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WO 2007/ 025837 PCT/ EP2006/ 065060 Q| sol ubl e pol yners
The present application relates to oil-soluble _
polymers, to processes for their preparation and to 5

thei al kyl (nmeth)acryl ates (P -
g‘gﬁe#%w&zggﬁ(hesi zed by conventi onal wﬁazaqoc%ossoso
copol yneri zation of a mxture of different alkyl 10
(meth)acrylates (A(MAs)- bring about, as oil

aoill t sobsbleepehyimags on t he nol ecul ar wei ght and
conposition, a rise in the viscosity index (V)

coupled wth outstanding | owtenperature pr opertl es
cBnpar epireenivt hexpwl seosiay | mbatigfpr over s @Al-$peluble

fﬁa Mmdbs ti el %?o@egsegrsﬂéQW'EH%$% pghﬁakﬁEEMnaﬂﬁui to

hnol ogy of ubri cants, Bl ackie Academ c
Prlotessithal , 1st ed. London 1993, 124-159 &
165-167). A basi ¢ pr er equisite for enployability as

o I t th L | ybilit

Pl Potorer o Wi FREThE Sse. of 2267 Ae PA( M HEPrg 1LY
memmzm presebge of aceubkntienely |ar g?e’e@umadrlcal
0 | h |l

SRS R Gl R L B s
ffre@@e)mcwybwteszs cObOMiMet T zi nlgrglﬁ@rt eharh al kge o1l

b : mﬁ%yl at§§p~|eﬁt9£n exaﬂpl g{?@g fg}ﬂ&lﬁ@l%}gcwhghe Oland
u e acryl ate e upr.1 .z
%t w% e st aEh?evasFesmh%G@ﬁ ﬁx&ﬁxp ggupled

aw:el;h daptemhm@lm@ 1be-tenpeeatiati pnoppetimpenbmpheard to

OB VLAt S SRR g Wi

e . ange etween
fSJrﬂtt iOredulik wi teidsr.egar @henieheydi sped si Mpchasliagy of of

SQ@L - Anth oI | Bm&khgl O AR eved PLdhenadd 1st ed.

copol'ymeri zation of nitrogen- and/or oxygen- cont ai ni ng

rATEHREt sL988ch 1@ -diSfethy L AT F’n@%? hy 1 (%%hﬁ’ a@FﬁF&ﬂé‘lSlte
ﬂ&%zeﬁﬁioﬁgﬁllﬁt& a@u(EDDtadalﬁﬁﬁEBTSAﬁndtﬁbﬁﬁ@DyQ Oithe

o% Iam (8402 357 WD

S0k 6558871 PEr) B2 00eT OBBOREEE Hhie el of
the PA(M)As, 1s based on the presence of a sufficiently
large number of alkyl side chains having typically 7-30

carbon atoms.

The VI of PA(M)As can be raised further frequently by
copolymerizing short-chain alkyl (meth)acrylates, for
example methyl ({(meth)acrylate or butyl (meth)acrylate
(EP 0 637 332, the ILubrizol Corporation). The VIs
achievable with such PA(M)As are, depending on the
concentration, permanent shear stability index (PSSI)

and base o0il type, usually in the range between 150 and

250.

- Additional functionality with regard to the dispersing

action of soot and soil particles is achieved by the
copolymerization of nitrogen- and/or oxygen-containing
monomers, such as dimethylaminocethyl (meth)acrylate
(Us 2,737,496, E.I. du Pont de Nemours and Company) or
dimethylaminopropyl (meth}acrylamide{(US 4,021,357 -
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2 Texaco Inc.). The viscosities of polyner solutions

in mneral oils or synthetic oils are dependent on

t he nﬁlecular weight to 5 a high degree. This also

as_the conseguence that the te eratur

Wﬁe299368§§?99decreases or tha?pof t he Qﬁiln rea§€%§66°

wWth rising nolecular weightz (J. Bartz, Additive fur

Schmi erstoffe, [Additives for Lubricants],

bExpert- Yael.ag, Renni ngen- Mal nshei m 1994, 10 197-252)

In connection with the tenperature increase,

reference is al so nmade to di sentangl enent of the

whbl&ﬁsedsuamgbeoﬁop@bmmaﬂuaqiuuaunﬁjAMNmﬁﬂﬂﬁﬁl oils or
%g?t gﬁtllsna]@_%r @elpglnd}@n@ dhe il godan weightoht to

owever, decreases as a result
@fhﬁ@hrﬁegr%@tuTblan@éﬁQN%ﬂﬁsﬁ%%rc°ﬂ§e§u€8ﬁ§eﬁhﬁﬁx$he

?%m%??ééu?%?oéén%%@%ﬁfét ofshepe- S\Il&h‘%c%l\ﬂy{ Sde@ﬁ‘eases or
ua ransm ssj on.oi.l s

Ehafs SHssHen BRI SRCESARAE ati £ 6APEI8: TGP LAY sreioht
hasedaenz¢onyeniioral fupol yerni éypest Saich [as'ldtLItLeves for

EA%g%ﬁFPﬁa : r allnggef§gg60n % ?#on atﬂﬁgh&[muni§94

ﬂéﬁpéﬁavur@n amnnmﬂﬂ@onhwckbnmh@ tiaraera tUr e ahgerease,
%%S%Ir gocal@ogh[m\ét'd%cosﬂé y @155&953 ddltéﬂérﬂﬁ aboveche

S|nultaneous y guar ant eed oi_| .
§@ﬂ&BPBEﬂy i FRRRES enttior e FéTiBer dtitfi e Pﬁﬁ@@dﬁﬁe Yoigalike
Rb1paptkcul ar interest. A further class of commercia
VIls is that of 30 hydrogenated styrene-diene
copolymers. A particular enbodi ment of these
mpobﬁﬁfa&&eils srishar t;h@l y merl eduos ek icfhthy dridye nagleepr

pren zene i pke
BEretyPene revefls Tl 0 o T ey
Iﬁasct;eeﬁ fungdek SBlghlatSl@‘t?%ﬂ? sHapedl pEIVARIUETGR eCan this

aﬂﬁeggﬁgeogﬁfg&f.eCtshé:Hk—tél?e.EFé akions OEst hﬁe@%ﬂiﬁ@& yfor

dependent paraneters of thickenin

BRBHA LS ARSI SESRE O et hnPEAPTRY Er%él SE%SS@é’i’Gs%llsf

ﬂlﬁd@ghllc oils or motor oils, based on conventional
polymer types such as the PA(M)As, are realizable only
with high added amounts. VIIs with a low viscosity
contribution at low temperatures, normally thickening
in the VI range from 40 to 100°C, high viscosity
contribution above 100°C and simultaneously guaranteed
good oil sclubility in the entire temperature rahge are

thus of particular interest..

A further <class of commercial VIIs is that of
hydrogenated styrene-diene copolymers. A particular
embodiment of these copolymers 1is a star polymer
composed of hydrogenated polyisoprene arms and a
divinylbenzene-crosslinked polystyrene core
(US 4,116,917 Shell 0il Company). It has been found
that star-shaped polymers have an advantageous effect
on the relations of the mutually dependent parameters
of thickening action, VI .and ghear stability (SAE
Technical Paper Series, 982638, 14-30).
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WD 2007/ 025837 PCT/ EP2006/ 065060 3 There are a w de
variety of different approaches to prepare star

pol ymer s base? ondPA(NbAs For instance, the

ner captan utilized for nol ecul ar wei ght f
3%h6¥$#ﬂ49%§83ﬁree r adi cal polynerlzagloﬁéegﬁ£%b 0628 8
for exanple, in the formaof ;a pentaerythritol
derivative which has four thiol functionalities. In
the exanples of WD 00/29495 (Ineos Acrylics UK Ltd),

synt hesi s_of I but yl b
E’selleloafﬁ & pY*’béSgg el}lrgl%sjt& gol%e #P&%e ca?gr%%%g%cs Yeo
@tﬁpaﬂﬂﬂSM@ISpOﬂhEeasmbaﬂwwwv@rPAéMéﬁﬁonﬁﬁf\A@ﬁtancer
J%e‘ﬁé?%apégﬂ ? %hfﬁien%ﬁ%Wﬂlhg @%%ﬁﬂ%ﬂﬁdﬁﬁﬁ&iYOf
a I nd

oxi dation- unsta eref ore cannot use in
a@ppldryaritarrnal fﬁﬁeeev@émf@l ROBAFT I 2SR | G HReused,

%%?Zeg%é%“%%%f fﬁgtn15 lﬂlaé“ C?'OI@(Q' YBEri zat | pé?ﬂ&efyﬂeﬂltol
S al | ow e t

FTHYEtd Wt iR e s sﬁ?%t‘ﬂ?%‘gi f?bré‘?tjja‘%g? Lehen (5 the
leharfplepar at | (wa) ofo /2ANK 5SSt axnea@ palryiiecs UUK| iz€l) , the
ﬁgin r%h%gg? %szlégﬁu tEQB%%?Ek%Q stﬁrs by just

esses Fhret possi bi ity “of
adjisst bngcehe d&5|d@danébéculém weiggheasgr exf seFhni $har

%%rlﬁﬁn\gx@p | egul ar el hfoy il | bytd OBoﬁH@d aHHLWehbyether

't he nononer source uring the 25
@mlyim@rsl 285 Bh, a¥aekpPE¥Pacat iRsh %’fc?ﬂ’%]c‘???:]o]d()l Orrbgation-
t@@%t@f@@%&{a GOttt d Ftetrhﬁaisyﬁrh'esms‘ue vim &Fl{gaolpns,
ransfer po ynerlzatl n proce for co
“?ﬁt ?ﬁst%%%e “YHe ex%n%?nvgﬁ?f%ggsfree_ |
éaﬁﬁ@al44p©EymerdaaEmnn dethBrverds hedeCoapany)does not

- iﬁ%gu'ngt%#elhe %ﬁ%@%%ﬁ%n‘)f o%t aEtQ?lyyngL?me@e‘ijBh block

acrylate) and po hyl hexyl
m&ﬂwgﬂqﬂ%ﬂe) In this context, both synthetic routes
in which the arns are synthesized first proceedi ng

from 35 nonofunctional sjlyl ketene acetals a en
Mosds| i RBPAERIT di FancEBnaPTRBAGAET-8™ n & ; SQPQ? star

fStnerand syilatiec routemttdhildde revetgeesigaehons” .
Controlled polymerization - processes feature the

- possibility of adjusting the desired molecular welght

precisely with narrow molecular weight distribution and
allow, by changing the monomer source during the

polymerization, the preparation of block copolymers.

One approach consists in the synthesis via GTP (group
transfer pblymerization), a process for controlled
polymerization. For instance, the examples of
US 4,794,144 (E.I. du Pont de Nemours and Company)
describe the synthesis of star polymers based on
poly{methyl methacrylate) and poly (2-ethylhexyl
methacrylate). In this context, both synthetic routes
in which the arms are synthesized first proceeding from

monofunctional silyl ketene acetals and then

‘crosslinked with difunctional monomers in situ (arm

" first) and synthetic routes with the reverse sequence

(core first) are utilized equally. In both cases, a
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(core first) are utilized equally. in both cases, a WO

+ 2007/ 025837 PCT/ EP2006/ 065060 4 star conposed of a

crosslinked core with an undefi ned nunber of arnms

forms. Anionic polynerization is also

Wen087V 84583 7pol yneri zati on and can bgpﬁffﬁﬁzz‘é%éftsssoso
prepare stars. In this casgg-—simlarly to that for

GIP - the arnms are first polynerized at the start

@ﬁ:@%e%ﬂnﬁ:g)é‘éc@%f manad ted 1 ionadd | ¢bhe umiahgany | sndeaf med
irst) and then_the arns are crosslinked with

EF ﬁ’EtF’ n3FMFoi6f8Fs to 10 give a core. For instance,
WO 96/ 23012 (Texaco Devel opnent Corporation) teaches

bhe gyt ?3% H%]e%éogtloQQQD M St Secdlor 085 Ho1 1ed

ation) USEs a continuous process
polp'rrepalzetl@ﬂoa@tHQ/ qaareét@ G&tl(,ilﬂslqﬁ?\(tm AEIRALS $kF%es- 1N

t0Qs A do undehi nedhpunder crbe ares forms. thebatdhs are
applications, the PACMA stars find use_as additi '

£ar situbrPeERer b7 84t ordtul aFfBns.S'Gice PRECFESARE toErom
hB%oQﬂﬁcQﬁohﬁQ 19908;i uinhergeihads (2@mof fost ) okingd then

ee-radi cal poI zat i.on c t
FLgngréf}S r &t CSF FL ﬂg?‘liz‘é‘fﬁ%gln;a %ﬁlloggpalr{gcg%cf%enrs y©
@6/\;&04251 Carayegi e- Malrl onmnsiaressi t yWO 9RARPO12  (Texaco

[
T R o R T

147
258F—>@ﬁt MJ& NendtRrSSand COMFRRS or ERME Prt I2§§| (=1

?% t-6€ 1 0R9! YRRIdZzatd omontiasenappldeatéon U prepare
458 - Conmopnwe Ith SCIéjg[f)lfIC and | ndystri al

Rééé’é’nlé’h TR z 5t onp R Beer® ®¥Hown. An- excel%nt
Q&&@b\fh@ddofnumﬂ‘@seolﬁetdmds formgs veiinbyro30 &pplications,

Yl Ky | §5eHaNdbogk; pi - Bﬁd'f%&l lub £
'\%1 r@?ﬁg |5’nar\%|ll ntersm ence, * en 20021L.:L rst%?]n
m_&ﬂhd@snuﬂ_am@tnﬁol I ed free-radical rret hodol ogy al | ow,
via core first synthetic routes, the production of

star polynmers with a defined nunber of si nce
SANgs ddit rasddlie &rpthe aﬁﬁ%n‘?g Fgﬁhﬁﬁ&%&s 'thg ffigthods
ReSHIHt®011led free-radical polymerization such as ATRP
{(atom transfer radical polymerization), base
application WO 96/30421 Carnegie-Mellon University)},
RAFT (reversible addition fragmentation chain transfer

polymerizatioh), bage application WO 98/01478, E.I. du

Pont de Nemours and Company) or NMP (nitroxide mediated

polymerization), base application Us 4581429,
Commonwealth Scientific and Industrial Research
Organization) have been known. An excellent overview of
these methods is given by:
K. Matyjaszewski, T.P. Davis, Handbook of Radical
Polymerization, Wiley Interscience, Hoboken 2002. Such
methods of controlled free-radical methodology allow,
via core first synthetic routes, the production of star
polymers with a defined number of arms, since - in
contrast to GTP or anionic techniques - it is possible
here to prepare polyfunctional initiators by simple
synthetic routes, which - unlike GTP and anionic

techniques - do not have to be polymerized in an
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here to prepare polyfunctional initiators by sinple

‘synthetic routes, which - unlike GIP and anionic

ggghnlques - do not have to be polynerized in an WO .

7 7 P /| EP2006/ 065060 5 anhyd

4ﬂ§%¥§5 ggsynthetic cores conpoge%%g?Eiﬁ%b%vbssoso
crossllnked di functional nmonenmers is unnecessary. 5

ATRP in particular allows, after initiation by readily
gﬂﬂbEHMuspx&yémantiomhb wdeﬁoumalhdbs syathpbigneceres
ased on. vinylic nu '

m?osﬁgthe¥randgn gi%Fgg%gggggm:ﬁgﬁoﬁéﬁs e

snmﬂea@ﬁﬂarssynthe5|s, trls(bronnnethyl)nesitylene,

tetrakis 10 (brononet hyl)benzene,

hexaki s( br onomet hyl ) benzene, henoJ derlvatlves
SRRt B r BAT F R AMeT deliPREi v & et idMoptlshttazRhe readily

%ﬁfal\aaatbl\éespowkuﬁawaﬂaderam@ezl vaslided, cyx&a)depbnymers
eriv tlves have alread been deigﬁkbed

$9%tB Y HE TR d5S AR S l%av.s ?' opT™S

ofn Redh o&lngePoﬂmr?B Ziad | Dh, LV beyobhaenedi efoe, Such ATRP

§$Q§h§¥%r002 8%915%%?%m0§%@%g%5gkél%bﬁé%ggar'ba%@@rakls

f or exa | ucose and

straseme thad lmr@@ra‘a‘ . eady bé@ﬁakélééé’rpﬁl@@e(CWH) benzene,
%gﬁﬁRﬁJ'RgéffbéHﬂveg P. &Ravichedbaddmeikand: Eéﬂevatlves,
cronol ecul es 34 (200 5433). In_addition, 44
S ORNIRRAENS | VIR b VED5 d%%%ﬁ‘%}é%fl?\méerwa ives
@m}:ess_@szlfo@lrexmrxapﬁrl dgriaatdwesdi stiaivieut | edrBAGN) A, been
|§% ha%_optlonallg been co%%I¥g%&|zed Mﬁth
S0 or oxygen-functi onal ~“nonorers,
nﬁes@W¢WU@mzﬁwaamﬂ iR. fEvigse aﬁ&?thQﬁlcéﬁi oRpdical

i%%ﬁﬂﬁéﬁizé%&&%D QﬁifgfggnEBQQMaénéQﬂ'tHdE%ké%ﬂﬂ@OZ 820-

hnltlators

clarms, in a controlled manner, bl ock copol ymers via
RERP -consi sting of PA(MAs and, for exanple,
ni trogen- or oxygen- functional nononmers for use as a
Iubrlcant oi | . o -

RP stars via sugar-based initiators, for example
based on glucose and sucrose, have also already been
described (M.H. Stenzel-Rosenbaum, T.P. Davis, V. Chen,

A, Fane, Macromolecules 34 (2001}, 5433).

In addition, EP 1 244 716 (RohMax Additives GmbH)
describes ATRP processes for preparing narrow-
distribution PA (M)A, which has opticonally been
copolymerized with nitrogen- or oxygen-functional
monomers, in the presence of mineral oil for use as a

lubricant oil additive.

WO 01/40339 {RohMax Additives GmbH) claims, in a
controlled manner, block copolymers via ATRP consisting
of PA(M)As and, for example, nitrogen- or oxXygen-
functional monomers for use as a lubricant -oil
additive. More specifically, WO 04/087850 {(RohMax
Additives GmbH) describes lubricant oil formulations of
outstanding frictional properties, which. include, for
example, PA(M)A Dblock copolymers which have been
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35 additive. Mirre specifically, W 04/087850 (RohMax
Addi tives GrbH) describes lubricant oil fornul ations
of outstanding frictional properties, which include,

for ex e A(I\/pA bl ock copol yners I

AT AT P Erm006s 065060 6 p?'%pépﬁ%iﬁ’?sf@%%"“
and have ni trogen- or oxygens ftunctional conononers as
friction nodifiers. In particular, W 03/095512 (G ba
m@pﬁégy ohenarHP  Sartddl dhage) treigotegercopoby neosygen-
Vi a onsi stin | nter and
n‘Aﬁrf Clorcoég(ygen%é]? unc |folﬁla t&n%%éoncgﬁl'\@]%nd t he
ter m naI anti oxi dant, netal deactivator, antiwear,

EQ‘EtEEﬁﬁFrevﬂf (53:9}69’%921 (b&%bléﬁci‘m Oﬁaﬂehmsal
Se as a lubricant oil 10 additive. Final ¥1€ :Lalter
i el

'm@qﬁ m@@@mﬁop@mW%nV%?eWRPdeﬁéﬁéﬁfL

QJl:J%P't yn i é@pﬂdﬂlpl i \éefél,h eQS AR - 12 @Wb&ylg@ﬁsfh?}mdonal
on water and o ch co ise P st e

SRR E AL ar DS o BEPBITER EPPRLB50aRE ¢ o Fetal
eh Ak (Ho)x eankiwEae , pokyneesedaped ®drabove aogriogion
ﬁqﬂ@ylblacseé lf?l%%ﬁ:l ?1@12[ aalfl @ggorgg ngslyldmtca‘?{t oil

ese po ymers have Satisfactory property
mdstiitliere However, there is a permanent effort to
i mprove the relations of thickening action shear
stability and VI in order to ac |e Wi m ni nu

e,
Fe@aoflvaddiltt vERRidubRg ame e s that hl vleldaﬁélé?lSPlY
riemdndre: sheaeldegramdat p@lyﬁhferﬁhe 2 wees s - casmetic

S|rdV|scost ver avmdete erature
%It‘ﬁ&% gs | yfer &% n@e (griébar all—{)J] Comprlse

SITRH eshad |pmé>ypm vleaﬁacmem MKM)eAf i ﬁrﬁarmlrQW%ﬂFed in
%% %ﬁ% Gl Y, avad-abl g camanentys shoul d be used.
t

e same tinme, it should be p035| ble to effect
production on the industrial scale w thout needi ng new

ANt $094mekant §c 0 i toAPldvaied agensiaucidn farsddi ased
Qﬂ&%ﬁi%lally Accordingly, most of these polymers have
a satisfactory property profile. However, there is a
permanent effort to improve the relations of thickening
action, shear stability and VI in order to achileve,
with minimum use of additive in lubricant oils - with
avoidance of premature shear degradation of the

polymers - a desired viscosity over a wide temperature

range.

Furthermore, the polymers should be preparable in a
simple and inexpensive manner, while, in particular,
commercially available components should be used. At
the same time, it should be possible to effect
production on the industrial scale without needing new
plants or plants of complicated construction for this

purpose.

These objects and further objects which are not stated
explicitly but which are immediately derivable or

discernible from the connections discussed herein by
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or discernible fromthe connections di scussed herein

b 007/ 837 PCT/ EP2006/ 065060 7

P‘T}rl?t \Ié\ﬁ?&c{?’izggagre achi eved by pol yners havi nEBEP?GIOGSOGO
features of claim 1. Appropriate nodifications of the

i nventive polyners are protected in the subclains
wakef ng drackcrd ool aime lachiid¢hed dgarpolwnehe protegsall

L e R i ) By ot o
anvenitiveor mellaticors comsr | SrREediedol mershef speclaims

_EE%%%QE d'ngg'@@ ciglﬁylv'W&H§10£e§a§§a%oin rocess

avi ng Ffom 3 arnms _and east C1tIhree of

£Pifs P@@@&Mlﬁgn@oéﬁ”ﬂeéést Cd(?%m e%a%e%ojohﬁt%% to
Wﬁleg@&o%ﬁe&rh%farlﬁ'ﬁ:er@smmv&}sllmmmrm Ct&rl‘@ﬁ/@:dté ram oil

ne or, more ethylenically unsat rated est 0 n
SPTERGatorul SOTPFLTETR T RB% PPIERERFy ) St o g T 0sEn:
whivehtRons hydrogen or nethyl, Rl is a Ilnear or
branched al kyl radical having from7 to 30 carbon 20
atons, R2 and R3 are each independently hydro en or a
groopixdfue hef f er raflaxr B@bﬂﬂern%@fﬁl@ﬁ Fg/rql% hydrogen dFms

Qﬂda'akcyu&[sq&ipcm?é/é ngsf eam 4k %%n@&&@qelgatacmsleagt i 0%
gosm ble in a not i medi atel ore bl e manner

Yool yReFed c fpriiss nUe SePgRE, 15} di egnits
ARiZh tbeev\EIo@itv@fd t He-gpol wfeas @n‘ rreqmeat ey Semhighly

d | N -
fheartraréa osscbr COORESIRS o5 The Pormira (@) R
R3\ OR1 0)

R

RBWORI (M),

R2 O

in which R is hydrogen or methyl, R! is a linear oxr
branched alkyl radical having from 7 to 30 carbon
atoms, R’ and R’ are each independently hydrogen or a
group of the formula -COOR' in which R' is hydrogen or
an alkyl group having from 7 to 30 carbon atoms, it 1is
possible in a not immediately foreseeable manner to
provide polymers comprising 50-100% by weight, based on
the weight of the polymer, of repeat units which are
derived from one or more ethylenically unsaturated

ester compounds of the formula (I)

R

™ 0

R2 O

in Which R 1s hydrogen or methyl, R' ig a linear or

branched alkyl radical having from 7 to 30 carbon
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/| RZ 30 in which Ris hydrogen or nethyl, R is a
linear or branched al kyl radical having from7 to 30
car bon WO 2007/ 025837 PCT/ EP2006/ 065060 8 atons, R2
and R3 are e i ndependent |y hydrogen

#A% 2007AA%PE in which R is hydrog’éﬁ?g?%gﬁ%%oso
al kyl group having from 7 tog830 carbon atons, which

have a high thickening action with a | ow shear 5

- sesid,i ViR yandt Rf hersamadh méindepentdeuedyi Wy dwigamersr a

P IIEIEE B, ot T AAE0eE, erEyen o

i e rs-of 'the present i1nventionh _ .
ey dduel ouospahdvhggadrioon 7 oo | nPrevtbgnt AEOMEw wiich

%ﬁgﬂ?raiurﬁi Qp@gﬁEﬁéniESr_%%%ﬂﬁhﬁ thepous POLRt shear
and the Brookfield viscosities at -26C or -40C. 15 D
PENFETY 1% a particul ar aspect of the present

i nvention, nmay have excellent action as friction

i npraovers. - Moreover, preferred polyners exhibit. .
Bt SMEHES S0P  GBPS g L on D2 T her Hbr &L PFRES
igeterdd o falntrers dibnee taguetsst dAfthaw fridtwteabi 1ity. 25

> The viscosity index of the present polyners can be

adj usted over a very wide range as required, For

Phst aride, balpmeraspekt thehePrReeRti vETPONyheR s Maypyhave
have a,SWHIHSIHRE! Y Ritdbryvi sgegi ty iimpeeingwherdas low-
preferred polyners, in a further aspect 30 exhibit a
par t | GEEREERIURR WERREG P nde3® X8Rt er FBR BoRynmBPent
of thend esentsridokarildlen viave s iatitest artdi2f Wiaati4dPC .
stability.” 35 > The polyners of the present invention
can be prepared particularly easily and sinply. At

the $adwntanse, it iss passtibhéaro ageduspPéndiie present

invention, may have excellent action as friction

improvers.

> Moreover, preferred polymers exhibit outstanding

digpersing action.

> Furthermore, the inventive polymers have

outstanding filterability.

> The viscbsity index of the present polymers can be
édjusted over a very wide range as required. For
instance, in one aspect, the I1nventive polymers
may have a surprisingly high viscosity index,
whereas preferred polymers, in a further aspect,

exhibit a particularly low viscosity index.

> Preferred polymers of the present invention have

outstanding oxidation stability.

> The polymers of the present invention can be
prepared particularly easily and simply. At the
same time, 1t is possible to use customary

industrial scale plants.
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i ndustrial scale plants. WO 2007/ 025837
PCT/ EP2006/ 065060 9 The inventive polyners are star

' polymers. The term "star polynmers" used herein is

knomosﬁpégggﬂt hese polynmers having amﬁ‘?@ﬁﬂa%gag%““"

d nore 5 chai ns ener ge,
referred to hereinafter as- ar#is. The center may be an
i ndi vidual atom or an atom group. The inventive star

- polymers have from3 to 21, 10 preferably from5 to

and_nore.pre r t 2 af he paLynes
%Elg n%ng?ng%ﬁs pgéﬁ%k%r%rggr%% sgcgr#erp%l |gﬁ-5rmy be an
ascargrpopymFhe” atwsrr d@F eiffor AFngkaPRE c&iftter Se,  these

E &ﬁ% all ynhas @t Jostn @0, carhon Ak ons, tlid€ and more
|y at” mbst 50 carbon a%orrs nd

Gh@ﬂ@ﬁab@fyeﬁgemﬁhlﬁ c&FFont &t oFES TH n%ﬁﬁ?ﬁngﬁtteﬁﬁe as

ahe anthd heemtebenadf veardioniadbesdusl themcent exn atom
arise preferably fromthe initiator used, the nunber
8F°%Pns dependi ng on the number of centers 20 that the
initiator has, and the nurrber of carbon atons

%ﬁ%e”%%% Q1 L he %géygt uasvef tf%rd nifiator. 21,

ype of |n|t|a s on the msrlz%flon
prt‘@(fesQMZS fagon e%stios 15préé¥céria<b¥? QFeFE%é‘P 5 Thokt £

&&efgfzﬁ@'ym%t b8ashed aind hies argys Qf:mtshQ)Ji'cm/@eEtll\f&“om a

star poly corrprl se at |east 40%

ﬁ@é‘fzéﬁfab‘wl%]ﬂ 1Tt L5098y > WP gH{E & “H% \rlw\grlgfqa prEPBr aBF -

&brh@agt 1§09 bynteei ghtefdaseldy ohashertweinght df0G hearbon
, uni r [ one

BERPen oA P TAEEIAt & e e it o7 o haTa oSt

boefelrablly) aR ORst RS) 2¥rbon aRem®-WDO 2007/ 025837

PCT/ EP2006/ 065060

The number of the arms and the number of carbon atoms
of the center arise preferably from the initiator used,
the number of arms depending on the number of centers
that the initiator has, and the number of carbon atoms
depending on the type and structure of the initiatox.
The type of initiator depends on the polymerization

process.

At least 3, preferably at least 5 and most preferably

at least 8 of the arms of the inventive star polymer

comprise at least 40% by weight, preferably at least

50% by weight and most preferably at Ileast 80% by
weight, based on the weight of the arms, of units which_

are derived from one or more ethylenically unsaturated

‘ester compounds of the formula (I)

R

N o

RZ O
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- 10 in which Ris hydrogen or nethyl, RL is a linear

or branched al kyl radical having from7 to 30 carbon

at ons, 52 ﬁndeB are each independently hydrogen or a
roup. .0 t e formula -COOR in which R r

g“ ﬁp %ﬁ%ﬁp haV|ng from7 to 30 caFE§AE§?é§§?B§E8SO

term' repeat unit" is wdel yogknown in the technica

field. The present star polyners can be obtained

RrocRedERg = rom n@dﬁd@m i @hamechyd , fustt:,as niat i ftmear or

']Eiﬁpn[fjbe??%le&é’ént FERR Y v B AR L Hrep, RRET nd 2o

MPmspr okessed, RAnkawi cearid tadepandepblyménidradesn or a

%#ga gﬂ%f i d hﬂﬁm&ﬂé{ ' E:b@ﬁt" qQp, thated ks §£'OH%Qrogen or

restriction. In these processes
ron dsl karle rBUSpdReE I Frstin e dvval FhtCasdiigs atoms -

Accordingly, the repeat wunit arises fromthe nononers

used. The present inventjon des l ich.

Tt okl y AR I oF ShTaby | REgRTHE EBR e Phfipical
&Qéﬁﬁlﬂﬂﬂﬁélﬁﬁﬂéséﬂﬁu dtaits p®3§m©f9 t oapr epar ectained
U2l 2ePARS PhlyRMCRIROY SUANE RO it LGN

M GGSEopiT pﬁase h conprises at
GrEbanpblei ghviapr e‘fcetplafbwlh@til em1W@kWW"ght whf.ch

dd?l% TRENTNE RIS R THEPOLYABEA TTBATRE, pma@ nsmaSNMp
I spersed and/or dissolved |n this mxture.

solaFsissesy RIS SupRcFattSRbh P%YIB?BbB?H%saBﬁ GTE,
gﬁ%hddtPOFHﬂ_%}hl ClﬁBQnti@ﬁphﬁhEt rr&rhﬁrmrsSmdld)n iheose a
ase aqi IS erty i s known to t Ki
RRetaictinn - ca b S sz ey r IOTRLE SLbpfis) Dare
h@smeﬂltouﬁoﬁ@ tbeabenpobﬂnﬁ$(ﬁAdqqxﬁﬂnQIm,ah@e repeat
éleng'm' %h”%%%e <, SN, dd épophilic monomer

€s "ét hyl éni ca unsat ur at ed conpounds whose
honnpolyners havi ng a nol ecul ar wei ght of 100 000

ey %%%g?@ OLFH%%P%QF%bILHEECQEbé% |e§%ﬂyﬁei%6bywhlch
era a eas wel an nos
@r@?far et Dby hePgRtPALLbE- (s Cet b0l
Ra1afdfien- ﬂ%&&smﬂhaﬁﬂlﬂnis M 200174 0R58B7epare a mixture
g%T/%P2q96/06506

ase and an inventive polymer without

microscopic phase formation, which comprises at least

0.1% by weight, preferably at least 0.5% by weight, of
the inventive polymers. The polymer may be present
dispersed and/or dissolved in this mixture. The oil
solubility depends especially on the proportions of the
lipophilic and lipophobic monomers and on the base oil.
This property is known to those skilled in the art and
can be adjusted easily for the particular base oil via

the proportion of lipophilic and lipophobic monomers.

The term "lipophilic monomer" denotes ethylenically
unsaturated compounds whose homopolymers having a
molecular weight  of 100 000 g/mol have an oil
solubility of at least 0.1% by weight, preferably at
least 0.5% by weight and most preferably at least 1% by

weight at 0°C in a paraffin-base mineral oil.
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- 11 The term "l i pohobic nononer" denotes
ethylenically wunsaturated conpounds whose
honnpolyners having a nol ecul ar wei ght of 100 000

/mol_have an_oil solubility of at no 9

o307 788sR87ani y ar 5 st 0. 0506 by ETUREANE 4R85050

preferably at nost 0.01% _byjweight at 0Cin a

par af fi n-base mneral oil. The inventive polyners

gggpr !t%%nﬁoglﬁ@gﬁlb%l\&ﬁi gta;tngmqa:r"ef etablyed r omtTE@EL drol @hbPhy
[ , .based on_the wei g y

PUBBRER RS WATERCEFE ddlived 1 PORUeRe G by govicd

ﬁbm¢bemaralMﬁl@m&aturéteﬂoéstéﬂﬂbonmbmﬁbs bﬁvﬁhean oil

%8% g) J¥ E‘E\ r%t(@ 1L5 B Qvél%ﬁ@' CBrBfle§ably at

rogen

is alinear or branched al ﬁ% .
maaﬁcﬂl05&vhﬁ;W@kﬁhW’%%ﬁS@Oéérﬁéﬁfeaﬁéﬁg afp maRF 3 01%

B&ewéﬁgﬁt' Bée@ead%t lay hydreganpaseamzhlegaupidf the
fornmul a - COOR ﬁ is hydrogen or an al kyl
group havi ng fron17 to 30 carbon atons. The
ehBy| eaveatliyeunsal ynated @smprlgenpbwﬂﬂ@o%f e weight,
for ) Lnclu 25 ( h) yl at. es.an
gléirggg | Jﬁorae%% %o r‘rgg Z&?}E m?e%%é:l [rs@ﬁ oft dthe

rive “froms rate such

'aelahEtbﬁlhh&ypolﬁmerh)acrylate hept yl
OCt tlj[:g; étyl 8ts 2wlr:1f<51t1 Biitey| B.%EELWed( r@f&}l agnd abe, more

acrylate, 3-1sopro yl
(eﬁbvﬁf—aéﬁ?ﬂétfe %ﬂﬂurﬁe(%t ﬁ?EEFyI aﬁcénp%t%ﬁ of the
€aekhyacryhate, undecyl (meth)acrylate,
5-nethy|undecyl (met h)acryl ate, dodecyl
(et h)acryl ate, 2-nethyl dodecyl (neth)acrylate,
tridecyl (nmeth)gcrylate, 5-nethyltridecyl

(neth)acry%gte tetradzcyl (et h)acryl ate, pentadecyl
35 (neth)acr ' @Radecyl (neth)acryl at €fj), 2- net hyl
WD 2007/ 025837 PCT|f EP2006/ 065060 - 12

R2 O

in which R is hydrogen or methyl, R' is a linear or
branched alkyl radical having from 7 to 30 carbon
atoms, R’ and R’ are each independently hydrogen or a
group of the formula -COOR' in which R' is hydrogen or
an alkyl group having from 7 to 30 carbon atoms.

The ethylenically unsaturated ester compounds of the

formula {(I) include
(meth)acrylates, fumarates and maleates which derive

from saturated alcohols, such as 2-ethylhexyl
(meth)acrylate, heptyl {meth)acrylate,
2-tert-butylheptyl (meth})acrylate, octyl
(meth)acrylate, 3-isopropylheptyl (meth}lacrylate, nonyl
{meth)acrylate, decyl (meth)acrylate, undecyl
{meth)acrylate, 5-methylundecyl (meth)acrylate, dodecyl
{meth)acrylate, 2-methyvldodecyl (meth)acrylate,
trideéyl {(meth)acrylate, S5-methyltridecyl

(meth)acrylate, tetradecyl (meth)acrylate,_ pentadecyl
{meth)acrvlate, hexadecyl (meth)acrylate, ~ 2-methyl-
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hexadecyl (neth)acrylate, heptadecyl (nmeth)acrylate,
5-i sopropyl hept adecyl (neth)acryl ate,
4-tert-butyl octadecyl (neth)acryl ate, 5-ethyloctadecyl

h I
(BT, 5.1 o0n oY o adeon (TR} gprybyBeste

ei cosyl (meth)acrylate, cetybeicosyl (neth)acrylate,
stearyl ei cosyl (meth)acrylate, docosyl (neth)acrylate
Rl /=QTe c8i1C OSithd 1 Y ik iy ecot v | hépeacﬁ@ale yl amerhtgcrplate,

| Kyl (meth)acr such , -t
3‘&ﬁ° ﬂ&ﬁﬁféfﬁgiﬁ)ac?§|a?2 2.3, 4 gltngE£¥£C§yiQte’
ﬁwﬁﬁﬂtﬂﬁuﬁyqutaﬁmabﬁ)adm@taﬂ@Cf&ﬁéﬁﬁ&acﬁyﬁﬁhﬁéoﬁhﬁ@ﬁcyl
er%ﬁ? E&' %%?at“%aﬁ%% % %b%ade%?ﬂ exapele) fkeylate,
acr cycl o E h) acryl at es such
@qﬂa@ﬂwﬂcl oh@ﬁ‘}h aqsy%ﬂﬁtah) aé}cgna&eé:ylborwﬁth acrylate,

@rRIYACT y{r ) A 1hes, CO&é@%D@i@é@ﬁlfumﬁéﬂhﬁacaﬁdate
naleates he _expressi on

i I
ARG G065 1and ety PAESL Sd. aREBORv: uf BSC3 RERETa e
%Qldt/‘& B@ﬁﬁw&mﬁm}eﬂel y (keohacTnkaa kyl cyclo-
teV“ reln Iléﬁgﬁ ggclbc OE Pfﬁnﬁhﬁgtyl 3

h I'ong-chain af co rad
aamyﬁeydﬂmhaxﬁl for ew&h@b@ryﬂﬁtﬁeactlné dhér P-ERBFA-L-

t f .mal eat es and/ or the
bu &gzcyg)ng) e\ﬁt!yq_ etl'H'H?:rr%I &e;

aC| s wWi'th Tong-chain fatty alc

me@h)@éqare’rlaﬂ ep fSHFR L9 3D r BT OF ‘é%%%?’éra?% iﬁ%f’és'

(FoRt Rhaetlatae i t fihéi:ll—f yi=@rentatdegng- chai n al cohol
radi_cal.s. .30 The g%_alcohol i nclu

ﬁp%%ﬁﬁﬂ 7éf@ ERS: o5 8F ) ?903 v%ﬁglcyclohexyl
Ahﬁﬁmﬂb@ﬁklhha) /Mb@imyl 610meth|agryﬂptelo lgred () the

125 and S & Surfactant
ﬁ)es%%n olf}“%éé% ¢l c%,?@ “E‘p (r) ‘610 and 35

Epal (r) 810 (Ethyl Corporation); Linevol(r) 79,
%E%?VOl(%& potlsand Neodelfe}n?aEr §B@bb"ﬁ(3 encompasses

dad(r) Fwdrenol (r d L i )5
A@%@&r@frl)a o5 s Ber %;‘laslog’%%xf?&ﬁ E‘gF%gGI% Fhe
7%%d¥”ﬁﬂ@&¥4ﬁﬁmﬁ@%k are widely known. The alkyl radical

therein may be linear, cyclic or branched.

The ester compounds with long-chain alcohol radicals
can be obtained, for example, by reacting short-chain
(meth)acrylates, fumarates, maleates and/or the
corresponding acids with long-chain fatty alcohols,
which generally forms a mixture of esters, for example
(meth)acrylates with different long-chain alcohol

radicals.

These fatty alcohols include Oxo Alcohol® 7911 and Oxo
aAlcohol® 7900, Oxo  Alcohol® 1100; alfol® 610,
a1fol® 810, Lial® 125 and Nafol® types (Sasol Olefins &
Surfactant GmbH) ; Alphanol® 79 (ICI}); Epa1® 610 and
Epal® 810 (Ethyl Corporation); Linevol® 79,
Linevol® 911 and Neodol® 25E (Shell AG); Dehydad®,
Hydrenol® and Lorol® types (Cognis); Acropol® 35 and
Exxal® 10 (Fxxon Chemicals GmbH); Kalcol® 2465 (Kao
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WD 2007/ 025837 PCT/ EP2006/ 065060 - 13 Chenicals).

In a particul ar aspect of the present invention, _

preference is given to using m xtures of |ong-chain 5

al k nmet h) acryl ates of the fornmula (I

HPO%GP%V@R%?’W he (meth)acryl ates havi ngc?zgﬁ%%"%“‘i%““

carbon atons in the al cohal 1padical is preferably in

the range from 20 to 95% by wei ght, based on the

welkght-a1efy .t he nononmer conposition for preparing the

star 10 polyner. The proportion of the (meth)acryl ates

having from 16 to 30 carbon atons in the al cohol

nmadi @al ges-tipndfear aklgpaat t hef r ange froesond t@n%@%bynf
ht based i i.0 t he rgpaner ¢o t

PEF% Fepari ng- ﬁw‘;@f\/\%o Sj?r% 3%15 I'n adg%t :Tgﬁﬁg bl%ln-

pdtlkyﬂcer fmgthheeryvépess un@%/s whiteh Teradey i véé"f'ron?he

%QB%%%ElgﬁnQﬂ?réheThﬁé%h! %&%@%t@%p@%ﬁiﬂg'from 6 to 15
h) acryl at es unmar at es. and C{%ﬂeat es h |ng}!)l

e@r&a@nalakmmsaarlcatr eF@FC@%aﬂpl@d% pbﬁyﬁe% y in

%%p&*a&g&fyrf&mnp 2b thtSb 45(53% oy wﬁ@dm? paederabl yhé reaight
t _an m)re e mJl,.to

38% breanTRInEr ebulpinipL® Bb8 PhRGRUIRAM tnbO star

bodgmeme otheropeoebhylieni caf | yheun@fmuh @ey lesiesr having

GOIROUNAS. 81 Sohec atghls) R BRI BR® 3hdibal is

i S hydrogen or 4 1s a |linear or

pmrf@br@@lm il O AATY G o §0F Pearpogit based
3hohe V\%l%{@f(% ane erebmcrdepegdernidjorhytsgeneparing

%rou ormula -COOK' ' in which R" ' is .
P& G58R BPLAASAB 2007/ 025837 PCT/ EP2006/ 065060 - 14
al kyl group having from1 to 6 carbon atons. Exanples

9f, etdyl enigal Ly ISt M efla6S hRly£OMBRURES units which

are derived from further monomers.

These include especially (meth)acrylates, fumarates and

maleates having a Ci;-Cg alkyl radical.

For example, the polymer may comprise from 0.1 to 40%
by weight, preferably from 0.5 to 30% by weight and
more preferably from 1 to 20% by weight of repeat units
which are derived from one or more ethylenically

unsaturated ester compounds of the formula (II)

R

RS O

in which R is hydrogen or methyl, R* is a linear or
branched alkyl radical having from 1 to GVcarbon atoms,
R® and R® are each independently hydrogen or a group of

the formula -COOR'' in which R''" dis hydrogen or an
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of the formula (I11) include (nmeth)acrylates, funmarates
5 and nal eates which derive from saturated al cohol s,
such as net hyl (neth)acrylate et hyl (neth)acryl ate,

prop | (nmeth)acryl at | th | )
Wladgi oyl ate, 1 opr ol (oL ageyhBksockoen

pentyl (neth)acrylate and hexyl (neth)acryl ate;
cycl oal kyl 10 (meth)acryl ates such as cycl opentyl

ETREN) 6 gﬁtre;vir{greﬂﬂ&raqr WatesaMiczh temse from
unsaturated al cohols, such as 2-propynyl
(nmeth)acrylate, allyl (nmeth)acrylate and vinyl

(Emh@)l@er ybat @th]_sﬂe@crﬁrmg}tyheunsayuecuteél lashers atarmeedds
Iy ound rt.i p ve

toﬁt et( ra%?y% at e&% Ol\}’lg:kﬂ.ﬁe (rﬁ% eat esf%jh%tgﬁm?gﬁlggates

iand, nmeaR@s REiarid dRsrid Fivemfermeraced| §lagdofs ) such

i1, p@r{eterﬁ}i' afL et p{errad o enb@@kh nt $natw) yeyoges, n-

I'n general e nethacr | at'es are referred over
ﬂrepérc,lr y| @asd) aciﬂ%brjc?rFaﬁffl y,l%%r%’%nt .’5% ERLRGTEl ARy T
CRIFRILI SEnath e r3QPedy Wt ghtbutyr eflﬁéﬁhl ycoplioe ZOﬁ/ehyyl

it 6T rd el Ber Pl RV B, Phetoanion
m&@t@nacarydfaﬂuesmstuamﬂ% o&nmage@rtaflh Zlew oremerlate;
I)ac@ﬁa%” 'Vgﬁncg{ I%e;% i dfaﬁ Qﬁéaeueaasdowgsaols

trogen nonomner
ﬁl‘r@@eraﬁ n?gp@mm hjeEs) %@@%@tﬁm%}ﬁ%rwﬁﬁhaecrylate

whicckih3a heermieRanedd.rom an al cohol R7-OH or am ne
R7- NR8- 2qwhere R7 i's independently a group which

conprises from2 to 200 carbon atons, especially from
zmib@rgZOtnar b@trhﬁlémﬁscalhgar ezr%pﬂm'aeddcy fester?2 tompOunds,

car toms_and hascgl t%egg% ggetﬁﬁ;erﬁgggpgcgggates

aﬁB3%re i hdepend rogen qr a.gro
h:a‘ermg;h‘er oma lea te0andr 5gmaa:ﬁeﬁf§, R?ecoerm@es R° and R’

i 9,aK0 c
B0 LLATALAL I, [BOTIAC 1 OSSR procecsec

ﬁ@b@ﬁé@@@ﬁﬁc@ﬁﬁﬁﬁ%@ﬁ?gﬂnrﬂ%ﬂlQﬁ%ﬁ¥®4 able cyerBaskytates
greupserandeal 5ol koxy aceyal@alskoxy, al kanoyl,

al koxycar bonyl groups.

Optionally, the inventive polymer may comprise up to
30% by weight, preferably up to 20% by weight, more
preferably up to 10% by weight, of repeat units which
are derived from dispersing oxygen- and/or nitrogen-

functionalized monomers (III).

In a particular aspect, the dispersing oxygen- and/or
nitrogen-functionalized monomer may be a dispersing'
(meth)acrylate or (meth)acrylamide which has Dbeen
prepared from an alcohol R’-OH or amine R’-NR®-H where
R’ is independently a group which comprises from 2 to
200 carbon atoms, especially from 2 to 20 carbon atoms,
more especially £from 2 to 10 carbon atoms and has at
least one heteroatdm, and in which R® are independently

hydrogen or a group having from 1 to 20 carbon atoms.

R’ comprises heteroatom-containing aromatic groups and
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5 According to the invention, aromatic groups denote
radi cal s of nmono- or polycyclic aromatic conmpounds
haV|gg prefgrably from6 to 20, in particular from®6

to , carbon atons. Preferred aromatic

VPoRPOBEAZERET napht hal ene, bi phenyl, $ﬁé§§$§%?ﬁé$g860
10 di phenyl net hane, di pheny}l gi oet hyl et hane,

bi sphenone, furan, pyrrole, oxazole, imdazole,

heoxazak8m- caﬁtaéﬁhﬁg 1a31ﬁh@t@dl az0kel 2aBadi phehyhikyl

1, 3, 4- oxadi azol e, ri azol e, I
greuRsy | 3% e. Eﬁ‘§35 Fg1 iyl - I §12a?%g§§0¥e ayfganoyl,

d1Rodvexadoazl grohp2. 4- triazole 1,2,3-triazol e,
1,2,3,4-tetrazol e, benzo[b]furan, indole,

benzo[b]furan i soi ndol e, benzoxazol e, benzi m dazol e,
benpirddrgzoke, bbﬁzopyvazbk@n beﬁf@ﬂﬁFh@ol%IOEP%eHQ%HOte
EHE%BaFEarQQZORSnopyer'nﬁol?b?&ﬁi@'n§roﬁ¥fﬂé|n@®mﬁ@unds

E razo rimdine, pyridazine, 1,3,5-triazin
ayingt p;cgf,eﬁ@bly 'LErgpm5 b GuA QTe in eqq.%i-zn[q.}élar rom 6 to

gyl ngbirBen alteaaui waﬂé&rdﬂlla&ﬂxﬁﬁm gpligmazédtivee from

ci nnol i ne, ht d h

SeBZRaEh. " AFEPHPALEAE, . IS o SRS ecner,
Qyphdﬁy2ﬁephanﬂldlﬁaphanykﬂﬂmqnhymmhuhﬁnﬁ blsphenone
GEOg) ! 21 N T QUi NgLLzbie, df BRERKLANEr . ssoxazole,

{ﬁracen enzo- pyrrof e, benzooxa i azol'e

ben@@pyehdlne beﬁz@pﬁrﬁﬂQQéaZQkﬁmopyra2|d?n% diphenyl-

Qeﬁzgpxka@lgbege benzotlflaamiteﬁlaztdncwl i zi nez, 5-diphenyl-
E i dopyri di ne, |n1dazopyr| di ne,

y?aﬂ| 5bFFPAPdi ne, car bazof e2- 5%%??%?%% L phehazfhazote:
bepzaqukaal brelephenoxaz ne tmicriddiesi ne, 1,2,3-triazole,

D78 PeheFRIP T oups. | noP TG WECRL et hyi L OB

beopyli¢c] Esopnopyisoindal gl , erupyazokenet@@m%#m*@@zole,
%g%gaggk h @?gcﬁ%nzﬁﬁ9£¥kol% neEQMEQHfYéZOle, dibenzo-
P exyl ., heptyl, .octy
£1178, 3 (CAFRE Iy DUBHEICHAI] | PIBUEYFLNS. dedgyTaFine.
¥§E3991é9258%§rP§EGEB%DOG/Qﬁﬁ@@%zrnéﬁ 1,3,5-triazine,
1,2,4-triazine, 1,2,4,5-triazine, tetrazine, quinoline,
isoguinoline, gquinoxaline, quinazoline, " cinnoline,
1, 8-naphthyridine, 1, 5-naphthyridine, 1, 6-naph-
thyridine, 1,7-naphthyridine, phthalazine, pyrido-
pyrimidine, purine, pteridine or quinolizine,
4H-quinolizine, diphenyl ether, anthracene, benzo-
pyrrole, benzooxadiazole, benzopyridine, benzopyrazine,
benzopyrazidine, benzopyrimidine, benzotriazine,
indeolizine, pyridopyridine, imidazopyrimidine,
pyrazinopyrimidine, carbazole, aciridine, phenazine,
benzoquinoline, phenoxazine, acridizine,

benzopteridine, phenanthroline and phenanthrene.

The preferred alkyl groups include the methyl, ethyl,

propyl, isoprepyl., 1-butyl, 2-butyl, 2-methylpropyl,
tert-butyl radical, pentyl, 2-methylbutyl,
1,1-dimethylpropvl, hexyl, heptyl, octyl,
1,1,3,3-tetramethylbutyl, nqnyl, i—decyl, 2-decyl,
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undecyl, dodecyl, pentadecyl and the eicosyl group.
The preferred cycl oal kyl groups include the
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, 5

y.Cl the cyclooctyl group. T
g%kéﬁgﬁﬁﬁ%%%gﬂfnclude al koxy groups mho§§T9F§%§§§298386°
radi cal is one of the aforementi oned preferred al kyl
groups. 10 The preferred cycl oal koxy groups i ncl ude
ayclerad 1k 0xdp degrydu p penttesidyidraochrdien giadigdl drowne
of the aforenentioned preferred cycloal kyl groups. 15
The preferred al kanoyl groups include the fornyl,
gbetyl ,ppeoprony| , ZviedoRdptlopi oaypupbut yriyiclude the

¥3laop Al val ayla1 dignanoyl . deephguhtgnd theyclohexyl,
dodecanoyl _group. 20 The preferred al koxycarbonyl

G¥&dpE e ludect hde FYCHORFhFRAYP et hoxycar bonyl |
propoxycar bonyl, butoxycarbonyl, tert-butoxycarbonyl,

I b l.,. 2-nmethyl h I |,
et SR R i A T

Ry dgrogapdome ntrieghiech Imayi mavenkur tdfer shibst afgeansntioned

7 gggge§§ebiQQ@ 1gérgpggqhed al kyl groups having from1

carbon ato r exanple methyl, ethyl, propyl,
butyl, pentyl, 2-methyl butyl -or hexyl; 30 cycl oal kyl

@h@Upﬁreféeréar&%}@ldé@i&%en@Ho@m iexghebexyél @41koxy
el se hal i des. Thﬁ grefer ed heteroatons.in the R7 b
gFBURSI ndiRRE  JLYIHRFFrES ox gﬂ@ﬁ% m%rog8f, &ko the

stibtemenhabard pdbferkedorvandafhkedphaoups.The

het eroatom may preferably be present in the formof an
al cohol, ether, ester, amno or am de group. WO

2067/ 025837 *PET/ BRX@0SNA65@3%urs 17ingude parire cufarmyl,

grbegdhment g&ob%nerlesent 4 NN Brop 18 R radbg@bryl,
conprises at | east "one gﬁoup of 't he
valeroyl, pivaloyl, exanoyl, decanoyl and the

dodecanoyl group.

The preferred alkoxycarbonyl groups include the
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyi,
butoxycarbonyl, tert-butoxycarbonyl, hexyvloxycarbonyl,
Z2-methylhexyloxycarbonyl, decyloxycarbonyl or dodecyl-

oxycarbonyl group.

The R’ groups mentioned may have further substituents,
such as linear or branched aikyl groups having from 1
to 6 carbon atoms, for example methyl, ethyl, propyvl,
butvyl, pentyl, 2-methylbutyl or hexyl;

cycloalkyl groups, for example cyclopentyl and

cyclohexyl: or else halides.

The preferred hetercatoms in the R’ group include, as
well as oxygen and nitrogen, also sulfur, boron,
silicon and phosphorus. The hetercatom may preferably
be present in the form o©of an alcohol, ether, ester,

amino or amide group.
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formula -ORB or -NR8R8, in which R8 is independently

hydr ogen or a group having from1 to 20 carbon atons.

5 The nunerical ratio of heteroatons to carbon atons

i ical may be within wide r ]

F%hii?gﬁgﬁéapggerably in the range fron1€§???gzgsﬁg?65°§0

especially from1:1 to 1-51and nore preferably from

1:2 to 1:4. 10 The repeat units which are derived from

dins per pang i codypgenembodineni tofogehe f gneisearial izegntion,
nongr s [ p ahl ep i-ch

5 SEr.o—’%ahf%&m Qé{‘}?ff BRI i Sor ol at 6b Sih dg i

fornuladi nekh ypan1ﬁ®%1hyl %mm yRatéS(Em¥@$R$¢§ent1Y

Hsz@bgﬁthlawbggago@&b1&@E%&k@pnyh@t@o carbon atoms.

N; N- di'et hyl am nopentyl (neth)acryl ate,

N, N-di butyl am nohexadecyl (meth)acrylate. 20 This al so

mﬁélumwéﬁxa&mlﬁatyoremeakmﬂﬁdatowﬂchoaberuWHWanums in

om_am nagal acrylanldes such
RER B g Pt FBYr Gy Oy JER AR VBB Ty RO 9
Eheieabb@ylnutudhs espenaaﬁrymrépéattcnﬂt§imm|@hp%¢eally

epi.yed frQ r I te c S
SRy o oo ke o st e T ey buty
(et h) acryl at e, 2 hydroxyethyl (nmeth)acrylate

CHE(M-&heat 2- @Hﬁﬁ@xyﬁ&QﬂY|a&@ﬁtabﬁﬁ%ﬁbatﬁroﬁo dispersing

2,5-di methyl -1, 6-hexanedi o] (net g
B TTnGC M OF  CHTR i oHA o 2 o Femgmers | {£TT)
hﬁ@ﬂud@sa@gaﬁﬂannytfepwamhuaIES gkt checfer aterived from

RSO TR bR E el B 5

R 4dnmephyﬂamyhp@thyﬂ (m@ﬁh)agryﬂaﬁ@ (DMAE (M) A) ,

ﬁ ﬁZa EEﬁ?&Mh@MBB&%ﬁ&% I )ne%hg&eg%ggggg

ﬁcﬁrépzebsﬂemseeaentyis (meth)acrylate,
N rekhBe Evh apmk ndhpkbBekldi n@Beh) acrylate.

This also includes especially repeat units which are
derived from aminoalkyl (meth)acrylamides such as

N, N-dimethylaminopropyl (meth)acrylamide (DMAP (M)AAm).

This also includes especially repeat units which are
derived from hydroxyalkyl (meth)acrylates such as
3-hydroxypropyl (meth)acrylate,

3,4-dihydroxybutyl (meth)acrylate,

2-hydroxyethyl (meth)acrylate (HE(M)A),

2-hydroxypropyl (meth)acrylate,

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

This also especially includes repeat units which are
derived from heterocfclic {meth)acrylateg, such as
2-{l-imidazolyl)ethyl (meth)acrylate,
2~(4—mprpholinyl)ethyl (meth)acrylate,
1—(2-methacryloyloxyethyl)—2—pyrrolidone,
N—methacryloylmorphbline, '
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N—(2-nethacry|oonxyéthyI)-Z-pyrroIidinone,
N- ( 3- met hacryl oyl oxypropyl)-2-pyrrolidinone. 5 These
al so include especially repeat units which are derived

fromnitriles_of (nmeth)acrylic acid and
WPtPBQ@ﬁogéﬁPglnlng net hacryl at es, sucthiPE£2°°6/°65°6°-
N- (et hacryl oyl oxyet hyl ) dii sgbutyl keti m ne,

N- (et hacryl oyl oxyet hyl ) di hexadecyl ketimne, 10
mh&m&w&wb@dg@g@mnﬁwﬂo@e

tha I th yIc anomnet hyl
%péF§¥ ¥é§§§53n|t P&%%§F€ érived from
NFSﬁemsthgcryﬂogﬂpggproawd/eﬂ -piytrogaatifymet.i onal i zed
mononers (l111) also include repeat units which are
derived from heterocyclic vinyl compounds, such as
2h¢SQWQA@¢dﬂﬁ§1Udﬁwﬁ$®¢%y@13Yn§epeat units which are

| ae@geaw -f=ofh Nyt p¥L 1 dEnes ?%é%myécﬂyyi@YE@i@(ﬂmm other

3-di net hyl - 5-vi nyl pyri di ne Vi n yrim di ne,
VPﬁypgﬁﬁeFPa ﬁénlggvﬁﬁ§P@§FBQf6ﬁ@ §C31ﬁf|carbazo|e,
f= \(tn@}thaancg}abgnexyéthyny ki risdazoly@, ketimine,

ﬁ-gﬁﬁG%acﬁyﬁ @%§§'§e§ pH%% yg.%hh&%%e

NethaykyapyéhwcﬂaﬁpetmnutmyﬂbutyroIactam
i @%kﬂégE?Tgy1¥k9£kﬁ9ﬁﬁﬁthy%5yﬁhﬁ¥h@éaZ0'93 and
rogena vinyl oxazoles. I addition, the polyner
ﬁﬁ?nﬁ@@éhyép@ﬁFhéﬁFV§a§? further comononers (1V)
whi ch do not belong to groups (1), (II) or (III)
peci al | of st e mnomers.such as sty
gﬁﬁst??ﬁ?%ﬁ '%T&F%néﬁuﬁg% g “an &F&VP su |tuen‘?perSlIlg
bhggenele amcdéadn, nsiotoges -dumetthydrstiraste aandomers (IT3)
21ELIVLRENLAS: -BUBST| LG SLARAPS Ay \alal kVbrom
Sstituéen on’t , such as vinyltoluene an
Bstm;phyi:éttyr ern@ylhacr@g@?m@% SERFBNES %Yl%)’@a%slr]egmer
09ﬁ9h9§9§EXﬁ@ne di chl or ost yr enget k{1 bs opdny Bby# Btne,

and tetrabronostyrene, WO 2007/ 0258
PcerEp20667 6886BE 19128, of/ %.%VT i wiAlpgr idine,

viayhpaeehatienand vivAylylpiperidine, 9-vinylcarbazole,
3-vinylcarbazole, 4-vinylcarbazole, l-vinylimidazole,
2-methyl-1l-vinylimidazole, N-vinylpyrrolidone, N-vinyl-
pyrrolidine, 3-vinylpyrrolidine, N-vinylcaprolactam,
N-vinylbutyrolactam, vinyloxolane, vinylfuran,

vinyloxazoles and hydrogenated vinyloxazoles.

In addition, the polymer may have repeat units of

further comeonomers (IV) which do not belong to groups

(I), (II) or (III), especially

. of styrene monomers such as styrene; substituted
styrenes haﬁing an alkyl substituent in the side
chain, such as o-methylstyrene and oa-ethylstyvrene;
substituted styrenes having_an alkyl substituent
on the ring, such as vinyltoluene and p-
methylstyrene; halogenated styrenes, for example
monochlorostyrene,_ dichlorostyrene, tribromo-

styrene and tetrabromostyrene,



10

15

20

25

30

35

propi onate, or of vinyl halides such as vinyl
chloride, vinyl fluoride, vinylidene chloride and
vinylidene 5 fluoride. Al aforenentioned

AL A 22 5L TS TR g ossoco

p035|ble to vary the nononer ecenposition 10 durlng t he
pol ynmeri zation of the arns of the polyners in order
te0 Obtca nvdefl ned tsincuciucies asf oviexhnpketabkocdnd vinyl
copol ners Qr adlent copolynmers. The star pol yner of
t he pré%éﬁtIFh ent$ on preferably 15 has a
wei ghtofaveiagé niohetdesr smeilghesMwvimyl hellgagese.f r ganyl
10 00 0 4 I, ef gerapl y
25 00 lg#’pﬁd%o 1307000 S ol Sng ot *prarer Ay etene
from 3J3WEG- 4ol to 90 000 g/ nmol. 20 The inventive
star pol ynmers preferably have a narrow nol ecul ar

ght _distribuytion mhl preferab

I
RoB B8 Shpp el Bh el Ty Lo b BB aasr pygnomers
Mﬂﬁ%1ben thedr angaifttéoulld t or2, annemxxﬁﬁmgamlyIt is

1.0 A h r c
T S e R A A R L b o
a:?a:rllmwe;r deter pphedebyz&Pton arfd tﬂhse 93—5m§d|0§peiﬂs¢t1901ymers
%Wr’d@r‘:a‘ﬁm Ghegi @s ddve nquotdienicRfrdsheseqyal Hesmple

se are apparent values 30 whose deternination is
EIAFEN FIRSYERGE Fo9TeLd e SO YREISur ement  can be
ef fected in tetrahydrofuran at 35C against a

neth thacr calibratjon curve £onpos
§8§%t ¥g dspfﬁﬁﬁ h613§?nt dards e?vF%%ly
Maé%ﬂymemghtabveaBQE|asﬂeMukﬂrhmeaghtstlsnnﬁhﬁeaange

B30 3 005857 et ebooty Rebbaos O30 BOfgpaPperohatly

Fopry/ 3P0l 000 to4rplpokai BPE PBOUFEMOLo@BIch I TNsPEPLEF RO LY
GRldMe (el Wyek1St-andar @9 0Sef/icae

The inventive star polymers preferably have a narrow
molecular weight distribution which is more preferably

" monomodal . Preference is given to a polydispersity M,/Mn

in the range from 1.0 to 2, more preferably from 1.0 to
1.3.

The weight-average molecular weight M, and the number-
average molecular weight M, can be determined by GPC,
and the polydispersity M,/M, is calculated as the
quotient of these wvalues. These are apparent values

whose determination is common knowledge.

For example, the measurement can be effected in
tetrahydrofuran at 35°c¢ against a polymethyl
methacrylate calibration curve composed of a set of
> 25 standards (Polymer Standards Service or Polymer
Laboratories) whose Mpeak is distributed in

logarithmically wuniform manner over the range Efrom
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SDV 100 A/ 2 x SDV LXL/2 x SDV 100 A/ Shodex KF-800D)
5 Preferred polyners of the present invention exhibit
outstanding filterability. The polymers preferably

40" BoRar'o3b8pdng msi 10 preforabl y ardBLELEGa6 06550

based on a projected filterabiLity under stage 1 of
| SO 13357-2 (5 m filter). Preferred polynmers may a
f_r,i | tepfabidd t y20f B2 lggasll .60%t 15 snorgopsdbesably atuse

70% and st _preferably a
EREBGRAPAPRSpPor FIE 6P LERES HPPLYEEToR SaRAEr I8, Sava0e
ebvl $Q01833722x( 5D LKLY @r X SDW. 120 AﬁShOQaKtKEuB@GD)
aspect of the present invention, the repeat units nay
be present in the form of bl-ocks and segnents. The
Brafepoegnero hupept efal afihe havessnt| edgvepppon2sxhibit

Bhggkanamngtfhﬁeékagmﬁleg. preferably in a plurality
arms and nost preferably in all arns. Blocks have a

constant conposition conposed of one or nore nononer
YAkt SpoBPmdhe Mneof@ersobf Group @ ) fadleerhbility of at

th Ien' @IIy unsat ur at ter,co ds t
fSPREl aB0F) MRS PEELEgER! & ouborT) of% da most
ErhﬁbeabéalIyﬂzunéaaatatéﬁiestebasedpouwus of t¥rojected

EQ&EEEQBQ!LU;};SI hfseonQEBES of %PUDI(;U h2366LhesSpeNdin

I spe ng 35 oxygeh- and
AtLEBEER-functional i zed nDnoners detalled above. The
nmonomers of group (1V) correspond to the further

comononer.s detail ed above 2007/.Q 5837
BET T ERa00CPOLEOBES Tag1 5 ineEAP o Sl 1 LoRSE 60%
poetenatd feddlpiophilki cleadbnGidér sand gmipsp(:éﬁger@bly at

aod (11 bhqare ﬁ%fdefaotzlv £ épog{;g?aih B%rﬁtear the

pol yrer ~préf era has at [east one bl ock

5
tohprasiag angiegh Wc’eﬁﬁ)r gi of ois@eb%%? Eu t{§ pm filter)

on.

In a particular aspect of the present invention, the

repeat units may be present in the form of blocks and

segmentcs.

The star polymer may preferably have at least two
blocks in at least one arm, preferably in a plurality
of arms and most preferably in all arms. Blocks have a
constant composition composed of one or more monomer

units.

The monomers of group (I) are the ethylenically
unsaturated ester compounds of the formula (I). The
monomers of group (IT) are the ethylenically
unsaturated ester compounds of the formula (II). The
monomers of group (III) correspond to the dispersing
oxygen- and/or nitrogen-functionalized monomers
detailed above. The monomers of group (IV) correspond

to the further comonomers detailed above.
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derived from nononers of the fornmula (1), and at | east
one | i pophobic bl ock conprising a high proportion of
repeat units derived from nononmers of groups (11)110

&#{ghogg%%%%HQ:X). In a particul ar aSpe?&T(ﬁP968§F?§§oso

| i pophobi ¢ nononers of ~“groups
(1r1) and/or (1V) may havezat -l east 50% by wei ght,
nore preferably at 15 | east 70% by wei ght, based on
e onrirght «f t@fo@bOCKI) ofarreepaate fimidisiwhi theapeilic.

erived from ope cal
et S R AT i e i
ﬂh@O@h©®&Cblock haV|ng a hi gh proportion of
| i pophobi c repeat units which are derived fronlone or

nore nmononers of group (I1), (I1l) and/or (1V)
Blet Gitanl podamarger i ssd o Hafe Qent 85 b ORRel pgphilic

@,Q(Lj;mer colBkgsanghi %eq&ww kg{ﬂhdmtakmt oF Vlﬁépaatt yubt s
I_.ndex |ncreaS| acti on I.S conte t he

SR ed o HRANAT S 1E cBAP ofoTEARe (Hat T B obRast
baieal I ghgeitbipt @f eﬂanb:lky tomphesing sta haldh momgortion of
@referab|¥1E tggri$ L#fgﬂ(j onld 18 C%ggegﬁgﬂsbng (TI1)

he center cons ing t start
aﬁdﬁé bnddkrhdVivig a hlgh proportlon of Ii pophobic
repeat units which are derived fromone or nore

nononers of group (11), (I11) and/ .

BFef 8r abRYLhF v hRGe R EPeser to"@2 o st gﬁ’#“lﬂ}?e 4Fm BtRhet®
3L§p$>b&bbﬁ@| wémfoméﬂfn Sodar eftich@et UCET by | ngSIabautd /@xr (IV)
Vi scQs in i ncr easi acti.o In this_c ;

e qé e&di or*®%t 058 gg¥he SETH of %PrarﬁF%&%%ékly’ at
lkatstt Iﬁ'@9 myooke:@htar rla@ge@ pnetbeableidght tdfe Hee dnbpck,

3l 1cgote V02007025831 RCTLER2006/ 065640 one 28 moxe

prefer ast third, of the corresponding
athwleﬂhéaééﬁt eMNEaRTERLEl ngoRsEeisar 1of PAYRRS (11D,

whireh Bavieoa hirgh proportion of dispersing 5 nononers
of group (I1l) at the end of at |east one arm nmay in

many cases have a surprisingly high action as
When the above block having & high proportion of

lipophobic repeat units which are derived from one or
more monomers of group (II), (III) and/or (IV) is
preferably arranged close to the center of the star
polymer, this architecture brings about a viscosity
index-increasing action. in this context, "the
expression "close to the center" means that the block
is arranged preferably in the first half, moré
preferably in the £first third, of the corresponding

arm, the center constituting the start.

When the above . block having a high proportion of

lipophobic repeat units which are derived from one or

more monomers of group (II), (III} and/or (IV) 1is
preferably arranged close to the end of the arm of the
star polymer, this architecture brings about a

viscosity index-increasing action. In this context, the
expression "close to the end of an arm" means that the

block is arranged preferably in the second half, more
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friction inprovers. In a particular aspect, polyners
may therefore have, 10 close to the center, a bl ock
whi ch conprises a high proportion of one or nore

S%F%%ﬁgdﬁﬂ% unsaturated ester conpoungilg%aégg(P6§oso

nd/ or further conononers
and a bl ock which is deriveg2 from di spersi ng nononers
(I'1'l) close to the end of the 15 arm The |length of

wﬁf@ﬂa@m Ilirpqpt@bia:srse@mfms b8 ghe teasésBonding arm,

fera 5_an referably at least 10
|t§ns%1-"scqtl SIS c&saggments 20 preferably

have a melght aver age degree of polynerization in the

fp%ﬁ frf oM #4910 190- Ehehrgﬁeg&fa/ﬁolp@ia&r%sf NBYBErsing

i nvarious way |nstance t hese

@@nﬂm§ﬁ§rﬁﬁ/Qﬁ9¢@eb5¥56 pEoEBedieng fy Gtk aleast ®one arm

pehyfunchigpalcLue hhvat d nkbigtosiespechabhy addion as
processes for controlled free-radical polynerization,

ff6ﬂcé%§ﬁpI1€*PK?ﬁI3rsRAFT or NWP. 30 The ATRP process is
known per se is assuned that this is a "living"

ree. r adi I nerizatio t

Rat®t K& g; éﬁl ﬁill%‘ﬁpo? thgjo#&%am sm st%%reel@nd})rgen have,
céstse ctd othel ncehese, prockdeek, vdidly apgipt bacaetal hlgh
% E%%#@ Ef Leached V%f'Wﬂ%rQPWEQHQQe%§Cﬁ@E9h HasaBurated

e atom group. The transf erab e atomg group

s teransPEPPEAEO Pﬁe *%kr%msﬁq%#%et A1) cBRPEERA, Turther

%g@ﬁo%vh:ﬁl %ﬁs %{}'ﬁl :]'Bha Beagtdcn \an'erdl’B i@ feeeved
radi c ich adds onto et i c.grou he ,

5867 Séeﬁer%ﬁ%%%sé%%fp 136885, s I (9 the

at-am group to the transition netal conpound is, '
however, reversible, such that the atom group is

transferred back to the grow ng polyner chain, as a :
Fhsul tengthhich &hsonprskled bopywielat ﬁﬁ@%»"em@ at

H%a%@rmpd f¥¥é¥£bﬂ?|¥t the &t ryichHa e mefret Y- PRAMHETYy at
t he nol ec ar wei and t he np] ecul_ar ht
é?@ﬁFleﬁ?onmﬁﬁﬁmﬁé c oot edTh Purﬁﬂé%%gao 1%at BREMEN

ts
preferably' have a weight-average degree of

polymerization in the range from 10 to 100.
The inventive polymers may be prepared in various ways.

For instance, these polymers may be prepared proceeding
from a polyfunctional core first initiator especially
by processes for controlled free-radical

polymerization, for example ATRP, RAFT or NMP.

The ATRP process 1is known per se. It is assumed that
this is a "living" free-radical polymerization without
any intention that the description of the mechanism
shall impose a restriction. In these processes} a
transition metal compound is reacted with a compound
which has a transferable atom group. The transferable
atom group is transferred to the transition metal
compound, which oxidizes the metal. This reaction forms

a free radical which adds onto ethylenic groups. The
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appl i cations WD 96/ 30421, WD 97/47661, WO 97/ 18247,
WO 98/ 40415 and WD 99/ 10387 -di scl ose variants of the
10 ATRP il lustrated above. In addition, the inventive

| yners can_al so be obtained, for exa '
%Qlﬁﬂﬂiloﬂﬁ %process is described in gg%ZFF¥b?8?éEEOGO
exanple, in WO 98/01478 and 25 -WO 2004/ 083169, to
which reference is nade explicitly for the purposes
efrairhg @i sekosthie. dMpneoyibupt heoi mtent itvenpdltioer smetal

ar e _obt nable rocesses, whi '
CAREPUR] ac %) n hBHE S 4555 LTRELe Sathodiiay drie cdtom
@ﬂuﬂﬂeﬂ*(nmﬁnsﬂﬂﬂﬁﬂdmﬁqqkes@ebhalgyowvmghp®hYmﬁérChain

B R I Loty pasgaunlie Tof cvecen
lisst eferedceACrpbOkaa 12004he oStW%FEHr? ePér dite Pngmer,

wede exphielthy f%ei?ﬁtpur&@ées e th@l@b&gh@sureelght
The |nvent|ve st ar ar ed

ner s nﬁi Iso be ﬁreﬁ c
UG OFr ofPE p Fyfﬁﬁ@FF8 FYor EUFFREE Pﬁlfla?%Fen
o 1atcher okisowws coar BoLea" v \aTerd74dli,on WOoRBL5RB47,

oo Brd:
g e A R T R s

paRFse ldme taededesdbovigad, for exanple, in G Culan 35

Princi ples of Polynerization, John Wley & Sons, 4th
ed. New York 2004. WO 2007/ 025837 PCT/ EP2006/ 065060 -
In  |13Grtdem 4 o PR ai AOVRBLLHGenPOVITSESr FOymASe  be

phekenerce fdsr gexampm@r e «ix UBARY imkithbdkor SThitd chrocess

have, fraq e- refera
s e S5 @%a %%Fﬁﬁﬁ7 f%iﬁze¥? bL%erd%ﬁ@§g$%G&§4?§ and
EMEQQOE/DBBuﬁaLOHsJawhlch nesfenases kaowndserexplandtly

%IE %3 ??g N JtEh % tarahW.e det ai | ed above. These

inC rononet )nBS|terne
tetrakls(bronnnethyl)benzene hexaki s(brono- 10

ety ubenzene andbpPhepdl pdelindati ¥e%, obtainable by NMP
processes, -~ which are described, ~ inter alia, in

US 4581429.

These methods are detailed comprehensively, especially
with further references, inter alia, in
K. Matyjaszewski, T.P. Davis, Handbook of Radical
Polymerization, Wiley Interscience, Hoboken 2002, to
which reference is made explicitly for the purposes of

the disclosure.

The inventive star polymers may also be prepared
proceeding from a polyfunctional core first initiator
via other known "controlled" polymerization processes,
such as via anionic  polymerizatiom, cationic
poiymerization or GTP. The latter processes are known
per se and are described, for example, in G. Odian,
Principles of Polymerization, John Wiley & Somns, 4th
ed. New York 2004. '
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cycl otetrasil oxane derivatives, cyclophosphazene
derivatives, calixarene derivatives and cycl odextrin
derivatives. 15 In addition, conprise suitable

W A BEe na sucrose. Thooe ol 2577 REPRAE/PREOC0

ATRP initiators penta(a-brgapi-sobutyryl)glucose and

octa(a-brono- isobutyryl)sucrose. 20 The controll ed
fmee-sadkbcal tpol yherinat ithie cambentpes f oeted apolymers,
standard pressure, reduced pressure.or. . ted.
SRS GRS T o Tan, afhr 8L QYA fllgon nave
dromi t3 célo. 3, gmpeealprdfedalnlhofever 5 ikot B8 Z2Bnd most

BRAAD - 20ch0 7000, PIe! Shablyr drmd LoololC andse
fore preferably from50 to 120C. The contrdlle
fipddipddinsal aps| yHRr it 0F3ESF bENOYBr  BEhed S BRor 2re

WelshoUthes0li¥ethe THE dr@ftlires @ateniti'ed Ibsshoul d be
understood here in its broad sense. The solvent is

sel ected according to the polarity of the nononers
m3ede and prefiacénde nay be grustbromusenhyll06Mioylene,

lighter. il r tic hydrocarbo  Qr, -
b8 8 SR € 1Y ocot bR Bbromo
peitjyen besmyzepreef er abl ynfe used Phengill for nufigrivagives,

eSRAGIRlL &1l bl cant ge@k k5 cfiQelul ati opgc@Bghosphazene
cosnetic formulations. WD 2007/ 025837

BETAMBEG06R065660 1xarene AJPGRVREANESoi PRor AUFAPRERET IR

peefiekabkyesconpri ses base oils of APl group I, I,

I11, I'Vand/or group V. A lubricant oil formulation
conprises at least one 5 lubricant oil. The | ubricant
ol safidtbide, espewpal $g mulgrablei ligyltigteriset wbichl sare
padcpat ha cQbbs. 18oM NELahpoL! Spakeaknonn Behcsgeantng
comercially avail- able.. y are generally obtal ned
Fosesener Ahese oplso include the ATR initiators
penta (a-bromoisobutyryl)glucose and octa (a¢t-bromo-

isobutyryl)sucrose.

The controlled free-radical polymerization can be
performed at standard pressure, reduced pregsure oOr
elevated pressure. The polymerization temperature is
also uncritical. In general, it is, however, in the
range from -20° to 200°C, preferably from 0° to 150°C
and more preferably from 50° to 120°C.

The controlled free-radical polymerization ‘can be
performed with or without solvent. The term "solvent"
should be understood here in its broad sense. The
solvent is selected according to the polarity of the
Mmonomers used, and preference may be given to using
100N o0il, lighter gas oil and/or aromatic hydrocarbons,

for example toluene or xylene.

The inventive star polymer may preferably be used in
oil formulations, especially in lubricant- oil

formulations and cosmetic formulations.
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crude oil by distillation and/or refining and
optionally further purification and finishing
processes, the termmnmneral oil including in

articular 15 the higher-boiling fracti
! n&P7 /825837 n general, the boiling pg{gﬁ(%?ﬁﬁq‘gzgﬁgf“‘"
oil is higher than 200C, _preferably hi gher than 300C,

at 5000 Pa. The production by | owtenperature
carboni zation of shale oil, coking of bitum nous

0 distillation.of 20 brown_coal _with e X 0
éi'?i,ﬁ%jocaﬂ%om y TS8R o oPrS??ﬁ\%’% usg(ogllllﬁ%lrsge\r/\lsnﬁase
oddls isf | iHpaw seoupodsi e, - MIder alVoidel/@e aFgep V. A

in S rti : ra tesial s
T S o e e PO B e} or o™
anbmalcaptoridxanpl e neatsfoot 25 oil) origin. '

Accordingly, mneral oils have, depending on their
origin, different proportjons of aramatic, .cyclic, .
BEgncheBraRa™Fi n%lafs hY R OEE D o REP5 Ageer ﬁlll,néﬁa“EL oils,
diyathecticonils dn@wnaheirwdewmipar.af fin- 30 base,
napht heni ¢ and aromatic fractions in crude oils or
mneral oils, in which the term paraffin-base
i aetiadn aider eseat Snbengarehaenasd HQmsr Giahiohedvall-
Lpoal kanes, apd paphthenic duacidon rephesglsagydior
aF)Eanes. I'n addi tEfi%on., m kgr al oils, dependin ,gn thlei rOr
85u6ri gi ALand BY ni sHisg, L iAo f FART f r AEEEBAE%0f and
Epgligﬁgggy i sophkenes ha\@ﬂginﬁidamkl)id}egr eendf finishing
ranchi ng, nown as nono- net hyl - branched paraffins
RRACE5REBandE® (Rt guALT oot l,nf?ﬁu%%ﬁ?i%%%?r teytar
ahe/ aridhet-bdAN P 7£025833n PCHIER200%¢ 065060inerals oil.
iC ar of p ti.es tHtributed. 4
P usraP e s ArL Bl PEBRE bES re Rl I i Bl
shkané 0l ubest egb havaipber 18 ch@P AChr afchétP0 Pa.

Q‘BQUP%&GQC‘%M_%hoan‘ﬁnQLJMé}@&a@ﬂ% ar b dei P isn Sof
For the purposes of the present inven i on, . th .

gsaitgnifent: cafkbederfected BN 522378, Jf%?l%e%%‘hﬂne.c’f
Bﬁba]gl fraehionswgan al sechasdener mofed adrASTMuDI2001s0
The Lrastion of -l kanes Lo REEHSILGY L0srals O SelBse
possible. Mineral oils are also produced in a smaller
proportion from raw materials of vegetable (for example
from jojoba, rapeseed) or animal (for example neatsfoot
oil) origin. Accordingly, mineral oils have, depending
on their origin, different proportions of aromatic,

cyclic, branched and linear hydrocarbons.

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

known as mono-methyl-branched paraffins, and compounds

having heterocatoms, in particular O, N and/or S, to
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10 l ess than 3% by weight, the proportion of 0-, N
and/or S-contai ning conpounds | ess than 6% by wei ght.
The proportion of the aromati cs and of the

wonona?&qa§8 ranched paraffins is generﬁ /%Ph58§2825°5°

ange fromO to 40% by MEI
interesting 15 aspect, mnepa -oil conprises nmainly
napht heni ¢ and paraffin-base al kanes whi ch have

geremal la]y ﬂégf?eéha@f 201 o efpej’o’@lﬁxytmeatd@anatﬁrabdted.
st Jrefera nor e an 20 S At ogs Th Co
E$§§i Gt &#“?h%gﬁlggﬂﬁ%unég s déﬁ%rallyl%ﬁa’gnleldual
wdikginte, podeeudlslsy Mag0%hbye20bachghi ong-chedn ahyanched
td o0 h ' I d.i a st
g'r}é) gra]ltB }TSJH:&JO 4 3TRASE azrl& a[fcﬁﬁdtqrb yﬁ‘arts

rre ntains from0 to 30% b
Wieirght tleg apéﬁﬁpﬁ@sf r &t i oblge fpé’l‘ﬁsfﬁltt o Hoesnipien, the

\é{%laﬁ%?m@f&mnamg ][1@@ %fféaeéaotea DfIEQOVB1353'I%O/898/Q b;éxample
of paraffin fractjaons Q0 3%

O FFACkIES AP & ett&rg%r%ff bf‘%fD &31
conpounds, based in each case on the total melght of

the neralooile An.analusi s o RaLloM aflue LTSI 18015

was e
demserrhiaon % pnooesissy:, gU@h:Q@OEW@%&@@p@fa@ronNanénd/Or

li_ %&]]%aeﬁr %@Ht ESﬁBBﬂMdQn 1851 cangel .eshews, whaght . _The

exa OMAng constltuents t he percenta
pép@ﬂrﬁ@% @ﬁe 1R aPTOREIEGRE oRNEhS harttise UPgRo -1 thyl-
Braekaldoi ﬂ)ab’&ﬁﬂln§5 1@ abkageslhaviilg bmem appsex.inl8the

Qe SEROST B R 48 Ted- Uy Sl) SNy WANChederesting
a@ﬁébQZSSﬁIanﬁlERﬁﬂD6hi&HﬁKﬂBeS- FAinlly0- 8aP¥Wthenic and
GRS IR RRS L S L poce e
éapbme@rﬁ]@% mgge7- tggam%l_S and most preferably more
than 20 carbon atoms. The fraction of these compounds
is generallyr > 60% by weight, preferably = B80% by
weight, without any intention that this should impose a
restriction. A preferred mineral oil contains from 0.5
to 30% by weight of aromatic fractions, from 15 to 40%
by weight of naphthenic fractions, from 35 to 80% by
weight of paraffin-base fractions, up to 3% by weight
of n-alkanes and from 0.05 to 5% by weight of polar
compounds, based in each case on the total weight of

the mineral oil.

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

n-alkanes having from approx. 18 to 31 carbon atoms:

0.7-1.0%,

slightly branched alkaneg having from 18 to 31 carbon

atoms:
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- bre expensi

pol ar conmpounds: 0.1-0.8% loss: 10 6.9-19.4%
Val uabl e information with regard to the anal ysis of
mneral oils and a Iist of mneral oils which have a
di fferent conposition can be found, for_ex [
e #8Q7/ 82883y cl opedi a of Industri-al Ch%g$2$$€$0g{ﬂ6§gso
Edition on CD-ROM 1997, under _"lubricants and rel ated
products”. Synthetic oils include organic esters, for
exanpl.@x,20 diesters and pol yesters, polyal kyl ene
lycol s, ol yet hers, " synt heti,c _hydrocarbons,

g§é@@FéFﬁy%aB§F§b%§Ppn§% %ﬁo g ﬁﬁ%%ﬁnpnggFénce i's
0i.ven0t@%, pol yal phaol efins (PAO), silicone oils and

rfluore- al . Whey ar al;lyy meyhat
PEbe oRBE A o THEES, R TR a0y, FTRIN caron
ativastages with regard to their performance. Natura
ghl.§_aresani mal or vegetable oils, for exanple
neat sfoot oils or jojoba oils. 30 These oils may al so
BelageqoBEORRLFires and are in many cases
comner.gkal |y avail able. The concentration of the star
Eﬁééners inthe oil 35 fornulation is preferably in

range fromO0.1 to 40% by weight, nore preferably

‘bnoSthe.dénge from1l to 25% by weight, based on the
. total weight of the conposition. WO 2007/ 025837

PCT/ EP2006/ 065060 - 28 Preferred oil fornulations
Haleahlei skosorme pEer uiddt oTeg8TM A4t a0elvAiEhe”t
hanaeafir 9n1k0 403130 1MHY Ser MBherBrefeirabl yhisht kave a
ran%e from22 to 100 nm 2/s..5 ﬂpqﬁgil %prnulatiois of.
thETBFERENtCTTRRAT FUIP g&F%r aPPy THERE a fRifghSERERFS, 17

giahehhty, Bhecghlopadbe reporimdustrial Chemistry, 5th

Edition on CD-ROM, 1997, under “lubricants and related

products”.

Synthetic oils dinclude organic esters, for example.
diesters and polyesters, polyalkylene -glycols,
polyethers, synthetic hydrocarbons, especially

polyolefins, among which preference is given to

‘polyalphaolefins (PAO), silicone oils and perfluoroc-

alkyl ethers. They are usually somewhat more expensive
than the mineral oils, but have advantages with regard

to their performance.

" Natural oils are animal or vegetable cils, for example

neatsfoot oils or jojoba oils.

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

cases commercially available.

The concentration of the star polymers in the o0il
formulation is preferably in the range from O.lrto 40%
by weight, more preferably in the range from 1 to 25%
by ~weight, based on the - total weight of the

composition.
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especially as the permanent shear stability index
(PSSI'). The PSSI to ASTM D5621 (ultrasound for 40 m n)
10 is preferably at nost 30, nore preferably at nost
25 referably at nost 20. The

éyq% part 6 (20 h, tapered roFEQEEBQQ??zg§g°G°
|s preferably at nost 70- nwre preferably at nost 50
and nost preferably at nost 30. 15 In a particul ar
aspect of the present invention, preferred oi

| atipns ;have a \iscosit d

Pt o ed A R (e etiﬁ‘#‘%’éﬁglﬁalﬁ\%?%ﬁ% to

mon M4theatr aA§BCT dom tthe oraoge Ifrom ph t Feull@0 zo’/s,
Clo Qe 18 1R 63N %@ﬁ}é Fhort B2 RYJ VMRS Sud¥RY . have

a viscosity Index of at |least 150, preferably at | east
200 and nost preferably at |east 250. In another

@%ﬁ?%ﬁl‘ﬁoﬂﬂﬁiéﬂfﬁﬁﬂ“ofrﬁﬁ@tpﬁ@seﬁﬂelﬁ@éﬂﬁfbﬁ geyerally

have a Vi scosi i ndex nost, 100, nor

beter &bl 5+ n%éar 2§t§%llﬁltt§h vIBEGRI (57 néaecegeportEd

iem@le)cital’la_w 8@@1 ondld y pewsemnt | i plogdobi stabpbatyunnnéex
te f .

?ﬁgsﬁ%pop o ﬁéé’fetEOA%ﬁﬁt D%%%ll ie tdc[JE%Lﬁ'Icﬁrf | Y5ehin)

i'c Tepeat e especially
det hytefemal)nceyl aastandlet mpre (Pt EgeRPly afé. Tt 29
ghﬁ?r lb?@kb?ﬁ%lya§ﬁpch35thtprOﬁﬁétnglmﬁkéghred to
eslrabl e, "for exanple as a cosnet c, ditiye,

SNb L3581 oPBHER PG G20 ahi orf ATt s beprife) s
b&@rg@&@myb%wsladseslpecl &ldx)e @r@ﬁéfamgy agentmst rb0 and
such assqci a po | ow viscosity index, at
Fesdt Bof eﬁl% ¥gaﬁhF%%E?3§prlses hi gh proportions of
Ilpophoblc WD 2007/ 025837 PCT/ EP2006/ 065060 - 29
%?130%1' AU ; c‘:ﬁﬂh%&t W e%t%s Pf sl ChoSgeh O theyERdion,

Fmo t he

e sta mer. In addition to
areferard oiéd fﬁréfﬁllﬁcﬂlyqﬁﬁ’ davg, %mrlscsoswotrafm%@%nwhlch

: bﬁnt@%a%ﬂ9§'ﬁ£ gasenefot hegl nneantar lis f @stetained, to

comprise further additive .
AS M Dg%70 in the range %romSO to 300. In a particular

aspect of the present invention, the polymers may have
a viscosity index of at least 150, preferably at least
200 and most preferably at least 250. In another aspect
of the present invention, the polymers may have a
viscosity index of at most 100, more preferably at most

50.

High viscosity indices imply that optionally present
lipophobic repeat units are arranged close to the
center of the star polymer. The lipophobic repeat units
include especially methyl (meth)acrylate and ethyl
(meth)acrylate. | |

For other applications, associating properties may be
desirable, for example as a cosmetic,K additive, in order
to enable gelation. Such polymers may therefore be used
especially as gelling agents. In such associating
polymers .of low vwviscosity index, at least one block

which comprises high proportions of lipophobic
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These additives include antioxidants, corrosion
i nhibitors, antifoans, antiwear conponents, dyes,
color 10 stabilizers, detergents and/or DI additives.

I n addltlon t hese additional additives
W05 2887/ 92583dx i mprovers, pour point ﬁ%fgﬁgsgos/ossoso

di spersants and/or frictionzpodifiers mhlch may nore
15 preferably be based on a |linear polyalkyl
e@%td&ﬁa@&yﬂgatr%ﬁaﬁ\ﬂ Rghifrsomsl e s¥htcarbone at@nshé nendeof
al cohol %@& }hese Elnear pol yal kyl (nmeth)acryl ates
&Fe 3485 & ESFECPRFY S the prior art discussed by
may of |ntroduct|on and these pol yners may conprise
th&“¥HH"§f%réHEiﬂfBﬁEH'é%hf“ﬁ%lf%&ﬂ@efén oil
are pre era I'y used as viscosity nodifiers, pour
formulamproverisy BREpEPSEARS R oPLf HhEt ilpfPricant oil
FRdidinghs onACeRRdicREEQ skheuzbawe 2dgadesekispt i on,
viscosity nodifiers shall be understood to nean both
viscosity index inprovers and gelling agents. The
Eh%%@tio&d&ﬂﬂld@sillunﬁ]uﬁenjiantkﬁxﬂdaﬁmgeina¢®e¢osion

h ference t exanple e t
é@kﬁ fﬁall |ﬁ%€?€mé &S r|c |on EE %#é%nﬁéglon Q?ior
shebpjdliyeess fetPrepatst rod/of Dheagoiyiyest-i ona

initiators 35 The 5-arminitiator

pent a( a- br onoi sobutyryl ) glucose and the, 8-arm
ﬁﬁltlﬁ@@%tb@ﬁa(a‘ﬁm%ﬁ%lsé%@@ﬁﬁ?F?@ucr@gélﬁéyés include

%xabegiltged Daax | 1 tepabyeesnet hesht M b0181tenZﬁthV@rers
égow 025837 PCT/ P200Q6/,065060

osenba
FPETSntenARIOT F r?ew 36 RPEHPES T oB‘i‘}’ more
b43%krabilly 73%and E&@égleldnresp@ctldam$ar Thepolyalkyl
RIS S Ol 36 HLRegR B ! cne
silenkell- F@mmbauﬁh@ﬁealll)nearlﬁ redivelsyl bGﬂ%th acrylates

bBbtH%%%E%B@ﬂ*%éﬂ&%*&ﬁfylf&dtﬂé D3RS a@ft discussed by
ToF-Ms. To this end, the Bruke Dal t oni cs

REF| 6 SIAFEROSSH AR NAThs ERoE. RCBIiTLy | ORY comprise

dispersing monomers.

The inventive star polymers are preferably used as
viscosity modifiers, pour point improvers, dispersants
and/or friction modifiers. According to the above

description, viscosity modifiers shall be understood to

‘mean both viscosity index improvers and gelling agents.

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

this shall impose a restriction.

A) Preparation of the polymers

1. Preparation of the polyfunctional initiators

The 5-arm initiator penta(a-bromoiscbutyryl)glucose and

the B-arm initiator octa{c-bromoisobutyryl}sucrose were

gynthesized by a literature method (M.H. Stenzel-
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10 voltage 20 kV was used. The sanples were each m xed

- in a mass ratio of 2,5-di hydroxybenzoic

acid/Lid/initiator = 10/1/1. 100 nol%w th 5-fold
functionalj ion (M+ M.i+ =931 g/ nol

W‘aeg{’f’?(@%ggﬁ t he case of x)c'IVﬁPezooslossoso
pent a( a- br onoi sobut yryl ) gl ugpse, and 15 87 nol % w th
8-fold functionalization (M+ Mi+ = 1541 g/nol) and
ASsenbdam t . B- thdisfuwttthﬁalizatEame(MMEdﬂdmokecules

93.g/.00l ) dn 4he ¢ f,
ol o B ERy 238, emg T3P iRl SemReS iRy
The istvestuve stas pgnﬁmmgdmrapmqﬂat g&seorsy steagsofot
Q; Jpreact ign; £ ask st Loppipgf unngk t o$8bgke  data

stirrer, condenser, thermoneter and N2 feed |ine was

thrﬁrz%@enﬁ?¥s$05%%a‘gmo‘?tn%%ohers 25 according to

table 1 were initially charged together wth 500 g of

i-octane jn th act | on flask. Subse ent

b e P P S iR o A AR B

Redng Obf pMHIA(I-EdF-aidi sobat yriylisgl umese othe Bruker
3 rwl i.n t

SEL PRI OB Ssy S H Sore AL B2 a8EER %‘r&%é&%@m

wel eagelded. KA wee vsgsh-t TP les svage Ne2Chr sdge

and hegfddg to 60Geid - 1 9 @t 2,5-dih droxybenzo:.c
ent anet hyl enedi et hyl enet ri amne were ddeéj

p e
2ot k¢l i Hel v k¥ on, Lot ch gav’ G W@t%rod@ﬁgb §°1d
fl&ﬁ&@i@@lmim mmal Exed=casal gsmowawpmesar&emﬁﬁ;ied

-lnco | et el olve fter a.noti abI erm
‘fiﬁ) Lﬁ’aéé/ aII dcﬁl obrré:’ailnc lsacib ce}rg%éﬁtg her?nd

&"I rﬁ@I.%for 6 hwlthen at 86€fpdd 6 h anduallctgmaﬂgmaé:lon
D 2007/ 025637 PETUSFPO06LAR5060 3 el {UGLPRY 48.ro1a

18" case o he star Iock PAMA, the Dbl ock
v L vt krtle M dt ofwi s & @O@’W%hlﬁHSthﬁncaéﬁd of
@éé@wﬂbf&ndmuagr@pﬁ,ﬁ@foﬁefurther 40 h] . The
term nation was ected by adding 5 m of a solution
5 of 10 g/1 of CuBr2, 10 g/l of pentanethyl ene-
TJ et hyd@anetat adh nef atite 5igrdnofvd rgeamox{s)yrdddd in
i -octane. The reaction solution was pressure-filtered

'An apparatus consgisting of 2 1 reaction flask with

dropping funnel, saber stirrer, condenser, thermometer
and N; feed line was utilized. First, 500 g of monomers
according to table 1 were initially charged together

with 500 g of i-octame in the reaction flask.
Subsequently, 0.6 g of CuCl, 0.0l g of CuBr: and
initiator (from 25 to 2.5 g of

‘penta {a-bromoisobutyryl)glucose or octa {(a-bromoiso-

butyryl)sucrose according to the desired number of arms
and desired molecular weight) were added. After
inertizing by passing N; through and heating to 60°C,
1.1 g of pentamethylenediethylenetriamine were added in

order to start the reaction, which gave a heterogeneous

mixture since the complexed catalyst was present only
inéompletely' dissolved. After -a noticeable exotherm,
the mixture was allowed to react at 60°C for 6 h, then
at 70°C for 6 h, then at 80°C for 6 h and at 90°C for a
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whi | e warm t hrough an A1203 col umm to renove the
copper salt. The product was digested repeatedly with
3 tines 10 the volunme of nethanol and the nethanol was

dec nted Finally, the methanol f
qéﬁ§§710096VISCOUS to rubberllkgcgéglg%g?E 06@060

obtalned. 3. Preparation of znarrowdi stribution Ilnear
polynmers 15 Al narrowdistribution |inear (bl ock)
E&M‘tﬁae&paﬁd H rom ﬁwp@a@éicye exanpter 7 (nboek pr E.BHAedthe

ti 7. Wh [
TSR
BNETaIKbﬁEd t@rspacmnaﬁ1Qﬂ°©oﬁpar@“ﬁu¥&b@ﬁmﬁ%éhh t 8he
& LATRR) Jg%soalggta?tganwté 105 2 A1l @actd OBolution

unnel er stirrer, condenser
Fﬁ%rn@ﬁeeéﬁ 2505nd Bfped lihdMas @i | i peRtaRpFRyIene-

GOQ g AfefBRABI$1e aCsRAMI Y g;/q t ablke lrfkffsf afo10 in
Cl12/ 13/ 14/15 MA in the cas

of the | bl ock
St Tas e Pn vesLuPhob Sy, Ehapguge cLitrea
twogatdhefarn tth4Ally @f ADON aidlunim tderereaot | Onef tapker

anqtl n }%)I %8 q?@dxg%%gdqr% t%%i %Qa ae%heQ% d'xﬂgc 3 times

ure was
WH61E®1mm$ngfI&ﬂth@ﬁ@heam&nih@ mﬁéhaﬂpénWﬂSaQQG@nted

QG el g 0F, CuBr AbGhAdndl 9v8E drawn off. A solvent-

pent amet ernedlethernetrlan1ne were 35 added t.o
éBem 02 %h Fieceyen &ou S IRbar &S Q%@@%rhé"a@oﬁ%té%&d

catal yst was present only inconpletely dissolved. On
ttai nnent of .t he eset te erat 95C,__ e I
oo SERAEAAEE. Chr Gmer o ghes o M Do o sy e
PCT/ EP2006/ 065060 32 accordlng to the desired

' gq_lle %%ﬁrovﬁ?%l%@r)lb% o@ldCiL gr P&Ek [ Op&lAd Lo %Qﬁt from

reaction m xture was react at 95C for
GONCpira ti Ve caﬁ@ﬁﬂp%%ﬁbaraW?V@ e%ﬁﬁ@@§3§ thy  ATRP.

K tWas ald.quedi d o7 r egert cBt %@Qﬁpfrﬁ%e% 2 the 36cgpPér-
DVAEMA wer e added dropwi se within %de%
FRRPRE e TRPPBREd MG FMEATT VA @5—’6@@6@%

3.1. Preparation of comparative examples 1 to 6 (ATRP)

An apparatus consisting of 2 1 reaction flask with
dropping funnel, saber stirrer, condenser, thermometer
and N, feed line was utilized. First, 600 g of monomers
according to table 1 [564 g of C12/13/14/15 MA in the
case of the linear block PAMA, comparative example 6]
were initially charged together with 400 g of 100N oil
in the reaction flask and inertized by adding dry ice
and passing No over. Subsequently, the mixture was

heated to 95°C with stirring.

During the heating operation at about 70°C, 1.1 g of

CuBr and 1.4 g of pentamethylenediethylenetriamine were
added to obtain a heterogeneous mixture, since the
complexed catalyst . was present only incompletely
dissolved. On attainment of the preset temperature of

95°C, ethyl bromoisobutyrate (from 7.5 g to 1.5 g
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further 4 h]. Subsequently, the mxture was pressure-
filtered while warmto renove the copper salt (Seitz

,TlOOO 10 n1depth filter). A 60% viscous solution was

obtalned 2. Preparation of conpar
WQA%?P @ﬁﬁﬁé?atlve exanpl e 7 was prepég%%y yf§§§25€%360
a 21 15 reaction flask of3an-apparatus with a
droppi ng funnel, saber stirrer, condenser, thernoneter
aaeob}dalhge@ol ithe. deEd ridd Snodrghu 1540 v iafhtGl Wes8/ddddd in
i niti char ged t oget her. /

Bﬁﬂﬁir gltﬁ‘ltgﬁ nf%lgt s ¥ A g ﬁner}f%‘t 5/]7 %e%%%%? e °
andc400ay Of5°kD0Nogi | 628 | hlmhetheeacftals@n pFaskompamptive

%ﬁ%iéeg b¥h@dﬂu§§u‘}rey waee alq_%e‘@séi NN QMerosec for

quent|ly m xture was heated to 85C. After 5
B, h60 Xp of DMA@WMA/\BW@r%d@Qﬂieddr%W@eseAﬁléPl& in

EHEt hefe 2080 ur@ 6028 Qf1Rids bubylredies ogtoadEzrasor a
added and the reaction n1€tur was 25 stirred at

85C
6VEFRPENt: T 6094 PEREFSH VY scdd¥® BbFhrTon ks Pres=ure”
obt akred. whilRy eparat iten pémoovavelitd onappér nealt (Seitz

héﬁiﬁ? g%g ﬁgthEFgg?npleSS&;tgaog$u§O§3¥&élég was

and ecyl nercaptan
¢bremed.g to 2 g according to the desired nolecul ar
wei ght) are mxed. 44.4 g of this nononer/regul ator
mxture are filled together with 35 400 f 10 N oi
Prto PHEP2TRCLEHCPEOROTPEERTAVCaRFHPpES gt 3
saber stirrer, condenser, thernoneter, feed punp and
N2 feed Line. The ratus IS _1ner ed ted
COTROBES A En PHERI S bf VA FTORATFY THe BoT N €02 1
féaatﬁ)aﬁsﬂaem/o@m&pﬁsﬁ@ms w38h eeriamrigich uf ke L
gégeé 990 IPN O/l B! Ao drfa AT X0dh W e

peroctoate the mxture, in
The trl'éleﬂ:t PoA. f | chagfatGH /nﬂefa/ﬂame%r%%r yetfe Gritially

&999§ t%?qe&ﬁa‘r tIEnbut yl1 Rerost eakg15 dscradsieshz sk,

.14 Se%f tert-~butyl peroctoate and 400 g of 100N oil
in the reaction flask, and inertized by adding dry ice
and passing N, over. Subsequently, the mixture was
heated to 85°C. After 5 h, 60 g of DMAPMAAmM were added
dropwise. After a further 2.5 h, 0.60 g of tert-butyl
peroctoate was added and the reaction mixture was

stirred at 85°C overnight. A 60% reddish wviscous

soluticon was cbtained.

4. Preparation of conventional linear polymers

(comparative examples 8 to 13)

600 g of monomers according to table 1 and N-dodecyl
mercaptan (from 20 g to 2 g according to the desired
molecular weight) are mixed. 44 .4 g of this
monomer/regulator mixture are filled together with
400 g of 100N oil into the 2 1 reaction flask of an
apparatus with saber stirrer, condenser, thermometer,
feed pump and N, feed line. The apparatus is inertized
and heated to 100°C with the aid of an o0il bath. The
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mononer /regul ator/initiator mxture by nmeans of a punp
is started at the sane tinme. The addition is effected
uniformy at 100C over a period of 210 min. 2 h after

t he_end of feeding, ther 1.2 f
01 46084085878 added and the i xture | SEIIFTAIPeL0s5060

1OOC.for a further 2 h. A 6% clear solution is
obtai ned. B. Determi nation of the nolecular weights

%émgbﬁlﬁgsma%erca@eswl ecyl aF mrgdmamgaﬂchudxe mixture

g%{éyﬁpﬁg%f XE%Cgfﬁ%EPL %f E E@Iy zhenfgoate When

eﬁéecmeﬂtuﬂet einahy]deof neatnta@n%ﬂag]al ne&s g gotained a

a te 0 I
_em e{:a en%zfl’; E{) gar C?C%PP%{ ?éngggn?grgq er Vi ctg;ate
o8 Pol ydsiedLabor at @rfles), Wisse MpehReRas di §fri but edhe

@&%ekswé%ﬂa%wmty_atbgr RiFRAARY WY ehebhe bangae pump
rom 02 g/ nol. A conbi rg%g on of

261 GRS (Pol §HEr SSFEndats SERYi BEASHYOT00 A % tpgred
é@l/fokﬁﬁlry/ a2 X 09V 1A 4 Shetled KE- HQDDmiwas Usedafter

recard R ect.or. I nt
g]a?l e gl ég]us %qu:%gm A !’JF%E% t'J. 2 (_:1Ag Af teljél'lp%utyl _
stroctoater el echdmlader eddr ethei ow@tﬁtpre ofis stirred at

Pyﬁgedyﬂgylc VQ&Hﬂﬁﬁ%pd:ﬁQ1ec%.a%Oﬁe'meaﬁl , sbetion is
ecul ar wel of the star (bl ock) PAMAs are
ohtging@dparent val ues. Typically, the val ues neasured
for star polyners are sorrevvhat hi gher than those of
the 35 conventi onal %rt arro ?Etrl but. i pn i near

PAMASDBFSTRIRRFAPPRS| FRR PONGFBL AT al “hel tﬁt
di stributions of the star pol ymsrs prepared by ATRP

e strictl no 0 025837
Aé%"/ Eﬁ%%%/%%%]ﬁn%gg d@%} i(;’Ell%:]at x%gg&%éatsggvera%? the
potpdiaderal tyt arindex cli‘ﬁ%l i ®fs wikheh, Pplpresent were
n%gm?ﬁe&Otbfea@b@ atra@beui ) douphe tﬁ@asurements were

er-avera M, or of crossl I nki ng
effected 1n tetrahydrofuran at 35°¢C against a
polymethyl methacrylate calibration curve composed of a

set of > 25 standards (Polymer Standards Service or

‘Polymer Laboratories), whose Mpeax WwWas distributed in a

logarithmically wuniform manner over the range from

5.10° to 2 - 10% g/mol. A combination of 6 columns
(Polymer Standards Service SDV 100 A / 2 x SDV
LXL / 2 x SDV 100 A / Shodex KF-800D) was used. To
record the signal, an RI detector (Agilent 1100 Series)

was used.

Owing to a star structure-related altered relationship
of hydrodynamic wvolume and molecular weight My, the
molecular weights M, of the star (block) PAMAs are only
apparent values. Typically, the values measured for
star polymers are somewhat higher than those of the

conventional or narrow-distribution linear PAMAs of

similar PSSTI.

- All molecular weight distributions of the star polymers

prepared by ATRP were strictly monomodal with no



whi ch woul d be recogni zabl e by extra peaks toward 5
hi gher nol ecul ar wei ghts. Table 1: Pol yners used
Conposition Mv PDI  [g/noll Exanple 1

Q1 2/13/ 14/ 15MA) 8 29 390 1.2 Exanple 2
%93?9@?/%%5 le 3 (CL2/ 14MA)5 89 "800 1P§S}é%é§§%é%2§%6°
(Cl2/ 14MA)e 117 100 1.1 Example 5 (CL2/ 14MA)5 407 200
1.9 Exanple 6 (CL2/ 14MA-bl ock- DVAEMA 94-6)8 46 660

lnﬁu@t&ﬂ&f@i& 7 w24 bl adk - Mike@4+6)yi6 chl0 38Rat-btar

MR, <R 15/ 1) PR AL 1060109 B an g pable at

,@@maned¢wmﬂénzheshmmbeswhvgsageoD%.3cnenaﬁppéoasllnklng
a 12013414419/ L85 8MA MR40 BiAkL. 2t d

exa wg\ﬁggc %/ %gr §ill By =&’ owar

@%@ﬁf@YEEﬂE%%@GﬂlS%Mé%ﬁ$%WA 80 000 1.5 exanple 4

90 10 Cbnparatlve C12/ 13/ 14/ 15MA- co- MVA 90-10 79. 800
exanpl arative Cl2/13/14/ 15MA- bl ock- DMAEMVA

‘?@bé@o T. @O%é&‘ﬁﬁﬁ 4-6 Conparative

C12/ 13/ 14/ 15MA- bl ock- DVAPMAAM 111 000 1.6 exanple 7

90-10 Conparative Cl12/13/ 14/ 15MA 14 740 1.6 npl e 81
Conpar ative C12/ 13/ 14/ 15MEFE°I73°3. 0 exanpl e %’ "
Conparative C12/13/14/ 15MA-co- MVA 88-12 22 400s/&03] WO
%307/ ?5??37 PCT/ BP2006/ Q69060 /17 ,133) COMPOSI| t Lo, MV| 4 »
Example 2 (C1l2/14MA), 35 700 1.1
Example 3 (C12/14MA) 5 89 800 1.2
Example 4 ({C12/14AMA) 4 117 100 1.1
Example 5 (C1l2/14MA) 407 200 1.9
Example 6 {Cl2/14MAa-block-DMAEMA 94-6), 46 660 1.2
Example 7 (Cl2/14MAa-block-MMBE 94-6), 11¢ 300 1.1
Example 8 {Cl2/14MA-block-MMA 96-4), 112 800 | 1.1
Comparative Cl2/13/14/15MA 16 160 1.3
example 1 '

Comparative Cl2/13/14/15MA 23 450 1.3
example 2 7

Comparative C12/13/14/15/16/18MA~co-MMA 70 510 1.2
example 3 90-10

Comparative Ccl2/13/14/15/16/18MA~co~-MMA 80 000 1.5
example 4 90-10

Comparative C12/13/14/15Ma-co-MMA 90-10 79 800 1.5
example 5

Comparative Ci2/13/14/15MA-bIlock-DMAEMA 70 000 1.6
example 6 94-6

Comparative C12/13/14/15MA-block-DMAPMARM | 111 000 | 1.6
example 7 90-10

Comparative Cl12/13/14/15MA 14 740 1.6
example 8

Comparative Ci2/13/14/15MA 23 170 2.0
example 9 _

Comparative C12/13/14/15MA-co-MMA BE-12 22 400 1.9
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exanpl e 10 Conparative C12/13/14/ 15MA- co- MVA 82-18 71
000 2.2 exanple 11 Conparative
C12/ 13/ 14/ 15/ 16/ 18MA- co- MVA 375 000 2.7 exanple 12

arative Cl12/13/14/15/ 16/ 18NVA- ¢cQ-
2“01 2%‘& pﬁé-”eaﬁ 86-14 Cl2/14 MA, C12/ 13%%$%2%,6%%5°5°
Cl12/ 13/ 14/ 15/ 16/ 18 MA stand3ffaor a nethacrylate

m xt ure _which has heen derived from—the correspondifg

al cohol m xture, MVA for neédppkididaet hacryl ate, :ﬂ.bi\/AENp\DI
for dinethylam nopthyl nethacrylate and DVAP r

¢
m nnpr np /] et hacrvl anmide—TFhe g/mo I

nl
lllllllll DA IIIC Ilbll UI T ual

@&Bﬂpzreegardl ng the copolyners are based on the

o ortion by weight
TEEAYS t he nurrbeFlgh?‘éE%%lsrﬁ% Y arl ses Itlromthc%'2
|e|sta1t1p1&t ots used. C. Eval uation of the polyners In the

ase of the conventl f 5
R Ae oo hoch R PR MSGR o egnd]

GPCEJE@FH: 1dnly as a sol ution |r=$'7ﬂ)¥)N carrier dil_the

QQ&%I%ZEH}' er oil wag)negl ectedsbnsthe-S aiul|akihogyeardz. 1
ormul ation ojl weight was added in each case. 20
anWMF%Q%ning action of the ﬁwry%ELg_Ln_LgLaflon to

PSSI and VI. Table 2 denonstrates that, with sinlar

RS NShNe e AEpIELG, 10y DN 51350, (paet £/420u0. srana

ilctrr as avedhaoryiat® N5L882 (B4 chydiees pfeBodehipadpyrom
w2nd Wi e%dlq{ﬂ S\Qlécﬁ%@ﬂ gt?rgtglré n tﬁﬁAcaﬁgrOf mkR&y1

|nvent|v conpar e to conventlonal Yy
pespace lattear PAVRAERMA 6 < PoF < 2dppejjylaminoethyl

RN AI1SHd buth@n bmemARANPfMD Zg@ﬁéeﬁ§§§ﬁlnopropyl—
PCT/ EP20Q6/ 065060 - 36 PDI 1.

1.3 <
PR YIGAE SR at TBR n S adﬁFﬁen%Ef%arCflng the
\HogeaSintat sata rH ARG 6V ddklre Idrfpomisn KASTM GU45PEi khe

?no%l%gngr%i.l il“ﬁer 69H8§g980n§é8§£§gﬁy- the number of arms

which arises from the initiators used.
C. Evaluation of the polymers

In the case of the conventional linear PAMAs and of the
narrow-distribution linear (block) PAMAs, which were
present only as a solution in 100N carrier oil, the
100N carrier oil was neglected in the formulation and

the formulation oil weight was added in each case.

1. Thickening action of the polymers in relation to

PSSI and VI.

Table 2 demonstrates that, with similar PSSI whether
according to DIN 51350 (part 6, 20 h, tapered roller
bearing), to ASTM D5621 (40 min, ultrasound) or to
DIN 51382 (30 cycles of Bosch pump) - and with similar
VI (ASTM D2270) in the case of the inventive PAMA stars
compared to conventionally prepared linear PAMA
(1.6 < PDI £ 2.7) and narrow-distribution linear PAMA
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5 The 150N oil had KV100 = 5.42 mm 2/s, Kv40 = 31.68
m2/s and VI = 105 as visconetric data. I n each case
0.6 % of Chevron-Oronite O oa 4992 wear protection

addi tive added. 10 Table 2: Polyne
BOn209770488320d VI Pol ymer PSSI Vi {é%'ﬁ?g{r’u?g{’éia%oso
DIN 51350, part 6 Exanple-13%8-0 11 157 20 h, tapered
Conparative exanple 1 24.1 10 156 roller bearing
C(:anakapm:e@xaﬁ‘p)l e tBe2 B vBnekb 3 dexaapl 1 21 &b . e dded 650r
ratlve exanpl e 2. .20. 6 7 0~CO i ve ax e
fO TRg 55 ‘Exga Osflt% & égéﬁ rr%gipat | vg 8k /s
emm @43512121 B9 1358@1 cASTNMsDEGZL cEfapehes iglergb vl 165
40 m n, Conparative exanple 2 20.6 2 163 uItrasound
Conpar ative exanple 9 23.8 4 159 Exanple 4 7.8 28 _179,
ChepdralN vel bxhapl EVA000=2 5242189 /80 EYéles gft-68 mm'/s
ExamRire =5 1357 222 vi&EonRasGh mux Oom)aéaam V@@xampds e9 of
12 3.6 50 202 qul5138 Table 3 aI§ % %égaﬁ as
FheveresOsrndignitieatil3? BeEt ePLPERG & m J(Vﬁ NY
543%Q,. part 6, 192 h, 15 tapered roller bearing) and
simlar VI, in the case of the inventive PAVA star in
exanmple 1 conpared to -conventionally prepared |inear
PAMAei A :cBpamati ventexawplfer simhd agoBppdr and VI.
concentration needed for WO 2007/ 025837

PETHEP2006/ 06506087 KVI00——= 137 1p M/ S[in a
VIl-free, PPD and D/| package- contai pFHg™aP| Yt6up V<
1l GO formul atijon i s reduced considesaddtkey: |1t IS
especi al ly reEarkab!e.that t he PAVA st%&]in exanple 1
L alsg brings aboyt-—simlartow
DIN 51350, part 6 Example 1 18.0 11 157
20 h, tapered Comparative example 1 - 24.1 10 156
| roller bearing Comparative example 8 28.6 8 153
Example 2 16.7 16 165
Comparative example 2 20.6 17 163
Comparative example 10 22.0 19 155
Example 3 8.6 60 177
Comparative example 3 12.2 59 180
ASTM D5621 Example 2 16.7 3 165
40 min, Comparative example 2 20.6 2 163
ultrasound Comparative example 9 23.8 . 4 159
Examplie 4 7.8 28 179
Comparative example 4 10.2 27 185
30 cycles of Example 5 2.7 52 187
Bosch pump Comparative example 12 3.6 50 202
DIN 51382

Table 3 also shows that, in the case of_significantly
better long-term PSSI (DIN 51350, part 6, 192 h,
tapered roller bearing) and similar VI, in the case of
the inventive PAMA star in example 1 compared to
conventionally prepared linear PAMA 1in comparative

_example 9, the -~ polymer concentration needed for
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D445,
E8n2RAT7 935

5 tenperature properties (dynam c viscosity measured
with Brookfield visconeters at -40C BF-40 to DI N
51398, kinematic viscosity at -10C KV-10 to ASTM

our oint PP to ASTM D97) to t -

59 prepared |inear PAVA iﬂﬁggﬁ%% %?§Q%§5060

exanple 9. 10 The VII-free, 3PPD-cont ai ni ng (pour point
depressant) and D/l package-containing (dispersant &
kohobi tonk . ABl mmé)y ®upn | hl vEO-feeayl @Eoride I apddkage-

based,on_ hy cracki ng _ai d I ef i
Rons6 0 lgo1 Lhhlo SRR L8R5 BRI RUEELE A g icea
asnsttlecebdiri dtddtsa ewpeviPR ly Ferkrbie hatPoiimmerAlA
cogLent o L hehten | anadl eipisdl | aarparaheral and,-
conparabl e Towtenperature 20 properties. Polymer .
LengerytuBp- 2gORE LG epp (dymrrdst WHerdATiPadieqtrd)with
EEheridb s Raples) 18, 3 pTonicand teTantpisse
: ive 22.1, ; _
kvaPoatien oA 7 i 2t 6&38%#‘%&%5@ R 43 * pour
pooper tpres tgf fmm iment kve RAMVAcbhoektivard lys prepared
rictio .fiers were.als zed (table 4). To
Hhpeakndaltsn, ShondRatidre S dPBLEa s’ b “Ruizo & 0 2
m2/s with a 150N base oil (BP Enerpar 11). The
%ﬂénu$fflPPéeMBﬁﬁﬂﬁHﬁﬁﬁﬁﬂﬁﬁﬁky ﬁ@bﬁCtﬁgiﬁQ 3epressant)

riction nmeasurenents wth speeds in the rang frow

@n@O@_/ﬂoP@.cgaﬂﬁsc\Wﬁlﬂaré‘gai(dilépeéslaﬁtbéhe‘t‘g?ﬁ(%ﬁc?ﬁ AL

%@ﬁ%l onrMachigre 3roP@S1kBsbhunegsdr | mitlhe cbesed ofon
2007/ 025837 PCT/ EP2006/.065060 _ -

38 hi t
PerAperataré das a Lbonst anf20C WP?%Y%lPégéieg%HEON had
KvgooespQSMf o’ hEX. KMot = @6nBAchdY essurdk V3. §318Pa)as
an i i f _50% -.the di sk i d of
PoaeBrRt B hBhn pELhOpE] ooRdE-El0 ok consisted o

di aneter 40.0 mm

Table 3: Polymer content with better long-term PSSI,

comparable VI and comparable low-temperature
properties.
Polymer | Long-{ VI BF-40 Kv-10 PP
content term [mPas] [mm?/s] | [°C]
(%] PSSI
Example 1 18.4 34 179 40250 1372 -45
Comparative 22.1 45 176 | 41500 1448 -45
example 9
2. Evaluation of the frictional properties

The properties of the inventive PAMA block stars as
friction modifiers were also analyzed (table 4). To
this end, the polymers were adjusted to
KV120 = 9.2 mm?/s with a 150N base oil (BP Enerpar 11).
The formulations were subsequently subjected to

friction measurements with speeds in the range from

0.005 to 2.5 m/s with the aid of a ‘tribometer (Mini

Traction Machine 2, PCS Instruments). In the course of
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5 RVS (root nean square) roughness from25 to 30 nm
Rockwel I C hardness 63, nodulus of elasticity 207
GPa), as did the ball (dianeter 19.0 nm RMS

68 2082525880 us of ol st city 207 R ALY

of a friction 10 experinent3ga-Stribeck curve was
obtai ned, fromwhich the coefficients of friction f
weig deher meneeratturk) wayd sa tonssafiouhdOffatvithea load

AF ool Y SRR RS S bl [OnSKRIP Cof LD MM

ward, 1n sp a ver
@o%e@afa) glazfed; rél s@ltldeafrq,idnsréérlabl 9fbe¥@9ér The disk

S%E{éﬁéﬁnbfo“t}fﬂé CM@E “52&*@}'@1 theo1 ! i(peamePAMA 49 atkum,

copolyners prepared by neans of ATRP in c nparatlve
M%m”p%/ G afge8onpabatrye ey, & EG’H’Tag :

1’56%]@%43811&%21@59613&&56?3 Peioyamaﬁllsf oéngﬂtaSJﬁlc[ﬁﬂy L-_Z(H'Im)jﬁ
. . ratil v e

SomPaaiitre RALhp e P LFE0 006 e BLP AP LORnEPS: HEOT
10| ter abi hint yRAGkTelLest h!abrdnemsl cﬁyralm I5ict yaoofea heARIS
$o?:m %tolc:l.te};(a%'fe G e{} panld cLe- I:égglgydéfu'é Cfriction

ions;” t he drolg filtera ity at pressure

 axparimémough 59tpmb¢¢ktérlgvﬁa§va§na¢1§’/§%w¢% | §pom which

@1§§57c8e££3?@i@n@§ of N £hi s 3 t st wstagaick spRGidd est
proj ect ed fllterablllty F1 5 100% fromearly

*@I??é?ron data, and stage 2 a filterability F2 -
100% over the entire course of the filtration. WO

2007/ 02 837 PCI. 20 6/065060 t h
BAR St AP cRaRbl o0 | RSO 0TS TR congRred 18 ®

exmmphe|©nahty gﬂ@ﬁﬁﬂbdbﬁoﬂbarfaﬂum%uQMWWQr®xaﬁpléplte
&@ gorvg§§nph%m2 §BM£H§S'£Ehtent, gives rise to a

considerably better coefficient of friction f than the
linear PAMA block copolymers prepared by means of ATRP

in comparative example 6 and comparative example 7.

Table 4: Frictional properties.

Polvmer £
content [%]
Example 6 5.6 0.022
Comparative example 6 9.6 0.043
Comparative example 7 6.7 0.026

3. Evaluation of the filterability

To test the employability of the PAMA stars, for
example, in particle-free hydraulic formulations, the
anhydrous filterability at pressure 1 bar through 5 pm
filters was analyzed to ISO 13357-2 (table 6). In this
test, stage 1 specifies' a projected filterability
F, £ 100% from early filtration data, and stage 2 a

filterability F; £ 100% over the entire course of the

filtration.
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5 advéntages were found with regard to the
filterability, even though the polyner content in the
formul ati on used is higher, such that the

flow%%H b%éiﬁ in Kv40 and KV100 are lo /EQanepégsoso

|ty Pol ymer KV40 KV100 FI conten

'[an/s] [mR/s] 199 [%4 [FoRoExanple 2 15.0 78.0 12.6

97 90 Conparative 5.0 45.4 8.1 88 66 exanple 13 4.
Eval uati on of the oxidation stability 15 To test the

01,4 80 BAPP) LY BB BTl S oy 3 esfe T

wesfornempwmeﬁ a sglutconveﬁt$03@&bmlyn@fep@ﬁe@ linear
\él’n}p&&‘%.%ﬂ_vgpl) 2R & P@Cka%fonEﬁhﬁbmg AP 0%5‘19 iding

ornul ati on, and the relative change 20 AKV1
AT 2BEREER HEE S Ifﬁm@é’dl“ﬁtéh LRIPLDR et Jolfterablllty,

@Xrleﬁatth%:ﬂlght ht@lenplaﬁ idesoldty eirc cmédl ﬁmmsattfon used
i nsp es e suspens re. determne

éFavF ??caﬁ?yj Atgﬁ Fﬁ§0n£§%W¥£%%ﬂﬁkﬁﬁl6ﬁbl?V4O and
prepar edel inear . PAVA (conparatlve exanpl e 11) shomed

25 surprising advantages for the PAMA star in exanple

2. The APl group | GO formul ation nenti oned was based

@nblpaﬁaffnﬁt@rﬁbhéﬁéy oil and had Kv40 = 21.96 m®/s,
KV100 4.33 an/s and VI = 107 as vi sconetric data.

At o Stabi 1T 1y. VO ZUU7/ UZo0s/
PCT/ EP2006/ 06506F01ymes | KEVEE aAM BVH00 | |i s Fif mp/ s]F2
[ [ Exanpl ¢ c2n%<dtl0[#n®. 52| [atmsr atiye] 7.3 1932
0.92 exanple 11 D%gépplication.as a gel i ng agent

Example 2 15.0 78.0 12.6 97 90

Comparative 5.0 45 .4 8.1 38 66

example 13

4. Fvaluation of the oxidation stability

To test the oxidation stability (table 7), oxidation
tegts to CEC L-48-A-00 (B) (160°C, 192 h, air flow

.5 1/h) were performed with a solution of 5.3% polymer

in a VII-free, PPD and D/I package-containing API
group I GO formulation, and the relative <change

AKV100,. was determined. In addition, on completion of

oxidation, the n-hexane-insoluble constituents I
(insolubles) from the suspension were determined
gravimetrically. A comparison with conventionally

prepared linear PAMA (comparative example 11) showed

surprising advantages for the PAMA star in example 2.
The API group I GO formulation mentioned was based on
paraffinic mineral oil and had KvV40 = 21.96 mm?/ s,

KV100 = 4.33 mm?/s and VI = 107 as viscometric data.

Table 7;.Oxidation stability.
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Tabl e 8 denonstrates again that,

of 5 simlar PSSI
(part 6, 20 h,

exanpl e 9 conpared to

in conparative exanple 3-10-and copparative—e

for polyner sanples
- whether according to DIN 51350
tapered roller bearing) or to ASTM

D56 4 ] I d - f
o AR P bl otk stars | n eRGRARE-H0805060

| i nearc RPAVMA prepared via ATRP

the pol yner concentrati
z/s in a 150N oil is ré

on Kweeded

=duimrgl2 Afns

la B

f XKRMIDQ; =
i derigl I

+IAA

\alrml T v,
14. 0Igm
is [%]
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PAMA Bl Bck s
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tarslOwith

bl ocks~ ward gnsuressthat| th 5, vi sgosi py
n?z? 1%;?: 3  LNe g, Y92
via reve € 5%300|at|ve thickening, can r{se to an

except esagble Bitgh | evel at reduced tenperature (400

(table 8). This is reflected in controlled low VI in
the case of exanple 7 and _ exanple 8 conpared to
Ednparf@i e 2&4aTIaE 3 S/ 20T aFsATat i ve exanpl e 5.

However, shear destroys the associative effect at 40C

agcTaéi n, rego%m%%%e by the @?serv t*og afrﬁt K’g%[ﬂéggg of

mi\mé.\ﬂerr PSSt 4ea¢hectlE§Sl aooordthg RSSIIAIN & B3 HESKbavbcbo .

e Q 4 /
B I SN = YOI, 2 8 oS3, O i,
@169 SO o Goshi LEImIR #092haesRsEr ttlecEgninventive

g IM%&@@%;&@% MRS | 92583 TRk ER20066:865068 to

- 41 Table 8: Properties as_an associatiyve, thi ckenei 3
PéRRRer 5336} Eeﬁe@%%?ﬁqsia EFREenit? 19" PH AFBigsgraple
Bxanpkenpaadive 2dxHipleabt 6GHexappllem@r9. BobFedtidaFdon

ngﬁ ﬁ% e%ﬁgygﬁ@‘parfﬁl HemI%Q/SZ 5I? &895%§f orlcil & reducea

consgiderably. It is additionally espec1ally remarkable

that the block like structure of the PAMA block stars

with MMA blocks. facing ocutward ensures that the
viscosity, - via reversible associative thickening, can
rise to an exceptionally high level at reduced
temperature (40°C) (table 8). This is reflected in
controlled low VI in the case of —example 7 and
example 8 compared to comparative example 3 and
comparative example 5. However, shear destroys the

associative effect at 40°C again, recognizable by the

observation that PSSIsgsc > PSSTigoec = PSSI. Typically,
for linear  PAMAS, however, PSSTapoc = PSSIjgpec to
PSSTIigec & PSSTqppec-

The 150N oil had KV100 = 5.42 mm?/s, KV40 = 31.68 mm®/s

and VI = 105 as viscometric data. In each case 0.6%

Chevron-Oronite Olcoa 4992 wear protection additive was
added.




ASTM D5621 Exanple 7 6.4 26 27 60 40 mn,
9.0 23 110 28

Exanpl e 8
ul trasound Conparative 10.2 26 185 25

exanple 5 WD 2007/ 025837 PCT/ EP2006/ 065060 - 42
' pol ymer conprising 50-100%
WQS@8°3H°2§ﬁé7ME|ght of the polymer, %eﬁﬁég%ggé{?ssoso

which 5 are derived from onejor nore ethylenlcally
~unsaturated ester conpounds of the forrmula (1) R
RREREL 6t:) PrBRe@ti@si BsWaInC B sl ocd atydreoger ckenret.hyl |
Rl is a linear or branched al kyl radical having from

7 1o 30 carbon—atens

R2_and P2 o
N_Z—apa— I aol

aanh
Cacvitit

i ndependent |y hydrogén or argroww ofpddie f|ofInul a| PSSTspec
-COOR in whi¢h R is hydrogen or an al kyl| group
having from7(to 15 30 carlon atons|, chargcterized in
that the polymer is a star |gélynmer bhavinglfrom 3|tao
ﬁ%‘% anee, and af E&g&,ﬁl 3 of tlge,_Larrrs (:ﬂj’rpri ge7at | east
/oby wei ght [~based—om26—{he weight_of the arms,_of
papeat units wWBketpledirjve fPfafn one |of7 norg 10 79
et hyl enigall y @g@g&ggg&@d esbes conppunds |afgot he| s
formula (1) R ORL RZ 0| 25 in ich R|is hydjogen
Bpleat PRATING] | P¥AWOLE] hoqr o d—akt—radi-¢al
hai BgsfT OM 7| k9alle £arbonatoms, R2and R7are each
i ndependent |y hydrogen or & _group of_the f | a
APFBR i n whi ¢FIRIE 8L s hudiPelenor-4n alk?ﬁggroués
hantaRgudd om 7| tempa3@t 0@ bon| at aavs. 26 185 25
example 5
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WO 2007/ 025837 PCT/ EP2006/ 065060 - 43 2. The pol yner
as clainmed in claiml, characterized in that the
polymer has a filterability of at [|east 90% based on

a projected filterability 5 (stage 1) I =

¥o ?ﬁb7ﬁgﬁfﬁég as claimed in claiml orEQ?/E£5a§§§36goso
characterized in that the-pabyner has a filterability
of at |east 70% based on the 10 overall course of the
tillatikt i on (stage 2) to 1SO 13357-2. 4. The pol ymer

as clainmed in at |east one of the preceding clains,
characterized in that the center 15 of the star

pol ynar phakyreer nostp80siagbd? dtis. bB. wriehol WRFehson
cl ai mg é'%é%ﬁﬂ@aéﬁ Re ot Ner Presedicnda aidB:s which

characterizea in that the star polymer has from5,to

12 armge 209801V péFyRer RS cl Fmed'q%e at SFE¥SERORRILY
of thenspkecadicdd dilrdirmeonplamaet & zek ifbrhala t(1e

star polyner has a wei ght-average nol ecul ar wei ght Mwv
in the range from25 000 to 150 000 g/nol. 25 7. The
polyner as claingd in at |east one of the preceding

cl ai ms, ch®Bacte izeqjkp that the star pol yner has a
pol ydi spersit in the range from1.0 to Q.B. 30
8. The polyneri as g¢lainmed in at | east one of the
precedi ng cl aRds, €haracterized in that the polymer

has from0.1 to 40% by wei ght of repeat wunits which

are derived fromone or nore 35 ethylenically _
unsat unatwédi st Br icodpuimgeerof ox heethylpulRa (U9 )a wolnear

2007/g%58%&A%ZH£§?QQQEQ§SO§Qdiéaﬁ4 having from 7 to

30 carbon atoms, R? and R’ are each independently

hydrogen or a group of the formula —-COOR' in which
R' is hydrogern or an alkyl group having from 7 to

30 carbon atoms,

characterized in that the polymer is a star
polymer having from 3 to 21 arms and at least 3 of
the arms comprise at least 40% by weight, based on
the weight of the arms, of repeat units which
derive from one or more ethylenically unsaturated

ester compounds of the formula (I)

R

R3 i
Z OR (),

R2 O

! ig a linear

in which R is hydrogen or methyl, R
or branched alkyl radical having from 7 to 30
carbon atoms, R? and R’ are each independently
hydrogen or a group of the formula -COOR' in which
R' is hydrogen or an alkyl group having from 7 to

30 carbon atoms.



10

15

20

25

30

35

R R6~oR4 Eq O in which Ris hydrogen or nethyl, R4
is alinear or branched al kyl radical having froml
to 6 5 carbon atons, R5 and R6 are each |ndependently

B8R )aBEaTA% R, Ly L (oLl R B e doq MgSbeo

carbon atons. 10 9. The pol yper as clainmed in at |east
one of the preceding clains, characterized in that
the polymer has up to 30% by weight of repeat units

yhi chefLe A50Ned LEOmdiSRel s A9 TGS dlddderdizea
0 aim

-as c¢cl ai'me characterize
in than tthauls@EHSPQQYW§mOWEaS|Siafdﬂ§ﬁ§ﬁ§H%}tY of at

(et h%QQE}fl a§§9basﬁgsgﬁ apnal gohglo %th%& Orfflterability

(met h) acryl am de based on_an_am'ne R7-NR8-H, in that
R7 is ﬁﬁé@ﬁeﬁdeﬁ?l?sﬁ gPdapP~whi ch conprises 20 from 2
to 200 carbon atons and has at | east one heteroatom

and in that R8 is inde end nt | hydr oge gr Qup
Pavi ng"fr oA D0 @gboﬁ aéfr%ﬁ's frlaf‘ﬁ“eipol Jher 2
as clahafﬂctermkaﬂn1lﬂn chahatterthed polyhat theaf7 a

rad|c§llggggé%§f§% keast, Ongg s O 50f qggﬁ£prqyka the

which“the icdls are each
i ndependeally hy@r@genoér ﬁhEgrﬁubth@W4%@ f fopgde td 20t°
carbopggt 9885739 12. The polyner as clained in claim
10 or 11, “characterized in that the R7 radica
conprises at nost 10 carbon atons. 35 13. The pol yner
as C|@h€ECt>dlﬁm&Ir|a@SthaﬂnQrfi tite WO 2087402587 of the

PCT/ EP2006/, 06506 - di | a
char aRF eF P99 ﬁg?ﬁ]ﬁtc’ 't B2 5B ec%elrri %rre nﬁ:z}\'lsa tatt}feeacs‘?nter

two bbbcklse star polymer has at most 50 carbon atoms.

5. The polymer as claimed in at least one of the
preceding claims, characterized in that the star

polymer has from 5 to 12 arms.

6. The polymer as claifned in at least one of the
preceding claims, characterized in that the star
polymer has a weight-average molecular weight M,
in the range from 25 000 to 150 000 g/mol.

7. The polymer as claimed in at least one of the
preceding claims, characterized in that the star
polymer has a polydispersity M,/M, in the range
from 1.0 to 1.3.

g. The polymer as claimed in at least one of the
preceding c¢laims, characterized in that the
polymer has from 0.1 to 40% by weight of repeat
units which are derived £from one ©Or Wore
ethylenically unsaturated ester compbunds of the

formula (II)
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14. The polyner as clainmed in claim 13, characterized

5 in that the star polyner has at |east one
l'ipophilic and one |ipophobic block. 15. The pol yner

| ai [ l'aim 14, ch terized |
Bl 5,1 1 Er et 2, et ocsoe

wei ght, based on the wei ght 4af -t he bl ock, of repeat
units which are derived fromone or nore
ethylenlcalIy}ﬁnsaturated est er conmpounds of the

formul a RéJ), di spesgéng nmononers (111) and/ori

further co according to group (1V). (96 The
pol ymer as €laimgd in claim 14 or 15, characterlzed

in that theRPoly@er, within a |ipophobic bl ock,

di spl ays |i pophobi c segnent's having an integer

segnent |ength greater than or 20 equal toQ 3. 17. The
poI ymin ashicilai Redsi fysirdoesastooneethylel & nésla tbinear

char aﬁ%gﬁhﬁgﬁ 1t H}Elcéi pqp&lﬁm Boek 1S to 6

arranged crose e center a VISCOSIt
|ndexcﬁw@p@asﬁhgmgtaﬁ*poﬁ?ﬁerR 1@reTh§aEBlyﬁ%ﬁe%§ndently

cl ai mpdarbgat | 8asts 0@;:9:0@1 6Eal #Be 14 dronil, —COOR'' in
charac erlzed'!n thﬁQYé hObIC ﬁ%of

arr any8d <l oBe' t ¢t ﬁﬂgﬁ? tﬁ@ a6 319P§b0%?Ylng
i ndexfiragr easong sta@bonpaltymer.. 19. The pol ymer as
clainmed in claim17 and 18, characterized in that the

pol ymer is arranged 35 close to the center of a
|9| popHblsi cobl ke carepr F&RATSd high a3 opepeEorPRt Ghe the

rm?)_efe c%[ilﬂlxé]e ni el :’.ﬁ(s u n S %ﬁ’llérr%tc%@r@.szte@r Ci)ﬂp oun@ds ofthe

nul a ) and/or further conmononers o roup
V\D 20BPLYPSE3 AFCTPEPSS06) $55880 wel efvyLe ginits

|'i pophebice Bkeckevhiel ifsoferdiivpersiom mbnspers ﬂgII

mononers (I11) close to the end of the arm

10. The polymer as claimed in claim 9, characterized
in that the dispersing monomer is a dispersing
(meth)acrylate based on an alcohol R'-OH or a
(meth)acrylamide based on an amine R’-NR®-H, in
that R’ ig independently a group which comprises
from 2 to 200 carbon atoms and has at least one
heterocatom and in that R® is independently
hydrogen or a group having from 1 to 20 carbon

atoms.

11. The polymer as claimed in claim 10, characterized
in that the R’ radical comprises at least one
group of the formula -OR® or -NR®R®, in which the
®® radicals are each independently hydrogen or a

group having from 1 to 20 carbon atoms.

12. The polymer as c¢laimed in «c¢laim 10 or 11,
characterized in that the R’ radical comprises at

most 10 carbon atoms.

13. "The 'polymerlas claimed in at least ome of the
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5 20. A process for preparing polyners as clainmed in
at least one of the preceding claims, characterized
in that the polyner is prepared by controlled

ol ynerization proceeding froma polny554
ﬁﬁ|¥P8?6P25§é 721. The process for preparlﬁg po %$é§§?060

as claimed in claim20, chagacterized in that pol ynmer
is - prepared by controlled free-radical polynerization
proceggéegd&ﬁgmdﬂdxmgﬁuahhranaérunedlatnrthas 22e Thear

Pgofﬁigl?%@%LgﬁﬁngFlﬁe glg%gobggc% characteri zed

i zatton 1's “perforned in the
presence of an oil and/or nonpol ar solvent. 20 23. An

bi anpr t |l yie NS  asch&ld teeh
n “at P §%%§ﬁ%é: thg§%$§%§dgﬁgQg'al ES to f%i 25 7ed

24. Tha oithator diflaat | Hreas EPAYHEH |Ha8IaPﬁ|2§eaSt

Chara@&?&bﬁ@@lbnahaabnbhﬁ19bbhﬁb&ﬁubabbﬁn conpri ses
from1l to 25% by wei ght of star polynmers as clained

in at |l east one of the preceding clains 1 to 19. 30
25.. Tmﬁemﬁoﬂymannaé|omaamedlannmdaum(ﬂ%mrﬁhé&ﬁ%ﬁﬁﬁlzed

24, char ?1%13%” %eiﬁa%tt I?ﬂ} t]]rlgj il AR PRb21at least

(uItréQo for mn) an or equal to
35 2650%héyoiwe gl Besed e cuhsﬁ reel 9t c PA; ﬁéﬂ%?%‘i’ﬂk

E%r %‘ég)%%'tz %9111'6% thater ke PRIt il 3k qartore

6 20 ered roller bearin g) is less than

2007/ @Ebsémpewlépzo@@@%s%‘be e&’ferorcoe%%‘i‘n‘%{o 8§, the
formula (IT), dispersing monomers (III} and/or

further comonomers according to group (IV).

16. The polymer as claimed in <claim 14 or 15,
characterized in that the polymer, within a
lipophobic Dblock, displays lipophobic segments
having an integer segment length greater than or

equal to 3.

17. The polymer as claimed in at least one of
claims 14 to 16, characterized in that the
lipophobic block is arranged close to the center

of a viscosity index-increasing star polymex.

18. The polymer as claimed in at 1least one of
claimg 14 to 16, characterized in that the
lipophobic block is arranged close to the end of

the arm of a viscosity index-increasing star

polymer.

19. The polymer as claimed in claim 17 and 18,
. characterized in that the polymer 1is arranged
close to the center of a lipophobic Dblock
comprising a high proportion of one or more
ethylenically unsaturated ester compounds of the

formula (ITI) and/or further comonomers of group
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27. The oil formulation as clainmed in at | east one of
clains 23 to 26, characterized in that the 5
vi-scosity index can be adjusted in a controlled

manper_wWi thin the range fromO to 300. %5% j
W%r%ﬁPE(P%ﬁsgg clained in at | east one ™o /%:EM¢%!%£?060
to 27, characterized in thatsthe oil 10 fornul ati on

is a lubricant oil fornulation. 29. The | ubricant oi

f or muk &) pnans alaﬁge@hbhicckabmkz&hﬁmm<ﬂ$<ﬂﬂqﬁweﬂxfrom
base 9ils of . APl _gr I Ve ang{ ar o%& \Lh
15 308 %ﬂ%r?h%?iggﬁg%%FF foILdlé#Fgﬁiégché?ne ©
clai na2®, characterized in that the | ubricant oi

formul ation conprises at |east one additiona

additive which is not a star polynmer as clained in
Pai nd preeess. L9r. PHMRPINIRY YIBRYS  BF nGL &L PEA &él Bt

cl ai medaép ol F 3@heChracd @ing edlbimshatcHdmcterized
addltlonal addltlve s a viscosity I ndex .l nprov

pour PBi Nt iTHS oS Y Wilsp&Ffsait °R ﬁﬁ?gr ?¥|(ﬁ0ﬁ%f0116d
modi f belymd2izdbeohubpicantding fireml a i eelasiwictiimhl
in clalg1§Q ar 31, characterized in that the additive

i s based oh a rlnear pol yal kyl (nmeth)acrylate 30

having.-from1 to 30 carbon atoms in the al cohol
%{OUDTh§3pr-5G%s'ésef@xt ﬁkébal?%z_i;m%foﬂ_ ¢ ahged1bAmall in

east oné of reced I ng C al N as 1 .
Vi SooRTEP 88, modIAA S S poitht | FBFoverkolmer  i9
d'Speﬁﬁ@@&ﬁedaﬁﬁ/@bnk&baﬂednﬂﬁﬂé#ﬁaﬂrnal polymerization

proceeding from a polyfunctional initiator.

22. The process as claimed in claim 20 or 21,
characterized in that the polymerization is
performed in the presence of an oil and/or

nonpolar solvent.

23. An oil formulation comprising star polymers . as
claimed in at least one of the preceding claims 1

to 109.

24. The o0il formulation as claimed din claim 23,
characterized in that the oll formulation
comprises from 1 to 25% by weight of star polymers

as claimed in at least one of the preceding

claims 1 to 189.

25. The oil formulation as claimed in claims 23 and
24, characterized in that the PSSI to ASTM D5621
(ultrasound for 40 min) is less than or equal to

25.

26. The oil formulation as claimed in claims 23 and
24, characterized in that the PSSI to DIN 51350
part 6 (20 h,. tapered roller bearing} is less than
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27.

28.

29.

30.

31.

32.

33.

- WO 2007/025837 PCT/EP2006/065060

- 47 -

or equal to 50.

The o0il formulation as claimed in at least one of

claims 23 to 26, characterized 1in that the

viscosity index can be adjusted in a controlled

manner within the range from 0 to 300.
The oil formulation as claimed in at least one of
claims 23 to 27, characterized in that the oil

formulation is a lubricant oil formulation.

The lubricant oil formulation as claimed in

"¢claim 28, which comprises base oils of API group

I, IT, ITII, IV and/or group V.

The lubricant oil formuiation as claimed in
claim 29, characterized in that the lubricant oil
formulation comprises at least one additional

additive which is not a star polymer as claimed in

claims 1 to 19.

The lubricant o©il formulation as c¢laimed in
claim 30, characterized in that the additional
additive is a viscosity index improver, pour point

improver, dispersant and/or friction modifier.

The lubricant. o0il formulation as c¢laimed in
claim 30 or 31, characterized in that the additive
is based on a linear polyalkyl {(meth}lacrylate

having from 1 to 30 carbon atoms in the alcohol

group.

The use of star polymers as claimed in at least
one of the preceding claims 1 to 19 as viscosity
modifiers, pour ©point improvers, dispersants

and/or friction modifiers.



