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S'l'll•BRDCllBJ> ACllYLAR ANI> MJft'HACllYLATZ POLYMBRS 

FIELD OF THE ImzENTION 
The present invention relates to star-branched 

polymers derived from acrylic or methacrylic monomers. 
Additionally, the invention relates to the use of these 

S star-branched polymers as lubricating oil additives. 

BACJCGROlJNP OF THE INVENTION 
The preparation of star-branched polymers 

comprising a nucleus joining polymeric arms of non· 
JO 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 

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

Multifunctional anionic initiators (Eschwey et 
al., MakrOD'lal. Chem. W. (1973) 235 and Burchard et al., 

Polymer l.§. (1975) 180) have been used as well as 
20 controlled amounts of bis-unsaturated monomers, usually 

divinyl benzene (Worsfold et al., Can. J. Chem., i1 (1969) 
3379, Young et al., Macromolecules, J.l. {1978) 899, Martin 
et al., Anionic Polymerization: ACS symp. Ser., 1.§.§. (1981) 

557). Most of the work in the area of star-branched 
2S 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. ~ (1991} 139). Zhu et al., Macromolecules, ZS. 
(1992) 7330, Tsitsilianis et al., Macromolecules, at. 
(1991), 5897 and Zilliox et al., J. Polym. Sei., Part c, 
~ (1968) 148 have published reports in which star 

35 polymers from methaerylate were prepared. 
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There is, however, a present need for the 
preparation of star-branched polymers from acrylic or 
methacrylic monomers which have molecular weights and 

other physical characteristics which make them 
comm~rcially useful in various applications including 
usefulness as lubricating oil additives. 

$0MMARY OF THE INVENTIOU 
The present invention relates to star-branched 

polymers utilizing anionic polymerization in which the 
10 polya,.eric arms are derived from acrylic or methacrylic 

monomers and the nucleus or core is derived from 
unsaturated acrylate or methacrylate esters of polyols 
auch as di-, tri- or tetra acrylates or .methacrylates. 
AdditionallY1 the present invention relates to lubricating 

lS 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 PETAILBD psscaxmon OF THE ImzENTION 
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 u~eful in the present invention for the preparation of 
the arms of the star-branche~ 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 ~e~~crylates include methylacrylate, methyl 
methac::ryl,ate, ethyl acrylate, ethyl methacrylate, butyl 
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acrylate, butylmetha~rylate, ~sObutyl acrylate, isobutyl 
metbacrylate; tert~b\J,ty~ a~ry~ate, tert~butyl 
methacrylate~ pr0pyl mf!1:hacfylate; 2.:Etthylhexyl acrylate, 
2-ethylhexyl meth&crylate, hexyl ac%Y1ate, .hexyl 
methacryiate, isopropyl methacrylate ~ · laufyi ··acrylate, 
lauryl metbacrylate, stearyl acrylate aiid stearyl 
methacrylate. 

Vinyl C011\0Jm111ers include, for example, 
butadiene, isoprene, ·styrene, alpha methyl styrene, vinyl 
toluene, t-butyl styr•ne, ctilorostyrene, vinylnaphthalene, 

10 2-vinylpyridine, .· 4..;vinylpyridine and the.·like. 

15 

· Initiators useful in the present invention 
include initiators of the formula':· 

R - M 

in which M is an alkali metal or an alkaline earth metal 
and·R is a straight-chain or branched.alkyl or cyclo-alkyl 
preferably having from l to 6 carbon atc:>ms or an aryl. 
EXamples of such initiators include, for example, 

20 hydrocarbyllithium initiators such as alkyllithiu~ 
compounds, preferably.methyl lithium, n-butyllithium, sec­
butyllithium, cycloalkyllithium coinpoliDds, preferably, 
cyclohexYllithium·and aryllithium compounds~· preferably, 
phenyllithium, 1-methyistyryllithium, 
p•tolyllithium, naphyllithiwn and 1,l•diphenyl-3-
methylpentyllithium. Also useful initiators include, 
naphthalene sodium, 1,4-disodio..;l,l.4,4-tetraphenylbutane, 
dipbenylmethyl;.,potassium·anddiphenylmethylsodium. 
Tertiary alcoholates o( lithium and compounds containing 

30 trimethylsilyl groups ~ay also be employed. 
The core of the present star-branched polymers 

are prepared from unsaturated acrylate or methacrylate 
esters of polyols. 

Typical such ester&· include, ·for example, 
35 ethyleneglycol diacrylate, diethylene glycol diacrylate, 
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glycerol diacrylate, glyceryl triacrylate, mannitol 

hexaacrylate, 4-cyclohexanediol diacrylate, 1,4-

benzenediol dimethacrylate, pentaerythritol 

tetramethacrylate, dipentaerythritol hexaacrylate, 

pentaerythritol tetraacrylates, 1,3-propanediol 

5 diacrylate, 1,5-pentanediol dimethacrylate, the bis­

acrylates and methacrylates of polyethylene glycols of 

molecular weight 200-4000, and alpha, omega­

polycaprolactonediol diacrylate; pentaerytbritol 

triacrylate, 1,1,1-trimethylolpropane triacrylate, 

10 pentaerytbritol 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 core 

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 isobutane, 

pentane, cyclobexane, benzene, toluene, xylene, 

tetrahydrofuran, diglyme, tetraglyme, orthoterphenyl, 

biphenyl, decalin or tetralin. 

25 The polymerization or copolymerization 

temperature useful in the preparation of the present star­

branched polymers varies between about o0c 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 hom.opolymerize. 
If desired the arms of the instant star-branched 

3S polymers can be prepared in a manner such that the number 
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average molect.ilar w~'igQt of the; h~opol~ers or copolymers 
including block -cop0l~~rit comprising the_-_ arms is from 

. . - . ~-

about 500 to about l;;Q00,000. . . . . ' 

Tlie arms ~-prepared.bY an a~fonic 
polymerization or copc).l~rization of t:.!l~-i&c'rylic or 

S methacrylic m0nome:i:~ !h.~~ein the nionomers and comonomers 
are added to the-anioJiic·polymerication reaction medium 
either at once or i~· Vf!r)''fast- continl.lbtts ~anner. 

The presefit·:·'$tar~li:fan6hed pol~rs are useful as 
additives, preferably vi.coaity i!ideX improver additives, 

10 in an oil of lubricating vi~cc?sity:. It is -~ feature of 
the present inventioh 'that -tiie· in.st:a:ht star-branched 
polymers can be used'. it;1( lubrica£ih9 oil viscosity index 
improvers when present inan'effecti~~ amOWit of about 0.1 
wtt to about" 30 Wt.t,' prefearo~iy f~~ about 1 wtt _to about 

IS 10 wtt; mast preferably 'abOut '2 Wtt. --_ Lubricating oils in 
which -the instant star-br,mched --Poly1ners, may- find use may 
be· synthetic and milieral oils including automotive, 
aircraft I mariJ'ie I railway~ -' etc• ,- Oils i' Oils -USed in Spark 

ignition or c0mpression:' ignition·, summ~r or winter oils, 
20 etc. Typically, tbelUbri.tiating ~ils ~Y be characterized 

-by a b.p. of about s1ooP ·to ~t 660~~ preferably about 

2S 

30 

,h·· .... 

610°F, an e.p. of about.75o.P to abC)ut i2000p, preferably 
1020°F; an API gravity of about 25 to about 31, 
preferably about 29. 

Addition of"the'present st~r-branched polymer 
additives to alubriC:atirig oil maybe facilitated by use 
of a concentrate cont•itii.l'ig al:>ocit' 1 to about ·-so wtt, 
preferably s t:o al:>OUt:: -- ko • wtt of the star-branched polymer 

additive• in a synthetiC:: or miheral oil. 
The present . star-branched-· polymers may be 

. . . . . . 

prepared by-a core· or nucleus-first method or a core-or 
-nucleus•lilst method. -- Ill the core•first method ~n acrylate 
or methacrylate ester of-apolycil-is anionically 

polymerized in an anionic polymerization medium and the 
3J polymeric arms of the star are formed bY addition of the 
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acrylic or methacrylic monomer and optionally the vinyl 
comonomer to the anionic polymerization reaction mixture 
containing-:the preformed core. In the core-last method, 
the polymeric arms are produced first by polymerization of 
the acrylic or methacrylic monomer and optionally the 

s vinyl comonomer in an anionic polymerization reaction 
medium. After preparation of the polymeric arms, the 
acryla~e 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 formati911 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 l.00 to about 2.0, 

15 preferably about 1.0 to about l.S. This can be achieved 
by adding t~e monomers and comonomers which make up the 
polymeric arms to the anionic polymerization reaction 
medium either at once or in very fast continuous manner. 
More specifically, 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 ~ried such as by drying at 
about l50°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 
characte~istic purple color) • Acrylic or methacrylic or 
other monomers or comonomers can be purified by passing 
the monomer or comonomer through neutral or basic alumina. 

3.S Dipheny~ ~·~~hylene (DPE) can be dried over molecular sieve . 
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The metallic initiator• are normally use·d, as· received. 
It is iml)ort~t in achi·evin~ the desired 

polydispersity for tht19 :'pol"Ymeri'c aria' ;that· the monomers 
and comonomers beadd.t.d-to the polymerization reactor in a 
particular manner~ 'M~ition--to the> reactot- t:ontaining 

reaction medium andi~?.tia~or should be conducted in a 
rapid manner. Eitherthemon,omersand/or comonomers are 
added in one-shot (at ~nc•) --- as a single- amount or rapidly 
added as a continuous· ~tream. ·· oropwise-- addition can be 

used. The reaction: is- 'ciU:l~e :fast -and ~· n0rmally __ complete 
within a few seeonds. conversion is· also quite good in 
the instant process and-is generally approximately 100 
conversion. 

The-following-examples ·are'provided as being 
illustrative'and are:nO.t iriteridedto be in any way 
limiting· on the scape bf the present -- iliV8ntion. 

The specific embodJ.mentll of-the ,invention as 
given in the examples ~re ii1ust:tativeand not limiting. 
The artisan -- can : easily· -deteXmine va~ioua "improvements or 
modifications -- which will fall within· th8 scio~e of _the 

- . ' 

20 present invention~ spe.cific- reaction c-ondi'ti6ns and 
reaction parameters for.any specific meriomer-_ or comonomer 
can be determined-with ·either no experimentat'ion or with a 
not undue amount of e~rimentation. 

25 

Experimental Prgc;edurt 
In the follawing e"xamples,polymerizations were 

carried out. in resin kettles·· under nitrC>gen atmosphere. 
30 The resin kettles wereequippedwi.th mechanical stirrers 

and polymerizations were c~rried out in THF. Lauryl 
mthacrylate (LMA) monol'ller'waa p\irified by passing through 
neutral or basic: alumina. Diphenylethylene (DPE) was 
dried over molec;ular sieve. ' 

3S The sequence of addition/preparation for the 
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polymerizations in the examples was as follows: 
1. The required amount 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 amount of DPE was charged to 

the resin kettle; 
4. The polymerization system was titrated with 

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

JO 5. The required amount of sec. butyllithium 

was charged (solution became deep red); 
6. LMA mon0tner was added at once (very fast); 

and the.core forming monomer, i.e. ethylene glycol 
dimethacrylate (EGDMA} or 

lS trimethylolpropanetrimethacrylate (TMPTMA} was quickly 
add.ed1 

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

20 polymethylmethacrylate calibration. 
In the case of the core first method of 

preparin9 the instant star-branched polymers, in step 7, 
the core forming monomer, i.e. EGOMA or TMP'l'MA 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 
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~LE§ 1 tp i 
Examples 1 to 7 were .. ~onducted ill the manner 

discussed hereinabove at ar!!action.tmiPerature of about -
30°C. The relevant data f()r th~ illustrative embodiments 
of the CORE-FIRST method are shown in the.following table: 

. -. ... 

Bum. DJIEmole s-Buli I.MA TMPrMA AIM S1ar/Mn S1ar1Mw MwJMn 

I lllD1e ...... mole Mn t/DIOle .. . . 

l o.om OJJ0195·· 0.17 . 0;00059 2Slt . . i36~i0o 249,900 1.83 

oml~ 
.. ' ... 

2 0.005 o.i1 0.00141 251< 464.SOO 7.4 

' 0.0025 0.00087 0.1'7 . ~-00047 50 191.700 470,(00 2.4 

.. . 
4 0.0025 0.00097 0.17 0.00047 50 228,900 43',G 1.9 

5 o.oozs OJI0097 0.17 O.OcxM7 50lt 315,100 mtm 2.5 

.. 

6 0.0025 0.000'7 0.17 0.00047 50X 658.500 3,013,00 4.5 

7 0.00125 OJJ0049 0.17 ·o.t10029 lOOIC ·· %76,900 645.000 2.3 
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Examples 8 to 11 were conducted in the manner 
discussed hereinabove at a reaction temperature of about -
30°C. The relevant data for the illustrative embodiments 
of the CORE-LAST method are shown in the following Table: 

Eum DPE 

D nmle 

8 O.G025 

' O.cm.5 

10 OAI025 

11 0.0015 

SYNTHESIS OF STAR-BRANCHED 
POLYMETHACRYLATES VIA CORE-LAST METHOD 

.. 1u11 I.MA EODMA TMPTMA AIM Star/Mn 

mate ... ... mole Mn a/me 

O.GOOt75 0.17 o.cmo 44.000 lOD.300 

0Jl00975 0.17 0.0020 .U.000 8.fOO 

0.000975 0.11 O.CI0%7 -44.ooo 86,'750 

0.000!'75 0.17 0.0059 4'.CIOO 139,050 

S1:u/Mw Mw/ 

Mn 

151,050 3.5 

400,800 5.1 

226.100 2.6 

858,250 6.1 
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1IB CLAD: 

l• A star-branched polymer·comprising a core 
portion and polymeric arms wherein said core portion is 
obtained by anionic p()l~rization of at least one 

S unsaturated acrylate or methacrylate ester of a polyol and 
said polymeric arms are o~tained by anionic polymerization 
of at least one acrylic or methacrylic monomer. 

2. A star-branched polymer ·according to claim 1, 

10 wherein the acrylic or mettiacrylic mono,ner is acrylic 
acid, acrylic acid estt11r~, acrylonitri·l~s, a:crylamides, 
methacrylic acid, methacrylic acid esters, 
methacrylonitriles, or metnacrylamide. 

15 J. A star-branched polymer according to claim 1, 

wherein the polymeric arms further include a vinyl 
comonomer with the acrylic or methacrylic monomer. 

4. A star-branched polymer according to claim l, 
20 wherein the acrylic and methacrylic monomers are alkyl 

acrylates or alkyl •thacrylates wherein the alkyl group 
contains from l to 18 carbon atoms and the alkyl is 
unsubstituted or substituted. 

25 . 5. A star~branched polymer according to claim 4, 

wherein the acrylate& and methacrylates are 
methylacrylate, •thyl methacrylate, ethyl acrylate, ethyl 
methacrylate, butyl acrylate, butylmethacrylate, isobutyl 
acrylate, isobutyl methacrylate, tert-butyl acrylate, 

30 tert-butyl methacrylate, p~opyl methacrylate, 2-ethylhexyl 
acrylate, 2-ethylhexyl methacrylate, hexyl acrylate, hexyl 
methacrylate, isopropyl methacrylate, lauryl acrylate, 
lauryl methacrylate, stearyl acrylate or stearyl 
methacrylate. 

3S 

I f llf llJ 111111 11111 11111111111 * C ,, .. L . ·.M S * 
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6. A star-branched polymer according to claim 3, 
wherein the vinyl comonomers are butadiene, isoprene, 
styrene, alpha methyl styrene, vinyl toluene, t-butyl 

~- . c 

styrene, chlorostyrene, vinylnaphthalene, 2-vinylpyridine, 
or_ 4-v~nylpyridine. 

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, 
10 4-cyc~ohexanediol diacrylate, 1,4-benzenediol 

dimethacrylate, pentaerythritol tetramethacrylate, 
dipentaerythritol hexaacrylate, pentaerythritol 
tetraacrylates, l,3-propanediol diacr}rlate, 1,5-

pentanediol dimethacrylate, the bis-acrylates or 
IS methacrylates of polyethylene glycols of molecular weight 

200-4000, or alpha, omega-polycaprolactonediol diacrylate, 
pentaerythritol triacrylate, 1,1,1-trimethylolpropane 
triacrylate, pentaerythritol tetraacrylate, triethylene 
glycol diacrylate, triethylene glycol dimethacrylate, 

20 l,l,1-trimethylolpropane trimethacrylate or 
hexamethylenediol diacrylate or dimethacrylate. 

8. A star-branched polymer according to claim 4, 
wherein the unsaturated ester is ethyleneglycol 

25 diaczylate, diethylene glycol diacrylate, glycerol 
diacrylate, 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-polyeaprolactonediol diacrylate, 
penta~rythritol triacrylate, 1,1,1-trimethylolpropane 

35 triacrylate, pentaerythritol tetraacrylate, triethylene 

t 1111111 llllll lllll llltl 111111 
* C L M S * 
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glycol cliacrylate1 triethylene· glycol d~methacrylate, 
1,1,1-trimethylolpropane trimethacrylate or 
hexamethylenediol diacrylate and dimethacrylate. 

9. A star-branched polymer according to claim 8, 
wherein the unsaturated ester is ethylene glycol 
dimethacrylate or trimethylolpropane trimethacrylate. 

10. A star-branched polymer according to claim 1, 
wherein the anionic polymerization·is ~~rried out in the 

10 presence of a pol°Ymerization initiatorme.dium containing 
an initiator having the formula 

R - M 

15 in which·M is an alkali metal or an.alkaline earth metal 
and R is a straight--c:hcl.in or branched alkyl or cyclo-alkyl 
or an aryl or diphenyiethylene.in·an·inert solvent. 

. . . 

11. A star-branched pol'Ymer acc'ording to claim 10 I 

20 wherein the aceylicor methacrylic moriamer is added to the 
polymerization initiator medium as a single one-shot 
dosage. 

12. A star-branched p0iymer according to claim 10, 

wherein the acrylic or methacrylic monomer is added in a 
rapid continuous manner to the polymerization initiator 
medium. 

13. A star.-braiiched polymer according to claim 10, 
30 wherein the polymerization is carried out in an inert 

atmosphere. 

14. A star-branched polymer according to claim 10, 

wherein the reaction medium is a hydrocarbon, an aromatic 
3S solvent or an ether. 

1 \11\11\ \\\I\\ Ill\\ \\Ill l\ ''" : *. C L M S 
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15. A star-branched polymer according to claim 14, 
wherein the reaction medium is isobutane, pentane, 
cyclohexane, benzene, toluene, xylene, tetrabydrofuran, 
diglyme, tetraglyme, orthoterphenyl, biphenyl, decalin or 
tetralin. 

16 .. A star-branched polymer according to claim 1, 

wherein the polymeric arms have a polydispersity of from 
about l.O to about 2.0. 

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, 

15 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 aryllithium compound. 

25 

20. A star-branched polymer according to claim 1, 

wherein the number average molecular weight of the 
polymeric arms is from about soo to about 1,000,000. 

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 l, 
wherein the core is prepared first by anionic 

3S polymerization of the acrylate or methacrylate ester in an 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \ll\ 
* C t M S 
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anionic polymerization~dium and ~he 'acrylic or 
methacrylicmon0mer is then ad~d ·t:o the-ani~nic 
polymerization medium to forni the; ·~~lYmer.ic arms and the 
star-branched polymer~ 

23. A concentrate for addition to a lubricating oil 
comprising a minor -- amoU!it star-bran~hed polymer according . . : . : ., 

to any one of cl-aims i to 22· and a major amount of 
synthetic oil or mineral oil. 

24. A lUbricating oil c0mposit~oD. c.omprising a 
lubricating oil and ·a vis~sity imJ)rover efft!ctive amount 
of a star-branched polymer according to claim l. 

25. A star-branched polymer according to claim 10 
15 wherein the alkyl or cyclo-alkyl have from l to 6 carbon 

atoms. 

20 

30 

3S 

11111111 111111 11111 1111111 1111 
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