- 1 Polyal kyl (meth) acrylate copol ynmers having
outstanding properties The present invention rel ates
to polyal kyl (neth)acryl ate copol yners havi ng

out standing properties. The efficiency of nodern
gear boxes, engines or hydraulic punps depends not
only upon the properties of the machine parts but
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context, particularly effective constituents of a
lubricant include base oils having a particularly low
viscosity and thus low inherent friction, and also
organic friction modifiers. An example of this trend is

the newest generation of what are known as fuel-economy |
engine oils of the SAE classes 5W-20, 5W-30 or O0W-20,
which can be found analogously also for oils for manual

and automatic gearboxes.

As a result of a development parallel to the fuel-
saving lubricants, the use of friction-reducing
additives has  become even more important: the
dimensions of modern gearbox and pump casings are
distinctly smaller, they are cooled less, and both
gearwheels and bearings have to bear higher loads. As a
result, the operatlng temperatures are much higher than
in the past. As a consequence, the tribological contact:
between two surfaces moving counter to one another has
a reduced £film thickness, and the lubricant and the
additives present therein have to be capable of

ensuring low frictional loss under these mixed friction



bet ween two surfaces noving counter to one another has
a reduced filmthickness, and the lubricant and the
addi tives present therein have to be capabl e of
ensuring low frictional |oss under these m xed
friction 2 conditions and_of protecting the surfaces
fromwear. According to the“current state of the art,
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and trlphOSphorlC esters, xanthogenates or sulfur-
containing fatty acids. This class also includes
compounds which, wunder the tribological stress in
frictional contact, do not form solid but instead
liquid reaction products having high load-bearing
caipacity. Examples thereof are unsaturated fatty acids,
partial esters of dicarboxylic acids, dialkylphthalic
esters and sulfonated olefin mixtures. The function of
such friction-modifying additives is very similar to
that of the EP additives, in the case of which the
formation of a reaction layer in the lubricated gap
wide has to proceéd under relatively mild mixed

friction conditions.

Furthermore, organometallic compounds such as
molybdenum dithiophosphonates and dicarbamates, organic
copper compounds, and also some solid lubricants such
as graphite and MoS; may also function as friction-

modifying additives in lubricants.



that of the EP additives, in the case of which the
formation of a reaction layer in the |lubricated gap

wi de has to proceed under relatively mld m xed
friction conditions. Furthernore, organonetallic
conmpounds such as nolybdenug1dithiophosphonates and
di carbamates, organic copper conpounds, and al so sone
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and polyalkylene polyamines. The lubricant comprising
this random copolymer, compared to a reference, has a
frictional coefficient reduced from 0.1104 to 0.07134,
which is shown by the example of a Falex friction test
(ASTM D 2714). A particular disadvantage of these
polymers is their complex pre};;:aration.

JP 2000355695 {(Us 6426323) degcribes lubricant
compositions for continuous automatic gearboxes (CVTs)
which comprige dispersing VI improvers. Preference is
given to using polyalkyl methacrylates with dispersing
comonomers such as dimeth}ilaminoethyl methacrylate,
2-methyl-5-vinylpyridine and N-vinylpyrrolidone as VI
improvers in order to obtain improved oxidation
stability. Friction experiments on these lubricants are
described by way of example, but there is no
information ori the influence of the abovementioned VI

improvers.

EP 570073 describes boron-containing polyalkyl acryl-
ates and methacrylates as lubricant additives which
simultaneously have the effect of a VII and of a



whi ch conprise dispersing VI inprovers. Preference is
gi ven to using polyal kyl nethacrylates wth dispersing
conmonomrrer s such as di net hyl am noet hyl net hacryl ate,
2-met hyl - 5-vi nyl pyridi ne and N-vinyl pyrrolidone as VI

i nprovers in order to obtain,i nproved oxidation
stability. Friction experiments on these |ubricants
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additional components, but their type is judged to be
uncritical in relation to the frictional performance of

the formulation.

Us 4699723 describes disperging multifunctional VI
improvers = composed of ethylene-propylene copolymers
(OCPs) to which a dispersing, antioxidative functional
group is graftéd. An influence of these VIIs on the
frictional properties of the resulting lubricants is
not described. In this case, generally random
'copo‘lymers are obtained which do not have friction-

improving properties.

US 6444622 and US 6303547 describev friction-modified
lubricants, in which the frictional properties are
influenced by the combination of improved classical
friction modifiers, in this case a Cs5-Cgo carboxylic_
acid, and an amine. The addition of polyalkyl rﬁeth-
acrylate VI improvers is also claimed only in
conjunction with the  adjustment of the lubricant oil

viscosity (SAE units) and the shear stability.



US 4699723 descri bes dispersing nmultifunctional WV
i nprovers conposed of ethyl ene-propyl ene copol yners
(OCPs) to which a dispersing, antioxidative functiona
group is grafted. An influence of these VIIs on the
frictional properties of thecresulting lubricants is
not described. In this case, generally random
. copolynmers are obtained which do not have friction-
id]ggrovw.&roperti es. US 6444622 and US 6303547 _
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allepidatte bdad Wasddirgg nes and al so a mixture of
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100 000 g/mol. Increased lubricant film thicknesses and
good wear protection compared to the prior art are
attributed to the claimed lubricants.

The authors emphasize that the use of customary high
molecular weight VI . improvers has considerable
disadvantages owing to the _non—newtonian,<behavior of
- the resulting oils. Thus, especially the thickness of
. the lubricant film in £frictional contact is to be
reduced owing to the high shear stress and the low
temporary shear stability of such polymeric additives.
This behavior of lubricants which comprise polymers is

contradicted by the present invention.

US 6358896 describes friction modifiers for motor oil
compositions having improved fuel efficiency based on
keto amides and keto esters. Polymeric viscosity index
improvers are mentioned in the patent as components of
such lubricants. Dispersing VIIs are mentioned énly in
relation to their action as dispersants.



wei ght - aver age nol ecul ar weight M of from 10 000 to
100 000 g/ mol. Increased |ubricant filmthicknesses
and good wear protection conpared. to the prior art
are attributed to the clained |lubricants. The authors
enphasi ze that the use of customary high nol ecul ar
wei ght VI inprovers has considerable disadvantages
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N;B.: This patent is the basis of what are known as
traction fluids, i.e. lubricants which, owing to their
frictional properties in the hydrodynamic region (at
high speeds), can transfer forces via the £frictional
contact. Desired here are particularly high traction
and frictional coefficients in order to make the force

transfer as efficient as possible.

From this are derived a series of patents which also
describe polymers, polyalkyl acrylates or methacrylates
or other VI improvers with c¢yclic structures. These
include, for example:

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

However, the contents of these patents relate to the
achievement of a maximum frictional/traction coeffi-
cient under the abovementioned hydrpdynamic conditions



US 3925217 cl aims |ubricants consisting of conpounds
whi ch possess one or two cycl ohexyl rings and ensure
an inproved filmthickness in frictional contact of
roller bearings. N.B.: This patent is the basis of
what are known as traction fluids, i.e. lubricants
which, owing to their frictional properties in the
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frictional performance of lubricants can be found:

From his friction experiments on lubricant oils for
automatic gearboxes, Kugimiya comes to the conclusion
that  viscosity index improvers) both polyalkyl
methacrylates‘énd olefin copolymers, have no influence
on the frictional properties of the oils (Kugimiya, T.;
Toraiborojisuto (2000), 45(5), 387-395)}.

Similar results are obtained by Rodgers et al. for
polyalkyl methacrylates, their N-vinylpyrrolidomne
copolymers and polyisobutylene in lubricant applica-
tions - for automatic gearboxes (Rodgers, John J.;
Gallopoulos, Nicholas E; ASLE Trans. (1967), 10(1),

102-12, discussion 113-14). Neither polyalkyl
methacrylates nor PIB exhibit a change in the
frictional characteristics (frictional curve). Only

PMA-N-vinylpyrrolidone copolymers lead, if anything, to
a lowering in the . static frictiomal coefficient.
However; this behavior was attributed solely to the
higher viécosity of the oils investigated in the study
and comprising VI improverg, and not to the strthure



frictional/traction . coefficients (Kyotani, T.;
Yamada, Y.; Tezuka, T.; Yamanoto, H.; Tamai, Y.;
Seki yu Gakkai shi (1987), 30(5), 353-8). In the
scientific literature, statements, some of them
controversial, on the influegce of polymers on the
frictional performance of |ubricants can be found:

Fepm il Sy 5144 On experinments on |ubricant oils for
-automati'c gearboxes, Kugimya comes to the conclusion

that viscosity index inprovers, both polyal kyl
n@ihasy Yéat £5. aﬁdp@kef !sBm@OVQ| Y ARESveRavhieh Fortenge to

the frj pr.0 ies.of the oils (Ku
o 't b B Duat G oS C1aBph) Cogsncssh)Shd) ffh,hus
rsﬁd&ﬁSth@eaobhanmedtbpradgerslmﬁtfmg fnictpohyabhgb to
thacryl ales t£e| r I&w %ﬁy ne 4 Scop r‘eg_
fpﬁ ]mﬁﬁ

yi SO ne 4M Iubrlcan applfica- tlons
eﬁ_zmecﬁniu Mgear bSpakegRodiger s, Jobmaedy, Qfl opdmt@y?otlve

Nere ) S5 & |-9-E96-|5r angp (7H¥) (Slﬁ{j:@ots 10 1&%ngine 0il

di scussion 11 Nei t her nethacrylates

fde P e x BB tTﬁl]éﬁ%\ﬁ@é) i n E&h‘e{o?h ctiongpis “study, no

cd&rp %@1?{ I Eét‘lﬂzégthtlh@Waétl,ﬁ&kEﬁ/@J}e il yche po%;)r;]r_ners and
-N-vin rrolidone co LS. 11 N

HSTE (IS 108 e AEPEAT FEAFGASRRLoBPPECFBATCe of

Hidwe iethr itdars: elheimy wasyiatdéni buted solely to the

hi gher viscosity of the oils investigated in the study

and conprising VI inprovers, and not to the structure
-Irg cowmtrase pSihreme €ngdl. efing. theforvigepelty index

YRS Whiseh Tormiip1te 1R ERIICK et i 2 £ i
f??gtlonal cgnta%ts énd can %% @%}%%:ft t he at anﬁgntln

FQhe TR { PRy FrEBR{ES TG SO T HIUGR S It i and 11T
elildkr@sspeeds tRunsBhbrfcant Sneet iy Mridsdidted, Honhtact

%%% %ﬂé of Aqgonnt%orster, N.-H.; Gschwender, L.-J.;
Tribol. Trans. (1993}, 36(4), 555-64) .

From his wear experiments, Yoshida even concludes that
polyalkyl methacrylates accﬁmulate before the actual
lubricant gap of a frictional contact at high loads,
and lead to oil depletion and thus to high friction in
the lubricant gap (Yoshida, K.; Tribol. Trans. (1990},
33(20), 229-37). '

A problem with the known friction modifiers is thus
their cost. In addition, the solubility of many known
friction-modifying additives in new types of fully

synthetic oils is low.

Furthermore, many of the above-described additives
function merely as friction modifiers. However, it is
desirable that an additive imparts further favorable
properties to a base oil. This allows the overall
addition of additives to be reduced, which can save

.further costs.



Engi neers, (1996), SP-1209 (Subjects in Engine Q|
Rheol ogy and Tri bol ogy), 85-109). In this study, no
correl ation between the structure of the pol yners and
their influence on the actual frictional performance
of the lubricant mxture isggiven. In contrast,
Sharma et al. find that VISCOSIty i ndex 1nprovers, in
particul ar polyal kyl methacrylates in PAQ make no

significant contribution to the film thickness of the
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action.

These and further objects which are not specified
explicitly but which can be derived or discerned
directly from the connections discussed by way of
introduction herein are achieved by copolymers having
all features of claim 1. Appropriate modifications of
the inventive copolymers are protected in the claims

dependent upon claim 1.

By wvirtue of the inventive copolymers obtainable by

polymerizing a monomer composition which consists of

a) from 0 to 40% by weight of at least one
ethylenically unsaturated ester compound -of the formula

(1)

R ORl ),

RZ



‘invention to provide additives which have high

di spersibility, high corrosion protection (i.e. good
net al - deacti vator properties), high stability toward
oxi dation and thermal stress, and also a hi-gh shear
resi stance. In addition,'thoanitives shoul d al so be
soluble in large anmounts in"very nonpol ar | ubri cant

qd Svﬁhieﬁ exapl ?xyjdEoE;%lnl yoxsy%eﬁguc Qi sigl g 'l%.rﬁaar or

urt er object o e-present I nvention to provid

adveh e eaddiRaeing of 20 r} ¢k oh- %H]P‘P?l agems,
aa@t Ia@ﬁ rAdditi eaghl )irﬂd@gfe@l‘d%dtﬁ% friywd@e@p&fﬁ i£sgfbup of
the Xf!ubrlcant oil, 1I. hhave a V|S§E?#ﬁy Tkvl

1:”act’r%n"" HBs8 ad§ o ects a+xY

\gtro@ip alra&mgt fmcuf ited 5 explbon Eltwmayt whi ch can be
derived or discerned directly fromthe connections
di scussed by way of introduction herein are achieved .
by dapol yher stcha\aawga/ ably f%satigh'e;s Hazgdi nl. the total
ARALRRT I & Jiékﬁcdfé‘ﬁ%a | NS GRPA Y BF Sat

are-protecte endent upon claim1
@;yea@rtr teRe oﬁtbméerlhveﬂaiyvélwmﬁm @ﬁgarnéﬁn@%yld of
- poky Fekinan B (&TyONONMEr conposition which consists of
a) fromO to 40% by wei ght of at |east one

ethyl enically unsaturated ester conpound of the
formula (R R3/ (¢c)RL (1), 10 in which Ris

hydr, methyl, Rl is a linear or branched al kyl
radi (ng fXBRM to 5 carbon atons, R2 and g
are eac /(ﬁ ndently hydrogen or a group of the
formulaj-COOR{lin which R is hydrogen or an al kyl
oml to 5 carbon atons, b) from10 to
99. 9% by wei ght, based on the total

k4

in which R is hydrogen or methyl, R* is a linear or
branched alkyl radical having from 6 to .15 carbon
atoms, R° and RG are each independen.tly hydrogen or a
group of the formula -COOR'' in which R'' is hydrogen
or an alkyl group having from 6 to 15 carbon atoms,

c) from 0 to 80% by weight of at least one
ethylenically unsaturated ester compound of the formula
(III)

R

R N ORT am,

RS

in which R is hydrogen or methyl, R’ is a linear or
branched alkyl radical having from 16 to 30 carbon
atoms, R? and R® are each independently hydrogen or a



wei ght of the ethylenically unsaturated nononers, of

at |east one ethylenically unsaturated ester conpound

of the formula (I1) R~ OR4 (11}, 1 )R5 in which R

is hydrogen or nethyl, R4 is a linear or branched

al kyl radical having from6.to 15 carbon atonms, R5

and R6 are each independent|y hydrogen or a group of

IEPTAR She EXR 10 WGk R ih SWBYSROREN: 95 APdrogen
yI* group having fromb6 to 15 carbon atonms, c) Tront

ox RIBGULRL I heving Ifaem Idndo eéthyrashimEtpms,

unsaturated ester conpound of the formula (I1Il) R R

7 (111}, R8 in which R is hydrogen qr t hy. R7 is
gﬁli o?-lbrﬁﬁché&%alQﬁf r%%?%% hQilsnar(iﬁﬁﬁFtoone
Hx 1eHrditita Jdho nEns&MBupdite 9 potaeaektietrdependenid yof the
u%gro en ﬁﬁna'- 11 group of the formula -COOR """ in

"**I's hydrogen or an al kyl group having from
16 to 30 carbon atons, d) fromO0.1 to 30% by wei ght of
at least one ethylenically unsaturated, polar ester
conmpound of tghe fornula (1V) R2/ 10 (I1V), R11 0 in
mhicﬂgﬁgis hyidr ogen or nmethyl, X is oxygen, sulfur or
Edformula -NH or -NRa- in whi{by),
di cal having from1l to 40 carbon
aliradi cal which conprises from2 to

RIT 8

in which R is hydrogen or methyl, X is oxygen, sul fur
or an amino group of the formula -NH- or -NR?*- in which
R* is an alkyl radical having from 1 to 40 carbon
atoms, R'® is a radical which comprises from 2 to
1000 carbon atoms and has at least 2 heterocatoms, RM™
and R are each independently hydrogen or a group of
the formula -COX'R'®' in which X' is oxygen or an amino
group of the formula -NH- or -NR®*'- in which R* is an
alkyl radical having from 1 to 40 carbon atoms, and R
is a radical comprising from 1 to 100 carbon atoms,

e) from 0 to 50% by welght of comonomer,

based in each case on the total weight o©f the

ethylenically unsaturated monomers,

it - is possible in a not immediately foreseeable manner
to provide additives £for Ilubricant oil compositions
with which the problems detailed above can be reduced

in a simple manner.

At the same time, the inventive copolymers can achieve

a series of further advantages. These include: °
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1000 carbon atons and has at |east 2 heteroatons, R11

and R12 are each independently hydrogen or a group of

the forrmula -COX R10'" in which X is oxygen or an

amno group of the formula -NH or -NRa'- in which

Ra, is an alkyl radical h_a\z_Hian from1l to 40 carbon

atons, and R10' is a radical” conprising from1l to 100
rbo 0 f.om 0 0 .ght, .qf c ;

Pased T cack EhedSa DroBoRppRE il | OUREeHRRIng

et hyl @WRETEiMmsadar aVagcosadier sindax | sippeeyefe- | nThe

a not BEsH Ahel ¥nd Ok SRR EndBiPElon t Ps PEQMIMELed, for
addi ti ves for 1ubrjcant oi con£)05| tions wth whic i
the proB@Re det H1Ed abbvEcEeRCPe reQuceth®j n kinematic

si npl eviedvieitied dthet crarmeartd N0 ddhecd MeIM iDve270.
copol ymers can achieve a series of further _
advant ages. These include: - 12 - The inventive
copol yiner s aéxdhithion , out shandi ingvemprioper t icepodymers  have
Vi scogd I d M a | MProyer ) jScosi : .
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copol yners have outstan |n,]9) | ow t epper atLge
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can termned, for exanple, to ASTM D
particular flow properties are to be achieved at a

Dfed?ﬁ@“ﬁdﬁﬁﬁd&ﬂﬁ@rﬁléﬁepﬂdﬁéidiﬁékﬁte to be achieved
at a predetermined temperature, this can be
achieved with very small amounts of copolymer of

the present invention.

> The inventive copolymers have outstanding
frictional properties. As a result, these

copolymers protect surfaces from wear.

> The copolymers of the present invention exhibit
outstanding dispersion properties. As a result,
these copolymers'prevent formation of deposits.

> The copolymers provide excellent corrosion
protection properties, i.e. metal deactivator

properties.
> The inventive copolymers bind wmetal ions in an
outstanding manner. This reduces premature

oxidation of lubricant oil compositions.



achieved with very small anmounts of copolynmer of the

present invention. - The inventive copol ynmers have
outstanding frictional properties. As a result, these
copol yners protect surfaces fromwear. - The ’

copol yners of the present inwention exhibit
out st andi ng di spersion properties. As a result, these

copol YARL'S PI.SYEHE 1 $OT 6 91 Phe HEPOSLES- 'bghe prepared

copol yners provi de excel t corrosion protection
pr operinesgpensigreipt al deactlvator propertles - The
i nventive copolyners bind nmetal ions in an

utsta d|n ner. This, reduces, prenat.u OXId j on,
Ut AR CPOLY e oS REEBAE, 0 - Orfdatisnt Foability
copol m&mmm:mam@r atkry nepgielnesi vel y. The
copol yners exhibit high oxidation stability and are

chenmically very stable. The conpositions from which
tlee | pospbEYeionpol finmm s which obhai rewesdiiprd seopolymers
eSRECi bl s R ) a6k ALes, angagnf
%%\lgé ggﬁfer ent % c%holeé@ |clg& $ he exp ?ggg%gﬁs'

“(afiéart)%ﬁcrw %" funesApass &b icke e yqiﬂai%%r%tﬁta alcohol

i aties, and akpeeBisdbur e's(tﬁétﬁ)f'&ril/&eérheéﬁcompasses
nonqQners are w dely knOﬁg&eThe al radi cal

i TYNEST 32 bAIRE %l??om%ﬁ‘ﬁst ﬁ%e the
ipweantihess e opnlomers are wikdé By nabben neyheoalleyh fadiwal

.\Rrg‘tyo 40%0 av\m %};q%llcnorp%]}l% fromO0.5 to 20% by

ase t ot wWel g " of the
et hyI eni cally unsaturated nononers, of one or nore

gfi 3¢l S al 436N SRh UERT CELESt Gy SARAINGE 1 fiers  are
obtalnab(le may contain from 0 to 40% by weight, in
particular from 0.5 to 20% by weight, based on the
total weight of the ethylenically unsaturated monomers,
of one or more ethylenically unsaturated ester

compounds of the formula (I)

R

R ORI .

R2

in which R is hydrogen or methyl, R' is a linear or
branched alkyl radical having from 1 to 5 carbon atoms,
R? and R® are each independently hydrogen or a group of
the formula -COOR' in which R' is hydrogen or an alkyl
group having from 1 to 5 carbon atoms.

Examples of component a) include

(meth)acrylates, fumarates and maleates which derive
from saturated alcohols, such as methyl (meth)acrylate,
ethyl (meth)acrylate, n-propyl (meth)acrylate, isopro-
pyl (meth)acrylate, n-butyl (meth)acrylate, tert-butyl
(meth)acrylate and pentyl {meth)acrylate;



R ~ OR1L {t), R3 2 in which Ris hydrogen or
methyl, RL is a linear or branched al kyl radica
having from1 to 5 carbon atons, R2 and R3 are each

i ndependently hydrogen or a group of the formula
-COK' in which R is hydrogb or an alkyl group
having from1 to 5 carbon at Exanpl es of conponent

Sl REhAR RSN by, LM ocantohe pcin

(et ateyl ate, ethyl (neth)acrylate, n-propyl

(Rt )aéé?f‘é@es ' v?HP{:H d9¥£vé 'TE&B)na%)éla%h%at@db dli¥bhols,
(rmeth)acrylate, te (et h) acr ée and ent h
(ieeh) a%r gt E?@PYHY14(m€§§P6§FV}PtFweP et ate

aSnd e OPeNtd L @Ry Taeel Yl at e; (neth)acrylates mhlch
derive fromunsaturated al cohols, such as 2-propynyl

(meth)acrylate, allyl (neth)acrylate and vi nyl
Gmethaacfufﬁmer Asocastittéet, conheitaemppsﬁhéons to Dbe

SERIHLA0D oy PBonBELKIRELAC JT ©Bg1 84 el l Ak dfle] O in

I'n partlcu ar from
\Magﬁﬂqulﬁmmirqm 2hetooPak bwelghehdt bﬁéed on the total

Sk 2! e 'yhgn%wlaérﬁ%m@prrﬁhgatakateae Rndis,  of
eni cal |l y unsat urated_ester conpounds

th
fQﬂGmJPE (9ne RetRBLepacRity. ur@%thmﬁmeaq ‘F?’F%rh§8’F‘B§BH’dS
O£ N ordifid S(Br) i near or

R6 OR4 an,

in which R is hydrogen or methyl, R* is a linear or
branched alkyl radical having from 6 to 15 carbon
atoms, R® and R® are each independently hydrogen or a
group of the formula -COOR" in which R" is hydrogen or
an alkyl group having from 6 to 15 carbon atoms. '

These include

(meth)acrylates, fumarates and maleates which derive
from saturated alcohols, such as hexyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, heptyl (meth)acrylate, .
2-tert-butylheptyl (meth)acrylate, octyl {(meth)acryl-
ate, 3-isopropylheptyl (meth)acrylate, mnonyl (meth)-
acrylate, decyl (meth)acrylate, undecyl (meth)acrylate,
5-methylundecyl (meth)acrylate, dodecyl (meth)acrylate,
2-methyldodecyl {meth)acrylate, tridecyl  (meth)-
acrylate, G5-methyltridecyl (meth)acrylate, tetradecyl
(meth)acrylate, pentadecyl (meth)acrylate;
(meth)acrylates which derive from unsaturated alcohols,
for example oleyl (methfacrylate; ' '
cycloalkyl (meth)acrylates such as 3-vinylcyclohexyl .



branched al kyl radical having from6 to 15 carbon

atons, R5 and R6 are each independently hydrogen or a
group of the fornula -000R" in which R' i's hydrogen or
an al kyl group having from6 to 15 carbon atons. These
i nclude (neth)acrylates, fu at es and nal eat es whi ch

derive fron1saturated alcoh such as hexyl

gi,BYLhs &{Qz ¥ 8 hept)ﬂ 1
(msti%acr ate g E % hept'y ?ﬁ acre orny
o{;‘f‘%/ %@yl ar’c‘ﬁ edl §9| sb Fop’i@’?ﬂé%?mn lng fumarates

(é}ﬁlhﬁﬂéy&@_e nonyl (nmeth)- acrylate, decyl
(et h)acryl ate, undecyl (neth)acrylate,

5- met hyl dndecyl (neth)acryl ate, dodecyl :
(et re)@co‘,:ttyi@t,e, t]ﬂe meibybiledecyl xtneeb) acoyl bee, used in
tridec crylate 5meth ridecyl
rtrdangT aals S5 LuBkepe SbRY EPUPREE. cpam 2use, POt
(hyewgze@lniyj apeef(enebhyaémh‘at(?eé viko c$109deb1'fvweﬁgbm based

H‘léatﬁfjca@. cQae pr t ;ﬁi‘% i’éall saturated
(met h)acr cy oaI at es suc as
JRAIRAEC | x;ﬂne- = (fl%"ten) ady ¥ oHERplurated

(@BRidY) anidifs R e ﬁdmm)@cmﬁte _and al so the-
corresponding fumarates and nmal eates. in addition,
the nmononer m xtures to be used in accordance with
the invention may contain fromO to 80% by wei ght,

preferabl y%rom 0.5 to 60% by wei ght, based on the
t ot R 9wei ght  of et hyl eni cal | y unsat ur at ed
nonone 0 6<1§’7rmre et hyl eni cal |l y unsat ur at eo(m)’

ester crr’ggun of the formula (I111) RO OR7 (11[},

in which R is hydrogen or methyl, R’ is a linear or
branched alkyl radical having from 16 to 30 carbon
atoms, R? and R’ are each independently hydrogen or a
~group of the formula -COOR''! in which R''' is hydrogen
or an alkyl group having from 16 to 30 carbon atoms.

Examples of component c¢) include (meth)acrylates which
derive from saturated alcohols, such as hexadecyl
(meth)acrylate, 2-methylhexadecyl (meth)acrylate,
heptadecyl (meth)acrylate, ‘5-isopropylheptadecyl
(meth)acrylate; 4-tert-butyloctadecyl ({meth)acrylate,
5-ethyloctadecyl (meth)acrylate, 3-isopropyloctadecyl
- (meth)acrylate, octadecyl (meth)acrylate, nonadecyl
(meth)acrylate, eicosyl (meth)acrylate, cetyleicosy
(meth)acrylate, stearyleicosy (meth)acrylate, docosyl
(meth)acrylate and/or eicosyltetratriacontyl
(meth)acrylate;

cycloalkyl (meth)acrylates such as 2,4,5-tri-t-butyl-3-
vinylcyclohexyl {(meth)acrylate, | 2,3,4,5-tetra-t-
butylecyclohexyl (meth)acrylate; -



in which Ris hydrogen or nmethyl, R is a |linear or
branched al kyl radical having from 16 to 30 carbon
atons, RB and R9 are each independently hydrogen or a
group of the fornmula -COOR'" in which R'" ' is
hydrogen or an alkyl group having from16 to 30
carbon atons. Exanples of conponent c¢) include

(5@%@%@%%@%@%@ { Shegd r(izﬂe?'gr om sat ur at ed al cohol s,

suc exa nmet h) acryl ate, 2-nmethyl hexadecyl
(bRt b sepordeexadeept ade®gtheaevhyberyl apBd  also  the
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4-tert-butyl octadecyl (neth)acrylate,

5- et hyl oct adecyl (neth)acrylate, 3-isopropyl octadecyl
(Tied heatey| abapoaatiadedyth (arelbhgechhihealnohadeaydical,

(mreth)a late, eicosyl thracryl ate t [
(?Fe?%%la%%y}( TP ‘F%| é’%’ﬁ%’i}b( gr%%/h) S%Py%%t é?o%&%%%?w tor
(evri ey y| die anweagrt igizosylmesdtnatarydedssyl  fumarates,
( \/ >y C 0] ) acLyl ates,-suc _ -
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Lok y 5 alsiohelsl, bulyichy cBeRexf lynef ayEer 3 atfglkxturgg of
-e%f@,nlyl fts&?t f@!géﬁ{iﬁé ef (BHER) aérgz@a&%sepw%whex @t(ie_‘(ﬂélrent'
met hacryl ate; and_al so the correspondi ng_fuparates
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alreghoale rafocalcohed@cizalllly saahpoxenficohplénd7$ed, Oxo
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CGmbH) ; Kalcol® 2465 (Kao Chemicals).

As an obligatory constituent, the compositions to be
polymerized .c'ontain from 0.1 to 30% by weight, in
particular from 0.5 to 10% by weight, based on the
total weight of the ethylenically unsaturated monomers,
of one or more ethylenically unsaturated ester

compounds of the formula (IV)

R , _
Rlz%rmlo (lv)x
RI 1 O _ '

in which R is hydrogen or methyl, X is oxygen, sulfur
or an amino group of the formula -NH- or -NR*- in which
R* dis an alkyl radical having from 1 to 40 carbon

atoms, RY is a radical which comprises from 2 to



Nafol (r) types (Sasol A efins & Surfactant GibH);

Al phanol (r) 79 (1Cl) ; Epal(r) 610 and Epal (r) 810
(Ethyl Corporation); Linevol(r) 79, Linevol(r) 911
and Neodol (r) 25E (Shell AG; Dehydad(r), Hydrenol (r)
and Lorol (r) types (Cognis);, Acropol (r) 35 and

Exxal (r) 10 (Exxon Chem cals GtbH); Kal col (r) 2465

(e Qe sal 39:016%‘5 ag{(_ﬁ Ol & 0240l Ve £LONSHT iR rodthifhs, R

conposj tions to yneri zed contain from0.1 to

W by wedtht earh  ipslepicadient 1 dirdrage ea%Phydroup of
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al kyl radical having from1 to 40 carbon atons, Rl is

& LAl SN Y CORPEES B3y ok OMullir e 2k 08168 B2Bup
atons an as _at | east €teroatons, RI11 _and R12 are
edfchthedEpsmddat | Ny dPEgedFor & myrBubchf Rt HE 9t nafthy?!
@ Rl OhatinghifgtbmX 11 %&W@?Qﬁ&@fé&awofr@ﬂomp o 4
the formula - or -NRa' - in ich Ra' 1s an al kyl
CRFCR 8 MShg from 1 to 40 carbon atons, and RLO' is

a radical conprising from1 to 100 carbon atons,

In
G A 0, P Il A, S8 OEOD, cach
dadiepmindeatilyy fwoinobaro 4%; prefaxawpy ¢Fonthet ofgrmula
caioapat g ilhe K11 and Rlent adhtahs bp Largukao(F¥bup

are each mdepegderltly h_ydraogen_ or a, géoup of the
eér ihey formula -NH- Jr =NR in which R™ 1is an alkyl
’ra'dical having from 1 to 40 carbon atoms, preferably
from 1 to 4 carbon atoms, and RY? is a radical
comprising from 1 to 100, p'referably from 1 to 30 and
more preferably from 1 to 15 carbon atoms. The
expression "radical comprising from 1 to 100 carbon"
indicates radicals of orgariic compounds having from 1
to 100 carbon atoms. It encompasses aromatic and
heterocaromatic groups, and also alkyl, cycloalkyl,
alkoxy, cycloalkoxy, alkenyl, alkanoyl, alkoxycarbonyl
groups aﬁd hetercaliphatic groups. The groups mentioned

may be branched or unbranched.

The R'° radical is a radical comprising from 2 to 1000,
iﬁ particular from 2 to 100, pfeferably from 2 to 20
carbon atoms. The expression "radical comprising from 2
to 1000 carbon® indicates radicals of organic compounds
having from 2 to 1000 carbon atoms. It includes
~aromatic and heterocaromatic groups, and alkyl,
cycloalkyl, alkoxy, cycloalkoxy, alkenyl, alkanoyl,
alkoxycarbonyl groups, and also heteroaliphatic groups.
The groups mentioned May be branched or unbranched. In
addition, these groups may have customary substituents.



-COX' R10 in which X is oxygen, sulfur or an am no
group of the formula -NH or -NRa'- in which Rai is
an al kyl radical having from1l to 40 carbon atonmns,
preferably from1l to 4 carbon atons, and R10' is a
radi cal conprising from1l t,q 100, preferably from1l
to 30 and nor e preferably €T0n11 to 15 carbon atons.
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Emanch&dbon Uﬂbbﬁﬂch&ﬂbtéﬂ‘bamti@n g:ichqsae geoopse mayyl
nay togary tifue i ts :
; &’ IW%%%E £§ B%%%% e alk éﬁgﬁg) HaV|n8een
fnecmhalzetdo l@yc:ir ol /mwnet fleastexawpl é\dﬁ@ﬂﬁ?}nrt @&t hgroups
Q;@/'beebftﬁérplaf&é&»ﬂ & mtwléutuét@{:oa%mguc groups

cycloaIEy oups, for exanple cyclopentyl and
EFViEHeEFem gy &?at319c CGEEPHs 35@EF-as  phenyl or
napht hyl ; am no groups et her groups, ester groups

and halldes Accg g to g e |nvent|on ar on tlced .
6%5355 enof erovarom grou prererr in
accordance with the invention derlve from benzene,

naphthalene, biphenyl, .diphenyl ether, diphenylmethane,
diphenyldimethylmethane, bisphenone, diphenyl sulfone,
thiophene, furah, pyrrole, thiazole, oxazole, imida-
zole, isothiazole, isoxazole, pyrazole, 1,3,4-oxa-
diazole, 2,5-diphenyl-1,3,4-oxadiazole, 1,3,4-
thiadiazole, 1,3,4~triazole, 2,5-diphenyl -~
1,3,4-triazole, . 1,2,5-triphenyl-1,3,4-triazole,
1;2,4~oxadiazole, 1,2,4-thiadiazole, 1,2,4-triazole, .
1,2,3-triazole, 1,2,3,4-tetrazole, benzol[b]thiophene,
benzo [b] furan, indole, benzolc]thiophene,
benzo [c] furan, isoindole, benzoxazole, benzothiazole,
benzimidazole, benzisoxazole, benzisothiagzole,
benzopyrazole, benzothiadiazole, benzotriazole,
dibenzofuran, dibenzothiophene, carbazole, pyridine,

bipyridine, pyrazine, pyrazole, pyrimidine, pyridazine,

1,3,5-triazine, 1,2,4-triazine, 1,2,4,5- tr1a21ne,
tetrazine, guinoline, 1soqu1nollne, v qulnoxallne,
quinazoline, cinnoline, 1 8 naphthyrldlne,

1,5-naphthyridine, 1,6—naphthyrid1ne,' 1,7.naphthyr1-



radi cal s of nono- or polycyclic aromatic conpounds
having preferably from6 to 20, in particular from®6
to 12, carbon atoms. Heteroaromatic groups denote
aryl radicals in which at | east one CH group has been
repl aced by N and/or at |east two adjacent CH groups
have been replaced by S, NH or 0, heteroaronmatic

%%Dsa?l@%mz{ﬁ@m ﬁy&%&ayememn@t Offﬁxrx?{@ bt & Ofine

héteroar onat i c groups preferred In - accordance W th
Ofe uvErtizdmed e A eI msh irdmfen S 1Phaph ke, anthra-

@e@féenWberﬂﬂcﬁ:lﬁ%leet h%en%mmm benzooxadi -
ge Iglneth§ ngthane b|s§henone ggen% sulfqg "
ShenBSIEGPERIARDRY ol RENERPELDF L2 ox OPY TR faZ 1€

belne:ppmtrﬁ'danel e, bmxcaiz:oi&zlm,r azdnedpliziné-, oxepyrldo-

SRy I A O el e, carin.

203e4 t pcdzotiénel, wsenazphenylbqn@oquimhm% phenoxa-
% % ed- OX %#éy a£13é4'thh@@h@595ﬁe,l 2 ﬂeﬁ £ 9Ot fdine,

3-tria 4-tetrazol e, bénzo[b]thi ophene,
Eéﬁ@épﬁ}lreﬂ-aﬁe Fiﬁéolpél ISR PSEEFY hisgsleif, which may also

beezeheliyr Ba, siipetndaked.benzoxazol e, benzot hi azol e,
benzi m dazol e, benzi soxazol e, benzi sot hi azol e,

benzopyrazol e, benzot hi adi azol e, benzotri azol e,

Uhke mﬂﬁmd da hieyi¥ oplrbapke nieyclaatd azioé e mepyyildi rethyl,
din i ne, l e, 1. di ne,

BLBYLS! "EeoBYSATLIE, 1 BIERP) S o IPL ) P meciylpropyt

Eezt4bBtYl|a2|n@ade¢&1a2|nePquYhollne 2 methylbutyl

| tLSQquQJch{}@prSﬂyIJOXm | Nepex@Ui Nazol igg eyl NNOl i Nty ,
I ne, napht h r|d|ne

Eaﬁh%ﬁ\}??‘a‘?ﬁléyniu’ﬁﬁapht GRYL. 19t-Qgmel,  2-decyl,
ﬁﬁaaa 27| 86de Pyl | dppithfikdiDeanfiUth8eeipbeyl dgneupor
qui nol i zi ne, 4H qui noli zi ne, di phenyl ether, anthra-
cene, benzopyrrole, benzooxathi adi azol e, benzooxadi -
‘The preferred cycloalkyl groups include the

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the cyclooctyl group, each of which is
optionally substituted with branched or unbranched
alkyl groups.

The preferred alkenyl groups include the vinyl, allyl,
2-methyl-2-propenyl, 2-butenyl, 2-pentenyl, 2-decenyl
and the 2-eicosenyl group.

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

The preferred alkanoyl groups include the formyl,
acetyl, propionyl, 2-methylpropionyl, ‘butyryl,
valeroyl, pivaloyl, hexanoyl, decanoyl and the

- dodecanoyl group.

The preferred alkoxycarbonyl groups include the



azol e, benzopyridi ne, benzopyrazine, benzopyrazidine,
benzopyri m di ne, benzotriazine, indolizine, pyrido-
pyridine, imdazopyrimdine, pyrazinopyrim dine,

carba- zole, aciridine, phenazine, benzoqui noline,
phenoxa- zine, phenothi azine, acridizine,

benzopt eri di ne, phenanthrol%%e and phenant hrene, each

preﬁgrrgag?¥ﬁﬁ$fgroagékgh%&1 rggﬁgﬂﬁzzLtﬁgaﬁﬂ%yyafbonyl

pPapgkycasbprvpy | tqrtbtbtytoxzcuhqmyl 2- mwomyg@mbonyl

t oL e Py Yhe ﬁbﬁﬂ:arlg » GedRBNIRY RNyl or dodecyl-
1, 1- dlnethylpropyl hexyl heptyl octyl,

19%yganbeRY} (FPH but yl , nonyl, 1-decyl. 2-decyl,
undecyl, dodecyl, pentadecyl and t he eicosyl group.

The preferred.c oal kyl groups itnglud

e PLeLELL g CXPL SR kol L ouns LGLUUS, LIS oropps whose
cywdipbegptlybn andatiheatycli@octarle grofip, thach adbrehieah iioned

wi th branched or unbranched
ggéé g%%%%ﬁiﬂgﬁ%éﬁfggﬁerred al kenyl groups include the

V|nyI allyl, 2-nethyl-2-propenyl, 2-butenyl,
aripe mﬁ@ﬁerz%dd e E‘?@X ba1®Bgyt r@r@u&% C QLS.c?d'DﬂdéJ r %‘}Elogh'.?coxy

preferred al kynyl roups I hclude Tt he eth
;ﬁ%ﬁ%ﬁ%ylWhgsﬁetQﬂ e CRrdidny | Tadl %ﬁ&yn&ﬁ ?ﬁiﬂﬂ?%ylthe
aftb tdieerd: HRtd Wr&af tifed The- sNeFT egralde@noyl groups

i nclude the formyl, acetyl, propionyl,

2-met hyl propi onyl, butyryl, wvaleroyl, pivaloyl,
hﬁxanpyéfedee@nhyteandtbms vdudﬁnannylpgesept Ihethe R'®

:Fc?a[led ghb??&%ar% ro“)i/lﬁt!rB%oHde e 20 boron,

oxycar bonyl', et ar’bon poxycar bonyl ,
mﬁl@mr R | pltceﬁs@h@cmxyc@mwncehexwmca%‘ejﬂm to

oxygen and nitrogen.

The R' radical comprises at least two, preferably at

least three, heterocatoms.

The R radical in ester compounds of the formula (IV)
preferably has at least 2 different hetercatoms. In
thig case, the R' radical in at least one of the ester
compounds of the formula (IV) wmay comprise at least one
nitrogen atom and at least one oxygen atom.

In a particular aspect of the present invention, at
least one heterocatom in the RY radical in at least one
of the ester compounds of the formula (IV) may be
separated form the X group by at least 4 atoms, more
preferably by at least 6 atoms.

The RY radical in at least one of the ester compounds
of the formula (IV) is preferably a group of the
formula (V)



2- met hyl hexyl oxycar bonyl , decyl oxycar bonyl or dodecyl -
oxycar bonyl group. The preferred al koxy groups include
al koxy groups whose hydrocarbon radical is one of the
aforementioned preferred al kyl groups. The preferred
cycl oal koxy groups includq_g¥chalkoxy gr oups whose
hydr ocar bon radi cal is one the aforenentioned
preferred cycl oal kyl groups. The preferred heteroatons
whi ch ape prggﬁgt in the RI0 radical include oxygen,
nitrogén\ suyr boron, silicon and phosphorus,

pr ef enchbelng given to oxygen and nitrogen. TK@Q
R D radica onprises at |east two, preferably at

| east thréR,zheteroatons The R10 radical in ester
conmpounds of the formula (1V) preferably has at | east
2 different heteroatons. In this case, the R10
radical in at |east one of the ester conpounds of the
fan mulhacl(ll X) imn)a conmiéseiny geasp bawingi throgerl ateonb00

kR 03 PR ORI £f0m| £ 8o PEBE! (i BEn2R08EL and

el predent Thven | east one heteroato
thErR1pre Belfalaly | ram [edst Dhecagporhatemeer and the R

%l@oﬁ“d S:éiflbctaji% foraubach! %d%%n@%ntﬁ?p Ry épr r&} an

r ou 'east 4. atons, nore grefe %
aﬁllﬁéasereuﬁt olPi%Vlr{‘She e 1 Adit@l 400 RrbPRase rof MOTE

ﬂi@ai&_ﬁiﬁl orrp@cbmds 1 Oftd hez 6 or eul-bofl V)aﬁcﬁasor eﬁm abwst
SRR, et e (2 A T R
cakmmhaﬁxmﬁ,gpoepemmﬁqpqrfmmm tto HO05608r marlzrongtoms "
%Hﬁicates radicals of organic compounds which comprise
from 1 to 500.carbon atoms. It encompasses aromatic and
hetercaromatic groups, and also alkyl, cycloalkyl,
alkoxy, cycloalkoxy, alkenyl, alkanoyl, alkoxycarbonyl
groups and heteroaliphatic groups. These radicalsg have

been explained in detail above.

The preferred connecting gfoups in formula (V) include

groups of the formula (VI)

CH,
¥ a¥

) 1 V1),

in which n is an integer in the range from 1 to 8,
preferably from 1 to 6 and more preferably from 1 to 3.

The R radical in at least one ester compound of the
formula (IV) is preferably a group of the formula (VII)



nore preferably from1l to 50 carbon atons, and the R13
and R14 radicals are each independently hydrogen or an
al kyl group having from1 to 40 carbon atons, nore
preferably from1l to 20 carbon atons and nost
preferably from1l to 4 carb atons. The expression
"connecting group having fr I to 500 carbon atons"

i ndi cates radicals of organic conmpounds which conpri se
fron11 to 500 arb ato 3 It enconpasses aronatic
and /AQ;Q roups, and al so al kyl,

cyclo kyP . aycl oal koxy, al kenyl, al kanoy(Yil).
alkoxycarbo groupgf nd heteroaliphatic groups.
These radlcals have W& expl ai ned in detail above.
The preferred connecting groups in fornula (V) include

oups of the for a (V) |
q@ |nt ?f?n range §$%n1 0 8 prefera%ﬁérgses
fd:omatjh}tbarﬁlrmdjlgﬂmceﬁlpr efmepbbigryiare 1 t 623[2- fAemeEpyl-

t one I und of 5t -
(aﬁ@) iy dagel one eshal:samaund of ot e, (&%@Eh§1

group of _the fornul a é
D KGO NI vn}2 “mephkda2- REPRERPRE }abl ;P the
q@m%mygn (sronprises dimethyl am nodi gl ycol
nethacrylate (2-[2-(di net hyl - am no) et hoxyl et hyl
nmet hacryl ate; 2-[2-(di nethyl- am no) et hoxy] et hyl
2- et hyl - 2- propenoate) of the formula (MIl) O In a
further agpect of tnf'present i nvention, the R30

NS NN (VI).

> |

In a further aspect of the present invention, the R™
radical in at least one of the ester compounds of the
formula (IV) may comprise at least one group, more
preferably at least two groups, of the formula -CO-.
The groups of the formula -CO- may be carbonyl groups
of ketones and/or aldehydes, «carbonyl groups of
carboxylic acids, carboxylic  esters and/or
carboxamides, and/or carbonyl groups of carbonic acid
derivatives, especially of urea groups and/or urethane

groups.

In this case, at least two groups of the formula -CO-
may be bonded to one another via at most 4 atoms.

The R'® radical in at least one ester compound of the
formula (IV) may preferably be a group of the formula
(IX)



radical in at |east one of the ester conmpounds of the
formula (I'V) may conprise at | east one group, nore
preferably at |east two groups, of the fornula -CO .
The groups of the fornula -CO may be carbonyl groups
of ketones and/or al dehydes,,garbonyl groups of
carboxylic acids, carboxylic esters and/or
car boxam des, and/or carbonyl groups of carbonic acid
derivatives, especiallyipf urea groups and/or urethane
groups. I n this case, | east two groups of the:

to one another via at d%é?'

f or mul WO

4 at oAs. ?& radv’cal QB at | east one ester
compound 0O 2t he ti formul a (1V) may preferably be a
group of the foldula (I1X) - 23 CH2 % OX). [/~ CH2
YW/ QH O Mre preferably, conponent d) conprises
nono- 2- - net hacryl oyl oxyet hyl succinate of the formula
(X) 00 YO HO The R10 radical in at |east one

c (o W1aTe! t he (1 frabl yohe -2 -
a gr oup%g%é theb é/r'rml SOE%%{?L%—IZ %0 Gn—lgéb%ﬁ\%\Y}éX! ),
o sty yekereaitiy ] coiporatte It dprigewia (X)

acet oacet oxyet hyl nethacrylate (2-[(2-nethyl-I|-oxo-2-
pfopenyl ) oxy] et hyl 3-oxobutanoate) of the formula

(aiy o, o

o_ .
NNV MOH

0

The R'® radical in at least one ester compound of the
formula (IV) may preferably be a group of the formula
(XI)

cH, 0 CHy |
/ E:H{ W X1,

c O

More preferably, component d) qomprises 2-
acetoacetoxyethyl methacrylate (2-[(2-methyl-1-oxo-2-
propenyl)oxyl]ethyl 3-oxobutanoate) of the formula (XII)

N NN o

O 0

In a further aspect of the present invention, the R

radical in at least one of the ester cqmpounds_of the



(Xt1)y. /\/0O\/ Q11 0 O O In a further aspect of the
present invention, the RIO radical in at |east one of
the ester compounds of the - 24 formula (1V) may
conprise at | east one group of the formula -CO and
at | east one nitrogen atom thls case, the R
radical in at |east one of t ester conpounds of the
(I as re ur
f%xdmb%f%en(g)rv % nr@)t‘rrleS%r e{%en:i [a(l"b(@i’ﬁéé‘E bén?h ?g the
- NRbm G NFEO+ namhl @‘h lﬁ@st Rpne apit Fogendi @k s ar e
each. independently hydrogen or a group having from1l
to 40 carbon atons, prgferably from 1 to 20 carbon

f
Awnshasd Gas® pF]éFelRag yafillﬁﬁall ity at d5AsEn tongE the

Ustde eafbeah8sRpranthf foadital S(Im;y mayor ade r aﬁg least
having from1l to 80 carbon atons. The R10 radl%y 3}
eing

A1 eastrohe eBTRFPconpBifid of 9Fﬁ8psf or P a
pféﬁﬁé@ebhﬁ/a}hbe abyr ahe ofoirnel & omeeco{mﬂ )iExwhich Ahe

[.S;.a n r 0
ar bo il%or}:vsadlﬁ:rag’%er Z{# é%%mgﬁg?ﬁg}{%gg bgk&rggeg Br =
anebugrohav ref Erem| § tPoﬁOlCﬁG‘bQO aarpen @@:@ﬁs—raipﬂé' from
8xp Ssé'oorbaﬁ%}{‘e%b{dl AU Ay | BYe FELELLY “Ir'é@p 1 to 4

carbon atons"” has already been exELal ned in deé :
SArrRen MBEE™Br ofWF ablp, ) 286Nt i SER %\F?&s may
NS Vi eretdty | 9.esyl Gfl@tmﬁacdﬁocﬁﬁ xsmg - i mi d-
azolidinyl) ethyl. 2-nethyl-2-propenoate) of the

formul a

"The R radical in at least one ester compound of the
formula (IV) may preferably be a group of the formula

(XI1I1)

N
\A/ .

(e h o,

in which A is a connecting group having from 1 to 500
carbon atoms, preferably from 1 to 100 carbon atoms and
more preferably from 1 to 50 carbon atoms. The
expression "connecting group having from 1 to 500
carbon atoms" has already been explained in detail

above.
More preferably, component d) comprises N-(2-
methacryloyloxyethyl)ethyleneurea (2~ (2-ox0-1-imid-

azolidinyl)ethyl 2-methyl-2-propenoate) of the formula
(XIV) ‘



(XIV) 25 _ O (XftVJ Anong the ethylenically
unsaturated ester conpounds, particular preference is
given to the (neth)acrylates over the mal eates and
fumarates, i.e. R2, R3, R5, RG R8, R9, Rl1l and R12
of the formulae (1), (Il), (J11) and (1V) are, in
preferred enbodi nents, nore ef erably hydrogen.

Mononers in component may, simlarly to the
NONOMErs ~in conponequkﬁﬁﬁgr c), be obtained by
transestefi fying nethyl th)acrylates with (XIV)
apprQpri ale al gqhol "q§1nes and/or thiols. In )
addi ™ 0 nononers are commercially
avai l a Ie nponent e) gbnprises in particular
ethylenically unsaturated nmononers which can be

copol ynerized with the ethylenically unsaturated
ester conpounds of the fornulae (1), (I1) , (II1l)
and/or (IV). However, particularly suitable conononers

T ondP Ol Weer EZRY 1 8A186E04di RgsiLutdte@r EaNr | BvRBbULAdS,
are ‘thqse which correspond to th f or,mul

WWH%%PH% RI®1GRd ﬁ*géY%ne ?lﬁ%eg&?ﬁ%mﬂates
selactd niarmaeh@ Fidupumanstss j ng. of BR,diRiger’, R°, R®,
|l o gps 12 I h al ar h n
ont ERG0L” BFFBrabri rran 16 6ithd qors) 2AEdIv
,erabhy fpmmfbrm@dﬂ 2®b0damﬁ@¢8atonm0Mﬁ chpﬁﬁﬁeﬁébly
§Hg§g ed by from1l to (2n+l1l) hal ogen atons, where
n-is e nunber of carbon atons of the al kyl group
(for exanple CF3), a,(3- unsaturated |inear or

Meked alkkemhpsted K¥NYhay, similarly to the monomers

in components b) or c), be obtained by transesterifying

methyl (meth)acrylates with appropriate alcohols,
amines and/or thiols. In addition, some of - these

monomers are commercially available.

Component e) comprises in particular ethylenically
unsaturated monomers which can be copolymerized with
the ethylenically unsaturated ester compounds of the
formulae (I), (II), (III) and/or (IV).

However, particularly  suitable comonomexrs for
polymerization according to the present invention are
those which correspond to the formula:

R1% R2#

R3¥ RA*

in which RY and R?*" are each independently selected
frofn the group éonsisting of hydrogen, halogens, CN,
linear or branched alkyl groups having from 1 to 20,
preferably from 1 to 6 and more preferably from 1 to 4,



groups having from2 to 10, preferably from2 to 6 and
nore preferably from2 to 4, carbon atons which nmay be
substituted by from1 to (2n-1) hal ogen atons,
preferably chlorine, where n is the nunber of carbon
atons of the al kyl group, for_ exanple CH2=CCl-, cycl o-
aIkyI groups haV|ng fronu?t%ﬁS carbon atons mhlch may

bstituted b 1 tg h |
TR R by o0 oPIAGR VINSF o 37 | SUPRG: RUREGr ‘o1 CRPBor- ©°
atmvsl)ofhahegeyclamaimsyl vg':emq) nCisY*RS*number of carbon
* N *R7 Y* *
UG e, S0 ST B o
RS’IQathRB:‘@iV\hlJeIheway oL néﬂéhﬁdzeél\kﬁﬂﬁlanor al ynyl
%ﬁé@%vﬁﬁi% f%w 20&;ohqtoer Qo htab 1Bl Ok M'h@beGYand

may be pr ef erabl 0:. R5* i s

gD mﬁi%ﬁalphénﬁtowc@zéocér'bo?@a%fhsat‘afﬁs %{Pksﬁt Rpyg be
%é&lﬁcdtﬂéﬁ 1 b?l -EleQﬁH b?I]I at@mlsk(mf (than%én atoms,
al Kal | a al KOx 0 [
e i 2hpriBe, Tidhd cpodse) bpg ke off Bhwbon
‘ﬁette:mc@fl ﬁdeparl@tgrlt lgrdumly ofien examplal IQHz gf_‘bup cyclo-
C n tt(HIBB 7 *
aal\ﬁ{e‘{r%éé%&f%%%g% éFEQII gﬁe grou 8;5.%15%1 né’é‘?mg WEICh may

he prdedshited r bn ZfF@mS taron &l nplAgeEh eseds,

tﬁ)ﬂk’é/felféﬁ acB10t9né; MRS Ly F?Lrsefﬁliémn‘y{m&'ert Oof carbon
- menber e ring and RB* IS hydroggYn],c) ine

GHERTEhedt alti SFCLCR VAT b r BERSPHavt gt 7 Rom 10£ 08 20R“R™,
cﬁct{ely PRUNE; RFand SRERGr e o:svdgp‘énden}ml8 seM ect e@RS*z,
e gro €ONSi hydro a “hal,0
gp?ﬁé algl'y #Bgr i‘he ?rch%{l {OI‘I ﬁéﬁ) | %r%‘ﬁps may be
repua tregerfirzed. Wit Gare erdsbirt o Ramda@@@]?gr hetamocclyl
K @fris* UPR3* 4
Sy PHEREY Y PR T N G, BRI BN s

tagy et byl mBr e nhav ERGuF Tem t he Hoor 4Rl £aEEAR) ptoms,  an
whigh iR l}?avsllﬂgstfﬁ&ﬁe:d £y Boomwibbe 3domdgl eméh (RS is

%Ey%sog@n or an Cﬁkaallklylm taf?s a(irkofx?rr nr]JJI.' h%rgr%rnim & 20
carbon atoms, aryloxy or heterocyclyloxy; R® and R”
are each independently hydrogen or an alkyl group
having from 1 to 20 carbon atoms, or R* and R’
together may form an alkylerie group having from 2 to 7,
preferably from 2 to 5 carbon atoms, in which case they .
form a 3- to 8-membered, preferably 3- to 6-membered,
ring, and R®" is hydrogen, linear or branched alkyl or
aryl groups having from 1 to 20 carbon atoms; |

R** and R** are independently selected from the group
consisting of hydrogen, halogen (preferably fluorine or
chlorine), alkyl groups having from 1 to 6 carbon atoms
and COOR®™ in which R®" is hydrogen, an alkali metal or
an alkyl group having from 1 to 40 carbon atoms, or R
and R*" together may form a group of the formula (CHz)g:
which may be substituted by from 1 to 2n' halogen atoms
or C; to Cg alkyl' groups, Or form the formula C(=0)-Y"-
¢ (=0) where n' is. from 2 to 6, preferably 3 or 4, and
Y* is.as defined above; and where at least 2 of the RY



(=0 where n' is from2 to 6, preferably 3 or 4, and
Y* is as defined above; and where at |east 2 of the
R1*, 27 R2*, R3* and R " radicals are hydrogen or

hal ogen. These incl ude hydroxyal kyl (neth)acryl ates
such as 3- hydroxypropyl nethacryl ate,

3, 4-di hydr oxybutyl neth- ac 9Iéte, 2- hydr oxyet hyl

net hacgyl at e, ,.2- hydro th
i S T s S
1,1ohdecanﬁdiol (et h)acryl ate, am noal kyl
th) acr e -
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T =41 but yl_aiRehexyte -
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acwarl afiey r ogeliydePRYe B hg ﬂ?@&ﬁbs,zg%%ﬁr%§y$¥°pyl
gfg?gqlfao %)l?@ﬁ,gx?/egwﬁ -)digﬁét&gbll Ew,!si_«eﬁaﬁmhom l(rrﬁtldath) -
y i hexadec i_m ne, t | -
sfedgatevor it ica@?ﬁepﬁaﬁmt@@&%ﬁéﬁ%? ot byl cyan-
am.de, nomet t hac e; th | at
SRRl nzy | TEERILPITATECaP phehUF et haryl af o) 17
mn@uhtynaHaanrp@yuombshmyléaﬁhdebe unsubst i t 4t @eeRyl-
. subs g\ al4d AORE
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dmeth) agrrivdeseif | uori de; vinyl esters such as vinyl
acetate; styrene, substituted styrenes hayjng an. al kyl
sibsniedenpt] n (FREPLPEEY h&i n3¢HBr @Qinp?%h%gné?h§¥9¥en'
ghyitanaiagdmatdbbyldtyeene sushbsisi t ut ed styrenes

having an alkyl substituent on the ring, such as
w—ﬂyﬂethlaue?éoyaod;yﬁthgﬂ.h;iliispbuheﬂ. hdfedganiaieed N- (meth-
styrene hl o : YEenes, -
Aoy ssryPEnEL T O R lRERR | ciaE HiRgsS: methacryloyl
tetidebretroptiyrénes; 2-methacryloyloxyethylmethylcyan-

amide, cyanomethyl methacrylate;

aryl (meth)acrylates such as benzyl methacrylate or
phenyl methacrylate in which the aryl radicals may each
be unsubstituted or up to tetrasubstituted;

vinyl halides, for example vinyl chloride, vinyl
fluoride, vinylidene chloride and vinylidene fluoride;

vinyl esters such as vinyl acetate;

styrene, substituted styremes having an  alkyl
substituent in the side chain, for example o-methyl-
styrene and a-ethylstyrene, substituted styrenes having
an alkyl substituent on the ring, such as vinyltoluene
and p-methylstyrene, halogenated styrenes, for example
monochlorostyrehes, dichlorostyrenes, tribromostyrenes

and tetrabromostyrenes;

heterocyclic vinyl compounds such as 2-vinylpyridine,
3-vinylpyridine, 2—methyl-5—viny1pyridine; 3-ethyl-
4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinyl-
pyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinyl-
carbazole, - 4—vinylcarbazole, l—viﬁylimidazole,



heterocyclic vinyl conpounds such as 2-vinyl pyridine,
3-vinyl pyridine, 2-nethyl-5-vinylpyridine, 3-ethyl-
4-vi nyl pyridine, 2,3-dinethyl-5-vinylpyridine, vinyl-
pyri m di ne, vinyl piperidine, 9-vinylcarbazol e,
3-vinyl - carbazole, - 4_VL2é car bazol e,
1-vinylimdazole, - 28 2- hyl -1-vinyl im dazol e,
Vi AR . 2= Vihnyl - rr ol ¥ - -
He R il o B AR idone, 2-vinyl
Kywinelicemes! acNam'Lanpw:ypEaﬁiyn@ I act ANV iRy HY Bt Bdkne .

Yi-RMlrh Y kol ke akhi oRbeRay1¥LBYkbketane. vinyloxolane,
vi nyl_thiazol es and hydrogenat ed V|nyIth|azoles1 vlnyl-
REZSIEEEagnd hydr ogE&mBY eEDVPRIEBRaz0l es; VHRYlGHtPiane,
S eRpnenylzel ber sindrhgieogehdtaad vinhdithiaticdes, vinyl-
derivatives, h&r exangked nono= and giesters of maleic
gErgoleg apg BXAYRERe t ¥Ry RRPECE Srhhydr i de,

mal ei.m_de, . byl mal eimide;, fumaric acid and fumaric
X&F31d8P|v§g§§§é9y ogkg%g%ple nono- and di esters of

FRLLC Aci g aﬂl:ier}{?ac'l%{@r a‘ég'a”p%érﬁé é:{’?/é@,engfgg‘e-example
gse conponents may be used i ndi vidua or "as o
moreur eznd HewesEers tof smalgier A @i t BaLlRie Anhwdside,

e ndh hbekent aRBYERBES , a1 B9k BRY | AedhyPrel eimede;
copolyners have a specific viscosity Tlsp/, nmeasured

Fomakher efcadmaatd 266nat e t Beigadge ikaedv@st, 0 foid ertdmple
nor e pre&erablﬁﬁin t?efrangecfron1ll to 55 m/qg,
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Cnd&htive copol ymers may

neral | a | gcyl ' in the range from
%gﬁge 0 ¥°80§§8@8ﬂ§/ﬁ%ﬁhﬁg%S%QFQE%y in the range from
10 x 103 to 500 x 103 g/nmol and nore preferably in

THeskangemboR@ntQ X i3 119 3Q8cd 193d9iABLalMt heyft  as

any intention that thi's,should inpose a restrictian.
ThECYEPHes HoMEVBAsedtonihe Prerequisite that at least

two different monomers are polymerized.

Preferred copolymers have a specific viscosity TMep/es
- measured in chloroform at 25°C, in the range from 8 to
74 ml/g, more preferably in the range from 11 "to
55 ml/g/ measured to ISO 1628-6.

The inventive copolymeré~may generally have a molecular
weight in the range from 1000 to 1 000 000 g/mol,
preferably in the range from 10 x 10° to 500 x 10° g/mol
.and more preferably in the range from 20 x 10® to
300 x 10° g/mol, without any intention that this should
impose a restriction. The values are based on the
weight-average molecular weight of the polydispe?se
polymers in the composition. This parameter can be

determined by GPC.

The preferred copolymers which can be obtained by
polymerizing unsaturated ester compounds' preferably
have a polydispersity M,/Ma in the range from 1.05 to
4.0. This parameter can be determined by GPC.



wei ght - aver age nol ecul ar wei ght of the pol ydi sperse
polyners in the conposition. This paranmeter can be
determi ned by GPC. The preferred copol ynmers whi ch can

be obtai ned by polynerizing unsaturated ester

conpounds preferably have aﬁgolydlsper3|ty MV WMn i n

the range from1.05 to hi s paranmeter can be
deternined by GPC. 29 The preparation of the

pol yal kyl esters fromthe above- described '
cOnposi¢panatienkpbwhhpepotpalkpt pASEHEACErOm hBgeabove-
P& ggffﬁe&aaoﬁﬁo§E§§8P§dJ§§p@ﬁbﬁﬁ|ﬁe?ysiieeFofth%@bnce,

po yITETI zation so related processes
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Of a &¥¥1 (polrﬁr\(@f:%@tfoﬁﬂdaﬁdiOalébagﬁﬁﬁtéﬁl procbssas, for
transfer)

ustomary free-radic rizatig
| SRERpI%) AP (D BFOBI 65 onTa | FAhECE BNy rEaeang on
O$rlrmhﬂmr|e& fBhadsitblyy  Siddilt iEdi t ifoagmentgédenal chain
%ge |zat|on initiator and a chain transferrer are
055 %hls pur pose. The usable initiators include

the azo |n|t|ators well known in the technical field
?& inﬁree rQ&?caP'ﬁSY?ﬁ@?f%éﬁﬁéﬁr@gnb h@ned

and per o nEoun S such as nmet h et yl

pERERT d@lle?oet yiﬂacH HHBNNH F o xFRfeY L C&H’?%“tﬁ‘ yI° el 8gr1al

:@ﬁémf%ﬂﬁ% gs%x?heﬁﬁitlohexmmﬁﬁi?éﬁi;ﬁnaabﬁoymeﬁézaedon
0 as er u y ctoate t et one [0
tHtiRkSA  apgr Rt 5%[‘3& n’e{hﬁ}?g? %%ﬁt ya\r%e}lone )%Odre this
peixdske, cycl ohexanone peroxi de, di benzoyl perOX|de
tert-butyl peroxybenzoate, tert-butyl '

per oxyi sopr opyl car bonat e,
7Tk busgblet Hylitdedeay perokyde 2tbedians hinrheiakers well

bt dwb Uiy | cRET Oxynt 84 NYENEX@N0ghen 48T ATIBNt ¥hdper ax¥zo-
biscyclohexanecarbonitrile, and also peroxy compounds
such as methyl ethyl ketone peroxide, acetylacetone

peroxide, dilauryl peroxide} tert-butyl per-2-ethyl- '

hexanoate (often also .referred to as tert-butyl
peroctoate | £tBPO), ketone peroxide, tert-butyl
peroctoate, methyl - isobutyl ‘ketone peroxide,
cyclohexanone peroxide, dibenzoyl peroxide, tert-butyl
Aperoxybehzoate, tert-butyl peroxyisopropylcarbonate,

2,5-bis (2-ethylhexanoylperoxy) -2, 5-dimethylhexane,

tert-butyl peroxy-2-ethylhexanoate, tert-butyl peroxy-
3,5,5?trimethylhexanoate, “dicumyl peroxide, 1,1-bis-
(tertwbutYlpefoxy)cyclohexane, 1,1-bis(tert-butyl-
peroxy)—3,3,5-trimethy1cyclohexane, 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 mnot been mentioned and can
likewise form free radicals. Suitable chain transferers
are especially oil-soluble mercaptans, for example

tert-dodecyl mercaptan or 2-mercaptoethanol, or else



3,5,5-trinmethyl hexanoate, dicunyl peroxide, 1,1-Dbis-
(tert-butyl peroxy)cycl ohexane, 1,1-bis(tert-butyl-

per oxy) -3, 3, 5-trimet hyl cycl ohexane, cunyl hydro-

peroxi de, tert-butyl hydroperoxide, bis(4-tert-butyl-
cycl ohexyl) peroxydicarbonaéﬁ, m xtures of two or nore
of the aforenentioned conpounds with one another, and

al.so, m xture he_af or.enen d_¢o u '

SoHbBtn 3§a9\ﬁ ﬁeﬁ% grﬁ)glt t—l‘iheenéin%% |8%e anﬁ%@ﬁ&,

| éskeeop Ise Heprpmriglemne adi cal s. Sui tabl e chain

transferers are especially oil-soluble nercaptans,

for exanple tert-dodecyl nercaptan or
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This reaction is described, for example, by J-S. Wang,
et al., J. Am.  Chem. Soc., vol. 117, p. 5614-5615
(1995}, by Matyjaszewski; Macromolecules, vol. 28,
p. 7901-7210 (1995) . In addition,  the patent
_applications WO 96/30421, WO 97/47661, WO 97/18247,
WO 98/40415 and WO 99/10387, disclose variants of the
ATRP explained above.

In addition, the inventive polymers may be obtained,
for example, also via RAFT methods. This process is
presented in detail, for example, in WO 98/01478 and WO
2004/083169, to which reference is made explicitly for

the purposes of disclosure.

The polymerization may be carried out at standard
pressure, reduced pressure or elevated pressure. The
polymerization temperature too is uncritical. However,
it is generally in the range of -20°-200°C, preferably
0°-130°C and more preferably 60°-120°C.



" pressure.

p. 7901-7910 (1995). In addition, the patent :

applications WD 96/ 30421, WD 97/47661, WD 97/ 18247,

WD 98/ 40415 and WD 99/ 10387, disclose variants of the

ATRP expl ai ned above. In addition, the inventive

pol ymers may be obtained, for exanple, also via RAFT

" methods. This process is P ented in detail, for

exanple, in WD 98/01478 and WO 2004/083169, to which

reference is made explicitly for the purposes of
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SISNPALC. BUESSULE. oL POLGET; DT ESSHECRePLEYBECHere in a
e polynerization tenperature too is

Urrepad i getse However, it is. generally in the range of

-200- 200C, preferably 0-130C and nore preferably

60- 120C._ 31 The polynerization my be carried out

Wi ROMMHAR LIt vérit . PHRE TS olcRERieSs PHtpein @
_Lfr&@gséifazodslbeﬁz@ntn_ a%hégeaa_dns:enae. Hihﬁrl cmﬂxthtl 1 | zalients,
| refer y carried qut _in._a nonpolar vent .
RS TRk OBRb LG SO VER s e 3o taPugfy, benzene
amint xyleakyvent sasuchtad t ciydnecatisozene fand example
.%nga exéﬁg}”ﬁ%é%%ﬁg$”5§fﬁﬂgpSnoﬁgﬁe?Xégpéﬁe, dodecane,
cyclo hept ane,” o

exane, , ctane, nonane, decane,
ddtedan@ay whilsh nhg apseseRt prigsedranchsdandreEd-f of pEse

eSEntSO! M8 HdBY,cRE USES: FIghyi thaldns and as Aixture.
m xt ur e. Parti cul é%%%grefehred sol vents are mineral

Faticylanival BYF sy RPHEEPRESoi 13E° arftf4F% Cils,
Matdur=as otiher eahd Aspnghébese, ovkesy pard i eldlsar mixtures

r.ef erence. i s iven to mneral_oils Ehf of .
e I R s e
apiptercatd ariiesrad pridperties.  Accordingly, the
i nventive copolyners nmay be random
The structure of the inventive copolymers is not
critical for many applications and properties.
Accordingly, the inventive copolymers may be random

- copolymers.

In a particular aspect of the present invention,
inventive copolymers may have a gradient. In this case,
the monomer composition can change during - the chain
growth in order to obtain copolymers which have a

gradient.

In a further aspect of the present vinvention, the
inventive copolymers may be block copolymers. These
polymers can be obtained, for example, by changing the
monomer composition discontinuously during the chain
growth. The blocks derived from ester compounds of the
formulae (I), (II) and/or (III) preferably have at

least 30 monomer units.

Block copolymers denote polymers which have at least
two blocks. Blocks in this context are segments of the



copolymers. In a particular aspect of the present

i nvention, inventive copolyners nay have a gradient.
In this case, the nonomer conposition can change
during the chain growh in order to obtain copol yners
whi ch have a gradient. In a further aspect of the
present invention, the i nvettive copol yners may be

block copol yrers.  These _polyers can e 0Bal nGluLal of
déﬁéootimuaasmpndmerngnhhe c¥aien ingdovitdalThd cbkeckey be
rive
??mgﬁdgrgﬁ]ﬁﬁkfergﬂ gﬁ&egé tﬁﬁ Qﬁgﬁbﬁe Ehk blocks

ave east 30 nononer

LmaYs d BF Hek wpb?ynlﬁys td@ot@fmﬂ%m@r’@%l &f haidfgrent
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| ymer ave a constant co
celp 0 §ad LeFrensn aBIOoNRN cbhdnBAYURS PTIHRG rrg Eijﬂﬂalone
bhpskg. may be formed fromdifferent nononers.
addition, the blocks may differ only by the
concentration of different nononer units, in which
Chscafl Landossdisiy iatnpeicmn af thdéepdeséetennvepbopsr the

Lﬁh%f% bglg Eée%%?@ anggn?9£9§§t1$ﬂ aﬂfﬁerence of

|ng aspect resent i nvention
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The term”concentration of the nmonomer units" relates

RGP AN L7 P Tl LYt W1 aces
rmpeamengumhartefmthbsa anbtecihithe arendentived darom the
(%gﬂéﬁé¥§eused, based on the total number of repeating
units within a block. The concentration difference
ariseg from the difference between the concentration of

at least one monomer unit of two blocks.

The person skilled in the art -is aware of the
polydispersity of polymers. Accordingly, the data
regarding the concentration difference are based on a
static average over all polymer chains of the

corresponding segments.

The length of the blocks may vary within wide ranges.
According to the invention, the blocks may ha#e
preferably at least 30, more preferably at least 50,
particularly preferably at least 100 and most
preferably at least 150 monomer units. '

As well as diblock copolymers, the present invention
also provides multiblbck copolymers which have at least
three, preferably at least four blocks. These Dblock
copolymers may have alternating blocks. In addition,



arises fromthe difference between the concentration
of at |east one nononer unit of two bl ocks. The
person skilled in the art is aware of the

pol ydi spersity of polyners. Accordingly, the data
regarding the concentration dj fference are based on a
static average over all polyner chains of the

COLd espandt ng, s | et Qe t ha-ddeRRKS JBRY comb

var w thin w de ranges, ccording to the invention,
Bk Ol havar RRLIBRESIy at | east 30, nore
pr eferably at least 50, particularly preferably at

| east 100 a st rabl y at least 150
Freterig SO SRy her SNt 4 o SYAEephobic
|§a@mnm valisth peael debtaihedbl bgk mdpotemisringwhmonomer
have e ahl
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ESHALQ ag_ gQrtEIQIJ ger SchBmaSetsﬁ lePQ N Sunsaturated

Preferred copol yners rlse hy C
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th acr | ates, - t es and/ or funarat
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ets)l .eni cal | y unsaturated conpounds of the fornmnul ae
(1), (rr) and/or (I1l). I'n addition, these preferred

bl ock copol ynmers conprise polar segnments which
Fanriiasd andnonmrs fsfrnese  £di0ak a copolymersar CogRprasey at

Areefar rak brhp&foeﬂeewreéemaaﬁprp sthdtat | P@éét 08fe polar
hydr ophohbi ¢ segnent. P angltl Ieast 0 ol a segngf b
SRt Rir opREDPY SEERERL Ch AR ATt o eCpyainable by
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a) from 0 to 40% by weight,' in particular from 0.5 to
20% by weight, based on the weight of the wmonomer
compositions for preparing the hydrophobic segments, of
at least one ethylenically unsaturated ester compound
of the formula (I)

R

R3
A~ R 0,

R2

in which R is hydrogen or- methyl, R' is a linear or
branched alkyl radical having from 1 to 5 carbon atoms,
R? and R® are each independently hydrogen or a group of
the formula —COOR' in which R' is hydrogen or an alkyl
group having from 1 to 5 carbon atoms,



a) fromO to 40% by weight, in particular fromO0.5 to
20% by wei ght, based on the wei ght of the nononer
conpositions for preparing the hydrophobic segnents,
of at |east one ethylenically unsat urated ester
conpound of the formula (1) 4 R3RZf ORI (07 in
which R is hydrogen or nethy? Rl is a linear or

bran I i LAl ro 0

Ao O e I o e hareF o Ri g B Erom 55 e
gr9<5l:Fp by weikghlor miasedCOOR thewhweloli® iaf hydeogeanomer
0 I gr

et i Tt o ooy, Bhpienes) of
f bm =A% OB5 o Sh AR L la@seasaﬁwﬁ*ée@elw%fcw@ound
nelogke feewpdai t(irans for preparing the hydrophobic
segnents, of at |east one ethylenically unsaturated
ester conmpound of the formula (I1) RO (11), R6

R Sin which Ris hydrogen or nethyl, R4 is a |linear

or branch@ al kyl radical having from6 to 15 carbon

-COOR " in which R' is hydroge
aving from6 to 15 carbon atoms,(h;))
fromO tjo 80%by. weight, in particular fromO0.5 to

60% by based on the wei ght of the nononer
conposi Tt ons r preparing the hydrophobic segnents,
of

in which R is hydrogen or methyl, R* is a linear or
branched alkyl radical having from 6 to 15 carbon
atomsg, R® and R® are each independently hydrogen or a
group of the formula -COOR'' in which R'' is hydrogen
or an alkyl group having from 6 to 15 carbon atoms,

c) from 0 to 80% by weight, in particular from 0.5 to
60% by weight,"based on the: Weight of the monomer
compositions for preparing the hydrophobic segments, of
at least one ethylenically unsaturated ester compound
of the formula (III)

RY AN ORT | o,

r8

in which R is hydrogen or methyl, R’ is a linear or
branched alkyl radical having from 16 to 30 carbon
atoms, R® and R’ are each independently hydrogen or a
group of the formula -COOR''' in which R''' is hydrogen
- or an alkyl group having from 16 to 30 carbon atoms,



at |east one ethylenically unsaturated ester conpound
of the fornmula (Il1l1) RO OR7 (111), )R8 in which Ris
hydrogen or nmethyl, R is a linear or branched al kyl
radi cal having from16 to 30 carbon atons, R8 and R9

are each independentl|y hydr%ggn or a group of the
fornula - "' in which is hydrogen or an

COOR
yl f 16 b t -
L oo 800 A Pt 0, 80568, B A Ty b ene
mnnnnfmerc oppoposiitisnior furepareppuing hytdre phapdrophobic
S§%§EE£§S ogfcggggﬂgﬁé and t he pol ar segnent

rrsrng erived from ethylenically

ufBet e e®OLE8] aFCEBERE COPRIRLHTNDf WHES fderived Lrom
(éﬁyﬁéﬁlgﬂi&o&nsééﬁrhﬁeﬁh' So1Br SIS ERPRINds of the

nmet hyl IS oxygen sul or an am no group of the
f EPFINLA - KFV or - - in mhlch Ra is an al kyl radica
having from1l to 40 carbon atons, Rl is a radica

whi ch conprises from2 to 1000 carbon atons and has
at |east 2 hR»eroatonB R1' and R12 are each

i ndep ently hydrogen or a group of the formula

- COX' i nJyhi ciXRpe0is oxygen or an anmino grou %\gf
the for muya&™ or -NRa'- in which R& is an alkg !

radi cal having irom1 to 40 carbon atons, and R '0'
is a radi Bdll cqnprising from1 to 100 carbon atons,
wherein at | east one polar segnent conprises at | east
3 units which are derived from nononers of the
formula (1V) and are bonded directly to one another.

.T’rhe PRiEh REABPHFIRESELT 8R! Ynhana 2 i 8 BROBOR! | @l fur
or an amino group of the formula -NH- or -NR*- in which
R® d1s an alkyl radical having from 1 to 40 carbon
atoms, R*® is a radical which comprises from 2 to
1000 carbon atoms and has at least 2 heteroatoms, R
and RY¥ are each independently hydrogen or a group of
the formula -COX'R™' in which X' is oxygen or an amino
group of the formula -NH- or -NR®*'- in which R* ig an
alkyl radical having from 1 to 40 carbon atoms, and R
is a radical comprising from 1 to 100 carbon atoms,

wherein at least one polar segment comprises at least 3
units which are derived from monomers of the formula
(IV) and are bonded directly to one another.

The polar segments preferably have a high proportibn of
polar units which are derived from monomers of the
formula (IV). At least one polar segment preferably
comprises at least 50% by weight, more preférably at
least 70% by welght and more preferably at least 80% by
weight, based on the welght of the polar segment of
units derived from monomers of the formula (IV) ‘



pol ar units which are derived from nononers of the
formula (I1V). At |east one polar segnent preferably
conprises at | east 50% by weight, nore preferably at

| east 70% by wei ght and nore preferably at |east 80%
by weight, based on the weight of the polar, segnent,
of units derived fromnononmets of the fornmula (IV).

6 Accordingly, preferred bl.oc opo [ .
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to 5 and preferably 1 or 2,
wi t hout any intention that this should inpose a
restriction. m=1 and n =gh.mpy, for exanple, givegwv)
rise to a conb polyner or a star polyner. m= 2 and n
= 2 may, for exanple, give rise to a star polyner or
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of the polar segnents D referab be at_.|east 3
R TUSIO1F aBl P IHCH cGGROBVURT Mt cht LR Ating B-DP-D
plefcasabl y at | east 10 nononer units, these nononer
units preferably being derived from conpounds of the

formula (1V). The polar segments Dgreferably have a
Wiieghtengelh agé the hydrophobic and polar segments may

vary within wide ranges. The hydrophobic segments P
preferably have a weight-average degree of
polymerization of at least 10, in particular at least
50. The weight-average degrée of polymerization of the
hydrophobic segments is preferably in the range from 20
to 500.0, in particular from 60 to 2000.

The length of the polar segments D may preferably be at
least 3, more preferably at least 5 and particularly
preferébly at least 10 monomer units, these monomer
units preferably being derived from compounds of the
formula (IV).

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

In a particular aspect, the weight ratio of the polar
segments D to the hydrophobic segments P is ‘in the
range from 1:1 to 1:100, preferably from 1:2 to ' 1:30.

In a preferred embodiment of the present invention, the
lengths of the hydrophobic segments relative to the



degree of polynerization in the range from 10 to 1000.
In a particular aspect, the weight ratio of the polar
segnents D to the hydrophobic segnments Pis in the
range from1:1 to 1:100, preferably from1l:2 to 1: 30.
In a preferred enbodi nent of _the present invention,
the Iengths of t he hydroph&glc segnents relative to
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are based on the weight-average of the particular.
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nera nown per “se a commercially ava
able. They are generally obtained frommneral oil or

Gile; QibnbYve Hddddiean ARY Brépdidbng aRd used in a

optional ly further urificatio nd finishj
OISR e CORRPRIFLFAL 81 LUHGIGRT T composition
RnprEWedy atl Neadhitglek- Nalbrirngrft adtli.ons of crude or

mneral oil. In general, the boiling point of mneral
oil is higher than 200C preferably higher than 300
athéomabﬁacanfheopl@qubtd%y dpeciakier amdngeral oils,

gg&fﬁgg qso%ﬂd§g%%%g%qI01ggylng of Dbi tum nous

stl ation o rown coal w th exclusion of
air, and also
Mineral oils are known per se and commercially avail-
able. 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 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
oil)'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-
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have, depending on their-offgin, different
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mono- net hyl - branched paraffins is generally in each

case in the range fromO to 40% by weight., in one
Theefesctign adhertallines ainopreé@ﬁﬁeﬂségnﬁﬁiaﬁl pils is

paplt baghc3@8nedy, weight, the proportion of O-, N- and/or
S-containing compounds less than 6% by weight. The
proportion of the aromatics and of the mono-methyl-
branched paraffins is generally in each case 1n the
range from 0 to 40% by weight. 'In one 1nterest1ng
aspect, mineral oil comprises mainly naphthenlc and
paraffiri—base alkanes which have generally more than
13, preferably more than 18 and most preferably more
than 20 carbon atoms. The fraction of these compounds
is génerally > 60% by weight, preferably 2 80% by
weight, without any intention that this should impose a
restriction. A preferred mineral 0il 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 polax
compounds, based in each case on the total weight of

the mineral oil.

An analysis of particularly preferred mineral oils,



par af fi n- base al kanes whi ch have generally nore than
13, preferably nore than 18 and nost preferably nore
than 20 carbon atoms. The fraction of these conpounds
is generally ? 60% by weight, preferably > 80% by
wei ght, without any intention that this should inpose
a restriction. A preferred i neral oil contains from
0.5  to 30@6 wei ght, of aromatic fractions rom 15
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mg 18 to 31 carbon atons: 0.7-1.0% sllghtly
8&1 aI kanes having from 18 to 31 carbon atons:
aromatics having from 14 to 32 carbon
aimsatldﬂs Aaai i, Lrao-lamp 3| erthemextdegi ng from
2&4016327§ar bon atoms: 60.7-82.4% pol ar conpounds:
.1-0.8% _ | oss:
1so— and cycloalkanes hav1ng from 20 to 32 carbon

atoms:
60.7-82.4%,
polar compounds:

0.1-0.8%,
loss:
6.9-19.4%.

Valuable information with regard to the analysis of
mineral oils and a list of mineral oils which have a
different composition can be found, for example, in
Ullmann’s Encyclopedia of Industrial Chemistry, 5th
Edition on C€D-ROM, 1997, under “lubricants and related

-products”.

Synthetic oils inélude organic esters, for example
diesters and  polyesters, polyalkylene glycols,
polyethers, synthetic hydrocarbons, especially
polyolefins, among which preference i1s given to
polyalphaolefing (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 o0ils or jojoba oils.



6.9-19.4% Valuable information with regard to the

analysis of mneral oils and a list of mneral oils

whi ch have a different conposition can be found, for

exanple, in Ul mnn' s Encycl opedia of Industrial

Chem stry, 5th Edition on CD-ROM 1997, under
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40% by wei ght, nore preferably in the range from4 to
20% by weight, based on the total weight of the
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gtabilizers, detergents, pour point depressants and/oxr
DI additives.

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, measured to ASTM D 2270,_in the range from 120
to 350, especially from 140 to 200.

The inventive copolymers exhibit outstanding dispersing
action. This property can be measured, for example, to
CEC L-48-A-00 ("oxidation stability of lubricating oils
“used in automotive transmissions by artificial
ageing"). In this test, the degree of oxidation is
detected by the wviscosity rise. The lower AKV100 or
AKV40 ig, the better the oxidation stability and the
dispersibility of .the polymer. In addition, the values

for the heptane-insoluble mass fractions can be



Preferred lubricant oil conpositions have a viscosity,
nmeasured at 40C to ASTM D 445, in the range from 10 to
120 m2/s, nore preferably in the range from22 to

100 nm®/s. In a particular aspect of the present

i nvention, preferred Iubrldgnt oi | conpositions have
a viscosity i ndex, neasure to  ASTM D 2270, in the
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In the aforementioned processes, an oxidation step is
typically performed in order to investigate the
dispersibility of additives. However, this step can be
replaced by adding " soot particles in order to
investigate the dispersing action without influence of
the outstanding antioxidant properties of the present

copolymers.

In these methods, commercial soots, for example carbon
blacks such as Printex 95 from Degussa AG (Hanau) are
added to the formulation in a controlled manner énd
stirred in vigorously (for example with the aid of a
‘high-speed stirrer or with the aid of steel grinding
balls in a shaking macﬁhine),' and the dispersancy is
evaluated in the: form of a viscosity rise, of a
proportion by mass of undispersed soot or of a run
radius ratio (cf. EP 0 699 694) as described above.'
Equally, instead of soots, it is of course also
possible to utilizeé other types of -pigments, for

example organic  pigments such as the copper



called blotter spot tests. In the aforenenti-oned
processes, an oxidation step is typically perforned
in order to investigate the dispersibility of
additives. However, this step can be replaced by
addi ng soot partlcles in order to investigate the
di spersing action wthout 714 dence of the
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In addition, lubricant oil compositions which comprise
copolymers according to the present invention have. a
particularly high oxidation resistance. The oxidation
resistance can be determined by changes in the acid
number or in the carbonyl band in the infrared

spectrum.

Furthermore, the copolymers of the present invention

can serve as a corrosion protection additive.

The corrosion behavior of lubricant oil compositions
can be measured under the ZF 702047 process of ZF
Friedrichshafen AG ("Korros:Lonsverhalten gegentber
Kupfer" [Corrosion behaV:Lor toward copperl), which is
performed under severe conditions (150°C for 168 h),
this test being performed to a setup according to
CEC L-48-A-00 with 5 liters of air supply per minute. A
copper rod according to ISO 2160 is introduced into the.
.experlmental arrangement and, afte‘r the experiment has
. been _performed,. the copper content in rthe oil is



This test therefore serves as a nodel of the

di spersion of polar sludges in notor oil. The sl ower
the emul sion separates, the higher the interface
activity and dispersing action This method is
described in detail in EP 0 699 694. In addition,
l'ubricant oil conpositions Vit ch conpri se copolyners
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b avi or can be investigate
copolymers enable compliance with this standard with
very low addltlon of additive to the lubricant oil

compositions.

In addition, the inventive  copolymers exhibit

outstanding action as a metal deactivator.

The metal deactivator property of the inventive
copolymers can be determined to ASTM D130 or ISO 2160
("copper corrosion test"), to ASTM D665 method A ("non-
corrosion and non-rusting properties") . and to
ASTM D1748 {("rust protection test").

The invention will be illustrated 1n detail hereinafter
by examples, without any intention that the invention

be restricted to these examples.



according to the VWPV 1401 process of Vol kswagen AG
(" Korrosionsschutz gegeniiber Stahl" [ Corrosion
protection with respect to steel]), which is

wi despread in the autonobile industry and in which
the corrosion is effected under relatively mld
conditions (40C for 48 h)~ 4fhe surface assessnent
into several categories |leads to a classification
iFfai&yriees of corrosion, values of < level 3 being
desirable. The inventive copolyners enable conpliance
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FW 80 was stirred in as a filtering aid, the reaction
mixture was filtered through a SEITZ T1000 depth filter’
layer and the excess MMA was drawn off at 80°C on a
rotary evaporator at approx. 12 mbar. The  residue was
distilled once again under = reduced pressure for

purification.

Preparation of a dispersing block polymer comprising

dimethylaminodiglycol methacrylate:

A 21 four-neck flask with saber stirrer, stirrer
motor, N2 inlet tube, contact thermometer and heating
mantle was initially charged with 900.0 g of LIMA
(methacrylic ester of the C12-C15 alcohol mixture
1.1al® 125), 225.0 g of KPE 100N oil and 6.75 g of cumyl
dithiobenzoate which were heated to 95°C with stirring.
After inertization by introducing nitrogen and adding
dry ice, the polymerization was started by adding
'0;90 g of tert-butyl peroxy-2-ethylhexanoate (tBPO).
Another 0.90 g of tBPO were added after 2 h and 1.80 g
after 4 h. After 6 h of reaction time, the temperature



60C with stirring, and 4.80 g of |ithium nethoxide
wer e added. The net hanol (MeOH) which fornms was
distilled off continuously as a MVA/ MeOH azeot r ope
until a constant tenperature of 100C was established
at the top of the colum. Su%)stsequently, 1% Cel atorn
FW80 was stirred in as a filtering aid, the reaction

xt filt h T .
(47 ol SRR R T oxBesd Bt ha BN e asggecon
anetmacr}olaarey ewgporatlog abfappBBR. werebazddathe and the

V‘?ﬁs (gtsltf)%écf dopneg anboefﬁggﬁtr e@‘fiéednext day,
pressure

urifrcation. Preparati
dispenskrgr®| Uéﬁ sl yrhad cwiab.éﬁﬁg g of KPE 100N oil.

aiped Iy~ nodiad y ol deblcdyhat#sn A 2 1 four - neck

flask Wth saber stirrer, stirrer notor, N2 inlet

tube, contact ther monet er and heat | ng mantl e was
iftdnild y2 charged with 900.0 g of LIMA (nethacrylic
ester of the Cl2-Cl5 al cohol mxture Lial(r) 125),

225.0 g of KPE 100N oil and 6.75 g of cunyl

dintdyatzerizont efwha clliwees siem edlock9FRlyner sciompriging

4 s?cﬂ%’ll HAdugi g L ogen and addi ng
ﬁo)tpe({ge, tLH % ?la%}%ﬂv\% st ar%éed by addi ng .
0.90 g of tert- butyl per oxy- 2- et hyl hexanoate (tBPO).

Anotzhar Qo%@@le@:fk t @E@s\ker wigtdegdapfber s2 ikrafd 1s80rger
after 4 h. er 6 reactlontghle t he tegg rature

mofer, vva@zl 6 BLd & %,SCcog*gag g roiometer eating
ciseilhy | saksnoghgtyadly nehaﬁggﬁatmmd @ o of tBPOLIMA

TR 1 ihe SR dayf FR8 rekeirtowad Bfoted HRERES
13413 g26ﬁ KPESQOONgoMDf iyl gaacetate e@nd vilsGdug of
g% %{9 @gﬁ%zﬁgf@%%%&ft@ gispef,stndskhekng.
After inertization by introducing nitrogen and adding
dry ice, the polymerization was started by adding 2.0 g
of tert-butyl peroxy-2-ethylhexanoate (tBPO). After
2 h, another 2.0 g of tBPO were added After 6 h of
reaction time, the temperature was raised to 90°C
92.9 g of mono-2-methacryloyloxyethyl succinate (R&hm
GmbH & Co KG, Darmstadt) dissolved in 230 g of butyl
acetate and 1.0 g of tBPO were added, and the mixture
was stirred at 90°C overnight. The next day, the
mixture was diluted with 728.6 g of KPE 100N oil and
the butyl acetate was drawn off on a rotary evaporator

at 120°C/12 mbar. This gave a clear viscous solution.

Example 3

Preparation of a dispersing block polymer comprising
N- (2-methacryloyloxyethyl)ethylene urea:

A 21 four-neck flask with saber stirrer, stirrer
‘motor, N2 inlet -tube, contact thermometer and l'leatinc_':;r
mantle was - initially <charged with 900.0 g of LIMA



nono- 2- net hacryl oyl oxyet hyl succinate: A 2 1 four-neck
flask with saber stirrer, stirrer notor, N2 inlet
tube, contact thermoneter and heating nantle was
initially charged with 1000.0 g of LIMA (nethacrylic
ester of the Cl2-C'S al cohol _m xture Lial(r) 125),
250 0 g of butyl acetate and®7750 g of cunyl

i L oben Qate, nd. heg ﬁaeo 855 Vk‘:% Sattiééljxcgﬂadralxture

an?é( zatt" bylntro uci ng” nitrogen an
dripli@ el 23)he BGISyﬂeg ztafl dmtes scetese bynddd P 290 of

oh A" l% RO %é&ﬂé@x@@%ecmﬁa@)stm@ﬁg
Y, &

not O were added. After g&é
M&@m omeezrwezattmt barp@rrmm@qw r B §EBIED adding
9.af NeRe- 2pBe égubeybaxyeabyl sﬁaeeeaauey(mdnng
H & CE K Darns adt) dISSO| é {
éc@toaﬁ_e G0 KL GPBF Ve BHR R SaHEaY L ARgRERE i xl FR®) -
WES et | 2 ried agﬁzll 9@Qwveirzﬂl ghth Tdwseext 9dayg, ¢hetBPO was
| ut wth 72 KR OON
Fﬁée%utyrgg%%¥atéfﬂb & §é$?9%§£a roréiy evapor%for
mt— (nza@/chacurmpylasmt@aaéeahwﬂ@me visedudobsdniegde by
%?3 PQﬁggrat of HFISQ;TSIngb|OQ&ﬂRQhXﬁpr of
co ris

2- met hacr oxyethyl)ethylene urea: A,
I2ﬁm@£hﬁ§§ylpV&§%YﬁFh @V Serrer, stPFRer in

%&Le p\%‘ﬂ%xwlﬁsdwe f%@m agkoh{tﬂﬁr rmi(i)mer aaa][aill heat i ngKG
Initia charged w LI
PRErRGety) | cTLSPOIVE he G (s S cBHGH L ATTrete @nd
ki. al l(;r )df)ﬂﬁlﬁéPbo 226r8é @d@‘edbutayrhd athéatrex&nd'eG WG gsirred
ny i,thio enzoate, d t
A Lo hor PPSatEafthy FAR, ofitkEn Bay(ront! TuitEhp fowms
dugzun:eel et pEHYNr iazabf orKRidis 1908 t o4 b)ﬁfé%ithﬁ byl

1-8Q.9.0f Lert ghutyl ReFOX52- & hythedpoatwmddBRQr  at

120°C/12 mbar. This gave a clear viscous solution.

Example 4

Preparation of a dispersing block polymer comprising

2-acetoacetoxyethyl methacrylate:

A 21 four-neck flask with saber stirrer, stirrer
motor, N2 inlet tube, contact thermometer and heating
mantle was initially charged with 900.0 g . of LIMA
(methacrylic ester of the C12-Cl5 alcohol mixture
Lial® 125), 225.0 g of butyl acetate and 6.75 g of
cumyl dithiobenzoate, and heated to 85°C with stirring.
After inertization by introducing nitrogen and adding
dry ice, the polymerization was started by adding
1.80 g of tert-butyl peroxy-2-ethylhexanocate (tBPO).
After 2 h, another 0.90 g of tBPO was added. After 6 h
of reaction time, 78.3 g of 2-acetoacetoxyethyl
methacrylate (Lonzamon AAEMA from Lonza, Switzerland)
dissolved in 300 g of butyl acetate and 0.90 g of tBPO
‘were added, and the mixture was stirred at 85°C



After 2 h and 4 h, in each case 0.90 g of tBPO was
added. After 6 h of reaction tine, 78.3 g of

N- (2- met hacryl oyl oxyet hyl ) et hyl ene urea (obtai nabl e by
renoving the MVA froma 25% sol uti on of

N- ( 2- met hacryl oyl oxyet hyl ) et hyl ene urea in MVA =

Pl ex(r) 6855-0 from Rohm G¥H dand Co. KG  Dar mst adt)

di | ) [ 00 f tyl d 0] B

ity "The pRetty o Rhe ErERREg va fted Piben
852 It ghtof THRE nk6AN dai]l @h@ bhetoveyhascetptat gdswlrpwn
%ﬁ%fv\ﬁo%f gf réggr}og&a%'olra%%@ e Pidet/1AGAL e ¥RSs gave

on a rotary evaporator at ‘1200 12 nbar.
Fhislepw i uEars4Wdsds: sol ution. Exanpl e 4
Preparati on of a dispersing bl ock polynmer conprising
2- acet oacet oxyet hyl nethacrylate: A 2 1 four-neck
fGARe At ives SH™EES rrer, stirrer nmotor, N2 inl et
tube, contact thernoneter and heating nmantle was

initially charged w.th 900, 0 of _LLNMA xet hacryl.L¢

&t & Tof ft%‘@%f?‘cﬁtl SHon SRR xCaPeY Lfgﬁ%?gizﬁi?grrer
Rk dr,g ¥2 buflgk dodieat ecandaét 75hgrobnetgry|and heating
|.t hi-obenzqat q,. - t 5C wit,h ghikl Bi BY.
e
dine s e peisfifet | 2 | HhasCh aFted bycadel ngmixture

580 @ Pisyert-tudoinder oxyg2egt hyl hexangat e £ BPO) cumyl
After 2 h, another 0.

. 90 of tBPO was added. After 6
H ChihaRo Ao, 1 74 B 05 TBEG ol HgFroctoate)
reidhacsy! gt ©f Labzerabh AAAVALfr ahed oneact Sent Zdrdsknd) and
di ssql.ved, i.n_30 of .but yl -acetat : t
R g ol Y SR A M odln B
Gulrssqyientlfhe tévet ddyxturiee Wegt uheakad dbput 88°Gi tyWith

-.I%iglgo_f KPE 100N oil and the butyl acetate was
rawn

After a reaction time of approx. 5 hours, 32.0 g of
hydroxyethyl methacylate were added. After 2.5 hours,
0.64 g of tBPO was added and the reaction mixture was
stirred at485°C overnight. This gave a clear viscous

solution of the polymer in oil.
Comparative example 2

A 2 1 four-neck flask with saber stirrer, stirrer
motor, N2 inlet tube, contact thermometer and heating
mantle was initially charged with 608.0 g of LIMA -
(methacrylic ester of the (12-Cl5 alcohol mixture
Lial® 125) together with 2.90 g of cumyl
dithicbenzoate, 1.22 g of tBPO (tert-butyl peroctoate)
and 160 g of mineral oil in the reaction flask, and
inertized by adding dry.iée and passing nitrogen over.
Subsequently, the mixture was heated to 85°C with

stirring.



off on a rotary evaporator at 120C/ 12 nbar. This gave
a clear viscous solution. Conparative exanple 1 A2 1
four-neck flask with saber stirrer, stirrer notor, N2
inlet tube, contact thernoneter and heating mantle
was initially charged with 608.0 g of LIMA
(nmethacrylic ester. of the CI2-Cl5 al cohol m xture

ial (r) _125) together. with.2.90 of ¢u
b%ﬁhé%b@nz%%?%?g I.lzglé“eof of Blé‘@p(zt%éxr't - u@éi"rﬁér 5t 'oate) of
ahihndifity tpradneetierhl  cidthacrylatecacveéne flagded.andAfter
i ty by raddi pg Vi p LA SRt 1 n 4
éﬂ%géauen 1y?'ggegnfgguF%ﬁgagﬁ%%afggé?oa%%%:g?fhrgxeﬁlon
suixyurr). wakt eptarredctdlon 85%e eVexppEbk. Siikblrgave a
3200 P scdysirapmat ivd  dretdiacydatananeria agided. Af ter
2.5 hours, 0.64 g of tBPO was added and the reaction
m xture was stirred at 85C overnight. This gave a
EeafpMS®Uo Salnd | @nmirdtierepaxamylds Didnd 4
Conparative exanple 2 A 2 1 four-neck flask with saber
stirrer, stirrer notor, N2 inlet tube, contact
e npreperc dad datimg reanlténgasdpdlyimeirsy werg gadxed
j.t.h 608.0 oL ( h ' st f
g?fﬁtlégalgg 4 %?gﬁqrgigiigﬁ%%?%é% tgégghe%hﬁf?ﬁuently
219 8f Igfatadndn & fhi Sy GHReTIMENE g of t BPO
(tert-butyl peroctoate) and 160 g of mneral oil in
the reaction flask, and inertized by adding dry. ice_ .
e paSSichaCm | FORERLBORFES  YEBeeRRTATYTST N Bt fieni-
was e tndch 85 WPCB Isisititimegts) AfdeAf tEehe afollowing

reacf.i.an tinme of approx. 5 hours, 32.0 g of
ﬁQHﬁﬁﬁﬁ%ﬂﬁ’noethyl net hacryl ate were added. After

Tab. 4: Measurement parameters and conditions for the
MTM friction tests

Test Rig PCS MIM 3
‘ Steel, AISI 52100, diameter = 40.0 mm,
Disk RMS = 25 - 30 nm, Rockwell C

hardness = 63, modulus of
elasticity = 207 GPa

Steel, AISI 52100, diameter = 19.0 mm,
Ball RMS = 10 - 13 nm, Rockwell C

hardness = 58 - 65, modulus of
élasticity = 207 GPa

Speed ' 0.005 m/s - 2.5 m/s

Temperature 120°C

Friction/roller |50%

ratio

Load 30 N = 0.93 GPa max. Hertzian pressure

As a result of a friction experiment, a Stribeck curve
- was obtained, from which the coefficient of friction at

10 mm/s was determined.




2.5 hours, 0.64 g of tBPO was added and the reaction

m xture was stirred at 85C overnight. This gave a

cl ear viscous solution of the polyner in oil. Exanples
5 to 8 and conparative exanples 3 and 4 The properties
of the resulting copolyners were mxed wth a base
oil. The m xtures were subééﬂ%éhtry investigated in a
friction experinent. The friction experinments were

r-fl on nrnr-hl Be / PCS

perforned on a mni--trac cS —
| nst runent s) | $RBSLYMRE f ol | owi ng condi ti ons: 1%#§Qqﬁf1C1ent
Measur enent paraneters and conditions for the N

friction tesis Test Rilg PCS MIM 3 Steel, Al Sl _5210D mm/s

friction

di aneter = 40ploEM cobcikmBMScem@risidd nm Rockwel | C
hag 5 63gimeduismhodebagtiodi etha2y16Pa | arla
Al ST 52100, digral: %afa%%onHEb tBakkafiMpe=110 -| 13

Am—Rockwet Ild. IICDD g"l%r 'éli?l&l H\ n8 2_

elasticibg ; § gg
TEHFER LR f e L%é aee—v £y ?‘V&I &t %&}6}0& 8 Lodd B4
= 0.93 GPa nnebtpdped 3ecprddagy 50 gxamp sea| t df a

friction expeBiloeht podYBEXi BeTRTEEARg was obt ai|ned,

fEscampihe ch t h¥-deefreitbrenyloflbryethyn ) ethylenam &. G
determ ned. #Qre&opbkuiredCaetbicdiegt toof frictijon
' j example 3

Comparative | Block copolymer comprising
example 3 hydroxyethyl methacrylate obtained| 0.033
according to comparative example 1

Comparative | Block polymer comprising
example 4 dimethylaminoethyl methacrylate 0.043
obtained according to comparative

example 2
Comparative example 5:

A 2 liter four-neck flask egquipped withvsaber stirrer,
stirrer motor, Np; inlet tube, contact thermometer,
heating mantle and reflux condenser is initially
charged with 430 g of 150N oil and 47.8 g of a monomer
mixture of Cl12-Cl1l8-alkyl methacrylates and methyl
methacrylate in a weight zratio of 99:1. After
inertizing by introducing N, and adding dry ice, the
temperature is adjusted to 100°C. Thereafter, 0.71 g of
tert-butyl peroctoate is added and, at the same time, a
monomer feed - consisting of 1522.2 g of a mwonomer
mixture of Cl12-Cl8-alkyl methacrylates and methyl
.~ methacrylate in a weight ratio of 99:1 and 3.92 g of
tert-butyl peroctoate - is étarted. The feed time is
3.5 h with uniform feed rate. 2 h after the end of
feeding, another 1.14 g of tert-butyl peroctoate are
added. After heating to 130°C, 13.16 g of 150N oil,
17.45 g of N-vinylpyrrolidone and 1.46 g of tert-butyl
perbenzoate are added. In each case 1h, 2h and 3 h



10 m's Bl ock copol yner conprising Exanple 5

di met hyl am nodi gl ycol nethacryl ate 0.024 obtai ned

according to exanple 1 Bl ock copol ynmer conpri sing

nono- 2- Exanpl e 6 nethacryl oyl oxyet hyl succi nate 0.026

obt ai ned according to exan‘pl e 2 Bl ock pol yner

conpri si ng Exanple 7 50

N (2- rrethacrylo | gxyet h et hyl 0..022 urea

o%?%?%%% EcordiNf o € %ﬁ)l% ?@hpé?é‘ﬁ ve fgl GeFt-butyl
SPEbyfiEda COMpre S addeex arfuee Sldydpbxyesnyl 696 from RShm

acry obt ai ned 0.033 according to conparative
PheEr g obia o

nparative Bl ock pol yner conpri sing
exanpl e 4 di met hyl am noet hyl nethacryl ate 0.043

RS R P COIRRY ISRl TTeck 11 ask

equi pped with saber stirrer, stirrer notor, N2 inlet

tpihe, Crﬁ’éf@@‘%vé%émnﬁﬁ@lecuf@ﬁ“ Nge 78K | e gnd el | Uxhe
condenser is_init1al chaur. ged th 430 50N Oi | I
BRI YFL YR nﬁ‘ﬁb#é? ﬁin;tur@ of E1®-C qﬁ’f“ﬁ%ﬁ

nied thaeti yhed epyarsbaet e m@&@mmémtts were veffgtted in
ratio .of .99:1. After rtjZin rodycin

AT &bh%c} #%re t he® ten‘(é ra urga 5 a ] ustged tgjo?%g%egyl
T lmad ek gt @, 7cﬂalglkm‘atimt -butwe et gat @sts afdeg 25
%Eﬁr&%] S'( gtrﬂéfe 3 aREPHES f§§ﬁv1c&0n%xst' @’81%er

m xture of Cl2-C18-al ky
rie%b@@%@@t%%) randwﬂ?@tsmll Moot hatief at @1FRTEP Wé?ﬁht in a
redd O O ial Bd 18 Do Ofmaﬂrﬁﬁt et peROCteaL@ - from
ISS S agted 2Th fged tlf? A combination of six columns
(Polymer Standards Service- SDvV 100 A /
2x SDV LXL / 2x SDV 100 A / Shodex KF-800D) was used.
To record the signal, an RI detector (Agilent 1100

series) was used.

Mw PDI -
[g/mol]
Example 1 82 700 1.3
(60% polymer content)
Example 2 69 000 1.2
(60% polymer content) _
Example 3 76 600 1.4
(60% polymer content)
Example 4 165 000 2.2
(60% polymer content)
Comparative example 1 |68 000 2.1
(80% polymer content)
Comparative example 2 |72 000 2.2
| (80% polymer content)
Comparative example 5 |98 000 ‘3.4
(75% polymer content)




3.5 hwith uniformfeed rate. 2 h after the end of
feeding, another 1.14 g of tert-butyl peroctoate are
added. After heating to 130C, 13.16 g of 150N oil

17.45 g of N-vinylpyrrolidone and 1.46 g of tert-butyl
per benzoate are added. In each case 1 h, 2 h and 3 h -
50 thereafter, another 0.73 é each tlne of tert-butyl
perbenzoate are.added.. See .al so_DE 0.696 from Rohm
RBRaREERTHR BB S PR PRINREAPBnaEBBRANRY (PO The
mass- aver age nol ecul ar MEIght Mv and t he
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|@9§ébébﬁyca| |y uatform mapggscover therange fagam muss:
1 2 g AQ orrbl nati on of. six .col unns
‘%\%réﬁe 13% dilgog ‘§8r\ﬁ'ce AERRMIB0 VASCOSLEYSRF LXOFC in
thesovm A trShiades KFsﬁ&@Iatmas teed. ASTH DEZOBd CCS
t.he an d Agi e
u‘éle%&l’%bvé%u f&’o RPEE) o % J?g)%%%rf%(‘-’)eocJS</)l sbity
MerW)CW@tZIBQ @Ge io@ma@@% poighefed of
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aamﬂe4jﬁ , , i
(non-dispersing viscosity index improver

component I of the OCP type),
U dispersing viscosity index improver component
II (2.12% by weight polymer content based on
_ formulation), .
e 0.19% by weight of Viscoplex 1-211 (pour point
improver), '
. 13.8% by weight of Chevron-Oronite Oloa 4594 CA
(additive package) and '
. 12% by weight of 600N oil,
¢ made up to 100% by weight with 150N oil.
In this test, the degree of oxidation is detected by
the viscosity rise. The lower the values for AKV40,e: or
AKV100,e1 are, the better the oxidation stability and
the dispersibility of the polymer. The results obtained
are compiled in the table which follows. It is found
that the inventive polymers according to example 2-4
have significant advantages with regard to the
oxidation stability and dispersibility compared to

comparative example 5.



(60% pol yner content) Conparative exanple 1 68 000 2.1
(80% pol yner content) Conparative exanple 2 72 000 2.2
(80% pol yner content) Conparative exanple 5 98 000 3.4
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AKV100re7 are, the better the oxidation stability and
the dispersibility of the polyner. The results
obtained are conpiled in the table which follows. It
is found that the inventive polyners according to
exanpl e 2-4 have significani advantages with regard
to the oxidation stability d dispersibility
C ared to conparative exanple 5. - 52 Dispersing
®’&/100 ccs Akv4or el AKVlOOr el viscosity index
[mR/sl [mmR/s] viscosity [ [X9 inprover at -20C

15 45 oo Ll LoBr A TR B Pt Wi shng g 2eaet

3 54%@@mr@fﬁﬁqlqo®cﬁlt778m€¢@®lqh cmpigtegeht
(repeat 5.7) 0.0) 3.7296 conparatlve 104.2 14.57

6636 exanple 5 - |nB A copol yner
obt ai éblfé-’% gbl Jirer i%A%hg bé{ I r?éf nﬁ,,eas one

conposittyareniiCll e onsissithirefred) £608Y0 dOMEOIDY of the

wei ght_ of | east one ethylenically unsaturated
esterfdﬁxﬂ'gl?nd f the formula (1) R RS ORI R2in

which R is hydrogen or nmethyl, RL is a |linear or
branched al kyl radical having from1l to 5

R

R (A ORI 0}

R2

in which R is hydrogen or methyl, R! is a linear
or branched alkyl radical having from 1 to 5
carbon atoms, R? and R® are each independently
hydrogen or a group- of thé formula ~COOR' in which
R' 'is hydrogen or an alkyl group having from 1 to

5 carbon atoms,

b) from 10 to 99.9% by weight of at least one
ethylenically unsaturated ester compound of the
formula (II)

R

RE A ORA | (i,

R5

in which R is hydrogen or methyl, R* is a linear
or branched alkyl radical having from 6 to 15
carbon atdms, R°> and R® are each independently
hydrogen or a group of the formula -COOR'' 1in
which R'' ig hydrogen or an alkyl group having

from 6 to 15 carbon atoms,



carbon atons, R2 and R3 are each independently

hydrogen or a group of the formula -COOK' in which R

i s hydrogen or an al kyl group having froml to 5

carbon atons, b) from 10 to 99. 9% by wei ght of at

| east one ethylenically unsaturated ester conpound of
the formula (11) RR4 ORF 84Y, in which Ris

hydrogen or nmethyl, R4 is a linear or branched al kyl
radi cal having from6 to 15 carbon atons, R5 and R6

are eaoh ﬂnmep@ndemtlﬁofhydhyogmeigmta gifouptof 1ehet one

fornmul g ﬁ%ﬁ [ [ n
al kyl group havi lg ?%%E ggg%on %?nq &[m? &f the
c) frdmmmule dd%by wei ght of at | east one

et hyl eni cal | y unsaturated ester conpound of the

formula (I11) R RO 4R7 (I i!'), Rg in which Ris
hydrogen oR methyl, R7 is a linear or branched alkyl

radi_cal halngfrom16to 30 carbon atons, R$ and RO
are & depen@gﬂly hydrogen or a group of thqm)’
formul a “in which R'" ' is hydrogen or

al kyl ving from 16 to 30 carbon atons, d)
fromO0.R8o % by wei ght of at |east one

et hyl eni cal |l y unsaturated, polar ester conpound of
the formula (1V) R

in which R is hydrogen or methyl, R’ is a linear
or branched alkyl radical having from 16 to 30
carbon atoms, R?® and R®° are each independently
hydrogen or a group of the formula -COOR''' in
which R''' is hydrogen or an alkyl group having
from 16 to 30 carbon atoms,

d) from 0.1 to 30% by weight of at least one
- ethylenically unsaturated, polar ester compound of
the formula (IV)

R
R12 10
AR V),

Rl

in which R is hydrogen or methyl, X is oxygen,
‘sulfur or an amino group of the formula -NH- or
'-NR®*- in which R® is an alkyl radical having from 1
to 40 carbon atoms, R is a radical which
comprises from 2 to 1000 carbon atoms and has at
least 2 heteroatoms, R* and R*® are each
independently hydrogen or a group of the formula
~COX'R*®" in which X' is oxygen or an amino group



R12 XR10 (1V), Rl11 p in which Ris hydrogen or

met hyl, X is oxygen, sulfur or an am no group of the
formula -NH or -NRa- in which Ra is an al kyl radi cal
having from1l to 40 carbon atons, R10 is a radical
whi ch conprises from2 to_lggo_car bon at ons and has
at least 2 heteroatons, Rl1"and R12 are each

i ndependent | n a group.of t Ul §,at
- COX O'thleyn fv%d%‘gg%( "gfél_ox%el—rjlﬁ%r anﬂgmzvﬁggér gaup 55 &n
of thealbyhulzadiNgl chaviRg' -fxiam whi e RaP terhan atoms,
al kyl i cakorhavigng fr : 40 : At 0 an

R'O0 T&l’;}ga rﬁadi c\ailS cc?{np??és%}}% ro?n&?L}f)tngll Onggsglonq to
at ons, 189 €3BRED 2%¥CWB% by wei ght of cononomer, based
in each case on the total weight of the ethylenically
unsat ur at ed rmnomers.ozb A copol yner as clained in
claim®) ERAPaLtE?i %Y an?hglf‘tt‘ﬁ COPIPTHET - has a
specific viscosity T18nic, neasured in chloroform at
25C, i the rang rom8 tao 74,4/ . y

as cl a??‘é%lgi r%%cl %?rcnfll %argi, %nch%%c% ec’rtlsazle'g\”f%(r%l%?l ha?g % het he
nmononeetoyhpostal by unsatiirated womomershe preparation

of the copolynmers, such that bl ock copolyners are
obtained. 4. A .copolyner as clainmed in at | east one

% - thed PPEEYMRY i AbaivRdr ddt ef1288 in Iheradierized
R10 radi edatl nthbe STyR&AP QlaRASa 0f spdiei £ DF Miytidcosity
(1'V) has at | east di fferent heteroaé [;r& 5 A

copol yirere al el ith TILPTRICTRHAY atterf 280l The range
t hat thHheoRID tadicahl fan. at | east one of the

3. A copolymer as claimed in claim 1 or 2,
characterized in that the monomer composition is
altered during the preparation of the copolymers,
such that block copolymers are obtained.

4. A copolymer as claimed in at least one of the
preceding claims, characterized in that the R’
radical in the ester compounds of the formula (IV)

has at least 2 different hetercatoms.

5.. A copolymer as claimed in claim 4, characterized
in that the R radical in at least one of the
ester compounds of the formula (IV) comprises at
least one nitrogen atom and at least one oxygen

atom.

6. A copolymer as claimed in at least one of the
preceding claims, characterized in that at least
one hetercatom in the R radical in at least one
of the ester compounds of  the formula (IV) is
separated from the X group by at least 4 atoms.



ester conpounds of the formula (I1V) conprises at

| east one nitrogen atom and at | east one oxygen atom
6. A copolyner as clainmed in at |east one of the
preceding clains, characterized in that at |east one
heteroatomin the R10 radi% in at |least one of the
ester conpounds of the fort % (IV) |s separat ed from

t ro at_| east ato C I r

2 ‘g r?@t%o%etr | 83st° %‘—’h ﬁ‘e pr e::Lceea ng8§]8 yé? the
char. acp:eeq:e@nhg n dlwEimst he cmaacr.acm@ald [ hnatthaé?asﬂ:h@neR e
of the, <§£§£ C?igﬁvg'ﬂ”%%a%fsdﬂée é@rg‘ﬂlé eél:&} bém ofh8HP of

of the or nu IS a

conneciagteFaika  HEVE nks f& EFraue deS@‘@ﬁcfa?JﬂWaat Ofs

and the R13 and R14 radicals are each independently

hydr ogen or an al kyl group having from1l to 40 carbon

at ons. A co onrrer as clainmed in claim?7,

charac Qze 3n that the connecting group in formula
roup of the fornula (VI) CH2 CH2 (c) )

|n V\hlch is an integer in the range from1l to 3\VY/8.
A copol yn’%%gs claimed in claima8, characterized in
that the radical in at |east one ester conpound

of the formula (1V) is a group of the formula (VII)

CH2 O\ ~Hg R13 CH2 CH2 N (VIl).
in which A is a connecting group having from 1 to
500 carbon atoms and the R and R' radicals are
each independently hydrogen or an alkyl group
having from 1 to 40 carbon atoms.

8. A copolymer as claimed in claim 7, characterized
in that the connecting group in formula (V) is a

group of the formula (VI)

CH
\ECH ) %/ Vi),

in which n is an integer in the range from 1 to 3.

9. A copolymer as claimed in claim 8, characterized
in that the R radical in at least one ester
compound of the formula (IV) is a group of the
formula (VII)

o CH, RI3
N\ /7 /s '
/ S o \1“1 i),

r14



R14 57 10. A copolyner as clained in claim?9, ,
characterized in that conponent d) conprises at | east
one ester conpound of the forrmula (VII1) N~ (M11).
il. A copolymer as claimed in at |east one of the
preceding claims, characterized in that the R10
radi cal in at Ieast one of tHe “ester conpounds of the
formula (1V) conprises at |east one group of the
formula -CO. 12. A copolyner as clained in claim11,
clloar act ecopeﬂymen fisatclaEmdd 0 inadileim | athavactesheed
of th I S
of the, Sl &8 @8&%@8& Hafpa5ay Al 0 doend sester
copol yampamndlodi rd |frﬁ>r¢md+5m (MIIZdhar act eri zed in
that the at | east two groups of the fornula -CO are
bonded to one another via at nost 4 atons, based on
‘the carbon atom of the CO group. 14. A copolynmer as
claimed inpclaim13, characterized in that the R10
radical in at Ieast e es er onpound of the for

[ OO (IX) CH2 0 (IX). %?
5 Acopolyrrer s claimed in claim 14,
charact gri zed in that conpon nt d) conprises at |east
one ester compound of the formula (X) 0 0 V OIC

11. A copolymer as claimed in at least one of the
preceding claims, characterized in that the R
radical in at least one of the ester compounds of
the formula (IV) comprises at least one group of
the formula -CO-.

12. A copolymer as claimed in claim 11, characterized
in that the R* radical in at least one of the
ester compounds of the formula (IV) comprises at

least 2 groups of the formula -CO-.

13. A copolymer as claimed in claim 12, characterized
in that the at least two groups of the formula
-CO- .are bonded to one another via at most 4
atoms, based on the carbon atom of the CO group.

i4. A copoly'mer‘as claimed in claim 13, characterized
in that the R radical in at least one ester
compound of the formula (IV) is a group of the
formula (IX)

CH%' /Q' (1X).
7/ CH, OH
O



a 16. A copolyner as clained in claim13,
characterized in that the Rl radical in at |east one
ester conpound of the formula (I1V) is a group of the
formula (XI') Cd x YY (XI). 0 O 17. A copolyner as
claimed in claim116, charact e8r| zed in that conponent
d) conprises at | east one et conpound of the
f.ar mul a XII On f ) ) .

o her SERT e e mﬁc{mxﬁ cLap bt or pHRREepfrized
t hat tie mradmpahenh ew lcsapirises oft tirastesore ester

COWO‘%?gcﬁfné C%n( dM @@)rrprlses at | east one
group o orrru and at' | east one nitrogen
atom - 59 19. A copol ynmer as clainmed in claiml18,
characterized in that the RLO radical in at |east one
of the egter conpounds of t heQf or nul a (I'V) conprises
at | eastijjone urea %oup 20. copol ymer as cl ai ne

in claim ,}H‘aga/o{ | | at the R10 radical
at le ' est co

i
of & fornula (1V) is a
forml a

"NH N (Xifl), AOin
group having from1l to

16. A copolymer as claimed in claim 13, characterized
in that the R radical in at least one ester
compound of the formula (IV}) is a group of the
formula (XI)

O CHz
/ 01-12 W (X,

O O

17. - A copolymer as claimed in claim 16, characterized
in that component d) comprises at least one ester
compound of the formula (XII)

NNV NYY o

0 0

- 18. A copolymer as claimed in claim 11, characterized
in that the RY radical in at least one of the
ester compounds of the formula (IV) comprises at
least one group of the formula -CO- and at least

one nitrogen atom.



500 carbon atons. 21. A copolyner as clainmed in claim:
20, characterized in that conponent d) conprises at

| east one ester conpound of the formula (XIV) O~ H
{XM 22. A copolyner as clainmed in at |east one of the
precedi ng cl ai ns, charact e_riigd~ in that the copolyner
has a pol ydi spersity MV Mn iTi"the range from1.05 to

prece?ngégﬁf%&”%har 5 £ AATe B3] 68t 8RGOk oiSeq

copol yimr theta bheclR opedised, 'imealf] obkast ggne of the

copol y@@é?foesﬁlbéhﬁasat of e8RL Y Er opRAbI EomSLPEEAT at
P and at | east one polar segnent D, the hydrophobic

segnentedE MPVBLEFH I BYP pol yneri zing  nonomer

conposi tions which conprise a) fromO to 40% by

vvelgh based on the i ght of, .the, nongner .
Ehodt t PORSLYBR T pPEps T heln h AP 4BnORT  CagAgheT:zed

of at irashatnethet hlgz‘l°enira®id:al unsat atat beasst eme ester

OO0 ludd ol A Bobhl1 2B 1Ty PRl B 5 B

i s hydrogen or neth I 'near

al kyl fewiwls ﬁiaI/IHg from1lto 5 carbon atons, R2 and
R3 are each independently hydrogen or a group of the
formula -COOX' in which R is hydrogen or an al kyl

group having from1 to 5 carbon atoms, b) from10 to
99. 9% by weifght, sed on the weight of the nonomer
conposn tion for epar| ng the (XH!)

1

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

21. A copolymer as claimed in claim 20, characterized
in that component d)} comprises at least one ester
compound of the formula (XIV)

0 [ | )
\ﬁk O/\/ \\g

22. A copolymer as claimed in at least one of the
preceding claims, characterized in that the
copolymer has a polydispersity M,/M, in the range
from 1.05 to 4.0.

23. A copolymer as claimed in at least one of the
preceding claims, characterized in that the
copolymer is a block copolymer, the block



hydr ophobi ¢ segnents, of at |east one ethylenically
unsaturated ester conmpound of the formula (I11) R R6
t}R4 (#t), )R5 - 61 in which Ris hydrogen or
methyl, R4 is a linear or branched al kyl radica
having from6 to 15 carbon %tons R5 and R6 are each
_ independently hydrogen or é group of the formula

L ich R en n yl
haV|n§OHQ%¥% t &R afb a onslgé fr§%§0 tgagggh%blc
wei ghtsedomsed Bnande atei ghesof Onelwepﬂb@brréﬁgment D, “the
conpo ;
of at%{ r%tnkﬁg%)g.c eﬁ:@?éeﬂm Ca% u%%%%?%?gﬂ()j§e§tsg?ﬁ8£§21ng

conpoiRasEn ﬁ:@mmmoam( Mhl)CfOF?P“(PJFSt% R8 in which
R is hydrogen or nethyl, R7 is a I|near or branched

al kyl rad|cal havi n fron116 t.o_ 30 bon
and” R&)ar&oBadh tﬂw(fg)p e {3390y PR (51 r%%bgig? of

t he meﬁulamoﬁEEE&ll eompadd tholk ' | ﬁc&-hy@me@emlng anthe
aIkyI Vi ng fron11 to 30, arb a

fron1 %ﬁf melﬁﬁgmeﬁaséd on %he %gight OFS%the one
nnnonemhgdmpogaﬂﬂ@nSUﬁsatprepadln@StﬁE deprapiobpé  the

segne SmAk qgfyonorer, and the pol ar segnent
conprising units derived fromethylenically

unsaturated, polar ester conpounds of the fornul a

|
(1V) R

R A _OR n,

2

in which R is hydrogen or methyl, R' is a linear
or branched alkyl radical having from 1 to 5
carbon atoms, R?> and R® are each independently
hydrogen Abr a group of the formula -COOR' in which
R' is hydrogen or an alkyl group having from 1 to

5 carbon atoms,

b) from 10 to 99.9% by weight, based on the weight
of the monomer compogitions for preparing the
hydrophobic segments, of at least one
ethylenically unsaturated ester compound of ‘the
formula (II)

R

RO AN OR4 (),

RS



62 - RR12 Xg,1U (I1V), R11l p in which R is hydrogen
or methyl, X is oxygen, sulfur or an am no group of
the formula -NH or -NRa- in which Ra is an al kyl
radi cal having from1 to 40 carbon atons, R10O is a
radi cal which conprises from2 to 1000 carbon atons
and has at |east 2 hetercat®hs, R11 and R12 are each

i ndependent | y, hydr.ogen. or a group of, .the f.ornul a .

- COX' R %hé{]\?\h ch’"g('ehYgr%g( e Torm A Yar n]g{ gjf%u% tipear
t he f amubzaniHedor alNRa' -radiehl cthaRdmng s fgom af kydo 15
radi c | ng . f 1,80 cassbo t ‘S eh

a radﬁcaé&&n%ﬁogn%g Frorﬁ t%‘r 1%6é’lcar gln g?%r?sg%gdeh%%y
char adtwsitioashn | o1t hat groteastt &he pbprPulagmOR' ' in
conpr i3gasat gheasfg 3 h?@z‘d%&%‘fp' &b A eaQﬁylV?iréL@Whaving
mononers of the fornmulfa (I and are bonded directly

to onEradthdre i caRIpANMF as clained in claim

23, characterized in that the hydrophobic segnment P

has a wei ght- average, degree.of polynerization in.
range Fr dhe™ @ P 5% f)fjngWeﬁg%Bpo#%ﬁ%? 13 !(‘::F‘gi Vr‘r’%églﬂﬁ of
cl ai mt22 or mddpmeahar actipoeztdons t hbrt heyemaging the

segne wei - rage degree 1 £
pol yrrgl Dt c th%%tgf“%%g’froms Co 8900, gty ome

copol weiyylenicladined unsasrrpEest eaEesf cemrewrd 29% othe

25, chajaghieri@ed) n that at least one polar segment
conprises at | east 50% by weight, based on the weight

of the polar segnent, of units derived from nononers
of the forpul a

RY N ORT (i),

RS

in which R is hydrogen or methyl, R’ is a linear
or branched alkyl radical having from 16 to 30
carbon atoms, R® and R’ are each independently
hydrogen or a group of the formula -COOR''' in
which R''' is hydrogen or an alkyl group having
from 16 to 30 carbon atoms,

e) from 0 to 50% by weight, based on the weight of
the monomer cowpositions for preparing the

hydrophobic segments, of comonomer,

and the polar segment comprising units derived
from ethylenically unsaturated, polar ester

compounds of the formula (IV)



(Iv) . - 63 27. A copolyner as clainmed in at |east
one of clains 23 to 26, characterized in that the

wei ght ratio of the hydrophobic segnments to the polar
segnents is in the range from100:1 to 1:1. 28. A

| ubricant oil conposition c?gprising at |least one
copolyner as clainmed in at Péast one of «clains 1 to
27. 29. The lubricant oil conposition as clained in
claim 28, clparacterized in that the |ubricant oi

conp Btion conprises at |least one mneral oil and/or

a syntteti c il . 10 V),

Rl §

in which R is hydrogen or methyl, X is oxygen,

sulfur or an amino group of the formula -NH- or
~NR®*- in which R® is an alkyl radical having from 1

to 40 carbon atoms, R*® is a vradical which

comprises from 2 to 1000 carbon atoms and has at

least 2 heterocatoms, R and R*?® are each

independently hydrogen or a group of thé formula

~COX'R*' in which X' is oxygen or an amino group
of the formula -NH- or -NR*- in which R* is an

alkyl radical having from 1 to 40 carbon atoms,

and R is a radical comprising from 1

100 carbon atoms, characterized in that at least

one polar segment comprises at least 3 units which

are derived from monomers of the formula {(IV) and

are bonded directly to one another.

24. A copolymer as claimed in claim 23, characterized
in that the hydrophobic segment P has a weight-
average degree of polymerization in the range from

20 to 5000.

25. A copolymer as claimed in claim 23 or 24,
characterized in that the polar segment D has a

weight-average degree of polymerization in the

range from 3 to 1000.

26. A copolymer as claimed in at least one

claims 23 to 25, characterized in that at least

one polar segment comprises at least 50%

weight, based on the weight of the polar segment,
of units derived from monomers of the formula

(IV) .



27.

28.

29.

A copolymer as claimed in at least one of
claims 23 to 26, chafacterized in that the weight
ratio of the hydrophobic segments to the polar
segments is in the range from 100:1 to 1:1l.

A lubricant oil composition comprising at least
one copolymer as c¢laimed in at least one of

claims 1 to 27.

The lubricant oil composition as claimed in

claim 28, characterized in that the lubricant oil

composition comprises at least one mineral oil

and/or a synthetic oil.



