WO 2009/ 019065PCT/ EP2008/ 057828 1 Use of ester group-including polyners as
antifatigue additives 5 The present invention relates to the use of

pol ymers conprising ester groups as antifatigue additives. For reasons of
fuel econony, a task being addressed in nodern research is 10 that of
reduci ng churning loss and internal friction of oils nore and nore. As a
result, there has been a trend in the |l ast few years toward ever | ower
viscosities of the oils used and hence ever thinner |ubricant fil s,
especially at high tenperatures. An adverse consequence of this trend is
the fact thaWQs200R/d806Ssed | evel of danmmge, especP&TEP2898/857888ni ssi ons and
roller bearings, is 15occurring in use. In the design of a transm ssion, it
shoul d be ensured that all sliding and rolling contact sites, i.e. gearings
and roller bearings, are lubricated sufficiently in all operating states.
Danmage to gears and roller bearings are the consequence of 20 excessive

| ocal stress. A distinction is drawn here between two groups of faults at
metallic surfaces of transm ssions, especially at gearings and roller
bearings: 1. War resulting fromcontinuous surface naterial renoval or
scuffing as a result of abrupt material renoval after surface wear of both
friction 25part ntdseof esterfgrbugrirelwding polymenasantifafidvie@ddiiivesigh gray st ai ni ng
(surface fatigue, mcro-pitting) or craters (sub-surface fatigue, pitting).
This damage is caused by flaking-off or breaking-out of material owing to
cracks, whi chhe RESEPDDYPIIR0 (A E=CP/tirPossoE POBMESEOMPHT Y SR SEYPS@S40 pm or

100- 500 pm bglipwgldgddied.ace by shear stresses in the netal lattice. The
types of damage nentioned are conmonly known for gearings and roller

For reasons of fuel economy, a task being addressed in modern research is

10 that of reducing churning loss and internal friction of oils more and more. As a
result, there has been a trend in the last few years toward ever lower viscosities
of the oils used and hence ever thinner lubricant films, especially at high
temperatures. An adverse consequence of this trend is the fact that an
increased level of damage, especially on transmissions and roller bearings, is

15 occurring in use.

-In the design of a transmission, it should be ensured that all sliding and rolling
contact sites, i.e. gearings and roller bearings, are lubricated sufficiently in all
operating states. Damage to gears and roller bearings are the consequence of
20  excessive local stress. A distinction is drawn here between two groups of faults
at metallic surfaces of transmissions, especially at gearings and roller bearings:

1. Wear resulting from continuous surface material removal or scuffing as a
result of abrupt material removal after surface wear of both friction

25 partners.

2. Fatigue which becomes visible through gray staining (surface fatigue,
micro-pitiing) or craters (sub-surface fatigue, pitting). This damage is
caused by flaking-off or breaking-out of material owing to cracks, which



5 bearings, and are described in detail, for exanple, in the publications
"Gears - Wear and Danmage to Gear Teeth", SO DS 10825 and

"Wl z| ager schaden" [Damage to roller bearings], Publ.-No. W. 82 102/2 DA
from FAG (Schaeffler KG, Schweinfurt 2004. 10 Wear resulting from
continuous surface material renmpval occurs on gearings and roller bearings
preferentially at | ow speeds, at which the surface roughnesses cone into
contact owwing to too thin a lubricant film The materi al degradation whi ch
results fromthis nechanismis shown, for exanple, in fi 10.10 in T.

Mang, W Dr 8¥@[20q9@it90p5 "Lubricants and Lubri cat i RGVEPSQOSHS7ERZ 15

Wei nhei m 2001, in which a tooth flank with significant manifestations of
wear is shown. |nhonogeneous wear, which can be seen in the form of streak
formation on a roller bearing, is shown in "Wl zl agerschaden" Publ . - No. WL
82 102/ 2 DA from FAG (Schaeffler KG, Schwejnfurt in figure 68. 20
Lubri cants havea'a cRusee PR PT WOS0RMTHPS QP §UFRS épe?rég?isﬁ nce when they
conpri se anti wegkhd MdfH)Iat@esli ti ves and are of high viscosity. Scuffing on
tooth flanks usually occurs at noderate to high speeds. The surfaces in
contact becone welded briefly and i mediately fall apart again. A 25

typi cal maniThesypat bbdentgesurstiontairg eonsosi bvawn Hogeaghamaideolern fig. 10. 11
in T. Nangoé)%\ém%eaﬁﬁllaré Qgs%nﬁedi ldHQﬂ'f&%ﬁlp%nﬂ tﬁé’ﬂfﬁll@ﬁlﬁhé)@earsw' ey- VCH,

Vi nhei occurs I nternmeshing flank areas where very

hi gh sl i di ngVegseed Hamege F@r@%aéﬁﬁe’{‘bﬁféP'%hOW@“FoW?H‘aH%@E’)a ®this i s damage

whi ch occur $paRagedbrifier M@Hriﬁgsécﬂfbl . pauserborep A igmiPaGySshagilee over | oad.
Scuffing danp&g V\DI_EUOOQI 019065PCT/ EP2008/ 057828 3 1i kewi se occurs in

roll er beari D%bser ved especially on | arge bearings, for exanple
in transmssions of cenment mlls. OMng to excessively | ow operating

viscosity, qyeessiely Nl O RLLeSsRs. AR oFXEABSLNELYoiias SPeeds, there

i s insuf ant ormat |1 on between ers and cup (for
Sexanpl e of aadtelieebesdngopreterenelyrat foy)speegd al whieksthe suriasgal wel ding (cf. fig.

81 "Wl z| ag@g%h@&%@ comglhl&l conlt\Rt ovV#rg #od el @Iu@ﬁcafni fim. FREmaeahaef f 1 er KG,

Schwei nf urt ng d e can % uced b% more than a factor
of 5 by ext rd@%d@@@r“ﬂ'&@d?%’[télﬁp)“t@aﬂ? h3ism js$hpyi ‘PrlfB‘Pﬁ"B nt' "he materi al
fatigue dESC‘HDHl@GﬁiTathrVg?wr[ﬂ@gel Rkt Libricantsrand [esitatdne YiegivaH,y by gray

t 5. & t t 20 40
bel ow t b s JVFEEE 0T 1 PhER B oot Mo R A Pl tBnfoegeat B 2040 ™
pr opagat es tshowhdntsmdgaceuameat, e cmberagasrin Hie foimdisirgalof | Whl ch is

i dent t
g\é:,] gg Ogge\rf{)/rgﬁc?%l?or%ﬁ%flﬁ?l%e]aénﬂiqgshom if hﬁalﬂé&&sﬁﬁﬁd&?aﬁdm% virgy staining

virtual Ih a speed ranges. G ay
st ai ni ng occl@2@ f tera o (Sahaeffler KX, r%h‘a?'éféﬂ”@p%’l'" Eﬂ“r‘i‘as%ont act, which is
shown, for

20 Lubricants have a favorable effect with regard to wear resistance when they
comprise antiwear (AW) additives and are of high viscosity.

Scuffing on tooth flanks usually occurs at moderate to high speeds. The
surfaces in contact become welded briefly and immediately fall apart again. A
25  typical manifestation of such damage is shown, for example, in fig. 10.11 in T.
Mang, W. Dresel {eds.): "Lubricants and Lubrication”, Wiley-VCH, Weinheim
2001. The damage occurs on intermeshing flank areas, where very high sliding
speeds are present (often on the tooth head). This is damage which occurs
abruptly, which can be caused merely by a single overload. Scuffing damage



20 exanple, in fig. 10.13 in T. Mang, W Dresel (eds.): "Lubricants and
Lubrication", WIley-VCH WIinheim?2001. In roller bearings too, very flat
erruptions arise as gray staining on the raceway in the area of sliding
contact, as shown by way of exanple in "Wl zl agerschaden”, Publ.-No. W 82
102/ 2 DA from FAG (Schaeffler KG, Schweinfurt 2004, in figure 49. 25
Crater formation is |ikew se fatigue damage which is observed in all speed
ranges. Here too, the danage begins with a crack in the netal lattice at a
dept h of 100-500 pm The crack finally propagates to the surface and

| eaves, aftéNOI2009R19066, a pronounced crater. |n PREEPBAS/HT8Yars, these
occur preferabl y at WO 2009/ 019065PC/ EP2008/ 057828 4 the m ddl e of the
tooth flanks, and in roller bearings usually on the rotating bearlng ri ngs.
Fi gures showi ng this damage can be found in publications including T. Mang,
W Dresel (eds.): "Lubricants and Lubrication” Vi Wei nhei m 2001
(cf. fig. 10kewsaperursigrolienbepsngss tis ﬁﬁbse\mdﬁsaa‘é?'lafeﬂi%% Sariph| - 5 No. WL
82 102/ 2 DAfo@@vE@%(r&@ﬁﬁ@‘&ds@fcéﬁ@mrrmrmmngftmeicewiéwf figure 43). In

t t t t t f 1
cont act, s rfbe argvgeatr siec-So L BER Aiersr g HPEETeL HshRpeec o | oo
change are phesdéninsdffivianelubricapbiiin forsadion b@weercthe selletscandrcas {for o the faults of
‘wear” angd %ﬁfﬁ% 'ongtaéqewaﬁomf%gar!@ %né%ab?ﬁ:éloéaﬁvbﬂ!ﬁﬁ (éf%& gp of "gray

stai ning"” an uenced in a controlled
manner wit h "VéfkladerssBadeny Pughﬂ)aWé—@%W@/zé?ﬁir%gr“GaﬁHha@ﬁ{ef 59% pressure

addi tives desgubhack megve (cf. RM Mrtier, S.T. Oszulik (eds.):

"Chemi stry and Technol ogy of Lubricants", Bl acki e Acadenic & Prof essi onal ,
15London, 2'd ed. 1997; J. Bartz: "Additive far Schm erstoffe” [Additives
for Lubri cargeffingdximegd eavieid raguceBRen mongthan mmmsmwame T. Mang, W

Dr esel (edsﬂl}é‘f%‘l‘Jhu(EH CARSs n[ge {UHPJ ([;atl on", WIey-VCH Wi nhei m2001).

St udi es t'd ave’ been a ow if anyt hing, only that gray
stai ning resistance and crat er resi stance can be influenced via the

l'ubricant viggQg & | 1efiud ASLRARREHAIuHeP S8R 2 i nPiltesdtAsspacially®yongi ng ef fect
on fatigue t-?%e %t s a@ﬁu chedl : " FVALIl:oresghungsvorhaben EIIV Pittingtest -

Ei nfl uss derg@tﬁﬁ'ﬂ'@iﬁﬁ‘%?rﬁ?ré{h'ﬂa’i‘ﬂ% G ubchenl ebensdauer ei nsat zgehart et er
Zahnrader im Ei nstufen- und Lastkol | ektl vversuch", Forschungsver ei ni gung

s o g beatR e LI bPR Mg e o T Bl 2005 1Y
i n | ubri cantmetal Istlicd. dhe eneelkplopadatests llhmrfaq:e ad leastsde matdrigl flagidd sone of t hem
T o onc AL RSt AQTERATE i 2RSS bl gplgory o
stalnmg can be observed on tooth flanks virtually in all speed ranges. Gray
staining occurs preferentially in the area of sliding contact, which is shown, for
20 example, in fig. 10.13 in T. Mang, W. Dresel (eds.): "Lubricants and
Lubrication”, Wiley-VCH, Weinheim 2001. In roller bearings too, very flat
erruptions arise as gray staining on the raceway in the area of sliding contact,
as shown by way of example in "Walzlagerschaden”, Publ.-No. WL 82 102/2
DA from FAG (Schaeffler KG), Schweinfurt 2004, in figure 49.
25
Crater formation is likewise fatigue damage which is observed in all speed
ranges. Here too, the damage begins with a crack in the metal lattice at a depth
of 100-500 pm. The crack finally propagates to the surface and leaves, after

break-out, a pronounced crater. In the case of gears, these occur preferably at



WO 2009/ 019065PCT/ EP2008/ 057828 5 especi ally pol yners whi ch have been
functionalized with dinethylam noethyl nethacrylate (US 2,737,496 to E. |
Dupont de Nenours and Co.), dinethylan noethyl nethacryl anm de (US 4, 021, 357
to Texaco Inc.) or hydroxyethyl nethacrylate (US 3,249,545 to Shell GO I.
Co). 5 VI inprovers based on PAMA for lubricant oil applications are
constantly being inproved. For instance, there have recently al so been many
descriptions of polymers with bl ock sequences for use in lubricant oils. io
For exanpl e, publication US 3,506,574 to Rohm and Haas descri bes sequenti al
pol ynmers congo009a19965a PAMA base pol yner, whi chPCEHESRGA&/QET8HR t h

N-vinyl pyrrolidone in a subsequent reaction. Mreover, publications WO
2001/ 40339 and DE 10 2005 041 528 to RohMax 15 Additives GrbH descri be,
respectively, block copolynmers and star bl ock coplyners for lubricant oil

applications, which are obtai nabl e by neans of ATRqI;_b(Ermn ot her net hods.
Advant ageoughesisidistof thedosh Hamkssand je ?]'Pébqaé'FQWP"yr %fcﬁ%'"ﬁddl tive

functions Ofbeaﬁng‘,h@s\#lgur@%r@wg&meﬁaﬁnagemcbwbmgi if pllgications  Whi ch | eads to

| oner fuel consu n a r.ead een d nst.
004 087550 LT boBhe e Brdrt St EBaR R BRaRsY Migfvon 1O
copol ymer s andinheime0ex (pelfigern. 14 andfig. d)@ﬂﬁ))rampem ‘iWéslagérmam nickubbopol yner s act
as 2511 cf | g SROLS| 0100 YErAOROoLAE990 KASSihRRRr atkte, Rl b ock
eci a ecte

copol ymsrs erl ve rom S O functional nmononers, and the
use thereof 48 I cmrﬁnasbngrﬁmiwmmﬁﬂeﬁwaaﬁé rl%%ﬁ?f’@s in thegrea of rolling

2009/ 019065RGHEP2AASHO SRR Qre@paz@%/ge&wémpmuda@wd friafighi ve GibH

descri bes the use of graft CO$ ynmers as an antiwear additive in |ubricant
oi | fornul atﬁ%ﬁ?se’géﬁ%"cinéaf’? %9 notor oils. WD 2005/ 097956 to RohMax
Addi tives i keW| se describes lubricant 5 oil formulations conprising

H bond- C?p t n C ealgco%{r ttto l?l félurf'gsa’ bP w%%raaml i"é’c\.%ﬂ{ng‘?%i ntuiJch%()re serious

fatigue faults of "gray staining” and "craters" at present cannot be influenced in
a controlled manner with additives, for instance the antiwear and extreme
pressure additives described above (cf. R.M. Mortier, S.T. Orszulik {eds.):
"Chemistry and Technology of Lubricants”, Blackie Academic & Professional,

15 London, 2™ ed. 1997; J. Bartz: "Additive fiir Schmierstoffe" [Additives for
Lubricants], Expert-Verlag, Renningen-Malmsheim 1994; T. Mang, W. Dresel
(eds.): "Lubricants and Lubrication”, Wiley-VCH, Weinheim 2001). Studies to
date have been able to show, if anything, only that gray staining resistance and
crater resistance can be influenced via the lubricant viscosity. An increased

20 viscosity here has a prolonging effect on fatigue time (cf. U. Schedk: "FVA-
Forschungsvorhaben 2/IV: Pittingtest - Einfluss der Schmierstoffs auf die
Griibchenlebensdauer einsatzgeharteter Zahnrader im Einstufen- und
Lastkollektivversuch®, Forschungsvereinigung Antriebstechnik, Book 530,
Frankfurt 1997).

25
To improve the viscosity properties, polyatkyl (meth)acrylates (PAMA} have
been used for some time in lubricant oils, for example transmission or motor
oils, and some of them may be functionalized with comonomers, especially
nitrogen- or oxygen-containing monomers. These VI improvers include



As descri bed above, there have been many attenpts to date to prevent danage
ow ng to wear or scuffing through use of additives. However, nateri al

10f ati gue can only be countered by the use of oils with a relatively high
viscosity or by use of specific materials for gearing and/or roller

beari ngs. However, both options are afflicted with di sadvantages, the use
of new materials being expensive and a further inprovenent being desirable.
The use of high-viscosity oils leads to high internal friction and hence to
hi gh fuel consunption. 15 Therefore, especially conpounds which can be used
as antifati gue 2a001019068s, wit hout this bei ng assoBPHERAAHAI(88h i ncrease in
viscosity of the lubricant, would be gelpful. In view of the prior art, it
was thus an object of the present invention to provide 20an additive which
| eads to a reduction in material fatigue (antifatigue additive). This
shoul d especially achieve a reduction in the above-described fornmation of
gray stai ni rigrecially palymemyhichave Fﬁ’%"rféﬂcﬁ'iof‘@izﬁ‘byv'“b?'”@fhéﬂa&‘@e?@hb- surface

fgé i gue, p%rﬁétﬂ@yiatgguéo 2,79@39@:3f34r:.tdu1‘abnme{mﬁomamd@.j,nventi on to provid de
addi tives . C an. be produc I S nd jne nsi ve manner, an
commrerci al | ‘?}Bﬁ?'ﬁ'ﬂf’@h@@ B‘F{g'ﬁ?@%i(ﬂsﬁa isg’a?%?exgﬁ%ﬁlﬁgoﬁe used. At the sane
time, produdyderysthybmethatrglaipgSidR40,546 to Bheli Gid@o).ri al scal e, without new

pl ants or_plants of conpl ex construction being required for that purpose.
WO 2009/ 019065PCT/ EP2008/ 057828 7 It was a further aimof the present

i nvention t &/l prrreyeiebaaed a0 AAMA/er nhiicant ot anplicatignoare canstAnty Peilde of

desirabl e priapRULd. #8r ihftatdeCinbiHavE AdentlyTdléShdeAlimdlyesaripforisite number  of
different additives, 5 Further m{?ﬁﬁ%‘%igﬁ-’ addi tjve should not exhibit any

adver se ef f QOYECEWithRIoGK FEAUSIGHR bEFA QLS. envi r onnent al  conpatibility

of the lubricant.
10 For example, publication US 3,506,574 to Rohm and Haas describes
sequential polymers consisting of a PAMA base polymer, which is grafted with
N-vinylpyrrolidone in a subsequent reaction.

Moreover, publications WO 2001/40339 and DE 10 2005 041 528 to RohMax
15 Additives GmbH describe, respectively, block copolymers and star block
coplymers for lubricant oil applications, which are obtainable by means of ATRP

among other methods.

Advantageousness of the block structure for wear-reducing additive functions of
20 the Vlimprovers or for reducing friction, which leads to lower fuel consumption,

has also already been demonstrated.

WO 2004/087850 describes lubricant oif formulations which comprise block
copolymers and have excellent friction properties. The block copolymers act as

25 friction modifiers.

WO 2006/105926 describes, inter alia, block copolymers derived from specially
selected N/O functional monomers, and the use thereof as friction modifiers

and dispersants.



These objects, and further objects which are not stated explicitly but are
to imedi ately derivable or discernible fromthe connections di scussed
herein by way of introduction, are achieved by the use of polyners which
conprise ester groups and have at | east one nonpol ar segnent P and at | east
one pol ar segnent D, having all features of claim1l. 15 The present

i nvention accordingly provides for the use of polynmers which conprise ester
groups and have at | east one nonpol ar segnment P and at | east one pol ar
segnent D, said polar segnent D having at | east EI% repeat units and the
proporti on BYORNGEIES di spersing repeat units i RCTRP2PE3/857838gnent D
being at |east 30% based on the weight of the polar segnent D, as an
20antifatigue additive in lubricants. It is thus possible in an

unf or eseeabl e manner to provide an additive for lubricant oils, which | eads
to a reduction in material fatigue (antifatigue additive). At the sane
tinme, these additives achieve a decrease in the above- 25descri bed
formation OfWW@ﬂG@DﬂsﬂtﬂﬂoblﬂwI\@dlt&refcahlblgd&crmésctheum bftgrafg) or craters

é?gga?g(rjf ?ﬁe%:fg rrq,gisgsgﬁ:j'}n \H@Sgﬂgvel Puﬁgﬂé?ﬂ fo? @gﬁ? gd&'pgélé(§§rbfgnt geuse
commer ci al | ymaieedilsaBiOe2005/099RS10 Sohldax mlm@egkmmmpﬁEMM1o57828 8
particul a% Aot nhiridRg %&Q%E%ﬂmg'ﬁafpﬂﬁﬁﬁég 8s Sftiwehe i ndustri al

scale, w hout - new pl ants or nts conpl ex ‘construction being required
for that purdisees.5 Furthernore, the polyners for use in accordance wth
the invention exhibit a particul arI y favorabl e profi l e of properties. For

t th I b d t I
Shear - ot abl ok SENPeErRPVR e B PERA e aVEaE e PaRBEr vi ce Tife. In
addi ti on, thﬁnaﬂ;diomngeof:\@ar arseutiing thoogh deenafedditivds. Hbeevenveaieriabn may bri ng
about a mul tleegL{% %g'c&]?rﬁ%rgdg PRAE D Fﬁls wihld h’@iad\}éﬁfh McosiyoFor exanpl e,

it is pOS%I uce ric ntSW| oW tenperature
properties oor hvlugeofsspteylfltpmewéalﬁ ﬁ@geamlwﬁfoémﬂﬁ'rh@éng%@%?‘@é@%h pol yners
conpri si ng esjighs 86 AHRSed it @sa%khjarﬁ s{ A8 uQéIH#J%'w rﬁéteﬁhlé bangnt additives to
be m nim zed.” Furthernore, the resent 58@%”? S corrB g Eg ester groups are
conmpati bl e M@ﬁn%aﬂdédamqwe@wemﬁ"éb% Ifel iOL QAR LSEF e adj ust ed
to 15a wi de dtdab Yo @fh Gidmize friefdn dreitiencetmeigsiuel consumption.
15 Therefore, especially compounds which can be used as antifatigue additives,
without this being associated with an increase in viscosity of the lubricant,
would be helpful.

In view of the prior art, it was thus an object of the present invention to provide
20 an additive which leads to a reduction in material fatigue {antifatigue additive).

This should especially achieve a reduction in the above-described formation of

gray staining (surface fatigue, micro-pitting) or craters (sub-surface fatigue,

pitting).

25 It was a further object of the invention to provide additives which can be
produced in a simple and inexpensive manner, and commercially available
components in particular should be used. At the same time, production should
be possible on the industrial scale, without new plants or plants of complex
construction being required for that purpose.



Furthernore, the additives for use do not exhibit any adverse effects on
fuel consunption or the environnental conpatibility of the |ubricant. 20
Pol ymers conprising ester groups are understood in the context of the
present invention to nmean pol yners obtai nabl e by pol yneri zi ng nononer
conpositions which conprise ethylenically unsaturated conpounds havi ng at

| east one ester group, which are referred to hereinafter as ester nononers.
Accordi ngly, these polyners contain ester groups as part of the side chain.
These pol yners 25 include especially polyal kyl (neth)acryl ates (PAWVA),

pol yal kyl fumM@ra0%81968/ or pol yal kyl mal eat es. EsPEFERZOMSMS782%re known per
se. They include especially (neth)acrylates, maleates and funarates, which
may have different al cohol radicals. The WD) 20091019065PCT/ EP2008/ 057828 9
expression "(neth)acryl ates” enconpasses nethacryl ates and acryl ates, and
m xtures of the two. These nononers are w dely known. The pol yner
conprising ester groups conprises preferably at |east 40% by 5 weight, nore

pref ﬁr abl é 61{wése@ﬁnh?&%%l;thhw'relgbﬁt,im@gg?/qg @Pdv&ie@ﬁ@ﬂ&i;i@lvbﬁcratbridgeast 30% byOI
wel ght an St prefera at, 1 east . Wel . r Its derive
from ester ggﬂbtnaﬁf'B‘?'mﬁ%?{ﬁ%@ﬁb'%g%?rg% 'Hoﬂla%ﬁtg'rcag[higg\?ﬂ 'ﬁ“ﬁ'ﬂ%e %ﬁgvent i on

conpri se at duewst ofalifferdnb adabitivesl ar segnent P and at | east one pol ar segnent
D, said polar segnment D having at |east eight repeat units and the

proporti oh by weight of dispersing repeat units in the polar segment D
bei ng at | ed3athgoume, Hesasditive shawd nes pyiRit By adwrse gifegts %E%m D. 15 The term

"repeat uniteondiinphbd 8t the ERAMRAMmERtal dbtndhisiiybaRé Iublieind. The present pol yners
can preferably be obtal ned by neans of free-radical polynerization of

mononers. This opens up doubl e bonds to form coval ent bonds. Accordingly,
the repeat uUmhebe abjéd€ainil fudiMet digeotwmideresrs nosstated 2Lpliditebutmveent i ve pol yners

have pol ar and noppol ar_.se t T, rm.. o ad I ont ext
denotes & sé'@ﬂeg'ﬁ%@fAe{'ﬁ%b?ep%ﬁr?;}%g%?bler{@n Eslq'gegdr"é’herr} ?gﬁn%&'% ug%/égj %%iiggenti ally
const ant comeEysif introductomposachiayed bnthegise popalyirsh Whish COARRSE es¥eh addi ti on,

t he Segm”m%% aNBYEePat WROSR Honpbl&r MBineR £ aSLalidiBt &R Rt r ati on of

di fferent runits (repeat uni_ts%T varies over the segnent 25 |ength.
The pol ar sagaBaptd. bavwng plbfearesff €88 honpol ar segnents P via the proportion
of di spersing nononmers. The nonpol ar segnents nmay have at nost a snall

Cegnent s onkFReRa Mg raaanab o B aere g abe ™ TS (monomer
units). comprise ester groups and have at least one nonpofar segment P and at least
one polar segment D, said polar segment D having at least eight repeat units
and the proportion by weight of dispersing repeat units in the polar segment D
being at least 30%, based on the weight of the polar segment D, as an
20 antifatigue additive in lubricants.

It is thus possible in an unforeseeable manner to provide an additive for

lubricant oils, which leads to a reduction in material fatigue (antifatigue

additive). At the same time, these additives achieve a decrease in the above-
25  described formation of gray staining (surface fatigue, micro-pitting) or craters

(sub-surface fatigue, pitting).

Furthermore, these additives can be prepared in a simple and inexpensive
manner, and it is possible to use commercially available components in



WO 2009/ 019065PCT/ EP20081057828 10 Di spersing nononers are understood to
nmean especially nmononmers with functional groups, for which it can be
assunmed that polynmers with these functional groups can keep particles,
especially soot particles, in solution (cf. 5 RM Mrtier, S.T. Oszulik
(eds.): "Chem stry and Technol ogy of Lubricants", Blackie Academc &

Prof essional, London, 2nd ed. 1997). These include especially nononers

whi ch have boron-, phosphorus-, silicon-, sulfur-, oxygen-and

ni t rogen-cont ai ni ng groups, preference belng gi ven to oxygen- and

ni t r ogen- f un¥io 200810190668 nononers. 10 The pol ar seBRBMPLOCB/QTHEEi se, in
accordance with the invention, at |leagt 8, preferably at |least 12 and nost
preferably at |east 15 repeat units. At the same tine, the polar segnments D
conprise at |east 30% by weight, preferably at |east 40% by weight, of

di spersing repeat units, based on the weight of th ol ar 15 segnment D. In
addition to Rasiculiy-hdesiame tl“@p@ﬁ’@”?}ﬁﬂﬂ%posgﬁ'@ ofdedp %ﬁ’ % may al so have

repeat unit syinducCibwdfa®br f@aeofaiayhplbix SORISI LG tefrfge@diunred' e i@l ar segnment nmay
have a random structure, such that the different repeat units have a random

di stributi orPEREF t he segnent length. In addition, the polar segnent may
have a bl ock structure or a structure in the formof a gradient, such that

the 20non;di %Eﬁx‘uﬂ@ tﬁ@ﬁﬁﬂﬁerﬁmrh% ﬁ‘a%c&rb%c@'mﬁtﬂ%&h%ﬂé@%ﬁaim' ts within

t he polar segnent neous_distribution. The nonpol ar
hydr ophobi ¢ l@é‘@ﬂh@ﬁ!’ famorighle pcqﬂlﬁ)@ﬁpg@egl%@r insnep g ﬁ’%‘ﬂ“%? ¢ Rersi ng repeat

units, whi Chcdnﬁglné@éc%satelb)é sh@fﬁ&nél?@iﬁbaﬂ@%l@)/sd&ﬁltlﬁﬂthe unmnt:@ntaﬁa@raef erably |ess
than 10% by wei

s t han SfV based on the
worght of Y i apsrare B8dhatites: e malinsRryeaf Artein i e
confi gur at i ORventibemap bl awbutsaegmatmﬁeﬁf@asrrwm pepertissiariie Iabdzqanho di spersi ng

repeat u n1!3 t SFor e%?np%(e) thlé 8&5%%‘13958%-%&1:]%@ %ﬁéa@lﬁ‘?ﬁ%&auﬁanding low-
temperature properties or viscosity properties, which comprise the present
polymers comprising ester groups. This allows the number of different additives
to be minimized. Furthermore, the present polymers comprising ester groups
are compatible with many additives. This allows the lubricants to be adjusted to

15 a wide variety of different requirements.

Furthermore, the additives for use do not exhibit any adverse effects on fuel
consumption or the environmental compatibility of the lubricant.

20 Polymers comprising ester groups are understood in the context of the present
invention to mean polymers obtainable by polymerizing monomer compositions
which comprise ethylenically unsaturated compounds having at least one ester
group, which are referred to hereinafter as ester monomers. Accordingly, these
polymers contain ester groups as part of the side chain. These polymers

2 include especially polyalkyl (meth)acrylates (PAMA), polyalky! fumarates and/or

polyalkyl maleates.

Ester monomers are known per se. They include especially (meth)acrylates,
maleates and fumarates, which may have different alcohol radicals. The



The nonpol ar segnment P of the polymer conprising ester groups may have 5 to
100% by wei ght, especially 20 to 98% by wei ght, preferably 30 to 95 and
nost preferably 70 to 92% by wei ght of repeat units derived fromester
nononers having 7 to 15 carbon atons in the alcohol radical. 5 1n a
particul ar aspect, the nonpolar segnment P of the polynmer conprising ester
groups nmay have 0 to 80% by wei ght, preferably 0.5 to 60% by wei ght, nore
preferably 2 to 50% by wei ght and nost preferably 5 to 20% by wei ght of
repeat units derived fromester nononers having 16 to 40 carbon atons in

t he al cohol War2000049065 n addi ti on, the nonpol ar SEHFEAP080%B28he pol yrer
conprising ester groups may have 0 tog40% by wei ght, preferably 0.1 to 30%
by wei ght and nore preferably 0.5 to 20% by wei ght of repeat units derived
fromester nmononers 15 having 1 to 6 carbon atons in the al cohol radical.
The nonpol ar segnent P of the polymer conprising ester groups conprises
preferably agxpresgien "@BR)aRyIRles FREOMpRsees EP@P@V'Q%F)?“%?‘W %8134%809% by wei ght ,
especi al |y pmetpesdilne @b, TreasmobbteR)arswidghknamd nost preferably at |east
90% 20 by wei ght of repeat units derived fromester nononers. Mxtures from

whi ch the nonpol ar segnents of the inventive polyners conprising ester
groups are obtepamidreompysingestatigrouds tanges brefaailgtiticast4@edyal [y 0.1 to 30%
by wei ght _and_.omore nr I b VoW AN hretdrasl? aQB&stOr nore

et hyl eni cal Ige'gﬁsaP%rpg%fg{iggglgrgs%grégoﬂ%%m’oﬁ‘s}s%%p%{)r r;ﬁl ga(l ) RRORL R2 in
whi ch R is h§@hbywaigbrangenasy prefepably & lepst PRve By waioht sereABE] kyl radi cal
having WO 2Q00RL9#906SRChoFM&A98/ 057828 12

Polymers usable in accordance with the invention comprise at least one

10 nonpolar segment P and at least one polar segment D, said polar segment D
having at least eight repeat units and the proportion by weight of dispersing
repeat units in the polar segment D being at least 30%, based on the weight of
the polar segment D.

15 The term "repeat unit” is widely known in the technical field. The present
polymers can preferably be obtained by means of free-radical polymerization of
monomers. This opens up double bonds to form covalent bonds. Accordingly,
the repeat unit arises from the monomers used.

20 The inventive polymers have polar and nonpolar segments. The term
"segment” in this context denotes a section of the polymer. The segments may
have an essentially constant composition composed of one or more monomer
units. In addition, the segments may have a gradient, in which case the
concentration of different monomer units (repeat units) varies over the segment

25 length. The polar segments D differ from the nonpolar segments P via the
proportion of dispersing monomers. The nonpolar segments may have at most
a small proportion of dispersing repeat units (menomer units), whereas the
polar segments comprise a high proportion of dispersing repeat units (monomer

units}.



1 to 6 carbon atons, R2 and R3 are each independently hydrogen or a group
of the formula -COOR in which R is hydrogen or an al kyl group having 1 to
6 carbon atonms. 5 Exanples of conmponent (1) include (neth)acryl ates,
fumarates and nal eates which derive from saturated al cohols, such as nethyl
(meth)acrylate, ethyl (nmeth)acrylate, n-propyl (meth)acrylate, iso-propyl
(nmeth)acrylate, n-butyl (neth)acrylate, tert-butyl (neth)acrylate and
pentyl (rmeth)acrylate, hexyl (nmeth)acrylate; io cycloal kyl (neth)acryl ates
such as cycl opentyl (neth)acrylate, cyclohexyl (neth)acryl ate;

(et h) acr yl aves00n0td068er i ve from unsat urat ed al cBAHEE200A/@A788& 2- pr opynyl
(meth)acrylate, ally! (meth)acrylate,gnd vinyl (nmeth)acrylate. 15 The
conpositions to be polynerized to prepare the nonpol ar segnents P
preferably contain 5 to 100% by wei ght, preferably 10 to 98% by wei ght and
especially preferably 20 to 95% by wei ght of one or nore ethylenically
unsat urated ester conpounds of the formula (I1) RGOR4 R5 O in which Ris

hydrogen or Iﬁf@éé?éihg maﬁbnhé‘rs aretha@e@fooeﬁo heanedpedial iydonesividal having 20 7 to

15 carbon atons, ndependen h en or a gr oup of
the formul a UtsEepsl g[qﬁlpm?rgmqf\;-lt (faé'cbr?f& %ﬁﬂ }poi?'ﬁeéﬁ‘éﬂ]tﬂgroup having 7 to 15
car bon at onstundiisaafigroeps cdn leeppartielas, e(sbdz()allylaod)twaelclezﬁn gottion)(eicr yl at es,

fumarates_a M =~ such
2- et hyl hexylrww ﬁ@éﬁsﬁ%} ﬁnk %E h‘%‘h@' I‘?Hmd’ﬂg(tskggyad;g‘:_lf'.?ﬂg?:tlaﬁtbutyI hegfyl VO

2009/ 019065 Fﬁb’sﬂﬂ@%@dgm@@mgsgﬂgnal London 2"%ed. 13/97) These include
especially monomers which have boron-, phosphorus-, silicon-, sulfur-, oxygen-

and nitrogen-containing groups, preference being given to oxygen- and
nitrogen-functionalized monomers.

10
The polar segments D comprise, in accordance with the invention, at least 8,
preferably at least 12 and most preferably at least 15 repeat units. At the same
time, the polar segments D comprise at least 30% by weight, preferably at least
40% by weight, of dispersing repeat units, based on the weight of the polar

15 segment D. In addition to the dispersing repeat units, the polar segments may
also have repeat units which do not have any dispersing effect. The polar
segment may have a random structure, such that the different repeat units have
a random distribution over the segment length. In addition, the polar segment
may have a block structure or a structure in the form of a gradient, such that the

20 non-dispersing repeat units and the dispersing repeat units within the polar

segment have an inhomogeneous distribution.

The nonpolar hydrophobic segment P may comprise a small proportion of
dispersing repeat units, which is preferably less than 20% by weight, more

25 preferably less than 10% by weight and most preferably less than 5% by
weight, based on the weight of the nonpolar segment P. In a particularly
appropriate configuration, the nonpolar segment P comprises essentially no
dispersing repeat units.



(meth)acrylate, octyl (nmeth)acrylate, 3-isopropyl heptyl (nmeth)acrylate,
nonyl (nmeth)acrylate, decyl (nmeth)acrylate, undecyl (neth)acryl ate,

5- et hyl undecyl (nmeth)acryl ate, dodecyl (neth)acrylate, 2-nethyl dodecyl
(meth)acrylate, tridecyl (meth)acrylate, 5-nmethyltridecyl (neth)acryl ate,
tetradecyl (meth)acrylate, 5 pentadecyl (neth)acrylate; (nmeth)acrylates
whi ch derive fromunsaturated al cohols, for exanple ley! (neth)acryl ate;
cycl oal kyl (neth)acryl ates, such as 3-vinyl cycl ohexyl (meth)acryl ate,
bornyl (neth)acrylate; and the corresponding fumarates and nmal eates. 10 In
addi ti on, prwie2o0e019a650mer conpositions for prepRETHP200#03Y8RBOl ar
segnents P conprise 0 to 80% by weight, preferably 0.5 to 60% by wei ght,
nore preferably 2 to 50% by wei ght and nost preferably 5 to 20% by wei ght
of one or nore ethylenically unsaturated ester conpounds of the fornula
(I'11) RO oR7 R8 0 15in which Ris hydrogen or nmethyl, R7 is_a |inear or
branched al ke nosaplassegmeni gl the pelymarompriaing e3ie §Foups may hae S&r bon at ons,

R8 and R9 arﬂ)o@@swé@qe&@eaarytdmfo bmrb@wyherpreaersblsaeowﬁs dridendsor nul a - COOR'
in which R en._or referably 16 to

an 0

30, carbon al?"S Qﬁﬂbé@"edﬂ?'t 8%%%}:8“‘% c{éf'\’?%"ﬁg?tﬁrd%mtorretsh) acryl at es
whi ch deri vehafvrrtgmtsaBuambedtoaisdmtmelas:phmmmas hexadecyl (neth)acrylate,
2- et hyl hexadecyl (meth)acryl ate, heptadecyl (neth)acryl ate,
5-isopr opyI hept adecyl (neth)acrylate, 4-tert-butyloctadecyl (meth)acrylate,
5- et hyl oct adle@/ﬂart(cn’et adnect; Wealoépo|€$§’69th|@%@%\%§¢me%@% ryl ate,
oct adecyl| n@&hﬁsﬂﬁmﬁh% 1o a@m% vlpreeérasspb@% SRR weRihE e

a

(meth)acryl cetglt el cosyl (meth)a
0

preferably 50% by we|ght and ost F}Fefera%[y 5 to 20% by weight of repeat
units derived from ester monomers having 16 to 40 carbon atoms in the alcohol
10 radical.

In addition, the nonpolar segment P of the polymer comprising ester groups
may have 0 to 40% by weight, preferably 0.1 to 30% by weight and more
preferably 0.5 to 20% by weight of repeat units derived from ester monomers

15 having 1 to 6 carben atoms in the alcohol radical.

The nonpolar segment P of the polymer comprising ester groups comprises

preferably at least 40% by weight, more preferably at least 60% by weight,

especially preferably at least 80% by weight and most preferably at least 90%
20 by weight of repeat units derived from ester monomers.

Mixtures from which the nonpolar segments of the inventive polymers
comprising ester groups are cbtainable may contain 0 to 40% by weight,
especially 0.1 to 30% by weight and more preferably 0.5 to 20% by weight of
25  one or more ethylenically unsaturated ester compounds of the formula (I)
R

R3 1
AR (1)

r2

in which R is hydrogen or methyl, R'is a linear or branched alkyl radical having



stearyl ei cosyl (neth)acrylate, docosyl (nmeth)acrylate and/or WO

2009/ 019065PCT/ EP2008/ 057828 14 eicosyltetratriacontyl (neth)acryl ate;

cycl oal kyl (neth)acrylates such as 2,4,5-tri-t-butyl-3-vinyl cycl ohexyl
(meth)acrylate, 2,3,4,5-tetra-t-butyl cycl ohexyl (neth)acrylate; and the
correspondi ng fumarates and mal eates. 5 The ester conpounds with a

| ong-chai n al cohol radical, especially conmponents (Il) and (Il1), can be
obt ai ned, for exanple, by reacting (neth)acrylates, funarates, naleates
and/ or the corresponding acids with |ong-chain fatty al cohols, which
general | y giweoes/oisusare of esters, for exanpl e PGPERROANEA78RRSs io with

di fferent Iong-chain al cohol radical g, These fatty al cohols include Oxo

Al cohol (r) 7911, Oxo Al cohol (r) 7900, "Oxo Al cohol (r) 1100; Alfol (r) 610,
Alfol (r) 810, Lial(r) 125 and Nafol (r) types (Sasol); Al phanol(r) 79 (1Q);
Epal (r) 610 and Epal (r) 810 (Affon); Ljnevol(r? 79, Linevolér@ 911 and
Neodol (r) 25iEo@EStaeion)atonms Ry aadi Br #re saghiinderandentlydwerogent #1439 9UR Ypes ( Cogni s) ;
Acropol (1) 3Re RRHuEXSGOR! ih whkh 1P is(Hregen &haraleayelp hikedgecoio@ ) 2465 (Kao

Chem cal s). Among the ethylenically unsaturated ester conpounds, the
(met h) acryl FPEONA®SDarticularly preferred over the mal eates and fumarates,
i.e. R2, R3, R5, R6, R8 and R9 of the forrmulae (1), (lI1) and (lI1l) are each

hydrogen in part r red enbodi ments. The weight ratio of
ester nonone xgmg*egtéhggr#%)rn%r&@'rﬁﬁ% to the ester nononers of the fornula

(111) may bemsidrryiates, iimiarateaage mateaies whichsletdye e satu@indARGReIS: of t he
formula (11) ' haGvida. SR RRRhRESERe, nthrédye(nidh htef adi cal to the
25 ester con%%hggegﬁyﬁﬁg)f% mul aﬁ:gpﬁl ))%V\ﬁi ch k?asyd%:é]lg)@@g?go carbon atons in
“the al cohol iseropY|(mets)ageviate nAwiK) (Methlakiate, iRgP U colafe antl 30 nor e
prefer ab! Yy igenlynendtiRBgflafel RéRy l@ieln)ddyldte3, ejspeci ally preferably 5:1 to 1:1.
I additi on, o e TSRy K SR af §loidBbateRacfie 190BRLGH SegTents may

(meth)acrylate;

(meth)acrylates which derive from unsaturated alcohols, such as 2-propynyl

(meth)acrylate, allyl (meth)actylate and vinyl (meth)acrylate.

15 The compositions to be polymerized to prepare the nonpolar segments P
preferably contain 5 to 100% by weight, preferably 10 to 98% by weight and
especially preferably 20 to 95% by weight of one or more ethylenically
unsaturated ester compounds of the formula (II})

R

6

R5 O

in which R is hydrogen or methyl, R* is a linear or branched alkyl radical having
20 7 to 15 carbon atoms, R® and R® are each independently hydrogen or a group
of the formula -COOR” in which R" is hydrogen or an atkyl group having 7 to 15

carbon atoms.

Examples of component (ll) include:
25  (meth)acrylates, fumarates and maleates which derive from saturated alcohols,
such as 2-ethylhexy! (meth)acrylate, heptyl (meth)acrylate, 2-teri-butylheptyl



WO 2009/ 019065PCT/ EP2008/ 057828 15 conpri se ethyl enically unsaturated
nononmer s whi ch can be copol ynerized with the ethylenically unsaturated
ester conpounds of the forrmulae (1), (1l1) and/or (lI1l1). 5 Particularly
sui tabl e conononers for polymerization according to the present invention
are those which correspond to the fornmula: in which R1* and Rr are each
i ndependently selected fromthe group consisting io of hydrogen, hal ogens,
ON, linear or branched al kyl groups having 1 to 20, preferably 1 to 6 and
nore preferably 1 to 4 carbon atons, which may be substituted by 1 to
(2n+1) hal ogwo 2000089068here n i s the number of caPB3MFP2PRRHR57EREt he al kyl
group (for exanple CF3), a43-unsaturaked |linear or branched al kenyl or
al kynyl groups having 2 to 10, preferably 2 to 6 and nore preferably 15 2
to 4 carbon atons, which may be substituted by 1 to (2n-1) hal ogen atons,
preferably chlorine, where n is the nunber of car&?n fi\toms @f t he al kyl
group, for efeipaesylappestt{methiagrylate BrispPrapyheRy (REIVaRY'Ae+ B8 car bon at ons,
mi ch may be(hnﬁtﬂ)ﬁ '|5t@:tc%fé;ylhhe@)édﬁylét&ﬂmaé?ﬂn@:l]ellg)amyllateomethLmﬂmyabIzz chl ori ne,
ere n is the nunber car bop, at pus .0 ;
C(=Y*) NRG1Fi (ﬂeth}‘ﬂ‘tﬁ'(@?*‘;%ﬁ‘iﬁ (@6&?‘?%%3%@'5“%%@%%&@%5%3@ PR5* 2,
P(=Y*) R5* 2, (hctfaciate)s-Rethyljdeby 2methREd/Rtatdtrsldesphimaeiipagilateer ni zed with an
addi ti onal cyclyl group, where y* nay be NW, S or O,
pref erabl ¥ @en@g&}lgﬂéﬂﬂg{yﬁa&? group having 1 to 20 carbon atons, an
al kyl t hi o haimetiyaaylates wich detiusriroat mﬁgturmgécmi%fqrgxmﬂ‘? 8§¥n or an al kali
metal ), al koyyetRRerfhtel t0 20 carbon atoms, aryloxy or heterocyclyloxy; Rr
and R7* are each 1 nhdependently hydrogen or an al kyl gr.o having 1 to 20
car bon atoms?yCB?'kﬁé@““i@%%@ﬁ@s‘%ﬁ%@%%@@ﬁ“fE%érr’@ R toget her
may form an @ldmjb@ngtegimnithe bavdspondihg fomdratascandmedfleatesbl y 2 to 5 carbon
atons, in which case they forma 3- to 8-nenbered and preferably 3- to

6- member €l ring, and R8* is hydrogen, I'inear or branched alkyl or aryl
groups havi nig aidition, péefereadonencmes nempdaitiRns fon greRarngdhe nei@idpendent | y sel ect ed

fromthe gro j S f I [ Rlelgnt,| uori ne or
9 %%/rrfeﬂ@%i é&rﬁsﬂﬁe 8o gaﬁ,!i b?g.%g)ht, ba@as) 0 61R6 86BLFNeyh

chlorine), a grou avin ) carbon atons 209 CCIR%* fi n whi ch R3*
i s hydr ogen, mai¢ rgfrigbly 2 PR Ryrweight andPStaFeiergoii U9 €°ny”5"g bcar bon at ons,
or Rrand R §Q08ties ofifEnibaly Tndat@a@dRsRf coriigounds otthaiop@i@)IH) which may be

substituted by 1 to 2n" hal ogen atonms or G to C4 al kyl groups, or formthe

formula C(=0)-Y*-C(=0) where n' is® to 6, preferably 3 or 4, and Y* is as
defi ned above; and where at | t of gH¥e R1*, Rr, R3* and % radi cals are
hydr ogen or hal ogen.
R8 O
15 in which R is hydrogen or methyl, R is a linear or branched alkyl radical having

16 to 40, preferably 16 to 30, carbon atoms, R® and R® are each independently

hydrogen or a group of the formula -COOR’™ in which R™ is hydrogen or an

alkyl group having 16 to 40, preferably 16 to 30, carbon atoms.

20 Examples of component (ll) include (meth)acrylates which derive from
saturated alcohols, such as hexadecyl (meth)acrylate, 2-methylhexadecyl
(meth)acrylate, heptadecyl (meth)acrylate, 5-isopropylheptadecyi
(meth)acrylate, 4-tert-butyloctadecy! (meth)acrylate, 5-ethyloctadecyl
(meth)acrylate, 3-isopropyloctadecyl (meth)acrylate, octadecyl (meth)acrylate,

25 nonadecyl (meth)acrylate, eicosyl (meth)acrylate, cetyleicosyl {meth)acrylate,

stearyleicosyl (meth)acrylate, docosyl {meth)acrylate and/or



The preferred conononers include 15vinyl halides, for exanple vinyl
chloride, vinyl fluoride, vinylidene chloride and vinylidene fluoride;
styrene, substituted styrenes having an al kyl substituent in the side
chain, for exanple a-nethylstyrene and a-ethylstyrene, substituted styrenes
havi ng an al kyl substituent on the ring, such as vinyltoluene and
p-met hyl styrene, 20 hal ogenated styrenes, for exanple monochl orostyrenes,

di chl orostyrenes, tribronostyrenes and tetrabronostyrenes; vinyl and

i soprenyl ethers; maleic acid and nmaleic acid derivatives different from

t hose nmenti AMO®00%AEI0661), (11) and (I111), for exBEHEE20RFQG7828nhydri de,

met hyl mal ei ¢ anhydri de, 25 nal ei m de,j4met hyl mal ei m de; funmaric acid and
fumaric acid derivatives different fromthose nentioned under (1), (Il1) and
(I'1r). I'n addition, nonomer m xtures for preparing the nonpolar segnents
may WO 2009/ 019065PCT/ EP2008/ 057828 17 conpri se di spersing nononers. The
proportion dlicosyipaEAeaNy! (methlaaidieably 0 to 50% by wei ght, nore preferably

'([)hl to 4g% b?rclwﬁkﬂhﬁetﬁ)l&drymtsum & enghtiy-bOyEs-vioyidfmbyl wei ght, 5 based on
e veight of i IR UE] sGOROS bl (RAi§RaYL{AY the nonpol ar segment P.

and the corresponding fumarates and maleates.

The ester compounds with a long-chain alcohol radical, especially components
(I1) and (111}, can be obtained, for example, by reacting (meth)acrylates,
fumarates, maleates and/or the corresponding acids with long-chain fatty
alcohols, which generally gives a mixture of esters, for example (meth)acrylates
10 with different long-chain alcohol radicals. These fatty alcohols include Oxo
Alcohol® 7911, Oxo Alcohol® 7900, Oxo Alcohol® 1100; Alfol® 610, Alfol®
810, Lial® 125 and Nafol® types (Sasol); Alphanol® 79 (ICl); Epal® 610 and
Epal® 810 (Afton); Linevol® 79, Linevol® 911 and Necdol® 25E (Sheli);
Dehydad®, Hydrenol® and Lorol® types (Cognis); Acropol® 35 and Exxal® 10
15 (Exxon Chemicals); Kalcol® 2465 (Kao Chemicals).

Among the ethylenically unsaturated ester compounds, the (meth)acrylates are
particularly preferred over the maleates and fumarates, i.e. R2, R3, R5, R6, R8
and R9 of the formulae (1), (1) and (1ll) are each hydrogen in particularly

20 preferred embodiments.

The weight ratio of ester monomers of the formula (1) to the ester monomers
of the formula (I1l) may be within a wide range. The ratio of ester compounds of
the formula {I1) which have 7 to 15 carbon atoms in the alcohol radical to the

25  ester compounds of the formula (H1) which have 16 to 40 carbon atoms in the
alcohol radical is preferably in the range from 50:1 to 1:30, more preferably in
the range from 10:1 to 1:3, especially preferably 5:1 to 1:1.

In addition, the monomer mixture for preparing the nonpolar segments may



In addition to the nonpol ar segnent P, a polynmer usable in accordance with
the invention conprises at |east one polar segnent D which conprises repeat
units 10 derived from di spersing nonomers. Di spersing nononers have been
used for sone tine for functionalizing polyneric additives in |ubricant
oils, and are therefore known to those skilled in the art (cf. R M Mbnier,
S.T. Oszulik (eds.): "Chem stry and Technol ogy of 15 Lubricants", Bl ackie
Academi c & Professional, London, 2nd ed. 1997). Appropriately, it is

possi ble to use especially heterocyclic vinyl conpounds and/ or

et hyl eni cal | woaooawaseased, pol ar ester conpounds ®CTER200GPHIE2E (1V)

R12\ kyxR10(1V) R11 O in which Ris hygdrogen or nethyl, Xis oxygen, sulfur
or an amno group of the formula -NH or -NRa- in which Ra is an al kyl

radi cal having 1 to 40 and 20 preferably 1 to 4 carbon atons, Rl is a

radi cal which conprises 2 to 1000, especially 2 to 100 and BreLerany 2to
20 carbon at enmprigs athiigaically upeaiurpied fRONRECE WHEHAN BSrcePRERIZFY Mt east ~ t wo

het er oat ons, hWRitgReichlingsitra@aicditdr astapainde bi thy idimdie ggriliaindar gr oup of the
formula -COX.RI' in which X is oxygen or an am no group of the fornula

N+ or -NRain which Rais an al kyl 25 radical having 1 to 40 and
preferably 1 to 4 carbon atons, and R10' is a radical WO

2009/ 019065R &l&’iﬁ&%ﬁﬁ%ﬁ%a n&ﬁ\efsqg@{cjlyz‘liemgat%ntagcérgigg tth&hREaRl y 1 to 30 and

nor e pref%ra y rbon atons, i spersing nonohers. The
expression "inmti@lalafedWrW"@Jhr@f@Sm@d1‘0‘09*@%‘5@n" denotes radicals of 5
organi ¢ conpounds having 2 to 1000 carbon atons. Simlar definitions apply
for corresponding terns. It enconpasses aronatic and heteroaromatic groups,

and al kyl, cycloal kyl, al koxy, Ré§cl oXoxy, al kenyl, al kanoyl,

al koxycar bonyl groups, and also h oal i phatic groups. The groups
mentioned may be branched or ugh¥#anc . I'n addition, these groups may have
customary substituents.

in which R" and R? are each independently selected from the group consisting

10 of hydrogen, halogens, CN, linear or branched alkyl groups having 1 to 20,
preferably 1 to 6 and more preferably 1 to 4 carbon atoms, which may be
substituted by 1 to (2n+1) halogen atoms, where n is the number of carbon
atoms of the alkyl group (for example CF3), «,B-unsaturated linear or branched
alkenyl or alkynyl groups having 2 to 10, preferably 2 to 6 and more preferably

15 2 to 4 carbon atoms, which may be substituted by 1 to (2n-1) halogen atoms,
preferably chlorine, where n is the number of carbon atoms of the alkyl group,
for example CH»=CCl-, cycloalkyl groups having 3 to 8 carbon atoms, which
may be substituted by 1 to (2n-1) halogen atoms, preferably chlorine, where n
is the number of carbon atoms of the cycloalkyl group; C(=Y")R",

20 CEYINRYR”, Y'C(=Y)R®, SOR¥, SO:R”, 0SO:R*, NR¥SO:R", PR”>,
P(=Y)R%,, YPR%,, Y'P(=Y)R" 2 NR®, which may be quaternized with an
additional R¥, aryl or heterocyclyl group, where Y" may be NR¥, S or O,
preferably O; R™ is an alkyl group having 1 to 20 carbon atoms, an alkylthio
having 1 to 20 carbon atoms, OR'® (R' is hydrogen or an alkali metal), alkoxy

25 of 1 to 20 carbon atoms, aryloxy or heterocyclyloxy; R® and R” are each
independently hydrogen or an alkyl group having 1 to 20 carbon atoms, or R®



10 Substituents are, for exanple, linear and branched al kyl groups having 1
to 6 carbon atons, for exanple nethyl, ethyl, propyl, butyl, pentyl,
2-met hyl butyl or hexyl; cycl oal kyl groups, for exanple cycl opentyl and

cycl ohexyl; aromatic groups such as phenyl or naphthyl; am no groups,

hydr oxyl groups, ether groups, ester groups and halides. 15 According to
the invention, aromatic groups denote radicals of nono- or polycyclic
aromati c conpounds having preferably 6 to 20 and especially 6 to 12 carbon
atons. Heteroaromatic groups denote aryl radicals in which at | east one CH
group has bawo 20ep0tepéd by N and/or at |east two BEJ/EP2MB/ASABYF oups have 20
been replaced by S, NH or O, heteroaggmatic groups having 3 to 19 carbon
atons. Aromatic or heteroaromatic groups preferred in accordance with the
invention derive from benzene, napht hal ene, blphenyl di phenyl ether,

di phenyl nmet hane,. 25 di phenyl di met hyl net hane, sphenon henyl sulfone
t hi ophene, fand&h, toggiier Ghay, fofhanglipliene asupaviag 2| ?rP&HQBT geraqqség{chl azol e,

ilsgx 220|he drsyda&l?dﬁlaﬁ‘olmsluﬁmcmmdr@%m a g, tEBdh@hlﬁwdﬂid [Betérablyedi azol e,
t ni adi azol e (0] LI
1,2, 5-tri phdn§foembered ing; %r}‘losez s hi’dr?gﬁ” 35&% %P%heﬁfw‘éd, é{-abﬁﬁ%gﬁ%zol e,

1, 2, 4-tri azolaeing 1 1@2Bedrboreatone;, 1, 2, 3, 4-tetrazol e,

L R

benzoxazol e, benzot hi azol e,
benzi nmi dazolhalogbe fpréferaRblgprine %éﬁ@ﬁl%taﬂwh%vré haywgdp6caden e,

benzot hi adi agghLandEOBAY il wEieh RS |sdhylaﬁi@éﬁ>famraa{a,h nﬁhtél@ﬂazoalhyl gmhpne, carbazol e,

pyrldlne bi pyri di ne razi ne, 5di ne |da2|ne
1,3,5-tri amﬁ?é'"git‘?“ql‘:%)g‘i"h%tf’ﬁé’ or éﬂs W%%“ﬁaéf“’%? group ﬁ%’{h qui nol i ne,
i soqw nol i ngornfitd (mmé)a,lwm mmmb@titmtaeby t k2o halngen dior8s oa@Hoyr i di ne,

1, 5- ht hyr i d thyr i.dh i | azi ne,
o7 dopy?t malvhaSusprTRER PRI G Co G AIRRI I 2 %epfe"%";i Meine,

di phenyl et rBawr4 and Mrlaeed@lnetbem\@pw\m®e abjeast 8,chiei thlﬁaZB
benzoxadi az dgggégﬂ%mrgbﬁg”uﬂ%égenzopyra2|ne benzopyr azi di ne,

benzopyri m di ne enzot’riazine, indolizine, pyridopyridine,
i m dazopyrim di ne, pyrazi nopyrim dine, carbazole, aciridine, phenazine,
benzoqui nol i1, prétbeseeRonB@ersiiudet hi azi ne, acri di zi ne,

15 vinyl halides, for example vinyl chloride, vinyl fluoride, vinylidene chloride and
vinylidene fluoride,
styrene, substituted styrenes having an alkyl substituent in the side chain, for
example a-methylstyrene and o-ethylstyrene, substituted styrenes having an
alkyl substituent on the ring, such as vinyltoluene and p-methylstyrene,

20 halogenated styrenes, for example monochlorostyrenes, dichlorostyrenes,
tribromostyrenes and tetrabromostyrenes;
vinyl and isoprenyl ethers;
maleic acid and maleic acid derivatives different from those mentioned under
(), (I} and (11), for example maleic anhydride, methylmaieic anhydride,

25 maleimide, methylmaleimide;
fumaric acid and fumaric acid derivatives different from those mentioned under
(1, (1) and ().

in addition, monomer mixtures for preparing the nonpolar segments may



benzopt eri di ne, phenanthroline and phenant hrene, each of which may al so
optionally be substituted. 15 The preferred al kyl groups include the
nmet hyl , ethyl, propyl, isopropyl, 1-butyl, 2-butyl, 2-methyl propyl,
tert-butyl radical, pentyl, 2-methylbutyl, 1,1-dinethylpropyl, hexyl,
heptyl, octyl, 1,1,3,3-tetramethyl butyl, nonyl, 1-decyl, 2-decyl, undecyl,
dodecyl, pentadecyl and the eicosyl group. 20 The preferred cycl oal kyl
groups include the cyclopropyl, cyclobutyl, cyclopentyl, cycl ohexyl,
cycl oheptyl and the cycl ooctyl group, each of which is optionally
subst it ut ed wtbodotaeesed or unbranched al kyl gr oR@EEP2M8105E82 ef er r ed
al kanoyl groups include the fornyl, agetyl, propionyl, 2-methyl propionyl,
butyryl, valeroyl, pivaloyl, hexanoyl, decanoyl and the dodecanoyl group.
The preferred al koxycarbonyl groups include the nmethoxycarbonyl, WO
20091019065PCT1EP20081057828 20 et hoxycar bonyl, propoxycarbonyl,
but oxycar borepmprisecdisperRindoRGTHBHNY| , hexyl oxycar bonyl ,
2- met hyl hexyl oxycar bonyl , decyl oxycarbonyl or dodecyl oxycarbonyl group. 5
The preferred al kox roups incl.ude, al ko ~OUpS,_who hydr ocar bon radi cal
i s one of tﬁé‘e&’f‘?ﬂog%ﬁgﬂ ?%'Eclé’l?mﬁfséf 8@%"@@?5’852%@4‘]‘ %ﬁree preferred
cycl oal koxy pgferaply 0iinel40tebyoyatgtn ahdmest preferaply Ovihio £8%Hydvaighhr bon radi cal is
one of the afor [ eferred

aRr T R REQ e rBROrFR SE oA, prlier g nErColly

het er oat ofrs i cal 1nclude oxygen, nitrogen,
sul fur, boreagmsmtiR.con and phosphorus, preference being given to oxygen and
ni trogen. The RI radical conprises at |east one, preferably at | east

two, preferentially at 15l east three, heteroatons. ,
P In additionyto the nonpolar segment P, a poﬁrmer usab?e in‘accordance with the

invention comprises at least one polar segment D which comprises repeat units

10 derived from dispersing monomers.

Dispersing monomers have been used for some time for functionalizing
polymeric additives in lubricant oils, and are therefore known to those skilled in
the art {cf. R.M. Mortier, S.T. Orszulik (eds.): "Chemistry and Technology of

15 Lubricants", Blackie Academic & Professicnal, London, 2" ed. 1997).
Appropriately, it is possible to use especially heterocyclic vinyl compounds
and/or ethylenically unsaturated, polar ester compounds of the formula (V)

R
R12 10
WXR (IV)
Rll 0

in which R is hydrogen or methyl, X is oxygen, sulfur or an amino group of the
formula -NH- or —-NR?- in which R? is an alky! radica! having 1 to 40 and

20 preferably 1 to 4 carbon atoms, R’ is a radical which comprises 2 to 1000,
especially 2 to 100 and preferably 2 to 20 carbon atoms and has at least one
heteroatom, preferably at least two heteroatoms, R*' and R'? are each
independently hydrogen or a group of the formula —COX'R'? in which X' is
oxygen or an amino group of the formula -NH- or —NR®- in which R¥ is an alkyl

26 radical having 1 to 40 and preferably 1 to 4 carbon atoms, and R' is a radical



The RI radical in ester conpounds of the forrmula (I1V) preferabl
| east 2 different heteroatons. In this case, the Fil radical in at |east
one of the ester conpounds of the formula (1V) nmay conprise at
nitrogen atomand at 20 | east one oxygen atom Exanples of ethylenically
unsat urated, polar ester conpounds of the formula (I1V) include
(met h)acryl ates, am noal kyl (nmeth)acryl am des, hydroxyal kyl
(meth)acryl ates, heterocyclic (neth)acryl ates and/ or carbonyl -
(meth)acryl ates. The hydroxyal kyl (meth)acryl ates include 2-hydroxypropyl
(et h) acryl aye,20089/¢tab6Bydr oxybut yl (et h) acryl at ePCT/AAPR008/057828
2009/ 019065PCT/ EP2008/ 057828 21 2- hydgoxyethyl (neth)acrylate,

3- hydr oxypr opyl

y has at
| east one
am noal kyl

25cont ai ni ng

(meth)acrylate, 2,5-drnmethyl-1, 6-hexanediol (neth)acrylate

and 1, 10-decanedi ol (neth)acrylate. 5 Appr opri ate carbonyl - cont ai ni ng
(et h) acryl ates include, for exanple, 2-carboxy etyr;‘)élE §rreth acryl ate,
%

car boxymet hydomprisioh} tctops ereterabiix hcid Wﬁ@qrﬁpmralzl
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20

25

SERAMNt e

atoms, as dispersing monomers.

The expression "radical comprising 2 to- 1000 carbon” denotes radicals of
organic compounds having 2 to 1000 carbon atoms. Similar definitions apply for
corresponding terms. It encompasses aromatic and heteroaromatic groups, and
alkyl, cycloalkyl, alkoxy, cycloalkoxy, alkenyl, alkanoyt, alkoxycarbonyl groups,
and also heteroaliphatic groups. The groups mentioned may be branched or
unbranched. In addition, these groups may have customary substituents.
Substituents are, for example, linear and branched alky! groups having 1to 6
carbon atoms, for example methyl, ethyl, propyl, butyl, pentyl, 2-methylbutyl or
hexyl; cycloalkyl groups, for example cyclopentyl and 'cyclohexyl; aromatic
groups such as phenyl or naphthyi; amino groups, hydroxyl groups, ether
groups, ester groups and halides.

According to the invention, aromatic groups denote radicals of mono- or
polycyclic aromatic compounds having preferably 6 to 20 and especially 6 to 12
carbon atoms. Hetercaromatic groups denote aryl radicals in which at least one
CH group has been replaced by N and/or at least two adjacent CH groups have
been replaced by S, NH or O, heteroaromatic groups having 3 to 19 carbon

atoms.

Aromatic or heteroaromatic groups preferred in accordance with the invention
derive from benzene, naphthalene, biphenyl, diphenyl ether, diphenylmethane,
diphenyldimethylmethane, bisphenone, diphenyl sulfone, thiophene, furan,
pyrrole, thiazole, oxazole, imidazole, isothiazole, isoxazole, pyrazole, 1,3,4-oxa-
diazole, 2,5-diphenyl-1,3,4-oxadiazole, 1,3,4-thiadiazole, 1 ,3,4-triazole,
2,5-diphenyi-1,3,4-triazole, 1,2,5-triphenyl-1 ,3,4-triazole, 1,2,4-oxadiazole,
1,2,4-thiadiazole, 1,2,4-triazole, 1,2,3-triazole, 1 ,2,3,4-tetrazole,



N- (et hacryl oyl oxy) f or mam de, acetonyl (neth)acrylate,

nono- 2- (et h) acryl oyl oxyet hyl succinate, N-(neth)acryl oyl norpholine,

N- (et h) acryl oyl- 2-pyrrolidinone,

15N- (2- (et h) acryl oyl oxyet hyl ) - 2- pyrrol i di none,

N- (3- (et h) acryl oyl oxypropyl)-2-pyrrolidinone,

N- (2- (et h) acryl oyl oxypent adecyl ) - 2- PYrrol i di none,

N- (3- (et h) acryl oyl oxyhept adecyl ) - 2- pyrrol i di none and

N- (2- (et h) acryl oyl oxyet hyl ) et hyl eneurea. 20 2- Acet oacet oxyet hyl

(et h) acr yl awe 2doe/oheassr ocyclic (meth)acryl ates i RET{FFE008/057828
2-(1-imdazolyl)ethyl (meth)acrylate,g2-(4-norpholinyl)ethyl (neth)acrylate
and 1 -(2-(meth)acryl oyl oxyethyl)-2-pyrrolidone. 25 O particular interest
are additionally am noal kyl (nmeth)acryl ates and am noal kyl
(meth)acryl atam des, for exanpl e di methyl ani nopropyl t h) acryl at e,

di met hyl ami neatizefbikenhependengailiujanaingole, Wﬁeﬁw%‘f%@s%}fﬁ 08/ 057828 22

isoindole, benzoxazole, benzothiazole, benzimidazole, benzisoxazole,
benzisothiazole, benzopyrazole, benzothiadiazole, benzotriazole, dibenzofuran,
dibenzothiophene, carbazole, pyridine, bipyridine, pyrazine, pyrazole, pyrimi-

5 dine, pyridazine, 1,3,5-triazine, 1,2, 4-triazine, 1,2,4,5-triazine, tetrazine,
quinoline, isoquinoline, quinoxaline, quinazoline, cinnoline, 1,8-naphthyridine,
1,5-naphthyridine, 1,6-naphthyridine, 1,7-naphthyridine, phthalazine, pyrido-
pyrimidine, purine, pteridine or quinolizine, 4H-quinolizine, diphenyl ether,
anthracene, benzopyrrole, benzoxathiadiazole, benzoxadiazole, benzapyridine,

10 benzopyrazine, benzopyrazidine, benzopyrimidine, benzotriazine, indolizine,
pyridopyridine, imidazopyrimidine, pyrazinopyrimidine, carbazole, aciridine,
phenazine, benzoquinoline, phenoxazine, phenothiazine, acridizine,
benzopteridine, phenanthroline and phenanthrene, each of which may also
optionally be substituted.

15
The preferred alkyl groups include the methyl, ethyl, propyl, isopropyl, 1-butyl,
2-butyl, 2-methylpropyl, tert-butyl radical, pentyl, 2-methylbutyl,
1,1-dimethylpropyl, hexyl, heptyl, octyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-decyl,
2-decyl, undecyl, dodecyl, pentadecyt and the eicosyl group.

20
The preferred cycloalkyl groups include the cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and the cyclooctyl group, each of which is optionally
substituted with branched or unbranched alkyl groups.

25  The preferred alkanoy! groups include the formyl, acetyl, propionyl,
2-methylpropionyl, butyryl, valeroyl, pivaloyi, hexanoyl, decanoyl and the

dodecanoyl group.

The preferred alkoxycarbonyl groups inciude the methoxycarbonyl,



di met hyl am noet hyl (neth)acryl ate, di nethyl am nopropyl (neth)acryl am de,
3-di et hyl am nopentyl (neth)acrylate and 3-di butyl am nohexadecyl
(meth)acrylate. 5 In addition, it is possible to use phosphorus-, boron-
and/or silicon-containing (nmeth)acrylates to prepare the polar segnents D,
such as 2-(di net hyl phosphat o) propyl (neth)acryl ate,

2- (et hyl enephosphi t o) propyl (nmeth)acrylate, 11:1di nmethyl phosphi nonet hyl
(meth)acryl ate, dinethyl phosphonoet hyl (neth)acrylate,

di et hyl (nmet h) acryl oyl phosphonat e, dipropyl (nmeth)acryl oyl phosphate,

2- (di but yl phyexdeogiojeassy| (nmet h)acryl ate, 2, 3- but PCEEERPAR/GH782F v oyl et hyl
borate, 15methyl di et hoxy(neth)acryl oyhet hoxysilane, diethyl phosphatoethyl
(meth)acrylate. The preferred heterocyclic vinyl conpounds include

2-vinyl pyridine, 3- vinylpyridine, 2-nethyl-5-vinylpyridine,

3-ethyl -4-vinyl pyridine, 2,3 dinmethyl-5- 20vinyl pyridine, vinylpyrimdine,
vi nyl pi peri oﬁtrrrre:ycagbqnyhpmawsa@@myé,bUéxmﬁFﬂﬂn&'aﬁeﬂePygqxé?anﬂ"\v‘i nyl car bazol e,

1-vinyli m dageligxychib¥hyn Yl héthfRagloRycarbofiff duthiodycuibbnyl bnddiazyH e,
N-vi nyl pyrrolidone, 2-vinylpyrrolidone, N-vinylpyrrolidine,

3- vi nyl pyr r SPYERABROYIGOYR- ny| caprol actam N vi nyl but yrol actam vi nyl oxol ane,
vi nyl furan, vinylthiophene, vinylthiolane, vinylthiazoles and hydrogenated

vi nyl t hi azol Ise,rPégfgrré/& g\xéxgéﬁoéﬁ%§§N§€?Iﬁ%8%§%599hwfwlﬂma¢s’ particul ar

preferenc® b Iven J e and N-vinylpyrrolidone for
f unct i onal i Zabroef.thahierementoneddrefened dledgrgbes/e can be used individually or

as a M Xt Ur €ppe preferred cycloalkoxy groups include cycloalkoxy groups whose
hydrocarbon radical is one of the aforementioned preferred cycloalkyl groups.

10 The preferred heteroatoms which are present in the R radical include oxygen,
nitrogen, sulfur, boron, silicon and phosphorus, preference being given to

oxygen and nitrogen.

The R'° radical comprises at least one, preferably at least two, preferentially at

15 least three, heteroatoms.

The R radical in ester compounds of the formula (IV) preferably has at least 2
different heteroatoms. In this case, the R'® radical in at least one of the ester
compounds of the formula (IV) may comprise at least one nitrogen atom and at

20 [least one oxygen atom.

Examples of ethylenically unsaturated, polar ester compounds of the formula
(IV) include aminoalkyl (meth)acrylates, aminoalkyl (meth)acrylamides,
hydroxyalkyl (meth)acrylates, heterocyclic (meth)acrylates and/or carbonyi-

25 containing (meth}acrylaies.

The hydroxyalky! (meth)acrylates include
2-hydroxypropyl {meth)acrylate,
3,4-dihydroxybutyl (meth)acrylate,



WO 2009/ 019065PCT/ EP2008/ 057828 23 O particular interest are especially
pol ymers which conprise ester groups and are obtai ned using 2-hydroxypropyl
nmet hacryl ate, 2-hydroxyethyl nethacrylate, nono-2-nethacryl Oyl oxyet hyl
succi nate, N-(2-nethacryl oyl oxyethyl) ethyl eneurea, 2-acetoacetoxyethyl

met hacryl ate, 2-(4-norpholinyl)ethyl nethacrylate, 5 dinethylam nodiglycol
nmet hacryl ate, di nmet hyl am noet hyl nethacryl ate and/ or

di met hyl am nopr opyl met hacryl ani de. In addition to the dispersing mononers,
a conposition for preparing the polar segments may al so conprise

non- di sper siWWQ 2009019065 whi ch have been 10 det ai | BETA&P80R8/05F8e&e i ncl ude
especi al |y ethylenically unsaturatedggster conpounds of the formlae (1),
(1) and/or (I'll). O particular interest are especially polyneric

addi tives having a polar segnment D which conprises at |east 3 and
preferably at least 5 units derived from 15 nononers of the formula (I1V)
and/ or fr omaexcepxyeipdi(methiacpdate.conpounds, which are bonded directly to one

anot her . r&@br‘oaﬁl%é’m akh@@/\ﬂl ght ratio of the hydrophobic segnents to
t he pol ar sezg é g% ran efr m 100:1 to 1:1, nore preferably
in the rang @S'“Teiﬂb’h dmeiar{e metyn pr eferably in the range from 10:1

to 4:1. The 1, engédanediolt{ihethiacddasphobi c and pol ar segnents may vary within
wi de ranges. The nonpol ar segnents P preferably possess a weight-average
degree of° pol ynmerization of at |east 10, especially at |east 40. The

wei ght - aver AppraBiatagrhoaylsonigvingrimeinasriiaes peiuder frigr@PIphobi ¢ segnents is

preferably '?cérﬁ&yéiﬂﬂﬁﬁe%é&@la@@ to 5000, especially from50 to 2000. The
proportion of dispersing repeat units, based on the weight of the polyners

conpri si ng é@f@xy'ﬂ?tbﬂé@eth?¥wﬁﬁ"ef erably in the range from0.5% by wei ght to
20% oxazolidinylethyl {meth)acrylate,

10 N-{methacryloyloxy)formamide,
acetonyl {meth)acrylate,
mono-2-{meth)acryloyloxyethyl succinate,
N-(meth)acryloyimorpholine,
N-(meth)acryloyi-2-pytrolidinone,

15 N-(2-(meth)acryloyloxyethyl)-2-pyrrolidinone,
N-(3-(meth)acryloyloxypropyl)-2-pymrolidinone,
N-(2-(meth)acryloyloxypentadecyl)-2-pyrrolidinone,
N-{3-(meth)acryloyloxyheptadecyl)-2-pyrrolidinone and
N-(2-(meth)acryloyloxyethyl)ethyleneurea.

20 2-Acetoacetoxyethyl (meth)acrylate

The heterocyclic {meth)acrylates include
2-(1-imidazolyl)ethyl (meth)acrylate, 2-{4-morpholinyl)ethyl (meth)acrylate and
1-(2-(meth)acryloyioxyethyl)-2-pyrrolidone.
25
Of particular interest are additionally aminoalkyl {meth)acrylates and aminoalkyl
(meth)acrylatamides, for example
dimethylaminopropyl (meth)acrylate,
dimethyiaminodiglykol (meth)acrylate,



WO 2009/ 019065PCT/ EP20081057828 24 by wei ght, nore preferably in the range
from1l 5%by weight to 15% by wei ght and nost preferably in the range from
2.5% by weight to 10% by weight. At the sane tine, these repeat units
preferably forma segnent-like structure within the polynmer conprising
ester groups, such that preferably at |east 70% by 5 weight, nore
preferably at |east 80% by wei ght, based on the total weight of the

di spersing repeat units, are part of a polar segnent D. The present

i nvention describes polymnmers which preferably have a high oil solubility.
The term "oiwo20babiggesmeans that a m xture of a BEEFEP8VIS/RHRTE2H 10 pol yner
conprising ester groups is preparabl g,W thout macroscopi ¢ phase formation,
whi ch has at |east 0.1% by weight, preferably at |east 0.5% by weight, of
the pol yners. The polynmer may be present in dispersed and/or dissolved form
in this mxture. The oil solubility depends especially on the proportion of
t he |i pophi |dirgetbylarainesihyl foethiagvé¥e:t he base oil. This property is 15 known
to those skidih@fyihminbpepdiietidBstyigmiebe adj usted readily for the particul ar
base oil via the gr_opor?l Zl‘rnle\fﬁf '\ago hjlic mononmers. OF particular interest,
anong ot her s-JigP¥amEPoTRlY j3cH Ebgﬂﬁiri se ester groups and preferably have
a wei ght - aves-gipaylaminesedadsecyheneagiybcrivite. i n t he range from 20 7500 to 1 000
000 g/ m)lé nore preferably 10 000 to 600 000 g/ nol and nost preferably 15
000 to 80" 000 g/ mol. The nunber-average nol ecul ar wei ght kiln may

pref erably e afditiarhi ispossiblefte osa BOSRhares-3OPOE0A/GY SHEPN-CHBRBINGr ef er abl y 7500

to 500 000 gf s Rreghre MeRbRF 88YnenklD A06h 56 80 000 g/l .

Addi tional |y appropriate are pol gmers whi ch conprise ester groups and whose
pol ydi sper si&-{@imeiadshogpiatgriopylimeiiacialtige from1 to 5, nore preferably in
t he range frgogl IeRBproapiito)pfbisyi (muthacrylateer age and wei ght - aver age nol ecul ar
WO 2009/ 0190 eP /Ep i ghts can be determ ned by known

P20081057828,, 25
processes? fUP %BWEP@“&'B?‘EYJ‘S?’ﬁ@WﬁG’chronat ogr aphy (GPO).
dimethylphosphonoethyl (meth)acrylate,

diethyl(meth}acryloyl phosphonate,
dipropyl(meth)acryloyl phosphate, 2-(dibutylphosphono)ethyl (meth)acrylate,
2,3-butylene(meth)acryloylethyl borate,
15 methyldiethoxy(meth)acryloylethoxysilane,
diethylphosphatoethyl (meth)acryiate.

The preferred heterocyclic vinyl compounds include 2-vinylpyridine, 3-
vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3 dimethyl-5-

20 vinylpyridine, vinylpyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinylcarbazole,
4-vinylcarbazole, 1-vinylimidazole, N-vinylimidazole, 2-methyl-1-vinylimidazole,
N-vinylpyrrolidone, 2-vinylpyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyro!actam, vinyloxolane, vinylfuran,
vinylthiophene, vinylthiolane, vinylthiazoles and hydrogenated vinylthiazoles,

25 vinyloxazoles and hydrogenated vinyloxazoles, particular preference being
given to using N-vinylimidazole and N-vinylpyrrolidone for functionalization.

The monomers detailed above can be used individually or as a mixture.



The pol yner conprising ester groups nmay have a variety of structures. For 5
exanpl e, the polyner may be present as a diblock, triblock, multiblock,
conb and/ or star copol yner which has correspondi ng pol ar and nonpol ar
segnents. In addition, the polymer may especially be present as a graft
copol ymer. The polyners conprising ester groups for use in accordance with
the invention io can be obtained in various ways. It is essential that at

| east one nonpol ar segnent P and at | east one polar segnent D are prepared.
A preferred process consists in free-radical graft copol ynerization which
is known perweeooswtdossn, for exanple, a nonpol ar PGTAEPROMHRTERLE obt ai ned in
a first step, onto which dispersing mgnoners are grafted in a second step.
15 Bl ock copol yners which conprise nonpol ar segnents P and pol ar segnents D
can be obtai ned especially by neans of controlled free-radical

pol ynmeri zati on processes, for exanple ATRP (= Atom Transfer di cal

Pol ymer i zat i @fparticRarTtefest pe\aspegially SoXpgrswhish eFREPRAHed SRS EAR%i n Transfer)
gr NN_Pb(; Ni drg e&iﬁﬂsci agnwyﬁb%r@i r?(éiﬁédirﬂ@tléj z?ﬁ&drox?fbtﬁﬂenmdmfie, are -
escri bed conprehensively, r artic r Wi U ef erences, inter
alia, in K W%‘E‘?%Q%P%PX%V&LBBBWs#'@ﬁ'ﬁ%ﬁ%rg{?{&%ye%@?@Xﬁé Pol yreri zat i on,
W | ey | nt er seiuaiac e acétiodmekapetB @izthactylad i2eh-repidiyliethybhethagidatei s nade f or

t he purposes, of. di t.al or controlled
free-radital d"B%‘P%’ﬁﬂ’@@%@ﬁe‘@g%&%‘g’ (ﬂ@g@9|?®ﬁ%8€‘2i rﬁét‘é%‘éé%*?g?“i"@* di bl ock,

tribl ock, muimetbylemioprepyimetiecsiamidecopol yners. Customary free-radi cal

pol yneri zation, which is especially suitable for preparing graft

copolymers, is detailed in K Mtyjaszewski, T. P, Davi§ Handbook of WO
20091019065 PERIGHIHIOANOHSRPIENDHORLE S-A OB} oL BEPEINI WG PAY | nt er sci ence,
Hoboken 2002seghian@emgraio.comphsd oredispsadingmonamers ahioh havecbegnchai n transferer

are used for_ that purpase. .The usable initi. IS .l he azo initiators
W del'y. kriburiaIet RBEb TP vt PRy oB B LR
1, 1- azobi scyaimpoendstd treer foomilae @) &) angior (Hl)so per oxy

Of particular interest are especially polymeric additives having a polar segment
D which comprises at least 3 and preferably at least 5 units derived from
15 monomers of the formula (IV) and/or from heterocyclic vinyl compounds, which

are bonded directly to one another.

Appropriately, the weight ratio of the hydrophobic segments fo the polar
segments may be in the range from 100:1 to 1:1, more preferably in the range
20 from 30:1 to 2:1 and most preferably in the range from 10:1 to 4:1.

The length of the hydrophobic and polar segments may vary within wide
ranges. The nonpolar segments P preferably possess a weight-average degree
of polymerization of at least 10, especially at least 40. The weight-average

25  degree of polymerization of the hydrophobic segments is preferably in the
range from 20 to 5000, especially from 50 to 2000.

The proportion of dispersing repeat units, based on the weight of the polymers
comprising ester groups, is preferably in the range from 0.5% by weight to 20%



conpounds such as nethyl ethyl ketone peroxi de, acetyl acetone peroxi de,

di l auryl peroxide, tert-butyl per-2-ethyl hexanoate, ketone peroxide,
tert-butyl peroctoate, nethyl isobutyl ketone peroxide, cycl ohexanone

per oxi de, di benzoyl peroxide, tert-butyl peroxybenzoate, tert-butyl

per oxyi sopropyl - iocarbonate,

2, 5- bi s(2-et hyl hexanoyl per oxy) - 2, 5-di net hyl hexane, tert-butyl

per oxy- 2- et hyl hexanoate, tert-butyl peroxy-3,5,5-trimethyl hexanoate,

di cunyl peroxide, 1,1-bis(tert-butyl peroxy)cyclohexane,

1, 1- bi s(t er two20gd/pt068Yy) - 3, 3, 5- tri met hyl cycl oheRGNEP2QAGHATERY dr oper oxi de,
tert-butyl hydroperoxide, bis(4-terthytylcyclohexyl) peroxydicarbonate,

m xtures of two or nore of the 15 aforenenti oned conpounds with one

anot her, and m xtures of the aforenentioned conpounds w th conpounds which

have not been mentioned but can |ikew se formfree radig&ls‘ Sui tabl e chain
transf er er s bvesight mnse piefasally indhe wage figmd-87e PLupioliie 15%0Y Weltlhpl e n- dodecy!

Ner capt an Orand-most prefefdilyCiA Bic0@hdaitsth 2.598 byekésight @009 by weight Ates from t he
class of the ter

enes, for 20 exappl erpinol e The, ATRP .process i s
known per sé.amett#‘?esﬁ'%%[ﬂ?@ﬂ Ypgpre ati%éttoﬁn QISFWWBT%R? PILENS F*}:"gl
pol ynmer i zat iteapolyhérvothbrising estertgemtpis psucth kst prefesatthestdedsp?0%hy of t he nechani sm
shoul d i npose.a,r rictian - dinl t al
% rﬁér[e g(l]e?%@% at a:&%% ?rp!?ﬁﬁ SR BASEFon e {di@ %}gth{ SiindTe

conmpound 1s ‘eaC _ a transferabl e at om group.
Thi s transf alispetsing repeah utitsy asipertaf apelge sagmentPt he transiti on net al
conpound, which oxidizes the netal. This reaction forns a radical which

adds onto ethylenic groups. However, the transfer of the atomgroup to the
transition ndedreseahiprriHen descrkasde f'l?l'%","h'%rbp’fef?éal%l)‘t 'P?é{eétm('ﬁlﬁo roup is
transferred daaslitt Phd aan Wicwiube" prENBEL a MENRE 60 Bde®@daRTCa/ EP2008/ 057828 27

chain, which forns a controlled pol | | : structure of the
pol yner, ' hé’oﬁ?‘ﬂeé{f%m%rrls'r\?eels%ﬁpmgﬁd'stpﬁéé%ﬁ%ﬂﬁec'm%gtrrﬁ%\g{)%ﬁpcﬂqgﬁeri bution can be
control | ed dommatiomovhitinrigk yt leBst DHi% by weaight, prefarabldaidenst BE%,b¥f or exanpl e, by

J-S. VéNg, ol of 68 proddfin RepciknBB5 (1995), by
Mat yj aszemﬁ?‘%“é?%%%@ﬂﬂg?bﬁﬂ&"3%’?/ P80 7910 (1995). In addition,

the patent afigsolvedionsisthiganisigresdneail solghiltydepeadsiesPopiriy ANi847 WO 98/ 40415
and WO 99/ 103&riHinss itRIPoMlici sttt chab ahéen INERBsesin Taisipeshestbve. 10 1 n

addition, the inventive. pgl rs be obt ai ped.. for, ex , also via
RAFT et HodskNoWRi&npse; kd 'r%gga%‘g@ﬁ?’b%e ?‘fbﬂusg%‘{]rﬁﬁ‘f‘",y fordhe %%g%ﬁﬁge, in WO
98/ 01478 anchad®o GiadelB3ddbtn df dipopthilic monefmersence i s nade explicitly for the
pur poses of disclosure.

Of particular interest, among others, are polymers which comprise ester groups

and preferably have a weight-average molecular weight My, in the range from

20 7500 to 1 000 000 g/mol, more preferably 10 000 to 600 000 g/mol and most
preferably 15 000 to 80 000 g/mol.

The number-average molecuiar weight M, may preferably be in the range from
5000 to 800 000 g/mol, more preferably 7500 to 500 000 g/mol and most
25  preferably 10 000 to 80 000 g/mol.

Additionally appropriate are polymers which comprise ester groups and whose
polydispersity index My/My is in the range from 1 to 5, more preferably in the
range from 1.05 to 4. The number-average and weight-average molecuiar



15 In addition, the inventive polyners are obtainable by NWP processes,

whi ch are described, inter alia, in US 4581429. The pol ynerizati on may be
carried out at standard pressure, reduced pressure 20 or el evated pressure.
The pol ynerization tenperature too is uncritical. However, it is generally
in the range of -20- 200C, preferably 50- 150C and nore preferably 80-
130C. The pol ynerization may be carried out wwth or wi thout solvent. The
termsolvent 25 is to be understood here in a broad sense. The solvent is
sel ected according to the polarity of the nononers used, preference being
gi ven to usiwQ 2boamnienss, relatively |ight gas oi | PEREPSP08QTEES i C
hydrocarbons, for exanple toluene or 5xyl ene. WO

2009/ 019065PCT/ EP2008/ 057828 28 The lubricant oils include especially

m neral oils, synthetic oils and natural oils. Mneral oils are known per
se and commercially available. They are generally obtained frommneral oil
or crude oi |waightgiganhe deigrmiigd S RGN RrEFSSEPS P EXITRIR OFIPRET$AHOBT ur t her
purificati onpregchibdradrghicPa).processes, the term mneral oil including in
particular the higher-boiling fractions of crude or mneral oil. In
general, the boiling point of mneral oil is higher than 200C, preferably
hi gher t han BRQGymat cdildiinfasteriheupsmeyhate awvarley dof stwdwep Eorat ur e

carboni zatio S ' ' I [ shh! | ation of
brown coal vé}( £ ﬁhgx@?h@y@# rﬁy‘%@c?&gﬁ% %%Blg(fﬁégﬂﬁ%ﬁgjgigﬁgﬁcgﬁb of bitum nous
or brown coaindios stai ¢opalymer Wikistdsicerrespeadingnaiaiapd neARdlaF saOMeNiSsiMhave,

dependi ngon, g, finidiydel maf bieRfbe MeQPPES 4 BiAR cilolmiepL i C, cyclic,
branched and |1 near hydrocarbons. In general, a distinction is drawn

bet ween paraffin-base, naphthenic and 15 aromatic fractions in crude oils
or mneral OFHeSpolyniers\uingdiising estbegrou@dbedseiimadpsiants aith ihomveetmnesent s

| onger-chain_or highly.branched isoal k t e fraction

repr esent'$ CWIb&?Ib%éﬂ?éér? VAR Iﬁésn?ss%rlﬂﬁ@?gfﬁgﬁa?f;@@je%ggﬂ%ﬁ ng on their
origin and fsegmshiMand ddeast ohief fodar eagménticare orepared. A-pefRmddsocessoal kanes
having a | ow,(egk &fmdl raBiaFAH &PolyHeRMRoRRnIR RUnBRh BY sebivRdteined paraffins,

and
for example, a nonpolar graft base is obtained in a first step, onto which

dispersing monomers are grafted in a second step.

15
Block copolymers which comprise nonpolar segments P and polar segments D
can be obtained especially by means of controlled free-radical polymerization
processes, for example ATRP (= Atom Transfer Radical Polymerization), RAFT
(= Reversible Addition Fragmentation Chain Transfer) or NMP (= Nitroxide

20 Mediated Polymerization). These methods are described comprehensively, more
particularly with further references, inter alia, in K. Matyjaszewski, T. P. Davis,
Handbook of Radical Polymerization, Wiley Interscience, Hoboken 2002, to
which explicit reference is made for the purposes of disclosure.

25  The processes detailed above for controlled free-radical polymerization can be
used to obtain especially diblock, triblock, multiblock, comb or star copolymers.

Customary free-radical polymerization, which is especially suitable for preparing
graft copolymers, is detailed in K. Matyjaszewski, T. P. Davis, Handbook of



20 conpounds havi ng heteroatons, in particular 0, N and/or S, to which a
degree of polar properties are attributed. However, the assignnent is
difficult, since individual al kane nol ecul es nay have both | ong-chain
branched groups and cycl oal kane radi cals, and aromatic parts. For the

pur poses of the present invention, the assignnment can be effected to DIN 51
378, for exanple. Polar 25 fractions can also be determ ned to ASTM D 2007.
The proportion of n-al kanes in preferred mineral oils is |less than 3% by
wei ght, the fraction of 0-, N and/or S-containing conpounds | ess than 6%
by wei ght. TWne 2009619065 of the aronmatics and of tRET/FBAMBRASTEIE - br anched
paraffins is WO 2009/ 019065PCT/ EP2098/ 057828 29 generally in each case in
the range fromO to 40% by weight. In one interesting aspect, mneral oi
conprises mai nly napht henic and paraffin-base al kanes whi ch have generally
nore than 13, preferably nore than 18 and nost preferably nore than 20
carbon at onRadipakPdlyregrizition. Wiley ntesssienspnidbaR 20925n geRXRlaf | y 60% by wei ght ,

preferably 8RN aM8h ittator éhd BeKdin aamksfdrBt @8 UE@fot thatpuridse. shoul d i npose a
restriction. preferred mneral oil contains 0.5 to 30% by wei ght of

aromatic fractions, 15 to 40% by wei ght of naphthenic fractions, 35 to 80%
by wei ght ofTheaisaliié iniethasiaclidetbt kpmipitiatops wide!&odwn indiegaehniskl n- al kanes and
0.05 to 5% ' f ,&g&g S&ditiild HaGRkoGRTRY ON the total
10wei ght of %W\é@n%g%r@%h] gﬁ({' ?15% an i:\gt‘sﬂeﬁ(gn%h{% palrtli’cul ar Iog}%pr)éf erred m neral
o0i |'s, whi ch campowidssutioas methpesitybkesenerarxide: peaiddceling PELXE., such as urea

separation ngur}llipgmx%e%ﬁmi QGAARNhRAndEitd, k6Bng Béroxigélausbutilor exanpl e, the
foll owi ng constlituents, the percent agef\g, cvelohexanone peroxide

peroctoate, methyl isobutyl ketone pergxide, cy p ,

dibenzoyl peroxide, tert-butyl peroxybenzoate, tert-butyl peroxyisopropyl-

10 carbonate, 2,5-bis(2-ethylhexanoylperoxy)-2,5-dimethylhexane, tert-butyl
peroxy-2-ethylhexanoate, tert-butyl peroxy-3,5,5-trimethylhexanoate, dicumyl
peroxide, 1,1-bis(tert-butylperoxy)cyclohexane, 1 ,1-bis(tert-butylperoxy)-3,3,5-
trimethylcyclohexane, cumyl hydroperoxide, tert-butyl hydroperoxide, bis(4-tert-
butylcyclohexyl) peroxydicarbonate, mixtures of two or more of the

15  aforementioned compounds with one another, and mixtures of the
aforementioned compounds with compounds which have not been mentioned
but can likewise form free radicals. Suitable chain transferers are in particutar
oil-soluble mercaptans, for example n-dodecyl mercaptan or 2-
mercaptoethanol, or else chain transferers from the class of the terpenes, for

20 example terpinolene.

The ATRP process is known per se. ltis assumed that it is a "iving” free-radical
polymerization, without any intention that the description of the mechanism
should impose a restriction. In these processes, a transition metal compound is
o5 reacted with a compound which has a transferable atom group. This transfers
the transferable atom group to the transition metal compound, which oxidizes
the metal. This reaction forms a radical which adds onto ethylenic groups.
However, the transfer of the atom group to the transition metal compound is
reversible, so that the atom group is transferred back to the growing polymer



15relating to the total weight of the particular mneral oil used:
n-al kanes having approx. 18 to 31 carbon atons: 0.7-1.0% slightly branched
al kanes having 18 to 31 carbon atons: 1.0-8.0% 20 aronmatics having 14 to
32 carbon atons: 0.4-10.7% iso- and cycl oal kanes having 20 to 32 carbon
atons: 60.7-82.4% polar conpounds: 250.1-0.8% loss: 6.9-19.4% An
| mproved class of mneral oils (reduced sulfur content, reduced nitrogen
WO 2009/ 019065PCT/ EP2008/ 057828 30

WO 2009/019065 PCT/EP2008/057828

27

chain, which forms a controlled polymerization system. The structure of the
polymer, the molecular weight and the molecular weight distribution can be

controlled correspondingly.

s This reaction is described, for example, by J-S. Wang, et al., J. Am. Chem.
Soc., vol. 117, p. 5614-5615 (1995), by Matyjaszewski, Macromolecules, vol.
28, p. 7901-7910 (1995). In addition, the patent applications WO 96/30421,
WO 97/47661, WO 97/18247, WO 98/40415 and WO 99/10387 disclose
variants of the ATRP explained above.

10
In addition, the inventive polymers may be obtained, for example, also via
RAFT methods. This process is presented in detail, for example, in WO
98/01478 and WO 2004/083169, to which reference is made explicitly for the
purposes of disclosure.

15
In addition, the inventive polymers are obtainable by NMP processes, which are
described, inter alia, in US 4581429.

The polymerization may be carried out at standard pressure, reduced pressure

20 or elevated pressure. The polymerization temperature too is uncritical.
However, it is generally in the range of -20° - 200°C, preferably 50°- 150G and
more preferably 80°- 130°C.

The polymerization may be carried out with or without solvent. The term solvent
5 isto be understood here in a broad sense. The solvent is selected according to

the polarity of the monomers used, preference being given to using 100N oil,

relatively light gas oil and/or aromatic hydrocarbons, for example toluene or

xylene.



content, higher viscosity index, |ower pour point) results from hydrogen
treat- nment of the mneral oils (hydroi sonerization, hydrocracking,
hydrotreat ment, hydrofinishing). In the presence of hydrogen, this
essentially reduces aromati c conponents and buil ds up napht henic
conponents. 5 Valuable information with regard to the anal ysis of m neral
oils and a list of mneral oils which have a different conposition can be
found, for exanmple, in T. Mang, W Dresel (eds.): "Lubricants and
Lubrication”, WIley-VCH Winheim?2001; RM Mrtier, S.T. Oszulik (eds.):
"Chemi stry amo Z0eghragiedgy of 10Lubricants", Bl ackPET/EPR0NEN5T628

Prof essi onal, London, 2nd ed. 1997; ¢ J. Bartz: "Additive fur

Schm erstoffe", Expert-Verlag, Renningen-Ml nsheim 1994. Synthetic oils

i nclude organic esters, for exanple diesters and polyesters polyalkylene
gl ycol's, polyethers, synthetlc hydr ocar bans, ecj al | ¥ i ns,
among whi ch Thedshsicanols ingluds gepscialy rb‘ﬂP’ﬁ‘h?“ﬁ#ﬁ.‘(Bi“é? ﬁ’ﬁé@ al gsi | i cone oi I s
and perfluoroalkyl ethers. In addition, is p055|ble to use synt hetic

b il i gi t f to, i d (CTL

b??)reragls f oolr‘\lfl g2 I : ')”ro(i?yfrp gées@% Wﬁ'ﬁ?'y’c'%&é“’ﬁ‘saﬁ% ?&ysatcr)%%%?%hymﬁ e eipg;m ve
than the m I‘tmltaiﬂleddrdemxdetﬂi o|haweucmobrlaxytdwgmowamdaiorrre@mmartdcpptf@r@iﬂv

per f or mance. foilQoNﬁEifgﬁo é?l'd fi |sﬂ1¥1§gﬂ£b§@% tR&% teYrﬁQ‘ﬁﬁé‘Qlo‘ﬁlrﬂddﬁllg if or exanpl e

neat sf oot ° oi lubricant oil fornul ations are
di vi ded i nt qaagnoolapﬂwemw@nﬂmg fragtioneiof orgdegipineahoip 4e9F@ e nsti t ut e) .

Mneral oil Soo"ﬂLS %V&f%ﬁerwr&f% KI5 Bhaln 2@!@ rdﬁéfduslsagignerttnmcr@da and,

dependi ng on t grree of saturation, q &L and Vi scosity index,
into groups qt|5p0%ﬁe} ihe Prdygian ey E@@ﬁfﬁ‘?f&&?@&?’m BRAAL SIS ¥aspond to group
V. Al ot hegokingsebiRinlifoud tealedistillagonss ecwincogvith @xtlusion/d air, and
2009/ 019%’5 SPES:T/ Eyléi)rzo%g%tgé o§g§1mmous or brown coal is likewise possible.

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

15 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 cycloalkanes. In addition, mineral oils, depending on their
origin and finishing, have different fractions of n-alkanes, isoalkanes having a
low degree of branching, known as mono-methyl-branched paraffins, and

20 compounds having heteroatoms, in particular O, N and/or S, to which a degree
of polar properties are attributed. However, the assignment is difficult, since
individual alkane molecules may have both long-chain branched groups and
cycloalkane radicals, and aromatic parts. For the purposes of the present
invention, the assignment can be effected to DIN 51 378, for example. Polar

25  fractions can also be determined to ASTM D 2007.

The proportion of n-alkanes in preferred mineral oils is less than 3% by weight,
the fraction of O-, N- and/or S-containing compounds less than 6% by weight.
The fraction of the aromatics and of the mono-methyl-branched paraffins is



31 These lubricant oils may al so be used as m xtures and are in many cases
commercially avail able. The concentration of the polyners conprising ester
groups in the lubricant oil 5 conposition is preferably in the range of
0.01 to 30% by weight, nore preferably in the range of 0.1-20% by wei ght
and nost preferably in the range of 0.5-10% by wei ght, based on the total
wei ght of the conposition. In addition to the polyners conprising ester
groups for use in accordance with 10 the invention, the |ubricant oil
conpositions detailed here nmay al so conprise further additives. These
addi tives i ngowde9N906EPr over s, pour point i nproveEHERRPENS7EMHI ti ves
(di spersants, detergents, defoaners, ,gorrosion inhibitors, antioxidants,
antiwear and extreme pressure additives, friction nodifiers). 15 The
additionally usable VI inprovers include especially polyalkyl
(nmeth)acrylates having 1 to 30 carbon atons in the al cohol aroup (PAVA
partly N -fgeoeiatinialeaoh ease duiha MNAgIETL B l‘i’yo‘ﬁ%l@ht'dF‘SB%qu%%”%s
?i sper ﬁant S, asBBdt] Mﬁa{da} @qg}-,{p'\c-jy@snaﬁglb@;ﬁh{rﬁgriicc%ddqmlrmefsi)egfmhes Whl( (F:’IhB;ji ffer

romthe copaolymers detajled in ¢lai an ol v s enes :
f unar at e- ol &¥i¢Y WBSPWE%W@”%B‘%F%@H? & 'B%{F&a@o%oa}ngrrr"eor%{s, hydr ogenat ed
st yr ene- di engeferplylnyore ttan CbisBoaatbrel Efid ractiopol theseraompoams.is The pour poi nt
i mprovers include especiall I I r having 1 to
30 carbon® at%‘?ﬁraﬁ%Z ?ﬁg%&“"@@ﬁbg%ﬁg‘{’}ﬁ 88%%® Eé’%%?’é& ?@:%? rovers and
pour poi nt ithgirtaiy scild iowosarrestiatian. &idreferedemineraboibrontainsdsp o0t Mang, W
Dresel (eds.);. " i : L | 8L bPRei ' fra¥fdndeg m 2001 R
M Mortier, t@“’@@%@ﬁ?‘ﬁ@ﬁ%‘? ; ;J{?H"g/teb s(tai‘?htwah _%?Eného of
Lubri cant s" ,to BP%dwivweight atramftin-kaserfactans ¥higiS” PoWeigh of B; ag‘%/ﬁ s)
2009/ 019065PE/(EAR0H SRR of fold Wiinoics JoasBair dech baskd thw etdlar

a

Schm erstoffe”, ExPert,-Ver [ ag, Renni ngenMal nshei m 1994.
10 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 liquid chromatography
on silica gel, shows, for example, the following constituents, the percentages
15 relating to the total weight of the particular mineral oil used:
n-alkanes having approx. 18 to 31 carbon atoms:
0.7-1.0%,
slightly branched alkanes having 18 to 31 carbon atoms:
1.0-8.0%, _
20  aromatics having 14 to 32 carbon atoms:
0.4-10.7%,
iso- and cycloalkanes having 20 to 32 carbon atoms:
60.7-82.4%,
polar compounds:
25 0.1-0.8%,
loss:
6.9-19.4%.

An improved class of mineral oils (reduced sulfur content, reduced nitrogen



Appropriate di spersants include poly(isobutylene) derivatives, e.g. 5

pol y(i sobutyl ene)succinimdes (PIBSIs); ethylene-propylene oligoners with
N O functionalities. The preferred detergents include netal-containing
conpounds, for exanpl e phenoxides; salicylates; thiophosphonates,

especi ally thiopyrophosphonates, 10 thi ophosphonates and phosphonat es;

sul fonates and carbonates. As netals, these conpounds may conprise’
especially cal cium magnesi um and barium These conpounds nmay be used
preferably in neutral or overbased form O particular interest are

addi ti onal | ywoefooai#eas5 whi ch are in many cases 1B&T{EP280P/057i888
silicone-containing and silicone-freggdefoanmers. The silicone- containing
def oaners include |inear poly(dinethylsiloxane) and cyclic

pol y(di net hyl si | oxane). The silicone-free defoamers mhich may be used are
in many cases polyethers, for exanple poly(eth ene co or tributyl
phosphat e. 2@nienk higher VissapiBrindarBWeTRAYE pou@th@splﬁs\; qe[] PRlzant oi |

conposi ti Onsmgimbfﬁ@ﬂmﬁéramnsmw%o%nzaabn bﬂym&@ck;ﬂamﬁmmaamnn many cases
divided into antjrust ad ves a

assi i.yators. The
antirust addMorfBshiidel “Ftea@'es‘?rﬁf’ gphygquggn k| e§fﬂ"¥%r¥a? ”ngg}%%laegarrpl e
pet r ol eunsul dop@hegs and Kuilds opngphitesesonpendiesed) synt heti c
al kyl benzenesul fonates, e.g. dinonyl napht henesul fonates; 25carboxylic acid
derivativés, for exanmple |anolin (wool fat), oxidized paraffins, zinc
napht henat esValudbie/interreationwdtbiregard edheianalysisrd Aynastl oA ksl ¢ acid, ani des

and im dgsd(rhllrngfé?/b@%m&%aﬂéa dif@éﬁ@é&hﬁd&ﬁioﬁleéd BoUNB $or; examaléein rreut ralized
mono- and di a y phosphat es e.

di et hanol ani Mangd: Yhdrass (ads ﬁag%qr‘&‘%’ﬁ%?%‘? @'&?‘Wa&\’i%%% B'énzot ri azol e,
WD 2009/ 0190@?@%%]@57@2&h83edsqi "ihbmisary ahd Tednaiegycapt obenzot hi azol e,
di al ky1-2, 5-di ne 4- 1 hi

N, N - di sdli clgHb aaéﬁsegé ﬁ'ih'é a%agﬁrg%%gro?eégﬁﬁaléond?n i"C I?ddé%geYbPE)prl enedl am ne;
zi nc di al ky| BartzhiAsidhies fiin Sciesierstadfet] iExp&y M ertkos Hemmebe(\ﬁﬁm@@lm

Synthetic oils include organic esters, for example diesters and polyesters,
polyalkylene glycols, polyethers, synthetic hydrocarbons, especially polyolefins,
15 among which preference is given to polyalphaolefins (PAOs), silicone oils and
perfluoroalkyl ethers. In addition, it is possible to use synthetic base oils
originating from gas to fiquid (GTL), coal to liquid (CTL) or biomass to liquid
(BTL) processes. They are usually somewhat more expensive than the mineral
oils, but have advantages with regard to their performance.
20
Natural oils are animal or vegetable oils, for example neatsfoot oils or jojoba

oils.

Base oils for lubricant oil formulations are divided into groups according to API
25 (American Petroleum Institute). Mineral oils are divided into group | {(non-
hydrogen-treated) and, depending on the degree of saturation, sulfur content
and viscosity index, into groups il and Il {both hydrogen-treated). PAOs
correspond to group V. Ali other base oils are encompassed in group V.



5 Afurther preferred group of additives is that of antioxidants. The
antioxi dants include, for exanple, phenols, for exanple
2,6-di-tert-butyl phenol (2,6-DIB), butylated hydroxytol uene (BHT),
2,6-di-tert-butyl - 4- net hyl phenol ,

4, 4" -met hyl enebi s(2, 6-di-tert-butyl phenol); aromatic am nes, especially

al kyl at ed di phenyl am nes, N phenyl -1-naphthylam ne (PNA), polyneric |lo
2,2,4-trinethyldi hydroqui none (TMYQ ; conpounds containing sul fur and
phosphorus, for exanple metal dithiophosphates, e.g. zinc dithiophosphates
(ZnDTP), " ORGO00®619065" = reaction products of dJdPEWEBEORBGHATE28 c acid with
activated doubl e bonds from ol efins, g¢gycl opentadi ene, norbornadi ene,

a- pi nene, pol ybutene, acrylic esters, nmaleic esters (ashless on
conbustion); 15organosul fur conpounds, for exanple dial kyl sulfides, diaryl
sul fides, polysulfides, nodified thiols, thiophene derivatives, xanthates,
t hi ogl ycol s,Theke Whticsehsilsaray alsg feused ah MHPH N CAP BORFM @S8R ds;

het erocycl i GofidldrdisilyRivhilg@en conpounds, especially

di al kyl di mer capt ot hi adi azol es, 2-ner capt obenzi m dazol es; zinc and net hyl ene
bi s(di al kyl di t hi ocarbamate); 20 organophosphorus conpounds, for exanple
triaryl and Theicahdentratimas tHe fobysnerocaanising epter groupsio thedsbrigad clver based

cal cium and i . j t The preferred
ant i wear ‘r(A\Rf%ﬁ%]&%&'?E}ee?eggﬁfgggeﬁ%gb%@ogﬁg?ﬁ \))e\géflérﬁ’c!ﬁﬁrge 25 phosphorus
conpounds, froeferakbiripihe randealfl RylF20Fhaisweiahtaad most pielprabhrp§isHaNEs | e. g.

tricresyl phegphakepy AELRCHARHGR #d BRMWEBMQS tarmPbsadidry| phosphat es,
et hoxyl atedhﬂng%o- an¥j %lbaf Kyl phosphateg,ymphosphr]tges, phosphonat es,

phosphi nes; conpounds contai ni ng sul fur and phosphorus, for exanple netal
di t hi ophosphatésiioro the FdlynterESdmishsinglegledglobpoiphosphatesd{nZaBmPs) , amoni um
WO 2009/ 019065PCT/ EP2008/ 057828 34 di.al k it hj ~anti nmony

di al ky! di't hit %W&%’B‘Haﬁg% ,”bﬂ%ﬂngﬁ'g%’ﬁ“&r%sﬁ?% e&ﬁ*&%’ F%ﬁgoi[pikﬁoasi{)%gt 5'?% ead

di al kyl di t hitorten spdities sThes@ @8ditives delude S improvess; PPWrpopst BRUEss of

di't hi 0PhosPhAILS oAb tibiLrnld, ¥ %@nt@%a@né?@,%ﬁoéiérﬁﬂh@ik&é,! ns,

cycl opent adi ‘ene, "norbornadi ene, a-pl nene, polybutene, acrylic esters, 5

mal ei ¢ est erantioxidanth epi¥ash arpbedemeRressdieaddipsTICiNRIUIRHs cont ai ni ng

sul fur and nitrogen, for exanple zinc bis(anyl dithiocarbanate) or

met hyl enebi

el enent al'® sﬁr\%:ﬂdgiéiaéjﬁt"}l-lg’%a-dbg%pl‘fi%ﬁ%@%%?@éé%%%ﬁém?ﬁwggBgtsyfce)zfa?l ':"epgene) ;
sul furized dgmeegadrdsiss Radhd Biot3p cadiod aestwin the alsabphew(PAMA, oAy es; chl ori ne
10 CorrpoundsN/Br-fursmcfilo;\a Wwith 'ﬂﬁ\ban?asgegﬁaagcmit{oﬁal%rroﬂéme\é QQQEH&%Q%@,U' fide.
antiwear additives and/or friction modifiers), which differ from the copolymers
detailed in claim 1, and poly(iso)butenes (P1B), fumarate-olefin copolymers,
20 - styrene-maleate copolymers, hydrogenated styrene-diene copolymers {(HSD)

and olefin copolymers (OCP).

The pour point improvers include especially polyalkyl (meth)acrylates (PAMA)
having 1 to 30 carbon atoms in the alcohol group.

25
Compilations of VI improvers and pour point improvers for lubricant oils are also
detailed in T. Mang, W. Dresel (eds.): "Lubricants and Lubrication”, Witey-VCH,
Weinheim 2001: R. M. Mortier, S. T. Orszulik (eds.): "Chemistry and
Technology of Lubricants”, Blackie Academic & Professional, London, 2nd ed.



A further preferred group of additives is that of friction nodifiers. The
friction nodifiers used may include nechanically active conpounds, for
exanpl e nol ybdenum di sul fide, graphite (including fluorinated graphite),
15pol y(trifl uoroethyl ene), polyam de, polyimde; conpounds which form
adsorption |layers, for exanple |Iong-chain carboxylic acids, fatty acid
esters, ethers, alcohols, am nes, am des, imdes; conpounds which form

| ayers through tribochem cal reactions, for exanple saturated fatty acids,
phosphoric acid and thi ophosphoric esters, xanthogenates, sulfurized fatty
aci ds; conpomogsosxianes20 form pol yner-1i ke | ayer BCT/EBROWBBATELE et hoxyl at ed
di carboxylic acid partial esters, di %Fkyl pht hal at es, net hacryl at es,
unsaturated fatty acids, sulfurized olefins or organonetallic conpounds,
for exanpl e nol ybdenum conpounds (nol ybdenum di t hi ophosphat es and

nmol ybdenum di t hi ocar bamat es MbDTC) and their conbinati ons with ZnDTPs,
copper - cont di9A7 g JoRajEniASdisiverio SelrgiersiaffeS ety edage RaRiigeNves det ai | ed
above may fyhdinkheiibdd.pl € functions. ZnDTP, for exanple, is primarily an
antiwear additive and extrenme pressure additive, but also has the char acter
of an anti oxi dant and corrosion inhibitor (here: netal

passi vat or / dgpedprisietdmpprsantddcRae poR (206G ECH) dERRNSY, ©37828 35 The additives

detailed ab , Mang, W
o cael ( etls, PSR R pticeS (TRSRySRRRe prdflS o0 0801 5.

Bartz: " Addifumctiendlities. Schm er st of fe", Expert Ver | ag, Renni ngen- Mal nshei m
1994; 5R M Mortier, S.T. Oszulik (eds ): "Chem stry and Technol ogy of
Lubricants", Bl ackie Academ ¢ & Professional, Lond 2nd ed. 1997.

Preferred | JieirceiRredyiateraenip heiups metal-rapjaining 9‘?'&%%'&3? O X086 ed at 40C to
ASTM D 445, drnéxies! anegated; tishhosphbattesnddpecialiytiepypipbbephabitys,i n t he range

of 1o 20 to matlcv i aq:g at 100C is
pr ef er abl'y é%loplggngor@t% aHﬁQFQSP Rtes: 5”|% éfr%a%bf] br?a?esn?\gg‘l'é; e/ s and nost
pref erably ahedecmsipobndd nmayRiomprise especially calcium, magnesmm and barium.

These compounds may be used preferably in neutral or overbased form.

Of particular interest are additionally defoamers, which are in many cases

5 divided into silicone-containing and silicone-free defoamers. The silicone-
containing defoamers include linear poly(dimethylsiloxane) and cyclic
poly(dimethylsiloxane). The silicone-free defoamers which may be used are in
many cases polyethers, for example poly{ethylene glycol) or tributyl phosphate.

20 In a particular embodiment, the inventive lubricant oil compositions may
comprise corrosion inhibitors. These are in many cases divided into antirust
additives and metal passivators/deactivators. The antirust additives used may,
inter alia, be sulfonates, for example petroleumsulfonates or (in many cases
overbased) synthetic alkylbenzenesulfonates, e.g. dinonylnaphthenesulfonates;

25 carboxylic acid derivatives, for example lanolin (wool fat), oxidized paraffins,
zinc naphthenates, alkylated succinic acids, 4-nonylphenoxy-acetic acid,
amides and imides (N-acylsarcosine, imidazoline derivatives); amine-
neutralized mono- and dialky! phosphates; morpholine, dicyclohexylamine or
diethanolamine. The metal passivators/deactivators include benzotriazole,



In a particular aspect of the present invention, preferred lubricant oil 15
conpositions have a viscosity index determned to ASTM D 2270 in the range
of 100 to 400, nore preferably in the range of 125 to 325 and nopst
preferably in the range of 150 to 250. Appropriate |ubricants have a PSS
to DIN 51350-6 (20h, tapered roller bearing) 20 |l ess than or equal to 100.
The PSSl is nore preferably I ess than or equal to 65, especially preferably
| ess than or equal to 25. The present lubricants can be used especially as
a transmssion oil, notor oil or hydraulic oil. Sur r|S|n advant ages can
be achi eved woR00$/619085when the 25 present | ubri cBATAPZ06 Qﬁé@l n manual ,

aut omat ed manual, double clutch or diggect-shift gearboxes (DSG, autonatlc
and continuous variable transnissions (CVCs). In addition, the present

| ubricants can be used especially in transfer cases and axle or

differential gearings. WO 2009/019065PCT/EP2008/057%38 36, qu pr esent

pol ymers corphliigrelg 2weiErpighdpbiazele dialsd g Sdimpreartad SHt0REYSue additi ves
in lubricantgn- dh&ahb@féerﬁé%ﬁﬂiefw@&lﬁidan’éh@,w dlsﬁrcﬁllrde?em@ygene?lhmme Antdi ti ves
counteract mater| at t the Lifetinme of transm ssions,

engi nes or KRR Pe“gv@%a&@*@ﬁﬁaﬁgh“%%W§Q¥$§ This finding can be

establi shed by various 5 nethods. The fatigue tinme (crater resistance) of

the Lubrigand st oc{r@an&ub@w&sadam%shstrg@hgn%mtsewaglsﬁt.ohmamt hods for

geari ngs or gver a w de

range of Herlndw@nfqbﬁéﬂgfmﬁ @benofy forexempla & erditart-ptylpisse! G8-PHat i ons) can be

det er m ned, ¢ Rfiat€X IR Grolu@Re :§saméﬁrudt Z%eﬁf@!ﬁhelﬁtﬂ“ apparat us (FBA) to
DI N 51350- 1 tvvhl chx?t’cJ ot a(?BHhQ 4 Q&o t hree

i dentical, 14 &éﬂﬁt@@e'}e@ﬁ@ﬁ Wde’bEﬁY'Qﬁe”?Hear{’@é?c ?FB'P‘FF' szger?ﬁlﬁ@g%'e’é&u S VW PV- 1444
of Vol ksmagamrﬁ@é" (o8 G plesnly e hagkieidmine (PNZ dobinlegin ni t Ml zr ei bung -

P|tt|ngtest stan C friction -
pitting t'®st £ %Iqﬁyﬁ qw\?oﬁggm%)égéa%lﬁgﬁg %ﬁﬁ?é@iu trggnperature is 120C.
Wth a load pifosmcﬁjskmramnme metahdithiophbspises de-afZingafibiophrpphatee ent r ai nnent

speed is 5. 684AnPHS Gbs BielRi THHAKEH brokidls er cﬁtﬁ@Hlﬁ&pﬁénJacﬁFwnﬂ?a- Fati gue
occurs as soon as an accel eration sensor isters vibrations in the

frequency baatiivaied doyblerhonps ferp W‘%&éﬂ?ﬁe@?d e,tr}%bo[r ®"Sodi es 20gr eat er

than 0.25 g &?ﬁ@ﬁ‘é %Bl%dté}ﬂe Q&?Ilctéét@é Qﬁ’elléié/eﬁers (&h&%sm‘leé}hbusi'm typically
i ndi cates craters on the ral

at h nm This test is
ref erred 1% o HERMESHAY FUPPUCS. QY %B&p'@éjéaﬁky’ SURIEE, by ol

polysulfides, modified thiols, thiophene derivatives, xanthates, thioglycols, thio-
aldehydes, sulfur-containing carboxylic acids; heterocyclic sulfur/nitrogen
compounds, especially dialkyldimercaptothiadiazoles,
2-mercaptobenzimidazoles; zinc and methylene bis(dialkyldithiocarbamate);

20 organophosphorus compounds, for example triaryl and trialkyl phosphites;
organocopper compounds and overbased calcium- and magnesium-based

phenolates and salicylates.

The preferred antiwear (AW) and extreme pressure (EP) additives include

25 phosphorus compounds, for example trialkyl phosphates, triaryl phosphates,
e.g. tricresyl phosphate, amine-neutralized mono- and dialkyl phosphates,
ethoxylated mono- and dialky! phosphates, phosphites, phosphonates,
phosphines; compounds containing sulfur and phosphorus, for example metai
dithiophosphates, e.g. zinc Cs.izdialkyldithiophosphates {(ZnDTPs), ammonium



In addition, fatigue can be determ ned by neans of an FAG FE8 test. To this
25 end, the FE8 roller bearing lubricant test rig to DIN 51819-1 from FAG
(Schaeffler KG Schweinfurt) can be used. Here, the fatigue tine (in hours)
of two cylindrical roller thrust bearings nounted together in each case is
exam ned according to test nmethod VWPV-1483 ("Prafung der

G ubchentragfahi gkeit in Wal zl agern - Ernmadungstest" [Testing of crater
resistance in roller bearings - WD 2009/ 019065PCT/ EP2008/ 057828 37 fati gue
test], VWPV-1483, Vol kswagen AG drafted Septenber 2006; constituent of
oi | st andar W 2000R119@6512/ 2005 for manual transm FATHRRROGRQSTARBTL52182/ 2005
for doubl e-clutch transm ssions of Vg kswagen AG . Bearing washers with an
arithnetic roughness of 0.1-0.3 mare used. 5 Measurenent is effected at
120C. with a |oad of 60 kN and a rotational speed of 500 rpm the

ent r ai nment SE(eed is 1.885 nis at a maxinmum Hertzi an cPressure of 1.445 GPa.

Fati gue occdiatylidihienhesphates #riimopy giglyidithiephosp{iates,mabdefti™ i ¢t i on) has an
inlcregse blycimk |Fitﬁi$ﬁhﬁsﬂtﬁ%sbba@diaﬁmmmidphoiphreteea'msﬁrieﬁtansrgue :oonlby to one
cylindrical roller rust,. hearing.. In.prjnci , er bearing

| ubri cant t E&Ctign Fﬁ"‘%‘ﬁf? 0395'80%@5@%&8?'88’"588‘6”?‘%5#&5% bghﬁé f{cr’glr e severe

ZF- 702- 232/ 3R, apidpestaditnd mofboimadiche hspiaéren paigitete, acrilie eBess.i ng Pitting
Test", ZF-702,232, ZF.Friedri 0 i st eel Machi ne
accordi ng t §&e¥ %%?’f@orﬁggélfsgﬁos@ﬁ{c@%fe@&%@ac?ofmr?é) uvpr\ﬁllsst Lfyﬂ%]lMlyal s (in

modi f i cat i osglfunksdnivogen, (o exandldzing ki(amyldibiecareampigbapr ead in i ndustry,
offers a ne dat er m ni; | rh af chadihengs. 201 n addi ti on,
it is possi h‘i%g%{egglﬂg@rgsﬁglgur’ﬂrgfeggfrgéstté}’ hlg?ﬁféle@rnogf FZG qudﬂn titute for
Machi ne El efiemestal SL@éaan%@ﬁwewmre?a@mt@@% Pt EBSPCBhi versity of
Muni ch) to RhhlidddBqttetidesAndtiftySacidsstersfvbibasad sulienatet cigorinet i me (i n hours)
is determ ned usi s%(‘]agi %ﬁd PT-ﬁ: thiiq:%let es'tdis@(i@% C) gears. The nethod
i s descr1%e8°TROYBCRACT $AIET PHE a5 8RR BYYR/CPETR O™ Schedl : " FvA- 25

For schungsvor haben 2/1V: Pittingtest - Einfluss der Schm erstoffs auf die

Gr ubchenl ebensday el &ldisRl 9 NARREE Y ARG ol El MHstiikieR-  und

Last kol | ekt ungsver el ni gung Antriebstechni k, Book 530,
Frankfurt 1@®fifiersRised mayinskide megharmiqalls actije eompiprefatdeMBleauf die

G ti bchenl ehensdatipr aelMtabapaRAHcRURG dathateadpdphite), Ei nst uf en- und

15 poly(triflioroethylene), polyamide, polyimide; compounds which form adsorption
jayers, for example long-chain carboxylic acids, fatty acid esters, ethers,
alcohols, amines, amides, imides; compounds which form layers through
tribochemical reactions, for example saturated fatty acids, phosphoric acid and
thiophosphoric esters, xanthogenates, sulfurized faity acids; compounds which

20 form polymer-like layers, for example ethoxylated dicarboxylic acid partial
esters, dialkyl phthalates, methacrylates, unsaturated fatty acids, sulfurized
olefins or organometallic compounds, for example molybdenum compounds
(molybdenum dithiophosphates and molybdenum dithiocarbamates MoDTC)
and their combinations with ZnDTPs, copper-containing organic compounds.

25
Some of the additives detailed above may fulfill multiple functions. ZnDTP, for
example, is primarily an antiwear additive and extreme pressure additive, but
also has the character of an antioxidant and corrosion inhibitor (here: metal

passivator/deactivator).




WO 2009/ 019065PCT/ EP2008/ 057828 38 Last kol | ekti wersuch”, FVA Information
Sheet 2/1V, Forschungsvereini gung Antriebstechni k, Frankfurt 1997).
Measurenent is effected at 120C. At load level 10 (i.e. a torque of 373 Nm
5 and a rotational speed of 1450 rpm the entrainnent speed is 5.678 nis at
a maxi mum Hertzian pressure of 1.834 (GPa. Fatigue occurs when craters of
total area > 5 mmR2 are observed. This nethod is referred to hereinafter as
FZG PT- C 10/120 test. ic The utilization of the further-devel oped PTX-C
test gearing, which is close to reality, in the FZG gear rig test machine
to DI N 51354y0 20e9ds9066 i nproved repeatability anBCUERBeREME28y of the
fatigue tinme. The nethod is describe§5in FVA I nformation Sheet 371 (cf. T.
Radev: "FVA-Forschungsvorhaben 371: Entw cklung ei nes praxi snahen
Pittingtests", Forschungsvereinigung 15 Antriebstechni k, Book 710,
Frankfurt 2003; "Devel opnent of a Practice Relevant Pitting Test", FVA

I nformati on Sheet 371, Forschungsverei nigung Antriebstechni k, Frankfurt

2006) . Meas URbkivdseRfilt @ 86E afd dROMbedA moradbtdipingdr ald) i T..Manga t or que of

373 Nm and 20 a rotational speed of 145Q .fpm, Lh ng [ ai nt speed is
5.678 m's atWaD’i?ﬁ?Ji(‘?Fﬁ% &@Pfﬂ%ﬂﬁﬁ"g%@&}?"é‘ ’o‘éjﬁ%’f%%@aﬁe'@azp ?{gadjé occurs when
craters of tmiral Addied B-ShnrarRiotie e Expgesicvariad. Refningemrtatiosieis19%4f erred to

herei nafter = . S SNl dipMsRbAen W 1T be
i |lustrated F?Eﬂ c%&ael’%e%rr%%g%tdé% émh?'ﬁ’ét%%@r%%@i&% exanpl es and
conpar at i ve Blackigphaademisid Professians) Liondeme ¢d- 199t this shoul d i npose a
restriction. Preparation exanples

Preferred lubricant oil compositions have a viscosity, measured at 40°C to

ASTM D 445, in the range of 10 to 120 mm’/s, more preferably in the range of
10 20 to 100 mm%s. The kinematic viscosity KV measured at 100°C is

preferably at least 5.0 mm?/s, more preferably at least 5.2 mm?s and most

preferably at least 5.4 mm?s.

In a particular aspect of the present invention, preferred lubricant ail

15 compositions have a viscosity index determined to ASTM D 2270 in the range
of 100 to 400, more preferably in the range of 125 to 325 and most preferably
in the range of 150 to 250.

Appropriate lubricants have a PSS to DIN 51350-6 (20h, tapered roller bearing)
20 less than or equal to 100. The PSS is more preferably less than or equal to 65,
especially preferably less than or equal to 25.

The present lubricants can be used especially as a fransmission oil, motor oil or
hydraulic oil. Surprising advantages can be achieved especially when the

25  present lubricants are used in manual, automated manual, double clutch or
direct-shift gearboxes (DSG), automatic and continuous variable transmissions
(CVCs). In addition, the present lubricants can be used especially in fransfer

cases and axle or differential gearings.



WO 2009/ 019065PCT/ EP2008/ 057828 39 Conparative exanple 1 16.7 g of nononer
m x (94% 12- 15-al kyl nethacrylate and 6% 5 di net hyl am noet hyl nethacryl ate)
and 0.283 g of n-dodecyl nercaptan were filled together with 150 g of 100N
oil intothe 2 1 reaction flask of an apparatus with saber stirrer,
condenser, thernoneter, feed punp and N2 inlet. The apparatus was inertized
and heated to 100C using an oil bath. Once the mxture in the reaction
flask had reached a tenperature of 100C, 0.456 g of 10 tert-butyl
peroctoate was added. At the sane time the feed of a mxture of 833 g of
mononer m x Wo4ued/81d065 al kyl net hacryl ate and 69PQT/FERORA/ARTBADet hyl

met hacrylate), 14.2 g of n-dodecyl mggcaptan and 2.50 g of tert-butyl
peroctoate by neans of a punp 15 was commenced. The addition proceeded
Pomd)geneouslyhoverl z;loperi od of 3.5 h at 100C. 2 h and 4 h after the end of
eedi ng, anot her g each time of tert-butyl peroctoate were a

t'he m xt ur e TgPresent pobHmass CQW@”Q@ﬁteég'PH?%??é‘feyeEp maﬂymsgnéf e i r?ggﬁl yand

10009 of an BGivéd aﬁﬁfbn%kéﬂt'f@@be&pfo@@mﬁﬂ surprisirfgly; fHese béditease pol ymer was
prepared. 2 nonQ

12/ 14- | %
met hyl met hd‘@PQ‘gé?PbTataﬂ%lq%'gé%aséc’b‘hé'fé‘ﬁ‘s @%8@‘(”5@"5%@%;&%@5%&%r 2t (| ?IngdZS ’
toget her wi tHyd2Ghc gysefnskan Ne ticleased. Jhistiedialg ban keestadiphed kysRid#s an appar at us
with a saper etMJSr el ta f]&%ﬁﬁﬁ@r%‘ ggﬁ%rtmgg&%e ub&&Ht @Hmmgng\ﬁ inlet. The

appar at us * Wl SR using an oil bath. Once the
mxture i n tdae bealatsrmioad eithes ky methepetr aeatr@a%@rrfa'treﬂ% bgaringsothe 2. 26 g of

tert-butyl PRLAGIQRIG BRWEcREAEHide rige PASAAIPNESIISE, EP2008/ 057828 40

The fatigue time (number of rotations) can be determined, for example, on a

10 standardized four-ball apparatus (FBA) to DIN 51350-1, in which a rotating bali
under load is pressed onto three identical, likewise rotating balls. The test
method employed is VW-PV-1444 of Volkswagen AG ("Gribchentestigkeit von
Bauteilen mit Walzreibung - Pittingtest" [Crater resistance of components with
rolling friction - pitting test], VW-PV-1444, Volkswagen AG).

The test temperature is 120°C. With a load of 4.8 kN and a rotational speed of
4000 rpm, the entrainment speed is 5.684 m/s at a maximum Hertzian pressure
of 7.67 GPa. Fatigue occurs as soon as an acceleration sensor registers
vibrations in the frequency band of the rollover frequencies of the test bodies

20 greater than 0.25 g (acceleration due to gravity g = 9.81 m/s2). This typically
indicates craters on the rolling path of diameter 1-2 mm. This test is referred to

hereinafter as the FBA test.

In addition, fatigue can be determined by means of an FAG FE8 test. To this

25 end, the FE8 roller bearing tubricant test rig to DIN 51819-1 from FAG
(Schaeffler KG, Schweinfurt) can be used. Here, the fatigue time (in hours) of
two cylindrical roller thrust bearings mounted together in each case is examined
according to test method YW-PV-1483 ("Prifung der Grilbchentragfahigkeit in
Walzlagern - Ermidungstest” [Testing of crater resistance in roller bearings -



At the same tine, the feed of a mxture of 706 g of nononmer m xture (75%
12/ 14- al kyl nethacryl ate and 25% net hyl nethacrylate), 2.12 g of n-dodecyl
mercaptan and 19.8 g of tert-butyl peroctoate by neans of a punp was 5
commenced. The addition proceeded honbgeneously over a period of 3.5 h at
105C. 2 h after the end of feeding, another 1.479 each tinme of tert-butyl
peroctoate were added at 105C. This gave a 73.5%cl ear solution. The
resulting 1000 g of 73.5/26.5 m xture of base polynmer/ 100N oil was 10

adm xed with 22.7 g of N-vinylpyrrolidone (NVP) and grafted at 130C with
1.89 g of tavo2bog/gigopsr benzoate. 1 h, 2 h and 3 PCHEP2008{058828 r st
addition, a further 0.947 g each tinmg,of tert-butyl perbenzoate was fed in
at 130C. After a further hour of stirring, the mxture is diluted again to
73.5% with 100N oil. 15 The graft yield was approx. 20% mneasured via the
signal height. The graft yield was determ ned by the nethod described in WO
2006/ 007934 fatilawe tgsfleVW-PA0 1463, Mplsaragen &Cc diabipd BerigmBY 28091 reaction 1 ask

with a dr opphAdinfddnGieN stapakes val TIHel 2/200tdensial rifsmissoneted and N2 inl et
was used. Firs

t., 463 of 12/14- al kyl methacryl.ate, f .100N oil, 1.5
o ot oud 1 vl Thsaageges los Abalisenh Benrirag e kYo Rihend At et ol |
charged in tfaehéreaith anarihimaskroagithessefrd.i-2&dimachised.i rri ng. A het er ogeneous
m xture was present, since the 25 conplexed catalyst is only inconpletely
sol ubl e. During the heating operation, the reaction was started with 6.1 g
of ethyl brdhsssehentis atfectedt atdB0W: wiBaloadfal 8¢ kN and asepiwaksesther micity, the

m xture was ?@@g 6ﬁe%$£ﬁ%n?§ e8@fs 1845 /st a mAmum Hertzian
2009/ 019065

8/ 057828 41 of norpholi ngfee': hlyl net@acrc%ﬁjl a}je wer e added

dropwi se wi tHESFUSS il 445 §RE- ERIGUAPSQUIT 25 $R98 P tertorage &P MAMESEC for a
further 4 h.of BibSBULERS IntreatdBy Mbitthdre1 08ad.edéveutrettie tasexidatigue h 100N oi | and
pressure-fil tFred V\/nil.l % V\fl’ E‘?Htio é@grmr\t/e the Cud (Seitz T1000 10 pm depth
filter). orhi®gagre syiBgisal iRIRft Wt O8f % on. 5 Exanple 3 First, an 8-arm
initiator was prepared. The 8-armocta (a- bronpi sobutyryOsucrose initiator
was synt hsi 2e 0y @ wiy it SRbrbedfRALBRER tbdl rig can also be operated

according to the more severe ZF-702-232/2003 method of ZF Friedrichshafen

AG (cf. "ZF Bearing Pitting Test", ZF-702-232, ZF Friedrichshafen AG, 2004).

15

The Unisteel Machine according to IP 305/79 based on a roller bearing with 11

balls (in modifications also only with 3 balls), which is widespread in industry,

offers a method of determining the fatigue time of bearings.

20 In addition, it is possible to use a gear rig test machine from FZG (Institute for
Machine Elements - Gear Research Genter of the Technical University of
Munich) to DIN 51354-1. On this test machine, the fatigue time (in hours) is
determined using specified PT-C (pitting fest type C) gears. The method is
described in FVA Information Sheet 2/1V (cf. U. Sched!: "FVA-

o5  Forschungsvorhaben 2/IV: Pitingtest - Einfluss der Schmierstofis auf die
Griibchenlebensdauer einsatzgeharteter Zahnrader im Einstufen- und
Lastkollektivversuch”, Forschungsvereinigung Antriebstechnik, Book 530,
Frankfurt 1997; "Pittingtest - Einfluss der Schmierstoffs auf die
Griibchenlebensdauer einsatzgehérteter Zahnrader im Einstufen- und



10 M H. Stenzel -Rosenbaum T. P. Davis, V. Chen, A Fane, Macronol ecul es
34 (2001), 5433, in which a 72%vyield was achi eved. The structure was
proved by nmeans of 1H NVR Anal ysis by MALDI - ToF- M5 (Bruker Daltonics
Reflex 3; 337 nm N2 | aser; accel eration voltage 20 kV; 2,5-di hydroxybenzoic
acid/Lic/8 arminitiator = 10/1/ 1w % shows 87 mol %wth 8-fold
functionalization 15(MM ., +=1541 g/nol) and 13 nmol %with 7-fold
functionalization (MMg+=1393 g/ nol). To synthesize the star pol yner, an
apparatus consisting of a 2L reaction flask with dropping funnel, saber
stirrer, conWeroes/n1806sr nometer and N2 inlet was POTARP2008/Q57838 450 g of
12/ 14-al kyl nethacrylate, 500 g of i-gctane, 0.6 g of Cud, 0.01 g of CuBr2,
20 g of octa(a-bronoi sobutyryl)sucrose were initially charged in the
reaction flask and inertized with stirring. During the heating operation,
the reaction was started with 1.1 9 of pent anet hyl enedi et hyl enetri am ne at
about 60C. A-dstkolakbgerruels Wi ifermaliomshest g/é\grﬁo,rscgqlqgé\éer?lﬂlgu mpl exed

catal yst i s Zarighalethhik GosAkket ®oy). sol ubl e. After noticeable exothermicity,
the m xture was left to react at 60 for 6 h, then at 70C for 6 h, then at
80 for 6 h. At a conversion of at |east 90%of initially used 12/ 14-al kyl
met hacr yl at eMessirenidrels difecttd aigl 206C.90 @adiéve1 ofi.e.ch totR el 3f3 Mokt hy|

nmet hacryl at e Y/ ropwi se within
S and CHE HORRO Seat R B e BT R T e s
stopped by amaximgmiHentzianpressweofit-BehGhe- Fiatioyy ecceisphen citerg pf total

pent amet hyl egedi e6hyhengbbicAEdNPhid RdtHed ¥ fofdcd aNtéindftet @4 6Z&PT-- oct ane.  The
m xture was pressure-filtered while warmthrough an Al 203 colum to renove
5 the copperCd@{ig@iesfhe product was repeatedly digested in three times the
vol ume of nethanol and the nethanol was decanted off. Finally, the nethanol

was drawn off. This ga ol yvent - I 2l ; J ol ymer. The
nmass- aver'ige hr?oll't@%:%'f)gf)y\ﬁg?[ﬁﬁ qu\ylefcpé&n?‘éﬁ%ﬁ%ﬁ@éﬁ"&ﬁ%ﬁﬁ Eéds) PDI of the 10
pol yner s wer ealitgtie thei FZEdyday igRs; maghine th &I 85304t kleadsdo dn@¥ed n t he tabl e.

Th ity i isXRfecitaiimst
pol yret nyl - nebRai i) SrECuain S AFEIARING T Ty o8t o 25

st andar ds ( PoYA Héermstiemshaeld7 19k Vi Badeyr "RYGrERsahuigsyParsri/ds), the Mpeak of

whi ch was i NERwWRRIIRGEAEPHEXiSRHBH Plittigiestst Frschbngsierainguey t he range from
5. 106 to 1% lgr%trigés%%hhik, Book 710, Frankfurt 2003; "Development of a Practice
Relevant Pitting Test", FVA Information Sheet 371, Forschungsvereinigung

Antriebstechnik, Frankfurt 2006).

Measurement is effected at 90°C. At load level 10 (i.e. a torque of 373 Nm) and
20 a rotational speed of 1450 rpm, the entrainment speed is 5.678 m/s at a

maximum Hertzian pressure of 2.240 GPa. Fatigue occurs when craters of total

area >= 5 mm?2 are observed. This method is referred to hereinafter as FZG

PTX-C 10/90 test.

25 The present invention will be illustrated in detail hereinafter with reference to
examples and comparative examples, without any intention that this should

impose a restriction.

Preparation examples



15 A conbination of six colums (Polymer Standards Service SDV 100A / 2x
SDV LXL / 2x SDV 100A / Shodex KF-800D) is used. To record the signal, an
Rl detector (Agilent 1100 Series) is used. For all polynmers, owing to
adsorptions of the strongly polar N -functional block 20 structures, there
is a shift toward sonewhat | ower apparent nolecul ar wei ghts Mwy apparent On
the other hand, for star polyners, the values neasured M -w, apparent are
significantly higher than for |inear PAVMA of simlar shear stability. The
nol ecul ar wei ght distributions of all block polynmers and star bl ock

pol yners 25 woeasanedotss ATRP were strictly nononoB&T/EP2EQRG78R8y in t he
case of the star block polymers, no iggdi cations of free-radical star-star
coupl i ngs were observed, which would be noticeable, for instance, at double
t he nunber-average M There were |ikew se no indications of crosslinking,
whi ch woul d be noticeable by outliers toward hi gher nol ecul ar weights. WO
2009/ 019065PCT/ EP2008/ 057828 43 Conparati ve exanple 2 The synthesis of a

PAVA W t houtCM%grﬁ%temn@g jconononers (cf. RM Mnier, 5 S T. Oszulik

(eds.): "Chemstry an echnol ogy of Lubricants"”, Blackie Academ c &
Prof essional, London, 2nd ed. 1997; J. Bartz: "Additive kir Schm erstoffe",
Exper t - Ver | ags.7 Renmbingedsrrivia9ashtd- 15-4R 4jetiserytitesand 8%d hereinafter. lo0l1l.1 g

of 12-15- aIkI thacr I f nc&g are filled
together i tHT Ia@"??*%@%ﬁ?%ﬁqkt %h ¢%$QQ£8 reagéﬁhﬁagpggﬁkg? an appar at us
with a saberfsilst!ntagleéler witho Ffegnefeli0ON ofl ntriben | seactipreiiask oliafandIR¥® i nl et. The
apparat us 1S, diekbi 26dr MRS Blmidhl oY BLAB aAINDilot B, When the

m xture in the reaction has reached r’rB? Lg (? 100C, 0.57 g of
tert-butyl apparatuswas inertized and heated to 100°C usmg an oil bath. Once
mixture in the reaction flask had reached a temperature of 100°C, 0.456 g of

1w tert-butyl peroctoate was added.

At the same time the feed of a mixture of 833 g of monomer mix (84% 12-15-
alkyl methacrylate and 6% dimethylaminoethyl methacrylate), 14.2 g of
n-dodecyl mercaptan and 2.50 g of tert-buty! peroctoate by means of a pump
15 was commenced. The addition proceeded homogeneously over a period of
3.5hat 100°C.
2 h and 4 h after the end of feeding, another 1.70 g each time of fert-butyl
peroctoate were added, and the mixture was stirred at 100°C for a further 2 h.
This gives virtually 1000 g of an 85% clear solution.

20

Example 1

First, the base polymer was prepared. 29.4 g of monomer mixture (75% 12/14-
alkyl methacrylate and 25% methyl methacrylate) and 0.0883 ¢ of n-dodecyl

25 mercaptan were filled together with 265 g of 100N oil into the 2 | reaction flask
of an apparatus with a saber stirrer, condenser, thermometer, feed pump and
N, inlet. The apparatus was inertized and heated to 100°C using an oil bath.
Once the mixture in the reaction flask reached a temperature of 100°C, 2.26 g
of tert-buty! peroctoate were added.



15 peroctoate is added. At the sane tinme, the feed of a m xture of 889 g of
12- 15-al kyl nethacrylate, 15.1 g of n-dodecyl nercaptan and 3.1 g of
tett-butyl peroctoate by nmeans of a punp is comrenced. The addition is

ef fect ed honogeneously over a period of 20 3.5 h at 100C. 2 h and 4 h after
the end of feeding, another 1.8 g each tine of tert-butyl peroctoate are
added, and the mxture is stirred at 100C for a further 2 h. This gives
virtually 1000 g of a 90% cl ear solution. WD 2009/ 019065PCT/ EP2008/ 057828
44 Table 1. Mol ecul ar weights. Mw, apparent [g/nol] P D1 Conparative
exanpl e 1 21WOGoneBPIMESanpl e 1 36600 2. 64 PCT/EP2008/057828

40

At the same time, the feed of a mixture of 706 g of monomer mixture {(75%
12/14-alkyl methacrylate and 25% methy! methacrylate), 2.12 g of n-dodecyl
mercaptan and 19.8 g of tert-buty! peroctoate by means of a pump was

s commenced. The addition proceeded homogeneously over a period of 3.5 h at
105°C. 2 h after the end of feeding, another 1.47 g each time of tert-butyl
peroctoate were added at 105°C. This gave a 73.5% clear solution.

The resulting 1000 g of 73.5/26.5 mixture of base polymer/100N oil was

10 * admixed with 22.7 g of N-vinylpyrrolidone (NVP) and grafted at 130°C with
1.89 g of fert-butyl perbenzoate. 1 h, 2 h and 3 h after the first addition, a
further 0.947 g each time of tert-butyl perbenzoate was fed in at 130°C. After a
further hour of stirring, the mixture is diluted again to 73.5% with 100N oil.

15 The graft yield was approx. 20%, measured via the signal height. The graft yield
was determined by the method described in WO 2006/007934.

Example 2

20 An apparatus consisting of a 2L reaction flask with a dropping funnel, saber
stirrer, condenser, thermometer and N; inlet was used. First, 463 g of 12/14-
alky! methacrylate, 56 g of 100N oil, 1.5 g of CuCl and 2.7 g of
pentamethylendiethylentriamine were initially charged in the reaction flask and
inertized with stirring. A heterogeneous mixture was present, since the

25 complexed catalyst is only incompletely soluble. During the heating operation,
the reaction was started with 6.1 g of ethy! bromoisobutyrate at about 65 °C.
After noticeable exothermicity, the mixture was allowed to react at 95°C for 2 h.

At a conversion of at least 90% of initially used 12/14-alkyl methacrylate, 37.5 ¢



Exanple 2 22100 1.32 Exanple 3 46660 1.20 Conparative exanple 2 25400 1. 86
Use exanples 5 A fully formul ated base fluid, which, however, is free of Vi
i mprover, conprising APl (American PetroleumlInstitute) group |1l base oil
pl us DI package (dispersant inhibitor package) conprising dispersant,
detergent, defoaner, corrosion inhibitor, antioxidant, antiwear additive
and extrene pressure additive, friction nodifier) of Kv40=22.32cSt,
KV100=4. 654cSt and VI =128 was joused. The polyners specified above were

adj usted to KV100=6.5cSt (ASTM D445) in the base fluid. The typical

formul ati on weramoetedossof KV40 and viscosity i ndeRCUEPRAISINATB250) were
determned. It is also possible to eygm ne KV20, low 15 tenperature BF-40
(test instrunment from Brookfield, Dlﬁ 51398) and shear stability to DN
51350-6 (20 h, tapered roller bearing). Table 2 shows the properties of the

conposi tions obtained and the amobunts of pol ymer used, Us
of morpholinoethy! methacrylate were added dropwise within 5 min, and the

mixture was left to react at 95°C for a further 4 h. Subsequently, the mixture
was diluted to 50% with 100N oil and pressure-filtered while warm o remove
the CuCl (Seitz T1000 10 um depth filter). This gave a 50% reddish solution.

Example 3

First, an 8-arm initiator was prepared. The 8-arm octa (-
bromoisobutyryl)sucrose initiator was synthsized by a synthesis described in

10 M. H. Stenzel-Rosenbaum, T. P. Davis, V. Chen, A. Fane, Macromolecules 34
(2001), 5433, in which a 72% yield was achieved. The structure was proved by
means of 'H NMR. Analysis by MALDI-ToF-MS (Bruker Daltonics Reflex 3;
337 nm N; laser; acceleration voltage 20 kV; 2,5-dihydroxybenzoic acid/LiCl/8-
arm initiator = 10/1/1wt%) shows 87 mol% with 8-fold functionalization

15 (M+My,=1541 g/mol) and 13 mol% with 7-fold functionalization
{(M+M;,=1393 g/mol).

To synthesize the star polymer, an apparatus consisting of a 2L. reaction flask
with dropping funnel, saber stirrer, condenser, thermometer and N inlet was

20 used. First, 450 g of 12/14-alkyl methacrylate, 500 g of -octane, 0.6 g of CuCl,
0.01 g of CuBrz, 20 g of octa(o-bromoisobutyryl)sucrose were initially charged
in the reaction flask and inertized with stirring. During the heating operation, the
reaction was started with 1.1 g of pentamethylenediethylenetriamine at about
60°C. A heterogeneous mixture was present, since the complexed catalyst is

25 only incompletely soluble. After noticeable exothermicity, the mixture was left to
react at 60° for 6 h, then at 70°C for 6 h, then at 80° for 6 h.

At a conversion of at least 90% of initially used 12/14-alkyl methacrylate and
after heating to 90°C, 50 g of dimethylaminoethyl methacrylate were added



exanple 1 conprises the polynmer according to preparation exanple 1, this
statenent al so applying to the futher preparation exanples and conparative
20 exanples. WO 2009/ 019065PCT/ EP2008/ 057828 45 from Rhei ncheni e
(Mannhei mf Ger many) under the Additin(r) RC 3760 trade name was exani ned
with the data obtained thereby shown in table 2 as conparative exanple 3.
The given additive is a tri(dodecyl)am ne-neutralized hexyl phosphoric ester
with a degree of esterification of 1.5. The product is 5 highly viscous and
Lr Iee of sol vent . Tabl eB:\2/' 0Oorrposi tions exam ned Additive concentration

ol ynmer conogot2009/009066V100 [ mR2/s] Vi scosity i ndBRT/EVRHO i
exanple 1 8.6% 7. 3% 6. 49 [ ! 42 g EOPYIARAME at  ve

dropwise within 5 min, and the mixture was left to react at 80°C for a further
40 h. It was stopped by adding 5 mt of a solution of 10 g/l CuBrz, 10 g/t
pentamethylenediethylenetriamine and 5 g/t [rganox® 1010 in i-octane. The
mixture was pressure-filtered while warm through an Al2O; column to remove

5 the copper salts. The product was repeatedly digested in three times the
volume of methanol and the methanol was decanted off. Finally, the methanol
was drawn off. This gave a solvent-free rubber-like reddish polymer.

The mass-average molecular weights M,, and polydispersity indices PDI of the
16 polymers were determined by GPC, and the resulis are shown in the table. The
measurements were effected in tetrahydrofuran at 35°C against a polymethyl
methacrylate calibration curve obtained from a set of 225 standards (Polymer
Standards Service or Polymer Laboratories), the Mpeax 0f which was in a
homogeneous logarithmic distribution over the range from 5:10° to 2-10% g/mol.
15 A combination of six columns (Polymer Standards Service SDV 100A / 2x
SDV LXL / 2x SDV 100A / Shodex KF-800D) is used. To record the signal, an
RI detector (Agilent 1100 Series) is used.

For all polymers, owing to adsorptions of the strongly polar N/O-functional block

s0  structures, there is a shift toward somewhat lower apparent molecular weights
My zpparent. ON the other hand, for star polymers, the vaiues measured Mw,apparent
are significantly higher than for linear PAMA of similar shear stability.

The molecular weight distributions of alf block polymers and star block polymers

25 prepared by ATRP were strictly monomodal. Especially in the case of the star
block polymers, no indications of free-radical star-star couplings were observed,
which would be noticeable, for instance, at double the number-average M.
There were likewise no indications of crosslinking, which would be noticeable
by outliers toward higher molecular weights.



158 Conparative exanple 2 8. 0% 7.2% 6. 52 161 Conparative exanple 3 24.5%
6.45 128 Exanple 1 8.0%5.9% 6.51 167 Exanple 2

WO 2009/019065 PCT/EP2008/057828
43

Comparative example 2

The synthesis of a PAMA without N/O-functional comonomers {cf. R.M. Mortier,

5 S.T. Orszulik (eds.): "Chemistry and Technology of Lubricants”, Blackie
Academic & Professional, London, o™ od. 1997; J. Bartz: "Additive fir
Schmierstoffe”, Expert-Verlag, Renningen-Malmsheim 1994) is described
hereinafter.

10 11.1 g of 12-15-alkyl methacrylate and 0.19 g of n-dodecyl mercaptan are filled
together with 100 g of 100N oil into the 2L reaction fiask of an apparatus with a
saber stirrer, condenser, thermometer, feed pump and N inlet. The apparatus
is inertized and heated to 100°C using an oil bath. When the mixture in the
reaction flask has reached a temperature of 100°C, 0.57 g of fert-butyl

15 peroctoate is added.

At the same time, the feed of a mixture of 889 g of 12-15-alkyl methacrylate,

15.1 g of n-dodecyl mercaptan and 3.1 g of tert-butyl peroctoate by means of a

pump is commenced. The addition is effected homogeneously over a period of
20 3.5hat100°C.

2 h and 4 h after the end of feeding, another 1.8 g each time of tert-butyl

peroctoate are added, and the mixture is stirred at 100°C for a further 2 h. This

gives virtually 1000 g of a 90% clear solution.



13.5% 6.8% 6.54 169 Exanple 3 2.8%2.8%6.80 171 To determ ne the fatigue
t he above-descri bed nethods according to DIN 51350-1 (FBA, four-ball 1
apparatus) and according to DIN 51819-1 with an FEB roller bearing
| ubricant test rig from FAG (FAG FE8; Schaeffler KG Schweinfurt) were
used. The determ nation of a fatigue time requires several tests under the
same 15 operating conditions. A fatigue tine can be represented either as
an arithnetic nean or, in the case of a sufficient nunber of tests, wth
the aid of Weibull statistics (W Wibull: "Fatigue Testing and Anal ysis of
Resul ts", Peygaoogofyoess 1961), as a fatigue ti mePEUEPRROFANTE2%r obability
Pf=50/0. This neans that WO 2009/013965PCT/ EP2008/ 057828 46 50% of al |
sanpl es have exhibited fatigue by the tine specified. The failure
probability Pi should not be confused with the confidence |evel Pc of the
study, which is Pc=90%

Table 1. Molecular weights.

Mw,apparent | PDI
[g/mal]
Comparative example 1 21700 1.82
Example 1 36600 2.64
Example 2 22100 1.32
Example 3 46660 1.20
Comparative example 2 25400 1.86

Use examples

5 A fully formulated base fluid, which, however, is free of VI improver, comprising
AP| (American Petroleum Institute) group I!1 base oil plus DI package
(dispersant inhibitor package) comprising dispersant, detergent, defoamer,
corrosion inhibitor, antioxidant, antiwear additive and extreme pressure
additive, friction modifier) of KV40=22.32¢St, KV100=4.654cSt and VI=128 was

10 used.

The polymers specified above were adjusted to KV100=6.5¢St (ASTM D445} in
the base fluid. The typical formulation parameters of KV40 and viscosity index
VI (ASTM 2270) were determined. [t is also possible to examine KV20, low-

15 temperature BF-40 (test instrument from Brookfield, DIN 51398) and shear
stability to DIN 51350-6 (20 h, tapered roller bearing). Table 2 shows the
properties of the compositions obtained and the amounts of polymer used. Use
example 1 comprises the polymer according to preparation example 1, this
statement also applying to the futher preparation examples and comparative

20 examples.

In addition, an antiwear and extreme pressure additive obtainable commercially



5 Table 3 conpiles the results obtained fromthe determ nation of fatigue
The results show clearly that the inventive exanples (at equal
KV100) significantly increase the fatigue tine conpared to the prior art.

Tabl e 3. Fatigue tines of the conpositions exam ned FBA: Wi bul |
10 tests [ Revol utions]

times.

Conpar ati ve exanple 3 106 860

15

WO 2009/019065 PCT/EP2008/057828

45

from Rheinchemie (Mannheim/Germany)} under the Additin® RC 3760 trade
name was examined, with the data obtained thereby shown in table 2 as
comparative example 3. The given additive is a tri({dodecyl)amine-neutralized
hexylphosphoric ester with a degree of esterification of 1.5. The product is
highly viscous and free of solvent.

Table 2. Compositions examined

Additive Polymer KV100 Viscosity
concentration | concentration | [mm?s] index (V1)
Comparative
8.6% 7.3% 6.49 158
example 1
Comparative
8.0% 7.2% 6.52 161
example 2
Comparative
24.5% 6.45 128
example 3
Example 1 8.0% 5.9% 6.51 167
Example 2 13.5% 6.8% 6.54 169
Example 3 2.8% 2.8% 6.80 171

To determine the fatigue, the above-described methods according to DIN
51350-1 (FBA, four-ball apparatus) and according o DIN 51819-1 with an FE8
roller bearing lubricant test rig from FAG (FAG FEB8; Schaefiler KG,

Schweinfurt) were used.

The determination of a fatigue time requires several tests under the same
operating conditions. A fatigue time can be represented either as an arithmetic
mean or, in the case of a sufficient number of tests, with the aid of Weibull
statistics (W. Weibull: "Fatigue Testing and Analysis of Results", Pergamon
Press 1961), as a fatigue time for failure probability P=50%. This means that

( _ mean from
_ FAG FE8: arithnetic nean from2 tests [ Hours]
Conparative exanple 1 136 810 Conparative exanple 2 108 040 148




Exanple 1 148 775 476 Exanple 2 150 550 1987 Exanple 3 146 530 10 In
addition, the conposition obtained with the polynmer according to exanple 1
was eval uated according to the above-described FZG PT-C 10/ 120 test and the
FZG PTX-C 10/90 test. The conposition conprising the polyners according to
exanple 1 achieved a value of 36.0 hours (FZG PT-C 10/120) and 242 hours 15
(FZG PTX-C 10/90). These data are based on an arithnmetic nmean from3 (FZG
PT-C 10/120) or 2 (FZG PTX-C 10/90) tests. 47 Cainms 1. The use of

pol ymers which conprise ester groups and have at |east one nonpol ar segment
P which is abO200@biss6dy pol ynerizing a nononer RGHIEBRABES7HAH ch conpri ses

46

50% of all samples have exhibited fatigue by the time specified. The failure
probability P should not be confused with the confidence level P of the study,
which is P=90%.

5 Table 3 compiles the results obtained from the determination of fatigue times.
The results show clearly that the inventive examples (at equal KV100)

significantly increase the fatigue time compared to the prior art.

Table 3. Fatigue times of the compositions examined

FBA: FAG FE8:
Weibull mean arithmetic mean
from 10 tests from 2 tests
[Revolutions] [Hours]
Comparative example 1 136 810
Comparative example 2 108 040 148
Comparative example 3 106 860
Example 1 148 775 476
Example 2 150 550 1987
Example 3 146 530

10
In addition, the composition obtained with the polymer according to example 1
was evaluated according to the above-described FZG PT-C 10/120 test and the
FZG PTX-C 10/90 test. The composition comprising the polymers according to
example 1 achieved a value of 36.0 hours (FZG PT-C 10/120} and 242 hours

15 {FZG PTX-C 10/90). These data are based on an arithmetic mean from 3 (FZG
PT-C 10/120) or 2 (FZG PTX-C 10/90) tests.



a) 0 to 40% by wei ght, based on the weight of the nononmer conposition for
preparing the nonpol ar segnents, of one or nore ethylenically unsaturated
ester conpounds of the forrmula (1) (1) R30RL R2 0 in which R is hydrogen or
methyl, RL is a linear or branched al kyl radical having 1 to 6 carbon
atonms, R2 and R3 are each independently hydrogen or a group of the formnula
-COOR in which R is hydrogen or an4glkyl group having 1 to 6 carbon
atons, b) 5 to 100% by wei ght, based on the wei ght of the nononer
conposition for preparing the nonpol ar segnents, of one or nore

et hyl eni Cddims unsat urated ester conpounds of the formula (I1) R6 R5 in
which Ris hydrogen or nethyl, R4 is a |linear or branched al kyl radical
having 7 to 15 carbon atons, R5 and R6 are each independently hydrogen or a

group of 4t hethan el & pdhEr WHchH Re éstehy@upaihdtiavdatdelst orgy oup
having 7 to lé car borP at ons > OWﬂao 80% bygwe?g ht, based on the wei ght of

t he nononer oonpolar BegmeﬁbP Vp)hﬂebw bhiginahte hm@mr@en&@ﬁéﬁ@@omsf one or nore
et hyl eni cal | y_unsat.ur at.ed ester. corrpounds of the formula (111) 48 R
RO0127(111) Fomposition Wiich comprisés

a) 0 to 40% by weight, based on the weight of the monomer composition

for preparing the nonpolar segments, of one or more ethylenically

unsaturated ester compounds of the formula (1)
R 0

R3 1
\(l\r(OR

RZ O

in which R is hydrogen or methyl, R' is a linear or branched alkyl radical
having 1 to 6 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 1 to 6 carbon atoms,

b) 5 to 100% by weight, based on the weight of the monomer composition
for preparing the nonpolar segments, of one or more ethylenically

unsaturated ester compounds of the formula (li)

R

RO A OR4 (In

RS

in which R is hydrogen or methyl, R*is a linear or branched alkyl radical
having 7 to 15 carbon atoms, R® and R® are each independently hydrogen
or a group of the formula -COOR” in which R" is hydrogen or an alkyl
group having 7 to 15 carbon atoms,

c) 0 to 80% by weight, based on the weight of the monomer composition
for preparing the nonpolar segments, of one or more ethylenically

unsaturated ester compounds of the formula (1)



JR8 0 in which Ris hydrogen or nethyl, R7 is a linear or branched al kyl
radi cal having 16 to 30 carbon atons, R8 and R9 are each independently
hydrogen or a group of the formula -COOR'" in which R' is hydrogen or an

al kyl group having 16 to 30 carbon atons, d) O to 50% by wei ght, based on
the wei ght of the nononer conposition_for preparing the hydrophobic
segnents, of conononer; and at | east 4®ne pol ar segnent D, said pol ar
segnent D having at | east eight repeat units and the proportion by weight
of dispersing repeat units in the polar segnent D being at |east 30% based
on the wei ght of the polar segnentg D, characterized in that the dispersing
repeat units are derived frogvgone or m)re7 et hyl enically unsatur Qed pol ar
ester conpounds of the formula OR’Eli I1Din which Ris h@ rogen or
met hyl, X is oxygen, sulfur or an anjno group of the fornula -NH or -NRa-
in which Ra is an al kyl radical RBavigg 1 to 40 carbon atonms, R19 is a

radi cal which conprises 2 to 20 carbon_atons and has at |east one

het er oat om Righiah® B}@da@%reapme'thw,elaéimﬁnéar dntitangeed alkybraglicalp of t he
formula -COX'RL. in which X is oxyggn Qlnen am Hoogrou ofI the formula
_NH or - NRahaving 16t 39 ¢aibop atems aRkand Ry Are AachNdeREMASMY 40 car bon

e ncant Iliraben Br EAHER of SURIHAS LA HRNEAROTs Rydiggenand of fr om

het er ocycl i conpt S, as an antifatigue additive i ubricants 49
has at | eastard alkyegeaip having 1630 30rwarbse atems,| aimed in claim1 or 2,

ohar 1o 255 o Al S RS 8 e B R S o

for preparing the hydrophobic segments, of comonomer;

and at least one polar segment D, said polar segment D having at least
eight repeat units and the proportion by weight of dispersing repeat units
in the polar segment D being at least 30%, based on the weight of the
polar segment D, characterized in that the dispersing repeat units are
derived from one or more ethylenically unsaturated polar ester

compounds of the formula (IV)

R

RHWMO (V)
11

R O

in which R is hydrogen or methyl, X is oxygen, sulfur or an amino group of
the formula -NH- or —=NR?- in which R? is an alkyl radical having 1 to 40
carbon atoms, R'® is a radical which comprises 2 to 20 carbon atoms and
has at least one heteroatom, R'" and R'? are each independently
hydrogen or a group of the formula ~COX'R'? in which X' is oxygen or an
amino group of the formula -NH- or -NR®-, in which R* is an alkyl radical
having 1 to 40 carbon atoms, and R'® is a radical comprising 1 to 100
carbon atoms, and/or from heterocyclic vinyl compounds,

as an antifatigue additive in lubricants.

2.  The use as claimed in claim 1, characterized in that the polar segment D



4. The use as clained in at |east one of the preceding clains,
characterized in that the polyner conprising ester groups is selected from
pol yal kyl (nmeth)acryl ates (PAMA), polyal kyl fumerates and/ or polyal kyl

mal eates. 5. The use as clainmed in at |east one of the preceding clains,
characterized in that the |ubricant igoa transm ssion oil, nmotor oil or
hydraulic oil. 6. The use as clained™®n at |east one of the preceding
clainms, characterized in that the polynmer conprising ester groups has a
wei ght - aver age nol ecul ar weight in the range from 10 000 to 600 000 g/ nol.
7. The use aRashbleast12 nepdatiunit8, characterized in that the pol ymer
conprising ester groups has a wei ght-average nol ecul ar wei ght in the range
from 15 000 to 80 000 g/m)l 8. The use as clained in at |east one of the
preceding cl ¢} 0%q lnzélgln'\ﬁdr@tchbl’&t@ﬁ&e%f m&ﬁﬁmh@tprapcnmnrb}ses at

| east three unrts erlve rom nononers of e formula (1V) and/aor from
het er ocycl i cweight of dispeesing sepestiurtisas at l@@ﬁﬂéﬁ%dlbﬁé@@ op the waightefot her. 9.
The use as clained in claj 517 or 8, characterized in that the heterocyclic
vinyl conpou® P%‘agé‘i’%’@?ﬁtj fromthe group consisting of 2-vinylpyridine, 3-
vinyl pyridine, 2-nethyl-5-vinylpyridine, 3-ethyl-4- V|nylpyr|d|ne
2,3-dimethyl-5- vinylpyridine, vinylpyrimdine, vinylpiperidine,

9- vi nyl cér baToeaiseRstinimedirhatienst one of g Rigeeding 'mfa 9‘:‘ﬂ5ﬂcﬁﬂﬁegazol e,

EF x: 25: :D;nr ?ﬁfq"{y@;‘gw 5ﬁpl§(mr%e;|tc8¥7mrlﬁqdj€#§ Bkg.@%% %elérﬂ;t oq ﬂéh‘PMél?QIkWO”e

N-vi nyl capr OK,ﬁefrﬁaazryP&tas (ARA)Y polyalkyefmerates! smoubamlyabkvhv-hfaam
vi nyl t hi ophene, vinylthiolane, vinylthiazoles and hydrogenat ed
V|nylth|azoles vi nyl oxazol es and hydrogenat ed vi nyl oxazol es. 10. The use

as clait aI | 3}1& &ggf%fél?ﬁaggﬁf a{;leab nd of theZpre g@apa&;}&mg%ﬁara&éﬂm the

et hyl eni ar es er conpoun e formul a is an

am noal kyl ( ietHa: @6 Wbdicant isa gansraiision cﬁinmdit)aaoﬁ}oragdwm@ﬂhydr oxyal Kyl
(meth)acrylate, a heterocyclic (nmeth)acrylate and/or a carbonyl - contai ni ng

(meth)acryl ate 11 The use as clained in claim10, characterized in that

e ot e el s Ao BialhBN 3 aP Rl ofS LF in /BRAHING GhintdenbRidRNiZed |V) s

sel ected h $ grouap consi s oxypr opyl net hacryl at e,

2- hydr oxyet hyn tm&m@pbwhmre;omm@em Igmgﬂ b3s avaightyaveragei nat e,

N (2- et hacryl oyl oxyet hyl ) et hyl ene hyl nmethacryl ate,
2- (4- nor phol imRleseahyeidhtim e (ANge f°f8ﬂﬁﬁ9‘ﬂ@f%§$ﬁ§§ﬁg@/@8& met hacryl at e,
di met hyl am noet hyl net hacryl ate and/or di met hyl am nopropyl et hacryl am de.

12. The use as clainmed in at |east one of the preceding clains,
char act erf, zedhenugenag clameedvri ghim Bacharacterizead imipat ﬁlﬁi@fgvmeé é@ﬁ'@ﬁﬁ'@gt o the

I f 100:; I d
B Teast “one csteraratis Ber Ao avatge Maoilardyoiuntn td pde fol® .0, Doy "

conprising e o%[ﬁéob odi bl ock, triblock, multiblock, conb and/or
star copol y@?%oﬁf The u?e as clained in at |east one of the precedi ng

clains, characterized in that the polyner conprising ester groups has a
pol yd Spesr.Si t'%/he'\{l,llge'vgs é:!almehde in' at lehet Hw(e) %]filheogreﬁgdiﬁg %taimé,]characterized in

that the polar segment D comprises at least three units derived from

monomers of the formula (IV) andfor from heterocyclic vinyl compounds,

which are bonded directly to one another.

9. The use as claimed in ciaim 7 or 8, characterized in that the heterocyclic vinyl
compound is selected from the group consisting of 2-vinylpyridine, 3-
vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3-dimethyl-5-
vinylpyridine, vinylpyrimidine, vinylpiperidine, 9-vinylcarbazole,
3-vinylcarbazole, 4-vinylcarbazole, 1-vinylimidazole, N-vinylimidazole,



15. The use as clained in at | east one of the preceding clains,
characterized in that the lubricant has a PSSI to DIN 51350-6 (20h) of |ess
than or equal to 100. 16. The use as clained in at |east one of the
preceding clains, characterized in that the lubricant conprises 0.01 to 30%
by wei ght of polynmer which conprises ggter groups and has at |east one
nonpol ar segnent P and at | east one | ar segment D. 17. The use as clai ned
in at | east one of the preceding clains, characterized in that the

| ubricant conprises at |east one mneral oil and/or a synthetic oil. 18.
The use as cPRanethy-i-vinglimidazsie, Nrinygdyrmolidone, edaylpyralidanés, characteri zed
in that the |ubricant. conprises at .least.one additiopal [ 11 ichis
not a pol ymel" WT@F’W&@?’!@?"V&P @Bg’a@"ﬂﬁ‘yﬂ?@oﬂ?c@@a@ 'Bﬂggﬁ&{ﬁﬂ%’g@ﬁp segnent
and at 'ef"‘Stviﬁﬂﬁx&ﬁh@,rvimF@ﬂt\linyﬁﬁbﬁhéﬁé,@fnyﬁﬁiﬁ%@? viR@HiRles andeast ei ght
repeat units and the proportion by weight of dispersing repeat units in the
pol ar segnenbydregenpted vinghiaz@des,vinyeradoles anddydergsnateast viaylexazslesr segnent .
19. The use as clained in claim18, characterized in that the additive is a
vi scosity index inprover, pour point inprover, dispersant, detergent,

def oamer 40COTRO&5€ Bs icHitnbH 1P bt leaSt driXdfdidins 72atd, Wharacksiitetiiv that the r ene
pressure additive and/or friction nodifier. 20. The use as clainmed in claim

19, char act eglhylenically unsaturated palar estar cepewndef thaderarula M) Endn pressure

Sul fur and pRUERIbRERBARYERNE SRS RIPRIALR A RRR 4 R SgBI ° T, |
conpounds comethyadrglags eiReterbeymiit (et acrRe andldra carkbnyldomtamirtpns,

sul furized glycerides and fatty 52 acid esters, overbased sul fonates,
chl ori ne confiBeifdRCTYigi&phi te or nol ybdenum di sul i de.

11. The use as claimed in claim 10, characterized in that the ethylenically
unsaturated polar ester compound of the formula (IV) is selected from the
group consisting of 2-hydroxypropyl methacrylate, 2-hydroxyethyl
methacrylate, mono-2-methacryloyloxyethy! succinate,
N-(2-methacryloyloxyethyl)ethyleneurea, 2-acetoacetoxyethyl
methacrylate, 2-(4-morpholinyl)ethyl methacrylate, dimethylaminodiglycol
methacrylate, dimethylaminoethyl methacrylate and/or
dimethylaminopropylmethacrylamide.

12. The use as claimed in at least one of the preceding claims, characterized
in that the weight ratio of the hydrophobic segments to the polar segments

is in the range from 100:1 to 1:1.

13. The use as claimed in at least one of the preceding claims, characterized
in that the polymer comprising ester groups is a diblock, triblock,

multiblock, comb and/or star copolymer.

14. The use as claimed in at least one of the preceding claims, characterized
in that the polymer comprising ester groups has a polydispersity My/M, in
the range from 1.05 to 4.0.



15.

16.

17.

18.

19.

20,

51°

The use as claimed in at least one of the preceding claims, characterized
in that the lubricant has a PSS! to DIN 51350-6 (20h) of less than or equal
to 100.

The use as claimed in at least one of the preceding claims, characterized
in that the lubricant comprises 0.01 to 30% by weight of polymer which
comprises ester groups and has at least one nonpolar segment P and at

least one polar segment D.

The use as claimed in at least one of the preceding claims, characterized
in that the lubricant comprises at least one mineral oil and/or a synthetic

oil.

The use as claimed in at least one of the preceding claims, characterized
in that the lubricant comprises at least one additional additive which is not
a polymer comprising ester groups and has at least one nonpolar segment
and at least one polar segment, said polar segment having at least eight
repeat units and the proportion by weight of dispersing repeat units in the
polar segment being at least 30%, based on the weight of the polar
segment.

The use as claimed in claim 18, characterized in that the additive is a
viscosity index improver, pour point improver, dispersant, detergent,
defoamer, corrosion inhibitor, antioxidant, antiwear additive, extreme

pressure additive and/or friction modifier.

The use as claimed in claim 19, characterized in that the antiwear additive
and/or extreme pressure additive is selected from phosphorous
compounds, compounds comprising sulfur and phosphorous, compounds
comprising sulfur and nitrogen, sulfur compounds comprising elemental
sulfur and H.S-sulfurized hydrocarbons, sulfurized glycerides and fatty



52°

acid esters, overbased sulfonates, chiorine compounds, graphite or

molybdenum disulfide.



