wind power plants wherein the transmission system combrises a lubricant

poiva.i(meth)acrviates, In addition, the invention describes polyalkyl(meth)aorylaCes and processes
for preparation: thereof and use thereof as lubricants in 10 transmission systems. Dec.reas.Lcj global.
mineral oil reserve.,d discussions about a ri.s ricj carbon dioxide. content in the earth's atmosphere
are causing increasing. interest in aiternati,_ 15 energies. More particularly., systems for utilization of
wind energy are gaining increasing importance. These systems comurise, as well as further
components, particularly transmission %A‘?{Eﬁi‘ggi{?@ na[? %ijﬁg:t CE 20 extreme stress. For instance,
not only are extremely high, highly varying torques trans |tte5, but these systems are also subject to
significant temperature changes. Furthermore, these systems and hence the transmission systems
present thereinsholdhaye: a Tow,maigenance 25 requirement, since the economic viability thereof
would otherwise be great'- irmaired or they would be unviable. Due'to this profile of requirements,
transmission SysterEforwing powerplantseitferivedy greatly fromrother8Gtransmission systems
which are usedin,plat andyehicle copstiuglion; Jhesg diffgiencesare maniliested particular in the
lubricants too, which are used for these transmission systems. W ile automobiles typically inbased on
operating perforrhzféey halie rélatively shbroil changedntetvals which careberconducted in a
standard manngx i an kshop; 9l £ i e are assoc.iated with. a high level.
of cost, time and rﬁ{aﬁrﬁlﬁgﬁe the o%'l hzég'fzggg ;;%{%&%ﬁ%@#%@é}séﬁ% t%é%od% (gﬁ(? the used oil
has to leave the ol e feverse BirEfBH. Mofedver, theaneuntasf olliTarge and isiup to 1500
liters aceordingtethe plant sizes-An-additional. 10 factor is that the oil change leads to an interruption
in power generation. 1 add.iticn, it should be ensured that a transmissior. syRtem does not fail since
exchange thereof at a great height. above the surface of the earth is very expensive, and a

replacement iseftenavailableonhy at 15 long.-walt times-ordabarious.repair., For these reasons,
high-performance transmission oils used preferentially for wind power plaints are those which retain

their function BV&r-d IGhg petidtPand EaR heU<EF dier GaFgE tempratiire raraéihaddition, the power

loss caused bythesphere are causing increasing interest in alternative

Transmission W@i%qtﬁ'mﬁg%sent. invention relatesfo rabricants for 5 7p§§2%$§%%’}5§§‘ﬂ35 and

. ! . Co .
15 energies. More particularly, systems for utilization of

wind energy are gaining increasing importance.

These systems comprise, as well as further components,
particularly transmission systems, which are subject to

20 extreme stress. For instance, not only are extremely high,
highly varying torques transmitted, but these systems are
also subject to significant temperature changes.
Furthermore, these systems and hence the transmission
systems present therein should have a low maintenance

25 reguirement, since the economic viability thereof would

otherwise be greatly impaired or they would be unviable.

Due to this profile of requirements, transmission systems
for wind power plants differ very greatly from other

30 transmission systems which are used in plant and vehicle
construction. These differences are manifested particularly
in the lubricants too, which are used for these

transmission systems.



20 transm ssi i?ﬂ:‘ Jﬁ% a minimilm. Other industrismissonis likewi rofit from transmission
oils with long W?t Wﬂlifc tgegqéil change isinc e\%jn in. the cases in %ﬁ]@ﬁ.t%?y@%m@

stresses are typically more honoge.n.eou than in wind,power ;Plants. The ad7fantace of lower
shutdolc times and of better protection, for the transmission system, and also of the costs for the oil
change owing to the high amount of transmission. oil, also applies in ind)istrial transmission. U
applications outside wind power. For these reasons, it is customary to operate transmission systems
for wind towerPlaints usingiulisicants hagedcen Ispecific-palyalpliadlefing (RAEs): Such lubricants are
detailed, for exam Iefina;rlg)eZQO?}{]éﬁlfSQM 170*'5’ .Thelse lubricants generally comprise two base oils of
different viscosity. The khown IubFicants have a Useable profile df prop Mowever e Brovision of a
lubricant with.vaniiniprowed profite ofipropedtiesisa constantrtaskan:view of the.prior art, it is thus an
object of the Rresent. inventiaon, co ﬁrovide a %ubricant for transeissi'on sysuems with an improved prof
e

iIL e of properties, Foy}oe%(émop]le, the Tutsricant Sholld have af improved sear Ts Lomipatibility “more

particular®y- cormpared toisotydlphadlefids raddition tinezhebrieantshould d hibitimpreves flow
characteristics at.low te peratures, Furthermo the lubricant should have an.enhanced viscosity
index without any asgoé%ted éi%:rze%é %ﬁchma é%%e%ﬁe”lifé%féﬁee I%Orf?anﬁrﬁﬂspé%e?.fﬁetﬂe
lubricancs detailéd WO 200ZA4S9t heAbcomprise: Fetativelye large @moemts or.expensive POs, the

preparation ofyyhich is.complex and which have;a high large and is up to
1500 liters according to the plant size. An additional
10 factor is that the oil change leads to an interruption in
power generation. In addition, it should be ensured that a
transmission system does not fail since exchange thereof at
a great height above the surface of the earth is very

expensive, and a replacement is often available only after

15 long wait times or laborious repair. For these reasons,
high-performance transmission oils used preferentially for
wind power plants are those which retain their function
over a long period and can be used over a large temperature
range. In addition, the power loss caused by the

20 transmission o0il should be atr a minimum.

Other industrial transmission systems likewise profit from
transmission oils with long lifetime, even in the cases in
which the oil change is less inconvenient per se, or the

25 stresses are typically more homogeneous than in wind power
plants. The advantage of lower shutdown times and of better
protection for the transmission system, and also of the
costs for the oil change owing to the high amount of

transmission oil, also applies in industrial transmission

Cad
[aw]

applications outside wind power.

For these reasons, it is customary to operate transmission

systems for wind power plants using lubricants based on



25The secon &p{w of the lubricant.  'Med is a FAO grade wj wer viscosity and is
much less exﬂ@r%ssgve. IS ‘t{‘gg}éfore a artacular t substitute the amgunt o%&/}e@&%y 2l y more
expensive component with less expensive alcacnatives. In addition, the wear and fatigue of the
transmission systems should be minimized as far as possible by the lubricant_ At the same time, the
lubricant shpuld minimize the power loss, i.e. lead to a Tow coefficient of friction, In order to increase
the efficiency of the plant. Furthermore, the lubricant should be compatible with. many 5 additives.

although, to insppreve tompatibifity, if paskidie nenly minen additives, amd:-ideally no-adslitional additives,
should be nec ry-since they are associated with f el -Ls. 10 These objects, and. further
objects which %%é% %n%/%%iedp gxpl%ﬁ@/ﬁg)t?t%’re :ﬁm{ﬁse%ia%{gk/ &E}fﬁ/%lglée&oﬁ&iscgr}?ﬁﬁg from the
connections diseussed:héreiy by way dfiintroductione arevachiexed by Bclubricant fera tranrsmission
system haying al Eeg&_rg; of claim -I. 15 Appropriate modifications of rho inventive lubricants are
protected in the dependent claims referring back to claim I. With regard to the
polyalkyl(neth)acrylates, processes for preparation thereof and use thereof and the wind power plants,

claims 1, 20, 23,and 29 are f solution to the probl,ergsb'ﬁhe Eresgnt invegtion acco[gipglgl. provides
ission system, W i 30

a. lubricant for a. transmission system, whd(ii is characterized in that it comprises &t feast. 30% by
weight of 25 poivaikyiimethijaeryiatey Thepresentanveritiondartherpravides anpotyatkyl(meth)acrylat.e
for use in lubricants; eamprising ).0-to, 25%.ky weight of repeat units derived from 30(meth)acrylates

of the formula (I) H H in which P. is hydroge.n or methyl and R is an alkyl radical
having | to 5 carbon acoms, 50 7.0 100% by weight of repeat: units derived from (meth)acry ates of the

formula {i) OR2.\H;; ety of the prior art, it is thus an object of the
present invention to provide a lubricant for transmission

systems with an improved profile of properties.

For example, the lubricant should have an improved seal

15 compatibility, more particularly compared to
polyalphaolefins. In addition, the lubricant should exhibit
improved flow characteristics at low temperatures.
Furthermore, the lubricant should have an enhanced
viscosity index without any associated decrease in the

20 service life of the lubricant.

Especially the lubricants detailed in WO 2007/145924 A1l
comprise relatively large amounts of expensive PAOs, the
preparation of which is complex and which have a high

25 viscosity. The second base component of the lubricants
described is a PAO grade with a lower viscosity and is much
less expensive. It is therefore a particular task to
substitute the amount or grade of the relatively more

expensive component with less expensive alternatives.

oy
o]

In addition, the wear and fatigue of the transmission
systems should be minimized as far as possible by the

lubricant. At the same time, the lubricant should minimize



R is hydroge 1{)% 2 is an alkyl radical hgving 6 to 15 carbo t?gl]f ﬁg 50% by
weight of rep@zﬁﬁﬁlsts (l!:-rlve .gfrom (meth)acrylates %f the formula (II1) %ﬂ%ﬁ’ g %%b?ogen or
methyl andis an alkyl 10radical having 16 to 40 carbon atoms, which is characterized in that the poly
illmehh)acrvlate has a weight-average =Jocular weightthe =ace from 3000 to 25 000 g/mol and a
polvdispersity in the range from I.1 to 2.5, and 15the repeat units of the formula (1) are a mixture of

linear and branched radicals where 5 to 8096 of the R2 radicals are branched, based on the weight of
the repeat units of theformutes WWOi2@11/134605RCHER2014/082712:bistthus possiblein.an

unforeseeabI%Jin%n 1o ggovide a lubricant for a transmiss on ysﬁm th an improved profile of
properties. 5 Forat#g15 Ubricant c-adlibies é%rqﬁr?roe\a/%e ‘sea ggr%ip%%ibﬁ :?,/,pr%g%tparticularly compared to
polyalphaoiefinz. In addition, the lubricant has improved flow characteristics at low temperatures.

Furthermore, the lybricant has an enh nged viscosity index.without any assoc4ated decrease in the
service life of the Thubricart Moreenaxtggcujigr y,%héS gﬁg’érg stg%iliﬁlofg%%(%éﬁgnﬁ, dnd theé 6uttannin.a-
rheblogiceel propeftiesof the It Dbtieant shouldnbe takendintwaccdunt.iFur kieriaeres thetabricant can

be provided relafively inexpensiyely. Al he sagetime: the amount afrelatively inexpensive

components, particula-clv of low-viscosity base oils, can be kept blo Without any unacéfe%%able
impairment ofthefbftherPropetties particulardy tHeeshear stablp'ycthetlow-temperature-flewability or
the viscosity index-Morse,'lubricant can be produced from inex-oens base materials on the industrial
scale without any 25 associated investments in expensive plants or dancer co -h: environment.

10 These objects, and further objects which are not stated
explicitly but are immediately derivable or discernible
from the connections discussed herein by way of
introduction, are achieved by a lubricant for a
transmission system having all features of claim 1.

15  Appropriate modifications of the inventive lubricants are
protected in the dependent claims referring back to claim
1. With regard to the polvalkyl (meth)acrylates, processes
for preparation thereof and use thereof and the wind power
plants, claims 9, 20, 28 and 29 are a solution to the

20 problems.

The present invention accordingly provides a lubricant for
a transmission system, which is characterized in that it
comprises at least 30% by weight of

25 polyalkyl (meth)acrylate.

The present invention further provides a
polyalkyl (meth)acrylate for use in lubricants, comprising

a) 0 to 25% by weight of repeat units derived from

w
[en

(meth)acryvlates of the formula (I)



In addition, w faf the transmission system can be greatly mipimj i? r#gr ant. A
distinc on is S%Q[%?g\@}%% etween two croups of faults at metallic %@@m‘a § sfén
systems, especially at gearings and roller bearings: 1. Wear resulting from continuous surface
material removal or scuffing as a result of abrupt material removal after surf ace wear of both friction
partners. 5 2. Pasigue which becomes visible through gray staining (surface fatigue, micro-pitting) or
craters (subsurface fatigue, pitting). This damage is caused by material flaking off or breakin.g out
owing to cracks, which are caused 20-40 pm or 139-500 pm below the 10surface by yr.stressen in the
metsal. lattice. The tames of damage mentjpned are commanly known for Gearings and roller
bearings, and are described in detail, for exa 4 blications "Gears - Wear and Damage 15
to Gear Teeth", ISO DIN :0825 ard "Walzlagerﬁclhade%" rDamage to -olle- bearings], Pub!. No. WL 02
102/2 DP. from FAG ::;chaeffler KG), Schweinftrt 2082.  Furthermore, the low coefficient of friction of
the 20 inventive lubricant can keep the power loss of the transmission system extremely low.
Mbreover, the lubricant'is £61patible At frang adertives tand barsly Bnyi if ary, additives are needed
Eo improve compatiility25 Susprisianly, a polyalkylimsthacrylate particularly preferred for
achievement of the properties detailed above can be prepared very inexpensively, the preparation
being possibl«?breféor%n“ri%n;} WithoGHtHESISE ST particiIRrES sBivehts &5a Withih a Felatively short time.
serve to reduce friction andavear; and forforge trarsymigsion, ¢eeling., vibration damping, sealing
action and corrosion protection. In this context, transmission oils are Typically distinguished from other
lubricant oils, which can serve, for example, for Iutf}%ication of engines. Typically, these differentes are
manifested particularly in the additives added, and.transpjs&ion. oils in many cases have higher
proportions of antiwear and extreme pressure iti compared to motor oils. 10 The inventive
lubricant comprises at least 30% by weight, refgrabllylat least 40% by weight and more preferably at
least 15% by weight of polyalkyl(meth)acrylates. 15 Polyalkyl(meth)acrylates are polymers by which
polymerization of alkyl(meth)acrylates e obtained. T pression methlacrylafesg encompasses
metbacrﬁ:tes and %ry%@gngmétﬁgg lcli %Elfw% ﬁ%ggy‘ran}oﬁgrﬁe%s are w?&leﬁ/ﬁ{n%wn. 20
Polyalkvl(meth)acrviatescompriselpreférably dtdeast409% byweight, amcte preferably at least. 60%
LW. weight, especially preferably afleast B0 by weight angmostpreferably at least 90% by weight
of repeat units derived

(meth)acrylates of the formula (III)

R

H 3

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

10 radical having 16 to 40 carbon atoms, which is
characterized in that the polyalkyl (meth)acrylate has a
welght-average molecular weight in the range from 3000
to 25 000 g/mol and
a polydispersity in the range from 1.1 to 2.5, and

15 the repeat units of the formula (IT) are a mixture of
linear and branched radicals where 5 to 80% of the R?
radicals are branched, based on the weight of the

repeat units of the formula (TI1

ol
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25 from alkyl ' [ lyalkyl(meth)acrylates of parLicuiar interese include those which

~ preferably rylla(\/%@v%g I?!t§§gg%e molecular weight M?A, in the range frorﬁ%@@qta%'lwé-’é/?nol, 30
preferably 5000 to 20 000 gimol, more preferably 10 000 to 18 000 olmol and most preferably 13 000
to 15 000 g/mol. The number-average molecular weight Mil may preferably be in the range from 2500
to 20 000 gimol, more preferably 5000 to 17 500 g/mol and most referabdy 7000 to 13 OOO_ g_/mol.
Further appropriate polyallcyJ.,m _hpac rlates are those whose polydispersity inde>_< M/M; is in the
range from 1.I'to 2.5, more preferablytheirange front & Atosk9rang mastpi-e ably;intheirange from

1.5to 1.8. The number-average ana weight-average molecular weights can be 10 determined by
known proceseéélé%rc 8§§m§éfgeﬁ [?Ce?%eg%ﬁ %ﬁ??)%&gﬁfia%ﬁy"fé Fpreférdisty G€ing a Ptaviii
standard. Preferredipat (math)acryratesseamorise 0 to 23% by weight, especially up to 20% by
weight and 15more preferably up to 15% by weic:fht of repeat units derived from (meth)acrylaes of_the
formula (I) which H is hydroger or methyl radical having | to 5 carbon atoms, 50 to thn% .by weight,
especially at |&ast 7@%&0@1@19mmé)ahdbndnrmmfemb@baﬁiﬂeas‘h@&%d@dy%igbmof‘ repeat InlitS
derived from (%E)gg%%tﬁ&t ,Thlg formula Z({I)l gulﬁl &95 methyl and .7. [%dlcal having 6 to 5 carbon

ore pa v colpared’ t
atoms, and “
polyalphaolefing. In addition, the lubricant has improved
flow characteristics at low temperatures. Furthermore, the
lubricant has an enhanced viscosity index without any
10  associated decrease in the service life of the lubricant.

More particularly, the shear stability is excellent, and
the outstanding rheological properties of the lubricant

should be taken into account.

15 Furthermore, the lubricant can be provided relatively
inexpensively. At the same time, the amount of relatively
inexpensive components, particularly of low-viscogity base
oils, can be kept high without any unacceptable impairment
of the further properties, particularly the shear

20  stability, the low-temperature flowability or the viscosity

Moreover, the lubricant can be produced from inexpensive
base materials on the industrial scale without any
25 associated investments in expensive plants or danger to the

environment .

In addition, wear and fatigue of the transmission systems

can be greatly minimized by the lubricant. A distinction is
30 typically drawn between two groups of faults at metallic

surfaces of transmission systems, especially at gearings

and roller bearings:



0to 50% b I ref up to 30% by weight and more preferably up to 20% by weight of
repeat unitg g@%e m@tn %%gﬁates of the formula (lll) inwhich R is hyglg-grz(ﬂpc%%il(m%\ na
radical having 16 Tso 40 carbon atoms. Ira particular eMoodiment, an in:Jen-Jive
polyalkyl(meth)acrylate may preferably at leas: 0. weight and more preferably at least 0.5% by weight
of 10 repeat units derived from (meth)acrylates of the formula (I). In a pacular errft:odiment, an laver
_ve Pol (ninth) acrliate may comprise at least preferably 15 0.1% by weight and more preferably at

least 1% by weightiof sepeat:units idesived from ¢meth)acrylates of the-fornmula-The polyalkylme ,)
acrylates can prefege;fb%?e fﬁt?:f%)ined' bg/ %0 free-radicalAccordingly., the proportion. b welgh:. of the
respective repeat URits tat these polymers Fiave is CAlcTIAtEd frolt the propoftiohe Hy weight of
corresponding mormimers usediferprepasationt af thewpalymers..2b Examplessof (meth) acrylates of
the formula (I) include linear and branched (meth)acrylates which derive from saturated alcohols, such
as methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrviate, isopropyl (meth)acrylate,
n-butyl (rhethfacrylate; tert-butyth (meth)acrytate andpentyl (neth)actylate; and eycloalky)
(mEHUamykueSSuq%%%fgggp%g%%gggqogg¥¥%%§%tting) or craters (sub-

surface fatigue, pitting). This damage is caused by

material flaking off or breaking out owing to cracks,

which are caused 20-40 um or 100-500 um below the

10 surface by shear stresses in the metal latrtice.

The types of damage mentioned are commonly known for
gearings and roller bearings, and are described in detaill,
for example, in the publications "Gears - Wear and Damage

15  to Gear Teeth", IS0 DIN 10825 and "Wdlzlagerschaden"
[Damage to roller bearings], Publ. No. WL 82 102/2 DA from
FAG (Schaeffler KG), Schweinfurt 2004.

Furthermore, the low coefficient of friction of the

20  inventive lubricant can keep the power loss of the
transmission system extremely low.
Moreover, the lubricant is compatible with many additives,
and barely any, if any, additives are needed to improve

compatibility.

25
Surprisingly, a polyalkyl (meth)acrylate particularly
preferred for achievement of the properties detailed above
can be prepared very inexpensively, the preparation being
possible preferentially without the use of particular

30 solvents and within a relatively short time.

The present invention describes a lubricant for a

transmission system. Lubricants, especially lubricant oils,



The (meth) acw@t?ap{(:[gg 'Sg LJia (IT) include espegcially linear and bryﬁz%%gn@%ﬁ?gﬁaﬁs which

derive from saturated alcohols, such as hexyl (meth)acrylate, 2-ethvihex eptyl
(meth)acrviate, 10 2-tert-butylhebtvl (meth)acrylate, octvl.acrylate _ acryiate, nonyl (meth)acrvlat.e,
decvl (moth) acrylate, ndecyl (meth)acrvlate, 5-methylundecyl.acryiate, dodecyl (m2th)a-crylate,
2-methyldodecyl (meth)acryThte, tridecyl (meth)acrylate, 5-methyltridecyl (meth)acrylate, tetradecyl
(metb)acrylate, pentadecyl (meth)acryiate; . eth)acrylates which derivr, from unsaturated alcohols, for
example oleyk émeth)acryiate; gycldatkyl {meth -aciylates-suchhas eyclolexyl 20(meth)acrylate,

2-vinylcyclo(ererx(Xll,.l énmfyl)agglatgob rg}/ll ﬁgme{}glgacr){:la:Le. gxar%wgles of mongmers of the formula
(.,__LL) include linear aﬁalbrahchego(tme Yacrviates which @8 fomEaturatél 25 hitShols, such as

haxadecyl (methyacrylar.es 2«methwihexadecyl (math)racrylate; 2-methylpentadecyd {meth)acrvlate,

2-ethylteti- cyldilacrylate 23 ropyltridecyl (meth)acrylate, 2-butyldodecvl (meth)acrylate, .
2-methylhexa§ec{/‘%r (r%e%’ h kg%)lgéﬁt%lﬁéoﬁé%ﬂ](Ir??%elfijgjc?r%ia% "hexyidécyl (retjacrylate; ==/
2-hexyluridecyii{inethyaerylater n<heptadecykémethacriiate, 1 5-isopraDylbeptatiesyl{meth)acrviate,
4-tert-hutvloc qygérln,e }h)aggé%tg, -ethyloctadecyl (meth)acrviate, 3-isouropyloctadecyl .
(meth)acrylat?gcgzcadeﬁyl i(meth)acry ate, %g%§§g0§| ?rﬁgtﬁ §§r§/ aefé,teefgo?ﬁ](ﬁrﬁéﬁ?)cé@‘ri(zl%%e;m
cetyleicosyl (miéth)ackliate, steadyleiedsyl{meéth)aendates docosyb (heth)acviate and/oe5
eicosyltetratriacontyl(meth).acrylatej.cycloalkvi dfieth)acrylates such as 2,4,5-tr1-t-bul
7Hvinvicyclohexyi (m(%rttﬁ%acry%t(legj}‘5 2,3,4,5-tetrat-butylcv‘éﬁ%ﬁgxﬁrzﬁe %a'gréy ate” 16 ﬁiﬁ%i‘lffm L a rylates
with a. long-clFéif afcordt radieslz espetialljebmponehts. (I1) and (111), can he obtained, for example,
by. reaciing (meth)acrvlates and/or the corresponding acids, with long-chain fatty alcohols, penerally
forming a mixture of esters, for example 15(meth)acrylates with various long-chair alcohol radicals.
These fatty aléotold iciide Oxo L Eohol 70 190G Aledhol@ 7980 Oxp*Alcohat@). $100; Alfolg,

610,A”0m73%9eferably at least 40% by weight and more preferably at

least 45% by weight of polyalkyl (meth)acrylates.

15  Polyalkyl (meth)acrylates are polymers by which
polymerization of alkyl (meth)acrylates can be obtained. The
expression “(meth)acrylates” encompasses methacrylates and
acrylates and mixtures of the two. These monomers are

widely known.

Polyalkyl (meth)acrylates comprise preferably at least 40%
by weight, more preferably at least 60% by weight,
especially preferably at least 80% by weight and most
preferably at least 90% by weight of repeat units derived

25 from alkyl (meth)acrylates.

Polvalkyl (meth)acrylates of particular interest include
those which preferably have a weight-average molecular
weight M, in the range from 3000 to 25 000 g/mol,

U  preferably 5000 to 20 000 g/mol, more preferably 10 000 to
18 000 g/mol and most preferably 13 000 to 15 000 g/mol.



Mal(r) 125 anW%?J (Sanal), C13-C15-AI§ohol (BASF), T,pa(l}g }j}%%%?d gﬁé 0
(Afton); Linevol& 7 ,@ﬁﬁﬁg, 911 and Neodol(r) 25 (Shell); Dehyda g‘zfF r 35@6 %OrOIg
products (Cognis); AcroPol(r) 35 arid Exxal.(r) 10 Chemicals); Kalcolt 2465 (Kao CheTicals). illac eight
ratio of alkyl (meth)aprylatep of Lime formula 25(ll)the (meth)acrylates of the formula. (T.7) may be
within a. wide range. The weight ratio of monomers of the formula (I11) having 16 to 40 carbon atoms
in. the alcohol radical to the monomers of the formula (7-7) having 6 to 15 carbon atoms in the alcohol

radical is prefétablylesbeam 30 52 bcespetiaty less thandhit, morepreferably tegsitham&:5:and more

preferably less-than 1;10. | rti ras 0 present invention__ the weil ?t ratio of
monomers of %l% f&#ﬁ%(%%ﬁﬁ/i%ﬁ% %ﬁ?éaré)%?a%rrﬁgﬁ;h tﬁneogff:o%lergﬁf:c%g o’thé Mohomers of
the formula (1) haling 6°to 15 varboaratomssn thve-aloehaekradical 2 nay belesthangl; 400, and, in
preferred embodiments, the polymer does not comprise any monomers of the formula (TIT) having 16
to 40 carbon atoms in the alcohol radical_ Suroadvaht.ages can be achieve.d esneci
pplyaikylfmetfi)aeiyiate fapnseny Lt teantowhichkhavere 10 weight-averagermolecutas weight in the
range from 3000.{0.25,000, gimpl.and a polydisnersity,in the range from 1.1 to 2.5. A further feature of
these polyallwi (meth)acrylaes is that the repeat units of the formula (11) are a mixture of linear and
branched radicals‘where™® t5280%: prefekably 10 151 63%Jef thedR5 fadicals ate bramched, based
on the weightsof dhe geneas upits of the fammula, (1. Parficularly adyantageausly. t 13 especially

possible i50 use polyalkyl(methiacylates wherein the units derived from repeat units o hé formula
(TT) are a miktife-6Chedr andbrahched fticas Whiete tie propoitiB-by weightof the branched ic

radicalsiitaving.9 to-%1 carban atoms,s higherthan the p&%p%ﬁ%pwe%gﬁt Qj4he linear 52 radicals
n

having 9 to 11 carbon atoms- 25 Poi alycvl (mett) acryl -ates of further interest include those wherein
the repeat units' bR fOFMBIRNET T) @Fe b mixksrecsRfinearEntrsranchéd fadicals where- the
proportion. by weight. of the linear H2 radicals having 12 to 15 carbon. 30 atoms is preferably higher

than the proportion by weigh: of the branched '9.2 radicals having 12 to 15 carbon atoms.
Preferred polyalkyl (meth)acrylates comprise

a) 0 to 25% by weight, especially up to 20% by weight and
15 more preferably up to 15% by weight of repeat units

derived from (meth)acrylates of the formula (1)

in which R is hydrogen or methyl and R' is an alkyl
radical having 1 to 5 carbon atoms,
b) 50 to 100% by weight, especially at least 70% by welght
20 and more preferably at least 80% by weight of repeat

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

R (II)

L 2
\T%J\TT/OR

H O

R R 70 -y Y I
L

vhich R 1s hydrogen or methyl and R® is an alkyl

Aoin WAL

radical having 6 to 15 carbon atoms, and



In addition, sSyppASI es can be achieved olyalkyl(meth)actyi g(i)ch re
cha\racterizedt\??‘1)(:'[551%1?'['r?(éjl \r%%gaaa units of the formula ?%/9? are a mixture of %@ﬁgfg é‘rﬁﬁ_i‘?r?é'%
radicals where the weight ratio of branched to .inearradicals is in the range from 60:40 to 2C:80. In a
further embodiment, preference is givL.n to lubricants comprisi.ng polyalkyl(meth)acrylates wherein
the repeat 10 units of the formula (li) have a high proportion of branched T. radicals having 10 to 15
carbon atoms. The ratio of branched to linear P2 radiomore prefet:ahly be in the range from 70:30
topreferably 60140 to 65135 0thetrepeatigits, ofthe ferraula(l):baviag atdeast 50% by weight and
preferably at least 70% by weight of radicals having 13 to 15.carbon atoms, based on the proportion
of repeat units of th%Ofg??nEE? I?)r?rgD Ig}fdiillgn,tffar%l?;%’lafr:).l"or"é]]@ejr ar%l.tée 0g gVeéntd boilyaiKviime:
7)acrvlates whereirtthielrepéat units dfithelformutal(d) are a Mmixture fofiR2 radicals with a different
number of carbon atoms, the proportion by weight of R2 radical having. 12 to 15 carbon atoms being
greater than the proportion by weight of P: radicals haring. 7 to 11 25 carbon atoms. The proportions
of repeat units of the formula (II) with thelfespective carpoh numbers and the isomerism :hereof can be
determined by customary processes with reféfencejfo the 30 monomers which are used fof L’
preparation of the polymers These Include pajticulaly gas chromatography (GC). In addition, ithie
with preference to use polyalkyl(meth)acryiates having reneat units of the formula (II) where at leas:.
50% by weight, esoecialiy;70%:by;weightiand.more-preferably 909 hy weight o: the,repeat units of the
formula (g) havincj a branched. R. radical have at least one branch at one of positions 2 lo 5,
preferably at positidr 2, Gased 61 th&'wefght f fiie fépeaPtinis eFthe formula (TT) having a branched.
P radical.

In a particular embodiment, an inventive
polyalkyl (meth)acrylate may preferably at least 0.1% Iy
weight and more preferably at least 0.5% by weight of

10  repeat units derived from (meth)acrylates of the formula

(I).

In a particular embodiment, an inventive

polyalkyl (meth)acrylate may comprise at least preferably
15  0.1% by weight and more preferably at least 1% by weight of
repeat units derived from (meth)acrylates of the formula

(ITI).

The polvalkyl (meth)acrylates can preferably be obtained by
20 free-radical polymerization. Accordingly, the proportion by
weight of the respective repeat units that these polymers
have 1s calculated from the proportions by weight of
corresponding monomers used for preparation of the
polymers.
25
Examples of (meth)acrylates of the formula (I) include
linear and branched (meth)acrylates which derive from
saturated alcohols, such as methyl (meth)acrylate, ethyl

(meth)acrylate, n-propyl (meth)acrylate, isopropyl



10 The a 1(m%%¥lﬁ ) Ikyl(meccry-iptes of tpf present inventiorg,@?)%%g:ﬁ g@g%tzhave a
n sl

short-chain or long-chain branch.aspect of the present invention, preferencei
polyalkyl(meth)acrylates whose repeat units of the formula. 15are a mixture of branched radicals, the
mixture comprising repeat units with methyl branches and with ethyl branches. in addition, it is also
possible to use Tpolyalkyl(meth)acrylates whose repeat units of the formula (ll) are a mixture of
branched radicals, the mixture 20 comprising repeat units with propyi branches and with longer-chain
branches, espéuoiatiy bautyhor'diranchesParYlidulay prefergnicetis (Jiver: herelv 40
polyallwl(meth)acrvi hich, contain. baoth me-fhethyl ropyl branches and longer-chain,
branches in thee%r%%!reﬂ?:’fl‘tg%sW }l‘j%% of ﬁinecrlnﬁgrzﬁ&f T%%%é%?%gr%heané} {ﬁg position of the branchbe
measured by rieansof BITY R processes withreferencé ta:thecmohomens which. are used for
preparation of mgé@)qlg@gﬁ.%ig possible here to conduct and evaluate especially -'C and -H NMR
measurements. Valuable pointers can be found especially in "Determination of the Olgomer
Distributién in Ethoxylated Linear and Branched Alkanois using- 13C-NMR", Li. Yang et all Fur.
Poivm. C. Volo33 (9 dd2 (1990 and- Quantiiafive assgesment of Allyl Chaln Branching jn alcohol

eC
-Based Surfactants by Nuclear Magnetic Resonance” C. Duynhoven, A. Leika and’jp. . van'der
Hoeven, J. of 5SUffagtantsand Detérgéntsol 87, 23 (2005) For'tlatification fit shiould be pointed

our that butyl branghes cannatbedistinguished from,pentyl or hexyl branches by means of the NMP.

methods detailed, and so the term fiongerchain branch" includes not only the bstv1 branches but also
10 pentyl or nexvit Hipaheres, in gaditions tHe/ mvhemererixture fietienarationcofthe

bolyalkyineth)acryiates,foruse-p accordance with-the.invention may comprise monomers
copolymerizabie with the 15(meth)acrylates of the formulae. (1), (Ilﬁ and/or. These include aryl

(moth)acrviates eiPPaS BEnpyitrethadfyiate ot phengmetidchyiate| Whete aiva sha Fatlicals may in

each case he gnsyhstituted:or 4p-tortetrasubszilutedi 20, styrene, spbslil uted styrenes having an

alkyl substituent in the side chainﬁ for example Zismethylstyrene and. [7.-ethvistvrene, substituted

styranes havinci 3R aky $0B&fent 81 e ARSYsitheas GryrsIders EfF prretiwsiiene,
halogenated. styrenesy forexamnle Zhsnaneehionastyrenes, dichlorostyrenes Jribromastyrenes and
tetrabro%ostvreneS' o .

S-methyltridecyl (meth)acrylate, tetradecyl (meth)acrylate,

pentadecyl (meth)acrylate;

(meth)acrylates which derive from unsaturated alcohols, for

example oleyl (meth)acrylate;

cycloalkyl (meth)acrylates such as cyclohexyl

20 (methjacrylate, 3-vinylcyclohexyl (meth)acrylate, bornyl

(meth)acrylate.

Examples of monomers of the formula (IIT) include linear
and branched (meth)acrylates which derive from saturated
25 alcohols, such as hexadecyl (meth)acryvlate,
2-methylhexadecyl (meth)acrylate, 2-methylpentadecyl
(meth)acrylate, 2-ethyltetradecyl (meth)acrylate, 2-
propyltridecyl (meth)acrylate, 2-butyldodecyl

(meth)acrylate, Z2-methylhexadecyl (meth)acrylate, 2-

[eN)
<o

pentyldodecyl (meth)acrylate, 2-hexyldecyl (meth)acrylate,
2-hexylundecyl (meth)acrylate, n-heptadecyl (meth)acrylate,
5-isopropylheptadecyl (meth)acrylate, d-tert-butyloctadecyl

(meth)acrylate, 5-ethyloctadecyl (meth)acrylate,



maleic acid awdrydqiﬂ@gm?jggrivatives, for example,isaleic monoesters,F;Ea\lféxi,%'k%iﬁ%gﬁlgic

anhydride, methylmaieic anhydride, maleimids, methylmaleimide; 30 itaconic ac acid
derivatives, for example itaconic monoesters, itaconic dies tars and itacopic anhydride; fumaric acid
and fumaric acid derivatives,for example fumaric monoesters, fumaric diesters and fumaric anhydride;
1-alkenes, especially 1-butene, 1-pentene, T-hexene, Il heptene, 1-octene, 1-nonene, 1-decene,
l-undecene, | - 5 dodecene, 1-tridecene, 1-7etradecene and 1-flentadcene. In a particular embodiment,
it a esoeciaLl3-peswibizc7louisecdispersimy: roromersa 1@ Dispersdag nionomers nave i..n.g oeen

i.sed for func:jgnalization of pelymeric: addit- and a e therefore known 1o those skilled ubricant oils he
art (cf. Mortietr,Orszzllik (e9ds.): "Chemrilstry ar%/d. '(I}ec%mo ogy of L%B%ibaﬁtjég,olzslﬁkie Academic &
Professional, IBtendor; 2tid eel. 1997) Ieisapprdpriatelyipossible t0-ase paricuiaryi heterdcclic vinyl

compounds aﬂgéo&gtgxlggifg@é p_sg:&%%t?g, RQ,ar£ster or f\g]d'ge cqmpounds of the formula (1V) in

which R is hydrogen or methyl, X is oxycen, sulfur or an 20 amino group of the formula -NH- or -NRd-,
in which SRtisssiFalkyliragicat having31ts 10 ardoreferably 146 2 carbon atoms, K4 is a radical which

comprises 2 10,30, gspecially 210,30.and preferably.2 fo 20 carbon atoms and,has at least one

heteroatom, preferably at least two heteroatoms, 25 as dispersing monomers. hydroxylalkvi
(meth)acrylatéS”}’Hétélié@{/@ﬂ@Gﬁéﬂ‘l}adrV%*ﬁé@ androrearbonyl-éorftaining meTh)acrylates.

t-butylcyclohexyl (meth)acrylate.

10  Alkyl (meth)acrylates with a long-chain alcohol radical,
especially components (II) and (III), can be obtained, for
example, by reacting (meth)acrvlates and/or the
corresponding acids with long-chain fatty alcohols,
generally forming a mixture of esters, for example

15 (meth)acrylates with various long-chain alcohol radicals.
These fatty alcohols include Oxo Alcohol® 7911, Oxo
Alcohol® 7900, Oxo Alcohol® 1100; Alfol® 610, Alfol® 810,
Lial® 125 and Nafol® products (Sasol); Cl3-Cl5-aAlkohol
(BASF); Epal® 610 and Epal® 810 (Afton); Linevol® 79,

20 Linevol® 911 and Neodol® 25 (Shell); Dehydad®, Hydrenol®
and Lorol® products (Cognis); Acropol® 35 and Exxal® 10

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

The weight ratio of alkyl (meth)acrylates of the formula
25 (III) to the (meth)acrylates of the formula (II) may be

within a wide range. The weight ratio of monomers of the

formula (III) having 16 to 40 carbon atoms in the alcohol

radical to the monomers of the formula (II) having 6 to 15

oy e b e Pau

carbon atoms in the alcohol radical is preferably less than
30 5:1, especially less than 1:1, more preferably less than
1:5 and more preferably less than 1:10. In a particular

aspect of the present invention, the weight ratio of



The trciroxyaiwg(zﬁq@ ?&ﬁ@gmlude 5 2-hydroxyprouyi (math) acry_ati?,FSrngggq%%y&u}xlz
yr.(m e

(menn)acrylate, 2o0xye eth)acryiate, 3-hvdroxyDrouyl (math) ac ryla
7-dimethy1-1,66-hexanedlolacrviaTe and 101,10-decanediol (met(rylate. Carionyi-containing (yneth)
acrvlates comprise, for example, 2-carboxvetbvl (meth)acrylate, carboxymeThyl (meth)acrylat.e, 15
N-(methacrvlovlox:y)formamide, acetonyl (meth)acrylate, mono-2-(meth)acryloyloxye:hyl succinaie,
N-AmeT:h) acryiovirftorIDnoldne, N-(meTn)acoyT-2-flyrroliciinone, 20 N-(2-meth.)acsy7oyloxyethvi) 2
pyrro idincne, N{8>(meth)adryloytoxypropyly- )yErdiidinbaeing 16 to 40 carbon atoms
N-(2-(meLL)agryloyloxypent y1)-2-pysroiidinone . _
N-ES-Eifieth);c(riy%{oy%%\(/h%%%ﬁ%%lﬁ%ﬁﬁ%?g‘r irc?r%leé and Iﬁf)-&e-frﬁCI%I)agrlf/T}ov%x%‘tHﬁ)ethV@neurea.
2-aceMacetoxyethiyi.(méth)acryFakte Therheterocvc Tr(nstk) adrg/ta‘fheﬁinx:wﬂiec&ﬂlmiﬁgzo}y@ ethyl
Tneth)acry to salidinyleth et rylate, 2-(4:ric)rpholinyiethyl Oftethjacrylate, _
(1-(2-m)ethgcry%o%%x%ﬁw%%—b@%?idgr?ll?,:’N-er}iletﬁé%r%bry)ﬁ%g?p%%oﬁﬁe ?r%ett%arry%)ylpzo-&%fbﬁrdinone,
N-(2-merfacryfeyioxyethyy@epyrisljdinone, N(3rethacryloyloxypropyd)-2-pyridlidinone : The
aminoalky_ (meth)acry.fates, inclyde especialiy Nb,lll\gdlcrﬁ%tgxlg@irll%e%jhgla(ﬂeth)_acrviaTe,
N,N-dimethylaminopropyi (metiti)aiorviale, N,N-aLethylaminopentvl (metiriacrvia7e,
N,N-dibutylaxinohexadeovi (meth)acrylat_e.

Surprising advantages can be achieved especially with
polyalkyl (meth)acrylate for use in lubricants which have a
10  weight-average molecular weight in the range from 3000 to
25 000 g/mol and a polydispersity in the range from 1.1 to
2.5. A further feature of these polvalkyl(meth)acrvlates is
that the repeat units of the formula (II) are a mixture of
linear and branched radicals where 5 to 80%, preferably 10

15  to 65%, of the R? radicals are branched, based on the

weight of the repeat units of the formula (IT).

Particularly advantageously, it is especially possible to
use polyalkyl (meth)acrylates wherein the units derived from
20 repeat units of the formula (II) are a mixture of linear
and branched radicals where the proportion by weight of the
branched R® radicals having 9 to 11 carbon atoms is higher
than the proportion by weight of the linear R’ radicals

having 9 to 11 carbon atoms.

25
Polyalkyl (meth)acrylates of further interest include those
wherein the repeat units of the formula (II) are a mixture
of linear and branched radicals where the proportion by
weight of the linear R’ radicals having 12 to 15 carbon

30 atoms is preferably higher than the proportion by weight of

the branched R’ radicals having 12 to 15 carbon atoms.



10 In additiony} bl amixloalkyl imethjacryiamides as dispersi S..such as
N,N-dimethylﬁ%@pﬁ@éﬁ m§th)acryiamide. In a dxltion, *tis. possibleat{é%(g?gﬁﬁghéﬁﬁ?
boron-15 arldlor silicon-containing (metb)acrylates as dispersingmonow=s, such as
2-(dimethylphosphato)propvi (meth)acrylate., 2-Kettlyienephosphito)propyl (meth)acrylate,
dimethviphosphiilonethyl (meth)acrylate, 20 dimetloytphosphonoethyl (meth)acrylaLe, diethyl
(meth)acrvicylphosphonate, diprouyl (matb)acryloyiphosphate, 2-(dibutyl-ohos-ohonojethvl
(meth)acryiaté, 2,3<bitylénelmethjaoryleyiethvibiorate, 25-methyddivehuxymettacpioylethoxysilane,
diethyliphosphatoe {ﬁm th)acrvlate. The preferred heterocyclic vinyl compounds include
2-virrsripyridir?>e%,) %y\%%/y %iﬁ&ﬁ%é%}(%?ﬁﬁ r}yar%?r?e,vﬁk}j?,%nm%fheill-%%\ﬁ ﬁﬁ g\*fr?éﬁrligeéeghyi-kf\ﬁnylpyridine,
2,3- dimethv1tBwinytpyridine ,vinyipwifridine, Swinylcarbadzole, 3-vinylcarhazole c4-vinylcarbazole,
1-vinylimidazgie, N-vinylimj le, 2-methyl -1- yinylimidazole, N-vinylpyrrolidone, N-vinyipyrro dine,
3-vinyIpyrroli(%BESNN&\%%/%%%?&&%%%N-%/%%ffl%ﬁ)gv%lggté%? Tﬁlﬁo%%%bviﬁ:ﬁ%r%n?éinylthiophene,
viny.r.hiotane tvitd7thiazoles and:5dydrogenated vinyithiazotes-hdrytoxazelesrand bydragenated ed
vinirloxaizoles. JTheatrticularly urererred disnersfng monomers Include especially. ethvienically
unsaturated comnounds comprisi 10 at least one nitrogen atom, these being selected with particular
preterence from the above-detailec. hetexocyc... vinyl compounds and/or aminoalkyl (meth)acrylates,

aminoalkyl(me:h)acrlamisies andigs hejeraeyclic (math)asriates. 15 The pigporign of somonomers
, NIS

can be varied a000rdtng to the end use and profile of properties of he. polymer.LILn genera
proportion may P& i thetanae from: E1td B0% byaveight preferdbly 6i01. t6:20%:byaeicht. and more

20 preferably Qs t0:10% by weight.,Espeqially the proportion, .of gzaclg%@%%%@ pieferably be limited
to proportions of ap to 30%. by weight, preferably up to 20% by weight and more preferably up to 1.0,
paﬂmumﬂy[H@ﬁﬁ&ﬁﬁﬁ%bgdhﬁéﬁ%Qﬁls having 10 to 15 carbon atoms. The

ratio of branched to linear R’ radicals may more preferably
be in the range from 70:30 to 50:50, preferably 60:40 to
65:35, the repeat units of the formula (II) having at least
15 50% by weight and preferably at least 70% by weight of R?
radicals having 13 to 15 carbon atoms, based on the

proportion of repeat units of the formula (IT).

In addition, particular preference is given to
20  polyalkyl(meth)acrylates wherein the repeat units of the

formula (II) are a mixture of R’ radicals with a different
number of carbon atoms, the proportion by weight of R?
radicals having 12 to 15 carbon atoms being greater than
the proportion by weight of R® radicals having 7 to 11

25 carbon atoms.

The proportions of repeat units of the formula (IT) with

the respective carbon numbers and the isomerism thereof can

be determined by customary processes with reference to the
30  monomers which are used for preparation of the polymers.

These include particularly gas chromatography (GC).



olyalkyl(met Iy I;ro in accordance with th 25 invention not having,_any.repeat units
8er)i/vedyfrom -a lgat?ﬁsﬁ ééb;?orementioned a hylentl:ézal. ly unsa\turateog r#cﬁ%%g 591535 1ed
individually or as xcures. It is additionally 30 possible to vary the monomer composition during the
polymerization of the main chain in order to obtain defined structures, for example block copolymers or
graft polymers, The preparation of the polyalkyl esters from the above-described compositions is
known per se. For instance, these polymers can be obtained especially by free-radical bolvmerizatiori,
and also relatéd processespfor example b NERPAtam Titansfer Radicak Pelymeyization) or _ (=

Reversible Addition Iir§¥g£n<emné‘.§ ion Chain '{rans{%f ..The :AMP %)roces,s is anovy_n us- se. This reaction
regime is described.; fof example, By J.-3et al., . AmM ChemS10SaE. vol.B. 5614565 1998), In

S,
~al.,
Matyjaszewski,IMacromolecules, vl 528,71 7 90t - 781051995} dneaddition, patentapplieations TO
96/30421, TO_97/47661, TO 97/18247, TO 92/40415 and WO_99/10387 disclose variants of the
above-describae%jéTgf%ﬁ%, n édgiﬁgzﬁ%lrﬁe%ﬁer%i@ewfo]l r:hnérsoéan BE obtainad, foFexamplé via RAFT.
methods Soo.tThis inethodds éxplairesly imdetail clorexample;TO98/0147 8randsT@:2004/£033169, to

which explicit(ggfgr%}c&igﬂng%eé r the purposes.of the 20 disgosure. In addi tion,the inventive 90
ymers are oh itroxide-mediated. po ?/mgeﬂé%il escribed in 4581429 i[nater1 é{lioé1 “d by NTIP oh a.fe

One comprehefsivé descH.ptibasmore particalarlyiwith further references; ofithiese methads:is Given

in K. Matyiaszayski-T, Py Pavis.Handpaple, oL Rergal Rovpieristion. Wiley Iter science, Hoboken
, LO WnIC

10 The alkyl (meth)acrvlates of the polyalkyl (meth)acrylates
of the present invention may, in this context, have a
short-chain or long-chain branch. In a particular aspect of
the present invention, preference is given to using
polyalkyl (meth)acrylates whose repeat units of the formula

15 (IT) are a mixture of branched radicals, the mixture
comprising repeat units with methyl branches and with ethyl
branches. In addition, it is also possible to use
polyalkyl(meth)acrylates whose repeat units of the formula
(IT) are a mixture of branched radicals, the mixture

20 comprising repeat units with propyl branches and with
longer-chain branches, especially butyl or pentyl branches.
Particular preference is given here especially to
polyalkyl (meth)acrylates which contain both methyl, ethyl,

propyl branches and longer-chain branches in the repeat

25 units of the formula (IT).

The type of branch and the position of the branch can be
measured by means of NMR processes with reference to the

monomers which are used for preparation of the polymers. It

(o8]
<

is possible here to conduct and evaluate especially *°C and
'H NMR measurements. Valuable pointers can be found
especially in “Determination of the Oligomer Distribution

in Ethoxylated Linear and Branched Alkanols using 13C-NMR”,



30 explicit ref ' r the purposes of tbe(?' closure. The free-radical polymerization of the
ethylenicaliy l?r@gm%r)g?e/ a(:E(l)%rééounds can be effecte éSln a manner kno nc%lgﬁg .Qﬁ'ﬂﬂ&ﬁ?gﬂ?
free-radical polymerization is described inter alia in. Ullmann's Emcyclopedia of Industrial.. 5
Chemistry, Sixth Edition. In the context of the present invention., the par ymeri zatron is ihttlated using
at Least one polymerization initiator for free-radical polymerization. These itisude the azo initiators
widely known in the specialist field,as. 102,2'-azobisisobutyronitsrile, 2,21-azobis(2,4-
dimethvivateroni:rilepanc:t.,h azoBiscyclehexanecarhonitrile, rganic peraxides such as.digumyi
peroxide, dlaqyégerog(ldtegtsuch as dllauro%l ero¥|dg&erfx icarbonates such as diisopropy7 15

perzoxydicarbona?erf plepesflex?éE stich as tere- %tﬁ peny-2-e %&aﬁiﬁﬁfé@%ﬂ%éﬂke. Polymerization

initiators of veky patticulddsseitdbilit:fof she purposes af the peesent invention include especially the

following compounds; methyl ethyl keLone peroxide, acetylanet-one per= le, diJauroyi peroxide,
terc.-buty1 pé?—’z-gg%/rﬁge%x%%%étg ke%gﬁg %e?gxg?ddel?'lzge'l:%?b%t ‘peroctodteisobutyPketone peroxide,
cyclohexanonéperoxidendibenrzoylperexidestast-butyl geroxyberizoate, ders-butd o
peroxyisopro bar 2,5-hissethylnexanoyiperoxy.)-2,5-dimethylhexane, tert- butyl
peroxy-2-eth\%ﬁ£ﬁ%%%%e%§- Uty?be%lxc\}/@?So-etrigg%%ﬁlﬁ%ixaorl%%%n %ur%ﬁ%eér penes
1,1-bis(tertbutvperexy yeyclohexane; 1 Ehisteft-butyiperaxy)-3,3 trimethyldycloheixane, isumyi
hydroperoxide, Jt:buiv 30 hydsgherpulde, bis(aden puyicyciohexy) peroxyd. carbonate

methy lero ifrilg),?L, -azobi

2,2'-azobisisobutyronitrile, 2,2'-azobis(2,4 di Ivaleron %cycﬁgﬁéxanggﬁﬁgﬁtrile,

diisooropyl petbxrydicatbonate’ tertaniyiiperoxypivatate, WO 2011y13469523RPET/ER20H/052712

10 pentyl or hexyl branches.

In addition, the monomer mixture for preparation of the
polyalkyl (meth)acrylates for use in accordance with the
invention may comprise monomers copolymerizable with the
15 (meth)acrylates of the formulae (I), (II) and/or (III).
These include
aryl (meth)acrylates such as benzyl methacrylate oxr
phenyl methacrylate, where the aryl radicals may in each
case be unsubstituted or up to tetrasubstituted;
20  styrene, substituted styrenes having an alkyl substituent

in the side chain, for example “-methylstyrene and
_-ethylstyrene, substituted styrenes having an alkyl
substituent on the ring, such as vinyltoluene and -
methylstyrene, halogenated styrenes, for example

25 monochlorostyrenes, dichlorostyrenes, tribromostyrenes and
tetrabromostyrenes;
maleic acid and maleic acid derivatives, for example maleic

monoesters, maleic diesters, maleic anhydride, methylmaleic

anhydride, maleimide, methylmaleimide:

W
(e}

itaconic acid and itaconic acid derivatives, for example
itaconic monoesters, itaconic diesters and itaconic

anhydride;



di(2,4-dichlor i ide, tart -butyl peroxv- pivalate, 2,2'-azobis(2- r4’%ino ropane)
dihydrochlori%i@ﬁ,}?ﬁ@néggganoyl) peroxide, diocif\éfloyl. peroxide, di(%é@? ﬁ2§e1r3) X 21,§

..... azohis(N,L'- methyleneisohutyram.idine) ., di(2- .th,,Ibenzoyl) peroxide, dime, hyl 2,2'-
azobisisobutyrate, 2,21-azobis(2-met ibutyronitrile), 2,5-
dimethy1-2,5-d1(2-ethythexanoylperoxy)nexane, 4,4'- azobis(cyanopentanoic acid),
di(4-methvibenzovl) peroxide, dibenzoyl peroxide, tert-amvl pEroxy-2-ethvihexanoate, 10 tert-butyl
peroxv-T-ethythexanoates tert-batyl pe-noxyisobutytate @ng; mix:.cutes of she aferggeationed
polymerizatioqftors. According to the inveption, verycfafliculaéspreference. is 15 given to polvmerization

iniu-s having a haff-ife of T hour at a témperatare inthe Fange from 25¢ 15 506CEprefstabiy i the
range from 50C-tol k50@ sespeciatlyiin the range framb0Q totOQEE: In additiorperoxidie
polymerization initiators, especially tert-butyl. 20 peroctoate, are very particularly suitable for the
present purpo%ggf&%rd%%?%6”%}h¥le€“ém o%ﬁ'ﬁleea?i‘t isfé s%dp%%giblé‘ t Bf}éiee ggﬁogus Efd‘lyme zation ini
ators. If varioustiator 25espdcies aré=uset: théy arecpreferablysaddet] Sepasatelyisuceessive steps, ia
which case the polymerization initiator added later should appropriately have a higher half-life than the
polymerization initiator added beforehand. 30 In preferred processes, the at least one polymerization
initiator for thel free-radicalRolymerization isradded intatileastdwecsteps. T heopalymetization initiator

can be addeqiispeea&hsﬁggslﬂHQ'%J)%%%\&%@" or in diluted form, pref crab:y dissolved in a solvent,

especiall.y in erie form of a 10% hywoicilit to 50% by weight solution in. at least one rc.i ne.t.al oil
and/or a poiyalphaolefin. .rc t embodimen.t of this preferred process, the polymerization fril teator can

preferahjy bers added all at.ong:gin.the. firsf step, However, jt has :1! Q been found to be very

nartic:ularjy arxoroxtri.ate to Iflenerir the 10oiyn:eri. zation initiator I.e the first. ....en, pre ...erably
continuous. fly, ‘Especially Withed ‘conhsciinanetering rate2 ifcthe isecond stepiithe oiwrierlzadion initiator,
in a first enftodiment of this preferred pracgss. is,prefefablyey i 11ea in the art (cf.

R.M. Mortier, S.T. Orszulik (eds.): “Chemistry and

Technology of Lubricants”, Blackie Academic & Professional,

15  London, 27 ed. 1997). Tt is appropriately possible to usge
particularly heterocyclic vinyl compounds and/or
ethylenically unsaturated, polar ester or amide compounds

of the formula (IV)

in which R is hydrogen or methyl, X is oxygen, sulfur or an
20 amino group of the formula -NH- or -NR®*-, in which R® is an
alkyl radical having 1 to 10 and preferably 1 to 4 carbon
atoms, R® is a radical which comprises 2 to 50, especially
2 to 30 and preferably 2 to 20 carbon atoms and has at
least one heterocatom, preferably at least two heterocatoms,

25 as dispersing monomers.

Examples of dispersing monomers of the formula (IV) include

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



15 added all w%ﬁhtg%g/ely, however, it is al$8p:.eferahie to met%g'ilgﬁ g‘??ﬁ?ﬂeﬁrgﬂ??
. Iria

initiator, in Ihe second step, oréferably continuoi.is.ly, eseeceal. .ywitrl a

very particularly preferred ertiodiment of this process, the polymerisa:ion iniciator 20 can he me.t.ered
in coi.ti:."auously in cite first: and in the second seep, favorably with a constant meterinara.te in each
case, the mean metering rate of the sEtcond .step preterably being creater than ti.e mean metering
rate of: the first step. The ratio of t:ae. mean meterlp.ci rate of. the 25 secor..d st.eomean meterino'
rate of the tlrststepoisicrefekably greaterelran dt2s 1, areferaldy ininbc rangerfion 4,215 1e:30:1,
more prefera%%gpea]}er gtL noln.Sil_,&\)/e@ more creff:ratélly1 greate{ than 2. :1, especially greater than. 3 :
1. 30 The ancunc of pofyrﬁerlz ion‘initiator added iR fnc gé’ic(%)r “&56% preferably greater that: the
amount added in the first step, in which case, in the second seep, based on the total weight of t.he pol
-eri. zat.ion mi-tiator ac.ided in-tie first step, preferably at least 120%, appropriately 120% to 1000%,
more preferal;l]%%at lﬁéya%%%g&)laﬁfé eééﬁgc%%iydfgg‘;)atg%?)o%lgf‘ﬁ'udeeamount of polymerization. initiator
added. irPthe firststepisaddany 5 Theeséoonstep is:preferably commenced at a time atel 0,01. to
50.0% appropriately 1.0.0,1- 09 aﬂ? ecial 7.)_to 3.0% by weight of the total amount of the
polymerizatiol%lr %tiégt(ﬂ)i?g%égz%éﬁﬁ%he i?g%%spégfai }éllaogt%’ be consumed. For the purposes of the
present inventioRifinas veen foundita-be werypartieularly appropriate to add the polymerization

initiator in at Igaﬂi}g%pgﬂgwh@ﬁ@é@)%@g %ﬂeg third step, more initiator is added than in the

ft..rs t step and than in the second step. In the'; ird step, the polymerization initiator is appropriately
added all at oneé -Altérnatively is alsopreferableto Metehintheypolymerization initiator in the eherd.

20 prefergcontinugusly -especially with a;constant meteringrare. In. a very particularly preferred
embod.iment of the present invention, the polymerization initiator is metered in continuously in the first,

in the second and in the third step, favorably vi. th a constant metering rate in

Carbonyl-containing (meth)acrylates comprise, for example,
Z2-carboxyethyl (meth)acrylate,
carboxymethyl (meth)acrylate,

15 N- (methacryloyloxy) formamide,
acetonyl (meth)acrylate,
mono-2-(meth)acryloyloxyethyl succinate,
N~ (meth)acryloylmorpholine,
N-{meth)acrvloyl-2-pyrrolidinone,

20 N-(2-{(meth)acryloyloxyethyl)-2-pyrrolidinone,
N- (3~ (meth)acryloyloxypropyl)-2-pyrrolidinone,
N-(Z-{(meth)acryloyloxypentadecyl)-2-pyrrolidinone,
N- (3-{(meth)acryloyloxyheptadecyl)-2-pyrrolidinone and

N-(Z2-(meth)acryloyloxyethyl)ethyleneurea.

25 2-acetoacetoxyethyl (meth)acrylate
The heterocyclic (meth)acrylates include 2-(1-
imidazolyl)ethyl (meth)acrylate,
oxazolidinylethyl (meth)acrylate,

30 2-(4-morpholinyl)ethyl (meth)acrylate,

1-(2-methacryloyloxyethyl)-2-pyrrolidone,
N-methacryloylmorpholine,

N-methacryloyl-2-pyrrolidinone,



25 each ca, xing rate of the third step preferably bei ? n t% an
metering ra&ﬁgﬂi@rﬁ gip, and the mean metfeéring rate of the sergncr%?gggé) g(gr gf)}? eing
greater- than the mean metering rate of the first step. The ratio of the mean metering rate of the 30 t
OsLep to the mean metering rate of the second step is preferably greater than 1.2:1p preferably in the
range from 1.2:1 to 10:1, more preferably greater than .5:1, even more preferably greater than 2:1,
especially greater than 3:1. More pre:erar.)v, the amount of polymerization ing.tiator added in the third

step is prefetably’greaterdhary tlvey amouat agded in-thersecondisieps in which case, in the third step,

based on the cotal wei (?ot of th lymarizatron initiator added in.these cond step, preferably at least
120%, zatppropri:;(lt'?elyfn fg octéyl%ﬁ()%o,xr%gf'eogyeqf ra%);> Xt‘”lggzltlf% 150% and. especially. 150% to

500% of the amount of polymerization initiator added in the second step, is added. The third step is

preferably cop@{geg%qdﬁ)g twmlgh 0,01 to 30,0%, appr. priately 10.0 to 40.096 and especially 15
15.0 to 35.0% by weig-ht oqu%%to%a atm(})ﬁlﬁt of tﬁg%%Iy”r#gﬁﬁlac%)n%ﬁﬁig%faald“%d during the second

step is yet totbécohsuntet; Tis proportion ofriasdonsumedpelymer]. atioh 20 in tiator can be
determined i&%m@%%rmﬂmg%%%ﬁé p(m el _@gm%'scgf the parameters known per se,for

example the decomposition. constant o olyme.rization initiator, the temperature profile during the
polymerizatioh, ‘theladditign profile PRoimetered Aauitiony25 atconstant rate at a constant

temperature fog.example, Qne; following-equatiop applf,es as anapproximation: IsLj*;" =tv) aere. the

ratio Iss/ly. denotes the proportion of th.e as yet unconsumed polymerization initiator based on the
total amount of the polymerization initiator added during the second step, where kw is the

decompasition,constant;Qfithe polymerization;inior and where {7 is the, duration of metered addition_
In a particularly preferred embodiment, the polymerization initiator can be added in more than three

steps, in whici'€ase, Ffony e folirth step SihsesthssubscbuBAtSEEp, nfore poffmerization initiator is
addedthani@ﬂmiﬁmﬂ@g@§ﬂﬁminopropyl(meth)acrylamide.

In addition, it is possible to use phosphorus-, boron-
15 and/or silicon-containing (meth)acrylates as dispersing
monomers, such as
2- (dimethylphosphato)propyl (meth)acrylate,
2-(ethylenephosphito)propyl {(meth)acrylate,
dimethylphosphinomethyl (meth)acrylate,
20 dimethylphosphonoethyl (meth)acrylate,
diethyl (meth)acryloylphosphonate,
dipropyl (meth)acryloylphosphate,
2-(dibutylphosphono)ethyl (meth)acrylate,
2,3~butylene(meth)acryloylethyl borate,
25 methyldiethoxy (meth)acryloylethoxysilane,

diethylphosphatoethyl (meth)acrylate.

The preferred heterocyclic vinyl compounds include

2-vinylpyridine, 3-vinylpyridine, 4-vinylpyridine, 2-

W
(@]

methyl-5-vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3-
dimethyl-5-vinylpyridine, vinylpyrimidine, vinylpiperidine,
9-vinylcarbazole, 3-vinylcarbazole, 4-vinylcarbazole,

l-vinylimidazole, N-vinylimidazole, 2-methyl-1-



5 preceding s: iyperizata.ori Initiator is ed all at once or in. continuously,
preferably at c%ﬂ@tgﬁé\%}’?ate_ For prerm, 10 The ti On of 1—he%1§lgl/e @0901’8552%&% beer
Eojind to be accordance with favorable to meter in the polymerization initiator with a constantly rising
metering rate. This coriesponds to a IT addition of constantry r*sing amounts of polymerization initiator
in. an infinite number of steps. 15 The process detailed above allows a. rapid and extremely effective
polymerization of ettvienically unsaturated compounds and leads to polymers with comparably low
residual monomengontents: MNevertheless;, it has 20 occasienally -beem foppd ifeo beiexteemely
favorable Ito provide f%gleg Initiation toward The end of thr;J{a reatlction order to lower the residual
monomer content of the Téaction mixture still’ farther- Eurtherinitiation is preferably provided at a time
at which at least-75.098 by 26:weight; appropriatélyatileast,90:0% v weight and es-Dec:Lally at least
95.0% by wei & 0 qunt, of The polymerization initiator added during the last step has
been consumg\g%q re e:legr)?c!g?l %Si'\/eﬁlﬁﬁgﬁt}gﬁgg ' furfher’ %%%) oab@Ov%/S@h?fbgloo.O% by weight,
especially?s.0%yr 3@ weight do 5010% Byhveighteof, polymetization initiater, dhased ondhe totakamount
of polymerization,initigtor added beforehand. The total amount of initiator is preferably in the range
from 0.5 to 1% and more preferably in the range from 0.6 to 0.8% by weight, based on. the weight of
the monomers. 5 The process can be performed either in the presence or in the absence of a chain

bansferer. Thagbalpransierexs usedmay be ypiedl species deserped Jor free fadigal

. . s mexr include
polymerizations, as krovvm. to those skilled in the art. 10 The sulfur-free molecular wejght regulators
include, for ex&TPRS; Without ahy inteRticthat this Shouldbifrmose arrestriction cdimerics ing

a-methvistyrane-(2;4:gdiphenyd-4- methyiskpentene), enol gthsgﬁan%a%%%g?/%%x%'oa'iphaﬂc
aldehydes, terpenes, -terpinene, 15 terpinolene, 1,4-cyclohexadiene, 1,4- ihydronaphthalene,
1,4,5,8-tetrahyitériaphthalene 2 bediRydrofuran 2 sodimethyfurdmtand/ef3 6ecraTydro<21icpvran,

preference being.given-to,dimeric-a-miiothyistyrene, 20,The sulfurcontaining molecular weight

reg.ulators used may preferably be mercapto cpmpou_nds, diaikvl sulfides, dialkyl disulfides and/or
diaryl sulfides.2fhegfowing By meric atior Fdgitators dre-meRtisrad By Waycof efkample: di-n--buty!
sulfide, di-n-octvlsuifide; diohenyisulfide, 25 thiodiglycol, ethylthioethanol, di isopropyl disulfide_
din-butyl1(?)jsulfide, di-n-hexyl disulfide, diacetyl

The proportion of comonomers can be varied according to the
end use and profile of properties of the polymer. In
general, this proportion may be in the range from 0 to 30%
by weight, preferably 0.0l to 20% by weight and more

20 preferably 0.1 to 10% by weight. Especially the proportion
of l-alkenes can preferably be limited to proportions of up
to 30% by weight, preferably up to 20% by weight and more
preferably up to 10, particularly preferred embodiments of
polvalkyl (meth)acrylates for use in accordance with the

25 invention not having any repeat units derived from 1-

alkenes.

The aforementioned ethylenically unsaturated monomers can

be used individually or as mixtures. It is additionally

oy}
[an}

possible to vary the monomer composition during the
polymerization of the main chain in order to obtain defined

structures, for example block copolymers or graft polymers.



disulfide, dietW&o‘Jzﬁql{H%ngigtsbutyl trisulfide and dimethyl sulfoxide. Co?%@ﬁﬁi@%%%
I Ifides; tialkvi

preference as molecular weight regulators are mercapto compounds, di
disulfides and/or diaryl sulfides. Examples of these compounds are ethyl thioglypolate, 2- ethylhexyl
thiogivcolate, pentaerythritol tetrathioglycolate, cysteine, 2-mercaptoethanol, 1,3-mercapto- propanol,
3-mercaptopropane-1,2-diol, 1,4-mercaptobutanol, mercaptPacetic acid, 3-mercaptopropionic acid,
thioglycolic acid, mercaptosuccinic acid, thlogivcerol, thicacetic acid, thiourea and alkyl mercaptans
such as n--bufifienercackans, 5. bexyb nercaptan], tedodetykmercaptaor n-tedegybmercapsan.
Polymerizatio lators u ith. narticuilar preference are mercapto alcohols and mercapto
carboxyl acidg%%%%ﬁ:gﬁteéi?%?%%l&leggﬁt Iﬁ%/pergﬁlc?ﬁr{/leﬁ”prarﬁgu’la%%r%fé—%ﬁ@?s%i%r?ﬁ)eﬁ‘f% use of
n-dod=v1 10 Rretcaptan andteftelodecyiimercaptareas ehain transferers.ad@iparticular aspect of !she
present inveryion, passible £o se mixt. e.of moleculat welght regulato preferred mixtures
comprising especially sulfur-containing reguﬁators such as the aboveméntloonrenerﬁ%?nééb%n derivatives.
and sulfu-freé T8gulators saeh BsaarmpiroleRederpifef® anmederhatives thereof and suitable
transition. mefal. complexes, Mote referably L. 15 g03sible Jp usp mixtures of abovementioned
n-dodecyi mercaptan, ter:-nodecyl 20 rcapt.an and terpinolene as chain fransferers, The molecular
weight regulators are Jsed oreteraolv iii amounts of 0.05 to 10% and e- -ecially 1 to 6% by weight and
more preferably 2 t94:5% b ight., ba: ) Omers:25 ipolymer-tor, Further
informatiofound fy%ﬁ%e?ségﬁ%tﬁg aﬁ%%\?ﬁetgggi%%s't Ii?ga?tsurg,%%%pé%la s%le,gfﬁg1 %uﬁﬁgcations F.
Rausch-Puntiadit; - 27Slicer AR =30 HethacryiverBitigerR ¢ Acrylic. and Meth.achkic.
Compounds] Springer; Heidelberg, 1967 'eb@@%@.é/\/%ié'%tm@% der.organischen CheRde”
Methods of Organic Chemistryl Vol, =WI, p. 66ff., Georg Thiene, Heidelberg, 1961 arid WO
§%§éqmgégygg@§27f?l. 28, p. 7901-7910 (1995). In addition,

patent applications WO 96/30421, WO 97/47661, WO 97/18247,

2011/134695

WO 98/40415 and WO 99/10387 disclose variants of the above-
described ATRP.

In addition, the inventive polymers can be obtained, for
example, via RAFT methods too. This method is explained in
detall, for example, in WO 98/01478 and WO 2004/083169, to
which explicit reference is made for the purposes of the

20 disclosure.

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

25
One comprehensive description, more particularly with
further references, of these methods is given in
K. Matyjaszewski, T. P. Davis, Handbook of Radical

Polymerization, Wiley Interscience, Hoboken 2002, to which

(€3]
(e

explicit reference is made for the purposes of the

disclosure.



Kirk-Othmer "W@yﬁb}pﬁq&%fgghemical Technoiogv"2\éol. 0. 296ff., J. Wi@%ﬁﬁgﬁﬁ;@ﬁgﬁ?mmany

Processes of pax_IcuJar interest are especially those iv 5 which a majori

charaed and t.he polymerization initiators, as explained above, are added in. several steps over the
polymerization time. Preferably, at least 30% by weight, especially at least 60% by weight, more
preferably at least 80% by weight and most 10 preferably at least 90% by weight of the monomers can
be initially charged.. in a. reactor. Subsequently, L initiators mentioned can be added at the polymeT
temperature. Theregutatorsmayaitheo benritialhscharged foraddes-with dhe initiator, the regulators
being initially rged.in preferred processes. Particniar preference here is given to processes in
which at Ieastqé%%/g%gjsv%ﬁgkﬁ, (égé“é)é?épﬁh%%ﬁé”’té%t%o%%3@65)&% t, more f)nt%l?&gﬁl Cl'éast 86% by
wed. . and moseprefarablyratieastr 939 tyaweight obthermolecalar aveight régalatansade initially
charged in 2. 30,reactr; The golymeljzation.can,be perdomed af standard pressyrre., reduced
pressure or elevated pressure. The polymerization emp%rature also uncritical " general, however, it
is 25 in the rargent £50'y 206¢ preférablyi 20 - 180C and more preferably- 50 - 150C. In the case of
performance ofa freg:radigal.palymerization, highet polymetization temperaires may be preferable;
for instance, the polymerization temperature in the case of stepwise a ition of the ini %?o‘“rlng)gy
preferably be infthéltange frofh 26 19-180C, hiore preferality BOte 1500 Rarticularprefevence is given
here especially 10 progesses in whic %g&)&r@ izatjon is-perform at erature in the range
from O to 30C¥a%pve the ingit%a(lgt:)?/t%%%?rg ure at(\%v%ﬁgh%é r%%%é oﬁ%%?rﬁt%ﬂ%% is 30'minutes. The
polymerization- Bary be perforifiedsnith 6P RitRodt soent SPe teri Solvient should be understood,
here in a proad sensg. The selvents:to.bg used include hydracarben solvents, for example aromatic
solvents such as toluene, benzene and xylene, saturated hydrocarbons, for example cyclohexane,
heptane, octafé™iorshe’ deeane ‘dodetahe 210 whichrmini also be present in branched cormThese
solvents can be;usedsingividgally-orelse as aimixiure, Particularly preferred;salvents,are, mineral oils,

natural oils and synthetic oils, and mixtures thereof. 15 Ir. a preferred embodimen.t, the proportion of

solvent can b&'kEptisw, Breteired emBbdifentLETHE P6ce st ateotding 1 #he mvéntion having the

feature that, after-thei merizatiorchasiendethdheareds no.peed;to rMave,so,yent from the composition,
for exan;;fg?le by distillation, 20 %n. order to obtain a useable polymer mixture. Accordingly, the

proportion of SEVEHT(THICHS Q8- Gveralt prefefably it the fanderomA0 o/ 30 By weight more
preferably 0.54013:0% by aveight-and:most peeferably in the range from | to 8% by weight. The solvent
here may 25 es(chiall serve for ..ssolution of the initacor added over the course of the reaction. The

alted B6ove Espatially the 3L poise additisn 8f the mitistor to'a Fedetdr corprising

measures detai

relatively large amotints pithednesomers; icangive surprising-advastages: One-of these is more

articularly that the reaction can b formed without any great amounts of solvents. If only a small
gmountogi{l %gla%iy 5%@ %gfioéyng compounég: y

20 methyl ethyl ketone peroxide, acetylacetone peroxide,
dilauroyl peroxide, tert-butyl per-2-ethylhexanoate, ketone
peroxide, tert-butyl peroctoate, methyl isobutyl ketone
peroxide, cyclohexanone peroxide, dibenzoyl peroxide, tert-
butyl peroxybenzoate, tert-butyl peroxyisopropylcarbonate,

25 2,S—bis(2~ethylhexanoylperoxy)—2,5~dimethylhexane, tert-
butyl peroxy-2-ethylhexanoate, tert-butyl peroxy-3,5,5-
trimethylhexanocate, dicumyl peroxide, 1,1l-bis(tert-
butylperoxy)cyclohexane, 1,1-bis(tert-butylperoxy)-3,3,5-
trimethylcyclohexane, cumyl hydroperoxide, tert-butyl

30 hydroperoxide, bis(4-tert-butylcyclohexyl) peroxydi-
carbonate, 2,2’'-azobisisobutyronitrile, 2,2’ -azobis(2,4-
dimethylvaleronitrile), 1,l-azobiscyclohexanecarbonitrile,

diisopropyl peroxydicarbonate, tert-amyl peroxypivalate,



used for prepgiati },Eg alkvl(meth)acrvlates, g distillation for re I (ﬂ_, lvents and/or
residual mon(?r{'r?ér%‘%g{n el%%%ensed with. This aIIov?Vg the reaction to br}oé?/ c‘%@& \%é%ﬁ?e%ensielv.
It is surprisingly possible to obtain, more particularly, very narrow molecular weight distributions with a
low polydispefsi y index without any need to use costly processes such as ATRP. In addition, the
reaction time and initiator consumption can he mirim'zed 10 Tbe proportion of the
polyaikvi(meth)acrylates for use in accordance with the invention in the lubricant is at least 30% by
weight, espeaially235% diyakeight, meonepreferabhoatilaast 40% bynweight aad mest preferably at

leastt by 15 weight, based aon the total weight of the lubricant. As well as the polvalkyl(me )acrviate to
S %E.a ﬁ%ﬁsgrﬁ%%?o%ogﬁ%gﬂw é%‘%% Tisd At f€dSt one further

be used obliggtorl ,aprof2rred u5tacza?n% fo
base oil. The preférréd baseinckidees:eeciadlyminetaloilsdsynthetic-oils:and naturakeils<Mineralare

known per se and commercially available..25 They arc.generally aobtained from mineral oil or crude oil
by distillation %nd/%?oref? igg %%é%ﬁi%ﬁélléizrthe?%ﬂ%ﬁéa |o’n%an§{ fifis %nﬁ IOCESSes, the term
mineral dil inchuditg dnpargiculai the higher:boilimadfractions oberudeder mineral ot/ In general, the
boiling point of 30, mineral, qili Ihg{!ier tBar‘2 2000:0. . preferably. higher than 300C, at 5000,Pa_ The
production by Iqw-temperatur§ carbonization o %?%I]ésoﬁ% co i%n gf%%t%ﬁﬁgﬁg %Gg,egié,till%ttiaﬁ of
brown coal with 8g¢lasionof airdand afscuhydrogenation of bitunirousaer, browh’coal is likewise

possible. Accgrdingly, mingral gils.have; depending on.their origin, different Proportions .of aromatic,
cyclic, branched and Iine%%%y%rocarbor%s. 5 Aﬁ%lrgbrovleé ‘clésés’gg n%l%?éloﬁfég(rgfu%%ﬁéﬂﬁ0r content,
reduced nitro§ér E8AteNt, Highervistosicytindextlowep poarpoint)aesulisfromyydregen treatment of

the mineral oils.thydroisomerization, hydeagrasking. fydrotreatment, 10 bydrofinishiang). In the
presenoe of hydrogen, 7.his essentially reduces aromatic comToonents and builds 151.17 naphthenic
ComponenELbUtyfate and mixtures of the aforementioned polymerization

initiators.

According to the invention, very particular preference is
15 given to polymerization initiators having a half-life of
1 hour at a temperature in the range from 25°C to 200°C,
preferably in the range from 50°C to 150°C, especially in
the range from 50°C to 100°C. In addition, peroxidic
polymerization initiators, especially tert-butyl
20 peroctoate, are very particularly suitable for the present

purposes.

According to the embodiment, it is also possible to use
various polymerization initiators. If various initiator
25 species are used, they are preferably added separately in
successive steps, in which case the polymerization
initiator added later should appropriately have a higher
half-life than the polymerization initiator added

beforehand.

In preferred processes, the at least one polymerization
initiator for the free-radical polymerization is added in

at least two steps. The polymerization initiator can be



Synthetic oils § Qsﬂﬂ%rligggseters, for example dieztgrs 15 and polyesﬁgﬁéééaéﬁ)gw;ﬁols,
r

polyetheis, synthetic' hydrocarbons, especially poiyoléfins, among which

poiyalphaolefins (2A0s), silicone oils and perflueroalkyl e:hers. In addition, it is possible to use
synthetic base oils originating from gas to liquid 20(GTL), coal to liquid (CTI.,) or biomass to liquid
(BTL) processes. They are usually somewhat more expensive than the mineral oils, but have
advantages with regard to their performance. 25 Natural oils are animal or vegetable oils, for example
neatsfoot oils afijbjabal ails: Basesailsfot tubricant eil- fosmadations.are divided, inte; groupsg according to

API (American ESUOI& m TnatJtWTq). 3Q 144neral Oé|s are divided into grouptT (nen-hydrogentreated)
and, depending on the degree of saturation, suifuf Qomtent and VASEosRy indeX intd‘§roupsTT and(both
hydrogen-treated)aPACs torresporiditotgroap &V LAl athierhase ©ils arerencompassed,dn group V.
These baGe oglé nay. agoable %sieid as gw)xtgr%s anq mafalé{ are 5 commercially avaiMble. Particularly
preferred Thibricants of the present invention co?r?pﬁ’éaé }}ﬁgé‘t”o Jenpolvalphaolefin (PAO) or a group
1l oil havifng a kinematic viscosity measured. at 100C in the 10 range from 3.0 to 10,0 rant/53,

preferably in she ran %iré){n 2:3.19:9.0 mal2,/s %%chgg£refera y in she range%%om 7.51t0 8.5 =0s

CASTM D 445). in a further embodiment, urefersnce is given to lubricantsWhich comprise a

polyalphaolefino(PA®Y ora group ilhoit having areat 100G 25 Kinemate vistosity=ih the range from 3.0
to 5.5 mmA/s gpd mare preferably 3.5 10 5 ramPls, Further lubricants of particular Interest are those

K K 10 , 1 n T R
which comprise at least one group Il mineral oil. %ﬁ}fperffsmg 20 a?t%/ar“fages can be a%‘ﬁ%ve&%speually

by lubricants Whick €érprisetatdeastione pourpaintimprover ametatleast arreegroup Il mineral oil

having a inematic yiscosity 7100 jn the range from 310 10,513.2/s and more preferably. 5.5 to 9
san2/s, measured at 100C. according to %STM 0245. 25 Prgl%ereﬁ(t::ee i@s’gi%ﬁ fog Dgl"ﬁ%y

poly(alkvi)methatfvial €8 D gethe? Stk a.agrop Hi Ainerat oit asanpourgpointimprowersThe proportion
of further base oils, especially of 30 polyalphaciefins and/or coup Il mineral c*Is, may be at least 1111
by weight, more preferably at least 35% by weight and most preferably at least 45% by weight, based
onthetmalwé@hﬁ&ﬁh%QG@%%nﬁ?epf the polymerization initiator, in a

first embodiment of this preferred process, is preferably

15 added all at once. Alternatively, however, it 1is also
preferable to meter in the polymerization initiator in the
second step, preferably continuously, especially with a
constant metering rate. In a very particularly preferred
embodiment of this process, the polymerization initiator

20 can be metered in continuously in the first and in the
second step, favorably with a constant metering rate in
each case, the mean metering rate of the second step
preferably being greater than the mean metering rate of the
first step. The ratio of the mean metering rate of the

25 second step to the mean metering rate of the first step is
preferably greater than 1.2:1, preferably in the range from
1.2:1 to 10:1, more preferably greater than 1.5:1, even
more preferably greater than 2:1, especially greater than

3:1.

(o8]
e

The amount of polymerization initiator added in the second
step 1s preferably greater than the amount added in the
first step, in which case, in the second step, based on the

total weight of the polymerization initiator added in the



As well as th r [ omponents, a lubricant oil composition rise further.
G Ariaes vl R T

additives. Tiese additives include DI additives (dispersants, deteraents,

inhibitors, antioxidants, antiwear and extreme pressure additives, friction mdifiers), pour point
improvers (more preferably based on polyalkyl(meth)acrylate having 1 to 30 carbon atoms in the
alcohol group), and/or dyes. 10 In addition, the lubricant oil compositions detailed here may, as well as
the inven-Eive polymers, also be present mixtures with conventional VI improvers. These include
especially hydrogenatedstvrene<dienebopolymeis:g43D3210% US43:26:917: LS 3 772 196:and US 4
788 316 to Shell Qil Company), especially based.on butadiene and jsoprene, and also_olefin
copolymers (rcl)%éP K. (651)}:5% l:”ﬁﬁthee%%ﬂirlg Review of C \gi%c%gf%y MR Fhriers L ubridation’Science
1 (1988), 26") ~éspecidllytafehepoly (ethyiene compropytens)20 typer whichrmay @ften alsode:.oresent
in N/O-funct.iogﬂgo{ms\giég d'isspeésdjgie%gtion, or PAN7A5, which are usually. resent in N-functional
form with advanLageous booster properties as a. dispersant, antiwear addi.:ive and/or friction. modifier
(DE 1 52B 696 to Rohm and Haas, 25 WO 2006/002934 to RobMAx Additives). Compilations of VI
improvers Lin ur point i rs for lubr iIs, especially motor oils, are detailed, for example,
in 1. Mang, W@%eégﬁgggg%\%r%g s%%%k?%%tigﬁ%%%é Cﬁf \A?eir%ﬁfﬁOla}%R.ﬁ?jl\ﬁbnrtier, S. U.
Orszulik (eds ;- Chermistry ahd Teohmoiogyioftabricants?, Blackie Aademic asRrofessiohal, London.
1992. or I. Bartz: jAdditive flde Schmierstoffe” Additiyes for Lubricants] Eé%or&\l/erlag, .
RenningenaMa7msheim 1994. Appropriate dispersants inc ude poiy(isobut- fene? deria vatives, e.g.
palyisobutvieR®)stieGninides (PIESL. $)7 5athyléfiepropyléne olideméts with N/6furictiopala:aPs.
The prezgrred detgrgents 4 neiklde metai-cortatning compounds, for example phenoxides; salicylates;
thiophosphonates, especially thicpvrophosphonates, rfan- 10 phosphonates and pbosphonates;
sultanates and carbonates. As metals, these (=pounds may comprise especially calcium, magnesium
and barium. These compaundsJnay be used preferably in heutralor overbased. form, lo Of particular

interest are additionally defoam_ 6, which are in many cases divided into silicone-containing and
silicone ...free" Gafoamers Pind Sii¥ome-EbAtaIAG Antifsanvssrickise liveardsbly(dimethylsiloxane)
and cyclic poly(dimethylsiloxape). hersilicane-free defoamers M%&@@%@éfxgb,e used gre in many
cases p%vethers, for example poly(ethyiene clycol), polvacrylates or tributt/1 phosphate.

case, 1in the third step, more initlator is added than in

the first step and than in the second step. In the third

step, the polymerization initiator is appropriately added

all at once. Alternatively, it is also preferable to meter

in the polymerization initiator in the third step,

20 preferably continuously, especially with a constant

metering rate. In a very particularly preferred embodiment

he present invention, the polymerization initiator is

h
T

o
metered in continuously in the first, in the second and in
the third step, favorably with a constant metering rate in
25 each case, the mean metering rate of the third step
preferably being greater than the mean metering rate of the
second step, and the mean metering rate of the second step
preferably being greater than the mean metering rate of the

first step. The ratio of the mean metering rate of the

W
C

third step to the mean metering rate of the second step 1s
preferably greater than 1.2:1, preferably in the range from

1.2:1 to 10:1, more preferably greater than 1.5:1, even



Ina oaxticularm%rﬁq%ﬁ@g inventive lubricant og gompositions may ?%T%ﬁ%%ﬁ azéjgggi?gibitors.
' vat .Th-

These are in many cases divided into ant.irus.t additives and meual pass

ancirust additives used may, inter alia, be sultanates, for example petroleumsulfonates or (In many
cases overbased) synthetic alkvlbenzenesttlfonates,,Inaphtnenes.ulfonate; carboxylic acid derivatives,
for axample lanolin (wool fat), oxidized paraffins, zinc naahthenates, alkylated succinic acids,
4-norrylahenoxyacetic acid, amides and imides (N-acylsarcosine, imidazoiine derivatives); amine-
neucralized mono<and dfatkebphosphates; marpholine; dicycienexyiafiire gr-diethanolamine. The
metal passivatprsldeactivators include benzotriazole, tolyliriazole, 2-mercaptobenzothiazole, dialkyl-
52,5-dimercathc')- ,3:4-uhiadlazole; N,N7-disall *ideneetITylenediamine, N,N'-disalicyl
denepropylenediamine; zinc dielky]dithiophosphates and dialkyl dhthiocarhamates. 10 A further
preferred gro %gut'v _isthat of antioxidants. The antioxidants include., for. PxamDie, phenols, for
example 2,6-;{5?%;? thiljﬁ%ej%}é é',G-E) 6%)&%%'[60& h?&?gﬁ%ﬁ‘e%%h(h%fnltlat@r
2,6-di-terBbuuyilim@éthylphérol f4 4t mhetinvienebis 2,80k terb butylphenod)r 15asematiecamines,
especially alk d dip mines, N-p -i-naphiThydamine (NA), polymeric i
2,2,4-tzrimeth\§%%%g§o§%ge (%?()tggm%%%y% élcggt%ﬁiiné%u u‘(F %%d%h%%bhﬁ?ﬁs??o(f example metal
dithiophosphatés. &y giredithiophedtthateshZniDTps.), wadsliriestérst teaction preduictsaafi on
dithiophosphorl.; acie with asfivated,double bonds from.algfing, evplopeniadiene. norbonladiene,
Lkpinene, polvhutene, acrylic esters, maleic esters (ashiess on com ustloni/; organosu?fur compounds,
for example diafkyt suffides cdianyh salfides 230lvsifidés) 25 modifiedithielss thiophere-derivatives,
xanthateg) thiaglveols, L« Ligaldenydes, sulfur-containing casbaxylic acids; heterocyclic sulfur/nitrogen
compounds, especially dialkyldimercaptothiadiazoles, 2-mercaptobenzimidazoles, zinc and
methvienebis @itk githiceatdmate); crgaRepResiad phoruseorfsoundssforexampletfardy! and
trialkyl phosphites; organocopper compounds and overbased calcium-and magnesium-based
phenoxides and salicylates. The preferred antiwear (AW) and extreme pressure (EP) additives include
phosphorus compolnds Gof Example fakyFpRESphAESHERPhespiatés g atricrésyiphosphate,

amine-neutralizedimeno-sand dialkyl phesphates,gthoxylatedyneno.qnd.dielkyl phosphates,
phosphiﬁ. s, phosphonates, phosphines; =pounds containing siLl fur and phosphorus, for example

metal dittiophospHates, é: %1%3%&%@9%0%836%@% (ZADTPS), @mmbfium
dialkyldithiophesphates; antimeny dialkvidith ioph-esphates; 10melybdgpum dalkvidithdophosphates,
lead dialkyldithioPhosphates, "OOS Eriestersreaction products of dithiophosphoric acid with actfvace.d
double bonds ffom blefing, &yEisHeHiAdiene, norbornadiene, D-pinene, polvbutene, acrylic esters,
maieic esters, 15 triphenylphosphorothionate (T22T); compounds containing sulfur and nitrogen, for
example zinc J%sﬁgm | dithiocarbamate or methylenebis(di-h-hutyl dithiocaybamate); sulfur

comniiunds containing elimental Sulftir ahd M2S-stifanZed htrdcarsoHs (disobdtilene, 20 terpene);
sul f.uni2éd glyceridestand fatty acid,cestersyoverbased sulienatesi chierine gempaunds;or solids such
as graphite or mglgbqlen_u disulfide. C

calcdulated on the basis of the parameters known per se, for

example the decomposition constant of the polymerization

initiator, the temperature profile during the

polyvmerization, the addition profile. For metered addition

25 at constant rate at a constant temperature, for example,

the following equation applies as an approximation:

Tss/ Iz = 1/ (kg ty)

where the ratio I;./Iy denotes the proportion of the as vyet

unconsumed polymerization initiator based on the total

W
(@]

amount of the polymerization initiator added during the
second step, where ks is the decomposition constant of the
polymerization initiator and where ty is the duration of

metered addition.



A furtherred YRY I is Llat of friction 25 hfiers. The fricmaqgdfi hanically
active compound;&,qg?fe*)?e{iré%% molybdenum disulfi Z{:graohiLe (includ;ﬁg?@ﬁﬁﬁiﬂlggﬁiﬁ),

poly(trifiloroethviene), naive:ride, polyimide; compounds which form adsorption layers, for example
long-chain 30 carboxylic acids, tatty acid esters, ethPrg, alcohols, amines, amides, imides; compounds
which form layers through tribochemical reactions, for example saturated fatty acids, phosphoric acid
and thdophosohoris esters, xanthogenates, sulfurized fatty acids; compounds which form poiymer-like
layers, for exampie ethoxylatad: dicarhoxytie acilpartialbesters; dialkyl phthalgtes;,-methacndates,

unsaturated fatty acids, sulfurized olef f orgahometal:ic 5 compounds, for example malybdenum
compounds (ﬁ]rb)‘fytbl e%%?n Sﬁﬁﬁgﬁ ogéﬁ%gs ]arr?anﬁglye/bggﬁ&m%gﬁﬁ%o%a%a%‘%gl’esﬂo%%éé;%nd their
combinationsowitte ZnDARs, coppéerscarntainingeorganic eampounds: fuSaemesofdhe campeunds
detailed abo%?om% gcéyn%a E”“It}x fygct,iﬁoﬁnsg%?)jgr eé%rngletglsagriryarili%/ban anti wear gd itive and

N It A

L O L Llg oY = e anmed [SHRYA
extreme pressure additive., But also has the character of an antioxidant and corrosion inhibitor (here:

metal paSsivatordeactivater).ctb The additives detailetzaboverarerdesceibed in moredetail, inter alia,
in T. Mang, W..Dress' ! ica ind Lubrication”, Wiley-VCH, Weinhffim 9001; R.N. Mortier,
Orszulik (ed\é%ﬁcef?gm%?réganod%r%gﬁ?oﬁsggy%#ngﬁ%a%qﬁl"%%%én 96%%ﬁ%gé%aﬁoﬁih. further
additives, thediivehdive potmersiand #eelubri ancs are notable for a intlude of favorable properties.
therefore, it is surprisingly possible to provide lubricants which 25 preferably feature a low propor.Lion
of ester oils, Particularly preferred lubricants comprise at most 10% by weight and especially at most
5% by weight 6f-estersifs: Maostpréferably, the inventivelabriceits mayenotccomprise anydetectable

amountgof ester oils.Ester gils are kngwn in.the speciglist field.and. featyre a molecylar weight of at

most 800 g/mﬁol. Preferred lubricants have a viscosity measured accordina to ASTM.‘D 445 at 40"C in
the range frorP200-f°2000- MM seEspetialli 230 to/ T600 Aitfis Omore preferably-in the range from
300 to 200 ar\iUZ. The kinematicviscosity KV))0,5 measured at.100c'C accarding to, ASTM D 445 is

preferably at least 30 mmL/s, more ureferably at least 33 mm-Is and most preferably at least 37
mat2is. Accomf,}&%f&ﬁe&onstantly rising amounts of polymerization

initiator in an infinite number of steps.

The process detailed above allows a rapid and extremely
effective polymerization of ethylenically unsaturated
compounds and leads to polymers with comparably low
residual monomer contents. Nevertheless, it has

20 occasionally been found to be extremely favorable to
provide further initiation toward the end of the reaction
in order to lower the residual monomer content of the
reaction mixture gstill further. Further initiation 1is
preferably provided at a time at which at least 75.0% by

25 weight, appropriately at least 90.0% by weight and
especially at least 95.0% by weight of the total amount of
the polymerization initiator added during the last step has
been consumed. Preference is given to metering in a further
0.1% by weight to 100.0% by weight, especially 5.0% by

30  weight to 50.0% by weight, of polymerization initiator,
based on the total amount of polymerization initiator added

beforehand.



lubricants cor, iscosity grades (ISO \\G) ISO 220, 7S0 3 4 and
ISO 1000. 10@%%3%&%?&1\% inventive polymers,\%%wever, IS not Iimit?épg @%gg {%@%ﬁ bricants

detailed above; instead, they may also find use in other applications, especially other lubricants. In a
particular aspect_ of the present invention, preferred lubricant oil composition have a viscosity index
determined accord?na to ASTM D 2270 in the range from 100 to 40n, more preferably in the range
from 130 to 350 and mosu preferably 20 in the range from 150 to 275. The present lubricant oils have
a very high shH&e stability, andone wey ofdeteemiming: thigisdi\etheltapered roller bearing (KRL) test
to Ott L45-T- r 25-instamce. preferred lubricants r 20 hours at load 5000N, an oil temperature
of 60C and a%%é:g?j.(%?gl4%§mniﬁ eé:(gh%blltngrdﬁec‘?gfsreeiﬁaV|586S| 13} otf{é? most 8%. 1h @n a%pgoptrl%lte
modification, theSgervanent shear ik stability index (PSSHhaccordingtorASTMe1226n3 Ref. B
(ultrasound treatment for 12.5 minutes) may be less than or equal to 35, more preferably less than or
equal to 20. It is advantaaeously also possible to obtain lubricant oil compositions which have a
permanent shéat stability srdese(P551 ) mecdeling:td BIN 52381130 bycles of arBoschpuimp) of at
preferably at most 2,and most preferably;at rost 1. Also surprisinaly high is ... he seal compatibility of
the present lubrloan -. For instance, the change in volume is preferabfi/ at most 0 to +f6°70, measured
after 168 h antF £O00FY at°s térrpéaturesefar00S with arrSRENEP28/8 X l0relastomier according to

DIN ISO 1817, n {he.case, of use.of .72 NBR 902 or 75.FEN 585 elastomer, a change in the

specimen volume of a% most 13 to +5% is preferably found, measured after 168 hand 1000 h at a
temperature of 100C according to DIN ISO 1817. In the case of use of a 75 FKY 170055 eiastomer, a

change1p therspecimen volume of abmosd =2-10,:5%:is preferably likewise foung, measyred 168
h and 1000 h at a temperature of 130C according to DIN 1.50 1217. 20 The chance in the Shore

hardness in the“€38e-6f u¥e bffetinGentive luBRicartis preferdbly: fikewise Méry Simat <The change in

the Shore. A hargdness is @@Ie@meaqwa@&wéaﬁﬂ@tp@%gre<é,%ﬂ@t§pﬂ@ﬁé§yte@-aﬂ6f 168 h and
1000 h at a temperature of 100C with an SEE NBR 28/SX eiast-orler 25 according to DIN ISO 1817. In

the case of u8EbFY 72INBR-YOF 61 75 BRM 585 fistomér 2 éRdrige in theBiute A hardness of less
than or equalde &18hares Apaintsys peeferably found, measured aftey,168 h.and 1000 h at
temper%%we of 100C according to DIN ISO 1817. In the case _
terpinolene, "1, 4-cyclohexadiene, 1,4-dihydronaphthalene,
1,4,5,8~-tetrahydronaphthalene, 2,5-dihydrofuran, 2,5-
dimethylfuran and/or 3,6-dihydro-2H-pyran, preference being

P A4 - ; -] -
given to dimeric o-methylstyrene.

20  The sulfur-containing molecular weight regulators used may
preferably be mercapto compounds, dialkyl sulfides, dialkyl
disulfides and/or diaryl sulfides. The following
polymerization regulators are mentioned by way of example:
di-n-butyl sulfide, di-n-octyl sulfide, diphenyl sulfide,

25 thiodiglycol, ethylthioethanol, diisopropyl disulfide, di-
n-butyl disulfide, di-n-hexyl disulfide, diacetyl
disulfide, diethanol sulfide, di-t-butyl trisulfide and
dimethyl sulfoxide. Compounds used with preference as
molecular weight regulators are mercapto compounds, dialkyl

30 sulfides, dialkyl disulfides and/or diaryl sulfides.
Examples of these compounds are ethyl thioglycolate, 2-
ethylhexyl thioglycolate, pentaerythritol tetrathio-

glycolate, cysteine, 2-mercaptoethancl, 1,3-mercapto-



30 of use of nfe EWliganglé?f e'astomer, a change g the Shore A har%ﬁg?ﬁ }Bg&ﬂ qual to

5 Shore A points is pref y likewise found, measured after 162 h and emperafure of
130C according to DIN ISO 1817. in addition,the ..:Jaston,r., after contact with :he nventive lubricant,
preferably have relatively constant stress-strain characteristics. For instance, the tensile strength
measured according to DIM 53504 after contact with the lubricant at 100C. for 164 b. and 1000 h (DIN
ISO 1817) Rferably decreases by at most 30%, tlds value aNDIYing especially to the elastomer SRE
NRR 28/SX. inrthe@ase of tseof asid NBR-902 or 75 KM &B5 dlastamerthettensiteatbstrength
measured ac ' IN.53504 after contact with the lubricant. at 100C for 1.68. h and 1000 h (DIN
ISO 1817) prg%r?ably,@c?e%:%gsés %yg gtg r'no%ét @%O%\g(ﬁ}ls t%hoepgaospelc())Tn use 6fa7s ﬁ%@gg gl%\%tomer,
the tensile streagth measuredtaccording o DINB3504 aftey tontact Withtfhedubricant ."at 130C. for
168 h and 1000 h 7 7).ref i ' creases by at most 50%. In add -,on, the
tensile strain g%*bor(egggﬁnggqsﬁiad* ggo%%%%%%gﬁ%%%%gl}glftzarscggt?&Fﬁhr%ﬁé Tibricane at 100C for
20 168 hPand1900’h (DIN-FSO 4817} préfeiably derteases by abmost 408 ¢his value applying
especially to he.<lasiomer SYINAR-2IDdhe Gase ofuise LS ZNBR A02,r o EKM, 385 elastomer.
the tensile strain, at break measured according. to DIN 53504 after contact with the lubricant at 25
100C for 168&nd>I60C R (BN ISE BT preferably Hecreaseshycatnost60%otthe case of use of
a. 75 FKE 170055 elastomer, the tensile strength measuted accarding to DIN 53504 after contact with
the lubricant at 130C for 168 h and 1000 h (DIN ISO 1817) prefexably likewise decreases by at most
60%. In additiht the"presenPlubridamsexhitit Excefientflowalsiliiescatidw teffpératutes. For
examplegthe ndscosity Measwied at -262G..60rding L0 ASTM:1)2983 may preferably he at most 150
000 mPas, preferably at most 100 000 mPas anb more preferably at most 70 000 tPas. In additlon, the
pour point (PP) accordisq to ASTM D97 of preferred lubricants may assume values of less than or

equal to -30C; preferably less than gt gqual to=35Gand-more preferably less than or equal to -45C. 10
The present lubricants counteract material fatigue and wea surprisingly ssfongly, and. so the lifetime of

transmission SYStEme’¢anbe ificredSet. THRSH HdiRG E8A beCortfirrhéd” ByAratous e hods.
Forirstance, espeeially SRV- tests exhibit @rgurpasinglydew-wear fagtormeasured.acgardingfo DIN
51834-4 (load: 300M, stroke length: 1200 "m, frequency: 50 Hz, duration: h.). For instance, preferred
lubricant? at & t&fpératiré 6t'60C AchibVE aWearTaEior of praferdbly aPirost 26 9206, espetially at
most 1100 sadiNd Osandmore preferahly: 1000 ma$/105. At 10Gpreferreddubricants attaip a. wear
factor or preferagly da; Sst QSO ma03106, e: roecr%ﬂyﬁt most 550 and more preferablﬁTSOO recrt/lOc.
25 In addition e presentlubricants Have surpfising advaRtages dcebrding 8 micopitting tests

described.in complexes. More preferably, it is possible to use mixtures
of abovementioned n-dodecyl mercaptan, tert-dodecyl

20  mercaptan and terpinolene as chain transferers.

The molecular weight regulators are used preferably in
amounts of 0.05 to 10% and especially 1 to 6% by weight and
more preferably 2 to 4.5% by weight, based on the monomers

25 used in the polymerization.

Further information can be found by the person skilled in
the art in the specialist literature, especially the

publications H. Rausch-Puntigam, T. Vdlker ,Acryl- und

(o)
(]

Methacrylverbindungen" [Acrylic and Methacrylic Compounds]
Springer, Heidelberg, 1967; Houben-Weyl ,Methoden der
organischen Chemie“ [Methods of Organic Chemistry]

Vol. XIV/1, p. 66£f., Georg Thieme, Heidelberg, 1961 and



US 2009-009 I ber 3, 2007 at the US o tent Of- (USPTog, '%ﬁ@li | ber
11/266,696. F?r%%?% rlllj }Ilﬁgﬁ%gﬁs do not exhrbit any a(lg?ure with regard 3 {%.F ﬂciﬁ}lhoé]%%iglloag
stage of at least 8, especially at least 9 and more preferably at least 10, measured by the method
detailed in PVA. Information Sheet uMicropitting”, No. 54 / 1-TV, published by the
Fprschungsvereinigung Ahtriebstechnik e.V., layoner Strasse 18, D-60528 Frankfurt/Main. The
present lubricants can be used especially as transmissiaa oil. In this context, the lubricants are
especially suitabté farttransmission gydtemsiihichare useddn wimed power planats vaxial trapnsmission,
systems and vehiglggt%afnsmi?siowfygtem £esp 8ila}I(Iv rqagr%e txansmission systems. Transmission
systems for wind power 10 plants ma)}/bre erablv comprise spur crear and/or planetary transmission
systems, preference being given especiaaly to spur gear transmission systems with. 2 to 3 spur gear
stages, planefary lansuussion sysiems wilh 1 planelany stage ang, 2 spuf gear ransmission systems,
and planetary 15 transmission Systems with 2 p?aneiar? stages gnd i?spur @/ear‘ ransmiissiou system,
in order to transiitithe high forées/whitht bearmom thestransmission-systéms cThesewindpbwer plants
may preferab v E)%) r st 50.kW, especially at least.300.kVi.and most nreferably at
least 20 2300;;&{% %g he%%c%ﬁq%g %fg%\%a%%%ry b%%{%l?g?t%bpo%dl\lr%}?%gﬁéci%ﬁyeat least 100 000
NM and, moré peesferably ae'veast LIS 300000Wm. tIfheopregent: linvenition isiode illustrated
herinafter by 25 examples and, comparative gxamples, without é’gtleﬁigg. that this should impose a
restriction. Examples and comparative axamoles 30 Gener=tl methcO for preparation of the polymers A
1 liter 4-neck FoUREEBEHOM fleek eqeiipedwith & precisionsglass Stifper (i saber form) andsprecision
Glass sfirer sleeve.(operated a: 150 revalytions, per. minute), -thegmometer, and reflux condenser was
initially charged with 760.0 g of a monomer mixture whose composition is shown in table 1, for
example consisting 6f.C ¥2-E15-4EleyImethagnfates fofekamples?: togethek with 14.06 g of 5
dodecyl mercaptan:and,14.06.0f tertdodecyl mercaptan and 324 3.0f the mineral ojl Nexbase 3020

as a. solvent. The ,
temperature. The regulators may either be initially charged

or added with the initiator, the regulators being initially
15 charged in preferred processes. Particular preference here
is given to processes in which at least 50% by weight,

especially at least 60% by weight, more preferably at least

ol

80% by weight and most preferably at least 90% by weight of
the molecular weight regulators are initially charged in a

20 reactor.

The polymerization can be performed at standard pressure,
reduced pressure or elevated pressure. The polymerization
temperature is also uncritical. In general, however, it is

25 in the range of -20° - 200°C, preferably 20° - 180°C and
more preferably 60° - 150°C. In the case of performance of
a free-radical polymerization, higher polymerization
temperatures may be preferable; for instance, the
polymerization temperature in the case of stepwise addition

3U  of the initiator may preferably be in the range from 20 to
180°C, more preferably 60 to 150°C. Particular preference
is given here especially to processes in which the

polymerization is performed at a temperature in the range



temperature | OC. Thereatfter, 1.9 g,of tert-butyl per-2-e§w€¥j? dé edin
7.60pg of Ncwg?g%iﬁ%ég Yo solution) were meterc(];gl in within three 10 gmazg %&ﬁ 5% of
the amount specified within the first hour, 25% with.in the second hour and 70% with.d.n the third hour.
120 minutes and 180 minutes thereafter, another 1.52 g each time of Lert-butyl per-2-ethyinexanoate
are added. The total reaction time is 6 hours. 15 The weight--averacm molecular weight M., and the
polvdispersiny index Pal of the polymers were determined by GPO. The measurements were effected
in tetrahydrofdraprat B5Cagdifst alpolymethylmethadrylate caliration curve 20 fronta setrafe 25
standards (Pcﬁ mer Eapézlar(%s évi%erlog Po]é/mer.Lab%atories the Mpeak of which had a

homogeneous logarithmic distribution over f eor%néé from 52105 o 2-102 g/mol. A coMbination of six

columns (Polymer Standards Service SDV 100A / 2x SDV LXL / 10 SDV |uDA / 25 Shodex KF-_SOOsz,
e Tl e ol e
5 solvent. The term “solvent” should be understood here in a
broad sense. The solvents to be used include hydrocarbon
solvents, for example aromatic solvents such as toluene,
benzene and xylene, saturated hydrocarbons, for example
cyclohexane, heptane, octane, nonane, decane, dodecane,
10  which may also be present in branched form. These solvents
can be used individually or else as a mixture. Particularly

preferred solvents are mineral oils, natural oils and

synthetic oils, and mixtures thereof.

15  In a preferred embodiment, the proportion of solvent can be
kept low, preferred embodiments of the process according to
the invention having the feature that, after the

L N .
polymerization has ended, there i1s no need to r

0]

move
solvent from the composition, for example by distillation,

20  in order to obtain a useable polymer mixture. Accordingly,
the proportion of solvent which 1s used overall is
preferably in the range from 0 to 30% by weight, more
preferably 0.5 to 10% by weight and most preferably in the
range from 1 to 8% by weight. The solvent here may

25 especially serve for dissolution of the initiator added

over the course of the reaction.

The measures detailed above, especially the stepwise

addition of the initiator to a reactor comprising

-]

relatively large amounts of the monomer

(V]

, can give
surprising advantages. One of these is more particularly
that the reaction can be performed without any great

amounts of solvents. If only a small amount of l-alkenes is
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used for preparation of the polyalkyl (meth)acrylates, a
distillation for removal of solvents and/or regidual
monomers can be dispensed with. This allows the reaction to
be conducted very inexpensively. It is surprisingly
possible to obtain, more particularly, very narrow
molecular weight distributions with a low polydispersity
index without any need to use costly processes such as
ATRP. In addition, the reaction time and initiator

consumption can be minimized.

The proportion of the polyalkyl (meth)acrylates for use in
accordance with the invention in the lubricant is at least
30% by weight, especially 35% by weight, more preferably at
least 40% by weight and most preferably at least 45% by

weight, based on the total weight of the lubricant.

As well as the polyalkyl (meth)acrylate to be used
obligatorily, preferred lubricants for a transmigssion

system may comprise at least one further base oil.

The preferred base oils include especially mineral oilg,

synthetic oils and natural oills.

Mineral oils are known per se and commercially available.
They are generally obtained from mineral oil or crude oil
by distillation and/or refining and optionally further
purification and finishing processes, the term mineral oil
including in particular the higher-boiling fractions of
crude or mineral oil. In general, the boiling point of
mineral oil is higher than 200°C, preferably higher than
300°C, at 5000 pPa. The production by low-temperature

carbonization of shale o0il, coking of bituminous coal,

distillation of brown coal with exclusion of air, and also
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hydrogenation of bituminous or brown coal is likewise

possible. Accordingly, mineral oils have, depending on

their origin, different proportions of aromatic, cyclic,

branched and linear hydrocarbons.

An improved class of mineral oils (reduced sulfur content,

reduced nitrogen content,

higher viscosity index, lower

pour point) results from hydrogen treatment of the mineral

oils (hydroisomerization, hvdrocracking, hydrotreatment,

hydrofinishing) . this

In the presence of hydrogen,
essentially reduces aromatic components and builds up

naphthenic components.

Synthetic oils include organic esters, for example diesters

and polyesters, polyalkylene glycols, polyethers, synthetic
hydrocarbons, especially polyolefins, among which
preference is given to polvalphaolefins (PAOs), silicone
cils and perfluorocalkyl ethers. In addition, it is possgible

to use synthetic base o0ils originating from gas to

=

1
(GTL), coal to liguid (CTL) or biomass to liguid (BTL)

processes. They are usually somewhat more expensive than
the mineral oils, but have advantages with regard to their

performance.

Natural oils are animal or vegetable oils, for example

neatsfoot olls or jojoba oills.

Base oils for lubricant oil formulations are divided into

groups according to API (American Petroleum Institute) .

Mineral oils are divided intc group I (non-hydrogen-
treated) and, depending on the degree of saturation, sulfur
content and viscosity index, into groups II and ITII (both
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hydrogen-treated). PAOs correspond to group IV. All other

base oils are encompassed in group V.

These base oils may also be used as mixtures and many are

commercially available.

Particularly preferred lubricants of the present invention
comprise at least one polyalphaolefin (PAO) or a group IIT
oil having a kinematic viscosity measured at 100°C in the
range from 3.0 to 10.0 mm?/s, preferably in the range from
5.5 to 9.0 mm’/s and more preferably in the range from 7.5
to 8.5 mm‘/s (ASTM D 445). In a further embodiment,
preference is given to lubricants which comprise a
polyalphaolefin (PAO) or a group III o0il having an at 100°C
kinematic viscosity in the range from 3.0 to 5.5 mm‘’/s and
more preferably 3.5 to 5 mm’/s.
Further lubricants of particular interest are those which
comprise at least one group III mineral oil. Surprising
advantages can be achieved especially by lubricants which
comprise at least one pour point improver and at least one
group IIT mineral oil having a kinematic viscosity KVigg in
the range from 3 to 10 mm?/s and more preferably 5.5 to

9 mm?/s, measured at 100°C according to ASTM D 445.
Preference is given to using poly(alkyl)methacrylates
together with a group III mineral oil as a pour point

improver.

The proportion of further base oils, especially of
polyalphaoclefins and/or group III mineral oils, may be at
least 10% by weight, more preferably at least 35% by weight

and most preferably at least 45% by weight, based on the

total weight of the lubricant.
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As well as the aforementioned components, a lubricant oil
composition may comprise further additives. These additives
include DI additives (dispersants, detergents, defoamers,
corrosion inhibitors, antioxidants, antiwear and extreme
pressure additives, friction modifiers), pour point
improvers (more preferably based on polyalkyl (meth)acrylate
having 1 to 30 carbon atoms in the alcohol group), and/or

dyes.

In addition, the lubricant oil compositions detailed here
may, as well as the inventive polymers, also be present in
mixtures with conventional VI improvers. These include
especially hydrogenated styrene-diene copolymers (HSDs,

Us 4 116 917, U8 3 772 196 and US 4 788 316 to Shell 0il
Company), especially based on butadiene and isoprene, and

also olefin copolymers (OCPs, K. Marsden: “Literature

th

Review of OCP Viscogity Modifiers”, Lubrication Science 1
(1988), 265), especially of the poly(ethylene-co-propylene)
type, which may often also be present in N/O-functional
form with dispersing action, or PAMAs, which are usually
present in N-functional form with advantageous booster
properties as a dispersant, antiwear additive and/or
friction modifier (DE 1 520 696 to Rohm and Haas,

WO 2006/007934 to RohMax Additives).

Compilations of VI improvers and pour point improvers for

lubricant oils, especially motor oils, are detailed, for

example, in T. Mang, W. Dresel (eds.): "Lubricants and
Lubrication", Wiley-VCH, Weinheim 2001; R. M. Mortier,
S. T. Orszulik (eds.): "Chemistry and Technology of

Lubricants", Blackie Academic & Professional, London 1992:
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or J. Bartz: "Additive fir Schmierstoffe' [aAdditives for
Lubricants], Expert-Verlag, Renningen-Malmsheim 1994 .
Appropriate dispersants include poly(isobutylene) deri-
vatives, e.g. poly(isobutylene)succinimides (PIBRSIS) :

ethylene-propylene oligomers with N/O functiocnalities.

The preferred detergents include metal-containing
compounds, for example phenoxides; salicylates; thio-
phosphonates, especially thiopyrophosphonates, thio-
phosphonates and phosphonates; sulfonates and carbonates.
As metals, these compounds may comprise especially calcium,
magnesium and barium. These compounds may be used

preferably in neutral or overbased form.

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

poly (dimethylsiloxane). The silicone-free defoamers which
may be used are in many cases polyethers, for example

poly(ethylene glycol), polyacrylates or tributyl phosphate.

In a particular configuration, the inventive lubricant oil
compositions may comprise corrosion inhibitors. These are
in many cases divided into antirust additives and metal

passivators/deactivators. The antirust additives used may,
inter alia, be sulfonates, for example petroleumsulfonates

or (in many cases overbased) synthetic

QJ
}._J

kylbenzenesulfonates, e.g. dinonylnaphthenesulfonate:;

: T ‘ .
c acid derivatives, for example lanolin (wool

[

carboxyl
fat), oxidized paraffins, zinc naphthenates, alkylated
succinic acids, 4-nonylphenoxvacetic acid, amides and

imides (N-acylsarcosine, imidazoline derivatives): amine-



alkyl mephacwl tg@ﬁ/}%‘fﬁ% 14 carbon atoms in3tpe a:kyl radical, thﬁ)ﬁ@%% %5&%?ﬁmlx:Lure

comprising predominantly linear radicals 5(proporrjon of linear radicals

proportion of C. appr ox. 73% by weight; proportion of Clc approx. 25% by weigh-0) alkyl methacrylate
having about 10 carbon atoms in the alkyl radical, the alkyl radical being a 10mixture comprising
predominantly branched radicals (proporllon of branched radicals approx. 98% by weight; proportion
of Cle approx. 89.9% by weight; prO0Orpion of Cc approx. 4.6% by weight) 5 LIMA: alky!
mer.hacrylaae davingl 12 teil moarboyzarmma i thelalkyloagicat dhe alkyl-radicalbeing a mixture _
comprising brgmcheq afr;d Iinfar radicaTs .rOQOnion of Cm, brarpched: approx. 12% bv Welghr..and Cli
linear: approx-1173% by Wweight: proportion of CLoBranched “approk. 1739 by weight and (P3 linear:
approx. 13.5%aweweight; propertion of Chbtdarancheéd:apprex. 245 7%s=hy: 1 e,

tolyltriazole, 2-mercaptobenzothiazole, dialkyl-

5 2,5~dimercapto—1,3/éwthiadiazole;
N,N'-disalicylideneethylenediamine, N,N'-disalicyli-
denepropylenediamine; zinc dialkyldithiophosphates and

dialkyl dithiocarbamates.

10 2 further preferred group of additives is that of
antioxidants. The antioxidants include, for example,
phenols, for example 2,6-di-tert-butylphenol (2,6-DTB),
butylated hydroxytoluene (BHT), 2,6-di-tert-butyl-
4-methylphenol, 4,4 ' -methylenebis(2,6-di-tert-butylphenol) :

15  aromatic amineg, especially alkylated diphenylamines,

N-phenyl-1-naphthylamine (PNA), polymeric

2,2,4-trimethyldihydroquinone (TMQ); compounds containing
sulfur and phosphorus, for example metal dithiophosphates,
e.g. zinc dithiophosphates (ZnDTPs), "0O0S triesters" =

DD
(o]

reaction products of dithiophosphoric acid with activated
double bonds from olefins, cyclopentadiene, norbornadiene,
O-pinene, polvbutene, acrylic esters, maleic esters
(ashless on combustion); organosulfur compounds, for
example dialkyl sulfides, diaryl sulfides, polysulfides,
25 modified thiols, thiophene derivatives, xanthates,
thioglycols, thioaldehydes, sulfur-containing carboxylic
acids; heterocyclic sulfur/nitrogen compounds, especially
dialkyldimercaptothiadiazoles, 2-mercaptobenzimidazoles:

zinc and methylenebis (dialkyl dithiocarbamate); organophos-

]

™ R~ q Ead .
phorus compounds, for example tri

[N
w

ryl and trialkyl
phosphites; organocopper compounds and overbased calcium-

and magnesium-based phenoxides and salicylates.



weigh: and C%Iigg@ﬁ:,@g@é% 11.9% by weight.; 10propocion Or. Cm Q{,%%%@ﬁérﬁgé % by

weigh: and r-r, Linear: approx. 6.by weight; proportion of methyl branching approx 25
C1-4AA proportion of ethyl branching approx. 10%, proportion of propyl branching approx. 10%,
proportion of longer-chain branching, especially butyl and higher, approx. 17%, based on the sum of
linear and branched radicals) alkyl methacrylate haying about 13 carbon atoms in the alkyl radical, the
alkyl radical being predominantly branched (proportion of branched: approx. 99% by weight) alkyl
methacrylate BagingxStier 1l carborvatoms (iRtthe atkyl radicalnthecalkylradieal Being a mixture

comprising bragehed and Ii@g@ﬁr&%c S gosr 8[}'8 of C13 branched: approx. 35.6% by weight and Cfl
linear: approx. 30.7% by weight; prop?)g?tjion%;f)\C15QbrgﬁItmgﬁé)al:naép]igp’rog.OILJGD.Sf%agg?D ‘%ight and Cm linear:
approx. 13.9% byaweight) 030 Thedsreportions of inearard branched ¢adicaks were determined by

means of GCad-4A6 a0d THNMR e L3¢ spestipuere condugted gt 30G ysing standard puise

sequences for quantitative determination of .20 siona more particularly with se ectio a rélaxation
time of 10s arfd-tise vt bicadband decoupling ol suppress AutlearOverfauser effects. To improve the

signal-noise rafig (SiNbratio). at least, 1000 scans were conducted. 3 The 13¢ NER-data obfained were

processed by mathematical methods in order to optimize the S/N ratio (line broadening of 3 Hz). The
17'C. NMR si§RalsmEre aSsiahed i 2DNMR Epetintents takingintecaccount the- influences of the
10 incremental.chemical.shifts of the-n(2signalssThe pres) . ammonium
dialkyldithiophosphates, antimony dialkyldithiophosphates,
10  molybdenum dialkyldithiophosphates, lead
dialkyldithiophosphates, "00S triesters” = reaction
products of dithiophosphoric acid with activated double
bonds from olefins, cyclopentadiene, norbornadiene,
O-pinene, polybutene, acrylic esters, maleic esters,
15 triphenylphosphorothionate (TPPT); compounds containing
sulfur and nitrogen, for example zinc bis (amyl
dithiocarbamate) or methylenebis (di-n-butyl
dithiocarbamate); sulfur compounds containing elemental
sulfur and H;S-sulfurized hydrocarbons (diisobutylene,
20 terpene); sulfurized glyvcerides and fatty acid esters:
overbased sulfonates; chlorine compounds or solids such as

graphite or molvbdenum disulfide.

A further preferred group of additives is that of friction

25 modifiers. The friction modifiers used may include
mechanically active compounds, for example molybdenum
disulfide, graphite (including fluorinated graphite),
poly(trifluoroethylene), polyvamide, polyimide; compounds
which form adsorption layers, for example long-chain

Ea¥a - -
30 carboxylic

o]

cidg, fatty acid esters, ethers,

alcohols,
amines, amides, imides; compounds which form layers through
tribochemical reactions, for example saturated fatty acids,

phosphoric acid and thiophosphoric esters, xanthogenates,
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SubstructureChemical shift of the 13C signal unbranched 1-alkanol62.93 ppm (C

2-methyl-1-alkanol69.30 ppm (CI),(Cl side chain) 2-ethyl 1 alkanol65.2 ppa Cl), 42.12 ppm (C2
2-propyl-1--lkanol20.7J0 ppm (02, si de chain) , 40.43 bum (C:2 2-butyl * -1-a65.61 ODM (ClI) includes
2-pro (Cl) lie.). U y.Ochains 40.64 Ppm (02) 15 The signal areas were normalized 70 100% in order to
obtain the isomer distribution of the alcohols in percent.. WO 2011113469549PCT/EP2011/052712
The results wereléhackedbyimeans of 44 NMRoSpbstrdeturéCligmitat shificof thesigrial kiabranched

n-alkanoi3.61ppm (2, 3)2- 1937 PROL. (& . B component of the, ABX system) all;other
branched alkanols3.50 ppm. (2H., d)
esters, dialkyl phthalates, methacrylates, unsaturated

fatty acids, sulfurized olefins or organometallic

5 compounds, for example molybdenum compounds (molybdenum
dithiophosphates and molybdenum dithiocarbamates MoDTCs)
and their combinations with ZnDTPs, copper-containing

organic compounds.

10 Some of the compounds detailed above may fulfill multiple
functions. ZnDTP, for example, 1s primarily an antiwear
additive and extreme pressure additive, but also has the
character of an antioxidant and corrosion inhibitor (here:

metal passivator/deactivator) .

15
The additives detailed above are described in more detail,
inter alia, in T. Mang, W. Dresel (eds.): “Lubricants and
Lubrication”, Wiley-VCH, Weinheim 2001; R.M. Mortier, S.T.
Orszulik (eds.): “Chemistry and Technology of Lubricants”.
20

In addition to high compatibility with further additives,

- the inventive polymers and the lubricants are notable for a
multitude of favorable properties. Therefore, it is
surprisingly possible to provide lubricants which

25 preferably feature a low proportion of ester oils.
Particularly preferred lubricants comprise at most 10% by
weight and especially at most 5% by weight of ester oils.
Most preferably, the inventive lubricants may not comprise
any detectable amounts of ester oils. Ester oils are known

30  in the specialist field and feature a molecular weight of

at most 800 ¢g/mol.
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the polymers obtained were tested using 10 lubricant conposTIt ore which comprised 2.65% by weight
of additive (Hitece 307) and a polvalphaolefin (PAC 8). The amounts of PAO and of polymer added lin
to 97.35% by weight. Table 1 reports only the proportion of polymer, and the lubricants were adjusted
to a kinematic viscosity of 15 320 mm2/s at 40C. (KV40). The kinematic viscosities KV40 and KViw
measured at 40C &ad 700 C respectivaly were determined atcordireptouASTVED 4453 They viscosity
index VI was foung aecording to Ag3TH,D 2270. The pour point was measyred according to ASTM
1397. The taw-temperature 20 flowability at -26C was determined according to ASTIM132983
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S5 measured at 100°C according to ASTM D 445 is preferably at

least 30 mm®/s, more preferably at least 35 mm?/s and most
preferably at least 37 mm’/s. Accordingly, preferred
lubricants correspond to ISO viscosity grades (IS0 VG)

ISO 220, IsO 320, ISO 460, ISO 680 and ISO 1000.

10
The use of the inventive polymers, however, ig not limited
to the preferred lubricants detailed above; instead, they
may also find use in other applications, especially other
lubricants.

15

In a particular aspect of the present invention, preferred
lubricant oil composition have a viscosity index determined
according to ASTM D 2270 in the range from 100 to 400, more
preferably in the range from 130 to 350 and most preferably

20  in the range from 160 to 275.

The present lubricant oils have a very high shear
stability, and one way of determining this is by the
tapered roller bearing (KRL) test to CEC 1L45-T-93. For

25 instance, preferred lubricants after 20 hours at load
5000N, an oil temperature of 60°C and a speed of 1475/min”*

exhibit a decrease in viscosity of at most 8%.

In an appropriate modification, the permanent shear

stability index (PSSI) according to ASTM D2603 Ref. B

(O3]
[ev]

(ultrasound treatment for 12.5 minutes) may be less than or
equal to 35, more preferably less than or equal to 20. Tt

is advantageously also possible to obtain lubricant oil
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compositions which have a permanent shear stability index
(PSSI) according to DIN 51381 (30 cycles of a Bosch pump)
of at most 5, preferably at most 2 and most preferably at

most 1.

Also surprisingly high is the seal compatibility of the
present lubricants. For instance, the change in volume is
preferably at most 0 to +10%, measured after 168 h and
1000 h at a temperature of 100°C with an SRE NBR 28/8X%
elastomer according to DIN ISO 1817. In the case of use of
a 72 NBR 902 or 75 FRM 585 elastomer, a change in the
specimen volume of at most -2 to +5% is preferably found,
measured after 168 h and 1000 h at a temperature of 100°C
according to DIN ISO 1817. In the case of use of a

75 FEM 170055 elastomer, a change in the specimen volume of
at most -2 to +5% is preferably likewise found, measured
atter 168 h and 1000 h at a temperature of 130°C according

to DIN IS0 1817.

The change in the Shore hardness in the case of use of the
inventive lubricant is preferably likewise very small. The
change in the Shore A hardness is preferably between -10
and +5 Shore A points, measured after 168 h and 1000 h at a
temperature of 100°C with an SRE NBR 28/S¥X elastomer
according to DIN ISO 1817. In the case of use of a 72 NBR
902 or 75 FKM 585 elastomer, a change in the Shore A
hardness of less than or equal to *5 Shore A points ig
preferably found, measured after 168 h and 1000 h ar a
temperature of 100°C according to DIN IS0 1817. In the case

170055 elastomer, a change in the Shore

1

V]

Y

(92}

¥

=

of use of a 7

g

A hardness of less than or equal to 5 Shore A points is
preferably likewise found, measured after 168 h and 1000 h
at a temperature of 130°C according to DIN ISO 1817.
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In addition, the elastomers, after contact with the
inventive lubricant, preferably have relatively constant
stress-strain characteristics. For instance, the tensile
strength measured according to DIN 53504 after contact with

the lubricant at 100°C for 168 h and 1000 h (DIN ISO 1817)

n

preferably decreases by at most 30%, this value applying
especially to the elastomer SRE NBR 28/SX. In the case of
use of a 72 NBR 902 or 75 FKM 585 elastomer, the tensile
strength measured according to DIN 53504 after contact with
the lubricant at 100°C for 168 h and 1000 h (DIN ISO 1817)
preferably decreases by at most 50%. In the case of use of
a 75 FKM 170055 elastomer, the tensile strength measured
according to DIN 53504 after contact with the lubricant at

130°C for 168 h and 1000 h (DIN ISO 1817) preferably

likewise decreases by at most 50%.

In addition, the tensile strain at break measured according
to DIN 53504 after contact with the lubricant at 100°C for
168 h and 1000 h (DIN ISO 1817) preferably decreases by at
most 40%, this value applying especially to the elastomer
SRE NBR 28/5X. In the case of use of a 72 NBR 902 or

75 FKM 585 elastomer, the tensile strain at break measured
according to DIN 53504 after contact with the lubricant at
100°C for 168 h and 1000 h (DIN ISO 1817) preferably
decreases by at most 60%. In the case of use of a 75 FKM
170055 elastomer, the tensile strength measured according
to DIN 53504 after contact with the lubricant at 130°C for
168 h and 1000 h (DIN IS0 1817) preferably likewise

decreases by at most 60%.

In addition, the present lubricants exhibit excellent

flowabilities at low temperatures. For example, the
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viscosity measured at -26°C according to ASTM D2983 may
preferably be at most 150 000 mPas, preferably at most

100 000 mPas and more preferably at most 70 000 mPas.

9 In addition, the pour point (PP) according to ASTM D97 of
preferred lubricants may agssume values of lesg than or
equal to -30°C, preferably less than or egual to -35°C and

more preferably less than or equal to -45°C,

10  The present lubricants counteract material fatigue and wear
surprisingly strongly, and so the lifetime of transmission
systems can be increased. This finding can be confirmed by

various methods.

15 For instance, especially SRV tests exhibit a surprisingly
low wear factor measured according to DIN 51834-4 (load:
300N, stroke length: 1200 pm, frequency: 50 Hz, duration:
3 h). For instance, preferred lubricants at a temperature
of 60°C achieve a wear factor of preferably at most

20 1200 mm’/10°%, especially at most 1100 mm®/10° and more
preferably 1000 mm’/10°. At 110°C, preferred lubricants
attain a wear factor of preferably at most 650 mm’/10°,

especially at most 550 and more preferably 500 mm’/10°.

25 In addition, the present lubricants have surprising
advantages according to micropitting tests described in
Us 2009-0093384 21, filed October 3, 2007 at the US Patent
Office (USPTO) with application number 11/866,696.

Preferred lubricants do not exhibit any failure with regard

‘...}

30  to micropitting at a load stage of at least 8, especially
at least 9 and more preferably at least 10, measured by the
method detailed in FVA Information Sheet “Micropitting”,

No. 54 / I-1IV, published by the Forschungsvereinigung
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various lubricants were produced, the composition and properties of which are described in table 3.
The test methods were detailed above, and all proportions are based on 96 by weight. Table 3
Lubricant8910 Constituents Polymer accordingto Example 1 61.0 51.0 Polymer according to
Example 2

Antriebstechnik e.V., Lyoner Strasse 18, D-60528

Frankfurt/Main.

The present lubricants can be used especially as

5 transmission oil. In this context, the lubricants are
especially suitable for transmission systems which are used
in wind power plants, axial transmission systems and
vehicle transmission systems, especially marine
transmission systems. Transmission systems for wind power

10 plants may preferably comprise spur gear and/or planetary
transmission systems, preference being given especially to
spur gear transmission systems with 2 to 3 spur gear
stages, planetary transmission systems with 1 planetary
stage and 2 spur gear transmission systems, and planetary

15 transmission systems with 2 planetary stages and 1 spur
gear transmission system, in order to transmit the high
forces which bear on the transmission systems. These wind
power plants may preferably have a power of at least 50 kw,
especially at least 300 kW and most preferably at least

20 2300 kW, and the rotor torgue may preferably be at least
8000 Nm, especially at least 100 000 Nm and more preferably
at least 1 300 000 Nm.

The present invention is to be illustrated hereinafter by
25 examples and comparative examples, without any intention

that this should impose a restriction.

Examples and comparative examples

(oY)
oo

General method for preparation of the polymers
A 1 liter 4-neck round-bottom flask equipped with a
precision glass stirrer (in saber form) and precision glass

stirrer sleeve (operated at 150 revolutions per minute),
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thermometer and reflux condenser was initially charged with
760.0 g of a monomer mixture whose composition is shown in
table 1, for example consisting of Cl2-Cl5-alkyl
methacrylates for example 2, together with 14.06 g of

5 dodecyl mercaptan and 14.06 g of tert-dodecyl mercaptan and
32.4 g of the mineral oil Nexbase 3020 as a solvent. The
temperature was adjusted to 110°C. Thereafter, 1.3 g of
tert-butyl per-2-ethylhexanocate dissolved in 7.60 g of
Nexbase 3020 (20% solution) were metered in within three

10  hours, with addition of 5% of the amount specified within
the first hour, 25% within the second hour and 70% within
the third hour. 120 minutes and 180 minutes thereafter,
another 1.52 g each time of tert-butyl per-2-ethylhexanoate
are added. The total reaction time 1s 6 hours.

15
The weight-average molecular weight M, and the
polydispersity index PDI of the polymers were determined by
GPC. The measurements were effected in tetrahydrofuran at
35°C against a polymethylmethacrylate calibration curve

20 from a set of 225 standards (Polymer Standards Service or
Polymer Laboratories), the Mye.x 0f which had a homogeneous
logarithmic distribution over the range from 5-10° to

2-10% g/mol. A combination of six columns (Polvmer
Standards Service SDV 100A / 2x SDV LXL / 2X SDV 100A /
25 Shodex KF-800D) was used. To record the signal, an RT

detector (Agilent 1100 Series) was used.
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point.

Table 1: Properties of the polymers used

Polymer Monomer composition Mw PDT
(weight ratio) (Mw/Mn)
[g/mol]
LIMA
Examnple 1 13400 1.66
100

LIMA - LMA

Example 2 14400 1.68
20 - 80
LIMA - LMA

Example 3 14200 1.68
40 - 60
IDMA —~ LMA

Example 4 14500 1.70
20 - 80
iCisMA - LMA

Example 5 14300 1.69
20 - 80
IDMA — Cq3-CisMA

Example 6 13700 1.68
20 - 80

TMA - alkyl methacrylate having 12 to 14 carbon atoms

in the alkyl radical, the alkyl radical being a
mixture comprising predominantly linear radicals

5 (proportion of linear radicals approx. 98% by
weight; proportion of C:; approx. 73% by weight;
proportion of Cis approx. 25% by weilght)

IDMA : alkyl methacryvlate having about 10 carbon atoms

in the alkyl radical, the alkyl radical being a

10 mixture comprising predominantly branched
radicals (proportion of branched radicals approx.
98% by weight; proportion of C;; approx. 89.9% by
weight; proportion of C;; approx. 4.6% by weight)
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lubricant composition  detailed in application 8 comprising about 51% by weight of 5 polymer
according to example 1 and 46.35% by weight of PAO 8 was used. The test data were obtained
according to

LIMA ; alkyl methacrylate having 12 to 15 carbon atoms
in the alkyl radical, the alkyl radical being a
mixture comprising branched and linear radicals
(proportion of Ci,; branched: approx. 12% by
5 weight and Ci; linear: approx. 11.3% by weight;
proportion of C;; branched: approx. 17.3% by
weight and C.; linear: approx. 13.5% by weight;
proportion of Cjs branched: approx. 15.7% by
weight and Ci;; linear: approx. 11.9% by weight;

10 proportion of C.s branched: approx. 9.8% by
weight and C:;s linear: approx. 6.2% by weight;
proportion of methyl branching approx. 14%,
proportion of ethyl branching approx. 10%,
proportion of propyl branching approx. 10%,

15 proportion of longer-chain branching, especially
butyl and higher, approx. 17%, based on the sum
of linear and branched radicals)

1CMA alkyl methacrylate having about 13 carbon atoms
in the alkyl radical, the alkyl radical being

20 predominantly branched (proportion of Cis
branched: approx. 99% by weight)

Ci3~CisMA alkyl methacrvlate having 13 to 15 carbon atoms
in the alkyl radical, the alkyl radical being a
mixture comprising branched and linear radicals

25 (proportion of Ci3 branched: approx. 35.6% by
weight and Ci;; linear: approx. 30.7% by weight;
proportion of C;s branched: approx. 16.9% by
weight and C;s linear: approx. 13.9% by weight)

proportions of linear and branched radicals were

w
S
=3
®

determined by means of GC and *C and 'H NMR. The °C
spectra were conducted at 30°C using standard pulse

seguences for guantitative determination of *°C signals,



DIN 53521 anW@lﬁMQ@;g@g data obtained are shoyvn in table 4, TablpéTm(g@qq@g%ﬁlgy of the

lubrican. t detailed :":.In application 2 Time Temp. Elastorner Tens'ie Strain Ha_1-s Change in 1hi IC
strength [Ti m,-1 ,There A poimis] vpiume [2] 158 100 SHE NBR

10

15

more particularly with selection of a relaxation time of
10s and use of broadband decoupling to suppress nuclear
Overhauser effects. To improve the signal-noise ratio (S/N

ratio), at least 1000 scans were conducted.

The *’C NMR data obtained were processed by mathematical
methods in order to optimize the S/N ratio (line broadening
of 3 Hz). The ’C NMR signals were assigned by 2D NMR
experiments, taking into account the influences of the
incremental chemical shifts of the C signals. The
integrals of the following °C signal areas were used to

calculate the isomer distribution:

Substructure Chemical shift of the *’C signal
unbranched n-alkanol 62.93 ppm (C1)
Z-methyl-l-alkanol 69.30 ppm (C1), 16.68 ppm (C1,

side chain)

Z2-ethyl-l-alkanocl 65.23 ppm (Cl), 42.12 ppm (C2)
2-propyl-l-alkanol 20.10 ppm (C2, side chain), 40.43
ppm (C2)

Z-butyl+* -l-alkanol 65.61 ppm (Cl) includes 2-propyl
(Cl),

*butyl and >C4 chains

40.64 ppm (C2)

The signal areas were normalized to 100% in order to obtain

the isomer dis

T

ribution of the alcohols in percent.
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The results were checked by means of 'H NMR:

Substructure Chemical shift of the 'H signal
unbranched n-alkanol 3.61 ppm (2H, t)
Zz-methyl-l-alkanol 3.37 ppm (1H, B component of the

ABX system)

all other branched alkanols 3.50 ppm (2H, &)

In addition, the degree of branching was checked via by
evaluation of the signal areas of the [-methyl groups

(0.88 ppm) and of the [I-CH, groups (3.3-3.7 ppm).
Application studies

The properties of the polymers obtained were tested using
lubricant compositions which comprised 2.65% by weight of
additive (Hitec® 307) and a polyvalphaolefin (PAO 8). The
amounts of PAO and of polymer added up to 97.35% by weight.
Table 1 reports only the proportion of polymer, and the
lubricants were adjusted to a kinematic viscosity of

320 mm®/s at 40°C (KV4o) . The kinematic viscosities KV, and
KVigp measured at 40°C and 100°C respectively were
determined according to ASTM D 445. The viscosity index VT
was found according to ASTM D 2270. The pour point was
measured according to ASTM D97. The low-temperature
flowability at -26°C was determined according to ASTM D2983
(Brookfield; BF). The results obtained are shown in

table 2. The Brookfield viscosity was determined by two

measurements, and the arithmetic mean is reported.
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Table 2

Application Amount of KV KV150 VI Pour BF
polymer (mm?/s]  [mm?/s] point -26°C
[% by wt.] [eC] [mPas]

1 Example 1 321.1 36.90 163 -39 62000
48 .1

2 Example 2 319.1 37.08 165 -33 62000
48 .2

3 Example 3 316.2 36.87 165 -36 57500
48.2

4 Example 4 319.4 36.38 162 -39 67000
46.0

5 Example 5 320.7 36.53 162 -39 65000
47.1

6 Example 6 321.0 36.06 159 -42 70000
46.2

In addition, tests were conducted to show the influence of

the second base oil. For this purpose, various lubricants
5 were produced, the composition and properties of which are

described in table 3. The test methods were detailed above,

and all proportions are based on % by weight.
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Table 3
Lubricant 7 8 9 10

Constituents

Polymer

according to

-
o
@2
[
<O

Example 1 6

Polymer

according to

Example 2 57.0 47 .0
Hitec 307 2.65 2.65 2.65 2.65
PAO 4 36.35 40.35

PAO 8 46 .35 50.35

Test results

KV [°C] 318.2 315.4 316.3 323.9
KVigo [°C] 38.44 36.78 37.45 36.27
VI 172 165 168 159

Pour point

[eC] -45 ~45 ~-33 -39
BF -26°C
[mPas] 60000 62000 57000 71000

To study seal compatibility, the lubricant composition
detailed in application 8 comprising about 51% by weight of
S5 polymer according to example 1 and 46.35% by welght of

PAO 8 was used. The test data were obtained according to
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DIN 53521 and DIN 53505. The data obtained are shown in
table 4.

Table 4: Seal compatibility of the lubricant detailed in

5 application 8

Time Temp. Elastomer Tensile Strain Hardness Change in
[hi [ecl strength I%1 [Shore A volume
(%] points] [%]

168 100 SRE NBR -3.6 -21 -2 +3.6
28/8X%

168 100 72 NBR +0.8 +1.6 +1 -1.5
902

168 100 75 FKM -6.9 +5.3 0 +0.3
585

168 130 75 FKM -12 +5.,3 0 +1.5
170055

1000 100 SRE NBR -23 -67 +6 +8.3
28/8%

1000 100 72 NBR -13 -57 +4 +5.8
902

1000 100 75 FRM -10 -0.9 O +0.7
585

1000 130 75 FRM -13 +3.2 O +3.3
170055

In addition, the improvement in wear through an inventive
composition was studied. For this purpose, a lubricant

comprising about 51.2% by weight of polymer according to
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example 1, 2.65% by weight of Hitec 307 and 46.15% by
weight of PAO 8 was produced and subjected to an SVR test
according to DIN 51834-4. In the case of a measurement at
60°C, the lubricant had a wear factor of 987 at a wear
diameter of 608 pm (60°C, 300N, 1200 u, 50 Hz, 3 h). In the
case of a measurement at 110°C, the wear factor was 472 at
a wear diameter of 655 um (110°C, 300N, 1200 u, 50 Hz, 3

h). The coefficient of friction was 0.072.

In addition, a test of formation of gray staining was
conducted with an instrument from PCS Instruments (PCS
Micropitting rig). This involved operating three rollers
against one another with different loads using a lubricant.
The speed on the contact surfaces is approx. 3.5 m/s, and
three load stages are typically selected. For instance, the
rollers are run first at 1.1 GPa for one hour, then at

1.4 GPa for one hour and finally at 1.7 GPa for two hours.
The roller wear caused by the load is determined after each
stage. The test was conducted at 60°C and 90°C with the

lubricant detailed above in application 4 (

e

6.0 by weilght
of polymer according to Example 4, 51.35 PAO 8). The
comparative example selected was a customary formulation
composed of different PAOs which are used in wind power

plants.



In addition, theNiDROYeMeasgswWear through an inveptive composition wascstyekesh fpighisyRyrpose,
a lubricant. comp .sing about 51.2% by weight of polymer according to example 1, 2.65% by weight of
Hitec 307 and 46.13% by weight of PAO 8 was produced and subjected to an SVP. test according to
DIN 31834-4. In the case of a measurement at 60C, the lubricant had a wear factor of 987 at a wear
5diameter of 608 pm (60C; 300N, 1200 p, 50. Hz, 3 h). In the case of a. measurement at 110C, the
wear factor was 472 at a wear diameter of 655 4m (110C, 3CON, 2.200 p, 50 Hz, The coefficient of
friction was 0.072110 i’ adfifior, et of tiniatioh P Yray B&irif§ Was conducted with an instrument
from PC? Instruments (FCC Micropittina rig). Thisdnyalved opsraing-theea-tolless-agaipgt pne another
with different loads using E lubricant. The speed on the contact surfaces is approx. 3.5 mis, and 15
three loan stages are typically selected_ For insﬁ.ﬁ‘lcgpmé rollers are run first at 1.1 GPa for one uour,
then at 1.4 OR4 daer onelhour and finally at 1.7 GPa for twg hours. The rollger wear caused by the load.
IS determined§fter each ‘stagel. The test was conducted at 60C and 90C with the 20 lubricant detailed
above in apo cation 4 E4I6Y8 nylﬁ/}?éfiiﬁﬁfl& [iolyr%er5 accordin to Example %,51.35 SAC) 8). The
comparative example setectedwas aneustomary formulation composed of different P7/Os which are
used in wind powqrﬂ.%lg[gtjs. 25 Table 5: Results gf&e micropitting test Weight loss of the rollers [mg]
.76

at 90C Time Jﬁ%ﬁompé?ar%ive lubricant 1 0.55 ubricanu according tof -+

Weight loss of the rollers [mg]

at 60°C
Time [h] 1 2 4
Comparative lubricant 1 0.2 1.4 1.4

Lubricant according to

application 4 0.1 0.2 0.6



application 40b12p% ¥Meigbblpss of the rollers [mg]:at 60C Time [h]1 CosppaEasvg14bHS30Y o
10.21.41.4 Lubricant-, according to applicacion 40.10.20.6 Claims A lubricant for a.

transmission:-acferized in that the lubricant comprises a: least 30% by weight of 5
polyalkyl(meth)acrvlate. The lubricant as claimed in claim. | character] ed in that the lubricant
comprises a polyalphaolefin (PAO) having a kinematic viscosity Kl/loc. in. the range from. 3 to 10
mmz2/s, 10 measured. at 100C acording to ASTM D 445. The lubyicant as claimed in claim. 1 of 2
characterized Gh#dtthe lubricant comprises at. least one pour point improver and at least One Group
[l mineral oil having a kinelfotic viscosity KVim in the range from 3 to 50 ifm.2/s, measured at 100C
according to ASTM P 445. 4.The lubricar.t aslimed in at | east On0 of the preceding claims,
characterized i thatthe- 28’ pofyikyl(Réthfacryiate Ras &' Weight-averageolecula weight in the
range from 3000 te 125:000,¢/mQ:4. ELThe lubsigant asclaimed.in.at least ane gfthe;, preceding

claims, cfgracterized in that the lubricant has a 25, tic viscosity KVion of a.t [ east 30 mm,,measured.

at 100C atcordihgd ASTIHFS 42526 FheuBricant as claimed in at leasc one of the preceding claims,
characterized in that the

2. The Jlubricant as claimed in claim 1, characterized in

that the lubricant comprises a polyalphaolefin (PAO) having

a kinematic viscosity KVip in the range from 3 to 10 mm2/s,

10 measured at 100°C according to ASTM D 445.

3. The lubricant as claimed in claim 1 or 2,

characterized in that the lubricant comprises at least one

pour point improver and at least one group III mineral oil
15  having a kinematic viscosity KVip in the range from 3 to

10 mm?/s, measured at 100°C according to ASTM D 445,

4. The lubricant as claimed in at least one of the
preceding claims, characterized in that the
20 polyalkyl (meth)acrylate has a weight-average molecular

welght in the range from 3000 to 25 000 g/mol.

5. The lubricant as claimed in at least one of the
preceding claims, characterized in that the lubricant has a
25 kinematic viscosity KVigy of at least 30 mm2/s, measured at

100°C according to ASTM D 445.

6. The lubricant as claimed in at least one of the
preceding claims, characterized in that the

2y B e B T N T P T R S -

(olv; PolyadrxylLnetll)aCrryilate CONPrises
a) 0 to 25% by weight of repeat units derived from

(meth)acrylates of the formula (I)



30 polyalkyl(magmshiaenaigsagmorisfs al 0:0 25% bysweight of repeat unﬁg%ipgg.]q?g]jzﬂ 2
(meth)acrylates of the formula (I) (I) in which R is hydrogen or meth | and Ft is an aLKvi radical

having 1 to 5 carbon atoms, b) 50 to 100% by weight: of repeat units derived from (meth)acrylates of
the formula (TT) 2 ,n hhhum h H 0 in which P is hydrogen or methyl and c is an alkyl radical having 6
to 15 carbon. atoms, and cl O Lc.) 50% by weight of repeat units derived from (meth)acrylates of the
formula (IIl) in whiu:isogen or methyl and P." is an aTkyl 10radical having 15 to 40 carbon The
lubricant as claimed in claim 6, characterized that 8he proportion of repeat units derived frofi )
(meth)acrviates of the formula (Il) La at least 70% Wweight.. St The L-_,...icant as claimed in at least one
of the precedingcharacterized in that the polva acrylate has repeat: units derived from

20dispersing. monomers. 9. A polyall(met: acrHIate fOr use in lubricants,

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

radical having 1 to 5 carbon atoms,

b} 50 to 100% by weight of repeat units derived from

(meth)acrylates of the formula (II)
R (IT)
H OR?
//i
H O
5 in which R is hydrogen or methyl and R’ is an alkyl
radical having 6 to 15 carbon atoms, and

c) 0 to 50% by weight of repeat units derived from

(meth)acryvlates of the formula (ITT)
R
Ho L or?
N _OR
W//T (II1)
H O
in which R is hydrogen or methyl and R° is an alkyl
10 radical having 16 to 40 carbon atoms.

7. The lubricant as claimed in claim 6, characterized in
that the proportion of repeat units derived from
(meth)acrylates of the formula (II) is at least 70% by

15 weight .

8. The lubricant as claimed in at least one of the
preceding claimsg, characterized in that the
polyalkyl (meth)acrylate has repeat units derived from

20 dispersing monomers.



comprising O WQ@520 by v3ag85 of repeat units derivedfrom rile-en)acrylagesoEbedotmdz tapH 10 in
which R is hydrogen or methyl and Rj- Is an alkyl radical having J. to 5 carbon atoms, b) 50 to 100%
by weight of repeat units derive- from (meth)acrylates of the formula , H O in which. P. is
hydrogen or methyl and R' i ai.i alkyl 10radical having 6 to 15 carbon atoms, and 0 to 50% by weight of
repeat units dexived from (meth)acrylates of the formula (1lI) whx" h. R. is hydrogen or methyl and P2
s an alkyl radical having 1 to 40 carbon atoms, characterized. in 15that the polyalkyl(meth)ac5-ylate
has a weight-averageRHoREUIRY WEIGH I e YarffeTrdM 3008095 606 §imeF 4t a. polydispersity in
the range fromto 2.5¢af@; sing the repeat units of the formula (1) are a mixture of 20linear and
branched rad%zls vghere 510 80% of the Pa radicals are branched, based on the weight of the repeat
units of the fofrula (ﬁ)cl&Bf.pa\ﬁam?hﬁ@ﬁw)gérv?é?é)ﬁg%lé‘%éasin%%i%vé?%chﬁ?gbterized. in that the
repeat units of the foremalaa () lare esmixaurenef lineanand branched radicals. where 10 to 65% of the
H radicals are branched, based on the weight of the repeat units of the formula (TT).

10kyl(meth)acrylate as claimed in. claim 9 or la( R o
Fi\T%J\jf/OR1
Hooo
5 in which R is hydrogen or methyl and R' is an alkyl

radical having 1 to 5 carbon atoms,
by 50 to 100% by weight of repeat units derived from

{(meth)acrylates of the formula (II)

H 2
!
O

H

in which R is hydrogen or methyl and R? is an alkyl
10 radical having 6 to 15 carbon atomg, and
cy 0 to 50% by weight of repeat units derived from

{(meth)acrylates of the formula (ITII)

|
H 3
WOF{ (ITT)

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

radical having 16 to 40 carbon atoms, characterized in
15 that the polyalkyl(meth)acrylate has a weight-average

molecular weight in the range from 3000 to 25 000 g/mol

and

a polydispersity in the range from 1.1 to 2.5, and

the repeat units of the formula (II) are a mixture of

20 linear and branched radicals where 5 to 80% of the R?



characterizedwg@hat the1aadgelikyl(meth)acrylate has agweight-average mpleguas »¢ighbgp-4he range
from 5000 to 15 000 g/mol. 15 12. A polya yl(meth)acrylate as cLalLned in at least one of claims 9 to

11, characterized in chat the polvalkyl(meth)acrylate has a polydispersliy in the range from 1.4: to 1.9.
20 13., polyaikvi(me.h)acry _aee as claimed in at least one of claims 9 to 12, characterized in that the
repeat units of the formula (11) are a. mixture of linear and branched radicals where the proportion by
weight of the branched P." radicals having 9 to 11 carbon atoms. is 25higher than the proportion by

wHght of the radical$Ha7Ppg 946 T 1 EarbG atbomE 21 8%y &Ry HEe &5 ite s ¢faifedone o_ claims 9

to 13, characterized-#pthat thewrepeat units.emef the fosmutar (Il) are a mixture: of iihear and branched
radicals where the proportion by weight of the linear A radicals having 12 to 15 carbon atoms is higher
than the proportion by weight of the branched P.' radicals having 12 to 15 carbon atoms.

poiyalkyl(mE )eortylate-as clatmed imat lepstene of elaims 91te i14: gharacterized ip that the repeat
units o.-cthe formuJ% (IT) are a.m of branched and radicals where the weicit ratio of branched to
linearradidals is in the taRGe front 60:40'to 20780, 16°16 K polyaikyi(hetRacryfite 58 cIRiMé&d in at.
least one of claims 91to )1: 2, reharacterized.dn dhatithe sepeat-units:ofthe formula (ID-axe a. mixture of
T..2 radicals with a, iﬁgren{gumbegiogf cggookqaton}s,}[?g}ﬁpr_gportign by weight of R2 radicals having
12 to 15 carbon atofns 15being greater tivan theSproporfish b5 weight of Padicats HavingePe™1 carbon
atoms. 17. A polyalacrytate ag=claimedin atleastaneclaims 9 0 46, eharacterized in thatthe repeat
unit 200f the formula (1) are a mixture of linear and branched radicals where at least 50% by weight of
the repeat units of the formula (I1) haying a branched radicad. have a branch at the 2 position. 25 18. A
nolyalkyl@®neLhacrylate @svelaimed incatteastone=ofelaimsca to héchatacteszed in that the repeat.
unnsOfwmfo”nmaéﬁgigégggggéébﬁ%“@ﬁggagqg%kﬂy@lkyl(meth)acrylate has a
weight-average molecular weight in the range from 5000

to 15 000 g/mol.

15 12. A polyalkyl (meth)acrylate as claimed in at least one of
claims 9 to 11, characterized in that the
polyalkyl (meth)acrylate has a polydispersity in the

range from 1.4 to 1.9.

20 13. A polvalkyl (meth)acrylate as claimed in at least one of
claims 9 to 12, characterized in that the repeat units
of the formula (II) are a mixture of linear and
branched radicals where the proportion by weight of the
branched R? radicals having 9 to 11 carbon atoms is

25 higher than the proportion by weight of the linear R’

radicals having 9 to 11 carbon atoms.

14. A polyalkyl (meth)acrylate as claimed in at least one of

claims 9 to 13, characterized in that the repeat units

[V
o

.
of the formu (IT

[ R T

Vo mamsy o - o o E
] L2 a HiAltUle OL»

Jd

inear and
branched radicals where the proportion by weight of the

linear R? radicals having 12 to 15 carbon atoms is



the mixture can@rdng repesgsinits with methyl brangbes and with ethyl pigtabpso toE2 742
polyaikyl(meth)acrylate as ...aimed in at least One of claims q to 18, characterized in that the repeat

units of the formula (IT) are a mixture of branched radicals, the mixture comprising repeat units with
propyl branches and with longer-chain branches. 20 A. process for preparina polyaikyl.
,eth)acrylates as 5claimed in at least one of claims 9 to 19, characterized in that a composition
comprising at least one (amtgt\g}acrvlato of the formula (is free radically polymerized. 10 21. The process

as claimed in claim' 26 tharddiefized'm AL PpIymenYatith & difeefed 1SingE a3 E6n& chain

tranbferer. 22. Therprocess asiciaimed in claim 2k characterizedins15that t_c polymerizationected
using at least two chain transferera. 23. The process as claimed, in claim 21 or 22, characterize in that
the polymerizsble composition comprises 2 to 204.5% by weight of chain rransferer, based on the

weight of tne monomess1 241 the precessas-¢laimed insatdeastene ofclaims 2046 one 23,
charapterized in thaplat.least 60% b%/ 4Weiggt of the 25monomers are initially chargeg. The process as
claimed Tr. at Icon& of ¢laims 20%0 ~ * ' 24 Elaracterizéd n tat thé inifidtor isatided iH At least two
steps, less initiator beinghadded-inthe 30first step thamin:the subsequent:steps: during the
polymerization is in,the range from 0.5 to 10% by weight. 27, The process as claimed in at least one of
claims 20 to Linearradicals where'the“weight ratio of branched to

linear R* radicals is in the range from 60:40 to 20:80.

10 16. A polyalkyl (meth)acrylate as claimed in at least one of
claims 9 to 15, characterized in that the repeat units
of the formula (II) are a mixture of R’ radicals with a
different number of carbon atoms, the proportion by
weight of R? radicals having 12 to 15 carbon atoms

15 being greater than the proportion by weight of R*

radicals having 7 to 11 carbon atoms.

17. A polyalkyl (meth)acrylate as claimed in at least one of
claims 9 to 16, characterized in that the repeat units
20 of the formula (II) are a mixture of linear and
branched radicals where at least 50% by weight of the
repeat units of the formula (II) having a branched R’

radical have a branch at the 2 position.

25 18. A polyalkyl (meth)acrylate as claimed in at least one of
claims 9 to 17, characterized in that the repeat units
of the formula (II) are a mixture of branched radicals,
the mixture comprising repeat units with methyl

branches and with ethyl branches.

o8
[}

19. A polyalkyl (meth)acrylate as claimed in at least one of
claims 9 to 18, characterized in that the repeat units

of the formula (II) are a mixture of branched radicals,



525, characteyige i thagitesppPlymerization is perfarmed at a temperatye-{he g3ngg e to 302
above the initiator emperatuxe at which the half-life of the initiator is. 30 minutes, 10 28. The use of

pplya yl(meth)aprylates. as lubricants in transmission systems, characterized in that the
polvalkyl(TEl.h)acrvlate has a. weight-average no weight in the range from 3000 to 25 000 g/mol. 15
29. A wind power plant CDTPT__ Stl)- at least one transmission system comprising a lubricant
containing a polyalkyl(meth)acrylate, characterized H- that the lubricant compHses at 1Past 30% by
'GMhPOfDOWaWWGﬁ&%E&ﬁ%%ﬁ? comprising repeat units with propyl

branches and with longer-chain branches.

20. A process for preparing polyalkyl (meth)acrylates as
5 claimed in at least one of claims 9 to 19,
characterized in that a composition comprising at least
one (methj)acrylate of the formula (II) is free-

radically polymerized.

10 21. The process as claimed in claim 20, characterized in
that the polymerization is effected using at least one

chain transferer.

22. The process as claimed in claim 21, characterized in
15 that the polymerization is effected using at least two

chain transferers.

23. The process as claimed in claim 21 or 22, characterized
in that the polymerizable composition comprises 2 to
20 4.5% by weight of chain transferer, based on the weight

of the monomers.

24 . The process as claimed in at least one of claims 20 to
23, characterized in that at least 60% by weight of the

25 monomers are initially charged.

25. The process as claimed in at least one of claims 20 to
24, characterized in that the initiator is added in at
least two steps, less initiator being added in the
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step than in the subseguent steps.
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26. The process as claimed in at least one of claims 20 to

25, characterized in that the proportion of solvent
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28.

during the polymerization is in the range from 0.5 to

10% by weight.

The process as claimed in at least one of claims 20 to
26, characterized in that the polymerization is

performed at a temperature in the range from 0 to 30°C
above the initiator temperature at which the half-1life

of the initiator 1s 30 minutes.

The use of polyvalkyl (meth)acrylates as lubricants in
transmission systems, characterized in that the
polyalkyl (meth)acrylate has a weight-average molecular

weight in the range from 3000 to 25 000 g/mol.

A wind power plant comprising at least one transmission
system comprising a lubricant containing a
polyalkyl (meth)acrylate, characterized in that the
lubricant comprises at least 30% by weight of

polvalkyl (meth)acrylate.



