1 (Meth)acrylate moiwrmeos®s aproving the viscosity index The preserne@msrER2016lAR69413
(meth)acrylate polymers for improving the viscosity index. Furthermore, the present 5 invention
describes lubricating oil compositions which comprise these (meth)acrylate polymers. The use of
synthetic base oils for lubricating oils is prior art. The advantages of synthetic oils are known per 10 se.
For example, viscosimetric properties of oils can be adapted to existing requirements by targeted
synthesis of the oils. As early as 1931 there are reports of lubricants (A.W. Neely, R.V. Shankland,
F.W. Sullivan, N.N. Vorhees, Ind. Eng. Chem., 1931, 23, page 604) which are based on 15 catalytic
polymerization of olefins and exhibit particularly good pour points. In addition to the nolyolefins

mentioned, furt?ﬁre gﬁtgce:tic ggstgave in theercougsée of timreok%reieﬂ] u%%gein vt__thg Ilébrli_ctantsi %0 sg{ctor. They
include ester oilS suc as,r%r examBPe,%ma?es, aﬁ“kylrgi%d aron%tics, phospﬁa?e e%’ters, Siloxanes,

and polyalkylene glycols (PAGs). On account of their high polarity and their 25 incombustibility, PAGs
were first emplBye P irARateE-bHsEaHydeaulEdhadssf militdM et afc ry\Word \Wak VI{arE. Millett, Iron

Steil Eng., 41 1948)Later on, the,uses aLBAGS,ingluded thei,use as uhricants, for.aireraft gngines
(B. Rubin, E.M. Glass, SAE Q. Trans., 4, 287, 30 1950). O]J‘aiartlcular advantage in that case were the

outstanding |GVRYEMpaRRUIRSSERERRS JrkE PRI "ichias SERRRSTts HPRE.50CL F3F example.

Further desirablepropesties, abBAGsdpelyde.the fallowing: s lovs tendency to form oil residues
("sludge") and soot, residue-free combustion, high compatibility with rubber and elastomers (gasket

compatibility), good solution properties. Furthermore, their high polarity gives the PAGs a high affinity

for metal surfagges, meaning Hhat the 10dubricating film repains intactevendinsier dighdoads. For these
reasons, PAGs have also been used as lubricants for automobijle engines. Suitability for this

application hd&B&¥n froven BYEmBA RMPERTIIGH M IS M 1RUSS § UBFCERGgPE51, 1946).

Owing tpecoR@MiCFor example, viscosimetric properties of oils can be
adapted to existing requirements by targeted synthesis of
the oils. As early as 1931 there are reports of lubricants
(A.W. Neely, R.V. Shankland, F.W. Sullivan, N.N. Vorheesg,
Ind. Eng. Chem., 1931, 23, page 604) which are based on

15 catalytic polymerization of olefins and exhibit

particularly good pour points.

In addition to the polyolefins mentioned, further synthetic

oils have in the course of time been used in the lubricants
20 sector. They include ester oils such as, for example,

adipates, alkylated aromatics, phosphate esters, siloxanes,

and polyalkylene glycols (PAGs).

On account of their high polarity and their
25 incombustibility, PAGs were first employed in water-based
hydraulic fluids of military aircraft in World War II
(W.H. Millett, Iron Stell Eng., 41, 1948). Later on, the
uses of PAGs included their use as lubricants for aircraft
~engines (B. Rubin, E.M. Glass, SAE Q. Trans., 4, 287,

30 1950). Of particular advantage in that case were the



considerationw@ngdaw tegwyategical requirements, however, the PAGsdaye st hegnslleig become
established here. In times of decreasing world oil reserves, environmental 20 awareness, and, above
all, extended technical requirements profiles for lubricants, there is an increased interest in synthetic
base oils. A decisive criterion for the use of polyalkylene glycols as 25 lubricant base oils is the
viscosity. Base oils for lubricants are therefore assigned to ISO VG classes (viscosity class under DIN
51519). Viscosit%index improvers (Vils) are usually polymeric 30 additives which are capable of

reducing the GropShIRECHERy 48Wil TBRRRFAHE As&E M SdIgmers tHet ard BSed irfEListordry,

mineral-oil-based tubyicating ails far inyroringshe visegsity index belong to different classes. 3
Included here are olefin copolymers, polyisobutene, styrene-maleic anhydride copolymers,
polyisoprene, and polyalkyl acrylates and methacrylates. When PAGs are used as base oil,

conventional ¥iis eaarotdissisetbnegenespk S-awingde theistow selubiity. Relymens wilh repeating
units Whigh ccim{érise %%I%glkylene %Iécol groups are known from the prior art. However, these

polymers’compiie’t sm&ll 3tk of theSe 4852 plafity tfts. FF¥kaffifté, the documents
US 2,892,820 ard ti5e3,27&dl Siotescsibed?AMAL selublenip anineral o andihaving:side £haing based

on polyethylene glycol. Throygh the use of PAMA with 15 polyalkylene_glycol side chains, the modified
polymers exhlebiffg gettgmers L@?&?ﬁer@?ﬁ?ﬁ%ﬁ%fﬁe}sﬂﬂ% %3Peftietbeiny determinable through

rgency
reduced paintkemehesions toeylinderscSmilaripsapertiegiof such: pokymers-ase seheut IAGs
publications EP 141118 61gf%liand&%0 FP 542 oreover, demuisifiers based on polyalkyl

11 A2. q“l
(meth)acrylatgL co%JgR/mers are khown from 198 AI.IQI%aenl}srleqoftstl(‘)al§alEy e(meth)acrylate

copolyrit€rs withipolyalkyleoe fHiyicol sieleagroaps fardmprevieg thesiscosifyy5 indeksof lubricating oil
compositions which comprise at least one polar base oil is not described in the publications set out

above. In light of the prior art, then, it was an object of the
For these reasons, PAGs have also been used as lubricants

for automobile engines. Suitability for this application
has been proven by more than 2 million test miles

15 (J.M. Russ, Lubri. Eng., 151, 1946). Owing to economic
considerations and low technological requirements, however,

the PAGs have not been able to become established here.

In times of decreasing world oil reserves, environmental
20 awareness, and, above all, extended technical requirements
profiles for lubricants, there is an increased interest in

synthetic base oils.

A decisive criterion for the use of polyalkylene glycols as
25 lubricant base oils is the viscosity. Base oils for
lubricants are therefore assigned to ISO VG classes

(viscosity class under DIN 51519).

Viscosity index improvers (VIIs) are usually polymeric

30 additives which are capable of reducing the drop in
viscosity as oil temperature rises. The polymers that are
used in customary, mineral-oil-based lubricating oils for

improving the viscosity index belong to different classes.



30 present invent@o1n po8@de sn additive which leads to an improvenrert "EPBCQSiA0 B for
lubricating oil compositions which comprise at least one polar base oil. This improvement ought to be
achieved more particularly for lubricating oil compositions which comprise at least one polyalkylene
glycol. Furthermore, therefore, it was an object of thepresent 5 invention to provide an additive which
leads with very high efficiency to an improvement in the viscosity index. Accordingly, a very small
addition of additive ought to be necessary in order to bring about thickening of the polar base oil to a

level in line with tHe*SEAdBRT Fn I8 191t ExtC HRCAIPSA VisdoRity bR IhereEfg oil temperature
ought to be ablete beseduced percaplibly: een-with venessmall gancunis ptadditiverfifurther object of
the present invention was to provide an 15 additive which exhibits a good_dispersing quality. The
additive oughPﬂPr%ﬁaerl%éxﬁ‘i&%&?%&mﬁ%ﬁbm@%ﬁ’ﬁmﬁ@e‘}%d &Eﬁ%n?&?%g&s‘k%tq%&% atibility), so
that these components ase npt atacked-by ihea additive.Similatly bthe adeitivenoughiawsadversely to
affect thquurther,zo desira%eafro;i;erties OH'}?S' bricating oil. Thus the additive should not adversely
affect the higﬁ‘é’ﬁ%ﬁy‘f& matat surfdtes 8 l;&gybase oil, so that the lubricating film remains intact
even under high loads. 25 Another object of the invention was to provide additives which can be
prepared easily and inexpensively, and, in particular, coammercially available components ought to be
used. The pro%?c%’igr? rp?oc”e%%he%%%? ot ép Abte'to ge %ggrjffé ou %ﬁ&&sﬁﬁal@?%}lﬁ%% & heed for new
plants 30 or piants of complexssteuctuierforthatpempase: Anrdbjective-of thevgresent itvestion,
moreover, Was 19 pr%\gge an adlgjtivee ‘{TVhE:Qtt?[\i,n about flmgllgigli igyo%f d @@%Ig E’péoperties in the
lubricating oil con%g?)smon. ‘Phis allows the number of different addifives to be minimized. Accordingly,
preferretPadditires ouight more particularly to exhibit dispersing effects. 5 Furthermore, the additive
should not exhibit any adverse effects on the environmental compatibility of the base oil. Furthermore,
the additives ought to have particularly long 10 keeping qualities and ought not to exhibit great
degradation digngarrniis alldwingdsreating olcompdsitichamadifiedactordirgly f/be used over

anngpeHoda@Qg@abe PAMA soluble in mineral oil and having side chains

based on polyethylene glycol. Through the use of PAMA with

15 polyalkylene glycol side chains, the modified polymers
exhibit detergency and dispersing properties, these
properties being determinable through reduced paintlike
adhesions to cylinders. Similar properties of such polymers
are set out in publications EP 418 610 Al and

20 EP 542 111 A2. Moreover, demulsifiers based on polyvalkyl
(meth)acrylate copolymers are known from DE 198 03 696 Al.

The use of polyalkyl (meth)acrylate copolymers with
polvalkylene glycol side groups for improving the viscosity

25 index of lubricating oil compositions which comprise at
least one polar base o0il is not described in the

publications set out above.

In light of the prior art, then, it was an object of the
30 present invention to provide an additive which leads to an

improvement in viscosity index for lubricating oil

compositions which comprise at least one polar base oil.

This improvement ought to be achieved more particularly for



15 These objgots201dLa188 8812&rs which, though not stated explicitly, ar€NEéES210d0eZDeadily3 inferable
or realizable from the introductory discussion herein are achieved by means of (meth)acrylate
polymers for improving the viscosity index that have all of the features of 20 claim 1. Judicious
modifications of the (meth)acrylate polymers of the irvention are protected in the dependent
subclaims. With regard to the lubricating oil compositions, the particular use of (meth)acrylate

polymers of the.invention, and preferred processes for preparing them, 25 claims 9, 12, and 14 provide
the achieveml?e‘l;fkin(’)i‘L ﬁ%tfeﬁl@/a%g g)bjce%lf? Jetdr%génf’“l&ﬁ\% erkl%ocnoaggoﬁ%g?ytp?%%?dgeﬁs ao(frxneeth)acrylate

polymer for impiowirigthesviecaesitydndex, which is 30 characterized in that the (meth)acrylate polymer
a) comprises 5% to 60% by weight of repeating units derived from (meth)acrylates of the formula (1)
WO 2011/088929P0OT/EP2010/069113 6 H H 0 in which R represents hydrogen or methyl and R
denotes an atkyt radicatdrawingth toré Tartzon atoms; H) @omyrises 5% fo 80&60 by swight of repeating

units deryved %’ﬁ%@?éﬁ@%"@é@%@%‘g fé’ﬁmg'g?d(i'gé%le)’ V'Gh]\Pc 2 E'eoa%@ which R represents,
hydrogen or methyl an enotes an alkyl radical having 7 to 30 carbon atoms, and comprises 15%
to 90% by weidliticfrepeatintpunits demveanfeovar{meith)achdatessofale fornigld€ml) 3
Accordingly, a very small addition of additive ought to be
necessary in order to bring about thickening of the polar
base 0il to a level in line with the standard. In this
10 context, the drop in viscosity on increasing oil

temperature ought to be able to be reduced perceptibly even

with very small amounts of additive.

A further object of the present invention was to provide an

15 additive which exhibits a good dispersing quality. The
additive ought further to exhibit high compatibility with
rubber and elastomers (gasket compatibility), so that these
components are not attacked by the additive. Similarly, the
additive ought not adversely to affect the further

20 desirable properties of the lubricating oil. Thus the
additive should not adversely affect the high affinity for
metal surfaces of the polar base oil, so that the

lubricating film remains intact even under high loads.

25 Another object of the invention was to provide additives
which can be prepared easily and inexpensively, and, in
particular, commercially available components ought to be
used. The production process here is to be able to be
carried out industrially, without the need for new plants

30 or plants of complex structure for that purpose.

An objective of the present invention, moreover, was to

provide an additive which brings about a multiplicity of



H 0 in which eemesdants8ssizsgen or methyl, n stands for a 10 numberam 12 28I/ foca 21td 500
and A stands for C2-04 alkylene, and R3 denotes a hydrogen atom or an alkyl radical having 1 to 4
carbon atoms. By this means it is possible in an unforeseeable way to 15 provide an additive which
leads with a very high efficiency to an improvement irbthe viscosity index. Accordingly, a relatively
small addition of additive leads to a thickening of the polar base oil to a level in line with the standard.

In this context, the drop.in viscosity with in¢reasjng qil 20 temperature.can be lessened perceptibly
even with very STETSHGUTE SF SAHTE, T ACEETIMGRD 0T prefbrfeid e MEBERart of the
(meth)acrylatepakymer fomwisn prowing the aiscosity intiex;an addiietis peavided dich exhibits a good

dispersing quality..5 Furthermore t%e meth)acrylate pol eré r.improving the viscosity index displays
2 igh level of COBAHTT v/ bhar A e orners CASREr o BRI Thelihg that these
components aremof attaeked/by thesatiditive. Sihslady sthecadsitivecdees not deleteriously influence 10
the other5desirable properties of the lubricating oil. For instance the (meth)acrylate polymer for
improving the viscosity index does not affect the high affinity of the polar base oil for metal surfaces,

and so the luliticatihg fitmo remairisantadf evenendbphigh loads.<SEbrithiemmoreathes(mmth)acrylate
polymers for igﬁ%\%g t%%vigﬁ%si%yggé ﬁggnt?agre g{neda%%%lj}/ﬂncg\/ ingép%?)seiv%gﬁ%ndéi particular,
ifa . e

commercially available components can be use roduction fiere m y take place in Ustrial y, 20
without the need for new plants or plants of complex construction for this purpose. Furthermore, the

(methyacrylatg-pabymer (o1 Iproxinghe viseosly Indasis able.tarogyee amuliplighy gl 25 desirable

properties in the lubricating oil composition. As a result, the number of different additives can be
minimiz&f. Adeeriiagly, preferiéd addrivds pvaiin perticiiar extibie dispersiag effects. 30

Furthermore, the(mefh)acrylate, pelymer far improving the,viseosiy, index has-ap gdverse effects on

the environmental compatibility of the base oil. 8 Moreover, the (meth)acrylate polymers for improving
the viscosity iF@E¥PREVE paricURIY 1SRG Re8piRGTRENEEY ah@ SRRIbISLOWIESEI 8f déyradation during
use, hence allowing, lubyicating,gil compositions thus modified to be 5 used over a long time period. In

accordance with the invention, the (meth)acrylate

15 These objects and also others which, though not stated
explicitly, are nevertheless readily inferable or
realizable from the introductory discussion herein are
achieved by means of (meth)acrylate polymers for improving
the viscosity index that have all of the features of

20 claim 1. Judicious modifications of the (meth)acrylate
polymers of the invention are protected in the dependent
subclaims. With regard to the lubricating oil compositions,
the particular use of (meth)acrylate polymers of the
invention, and preferred processes for preparing them,

25 claims 9, 12, and 14 provide the achievement of the

relevant objects.

The present invention accordingly provides a (meth)acrylate
polymer for improving the viscosity index, which is

30 characterized in that the (meth)acrylate polymer
a) comprises 5% to 60% by weight of repeating units

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



polymers for ignpre\ong plosgisaesity index are provided that comprise 58e1q £§8%0hy wegbl. pseferably
15% to 40% by 10 weight, and more preferably 20% to 30% by weight, of repeating units derived from
(meth)acrylates of the formula (I) in which R represents hydrogen or methyl and RI denotes a having
1 to 6 carbon atoms, which may be linear or 15 branched. The term "repeating unit" is widely known in
the art. The present (meth)acrylate polymers can be obtained preferably via radical polymerization of
monomers, with the ATRP, RAFT 20 and NMP processes set out later on being included among
radical processes for the purposes of the inventiof} without any intention thereby to impose %&/
restriction. In these processes, double bonHds are ene(g)ggform covalent bonds. Accordingly, the
repeating unit is a product of the 25 monomer p . For determining the weight fraction it is
possible customarily to disregard end groups of, start giroups. Accordingly, the weight fraction of the
respective repeating units which these polymers contdin is given by WO
2011/Q88929PCT/EJ_I%290 wogijlsrg the g\llerilgcht f&acg’ogs g;l c%rrresﬁ%c%r}giqg mo olg\ne? tIhlat are used for
preparing the polymers. e expres%mn E(me%h)a%ryrlat%s encompasses methacry a%s%tand
acrylates and also mmixtefdsythersoli Théseémonomers are widely knowatBExamples of monomers of
formula (1) include h)acrylates which derive from saturated alcohals,.such as methyl
10(meth)acrylate, éfrﬁ)&t%%n]é%h %(?ﬁat%?nég%péy(m%?ﬁ)%%ylgtg, isc ?gp?y][%%eltjhrﬁjégsi/late, n-butyl
(meth)acrylate, tertdsayivaskthyaenyldtes Bhipertyl dmeth)atrytate, Hexyiideth)adrylate; cycloalkyl
(meth)acrylates, such as cyclobentyl (meth)acrylate, 15 cyclohexyl (meth)acrylate. Of the m ers
stated, methyl methacrylate is particularly preferréf. Furthermore (meth)acrylate polymers of the’
invention for improving the viscosity index ise 5% % by weight, 20 preferably 15% to 70%

5 in which R represents hydrogen or methyl and R®’ denotes

an alkyl radical having 7 to 30 carbon atomg, and

(@]

comprises 15% to 20% by weight of repeating units

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

R
H e 3
WO (A—O)—R (IIT),
H O

in which R represents hydrogen or methyl, n stands for a
10 number in the range from 2 to 500 and A stands for C,-Cu
alkylene, and R® denotes a hydrogen atom or an alkyl

radical having 1 to 4 carbon atoms.

By this means it is possible in an unforeseeable way to
15 provide an additive which leads with a very high efficiency
to an improvement in the viscosity index. Accordingly, a
relatively small addition of additive leads to a thickening
of the polar base o0il to a level in line with the standard.
In this context, the drop in viscosity with increasing oil
20 temperature can be lessened perceptibly even with very

small amounts of additive.



(meth)acrylates of the jayssga8ll) in which R represents hydrogen opgreins 20d RR2odiaes an
alkyl radical having 7 to 30 carbon atoms, which may be 25 linear or branched. Examples of
monomers of formula (Il) include the following: (meth)acrylates which derive from saturated alcohol,
such as 2-ethylhexyl (meth)acrylate, heptyl (meth)acrylate, 10 2-tert-butylheptyl (meth)acrylate, octyl
(meth)acrylate, 3-isopropylheptyl (meth)acrylate, nonyl (meth)acrylate, decyl (meth)acrylate, undecyl
(meth)acrylate, 5-methylundecyl (meth)acrylate, dodecyl (meth)acrylate, 5 2-methyldodecyl
(meth)acrylate, tridecyl (meth)acrylate, 5-methyltridecyl (meth)acrylate, tetradecyl (meth)acrylate,

pentadecyl (metaerylete iexadecy{(araihlastylatgs anathivihexadend (methlacsdate,heptadecyl
(meth)acrylate, 5-isopro§ylheptadecyl, (meth)acrylate, 10 4-tert-butyloctadecyl (meth)acrylate,

5-ethyloctad &S/t ¥REh) &1 at8LE RohrshyidGadedyi tetjabRtss, ofadetstmelfadlate,
nonadecy! (metb)acadateseicosykimathlactylate; setyleicesyd fmeth)agndate - stearyleicosyl
(meth)acrylate, docosyl émeth)acr late and/or 15 eicosyltetratriacontyl (meth)acrylate; cycloalkyl
(meth)agylafé%%ﬁ‘c@ﬁyﬁ ’é?vin;ﬂ&gcléﬂb%&ﬁlkﬁ%ﬁﬁé@&%@?&é’ﬁﬁ?ﬂnﬁé{ﬁ)ddP%Pe‘{mg the
2,4,5-tri-tertbutyd=3+inycyclahexybteethiacsylate; 243,415 tetratert-budyieyclahexyl (yethlackylate. 20
The (meth)acrxg%es withg lo g—chain aIco?ol residue can be o tiirr%gd, for example, by reacting
(meth)acrylates Andior (Meth)atTyIidScid witfisHRg-chaif ey idotiors the Produdt Gerrétaty
comprising athixtige afi2doneethyacaylatesaritth alcabrkb@ sisestot differént efsain lengths. These fatty

alcohols inc:L%t%[,t amot otht rs, O ALC{)\tleol(Q 7e9llﬂg)xo 8@2' 7900, Oxoﬁlcohol@ 1100; Alfolle
610, AlfolO b Lia e%%és ar?gé?\lé%(ﬁé) produc% (%asef); g%b?anofe@?élfl X);Jélpalél 16°and Epal0 810
(Afton)180 Linkeole 781 inkvmle 8b1 canmd Needole25B (Shalh; Debydads; Hyalrerdle- angt
Lorole-type (Cogpisy Acrongle GR.8nd Fxxaie.1Q (BonEherpicals); Kalsole 2463 (Kao Chemicals).
viscosity index does not affect therhigh affinity of the
polar base o0il for metal surfaces, and so the lubricating
film remains intact even under high loads.
15
Furthermore, the (meth)acrylate polymers for improving the
viscosity index can be prepared easily and inexpensively,
and, in particular, commercially available components can
be used. Production here may take place industrially,
20 without the need for new plants or plants of complex

construction for this purpose.

Furthermore, the (meth)acrylate polymer for improving the
viscosity index is able to produce a multiplicity of

25 desirable properties in the lubricating oil composition. As
a result, the number of different additives can be
minimized. Accordingly, preferred additives may in

particular exhibit dispersing effects.

30 Furthermore, the (meth)acrylate polymer for improving the
viscosity index has no adverse effects on the environmental

compatibility of the base oil.



11 The fractiomoofzepeatreperiss in the (meth)acrylate polymer that areedensr a0/ o&d1)asrylates
having 7 to 15 carbon atoms in the alcohol residue may amount 5 preferably to 5% to 80% by weight,
more preferably 15% to 70% by weight, and very preferably 20% to 60% by weight, based on the
weight of the monomers used for preparing the (methgacrylate polymer. Additionally preferred are
(meth)acrylate polymers which have 0.5% to 60% by weight, 10 more preferably 1% to 20% by weight,
of repeating units derived from (meth%acrylates having 16 to 30 carbon atoms. According to one

preferred embEHRERESH theited BRTRVGRIOA AfiiUPEs- SFRbRoATRTs DFECOREI- T may 15 also
be used, in whithcasethe mixiske peaferably-earpprises &t leastone épetiyacrytate bawag 7 to 15
carbon atoms in the alcohol residue and at least one (meth)acrylate having 16 to 30 carbon atoms in
the alcohol refiftieSFhe Ridight raflty of Gheth)3cry s ASGhgFic s 28Lar5sh afsiisif the alcohol
residue to (meth)asrylates having 4 616 S0carbenatans i thesalebhel residueispraferably in the
range from 10:1 ta 1:10, more_preferahly in the range from 5:1 to 1.5:1. 25 Furthermore, (meth)acry
ate polyrégrs %Ffﬁ% iRVERtidh flo?]ﬁ%pFo eg e vis sity index comprise 15% to 90% by weight,
preferably 25% to 70% by weight, and more preferably 30% to 60% by weight of repeating units

derived from_g—rgeth accg)r/lgées of the f%rthHg (Ijll 12 H A-Q)-ﬁg Oég%/éhlch nlln@cates the number of

. agr.c nce wil vent I t n ace . .
repeating units andin generéﬁ stanc?s for a number in‘the range from ?L%}fmofe particularly in the

range from 3 to5@ends mboee piefpraiiyi incthelrange $roos 4 ty 20nAsstands farC2-Cd<salkylene such
as 1,2-ethanediyl, 1,3-propanediyl, 1.2- propanediyl, 1 -%utanedi 1 or.1.4-butanediyl, R.stands for
tgl’y%’t COD e )Jlo to é(?o bx X’éfk?zﬁl évi%é%_gerfglgtby%aé ecéy 45% %

hydrogen or methyl, an 3 &tands for hydrogen or a to oms, an especiaﬁ/y methyl
or ethyl100 The hwromersdenived frone fraetasryldiés obthedforinulagl dre, alsd referred to in the

context of the gsent ventienas palyaliyiens ghyoolmana(@eiagolates  Mona(mgihjapryc acd

esters of poly-C2-C4 alkylene glycol 15 that can be us particular preference are notable for the
fact that at ledst)50% by weight, preferably at least 70% by weight, more particularly at least 90% by
weight, and especially all of the repeating units A’Q in formula (l11)

H 1
= OR (1),

H

in which R represents hydrogen or methyl and R' denotes a
having 1 to 6 carbon atoms, which may be linear or

15 branched.

The term “repeating unit” is widely known in the art. The
present (meth)acrylate polymers can be obtained preferably
via radical polymerization of monomers, with the ATRP, RAFT
20 and NMP processes set out later on being included among
radical processes for the purposes of the invention,
without any intention thereby to impose any restriction. In
these processes, double bonds are opened to form covalent
bonds. Accordingly, the repeating unit is a product of the
25 monomers employed. For determining the weight fraction it
is possible customarily to disregard end groups or start
groups. Accordingly, the weight fraction of the respective

repeating units which these polymers contain is given by



are derived fion 2011108819281 or from ethylene oxide. 20 According RCRER20h0at 0t 8% by
weight, more particularly at least 70% by weight, very preferably at least 90% by weight, and
especially all, of the units A-0 in formula (111) stand for CH4-CH2-0. According to a further preferred
embodiment of the present invention, at least 50% 23 by weight, preferably at least 70% by weight,
more particularly at least 90% by weight, and especially all of the repeating units A-0 in foimula (111)
may be derived from propylene glycol or propylene oxide. .13 The preferred polyalkylene glycol
mono(meth)é:c}%riﬁa%%ﬁ%%%yd%r}rﬁgr%lﬁgrﬁcﬁgrlé %ﬁ%%%%‘&ﬁkfﬁ%n%%h%“o rrﬁ’o%o mteté)%lgrylates, which
are distinguisthmskbyfam atkyeb arawgy as tadipallRAdrabove formula (l1l). Particular preference in this
context is given more particularly to methoxypolyethylene glycol mono(meth)acrylates, also designated
MPEG (meth)acrylates. 10 The preparation of monomers of formula () is set out inter ails in WO
2006/024538 Hite 0=62.00 2005rat theEuno peary Patert Officewithahe epplieationamgnberes
PCT/EPR0OOS 66; 005/000929. filed 20.05.2004 at the Unit tates Patent Office
(USRTO Wit%%%zdéié}%%% |E%$oﬁaﬁ9§m %? 56%5%%68%03%55?5pl#ﬁ%ggs%‘o?é‘%%%ét%re?¥e erence is
made to theseipisblizatiovesirand the therein-described polyalkylene glycol mono(meth)acrylates and
processes for preparing them are incorporated into the present application. Accordingly, 20
polyalkylene glycol mono(meth)acrylates having a hydroxyl group may be obtained by reacting
(meth)acrylica@amithse pokidesn Fetherméref poalikylere gliyasimeao(tethfdcrgaetanays be

obtained by {ansesteyifying aliyl meth)agrylates with alkexypolyalkylene alycols, more 25 particularly
metho%olyalkylehe glycols. The weight-average molecular weight of the polyalkylene glycol

mono(rHéth)désiate REtubieEpretérably intRe PARGE HOAT200 Yo BOO®YImol, more preferably in the
250 to 30 100Q gfmokLrangesas measyped, By CRQ The prsfeirgddmethjacryjates of formula (1)

include, among others, 2-[2-(2-ethoxyethoxy)ethoxyjethyl 14 methacrylate, 2-[2-(2-metho
ethoxy)ethox{ A RFyxtes 25 2- (athoRyethioxyYBfHoxy REmy sthAate2 2 2P&hbXyethoxy)ethyl

methacrylate2-2rbutexyethexy)etiwlrethawylate, spethyldipropyieng glyepl methacrylate, 5
methyltripropzllene lycol methacrylate, methyltripropylene ggcol a%ate, methyldipropylene glycol

acrylate, 2-[2\ 8 HeREkytRERP ethioXsTetRyl hdFacRAREY Of paRiduI&GHEtE<tSnore particularly is
butyldiglycol methaervate withdhe GAS N /328c22-bnwhishrisavaiiakle commersiatiy 10 from
Evonik Rohm GmbH under the trade name VISIOMERO BDGMA. Particularly preferred is
ethyltriglycolMFEREERNEE With theRSAS N 1596570- 3-8 Lahichtan be acquired commercially from

Evonik Rohm GmbH under the trade name VISIOMERO ETMA.
Furthermore (meth)acrylate polymers of the invention for
improving the viscosity index comprise 5% to 80% by weight,
20 preferably 15% to 70% by weight, and more preferably 20% to
60% by weight of repeating units derived from

(meth)acrylates of the formula (II)

R

H 2
= OR (II),

H

in which R represents hydrogen or methyl and R’ denotes an
alkyl radical having 7 to 30 carbon atoms, which may be

25 linear or branched.

Examples of monomers of formula (II) include the following:
{(meth)acrylates which derive from saturated alcohol, such

as Z-ethylhexyl (meth)acrylate, heptyl (meth)acrylate,



15 Polyalkyiepgglysehmogegneth)acrylates for preferred use are additiamp)gmeinoxpebetlyylene
glycol monomethacrylates with the CAS No. 26 915-72-0. These methoxypolyethylene glycol
monomethacrylates preferably have a number-average molecular weight in the range from 20 350 to
5500, and so n in formula (111) above is situated prefergbly in the range from 6 to 120. These
monomers can be acquired commercially more particularly under the trade names Plex0 6850-0,
PlexO 6969-0, Flex@ 6968-0 and Plexe 6965-0 or VISIOMERO MPEG 750 MA W, VISIOMERC)
MPEG 1005 MA 251k, RESIGMEREY MPEGS 005 WALRE Bnd (A SIOMERRS MPESYBEI5MA W from
Evonik Rohm £5mbHy FBg¢methactylatedalaers,afthe invention may eanwese further monomers

which are copolymerizable with the 30 aforementioned (meth)acrylates of the formulae (1) to (llI).

These further f6HOMERSAALBE TXMBRE otNES S/t (MBRHIR ¥ 3R as benzyl methacrylate or
phenyl 15 metha@ylaia umarrethe anddadicals,may d) easlisase benwmsnbstittiedersubstituted up
to four times; styrene, substituted styrenes havini an alkyl subst-tuent in the side chain, such as, for
example, D-me RSt Reris SRy -SRI RNEY $abSitutel siients HEGInG &F aikyPlubstituent on
the ring, such asnanryioluenaiare pmetkystysens, hategenated-styeeneas, suehasator example,
monochlorostyrenes, dichlorostyrenes, tribromostyrenes, and._tetrabromostyrenes; 10 maleic acid and
maleic acid dér%ﬁ@ggcé{ﬁch (é’ée,?5})M&I%Fﬁwalg}@meo%é%eréf“ﬁ%}@i88¥%¥€r§?maleic anhydride,
methylmaleic anhydiidel mealetride ]l methyitpieimides t dachrip teettbagd itaconic acid derivatives,
such as, for 15 ex le, itaconic mpnoesters, itaconic diesters, and itaconic anhydride; fhmaric acid
and fumaric a f&eagegr}\?%ﬁ\ggs gggﬁ ag,_f%)? %%Mef,%ﬁ%ﬁ%‘s%%oe%‘{‘ee% ﬁjarﬁg g%%%fers, and fumaric
anhydrid€. 204n aecordance Withtade paiticles embadignent & is pessiblelmoreapgartigdlarly to use
dispersing monomers, which differ from monometrs of formula (I1}). 25. Dispersing monomers have long
been used in Iu%%]%%t?lr%: 6?(55%??ljncgtioﬁ%ﬁ}zaiﬁapﬁﬁﬁffrﬁgﬁc&gagjﬁvééea%@gger fére Sfe known to the
skilled persondct. &RikkMortieg 1 Ta OrsZulike e ds.priChermistry madiNechnology<of Lebricants”,
Blackie Acade |€g & é(%f [ p [, Lon on,.2r- i 3qe %7) u i ?@g it ig@gg;’épie f EQS ocyclic
vinyl compoung%s, ?n gartégﬁa% a%ﬁdlqo?reg y elncl:cém uni%%?ra%gdg, p%far ester comp ur?dg or aE&Iide
compounds of(thetformatay(dre, docosyl (meth)acrylate and/or
15  eicosyltetratriacontyl (meth)acrylate;

cycloalkyl {meth)acrylates, such as 3-vinylcyclohexyl

(meth)acrylate, bornyl (meth)acrylate, 2,4,5-tri-tert-

butyl-3-vinylcyclohexyl (meth)acrylate, 2,3,4,5-tetra-

tert-butylcyclohexyl (meth)acrylate.

20
The (meth)acrylates with a long-chain alcohol residue can
be obtained, for example, by reacting (meth)acrylates
and/or (meth)acrylic acid with long-chain fatty alcohols,
the product generally comprising a mixture of

25 (meth)acrylates with alcchol residues of different chain

lengths. These fatty alcohols include, among others, O0xo
Alcohol® 7911, Oxo Alcohol® 7900, Oxo Alcochol® 1100; Alfol®
610, Alfol® 810, Lial® 125 and Nafol® products (8asol);
Alphanol® 79 (ICI); Epal® 610 and Epal® 810 (Afton);

30 Linevol® 79, Linevol® 911, and Neodol® 25E (Shell);
Dehydad®, Hydrenol®- and Lorol®-type (Cognis); Acropol® 35
and Exxal® 10 (Exxon Chemicals); Kalcol® 2465 (Kao

Chemicals) .



w0 2011/088%20ROTAAFEEIE69113 16 H N(IV), H 0 in which R represanebgdaoinea 69 hihyl, X
oxygen, sulfur or an amino group of the formula -NH- or -NRa-, in which Ha stands for an alkyl radical
having 1 to 10, preferably 1 to 4, carbon atoms, R4 represents a radical which comprises 2 5 to 50,
more particularly 2 to 30, preferably 2 to 20 carbon atems and has at least one, preferably at least two
heteroatoms, to be used as dispersing monomers. Examples of dispersing monomers of the formula
(IV) include 10 aminoalkyl (meth)acrylates, aminoalkyl (meth)acrylamides, hydroxylalkyl
(meth)acrvlates, heterocyclic (meth)acrylates and/or carbonyl-containing (meth)acrylates. The
hydroxyalky! (raeth¥acrylaiesiincltidecpmongrethers: 45 Z-hydioxyprpyh(raethyacrylate,
3,4-dihydroxybu %metrg crylate, 2£ drox tf%l met{i%gc Jate, 3(—# droxypro yrllém th)acrylate,

> o-dimethy \ER FERa AT (RS S L F o8 TR G i R S, Eo
Carbonyl-containing{teth acoylatesrconyerise] fatexanpgle i 2:carbexyetnd @meth)acrylate,
carboxymethyl (meth)acrylate, 25 N-(methacryloyloxy)formamide, acetony!l th)acrylate
Mono-2-(met a%ry?oﬁo%’etﬁﬁ s%%c\lcén%tgbaﬁ-(é?ét%%% ?fgylm%?ﬁﬁolﬁ}lé?%r(a%ﬁy 12578
N-(meth)acrylbyz-2pymwelidinane at@ N+2ymeths denyidyloxyetity):=2-pyirolidinone L ght ,

N-(3-(meth)acryloyloxypropyl)-2-pyrrolidi N-(2- meth%\a?\cr lo enta ecgl)i-é- yrrBI'dinone,
N-(3-(meth)a%r%?o‘%//ff(;xyﬁecgg%levéli‘:/3 - %oy(r%)l%?}\eoné?éﬁgl 5 -(ﬁ{- %ﬁ%ﬁgrﬁoﬁgxy%t %etthy%enurea.
2-Acetoacetoxyethyl) @aeth)acr@ateo lymer . Additionally preferred are
(meth)acrylate polymers which have 0.5% to 60% by weight,
10 more preferably 1% to 20% by weight, of repeating units

derived from (meth)acrylates having 16 to 30 carbon atoms.

According to one preferred embodiment of the present
invention, mixtures of monomers of the formula (II) may

15 also be used, in which case the mixture preferably
comprises at least one (meth)acrylate having 7 to 15 carbon
atoms in the alcohol residue and at least one
(meth)acrylate having 16 to 30 carbon atoms in the alcohol
residue. The weight ratio of (meth)acrylates having 7 to 15

20 carbon atoms in the alcohol residue to (meth)acrylates
having 16 to 30 carbon atoms in the alcohol residue is
preferably in the range from 10:1 to 1:10, more preferably
in the range from 5:1 to 1.5:1.

25 Furthermore, (meth)acrylate polymers of the invention for
improving the viscosity indéx comprise 15% to 90% by
weight, preferably 25% to 70% by weight, and more
preferably 30% to 60% by weight of repeating units derived
from {(meth)acrylates of the formula (IITI):



The heterocywtic foethjya@gkeaes include, among others, 2-(1-imidazolpQathEP@0atb Yo 6%t 310
oxazolidinylethyl (meth)acrylate, 2-(4-morpholinyl)ethyl (meth)acrylate
1-(2-methacryloyloxyethyl)-2-pyrrolidone, N-methacryloylmoipholine, N-methacryloy1-2-pyrrolidinone,
15 N-(2-methacryloyloxyethyl)-2-pyrroli inone, N-(3-methacryloyloxypropy1)-2-pyrrol dinone. The
aminoalkyl (meth)acrylates include more particularly N,N-dimethylaminoethyl (meth)acrylate, 20
N,N-dimethylaminopropyl (meth)acrylate, N,N-diethylaminopentyl (meth)acrylate,
N,N-dibutylaminohexadecyl (meth)acrylgte. Additionally it is pogsible to use 25
aminoalkyl(meth)acrylamides as ' Oontérs; QichRis
N,N-dimethylaminopropvl(meth)acrylamidell Furthermore, it is possible to use phosphoruss) ,
boron-and/or silicon-containing (meth)acrylgtes as dispersing 30 monomers, such as
2-(dimethylphosphato)propyl (meth)acrylate, 2-(ethylenephosphito)propvl (meth)acrylate,
dimethylphosphinomethyl (meth)acrylate, 18 dimethylphosphonoethyl (meth)acrylate, diethyl
(methjacryloiphosphanate. dipropyl (methjacryloyiphosphate. 2 (dlibutylniosphoaalethyl
(meth)acrylate, 5 2,3-butylene (meth)acryloylethylborate, methyldiethoxy(meth)acryloylethoxysilane,
diethylphosplegBethii (REfEeryfRE. The préeRedtheiBRCYRRIGINFFe8mpotAds félude, among 10
others, 2-vinylpyriding., 3-yinyinyrigine, 4-vinylpyddine, 2-ngthyl-bavinylpyddiaend-athyl-4-vinylpyridine,
2,3- dimethy1-5-vinylbyridine, vinylpyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinylcarbazole, 15
4-vinylcarbazZels AehRyHm déto%%-@ﬁi}’ﬂﬁﬂiéarﬂe, 2 Feethfl-i-GinyiiAiES oo N-Fiyiyrrolidone,
2-vinylpysrolidong, Nsvinyiysrolidine, Svigylpyrralidipe, Nrvinylcapselastan,N-vinybutyrolactam,
vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane, vinylthiazoles 20 and hydrogenat&;glOr

vinylthiazolesP BRBAASIXAz0les And HyaR6GENAe @ Vinyidkadbregiediyl R7stands

hydrogen or methyl, and R’ stands for hydrogen or alkyl

having 1 to 4 C atoms, and especially methyl or ethyl.

10 The monomers derived from (meth)acrylates of the formula
(ITII) are also referred to in the context of the present

invention as polyvalkylene glycol mono (meth)acrylates.

Mono (meth)acrylic acid esters of poly-C,;-C; alkylene glycol

15 that can be used with particular preference are notable for
the fact that at least 50% by weight, preferably at least
70% by weight, more particularly at least 90% by weight, and
especially all of the repeating units A-O in formula (III)
are derived from ethylene glycol or from ethylene oxide.

20 Accordingly, preferably at least 50% by weight, more
particularly at least 70% by weight, very preferably at
least 90% by weight, and especially all, of the units A-O
in formula (III) stand for CH,-CH,-O. According to a further
preferred embodiment of the present invention, at least 50%

25 Dby weight, preferably at least 70% by weight, more
particularly at least 90% by weight, and especially all of
the repeating units A-0 in formula (III) may be derived from

propylene glycol or propylene oxide.



The particulanyopreferied dispasing monomers include more particulaBeethyienocadly ogsatyugated
compounds which 25 comprise at least one nitrogen atom, these compounds being selected with
particular preference from the aforementioned heterocyclic vinyl compounds and/or aminoalkyl
(meth)acrylates, aminoalkyl(meth)acrylamides and/or heterocyclic (meth)acrylates. 30 The
aforementioned ethylenically unsaturated monomers can be used individually or as mixtures. It is
possible, furthermore, to vary the monomer composition during the 19 polymerization of the main
chain, in order to obtain defined structures, such as block copolymers or graft polymers, for example. 5
Among the (meik)aspdate-pelimess ¢ patticalas interest aradhesenwhichpreferablyhave a
weight-average molecular weight 1,(1,,, in the range from 5000 to 1 000 000 _g/mol, more preferably 10
000 to 200 008 YIMbT it TéryRitstetably 2B 00FHFRYBOS YAty Le rhe&hdnBr-average
molecular weigbthMflefthe a(@eth)aceyatepalymes feayibe situatedeterably dm the napge from 5000
to 800 Og g/mol, more preferably 8000 to 200 000 g/mol, and mgreferably 30 000 to 100 000
g/mol. 15°JudRISUE 1iHiherfforE “drefméth)&5iate pORMIETS Jpolydispersiy fdex Mg/lit, is in
the range from Aoy, enere [referably indhe eangei Eomi2:5io oI heaphber-average and

weight-average molecular weights_can be 20 determined by known methods, as for example gel
permeaton G HEYRhY FePE o FecH N R AT LOmBTE e TR0 20071075837,

filed 04.08.2066é =t thea EaropericP ateat Dfficerwitl thes application number PCT/EP2006/065060, and
in WO 2007/03238, filed 07.04.2006 25 at the European Patent Office with the application number
PCT/EP2007/003213, therein-expounded methods for determining the molecular weight being
incorpoiied fBhpurposes:of disslosufe intodhisappliCation:r80L Ehe comb palymets ofithe invention
can be pfeparfgt‘@{a vayiety of waysQpe ngfzgér?&’ Procesyisghe &?”X%’B%O”aaé radical
copolymerization of the stated monomers. ccor’dind]y, these polymers'may bé obtained more
particularly byEradioad golyhearzatiof fand alseirelated progassbes of controliedoradical polymerization,

such as, for example, ATFRF (ot 4 ransiar RadicghBoWmMAIZaton) 1 oq 20.05.2004 at

the United States Patent Office (USPTO) with the

—h

(6]

application number PCT/US2004/015898 for purposes of
disclosure, reference is made to these publications, and
the therein-described polyalkylene glycol
mono (meth)acrylates and processes for preparing them are
incorporated into the present application. Accordingly,
20 polyalkylene glycol mono (meth)acrylates having a hydroxyl
group may be obtained by reacting (meth)acrylic acid with
epoxides. Furthermore, polyalkylene glycol
mono (meth)acrylates may be obtained by transesterifying
alkyl (meth)acrylates with alkoxypolyalkylene glycols, more
25 vparticularly methoxypolyalkylene glycols.

The weight-average molecular weight of the polyalkylene

glycol mono(meth)acrylate is situated preferably in the

range from 200 to 6000 g/mol, more preferably in the 250 to
30 1000 g/mol range, as measured by GPC.

The preferred (meth)acrylates of formula (III) include,

among others, 2-[2-(2-ethoxyethoxy)ethoxylethyl



5 NmP (Nitroygesnadiatpseidalymerization) or RAFT (Reversible Additiq#rlz ssmpariaioge@hain
Transfer). Ullmanns's Encyclopedia of Industrial Chemistry, Sixth Edition, is among the sources which

describe the customary 10 free radical polymerization. For this purpose in general a polymerization
initiator and also, optionally, a chain transfer agent ar@ used. The initiators which can be used include,
among others, the azo initiators widely known within the art, such as AIBN 15 and
1,1-azobiscyclohexanecarbonitrile, and also peroxy compounds, such as methyl ethyl ketone peroxide,

acetylaceton@ BRI, HilaGry| perokide’ 18R BT RFARYIFSRToaleE 1etdn S pérokiIe Stert-butyl
peroctoate, methyl imlﬂ@@r&ggwg%wﬁpﬁ]@@@qneagw% 20dihenzoyh gerpxide, tert-butyl

peroxybenzoate, tert-butyl peroxyisopropyl carbonate, 2,5-bis(2-ethylhexanoylperoxy)-
2 5-dimethyln@kBRENERIYI FstbRASLethe Rt xarodté, IRy PRSIV E5BYirimethylhexanoate,

dicumyl peroxide 1k d-Bis@ert-bubdperoxyicyelobexane; 291 yvcol methacrylate,
1,1-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, cumyl hydroperoxide, tert-butyl hydroperoxide,
bis(4-terRoutfi R HES DB AR bINAEES Mk 88 6 MG 6mdPE bRIFE-foraRENtbTRa

compounds wjth,ens aaether.and, miduresief 1he afarementigned sompernts vdth 30-unspecified
compounds which are likewise able to form radicals. Especially suitable as chain transfer agents are
oil-soluble mertaptahs SR GO ST, ﬁ-ﬁ%ﬁéeﬂ?ﬁgﬁﬁ&’a]na&f’z-n?e?cg%éfh%%gF&r else chain
transfer 21 agentsAexyn the ctass:0f the tarpenes, suchwaseqiigolese | fanexampte. ITEeATRP
process is known per se. It s, assum at this 5 prqcess is a "living" radjcal polymerization, without
any intention Yo'i 54 a réstrittion gg %tge" 3gs_csr'rpti‘%gﬁlo??t‘hel et c%ﬁ%is %ﬁt @%?85&33361;1 Fansition
metal cothpouncis reactetkwitisancampounchdhichtias a tradsfenaile ataraioyeERP. BOBEZOUrse of

the reaction, the transferable 10 atamic group is transferred to the transition metal compaound, thereby
oxidizing the g%%a?%ugw?srrie\écﬁgﬁ%gr%ﬁ%cgal ?ssfo(ranglg g%%%%é?&éeé“ S& fion o?%%heilleeﬁ% Sroups.
The transfer aftthe @emitogrosip4ad the ralsitioh métateompeumrd,chowe@r cismmeeersibéel, and so the

atomic 15 group is transferred.hack rowin lymer chain, thus f‘%@ g ntéoil

e %rln E%wlb ol %@M% .
polymerlzatlo#%/@te%o,&lé&r f?\g : ehgtr%&%,%g o?"?ﬁge pto ?mgr, the molecular wel%ht, and the
molecular weight distribution can be controlled. 20 This reaction regime is described for example by

Or-S. g, l.,.J. -Am. Che o V0L117 - 95), an jasz ki,
Macroﬁ%lr;cu%é 3o 2%@ e%%p%gggfml% élgé%%gl—?uér%%?%%éégp%grﬁ g;%é%ﬁ%?z? W 06130421,
WO 97/4766 B13W0CeGH1 8247 a0WLY 9840448y and VeOrao) 088 Bdisclose variants of the

above-elucidated ATRR. [he polymers afthe jnveptian may, furthermore. alsopeghtained by RAFT
methods, for example. This process is set
methoxypolyethylene glycol monomethacrylates preferably

have a number-average molecular weight in the range from

20 350 to 5500, and so n in formula (III) above is situated
preferably in the range from 6 to 120. These monomers can
be acquired commercially more particularly under the trade
names Plex® 6850-0, Plex® 6969-0, Plex® 6968-0 and Plex®
6965-0 or VISIOMER® MPEG 750 MA W, VISIOMER® MPEG 1005 MA

25 W, VISIOMER® MPEG 2005 MA W, and VISIOMER® MPEG 5005 MA W
from Evonik R&hm GmbH.

The (meth)acrylate polymers of the invention may comprise
further monomers which are copolymerizable with the

30 aforementioned (meth)acrylates of the formulae (I) to
(III). These further monomers include, among others, aryl

(meth)acrylates, such as benzyl methacrylate or phenyl



30 out comprghengjyaly ¢ ¥ H8/01478 and WO 2004/083169, for expraplep 2811d1eg¥damarization
can be carried out under atmospheric, subatmospheric or superatmospheric pressure. The

polymerization temperature as well is not critical. Generally speaking, however, it is in the range of -20
5 -200C, preferably 50 - 150C, and more preferably 89C - 130C. The polymerization can be carried out
with or without solvent. The concept of the solvent is to be understood 10 broadly here. The solvent is

selected according to the polarity of the monomers used, with ester oils being especially preferred.
The ester oilsiRERRIE bR SartictiaH§ este compourtididarivedirom Fartsmsiic aeiis ahe/or

phosphoric agids, 1 The esief Qils derived;fram phogpherys compqungsdnclude, in particular,
alkylaryl phosphate esters; trialkyl phosEhates, such as, for example, tributyl phosphate or

tri-2-ethylhex§HcEpRate #REVES a¥é3 SRR s 20 Be R Bl Hixsd RO pidpYRIRENYI
phosphates, mixed;teribugidpheny] phogphatesdrixylepylphagphate, or figregylphpsphate. Other

classes of organic&hosghorus compounds that can be used as solvents include phosphonates and

phosphirate<Shi s TSP RkyISIRISL&YF 25 sBBHTEEIRS. DRYKYIPhESpIfonakEs, as for
example di-2s athythexybphosphonate, andalkylphesphingtes, asfenexamplegdir2-ethylhexyl

phosphinate, can be used as a base_oil. Preferred alkyl groups comprise linear or branched carbon

chains with 176 $8¥Cab¥n Fisms e dRESRHg e S0V AT §roupiFduicas hafhgB /R Earbon

atoms are preferedhwbichseorrprise: 6 tel 101carke: atoras,and these adaips fakhe sybstitéted by
alkyl groups. 23 It iz)also possible to use solvents based on carboxylic esters. Customarily, these

carboxylic est&ts HETERGBNGRGES of alcohols, such as monohydric or polyhydric alcohols, for
example) andnearbozylic-deidsslchzase5 menobasitaripelyhasic cabhoxylicacidssfer example. In this

context it is also possible to se artial carbo%'glc estﬁ?Carﬁox%lic esters aé/,have a carboxylic
ester group with e formufa -COBRS iRich R dlecpe te ﬁ)? I g]iuf%p Figving 1 to 40 carbon
atoms. Preferst esterdzompeitidgloomprise atlagsirtivieestengrolmpsdEhese compounds may be

methylmaleimide;
itaconic acid and itaconic acid derivatives, such as, for
15 example, itaconic monoesters, itaconic diesters, and
itaconic anhydride;
fumaric acid and fumaric acid derivatives such as, for
example, fumaric monoesters, fumaric diesters, and fumaric
anhydride.
20
In accordance with one particular embodiment it is possible
more particularly to use dispersing monomers, which differ

from monomers of formula (III).

25 Dispersing monomers have long been used in lubricating oils
for functionalizing polymeric additives, and are therefore
known to the skilled person (cf. R.M. Mortier,

S.T. Orszulik (eds.): “Chemistry and Technology of
Lubricants”, Blackie Academic & Professional, London, 2°¢

30 ed. 1997). Judicially it is possible for heterocyclic vinyl

compounds, in particular, and/or ethylenically unsaturated,

polar ester compounds or amide compounds of the formula

(IV)



based on pohearboxylicoagd baving at least two acid groups and/or ecpgppBI /M6 1d3st two
hydroxyl 15 groups. Preferred polycarboxylic acid radicals may comprise 2 to 40, preferably 4 to 24,
more preferably 4 to 12 carbon atoms. Judicious polycarboxylic esters are, for example, 20 esters of
adipic, azelaic, sebacic, phthalic and/or dodecanoic agids. The alcohol components of the
polycarboxylic esters comprise preferably 1 to 20, more preferably 2 to 10 carbon atoms. 25 Examples
of judicious alcohols for preparing the aforementioned esters are methanol, ethanol, propanol, butanol,
pentanol, hexanol, heptanol, octanol, nonanol, deganol, undecanol, and dodecanol. 30 In accordance

with one preferred embodiment; compoundg are uged vg@gh are derived from polycarboxylic acids and

alcohols having precisely one hydroxyl group. S of these compounds are given in $a{rttes
including Ullmanns v10 2011/088929PCT/EP2010/069113 24 Encyc opadie der Technischen
Chemie, 3rd edn, vol. 15, pages 287 - 292, urbhn & Schwarzenber (1964)). Judicious polyols for
preparing the ester compounds having 5 at least two ester grougs customarily contain 2 to 40,

preferably 4 tor22vieafSorRatbfis: E5@R e SEE REGHEIYI YdiethyISHE/gFol, Bipropitene glycol,
2,2- dimethy1;3-hydraxypropyl 2,21 -dimethyd -3pinairxyprapionate, ghieerol, thmeiytolethane, 10

trimethanolpropane, trimethviolnonane, ditrimethylolpropane, nentaerythritol, sorbitol, mannitol, and

dipentaerythrt6BTFAE cEfBoxflic kil dorhpERER of iR bBfesternay’ comtait E16- 40 YpreferSbly 2 to

24, carbon atgms. Exgmples-argslinear ardhranched satrated cashoxytic db aaidssusk as2for
example, formic acid, acetic acid, propionic_acid, octanoic acid, capraic aci%, enanthic acid, caprylic

acid, pelfrgofie aeftt, CABFE deRE thalBcaRdi¥ atid: fautit: adid StHAEEANSic Acid? mytistic A&
pentadecanoicagid, patmiticacid,Theptadecaneic agide2@ stedrie acid, renadecanoic acid, arachidic
acid, behenic acid, isomyristic acid, isopaimitic acid, isostearic acid, 2,2-dimethylbutanoic acid,
2,2-dimethylp%%¥ﬁﬁ@5€fa?2,2§%im@tH§fﬁfc‘?aﬁcﬁc AP Sr&hh2 BA &Ry Ibutanoic acid,
2,2,3,4-tetramethylpentanoic acid, 2,5,5-trimethy1-2- 25 tert-butylhexanoic acid,
2 e B B O S A T R E I RO ATE: TR nctuce

10 aminoalkyl (meth)acrylates, aminoalkyl (meth)acrylamides,

hydroxylalkyl (meth)acrylates, heterocyclic (meth)acrylates

and/or carbonyl-containing (meth)acrylates.

The hydroxyalkyl (meth)acrylates include, among others,
15 2-hydroxypropyl (meth)acrylate,

3,4-dihydroxybutyl (meth)acrylate,

2-hydroxyethyl (meth)acrylate,

3-hydroxypropyl (meth)acrylate,

2,5-dimethyl-1, 6-hexanediol (meth)acrylate, and
20 1,10-decanediol (meth)acrylate.

Carbonyl-containing (meth)acrylates comprise, for example,
2-carboxyethyl (meth)acrylate,
carboxymethyl (meth)acrylate,
25 N- (methacryloyloxy) formamide,
acetonyl (meth)acrylate,
Mono-2- (meth)acryloyloxyethyl succinate,
N- (meth)acryloylmorpholine,

N- (meth)acryloyl-2-pyrrolidinone,



hexanoic acigio3,2 Gtirinpathglhexanoic acid; linear or branched unsaturatedrrpeloao/io gsila3such as,
for example, linolic acid, linolenic acid, 9-octadecenoic acid, 30 undecenoic acid, elaidic acid,
eicosapentaenoic acid, erucic acid, brassidic acid, and oleic acid. These acids can be obtained
commercially in a multiplicity of purities. WO 2011/088929PCT/EP2010/069113 25 Fatty acid
mixtures, such as tall oil fatty acids, for example, may likewise be used. Particularly preferred ester
compounds having at least two 5 ester groups include diisonony! adipate, neopentylglycol tallate,

neopentylgly¥ol dholéBR: PtesiereylesMaiiie! bropyreie giycordiskate, diethylene glycol tallate,
and diethylene glycqohdieleate: By tallateshsregre meantestess defives &om tall oil fatty acid

mixtures. 10 Maa/ of these compounds can be obtained commercially from BASF under the trade
I

name OPlastSmoi DRAROATIBISYERERAF B Bnie! the Fde R GPEulube 2G-214, from

Cognis Corpaunder the tadename pPsekee@965:49m) 15 Upiaema Cotpainder dheitrade name
OPriolube 1430 and SPriolube 1446, ]z?nd from Geor%ia Pacific under the trade name Oxtolube 1301

and OXtBlubd 1330, R hSToRTErE 18 HEULER 1O prepaTigthE polymers of the 20 invention in a

radical copolgmgtizatioicarecggreraly available eemipercially. The (meth)acrylate polymers of the
invention are used in particular for improving the viscosity index of lubricating 25 oil foimulations based
more particularly on polar base oils. Polar base oils customarily comprise compounds having polar
groups, morerpartinglady @ster lgroupsnand/ps etheragregps.nkdieséepolambase oitsiaclade, among
%?%ggl fg&?ers of 30 carboxylic acids, such as

others, organic esters, examples bei iester
adipates, for%&%bfe@hﬁ%%é%&sle?e%@%ﬁ péﬁ}gsrky ene dlycols, polyethers, and silicone oils. 26 The

preferrd@ polaxbasel oS imgluelehmbre( particukady the aforementioned ester oils which preferably

comprise ph%spt;%ﬂcggt rgf{ld/obca% O)iy"? es %{%I&sﬁlg 6possible to use ester oils obtainable by
polymerization o inme %’acry%&/es.er ese include, among others, the synthesis oils set out in EP-0
471 266 Al; the (Detabytate-bagédxyethyl) -2-pyrrolidone,
N-methacryloylmorpholine,
N-methacryloyl-2-pyrrolidinone,
15 N-(2-methacryloyloxyethyl)-2-pyrrolidinone,

N- (3-methacryloyloxypropyl)-2-pyrrolidinone.

The aminoalkyl (meth)acrylates include more particularly
N, N-dimethylaminoethyl (meth)acrylate,

20 N,N-dimethylaminopropyl (meth)acrylate,
N,N-diethylaminopentyl (meth)acrylate,
N,N-dibutylaminchexadecyl {(meth)acrylate.

Additionally it is possible to use
25 aminoalkyl (meth)acrylamides as dispersing monomers, such as

N,N-dimethylaminopropyl (meth)acrylamide.

Furthermore, it is possible to use phosphorus-, boron-

and/or silicon-containing (meth)acrylates as dispersing
30 monomers, such as

2- (dimethylphosphato)propyl (meth)acrylate,

2- (ethylenephosphito)propyl (meth)acrylate,

dimethylphosphinomethyl (meth)acrylate,



oils set out in 762 411 258shlz filed at the European Patent Office on Oéﬁsfgibg\@%tp% ggﬁ)_licge\tipn

number EP 91113123.3, are incorporated for purposes of disclosure 10 into the Present application by
reference. These oils are available commercially under the name Wiscobase from Evonik RohMax
GmbH. Particularly surprisingly, the present (meth)agrylate 15 polymers can be used for improving the
viscosity behavior of polyalkylene glycols. Polyalkylene glycols are known within the art, and these
polyethers can generally be obtained by anionic ring-opening polymerization of alkylene oxides
(ethylene oxidéiprpyliemshosde obutylemeloxides 20) etc)wilightan initiator such as, for example, an

alcohol (UIlm@eﬁ%%loﬁqgg{%%@%@g@&p%%ggﬁ% tg edn., VCH, ISBN 3-527-20100-9).
d for [ the alky

Catalysts use this anionic polymerization o ene oxides are generally alkali metal
hydroxides suéhrisqatassitiatay) sotivrdwtipdxidge®I26-Ehe use and requirements of these

polyalkylene gjycgﬁgﬁgg%glﬁg%g%%@gwl@ﬂg}g Iu@&%@%i@ﬁﬁg@@d for example in the FDA

Regulations 21 CFR 178.3910 (Surface lubricants used in manufacture of metallic articles) or 21 30
CFR 173340228 €rR Y2838 7 Obhtantsynitty inefdentdldsed eontact). Polyalkylene glycol base oils

are characterized via their viscositytheiraverage molarmss sWQ,2011/088929PCT/EP2010/069113

27 and molar-mass distribution, and the ratio of the incorporated alkylene oxide monomers. For the
application of pof/alRiaTCgHEsIs @ UDBAcAM S HdRCa1E. A€ viscosity is a decisive criterion.
Accordingly, base oils for lubricants are assigned to ISO-VG classes (viscosity class as per DIN
51519). In accordance with the invention it isi)ossible to use 10 polyalkylene homopolymers, more

particularly poly¥neRe eivcet goRkopyERe Hfycol-aid/of PoRMERAENE §REBRDr pBaRslene
copolymeys, raeneralticulatly 6opelyneds cantaining eihylens glysal, piorylene glyselaand/or butylene
glycol units. In this context it is possible to 15 use not only random copolymers but also block
copolymers. 2-methyl-5-vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3-
dimethyl-5-vinylpyridine, vinylpyrimidine, vinylpiperidine,

9-vinylcarbazole, 3-vinylcarbazole,

15  4d-vinylcarbazole, l1-vinylimidazole, N-vinylimidazole,
2-methyl-1-vinylimidazole, N-vinylpyrrolidone,
2-vinylpyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane,
vinylfuran, vinylthiophene, vinylthiolane, vinylthiazoles

20 and hydrogenated vinylthiazoles, and vinyloxazoles and

hydrogenated vinyloxazoles.

The particularly preferred dispersing monomers include more
particularly ethylenically unsaturated compounds which

25 comprise at least one nitrogen atom, these compounds being
selected with particular preference from the aforementioned
heterocyclic vinyl compounds and/or aminoalkyl
(meth)acrylates, aminocalkyl (meth)acrylamides and/or
heterocyclic (meth)acrylates.

30
The aforementioned ethylenically unsaturated monomers can
be used individually or as mixtures. It 1s possible,

furthermore, to vary the monomer composition during the



The numberwvepelnod&Ld weight of preferred polyalkylene glycRSR/SHRRARAD pREZABS in the
range from 200 to 4000 g/mol, more preferably in the range from 20 350 to 2000 g/mol. These figures
may be determined, for example, by GPC or, in the case of low molecular weight, via vapor pressure
osmosis. Further details of polyalkylene glycols whi¢h can be used 25 especially in lubricating oil
formulations are described more particularly in Rudnik, L.R., Shubkin, R.L., Synthetic . Lubricants and

High-Performance FunctioQaI Flui?,%ld (?ndn. 198 ciglaptgr Gb%%d ;:n Ij\:/lgngb'{gh];)resel W.,
Lubricants afd® t¥bBficattsh; 2Rd un. 2007, Section .é, this 30 publication being incorporated by
reference intadhisrapplisatiarctorpesposesadf disclodurek 28As lubrieating vilgbaseoil) it is possible

more particularli/ to Use oil Ohravir}gazran visgosity in the range from 3 mm2/s to 400 mm2/s, with particular
preference SHRmM2S to° 350 Mm27sS a5 measured at 40C in accordance 5 with ASTM 445, These base
oils can also be used as mixtures and are widely available commercially. For instance, the

aforementioned polyalkylene glycols ar tain | tigylar from 10 Clariant, from Dow under the
name yna%%oglr% %rlé% Iéfﬂ%te)fr1 %%ﬁgzlt%gnguﬁ?ii&ﬁg%%rég g%l!’Ubersynth. Thetconcentration of the
(meth)acrylaterpolyimes in tiellobrivatingesitbdmpbsitien ds prefetabhpinethie Fange Hof150.1% to

0% by weigil, more preferably b te.aae g 3¥to 307eDyweiahby/aypeaferahlyia the range
from 2% to 2 A}gy weight, and especially preferably in the range of 5% - 20% by weight, based on the
total weight aftied evaipbsitibh. 20 BesidetOthe Hi6remaEmtionedrcbiissierits of Ribieatihg oil
composition pay famprise, fsther additiygs and adjuvants. These additives include, among others, DI
additiv?% (dispersants, detergents, detoamers, corrosion inhibitors,

The number-average molecular weight M, of the
(meth)acrylate polymer may be situated preferably in the
range from 5000 to 800 000 g/mol, more preferably 8000 to
200 000 g/mol, and very preferably 30 000 to 100 000 g/mol.

15
Judicious, furthermore, are (meth)acrylate polymers whose
polydispersity index M,/M, is in the range from 1 to 5,
more preferably in the range from 2.5 to 4.5. The number-
average and weight-average molecular weights can be

20 determined by known methods, as for example gel permeation
chromatography (GPC). This method is described
comprehensively in WO 2007/025837, filed 04.08.2006 at the
European Patent Office with the application number
PCT/EP2006/065060, and in WO 2007/03238, filed 07.04.2006

25 at the European Patent Office with the application number
PCT/EP2007/003213, therein-expounded methods for
determining the molecular weight being incorporated for

purposes of disclosure into this application.

30 The comb polymers of the invention can be prepared in a
variety of ways. One preferred process is the conventional

radical copolymerization of the stated monomers.



25 antioxidanfs, aﬂg\ﬁ%@q?%(treme-pressure additives, friction modifigss)garodhes o eierred

lubricating oil compositions have a viscosity Kci40 as measured in accordance with ASTM D 445 at
40C in 30 the range from 10 to 500 mm2/s, more preferably in the range from 22 to 200 mm2/s. The
kinematic viscosity measured at 100C, KVin, is prefejgbly at least 6.5 mal2is, WO
2011/088929PCT/EP2010/069113 29 more preferably at least 7.5 mm2/s, and very preferably at least
8.0 mm2/s. In accordance with one particular aspect of the present 5 invention, preferred lubricating oil
compositions have adiiscdsity inthes as pelermimed ireycdordaidewitR ASTEMD 2270 in the range from

100 to 400, more Qrefeﬁaabrlgﬁ[%]g%% rclz;:)gr%go%qn #g?k}% §ng@q YETY B@éeréf’%inxtgﬁ Langg from 175 to

275. 10 The ﬁ_?g:srenjﬁﬁbrlc sitions can be used especially as transmission oil, engine oil
or hydraulic o rSarpsisies advartagesddrebe nefiievel moreypaticalary SvhensusiRg e present

lubricants in mapuial, L5, aytomategamanal, dauble chuteh o drechshilt (DRG) ransmissions,
automatic and continuous variable transmission (CVO) systems. In addition the present lubricants can
be used Morepartidilaty dxtrdesfordass adnsmissisrisiand iPaile @hdidiffdreigMedrsiiidsion 20

systems. In the Jext belgwythe present invention will be dlustrated using inventive and comparative

examp_les, without any intention thereby to impose any restriction. 25 The figures in percent relate to
the weight, unless otherwise specified. Abbreviations 30 DPMA = Dodecyl-pentadecyl methacrylate

(prepared from QNeqdal 25 E frap ShelktIMA = Padecy-pentadecyhmethacrylate tarepared from
OLIAL 125 from Sasol)
Edition, is among the sources which describe the customary

10 free radical polymerization. For this purpose in general a
polymerization initiator and also, optionally, a chain
transfer agent are used.

The initiators which can be used include, among others, the
azo initiators widely known within the art, such as AIBN

15 and 1,l-azobiscyclohexanecarbonitrile, and also peroxy
compounds, such as methyl ethyl ketone peroxide,
acetylacetone peroxide, dilauryl peroxide, tert-butyl per-
2-ethylhexanoate, ketone peroxide, tert-butyl peroctoate,
methyl isobutyl ketone peroxide, cyclohexanone peroxide,

20 dibenzoyl peroxide, tert-butyl peroxybenzoate, tert-butyl
peroxyisopropyl carbonate, 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,

25 1,1-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, cumyl
hydroperoxide, tert-butyl hydroperoxide,
bis (4-tert-butylcyclohexyl) peroxydicarbonate, mixtures of
two or more of the aforementioned compounds with one
another, and mixtures of the aforementioned compounds with

30 unspecified compounds which are likewise able to form
radicals. Especially suitable as chain transfer agents are
oil-soluble mercaptans such as, for example, n-dodecyl

mercaptan or 2-mercaptoethanol or else chain transfer



30 MMA = MgfhybipethasgdatesE TGMA = 2-[2-(2-Ethoxyethoxy)ethoxgethyksmrshacryateN'gP =
N-vinyl-2-pyrrolidone MAA = Methacrylic acid 5 DMAPMA = 3-Dimethylaminopropyl methacrylate

DMAEMA = 2-Dimethylaminoethyl methacrylate MOEMA = 2-(4-Morpholinyl)ethyl methacrylate OEMA
= 2-(3-Oxazolidinyl)ethyl methacrylate Procedure fog the carbon black spotting test: The dispersing
effect of the resultant polymers in the 5 corresponding oil was determined by means of a spotting test,
of the kind described for example by A. Schilling in "Les Huiles pour moteurs et le Graissage des
Moteurs", volatielgs, fage 89E ifazdmevthatifofifce FEIRF FOTURR REpSSEPLE G bFRSrbon black
(lamp black; Qggu%s}ga}r%ﬁgezialschwarz 4), 50 g of formulation, and then 275 steel balls (d = 2 mm)
were placed in a 150 ml Teflon beaker. The prepared samples were shaken for 15 minutes using a
Red Devil 5400 paint mixer, then filtered through a rapid sieve (280 dm). After that, 20 ul of each

dispersion solution 258 45 anplied as;a spattediltes paper. (5892; whitedibhen, asblessdiz 90 mm).
After 1 hour of storage in a drying oven at 80C, the samples were evaluated. For the purpose of

evaluatioh, the'i&Reterid? the CarBRIIACK SF6(R andhEtiamater tiits stitrotifting®i%pot d2

were measured 2Q.and-expresseghas a plopeiion e ensranshemndn Hedevalyatiom=difd21400%).
The higher the evaluation, i.e., the lower the diameter of the surrounding gil sgot in relatian to the

carbon black 8668187 BBtterthe T idisPERTRFEfféct “FRE DIdCedtrd Shacifis WAL Eirried out 25
twice. The ovewllavatuationrofihe spetingdestis qroducehas thesfeeilive individial tests.
Products with poor carbon black dispersing therefore produce lower values thgg rtggiee?,o products

with good carB5R BRackdispetSingPeett. 32 Eximpies ity the trans

10 atomic group is transferred to the transition metal
compound, thereby oxidizing the metal. In this reaction a
radical is formed and undergoes addition to ethylenic
groups. The transfer of the atomic group to the transition
metal compound, however, is reversible, and so the atomic

15 group is transferred back to the growing polymer chain,
thus forming a controlled polymerization system.
Accordingly, the structure of the polymer, the molecular
weight, and the molecular weight distribution can be
controlled.

20
This reaction regime is described for example by J-S. Wang,
et al., J. Am. Chem. Soc., vol.117, pp.5614-5615 (1995),
and by Matyjaszewski, Macromolecules, vol.28,
pp.7901 - 7910 (1995). Furthermore, patent applicatiomns

25 WO 96/30421, WO 97/47661, WO 97,/18247, WO 98/40415, and
WO 99/10387 disclose variants of the above-elucidated ATRP.

The polymers of the invention may, furthermore, also be
obtained by RAFT methods, for example. This process 1s set
30 out comprehensively in WO 98/01478 and WO 2004/083169, for

example.



A 2 L reactionCflazR oF ad&gf28atus with Saber stirrer, condenser, tenREF4EP@ PdQAR69WRB PT100,
feed pump, and 5 N2 feed line was charged with 49.3 g of a monomer mixture, whose composition is
set out in table 1, and 444.0 g of OPlastomoll DNA (diisononyl adipate; available from BASF). The
apparatus was rendered inert and heated to 100C. k¥addition, a monomer/initiator mixture was
prepared, 10 comprising 506.7 g of a monomer mixture, whose composition is set out in table 1, and
9.4 g of tert-hutyl per-2- ethylhexanoate. When the mixture in the reaction flask had reached a
temperature%%‘%O%&?‘%%rg (z)?tée]fﬁgut%?ﬁerr}?f- gﬁ%{/ﬁ%?(énggt% \}vlgrcgeé:ddaeta?%s hha??ﬁecéame time the
feed of 15 theuhenomepmitiator mixtergowas conspéroedchyp pempu tevastagded at a uniform rate
over a period of1210 minutes at 100C. 2 hqurs after the end of the f egﬁg ther 1.19 of tert-butyl
per-2-ethylh(§>?an\6%% \%v%aaﬁleg adde %%%%%?nﬁlgr\fgvagscovﬁ’ﬁﬁge& at T8§c or %'(L)%rs'more. This gave a
clear 20 solutienavithl d strengtkofiBb. 6 Mo Wereaweight-average molar neassaofaeie palyter as obtained

b f is. likewi | i .
e oSG e S e 1. 0201 0SSESPC UEEARIABEFIES 3 T
130°cC.

The polymerization can be carried out with or without
solvent. The concept of the solvent 1s to be understood

10 Dbroadly here. The solvent is selected according to the
polarity of the monomers used, with ester oils being
especially preferred. The ester oils include more
particularly ester compounds derived from carboxylic acids
and/or phosphoric acids.

15
The ester oils derived from phosphorus compounds include,
in particular, alkylaryl phosphate esters; trialkyl
phosphates, such as, for example, tributyl phosphate or
tri-2-ethylhexyl phosphate; triaryl phosphates, such as,

20 for example, mixed isopropylphenyl phosphates, mixed tert-
butylphenyl phosphates, trixylenyl phosphate, or tricresyl
phosphate. Other classes of organic phosphorus compounds
that can be used as solvents include phosphonates and
phosphinates, which may comprise alkyl and/or aryl

25 subtitutents. Dialkyl phosphonates, as for example di-2-
ethylhexyl phosphonate, and alkyl phosphinates, as for
example di-2-ethylhexyl phosphinate, can be used as a base
0il. Preferred alkyl groups comprise linear or branched
carbon chains with 1 to 10 carbon atoms. Concerning the

30 aryl groups, radicals having 6 to 10 carbon atoms are
preferred, which comprise 6 to 10 carbon atoms, and these

atoms may be substituted by alkyl groups.
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It is also possible to use solvents based on carboxylic
esters. Customarily, these carboxylic esters are reaction
products of alcohols, such as monohydric or polyhydric
alcohols, for example, and carboxylic acids, such as
monobasic or polybasic carboxylic acids, for example. In
this context it is also possible to use partial carboxylic

esters.

Carboxylic esters may have a carboxylic ester group with
the formula R-COO-R, in which R independently is a group
having 1 to 40 carbon atoms. Preferred ester compounds
comprise at least two ester groups. These compounds may be
based on polycarboxylic acids having at least two acid
groups and/or on polyols having at least two hydroxyl

groups.

Preferred polycarboxylic acid radicals may comprise 2 to
40, preferably 4 to 24, more preferably 4 to 12 carbon
atoms. Judicious polycarboxylic esters are, for example,
esters of adipic, azelaic, sebacic, phthalic and/or
dodecanoic acids. The alcohol components of the
polycarboxylic esters comprise preferably 1 to 20, more

preferably 2 to 10 carbon atoms.

Examples of judicious alcohols for preparing the
aforementioned esters are methanol, ethanol, propanol,
butanol, pentanol, hexanol, heptanol, octanol, nonanol,

decanol, undecanol, and dodecanol.

In accordance with one preferred embodiment, compounds are
used which are derived from polycarboxylic acids and
alcohols having precisely one hydroxyl group. Examples of

these compounds are given in sources including Ullmanns
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Encyclopiddie der Technischen Chemie, 3% edn, vol. 15,

pages 287 - 292, Urban & Schwarzenber (1964)).

Judicious polyols for preparing the ester compounds having
at least two ester groups customarily contain 2 to 40,
preferably 4 to 22, carbon atoms. Examples are neopentyl
glycol, diethylene glycol, dipropylene glycol, 2,2-
dimethyl-3-hydroxypropyl 2',2'-dimethyl-3"'-
hydroxypropionate, glycerol, trimethylolethane,
trimethanolpropane, trimethylolnonane,
ditrimethylolpropane, pentaerythritol, sorbitol, mannitol,
and dipentaerythritol. The carboxylic acid component of the
polyester may contain 1 to 40, preferably 2 to 24, carbon
atoms. Examples are linear or branched saturated carboxylic
acids, such as, for example, formic acid, acetic acid,
propionic acid, octanoic acid, caproic acid, enanthic acid,
caprylic acid, pelargonic acid, capric acid, undecanocic
acid, lauric acid, tridecanoic acid, myristic acid,
pentadecanoic acid, palmitic acid, heptadecanoic acid,
stearic acid, nonadecanoic acid, arachidic acid, behenic
acid, isomyristic acid, isopalmitic acid, isostearic acid,
2,2-dimethylbutanoic acid, 2,2-dimethylpentanoic acid, 2,2-
dimethyloctanoic acid, 2-ethyl-2,3,3-trimethylbutanoic
acid, 2,2,3,4-tetramethylpentanoic acid, 2,5,5-trimethyl-2-
tert-butylhexanoic acid, 2,3,3-trimethyl-2-ethylbutanoic
acid, 2,3-dimethyl-2-isopropylbutanoic acid, 2-ethyl-
hexanoic acid, 3,5,5-trimethylhexanoic acid; linear or
branched unsaturated carboxylic acids, such as, for
example, linolic acid, linolenic acid, 9-octadecencic acid,
undecenoic acid, elaidic acid, eicosapentaenoic acid,
erucic acid, brassidic acid, and oleic acid. These acids

can be obtained commercially in a multiplicity of purities.
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Fatty acid mixtures, such as tall oil fatty acids, for

example, may likewise be used.

Particularly preferred ester compounds having at least two
ester groups include diisononyl adipate, neopentylglycol
tallate, neopentylglycol dioleate, propylene glycol
tallate, propylene glycol dioleate, diethyléne glycol
tallate, and diethylene glycol dioleate. By tallates here

are meant esters derived from tall oil fatty acid mixtures.

Many of these compounds can be obtained commercially from
BASF under the trade name ®Plastomoll DNA, from Inolex
Chemical Co. under the trade name ®Lexolube 2G-214, from
Cognis Corp. under the trade name ®ProEco 2965, from
Unigema Corp. under the trade name ®Priolube 1430 and
®Priclube 1446, and from Georgia Pacific under the trade

name ®Xtolube 1301 and ®Xtolube 1320.

The monomers to be used for preparing the polymers of the
invention in a radical copolymerization are generally

available commercially.

The (meth)acrylate polymers of the invention are used in
particular for improving the viscosity index of lubricating
01l formulations based more particularly on polar base
oils. Polar base oils customarily comprise compounds having
polar groups, more particularly ester groups and/or ether
groups. These polar base oils include, among others,
organic esters, examples being diesters and polyesters of
carboxylic acids, such as adipates, for example, phosphate
esters, polyvalkylene glycols, polyvethers, and silicone

oils.
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The preferred polar base oils include more particularly the
aforementioned ester oils which preferably comprise
phosphoric esters and/or carboxylic esters. It is also
possible to use ester oils obtainable by polymerization of
(meth)acrylates. These include, among others, the synthesis
oils set out in EP-0 471 266 Al; the (meth)acrylate-based
oils set out in EP-0 471 266 Al, filed at the European
Patent Office on 05.08.91 with the application number

EP 91113123.3, are incorporated for purposes of disclosure
into the present application by reference. These oils are
available commercially under the name ®Viscobase from

Evonik RohMax GmbH.

Particularly surprisingly, the present {(meth)acrylate
polymers can be used for improving the viscosity behavior
of polyalkylene glycols. Polyalkylene glycols are known
within the art, and these polyethers can generally be
obtained by anionic ring-opening polymerization of alkylene
oxides (ethylene oxide, propylene oxide, butylene oxide,
etc.) with an initiator such as, for example, an alcohol
(Ullmann Encyclopedia of Industrial Chemistry, 5th edn.,
VCH, ISBN 3-527-20100-9). Catalysts used for this anionic
polymerization of the alkylene oxides are generally alkali

metal hydroxides such as potassium or sodium hydroxide.

The use and requirements of these polyalkylene glycols as
base oils for formulating lubricants is described for
example in the FDA Regulations 21 CFR 178.3910 (Surface
lubricants used in manufacture of metallic articles) or 21
CFR 173.340, 21 CFR 178.3570 (lubricants with incidental
food contact). Polyalkylene glycol base oils are

characterized via their viscosity, their average molar mss
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and molar-mass distribution, and the ratio of the

incorporated alkylene oxide monomers.

For the application of polyalkylene glycols as lubricant
base oils, the viscosity is a decisive criterion.
Accordingly, base oils for lubricants are assigned to

TSO-VG classes (viscosity class as per DIN 51519).

In accordance with the invention it is possible to use
polyalkylene homopolymers, more particularly polyethylene
glycol, polypropylene glycol and/or polybutylene glycol, or
polyalkylene copolymers, more particularly copolymers
containing ethylene glycol, propylene glycol, and/or
butylene glycol units. In this context it is possible to

use not only random copolymers but also block copolymers.

The number-average molecular weight of preferréd
polyalkylene glycols is situated preferably in the range
from 200 to 4000 g/mol, more preferably in the range from
350 to 2000 g/mol. These figures may be determined, for
example, by GPC or, in the case of low molecular weight,

via vapor pressure OSmOSis.

Further details of polyalkylene glycols which can be used
especially in lubricating oil formulations are described
more particularly in Rudnik, L.R., Shubkin, R.L., Synthetic
Lubricants and High-Performance Functional Fluids, 2% edn.
1999, chapter 6, and in Mang, Th., Dresel W., Lubricants
and Lubrication, 2°% edn. 2007, section 5.3, this
publication being incorporated by reference into this

application for purposes of disclosure.



A 2 L reactiogdlask of ppspasatus with Saber stirrer, condenser, tenpeTaErR agdaté94iis PT100,
feed pump, and N2 feed line was charged with 49.3 g of a monomer mixture, whose composition is set
out in table 2, and 444.0 g of 10 Plastomoll DNA. The apparatus was rendered inert and heated to
100C. In addition, a monomer/initiator mixture was prepared, comprising 506.7 g of a monomer
mixture, whose composition is set out in table 2, and 9.4 g of tert-butyl per-2-ethylhexanoate. When
the mixture in the reaction 15 flask had reached a temperature of 100C, 1.68 g of tertbutyl
per-2-ethylhéx@anbaterwers adde® iand BaRE sakle tirhk the fE&F Bf-themBROMer/initiator mixture was

commenced by pump,Lwas added at agniformarate.gver & peried of 210:misttesrat:igeC. 2 hours
after the end of the feed, a 20 further 1.1 g of tert-butyl per-2-e,thy|hexanoat§ were added and stirring

was continueraL 0bCFet ZBh s HROrTFhisS WHiS61 HE88959P CT/EPPD 107084113 34 gave a clear
solution with & strength of55.686 hhis solutignyasadmixes:withy 7.8ig ob MM dach &4.2 g of
Plastomoll DNA, and heated to 130C. When the temperature was reached, 1.4 g of tert-butyl
perbenzéate‘\‘l\ié?g HBY. £45 2, and 3 hours after that, a further 0.72 g of tert-butyl perbenzoate was
added. After the final addition of initiator, stirring was continued at 130C for 2 hours. This gave a clear

solution with a strength of 55.6%. The viscosity obtaine ba}/ the.Brgo}Ig‘é(asld arg]%hgg_ éB‘\/&%OQ]J% 10
likewise giveR EEBIE2SFabi's B@W@f%?l\mEﬁﬁ\%A el Styrerie

available commercially. For instance, the aforementioned
polyalkylene glycols are obtainable in particular from
10 Clariant, from Dow under the name ®Synalox, and from Kluber

Lubrication under the name ®Klibersynth.

The concentration of the (meth)acrylate polymer in the
Jubricating oil composition is preferably in the range from
15 0.1% to 40% by weight, more preferably in the range from 1%
to 30% by weight, very preferably in the range from 2% to
25% by weight, and especially preferably in the range of
5% - 20% by weight, based on the total weight of the
composition.
20
Besides the aforementioned components, a lubricating oil
composition may comprise further additives and adjuvants.
These additives include, among others, DI additives
(dispersants, detergents, defoamers, corrosion inhibitors,
25 antioxidants, antiwear and extreme-pressure additives,

friction modifiers) and/or dyes.

Preferred lubricating oil compositions have a viscosity
KV,, as measured in accordance with ASTM D 445 at 40°C in

30 the range from 10 to 500 mm’/s, more preferably in the
range from 22 to 200 mm’/s. The kinematic viscosity

measured at 100°C, KVipy, 1is preferably at least 6.5 mm?/s,



By 100 Examplg ]z'loia)’:‘»o?adgg 4§-43.1 70 Comparative example 1 24, 2, )33’52 oy ﬁcgg&al@tive
3

example 2 69.8 24.2 3.1 2.9

29

more preferably at least 7.5 mm‘/s, and very preferably at

least 8.0 mm?/s.

In accordance with one particular aspect of the present

5 invention, preferred lubricating oil compositions have a
viscosity index as determined in accordance with
ASTM D 2270 in the range from 100 to 400, more preferably
in the range from 150 to 350, and very preferably in the
range from 175 to 275.

10
The present lubricating oil compositions can be used
especially as transmission o0il, engine oil or hydraulic
0il. Surprising advantages can be achieved more
particularly when using the present lubricants in manual,

16 automated manual, double clutch or direct shift (DSG)
transmissions, automatic and continuous variable
transmission (CVC) systems. In addition the present
lubricants can be used more particularly in transfer case
transmissions and in axle and differential transmission

20 systems.

In the text below, the present invention will be

illustrated using inventive and comparative examples,

without any intention thereby to impose any restriction.
25 The figures in percent relate to the weight, unless

otherwise specified.

Abbreviations

30 DPMA = Dodecyl-pentadecyl methacrylate (prepared from
®Neodol 25 E from Shell)
LIMA = Dodecyl-pentadecyl methacrylate (prepared from ®LIAL
125 from Sasol)
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@Q\éaﬁ@m&es; 26; .824.2 3.14.9 5940 Comparative exgg&pé%ézﬁlg ;689§£3 9.7 865

proveément of the viscosity index by the polymers

escribed was’invéstigated

in polyalkylene glycols, using a low-viscosity nolyalkylene oil (PAC 1: UCON 50-HB-55 from Dow
Chemicals) and a high-viscosity polyalkylene oil (PAg.;O

MMA = Methyl methacrylate

ETGMA = 2-[2-(2-Ethoxyethoxy)ethoxylethyl methacrylate

NVP = N-vinyl-2-pyrrolidone

MAA = Methacrylic acid

DMAPMA = 3-Dimethylaminopropyl methacrylate
DMAEMA = 2-Dimethylaminoethyl methacrylate
MOEMA = 2~ (4-Morpholinyl)ethyl methacrylate
OEMA = 2-{(3-Oxazolidinyl)ethyl methacrylate



20 2: SINAL®X 208220 8&%2 Shell). The results obtained are set out REBAFEZ S DO U6 Tha 3
formulations were adjusted to a viscosity of approximately 8 mm2/s at 100C (ASTM D445).
Determinations were made of the typical formulation variables of KV40 (ASTM D445) and viscosity 35
index VI (ASTM 2270.); the values obtained can bexaken from table 2. Table 3: Additization of1l
Polymer from Amount of polymer added in % KV100 Emm2/83 KV40 [ram2/s] VI 2.338 8.318 92
Example 1 21.1

10

15

20

25

30

Procedure for the carbon black spotting test:

The dispersing effect of the resultant polymers in the
corresponding oil was determined by means of a spotting
test, of the kind described for example by A. Schilling in
"Les Huiles pour Moteurs et le Graissage des Moteurs", vol.
1, 1962, page 89 f. in a somewhat modified form. For this
purpose, 1.5 g of carbon black (lamp black; Degussa
Spezialschwarz 4), 50 g of formulation, and then 275 steel
balls (d = 2 mm) were placed in a 150 ml Teflon beaker. The
prepared samples were shaken for 15 minutes using a Red
Devil 5400 paint mixer, then filtered through a rapid sieve
(280 pm). After that, 20 nl of each dispersion solution are
applied as a spot to filter paper (5892, white ribbon,
ashless, d = 90 mm). After 1 hour of storage in a drying
oven at 80°C, the samples were evaluated. For the purpose
of evaluation, the diameter of the carbon black spot dl and
the diameter of its surrounding oil spot d2 were measured
and expressed as a proportion to one another, in %
(evaluation = d1/d2 * 100%). The higher the evaluation,
i.e., the lower the diameter of the surrounding oil spot in
relation to the carbon black spot, the better the
dispersing effect. The procedure specified was carried out

twice.

The overall evaluation of the spotting test is produced as
the sum of two individual tests. Products with poor carbon
black dispersing therefore produce lower values than those

products with good carbon black dispersing effect.
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Examples 1 to 10

A 2 L reaction flask of an apparatus with Saber stirrer,
condenser, temperature regulator with PT100, feed pump, and
N, feed line was charged with 49.3 g Qf a monomer mixture,
whose composition is set out in table 1, and 444.0 g of
®Plastomoll DNA (diisononyl adipate; available from BASF) .
The apparatus was rendered inert and heated to 100°C. In
addition, a monomer/initiator mixture was prepared,
comprising 506.7 g of a monomer mixture, whose composition
is set out in table 1, and 9.4 g of tert-butyl per-2-
ethylhexanoate. When the mixture in the reaction flask had
reached a temperature of 100°C, 1.68 g of tert-butyl per-2-
ethylhexanoate were added, and at the same time the feed of
the monomer/initiator mixture was commenced by pump. It was
added at a uniform rate over a period of 210 minutes at
100°C. 2 hours after the end of the feed, a further 1.1 g
of tert-butyl per-2-ethylhexanocate were added and stirring
was continued at 100°C for 2 hours more. This gave a clear
solution with a strength of 55.6%. The weight-average molar
mass of the polymer as obtained by means of GPC is likewise

given in table 1.



Example 6 244 299Q 28859247 Example 7 20.9 8.238 31.99 250 Exasenle 2026 0%203h.32 251
Example 9 23.0 8.059 30.52 257 Example 10 26.3 7.957
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Table 1
. L;CMA MMA ETGMA | DMAPMA DMAEMA MOEMA OEMA Mw

(%] [%] [%] [%] (%) [%] [%] (GPC)
Example 1 | 45.0 ) 25.0 ] 30.0 - - - - 69 800
Example 2 | 35.0 | 25.0 40.0 - - - - 77 500
Example 3 | 15.0 | 25.0| 60.0 - - - - 77 800
Example 4 | 41.5(25.0 ] 30.0 3.5 - - - 69 800
Example 5 | 41.5 | 25.0 | 30.0 - 3.5 - - 61 200
Example 6 | 41.5 | 25.0 | 30.0 - - 3.5 - 60 400
Example 7 | 41.5 | 25.0} 30.0 - - - 3.5 78 200
Example 8 | 41.5 | 25.0 | 33.5 - - - - 79 000
Example 9 | 35.0 | 5.0 60.0 - - - - 83 900
Example
10 65.0 1 5.0 30.0 - - - - 67 000

Example 11 and comparative examples 1 to 4

A 2 L reaction flask of an apparatus with Saber stirrer,
condenser, temperature regulator with PT100, feed pump, and
N, feed line was charged with 49.3 g of a monomer mixture,
whose composition is set out in table 2, and 444.0 g of

10 Plastomoll DNA. The apparatus was rendered inert and heated
to 100°C. In addition, a monomer/initiator mixture was
prepared, comprising 506.7 g of a monomer mixture, whose
composition is set out in table 2, and 9.4 g of tert-butyl
per-2-ethylhexanoate. When the mixture in the reaction

15 flask had reached a temperature of 100°C, 1.68 g of tert-
butyl per-2-ethylhexanocate were added, and at the same time
the feed of the monomer/initiator mixture was commenced by
pump. It was added at a uniform rate over a period of
210 minutes at 100°C. 2 hours after the end of the feed, a

20 further 1.1 g of tert-butyl per-2-ethylhexanoate were added

and stirring was continued at 100°C for 2 hours more. This



30.3 254 Exappple 41 1Pgg d £5$ 29.38 264 Comparative example 1 ngispie fa@Ppdliyg example
2 not soluble Comparative example 3 not soluble Comparative example 4 not soluble 36 The

comparison of examples 1, 9, and 10 shows that the use of methyl methacrylate is able to improve the
thickening effect of the polymers, meaning that smallgr amounts of polymer are required in order to
adjust a base oil to a 5 particular viscosity. The present data are especially surprising given that
merely increasing the polarity of the polymer by using methacrylic acid is not sufficient to provide
additives that@aneberusdcaradtiievd apimpicvenertt in enevigcesitybindex in Bbiag base oils.

solution was admixed with 17.8 g of NVP and 14.2 g of
Plastomoll DNA, and heated to 130°C. When the temperature
was reached, 1.4 g of tert-butyl perbenzoate were added. 1,
5 2, and 3 hours after that, a further 0.72 g of tert-butyl
perbenzoate was added. After the final addition of
initiator, stirring was continued at 130°C for 2 hours.
This gave a clear solution with a strength of 55.6%. The
viscosity obtained by the Brookfield method (BV100) is

10 likewise given in table 2.

Table 2:
DPMA MMZ ETGMA NVP MAA Styrene BV 100
[%] [%] [%1] [%] [mm?2/s]
Example 11 53.3 24.2 19.4 3.1 - - 702
Comparative
example 1 72.7 24 .2 - 3.1 - - 520
Comparative
example 2 69.8 24.2 - 3.1 2.9 - 1454
Comparative
example 3 67.8 24 .2 - 3.1 4.9 - 5940
Comparative
example 4 63.0 24.2 - 3.1 - 9.7 865

Use examples

15
The improvement of the viscosity index by the polymers
described was investigated in polyalkylene glycols, using a
low-viscosity polyvalkylene oil (PAG 1: UCON 50-HB-55 from
Dow Chemicals) and a high-viscosity polyvalkylene oil (PAG
20 2: SINALOX 50-S220 from Shell). The results obtained are
set out in tables 3 and 4. The formulations were adjusted
to a viscosity of approximately 8 mm?/s at 100°C
(ASTM D445). Determinations were made of the typical
formulation variables of Kv40 (ASTM D445) and viscosity



10 Table 4: Agidlitizgiion @ §4¥s 2 Polymer from Amount of polymer adgled /220 KY/A06 §1182/s]
KV40 mm,/s] VI - 52.0 312.8 232 Example 3 10.0 65.9 398.5 241 Example

35

index VI (ASTM 2270); the values obtained can be taken from
table 2.

Table 3: additization of PAG

Amount of
Kv100 KV40
Polymer from polymer 5 , VI
added in g | /sl imm?/s]
- 2.338 8.318 92
Example 1 21.1 8.075 30.81 254
Example 2 20.0 7.983 31.09 247
Example 3 20.0 7.916 29.58 285
Example 4 20.3 8.118 31.24 252
Example 5 22.0 8.027 31.21 248
Example 6 22.4 7.990 31.07 247
Example 7 20.9 8.238 31.99 250
Example 8 20.5 8.082 31.12 251
Example 9 23.0 8.059 30.52 257
Example 10 26.3 7.957 30.3 254
Example 11 16.0 7.965 29.38 264
Comparative
not soluble
example 1
Comparative
not soluble
example 2
Comparative
not soluble
example 3
Comparative
not soluble
example 4




, 15.0 72.5 443 2¢\81 rs@gdahles 3 and 4 it is evident that by additizipg® Ak Py 106608 91 ilze soluble
PAMA described it is possible 15 significantly to raise the viscosity indices of the PAGs. On account of

the consequently reduced viscosity drop on increasing temperatures, the temperature service range
from FAG in lubricant applications can be extended g¢gnsiderably. 20 In addition, the above-described
carbon black spotting test was carried out. Table 5 shows the evaluation after the laboratory
dispersion tests for the dispersing VlIs (example 4-7 and 25 11) and two nondispersing VlIs (example |
and 8). The W® 202TWBBOIIPCTIER2GITIOEF1 13 3P exFarimérits sVeteaiietrotof thé Basis of
the formulations sgboutin tahle 3, Thenolmers fropy examplesgyta,(and 4l syiprisinglydigplay a

capacity for very effective dispersing of the carbon black. This is 5 manifested not only in the
overall-highe6¥&rall ePdluafibfis AAhE-PBRINg REATBMRAIsEIA theSSigdifiCantF Fettiebd catbon

black-relatedsise,indhe viseosity.gf,theseils; 10 Table.5: Resulisfcarhoniblack dispersing Polymer
from Evaluation ofl' spotting [%1 Evaluation 211 spotting EV Overall evaluation Pal
5 particular ~ viscosity. The present data are especially
surprising given that merely increasing the polarity of the
polymer by using methacrylic acid is not sufficient to
provide additives that can be used to achieve an

improvement in the viscosity index in polar base oils.

10
Table 4: Additization of PAG 2
Amount of
Polymer XKv100 Kv40
from polyﬁifsfdded (mmz /s ] (mm?/s] VI
- - 52.0 312.8 232
Example
3 10.0 65.9 398.5 241
Example
3 15.0 72.5 445 .3 243

From tables 3 and 4 it is evident that by additizing PAG by
means of the soluble PAMA described it is possible

15 significantly to raise the viscosity indices of the PAGs.
On account of the conseguently reduced viscosity drop on
increasing temperatures, the temperature service range from

PAG in lubricant applications can be extended considerably.

20 In addition, the above-described carbon black spotting test

was carried out.

Table 5 shows the evaluation after the laboratory
dispersion tests for the dispersing VIIs (example 4-7 and

25 11) and two nondispersing VIIs (example 1 and 8). The
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experiments were carried out on the basis of the

formulations set out in table 3. The polymers from
examples 4 to 7 and 11 surprisingly display a capacity for
very effective dispersing of the carbon black. This is

5 manifested not only in the overall-higher overall
evaluations in the spotting test, but also in the
significantly reduced carbon black-related rise in the
viscosgsity of the oils.

10 Table 5: Results of carbon black dispersing

Evaluation
Evaluation |[Overall Kv 100°cC
Polymer of 1°%° ) ,
2%¢ spotting |evaluation [mm*/s]
from spotting
} (%] [%] ASTM D445
(%]
Example 1 (24.7 23.4 24.1 79.27
Example 4 |83.9 86.5 85.2 15.59
Example 5 [76.7 77.9 77.3 20.93
Example 6 [43.9 45.3 44 .6 35.40
Example 7 |86.1 85.1 85.6 33.24
Example 8 [24.1 22.6 23.4 70.70
Example
11 64.5 65.3 64.9 25.84




85.1 85.6 3334 EXgMIDI8 $e%ed 22.6 23.4 70.70 Example 11 64.5 65.364.8:258403% ims 1. A

(meth)acrylate polymer for improving the viscosity index, characterized in that the (meth)acrylate
polymer 5 a) comprises 5% to 60% by weight of repeating units derived from (meth)acrylates of the
formula (1) (r), OR1 in which R represents hydrogen 9¢ methyl and R denotes an alkyl radical having 1
to 6 carbon atoms, b) comprises 5% to 80% by weight of repeating units 10derived from

(meth)acrylates of the formula (II)
Claims

1. A (meth)acrylate polymer for improving the viscosity
index, characterized in that the (meth)acrylate polymer
5 a) comprises 5% to 60% by weight of repeating units
derived from (meth)acrylates of the formula (I)

R (L),

in which R represents hydrogen or methyl and R' denotes
an alkyl radical having 1 to 6 carbon atoms,

b) comprises 5% to 80% by weight of repeating units

10 derived from (meth)acrylates of the formula (II)
R (I1),
H R2
/ O
H 0]

in which R represents hydrogen or methyl and R? denotes
an alkyl radical having 7 to 30 carbon atoms, and
c) comprises 15% to 90% by weight of repeating units

derived from {(meth)acrylates of the formula (III)

H T o— 3
V\I( (A——O)n——R (I11),
H 0]
15 in which R represents hydrogen or methyl, n stands for

a number in the range from 2 to 500 and A stands for
Cy~-C4 alkylene, and R® denotes a hydrogen atom or an

alkyl radical having 1 to 4 carbon atoms.

20 2. The (meth)acrylate polymer as claimed in claim 1,

characterized in that the polymer has a weight-average



in which R repgesepis hydggen or methyl and R2 denotes an alkyl radigag fpawieh 6 joogbearpon

atoms, and c) comprises 15% to 90% by weight of repeating units derived from (meth)acrylates of the
formula (l1) 0-(A-0)E-R 3 0 15in which R represents hydrogen or methyl, n stands for a number in the
range from 2 to 500 and A stands for C2-C4 alkylenggand R3 denotes a hydrogen atom or an alkyl
radical having 1 to 4 carbon atoms. 20 2. The (meth)acrylate polymer as claimed in claim 1,
characterized in that the polymer has a weight-average WO 2011/088929PCT/EP2010/069113 39
molecular weight imtiemangerfrorm 10h000 1o 206 00ergof r3TRE (Meth)&erylate polymer as
claimed in claim 1, 5ahagacterized in that the polymer has repeating units derived from dispersing
monomers. 4. The (meth)acrylate polymer as claimed in claim 3, characterized in that the dispersing
monomers contain 10at least one nitrogen atom and comprise heterocyclic vinyl compounds and/or

aminoalkyl (meth)agryates. amjnealkyl(meth)aerylamidgs andjor-heterocyclic.(meth)acrylates. 15

5The (meth)acrylate polymer as claimed in at least one of the preceding claims, characterized in that

polymer omprise S T15%A6 40% byveghtbrrepeafing QrE i ved frofPEREtHTSCIYREESDf the

formula (1) derived from dispersing monomers.

4. The (meth)acrylate polymer as claimed in claim 3,
characterized in that the dispersing monomers contain
10 at least one nitrogen atom and comprise heterocyclic
vinyl compounds and/or aminoalkyl (meth)acrylates,
aminoalkyl (meth)acrylamides and/or heterocyclic

{(meth)acrylates.

15 5. The (meth)acrylate polymer as claimed in at least one
of the preceding claims, characterized in that polymer
comprises 15% to 40% by weight of repeating units

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

H 1

H O

in which R represents hydrogen or methyl and R* denotes

20 an alkyl radical having 1 to 6 carbon atoms.



HHO wowbichiR.oegeesents hydrogen or methyl and K1 denot®CI0&P Ay Pra@R3rA3ving 1 to
6 carbon atoms. 40 6. The (meth)acrylate polymer as claimed in at least one of the preceding claims,
characterized in that polymer comprises 15% to 70% by weight of repeating units 5derived from
(meth)acrylates of the formula (II) H H 0 in which R dépresents hydrogen or methyl and R2 denotes an
alkyl radical having 7 to 30 carbon atoms. 7. The (meth)acrylate polymer as claimed in at least one
10o0f the preceding claims, characterized in that polymer comprises 25% to 70% by weight of repeating
units derived from (meth)acrylates of the formula (llI) 3 in which R represents hydrogen or methyl, n
stands for a gumben thadange &om 2 te 5001antoh farsC21C4-rikGalkylers, dnebiecdemotes a

hydrogen atom or an alkyl radical having 1 to 4 carbon atoms. 8..The.(meth)acryl e mer as
claimed in at Ieast%e%ﬁh@’b?g@ég)rﬁlg?g c ]n%%,m&#arggtaeﬁ%g i fh%?%ofy%gr% 50%12\&5 OB % to 10% by
weight of repeating siits tedved fontdispersing monobpiersof repeating units

5 derived from (meth)acrylates of the formula (II)

R (I1),

in which R represents hydrogen or methyl and R’ denotes

an alkyl radical having 7 to 30 carbon atoms.

7. The (meth)acrylate polymer as claimed in at least one

10 of the preceding claims, characterized in that polymer
comprises 25% to 70% by weight of repeating units
derived from (meth)acrylates of the formula (III)

R

3
H O0—(A—0)—R
n
\)\”/ (111)

H )

in which R represents hydrogen or methyl, n stands for
a number in the range from 2 to 500 and A for C,-Cy-
15 alkylene, and R’ denotes a hydrogen atom or an alkyl

radical having 1 to 4 carbon atoms.

8. The (meth)acrylate polymer as claimed in at least one
of the preceding claims, characterized in that polymer
20 has 0.5% to 10% by weight of repeating units derived

from dispersing monomers.



41 9. A lubricHtn@ 6 E6ABBERIBN comprising at least one polar base CAGRUER203H/ME9113
(meth)acrylate polymer as claimed in at least one of claims 1 to 8. 5 10. The lubricating oil composition
as claimed in claim 9, characterized in that the lubricating oil composition comprises 2% to 30% by
weight of (meth)acrylate polymer as claimed in at ledslt one of claims 1 to 8. 10 11. The lubricating oil
composition as claimed in claim 9 or 10, characterized in that the polar base oil comprises at least one

polyalkylene glycolA 1u _Zf.i'légetuse of Q’pﬁ%‘&%ﬂéﬁ?{% _ngrrg:eg% ﬁ;;_t icSIgLi%?edaiQ at Egé%éqgsggge of claims

1 to 8 for improving the VISCOSItlengXOO rlcgtlng oil compositions which comprise at least one polar
base oil. 13. The use bhfmetpacylate aotynsers lagecigintetein (20xidines vy 4dsdiBPErsasts in

lubricating oil com%ossitgjolng.\g\gligh fgnyisge%tg%a%ﬁge&qlgﬁgﬁgoii. 14, Agpr_oces_s for prepa_lring
(meth)acrylate polymer as Bclaimed in atleast one of claims 1 fo 8, characterized in that a mixture
comprising (meth)acrylafes of the formulae (1), (1), and (IIl) is radically polymerized. 15. The

process gs claimedin.claim 14, charagterized in 30hat the, polymerizatin iakes plage ip an ester oil.
characterized in that the lubricating oil composition
comprises 2% to 30% by weight of (meth)acrylate polymer

as claimed in at least one of claims 1 to 8.

10 11. The lubricating oil composition as claimed in claim 9
or 10, characterized in that the polar base oil

comprises at least one polyalkylene glycol.

12. The use of (meth)acrylate polymers as claimed in at
15 least one of claims 1 to 8 for improving the viscosity
index of lubricating oil compositions which comprise at

least one polar base oil.

13. The use of (meth)acrylate polymers as claimed in
20 claim 3 or 4 as dispersants in lubricating oil
compositions which comprise at least one polar base

oil.

14. A process for preparing (meth)acrylate polymer as
25 claimed in at least one of claims 1 to 8, characterized
in that a mixture comprising (meth)acrylates of the

formulae (I), (II), and (III) is radically polymerized.

15. The process as claimed in claim 14, characterized in

30 that the polymerization takes place in an ester oil.



