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200700449 1 Use of conb polynmers for reducing fue
consunption 5 The present invention relates to the use
of conb polymers for reducing fuel consunption. The
p nvention further describes conb polyners
5?§%ﬁpéﬂgved properties angfprocesses for their
preparation and use. 10 Reducing the fuel consunption
of vehicles is becomng ever nore inportant for a
variety of reasons. In addi- tion to many construction
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On the other hand, very low viscosities at | ow
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classifies notor s into E viscosity gra
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lubricant films which lead to a minimization of wear.

On the other hand, very low viscosities at low
temperatures are desirable, in order to reduce fuel
consumption by minimizing internal friction in the
motor oil. Motor oils which have a relatively low
viscosity at low temperatures but can be used at high
temperatures are 1in many cases referred to as fuel-

economy oils.

As 1is well known, the formulation of motor oils 1is
defined by the SAE J300 standard (SAE = Society of
Automotive Engineers). This standard classifies motor
oils into the SAE viscosity grades xW-y where x = 0, 5,
10, 15, 20, 35 and y = 20, 30, 40, 50, 60. This is done
via the CCS viscosity (cold cranking simulator, ASTM
D5292), the dynamic viscosity DV and the yield stress
YS in a mini-rotary viscometer with temperature program
1 (MRV-TP1l, ASTM D4684), the kinematic wviscosity KV
(ASTM D445) and the high-temperature high-shear
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viscosity HTHS (ASTM D4683, D4741 and D5471). Wile a
nore recent fornulation strategy for fuel - saving
notor oils has concentrated on a | ow kinematic 5

I..e. high kinematic VI {cf. K Hedrich, M A
%@8[78942& Fi scher: "Eval uation of Ashl ess,
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Sglpgﬁgvestt].%boq? o?gfr’ri né}lcges%f %Lem%r%g%ﬁ%nﬁy%yﬂglﬁle I{)lls"
Sithai : CoﬂPeE@Imcel onPJocbc@Snm&equecnf,e Vthand mwemtlonal
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Teclqm ca% Paper Ser| es g61140 N. I\Iakanurae/l e%nz ©
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CH, i nheim 200 m)rer ent and
V\é{)abpk{sﬁ’éd%&r E:ul ation %% sf{EgtSégFggu % lgfauélls Wge as
apessilase datighlked @hovethenGITHSeRYr ey padambeer in the
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are de SHear Vi SCOSI
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aé}%%o§heaffﬂerb% f0'i9%>sanp|§ RY éQn@Mﬁh@ﬁyK% a EEPSCé’brab
punp_ (DI N 51382), still to be wth 100 wi ndow

of - the SaEL9TRRt, A i d§§BFé§Heélras§< -oft Yd&&mmerkei df- & Lai:
| MPFONBESL S bl’fatAS'ﬁ\5 Gk digaicegevat egdstyrEengudiengconomy

BT YT RRof Ao A3 o1 Brech( GS T Srro Bh7 L5-Sher la 1oper
Coapaey ) 9&r1d4|0n tke Iﬂ@kmnofa A-BlahidlsockTanpdnAcBlA Review
tiéblo&hﬂﬁﬂQO|y@QGS (Qﬁds 7%? &gﬁg, W. Dresel (eds.):
"Lubricants and Lubrication", Wiley-VCH, Weinheim
2001). The more recent and established formulation
strategies for fuel saving are - as detailed above -

not congruent and their wvalidity is not undisputed.

At the same time, motor oils are defined by their post-
shear viscosity KVigp. Here, it 1is entirely desirable
for many users, after shearing, for example, by 30
cycles of a Bosch pump (DIN 51382), still to be within
the KV100 window of the SAE J300.

A widespread class of commercial VI improvers is that
of hydrogenated styrene-diene copolymers (HSDs). These
HSDs may be present both in the form of (-B-A), stars
(US 4 116 917 to Shell 0il Company) and in the form of
A-B diblock and A-B-A triblock copolymers (US 3 772 196
and US 4 788 316 to Shell 0il Company). In these
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and US 4 788 316 to Shell GO Conpany) . In these
200700449 3 formulae, Ais a block of hydrogenated
pol yi soprene and B is a divinyl benzene-crosslinked
polystyrene ring or a block of polystyrene. The
%Pg ﬁﬂ#%v series from Infiheum International Ltd.

[ UK I f th I
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et MRS s TR B0 R P8P Lkt ang hea
istabptlderailed in these publications. Advantageous

properties with regard to soot dispersion (piston
cl eanl i ness), wear grotectlon and friction

n%u%‘ii%ﬁt%ﬂuﬁoﬁrﬁﬁ KYéi (@St a5& YRS i sﬁ%%*% can also
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h Il
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per manent desire to further, i nprove con tion
IS0 eWwISH t heC PP iBrtarE |3’c5vva]§°1:hu§§J ‘ict Bf t?ﬁ?se
publications.

Advantageous properties with regard to soot dispersion
(piston cleanliness), wear protection and friction
modification in motor oils <can be established 1in
conventional PAMA chemistry by grafting N-vinyl
compounds (usually N-vinylpyrrolidone) onto PAMA base
polymers (DE 1 520 696 to RbOhm and Haas and WO
2006/007934 to RohMax Additives). Viscoplex® 6-950 1is
such a PAMA, which 1is obtainable commercially from

RohMax Additives, Darmstadt, Germany.

The approaches detailed above do lead to a reduction in
the fuel consumption. However, there is still the

permanent desire to further improve fuel consumption.

In view of the prior art, it was thus an object of the
present invention to provide an additive which leads to

a reduction in the fuel consumption. This reduction in
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present invention to provide an additive which | eads

to a reduction in the fuel consunption. This

reduction in 200700449 4 the fuel consunption shoul d
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the npin chain, re uni.ts which are derlvid from

t
pUT /ot 2t PASD r Biforigifr $5C and repBat PEIYEETS have
Wi ch fase uders ved feliim 1. A particularly advantageous

solution 1is offered by the comb polymers detailed in
Claim 3. Appropriate modifications to the inventive
comb polymers are protected in the subclaims which
refer back to Claim 3. With regard to the process for
preparing comb polymers, Claim 21 provides a solution
to the underlying problem, while Claim 22 protects a
lubricant oil composition comprising the comb polymers

of the present invention.

The present invention accordingly provides for the use
of comb polymers comprising, in the main chain, repeat
units which are derived from polyolefin-based
macromonomers, and repeat units which are derived from
low molecular weight monomers selected from the group
consisting of styrene monomers having 8 to 17 carbon
atoms, alkyl (meth)acrylates having 1 to 10 carbon
atoms in the alcohol group, vinyl esters having 1 to 11

carbon atoms in the acyl group, vinyl ethers having 1
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35 | ow nol ecul ar wei ght nononers sel ected fromthe
group consisting of styrene nononers having 8 to 17
carbon atons, alkyl (meth)acrylates having 1 to 10
carbon atons in the al cohol group, vinyl esters
h%@pﬂaoi Po 11 carbon atons 3 n the acyl group, V|nyI

ether haV|n 1 200700449 5 to 1 on atons i
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pO yners co g al n, repeat unlts
W%@p%r@t@éﬁv@dt eomlpehpél efioRP @@sﬂeéﬁlxtures of these
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of i tShsi sting of styrene nononers having 8 to 17 30
carbon atons, al kyl (neth)acrylates having 1 to 10

Particular advantages can surprisingly be achieved by
particular comb polymers which are provided by the
present invention. The present invention accordingly
further provides comb polymers comprising, in the main
chain, repeat units which are derived from polyolefin-
based macromonomers, and repeat units which are derived
from low molecular weight monomers selected from the
group consisting of styrene monomers having 8 to 17
carbon atoms, alkyl (meth)acrylates having 1 to 10
carbon atoms in the alcohol group, vinyl esters having
1 to 11 carbon atoms in the acyl group, vinyl ethers
having 1 to 10 carbon atoms in the alcohol group,
(di)alkyl fumarates having 1 to 10 carbon atoms in the
alcohol group, (di)alkyl maleates having 1 to 10 carbon
atoms in the alcohol group and mixtures of these
monomers, where the comb polymer comprises a total of
at least 80% by weight, based on the weight of the

repeat units, of repeat units which are derived from
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carbon atons in the al cohol group, vinyl esters having
1 to 11 carbon atons in the acyl group, vinyl ethers
having 1 to 10 carbon atons in the al cohol group,
(di)al kyl fumarates having 1 to 10 carbon atons in the
38081788R8P group, (di)alkyl rfaleates having 1 to 10
carbon_ atons in the al cohol group and m xtures of

t RBS¥OLAHABABRE AT VI VBHES pOP§iner SR Hpr G Sa Which
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are I ved from
NREP orfFHONERS, Taem PﬁéYﬁéﬁéﬁndéﬁlséé omaﬁr%@ﬁ%@r@f and

tbﬁecﬁﬁbaﬁoﬁégﬁéel 8fi Brakenting AN@ROfcdhB3%dmerd%s in
a result é # E i ?Le in an unforeseeabl e manner
tB orovide afia?tive r~Pubricant oils which lead to

a reductlon in the fuel consunption of notor

Vz?é“ %%s 2Q Tg'ts fsedﬁgc‘}éé%‘lé’f Lhe f%%fo%%%‘c'e%%l' Channer
can achi eve t'he case o% dlpferent
n’@@ie@rom@e padihévegaserof ukniicdatyarilet yhafch lead to a

diEfEEendn r eQUI FREEN R ASSQEHEBQEM dhepaddit '\y&ll@les
lubricant oils [eads to a inemati ¢ KV40 and to a

B fi GROEERbERatr &1 GHESS SHBRRTHE &8s ey kPHgghieved

wherend =49 8F Q0roerdROCdriiviewg t hedEEHSAL iss. onhy the
Sécitgeht lé’f hiaghevgi ehanve}rhleety HSlPO ‘different requirements.
Accordingly, the additive in lubricant oils leads to a
low kinematic KV;p and to a low high-temperature high-
shear viscosity HTHSg where § = 70, 80, 90 or 100°C,

i.e. the HTHSg is only slightly higher than the HTHS;sq.

Moreover, the inventive comb polymers exhibit a parti-
cularly favourable property profile. For instance, the
comb polymers are surprisingly shear-stable, such that
the lubricants have a very long lifetime. Furthermore,
the present comb polymers are compatible with many
additives. As a result, the lubricants can be adjusted
to a wide variety of different requirements. For
example, it 1is possible to preparé lubricants with
excellent low-temperature properties, which comprise

the present comb polymers.

Furthermore, the inventive comb polymers can Dbe



10

15

20

25

30

35

Moreover, the inventive conb polyners exhibit a parti-
cularly favourable property profile. For instance, the
30 conb polyners are surprisingly shear-stable, such

that _the lubricants have a very long lifetine.
FaPPhEPABPe, the present coﬁ% pol yners are conpatibl e

wi th man additives. As a result, the lubricants can
bREGBFESTed it 0% WLE War Py ofi Ty tanner, | and
requineental iy keonildabdxanpinggondntss posgiliitéctidar can be
pr. re ri ts with el | ent t enper r
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Funveethone, cCéhe bavepreénerednbopol Vner sizdwspeial scale
200700449 Trppepapgdnicd a $ipl &30t d NeXPENSi ¥&np1 i cated
manner, and commercially avail able conponents in
paPRFEGNRGELIeANCBENIUEREYI KB eover, the conb pol yners

of the present invention can be prepared on the
industrial scale 5 withoyt new plants or, pl ants of

cOnpl i€atled C%s??ﬁné’ Fon BEITY EESFPe&.SpT e°YRr ST S
"meabipgl yher" reded iverlgi nlarsy kabdvn pbaise, arredmimipd to
t hat_ r. i.vel n i.de chai b d 0

o PR nat el anSfe CoR iR By PALCE Kby (a8 che
bagkbopee . | Ant Hehr pseAEnEas@ s het havéniviond 1yl yprekwners
hgyge ata ] €8Sk sONQHLPeabelpl tut Clinkenderd Vadrik8m from
pol¥olef|n-based macr onbnoners. The exact proportion |
RO1¥vi geht R 2cE hB2ABPRP R HBGF Ee SPep A RFCPfHon 1s
tﬁﬁi@%ﬁ)‘; " m:an @hﬁi nffiode@gtre@ﬁC@ssafﬂdmchm that term
t he chai .l en of the main chaiin i s greate an .
{2 501 SPRA" o P AT he M RSPEAa L IR LR T el ateshain
tbendneh odnpdsd t mennofchiehins thabmeaWkicl etdre shae of the
chakn h .yery hi portions qQf ef |. 0] pe

u%??%, ggééﬁgéd!}#%}%ﬁ#as'&h?gh'gfg%ger#ggﬁt%§on?g the
G xepesibion alKladFbhes, cliaom exdhple etlhg| &i¢le chain has
PrOpy | enggnn- Bt ENest i disobubene, o it adi enerepsapr entits,
the majn, chain , conprises relatively | arge rop rtions

o ST L L inddtirsat &6 of&Ffs Qe eﬂavgrBﬁen kenes
delladdlbeh@bpvEor example ethylene, propylene, n-butene,

isobutene, butadiene, isoprene, the main chain

or

comprises relatively large proportions of polar

unsaturated monomers which have been detailed above.

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

copolymerization.
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25 The term "repeat unit" is wdely known in the
technical field. The present conb pol yners can
preferably be obtained by neans of free-radical

pol marl zation of macronononers and | ow nol ecul ar
wePgHPOfBAoners. In 30 this r%action, double bonds are
opened up to form coval ent bonds. Accordingly, the
repeat unit arises fromthe nononers used. However,

t Maepresestntonnveot yorer slesarr iddeso kr@mbt pbhgneby which
p - S _r I Q a "oi_
BBl atton 7 nfehns s oot AP ondlp dgem "ot
r epéablefli masgng h‘éhﬁéi @ chakhure odum ed bage actépead an
unhiewhi 6h 'éoﬂﬁ“ﬁ!@ﬁyxﬁé?mvﬁnp@rl YQJa%f' Rt b@éggt 0.1% by

macronononer . he 'sane applies in the case of

prepdahht i omr%f-e%ﬁl@lm%t iva2 oy - &ﬂ yReTr sWBy9fFaf et the
CQﬁObMHEfrézat comb 20QM04#%s8 Thes pr egsﬁa“ﬁammtl O thout
descri bes comb kPaﬁh%mgrs vvtgl ch eferab ve a hi %h b

ol FSBPEBPIFt P erif-orr- %bFS s PHat “a% °°
nbxéseptofim biisspardednciraly & i mesmtoil\wecboﬁbrmol ymerthis

e L% [ referahl
mﬂi%? gQSW?%Kiméﬁﬁht ﬁ%%?lﬁfngg en@e C%abga¥tggular on
i sher ép:amsﬁmtelqm t ﬁéutllmbb%t@pﬁcl%agbamﬁ rrmricbnon the

TB§s§°'Hi1P°W}ﬁ@£ 9%p|%%tgprf§e%owﬂ daosp@ﬁégg %rkqll%d in
di ssolved formin this 10 m xture he oil. sol ubil

dependsti AnPareic Rrar 9GNS terk fHopdia |R?rFtolfCL}]18p%d?ﬁffe? ©il
ségdeithairng angrepotbeonbasel opbbphIhis poapreky.i s
known to those skilled in the art and can be adjusted

for the particular base oil easily via a proportion
oThebi pophhtivennnmbepslymﬁr"sh@omwémei \L@paatb Yol yarertsich
ris t I
ol e($| n %@ed%&%@o%@ rgﬁﬁf yo efl n arsoentlzlononlers

n%%fb%%h%r@aa?@ krf@%mmprt%er% eclificcal kppend. Fhesehe
repeRh i &Rl t sl@q@pr | S 4 k@@ébt%rﬁ&% OEOHPr WOk CRt Sleast

dggéV%%OE%OQhP l¥0|e“d%ri A %igﬁ polyolefins. Polyole-
fins are known 1in the technical field, and can be
obtained by polymerizing alkenes and/or alkadienes
which consist of the elements carbon and hydrogen, for
example C2-Cl0O-alkenes such as ethylene, propylene, n-
butene, isobutene, norbornene, and/or C4-ClO-alkadienes
such as butadiene, isoprene, norbornadiene. The repeat
units derived from polyolefin-based macromonomers
comprise preferably at least 70% by weight and more
preferably at least 80% by weight and most preferably
at least 90% by weight of groups which are derived from
alkenes and/or alkadienes, based on the weight of the
repeat units derived from polyolefin-based macro-
monomers. The polyolefinic groups may 1in particular
also be present in hydrogenated form. In addition to
the groups which are derived from alkenes and/or
alkadienes, the repeat units derived from polyolefin-
based macromonomers may comprise further groups. These
include small proportions of copolymerizable monomers.

These monomers are known per se and include, among
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fins are known in the technical field, and can be

obt ai ned by pol yneri zi ng al kenes and/ or al kadi enes

whi ch consi st of the el enents carbon and hydrogen, for
| e C2-Cl0-al kenes such as ethyl ene, propylene, n

2305998ﬁé9 I sobut ene, nor bormene, and/or

4- d 0- al kadi enes as b dlen .. lsoprepe
OF B n il BHS he Fdiar ITGHF] SoRATRI8Y Fr gpyEene mono-
pméyslefﬁumdn&n&h;namadeam@mersv1nphpna5n§rpreéedabky atnyl

| €a5L£0% %g""em%?; fr'%ﬂ&?r Cof pr@ESE £ ggljsea%tas%%/o

by "wei ght an erably 30 at ea
W@pgmmergmbbg mr@neafrse der predefpbiy @Itkerh@@,t 30% by

apgdigneal kadie ?éfe?@%@? an %@%ﬂ“@ﬂy“byﬁwéfﬁht'W%E%ﬁd on
units derived from pol yol ef i n- based nmacro- nobnone

ThEe pyeyeler Phi EDGr 6@|E§af?aylr’llﬁspéjretlilé’lﬂdar rog stO]@éOlefln‘

ppeseat m@chyﬁw@e@a&,ed for mddbt acd) tiome t Orég%ahhe units
are deri.ve fpgngglkenes and/ o

IRER Sfos, TFAB  ofBAY TS Fertyea FEOMBSTYAIEH n-
basedr imer shenongrsupay acofpri sed grdvwers grioughs. S@ﬁuﬁﬁfor

iTﬁﬁngfoﬁgﬂkaP&?RO”f ons of ,69Rg Wftg@bg%egg@m oS of

nononers are known per se an
200900498238 othErs nosarwes, By peﬁrﬁpﬁfééﬁybaﬁési macro-

ShyhEMEr TDNGHMBY Sopd MBS AL 88, tIRIRAt £8arti BY¥bu@St &Irfd/or
and/ or vinyl ethers The pro ortlongﬁ; t hese

b&R_2d 96RUPSoplt yREFE 24BPE YndHonBPSti 05t dt¥r 46 9%511 more
n@ﬁéﬁéﬂ&fgby Stweicgt , 1 Bor byprefiemal| yoadedosh 15% byeight
weL g ased o t he mel t .of th eat its
d%#ivé%efrgﬁ?pogyoF%?Wrr bggé e%éc?%%%ﬁoﬁ%ﬁ%gg%?ﬁln-based
adactorpmotdesrepeat units derived from

pol yol ef i n- based macronononers may conprise start

groups and/ or end rouEs whi ch serve for

f et NeRRE T zAv £ BAIBr Ma écéé%e&feﬁﬁhﬁ@fpl‘t@ﬁarrﬁﬁe@ﬁ ginits
thei eepeat Ucﬂlé£§v§l@r I PR f%}@ﬂ};@@bf@hel‘)bﬁeba&h@:m@ners

[ d/
ChE GRS EaPL Yl oFhBl v HiTmat SBosBy W gt 00ford
pheferabé ye abtbhpstrdbh%/bp meig@tOO@agdmamatﬂnapﬂﬂqﬂuular
1585 t8Bor REAL o4 § AndEr LA {JAM PRLYOL g1 P~ Ba%ed 2000

to 3000 g/mol.

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

polyolefin.

The repeat units which are derived from polyolefin-

based macromonomers preferably have a low melting



10

15

20

25

30

35

macr onononers. The nunber-average nol ecul ar wei ght of
the repeat units which are derived from
pol yol ef i n-based macronononers 20 is preferably in

the r e from500 to 50 OOO /mol, nore preferably
f@gﬁﬁ%@g4@o 10 000 g/ nol, lgarticular from 1500 to
4900 /nDI and nost prefera from 2000 00 .
GPROFL D8P hos B o S Bl TOn OF OKE conie melting
ppbymmrsnwlmh&hEepe@pohymEslU@mnmedﬁfﬁqmwtMéepoRaolefin—
wel I Sy e
AEraet AR oAt RnetS, 3 e e e ek uat. o
nod&ners. espechalisseProfepabyverlamal dgvds ©saceidvas, to

thbgopropgsty reFRIapId foLsexampde, ofr omytde to -40°c.
macr oal cohol s and/or nacroam nes used taki ng account

otlofhe REGHFHAREY 1 epRalSinits o9 t Relhhi Fachdis. measured

t fercas@eof r@lpéfatt CQﬁiﬂt}éTEMIeraih onsre tderproporfiom the
ol efi rmed whi ch have not been

|882V8gF§98d Fﬁ? PAETTEPAERAISn can be used to 35

concl ude the nol ecul ar wei ght dlstrlbutlon of the

Pe y%]d‘?:lf 'trio The, f&?@%;goé{%mitgh hbea[r‘ veg f {9 Lfrom
polyole ased macr onobnoners pre era ‘have a
nEhe; mlmmmaﬁ?dpdnmrowm@mer@, rréa@urqusmﬁt%n@omb

0bobSrerhedmdiidtg ropbat ohittke wepeat auai tfederdyedron
fromthe polyol efipn-. based macr onononers |%Fpref rab

| éS¥ t“lﬁ’alﬁcd%lae?qu‘%’\?l%t MPFENSESHetT BF T Yo Pr &F 8lab group
IESEstbamngr<ﬁDuatytén5 2 Hmenmy ehpreher abl yol €55 carbon
n ar eq referably, SC
??m g po#%¥lcaﬂn%£%3acr fgt hav%?‘ repea? U%Ptscarbon
whkchsaia deei \aé@;otlpdmgtrmlp pohymlefaa*izebesselmvmg 1 to 11

nBQEBHHn%Q%H% ﬂ§)£ﬂeag@ ﬂ‘HE&&bth§1ﬁ§Pe%%h%Q't%@Vlng 1

whi ch are derived from pol yol efin-b
nBer ohbnGFERSN t ﬁéomﬁvehltn \Fe’l%o@t}comlyngﬁgueonpﬁhséalkyl

r Epﬁﬁka’débt Sha\M‘iir@l ar Qogep V@@rfh)bﬁmaﬂc@t\/h% n@he_ecwiearalcohol
wel { nonaner el ecle romtne grou nsisting o

ST5PRe naQHRy A He 0 oPa7 0g) dorbe 10" TaTEd Sloms
in the alcohol group, and mixtures of these monomers.

These monomers are widely known in the technical field.

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

Examples of styrene monomers having 8 to 17 carbon
atoms are styrene, substituted styrenes having an alkyl
substituent in the side chain, for example a-methyl-
styrene and oa-ethylstyrene, substituted styrenes having

an alkyl substituent on the ring, such as vinyltoluene
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15 atons, alkyl (nmeth)acrylates having 1 to 10 carbon
atons in the al cohol group, vinyl esters having 1 to

11 carbon atons in the acyl group, vinyl ethers

hayi to 10 carbon atons.in the al cohol group,
(g¥§28Q%ﬂ9 fumar at es havi ng 1ito 10 carbon atons in

t he .al cohol 20.group, (di,)al kyl | eat es _havi 1to

R i T SN e AN S
tihhesechboooetgrenghesedhonboerstarenesdel yr knowmoshyrenes

tQﬁdagggﬁgéggmg%gggeneghe expression "l ow nol ecul ar

wei ght es | ear 25 that sone of the repeat
units of the backbone of the conb polynmer have a | ow

Bk &C Wy AMRIIH - v DePERHL B8y DAt e ke PHRRYRAIIN, ad P Bates
nol ecul ar wei ght may rggulg from the nol ecul ar ME|%pt

of ¥ hESHBRGTIS tSad 307 pPeFar &L HE oI PhersETt €S and
néehataylaeeght The theyllowmerheadrar a3@ sweisghing epead 10

units or of the.|ow,nolecular.weight non rsis
L e s e e e
mos¢et2DAcyy hateandvhnodt geefeeabisomat savsrates) gleambols,
3ouEranl ee@h St YIRREnJRRQIELS chavipgy 8 T andih LA DR«
at ons g?% sf?? ne,(sggsgigu?g%_gfyreneg hag?n gn <
al k§FoP¥hbst [Mefdm 2t Ry thkS si del TPRTPRYE or %%%X%Crylater

a?n&ﬁbyi- Shﬁléi?@ﬁa@ﬂ@}ft?} hyLﬁe%M{f%h@tyEUbtstmétﬁ)e&crylate,
styrenes havi a su itue on erin

SR R Bt 6498 11MEhD) ACRULRGFe shesinyl-
had ogenatest Ist y¢ enest e f orhexianpl e(memoedt praisé yr eheissrt -

i.chl ene \ br rene d

Sggg%g$%§%%¥yreﬁ@%?hgg$%g9%§%fess?gﬁgﬁknEtHS%E&&&%ﬁ%%ﬁte’
efconpRssRElaepyy bt énethndcrihaerynares, Gmtllasorylate,
JLEL Ie?m@éh?&&f%?&@é;aQﬂeSHﬁ%E%@ﬁﬁE@%e%hiHH?dﬂﬂ@ﬂe from

(et )acrglates aving 1t carbon_atons in_the
MO Y %%p ailrﬁﬂklﬂj]es'esﬁf@é‘l a?{‘i}mp@ﬁet 1217@36?19}’%1!’%5 (meth) -
wht €11 ghek | ve 1finam sacuhabedyabeehol $ind0 sutdt@Sacrylate,

h th l.at.e, ethyl t - |
(et acP Y By P YE RGN Aer y (RF e Sz phe b8P Such
(et h) agcpoaeatytler t - bueyh) d¢oeyhyberyl at®;vinylcyclohexyl -

(meth)acrylate.

Preferred alkyl (meth)acrylates include 1 to 8, more
preferably 1 to 4 carbon atoms in the alcohol group.

The alcohol group here may be linear or branched.

Examples of vinyl esters having 1 to 11 carbon atoms in
the acyl group include vinyl formate, vinyl acetate,
vinyl propiocnate, vinyl Dbutyrate. Preferred vinyl
esters include 2 to 9, more preferably 2 to 5 carbon
atoms in the acyl group. The acyl group here may be

linear or branched.

Examples of vinyl ethers having 1 to 10 carbon atoms in
the alcohol group include wvinyl methyl ether, wvinyl
ethyl ether, vinyl propyl ether, wvinyl butyl ether.

Preferred vinyl ethers include 1 to 8, more preferably
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pentyl (meth)acrylate, hexyl (nmeth)acrylate, 2-ethyl-
hexyl (nmeth)acrylate, heptyl (neth)acrylate, 2-tert 15
but yl heptyl (nmeth)acrylate, octyl (meth)acrylate,

?%@5&@@32&:gfgtyldégsrh%ﬁg[%;gcrylgggyl(neth)acrylates

ich derive, from, unsat.ur h for
Dy FAERahRecltEy SAry BhES AP RBRL fircil-, R e feonol
viomplp( hetrk) aeyy bat é in26 roloey o rametiedacr yl at e;
cycl oal kyl (nmeth)acrylates such as cycl opentyl
(neth)acrylate, 3- V|nylcyclohexyl (neth%acrylate.
PWbﬁerr@@t%Ik?$ ( metd) 358 at es Nafelsude thato 8moppeaters,

2&@5@&%&6@@& %f)&\ﬂréﬁrgﬁneétt@@‘% I@gﬂ&l@hqqhoéf fumaric
The al cohol rougg& be |l i near

bﬁﬁh@hé&l E%arﬁ:ﬁ R sf“éh’s PRatifgt 1 T%e 14di)alkyl
Cﬁﬁﬁ?ﬂaab@m&avlnghe aﬁyll@r@ambbndamhmylmw fror naleohol
vVin acet at vVin ro onat e Vi utyr

boBbpR i didun BOpErEtnyll CRARER Ee o \itlesPiRY! BbBarate,
2m©oostbaﬂboﬁumata¢sA|1dﬂﬁ£h¥%ﬂ ﬁymnnﬁtdhe m@wmygrOQPhyl
hf ﬁagg¥ebe ﬂ%@ﬁt%rcbr@ﬁﬂg¥g @§ of f?ﬂ¥£ate,

ers haV|n I1to1l arbon atons in the alcoh
g@bﬂ@nFﬁélué@mﬁﬁﬁﬂermﬂm@l éﬂﬁéﬁylvnﬁﬂmaQQWWI eYheferred

V|HYba@k @ykuﬁbE%Eeé“dBﬂpE&gd|1etBeB nfyref féﬁbrably 1
Vi ny s include referably %, 700449

e to
1"2014tocﬂr 8Pb&ht°é‘t%rr§n k&%englc&l? Rol JFowp: Leohol
ayeotipl hegeompyhpeelimygabeoli beancaedbr anched. The
notation "(di)ester" neans that nonoesters, 5
di esters and m xtures of esters, especially of fumaric
athe drd)edkyfl meleatexi davimy Be sedl ThabEdi )adidgd in
fHH@r%E%%hBQWd¥bdbt£hé9u&§rﬁgﬁoﬁEQH§ﬂ'%éﬂB%EHCOEQ%ethyl

group i ncl ude nononet hyl _funarate, di nethyl_ fumnarat e,
nbRbed At f%ﬂ%?%ﬁ%yldl%@h??t?una?h?%hyﬁet%?ie%Fﬁyl meChyl

g@ﬂmyat emaleaebyt ymchumaratie, n]gﬂ@gaé fl-dm@,ai}el dmaleate
e te an umarate erre

iP5t R LR E ottt ot | SR e g of By ar y o7
preferably 1 to 4 carbon atoms in the alcochol group.

The alcohol group here may be linear or branched.

In addition to the repeat units detailed above, the
inventive comb polymers may comprise further repeat
units which are derived from further comonomers, their
proportion being at most 20% by weight, preferably at
most 10% by weight and more preferably at most 5% by
weight, based on the weight of the repeat units.

These also include repeat units which are derived from
alkyl (meth)acrylates having 11 to 30 carbon atoms in
the alcohol group, especially undecyl (meth)acrylate,
5-methylundecyl (meth)acrylate, dodecyl (meth)acrylate,
2-methyldodecyl (meth)acrylate, tridecyl (meth) -
acrylate, b5-methyltridecyl (meth)acrylate, tetradecyl
(meth)acrylate, pentadecyl (meth)acrylate, hexadecyl
(meth)acrylate, 2-methylhexadecyl (meth)acrylate,
heptadecyl (meth)acrylate, 5-isopropylheptadecyl



10

15

20

25

30

35

to 4 carbon atons in the al cohol group. The al coho

group here may be linear or branched. 15 The (di)

al kyl mal eates having 1 to 10 carbon atons in the

al |. group include nononethyl mal eate, dinethyl

ﬁg§$84gﬁonoethyl mal eat e, ?ethyl mal eat e, net hyl

eth mal eat e nnnob te butyl nal e..2

Pr@%%? ggr?g fSkaI éégg %‘ H%ﬁgy (%?gﬁ%?EIYQate’
pbekehghbbytadeoyd c%ﬂmﬂhzﬁanmiateﬂheBaJSanbpgioupadecyl

T up JBY., pe I N aQ ched
ggﬁﬁh98€9g19E8 iﬁ%ﬁé ¥P %%ﬁ g% KQa%% noégdecyl

t1on f he repeat units det
i npefhbh) perydabepol WSS Yiay @%ﬁ&hl%ﬁ?YlﬁQQMEr @%béb@lcosyl

UmméﬁhwﬁbQQlaté deiﬂéEEbié£E6§§Uﬂih%%t%@&@&@qﬁk%, thstésyl
prop orglon bei ng at nost ZOgbf%fm5|g preferably at
né@?tT by L REPghedd @ T i3 B GRIstY 5o fyeth) -

wecghtatbased on the wei ght of the repeat units. 30

These al so i nclude repeat units which are derived from

al kyl (meth)acrylates having 11 to 30 carbon atons in

t ikeakcelsb gmmipdeespaeeat | ynihdesli chrete) abgyd etd, from

5dﬂ§%Q¥EHngC¥£ é@ﬁlh)éﬁﬁy|ﬁ{€ro€§ﬁﬁfdﬁ ionalized mono-

)acrylate 5 2-met hyl dodec acry ate,
tmﬁéécyﬁs(héﬁﬁ?d Q@R?Wa?@ W6¥n€fh9ﬁﬁmpééeyl
(nmeth)acryl ate, tetradecyl (neth)acrylate, pentadecyl
(neth acryl ate, hexadecyl (neth | at e,

Rethy! WS USRI TTREE R ddr il 5t oV fbpt Bifacyferived  from
(ﬂmih¢amkylaﬁmet5>asopnapybhephaﬂeayl 200700449 13
( h . 4- =b (met h)acryl at e,
5ﬁ2$hé?@%ggg%%@fn?%g%%}agﬁékgfé?ggg¥ggbropyIoctadecyl
(Nef hjaoeyhut eninepadeeyl (hathhpacyybrbee, nonadecyl

(ﬁﬁﬁhaﬁéfﬂ#ﬁéﬁlns éQ%%h QH@EH?éekyhéks cetyl ei cosyl 5
net h acrg ate ear | ei cosy th)acryl ate, docosyl

(%e¥h§h%? Yéf%l%ﬁ@¢6?d%F¥és§W?EPPéFFVééBﬁtyl (et h) -
acrylate. These also include repeat units which are

réggd {écf&de repeat units which are derived from
aminoalkyl (meth)acrylamides, such as

N,N-dimethylaminopropyl (meth)acrylamide.

These 1include repeat units which are derived from
hydroxyalkyl (meth)acrylates, such as

3-hydroxypropyl (meth)acrylate,

3,4-dihydroxybutyl (meth)acrylate,

2-hydroxyethyl (meth)acrylate,

2-hydroxypropyl {(meth)acrylate,

2,5-dimethyl~-1, 6-hexanediol (meth)acrylate,
1,10~-decanedicl (meth)acrylate.

These include repeat units which are derived from
heterocyclic (meth)acrylates, such as
2-(l-imidazolyl)ethyl (meth)acrylate,

2= {4-morpholinyl)ethyl (meth)acrylate,
1-(2-methacryloyloxyethyl)-2-pyrrolidone,
N-methacryloylmorpholine,
N-methacryloyl-2-pyrrolidinone,
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10 di spersing oxygen- and nitrogen-functionalized
nmono- ners, as |listed bel ow by way of exanple: These
i nclude repeat units which are derived from

ani (et h) acryl at es, ch as 15
h?hﬁgghéghylaninoethyl (nmeth gcrylate

N di 1 NOPL O t
NI L B0BE oYLy LIPL L B6H B s none,
NY A dirbet jaany hohexadecybyl heﬁhpacrylladenoze These
i nclude repeat units which are derived from
am noal kyl (et h) acryl am des, such as

NI IRE &P met By ad® nopRipAT ( et Hy acrylh Beh deare THigeived  from
| net desc @Dﬁ@t vl_m tls dMM;SHh £ dentnedsf rzomlaﬁ_/l yrldlne,

h d h
S RIS I a C N P A A AL
24hvﬂmpky¢th@inénﬁtB)aedyhateyl—z lydydpypricdyle, vinyl-
t hyl I
(REE I EEE & Eendiodpsatathen) o v bnle Rt T, Syt
i prerloleckepeat urdtwsinghiedrlaazoderi ved flmmnyllmldazole,

hflrﬁ'é@r?yfli—cvﬁ Iﬂ){f‘&éi@f‘éesl\l %Q%E}l@%r%%lldone, N-vinyl-
1-imdazol yl ethyl h)acryl at

ZPXQr%%W'I ny |38ty HW%%WateN vinylcaprolactam,
ﬁ(ﬁlﬂﬂ@llﬂ@@iﬂéﬂé%ﬁt hyiny Loyrdied ) dopghylfuran, vinyl-
net h

I
TR 1oy TR Fer ey L otp70ba%0 14
N- ( 2- et hacryl oyl oxyet hyl ) - 2- pyrrolldlnone

lnc% g%t%%{%tq}él wr’%}gﬂ%géh%c%ﬁ&l Lllrgé%]pﬁ]lea%ea—h%%omers

repeat units are ved
Heter oegcl heedi nynddamsoaddy, siich a8 2MeKAYFpYri dilfe, 1s

%ddfyi&i/a(l nﬁos%iH@EhW_d SVMB:E)"% | bA8me3- *ldMosition
4-vi nyl pyri di nge, di met hyl - 5-vi nyl pyri di.ne,, viny]| -

ST RS s R/‘PWF%]FJp%‘?‘FH?%eOf9tO?nVF‘&Br G4zdPein order to

Tpiawl - caebazelie, 4trunHueardyazol gor example block

1365W n1dazo|e

According to the invention, the comb polymers have a
molar degree of branching in the range of 0.1 to
10 mol%, preferably 0.3 to 6 mol%. Particular advan-
tages are achieved by comb polymers whose degree of
branching is in the range of 0.3% to 1.1 mol%, prefer-
ably of 0.4 to 1.0 mol% and more preferably of 0.4 to
0.6 mol%. The molar degree of branching of the comb

polymers fprancn 1S calculated by the formula

E 1,
f PR J--) S
braneh — 4 B

Zfla +an

a=] b=1

where
A = number of types of repeat units which are derived

from polyolefin-based macromonomers,
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10 2-nmet hyl -1-vinylimdazole, Nvinylpyrrolidone,
N-vinyl - pyrrolidine, 3-vinylpyrrolidine,
N-vinyl caprol actam  N-vinyl butyrol actam

v' I I ne, vinylfuran, vinyl- oxazoles and
h gﬁggé%a?ed vi nyl oxazol es. ?é The af orementioned

ethyl e lfnz@;ﬂg@tgﬁ QBBQQ‘Er%nlr{% w@ﬁ&?e?re derived

|nd|V| Iy or m Xt ur es S itiona
POSSi blféofno Jv%wympﬁéc%ﬁémemo@pﬂpmﬁmdLﬁalrﬁfttqﬁb from

pol yneghzatduPfcd e sei fy chai Bt &e%d@froﬂ&nercgat@éﬁng 8
defined structures, for exanple b 20 co
Nmonhﬁgtoqﬁ?W%ﬂﬁWﬁma%%@ca% ﬁ@@ﬂgl
nmol ar dagrﬁe efa ricancht agsi nirt hehéar@Bc@hioD J;ﬂo(mp,lovinyl
nmol % fera 3 to % tlcular advan .25
tages 58hﬁ¥%éﬁ“%yac&ﬁ%ngé1yﬁ% mhose 5%9%%e1b acyl
branchgmgups vantyAe etdrgs dfavi.@folt cd 10 lcapbdp atoms in
prefer bl Q 0 % ang,

preferg azfgg})“o gr%utp O]%jlrr%lfr’}og}lThe no r&de}é?%%ngfl to
br anchilfAg Qﬁrlftcma aspms potyides dbeaheh idFodm cul@tealkyl

by thepfoeguka 3Qa§1n§ 17 thltlbnhcargoﬁ Efdng Z7Rb the
a=1 b=1_ where A = nunber types %f epeat units

o oh ALEOeN: 95a Pt Ao BbI Y BRePin Hegg] Moo TS,
MAgr-oMmonkers, oEOOﬂQ&AﬁB IhiB s ninlegr efret ygesiokd from

repeal upLLeC M choats derivst o om | o mphecul gt o

wei ght Profonersse Fom e group consi
styrenehﬁnnombrBOhamenngletal$7 carbon atons, al kyl

f{gth)ﬁﬁﬁ%@t e% f}ae\ﬁéa& Lipid® 40:iERTROR }QEdN £ 1ow

oho % oug vinyl esters having.1l to 11 carbon
at ons TAleRBIAEYMWEiGhGupglonaTEAS ?ﬁé?gtﬁﬁwfﬁ@ml the 19roup
carboncghemsting tHe acphdle OnMHomdH ) @akylng 8 to 17
funaragg; ggvgggml t%lkyl (meth)acrylates having 1 to 10
carbon atoms in the alcohol group, vinyl esters
having 1 to 11 carbon atoms in the acyl group,
vinyl ethers having 1 to 10 carbon atoms in the
alcohol group, (di)alkyl fumarates having 1 to 10
carbon atoms 1in the alcohol group, (di)alkyl
maleates having 1 to 10 carbon atoms in the
alcohol group, and mixtures of these monomers, of

type b in the comb polymer molecule.

The molar degree of branching arises generally from the
ratio of the monomers used if the comb polymer has been
prepared by copolymerization of low molecular weight
and macromolecular monomers. For the calculation, it is
possible here to wuse the number-average molecular

weight of the macromonomer.

In a particular aspect of the present invention, the
comb polymer, especially the main chain of the comb
polymer, may have a glass transition temperature in the
range of -60 to 110°C, preferably in the range of -30
to 100°C, more preferably in the range of 0 to 90°C and
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10 carbon atons in the al cohol group, (di)alkyl 10
mal eates having 1 to 10 carbon atons in the alcoho
group, and m xtures of these nonomers, na = nunber of

32552h8§§he8 whi ch are derlveg from polyolefln based

rs of the type a in the conb pol yner

ntg%ul fﬁ(ﬂ##%%% qﬂpbgﬁeoEaR%%GQH%uf6t§om%lG% ?éﬁi dglass

derive ol écul ar nononers se
f toamsheignotempesrsivgts g ocﬁe*eeymem\ed nokomeCs Hawd nglass

StEQE;Ztlgﬁr RoR AL OR,r 2l Ky bretdy@agi Wl &t esi Bavig d1ass

carbon atons in the al cohol group, vinyl esters
‘erﬁawhgom t $eIPEABER atDs FRSt hEFEASRTYRY  homo-
metbereahaﬁgngaécbenﬂo 68ar bone at ©ABpbAt1Hes of the

roug Sdh%alk% rates having 1 to 10
cﬁ?Bﬁﬂ a sSi h "2dhof FBup (di)alkyl mal eates
having 1 to 10 carbon atons in the 25 al cohol group,

f ”EK% ur osfnbo eeﬂm%%@er%eeﬁf %¥%?ngdl ”b% D iter-

ymer ecul he nol ar degree o0 ranchin
g@rnelagbySf rmqthleon r ati oovf aue thoAerelsmagsédaiionhe the

%&Papowg%ehesf Qﬁearhc}ﬁ%dJr§§aE§§nQYb90%|onﬁﬁerrdezt@¥dc%n of
I ow nmol'ecul ar wei ght and macr onol ecul ar nononers.

F%?t?ﬁ%l%aP%uFﬁ?l6ﬂ?V?FSF§n possi bl e here to use the

nunber - average nmol ecul ar meight of the macronononer.

3 In a |cular asp the resent |nvent
SEbLSHePE BIpaerati ¢ it Kt 1Pt CHHPLY at

cbeﬁnst p(ﬁO)%rTEby rmqacﬁm/,e afglhexs tocdregiutliaon venpbtatugmeat

I¥h£€§ wﬁ?@%oagé dgglbgdl%gg 0 %ﬁkqgl$éﬂe3€¥§r%¥&ﬁethe

nore preferably in the range o
W End CEOGAGH44Y 16Lnosty fried ef@blofpeins theviasgd ofo 17

20: 119o80G £ Fhe, 9lA 1tr§e%|ht IR IeRey ahdkengS 1 to 10
det er m ned by 'DSC. éTT,E(I:ass transition tenperature

(ﬁﬁFT@Pe§FPﬁﬁté8 Vil thEC YA sITP RN VEPER Famsertatti e ng
of tbe Icor tespondiangmzonen S5thel wmrls ¢gakipg ateguntetdfers
tﬁgbfﬁgp%TtE%”318f ég on atoms in the alcohol group,
(di)alkyl fumarates having 1 to 10 carbon atoms in the
alcohol group, (di)alkyl maleates having 1 to 10 carbon
atoms in the alcohol group, and mixtures of these
monomers, and of repeat units which are derived from
polyolefin-based macromonomers, 1is based on the weight
of the repeat units. In addition to the repeat units,
polymers generally also comprise start groups and end
groups which can form through initiation reactions and
termination reactions. In a particular aspect of the
present invention, the statement of at least 80% by
weight, preferably at least 90% Dby weight, of low
molecular weight repeat units which are derived from
monomers selected from the group consisting of styrene
monomers having 8 to 17 carbon atoms, alkyl (meth)-
acrylates having 1 to 10 carbon atoms in the alcohol
group, vinyl esters having 1 to 11 carbon atoms in the
acyl group, vinyl ethers having 1 to 10 carbon atoms in
the alcohol group, (di)alkyl fumarates having 1 to 10

carbon atoms in the alcohol group, {(di)alkyl maleates
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repeat units in the main chain. If the conb pol ynmer
has been obtai ned by pol yner- anal ogous reaction or by
graft copol ynerization, the 10 nolar degree of
bhgﬂgghgg is found by known pethods of determ ning
Psion. The proportion of at |east 80% by

FQEE Rr e&?"%‘?' Yadbon! %ac§> 00/8 b¥ LeRLH9f 41%"1‘5 and
ecu ar wel g repeap unl ﬁ are (ED
f nortmoasmefs st manpnest héing#o@i) tenspst Mmgtt@f which

35¥éen§e999989r§r8ﬁV'ﬁ&l§oi@f%ﬁ b&SEHOM AL PHRonGh&YS,  is
(met h) acryl at es havi ng carbon atons in the

aPesRel %ﬂoEBe\EQBﬂlegﬁéggtmﬁﬁnﬁhelQQPQ1p€éﬁﬂﬁﬁs The
ig@ms Ié:mtﬁ%racyés gb@lélfelr\éfbﬁy;: et her 020 B@V:wsglghtt 0 more
carno £ CO 0. I ou . .
(OrSPEPRM LT 44 2hE OB rEBERE! Wigggrnicn
gaoepde@dwpdlhyhxmapeayeseﬁathgsédtmaﬁiammdmm&ran(baﬁed
in t I I a ur nmo r _
O’ 05, SO0, Sruyy ok TLHLL PR ol AR ARy
p@W@ﬁéMﬁyba@@d e r sraddonded yrieg shaséd epvipesweightthe

(%eiggnr%%¥¥léW'Eﬁ dHe addicti opné 8e t kR depgak Wﬂéﬁéfore
yners generally also conprise start groups and end

gP%ﬁ%g AR & heAR V@%H?tﬁV%agﬁlﬂnFPWStpe YPg5Eti ons and
termnation reactions. In a partlcular aspect of the

mg resen nventlgn t he. st enent of t Iea;# O@%Hy
OB SR er 2b1 O atPT BRsT B8 o
nmhec@lpreﬁerghﬂyrbpeataumﬁmghﬂﬂaﬂ¢naq@ m@&aauidnwwﬁlght
noner el ect f t -
T honE, EnBo\fe Sg0) DT Waf BLovD, So0suPnelp Borkl Biper
aePyy at €80 h@QQnth t §090 00&r bAoAt orE nHt%?et alRigHgirably

oreopeoyi vyl 485t @ve HaMbng 1 to 11 carbon atons in the
acyl group, vinyl ethers having 1 to 10 carbon atons

in the al cohol group, (di)alkyl fumarates having 1 to
]Ihecamb@@ﬁﬂamaiaq@tﬁmla&ub@nlwymgmm N.di habkyreferably

0070044 av. tq 10 in
e a COH%? gH%hﬁ? r%@gﬂiés 0 té?ie no%%ner’ more
mmpfﬁra@b@aﬂouﬁpﬁsUQNZQQ 000 g/mol and most preferably
50 000 to 150 000 g/mol.

Comb polymers which are additionally appropriate to the
purpose are those whose polydispersity index M,/M, is in
the range of 1 to 5, more preferably in the range of
2.5 to 4.5. The number-average and the weight-average
molecular weight can be determined by known processes,

for example gel permeation chromatography (GPC).

In a particular embodiment of the present invention,
the comb polymers can be modified especially by graft-
ing with dispersing monomers. Dispersing monomers are
understood in particular to mean monomers with func-
tional groups, through which the particles, especially
soot particles, can be kept in solution. These include
in particular the monomers detailed above which are
derived from oxygen- and nitrogen-functionalized

monomers, especially from heterocyclic vinyl compounds.
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are derived from pol yol efi n-based macronononers, is
based on the total weight of the conb polyners. The 5
conmb polynmer has preferably 8 to 30% by wei ght, nore

preferably 10 to 26% by wei ght,, of repeat units which
?ﬁoggﬁgééd from pol yol efi n- Egsed macronononers, based

ot al. he epeat 1 T y
d?g&gﬁgh E%lﬁmgﬁggblﬁgn%dlyneﬁ§9l J?g%%hfn9$% a%if’ to
pec@gﬁvgku dfedntagepes arpromt:,ee@latvaltdr e nelgerrsf ote soot
bagpdseRiBnMepR s¥ahue1e%an idkls sCamb %‘a&”ﬁ&%te@%‘l’%m

pol yners of particular interest include ose which
preferably have a wei ght-average nol ecul ar weight 15

Mrhin 1h%n@f1v%0Q:&QQ gs@lgm&@@ @QQ Wenqinegmre@ prefesrious
abl¥ %500 0 q%g 000 % and nost, pr rgbI%f %;D 1
oy8¥fo | PF SR Sﬁuﬁ%ﬁlﬁ\?ér dge Tt ectifar a2
meogbnym%rmaytmbateramwwh 20i e knmovhe pamge saf, 200D001ow
LE 2
SorCRar nSt OB PP By = 8080 5 26 00 g aBr e

Conb pol yners mhlch are addltlonally approprlate to

thgr 2RsPYRPESE tRAkSt whese polydispersidy é£§@% 11
NM/ﬁh |§ in g raﬁ g o?mﬁ to 5, nore prefera |nla Y

the r dige dffadlf%ltopﬂlsme?ﬁéaﬁ&ﬁﬁer et agélard tlﬁ%lated
\Aptgbésééégfaﬁlﬁ: rmanCrquaredNefghte eadibeldesel yheelzdyion,

I
P Al e e T
t heopi esent RAVENt (on,Revdestohd pbligieren canrdgnentation
n@ggghegr§§$§g£§lly by graft- ing with dispersing

nononer s. spefrsing nononers are understood in
particular to nean nononers with func 35 tiona

gt QYPSmat Pr oggaew@b@mcbme RNt 8 atasRecia | YexSoPined,
particles,, can be k in solution These |nglude

(1
ph?F?ELH%ﬁlﬁhejﬁbng P@n&§t§|IEBC¥QBQ§ Whi cht argpdustrial
dehemeﬁtfypns@xy@emdﬂﬂmbﬁutImggﬂnémaatlQmaymyymbrlzatlon

1n1 §Ore%g6gog fron]r%%%%%&%cllca¥énxged for this

conpounds
purpose.

The usable initiators include the azo initiators well
known in the technical field, such as AIBN and 1,1~azo-
biscyclohexanecarbonitrile, and also peroxy compounds
such as methyl ethyl ketone peroxide, acetylacetone
peroxide, dilauryl peroxide, tert-butyl per-2-ethyl-
hexanoate, ketone peroxide, tert-butyl peroctoate,
methyl isobutyl ketone peroxide, cyclohexanone
peroxide, dibenzoyl peroxide, tert-butyl peroxy-
benzoate, 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(tert-
butylperoxy) cyclohexane, 1,1-bis(tert-butylperoxy) -
3,3,5~trimethylcyclohexane, cumyl hydroperoxide, tert-
butyl hydroperoxide, bis(4-tert-butylcyclohexyl)
peroxydicarbonate, mixtures of two or more of the
aforementioned compounds with one another, and also

mixtures of the aforementioned compounds with compounds
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Through this enbodinent, it is possible, inter alia,
to achi eve advantageous properties with regard to
soot deposition, piston cleanliness and wear

p ign. 5 The inventive nb pol yners can be
?@Eiﬁ@éggn vari ous ways. Aﬁgreferred process

COHSI ?ﬁt Snéxpe t 1;11% J?g ﬁaqﬂe%ac:loncoaoogxrdf.er %r?t 'lqr}](’ewvi’@ Chform
l%novvn e, ?OW nol ecul ar wel g nmononer s and
wéceennr@@u¢alsnvﬁ%an@blai)dhﬁiﬂ-n§ﬂ@m@éerﬁﬁéseare espe-

pak yaeys &9&@@1@51@“@%@' | yforbyegiéﬁlﬁléadhc%decyl

pol ymefi zation, and also related processes f
CBREFBPERE e lrAGitEaPtosithdEdlzat PEn,e15%r C@ﬁéﬁpl prans-

AFRP=(s5 Atosm Tranrst enaBadi eal tﬁ@éyf’ﬁ%rrip?earesil OfibrOfexample
RAFT % iever3|ble Addi ti on Fragnentation 15 Chain
TF&hBF B8P} S Bust omary free-radical pol ymerization is
expl ained, inter alia, in Ulmnns's Encyl opedi a of

'E‘ﬁé‘St i) r%‘c?é%étg kel S EQU iQn. %{‘ gener Al mdy (that

yneri zati ini frator and chai'n transferrer ar
usle@lsms ahu“élvz@gﬁurfpfmram@ajsmleymwxZ@‘ltmrs, Wlthout

I gl uderbEhe: 80 thAkt kakiar SHRlly kawn i ¢he gescription
technical field, such as AIBN and 1, 1-azo-

bPEcyhdheesatrBoni (17 | €Ne&fd RFE6S§EFSxy Bonpbiyktion

Srbl@’ﬁaﬁs cas&lblamlndetlhnyl r&etose m@chXIadecozap@wﬁaczatl@ne 2 a
FOXI per oxi de, 2- et hyl

t-butyl
B EE bt ket Lo Barae: BFTS bt SEhpEFER L oflte Crans-
”ﬁéh&}bleswﬂﬂwl gketipne: petbri dEl?ar&yJ’:ttbdnexalﬁeaaé compound,

pﬁﬁ?éhdgx1 598QZQ¥E H%Egﬁld%hlgeGka n PR~ a radical
5" %0

benzoat €, t-butyl peroxyisopropy onate
byk{oh e@ﬁs;s h@;@‘aﬁoﬂtbéﬁ’l@ilyﬁ EW%tW%@néhQ eiiﬂfansfer

bé'fylthﬁera@@a‘rr 2yebhy| hexaneat@rad &1 ¢ 1 HMt ybtal compound  is
per oxy- 5- trinethyl hexanoate, dicynyl pero

1rﬂv%¥§{?%?t SBuF?P&eFH%?)%@%ToHéQHHels tdans¥erred back
1:4d- bhs(@eleb@txhﬂBﬁM%w)ehﬁlﬁ which forms a controlled

5-trineth cIohex h I OXi
Hﬂ?{Ym%yd¥%%%roxfﬁ% |s(ig%er?¥gu$9$c§clgﬁexy? p§%§mer’
peroxy dickadolmt e, wribdhir es aofd t woher nbpécofilahe weight
af 0L eFENL L ONed-COMPoUAdS: W § N QN 2PRLRBRA: AR yal SO

This reaction is described, for example, by J-S. Wang,
et al., J. Am. Chem. Soc., wvol. 117, p. 5b614-5615
(1995), by Matyjaszewski, Macromolecules, vol. 28,
p. 7901-7910 (1995). In addition, the patent applica-
tions WO 96/30421, Wwo 97/47661, WO 97/18247,
WO 98/40415 and WO 99/10387, disclose wvariants of the
ATRP explained above.

In addition, the inventive polymers may be obtained,
for example, also via RAFT methods. This process 1is
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
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m xtures of the aforenentioned conpounds with
conpounds 200700449 19 whi ch have not been nentioned
and can likewise form free radicals. Suitable chain

;S are espe- cially,ail-soluble nmercaptans,
f2©6292égle n- dodecy!l nerca%@an or 2-mercaptoet hanol,

o] r th
CEPSUREEE IR T LTS LTI RSBl eever,
Stknlcﬁmgm@r@elwtlnl st suardet lodt ‘3(h|5"|25,0£ c, prefer-
"hbyingpof Legspadi caly RRINTRZAII@N,y Wdchauty 30kQ: any

intention that this should restrict the description of
the nmechanism In these processes, a transition netal

CORBOWY. yinfe ri6aat i@ch wintap @ecmmmwa whi:ehwhas &r without
traisferabhﬁ]at n1gro is transfers.the tr

{ BPABPE ar Bt G Rt i €1 VAR LinpotiEe 0
15rwhdcmamsahz@Betbelwehm .1sThésleeneti ancloaditga to the

rﬁ@i%?&t W'th gdano%% 2 %t hé(é&ﬁ“ C ﬁ?gr}%nc'ébvﬁe er{g given

randf er e transition
nepalu%bm®odﬂﬂnisOlﬁevergﬂbFeveéM thhghtheﬁéto@ﬂéro@bd/or

'§r5ﬁ§B§E659@goE§9%on%0 trhe e&ewbae RehyRBle chaiyiene.
h forns a controlieéed 20 pol yireri zati on system The

structure of the polyner, the nolecul ar wei ght and
t'l[lﬁeﬁmbﬁcmbal’ecmia@htweldjt&t mdNdneds Cag e @@m rodl gdepare

coyrespondi.n This r actlon IS des ribed _
RhRo BT clihgPoTEsE A F 85 ¥R Bt soropoly
vioeriid¥iop. aSélqeﬁerEll&l@@ﬁrerbyaw&wypaezéw®Ke

Macr onol ecul es, vol. 28, p. 7901-7910 (1995) . In

addi tion, the patent applica- tions WO 96/ 30421, WO
OMAGYEBRNONEL 97 /BRI 1IN0 B/ ATIRIB and1 WD gdyel 0B8yention

dhsebosexyatiantsnef 8660130 AIRR, exphatnedi aboyeeféhably
addition, the inventive polyners may be obtained, for

e %ﬁﬁt%alalso via RAFT met hods. This process is
presented in detail, for exanple, in WD 98/01478 and

5 083, Q?, h reference_is
SBFT SFTTY oF 'Ehe "t pbSe ar H ol Boi 6 Looule of the
preparatlon of the macromonomers. For example, a
cationic polymerization of isocbutylene forms a polyiso-

butylene (PIB) which has a terminal double bond.

In addition, functionalized polyolefinic groups may be

converted to a macromonomer by suitable reactions.

For example, macroalcohols and/or macroamines based on
polyolefins may be subjected to a transesterification
or aminolysis with low molecular weight monomers which
have at least one unsaturated ester group, for example

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

This transesterification is widely known. For example,
a heterogeneous catalyst system can be used for this
purpose, such as lithium hydroxide/calcium oxide
mixture (LiOH/Ca0O), pure lithium hydroxide (LiOH),
lithium methoxide (LiOMe) or sodium methoxide (NaOMe)

or a homogeneous catalyst system, such as isopropyl
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The pol ynerization may be carried out at standard
pressure, reduced pressure or elevated pressure. The
200700449 20 polynerization tenperature too is

u Lti . However, it is nerally in the range of
_%@§56§%%% prefer- ably 5019F150C and nmore preferably

800 C. on | t| b rH
W?%%a%%gﬁﬁthodgn' Iveﬁ? %ﬁ-‘?@?ﬁ?§b|§§%? ?g ?gét 20)
Uhtker steadt here LA aanbr@adléebgeumThémtvm i She low

Sb £EL 0L ACCOFII 10 10 dNSonpPl arid Ve ed he MONOMEB Srefore

used, preference being given to using 100N oil,
refRt sl y Wr@%‘fe%asf% | %3P b8 1Y a%%%%atlon
hydrocarbons for exanple toluene or xylene. The |ow

gh nmononers to be used to re % t(ljﬁeb
l88nb SePEET ALY TPee r &ai'c %ﬁ fyped by a
rﬁxraeﬂleatam&fgeaenahlyxcommmaduﬂhmldaalbabk&ndﬁédlng,

LRI 2 naf b A-RERSFIRNES, AR L 8 | NI
taerrhwmde,zo Thee doudt ey bon@ttﬁay Fecigtiesentcagdsalaysis by

resiul 1y e 4B n M £Parati on of tﬂE%HEHHéHEﬂHHEH@ Jgﬂd or
exanple, a cationic polynerization of isobut

fir a fp6Ryi sBethacyyene (FBYdwhivh hikea tfi (Fn ng}ethod

daiibt - ik y 2 dsb@ddhideon, functional i zed

pol yol efi nic groups nay be converted to a

macr onononer by suitable reactions. For exanple,
chradﬁﬁbhohs aﬁd#opraaembamﬂm@@oﬂaged the polydd eCans be

P gt ead hQcfo 5{’}8 8§“H £LoBn 30

E‘e‘é t\% acid
an1n ysis wth | ow no ecu I ght_ nononers i ch
mﬁk9¥ﬁd3eé§#*bm§lﬂﬂﬁﬁhﬁ%ﬁ%ﬂﬂ@%&eﬁh%ﬁﬁkéﬁ-for exanpl e
methyl (meth)acrylate or ethyl (meth)acrylate. This
transesterification is wdely known. For exanple,

dThet &7 94ehedus &5taFV%t a8 enP@&ﬁlG&euséﬁjfoPrFHF§e a
Wc[l&ﬁﬂ.ccﬁitﬁlh asid i thieumreditaxirde/cal aihem axittenal PIB

re O ure lithiumh [
i Rt R SDETENEY" or Shi s ooy hB R ERBe 22
w1th maleic anhydride (ene reaction) and subsequent

reaction with an o,w—amino alcohol.

Moreover, suitable macromonomers can be obtained by
reacting a terminal PIB double bond with methacrylic
acid or by a Friedel-Crafts alkylation of the PIB

double bond onto styrene.

In the preparations of the macromonomers detailed
above, preference 1is given to using polymerization
inhibitors, for example 4-hydroxy-2,2,6,6-tetramethyl-
piperidine oxyl radical or hydroquinone monomethyl

ether.

The macroalcohols and/or macroamines which are based on
polyolefins and are to Dbe used for the reactions
detailed above can be prepared in a known manner.

In addition, some of these macroalcchols and/or macro-

amines are commercially available.
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or a honobgeneous catal yst system such as isopropyl
200700449 21 titanate (Ti(G Pr)4) or dioctyltin oxide
(Sn(CQct)20). The reaction is an equilibriumreaction.

Iﬁgngﬁ%égnlecu|ar wei ght al gghol rel eased is

typically renoved, for exanple, by
distillation. 5 In addition, these nmacronononers can
be obtained by a direct esterification or direct
afihdat Frommproteddirngavaibpbéranpherofmonefiet hactyfpe for

agkgmgnerretiaé%xbfn@) @@Bxdrbée Ré@&@&ﬁ@' ypm;\h agidig a
catal ysi s by p-t ol uenesul phonlc acid
A

nBehY é@bpwéﬁpé éé’ulé ot Phom 100 I?e/tnl*%lcr"f}ﬂcch a3y been
bgg&?ﬁ;r@ d’fﬂi‘ﬂﬂed(?bC?ﬁGﬂ ﬁﬂi@é{hﬁﬁboébbgtde% din Véelght
a I.T1, 0N resen al cono or e. a e C \

S er Boyubn T4 BHe Be oy At BT ot g e tone
chhoratdephsticd dsydmetdnaory| oyl 8RAISer i 46. [udwigshafen,

addi t i it is also possible to prepare a
nggk%éﬁgéh via the reaction of the termnal PIB 20

doubl e bond, as forns in cationically polynerized PIB,

Wht h f”[ﬁ'&ié&: anpydii.de (ene rﬁ@%ftbgn) B sebsequentys,  a
reaction wth an a,w anm no al cohol Mor eover, suitable

mRrABRBABAERS caRObEPBLESRBE byWh2§hr eachai%g een “on-
t enAtoabnPl Bzdauble kendewtthtmedhaciydute omai dogr byight

F del - Craft | at f th d bqond o
UL e s gt SRS E RS e O ABEOE
dedahl| edf Snéabmmgeqneﬁﬂnenteamg gilvén tepastngunlts of

| ymgninzat in 0 r
pﬁrhyg‘raggg) é}grﬂ%lG :Pé"?)lﬁanfé?ﬁt H pﬁl%d&ne(gg%/{l r%\sd?%% i

¢ehydrvgui none nononet hyl ether. 35 The
macr oal cohol s and/ or macroani nes which are based on

pol yol efins and are tao be used for the reactions
HEESTRER AP AEhT be pr e BT n e Ghthior PapRd on

aﬂﬁdfb@@maSQﬂEp@ﬂq&hﬂﬁﬁhﬂﬁﬁ!O@k@Oh&b@'a%ﬂlbéynaébmﬂs) a
daughter company of Total (Paris), and the Sartomer
Company (Exton/PA/USA).

The preparation of macroamines 1is described, for
example, in EP 0 244 616 to BASF AG. The macroamines
are prepared via hydroformylation and amination,
preferably of polyisobutylene. Polyisobutylene offers
the advantage of exhibiting no crystallization at low

temperatures.

Advantageous macroalcohols may additionally be prepared
according to the known patents to BASF AG, either via
hydroboration (WO 2004/067583) of highly reactive
polyisobutylene HR-PIB (EP 0 628 575), which contains
an elevated proportion of terminal o-double bonds, or
by hydroformylation followed by hydrogenation (EP
0 277 345). Compared to hydroformylation and hydrogena-
tion, hydroboration affords higher alcohol functionali-

ties.
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am nes are commercially avail able. 200700449 22 The
comerci ally avail abl e macroam nes incl ude, for
exanpl e, Kerocom(r) PIBA 03. Kerocom(r) PIBA 03 is a

p yl ene (PIB) of M 5,1000 g/ nol which has
gbﬁﬁéB%&é functionalized tozgn extent of about 75% by

d_i |
SRR O UL o e senient gt s ply o o
(dhenegshahebe obdrrmed) acmomsﬂrmgertqor@ﬁnﬁ:&m%lkria@ ophell
LEHHégﬁéilgnégo%eé%afg%rﬁgg@ éﬁéﬁngOEYQHkﬁg ﬁP@portlon

been O+ functionaliz 0 an extent of

aeéutl Qs%wqﬁeu%%w(aﬁs@b@#&mﬁ% ¥R@f PRToFEIy ngtad to

OcPynandchas] aboblie20%Uryeashi okatidnr epege rufiut-esand
1,4 repeat units of M= 4200 g/nol, from Kraton

Pol ymers GtbH (Eschborn, 15 Germany). Further
s8ppki evs ofhsuihabremomonenas coliot sibasedabove are also

h o (). A
DLOEROTISL 0L YBUsRE 6 25, SRl ST )i
2D~ tﬁﬁ%anwh@EhtdniPﬁﬁ@@ﬁyedTﬁeqmwﬁ%ﬁ%nmohl@ﬂld® L-1203

NRgHoaM nes iy, deseed; HenyrexatRlete | RhEPRO 844 peen
616 to BASF AG_ The nmacroam nés are prepared Vi a

hgeF bR 6F R Be T BANGRECRATL AABH o O 281 peeféirdbl 9L opbout 6%
p]@yymeql@tu&ylaedte hPRsl wmﬁutyd)seneaehf &S 1t be ragheant ageits

bi,ting _no cryst Ilza ion at, | t eratures
At dodoud SRR L ToGT s S BdARFFON | a2 SSembH

pfEpaniedrn 30Gaccand) ng to the known patents to BASF

AG either via hydroboration (WO 2004/ 067583) of

hi ghly reactive polyisobutylene HR-PIB (EP 0O 628
SYE3tonRi Eh1EaAt aiarss Sm@%w%e%daeeeﬁewgoﬁ%f% 2270317

tes nsnal 1 ardosbh g DORES, ROEca b¥h hMQEQEQéﬁEhﬁlt i on
foll owed by hydrogenation (EP 35 277 34 Conpar ed

to hydrofornyl ati on and hydrogena- tion, hydroboratlon
and or cisohoghes @hﬁﬁ&ﬂoﬁup@ﬂ&@ﬂ&&&nﬁi&ﬁd their prepara-

tion are also detailed in EP 0 621 293 and EP 0 699
694 .

In addition to a free-radical copolymerization of
macromonomers and low molecular weight monomers which
has been detailed above, the inventive comb polymers

may be obtained by polymer-analogous reactions.

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

mercaptan may find use.
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200700449 23 Preferred nmacroal cohol s based on
hydr ogenat ed pol ybut a- di enes can be obt ai ned
according to GB 2270317 to Shell [Internationa

Rgégzﬁggﬂghatschappij A hig proportlon of 1,2

ts of about 60% an nDre can lead to 5

S;%?kf'%a”%hgr'OW?r Cr¥§tak£éi§gh9” hemﬂ$f%ﬁ% %51y or
& NHCIrOnDNONery detail ove are
cemieortivallby &hei lsdblee chiadmsexatplad Krrst oanls_cr o gryed to

%;25 rm¥hi Cﬁ gs BéOd?‘&ﬁQrELEQH‘ Kragonghi gui g5+ 54203 he

IS a rogena ed pol ybut adi ene whi ch has been
n@@ﬁa@awah@lﬁu@m SFal e Hi RS etebni 18 aboUE FBu be
bysugi ght and has about 50% each of 1,2 repeat units
and 1,4 repeat units, from Kraton Polyners GrbH
(Eschborn, Germany). 15 Kraton(r) L-1253 was
S"ynéh&%iamdoalc(mf dichg tiniGB 22R03idrmead SBhelkdbone polymer

| nt gy nat j onal _ Resear ch g@¥ﬁepappﬁgCrogﬁgégg0n9§§£§esponds

b4sed on po yo etins” an €T prepara
agseedeialled tm BR® @ZpA9¥rendderald 1699 aboxe |af the

%ﬂQbEbQQCBHoﬁsffgﬁayéglCﬁ£c£8Q@£M@§fl%§$h0n16w molecular
macr onononers and | ow nol ecul ar wei ght nononers which

2%chaBt be@RPeerdft ed above, the inventive conb

pol yners nmay be obtai ned by polyner anal ogous

factlons In these reacti n%P a pqﬁg/ r is first

pf parsd i S %mﬁmﬁﬁﬁﬁé g | D ot e8GR 3Rl may
noaoaenseanddi so 8bet Hewentriwer toethb Igv liymes caige, gtdiec ing

b f I
CREERP1S 0 SO, VI FY, 05 Lo B ecene

ned hate yenbydeideopremed hgloyaildy aq#éft h‘am%la%r@%es in

%@@rbgekséﬁél ¥815haLt wghai R RAGKRARE MANQBAESH1d, N by p-
this case, the initiator systens det ai | ed, 35 abave,

SUR USRS BRRGR Perbafs G2t G161 TOBRE FnPere acle. Fo give
2= et by hexanioriL, ocandimegul at ardd isticdn as fn- dodeaydlecular
r@%f?ﬁtaglcoXoﬁgn%n or %%%39&&4%m%%1 as n-butanol or N-
(3-aminopropyl)morpholine, allows this polymer-analo-
gous reaction to be conducted to complete conversions,

especially in the case of maleic anhydride backbones.

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

polymers.

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

polymers.

In addition to the reaction of the backbone polymer
with macromolecular compounds, suitably functionalized
polymers which have been obtained by reacting low

molecular weight monomers with further low molecular
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In a further step, for exanple in an al coholysis or
aninolysis the side chains, which are also referred
as arns, nmay be generated In this reaction, the
oIs and/ or nmacroa es detail ed above nmay be
”§8§9gbggﬁe reactlon of then%%ltlally formed backbone

px9le¥g§£ b heFRCT04 ?PI‘R' 20 ?’%e E%la%}{?él’fsoa Re%e Lpacted.

corr pon S essen y to re ons etail
abovahsfs teesa0 ﬁﬁer demctdmahls/ aPEE PR L AR CPegHREs e hymer

|H&énneecﬁi@falf€#ghéfCQﬁRQ§@g§naf?E1§§a“Pﬁfbhtrgérve as
macr oal cohol s _and macr oani nes_ na be converted to

th%th@EﬂFFv%fc%ﬁ%tb6i9n€F§fFnpﬁﬁﬁp?Fhéat18nFeact|ons
known per se, for exanple onto the present maleic

agh dride or methacrylic acid functignalities in the .
DT DRSS mor e taka per sohF 6, B MhEra gy op. oF 1
tmeenesabphdnicinrtdabednewhanesdkghhn|toacbddquﬁymers

WEI E tpg?gbﬁ‘éﬁlﬂr sg'ﬂ;)?easrmﬁddé&h%‘tﬁ% b?kﬁ’g@%%gu'f%: éqx

S an am nes ut anol
(Braht nepPepyMpRdEpiidlonse, a%d | 8hsot Hihe pbTYReandngiro-RAFT

gﬁH@cé@@@é' oaewlpedcoage%edlho eeeRlet @ oCORHISIONSomb
eC|a in the mal ei ¢ anhydri de backbones.

Y]m%% ‘25%1%}?—3 %fd%ﬁ/%??iy?r?%*&?%% fties in the
backbone, an addition of the macr oal cohol and/or of

t macroam ne can be perf d so as to form
1F aonel S oe CERSPERCTI LT URE Mhfler® LRLMLEONR | cne
namm@anw@bsmecanOBe tbaveptedeby alpabwwepnan@bagoas low

CONOLY S o?% ARl YSIg Witd g, hackbene wWalGhe number

contalns S t-chain ester functlonalltles in order
ts gerefarebtonbespolhadrer 8SUpA 48dPtFPod P61t e of comb

reScHhon, ohotBe hac ﬁ&w&;powger thairt ho FReeED! ecyl a1 1

co ounds, UIt ctionali ed ol yner s, whi ch
b odbt ST b TEEE ng HOT G B oRel GAD b

nﬂﬂnﬂEmEnQWtIadbmﬁdMﬁg ICW'mmHeCﬂ3241 after drawing off
carrier oil and low molecular weight residual monomers

at 180°C under reduced pressure for 24 hours.

Appropriately, the comb polymer may have repeat units
which are derived from n-butyl methacrylate and/or from
n-butyl acrylate. Particularly advantageously, the
proportion of repeat units which are derived from
n-butyl methacrylate and/or from n-butyl acrylate may
preferably be at least 50% by weight, more preferably
at least 60% by weight, based on the total weight of

repeat units.

In a preferred modification of the present invention,
the comb polymer may have repeat wunits which are
derived from styrene. The proportion of repeat units
which are derived from styrene may preferably be in the
range of 0.1 to 30% by weight, more preferably 5 to 25%
by weight.

Surprising advantages may be exhibited especially by
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200700449 25 wei ght nononmers to form conb pol yners can
be reacted. In this case, the initially prepared
backbone polynmer has a plurality of functionalities

initiat [tipl ft
m%|o§)§g§%§§fl g?]s | gl Flo?l iOL:t gfﬁggu aI Erulet ig|rolae cationic
I
p%oﬁ\%e?ozl%&de%% thllgr:élr ?Hatveé’] ecﬁ%l?'\tbgl]llllﬂ%l‘@%lg(gh ag\@é Cgerlved
Slﬁnrloalblaékpyrloc(esaééls) oty Ifsts fgerxalfrtg cbbotynerilzen i ahems in

akgeal goryne AlRF-and/ %pﬁ%mﬁ%ﬁss%edeEQbE%Qtlon of

above I n order to obtain comb mers wt
déEPRéd aPBAfEecthieh | Arg pﬁ?t—’il%f@ﬂar 5§Becf‘15$’lthémeth

peeseNhtieBVedv iy the t&omEd p@éiﬂﬂ@ﬂ‘i %ftdnhse plﬁe&enat alkyl
invention has a | ow proportion oI ef | do

bORBL ot o done s 75078 slerBrapry fede BhaKehEnt,
eguak peeliecZaplpel gooflO&obly wedlkymer, nore pr eferably

| ess than or equal to 0.1 g per g of conb polyner.

This proportion can be determ ned according to DIN
53p4% apaeriduadbngsafect cafritdre obreaadt| cwviemltdem arthe

VWebaRt H&5iHNAl Wé@l 20,4 %%Q;%altnd%hlrt%duﬁﬁﬁch are
pressure faor 24 "hours. Appro riately, the conb ymer

ndGTRYGE r EpERL FhYESNCnh] @ﬁldar & Rsidvedlom anblﬁ}gll are
mathacey! aremand/mit Ir afetMaboy yhtacr yhat éeeight ratio of

Particul arl vanta eously, the 2 roportio f
bRl SR R S PREBRE Y Tate repeat
nmethaer yilsateranelfarly r am r=Haut yanger yifate: myo 1:9, more
D%E%%?Qi%?ﬂg?bét gegsg 50% by wei ght, nore pr_efer ably

a 0

east y wei ght, based on the total weight of
repeat units. 30 In a preferred nodification of the

ptﬁfeafm mﬁ@ﬂ&conpretf@%&@nb R EBleRY JaveHepetesent
units I C

of "V EPEAPTUnFBS CRAPCHOAEder At TRROrH ST o Ty Tt
preienablky ke rivedhet 3o rangecwd, Oahdt @cd@Utbyunied ghthich
DLE 8%%&%%8b%¥o%lto 2%: ng%?iQ@é; The weilght ratio of
styrene repeat units and n-butyl acrylate repeat units
is preferably in the range of 1:1 to 1:9, more

preferably 1:2 to 1:8.

In a further preferred feature of the present inven-
tion, the comb polymer preferably has repeat units
which are derived from methyl methacrylate and repeat
units which are derived from n-butyl methacrylate. The
weight ratio of methyl methacrylate repeat units and
n-butyl methacrylate repeat units is preferably in the
range of 1:1 to 0:100, more preferably 3:7 to 0:100.

The inventive comb polymer can preferably be used in a
lubricant o0il composition. A lubricant oil composition
comprises at least one lubricant oil.

The lubricant oils include especially mineral oils,

synthetic oils and natural oils.

Mineral oils are known per se and commercially avail-
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Sur pri sing advantages nmay be exhi bited especially by
200700449 26 conb pol yners which have repeat units
whi ch are derived fromalkyl (meth)acrylates having

11- grgon atons in the alLkyl radical.
%8528?. é?el y, the proporti o%gof repeat units which
eri.ved f t cryl [ t.0
Ségrbg‘rglgt éP@ﬁ Eﬁkaﬁﬁg Q}btal dd | Fré P}r&% gk%e%tl i or
rangéeofOlCl 1bYOd15%15>1a\Ne~|oglhtand/rmv erpfeﬁenablagndl @I@tlon-
19% by Aeicghaty ﬂ&f’fi’é‘éﬁi&r’:"éﬁdasfﬁ%ﬁtshqfngt he USSR the

i nvention, the conb pol ymer prefera Iéahas r epeat
UREES IHITaT Y eOléIerJi%JquJr%?n dy et 1 @ntR ¥ efést hlgher‘

_T_Bbﬁ.$lﬂ@:1 ;f&ra@:cqon@erdﬁ/f@rxﬁd@nw ﬁbl_?)éh:altftdlélcg Yirﬁtb@?neral
e | ratl Q [ene e uniLt.s .an u

BB lipG Bedeh otamee el SBER L AN Y H A0 C,
oprédfédrbbl: 91,1grhme tHan pBebécablat 15@0@ oP4:. 8.THen @roduc-

fHEBHer%ﬁreJt rtee qiollffeemca%fb Hﬂezb ecﬁiemof hale oil,
I nvent i e CO polynmer prerera as repea
uﬂ@ksngmfcrbﬁatrt@mdrecpwecroarlomcsnsﬁlelrﬂeatmm pépdatown coal

upits wWakeh,29oar e gerived from n-puyl %c?ér?atl'r&? of
weight ratio of styrene repeat units.and n-but

aet YYEEROREpedtT unPESWh s praferas y #ﬁkﬁwésﬁang%o%?rlble
1A&c¢>@diln§1yﬂorﬁln@f§ier@my Ihavép laSper@ihd aon their

further § rred %eature oft t he pr gsent |nven N1

t et eotb p ﬁ%@res ef EFSBCY ThEESr efdat it l‘?fmu c%Y e
abeamie}nedeaincﬁrbnmaarhlyydnethaboylsate and repeat units
whi ch are derived fromn-butyl nethacrylate. The

wei ght ratio of nethyl methacrylate repeat units and
300 ngsmeyla lret Aacthatarec triaieat surdtayn sbgiterepapgrahf in-

t@@seraﬁg%hQEe%lé th®: 10Bma®Ee fyRferal yig: td@e oils
100 e_inventive conb_pol yner can pref erably_ be

used FhRgret ubPitédnt oM (‘f’@ﬁ“ﬁ@gltﬁhc?n Kibr figiybase
CONPOSi bih 0Nr Sor €0BPE & SeBordet-ealsdivneot utiglely ®ranched

Theodpbrisant ol s.inel ude; esnecl i, m0BLaloRiLS:cycio-
alkanes. In addition, mlneral oils, depending on their
origin and finishing, have different fractions of
n-alkanes, isoalkanes having a low degree of branching,
known as mono-methyl-branched paraffins, and compounds
having heterocatoms, in particular O, N and/or S, to
which a degree of polar properties are attributed.
However, the assignment is difficult, since individual
alkane molecules may have both long-chain Dbranched
groups and cycloalkane radicals, and aromatic parts.
For the purposes of the present invention, the assign-
ment can be effected to DIN 51 378, for example. Polar

fractions can also be determined to ASTM D 2007.

The proportion of n-alkanes in preferred mineral oils
is less than 3% by weight, the fraction of 0-, N-
and/or S-containing compounds less than 6% by weight.
The fraction of the arocmatics and of the monc-methyl-
branched paraffins is generally in each case 1in the

range of 0 to 40% by weight. In one interesting aspect,
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M neral oils are known per se and commercially avai
200700449 27 able. They are generally obtained from
mneral oil or <crude oil by distillation and/or

;E&bghﬁgégnd option- ally fu gher purification and

processes, the tern1n1nera| oi I including
t | hi gh f
i RRELL Ciar LBFDLgher om0 G LERCLI NSO L illPein-

nb@eealadkane§ hinghierh t haave00genepaél gr abloyehi giemn 13,
tﬁ?@fépggi%ahm§%OQjEﬂ1 I@eaRkquﬁﬂ:tFQQfQ¥ably more than

ovv-terrper ture carbonization of e oil cok I Ng of

b? 9 AT cBhPmSdi SERE | 4theGH iom bPbwihasd CompPERds is

e@@h@ﬁapnyoﬁ @o . ANdyd §iec hygwg@ﬁabupnw@oz by weight,
nous or romn coal is |1kew se

0s

AECTTOR gt 97 VAR TGS, heRE —dbpend: ACanc ndipose

cwegmﬂlcﬂiéﬁerehtppeﬁpﬁrédommnﬁr&monﬂﬂuxommaﬂm$ 0.5 to

'b? 3 Jfleneat h%?{;ﬂ&%&?"”& <gt5 4 ge“fsr aly 3408 by
sfln i O 1% dr awn Ween ~par af Pas

rm@mwenpé aaghahemac ¢ facictdons 3n t@ua@ooublYS wegrght of

%é‘ﬁé@hz@%ése' nepbChofbe tgr mpar akfi pybageight of n-
fraction represents Ionger-chain or hi V branched 20

i sbark@anesdncdary GaphPhetti cP¥r F&LGT re r@@éﬁ%é IR Pnds,

&eaesinl Raatdiddan, ofl Rekaltidls, weegendblig tore tiidral
or%?in and finishing, have different fractions of

kanes, isoal kanes having a | ow degree of
branchi ng, known as nono- nethyl branched paraffins

%ﬂgnga/ or dsS %% h?‘é%@gcgﬁ‘a%ﬁ E‘Ef kEeHarrBiﬁJf-‘ﬁ‘I oils,

egre polar properties are
M FGburad. eﬂﬂﬂm by haeadsi g@ﬁeﬁpnvgnallpﬂaéumrocesses

sd e 'a@d'Uf@é’alsepélrlé%'l%rfmhﬁgmleﬁqdm BﬁY@mQQbBra hy on
| ong- chai n_branched roups and cy cloalkane radi cal s,

Hondfile pArre: 3 OFo@%ﬂﬂ?Hﬁnpﬁﬁ%s Lo 1O Nr ¢xahitti-
iﬁu@ﬂﬁ$pnthéhpeaeéngﬂgeﬁemblaamnbetefEa@tadmba RDIN gL of

}‘é fcw - £xa Pola% fiactlgns can al so be
é%eﬁ%% ed" 1o ?Eﬁ%ﬁ%f% 07+~ The® pi oportion of n-al kanes

im- gl lefrees et v merappodks 18 to 31 carbon atoms:
0.7-1.0%,

slightly branched alkanes having 18 to 31 carbon atoms:
1.0-8.0%,

aromatics having 14 to 32 carbon atoms:

0.4-10.7%,

iso- and cycloalkanes having 20 to 32 carbon atoms:
60.7-82.4%,

polar compounds:

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

An improved class of mineral oils (reduced sulphur
content, reduced nitrogen content, higher viscosity
index, lower pour point) results from hydrogen treat-
ment of the mineral oils (hydroisomerization, hydro-

cracking, hydrotreatment, hydrofinishing). In the
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35 is less than 3% by weight, the fraction of 0-, N
and/ or S-containi ng conpounds | ess than 6% by wei ght.
The fraction of the aromatics and of the nono-nethyl -

ARBEO8H4B7C 5 40% by el oni 2P one interesting

aspect, 200700449 28 m ner.al oil_ conpri se Lnly :
ng ﬁ?ﬁ%ﬁ?coén ySéPgFPanﬁﬁﬁké*%‘?§H2§J®§iéﬁﬂﬁggi aromatic
geompaheytaoardt hanlds, uppnepbiabhycnopaprhants8 and

nost preferably nore than 20 carbon atons. The
fraction of these conpounds is 5 generally ? 60% by

iR GHeblpr efefnat 2oB0%i? wERPGRED W t anRplysis of
iRigathon dihat 4 sashawid bapas@ezalr estrd civhoBh Aave a
preferred mneral oi] contain 30% by meiggg in

% 0.% to
of15FBRBEF ¢ FFWAT PO 1530 BB, TP i giAT of =A™
naphthent ¢ fEacytboseddd tof 80vhbdyswel ght @iedOstry, 5th

fin-b ' %o, [ f.nr
DBGEL LA DS LR S0 V0, 8c BN DO e

besedu¢hséach case on the total weight of the minera

oil. 15 An analysis of particularly preferred mnera
oils, which was effected by nmeans of conventjona
pPHeERSEEC s@Ehs aslifbidSepaF SR Rbh aPRtFTui gfor example

?@_’lﬁ?ﬂ@é@gr mt 1 yeldtledd ,gebo15R0WS 1 eher @xlgxﬂmg, thel y-

ol 1 OWM ng con - tuents, the percentages re atj ng to.

L REPEET ol SVBF BRE 61 TV36 CFRE BRI | GOEREA Wk o B e Fins,

usiech g n-val kanep reefeimegrcappriex. gilgetho 8d qavlbonl@dtambefins

0, dx % si4 r.anch al ' 8

AT an ot Y. 0 50, BREF AP AC G0 3y, e

caddbhiatonsit Os4-HBETHle o ande cyinddlkdifesPras mytls

g%r%giﬁ%t%gﬁb%o% 0f5s +60.7182:4%che))ar &85PouRds]iquid
(CTL] or Biomass to ligquid (BTL) processes. They are
usually somewhat more expensive than the mineral oils,

but have advantages with regard to their performance.

Natural oils are animal or vegetable oils, for example

neatsfoot oils or jojoba oils.

The base o0ils for lubricant oil formulations are
divided into groups according to API (American
Petroleum Institute). Mineral oils are divided into
group I (non-hydrogen-treated) and, depending on the
degree of saturation, sulphur content and viscosity
index, into groups III and III (both hydrogen-treated).
PAOs correspond to groups IV. All other base oils are

encompassed in group V.

These lubricant oils may also be used as mixtures and

are in many cases commercially available.

The concentration of the comb polymer in the lubricant
oil composition is preferably in the range of 0.1 to
40% by weight, more preferably in the range of 0.2-20%
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|l oss: 6.9-19.4% An inproved class of mneral oils
(reduced sul phur 35 content, reduced nitrogen
content, higher viscosity index, |ower pour point)

Eﬁég?haégﬁgnjhydrogen treat-3aent_of the mneral oils

rization, hydro- Cracking, hydrotreatnent,

A 9SG - LB B 0200790449, 29, presence o o.5-103

r ge t hi's” essentiall es arom
cbyp@ﬁenﬂﬁnanﬁabﬂdl@g dﬁuhaphtﬁénH@ebﬁﬁwoﬂénﬂéﬁf composi-
Vak yable information with regard to the analysis of 5
mneral oils and a list of mneral oils which have a
di fferent conposition can be found, for exanple, in

Urhmanpis tBreycl ppeditacof 4 pddshehsal ofben somporits, a
Eflélon on CI>£§»A 19976 Fder "l ubricants and relgteglh

prBatttant 10°8ynt hetTRO3T FE°Tncl Ud€ or gAAYE 88t ersirtner
f addexanpke Pdiegstrercsl anitlipolyestrayg, bpolbeddd/| especially

QEMCO'S 885¥ Q&%Qﬁéf%ynyEgﬁ&l%ﬁﬂ%ﬂjﬁggrﬁggﬁng 1 to 30

espeC|a y pol referenc
gfeehono pobpasl phaol efiqis abcoPAbs) Iroiup coRAME) I s apese

peafl vovoal kyl s gLhess. Inpraddify@pyibisi s POSSELsdrs,
use synthetic base oils originating fromgas to

| FYEPEIRETE) , coaﬁeﬁ%am?ﬁ%id (CTRFTRF 1P omassiplptbitors,
| dAvi dx{ &Ikt spr ogeasges erﬂey:ta.m usial laxtssmwhasressure
ensi ve than t 0|Is 20 but

nor. Q ave
IS EEREE T e eldlls o) B donbtnEfprguers
oilhsrar epanfaabbdy vegekdbl ernoi Isplfarkekanpheth) acrylate

Iu€%|c Otlgk+§ b J?é?@@n°'iébmg5:ﬂhet gseaQEbﬁoiorgroup

formul'ations are divided into groups
azedfdr ngved- APl (American Petroleum Institute).
M neral oils are divided into group

(non- hydrogen-treated) and, depending on the degre
of st 1%, SBPphtHOThrR2ht gPeessity©s6 | %l‘é%(lled
i mépe gr agpselllll aandHd | ifbehhihydeogenpongateed),. may also

be present in mixtures with conventional VI improvers.
These include especially hydrogenated styrene-diene
copolymers (HSDs, US 4 116 917, US 3 772 196 and US 4
788 316 to Shell 0il Company), especially based on
butadiene and isoprene, and also olefin copolymers
(OCPs, K. Marsden: "Literature Review of OCP Viscosity
Modifiers", Lubrication Science 1 (1988), 265), espe-
cially of the poly(ethylene-co-propylene) type, which
may often also be present in N/O-functional form with
dispersing action, or PAMAs, which are usually present
in N-functional form with advantageous additive proper-
ties (boosters) as dispersants, wear protection
additives and/or friction modifiers (DE 1 520 696 to
R&hm and Haas, WO 2006/007934 to RohMax Additives).

Compilations of VI improvers and pour point improvers
for lubricant oils, especially motor oils, are
detailed, for example, in T. Mang, W. Dresel (eds.):
"Lubricants and Lubrication”, Wiley-VCH, Weinheim 2001:
R. M. Mortier, S. T. Orszulik (eds.): "Chemistry and
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PACs correspond to groups IV. Al other base oils are
enconpassed in group V. These lubricant oils may al so
be used as mi xtures and 35 are in nany cases

c LalLly avail able. The ncentration of the conb
pgﬁHﬁ§§42h the lubricant oi QConposition 'S

p er f Qb to A0%hy wei e
p?g @%gﬁkéy.n %Ee riﬁ%gl% 52120% 449 %&%?ﬁﬁgg &
werghesahdnabst Lurefary abP92i n arthedr aBgetof O 2Bld0%vepyLfir

“@bgﬁﬁergééggeen theptotal -welghy of tRe, CONPOSLMalmsheim

tion. 5 difion to the aforefenti oned conponents,
a19P@br|cant oi | conposition nmay conprise further
additives. Preferred additives may be based especially

[ lLyal kyl th | at 11 .
B snphf ahe "R R ant Snd it NP ety deri-
addttﬁaes i@C@Ude&lyaﬁEbbmwﬁSeﬁd)swecsanmsdes (PIBSIs);
%ﬁ{gg?ﬁ ?rgsgeéﬂgréi%g%é?é' 95! h”ﬁ Bi %Bhéuonalltles

pro on an rene pressure
addltlves friction nodifiers), pour poi nt i nprovers

(fRLe Fb’reefieéﬂkéd/ baged 02 Rl yaLKMhu&QEt mecs ¥l dd e dPning
having 1 to 30 carbon atons in the al cohol group)

aReffRruyes. HOF a@dRTPOR, RIS Tanfadirylates; thio-

Cplﬂ@@@hcbm@ﬂés det asb@dlam@pe tas ol dopds St ridveadt | vighio-
e _pr

nt t
R BSAREf oi Ph PR E0aPEs P TR A (e HnS° carbo-
especs al By hyeragenateedsst wm@u@ecowpalsysmspeually

( 3 96 US 1
ShelT AT A Epbcral 1Y basad on SR aa ane aid °

i $BPH e@éef%m@lbb]/sbn oheftratopdl Wérbagsd( Eopg. K.

Marsden: "Literature Review of OCP V'SCOSIty

Modi fiers”, Lubrication Science 1 (1988),

GhI 153BFL R hol VPERRFFENe 2EC6- prac%ﬂ ]t pe d%ﬁ%??rs'

matyi et t earal sarbe xpaegentcajsraasl\l/ Qi f uhgdd onalntfoor W idone-
dl%p EA{] a% %Qn$iflcoﬁé tee I&é%ogﬁ%r%§uakhg Rg f%gne—
containing defoamers include linear poly(dimethylsilo-
xane) and cyclic poly(dimethylsiloxane). The silicone-
free defoamers which may be used are in many cases
polyethers, for example poly(ethylene glycol) or
tributyl phosphate.

In a particular embodiment, the inventive lubricant oil
compositions may comprise corrosion inhibitors. These
are in many cases divided into antirust additives and
metal passivators/deactivators. The antirust additives
used may, inter alia, be sulphonates, for example
petroleumsulphonates or (in many case overbased)
synthetic alkylbenzenesulphonates, e.g. dinonylnaphth-
enesulphonates; carboxylic acid derivatives, for
example lanolin (wool fat), oxidized paraffins, zinc
naphthenates, alkylated succinic acids, 4-nonylphenoxy-
acetic acid, amides and imides (N~acylsarcosine,
imidazoline derivatives); amine—-neutralized mono- and

dialkyl phosphates; morpholine, dicyclohexylamine or



10

15

20

25

30

35

30 in N-functional formw th advantageous additive
proper- ties (boosters) as dispersants, wear
protection additives and/or friction nodifiers (DE 1
25@ ?$€ % Rohm and Haas, 2006/ 007934 t o RohMax

P (3 § 35 Cbnpilations VI inprovers and pour

P overs Iubrlca 0|Is especi a
(i%r h%rlrﬂg{a%%?%l I eqfh? or &t e P apﬁ\?a JA%%C@lvators
[Imemd¢ea@nﬁOtfﬂﬂmﬁmﬂant@l&heraboleaHZﬁMercaptobenzo—

VWi n | 0 i r
0] szu?é/%_'( ed m izt rf_)y%z:llrlﬁé4 é\%{?tt(éoil@ 31 “thiadiazole;
ﬁécﬂﬁnn%@aylmy mm@%ﬁlmlen@ih@m@emadem'@ 'gdisalicyli-

P&&{@éﬁwﬁéne&pMme 1992inOrdda1 Baréizinl %ﬁbéﬁl@téw and

Schn1erstoffe" ert-Verlag, Renningen- mshei m
1Ggut k ?Qﬁﬁ?%ﬁg AR EHR_r sant s |nclude

poly(lsobutylene) deri - vatives,
butylen ) succj ni_m des PIBSI
Q?hy‘ﬁhg“%%oéylgﬁéﬁﬁ |ggner§ w%?h iﬁ%&?u ?lonalf%les of
10 tThhex pdaites r e get engeps dandlsudenmitide, cobtai ixagple,
&ﬁ{@&ﬂw épregéﬁgmeegp%eaqwt@%hﬁ%%glgxe%qs (4,¥-%rB),
osphonat'es, especi hi opyr ophos ates, thio-
cmﬁ“sqﬂmﬁfsﬂ E’s‘lﬁ)phone& és”ddrrdcecrér‘%ltyl“
rlmtrﬁtlhﬁsprr@{@i S, these g@{b&w@%ﬁoﬁmm @—oqs&%qatalﬂwtyl—
cal ci um magnesi,um and bari um ese. conmpoun
S STRE pr efBPRBEY AT or OVERBASLAVT of ALIGRted
pobi i gt lem i i 8 e - pateen yaldkell tri agoted H yl adefroamefENA ) whipelly -
U D "any Ea&?fm%@{g%?hg&%g 8%& gne- Tg@_&qomc%nw Jhds
and s7licohe-free aner<. " The SI I'coné ¢ont ai ni ng
defrdangrisnd nehdgaulri nead pdlogiamishy| Solko-examel)e ametal

Qi’lcdﬂfo;ﬁ%ébr(éjdé?t hyl %' I 0%?&88) dithe Shhd &one-ed regnpre),

def oamers whi ch may be used are in nmany cases
pdlQret hekesten” exaﬁ%F%tbePyPéPHyFEﬁeoélW&&?FQBhO%E?OflC
tardlbﬂtybuphospmwvawda pROdH Il apoedabodi femh, thefins,
i nv nt|v (ﬁﬁrlcant 0|I co posi tions .na coanhs%
, ybutene,

Cé/i,(i, o§e @[I"b? "t OIDSOI' ene, a-pin

acrylic esters, maleic esters (ashless on combustion);
organosulphur compounds, for example dialkyl sulphides,
diaryl sulphides, polysulphides, modified thiols, thio-
phene derivatives, xanthates, thioglycols, thio-
aldehydes, sulphur-containing carboxylic acids; hetero-
cyclic sulphur/nitrogen compounds, especially dialkyl-
dimercaptothiadiazoles, 2-mercaptobenzimidazoles; zinc
and methylene bis(dialkyldithiocarbamate); organophos-
phorus compounds, for example triaryl and trialkyl
phosphites; organocopper compounds and overbased
calcium- and magnesium~based phenolates and salicy-

lates.

The preferred antiwear (AW) and extreme pressure (EP)
additives include phosphorus compounds, for example
trialkyl phosphates, triaryl phosphates, e.g. tricresyl
phosphate, amine-neutralized mono- and dialkyl
phosphates, ethoxylated mono- and dialkyl phosphates,

phosphites, phosphonates, phosphines; compounds
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are in many cases divided into antirust additives and
30 netal passivators/deactivators. The antirust
additives wused nmay, inter alia, be sul phonates, for

eégggggéégetroleunsulphonate§30r (in many case

synthetic alkylbenzenesulphonates, e.g.
th- I n xyl a
SLBRCHRSEN! ey SORSY, DTSR SEBENDY A Afhdole metan
oﬁmhzeghpaphﬁteﬁs ezinc znacphﬁhem@hkybdkmia@@d%phates
SWEED@PQ aci damofiRany lBhengxyi @e&idHe fHLhe &M A8St imony

i mdes (N-acyl sarcosi ne, I m dazol i ne

d@%?\lfﬁt’wé§§llOQﬁPﬁEhﬁE9§r al PoeybABRBT ghepl ]éb(]éﬁkVPmPhOS"
Dbﬁ§@é§t eseaaoa@bqlwyna,lt%ll@mlo@wle@m Ny AOH44D"
et hanol a assb rs/.deactivators,

32 . The
en G Ban TSt o Gy y PR S E S bBeR et bhanggti th
thtazmheeddmﬁhkmk}2b6ndsnﬂhﬂmptoiéfané t hiadli greitegdiene,

N, Mpdi-galit cxbi de &egmxhsne%s&}gﬁ x{l\%ﬁ op%c‘?%%gi Cyel,éte s,

denepropylenedl ani'n ZI Rt es an
dral Ryt di eBtecsr banﬁtre;@heﬂyfhmqﬁ@homoéﬁwmegr OuprRAT) ;

agghﬁbﬂﬁés'%oh@@ﬁn@ﬁg @@lﬁﬁﬁfkﬁﬁé nIH?o@QB'O@dyﬂgﬁhmple

i ncl ude, for exanple, henol s, for exanmpl e

22504 - Pt Byt Iﬁﬂﬁﬁﬂo?%F@@Tﬂﬁﬁ bQFyHﬂQﬁﬁylenebls(dl‘

Zﬂdb@ﬁy;OHQQMFO@BHEhma%eﬁ Flsﬁﬁﬁmugugwgpoundslfonﬁalnlng
- et eno net hy IS I -tert tyl-
SRR BLC O Rttt - EASY SRERLEN By Relie bl i darbons
di@héagb@nyhese,h+¢¢mp@me]rna@m&phmzuneme(g%y@erxméy and
]%EPP 'Caglg 4eg£ég§thy %%UI@Qﬁghhorues' chlorine

conmpounds ™~ contai ni ng sul p ur and S

eSARPPEN Gt AT dﬂﬂﬁﬁﬁbhé§§ﬁaté§ @r@Phktﬁc or mOlybdenum
dii b pphogphates (ZnDTP), "OOCS triesters" = reaction
products of dithiophosphoric acid with activated

doubl e bonds from ol efins, 20 cycl opent adi ene,
nmrhhnnadhen@we&fnhmehegr@@kybuﬁenaddlamvghiclgstmﬁam of

TBLELE U SR (ANLESS 14 COUBUSLLAN) g OEIRDOSULBIT sy
xanple di-al suP
smcpﬁw@%s m@@ﬂl@/lsud;@hmesacnwefu @@mphuoldg, tlfOGf- phemple

desd yiddd ves. axantpates, U QA MeO! $inthiQing fluorinated
graphite), poly(trifluoroethylene), polyamide, poly-
imide; compounds which form adsorption layers, for
example long-chain carboxylic acids, fatty acid esters,
ethers, alcohols, amines, amides, imides; compounds
which form layers through tribochemical reactions, for
example saturated fatty acids, phosphoric acid and
thiophosphoric esters, xanthogenates, sulphurized fatty
acids; compounds which form polymer-like layers, for
example ethoxylated dicarboxylic acid partial esters,
dialkyl phthalates, methacrylates, unsaturated fatty
acids, sulphurized olefins or organometallic compounds,
for example molybdenum compounds (molybdenum dithio-
phosphates and molybdenum dithiocarbamates MoDTC) and
their combinations with ZnDTPs, copper—-containing

organic compounds.
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25 al dehydes, sul phur-containi ng carboxylic acids;
hetero- cyclic sul phur/nitrogen conpounds, especially
di al kyl - di mer capt ot hi adi azol es,

2- t gbenzi m dazol es; and met hyl ene bis(dia
k§5§5§ﬁ86§arbanate) organopﬁ%s- phorus conpounds, for

l et I dt l, K h h t
P B RoGEpIET SETBUHIL He SVbPRASoH  Scars: LGy mulei-
mayaesiumebasesl. pheridl Bt es cand esampdye- Iasesprimerlly an
peetenced apldvease (2ih @Qtfé&ée?%gmrsd@%ave% but
a e

rtirves inc phosphorus conp for exanple
t al aPkyRsplidepiEtamacter a0l | aphasphardsang. gnd "Corrosion

trheissybr PREsphaheradnNpAgshedtbal/hzadtimAesrand
di al kyl phosphat es, ethoxyl ated nono- and di al kyl

phosphat es, phosphites, phosphonates, phosphi nes;
CORP O Ui 2DBFH 04 33 e ORtbaividl NG reul phecrabdd in more

pho rus or. ex nple netal thlop te e )
zgﬁgg 12ﬁngFﬁylalﬁﬁlophosphates Zn%gP f%Séi S')’
dfhukyidanh$ophdsbh@t@gatannﬂmomyley VCH, Welnhelm 2001

di al kyl hosphat es en [ lkyl S
el 1 604 POBRCSBrck o FOLIDECT YN 1YL 4010095 anc
tT?@%@@i@gY—Ofrbﬁ%?i@ﬁnb?oducts of dlthlophosphorlc

acid with activated doubl e bonds from ol efi ns,
g%?%?gg?% tgpgr1Cﬁ§EgE§52§%%§§§s1t18$§eﬂavep°'yt&%éﬁ?ﬂty,
tméphenyd phasplodrottv oasTe OTPRY) ; it0 dWompoangs of 10 to

coRARG UL AU DB, | oA e 22 o

anyl” di t hiocar erneb
di ® i mearshamdihe) ; kéokephtn cconpecnds tyonKdioni ngeasured  at

ei@@E@t§E ?9%@@95b§ da%Q§é%§ﬂﬂB”5%ﬁ@/@yd&Qﬁ%T@%EEerably

di 1 sobutyl ene, terpene); sul phurized yceri des an
1%tfaﬂ€95 Ci b -s Bl {5 o@%¥ba§@8”éulBﬁ@%ﬁf@?}ych@§n|ﬂ$a5t
comporidss .or solids such as graphite or nol ybdenum
di sul phide. A further preferred group of additives is
that of 20 friction nodifiers. The friction nodifiers
ubed amyparhttutlernmeebarictal by adthieve romssounds,nfartion,

%ﬁ%&%fred lubricant o0il compositions have a viscosity
index determined to ASTM D 2270 in the range of 100 to
400, more preferably in the range of 150 to 350 and
most preferably in the range of 175 to 275.

Lubricant oil compositions which are additionally of
particular interest are those which have a high-
temperature high-shear viscosity HTHS measured at 150°C
of at least 2.4 mPas, more preferably at 1least 2.6
mPas. The high-temperature high-shear viscosity HTHS
measured at 100°C is preferably at most 10 mPas, more
preferably at most 7 mPas and most preferably at most 5
mPas. The difference between the high-temperature high-
shear viscosities HTHS measured at 100°C and 150°C,
HTHS100—HTHS15¢0, 1s preferably at most 4 mPas, more
preferably at most 3.3 mPas and most preferably at most
2.5 mPas. The ratio of high-temperature high-shear
viscosity at 100°C HTHSi1o0 to high-temperature high-
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nmol ybdenum di sul phi de, graphite (including fluorinated
graphite), poly(trifluoroethylene), polyam de, poly-
i m de; conpounds which form adsorption |ayers, for 25

e l.e 1 ang-chai n carboxylig.acids, fatty acid
eé$559644§thers, al cohol s, amnes, am des, im des;

copmpounds. which forml bs t h tr :
Eg |onslSFOSlggxang}eﬁégtgrap&gggﬁft thg Vh%ﬁémo, S
ppcsﬁhoabdyacﬁd mndtt&u&mhmsphomnﬁﬁﬁm&hky at most 1.9.
h A i f 3 o) n
ween e%f*?‘%é?é et T o e oa bty Y A A L OPRINGSn e
efRa8RyFafedtditbar B@Wllp@laéu GepRETRANLEs ter $STMILAIOR -
pht hal at es, nethacrylates unsaturated fatty acids,

sul phuri zed oIefJns or 0 nonet al I i ¢ _conmpounds, or
eXAnpPR AFRARRMY At %diﬁﬁnngffmﬁse% shear
pbosphates andeﬁolyﬁﬂenumdﬁASmeﬂﬁ$ﬁﬁmR@£ Nb DTiE) t aaslound

thelLr +£9 ZnDIPs o r t n

?63% ceggng%ﬁhgﬂf %%%?BBE E oﬁ§§o%8gﬁe%@%h %nﬁdequal
detai Bed ahove rm;eﬁeutefbly mﬂletss plherf upat i @qgaIZnDtFP 20.
fﬁ&vSﬁ@HgESush n@”'dﬂ531 pdliyeare addbti Ve #dricant

extrene pressu ditive, but al so has the character
oPlénCQﬁleékFélQﬁﬁ afﬁldc@owﬁ Gh PERAHIHT 1R TheteaLILity

rrghalexpa(wg\mt owdbdcmct lsqaeqr) oTh@;l/@ﬁ@Iin,t b‘fe%l deiadi egump
above are descri bed det ai nter alia

RS onc Reee P Loy oRh 2 T TR aart Brrably
Wit eyioWEHL . Wi nhei m 2001; 10 R M Mortier, S. T.
Orszulik (eds.): "Chem stry and Technology of
Lubricants". Preferred | ubricant oil osi tions have
aThesEosit yavingadwoapaaedsto t@%ﬁhﬂ\/l@ NGq) Pfgor oil

rapge10f )10 43 155420; ym BLsscRABES p&%ﬁ%&amdéﬂﬂb1§@ is
range of 22 to 100 nm 2/s. The kinematic viscosit

OrHEASHr 8 AUTOPE0ESIS THrdfe i ai]F g eta%tt%s% Ty hod
2¢sc mpra-prefer @hlar caded-emaiz 5M61 IMBhe larktamsty Test";

péEEeLa%d% &1n§%1ng éﬁg%éggg/ébu%gil for Development of
Performance Tests for Transportation Fuels, Lubricants
and Other Fluids). More recent results (K. Hedrich,
M. A. Mueller, M. Fischer: "Evaluation of Ashless,
Phosphorus Free and Low Sulfur Polymeric Additives that
Improve the Performance of Fuel Efficient Engine 0ils”
in Conference Proceedings of the International
Tribology Conference (ITC 2005) at Kobe/Japan;
K. Hedrich, G. Renner: "New Challenge of VI Improver
for Next Generation Engine 0Oils" in Conference
Proceedings of the International Tribology Conference
(ITC 2000) at Nagasaki/Japan) show that another test
method ("RohMax test") can also afford comparable
results. Here, not a 2.0 L gasoline engine but rather a
1.9 L diesel engine (81 kW at 4150 rpm) is wused. The
setup of this engine corresponds essentially to the
setup described in the test method CEC L-78-T-99
("Volkswagen Turbocharged DI Diesel Piston Cleanliness
and Ring Sticking Evaluation"). Exact maintenance of

the o0il temperature according to CEC L-54-T-96 necessi-



In a particular aspect of the present invention,
preferred lubricant oil conpositions have a viscosity
i ndex determned to ASTM D 2270 in the range of 100 to

4 re_preferably in the nge of 150 to 350 and
2289%§B4g?eferably in the ragge of 175 to 275.
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3 " east as, nore preferably at |east 2.6
%§£ Tﬁgéhgéhf§éﬁgg§ature hi gh- shear viscosity HTHS

neasured at 100C is preferably at nost 10 nPas, nore

preferably at nost 7 nPas and nost preferably at nost

5 nPas. The difference between the high-tenperature

hi gh 35 shear viscosities HTHS neasured at 100C and

150C, HTHSlpo-HTHS150, is preferably at nost 4 nPas,

nore preferably at nost 3.3 nPas and nost preferably

at nost 2.5 nPas. The ratio of high-tenperature

hi gh-shear viscosity at 100C HTHS130 to

hi gh-t enperature hi gh 200700449 35 shear viscosity at

150C HTHS150, HTHS100/ HTHS1SO, is preferably at nost

2.0, nore preferably at nost 1.9. The

hi gh-t enperat ure hi gh-shear viscosity HTHS can be

neasured at the particular tenperature to ASTM D4683.

5 1n an appropriate nodification, the permanent shear

stability index (PSSI) to ASTM D2603 Ref. B

(ultrasound treatnent for 12.5 mnutes) may be | ess

than or equal to 35, nore preferably |less than or

equal to 20. 10 Advantageously, it is also possible to

obtain lubricant oil conpositions which have a

per manent shear stability index (PSSI) to DIN 51381

(30 cycles of a Bosch punp) of at nost 5, preferably

at nost 2 and nost preferably at nost 1. 15 The fuel

saving (conpared to 15W40 reference notor oi



RL 191) for use in passenger notor vehicles is

determ ned in Europe generally according to test

nmet hod CEC L-54-T-96 ("Mercedes-Benz M| Fuel

E ; 20 CEC = Coordi,nati ng European Counci
ggeg@§é§§pnent of Performance Tests for

Transportation Fuels, Lubricants and O her Fl uids)

More recent results (K. Hedrich, M A Mieller, M

Fi scher: "Eval uati oPE®fL-A4hle88, PhoSRekMar tRstd asthg a
Low Sul fur Pol ynpije-AddLLAM4ES M&Ei‘t 2&&5’%@8&&1@% to CEC
Perf ormance of Fuel Efficient Engine

Conf er ence ProceBgehdicasormyhges ernatlonaF‘7?rF58?ogy
Conference (ITC 2005) at Kobe/Japan; K Hbdrlch G
Renner: "New Chal | enge of VI_ | nprover %

GRS i on Englwlt?écﬁd%?&?lhz Gorff &r encd©3 SW%@C‘beldl ngsTP?
of the Internatd analinderbpol gy 1Canf erlengeindd i 2066¢1

at Nagasaki / Japan) show that another test nethod
("RohMax test") can also afford conparable results.
Heregrazot a 2.0 B gawol ¢nelengifnédbuteqaadser aut-iofgtown

di esel engine (8L kWal 415Q ¢ E“lobssé&%@s 15853 on the
setup of this engine corresponds essentially to the

setup descri bed |?F%4ﬁ9r9é§ﬁdn%ﬁ?ﬂﬁfaeE@VEG7$VC#999 MVEG =

(" Vol kswagen Tur bochargsgh Divehiesel et sions Ceand)i ness
and Ring Sticking Evaluation"). Exact nmintenance of

the oil tenperature according to CEC L-54-T-96 necessi
200700449 36 tates additi arsal toweol ¢ngld mtt he°set up.

o R b v tost” are 2E FEMP oM D57 d0420 37 CEC
L- 54-T-96 "RobMax test" usindgtavwn(cwbrecededdSBenz M1 |

setup according to CEC Byel,Econpmiydestay dg<é8-T-99
Engi ne Mercedes-Benz 2.0 L Vol kswagen 1.9 L TDI 4

cylinders; gasoline 4 cylinders; diesel Program3
tmm@bemﬁ)f dk@raseconds + oulcDE - RAVONEr i Vidighetiyel € of

of 409, se5nds (baged op, e,

point measurements in
consumption grams/kWh (average
over several measure-
ments); both in the
town cycles and in the
out-of-town cycle;
overall cycle calcu-

lated [grams]

0il change with engine running with engine station-
(amount of oil ary, flushing twice
required 80 L) (amount of oil

required 15 L)

After the tests on test benches as described above, the
real fuel consumption in the vehicle 1is determined
typically in the form of field tests, for example using
a taxi fleet of 10 vehicles which travel at a defined
number of km (e.g. 10 000 km) over a defined period

{e.g. 6 months).
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standar di zed European MVEG cycles; MEG = Mt or
Vehicle Em ssions Goup) Gl Ist town cycle at 20C
tenperature 2nd town cycle at 33C 3rd town cycle at

7 town cycle at 88 Det er mi nati on Over al
g@bzgéf Eng sequence of C‘B?he fuel neasured [grans]

Pl at S £ tvser{tr‘lonCO”S)“ﬂp ﬂﬁﬁé&‘%é ayera Stall
over evera neasure- nent's h own cyc
ahdreanefeerowtitof -tolwroyes eto ewemalliescywide @@mmratlve
| akefloh g5l « &b tcaﬁggenwetne RR0TNE ¢ UM DM E Y impose
englne station- (amount of oil ary, flushing tw ce
reqtfFEEigDIPR- (anpunt of oil required 15 L) After

the tests on test benches as described above, the

r eal uel co?su tion in the vehicle is determned 5
t Sj o Stests, for exanple

using a taxi fleet of 10 vehicles which travel at a

e SR N T T R i e

|nvent|on wll be illustrated in detail her ei nafter
Wit h geference &Qm{s}seg@hes and_ ﬁe@mareiéy}e a%a@feélslon
mnthout any Intention that this should inpose

rés2 P cEPbAe 5iyitaeses éfllttﬁél&éfnbc%lf%‘eré’l@aﬁpl%%o g

Jmmt@renefcwnamtuye Branyesmdl teuda0 wii@ppaicidtfers
risin 4-neck flask and reC| i.on glasss%agr%

SEr erar g FRreRaH y Wharged R

Table 1, and a 400 g mixture of Shell Risella 907 gas
0oil and 35 g of 100N oil (65%/35%). After heating to
115°C under nitrogen, 1.2 g of 2,2-bis-tert-butyl-
peroxybutane are added and the temperature is
maintained. 3 h and 6 h after the first addition of
initiator, another 1.2 g of 2,2~-bis~-tert-
butylperoxybutane 1is supplied in each <case and the
mixture is stirred at 115°C overnight. The next day,
the mixture 1is diluted from 60% to 40% solids with
500 g of 150N o0il. 1500 g of a 40% solution of comb

polymer in mineral oil are obtained.
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m xture of a m xture of
and macr onononer whose conposition is stated in
and a 400 g m xture of Shel

1,

A6l

10CN oi |

ni trogen,

(659% 359
1.2 go

Tab

| ow nol ecul ar wei ght nononers

| e

Ri sella 907 gas 15 oi
After heating to

2,2-bis-tert-butyl -

ﬁgrqﬁ%bﬁtane are added and the tenperature is
% ined. 3 h and 6 h after the first addition of

initiator,

anot her

1.2 g of 2,2-bis-tert 20

butylperoxyk
mxture is s
the m xture

yut ane,
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Example 6

320602
hPBDwmasgoo

42

D08
nBMA

18

Sty
40

5218

i
MMA

0

ZU.

4 o.

40.8

Y, o9

18.

4 | 40.

Comparative

Example 1

hPBDwuasoo
42 .0

nBMA
12.0

Sty
3

LMA
43

41

12

44

Comparative

Example 2

hPBDuussoo
20.0

nBMA
20.0

MMA
15

LMA
45

18.

20.

4115.3

45.

Comparative

hPBDumasgoo
20.0

Example 3

nBMA
20.0

MMA

LMA
52

18.

20.

4

53

In Table 1:
hPBDwussgoo

nBMA:
Sty:
LMA:

MMA :

hydrogenated

CrayValley

T

(Par

polybutadiene

is)

with My

from

4800 g/mol,

-25°C and fwmy in the range of 90-95%

(macromonomer)

n-butyl methacrylate

styrene

alkyl methacrylate mixture having 12 to

14 carbon atoms in the alcohol radicals

methyl methacrylate

The macromonomer functionality fww of the macromonomer

was derived from the GPC curves of the comb polymers

themselves,

as detailed in WO 2007/025837.



In Table 1: 5 hPBDMV800: hydrogenated pol ybut adi ene
from CrayValley (Paris) with M = 4800 g/nol, TM=
-25C and fMMin the range of 90-95% (nacronononer)
n . n-butyl methacrylate Sty: styrene LMA: al kyl
n55%285§?§te m xt ure havi ng % to 14 Zarbon at ons i%
t al ¢ hoI rad|cal yl T
TGP MGG A R I DHaT | F901 RS S TRl Sheir Aot BDI
wusrderdQMEKMIMﬂdilby GReapar v&s @ECbhea@ontﬂpﬁLVﬁtrsn WO
tgg$§9b§g§37as detailed in WO 2007/025837. 200700449

he nol ecul ar wei ghts and the pol ydi spersity index
PDI were determ ned by neans of GPC, as detailed in
WL 120807/ 025887nuddfable 1 (continued) Mv [g/nol] PDI

fbranch Exanple 1 191 000 3.5 1.0% Exanple 2 325 000
4.2 0.8% Exanple 3 352 000 3.7 0.5% Exanple 4312

D00 3.5 0.4% Exanple 5 374MQ0Qy /40310 4@6P5xanple Gpranch

193 000 4.0 1.6% Conpar ati|ve a e 1 2. 9% o
nnparativvl%ﬁﬁuyleng 662 OOdEé BBé 8% C§. eative 0

ar At
ay 1T veo
C(

Exanpl e 325691000 5.1 0.9% Beal aaoi on of bnb 0.8%

4t
pol yners §§é )./B CN{ZO.deE:gi .&bth Dlne gﬁag? bﬂﬁ%%
T TrCour triry UlTo lJUI et
f

g—¢
additivegbwaméecharacterlzed31@y0ﬁ©ans of 3pBasul emeht4$
of the k4£ggﬁglc vi scositijes ;545,84 4OC aggiloou (%yﬁo

el I/\ldr\ I\II NAAL

ant—KVY1I06)—t o ASHHBA45,—y neans of —theCCSvrscostty
deternlnéﬂﬁmmﬂAS$M D5292 and 1§y 000 4.0 1.6%
Comparative Example 1 2.9%
Comparative Example 2 662 000 6.7 0.8%
Comparative Example 3 599 000 5.1 0.9%

Evaluation of the comb polymers

A) In OW-20 base o0il with DI package based on API

group I/III oil:

The resulting comb polymer additives were characterized
by means of measurements of the kinematic viscosities
at 40°C and 100°C (KV4 and KVige) to ASTM D445, by means
of the CCS viscosity determined to ASTM D5292 and by
means of the high-temperature high-shear viscosity
HTHS190 measured at 100°C to ASTM D4683, of a solution
of high-temperature high-shear viscosity HTHSi50 = 2.6
mPas set at 150°C (ASTM D 4683) in a DI package-
containing OW-20 base oil (KV40 = 23.45 mm®/s, KV100 =
4.92 mm*/s, VI = 138).

It is shown clearly that the inventive comb polymers
have a significantly lower KV4 (and likewise lower
KVigo) and a lower high-temperature high-shear viscosity
HTHS:00 at 100°C and the polymers detailed in the
publication EP 0699694. Similar results are also
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means of the high-tenperature high-shear viscosity
HTHS100 nmeasured at 100C to ASTM D4683,
of high-tenperature high-shear vi scosity HTHS150

RV aTRtRG owv20 base oI (1
&ﬁ%ﬁ%@'%&

4.9
A G P

AhTh

0699694. Sim |l ar

oi | 0

obb Al NEShbar I 86 | bk £ BLa £GP

results

f the eval uation

83)

|sc%%own cIeaH
have a S|gn|f|ca
Kvdouland bifkewhse |owmweruatkdMi00)danal dedlonekre
epperature high-shear viscosity HIHS100 at 100C
e polymers detailed in the
results are al so 200700449 41

in a D
23. 45 mmR/ s,

publication EP

of a solution

2.6

package-
KV100 =

t,{lat351t

shown

‘Q? The

ower
in

VA SLOBA 1 Ve atvE 35@Gpridigers

etalled are shown in

Tabl e

DVSER Fofo L bhBAR T Lone A eBITiEr i APFy TRud PUBPESg motor 01l
if@ﬁﬁNE&BlOM@f@eaémﬁndﬂuﬂéy eXxam aedmekFed aflhiys available

PpI pOSE., Moo i |

|aIIy avallaBIe

e SRR OCHERD e

p@?h@r) landaVi SO ekfoln ROIOBX (Aqidlﬂe’axvml\/ﬁmbﬂd)m These

Rg@é@ft Adg ' VEge

own in Table
KV100 HTHS100 CCS 35

3

Shgwgsgn 20 1esplts are |ikew se
Tabl e 2 Polymer according to Kv40

[=2/s] [mm2/s] [nPas] [nPas]
Exgppi el 27.9 6.52 4.96 4832 Exanple 2 27.5 6.51
4.83 4807 Exanple 3 27.3 6.56 4.82 5028 Exanple 4

26,4 6.30 4. 63 4387

=xanple-5

262 6.34,-4-68-4741

Camanati yecdzxanpl eo1| 39. Ww@. 14| 5. 40,,598P HTEPAr atdose 35
30-7°0, 16 5.7 5354+ bt Svo0R B4 b b sl 9380
Vi scoplixefple6: 950 37]/0 764 5. 01 6590 15 41P6 4832
additi%gamkgg §hear siabgﬁ.gies of sthe Iubrjcant il gq7
Example 3 27.3 6.56 4.82 5028
Example 4 26.4 6.30 4.63 4387
Example 5 26.2 6.34 4.68 4741
Comparative Example 1 39.0 8.14 5.40 5989
Comparative Example 2 35.3 8.73 5.20 5678
Comparative Example 3 39.7 9.19 5.37 5854
Infineum SV200 36.8 7.70 4.95 5350
Viscoplex® 6-950 37.0 8.64 5.01 5590

In addition,

compositions which

Examples 1 to 5 were examined.

measurements were performed to DIN 51382

a Bosch pump),
excellent PSSI value
no decline in KVigy W

is

comprised

and all lubricant

of 0,

hatsoever.

i.e.

the

As

oils

comb polymers

For this purpose,

a result of this,

the shear stabilities of the lubricant oil

of
PSSI

(30 cycles of
achieved an

the products exhibited

it

surprisingly possible to provide a lubricant oil

composition which to remain relatively close to the in

the

values at high tempe

specifications

detalled above

rature,

for

for example 100°C,

the values in use being lower than these wvalues.

the viscosity

without
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conposi tions which conprised the conb pol yners of
Exanples 1 to 5 were exam ned. For this purpose, PSS
nmeasurenents were perforned to DIN 51382 (30 cycl es of

a np) and all lubricagt oils achieved an 20
e%ggéﬁgﬁggPSSI val ue of O, 22 the products exhibited

na _decl.ine i KV1OO what.soever r

i? Fgagﬁpprﬁélng %%é?% lt¥006f838d2§%{ 51§JE§§ with
opburC@wpmmtmmprQMﬂnﬂwtfur@harnteetatwﬁa%/HﬂRﬁQ&MQﬁ To
theisnente ¢ Jar&ata)Ppscgﬁbegh%%ﬁQowlfcw dé}@pmsed a
viscosity 25 val ues at high tenperature, for exanple ®
100TreRFE ALY  avid hAR life PR uBPE1BEI NGRS t RRhScoplex

tme§ﬁzyz|%§f a2qgﬁﬁgﬂﬁﬁﬁﬁﬁxﬁf %ﬁanmn@7ﬁheby welght were

conpati bili e co pol yners wit ur

PPBOERS: 1 AP P Peot Shar e e GHAL BTG by g, was

| mbasaast Qb|HSﬂMMEBTIOm§ whrehdyaapriicsed seosity DV and
Lei | ] av bl oi

(U eeBoI S st o) R B0 sl BPER by ghgarageies

merghdemeﬁéedpnepaab@e Bn this case, the pour point

(PP) was neasured to ASTM D97, as were dynamnic

VISCOSIty DV and vyield stress YS to MRV-TP1 (ASTM

DEBBAF 3 The results are detailed in Table 3. 10
Table 3 Polyner according to PP MRV-TP1 MRV-TPI [(

S-40 DV-40 [Pa] [nPa] Exanple 37-48_< 35 20[900
EXEHpIEr42cqordngs t96 (030 Exanpl ¢ 5 EY2TR! 35| 18ME4pT P!
The results show that |l ubritant oill cespositions whi¢h
15 the present comb polyners in conmbi nati.on wth Eggg]

nnnnnnnnn hadcard A

nt d ol A A v
oHRtS—EEePrEeSSaitS,—€9 chl at- y—based—on—PAMA Thave

outstamﬁﬁm@lboaftenperature4©ropert|eSiCﬁarqa: 20 900

- 40C/ < é?a Eei/ <4 60 000 _nPg%. 201B) In 3(;3W 20 basle6 ('(>)i3lO

—group—tHH—ott
Example 5 ~-42 < 35 18 140

The results show that lubricant oil compositions which
the present comb polymers in combination with pour
points depressants, especially based on PAMA, have
outstanding low-temperature properties (target:
< -40°C/< 35 Pa/< = 60 000 mPas). '

B) In 0W-20 base oil based on API group III oil:

A OW-20 base oil of Kv40 = 27.24 mm*/s, KV100 =
5.390 mm?/s and VI = 136 was prepared from 11.2% HiTEC®
1192 (Afton Chemical), 8.8% Nexbase® 3030, 80% Nexbase®
3043 (Neste 0il). Thereafter, as in A), the viscometry
of examples and comparative examples in formulations of

HTHS150 = 2.6 mPas was analysed.

In this O0W-20 too, i1t was found that the inventive comb
polymers have a significantly lower KVy (and likewise
lower KVige) and a lower high-temperature high-shear
viscosity HTHSip than Viscoplex® 6-950. Similarly

results are also obtained with regard to the CCS
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A OW 20 base oil of KV40 = 27.24 mmR/s, KV100 = 5.390
mi¥/s and VI = 136 was prepared from 11. 2% Hi TEC(r)
1192 (Afton Chemical), 8.8% Nexbase(r) 3030, 80%

X r) 25 3043 (Neste G |). Thereafter, as in A,
?ﬁ%gzﬁié%%etry of exanpl es %%d conparative exanples
in, formu tlons o nPas S .,ana
I AP RP S too ¢WFE%h?o %Féi} %fﬂ%R&”néﬁgﬁuatlon
c@abaiBédp@tqnemewnaye ﬁablgnﬁflcantly | ower KV40 (and
i kewi se |ower KV130) and a | ower high-tenperature
hi gh- shear viscosity HTHS100 t han Vi scopl ex(r) 6-950.

Saplarty results are also obtained with regard to
the CCS 200700449 43 viscosity at -35C. The results

of the eval uation detaited are;snown I n| Tapl e 4.
Tdslemar scEydimgr taccor dirg t o| KVABokWI pofHifis1op CC5-35
CCsS-35 [mme/s] [m2/s$] [aPas] | mRas)s) Exampbe£s3 BOn®3s]
6. 0623 4,98 5784 Exanpl e 49 6.5 4185 5648

P 03050 a1] 54386086 b P8336|  Thed D po 5784
fornulab&mmsetao |n the3presen:een%9a conesTi a | 648
avai_].abl e. pQir | mpr ov bas PA
av; crlﬁﬁpgl7$ or B% 7 ih g gﬁ%b ,3 §2 o 5@-.,5,2” 15336

0 3796by MEIght) gi ve excel I ent MRV-TP1

t e e The S [
T & PTGy defom PRI € 0d "2 4B b iy bl 0 5
1®mm¢mlbzc@wwgah1@ MRYUTP1 PRRYLTPINP ¥ava g lj?ﬁil%ﬁ on

[Fala [ TRakcBrampi®e B-x4B5:i14 35QonelL i< 35 J% TOX.

710.C) In 5W30 b I
0.37% by welght)aaﬁvglex@g Eegk paCk%%% %%%?%é%%erature

properties. The results are shown in Table 5 (target:
< 35 Pa or < = 60 000 mPas).

Table 5
Polymer according to MRV-TP1 MRV-TP1
YS-40 DV-40
[Pa] [mPa]
Example 3 < 35 14 350
Example 5 < 35 14 710
C) In 5W-30 base o0il with DI package based on API

group IIT oil:

Finally, a third series of measurements was performed
in a DI package-containing 5W-30 base oil (KV40 =
38.76 mm?/s, KV100 = 6.938 mm°/s and VI = 140). Deviat-
ing from SAE J300, which required "only"™ HTHS15 =
2.9 mPas for a 5W-30 formulation, the 5W-30 formula-
tions were adjusted to HTHS;5¢ = 3.5 mPas in a manner
customary for European engine manufacturers (for
example Mercedes-Benz operating fluid specifications
MB229.1 and MB228.3 for factory fillings).
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group Il oil: 20 Finally, a third series of
nmeasurenents was perfornmed in a DI package-containing
SW30 base oil (Kv40 = 38.76 m®/s, KV100 = 6.938
= 140). Devi at- ,i,ng from SAE J300, which

n2§9§Paég90nly HTHS150 = 46 nPas for a 5W 30

a O fornula 5 0 j yst.ed
o
Einevpeanvengiond mmﬁMm&ﬁ&umﬂ%e(aoslgexéﬁpaétly lower KVyg

LRSS R ool i ) o0k o1 ABGED e

5 80— beaAtl Atlisews ittao, HTHS msghéana’lﬁw lege 672 “The
I puent tye ool Wiris:dtevh a &itgniffdcaatky b@mpued in
KV40_  (and |ikew se | ower KV100) and a | ower
hT@Hl?eﬁperature hi gh- shear viscosity HTHS100 t han
Vi scopl ex(r) 6-950. The 5 results of the eval uation
dgtg#leg are conpiled in Table 6. Table 6 Pol yner
actdrdi ig to Kv40 KV aa HTHS, Q0 CCS-30 [mmi/s]

mP/s] [nPas] [nPas] Exanple 3 46.19 9.502 6.76 6032

D . 10..200 6. 5929 Viggcopl ex Y-
Eé%ggkg.6§ég%%%u&g6%Tre 5 gﬁo fcrnu%atlonsH?ggwolnLF%gBO

resence of a commerdi alfw/abaill ARV spojr (sBpat | [(mPas]

nproveg, hased son PANA (2¥i.s80pl 9X§.[%o_12 _247 kN78 6032

oncentratT o ol apprax. U. 37%[0 ) Ive

wel
excol | ciangg 11 | ot erfePht ule 95280 oper br 48 Thed?29

I esu}tssoRl 8xShpwsol 'labl7q éo(targes. 2o <|357Pa30r | < 6830

0 000 mPas) . Tabl'e 7 Pol'ynmer according to MRV-TP
MRV-TP1 YS-35 DV-35 [Pa] [nPa] Exanple 3 < 35 18 010

The ©5W-30 formulations too, in the presence of a
commercially available pour point improver based on
PAMA (Viscoplex® 1-247 in a concentration of approx.
0.37% by weight) give excellent MRV-TP1l low-temperature
properties. The results are shown in Table 7 (target:
< 35 Pa or < = 60 000 mPas).

Table 7
Polymer according to MRV-TP1 MRV-TP1
YS-35 DV~-35
[Pa] [mPa]
Example 3 < 35 18 010
Example b < 35 17 350
D) Examination of fuel saving with the “RohMax test”

Using the RohMax test detailed above, the fuel saving
with various polymers was examined. To determine the
measurement accuracy of the examination, a run with a
15W-40 o0il (CEC reference motor oil RL 191) was carried
out at the start and at the end of the test series.
The determination of the fuel saving was carried out
with the polymers detailed in Table 8, for which 5W-30
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Exanple 5 < 35 17 350 20 D) Exam nation of fuel
saving wwth the "RohMax test" Using the RohMax test
detai |l ed above, the fuel saving wth various polyners
i,ned. To determ ne th 25 neasurenent accuracy
W?apﬁéag]ﬁgm nation, a run Wltﬁ a 15W40 oil (CEC

r . or - t t
{PLEGBASESIROr Ol Br Bl a5 EaLiagd Ut oA (Dfanpies
dedénaedat bodesf ©leéntuelC sravi%Ig3 welse Daktrs edr e veg t hare
t hey poh wEeLs sdetai hedapneTabl e 8, for which 5W30
200700449 45 fornul ati ons were produced according to

t he exanpl es adduced under point C). The results
achbexed are |likewi se stated in Table 8. 5 Table 8

Pol ymer according to Fornul ati on Consunpt i on [g"]
Exawnlﬂ 5 S5\W30-658-77 Evnnnln 6-5\W-30-659

VPSEQ}REEXétb;oﬁd%@ B 30 664Fé2ﬂm115Wz4@n675 OBCOIstmﬁp)tJeon
[ he test runs) 15W40 675.09 (after the tlest ru

Thoe toctae chew ave

al l abi | PP +
Me—teStS—SRoWeXxcem Clll 3 Cpcal abt1 L_y, I o CVI UCTTIT

f Evamphe Bonparative runs with ®He3d5W 40 rief er @38e 710

otkamgﬁ]é%r epeat abi | i ty, V\,hl ch $‘§ ¥e! I bel gw O. %5@ 09

aCTTl CVCU CD[JCLI al I y l III ouyir tdal CI ul C IIl I UI I
t‘ﬁéSC@Bhﬁé@aﬁuﬁéocondl tions. I no%ddPtion, it vva§6f40@r1d
that, in the case of use of 1515|W|1\4@nt|ve conb g75.03
pol ymers, a surprisingly h| h fuel saving |conpared to
VI SCOPLEX(r) 6-950 can be Q@ﬁloé”\?eé’rhe W@lséover, a
conpari son of Exanple 5w th Exaapte 6

- 15W-40 675.09
(after the test

runs)

The tests show excellent repeatability, as 1is evident
from the comparative runs with the 15W-40 reference
0il. This repeatability, which is well below 0.1 g, was
achieved especially through careful control of the

temperature conditions.

In addition, it was found that, in the case of use of
inventive comb polymers, a surprisingly high fuel
saving compared to VISCOPLEX® 6-950 can be achieved.
Moreover, a comparison of Example 5 with Example 6
shows that, using the comb polymers detailed in claim
3, a further, significant reduction in fuel consumption

occurs.
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shows that, using the conb polynmers detailed in claim
3, a further, significant reduction in fue
consunption 20 occurs. 200700449 46 dCains 1. Use of

c I rs conprising, in,the main chain, repeat
u§5838§ﬁx h are derived fron1%5 pol yol ef i n- based

ng&%onnnoners and repeat units which are derived from
o ecul ar wei ght nononers sel ected fromthe group
consi sting of styrene nmononers having 8 to 17 carbon

aj ons, 'kafk ( ﬁsy £s h@aﬁlggl;ﬁ@ 10; GarbRA main
oho

at ons in the roup, vin esters havi ng
to 11 Cbé#bon éﬁﬁﬁ@tin F%et%cyﬁﬂﬁ#%hp,aV?nyleéﬂﬁ@@% from

havi ng élﬁ/@lé@lﬁaEQQQdatrEH@rérﬁbrﬁ&ﬁeﬁé cohglq g&@peat units
(di) fumar at es haV|(§ 1fto 10_carbon ato
yl

t he alﬁ%hﬁb gP&Gp, 4 HaPeate¥ h&ﬁ%ﬁf&pa 1eeight
10 carbhonoatoss $éﬂé@@e@|dﬁhﬁﬁ gﬂmupgabdpnlxbnsestlng of

t hese noners,_ where th e in
o Tn ThEPaRgan ottt (BT I AR T CoRSH Mkoms,
polynealhphpﬂmeEQ acmwﬂateefhﬂVJmmsl 80%! Obycamiqghtatoms

based on the weid %'%Pf A 1ZQsHQkEShaQEnF;eF1€84o 11

units ich are erlved f pol yol ef i n- based
nmacr ondRbReRs ahenF epbiat %%?tsac i cHT AR, deFiveH feomsrs

| ow ﬂoﬂasﬁyﬂu@r 1Welbghto cf@:fk%ﬂ?r§t§1ﬁ!se@hed:hfer Mct?d}mgg@x@p,
conS|s ene. nonpner.s in carbon .

o 850 a byt “HiBE RS seRy AT e8ohavicy 1P (R B Ra 1n
at oms th@ hmeoabﬁo@moqmununiwélwylem&éeathavhaglmgtd to
haVIngiﬁo? ?%gﬁsa%%nkh acyﬁegg?gghoy %%%P%tQSﬁﬁ'mlxtures

carbon ons In a group,
(di)al &yl theseatesndmeing whera0 eaeborebdbmederadd of

the algpholngroups (di) ahkylrdrieates havi pg 1ot @130 and
carbon atons in the al cohol group and m._xtures

f
t hese HRRORBFS, PPOYMPEJGETRYIFRE Pudiotal of at feast 803
by weight, based on the weight of the repeat

units, of repeat units which are derived from
polyolefin-based macromonomers and repeat units
which are derived from low molecular weight
monomers selected from the group consisting of
styrene monomers having 8 to 17 carbon atoms,
alkyl (meth)acrylates having 1 to 10 carbon atoms
in the alcohol group, vinyl esters having 1 to 11
carbon atoms in the acyl group, vinyl ethers
having 1 to 10 carbon atoms in the alcohol group,
(di)alkyl fumarates having 1 to 10 carbon atoms in
the alcohol group, (di)alkyl maleates having 1 to
10 carbon atoms in the alcohol group and mixtures
of these  monomers, for reducing the fuel

consumption of wvehicles.
2. Use according to Claim 1, characterized in that
the molar degree of branching is in the range of

0.3 to 3.6.

3. Comb polymer comprising, in the main chain, repeat
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consunption of vehicles. 35 2. Use according to Claim
1, characterized in that the nolar degree of
branching is in the range of 0.3 to 3.6. 3. Conb

pgégg@gﬁggnprl sing, in the nﬂn chai n, repeat

47 units which are derived from

pol yol ef i p- based , magrognononer s, ; a pe 1t _
whi ch %?egaer W\E/eah fFom | ov?/rr%ﬁﬁégcu{]%gn?\;\e %ﬁyﬂ)én%ln%r%ased
sel ectedcfonononhesgr el coiat i wglbs whycenere derived

nDnonEf§oHaWkﬂﬂ ﬁ ?e&@léz %@ﬁ R ahONBme b k¥Welected from

(met h)acryl ates having O carbon atons in the
al cohokhgr @ﬁﬁupvﬂﬂﬂsmets]{f@f sO]ﬁa‘?iFMﬁeQet gopprezgpdipving 8

atons £y thecaeybn GrOHR, W11 ethalts ahawlreg:els tiadhg 1

carbon ato in the al cohol
fumar ates HavFAgPe it oati?fns;LOl@arBlag a?‘t(l(frf?sh?ln prgup,  vinyl

al cohoésgepsip hawdinagl kylto nal eateasodraviengms tin 1@he acyl

carbon_atons in_the I I u d 0
t hese fononer Vlny\?vhgrtg %% av?.l%x% 1 aﬁ% rerc)Séna}L)L{kfeén gtoms in
total oficatlcbbast g80UPhy (@Wei) gﬂkylbés@cﬁr@tqawélammtl to

of the;d5 repeat 4pbhs, i9f Eﬁ@eaélégﬂéﬁ whiseh, ar?dl yalkyl

derived _from pol yol efi n-based nacrononomers an
repeat™al@pEgs whreriage Her?@edl@ro%?ﬂ%ﬂ?\ﬁno?%%? arin the

wei ght 21 BORENEr $r&ebecird friombhes grofp €ioasse stidgodrs,
styrene_nononers havh gaES]tto 17 carhban atons, 1i(%CO al I&I at

(et h) 55T atd€ hgof ¥ E&MBOT SSttond
al cohole@s@t)uysoovihswl wesgelts heade) &nt ahkl weaghon of the

aLoms L,40e Al OUP. MM e&n%% i M&kmga}et %dPived

car bon ons in group,
f umar af egm happhgolef dontbagafbofagromenonezs t d repeat

alCOhoﬁnEEQUth&H'k@é@ﬂefﬁﬁé&“?§oﬁaib@gmbﬂébuig% weight
carbon atons in the al coho rou?lteand m Xt ures

f
t hese THOMIRRFS, %Ef?aercat?ﬁ%rl 78 i YPEhat TPHR CE%SlStlng of
pol ymest {aend tr@brﬁ&ﬂélbs/ weiwihig ofs r epeatl 7unté sbomhi £toms,

are derikeP b ¥OH Eég %%%%%g 1 to 10 carbon atoms
in the alcochol group, vinyl esters having 1 to 11
carbon atoms in the acyl group, vinyl ethers
having 1 to 10 carbon atoms in the alcohol group,
(di)alkyl fumarates having 1 to 10 carbon atoms in
the alcohol group, (di)alkyl maleates having 1 to
10 carbon atoms in the alcohol group and mixtures
of these monomers, characterized in that the comb
polymer has 8 to 30% by weight of repeat units
which are derived from polyolefin-based
macromonomers, and the molar degree of branching
of the comb polymer is in the range of 0.3% to

1.1%.

4. Comb polymer according to Claim 3, characterized
in that the comb polymer has 11 to 26% by weight
of repeat units which are derived from polyolefin-

based macromonomers.

5. Comb polymer according to Claim 3 or 4, charac-
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30 macronononers, and the nol ar degree of branching
of the conb polyner is in the range of 0.3%to 1.10.
4. Conb poI ynmer according to Claim3, characterized

35, 1 t he comb pol ymer s 11 to 26% by wei ght
0%50(#2%@5; units which are deé?f?ved from pol yol ef i n-

based nacro nome y ccor.din

d ai m% or aﬁg%tZBB%gggggh er I%Zngu.q:jh tgih at cﬁquved
r epeatfmmttsownobhfanebdeedveacrbm@npmetfyoIhef\nenabgsertber-
el OMROPRLS @tecm@tfnb@él%ﬁyea@lgeut@l %H%%:m yeighh to

in the ran(g 700 0 g/ nol

pol ynmek0 ¢ Q)r%l/fff'@lto at | east one of the preceding

Clains 3 to 5 characterized in that the conb pol yner
nprises at |l east 90% b gh eat units

Wi ch GHED ABANEE r BFH %ﬂeftﬂ & b one ot the

macr ormfmmm@rrdlétr@m Botnorrﬁl echlaaactvemglzbd nonamets the
sel ect ed a§ g £9rQup cor SI s{,g{ ngeg s%t%r 808 weight of

rmnomers kﬁ car on at ons,
( et h)zewsd tat elsurt@vu ‘nglgtht R0 carbrdat fmem igptvrelefin-

al Coh%a&écgulﬁactbmhoﬁéter SRV G 1169 %éltéuqe&b%lght
atons 1 n the ac roup, vinyl ethers having 1 to

car boﬁn%%rfrnstq;@%%hélroﬁtoﬁbe 7aPyAl k‘ngnSlStlﬂg of
f umar adesrdrayi lﬁgmlontékslot@azrlb@ﬁ at 08B |n7 tdrerigdicohadoms,

group,_(dijalk Ieae a 1to arbon ato
in thea]df%% gbtgaﬁr%a x¥’ﬁ‘r §9 Jo %? tl e (?rgon atoms
NONONEiTs. tife €babhpdl yweupaccoirdiingedtoead heashgone tof 11

the a}ercbd&gnga & nBlI’? tﬁ]\ﬁ?\// I\i fa J:% ed t}lrhey‘lhatethers

t he perS| i'nde 1's i € rang
to 251@71@ [94):1:] é@l ;nmbcabc@wmgltlotae ledgshogn &I sup,

:Ee preceding G@hd®aBed Ondvikhaiaetbeniozed iidnt htoms in
e

the alcohol group, (di)alkyl maleates having 1 to

10 carbon atoms in the alcohol group and mixtures

of these monomers.

7. Comb polymer according to at least one of the
preceding Claims 3 to 6, characterized in that the
polydispersity index Mw/Mn is in the range of 1 to
5.

8. Comb polymer according to at least one of the
preceding Claims 3 to 7, characterized in that the
molar degree of branching of the comb polymer is

in the range of 0.4% to 1.0%.

9. Comb polymer according to Claim 8, characterized
in that the molar degree of branching of the comb
polymer is in the range of 0.4% to 0.6%.

10. Comb polymer according to at least one of the
preceding Claims 3 to 9, characterized in that the
repeat units derived from polyolefin-based macro-

monomers comprise groups which are derived from
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nol ar degree of branching of the conb polyner is 30
in the range of 0.4%to 1.0% 9. Conb pol yner
according to Claim8, characterized in that the nolar

(rjggé_zggﬁ%branchi ng of the 0&51‘0 polymer is in the

.4%to 0.6% 35 10.” Conb pol yner according

to at | east one of, the . precedi d gi 3 y ot

char act@r?2et’ i ns?]heacf Eﬁwe f%roénpeggeun?%gﬁaer%(\g%%lﬁ%?ﬁ ot
pol yol @f-ithebaskenencand/ apnomehs—abkpeieregr oups whi ch
are derived from 200700449 49 nononers selected from

the group consisting of C2-d o-al kenes _and/ or

CUl O CamRaBPéNBEr BECASHEDoF9nEladfcdPdi ifrare e imed
10, charaehgei zed Hddut hatitheqeepeatl uhichs gaInjoeeFin-

from pol yol efi n- based nmacronononers conprise at |east
80% byb2 4R ghF=6F BroUBET i EATRF&°Ter Pred [FAG 80°  bY

nonomes&igisel ect ef-dupam wheéchr aue coasiséd ngrofn monomers

C2-Cl10-_al kenes and/ or - C10-al kadj .base nthe _
10 vveisg%fe%?e he?F%IBeaF%ni goggri %gglgﬁr%gr%%% SN &N,
pol yol @ kendasedndheronbnotmerslkadicegenh pbepesr on the

accor o0 atoteastpone olpddie  puecedi Ny Bjd® 3 from

to 11, characterized in that 15 the nmelting point of
the repebfolmf iz oRI¢d SHRFFIRPPOTGHF ef i n- based
macr onononers is less than or equal to -10C 13. Conb

DO el o U N 0ol ar 3Bl TR o Tbesho Bt e

poi nt pfed¢ddimepedtaims 33 derided themacterized in that
| yol ef i n- s

POt C HEi N DPEed, TRELAIDORTRRS §3DB0 WARY Srjifa from

Conb polyner—acc 0 at ast one «
precedioy @ af he-132sed 13nacreiraeeeeizedis n karg Gl or
conb polyyer-has;sepeat units which are derived from

n- butyl "nmet hacryl ate and/or from n-butyl acrylate.

13. Comb polymer according to at least one of the
preceding Claims 3 to 12, characterized in that no
melting point of the repeat units derived from

polyolefin-based macromonomers can be measured.

14. Comb polymer according to at least one of the
preceding Claims 3 to 13, characterized in that
the comb polymer has repeat units which are
derived from n-butyl methacrylate and/or from

n-butyl acrylate.

15. Comb polymer according to Claim 14, characterized
in that the proportion of repeat units which are
derived from n-butyl methacrylate and/or from

n-butyl acrylate is at least 50% by weight.

16. Comb polymer according to at least one of the
preceding Claims 3 to 15, characterized in that
the comb polymer has repeat units which are

derived from styrene.
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30 15. Conb pol yner according to C ai m 14,
characterized in that the proportion of repeat units
which are derived from n-butyl nethacryl ate and/ or

f -putyl acrylate is at.}east 50% by wei ght. 35
1%8gz8ﬁ6?golyner accor di ng to6at | east one of the

pr ecedin to ract dqigh t -
c%ﬁb % %%e seﬁépeé%) ﬁ?g ﬁﬁi?%aégb eger%%gﬁféggﬁﬁzed
styrengn m@tocm@ BoopFrt tonb ool sareatacedi Bpnyhiieh are

d a'n]&@rlggérﬁgkﬁrb%%Qenbn itdhatn thge PLRGET beN Bfom 5 to

repeat units wnich aré derived fromstyréene is in the
range #P%fPBnYELEBL- 25% by weight. 5 18. Conmb pol yner
according to at |east one of the preceding Cainms 3

h t d that t nmb h
B9 gt CSR0Br G A o ARP = Bt Sl 1Pt e e BE 100 the
000 tOpEQGe@D@ggﬂJhﬂLms D i8. Ibnb<ﬁmﬂg&uﬂeraaﬁm&ding that
to at gSt Bgﬁgﬂgr H&ﬁge ngegéﬁkngﬁgrgg 1%Kdecular

characteri zet the co

units Mﬁl@htal@ t@@rr@@@ef®6ni@0k900(h@tﬁQQc@QBaﬂé@Ol
having 11-30 15 carbon atons in the al kyl radical.
20. Conb pol ymer according to Caim19, characterized

i Rt ha‘?orfﬂﬁe ROt | 86COFHaFeatourdts Waith are ©f the

deri vegr&codm k;dla(lrmt fB) aebyl g es dﬂlai\tial’ct@e]rl-z%@ 2§;)n that
carbon atons in the,al k % éad ical is of
ce

1 in th% ra
1- 10% BYS wef AR . BILYBF 85f of °pF&par iy 50 are
pol ymedsr acedr dinwgn t alkgtl | ¢msthpaergfiathe pmetemgn@l—3o

d ai ms. 3,40, 29torg§518h@1‘ié‘c£fﬁ ieﬁaafc%bat

macr onononer s and | ow nnlecu ar wei ght nononers are
copol yneri zed. 22. Lubricant oil fornulation

COFPI i GbRY £8THmRe! Wl d 8L Of 8l BAatiA ab,| easdran@Ofzed
the prfgeghgg the proportion of repeat units which are
derived from alkyl (meth)acrylates having 11-30
carbon atoms in the alkyl radical is in the range

of 1-10% by weight.

21. Process for preparing comb polymers according to
at least one of the preceding Claims 3 to 20,
characterized 1in that macromonomers and low

molecular weight monomers are copolymerized.

22. Lubricant oil formulation comprising comb polymers
according to at least one of the preceding

Claims 3 to 20.

23. Lubricant oil formulation according to Claim 22,
characterized in that the lubricant oil
formulation comprises base oils from API group I,

II, III, IV and/or group V.

24. Lubricant oil formulation according to at least
one of Claims 22 and 23, characterized in that the

PSSI to ASTM D2603 Ref. B is less than or equal to
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30 ainms 3 to 20. 23. Lubricant oil formnulation
according to Caim22, characterized in that the

| ubricant oil fornulation conprises base oils from

APl _qar I, 3511, III, nd/ or group V. 24.
LabP?8§ﬁ59oi| fornulatlon acégrding to at | east one

of Cd ai 22 and 23, characterized in that the PSS

to ASTM'D2603 Ref. B is less than or equal to

200700449 51 35 25. Lubricant oil formulation
a%@QrdLngEQ hﬁﬁ?tfd@%%fy%fgna'§§cggd59g24u) at least

c aracterlze [ubricant oil “fornul ati on
conpri s8s &f (%kkﬁmﬁnﬂ¥ derli £# onghagaeteréeghiich thpt the

not a §@H‘el@9hwefll aggendi A9i68 FRpPs sk d 0a20 le%l@t one
Lubri cant  oil ﬁrnu tion ac ing to Claim25

char actefizégnp 1¥H63aHgFF vé‘fsnﬁtV|%cé§W?y pOlymer

i ndex hopoedeng pouclpomst 3i mpraver, di spersant,

det ergent, defoaner, corrosion inhibitor, anti-

oxi dant, antiwear additive, extreme pressure additive
an@lorLébrttaoh modi f fermulBt2on laderdrding oitie Claim 25,

forn”'@ﬁé?Qc@&f?Eang ‘%626“{%35a8a1t§§e is a v1sc031ty

characterized 1 n that the additive i s based on
liner pBAGAI kﬂ;ﬂpqqmm) aBPYFatReHelvi ARPTIOVEL30 dﬂc%i?%%ﬁnt

atons fatthgeatcohabrgapep, 2802B8osibe ofnRilOMBr, anti-
pol ymer a%cordlng to. at | east ane of the cedi

d ai ns°%3T 8820 f G T RERART ng TRt ébnsuﬁﬁFESﬁeln 9&%%ﬁure

vehi cl @8ditive and/or friction modifier.

27. Lubricant oil formulation according to Claim 25 or
26, characterized in that the additive is based on
a liner polyalkyl (meth)acrylate having 1 to 30

carbon atoms in the alcohol group.

28. Use of a comb polymer according to at least one of
the preceding Claims 3 to 20 for reducing fuel

consumption in motor vehicles.



