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WO 2009/019065 PCT/EP2008/057828 1 Use of ester group-including
polymers as antifatigue additives 5 The present invention relates to the use
of polymers comprising ester groups as antifatigue additives. For reasons of
fuel economy, a task being addressed in modern research is 10 that of
rdMQ2O9MBAAARS loss and internal friction of oils more aRE HeP2008/857828
result, there has been a trend in the lagt 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 is 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
distinctidaaPHREIRT 9EpMBAR0HL NG P aYNeERSAMifaligHeadditiveRices of
transmissions, especially at gearings and roller bearings: 1. Wear resulting
from continuqus surface material removal or scuffing as a result of abrupt
mAtR RAFPEM VLT MR 'S5 ANBEUSPISROMBIRTR SISO FHRYRE as
wdritfatigee additivsihle through gray staining (surface fatigue, micro-pitting)
or craters (sub-surface fatigue, pitting). This damage is caused by flaking-off
or breaking-out of material owing to cracks, which WO 2009/019065

PICOT MERSQTBH78 2B on ety ca digei ming @ ediess e d 013500081 esedrehds

SHERER RYUSERECRUIRTAEJo 82 BIRIMRLRNAHE8on 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

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
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

partners.

2. Fatigue which becomes visible through gray staining (surface fatigue,
micro-pitting) or craters (sub-surface fatigue, pitting). This damage is

caused by flaking-off or breaking-out of material owing to cracks, which
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The types of damage mentioned are commonly known for gearings and roller
5 bearings, and are described in detail, for example, in the publications
"Gears - Wear and Damage to Gear Teeth", ISO DIS 10825 and
"Walzlagerschaden" [Damage to roller bearings], Publ.-No. WL 82 102/2 DA
O RALY/BI&08Stler KG), Schweinfurt 2004. 10 Wear R&UIkRR2ABRI057828
continuous surface material removal ogcurs on gearings and roller bearings
preferentially at low speeds, at which the surface roughnesses come into
contact owing to too thin a lubricant film. The material degradation which

Its f thi ism i | le, in fig. 10.10in T, Mang,
W DraLEF AR EOCFACIE S SRR 0 i Y e o
2001, im twbictetlttadticdlank with significant manifestations of wear is shown.

Inhomogeneous wear, which can be seen in the form of streak formation on

a roller bearing, is shown in "Walzlagerschaden”, Publ.-No. WL 82 102/2 DA
frbR¢ YRES (G PRIBARS RE)I SR RATPORAY NI 06 820N KA ave

aﬂé;amﬁgb!%ﬁf%‘g% OB URNGESIIAN WP B CEREie oars -
iwear additives and_are of hi casity. Scuffing on tooth flanks
; Akt S cian Jerian SO SRRk AR R AR e
wWelded deieflyoladdeamegtitBlyblaiNapWft &2ai02/2 PB typio & Ata(iesiatiter of

SRC?J cg{ﬂ ]1 IQ p, for example, in fig. 10.11 in T. Mang, W. Dresel
(eds.):™ u%gf%e?nrt?s gﬁd'Lubrication", Wiley-VCH, Weinheim 2001. The

damage occurs on intermeshing flank areas, where very high sliding speeds

aWé%lrﬁ%%mt(:ﬁ’ét%rﬁrbHi‘ﬁ raetfz @ﬁﬁgleTrHEtéﬁQ%?ﬁgﬁ‘aY\éﬂﬁhrQ%‘rP{;%a@i%éO“y,
which can be caused merely by a single overload. Scuffing damage WO

. g
2808/ Y80 BE A BIR RESBGENA Y B40W ARERASe BN Fofidi 8arings; this
ism@m&sﬁem@l@mﬂm dnem@rtgsodohie_)@mpieam_ttrfajms mmma&n’ﬁ_l
CHRFRLE, RINELLD EXpEReaL AN, RETRINGURRORY s SXRRRS UGN
stresses and/or excessively high speeds,
10.10 in T. Mang, W. Dresel (eds.): "Lubricants and Lubrication", Wiley-VCH,
Weinheim 2001, in which a tooth flank with significant manifestations of wear is
shown. Inhomogeneous wear, which can be seen in the form of streak
formation on a roller bearing, is shown in "Walzlagerschaden", Publ.-No. WL 82

102/2 DA from FAG (Schaeffler KG), Schweinfurt 2004, in figure 68.

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
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
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there is insufficient lubricant film formation between the rollers and cup (for 5
example of a tapered roller bearing), and leads to local welding (cf. fig. 81
"Walzlagerschaden”, Publ.-No. WL 82 102/2 DA from FAG (Schaeffler KG),
Schweinfurt 2004). Scuffing damage can be reduced by more than a factor of
5WQ 2808/Ad986%ressure (EP) additives in the lubricantPEEEREAO8D 94 fg8e
described above under point 2 is manifested especially by gray staining and
crater formation. is Gray staining begins at first 20-40 m below the surface
with fine cracks in the metal lattice. The crack propagates to the surface and

ds to material flalﬂnlg off, whic 'EV]IS eV|denta visible é/stalnl In the
i B Pl oS S et Fonaoety o Lot e o
sfmenkamtgem Gaaynswlnnngorbwumerpreféseﬁlmm ito threcasevalf :klMlng

e L e

Weln eim Inr ler’

b@ﬂmgﬁs'W@ffiﬁé?y‘tﬂdpréﬁﬂbﬁtﬁhéoﬁﬁ%%éﬁ%W%thm@M%@ﬁa@é@vﬁ%n the
aé&ﬁrﬁi)@“gfflgtﬁﬁé‘ﬂé@trow& saavgPyanayeatiexaneeta WefWﬂﬂ?(@!gﬁ sghaden”,

AR SE PR 1 e v AL BN WHEFE Sl

aﬁﬁmedfualm)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

oS6uffie fiamBgeEaN beXBI9RBLHoG 5 PE HEP 2068105782 8y £HeMeddle of

thedeqieflamksaduitl i ialpegsiags. usually on the rotating bearing rings.
igures showing this damage can be found in publications including T.

Mang, W. Dresel (eds.): "Lubricants and Lubrication”, Wiley-VCH,
The material fatigue described above under point 2 is manifested especially by

gray staining and crater formation.

Gray staining begins at first 20-40 um below the surface with fine cracks in the
metal lattice. The crack propagates to the surface and leads to material flaking
off, which is evident as visible gray staining. In the case of gearings, gray
staining 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
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.

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 um. The crack finally propagates to the surface and leaves, after

break-out, a pronounced crater. In the case of gears, these occur preferably at
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Weinheim 2001 (cf. fig. 10.14 and fig. 10.15) and in "Walzlagerschaden",
Publ. s No. WL 82 102/2 DA from FAG (Schaeffler KG), Schweinfurt 2004 (cf.
figure 43). In contrast to gray staining, the damage thus proceeds in the area
of rolling contact, since the greatest stress and the greatest amplitudes of

10O 20091 e resent there in each case. 10 In clear ReA{ERRAISRETRAE

of "wear" and "scuffing", the much morg 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

ditives d ibed f. R.M. Mortier, S,T. O ik (eds.): "Chemist
T8 PR PP R LU BEAERRE o P N Lo P Gcon,
2bdzﬂfd1919@§’s.fi§lm;:smmtg/mfﬂdWamﬁe‘fQAnhﬂimmmatMicants],
e e A Lo s R e,
hi{RInhedn aBR s hign! & bh @t iy Bhangr iy " Walkingassiasiese. aip!.-
EW?W?Q?W;PQ@?N ﬁ@dﬂﬁﬂ@_@%‘]é]zc(];bﬁﬂt&emi){_iS@HWW?&;B%J&S&E@L@@%SA

iIscosity here has a prolonging effect on fatigue time (c¢f. U. Sched]: "EVA-

kAo A AR e T R e Y e
Gruitebt rdiebenkd apeatestsitzge had ebher gtahtastden piit Uties off radacithnge
L i " F ini Antriebstechnik, Book 530,
g%lé?gggﬂgg@%?,%@h?acﬂrggwngsverelnlgung ntriebstechnik, Boo

Fran 0 Improve the viscosity properties, polyalkyl
(meth)acrylates (PAMA) have been used for some time in lubricant oils, for

ENPEUE GRS 1 PAMO G R r aihiSeBIerRh e My disEnpalzed
with comonomers, especially nitrogen- or oxygen-contalmng@monomers.
/

TIREGHS//ABO QIR VA S0 ERPT8 0BEPERE Pt B3R 68 #adeeriged in
eapeciadijeabiyanexs whithduiwebgien ifuniationaieesivitedimetbylamiaoethy!

pressure additives described above (cf. R.M. Mortier, S.T. Orszulik (eds.):
"Chemistry and Technology of Lubricants", Blackie Academic & Professional,
London, 2" ed. 1997; J. Bartz: "Additive flr 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
viscosity here has a prolonging effect on fatigue time (cf. U. Schedl: "FVA-
Forschungsvorhaben 2/IV: Pittingtest - Einfluss der Schmierstoffs auf die
Grlibchenlebensdauer einsatzgeharteter Zahnrader im Einstufen- und
Lastkollektivversuch", Forschungsvereinigung Antriebstechnik, Book 530,
Frankfurt 1997).

To improve the viscosity properties, polyalkyl (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
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methacrylate (US 2,737,496 to E. |. Dupont de Nemours and Co.),
dimethylaminoethylmethacrylamide (US 4,021,357 to Texaco Inc.) or
hydroxyethyl methacrylate (US 3,249,545 to Shell Oil. Co). 5 VI improvers
based on PAMA for lubricant oil applications are constantly being improved.
FWG2088(@1986% have recently also been many descrif§oH{5B2098/3$ €338
with block sequences for use in lubricagt oils. 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

b t reaction. blications WO 2001/40339 and. DE 10
DA REMISG TE AR EHEIR HESCHAR A BRI EiBt

cumﬂwmrtatanjtiStar?BlbéGmpﬁymﬁsrfonﬂubrmamtouiﬂsamrﬂi@aimns, which are
oBARARIE SBARIR AR ATTEN B0 As: meidee AdyaptapgpuSness of

the b structure for wear-reducing additive functions o
iMpieveratiey imeteaciyiatettlétoh2atr4pIEad8es lvEruel consumption, has
also already been demonstrated. WO 2004/087850 describes lubricant oil

O SRR T MR A 8%

2idgeravEsb Fo destaiines tieer ladiee oekttopislybess oharyeteoiptiapscodily

B R S R BB 26 s wo
2006/007934 to RohMax Additive GmbH describes the use of graft

CPBPRYBRISIESHBBIRAIWE IS8 S 12 iebrsART AHd PraddJdpRpesPecially in
motor oils. WO 2005/097956 to RohMax Additives likewise describes
|§&%|§mlal 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
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
the VI improvers or for reducing friction, which leads to lower fuel consumption,

has also already been demonstrated.

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

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.
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5 oil formulations comprising H-bond-containing graft polymers as antiwear
additives. As described above, there have been many attempts to date to
prevent damage owing to wear or scuffing through use of additives.
However, material 10 fatigue can only be countered by the use of oils with a
rdERRAYHUAPOER osity or by use of specific materials foP§eHRERGAARIRS7RAR
bearings. However, both options are gfflicted with disadvantages, the use of
new materials being expensive and a further improvement being desirable.
The use of high-viscosity oils leads to high internal friction and hence to high
fuel consumption. is Therefore, especially compounds which can be used as
antifatigue additives, without this being associated with an increase in

V&0 100 610BIE0BH tir Both MeaAd ditviectpud H desevibet tie paercduidrattwas thus

"B HBIFFSS e ArERIKaVEnlRnde AUBYISE, 20 0 alitRbigh g o o

onin materlal atigue tive). This should especial

Ifatigue a
Sy A HORTHO BBy B e A R iowise Gaapdeamdgricant

(durfaanfriigve d&%ﬂ%‘%b@ﬁdﬁ@iﬁf&rﬁﬁ@@éﬁf%ﬁlmm dithishr 25 It
w?gsgafurther object of the invention to provide additives which can be

(V&S in a simple and inexpensive manner, and commercially available
components in particular should be used. At the same time, production

SAgUd.HBaSHBIR MLDe AL RN 368 IWY{H?{? g AR ALRIANS of

complex construction being requwed at purp ose 065
PEEGD 0081057 SERr PHis@ERoftiHpes bR tisediivesntivwereio maerial

Pravdde éﬁrﬁ&qg%@ vhlpkeRsHBy RO OLE %mHE'Wﬂ?éJFéﬂﬁm?blﬂgﬂ QRRGIES In

the |ubricant. This can minimize the number of different additives. 5
or by use of specific materials for gearing and/or roller bearings. However, both
options are afflicted with disadvantages, the use of new materials being
expensive and a further improvement being desirable. The use of high-viscosity
oils leads to high internal friction and hence to high fuel consumption.
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
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).

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.
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Furthermore, the additive should not exhibit any adverse effects on the fuel
consumption or the environmental compatibility of the lubricant. These
objects, and further objects which are not stated explicitly but are 10
immediately derivable or discernible from the connections discussed herein

bW QB0 HP988ction, are achieved by the use of polynfeJ(EREAGDOHIA3E

ester groups and have at least one noppolar segment P and at least one
polar segment D, having all features of claim 1. is The present invention
accordingly provides for the use of polymers which comprise ester groups
and have at least one nonpolar segment P and at least one polar segment
D, said polar segment D having at least eight repeat units and the proportion
bl wasginfuothiispersoighe pesgamitsvientiue po losenaend dolitheing ehléaisps
309 ' t a tifati
a%téfiuPQ%ﬁﬁl@U&Q%f"b"égﬁéﬁg SBgoOBS%%@ﬁEéFer&'M Bt AN . the

itive in [ubricants. It is t e In an unforeseeable manner to
pRoitRe0f SdtatRA AsidifiMgeant 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 foymation of gray staining (surface

B R e e L D e
thessadpiibresraha bevpepacathicensoajibditrad theXpensive manner, and it
is possible to use commercially available components in WO 2009/019065

PCT/EP2008/057828 8 particular. At the same time, production is possible
ohhereinBissisapecHiethgitnbieCHeWNRArRE dIopIiAtS b L¥pIAbeRWGHStruction

bﬂﬂ%fﬁ%ﬁﬁ&é‘ﬁ?éﬁ@oPHf%ﬂiﬁeﬁ%mQﬁ@E%n@@i&%VW&@m@m by
accordance with the invention exhibit a particularly favorable profile of

PPERERliSUrEbcHRa A 2B BN RYSRE L 198 POLHAIGTH SENSH SemptRe ester
syrpuisingtyl shagarastebls, suchdhed Hres bgonieai®samalvat éeast one polar

segment D, having all features of claim 1.

The present invention accordingly provides for the use of polymers which
comprise ester groups and have at least one 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, as an
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-
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
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very long service life. In addition, the additive for use in accordance with the
invention may bring about a multitude of desirable properties in the lubricant.
10 For example, it is possible to produce lubricants with outstanding low-

temperature properties or viscosity properties, which comprise the present
pWﬁr@Q%?ﬁBﬁﬁng ester groups. This allows the numbBEd{EfRAQE{057828

additives to be minimized. Furthermorg, the present polymers comprising
ester groups are compatible with many additives. This allows the lubricants
to be adjusted to is a wide variety of different requirements. Furthermore, the

dditives f d t exhibit dv, ffect fuel ] i
Rl Rdr M4 et i ST T PGSR 2SI R Eoth g ester

gvotnositanew ptisristoo g lanth e focottgxtex ttnsjpueSen toéivg reiguires rioe dimat
p@bfpb%@ 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

CPUFﬁi_@rﬁ?ﬁS%]glﬁ?&tﬂﬁy@@?@fh@%ﬁ%ﬂﬁ%ﬁf@ﬁeg Wﬁfrﬁlﬁ%ﬁ?ﬁ%w
especi a me acrylates ,.polya umarates and/or
R TR D & DG o Sr BB AL AR R THETadean be
e_smm‘d@aﬂgdmﬁsmmmemrimag@amamﬁbmmammmm lntarjchatsehave a
s lsehplricls, VG 2068 RINGS ECTIERBROE RS 2

expressi meth)acrylates” encompasses methacrylates a ates, and

ninveREeoMmehiRg Fbeidearmuidits ohresirbly RedRIeT R theljhbeant.

CPB?@J@HQ)I%???&%@&’Q@@%W&%%@T@é@i@é@\‘ﬁé Wiiﬁ%’i&é‘t@%% ipwreight,
more preferably at least 60% by weight, espea&}leﬁ preferably at least 80%

biP NBRYAIUAPIABETIS R R M BRP Y EXRPEBES bY MR ER ER LAt RS Yerived
fiooly ester coopoisingse StohgrenssuJaisallvaschedaunoeavith difeeieveatiditives

C%”ﬂ)%”r%?n%f?@ds.tlg’@rﬁermore, the present polymers comprising ester groups
are compatible with many additives. This allows the lubricants to be adjusted to
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.

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
include especially polyalkyl (meth)acrylates (PAMA), polyalkyl 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
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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. is The term "repeat unit” is widely known
{2009 FLAPEBId. The present polymers can preferafiBERNZRAFLQPBH28
means of free-radical polymerization o§ 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

ments. The ter ment” in this context denates a section of the
CEHERR e BRIy HE B SS R LR PR AP R Rene
compneecbbﬂmtworThew monomers aretswdeladkmuwn 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

diffe PRINTGICABIBISIAL SSiPRSFHRSIS GRIMRESPPIY AP faligasisige by
”WQW%@'?#@QFM%WSO% HW&QME @éﬂ@@iﬁ‘llﬂo‘ﬁé“ﬂé\'b@ﬁﬂﬁpfé@i of
dIS I’SI a nits % ome un| é whereas the r se ments
AR R A e S
26@:9/66[9@65 EXEEF/BPAOMRIB57828 10 Dispersing monomers are understood
to mean especially monomers with functional groups, for which it can be
assumed that polymers with these functional groups can keep particles,
eBQb’(ET@l? geablgdniereordaresuith ite. is\RMNoVRSIIMAISS Bt BASEGINE (eds.):
"GHRPOIRI g e he FhARICMM i d: WAHGSHIET seBIRekIE \sareiiad&segment D

Professional, London, 2"d ed. 1997). These Include especially monomers

mﬁﬁ&ﬁ‘%évéess%fﬁlh‘ﬂﬁd??&%mé ag EBﬁPrQBFPﬂR‘O”o?(X/W*Hr?& dispersing
nitpgRniniy iaithiegpglaugsy eeficDapesiad aingagiveéirio tasmibon dmslweight of

n{'hrg%gwlt%%m&ﬁliﬁgd monomers.

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.

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
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 (monomer units), whereas the
polar segments comprise a high proportion of dispersing repeat units (monomer

units).
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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

WRRQAAHAD HEr is segment D. In addition to the dispePGIdEB3RAB AGTS$28

the polar segments may also have repgat 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

ubigparsinthendispeessagreqpedrsinits wotheah e gudaialbegoornbes/@itn
N DRBAS G3Y f%F‘Wﬁﬁ%tEQﬁ peRRAlAn Ly draPpg \%a%%ﬂ%gs ay

comprise a sm proportion of dispersing repeat units, WhICh is pre erably
|d48GHRrRDORUBY ﬁ@idﬁewg'%pﬁéﬁﬁﬁlﬂy leat tFPI%{HCi@%”b)?%I@Ht ahd

NIDEA. m@t;fg@;bbz 195(§tr31@ﬂk5(°édb}5 W@i@ihuﬁas?ﬁ&méa%wg'@hbptﬁ?ﬂmolart
S en n a partl rigte c le ra e non olar Segmen
B A o S o i 1957 BB

P@ﬁﬁ%ﬂ@mﬁsms Mﬂcmhmmbpmar sﬂgmmmsef thieqrolysuburcoompgsing

R e A Bl e R R i e

deitieae Trimcdionas ARshBYPRPEe18ving 7 to 15 carbon atoms in the alcohol
radical. 5 In a particular aspect, the nonpolar segment P of the polymer

comprising ester groups may have 0 to 80% by weight, preferably 0.5 to
6096 BYAISGRMATT SRBRSY B B5%UTRBsANIB RS ﬂﬁ‘&&(‘p?gﬁgﬁ%@ '5 to
2064t dnpvie gttt astrépemid 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
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
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
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.
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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
W29/ 888% monomers is having 1 to 6 carbon atdA¢sTFHROGRBPEB28

radical. The nonpolar segment P of theqpolymer 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

e A R AR T RTR o

cd)ﬁﬁmmylgvew gmpm@é@Mﬁabm’mwbbmmmmwymmwgrmnost

Fé?&PaBY %d 19 97'% B%W%?}gsﬂ%ﬁ Ré%‘éFR‘z%’f?oﬁn@&%/PnB JHirdglt of

one or moree unsat rate ster compounds of the ormula ()

W?Wbﬁﬂ?l%bﬂﬂéﬁ%ﬁs'ﬂ%@@@?ﬁ@} FAgR), R1 is a linear or branched
alkyl radical having WO 2009/019065 PCT/EP2008/057828 12 1 to 6 carbon

A L e T e L

cgrbapsatay $.avEX aorgies mf mmgbbrpmete(rlabmmﬂeo(mmmms more

AR Y SRS P 0 e

isnirsioyiveRdmIBasietaPnBmeTY MmN lad Otearanmatomestin doeyeehahd
peRa{meth)acrylate, hexyl (meth)acrylate;

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

having 1 to 6 carbon 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%
by weight of repeat units derived from ester monomers.

Mixtures from which the nonpolar segments of the inventive polymers
comprising ester groups are obtainable may contain 0 to 40% by weight,
especially 0.1 to 30% by weight and more preferably 0.5 to 20% by weight of

one or more ethylenically unsaturated ester compounds of the formula (1)

R

R3

R2 O

in which R is hydrogen or methyl, R'is a linear or branched alkyl radical having
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io cycloalkyl (meth)acrylates such as cyclopentyl (meth)acrylate, cyclohexyl
(meth)acrylate; (meth)acrylates which derive from unsaturated alcohols, such
as 2-propynyl (meth)acrylate, ally) (meth)acrylate and vinyl (meth)acrylate. is
The compositions to be polymerized to prepare the nonpolar segments P
pYEE 2K9/83886A 5 to 100% by weight, preferably 10 to BEF4EF2A8/1AS &8RP
especially preferably 20 to 95% by wejght of one or more ethylenically
unsaturated ester compounds of the formula (11) R R6*OR4 (II') in which R
is hydrogen or methyl, R4 is a linear or branched alkyl radical having 20 7 to

bon atoms, R 5 and RG are eac lndepen en or a group
e e o WL
1ﬂ‘s1echxrltmneat6®@FEmmruIm Ia‘flsdmpmgentc(rlal) mikuh@eomsf(avmg)amwates
f%ﬁrq{ Oeméi maleates which derive from saturated alcohols, such as
2-ethylhexyl (meth)acrylate, heptyl (meth)acrylate, 2-tert-butylheptyl WO
2009/019065 PCT/EP2008/057828 13 (meth)acrylate, octyl (meth)acrylate,
Bgﬁgm@gglbeg&ﬁhﬁmhmgrﬁ/{gm@onyI (meth)acrylate decyl (meth)acrylate,

Rl Ao e a8 MR SR B A Aol
Seumttastineng (ethacyicotiel ety mmeaurwmlsmemmmwe
o B R R A

3pﬂn§nb§vamhb%@rv@f%thwi3ﬁra@éhmrmggte

cycloalkyl (meth)acrylates such as cyclopentyl (meth)acrylate, cyclohexyl
(meth)acrylate;
(meth)acrylates which derive from unsaturated alcohols, such as 2-propynyl

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

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

RS O

in which R is hydrogen or methyl, R* is a linear or branched alky! 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.

Examples of component (ll) include:
(meth)acrylates, fumarates and maleates which derive from saturated alcohols,
such as 2-ethylhexyl (meth)acrylate, heptyl (meth)acrylate, 2-tert-butylheptyl
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(meth)acrylate; and the corresponding fumarates and maleates. 10 In
addition, preferred monomer compositions for preparing the nonpolar
segments P comprise 0 to 80% by weight, preferably 0.5 to 60% by weight,

more preferably 2 to 50% by weight and most preferably 5 to 20% by weight

oWV Ene09RAH98&RNylenically unsaturated ester compounB§Bﬁﬁ@QﬂW9§lﬁ3@ﬂ)
R RO\IY/ORTY (lll) R8 O is in which R4ig hydrogen or methyl, R7 is a linear or
branched alkyl radical having 16 to 40, preferably 16 to 30, carbon atoms,
R$ and R9 are each independently hydrogen or a group of the formula

R™ in which R™ is h noran alk rou av o 40,
o R I e N e e TR
(r(meeelti)amrwmms gduigh rdethjedrgaie sand@deldmm&msylate;iﬁaembxmndeyyl
eth)acri?ate dlggé Vwﬂgaggel:ac%?% acry (? %ﬁgﬁtﬁéh{ %tcetat(gllgg)(/:
e RIIE, 5- @tﬁm&&'&@éwn(ﬂﬂ@t@f)%@»}@aﬁ@"@d@éﬂrﬁ"ﬂ%&&ﬂé@&ﬁ
(@@ﬁmaggyla(meggmﬂgyé(meth)acrylate 25 nonadecyl (meth)acrylate,

eth)acrylate, cetyleicosyl (meth)acrylate, stearyleicos
O RS By R NE R R A S B0 FouRBe oley
PGERER2OOSIO57828 14 elcosyltetratrlacontyl (meth)acrylate cycloalkyl

2%?1% @%ﬂ%%éﬁ@%ét )ac?ly?gte an %ﬁk?esﬁorngdﬁﬁgme

fumelifhre dalg mark Hiesomesponding fumarates and maleates.

In addition, preferred monomer compositions for preparing the nonpolar
segments P comprise 0 to 80% by weight, preferably 0.5 to 60% by weight,
more preferably 2 to 50% by weight and most preferably 5 to 20% by weight of

one or more ethylenically unsaturated ester compounds of the formula (I11)

R

R8 O

in which R is hydrogen or methyl, R” is a linear or branched alky! 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.

Examples of component (lIl) include (meth)acrylates which derive from
saturated alcohols, such as hexadecyl (meth)acrylate, 2-methylhexadecyl
(meth)acrylate, heptadecyl (meth)acrylate, 5-isopropylheptadecyl
(meth)acrylate, 4-tert-butyloctadecyl (meth)acrylate, 5-ethyloctadecyl
(meth)acrylate, 3-isopropyloctadecyl (meth)acrylate, octadecyl (meth)acrylate,
nonadecyl (meth)acrylate, eicosyl (meth)acrylate, cetyleicosyl (meth)acrylate,

stearyleicosyl (meth)acrylate, docosyl (meth)acrylate and/or
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The ester compounds with a long-chain alcohol radical, especially
components (1) and (Ill), can be obtained, for example, by reacting
(meth)acrylates fumarates, maleates and/or the corresponding acids with
%?Pnchaln fatty alcohols, which generally gives a mixture of esters, for

20938082 rylates 10 with different long-chain alcHT IERR008/067828
fatty alcohols include Oxo Alcohol(r) 4911, Oxo Alcohol(r) 7900, Oxo
Alcohol(r) 1100; Alfol(r) 610, Alfol(r) 810, Lial(r) 125 and Nafol(r) types
(Sasol); Alphanol(r) 79 (ICI); Epal(r) 610 and Epal(r) 810 (Afton); Linevol(r)
79, L|n voléig 911 arpgl doI {) 25E (Shell); Dehydad(r), Hydrenol(r) and
L%'ﬁﬂ@j ?E%HH 35 and Exxal(r) 10 is (Exxon Chemicals);
Nalcblatmm&l(r&aormemmmammmktdoetwﬁammﬁttyalmfwtumted ester

e e R e O BHEBIERS, e (- () ot
I@F)%Fbee‘%]‘ﬁﬁwmfmﬁi%lﬁ?@ P@lgAdesrred embodiments. The weight

ratio of ester monomers of the formula (ll) to the ester monomers of the
Ia Il ithi ide range. The ratig of ester compounds of the
PR ARG A 18 B0 AR S RO N S T e 35
eelt)aandmnplmadsbefdbmmmlﬁdﬂ expmgiesiohasaclibggrMéicadglatems in the
f t bly i
AL AL LE SRy 26 2085 AR S0 Bk RS A
NS m@br@emrgm;mvﬁﬁgammwm&swgnﬂ@rnmﬁwwth acrylates
2Q0R/GHIRGR B%@B@Q@%Y%oé@ Cﬂf@@é‘%@ﬁb@@%‘l‘@l%w&@@%@ted

monomers which can be Cﬂﬁjl merized with the ethé)enlca unsaturated

SlePRIB IR0 S 8p RIEIBRRIERDE) QB Alee' @il 89 PARIRIEN) AlieiBle
coMRNUNE BB R INATEIE AissE SR NAIEh HR [V TSeNC INERRAID b foeathpse
which correspond to the formula:
Epal® 810 (Afton); Linevol® 79, Linevol® 911 and Neodol® 25E (Shell);
Dehydad®, Hydrenol® and Lorol® types (Cognis); Acropol® 35 and Exxal® 10

(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), (Il) and (Ill) are each hydrogen in particularly

preferred embodiments.

The weight ratio of ester monomers of the formula (ll) to the ester monomers
of the formula (lll) may be within a wide range. The ratio of ester compounds of
the formula (Il) which have 7 to 15 carbon atoms in the alcohol radical to the
ester compounds of the formula (lll) 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
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RI* R2* R3* 4* in which R™* and R2* are each independently selected from
the group consisting io 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

Q2P H9CEPhon atoms of the alkyl group (for exanfifid (E£2008/057828

a,(3-unsaturated linear or branched ajlkenyl or alkynyl groups having 2 to 10,
preferably 2 to 6 and more preferably is 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 CH2=CCI-,. ,
SRS 51 S D LB P AR PP, SRP QUK Y
toh@ ethylbaic yruataisa e EsiEblgochpouneswhire forisulae (yniibhesraf/or
\c{a[cf?on atoms of the cycloalkyl group; C(=Y*)Rs*, 20 C(=Y*)NRG6*R7*,
(=Y*)Rs*, SORs*, SO2R5*, OSO2R5* , NRB*SO2R5*, PRs*2,
P(=Y*)Rs*2, Y*PRs*2, Y*P(=Y*)Rs*2, NRB*2 which may be quaternized with

apafa@@gt?\ﬁ%@ﬁﬁdjeawhﬂinf?ﬁﬁem%ﬁ%grﬁ??zaggﬁr@cgsrmﬁig mw&&ﬁé;ﬁ&lgﬁ_r 0,
prefera ; Rs*is an. roup havin 0 20 carbon atoms, an alkylthio
h'WﬂB'?'{@rfOt %?8%@6%?3 %ﬁofg E?%Egﬁigoﬁpﬂl%:gen or an alkali metal),
alkoxy 25 of 1 to 20 carbon atoms, aryloxy or heterocyclyloxy; R6* and R7*
are each independently hydrogen or an alkyl group having 1 to 20 carbon
atoms, or R6. WO 2009/019865, PCT/RP2008/057828 16 and R7* together
may form an alkylene group hav} to 7 and preferably 2 to 5 carbon
atoms, in which case they for¥*a 3- tar8*membered and preferably 3- to
6-membered ring, and R8* is hydrogen, linear or branched alkyl or aryl
groups having 1 to 20 carbon atoms; 5 R3. and R4* are independently

seleiemh ROMHRERT eup casisisiiepeiduinpeekrctbalpeentergferayikisting

ocr)fcm%pggegh %@flogé%gPalt]?l\(ljl%%rlotrqb?acn%hté%nalkyI 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), a,B-unsaturated linear or branched
alkenyl or alkynyl groups having 2 to 10, preferably 2 to 6 and more preferably
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>=CCI-, 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*)R5*,
C(=Y)NR®R”, Y'C(=Y)R%, SOR", SO,R*, 0SO,R>, NR¥SO.,R", PR,
P(=Y)R%2 Y'PR®%, 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
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
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atoms and COOR9* in which R9* is hydrogen, an alkali metal or an alkyl
group having 1 to 40 carbon atoms, or R1 *and R3* together may form a
group of the formula (CHZ2), which may be substituted by 1 to 2n' halogen
atoms or C, to C4 10 alkyl groups, or form the formula C(=0)-Y*-C(=0)

WNQ 200901 Q965 preferably 3 or 4, and Y* is as definedP50d6E2008/ Ames28
at least 2 of the RI*, R2* , R3* and R4%}radicals are hydrogen or halogen.
The preferred comonomers include is vinyl halides, for example vinyl
chloride, vinyl fluoride, vinylidene chloride and vinylidene fluoride; styrene,

b yted h | sub tt tint
A0 R S A o Pl 1 et 5 BRI AU A2
alkghdubstatoers, onvwhehogssubhya®vmgl Bl tee Aeremilognerd tndgtyeéerapBO3-
B B o b rcERe T PR B
abRYRad bl cakaneiomsives dlfferent from those mentioned under (1), (1)

apé dHy o 3@%&6@%@5@&6{&%6&\%@@\@lﬁhcc@ﬂbhé‘ﬁﬁg%fZﬁdrogen
maleimide, meth maleimide; f aric am%nd fum ric acid derjvatives

oRPERR BTRIR ﬁ‘f‘&r%foc &8? (151 DA 5"'ﬂ9&o‘8§o??rﬁ?dhomer
nammearidrcpm\a?mgwmndkﬁpmamnggmnmwmmmmooemm@ﬁgroup

R 0 Se f tion of
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Oh i JREUUNST feRMBRSHIPM MY BerRAVIaoNONNHRER REIeS I dteferably

3 or 4, and Y is as defined above; and where at least 2 of the R1*, RZ*, R¥ and

R* radicals are hydrogen or halogen.

The preferred comonomers include

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 a-ethylstyrene, substituted styrenes having an
alkyl substituent on the ring, such as vinyltoluene and p-methylstyrene,
halogenated styrenes, for example monochlorostyrenes, dichlorostyrenes,
tribromostyrenes and tetrabromostyrenes;

vinyl and isoprenyl ethers;

maleic acid and maleic acid derivatives different from those mentioned under
(), (1) and (l11), for example maleic anhydride, methylmaleic anhydride,
maleimide, methylmaleimide;

fumaric acid and fumaric acid derivatives different from those mentioned under
(), (Ify and (11).

In addition, monomer mixtures for preparing the nonpolar segments may
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In addition to the nonpolar segment P, a polymer usable in accordance with
the invention comprises at least one polar segment D which comprises
repeat units io derived from dispersing monomers. Dispersing monomers
have been used for some time for functionalizing polymeric additives in
IWMRAAPYI HGE are therefore known to those skilled inPREBR2@PSD7828
Mortier, S.T. Orszulik (eds.): "Chemistyy and Technology of is Lubricants",
Blackie Academic & Professional, London, 2"d ed. 1997). Appropriately, it is
possible to use especially heterocyclic vinyl compounds and/or ethylenically

unsatur.ats\% olar ester compounds of the formula (IV) R RI2 XR10 (IV)
RPMB"1re ?gﬁ "R HWS@‘&ES

or methyl, X is oxygen, sulfur or an amino
group of the formula -NH- or -NRa- in which Ra is an alkyl radical having 1 to

A LA G U Mty

, especially 2 to carbon atoms and has at

|estesAblyHe el 4bin Py rerigAbBNE MR RR P Rl BatdPR0 R LY MGBRI2 are
epgfednsieRRNABIYIH by O GrsherRaEeHR SSitlm Terpripafirg i3 HoripaMrich

X is ox¥g n or an amino group of the formula -NH- or -NRa- in which Ra is
aﬁegﬁ%ﬁ radical having 1 to 40 and preferably 1 to 4 carbon atoms, and
R10' is a radical WO 2009/019065 PCT/EP2008/057828 18 comprising 1 to

100 f I ref rho :
R E%F?’;S & oaane BT pRIY AP LR GRTRC, ‘r%f%g? With th
d%perslrllg monomer .Q?#e gépress?on '@ajcaﬁ comprgisﬁlg Zc?[)o 8830(1” qr?"
dENBEIe ARABNE TSRO 198 O’ PRIBUALENHRIVIAY PhieNCUDR B e BEGENItS
SR PRERtRSSARRYY fRIn&RERSPONdiIng terms. It encompasses aromatic
and heteroaromatic groups, and
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
Lubricants", Blackie Academic & Professional, London, 2™ ed. 1997).
Appropriately, it is possible to use especially heterocyclic vinyl compounds

and/or ethylenically unsaturated, polar ester compounds of the formula (1V)

R

RI12
WXRIO (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 alkyl radical having 1 to 40 and
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

radical having 1 to 40 and preferably 1 to 4 carbon atoms, and R'" is a radical
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alkyl, cycloalkyl, alkoxy, cycloalkoxy, alkenyl, alkanoyl, alkoxycarbonyl
groups, and also heteroaliphatic groups. The groups mentioned may be
branched or unbranched. In addition, these groups may have customary
substituents. 10 Substituents are, for example, linear and branched alkyl
gWOR2008(A19068 6 carbon atoms, for example methyl RETVERROPG0B(8A8
pentyl, 2-methylbutyl or hexyl; cycloaligyl groups, for example cyclopentyl
and cyclohexyl; aromatic groups such as phenyl or naphthyl; amino groups,
hydroxyl groups, ether groups, ester groups and halides. 15 According to the

[ tion, tic t f t
CETIRNEE RN ERA AR E 6 20 A BB BRY 1o AR A s
Hetensa esndéape griogpsaemoéesaryl radicals in which at least one CH group

has been replaced by N and/or at least two adjacent CH groups have 20
been replaced by S, NH or 0, heteroaromatic groups having 3 to 19 carbon

IR SXRIBSAIAN ErdiRabroatBNsIE 210 199 D rardery denriesrasiealsath the
im@aﬁmaﬁﬂwﬁa@rﬁmgﬁ@ 0P RIS A SIRN IR @iéﬂnwcﬁtbabply for

henylmethane, 25 di Idimeth methanegb henone B nyl
‘ﬂ%ﬁ ORRBALREN T E\f? %?}ﬁB?éSﬁﬁ gBats Wﬁ%@&@“ QfoéY%%@Pd
Iﬁkﬂzomwmkdmmmmawmdmﬁﬁ dlban al4yozdsbaybigoups,

T —

1unranghedk In additigazdhese, Qrgw&éﬂwbwa/v@ﬁmmgbﬂsuents
PSSR Q1S A & bonbrnNpldtueRhsaRcheN ZNPIBHRIDSIRE0IRg 1 to 6

benzocthlophene benzo|c]furan, isoindole, benzoxazole, benzothjazole,

bEHORNGODR, fBEﬁé%B%?zB]@thHeﬁ%btﬂra%'keb%éh?&ﬂ%h?o‘i@ethy'bUW' or
bbeuy)tlm@amﬂqlbghwpsofpammnﬂibemWatyl ahberyotshexyhemnemzaidbazole,
pé’rr B? ’SB(R‘Y 9'BﬁerE’WS‘rZH&%rRP@F}Za%‘?n%?&}'ps, 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. Heteroaromatic 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-diphenyl-1,3,4-triazole, 1,2,5-triphenyl-1,3,4-triazole, 1,2,4-oxadiazole,
1,2,4-thiadiazole, 1,2,4-triazole, 1,2,3-triazole, 1,2,3,4-tetrazole,
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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, Biphenyl ether,

R 28880 1982opyrrole, benzoxathiadiazole, benzoxafi&Zdr2008/057828

benzopyridine, 10 benzopyrazine, bengppyrazidine, benzopyrimidine,
benzotriazine, indolizine, pyridopyridine, imidazopyrimidine,
pyrazinopyrimidine carbazole, aciridine, phenazine, benzoquinoline,

iR e el o R
plszflﬂdetdaaﬂqﬂzg»mmmrmmmﬂmzmemﬂnamyiamtm)ﬁemWH -butyl,

25%%%%\’9 6@'8@&% 5}9? a'ét éﬁgb ﬂ%a@%?@(é %éﬂ%@ %gl dlbenszuran

imethy propyl hexyl ept octy 1,1 tetramet utyl, nony
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clohe cyclo and the cycloqQc roup, each of whic |nay
R S BER e G s SN SR BLP NS FReRA
alkkamagghyupgsecligiedpethyridyle atStylaphtpiddyle, Mﬂmmﬁmmmwm
butyr e I

P SRR BRI SR a AT,
2@@9@@90@5@%@@@@5&@@3@9@%@5@@ %ﬂ@ﬁokwéﬂ@cyﬁglne,

raginy, BeHBHIRSYRARBOPYhZz GBS HdHaTBeRYtriazine, indolizine,
2 meth hexy lox ycarbonyl, decyloxycarbonyl or dodecyl- oxycarbo 3/I group.
yrldopyrldlne |m|dazopyr|m|d|ne pyrazinopyrimidine, carbazole, aciri
phenazine, benzoquinoline, phenoxazine, phenothiazine, acridizine,
benzopteridine, phenanthroline and phenanthrene, each of which may also

optionally be substituted.

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, pentadecyl and the eicosyl group.

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

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

dodecanoyl group.

The preferred alkoxycarbonyl groups include the methoxycarbonyl,
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5 The preferred alkoxy groups include alkoxy groups whose hydrocarbon
radical is one of the aforementioned preferred alkyl groups. The preferred
cycloalkoxy groups include cycloalkoxy groups whose hydrocarbon radical is
one of the aforementioned preferred cycloalkyl groups. 10 The preferred
hEr 8205803 9i8h are present in the R10 radical includ®6Xy§BR0ARBSERRS
sulfur, boron, silicon and phosphorus,qyyeference being given to oxygen and
nitrogen. The R10 radical comprises at least one, preferably at least two,
preferentially at 1s least three, heteroatoms. The R10 radical in ester

f the f la (IV ferabl | 2 diff t
ARy B R B A POl BaL B SR
cbexytoxydsrobtiye Rametitgl(idLyinaycadmpyis e etyleagtane mitrogeodatytn and

a ygen atom. Examples of ethylenically unsaturated, polar
e&t(gFQ %go?ﬁﬁ%ptgr%gédf the formula (IV) include aminoalkyl (meth)acrylates,

aminoalkyl (meth)acrylamides, hydroxyalkyl (meth)acrylates, heterocyclic

(Mmedhpaaenais aIRbYYr68PRARYIN IS HRE%F BB IHENRHIRCRYai6SarbBA radical
h%/droxy lkyl (meth)acr Iat%iélrgude 2- drox'i/ ropyl (meth)acrylate,

SR AN e RAFEEb8848B65 PCT/EP2008/057828
2The fnpdeaerethyldatieth) aroypsandige oyxiqaipy) (@nedbjashdate,

5.5 s iol( ) .
e R R TR e By aros: o
example,

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

least three, heteroatoms.

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

containing (meth)acrylates.

The hydroxyalkyl (meth)acrylates include
2-hydroxypropyl (meth)acrylate,
3,4-dihydroxybutyl (meth)acrylate,
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2-carboxyethyl (meth)acrylate, carboxymethyl (meth)acrylate,
oxazolidinylethyl (meth)acrylate, 10 N-(methacryloyloxy)formamide, acetonyl
(meth)acrylate, mono-2-(meth)acryloyloxyethyl succinate,
N-(meth)acryloylmorpholine, N-(meth)acryloyl-2-pyrrolidinone, is

N 2884918868y Ioxyethyl)-2-pyrrolidinone, PCT/EP2008/057828
N-(3-(meth)acryloyloxypropyl)-2-pyrrofiginone,
N-(2-(meth)acryloyloxypentadecyl)-2-pyrrolidinone,

N-(3- (meth)acryloyloxyheptadecyl) -2-pyrrolidinone and

N-( #{h ng ronyI thyleneurea. 20 2-Acetoacetoxyethyl
ﬁt ﬁ%'“"ﬂ %ﬁﬂlc (meth)acrylates include 2-(1 -imidazolyl)ethy!
(méllyﬁan«ymylze(mmmmtﬂtayl)ethyl (meth)acryflate andI
14 CrY, r Of particular interest are
A T A S 2 17

san aminoalkyl (meth)acrylatamides,
fdn%ﬁﬁﬁé&ﬂmﬁfﬁ?@h@ﬁwmpyl (meth)acrylate, dimethylaminodiglykol
(meth)acrylate, WO 2009/019065 PCT/EP2008/057828 22

dimethylaminoethyl (meth)acrylate, dimethylaminopropyl(meth)acrylamide,
AR (BRRY GHEAEs e AR B L SR
(>etdnmonydatgl (meth)acrylate,

carboxymethyl (meth)acrylate,

oxazolidinylethyl (meth)acrylate,

N-(methacryloyloxy)formamide,

acetonyl (meth)acrylate,

mono-2-(meth)acryloyloxyethyl succinate,

N-(meth)acryloylmorpholine,

meth)acryloyl-2-pyrrolidinone,

(meth)acryloyloxyethyl)-2-pyrrolidinone,

N-(

-(2-

(3-(meth)acryloyloxypropyl)-2-pyrrolidinone,
(2-(meth)acryloyloxypentadecyl)-2-pyrrolidinone,
-3

N-
N-
N-
N-(3-(meth)acryloyloxyheptadecyl)-2-pyrrolidinone and
N-(2-(meth)acryloyloxyethyl)ethyleneurea.
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)acryloyloxyethyl)-2-pyrrolidone.

Of particular interest are additionally aminoalkyl (meth)acrylates and aminoalkyl
(meth)acrylatamides, for example
dimethylaminopropyl (meth)acrylate,

dimethylaminodiglykol (meth)acrylate,
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5 In addition, it is possible to use phosphorus-, boron- and/or
silicon-containing (meth)acrylates to prepare the polar segments D, such as
2-(dimethylphosphato)propyl (meth)acrylate, 2-(ethylenephosphito)propyl
(meth)acrylate, io dimethylphosphinomethyl (meth)acrylate,
dWRHEINHBEBhoethyl (meth)acrylate, diethyl(meth)adMidifBROABIOSIERS
dipropyl(meth)acryloyl phosphate, 2-(aégutylphosphono)ethyl (meth)acrylate,
2,3-butylene(meth)acryloylethyl borate, is
methyldiethoxy(meth)acryloylethoxysilane, diethylphosphatoethyl

(meth)acrylate. The preferred heterocyclic vinyl compounds include
2%?}@%8“‘?&@@&9%55%% %9 methyl-5-vinylpyridine,
Sdatigthylanmyimnogiyienetld) aonytmiti®, 20 vinylpyridine, vinylpyrimidine,
vinytnineridir iy, ﬁ?qfﬂ -vinylcarbazole, 4-vinylcarbazole,
15\1/?#%‘%{%?2@@?@% mﬁ/l@%ﬁ a oiaet;?‘,é %—ﬁr?l{ethyl-l-vinylimidazole,
NEWIBHBYABIRRSIRxagdasmAmatdIRgOratan-vinylpyrrolidine, 3-vinylpyrrolidine,

N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane, vinylfuran,
vinylthiophene, vinylthjolane, vinylthiazoles and hydrogenated vinylthiazoles,
B AR sbis SR i PGB DR, BE A SRR S
beredh Fvatate Lk myddaren thiepdéaade ginenié-Dnglpyriadidone for

fungti jzati iled, above can be used individually or
a?@%?ﬂ@%B%@ﬁ(?&@ﬁ%ﬁ%@ 08/057828 23 Of particular

irdd pskYlaneeperhimnseRiars tisietylalimprise ester groups and are

obABRISHR YRR RO Beefhaerylate, 2-hydroxyethyl methacrylate,
mono-2-methacryloyloxyethyl succinate, N-(2-methacryloyloxyethyl) ethyle-
ngmgmy?%%%%@ﬁiwaﬁwm%ﬂﬁﬂaﬁlate, 2-(4-morpholinyl)ethyl
mitiadylatie)acryloyl phosphonate,

dipropyl(meth)acryloyl phosphate, 2-(dibutylphosphono)ethyl (meth)acrylate,
2,3-butylene(meth)acryloylethyl borate,
methyldiethoxy(meth)acryloylethoxysilane,

diethylphosphatoethyl (meth)acrylate.

The preferred heterocyclic vinyl compounds include 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, 2-methyl-1-vinylimidazole,
N-vinylpyrrolidone, 2-vinylpyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane, vinylfuran,
vinylthiophene, vinylthiolane, vinylthiazoles and hydrogenated vinylthiazoles,
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.
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5 dimethylaminodiglycol methacrylate, dimethylaminoethyl methacrylate
and/or dimethylaminopropylmethacrylamide. In addition to the dispersing
monomers, a composition for preparing the polar segments may also
comprise non-dispersing monomers which have been 10 detailed above.

TWR 2009(@18@8Hecially ethylenically unsaturated ester ReMbB2AA8/B5 1828

formulae (1), (I) and/or (111). Of particuigy interest are especially polymeric
additives having a polar segment D which comprises at least 3 and
preferably at least 5 units derived from is monomers of the formula (1V)

/or from het lic vinyl ds, whi bonded directly t
o Rl BISHRRL BrS FERegIN PGS G RBRE ESharmaRs Bhe
patarolsiagradntsimyey yelinxy @ opyigedtionacryBie] 2enydibxyeshy | pretbedoiyaire,
t ; ; f ' 1t
e g R e

rARYERR. PhaGeRRa P YeieREIR GRS aB{ApDesaaglialethmt methagwlate,
deeiesyRimpbanpyEATeaayiaasko-B5RecIad¥ A Ifrsth48r T8 and/or

weight-average 25 degree of polymerization of the hydrophobic segments is
pf%%’?%%ﬂ@rﬂa%ﬁaﬁ{y%%%ooo, especially from 50 to 2000. The
proportion of dispersing repeat units, based on the weight of the polymers

. ; . ] i ' 0 ‘
SR LT RS P2 IR R e
irPEENRING &R RIS DURHY ISR g S8 % My MeNgMemwhishishareteeably in
thR iRl MR 2raksYnWabEp danPyMeaHaf theaRREIESIB3Cthese

repeat units preferably form a sezment-like structure within the polymer
cORRRYNgSaldPe igUpYas Eh tHaRPAYEEDly at least 70% by 5 weight, more
preferably at least 80% by weight, based on the total weight of the dispersing

r?ﬂepegrff@ﬂﬁ%’r ff‘rffae%%E[taorfe%ggé%lraﬁ?/%rglsrrﬁe%b additives having a polar segment
D which comprises at least 3 and preferably at least 5 units derived from
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 to the polar
segments may be in the range from 100:1 to 1:1, more preferably in the range
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
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%
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The present invention describes polymers which preferably have a high oil
solubility. The term "oil-soluble™ means that a mixture of a base oil and a 10
polymer comprising ester groups is preparable without macroscopic phase
formation, which has at least 0.1 % by weight, preferably at least 0.5% by
WBrR0B9/ L6 mers. The polymer may be present in Bleh&E29Q#{AR11828
dissolved form in this mixture. The oil sglubility depends especially on the
proportion of the lipophilic side chains and on the base oil. This property is is
known to those skilled in the art and can be adjusted readily for the particular

b il th ti f i ili Of ticulgr t,
e M TP S MR 1P h i
have d nmwgmetmgethwlengmfrwelgiﬂww iwelgintrémn ¢ 8% oy V2@ grB0Attthd
e e e R PP AR C R e Bty 1B PO SR Ko it
rﬁh‘? W&@%’tﬂ%@ﬂﬁ'@ﬁ@ﬁéﬁg@ PP, SO RGiguefembly/aideasiore {sH@Yerably
7ad0se m&emmswdéws@@% ayamrgmy 34009180 WaBAL of the

Additionall riate are ers hich comprise ester groups and
SR BB Uy T e R RARESEITGE fror 1o 2. more
preferably in the range from 1 05 to 4. The number-average and

R IS A0S0 B IR AR 83008

welg ts can be etermlne N processe ermeatlon
capbratitygTAsHe G ﬁﬂi)SQ’fh@?i'dI%@é‘lSébﬁi mmw@@férag*p@agspﬂrm}dreave a
VBB SRS e%%r%@&@@@%rgb%@@%mﬁfhmﬁ%w 1 BhRdke

diblock, triblock, multiblock, comb and/or star copolymer whic has

c H@éﬁBHdYﬁ@%b*‘é}sﬁdeﬁéthlé? Qe YrRaht prﬁf%{GBW@ﬁ 13A&! QoYY may

eapéaytialbf iecpelyendrashgnadlycopoiyayese Theseolyimdispeoseprisidpester

g&?s%%?v Rt "?H ﬁ?g%ﬁiﬁn%e ‘flﬁtg 8‘?%6 k%ﬁttxi/c’@epends especially on the
proportion of the lipophilic side chains and on the base oil. This property is
known to those skilled in the art and can be adjusted readily for the particular

base oil via the proportion of lipophilic monomers.

Of particular interest, among others, are polymers which comprise ester groups
and preferably have a weight-average molecular weight M,, in the range from
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 molecular 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
preferably 10 000 to 80 000 g/mol.

Additionally appropriate are polymers which comprise ester groups and whose
polydispersity index M,/M, is in the range from 1 to 5, more preferably in the

range from 1.05 to 4. The number-average and weight-average molecular
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10 can be obtained in various ways. It is essential that at least one nonpolar
segment P and at least one polar segment D are prepared. A preferred
process consists in free-radical graft copolymerization which is known per
se, wherein, for example, a nonpolar graft base is obtained in a first step

oWQ@ﬂQ%%%smg monomers are grafted in a seconB@i@EP?Q@W 828

copolymers which comprise nonpolar sggments 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&Ee |bIe Addi ?}YE{} mentation Chain Tran er rN P
NAtF %FéH‘IBSia/I %%f&%@ﬁé%%s 8&%&‘@8 é%‘?fﬁ'é%a fon
comnprediegsiplly (GRCe. 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
pURSRRABRIRSANDEEIR0 oStanE Pror xteaayetaiNaliel S STocrBAtdIRd

fr@@aﬁ@&&&h@@d%é?ﬁt@b@a&é&m@%@m@&inrm@immtmetg@l@omelock,
mulé lock, com rstm?%poymers Customar free-radical polymerization,

ss?ép?c?&% INSHNALEE S SRBaT R Yrd Y %Bﬂﬁﬂb‘?%p?é é BT+

Muakyijasz dines kio lfmBr: Dayiss péaizdip hekooddaitd 208 9atiapblymer.
PCT/EP2008/057828 26 Radical Polymerization, Wiley Interscience,
Hoboken 2002. In general, a polymerization initiator and a chain transferer
al@eHeY For thae MRS estelealiaubie onitisdrsapenidentr b thetiausrtion

wigg Iy < Bewih B e, RuRier v fiRld, susehia NEM@aBEst one nonpolar

1,1-azobiscyclohexanecarbonitrile, and also peroxy compounds such as

n?&ﬁ*ﬂ)?@ﬂ@ﬂ@&ﬁ@B%PB%B%&&%E@%%%%B‘&B@%|élR§ﬁfﬁHR9<fH8°eSS
texdrzidld peirek etiitad geaio atmdateniz aemoxiteHékhaiyh pereeciasterein,

"SR KRR PRI e SRR RRLOXgE. SIRSIRRM

peroxi nzoate, uty peroxyisopro
d|spersmg monomers are grafted in a second step.

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
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.

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
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io 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,
toMD2B8AHPARYSSroxide, bis(4-tert- butylcyclohexyl) peroRditeP390§(857828
mixtures of two or more of the is aforeggentioned compounds with one
another, and mixtures of the aforementioned compounds with compounds
which have not been mentioned but can likewise form free radicals. Suitable

in t f . [ ticyl il-solub f I
A AR o By R LB OB SR ARG from
tipeIglass Ghtitve itetipnes)dar cA8iexeamgher ¢eqoim akeeior hieaAJIRBPopeoCeSS IS

known per se. It is assumed that it is a "living" free-radical polymerization,
without any intention that the description of the mechanism should impose a

rddipieterR!anniiake piteaadas azmndinter sea v drpuuitiReisceaestd

Witch SQRRRUAMBIRIEE Nasadmas/arHERanerarerRitalc! BisdRssissrothe
transferable atom gr to thgg[ nsition metal compoTnd, which oxidjzes

ou
tFQ HRAUNBFYGR i'@rgWrﬁ RO RAIRK IR A BMBOEIRDR AR YF S ps.
Hillaene pehexidantdarmftyhpertratiyythgxdodhie fleatoitio parmdtiale; denpowtpd is

et b S RIS AT
pdiyenaaybmeivsgeidait-PHy srieienzeste. JeIyPie PrIoNBRURRYeight

2psHIBAATO 2 BUIRS (W RIHYIKESHHU -De_gpRLAYRR e sBRMIRelY . 5
This reaction is degritﬂg for gﬂﬁ%@y J-S. Wari}%, etal., J. Am.%ghem.

SRRIOY67- Y ESEPA RS TRGNR YW i 3L Be LR MR AR ARIIGHSRY Vo

2Be xR 15 796((@9 90}y Ivcesidijzyc] dhexpate ntt, &iitatiansy WO B30 85k,

VY RIUAESEEN LN EiRe iy YD ERIAE 1R AT R A AR E!S5iR0Ge rt-
butylcyclohexyl) peroxydicarbonate, mixtures of two or more of the
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 particular
oil-soluble mercaptans, for example n-dodecyl mercaptan or 2-
mercaptoethanol, or else chain transferers from the class of the terpenes, for
example terpinolene.

The ATRP process is known per se. It is assumed that it is a "living” free-radical
polymerization, without any intention that the description of the mechanism
should impose a restriction. In these processes, a transition metal compound is
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
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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
aWRiBA0HR1IINRMtive polymers are obtainable by NMP [etézB20%/AR 3%k
described, inter alia, in US 4581429. Bhe 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

f-20- 200 C, ferably 50- 15Q0C and ferably 80- 130C. Th
N e R e e o e A G g N A
2baly e behenohetstudar mexighh anbribadsseselal iveigbhvdistriswiele o be

ag Hﬁ%il%tg r?%%m r' | 'f the monomers used, preference being given to
u3|8ng 100N 8| , re at?ve light gas oil and/or aromatic hydrocarbons, for

example toluene or xylene. WO 2009/019065 PCT/EP2008/057828 28 The
|Ulhfié}@‘?léc%i@ﬂWE&&MGW'&W@'W@&WE&@#,a‘jy.r?ﬂ\ﬂﬁt@}?érﬁils- |
neral oils are known per se and commercially avajlable. They are generally
BB bR b I CHE b T TRAR P BB RGO
opBomall9(a frethee( 199%) catiadditiuh fithislpate prappetisatotise/ NE€I raa13i0424] oil
[ aTo Ry | [ i cti ineral oil. In
e Y BT R e
tyanauecf the A0G rexpiaiessrabioveion by low-temperature carbonization of

shale oil, coking of bituminous coal, distillation of brown coal with exclusion

of air, and : : : :
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.

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

The polymerization may be carried out with or without solvent. The term solvent
is to 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.
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10 also hydrogenation of bituminous 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 is aromatic

QD SROX0RRARSoils or mineral oils, in which the term pRafiERRIN8/A2(3eH
represents longer-chain or highly branghed 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

fb k I b h ffin
eSS e SRR e B GLIA oS XE Gl & A0UHALA D1
degree of polar properties are attributed. However the aSS|gnment IS
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3 Rifer mm@i@n%@iama@rﬁmgtiﬂaééé@e@lﬁe l?@rﬁ'ﬁﬁ‘ﬂﬁ@iﬁ?@il%eﬁ@i% P

2007. The ortio n akanes eferred miner sislessthan 3% b
et e i R et
wandjing potiret triantloelralfdhesetmhmttharaﬂd@fﬁharefmmmmem)émrmcmmm
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case In the range from t. In one interesting aspect, mineral

oqqiﬁmpﬂéw PSP ﬁaphméwi@tmmoéaramﬂ%évamaﬁeyswn@h%@@d

Og1d8" iRalf ol BitretRsadlyr Beierikan 18 I@(@Wﬁ@ﬁbé%i@f@ramy more
than 2 ca on atoms, The fraction of these compounds Is 5 generally >

056U RIG RSP KAve. SFReBY M NG REEN a Al RIEHR AP Tis
shbatdrimapassy dice sircivbed Anddieses thydinesabonsontains 0.5 to 30% by
weight of aromatic fractions, 15 to 40% by weight of naphthenic fractions, 35

to 80% by weight of paraffin-base fractions, up to 3% by weight of n-alkanes
In general, a distinction is drawn between paraffin-base, naphthenic and

aromatic fractions in crude oils or mineral oils, in which the term paraffin-base
fraction represents longer-chain or highly branched isoalkanes, and naphthenic
fraction represents 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
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
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
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and 0.05 to 5% by weight of polar compounds, based in each case on the
total 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

fNENRAQYBABRReNts, the percentages is relating to the'?&yﬁ?éagﬂ@/@ﬁtms

particular mineral oil used: n-alkanes hgving 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

I I h Qt 32 b t 49 I d
AR lh CRLL 958 M THR TR VB AP RARLD ané TRbasane.
sammommmmmmummmaﬁﬁmemgm ParafitiPrRas8Aba828 30
CRRIER VIR B, P BRNIAG BEIS (IO goen treat
nera oils

ment o hydroisomerization; hydrocrackin otreatment,

hiErtsHiaRinmgy eI afe25r e3P Fige ﬂig%ﬁaﬂﬂ@rvé%fs@w&ampf@a%e@s is
afRmEtely SOSRLBYRiAE Bleldrabl BAUNEPInSGMPRREANE anyViRteAklh

information with regard to the analysis of mineral oils and a list of mineral oils

WARHHE SEU BHERARECR MFSHATHIBR: CaRTBEfERThEN NS Pl RpMaiRs?.-5 to 30%

by weight of aromatic fractions, 15 to 40% by weight of naphthenic fractions, 35
to 80% by weight of paraffin-base fractions, up to 3% by weight of n-alkanes
and 0.05 to 5% by weight of polar compounds, based in each case on the total
weight of the mineral oil.

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
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%,

aromatics having 14 to 32 carbon atoms:

0.4-10.7%,

iso- and cycloalkanes having 20 to 32 carbon atoms:

60.7-82.4%,

polar compounds:

0.1-0.8%,

loss:

6.9-19.4%.

An improved class of mineral oils (reduced sulfur content, reduced nitrogen
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Mang, W. Dresel (eds.): "Lubricants and Lubrication”, Wiley-VCH, Weinheim
2001; R.M. Mortier, S.T. Orszulik (eds.): "Chemistry and Technology of 10
Lubricants”, Blackie Academic & Professional, London, 2"d ed. 1997; or J.
Bartz: "Additive fur Schmierstoffe", Expert-Verlag, Renningen-Malmsheim
1962 2@0HHOR6Bils include organic esters, for example BfebteR20A8/057828
polyesters, polyalkylene glycols, polygthers, synthetic hydrocarbons,
especially polyolefins, is among which preference is given to polyalphaolefins
(PAOSs), silicone oils and perfluoroalkyl ethers. In addition, it is possible to

theti il f | TL | t | d
(0 ORISR oS O rcRacaa s e RN oo
nmoeatexéibasivedizuoith ¢hyihesalmeitzabiob Waxadrartaekitay é&dﬂahreragmdtto
RGRTHRATEE i PERR.OU AR L CCeioaNG Ridaces amale
dﬁﬂﬂ@?%@ dele otRlimrPEhRnIC SSIRAREEEN Petroleum Institute).

Mineral oils are divided into group | (non- hydrogen- treated) and, dependrng

o AR SRR DGR AW EERGA ok SLaBGR TGt A5 I base

oﬂsrmmlenrsmnpxassaderagmepem WORLARIO L0 EE RO Rﬂmmﬁrzfmr
SWNESR QSQP{ %3 T%rbrrégn%eeu%oe%%@%weme AN FRses

com ércra y availa concentration of the polymers corﬁprrsrng ester

gP80ps fih deibacantloiP s 2din REFNGE Prastiaandihepenelage &f 0.01 to

30bARAMIEIIBla BRY A JESRTRY PROTRE JIBREE 16 ld 2 8% &Y. W@@hfdﬁﬂd most
referabgérn the ran e of 0.5-10% by We\?ht based on the total weight of

tRAEBmPGSHih f‘l‘ﬁ hisretaife poRfAte QV&ﬂnB{ﬁé'r?fa%es‘iéY'@'fBEB%'%F ugé

in accordance with
Synthetic oils include organic esters, for example diesters and polyesters,
polyalkylene glycols, polyethers, synthetic hydrocarbons, especially polyolefins,
among which preference is given to polyalphaolefins (PAQOs), silicone oils and
perfluoroalkyl ethers. In addition, it is possible to use synthetic base oils
originating from gas to liquid (GTL), coal to liquid (CTL) or biomass to liquid
(BTL) processes. They are usually somewhat more expensive than the mineral

oils, but have advantages with regard to their performance.

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
(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 Ill and Il (both hydrogen-treated). PAOs

correspond to group V. All other base oils are encompassed in group V.
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10 the invention, the lubricant oil compositions detailed here may also
comprise further additives. These additives include VI improvers, pour point
improvers and DI additives (dispersants, detergents, defoamers, corrosion
inhibitors, antioxidants, antiwear and extreme pressure additives, friction
Y@ 1RR9/6d 9065 additionally usable VI improvers includBEeEERZANBA6(R8|
(meth)acrylates having 1 to 30 carbomggtoms in the alcohol group (PAMA,
partly N/O-functional with advantageous additional properties as dispersants,
antiwear additives and/or friction modifiers), which differ from the copolymers

detailed in claim 1, and poly(iso)butenes (PIB), fumarate-olefin copolymers,
B SORB b Al TR RHeRe B Ga A S e 1 B B RS A0 Rere
(68D axnidlty efvaitdgp@lymers (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

fIMeIsARSANBAYI @ Tk POLIAIRES $RMMPIAHILCHEr FeYes (Bd89:ubliprRkeits
aé( d&%@éﬁfﬁ'@gfé’ﬁélﬁdﬁf_ly @'E]he\fé@@@??@q%lz@?/bé’blﬂm_@ﬁ AT; ﬁldo-tre _Or;zulik
eds,): "Chemistry and Technology of Lubricants”, Blackie Academic
CPUSIAINR V5 AGRE 310 Ui oA SO REPIE5 000 G e84
180050t QFoBgrtzeight ditiee dio B thertictes taHah ttof fbet ddentampitR@nningen-
Malmsheim 1994. Appropriate dispersants include poly(isobutylene)
derivatives, e.g. 5 poly(isobutylene)succinimides (PIBSIs); .
etPAdAEos EpiNerRObIBeIH SAMRITRIN OSRINGIRHIREIRE $ISEHE peefsdaire with
dgieraeEtainRCindaUpataheBNEMPE SRRBRILMSR dHPX AR 8IONEIRNIHRS;

salicylates; thiophosphonates, especially thiopyrophosphonates, 10
IR GO SR T ArE S ASLMER At IS HbITARER Sy BaYEBRLEE N YRk als,

and DI additives (dispersants, detergents, defoamers, corrosion inhibitors,

antioxidants, antiwear and extreme pressure additives, friction modifiers).

The additionally usable VI improvers include especially polyalkyl
(meth)acrylates having 1 to 30 carbon atoms in the alcohol group (PAMA; partly
N/O-functional with advantageous additional properties as dispersants,
antiwear additives and/or friction modifiers), which differ from the copolymers
detailed in claim 1, and poly(iso)butenes (PIB), fumarate-olefin copolymers,
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.

Compilations of VI improvers and pour point improvers for lubricant oils are also
detailed in T. Mang, W. Dresel (eds.): "Lubricants and Lubrication", Wiley-VCH,
Weinheim 2001: R. M. Mortier, S. T. Orszulik (eds.): "Chemistry and
Technology of Lubricants”, Blackie Academic & Professional, London, 2nd ed.
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these compounds may comprise especially calcium, magnesium and barium.
These compounds may be used preferably in neutral or overbased form. Of
particular interest are additionally defoamers, which are in many cases is
divided into silicone-containing and silicone-free defoamers. The silicone-
cHHR0R8/0E988Mmers include linear poly(dimethylsiloxan®¢AfRPaRA7/057828
poly(dimethylsiloxane). The silicone-frgg 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

" " : on inhibitars. Th :
i A Ry A R S
ahiaiosthedaith@9gt used may, inter alia, be sulfonates, for example

petroleumsulfonates or (in many cases overbased) synthetic

alkylbenzenesulfonates, e.g. dinonylnaphthenesulfonates; 25 carboxylic acid
deRREREIeTEiseREFARIE 'I'éﬁ?éﬂﬁ PRGPRRYNARIAY 88 HRBMRRSS- Finc
ngahtepatprraliadatanrrides MABSIdR, AHRNERIIEPPRYRBRYEAEH WARNIES

and imiggg _k%}N-acyIsarcosine, imidazoline derivatives); amine- neutralized
WRgionagt |§;\'Ikyl phosphates; morpholine, dicyclohexylamine or
diethanolamine. The metal passivators/deactivators include benzotriazole,

S IS0 BN o

NP RS Rl adepcian BARPROMNIRS cRsRREjAtE iipRuiaRB ABRIANAIRS,
ZiRfoptadereatenrsnbiEss A kuleiatesaRaBishaed. TAdhestals,

preferred group of additives is that of antioxidants. The antjioxidants include,
P RSE AR OHRLR SNAY GP BRI RSP SS AlY SR B U RBHBP B BB Parium.
buihdatecbhystrongtotenbd BEED) plebechiigriroudyitdiroetvdiiagedlform.

4,4'-methylenebis(2,6-di-tert-butylphenol); aromatic amines, especially
alkylated diphenylamines, N-phenyl-l-naphthylamine (PNA), polymeric 10
20X pariederyririgat ageipddtqral) etaansssnuBich argimny auicasasd

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.

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;
carboxylic acid derivatives, for example lanolin (wool fat), oxidized paraffins,
zinc naphthenates, alkylated succinic acids, 4-nonylphenoxy-acetic acid,
amides and imides (N-acylsarcosine, imidazoline derivatives); amine-
neutralized mono- and dialkyl phosphates; morpholine, dicyclohexylamine or

diethanolamine. The metal passivators/deactivators include benzotriazole,
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phosphorus, for example metal dithiophosphates, e.g. zinc dithiophosphates
(ZnDTP), "OOS triesters" = reaction products of dithiophosphoric acid with
activated double bonds from olefins, cyclopentadiene, norbornadiene,
a-pinene, polybutene, acrylic esters, maleic esters (ashless on combustion);
iV 20R%A90EEmpounds, for example dialkyl sulfides, RfaHFBaARRQ57828
polysulfides, modified thiols, thiophengglerivatives, xanthates, thioglycols,
thio- aldehydes, sulfur-containing carboxylic acids; heterocyclic
sulfur/nitrogen compounds, especially dialkyldimercaptothiadiazoles,

R A TR NS,
ol@blhdtsca;ﬁpyd'rdmne@byiedusdiambmﬁb&ﬂeﬂseﬂ@ﬁdanaf\%%mzaﬂed
g?é%ss l?é@ﬁ%?%%@%%% §(%aﬂ(%@@1ﬁé%s%?oar%?§§h(1pounds, for example

trialkyl phosphates, triaryl phosphates, e.g. tricresyl phosphate,
amiDaHR WralkrsigRNpr cinshidifviy! iBhRsPbRies odany I aiesl JReed and

dialkyl phosphates, phosphites, phosphonates, phosphines:
A A o e P e e DA
zayCBed Pttt oEh(BiFTip e S (@ADTBs)yladrmethitoh i@, 2009/019065

CEETEIAE SIS AU Vo

dembaaitamrs phakenyid asrhtytarsine (RYAiopoproeticts of
dithiophesengii-Reid yithoretivalrs) dashi brasiedreaminledtur and

cyclopentadiene, norbornadiene, a-pinene, polybutene, acrylic esters, s
nP&'l%?@'é%‘t%?s,f‘%FiEﬁ%ﬁ%%&bﬂ&‘mmBH%?BQ%@%&%&HBG%@?EB?RQRF%
s(hDBRY 1IMQeedtersxanyaetizimplod(atn Wi dithiophdspnate))agid with

T L B B e R R e pene)
o-pinene, polybutene, acrylic esters, maleic esters (ashless on combustion);
organosulfur compounds, for example dialkyl sulfides, diaryl sulfides,
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);
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
phosphorus compounds, for example trialkyl phosphates, triaryl phosphates,
e.g. tricresyl phosphate, amine-neutralized mono- and dialkyl phosphates,
ethoxylated mono- and dialkyl phosphates, phosphites, phosphonates,
phosphines; compounds containing sulfur and phosphorus, for example metal

dithiophosphates, e.g. zinc Cs.1odialkyldithiophosphates (ZnDTPs), ammonium
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sulfurized glycerides and fatty acid esters; overbased sulfonates; chlorine 10
compounds or solids such as graphite or molybdenum disulfide. A further
preferred group of additives is that of friction modifiers. The friction modifiers
used may include mechanically active compounds, for example molybdenum
dW@RROYPIRS (including fluorinated graphite), is polyREEPZOP8/R%E528
polyamide, polyimide; compounds whigh form adsorption layers, for example
long-chain carboxylic acids, fatty acid esters, ethers, alcohols, amines,
amides, imides; compounds which form Iayers through tribochemical

BN GPoSETR S A Bk A PSP o 56 GEHFE Tl
mmmhywmmpmmylatesl|Ieadagr|atbyltbmm¢1uﬁmmﬂmiﬂé)8drtﬁsmltsdwlic acid
f‘aéﬂoﬁ gofs 8'9&"5%’8%3}]94 H?:?&Wh%‘%%n?&%%“drcﬁ}ﬁféf&SP{dggenum

urized olefins or orga IC compounds, T1or example mo
cgm‘pmmgb@ﬁatﬂdmnﬁpmm@gghatémaﬂa mﬂgmden@rﬁcryhc esters,

difhiReaEeERat N@Q[ﬁﬁésﬁﬂ&éﬂ%&%ﬁ@ HRRHIGNE ML ERETEoMtaining

copper- contalnlng organlc compounds. Some of the additives detalled

Bl AR HIRATAY f?b@ﬂme{?oﬁgcﬂﬁﬁﬂy'fékth@%ﬂﬂ@%Eebﬂ'inanly an
amisirsasraaiidienabehdiameapra Tt @wmweorhpbuﬂa@ tesahengharacter

f dan /d
B TR P
aselﬂw@at@meﬂdmrardéfattylamd akterin Qvavieaspd WiiDnases;(edlsrjne
LHRIERNSAOIG b ICAEYS &{V&&HTXGWW%BBHUR%@&M ide, Bartz: Additive

fur Schmierstoffe", Expert-Verlag, Renningen-Malmsheim 1994; s R.M.
Mortier, S.T. Orszullk (eds.): "Chemistry and Technology of Lubricants”,

Blatlfie AgrépmisaRBipessianrild«igdnat 8f'd|@doriﬂ%iﬂfér@f€rf@fhdn6ﬁant

ol Cgrpg %Stﬂtslggsmha%/vﬁc u\ggcr%gc%amcglﬁluerl% vaetcA(')Omeounds for example
molybdenum disulfide, graphite (including fluorinated graphite),
poly(trifluoroethylene), polyamide, polyimide; compounds which form adsorption
layers, for example long-chain carboxylic acids, fatty acid esters, ethers,
alcohols, amines, amides, imides; compounds which form layers through
tribochemical reactions, for example saturated fatty acids, phosphoric acid and
thiophosphoric esters, xanthogenates, sulfurized fatty acids; compounds which
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.

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).
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ASTM D 445, in the range of 10 to 120 mm2/s, more preferably in the range
of 10 20 to 100 mmZ/s. The kinematic viscosity KV,00 measured at 100C is
preferably at least 5.0 mmZ/s, more preferably at least 5.2 mmZ/s and most
preferably at least 5.4 mmZ/s. In a particular aspect of the present invention,
pYEE 2BOHNI9O8R! oil is compositions have a viscosity inBE&T tril2AA#18a87328
ASTM D 2270 in the range of 100 to 460, more preferably in the range of
125 to 325 and most preferably in the range of 150 to 250. Appropriate
lubricants have a PSSI to DIN 51350-6 (20h, tapered roller bearing) 20 less
than or equal to 100. The PSSI is more preferably less than or equal to 65,
especially preferably less than or equal to 25. The present lubricants can be
u$bd adgitvedlgetaikdrahsne ssiwdeasitrivedan oilave dhstaikirie ol unpFisitang,
b ' ' n Jubr r
puaic bl s e Rl e ania
(B, Additvaid aReheoiersiabas Fnapry erasrmesingeaaashaimdtifidn,
o G e G 0s 30 The prosent
erenti arings. _ e presen
p%ﬁ%é"r&ga%ﬁégg%vg 8?@{?5\?%&88 egpe%(iial?>g§ "antifatigue additives in
lubricants. It has been found that, surprisingly, these additives counteract

s, | hat, surprisingy, these addltiv |-
gt A

nSAOHE 4o fathesansR gEiRde RAIRNTS) BroteONsiFIeRN BiltherraneRiohs
cap Rerdetrimined Riaidametnedsitpasalirga iy solenbeasings. The

methods which follow cover a wide range of Hertzian pressures. The fatigue

iRTE B ARRLRY 5RRORHINE) (MBERARIRRRNCAT Sk ArrgINdA 2nd Fnost
stasttaatiyert foastBadl appZsatus (FBA) to DIN 51350-1, in which a rotating
ball
In a particular aspect of the present invention, preferred lubricant oil
compositions have a viscosity index determined to ASTM D 2270 in the range
of 100 to 400, more preferably in the range of 125 to 325 and most preferably
in the range of 150 to 250.

Appropriate lubricants have a PSSI to DIN 51350-6 (20h, tapered roller bearing)
less than or equal to 100. The PSSI 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 transmission oil, motor oil or
hydraulic oil. Surprising advantages can be achieved especially when the
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 transfer

cases and axle or differential gearings.
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under load is pressed onto three identical, likewise rotating balls. The test
method employed is VW-PV-1 444 of Volkswagen AG ("Grubchenfestigkeit
von Bauteilen mit Walzreibung - Pittingtest” [Crater resistance of
components with rolling friction - pitting test], VW-PV-1 444, Volkswagen

A 20081808%emperature is 120C. With a load of 4. G ERPACBA5EHS

speed of 4000 rpm, the entrainment sgeed 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

n{r he test bodies 20 greater.than 0.25 acceleratlon due 9.81
S R R RS A RS OLREIET O RS e SRR o e BT 9 i
Témlsinte&tssrr&fbncmmm IhbesibakerfagritichB B Awgstsing il titse, ddtiguescan be

d@é%marg%g %@%W&t%{@”gﬁﬁﬁg%& Fe%é@?t% s‘?ﬂfls s ERTRUS or

bearing [ubricant test r IN 5181 rom Schae erKG

Jerkairsysiemveandeaiingeesenle Faisginditasamb s ishamb y Nataes!

roHehsHLST Re aatiife mﬂ@%ﬂt@%ﬁ”‘ﬁéﬂt%ﬂﬁ@ﬁﬁbﬁcﬁﬁﬂmﬂ%Lﬂﬁﬁ@ﬁ@ing
to test method VW-PV-1 483 (' Pruf%z der Gri bch ntra keit in

VAL R ERe BIRRRINSL RLMEHRY 698%[{89%% AN f [N%5edfifigs
W@tﬁ@ﬂ@/@h%%ll@'ﬁtﬁl@@ﬁ@ﬁdﬁm & Hexizjee pestls Weg-PV-1 483,
Volkswagen AG, drafted September 2006; constituent of oil standards VW
TL52512/2005 for manual transmissions and VW TL52182/2005 for

dobe gy HmefRrmeso At refalions\fagdre Aeie RuRethdolvastBronfi an

%%SF@i@&WICH@ML% P’Bﬂ'}%‘ﬁ?ﬂ 51 Mirasuremeanh ig rifeGHRMDAN
120C. with a load of 60 KN and a rotational speed of 500 rpm, the

eliidfhiRarispeessed paiodpe identinakiliassdriatng Wélsger%eotPitMs
GRethbatiguiel @eelis \A8/seunt ad4hvé Yarigewdgen the fiGinikehenfestigkeit 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
greater than 0.25 g (acceleration due to gravity g = 9.81 m/s?). 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 FES test. To this
end, the FE8 roller bearing lubricant 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 VW-PV-1483 ("Prifung der Gribchentragfahigkeit in
Waélzlagern - Ermudungstest” [Testing of crater resistance in roller bearings -
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of friction) has an increase by more than 10%, i.e. even in the case of fatigue
10 only to one cylindrical roller thrust bearing. In principle, the FES8 roller
bearing lubricant test rig can also be operated according to the more severe
ZF-702-232/2003 method of ZF Friedrichshafen AG (cf. "ZF Bearing Pitting
TV 20097018069 7F Friedrichshafen AG, 2004). 15 TIRCUKERROF/RRFHE
according to IP 305/79 based on a rollgr 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 ig test machine fram FZG (Institute for chine
Bt oo i B ValaRget G R SoRsres) 2 Bhomien) to
Ddbh5t1tBSAt bf Oih dtaisdestsavalhinS 2612fadig b dotime fiahrarsms sitlete ranited
s i i o ) ’ i )
o YR RS FERIRdon OeF e
2nreshets i an #iRfusieugtRas AtBfishafimears iRMenlebensdauer
einsatzgeharteter Zahnrader im Einstufen- and Lastkollektivversuch”,

Forschungsvereinigung Antriebstechnik, Bogk . Frankfurt 1997;
e B LRI Sttt P Sy AR Leliana speed
etisHi2 gphattetenfraimmae s paddiis 1uSs- mrsdai\vO200(01 306 tian

P M el o YR SRR REh Y
eticlsielipal hasen masaaIdeMmgitean 16/quEcor3ea INMNE SasaPhfdigRNal

sBREAPHAL 2PliRIAc AN RELIRIIBIGISRRLd is 5.678 m/s at a maximum
Hertzian pressure of 1.834 GPa. Fatigue occurs when craters of total area

>= 5 mm2 are observed. This method is referred to hereinafter as FZG PT- C
1Y priddiess, the FES8 roller bearing lubricant test 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).

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.

In addition, it is possible to use a gear rig test machine from FZG (Institute for
Machine Elements - Gear Research Center 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 test type C) gears. The method is
described in FVA Information Sheet 2/IV (cf. U. Schedl: "FVA-
Forschungsvorhaben 2/IV: Pittingtest - Einfluss der Schmierstoffs auf die
Grlibchenlebensdauer einsatzgeharteter Zahnrader im Einstufen- und
Lastkollektivversuch”, Forschungsvereinigung Antriebstechnik, Book 530,
Frankfurt 1997; "Pittingtest - Einfluss der Schmierstoffs auf die
Grlibchenlebensdauer einsatzgeharteter Zahnrader im Einstufen- und
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10 The utilization of the further-developed PTX-C test gearing, which is close
to reality, in the FZG gear rig test machine to DIN 51354-1 leads to improved
repeatability and comparability of the fatigue time. The method is described in
FVA Information Sheet 371 (cf. T. Radev: "FVA-Forschungsvorhaben 371:
EWQi2RAMBI888S praxisnahen Pittingtests”, ForschungRerRRAA0$1857828
Antriebstechnik, Book 710, Frankfurt 2@03; "Development of a Practice
Relevant Pitting Test", FVA Information Sheet 371, Forschungsvereinigung
Antriebstechnik, Frankfurt 2006). Measurement is effected at 90C. At load

SRR S S SR N SRR
Ghrri latigoenocduenibd 8Baters of total area >=5 mm2 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

aM@zeipraeaiie ieaiased, \WWifeuf hiopshiRyaidie tha: tisrane b SimPYse a

A R A A
omparative example .7 g of monomer mix (94% 12-15-a

TRUBHTL P I &0 e oty MEHRE RS VHRE B 985 gblota!

nateal ecyb ment aptavbeerve dfilddst ogzttoer v/ drit€dg mhadhabdriatoRBE PT-

“@?HP&H%@&P" an apparatus with saber stirrer, condenser, thermometer,

feed pump and N2 inlet. The apparatus was inertized and heated to 100 C
using an oil bath. Once the mixture in the reaction flask had reached a

temeefifiiton! HARE iRk 0L EEATIIY lesrgetamig, WARRMIsdsAtdhe

same time the feed of a mixture of 833 g of manomer mix (94% 12-15-
reality, in the FZG gear rig test machine fo DIN 51354-1 leads to improved

repeatability and comparability of the fatigue time. The method is described in
FVA Information Sheet 371 (cf. T. Radev: "FVA-Forschungsvorhaben 371:
Entwicklung eines praxisnahen Pittingtests", Forschungsvereinigung
Antriebstechnik, 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
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? are observed. This method is referred to hereinafter as FZG
PTX-C 10/90 test.

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
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alkyl methacrylate and 6% dimethylaminoethyl methacrylate), 14.2 g of
n-dodecyl mercaptan and 2.50 g of tert-butyl peroctoate by means of a pump
is was commenced. The addition proceeded homogeneously over a period of
3.5hat100C. 2 h and 4 h after the end of feeding, another 1.70 g each time of
MO 2B YRESate were added, and the mixture was & FER2086(033888
further 2 h. This gives virtually 1000 ggof 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 g of
n-dodecyl 25 mercaptan were filled together with 265 g of 100N oil into the 2 1
reaction flask of an apparatus with a saber stirrer, condenser, thermometer,
fézmhmangdienexBpleldt. The apparatus was inertized and heated to 100C
using an oil bath. Once the mixture in the reaction flask reached a
temperature of 100 C, 2.26 g of tert-butyl peroctoate were added. WO

2009/0 15 TBs PUTIERR (94703 268 kg memasatatetrne Gt feed of a

NAHARR\PA MR Bt QY I THRMe Iéﬂéﬁéﬁ@ (7588 dléf Holybmpibrentatend
25% met(gl methac%ia#éalqg%g of n-dodecy!l merca tan and 19.8 g of

deBURIPERs Wi Bed 4 BiBa @%@lﬂ%é@ﬁ%‘eﬁ %‘hép&d’cﬁﬂﬂiﬁ
pmttc—mlmi bmrmg@mimsiyroumrrmmmw deddbpumip 208 8, dletaflaethe end

O B e B O RS Bl e
nittiteedn Eia%ée@@tmémbmowew@@é@lm@ﬂwmmoﬂ §Cof) 456 g of

NeraylpyrpRlidenatdNVed stgrafted at 130C with 1.89 g of tert-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 130C. After a
At the same time the feed of a mixture of 833 g of monomer mix (94% 12-15-

alkyl methacrylate and 6% dimethylaminoethyl methacrylate), 14.2 g of
n-dodecyl mercaptan and 2.50 g of tert-butyl peroctoate by means of a pump
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 tert-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.

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 g of n-dodecyl
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
Nz 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-butyl peroctoate were added.
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further hour of stirring, the mixture is diluted again to 73.5% with 100N oil. is
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
fYMRR0091986Rer, condenser, thermometer and N2 inReH/ES2908/05i¢§28
463 g of 12/14- alkyl methacrylate, 5649 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 ethyl bromoisobutyrate at
aBbtitecsAineAitees, ibedeat lef exoikkrmicity Othe ohintane mersnaikbwre (A seact

VEISI f a I
e e B D gl L g By ey
neeEtRIAB RS 1A SR eatd v raeseeioatarey wisenwiehia BUmMm Wasd the
Wﬁh&ﬁ@e\?’é&'%@d@éﬁtﬁbﬁtp‘?%‘e&[‘é{e% M%%Q?%Wé%ﬁﬁlfﬁéhd@%mist%fﬁt
was e w il and pressure-filtered while to remove
HDEor (RS B G00 6Ty RP KGRI Tl G200 W6 QR Shtuton
Sperantyaie vE sy daie@-atrmd HiiflaidrsvgesypreFarbth Eﬂlaer&eiutmcta (a-
bromoisobutyryl)sucrose initiator was synthsized by a synthesis described in

10 M. H. Sj[enzeI-Rosenbaum, T.P. Davis, V. Chen, A. Fane, .
M&@rmlaegwgwgbm)&@@@mwwm ba'ﬁE%q}Yé’l@Wé@bl&ﬂéV/@‘d The

SHYGHNER \WRA REOYRLUPW-Ui Riddn M RP RS a B MALSdIE HitMS

(Bruker Daltonics Reflex 3 337 nm N2 laser; acceleratign voltage 20 kV;
21s88iyRlr 3 BE R HRBRRFRAG/d- Rern A A8 Le JisE RSABIRE 87 moloe

Wit iefddamg teaicalithasast fert-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.

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

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-
alkyl 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
complexed catalyst is only incompletely soluble. During the heating operation,
the reaction was started with 6.1 g of ethyl 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 g
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is (M+ML;,=1541 g/mol) and 13 mol% with 7-fold functionalization (M+ML;
,=1393 g/mol). To synthesize the star polymer, an apparatus consisting of a
2L reaction flask with dropping funnel, saber stirrer, condenser, thermometer
and N2 inlet was 20 used. First, 450 g of 12/14-alkyl methacrylate, 500 g of

i-WAROYFI§AHSCuCI, 0.01 g of CuBr2, 20 g of PCT/EP2008/057828

octa(a-bromoisobutyryl)sucrose were jjitially 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 60C. A

hetero ous tur Was resent e complex talyst |s onIy
T Qe e VBl et N RS R SR A
reaxtLae eaddef6th, rdamh att%)’@:ftmraﬁfhttﬂeen at 80dsequianiit, aheommewm)n of

a&vgsaéﬁl%é’ﬁfé@*}' MHPEON G 4hE tﬁ?’éé&?ﬁ%‘j&%’@?@ﬂg @ﬁ{ g(a) ogﬁ)gi"g()m

of dimeth yIam|noethyI me acr¥_
R GSIdBeiETHED 40 dropRmia Titenin Eninpavena Heredeish walstien to

react at 90C for a further 40 h. It was stopped by adding 5 ml of a solution of
1% g/l CuBr2, 10 g/1 pentamethylenediethylenetriamine and 5 g/1 Irganoz

1 tane. The mixture was pressure-filtered while warm through an
A1203 column to remove 5 the copper salts. The product was repeatedly

ig ted | tkrlreetti %S\}v%es vol ume otl.ﬁ]edgmno and he methanol was
decanted oft Fing @/ the mEIRAROT “was drawn oﬁ Iits gave a solvent-free

rivbecidabuiidistuprosarisitiaibewaasyrihewzagty elegolbesiedgasibrd &nd
PRIYAISBRISHY REICEH R Of e DR ROV eaisWRIG-dRteTMRR: RYEEs #d

the results are shown in the table. The measurements were effected in

té88P RGN WS E B GaT A DWRFRANPY R R ATHEUER MRS RS AVESHRY
obf@éfnecbfrbnmwtha Mandsb?q{m@r@wﬂdﬁi&néﬂ@m-

oratories Mpe k of # n a, ho eneous
g e R T
arm |n|t|ator = 10/1/1wt%) shows 87 mol% with 8-fold functionalization
(M+M_;,=1541 g/mol) and 13 mol% with 7-fold functionalization
(M+Myi,=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
used. First, 450 g of 12/14-alkyl methacrylate, 500 g of i-octane, 0.6 g of CuCl,
0.01 g of CuBry, 20 g of octa(a-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
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
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1s 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 20 structures, there is a
sWPAROLI8SWhat lower apparent molecular weight WIMERR9AB7E28
the other hand, for star polymers, the yalues measured Mw,apparent are
significantly higher than for linear PAMA of similar shear stability. The
molecular weight distributions of all block polymers and star block polymers

25 prepared py ATRP were strictly monomodal. Especially in the case of the
RN R R A A e el e
ohB drvie shiasvitiobped biyl dudimgtic esllé afeoligiarmtd,Oag/t Oulde the g/l

n i _ i - dicali ¢ nking.
e ey LG oo e,
2009108 PRSP itered whds avars thepHpArafiviEeaal@n tpemove

siEhepserisalBAMR pithidt WAL fapehss| eRBeRMEKAE tihdd tMortier, s

A L R LR AR o

Sehsikzastoftdf., Thip grveéerlsgly &erirengabbidalites hedoisto®dlyisedescribed
hereinafter. 10 11.1 g of 12-15-alkyl methacrylate and 0.19 g of n-dodecy!
mercaptan are filled together with 100 g of 100N oil into the 2L reaction flask

of b MEparAYeERaAITR et weiskls AbnaeAsslydikreriohideicesdtdoipe
el QlerEeefRRARBIBY I8 MErERA AN FEEERIQHdRAONE NSO AN QIThe

bath. When the mixture in the reaction flask has reached a temperature of

1B6ES P by Warifgcie p L RtCR ol 4t A thePgaing! arReMRE L d
Ofr by et @ L8RS gtioh L2l -cikyinve thaerylatd,of > 25 standards (Polymer

Standards Service or Polymer Laboratories), the Myeax Of which was in a
homogeneous logarithmic distribution over the range from 5-10° to 2-10% g/mol.
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
structures, there is a shift toward somewhat lower apparent molecular weights
Muw,apparent. On the other hand, for star polymers, the values measured My, apparent

are significantly higher than for linear PAMA of similar shear stability.

The molecular weight distributions of all block polymers and star block polymers
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.
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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 3.5 h at 100 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

1962280 91ABLS 2 h. This gives virtually 1000 g of a 90% HER2Q8R(A6/A828
WO 2009/019065 PCT/EP2008/057828 44 Table 1. Molecular weights.
Mw,apparent PDI [g/mol] 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 APl (American Petroleum

[rixtitupeyadincipxidintidse? oil plus DI package (dispersant inhibitor package)
comprising dispersant, detergent, defoamer, corrosion inhibitor, antioxidant,
antiwear additive and extreme pressure additive, friction modifier) of

KUeosyihesissef R\PAI0A 2vEBae SN Aréoetions! wars onornses(ciiR: MolMerdiay
soerilod Aliyeouore oA o LOTBER (MM dac base
Id. The typical formulation parameters of KV: nd vigcosity ingex
ARG5S RS TETAHGON & A p3elitle BB B AR B Tow i
tSuopeiatsia B, -Bpgest ankto Rembifrgem Blalokdiedin D B9 H1is s ariveshear
SF%?QI%?%P'N 51350-6 (20 h, tapered roller bearing). Table 2 shows the

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 flask 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 tert-butyl

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
3.5hat 100°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.
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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
aWRi28Q%e19RBNe commercially WO 2009/019065 PCTRGLERZ0A5/858823
from Rheinchemie (Mannheim/Germagy) 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
h_?x ao (ﬂoric ester.with a degree of esterification of 1.5. The product is 5
hi l; LIS Wgé\g/%}ssolvent. Table 2. Compositions examined Additive
Polymer KV100 Viscosity concentration concentratici [appetshtindeRV1)
Comparative 8.6% 7.3% 6.49 158 example 1 Corrﬁgfrrﬁ ﬁe 8.0% 7.2% 6.52
161 example 2 Comparative 24.5% 6.45 128 exanmple 3'Example|1 8.0%
5.00%pB1Barabe examel2 13.5% 6.8% 6.54 169 ERAYNe 3 2.8%| 1.8% 6.80
17 EEprgraermine the fatigue, the above-described FggHFPds accordingyto
DIN

Example 2 22100 1.32
Example 3 46660 1.20
Comparative example 2 25400 1.86

Use examples

A fully formulated base fluid, which, however, is free of VI improver, comprising
API (American Petroleum Institute) group Il 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=22.32cSt, KV100=4.654cSt and VI=128 was

used.

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

examples.

In addition, an antiwear and extreme pressure additive obtainable commercially



i0 51350-1 (FBA, four-ball apparatus) and according to DIN 51819-1 with an
FES8 roller bearing lubricant test rig from FAG (FAG FES8; Schaeffler KG,
Schweinfurt) were used. The determination of a fatigue time requires several
tests under the same is operating conditions. A fatigue time can be
rdPR20RA1GA8Sr as an arithmetic mean or, in the caseP& HERARIB/QA57828
number of tests, with the aid of Weibuljsstatistics (W. Weibull: "Fatigue
Testing and Analysis of Results", Pergamon Press 1961), as a fatigue time
for failure probability P1=50%. This means that WO 2009/019065
PCT/EP2008/057828 46 50% of all samples have edﬁib% igue by the
IR BEEREoTH MR R R P BB AL R ot e
coafitewas éxaehiRedyfvilib Stediatavadteinedbs B sbolhabie BlderB@kes the

N ; terrminafi i : |
ﬁ?é*ﬁ%%%?ﬁl%%%@#%?ﬂ%ﬁﬁe@ AR g e
tRERARHRERIAECOPRIAMED PR pRioF BFETHEAEA Patiguéd irrredichie
CRIRNOSILLBELXANIRRANF BAvEAG 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
Ekalolpk CAhposntinas @xExameple 2 150 550 1987 Example 3 146 530 10

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 to DIN 51819-1 with an FE8
roller bearing lubricant test rig from FAG (FAG FE8; Schaeffler 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 Pi=50%. This means that



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)
WP 200843065 FZG PTX-C 10/90). These data are bRed/ERAP0SARREAR:
mean from 3 (FZG PT-C 10/120) or 462G PTX-C 10/90) tests. WO
2009/019065 PCT/EP2008/057828 47 Claims 1. The use of polymers which
comprise ester groups and have at least one nonpolar segment P and at
olar se ent D, s Iar 5 segment D havin st el

PSR BTN G AU CE R Plsear DR G e
ppiabaeiin&htBoblkeimyia deasif306d, withsbd confitencsdévafRhefgbastudy,
s%{eﬁrg p _BHan antifatigue additive in lubricants. 10 2. The use as claimed
in clalm 1, tharacterized in that the polar segment D has at least 12 repeat
units. 3. The use as claimed in claim 1 or 2, characterized in that the

DW@Bonlmgiﬂ@ RIdisP BB HMEERSAL ﬂfé‘éééﬁhlﬁéﬁéﬁ@%aﬁ@%ﬂrﬁé‘sﬁhe
ht of is tﬁﬂ\gB“J é{cﬂ?ﬁﬁem D. 4. The use as, cIa med in Iea ﬁone of the

Qﬁﬁﬂtélﬁ 288 'W‘?HHY?h%‘%@I?/ﬁ% a&ﬁﬂbﬁl er groups
|$@iﬁﬁctfrdlirmmremipahqlfa@lgadnt)am;da&pa(rlaé\MAm,egmipalkul fumerates

and/or polyalkyl maleates. 20 5. The use as claimed in at least one of the
preceding claims, characterized in that the lubricant is a transmission oil,
maelect bahgdedimesn! Brerermprsitionsamsaingdt least one of the

preceding claims, charactegggd 25 in that the polymes eoppgising ester
jroups has a Weight-avera%eibu” 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

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
(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.
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molecular weight in the range from 10 000 to 600 000 g/mol. 7. The use as
claimed in claim 6, characterized in that the polymer comprising ester groups
has a weight-average molecular weight in the range from WO 2009/019065
PCT/EP2008/057828 48 15 000 to 80 000 g/mol. 8. The use as claimed in
aVE:208%O QA8 preceding claims, characterized in th&@GHERZNISQH67828
segment P is obtainable by polymerizigyg a monomer 5 composition which
comprises a) 0 to 40% by weight, based on the weight of the monomer
composition for preparing the nonpolar segments, of one or more

lenically unsaturated ester compounds of the formula (I) R (I) R3*OR1
in hRis hydrogen or methyl, R1 is a linear or branched alkyl radical io
having 1 to 6 carbon atoms, R2 and R3 are each independently hydrogen or

agroup %fL'i%S &y %e%% &%}i?gb é?e'?é%ﬁ?@b%@&e gQ\%' 853t'Bne

having 1 to car atoms y WEl on the weight of

the m(5\%‘@@?‘bé?@ﬁ@%‘ﬁEna'ﬁé*r%r@ﬁéiflﬁ@etlﬁélﬁbﬁ%l%@@éﬁrﬁélﬂ§odﬂrone or

more eiyiesHedlyidsiHg s ldERies BRI RRMPatSsh B riaMida BylhdryHRE
Y OR4£&1§ RS.O in whichRis h dro n or meth bR4 is a I| ear
branciRe§'SRE/SIAGIERCALYMNE e QF%Q'EFH% ??'é‘%ﬁb 38 “ach
indepéradedtynhyerogarht af mgrpolarcrfetgméotr@!,llas SO atiguehaddiRedn
hydromiggﬁt@_alkyl group having 7 to 15 carbon atoms,

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

has at least 12 repeat units.

3. The use as claimed in claim 1 or 2, characterized in that the proportion by
weight of dispersing repeat units is at least 40%, based on the weight of

the polar segment D.

4. The use as claimed in at least one of the preceding claims, characterized
in that the polymer comprising ester groups is selected from polyalkyl

(meth)acrylates (PAMA), polyalkyl fumerates and/or polyalkyl maleates.

5. The use as claimed in at least one of the preceding claims, characterized

in that the lubricant is a transmission oil, motor oil or hydraulic oil.

6. The use as claimed in at least one of the preceding claims, characterized
in that the polymer comprising ester groups has a weight-average

molecular weight in the range from 10 000 to 600 000 g/mol.

7. The use as claimed in claim 6, characterized in that the polymer comprising

ester groups has a weight-average molecular weight in the range from
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20 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 (111) WO 2009/019065
PCT/EP2008/057828 49 R R9\ OR7 (lll) 1Y/~ R8 O in which R is hydrogen

oWMR2R0L/R19Q6S linear or branched alkyl radical havind®£5 {6PRPEE(BSFB28

atoms, R$ and R9 are each independggtly hydrogen or a group of the
formula -COOR™ in which R™ is hydrogen or an alkyl group having 16 to 30
carbon atoms, s d) 0 to 50% by weight, based on the weight of the monomer

compasition. for preparing the hydrophobic segments, of comonomer. 9. The
use asﬁélgfﬁhéﬂ %ﬁﬁ@%ﬁ% e of the preceding claims, characterized in that

the dispersing repeat units are derived from one or more 10 ethylenically

ug?atugﬁgf%a%grc?mé&mq %REFQﬁﬁ%{P?HEae&\}@ iR XRABEMN R
O in which R'is hydrogen or methyl, X'is oxyden, sulfur or an amino group of
the forfthat-eI NBPPRIRESSAMAIER RaORIZAIE PiRMUNREYIRG A MPAOMer

carboraiasBsiticd Wich Giflsabich comprises 2 to 1000 carbon atoms and
has at least one heteroatom, R11 and R12 are E?Ch independentl

: 1s .
hydroger &7 %R0 7 H1L- RS RALTC BRI RIS X RS REARGSHioN
aminofgrauepaf itigethermuiaeldHsegmbiiRe - pfrondmhniRee ety latkghigdical

having, 446 49 E3 RO ALBMSLARGLTH BhisiBrHAis g comPrising 1 to 100
R (1)

R3WOR1

RZ O

in which R is hydrogen or methyl, R is a linear or branched alky! 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 (ll)

R

e )

RS O

in which R is hydrogen or methyl, R* is a linear or branched alky! 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 (lIl)
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carbon atoms, and/or from heterocyclic vinyl compounds. 20 10. The use as
claimed in at least one of the preceding claims, characterized in that the
polar segment D comprises at least three units derived from monomers of

the formula (IV) and/or from heterocyclic vinyl compounds, WO 2009/019065
PEQ/2e0%03APSP328 50 which are bonded directly to oCdreliRA08/957828

use as claimed in claim 9 or 10, charagderized in that the heterocyclic vinyl
compound is selected from the group consisting of 2-vinylpyridine, 3 5
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,
2-methyl-l-vinylimidazole, NRY ylpyrrolidore, 2-vinylpyrrolidone, (1)
N-vinylpyrrolidine, 3-vinylpyrrolidine, N-vinylcaprolactam,
N-vinylbutyrolactam, 10 vinylox@éane Qvinylfuran, vinylthiophene,
vinylthiolane, vinylthiazoles and hydroggnated vinylthiazoles, vinyloxazoles

and hyaiaiendiea hidyraizeregethy, fhésslinggrcpsiniancnest edratieabs
claimsn3ypd sqbaseciaierchid Matrhecimtancabinnraipeagshaplar ester

o
d of the f la (1V) i [ | | (meth late,
oA A Gb 1 DR AT et CH . & ALPGEDAE
(meth)acrligiegeng draaicgri® iy BOaadiomgtofmesth)acrylate. 13. The use as
claimed in.clai I ' leni r
ol b 351, HIRREEIES I bR B sl
consisiafi@EPAH@HoRyEpPhetiesRINAams 20hgarmxyett§l. methacrylate,

mono-2-methacryloyloxyethyl succinate,
N-(2-methacryloyloxyethyl)eth%leneurea, 2-acetoacetoxyethyl methacrylate,

2%4-mOIBHSTnSRH SRV ATethat ABRGIBIRRRSURGIRI™SS TBTASEYFSR,

dimethyltrainbedigbareihqespkede aid/are derived from one or more

ethylenically unsaturated polar ester compounds of the formula (V)

R
RI2 XR10 (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 alkyl radical having 1 to 40
carbon atoms, R'® is a radical which comprises 2 to 1000 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 alky! radical
having 1 to 40 carbon atoms, and R'% is a radical comprising 1 to 100

carbon atoms, and/or from heterocyclic vinyl compounds.

10. The use as claimed in at least one of the preceding claims, characterized in
that the polar segment D comprises at least three units derived from

monomers of the formula (IV) and/or from heterocyclic vinyl compounds,
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dimethylaminopropylmethacrylamide. 14. 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 WO 2009/019065
PCT/EP2008/057828 51 is in the range from 100:1to 1 :1. 15. The use as
clih2808/81998& one of the preceding claims, characteR&IdERRORE/HR7 828
polymer comprising ester groups is a ggplock, triblock, 5 multiblock, comb
and/or star copolymer. 16. The use as claimed in at least one of the
preceding claims, characterized in that the polymer comprising ester groups

has a %ﬂ%%SFegl%%}NM iln the range from 1.05 to 4.0. 10 17. The use as
claime PlET B ¥)|t8c°&ﬁr?§%‘ fhis, characterized in that the
lubricant has a PSSI to DIN 51350-6 (20h) of less than or equal to 100. is 18.

L PSSitor 206) of less than 0. i5
A g o L e

compriéad eamioynslisselrateh e hegroHe FRASIY ebdvieviowidng, &

least oy ROIIREIMERNP-20nl by TiindISL AR FRimghRdtdeas-aneafite
preceding claims, characterized in tpat th 'IUanamlf(T:q%@dpn es at least one
mineré(f'?gllpé(ﬂ 5 YOV RIISHESH VB PIRRICIOE. ARy 7?4t least one of

the préeddyfcaitianvle, ¢hamgctebaaule 26 \imylatdimlexicamticodapolees at

east on o0 YA RIS DR AT S SaRISiIg Sster groups

i
and has at least one nonpolar seg t and at least one polar segment, said

polar S&yindRYTRIGAEG s Yéudpwsighdine déainvleesatastans. propotaalyielagiamht
of disRgSIBerERE YRR Wi ithiophene, vinylthiolane, vinylthiazoles and

hydrogenated vinylthiazoles, vinyloxazoles and hydrogenated vinyloxazoles.

12. The use as claimed in at least one of claims 9 to 11, characterized in that the
ethylenically unsaturated polar ester compound of the formula (1V) is an
aminoalkyl (meth)acrylate, an aminoalkyl(meth)acrylamide, a hydroxyalkyl
(meth)acrylate, a heterocyclic (meth)acrylate and/or a carbonyl-containing
(meth)acrylate.

13. The use as claimed in claim 12, characterized in that the ethylenically
unsaturated polar ester compound of the formula (V) is selected from the
group consisting of 2-hydroxypropyl methacrylate, 2-hydroxyethyl
methacrylate, mono-2-methacryloyloxyethyl succinate,
N-(2-methacryloyloxyethyl)ethyleneurea, 2-acetoacetoxyethyl
methacrylate, 2-(4-morpholinyl)ethyl methacrylate, dimethylaminodiglycol
methacrylate, dimethylaminoethyl methacrylate and/or
dimethylaminopropylmethacrylamide.

14. 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
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polar segment being at least 30%, based on the weight of the polar WO
2009/019065 PCT/EP2008/057828 52 segment. 21. The use as claimed in
claim 20, characterized in that the additive is a viscosity index improver, pour
point improver, dispersant, detergent, 5 defoamer, corrosion inhibitor,

a3 ,3888 0 BARRar additive, extreme pressure additivd® &l dEs20R8957828

modifier. 22. The use as claimed in clgyn 21, characterized in that the
antiwear additive and/or extreme pressure additive is selected from
phosphorous io compounds, compounds comprising sulfur and phosphorous,

compounds comprisin s%gﬁr and nitrogen, sulfur compounds comprising
elemelitd] tsEﬁﬁ&PEﬁZ@?ﬁé- ﬂfdﬂjea'hydrocarbons, sulfurized glycerides and
fatty acid esters, overbased sulfonates, chlorine compounds, graphite or

m@ybq’ﬁ@“@edg%mﬁmd 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.

16. 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.

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

18. 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.

19. 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.

20. 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
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21.

22.

52

segment.

The use as claimed in claim 20, 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 21, 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
acid esters, overbased sulfonates, chlorine compounds, graphite or

molybdenum disulfide.



