2007004491 Use of comb polymers for reducing fuel consumption 5 The present invention relates to
the use of comb polymers for reducing fuel consumption. The present invention further describes
comb polymers with improved properties and processes for their preparation and use. 10 Reducing the
fuel consumptiopd vebiches is becoming ever more important for a variety of reasons. In addition to
many construction improvements in the vehicles themselves, efforts are also being undertaken to
minimize the churning loss caused by the lubricants, 15 for example the engine oils and transmission
oils. It is known that fuel-saving motor oil formulations feature good VI properties. Accordingly, on the
one hand, sufficientb/ highft/iscolﬁgies ould be generate 20 at h'kqp Eﬁmdperature%to obtain
non-breaking thick [uBRcant fime which aa 10 & Minimization of Wear, onthe Bther 1rand, very low
viscosities at low temperatures are desirable, in order to reduce fuel consumption by minimizing
internal fricion inHbe 35Haetarwil. Moleneilsonhichdmyeaasrelatvely law viggesity-at lonstgmperatures
but can be used at Bll]gh lemperatures gre in many cafses referred tgias fuelé,;%nomg/ %I|Sr.1 §0 As is well

known, the fornﬁﬁé‘lL lon of motor oils 1§ defiried by the SAEJ500 Standard ( = gog"le?y of

Automotive EnghieeiB): TPiis Stak8RRIrCISSSTTEs RRTor SIEEN B AR SHES viddddity IgHaaeT KW-y where x
=0, 5, 10, 15, 20r3pantliys 26n30p40,=0; £8s Thisrsdoner3pviadhe £G5S visendity: &eold cranking
simulator, ASTM D5292), the dynamic viscosity DV and the yield stress YS in a mini-rotary viscometer
with temperature program 1 (MRV-TP1, ASTM D4684), the kinematic viscosity KV (ASTM D445) and
the high-tefhpel2teHigi-shdsr F07hoSAIEIBRSSIRPHTHS RS I54583 SDARA I B5471).
While a more rereat fonmutationstrategytforf fuel-savirg neter ails hasaomeentrdted anda low

kinematic 5 KV4Q.bg.highkingmatieWiefektdedrigh, Mudy.Musllar M. Eischers "Byalyationof Ashless,
Phosphorus Fre@and GI}.Jc_)y Sulfur P P/meﬁric Additives that Im%rove the Perf rman}ge of Fuel Efficient

Engine Oils" in A S eﬂ‘i%%logi} Serancs (ITE:OZOOS) at

pnlfésrencee Pfoce® ings ot the' Intern&tional 1
Kobe/Japan), theladtablished fisrmaliion Shaitedp fsaimed st tbwhightieenpértgredsighshear

viscosity HF HS4avhese anp 78, 889@ a510@Colia.4ha kil He4sbatilddiaas bttless possible higher
than the HTH5150 (key parameter in the 15 formulation of the SAE J300) (cf. Toshio Sakurai (ed.):

"Additives for Petroleum-derived Products”, Saiwai Shobou Press, 1986; A. K. Gangopadhyay, J.
Sorab, P. A. WiflérméfK. 'StprRwdrh Rt Fyfélpl RS &V PRRYIQN BEASTIP SRGLeREE VS and VIA
Fuel Economy Ze 8ased onybaboratory Benpk destss,. SAkc TechiiinalIRgpergeriea &6 ki4d; N.

Nakamura: Idemifsu Technieal Reviewy13,(2900), 24884 T; Mang, Wi Brase! (6ds.; dubgicants and

LubricatiorB',Wileg-V H,Weinheim , , ,
2 a igh temperatures to obtain non-breaking thick

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
25 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.

30 As is 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

35 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



2001). The more recent and established formulation 25 strategies for fuel saving are - as detailed
above - not congruent and their validity is not undisputed. At the same time, motor oils are defined by
their post- shear viscosity KV100. Here, it is entirely desirable 30 for many users, after shearing, for
example, by 30 £yglesf agBosch pump (DIN 51382)pstill to be within the KV100 window of the SAE
J300. A widespread class of commercial VI improvers is that 35 of hydrogenated styrene-diene
copolymers (HSES)cbbeassy HSDsmaybeMpresest3noth 47 the totnh afy4B-AL. stars (US 4 116 917 to
Shell Oil Company) and in the form of A-3 diblock and A-B-A triblock copolymers (US 3 772 196 and
US 4 788 316 to Shell Oil Company). In these 2007004493 formulae, A is a block of hydrogenated

polyisoprene a8 1€ a dvifehzeh8<58Lslinka i HolystyreRe Mtgr6rg Block G polyStirene. The
Infineum SV sesdev from Imfirieum tnitémnatieral teh ckbihgddre UK nclidéss ploduetsdfithis type.

Typical stag polyRgrs arejinfineumyzsV;R00, 230, 8pd 260. Infineum HVr150 iska dibleck pelymer. The
products mentigned are free of carrier oils or solvents. Egpecially the star polymers.such as Infineum
SV 200 are ext%méy a%ﬂ}gﬁt Sgous vl\éi)th EOEJ ?Séla% ‘to thiC ‘éar%%}gg %&t_?onn, vigéos!?? ?r?dl[(j&sgﬁd shear
stability. In addiibaspolpalkg (Fieal)aeRdates (P ANHASY Eak alsanss sed Bslitprone thdrgiscosity

index (V). For Imjnistancer BB Opedlrd9aand£Fo@ 699694 tr Robme inbih deseribeadyantageous

comb polymers. A further improvement in the VI can he achieved ording to the teaching of WO
2007/025837 tolﬁtha?(nﬁ%gﬁt?\?e%eby cg]rﬁg y?r?gé\}vﬂﬁsspeci(ﬁg paraé‘ﬁh%eters&g,&tﬁ el%gﬁogv%e%ﬁ]éar% in 20 the
fuel constipticrisiot A8 taildeAn iR ES8 Bablicatbns. Abdantagebudropérmeaiith reddd to soot

dispersion (pistes cleahlinags), Weatprbiaction and frctony25 modifieatiorein Maeter dilsoean be

established in copyentional PAMA cheraistry by geating.Nevinyhcgmpoypds.wsuglhe. 7o,

N-vinylpyrrolidone) onto PAMA base polymers (DE 1 520 696 to Rohm and Haas and WO
2006/007934 t°RohMax Axditid8s|> vistoflex(r}8-g8EHgs should be as little as
possible higher than the HTHS;s¢ (key parameter in the

15 formulation of the SAE J300) (cf. Toshio Sakurai (ed.):
"Additives for Petroleum-derived Products”, Saiwai
Shobou Press, 1986; A. K. Gangopadhyay, J. Sorab,
P. A. Willermet, K. Schriewer, K. Fyfe, P. K. S Lai:
"Prediction of ASTM Sequence VI and VIA Fuel Economy

20 Based on Laboratory Bench Tests", SAE Technical Paper
Series 961140; N. Nakamura: Idemitsu Technical Review
43 (2000}, 24; and T. Mang, W. Dresel (eds.):
"Lubricants and Lubrication", Wiley-VCH, Weinheim
2001). The more recent and established formulation

25 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

30 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
35 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



30 such a PAMA, which is 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 35 permanent desire to further improve fuel consumption. In view of the prior art, it was thus an
object of the pr nygpgon to provide an additive yhich leads to a reduction in the fuel
consumption. This reduction in 4 the fuel consumption should be achieved in various test methods

which generallyftakevateeyntof difesemi 1dilAiing behgvevy Acsoedingly e agdsiitdiesshomd lead to

fuel oils with a very low kinematic KV49 5 alsa high- igh- I viscosity
HTHS3 where é’e:{}o, %035258 or {%%(e:n ﬁé%%t e%%%%ﬁﬁ{oku%?bggaisgﬁt?ggglbp%gs%i%?é%?]iéf‘%er%han the It
was a further obJ&edf the fnvétfibhIb Pr&Wge 10RRitivEsidReHBante ppatédin a Sfifiple and
inexpensive mannét,nehile canmmerciathyiavailablelcamponerits ingpaticulatghould beuses. At the

same time sthey,shioyld be prgguciblg;an the P@%Stfi%ﬁﬁlfawith%Jkovebg'ﬂ)ﬁ%e‘}fso'a%t?é’f

complicated construc- 15 tlon being required for this pur%ose. These objects and further objects which

are not stated expficify Bkt ar imihdiateR deMkble o HiscerRibie M the comttectichs discussed by
way of introductiafr 20 dlereprargrachievathby theadewfcomie pohomerd haveeall featares 6f Claim 1.

A particularly adyantageous:solutign issefferedty. the ggmbipolymersdetailedin Slaipn 22 sAppropriate

modifications to thehinv%nti e comb ﬁolg(peé% 8rea|c1):rgt%ct%q: inmtehf sub I‘%Ilm &\1Nhei%r11125 ‘Arlgfgr back to
Claim 22. With ?élgcard ) thenpr]()%ggs for préparing Sontd pofflmerg, Efaim ovides'd sg}ution to the

underlyingbrobietiawdlile claih Uksrpistds & fibkivant oilcstapasdition esiaprising! theh&smib polymers
of the present igyemioni 8¢ 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 35 low molecular weight monomers selected from the group

consisting of styfen@FAdriomBrs RANGE o 17 Cafidh st al§P (MEMATYIafeE h&ARP1 to 10
carbon atoms ib¢he alweliol groupiwpybesterschaving 1t0d4didaybon mtiers in(the) acyl Beaup, vinyl

ethers haying 1; 20070044954 1§ cgropn agams, e glcghdl ggoups (dialkykiymaraigs having 1 to
10 carbon atoms in the alcohal gg#%édl)alkyl maleatesl havmg 1 tzg 10 carpon atoms in the alcohol

moupandnﬂﬂﬂﬁﬁﬁﬁ%ﬁgy?ﬁ%ﬁ ,ous comb polymer further i1mprove-
ment in the VI can be achieved according to the

teaching of WO 2007/025837 to RohMax Additives by
complying with specific parameters. An improvement in
20 the fuel consumption 1is not detailed in  these

publications.

Advantageous properties with regard to soot dispersion
(piston cleanliness), wear protection and friction
25 modification 1in motor oils can be established in
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
30 such a PAMA, which is 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

35 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



5 where the molar degree of branching is in the range of 0.1 to 10 mol% and the comb polymer
comprises a total of at least 80% by weight, based on the weight of the repeat units, of repeat units
which are derived from polyolefin-based macromonomers and repeat units which 10 are derived from
low molecular weight monomers selected from the group consistingeof 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 carsorfatomsinrtheraeylignouphenyldl Sethers having 1ito T0acarbos ateras in the

alcohol group, (datkydumagateshavipgk 10,19 garbomatomsdn the alcohel graup rdhalkyl maleates
having 1 to 10 cgrbon. atom%ir‘hthe.alcohol gé%%%gq mi{tures g{ltehese onomers, fEr {leldé:cing the
C

fuel consumptionrojf%n\%hi &8s Partictlar a vantageg%aﬁ’surprlsmg@/ e achieved 39 particular

comb polymers Wich dré plovided dilthe presentanvéntion. Thie pkasegitaiientichy accardthgly 25
further provddescosab polyaersicogprising 4 theamainchain, Jepeat units vdich arerderived from
polyolefin- basevg}{n%%rogo:no%ers,ﬁpd r&@egguqi%wgichi re deEiM%d H@HEIO"% ogi%m%reweight
monomers selected rom the group cohsisting of styrene monomers having 8'to 17 30 carbon atoms,
alkyl (meth)acryfstes hatihg Pfo PO 8ardohtatdh iR thé aftohbl§rdtpvingt 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 tg_10 carben atems inJhe 35.alcopol graup; (dalkyl maleates hayingsl to 10

carbon atoms in the alcohol group and mixtures of these monomers, where the comb polymer

comprises 3 totdI B Rt 645t 0¥ by Weidift"badtdl o HEWEGHt of the répe st URItsS of AdPeat units

which are deriveéchispensive manner, while commercially available compo-
nents in particular should be used. At the same time,
they should Dbe producible on the industrial scale
without novel plants or plants of complicated construc-

15 tion being required for this purpose.

These objects and further objects which are not stated
explicitly but are immediately derivable or discernible
from the connections discussed by way of introduction
20 herein are achieved by the use of comb polymers have
all features of Claim 1. A particularly advantageous
solution is offered by the comb polymers detailed in
Claim 22. Appropriate modifications to the inventive
comb polymers are protected in the subclaims which
25 refer back to Claim 22. With regard to the process for
preparing comb polymers, Claim 41 provides a solution
to the underlying problem, while Claim 42 protects a
lubricant o0il composition comprising the comb polymers
of the present invention.
30
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
35 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



2007004496 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 5 10 carbon atoms in the alcohol group, vinyl esters having 1
to 11 carbon ateyygin Hesacy! group, vinyl ethers haging 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
10 carbon atomsdn the aleeh®@roup endsmitdres aktheseganpsomessoubich areicharasterized in that
the comb poly 309 ight of repeat uni ic erived fr lyolefin-based
macromonom(ra.[}é5 rgﬁﬁc;@o ?n&g%%ﬁgg)f%ﬁan%ﬁ 8(%% %gﬂogﬁéglo%yr%\g isglk(rPlngSto'Le}é %a%%% of 0.3% to

1.1%. As a restfit R48 pos<Siie at Ar-unftiéssdabie RARKEALo hrdvidelUdRRES I8 IGRMt oils which
lead to a reduction inlikke faélednsumptioupf motdr wehitles.c20 This redaskonnoftioeméuss ,

consumptian capae achigued imthe case ot diffsrent dryingmades; i-¢nin the case gha wide variety
of different requirements. Accordingly, thé additive in_lubricant oils leads to a low kinematic KVO and to

d
a low high-tempgratuf@hidh- 38 Shetfscbify I9PM8a Rtef8 = 08 8%t 100C & the HTHSa
is only slightly higher thalrethetH 4813807 MorégVer, thedmeshtive coimd podiaérs exhibitlzeparti-

cularly favourable pegperty prefie. RoF instance«theS0eombraelymersaregeurprisiagly shgar-stable,

such that the Iubgifiar(l)tfglgvg_%\éergéonﬂaltif(-:itirlnn%.nFlijnrg}:ermgrned the present comb polymers are
compatible Withpmaxy additives AS a resuﬁ, fheuBrcants &ivbe a(ﬂugted to a4 wide variety of

different reQuirerientdcFa3%! ex&ivplel As POdsibie s HrasdreGhMAmEIRitE exedifeHied
low-temperature psaperties, ywhicipcarbprsestherpyesant somnkepelymersomé0y 00449 hgrepared in a
simple and inexpensive a meycially avajlable campenents in payficular,cap be used.
Moreover, the ﬁ%égol%%nggo ti?g Sc}%%len%g\%}ntioﬂan r:3e pre%ared on the indéstrial scale 5

without new plahts of PIRE of ebAfificatet cbRstruédsiPBeihg EHaHBd. THe Rern "B8ShBTolymer”
used herein is kreomimperise tmedriing:-thelb celatavebyriong side bhains gie bpnoled,to $@mydolymeric

main chair, frequentlyalsg kpown as the hackpone,Ipdbe presehicase, thejaventivepplymers have
at least one repeat unit which is derived from polgolefin-based macronionomers. The exact proportion

is evident via tHETRBRr dégreedf BrandiiRg “PHE R rmcts Hain chifin oshStHe 8584 ly mean that
the chain length of theemaihasHaid isogreater tHati it b therside zhamshisiawt, this eerhPrelates to

the compositior: gf-this,chaia\Whilg the, sidg chaibhasyveyydigh arapogtiansef alefinig ggpeat units, 20

especially units which are deride from aléenes ar all%qgiene% for. exam(ple eth Jce.ne pr08¥lene,
. OnOI‘[beXi‘:S . or re %c1ng. [ uel C I’ISU]m 10N .
n-butene, |sobur%ene, utadiene, isoprené, the mdin chain comprises relatively Targe proportions of

polar unsaturat&geérdifiers which have been detailed above. 25

Particular advantages can surprisingly be achieved by
particular comb polymers which are provided by the
present invention. The present invention accordingly
25 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
30 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
35 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



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 30 this reaction, double bonds are opened up to form covalent bonds.
Accordingly, thez%?@?(%&h‘ﬁ" arises from the monomerg used. However, the present comb polymers
can also be obtained by polymer-analogous reactions and/or graft copolymerization. In this case, 35
the converted repeafsinitof the maig chaik isceimted as a sepeatuptwhichiis deyived frem a
polyolefinbased mgcrg@%nyen&erfgge Z%me a j%ﬂ;ifes ir1 g;:e case %ftpreB%roatiggsof géelienc\:/ nge comb
polymers by gra?trcopo?ymenzatlon. 00790 The presenjt%ﬁven lon describes com polymers
which preferably hale BlHiglIsiPEBIuIREYS THE ¥88n - SEBRMEMSMEES Nl 8f £base oil
and an 5 inventive. combqzotyvar whichdas at least O by weight spreferally ahteast Cco% by
weight of the ing@ti\@ag%@g? pQlymerts i%Bre%gblea\ygg%%tlmagwpic phase formation, The comb
polymer can be present in dispersed and/or dissolved form in this 10 mixture. The oil solubility

depends in parfit&ifaréh the pRoportioF BE RSNt cHainsMhd ¥nthe BASEBI. Thi&¥loperty is
known to those skitledsn theaitand tantbe adjusted fdrdhe partoidar base ileeasilyadd alproportion

of lipophilic mongmgrs. 15 JheJnysntive, grm PRlYMRLS, ¢ogPiseepeat unitsyiich, argderived from
polyolefin-based macromonomeri Polyolefin-?as d n‘%%: omotlf]omers are known :{n the t g}hnical field.
These repeat uriits EORpALEaPRASEZ0 BRe g &f}j Fhithis BRAGES From BdiyBfi s.tﬁolg efins are

known in e teclanibalrfietd,carsl dan Bdrebralreehioy palymerizingalkends asd/ordlkadieaes which

consist of the elgments £arbor,and Aydsagen, dan exampie 28 putere, suchas tags €3fpl0-alkenes
such as ethylene, pro rIenf(la n- rgaorl;&rn% agd/or C4-C1}l]t0-allfadienes igopren% nor orngdiene. The

repeat from poI%’Ie n-based macromonomers gonylvpenls% pref%rabfyegﬁgast 0% By \Vve%g%t and more
are derived from polyolefin-based macromonomers, and

the molar degree of branching of the comb polymer is in

15 the range of 0.3% to 1.1%.

As a result, it is possible in an unforeseeable manner
to provide additives for lubricant oils which lead to a
reduction in the fuel consumption of motor vehicles.
20 This reduction of the fuel consumption can be achieved
in the case of different driving modes, i.e. in the
case of a wide variety of different requirements.
Accordingly, the additive in lubricant oils leads to a
low kinematic KVy and to a low high-temperature high-
25 shear viscosity HTHSg where 8 = 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
30 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 wvariety of different _requirements. For
35 example, it 1is possible to prepare lubricants with
excellent low-temperature properties, which comprise

the present comb polymers.

Furthermore, the inventive comb polymers can Dbe



preferably at least 80% by weight and most preferably 30 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 in particular also be present in
hydrogenated forgy, 1p @gigliion to 35 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 propegionsdf copolymerizableirsonemers. Thesesrgnoreersraiakaown paise and

include, amon 2007004199 aiher monamers: sybmeacnipies Shieng panarers, fumarates,

maleates, vinyl esters an ers. The proportion of these groups based on copolymerizable

monomers is préfétdbly ANERE0Y6 by BFeighCPRoreRNEMEREEIT at fost E58% bPWeitfiit based on
the weight of thenepeatiunits deriveddeom podysdefatbased matremanodeersrireddditor, lthe repeat

units derived from polyplefin-hased magrgmanomers may, ggmpise sia¢t groupsand/oreng groups

which serve for 10 functionalization or are caused by the preparation of the repeat units derived from
polyolefin-baseld MRS HHiGHGHeRE Th2 Fr6F8tbRbf these start groups and/or end groups is
preferably at most 30% by weight, more preferably at most 15% by weight, based on the weight 15 of

the repeat unitsiggrived frgmmolyplefinhased-macromenemets; T he sumheiavesage melecular

weight of the repeat units which are gecciv.ed QOm porllyolesfin-bascd magromonomer e28 is?greferably in
the range from 6% 58 06 agt?mgﬁ rﬁor%vpere?éraltbqy frofm {6 10600 g/rmol, In particular from 1500
to 4900 ghfiol ald BiosYpreferabijafidm 206G fo 30DDIRAIL S In 3He BaskrstBrepafatibR®f the comb

polymers via thp £opplymrerizationafdovw medecutar weaight and ¢énacrer-siclectdargvoramets, these
values arise throughl the propertigs of fhe ma VQQP'QS#{'E‘E m&ﬂ%@ﬁrsi'é‘ 06332491 £rom
polymer-analogous reactions, this property arises, 30 for example, from the macroa_lcoho(fs and/or
macroamines UR8d YSKiRd BRchaR tHe EomsdebRat dhits GPIRE &k QRaHT #iPthelase of graft
copolymerizationsj thenpropartiontdfepolyolefins foeped svhiclh havweanatheen. incinporatedrinto the
main chainscan'he,useddn 3p.6onglyde the,moleculas weightdisfiibution;of thegpolyolefin:

length of the main chain 1is greater than that of the

side chains. Instead, this term relates to the

composition of this chain. While the side chain has

very high proportions of olefinic repeat units,

20 especially units which are derived from alkenes or
alkadienes, for example ethylene, propylene, n-butene,
isobutene, butadiene, isoprene, the main chain
comprises relatively large proportions of polar
unsaturated monomers which have been detailed above.

25
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

30 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,

35 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.



20070044910 point, which is measured by means of DSC. The melting point of the repeat units
derived from the polyolefinbased macromonomers is preferably less than or equal to -10C, especially
preferably less than or equal to -20C, more preferably less than or equal to -40C. Most preferably, no
DSC melting poiyy #ap e, measured for the repeat unjts which are derived from the polyolefin-based
macromonomers. 10 In addition to the repeat units which are derived from the polyolefin-based
macromonomers, the inventive comb polymers comprise repeat units which are derived from low
molecular We'gWﬂgoggg‘e%ﬁ%‘ecl[%%‘lﬁ@fgﬁ 9r888&95?§;é£”9c°&§8(re §1mpRQers hawing 8 to 17
carbon 15 atoms, alkyl (meth)acrylates having 1 to 10 carbon atoms in the alcohol group, vinyl esters
having 1 to 11 &¥6dF Ay intR¥ eyt g 1yifyietias Wbty to 10€arb§ABtonts it the alcohol
group, (di)alkyl asiaiateshavimns totlatarkonmatems:re thefalehol 28 group 1diatkyl aaleates
having 1 to510 carlyan atogas in-the-alcghelgroup. gpd mixtyrgs of these monpmeyss Jhegg monomers

are widely known in the technical field. The expression "low molecular weight" makes it clear 25 that

some of the rep&at8hits of IIEHEABBNE of e cOff Polytet haveYa I8 hibiécul@F weidi.
Depending on the peeyiaration, thismholecwal weight maylresult froaptheaibiecular Wwdighttof the

monomers useehi-pePaER the pohdrers. dhermelesylar weight-efiihe lowiRpalacular 30 weight repeat

units or of the low énole%ular. weight monomgrs |sng?(zferabl .atsrggst 4dOO /mol, more ;%rﬁ;esrably at

most 200 g/molparnaS oSt prler%era 1[)? Bfmost'150 of. 3 I%)S(ampi@es of s ﬁrgrlle monomers having 8 to

17 carbor toniaigré whrenel Babstifutedsstyienbs Havind ancdiky sdbistibeitinahéasideXhain, for
example a-methyistyrene podw@rethylstyrena ssstitiied styresesdmving ansallyl substitent on the

ring, such as viggioluege; 2007004494, gl pynefyistyang halogenaled sbyengs, forigrample
monochlorostyrenes, dichlorostyrenes, tri

ribromostyrenes and tetrabromostyrenes. 5 The expression

"(meth)acrylate58nnp &dsd s SRy IR s e InEfAchdtes PandParsh Ikt iés BR §€ryRitds and
methacrylates. &he alkyl tmethaorytates having dftoli®oaibbh iatomsnttee-alcohol group include
especially gmeth)acrylates which derive from saturated alcohols, 10 such as methyl (meth)acrylate,
ethyl (meth)acrylate, n-propyl(meth)acrylate,isopropyl(meth)acrylate, n-butyl (meth)acyylate, tert-butyl
(methyacryiate, LR AR E AL A RSP AR EE SRR et E R IR Bpty
(meth)acrylate, 2 tert- 1%aisutyeéptyl fmeth)acytalte cdetjli(meth rdylatanBcsoppyiiepsyl
(meth)acrylate, monyb(raetiyacsylates degyh trethiaciviates (methiacrylates,which derive fom
unsaturated alcohols, for example, 2-praopynyl (meth)- acrylate, allyl (meth)acrylate, vinyl
(meth)acrylate,tzeoco fel)}lc(??etr%.gg%/ a’te?%%l%%lkﬁe( Vet agrr)l/fa%gs séuocrplpar')g,lg’%lo%‘%ent%/fyinigth)acrylate,
3-vinylcy€lBhexgRnetRieR/Iaté 1 CPreferreddikyi ¢ thethyasty IR 5YRdBdE 130 8PmMbYe Y& preferably 1
to 4 carbon atomisne themdcoholgriaup i hhe @heohalgrouwd bete nfayehellineanar branchask Examples

of vinyl esters haying 1,10, 11,garban atomsin fhe acyl greup include yinyl formate, viny,acetate, 30

vinyl propionate, vinyl butyrate. Preferred vinyl esters include 2 to 9, more preferably 2 to 5 carbon

atoms in the ac{*GfotipSPRE L8\ grdud-hre M&ETEE fiRe 2T HANGIEY. B8 EFles 6f¥inyl ethers
having 1 to 10 eaxbop ktormg i the-alddwol groupuinblude viaghmeéthy ether, amiryyl @tleyl ether, vinyl

propy! ethey, vigylhund ethesoBrafered vinytethers Hicludegnliiesg, maredireierahlvaienes
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

30 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

35 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



20070044912 1 to 4 carbon atoms in the alcohol group. The alcohol group here may be linear or
branched. Thenotation"(di)ester"'meansthat monoesters, 5 diesters and mixtures of esters, especially
of fumaric acid and/or of maleic acid, may be used. The (di)alkyl fumarates having 1 to 10 carbon
atoms in the alcphghgrorpgnclude monomethyl fumagate, dimethyl fumarate, monoethyl fumarate,
diethyl fumarate, methyl ethyl 10 fumarate, monobutyl fumarate, dibutyl fumarate, dipentyl fumarate
and Oihexyl furearate: Prefersae (di)alky fuparatescaomprisey 1 4@ 8s mnoretpretetablynbia4 carbon

atoms in the algohol.groyn,, the,qicahol group.here may g linearqrranchied /13 Tha (dhalkyl
maleates having 1 to 10 carbon atoms in the alcohol group’include monomethyl maleate; dimethyl

maleate, mono&th{frdileate’ Miethy R4 Aikthyt bthyF RftFSate ShBHBS Uty HASRAte, Fbuty!
maleate. 20 Prefepsed ydidalkylabadleatescomgrise 140 Brmbee phefgrably Intositcabldén &tpms in the

alcohol gragip. W&%&?@how,@gp 59&%@3/&%,"%@@@59@%@%5 addition to thesegeahunits

detailed above, the 25 inventive comb polggers maﬁcﬁgé)gp ise. further_repeat uriits \ﬂ/h;:clhnqre derived
2

from further corBRoM&rs iteiP fropdfich HSAG at By dight BreRstasI) =t Mdst 10% by
weight and moreaseférabigcit pmest @96 by weight, baddd ohathe wdigkt ofthpeepeatiiritss 30 These

also include repgat upits whichraye deriyed fone aliyl gretbgacryhatesiandnehd t@ 30 Gasgon atoms in
the alcohol grou | (meth)acry!

especially undecy e, 5-methylundecyl (meth)acrylate, dodecyl
(meth)acrylate, %‘T?-r%e%ﬁyléggggy] %%gﬁﬁacrya/ a?z},qtﬁdeeély( ‘5&39 g::réﬁ%ec%-rsnge%ﬁ’y tr%oeléyl
(meth)achfate, FRsded frhé#aadrated bertafecyR HieH) Ky It SheRB8BSY inetadtylate,
2-methylhexadegy (meipactylate i keptattecyiteethfaciylatedi-isopediytheptadecyn 20060044913

(meth)acrylate, g-ter:pugyloctadecyl (methiactylate S-ethyloctadeeyl (mefhjacrylate, ny /o
3-isopropyloctadecyl (meth)acrylate, octadecyl &e;%acrylate, nonadecyl (meth)acrylate, eicosyl
r

(meth)acrylate, ZBt/IIEEEPS (méthRERASEE cdB9EmetYacrirte 8o (nMéthTacrylate
and/or eicosyltgiratiacarityly meth) macrylated ¢ Thesewadsgiricjudeaspdatamits dichedrgiderived from

10 dispersing oxygen:;and nitggen-functiopalizedJponaimersy asqistgsagjewdry: way ok gyample:
These include re%eat units which are derived from aminoalkyl (meth)acrylates, such as 15
N,N-dimethylafiAGEH? Bh)3crylate, N,N-dimethylaminopropyl (meth)acrylate,
N,N-diethylaminopentyl (meth)acrylate, N,N-dibutylaminohexadecyl (meth)acrylate. 20 These include
repeat units whichearg desived fram aginedlndtnetnaciyagldes sUeh@srepeat units
N,N-d|methylaryvlkqg%op%lgget@ggg l%@ld%'rom polyolefin-based macromonomers
20 is preferably in the range from 500 to 50 000 g/mol,
more preferably from 700 to 10 000 g/mol, in particular
from 1500 to 4900 g/mol and most preferably from 2000

to 3000 g/mol.

25 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,

30 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

35 conclude the molecular weight distribution of the

polyolefin.

The repeat units which are derived from polyolefin-

based macromonomers preferably have a low melting



These include repeat units which are derived from 25 hydroxyalkyl (meth)acrylates, such as
3-hydroxypropyl (meth)acrylate, 3,4-dihydroxybutyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 30 2,5-dimethy1-1,6-hexanediol (meth)acrylate, 1,10-decanediol
(meth)acrylate. FRgse feligle repeat units which arejggrived from heterocyclic (meth)acrylates, such
as 35 2-(1-imidazolyl)ethyl (meth)acrylate, 2-(4-morpholinyl)ethyl (meth)acrylate,
1-(2-methacrylogloxyethyhA2:pyirolidones s metidachyfoytimarphobife, Dsmethaosylmd2ygrolidinone,
20070044914 '\b(ﬁi%tt@fryé%ogggyyﬁz'gxr{@éd'Q%leived from the polyolefin-

N-(3-methacryloyloxypropyl)-2-pyrrolidinone. These include repeat units which are derived from 5
heterocyclic VinESRh A CBGEPEE 3K inyipidite Z20mYipyfAdife 23 RetRyI-S Uit oyFtine,
3-ethyl4-vinylpyrdinec 2, 3-dipethy a-Btyinyipyedmeabinypyliesidine; vatylpiperideeu8ivinylearbazole,

3-vinylcarbgzole, AyvinylcarRagols, laviylimidazole, 10 2:methyll-vinylimidazels, N-yiwipyrrolidone,
N-vinylpyrrolidine, 3-virgvl )r/{roli ine, N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane, vinylfuran,
vinyloxazoles aht ﬁ§dr é% ated 032188115 t&f&genﬁ)éjﬁtfb%e& %fhy e%ic‘ﬁ/ﬁfﬁﬁggtﬁrated

monomers mayberusedhiadividipdig or asmiiktiresitishadditionallyposdsibié tofapythetmenomer

composition durig the1Ralymerzaten shibednaindghainsin order to obtain defined structures, for
example block 20 copolymers. 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- 25 tages are
achieved by comB pafifidrsathdse delyreersisiahchiifg IsSin'thé Fangerst 098%itBedl fistob,
preferably of 0.4 te1.04M6184 afd maye preaferabiyrofdAdadt motdhe Thenmetaridegressafbranching

of the comb polymeys, oranch f calculated. b the frmuyla 30 Ml djunuch, - {oS1RY +Asdp-
low molecular weight monomers selected from the group

consisting of styrene monomers having 8 to 17 carbon

15 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 1in the alcohol group, (di)alkyl

fumarates having 1 to 10 carbon atoms in the alcohol

20 group, (di)alkyl maleates having 1 to 10 carbon atoms

in the alcohol group, and mixtures of these monomers.

These monomers are widely known in the technical field.

The expression "low molecular weight" makes it clear

25 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

30 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.

35 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



where A = number of types of repeat units which are derived 35from polyolefin-based
macromonomers, 20070044915 B = number of types of repeat units which are derived from low
molecular weight monomers selected from the group consisting of styrene monomers having 8 to 17
carbon atoms, alkyJ{Agi)acrylates having 1 5 to 10;qarbon 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 irdaratasdtawrigt yo d0carlomnlatgmsandbie alcohergreyp, {diallest dGp aleates

having 1 to 10 garhan atams, in the.aleahol group. and, mixtures.of these mangmers, pa; aumber of

repeat units which are derived from polyolefin-based macromonomers of the type a’in the comb
polymer molec&4 55fb-E HRRMTE? F Y5t inits which are derived from low molecular weight
monomers selected from the group consisting of styrene monomers having 8 to 17 carbon atoms, alky!

(meth)acry@teﬁm@/in&xt%%% ¢atbon giams i the algehal-grauip: yinyh esters 2Q-haming d4o 11

carbon atoms in the acyl group, }(iné/l ethers hélvini]nl ton%o ctarbon atogws in th%halgogol roup, (di)alkyl
fumarates havir?ﬁ1 t0"£0 carboh atoms’in tHe alCoror grOllfﬁ, Fd]iﬁ)eaﬁwlomalggtre% aav?ng 010 carbon

atoms in the 25nafdohekgrbaipeand Figtupeskofthd g rvhaaterd adfagpeBya Bt éorhb pbymer

molecule. The mglassiegreesth drapshingarises genenallyremsthe rativefdhe-mesemers ysed if the
comb polymer fige bean, 29 prepared by sagolymerizationatigw malegaryeidht and, o
macromolecular monomers: For the calculation, it'is possible here to use the numl():er-average
moleculat Weightetthedhachshbémer™ss Ih & paricifa aspect bt thel BRidehe MERRSSE the comb
polymer, especiailytb@plain cha#tof)the cphdrpolymet smay daye a glass ttansitionltemperature in

the range of ‘6Q 110G Preferably ndbe fange of -AIPALAAG yhore RipleiRblInhg range of 0o
90C and 20070044916 most greferably in the range of 20 to 80C. The ilﬁass transifion temperature is

determined by BYEE Fhe JRS5apSHidhEMperafif¥ tan BEELIASEE R fe ofas iaisition
temperature of tleexgdrrespording homba 5epolymersttaking (ascouhe ofrtheaireportions<sf the repeat
units in thesmaigehgin dithg combpelymes bas beea obtained by polymes+analeggus eeaction or by
graft copolymer. z_atlon}bthe 19}r1nol%r qeg{e%%% ranchin%ls found b knpn\{\ér%megré%c%]slgtc%eltermmmg

the conversion. I%esﬁ oJfJo ton of atleas ?%éfgh , El’efélr% at

decyl (meth)acrylate; (meth)acrylates which derive from
unsaturated alcohols, for example 2-propynyl (meth)-
acrylate, allyl (meth)acrylate, vinyl (meth)acrylate,

20 oleyl (meth)acrylate; cycloalkyl (meth)acrylates such
as cyclopentyl (meth)acrylate, 3-vinylcyclohexyl -
(meth)acrylate.

Preferred alkyl (meth)acrylates include 1 to 8, more
25 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,
30 wvinyl propionate, 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.

35 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



least 90% by weight, of low molecular weight repeat 15 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 acylgieup,sviryl ethers 20 having 1 to I{hcarbon 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 alcohalgrdups andsnixtutesnaf thesetthencamershahd gt repeat Mhits whichlasé derived

from 25 poIyoleg@-(g)gﬁeglglaecrg1 ngmers,is hased op.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 30 present invention,
the statement of htleast 80%:hyweight grefersbhrdt lease80% by Weight, oiviow amiectdar weight

repeat unitg whighate degved, flom:mengasrsselected fram the group, gaRsisting afishwrene
monomers havinlg 8 O{o 17 Cﬁrbpn %toms glk I (arrcl:eltg)- 3I§aacr¥)lgtelesh§yi.ngIJhteo 1%&:;1@0&@ altoms in the
alcohol group, Vi )}l esf3'<-:-rlls(,j 85|n8 tgl"ﬁ carboh-atomsinthe ( Y
fumarates having 1 to 10 carbon atoms in the alcohol
group include monomethyl fumarate, dimethyl fumarate,
monoethyl fumarate, diethyl fumarate, methyl ethyl
10 fumarate, monobutyl fumarate, dibutyl fumarate,
dipentyl fumarate and dihexyl fumarate. Preferred
(di)alkyl fumarates comprise 1 to 8, more preferably 1
to 4 carbon atoms 1in the alcohol group. The alcohol
group here may be linear or branched.
15
The (di)alkyl maleates having 1 to 10 carbon atoms in
the alcohol group include monomethyl maleate, dimethyl
maleate, monoethyl maleate, diethyl maleate, methyl
ethyl maleate, monobutyl maleate, dibutyl maleate.
20 Preferred (di)alkyl maleates comprise 1 to 8, more
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

25 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.

30
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,

35 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



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 20070044917 having 1 to 10 carbon
atoms in the alcohol group, and mixtures of these monomers, and of repeat units which are derived
from polyolefin-basethmagepmonomers, is based on the total weight of the comb polymers. The 5
comb polymer has preferably 8 to 30% by weight, more preferably 10 to 26% by weight, of repeat units
which are derivgeh&rom) palyglefindased atacrambnomees; thiasedyah the tetahyweighy i the, repeat

units. The polydisnersi olibe omA Polmetsip AR he 40 pessan e nedyt: These

data are therefore based on a mean value over all comb polymers. Comb polymers of particular

interest include fRSSE WRCRYTaftably REPL G dht-arBiaGR AGEEIRF freighM DB/ Y the of 500
000 to 1 000 000 irio] , amarel predorably 1OOsGA0 to GEHCOGOR glnydlarel, mostgirgferablysisD 000 to

450 000 g/mol. The fwymbearAaverage nmelegyiar weight Mr, may prsierally 20be ingthepge of 20 000
to 800 000 g/mal, mor refe&ably 40 00Q to 200 000 g/m Jcand moslgrefe@blly 50 000.to 150 000
th?\% %éﬁ’yr <? JII) el ri th?—

g/mol. Comb poif/nn%ers ich &ts additid app%ﬁr 2816 Thé 25 purrg(())s‘?e re théénee whose

polydispersity iffesyNIa#¥R 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 ge'ﬁ%@ga%%%ghr?{?czf%%@p% %Q«Q)-u?’noﬁ'{‘ga EG%G]E'SH'aE%ng 'MENL OF the present
invention, the comb polymers can be modified especially by graft- ing with dispersing monomers.
Dispersing"morfdhiats B tfdefSig6E H pardicdiar id hie@fmohbRetd AR & B5 BOR& groups,
through which the paytices, espeeidllyp shotpariicles ycart be keppinesolution. These include in
particular the monomers detailed above which are
These include repeat units which are derived from
aminocalkyl (meth)acrylates, such as
15 N,N-dimethylaminoethyl (meth)acrylate,
N,N-dimethylaminopropyl (meth)acrylate,
N,N-diethylaminopentyl (meth)acrylate,
N,N-dibutylaminohexadecyl (meth)acrylate.

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

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

3-hydroxypropyl (meth)acrylate,

3,4-dihydroxybutyl (meth)acrylate,

2-hydroxyethyl (meth)acrylate,

2-hydroxypropyl {(meth)acrylate,
30 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

35 2-(l-imidazolyl)ethyl (meth)acrylate,
2= {4-morpholinyl)ethyl (meth)acrylate,
1-(2-methacryloyloxyethyl)-2-pyrrolidone,
N-methacryloylmorpholine,
N-methacryloyl-2-pyrrolidinone,



derived from oxygen- and nitrogen-functionalized monomers, especially from heterocyclic vinyl
compounds. 20070044918 Through this embodiment, it is possible, inter alia, to achieve
advantageous properties with regard to soot deposition, piston cleanliness and wear protection. 5 The
inventive comb pelynaers£an be prepared in various;ways. A preferred process consists in the
free-radical copolymerization, which is known per se, of low molecular weight monomers and
macromoleculaN mghansdrsat@ oo inistexycet; lydse-{2oipymersdanl ba @ffected especially by free-radical

polymerization,\ang-alsa felg r‘9§§g§3§pfpgIgg@t{;)]@dg‘ﬁﬁ-&g{ig@l&g{)gnerization, for example
on) or

ATRP (= Atom Transfer Radical Polymeriza- ion T(= Reversible Addition Fragmentation
15 Chain Transfer). Customary free-radical polymerization is explained, inter alia, in Ullmanns's
Encylopedia of T &strial iCledmidery, Sixtie Editiomn it genetal, dhpolgireerizdgon irddatof apth a chain

transferrersare ugsadias dhis 20-pusRese: Themsabledaifiatorzclyde theaza /ingigtarsiwell known in
the technical f|e4q, such.as AIBN ggd 1,1-%zob|%?¥ceo§xane03rbon|Ig|§hand alsq peroxy compounds

such as methyl etﬁfﬁl%%é)r?érﬁer%md’e, acétylacetbhe 75 paroXide! Gaury peroxide “terbuty!

per-2-ethylhexahogié wkoiie pémskide, forEbaMeérorioate hbthyPisbbadfiRetond pekdxide,
cyclohexanonegperaxide,tikenzoylpengxidestertibuly|, peyoxy-rbanzeate testtbytyl3-vinyl -

peroxyisopropy. te,2,5- 30 bis(2- eroxy)-2,5-dime e tert- butyl
peroxy-2-ethylh%%%%ra}?oe?fgért-butyl éraf(%@%%a%%%ﬁy%ﬁexanoatg %ﬁ%@ﬁ%@rﬁtﬁ%@%i-bisaert—

butylperok§)cydom&tanelt, } vid@ert-bot 89 3B HidhemyiSebheRate, NmitRydroperoxide,
tert- 35 butyl hysyaperbxkidien bis(4-t8rtshiytdyclahexyi)dqietexydicrbonatel, caigttwés ot tvwg or more of
the aforementigneg: campeyRAs Witk cog anojher, apd lspmixtutesofithe Alorementioned

compounds with compounds
P oxazéﬁes and hydrogenated vinyloxazoles.

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

20 copolymers.

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-

25 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

30

M-

3

a

f — a=1
branch A B

Zna +an

a=] b=1

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

35 from polyolefin-based macromonomers,



20070044919 which have not been mentioned and can likewise form free radicals. Suitable chain
transferers are especially oil-soluble mercaptans, for example n-dodecyl mercaptan or
2-mercaptoethanol, or else chain trans- 5 ferers from the class of the terpenes, for example
terpinolene. The AjRFpprpgess is known per se. It iss@gssumed that this is a "living" free-radical
polymerization, without 10 any intention that this should restrict the description of the mechanism. In
these processed atramsitibre metdl composing fs reapteatwitinad tompouad winich tsra tradsferable

atom group. This transfergtheltsansfesable atam oreuprtetheyaBsitieR metal compoumra:ckd which
oxidizes the metal. Thiggeaction forms a radigal Whici}addcs ontrtln etp{ylenil%%ou S. yfwevgr, the

transfer of the atom grour? togtﬁ%%Pangﬁl%ﬁlrﬁet%ﬁlgorﬁpouSndyilsfere\?ers@Peo, 85 tRat the atdm group is
transferred back to thetgrowihgogalipeier ekamswhithfgrms BohirBlay 26 po%yrhéTZdation system.

The structuge of the potysner cthe-eneiraulan weight and theaoletalan weightdistsibutiomean be
controlled correspondingly, This reaction isdescribed, for e le -S. Wang, 25 et al, J. Am.
Chem. Soc., vol. 117, S.%gesefﬁsgi%v(]i%%)}dby%l\ﬁat%%s,zé\?vjéxﬁ%a?%ﬁ% ec%/ﬁas,gx% . 2%, 17001-7910
(1995). In addition, theJFBRY appiie HtorfEART 96150M 28 IWD §9/4786 E2RRYB7AIBAT, WO 98/40415

and WO 99/10387, distlose yatiantslofdle 30 ATRR explayiedfalieves tre addition nie invemtive

polymers may be obtained, for-example, also wa RARTL methogs., Thig progess isfresented in detail,
for example, in WO 98/01478 and WO 35 2004/083169, to which reference i1s made explicitly for the

purposesof disclosurd"226t7 6034958 FblinerizatioR temper&@Fe b istridhtical FoweVer, it is
generally in the range af. <2gh020QC oweferably 30.x150C@ andmbtessrefarablyn80-s130C. 5 The

polymerization may-becarred out with-aphwithoutsolvent. Jhe derm splvenyds-toskeundeestood here in
a broad sense. The solvent i se#ected acc%rdirgg to the ﬁolariEy of tf}[e monomers used, p{%ference
ati

ti
being given to using 16 %Cﬂ, e éLt?v-é}?yaﬁgeh gas Git and/or 10 aronatic ygrocgrggns?for example

toluene or xylene. Thellb® reorReuRP WENGHt MeAGHERS0 be used to prepare the inventive comb
polymersin a freg-radigcakeepolysierization areigeneralyhcommereialyeaaviailablef tom 1low

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
20 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
25 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
30 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.

35 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



Macromonomers usable in accordance with the invention have exactly one double bond, which is
preferably terminal. 20 The double bond may be present as a result of the preparation of the
macromonomers. For example, a cationic polymerization of isobutylene forms a polyisobutylene (PIB)
which has a termal glowble bond. 25 In addition, fungiionalized polyolefinic groups may be converted
to a macromonomer by suitable reactions. For example, macroalcohols and/or macroamines based on
polyolefins mayruessubjeciée tah transestetificatiam 38 oo Amirblyisis With [ow Mblecglhaneight

monomers whichngye; atilggst ngdmisaiyrated ester oravaioe gxarpple seethyl{megagrylate or

ethyl (meth)acr)élate. This, transesterification is widely E}nown. For example, 35 a hetercir%eneous

catalyst system el be (& fof TS BOAIOSES sUchhs Hthilfii hydroxide/caidurm Bxidd Tixture

(LiOH/Ca0), puretigmamtiywitoxidetner} digviem mdthoxide (LioNMeY espodidimamethogite(NaOMe) or

a homogengeous satplst systedk Swgh asdsepiepyl 20070844921 -tilawate CHEOIPK)A) of klioctyltin

oxide (Sn(Oct)20). Th%ree}lc%gn IS an ¢ q%JiIibrium reaction. The low molecular weight alcohol released
Y

is therefore typi‘Eaﬁ)yefaemgve ,?orlélxam efngy} disfiffation” 5 In addition, these macromonomers can be

obtained by a direct esterification or direct amidation proceeding, for example, from methacrylic acid or
methacrylic ankny:f_iridg_eh@refeeanbj;y withlagidie c_afhayg_sisﬁyel{) petotienesdlphepic peityaier-
methanesulphonjg aeid on from Jreeumefnacryic agid by dae DEGmetpd (linvelohexyigarodimide)

n 0 e

In addition, the present alcohol or the amide can be 15 converted to a macromonomer by reaction with
an acid chidridé'eteh adgMedDacdioyremehde I Insddiim G iS¥IsEHoRibReeparkia
macroalcohol videtbempactioryoftthe termmalkBiE©20 double bond, as forms in cationically polymerized
FIB, with maleic anhydride .(ene reaction) and subsequent reaction with an a,w-amino alcohol.

Moreover, suitable macromonaomers can be obtained .
The proporé%on of at geast B%é by weight, preferably at

least 90% by weight, of low molecular weight repeat
15 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
20 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, and of repeat units which are derived from
25 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
30 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)-
35 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



25 reacting a terminal FIB double bond with methacrylic acid or by a Friedel-Crafts alkylation of the
FIB double bond onto styrene. In the preparations of the macromonomers detailed 30 above,
preference is given to using polymerization inhibitors, for example
4-hydroxy-2,2,65tetramaethylpiperidine oxyl radical @r7hydroquinone monomethyl ether. 35 The
macroalcohols and/or macroamines which are based on polyolefins and are to be used for the
reactions detailédmaboge dantie prépareddnra larovmsmannerhkn aabitione Some@ithesand

macroalcohols gnd/er, magrasamipgs &ke cRMBIRECAllY available. 200240044922 dhepemupercially
available macroamines, incjude, for_example, er%og%_PkI}BA 03. Kerocom(r) PIBA 03 is a

polyisobutylenea(l%?B) gF NF, = ?006 rgff%ol RRichhas béen fURCtioRalz&d to-ar extent of about
75% by weight &ad &sIsupplietls® atcoheéntitad ohibodt 65% Dy aridht ipcdlratie hydib&arbons by

BASF AG @-udwigshafen1Grenany).A furbes pesiugt is Keadorsbiguid@ wd 2089 1éhbydrogenated
polybutadiene which has.been %if;énctig?%lizgd to an extent of-about 98% %‘i"?isgh% f]a,llsC known as

olefin copolymeEr)E)e Ig)rgrkf fas about 50% each o‘?’?[??qrep’eatolfnitge necfaf4 repeat units of Mn= 4200

g/mol, from KrafditP&l§ibrsa mbrPIESERBOIP. 5 erhnify) MAHErROPPMS s Df stitstie
macroalcohols basediofn hydrogenated palybutadieniecarer6rayaValley {Raris), Bhdauglhtey eompany of
Total (Paris), and s partamer 50 Company dhxtoniBAlhiasl THEPrepRsation of macregines is
described, for example, in EP 0 244 616 to BASF AG. The macroamines are prepared via
hydroformlatioRritPEmifation: 2% prdterdd§ ofddlyisoblifféne SBERisHityIdiE SR fe
advantage of exhibiktidgan aystalizatien atlowtemperaturesiAgvalyagesus macroalcohols may
additionally be prepared 30 according to the known patents to BASF AG, either via hydroboration (WO
2004/067583) of highly reactive polyisabutylene HR-PIB (EP 0 628 575), which contains an elevated
proportion of terminal apd)o%f)lﬂae Snds?,%or W&Sf&t%f/lati%ﬁtfgﬁoeﬁitd b%/%%/%?ggeena%ig%?EP 350277
345). Comparedé dldoferhgiatioryafd igdragesatibnt hydbaestioredifords alghee sidvhol
functionalities. M, in the of 500 000 to 1 000 000 g/mol, more prefer-

ably 100 000 to 500 000 g/mol and most preferably

150 000 to 450 000 g/mol.

The number-average molecular weight M, may preferably

20 be in the range of 20 000 to 800 000 g/mol, more
preferably 40 000 to 200 000 g/mol and most preferably
50 000 to 150 000 g/mol.

Comb polymers which are additionally appropriate to the

25 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).

30
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-

35 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.



20070044923 Preferred macroalcohols based on hydrogenated polybutadienes can be obtained
according to GB 2270317 to Shell International Research Maatschappij. A high proportion of 1,2
repeat units of about 60% and more can lead to 5 significantly lower crystallization temperatures.
Some of the magrgmenapers detailed above are alspscommercially available, for example Kraton
Liquid@ L-1253, which is produced from Kraton Liquid(r) L-1203 10 and is a hydrogenated
polybutadiene vilthiclo hgs bebn snethacgiatesfinctidhalize ddo ssiéxtent afralrout 96% by weight and

has about 50% gagh of 4.2 tepeat tnife and 1.4repeatiunits, frpm Kraton Rolymers Grbkk(Eschbom,

Germany). 15 Kratone ,Lt-1253 was sglnthestjjze%ﬁc_cording to GB 2270317 to Sgell International
Research Mats&‘?éf) Sj} MAtroRoFoRersSHEs &H%ﬁﬁ/oﬁrﬁ swa%%rth%ﬁop?gﬁarlaaﬁ tion are also
detailed in EP 0 621 293 and EP 0 699 694. In addition to a free-radical copolymerization of

macromongmersiandiawdneleculacwigighbaiopesiers whch25 hasbeer detaled;abavshe
inventive comb \Bgl gne(r]il rr?a%btee(%tl)ftggedrbg fCpos! mer-anaIogI%usirrtlaa%trllc)ensfIrnetggsg(ae1 Jeactions, a

. g . e S COI’lﬁlS d'LC
polymer is first prepare nown manner from low molecular Welght monomers and IS then

converted. In thZOReskYHeE backbbpre-of atbHl polyfer Kty Be syifttesiZER) frorf & redétive

monomer such as ealeitanhydiida:metianngicsacia ar risegyeidydanethacrhdaierancksather
unreactive short-chain backbone monomers. In this case, the initiator systems detailed 35 above, such
as t-butyl i)erbenzoate or t-butyl per2-ethylhexanoate, and regulators such as n-dodecyl mercaptan

may find 4Se. Z00700BE§22 R = (HRREFsRPLHAPRXEMPRIINh SEORETSE of IGAARSSY the side
chains, which abyyalsd referred 40 as armgpangynbe geaerated. In thisireaetlem thermaertoadcohols

and/or macroamipgg detailed above maybe pused. Fhe seaclionofthedaiialy formed;kackbone

olymer with macroalcohols and/or macrpamjnes corresponds . .
Poly %or example ATRP (= Atom Tra s?er Radical Polymeriza-

tion) or RAFT (= Reversible Addition Fragmentation

15 Chain Transfer).

Customary free-radical polymerization is explained,
inter alia, 1in Ullmanns’s Encylopedia of Industrial
Chemistry, Sixth Edition. In general, a polymerization
initiator and a chain transferrer are used for this
20 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
25 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-
30 Dbis(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-
35 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



essentially to the reactions detailed above of the 10 macroalcohols and/or macroamines with low
molecular weight compounds. For example, the macroalcohols and/or macroamines may be converted
to the inventive comb polymers in grafting 15 reactions known per se, for example onto the present
maleic anhydridexgr-+pgthaerylic acid functionalities in ¢he backbone polymer with catalysis, for
example, by ptoluenesulphonic acid or methanesulphonic acid to give esters, amides or imides.
Addition of low winiedulah2€ eveight aldodmis anefdriamiads, such asam-butakelarse form

N(3-aminopropytjragrpholine -allaws this pelyigier-apalggaus feagtiopde besconducted 4o complete
conversions, especially in th%e(_:ase]aq‘ﬁ%rﬂalelc anh%%rlde backhones. 25 In tr?e case ofg%lycufyl
functionalities irF i Backtbhe, 3R Rdditon BFhSIREERIcoNS? AndTdtBIHE mAcr3aRTTe tan be

performed so aswe formteombogolyrrers r3G: it additiem the matroglésisolscasd/or the atagroamines

can be conyertedbby afolymstanalegous alsgholysis eramipelysisith a lackbosgawhich contains
short-chain estecr functionﬁ]lities in order to generate comb polymers. 35 In addition to the reaction of
|

the backbone pofillrfﬁ?elrnvf/1 Y matromolecular compounds, suitably functionalized polymers which have

been obtained by reacting low molecular weight monomers with further low molecular 20070044925
weight monomers o fenRcopbpeiywerscarbeweagied. [zéhis qase i e initallycprepared backbone

polymer has a pJHE‘]?‘éityi%f fgnc{@p@ﬁjr%zrwgigggq\é%@%ﬂtiqggffy%{ggglyglgig)rgft REMpgtizations. 5

For instance, a mulfiple cationic polynierization of ibutene can bé initiated, which leads to comb

polymersiith pVbIefit-§iBE Srms Faitadid broceRedd fbr steh &t copGlymeRsatidHs AR also the
ATRP and/or RAET pioecessestetailect above intdrderto ghtairecsrb 10 polymers sithiavdefined

architecture. In g particulaaspegtiof the peeseptinventian, the & pelymer 9tihe prasent invention
has a low propartion of olefinic double bonds. The iodine number 15 s preferably less than or equal to
0.2 g per g of combPotyIher HorePrateralfI85s than orequal 18 6.%165 Per g}b%co?ﬁ:ba%@mer. This
proportion can Be detsrminetcaiecardipigito DIN 33241 biftendiawing ofhedibr ciPaw® sy molecular

weight resiglualpparameysi20 atE80G endercreducet peessursior 34 hewrasARPrepdatelyl the comb
polymer may haye repeatunits which are derived from asbuty methiaarviats gadipr fromyasbuty
acrylate. Partlculaﬁy advan ageous?yﬁhe

of the atom group to the transition metal compound 1is

reversible, so that the atom group is transferred back
to the growing polymer chain, which forms a controlled
20 polymerization system. The structure of the polymer,
the molecular weight and the molecular weight

distribution can be controlled correspondingly.

This reaction is described, for example, by J-S. Wang,
25 et al., J. Am. Chem. Soc., vol. 117, p. ©5614-5615

(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
30 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
35 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



25 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. 30 In a preferred modification of the present invention, the comb polymer may
have repeat unitspwhigh £4€ derived from styrene. Thepproportion of repeat units which are derived
from styrene may preferably be in the 35 range of 0.1 to 30% by weight, more preferably 5 to 25% by
weight. 20070044 926coimirpdlymersampieln diavegepeat units winich are defive dHivomvatkyl
(meth)acrylates having 14=30.¢ayboy atﬂmstiﬂéherglgﬁleraggal_@propriggﬁby,dbe prapestian of repeat
units which are derived frgm al %)I O(r,neth)- acn{/)lates vingl_l%i to ésé)oca_rbq% 8'go s in the alkyl radical
may be in the raﬁ%ﬁeyof .1 to 15% b§:V\%' tMRore Brre%r%fb y Yo 10% by weight."In a particular
aspect of the present invention, the 10 comb polymer preferably has repeat units which are derived
from styreng, agduéepg?uwwa'@hﬁa d@ﬁ\gpdﬁeontaﬁmé;inemfcrmnem The weight &atto of styrene
repeat units and_n-butyl methacrylate repeat units is. preferably in the range of 1:1 to 1.9, more 15
preferably 1:2 6 ?L%.’%‘%'fuﬁﬁgr pj)cr%f:é?re%oer%fggiimle%t ]:C)?thgeé/prlérslézj%tri:rs1n\figc<e>r(1)tﬂ{)r]{l the C(:)er%bapolymer
preferably has repeacunit8itfich dresdefivéd fokn styrefie L&ttt fpeaCanedyRigh 2O afd 8erived from
n-butyl acrylatepbhe weight eatio o styrenedepeat unis dnd pratylactylaterepeaat unltsds preferably
in the range of 1.1 tolgs'?n@org (%ﬁfergglyll:zrtg L8322 fliqi&%rtprqjgged Jeaturg, of the present

invention, the comb polymer preferably has repeat units which are derived from methyl methacrylate
and repeatinité WA e dRFREARTR ABLtyIFREHREATRES The WKight 13fio Y hdthyl methacrylate

repeat units and 30 n-butyl methacrylate repeat units is preferably in the range of 1:1 to 0:100, more

preferably 3:7 tg 0100, Therigventive cambyRelyimst SroJyetesally bgdisedin ajulricant oil
composition. A lybricant oil composition 35 comprises at least one lubricant oil. The lubricant oils
include especiaﬁL)b?nirfengfe&fé} ﬁntﬁégﬁ%boilg%g]?ﬁp vatdraldlls 2 2 4ﬁ@§?c§‘[])1e.cﬂ$e(§/ dre generally
obtained from riig&fs: il bplerddeeoit by distilldtiorrandlor refinldy ard aptiesdl-further purification
and finishirmg processes, the term mineral oil including in particular the higher-

Macromonomers usable in accordance with the invention
have exactly one double bond, which is preferably

terminal.

20 The double bond may be present as a result of the
preparation of the macromonomers. For example, a
cationic polymerization of isocbutylene forms a polyiso-

butylene (PIB) which has a terminal double bond.

25 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
30 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,
35 a heterogeneous catalyst system can be used for this
purpose, such as lithium hydroxide/calcium oxide
mixture (LiOH/Ca0), pure 1lithium hydroxide (LiOH),
lithium methoxide (LiOMe) or sodium methoxide (NaOMe)

or a homogeneous catalyst system, such as isopropyl



5 boiling fractions of crude or mineral oil. In general, the boiling point of mineral oil is higher than 200C,
preferably higher than 300C, at 5000 Pa. The production by low-temperature carbonization of shale oll,
coking of bituminous coal, distillation of brown coal 10 with exclusion of air, and also hydrogenation of
bituminous or byewn ¢eakis likewise possible. Accorglingly, mineral oils have, depending on their
origin, different proportions of aromatic, cyclic, branched and linear hydrocarbons. 15 In general, a
distinction is drawhdedween rdffintbase, naphthéniscdnd aromatic frdetiont§in Oreide20ils or mineral
oils, in which theferm paraffinhase fractign reprgsentsionggs-chainsexhighly brapehed 20 isoalkanes,
and naphthenic fraction_represents cycloalkanes. In addition, mineral oils, depending an their origin
and finishing, h’&%i%l’ﬁ?e]rér?t fra&?ojn%xotf n-afﬁgﬁgg%oalkﬁﬁﬁf ﬁg\ﬁﬁg a oW deéﬂ%@rg?%?gﬁching,
known as mond-yiethylloraneieat pariffirts; and:conspeundes23hanng hetekoatoms, in particular 0, N
and/or S, t9 which a degree of polar properties are attributed. However, the assignment is difficult,
since individual alkane mplecules, may have both long-chain branched grqups and cygcloalkane
radicals, and arEoIFnaéﬁ(c?C[{)%l?tls?ao Fgr?lﬁ%eepulpﬁocs%%mgfrﬁ%g%%seﬁﬁ ﬁlve%rﬁioﬁq,bt aeléls%?;n%?/en? can be

effected to DINBILSTE, for @bl PSlaPftactibnsEaitalso BEdEfriiied e ASTM 512607. The
proportion of n-adkanes:tapraferred niveral nis 83 és-kess tharm3%dby weighhdha draetion of 0-, N-

and/or S-containing compaunds #ej_sgg@g@o{&by weight. The fragtian of the gramatics arg%of the
, : N :

mono-methyl- branched paraffins is generally in each case in the range of O to 20% by weight. In one

interestint’aspBctt 2bE0BA4IPE AREral BF L8P esMARRRIHRSGE AAd RFafin-Bdse alkanes
which have gerferaity mdrecthan 1 tgreferatily enoreathiad 18 lapd mbkeprefefably meretthdn 20 carbon

atoms. The fraqtipn-Qf these comporpds isi » ggaerally L 60% by weight, preferably L. 80% by weight,
without any intention that this should impose a restriction. A preferred mineral oil contains 0.5 to 30%

by weight of aromatic fractions, 15 to 40% by weight of naphthenic fractions, 35 to 80% by weight of
10 paraffin-baskrfragticiis; iprto 3% by weishe b nadkar@zand Gro5tHdS s By desigh bf putar

compounds, bassghiB eash case an the tatahweaight of the minesalaibAS Anw@analysis atparticularly

preferred minera}{ fgs,i\ggich S\/yl%%eﬁ(asct?]% g¥}@%anrs gfoc%vggg%r}all Jprocesses such as urea
separation andcilquuzir chroinatograp%y on silica gg], Xhovgs, for exampiee] the following constituents, the

percentages relating to the total weight of 20 the particular mineral oil used: n-alkanes having approx.
18 to 31 carbomatomsidi #1439, slightly hranchedsalkanasdmaMing: 18 too31 garbpa aéoms: 1.0-8.0%,

252H0maﬂcshﬁg@gé%ﬁ%ﬁ%%§aﬂgméﬂogﬁé reaction of the terminal PIB
20 double bond, as forms in cationically polymerized PIB,
with maleic anhydride (ene reaction) and subsequent

reaction with an o,w—amino alcohol.

Moreover, suitable macromonomers can be obtained by
25 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
30 above, preference 1is given to using polymerization
inhibitors, for example 4-hydroxy-2,2,6,6-tetramethyl-
piperidine oxyl radical or hydroquinone monomethyl

ether.

35 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.



0.4-10.7%, iso- and cycloalkanes having 20 to 32 carbon atoms: 60.7-82.4%, polar compounds:
300.1-0.8%, loss: 6.9-19.4%. An improved class of mineral oils (reduced sulphur 35 content, reduced
nitrogen content, higher viscosity index, lower pour point) results from hydrogen treatment of the
mineral oils (hydrgispaerization, hydro-cracking, hydrptreatment, hydrofinishing). In the 20070044929
presence of hydrogen, this essentially reduces aromatic components and builds up naphthenic
components. Valuable information with regard to the analysis of 5 mineral oils and a list of mineral oils

which have a diffggent compositiomaan be found, farexarmpleoiydiHaann'sfnayglopedia,ef Industrial
Chemistry, 5th Edition on CD-ROM, 1997, under "|L¢ ricants and reI(%tedP&ro&iucE%. 1Q Synthetic oils

include organic %’é?é??,]f%r exgﬁ]ﬁ?ecafg@terg Sra po e‘steé?ﬁ8@8ﬂkylene g]ﬁycols, pol)l/-sethgrs,
synthetic hydroserbwascsperiaiypolldinseambngwhiel preféremke i givien e polyafshaolefins 15
(PACs), sil'vfgon@qgus §a§&%&w@@whﬁtlﬁ@rsak§ agigition: E&Sfpcas@&h? to7uge gypthesichase oilhs
originating from_gas to liqui TL), coal to liquid (CTL) or biomass to liqui TL) processes. They are
usually somewhagf%olr% eXp sﬁ%ﬁ?ed%hgﬁe’ the r%%%%(ﬁnoﬁ%?% bﬁﬁlgibeogéva%(g%gs‘} Wﬂﬁ%g%gjag}d to their
performance. Nafurap i BrLdsimal i Vegatabfa sils Fr eRAMple MeatsfboCH iI5H)8joBR oils. 25 The
base oils for lubzisanteil,formulations are divided into groups according to API (American Petroleum
Institute). Mineral oils are divided into group | (non-hydrogen-treated) and, depending on the degree of
saturation, sulphur content and viscosity 30 index, into groups Il and 11l (both hydrogen-treated).

PAOs correspofid tofgrbhps V. MRS Fase bils arkehcdmpaddeddihdfoup™7 12 Fheselubricant
oils may also bé&vded asmikties apd Bplarean heany cases commerciadly avaialle. Thgi-

concentration ofthe-¢amb pelyaer inthe Ig}qricggttgihgonyppsitggb@tpreéqygblybgg th,@erf@lgg of 0.1to
(also known as olefin copolymer OCP) and has about 50%
each of 1,2 repeat units and 1,4 repeat units of
M, = 4200 g/mol, from Kraton Polymers GmbH (Eschborn,
15 Germany).

Further suppliers of suitable macroalcohols based on

hydrogenated polybutadiene are Cray Valley (Paris), a

daughter company of Total (Paris), and the Sartomer
20 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,
25 preferably of polyisobutylene. Polyisobutylene offers
the advantage of exhibiting no crystallization at low

temperatures.

Advantageous macroalcohols may additionally be prepared
30 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
35 0 277 345). Compared to hydroformylation and hydrogena-
tion, hydroboration affords higher alcohol functionali-

ties.



40% by weight, more preferably in the range of 0.2-20% 20070044930 by weight and most preferably
in the range of 0.5-10% by weight, based on the total weight of the composition. 5 In addition to the
aforementioned components, a lubricant oil composition may comprise further additives. Preferred
additives may bgdapsed especially on a linear polyalky (meth)acrylate having 1 to 30 carbon atoms in
the alcohol group (PAMA). These 10 additivesincludeDladditives(dispersants, detergents, defoamers,
corrosion inhibiters; etiozidants; weat pedtedttorbamed éxivemée pressyre addidives, ifpbtidramodifiers),

pour point improyers fmoge preferablycbased-on, pelyalyhineth)agsylatekbshaving 14a Spicarbon
atoms in the alcohol %rouggpgnd/or dyes. In addition, the lubricant oil c%lrgp sitions detailed here, as

well as the invehtNEESR Me%?f?m%@ra? 2586 %?@?e‘?ﬁ 1 mixtur ith RERVSHtioh&i v
improvers. These inélude especiallynidregenatedstyreneldiemncopuiyraers {AISbeadSt4116 917,

US 3 772 196 andddS £ 688,316 ta Shelk Qil-Gempany); sspecialh-hasacen putadiene and isoprene,

and also olefin copolymers 25 (OCP5, K. Marsden: "Literature Review of OCP Viscosity Modifiers",
Lubrication Science 1 (1988), 265), especially of the poly(ethylene-co-propylene) type, which may
often also be prégaft inA/O-flirtioRal B ARARET8BPersiaf adtkif or FXMAs, WhRh &étRually
present 30 in Ndunetional farmywith-advaatageous additive peageltes hoastats) dsidispersants, wear

protection additngfzagylor‘j,ﬂth'&qp nqdif ers SRESL520,.696 %‘%%'H_aﬂﬁ! ﬂﬁwqg%@@omm to

RohMax Additives). 35 Compilations of @I improvers and pour point improvers for lubricant oils,

especiallyt hoto?®fls, dre détailBdfor EXBMpRE! inPIe WA 381 BR&sel (BASH "LtdRcahRShd
Lubrication”, Witey=N &, Weinkreim 2601 oRa M. MattierpS.ah Cesaidiki{edst): '@@hemistBoand

20070044931 Tk%ghra@gg%y&fugq{@a@;géBlgglggecag%nig%gﬁofggiopgb ngg%gg%ﬂ J. Bartz:
"Additive fur Schmierstoffe", E)gert-Verlaé;, Renning n-MaImgheim 1994?. Aggrospria e %i persants
include poly(iso%ﬁﬁllen]e’) eri R/%%Fe.g. B&I§ﬁ$obu%ﬂ8ﬁle)s &&hittides @3@ 55; ethél‘@ -propylene
oligomers with NFfunetiohaliteerme mhe -preferred detergents include metal-containing compounds,
for examplg phenoxides; salicylates; thiophosphonates, especially thiopyrophosphonates,

thiophosphonatgg atnd g%'ofmf%%te%assuIpshOrrf@éess%nzde%arbgrc'%tgaiés mcetaI%Bth%%%ggggounds
comprise espemal?y ik calcium, magnesiunt an baridm. These comp UI‘]C?S may be used preferably in
neutral or overBesed6in. Orpariicalat telfeRare additiolallSdé@RaRErs, which are in many cases

divided into silicone-
Macromonomers based on polyolefins and their prepara-
20 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
25 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
30 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
35 above, such as t-butyl perbenzoate or t-butyl per-
2-ethylhexanoate, and regulators such as n-dodecyl

mercaptan may find use.



20 containing and silicone-free defoamers. The silicone-containing defoamers include linear
poly(dimethylsiloxane) and cyclic poly(dimethylsiloxane). The silicone-free defoamers which may be
used are in many cases polyethers, for example poly(ethylene glycol) or 25 tributyl phosphate. In a
particular embog ety theginventive lubricant oil compositions may comprise corrosion inhibitors.
These are in many cases divided into antirust additives and 30 metal passivators/deactivators. The
antirust additiveBrused may,thter alig; dye, sulpbonatesripi examplegpetreleuoigulptroimates:or (in many

case overbased) sypihefic alkylhenzegesphenatss, e gndisenylipaphthegesulphonatgs;carboxylic

acid derivatives, for 35 eéxample lanolin (wool fat), oxu%zed araffi%s, zinc naghhthenates, alkylated

succinic acids, #honJihgnoxaekticitid, EHites an 'imi(%b (NAAtSIsaFsodine: thidazbitive
derivatives); amire-neatratizedlmonodaiwl diakynsrasphatesdaiorghsithe abieyelomexylapsine or
20070044932 digthgnolamine.The metal passivators/deactivators include benzotriazole, tolyltriazole,
2-mercaptobenzo- thiazole,dialky1-2,5-dimercapto-1,3,4-thiadiazole;
N,N'-disalicylideneethylenediamine,N,N'-disalicyli- 5 denepropylenediamine; zinc
dialkyldithiophoSpkates aad HukyPdithidrarbaridiés 1A YurtreEpesterred §Rstieof RAIKRES is that of
antioxidants. Thei antioxiglaatsdaclodedos exaspe o0 pheaelse toiaxamplech gi-derddaityphenol

(2,6-DTB), butylat%%%dj%g)?itr%uep (B%‘@Z’%QJ; EJEQHQI" detailed above of

4-methylpheno|€,34s, -methylenebis(2,6-di-tert-butyl- phenol);aro matlcammes,espeuallyaﬁf(l)?lated
diphenylarRine SiAEBREMHIMAPAthyARAIRY P NIRC HBRM 1B feri¥d 2 B14-thiRtethidihG Gibtffnone
(TMQ); compouwnsisgtontainimgcsutptsur and phosphorus, for example metal dithiophosphates, e.g. zinc
dithiophosphates (ZnDTP), "OOS triesters" = reaction products of dithiophosphoric acid with activated
double bonds from olefins, 20 cyclogr%ntadiene, norbornadiene,?%-é)irnene, polybutene, acrylic esters,

maleic esters (dshfes§ SAETBusHE): SIYGRSEMERICISnPEtRAS ol Bxampil disiRyl Raibhides,
diaryl sulphides polysulphidesd moulifidtethibls] ehibphens detvativesmearthates Sthidgiyeuls, thio- 25
aldehydes gsulphul-contairing.caiPaxylie Acids hetesecyskiG s pburmitrogencompesrds especially
dialkyldimercaptot ialdiazgl%s,gir{w rcag%oblgggmiggqugs; %nggn%&etgxlggelities 5
bis(dialkyldithior(f:%r %rﬁ:ate)r;l o¥ganop%osphorus com oun%ls, for exampFe triarﬁ and trlalkyln30

phosphites; orgeRBcEFFEFRVPTRMHEELPE cVkFhaseritcalditms andMaGicdiihSrased ghenolates

and salicylatestoluenesulphonic acid or methanesulphonic acid to give
esters, amides or imides. Addition of low molecular

20 weight alcohols and/or amines, such 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.

25 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.

30 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.

35
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



The preferred antiwear (AW) and extreme pressure (EP) 35 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; compoeupds 420070044933 containing sdphur and phosphorus, for example metal
dithiophosphates, e.g. zinc C3_12dialkyldithiophosphates (ZnDTPs), ammonium
dialkyldithiophosphates, amtintorscdialkyldithiophosphéte »ahetybdenura dialkg/Idithimphes--5 phates,
lead dialkyldithipghosphates 4’ QOS Higsters,'it feaction prequictsaf dithiophosahqiiciagid with
activated doublg bonds froni olefi stlgz{yclo%ent%diene, nor rr%adienew?éjr_)i eneégolybutene, acrylic
esters, maleic e&térs, firipr%nlfllﬁ%o%p oro |onatlén(ci'ile’]Fplr)‘;51 g c%)Fnspoun s%ontalniﬁgesulﬁhsur and
nitrogen, for examplelzine bis(amyngithidpddaizadompeiiyiehiehis(@rnbutyl dithiocarbamate);
sulphur compounds containing elemental sulphur and H2S-sulphurized hydrocarbons (diisobutylene,
terpene); sulphurized.glycerides and 15 fatty acid esters; overbased sulphgnates; chlgrine compounds
or solids sdjlch a%oéraﬁgﬁt%c o %%lybaerrlnl}lrﬁ%&¥%i 5 ﬁlL ﬁ?rtlh%r%?e F}Geag 19%83[)1 8? additives is that of
20 friction modifigisS The fifctioR tobitiets 564 mayindtidel freRariCally eRRvePCInipG TS, for
example molybdenum sisujphide igraphide (inctuding fudriraiéd graphitey, geoly (Tifluoroethylene),
polyamide, polyimide; cpaynds which fogn adsqiption layers,for 28 exanple lgng-ghaia carboxylic

acids, fatty acid esters, ethers, alcohals, amines, amides, imides; compounds which form layers

through tribochBi&F FE&RionS ot tkGfhplfElifated FattyFH6E, phioRph&titadit and¥Rfdphosphoric
esters, xdrithogenatess salphutiked faty 3 acids redmpedrtds-which form polymer-like layers, for
example ethoxylated dicarboxylic acid partial esters, dialkyl phthalates, methacrylates, unsaturated
fatty acids, sulphurized olefins or.organometallic ¢ unds, for example molyhdenum compounds
(molybdenum difhio® 35 BRGSHHAIES artrRBITbdsHum AihicRA S ates MADTC 4Hd thaF
combinations WHHEND PRS, wetpPper-edntaiiiey oREFEESMpAmRVES L2007 0043934 Somesf the
compounds detailed abovemayfulbh epitiple-funstions Zpbids formxampirl is grimatityean antiwear
additive extreme pr. e,additive, buf also has the charactey of tioxidant an rrosion 5
inhibitor ?hngre: %ngetglrp%ai%%%%c}sdgla%ﬁsatgggrﬁhg IZd%Iﬂi%%s d%a?ai%d ag%v%%are Jgeé]cribce%ﬁ% more

detail, inter alialif TNy, WP ISre SRR Abrid&ME ahd RBbatiGIMiley-UY; Wethheim 2001;
10R. M. Mortiep&x: T. @rszafik (edsn)b " Chemiigtng and Tebhmologyroblatiricants”.dRneferies lubricant

0"Composmonéé@%?ﬁﬁ¥ﬁﬁpggbcording' to DIN 53241 after drawing off
carrier oil and low molecular weight residual monomers

20 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

25 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.

30
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

35 range of 0.1 to 30% by weight, more preferably 5 to 25%
by weight.

Surprising advantages may be exhibited especially by



measured at 40C to ASTM D 445, in the range of 10 to 15 120 m2/s, more preferably in the range of
22 to 100 mm2/s. The kinematic viscosity KV100 measured at 100C is preferably at least 5.5 mm2/s,
more preferably at least 5.6 mm2/s and most preferably at least 5.8 mm2/s. 20 In a particular aspect of
the present invengign opreiesred lubricant oil compositigns 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 25 most preferably
in the range of X¥&rio 2X5! yiobricanthoiladonezositionspehich ang additibnally efyparticutarieterest are
those which ha\é;er%xlaigé‘lE‘%}TPQE@&@)VQ%%%BS%@S%M@TH@I@%a%%%%é‘ﬁ 150630 ofat least 2.4

mPas, more preferably at least 2.6 mP e high-temperature high-shear viscosity HTHS measured
at 100C is prefeﬁﬁy aatﬁfgjtl 16 ﬁ%%ﬁiore%@%e?gﬁ&%%%é’ﬂ 7 g‘ﬁ%s RAGRTI Jp%‘l‘er ly at most 5
mPas. The differ@msaiietwaehtthe High-Bmpenaturedsighvasishdanoviscesitiesl HTHSehsured at

100C and B0C; EHRl00sH 9150y isiarefembly @t mastdmPasomereipreferably at gyast 3.3 mPas
and most preferably.af most 2.5 mpas. Th% ratio of high-temperature high-shear viscosity at 100C
HTHS130 to hig%-temperaturé]high- 2007 1634@5“%ear viscosity af 150C H ¥|SY§6,g !
HTHSno/HTHSIBBIR prefetabiak indst 200, srepreferashitat most 1.9. The high-temperature
high-shear viscosity HTHS can be measured at the particular temperature to ASTM D4683. 5 In an

appropriate mogification, the perypanent, shear, stabylity ipdex (Easi) 1o ASTM 22603 Ref, B
(ultrasound treatment for 12.5 minutes) may be less than or equal to 35, more preferably less than or
equmtoéﬁ? comb polymer preferably has repeat wunits which are
derived from styrene, and repeat units which are
derived from n-butyl methacrylate. The weight ratio of
styrene repeat units and n-butyl methacrylate repeat
units is preferably in the range of 1:1 to 1:9, more

15 preferably 1:2 to 1:8.

In a further preferred embodiment of the present
invention, the comb polymer preferably has repeat units
which are derived from styrene, and repeat units which

20 are derived from n-butyl acrylate. The weight ratio of
styrene repeat units and n-butyl acrylate repeat units
is preferably in the range of 1:1 to 1:9, more
preferably 1:2 to 1:8.

25 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

30 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
35 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-



10 Advantageously, it is also possible to obtain lubricant oil compositions which have a permanent
shear stability index (PSSI) to DIN 51381 (30 cycles of a Bosch pump) of at most 5, preferably at most
2 and most preferably at most 1. 15 The fuel saving (compared to 15W-40 reference motor oil RL 191)
for use in passenggn prtarvehicles is determined ingjurope generally according to test method CEC
L-54-T-96 ("Mercedes-Benz M111 Fuel Economy Test"; 20 CEC = Coordinating European Council for
Development okRérornitineg Tests farefranspdryation tauets; d ulircantsrame: Gtherd=ldid$)r More

recent results (K. Hedrich; M. A, Mugller; My Fischgr: JRvaluationdd a%BO%QEL@nFree and
Low Sulfur Pon I’IC d|t| es that 25, Igjlnprove the Peréorgrance of Fuel Efficient Enging Oils" i

Conference Pro% é”éF FInfaPhdtional THiBBlogy Coffererde (HFC BHBET SR She/ S&5an: K
Hedrich, G. Rerirsarr "Nremn@hallenge'bf \Arimproierdor iNexp@etiecitiba Engine GilsyireConference

30 Procee@JngsoQa‘ltm@A@temi@eabﬁrgo%@y&@a@rwﬁe £lT£=2000) st Nagasakidapaa)show that
another test method %Rotgl\/lax test") q_Jso alfford om able r sultH Her not f@% &, gasoline
engine but rather 51 iesal e)nglne (801 kW at 215 rpm is'l use er3»5 up of this'éngine
corresponds esBERHARAB e Setopdesdribad i tHe fest mbthad CEPp-78The9 PRafisragen

Turbocharged RliRiesebRistonleaniiness andRingSlicking kvaluationy. Exastmairtenance of the
oil tempefa‘“reé‘ £Qiging g@ CSEICCEH%&?SG Nesess!- 89@%9‘141%9910@@8@%‘98%' cagling in the

setup. Common eatur s and differences of CEO L-54-T-96 and of the "RohMax test" are as follows:
20070044937 CEER -5 2496 RbAMaxEst ¥bfirg a piMercéd&Behy MAA9e0&b Frcording to CEC
Fuel Economy Bestiihi7® =99 Engineldrogram @ibtdmpetature Méreedes Benmoa.filbdakswagen 1.9

L TDI 4 cylindeys; gasalinagGy/indgss; diese! 35owa cygles.of 195:3e0086s ¢ owlof-towaydriving cycle

of 400 seconds (based on the %tgndardlzed European MVEG %ycles MVE ,
gin, erent proportions aromatlc, cyclic,

branched and linear hydrocarbons.
15
In general, a distinction is drawn between paraffin-
base, naphthenic and aromatic fractions in crude oils
or mineral oils, in which the term paraffin-base
fraction represents longer-chain or highly branched
20 isocalkanes, and naphthenic fraction represents cyclo-
alkanes. In addition, mineral oils, depending on their
origin and finishing, have different fractions of
n-alkanes, isoalkanes having a low degree of branching,
known as mono-methyl-branched paraffins, and compounds
25 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 Dboth long-chain branched
groups and cycloalkane radicals, and aromatic parts.
30 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
35 1is 1less than 3% by weight, the fraction of O0-, 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,



Motor Vehicle Emissions Group) 1st town cycle at 20C 2nd town cycle at 33C 3rd town cycle at 75C
out-of-town cycle at 88C Determination Overallcycle Risingsequenceof of the fuel measured
[grams]point measurements in consumption grams/kWh (average over several measurements); both
in the town cycleg @ngjna ke out-of-town cycle; overalgcycle calculated [grams] Oil changewith engine
running with engine station- (amountofoil ary,flushing twice required 80 L)(amountofoil required 15 L)
After the tests omitestbénchésd asdesarivedsaboed rthe rest fuel ltensamption ipdmavdhiole is

determined 5 typically in,the foem of figld tgsts,for,exampledising g tax) fleet of 10.yehicles which
travel at a defined number of km (e.g. 10 000 km) over a defined period (e.g. 6 monthsE)é
20070044938 FHeSretantinvattion wil' 88 illagra?é]ﬂiinnk?est&il f?é‘%' aftar with ftefenceé 6 examples

and comparativelexamaplesnwitiovmany iftentiohcdat this: shotild ipese acmapistions 5 $gntheses of

the comb pplymers &Examples-1 £0 % apd Gampatativesexaaplesilyto=3 36 Anppaeatys €pomprising a

4-neck flask and precision glass sabrecstiq;er IS initjca}lllg cha[(%-:-d with 60909 mixture of a mixture of
WLItNout “an intention t 1S s%ou %%?os$ a

low molecular weight monomers and macromonomer whose composition is stated in Table 1, and a

400 g mixture of SHell Risdin907/yapreferred mineral oil contains 0.5 to
30% by weight of aromatic fractions, 15 to 40% by

weight of naphthenic fractions, 35 to 80% by weight of
10 paraffin-base fractions, up to 3% by weight of n-
alkanes and 0.05 to 5% by weight of polar compounds,
based in each case on the total weight of the mineral

oil.

15 An analysis of particularly preferred mineral oils,
which was effected by means of conventional processes
such as urea separation and liquid chromatography on
silica gel, shows, for example, the following consti-
tuents, the percentages relating to the total weight of

20 the particular mineral oil used:
n-alkanes having approx. 18 to 31 carbon atoms:
0.7-1.0%,
slightly branched alkanes having 18 to 31 carbon atoms:
1.0-8.0%,

25 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:

30 0.1-0.8%,
loss:
6.9-19.4%.

An improved class of mineral oils (reduced sulphur
35 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



15 oil and 35 g of 100N oil (65%/35%). After heating to 115C under nitrogen, 1.2 g of
2,2-bis-tert-butylperoxybutane 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- 20 butylperoxybutane is supplied in each case and the
mixture is stirred @& 1d8@avernight. The next day, thesmixture is diluted from 60% to 40% solids with
500 g of 150N oil. 1500 g of a 40% solution of comb polymer in mineral oil are obtained.

20070044939 Tabdes&nce Mohomet migtiie Grbss cempeositidn[ldtyo] redist pslymmmcomposition[wt%o]

Example 1 11BBEKiem 28QANEBMA 550151y 140 hMA0R26:5215 Grponent s.

Valuable information with regard to the analysis of
5 mineral oils and a list of mineral oils which have a
different composition can be found, for example, in
Ullmann's Encyclopedia of Industrial Chemistry, 5th
Edition on CD-ROM, 1997, under "lubricants and related
products".
10
Synthetic oils include oxrganic esters, for example
diesters and polyesters, polyalkylene glycols, poly-
ethers, synthetic hydrocarbons, especially polyolefins,
among which preference 1is given to polyalphaolefins
15 (PAOs), silicone o0ils and perfluoroalkyl ethers. 1In
addition, it 1is possible to use synthetic base oils
originating from gas to liquid (GTL), coal to liquid
(CTL) or biomass to liquid (BTL) processes. They are
usually somewhat more expensive than the mineral oils,

20 but have advantages with regard to their performance.

Natural oils are animal or vegetable oils, for example

neatsfoot oils or jojoba oils.

25 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

30 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

35 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%



Example 2 1aBBRIi4900 25.0 nBMA 64.0 Sty 11.0 LMA 0 23 65 12 0 Example 3 hPBO9m4800 16.0
nBMA 67.0 Sty 12 LMA 5 15

200700449 30

by weight and most preferably in the range of 0.5-10%
by weight, based on the total weight of the composi-

tion.

5 In addition to the aforementioned components, a
lubricant oil composition may comprise further
additives. Preferred additives may be based especially

on a linear polyalkyl (meth)acrylate having 1 to 30

carbon atoms in the alcohol group (PAMA). These
10 additives include DI additives (dispersants,
detergents, defoamers, corrosion inhibitors,

antioxidants, wear protection and extreme pressure
additives, friction modifiers), pour point improvers
(more preferably based on polyalkyl (meth)acrylate
15 having 1 to 30 carbon atoms in the alcohol group)

and/or dyes.

In addition, the lubricant oil compositions detailed
here, as well as the inventive comb polymers, may also
20 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
25 (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
30 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).

35 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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Technology of Lubricants", Blackie Academic &
Professional, London 1982; or J. Bartz: "Additive filr
Schmierstoffe”, Expert-Verlag, Renningen-Malmsheim
1994.

Appropriate dispersants include poly(isobutylene) deri-
vatives, e.g. poly(isobutylene)succinimides (PIBSIs):

ethylene-propylene oligomers with N/O functionalities.

10 The preferred detergents include metal-containing
compounds, for example phenoxides; salicylates; thio-
phosphonates, especially thiopyrophosphonates, thio-
phosphonates and phosphonates; sulphonates and carbo-
nates. As metals, these compounds comprise especially

15 calcium, magnesium and barium. These compounds may be

used preferably in neutral or overbased form.

Of particular interest are additionally defoamers,

which are 1in many <cases divided into silicone-
20 containing and silicone-free defoamers. The silicone-

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
25 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
30 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
35 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
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diethanolamine. The metal passivators/deactivators
include benzotriazole, tolyltriazole, 2-mercaptobenzo-
thiazole, dialkyl-2,5-dimercapto-1,3,4-thiadiazole;
N,N'-disalicylideneethylenediamine, N,N'-disalicyli-

5 denepropylenediamine; zinc dialkyldithiophosphates and
dialkyl dithiocarbamates.

A further preferred group of additives 1is that of
antioxidants. The antioxidants include, for example,
10 phenols, for example 2,6-di-tert-butylphenol (2,6-DTB),
butylated hydroxytoluene (BHT) , 2,6-di-tert-butyl-
4-methylphenocl, 4,4'-methylenebis (2, 6-di-tert-butyl-
phenol) ; aromatic amines, especially alkylated
diphenylamines, N-phenyl-l-naphthylamine (PNA), poly-
15 meric 2,2,4-trimethyldihydroquinone (TMQ); compounds
containing sulphur and phosphorus, for example metal
dithiophosphates, e.g. zinc dithiophosphates (ZnDTP),
"O0S triesters" = reaction products of dithiophosphoric
acid with activated double bonds from o¢lefins,
20 cyclopentadiene, norbornadiene, a-pinene, polybutene,
acrylic esters, maleic esters (ashless on combustion);
organosulphur compounds, for example dialkyl sulphides,
diaryl sulphides, polysulphides, modified thiols, thio-
phene derivatives, xanthates, thioglycols, thio-
25 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
30 phosphites; 0rganocopper compounds and overbased
calcium- and magnesium~based phenolates and salicy-

lates.

The preferred antiwear (AW) and extreme pressure (EP)
35 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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containing sulphur and phosphorus, for example metal
dithiophosphates, e.g. zinc Cs.jpdialkyldithiophosphates
(ZnDTPs), ammonium dialkyldithiophosphates, antimony
dialkyldithiophosphates, molybdenum dialkyldithiophos-

5 phates, lead dialkyldithiophosphates, "00S triesters" =
reaction  products of dithiophosphoric acid with
activated double bonds from olefins, cyclopentadiene,
norbornadiene, oa-pinene, polybutene, acrylic esters,
maleic esters, triphenylphosphorothionate (TPPT) ;

10 compounds containing sulphur and nitrogen, for example
zinc bis(amyl dithiocarbamate) or methylenebis (di-
n-butyl dithiocarbamate); sulphur compounds containing
elemental sulphur and H;S-sulphurized hydrocarbons
(diisobutylene, terpene); sulphurized glycerides and

15 fatty acid esters; overbased sulphonates; chlorine
compounds or solids such as graphite or molybdenum

disulphide.

A further preferred group of additives 1is that of
20 friction modifiers. The friction modifiers used may
include mechanically active compounds, for example
molybdenum disulphide, graphite (including fluorinated
graphite), poly(trifluoroethylene), polyamide, poly-
imide; compounds which form adsorption layers, for
25 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
30 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-
35 phosphates and molybdenum dithiocarbamates MoDTC) and
their combinations with ZnDTPs, copper—-containing

organic compounds.



45.9 Comparative Example 3 hPBECImmeco 20.0 nBMA 20.0 MMA 8 LMA 52 18.4 20.4 8.2 53 In
Table 1: 5 hPBDID14800:hydrogenatedpolybutadienefrom CrayValley (Paris) with Mn = 4800 g/mol,
TM = -25C and fm in the range of 90-95% (macromonomer) nBMA:n-butyl methacrylate 10 Sty:styrene
LMA:alkyl methagnytasg mixture having 12 to 34 14 carbon atoms in the alcohol radicals
MMA:methyl methacrylate

Some of the compounds detailed above may fulfil multi-

ple functions. 2ZnDTP, for example, 1is primarily an
antiwear additive and extreme pressure additive, but
also has the character of an antioxidant and corrosion

5 inhibitor (here: metal passivator/deactivator).

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

Technology of Lubricants”.

Preferred lubricant oil compositions have a viscosity,
measured at 40°C to ASTM D 445, in the range of 10 to
15 120 mm?/s, more preferably in the range of 22 to
100 mm?/s. The kinematic viscosity KVige measured at
100°C is preferably at least 5.5 mn?/s, more preferably
at least 5.6 mm?’/s and most preferably at least
5.8 mm?/s.
20
In a particular aspect of the present invention,
preferred lubricant oil 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
25 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
30 of at least 2.4 mPas, more preferably at least 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-
35 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-



15 The macromonomer functionality fm of the macromonomer was derived from the GPC curves of the
comb polymers themselves, as detailed in WO 2007/025837. 20070044940 The molecular weights
and the polydispersity index PDI were determined by means of GPC, as detailed in WO 2007/025837.
5 Table 1 (continged), Mwdg/mol] PDI f branch Examygle 1 191 000 3.5 1.0% Example 2 325 000 4.2
0.8% Example 3 352 000

shear viscosity at 150°C HTHSi50, HTHS100/HTHS150, 15

preferably at most 2.0, more preferably at most 1.9.
The high-temperature high-shear viscosity HTHS can be
measured at the particular temperature to ASTM D4683.

In an appropriate modification, the permanent shear
stability index (PSSI) to ASTM D2603 Ref. B (ultrasound
treatment for 12.5 minutes) may be less than or equal
to 35, more preferably less than or equal to 20.
10 Advantageously, it is also possible to obtain lubricant
0il compositions which have a permanent shear stability
index (PSSI) to DIN 51381 (30 cycles of a Bosch pump)
of at most 5, preferably at most 2 and most preferably

at most 1.

15
The fuel saving (compared to 15W-40 reference motor oil
RL 191) for wuse 1in passenger motor vehicles 1s
determined in Europe generally according to test method
CEC L-54-T-96 ("Mercedes-Benz M111l Fuel Economy Test";
20 CEC = Coordinating European Council 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

25 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

30 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

35 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-
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tates additional cooling in the setup. Common features
and differences of CEC L-54-T-96 and of the "RohMax

test"” are as follows:



2 662 000 6.7 0.8% Comparative Example 3 599 000 5.1 0.9% Evaluation of the comb polymers 10
A)In OW-20 base oil with DI package based on API group I/lll oil: The resulting comb polymer
additives were characterized by means of measurements of the kinematic viscosities 15 at 40C and
100C (KV40 and ¢A09) 4@ ASTM 0445, by means afthe CCS viscosity determined to ASTM 05292
and by means of the high-temperature high-shear viscosity HTHS100 measured at 100C to ASTM
D4683, of a solution of high-temperature high-shear viscosity HTH5150 = 2.6 20 mPas set at 150C

(ASTM D 4683) in a DI package-containipg Q\Ws40masg oil (KVAQk 5 4500582/ Sy KMGPQ = 4.92

mm2/s, VI = 138). It is shown clearly that the_inventive comb pol%mers 25 have a siq:nificantly lower

KV40 (and likewise lower KV100) and 5 FSti8eRigh el tature 1TGHRIRSIASESS ATHS 100 at
100C and the polymers detailed in tFaglificationsE F899694. Similar festfsTard%lso

Engine Mercedes-Benz 2.0 L Volkswagen 1.9 L TDI

4 cylinders; gasoline 4 cylinders; diesel

Program 3 town cycles of 195 seconds + out-of-town
driving cycle of 400 seconds (based on the
standardized European MVEG cycles; MVEG =

Motor Vehicle Emissions Group)

0il 1st town cycle at 20°C
temperature 2nd town cycle at 33°C
3rd town cycle at 75°C

out-of-town cycle at 88°C

Determination Overall cycle Rising sequence of
of the fuel measured [grams] 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
5 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).



20070044941 obtained in relation to the CCS viscosity at -35C. The results of the evaluation detailed
are shown in Table 2. 5 For comparison, commercially available VI improvers were additionally
examined. For this purpose, motor oil formulations were produced with commercially available
Infineum SV2006, @i SP4sfar polymer) and Viscopleyg6-950 (linear PAMA from RohMax Additives
GmbH). These 10 results are likewise shown in Table 2. Table 2 Polymer according to KVoo [nEe/s]
KVrno [mm2/s] EH&HSpee fafPas] GG&:36imPas|iBxampke 1271%16152:486 4832 Eanaplé 2 27.5

6.51 4.83 hereinafter with reference to examples and comparative
examples, without any intention that this should impose

a restriction.

Syntheses of the comb polymers

Examples 1 to 5 and Comparative Examples 1 to 3

10 An apparatus comprising a 4-neck flask and precision
glass sabre stirrer is initially charged with a 600 g
mixture of a mixture of low molecular weight monomers
and macromonomer whose composition 1s stated in
Table 1, and a 400 g mixture of Shell Risella 907 gas

15 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-

20 Dbutylperoxybutane is 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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Table 1
Monomer mixture Net polymer
Gross composition [wt%] composition [wt%]

Example 1 hPBDW4800 nBMA Sty LMA

28.0 58.0 ] 14.0 0 26 59 15 0
Example 2 hPBDwmsgop | NBMA | Sty | LMA
25.0 64.0|11.0 0 23 65 12 0
Example 3 hPBDumagge | RBMA | Sty | LMA
16.0 67.0 12 5 15 68 12 5
Example 4 hPBDuwsagsoo | NBMA | Sty | LMA
12.0 71.0 12 5 11 71 13 5
Example 5 hPBDwmagge | RBMA | Sty | LMA
12.0 83.0 0 5 11 84 0 5
Example 6 hPBDwusgoo | NBMA | Sty | MMA
42 18 40 0 40.8 | 18.4 | 40.9 0
Comparative | hPBDyyggoo | NBMA | Sty | LMA
Example 1 42.0 12.0 3 43 41 12 3 44
Comparative | hPBDuywsgoo | NBMA | MMA | LMA
Example 2 20.0 20.0 15 45 | 18.4 | 20.415.3] 45.9
Comparative | hPBDyyggoo | NBMA | MMA | LMA
Example 3 20.0 20.0 8 52 | 18.4|20.4| 8.2 53
In Table 1:
5  hPBDwwmasgoo: hydrogenated polybutadiene from
CrayValley (Paris) with M, = 4800 g/mol,
Ty = -25°C and fwy in the range of 90-95%
(macromonomer)
nBMA: n-butyl methacrylate
10 Sty: styrene
LMA: alkyl methacrylate mixture having 12 to

14 carbon atoms in the alcohol radicals

MMA : methyl methacrylate

15 The macromonomer functionality fuw ©of the macromonomer
was derived from the GPC curves of the comb polymers
themselves, as detailed in WO 2007/025837.



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 15 In addition, the shear stabilities of the lubricant oil
compositions which comprised the comb polymers of Examples 1 to 5 were examined. For this
purpose, PSSI mgasyiements were performed to DINH1382 (30 cycles of a Bosch pump), and all
lubricant oils achieved an 20 excellent PSSI value of 0, i.e. the products exhibited no decline in 10/100
whatsoever. Ashresuld béthid, dtris seipyistrglyapossitiie taoprbyitiesp kibsitant gilhcamrpddition which to
remain relatively, close {g.the.ip {he spegifications detailed abeve fat the ¥isgesibu25:ualugs at high

temperature, for example 100C, without the values in use bein )
p 2007'7825837 - g lower than these values

5 Table 1 (continued)

M, [g/mol] PDI foranch

Example 1 191 000 3.5 1.0%
Example 2 325 000 4.2 0.8%
Example 3 352 000 3.7 0.5%
Example 4 312 000 3.5 0.4%
Example 5 374 000 4.5 0.4%
Example 6 193 000 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

10 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

15 at 40°C and 100°C (KV4 and KVigy) 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

20 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
25 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



20070044942 To examine the compatibility of the comb polymers with pour point improvers, further
tests were performed. To this end, lubricant oil compositions which comprised a commercially
available pour point improver (Viscoplex 5 1-247) in a concentration of 0.37% by weight were
prepared. In this £gs@.dhggour point (PP) was meagyred to ASTM D97, as were dynamic viscosity DV
and yield stress YS to MRV-TP1 (ASTM D4684). The results are detailed in Table 3. 10 Table 3
Polymer accordiiag: toi BRAMRN -1 4R\6E P o[G]S-d0 DV-88cdBat mRa] BExdniple M8 < 35 20

900Exan“ﬂe4fé%ults of the evaluation detailed are shown 1in
Table 2.

5 For comparison, commercially available VI improvers
were additionally examined. For this purpose, motor oil
formulations were produced with commercially available
Infineum SV200 (an HSD star polymer) and ‘Viscoplex®
6-950 (linear PAMA from RohMax Additives GmbH). These

10 results are likewise shown in Table 2.

Table 2

Polymer according to KVy0 KV1g0 HTHS 199 CCs-35
[mm?/s] [mm?/s] [mPas] [mPas]

Example 1 27.9 6.52 4.96 4832
Example 2 27.5 6.51 4.83 4807
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

15 In addition, the shear stabilities of the lubricant oil
compositions which comprised the comb polymers of
Examples 1 to 5 were examined. For this purpose, PSSI
measurements were performed to DIN 51382 (30 cycles of
a Bosch pump), and all lubricant oils achieved an

20 excellent PSSI value of 0, i.e. the products exhibited
no decline in KViy whatsoever. As a result of this, it
is surprisingly possible to provide a lubricant oil
composition which to remain relatively close to the in
the specifications detailed above for the viscosity

25 values at high temperature, for example 100°C, without

the values in use being lower than these wvalues.



< 3516 030 Example 5 -42 < 35 18140 The results show that lubricant oil compositions which 15 the
present comb polymers in combination with pour points depressants, especially based on PAMA, have
outstanding low-temperature properties (target: < -40C/< 35 Pa/< = 60 000 mPas). 20 B)In OW-20
base oil based o AP gsqup 111 oil: A OW-20 base oif of KV40 = 27.24 mm2/s, K1100 5.390mm2/s and
VI = 136 was prepared from 11.2% HIiTEC(r) 1192 (Afton Chemical), 8.8% Nexbase 3030, 80%
Nexbase 25 3043 (NesteOib. Thereafterpas irbA),ithg vis€ornbty obakarmplégme@dscomigdrative

examples in formulatiops of HTHS150= 2.6 MPas wasanalysed- [ndbis QY:20iage i wasdound that

the inventive comb 30 po%mers have a significantly lower 1KV40 (and likewise lower 1KV100) and a

. / (and|
lower high-tempetattireRigh-sheaF vis28Siy HTHS 8 R ViseB5leX 81650, SHiRAAY FSufs are also
obtained with regamcéa thenCCE 200720021404 3 Niswsi&y@tn%d.mm@mlts(Hfitﬁ@@/hﬁh;égtion detailed

are shown in Tahle 47 Tablg,4 S,PoOlySRrACCOEHRGI0 of 0.37% by weight were
prepared. In this case, the pour point (PP) was
measured to ASTM D97, as were dynamic viscosity DV and
yield stress YS to MRV-TP1 (ASTM D4684). The results

are detailed in Table 3.

10
Table 3
Polymer according to PP MRV-TP1 MRV-TP1
[°c] YS-40 DV-40
[Pa] [mPa]

Example 3 -48 < 35 20 900
Example 4 ~-42 < 35 16 030
Example 5 ~-42 < 35 18 140

The results show that lubricant oil compositions which

15 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). '

20 B) In OW-20 base o0il 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®
25 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
30 polymers have a significantly lower KV, (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



KV" KV100 HTHS100 CCS-35 [ram2/s] [mm2/s] [mPas] [mPas] Example 3 30.82 6.623 4.98 5784
Example 5 30.49 6.595 4.85 5648 Viscoplex(r) 6-950 41.54 10.06 5.52

200700449 43

viscosity at -35°C. The results of the evaluation

detailed are shown in Table 4.

Table 4
5
Polymer according to KV.q KVigo HTHS1 00 CCs-35
[mm?/s] [mm?/s] [mPas] [mPas]
Example 3 30.82 6.623 4.98 5784
Example 5 30.49 6.595 4.85 5648
Viscoplex® 6-950 41.54 10.06 5.52 6336

The OW-20 formulations too, in the presence of a
commercially available pour point improver based on
PAMA (Viscoplex® 1-247 1in a concentration of approx.

10 0.37% by weight) give excellent MRV-TPl low-temperature
properties. The results are shown in Table 5 (target:
< 35 Pa or < = 60 000 mPas).

Table 5
15
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:

20 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-

25 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).



6336 The OW-20 formulations too, in the presence of a commercially available pour point improver
based on PAMA (Viscoplex(r) 1-247 in a concentration of approx. 10 0.37% by weight) give excellent
MRV-TP1 low-temperature properties. The results are shown in Table 5 (target: < 35 Pa or < = 60 000
mPas). Table 545Relymes according to MRV-TP1 ¥%-40 [Pa] MRV-TP1 DV-40 [mPa] Example 3 < 35
14 350 Example 5 < 35 14710 C)In 5W-30 base oil with DI package based on API

In the 5W-30 formulations too, it was found that the

inventive comb polymers have a significantly lower KVyg
and a lower high-temperature
6-950. The

(and likewise lower KVigg)

high-shear viscosity HTHSip0 than Viscoplex®

5 results of the evaluation detailed are compiled 1in
Table 6.
Table 6
Polymer according to KV4o KV100 HTHS 10 CCS-30
[mm?/s] [mm?/s] [mPas] [mPas]
Example 3 46.19 9.502 6.76 6032
Example 5 46.04 10.200 ©6.49 5929
Viscoplex® 6-950 71.69 15.29 7.63 6830
10
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
15 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
20
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
25 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



group Il oil: 20 Finally, a third series of measurements was performed in a DI package-containing
5W-30 base oil (KV40 = 38.76 mm2/s, KV100 = 6.938 mm2/s and VI = 140). Deviating from SAE
J300, which required "only" HTHSIso = 2.9 mPas for a 5W-30 formulation, the 5W-30 formula- 25 tions
were adjusted te hFHF1A0= 3.5 mPas in a manner ggstomary for European engine manufacturers
(for example Mercedes-Benz operating fluid specifications MB229.1 and M8228.3 for factory fillings).
20070044944 Iif thent\Wa30 forsnuletiors tpocitwasdouaddhaidthedgnventiveltemi paiypders have a
significantly loweg KY4AQ{and likgwisedgwar KVd00) and,a lowershighdemperatdrghigh-shear viscosity
HTHS100 than Visco I,exér) 6-950. The 5 results of the evaluation detailed are compiled in Table 6.
Table 6 Polyme]rja & r]dfng t%tﬁ@%l KVio iajDFUJFFS CCS-30 [mm2/s] [mm2/s] [mPas] [mPas]
Example 3 46.19 9.502 6.76 6032

5 Table 8
Polymer according to Formulation Consumption
[g]
Example 5 5W-30 658.77
Example 6 5W-30 659.09
VISCOPLEX® 6-950 5W-30 664.21
- 15W-40 ©75.03
(before the test
runs)
- 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
10 oil. 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
15 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

20 occurs.



Example 5 46.04 10.200 6.49 5929 Viscoplex6 6-950 71.69 15.29 7.63 6830 10 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-TP1
low-temperature 15 properties. The results aré&hown in Table 7 (target: < 35 Pa 6r°< = 60 000 mPas).
Table 7 Polymer according to MRV-TP1 YS-35 [Pa] MRV-TP1 DV-35 [mPa] Example 3

d ai ns

1. Use of conb polyners conprising, in the nmain chain,
repeat units which are derived from polyolefin-based
macr onononers, and repeat units which are derived from
| ow nol ecul ar weight nononers selected from the group
consisting of styrene nononmers having 8 to 17 carbon
atons, alkyl (nmeth)acrylates having 1 to 10 carbon atons
in the alcohol group, vinyl esters having 1 to 11 carbon
atons in the acyl group, vinyl ethers having 1 to 10
carbon atonms in the alcohol group, (di)alkyl fumarates
having 1 to 10 carbon atonms in the alcohol group,
(di)al kyl maleates having 1 to 10 carbon atonms in the
al cohol group and m xtures of these nononers, where the
nmol ar degree of branching is in the range of 0.3 to
3.6 nol % and the conmb polynmer conprises a total of at
| east 80% by weight, based on the weight of the repeat
units, of repeat units which are derived from pol yol efin-
based macronononers and repeat units which are derived
from low nolecular weight nononers selected from the
group consisting of styrene nononers having 8 to 17
carbon atons, al kyl (neth)acrylates having 1 to 10 carbon
atons in the alcohol 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)alkyl fumarates
having 1 to 10 carbon atonms in the alcohol group,
(di)al kyl maleates having 1 to 10 carbon atonms in the
al cohol group and m xt ures of t hese nononer s,
characterized in that the main chain of the conb polyner
has a glass transition tenperature in the range from -30
to 100°C,
for reducing the fuel consunption of vehicles.

2. Use according to CQaiml, characterized in that the nol ar
degree of branching is in the range of 0.3 to 1.1 nol%

3. Use according to at Jleast one of dains 1 or 2,



< 35 18010 Example 5 < 35 17350 20 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
25 measurement accuracy of the examination, a run with a 15W-40 oil (CEC reference motor oil RL
191) was carried out at the start and at the engi7of the test series. The determinatidr? of the fuel saving
was carried out with the polymers detailed in Table 8, for which 5W-30 20070044945 formulations
were produced according to the examples adduced under point C). The results achieved are likewise

stated in Table 8"TabIPE PaRfndrhckBRfind fFFdMRulatoRat nimdtiod (e pol ymer

has a glass transition tenperature in the range fromO to
100°C.

4. Use according to at |east one of the preceding dains 1
to 3, characterized in that the conb polynmer has 11 to
26% by weight of repeat units which are derived from
pol yol ef i n- based macr onononers.

5. Use according to at |east one of the preceding dains 1
to 4, characterized in that the repeat units which are
derived from polyolefin-based nmacronononers have a
nunber - average nolecular weight in the range of 700 to
10 000 g/ nol.

6. Use according to at |east one of the preceding Cains 1
to 5, characterized in that the conb pol yner conprises at
| east 90% by weight of repeat units which are derived
from pol yol efi n-based macr onononer s and from |ow
mol ecul ar weight nononmers selected from the group
consisting of styrene nononmers having 8 to 17 carbon
atons, alkyl (nmeth)acrylates having 1 to 10 carbon atons
in the alcohol group, vinyl esters having 1 to 11 carbon
atons in the acyl group, vinyl ethers having 1 to 10
carbon atonms in the alcohol group, (di)alkyl fumarates
having 1 to 10 carbon atonms in the alcohol group,
(di)al kyl nmaleates having 1 to 10 carbon atons in the
al cohol group and m xtures of these nononers.

7. Use according to at |east one of the preceding Cains 1
to 6, characterized in that the polydispersity index
Mv Mh is in the range of 1 to 5.

8. Use according to at |east one of the preceding Cains 1
to 7, characterized in that the nolar degree of branching
of the conb polyner is in the range of 0.4%to 1.0%



Example 5 5W-30 658.77 Example 6 5W-30 659.09 VISCOPLEXO 6-950 5W-30 664.21 15W-40
(before the test runs) 675.03 15W-40 (after the test runs) 675.09 The tests show excellent
repeatability, as is evident from the comparative runs with the 15W-40 reference 10 oil. This
repeatability, which is well below 0.1 g, was adBieved especially through careful céritrol of the
temperature conditions.
9. Use according to Caim8, characterized in that the nol ar
degree of branching of the conb polynmer is in the range

of 0.4%to 0.6%

10. Use according to at least one of the preceding Cains 1
to 9, characterized in that the repeat units derived from
pol yol ef i n- based macronononers conprise groups which are
derived from nononers selected from the group consisting
of G- Cio- al kenes and/ or GC;- Cip- al kadi enes.

11. Use according to Claim10, characterized in that the
repeat units derived from polyol efi n-based macronononers
conprise at least 80% by weight of groups which are
derived from nononers selected from the group consisting
of G- Co-al kenes and/or C4- Cio- al kadi enes, based on the
wei ght of the repeat units derived from pol yol efin-based
macr onononer s.

12. Use according to at |least one of the preceding Clains 1
to 11, characterized in that the nelting point of the
repeat units derived from polyol efi n-based macronononers
is less than or equal to -10°C.

13. Use according to at least one of the preceding Cains 1
to 12, characterized in that no nelting point of the
repeat units derived from polyol efi n-based macronononers
can be neasured.

14. Use according to at |least one of the preceding Clains 1
to 13, characterized in that the conb polyner has repeat
units which are derived from n-butyl nethacrylate and/or
fromn-butyl acrylate.

15. Use according to Caim114, characterized in that the
proportion of repeat units which are derived from n-butyl
met hacryl ate and/or fromn-butyl acrylate is at |east 50%
by wei ght .



In addition, it was found that, in the case of use of 15 inventive comb polymers, a surprisingly high fuel
saving compared to VISCOPLEXO 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 20 occurs. 4600 Claims 1. W8e of comb polymers comprising, irf 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 81017 cdforfabRIdLigI (RetPhchRREE h&RSy Pho 10'8arBbR RGN HeIBBNd group,
vinyl esters having 11t 11cterbantadomsed thenadyhgtoupheinglogthensdiaumney 1 had0 capxet atoms in
the alcohol groyp,(ijaligdifemazates favingelta 1@ saEaR aipas in the alcohol group, (di)alkyl
maleates having 1 to 10 carbon atoms in the alcohol group and mixtures of these monomers, where
the molar degree of branching is in the range of 0.3 to 3.6 mol% and the comb polymer comprises a
total of atliéast 88% byeeqd] fgsed on the aidiRyittof the hepestt 8iitsz etirepaat Unidtwhichere

derived from popjotgitwesen mACrempBaMern ARG repral hinds avhit akgederiesiiren ew meolecular
weight monomer s?lﬁcﬁgefr?rgntgg g(!i?u;? P% |§t|r% OTZ%% e r\ngplaﬁ}ers having 8 to 17 carbon
a 110 10 car coho

atoms, alkyl (meth)acrylates having on atoms in the a 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 fugraratesehasingok th hQ carbomatonsaittheatcobs! growp, fdigdkylimalea@ieaihaying 1 to 10

carbon atoms i e aleoho k softhes o] , characteri [ at majn chain
N 44 aRRAdpiXiLEgsofthesemanomels, CRaAG ggrfgﬁéh 4

of the comb polymer has a glass transitjon temperature in the range from - 100C, for reducing the

fuel consumptiofESfYehicve 2 9Re LG Flo MBINAL cHladtdifzeldN 8%t He mA8r 98 ee of
branching is in the raAge @00.3ptonbll.mol%. 3. Use according to at least one of Claims 1 or 2, 4700
characterized in that the main chain of the comb polymer has a glass transition temperature in the

range from 0 to 100C. 4.Use ccor(ling to at least one of the prijhedin%CIairas lto éﬂch%ac&erized in

that the bp fefh58M19' B8D6b8S bf\?\/eibﬁf"&l reBQgt u(?]fits fehFir& Hefivad fronf!
polyolefin-based thatfoméhdhaet srigedcdordihfad at leastcoitdoflpk Ypretedias Clagpsatto 4,

characterized ingthit thewiepent wnits \wlich\asel derived HpRypolyetetinpasedinawemeaomeags have a
number-averag@lg]%l%c%g? ‘6’?}9%{"5 rialqgﬁ%)%] 7gt)lgollor%%q g/gpol. 6.Use according to at least one
I tha '

of the preceding Claims 1to 5, characterized Iin he’ comb polymér comprises at least 90% by
weight of repeat units which are derived from polyolefin-based macromonomers and from low
moleculaz Queightiseonamecs gélegted sonmdhai gnolip consisting aif styreed momomehsahavinge to 17

carbon atoms, alky (metaprylgtesaying 1 (i sarthrnaions & the AlRLe! 9rogR, Yyl \asters
having 1 to 11 c&%%gn atoms in the ac;%group, vmig ethers having 1 to 10 carbon atoms in the alcohol

group, (di)alkyl ARSI TS50 16 KRafbn Lfom? inGAE RRBNABED, (d)alk)FmALY¥s having
1 to 10 carbon atenisdalthé aldohot H@upaargemdituiesldidhéye weinghters. 7.Use according to at
least one of the preceding Claims 1 to 6, characterized in that the polydispersity index Mw/Mn is in the

range of 0 5. Blsedieog dingap ahi5ashere LESRIPSE MACH ™ dast one of the
preceding Clainms 1 to 20 for reducing fuel consunption in
not or vehi cl es.

22. Conmb polymer conprising, in the main chain, repeat units
which are derived from polyolefin-based macronononers,
and repeat wunits which are derived from |ow nolecul ar
wei ght nononers selected from the group consisting of
styrene nononers having 8 to 17 carbon atons, alkyl
(nmeth)acrylates having 1 to 10 carbon atonms 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 alcohol group, (di)alkyl fumarates having 1
to 10 carbon atons in the alcohol group, (di)alkyl



to 7, characterized in that the molar degree of branching of the comb polymer is in the range of 0.4%
to 1.0%. 4800 9.Use 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. Use according to at least one of the preceding
Claims 1 to 9, characterized in that the repeasnits derived from polyolefin-based iacromonomers
comprise groups which are derived from monomers selected from the group consisting of
C2-C10-alkenes and/or C4-C10-alkadienes. 11. Use according to Claim 10, characterized in that the
repeat units derfRUSASR DoAY MPbdsdPmAlrdhSRitRe R AFfpridt 4t18adt SRARY igHPof
groups which ar@ndkerivedc fronemondmdrb setectedfomitise grehproengisteng o @G2-@0-alkenes
and/or C4-C10-glsadiensssbasademiheoweight petherepash Wtwrgﬁrﬁ,fr%ﬁ%&’%ﬂmﬁ%ed

[

macromonomers. 1 Use%e?ccording to at least one of the recedin%C sltol], cl-baracterized in

that the melting%'irﬁibtf th repte'?ﬁ urﬁi&p&&}ved’ﬂbh?pol lefih H4eRY midtdmon is3ESs than or
equal to -10C. IdeUseestcdriipg tooa [¥astafridotrps eftecoBibgaDEaMISRItS 1R RMara&Ra2éd in that
no melting poinfgfithe repgat emits dedveddepmpalyolefinphasedonacrepianamels capdiegheasured.
14. Use accordip least one_of the preceding Claims 1 1Q 13, characterized ip that the comb
polymer has repréga'ﬁ%nl é%vh%ﬁqaer(étdgﬁvefceirf(rgﬁ{m ?\-%Jtypfn%ﬂgacr%y é}%'a%%'/gréfro%f]n-gaﬁtﬁ g@r% late. 15.
Use according tBRQIFE 12, chdla¥idiged iPthat tfe probbrtiort& repBat urdtsONRich aréldkyiled from
n-butyl methacrylata apaior jrioat adutyladryigte is atdeast ED% daniseight. a4B16i Wse \keording to

at least one of tgg géﬁdir}g{n%@ﬂ\s ;l,it%g'lﬁ, r@ggriﬁ%g,iinﬁ atthe 80@9 pgymﬁaatr%%at units

which are derived from sty Use according to Claim 16, characterized in that the proportion of

repeat units which afed§erid&y lfrorglrﬁy%%ne W iRfhe INGRGF rBAVS B925% b weiBhtC 2895
according to at leaetene of thbpredediipClagnedpo 1(7dchatdcydrizEdnmtleEtelse bavbnmlylner has

a weight-averageymnolggular vgjght indhg iange A 1R H004p AQNP00 giaeln 19. Wae perRifing to at
least one of the preceding Claims 1 to 18, characterized in that the.comb polymer repeat units
which are derivé%afr%\_ gl%;]‘l%vétﬂ)%cgylzt sf}é{vfﬁﬁr@go %E% ét%r’r{s_ E tfﬁn %ﬂ@?fao@féf.”i’o. Use
according to Clamd1oTickavé@eriadd hhBaethegepeitidn of hepemtupitsZ@tich Ard dativediéom alkyl
(meth)acrylates dwyingpobl -pRearters apmoindbexliy! adiepts ot theapaae ofiAi 1090 Wyiveeight. 21.

Use of a comb palymet-aecptding fo,at 1689\ nc,o1 heypreesring claimsriia. 22 for tggudng fue
consumption in motor vehicles. 22. Comb polymer comprising, in the main chain, repeat units which
are derived fron"RbRbIefl8 P8 PrfacFHrﬁBﬁg}h@E’s, ahd Fdeab ORes WRICKERE dbdvddtrdm fow

molecular weightangeoroérsisedested fronithe gnodp cloasisting off stuenanmonamerd davaigrs to 17
carbon atoms, aémi(weﬂ‘ggcrylla@ having,1 t(bg,p on gms igthqulg(ggol glrplépvs\{i?ylﬁters

having 1 to 11 carbon atoms in the acl)il group, vinyl ethers having 1 to 10 carbon atoms in the alcohol

group, (di)alky! ARSI M\ing 1 b1 CABER atdRTin 8 LiIRorAYrbup, (dilalkyl

23. Conb pol ynmer according to claim 22, characterized in that
the main chain of the conb polyner has a glass transition
tenperature in the range fromO to 100°C.

24. Conmb polynmer according to Claim?22 or 23, characterized
in that the conb polynmer has 11 to 26% by weight of
repeat units which are derived from polyolefin-based
macr onononer s.

25. Conb polyner according to at |east one of the preceding
Clainms 22 to 24, characterized in that the repeat units
which are derived from polyol efin-based nacronononers
have a nunber-average nolecular weight in the range of
700 to 10 000 g/ nol.



5000 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 polyolefin-based macromonomers and repeat units
which are derived from low molecular weight Bibnomers selected from the group cohsisting 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 afdins ifHERaIdRHoY BRSup2Efi i itmdrate’thal Agst totEcabort ABmRNif &6 b8 hol
group, (dialkyl dateatss Ravihg 1 25,10 cadnoacatemszadhd alcdha igraupeancdamixtuped gphtrese
monomers, chagagtgfizedkia that theearnb BRlYMBY"and 0% Py MejKof iameas uniis which are

derived from polyolefin-based macromonomers, and the molar degree of branching of the comb
polymer s in thelFinGRIr0 S5 t 1015, PRl Ok SaLlbrBRASH (AR O HRPBRAR 0P ddribolymer
has a glass transiyn t&phgeratae inviée gatge MY RED to 196CeeBedormb PolyrhBeacs @ity to
claim 22, charagtgrized tn gt tee mainyghaieof thmeedpPolaer Ags Bglass transitioarteawerature

in the range from,0.tg 100C. 24. C lymer,accqrding to Claim 22 or 23, characteri in_that the
comb polymer rrl_gatso to f%)é m@%&tﬂég}gﬁg&gﬁ%s\?v%?:/t'w%?aergerj?v%dszraomcsg@%ﬁefi%?g%'g%d
macromonomersn25 N€orfh %ﬁ%er‘ﬂc‘ééﬂjindtd’aﬂ le &St SHeSofltAY ipfecelidgPChin$ 20 ke R4,
characterized insthahthe repeahenitagyiichgre aprivedi frayr pelyblefis-bagsad macromeoroneds have a
number-average falecla gt inhe [RNOSILJABIC 1 0BB.IMAY; PAORAC. Camk-pagger

0 , Charact t

according to at least one of the preceding Claims 22 to 2 erized in that the comb polymer

comprises at le23'9098 by weibRt o2 peSRLRRIWhRIHCARR derfedtSin Fly e H-baSePuP
macromonomersdindafr dmyl lowal obeduter wedghtmgondmes skl@cted floom thatgposp domsistiey of
styrene monomerschaing §rie d GatBoRakM calkygi(meiBlasryaiesfaving 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, (dAalky! fFrRBxtd3haTBg 136 G0rcdiriéh dtomatin trrRadtoHdNgroRip andemiRieeS e thgse
mhonomerS- %7- @OmbTﬁ0|Zlal1€tf@CQ@V,dirtﬁhf@rﬁdG@tiOZl@dOfithe pr@ﬁedgmcmggd?stpf@ilt y
characterized i ispersity inde IS dn range of 1 to 5. 28. Comb polymer
according to atr?ettz?lgfIE (E)!:]ee':\%\(’; mflé g%sfeéinqg a'?/ln%é Vélg t§ f27,q1§1§a%terized in that the molar degree of
branching of the comb polymer is in the range of 0.4% to 1.0%. 29. Comb polymer according to Claim
28, charazgerize@oiniithaidhg meolaratagreelioh ranchiag of testomineolyhertihén {nesaade of 0.4% to
0.6%. 30. Comixpalymer ascqrging jo aldagstene.of thepreceding Flaim2249 29. chagcterized in

that the repeat units derived from polyolefin-based macromonomers comprise groups which are
derived from mAHorRERRENAE PbmURE FAURORCIHHESICLSC | 6takBRe SIS COL C Ro.AT0
alkadienes. 31. GQonib P&ymer according to Claim 30, characterized in that
therepeatunitsderivedfrompolyolefin-based macromonomers comprise at least 80% by weight of
groups 5200 which are derived from maonpmers selected frog) the group consisting of C2-C10-alkenes
anilor 10 SR PR e P Bt B e eBbABun e TR ek Tt Bl eed
macromonomersh82.1edrb pdEaicecedrdiigabclileuwst 6he bhthe GREEe ] ZTEBIMS 22 td B1,
characterized intthat thengeltioy miabefitbe pe@eat units derived from polyolefin-based
macromonomers is less than or equal to -10C. 33. Comb polymer according to at least one of the
preceding Claims 22 to 32, characterized in that no melting point of the repeat units derived from
polyolefintBase PRTER rdIRONGRErs2eF B hid@stired 284, ks pQPfePhcdofdin® tE&EEh8 one of
the preceding Claiaisnz2 233, ch&8ctedhed acthat iheeconmpalinaer haerepepeanitswriiitls are
derived from n-bty} methacr/jaig,andfar ramepibiig asadate . (R GobrEer acgrsting o Claim

34, characterized in that the proportion of repeat uglts which are derived Erom rj&-{?uéyl methacrylate
n

and/or from n-b@PHES 12T 18L& 5864 by GhigH: O58. UM bR b o*4P 1L4 one of
the preceding ClHimI$P?2 toc3B)Shatadigrizeddih thatGheCaondtd elyaser hagndpedt unitSivbioh are

derived from stysepedi enes.

31. Conb polynmer according to Caim30, characterized in that
t he r epeat units derived from pol yol ef i n- based
macr onononers conprise at |east 80% by weight of groups



37. Comb polymer according to Claim 36, characterized in that the proportion of repeat units which are
derived from styrene is in the range of from 5 to 25% by weight. 38. Comb polymer according to at
least one of the preceding Claims 22 to 37, characterized in that the comb polymer has a
weight-average molecular weight in the range5@ 100 000 to 500 000 g/mol. 5300 39. Comb polymer
according to at least one of the preceding Claims 22 to 38, characterized in that the comb polymer
hasrepeat units which are derived from alkyl (meth)acrylates having 11-30 carbon atoms in the alkyl

radical. 40. Com§'p6RmRF SccFlinyed CidifMoTeR R 1288 ittt the prafbkiBR ofFeddRt units
which are derivedfrensalkylgmetf)acr@dat€shalikgids30 canlodroatomS,nGhe alkdyadhdiced $s in the

range of 1-10% pyueightrf1¢ REOCGRS T9hPreBRring oMb obarers,ac¢ding:iq gidaast pagof the
preceding Clainézcﬁ{ﬁgﬁ ch racteéize in that macromonomers and low molecular weight
[

monomers are &y. B OB Y8 RAGtion comprising comb polymers according to at
least one of the preceding Claims 22 to 40. 43. LubricantoilformulationaccordingtoClaim 42,
charac\t/e%%edl_ir(f@ﬁ@thp_(ljul%iﬁg?t QEMWW@nt(@”‘ﬂI&fiSﬁehﬁef@ll‘ﬁeﬁ%‘ﬁ éPhnggpéﬁgdlillnb\/ agdjor
group V. 44. Lubgicant oil.fgrmulatipn ac ing to at least one aim n racterized in
that the PSSI to AST Dggoé 'ﬁef?g is %Cﬁs%;tﬁ%a%%)elezqﬁél t'or}éS? Q%t Ll}l?rlé::an gi} %o'?liu?%l i'oﬁet
according to at st drid€of ClARRA2 toUWdl, tharablfiz¥&th thhf ®@ luPRhMPbEfdrAMMRRRA
comprises at leasi @neradtditinerad adgditive sghicth émnetra egmél palymengearding to Claims 22 to 40.
46. LubricantoilformulationaccordingtoClaim 45, characterized in that the additive is a viscosity index
5400 improver, Egur point improver, dispersant, detergent, defoamer, corrosion inhibitor, antioxidant,

antiwear 0ditiveOERréM0d BHEIsu A ERiIN 'And/8r AttidreRslifieN 27 o ubkiREntiBbRALRASoN
according to Claihred Brer 28, charadferizet an dedt éhe additivenis tlaaed oo anieket polgalkgi nt

(meth)acrylate hgvingi o 30 G5Ran atogys indhe glepholedioul-r om  pol yol ef i n- based

macronononers can be neasured.

34. Conb polyner according to at |east one of the preceding
Clains 22 to 33, characterized in that the conb polyner
has repeat units which are derived from n-butyl
met hacryl ate and/or from n-butyl acryl ate.

35. Conb polynmer according to Caim34, characterized in that
the proportion of repeat units which are derived from
n-butyl nethacrylate and/or from n-butyl acrylate is at
| east 50% by wei ght.

36. Conb polyner according to at |east one of the preceding
Clainms 22 to 35, characterized in that the conb polyner
has repeat units which are derived from styrene.

37. Conb polynmer according to Caim36, characterized in that
the proportion of repeat units which are derived from
styrene is in the range of from5 to 25% by wei ght.

38. Conb polyner according to at |east one of the preceding
Clains 22 to 37, characterized in that the conb polyner
has a weight-average nolecular weight in the range of
100 000 to 500 000 g/ nol .
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Conmb polyner according to at |east one of the preceding
Clains 22 to 38, characterized in that the conb polyner
has repeat units which are derived from alKkyl
(meth)acrylates having 11-30 carbon atons in the alkyl
radi cal .

Conmb pol yner according to Caim39, characterized in that
the proportion of repeat units which are derived from
al kyl (nmeth)acrylates having 11-30 carbon atonms in the
al kyl radical is in the range of 1-10% by wei ght.

Process for preparing conb polyners according to at |east
one of the preceding Cains 22 to 40, characterized in
that macronononers and | ow nol ecul ar wei ght nononers are
copol yneri zed.

Lubri cant oi | formulation conprising conb polyners
according to at l|least one of the preceding Cains 22 to
40.

Lubri cant oi | formul ati on accordi ng to Cl aim42,
characterized in that the lubricant oil fornulation
conprises base oils from APl group I, 11, I1l, IV and/or
group V.

Lubricant oil formulation according to at |east one of
Clains 42 and 43, characterized in that the PSSI to ASTM
D2603 Ref. B is less than or equal to 35.

Lubricant oil formulation according to at |east one of
Clainms 42 to 44, characterized in that the lubricant oil
formul ation conprises at |east one additional additive
which is not a conb pol yner according to Clains 22 to 40.

Lubri cant oi | formul ati on accordi ng to G ai m 45,
characterized in that the additive is a viscosity index
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i nprover, pour point inprover, dispersant, detergent,
def oaner, corrosion inhibitor, ant i oxi dant, ant i wear
addi ti ve, extreme pressure additive and/or friction
nmodi fier.

Lubricant oil formulation according to Claim45 or 46,
characterized in that the additive is based on a |liner
pol yal kyl (nmeth)acrylate having 1 to 30 carbon atons in
t he al cohol group.



