1 Polyalkyl (mweth} agryfaiefarnproving lubricating oil properties The peeseabiyEN/igR @lates to
polyalkyl(meth)acrylates for improvement of lubricant oil properties. The present invention additionally

describes processes for preparation of and use of these polyalkyl(meth)acrylates. The efficiency of
modern gearboxes, engines or hydraulic pumps depends not only on the characteristics of the 10
machine parts but also greatly on the frictional proberties of the lubricant used. For the development of
such lubricants, it is of particular importance to have knowledge about the action of the lubricant
components uséwbityreldtion tafdnkfbraatgl and ftetonmpddke shoicebln ebstfitedleadditives may
have the effect, for example, of lowering the a¥ﬁr g fyelgonsumption of a vehicle by a few percent.
In this context, particularly effective constituents of a lubricant may be base oils with particularly low
viscosity and hence low inherent friction, 20 and also organic friction modifiers. One_example of this
trend is the nétesPgE&Talion dY What GPe ESitEFRidI-bEoRcHY EhgiHe BIfRE&F SAETIAdLeE Sw-20,
SAE 5W-30 di<SAEQWe2@nehich canlalse bedaund il apatogeusly &r oitsier maswahand automatic
gearbox%s. 25 As a result o%%dgveloggllent garallel to that of the fuel-saving lubricants, the use of
friction-miodifying Additves s bdcoie BVen Thora imporaht $HE WhfiedSiond bFRGRH §Barbox and
pump housings asexdhuchesmdllerhthey arelcpoled 30 tessefficiently, tane. both gearwheels and
bearings have to bear higher loads. Recently described as additives for improving the coefficient of
friction have been copolymers based on (meth)acrylates having a block structure. For instance, more
particularly, plidicationis Wen 200408 7850=Al SA&/€&- 20686 E)5326uANaRd WO 2069819065 A2 describe

polymers havin least one polar and at least ane nonpolar segment Whichﬁle to an enhancement
of the lubrica %%Il?%ro%ge?ﬁeng % éli%gd\%%tggg%%hhgsec%%ﬁran%s?g%%vte%/%ﬁ iS heg FIfléz'klatively high level of
complekily necessanefar 4 0tprepatatishaf theseadditives. thaddition; there rg knpwatpohgmers

which lead to dispersion gf the sopt ngiglesgggh%ﬂl@rgg@égi(lj %nedntchegg may, omprise, among other
monomer units, those 15 derived from amine derivatives of maleic acid. Such polymers are described,
inter alia, in DE202007031247- AL $VOR 0BT G843 A2 1 USRUGHIZ54080vaand US 5,942,471.

Publication DE,1Q02Q0y Q31242 Al deSeribes s on of the lubricant components used

in relation to film formation and friction, and the choice
15 of suitable additives may have the effect, for example, of
lowering the average fuel consumption of a vehicle by a few
percent. In this context, particularly effective
constituents of a lubricant may be base oils with
particularly low viscosity and hence low inherent friction,
20 and also organic friction modifiers. One example of thisg
trend ig the newest generation of what are callad fuel-
economy engine oilg of SAE classeg 5W-20, SAE 5W-30 or
SAE 0W-20, which can also be found in analogously for oils
for manual and automatic gearboxes.
25
As a result of a development parallel to that of the fuel-
gaving lubricants, the use of friction-modifying additives
has become even more important: the dimensions of modern
gearbox and pump housings are much smaller, they are coolead
30 less efficiently, and both gearwheels and bearings have to

bear higher loads.



20 polyalkyl(meshiaerdatel (4MA) copolymers contagning maleic anhyglsige b9 N AyRiIgR1e MA
groups are reacted with amines, especially with N-phenyl-1,4-phenylenediamine (DPA). In this
document, more particularly, the use of the polymers as a dispersant for dispersion of soot is 25
described. No improvement of the friction properties of these polymers is described. The composition
of the polymers is restricted to pure methacrylate and acrylate copolymers containing MA. 30
Document WO 2007/070845 A2 describes reaction products with amines based on MA-containing
PAMAs. The PE§RTar deSEHed-RaR o086 7AB7HANS AL &4 (LBINA EhRshili&fon with a dispersant in

a base oil, and ¢ae rasuting-lubricantileads rparticelary &o, lawsring efthe fual.consymption (fuel
economy) in a defined test bed engine test. US 2004/0254080 Al describes MA-containing PAMA
copolymers, soRTe B RATCA&rE T8 ab/Ed With AmineS NG inptobbd ffeEORith PEGARYS coefficient of

friction, dispersaney os weas€haracierisigsis mentionedwld S 842 474 =tesgribes OCP VI improvers
which are.grafted 10 with MA and then reacted with amines, including DPA. There is no mention of

alternativd ch&mistrids sUcH a8 epoxitayrbups foriftrddactidirotREEnting. RRLYMEERbed are the

antioxidant eftest-ofithespolymess, acreduced fisedndiscosity:ap intre@ductionf sget into the oil, and 15
improved wear é:h%ranqcteri%t%::?cigtq% case of soot-c ntainingg oils as a result of improved soot
dispersion. The polymers daSctibetabove alfesdy 12A4T8 Fiseabld Brofite B propehiedlin a
lubricant. Howevepetheie is.a 20 onstani meed<o dfiprovestbisprofile-afpropertiiese in, view of the prior
art, it is thus acr}iobjec ofttihg ér%[es%nt i vglntlon to Cg)gO\C/:lde an additive and a lubricant with an improved

: 1 .
profile of proper‘lees?% IR pa icular rieed 6f i f?nprovem%rﬁ isth& coefficient ot frictionof the lubricants.

At the shthe timrethe additiveafias toelay esibdicsisedscompatibility with conventional additives,
especially PIE succinimides, such that the 30 coefficient of friction is not excessively impaired even
when these additives are added. In addition, the additive was to lead to an enhancement of
dispersancy, partiedidily vfrootdispersior: Morewyvarpitiodabscanitwds foshavecan enhanced

viscosity index,;withqut.ay unaccgptable impairment of. other ewg,e{ﬁh%sr%% Adgsdh p Fuiiermore, &
reduction in the formation of gray staining (surface fatigue, micro-pitting) and craters (sug-surface
fatigue, pitting) WeEEpARIEUIREIVRE basachid\rie Ivhsa furhemstjectdfthe imertion to provide 10

additivesguhichucan b producectio:A.Sinle and igexpereive. agRet, a0 It wasg particular ntention

to use commercially available components. At the same time, production was to be possible on the
industrial scaleytti Ang teqirernenbrA nel slantsériantsroffddniplék a5 cohadtctidn for this

purpose. In agdition, gt was sauaimef thedresent igventindtoprovide ansadditiye which brings about a
multitude of desirable properties in the lubricant. This can minimize
Publication DE 102007031247 Al describes
20 polyalkyl (meth)acrylate (PAMA) copolymers containing maleic
anhydride (MA), in which the MA groups are reacted with
amines, especially with N-phenyl-1,4-phenylenediamine
(DPA) . In this document, more particularly, the use of the
polymers as a dispersant for digpersion of soot is
25 described. No improvement of the friction properties of
these polymers is described. The composition of the
polymers is restricted to pure methacrylate and acrylate

copolymers containing MA.

30 Document WO 2007/070845 A2 describes reaction products with
amines based on MA-containing PAMAs. The polymers described
in WO 2007/070845 A2 are used in combination with a

dispersant in a base oil, and the resulting lubricant leads



20 the numbeef differsns pslgitves. Furthermore, thegadditive was to I%%q?;aﬂga g@gwgm in fuel

consumption, without any resulting impairment in the environmental compatibility of the lubricant. 25
These objects, and further objects which are not stated explicitly but are immediately derivable or
discernible from the connections discussed herein by way of introduction, are achieved by a
polyalkyl(meth)acrylate for 30 improvement of lubricant oil properties having all features of claim 1.
Appropriate modifications of the inventive polyalkyl(meth)acrylate are protected in the dependent

claims referring@3ackdd @ity 1t ThePreséRbinvéntictadcsrdingRrsraviiescapdiyakyl(meth)acrylate

for improvemexi of dricant ol prrerties, GmRrising r%qua{ﬁ@itg deyived from 5 (meth)acrylates
having 6 to 22 carbon atoms in the alcohol radical, characterized in that the polyalkyl(meth)acrylate
comprises repeat units derived from amine derivatives of a polar ethylenically unsaturated monomer.

10 Itis thus pessible ia anamforesegablespapnerty pravide-a pelyakyl(Bam)achiate.and,a lubricant
with an improved profile of properties. For instance, a lubricant comprising the inventive 15

polyalkyl(tetHja&yIstes BRAbits ERtmptored CodfitRnE B fiction V&t HERERHE Bnftl S5 additive has
increased compatibilify withcanveptienaliaddiivess especiallyi BI2, succinimides, sych thajdhe
coefficient of friction is not excessively impaired even when these additives are added. 20 In addition,
the additive lead8 16 ahEnhahcEmeht of GispEreAmLy, particularly of soot dispersion. Moreover, the
lubricant has an enhanced viscosity index, without any resultant unacceptable impairment of other 25
properties. Relatively. smal ounts of the present additives, which have a high thickening action, are
adequate forz%tig%f%za% %jef;n&%’gec\ﬁ%]@gsﬁtnggeX Furtiermbre = Wé&ﬁ}ﬁoﬁ?ﬁtf%rﬁﬁﬁﬁ%on of gray
staining BD(suwfack falguednictepittirg)careciaters (subssuréace fatigledpiting)zan berachieved. A

distinction is txpicalg/ d@z\{vcni%%twegna 0 groups @f f%%tesmatsrg%tfllic surf%ces of gearbagxes, especially
at gearings and roller E}eanngs: 9" wear resﬁﬁtlng from continuous Sufface matenars téfoval or

scuffing as a resaltpf abrupt mdaterddbienmaoval aftet berfacelwear af bathdeistian. parnerss2. fatigue
which becomes, visible throy gray, ' é@g surface fatigue, micro-pitting) or craters (sub-surface 10
fatigue, pitting). This damag?%s cau%%tg Y méter%lﬁaﬁﬁ%}gﬁe&%regkfﬁ%g%ﬁ?%e%sc‘%a@k% which are
caused by sh&arsstressey irpthelmetaldattice 20-4E perort: into the oil, and

15 improved wear characteristics in the case of soot-

containing oils as a result of improved scot dispersion.

The polymers described above already lead to a useable
profile of properties in a lubricant. However, there is a

20 constant need to improve this profile of properties.

In view of the prior art, it is thus an object of the
present invention to provide an additive and a lubricant
with an improved profile of properties.

25
In particular need of improvement is the coefficient of
friction of the lubricants. At the same time, the additive
wag to have increased compatibility with conventional
additives, especially PIB succinimides, such that the

30 coefficient of friction is not excessively impaired even
when these additives are added. In addition, the additive
was to lead to an enhancement of dispersancy, particularly

of soot dispersiomn.



100-500 pm betows e garfaee 215 The types of damage mentioned arg geBayy KPeWR J9poearings
and roller bearings, and are described in detail, for example, in the publications "Gears - Wear and

Damage to Gear Teeth", ISO DIN 10825 and "Walzlagerschdden" [Damage to Roller Bearings], Publ.
No. WL 82 102/2 DA from 20 FAG (Schaeffler KG), Schweinfurt 2004. In addition, the present
invention provides additives which can be produced in a simple and inexpensive manner, more
particularly using commercially available components. At 25 the same time, production is possible on
the industrial ¥6HiE Witout &R rédlirdifigRtfof Few Slahi’sr planerdiaenmsiex tEASIEICtSN for this

purpose. In addiion, ihecinvantiveadditives san bring abeut 2,3Q-multityde of desirable properties in
the lubricant. This can minimize the number of different additives. Furthermore, the additive can lead
to an improverttéit s fudi 2oRgumplisA SWithout any associated adverse effects on environmental

compatibility. 5 Furthermore, the inventive polyalkyl(meth)acrylates exhibit excellent thickening action
and high shear sta iIit%/ﬁlFurthermore relatively small amounts of the present polyalkyl(meth)acrylates

increase the Vis&dsity IRE&SCof differeht figiant ils. "o FRETeHte Polyihieris Hesb b

(meth)acrylatésnRdiyalkylfmeth)aerylates ase polyners byawlch pobhunerizalion of yrface

alkyl(meth)acrylates can be pbtained. The expression "(meth)acrylates” encompasses methacrylates
: ; &%&% a%rfé %%W@f :

a

and 15 acrylates amd mixtares of the th°S TREE HdH:

Polyalkyl(meth)acrylates comprise preferably at least 40% by weight, more preferably at least 60% by
weight, 20 especially preferably at least.80% by wejght and most preferably at least 90% by weight of
repeat units d%?ivggy?ro?n ﬁg%ggry?a ése,crgre?%%raﬁkgeal%ﬂ?’rﬁ&%}é%’yl%?e@ Bfétstfed

polyalkylfmeth)&tiylatessconmigrise 25a) Betopttd@ byadeight, £speeially 14aP25% bypeaight.and more

preferably 2 tggéf{%gy vg%_jl%ht.og repeat units eriwﬁ?< from (meth)acrylates of the formula (1) () HOR1
H 0 in which R is hydrogen orlmet‘%y?aﬁd %ﬁ%éﬁ% ai/?razéf((%rh@v?r% ?Ct)o B Carbon atoms,
commercially available compconents. At the same time,

production was to be possible on the industrial scale
without any requirement for new plants or plants of complex

15  construction for this purpose.

In addition, it was an aim of the present invention to
provide an additive which brings about a multitude of
desirable properties in the lubricant. This can minimize

20  the number of different additives.

Furthermore, the additive was toc lead tc an improvement in
fuel consumption, without any resulting impairment in the
environmental compatibility of the lubricant.
25
These objects, and further objects which are not stated
explicitly but are immediately derivable or discernible
from the connections discussed herein by way of
introduction, are achieved by a polyalkyl (meth)acrylate for
30 improvement of lubricant oil properties having all features
of claim 1. Appropriate modifications of the inventive
polyalkyl {meth)acrylate are protected in the dependent

claims referring back to claim 1.



b) 20 to 99.9%xby nwwightopreferably 50 to 99.9% by weight, especially atteash10%a by, weighg and
more preferably at least 80% by weight of repeat units derived from (meth)acrylates of the formula (II)

H H 0 5in which R is hydrogen or methyl and R2 is an alkyl radical having 6 to 22 carbon atoms, c) 0
to 20% by weight, preferably 0.1 to 15% by weight, preferably 0.5 to 20% by weight and more
preferably 1 to 10% by weight of repeat units derived from 10(meth)acrylates of the formula (Il) HH 0
in which R is hydrogen or methyl and R3 is an alkyl radical having 23 to 4000 and preferably 23 to 400
carbon atoms, and d) 0.1 to 10% by weight, preferably 1 to 8% by weight and 15more preferably 2 to

5% by weight Dheeneat usits detives. fropnarine darivatives,of anelacethylenicallv unsaturated
monomer. The g Iga I(é?fth)ac ylates can preferably be obtained by 20 free-radical polymerization.
Accordingly, tﬁ)e% oaphggﬁ’ B Welightof tAE FedrdcBRepYATtTis that tHekeisthersidontain results

from the propgriiope by eightcefrgeriaspegding-menomers ysed 1o prepare the polymers. Examples
of (meth)%crylites (}{ the forfﬁutla é/l) inclyde linear and branched (meth)acrylates which derive from
saturated-alcohdls. SUSH 24 Methyl (REth)Feriate, éthyCRTEtRTACAISIES nipropyE(rethfdtryiate,

isopropyl 5(methjeicrsiate, akhutyt-(raeth)actytate Hest-bulyk(meih)acTyate aprd Reabd-(methiacrylate;
and cycloalkyl c((r)r;neth acrylates such as ¢ clo%(enq(lﬁ eth)acrylate, The (meth)acrylates of the formula

fEiek) Hetiabratds iR defivs Font S¥fFated alcohols,

(1) include espeuglﬁ/f iné&Fand branched
such as hexylg¥mbtiy)achitatee 2-ethylhexyl{reth)actddtenbaptyk gmeth)acrylate, 2-tert-butylheptyl
(meth)acrylate, octyl (meth)acrylate,
10 It is thus possible in an unforeseeable manner to provide a
polyalkyl (meth)acrylate and a lubricant with an improved

profile of properties.

For instance, a lubricant comprising the inventive
15  polyalkyl (meth)acrylates exhibits an improved coefficient
of friction. At the same time, the additive has increased
compatibility with conventional additives, especially PIB
succininmides, such that the coefficient of friction is not
excessively impaired even when these additives are added.
20 In addition, the additive leads to an enhancement of

dispersancy, particularly of soot dispersion.

Moreover, the lubricant has an enhanced viscosity index,

without any resultant unacceptable impairment of other
25 properties. Relatively small amounts of the present

additives, which have a high thickening action, are

adequate for a significant rise in the viscosity index.

Furthermore, a reducticen in the formation of gray staining
30 (surface fatigue, micro-pitting) or craters (sub-surface
fatigue, pitting) can be achieved. A distinction is

typically drawn between two groups of faults at metallic



3-isopropylhepty! @oath)acrylese, nonyl (meth)acrylate, 15 decyl (meth)agyjates ¥19964 0670
(meth)acrylate, 5-methylundecyl (meth)acrylate, dodecyl (meth)acrylate, 2-methyldodecyl -

(meth)acrylate, tridecyl (meth)acrylate, 5-methyltridecyl (meth)acrylate, tetradecyl (meth)acrylate,
pentadecyl (meth)acrylate, hexadecyl (meth)acrylate, 20 2-methylhexadecyl (meth)acrylate,
2-methylpentadecyl (meth)acrylate, 2-ethyltetradecyl (meth)acrylate, 2- propyltridecyl (meth)acrylate,
2-butyldodecyl (meth)acrylate, 2-methylhexadecyl (meth)acrylate, 2- pentyldodecyl (meth)acrylate,

2-hexyldecy! (FHStARCRAARE 2852 hEGHGRde SREIDALKIRE, ArrblatyRifletadryiate,
5-isopropylheptadegyl{meth)acrylate, 4-tert-butyloctadecyl (meth)acrylate, 5-ethyloctadecyl
(meth)acrylate, 3-isopropyloctadecyl (meth)acrylate, octadecyl (meth)acrylate, nonadecyl
(meth)acrylate, eicosyl 30(meth)acrylate, docosyl (meth)acrylate; (meth)acrylates which derive from

unsaturated alcoholsydarrexampletoley) (meth)acarates eyekpalk fmeth)asplates such as cyclohexyl
(meth)acrylate 3-vi{rl

lfyclohex | (meth)acrylate, bornyl (meth)acrylate, )

2,4, 5-tri-t- uty{%qi\ﬁny%cyaghgﬁ%{géﬂ#a 1@ter5 34 5-Rira Bty diheRA Btmeamavdtate.
Examples of ménemersiefithedommnaula (HF) ibelutedinear ang branches(@eth)acrylates which derive
from saturated alcohols, such as cetyleicosyl (meth)acrylate, 10 stearyleicosyl (meth)acrylate and/or
eicosyltetratriacontyl (meth)acrylate; cycloalkyl (meth)acrylates such as 2,3,4,5-tetrat-hexylcyclohexyl
(meth)acrylaté. .15 Infa pagicularicorifigheation=cf the present ihvention, theaoseriats akthe formula
(1) include Wn%t argacallegélglyolef in-based ma%romor}omers with meth{acl:%!mate groups, which are

described inter alia in DE 10 2087 032"120 Al Hited JUf’9, 20074t té Setitin BAfeheEffice with 20
applicatith nufstierdvie1020070324 20. 3 fahel DENM0:200% 046223 A pijled September 26, 2007 at the

German Patenrt; Qffice iglrgpgljﬁc igg imber DE 102007046223, : the _disclosures of these
publications, more pa%\::ularly thea%met ac Iacl)tlég h(gl\lnengtgt l6ast Zg?%ﬁFglonag orﬁéafﬁ?tﬁg radical
described theksin sdredncerpbested intdnthé preseritabplieativirky pferancerfonthe purposes of

disclosure. quegigob%ggqorg%@@%orgﬁq_sf%rgelgnown in the specialist 30 field. These repeat units

include at least one group derived from polyolefins. Polyolefins are known in the specialist field, these
being obtainable by polymerization of alkenes and/or alkadienes consisting of the elements

15 The types of damage mentioned are commonly known for
gearings and roller bearings, and are described in detail,
for example, in the publicatiocns “Gears - Wear and Damage
to Gear Teeth”, ISO DIN 10825 and “Walzlagerschiden”
[Damage to Roller Bearinags], Publ. No. WL 82 102/2 DA from

20 FAG (Schaeffler KG), Schweinfurt 2004.

In addition, the present invention provides additives which
can be produced in a simple and inexpensive manner, more
particularly using commercially available componentg. At

25 the same time, production is possible on the industrial
scale without any requirement for new plants or plants of

complex construction for this purpose.

In addition, the inventive additives can bring about a
30 multitude of desirable properties in the lubricant. This

can minimize the number of different additives.



carbon and hygtiogen,fos example C2-C10-alkenes spich as ethylene, B@P)"ﬁeﬁ% ﬁ%gﬁgqigobutene,
norbornene, and/or 04-C10-alkadienes such as butadiene, isoprene, norbornadiene. The repeat units

derived from polyolefin- 5 based macromonomers comprise preferably at least 70% by weight and
more preferably at least 80% by weight and most preferably at least 90% by weight of groups derived
from alkenes and/or alkadienes, based on the weight of the repeat units derived from polyolef in-based
macromonomers. 10 In this case, the polyolefinic groups may especially also be present in
hydrogenated¥BHREAEIFIFas tHeegrips Hevived #on afikénes amol/cratikadienes)ithe mepeat units

derived from palyalefinoasegmacromenomers may cagwrise Julher aioups. These inglude, smal
proportions of 15 copolymerizable monomers. These monomers are known per se an include alkyl
(meth)acrylatéSr styreRBFRoAomMERSBarharatéd Graleates, vinyl esters and/or vinyl ethers. The
proportion of these groups based on copolymerizable monomers is preferably at most 30% by weight,
more 20 preferably at most 15% by weight, based on the Wei%ht of the repeat units derived from

polyolef iR-ba&ed MAcIBbRonters. Ihatitiohy thé rdpest tinks Weribed Favi peR® e bassd

macromonomgfe:s:enayé'ﬁgluglgisi&réiﬁgrggomaag{ogﬁad}ggggp%ﬂ@gp serye {qriWQtionalization or 25
result from the rgﬁgration of the repeat units derived from polyolef in-based macromonomers. The

proportion of theE&&aMRY YrodF ahd/F Ehd Jrddds RrefsrabRatih6ste3tos Btweight, more
preferably at mest:5%,hy weight Zkasetker: the: weight o the tepeat units derived;from-30

polyolefin-basgd acrorr%orl%%er,s. The number-average molecular weight of the repeat units derived
from polyolef fR-based actombhoRiars & préferably in the range from 500 to 50 000 g/mol, more
preferaldly 700 to 10 000 g/mol, especially 1500 to 4900 g/mol and most preferably 2000 to 3000
g/mol. 5 In the,case of preparation of the comb polymers by copolymerization of low molecular weight
and macromoefé%c%la'rn%%ﬁe%prﬁé?sﬁﬁggén Valud§ rg&%% ro%hé“b‘%ﬁéﬁfég%ﬁﬁg firacromolecular
monomers. Inftbéwcakeof podtrherangbgoes: reactiops | thiepropeytywdiises, for example, from the 10

macroalcohol 2 orrmacroamine used, t Iitin count of the converted repeat units in the main
chain. In the ¢ase’o egréﬁaé%b%@rr?e%rizaé%% 2 gt%cg)laegﬁ ?%I/te‘? tcoéfﬁrigﬁti&?) b tHESolydikfin can be
concluded visethegsreportion oftpatyolefins/formed Whick das awt beendSHacerpbsated iatathe main
chain. The reg%g_t iﬁrgté %el‘glﬁgf m olyolef | -q%%gd macromonomers preferably have a low melting
temperature, this eingemeasure%%bygﬁreygﬁsﬁD _ﬁvg r'neft?ilnegse woromers dre

widely known.

Polyalkyl (meth)acrylates comprise preferably at least 40%
by weight, more preferably at least 60% by weight,

20 especially preferably at least 80% by weight and most
preferably at least 20% by weight of repeat units derived
from (meth)acrylates, preferably alkyl (meth)acrylates.

Preferred polyalkyl (meth)acrylates comprise
25 a) 0 to 40% by weight, especially 1 to 25% by weight and
more preferably 2 to 15% by weight of repeat units

derived from (meth)acrylates of the formula (I)

& 1
\W¢%L\W/OR

H 0

in which R is hydrogen or methyl and R® is an alkyl

radical having I to 5 carbon atoms,



26 temperaturgpfiipe sepaatyuiits derived from the pglyolefin-based mge&ow%so@ Pesigrably
less than or equal to -10C, especially preferably less than or equal to -20C, more preferably less than

or equal to -40C. Most preferably, no melting temperature can be measured by DSC 25 for the repeat
units derived from the polyolef in-based macromonomers. In addition, the monomers of the formula
(1) include especially long-chain branched (meth)acrylates, which are 30 described, inter alia, in US
6,746,993, filed August 7, 2002 at the US Patent Office (USPTO) with application number 10/212,784;
and US 2004/877569, fled 2ugiiet kY2003 ghthe BSFREARDHICR(USPTS) Withkipplication number
10/632,108; the disglogyres otthese putblications; ggg%cialt%tlﬁ,(rg%t@mylg}g@ haying at least 23

carbon atoms in the radical described therein, are incorporated into the present application by
reference for the pdtpBSEL Bk diSdlosFBSAIKGLinéth)ateatds with BeBRgEhami&iohol radical,
especially components {#f-and £, can-he, phtained; farexample, by seastion of(meth)acrylates
and/or the 10 corresponding acids with long-chain fatty alcohols, which generally gives rise to a
mixture of esters, for example (meth)acrylates witRRvarious long-chain alcohol radicals. TheSelfatty
alcohols include Oxo Alcohol@ 7911, Oxoklcohol@ 79%on Alcohol@ 1100; Alfol(r) 610, Alfol(r)
810, 15 Mal(r) 125 and Nafolg products (Sasoly"13+€15-Alkohol (BASF); Epalg 610 and Epalg 810
(Afton); Linevolg 79, Linevol(r) 911 and Neodo|g 25 (ghell); DehydadO, Hydrenol(r) and Loral(r)
products (Cognis); Acropolg 35 and Exxal0 10 (Exxorr Chemicals); Kalcolg 2465 (Kao Chemicals). 20
The polyglkyl(meth)l%rxﬁlgecmq%:dfg I gg%to ur}__jES %q_,rivn?dtfkrlo %nﬂige derivatives o{ a I}rgolar
ethylenically unsaturated monomer. The expression "po?ar et ernlcaﬁy unsafirafed monomer" makes
it clear that the monGeraan beiews 25 radically palyrrerized:tis addition, the term "polar” expresses
the fact that the mopomers pagicylariypalar gyen-alier e reastion with,an amine, for example to
give a higher-order amine (from primary to secondary or from secondary to te}ftlary)i,%n dmide or an
imide in the 30 envPéakRAEBEthelrdaction 3fé. The yroupstineludeddiese inchiterespecially imide
groups or carboxylic acid grayps,formed, which gre fermed. far gxample inthe reaction of acid
anhydrides with amines, or hydroxyl groups, which are obtained in the reaction of epoxides. Carboxylic
acid grolfhs may be! Bredent ferd e f8im Brehe REeEERl 6ad the salt. 5 Accordingly, further polar
groups, for example carbonyl groups, acid groups or hydroxyl groups, are present in the environment
of the amide group of the amine derivati\{_? (in l

WOR (IZI)

H O

in which R is hydrogen or methyl and R® is an alkyl
radical having 23 to 4000 and preferably 23 to 400
carbon atoms, and
d) 0.1 to 10% by weight, preferably 1 to 8% by weight and
15 more preferably 2 to 5% by weight of repeat units
derived from amine derivatives of a polar ethylenically

ungaturated monomer.

The polyalkyl (meth)acrylates can preferably be obtained by

20 free-radical polymerization. Accordingly, the proportion by
weight of the respective repeat units that these polymers
contain results from the proportions by weight of

corresponding moncmers used to prepare the polymers.



the case of remetianowithy enzardydride) or of the aming 10 group of the gatineslepyatives @ $he case of
reaction with an epoxide). Preferably, the amide group of the amine derivative is accordingly an imide

group. The term "environment of the reaction site" indicates that the polar groups which form are at
most 6 and preferably at most 5 15 covalent bonds removed from the amine or amide group obtained,
based on the distance between oxygen atom and nitrogen atom. In one embodiment of the present
invention, the polar 20 ethylenicallé’tlmsaturated monomer from which the amine derivative is derived

may be malei& e Enfafeid Befddamiaivat Rt erbniie nidterrhenddstert redleidaliester, maleic
anhydride, methyldaaleicranhyelicle, particdarpre Gg-heinggiven tp-malgic anpydride. 25 In a

further aspect of the present invention, the polar ethylenically unsaturated monomer from which the
amine derivativa & H8fifed ey e A metHde nig g ar epoRicRcgrobp EFartielilay preference
being given to(a@ glyrigyl-{metyacnylaiectha radieal of ihe-amine derivativepfa polar ethylenically

unsaturatoed m{)npor%%r, said_radical being formed from the amine, may preferably be derived from a
c

Ich 5N cSreSpoits th thBYehers T arfiia RANHZ RiAFHith R4 is a radical

primary amine Whi

having 2 to 40{earbbn atemsapeefarably3dte 30 antdavareprejerably: 4 40,8 28,cargamiaiams, which
may include h%t% atoms, The ex ressl%na;;»?troup havin%z to 40 carbon atoms" indicates radicals of
n

organic compoLinds having 21640 EXbonitofmsC k IRaiEs ndliil S6mEtie BRid 10 heteroaromatic

groups but also aliphatic and heteroaliphatic groups, for example alkyl, cycloalkyl, alkoxy, cycloalkoxy,

cycloalkylthio .and alkenyl groups, The groups mentioned.may be branched or unbranched. 15
e e S taﬁt?éfa‘.‘éésO%Han&.n&%ﬁk%y%ﬁ@%ﬁ&&é/

According to the invention, aror?{aﬁlétgroups re
compouHéls having preferablipBato:2G:dnd respécialyr§ 1ol 2<carhdr ataias; for example phenyl,

east one CH G bas hear ebloaza by NEand o A 0Abt 5 SHAERE CPEGoups have boen
replaced by S? I\ﬁ{bﬁf@h'ﬁbfe@e r&imgtéﬂé avchydexgroupsaterivid from thiaphene furan, pyrrole, thiazole,
D atrazole, 1.2 et 2 A e S DR A ey 2 4 AT T D) ferazole.
benzo[b]thiopheA& BerzoEfuranyihdoes behzscithiophena o3 berimelcHlrmyisbindole,
benzoxazple, @@Bf@thi@@)@} )W%?l%gggnga{%%%’h) acrylate,
5-methylundecyl (meth)acrylate, dodecyl (meth)acrylate,
2-methyldodecyl (meth)acrylate, tridecyl (meth)acrylate,
5-methyltridecyl (meth)acrylate, tetradecyl (meth)acrylate,
pentadecyl (meth)acrylate, hexadecyl {meth)acrylate,

20 2-methylhexadecyl (meth)acrylate, 2-methylpentadecyl
(meth)acrylaﬁe, 2-ethyltetradecyl (meth)acrylate, 2-
propyltridecyl (meth)acrylate, 2-butyldodecyl
(meth)acrylate, 2-methylhexadecyl {(meth)acrylate, 2-
pentyldodecyl (meth}acrylate, 2-hexyldecyl (meth)acrylate,

25  2-hexylundecyl (meth)acrylate, n~heptadecyl (meth)acrylate,
5-isopropylheptadecyl (meth)acrylate, 4-~tert-butyloctadecyl
{m@th)acrylate, S-ethyloctadecyl (meth)acrylate,
3-isopropyloctadecyl (meth)acrylate, octadecyl
(methjacrylate, nonadecyl {meth)acrylate, eicosyl

30 (meth)acrylate, docosyl (meth)acrylate;

(meth)acrylates which derive from unsaturated alcohols, for

example oleyl (meth)acrylate;



benzisothiazoigo bgozopyazalez benzothiadiazole, bggzotriazole, dibery@fy@ﬁz dji'ligrg@ygqghene,
carbazole, pyridine, pyrazine, pyrimidine, pyridazine, 1,3,5-triazine, 1,2,4-triazine, 1,2,4,5-triazine,
qguinoline, isoquinoline, quinoxaline, quinazoline, 5 cinnoline, 1,8-naphthyridine, 1,5-naphthyridine, 1,6-
naphthyridine, 1,7-naphthyridine, phthalazine, pyridopyrimidine, purine, pteridine or 4H-quinolizine. 10
The preferred alkyl groups include the methyl, ethyl, propyl, isopropyl, 1-butyl, 2-butyl, 2-methylpropyl,
tertbutyl, pentyl, 2-methylbutyl, 1,1-dimethylpropyl, hexyl, heptyl, octyl, 1,1,3,3-tetramethylbutyl, nonyl,
1-decyl, 2- de&yicd ¥ dodeeyh pamtat Snd W erBsfFdapeIy The preferred cycloalkyl

groups include - eyclepropyl: £yclobutyl.cyclapead.cyclohexyh cycloheptyl angd cyglogetyl group,

which are optignally substituted by branched or unbranched alkyl groups. 20 The preferred alkenyl
groups includd TEARGE B2 S methyl9-prdpehet 2 Btitetyl 22 pEntarsy 2 8B6amt and 2- eicosenyl
group. 25 The(Iaéﬂsaﬂli@@Ixrpawt@ye@pb;ﬁt,ugm:&eJbﬁwewmgmmjindude halogens,
especially fluorine, chlorine, bromine, and alkoxy groups. The reactant for derivatization of the polar
ethylenically 30T ated fghomers mentioned comprises at least two nitrogen atoms, preferably
at least two amino groups. In a particular aspect, the number of nitrogen atoms in the reactant for of
the polar ethylenically unsaturated monomers mentioned may be 2 to 6 and more preferably 2 to 4
nitrogen atoms- Breferably Amg grBthe. The téth hifdGrolp SHodit b et fo68 here in a
broad sense, such thet ardraatiq eentppunds having anitagenatom: fanexanple Spyrigine, also
count as one g_fltgghaor’giges.s ﬁffpzefabhé etge {eactantf rn%ieriv tization_of the polar ethylenically

3 S GlitaRy bY S&EShdary amino group,

unsaturated monomers mefitioned csompn%/es atie8sto
particuldOprefetercetieing giveh torprirharycaminewgroups. Rreferied amines framiG whichythe amine
derivative of a(%gg%mthglen'icatllg unsaturated monomer may be derived comprise preferably at least

. AC¥rylig . . . . .
two amino groups, one aminG grdup being a primary amino group and at least one amino group being
a secondary ammindeaoly. l15(meth) acrylates such as 2,3,4,5-tetra-

t-hexylcyclohexyl (meth)acrylate.

15 In a particular configuration of the present invention, the
monomers of the formula (III} include what are called
polyolefin-based macromonomers with (meth}acrylate groups,
which are described inter alia in DE 10 2007 032 120 A1,
filed July 9, 2007 at the German Patent Office with

20  application number DE102007032120.3; and
DE 10 2007 046 223 Al, filed September 26, 2007 at the
German Patent Office with application number
DE 102007046223.0; the disclosures of thege publications,
more particularly the (meth)acrylates having at least 23

25 carbon atoms in the radical described therein, are
incorporated into the present application by reference for

the purposes cf disclosure.

Polyolefin-based macromonomers are known in the specialist
30 field. These repeat units include at least one group

derived from polyolefins. Polyolefins are known in the

specialist field, these being obtainable by polymerization

of alkenes and/or alkadienes consisting of the elements



These aminesiprefenabi\o earagpond to the formula RE-NH-R6-NH, in piwcheRbds 8 radigahhaving 1 to
18 and preferably 1 to 10 carbon atoms, and R6 is a radical having 2 to 18 and preferably 2 to 10
carbon atoms. 20 The particularly preferred amines, from which the derivatives of the polar
ethylenically unsaturated monomers mentioned may be derived, include especially N-pheny1-1,4-
phenylenediamine (TWA), N,N-dimethylaminopropylamine 25 (DMAPA),

N,N-dimethylaminoethylamine, diethylaminopropylamine, dibutylaminopropylamine,
dimethylamin® %ﬁniﬁ%ﬁd@%ﬁ%%etﬁﬂﬁnﬁ@%y%%ﬁﬁ%éﬁ%ﬁﬁﬁé, pyoh as
aminoethyl)pipetigiten-(2@rainpethy) pyr oliciene: - (3 ammineprapy )morpheling, «
aminoethylmorgggline, or xa}mmehg 30 4-(3-aminoethyl)morphaline, N-(2-aminoethyl)-1,3-
propanediamifie; 3.3 |ém|ﬁé-ﬁ-m@fﬁ@%‘fﬁ%p@%ﬁn@,s’tr?%ﬁg—aéjrﬁ%"éthy’r)%ﬁﬂﬁéflef
N,N-bis(3-aminopsopybeli, 3:propane- digmine, N;N'tk 2pthanediylbisth 3opropanediamine),
prridy151,4-lghgn Ienggigmnine, 4-amino%ﬁlridine, Nég)g%gr\él ,2-ethylenediamine and N-(2-
ethylimidazolyT)-T.4-phenylenediamine. 5oAMOAG th ineS Miehtidhed SGraferéhde fgiven to
Nphenyl-1,4phepienedidmine £DPA) £ NiNidimethylammeprapyd- amine=(IJMAPA)particuwlar
preference being given to Nphenyl-1.4-phenylenediamine. 10 In a particular aspect of the present
invention, the%rjé%ggtre ﬁl}rkﬁ%/ déarlv{a%/{“3 ffom g&iﬁéﬁ) (yer‘ln\’/%ﬁ%énsco g polar é?ﬁyl%eﬁﬁhﬁﬁﬁnggtﬂ%ted
monomer in thé isventive polieikyiliethjacrylate hrsebtained:byefirst pegparing a b polymer with

reactive polar,r gg&ug%ggef%{gpixfg%rivfe from maleic anhydride lycidyl (meth)acrylate.
Subsequently, these reactive groups are rerad(égﬂeapvc\)/rlﬁf] %iiee gr%rl%/(ei?sa é%lil%é F é\t}%ﬁ%} E:?f\E/E he
polyalkymethyacrjlatescsfitie préserndduentiohiR0dn addition, theymespmet aixtare farcpreparation

of the polyalkemeshiaerylates for s, iaseordancs with fhe inventin may. comprise monomers

copolymerizable with the monomers detailed above. These inc ary %&ﬁ)a@flates such as
benzyl metha@#yiafesst pheplyl mblisaraylatadvivereahs adyl sadisalstihay i pach case be

nsubsiitutedsorup, iaeASHD SRS SHIRNS MANPASts. [t sxamale siupne. sybsiiied styrenes
an

having an alkyl substituent in the side chain, for example 30 0-methylstyren -et y?styrene,
substituted stgPe?’r@%%\&Wﬁﬁ%}ky%@ﬁ@tit&éﬁﬂ»éﬁiﬁwégﬁlﬁ&%L@ﬁ%ﬁ?@lﬁe@é and p-methylstyrene,

halogenaed svpenesiorexanilefpoparhiorosiyrenes, dichlorostyrenes . [iiamostyrenes and
tetrabromostyrenes;
and include alkyl (meth}acrylates, styrene nonOMers,
fumarates, maleates, vinyl esters and/or vinyl ethers. The
proportion of these groups based on copolymerizable
meneomers is preferably at most 30% by weight, more
20 preferably at most 15% by weight, based on the weight of
the repeat units derived from polyolefin-based
macromonomers. In additicn, the repeat units derived from
polyclefin-based macromonomers may include starting groups
and/cr end groups which serve for functionalization or
25 result from the preparation of the repeat unitse derived
from polyolefin-based macromonomers. The proportion of
these starting groups and/or end groups is preferably at
most  30% by weight, more preferably at most 15% by weight,
based on the weight of the repeat units derived from

30 polyolefin-based macromonomers.

The number-average molecular weight of the repeat units

derived from polyolefin-based macromoncomers is preferably



itaconic acid agsl itaconimagid ferivatives, for exampieg itaconic monoe%@ﬁ@g@@@/@%g%am
itaconic anhydride; 5 fumaric acid and fumaric acid derivatives, for example fumaric monoesters,

fumaric diesters and fumaric anhydride; vinyl and isoprenyl ethers, for example alkyl vinyl ethers,
especially methyl vinyl ether, ethyl vinyl ether and dodecyl vinyl ether; 10 vinyl esters, for example
vinyl acetate; 1-alkenes, especially 1-butene, 1-pentene, 1-hexene, 1- heptene, 1-octene, 1-nonene,
1-decene, 1-undecene, 1- dodecene, 1-tridecene, 1-tetradecene and 1-pentadecene. 15 In a particular

embodiment, tTs E§FecialFsodsiie t6 UdetdisFetsigmeramers. Tisge Rttt monomers Aave long

been used fordungtionadizatiomef polymericiadditvessipdulricans oils 20.and aretherefare known to
those skilled in the art (cf. R.M. Mortier, S.T. Orszulik (eds.): "Chemistry and Technology of
Lubricants”, BIA&EAEAdE I Prbfostidtial a/dion, 2nd ed. 1997). It is appropriately possible to
use particularly heterocyclic vinyl compounds and/or 25 ethylenically unsaturated, polar ester or amide
compoungds of the formula (IV) _in which R is hydrogen or methyl, X is oxygen, sulfur or an amino

group of the f6PmniE ENER BF -NRaE SRRAMRH FatisHn &R r20fdal RavMBSE® 10’ and preferably 1 to 4

carbon atoms:dpbisyaeadiealyihish somprisesd toch0.espeeiadn 2 1930 and praferably,2 10 20
carbon atoms and has at least one he eroatorggﬁferably at least two heteroatoms, as dispersing

monomers. 5 EXampias of disFERinG moroni the FSURR BV TiERGdeE ARnGdikyt he
(meth)acrylates; aminoakyl(hasthyactptamides, Ty droxylalky{ meth)astylates, haterecyslic
(meth)acrylat%% g@%/% carbo kgontg{i}nin%’gmet?acr Iateﬁ. 10 The hydroxyalkyl (meth)acrylates
include 2-hydroxypropy??rhet%acry?a*[e??, =dihy r%%yﬁdtyrﬁetﬁﬁé?é?fe, 2 h§Grokbethyl
(meth)atsylateiats-34ldodxypropyldmeth yaerytaten 2;5=dimetbyil - 116 hexanedie(meth)aerylate and
1JiydecanedgﬁénggyégQQQS'repeat unite in the main chain. In the case

of graft copolymerizations, the molecular weight

distribution of the polyolefin can be concliuded via the

proportion of polyolefins formed which has not been

15  incorporated into the main chain.

The repeat units derived from polyvolefin-based
macromoncmers preferably have a lbw melting temperature,
this being measured by means of DSC. The melting

20 temperature of the repeat units derived from the
polyolefin-based wmacromoncmers is preferably less than or
equal to ~10°C, especially preferably less than or equal to
-20°C, more preferably less than or equal to -40°C. Most
preferably, no melting temperature can be measured by DSC

25 for the repeat units derived from the polyclefin-based

macromonomers.

In addition, the monomers of the formula (III} include
especially long-chain branched (meth)acrylates, which are

30 described, inter alia, in US 6,746,993, filed August 7,
2002 at the US Patent Office (USPTO) with application
number 10/212,784; and US 2004/077509, filed August 1, 2003
at the US Patent Office (USPTO) with application number



Carbonyl-contgining (Hednagry-a es comprise, for example, 20 2-carb@@4§y@gégﬂl})§g@/p}8,
carboxymethyl (meth)acrylate, N-(methacryloyloxy)formamide, acetonyl (meth)acrylate,

mono-2-(meth)acryloyloxyethyl succinate, 25 N-(meth)acryloylmorpholine,
N-(meth)acryloyl1-2-pyrrolidinone, N-(2-(meth)acryloyloxyethyl)-2-pyrrolidinone,
N-(3-(meth)acryloyloxypropy1l)-2-pyrrolidinone, N-(2-(meth)acryloyloxypentadecyl)-2-pyrrolidinone, 30
N-(3-(meth)acryloyloxyheptadecyl)-2-pyrrolidinone and N-(2-(meth)acryloyloxyethyl)ethylene urea.
2-Acetoacetoxyetfiyt ImbddachistedTHE heteroegcliv(mdnixryaiesinefutiorss(1- imidazolyl)ethyl

(meth)acrylatee@ﬁg@é@lmsﬂemé (methyasylate: 24merpholinyethyl (meth)acrylate, 3 |

1-(2-methacryloyloxyethyl)-2-pyrrolidone, N-methacryloylmorpholine, N-methacryloy1-2-pyrrolidinone,
N-(2-methacnAsyByethyly22pyislitiion S M (3 HrstHas iRy prapya )-newrolidinsed 10 The

aminoalkyl (meftyacryjates ichuda.espeoiabuN N dimethylarminoety! (etvaglaleroce
N,N-dimethylamingpropyl (meth)acrylate, N,N-diethylaminopentyl (meth)acrylate, 15
N,N-dibut)lanfifolE@teeyiHhseth)acrylate. In addition, it is possible to use aminoalkyl
(meth)acrylamides as dispersing monomers, such as N,N-dimethylaminopropyl(meth)acrylamide. 20 In
addition, it is possible to use phosphorus-, boron-and/or silicon-containing (meth)acrylates as
dispersing monbérs, ‘& ?533%&%@p‘ﬁb‘éﬁhé‘to}@%?%ﬁéﬁ)%ﬁﬁ%&3251’ adical,
2-(ethylenephesphito)piaopy| geeghyaenytate, dimethylahesahinomethyl fuethacryiate, for
dimethylphosphonoeé%yl (g]eth acrylate, diethyl (meth)acryloylphosphonate, di%ropyl

e, 36 20 :

(meth)acryloy(pfiosp &&/ﬁ}ho@‘ﬁh W&Eﬁﬁfﬁp@% gmd}g,d/ or t

2,3-butyléne(mettyaenytaytethybaraitd smeimdietioxy gnethyaayioyietaoxsilane, which
diethylphosphatoeé% (Tetlgzacglate. The greferred heteroc%clic vinyl compounds include
2-viny|pyridineq,%}}vmy%:)y¥id & ANinyIRSridine 2 ethyiS-Gihy pSHEHE: 35thy ISR ridine, 2,3- 5
dimethyl-S-vinyipytridiee; mimydperimicing vimppiperdinend-vimddarbazeleh3dvimdearbazele,

4-vinylcarbazole, 1-vinylimidazale, N-vinylimidazole, 2-methyl-I-
Thege fatty alcohold include Oxo Alcohol® 7911, Oxo

Alcohol® 7900, Oxo Alcchol® 1100; Alfol® 610, Alfol® 810,
15 Lial® 125 and Nafol® products (Sasol); €13-Cl5-Alkohol
(BASF}; Epal® 610 and Epal® 810 (Afton); Linevol® 79,
Linevol® 911 and Neodol® 25 (Shell); Dehydad®, Hydrenol®
and Lorol® products (Cognis); Acropol® 35 and Exxal® 10

{Exxon Chemicals); Kalcol® 2465 (Kao Chemicals).

20
The peolyalkyl (meth)acrylate includes repeat unitg derived
from amine derivatives of a polar ethylenically unsaturated
moncmer. The expression “polar ethylenically unsaturated
menomer” makes it clear that the monomer can be free-

25 radically polymerized. In additicn, the term “polar”
expresses the fact that the monomer is particulariy polar
even after the reaction with an amine, for example to give
a higher~order amine (from primary to secondary or from
gecondary to tertiafy), an amide or an imide in the

30 environment of the reaction site. The groups included here
include especially imide groups or carboxylic acid groups

formed, which are formed, for example, in the reaction of



vinylimidazoleg\-yigypysrolidesne, N-vinylpyrrolidinezl_g-vinylpyrrolidinePEI.I.W'g)_g,lg@Hlp)ebcé%rgl,7 40
N-vinylbutyrolactam, vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane, vinylthiazoles and
hydrogenated vinylthiazoles, vinyloxazoles and hydrogenated vinyloxazoles. 15 The particularly
preferred dispersing monomers include especially ethylenically unsaturated compounds comprising at
least one nitrogen atom, these being selected with particular preference from the above-detailed
heterocyclic vinyl compounds and/or aminoalkyl (meth)acrylates, 20 aminoalkyl(meth)acrylamides
and/or heterodychid (Hietjchyiatesy i papiciiar embBobinskimzedpaialyrstyreneimbnomers,

heterocyclic ragsomersa viny! ethers andior ¥inyh estess 216,25 used.-praference heing given especially
to styrene monomers. The proportion of comonomers can be varied according to the end use and

profile of prop@fieEst thahdhimer 47 F0geteral, Hits prepdriieh nidy bé feaange e to 30% by
weight, preferably:3.081 4@ 20% by weight and more preferably 0.1 to 10% by weight. Especially the
proportiop of styrene monomers, heterocyclic monomers, vinyl ethers and/or vinyl esters may more
preferably be in the range from 0.01 to 25% by weight, especially in the range from 0.1 to 20% by

weight, more preferablyimthe range fom éd@almgﬁ&m@gh%@Tf@céf%@@eag%%%%&hylenically
unsaturated monomers can, be used individually or as mixtures. It is additionally possible to vary the

monomer confFGaiish dafing e B etz alis i bPIRE mEhPER SN iR BFdéY6 SHtdin idefiRkE 10
structures, forsexanaplegraft pelyrers. Suiprsing adyantages areexhibited especiallk by graft
copolymers where the %raft ase comgrises_ reég)eat units derived from (meth)acrylates having 6 to 22
carbon atoms'in 15 the alEohdi Fadical And the gPaft BBMPRSES Fap&dt (its defivel o amine
derivativiés of arpolar ethytenicallyimsafisratecsmonemern Atlvartageously rthevaight ratierof graft to
graft base ma% ZOeb% in tc?ee) range from ]]::ﬁOOO '%1:5, more preferably 1:1000 to 1:10 and more
preferably 1:100 t6-1°20.1R’a preferred modification, the- grafthayhave avisry¥hoitchain, this
property beingieeteratinatsle by 26:comparative tests:inivhichythe:graftpelymetization is performed
without graft baesl%lr%%pu?@rti%ulg%e%odimenttthe numpgy,—a\{erg ed degr of pop{meriz tion of the

graft may be at most 10, more preferably at Most 5 and more preferably at oSt 3 repeal tiks. 30

Surprising advamstages @he ekhibited especiatly by polyalkyliinethistrylateswhichnpreferably have a
SpGUﬁGﬂﬁcoggb@fgﬁgaggﬁggn}éé%ggg)§9gﬁsgﬁgag%¥hgu%r amide group
obtained, based on the distance between oxygen atom and

nitrogen atom.

In one embodiment of the present invention, the polaxr

20 ethylenically unsaturated monomer from which the amine
derivative is derived may be maleic acid or a maleic acid
derivative, for example maleic monoester, maleic diester,
maleic anhydride, methyl maleic anhydride, particular
preference being given to maleic anhydride.

25
In a further aspect of the present invention, the polar
ethylenically unsaturated monomer from which the amine
derivative is derived may be a (meth)acrylate having an
epoxide group, particular preference being given to

30 glycidyl (meth}acrylate.

The radical of the amine derivative of a polar

ethylenically unsaturated monomer, said radical being



range from 5 W32 E/9, mpie pseferably in the rangg from 5.5 to 25, atpkgo&?gfbﬁﬁp%cgg%yi&cosity IS
determined in an API group Il base oil, which preferably has a kinematic viscosity (according to ASTM

D-445) at 100C (KV100) of about 5.9 mm2/s, preferably 5.7 mm2/s to 6.3 mm2/s, a viscosity index
(according to ASTM D-2270) of at least 120, a pour point (according to ASTM D-97) of at most -12C
and a 10 density (according to ASTM D-4052) at 15C of about 841 (commercially available, for
example, from Neste under the NEXBASE 3060 name), as a solvent at 100C with the aid of an
Ubbelohde capfifaRE T He siFe B thelibbeloHae tapiliaky iaddigcted stchitiatithBaom times of the pure

solvent and 15 of the-RolymekLoptainiNgspiutions:: e&?ﬁwggg&QQSa%3%%ée§%@lde%_er

concentration by mass in g/m1 is selected such that the run time of the polymer-containing solution
does not excebd Rt 6f the Pt $8IVEREBY: nforeithan 1096 ITRe réRiiied ot tife pbymer-containing

solution and of the,20 sgivenk and the cencantrafiony: mass of fhs-polymeardn thg solution can be

used to calculate the specific viscosity as follows: 11-111, specificwSCOSityflvowhere  fl= viscosity
of the soldtior?®s §RPORCEGEIGH thBsbReitd= dorceriatinisrrrEsPblyalkyl(meth)acrylates of

particular interest include those which preferably have a weight-average molecular 30 weight M, in the
range from 5000 to 10 000 000 g/mol, more preferably 10 000 to 1 000 000 g/mol, even more
preferably 10°060 fo P86 660 Gmofaridst Bréterably 20 HO0® S5 066 §RA4I. The

number-averagednealecular weightva eay preferably bediowithindhg £ange;from-10Qe to 500 000
~ g/mol, more prefe£iably 2500 to 500 2{?&%{}?@? and most preferably 5000 to 250 000 g/mol. Additionally
I

appropriate afe polyalkitmhacry 38 18 50I§8isBe FERS HdeHe MRIRIN is in the range from 1.1
to 5.0, Mbre prefesatiy irvtherranggframd . Ata.4 Hland aiospprefetably.im the range from 1.6 to 3.0.

The number-gverage and weight-average molecular weight can be determined hy known processes,
for example ;&Féggfnoeaaiﬁ)%%&%rér%agggr%agﬁy 1%‘0(6 Ifé)?rgﬁghé%r }ﬁii'ngcé’ PiidARSfandard. The

molecular weighkofithe polyrhertanpreferabiy be Peyforined priof ta thedefivaiization thenesf with an
amine. The pr tion of the polyalkyl(meth)acrylates from the 20 above-described compositions is
known per se.glll?f)gr[l %ia%%%?f‘h(g%g%o‘%’? e?)sec}nl & (gﬁ?é%ngg els”ﬁ%é)(ﬁ%ﬁf\%? ree-radical polymerization,
and also related processes, for example ATRP (= Atom Transfer Radical Polymerization) or RAFT (=

Revers'?? A@Q&I!P&'érﬂ%“%aﬂ%% CQI@PEI-I;Eainnge,r) 'azrsomat ic groups refer to
radicals of mono- or polycyclic aromatic compounds having
preferably 6 to 20 and especially 6 to 12 carbon atoms, for

example phenyl, naphthyl or biphenylyl, preferably phenyl.

20 Heteroaromatic groups denote aryl radicals in which at
least one CH group has been replaced by N and/or at least
twoc adjacent CH groups have been replaced by S, NH or O.
These radicals include groups derived from thiophene,
furan, pyrrole, thiazole, oxazcle, imidazole, isothiazole,

25 isoxazole, pyrazole, 1,3,4-oxadiazole, 1,3,4-thiadiazcle,
1,3,4-triazole, 1,2,4-oxadiazcle, 1,2,4-thiadiazole, 1,2,4-
triazcle, 1,2,3-triazole,
1,2,3,4-tetrazole, benzol[blthiophene, benzoi{b] furan,
indole, benzolc]lthiophene,

30 Dbenzolclfuran, isoindole, benzoxazole, benzothiazole,
benzimidazole, benzisoxazole,
benzisothiazole, benzopyrazole, benzothiadiazole,

benzotriazole, dibenzofuran,



The ATRP pregsesgdd Kpews £e5 se. This reaction regigne is described, Jarnoxyaple; Py doy yVang, et
al., J. Am. Chem. Soc., vol. 117, p. 5614-5615 (1995), by Matyjaszewski, Macromolecules, vol. 28, p.

7901-7910 (1995). In addition, 30 patent applications WO 96/30421, WO 97/47661, WO 97/18247,
WO 98/40415 and WO 99/10387 disclose variants of the above-described ATRP. In addition, the
inventive polymers can be obtained, for example, via RAFT methods too. This method is explained in
detail, for example, in WO 98/01478 and WO 2004/083169, to which explicit reference is made for the
purposes of tHELE iseRIdutePRCRRiticR the #RAntive pPoRAiars arexstdihable by NMP processes
(nitroxide-meggteskaoiymerizatian) awhicheare descebed in, LI§,4581429 inter alia. 10 One
comprehensive description, more particularly with further references, of these methods is given in K.
Matyjaszewskt, " F./# D&vig HafdbdoicofRAdCAMPEIyReriz EHRAMIBS IntéBseiences Hooken 2002,
to which 15 explici setererce isqnade ferthedurposes of disclosure. The free-radical polymerization
of the ethylenically unsaturated compounds can be effected in a manner known per se. Customary
free-radichl pSlyMRAZAGH is'ddseriBRl B htet diia in UIfAEe EREYdBpeaia of 18dustrial Chemistry,
Sixth Edition. ixthe-eontexiafdhe present invention, the polymerization is initiated using at least one
polymerization initiator 25 for free-radical polymerization. These include the azo initiators widely known
in the specialist fleltt *&IEH A 253G obRiEobttyEnitTe, PBLAAMED R fittitnyF4BidHitrile) and 1,1-
azobiscyclohexanecarboaittle, organic peladdes=such as 30 dicumyl peroxide, diacyl peroxides such
as dilauroyl peroxide, peroxydicarbonates such as diisopropyl peroxydicarbonate, peresters such as
tert-butyl peroxy-2- ethylhexanoate, and the like. Polymerization initiators of very particular suitability
for the puilposBs=ofthe: presend invEnfibndrcluge especialiethefollawinig,aompeurds; methyl ethyl
ketone peroxide, acetylacetone peroxide, 5 dilauroyl peroxide, tert-butyl per-2-ethylhexanoate, ketone
peroxide, tert%ﬁkt)ﬁ %eéfocjtosgl%,rn?&gyl i§6§ﬁ]td§ﬁge’tor%é %‘éF&d%e,%cy%‘% SREAE Eiroﬁ(fer,tcﬁbenzoyl
peroxide, tertbutylperopgrenzbate, teediutylpergryisdpropytathiingteropyl, hexyl,
2,5-bis(2-ethy, ylp -2,5-dimethylhexane, tert- 10 bytyl peroxy-2-ethylhexanqate, tert-butyl
peroxy-3,5,‘5-lgrz?%gﬁglihe%%?gn%/'3.?1t’e,ioliciu'n%)’/rl%trakr%aﬁ1 8,*“f‘i5-’1¥s élLrlf%//l}tylp%{%Qy (:ycéqélﬁgt‘e%gj (Ie’, )
1,1-bis(tert-buigperoxyr3B:6vifimethgieyyibhe pams; aimuyt hydroperbxide i testsdplityd hyydroperoxide,
bis(4-tegtsputylcyclohexyl) peroxydi- 15 carbonate, 2,2'-azobisisobutyronitrile, 2,2'-azobis(2,4-
dimethylvaleronitrile), 1,1-azobiscyclohexanecarbonitrile,

The preferred cycloalkyl groups include the cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclooctyl group, which are optionally substituted by
branched or unbranched alkyl groups.

20
The preferred alkenyl groups include the vinyl, allyl, 2-
methyl-2-propene, 2-butenyl, 2-pentenyl, 2-decenyl and 2-

eicosenyl group.

25 The R* radical may have substituents. The preferred
substituents include halogens, especially fluorine,

chlorine, bromine, and alkoxy groups.

The reactant for derivatization of the polar ethylenically
30 unsaturated monomers mentioned comprises at least two

nitrogen atoms, preferably at least two amino groups. In a

particular aspect, the number of nitrogen atoms in the

reactant for of the polar ethylenically unsaturated



diisopropylpewxydicaghyanete,sert-amyl peroxypivalate, di(2,4-dichloroberzahiearpxisie tertybutyl
peroxy- pivalate, 2,2'-azobis(2-amidinopropane) dihydrochloride, 90 di(3,5,5-trimethylhexanoyl)
peroxide, dioctanoyl peroxide, didecanoyl peroxide, 2,2'-azobis(N,N'-dimethyleneisobutyramidine),
di(2-methylbenzoyl) peroxide, dimethyl 2,2'- azobisisobutyrate, 2,2'-azobis(2-methylbutyronitrile), 2,5-
dimethy1-2,5-di(2-ethylhexanoylperoxy)hexane, 4,4'- 25 azobis(cyanopentanoic acid),
di(4-methylbenzoyl) peroxide, dibenzoyl peroxide, tert-amyl peroxy-2-ethylhexanoate, tert-butyl

peroxy-2-ethylEXARDaR, Tt bR perddistsutyrate afd Mk Ures Bf Biecdforahdntiohder 4

polymerization initialges: 3cAeordingLodhgrnventipnmyveryparticularpreferenge is given to
polymerization initiators havin%Ca half-life of 1 hour at a temperature in the range from 25C to 200C,

preferably in (AEFaRge FoM56CHE 180¢e T8RRIV helrnge iR BoeeRSE00C URRddition,

peroxidic polyperizasienipitiators:eepecially tRH-buy = peractealenara very pasticularysuitable for
the pres%wt SI;SUQTJEEBS' Theérocess can be performed either in the presence or in_the absence of a
chain traRsferdY. “THe Bitain Fransrerard aldt’ c Qi Moldctfar Weightregtitbris 38 mdy e 10

typical speciesstescebed forfredetadical polymerizaiibnshas kpowe te thgse-skiled inthe art. The
sulfur-free molecular wei hgr%%nators include, for ex mc%e, without any intention that this should
e 110

impose a 15 restriction . dimeric a-methyistyrare (34 HisteHAE SR ety l--paiter@) Senol ethers of
aliphatic and/pr-cycioaliphatic atdehjdes, terpenesypeterpinera;Herpinalens & decyelohexadiene,
1,4-dihydron Q:tL@lalen%,vl %,SF%tet][:aiwggon%%@hglen%b%pSédih¥dro%uran, ,5- 20 dimethylfuran and/or
3,6-dihydro-2H- yrgn,gpre?efeﬁce %elng g%en o diméric a—méthyl%?yr%ﬁg? h&'Sufta=c Sfﬂing
molecult® weight réygulétersiusen: nidsprefdrably bef mercapte coatdogihds; dialky sulfides, dialkyl 25
disulfides and/or_di Ifides. lowin lymerizatian regulators are mentioned by way of
example: di-r%t%uﬁyléswu%f%dge%%i-%l%%%\%ﬂf\%f d?ghe%y%m%%e? fﬁglﬂ(?dﬁél%oﬁné%ﬁﬁ%ge ﬁ'an%rr, diisopropyl
disulfide, din-befydistifideadiimpesyidiselfidendiasetyhd0 disulfive; dietbanolrsuificer di-t-butyl

trisulfide and gm%@y@g@éid%jg%pq@d&u%%wgaPlrlgeéergvcg allsg;%%cular W%igh'&re ulators are

mercapto compounds; dialkyl sulfides, dialkyl disulfides and/or dia s E”?(Smp?esao these
compounds af8'eilyl gHeglicolate, 2- ethylhexyl thioglycolate, pentaerythritol tetrathioglycolate,
cysteing,s2-mercaptoethanol, 1,3-mercaptopropanol, 3-mercaptopropane-1,2-diol,

1,4-mercaptobutanol,
These amines preferably correspond to the formula

R°-NH-R°-NH, in which R® is a radical having 1 to 18 and
preferably 1 to 10 carbon atoms, and R® is a radical having
2 to 18 and preferably 2 to 10 carbon atoms.

20
The particularly preferred amines, from which the
derivatives of the polar ethylenically unsaturated monomers
mentioned may be derived, include especially N-phenyl-1,4-
phenylenediamine (DPA), N,N-dimethylaminopropylamine

25  (DMAPRA), N,N-dimethylaminoethylamine, diethylaminopropyl-
amine, dibutylaminopropylamine, dimethylaminoethylamine,
diethylamincethylamine, dibutylamincethylamine, 1-(2-
aminoethyl}piperidine, 1-(2-aminocethyl)pyrrolidone, 4-(3-
aminopropyl)morpholine, aminocethylmorpholine, for example

30  4-(3-amincethyl)morpholine, N-{2-aminoethyl)-1,3-
propanediamine, 3,3’-diamine-N-methyldipropylamine, tris{(2-

amincethyl)amine, N,N-bis(3-aminopropyl)-1,3-propane-



5 mercaptoacgtc agith AgngEcaptopropionic acid, thipglycolic acid, meg@pmﬂgagigawpglycerol,
thioacetic acid, thiourea and alkyl mercaptans such as n-butyl mercaptan, nhexyl mercaptan, t-dodecyl
mercaptan or n-dodecyl mercaptan. Polymerization regulators used with particular 10 preference are
mercapto alcohols and mercapto carboxylic acids. In the context of the present invention, very
particular preference is given to the use of n-dodecyl mercaptan and tert-dodecyl mercaptan as chain
transferers. 15 The repeat units derived from amine derivatives of a polar ethylenically unsaturated
monomer in tHe pBRARKyIThelh)atndartarsrisrhbiobtain el Byre polyheriarmlogdls reaction after

the above-desgribeghareparationof s elyalkylimeth)acrylate. Accordingly, it 20 is possible with
preference first to prepare a polymer with reactive polar units, the reactive units being reacted with an

amine of the typ@HEReRrEd dhdVe. Thereadive phiarUHite T@nEE bapéaiallpaahtride-or epoxide

units. 25 The geagtivnpfdhe seaetive polanupits prasent inthe polymer, preferably of the anhydride or
epoxide groups, with amines can be effected typically between 40C and 180C, preferably between
80C and™180C and more preferably between 100C and 160C. The amine can 30 preferably be added

in an equimolafnameupkto theireastive-pelangeeups: Peeferably-to the anhydiide-onepoxide groups. If
excess amou?#z of amine are_added, it can subsequen%%/ be removed from the mixture. In the case of
excessively sHIAT Propdrtions Yeadie Groviis ratnaif Svhich el GhtfRally batthrBHes 13 less
reactive groupsiby @dditienrof smalkamountsef waterskheaming-can,bg agddeddn pyre form or be
added to the r%actio ixtly_re li}nezal silitabl solvent. Preference is given to polar solvents, especially

G

esters, e.g. bgtyiagge ate’ or diison nﬁr“ae 6&5%1@5Tastomoll DNA). 10 According to the nature of the
reactivelfeactant group converted, water may be formed. For example, in the case of use of anhydride

groups, water_is release%,,whi h,ina Eagigu(l)%r acslgect of the present invention, can be removed
r u

substantially clélmaplle}f)éﬁ B e reBtion misture. it 15 befitg possihis'ts trive Jultfvat&® fittexample,

by means of dmyirfigogen: inaddifionpitas possiBlertowuseidesiceahts: \falatle solvents such as butyl
acetate, if usedl cance disgiie off alter, e [eaction, preferaply.nder feduged pressure. 20 The
inventive polymers are preferably used to improve ubricant oil properjtles. THié Wbricant oils include
especially mieral gilds syrithetic bils antlataurat ©ilok2% Miretabyilstarestnawr persegnd
o AR TR A el ghned pp gl g e alty debynp
trom maleic anhydride or glycidyl (meth)acrylate.
Subseguently, these reactive groups are reacted with the
amines detailed above to give the polyalkyl(meth)acrylates
of the present invention.
20
In addition, the monomer mixture for preparation of the
polyalkyl(m@th)acrylates for use in accordance with the
invention may comprise monomers copolymerizable with the
monomers detailed above. These include
25 aryl ({(meth)acrylates such as benzyl methacrylate or
phenyl methacrylate, where the aryl radicals may in each
cage be unsubstituted or up to tetrasubstituted;
styfene monomers, for example styrene, substituted styrenes
having an alkyl substituent in the side chain, for example
30 [O-methylstyrene and O-ethylstyrene, substituted styrenes
having an alkyl substituent on the ring, such as

vinyltoluene and p-methylstyrene, halogenated styrenes, for

example monochlorostyrenes, dichlorostyrenes,



including in paiculed #e highes-boiling fractions of 3@ crude or minerabeii./lﬁlgﬁgﬂ% MIing point
~ of mineral oil is higher than 200C, preferably higher than 300C, at 5000 Pa. The production by
low-temperature carbonization of shale oil, coking of bituminous coal, distillation of brown coal with
exclusion of air, and also hydrogenation of bituminous or brown coal is likewise possible. Accordingly,
mineral oils have, depending on their origin, different proportions of aromatic, cyclic, 5 branched and
linear hydrocarbons. In general, a distinction is drawn between paraffin-base, naphthenic and aromatic
fractions in cride BB Alid&r2l8is, 3R WHicH HiPlrROgaraifrsase fraction represents 10

longer-chain arihighly ranehed isgalkapes and naehthenic factionsepresants cyclpalkanes. In
addition, mineral oils, depending on their origin and finishing, have different fractions of n-alkanes,
isoalkanes havirftF2Tow dBGRESISTaRchingRABWA d8R8R6FTethyhbriherea s paraffins, and
compounds havirgdietegwatoms, in particular 0, N and/or 8, to which a degree of polar properties are
attributed. However, the assi%nment Is difficult, since individual alkane molecules may have both

long-chai® branthet§rotps AndRts cloafia ratficdts, SHd AdMafeD0 Hars Serthé Hurposes of the

present invenfianstheassignreentcan, be effected atcording (0 DHY 54u348: for exaipale; Rolar
fractions can also he determined according to ASTM D 2007. 25 The proportion of n-alkanes in
preferred minéral oi s?&és% & 35 by @\%@ﬁ?thefﬁﬁct?&ﬁaﬁm?@ Fdfor&-e8htaititig E8mpounds
less than 6% bywveight: Therfeaction of the arematies, ard bf theunano-raethyl-branched paraffins is
generally in eg%%ggsii%hg rfngg from O to 40% by 30 weight. In one interesting aspect, mineral oil
comprises mainly na}ﬁ thenic an pa?é:ffin-base alkanes which have generally more than 13,
preferaldl) move thydn &8 tamdsmostpreterahlylmorei thah 2&-earboa atoms. The fraction of these

compounds is,generally 60% by weight, preferably 80% by weight, withqut any intention that this
should impose aarqe%%%i%h. ﬁségfélr%ir%iiler% g?%(?ﬁta?ns% 530% %y'ii?é%l Sof aromatic fractions,
15 to 40% by hegiglktsf 5 haghthenie fractions g8 to 80%:by:weight ofipaaffindase fractions, up to

396byVW”W“é%éE%¥§Q?Sf09§€§%¥%§%1 l-tetradecene and l-pentadecene.

15 In a particular embodiment, it is especially possible to

use dispersging monomers.

Dispersing monomers have long been used for
functionalization of polymeric additives in lubricant oils

20 and are therefore known to those skilled in the art (of.
R.M. Mortier, S$.T. Orszulik {(eds.): “Chemistry and
Technology of Lubricants”, Blackie Academic & Professional,
" London, 2™ ed. 1997). It is appropriately possible to use
particularly heterocyclic vinyl compounds and/or

25 ethylenically unsaturated, polar ester or amide compounds

of the formula (IV)

H XR’
Y/Llr (IV)
0]

H

in which R is hydrogen or methyl, X is oxygen, sulfur or an
amino group of the formula -NH- or -NR®*-, in which R® is an

alkyl radical having 1 to 10 and preferably 1 to 4 carbon



by weight of pedarepmpeynds; pased in each case giythe total weight ping.minera /glg déhAn

analysis of particularly preferred mineral oils, which was effected by means of conventional processes
such as urea separation and liquid chromatography on silica gel, shows, for example, the following
constituents, the percentages relating to the total weight of the particular 15 mineral oil used:
n-alkanes having approx. 18 to 31 carbon atoms: 0.7 - 1.0%, slightly branched alkanes having 18 to 31
carbon atoms: 1.0 - 8.0%, 20 aromatics having 14 to 32 carbon atoms: 0.4 - 10.7%, iso- and
cycloalkanes R&¢H§ 260 B carbas s 0 zh 82AWY ok cémipouRfs: 25 ec088%y loss: 6.9 -

19.4%. An improvgdxdass,af pinarahalsigeduesd st £ontant-3peruged hiigogy content, higher

viscosity index, lower pour point) results from hydrogen treatment of the mineral oils
(hydrmsomen%ﬁﬁé‘ri? IRt o SR RMGE hydrotiebfrheRt P dratniskidt Intfe preserca bbhydrogen, this

essentially reduces; aromatic.compergnts and builds up naphthenic components. Valuable information
with regatd to the analysis of mineral oils and a list of mineral oils which have a different composition

can be found, for example, in T. Mang, W. Dresel (eds.): "Lubricants and Lubrication”, Wiley-VCH,
Weinheim 208k <MogierasdpQrszulik teslsaneehemistarand feshnalogy-of Lubrigagis', Blackie
Acadenm:logaggggﬁionalkgg%_géﬂghggfigggéﬁgo§?£§l (meth)acrylamides,
hydroxylalkyl {(meth)acrylates, heterocyclic {(meth)acrylates
and/or carbonyl-containing (meth)acrylates.
10
The hydroxyalkyl (meth)acrylates include
42—hydroxypropyl {meth}acrylate,
3,4-dihydroxybutyl {(meth}acrylate,
2-hydroxyethyl {(meth)acrvlate,
15  3-hydroxypropyl (meth)acrylate,
2,5~dimethy1wi,6—hexanediol (meth) acrylate and

1,10-decanediol (meth)acrylate,

Carbonyl-containing (meth)acrylates comprise, for example,
20  2-carboxyethyl (meth)acrylate,
carboxymethyl (meth)acrylate,
N-{methacryloyloxy) formamide,
acetonyl (meth)acrylate,
mono-2- (methjacryloyioxyethyl succinate,
25 N-{(meth)acryloylmorpholine,
N~ (meth)acryloyl-2-pyrrolidinone,
N-{2- (meth)acryloyloxyethyl)-2-pyrrolidinone,
N-(3- (meth)acxryloyloxypropyl)~2-pyrrolidinone,
N- (2- (meth) acryloyloxypentadecyl) -2-pyrrolidinone,
30 N-{3-{meth)acryloyloxyheptadecyl)-2-pyrrolidinone and
N-{(2- (meth)acxyloyloxyethyl)ethylene urea.

Z~Acetoacetoxyethyl {(meth}acrylate



"Additive fur Sehnzienstgtia’s £xpert-Verlag, RenninggpMalmsheim 199%cr gyptheiic Qilg digelgde
organic esters, for example diesters 15 and polyesters, polyalkylene glycols, polyethers, synthetic
hydrocarbons, especially polyolefins, among which preference is given to polyalphaolefins (PAQs),
silicone oils and perfluoroalkyl ethers. In addition, it is possible to use synthetic base oils originating
from gas to liquid 20(GTL), coal to liquid (CTL) or biomass to liquid (DTL) processes. They are usually
somewhat more expensive than the mineral oils, but have advantages with regard to their

performance. D8N B S GIEYA S ninBFSIYEGHHBRIGR, idrekafié néartsfoot oils or jojoba oils.

Base oils for lyhrcrniilformaulalions aee divided nie groups according to APl (American Petroleum
Institute). 30 Mineral_ails are_divided into g#éup I (ngn-hydrogentreated) and, depending on the degree
i

of saturation, SHRGCortertarid tktodi & St gidums Il and 111 (both  hydrogen-treated). PAOS

correspond toxgroupr¥ Al @therlase-oils areenaompassediia group V. These lubricant oils may
also be uged %s_ { i)ftur% and aELe 5.in man cis}e_s c_ommerciall available. The concentration of the
inventive p.olyalk;%(mme Té%?)ﬁg Oiﬁltﬁgjﬁ?ﬁ%@a oft BHTpURtioRAgpreferably in the range of 0.01 to
30% by weight-meté prefeiabhilircthelrahge«of 10 0.1-20% by weight and most preferably in the range
of 0.5- 15% b% y\{%%@agas?% on the total Wfi.gé]t of the composition. In addition to the polymers
comprising ester groups?gr (e 15 K 4ECSTaARCE With' the invention, the lubricant oil compositions
detailed here MajLalse comprisecfuitheradditives. ZFeseraddithisescinelude VI improvers, pour point
improvers and.D| additives (dispersants, detergents, defoamers, corrosion inhibitors, antioxidants,
antiwear and%yo {egtr%?r%f Béersgg? ?8&%95&3???[%?\2%%% %%%Oé{ld%itionally usable VI improvers
include &8pecially polyalkyl(meth)acrylates having 1 to 30 carbon atoms in the alcohol group (PAMAS;

partly N/-functignal with 25 { i\ntgrgggw gﬁ%@g@%gro?&%{%sd%s C(Fgllisﬁgersa%% antiwear additives

and/or friction modifiers), which differ from the“copolymers deta daim 1, and poly(iso)butenes

(PIE), fumarate-Blefinrcopokiaersistyréne-matedth lcopojyiadrs, hydrogenated styrene-diene
copolymers (§Sk) andalefin 30 £oRRYMEIE (OGB4 acrylate,

N,N-diethylamincpentyl (meth)acrylate,

15 N,N-dibutylaminochexadecyl {meth)acrylate.

In addition, it is possible to use aminoalkyl
(meth)acrylamides as dispersing monomers, such as
N,N-dimethylamincopropyl (meth}acrylamide.

20
In addition, it is possible to use phosphorus-, boron-
and/or silicon-containing {(meth)acrylates as dispersing
monomers, such as
2-{dimethylphosphato)propyl (meth)acrylate,

25 2-(ethylenephosphito)propyl (meth)acrylate,
dimethylphosphinomethyl {(meth)acrylate,
dimethylphosphoneoethyl (meth)acrylate,
diethyl (meth)acryloylphosphonate,
dipropyl (meth)acryloylphogphate,

30  2-(dibutylphosphono}ethyl (meth)acrylate,
2,3~butylene (meth)acryloylethylborate,
methyldiethoxy (meth)acryloylethoxysilane,
diethylphosphatcoethyl (meth)acrylate.



The pour poinjgitnpreyersoinghisle especially polyalkylfmeth)acrylates (Wﬁgbgg\fﬂgo’lﬁt@&%carbon
atoms in the alcohol group. 5 Compilations of VI improvers and pour point improvers for lubricant oils

are also detailed in T. Mang, W. Dresel (eds.): "Lubricants and Lubrication”, Wiley-VCH, Weinheim
2001; R. M. Mortier, S. T. Orszulik (eds.): "Chemistry and Technology of Lubricants”, Blackie
Academic & Professional, 10 London, 2nd ed. 1997; or J. Bartz: "Additive far Schmierstoffe",
Expert-Verlag, Renningen-Malmsheim 1994. Appropriate dispersants include poly(isobutylene)
derivatives, e.g. poly(isobutylene)succinimides (PIESIS); 15 ethylene-propylene oligomers with N/O

functionalities e prefeweddetargents inghide-metal:rontainipg coaPounds, for example

phenoxides; salicylates; thiophosphonates, especially thiopyrophosphonates, thio- 20 phosphonates
and phosphonatds SiBkatkd dd carbbhates B e tats, these Bathpsurds Afay domprise especially

calcium, magnesiuy andl-barympThesa sampouads Maysbe;used praferakly in Beutral or overbased
form. 25 Of particular interest are additionally defoamers, which are in many cases divided into

silicone-contaihifig 2R SilicoRe e dEthantrs. THEKHRY R Atifing GefoaheRIRdIGHE%near

poly(dimethylsiloxare)iand pyelisipoly (direthylsiloxaae), The silicengsftes defoamers which 30 may
be used are in mar% ézrises olyethers, for example poly(ethylene glycol) or tributyl phosphate. In a
ion,

particular configuratigh, e tshte RibricaRt ot nsmay ifse corrosion inhibitors.
These are in mamyasedaivided intoantijusiadditivesand metal passivators/deactivators. The
antirust additi\ée_s liltsned[" magiﬁ inter alia, ?ﬁ sulfon_Lates, fogdexam le petroleumsulfonates or (in many
cases overbased‘f syﬁ ic aﬁ%ﬁl ‘éﬁ?énesuﬁ%ﬁgte%?g:ﬁ? fHor aphthenesulfonate; carboxylic acid
derivativids, foN exampleclanplin {wookfat), oxidiZesedraffing, zingylaphtkenates, alkylated 10 succinic
acids, 4-nony|9ki1eng>%@lcgtiﬁ acid, amidei gﬁr}\d imides (N-acgfgﬁ:osine imidaz%Iine derivatives);

p ; '

amine-neutraliz€d’mono- gnt?ﬁ%’lkﬁ:b%%s ét%s?rrﬁ%fpﬁfélfﬁ |C§/%I%ﬂ%§§71a or diethanolamine.

The metal passiviitorgtdesctidators ilcthde: befzatriazaley 1o telyltriazole :2inieycaptigbenzatbiazole,
dialky1- 2,5-di q{{ﬂ%ggéjz,glﬁggwiadiazole; N,N'-disalicylideneethylenediamine, N,N'-disalicyli-
denepropylenediamine; zinc dialkyldithiophosphates and dialkyldithiocarbamates. 20 A further
preferred group of additives is that of antioxidants. The antioxidants include, for example, phenols, for

example 2,6-diert:buitylphenal (2.6-pJ ,%ML@%%%&%X@'Uenc?n@m@s 2 diteributyl- 25

4-methylphenol, 4,4-methylenebis(2,6-di-tert-buty ; arofhatic amines, especia f?/ alkylated
diphenylamin@&s e phapyy-rraphitbyasied (PNAR polypmetic @, 2;4imetiiddibydnogiimone (TMQ);
compounds containing; sulfiyrand phaspherys.Jar example meta| dithiophosphatgs,

particular preference from the above-detailed heterocyclic
vinyl compounds and/or amincalkyl (meth)acrylates,
20  aminoalkyl (meth)acrylamides and/or heterocyclic

{(meth)acrylates.

In a particular embodiment, especially styrene monomers,
heterocyclic monomers, vinyl ethers and/or vinyl esters are
25 used, preference being given especially to styrene

monomexrs.

The proportion of comonomers can be varied according to tﬁe
end use and profile of properties of the polymer. In

30  general, this proportion may be in the range from 0 to 30%
by weight, preferably 0.01 to 20% by weight and more
preferably 0.1 to 10% by weight. Especially the proportion

of styrene monomers, heterocyclic monomers, vinyl ethers



30 e.g. zinc digrophasphaies &enDTP), "003 triesterg’s= reaction prod%%@!ﬁty%l}%@;ig acid

with activated double bonds from olefins, cyclopentadiene, norbornadiene, a-pinene, polybutene,
acrylic esters, maleic esters (ashless on combustion); organosulfur compounds, for example dialkyl
sulfides, diaryl sulfides, polysulfides, modified thiols, thiophene derivatives, xanthates, thioglycols,
thioaldehydes, sulfur-containing carboxylic 5 acids; heterocyclic sulfur/nitrogen compounds, especially
dialkyldimercaptothiadiazoles, 2-mercaptobenzimidazoles; zinc bis(dialkyldithiocarbamate) and
methylenebis@ki\AditHidearbanfitey Drianopifisphbrst cosmbounds; fonexdmplestrigryl and trialky!

phosphites; 1¢ prganocoppercempoypds angiaverbased qalsium- and magnesiym-b Sognd phenoxides

and salicylates. The preferred antiwear (AW) and extreme pressure (EP) additives include phosphorus
compounds, f8r éxdrRpis Rialki phosphatesciriaki hospbhitesn el dricresgephosphate,
amine-neutralizedimengang digleyl phosphates, ethoxylated mono- and dialkyl phosphates,
phosphites, phosphonates, phosphines; compounds containing sulfur and phosphorus, for example
metal ditfiophosphates, e.g. zinc 20 C3_12dialkyldithiophosphates (ZnDTPs), ammonium

dialkyldithiophnsphates: antimenydialkieithiophesphates melybdepumydialkyldithiophosphates, lead
dialkyldithiophosphates, "O0S triesters" = reaction products of dithiophosphoric acid with activated

double 25 bortfs &R DI Edispthiadiené hotbdinatfche, BipinéneBbijtaane Latrylic esters,
maleic esters tisiphebylphespherethienated PRI rcorppeuRrds senfaining suifyr-and nitrogen, for
example zinc bis{amgl dithiocarbam&ate}_;r methylenebis(di-n-butyl 30 dithiocarbamate); sulfur
compounds cBNtainngG eféhertal Sdifdrshd A28-sUlfitiZed Ryarstarndns @atMyRneirtdene):
sulfurizéd glyeeridestanc:fatty facid esteng;]1 everbasedsuifonates; chlorine compounds or solids such
as graphite or molybdenum disulfide. A further preferred group of additives is that of friction 5
modifiers. The friction modifiers used may include mechanically active compounds, for example
molybdenum €isulfides graphitéinctuding fluprnated igraphite)s pplyéitiluorpatiylene)s polyamide,
polyimide; corﬁg grid%wpichwfk?érpeadé%ptiorrél e sésf%r exam[gle long-chain 10 carboxylic acids, fatty
acid esters, ethers, diconols, amines, amides. imides: compounds WhidiF Rt layBrsirough
tribochemical #eactiopd, foraxampie satratetsfatty deids] phospharicacids=arsthiophospharic esters,
xanthogenates, sulfuyi tt ids; compounds which form polymer-like 15 layers, for example
ethoxy%%]d d%%%bo%ﬁ? %é% %égr%é 3sgt'ers£,)%$algaeph%ﬁglg’?es(,’%nmeﬁﬁécsr?fatgsefpu%%s%tdlrgfeﬁsfatty acids,
sulfurized olefies orvegahvmetalic tompouiids :for example maibdeinh gompooadd ymolybdenum

dithiophosphaigs and melybdenum dithiocarbamates MoDTC) and

Advantageously, the weight ratio of graft to graft base may
20 be in the range from 1:2000 to 1:5, more preferably 1:1000
to 1:10 and more preferably 1:100 to 1:20.

In a preferred modification, the graft may have a very
short chain, this property being determinable by

25 comparative tests in which the graft polymerization is
performed without graft base. In a particular embodiment,
the number-averaged degree of polymerization of the graft
may be at most 10, more preferably at most 5 and more
preferably at most 3 repeat units.

30
Surprising advantages are exhibited especially by
polyalikyl (meth)acrylates which preferably have a specific

viscogity in the range from 4.5 to 50 and egpecially in the



20 their combifgtions yigh4nI3BPs, copper-containigg organic cCompoynds, Soime gf/@g itives

detailed above may fulfill multiple functions. ZnDTP, for example, is primarily an antiwear 25 additive
and extreme pressure additive, but also has the character of an antioxidant and corrosion inhibitor
(here: metal passivator/deactivator). The additives detailed above are described in more detail, 30
inter alia, in T. Mang, W. Dresel (eds.): "Lubricants and Lubrication”, Wiley-VCH, Weinheim 2001, J.
Bartz: ,Additive far Schmierstoffe", Expert-Verlag, Renningen-Malmsheim 1994; R.M. Mortier, S.T.
Orszulik (eds ¥t ahdt Pedtindidgy of babkcantst Brackier Atademic &Prpfessiomal, London,
2nd ed. 1997 Preferred lbrigant @ik sempositions have a viscosity, measured at 40C according to
ASTM D 445, in the range of 10 to 120 mm2/s, more preferably in the range of 15 to 100 mm2/s. The
kinematic viscosity KV100 measured at 100C is preferably at least 2.0 mm2/s, more preferably at least

3.5 mm2is andgosk peeleeally igasi 0,mma/sqLe U pacipuiak asect of thprgsent pyention.
(0]

preferred Jubricant oil compositions have a viscosity index determined according o M D 2270 in
the range50f ToRt6 500" more'Préfétably s five of B toMOGF ARG TRGSAS prefarablytia the

range of 150 tpa350::ta aRarticular aspeat of the-present inveptien, the }@Il%e;s mentioned can
surprisingly be achieved by using predominantl%/ the inventive polyalkylgmetfw)acrylates to 20 improve

the viscosity indéx."TR d Prefetfed-cdiitifation. tHBFefcte, Hreférablyat least Z0%BY @efjHiymore

preferably at leag40% by weightand-especially preferably atdeast 69%s:hy weight of the,compounds
used to improve the viscosity index may be inventive a‘%é))lyalk I(meth)acrylates. 25 Further lubricant oil
a Hi

compositions®f pAticulFRtErast Sre fHosd RhIGHH: -hearVistosity 4 THS fedsuted at
150C oftéit least A6 mPas avore-praferably anleast 2040Bas. The higheshear visgasity HEHS
measured at 100C 30 is Preiffrableat, OSE 10 as, more preferably at most
commerclally available, for example, from Neste under the
NEXBASE 3060 name}, as a solvent at 100°C with the aid of
an Ubbelohde capillary. The size of the Ubbelchde capillary
is selected such that the run times of the pure solvent and

15 of the polymer-containing scolutions are between 200 and 300
seconds. The concentration by mass B in g/ml is selected
such that the run time of the polymer-containing solution
does not exceed that of the pure solvent by more than 10%.
The run times of the polymer-containing sclution and of the

20 solvent and the concentration by mass of the polymer in the

solution can be used to calculate the specific viscosity as

follows:
ﬂ“ﬂn];
qmdﬁcﬁsamﬁynwﬂz—l%m— where

N = viscosity of the solution
25 M= viscosity of the solvent

B = concentration by mass

Polyalkyl (meth)acrylates of particular interest include
those which preferably have a weight-average molecular

30 weight M, in the range from 5000 to 10 000 000 g/mol, more
preferably 10 000 to 1 000 000 g/mol, even more preferably



7 mPas and mestpsaigyanly £3 most 5 mPas. The diffgrence in the high-sheabyiseasiies B §1S which
are measured at 100C and 150C, HTHS100 - HTHS150, is preferably at most 4 mPas, more

preferably at most 3.3 mPas and most preferably at most 2.5 mPas. The ratio of high-shear viscosity
at 100C HTHS100 to high-shear viscosity at 150C HTHS150, HTHS100/HTHS150, is preferably at
most 2.0, more 5 preferably at most 1.9. The high-shear viscosity HTHS can be measured according
to ASTM D4683 at the respective temperature. In an appropriate modification, the permanent shear 10
stability index¥PS%P according t8 WS EMD26G3 Ref B Uk aSdricPpé atnidht ¥6£ 125 minutes) may be
less than or equal to &9, yarepreferably less than or equal to 35. Advantageously, it is also possible
to obtain lubricant oil compositions which have a permanent shear stability index 15(PSSI) according
to DIN 51381 (30 cycles of a Bosch pump) of at most 35, preferably at most 25 and most preferably at

most 5. Wearas hedejermings-fofexample.0n 2 fourhal 20 apparais{MiA)stgndardized
according.to DIN 51350-3 or DIN 51350-5, in which a rotatinC%%llJall is pressed under load onto three

identical Aixed"baie By Wikt af AR uferiBnt Sfthe SphafifaltihsFomhed, thekfear is determined. The

mean is formegd-tof ¢hebidjvideally measuredssphesicabcap2a diaypetess apdfaneachlpad stage (150
N and 300 N). The end result rﬁrported is the sum of the two mean values, resulting from the mean
spherical cap Yrarmater & 158 N'8Ad 300 N. The measurement is preferably commenced at room
temperature; after the test has ended, the temperature is 30 typically not more than 60C. This test is
referred to heg%g%fE%r as’ A tgst. r%reﬁge% Iuabrricant %IFS ﬁé’%}f &ﬁgsent invention achieve, at a load
of 300 N, abrasion valtes (= ek SpRércal tap diameters: iy 1 fHe avetage vERREdetailed
in the eXx@mples,lofdt spestHi3 ynmppreterablylat teost0. T inem:andy® narenpreferakly ag most 0.05
mm. The present Iubrica@ts cebnlbe used .especially as a transmission oil, motqr oil or hydraulic oil.

. . ol . .

Surprising ad\r/néjri:tgggg ¢an be a(%lé\%dges?perc?eﬂ Wr%frcl3 (;1 pr;gesgﬁt 45 an8 most
preferably in the range from 1.6 to 3.0. The number-average
and weight-average molecular weight can be determined by
known processes, for example gel permeation chromatography

15 (GPC) , preferably using a PMMA standard. The molecular
weight of the polymer can preferably be performed prior to

the derivatization thereof with an amine.

The preparation of the polyalkyl (meth)acrylates from the

20  above-described compositions ig known per se. For instance,
these polymers can be obtained especially by free-radical
polymerization, and also related processes, for example
ATRP (= Atom Transfer Radical Polymerization) or RAFT
(= Reversible Addition Fragmentation Chain Transfer).

25
The ATRP process is known per se. Thig reaction regime is
described, for example, by J.-5. Wang, et al., J. Am. Chem.
Soc¢., vol. 117, p. B&14-5615 (1995), by Matyjaszewski,
Macromolecules, vol. 28, p. 7%01-7910 (1995). In addition,

30 patent applications WO 96/30421, WO 97/47661, WO 97/18247,
WO 98/40415 and WO 99/10387 disclose variants of the above-
degcribed ATRP.



10 lubricants g userhingnaqyal, automated manual glouble clutch or gié%c}mfé?fb;lbb@&g%DSGs),
u

automatic and continuous variable transmissions (CVCs). In addition, the present lubricants can be
used especially in transfer cases and axle or differential gearings. 15 The present invention will be
illustrated in detail hereinafter with reference to examples and comparative examples, without any
intention that this should impose a restriction. 20 Examples and comparative examples Methods 25
Determination of the coefficient of friction For measurements of the coefficient of friction, all polymers
were diluted iF NexBd3& 3080 (ARAPIGTenS iV base bilpers: 5aaRadin BFEHSIESdaccording to ASTM

D 4683. The cogffigient of ationyeaguismenis ete canducted.an30 aminifragtipn gragpine from
PCS Instruments under the following conditions: WO 2012/01343242PCT/EP2011 060670 Test Rig
MTM 2 from PEES dristrurherts THaRISkSel, AIS| 89166/ diafbternad6WAMARINIS £ 951630 nime Rockwell

C hardness =£3iElpsticpodulus 7204,GRaBall-SieehAIF132109,. purposes of the

5 discleosure.

In addition, the inventive polymers are obtainable by NMP
processes (nitroxide-mediated polymerization), which are
described in US 4581429 inter alia.

10
One comprehensive description, more particularly with
further references, of these methods is given in
K. Matyjaszewski, T. P. Davis, Handbook of Radical
Polymerization, Wiley Interscience, Hoboken 2002, to which

15  explicit reference is made for the purposes of disclosure.

The free-radical polymerization of the ethylenically
unsaturated compounds can be effected in a manner known per
se. Customary free-radical polymerization is described

20  inter alia in Ullmann's Encyclopedia of Industrial

Chemistry, Sixth Edition.

In the context cf the present invention, the polymerization
is initiated using at least one polymerization initiator

25 for free-radical polymerization. These include the azo
initiators widely known in the specialist field, such as
2,2’ ~azcbisisobutyronitrile, 2,2’ -azchkhis(2,4-
dimethylvalerconitrile) and 1,1~
azobiscyclohexanecarbonitrile, organic peroxides such as

30  dicumyl peroxide, diacyl peroxides such as dilauroyl
peroxide, peroxydicarbonates such as diisopropyl
peroxydicarbonate, peresters such as tert-butyl peroxy-2-

ethylhexanoate, and the like.



diameter . 1996 mmBMS 344%- 13 nm, Rockwell Clgardness = 58 - @&9@%@}1&5@;97 GPa
Speed 5 - 2500 mm/s Temperature 100C Load 30 N = max. Hertzian contact pressure 0.95 GPa.

Slide/roll ratio 50% For evaluation, the area (integral) below the coefficient of friction curve determined
for the candidate is expressed as a ratio to the area for the reference oil. The reference 5 oil used is an
API group 111 oil without addition of film-forming polymers and having an HTHS150 of 3.50 mPas. For
the reference oil, the area was 64.5 mm*s-1 at 100C; see hatched area in figure 1. At 120C, the area
for the refererR@IGiTRAS ol 25,967 mMmMF R0 AfterdetErmminiigle latastorttak chitidate oils, the

reduction in the-goefficiept.eblsistian san-becalculatad-as follows; Reductien in friction (total)
25002500 ffisiction values _reference oil - f friction values _candidate oil - 55 %
especially the following compounds:
methyl ethyl ketone peroxide, acetylacetone peroxide,

5 dilauroyl peroxide, tert-butyl per-2-ethylhexanocate, ketone
peroxide, tert-butyl perocteoate, methyl iscbutyl ketone
peroxide, cyclohexanone peroxide, dibenzoyl peroxide, tert-
butyl peroxybenzoate, tert-butyl peroxyisopropylcarbonate,
2,5-bis{2-ethylhexanoylperoxy) -2, 5-dimethylhexane, tert-

10 butyl peroxy-2-ethylhexanoate, tert-butyl peroxy-3,5,5-
trimethylhexanoate, dicumyl peroxide, 1,1-bis(tert-
butylperoxy) cyclohexane, 1,1-bis(tert-butvlipexroxy)-3,3,5-
trimethylcyclohexane, cumyl hydroperoxide, tert-butyl
hydroperoxide, bis(4-tert-butyleyclohexyl) peroxydi -

15 carbonate, 2,2’-azobisisocbutyronitrile, 2,2'-azobis(2,4-
dimethylvaleronitrile), 1,1-azobigcyclohexanecarbonitrile,
diisopropylperoxydicarbonate, tert-amyl p@roxypivalafe,
di(2,4-dichlorobenzoyl) peroxide, tert-butyl peroxy-
pivalate, 2,2’ -azcbis(2-amidinopropane) dihydrochloride,

20 di(3,5,5-trimethylhexanoyl) peroxide, dioctanoyl peroxide,
didecanoyl peroxide, 2,2"'-azcbis (N,N’' -dimethyleneiso-
butyramidine), di(2-methylbenzoyl) peroxide, dimethyl 2,27 -
azobisisobutyrate, 2,2’-azobis(2-methylbutyronitrile}, 2,5-
dimethyl-2,5-di (2-ethylhexanoylperoxy) hexane, 4,4 -

25 azobis(cyanopentanoic acid), di(4-methylbenzoyl) peroxide,
dibenzoyl peroxide, tert-amyl peroxy-2-ethylhexanocate,
tert—butyl peroxy-zZ-ethylhexancate, tert-butyl peroxyiso-
butyrate and mixtures of the aforementioned polymerization
initiators.

30
According to the invention, very particular preference is
given to polymerization initiators having a half-life of

1 hour at a temperature in the range from 25°C to 200°C,



2500*100 frictyan 2@lize 13faence oil 5 At high slidigg speeds, the ceeffiviapbeffighen isstypically
very small since the high speed results in a 5 large amount of oil being introduced from the areas of
friction into the lubrication gap. With decreasing sliding speed, less and less oil is introduced into the
lubrication gap, and the coefficients of friction rise. It is of particular interest to lower the coefficients of
friction, 10 especially also at low sliding speeds. Therefore, not only is the reduction in friction based
on the overall speed range (5-2500 mm/s) of interest, but also the reduction in friction at low sliding

speeds (2-208 1) 2P rédudtion hFhsfor &Bw beedsds AeeSingi B iRted ad 2 Sfollows: |
Reduction in frigtior {levesgaed) 200200 fiction values, reference il - fictiop:valdes _cand 5 date oil
*100% 200 frictifn valyes _reference ojl 5 20 Wear test on the 4-ball apparatus:

polymerization initlators, especially tert-butyl

peroctoate, are very particularly suitable for the present

5 ©purposes.

The process can be performed either in the presence or in
the absence of a chain transferer. The chain transferers,
also called molecular weight regulators, used may be

10  typical species described for free-radical polymerizations,

as known to those skilled in the art.

The sulfur-free molecular weight regulators include, for
example, without any intention that this should impose a

15  restriction, dimeric a-methylstyrene (2,4-diphenyl-4-
methyl-1l-pentene), enol ethers of zliphatic and/or
cycloaliphatic aldehydes, terpenes, B-texrpinene,
terpinolene, 1,4-cyclohexadiene, 1,4-dihydronaphthalene,
1,4,5,8-tetrahydronaphthalene, 2,5-dihydrofuran, 2,5-

20 dimethylfuran and/or 2,6-dihydro-2H-pyran, preference being

given to dimeric o-methylstyrene.

The sulfur-containing molecular weight regulators used may
preferably be mercapto compounds, dialkyl sulfides, dialkyl

.25 disulfides and/or diaryl sulfides. The following
polymerization regulators are mentioned by way of example:
di-n-butyl sulfide, di-n-octyl sulfide, diphenyl sulfide,
thiodiglycol, ethylthicethanol, diiscpropyl disulfide, di-
n-butyl disulfide, di-n-hexyl disulfide, diacetyl

30 disulfide, diethanol sulfide, di-t-butyl trisulfide and
dimethyl sulfoxide. Compounds used with preference as
molecular weight regulators are mercapto compounds, dialkyl

sulfides, dialkyl disulfides and/or diaryl sulfides.



The Shell foursmllappayatusdyKA) is a test instrumery standardized inlaiN 53 39PPayk 6 49%
determination of the weld load and good load (DIN 51 350 Parts 2 and 3) and various friction and wear

characteristics of lubricants 25(DIN 51 350 Parts 3 and 5). In the standard test, a rotating ball-bearing
ball is pressed under load onto three identical but stationary balls. The test system is widespread in
the lubricants industry in particular and is used routinely therein for product development and quality
control. 5 Wear is determined by visual measurement of the spherical caps formed. The mean is
formed for the r@WabERy Rfedsiféd sEREFGIIRES didifie®iddhd o estiyivadatage #50 N and 300

N). The end reseiiyepesied is:the sy.ab iha. bo meanalues, resuiing frop. theymean spherical cap

10 diameter at 150 N_and 300 N. Polymer characterization: To characterize the polymers, the specific

viscosity was GetéfifiiedSin sVABRFSup I BASEGIFIFSIRNEste INEXSASE 1S308D) at a fixed
polymer concenttstionoThe yaluescdgienpinegd-aie reparted imthe tableshown,belowigmHg. Polymer

synthesis§0 General s‘el\/sglthesis method of the inventive examples; The general synthesis method
which folldws WaE TERwWat for 1l ifvertive poNThers P ERRC PbhmBF &6impbEitieH Lysigméfization

temperature aad iritiates coaient ean bde founddn tabledy Thednenomers ghthehasepalymer
specified in table .1 were used. to E]%’Kz? lgf%a mixture. All of the polymerization oil (= solvent in the
i 30

polymerization)'is initiaily cHargé & B FlaSk Whith WaLBLYibpBE Withihtdinam -

temperature réguationystirren tittogen duekand candenset. oA sufficient amaunt of the monomer
mixture was added to %he initial Eh%%&e.in the reaction flask that oil a%d monomer mixture were

present in a ratio of 9:1. Subseguenty while stirringand ihtddudiighitfddeh, ¥Re TiktiiéWas heated
to reactibf terpperatrerOa attainmentefithe reactidmtemparatune rthespe cifiedameonuntcof 5 initiator

was fed in andat%%%ongrrge%%ed was est%rt%df In ﬁomer%(sam@le%% er%%Lzlnggw (n-dodecyl mercaptan,
nDDM) was used, which was added in the speci%eg dmount to the ThononTar mikturé (only base
polymer). particular preference is given to the use of n-dodecyl

mercaptan and tert-dodecyl mercaptan as chain transferers.

15 The repeat units derived from amine derivatives of a polax
ethylenically unsaturated monomer in the
polyalkyl (meth)acrylate are preferably obtained by a
polymer-analogous reaction after the above-described
preparation of a polyalkyl (meth)acrylate. Accordingly, it

20 is possible with preference first to prepare a polymer with
reactive polar units, the reactive units being reacted with
an amine of the type described above. The reactive polar

units include especially anhydride or epoxide units.

25 The reaction of the reactive polar units present in the
polymer, preferably of the anhydride or epoxide groups,
with amines can be effected typically between 40°C and
18C°C, preferably between 80°C and 180°C and more
preferably between 100°C and 160°C. The amine can

30  preferably be added in an equimoclar amount to the reactive
polar groups, preferably to the anhydride or epoxide
groups. If excess amounts of amine are added, it can

subsequently be removed from the mixture. In the case of



10 The monomer feethcansssied of the remaining mayomer mixture withcthespesiied papuy of
initiator in the feed. The feed was effected homogeneously over 3.5 hours. 2 hours after the feed had

ended, another 0.2% initiator was 15 optionally fed in at the specified reaction temperature. The
mixture was kept at reaction temperature until at least 5 half-lives of the initiator had elapsed. 20 In the
case of performance of a graft polymerization, this was followed by heating to 130C, addition of the
specified amount of graft monomer and initiation of the graft reaction with 0.25% tert-butyl perbenzoate

(tBPB). The afitREEHEPE ihaded Bk IR BMGRT of BESE BoNMEH I 5 Thaadted graft

monomer. 1 apd2-houwsafies connaencementelthe graty reaction: anether 0:125% 1BRR S fed in.
After the last g)dditio of ipitiator, the mixture is stirred at 130C for at least another 3 hours. The

polymerizatiors of BIBE 130 FURGWNIARTABIE 1 \IéreGraft30 polymerizations, the information in
the square brackets describing the composition of the graft base. Table 1: Details of the preparation of
the polymers qued Composition of the %olgm,er [% by wt.] Solids content* [96] Initiator nDDM [%)]

.% =i in o pu Torm he d
Polymer! Zation ferfpsraturs T80 Ex A pure or added’ to the
reaction mixture in a suitable solvent. Preference is given

to polar solvents, especially esters, e.g. butyl acetate or

diisononyl adipate (Plastomoll DNA).

10 According to the nature of the reactive reactant group
converted, water may be formed. For example, in the case of
use of anhydride groups, water is released, which, in a
particular aspect of the present invention, can be removed
- substantially completely from the reaction mixture, it

15 being possible to drive out water, for example, by means of
dry nitrogen. In addition, it is possible to use
desiccants. Volatile sclvents such as butyl acetate, if
used, can be distilled off after the reaction, preferably
under reduced presgsure.

20
The inventive polymers are preferably used to improve
lubricant oil properties. The lubricant oils include

especially mineral oils, synthetic oils and natural oils.

25 Mineral oile are known per se and commercially available.
They are generally obtained from mineral oil or crude oil
by distillation and/or refining and optionally further
purification and finishing processes, the term mineral oil
including in particular the higher-~boiling fractionsg of

30 c¢rude or mineral oil. In general, the boiling point of
mineral oil is higher than 200°C, preferably higher than
300°C, at 5000 Pa. The production by low-temperature

carbonization of shale cil, coking of bituminous coal,



1 [PLMA-cO-Sigp MbEgpl#4a86.3-9.7- 1-3 70 tI3P0 $127% 0.10 100 Exampie 3 daMo«®s7o
EHMAJ-9-MA 68.4-30.1- 1.5 70 tBPO 0.20% 0.05 110 Example

10

15

20

25

30

distillation of brown coal with exclusion of air, and also
hydreogenation of bituminous or brown coal is likewise
possible. Accordingly, mineral oils have, depending on
their origin, different proportions of aromatic, cyclic,

branched and linear hydrocarbons.

In general, a distinction is drawn between paraffin-base,
naphthenic and aromatic fractions in crude oils or mineral
cils, in which the term paraffin-base fraction represents
longer-chain or highly branched iscalkanes, and naphthenic
fraction represents cycloalkanes. In addition, mineral
oills, depending on their origin and finishing, have
different fractions of n-alkanes, isgcalkanes having a low
degree of branching, known as mono-methyl-branched
paraffins, and compounds having heterocatoms, in particular
O, N and/or S, to which a degree of polar properties are
attributed. However, the assignment is difficult, since
individual alkane molecules may have both long-chain
branched groups and cycloalkane radicals, and aromatic
parts. For the purposes of the present invention, the
assignment can be effected accoxding to DIN 51 378, for
example. Polar fractions can alsc be determined according

te ASTM D 2007.

The proporticn of n-alkanes in preferred mineral oils is
less than 3% by weight, the fraction of 0-, N- and/or
S-containing compounds less than 6% by weight. The fraction
of the aromatics and of the mono-methyl-branched paraffins
is generally in each case in the range from 0 to 40% by
weight. In one interesting aspect, mineral oil compriseg
mainly naphthenic and paraffin-base alkanes which have
generally more than 13, preferably more than 18 and most

preferably more than 20 carbon atoms. The fraction of these



3 [PLMA-co- NI AJeg-2YA B3439.7- 3 70 t2P0 0.24%8@.19 110 Exampledi pE vy ce-Abs piy]-9-MA
86.3-9.7- 1-3 55 tBP0 0.35% 90 Example

10

15

20

25

30

compounds is generally = 60% by weight, preferably = 80% by
weight, without any intention that this should impose a
restriction. A preferred mineral oil contains 0.5 to 30% by
welght of aromatic fractioms, 15 to 40% by weight of
naphthenic fractions, 35 to 80% by weight of paraffin-base
fractions, up to 3% by weight of n-alkanes and 0.05 to 5%
by weight of polar compounds, based in each case on the

total weight of the mineral cil.

An analysis of particularly preferred mineral oils, which
was effected by means of conventional processes such as
urea separation and liguid chromatography on silica gel,
shows, for example, the following constituents, the
percentages relating to the total weight of the particular
mineral oil used:

n-alkanes having approx. 18 to 31 carbon atoms:

0.7 - 1.0%,

glightly branched alkanes having 18 to 31 carbon atoms:
1.0 - 8.0%,

aromatics having 14 to 32 carbon atoms:

0.4 - 10.7%,

iso- and cycloalkanes having 20 to 32 carbon atoms:

60.7 - B2.4%,

polar compounds:

0.1 - 0.8%,

loss:

6.9 - 15.4%.

An improved class of mineral oils (reduced sulfur content,
reduced nitrogen content,.higher viscosity index, lower
pour point) results from hydrogen treatment of the mineral
oils (hydroisomerization, hydrocracking, hydrotreatment,

hydrofinishing). In the pregence of hydrogen, this
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eggentially reduces aromatic components and builds up

naphthenic components.

Valuable information with regard to the analysis of mineral
oils and a list of mineral oils which have a different
composition can be found, for example, in T. Mang, W.
Dregel (eds.): "Lubricants and Lubrication”, Wiley-VCH,
Weinheim 2001; R.M. Mortier, S.T. Orszulik (eds.):
"Chemistry and Technology of Lubricante”, Blackie Academic
& Professional, London, 2™ ed. 19%7; or J. Bartz:

"Additive flr Schmierstoffe", Expert-Verlag, Renningen-

Maimsheim 1994.

Synthetic oils include organic esters, for example diesters
and poly@sters,.polyalkylene glycols, polyethers, synthetic
hydrocarbons, especially polyolefins, among which
preference is given to polyalphaclefins (PACs), silicone
0ils and perfluorcalkyl ethers. In addition, it is possible
to use synthetic base oils originating from gas to ligquid
(GTL) , coal to liguid (CTL) or biomass to liguid (RTL)
processes. They are usually somewhat more expensive than
the mineral oils, but have advantages with regard toc their

verformance.

Natural oilg are animal or vegetable oils, for example

neatsfoot oils or jojoba oils.

Bagse oils for lubricant cil formulations are divided into
groups according to API (American Petroleum Institute).
Mineral oils are divided into group I {(non-hydrogen-
treated) and, depending on the degree of saturation, sulfur

content and viscosity index, into groups II and III (both
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hydrogen-treated). PAOs correspond to group IV. All other

base cils are encompassed in group V.

These lubricant oils wmay alsoc be used as mixtures and are

in many caseg commercially available.

The concentration of the inventive polyalkyl {meth)acrylate
in the lubricant oil composition is preferably in the range
of 0.01 to 30% by weight, more preferably in the range of
0.1-20% by weight and most preferably in the range of 0.5-
15% by weight, based on the total weight of the composi-

tion.

- In addition to the polymers comprising ester groups for use

in accordance with the invention, the lubricant oil
compositions detailed here may also comprise further
additives. These additives include VI improvers, pour point
improvers and DI additives (dispersants, detergents,
defoamers, corrosion inhibitors, antioxidants, antiwear and

extreme pregsure additives, friction modifiers).

The additionally usable VI improvers include especially
polyalkyl {(meth)acrylates having 1 to 30 carbon atoms in the
alcohol group (PAMAs; partly N/O-functional with
advantageous additional properties as dispersants, antiwear
additives and/or friction modifiers), which differ from rhe
copolymers detailed in claim 1, and poly(iso)butenes (PIB),
fumarate-olefin copolymers, styrene-maleate copolymers,
hydrogenated styrene-diene copolymers (HSD) and olefin

copolymers (OCP) .



[%] Polymeri-wsatipn 1empesatsiee [CC] Example 8 Pas Sty-NVP1-g-MA&HA/Edsh 1h-265 6@ 1gPO
0.30% 100 Example 9 [pLco- hPBDMA]-g-MA 7215-10 -3

The pour point improvers include especially
polyalkyl {meth)acrylates (PAMA=) having 1 to 30 carbon

atoms in the alcohol group.

S Compilations of VI improvers and pour point improvers for

lubricant oils are also detailed in T. Mang, W. Dresel

(eds.): "Lubricants and Lubrication", Wiley-VCH, Weinheim
2001; R. M. Mortier, 8. T. Orszulik {(edsg.): "Chemistry and
Technology of Lubricants", Blackie Academic & Professional,

10  London, 2nd ed. 1997; or J. Bartz: "Additive flr

Schmierstoffe", Expert-Verlag, Renningen-Malmsheim 1994.

Appropriate digpersants include poly(isobutylene) deri-
vatives, e.g. poly{iscbutylene)succinimides (PIBSIs);

15 ethylene-propylene oligomers with N/O functionalities.

The preferred detergents include metal-containing
compounds, for example phenoxides; salicylates; thio-
phosphonates, especially thiopyrophosphonates, thio-

20  phosphonates and phosphonates; sulfonates and carbonates.
As metals, these compounds may comprige especially calcium,
magnesium and barium. These compounds may be used

preferably in neutral or overbased form.

25 Of particular interest are additionally defoamers, which
are in many cases divided into silicone-containing and
silicone-free defoamers. The silicone-containing defoamers
include linear poly (dimethylsiloxane) and cyclic
poly (dimethylsiloxane). The gilicone-free defoamers which

30 may be used are in many cases polyethers, for example

poly (ethylene glycol) or tributyl phosphate.



70 ti3P0 0.20%0100 ExAosa 19 p-co-CLMA 95.9-4.4670 tBPO 0.25% D33 5xanpls7o
pLMA-co-MMA- Sty-MA 87- 6 -6 - 1 50 tEPO 0.5%

In a particular configuration, the inventive lubricant oil
compositions may comprise corrosion inhibitors. These are
in many cases divided into antirust additives and metal
passivators/deactivators. The antirust additives used may,
5 inter alia, be sulfonates, for example petroleumsulfonates
or (in many cases overbased) synthetic
alkylbenzenesulfonates, e.g. dinonylnaphthenesulfonate;
carboxylic acid derivatives, for example lanolin {(wool
fat), oxidized paraffins, zinc naphthenates, alkylated

10 succinic acids, 4-nonylphenoxyacetic acid, amides and
imides (N-acylsarcosine, imidazoline derivatives); amine-
neutralized mono- and dialkyl phosphates; morpholine;
dicyclohexylamine or diethanclamine. The metal
passivators/deactivators include benzotriazole,

15  tolyltriazole, 2-mercaptobenzothiazole, dialkyl-
2,5-dimercapto-1,3,4-thiadiazole;
N,N'-disalicylideneethylenediamine, N,N'-disalicyli-
denepropylenediamine; zinc dialkyldithiophosphates and
dialkyldithiocarkbanmates.

20
A further preferred group of additives is that of
antioxidants. The antioxidants include, for example,
phenols, for example 2,6-di-tert-butylphencl (2,6-DTB),
butylated hydroxytoluene (BHT), 2,6-di-tert-butyl-

25 4-methylphenol, 4,4'-methylenebis(2,6-di-tert-butylphenol) ;
aromatic amines, especially alkylated diphenylamines,
N-phenyl-1l-naphthylamine {(PNA), polymeric
2,2,4-trimethyldihydroquinone (TMQ); compounds containing
sulfur and phosphorus, for example metal dithicphosphates,

30 e.g. zinc dithiophosphates (ZnDTP), "Q0S triesters"
reaction products of dithiophosphoric acid with activated

double bonds from clefins, cyclopentadiene, norbornadiene,

g-pinene, polybutene, acrylic esters, maleic esters



100 Example @8 [t 044,6013%3 A 87 - 6- 1 50 ti3PB6.5% 100 ExampledAmiddAccolibbAoMA
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(ashless on cowmbustion); organosulfur compounds, for
example dialkyl sulfides, diaryl sulfides, polysulfides,
modified thiols, thiophene derivatives, xanthates,
thioglycols, thicaldehydes, sulfur-containing carboxylic
5 acids; heterocyclic sulfur/nitrogen compounds, especially
dialkyldimercaptothiadiazoles, 2-mercaptobenzimidazoles;
zinc bis{dialkyldithiocarbamate) and
methylenebis({dialkyldithiocarbamate); organcphosphorus
compounds, for example triaryl and trialkyl phosphites;
10 organocopper compounds and overbased calcium- and

magnesium-based phenoxides and salicylates.

The preferred antiwear (AW) and extreme pressure {EP)
additives include phosphorus compounds, for example

15 trialkyl phosphates, triaryl phosphates, e.g. tricresyl
phosphate, amine-neutralized mono- and dialkyl phosphates,
ethoxylated mono- and dialkyl phosphates, phosphites,
phesphonates, phosphines; compounds containing sulfur and
phosphorus, for example metal dithiophosphates, e.g. zinc

20  Ci.ipdialkyldithiophosphates (ZnDTPs), ammonium
dialkyldithiopheosphates, antimony dialkyldithiophosphates,
molybdenum dialkyidithiophosphates, lead
dialkyldithiophosphates, “OOS.triesters" = reaction
products of dithicphosphoric acid with activated double

25 Dbonds from olefins, cyclopentadiene, norbornadiene,
D-pinene, polybutene, acrylic esters, maleic esters,
triphenylphosphorothionate (TPPT); compounds containing
sulfur and nitrogen, for example zinc bis (amyl
dithiocarbamate) or methylenebis{di-n-butyl

30 dithiocarbamate); sulfur compounds containing elemental
sulfur and H;S-sulfurized hydrocarbons (diiscbutylene,

terpene) ; sulfurized glycerides and fatty acid esters;



* after polymewzazion Zheumnepamers used were ablyrgviated as followsPibA alky | eethacsylate
having 12 to 15 carbon atoms 5 in the alkyl radical EHMA:ethylhexyl methacrylate GLMA:glycidyl
methacrylate LMA:alkyl methacrylate having 12 to 14 carbon atoms in the alkyl radical 10 MMA:methyl
methacrylate MSA:maleic anhydride NVP:N-vinylpyrrolidone SMA:alkyl methacrylate having 16 to 18
carbon atoms in the alkyl radical 5 Sty:styrene hPEDMA: macromonomer: methacrylate of a
hydrogenated pol gutadi ne The resulting polymers were derivatized with an amine in a 10
polymer-anal8§§t¥ Fé%%ﬂeoﬁp%ﬁé’ﬂﬁgiﬁ antrynae AT SPGRERAT nethgerdise piesght #Fthe
polymers wassteasted with theamibesMNmphebyll d:phenylenediamine (DPA) or _
N,N-dimethylaminopropylamine (DMAPA), listed in table 2 at about 140C. The amine was added in
equimolar amounts to MA 15 or GLMA. The amine was either added in pure form or diluted in a
suitable solvemt fRreféersed pxafpies-aredhutybacetatederiRlasiomal EDNAs Anyivater farmed was

driven Oy by b'%";ﬂ@ in Eglry @%@gggnglaﬂle solge%ts such as b t@ce‘tate if any are used, have to

be distilled off again 20 drder reduced preasure after-fie reREf & VEATE fully converted

polymers Weneqﬁlim@edtmﬂlbypa{ymeveomanpspedﬁgd afier thezend of th@lr‘?ﬁd_t_ﬁ@ﬂzﬁnd o_ptionally
pressure-filtefefLtbiuaLa dspd} it daysl I Ao 1Y ANA D compesiiqns obtained are
poly (trifluorcethylene), polyamide, polyimide; compoundsg
which form adsorption layers, for example long-chain
10 carboxylic acids, fatty acid esters, ethers, alcohols,
amines, amides, imides; compounds which form layers through
'tribochemical reactions, for example saturated fatty acids,
phosphoric acid and thiophosphoric esterg, xanthogenates,
sulfurized fatty acids; compounds which form polymer-like
15 layers, for example ethoxylated dicarboxylic acid partial
esters, diélk?l phthalates, methacrylates, unsaturated
fatty acids, sulfurized olefins or organometallic
compounds, for example molybdenum compounds (molybdenum
dithiophosphates and molybdenum dithiocarbamates MoDTC) and
20 their combinations with ZnDTPs, copper-containing organic

compounds .

Some of the additives detailed above may fulfill multiple

functions. ZnDTP, for example, ig primarily an antiwear
25 additive and extreme pressure additive, but algo has the

character of an antioxidant and corrosion inhibitor (here:

metal passivator/deactivator).

The additives detailed above are described in more detail,

30 inter alia, in T. Mang, W. Dresel (eds.): “Lubricants and
Lubrication”, Wiley-VCH, Weinheim 2001; J. Bartz: ,Additive
fhr Schmierstoffe™, Expert-Verlag, Renningen-Malmsheim

1594; R.M. Mortier, S.T. Orszulik (eds.): “Chemistry and
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Technology of Lubricants”, Blackie Academic & Professional,

London, 2™ ed. 1997.

Preferred lubricant oil compositions have a viscosity,
measured at 40°C according to ASTM D 445, in the range of
10 to 120 mn®/s, more preferably in the range of 1% to
100 mm*/g. The kinematic viscosity KVi,, measured at 100°C
is preferably at least 2.0 mn’/s, more preferably at least

3.5 mm’/s and most preferably at least 4.0 mm?/s.

In a particular aspect of the present invention, preferred
lubricant oil compositions have a viscesity index
determined according to ASTM D 2270 in the range of 100 to
500, more preferably in the range of 125 to 400 and most
preferably in the range of 150 to 350.

In a particular aspect of the present invention, the values
mentiocned can surprisingly be achieved by using
predominantly the inventive polyalkyl {(meth)acrylates to
improve the viscosity index. In a preferred configuration,
therefore, preferably at least 20% by weight, more
preferably at least 40% by weight and especially preferably
at least 60% by weight of the compounds used to improve the

vigcosity index may be inventive polyalkyl (meth)acrylates.

Further lubricant oil compositions of particular interest
are those which have a high-shear viscosity HTHS measured
at 150°C of at least 1.6 mPas, more preferably at least
2.0 mPas. The high-shear viscosity HTHS measured at 100°C
is preferably at most 10 mPas, more preferably at most

7 mPas and most preferably at most 5 mPas. The difference
in the high-shear viscosities HTHS which are measured at

100°C and 150°C, HTHS;5 - HTHS:s, is preferably at most
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4 mPas, more preferably at most 3.3 mPas and most
preferably at most 2.5 mPas. The ratioc of high-shear
viscosity at 100°C HTHS1gp to high-shear viscosity at 150°C
HTHS:50, HTHS:00/HTHSi50, is preferably at most 2.0, more
preferably at most 1.9. The high-shear viscosity ETHS can
be measured according to ASTM D4683 at the respective

temperature.

In an appropriate modification, the permanent shear
stability index (PSSI) according to ASTM D2603 Ref. B
(ultrasound treatment for 12.5 minutes) may be less than or
equal to 50, more preferabiy less than or equal to 35.
Advantageously, it is also possible to obtain lubricant oil
compogitions which have a permanent shear stability index
{PSSI) according to DIN 51381 (30 cycles of a Bosch pump)
of at most 35, preferably at most 25 and most preferably at

most 5.

Wear can be determined, for example, on a four-ball
apparatus (VKA) standardized according to DIN 51350-3 or
DIN 51350-5, in which a rotating ball is pressed under load
onto three identical fixed balls. By visual measurement of
the spherical caps formed, the wear is determined. The mean
is formed for the individually measured spherical cap
diameters and for each load stage (150 N and 300 N). The
end result reported is the sum of the two mean values,
resulting from the mean spherical cap diameter at 150 N and
300 N. The measurement is preferably commenced at room
temperature; after the test has ended, the temperature is
typically not more than 60°C. This test ig referred to

hereinafter as VKA test.



DPA 45 28.98vExaapz2/10 BP¥250 10.29 Example 141DPA 48.6 14.48txample d2iRDBP604S.6 16.19
Example 13 DPA 48.6 15.61 The above-detailed polymers of examples 1 to 5 which have been
reacted with the amines according to table 2 were 5 analyzed by the above methods. In addition, the
viscosity index of lubricant oil compositions was determined, these data being described in table 3.
The resulting values in

Preferred lubricant oils of the present invention achieve,
at a load of 300 N, abrasion values (= mean spherical cap

diameter), according to the average values detailed in the
examples, of at most 0.3 mm, preferably at most 0.1 mm and

5 more preferably at most 0.05 mm.

The present lubricants can be used especially as a
transmission oil, motor oil or hydraulic oil. Surprising
advantages can be achieved especially when the present

10 lubricants are used in manual, automated manual, double
clutch or direct-shift gearboxes (DSGs), automabic and
continucus variable transmissions (CvCs). In addition, the
present lubricants can be used especially in transfer cases

and axle or differential gearings.

15
The present invention will be illustrated in detail
hereinafter with reference to examples and comparative
examples, without any intention that this should impose a
restriction.

20

Examples and comparative examplesg

Methods

25 Determination of the coefficient of friction

For measurements of the coefficient of friction, all

polymers were diluted in Nexbase 3060 (an API group ITII

base o0il) to 3.5 mPas in HTHS150 according to ASTM D 4683.

The cecefficient of friction measurements were conducted on
30 a mini traction machine from PCS Instruments under the

fellowing conditions:



relation to theWwmpeaverdénsidxpefficient of friction age shown in table ¢clihEmesasuparvertsgeported
under reference 10 relate to the base oil used. Table 3: Viscosity data Formulation KV40C [mm2/s]
KV100C [mm2/s] VI Example 1 8.0% in Nexbase 3060 66.42 13.20 205 Example 2 7.65%in Nexbase
3060 68.80 13.01

Test Rig MTM 2 from PCS Instruments

Disk Steel, AISI 52100,
diameter = 46 mm
RMS = 25 - 30 nm, Rockwell C

hardness 63

it

Elagtic modulus = 207 GPa

Ball Steel, AISI 52100,

diameter 19.05 mm

i

RMS = 10 - 13 nm, Rockwell C
hardness = 58 - &5

Elastic modulus = 207 GPa

Speed 5 - 2500 mm/s

Temperature | 100°C

Licad 30 N = max. Hertzilan contact

pressure 0.95 GPa.

Slide/roll 50%

ratic

For evaluation, the area (integral} below the coefficient
of friction curve determined for the candidate is expressed
as a ratio to the area for the reference o0il. The reference
5 o©il used is an API group III oil without addition of film-
forming polymers and having an HTHS150 of 2.50 mPas. For

1

the reference oil, the area was 64.5 mm*s ~ at 100°C; see

hatched area in figure 1. At 120°C, the area for the
reference oil was only 45.96 mm*s .

10
After determining the areas for the candidate oils, the
reduction in the coefficient of friction can be calculated

as follows:



193 Example B@®.8%lia Neaxas2 3060 67.80 13.34 208 Example 4 8.1§%mifﬁl§e>dua§eoﬁlﬁ3ié4.08 9.86
203 Example 5 20.7%in Nexbase 3060 67.12 11.48 166 Example 7 9.6% in RMF 5/2 (150 N oil) 95.06
16.39 186

Reduction in friction {(total)

2500 2500
j. Jriction values reference oil ~ j Jriction values candidate oil
5

=2 *100%

2508
j friction values reference oil
5

At high sliding speeds, the coefficient of friction is
typically very small since the high speed results in a

5 large amount of o0il being introduced from the areas of
friction into the lubrication gap. With decreasing sliding
speed, less and less oil 1s introduced into the lubrication
gap, and the coefficients of friction rise. It ig of
particular interest to lower the coefficients of friction,

10  especially aiso at low sliding speeds. Therefore, not only
is the reduction in friction based on the overall speed
range (5-2500 mm/s} of interest, but also the reduction in
friction at low sliding speeds (2-200 mm/s). The reduction
in friction at low speeds is accordingly calculated as

15 follows:

Reduction in friction {(low sgpeed)

200 200
I Sriction values _reference oil — J. Jriction values candidate oil

s 3 *100%

200
j Jriction values _reference oil
5

20 Wear test on the 4-ball apparatus:

The Shell four-ball apparatus (VKA) is a test instrument
standardized in DIN 51 35C Part 1 for determination of the
weld load and good load (DIN 51 350 Parts 2 and 3) and
various friction and wear characteristics of lubricants

25 (DIN 51 350 Parts 3 and S5). In the standard test, a
rotating ball-bearing ball is pressed under load onto three

identical but stationary balls. The test system is



Example 8 9.696 ir2 RM 8AB@BD N oil) 111.1 18.68 289 Example 9 10%67%y ReRMF 3424050 N 0il)
101.7 20.39 226 Example 10 13.5%in Nexbase 3060 60.57 11.57 189 Example 11 11.8%in Nexbase
3060 57.59 11.13 190

widespread in the Iubricants industry in particular and is
used routinely therein for product development and guality

control,

S5 Wear is determined by visual measurement of the spherical
caps formed. The mean is formed for the individually
measured spherical cap diameters and for each load stage
(150 N and 300 N). The end result reported ig the sum of
the two mean values, resulting from the mean spherical cap

10  diameter at 150 N and 300 N.

Polymer characterization:

To characterize the polymers, the gpecific viscosity was
determined in an API group III base oil from Neste (NEXBASE
15 3060} at a fixed polymer concentration. The values

determined are reported in the table shown below in ml/g.
Polymer synthesgis
20 General synthesis method of the inventive examples:

The general synthesis method which follows was followed for
all inventive polymers; the exact polymer composition,
polymerization temperature and initiator content can be

25 found in table 1.

The monomers of the base polymer specified in table 1 were
used to make up a mixture. All of the polymerization oil
(= solvent in the polymerization) is initially charged in
30 the reaction flask, which was equipped with internal
temperature regulation, stirrer, nitrogen inlet and
condensger. A sufficient amount of the monomer mixture was

added to the initial charge in the reaction flask that oil



Example 12 T06%0a 2¥Exbz48 83060 58.58 11.07 1865Example 13 11%dITNBRbﬂSﬂ.30@QJ55f31 1112
199 Nexbase 3060 is a commercially available group Il oil REF 5/2 is a commercial 150 N oil 5.1n
addition, the inventive lubricants exhibit an excellent high-shear viscosity HTHS measured at 150C,
with values determined for some examples in the range from 3.19 (example 12) to 3.83 (example 5).
WO 2012/01343251PCT/EP2011/060670 Table 4: Coefficients of friction Total area Low- speed area
Inuxovmneménd monomer mixture were present in a ratic of 9:1.
Subgequently, while stirring and introducing nitrogen, the
mixture was heated to reaction temperature. On attainment
of the reaction temperature, the gpecified amount of

5 initiator was fed in and the monomer feed was started.

In some examples, a regulator (n-dodecyl mercaptan, nDDM)
was used, which was added in the egpecified amount to the
monomer mixture (only base polymer).

10
The monomer feed consisted of the remaining monomer mixture
with the specified amount of initiator in the feed. The
feed was effected homogeneously over 3.5 hours. 2 hours
after the feed had ended, another 0.2% initiator was

15  opticnally fed in at the specified reaction temperature.

The mixture was kept at reaction temperature until at least

5 half-lives of the initiator had elapsed.

20 In the case of performance of a graft polymerization, this
was followed by heating to 130°C, addition of the specified
amount o©f graft monomer and initiation of the graft
reaction with 0.25% tert-butyl perbenzoate (tRBPB). The
amount of tBPB is based on the amount of base polymer plus

25 the added graft monomer. 1 and 2 hours after commencement
of the graft reaction, another 0.125% tBPB ig fed in. After
the last addition of initiator, the mixture is stirred at
130°C for at least another 3 hours. The polymerizations of
examples 1 to 9 shown in table 1 were graft

30 polymerizations, the information in the square brackets

describing the composition of the graft base.



in friction Totaidn'%mpmmt in friction Low speesl in % Referencer64.pds3,8% 0/@ 8dsEyample 1

53.83 5.02 16.6 45.7 Example 2 61.40 6.91 4.8 25.3 Example 3 54.58

Table 1: Details of the preparation of the polymers used

Composition Solids Initiator | nDDM Polymeri -
of the content* [%] zation
polymer (%] temperature
[% by wt.] [eC]
[pLMA-co-Sty-
Example MMAL -g-MA tBPO
70 0.10 100
1 86.3 - 5.7 -~ 0.27%
-3
[pLMA-cO-
Example EHMA] ~g-MA TBPO
70 0.05 110
2 8.4 - 30.1 - 0.20%
1.5
[pPLMA-cO-
Example MMA] -g-MA tBEO
70 0.19 110
3 87.3 - 9.7 - 0.24%
3
[pLMA~co~MMA-
Example Styl ~g-MA tBPO
55 - 90
4 86.2 ~ 9.7 - 0.35%
i~ 3
[pPIMA-DPMA-
Example SMA-MMAT -g-MA tBPO
75 0.30 1310
5 B&.2 - 0.2 - 3.7%
0.2 - 8.7 -~ 3
{PLMA - co-MMA -
Sty-MA] -g-NVP
Example tBPO
8G6.7 ~ 8.2 - 55 -~ 20
& 0.30%
0.9 - 0.2 -
5.3
[pLMA~co~MMA-
Example Sty-~MA] ~g-MA LBPO
70 -- 100
7 4.1 -~ 1 - 1 0.30%
-1 - 2.9




5.47 15.4 40.9exafmile’ 155422 4.92 18.9 46.8 Exarhiple 5 55.07 5.16 246/4420Th¢ cexdtson table 4
show clearly that the inventive polymers lead to a distinct decrease in the coefficients of 5 friction.
Particularly in the region of the low sliding speeds, which often occur in real applications and are
therefore of particular interest, reductions in the coefficient of friction of more than 50% are achievable.
10 The results also show that styrene containing polymers exhibit better friction characteristics than

the correspontirg-styren

distinct effect;

the compatibjlity of the in

(Infineum C9201) was ad

%0 ts—Even Snuu.” amoeuhis Cf Sfyr Re nf -Fnr nvamnln 1% show a
compare exampﬁ‘gfil}o styreng}witlsexamples 2 and 3 (no sty enec) {{E@%ﬁladd tion,
ventivefpéfytners with commerc ![al PIE suce nimidés (Infinewwrh i©8201) was
. . . conte aft e .
studied. 20 Hor this purpgse, 19%1y-wieight (active substancet) of'a commercial ngngggg@@@e
dequge (%]
% by wt.] [°Cl]
[PLMA-~co-MMA-
Example Sty -NVP] -g-MA EBEC
70 100
8 94.1 - 1 - 1 0.30%
-1 - 2.9
[PLMA-co-MMA-
Example hPBDMA] -g-MA EBPO
70 100
9 72 - 15 - 10 0.20%
- 3
Example pLMA-co-GLMA £BPO
70 100
10 95.9 - 4.1 0.25%
PLMA-co-MMA-
Sty-MA
Example LBPO
87 - 6 - 6 - 50 100
11 0.5%
1
pLMA-co-8ty-
Example tBPO
MA 50 100
12 0.5%
87 - 6 ~ 1
pIMA~co~-MMA -
Example tBFO
MA 50 100
13 0.5%
87 -~ 12 - 1

10

* after polymerization

The monomersg used were abbreviated ag follows:

DPMA :

alkyl methacrylate having 12 to 15 carbon atoms

in the alkyl radical

BEHMA -
GLMA ;
LMA :

ethylhexyl methacrylate

glycidyl methacrylate

alkyl methacrylate having 12 to 14 carbon atoms

in the alkyl radical

MMA :

methyl methacrylate



coefficient of flieticd hiabElBdm@nts were conducteddsnd evaluated as Besghifrerbabg\oes bt the
measurement WO 2012/01343252PCT/EP2011/060670 temperature was 120C. The results of the
evaluation are summarized in table 5.  Table 5: Coefficients of friction with and without addition 5 of
PIE succinimide Total area without PIBSI Low-speed area without PIBSI Total area with PIES'
Low-speed area with PIBSI Reference 45.96 8.43 45.96

10
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MSA: maleic anhydride
NVP: N-vinylpyrrolidone
SMA : alkyl methacrylate having 16 to 18 carbon atoms

in the alkyl radical

Sty styrene
hPBDMA macromeonomer: methacrylate of a hydrogenated
polybutadiene

The resulting polymers were derivatized with an amine in a
polymer-analogous reaction. The maleic anhydride (MA) or
glycidyl methacrylate present in the polymers was reacted
with the amines, N-phenyl-1,4-phenvlenediamine {DPA)} or
N,N-dimethylaminopropylamine (DMAPA), listed in table 2 at
about 140°C. The amine was added in equimolar amounts to MA
or GLMA. The amine was either added in pure form or diluted
in a suitable solvent. Preferred examples are butyl acetate
or Plastomoll DNA. Any water formed was driven out by
blowing in dry nitrogen. Volatile solvents such as butyl
acetate, if any are used, have to be distilled off again
under reduced pressure after the reaction. The inventive,
fully converted polymers were diluted to the polymer
content specified after the end of the reaction and
opticnally pressure-filtered through a depth filter layer.
The amines used and the compogitions obtained are shown in

table 2.



8.43 ExampleW®42.05%/06 22382 5.98 The results sh®w that the preserteppolymer asseptially retains

the excellent improvement in coefficient of friction, even in the case of addition of PIBSI, and a 10

slight improvement therein can be measured in the low-speed range. In addition, the wear
characteristics were determined in a fully formulated oil with addition of a commercially 15 available
ashless antiwear package. In this case, the inventive polymer according to example 1 was diluted to a

KV100 of 9'501"'%]0”1%3/8%” a mixture of APE Core 80N : APE Core 150N = 70:30. The oil contained

about 0.90% by weight of the ashless antiwear package mentioned. The results of the 20 wear test are

visible on the

was

shown in table 6. If a spherical dap diameter of 0.00 mnpisl reperted-astheayesult, no spherical cap
ball (= no wear, only negligible, unmeasurable plastic deformation)n&he ©il Wase ¢
determined twice for each load stage: 1ga 1EB: Wear datd Bdl ?%@B%ini to example.1
[%]
Example 1 DPA 58.4 22.28 mL/g
Example 2 DMAPA 60 24.88 mL/qg
BExample 3 DPA 58.6 21.12 nL/g
Example 4 DPA 50.6 23.40 mL/g
Example 5 DPA 62.1 6.29 mL/g
Example & DMAPA 40 not determined
Example 7 DPA 50 not determined
Example 8 DPA 50 not determined
Example 9 DPA 45 28.98
| Example 10 DPA 50 10.29
Example 11 DRA 48.6 14 .48
Example 12 DPA 48.6 16.19
Example 13 DPA 48.6 15.61

10

The above-detailed polymers of examples 1 to 5 which have

been reacted with the amines according to table 2 were

analyzed by the above methods.

In addition,

the viscositcy

index of lubricant o©il compositions was determined, these

data being described in table 3. The resulting values in

relation to the improvement in coefficient of friction are

gshown in table 4. The measurements reported under reference

relate f£o the base oil uged.
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Table 3: Viscogity data

. Kv40°C KV1lgoeC
Formulation
[mm?/s] fmz /g) VI

8.0% in Nexbase

Example 1 56 .42 13.20 205

3060

7.65% 1in

Example 2 68.80 13.01 193
Nexbase 3060
8.6% in Nexbase

Example 3 587 .80 13.34 203
3060
8.15% in

Example 4 44 .08 9.86 203
Nexbage 3060
20.7% in

Example 5 67.12 - 11.48 166
Nexbase 3060
9.6% in RMF 5/2

Exampie 7 ) 95.06 16.39 186
(150 N oil)
9.6% in RMF 5/2

Example 8 ) 111.1 18.68 189
(150 N o1l) :
10.67% in RMF

Example 9 . 101.7 20.39 226
5/2 (150 N oil)
13.5% in

Example 10 60.57 i1.57 189
Nexbase 3060
11.8% in

Example 11 57.58 11.13 190
Nexbase 3060
10.6% in :

Example 12 58.58 11.07 i85
Nexbase 3060
11% in Nexbasge

Example 13 3060 55.31 11.12 199

Nexbasge 3060 is a commercially available group III oil

RMF 5/2 is a commercial 150 N oil

5 In addition, the inventive lubricants exhibit an excellent
high-shear viscosity HTHS measured at 150°C, with values
determined for some examples in the range from 3.19

(example 12} to 3.83 (example 5).
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Table 4: Coefficients of friction

Low- Improvement | Improvement in
Total
speed in friction friction
area
area Total in % Low speed in %
Reference 64.51 9.25 0.0 0.0
Example 1 53.83 5.02 16.6 45,7
Example 2 £1.40 6.91 4.8 25.3
Example 3 54.58 5.47 15.4 40.9
Example 4 52.29 4.92 18.9 46.8
Example 5 55.07 5.185 14.6 44 .2

The results in table 4 show clearly that the inventive

polymers lead to a distinct decrease in the ccefficients of

friction. Particularly in the region of the low sliding

speeds, which often occur in real applications and are

therefore of particular interest,

reductions in the

coefficient of friction of morse than 50% are achisvable.

The results also show that styrene-containing polymers

exhibit better friction characteristics than the

corresponding styrene-free products. Even small amounts of

styrene of, for example, 1% show a disgtinct effect; compare

example 4 (1% styrene) with examples 2 and 3 (no styrene).

In addition, the compatibility of the inventive polymers

with commercial PIB succinimides

studied.

For thisgs purpose,

commercial PIB succinimide

1% by weight

{Infineum C9201} wag

(Infineum C9201)

{active substance) of a

wag added. The

coefficient of friction measurements were conducted and

evaluated as described above,

but the measurement
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temperature was 120°C. The resultg of the evalustion are

gsummarized in table 5.

Table 5: Coefficients of friction with and without addition

of PIB succinimide

Total area

Low-spead

Low-gpeed

area Total area
without area
without with PIRST
PIRST with PIRSI
PIBST
Reference 45 .96 8.43 45 .96 8.43
Example 5 41.75 6.086 42.62 5.98

The results show that the present copolymer essentially

retains the excellent improvement in coefficient of

friction,

even in the case of addition of PIBSI, and a

slight improvement therein can be measured in the low-speed

range.

Iin addition,

the wear characteristics were determined in a

fully formulated oil with addition of a commercially

available ashless antiwear package. In thig case, the

inventive polymer according to example 1 was diluted to a

KV100 of 9.50 mm2/s in a mixture of APE Core 80N

APE Core

150N = 70:30. The oil contained about 0.90% by weight of

the ashless antiwear package mentioned. The results of the

wear test are shown in table 6.
of 0.00 mm is reported as the result,
visible on the ball (= no wear,

unmeasurable plastic deformation).

twice for each locad stage:

If a spherical cap diameter

no spherical cap wasg

only negligible,

The o0il was determinesd




/0.017 / 0.0040.041 Hexsudta4300 0.034 Sum 0.03gmm  Claims 1. A petyaigyi(ethagniate for
improvement of lubricant oil properties, comprising repeat units derived from (meth)acrylates having 6
to 22 carbon atoms in the alcohol radical, characterized in that the polyalkyl(meth)acrylate comprises
repeat units derived from amine derivatives of a polar ethylenically unsaturated monomer. The
polyalkyl(meth)acrylate as claimed in claim 1, characterized in that the polymer is a graft copolymer
where the graft base comprises repeat units derived from (meth)acrylates having 6 to 22 carbon atoms
in the alcohol T&d al, %hd%ﬁ@ﬁrg‘?gémprises repeat units derived from amine derivatives of a polar
ethylenically unsaturated monomer. The polyalkyl(méth)acrylate as claimed in claim 1 or 2,
characterized in that the|polas Bimdenisalty-uasaigrated monomer from which the amine derivative is
derived is mgleic acid, maleic emhyeridemtsa maleic acid derivative.

0.00 / G.00 7
Ball 4
@ 0.00 0.00
a1l 5 | 0-00 7 0.00 /

Average

Result 0.00 0.034

Sum 0.03 mm




The polyalkyl@mdetafacrykales as zlaimed in at least orsiof the precedingeglaipis: shaiaaignzeyin that
the polar ethylenically unsaturated monomer from which the amine derivative is derived is a

(meth)acrylate having an epoxide group. amine derivative of a polar ethylenically unsaturated
monomer is derived from a primary amine. 6. The polyalkyl(meth)acrylate as claimed in at least one
50f the preceding claims, characterized in that the amine derivative of a polar ethylenically unsaturated
monomer is d(e;ilved from an amine which has at least two amino groups, one amino group being a
primary amino group F'and at least one amino group being a secondary 10amino group. 7. The
polyalkyl(meth)acrylate as claimed i in claim 6, characterlzed in that the amine derivative of a polar

ethylenically unsat rate ived from henyl-1,4-phenylenediamine. 8. The
polyalkyl(meth)acry aPe as c?ﬂ( nla{ i :hiaagfg 5%% [greﬁg‘g’ﬁa ‘gcﬁgra]c’t‘é’rﬁe‘a%ﬁtfhat the

polyalkyl(meth)acrylafe hasaspedifie ylsmo.s;tyrimﬂmgmrapgeﬂommw@ 3Banlilgal 1806:9. The
polyalkylgmeth)acrylat claimed in at least one f the preceding claims, characterized in that the
polyalkyl meth)acry(:at:t%lgmpngeis r"lcepealPunl 5 eré’l)veIC %From P ih e HisHEmeRs Heferocyclic
monomers, vinyl ethershnd/or sihiyt edters: Hedr Jdvespolyalilyl(methacrylate as claimed in claim 9,

characterized in thﬁtotﬂ‘?a%;ﬁl%}%@%tm%c %hat% 30co rlses 0.1to 209r b%xvgég of re e%zl:lt units
ers

derived from styrene mono eterocycfic monormer vmyl Fethers” and/8r vinyl Stérs! The
polyalkyl(meth)acrylatanag olairaedérr aviebstene of the pretedlnagtdtanﬁnamhaﬂabyerlzed in that the

polyalkyl(meth)acrylate comprses .. .2k04 9 40% by weight of repeat units derived from
5(meth)acrylates of the formula (I) (I) H NO

2. The polyalkyl (meth)acrylate as claimed in claim 1,
characterized in that the polymer is a graft copolymer
where the graft base comprises repeat unite derived
from (meth)acrylates having 6 to 22 carbon atoms in the

15 alcohel radical, and the graft comprises repeat units
derived from amine derivatives of a polar ethylenically

unsaturated monomer.

3. The polyalkyl (meth)acrylate ag claimed in claim 1 or 2,
20 characterized in that the polar ethylenically
unsaturated monomer from which the amine derivative is
derived is maleic acid, maleie¢ anhydride or a maleic

acid derivative.

25 4. The polyalkyl (meth)acrylate as claimed in at least one
of the preceding claims, characterized in that the
polar ethylenically unsaturated monomer from which the
amine derivative is derived is a (meth)acrylate having
an epoxide group.

30

5. The polyalkyl {meth)acrylate as claimed in at least one

of the preceding claimg, characterized in that the



H 0 in which Rits bydregens3rethyl and R1is an alieyl radical having dde pegarhon Asamgyi) 20 to
99.9% by weight of repeat units derived from (meth)acrylates of the formula (II) OR2 H 0 10in which R

is hydrogen or methyl and R2 is an alkyl radical having 6 to 22 carbon atoms, c) 0 to 20% by weight of
repeat units derived from (meth)acrylates of the formula (111) OR3 in which R is hydrogen or
methyl and R3 is an alkyl 15radical having 23 to 4000 carbon atoms, and d) 0.1 to 10% by weight of
repeat units derived from amine derivatives of a polar ethylenically unsaturated monomer. 12. The

polyalkyl(meth)acrjiitess Saimda in-4eiedst Gn@ Bt fHe Sle¥dRG Gamsy chafrtargasf that the

polyalkyl(meth)acrylaiecearmprisesie » 8040 #405 by waightofrepgatinits derived from
5(meth)acrylates of the formula (1) (I) HL H 0 in which R is hydrogen or methyl and R1 is an alkyl
radical having 1 to 5 carbon atoms, b) 50 to 99.9% by weight of repeat units derived from

(meth)acrylates of tesfopmuiaalBH 0rddim hichR-s Bydrogen-or-methyhand R2-isan alky radical
hawng6éozzcaﬂ%¥]@ggﬁgxeceding claims, characterized in that the
amine derivative of a polar ethylenically unsaturated
monomer is derived from an amine which has at least two
amino groups, one amino group being a primary amino
group and at least one amino group being a gsecondary

10 amino group.

7. The polyalkyl(meth)acrylate as claimed in claim 6,
characterized in that the amine derivative of a polar
ethylenically unsaturated monomer is derived from N-

15 phenyl-1,4-phenylenediamine.

8. The polyalkyl (meth)acrylate as claimed in at least one
of the preceding claims, characterized in that the
polyalkyl (meth)acrylate has a specific viscosity in the

20 range from 5 to 35 ml/g at 100°C.

9. The polyalkyl{meth)acrylate as claimed in at least one
of the preceding claims, characterized in that the
polyalkyl (meth)acrylate comprises repeat units derived

25 from styrene monomers, heterocyclic monomers, vinyl

etherg and/or vinyl esters.

10. The polyalkyl (meth)acrylate as claimed in claim 9,
characterized in that the polyalkyl (meth)acrylate
30 comprises 0.1 to 20% by weight of repeat units derived
from styrene monomers, heterocyclic monomers, vinyl

ethers and/or vinyl esters.



c) 0.5 to 20% Wy weaight/afirepeat units derived from gweth)acrylates ofgbe famda{IMdsos7¢ in which
R is hydrogen or methyl and R3 is an alkyl 15radical having 23 to 4000 carbon atoms, and d) 0.1 to

10% by weight of repeat units derived from amine derivatives of a polar ethylenically unsaturated
monomer. 20 13. A process for preparing a polyalkyl(meth)acrylate as claimed in at least one of claims
1to 12, characterized in that (meth)acrylates having 6 to 22 carbon atoms and polar ethylenically
unsaturated monomers are_polymerized simultaneously or sequentially, and then the resulting

polymer is reacted Sith2 1eastone @R 297 Tha HrodsssHsdmpred i @aint a3sEhaBeterized in

that a graft base is §ist ftiepareddipelmerizing«(meth)aciylates:having f te2:carhan atoms, onto
which 10polar ethyler:iilcalléf uni turated monomers are subsequently grafted. 15. A lubricant
composition compriiy &t 1e4st 8&&%6@% leth EeRHAE S claimed in at least one of 15claims 1 to
12 or obtainaklé byca process of¢lamitdhor 34. ke ckhe lubricart cRmpesition asgklaimed in claim 15,
characterized in thait th%rll;brlcani cgmgoggloghzechfgngI)nses O{0 to 30% by weight of

polyalkyl(meth)acry Meay aimed it 5t Idhstoite 5P4EME 1 1612 or obtainable by a process of claim

13 or 14. 25 17. The use of a polyalkyl(meth)acrylate as claimed in at least one of claims 1912 or

obtainable by a process of claim 13 or 14 fgr redu¢ing frictian.
7 OR

H )

in which R is hydrogen or methyl and R' is an alkyl
radical having 1 to 5 carbon atoms,
b} 20 to 89.9% by welght of repeat units derived from

(meth}acrylates of the formula (II)

R (11)

M 2

H O

10 in which R is hydrogen or methyl and R® is an alkyl
radical having é toc 22 carbon atoms,
¢) 0 to 20% by weight of repeat units derived from

(meth)acrylates of the formula {(III)

H 3
Y/l\V/OR (LI

H

in which R ig hydrogeﬁ or methyl and R’ is an alkyl
15 radical having 23 to 4000 carbon atoms, and
d) 0.1 to 10% by weight of repeat units derived from amine
derivatives of a polar ethylenically unsaturated

monomer.
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12.

d}

i3.

The polyalkyl (meth)acrylate as claimed in at least one
of the preceding claims, characterized in that the
polyalkyl (meth)acrylate comprises
0 to 40% by weight of repeat units derived from
(meth}acrylates of the formula (I}
R (1)
H OR'
/
H O
in which R is hydrogen or methyl and R' is an alkyl
radical having 1 to 5 carbqn atoms,
50 to 99.9% by weight of repeat units derived from
{(meth)acrylates of the formula (II)
R {(I1)
H 2
// OR
H 0]
in which R is hydrogen or methyl and R® is an alkyl
radical having 6 to 22 carbon atoms,
0.5 to 20% by weight of repeat units derived from
(meth)acrylates of the formula (III)
R
H 3
= OR_ (111
[
Ao O
in which R is hydrogen or methyl and R® is an alkyl
radical having 23 fo 4000 carbon atoms, and
0.1 to 10% by weight of repeat units derived from amine
derivatives of a polar ethylenically unsaturated
Imonomer .
A process for preparing a polyalkyl{meth)acrylate as

claimed in at least one of claims 1 to 12,
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14.

i5.

1l6.

17.

éharacterized in that (meth}acrylates having 6 to 22
carbon atoms and polar ethylenically unsaturated
monomers are polymerized simultaneously or
sequentially, and then the resulting polymer is reacted

with at least one amine.

The process as claimed in c¢laim 13, characterized in
that a graft base is first prepared by polymerizing
{(meth)acrylates having 6 to 22 carbon atoms, onto which
polar ethylenically unsaturated monomers are

subseqguently grafted.

A lubricant composition comprising at least one
polyalkyl (meth)acrylate as claimed in at least one of
claims 1 to 12 or obtainable by a process of claim 13

or ié.

The lubricant composition as claimed in claim 15,
characterized in that the lubricant composition
comprises 0.01 to 30% by weight of

polyalkyl (meth)acrylate as claimed in at least one of
claims 1 to 12 or obtainable by a process of c¢laim 13

or 14.

The use of a polyalkyl (meth)acrylate as claimed in at
least one of claims 1 to 12 or obtainable by a process

of claim 13 or 14 for reducing friction.



