- Lubricatingoilcompositioncomprisingpolyalkyl (meth)acrylate copolymers The present invention
relates to lubricant oil compositions comprising polyalkyl (meth)acrylate copolymers having
outstanding properties. The efficiency of modern gearboxes,engines or hydraulic pumps depends not
only upon the properties of the machine parts but also greatly upon the frictional properties of the
lubricant used. For the development of such lubricants, ‘itis of particular importance to have knowledge
of the action of the lubricant components used in relation to film formation and friction, and the
selection of suithHR ddtived%an, 9 exarfPIEP R thIwerif§ TR tHe At age RAEVAHSYImption of a
vehicle by a few( pexchhadn yHiacentexp@arti@ularly effective constituents of a lubricant include base
oils having a particularly low viscosity and thus low inherent friction, and also organic friction modifiers.
An example of thjs trend is the newest %eration of what are known as, fugl-economy engline oils of

the SAE classes B#-20 5% Hot or AN WiHh cah%eafo%ﬁd aﬁaﬂogolug A158%r oillor manual
and automatic geRRP®&S! iN8nsresulconPdeséldpmentisdriié ky the fuéirgivm@iityicah®, the

useoffriction-rediisitg gadiivehBas RECOMERVERINALE iptRYFEANL] tBe dimensions of modern gearbox
and pump casings are distinctly smaller, they are cooled less, and both gearwheels and bearings have

to bear higher loads. As a result, the operating temperatures are much higher than in the past. As a
consequence, tH&&ibolBhfcaf tEMaYt beRieen TREUFace3AHTAY LBUNte BB IESNOHT has a

reduced film thi¢krdissuand theulwpscaldEnadde eolditiyel yregem théreinpghaysetot heesastble of
ensuring low friqtp@ahlgéﬁiquerp@p§ rrl%e[d féilpggn @oggc}tipys g gﬁ)f pﬁgeqt'l?fgctpp&quces from

wear. According to the current state of the art, it is assumed that typical oil-soluble friction-modifying
lubricant additivBs SRAEF hSort?bn HEEMEHPEHFAY of WSRittionEPEorkd& of fOFRT RREESS layers. The
former consist tgicadiyadi Idngbehai@otshoxylic acils@ind plagit saltd, @stersymthé@nakeohals, amines,

amides and imigigs, d he p@yip ¥ddeh sush fricfiga mogiiergact isassumgd to be gfigrmgnt of the

polar groups and associat%d film fo(?r]rqnation on the surface in frictﬁgal co?tact. Such a film then
[

prevents the coﬁt%_'(’fp8f1tph% svlid'botes \'/vﬂenrtﬁé_%{u%rlloiltﬁﬂn fails. Fhe é)d’tﬂg!%gg‘narﬁ and the
influence of polarih&raéfbns 3dh tiBelipuié-aijol® mtarhetiimistayelra@ei BanazshagaRowever, not
been conclusively explaigdsTeypical &dglion modifgfie ferayng deactiielaygiepegy dor example,
saturated fatty aci :phosphoric and triphespharic ester, n es of sulfug-cantaining
fatty acids. Thisac céfg.'sgsaﬁé?) inc udé?coa}npgéﬁgts&(\?/v iC(I’E]{)}l:Jn er hee@i%%?ggﬁ s'tregsﬁin #Jrhzlti%nal
contact, do not foRM £l but PRESAFKAAA k¥actiBh hPEdUS haiRG BidH I88AISEariRd cafhcity.

Examples therebtibra erssturatec fatly adids gpadidl estees/dOhdicaab@atic iacidsadiajkylpbthalic esters
and sulfonated glefip &ig{wesa'ﬁlae funpgtion efsych fhigtierimodifying addifves isyeryssigar to that of
the EP additives, in the case of which the formation of a reaction |ayer in thé_lubricatec(ljgapsw wide has

to proceed undé rBRVElY il Hitsh fRAbA BhGitioAS exanpl € of thi's trend”
Furthermore,orddronmetalistorgpogndgsucha®f what are known as fuel - econony

engine oils of the SAE classes 5W20, 5W30 or OW 20,
whi ch can be found anal ogously also for oils for nanual
and automati c gear boxes.

As a result of a developnent parallel to the fuel-
saving lubricants, the use of friction-reducing
additives has become even nore inportant: t he
di nensions of nodern gearbox and punp casings are
distinctly smaller, they are cooled less, and both
gearwheel s and bearings have to bear higher loads. As a
result, the operating tenperatures are nuch higher than
in the past. As a consequence, the tribol ogi cal contact
between two surfaces noving counter to one another has
a reduced film thickness, and the lubricant and the
additives present therein have to be capable of
ensuring low frictional |oss under these m xed friction



molybdenum dithiophosphonates and dicarbamates, organic copper compounds, and also some solid
lubricants such as graphite and Mo52 may also function as friction- modifying additives in lubricants.
A disadvantage of these compounds is their quite high cost. Furthermore, many compounds are very
polar, so that they do not dissolve in fully synthetic lubricant oils. The frictional properties of lubricants
which comprise oil-soluble polymers is the subjectofseveral patents and publications. Only in a few
cases is a relationship described between the specific frictional properties and the presence of

polymers or VI iffiEVdrs Brih&in irQEtuPE:Ofre652 M 31N Qa e RCE® phFBn&Holymers and their

use in lubricants. A copolymer is described of an a-olefin and of a dibasic ester, and its reaction with

alkanolamines, ayclgalpnglamipes hgtereqyclieamings apd pajyalkylgpe pglyamineg. The lubricant

comprising this random opolﬁmer, compared to a.reference, has ?frictional coefficient.reduced from

0.1104 to 0.07133 SHHR is 5A8Wn bw & mp%’ f efﬁ‘hfé Ifﬁcti H feSt M’S?'T %71'451.99\ particular
disadvantage of theké paiimerd it thewesonglléxprepasand on the metal surface
JP2000355695(4+S6426323desshaps| ¢yifeat corppositionmfar €qptingeis|asyenatic gaasboxes
(CVTs) which ¢ rise dispersing V] improyers, Preference is given to usi lyalkyl methacrylates
with dispersing %?ﬁg%%mggsﬁébc%? aé rpn'wgt%ﬂ%iéget f/)lnrﬁet%igé'ry'?atgfaﬁ%q%lz@g%-é%/lgéridine and
N-vinylpyrrolidoA8&@s \WNRiprovérdlik Brder@didhigin infrE\REBoxidadicrP Bibfity. EHBtdASexperiments
on these lubricaaits aeesdesaribed lpy dey.of ekagnplealut there whing infogmation foni theiinffuence of
the abovementi | ipproyers. ates agryla I Ilﬁ?é‘l" f edditiv hi imultaneously
have the effect gr?}gﬁvﬁlll agr?c? of%a%frsic?ila rﬁggi%%t?n%h%s ﬁ)‘%@t? clic b@r(?#l*c?r?]h\gouﬁésp _E;[lv?hich are

known to be fricBbAYRSdifHY 96 & Yre intrBhd X dBiHaBhNPEs FMe G 'fR6&pd iRto the side
chains of custorharcPANAaVI| impolvard. As @lsiant sest$,iesults beSR\p(vilwrativs-fri¢tivdwear) and

LFW-1 tfibomeé%(ﬁb%%/' Dofltgh'e Ft@@( it?ﬁt)lfﬂﬁﬁ%t?%ﬁé'h ‘?QrtI?]B?rE@_ft‘ GQICOfBII_T]e{qifi"I FrAMA t\./'
improvers are dgscribed. isadvantage o Heﬂ%e copolymers is their quite complicated preparation,
so that such pro_%%'c[ssto d@?@ aPeCﬁ&agseHEc% !efc'iﬁl@ﬁ)r% a{ f&?gér%fp%féerﬁeﬂ_?é%%c{ 5064546)
claims lubricantiodh&icMidr@Nst a Gatedin naphtheheWaeediRebail doRiRisAfdn, Yich €dntain
0.01-5% of a frigtiady mgeilier goddRse swiable prytiewlarly forritomadie @ndeedinues gegrboxes. Vi
improvers, in paggiﬁ)ql%r Iﬁé As, are mentioned as additional components, but their type is judged to be
uncritical in relafion to the frictional performance of the formulation. US 4699723 describes dispersing
multifunctional VI improvers composed of ethylene-propylene copolymers (OCP5) to which a
dispersing, antiaxigatoe fuhctiandl groumidi dratted. Aninfiurgce ebithieiserV llsayette factignal
properties of the @sung%Hmrlgantgias[ netgesgribeg: {rg,thiéé:iaae, gepgrally ra&qiggbﬁg,pqlgmers are
obtained which do not have frict’ion-improvin%Properties. ’

and triphosphoric esters, xanthogenates or sulfur-

containing fatty wacids. This class also includes

conpounds which, wunder the tribological stress in

frictional contact, do not form solid but instead

liquid reaction products having high |oad-bearing

capacity. Exanples thereof are unsaturated fatty acids,

partial esters of dicarboxylic acids, dialkylphthalic

esters and sulfonated olefin mxtures. The function of

such friction-nodifying additives is very simlar to

that of the EP additives, in the case of which the

formation of a reaction layer in the |lubricated gap

wide has to proceed wunder relatively mld mxed

friction conditions.

Furt her nore, organonetal lic conpounds such as
nmol ybdenum di t hi ophosphonat es and di car banat es, organic
copper conpounds, and also sone solid lubricants such
as graphite and MS, may also function as friction-



US 6444622 and US 6303547 describe friction-modified lubricants, in which the frictional properties
are influenced by the combination of improved classical friction modifiers, in this case a C5-C60
carboxylic acid, and an amine. The addition of polyalkyl methacrylate VI improvers is also claimed only
in conjunction with the adjustment of the lubricant oil viscosity (SAE units) and the shear stability. EP
0747464 describes a lubricant composition having lohg-lasting "anti-shudder" frictional properties for
use in automatic gearboxes. The composition comprises alkoxylated fatty acid amines and also a

mixture of otherTREGIH.hRiPHY dddiRRs. Bidgtsing3MdSnondispersing VI improvers are mentioned

in the claims merely as further components of the lubricant without an influence on the frictional

properties of thenluficap\peiighgesciped. W00 dercripgs highiperfgnarcerngipr oils and
other lubricants based on.a mixture of a poly-alphaolefin having high VI (HVI-PAQ) and a relatively
nigh molecular §iight thiHEhBEAYIESly TR iogSRBTRAL5 (e Fche Y5 i¥opPSdl, Hetoan
ethylene-propyléfi@topdigmed@@P) orth peglIsodutylentYPIE) iMd & iwelgHtiaviergganinolecular
weight Mw of frggn| 2 000 to 100 000 g/mol. Increased lubricant film thicknesses and good wear
protection compared to the prior art are attributed to the claimed lubricants. The authors emphasize

that the use of customary high molecular weight VI improvers has considerable disadvantages owing
to the non-newtdAidin behalioP BRtheRESRIBRG l0RS. THus/! edPdci) e MitiGiess 8FHE BBricant film
in frictional contett isdolbebledugasl gwingstoitlse higb sbeadi steessandsbe dovaitenpperant shear
stability of SUChé‘}l‘P&’ Riifi pdditlyes I hispelavioy "f‘%f\'ﬁaé‘%%\é@'cﬁscog‘ﬁrbﬁe AYRER 'ﬁ
contradicted by the present invention. US 6358896 describes friction modifiers for motor o
compositions h&f%§ hfededBEVERBied)HasRes ke affiddd AREto BEBREPdIAReric
viscosity index iaTmtovens ag @eaticieedah thpateat as compbnentgpodsacis lubricdrisi Dispersing
VllIs are mentiorgq gely ip gelation to their action as dispersants. WO 9524458 (US 5622924) claim
viscosity index improvers having a proportion of min. 70% by weight of alkyl methacrylates having not
more than 10 carbon atoms. In addition to good low-temperature properties, the oils formulated with
such VI improvel al&»Bddsdt infdravé® low Mectidh=g pesirtie@hwheh theglare®ised iak@mbination
with a molybﬁegtnmqontaé@ng fﬁricnisvtﬁlrm@dvﬁies.f]I Pw%kﬁi@@é@scribe%b@éipabtﬁdwﬁh @ﬁn:prise Vi
improvers which maxjmize t ctign of a n num:hased friction,modifier. .The same polymers as
described in WG @zgﬂi‘)g a?@gai!rﬁle(%I U@gggﬁ?%c?éiben?s’ Iuélr;i%(%nltstr(g:or?sgls %tgl (§ncg\_rqﬁ1§o%nds which

possess one or vk 2YelRBkNGhgs 8XE LRBLKARPARINERE filn B @eSY G FricticHEI BBAtact of
roller bearings. Aridl.: Pus patdntlistie bpsisyaimmgsare Kirvnl asbiracteamnt fluidsnpe i lsbrgants which,

owing to their fricfjpnal Pé?Rde?SciBﬁBF y%gpqdyla%%rle‘%o_nt(at fggi}_\g@%erc@)m@m _tFp.o[g,feé forces via

the frictional contact. Desired here are particularly hiL(];h traction and frictional coefficients in order to
make the force frah&rel Q8 @krickiMlak! Jdstlte. r€duced from 0.1104 to 0.07134,
which is shown by the exanple of a Falex friction test

(ASTM D 2714). A particular disadvantage of these
polymers is their conpl ex preparation.

JP 2000355695 (US 6426323) descri bes | ubri cant
conpositions for continuous automatic gearboxes (CVTs)
whi ch conprise dispersing VI inprovers. Preference is
given to using polyal kyl methacrylates with dispersing
conononmers such as dinethylam noethyl nethacryl ate,
2-met hyl -5-vinyl pyridine and N-vinylpyrrolidone as Vi
inprovers in order to obtain inproved oxidation
stability. Friction experinents on these lubricants are
described by way of exanple, but there is no
information on the influence of the abovenentioned VI
I nprovers.

EP 570073 describes boron-containing polyalkyl acryl-



From this are derived a series of patents which also describe polymers, polyalkyl acrylates or
methacrylates or other VI improvers with cyclic structures. These include, for example: WO
8902911/EP 339088 JP 61044997 JP 61019697 However, the contents of these patents relate to
the achievement of a maximum frictional/traction coefficient under the abovementioned hydrodynamic
conditions under which the frictional contact is separéated completely by a lubricant film. Even though
the influence of the frictional properties is important for these liquids, the effect of the oils, additives

and in particula®VEfnprRErs BT UsRE &% th&Sof thdB8E WHEH ar@ffiéhdePi nid gh
friction-modifyingi aatioham ¢waiBéld ofimaiked ftibton.efHusc the thctian pvbpertiaadf pofymer solutions

were investigatgd by Kygiani gdli yvhafound that pelymerschaying £yclic sidg ¢haing,gxhjhit a

tendency to higher frictiongal/traction coeﬁiciengﬁég%%tani, T.; Yamagda, Y,;. Tezuka, Tf; Yamamoto, H.;
Tamai, Y.; Sekiyi? GARKREEH; (1%'73",'_‘30(35,935 BPYA thd ScieRffic it{a?aﬁhlle?'%'té’fgmenl’é,%%me of them
controversial, o6 ePMEBhSe 8f polymierHdn ciesl friciiodalnerforhahb@ of lubridhn@rcumdise found:
From his frictiory experinents ogduliicant Sils for ausemate geamoxes) Kugiprys epraes pgthe
conclusion that viscasity index improvers, both polyalkyl n%bamrylat do%gf'nc glymers, have no
influence on theyéﬁ .6’%]%0&%}@%’& tﬁg%lsr,] E ug?rgr!fi a, 'Tor(a\llllacgsrfaﬁgdtg 23)66)%1?4‘5}%3n 387-395).

Similar results 2H8 dbtairftloyLR¥iders et BRT& 58Iy AIAFHMBCcR ks, il idyelitione
copolymers andf polgispbutyleresindubiinpantcapgpizar ons fercautooratisrgsaaboxeadgers, John J.;

Gallopoulos, Nighplag,Fo ASLES@ns (267 1¥d): A disadvantage of these
copolynmers is their quite conplicated preparation, so
that such products to date are not used commercially on
a | arger scale.

EP 286996 (US 5064546) clainms |ubricant conpositions of
a certain naphthene-based base oil conposition, which
contain 0.01-5% of a friction nodifier and are suitable
particularly for automatic and conti nuous gearboxes. Vi
inprovers, in particular PAMAs, are nentioned as
addi tional conponents, but their type is judged to be
uncritical in relation to the frictional performance of
the formul ation.

US 4699723 describes dispersing nultifunctional VI

i nprovers conposed of ethylene-propylene copolyners
(OCPs) to which a dispersing, antioxidative functiona

group is grafted. An influence of these VIIs on the
frictional properties of the resulting lubricants is
not descri bed. In this case, generally random
copolyners are obtained which do not have friction-
i nprovi ng properties.

US 6444622 and US 6303547 describe friction-nodified

lubricants, in which the frictional properties are
influenced by the conbination of inproved classical
friction nodifiers, in this case a G-GCyo carboxylic

acid, and an amne. The addition of polyalkyl neth-
acrylate Vi inprovers is also clained only in



102-12, discussion 113-14). Neither polyalkyl methacrylates nor PIE exhibit a change in the frictional
characteristics (frictional curve). Only PMA-N-vinylpyrrolidone copolymers lead, if anything, to a
lowering in the static frictional coefficient. However, this behavior was attributed solely to the higher
viscosity of the oils investigated in the study and comprising VI improvers, and not to the structure of
the polymer. Gunsel et al. report some VI improvers which form up to 20 nm-thick films in frictional
contacts and can thus shift the attainment of the limiting friction range to slower sliding and rolling
speeds (GunselC 3™ $IEEHPM.; 8hikas, s oRbystATRMotifé EAdiRedrsiRLbEBN ISP J0g
(Subjects in Engine €aibRhgolp§ARNdNT ritology) 18511093 Haadhisstaddy, Inat garrelation between the
structure of the polymers and their influence on the actual frictional performance of the lubricant

mixture is given_|n cantrast, Sharma et al. find that viscosity index improvers, in particular polyalkyl
methacrylates |#€A(§E}r§1}a§é¢§%o Q%]ﬁﬁif:gpteéontﬁbuh t G iim ﬁﬂg%’r%ss'stdf?ﬁe I in a
frictional contact (Bttarh®s19.19; Foaster, - d@chwérndert LonalTribal.opansi @993)086(4),
35?-64)5 From nﬁ, ééearnexaatim?ats,_afpgf@'datﬁyﬁ@§.0n9mh@e8dbwlflalk§9rmeﬁbgﬁﬁfla@%acgurr?ulate

efore the actu ricant gap of.a frictional contact.a oads, ead to oil depletion and thus to
high friction in i K%’Fi@ar%‘? §p (Q%Is%i}éa, ‘i‘ié' ?r.b%ﬁ’ﬁgr%% él’gfgoﬁl%%o?? 238.87) PAepro lem with
the known frictiéH RRdifiefs is ¢hiP theietst Vi ditiBF dinel s6tsbility BY SR@%Xndgn and
friction-modifyingaatttiitsesrisineyv types ofpiudy systhetieoilssaiownedtheimore meryi ofghe
Zgﬁﬁﬁﬁiicr;?fﬁﬁﬂﬁ'etﬁ%(%ﬁgﬁfgm merehaspistionaodifers. fioweaysr itisesipkln dat an

P an influence on the frictional ©properties of the

| ubri cant bei ng descri bed.

WO 00/58423 describes high-performance notor oils and
other lubricants based on a mxture of a poly-al pha-
olefin having high VI (HVI-PAO and a relatively high
nmol ecul ar weight thickener (typically a hydrogenated
pol y(styrene-co-isoprene)), HSI, an ethylene-propyl ene
copolynmer (OCP) or a polyisobutylene (PIB) having a
wei ght - average nol ecular weight M, of from 10 000 to
100 000 g/mol. Increased lubricant film thicknesses and
good wear protection conpared to the prior art are
attributed to the clainmed |ubricants.

The authors enphasize that the use of customary high
nmol ecul ar wei ght Vi i nprovers has consi der abl e
di sadvantages owing to the non-newtonian behavior of

the resulting oils. Thus, especially the thickness of

the lubricant film in frictional contact is to be
reduced owng to the high shear stress and the |ow
tenporary shear stability of such polyneric additives.

Thi s behavior of lubricants which conprise polyners is
contradicted by the present invention.

US 6358896 describes friction nodifiers for notor oil
conpositions having inproved fuel efficiency based on
keto am des and keto esters. Polyneric viscosity index
inprovers are nentioned in the patent as conponents of



properties to a base oil. This allows the overall addition of additives to be reduced, which can save
further costs. In view of the prior art, it is thus an object of the present invention to provide highly
effective friction-modifying additives which can be produced patrticularly inexpensively. It is a further
object of the present invention to provide additives which have high dispersibility, high corrosion
protection (i.e. good metal-deactivator properties);-high-stability toward oxidation and thermal stress,
and also a high shear resistance. In addition, the additives should also be soluble in large amounts in
very nonpolar [utHielnt SR tdr&xadnplIsRfy SiBetd bits. i€ a THM V580t O te présent
invention to provideatdddivesavhiblei in aaidlitioontoasfrittiopensdifitirsg action, additionally improve the
flow properties of the lubricant oil, i.e. have a viscosity index-improving action. These and further
objects which are naot ffied li % 2 ich can be derived or discerned directly from the
connections dis sf%i%f/&\%gy Q‘y]%t% )é %n\ﬁlﬁet%lir?bra &P B}' IUoP2&At SiESH¥ESitions having
all features of cla@milN@propPiaeP ATddifatiopls ofihe. invéAflee ybriv@it@itcombostidnglare
protected in theglaimscispendest weN elginhdt Byirietai e ngentivenbhricans @ comypositions,
comprising copql s Qbtainabl olymerizin nomer compos;jtion whi onsjsts.of a) from 0
to40% by weigh?}(j)r&;{ I'e%%t o{r118e e%w(g;/ é]rr)ﬂ(!a Wutn%%%ra{%%dués er@gﬂés%'ﬁ{n'd%’thg %%mtﬁ!j (6 -10- in

which R is hydré§ErTe} fle@sl| iRA s 8 YEBardr HrAREIUEARYERERaPRAARS FrohiR & %&rbon
atoms, R2 and Rbwre each iridependenthyomairoges or adgeoup afitbg formuda -GQOR' in which R' is

hydrogen or an ) t egé%ﬁ Qﬂ]vingﬁom 1to5 ca]rrlaan B@éﬁ%q@: ﬂg}a}q]}%%ge%rqyﬁ\wigﬂt, based on

the total weight of the ethylenically unsaturated monomers, of at least one ethylenically unsaturated
ester compound™BHhk! §fmula (11)

JP 08157855 describes |lubricants which conprise Vi
i nprovers which maximze the action of a nolybdenum
based friction nodifier. The sanme polyners as descri bed
in WD 9524458 are cl ai ned.

US 3925217 clains lubricants consisting of conpounds
whi ch possess one or two cycl ohexyl rings and ensure an
improved filmthickness in frictional contact of roller

beari ngs.
N.B.: This patent is the basis of what are known as
traction fluids, i.e. lubricants which, owing to their

frictional properties in the hydrodynamc region (at
hi gh speeds), can transfer forces via the frictional
contact. Desired here are particularly high traction
and frictional coefficients in order to nmake the force
transfer as efficient as possible.

From this are derived a series of patents which also
descri be polyners, polyal kyl acrylates or nethacryl ates
or other VI inprovers with cyclic structures. These
i ncl ude, for exanple:

e WD 8902911/ EP 339088
e JP 61044997
e JP 61019697



R60OR4 R5 0 in which R is hydrogen or methyl, R4 is a linear or branched alkyl radical having from 6 to
15 carbon atoms, R5 and R6 are each independently hydrogen or a group of the formula -COOR" in
which R" is hydrogen or an alkyl group having from 6 to 15 carbon atoms, c) from 0 to80% by weight
of at least one ethylenically unsaturated ester compound of the formula (lll) in which R is hydrogen or
methyl, R9 is a linear or branched alkyl radical having from 16 to 30 carbon atoms, R9 and R9 are

each independently hydrogen or a group of the formula -COOR™ in which R™ is hydrogen or an alkyl

group having fréfY8%8"30 daRSonGREMENEFfrdPh 0. 18P GRight 6AALEst bRe ERGlenically
unsaturated, pote lasearasoempoured of she fenmutathV)f niLOt inomiaich (R sdtydoogen @eniethyl, X is

oxygen, sulfur ogaBrAmIne GEPUP dheissta iiifofedVRryamdtsihBAi 18 g g fadieal having
from 1 to 40 carboa atoms, Rn |§a ralcilcal V'thCh conﬁ\ses from 2 to 1000 carbon atoms and has at
least 2 heteroatdfHECRil aﬂ@' aré ®&ch inrdeIah(? y hyafgbleﬂcér a drgup SR8 8 %a - cox

R" in whitdnr!istorlyen diyan aminowroupdithe forintia -NEL et -NRAQUghwhith&R4' is an

alkyl radical havirg fraent & 6@ camwniatpes, 8nd IR iop eadicalscanprisifibireant ta &p0 carbon

atoms, these liquids, the effect of the oils, additives and in
particular VI inprovers is the opposite of that of
those which are intended to have a friction-nodifying
action in the field of mxed friction. Thus, the
traction properties of pol ymer sol utions wer e
investigated by Kyotani et al. who found that polyners
having cyclic side chains exhibit a tendency to higher
frictional/traction coefficients (Kyotani, T.;
Yamada, Y.; Tezuka, T.; Yamanoto, H.; Tamai, Y.; Sekiyu
Gakkai shi (1987), 30(5), 353-8).

In the scientific literature, statenents, sone of them
controversial, on the influence of polyners on the
frictional performance of |ubricants can be found:

From his friction experiments on |lubricant oils for
automati c gearboxes, Kugimya conmes to the conclusion
t hat Vi scosity i ndex i nprovers, bot h pol yal kyl
met hacryl ates and ol efin copolyners, have no influence
on the frictional properties of the oils (Kugimya, T.;
Tor ai borojisuto (2000), 45(5), 387-395).

Simlar results are obtained by Rodgers et al. for
pol yal kyl met hacryl at es, their N-vi nyl pyrrol i done
copolyners and polyisobutylene in lubricant applica-
tions for automatic gearboxes (Rodgers, John J.;
Gal | opoul os, N cholas E, ASLE Trans. (1967), 10(1),
102-12, di scussi on 113-14). Nei t her pol yal kyl
met hacryl ates nor PIB exhibit a change in the
frictional characteristics (frictional ~curve). Only
PMA- N- vi nyl pyrrol i done copolyners lead, if anything, to
a lowering in the static frictional coefficient.



- 12 - based in each case on the total weight of the ethylenically unsaturated monomers, where the RI
radical in at least one of the ester compounds of the formula (IV) comprises at least one group of the
formula -CO-, it is possible in a not immediately foreseeable manner to provide additives for lubricant
oil compositions with which the problems detailed above can be reduced in a simple manner. At the
same time, the copolymers used in accordance with 8he-invention can achieve a series of further
advantages. These include: The copolymers used in accordance with the inventionexhibitoutstanding

propertiesas vistB¥R) fidex irHrsveREAME\REcodBSindRKLifdpPaViRg actiBhgs ¥xnited, #6r example,
with reference tbitlgd kinemasic v cogitios at H@C anbdsLODOVeAS TEt2A@27V0. t he st udy

Inaddition, theinygnfively ke aiph §orPOSIRiISIIaMEsOUtiARTIRG {OVy teMPgEALUiE RIOPEIeS In
lubricant oil compositjons. \;I?-/Ee low-temperature properties can be obtained by mini-rotational
viscometry valu (M )!O 1ch¥¢an be obtained to ASTM D 4684, and scanning Brookfield results, as

arise according to ASTM D 5133. A pour point-improving action of the copolymers used in accordance
with the inventiag,erye pe getesmingds forr exasopie, 1 AP vk B\t dIf pAitieHIar Hpw Ripperdies are to
be achieved at 3 predgleymingd ferpperatipe fiie ¢ap fsAChiyRE AL veRh g BhATPHYS ©f
copolymer of the present invention. o o

shift the attainment of the limting friction range to

sl ower sliding and rolling Speeds (GQunsel, S.;

Sneeth, M; Spi kes, H.; Soci ety of Aut onot i ve

Engi neers, (1996), SP-1209 (Subjects in Engine QI

Rheol ogy and Tribology), 85-109). In this study, no

correlation between the structure of the polyners and

their influence on the actual frictional perfornmance of

the lubricant m xture is given.

In contrast, Sharma et al. find that viscosity index
inprovers, in particular polyalkyl nethacrylates in
PAO, make no significant contribution to the film
thickness of the lubricant in a frictional contact

(Sharma, S.-K. ; Forster, N -H.; Gschwender, L.-J.;

Tribol. Trans. (1993), 36(4), 555-64).

From his wear experinents, Yoshida even concludes that
pol yal kyl nmethacryl ates accunulate before the actual
| ubricant gap of a frictional contact at high | oads,
and lead to oil depletion and thus to high friction in
the lubricant gap (Yoshida, K ; Tribol. Trans. (1990),
33(20), 229-37).

A problem with the known friction nodifiers is thus
their cost. In addition, the solubility of many known
friction-nodifying additives in new types of fully
synthetic oils is | ow

Furthernore, many of the above-described additives
function nerely as friction nodifiers. However, it is
desirable that an additive inparts further favorable



- 13 - The copolymers used in accordance with the invention have outstanding frictional properties. As
a result, these copolymers protect surfaces from wear. The copolymers of the present invention
exhibit outstanding dispersion properties. As a result, these copolymers prevent formation of deposits.
Thecopolymersprovideexcellentcorrosion protection properties,i.e. metal deactivator properties. The
copolymers used in accordance with the invention-biad-metal ions in an outstanding manner.This
reduces premature oxidation of lubricant oil compasitions. The copolymers used in accordance with

the invention caRMPEIdpafsd inékpeRsiRP eTheidopolyhes exHibiPhiyh 6X18ati@Y Stadlily and are
chemically very atihié i Dime coimpasitons frem wihich hlee copdlceers usdd chaccamlarsawsith the
invention are obtaiped compyiseLspecially (meth)acrylates, maleates and/or fumarates which have
different alcohol radicals. The expression "(meth)acrylates” encompasses methacrylates and
acrylates, and also mixtures of the two. These monomers are widely known. The alkyl radical may be
linear, cyclic or brangh&dv Miktutéefremivaricttie copolynters DEed mnacebidtice @fithtthe invention

are obtainable rpay seRtain HO@M foAOYdYPVeIgNE dn RALIEUIAT SR OtS 1Pe2G% iyt weight, based on

the total weight %H‘.%?}PX'&”%&% ives which can be produced particularly
i nexpensively. It is a further object of the present
invention to provide additives which have high
di spersibility, high corrosion protection (i.e. good
nmet al - deactivator properties), high stability toward
oxidation and thermal stress, and also a high shear
resistance. In addition, the additives should also be
soluble in large amunts in very nonpolar |ubricant
oils, for exanple in fully synthetic oils. It is a
further object of the present invention to provide
additives which, in addition to a friction-nodifying
action, additionally inprove the flow properties of the
ubricant oil, i.e. have a viscosity index-inproving
action.

These and further objects which are not specified
explicitly but which can be derived or discerned
directly from the connections discussed by way of
introduction herein are achieved by lubricant oil
conpositions having all features of claim11. Appro-
priate nodifications of the inventive lubricant oil
conpositions are protected in the clainms dependent upon
claim1.

By virtue of the inventive lubricant oil conpositions,
conprising copolyners obtainable by polynerizing a
nmononer conposition which consists of

a) from 0 to 40% by weight of at | east one
ethylenically unsaturated ester conpound of the formula

(1)



- 14 - unsaturated monomers, of one or more ethylenically unsaturated ester compounds of the
formula (I) R30OR1 a2 0 in which R is hydrogen or methyl, R2 is a linear or branched alkyl radical
having from 1 to 5 carbon atoms, R2 and R3 are each independently hydrogen or a group of the
formula -COOR' in which R' is hydrogen or an alkyl group having from 1 to 5 carbon atoms. Examples
of component a) include (meth)acrylates, fumarates @nd maleates which derive from saturated
alcohols, such as methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl
(meth)acrylate, n-butyl (meth)acrytate, tert-butyl (meth)acrylate and pentyl (meth)acrylate; cycloalkyl
(meth)acrylates such as | (mgtypd acrylate; (meth)acrylates which ({eﬁive from unsaturated
alcohols, such as 2-propynyl {rfieth)acrylate, ally | (meth)acrylate and vinyl (meth)acrylate. As a further
constituent, the compositions %be palymerized may contain from 10 to 99.9% by weight, in particular
from 20 to 95% by weight, baSed on the total weight of the ethylenically unsaturated monomers, of one
or more ethylenically unsaturated ester compounds of the formula (Il) - 15 -

in which R is hydrogen or nethyl, R' is a linear or
branched al kyl radical having from1l to 5 carbon atons,
R? and R® are each independently hydrogen or a group of
the formula —COOR in which R is hydrogen or an al kyl
group having from1l to 5 carbon atons,

b) from 10 to 99.9% by weight, based on the total
wei ght of the ethylenically unsaturated nononmers, of at
| east one ethylenically unsaturated ester conpound of
the formula (11)

R

R6 7 OR4 (1D,

RS O

in which R is hydrogen or nethyl, R* is a linear or
branched alkyl radical having from 6 to 15 carbon
atons, R° and R® are each independently hydrogen or a
group of the formula —COOR' in which R' is hydrogen
or an al kyl group having from6 to 15 carbon atons,

c) from O to 80% by weight of at | east one
ethylenically unsaturated ester conpound of the formula

(111)



in which R is hydrogen or methyl, R4 is a linear or branched alkyl radical having from 6 to 15 carbon
atoms, R5 and R6 are each independently hydrogen or a group of the formula -COOR" in which R" is
hydrogen or an alkyl group having from 6 to 15 carbon atoms. These include (meth)acrylates,
fumarates and maleates which derive from saturated alcohols, such as hexyl (meth)acrylate,
2-ethylhexyl(meth)acrylate, heptyl(meth)acrylate, 2-teit-butylheptyl (meth)acrylate, octyl (meth)acrylate,
3-isopropylheptyl (meth)acrylate, nonyl (meth)- acrylate, decyl (meth)acrylate, undecyl (meth)acrylate,
S-methylundecyl (meth)acrylgge, dodecyl (meth)acrylate, 2-methyldodecyl (meth)acrylate, tridecyl
(meth)- acrylate, 5-me§hyltrid cyl (meth)acrylate, tetradecyl (meth)acrylate, pentadecyl (meth)acrylate;
(meth)acrylates whiéhderive dom u ERutated alcohols, for example oleyl (meth)a(fﬁ}a,te; cycloalkyl
(meth)acrylates such as ohexyl (meth)acrylate, cyclohexyl (meth)acrylate, bornyl
(meth)acrylate; and also t ponding fumarates and maleates. In addition, the monomer
mixtures to be used in ac€otdance’ with the invention may contain from 0 to 80% by weight, preferably
from 0.5 to 60% by weight, based on the total weight of the ethylenically unsaturated monomers, of
one or more ethylenically unsaturated ester compounds of the formula (lll) - 16 - in which R is
hydrogen or methyl, R9 is a linear or branched alkyl radical having from 16 to 30 carbon atoms, R9

and R9 are each indgperdenty hylragedr ggeearogp otbeHOIMUIRICOORZ injwhishRR™dg hydrogen

Iyl ing.f ingl
o ot SRR AR L e o

(meth)acrylates wh erive Tro fﬁé \
(meth)acrylate, 2hRtBylhdXadBBA(nfethf@yi&ach | ndependent |y~ hydrogen or a
group of the formula —COOR''' in which R'' is hydrogen

or an al kyl group having from 16 to 30 carbon atons,

d from 0.1 to 30% by weight of at |least one
ethylenically unsaturated, polar ester conpound of the
formula (1V)

R12 XR10 (),

Rll 0O

in which R is hydrogen or nethyl, X is oxygen, sulfur
or an amino group of the formula —NH or —-NR*- in which
R' is an al kyl radical having from1l to 40 carbon atons,
R° is a radical which conprises from 2 to 1000 carbon
atons and has at |least 2 heteroatoms, RY and R% are
each i ndependently hydrogen or a group of the fornmula -
COX' R in which X is oxygen or an amino group of the
formula —NH or —NR*- in which R* is an alkyl radical
having from 1 to 40 carbon atons, and R is a radical
conprising from1l to 100 carbon atons,

e) fromO to 50% by wei ght of conononer,



heptadecyl(meth)acrylate,5-isopropylheptadecyl (meth)acrylate,4-tert-butyloctadecyl(meth)acrylate,
5-ethyloctadecyl(meth)acrylate,3-isopropyloctadecyl (meth)acrylate,octadecyl(meth)acrylate,nonadecyl
(meth)acrylate, eicosyl (meth)acrylate, cetyleicosy (meth)acrylate, stearyleicosy (meth)acrylate,
docosyl (meth)acrylate and/or eicosyltetratriacontyl (meth)acrylate; cycloalkyl (meth)acrylates such as
2,4,5-tri-t-buty1-3- vinylcyclohexyl (meth)acrylate;2,324,5-tetra-tbutylcyclohexyl (meth)acrylate;
oxiranyl methacrylates such as 10,11-epoxyhexadecylmethacrylate;andalsothe corresponding
fumarates and HaR@tks. The eS8 onfitRds With d IBRg-ch@rPhicon¥tr&dital, 8&pedidl§
components (b)etruy(cgncaralbé pbtansed, foadxampenbyeeacting (meth)acrylates, fumarates,
maleates and/or the corresponding acids with long-chain fatty alcohols, which generally forms a

mixture of esters, for example (@@th%acrxl%;s with different Ion%-chain alc?hol radicals. These fatty
alcohols include"B%b AIchRSI(NT7a11 &% €8 Alddhdt) 79885 bxPRRordli(r) 1460: bR 610, Alfolg
810, Lialg 125 agrinpaionis/pes (Skbel Jlefingi& Sutfhdanta@mpH) sSAphaiold PREICI)0Bpalg 610

and Epalg 810 (rtlyl S aypotation.drineiyelg Z80Linevolg 911 and Neodolg 25E (Shell AG); Dehydadg,
Hydrenolg and Loral(r) types - 17 - (Cognis); Acropolg 35 and Exxalg 10 (Exxon Chemicals GmbH);

Kalcolg 2465 (Kao Chemicals). _ _ _
it is possible in a not immediately foreseeable manner

to provide additives for lubricant oil conpositions
with which the problens detail ed above can be reduced
in a sinple manner.

At the sane time, the copolyners used in accordance
with the invention can achieve a series of further
advant ages. These i ncl ude:

> The copolynmers wused in accordance wth the
i nvention exhi bit out st andi ng properties as
viscosity index inprovers. The viscosity index-
inproving action is exhibited, for exanple, wth
reference to the kinematic viscosities at 40°C and
100°C to ASTM D 2270.

> I n addi ti on, t he i nventive | ubri cant oi |
conposi tions have outstandi ng | owt enperature
properties in lubricant oil conpositions. The | ow
tenperature properties can be obtained by mni-
rotational visconetry values (MRV), which can be
obtained to ASTM D 4684, and scanning Brookfield
results, as arise according to ASTM D 5133. A pour
point-inproving action of the copolyners used in
accordance with the invention can be determ ned,
for exanple, to ASTM D 97.

> | f particular flow properties are to be achieved
at a predetermned tenperature, this can be
achieved with very small anounts of copolynmer of
the present invention.



As an obligatory constituent, the compositions to be polymerized contain from 0.1 to 30% by weight, in
particular from 0.5 to 10% by weight, based on the total weight of the ethylenically unsaturated
monomers, of one or more ethylenically unsaturated ester compounds of the formula (IV) 0CV), in
which R is hydrogen or methyl, X is oxygen, sulfur or an amino group of the formula -NH- or -NR- in
which R4 is an alkyl radical having from 1 to 40 carbich atoms, Rn is a radical which comprises from 2
to 1000 carbon atoms and has at least 2 heteroatoms, Ril and R12 are each independently hydrogen
or a group of the formula - COX 'R" in which X' is oxygen or an amino group of the formula -NH- or
-NR41- in which>R4' is Hmealkyt cquiic gl rerving frosed to 40 carbon@talascand Rn'tib a radieal

comprising from 1 to 1pQ caqn,atomay i fimWadhvai XdS PHasH: sHir opARGERInpggoup of the
formula -NH- or -NR- in which R4 is an alky| radical hawr&idfrom 1 to 40, §referabslc))qf;f)m 1 to 4 carbon

atoms. The R14) and di€als"iff ¥tniula (}V Ca8 e &P Xﬁgﬁéentﬂfﬁ dt ben f &%%E of the
formula -COX 'R in wHidtP}1 8&adygen, sulfur or an amino group of the formula -NH- or -NR41- in
which R41 is an alkyl radical having from 1 to 40 carbon atoms, preferably - 18 - from 1 to 4 carbon
atoms, and RI' is a radigal comprisin mlipl refer from 1 t . Qre.preferably from
1 to 15 carbon a%oms. é ex%bro @si n ?efdicglpco?n%#sirﬁgd é‘gr%]'n{ _to'l %%0%85@1'% :Lécfféﬁé?é's tradicals of
organic compounds haRéidfréM 19100 caPSEr$ hffins Pt 8RB6MbESses AfomaticTfRhdteroaromatic
groups, and also alkyl tdyskallyhpaikgxye cyclpakosnt alkenytpalkanoyf aldexyssirbenyl groups and
heteroaliphatic groups. The groups mentioned may be branched or unbranched. The Rl radical is a
radical comprising from 2 to 1000, in particular from 2 to 100, preferably from 2 to 20 carbon atoms.
The expression “radical EBmpriSPRATINE & 1000 Qth8&" indRXER fa8itals ofSHHAAR inpounds
having from 2 to 1000 padioaicatonTs. It probkstarematic ané.hetenmdramaticl geattpsy ahdralkyl,
cycloalkyl, alkoxy, cyclgaﬂggéy,tqlggrjyl, alkanoyl, alkoxycarbonyl groups, and also heteroaliphatic
groups. The groups mentioned may be branched or unbranched. In addition, these groups may have
customary substituents. Substituents are, for example, linear and branched alkyl groups having from 1
to 6 carbon atorrts, for ER@mpleanetny®itisyl, pied, buityl, pedeg OZ-AastR@but drmexyiheycloalkyl
groups, for example cyicippaityl@nd cyclefiexytearamatic greupsi sHch ag phenylsardiamhdiyl; amino
groups, ether groups, ﬁ%ﬁh%pups qﬂg Qalidlegdﬁg(é%rdingll%ﬁt#q E\yigntiogxﬁgfﬂz?tbcngro%qs denote

S refe 0

radicals of mono- or polycyclic aromatic compounds having preferably from 6 0, In particular from 6
to 12, carbon atoms. HeYoafEAti©btoutRMIRA®IE hAN$adicals in which at least one CH group has
been replaced by N and/or at least two adjacent CH groups have been replaced by S, NH or 0,

heteroaromatic groupsayingdgyp I3 et L CcarbQRaloms,  accordance with the

i nvention can be prepared i nexpensively.

> The copolyners exhibit high oxidation stability
and are chemcally very stable.

The conpositions from which the copolyners wused in
accordance with the invention are obtained conprise
especially (neth)acrylates, naleates and/or funarates
whi ch have different alcohol radicals. The expression

"(meth)acryl ates” enconpasses nmet hacryl at es and
acrylates, and also m xtures of the two. These nononers
are widely known. The alkyl radical may be I|inear,

cyclic or branched.

M xtures from which the copolyners used in accordance
with the invention are obtainable nay contain fromO to
40% by weight, in particular fromO0.5 to 20% by wei ght,
based on the total weight of the ethylenically



- 19 - naphthalene, biphenyl, diphenyl ether, diphenylmethane, diphenyldimethylmethane, bisphenone,
diphenyl sulfone, thiophene, furan, pyrrole, thiazole, oxazole, imidazole, isothiazole, isoxazole,
pyrazole, 1,3,4-oxa- diazole,2,5-diphenyl-1,3,4-oxadiazole,1,3,4-
thiadiazole,1,3,4-triazole,2,5-diphenyl- 1,3,4-triazole,1,2,5-triphenyl1-1,3,4-triazole,
1,2,4-oxadiazole,1,2,4-thiadiazole,1,2,4-triazole, 1,213-trtdzole,1,2,3,4-tetrazole,benzo[b]thiophene,
benzo[b]furan,indole,benzo[c]thiophene, benzo[c]furan, isoindole, benzoxazole, benzothiazole,

benzimidazole, BERAdka2bRhe i TRABL Ste, behzo18zoR" beﬁ%tﬁiao?ém&,%r&%ma&ole,
dibenzofuran, dilbesabtni@ilreshee sadrazotaypyridioke, bipytidmef pyraziree, (pyyazole, pyrimidine,
pyridazine, 1,3,5-triazine, 1,2,4-triazine, 1,2,4,5-triazine, tetrazine,guinoline,isoguinoline,guinoxaline,
guinazoline,cinnoline,1,8-n£phthyridine,

3
o .

R 0O

in which R is hydrogen or nethyl, R' is a linear or
branched al kyl radical having from1l to 5 carbon atons,
RZ and R® are each independently hydrogen or a group of
the formula -COOR in which R is hydrogen or an al kyl
group having from1l to 5 carbon atons.

Exanpl es of conponent a) include

(rmeth)acrylates, fumarates and naleates which derive
from saturated al cohols, such as nethyl (neth)acryl ate,
ethyl (neth)acrylate, n-propyl (nmeth)acrylate, isopro-
pyl (nmeth)acrylate, n-butyl (nmeth)acrylate, tert-butyl
(meth)acrylate and pentyl (neth)acryl ate;

cycl oal kyl (nmeth)acrylates such as cyclopentyl (neth)-
acryl at e;

(rmeth)acryl ates which derive from unsaturated al cohol s,
such as 2-propynyl (neth)acrylate, allyl (nmeth)acrylate
and vinyl (meth)acryl ate.

As a further constituent, the conpositions to be
pol ynerized may contain from 10 to 99.9% by weight, in
particular from 20 to 95% by wei ght, based on the total
wei ght of the ethylenically unsaturated nononers, of
one or nore ethylenically unsaturated ester conpounds
of the formula (I11)

R6 OR4 (),

RS



1,5-naphthyridine, 1,6-naphthyridine, 1,7-naphthyridine, phthalazine, pyridopyrimidine, purine,
pteridine or guinolizine, 4H-guinolizine, diphenyl ether, anthracene, benzopyrrole,
benzooxathiadiazole, benzooxadiazole, benzopyridine, benzopyrazine, benzopyrazidine,
benzopyrimidine, benzotriazine, indolizine, pyridopyridine, imidazopyrimidine, pyrazinopyrimidine,
carbazole, aciridine, phenazine, benzoguinoline, phéhoxazine, phenothiazine, acridizine,
benzopteridine, phenanthroline and phenanthrene, each of which may also optionally be substituted.

The preferred alk§)l g5 inEudeSthd WA CBHAT prBFIMSoprofyl, LHull, bIRRAT 2-Methylpropyl,
tert-butylradical jpeand Rechetiaftlbytyl, I, adiiroathylprapyintgexyheptyl@ctylo 15 car bon

1,1,3,3-tetrametly gyl n@py! drnelecigh 2-glegy! e%&qﬁcylngeﬂﬁ%e?ﬁm?dWH?%‘i‘fg?? eigosyl group. -
20 - cyclopropyl,cyclobutyl,cyclopentyl,cyclohe cloheptyl.and the cyclooctyl group, each of which
is optionally sub%'?ilﬁﬂgd %th{) &n h%}(/jrﬂill (hbra d aflla/l 8%5&9% %?e FefiWécﬁ%ﬁéﬁylodroups
include the vinyB=lIgl Rythethyoupphepenyt) Z-boen§l, Ropekiietyd! Reiecah@end the 2-eicosenyl
group. The preferred alkynyl groups include the ethynyl, propargyl, 2-methy1-2-propynyl, 2-butynyl,
2-pentynyl and tﬂ%%-ge%ryl LRuUP-

(meth)acrylates, fumarates and naleates which derive

from saturated al cohols, such as hexyl (neth)acrylate,

2- et hyl hexyl (et h)acryl ate, hept yl (et h)acryl ate,

2-tert-butyl heptyl (nmeth)acrylate, octyl (neth)acryl-

ate, 3-isopropylheptyl (neth)acrylate, nonyl (nmeth)-

acrylate, decyl (neth)acrylate, undecyl (neth)acrylate,

5-net hyl undecyl (neth)acryl ate, dodecyl (neth)acryl ate,

2- et hyl dodecyl (et h)acryl ate, tridecyl (et h) -

acrylate, 5-nethyltridecyl (nmeth)acrylate, tetradecyl

(nmet h)acryl ate, pentadecyl (neth)acrylate,;

(rmeth)acryl ates which derive from unsaturated al cohol s,

for exanple oleyl (neth)acryl ate;

cycloal kyl (meth)acrylates such as 3-vinylcycl ohexyl

(met h) acryl at e, cycl ohexyl (met h) acryl at e, bor nyl

(meth)acrylate; and also the corresponding fumarates

and nal eat es.

In addition, the nononmer mxtures to be wused in
accordance with the invention may contain fromO to 80%
by weight, preferably from 0.5 to 60% by weight, based
on the total weight of the ethylenically unsaturated
mononers, of one or nore ethylenically unsaturated
ester conpounds of the formula (I11)

R

RY _AN\__ORT (1,

R8



The preferred alkanoyl groups include the formyl, acetyl,propionyl,2-methylpropionyl,butyryl,
valeroyl,pivaloyl,hexanoyl,decanoylandthe dodecanoyl group. The preferred alkoxycarbonyl
groupsinclude the methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl,
tert-butoxycarbonyl, hexyloxycarbonyl, 2-methylhexyloxycarbonyl, decyloxycarbonyl or
dodecyloxycarbonyl group. The preferred alkoxy graups-include alkoxy groups whose hydrocarbon
radical is one of the aforementioned preferred alkyl groups. The preferred cycloalkoxy groups include
cycloalkoxy grolifs WSS hyBrotarb&y A A88Ns He JTahE BrorerRentiched prefdlf&d cyRloalkyl
groups. The preteraed hetbroatdms whieldiacapredentiimthe Ri oadichbindlude 3ygear bitmogen, sulfur,

boron, silicon ang ghRasphreus, pEeferenge beigd givenia Spyaar RNAVItINGENo gl -drhe R radical
comprises at least two, l|cg)lr{/efer bly at Ieaﬁt three, heterpatoms. The Rlradical in eéste compounds of

the formula (IV)ergféPa htas%t S4stY! dfitferet terodth\thnCthli ase, e BY FHRER T at least
one of the ester@on@ioldldsydf tBé dorinayiv)andy eompasé at Bast anbeitr@&jedn®tom and at least
one oxygen atom.

my

Exanpl es of conponent c¢) include (neth)acrylates which
derive from saturated alcohols, such as hexadecyl
(met h) acryl at e, 2- nmet hyl hexadecyl (met h) acryl at e,
hept adecyl (met h) acryl at e, 5-1 sopropyl hept adecyl
(nmeth)acrylate, 4-tert-butyl octadecyl (met h) acryl at e,
5- et hyl oct adecyl (met h) acryl at e, 3-1sopropyl oct adecyl
(met h) acryl at e, oct adecyl (met h) acryl at e, nonadecyl
(met h) acryl at e, ei cosyl (met h) acryl at e, cetyl ei cosy
(nmeth)acrylate, stearyleicosy (neth)acrylate, docosyl
(meth)acryl ate and/ or ei cosyltetratriacontyl
(meth)acryl ate

cycl oal kyl (nmeth)acrylates such as 2,4,5-tri-t-butyl-3-
vi nyl cycl ohexyl (et h)acryl ate, 2,3,4,5-tetra-t-
but yl cycl ohexyl (neth)acryl ate;

oxi ranyl methacryl ates such as

10, 11- epoxyhexadecy!l nmet hacryl at e; and al so t he
correspondi ng fumarates and nal eat es.

The ester conmpounds with a |ong-chain al cohol radical,
especi ally conponents (b) and (c), can be obtained, for
exanpl e, by reacting (met h) acryl at es, f umar at es,
mal eates and/or the corresponding acids wth |ong-chain
fatty alcohols, which generally forns a mxture of
esters, for exanple (nmeth)acrylates wth different
| ong-chain al cohol radicals. These fatty alcohols
i nclude Oxo Al cohol® 7911 and Oxo Al cohol ® 7900, Oxo
Al cohol ® 1100; Alfol® 610, Afol® 810, Lial® 125 and
Nafol ® types (Sasol Oefins & Surfactant GrbH);
Al phanol® 79 (1C); Epal® 610 and Epal ® 810 (Ethyl
Corporation); Linevol® 79, Linevol® 911 and Neodol ®
25E (Shell AG; Dehydad®, Hydrenol® and Lorol ® types



In a particular aspect of the present invention, at least one heteroatom in the RI radical in at least one
of the ester compounds of the formula (IV) may be separated form the X group by at least 4 atoms,
more preferably by at least 6 atoms. The Rl radical in at least one of the ester compounds of the
formula (V) is preferably a group of the formula (V) A R13 (V), R14 in which A is a connecting group
having from 1 to 500 carbon atoms, preferably frem117to-I00 carbon atoms and more preferably from 1

to 50 carbon atoms, and the Rl and Rif radicals are alkyl group havin%p()referabl from 1 to 20 or an
more (Cognis); Acropol® 35 and Exxal ® 10 (Exxon em cal s

GrbH); Kal col ® 2465 (Kao Chem cal s).

As an obligatory constituent, the conpositions to be
pol ynmerized contain from 0.1 to 30% by weight, in
particular from 0.5 to 10% by weight, based on the
total weight of the ethylenically unsaturated nononers,
of one or nmore ethylenically unsaturated ester
conpounds of the formula (1V)

R
R12 10
WXR (IV),
R11 0

in which R is hydrogen or nethyl, X is oxygen, sulfur
or an amino group of the formula —NH or —-NR*- in which
R' is an al kyl radical having from1l to 40 carbon atorms,
R° is a radical which conprises from 2 to 1000 carbon
atons and has at |east 2 heteroatoms, RY and R? are
each i ndependently hydrogen or a group of the fornmula -
COX' R in which X is oxygen or an amino group of the
formula —NH or —NR*- in which R* is an alkyl radical
having from 1 to 40 carbon atons, and R is a radical
conprising from1l to 100 carbon atons.

In formula (1V), X is oxygen, sulfur or an am no group
of the formula -NH or —-NR*- in which R is an alkyl
radical having from 1 to 40, preferably from 1 to 4
car bon atons.

The R'Y and RY? radicals in formula (IV) are each
i ndependently hydrogen or a group of the formula
—COX' R in which X is oxygen, sulfur or an amino group
of the formula —NH or —NR*- in which R* is an alkyl
radical having from 1 to 40 carbon atons, preferably



carbon atoms and most preferably from 1 to 4 carbon atoms. The expression "connecting group
having from 1 to 500 carbon atoms" indicates radicals of organic compounds which comprise from 1 to
500 carbon atoms. It encompasses aromatic and heteroaromatic groups, and also alkyl, cycloalkyl,
alkoxy, cycloalkoxy, alkenyl, alkanoyl, alkoxycarbonyl - 22 - groups and heteroaliphatic groups. These
radicals have been explained in detail above. The pigferréd connecting groups in formula (V) include

groups of the formula (V1) I CH2 / CH2 0 in which n is an integer irlgm,e range from 1 to 8, preferably
from 1 to 6 and M8 prdferaly ffbm 46 heARPRlical #119t 1eBst oné Bsted cohfHUAd of the
formula (1V) is peebepablg argrodip ofrihé faronulDQ/I1) @H2 £0edd 12V /®13 ENRCHD Nand

nmore preferably from 1 to 15 <carbon atons. The
expression "radical conmprising from 1 to 100 carbon”
indicates radicals of organic conpounds having from 1
to 100 <carbon atons. It enconpasses aromatic and
het eroaromatic groups, and also alkyl, cycloalkyl,
al koxy, cycloal koxy, al kenyl, alkanoyl, al koxycarbonyl
groups and heteroaliphatic groups. The groups nentioned
may be branched or unbranched. The R° radical is a
radi cal conmprising from2 to 1000, in particular from 2
to 100, preferably from 2 to 20 carbon atons. The
expression "radical conprising from 2 to 1000 carbon”
indicates radicals of organic conpounds having from 2
to 1000 carbon atons. It includes aromatic and
het eroaromatic groups, and alkyl, cycloalkyl, alkoxy,
cycl oal koxy, al kenyl, al kanoyl, al koxycarbonyl groups,
and al so heteroaliphatic groups. The groups nentioned

may be branched or unbranched. [In addition, these
groups nay have customary substituents. Substituents
are, for exanple, linear and branched alkyl groups

having from 1 to 6 carbon atons, for exanple nethyl,
ethyl, propyl, butyl, pentyl, 2-nmethylbutyl or hexyl;
cycl oal kyl gr oups, for exanple cycl opentyl and
cycl ohexyl; aromatic groups such as phenyl or naphthyl;
am no groups, ether groups, ester groups and hali des.

According to the invention, aromatic groups denote
radicals of nmono- or polycyclic aromatic conpounds
having preferably from6 to 20, in particular from®6 to
12, carbon atoms. Heteroaromatic groups denote aryl
radicals in which at Ileast one CH group has been
replaced by N and/or at |east two adjacent CH groups
have been replaced by S, NH or O heteroaromatic groups
having from 3 to 19 carbon atons.

Aromatic or het eroaromati c gr oups preferred in
accordance wth the invention derive from benzene,



R14 Morepreferably,componentd)comprises dimethylaminodiglycolmethacrylate(2-[2-(dimethyl-
amino)ethoxy]ethylmethacrylate;2-[2-(dimethyl- amino)ethoxy]ethyl2-methy1-2-propenoate)ofthe
formula (VIII) O/NA/N/ In a further aspect of the present invention, the RI radical in at least one of the
ester compounds of the formula (IV) may comprise at least one group, more preferably at least two
groups, of the formula -CO-. - 23 - The groups of-theX¥ormula -CO- may be carbonyl groups

napht hal ene, bi phenyl, diphenyl ether, diphenyl nethane,
di phenyl di net hyl net hane, bi sphenone, di phenyl sulfone,

t hi ophene, furan, pyrrole, thiazole, oxazole, imda-
zol e, i sot hi azol e, i soxazol e, pyrazol e, 1, 3, 4- oxa-
di azol e, 2, 5-di phenyl -1, 3, 4- oxadi azol e, 1,3, 4-
t hi adi azol e, 1,3,4-triazol e, 2, 5-di phenyl -
1,3,4-triazol e, 1,2,5-triphenyl-1,3,4-triazol e,
1, 2, 4- oxadi azol e, 1, 2, 4-thi adi azol e, 1,2,4-triazol e,
1,2,3-triazol e, 1,2,3,4-tetrazol e, benzo[ b] t hi ophene,
benzo[ b] f uran, i ndol e, benzo[ c] t hi ophene,
benzo[c]furan, isoindole, benzoxazole, benzothiazole,
benzi m dazol e, benzi soxazol e, benzi sot hi azol e,
benzopyrazol e, benzot hi adi azol e, benzotri azol e,

di benzofuran, di benzot hi ophene, carbazole, pyridine,
bi pyri di ne, pyrazine, pyrazole, pyrimdine, pyridazine,

1, 3,5-triazine, 1,2,4-triazine, 1,2,4,5-triazine,
tetrazine, qgui nol i ne, i soqui nol i ne, gui noxal i ne,
qui nazol i ne, ci nnol i ne, 1, 8- napht hyri di ne,

1, 5- napht hyri di ne, 1, 6- napht hyri di ne, 1, 7- napht hyri -
di ne, phthal azine, pyridopyrimdine, purine, pteridine
or quinolizine, 4H quinolizine, diphenyl ether, anthra-
cene, benzopyrrole, Dbenzooxathi adi azole, benzooxadi -
azol e, benzopyridine, benzopyrazine, benzopyrazidine,
benzopyri m di ne, benzotri azi ne, i ndol i zi ne, pyri do-
pyridine, imdazopyrimdine, pyrazinopyrimdine, carba-
zole, aciridine, phenazine, benzoquinoline, phenoxa-
zi ne, phenot hi azi ne, acridi zi ne, benzopt eri di ne,
phenant hrol i ne and phenant hrene, each of which may al so
optionally be substituted.

The preferred al kyl groups include the nethyl, ethyl

propyl, isopropyl, 1-butyl, 2-butyl, 2-nethylpropyl,
tert-butyl radi cal , pentyl , 2- et hyl but yl ,
1, 1- di met hyl propyl, hexyl , hept yl , octyl,
1,1, 3, 3-tetranet hyl butyl, nonyl , 1- decyl, 2-decyl ,

undecyl, dodecyl, pentadecyl and the eicosyl group.

The preferred cycl oal kyl gr oups i ncl ude t he



of ketones and/or aldehydes,carbonyl groups of carboxylic acids, carboxylic esters and/or
carboxamides, and/or carbonyl groups of carbonic acid derivatives, especially of urea groups and/or
urethane groups. In this case, at least two groups of the formula -CO-may be bonded to one another
via at most 4 atoms. The RI radical in at least one ester compound of the formula (IV) may preferably
be a group of the formula (IX) More preferably,eomporentd)comprises mono-2- methacryloyloxyethyl

succinate of the formula (X) 00 The RI radical in at least one ester compound of the formula (IV) may
preferably be a G¥GUPE ABYbrmula ¢Xf! obut yl, cyclopentyl, cycl ohexyl,
cycl oheptyl and the cyclooctyl group, each of which is

optionally substituted wth branched or unbranched
al kyl groups.

The preferred al kenyl groups include the vinyl, allyl,
2-met hyl - 2- propenyl, 2-butenyl, 2-pentenyl, 2-decenyl
and the 2-eicosenyl group.

The preferred alkynyl groups include the ethynyl,
propargyl, 2-nmethyl-2-propynyl, 2-butynyl, 2-pentynyl
and the 2-decynyl group.

The preferred alkanoyl groups include the fornyl,
acetyl, propi onyl , 2- et hyl pr opi onyl , butyryl,
val eroyl , pi val oyl , hexanoyl , decanoyl and the
dodecanoyl group.

The preferred al koxycarbonyl groups include the
met hoxycar bonyl , et hoxycar bonyl , pr opoxycar bonyl ,
but oxycar bonyl, tert-butoxycarbonyl, hexyloxycarbonyl,

2- nmet hyl hexyl oxycar bonyl, decyl oxycarbonyl or dodecyl -
oxycar bonyl group.

The preferred al koxy groups include al koxy groups whose
hydr ocar bon radi cal is one of the aforenentioned
preferred al kyl groups.

The preferred cycloal koxy groups include cycloal koxy
groups whose hydrocarbon radical is one of the
af orenenti oned preferred cycl oal kyl groups.

The preferred heteroatons which are present in the R
radi cal i nclude oxygen, ni trogen, sul fur, bor on,
silicon and phosphorus, preference being given to
oxygen and nitrogen.



-24 - CH2\/0/C142 CH3 (X1), Morepreferably,componentd)comprises2- acetoacetoxyethyl
methacrylate(2-[(2-methyl-l-oxo-2- propenyl)oxylethyl 3-oxobutanoate) of the formula (XII) In a further
aspect of the present invention, the Rn radical in at least one of the ester compounds of the formula
(IV) may comprise at least one group of the formula -CO- and at least one nitrogen atom. In this case,
the Rn radical in at least one of the ester compoundslofthie formula (IV) may have at least one urea
group, urea grmips ge%%rally being representable by the formula -NRb-CO-NRc- in which the Rb and
Rc radicals are &5&h iRdepEAGESH] hyBRSTEH &2 grdbip h&dRG frbMPL todPE&HBR!fond, preferably
from 1 to 20 carbeastombrage, mbed prefetabiysfrom 1 to 4 carbon atoms, or the radicals Rb and Rc
radicals may form a ring having from 1 to 80 carbon atoms. The Rn radical in at least one ester

compound of the formudl (V) P8RPre'5 2B % @ BHRudintE “F hEM or mia (1w
preferably has at least 2 different heteroatons. 1In
this case, the R radical in at |east one of the ester
conpounds of the formula (1V) nmay conprise at |east one
nitrogen atomand at | east one oxygen atom

In a particular aspect of the present invention, at
| east one heteroatomin the R? radical in at |east one
of the ester conpounds of the formula (1V) my be
separated form the X group by at |east 4 atons, nore
preferably by at |east 6 atons.

The R radical in at |east one of the ester conpounds
of the formula (1V) is preferably a group of the
formula (V)

A\ /
" V),
R14

in which A is a connecting group having from 1l to 500
carbon atoms, preferably from1 to 100 carbon atons and
more preferably from1 to 50 carbon atoms, and the R
and R radicals are each independently hydrogen or an
al kyl group having from 1 to 40 carbon atons, nore
preferably from 1 to 20 <carbon atons and nost
preferably from 1 to 4 carbon atonms. The expression
"connecting group having from 1 to 500 carbon atons"
i ndicates radicals of organic conpounds which conprise
from1l to 500 carbon atons. It enconpasses aromatic and
het eroaromatic groups, and also alkyl, cycloalkyl,
al koxy, cycloal koxy, al kenyl, alkanoyl, al koxycarbonyl



- 25 - CNN \ /I\(XII 1), AO in which A is a connecting group having from 1 to 500 carbon atoms,

preferably from 1 to 100 carbon atoms and more preferably from 1 to 50 carbon atoms. The

expression "connecting group having from 1 to 500 carbon atoms" has already been explained in

detail above. Morepreferably,componentd)comprisesN-(2- methacryloyloxyethyl)ethyleneurea

(2-(2-oxo-1-imidazolidinyl)ethyl 2-methy1-2-propendsie)-of the formula (XIV) [NH (XIV). 00
groups and heteroaliphatic groups. These radicals have
been explained in detail above.

The preferred connecting groups in formula (V) include
groups of the formula (V)

Bug oA

n Vi),
in which n is an integer in the range from 1 to 8,

preferably from1l to 6 and nore preferably from1 to 3.

The R radical in at |east one ester conpound of the
formula (1V) is preferably a group of the fornmula (V1)

Gy /D\ CHy RU
e, CHp N (V).
I\{M
Mor e preferably, conponent d) conpri ses
di met hyl am nodi gl ycol nmet hacryl ate (2-[2-(di net hyl -
am no) et hoxy] et hyl nmet hacryl at e; 2-[2-(di net hyl -
am no) et hoxy] et hyl 2- et hyl - 2- propenoat e) of t he

formula (M11)

O

N /\/o'\/\N/ v,
8]
1

In a further aspect of the present invention, the R
radical in at |east one of the ester conpounds of the
formula (1V) may conprise at |east one group, nore
preferably at |east two groups, of the formula -CO.



Among the ethylenically unsaturated ester compounds, particular preference is given to the
(meth)acrylates over the maleates and fumarates, i.e. R2, R3, R5, R6, R9, R9, R11 and R22 of the
formulae (1), (1), (1) and (1V) are, in preferred embodiments, more preferably hydrogen. Monomers in
component d) may, similarly to the monomers in components b) or c), be obtained by transesterifying
methyl (meth)acrylates with appropriate alcohols;-arhines and/or thiols. In addition, some of these
monomers are commercially available. - 26 - Component e) comprises in particular ethylenically
unsaturated monBfel WHRR cQh bERSpHIPHBHZEd Wit thd By RRicSRI BNHMlraPEREr
compounds of té forkataen@s (I1) afidy amd/org1\de Mptever, particilanysuitalgiecomenoroérsfor
polymerization acgording|tp ghe pregentjavention ase RAsA Which coggsrand to the fpymyfla: RI*R2*
0*R4* in which R1* and R2* are each independently selected from the group consisting af hydrogen,
nalogens, ON, IFE5PBKBI LRSS aRIPbBURE AR HomOL R85, phEierial 0L (66 4 more
preferably from debi4y @hitgsato@SRAGitAInhay B substituteadl By premantd @n+Uy B4ID§BR atoms,
where n is the ngnAgsf carbon atoms of the alkyl group (for example CF3), a43- unsaturated linear
or branched alkenyl or alkynyl groups having from 2 to 10, preferably from 2 to 6 and more preferably
from 2 to 4, carbon atoms which may be substituted by from 1 to (2n-1) halogen atoms, preferably
chlorine, where s ¥ gurfiB&rof caktbohesins oieheIRHRFoR, fortSahldeP=c€2-, cycloalkyl
groups having fresy 3de SHoartled atomswéhiemmdetve substiuteadsyt framak tm@2n-1) halogen atoms,
preferably chlorine, where n is the number of carbon atoms of the cycloalkyl group; C(=Y*)R5%,
C(=Y*)NRE*R2* Y*C\&X*)RS*, SORS5¥, S02R5*%, 0S02R5*, NR5*S02R5*, PRM, P(=Y*)RM, Y*PRM,
Y*P(=Y*)RM, NRES hich A $R! gubfer@bed &RE bn A0RIHETLIHE5* CATPBHAGe ey i roup,
where Y* may bieoXRet,&8 ¢l /) prafeyabpyr @f Rbaisl gn dikyl grogpdigvingffronihé td 20 maktson atoms,
an - 27 - hydrogerger an alkali metal), alkoxy of from 1 to 20 carbon atoms, aryloxy or heterocyclyloxy;
RE* and R)/* are each independently hydrogen or an alkyl group having from 1 to 20 carbon atoms, or
R6* and R)/* together may form an alkylene group having from 2 to 7, preferably from 2 to 5 carbon
atoms, in which case they form a 3- to 8-meml3§:red, preferably 3- to 6-membered, ring, and R9* is
hydrogen, linear or branched alkyl or aryl grougis having from 1 to 20 carbon atoms;

cH, O (IX).
L
CH, OH
O
More preferably, conponent d) conprises  nono- 2-

met hacryl oyl oxyet hyl succinate of the formula (X

0 g
).
\/‘\O/\/‘)NOH
O

The R radical in at |east one ester conpound of the
formula (1V) may preferably be a group of the fornula

(X1)



R3* and R4* are independently selected from the group consisting of hydrogen, halogen (preferably
fluorine or chlorine), alkyl groups having from 1 to 6 carbon atoms and COOR9* in which R9* is
hydrogen, an alkali metal or an alkyl group having from 1 to 40 carbon atoms, or RI* and R3* together
may form a group of the formula (CH2),-4 which may be substituted by from 1 to 2n' halogen atoms or
C1 to C4 alkyl groups, or form the formula C(=0)-Y*2 €(=0) where n' is from 2 to 6, preferably 3 or 4,
and Y* is as defined above; and where at least 2 of the Ri*, R2*, R3* and R4* radicals are hydrogen or
halogen. These mch:d;z‘ droxy@kyl (meth)ac é;lﬁes such as 3-hydroxypropyl methacrylate,

3,4-dihydroxybutyl me ylage, 2hygfoxye thacrylate 2-hydroxypropyl methacrylate,
2,5-dimethy1-1,6-hexaned{oHn eth) acrylale, 1,10-decanediol (meth)acrylate, (XD,
am|noalkyI(meth)acrylatessuchasN- - dim hylaminopropyl)methacrylamide,3-diethyl-
aminopentylmethacrylate,3-dibutylaminoheXadecyl (meth)acrylate; nitriles of (meth)acrylic acid and
other nitrogen-containing methacrylates, such as N-(methacryloyloxyethyl)diisobutyl ketimine,
N-(meth- acryloyloxyethyl)dihexadecylketimine,methacryloyl-

amidoacetonitrilgpd-methagivigydeystiymethydeyaibfshide, cygnometiyd methaerylate; 228 -
acet oacet oxyet hyl met hacrylate (2-[(2-nethyl-1-o0xo0-2-
propenyl ) oxy] et hyl 3-oxobutanoate) of the formula (XI1)

0
0
\ﬁ{ NS X1,

In a further aspect of the present invention, the R
radical in at |east one of the ester conpounds of the
formula (IV) may conprise at |east one group of the
formula —CO- and at | east one nitrogen atom

In this case, the R radical in at |least one of the
ester conpounds of the formula (1V) may have at | east
one urea gr oup, urea gr oups general ly bei ng
representable by the formula —NR-CO- NR- in which the
R and R radicals are each independently hydrogen or a
group having from1l to 40 carbon atons, preferably from
1 to 20 carbon atons and nore preferably from 1 to 4
carbon atoms, or the radicals R and R radicals may
forma ring having from1 to 80 carbon atons.

The R radical in at |east one ester conpound of the
formula (1V) may preferably be a group of the fornula
(XI11)



aryl (meth)acrylates such as benzyl methacrylate or phenyl methacrylate in which the aryl radicals may
each be unsubstituted or up to tetrasubstituted; vinyl halides, for example vinyl chloride, vinyl fluoride,
vinylidene chloride and vinylidene fluoride; vinyl esters such as vinyl acetate;
styrene,substitutedstyreneshavinganalkyl substituent in the side chain, for example a-methylstyrene
and a-ethylstyrene, substituted styrenes having an &lkyl-substituent on the ring, such as vinyltoluene
and p-methylstyrene, halogenated styrenes, for example monochlorostyrenes, dichlorostyrenes,
tribromostyrenes and tetrabro tyrenes; heterocyclic vinyl compounds such as 2-vinylpyridine,
3-vinylpyridine, 2-methy1-5-vinylpyngipe, 3-ethyl4-vinylpyridine, 2,3-dimethy1-5-vinylpyridine,
vinylpyrimidine, vinylpiperidiQe, 9-yinylcarbazole, 3-vinylcarbazole, 4-viny|carba39@£‘ -vinylimidazole,
2-methyl-l-vinylimida Ie”DhWny rrolidone, 2-vinylpyrrolidone, N-vinylpyrrolidirte, 3-Vinylpyrrolidine,
N-vinylcaprolactam, N-viylbutyrolggtam, vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane,
vinylthiazoles and hydrogenated vinylthiazoles, vinyloxazoles and hydrogenated vinyloxazoles; vinyl
and isoprenyl ethers; maleic acid and maleic acid derivatives, for example mono- and diesters of
maleic acid, maleic anhydride, methylmaleic anhydride, maleimide, methylmaleimide; fumaric acid and
fumaric acid defivhatis GBr éxanfpl@mefBNaRd didsteds @ Funhdid adld;fdienesl for @xaPPle
divinylbenzene. dtdsercompanentpmelydreabsad indoauelly or aomnisturesrHewever, hirla

prerequisite that,af Igastiworiffgligny moppRIRTs are RPYMEHZed. 4%n  atoms.  The
expression "connecting group having from 1 to 500
carbon atons" has already been explained in detai
above.

Mor e preferably, conponent d) conpri ses N ( 2-

met hacryl oyl oxyet hyl ) et hyl eneur ea (2-(2-0x0-1-imd-
azol i dinyl)ethyl 2-nethyl-2-propenoate) of the fornula
(XI'V)

i A (XIv)
\)ko/\/ W<O

Among the ethylenically wunsaturated ester conpounds,
particular preference is given to the (neth)acryl ates

over the mal eates and fumarates, i.e. R, R, R, R, R,
R, R" and R of the formulae (1), (I1), (111) and (I1V)
are, in preferred enbodi nent s, nor e preferably
hydr ogen.

Mononmers in conponent d) may, simlarly to the nononers
in conponents b) or c), be obtained by transesterifying
met hyl (meth)acrylates wth appropriate alcohols,
amnes and/or thiols. In addition, sonme of these
nmononers are commercially avail abl e.



Preferred copolymers have a specific viscosity isp7" measured in chloroform at 25C, in the range from
8 to 74 ml/g, more preferably in the range from 11 to 55 ml/g, measured to ISO 1628-6. The inventive
copolymers may generally have a molecular weight in the range from 1000 to 1 000 000 g/mol,
preferably in the range from 10 x 103 to 500 x 103 g/mol and more preferably in the range from 20 x
103 to 300 x 103 g/mol, without any intention thatth*$skould impose a restriction. The values are
based on the weight-average molecular weight of the polydisperse polymers in the gomﬁi)&i/tion. This

parameter can 5Q0BRMFHed 1) GPEOAMe HeferrddtopdBmésWiRiEn c8hbe! sithme
polymerizing unsasaatedsdster compoomds preferably bave abgolydspelsityeviinvZziddin whd lange from

1.05 to 4.0. Thig parargeify|cani Redeterminet by GR e dThedireraratingefihg olyalkyl gaters from
the above-described compositions s”mow er se. For,instance, these polymers can be effected
L2 Boheridakioh: s idb AT

especially by frJeQFa{H'i' & o;)r)leri ati 8 rpr &e\Qses, for example ATRP (= atom
transfer radical polymerization) or RAFT (= reversible addition fragmentation chain transfer). The
customary free-fgdigdidyolymerigaiion isudddaiped, indey aliplie Ulmarpiashbhsylepedis ofr Industrial
Chemistry, SixtEJ%piti In general, a polymerization injtiator and a chain transfetrer are used for this
purpose. The usa & ﬁ'}étgz)rgs?i'n% udeg Ceggnza(') Iﬁ?tia o%rs \tvllél Kk orvgné’j‘len'{the l[e'['c\f%lﬁfefl ‘ﬁgld,g sfué?:h as AIBN
and 1,1-azo- biddyeRPe¥BhEchrbBhitfe PN alse fdi6xy BsMBbands - 30 - such as methyl ethyl
ketone peroxide, acetylacetone peroxide, dilauryl peroxide, tert-butyl per-2-ethyl- hexanoate(often also

referred to as tert-butyl
R1% R2#

R3* R4*

in which R and R are each independently selected from
the group consisting of hydrogen, hal ogens, CN, |inear
or branched alkyl groups having from 1 to 20,
preferably from1l to 6 and nore preferably from1l to 4,
carbon atons which may be substituted by from 1 to
(2n+1) hal ogen atons, where n is the nunber of carbon
atons of the alkyl group (for exanple CF3), a,p-
unsaturated |inear or branched alkenyl or alkynyl
groups having from 2 to 10, preferably from2 to 6 and
nore preferably from 2 to 4, carbon atons which may be
substituted by from 1 to (2n-1) halogen atons,
preferably chlorine, where n is the nunber of carbon
atons of the alkyl group, for exanple CH,=CO -, cyclo-
al kyl groups having from 3 to 8 carbon atons which may
be substituted by from 1 to (2n-1) halogen atons,
preferably chlorine, where n is the nunber of carbon
atonms of the cycloalkyl group; QO =Y)R", C(=Y)NR'R”,
YC=Y)R", SOR", SOR’, OOR’, NF'SOR’, PR,
P(=Y)R"2, YPR;, YP(=Y)R";, NR, which nmay be
quaterni zed with an additional R, aryl or heterocyclyl
group, where Y may be NR", S or O preferably O R is
an alkyl group having from 1 to 20 carbon atons, an
al kylthio having from1 to 20 carbon atoms, OR"™ (R is



peroctoatetBPO0),ketoneperoxide,tert-butyl peroctoate,methylisobutylketoneperoxide, cyclohexanone
peroxide, dibenzoyl peroxide, tert-butyl peroxybenzoate,tert-butylperoxyisopropylcarbonate,
2,5-bis(2-ethylhexanoylperoxy)-2,5-dimethylhexane, tert-butyl peroxy-2-ethylhexanoate, tert-butyl
peroxy- 3,5,5-trimethylhexanoate, dicumyl peroxide,1,1-bis-
(tert-butylperoxy)cyclohexane,1,1-bis(tert-butyl- per@xy)-3,3,5-trimethylcyclohexane, cumyl
hydro-peroxide, tert-butyl hydroperoxide bIS(4 -tert-but Icyclohexyl) pero dicarbonate, mixtures of two

or more of the ANEHRIRBNS ccﬁ‘ﬂpo%n &lvith Benothe?! K9 ¥isOmittliR® of the%fcB@mentioned
compounds witlt eoinpount® whjchahaveongt lweerheteatiooyd byt @ay;likBvisaridrRfrearadicals.

Suitable chain teansferers d&p eanesially oilrspivlig enereaptans. fay ﬁy}mp&@gﬁ[ dqqig\whr@ercaptan
or 2-mercaptoethanol, or else f(*? in tra sferérs from the clre:%s of the terpenes for exa r?%
S d tA ical

terpinolene. Th A?ﬁP r&?e I?rﬁ"'cy elaéeorﬂsls a8u h is 4 QQﬁ{dﬁ{ee
polymerization, muhautaanyahﬂemh@nmammy@hm@l iregtridtrteend@scription of Rhehedainism. In

these processes,rafarsitian me@éﬁaﬁmoundﬂ%reaﬁed\mitm counHayhighhas a transferable
atom group. Thlf trzi%sf%%We té md?gke tgq] to tge gaﬁgh_glg Irréeatal clpn}Pq(_)lun% \thch
idi S e

oxidizes the me% iS reaction Torm's a raaica h|c adds onto et nic'groups.However, the
transfer of the akdm g%dﬂ)y@)rtﬁgQl’bnshioﬂerﬁéta@boMb@UﬁB@re%'ekédbleoéo ﬁﬁét'thél'é%fﬁﬁroup is

transferred backtovihegroninrg polyme2 @hasy, bdvchatasms;a controlled polymerization system. The
structure of the polymer, the molecular weight and the molecular weight distribution can be controlled
correspondinglyX. 31anthig¥eaclbR isl RAERBEE S0 eXangsibesy 86, W, éth@., IrMHPChem.

Soc., vol.117, pcoab4-66iLh ¢1995) hydviatyiaszenskio déacrompoteicelesiia).28| uori ne or
chlorine), alkyl groups having from1l to 6 carbon atons
and COOR” in which R’ is hydrogen, an alkali netal or
an alkyl group having from1 to 40 carbon atons, or RY
and R together may forma group of the formula (CH)
whi ch may be substituted by from1 to 2n" hal ogen atons
or C, to C alkyl groups, or formthe fornula C(=O)-Y -
C(=0 where n' is from2 to 6, preferably 3 or 4, and Y
is as defined above; and where at least 2 of the R',
R, R and R radicals are hydrogen or hal ogen.

These include hydroxyal kyl (meth)acryl ates such as

3- hydroxypropyl nethacrylate, 3,4-dihydroxybutyl mneth-
acrylate, 2-hydroxyethyl nethacrylate, 2-hydroxypropyl
nmet hacryl at e, 2, 5-di net hyl -1, 6- hexanedi ol (et h) -
acrylate, 1,10-decanediol (neth)acrylate,

am noal kyl (met h) acryl at es such as N ( 3-
di met hyl am nopr opyl ) net hacryl am de, 3-di et hyl -
am nopent yl nmet hacryl at e, 3-di but yl am nohexadecyl

(met h) acryl at e;

nitriles of (meth)acrylic acid and other nitrogen-
cont ai ni ng nmet hacryl ates, such as

N- (et hacryl oyl oxyet hyl ) di i sobut yl keti m ne, N- (et h-
acryl oyl oxyet hyl ) di hexadecy!l keti m ne, met hacryl oyl -
am doacetonitrile, 2- met hacryl oyl oxyet hyl met hyl cyan-
am de, cyanonet hyl nethacryl ate;



p. 7901-7910 (1995). In addition, the patent applications WO 96/30421, WO 97/47661, WO 97/18247,
WO 98/40415 and WO 99/10387, disclose variants of the ATRP explained above. In addition, the
inventive polymers may be obtained, for example, also via RAFT methods. This process is presented
in detail, for example, in WO 98/01478 and WO 2004/083169, to which reference is made explicitly for
the purposes of disclosure. The polymerization may2se edrried out at standard pressure, reduced
pressure or elevated pressure. The polymerization temperature too is uncritical. However, it is

generally in the #aXde of 3-DOEET pletb@dly BUEbC Ahd REAZ YlefeFRINB6!1P0RE GrheP"
polymerization phg el cameddhaat withtoe withouhsalerth€hatsrim sadewtak $o bayndarttood here in

a broad sense. jpe polymRTZationds PErfe(APlY satried: Qi i & nanpo&y; solvent. These include

hydrocarbon solvents, for example aromatic solvents such as toluene, benzene and xylene, saturated
hydrocarbons, for eyamplealyckbbexand, deptageanpiaae, nonayle, detdns, idddecans, miich may

also be present i Reanqied foirRy Therssoluenis e baegiingivicyale apg @sqa mixture.

Particularly preferred solvents are mineral oils, natural oils and synthetic oils, and also mixtures
thereof. Amonghesd, vesy padicsalac preferanasyis gt @t mjneral oils. - 32 - Accordingly, the
inventive copolymers may be random copolymers. In a particular aspect of the present invention,
inventive copolyhhéris&R8y have HRfrhdieHt. €6 this Shyé BRBmondia¥ E¥mpodiion cat ENange during
the chain growtls irbetder t@ ebtainrcopdlgmesisdehiathizave a gradierix implferther aspégtiof the
present inventiog, the.inyentiy I bl I . :can be
obtained, for exzéaltn%}lze,‘%{/ %?"?13 %%@rﬁﬁyrﬁéﬁ (‘:gém%%%%ﬁqd@%ﬁi%poﬁui?Hggmﬂilei ain growth.

changing t p y t
The blocks deridH %r‘ﬁyéstesrlt%ﬁfb&&iﬁﬁtof% fohBulakn; (Iﬁ‘é?\'a/o"f‘?lll)(b@fle?a‘gly}‘ﬁ&\?e at least
30 monomer unétadBlpekred ol isieys daeote palypumrsattach isdye atneast tivorbloekaenBloeks in this

context are segsAk A e SOPPhERRISVhich; YR 69RSIABHEAMPOSIHPR COMPOSEHG{ogie or more
monomer units. Th[i |{1§I Vldlﬁj b ockts maﬁzgébe formed from different monomers. In addition, the blocks
e d

may differ only B\'/q AR A8 of ¥&nt monomer units, in which case a random distribution of

the different mopgmer g@j}‘g may bg; mﬁpené EELAR Plegke An %intg_re,sitm %%H‘?ICHPB@,G present
invention, the different blocks.feature a corgecen r%&o}in (gfferenc}e of at least one monomer, unit of 5% or
tl

more, preferably at le2%t P¥dE &hd'frore p STAY adt 2B PXIthGUt Yy inte fi6h Bt this should
impose a restricfiodi Tié Pt tiomeentratiodr ¢f thetmiyhorhevumyd" PEkitel fvethe nvhibdr of these

units which are gefived ipiethe yneRarpeisaiseast, hasedoniths tatak mapberof repeatiig units within a
block. The concgg}rgg%%pgference 4-vi nyl car bazol e, 1-vinylimdazol e,
2-met hyl - 1-vinyli m dazol e, N-vinyl pyrrolidone, 2-vinyl-
pyrrolidone, N-vi nyl pyrrolidine, 3-vinyl pyrrolidine,
N-vi nyl caprol actam N-vinyl butyrol actam vinyl oxol ane,
vi nyl furan, vi nyl t hi ophene, vi nyl t hi ol ane,
vi nyl t hi azol es and hydrogenated vinylthiazoles, vinyl-

oxazol es and hydrogenat ed vi nyl oxazol es;
vinyl and isoprenyl ethers;

maleic acid and maleic acid derivatives, for exanple
mono- and diesters of nmaleic acid, maleic anhydride,
met hyl mal ei ¢ anhydri de, mal ei m de, nethyl mal ei m de;

fumaric acid and fumaric acid derivatives, for exanple
nono- and diesters of fumaric acid;

di enes, for exanple divinyl benzene.

These conponents may be wused individually or as
m xtures. However, it is a prerequisite that at |east
two different nononers are polynerized.



- 33 - arises from the difference between the concentration of at least one monomer unit of two blocks.
The person skilled in the art is aware of the polydispersity of polymers. Accordingly, the data regarding
the concentration difference are based on a static average over all polymer chains of the
corresponding segments. The length of the blocks may vary within wide ranges. According to the
invention, the blocks may have preferably at least 30 2mefie preferably at least 50, particularly
preferably at least 100 and most preferably at least 150 monomer units. As well as diblock
copolymers, the present invention also provides multiblock copolymers which have at least three,
preferably at leet édwarblecks.CldpEseytrtecls copalyeners neaydavViel altewviaing bidcoks. taddition, the

block copolymerg.mayad3p b PLasesF 8% SPRPAR0NBEIS orias SHPYUREgE- Prefpirad plock
copolymers ma OI%E)'ISG hydrophobic si%;rne s which are obtained b podymenzm monomer
h A tﬁ'&

compositions whi nﬂ)risené)srpeecieﬁ chIat'e@, mtail?ateg Ao 1 ﬁ%’?&te&. Thé ?\ydrophobic
segments are defved irgpartied@ar frech édylepi@alif2dstturated compounds of the formulae (1), (1)
and/or (Ill). In addition, these preferred block copolymers comprise polar segments which comprise

monomers of the formula (1\), Particularly preferred blo qlymers comprise.at least one
hydrophobic seg?r[i%n{ %\éé\_rétét\fegas 8ne‘ Bgrfgrrsgeg'ﬁwagnt%ﬁ%% %};BYOEP’I%%% sée nn%(in%%éinag obtainable
by polymerizing¥eb86¥her tBmpbBRions &HHEh chirPfise 1098 - ) erond 096 A0H By Hetght; in
particular from G béd @0&bby weighthleaseshoe tHer waigho oiktheohano sy o pasitignsrtadr preparing
the hydrophobicawmﬁ%%m B} Ig‘aé} aRe ;th)/llt?pic?weun?ac.mbaéed ESteh compgyhlq)@f tlg%formula ()
300 x 10° g/nol, without any intention that this should
inpose a restriction. The values are based on the
wei ght - average nol ecular weight of the polydisperse
polymers in the conposition. This paranmeter can be

determ ned by GPC.

The preferred copolymers which can be obtained by
pol ymerizing unsaturated ester conpounds preferably
have a polydispersity M/M in the range from 1.05 to
4.0. This paraneter can be determ ned by GPC

The preparation of the polyal kyl esters from the above-
descri bed conpositions is known per se. For instance,
these polynmers can be effected especially by free-
radi cal polynerization, and also rel ated processes, for
exanple ATRP (= atom transfer radical polynerization)
or RAFT (= reversible addition fragnmentation chain
transfer).

The customary free-radical polynerization is explained,
inter alia, in Ulmnns’s Encylopedia of Industrial
Chem stry, Sixth Edition. In general, a polynerization
initiator and a chain transferrer are used for this
pur pose.

The usable initiators include the azo initiators well
known in the technical field, such as AIBN and 1, 1-azo-
bi scycl ohexanecarbonitrile, and also peroxy conpounds



in which R is hydrogen or methyl, R4 is a linear or branched alkyl radical having from 1 to 5 carbon
atoms, R2 and R5 are each independently hydrogen or a group of the formula -COOR" in which R' is
hydrogen or an alkyl group having from 1 to 5 carbon atoms, b) from 10 to 99.9% by weight, in
particular from 55 to 95% by weight, based on the weight of the monomer compositions for preparing
the hydrophobic segments, of at least one ethylenically unsaturated ester compound of the formula (II)
R6Rai R5 0 in which R is hydrogen or methyl, R4 is a linear or branched alkyl radical having from 6 to

15 carbon atomSURB atfR hydch RlaBYENdEREPRSrdRhBY £§roufseheli8FRGIANEOOR" in
which R" is hydmpeeoxorde alkdi graupynavinueiroxi @&y 15 carliorbatoyds, 85 - 2) &bhy0 to 80% by

weight, in particylag £rogaPe to €9Pp By weight Jased o the yveight of thg mongper gempositions for
preparing the hydrophobic segmentﬁpna at least one ethylenically unsaturated ester com ?und of the
formula (II1) in%ﬁi%ﬁtF?%tﬁydrogE 0 )methyl, RP% lineaP&f Bfdrthed alk§ler55fc(gpﬁ§ving from 16

to 30 carbon atdr8s,0R8 @AURI are BBEMHdependeathydrogenk®tog®up oftRé dxintida -COOR™

in which R™ is hygeagsRexabalky! gepwx hadng tipwelz /B0 gribeRriadeMms.t ert - but yl
per oxybenzoat e, tert-butyl per oxyi sopr opyl car bonat e,
2, 5-bi s(2- et hyl hexanoyl per oxy) - 2, 5- di et hyl hexane,
tert-butyl peroxy-2-ethyl hexanoate, tert-butyl peroxy-
3,5,5-trinmethyl hexanoate, dicunyl peroxide, 1,1-bis-
(tert-butyl peroxy)cycl ohexane, 1,1-bis(tert-butyl-
peroxy) -3, 3, 5-trinmet hyl cycl ohexane, cunyl hydr o-
peroxide, tert-butyl hydroperoxide, bis(4-tert-butyl-
cycl ohexyl ) peroxydi carbonate, m xtures of two or nore
of the aforenentioned conpounds with one another, and
also mxtures of the aforenmentioned conpounds wth
conpounds which have not been nentioned and can
likewise formfree radicals. Suitable chain transferers
are especially oil-soluble nmercaptans, for exanple
tert-dodecyl nercaptan or 2-mnercaptoethanol, or else
chain transferers from the class of the terpenes, for
exanpl e terpinol ene.

The ATRP process is known per se. It is assuned that
this is a “living” free-radical polynerization, wthout
any intention that this should restrict the description
of the nechanism |In these processes, a transition
metal conpound is reacted with a conpound which has a
transferabl e at om gr oup. Thi s transfers t he
transferable atom group to the transition netal
conpound, which oxidizes the netal. This reaction forns
a radical which adds onto ethylenic groups. However,
the transfer of the atom group to the transition netal
conpound is reversible, so that the atom group is
transferred back to the growing polyner chain, which
forms a controlled polynerization system The structure
of the polyner, the nolecular weight and the nol ecul ar
wei ght distribution can be controlled correspondingly.



e) from 0 to 50% by weight, based on the weight of the monomer compositions for preparing the
hydrophobic segments, of comonomer, and the polar segment comprising units derived from
ethylenically unsaturated, polar ester compounds of the formula (IV) in which R is hydrogen or
methyl, X is oxygen, sulfur or an amino group of the formula -NH- or -NR8- in which R8 is an alkyl
radical having from 1 to 40 carbon atoms, R88 is-a &dical which comprises from 2 to 1000 carbon
atoms and has at least 2 heteroatoms, R11 and R12 are - 36 - each independently hydrogen or a

group of the formtles- E&ICR" G whth 3@ SE bR orf Y arfif@GtbBp oPthe formuMaR$- or
-NE671- in whicktR&lis an alkyl radical Gaeimg fr&@ocl to 40 ehrborlafbms,pand BH1is- & Edical

comprising from 4 2300 cagpn q‘t,ﬁmﬁj, wheesin gt leasf, AR PRIArSEgMaNt colprises agleast 3 units
which are derived fr opgimers of t é} mula (IV) and arg, bonded directly to one another. The
polar segments %‘refzg]ﬁy ﬂ%%ge a hiéhlg %ortion df')bolar %qlﬂk WHh are c}el\ﬁﬁ/ed #BR} fidhomers of
the formula (IV)2RpleasBbh® pdlar\88g it o2 tably WO Fised &b felast 500 By i@t/ more

preferably at leagd7984 hp yvesghhaad more grefesdly atdeast|899e by weitdyi kased on Hee weight of

the polar segme L%nlé?s( daei”rYgg f[,i Jaonomers of the formula (1V).
Accordingly,preterredblockcopolymershaving hydrophobic segments P and polar segments D can be

represented by the formula
In addition, the inventive polynmers may be obtained,

for exanple, also via RAFT nethods. This process is
presented in detail, for exanple, in W 98/01478 and WO
2004/ 083169, to which reference is nmade explicitly for
t he purposes of disclosure.

The polynerization my be carried out at standard
pressure, reduced pressure or elevated pressure. The
pol yneri zation tenperature too is uncritical. However,
it is generally in the range of -20°-200°C, preferably
0°-130°C and nore preferably 60°-120°C.

The polynerization may be carried out with or wthout
solvent. The term solvent is to be understood here in a
broad sense.

The polynerization is preferably carried out in a
nonpol ar solvent. These include hydrocarbon solvents,
for exanple aromatic solvents such as toluene, benzene
and xyl ene, saturated hydrocarbons, for exanpl e
cycl ohexane, heptane, octane, nonane, decane, dodecane,
which may also be present in branched form These
solvents may be used individually and as a mxture.
Particularly preferred solvents are mneral oils,
natural oils and synthetic oils, and also mxtures
thereof. Anong these, very particular preference is
given to mneral oils.

The structure of the inventive copolyners is not
critical for many appl i cations and properties.



Pm -D,(XV) in which m and n are each independently integers in the range from 1 to 40, especially
from 1 to 5 and preferably 1 or 2, without any intention that this should impose a restriction. m = 1 and
n =5 may, for example, give rise to a comb polymer or a star polymer. m = 2 and n = 2 may, for
example, give rise to a star polymer or a block copolymer with alternating P-D-P-D blocks. The length
of the hydrophobic and polar segments may vary-wigtsin wide ranges. The hydrophobic segments P
preferably have a weight-average degree of polymerization of at least 10, in particular at least 50. The
weight-average egPed bNBbymeriZaGon! JHYREL! ¥E- nGARINGBRY SegiiBits R&ref&88R/Th the range
from 20 to 5000¢ oppdryicelas from 60 to 2000. The length of the polar segments D may preferably be
at least 3, more preferably at least 5 and particularly preferably at least 10 monomer units, these
monomer units preferably being gqived from compou%ds of the formula (1V). Theogolar segments D

preferably have a{\Ne@ht-B%rIag e%rree 8?Bgl%1eri9 tior} ﬁﬁethe%ﬁ&? bm 18V 2666n a
particular aspect,tienteiylet rafp @ yepslansygmeane @ t@trrdhgitbphdiiic 8ymeABSR is in the
range_fromhlrll TtOhTélQQ?I?]Eﬁf@?gbwéf@gbéi?c 1001430@&?16{ I@ﬂ@é@fg@d e@}nmdi@erttwét?ehwwn}
invention, the le the hy gbic.seg ts relatiye to the polar segments pf the copolymer
exhibit a ratio Ingtﬁg\’?[a?r}ge'fr'{)]m q%%% to 1?1(%, géeg?e%ékﬂy fgo%né %f]\_/ Po% i% aﬁ’@ Imcor?e pag?/ee?ab y from 3:1 to
1:1, although otBER@h8tH ratios of the blocks relative to one another shall also be encompassed by
the present invention. The person skilled in the art is aware of the polydispersity of the block

copolymers and ?i éh% mplm ur%ﬁeg é%tTheoyalupﬁéepgp%g are ba?%@é’ﬁtth‘aﬁ‘,’eig rﬁ@verage of

the particular molecular weight. The inventive copolymer may preferably be used in a lubricant oil
composition. A [uBYi€3ht ¥iFcomPBeLBARMPAERS aPiBasPbRE Kubri e bi MR 1ubridA®E Bils include
especially minegablojisresyhithmtio oile anttnaturatoilst or exanpl e, by changi ng the

nmonomer conposition discontinuously during the chain
grow h. The bl ocks derived from ester conpounds of the
formulae (1), (Il) and/or (lIl) preferably have at
| east 30 nonomer units.

Bl ock copolynmers denote polynmers which have at | east
two blocks. Blocks in this context are segnents of the
copol ynmer which have a constant conposition conposed of
one or nore nononer units. The individual blocks may be
formed fromdifferent nononers. In addition, the bl ocks
may differ only by the concentration of different
mononer units, in which case a random distribution of
the different nononer units may be present within one
bl ock.

In an interesting aspect of the present invention, the
different blocks feature a concentration difference of
at | east one nononer unit of 5% or nore, preferably at
| east 10% and nore preferably at |east 20% w thout any
intention that this should inpose a restriction.

The term "concentration of the nononer units" relates
to the nunber of these units which are derived fromthe
nmononers used, based on the total nunber of repeating
units wthin a block. The concentration difference



- 38 - crudeoil by distillationand/or refining and optionally further purification and finishing processes,
the term mineral oil including in particular the higher-boiling fractions of crude or mineral oil. In general,
the boiling 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 hydrogena&tion-6f bituminous or brown coal is likewise
possible. Mineral qils are also produced in a smaller proportion from raw materials of vegetable (for
example from ji6BS §apdSedth) bPanthdIiRIr eXempRe hvaRod: 37) GRNREREESFHIRYY, Mineral oils
have, dependingtonl thas torigime differenteproporttonsfoftaromiakiockylic, branched and linear
hydrocarbons. In general, a distinction is drawn between paraffin-base, naphthenic and aromatic
fractions in crudg, oils or mineral oilfﬁi‘;which the term garaffin-base fraction represents lpnger-chain
a

or highly branch %soﬁﬁérf‘&? and hﬁ‘ﬂenié f?actilbn ept%';slants'c@cloﬁm%ss. IRTadd fi, mineral
oils, depending pAltkiir AgIirsaid finising, PrivE Bfferent fAatiohdiohalalkaneshiBoaldahés having a
IﬁW degree of bragighing; Mgonrhas Gl%ﬂ@éﬁ?m-bb?nchﬁﬂﬂ Pféfaafl“ﬁ'&% agd éomagéﬂds%?aV@gH
eteroatoms, in particular r S, to whic egree r properties are attri . However,
the assignment% é’l&ﬁcéult, s?ﬁ{gg %%%iduglve%v anea?nglec gsf,) X\Pé%?havg %%{hﬁ%ng-giain Eﬁ%ched
groups and cyclealkaP8RanRaRI ah8HIBMaSE parts. For the purposes of the present invention, the
assignment can be effected to DIN 51 378, for example. Polar fractions can also be determined to

ASTM b 2007. The Iraghig of rsplkaiies ipecieseqiyngral ilsp l95sihan 5 bysiott, the
proportion of 0-, N- and/or S-containing compounds |ess than 6% by weight. The - 39 = proportion of

the aromatics ah§ 6P fHE H\%no-trﬁeth)tzlgﬁanché‘éf BakrRRs is gte'ﬁ%ral?bliﬁ% &h c8%in th&¥&nge from 0
to 40% by weiglp: &f enabitgrestinglaspett, Biheraloilcomppeses atainly adphtreasd ariOparaffin-base

alkanes which hayeigengirally Jpore thaty &3 dpejerablt more dhan 18 anggmosh peeferakiy fnore than
20 carbon atoms. The fﬁ%ion oﬁt ese con%gﬁnds is rglgnerall. 60% by weight, preferably 80% by
I

weight, without Bﬁﬂn% Wt thi§ 3Rbu p%@@% !

stitiohSA preferred mineral oil contains from
0.5 to 30% by weight of aromatic fractions, from 15 to 40% by weight of naphthenic fractions, from 35
to 80% by weighnsof paraffindaselfraréens, o poBYnRy weighhef nptlisares andfiam0.@mto 5% by
weight of polar o] ,based | " onthe ight.of the miperal pil. alysis of
particularly pref(é?:gg rrl#??%igl §§§ W}ﬂfgk?%i:s%gﬁéc%e&gj 8;%%% o%%ﬁ\eenﬁ%bggalaéﬁ)cla%%égspsuch as

urea separationtdHERuidRhebREER Aphitlon 5ifES hel,fHdws FbPe%kSmpld hBE $ollBRGK
constituents, the ppaleptages refayinghaiee tatal rergittiof ghe paoiodkdar mineral dxli useoln p-alkanes

having from apRrax. 1§1q,3k CAPLRIOMS O-74d)’* al so be present as comb

pol ymers or as star polyners.

Preferred block copolyners my conprise hydrophobic
segnents which are obtained by polynerizing nononer
conpositions which conprise especially (neth)acryl ates,
mal eat es and/or fumarates. The hydrophobic segnents are
derived in particular from ethylenically unsaturated
conmpounds of the formulae (1), (Il1) and/or (lIIl). In
addition, these preferred block copolyners conprise
pol ar segnents which conprise nononers of the formula

(1V).

Particularly preferred block copolyners conprise at
| east one hydrophobic segnent P and at |east one polar
segnent D, the hydrophobic segnment being obtainable by
pol ymeri zi ng nmonomer conpositions which conprise



slightly branched alkanes having from 18 to 31 carbon atoms: 1.0-8.0%, aromatics having from 14 to
32 carbon atoms: 0.4-10.7%, iso- and cycloalkanes having from 20 to 32 carbon atoms: 60.7-82.4%,
polar compounds: 0.1-0.8%, Joss: 6.9-19.4%. - 40 - 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 Ullmann's Encyclopedia of Industrial Chemistry, 5id Edition on CD-ROM, 1997, under "lubricants

and related products". . . .
a) fromO to 40% by weight, in particular from 0.5 to

20% by weight, based on the weight of the nononer
conpositions for preparing the hydrophobic segnments, of
at least one ethylenically unsaturated ester conpound
of the formula (1)

R

R3
A~ -OR (1,

R2

in which R is hydrogen or nethyl, R' is a linear or
branched al kyl radical having from1l to 5 carbon atons,
R? and R® are each independently hydrogen or a group of
the formula —COOR in which R is hydrogen or an al kyl
group having from1l to 5 carbon atons,

b) from 10 to 99.9% by weight, in particular from55 to
95% by weight, based on the weight of the nononer
conpositions for preparing the hydrophobic segnents, of
at least one ethylenically unsaturated ester conpound
of the formula (I11)

R

6
N A OR4 (n,

RS O

in which R is hydrogen or nethyl, R* is a linear or
branched alkyl radical having from 6 to 15 carbon
atonms, R° and R® are each independently hydrogen or a
group of the formula —COOR' in which R' is hydrogen
or an al kyl group having from6 to 15 carbon atons,



Synthetic oils include organic esters, for example diestersandpolyesters,polyalkyleneglycols,
polyethers,synthetichydrocarbons,especially polyolefins, among which preference is given to
polyalphaolefins (PAO), silicone oils and perfluoroalkyl ethers. They are usually somewhat more
expensive than the mineral oils, but have advantages with regard to their performance. Natural oils are
animal or vegetable oils, for example neatsfoot oits 86jojoba oils. These lubricant oils may also be
used as mixtures and are in many cases commercially available. The concentration of the polyalkyl
ester in the lubrfcant 6P EbAPdSiFIKpRerdBlyaRthe tdhgB3dnh S4bAH0od P Welyhe, nhére
preferably in thesfErgeofronwéitg 20% blyasaight,drasedhen theetagalt weafht dftlee coorpmsiion. In
addition to the afeyemRRItaNSALOMRENENE, & HRECAN Ol KPRIRSSHIOH 2% egmares furgher

additives. Theseaddijtivesincludeantioxidants,corrgsion inhibitors, antifoams, antiwear components,
dyes, dye stabilﬁters, Sé‘ﬁetrge%e, p8l5lh[¥ iﬁpﬂgflje Yant'3R4/8F B GHdifindL Pretaeg icant oil
compositions ha&fe & bigcbsityTuh@aduréd at 40C to ASTM D 445, in the - 41 - range from 10 to 120
mm2/s, more preferably in the range from 22 to 100 mm2/s. In a particular aspect of the present
invention, preferred lubricant oil compositions have a viscosity index, measured to ASTM D 2270, in
the range from 120 to 350, egpecially from 140 to 200.

(i),

in which R is hydrogen or nethyl, R is a linear or
branched alkyl radical having from 16 to 30 carbon
atons, R* and R’ are each independently hydrogen or a
group of the formula —COOR''' in which R'' is hydrogen
or an al kyl group having from 16 to 30 carbon atons,

e) fromO to 50% by weight, based on the weight of the
nmonomer conpositions for preparing the hydrophobic
segnents, of conononer,

and the polar segnent conprising units derived from
ethylenically unsaturated, polar ester conpounds of the
formula (1V)

R
MXR (v),

in which R is hydrogen or nethyl, X is oxygen, sulfur
or an amino group of the formula —NH or —-NR*- in which
R' is an al kyl radical having from1l to 40 carbon atorms,
R° is a radical which conprises from 2 to 1000 carbon
atons and has at |east 2 heteroatoms, RY and R? are



The copolymers used in accordance with the invention exhibit outstanding dispersing action. This
property can be measured, for example, to CEC L-48-A-00 ("oxidation stability of lubricating oils used
in automotive transmissions by artificial ageing"). In this test, the degree of oxidation is detected by the
viscosity rise. The lower AKV100 or AKV40 is, the better the oxidation stability and the dispersibility of
the polymer. In addition, the values for the heptare-irfsotuble mass fractions can be utilized in order to
describe oxidation stahility and dispersibility. Furthermore, the dispersing action of the copolymers can
be determined 828 KIBAAPRNHRMSY, tHY PeRehR-iRsoBbR MRiiflentd Srel REAMIRIand the
outstanding prof€ieR'Sf thercopbiyoherX'can Hearggsured reither tanil 8 K2Afldunethbd tshevithout

addition of flocculgngs) of to N K@p14 methodi, (afigr addifen gfdlogaulantg),|Iin adgitien the
dispersancy can be determined ﬁn the o{dized gil by determiningéhegzpil-bearing ca acit)( on blotting
the d

paper in the for DAY rdtloPOP thhe Fh i GR0RALG PG due se bit. Theb8%<t&are known
and widespreadcifrnheé iofliimgustiya so-talletOflotar §sut tedtons42 Wiigherdibiidy df @adltives.

However, hthis sualweca@dw?rep&@@ﬁéw adeing ppatdeartigles Eh@nd?etotjﬁve%igm tﬂlﬁr déﬁreersing
action without i nc the qutstandin ioxidant properti ep tc ymers. In these
methods, comrrrl}ieérlghygcﬁ)ts? o&ﬁxa%n%p 5 %garlrg)gon éilgckgﬁégch%asjlﬁlfrf\%x Jéi\?gm §§§u£‘e{ G (Hanau)
are added to th&@fSHRAatfHT B EontkSllc@NPaARt &1 stirred in vigorously (for example with the aid
of a high-speed stirrer or with the aid of steel grinding balls in a shaking machine), and the dispersancy
is evaluated in the for, Vi ity rise, Of tipn S di oQf or.ef a run
radius ratio (cf. IIglﬁéo 95 %%4)Jgg§ @Ié\égr?‘be%)ra‘%g/gg%rqgaﬁ%]sﬁag w@o?@%’f |85P|(t)? g)ﬁjrge? also
possible to utiliZRBAEr P& pifferits, Y Bxafie Brghnit M MROSTEN Ss tRE cdpper
phthalocyanine Haliogéa bl(é Yy 101AtfromeBASF AGe(Lyniwigshafee e iMorganes gigatangs such as

the titanium dioxiggrpPaes 2340 fiogy Kronggdkitayy Gyt ventdsen) gp ardersig showidispersing
action as require?d for ottz%ro Iication%&for exgam Ye in the (t:oatirlas ind stiy. Itﬁif agﬁ?l})?gssible to
characterize the Rtstract vy PR His SRISind U SyRER With the’ aidlor B3R len2AvAEY test, i.e.
their ability to staBiligdtvateranes eulsidn® ongeabiallpihe tabdityo! dspeROPBIAE subBtances in
nonpolar organigrmedjudie Mhiselgst Mereiopm saies asta muslel of g dispergion of polar sludges in
motor oil. The slower the emulsion separates, the higher the interface activity and dispersing action.
This method is described in detail in EP 0 699 694. - 43 - particularly high oxidation resistance. The
oxidation resistfMc&X£H HOW¥terminetdyeEiffes ilihecid n#RBe! ¥Mrthe ca®¥yNand in the
infrared spectruhy druihieoiioce, thegropolysners ohtitk ppasieat insagivnrtas s@vecana dogrosion
protection additi,vgp;l'gg SRITQ§] ghavigr f JRricant oil compositions can be measured under the
ZF 702047 process of ZF Friedrichshafen AG ("Korrosionsverhalten gegenuber Kupfer" [Corrosion
behavior toward copper]), which is performed under severe conditions (150C for 168 h), this test being
performed to a setup according to CEC L-48-A-00 WithD5 liters of air supply per minuteV\ copper rod
according to ISO 2160 is introduced into the experimental arrangement and, after the experiment has
been performed, the o%er content in the oil is determined to DIN 51391-2. This should, for example,
be max. 50 mg/k8 (8@% oHs%rang ng?ﬁge(ﬁé{% |I'S?%%Pr%'§88r%|h§ td '&tlsgse(rnsm'ags opﬁwe copper
sample of apprd>x@1®md (VT o) ot ® mdttHGVesineThainventilé @Bpofl/mdre enableddspliance
with this standagst wite very Wpw addition of adgitiveda tthe dwgricanitadonapositias. Intaddition, the
corrosion behavg%roqﬁrab% i@égg' a déaecgpmieg II%H‘ue\{,MVf\i 1%91% procesg ofﬁé kvaqﬁen AG

r

("Korrosionsschutz gegenuber Stahl” [Corrosion protection with respect to steel]), which is
widespread in tif& 80RInfobild! iMGudthe&nd M WhiER TRe BOIrYEBH iLEffécted dhdePtelaRiely mild
conditions (40Crfoe42 hpAersurfaRe aagesshent ex@aspVeral gitegorieisdeadsoto a ckassification into

degrees of corr%@@ﬁ@lueérof gveﬂ[?blaqé(ing:g _ﬂf%-rﬂ\‘foi ip}ﬁeng}/? &PHQltym?dS enghle cgmpliance

with this standa[:ﬂ \(/)VlCtE g/ery low addition of additive to the lubricant oil compositions.

The length of the hydrophobic and polar segnents may
vary within w de ranges. The hydrophobic segnents P
preferably have a wei ght - aver age degree of
pol ynmeri zation of at least 10, in particular at |east
50. The wei ght-average degree of polynerization of the



- 44 - Inaddition,theinventivecopolymersexhibit outstanding action as a metal deactivator. The metal
deactivator property of the inventive copolymers can be determined to ASTM D130 or ISO 2160
("copper corrosion test"), to ASTM D665 method A ("non-corrosion and non-rusting properties™) and to
ASTM D1748 ("rust protection test"). The invention will be illustrated in detail hereinafter by examples.
- 45 - Example 1 Preparation of a dispersing bloek pdlymer comprising mono-2-methacryloyloxyethyl
succinate: A 2 1 four-neck flask with saber stirrer, stirrer motor, N2 inlet tube, contact thermometer and

heating mantle WA iABARPEar§€9 WRiAl F000S0 Bro?ﬁ.ﬁ\?lﬂ%%’ethébr&lﬂ?eét@ﬂ&ﬁh@r(?i’@ €45 alcohol
mixture Lial(r) 126),2B00) giaf bpéyl tacetdtaantriobo §ftcanB0ddhiobenzoate, and heated to 85C
with stirring. After inertization by introducing nitrogen and adding dry ice, the polymerization was

started by addi 0,g of tert-b tyI eroxy-2-ethylhexanoate (tBPO). After.2 h, anoth rZOg of tBPO
wero added. AP 1 BABLEAH Hne TRAAp e STETIRS r<E BOE! 853D) b be. 3

mono-2- methad;ﬂ@ﬁlbxy@thyt@fdtm&fee(fmﬂmbmm & IR, Darmachd) diddoNddainl 280 g of

butyl acetate ar\@rﬂeﬂg afiBy0 were|asiged, and theombgieie wasistiged ah¥xe ovesmghirThe next
day, the mixture Wa§% é},% tha@8 6 %gf KPE %QPN Oélaanfj tla blétgl@cet%? é drq off on a
rotary evaporator at 120601 Phis ave ear viscous sol ion. Examplé 2 Preparation of a
dispersing block p&IfHIeR cbh\ﬁrrsmg N- (2 methacryloyloxyethyl)ethylene urea:

The polar segnents D preferably have a weight-average
degree of polynerization in the range from 10 to 1000.

In a particular aspect, the weight ratio of the polar
segnents D to the hydrophobic segnents P is in the
range from1l:1 to 1:100, preferably from1:2 to 1:30.

In a preferred enbodi mrent of the present invention, the
| engths of the hydrophobic segnents relative to the
pol ar segnents of the copolyner exhibit a ratio in the
range from 10:1 to 1:10, preferably from5:1 to 1:2 and
nore preferably from 3:1 to 1:1, although other length
ratios of the blocks relative to one another shall also
be enconpassed by the present invention.

The person skilled in the art is aware of the
pol ydi spersity of the block copolynmers and of the
i ndi vi dual segnments. The values reported are based on
t he wei ght-average of the particul ar nol ecul ar wei ght.

The inventive copolyner may preferably be used in a
| ubricant oil conposition. A lubricant oil conposition
conprises at |east one lubricant oil.

The lubricant oils include especially mneral oils,
synthetic oils and natural oils.

Mneral oils are known per se and commercially avail-
able. They are generally obtained from mneral oil or



A 2 1 four-neck flask with saber stirrer, stirrer motor, N2 inlet tube, contact thermometer and heating
mantle was initially charged with 900.0 g of LIMA (methacrylic ester of the C12-C15 alcohol mixture
Lialg 125), 225.0 g of butyl acetate and 6.75 g of cumyl dithiobenzoate, and heated to 90C with
stirring. After inertization by introducing nitrogen and adding dry ice, the polymerization was started by
adding 1.80 g of tert-butyl peroxy-2-ethylhexanoate $tBPO). - 46 - After 2 h and 4 h, in each case 0.90
g of tBPO was added. After 6 h of reaction time, 78.3 g of N-(2-methacryloyloxyethyl)ethylene urea

(obtainable by rEfé¥fhg tHY MMAROmM &350 ddi@drPer N-@0HEMacrylbFbkPhH)etitheureain
MMA = Plexg 68p5-0drahIRahm Gonbt-hand Co.[ G| Damastadt) dissalndd in 300y shbutyl acetate

and 1.0 g of tBRQ weeesadded, and the mixiw sz stigied gt OQeNeIgiank Ther e dayr the mixture
was diluted with 47.%38 é)é\%P%lPEN oil apd the buall acetate wa%f drawn off on a [otar. evaporator at
g [

120C/12 mbar. THE 1e2ViSEAE shifioh! B §m8Ie 3PreParation &Qﬁfs%ers block
polymer compri$ifg geassteacetdxy@thiyddthgerplataita Dl fouimescd flasklwithssalbieg Beirer, stirrer
LIViA (methacryjr saer st C-CLg icopal monie Lisln 128, 225 8 g o paeyl neeiate and 6.75

methacrylic ester of the C12- alcohal mixtur : of butyl acetate and 6.75 g
of cumyl dithiobjelif:}zeeoaté,r égr@ ﬁgétge%_l to 85C vﬁ:n Wstirrﬁ?i%\gpﬁégrtig?lgﬁ%y i%fﬁ)ﬁﬁangﬁﬁrogen and
adding dry ice, fegddynfrizatiGiPiaBStaPled By laddlinP ¥B0 gt tert-BUSA bbtadyLRBthPhexanoate
(tBPO). After 2 hraomther @8@lg of tRPOhwas eddédishftar 6 haff reaction timeand3 g af so

2-acetoacetoxyqeg}l73{gr§ MY'BW (b@nzggg r}ﬁ]ﬁﬁ% f{)qm LPB7R Sé/gg(]erlqrgd) p|s‘§8%egén 300 g of

butyl acetate an of tBPO were a mixture was stirred at 85C overnight. The next

day, the mixturdRES dibed WHEERb g '@Eaﬂﬂ)l\%iﬁgnoofh%%{ﬁﬁdacbfht@wéé@} Vil off on a
rotary evaporat@ratd@0aG/op nibaynThis\yanataecleat giscdusvergatiarb|- & 7(-f ar2 &Xeurpheck flask

with saber.stirreIr,rQ;pfifqr(ﬂ?q,tgg,’N:i’= HpRidERe) ccmtacé,qlpwﬁrporq@t@f apd fiepling maqitierwag initially
charged with 608.0 g of LIMA me;bac(r%{ll .estTr of the C12-C15 allcoh | mixture Llal%%ZS) together
with 2.90 g of cdh I?dit?][db%'n ba ech. 2 _89 BPO (?%r'?—%'ﬁ I p&’o_c?oa Vit 1%%0& H?rgeral oil in
the reaction flaskNantihgértizeariyghduing dirf i@ &0d paBsiagMitrogursovel. Swiseembhty, the

mixture was heated|tp 8Swislh SHegaAdter arfeaetianytimecd @perex. S hours, 32.0 g of hydroxyethyl
methacylate were added. After 2.5 hours, 0.64 g of tBPO was added and the reaction mixture was

stirred at 85C overnight. This gave a clear viscous solution of the polymer in oil. Comparative example
2 A 2 1 four-nedkflaSI€RRh &aberastidd S ktiRtef dfor, 192 iHfc?be PESMBENthd AR dtePand heating

mantle was initiglysehargethwith &80 gatiLislirofmeethacrylicesteonsthe C12rCitealodha mixture
Lialg 125) togetger with gec_}oag of qung! ditt]i?]be%qia&q1 1224 o_f {%I}’%(tegat?tgylqu{pﬁtggée) and 160

g of mineral oil in the reaction flask, and inertized by adding dry ice and passing nitrogen over.
Subsequently, the AGikiPE wdSRE 86 16 B5C RiPELirfgal N~ or - highly = br anched

i soal kanes, and naphthenic fraction represents cyclo-
al kanes. In addition, mneral oils, depending on their
origin and finishing, have different fractions of
n- al kanes, isoal kanes having a | ow degree of branching,
known as nono-net hyl - branched paraffins, and conpounds
having heteroatons, in particular O N and/or S, to
which a degree of polar properties are attributed.
However, the assignnment is difficult, since individua
al kane nolecules my have both |[|ong-chain branched
groups and cycloal kane radicals, and aromatic parts.
For the purposes of the present i nvention, t he
assignment can be effected to DIN 51 378, for exanple.
Pol ar fractions can also be determned to ASTM D 2007

The fraction of n-alkanes in preferred mneral oils is
| ess than 3% by weight, the proportion of O, N and/or
S-containing conpounds less than 6% by weight. The



After a reaction time of approx. 5 hours, 32.0 g of dimethylaminoethyl methacrylate were added. After
2.5 hours, 0.64 g of tBPO was added and the reaction mixture was stirred at 85C overnight. This gave
a clear viscous solution of the polymer in oil. - 48 - The properties of the resulting copolymers were
mixed with a base oil. The mixtures were subsequently investigated in a friction experiment. The
friction experiments were performed on a mini-tractid@ machine (PCS Instruments) under the following
conditions: Tab. 4: Measurement parameters and conditions for the MTM friction tests Test Rig PCS

MTM 3 Disk SRePRPSIE2H0, BlamERE RILEBE 050 it RoLkwell MardABEO =8 M¥Halus of

branched paraffins is generally in each case in the
range from O to 40% by weight. In one interesting
aspect, mmneral oil conprises mainly naphthenic and
par af fi n-base al kanes which have generally nore than
13, preferably nore than 18 and nost preferably nore
than 20 carbon atonms. The fraction of these conpounds
is generally > 60% by weight, preferably > 80% by
wei ght, wi thout any intention that this should inpose a
restriction. A preferred mneral oil contains from 0.5
to 30% by weight of aromatic fractions, from 15 to 40%
by weight of naphthenic fractions, from 35 to 80% by
wei ght of paraffin-base fractions, up to 3% by weight
of n-alkanes and from 0.05 to 5% by weight of polar
conpounds, based in each case on the total weight of
the mneral oil.

An analysis of particularly preferred mneral oils,
which was effected by neans of conventional processes
such as urea separation and |iquid chromatography on
silica gel, shows, for exanpl e, the follow ng
constituents, the percentages relating to the total
wei ght of the particular mneral oil used:

n- al kanes having from approx. 18 to 31 carbon atons:
0.7-1.0%

slightly branched al kanes having from 18 to 31 carbon
at ons:

1.0-8.0%

aromatics having from 14 to 32 carbon atons:

0.4-10. 7%

iso- and cycloal kanes having from 20 to 32 carbon
at ons:

60. 7-82. 4%

pol ar conpounds:

0.1-0. 8%

| oss:

6.9-19. 4%



elasticity = 207 GPa = C 40.0 mm, Ball Steel,AlSI 52100,diameter RMS = 10 - 13 nm, Rockwell
hardness = 58 - 65,modulus elasticity = 207 GPa = C of 19.0 mm, Speed

- 40 -°

Valuable information with regard to the analysis of
mneral oils and a list of mneral oils which have a
different conposition can be found, for exanple, in
Ul mnn s Encyclopedia of Industrial Chemstry, 5th
Edition on CD-ROM 1997, under “lubricants and rel ated
product s”.

Synthetic oils include organic esters, for exanple
di esters and pol yesters, pol yal kyl ene gl ycol s,
pol yet her s, synt hetic hydr ocar bons, especially
pol yol ef i ns, anong which preference is given to
pol yal phaol efins (PAO), silicone oils and perfluoro-
al kyl ethers. They are usually sonmewhat nore expensive
than the mneral oils, but have advantages with regard
to their performnce.

Natural oils are animal or vegetable oils, for exanple
neat sfoot oils or jojoba oils.

These lubricant oils may also be used as mxtures and
are in many cases commercially avail abl e.

The concentration of the polyalkyl ester in the
lubricant oil conposition is preferably in the range
from2 to 40% by weight, nore preferably in the range
from4 to 20% by weight, based on the total weight of
t he conposition.

In addition to the aforenentioned conponents, a

| ubri cant oi | conposition may conprise further
addi tives.
These addi ti ves i ncl ude ant i oxi dant s, corrosi on

inhibitors, antifoans, antiwear conponents, dyes, dye
stabilizers, detergents, pour point depressants and/or
DI additives. Preferred |ubricant oil conpositions have
a viscosity, neasured at 40°C to ASTM D 445, in the



0.005 m/s-2.5 m/s Temperature 120C Friction/roller ratio 50% Load 30 N = 0.93 GPa max.Hertzian

- 41 -°

range from10 to 120 mf/s, nore preferably in the range
from22 to 100 mf¥/s.

In a particular aspect of the present invention,
preferred lubricant oil conpositions have a viscosity
i ndex, measured to ASTM D 2270, in the range from 120
to 350, especially from 140 to 200.

The copolyners used in accordance with the invention
exhibit outstanding dispersing action. This property
can be neasured, for exanpl e, to CEC L-48-A-00
("oxidation stability of lubricating oils wused in
autonotive transmssions by artificial ageing”). In
this test, the degree of oxidation is detected by the
viscosity rise. The |ower AKV100 or AKV40 is, the
better the oxidation stability and the dispersibility

of the polyner. In addition, the values for the
hept ane-insoluble mass fractions can be utilized in
or der to descri be oxi dati on stability and

di spersibility.

Furthernore, the dispersing action of the copolyners
can be determned to JIS K2514. In this test, the
pent ane-i nsol ubl e constituents are neasured, and the
outstanding properties of the copolynmers can Dbe
measured either to JIS K2514 nethod A (w thout addition
of flocculants) or to JIS K2514 nmethod B (after
addi tion of floccul ants).

In addition, the dispersancy can be determ ned on the
oxidized oil by determning the soil-bearing capacity
on blotting paper in the form of the ratio of the run
radii of oxidation residue and base oil. These tests
are known and w despread in the oil industry as so-
called blotter spot tests.

In the aforenentioned processes, an oxidation step is
typically performed in order to investigate the



pressure As a result of a friction experiment, a Stribeck curve was obtained, from which the coefficient
of friction at 10 mm/s was determined. - 49 - Copolymer Coefficient of friction 10 mm/s Example 4
Block copolymer comprising mono-2- methacryloyloxyethyl succinate obtained according to example 1
0.026 Example 5 Blockpolymercomprising

- 42 =°
di spersibility of additives. However, this step can be
replaced by adding soot particles in order to
investigate the dispersing action wthout influence of
the outstanding antioxidant properties of the present
copol yners.

In these nethods, commercial soots, for exanple carbon
bl acks such as Printex 95 from Degussa AG (Hanau) are
added to the fornmulation in a controlled mnner and
stirred in vigorously (for exanmple with the aid of a
hi gh-speed stirrer or with the aid of steel grinding
balls in a shaking machine), and the dispersancy is
evaluated in the form of a viscosity rise, of a
proportion by mass of undispersed soot or of a run
radius ratio (cf. EP O 699 694) as described above.
Equally, instead of soots, it is of course also
possible to wutilize other types of pignents, for
exanpl e organic pi gnent s such as t he copper
pht hal ocyanine Heliogen blue L7101F from BASF AG
(Ludwi gshafen) or inorganic pignments such as the
titanium dioxide Kronos 2310 from Kronos Titan GrbH
(Leverkusen), in order to show dispersing action as
required for other applications, for exanple in the
coatings industry.

It is also possible to characterize the interface
activity of the dispersing polyners with the aid of a
toluene/water test, i.e. their ability to stabilize
water-in-oil ermulsions or generally the ability to
di sperse polar substances in nonpolar organic nedium
This test therefore serves as a nodel of the dispersion
of polar sludges in notor oil. The slower the emulsion
separates, the higher the interface activity and
di spersing action. This nethod is described in detail
in EP 0 699 694.

In addition, lubricant oil conpositions which conprise
copolynmers according to the present invention have a



N-(2-methacryloyloxyethyl)ethylene urea obtained according to example 2 0.022 Comparative
example 3 Blockcopolymercomprising hydroxyethyl methacrylate obtained according to comparative
example 1 0.033 Comparative example 4 Blockpolymercomprising dimethylaminoethylmethacrylate
obtainedaccording tocomparative example 2 0.043
- 43 =°

particularly high oxidation resistance. The oxidation

resi stance can be determned by changes in the acid

nunber or in the ~carbonyl band in the infrared

spect rum

Furthernore, the copolyners of the present invention
can serve as a corrosion protection additive.

The corrosion behavior of lubricant oil conpositions
can be neasured under the ZF 702047 process of ZF
Friedrichshafen AG ("Korrosionsverhalten gegentber
Kupfer" [Corrosion behavior toward copper]), which is
performed under severe conditions (150°C for 168 h),
this test being perfornmed to a setup according to
CEC L-48-A-00 with 5 liters of air supply per mnute. A
copper rod according to I SO 2160 is introduced into the
experinmental arrangenent and, after the experinment has
been perforned, the copper <content in the oil is
determned to DIN 51391-2. This should, for exanple, be
max. 50 nmg/ kg (CVT oils) or 150 ng/kg (HGY oils),
corresponding to a | oss of mass of the copper sanple of
approx. 1.5 nm (CvlT oil) or 5nm (HG/ oil). The
inventive copolyners enable conpliance wth this
standard with very low addition of additive to the
| ubricant oil conpositions.

In addition, the corrosion behavior can be investigated
according to the VWPV 1401 process of Vol kswagen AG
(" Korrosionsschutz gegenuber St ahl ™ [ Corrosion
protection with respect to steel]), which is w despread
in the autonobile industry and in which the corrosion
is effected under relatively mld conditions (40°C for
48 h). The surface assessnent into several categories
leads to a classification into degrees of corrosion,
values of < level 3 being desirable. The inventive
copol yners enable conpliance with this standard wth
very low addition of additive to the lubricant oi
conposi tions.



Comparative example 5: A 2 liter four-neck flask equipped with saber stirrer, stirrer motor, N2 inlet
tube, contact thermometer, heating mantle and reflux condenser is initially charged with 430 g of 150N
oil and 47.8 g of a monomer mixture of C12-C18-alkyl methacrylates and methyl methacrylate in a
weight ratio of 99:1. After inertizing by introducing N2 and adding dry ice, the temperature is adjusted
to 100C. Thereafter, 0.71 g of tert-butyl peroctoate i$aadedéd and, at the same time, a monomer feed -
consisting of 522.2 g of a monomer mixture of C12-C18-alkyl methacrylates and methyl methacrylate
in a weight ratio of 99:1 and 3.92 g of tert-butyl peroctoate - is started. The feed time is 3.5 h with
uniform feed raten2 h aftltithe end of fedwing, anoviesrti.¥4 g of cenpduyytgresoctoatearbiadded. After
heating to 130G, 18k6:6 @f AgON @ik 444259 f NeYinylpygakidqneanyd 1.46 g of tert-butyl - 50 -
perbenzoate are added. In each case 1 h, 2 h and 3 h thereafter, another 0.73 g each time of tert-butyl
perbenzoate are added. See also DE 1 520 696 from Rahm & Haas GmbH. Gel permeation
chromatographyl (GPC)r&hamassiagetdgeatsieculdrnvergittwandhe pblygispérmitg MdexePDlofthe

polymerswere deggalipefpy GE4n The messuremerg Wese ANedIB0 or 1 SO 2160
tetrahydrofuraniwggég%nséac%qj;ggletgxl m EQa.c)ryIaEeocaAgmo%gveng{)%% sg\t ?fzﬁ on-
er ndardsServi ’

standards(Poly ] ceor Polymer” ’ _
corrosion and non-rusting properties") and to

ASTM D1748 ("rust protection test").

The invention will be illustrated in detail hereinafter
by exanpl es.



Laboratories), whose Mpeak was distributed in a logarithmically uniform manner over the range from 5
106 to 2 102 g/mol. A combination of six columns (Polymer Standards Service SDV 100 A / 2x SDV
LXL / 2x SDV 100 A / Shodex KF-800D) was used. To record the signal, an RI detector (Agilent 1100
series) was used. Mw [g/mol] PDI Example 1 (60% polymer content) 69 000 1.2 Example 2 (60%
polymer content) 76 - 45 -°

Exanple 1

Preparation of a dispersing block polynmer conprising
nono- 2- net hacryl oyl oxyet hyl succi nat e:

A 21 four-neck flask wth saber stirrer, stirrer
motor, N2 inlet tube, contact thernmoneter and heating
mantle was initially charged with 1000.0 g of LIMA
(nmethacrylic ester of the Cl2-Cl5 alcohol mxture
Lial ® 125), 250.0 g of butyl acetate and 7.50 g of
cunyl dithi obenzoate, and heated to 85°C with stirring.
After inertization by introducing nitrogen and adding
dry ice, the polynerization was started by adding 2.0 g
of tert-butyl peroxy-2-ethyl hexanoate (tBPO. After
2 h, another 2.0 g of tBPO were added. After 6 h of
reaction tine, the tenperature was raised to 90°C
92.9 g of nono-2-nethacryl oyl oxyethyl succinate (R6hm
GmH & Co KG Darnstadt) dissolved in 230 g of butyl
acetate and 1.0 g of tBPO were added, and the m xture
was stirred at 90°C overnight. The next day, the
m xture was diluted with 728.6 g of KPE 100N oil and
the butyl acetate was drawn off on a rotary evaporator
at 120°C/ 12 nbar. This gave a clear viscous sol ution.

Exanple 2

Preparation of a dispersing block polynmer conprising
N ( 2- met hacryl oyl oxyet hyl ) et hyl ene urea:

A 21 four-neck flask wth saber stirrer, stirrer
motor, N2 inlet tube, contact thernmoneter and heating
mantle was initially charged with 900.0 g of LIMA
(nmethacrylic ester of the Cl2-Cl5 alcohol mxture
Lial® 125), 225.0 g of butyl acetate and 6.75 g of
cunyl dithi obenzoate, and heated to 90°C with stirring.
After inertization by introducing nitrogen and adding
dry ice, the polynerization was started by adding
1.80 g of tert-butyl peroxy-2-ethylhexanoate (tBPO).



600 1.4 Example 3 (60% polymer content) 165 000 2.2 Comparative (80% polymer example 1 content)
68 000 2.1 Comparative (80% polymer

- 46 =°

After 2 h and 4 h, in each case 0.90 g of tBPO was
added. After 6 h of reaction tine, 78.3 g of
N- (2- et hacryl oyl oxyet hyl ) et hyl ene urea (obtainable by
removi ng t he MVA from a 25% solution of
N ( 2- net hacryl oyl oxyet hyl ) et hyl ene urea in
MVA = Pl ex® 6855-O0 from Rohm GrbH and Co. KG
Darnstadt) dissolved in 300 g of butyl acetate and
1.0 g of tBPO were added, and the m xture was stirred
at 90°C overnight. The next day, the mxture was
diluted with 647.9 g of KPE 100N oil and the butyl
acetate was drawn off on a rotary evaporator at
120°C/ 12 nbar. This gave a clear viscous solution.

Exanpl e 3

Preparation of a dispersing block polynmer conprising
2- acet oacet oxyet hyl net hacryl at e:

A 21 four-neck flask wth saber stirrer, stirrer
motor, N2 inlet tube, contact thernmoneter and heating
mantle was initially charged with 900.0 g of LIMA
(nmethacrylic ester of the Cl2-Cl5 alcohol mxture
Lial® 125), 225.0 g of butyl acetate and 6.75 g of
cunyl dithiobenzoate, and heated to 85°C with stirring.
After inertization by introducing nitrogen and adding
dry ice, the polynerization was started by adding
1.80 g of tert-butyl peroxy-2-ethylhexanoate (tBPO).
After 2 h, another 0.90 g of tBPO was added. After 6 h
of reaction tine, 78.3 g of 2- acet oacet oxyet hyl
met hacryl ate (Lonzanon AAEMA from Lonza, Swtzerl and)
di ssolved in 300 g of butyl acetate and 0.90 g of tBPO
were added, and the mxture was stirred at 85°C
overnight. The next day, the mxture was diluted wth
652.2 g of KPE 100N oil and the butyl acetate was drawn
off on a rotary evaporator at 120°C/ 12 nbar. This gave
a clear viscous solution.

Conparative exanple 1



example 2 content) 72 000 2.2 Comparative (75% polymer example 5 content) 98 000 3.4 - 51 -
Dispersing action and oxidation stability Dispersingactionandoxidationstability
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A 21 four-neck flask wth saber stirrer, stirrer
motor, N2 inlet tube, contact thernmoneter and heating
mantle was initially charged with 608.0 g of LIMA
(nmethacrylic ester of the Cl2-Cl5 alcohol mxture
Li al ® 125) t oget her W th 2.90 g of cunyl
di t hi obenzoate, 1.22 g of tBPO (tert-butyl peroctoate)
and 160 g of mmneral oil in the reaction flask, and
inertized by adding dry ice and passing nitrogen over.
Subsequently, the mxture was heated to 85°C wth
stirring.

After a reaction tinme of approx. 5 hours, 32.0 g of
hydr oxyet hyl nethacylate were added. After 2.5 hours,
0.64 g of tBPO was added and the reaction mxture was
stirred at 85°C overnight. This gave a clear viscous
solution of the polymer in oil.

Conpar ati ve exanple 2

A 21 four-neck flask wth saber stirrer, stirrer
motor, N2 inlet tube, contact thernmoneter and heating
mantle was initially charged with 608.0 g of LIMA
(nmethacrylic ester of the Cl2-Cl5 alcohol mxture
Li al ® 125) t oget her W th 2.90 g of cunyl
di t hi obenzoate, 1.22 g of tBPO (tert-butyl peroctoate)
and 160 g of mmneral oil in the reaction flask, and
inertized by adding dry ice and passing nitrogen over.
Subsequently, the mxture was heated to 85°C wth
stirring.

After a reaction tinme of approx. 5 hours, 32.0 g of
di met hyl am noet hyl met hacrylate were added. After
2.5 hours, 0.64 g of tBPO was added and the reaction
m xture was stirred at 85°C overnight. This gave a
cl ear viscous solution of the polyner in oil.

Exanples 4 to 5 and conparative exanples 3 and 4



(CEC L-48-A-00, method B, 160C, 192 h) of inventive examples 1-3 compared to comparative
example 5 were checked In SAE 15W40 motor oil formulations (kinematic viscosity at 100C to ASTM
D445: KV100 = 12.5-16.3 mm24s; dynamic viscosity at -20C In the cold cranking simulator to ASTM
D5293: CCS viscosity < 7000 mPAs) as the dispersing viscosity Index Improver component Il. The
formation consisted of  5.2% by weight of Chevrod-©rendte Paratone 8002(non-dispersing viscosity
Index Improver component | of the OCP type), dispersing viscosity Index Improver component Il
(2.12% by weight polymer content based on formulation),  0.19% by weight of Viscoplex 1-211
(pour point Improker),pr di3e8%i Bsweafht o €heesual OrorgltecOfua 458F €A (edditive paedkage) and

12% by weight g §GON gil, 1Hgdg upp [L00%rinpweighi with doON il &n t%@éc{pgﬁﬁg e of
oxidation Is detected l)tljlthe wsgof.? 5?/ rise. The lower the values for AKV40,E1 or A V100 1 are, the
the d

better the oxidatidy St |Iﬁ)?taﬁ i eré&&l’dﬂ?o%@eﬂdlmg ‘The results obtained are compiled

In the table winch follows. It Is found that the inventive polymers according to example 1-3 have
significant advamwewaiitféfegﬂﬁd tetpe oxigates stakiliy arﬁbﬂb@emild%cowpaﬁewo
comparaiive example 7 on Sha PRSI BSOS IR ATEIOVER RTPRRM f1df Y 80 mg 24 ]

condi ti ons:

Tab. 4: Measurenent paraneters and conditions for the
MIM friction tests

Test R g PCS MIM 3
Steel, AISI 52100, dianeter = 40.0 nmm
Di sk RVS = 25 — 30 nm Rockwel|l C

har dness = 63, nodul us of

el asticity = 207 GPa

Steel, AISI 52100, diameter = 19.0 mm
Bal | RVE = 10 - 13 nm Rockwell C

hardness = 58 - 65, nodul us of

el asticity = 207 GPa

Speed 0.005 mMs — 2.5 nis

Tenperat ure 120°C

Friction/roller |50%

ratio

Load 30 N = 0.93 GPa nax. Hertzian pressure

As a result of a friction experinent, a Stribeck curve
was obtained, from which the coefficient of friction at
10 mm' s was det er m ned.



KV100 [mm24s ] CCS viscoslt yat- 20C [mPas] AKv40rel [%] AKv100.1 [90] 3.54% example 1 100.1
14.11 6405 10.0 4.5 3.54% example 2

- 49 -°
Copol yner Coefficient
of friction
10 nm's
Bl ock copol yner conpri si ng nono- 2-
Exanpl e 4 met hacryl oyl oxyet hyl succi nate | 0. 026
obt ai ned according to exanple 1
Bl ock pol ymer conpri sing
Exanpl e 5 N ( 2- et hacryl oyl oxyet hyl ) et hyl ene | 0. 022
urea obt ai ned accordi ng to
exanple 2
Conpar ati ve | Bl ock copol ymer conpri sing

exanple 3 hydr oxyet hyl met hacryl ate obtai ned | 0. 033
according to conparative exanple 1

Conmpar ati ve | Bl ock pol ymer conpri sing

exanple 4 di met hyl am noet hyl met hacryl ate | 0. 043
obt ai ned according to conparative
exanple 2

Conpar ati ve exanpl e 5:

A 2 liter four-neck flask equi pped with saber stirrer,
stirrer motor, N, inlet tube, contact thernoneter,
heating mantle and reflux <condenser is initially
charged with 430 g of 150N oil and 47.8 g of a nononer
m xture of Cl2-C18-al kyl met hacryl ates and nethyl
met hacrylate in a weight ratio of 99: 1. After
inertizing by introducing N, and adding dry ice, the
tenperature is adjusted to 100°C. Thereafter, 0.71 g of
tert-butyl peroctoate is added and, at the sanme tine, a
mononer feed — consisting of 522.2 g of a nononer
m xture of Cl2-C18-al kyl met hacryl ates and nethyl
met hacrylate in a weight ratio of 99:1 and 3.92 g of
tert-butyl peroctoate — is started. The feed tine is
3.5 h with uniform feed rate. 2 h after the end of
feeding, another 1.14 g of tert-butyl peroctoate are
added. After heating to 130°C, 13.16 g of 150N oil,
17.45 g of N-vinylpyrrolidone and 1.46 g of tert-butyl



104.0 14.71 6445 8.0 3.0 3.54% example 3 111.6 15.78 6490 4.9 (repeat 5.7) 0.0 (repeat 0.0) 3.72%
comparative example 5

- 50 -~

per benzoate are added. In each case 1 h, 2 h and 3 h
thereafter, another 0.73 g each tinme of tert-butyl
per benzoate are added. See also DE 1 520 696 from Rohm
& Haas GrbH.

Gel pernmeation chromatography (GPC):

The mass- aver age nmol ecul ar wei ght M. and t he
pol ydi spersity index PDI of the polynmers were
determned by GPC. The neasurenents were effected in
t et rahydr of ur an at 35°C agai nst a pol ymet hyl
met hacrylate calibration curve from a set of > 25
standards  (Pol yner Standards  Service or Pol yrer
Laboratori es), whose Meak Wwas distributed in a
logarithmcally wuniform manner over the range from
5.10° to 2 - 102 g/nol. A conbination of six columms
( Pol yrrer St andar ds Service SDV 100 A/
2x SDV LXL / 2x SDV 100 A / Shodex KF-800D) was used.
To record the signal, an R detector (Agilent 1100
series) was used.

Mv PDI
[ 9/ nol ]
Exanple 1 69 000 1.2
(60% pol yner content)
Exanple 2 76 600 1.4
(60% pol yner content)
Exanple 3 165 000 2.2
(60% pol yner content)
Conparative exanple 1 |68 000 2.1
(80% pol yner content)
Conparative exanple 2 |72 000 2.2
(80% pol yner content)
Conparative exanple 5 |98 000 3.4
(75% pol ynmer content)




104.2 14.57 6636 13.0 8.4 - 53 -00 Claims 1.Lubricant oil composition comprising at least one
copolymer obtainable by polymerizing at least one monomer composition which consists of a) from 0
to 40% by weight of at least one ethylenically unsaturated ester compound of the formula (1)

- 51 -~

Di spersing action and oxidation stability

Di spersing action and oxi dation stability
(CEC L-48-A-00, nethod B, 160°C, 192 h) of inventive
exanples 1-3 conpared to conparative exanple 5 were
checked in SAE 15W0 notor oil fornulations (kinematic
Vi scosity at 100°C to ASTM D445:
KV100 = 12.5-16.3 mmf/s; dynamic viscosity at -20°C in
the cold cranking sinulator to ASTM D5293: CCS
viscosity < 7000 nPAs) as the dispersing viscosity
i ndex i nprover conponent I1. The formation consisted of
e 5.2% by weight of Chevron-Oronite Paratone
8002 (non-dispersing viscosity 1index inprover
conponent | of the OCP type),
e dispersing viscosity index inprover conponent
1 (2.12% by weight polymer content based on
formul ation),
e 0.19% by weight of Viscoplex 1-211 (pour
poi nt i nprover),
e 13.8% by weight of Chevron-Oonite J oa
4594 CA (additive package) and
e 12% by wei ght of 600N oil,
e nmade up to 100% by wei ght with 150N oil.
In this test, the degree of oxidation is detected by
the viscosity rise. The |ower the values for AKV40,¢ oOr
AKV100,,; are, the better the oxidation stability and
the dispersibility of the polynmer. The results obtained
are conpiled in the table which follows. It is found
that the inventive polyners according to exanple 1-3
have significant advantages wth regard to the
oxidation stability and dispersibility conpared to
conparative exanple 5.



in which R is hydrogen or methyl, R1 is a linear or branched alkyl radical having from 1 to 5 carbon
atoms, R2 and R3 are each independently hydrogen or a group of the formula - COOR' in which R' is
hydrogen or an alkyl group having from 1 to 5 carbon atoms, b) from 10 to 99.9% by weight of at least
one ethylenically unsaturated ester compound of the formula (II) in which R is hydrogen or methyl,
R4 is a linear or branched alkyl radical having from 62045 carbon atoms, R5 and R6 are each
independently hydrogen or a group of the formula - COOR" in which R" is hydrogen or an alkyl group

having from 6 to 15 carbon atoms, - 54 -00 _in which R is hydrogen or methyl, R7 is a linear or
branched alkyl radicai bpeingifrogn 16 to 30/d@rbon|HMDBORE| BEERI9 are gatk\idOepenaeiiy00, ¢
hydrogen or a grou R,pfstgggp{rpula - COCfIﬁ'T'.}gpéNh W‘,ig hydrogepQran ?Idgqll group k[a%'ng from 16
to 30 carbon atoms,, .

i ndex i nprover |] ] y at -

conponent |1 20°C

[ mPas]

3.54% 100.1 14.11 | 6405 10.0 4.5

exanple 1

3.54% 104.0 14.71 | 6445 8.0 3.0

exanple 2

3.54% exanmple |111.6 15.78 6490 4.9 0.0

3 (repeat | (repeat

5.7) 0.0)

3.72%

conparative 104. 2 14. 57 6636 13.0 8.4

exanple 5




d) from 0.1 to 30% by weight of at least one ethylenically unsaturated, polar ester compound of the
formula (IV) 2)CRIO 01 0 in which R is hydrogen or methyl, X is oxygen, sulfur or an
aminogroupoftheformula-NH-or -NRa- in which Ra is an alkyl radical having from 1 to 40 io carbon
atoms, Ris a radical which comprises from 2 to 160@2arbon atoms and has at least 2 heteroatoms, Ril
and R12 are each independently hydrogen or a group of the formula 1R' -COX 1in which X' is oxygen
or an amingygrpyp of the formula -NH- or -NR at in which Rac is an alkyl radical having from 1 to 40
carbon atoms, and R10' is a radical comprising from 1 to 100 carbon atoms, e) from 0 to 50% by

weight of comonomer, _ o o
1. Lubricant oil conposition conprising at |east one copolymer

obt ai nabl e by polynerizing at |east one nononer comnposition
whi ch consi sts of

a) from O to 40% by weight of at |east one ethylenically
unsaturated ester conpound of the forrmula (1)

R

R A ORI 0)

R2

in which Ris hydrogen or nethyl, R'is a linear or branched
al kyl radical having from1 to 5 carbon atons, R*> and R® are
each independently hydrogen or a group of the formula -
COOR in which R is hydrogen or an al kyl group having from
1 to 5 carbon atons,

b) from 10 to 99.9% by wei ght of at |east one ethylenically
unsaturated ester conpound of the formula (11)

R

RO AN ORS n,

RS

in which Ris hydrogen or nethyl, R*is a linear or branched
al kyl radical having from 6 to 15 carbon atons, R and R°
are each independently hydrogen or a group of the fornmula -
COOR " in which R' is hydrogen or an alkyl group having
from6 to 15 carbon atons,

c) from O to 80% by weight of at |east one ethylenically
unsaturated ester conpound of the forrmula (I11)



- 55 -00 where the RI radical in at least one of the ester compounds of the formula (IVV) comprises at
least one group of the formula -CO-. 2. LubricantoilcompositionaccordingtoClaim 1, characterized in
that the at least one copolymer has a specific viscosity fisp/* measured in chloroform at 25C, in the
range from 8 to 74 ml/g. 3. Lubricant oil compositiorP4ccording to Claim 1 or 2, characterized in that
the monomer composition is altered during the preparation of the copolymers, such that block
copolymers are obtained. 4. Lubricant oil composition according to at least one of the preceding
claims, characterized inthat the RI radical in the ester compounds of the formula (IV) has at least 2
different heterog®ms. 5 Lubric‘gg?iIcompositionaccordingtoCIaim 4, char@qﬁrized in that the RI
radical in at least 0 ompounds of the formula (IV) comprises at’least one nitrogen atom
and at least one oxygen atgn. 6. Lubricant oil composition according to at least one of the preceding
claims, characterized8n thaf)at least one heteroatom in the RI radical in at least one of the ester
compounds of the formula (1V) is separated from the X group by at least 4 atoms.

in which Ris hydrogen or nethyl, R  is a linear or branched
al kyl radical having from 16 to 30 carbon atoms, R® and R’
are each independently hydrogen or a group of the fornmula -
COOR'" in which R'" is hydrogen or an al kyl group having
from16 to 30 carbon atons,

d) fromO0.1 to 30% by weight of at |east one ethylenically
unsaturated, polar ester conpound of the formula (1V)

Rlz XRIO
_ (Iv),

Rl}. O

in which Ris hydrogen or nethyl, X is oxygen, sulfur or an
am no group of t he forml a —NH- or
—NR?®- in which R is an alkyl radical having from 1 to 40
carbon atoms, R© is a radical which conprises from 2 to
1000 carbon atons and has at |east 2 heteroatons, R'" and RY
are each independently hydrogen or a group of the formula
—~COX' R in which X is oxygen or an amino group of the
formula -NH or —-NRF- in which R* is an alkyl radical
having from 1 to 40 carbon atoms, and R is a radical
conprising from1l to 100 carbon at ons,

e) fromO to 50% by wei ght of conononer,

based in each case on the total weight of the ethylenically
unsat urated nononers,



7. Lubricant oil composition according to at least one of the preceding claims, characterized in that the
RI radical in at least one of the ester compounds of the formula (IVV) comprises at least 2 groups of the
formula -CO-. - 56 -00 formula -CO- are bonded to one another via at most 4 atoms, based on the
carbon atom of the CO group. 9.LubricantoilcomposionaccordingtoClaim 8, characterized in that the
RI radical in at least one ester compound of the formula (V) is a group of the formula (IX) 0 O.
LubricantoilcompositionaccordingtoClaim 9, characterized in that component d) comprises at least one
ester compound of the formul . .

S Po (\)/vher eo[rﬂe aR%) radical in at |east one of the ester conpounds

of the formula (1V) conprises at |east one group of the

formul a —CO-.

2. Lubri cant oi | conposi tion accordi ng to Claim1,
characterized in that the at |east one copolyner has a
specific viscosity mnspyc, measured in chloroformat 25°C, in
the range from8 to 74 nl/g.

3. Lubricant oil conposition according to daiml or 2,
characterized in that the nonomer conposition is altered
during the preparation of the copolyners, such that block
copol ymers are obt ai ned.

4. Lubricant oil conposition according to at |east one of the
preceding clainms, characterized in that the R! radical in
the ester compounds of the forrmula (1V) has at least 2
di fferent heteroatons.

5. Lubri cant oi | conposi tion accordi ng to Cl aim 4,
characterized in that the R° radical in at |east one of the
ester conpounds of the formula (I1V) conprises at |east one
ni trogen atom and at | east one oxygen atom

6. Lubricant oil conposition according to at |east one of the
preceding clains, characterized in that at |east one
heteroatom in the R radical in at |east one of the ester
conmpounds of the formula (IV) is separated fromthe X group
by at |east 4 atons.

7. Lubricant oil conposition according to at |east one of the
preceding clainms, characterized in that the R! radical in
at least one of the ester conpounds of the fornmula (I1V)
conprises at |least 2 groups of the forrmula -CO.

8. Lubri cant oi | conposi tion accordi ng to Claim?7,
characterized in that the at Ileast two groups of the



11. LubricantoilcompositionaccordingtoClaim 8, characterized in that the RI radical in at least one ester
compound of the formula (V) is a group of the formula (XI) cik /0 / C112 CH3 12.
LubricantoilcompositionaccordingtoClaim 11, characterized in that component d) comprises at least
one ester compound of the formula (XIl) - 57 -00-096 -

formula -CO are bonded to one another via at nbst 4 atons,
based on the carbon atom of the CO group.

9. Lubri cant oi | conposi tion accordi ng to Cl aim 8,
characterized in that the R radical in at |east one ester
conpound of the forrmula (1V) is a group of the fornula (IX)

O
CH, /O (IX).
™
CH, OH
O
10. Lubricant oi | conposi tion accordi ng to Claim9,

characterized in that conmponent d) conprises at |east one
ester conpound of the formula (X)

0 0
().
\YKO/\/ © NOH .
G

11. Lubricant oi | conposi tion accordi ng to Cl ai m 8,
characterized in that the R radical in at |east one ester
conpound of the forrmula (1V) is a group of the fornula (XI)

cg, O CH; |
a4 W (X,

O O

12. Lubricant oi | conposi tion accordi ng to C ai m 11,
characterized in that conmponent d) conprises at |east one
ester conpound of the forrmula (XI1)



0 0 13. Lubricant oil composition according to one of Claims 1 to 8, characterized in that the RI radical
in at least one of the ester compounds of the formula (IVV) comprises at least one group of the formula
-CO- and at least one nitrogen atom. 14. LubricantoilcompositionaccordingtoClaim 13, characterized in
that the RI radical in at least one of the ester compohds of the formula (IV) comprises at ledst one
urea group. 15. LubricantoilcompositionaccordingtoClaim 14, characterized in that the Rl radical in at
least one ester compound of the formula (1V) is a group of the formula (XIII) 1',1--c( AA\O ( X 111), in
which A is a connectigg group having from 1 to 500 carbon atoms. 16.

Lubricantoilcompositi accydi\ng}@% (XD
N Mo

O O

13. Lubricant oil conposition according to one of Clains 1 to
8, characterized in that the R radical in at |east one of
the ester compounds of the formula (I1V) conprises at |east
one group of the formula -CO and at |east one nitrogen
atom

14. Lubricant oi | conposi tion accordi ng to C ai m 13,
characterized in that the R° radical in at |east one of the
ester conpounds of the formula (I1V) conprises at |east one
urea group.

15. Lubricant oi | conposi tion accordi ng to C ai m 14,
characterized in that the R radical in at |east one ester
compound of the forrmula (1V) is a group of the formula
(XI11)

(\NH

(X1,
\A/N\<

in which A is a connecting group having from 1 to 500
carbon atons.

16. Lubricant oi | conposi tion accordi ng to d ai m 15,
characterized in that conmponent d) conprises at |east one
ester conpound of the formula (XV)



characterized in that component d) comprises at least one ester compound of the formula (XIV) - 58

-00 o /N-flH io (XIV). 17. Lubricant oil composition according to at least one of the preceding claims,

characterized in that the copolymer has a polydispersity Mw/Mn in the range from 1.05 to 4.0.
- B8 -

oo

17. Lubricant oil conposition according to at |east one of the
preceding clainms, characterized in that the copol ynmer has a
pol ydi spersity M/ M, in the range from 1.05 to 4.0.



