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METHACRYLATE POLYMERS FI ELD OF THE | NVENT/I S Jhe pr

invention relates to a continuous process for the production of acrylate
and nethacrylate polymers, including star-branched acryl ate and

met hacryl ate polymers, acrylate and nethacrylate polyners obtained by this
process and lubricating oil conpositions thereof. BACKGROUND OF THE

| NVENTI ON TRROQIESSH @R ITHE SRERARATIAON R4 GRYIYAEE ANDNPri sing a
nucl eus j oi ni ng pol yneri ¢ ar mMeMETHACRYLAT®pOLATNERSN dr ogenat ed
honopol ymers or copol yners of conjugated di enes or sel &ctively

hydr ogenat ed copol yners of conjugated di enes and nono-al kenyl arenes is

known. Tkﬁg@%@t{ﬁ@%ﬁf@}?ol yners conprises a poly (polyvinyl aromatic)

coupl i ng agent suc di vi nyl benzene) and can have 4 to 30

pol yneric arms.pThe. pol. ﬂ%ﬁiéﬁreﬁ@% P%rcg{l%i@%{s,yg%gggﬁ% p?‘{)dt&g{)%igf é’coé{c}g{%ngr .

In general, there*are s publica ent's i n area
of acrylates, and nethacryl ates prepared,by anionic polynmerization. U S,
Pat ent yNo.m , ?tFG’\??Y nlirs’é.‘c ‘Igé‘lge%"sp%fﬁe‘il?%&%{e q mfigerglals polymeys, acrylate and
Macr onol ecul es Vol . 20, 1442-1444 (1987) are illustrative. These citations
di scl ose tmethagsdatstpolymens ehirined by thiserregsss aaddubricating9ikcompositiepntherenér r ow

pol ydi spersity poly (nmeth) acrylates. For exanple, at page 1442 of Fayt et
al., it is noted that by the useof [|ithiumchloride one can prepare

pol ymet hacryl ates with a pol ydispersity of 1.2-1.6 as conpared to 3.61

wi t hout | IBACKGRGUNDIGIRTHE INVENTION 96/ 23008 di scl oses a batch process for

t he ani onic polymerization or copolynerization of acrylates and
met hacryl ates. TR pY¥3a2661 3PQE-brhultBedPEIPRHB T oMprising a nucleus joining polymeric arms
of non-hydrogenated and hydrogenated homopolymers or copolymers of conjugated dienes or
selecfively hydrogenated copolyme.rs of conjugated dienes and mono-alkenyl arenes is known.
The nucleus of these polymers comprises a poly (polyvinyl aromatic) coupling agent such as
poly (divinylbenzene) and can have 4 to 30 polymeric arms. The polymeric arms are
polybutadiene or polyisoprene arms.
In general, there are numerous publications and:patents in. the general area of acrylates
and metimcrylates prepared by anionic polymerization. U. S. Patent No. 4,927,703, U. S. Patent
No. 4,826,941 and Fayt et al., Macromolecules VoL/?.O, 1442-1444 (1987) are illustrative. These
citations disclose the use of lithium chloride and crovim ethers to prepare narrow polygiispérsity
poly (meth) acrylates. For example, at page 1442 of Fayt et al., it is noted that by the use of
lithium chloride one can prepare polymethacrylates with a polydispersity of 1.2-1.6 as compared
to 3.61 without lithium chloride.
WO 96/23008 discloses'a batch process for the anionic polymerization or

copolymerization of acrylates and methacrylates. In WO 96/23008, the monomers or

£



2 conononers are added to the anionic polynerization reaction nmedi um
either at once or in a rapid continuous manner (not drop-by-drop). This
reference does not teach the continuous tubular reactor process of the
present invention. EP 0 524 054 teaches a process for the

pol yneri zation of (meth) acrylic nononers consisting of polynerizing the
nononers in the presence of an initiation systemconprising (1) at |east
one initiator and (2) an alkali netal & coholate. The reference requires
the presence of a netal alcoholate and does not teach the continuous

tubul ar reactor proce of the present _invention. . ) Mul tifunctiona
ani oni c i?ﬂr‘[“?%&m(’ E@@ﬂé&’/ﬂlﬁtanéﬁﬂ?", Pmnre@ﬁ@mmﬂw githgratonoser igdg
Burchard et al., Polynmer 16 (1975) 180) have been used as well as

cont r ol | ewdPisrAsniinuous mapher(not dreprbyrdpd dThidredarencs dogssned teach thiegpriiduobenzene
(Wrsfold et al., Can. J. Chem, 47 (1969) 3379, Young et al.,

Macr onol embliesteadtbr fro8es8 pf RO Presétiinvientiet al ., Ani oni ¢ Pol yneri zation: A CS
Synmp. Ser., 166 (1981) 557). Mdst of the work in the area of star-branched

pol yners has beeo 52¢0Mt¢ﬁ&&§alﬁﬁdcéﬁﬂ?ﬂhb’ﬁ&&ﬁx@ﬂ@ﬁo@bf@@@%@@i@&non@ﬂle%i vely
little work has been done with polynethacryl ate star-branched pol yners.

Rat her polordisBRESSROIyRLBihS miRbGkrs iDGE $RIGRe blan MitRE6S sﬁyex@mn%&cggmm

wei glht on storage were prepared using group transfer polynerizat
(1002} 7300t R or 8 it ) o ot T rfer S FR il b Sencia

Zilliox et _al,, s, Pol Sci....Part C 22 968),.148 hav ubl i shed
Cepor Lo TReRHEaROLS pRdses A teech B domuetE po Y Rt Be B P st
U S. Patent No. 5,552,491, incorporated herein by reference, teaches

star-braﬂ&ﬁ@ﬂm“acrylate and net hacryl ate polyners and their use as
| ubricating oil additives. The acrylic nononers and initiator system

taught in thi sMplifenrtiongl@nivpictipiiptersi(Bscwpy et dln MakeonmleGhan. 175 (T8 3% and

Burchard et al., Polymer 16 (1975) 180) have been used as well as controlled amounts of bis-

unsaturated monomers, usually divinyl benzene (Worsfold et al., Can. J. Chem., 47 (1969) 3379,
Young et al., Macromolecules, 11 (1978) 899, Martin et al., Anionic Poljmerizarion: ACS Symp.
Ser., 166 (1981) 557). Most of the work in the area of star-branched 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 transfer polyme_gization
(Simms etal., éhem. Technol. 64 (1991) 139). Zhu et al., Macromolecules, 25 (1992) ’.7330,
Tsitsilianis et al., Macromolecules, 24 ( 19915 5897 and Zilliox et al., J. Polym. Sci., Part G 22
(1968) 148 have published reports in which star polymers from methacrylates were prepared.
U.S. Patent No. 5,552,491, incorporated herein by reference, teaches star-branched
acrylate and methacrylate polymers and their use as Iubricaﬁné oil additives. The acrylic

monomers and initiator system taught in this patent are suitable for use in the present invention.



However, this patent teaches a batch nethod for preparing the star-branched
polynmers. There is no teaching in this patent of the continuous

pol ymeri zati on process of the present invention. SUMVARY OF THE -

I NVENTI ON The present invention relates to a continuous process
for the preparation of acrylate and nethacrylate polymers, including

| i near, branched and star-branched acrylate and nethacryl ate polyners,
mhereln said acrylate and nethacryl ate polyners are pol ynerized, via
anionic polynerization, in a tubular reactor. Wen star-branched polynérs

are desirggubhg mpé@?& teBichedh BBtcRRHIE T % %%&%Hn&éa eﬁcry ate or

nmononers and t he nucl eus or core Is der| unsat ur a

met hacryl ers a tes or

et hacr o1 0 EaSHhEpRsalR) ihe %%%?%Jé@ﬁvmﬂ%laﬁP&Wesseﬂférevgeﬁe

branched and star-branched pol ymers obt ai ned by the present process,
lubricating oil additives conprising the linear, branched and/or
star-branched poImears obt ai ned by the present process and |ubricating oils
cont ai ni ng UBF TEH: INGENTIONddi t i ves. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The present invention relates to a continuous process for
the prepar at i ofbafresenhgaentioniselates toccroatinhoss process forcheprepattiomatecrylataandy | at e
and net hacryl ate nmononers, optionally with vinyl conbnoners, using anionic
pol yner i zmbiha,crylat&pqurmasandudﬁng linear, \branchedmd star-branbhedizcalae anﬂsxﬁé.tﬂkerjrlﬁtet he
present invention for the preparation of the linear or branched pol ymers or

the arns affmbxlaewﬁér&h-smd&e@mammhmmatb Esllyﬂfé% a8& polyneriA8] Ha adibhiy¥! | ¢ acid

esters, acryl onitriles, acrylam des, acrylic aC| d, nethacrylic acid

esters, IAEG4BR! ih'a 't\lx fbr. @Wi)l@ﬂﬂh@ o ¢ Gshid £ pBfmeicc and
i i RS e

met hacryl C” nononers are yl "acrylates or acry ate
arms are derived from acrylic or methacrylic monomers 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 reIat.es to linear, branched and star-branched
polymers obtained by the present process, lubricating oil additives comprising the linear,
branched and/or star-branched polymers obtained by the present process and lubricating oils

containing said lubricating oil additives.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a continuous process for the preparation of linear,
branched and star-branched polymers of acrylate and methacrylate monomers, optionaily with
vinyl comonomers, using anionic polymerization. Acrylic and methacrylic monomers which are
useful in the present invention for the preparation of the linear or branched polymers or 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 acrylic and methacrylic monomers are alkyl acrylates or alkyl methacrylates



4 wherein the alkyl group contains from1l to 30, and preferably |I to 18,
carbon atons. The al kyl radical can be either substituted or
unsubstituted. Exanples of such acrylates and nethacrylates include, but
are not limted to, methyl acrylate, nethyl nmethacrylate, ethyl acrylate,
ethyl nmethacrylate, botyl acrylate, butyl nethacrylate, isobutyl acrylate,
| sobutyl nethacrylate, tert- butyl acrytate, tert-butyl nethacryl ate,
propyl nethacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl nethacrylate,

hexyl acryhatig mhé‘ﬁKn*)‘é'lltgﬁ&ﬁ)t QARG EREEI tol ﬁp&&pﬁx{{e@w DRcIgy bbsh atb@s!! Yhe alkyl

acrylate, |auryl acrylate, stearyl acrylate and stearyl ~met hacryl ate.

Thr ougho%%%glihcan ggg%{ris&@s&{ o) &r%ﬁsuﬁog]hmea.ambrggsﬁg "m&ﬁﬁ%&ﬂ&%&?

enconpass ¢ and met hacr I C nNnbno niess otherw se

speci fi ed. Non: acrylic vinyl  nononers tionally be jncluded in
Uhe. copol Y byrare Ra spielinmethyl pieylate ety Peltai e, KT srerimestl nel ude,
but are not limted to, butadiene, isoprene, styrene, . al pha-nethyl
styrene, Wethgarylas berlacrylate, buinl methacylate, isohutsh asatigtedirbutyl mstharaiae iettene,
2- vinylpyridine, 4-vinylpyridine, and the |iKke. Addi tionally,
nmononer s tutltacyylate it%bﬂiui/mbtéacrj'lnqgr woprhorethacrydate, Reetisdhaxy}l snaylate, Jethythexyl
copol ymer properties such as dispersancy, antioxidancy and antiwear nmay

al so be imethawggldte] hextyhacrylatefdeikylnmetbacoflate Nisoppopys enethacnylagm lauoy acrfiane, dairyl
.performance enhanci ng nononmers of this class include N, N-dinethylam no
propyl nﬁhétﬁid’rylh@mté@?'l Ayl e deabyd meflacpilai@y| et hacryl ami de,

N, N- di net hyl am noet hyl acryl am de, N, N-di et hyl am noet hyl acryl am de, N, N-

di met hyl am no Netliaié ABhaRGE RihteAdd
N, N- di et hyl aﬁ%deg[hﬁgtltmtgﬁ%%t na%l?ylngt e,rppol y(et hyl entg gl ﬁg‘?é)%mgtaﬁgﬁo%t her

met hacrylﬁ%éﬁigaggIn}é&%;cg)glﬁg&@PgL&c&Egs%él?@?ﬁ%wﬁg@yI ether acryl ate and

pol y(et hy e ghyco . eft’nga . Initiators useful in
the present i oei\lr-]éclry E]c \Ilixrxlﬁlrﬁjo%gmlergIrﬁa{y%tpggr?all())'fbetirt]c?udfeg rinnhllle %bpolymers of the present

invention. Suitable vinyl monomers include, but are not limited to, butadiene, isoprene, styrene,
alpha-methyl! styrene, vinyl toluene, t-butyl styrené, chlorostyrene, vinylnaphthalene, 2-
vinylpyridine, 4-vinylpyridine, and the like.

Additionally, monomers that provide further improvements to the performance of the
copolymer properties such as dispersancy, antioxidancy and anti\;vear may also be included in the
copolymers of the present invention. Typical performancé enhancing monomers of this class
include N,N-dimethylamino propy! methacrylamide, N,N-diethylamind propyl methacrylamidg,
N,N-dimethylaminoethyl acrylamide, N,N-diethylaminoethyl acrylamide, N,N-
dimethylaminoethyl methacrylate, N,N-diethylaminoethyl acrylate, N,N-dimethylaminoethyl
thiomethacrylate, poly(ethylene glycol) ethyl ether methacrylate, poly(ethylene glycol) 4-
nonylphenyl ether acrylate and poly(ethylene glycol) phenyl ether acrylate.

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

R-M



R-M 5 in which Mis
an alkali nmetal 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 exanple, hydrocarbyl
lithiuminitiators such as al kyllithium conpounds, preferably methyl
lithtum n-butyllithium sec-butyllithium cycloal kyllithium conpounds,
preferably, cyclohexyllithium and aryII%thiun1conpounds, pref erably,

phenyl lithiu 1. .nmethylstyryllithium p-tolyllithi um naphyllithium and
1, 1- di pheny |“5n§’-hh¢é‘t’}49? ?)‘b%} el ripmelkalify edhuseadland Ris § Fipgcnbipion heanched
napht hal eneéﬁéﬁli um 1, 4-disodio-1,1,4,4-tetraphenyl but ane, di phenyl net hyl
pot assi um 8 pisinylkpigireferablydavinmirone} to Geapban atemuperanasyloExamples afsughd
conpounds containing trinmethylsilyl groups nmay al so be enpl oyed.

When star-b ﬂ@lﬁéﬂﬁ@dngbdq: desrexample, hydicasbi] lithiven initiatorpsuch bealkyltithilon 2ompeehds,
polynmers is preferably prepared fromunsaturated acrylate or nethacryl ate

esters of pokefedably methyl lithium,Iy-putgithioh, Sobltyfifthitis cilQulkyllRhiveXeioRnds,
et hyl ene glycol diacrylate, ethylene glycol dinethacrylate, diethylene

gl ycol di aciydferasly, @ycﬁﬂlewlﬁmﬁxngwludﬁmE&ﬁﬁd&h@tpfefer%ly, ey ltEiACLY | at e,

glycerol triacrylate, mannitol hexaacryl ate,” 4-cycCl ohexanediol diacryl ate,
1,4- benze | ' yr ' r I
13 Op?nteﬁf?;*%ﬂ%?ﬂ%;‘f‘%‘l‘é?é ;""&‘?’%ﬁ"”. =§§E?§ﬁﬁ%ﬁeh. F‘?ﬂ%ﬁ%ﬁ@é@?&%@%m@hﬁum

I s-acryl a .hacr.yl.at es olye . gl.yGo cul ar
vei oh g?ﬁ' %ﬁ?@%ﬁﬂéﬁ%ﬂ%@&%ﬂs%éa%vntﬁqhﬁféﬁgﬁgéﬁoa%?%p{}?ql e

ent aer ri ri.acr e, L -tri 0 opan riacryl ate,
Bentaergthrpg%ﬁ“@@?¢§§%¥§$%?b?m{&Pé?%@@%ﬁgsﬂﬁyeole“@ﬁ%@F@P F§P¥P¢¥@¥H94ene
gl ycol dinmethacrylate, 1,1, 1-trinethylol propane trimnethacrylate or

hexanet hy| e RE¥EPYINAE Femaiping timethyisilyl gequpsmey pise b employed. | n a preferred

enbodi ment, the anionic polynerization initiator systemused in the
: When star-branched polymers are desired, the core of the star-branched polymers is

preferably prepared from unsaturated acrylate or methacrylate esters of polyols.

Typical of such esters are, for example, ethylene glycol diacrylate, ethylene glycol
dimethacrylate, diethylene glycol diacrylate, diethylene glycol dimethacrylate, glycerol
diacrylate, glycerol triacrylate, mannitol hexaacrylate, 4-cyclohexanediol diacrylate, 1,4-
benzenediol dimethacrylate, pentaerythritol tetracrylate, 1,3-propanediol diacrylate, 1,5-
pentanediol dimethacrylate, the bis-acrylates and methacrylates of polyethylene glycols of
molecular weight 200-4000, and alpha, omega-polycaprolactonediol diacrylate, pentaerythritol
triacrylate, 1,1;1-Mmemylolpropme triacrylate, pentaerythritol tetraacrylate, triethylene glycol
diacrylate, triethylene glycol dimethacrylate, 1,1,1-trimethylolpropane trimethacrylate or
hexamethylenediol diacrylate and dimethacrylate.

In a preferred embodiment, the anionic polymerization initiator system used in the

present process employs an additional compound to help regulate the anionic polymerization



present process enploys an additional conpound to help regulate the anionic
pol yneri zati on 6
reaction. Preferred additional conpounds include 1,1 -diphenylethylene. 1,1
- di phenyl et hyl ene has relatively high electro-affinity and does not

honopol yneri ze. The conti nuous process for the anionic
pol ynmeri zati on production of |inear or branched acrylic polyners
conprises the steps of conbining: 6 (A at least one acrylic

nononer, and optionally at |east one solvent, non-acrylic
vi nyl noneaetiom neieferred addiciona s6RpRndanciuag 1, TuishieRylethflesk. l,l-diph_enylétﬁ}lene an
ani oni ¢ polynerization nmedium said anionic-polynerization nedi um

CONpr i Si NGaoRIAREIHigh ASBOEhERLIdUdet At hbAbRSIyRYsleem and a sol vent ;
in a tubular reactor, in a continuous manner, and contacting (A) and (B)

for atinme sufilgl .l ed..conver.si on;
wherein the teﬁﬁ%%?ég‘?tﬁxgﬁ%r&?eﬁ%fb{ %alngo?lﬂ:;{o %W@?r@génaﬁgngwgﬁ%nge'
of ‘30[err]C t.0--.78[ err]C.and, wherei.n a linear or branched acrylic polyner
is pr oduclé’%f.yhcl_)_01 Is"”h?“ﬁfgh%gg@é’go?wmﬁiepari ng the linear or branched -
acrylic polyners, nore than one vessel may be used to hold the conponents
described in. (¥ an#f leas ongzsiylicraangmes and eptionplinat lepsiane sejvent, men-apaylic.
separate vessels for each of the nononers being introduced into the tubular
reactor. Further, Wpylsprumnesaod/ot penformanss seliagcingmopemercand rol t he
structure of the polyner by controlling where the nononers are introduced
into the tubul ) r eacameniapdyferizatiof arediaxg said aniotit palymerizgion yeeiusn

The present process nmay al so be used to prepare the star-branched acrylic
pol yners by a- cor eedniprisingiitanivaicolyandzRAtéon! iaitihtorBistéaand a solvent; | N the
core-first nethod of the present invention, the anionic polynerization

production in a tubular reactor, in a continuous manner, and contacting (A) and (B) for a time

sufficient to react (A) and (B) to the desired conversion; wherein the temperature of the tubular
reactor is maintained in the range of 30°C to ~78°C and wherein a linear or branc_:héd acrylic
polymer is produced.

In the process for preparing the linear or branched acrylic polymers, more than one vessel
may be used to hold the components described in (A) and (B). For instance, it may be desirable
to have separate vessels for each of the monomers being introduced into the tubular reactor.
Further, by using additional vessels one can control the structure of the polymer by controlling
where the monomers are introduced into the tubular reactor and form, for example, block
copolymers.

The present process may also be used to prepare the star-branched acrylic polymers by a
core-first method or a core-last method. |

In the core-first method of the present invention, the anionic polymerization production

of the star-branched acrylic polymers comprises the steps of combining;



“of the star-branched acrylic polymers conprises t he steps of conbi ni ng:

7 (A at | east one acrylic nononer, and optionally at |east one
sol vent, non-acrylic vi nyl nononer and/or performance
enhanci ng nononer, and (B) a mxture conprising an anionic

pol ynerization initiator system a core-formng nmononer and

optionally a solvent, in a tubular reactor, in a continuous
manner, and contacting (A and (B) for a time sufficient to react (A and

(B) to the desi,rned rsi . in, t . r f e tubul.ar
reactor is mais(ln ai r?g%g%ltﬁm? erg}lrl%}r%éég&g#r’ ?féi[%gpzr)f‘%‘? t% E)I%I-’#gﬁeeér)orl‘f% AR 'a\%ﬂgf ein a
star-branched acrylic,polyner s rrfoduced. . In the core-first

net hod, an acryl at e“ryrl%}?é%ﬁ‘ﬁﬁ‘W“éﬂ’g QZyapse ghaneingpongmen.and i’ oni cal | y

pol ynerized in_an anionic polynerization mediumand the polymeric arns of
the star are (B9 nmed Mprure somERsiNg A ARioNA nolyMsdaHARBItialer SKsier, 6cara-fprming
-non-acrylic vinyl nononers and/or the perfornmance enhanci ng nononers with
t he ani oni ¢ pol ynmemomuieoandwepdionalycoselventii ng t he preformed core.
Optionally, block star-polynmers can be fornmed. In the core-first nethod,
the process, daa tuedarédeed, iakeeatinubus hiveter, endyuniatsg (A)and(B) foaatinene
nononmer selected fromthe group consisting of acrylic nononers,

non- acr yl quéfisidntyd reﬂ&f(ﬁzﬁ‘ids(lﬁ Rélthe Qe difed FBME iGN WhAEinBe RBIPEERES of B8 tibular
~optionally a:solvent. The contents of (C) are introduced into the tubul ar

_reactor gkadof@aint@hddih the¥ahddb30€C QUTRENAR »@Jerel(iﬁ st@flbrahded BEY e BEGher

contacted and reacted, but where the anionic polyner still is ﬁfpw ng .
Thi s met qgg q\é'hgldds star-pol ynmers containing block copol ynmer arns.
In the cof8-1ast- met hod, the anionic polynerization production of the

star-branched 1 4 bre-firsP Rethde, SR &S S ar? bR Y ooy 'R alllonhatty
polymerized in an anionic polymerization medium and the polymeric arms of the star are formed
by contacting acrylic monomers and optionally the non-acrylic vinyl monomers and/or the
performance enhancing monomers with the anionic polymerization medium containing the
preformed core.

Optionally, block star-polymers can be formed. In the coré~ﬁrst method, the process, as
described above, further comprises (C) at least one monomer selected from the group consisting
of acrylic monomers, non-acrylic vinyl monomers and performance enhancing monomers, and
optionally a solvent. The contents of (C) are introduced into the tubular reactor at a point after
which the contents of (A) and (B) have been ;:ontacted and reacted, but where the anionic
polymer still is ‘living’. This method yields star-polymers containing block copolymer arms.

In the core-last method, the anionic polymerization production of the star-branched
acrylic polymers comprises the steps of combining:

(A) atleast one acrylic monomer, and optionally at least one solvent, non—e_zcrylic

vinyl monomer and/or performance enhancing monomer; and



(A at | east one acrylic nononer, and optionally at |east one solvent,

non-acrylic vi nyl nmononer and/or performance enhanci ng
nonomner; and 8

(B) a mxture conprising an anionic polynerization initiator systemand a
solvent, in a tubular reactor, in a continuous manner, and contacting (A)
and (B) for a tinme sufficient to affect polynerization of the nononers of
(A) to the desired conversion; g subsequently, introducing (C) a

core-formng noner and o tlonally a solvent, intqg the tubular reactor
at a |ocation (B t hdRigBe %mpﬂé*&& £p Anigpic palymsTigation iBiaten sy stemrang é§§b’|°ﬂ'( A)

have been polynerlzed but where the anionic polyner is still "living' , so
as to for nnatubuler résetendine dontinopisl manset, and contacting (d)ene (B) fohetime splicisntitoe of
the tubular reactor is maintained in the range of 30[err]Cto - 78[err]C

| n the conffettgpliynmerizhtimh of titemaimensef (&) & this desired ponvelisivagd first by
polymeri zation of the acrylic nononmers and optionally the non-acrylic

vinyl nmononer s sg@edhtly, MrddREhe (OPd\Gote-fa A HodeheARA@ BRichallPY sSl0&Aaid 1Y

wi th the anionic polynerlzatlon medium in a continuous nmanner, in a

tubular 1 eagiReactr bed 10541&1!% ﬁ)@%lﬁﬁdt?&c&fr at »bﬁc!?@xlﬂé&ﬁéd&oﬁe%l (Amv@%[eéﬂ ate

or met hacryl ate ester of po yol IS I ntroduced, I n a continuous nanner,

to the tubylaf o easl Al A0 GRRLAGHALN I iy’ L Mot gih AndsL D
el AR AR RO 1P Al

reaction S arzbranc
When bl ock: sH olyners are de5|red t he above core-| ast nethod can be
nodi fi ed. “2° yxp ast one additional nononer (D) selected fromthe group
consi sting of acrylic nononers, non- _acrylic vinyl nonomers and
per for mance enMWRSEIHEE irsmsTEe of ta tbylr resriar qsynagl@gffdﬂéﬁlﬂe rapge of 0G40 ed. The
contents of (D) are introduced into the tubular reactor at a point after
the conted8¥. of (A) have been pol ymerized and at a point before and/ or
after the contents of (C) are

In the core-last method, the polymeric arms are produced first by polymerization of the

acrylic monomers and optionally the non-acrylic vinyl monomers and/or the performance

- enhancing monomers, by contacting with the anionic polymerization medium, in a continuous
manner, in a tubular reactor. After the preparation of the polymeric arms, the acrylate or
methacrylate ester of a polyol is introduced, in a continuous manner, to the tubular reactor and
contacted with the ‘living’ arms and the reaction proceeds to the formation of the star-branched
polymer.

When block star-polymers are desired, the above core-last method can be modified. At
least one additional monomer (D) selected from the group consisting of acrylic monomers, non-
acrylic vinyl monomers and performance enhancing monomers, and optionally a solvent, is
prepared. The contents of (D) are introduced into the tubular reactor at a point after the contents
of (A) have been polymerized and at a point before and/or after the contents of (C) are
introduced into the tubular reactor. This method will also yield star-polymers containing block

copolymer arms.



introduced into the tubular reactor. This nmethod will also yield
star-polyners containing block copolyner arns.

9 In the process for preparing the star-branched acrylic pol yners,
nore than one vessel nay be used to hold the conponents descri bed above in
(A, (B, (C and (D). For instance, it nmay be desirable to have separate
vessel s for each of the nononers being introduced into the tubular:
reactor. Further, by using additional vessels one can control the structure
of the polymer_ by controlling where thé nononers are introduced into the
tubul ar react oft B8Prcessfer preparing,thgyacbranghed acrplisnolxmesy, sore than one vessel
process for preparing the linear, branched or star-branched polyners of the
present immydetusahtoi wldthe tanpdiientscasaribediatmye in (A)f (B, (Ebsmh@). &dr msiastejite and
oxygen and in the presence of at |east one inert solvent. Preferably, the
pol ymer i zaddyde desirabiug havestphatetvasseRiIFs edaek obthe mofifibidrs beifg intdddticedifto the
detrinental to an anionic catalyst system The inert solvent is preferably

a hydrocaes mea%t&.hF%&,ﬂ%ﬁﬂk@&%ﬁiﬁ@ﬁﬂt@ﬁ% ofid/ EnRBAXA AR stheRZE e AL N,
xyl ene, tetrahydrofuran, diglyne, tetraglyne, ortho-terphenyl, biphenyl,

decal i n a!ag chitdiBhd Whak tili RS d¥ers &t ﬂﬁfodu?ed into the rdtifar POcTEEL m@i, gy or
copol ynerization tenperature of the tubular reactor can vary et ween about
30[err]C and Q&zt I 78Lerr C, preferably between about O[err] C and

e\ SoBoIS s

-50[ err] C¥* tai ni ng the nononers and ani oni c pol ymeri zation

medi um can be intained at anbient tenperature durin he couyrse of

pol yneri zat i on%}e process °r‘ﬂﬁ%paPP%W°gH’F@" Pt '&\389’ Wéb@fbﬁf%‘?t]m@é the PEFREL he
di aneter of the tube are not critical so |ong as the exotherns fromthe

pol yner i ziveBtornis proferably serisd putdn thepdbsencppbmaisiyreangoxygea apd i thg presence of

mai nt ai ned between 30[err] C and about -78[err]C, and the reaction residence
ti me can btlegypte meftgolvent. Preferably, the polymerization is conducted in the absence of

>,
av

| impurities that are detrimental to an anionic catalyst system. The inert solvent is preferably a
hydrocarbon, such as isobutane, pentane, cyclohexane, benzene, toluene, xylene,
tetrahydrofuran, diglyme, tetraglyme, ortho-terphenyl, biphenyl, decalin and tetralin or diethyl
ether.

The polymerization or copolymerization temperature of the tubular reactor can vary
between about 30°C and about —78°C, preferably between about 0°C and —50°C. The vessels
containing the monomers and anionic polymerization medium can be maintained at ambient
temperature during the course of polymerization.

The flow rate through the tubular reactor and the diamcter of the tube are not critical so
long as the exotherms from the polymerization can be controlled, the temperature of the reactor
maintained between 30°C and about ~78°C, and the reaction residence time can be controlled.
Typically, the tube will have a diameter of from about 1/8 inch to about 5 inches. Any less and it

may be difficult to have sufficient output of materials, any greater and it may be difficult to



Typically, the tube will have a dianeter of fromabout 1/8 inch to about 5
inches. Any less and it nmay be difficult to have sufficient output of
materials, any greater and it may be difficult to

10 control the tenperature of the polynerization. The tubul ar reactor
shoul d be made of a materi al suitable for | ow tenperature operation.

The pol yners, obtained by the process of-the present invention, have a
narrow pol ydi spersity index (weight aviyage nol ecul ar wei ght/ nunber

aver age nol ecul ar wei ght, Mv Mh) within a range of about 1 to about 2,

pr ef er abl f‘)ﬁ'ﬁ@ﬁe T“’LPS%H'HBBf the pelymerizatign. Thy tihelaigactorsheuld ba made bfjamaterial
havi ng a narrow_ pol ydi spersity index are especially useful as viscosity

i ndex i fog lgvp tempgratire gperafipnoi | conposi ti ons since they exhibit

i nproved shear stability as conpared to simlar polyners having a broad
pol ydi sper si t y Thagelymers, obtained byTthe ppocess@$ theqirestitdnyentss htivd avgffw on nay be
used to formlinear or branched polynmers having a nunber average nol ecul ar
wei ght of pblydisp&®ily irgle:d (W4ight @0&tageihslt @il WeyphpBEmb& 2269 @ngleculﬂ'@ei%it?cess of
the present invention may al so be used to formstar-po%yrrers havi hg” a

nunber  awekAde) WiRkiBaYArRE ofBicab | teboli 0 B}eﬁ&&g abdut 190201 909;neRf BLELAR Y
b | }1 u% ogr apﬁy.

100,000 to 10, 000,000, as determ ned by ge ernmeat1 on chrona

0 e P s LAlmBl Ak A0 pRLNILELS, iflex ERESAR AT B0, 0

pol ymeri zation 1Ts” generafly car inan in )

exanpl e u It n, ..argon etc.. Equi nt sed in e pol yperization
reaction gﬂg{?l‘/éc}ls E%rqgqugmg CQI?R"&‘&‘_""%{B‘P‘%EE‘}YSC"-Q#& @85’@8‘51%}’5&%@‘&5’ £
carefully dried, As gn exanple, .if tetrahydrofuran (THF) is used as the
pol yner i zSPPBHediofimHar Pobyersigvingzabroad nolwdispessityingex. | ed over

sodi um benzophgnone or anhydrous THF can be used. Acrylic nononers, or
ot her monomer s 1B Pros%s abhe presens ényentiearmayebensed fo forn bipeap as bianchet Ipelymers
m)nomar(s?1 t hrough an absorption material |ike alum na. D phenyl ethylene
can be drhaanggpumber average molecular weight of from 500 to 1,000,000, preferably 500 to 500,000.

The process of the present invention may also be used to form star-polymers having a number
average molecular weight of from 1,000 to 100,000,000, preferably 100,000 to 10,000,000, as
determined by gel permeation chromatography.

In the process for producing the polymers of the present invention, the polymerization is
generally carried out in an inert atmosphere, for example under nitrogen, argon etc. Equipment
used in the polymerization reaction should be carefully dried. Solvents and reagents are also
carefully dried. As an example, if tetrahydrofuran (THF) is used as the polymerization medium,
the THF can be freshly distilled over sodium-benzophenone or anhydrous THF can be used.
Acrylic monomers, or other monomers or comonomers used, can be purified by passing the
monomer(s) through an absorption material like alumina. Diphenyl ethylene can be dried over
molecular sieve. The metallic initiators are normally used as received.

The acrylic polymers of the present invention find their primary utility as viscosity index

improvers in lubricating oil compositions which employ a base oil in which the additives<are



nol ecul ar sieve. The netallic initiators are nornmally used as received.

The acrylic polynmers of the present invention find their primary utility as
viscosity index inprovers in lubricating oil conpositions which enploy a
base oil in which the additives are - di ssol ved or dispersed. The
acrylic polyners of the present invention may al so be used as pour point
depressants. Such base oils may be natural, synthetic or m xtures thereof.
Base oils suitable for use in preparing;the lubricating oil conposi tions
of the present invention include those conventionally enployed as

cr ankcase dissdlvddCartdisi@rsed.| hefabfylie Eé‘l'ylﬁ'eifsgﬂ”tﬁ es@ﬁ'tqn%ﬁgﬁ Fn% bRBbe &e%%s%ﬂ

internal conbustion engines, such as auto ' e and truc englnes
and railrgag: d &gﬁ{ts b R tﬁg&g s. aIe aI so
achi eved gy eﬁ%*oylng %%ggoﬁgﬁeQ%mékb%ﬁgﬁ%¥§gen I v m?? h scosity

i ndex inp se oils v.e I ed in and/aqr adapted for
use as po%ﬁ?ﬁg{eﬁ%gsﬁ‘???fe%mﬁ tht g@ ﬂ@&\?\? E%?‘ﬂ%l"gé ¢ REeseRt pyeation pslude
steering fluids and the like. Gear lubricants, _industrial oils, punp oils
and ot hert hOF%mI‘iVE%WﬁEY eployeshasssankease lnbeisging|oils fassparkiignited end eompression-
incorporation therein of the star-polyners of the present invention.

These | ubignited Wﬁﬁjﬂ?@l icpmbustion leaginesnsich enawemplileant! yrucloertgines, matitietand pailroad
additives that will supply the characteristics that are required in the

f or mul at i dinsel enginesgandtbe bke. yhdantpeas distlts/as alsanchiéved by dinpymgdhd i onal
viscosity index inprovers, additional pour point depressants,

ant i oxi dasdpelynees 6fthé presénd ftivehtionras visoeHit® ifRR fprodérs Bﬁﬁa%é’lail%on%ﬁdo\ﬁ@l?f
agents, antifoamants, denulsifiers and friction nodifiers.

acrylic p&hMB?e'dSn@.ﬁdfohéﬁaneﬁ?&ﬂke bW h@ﬁhn{fﬁﬂxggltﬁ:ctﬁgﬂgg?y ﬂlﬂ%fﬂgcr y | hiSEAGHL y

index inprovers for lubricating oils, the qu C padl ymer

used cor 1oARRMLA% fitledan QHQJt%&Plxﬁkfﬁﬁpfﬁdughﬁl&B AR SiA0a et bY

wei ght, on an active I ngredrent

lubricating oil compositions can also benefit from the incorporation therein of the star-polymers
of the present invention.

These lubricating oil formulations conventionally contain additional additives that will
supply the characteristics that are required in the formulations. Among these types of additives
are including additional viscosity index improvers, additional pour point de;ﬁressants,
antioxidants, corrosion inhibitors, de;ergents, dispersants, antiwear égents, antifoamants,
demulsifiers and friction modifiers.

The acrylic polymers of the present invention may be employed as viscosity index
improvers for lubricating oils, the quantity of the acrylic polymer used corresponding to a
proportion of about 0.1 to about 20 percent by weight, on an active ingredient basis (i.e.,
excluding solvents, diluents or impurities), preferably 0.1 to 10 percent by weight, of the mass of
the lubricating oil to be treated.

The acrylic polymers of the present invention may be employed as pour point depressants

for lubricating oils, the quantity of the acrylic polymer used corresponding to a proportior-of



excl udi ng solvents, diluents or inpurities), preferably 0.1 to 10 percent_
by weight, of the mass of the lubricating oil to be treated. The
acrylic polyners of the present invention may be enpl oyed as pour point
depressants for lubricating oils, the quantity of the acrylic polyner used
corresponding to a proportion of

12 about 0.01 to about 1 percent by weight, on an active ingredient basis
(i.e., excluding solvents, diluents or %npurities), preferably 0.05 to 0.5
percent by weight, of the mass of the Iu ricating oil to be treated.

The act ! iuboQl FR/BoR) SlEnPEPoRRk:, bUPREAO hebr BRI LAl BRI R, € e

| ubricating oil to be eate méver onvenient’ to us

acrylic po n the .for t|ve conc te co t he
2eryl 1o pOTES B okt Pt BEL L bf BOERLOLA SO Rles BldtaR aa
addi ti onal gddltgées with a normally liquid organic diluent, such as

nat ural oi'f 8¢ ral oils or mxtures thereof, or other suitable solvent.
The additive concentrate, in accordance with the resent invention,

normal |y conpr ildegctyiiepelymstiof the rresenttinyantionmiay he edded Hireatly tathe) lubrigating eil
copol ynmer, and optionally additional additives, the remainder to 100%
consi st i ndo bs geated. aHbwe ek, itis comenight ty ubd thel hdyldrr prdymers ¢ the fortn. of Bhedditiveose
of concentrates, of course, is to nmake the handling of the various

mat eri al s chasatrale fcbingtibihg gtk polftheRbtattel b shel prodescoflthd presens Rivekticiingr
di spersion in the final blend. The acrylic polynmers obtained by

the processy afidititl BARERBwilh M RRhID TidMid brgﬁﬁ@ 8t ¥udbehs nb®8A of14) rAHEKSIIY ©

with a Iube 0|I basest ock, conprising an oil of lubricating VISCOSIty

Sui tabl e ﬂ}éf&f{' &%ttﬂe?gmiébi%%&%ﬁty T‘hé‘g&di‘uﬁ’f‘e)c%ﬁ éﬁ&gﬂe labSorAhG el

oils, vegeta 1e oi tor or petro#éun1oi s and

hydroreflne sev h otreate Ivent reated or
aci d- t r eafet e%lﬂveflgfm ’198%{‘% actom?ﬂs%schoén %90 ?ﬁy\% Sg?%tf@ % %l?ycwelﬁ}éfﬁﬁtaﬁ%ﬁ%(?nﬁnd
m xed par %fogf)élyr']rlngr and optionally additional additives, the remainder to 100% consisting essentially of a

normally liquid organic diluent. The purpose of concentrates, of course, is to make the handling
of the various materials less difficult and awkward as well as to facilitate solution or dispersion
in the final blend. |

The acrylic polymers obtained by the process of the present invention will generally be
used in admixture with a lube oil basestock, comprising an oil of lubricating viscosity. Suitable
oils of lubx_'icating viscosity include natural oils such as animal oils, vegetable oils (e.g., castor or
lard oil), liquid petroleum oiis and hydrorefined, severely hydrotreated, iso-dewaxed, solvent-
treated or acid-treated mmeral lubricating oils of the paraffinic, naphthenic and mixed paraffinic-
naphthenic types. Oils of lubricating viscosity derived from coal or shale are also useful base
oils. Synthetic oils useful in the present invention include, but are not limited to, poly-alpha-
olefins, synthetic esters, alkylated aromatics, alkylene oxide polymers, interpolymers,
copolymers and derivatives thereof where the terminal hydroxy! groups have been modified by

esterification, etherification etc., esters of dicarboxylic acids and silicon-based oils.



napht henic types. GO ls of lubricating viscosity derived fromcoal or shale
are al so useful base oils. Synthetic oils useful in the present invention
i nclude, but are not limted to, poly-alpha- olefins, synthetic esters,

al kyl ated aromatics, al kyl ene oxi de polyners, interpolyners, copolyners
and derivatives thereof where the term nal hydroxyl groups have been

nodi fied by esterification, etherificqﬁgon etc., esters of dicarboxylic
acids and silicon-based oiIs

13 The.f o owt ng, | es ar Vld bel l.ustr, e.and
are not intend “}"wg alﬁ"%/)a“\%a{f’vf ﬁﬂstfaiz nﬁtfm?eﬂ‘ée Pg’gé%t

i nventi on. The foI | ow ng exarrpl es denonstrate the
advant age%“yo‘ﬁ?ya'i“ﬁé@gwt?ﬁ%’ﬁﬁﬁ?fﬁbe@F%"“ﬁ&?‘?‘ﬁ%’rs by the process of the
present invention conpared to a batch process using the sane acrylic
nmononers and tBEAMEMHESani oni c pol ymerization initiator system Conparative
Exanples 1-7 represent star-polyners prepared by the batch process taught

in Exanples 1- Theofollbiviig eRamplas dditonstrdls thb 2dviatagesotanipddary pterfaring stagpelyiners
star-pol yners obtained by the continuous process of the present invention.
Al of thgy ﬁlk?fodé@ OfIRY Sre3bBf iQV4NtioN asBphrétitod bath@rdcedsibingelidWthe acrylic

Star Mh (g/nmole MV Wn of Star Conparative Exanple 1

136, 800 monomers and tht s&ne anionic polrmex%ﬂ@@fnﬁﬁdt&%yﬁ&ﬁ ”Ebﬁpgrauve Examples4164 500
7.4 Conpar at 1 ve Exanpl e

g%:{ :t : rxeg %}g%@ lg'mers prepared b%i%’ [ (rf process taught in Exa%npg&s 1-7 of U.S. Patent No
o ot | PSS urpies 15 represend 35+-Bglgmers obtained by the cgituous process of the

present invention. All of the star-polymers were prepared by a core-first method.

Star Mn (g/mole) Mw/Mn of Star
Comparative Example 1 136,800 1.8
Comparative Example 2 464,500 7.4
Comparative Example 3 191,700 24
Comparative Example 4 228,900 1.9
Comparative Example 5 . 315,700 2.5
Comparative Example 6 658,500 4.5
Cémpar_ative Example 7 276,900 23
Example 1 524,600 ' 15
Example 2 1,231,000 ' 13
Example 3 733,900 1.8
Example 4 : 764,300 14
Example 5 1,547,000 15




Exanple 1 . 524,600 1.5

Exanpl e 2 1, 231, 000 1.3

Exampl e 3 _ 733, 900 1.8

Exanpl e 4 764, 300 1.4

Exanpl e 5 1, 547, 000 1.

14 It is clear fromthe above Tabl e that star-pol yners obtained by

the process of the present invention ef‘bi bit a narrower polydispersity
index (Mwv M) as conpared to star-polyners prepared by a batch process.
Nar rower ol ecult & clogsifipm thdabaveiTableithat staerpelymedmsabtaingd by shef mroceas ofthabassenf
reasons including inproved shear stability for the star-polyners when used
as Vi scosinv¢ntionadakibitrpaoewerspalydidpatsity itk (gwiith) ssaoppatet t@gr-polymers
This invention is susceptible to considerable variation in its practice.
Accor di ngl prepdréd By a banke pioc@s. Narr&Wér holedul@dveight B8 baRGHI atd &dvantageous fort%_

in

exenplifications set forth hereinabove. Rather, this invention’is w
e SP1 11 LnaiaeRagtod R RARIATSA) Ty PGLUL RN RS AL BT S
o scl osed aryy Bupe LRaster e BARNIRI S ot ioBE " 1 G alTy 1201w thin the
scope of the oﬁ‘g'ﬁ entonsy uiteptbRS cotidembleanatdiitn its Drachics: Actordigly, this o C"
inventior-is not limited to the specific exemplifications set forth hereinabove. Rather, this
invention is within fhe spirit and scope of the appénded claims, including the ecjuivalents thereof
available as a matter of law.
The patentees do not intend to dedicate any disclosed embodiments to the public, and to

the extent any disclosed modifications or alterations may not literally fall within the scope of the

claims, they are considered to be part of the invention under the doctrine of equivalents.



15 W claim 1. A continuous process for the anionic polynerization.
production of star-branched acrylic polynmers conprising the steps of
conbi ni ng: (A at | east one acrylic nononer, and optionally at
| east one solvent, non-acrylic V|n | nmononer and/ or

performance enhanci ng nononer, and ~ (B) E:m m an
ani oni c polynerization initi at or system a core-for ummm "ﬂ”m
nononer and optionally a solvent, in &5tubular reactor, “in* aonti huous
manner, ant/e& acting (A and (B) for a tine suff|C|ent to react (A and
(B) to the desired conversion, wherein the te erature of the tubul ar
react or isl. maiAcantingus progdse qrdwg@m#c ”LHO “FB?%?@?”G‘*’&%*‘%MI% a
star-branched acrylic polynmer is produced. The process of claim]
wher ei n t heolymersicamprisiny deettpraigombsesg:at | east one initiator of the
formula: RM in which Mis an alkali netal or an alkaline earth nmetal and
R is a strai ght@ghaidl leadfonbeahlih@onahdtydndaptionatlyat khdt ghe $vdwenh goh-acryliz to 6
carbon atons or an aryl. 3. The process of claim2 wherein the

initiator system Comxﬁ%l'?&&m&ﬁidmﬂﬂéﬂérﬂiahw@h&ldufgm@dﬂiei'laﬁ& to at |east one
initiator of thefor : The process of claiml further

conprising (C) ﬂa&ﬁﬁnaﬁﬁh% Bndri- 90 iHiatod 5y3tih, GROBA-Blhig Of
acrylic m)nomer@t) non- acryﬁ C Vi nonorter’'s and perfgromance enhanci ng

mPgnsz_tﬁggl gll?tl onne%(lxl1 e?ﬁfop‘ﬁ%ﬂaﬂy%%eﬁi,n the contents (C) are introduced

in a tubular reacto'r, in a continuous manner, and contacting (A) and (B) for a time sufficient to
react (A) and (B) to the desired conversion, wherein the temperature of the tubular reactor is
maintained in the range of 30°C to —~78°C and wherein a star-branched acrylic polymer is

produced.

2. The process of claim 1 wherein the initiator system comprises at least one initiator 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 alky! or cyclo-alkyl having from 1 to 6 carbon atoms or an aryl.

3. The process of claim 2 wherein the initiator system contains l,l—diphenylethylene in

addition to at least one initiator of the formula R-M.

4. The process of claim 1 further comprising (C) at least one monomer selected from the
group consisting of acrylic monomers, non-acrylic vinyl monomers and performance enhancing

monomers, and optionally a solvent, wherein the contents (C) are introduced into the tubular



16 reactor at a point after (A) and (B) have been contacted and reacted,
but where the anionic polymer is still "living', so as to forma _
st ar - branched bl ock copol ymer. 5. A star-polymer obtained b e
process of claim1. 6. - Alubricating oil corrpoimm:mlﬁmnlutﬂ\( :
maj or anount of an oil of lubricating vi scosity and t he
star-polyner of claimb5. 7. The lubricating oil *cor‘rpoéi tron of claim
6 wherein the star-polyner is added to 1ee oil of | ubricating viscosity

in the for %&tor%tﬁasﬁesﬁargAgand (8) hie been cbAficleld Bid £BLD SuOlherE BTRGRLL] SPOS};

claim6 further conprisin t l'east one Itive ecte

consi sting | L Vi SCOSI i X1 ver s our point
depressantgghg%?g%éygggbgﬁsgg?égéi %Qgﬁﬁﬁgggéﬁggcﬂ%?gFﬁénts, di spersants,
antiwear agents, antifoamants, demulsifiers and friction nodifiers.

9. A continuous process for the anionic polynerization production of
star-branched acrylic pol ymers conprising the steps of conbi ning:

(A at |1east SnBacRAlymerobinineg biithe piergsofticlaimdl |y at | east one sol vent,

non-acrylic vi nyl nononer and/or performance enhanci ng
nmonomner; and (B) a mxture conprising an anionic polynerization
initiator systemand a solvent, in a tubular reactor, in a continuous

manner, and. contalubiicaging Al camgositidh chmpriging & MAjos bt oL oil 6f lubidaB6E
pol yrrer.i zation of the nononers of (A) to the desired conversion;

viscosity-dhd a minor amount of the star-polymer of claim 5.

7. The lubricating oil compositi-on of claim 6 wherein the star-polymer is added to the oil of

lubricating viscosity in the form of a concentrate.

8. The lubricating oil composition of claim 6 further comprising at least one additive
selected from the group consisting of additional viscosity index improvers, pour point
depressants, antioxidants, corrosion inhibitors, detergents, dispersants, antiwear agents,

antifoamants, demulsifiers and friction modifiers.

9. A continuous process for the anionic polymerization production of star-brang:hed acrylic
polymers comprising the steps of combining:
(A)  atleast one acrylic monomer, and optionally at least one solvent, ndn—écrylic
vinyl monomer and/or performance enhahcing monomer; and
(B)  amixture comprising an anionic .polymerization initiator system and a solvent,
in a tubular reactor, in a continuous manner, and contacting (A) and (B) for a time sufﬁcient to

affect polymerization of the monomers of (A) to the desired conversion;



A7 - "~ subsequently, introducing (C) a core-formng nononer, and
optionally a solvent, into the tubular reactor at a location in the
tubul ar reactor at which the contents of vessel (A) have beenwﬂjmmﬂl zed,

but where the anionic polyner is still 'living', Ummlml"m ll
star-branched copol yner; wherein the tenp bul ar
reactor is maintained in the range of 30jerr]Cto - 78C The
process of claim9 wherein the initiator system conprises at I east one
initiator of the fornula: RRM in which Mis an alkali_ netal or an

al kal i ne ear t hSyhsggienthndntroduging (Qr 3 wrgyforming granomey, apg eptionally asalyent,dnto the
cyclo-al kyl having from1 to 6 carbon atons or an aryl. 11. The
process ofubzlasiqactdo atrhlecasion in the tihwilar reattor atsyhichathe contants ofsvedsell(A) have been

-di phenyl ethylene in addition to at | east one initiator of the fornula
R-M 1Bolymeifiel, putosiessthe kniohiaipolyhef isistilh Eivimgdoras 3 fogm talsear-dettichddon of (D)
at | east one nononer selected fromthe group consisting of acrylic
nononers, ¢ rylic vinyl nonomers and performance enhanci ng nononers,
and optionally a solvent, wherein the contents (D) are introduced into the

tubul ar 1 eact Onakirind p@ea o bitht [iBulyRikhais FBARLA iRihtlllb 3% foNT ent s

of (A) have been |ze to t esl re conver si on and at ocation
in the tuZéu reactor before and/or after the contents of (C) are

i ntroduce fto the tubular reactor so as to forma star- branched bl ock
copol yrer. 13. A star-polyner obtained by the process of claim?9.

10.  The process of claim 9 wherein the initiator system comprises at least one initiator 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 having from 1 to 6 carbon atoms or an aryl.

11.  The process of claim 10 wherein the initiator system contains 1,1-diphenylethylene in

addition to at least one initiator of the formula R-M.

12. The process of claim 9 further comprising the addition of (D) at least one monomer

. selected from the group consisting of acrylic monomers, non-acrylic vinyl monomers and
performance enhancix_mg monomers, and optionally a solvent, wherein the centents (D) are
introduced into the tubulat reactor at a location in the tubular reactor at which the contents of (A)
have been polymerized to the desired conversion and at a location in the tubular reactor before
and/or after the contents of (C) are introduced into the tubular reactor so as to form a star-

branched block copolymer.

13. A star-polymer obtained by the process of claim 9.



18 14. A lubricating oil conposition conprising a nmajor anount of an
oil of lubricating viscosity and a m nor anount of the star-polyner of
claim13. 15. The lubricating oil conposition of claim14 wherein the
star-polynmer is added to the oil of lubricating vis \ formof a
concentrate. = 16. The lubricating oil corrpos m ‘“\ further
conprising at |east one additive selected from ®CONsi 5ting of

addi tional viscosity index inmprovers, p8ur point depressants
antioxidants, corrosion inhibitors, detergents, dispersants, antiwear

agents, antifoamants, denulsifiers and friction nodifiers. 17. A
cont i nuous;procgy bri&ﬁn"gebﬁc&ﬂ Ach cORLMIRE b fidfok BoR BFMELY OfuBicdip®ar OF
branched acrylic polyners cohprising the st eps of nbi ni ng: (A
at least o t| ast one sol vent,

non-acryl i@?e&ﬁ&%&&m@or%u{ﬁoﬁ‘ﬁe S?n%' orer 3%%}%}:}} 3Eerfor mance enhanci ng
nononer, and (B) an anionic polynerization nedium said anionic
pol ymeri zati on medi um corrpri sing an anionic polynerization
initiator zysten1and a sol yent; é} ubul ar reactor, |n a conti nuous
manner , conl‘%f‘clelbﬁ@atlegydaﬁ@pmonf claggn ¢ whezetiy the staispalyiner is addedito theyoibing

(B) tot he desired conversion; wherein the tenperature of the tubul ar
reactor i soflnhmmagmosmmﬂ@fman@ﬁa@m@g‘?@rr] Cto -78[err]C and wherein a
| i near or branched acrylic polynmer is produced.
16.  The lubricating oil composition of claim 14 further comprising at least one additive
selected from thé group consisting of additional viscosity index improvers, pour point

depressants, antioxidants, corrosion inhibitors, detergents, dispersants, antiwear agents,

antifoamants, demulsifiers and friction modifiers.

17. A continuous process for the anionic polymerization production of linear or branched
acrylic polymers comprising the steps of combining:
(A)  atleast one acrylic monomer, and optionally at least one solvent, non-acrylic
vinyl monomer and/or performance enhancing monomer, and
(B)  ananionic polymeﬁzaﬁon medium, said anionic polymerization medium
compri.sing an anionic polymerization initiator system and a solvent;
in a tubular reactor, in a continuous manner, and contacting (A) and (B) for a time sufficient to
react (A) and (B) to the desired conversion; wherein the temperature of the tubular reactor is
maintained in the range of 30°C to ~78°C and wherein a linear or branched acrylic polymer is

produced.



'19___ .18, The proéess o_f claim17 wherein the initiator system conprises
at least one initiator of the fornula: RM in which Mis an al kali netal
or an alkaline earth metal and Ris a straight- chain or branched al kyl or

cyclo-al kyl having from1 to 6 carbon atons or an ar %ﬁ‘m e process
| ene in
Lt
21

|
of claim18 wherein the initiator systemcontain \mm“‘“
addition to at |east one initiator of t f or mul AL A |linear or

branched pol yner obtained by the process  of claim?17. A
| ubricating oil conposition conprising a major anount of an oil of
| ubricating viscosity and a m nor amount of the polyner of claim 20.

22. The lubricating oil conposition of claim2l wherein the pol ymer is
added t o the8.oi | Thef protaspof daim Hgwherein thei ipifiatonsysieen amnmises atdeasiomnedpitintor of
23. The lubricating oil conposition of claim21 further conprising at

| east one afhdiférimuta: RsM, @ctvhidh M Grantabieli gretal pr arvalkilit iearnth wetahaidi R isomstaight-
viscosity index inprovers, pour point depressants, antioxidants, corrosion

i nhi bi tors, e &taahed aldySReyASAIY] hafig freal tageabsn atomsdr &maphnt s,
denmul sifiers and friction nodifiers.

19. - .The process of claim 18 wherein the initiator system contains 1,1-diphenylethylene in

addition to at least one initiator of the formula R-M.
20. A linear or branched polymer obtained by the process of claim 17.

21. A lubricating oil composition comprising a major amount of an oil of lubricating

viscosity and a minor amount of the polymer of claim 20.

22.  The lubricating oil composition of claim 21 wherein the polymer is added to the oil of

lubricating viscosity in the form of a concentrate.

23.  The lubricating oil composition of claim 21 further comprising at least one additive
selected from the group consisting of additional viscosity index improvers, pour point
depressants, antioxidants, corrosion inhibitors, detergents, dispersants, antiwear agents,

ar tifoamants, demulsifiers and friction modifiers.



