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STAR—BRANCHED ACRYLATE AND NETHACRYLATE PCLYNERS FIELD o THE | NVENTI ON The

iRanald = > ALLL "L RE"] UC|IVCLT I[U1lldbly||1 Oor
nethacryllc nonomners. Addltlonally, the |nvent|on relates to the use of
these 5 star-branched polynmers as lubricating oil additives. BACKGROUND
OF THE | NVENTI ON The preparation of star-branched pol ynmers conprising a
nucl eus j oi niygyhsRegymeri c arns of non- 10  hydrogenat ed angefyshgasasat ed
honopol ynmers or copol yners of conjugated di enes or selectively hydrogenated
copol ynmers of conjugated di enes and nono-al kenyl arenes is known. The

nucl eus of these polyners conprises a poly (polyvinyl aromatic) coupling
agent such as 15 pol y(di vi nyl benzene) and. gan. have 4 to 30 polyneric
arnms. The polyneric arns are pol ybut adi ene or polyi soprene arns.

Mul tifunctional ani oni ETAR-BRANCHED W mmmu POCNMERS 173
(1973) 235 and Burchard et al., Polpsgg . 7 ave been used as
well as 20 controlled anDunts of — DI 2 onme usual

di vinyl benzene (Wrsfol d efhe Pressht ’-B“’QBEéﬁ? rﬁh'{i@)é’@) 53’31‘91’1'%6%5“ et
al ., Macronol ecul gplyhérsllef)vad Erdhmicrylét or. metimaeyyrld cPalopomeraat i on:

ACS Symp. Ser. 1%@&&%?%31:5&57)1;11 1RE rUPhKed ”cé*lﬁT R BF these

st ar - br anched, 25 p yners een conguct u5|n ystyrenes or
pol ydi enes. Rl at i8F@RyDFRRERSA \RAWMEES Bt Sﬁeam % S \PRLEITPSH ot

star-branched pol yners. Rather pol ydi sperse materials which increased in
viscosity and nol ecul ar- wei ght 08askBRSGRD ﬁ.‘¥ﬁ:‘&ﬁyﬁ; g§i Nng group 30
transfer polynerization (Slnws R

preparation.o% star-branched pelymers
comprising a nucleus joining polymeric arms of non-

10 hydrogenated and hydrogenated homopolymers or copolymers
of conjugated dienes or selectively hydrogenated
copolymers of conjugated dienes and mono-alkenyl arenes is
known. The nucleus of these polymers comprises a poly
(polyvinyl aromatic) coupling agent such as

15 poly{divinylbenzene) and can have 4 to 30 polymeric arms.
The polymeric arms are polybutadiene or polyisoprene arms.

Multifunctional anionic initiators (Eschwey et
al., Makromal. Chem. 173 {(1973) 235 and Burchard et al.,
Polymer 16 (1975) 180) have been used as well as

20 controlled amounts of bis-unsaturated monomers, usually
divinyl benzene (Worsfold et al., Can. J. Chem., 47 (1969)
3378, Young et al., Macromolecules, 11 (1978) 899, Martin
et al., Anionic Polymerization: ACS Symp. Ser., 166 (1981)
5§57). Most of the work in the area of star-branched

25 polymers has been conducted using polystyrenes or
polydienes. Relatively little work has been done with
polymethacrylate star-branched polymers. Rather
polydisperse materials which increased in viscosity and
molecular weight on storage were prepared using group

30 transfer polymerization (Simms et al., Rubber Chem.
Technol. 64 (1991) 139). 2Zhu et al., Macromolecules, 25
(1992) 7330, Tsitsilianis et al., Macromolecules, 24
(1991), 5897 and Zilliox et al., J. Polym. Sci., Part C,
22 (1968) 148 have published reports in which star

35 polymers from methacrylate were prepared.



Technol . 64 (1991) 139). Zhu et al., Macronvol ecules, 25 (1992) 7330,
Tsitsilianis et al., Mcronol ecules, 24 (1991), 5897 and Zilliox et al., J.
Polym Sci., Part C, 22 (1968) 148 have published reports in which star 35
pol ynmers from nethacryl ate were prepared. WO 96/ 23012

PCT/ US96/ 00753 -2- There is, however, a present need for the preparation of
st ar-branched pomwoe«230ir om acrylic or nethacrylic nononers whiROT/AIS96/B753
nol ecul ar wei ghts and ot her physical characteristics which nmake them
comercially useful in various applications including 5 usef ul ness as

| ubricating oil additives. SUMVARY OF THE | NVENTI ON The present invention
relates to star-branched polyners utilizing aniomdc pol ynerization in which
the 10 polynerig arnms are derived fromacrylic or nmethacrylic nononers
and.the nucleus or core is deri fbarerisa heneverat adrreeshHtameegs for the

et Eacry: ate estA S(rj S _Ofpﬂfﬂaﬁtigﬁuﬁh §taflibrariched polimers fadhykek9siélor
met hacryl at es. itio i t r ating
15 ~ oils containing a %J%%lqlialf%ng'&glgﬁg%%dﬁi%&ei}ggﬁpr+€%‘§§'a§o$§ggxggan ed
pol yner derived from setheas phyeisal neharargsanistisaoneichaakeshedd in
accordance with the i ngénmrdiadagt ueefuPOlin various applidatAldnDiRESGRIAY | ON

e 0 S, A58 e e g, et o 0 of

SUMMARY OF THE INVENTION
The present invention relates to star-branched
polymers utilizing anionic polymerization in which the
10 polymeric arms are derived from acrylic or methacrylic
monomexs and the nucleus or core is derived from
unsaturated acrylate or methacrylate esters of polyols
such as di-, tri- or tetra acrylates or methacrylates.
Additionally, the present invention relates to lubricating
15 oils containing a lubricating oil additive comprising a
star-branched polymer derived from an acrylic or
methacrylic monomer as prepared in accordance with the
instant invention.

20 DETAILED DESCRIPTION OF THE INVENTION
_ The present invention relates to the preparation

of star-branched polymers of acrylate and methacrylate
monomers optionally with vinyl comonomers using anionic
polymerization. Acrylic and methacrylic monomers which

25 are useful in the present invention for the preparation of
the arms of the star-branched polymers include acrylic
acid, acrylic acid esters, acrylonitriles, acrylamides,
methacrylic acid, methacrylic acid esters,
methacrylonitriles, and methacrylamide. The preferred

30 acrylic and methacrylic monomers are alkyl acrylates or
alkyl methacrylates wherein the alkyl group contains from
1 to 18 carbon atoms. The alkyl radical can be either
unsubstituted or substituted. Examples of such acrylates
and methgcrylates include methylacrylate, methyl

35 methagrylate, ethyl acrylate, ethyl methacrylate, butyl



nmononers optionally wth vinyl conononers using ani oni ¢

pol ymeri zati on.

Acrylic and pethacrylic nmononers.which 26— areuseful in t
i nvention for the preparation of the arns of the star-branched pol yners
include acrylic acid, acrylic acid esters, acrylonitriles, acrylam des,
met hacrylic acid, nethacrylic acid esters, nmethacrylonitriles, and

nethacrngﬁéggnghe preferred 30 acrylic and nethacr*%*r grers are

al kyl acr r al kyl methacryl ates wherein the al ky

oup contalns

from1l to 18 carbon atons. The al kyl radical can be either unsubstituted or
substituted. Exanples of such acrylates and nethacryl ates incl ude
nmet hyl acryl ate, nmethyl 35 methacrylatg3 ethyl acrylate, ethyl

nmet hacryl ate, butyl WO 96/ 23012

PCT/ US96/ 00753, %1@% Y hede ilmQtHéfﬁtJE%Cf!baﬁﬁt 1%&%&&@0%@&@1 i sobutyl
“met hacryl at e, te t acr§late tfﬁt b t¥ te, propyl

net hacryl ate, 92 LEFLTENGYL aczyi fiext? h&‘%& ryl ate, hexyl

acryl ate, hexyhenhﬂ¢mx&qﬂeatpx0pytmmcnhﬂcrwéahacr?+eﬁhylﬂe;uﬂyhcamlqﬁqﬂ(3
lauryl met haCfFLa’Efx‘yl r)ﬁ'etﬁﬁé it a'i‘ﬂx??.eééﬂvlé?é haghyhate. Vinyl

conononers 1 nc

styrene, vinyl mgde rattee)-ig *@ﬁ ?’ggm’g;ggt ﬁ]ﬂﬁﬁt ér eniﬂ%%‘lnfﬂgl gﬁghyl

10 2-vi Nyl pyLadipk, methacrryﬂ.pyeb ostearyld achylat&cand miteaxydrs useful in

the present |nmgeﬁaé§yigyg ude initiators of the fornula:

Vinyl comonomers include, for example,
butadiene, isoprene, styrene, alpha methyl styrene, vinyl
toluene, t-butyl styrene, chlorostyrene, vinylnaphthalene,

10  2-vinylpyridine, 4-vinylpyridine and the like.
o Initiators useful in the present invention

1nc1ude initiators of the formula.

R-M
15

in which M is an alkali metal or an alkaline earth metal
and R is a straight-chain or branchcd‘alkyiior cyclo-alkyl
preferably having from 1 to & carbon atoms or an aryl.
Examples of such initiators include, for example,
20 hydrocarbyllithium initiators such as alkyllithium
' compounds, preferably mcthyl lithium, n-butyllithium, sec-
‘butyllithium, cycloalkyllithium compounds, preferably,

cyclohexyllithium and aryllithium compounds,
phenyllithium, -methylatyryllithium,

preferably,

25 p-tolyllithium, naphyllithium and 1,1-diphenyl-3-

: methylpentyllithium. Also useful initiators include,
naphthalene sodium, 1,4- disodio-1, 1.4,4-tetraphenylbutane,
diphenylmethyl-potasaium and diphenylmethylsodium
Tertiary alcoholates of lithium and compounds containing

30 trimethylsilyl groups may also be employed.

The core of the present star-branched polymers
. are prepared from unsaturated acrylate or mcthacrylate

esters of polyols.

Typical such esters include, for example,
35  ethyleneglycol diacrylate, diethylene glycol diacrylate,



R- Min which Mis an alkali netal or an alkaline earth metal and Ris a
straight-chain or branched al kyl or .cyclo-al kyl preferably having from1l to
6 carbon atons or an aryl. Exanples of such initiators include, for

exanpl e, 20 hydrocarbyllithiuminitiators such as al kyllithium conpounds,
preferably methyl lithium n-butyllithium sec- butyllithium

cycl oal kyl I'i t hi wossasgaunds, preferably, cycl ohexyllithium andcxrsshsnoessi um
conmpounds, preferably, phenylllthlun1 1-methyl styryllithium 25
p-tolyllithium naphyllithiumand 1, 1-di phenyl-3- nethylpentyllithium Al so
useful initiators include, naphthalene sodi um

1, 4-di sodio-1, 1. 4, 4-t et raphenyl but ane, di phenyl fet-hyl - pot assi um and

di phenyl net hyl sodium Tertiary al coholates of |jthium and conggunds

cont ai ni ng 30 tri rekyeerel| lacrkaie @ YSPTH perAfRHY ¢ PABALRL of
t he present star-brarﬁa&im&aﬁayammﬁi&mmem dddacryl ate

or nethacryl ate ester s of for
exanpl e, 35 ethyl f%@ﬁgglg%r%%ﬁgayylg fhg ﬂ%ﬁﬁtgglacrzlate
WO 96/ 23012 tetramethacrylate, dxpentaeryt §¥gia
gl ycelrolh di aC(rjyl ?tg &Wﬁhhﬂwrrwmcmaaesoummmﬁe;

cycl ohexanedi ols di asﬂﬁgﬂﬁg ﬁ$?ﬁﬁl e, -
pent aerythritol tetré%é%%ﬁh%§Fét pentaerythrlﬁg% exaai% tﬁe bis
pent aerythritol tetrRRF¥A%LeEsang @Pt HR&88oPE polyethy ene g Y°°1S of

molecular welght 200 -4000, and alpha, omega-

polycaprolactonediol diacrylate; pentaerythritol
triacrylate, 1,1,1l-trimethylolpropane triacrylate,

10 pentaerythritol tetraacrylate, triethylene glycol
diacrylate, triethylene glycol dimethacrylate, 1,1,1-
trimethylolpropane trimethacrylate or hexamethylenediol
diacrylate and dimethacrylate.

The process used to prepare the instant star-

15 branched polymer is preferably carried out in the absence
of moisture and oxygen and in the presence of at least one
inert solvent. Preferably, the polymerization of the corxe
and arms is conducted in the absence of any impurity which
is detrimental to an anionic catalyst systems. The inert

20 solvent is preferably a hydrocarbon, an aromatic solvent
or an ether. Suitable solvents include isocbutane,
pentane, éyclohexane, benzene, toluene, xylene,
tetrahydrofuran, diglyme, tetraglyme, orthoterphenyl,
biphenyl, decalin or tetralin.

25 The polymerization or copolymerization
temperatﬁré useful in the preparation of the present star-
branched polymers varies between about 0°C and about -78°C.

The present star-branched polymers are
preferably prepared in an anionic polymerication system

30 which preferably employs 1,1-diphenylethylene in the
initiator system for the anionic polymerization. 1,1-
diphenylethylene has relatively high electro-affinity and
does not homopolymerize.

If desired the arms of the instant star-branched

35 polymers can be prepared in a manner such that the number



5 di acrylate, 1,5-pentanediol dinethacrylate, the bis- acrylates and

met hacryl ates of pol en I Lght 200-4000__and

al pha, onega- polycaprol actonedi ol diacrylate; pentaerythritol triacrylate,
1,1, 1-trimethylol propane triacrylate, 10 pentaerythritol tetraacrylate,
triethylene glycol diacrylate, triethylene glycol dinethacrylate, 1,1,1 -

trimethyl ol propane trinethacryl ate or hexanet hyl enedi ol-_di acryl ate and
di net hachPa?P@P“ he process used to prepare the instant ’H?""XT br anched

polymer is preferably carried out in the absence of noisture and oxygen and
in the presence of at |east one inert solvent. Preferably, the

pol yneri zation of the core and arns is conducted in the absence of any

i mpurity which is detrinmental to an ani onPc”cat al yst systenms. The inert 20

sol vent isepref Q,req,ghé ﬁcdfgé{{s%%at anéhta& G}{mfbh ﬂﬁ%xane %gﬁ%ﬂﬂs

Sui tabl e sol veft pent ane,
tol uene, xyl endnclugding ienk, copol U!“@??n%"mﬁréﬁﬁ-&gl yhe, ayng H@t &rpReny!
bi phenyl, decalabouer sbettsldbout23,;000,000. The pol yrneri zation or

copol yneri zation tenper the present star-
“branched pol ynmers vari eg’hgéet weenw%og?e%: 4k and a:g&cg

err, - 780C. The present
star-branched ROLymerization qn GP&B bk PR 5 AFOHE B ynerication

system 30§ vvlmarmaprgiﬁe afdnonersl eherdin tid pban;tées hané@ reoniononees
initiator systqg Qﬁdeaet “&r@'a%:. ﬂgxgéejé};ﬁégi tion]TchﬁWW ﬂ?ﬁél ene has

relatively hlgh ectro- f|n ty onD olynerize esired
the arns of theitherapt %?‘?59 s &H’CNSHY?EP“ L ﬁﬂ?‘ésdﬁﬂi“w ‘prepared in a
manner such that the nunbse present star-branched polymers are useful as

‘additives, preferably viscosity index 1mprover additives,

10 in an oil of" lubricating Viscosity. It is a feature of
‘the present invention that the instant star-branched

' polymers can be used as lubricating oil vzscosity index

improvers when present in an’ effective ‘amount of about 0.1
wt% to about 30 wts, preferably from about 1 wt% to about

15 = 10 wt%, most preferably ahout 2 wt%.' Lubricating oils in
which the instant star-branched polymers may find use may
be synthetic and mineral oils including automotive,
aircraft, marine, railway, ete., oila, ‘oils used in spark
ignition orx compression ignition, summer or winter oils,

20 etc. Typically, the lubricating oils may be characterized
‘by a b.p. of about 570°F to about 660‘F preferably about
610°F, an e.p. of about 750‘1=' to about 1200°F preferably
1020°F; an API grav;ty of about 25 to about 31,

, preferably about 29.

25 ' addition of the’ pre-ent star-branched polymer

"~ additives to a’ 1ubricating oil may be facilitated by use

of a concentrate containing about 1 ‘to about 50 wt%,
preferably 5 to about 20 wt% of the star-branched polymer
additives in a- synthetic or mineral oil.

30 : - " The present star-branched polymers may be
prepared by -a core or nucleus first method or a core-or
nucleus-last ‘method. - In the core—first method an acrylate
or methacrylate ester of a polyol.is anionically
polymerized in an anionic polymerization medium and the

35 polymeric arms of the star are forned by addition of the




WD 96/ 23012 PCT/ US96/ 00753 - 5-
average nol ecul ar wei ght of the hanopol ymers or copol yners includi ng bl ock
copol ymers conprising the arnms is fromabout 500 to about 1,000, 000. The
arns are prepared by an anionic polynerization or copol ynerization of the
acrylic or 5 met hacrylic nononers wherein the nononers and conononers are
added to the anwayesizs@yal ynerication reaction nedi um ei ther at rFoTEsae0753N
very fast continuous manner. The present star-branched polymers are useful
as additives, preferably viscosity index inprover additives, 10 in an oi
of lubricating viscosity. It is a feature of the present invention that
the instant star-branched polymers can be used-as 4 ubricating oil viscosity
i ndex inprovers when present in an effective amount of about 0.1 wt%to
about 30 wt % pref er ad¢F¥ i wrasetbaqrykis mengwent and optipnaldy Hbst vinyl

preferably about 2 w demordiier ¢at thg Micnioc p&warwetic&stﬁsctmn mxcure
st branched DOl YTe! SodiEhdind cHe pHEYoied KAkt ! n e AU 3as® hcnod,

i ncl udi ng aut onotive, ral , etc., orls;
spark ignition or con%h%mﬂﬂlﬁmﬂF@ﬁ|?¥@ﬁla%ﬁj used\£itet by [Rolymerization of

g%n cal | % thebl ubri |6 gebmé Nereilie BRYmeehadwaet %héﬁdrba'ndi ckptﬁonafugrbeu%
o111 o o ST E ki o s Pribidiusdihch Baobts
about 25 to about 31, mﬁﬁkﬂMbraDﬁyeﬁbBU$P§§ﬁt¥§9 of the polymen&ﬁmaxmsn thet he
present star-brancheda@eyddtty or methacrylate ester of a polyol is added to the
anionic polymerization reaction medium containing the
preformed polymeric arms and the reaction proceeds to the

10 formation of the star-branched polymer.

If desired the polymeric arms can be prepared in
a manner such that the polymeric arms have a narrow number
average molecular weight range and a narrow polydispersity
index within a range of about 1.00 to about 2.0,

15 preferably about 1.0 to about 1.5. This can be achieved
by adding the monomers and comonomers which make up the
polymeric arms to the anionic polymerization reaction
medium e;ther at once or in very fast continuous manner.
More specxfzcally, the adding of the monomers to be

20 polymerized or copolymerized to the initiation system is
carried out either at once or in a rapid continuous
manner. |

In the preparation of the instant star-branched

polymers, the polymerization is generally carried out in

25 an inert atmosphere, for example under a nitrogen, argon,
etc. atmosphere. Equipment used in the polymerization
reaction should be carefully dried such as by drying at
about 150°C for several hours. Solvents and reagents are
also carefully dried. As an example if tetrahydrofuran

30 (THF) is used as the polymerization medium, the THF can be
freshly distilled over sodium-benzophenone {from a
characteristic purple color). Acrylic or methacrylic or
other monomers or comonomers can be purified by passing
the monomer or comonomer through neutral or basic alumina.

35 Diphenyl.ethylene (DPE) can be dried over molecular sieve.



additives to a lubricating oil may be facilitated by use of a concentrate
containing about 1 to about 50 wt% bprefergbly 5 to ahout 20 wt 9% of the
star-branched polymer additives in a synthetic or mneral oil. 30

The present star-branched pol yners may be prepared by a core or

nucl eus-first nmethod or a core-or nucl eus-1ast net hod. In the core-first

nmet hod an_acryl ate or nethacrylate ester of a polyol |1y
pol ymer i YN0, anioni ¢ pol yneri zati on nmedi um and th?‘%@’m"g yneric

arnms of the star are fornmed by addition of the WO 96/ 23012

PCT/ US96/ 00753 -6- acrylic or nethacrylic nononer and optionally the vinyl
conononer to the anionic polynerization rfact lon m xture containing the
preformed core. In the core-last nethod, the pol ymeric arms are produced

first by pol f
O:O[ ;Sona?ll S'Ot Kg%é Z:@éfla(ir:\i% ih?@i@@éﬁﬂ 'areO holRAIRr r\i’d d aBPRRLE]vé&d

1.0 an an| incqp zatlon reactlon
nmedi um After preparati d:ﬁ érF %WW Ifé"egsP?FEF
met hacryl at e epb]aydiﬁpa-qimyyﬁbrl sha@ﬂ@mwithuwlmm thel ylonomw i on

reaction nmediu f 0 fﬁ"é i on
proceeds to thg}q I’ITB.tsI on o‘?&é: e':rase?'gt’rQ %%a C ﬂdﬁﬂlgn gga&?%dﬁg% ed the
pol yneri ¢ ar msPREVLHRLAY B\BRey: | Utdome Fosthe XenR %G"B&F YRER9 ¢ arns :
have a nar¥ ow ﬂeawoxa\wdagm andiemdmtm ghouldrine aomduatedr inva

pol ydi spersi ty Lg S widhiShbrd: S/ %&%ho%ePs are
preferably abou ggoirg %naetlo tot ?gf ofi]el)s acsag Eing Ce Ia?n\o%nt or rapidly

added as a continuous stream. Dropwise addition can be
- used. The reaction is quite fast and :.s normally complete
10 within a few seconds. Conversion is also quite good in
the instant process and is generally approximately 100
conversion. R :

- The- follow1ng examples are provided as being
illustrative and are not intended to be in any way
15 limiting on the acope of the present inwention.
- The specific embodiments of the invention as
given in the examples are illuetrative and not limiting.
The artisan can:easily" determine various improvements or
modifications which will fall within the acope of the
20 present invention. pecific reaction conditions and
reaction parameters: for any specific monomer or comonomer
can be determined with either no experimentation or with a
not undue amount of experimentation.

25 - ~° EXAMPLES

. In the following examples, polymerizations were
carried out in resin kettles under nitrogen atmosphere.

30 The resin kettles were equipped with mechanical stirrers
and polymerizations were car:ied out in THF. Lauryl
‘methacrylate (LMA) monomer was purified by passing through
neutral or basic alumina. Diphenylethylene (DPE) was
dried over molecular sieve.:

35 The seguence of addition/preparation for the



by addi ng the nononers and conononers whi ch nmake up the polyneric arnms to
the anionic polynerization reaction.mediumeither at once or in very fast
continuous manner. More specifically, the adding of the nononmers to be 20
pol yneri zed or copolynerized to the initiation systemis carried out either
at once or in a rapid continuous manner. In the preparation of the instant
star-branched pwosssmz t he pol ynerization is generally carri eacTaIsy6/0oms325
an inert atnosphere, for exanple under a nitrogen, argon, etc. atnosphere.
Equi pnent used in the pol ynerization reaction should be carefully dried
such as by drying at about 150[err]C for several hours. Solvents and
reagents are also carefully dried. As an exanp+e8if tetrahydrofuran 30
(THF) is used as 4 he pol ynerization medium the THF can be freshly
distilled over sodi unPREPRIFALERBS (LR e NMIPAEEYRE38 FR}EWE8 ol or) .
Acrylic or methacrylic or othemn.nonvhersfedquire@ anourt Sof adidrd 1nedi THE dwiy

passi ng the nononer o gggf I o} : qﬂﬁ{ |,,or basic alumna. 35

D phenyl ethyl ene (Eé@§ -anqggad??gdygeg? notggdlar si eve. WO 96/ 23012
PCT/ US96/ 00753 -7- The netal | i @-i ni ThatTHE was degrraet oY irregene £oF  about
It is inportant in achieyilm ribeteeswichl gmintdingpersity for the polyneric

h h d I | )
arms that the nooners an Cow%ﬂogggﬁ?bﬁeafi?et%n%&oﬁﬁé &f é’ﬁ?waéakh%ged to

reactor in a particular nanner. i ‘on e reactor contai ning
reaction nedi um and i ke Ze%0 Ke&&LE8/be conducted in a
' 4, The polymerization system was titrated with

sec. butyllithium to a red endpoint {process for cleaning
the impurities);

10 . B, The required amount of sec. butyllithium
was charged (solution became deep red);

_ 6. LMA monomer was added at once (very fast);
and the core forming monomer, i.e. ethylene glycol
dimethacrylate (EGDMA) or

15 trimethylolpropanetrimethacrylate (TMPTMA} was quickly
added;

7. The prepared polymer was recovered and the
molecular weights and distributions were determined by Gel
Permeation Chromotograph (GPC) using polystyrene and/or

20 polymethylmethacrylate calibration.

In the case of the core first method of
preparing the instant star-branched pclymers, in step 7,
the core forming monomer, i.e. EGDMA or TMPTMA were first
quickly added to the polymerization system followed by

25 addition of LMA monomer at once (very fast) to the
polymerization system containing the preformed core.

30

35



rapid manner. Either the nononmers and/ or conononers are added in one-shot
(at_once) as a_single amount or _rapidlv _added as _a_coptiniouys stream

opw se addition can be used. The reaction is quite fast and is normally
conplete 10 wthin a few seconds. Conversion is also quite good in the
I nstant process and is generally approxi mtely 100 conversion. The
foll ow ng exanpl es are provided as being illustrative and:are not intended
to be in 15 limting on the scope of the preéﬁﬂFm?WVEﬁtlon The
speci fic enbodi nents of the invention as given in the exanples are
illustrative and not limting. The artisan can easily determ ne various
| mprovenents or nodifications which will fall within the scope of the 20
present invention. Specific reaction coftitions and reaction paraneters
for any specific nononmer or connn-y-;iJmL--e det,ermined with either no
experimentation or with a not unduB anoUft—or-experimentation. 25
EXAVPLES Exper i mentEXamplgectfe 7 MecPéﬁv‘é%ﬁ%d-lb)F&#pmé@e{)ol ymeri zati ons
were carried ofiscubseds her&fhibedre Wtdar r8att Do tenpeRaplige cof AboutThe resin

a1 od ot i piieRPeH HAVIREAILE 0P e Tt uBBlablle hilcAlheRls ' ©
passing thr ougﬂf rihe IC'&REOFIE%'EM“&WH‘& shoym Hian yihet ﬁ?léﬁ@%@l@)bhnas dried

over noledul ar sieve. 35 ' ' "The sequence of addltlon/preparatlon
for the 1 :

SYNTHESIS OF STAR-BRANCHED POLYMERS VIA CORE-FIRST METHOD

10

15

20 3.013.00
{ 645,000

25

30

35
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polynmeri zations in the exanples was as follows: 1. The required anount of
distilled THF was charged to a dry resin kettle; 2. The THF was degassed
by nitrogen for about 5 to 10 minutes with stirring; 5 3.

The required anmount of DPE was charged to the resin kettle; 4. The

pol yneri zati on syelvesseyrs titrated with sec. butyllithiumto apcrrdsssoemsi nt
(process for cleaning the inpurities); 10 - 5. The required
anount of sec. butyllithiumwas charged (solution becane deep red); 6. LM
nononer was added at once (very fast); and the core form ng nononer, i.e.

et hyl ene glycol dinethacrylate (EGDVA) or 15 - 10 -

trimet hyl ol propangtri nethacryl ate (TMPTMA) was qui ckly added; 7. The
prepared polymer was recovered and the nol ecul ar wei ghts and distributions
were determ ned by Cel Per%#ﬁh @b 0GR NedAdliok eds LRI RO irindzene
and/ or 20 polynethybrethacrx ate calibratjon._In the case of_the g;
first method of prepafiRGUPAgs Bex V& 2br ArtHRE 105 &ﬁ@?ﬁf’a‘f"ﬁ"’st"g{g out -
the core form ng nonoRdPC. | The Eeberant dMRTHarwshe illuvatnavriyel embddiwents

the polynerization syyeewnpotoRYEChdY méehod aFéli diciih Qh kD FOITEPInATaP16S
(very fast) to the polynerization systemcontaining the preforned core. 30

SYNTHESIS OF STAR-BRANCHED
POLYMETHACRYLATES VIA CORE-LAST METHOD

IMA | EGDMA | TMPTMA SarMn | Str/Mw Mw!]
mole mole mole gimole Mn
10
0.17 0.0050 ' 100,300 | 351,050 | 3.5
15
20
25
30

35
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PCT/ US96/ 00753 - 9 - EXAMPLES 1 to 7 Exanples 1 to 7 wer ;
scusse erel nabove at a reaction tenperature of about - 30[err]C.

The relevant data for the illustrative enbodi nents of the CORE-FI RST net hod

are shown in the follow ng table: SYNTHESI S CF STAR—BLANCHED POLYMERS VI A

CORE- FI RS Exam DPE nol e s-Buli TVP Star/Nh
SPETIR Y 2o mle | Bomedidid |

g/mole 1 - 0. 005 0.00195 0.17 0.00059 25K 136, 800 249,900
1.83 2 0.005 0.00195 0.17 0.00147 25K 464, 500

7.4 3 0. 0025 0. 00087 0.1 0. 00047 50 191, 700

470, 600 2.4 4 0. 0025 . 0. 000 70. 17 0. 00047 50

228,900 436, ¢@0cramm: 1-9 5. 0. 0025 0.00097 0.17 0.00047 :
50K 315,700 797,000 2.5 20 . 6 ~0.0025 0. 00097 0.17
0. 00047 50K 658, 500 3,013, 00 4.57  0.00125 0. 00049

0.17 0..00029 1. 1@0star-brancigsi pd&?ﬁﬁ@OGOMPiihiﬂﬁ a0cdpe WO

96/ 23012 rtion and polymeric arms wherezn said core pBrtibip9fy 00753 -
10 - Exanples goto 11 re conduct .mann discuSsed herei nabove at
a reaction tenf BFQ?‘E?%V% amysntc.- 8Pe9§n1 t £838% SR8 he
illustrati¥e eubsatweated dcrw&etm llemcuvﬂ.hbd estersiofva palydk dmd | owi ng
Tabl e: said polymeric arms are cbtained by anionic polymerization

of at least one acryllc or methacryllc monomer .

2. A star-branched polymer accord1ng to claim 1,
10  wherein the acrylic or methacrylic monomer is acrylic
acid, acrylic acid esters, acrylonitr;les, acrylamldes.
methacrylic acid, methacrylic acid esters,
mechacrylonltriles, or methacrylamide..

15 3. A star-hranched polymer according to claim 1,
wherein the polymeric arms further include a vinyl
comonomer with the acrylic or methacryl;c monomer .

4. A star-branched polymer aécording to claim 1,
20 wherein the acrylic and methacrylic monomers are slkyl
acrylates or alkyl methacrylates wherein the alkyl group
contains from 1 to 18 carbon atoms and the alkyl is
unsubstituted or substituted.

25 - 5. A starfbranched polymer according to claim 4,
wherein the acrylates and methacrylates are
methylacrylate, methyl methacrylate, ethyl acrylate, ethyl
methacrylate, butyl acrylate, butylmethacrylate, isobutyl
acrylate, isobutyl methacrylate, tert-butyl acrylate,

30 tert-butyl methacrylate, propyl methacrylate, 2-ethylhexyl
acrylate, 2-ethylhexyl methacrylate, hexyl acrylate, hexyl
methacrylate, isopropyl methacrylate, lauryl acrylate,
lauryl methacrylate, stearyl acrylate or stearyl
methacrylate.

3s
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5 SYNTHESI S OF STAR- BRANCHED POLYMETHACRYLATES VI A CORE- LAST METHOD Exam

DPE  s-Buli LMA  EGDVA  TMPTMA ARM. Star/MWh Star/Mv Mv 10

I nol e nol e nole nole nol e Vvh g/ nol e

Mh 8 0. 0025 0.000975 0.17 0.0050 44,000 100,300 351,050
3.5 9 0. 0025 0.000975 0.17 0.0020 44,000 68,600

400,800 5.8 10wowsmn3@125 0. 000975 O0.17 0. 0027 2CIAB00ES, 750
226,100 2.6 15 11 0.0025 0.000975 0.17 . 0. 0059

139, 050 858, 250 6.1 20 2530 35 WD 96/ 23012

PCT/ US96/ 00753 - 11 - WE CLAIM 1. A star-branched pol ynmer conprising a
core portion and polyneric arns wherein said cole portion is obtai ned by
ani oni ¢ pol ynerization of at |east one 5 unsaturated acrylate or_ |

met hacryl ate ester of a pdi-yol RafBaszbEanhiefhPPLymer iceRrdifG: sPnedaty 3.
ani oni ¢ pol yneri zat i owhéfeidi theasinpheconmntnessoarsthitcadidrie; 18bphene, 2.

A star-branched pol y@égﬁ&&l‘%? dh tﬁe@ﬁjﬂ rH:gyrei!aQ vﬂ{lﬁi eé&&e*&"el,a%%h{ 1 9f
met hacrylic nononer is acryl’ic acid, acryli1c¢ actd esters, acrylonitrirfes,
acryl am des, net hacr yPFYTenRe d ChiprReEYIRN], YdryleaphtRalensh - VinyhrYFidine,
ir nethacrylanidi. 15or 4-vinylpyrfdsher - branched pol ymer according to claim
7. A star-branched polymer according to claim 1,
wherein the unsaturated ester is ethyleneglycol
diacrylate, diethylene glycol diacrylate, glycerol
diacrylate, glyceryl triacrylate, mannitol hexaacrylate,
16 4-cyclohexanediol diacrylate, 1,4-benzenediol
dimethécrylate, pentaerythritol tetramethacrylate,
dipentaerythritol hexaacrylate, pentaerythritol
tetraacrylates, 1,3-propanediol diacrylate, 1,5-
pentanedicl dimethacrylate, the bis-acrylates or
15 methacrylates of polyethylene glycols of molecular weight
200-4000, or alpha, omega-polycaprolactonediol diacrylate,
pentaér?thritol triacrylate, 1,1,1-trimethylolpropane
triacf&late, pentaerythritol tetraacrylate, triethylene
glycol diacrylate, triethylene glycol dimethacrylate,
20 1,1,1-trimethylolpropane trimethacrylate or
hexamethylenediol diacrylate or dimethacrylate.

B. A star-branched polymer according to claim 4,

wherein the unsaturated ester is ethyleneglycol

25 diacrylate, diethylene glycol diacrylate, glycerol
diacfylate, glyceryl triacrylate, mannitol hexaacrylate,
4-cyclohexanediol diacrylate, 1,4-benzenediol
dimethacrylate, pentaerythritol tetramethacrylate,
dipentaerythritol hexaacrylate, pentaerythritol

30 tetraacrylates, 1,3-propanediol diacrylate, 1,5-
pentanediol dimethacrylate, the bis-acrylates or
methacrylates of polyethylene glycols of molecular weight
200-4000, or alpha, omega-polycaprolactonediol diacrylate,
pentaerythritol triacrylate, 1,1,1-trimethylolpropane

35 triacryléte. pentaerythritol tetraacrylate, txiethylene

L



wherein the polyneric arns further include a vinyl cononomer with the
acrylic or nmethacrylic nononer, 4 A star-branched polyner according to
claim1, 20 wherein the acrylic and methacrylic nononers are al kyl
acryl ates or al kyl nethacryl ates wherein the alkyl group contains from1l to’
18 carbon atons and the al kyl is unsubstituted or substituted. 25 5.
A star-branched pol yner according to claim4, wherein the acryl ates and

met hacryl“%ﬂ%%?e nmet hyl acryl ate, nmethyl methacryl ate, M yl at e,

et hyl nmethacrylate, butyl acrylate, butylnethacrylate, i sobutyl acryl ate,

| sobutyl nethacrylate, tert-butyl acrylate, tert-butyl nethacryl ate,
propyl nethacryl ate, 2-ethyl hexyl acryla#g 2 ethylhexyl net hacryl at e,

hexyl acrylate, hexyl nethacrylate, isoprdpyl nethacrylate, |auryl

V0 b6 23012 SlyeBt MeEH/ ik, SAUNERE SRR wAERMIIRGIT Y T 1) 20
6. A star-bré%m%n%fﬁﬁimﬁﬁﬂyl%&REﬂRiQﬁgtFB“%?Qﬂ?ﬁ!iatﬁheFeln the vinyl
conononer s afehéx&mﬁhhgmenedSo&ndiu:ry&hyeeand dilmpithaceybyte st yrene, vinyl

t ol uene, t-butyl styrene ‘chlorostyrene, vinyl naphthalene, 2-vinylpyridine,
or 4-vinyl pyridine. A star-branched polyner .according to claiml,
wherein the unsat ur9at edAe§F§F“P%aW gﬁlm%(ﬁccording to claim 8,

wherein the unsaturated ester is ethylene glycol
d;methaorylate ‘or trlmethylolpropane trimethacrylate

10. A star-branched polymer according to claim 1,
wherein the anionic polymorzzatxon 1s carrled out in the
10 presence of a polymerzzation inxtiator medxum containing
an initiator having the formula -

R-M

15 in which M is an alkali metal or an'élkaline earth metal
and R is a straight-chain or branched alkyl or cyclo-alkyl
or an aryl or diphenylethylene in ‘an inert solvent

11. A star—branohed polymer according to claim 10,
20 wherein the acrylic or methacrylio monomer is added to the
polymerization initiator medium as a single one-shot
dosage.

12. A star-brahohea”polymer"accordinéﬁto claim 10,

25 wherein the acrylic or'méthacrylio monomér'is added in a

rapid continuous manner to the polymer;zatzon initiator
medium.

13. A star-branched polymer écooraing'to claim 10,
30 = wherein the polymerization is carried out in an inert

atmosphere.

14. A star-branched polymer acoording to claim 10,
wherein the reaction medium is a hydrocarhon, an aromatic

!lllllll I




di acryl ate, diethylene glycol diacrylate, glycerol diacrylate, glyceryl
triacrylate, mannitol hexaacrylate, 10 4- cycl ohexanedi ol diacryl ate,

1, 4- benzenedi ol dinethacrylate, pentaerythritol tetranethacryl ate,

di pentaerythritol hexaacrylate, pentaerythritol tetraacrylates,

1, 3-propanedi ol diacrylate, 1,5- pentanedi ol dinethacrylate, the

bi s-acryl ates orwad®23e1zet hacryl ates of pol yet hyl ene gl ycol s of PURNSSGON7TSY
wei ght 200-4000, or al pha, omega-pol ycaprol actonedi ol diacrylate,
pentaerythritol triacrylate, 1,1,1-trinethylol propane triacryl ate,
pentaerythritol tetraacrylate, triethylene glycol diacrylate, triethylene
gl ycol dinethacryl ate, 20 1,1,1- trinethylolprapaﬁe trimethacrylate or
hexanet hyl enedi ol, di acryl ate or dimethacrylate. 8. A star-branched pol
according to claim4, wherd¥n PhEtarshrepehed P@&ﬁ’@‘ﬁrl CEPFInG QR FeaRmD 3
di acryl ate, diethyl enehgi-qi:oltha zeaythde, megij;tmeml idbhotyhe) eerglapecr yl

triacrylate, mannitol at cl a
1, 4~ benzenedi ol dlﬂEtﬁg é$§¥9ﬂe,pgﬁ g%?%ikﬁql tet hﬁg%hgéﬁquﬁidrOEuran'
di pentaerythri tol hexﬁbﬁ?&@%ﬂ(?etﬁéﬁﬂﬁﬁ?yt?ﬁq rphenyl, op g&é% alin or

1, 3- propanedi ol di acr ykst&lin., 5- pent anedi ol dlnethacrylate the
bis-acrylates or gret hacryl ates of pol yethyl ene glycols of nolecul ar wei ght

200- 4000, or al pha, onega- oncaproIactonedloI dlacrylate pentaer thritol
triacrylate, 1,1,1-trimeth¥8 ol g S5aRcbEancheq polymery;pgcordin AimoL
tetraacrylate, triethyhepein tHéDpddyA8Pie arms have a polydlsper51ty of from

PCT/ US96/ 00753 about 1.0 to about 2.0.

10 17. A star-branched polymer according to claim 10,
wherein the polymerization reaction is carried out at a
temperature of between about 30°C and about -78°C.

18. A star-branched polymer according to claim 10,
13 wherein the initiator is a hydrocarbyllithium compound.

19. A star-branched polymer according to claim 18,
wherein the hydrocarbyl lithium compound is an
. alkyllithium compound, a cycloalkyllithium compound or an
20 aryllithiuvm compound.

20. A star-branched polymer according to claim 1,
wherein the number average molecular weight of the
polymeric arms is from about 500 to about 1,000,000.

25

21. A star-branched polymer according to claim 1,
wherein the polymeric arms are prepared first by anionic
polymerization in an anionic polymerization medium and the
acrylate or methacrylate ester is then added to the

30 anionic polymerization medium to form the core and the
star-branched polymer.

22. A star-branched polymer according to claim 1,
wherein the core is prepared first by anionic
35 polymerization of the acrylate or methacrylate ester in an

Hll\ll\ l\ll\\ III\\ I \l \Il\



- 13 - glycol diacrylate, triethylene glycol dinethacrylate,
1,1,1- trlnethylolpropane trinethacrylate or hexagethyle

T nacryr ate.. 9. A Star-branched pol yrer accordlng toclaim8, 5
wherein the unsaturated ester is ethylene glycol dinethacrylate or
trimethylol propane trimethacrylate. 10. A star-branched pol yner according
to claiml1, wherein the anionic polynerization is carried out .in the 10
presenceWGP"&’“Hol ynmerization initiator nedium cont ai m‘?ﬂ"‘?ﬁ?‘mﬁﬁi at or
having the formula R- M 15 in which Mis an alkali nmetal or an al kaline
earth metal and Ris a straight-chain or branched al kyl or cyclo-alkyl or
an aryl or diphenylethylene in an inert solvent. 11. A star-branched
pol ymer according to claim 10, 20 wﬁeﬁé M the acrylic or ‘methacrylic
nononer is ad t a a single
one- shot dosaggg'o&gc &ﬁg&ﬁggé%é "éé) lrnelh%1 g@%o ﬂ@t §§cl aim10, 25
wherei n the adefhaeryignmonemey| ie ‘h‘iﬁb st‘ad'é‘é%l ﬂ’ﬁ-"& fapi d conti nuous

'msmnegI to themﬁaﬁitiﬁdmmuauﬁleéqf]om«tlmnpomneﬁsraamsbmchgﬁ pol ymer
according to in the polynerization is carried out in an
Bri"hydngy oty

i nert atnDspher nched pol ymer according to claim 10,
wherein the reaction nediumis a hydrocarbon, an aromatic 35 sol vent or

an ether.3 23. A concentrate for addition to a lubricating oil
comprising a minor- amount star-branched polymer according
to any one of claims 1 to 22 and a major amount of
synthetic oil or mineral oil.

10 24. A lubricating oil composxtzon comprlsing a
lubricating oil and a- vzscosity improver effective amount
of a star-branched polymer according to claim 1.

25. A star-branched polymer aooording to claim 10
15 wherein the alkyl or cyclo—alkyl have from 1 to 6 carbon
atoms.

20

30
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(54) Title: STAR-BRANCHED ACRYLATE AND METHACRYLATE POLYMERS J
{57) Abstract
A star-branched polymer comprising a core portion and polymeric arms. The core portion is obtained by anionic polymerization of

at least one unsaturated acrylate or methacrylate ester of a polyol and the polymeric arms are obtained by anionic polymetization of at least
one acrylic or methacrylic monomer.




22. A star-branched pol yner according to claim1, wherein the core is
prepared first by anionic 35 pol yneri zation of the acrylate or

nmet hacryl ate ester in an WO 96/ 23012

PCT/ US96/ 00753 - 15 - anionic polynerization nmediumand the acrylic or
met hacrylic nononer is then added to the anionic polynerization nediumto
formthe polyneric arnms and the star-branched polyner. 5 23. A
concentrate for addition to a lubricating oil conprising a m nor anount
star-branched pol ymer according to any one of clains 1 to 22 and a ngj or
amount of synthetic oil or mneral oil. 10 24. A lubricating oi
conposition conprising a lubricating oil and and viscosity inprover

ef fective anount of a star-branched pol ynmer according to claim1l. 25. A
star-branched pol ymer according to claim10 15 wherein the al kyl or
cycl o-al kyl have from1 to 6 carbon atons. 20 25 30 35
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