 20 wt %, or 0.1 wt % to 10 wt %, or 1 wt %
to 5 wt %, of the lubricating composition.

[0101] The hindered phenol antioxidant often contains a secondary butyl
and/or a tertiary butyl group as a sterically hindering group. The phenol group
may be further substituted with 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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di spersant wth a carbonyl to nitrogen ratio of 1 or higher; and (ii) a

di spersant with a carbonyl to nitrogen ratio of less than 1. [0099] The

di sper sarnworeal/asa89pr esent (on an oil free basis i.e., amCaatseeescdvasi s) at
Owm %to 20w % or 0.1 wm %to 15w % or 0.1 w %to 10w % or 1w %
to 6 wt %of the lubricating conposition. Antioxidants [0100] Anti oxi dant
conpounds are known and include for exanple, sul phurised ol efins, alkylated
di phenyl am nes (typically di-nonyl diphenylanine, octyl diphenylam ne,

di -octyl di phenyl am neiaﬂdahl nder ed phenols, nolybdenum conmpounds (such as

mol ybdenum dht fiose cdatdibadadesgription eif xsuitable tastarecontaimingi Siidgrast Apounds
may be used i8RRAr cdhmiSRyL fthiaaR US bsteﬂ%s@gu@ent may be present in
ranges (on an oil free e., an actives basis) of O wt %to 20 mt %
or 0.1 wt %I[0802]0 win wle@mhowe% the Biwtcadige sfomppsitiamb Furgkari ingludes a
conposi tion. m&%ggﬂurﬂ'lggmgbﬂg@r ed phenol antioxidant often contains a
secondary butyl’ and/or a tertiary butyl group as a sterically hindering
group. The dﬂé%l gl bematrhdavent cempeyndsisostacted Bamyibe igraumhyersedavesfi gr oup
(typically | b ﬂﬁ,m@ d Pihpathd N to a
second ar orrar%u?l H?@Lm did qléglglclﬁ)af/sb)slﬁt??a%fbg ]ﬂtli Bgfrjg%l &%&ol at%létI%)I;I(ll ants

i ncl ude 2, 6-sgits pgm%mqpmpﬁwmmpowdm%mlaumdherp@ﬁt but yl phenol ,

4-ethyl -2, 6- [qﬂﬂﬁ]ertSEHQME Fg}%ﬁ%'les cﬁenamGdghlonzgtg)tanﬁ%sy%Hﬁﬁnﬁla
4-butyl -2, 6-di-tert-butyl or 4- i-tert-b 3/ eno

one enbodi rrewﬁdtahénwnha@dé@t ik bds|commeereidl M@rlﬂﬁyolﬁel@ﬁré@tféﬁ N GraYy

i ncl ude, e. Qbuchléﬁémglﬁr(vﬁm%i-ﬁﬂ‘?’ﬁ\/l ARG bR A doUe1Ashakbed: deser Rptfon of

sui tabl e ester-conta i ndere ghenol ant 1 oxi emstry 1s found in

US Patent 6,%88le1lgl Cqg. OILUQ] andhAdeler aapuailvbat™ ShDQ, leNi:&tﬁlﬁgSrﬁWﬁa@i tion
further inclqde ﬁqmmdgpgegmﬁgﬁp&qﬂgrmwl%] The nol ybdenum conpound is

sel ected fromthe group consisting of nolybdenum di al kyl di t hi ophosphat es,
mol ybdenum dml%]ocaf\’\ﬂmap%entamhm@l@abd@um cABIPY B Ay PEFPéURdBPMated

m xtures thefpgl npE010A10SYignRblee R6amBhE SO JARdepum did hi @Jd??g'mt es
whi ch may be use as an ant .ptélz. 3ant %@ g)e dﬂwﬁirm al materia ?"s; sol™d under
the trade na@syosition.

Viscosity Modifiers

[0106]  Viscosity modifiers include hydrogenated copolymers of maleic
anhydride-(alpha olefin) copolymers, styrene-butadiene, ethylene-propylene
copolymers, polyisobutenes, hydrogenated styrene-isoprene polymers,
hydrogenated isoprene polymers, polymethacrylates, polyacrylates, polyalkyl
styrenes, hydrogenated alkenyl arene conjugated diene copolymers, polyolefins,
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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such as Ml yvan 822(tnm), Mlyvan(tn) A and Ml yvan 855(tn) fromR T.
Vanderbilt Co., Ltd., and Adeka Sakura-Lube(tm S-100, S 165 S-515, S-600
and S-710wbromvodssdka ; and m xtures thereof. [0105] WheRCpriss@aig3ouée

nmol ybdenum conpound may provide 5 ppmto 1000 ppm or 20 ppmto 300 ppm of
nol ybdenum to the lubricating conposition. Viscosity Mddifiers [0106]

Vi scosity nodifiers include hydrogenated copol yners of nal eic
anhydri de- (al pha ol efin) copolymers, styrene -butadi ene, ethylene-propyl ene
copol yners, polyi sobutenes, hydrogenated styrene-isoprene polyners,

hydr ogenat edﬂibépr ehBe paltyyrar sigepoimayebhauryAnat(es, apolly e yraatses s gl yal ky!
styrenes, hya%ggwa?s%@qn%ﬂfgémcﬁaﬁ@eo Gank 4935 &d ol 619 6OPPLY LT %, or

ponoIef|ns esters mal @i ¢_anh rene copol yners. Di spersant
Vi scosity MSHOT Méstq 6207 o %éé’i/ts%rﬁo 3\/W§ oaf thy Inprdeatingreomuesitean. r ef er r ed

to as DVM, [ppgfjuderf %ﬂ@térﬁ’ﬁ'@dlhl%ﬁfjtlf@lltﬂﬁic%ﬁhgsoorﬁﬁsn%ﬁm%r 1nclﬁldes a

et hyl ene- propylene copol yners that have been functionalized wt
acyl ating agudwespkagsrcastamingiatiamay diertle anmicalyationshopdoyuretcideiniiat es

functional i sggiwia} Q%\n@rﬂ rﬁ%{é’n a%e%ntQﬁtaﬁrdnﬁdLﬁlq to Hé{ll@é}QhMIFg'& 09@H¥ o

copol yners reacted Anti wear Agents ne enbodi nent
t he | ubri catdesegriashphesiw i iin theirsubeget | metterd asdan taﬁt Mbeh?ada%ntlndlﬂmab] The
addi ti onal qagﬂﬂﬁﬁﬁnagent may be either ashless or ash-formng. Typically
ashl ess antiwear agents do not contain netal, whereas ash-form ng do
contain rret a{lﬂlwlloﬁxwle‘énpf wardlieb g entiwealy agenisr sxdwde (HASEIIRID] ¢Starpee

basis i. s%[bl%?fsb&’ eéleﬁﬁ§' §1llphﬁ'r &&ﬁ&%g %'tluxgbé}g anl%es/lehE’lu%lﬁlgV"trnefﬁl or
w %to 10 % or O. or O. to wt % of

| ubricating ctbmmgarbiybirhthlqmmnt}atw dﬁ‘eCherrt?édl mm@rx h@rl ubﬁqoaad@liYng zmc
conposition (Ilﬂlkkﬂﬁ{hlé peigss, & PRRSPhoh LSRRI N 'agalﬁﬂhh 'hoggft%@és% an

Typically the phosph rus contalnlng anti wear agent may
amount to denplybdenure ?@‘P@é@af@ﬂ%ﬂ@@mgu§0@@§@1ﬁ45bé@lClbélln@WﬂillﬁCthémQij ect

mat t er underes’ée'?? SM@yQ‘ﬁ@%‘oﬂgle ! n@l‘t@cta%ﬁﬁates and bis(S-alkyldithiocarbamyl)

disulphides.

[0113] Examples of suitable zinc dialkyldithiophosphates include those
disclosed in PCT Application US07/073428 (entitled “Method of Lubricating
an Internal Combustion Engine and Improving the Efficiency of the Emissions
Control System of the Engine”) or in PCT Application US07/073426 (entitled
“Lubricating Oil Composition and Method of Improving Efficiency of
Emissions Control System”). Both applications claim priority from July 17,
2006. The zinc dialkyldithiophosphates or zinc dialkylphosphates may in one
embodiment be defined as a zinc salt of a mixture of phosphorus-containing

compounds represented by the formula: 1
R3_ J

wherein in formula, J' and J* are independently S or O, and R? and R* may be
independently 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 (i) 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,

cach of R and R contain 2 to 4 carbon atoms and in greater than 11 mole
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Application". [0112] Exanples of suitable antiwear agents include phosphate
esters, sul phurised ol efins, sul phur-containing anti-wear additives

i ncl udi ngvoebwlosesohydr ocar byl di t hi ophosphat es (such as pcirsegoons3ogecondary
zi nc di al kyl di t hi ophosphat es, or nol ybdenum di al kyl di t hi ophosphat es),

nol ybdenum t hi ocar bamat e- cont ai ni ng conpounds i ncl udi ng thi ocarbanmate
esters, al kyl ene-coupl ed thiocarbanmates, and bi s(S-al kyl di t hi ocar banyl)

di sul phides. [0113] Exanples of suitable zinc dialkyldithiophosphates

i nclude those disclosed in PCT Application US07/073428,(entitled "Method of
Lubri cat i ng nexcanhtoérthaimatentes of die Bgiue uars@udl PpYLOA Rghek@ ®f #icertemcy of
the Emi ssi ONgofdRhAGL S5 451101 cdiln ERARNGINN Qherlh, RATARRL fGAAYIAN the

US07/ 073426 (entlt ed “Lubricating Conposi tion, and 1nprOV|ng
Effici ency dfveRgcdetabmymbshof hwdlagﬁﬂ@mr)ls R8¢ #nd gl o garbongtemaiapeiad ority
fromJuly 1%.t2Q00c JB®nf NGt Jf,(%dl t hi ophosphates or zinc

di al kyl phosphates nmay in one enbodi ment be defined as a zinc salt of a

m xture of pgA&EHhor [Ege c@ﬁ!laﬁﬁbh@am@ﬂﬁﬂg cepbesedt aabybet pecrastdniya:
wherein in f r g I agsh n 4 may
be |ndependégégyk% d%ggg§%5$%g%odggqqeﬁgpg§g¥SMé%%ﬁggkﬁunb’Eﬁg? ?ggbon
atoms in R34 m@ﬂe COR@INgE cam@oBhdpmas shertespreparedibi shgu bargewahids
being at | e%&ctﬁrgSan WRELi R H3R cﬁﬂﬂﬁﬁﬁeaa'hﬁ a(flh@{sgﬁfr%eh%%ﬁlﬂoﬂna h@Ene(rhplyA' to 70

nmol e percent of such groups contaih 2 to carbon atons and (T to 96
nol e percenﬂhgﬁﬁwﬂgﬂdmﬁgmdﬁﬁtEMWQQHW¢9@2%a€5@ﬂ2ét6hEUSdWﬂ@Mhés 8@6% n | ess

than 8 mol e pArgegy o8d JdigriHo! d;ﬁﬁl tF]a‘?ﬁaté %dﬁgﬁ&é AnkNmb R 8 ot Hfaﬁlf‘%{_ bon

phosphor us- cont ai ni ng” conpounds, eac R4 contain 2 to
atorms and i rthgfreater than 11 nol epercent of the nolecules of the fornula in

sal d m xtur qoRifas Bxhpts oA AR A AN hARAnRA DS UBAAGAIP AL ATS:  and

wherein, within the ft aver age total ydrogen atons in
R3 and R4 orsuldvisend alefivs indedg eweens. thatylhec, Osablﬁrﬁ?nﬁs penten@akexane.25,

[0114] The djg :;;g@ngcacfcl?ﬁ{éatr?or&ﬁgt %l'eE‘ Y GRS, n@%ﬁ&&%@r ?ﬁ'dé&énéeac“ ng

a dithiocarbamate’ acid or salt’ with an unsaturated conpoun
di t hi ocar bartatredaseng. a@qmt%d@cmﬁ)@&memwe@w@cw Petasige e, wtasiﬁmnena,neousl y

nonodecene, cicosene or mixtures thereof. In one embodiment, hexadecene,
heptadecene, octadecene, octadecenene, nonodecene, eicosene or mixtures
thereof and their dimers, trimers and tetramers are especially useful olefins.
Alternatively, the olefin may be a Diels-Alder adduct of a diene such as
1,3-butadienc and an unsaturated ester, such as butylacrylate.

[0116] Another class of sulphurised olefin includes fatty acids and their
esters. The fatty acids are often obtained from vegetable oil or animal oil and
typically contain 4 to 22 carbon atoms. Examples of suitable fatty acids and
their esters include triglycerides, oleic acid, linoleic acid, palmitoleic acid or
mixtures thereof. Often, the fatty acids are obtained from lard oil, tall oil,
peanut oil, soybean oil, cottonseed oil, sunflower seed oil or mixtures thereof.
In one embodiment fatty acids and/or ester are mixed with olefins.

Extreme Pressure Agents

[0117] Extreme Pressure (EP) agents that are soluble in the oil include
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
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reacting an am ne, carbon disul phide and an unsaturated conpound.
Cenerally, the reaction occurs at a tenperature of 25 0Cto 125 0C. US
Pat ent s 4wW02810362389%nd 4, 997, 969 descri be dit hi ocar bamat eCtarsp@end®4@and
met hods of making them [0115] Exanples of suitable olefins that may be
sul phurised to form an sul phurised ol efin include propyl ene, butyl ene,

i sobutyl ene, pentene, hexane, heptene, octane, nonene, decene, undecene,
dodecene, undecyl, tridecene, tetradecene, pentadecene, hexadecene,

hept adecene, octadecene oct adecenene, nonodecene, eicosene or m xtures
t her eof . Ir1@W@ﬂ@ﬁbodmhﬁWﬂSﬂhe%@mé@%nean%evwéﬂ@%@ﬁb Bietsatilder neadducts;

oct adecenenqolfRoRpAaNed RIE0SFBRsObudtl Kl URESldisheRloafldof Notpifiit®r s,
trinmers and tetrane S are especla Iy usef ul fins. Alternativ q

olefin may belpaidy eyih Aﬂuﬂ@ﬂtlﬁ@d‘@rctm@hyla Oéﬁaéﬁheph‘?ﬁ@hoﬁ@ istgsbﬁ‘ﬂcéﬂdlaénéheand an
unsat ur at ed g £hearSHC an@strlhga%ka%alﬁogphl{egl%ﬁg] BRALICERGERES @hepty!

sul phuri sed ol’efin I ncludes acids and their att'y” aci ds
are of ten othabmelg, f ﬂml’@é@é’damhésﬁhlﬂe opeririphenyl oinhogpldtet yﬁir@at}’lllshe@blnt ain 4

to 22 car bo} YR ABKSTP&RNRL BULARlhe,f BhisHACI AR AR el e ers

include tri ycerl acid, lino palmtoleic acid o

m xt ures t her ctlkyl ohesphites Waddcst tostiiigs Ch&*t@aflzibtpélpmef v nodyrdomilene ¢ al |
oi |, peanut s%éhtut%@yﬁf‘eﬁﬂl g n%%’hﬁgt Meﬁ%&fﬂama%ngdggwg ARediRidiffio-

nlxtures t her eof dinent fatty acids and/or ester are m xed with

ol efi ns. Extqaéwﬁlam é@éub?éluﬂgéwp‘g’hﬂ@m@]dlmr@ﬁ@ew%s@ﬁ elkyEpndagiehod- t hat
are sol uble nﬁﬂ&%g% ds) RELHES, ?d%'eR'S&’rl Ie ﬁfé%ﬁﬂé PéfUthQPéé"cﬁ&Pg ofélhE't'dlgl EP

agents, chl rocarb EP agents and osphorus EP agents.
Exanpl es of der,@l&wdElnoaé@nh@m fmd uidtd Rfmmnenm@ aWéKHXt@lfﬁ‘gélmf@fsul phi des and
pol ysul phi des;sKehviadithi-penzyl di sul phi de, bis-(chl orobenzyl) disul phide,
di butyl tetrasulpnhide, sul phurised nmethyl ester of oleic acid, sulphurised
al kyl phenol ,[0818lphuf seddimeatieest thalghisefiseoneqstting fubeersiorchides iased
Diel s- Al der @dduifodiRBRSRIARMLROUALEEH My ARF ROTcHsE MfaLnfayaact | on
product of phosphorus SU1P de wth turpentine or hyl ol eat e; hosphorus
esters such ragscnhéophpdrisreabdsoni- andn ﬂ@tﬂwd}ﬂ@@éﬂbmﬂgphmmlﬂéé) wiigto,
di but yl phOSHhW¥%;ogbhﬁpﬁybéﬁh?§ﬁhéﬁﬁ()9%&%%k&h%%¥% phosphite, pentyl phenyl
phosphit e; dlpenty E

[0119] xarnples 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, ¢.g., a monoglyceride, and in

one embodiment the long chain fatty acid ester may be a (tri)glyceride.
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phosphite, dioleyl phosphite, di-2-ethylhexyl phosphite, didodecyl
phosphite, di Cl2- 14 al kyl phosphite, tridecyl phosphite, distearyl
phosphi t evarrdiopsBsgpr opyl ene substituted phenol phosphi t @CTEse@l/063046

t hi ocar bamat es such as zinc dioctyldithi ocarbamate and bari um heptyl phenol
di acid; amne salts of al kyl and dial kyl phosphoric acids, including, for
exanple, the amne salt of the reaction product of a

di al kyl di t hi ophosphoric acid with propyl ene oxide; and m xtures thereof.
Friction Modifiers [0118] In one enbodi ment the |ubricating conposition
further inclQdesAdditnicstion nodifier, or mixtures thereof. Typically the
friction modpfagy ”@Yhé}egé}rf&?ﬂhtce(@dhlﬁ%s%ﬁcﬂ WS CeditRioh inifbitoANiRRIdY €S

basi s) in ranges includi % or 0. % or

0.1 Wt % to thosg d@ﬂﬁﬂPGﬁil@Pa@géﬂ?ﬂiﬁ Sstoot 0§ W% énpbcartrqncUSBWOﬂr&%ﬂQ (feheé dnncl ude
| ong Cha' N f@lbYe20isd desd Viabhyes £ %Hg@‘?sas erﬁatrﬁerds’mQ&t@R?X'og%ﬂamh@ ty

i m dazol i nes such as condensation products of carboxylic acids "and

pol yal kyl enexcpatoptanicaedensatigmprosigrtssoigtodgedayl phesspldcicongilydride angdye al kyl
tartrates; fﬁagya&& Ktden! & OB 8168 wRA § HdiYarftekty! thasdd %ﬁlbq)ﬁﬁnfr[togl?eo]
Friction nDdlf ers al so enconpass materials such as fatty a

tartrates; ferfopio m@nbltw inglpdade, Smﬁlpﬁarqogmlqnamhyblwnplsmﬁgnelﬁa@)

ol ef i ns, ol L kyl di I @hﬁﬁt tes,
sun flomer 5¥%Q§?Hg%ﬂ%§g§%h§t%&%&%%Qigbﬁ%ﬁgbgﬁyaypéﬁgtIC cé?%gﬁﬁﬁ?%%EC|d
(al | these fa%iéai ohhardanfloa®s cagysiansimhiutagescdissaicd snamorodctianis aor

ant i wear agqnbdlet ke with Paien REDGTRTRAS! toh@zfAMF?t eRidRRAiLhi Afe BoiCti on

nodi fier is selected fromthe group consistin aln“fatty acid
deri vati ves @engigilheempary.ef§¢ poedush bxodwse is %nttty:daiSZlgNALQrX Mb@gantﬁ,at ty

al kyl tartripg #g%rf&ﬁgnge@\%%g@&ﬂ f&@jéﬂi%ﬁ?g [19&53.]5 A n one enbodi ment

the friction fier long chain f ty acl ster (previously
described ad8¥24las detadlstiactsatar ingalingderivytives widrazeiissaicrdhtriedly | ong
chain fatty t@@lﬁ'w‘%éfe?f d”{Hﬁér& tcﬁhﬁ'&&%of’eSt ivafivék, 1?2,@1‘?%1&@09%1%1111@”0' in
one enbodi nent” the I'ong chain fatty acid ester ray

(tri)glyceriagelost h%fal dithioperzimidazelescx hter2wékyléﬁh1@h@@z0é@l@m1¢sbesfogmch as
corrosion i nhj i })Psr ﬁlchﬂﬁﬁ$@§%%®g%?s ges@it Red 140 RBrAGHIRRS YRR £d US

Appl i cation US05/038319 s , , .
optionally Vlnyl 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 cthyl 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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Cct ober 25, 2004 McAtee and Boyer as naned inventors), octylam ne

oct anoat e, condensation products of dodecenyl succinic acid or anhydride
and a fatwgaovid3ach as oleic acid with a pol yam ne. | rConsS2@egieidserent t he
corrosion inhibitors include the Synal ox(r) corrosion inhibitor. The

Synal ox(r) corrosion inhibitor is typically a honmopol yner or copol yner of
propyl ene oxi de. The Synal ox(r) corrosion inhibitor is described in nore
detail in a product brochure with Form No. 118-01453-0702 AMS, published by
The Dow Chemi cal Conpany. The product brochure is entitled "SYNALOX

Lubri cants, g4sglindelcolelntusted pagipgl yhopae fearbobdinenidihegintgphli eambeyipn

[0124] Met a'e %ﬁ?e%hy of ?ebél%&'l‘éh gﬂfcrdn\daﬁl' HRSerfbo ARIAPH \%‘a%ﬂ{eeﬁleled

(typically tolyltriazole di mer captot hi adi azol e derivati
1,2, 4-tri azoihgs’€. penzi m dazol es, 2-al kyl di t hi obenzi m dazol es, or

2-al kyl di t h'a[@!i’%’]zm 'i*hé‘zf?ilté?ﬁal Q%kﬂ"&ﬂ RS n'wBF'bléd'a”Q SHARO! YR gr e et hyl

acrylate and 2-ethyl hexyl acryl ate and optional 'y vinyl acetate;
denul si fi er eniging. uSniHableringarigll cqrnbesioat engingsoinghideymeriae gligssbleagines,

pol yet hyl ene, oxi#epistP ¥ PIRRY o HHRSI %H%m@?t fyd elforadife aﬁ’& qRydkene

oxi de) polymers; pour point depressants iIncltding esters of maleic
anhydri de- sﬁ?@éﬁé pol ymet hacryl ates, polyacrylates or polyacrylanldes may

be useful . @@f@' nhiy| I‘,}S%Eishél‘%t tH@H orﬁﬁoﬂb%% gF tha 1ﬁﬂ%ﬁ1a@%ﬂ9o’ifsﬁbf? Ig e the
i nvention |nclu e cop mers of acryl ate and 2-et hyl hexyl acryl ate and

optional |y vhelfe aaexféb@para%ﬁﬁth@eﬁl@é@sdeirW@riLfmmgnqtah labrgated hy sprages,
pol yet hyl eng, giyaR! s THROli¥elLAY %P e% ‘Pé ?ﬂldéprl‘?@éfke@%%tﬁe:%%ﬂs

(et hyl ene OXIde propyl ene oxi poly 0125] Pour pol nt depressants
that may be hegengs. ai (Kﬁ@s@@hp05|t|ons of the invention include

pol yal phaol gpi 5§, el eBEei Oémﬂgﬁhﬁie‘ﬁt apfy dﬂh'téilﬁaIStc)b"nﬁﬂl%t18Rp%g’1%r Lonfafifr at e

ester-vinyl acetate copol yners, polyal k %acry at es,
pol yal kyl acropimoagnisrfepas (¢ k>f¢ra@trs))|0@mm>@§nt8| néibe feririgl coxpponicast inshude0126]

I n one enbodi repph p@glﬂﬁqnﬁgﬂﬁékxgﬁMF&%nh L%aipm{nternal conbustion engi ne.

[0127] In one enbodiment the internal conmbdstion engi ne may be a diesel
fuel ed engi H813H gabvl prre ¢mbedmaangitite, inferpalt LroaIbugtign f qegiod engiams or a

m xedgasol i e mehRlof Hed1Gfhi fe-Moy.| NMTIRNSLETRRA-TBHY iddteddsniighidlm

conbustion o , , , ,
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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engi ne may be a diesel fueled engine and in one enbodi nent a gasoline
fuel ed engine. [0128] The internal conbustion engine nmay be a 2-stroke or
4- st roke wOQLs3890i t abl e i nternal conbustion engi nes i RCra$eommsione di esel
engi nes, aviation piston engines, |owload diesel engines, and autonobile
and truck engines. [0129] As used herein the conponents of the internal
conbustion engine include all of the parts of the engine derived from netal
| ubricated by an engine lubricant. This includes for exanple cyl i nder

| iners, canshafts, pistons, bearlnq , 0il coolers etc. 01305 In one

embodi ment  tsuEphustcenisal of Srbbs % on lesiglinkea obatrliones ewHPHNRnd 88 Mer i e (i . e.

ferrous) compangnl g INGIRNII &pcomRansils kool desFe, FeO Fe Oor ot her

mat eri al s cont ai ni iro n one enbodi nent the internal conbustion
engi ne cont a[ﬂh%4]congbﬂ@w@b@dmmt dhauhwbricatnaPePosithe nAyURA FHitable frloy

I ncl udes al umphimesi 4 1 £E% n%er{E‘ 48 Qfﬂe?r?af‘b c@hbRE eﬁgﬁhé‘m n MHeer i al s.

I n one enbodi nent the al um ni um al ﬁé is an alumniumsilitate surface.
[0132] The lapphqdimentigeaearpsdiesad somorstaen Prgiee fed 2c00basngda. engi ne may be

sui tabl e fog @31%] engh0&|d &bEdfother Bf‘ﬁr%pi‘ﬁ%ﬁt‘i’ f?lf & ULROH 2 RAASRNOT US
or sul phate (ASTM D-874) content. The sul phuf content of the e gl ne

oi | | ubricarmf Ivhyictnts Tequiringgmylsifiers gpd/or powe memr depsessantsr  hs b\lﬁc o or
I ess, or 0. %og@ gﬁa&roﬁ tﬁ%%nvéﬂzloa%ag%ieogﬂ %ﬂglﬁé}ean%rp%w Ifo%t@ébtr%ﬁﬁﬂt be in

t he range of %4 or
phosphor us derdre‘rﬁhm%@e%@eso nzdwrlw)/o grars.elgdraglic @deviogs, obfdrighwag majrilep. 085
w % or |ess, ugf %&cg aQGfaYﬁl tl/e?c%rsl %ﬁsesoTlQe‘:’Zélv&erlrégoﬂ%llﬁ%ﬁd fQE1s0- Bx Wt %

or less. Ino I ment phospRor us’ cont ent pmto 1000
ppm or 200 qaphﬂfcshmaiepyms tirﬁéuhrmaat feymnpdatzaremags hs émm §d petle wt %

or less, or g3yt 4 }{%&rcmt@séhm%r dud ot th@ Qiff&%ﬁ@ éiﬁ'[tn;'es""%nc%t?éaﬂﬁ%és or

0.8 wt %or | ess, l'ess. I'n one enb sul phat ed ash
content may deE@moMs wmplexed on ocagh dgbriseny typed 9yans dhe kess.ogheo biodks wt %

[0133] In ong,6iPRadiigBeficdddbol RIS McRORRRG hURR JRY pbfit @BpRIGhne

[0136] Driveline devices include gearboxes, axle gears, traction drive
transmissions, automatic transmissions or manual transmissions.

[0137] Automatic transmissions include continuously variable transmissions
(CVT), infinitely wvariable 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 (Cy,.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 C;;.15-alkyl methacrylate, 48 g of
2-cthylhexylmethacrylate, 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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oil, wherein the lubricating conposition may be characterised as having (i)
asul phur content of 0.5 w %or less, (ii) a phosphorus content of 0.08 wt
Y%or | ess,weandio(isdsdp a sul phated ash content of 1.5 wt 9@CTIES3@9/0pIB84] | n
one enbodi nent the lubricating conposition nay be suitable for a 2-stroke
or a 4-stroke marine diesel internal conbustion engine. In one enbodi nent
the mari ne diesel conbustion engine is a 2-stroke engine. [0135] The bl ock
copol ynmer of the invention may also be used in a variety of lubricants
requiring emul sifiers and/or pour point depressants. The bl ock copolyner of

t he i nventi gmdnligldodomnl SOnmigiteser Hird/faskpburthgoidhergpdpmeds a8 is o
driveline dQMh&ﬁédmhﬁQ@ﬁ&ﬁhﬂ%hﬁﬁ?ﬁ&: @MQT@H&H§hQ8WbP§§hHH&;3hbﬂﬁMﬁXXﬁDb'|e
equi pnrent such as farmtractors, greases, metalworking fluids and fuels.
For each of Chéstoraeoeling Thepragdyel santis¢awriaqudi on may, as a person
skilled in tilges@yrt Nédarﬁ%ﬁ?p&‘éﬂ%lga (@B@ﬂg% A4k éolib% Jg‘hérfcﬁf €. FaﬂQ#rlt' ves

and treat rates conmonl'y enp ééd in each | ubricant
t he bl ock cdapehgeretate s ab)éll i évfé ythexylgreghd coyl ates- taﬁlﬂeﬁr’fﬁj’lgmﬁlil@ﬁhﬂndﬂm’fh-pour

poi nt depresgante. [ 0136 fg'a@'cl 6.-G% lcﬁ%tﬁa@ﬂlé{g? %a%bé?f(e?eﬂ@’fﬁ&ygears

traction drive transm ssions, OﬁHt c transm ssions manual

transni ssi orfsethpoyByy, %%h%Hﬁ@ﬂ&”ﬁﬁ&ﬁ@%@§§ﬂ@ﬁ§ﬂph@@dﬁén%ﬁwwﬁhﬁ@usbwn¢ar|able
transm ssi ongy §fe\ohk: thirdfd Mk Fidhdv A dAPL& fn&@a%éaaearﬁas@ \qcm eﬁ%{tﬁl dal
transm ssi ons, continuously slipping torque converted cl ut

stepped aut oWHPERN tetndharawicenplecmddy dratangimentler anefigse Mbal(nmai)sfer[ 0138]
The fO"0“‘Q%eﬁ%@ﬁ@k&ﬁtHHHM&Q%oh&E%ﬁ%ﬂ%&kﬂﬂ%tB&1&ﬂ%d%8¥ﬁ@Hhﬁ£ SThese

exanples are non-exhdustive and are I nt ended limt t cope of the

i nvention. HWMHLESTho1Bok iprséipied sandy purEgd ipitle nitrggex for 30 manefich| oldie
copol yner Ofm(r%lgn ﬂgwa%alf%/ Q@W/Pﬁl gﬁrel §@T}H The flask 1s then heated to .80

2- et hyl hexyl nethacryl ate I met hyl noet acr The di bl ock
copol yner |stﬁ@%éh%dM%9g%h§@®’ﬁgfﬁb@g%ﬁﬂé)Qﬁiénéhm(mhéékgﬁFﬁDd§w~€§U|pped
with a nitr qgﬁl@.lﬂlﬁ‘é %o th{}8§ %‘PQQéJBlé%ld%@dadae@%%f ane%'atéfe% Mfufcsagat s
added incl ude 99. Kyl hacryl a g o

2- ethylhexyﬂﬁﬁkhﬁcm@uéméﬁdSHdﬁ)gcomﬂhhéhbﬁﬁ‘ﬂﬁ%ﬁﬁm@ﬁﬂagéﬁﬁ flask is then

(dodecyl t gl {RaLAT PRAAUS! B HhimEHy Rintino Sh§Y nbuRlory i JONRXARICH HeM Kt or

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 (Cy,.15-alkyl
methacrylate and Cjs.is-alkyl methacrylate)-b-dimethylaminoethyl meth-

acrylate. 1500 g of Cjyis-alkyl methacrylate, 260 g of Cjs.13-alkyl meth-
acrylate (the Cis.13-alkyl methacrylate also contains up to 5 wt % Cjs-alkyl
methacrylate and up to 2 wt % Cjyp-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 dimethylaminocthyl 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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PAO-4 diluent oil. The flask is stirred and purged with nitrogen for 30

m nutes. The nitrogen flowrate is 0.028 nB/hr (or 1 SCFH). The flask is

t hen heatwo 200/B68890C and the nitrogen flow is reduced t ®@CO/US2eh9mRIONE ( OF
0.5 SCFH)and held for 150 mnutes. The flask is then charged with 12.8 g of
di met hyl am noet hyl nethacrylate. The flask is held for a further 3 hours
at 90 0C, before cooling. The product is a viscous liquid. [0140]
Preparative Exanple 2 (EX2): is a diblock copolyner of (G 2-i5-alkyl

met hacryl ate and 2-et hyl hexyl met hacryl at e) - b- di net hyl am noet hyl meth

acryl ate. 1mkflded gvera oprod 81 31 hoprs ndhp@cequchisea vegogs bfuid before dilution

2- et hyl hexylv(;rglrl Bﬁ%lyﬂd'}fﬁ) fo%da@() Q7?&?,ﬁfer];{1kgﬁ)@gi(§ﬂ) 21 initiator are bl ended

to forma b one iIs charged into a 4-necked
flask equi pd@éi“‘\'n]l t hPmmratrVﬁn%fﬁmnler (EX4eisrp coblprle capellyach eagnated it | e.

5.67 g of a f£haig sirﬁﬁ&sierng%e_F( @(%jﬁﬁé(l kp&lﬁlhl%h'l@&%“&”@&p% J%&%f @ster) is

t hen added to the flask 15 stirred
ni trogen fors38h mﬂﬂé@f}’hfﬁe aﬂilﬁt t(bgm'lalkb’bwin?@@éf}fll@ebbdﬂgnfﬁhl’]lﬂml(l‘éﬁthﬁl SCFH) .

The flask i syidfeg lh‘%@tsﬁ‘ﬂ h%tl%gn{éﬁla@%qaiegm Tink" A9 1%191\%!:1%:1&@%‘3@@(1 o 0.014
nB/hr (or 0.5 SCFIYI) and the renainin i rds t he bl'end 1 s added over
a period of @@cmrwmsesvltlrrﬁénerthal@mln@ethﬁh m@ﬁlaﬁésdat&t @be ogiamed thelvcighr 150
m nut es. ‘;p céagkofi élztlpﬁﬂcy@ Qﬁétﬁ@&?zl’éﬂté o ¥4 ffg-ﬂkgf n@tﬁﬁ%&ﬁ)ﬂeaﬁ‘ W@S

et hacryl at The f1ask is held fof a furth 0 m nut'es at g bef ore
cool i ng. The& pnodlkel moshagrylatecalsss contgimsap o wp o @nepléwéme\ffleacwlawpﬂné‘i 3
(EX3): is a Lffi i chvto%p@%(m&l %etﬁa@rfl’a'té a'l"héflraﬂgt Seafey bt tal%ilcent of

Ci 6-i 8-al kyl “net hacryl at e) - b- am’'noet h met h acrgl ate 1500 g of

G 2-i5-al kyldlm@thvé@nwoathevl %‘(hagfy&te @06me81yémkshlacwé@th iacPyPat dhet rpsio

G 6-1i 8-al kyl t t yl ate
and up to 2 wﬁgﬂpggﬂ’c}éhtazg h?h{%ﬁbhggf}y gt@g tHPthb %e@ofﬁ{ b%c@r ?(gdéﬁ%’lxnﬁ ﬂlﬁ&]
initiator ar@owp end&d3t dheanaductyp én‘dSCQNlﬁdlﬂul%hé orqidtlation Wlﬂle llblllfélﬁd’lll s
charged int Qo%ﬁ'&%‘b@%&%ﬁékm%&ﬂfa%ﬁﬁlw th a nitrogen inlet, thernocouple
and a heati n% mant | a chain transfer agent

(dodecyl tri tIRl&ar bﬂﬁmmrawevli’reéa:naﬁw Bxammed Edtadis o retdont pablmner] @f143)
The flask i t d t rogen
The J1ask | LSRR pUTASI S NCLIRIRR IO, BuTimlepaTSaLf fooen
t he nitrogermé¢thagyylage.r érdﬁ@cfé@dqu r@lmw wsprﬁpar@érbyoclarg@gm)ea%m@s tthe a 4-

necked flask equipped with a nitrogen inlet, thermocouple and a heating

mantle. The reagents added include 99.2 g of C;;.15-alkyl methacrylate, 48 g of
2-cthylhexylmethacrylate, 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.

28



remaining two thirds of the blend is added over a period of 90 m nutes. The
flask is maintained at 80 OC and held for 15 hours. The flask is then
charged wvohofiB3ggoof di met hyl am noet hyl net hacryl at e. Ph@/usb@keioge hel d
for at 90 OC for 2 hours. Three separate charges (each 1 g) of
Trigonox(r)21 initiator areadded over a period of 5 hours. The product is a
viscous liquid before dilution with diluent oil to forma 40 % pol yner
mxture in oil. [0144] Preparative Exanple 4 (EX4): is a dibl ock copol ymer
prepared by a process simlar to EX3 excet the final polg/ is a block
copol yner of[0{€32- Cemparativepdubpie ‘ L @B)alikyd SW-30 engine

et hacr v at q) ol Rl AL egga%prmyao%@maqms b pGaikat o)

The net hyl rret hacrylate I1s a ncurrently wth dinet am noet hyl
met hacryl at €f Gie ratio of the weight percent of G 2-i5-alkyl nethacrylate

to G6-is-all Mbogmi‘t CRRIp4EARS 1. ebrRant BxbiBee £(E1iH) ’% 'éy(hl Hﬁiﬂﬂ?&w %@tv@t al so

contains up to 7% C -al Kyl nethacrylate and up 2 (%/

met hacr yl at &p.ofheonitabd Group HE ERKI Y5, pathcepgosty 0§|4r€emny18aam 1@@ ﬁh@n
met hacryl at eyt 0 %%f@&&ﬁﬁ%ﬁﬁ Otbi 8 Brici-do, YyithScds Al | bP6 Wehaht atpﬁfofﬂ@t of

hydr ophobi ¢ bl ock to t second bl ock cont’aining a polar group is 13.
The product [045H vi babiieantiBanplpef Qe@L IS ytSiVer Wnpndingllybrersnt @mlllﬂ!fotof orma

50 % pol yner t e Exanmple 1
o poly Clﬂtié é%Jc%;é R fQther Joﬂ@a‘}és] O%Wéﬁﬂtﬂﬁg Jd%@%iaﬁx\f nmp

(CPl): is a random I | at e,
2- et hyl hexyl[f&$Hacr ;libﬂﬁantﬂﬁf?ﬁmlﬂﬁ ﬂv@%hisn@)éthﬁlo mlh%télﬂ%fl%@é sinpiag foandom

POl yTer 1S RUEPAGAchYi A6 RA090LR duniandphauRepked ) ask equi pped

with a nitrogen inle er nocou eatl | e. The reagents
added i ncl ud@183. 2 hubﬁwmﬁﬁmnla&MtShaéWﬂé}t @nglws lgprigfant similar to

2- et hyl hexyl b NAGeh A Furtfd Anfhil o 85 HRIAAM BRI BRONACT v ate, 5.04 g
of a chain transfer ent ecy -trlt i ocarbonate butyl ester), 0.87 g of
Tri gonox(r) 49154 ti h&gf_%}ﬁmmg_‘\gﬂdf_)?m 4 V¥i30uengingilibricere sfikasktol s t hen
heat ed 10 94:0) asctd: AEBRALARAI EX2 wi LU plftutlir EQb] ow ng Tubr i cant

exanpl es and conparative ricant exanpl es | 1sted amount of the
products frdf$¥e pLubeieantKxanenie dn(leCal isco P38t enang leigaat isireilaxtanpl e,

as the case @Ry AcofiEhiiies doRfiAIDUILYOL JHihUpRiauel br £8BROMted Lo be added
or |ncludedthere|n 47] Conparative Lubricant Exanp 1 (CLA) is a SAE

5W 30 engi nd0156] Lu rlcant Example 6 (LC6) is a SW-30 engine lubrlcant similar to
CLCl1, 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 (LLC8) is a 5W-30 engine lubricant similar to
CLCl1, except it further contains 0.15 wt % of the product of EX4.
[0159] Lubricant Example 9 (LC9) 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 (LC11) 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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| ubricant. [0148] Conparative Lubricant Exanple 2 (CLC2) is a 5W30 engine
| ubricant simlar to CLA, except it further contains 0.05 w % of the
product oNVOCPI0/05pE49] Conparative Lubricant Exanpl e 3 @CLT3Romwsdcw4&\W 30
engine lubricant simlar to CLA, except it further contains 0.12 w % of
the product of CPl . [0150] Conparative Lubricant Exanple 4 (CLC4) is a oil
m xture of 80 wt % of ExxonMobil Goup Il EHC(tm-45, with viscosity of 4.6
m/s at 100 OC and 20 wt %of ExxonMobil Goup Il EHC(tm-60, with
viscosity of 6.0 nmR/s at 100 OC. [0151] Lubricant Exanple 1 (LCDis a

5W 30 engi nd01edr i cASITM| A4 arclatesGoomeasasemprt pf kingmdier viseptiti (enit. 05 wt
% of the prqﬁlﬁll@;S of 1¢o¢c [0152] Lubricant Exanple 2 (LC2) is a 5W30 engine

| ubri cant S|mlar to CLd, exce_f it further contains 0.12 wt % of the
product of HR64] 01BSTM kM8 (Hrarortary ¥ igqoasperios MREWdgeceioghadow-

l'ubri cant S'tgﬁlb@lﬁtutr@ﬁ%%bﬂl@%&teﬂ{ ehdind Mbtniagt'ingccglm ar 1@1%1 sQreQ?aﬂﬁ 10¢¢-Qhcat-ne
product of EX2 ubricant Exanpl e 0 engi ne

| ubri cant siraicl alscctsetycm@l measueeh tattir omlrltlgeat é@m@nlqu r@)tes.zow %Rﬂ‘flqdhe
product of EX2 ec{19%§§]holuw?6 I CRRM t@ﬁ@ﬂ"lh@raﬁlr@ lpSRY cdnS- 18 GWMAP _gnadner

| ubri cant si m , except rther contains 0.07 wt % of the
product of BEX3ts arQEsalipeisd(¢oatmBacanpl e 6 (LC6) is a 5W30 engine

| ubri cant si rt t it 0 he
o oo EABSE 1 IOkl BICER' e aLURABT RO R D . o

| ubri cant simpdegts by aglagtometic Bystrument thet ﬁ@mlwhf negates U tapt %@umqnhe
product of %ﬁms{ Q%gfﬁ;enh Hét%@ﬂgn FXABPLE:if h% fSthd tésWséQmﬁl@ﬁ' ne

| ubricant s lar to , exceg It furt con% ai ns % of the
product of E[R1166][01§Q? Chslet ahl VER@Emien ostghiltt) tes Hivelvear theo siepe4of except

it contains Aottty 16)&8111&1%%@8%;%@ 195, Fifer, z&&lﬁ% Vf\jtaH rfbﬁﬁlﬂtate@% & 10

(LAO is simlar , exce it contains the pr uct of
EX3. [0161] ailibrd exningethampinea Waringplandyr.| §h9|rﬁéilllltant @@utsmnls greasin | t

contains 0. ggi‘aéMate/& 9{1111{({%?5 Q{@dé%d%o%mperature (25 °C) for 24 hours. At the
end of the test, the volume percent oil (% oil), percent emulsion (% emul), and
percent water (% H,0) 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

LCI1 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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Testing [0162] Lubricant exanples LA to LC8 and conparative Lubricant
exanples CLO to CLC3 are evaluated in the follow ng ASTMtests D445,
D4684- 07 wooDaB8®002. The | ubricants are al so eval uat e@#Cirrusgmpsiogs ' s FFV
enul sion stability test.[0163] ASTM D445 rel ates to neasurenent of

ki nematic viscosity (units mR/s) at 100 OC. [0164] ASTM D4684-07
(Mni-Rotary Visconeter or MRV) relates to the | owtenperature punpability
of an engine lubricating oil. Yield stress and | owshearrate viscosity are
measured after cooling at controlled rates over a period exceedi ng 45 hour
to a final test tenperature between -10 OC and -40 OC. The units are

Centi poi se (cP) or rrPa-s.c}}iIG}gl,l@él:FDBg&&jswz cover@hltylggr@e‘t\/egmmmi on|of pour
poi nt of petrpleum prodycyis [0y, afyRPIRM0 0 1RSI UMER] ok hat opRL, phyously
rotates the t.,SICL%E)leCi MEJ}, agal gt a su§Qen ed g'ge[ egtiog devy Celglurl ng
cooling of the :QZP JCb&ZICI R |A§- rysd LE Vv —enttst U||1€L ability

t est i nvol vesHHe—steps—of—gorbin-hg vohure—J-E85—Ftel—10%water, and
80% fully forpu (:31 eng pnilonnrlm 2nnfha8§]i|nn\ ring h|.1:-$1r|pr_ The
resul tant enu|sibflis|stdped | A/mradudt/ed dylikders at8% 04 and room
tenperature (25 DCY for n24 houmdn At te end of the te¥t, the Wol une
percent oil (% oLC}, perr®ent| emdd si pn (00 ernul )32 anfd pet4gent| watter (% H20)
are recorded. | Typcgal [y, ¢a flormd ated gl i|s consi feregk to pasg the FFV
test if %0 at ppsh YUC7ang Tapm [ enpgyatyre sS Zero.of UIG7] phe fesults

obt ai ned for neL Sbl‘ df?bllb% abpve Fre as ot pws: 9— otT 0 he
tables: n/fmi .u.tC a—gatg—poi nt—ot—freasuref{0168] ,d_,\a..p "% €4 and
LCO to LA | @& ﬂ'\'ce far "1'" bot-At—perfelrante BY rethedol ogy of
ASTM et hod wQR]:&C5? The I‘FQII|95Q oht RIQ‘lPd are2®s fol | - 0189 Q] Overal |

the results Eﬂ@ﬁ%ﬁtné‘dm@oﬁabkeﬁe bl ock copol ymer of the pr esentLl nventi on
i ndi cate that the atemoji Vhl%gsuto &)pertl es and/ or pour point
depr essant properlh es (? FPOIS "RhOWR Y hat some of the materials

descr i bed ag[p?{@]]”ayE&Q ¥ @C&L'C‘Zi EH&‘ ﬁté‘aﬂbeiﬂﬁrf“hraet L2y s &P 50 Fout Woint

conponent s fina ormulation
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
LC9 -18 -21
LC10 -30 -30.1
LCI11 -30 -30.1

[0169]  Overall the results obtained for the block copolymer of the present
invention indicate that the polymer has emulsifying properties and/or pour
point depressant properties.

[0170] It is known that some of the materials described above may interact
in the final formulation, so that the components of the final formulation may be
different from those that are initially added. The products formed thereby,
including the products formed upon employing 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.
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different fromthose that are initially added. The products forned thereby,
i ncl udi ng the products fornmed upon enploying |ubricating conposition of the
present iwoentomssdn its i ntended use, may not be suscepCirhiSeocofic®asy
description. Nevertheless, all such nodifications and reaction products are
included within the scope of the present invention; the present invention
enconpasses |l ubricating conposition prepared by adm xi ng the conponents
descri bed above.[0171] Each of the docunents referred to above is
incorporated herein by reference. Except in the Exanples, or where

ot herwi se exXBliHit | fa¢hef dhe dacumpnts rf@&’é?qdc%?l abantsi Incemporaied fickein by

description I%Fé@&icfey'ﬁ‘;&eg{rﬁilﬂ{esEgmﬁE% el e o'ﬁ?é?‘(%nste' é@l&ﬁﬂﬂlﬁdﬁ&@id, all

nol ecul ar wei ghts carbon atons, and t are
under st ood aABiMRsHiat qeEntHyest lnethw\?od@lscnab@@tsp601€)ﬁné§§n%m|tﬁe@ﬁm§ﬂéeriai@h igaged,

each chem CQiorpéon‘a‘i’t'imfésWl%lir%&@ﬁ@dnﬁrﬁb&%feda@b&h%hﬂ BEd HHURPLAL R as

bei ng a commerci al grade materi al may contain thé isoners,
by- pr oduct s,bederdoystopd as, m@d\tﬁledth*yetheswerd ot i’ aUnlosi othemyise iegipeted.y

under st ood t&cﬂ%h%ﬁ&?'& chlSBEﬁ?ioﬁc%@?feg't‘alhe%lﬁ% uany SOF {P§ a@ﬁ%l | uent

each chem cal conponent is presented exclusive o ent or
oi |, which rrayomanaeiet aredd Imatprids sthich mayheorigmmsheiisomenst dyrodugipl ess

ot herwi se | Qﬁt‘rﬁl@{"l@& drld bﬁleﬁr qulaﬁ M%ﬁraﬁst %@CH hat nro%alll'ypgﬁlr ARshd Q(WBJG

anount , range, and I‘atl olimt set forth herein may be II’l Eendent Y
conbi ned. SinFeseat |ig, ﬂlteh@Omﬁlﬁg‘é@;l aweameyefotheeamum @fetchoghantigal

I nvention ”%nﬂ%n%ﬁ@fl % REGHELExMbibe aﬁ“aﬁh?zs o‘P&erﬁ”H?LH?fu%nf 8f1 Y. %hofnagh% ot her

el ements. Multiple groups represente e same synb int rmul ae
descri bed abtov®mardy psescnhén &mw@or@memlaﬂf@a@mal qrrquqthwwsewlwé@(bu i t he

"G _30 al kyljg %r%% %ﬁgsydddcthgpfhte%' tpeleacr ?;?\;/é} a%&ﬂHC%an%Qr ﬁﬁpra@% ltnlﬂﬁls(yer‘t

pol yrmeri sation o 30 al kyl I C_nononer.

(met h) acryl |f©fthnh@f§ll¥rﬁ§la§t Heen 1 p@@@@tb’o cpabmadhe mlﬁtb’s)th&srm&rﬂlﬁed
herein abovedm(gﬁ, rk%@hte‘fkrﬁélﬁ &Qﬁ&ﬁ%ﬁﬂgn ﬁ’ﬁay(%e_@&d gﬁ%ﬂheﬁ W?tth'})aﬁ%éyéﬂ c

units i s consi as a | e per cent. [ use ereln term
"hydr ocar bylaﬂm}tﬂé& if@1y amy 'Ofdhe el plerenis. Ml@iaple EEpups @@paseited bor thenary

sense, whi ch,hs g ‘tJo‘l ki evneot B ERQREC S Jiedel ﬁﬁa& e (/L %}am@@?&fffér&ﬂl ly, it

refers to a grou having a carbon atomdirectly attac to the remai nder

of the nol ed ﬂ%zlandAﬁa\SP@@eiﬂi@@hﬂn @amtallyylr(yrmtb)@QMtwmtS” relate to product

formed by the polymerisation of C;_3¢ alkyl (meth)acrylic monomer. The C;.39
alkyl (meth)acrylic units may then be used to form the block(s) as described
herein above. Reference to the percentage of C;.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:

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

(i1) 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
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character. Exanples of hydrocarbyl groups include: (i) hydrocarbon
substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g.,
cycl oal kywo 201001588 kenyl ) substituents, and aronatic-, &Cirplsat0meio4@nd
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 containing non-hydrocarbon groups
which, in the context of this invention, do not alter the predom nantly
hydr ocar bon didargr éndofluptie. Syt alry( enggcaptoaply {ragisapioanityehnigioso.and
fluoro), hy@%ﬁ&ﬁlh%&ngy1 nmer capt o, al kyl nercapto, nitro, nitroso, and
sul phoxy) ; (iii)]het ro substituents, that is, substituents which, while
havi ng a predoni rfént hgtory drubetatusals. dhalr setembstifugntshahedint while draving &
i nvention, GRRIGhMaRPSydtNARHEAERERED iR the REn@kt 6PAiH iPIAGN s&igamposed
of carbon atons, and enconpass substituents as pyrlqyl, furyl, thienyl and
i m dazol yl ; ahet they cathenenontisgsr dhail odicriss woptpescd ek ya@an agems.nindr ogen.
I n general, ] , £ Leqt ., n- hydr ocar bon
substituentfaﬁ??ngn%Egggﬁﬁgfggﬁggggﬁgbgh@%% bgﬁdgggﬁéggﬁ ?ﬁ% hydr ocar byl
group; typically,(Oheterogtans, jaclhdingosilphius o sedbrindubsiogeednsgenaralhe
hydr ocar byl 1 i i i ) i -
rel ation toI?{gM%?g%gkﬁé%lﬁgg%%WRgﬁiE?M??ﬁ%gB?ggﬁgpﬁﬁ%g§§?ggéﬁ?ﬂg?&yarious
nodi fi cat i or%ilk bepreseniwor cvpecsrecasppartents inghe hydeocarivl igseun:iypisellar t upon
reading the (foRGl i £3Ad BBn-n]BRIENR Stk biubtstif (REnMIEELSLPOGupNAt the

t ch nmodifTca

i nvention disclosed herein i's intended to cover su ions as fal

within the J8bpH of While Hisprasdor ihas psewraplainedcinratetion o its. prafareadhod of
| ubri cating a,ddhehRalic fORPYRL LRdtr&B8d r{ﬁatCQQﬂ?éds.Slh{bg%ﬁ?bE%w'tﬁer_eBP Wie

engine a lubricating conposition conprising an ol ' ricating viscosity
and a bl ock besparysnarenihier Biose tskelasl oe khe aponpe recednprihs especifigptian.

hydr ophobi ¢ fiickSfor 1P Rk b gk Gbod Ay InyCARbRIRCINl hetflh i inbhddy t he
provi so that al kyl 'groups of the G 3o al kyl (neth)acrylic units have an
aver age t ot dp ygbenclhhmagahiesiipnatasnigllowvithin theaseops; ofathg qnypndedeteams bl ock
having (meth)acrylic units which further have a noncarbonyl
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het er oat om cont ai ni ng group providing a polar group to such units, whereby
sai d second bl ock exhibits greater hydrophilicity than does the hydrophobic
first bl owk.200/05380he nmet hod of claim1, wherein the intecmalS2aombiegsi on
engine is a flexible fuel vehicle engine. 3. The method of any preceding
claiml1l to 2, wherein the bl ock copol ymer conprises: (a) a hydrophobic
first block having G 30 al kyl (nmeth)acrylic units, wherein at |east 50 wt
% of the C _30 alkyl (meth)acrylic units are Cl2-15 al kyl (nmeth)acrylic
units, and up to 50 wt % of the G _30 alkyl (neth)acrylic units are Cl16-20
al kyl (meth)acrylic units, with the proviso that alkyl groups of the G _30
al kyl (et h)@ghyiigaiHRtis have an average total nunber of carbon atons of
at least 8; and (b) a second block having (neth)acrylic units further
havi ng a het er oatlom grdbumghedi f ndubyiqedingr agr onperna . coppleusienhcdgyic any

precedi ng clai.m.L; Lei : I i ;
hydrophobiccgkﬁgﬁugfggﬁﬁﬂggﬁﬁgﬁ%% %@g?ﬁ@?&?ﬁ%ﬁﬁﬁﬁﬁfgﬁﬁﬁ&ﬁﬁ@?%?éa%é?%in at
| east 70 wt % lobricsiengivisgesitl kyd a(Wteeh rapelynice, whictosn dlre bOLR- apobyrker
(meth)acryli nggkg., and up to 30 wt % of the G _30 al kyl (meth)acrylic
units are Cl6-20 a?kyl (meth)acrylic units, with the proviso that alkyl
groups of the C (3badylsaphphist fsablogkibaving €ssordke @rrethlpendigeunitt afithhnunber
of carbon at - At X b g rylic
ni €5 whi ch Fam BT e Y o b R el e 3
provi di ng a ¥yeraee tgrabopmber elietbemptoms effrédedsy 8said second bl ock exhibits

greater hydr ophi |heh! %cbfiRBIdRaR it HAORMe NirfisTikith BHAGKnaB 4 FbE. et hod
of any preceding claiml to 3, wherein the bl ock copolynmer conprises: (a) a
hydr ophobi ¢ drboay! ictsekateravdongindig Jwoen Wyovidimat i) padaty igraypuia tsech imeBei n at

e 06 Shaty e it EL AP BRaTe Soalte
units are first block.

2. The method of claim 1, wherein the internal combustion engine is
a flexible fuel vehicle engine.

3. The method of any preceding claim 1 to 2, wherein the block
copolymer comprises:

(a) a hydrophobic first block having C;3 alkyl (meth)acrylic units,
wherein at least 50 wt % of the C;.3 alkyl (meth)acrylic units are C;,.15 alkyl
(meth)acrylic units, and up to 50 wt % of the C;_3¢ alkyl (meth)acrylic units are
Ci6-20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Cj.39
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 further having a
heteroatom group providing a polar group.

4. The method of any preceding claim 1 to 3, wherein the block
copolymer comprises:

(a) a hydrophobic first block having C;3, alkyl (meth)acrylic units,
wherein at least 70 wt % of the C;.3 alkyl (meth)acrylic units are C;,.15 alkyl
(meth)acrylic units, and up to 30 wt % of the C;_3¢ alkyl (meth)acrylic units are
Ci6-20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Cj.39
alkyl (meth)acrylic units have an average total number of carbon atoms of at

least 8; and
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C16-20 al kyl (meth)acrylic units, with the proviso that alkyl groups of the
C 30 al kyl (nmeth)acrylic units have an average total nunber of carbon

at ons of WO 20mas8898; and (b) a second bl ock havi ng (net RCaarsgémocioné t s

whi ch further have a noncarbonyl heteroatom containing group providing a
pol ar group to such units, whereby said second bl ock exhibits greater
hydrophilicity than does the hydrophobic first block. 6. The nethod of any
preceding claiml to 5, wherein the heteroatontontaining group of the
second bl ock contains sul phur, nitro

non- car bon xygen, phosphorus,
or m xtures therdb}a sgco blqﬁkt%wgo? %tWClﬁ’ﬁlédédﬁSn‘g%éh ﬁgﬁl hayea nogrer ei n
t he het eroat t b S r n
The net hod éﬁﬂk)?ﬂé%%@%ﬁ?ﬁQ%g%gFﬁ%g&@%ajﬁ&ﬁgﬁﬁeﬁq&?ﬁg%ﬁ%@erOg?%%g@%ﬁtalnlng
group i s dervhasebyrsegshsesond lﬁlﬁ@lg@?ﬁll@éﬁﬁfa?tﬁli Ingirombvleniiyrthaedesstaidranhobite gr oup
consi sting of.dijgat hyl am noet hyl acryl ate, dinethyl am no ethyl
met hacryl ate, di methyl am nopropyl methacrylate, dinethylam noprop
acryl ate, di nethy. am MW%P?WGWW@CG%M@MW én@nbpwbpwméh%&iqo}q am de,
and nixtureq:gg mpriskfte method of any preceding claim1l to 8, wherein
t he bl ock copol 9; | a met hacryl ate polymer. 10. The nethod of any
precedi ng claln1ialé/9y¢wmb¢@ﬁnﬁﬂ%éﬂbﬂGdeﬂﬁb6hymﬁﬁkﬂs@ﬁﬂhﬁﬁ€dﬂi@ﬁﬁﬁock

copol ymer. ryﬁeatggﬁii% ot £%¥ thd @??951(:]?(%1 %'n@{h%&yh&? hils a‘f\é‘éﬂ e|shkfe bl ock

copolynmer is taln /obtain roma ntr ol radi cal ynerlsatlon

process or dﬁﬁéb)aFliY\l'hCngllféoﬂ%’ep ite 39 ivonopfcdbess. sazlkyirﬁ@efrhéftqmdc vhitgpegi m 11,

wherein the n 0 NN Al S is
one of RAFT(g e@éggiblelﬁgg??%g%h%?gnﬁéﬁ% ??@%’@?2#@?@#?@5%§%£9&§§?§

Transf er Radilkdl (nrshjagerlicsaritohyve hliltawelsagaéot@éduuatb@ﬁ OcSrcaral:mIbaatioms af3at The
met hod of cligigngl2,qwherein the controlled radical polynerisation process

is a RAFT proces$. 14. A lubricating conposition conprising an oil of
| ubri cating (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.

6. The method of any preceding claim 1 to 5, wherein the heteroatom-
containing group of the second block contains sulphur, nitrogen, non-carbonyl
oxygen, phosphorus, or mixtures thereof.

7. The method of any preceding claim 1 to 6, wherein the
heteroatom-containing group of the second block contains nitrogen.

8. The method of any preceding claim 1 to 7, wherein the
heteroatom-containing group is derived from a nitrogen containing monomer
selected from the group consisting of dimethylaminoethyl acrylate,
dimethylaminoethyl = methacrylate,  dimethylaminopropyl  methacrylate,
dimethylaminopropyl acrylate, dimethylaminopropylacrylamide,
dimethylaminopropylmethacrylamide, and mixtures thereof.

9. The method of any preceding claim 1 to 8, wherein the block
copolymer is a methacrylate polymer.

10.  The method of any preceding claim 1 to 9, wherein the block
copolymer is a linear diblock copolymer.

11.  The method of any preceding claim 1 to 10, wherein the block
copolymer is obtained/obtainable from a controlled radical polymerisation

process or other living polymerisation process.
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viscosity and a bl ock copol yner conprising: (a) a hydrophobic first bl ock
having G 30 alkyl (meth)acrylic units, wherein at |east 50 wt % of the
C _30 al kwb 20roensBgoacrylic units are Cl2-15 al kyl (et h) acrpuse@owsiots, and
up to 50 wt % of the G _30 alkyl (nmeth)acrylic units are C16-20 al kyl
(meth)acrylic units, with the proviso that al kyl groups of the G _30 al kyl
(meth)acrylic units have an average total nunber of carbon atons of at

| east 8; and (b) a second bl ock having (nmeth)acrylic units which further

have a noncar bonyl heteroat om cont ai ni ng %oqp roviding a polar group to
such units, wherey sailt vethoddofbelar 1dx mhisrein tg¢ canteelled igriathery t han

does the hyq{x%? 0%'0 rﬁéris%hoﬁ' 3)250653-515 ThRc Use (RAFaT b'(ﬁ%r%i’@' )&Hﬁftlo%s an

enul sifier and/ ol nt ressant in a lubricant, said polyne
conpri si ng: liragmanuqyan o%h‘@bfﬁ&) f IXYRP b(Aler hﬁrwnﬁ@r dia@,l@alamq}ymewtwmcr ylic

units, wher ‘%hﬁo%ﬁe'rﬁ@cﬁ&teﬁ%r%loﬂh@f the G _30 alkyl (neth)acrylic units are
Cl2- 15 al kyl (meth)acrylic units, and up to 50 wt % of the G 30 al kyl

(meth)acrylic unilds arkhecimetpodalofy claimetl) aehgrdie g t eontiglicl wadicpl ovi so
that al kyl @*\géﬂgtlotnqﬁogss:f@a@@f gfcﬂE‘%Esh) acrylic units have an average

total nunbe car bon "at ons of ast 8; and (b) a second bl ock having
(meth)acrylic unils mMcWWWﬁtlh@rCQm@lfaOmm%hgl athe@ibr olatlobiiedsiteai ni ng

group provi dj;figsfvRAH 319504 JIPmsH ihs. Whereby said second bl ock
exhibits greallterS hyd Sflgk?pt 9[%1 han dblrnlg he hydrophobic first block. 16.

r ophi
The use of the bl(églé hb@r@lpyﬁ@p Brst chlaflmhpgings Cano ety ls{mnethyacaylec angsur
poi nt depr eSS in at least 50 wt % of the Ci.30 alkyl (meth)acrylic units are Cy,.15 alkyl

(meth)acrylic units, and up to 50 wt % of the C;_3¢ alkyl (meth)acrylic units are
Ci6-20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Cj.39
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.

15.  The use of a block copolymer as an emulsifier and/or pour point
depressant in a lubricant, said polymer comprising:

(a) a hydrophobic first block having C;3p alkyl (meth)acrylic units,
wherein at least 50 wt % of the C; 3, alkyl (meth)acrylic units are C;,s alkyl
(meth)acrylic units, and up to 50 wt % of the C;_3¢ alkyl (meth)acrylic units are
Ci6-20 alkyl (meth)acrylic units, with the proviso that alkyl groups of the Cj.39
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.

16.  The use of the block copolymer of claim 15 as an emulsifier and

a pour point depressant.
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