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prerequlslte for usability as o0il additives 1is,
trivially, the oil solubility of the polymer which, in
the case o¢f the PAMAs, depends on the presence of a
sufficiently large number of alkyl side chains having
typically 6-24 carbon atoms. The VI of PAMA can
frequently be raised by copolymerizing short-chain
alkyl (meth)acrylates, for example methyl methacrylate
or butyl methacrylate {(cf. EP 0 €37 332, EP 0 937 769
or EP ¢ 979 834). However, the short-chain component
lowers the solubility at low temperatures, so that the
proportion of methyl methacrylate, for example, remains
restricted to about 25% by weight. The VIs of these
comb-like polymers thus achievable are, depending on
cencentration, permanent shear stability index (PSSI)
and base o0il type, in the range between 150 and 250.
A further class of VIIs 1s given by styrene-alkyl
maleate copeolymers which are obtained by polymer-
analogous esterification of styrene-maleic anhydride
copolymers with typically Cé6-C24 alcohols. The
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breakage under high shear. As a result of this contrary
effect, shear-stable VIIs, as required for manual
transmission oils, automatic transmission olls,
hydraulic oils or motor oils, based on conventional
polymer types such as the PAMAs are realizable only
with high addition amounts. ViIs with a low
contribution tc viscesity at low temperatures, normal
thickening in the VI range from 40 to 100°C, high
contribution to viscesity above 100°C and
simultanecusly ensured good o¢il sclubility within the
entire temperature range are therefore of particular

interest.

In addition tc¢ linear comb-like polymers such as the
PAMAs, VIIs based on true comb polymers are also
already known in the patent literature. EP G 744 457
describes comb polymers of relatively high order based
purely on PAMA, 1in which the side arms themselves

consist of oligomeric PAMA. In addition, the patent
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diene copolymers.

In addition to the above-described application as VIIs,
comb polymers with hydrogenated or saturated side arms
are also known in entirely different applications, For
instance, DE 196 31 170 describes comb polymers for
impact-resistant molding materials, the polymers being
a sequence of polyisobutylene-coentaining macromonomers
without additional short-chain backbone monomers. Also
described 1in the patent literature 1is a way of
attaching a functionalized polypropylene to a styrene-
maleic anhydride lbackbone in a polymer-analogous
reaction to form a soft highly insulating comb polymer
gel (EP 0 955, 320); the molecular weights of the
polypropylene used are exceptionally high, being up to
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commercially available components should be used. 1In
this context, they should be producible on the
industrial scale without new plants or plants of
complicated <construction being required for this

purpose.

These objects and also further objects which are not
stated explicitly but are immediately derivable or
discernible from the connecticons discussed herein by
way of introduction are achieved by comb polymers
having all features of claim 1. Appropriate
modifications to the inventive comb polymers are
protected in the subclaims referring back to claim 1.
With regard to the process for preparing comb polymers,
claim 18 provides a solution to the underlying problem,
while claim 26 protects a lubricant oil composition

comprising the comb polymers of the present invention.

By virtue of the molar degree of branching being in the
range from 0.1 to 10 mol% and the comb polymer
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alcohol group, vinyl esters having from 1 to 11 carbon
atoms in the acyl group, vinyl ethers having from 1 to
10 carbon atoms in the alcohol group, (di)alkyl
fumarates having from 1 to 10 carbon atoms in the
alcohol group, (di)alkyl maleates having from 1 to 10
carbon atoms in the alcochel group, and mixtures of
these monomers, which have a low shear sensitivity with

a high thickening acticon.

At the same time, the inventive comb polymers allow a
series of further advantages to be achieved. These

include:

» The inventive comb polymers have a particularly
high viscosity index-improving action in lubricant

oils.
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isoprene, the main chain comprises relatively large
proportions of polar unsaturated monomers which have

been detailed above.

The term "repeat unit" is widely known in the technical
field. The present comb polymers can preferably be
obtained by means of free-radical polymerization of
macromonomers and low molecular welght monomers. In
this reaction, double bonds are opened up to form
covalent bonds. Accordingly, the repeat unit arises
from the monomers used. However, the present comb
polymers can also be obtained by polymer-analogous
reactions and/or graft copolymerization. In this case,
the converted repeat unit of the main chain 1s counted
as a repeat unit which is derived from a polyolefin-
based macromonomer. The same applies in the case of
preparation of the inventive comb polymers by graft

copolymerization.
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Polyolefins are known in the technical field, and can
be obtained by polymerizing alkenes and/or alkadienes
which consist of the elements carbon and hydrogen, for
example C2-Cl0-alkenes such as ethylene, propylene, n-
butene, isobutene, norbornene, and/or C4-ClO-alkadienes
such as butadiene, isoprene, norbornadiene. The repeat
units derived from polyolefin~-based macromconomers
comprise preferably at least 70% by weight and more
preferably at least 80% by weight and most preferably
at least 90% by weight of groups which are derived from
alkenes and/or alkadienes, based on the weight of the
repeat units derived from polyolefin-based
macromencmers. The polyolefinic groups may in
particular also be present in hydrogenated form. 1In
addition to the groups which are derived from alkenes
and/cr alkadienes, the repeat units derived from
polyoclefin-based macromonomers may comprise further
groups. These include small proportions of

copolymerizable monomers. These monomers are known per



but ene, isobutene, norbornene, and/or
C4- d 0- al kadi enes  such as but adi ene, isoprene,
nor bor nadi ene. The repeat units derived from

ﬁ&gﬁ@&ﬂ%d Macr onDNONMers  CoNnpri s&.lofaeéﬁ@éa)dlo

ight and nore preferably at |east 80%
by wei ght and nost preferabl§ -at | east 90% by wei ght
of groups which are derived from al kenes and/ or
a&ekadim@s baskdden t hemargght obherhe moageatsuni t §1kyl

po y ‘%é 'Hﬂggyoé€%aéngaﬁgﬁom5§§ro%gﬁggﬁkés,TH%leates,

c gr oups y in particular _also be present

Viihyddr 6§ERESedaner fF |HNBHdiEtNeFSto ThEe ORI ki h of
fﬂﬁhégﬂ|g@5h§£0nb§ég@ne§n aB@ ellyRkkadbpnes, mbhemers is

its derived i n- based
o Bty st TP PoeF SERERt ! GrbiRs Prfegably at
|mm§md35%nbylwmmthtlmﬁse@foncmpelwmmghﬁumé the repeat

__Th 8
e e 5e 06 O "ot B AR S8Y HELARIAAEES® 1n
rohbitere, althyl  repeel) asnytat ééerfs‘f%l erfe apnewdvelefin-

B AL B8 c rBRLEBEES s ﬁ»(é?Wco%ﬁixeﬂs% ageqet V(ijl!lpS and/or
ethers. The proportion o t hése groups

éﬁﬁblﬁﬁ@PPfabW%lﬁ%ndﬁ§F§3|§OrprEF%FBBP?agFZﬁB§?HSO@5b?re

veldd Bpr théf qiﬁmafcﬁn 8PSt hE5%dpeawei ght t shaised ved
t he mi gg ﬁge r.e uni ts deri ed on rtion of

Big: Bt FHObaE o hase brorarert ok -850 e oRESPhs

rdpest shats QEDmpajdeanobydl@ﬁpmprasedpreferably at

qﬁ%ﬁ?ng%one%§servéﬁﬁgf ?E?eStﬁfé %HQ/HBSteWQw- by

ar oups V\:hl C uncti‘ona I Zatl on or are
crisE: bypasrd ppepelirat vohdbE PRethep&gPeahi L8148 dged ved

f.0m RS MRl e ¢ Nr-hased R RIS . The proportion of
these start groups and/or end groups is preferably at

nost 30% by wei ght, nore preferably at nost 15% by
VEﬂQHHumBEﬁ*ﬁbéfE@@em@Eé@@laﬁfwéh@htepéathenkbgeat units

d ed fro lefin-b r

"ﬁ}‘ﬂb\e/}} g58rage %C% véggﬁ?f@f 1?r@é@epe a&%ﬁlonomers
vwﬁcpraferdbiyvedlftba1g@h@@eﬁnwmbégédTﬁhcﬁ@nﬁﬁ@nﬁﬂyol
more preferably from 700 to 10 000 g/mel, in particular
from 1500 to 4900 g/mol and most preferably from 2000

to 3000 g/mol.

In the case of preparation of the comb polymers via the
copolymerization of low molecular weilght and
macromolecular monomers, these values arise through the
properties of the macromoclecular monomers. In the case
of polymer-analogous reactions, this property arises,
for example, from the macroalcohols and/or macroamines
used taking account of the converted repeat units of
the main chain. In the case of graft copolymerizations,
the proportion of polyolefins formed which have not
been incorporated intc the main chain can be used to
conclude the molecular weight distribution of the

polyolefin.



is preferably in the range from500 to 50 000 g/ nol,
nore preferably from 700 to 10 000 g/nol, in
particular from 1500 to 4900 g/ nol and nost
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macr onononers is preferably |l ess than or equal to
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pol ynmers conprise repeat units which are derived from

|G RRT et vkt gt RBRbRE? ST ¥ERERE k@Y +0% £RETglobp 1O

NSt i god Shyreee aTeROT syfavd Ngvingn 8sterd7having
car bon_at.ons alg%/%bérret ).acryl ates havi n frIoml

1% atbor’ atons e % Oénéshof‘ngr ouep, a\f/:?/nyl 9estler ts%ilrlyl
hebigmp having from 1 to 10 carbon atoms in the alcohol
group, {di)alkyl fumarates having from 1 to 10 carbon
atoms in the alcohol group, (di)alkyl maleates having
from 1 to 10 carbon atoms in the alcohol group, and
mixtures of these monomers. These monomers are widely

known in the technical field.

The expression "low molecular weight" makes it clear
that some of the repeat units of the backbone of the
comb polymer have a low molecular weight. Depending on
the preparation, this molecular weight may result from
the molecular weight of the monomers used to prepare
the polymers. The molecular weight of the low molecular
weight repeat units or of the low molecular weight
monomers  is preferably at most 400 g/mol, more
preferably at most 200 g/mol and most preferably at
most 150 g/mol.



froml to 11 carbon atons in the acyl group, vinyl
ethers having from1l to 10 carbon atons in the al cohol
group, (di)alkyl fumarates having from1 to 10 carbon
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carbon atons in the al coh group, an
m xtures of these nononers: Ihese nononers are W dely
known in the technical field. The expression "l ow
notaoples @B ghytemakwsnomecEehavinpatrovng & tlffe carbon
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st y¥lerenemiomenss haivd e fram @uest W7eras bon atons are
styrene, substituted styrenes having an al kyl
substituent in the side chain, for exanple a-

ety PSPy EERECRNd' %i“eé“tlﬂﬁcsl’tﬁgﬂraé’r?e?" stibsPTPafeas s tyreh
havd Nge@Raakkyhrsybstandient sennik@ urieRy, oSugbrasates and

VI nyl t ol ne and_p-ne |.st hal ogenat.ed
sl A R RRp P inol SATYFERGE having from 1
dtcmhlb@ ostyrienes, atbma’sbrn‘)rmstyeeneécah@l group include

tgg&%rrpaggs@ g@ggﬁz?cwfaﬁggf Sl éf@x‘ié‘) f?gﬁﬁla%gﬁg%rated

acre/ at'es,
A keehr@ss of &ish at &8 an@etr?étlhacr yledthogcrite ta, rkyl ethyl

( ha han at ong
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W TS om oA RIS S a6 CFaeh
(rméﬂﬁ)a@dwwtea, et hylper(tmat h) acryeatts, am:ypraomyl hexyl
(ﬁ?ﬂ‘; acrylf e, It 2?? ¥r Ihegmf:ﬁt h) f"r&é%’h ?éc?ryfa%)é” yl heptyl
{meth) crylate, 2= tert butylheptyl {meth)acrylate,
octyl ({meth)acrylate, 3-isopropylheptyl (meth)acrylate,
nonyl {meth)acrylate, - decyl (meth})acrylate;
(meth)acrylates which derive from unsaturated alcohols,
for example 2-propynyl (meth)acrylate, allyl
(meth)acrylate, vinyl (meth)acrylate, oleyl
(meth)acrylate; cycloalkyl (meth)acrylates such as
cyclopentyl {meth)acrylate, 3-vinylcyciohexyl
(meth})acrylate.

Preferred alkyl (meth)acrylates include from 1 to 8,
more preferably from 1 to 4 carbon atoms in the alcohol
group. The alcohol group here may be linear or

branched.

Examples of wvinyl esters having from 1 to 11 carbon
atoms 1in the acyl group include vinyl formate, vinyl
acetate, vinyl propionate, vinyl butyrate. Preferred

vinyl esters include from 2 to 9, more preferably from



(et h)acrylate, pentyl (nmeth)acrylate, hexyl
(meth)acryl ate, 2-ethyl hexyl (neth)acrylate, heptyl
(neth)acrylate, 2-tert-butyl heptyl (nmeth)acryl ate,

yl ate, 3-isopropyl heptyl
(net 9%22@? ?%é nonyl (neth)acryl ate, %EESEP20°6/003213

(nmeth)acrylate; (neth)acryl&tes which derive from
unsaturated al cohols, for exanple 2-propynyl
(reth) &croddiey atomd ifnehle) acrwl ageouwi nfhe acyl group

(QEE%)@%ry+@tfln8£fyér sretagryl ate; cycloal kyl

(‘'met ates such as cyclopentyl (neth)acryl ate,
3- V|nylcyclohexyl (meth)acrylate. Preferred al kyl

(PRAM) BEE ylofft eﬁxhppl léd:?lefrrsonﬁlé-vi@(]; £rofore picef 8o akaiaxtbon
from1 to 4 on.atons in the al cohol rou%h The
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ons I n the acyl group.” The acyl group here may be
| preaFhef - branched. Exanpl es of vinyl ethers having
fron11 to 10 carbon atons in the al cohol group

cl ude v nethy ., vin ethyl. ether, vin
%y|ﬂ§ﬁ%£&]%|ny| feﬁleréthé[i“¥ Br ef e vﬁﬁyoeékers’

eﬁhe$sermchndemﬁmmmmkstmnB estores, peepecabl yyf pémilimagic
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of mal eic acid, nay_be used. The %gL ¥Hmefunarates
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| @chple paeerthy| mbusmiay e, fdimaetzhy, dibutyl fumarate,

dipentyl fumarate and dihexyl fumarate. Preferred
(di)alkyl fumarates comprise from 1 to 8, more
preferably from 1 to 4 carbon atoms in the alcohol
group. The alcohol group here may be linear or

branched.

The (di)alkyl maleates having from 1 to 10 carbon atoms
in the alcohol group include monomethyl maleate,
dimethyl maleate, monoethyl maleate, diethyl maleate,
methyl ethyl maleate, monobutyl maleate, dibutyl
maleate. Preferred (di)alkyl maleates comprise from 1
to 8, more preferably from 1 to 4 carbon atoms in the
alcohol group. The alcohol group here may be linear or

branched.

In addition to the repeat units detailed above, the
inventive comb polymers may comprise further repeat
units which are derived from further comonomers, their

proportion being at most 20% by weight, preferably at



fumarate, nonoet hyl fumarate, diethyl fumarate, nethyl
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These also include repeat units which are derived from
dispersing oxygen-— and nitrogen-functionalized

monomers, as listed below by way of example:

These include repeat units which are derived from
aminoalkyl (meth)acrylates, such as
N,N-dimethylaminoethyl (meth)acrylate,

N, N-dimethylaminopropyl (meth)acrylate,

N, N-diethylaminopentyl (meth)acrylate,

N, N-dibutylaminohexadecyl (meth)acrylate.

These include repeat units which are derived from
aminoalkyl (meth)acrylamides, such as
N,N-dimethylaminopropyl (meth)acrylamide.

These include repeat units which are derived from
hydroxyalkyl {(meth)acrylates, such as
3-hydroxypropyl {meth)acrylate,



oct adecyl (neth)acrylate, nonadecyl (neth)acrylate,
ei cosyl (neth)acrylate, cetyleicosyl (neth)acrylate,
stearyl ei cosyl (meth)acrylate, docosyl (nmeth)acrylate

Zﬁ@/%%ﬂ% 3 éé etratriacontyl (neth) acrﬁé@}ﬁ%ogdﬁﬁﬁnzm

01 repeat units which are derive
di spersi ng oxygen- and nit+dgen-functionalized
nononers, as |listed bel ow by way of exanple: These
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i bu am nohexadec acryl at e. ese
iiﬂc]r%ﬁ‘ge‘i’ gjunﬁf‘%%%‘%’h‘sg‘%e = der | zed from
am noal kyl (et h) acryl am des, such as

N- di met hyl am nopropyl (net.n)acrylande.... T
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(émﬁ‘fff_}f&%]l’fm @}Yf)zemﬂ]r o XYY k) acryl at e,
21 5¢ gli et hwyd r 11 Sy hexparady ) - £ ey iy erigded e,
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TS WhT T ¥ i ¥rom heterocyclic
(vretdi) lece yy B s 2 spghrakidadrde i m dazol yl') et hyl
Eﬂ%{ %@%ﬁ%%é&i?oyf%§fé@@§fﬁgﬁlﬁ?@ﬁéﬁiﬁﬁnone,
1N 3 1ree Harr 7y byy by hopy 1 2= fyR Yor @ tighignone .
N- net hacr yl oyl nor phol i ne,
N- et hacryl oyl - 2- pyrrol i di none, . .
NEos et HEEHA Dy I 'BERR hy 12y bt i fdife, derived  from
N1 é Be FBENATT Y| 0¥ hoRy proamdunds, pysuch i dsndrerinylpyridine,
4-vinylpyridine, 2-methyi-5-vinylpyridine, 3-ethyi-4-
vinylpyridine, 2,3-dimethyl-5-vinylpyridine,
vinylpyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-
vinylcarbazole, 4-vinylcarbazele, I-vinylimidazole, 2-
methyl-1-vinylimidazole, N-vinylpyrrolidone, N-
vinylpyrrolidine, 3-vinylpyrrolidine, N-vinyl-
caprolactam, N-vinylbutyrolactam, vinyleoxoclane,
vinylfuran, vinyloxazoles and hydrogenated

vinyloxazoles.

The aforementioned ethylenically unsaturated monomers
may be used individually or as mixtures. It 1is
additionally possible to vary the monomer composition
during the polymerization of the main chain in order to
obtain defined structures, for example block

copolymers.

According to the invention, the comb polymers have =&
molar degree of branching in the range from 0.1 to

10 mol%, preferably from 0.8 to 6 mol%, more preferably



These include repeat units which are derived from
heterocyclic vinyl conmpounds, such as 2-viny|pyridine,
4-vinyl pyridi ne, 2-nethyl-5-vinylpyridine, 3-ethyl-

2, 3-di net hyl - 5-vi nyl pyri
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V|nylcarbazole 4-vi nyl carbazole, 1-vinylim dazole, 2-
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Qﬁgﬁﬁgﬁﬁkﬁﬂb@D&Q@Eﬁ%rnﬂgﬁ‘be used individually or as
m xtures. It additionally possible to vary the

nmonomer ponp03|t|on during the polynerization of the
main chain in ogﬂ;r to obtain defined structures, for
exanpl e bl ock ol ymers. According to the invention,

t he cont, pekyeets—pave a nolar degree of branching in
t he range fro ,p+gng 10 nol % preferably fromO0.8 to
6 nol % nnre.pfef Gably WO 2007/ 003238
PCT/ EP2006/ 003213 - 14 from 0.8 to 3.4 nol % and
especially preferably from1.0 to 3.1 and nost
preferably from1l1l.4 to 2.8. The nolar degree of

ing of the conb polyners fbranch is cal cul ated

by 2t heyfeyaul o {{ W5 s 6§rﬁb@6at hrBt Bl o2 &re A&tived

b=1 where A = pes of repeat units which

are déFFWb@OHﬁékﬁ §%Fﬁ?¥ﬁmﬁﬁ§g@ FSrononers, B =

U D e hudro etry s ﬂipé@pﬁﬁtr&pﬁhi winiidls awtel deraxyedderived

from 1.qu,mf gulah Aehalt JRNHE' fofghecteddIdBed from
the group consisting of styrene monomers having
from 8 to 17 carbon atoms, alkyl (meth)acrylates
having from 1 to 10 carbon atoms in the alcohol
group, vinyl esters having from 1 to 1i carbon
atoms in the acyl group, vinyl ethers having from
1 to 10 carbon atoms in the aicohol group,
(di)alkyl fumarates having from 1 to 10 carbon
atoms in the alcohol group, (di)alkyl malieates
having from 1 to 10 carbon atoms in the alcohol
group, and mixtures of these monomers,

n, = number of repeat units which are derived from
polyolefin-based macromonomers of the type a in
the comb pcolymer molecule

n, = number of repeat units which are derived from low
molecular weight monomers selected from the group
consisting of styrene monomers having from 8§ to 17
carbon atoms, alkyl (meth)acrylates having from 1
to 10 carbon atoms in the alcohol group, vinyl
esters having from 1 to 11 carbon atoms in the
acyl group, vinyl ethers having from 1 to 10
carbon atoms 1in the alcohol group, (di)alkyl

fumarates having from 1 to 10 carbon atoms in the



the group consisting of styrene nononmers having from
8 to 17 carbon atons, alkyl (neth)acrylates having
from1l to 10 carbon atons in the al cohol group, vinyl

qigeégogﬁdb roml to 11 carbon ato caf%on éybg3213

group, Vinyl ethers having from 1 to 1 at ons

in the al cohol group, (diHjaky fumarates having from

1 to 10 carbon atoms in the al cohol group, (di)alkyl

mal eatabcolmali pgoiipom(dit alkplcarbeatasohsvingt fgom 1 to

al coholy grpPYPn 8PdnGi XhUERS ah cbRB3e JRNPTeLESd R xTures
nunber of repeat units which are derived from

polyol%$|ﬁhB§§e@QQﬂW%ﬁ%ndﬁ%r§YBF Phellt ypiee aCPRP Pipd ymer
conb ppbyeer1sDl ecul e nb = nunber of repeat units

whi ch are derived fromlow nolecular weight nononers

sel ected fromthe group consisting of styrene
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féﬁ@1ﬁa&?oﬂ@le&@l?ﬁnm§ﬁ8ﬁ§rén the aheobahcang¥Pon, it is
(di)al zﬁ) umar at es havin rom1l to 10 carbon atons
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ofoLght (i ) ehk yha dBdesti@sehaving from1 to 10 carbon
atons in the al cohol group, and m xtures of these
nononers, of type b in the conb polynmer nolecule. The
nih ag @ayminmﬁabraﬁphbthﬁiSbs gama&nuyimvgntih@, the
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90°C and most preferably in the range from 20 to 80°C.
The glass transition temperature is determined by DSC.
The glass transition temperature can be estimated via
the glass transition temperature of the corresponding
homopolymers taking account of the proportions of the

repeat units in the main chain.

If the comb polymer has been obtained by polymer-
analogous reaction or by graft copolymerization, the
molar degree of branching is found by known methods of

determining the conversion.

The proportion of at least 80% by weight, preferably at
least 90% by weight, of low molecular weight repeat
units which are derived from monomers selected from the
group consisting of styrene monomers having from 8 to
17 carbon atoms, alkyl (meth)acrylates having from 1 to
10 carbon atoms 1in the alcchol group, vinyl esters
having from 1 to 1% carbon atoms in the acyl group,
vinyl ethers having from 1 to 10 carbon atoms in the

alcohol group, (di)alkyl fumarates having from 1 to 10



conb polyner, especially the main chain of the conb
pol ynmer, nmay have a glass transition tenperature in
the range from-60 to 110C, preferably in the range

I%gn%%%'? dg,zggoc nmore preferably in t r%‘ﬁﬂg%éf@ﬁﬂB

nost preferably in the range
80C. The glass transitiontefiperature is determ ned
by DSC. The glass transition tenperature can be
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having from 1 to 10 carbon atoms in the alcohol group,
and mixtures of these monomers, and of repeat units
which are derived from polyolefin-based macromonomers,
is based on the total weight of the comb polymers. The
polydispersity of the comb polymers is obvious to the
person skilled in the art. These data are therefore

based on a mean value over all comb polymers.

The inventive comb polymers can be prepared in various
ways. A preferred process consists in the free-radical
polymerization, which is known per se, of low molecular

weight monomers and macrcomolecular monomers.

For instance, these polymers can be effected especially
by free-radical ©polymerization, and also related
processes for controlled free-radical polymerization,
for example ATRP (= Atom Transfer Radical
Polymerization) or RAFT (= Reversible Addition

Fragmentation Chain Transfer).
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peroxy) -3,3,5-trimethylcyclochexane, cumyl hydro-

peroxide, tert-butyl hydroperoxide, bis(4-tert-butyl-
cyclohexyl) peroxydicarbonate, mixtures of two or more
of the aforementioned compounds with one another, and
also mixtures of the aforementioned compounds with
compounds which have not ©Dbeen mentioned and can
likewise form free radicals. Suitable chain transferers
are especially oil-soluble mercaptans, for example
n-dodecyl mercaptan or 2-mercaptoethancl, or else chain
transferers from the class of the terpenes, for example

terpinclene.

The ATRP process 1s known per se. It is assumed that
this is a “living” free-radical polymerization, without
any intention that this should restrict the description
of the mechanism. In these processes, a transition
metal compound is reacted with a compound which has a
transferable atom group. This transfers the

transferable atom group to the transition metal
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presented in detail, for example, 1n WO 98/01478 and WO
2004/083169, to which reference is made explicitly for

the purposes of disclosure.

The polymerization may be carried out at standazd
pressure, reduced pressure or elevated pressure. The
polymerization temperature too is uncritical. However,
it is generally in the —range of -20° - 200°C,
preferably 50° - 150°C and more preferably 80° - 130°C.

The polymerization may be carried out with or without
solvent. The term solvent is to be understood here in a
broad sense. The solvent is selected according to the
polarity of the monomers used, preference being given
to using 100N oil, relatively light gas oil and/or

aromatic hydrocarbons, for example toluene or xylene.
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have at least one unsaturated ester group, for example

methyl (meth)acrylate or ethyl (meth)acrylate.

This transesterification is widely known. For example,
a heterogenecus catalyst system can be used for this
purpose, such as lithium hydroxide/calcium oxide
mixture (LiOH/Ca0), pure lithium hydroxide (LiOH},
lithium methoxide (LiOMe) or sodium methoxide (NaOMe)
or a homogeneous catalyst system, such as isopropyl
titanate (Ti{(QiPr),) or dioctyltin oxide (Sn{0ct),0).
The reaction 1is an equilibrium reaction. The Ilow
molecular weight alcohol released is therefore

typically removed, for example, by distillation.

In addition, these macromonomers can be obtained by a
direct esterification or direct amidation proceeding,
for example, from methacrylic acid or methacrylic
anhydride, preferably with acidic catalysis by p-

toluenesulfonic acgid or methanesulfonic acid cor from



The doubl e bond may be present as a result of the
preparation of the macronononers. For exanple, a
cationic polynerization of isobutylene forns a
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above, preference 1is given to using polymerization
inhibitors, for example 4-hydroxy-2,2,6,6-tetramethyl-
piperidine oxyl radical or hydroquinone monomethyl

ether.

The macroalcohols and/or macrcamines which are based on
polyolefins and are to be wused for the reactions

detailed above can be prepared in a known manner.

In addition, some of these macroalcohols and/or

macroamines are commercially available.

The commercially available macroamines include, for
example, Kerocom® PIBA (03. Kerocom® PIBA 03 is a
polyisobutylene (PIB) of M,=1000 g/mol which has been
NH,-functionalized to an extent of about 75% by weight
and is supplied as a concentrate of about 65% by weight
in aliphatic hydrocarbons by BASF AG (Ludwigshafen,

Germany) .
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the advantage of exhibiting no crystallization at low

temperatures.

Advantageous macroalcohols may additionally be prepared
according to the known patents to BASF AG, either via
hydroboration (WO 2004/067583) of highly reactive
polyisobutylene HR-PIB (EP 0 628 575}, which contains
an elevated proportion of terminal o-double bonds, or

by hydroformylation followed by hydrogenation (EP

0 277 345). Compared to hydroformylation and
hydrogenation, hydroboration affords higher alcohol
functionalities.

Preferred macroalcochols based on hydrogenated

polybutadienes can be obtained according to GB 2270317
to Shell International Research Maatschappij. A high
proportion of 1,2 repeat units of about 60% and more
can lead to significantly lower crystallization

temperatures.
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Reseasdh i schapai jlow molecular weight monomers which

has been detailed above, the inventive comb polymers

may be obtained by polymer-analogous reactions.

rIn these reactions, a polymer is first prepared in a
known manner from low molecular weight monomers and is
then converted. In this case, the backbone of a comb
polymer may be synthesized from a reactive monomer such
as maleic anhydride, methacrylic acid or else glycidyl
methacrylate and other unreactive short-chain backbone
monomers. In this case, the initiator systems detailed
above, such as t-butyl perbenzoate or t-butyl per-2-
ethylhexanoate, and regulators such as n-

dodecyimercaptan may find use.

In a further step, for example in an alcoholysis or
aminolysis, the side chains, which are also referred to
as arms, may be generated. In this reaction, the
macroalcohols and/or macroamines detailed above may be

used.
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In the case of glycidyl functionalities in the
backbone, an addition of the macroalcohol and/or of the
macroamine can be performed so as to form comb

polymers.

In addition, the macroalcohols and/or the macroamines
can be converted by a polymer-analogous alcoholysis or
aminolysis with a backbone which contains short-chain
ester functionalities in order to generate comb-

polymers.

In addition to the reaction of the backbone polymer
with macromolecular compounds, suitably functionalized
polymers which have been obtained by reacting low
molecular weight monomers with further low molecular
weight monomers to form comb polymers can be reacted.
In this case, the initially prepared backbone polymer
has a plurality of functionalities which serve as

initiators of multiple graft polymerizations.



esters, am des or imdes. Addition of |ow nolecular
wei ght al cohol s and/ or am nes, such as n-butanol or N
(3-am nopropyl ) nor phol i ne, allows this polyner-
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conversions, especially in the case of ma

anhydri de backbones In the2&ase of gl ycidyl
functionalities in the backbone, an addition of the
nécr oahesthokteand/ oruldfinle cabteobdi nelymAarbsation of i-
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reacting low nolecular weight nmononmers with further
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i nvention, the conb polyner of the present invention

has a | ow proportion of ol efinic double bonds. The
i Ddi e parberulas psekerabd§y lkbes grheseror éguahtionp. Zhe

9Ok gbéiyﬁé¥ﬂ)preferably has repeat units which are
derived from styrene, and repeat units which are
derived from n-butyl methacrylate. The weight ratio of
styrene repeat units and n-butyl methacrylate repeat
units is preferably in the range of 90:10 to 10:90,
more preferably 80:2C to 20:80.

In a further preferred embodiment of the present
invention, the comb polymer preferably has repeat units
which are derived from styrene, and repeat units which
are derived from n-butyl acrylate. The weight ratio of
styrene repeat units and n-~butyl acrylate repeat units
is preferably in the range of 90:10 to 10:9%90, more
preferably 80:20 to 20:80.

In & further preferred feature of the present
invention, the comb polymer preferably has repeat units
which are derived from methyl methacrylate and repeat
units which are derived from n-butyl methacrylate. The

weight ratio of methyl methacrylate repeat units and n-



pol ymer, nore preferably less than or equal to 0.1 g
per g of conb polyner. This proportion can be
deternined according to DIN 53241 after dramﬁng of f

(ﬁg %ﬁﬁ? d%r | ow nol ecul ar wei ght regi %dggy55§§i3

reduced pressure for 24 hours
particul ar aspect of the presemt invention, the conb
pol ynmer preferably has repeat units which are derived
frwny st yeehecrgid teepeateani tsiwsi chs areefggaived i omhe
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units an n-butyl “net hacrylate repeat ~units is
rﬂeﬁ%@ably in the range of 90:10 to 10:90, nore
preferably 80:20 to 20:80. In a further preferred

enbodi nent of the present invention, t canb pol yner
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present invention, the conb pol yner preferably has
repEdhe i (ol LRkt RatelERt | ek £ rom met hy
nethacrylate and repeat wunits which are derived from
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VAl *200°C, preferably higher than 300°C, at 5000 Pa.
The production by low-temperature carbonization of
shale oil, coking of bituminous coal, distillation of
brown coal with exclusion of air, and also
hydrogenation of bituminous or brown coal is likewise
possible. Mineral oils are also produced in a smaller
proportion from raw materials of vegetable (for example
from jojoba, rapeseed) or animal (for example neatsfoot
0il) origin. Accordingly, mineral oils have, depending
on their origin, different proportions of aromatic,

cyclic, branched and linear hydrocarbons.

In general, a distinction is drawn between paraffin-
base, naphthenic and aromatic fractions in crude oils
or mineral oils, in which the term paraffin-base
fraction represents longer-chain or highly branched
isoalkanes, and naphthenic fraction represents cyclo-
alkanes. In addition, mineral oils, depending on their
origin and finishing, have different fractions of

n-alkanes, isoalkanes having a low degree of branching,



able. They are generally obtained frommneral oil or
crude oil by distillation and/or refining and
optionally further purification and finishing

RES termmneral oil includig@nigbooos/003213
par ticul‘ar e higher-boiling fractions o}f crud/
mneral oil. |In general, 4H® boiling point of mneral

oil is higher than 200C, preferably higher than 300C,
atnB000a Pa mortheephaduditiaoehisyl |wwraefpetat apd compounds
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is generally = 60% by weight, preferably =2z 80% by
weight, without any intention that this should impose a
restriction. A preferred mineral oil contains from 0.5
to 30% by weight of aromatic fractions, from 15 to 40%
by weight of naphthenic fractions, from 35 to 80% by
weight of paraffin-base fractions, up to 3% by weight
of n-alkanes and from 0.05 to 5% by weight of polar
compounds, based in each case on the total weight of

the mineral oil.

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

n-alkanes having from approx. 18 to 31 carbon atoms:
0.7-1.0%,



Pol ar fractions can also be determ ned to ASTM D 2007.
The fraction of n-al kanes in preferred mneral oils is
Iess than 3% by weight, the fraction of 0-, N and/or

nmpounds | ess than 6% by e 03213
frac |orﬁ%¢%%€ aromati cs and of the nono- rret%oggﬁo

branched paraffins is generd&d1y in each case in the
range fromO to 40% by weight. In one interesting
asb;e@mtlyn heantheill addm@meissdsaniianl framphttherd c3angarbon
p%g {1 n-base al kanes which have generally nore than
preferably nore than 18 and nost preferably nore
the®r 2P %ar bon atons. The fraction of these conpounds

Iér&ﬁ@@i@é | e 71 X9 % P ViEd g , 31 & B5 bl 3t S B80% by
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rittion. A preferred mneral oil contains from
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to 40% by wei ght of naphthenic fractions, from35 to

16Prfcl)y wei ght of paraffin-base fractions, up to 3% by
\A@@gTrt8204can al kanes and from0.05 to 5% by wei ght of
\F/)\E/géfi , based in each case on the total

¥q t of ~the mneral oil. An analysis of

Teul @rly preferred mneral oils, which was

ej(g@g; ed by neans of conventional processes such as
Uéeg_iﬁp yation and |iquid chromatography on silica

i ows, for exanple, the following constituents,
the percentages relating to the total weight of the
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appro carbon atons 0%
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aromatics having from1l4 to 32 rbon, n%

d@hl@@p@@@ Encyclopedia of ustrla emistry, 5th
Edition on CD-ROM, 1997, under “lubricants and related

products”

Synthetic oils include organic esters, £for example
diesters and polyesters, polyalkylene glycels,
polyethers, synthetic hydrocarbons, especially
polyolefins, among which preference is given to
polyalphaolefins (PAO), silicone oils and perfluoro-
alkyl ethers. They are usually somewhat more expensive
than the mineral oils, but have advantages with regard

to their performance.

Natural oils are animal or vegetable oils, for example

neatsfoot oils or jojoba oils.

These lubricant oils may also be used as mixtures and

are in many cases commercially available.

The concentration of the comb polymer in the lubricant
0il composition is preferably in the range from 0.1 to
40% by weight, more preferably in the range from 1 to



I so- and cycl oal kanes having from 20 to 32 carbon
atons: 60.7-82.4% pol ar conpounds: 0.1-0.8% | oss:
6.9-19.4% Valuable information with regard to the

lys neral oils and a list of
ﬁ?c%&ﬁ%e 32§ng fferent conposition can oundé)}(%ds':?z13

exanple, in Ul mnn' s Encydtopedi a of Industrla
Chem stry, 5th Edition on CD-ROM 1997, under
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55%?5§3 ganic esters, for exanple diesters and
esters, polyalkylene gl ycol s, polyethers,
synt hetic hydrocarbons especially polyol efins, anong
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concentrati'on of the conb pol in ubri cant

ot takbhiratiti ofeFeTpPBE8r a@loylr. P r SRPESFFBATD. Pragor
400 hysweiwdg, nore preferably in the range from1l to
WO 2007/ 003238 PCT/ EP2006/ 003213 - 28 20% by wei ght,
based on the total weight of the conposition. In
atidi tiddmttion} heclafser eagdi t bmed componiers syiscosity index

L%Egﬁ@\?/ée%s,o” &OJHJeq:Sé trigon MRS (AN Se falﬁrcf/l?ﬁr friction
modifiers, which are more preferably based on a linear
polyalkyl (meth)acrylate having from 1 to 30 <carbon
atoms 1in the alcohol group. These linear polyalkyl
{meth)acrylates are described especially in the prior
art discussed by way of intreduction, and these

polymers may have dispersing monomers.

Preferred lubricant oil compositions have a viscosity,
measured at 40°C to ASTM D 445, in the range from 10 to
120 mm®/s, more preferably in the range from 22 to
100 mm’/s.

In a particular aspect of the present invention,
preferred lubricant oil compositions have a viscosity
index, determined to ASTM D 2270, in the range from 100
to 400, more preferably in the range from 150 to 350
and most preferably in the range from 200 to 300.

The invention will be illustrated in detail hereinafter
with reference to examples, without any intention that

this should impose a restriction.

L) Preparation of macromonomers



These additives include antioxidants, corrosion
i nhibitors, antifoans, antiwear conponents, dyes, dye
stabilizers, detergents, pour point depressants and/or
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M, is the number-average molecular weight, which can be
determined by GPC against polyclefin standards of the
same chemistry or by osmotic methods such as vapor
pressure or membrane osmosis. The kinematic viscosity
is described by v and the dynamic viscosity by n (ASTM
D445). The proportion of 1,2 repeat units (vinyl repeat
units) over the sum of 1,2 repeat units and 1,4 repeat
units, as can be determined for (hydrogenated)
polybutadiene by 'H NMR spectroscopy, is given by fyinyi-
The melting point correlating to fvinn by DSC 1is

reported as Tg.
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pol ybut|adi ene py 1H NMR spectroscopy, is given hy
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Kraton® | 4200 35 00C | 4800 1300 50 | -17
1-1203

The abbreviation

to measure a

melting point.

"n.a." means that it was not possible

The macromonomer derived from macroamine is prepared by
1850 g of Kerocom®
are

aminolysis of MMA. For this purpose,
PIBA 03 35%
dissolved in 1200 g of MMA with stirring at 60°C. 0.6 g
and 0.12 g of 4-
hydroxy-2,2, 6, 6-tetramethylpiperidino oxyl radical are
added to the After heating to MMA reflux
(about 100°C)
30 g of MMA are distilled off for azeotropic drying.
24 g of Sn(Oct);0 are added and the

{contains aliphatic hydrocarbons)

of hydroquinone monomethyl ether

solution.

with stabilized passage of air, about

After cooling,
At this temperature,
After

mixture 1s heated to MMA reflux.
the mixture is allowed to react for three hours.
1000 g of added

precipitation and the mixture is stirred for 4 h.

for catalyst

The

cooling, water are

biphasic mixture is separated in a separating funnel



5 Kraton(r) 4200 35 000 4800 1300 50 -17 L-1203 The
abbreviation "n.a." neans that it was not possible to
neasure a nelting point. The nmacronononer derived from

r ] ' repared by amnolysis '
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cooling, 1000 g of water are added for catal yst
precipitation and the m xture is stirred for 4 h. The
dipdhas inecrorbuoeeirs separited | Aramsepeaetddbcsumhel are
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methanol/MMA azeotrope 1is distilled off constantly

until a constant top temperature of about 100°C is
established. At this temperature, the mixture is
allowed to continue to react for a further hour. After
cooling, insoluble‘catalyst residues are removed under
hot conditions by pressure filtration (Seitz T1000
depth filter). The product 1is finally degassed on a
vacuum rotary evaporator. 350 g of macromonomer are

obtained.

In the <case of macroalcohols of relatively high
molecular weights, the addition of KPE 100N cil at the
start of the macromonomer synthesis may be helpful. The
content of XKPE 100N o0il entrained into the comb polymer
syntheses described below should be taken into account

appropriately.

Kraton Liquid® L-1253 is a methacrylate-functicnalized
hydrogenated polybutadiene which is prepared from the
OH-functionalized hydrogenated polybutadiene Kraton



(about 100C) with stabilized passage of air, about 30
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descri bel ow. The neasurements were effected in

teas anyed of Te akicaprdsehggaiAsela pol fletdghector (Agilent
et hacrkph-ake)cajd br akean Ctie/embheosmansféroffunctdmnality

%anqgﬂgsté£§lXetér%ﬁggga% é%%ﬁ@éecgicufaylon from the
ratio f between remaining integral area under the GPC
trace of the macromonomer to the total integral under
macromonomer and actual comb polymer as fuw= 1 - f£/wum.
In this formula, ww specifies the weight fraction of
macromonomer weighed in based on all monomers. The
values determined for the macromonomer functionality fim
are compiled in table 2. The same response factors for
all repeat units were assumed. The polymerizations of
the comb polymer syntheses were performed wup to
complete conversion of low molecular weight backbone
monomers {nBMA, Sty, nBA, MMA and DiBF) with

conversions of > 99% (HPLC).

The properties of the compounds obtained are shown in
table 2.



Laboratories) whose Mpeak was in a uniformlogarithmc
di stribution over the range from5.106 to 2.102 g/ nol.
A conbination of six colums (Polyner Standards

A OA / 2x SDV LXL / 2x SD 63V53§§
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detector (Agilent 1100 Seri¥s)- was used. The
macr onononer functionality fnmwas then determ ned by
sinmple calculation fromthe ratio f between renaining
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PCT/ EP2006/ 003213 - 33 Table 2 Conpound obt ai ned
Compound used fM* 1 Macronononmer 1 Macroam ne 1 75
NBC r Symintones s 20 Mecho at@dhabo yi&dcs Macr onononer 3

Macr oal cohol 3 77 Macronononer 4 Macroal cohol 4 54
Macr onononer 5 Macroal cohol 5 83 Kraton( c{) L-1253
KEaaEniey L-9203 5 Sy hee S HMR S ot pol yner s
Exanples 1 to 7 and conparative exanples 1 to 4 An

?ﬁﬁ””égﬁﬁ}atus w1t%pk4f£%% a??aQLeCISlon fgéﬁgion glass

saber stirrer is initially charged with a 150 g mixture

of low molecular weight monomers and macromonomer whose
composition is shown in table 3, and also 65 g of Shell
Risella 907 oil and 35 g of KPE 100N oil. After heating
£to 120°C under nitrogen, 0.9 g of t-butyl perbenzoate
is added and the temperature is maintained. 3h and 6h
after the first initiator addition, another 0.3 g of t-
butyl perbenzoate each time is supplied and the mixture
is stirred at 120°C overnight. The next day, the
mixture is diluted with 125 g of KPE 100 oil. 375 g of
a 40% solution of comb polymers in mineral oil are

obtained.

Examples 8 to il

An apparatus with 4-neck flask and precision glass
saber stirrer is initially charged with a 150 g mixture
of low molecular weight monomers and macromonomer whose
composition is shown in table 3, and also 65 g of Shell
Risella 907 oil and 35 g of KPE 100N oil. After heating
to 90°C under nitrogen, 0.3 g of t-butyl per-Z-ethyl



saber stirrer is initially charged with a 150 g
m xture of | ow nol ecul ar wei ght nononers and
macr onononer whose conposition is shown in table 3,

f Shell Risella 907 oil
Q%g%%’ﬁ(%ﬁ% fter heating to 120C under)Ehéﬁ%%sc‘)r(gagfelﬁfno32l3

0.9 g of t-butyl perbenzoate4dis added and the
tenperature is maintained. 3h and 6h after the first
i tarmpate addi tadted aandhéhe). Fpataturguiyl maintained.
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stirred at 120C overni ght. The next day, the m xture
&3 1t &f witchutys gpar APELhYBherRIORYS FD &y s
smpgslpéu oangorrrhep@ilymfrs‘e iis N Heredd oat aoéc overnight.

t ai ned s 8 t 11 An rat neck
f R KGR g?gm 8n“§1 e§'asoecfp1§ }é?tgaloFyKPE
chal gedlwi t3¥5a 450£g am «@%r eolotlbanfolcecomw apohginght in
r whose conposition is shown
HP{}?&%%J_S %mja&(%é:acl%lP @g % of Shell Risella 907 oil
and 35 g of KPE 100N oil. After heating to 90C under
Nkt L O 3z of3t-butyl per-2-ethyl WO 2007/ 003238
PCT/ EP2006/ 003213 - 34 hexanoate is added and the

tenperature is maintained. 3h and 6h after the first
imﬁtias’:}i};ﬁfraa:dﬁﬁtimﬂmh anehbek ©18sk odnd-lpredision glass

2- et hyl hexanoat e. eac su d d t
4 ST LR T RaLat CO0C By BRAFGRE. Mo ndt daglirrure
tde howtmeobecglar| weedhii nhno@srg aﬁdeacrm@n@mer I se
¢S 4&/%0' gtlgﬁ?@ﬁ q%fbtgewﬁ&;s LAg rgigeaallo@ lg of

ar e otalne pparatus w th
A neednd | a&&t%dh%%hmg.taﬁ §PaSsundgpepisrprppRr Ps3 9 of

Iﬂuﬁaqiy pharged tWiyiih andpOngatk Xt wre @hHde@W and the
nmol ecul ar vvelght MNOoNer s ang macr. ono omerqwgose

SBSST YOI i §° sHBwR FAlEebl 13, “did ngagfer the
tﬁmmtnelnﬁiﬂo:heacﬂdmmm, 98 tinder 0nBt gogeént @u:ﬁyg pfer-

t2 beLgl'}/},rlI'Pe(:“zgam2 a%@yéa'cjﬁx%[i]%%t %s' Ss%deéngn&h%he mixture
is stirred at 90°C overnight. The next day, the mixture
is diluted with 225 g of KPE 100 oil and the toluene is
removed by degassing on a vacuum rotary evaporator.
375 g of a 40% solution of comb polymers in mineral oil

are obtained.

Taking account of the net composition of macromoncmer
and low molecular weight monomers which form the 150 g
and the macromonomer functionality  fim, the net
composition in terms of mass proportions and
additionally, taking account of the molar masses of the
monomers, the molar degree of Dbranching fyranch Wwas
determined for each comb polymer. The resulting values
are shown in table 3. Moreover, the molecular weights
and PDIs by GPC in tetrahydrofuran, which is a good
solvent for all segments of the comb polymers,

according to the method described above are reported.



tenperature i s maintained. 2h, 4h, 6h and 8h after the
first initiator addition, another 0.3 g of t-butyl

per- 2-ethyl hexanoate each tine is supplied and the

X t rred at 90C overni ght.
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the toluene is renoved by-deégassi ng on a vacuum

rotary evaporator. 375 g of a 40% solution of conb
pdbyeererin mifferal diawingr e @bt ai aetrigaki aglacedgnt low
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WO 2007/ 003238 PCT/ EP2006/ 003213 - 35 Moreover,
aftetedfawi ng of f carrier oil and low nol ecul ar
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pressure for 24 hours, the conb polyners were
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was anal yzed in a miemﬁmarramsctulaésc pan in the Neange.yfheom
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fromthe second heating curve in each ¢ase (fakveQ)
31 Vononel .8 Xt e Netgpol ymegys Net gonposigtiop 15
[%byvvt ] [conmposition [ % by V\A.] Exanple 1 [Kraton(r)
L-1253 Sty inBMA %4941 15[ 48-Q 40'8-95/0
Example 2 Macromonomer 2 Sty nBMA 31 52 17
43.1 £2.6 14.3
Example 3 Macromonocmer 2 Sty nBMA 31 44 24
37.2 40.6 22.0
Example 4 Kraton® L~1253 Sty nBMA 44 36 20
45.0 35.6 19.4
Example 5 Macromonomer 4 Sty nBMA 38 40 22
53.3 30.4 16.3
Example 6 Macromonomer 5 Sty nBMA 36 13 52
£0.0 12.0 48.0
Example 7 Macromononer 2 Sty DiBF 32 44 24
44.0 36.0 20.0
Comparative | Macromonomer 2 Sty nBMA 73 17 9
example 1 82.2 11.86 6.2
Comparative | Macromcnomer?2 Sty nBMA 1 64 35
example 2 2.5 63.0 34.5
Comparative | Macromonomer 2 Sty Ci2- 28 24 48
example 3 40.0 20.0 15MA
40.0




Exanpl e 2 Macronmononer 2 Sty nBMA 31 52 17 43.1 42.6
14. 3 Exanple 3 Macronmononer 2 Sty nBMA 31 44 24 37.2
40.6 22.0 Exanple 4 Kraton(r) L-1253 Sty nBVA 44 36 20

8029077943289

anpl e 5 Macronononer 4
3 Exanple 6 Macronono

nmer

P&%E%% %ﬁ&ﬁ?w

36 13 52 40.0 12.0 48.0 Exadple 7 Macronononer 2 Sty
DiBF 32 44 24 44.0 36.0 20.0 Conparative Macronmononer

2 Sty nBVA 73 17 9 exanple 1 82.2 11.6 6.2

SRR LT MG RRE L Nt ovononer |2 81y (C18Y 2B

2kangie dxanpl e 3U0.0 20; 042650MA; 40582 WD 2007/003238

PCT/ EP2006/ 003213 - 36 | Conpar at iggeg Macr onononer 2

Sty CIZ- 1y 44 44 eXanple 4 20(0 40. 0 [1I5NVA 40. 0

Béanple 88 VABFEMRoRRT 22| nBRE: MVA 8% 51 137 49. 4140/ 513

10.1 Exanplle 9 Kraton(r)| L43253 | nBNMAL MVA 44 50 6 4p.0

49,5 5.5 Exanple 10 Macrpbnononerf 1 nB 41 59 48.1

=57 dpl & 117Gt bRononBP Yo hENRT27 | 737 36, 061D ©

Exanple 12 |Kratom(n) L-1p539Sty|nBA4|43 13 | 45.0

4E%c'ar:!'1p}e2'18 [%gpém%n%gerwcrommar 2 Sty nEiA‘ 35 %g 1b
48.1 51.9

Example 11 Macromonomer 2 nBMA 27 73
39.0 61.0

Example 12 Kraton® L-1253 Sty nBA 44 43 13
45,0 42.1 12.9

Example 13 Macrcmonomer 2 Sty nBA 35 49 15
48.1 39.6 12.3

Comparative Clz-

example 5 15MA

1060.0
Comparative clz2/14/ MMA
example 6 16/18MA 25.0
75.0

In table 3:

Sty: styrene

MMA ; methyl methacrylate

nBMA ; n-butyl methacrylate

nBA: n-butyl acrylate

DiBF: diisobutyl fumarate

Cl2~15MA: alkyl methacrylate mixture having from
12 to 15 carbon atoms in the alcohol
radicals

C12/14/16/18MA:alkyl methacrylate mixture having 12,
14, 16 and 18 carbon atoms in the

alcohol radicals




48.1 39.6 12. 3 Conparative Cl2-
Conparative C12/14/ MVA exanple 6 16/ 18MA 25.0 75.0
ne MVA nethyl

In table 3:

%067%@, baget hacryl ate

fumarate C12- 15MA: al ky

dIISO

Sty: styre

ut yl

nBA:

n-butyp

exanple 5 15MA 100.0

net hacryl at e

T:'f‘?ﬁﬁ‘

acrylate

m xture having from 12 to-1%/carbon atons in the
net hacryl at e

al cohol

radi cal s Cl12/ 14/ 16/ 18NMA: al kyl
m xture having 12,

14, 16 and 18 carbon atons in the

a@ggpgl3r@gb§@1§um 2007/ 003238 PCT/ EP2006/ 003213 -

able 3 (continued) (branch Mwv [ g/ nol ]

PDI

arkhnnp TG [ Examle 1 2 0% 281 000 +50
o e 2| 5 00| Bp Al o 3 2) ibdudnao:
3 Exanple 6 1.6%183 000 3. 9-Exanple 7 2 A0G+EAC]
OO]I'.]Spﬁfpatel ve [11. 53%83 500268190exanpl e 3L7 Conpar atrbve
0. 07%6..8xgml e 2 4o 132 000 5.2 +59
Example 3 2.1% 144 000 5.0
Example 4 2.1% 270 000 5.5
Example 5 1.4% 142 Q00 6.3
Example 6 1.6% 183 000 3.9
Example 7 2.4% +54
Comparative 11.5% 83 500 6.9
example 1
Comparative 0.07%
example 2
Comparative 2.8% if
example 3 present
<-60
Comparative 0.9% if
exampie 4 present
<-60
Example 8 3.1% 187 GO0 9.8 +38
Example 2 2.4% 402 000 4.6
Example 10 8.2% 353 000 13.4
Example 11 2.2% 354 000 16.6
Example 12 2.0% 181 000 3.8 +£6
Example 13 2.4% 79 100 4.1
Comparative n.a 24 000 1.9
example 5
Comparative n.a 43 000 2.0
example 6

666/003213



Conparative 2.8%if exanple 3 present <-60
Cbnparative 0.9%if exanple 4 present <-60 Exanple 8
.1% 187 000 9.8 +38 Exanple 9 2.4% 402 000 4.6

6353 000 13.4 Exanple lge/m% @by 13
%?@@eﬁz 0% 181 000 3.8 +46 Exan{a% o

79 100 4. 1 Conparative n.-a.384 000 1.9 exanple 5

Conparative n.a. 43 000 2.0 exanple 6 WO 2007/003238

O BR200G1 0082418 cod8 pEileiat i on of the conb

pol yners The conb pol yner additives obtained are

characterized via VI neasurenents to ASTM D2270 and
viRe PSSP ReaSitEmeAfS b VABTIAPEEE Ref I © B PEF 25 it 269

u+iat aspundyeagrefebtN 51381 B cymd &80 of aAadBos¢h PSSI

f | ut li.shed ki (8
TRy o0 0RETA "Bl 5 { L CASTRN Badaf TRy
1GON tas®Ifi | 513KVAOS3. 68cirR/ sof KM 0Bo5ch2 pups, of a
é§ﬂ&%90n'Eﬁﬂse§PQMT1§ ggrl r% t;chevhggggﬁk e &Pnﬁoo C

nNers have a S|gn| |cant etter relationship of
\IW EBs4 . Gndwsoid ds(ATHM en?44han ihe pol yAENs base Oll
ﬁk@é@:ﬂl &8 thE /N1 k@ odts . accandy By Yo-ER50699694.
e results of the evaluation detailed are shown in
table 4. Table 4 Pol ymer according Net polyner VI at
PSS| 10 GSIn t elekolgordteatt (B KWVIQOr IASTMERIBOPoDyNers

H? 150N tgfénféigggtlyr % %%%r' relationship of VI, PSSI

and solids content than the polymers detailed in the

prior art according to EP 0699694, The results of the

evaluation detailed are shown in table 4.

Table 4
Polymer according Net polymer VI at PSSI to PSSI to
to content [%] KV100= ASTM D2603 DIN
in 150N test 14 Ref. B 51382
oil for mm?/ s (12.5min (30
KV100=14 mm®/s ultrasound} cycles
of
Bosch
pump)
Example 1 5.05 249 23.4 2.1
Example 2 9.24 254 4 ‘
Example 3 7.96 255 6.5 0.0
Example 4 5.83 245 15.1 1.6
Example 7 11,34 224
Example 9 4.4 263 29.4 3.8
Example 11 5.81 284 4.7
Comparative 7.41 169 36.9
example 1
Comparative insoluble
example 2




oil for m2/s (12.5mn (30 KV100=14 mm 2/s

ul trasound) cycles of Bosch punp) Exanple 1 5.05

249 23.4 2.1 Exanple 2 9.24 254 4 Exanple 3 7.96 255
6.5 0.0 ,EX e 4 5.83 245 15.1 1.6

Fr ) %&%ﬂ&9%§g§§.4 263 29.4 3.8 Exanplg%qﬂyéf?gbééﬁﬁgbl3
4.7 Conparative 7.41 169 369 exanple 1 Conparative

i nsol ubl e exanple 2 WO 2007/ 003238 PCT/ EP2006/ 003213
39 Conparative 6.21 173 11.3 exanple 3 Conparative
5.95 164 18.2 éexanple 4 Tn additjon, conb pol yne
accoPBHG L t he pr eseft in\enll?%')n er e corrpared{l\?\fth
| i neaksmpaxcepti dnally shear-stable PAMA (conpdrative
exanple 5). In this e, the i ds contents |of e
pol y%pﬁ%?%rav\é‘r’ee adj ust esgggto a so?glfi oh viscosity o%é'g
KV10@xampl8. 45mP/s in a Vil- [free D
package-contai ning APl group Il base oil conposed of
pol yaIC{)h_ao,I efin and hydrocrack oil d(,KVlOO = 5.15

MR/ RAGAMPE 25088 el FIeXF 200PF r Copofihg PAsESnt
t£?$§ﬂﬁ4£ﬁ7)wefﬁfecbmparéﬁgnhﬁkhanuin&@mantag&&ﬁﬂidﬂaily
pol yner caont ent al so VI_are found i t h conparabl.e .
o?h%%JénSB%i’iper E%%? thcﬁlEf\?%ﬁq@S‘ﬁe paer}far@:we( 205?2 'oralrfjgzﬁf?us
t apes pdthel kel ileacbngentbnofhéhdy pardivoers were adjusted

| oy Leaperat ure Visseaskly o8t kAYe Lo 13 NHL398 and ot Rer-

free D/I package-containing API group III base oil

composed of polyalphaclefin and hydrocrack oil
(KV100 = 5.15 mm?/s, Kv40 = 25.30 mm®/s, VI = 137, pour
point -45°C to ASTM D97). Here too, significant
advantages in the polymer content and also VI are found
with comparable or even better PSSI to DIN 51350 part 6
(20h or 192h, tapered roller bearing). In the dynamic
low-temperature viscosity at -40°C to DIN 51398 and the
pour point to ASTM D97 too, exceptionally advantageous
values are found for the comb polymers. The comparison
of example 6 with example 12 shows additionally that
comb polymers which are based on OCP macromonomers of
elevated proportion of 1,2 repeat units are
significantly better in their low-temperature
properties. The results obtained from the analyses

detailed above are shown in tabkle 5.

Table 5
Polymer Net polymer PSSI to PSSI to
according content [%] DIN 51350 DIN 51350
to in D/I VI at part 6 part 6
package- KV100 = (20h, (192h,
containing 12.15 tapered tapered
group ITI mm?/ s roller roller
base oil for bearing) bearing)

KV100 = 13.15

mn’/ s




pour point to ASTM D97 too, exceptionally advantageous
val ues are found for the conb polyners. The conpari son
of exanple 6 with exanple 12 shows additionally that

ich are based on OCP
Cﬁevgggz g?%%o§?lon of 1,2 repeat unl?gﬁg??ﬁﬁ@&@é?o6§213

significantly better in the|4OIﬂMFtenperature

nnnnn t The rpocnlt o AWt framt+thn Aanal vonc
|UPC|L|CQ LILILA 2 TCOouUrt o UIJLU.IIIC LI AL LA 2 ||a|yoco

det=ainpbBd 2above ane2shown i réetablle 5.12Tabl e! 5 Pol yner

hﬁ%@&oquFrdf§§l tg PSSNEQ\5 accordbggacon1ent4gq] DI|N

L1O0U UI'IN J1O0U toitn b I.Jd.lt O pPart

afeagks 6KY100 =74(820h, 19Zﬁl contalnlnq 12.15

{ apened banered qggoup |11 98/ rolle rofler base
T1 Or Deqrirmnyg) beartriy) RViOG— 1315 e/ S WO
@eFF0R3IVPAR] PCT/ EF2006/ 003233 4016Fkanmpl e 243.p 2
2§§a&§621£xanplqo5410.2 259,20.23 46,3} Exanple 6 7.6
761 EXanpi @ 8 10.0 242 4.8 EXanpie 12 7.97239 16. 1
AFmpargbiymml e 1321D. 4 213 18°6 Conpalalive| 22. 4°-P76
19%:Qrdh: @ |exanple 5 Taple 5 (cantinued) Pol yner
Dynam c viscosity Pour point to according to at -40
to DIN ASTM D97 51398 in a liquid [C] bath [nPas]
Exalnpe 5 2{dent6Duedb Exanple 5 25 900

Polymer Dynamic viscosity Pour point to
according to at -40°C to DIN ASTM D97
51398 in a ligquid [°cC]
bath [mPas]
Example 2 19 600 : -45
Example 5 25 900
Example 6 34 000 -45
Exanmple 8 29 300 -45
Example 12 solid =27
Example 13 37 500

Moreover, a comb polymer was used as a VII in an
IS046/VI160 hydraulic oil formulation based on API
group I 100 N/60CN oils and, in the PSSI to DIN 51350
(part 6, 20h, tapered roller bearing), compared toc a
linear PAMA (comparative example 6). It was found that
an exceptionally high reduction in the necessary solids
content to less than 33% with equal to slightly better
PSS51 is possible. The compositicns of the hydraulic oil
formulations and the results obtained from the analysis

are shown in table 6.



Exanple 6 34 000 -45 Exanple 8 29 300 -45 Exanple 12
solid -27 Exanple 13 37 500 Moreover, a conb pol yner
was used as a VIl in an 1S046/VI160 hydraulic oil

f on APl group | 100

‘2‘5{?‘5@@55&u N 51350 (part 6, ZOhw%ﬁgpereddro 13
bearing), conpared to a |4 nEar- PAMA (conparative
exanple 6) . It was found that an exceptionally high
reduction in the necessary solids content to |ess
t@gglésg/ovmth equal to sllghtly better PSSl is
posstbte—The—conpositijons of theyThydrauticoit

for fFolaerons, ¥atdrtheergsuPtrenigbt al ned from tlhe
alosi sy (B e shonn i |t abhe 89, WD 2007/ 003238
R 003213 - 41 Table & Pol ymer Net| pol ymrer
Oronite acclordi ig to corﬁl’éﬁt’ea[r% a 0%%992 |i n
f\nt ibvvear ](SOO][\tstQT\{f11I68C4@g%4_lalﬁ@c d@l%am}lwe.ffo by bwtwt]. ]
% by wt. ornul ati on addi.t|jve [9 Exanplle 12 8.3
0.6 18.5 72. 67 EBMparat|i v 8. 6 34.4 62.4 exanpl e
6 Table 6 (clontinued) PRol yneri KV1D00 KV40 VI |[PSSI to
achoagnd'gq2to [m"nBZé s] [m’er/&]6 DI N3135£)8 épart 6 éZé)h
foHier ucalllg Exanpte 1238 484641 16T
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Table 6 (continued)
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(20h,
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reller
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Example 12 8.48 46.41 161 19.2
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Conparative 8.51 46.8 161 17.4 exanple 6 WO
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rraleates avi ng 1 to 10 carbon atons in the
alcohol group, and mixtures of tThese monomers,

characterized in that the molar degree of
branching is in the range from 0.1 to 10 mol% and
the comb polymer comprises a total of at least 80%
by weight, based on the weight of the repeat
units, of repeat units which are derived from
polyolefin-based macromonomers, and repeat units
which are derived from low molecular weight
monomers selected from the group consisting of
styrene monomers having from 8 to 17 carbon atoms,
alkyl (meth)acrylates having from 1 to 10 carbon
atoms in the alcohol group, vinyl esters having
from 1 to 11 carbon atoms in the acyl group, vinyl
ethers having from 1 to 10 carbon atoms in the
alcohol group, (di)alkyl fumarates having from 1
to 10 carbon atoms in the alcohol group, (di)alkyl
maleates having from 1 to 10 carbon atoms in the

alcohol group, and mixtures of these monomers.

2. A comb polymer as claimed in claim i,

characterized in that the main chain has a glass



al cohol group, and m xtures of these nononers. 2. A

conb polynmer as clained in claiml1l, <characterized in

tha} the main chain has a glass WO 2007/ 003238

R 3213 - 43 transition te i
ng@oﬁ%ﬁq% to 100C. 3. A conb poI;/Brglﬁ gogégibr?teéﬁs

inclaiml or 2, characteri4dBed in that the repeat

units which are derived from polyol efi n-based
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in theypnge from 700 to 10 000 g/nol. 4. A conb

pol ymer  as clainmed in at | east one of the preceding
cl ai ms, charact eri zed in that the conb polynmer
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t he altWhaio grbul)0 \gﬁ‘lﬂwlesters having from1 to 11
carbon atonms in the acyl group, vinyl ethers having
from1l to 10 carbon atons in the_ al cohal
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atoms, alkyl (meth)acrylates having from 1 to 10
carbon atcms in the alcohol group, vinyl esters
having from 1 to 11 carbon atoms in the acyl
group, vinyl ethers having from 1 to 10 carbon
atoms in the alcohol group, (di)alkyl fumarates
having from 1 to 10 carbon atoms in the alcohol
group, (di)alkyl maleates having from 1 to 10
carbon atoms in the alcohol group, and mixtures of

these monomers.

5. A comb polymer as claimed in at least one of the
preceding claims, characterized in that the molar
degree of branching is in the range from 0.8% to
6.0%.

6. A comb polymer as claimed in claim 5,
characterized in that the molar <degree of

branching is in the range from 0.8% to 3.4%.

7. A comb polymer as claimed in at least one of the

preceding claims, characterized in that the iodine



7. A conb polymer as clained in at |east one of the
precedi ng clains, characterized in that the iodine WO
2007/ 003238 PCT/ EP2006/ 003213 - 44 nunber is |ess

B2 87 T80 8P 8l east B K PRER0Bs /G2
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and/ org%&@dgtggﬁggdi enes. 9. A conb polyner as cl ai ned
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dgri vegd cBﬁemp%@yx@xefasﬂ @@é@ﬂeaa%owor@a& compr b$e the

at |least 80% by weight of groups r eriv

from nBﬁ%ﬁ%%n%eFé%%%ﬁ'fPBﬁgFﬁEeﬁﬂéﬁﬁ &8n§%§?‘ ﬁ&e otrepeat
C2- C10gal kenes ran@dor £ £ Ch01gbkadianpssebasedt rooridners
wei ght _of the re eat unij héﬁgerlved from

pol yol SPTRELEE e MdsFontHoRer <2 10 A Cofb By mdionger
cl ai meslelaceed| efisemonehaf gheup prms@r@ alOrﬁs C2-C10-

charack egiged 1napbatciber sepeplastilys deri ved from
ase
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polyclefin-based macromonomers.

10. A comb polymer as claimed in at least cne of the
preceding claims, characterized in that the repeat
units derived from polyolefin-based macromonomers
comprise groups which are derived from non-
olefinic monomers selected from the group of
styrenes, (meth)acrylates, wvinyl esters, vinyl

ethers, fumarates and maleates.

1i. A comb polymer as claimed in claim 10,
characterized in that the repeat units derived
from polyolefin-based macromonomers comprise at
most 20% by weight of groups which are derived
from non-olefinic monomers selected from the group
of styrenes, (meth)acrylates, vinyl esters, vinyl
ethers, fumarates and maleates, based on the

weight of the repeat units.

12. A comb polymer as claimed in at least one of the

preceding <claims, characterized in that the



12. A conb polynmer as clainmed in at |east one of the
precedi ng clains, characterized in that the WO
2007/ 003238 PCT/ EP2006/ 003213 - 45 nelting point of
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repeat units which are derived from styrene, and

repeat_units which are derived from. n-butyl

rr%g hackyFark. PREYIRI G poRyHes &8 afailrfe%st?noa‘? of the
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characterized in that the conb polyner has repeat
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wei ght nononers are copol ynerized. WO 2007/ 003238

PCT/ ER0062@n21$laims, characterized 1in that the comb
polymer has repeat units which are derived from
styrene, and repeat units which are derived from

n-butyl acrylate.

16. A comb polymer as claimed in at least one of the
preceding claims, characterized in that the comb
polymer has repeat units which are derived from
methyl methacrylate and repeat units which are

derived from n-butyl methacrylate.

17. A comb polymer as claimed in at least one of the
preceding claims, characterized in that the comb
polymer has a weight-average molecular weight in
the range from 50 000 to 500 000 g/mol.

18. A process for preparing comb polymers as claimed
in at least one of the preceding claims 1 to 17,
characterized in that macromonomers and low

molecular weight monomers are copolymerized.



- 46 19. A process for preparing conb polyners as
clained in at |least one of the preceding clains 1 to
17, characterized in that a functionalized nmain chain

pﬁ#ygﬁp oébﬁﬁt prepared, which is forgggfﬁbgghg?gwézl3

ecu m5|g t nononers, and then the
pol ymer prepared is reacted b§ a pol yner- anal ogous
reaction. 20. The process as clained in claim 19,
chér ackemirzesss nfehapreperpoby memmbangd bgoess r @gctdorimed

Is an ;g %‘EhQLé%LS He ”B‘Er%:'ec%ﬂ‘ééec?ﬂ}ﬁj Of1&ms 1 to 17,

am nol ysi s = by racroam nes. process as cl ai ned
in cl aFhPpactenaradt ér At m fﬁat:ttlﬁ@aﬂré?ﬁdcﬁ@lﬁ?— chain

pol ymepoComRpEi Sies @@kgt ;‘1 eda,m dJrighoups, fasfnaa frOm
r

roups. and/ or. aci.d an ro 22. . The
gs gfa}ﬁﬁdqq}%ﬁﬁ%aéaéWe L ofte ﬁ@g %re ngh%ﬁai ﬂ?ln

to 21, chhanagidnireed pnephatd tie peecess iksy per froriguaer-
bat chwi, al ss as clained in at |east one

of the ﬁ%%%% ngg% EQSS 18 to 22, characterized in

that the reactlon IS perforned in the presence of a

SQbUb'%hé'ﬁgoE@%%'%% needi 44 24n EﬂglﬂrqgesQﬂ%&ﬁcterlzed
claimed in claim23, characterized in't hat the

carr|e%nneahﬁﬁw|§h§el@@ﬁéHeFr@ﬁﬁ@ﬁ@ouéroﬁﬁaﬁﬁlfﬁb gas an

Oi I s anUteholfieiar eatnLe r Sy PosSd /2. afh@éaminolysis
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is perforned free of regulators. WO 2007/003238

f%?ﬁ5|§$g6ﬁ98§%%§ asZ@&a%ﬁ%dﬁﬁ+ugﬁbgﬁn@0mlcha(fcterlzed

conprising co yners as cl al ne I n at
| east dhe Wiat hehgr aadd nghéllﬁl nBolvmer 17comprises  acid

groups, amide groups, ester groups and/or acid

anhydride groups.

22. The process as claimed in at least one of the
preceding claims 18 to 21, characterized in that

the process is performed batchwise.

23. The process as claimed in at least one of the
preceding claims 18 to 22, characterized in that
the reaction is performed in the presence of a

solubilizing carrier medium,

24. The process as claimed in claim 23, characterized
in that the carrier medium 1is selected from the
group of the gas oils and/or the aromatic

hydrocarbons.

25. The process as claimed in at least one of the
preceding claims 18 to 24, characterized in that

the reaction is performed free of regulators.



27. The lubricant oil formulation as clained in claim
26, characterized in that the |ubricant oil
formul ati on conprises base oils of APl group I, 11,

11, group V. 28. The | ubri cag{F '
f"tc} rﬁf#oﬁfiadﬁ%e claimed in claim 26 or ’ﬂ".ﬂ2006/003213
characterized in that the-vidgcesity index is at |east

200. 29. The lubricant oil formulation as clained in
ate. | gast Laheiohntl aiasl 26 fbom28atihar act@peliighn  comb

that the t ST : I Sq t 0 h
equal Qoolﬁ%ﬁl%oéaé?h.eé\ﬁ[u r(g&gar@oi%for!ﬁgﬁgtigﬁgagf the
cl ai mmregeditng |dasimone tof laims 26 to 29,
characterized in that the lubricant oil fornul ation

conprises at. | east one additional additive which is, .
ot a Wbl UBBIGaRt StlolarRAY led 1o aidm 413 grasy, 13 claim
TEe | ubg _Cadﬂlﬁapéibtf]ﬂ{ﬂeudti]at 'tLgn ahacl aithed | hulstacant 30pil
characterized in that the additive I.s_a [ Si

i ndex "?Fﬁ‘i‘uévagfrl,o otir™Boi Rt ﬂ'ﬁarso%ePfisdi%%e?‘glgngéyoup I
assi staht Tand/ orv farictdarorgmmdt fV.er. 32. The | ubricant

oil formulation as clainmed in claim 30 or 31,
characterized in that the additive is based on a .
|3hearThrol Yapkifarherh) adpyradatien g $+dfradt onaglaim
carbompat ¢ys bn,t henalseneli gequpin 3k hakhe tise ofiseosbty
polymers as clained in gtq east one of the preceding

cl ai msiPYD 47 Hs Visto i ndex i nprovers, pour
poi nt inprovers, dispersing assistants and/or

fféFtifHE'“R%.EE%%%t oil formulation as claimed in at
least one of claims 26 to 28, characterized in
that the PSSI to ASTM D2603 Ref. B is less than or
equal to 45,

30. The lubricant oil formulation as <claimed in at
least one of claims 26 to 29, characterized in
that the lubricant oil formulation comprises at
least one additional additive which is not a comb

polymer according to claims 1 to 17.

31. The lubricant oil formulation as claimed in claim
30, <characterized in that the additive is a
viscosity index improver, pour point improver,

dispersing assistant and/or friction modifier.

32. The lubricant oil formulation as claimed in claim
30 or 31, characterized in that the additive is
based on a linear polyalkyl (meth)acrylate having

from 1 to 30 carbon atoms in the alcohol group.

33. The use of comb polymers as claimed 1in at least
one of the preceding claims 1 to 17 as viscosity
index improvers, pour point improvers, dispersing

asslstants and/or friction modifiers.



