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55 containing one or more ether oxygen atoms within aliphatic segments thereof; and.any of all the aforesaid
- groups containing one or more functional substituents that are unreactive under polymerlzmg eondltlons,
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- Also preferably in the preparation of star polymers of the mventlon, the “Iwmg" group transfer
poiymenzatlon sites are (R'),;M— wherein:
60 R! is selected from C,-,., alkyl and C..,., aryl or alkaryl; and
M is Si, Sn, or Ge.
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Detailed Description of the lnventlon '
In the preparation of the star polymers, use is made of “group transfer” polymenzaﬂon By “group
transfer” polymerization, is meant a polymerization process in which polymerization of monomers having
carbon-carbon double bonds is initiated by certain initiators of the formula Q—Z where Z is an activating
55 substituent that becomes attached to one end of the growmg polymer molecule and where Q1 is a group
that contmuously transfers to the other end of the growing polymer molecule as more monomer is added
to the growmg polymer molecule Thus, polymerization of the monomer,
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g5 initiated by a group transfer initiator, Q—Z, proceeds as follows:




Ris [err] akyl, alkenyl, or alkadienyl; [err] cycloal kyl, aryl, alkaryl -
aralkyl; any of said groups containing one or nore ether oxygen atons

wi t i nfal i phatic segnments thergpf p fg8i589yBaf all the aforesaid 40 groups
contarning one'or nore functional substituents that are uhreactive under
polymeri zi ng conditiong; and each ofY [err] andY[ err] is i Ydependent | y

sel ected from [er{:,], @f/k J_ ok %eé_& ait_dml _]Q | g_é,_pd endently sel ected
fromH [err] alkyl and a enyF F ] aryl;, karyI aral kyl ; any of
said §roups except H containing one >or nore et Ixer oxygen axons Wi t hi n

al i phatic segments 45 thereof; and any of all the aforesaid groups except H

cont ai ni ng one or noye fq tron t|tuents t‘ﬁat ar ¢ uni ctive under
pol ymeri zi ng conditj E_é) F] |s 2, 4:) s 3, 4 or.5.
Det ai#ed Descri ption o n en n tNe preparatr n‘EJt: he star polym

ers, use is made of grou ztran ferx pol yrrerrzatxon BN\ "0 p transfer
pol ymeri zation, is -neant a polynerization process in which polynerization
of  NMDNOMEY groupAliigHGusanabiens siteth it @ah iniGatD fuethdt@BEMelizatidnidf inb@infolayr. THRIPbRHnBr

i ni'tiat gwlscutd having theogroag, &, @r@ervddeoes Z Irvmganolanerramatheruyonmoa.satewneu treasta t hat
becones “#ing:; é'f?é’d“?'!?febﬁg EatlS‘f' sitéq ecu

2 a7 up4g P iying i epd e R ‘3} gpfkf o odnliainte heri e g SHPRGI y ror
cul € asorb PhiculYOiNErhe |p p e be prRM, NHe ROMYAESt HOHGOLY GansfPUS,
pol y Ger pawhériastion procdse ofthy yeAErsL type désclibed in panlbt, WaB.earnbam anddX. 0.Spgdh; 0.8 Hateht

initiat 6\414 ghd byrQ; ¥ MigbstersU ﬁcﬂal90%417 034, Btel i@ 0@8"@@9'"3&“ WcS. Patents 4,508,880

te pn % 1 éhagr Qrg Sp R Fans fer .
vl ot EAE e o AR APt M s,

Q | Ss1 ef an tnﬁch.taﬁbraa'wz he ZigFtip i ammrngaaadsntdam B4t B meDattacifedt€bydngdi t 0 as
"livithg "'Ilgngj'mlwrreamfeeule e yRTRMI graup @norsest attach$dh @ tve othet (“livingThénd o thised

her ein iy ga;'e:gmrdwlmtek@etfefuwr;mt‘ltymepqltrg,er vlapsnfbetnts dga%ma';telomaw' f:ef
di St! ng agrﬁrat!nfgs ueggpge%mg r%g tﬂp{. aﬁg thy?h ’lr%?nw e Vi g'% ﬁl!\gér l\/br € _
par ti g ufig tnn bd ata HblodrGeiod | Cinaiing v o Sty O osH Bhckoe shGs érﬁatéf%f%

"group bds.am GsefaDlo\cBRvide? #bpebific arae.ﬁessmefgrot;b&awea erizjtion odes;ﬁ&rr.bed in
par tAb migforigr (iﬁahlnrcasn eethyiDnetiacryBue) adsing 9. sBeciffeadreunt trahstdr] iijtiBtop (imnids base 0- W
Vebist ¢ rt""g"s's"% 1 igpputaxy2: e‘bﬂﬁ""%ﬂ*d"’ﬂ*’rﬁ“é’éﬂ’?@? huele PURitiater with pmolgs of mqmgment s -
4, 508, gBBNRRLIMIe” PYYmerR PN | 2 1985, and 4, 524, 196 Farnham and Sogah
grant ed June 18, 1985 Gempsio ansf egnpol ynpri ztau;i om produces a "living
pol ymer" when an initiator of X he /f'orrrula % rr]l is gsed to initiate
pol ynmeri zation of a nononer havsfg a cath bo l'e bond. 25 In
the initiator, [err]- ?heﬁé ﬂr G(tp Gn actrvat(%d& sybstituent that becones
attacfed to one end o tivin p‘ol yme e. The [err] gr oup
becones attached to the ot her '\t' f‘ ng' ) ena"%oﬁ; e "living" polyner
mol ecul e. The resulting "li vbn poI y ecul e capythen itself act as an ;
i-ni-vat or for ponrrerrzatron|o th sarré’ or \a drffere’t nononer to produce
a new"living" pol yogkcHom,@cgl-e hala _ LCHCNQ substrtuent at one
énd and the [err] group at thelother (11iving") end. IThe "living" pol yner
80 may then be deactivated, if Clesi¥edtO@H Lot actr;a&tt wi'th an active
proton source such as an aI coho-l,_MNﬁn FORVIREROI Nt ,CH0 i gbSI(CHe, useful to
‘consisler a specific exanple - the group transfer pol ynmerization of a :
gpecific nmononer (in this case met hyl- methcryI at e) usi ng a specrfrc group -

6

transfer initiator (in th| s C
;trr met hyl si'l oxy-1-i sobut oxy 2%(‘%%%5’ The react i on of 1 rml e of
initistor with-n. nol es: of nononer ;. prod "living" polymer as foll ows:
‘85 [err] group showi on- the left side of the ‘I'iving" polynmer nmolecule is
deri ved ol o’ %ﬁg o 3P AR 98inbe MBS 15 d&.vwﬁum dcfileflhg o885 2 N e
f OrM  which, in theli as in the form : [ .
% “lo CH; .
_ - €=C
' _ :' 7N\




EP 0188539 Bl The [err] group on the right side (" I|V|ng end) of the
I|V|ng polymer nolecule is the [err] group. The "living" polyner nol¢ s
t as an initiator to initiat I on of the same or a
@ent thus i f the ab%e/ge Fﬁ%&%i ymer |s contacted with m
rml es of b 3( gg,ﬁif‘ % ihe right gige ¢ b\r"l'go\ﬁ/r'ﬁ ”"Fllvins nor ule stiwblﬂ‘alwmdxp 5
bM

le an tia e t
[err] If the gth d:gy Wf% g YfP%{B o8 alftgrent
the foll ovmfmgwdagamhng\'/@bﬁderpg mzr'ﬁgd I's 4 %ﬁa@t&ﬁdv R Mofes 1 ‘g QF‘ ?J°6‘f '3ierebes
of the imvention are prepared by three dlfferent rret hods each maki ng use

of the 25 group transfer prQ)c%l deQUari bed ove!:Ha(l) rm Fi red, Method In
this nethod, a ol! ifs pre ar ed conthcting a
nmononer (A) havi ndgﬁﬂ%ggr*%o—r?-_%ga (%{3“ Q[Xn U}TI ransf er

a
initiator, (R )3MZ. The resulci.;; " bbg@;m " olyré%cr.,sr, Ren cgntacted with a
mul tifunctional |inking agent (nononer hdvi ng at | eat twg, pol yneri zabl e
doubl e bonds 30 per nolecule of Iinking agent. This produtigs a csi(@R,)po0l ymer
having arnms of polynerized monomer A attached to a crosslinked core of
pol yneri zed H’gﬁ’él"‘"@ liyiRg” Refymeyis thgp edifactep witl methangl. thedoljopying [deactivates pelmere
deactlvated’ y reactlon wrth a proton source. (2) Core-First Method 35
In this nmethod, a "living" ocgHg ed/by cpptac iNng a @HQup transfer
initiator, [err] with a nulltiif upcti onal nononefr B) having at

| east twg, pol yner‘?'i@liﬁ’!“‘é"ze'oﬁb'lc ol PrgCrdbnt . The
resulting "living" core is tlagn co__né edl Wt é noMgh-1 (A). c oduce. &, .. ...
-"sta\r/pol ymet havi ng arns of pol'ywerT zed Ynondner R0 ched to a €rosslinked

core of pol ynerd £65%oHRBR %F{he ﬁ\ver;[ bfr‘ @%‘%Xr%d 3) PR dirfefiAP h&tho I éa@l? egﬁl?ﬂt/lpsgggg\

of t he ar nsgrmnrabﬁerrmis urt nononer or deacti va
_,eactlon th anroton source (3) Arm Core-Arm Method In this rrethod a
11iving" pdf !

"é:f % repared by contacting a nononer

having a caghgdus E@ et Q}ﬂg poiyTier 7 i 3.%, °P tafiing aqponomer (Al rnsafera?

RN R T e e
i nki ng #gepet mpletutoofainkiBy adent iThig p&iduéeeasétartpwmp.o aymgrar Bm

fer nol ecul3aqhed Yoiagtossiinked germof polyedzed modkeruee . The sdtiae grpud tyanwfer shesin thgcaré ¢l bof
oI rr‘erl z e feRBMBHLRY reaclion WithAR[otes sapreer oss| i nked core of pol ymerized mononer
B havi ng cokel ikt Methdd’ OUP transfer sites in the core. This is then

.ont act e® Wi t i this imethod, dATORRAGEEordisiprepBre@ By d6riatim 4 gloli® TadshE inftfatof - (RTMZ, with a

qononer s A reulfifurCtioatlinkieg édeat (manmeoB) havifd # feasttwagutyniekigabia doility boRds arlne|8c

dnd C can Hakingggeaty rw't-m flivieg'e ewre is thiep gontgcfed Wh d ewnoreet (A)ttmmwmastypwnmi

drms can h Qt‘ﬁ ﬁfoﬂ"fé e,'_i', T'ﬂdsméﬁ ef(""eﬂgm?é'ﬁ‘?q}\é@"ﬁddm'\?f“ﬁ B Tant
$ononer s# Usdetigh 5t° sca" Prg ™o ae & fYLthen MenRmpTer djgctivated by

a ifferently reactlble functlonal groups on the arnms, nore than two

| fferent t@;ﬁes-cere-ﬁa Methodn result. The nul tifuncti onal i nki ng agent

deferred t l“éb‘theé"' fqdéuﬂnt@qnog p gioporper M&)etlbineg a
| S ?@%mﬁﬁ’rﬁrzﬁ = ?zag;i? g el
hyI ene dlbamsbaeﬁoréoareeﬂ k. frﬁsacﬁ

et hacr ylamceect norastdsslinMG:ogloymr mahdm&rey arwhaeﬂg “Tivirig lgroa yds&tv ﬁfeeﬁﬁne
£ i met hacr 'at ligh@ t%ﬁoagogg Ztm%agt %‘rﬂg Qrenﬁtehlmdﬁ pry bf%fencfl

and C can be the same or different. .

hyI enesod 'd@fi&ﬁ év:ﬂty(ge maé‘tﬂg‘hglewgéén%olewlar weights. and/for be derived from dlff:rser:t
monomers. Using two or miare types of “living” sites in the core, with differently reactible functional
groups on the arms, more than two different types of arms can result, -

The muitifunctional linking agent referred to above can be any molecule having at least two
polymerizable carbon-carbon double bonds. Examples of suitable linking agents are: '

qu-,"u"""'. ot L0k GE)

ethylene dimethacrylate
1,3-butylene dimethacrylate
tetraethylene glycol dimethacrylate
triethylene glycol dimethacrylate
60 trimethyloipropane trimethacrylate
1,6-hexylene dimethacrylate
1,4-butylene dimethacrylate
ethylene diacrylate
1.3-butylene diacrylate
85 tetraethylene glycol diacrylate




65 tetraet hyl ene gl ycoI di acryl ate 7 ' EP 0188539 B

triethylene glycol di acryl ate trinmethyl ol propane triacrylate 1, 6-hexyl erfe
di yl ate 1, 4-butyl ene di acrﬁbabeld'aggbegwseful i ngredi ents and tu(
techsmi ques wi k|l be found in the above-nentioned U S. Patents, especiall

4,417, 034risthWibb gtvedt diapmlateol utms 2- 9. I ntroduction to Exanples 10 The

| ngredl eﬁt‘@e‘hﬂ‘dpr ié’dﬁ&‘?’@? used in the exanples are outlined belowto aid
in under {‘ﬁ% nventlon |. Starting Materials 15 A Initiators

| sobyt yl I’n| t | at or trimet hyl si | oxy-1 -i sobutoxy-2-net hyl propene 25

[err] Dilecaustuninglbieghiand Rdimiqaes wit-bBlfaumid el thie rabdveahentioned U.S. Patents, especially

1- ( 2- t ABTYEOBA Yy Welisteryredhmng 2=-8- t r | net hyI si | oxy- 2- net hyl propene 35

[err] Mol ecul ar Wi ght: 276. 5 % sts TASHF2 40

Tri sf,di ”B.thbzrlgmene)aﬁaém@uamaa Jtups,aa s|e é’rﬁu..ﬁeerba&,wm.a AU AR e
bi f | uofrivehioh.Er r Tetrabut yl ammoni um chl or obenzoate C. Sol vents d yne
1, 2-di net hoxyet hane CH3OCH2CH2OCH3 8 EP 0188 539 B1 Others Acetonitrile
= CH3CNSwyting Materipls = Tetrahydrofuran = [err] D. Mnoners 10 MVA et hyl

et NACLY hbirs

Isobutyl Initiator '
1-trimethylsiloxy-1-isobutoxy-2-methylpropene

20 (CH;),Si0 CH, .
N : . o
(CH;),CHCH,0 CH,
25

Molecular Weight: 216.39
OH-Blocked Initiator
1-(2-trimethylsiloxyethoxy)-1 -tnmethylstloxy-Z-methyIpropene

%0 (CH4),SiO CH,
AN /
_rﬁ c=C
@) - / N\
35 {CH;),SiOCH,CH,0 - CH,
Molecular Weight: 276.52
B. Catalysts
TASHF,
40 Tris{dimethylamino)sulfonium bifluoride
CH; = CH,
AN o N/ :
P _ CHS : N ._ )
o /:.N_-so- HFP
o .y
_ CHy . N |
% S . CHy  CH,
TBAHF, . ' -
- Tetrabutylarnmomum blﬂuonde _ _
® | (CaHa)NCHFP
 TBACF
Tetrabutylammonium chlorobenzoate
C. Solvents - - ' S : .
Glyme .
1,2-dimethoxyethane
o CH,0CH,CH,OCH,

H




[err]

|l
Gk

M W= 100. 12 2EHVA 20 2- et hyl hexyl met hacryl ate 0 [err]
= 198.29 | EM 2- |socyanat oet hyl rret hacrylate O [err] MW = 155.14 40 Al "-'

met hacrylate 0 [err] MW = EP601#8&839 B1 EGDVA et hyl ene gl ycol
acryl at eofders 0 [err] 60 MW = 198.20 65 9 TEGDM

EP 0188539 Bl THRcEbMriteet CidENhl ene gl ycol di nethacrylate O

0 [err] 10 Xyleng MW = 330.34 Il. Reactions A Polynerization of MA
with "Isobutyl | ANfFdeBvarekEs3s o (I:H CH3 [err] Initiator
MVA d Initiator Fragnent CH, CH,N nol es) Fragnment 30 [err]
40 B. Pol ynerization of NNAV\Ath"O-I—BIOG{( Initiator"-[err] EP O 188

539 B1 C Pre%ratlon of Star Polyners Leto"l S" represent the initiator,

where "1"
10

O

15

20

25

30

35

%’:ﬁ'féﬁ that remains at the beginning of the polyner chain

methyl methacrylate
o}

I
CHs-—O—C—C=CH2
I

CH,
MW, = 100.12
2EHMA
2-ethylhexyl methacrylate
0 .

CH3CH,CH,CH,CHCH,~0—C—C=CH,
I
CH, CH,

l
CH,

MW, = 198.29

IEM
2-isocyanatoethyl methacrylate

0
I
ocu—cu,cnzo~c—c|:=c1-r,

CH,
M.W. = 165.14
AMA ,
allyl methacrylate
o)
|
CH,;=CH—CH,—0—C—C=CH,
: |
CH,
MW. = 126.14
EGDMA
ethylene gIYcoI dimeth_abrylate o
. 1
o 1
CH,=(|3—C—_O—CH2CH2—0-O—C=CH,
CH, : CH,

MW. = 198.20




(i.e., 5 , _ 0 CH3 [err]
and where "S" represents the part of the initiator that goes to the ot her@
("Igving") end of the polyner gphagRggs3gsggventual ly renmoved by reaction

W t t hanol » Let” "M' represent a nono-nethacrylate (e.g. MVA). 15 Let
represent #&G@Mdet hacryl ate (e.g., (EGDVA) 20 1. Preparation by "Arm
First" Met hog a, |P0|g¥”§(r§:iz "M 31S + 15M-.3 [err] 25 b. Add "M M

31- MMM S +RPEURPTE SVEIFRESIEE t 0 Renove oS' Final polyner is: 4.0

- MMWMMM | - VMW MM 1- MWW M This star hag 3 arms, each arm having been

made from 5 nononer nol eaH,e6--CEoul-atH, e-C-howdgr of Arnms = 1 +

1 (1S) -1 (MM where (IS) =|noles of initiator (MM = noles of o
di net hacryl ate in above exanffse, 60 [@hr] = 3 arns for star pol yner i
mol ecul e 65 MWEP3¥83 539 Bl 2. Preparation by "Core First" Method a. -
Pol ymer i, M [err] c. Add Methanol to Renpve "S' 20 Fi nal pol yner

i S: [ er i pohthesizdtioRbr MR with 21sBButyl Babrar m havi ng been made from 5 nononer

nol ecul es. 3. Conpar icasiof "ArmgHfirst™ @&Agd "Core First" Method 30 a.

Cal cukations are the same.\b. Structures lare simlar except for point of
attachnment of initiator frgﬁﬁﬁgg " I*"?C’(zrﬁ in™armfirst" method, "I"
becones attached | §€ en of arns, in "core first" nethod, "I"
beconmes attached 3%’@%&@28Thus, Since "I "co((?g)r.lls be made to carry a functional
groupe(e.g., an OH group whenchhe Ct,bl ockedCHnitiator is 35 used), it is
possi bl e to make stars havi figifunctional grolps attached to the outside
Gnds of (he arm (BPEHRLOAPIEHCHETOFTETTIN)  or Udea 2B 10 t he” cor & (by ~
the "core first" method). 4. éﬁseparééddpp of & ant Stars Note that the size

of the arns can be varied by changi ng t he ratNo 40 (M

- CH,0 OSi(CH,)s

\ 7 \

I U LU

Initiator MMA Initiator
Fragment {n moles) Fragment
30 ) i
ICH,OH
{ 3 _ 0 CHg CH3 CH3 b
~ bl ] _
35 ' {CHs),CHCH,0—C—C—+CH,—C )-,;-_-,———CHzlc—H + (CH,)3SiOCH, :
I : : ‘
CH, COOCH, COOCH,
Quenched Polymer
. 40 - .
B. Polymerization of MMA with “OH-Blocked Initiator”
{CH;),SiO CH, CH,
W, N/ |
45 - C=C -~ +n CH,—C —
: /. N\ , |
(CH,),SIOCH,CH,0 CH, COOCH,
' O CH; . '-CH, er, B _
50 : N y ' -
(CH,),SiOCH,CHQOC—C-'(-CHz—_-Cl: )..—.1——-—-CH¢—(Ii‘_ Living Polymer
| " CH,  COOCH, c o
: S . : ' S /' N\ _ .
55 ' : . CH30 - OSi(CHy)y . _
1 2'CH;0H + {C4Hg)N®F®
e : O CHy CHy ' CH,
1. I R ]
HOCH,CH,OC—(l:-(-CH,—C )F—:—CHz—clt—H + 2(CH,),SiOCH;
| CH,  COOCH, COOCH,
65 ' Quenched Polymer

10




initiator). Long arns are obtained when (M (1S) 50 is large, Note al so
th he nunber of arms can be vaEPeO 188 839nBftng the ratio (I1S) 55 (M
(We# (IS)_p,é;;p,lagg,@gta;pg,,f,j,@; or and (MM = noles of dinethacrylate). A
| ar ge nunber of arns results when 60 (IS). (MM 65 is nmade cl ose to, but
greater thanldt."B0 repie2ent the Fiiat.8388@91 Bitheranshat fefnains @3herhspiaring)¥f thepelymat Bpinar e
used with {00 nol es of dinethacrylate, the resulting star will have 21
arns. ° ‘!?CHs[err] 5is equat to or |ess
than 1.00, as in a preferred e [ fathe invention, the equation
fails and the number of arms cgﬁglg‘?zeﬁ@htcgl—%u aldd. In this case, (e.g.,
when 2514 _ CH, (rs)y (MM =0.25) a
. crosslifike wbsS i L Ng... f .
5007 s AR B S Rl ol 8 U T on U o |
a nore lightly crosslinked core is desired, nonfunctional acrylic can be
. substituted fl_gru,wdi,;d,l&g,gtiaqmb_n%hamggqg_g-fm&fgi onality acrylics. The amount
of subsPitution can range froma snmall but effective anount for the purpose
- of decreasin %ﬁ crosslink density ugq;to 99% by wei ght nonof uncti onal

(1S) 45 (where (M = noles of mono- net hacryl ate and (1S) = nol es of ﬁ

e
i ngredi ents, %?Fe [PPEsenbh dimstagyate L. HEGRNA acrylics. Such snmal |l anounts
can be less than 1% even as little as 0.1 or 35 0.01% by weight. Because
of the #| exi bi blepatatioR b oD P Mot €M Wi th from much to little
crosslinking in the core, when the clainms say "crosslinked" they nmean. nore .. .
or | ess cros# Polweatize pendi ng on the proportion of nonofunctional and

mul £7f unct i onaf'S &cBY -+ &—MTM-H¥—Mr™¥—S| n the exanpl es and el sewhere, parts,
per centages g)n%(cp,l;“ﬁ)pﬂ,r,ti ons are given by wei ght except where indicated

ot herwi se. 40 "ExXanple 1 This describes the preparation of a poly(nethyl

nmet hacryl ate) star pol ynern huvmepmng 4+ ke ams pol yner first and then
connecting the arms together. The pol yner+ils useful as a rheol ogy control
agent is high solids paints of both th# unMcoat and col or 45 coat/cl ear

coat types. A three-neck rounq_g%\@)ﬁm_u_a%k fitted wth a nmechani cal
stirrer, a reflux condenser, a rubber eptum a tenperature probe and

iproyi yi on for maintaining a driy:mMMMMMger-mt-sosphere was used as a reaction
ves .ssAfter purging with dry nitrogen, the flask was charged with the
following initial charge: 50 | nh'\f"ﬁg'MMTa'Y"g@ 1189.0 g glyme 15.54 g xyl ene
14.0 g 1-tri nehdyhiethdndry Rémbyeolut oxy- 2- met hyl propene

Final polymer is:
o .

1 : | —MMMMM—M
]  —MMMMM—M—M
. —MMMMM—M
This star has 3 arms, each ér_m. having been made from 5 monomer molecules.
Calculations: ' .
50 Number; of Arms = 1 + 1
' sy -1
(M—M)
%  where . '
{IS) = moles of initiator :
(M—M) = moles of dimethacrylate in above example,
o0 1

———— 4 1 = 3 arms for star polymer molecule
—_

2

1




55 To the initial charge was then added via syringe the initial

catalyst: Initial Catalyst 100 mcroliters of a 1.0 nolar solution of

tet r@ﬂyl anmmoni um bi fl uori de Eﬁ'E’d\Hﬁ 5349 g4 Y"e. The mixture thus obtai ned@
was then stirred continuously under dry nitrogen while adding the feed 60
conposi #if é‘ﬁ’é IE‘I’ib% f\?@#ﬂﬂi Me“’GSnstant rates via syringe punps. At the

begi nning 0 CYRER feed, a clock was started and left running to keep
track of the feeds and ot her3|§1'+ep‘s M ha-feesl conpositions and the cl ock

tinmes® (in minutes) at which the addijti ong of the feed conpositions were
started and conpl eted were as foM oWs: I6WM-48—S EP 0188 539 Bl C ock Tine

(M nutes) Addition Addi ti on Feed ! Feed Conposi tion

Started Conpl et ed 5 —M—S300 nicroliters, 1.0M TBAHF2
and 59 3b.adgl“¥mand “M~M* 0 90 I1 844.4 ¢

met hyl nethacryl ate 0 40 10 111 55.8 ¢

et hyl ene gl ycol - "‘M—s 55 7IG-WMMMME-yNa{Se During the .
additions of the feed e grai%:all rose, reaching a maxi num
of [esr] at a 15 cl oc%—'{ﬂ_ma % ui’es WMT'MT'ES of 55 m nutes,

before the addition of lEe(wI—SII was started, lﬂMWWMI&UM of the reaction

m xture (Sarrpl e 1) was renoved for testing and quenched by the addition of

2 m met time of 100 mnutes, the reaction m xture was
quenleed Eﬁm Jga'ﬁaﬁgzeﬁogﬁksof guencher: 20 QJencher 20 g net hanol The |
resulting clear solution of si-nr—meMNM—Mad a solids content of 43. 1%(vs
42.%5% t heoret i cal) Thé armpdl yrer “wals present i'n Sanple 1t a solids “
content of 37.8% (vs 40.50% t"h%f“’é’t"l"@éﬂ M+Mdi cati ng that about 94% of the

met hyt net hacryl ate had polyrrerg__z,@dmmﬁ,&q_Mtl me the sanple was taken. 25

Anal ysi s by gel perneation chromatography (GPC) showed a nunber average’

nol ecul ar Thiestghttas Gfarrisl 86 @rni taringDeSOMadefenr mbomher molcwies ght aver age

nol ecul ar, wei 8, 100 and dispersity of 1.52 for the arm pol yner.

h
Li ghtg, S%&T"B'fﬁg%g'f‘%@?:&%?&k i e iEtsWPEPtnt s on similar star pol yners show

nol ecu' ar p\& e&f&p@n&&'aﬁ&hmxmmltfa{‘befr nfdnt 4@ yner has on the
ordeF of  20)6h ‘QFMEirst "adétho aVbébgmasémhlﬁﬁlﬂ&&l’tswﬂnghﬁf s.30 about 12, 000.

Exakgpl e 2 (2Fm S:odém’fmub@d t'lh@eqompe!tmbedoncwé ol y( et hyI met hacr | at e)

EteaLsed.%‘gﬁWﬁ%%ﬂge a;miﬁs eﬁ%&na ?{Qurgfg‘gﬁ qfﬁgg"'égg ﬁﬁ?ﬁméﬁ%l -

wher e the ydr oxyl groups a e star po yner nol ecul es to becone a
part of4ﬂ’k®arpﬁﬂnwmranrmamrk maki ng up the crossl i nked enanel film The '
pol ymer cNetehat ¢hetsize gbtbelarms cambevadiabby dhargirarthpoliger by conbining it with a -
pol yi®ocyanate or a nel ani ne/ f or mal d=,yde resin. The polymer can al so be _
used as a precursor for further reactlions (e.g. the introduction of

met hacryl ate functionality a‘s descrl(lssd in Exanple 3). The reaction vessel

destribed in Exanple 1 was ed with dry nitrogen and then charged with
the 40 (where|(Mir me'es gf mpngrmet rv  and {iS} moie@wﬁmg@toad@neamg aff Qhtgined when
: : (M)
(IS)
50
is large. ' '
Note also that the number of arms can be varied by changmg the ratio
(IS)
55 ———
{(M—M) . _
(\A;‘here (IS) = moles of initiator and (M—M) = moles of dimethacrylate). A large number of arms results -
when .
60
(IS)

(M—M)

85 is made close to, but greater than 1.00.
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4 .
[ Al charge was then added via jnitial catalyst: Initial
Cat@st 50 microliters of a 1.0 Fﬁledr?gglség of TBAHF2 in glynme. The
m-xture thus osdf h@dnmfhhemrwbuseﬂ&dihdﬂmﬁ\blﬂslﬁmﬁhgthadﬂd@:thdl"éﬁulﬂdldd‘té?%fhave

whi | e addi f§ 2" feed conposit i ons shown bel ow at constant rates via
syringe punps. The feed cg{m%? Adg?s and,the gd'dltlon schedul es were as

foll ows: sCl ock Tine (M nutes .D_Ad_ltlon 55 Feed
Feed Conposition Startedus) Conpleted I. 300
mcroliters, of 1 MTBAHFi and 3.0 g =1 0
80 60 11 310.18 g nethyl net hatfyMhte 0 30 111
39.62 g teetraet hyl enegl ycol 45 9, di methacrylate 65 14

EP 0188 539 B1 During the additions oi_Lhe_Leeds 1he tenperature gradually
rose, reaching. a maxi numof [err] at 401wbsnutes. At a clock tine of 45

m nut es, before the addition of Feed Ilh—mas1started a 2 g portion of the
reaction,m xture was (Sanple 1) renoved 9%r testing and guenched. 5 At
110 minutes, k@ ra@acti on was quenched and the hydroxyl groups unbl ocked by
t he addition of quencher: Quencher 30.0 g nethanol 10 3.0 g of a 1 nolar
sol ution of tetrabutylanmonium fluoride #$1 tetrahydrofuran The resulting-
star polyner was isol ated by preC|p|tatrun-|n nmet hanol and dried in-a

8 g xylene 45 8.34 g 1
(2-trimethyl sil oxyet hoxy) - 1- trimethylsiloxy- 2 met hyl propene. To the ]ﬁ
ni

¢

e sgvie Pl e

vacuum oven. As in Exanple 1, the star (Maév'a | arge nunber of arnms, but in . ..

thitg_case; if dsiabopisbnsh FooTRY i Qb dbrrdtBOdimed 0 rmis
t er BT nat ed napber ohws canybt @rceull;te;TH et caxe, (B.9) m%? hﬁgﬁs"eg‘%gutgg og‘%g?f%&"g 0

im | eqw val ents OH per gramof solids (or a hydroxyl nunber of -about 4.78
ny KO—Vg pol yner). 15 Exanple 3 This des‘@l bes t he preparation of a star
pol ymer having term nal nethacryl ate grﬁ,u URp- by reaction of the star polymer
of Exanple 2 with 2-isocyanat oet hyl acryl ate. The polyner is useful as
a t ougheni aﬁbtllﬂfssle*ed‘cerel mtenbanmmwammaibemhm(smg F200). Mt braKe exbrpi&)

20 sheet""" .flé'r'@ 'a:l°l‘l°f with h drat ed al um num oxi de, or clear.
[t may al sg, A ,b“ éma?ﬁ"?q‘&si rzﬁﬁ@f ‘F"Eabz“@s'f;f fél’]"llf“""tm""'for
; g dr heShuosP@! Hetedsii frae g ,,%& °§‘°§1‘;¥,°'
Hi sSTl ved measd(d.of Zhehasis yf tota yamlucsTMHsrBal e{uGtsQ Bdd!tiah 1%, bye @Y B £ fM
yret hacr ¥ aP 81%yby WE'GEFF Q?peﬂse@f the fl_e.@ibllmol designimg ay$terds \lmlt it e lite braaEImkinglin the
et hyl et hif o 'Q °'glg‘§d ggn mq ?ﬂ" QR o lags Frprsbrdted Ameermmmdprngormner
he weeken %;nu %?aﬁi'é sﬁg“ﬁgrogg El% venB elg t rh re
p3se [err]m(ﬁbmots wengt at t ¥ eactl o onee 1y 8’1‘?6?“(8
he res#ting star polynmer has a Iarge nunber of pol y(rret hyI rret hacryl at e)
each h;if ’%:a nol ecul-ar wei ght- ofxagiptetkt 10, 000 and each terninated

t h a met p m}ﬁﬁ c[grep tion of a poly(methyl methacrylate) star polymer by makmg the arms
ng the arms together.

The polymer is useful as a rheology control agent in h|gh solids paints of both the umcoat and color
coat/clear coat types. :

A three-neck round bottom ﬂask f' tted wnth a mechamcal st|rrer, a reﬂux condenser, a rubber septum,
temperature probe and provision for mamtammg a dry nitrogen atmosphere was used as a reaction vessel.
After purglng with dry nltrogen, the flask was charged with the followmg mltlal charge .

s0 Initial Charge -
- 1189.0 gglyme S
1554 gxylene -~ - '
140 g 1-tnmethylsnloxy-1-lsobutoxy-z-methylpropene

&5 To the mmal charge was then added via syrmge the initial catalyst

Imtual Catalyst R )
100 microliters of a 1 0 molar solutlon of tetrabutylammomum bifluoride (TBAHF,) in glvme
The mixture thus obtained was then stirred contlnuously under dry nitrogen while adding the feed
60 compositions shown below at ¢onstant rates via syringe pumps. At the beginning of the first feed, a clock
- .was started and left running to keep track of the feeds and other steps. The feed compositions and the clock

;Lrnes {in minutes) at which the addltlons of thie feed compositions were started and completed were as
ows:
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This describes the preparation of a star polynmer in which the arns are a
bl oc, opol-ynmer of nethyl nethacrylate and 2-et hyl hexyl nethacrylate. The
pol oep is prepared by maki ng tER G488 539 ®1and then pol yneri zing the ar
onto 1t. The polyner can be used as a rheol ogy control agent or toughening
agent in coatings or plastics. 35 A reactidiipck dE EmeMlnmmﬁzdescrl bed in
Exanpl e 1 was ed w nitrogen and théf™d rge 'Qﬁ‘thefollovmng
initial char gepF%F% tial Leeﬁgﬁ'é@,psg'g 14 g glyne ﬁ‘i 16%(?mp leted

1-trirgethyl sil gxy-1-i sobjatre&ymes, et hyl propene To the initial charge was

t hen added via syringe t.b/aTBmiR.sed catal yst: Initial Catalyst 50
mcroliters of a 1.0 nob3pgyoeuti on of tris(di me? hoxyani n® sul f oni um

bi fluoride in | yne. 45 Q&yl xLure t hus obt&u ned was,t hen stirred
cont i pyously under dry B0 f‘”y%adl ng the feed conpositions shown
bel ow as const amt rat esssg gethylédeIGBoipunps. The bged conpogoti ons and the
addi ti on.schedul es vvereduaethﬁmwtevxs CI ock Time (Mnutes) 50

_Addi tion ] T on ed_Conposi tron

Start e o, ﬂm  ScionoBihe feds e 12PETetife FoBIVTASPZEHTAE MY BEREC ot o

acet oni tr11a8s ciock time of 55 minutes, before the ad(Qtlon of Feed Il was séged L 50 g portion of gl'leoe%ctgan

et hyl enemghiye@bmple M43 ashoved or testing and quenched by the additibh of 2 ml methanol. 10 60

111 At @ @lo&kAin® afr@thyinutes tHeaeacyidnarhigture was queritBed by the addition of3fuedcller:

27.73 'g 2- et hil hexyl methacryl ate 45 60 65

EP. 018 JgHring the addltlons of the feeds, the tenperature gradual I y

roser eacq?h@ﬂsnﬁmﬁad%'ammng; oflsBir Eﬁ'yﬁ%r Ha@ a Jbiiab Eéitent B¥ 433 %l ORRKas 4 tHES ikl 0
m nut es, tTRe bRRGHIVOE WaSprébemG Bashpldyt sthesolidd tdntedt of037.8%1 66 @0.60% thwofdticanc her

2.0 gégemﬁmob thﬂ'mout@,d,t‘wq;;’m éﬁtvam&t a’;adgmbmrimbmahe nmmlhal eémnlesvgggglgo%hed
very Y 84 perynmation GRIomMaggrAp we | PYpragR Eloepar 0, 700
and consy. &gfhef’?ﬁﬁg% P PR'ght ayeraon ?f'ﬁ%’ aﬁV’F'gnte‘f H ng (disPgy 8(:%(,\'!‘\'99?0&6%"“5500
nol ecul ar \u@hgé&n@;t,g 3rd'@iskosity REMBurBMEhtS Bn LilMarCRdrPoffidrsBneW mbledaifit Wigmnd ey |
met hacr yatate2)7 billios.KThad, the sabgaliimed R&x(bniind e bE200 Waisgdach Bdving @ ivtbealdr vadight 6nd t O
t he othesboeti 083 t he po(y(nethyl metha I %l,at e) block. Exanple 6 This

desgt bes tRg dBdcARA I Jir%raﬂfm & asﬁo@}'(m&ﬁ\thMacrgﬁééi 4 pRinEr RNInY GRS Bdlinated
net_ha.cry\bviﬂtle/)dmavlr@ouaﬂ pol y(2- et hyl hexyl acrylate) arms on the sane

st ar poI nahe mineqmwebe @sd as a rhﬂimsv tohegentand Hﬁpmﬁéduaﬁll » en#re@# greghent r ol

agent 30r siinkea enam S g.:ltape?{n tg'laP rﬁ%' er eraz'gga‘gm g‘:\s’lt‘:‘:
i T e R R S R

pol yner mmsg tRé Mivaduetib n&ifi’ﬂé haeHIEYa i nhmysemérmwmree umn asks an
Wi t hout q ue‘he: feactign vewsel desetibeddn Bagwlel1ovasipadged witipdre pirogengant khen slbmedpothyiteer
(c). 20 fallowied ipitipkeh#rge: net hacryl ate) arm pol yner A reaction vessel as
descri beﬂmglrbh grrpl e 1 was purgedwith dry nitrogen. and then charged with
theK/oI | 800128 glydet i @l charge: Initial Charge 25 50.25 g gI yme :

4.8 g xylene
834¢g 1-(2-tnmethyls||oxyethoxy) 1-tnmethylslloxy-Z-methylpropene
To the initial charge was then added via syringe the initial catalyst: )

S e LI AU b Tt vt e e L e oL

Initial Catalvst ' . ' '
50 microliters of 2 1.0 molar solutlon of TBAHF, in glyme
The mixture thus obtained was then stirred contlnuously under dry nitrogen while adding the feed

5 compositions shown below at constant rates via syringe pumps The feed compaositions. and the addition
schedules were as follows: _ .
_ Clock Tsme Mmutes .
T . Addition. -  Addition. =
& ~ Feed Feed Composition - Started - Completed
B 300 microliters, qf : ' -
' . 1M TBAHF; and - _ - o
'3.0gglyme - - _ .0 _ 80
60 : . ' .
n 310 18 g methyl methacrylate _ 0 : 30
i 39.62¢g tetraethyleneglycol 45 60
dimethacrylate
- .
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0.65 g xylene 0.55 g 1-trjnethylsiloxy-1-i sobut oxy- 2- et hyl propene To th
initial charge was then added via syringe the initial catalyst: 30 Initi

Cat{al'yst 50 microliters of a 1.0 r ubi.on of
tr_ikszi met hyl am no) - sul f oni um bi f Ingkralodi8+§hb] E"n glyme. The m xture thus
obt ai ned was _t Pusing ghejadditiahs obthe feadsoths kemparatles gradualiyriose; Bgehing\sthdxenelchedd at e
f eed conposi®? s Shown | ow at constant rates via syringe punps. The feed"
comostt onyybt SR S Bt o) bt e

5 minutes, aetio iti
Started = quéomp et ed 40 = Gisdhoned and tisybroif? BUABE iofiked by she,adaiign ot
and 1.0 g acetonitrile 0 30 11 30.42 ¢
met hyl net hzggg’gf‘%ghea o 0 20 45 At a clock tinme of 30 minutes
2 1.9, Porit 6o bordPhBefsohlionb bipul BRRELAR Xk Brlfigahegpved and quenched
i n met hanol . ~ BrheP@lihe'std hBYbraY lsolbted ByseciiBicRin HbHanginy di-ﬂJa@%Hﬁ%E.Asin
vessel as dé&zamnldiethe star Hax alatye Burhbanafaris) baartkhisiciss, thH AYmElhdvé 9@BRcuR (reilgM@Pabout
charged wit %0'999@"‘59“! Y igtaiminptadibly o hedroxytasgugeThe btat dolyarer I@s abaye0.0852 thilieguigdianee
0.52 g xy e ASBaram pf saids,fona fydrqndrypper of ahayt 478 e KA eglvperivet hy | pr opene
Initial Catalyst 50 mcroliters of a 1.@, teg sol ution of _
tris(dimethyl arisngcribes thepreparatibh b 4 iripdOmeér HAvRE @lmindl ntthnaBFtate Brips by lebttibn of
t hus obt ai né# steagolymheref Bxample@dvith@risdeyanewethy merderyladr y ni trogen whil e addi ng
the feed zg‘noshece.'ﬁ' glyme rligf‘é DatPuBraning medifieias plegties Jugh esscagti mlybgetiivh gethparvipte).
The feed “codppah SEA}@ YOS UHBALT QXidtudf Eleat<t MRy qisahe usehin egptings

f

mcro

r i
te
Ep @885‘39""81"1@5@%' i"'g’ﬁ'za XY A ot@'a m@“% Eﬁ& Y, :
: a m 2 (661404, 819128 equj di !
Conposi t i onglyme. Then 2.29 F(,0.0148 m%%ﬁ&danatoethﬁéﬂmilaa;%:hdz drop:; of_: 10%&5ﬁﬁﬁ)dgu§\ﬂt§r S
af 1M TASHFdilayrate in mathyl ethybketame wa$ ddded and the mixture @irred. After standing 3ér thé weekend, the
28.82 g # eg:gggjgﬁ@g%gﬁafﬂwmaae lost ity IR band at 2356 cm~HCQUshawing thet thesteadtiomwassiub-30
finutes, a 1 OrnPQdstiifd s odi b ' tj renpved and gyenched
' Mot hanl map sl e SR e T o el e RARE) 5 TR 1
Exarrple 1 was purged with dry nitrogen and then charged with a 15 m xture
if the afin pol.lg(‘rree sgl ution described iFxampiedd B. The initial charge is:

linitial Cha ! t'y'PFEra PRlYIEfin Whigly the arms age ap Relymes of methin
\%ﬁZ » Theﬁﬁﬁﬁgrhggg&%éﬁ%%gs T a&’ﬁs% .Phrerpé?d mEORPIREBY EY (}'aﬂ%‘?cﬂ? frehandtemen
hi I'€ addi ng tThe pbigrae-cerobE@8d ks DiRsolSgy@utrdd Sdertbradughéityt gt if dbfiiys bF Flastics.
Sisyri nge 3punmA reattien YesseHasstosgpibed it Exampleahiastparediahilh 8y aitrogen und the® chidjed with the
ol | ows: following initial charge:

Initial Charge
88.14 g glyme .
40 1.16 g 1-trimethyisiloxy-1-isobutoxy-2-methylproperie '
To the initial charge was then added via syringe the initial catalyst:"

Initial Catalyst _ ' . '
5_0 microlitgrs of a 1.0 molar solution of tris{(dimethoxyamino) sulfonium bifluoride in glyme.
45 The mixture thus obtained was then stirred continuously under dry nitrogen while adding the feed

compositions shown below as constant rates via syringe pumps. The feed compositions and the addition
schedules were as follows: ' R - :

. o Clock Time (Minutes) -
_ - Addition Addition
Feed _Feed Composition . = Started Compieted

200 microliters of
1.0M TASHF, and 2.0 g
- acetonitrile 0 _ 80
N 1.02.g:ethyléne' glycoi : S
© . dimethacrylate - : 0 10
29,57 g methyl methacrylate 20 35

27.73 g 2-ethylhexyl
methacrylate 45 60
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Clock Time (Mnutes) Addition Addi ti on Feed Feed Conposition

St arted Conpl eted 50 mcrollters of IM[err] and 1.0 g acetonitrile N\
Y
(0);

30 t } 60 4.86 g ethyl engp ﬁ facrylate

40 At a clock time of 70 m nutes, the reaction was quenched by the additi
of “quencheburin@uignaidaionshf ﬂwegeeﬂettﬂ‘eaem;herame patdalip rosafreattiag o @suhtm ptredt ans

pol ymer mig¥tes: i on (Sangl e C 1) was renoved for testin Anal ysi s of the
sanpl e by APl eekEiBRet Oc'H'é”'F%I"T‘*dﬁﬁchﬂ‘ wagluenghis by the adf‘h'g'eﬂft‘iuf"i'c i on
ConversiQRn@br Mononmer A-1 MVA ar m pol yrrer 69. 3% 45

B-1 2.0 g metelidA ar m pol yner 98.4% C-1 Star Pol yner

99. 75% ( MVIN)e r@@ltwi% r@ as @ 8ord th wHEBDIVI cr@d)veﬁmproewteuwaﬁ rnsst %ﬁcht% '%%2 had

the (o el %39% wém”m o %'??“??;m&y s

star pol yrrer avi ng bo met hacr ate)
pol y( 2- et hyl hexyI nmet hacryI at e) ar mazxanplé be same st ar poI ymer nol ecul e.
thi s case, Thihdesptiiey theerirépp I'at@!)ofmas eat' ﬂgahorh priv(pethyl methagmylgte) pimssand ¢ hen

a stan, FPBV ylhe§vl Hﬁ%@ 3‘? ﬁ‘ﬁda'\“? nto u e n|eeth !nQ:ogﬁh S0 tla@facryl at e)
s are ol e g el ﬁ,a@."ﬁ A g0l ooy
cont rol (BGaAd prefardd@initeritoingy @%El'fatelréhcm&laélégﬁd Qrthda c’ﬂféﬁdhﬁﬁ,we% nhaad:u‘ogaﬁhr
vessel asfothe;senanbetﬂlelstarﬁ)lmrantm 1 was purged with dry nitrogen and then
gadf\lB hetd‘;oh?lg(r)yv%gt |n|t|al charge: 65 17 EP 0188 539 Bl Initi al

Charge ug 1 hvas s t I

-i skbut qg% ﬁgi y ol asp"'ﬁ %w't J%ﬁ%%xa Jhg%(%'e# g&h tc?ev iFa”
syringe the |n|t|aI catal yst In|t|aI Catalyst 50 mcroliters of a 1 nolar
sol ut i orinitidl Charte abut y| anmoni um bi fl uoride in gl yme. The .mi xture thus

obt ai ffedp? §9{YH\9n stirred cont| nuousl| y under dry nitrogen while adding the

feed comg Eﬁ@:ﬁ'&hﬁn DidShuRRSY- -Wef'i tant rates via syringe punps. The
feed cOMyand ihiialthargdWas théh EMitafStaWer: € as follows: Cock Tine
(M nutes) Addition Addi ti on Feed Feed Conposition
St ar t &d Initial Calalygsl et ed 15
.. 50 microliters of a 1.0 molar solution of tris(dimethylamino)-sutfonium bifluoride (TASHF;) in giyme.
{ The mixture thus obtained was then stirred contlnuously under dry nitrogen while adding the feed
(% compositions shown below at constant rates via syringe pumps. The feed compositions and the addition

schedules were as follows
- 85

Clock Time {Minutes)
Addition . Addition -
Feed Feed Composition Started Completed
40 - 50 microliters of 1M TASHF, _
and 1.0 g acetonitrile 0 30
W i 30.42 g methyl methacrylate 0 20

45 At a clock time of 30 minutes a1 g portion (Sample A—1) of the reaction m|xture was removed and
quenched in methanol. _

B. poly(2-ethylhexyl methacrylate) arm polymer
A reaction vessel as descnbed in Example 1 was purged with dry mtrogen and then charged with the
so0 following initial charge:

initial Charge
44.13 g glyme
0.52 g xylene
55 116g¢g 1-tnmethylslloxy-1-|sobutoxy-2-methylpropene

Initial Catalyst ' '
50 microliters of a 1.0 molar solution of tris{dimethylamino) sulfomum bifluoride (TASHF,) in glyme.
The mixture thus obtained was then stirred contlnuously under dry nitrogen while adding the feed
60 compositions shown below at constant rates vna syringe pumps. The feed oomposutons and the addition
schedules were as follows:

16
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i1 200 microliters 1M TBAHF22 and 2.0 g gl yne

90 20 N ' 62.22 g methyl nethacrylate 0
154.31 g ethylene glycol dinet hacrél ate 30
4Q 1) 57.88 g 2-ethyl hexy|EP50 188 539 B1 net hacryl ate
50

£ 65 During the additions, the tenpergabyré gl |y increased,
reaching a maximumof [err] at 15 minutes. At a Addfllek (! MEAdditio m nutes a

1.5 g portion of F&a m xt eal ¢obaagtian 1) was r enpSedecand (Omwétet] i n
met hanol . .30 ],;-\[ a C|Oggot?%ﬁ§%#a%%anut €S, Lhe reactron was quenched
by the addition of quenchePf;™ 2! met hangl The resyl ting sol ution
of star polyner had a sol i°9% 285N '""Sf 28. 3% (vs. 872% suggsgsti ng a
conversion 35 of about 70%ssThe-emiiaéxypabiyatiiatias am appr oxi reat e conposition

of 3.5% O&re 49, %&WWWW%?—&G-WHWO 000) 40
"Exanpl e 78 thpgle r’@s{"'{‘ S 3riep BPEHEN Binthe fesultingofalytine RS remprechandy Jieaghed in

star pol ymef"e hg'\’ﬁ gamgel yl )'f unctionality at the ends of the arnms. In this
.case, the cerfaimiypeepared first. The polyner is useful as an additive for
pl asti ¢ sheet i Agpactian vessel ps Haspriteth ércExainple 11vak purbedwishdg nignagenzol yenebdnydd with a
‘methacry| Bt &yxupatthe anygpolymer goiytiop descipd oA 3ud B.J8e pitiglghpeels: i n Exanpl e 1 was
purged with dry.ni ,r ogen and then charged with the followng initial

charge: Ini éi_ g%o%ega,@omgl ynme 50 1.07 g xylene 1.23 g

1-tri met hyl s9.610x3rmipoiyerebsiidisy 82- net hyl propene To the initial charge was _
then addetf vi aThgjnitialnlerge wes thenistifreg| continueyslysnder dayinitiogdn widle adding theSéed §@mpositions: -
am.crolitersSH nbelpw ghtoaptant stesviesHringe PYPS The fARdcAPPasificAtAnd Sip additipn sehedule were

bi N-tori de ﬁ'-,&gﬂ'—sZ) in glyme. The m xture thus obtained s then stirred
gontinuously under dry nitrogen while adding t Adc'h : Lons shown
bel ow at &onst ant rgtes viF%daﬁh!gg&gnpurrps. The fg&afedc ONMPO&Inidideds and t he

addi ti on schedul . — ock Tine
M nutes) Addition Ad @0 ticpatiteresfdM TASHF, Feed Conpositi on

Btarted Conpl eted 5  and 1.0g acetonitrile 4. 47 et hyl ene %l ycol

gi met hacrgl ate 0 5 11 :
ficroliters 1.0M tASHF2 arﬁéfjhea ylﬁ?:a%'gfloni trile 39 - Ogo 60
0 61 ~-06—g—ret-hyH—ret-hacryat-e- +5- 45—\

8@ al |yl mat deleak yimato&70 nAibiitps, theFéaction was quencheticiyaing addition of quencher:

. £ 2 : - '

Quencher

-2.0 g methanol. '

' A portion of the resuiting star polymer solution (Sample C—1) was removed for testing.
Analysis of the sample by HPLC showed the following:

40 .
‘Sample Indentiﬁcati_o_n - Conversion of Monomer
A—1 MMA arm ﬁol_vr’ner . 69.3%
_ O . B—1 . 2EHMA arm polymer 984% - -

=1 StarPolymer 99.75% (MMA).

. S 99.47% (2EHMA)

' 98.9% (EGDMA)

50

' _ The resulting star polymer had the fol{oﬁ_ting composition by weight.

| B%Core._ Co
49% MMA arms (Mn = 12,000) .
55 43% 2EHMA arms (Mn = 5,500)

. o o« - Example 7A ' S B :
- This describes the preparation of a star-polymer having both poly{methyl methacrylate) arms and
poly{2-ethylhexy! methacrylate) arms on the same star polymer molecule. In this:case, the poly{methyl

60 methacrylate) arm polymer is made first, then a star polymer is made from it, and finally poly{2-ethylhexyl

methacrylate) arms are grown from the star polymer. '

The polymer can be used as a rheology control agent or toughening agent in coatings or plastics.
A reaction vessel as described in Example 1 was purged with dry nitrogen and then charged with the

“following initial charge:
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15 During the additions, the tenperature rose, reaching a maxi num of
[err t 45 mnutes. At a clock time of 45 mnutes a 1 g portion of the 7N
reac@n m xture was renoved (&‘E?pbqah)sgg dgguenched in nethanol. At a
clock tine of 70 m nutes, the ymer was quenched by the addition of ' ,
quencher'"“' %ncher 2.0 g rret hanol A portion of the resulting star

pol ymer E vvas renoved for testing (Sanple 2). Analysis by high
pressure hpfigh mwmmnggoap,hxx.mm.p@a‘,e@anpl es 1 and 2 gave the foll ow ng

converssi ongo dfe imital civaegeSvas Den Hsided IvisesyGrige theSeitia) e@alyst: 94.4 (MW 30
5 (ECDMVA) . Sanple 2 93 5 (NNA) 28.3 (AMA) The star poI ymer thus

pl’ epar edmﬂ%‘ﬁ?\nél fOI LBr Oﬁa (iam OSIt uoridz%l) g?‘{% ure thus
arms (Mg %9" &mﬁs Ry “&ﬁg&i@ﬁue h&né){hﬁﬁ ifidhiighs Shown

pol y( reet fydw ﬁ&hﬁb’t’&f yekeatva)sysrtgarpuaaé Y@ feed) dMhpogiticHstaynd a@ra)aamresc dﬂfék&/eﬁtast he
ends of folmvsarns. In this case, the core is prepared first. The polyner is
useful as an additive for plastic sheeting_ _&@idk tng (Miniteghes, | ow bake
finishes and 45 pol yémet hyl methacryl ate) &dditdn, A r &ddifanon vessel as
descrised i nfE8%npl e FedBMpasitiged with dry ritateBgen &ARPERENn charged with
the follow ng initial oﬁlﬂ-%{ Bars I BARzz Charge 50 699.6 g THF 5.0 g xyl ene
7.0 g 1- tl’erEthy|S||0§fM-2 > eﬁ;gp é rr%thyl propane To theg initial charge was
t hen added via syringe the | n|t|al catalyst: 55 Initial Catalyst 50
mcrobiters df a 1 noiZeR ggusthyl ngthacoflate r i s(di med hyl ami nod® sul f oni um

bi.f] uoride. [err]..in. g ture thus obtained was then stirred
contvhuous! yq':imder drl'%ﬁfhy];"éﬁmvﬁ)in l'e ‘addi'ng” §hé feed ‘CTpositi ons” shown'™
bel ow at constant rates vi a syringe punps. The feed conpositions and the

addi t '5on 60 Mchedul e87.88mgrestiavthekvd| | ows: 65 19 EP 0188 539 Bl C ock Tine
(M nu% es) Addi tion methaengate | an Feed E8d Conpos$&ion

Started Y aQbifiShs! the temperat é&uli 19 indR2R8 g&%@%ﬁﬁ ¥y

0 Ata khﬂr\e'of;m;uetés&da B aIo {'gé ﬁ% 8@ 430 2% jarﬂlﬁfm‘:ﬂez

0 methanol. 90 | | | met hyl nethacryl ate
55 |\ At a clgok timg og1q9mlwtggcthy rqut@n was quenched by thegﬁdmon of quenchenst ant ly

O Quencher

2.0 g methanol
The resulting solution of star polymer had a solids content of 28.3% (vs. 72%) suggesting a conversion
35  of about 70%. The star polymer has an approximate composition of
3.5% Core
49.9% MMA arms (Mn = 11,000)
46.7% 2EHMA arms (Mn = 10,000)

0 Example 7B
This describes the preparation of a poly(methyl methacrylate) star polymer having allyl functionality at
the ends of the arms. In this case, the core is prepared first.
\_/ The polymer is useful as an addmve for plastic sheetmg, air-dry finishes, low bake fi nishes and
polyimethyl methacrylate) sheet,
45 A reaction vessel as described in Example 1 was purged with dry nitrogen and then charged with the
following initial charge:

Initial Charge
89.5 g glyme
50  1.07 g xylene
1.23 g 1-trimethylsiloxy-1 -|sobutoxy-2-methylpropene
To the initial charge was then added via synnge the initial catalyst

Initial Catalyst '
55 50 microliters of a 1 molar solution of tﬂs(dmethylammo)-sulfomum bifluoride (TASHF,) in glyme
The mixture thus obtained was then stirred contmuously under dry nitrogen while adding the feed.
compositions shown below at constant rates via syrmge pumps. The feed composmons and the addition
schedules were as follows: .
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15 During the additions, the tenperature rose, reaching a nmaxinum of

-'[_eél'g at 45 nminutes. At a cIock time of 45 mnutes a 1 g portion of the ]
refictyj on mxture was renoved (Sa gxh nched in nmethanol. At a -
cldek tine of 120 m nutes, the p[)%/‘rar.eglhv\as qthhelﬁched by the addition of 180 -

g nmet hanol . 20 Clock Time (Minmtesl @ 9 Thi s
describes the prepar ati (} "CHW“,QP Dol y(2-ethyl he '“P@t hac&ﬁf'l‘“#g'ef) st ar
pol ymer The pol yner_has ass transition Fenperature

especi alsl y useful as an addbtethvrané‘@\ycol mprovi ng the inpact resi stance of

pl astics or the toughnesdlingfthagyatei ngs. A reacti onovessel assdescribed in
Exanpl e 1 was qulged W t nltr? en t'_| en charged with the 25 foll ow ng
initial charge: Initial ’bs tyme 1.4,9 1 -tringthylsiloxy-1

- i sobut exy- 2- et hyl propene othe initial charge was t hen added via
syringe the initial cat alsyeagmlemwtmaﬂac@ateal yst 5Gsmcrolitass of a 1.0

nol ar sol ution of tris(dimethyl am no)-sulfoniumbifluoride in glyne. The

m xture thus obt ¥ ned wad-8¢EaW! Sethasrdate B nuou s y under 8PSt ni t ogen whil e

addi ng the fep g?ﬁe %ﬂ?kﬂet&’rﬂégﬁg mn%ﬁ%fgw Fhak ?%c%@is%n&{é Syringe

punps. The f cloTHAE bi A50HRues) r@ﬁaéf\l%h\%vé%s(sirﬁété PVénd
Cl ock Ti rTeqMhﬂieH @smeikshbl | on Addi tion Fee Feed
Conposi ti on At a clock time of 70 minugs.ahe patiymer was quehag bethe dddrBO ofriwendiei:t ers i n
TASHF2 d heg acetonitrile O 60 I1 4.85 g ethlene
gI ycol negeeag{hgj“ate 0 =T N .58.471.9.

2-gt hyl hexyl ABIAbAGK Y adsbiting star polymer solutlorﬂ-ﬁas removed for testmg (Sél’éplDﬂ[l ng the
additions, threaysdnpehigh pressurolieid creersdtogrgphalHREC! iofSamplés 21 3@ Atgabdthrifellovirs.
At a cl ockc"c"Y?Tﬁ°’l§f°fm"9ﬁ'%t es, the polyner was quenched by the addition of
quenche?5 Quencher 2.0 g net hanol The regyl ting solution of star polymer
contains 36. 7% solids (vs 35. 44%theoret_u;aﬂ.%he star polymer consists of
.about 8% core and about 92% arsampidme ar n@.dammag pol y(2- et hyl hexyl
‘et hacrgl ate) having a 55 nunber average nolecul ar wei ght of about 9000.
{Exanpl €0 Dispersion of a Large Core St %8 GERMAIGescri bes t he preparation
of a.dispersion of a star pol ygger[p‘éay corg;\l’%qfﬂmg the polynerization i.n 60
hexan The relatively large core 1s a copolyner of nmethyl nethacryl ate and
et h ene glycol dinmethacrylate. A reacti2s3ix@ssel as described in Exanple 1
was puréfed with nitrogen and then charIg ed with the following initial - L
charge. 65 2 he starpolygipsthyserepered has the fellowing agproximatg comppsitione ™17 4 g g
tet rahydrofuran 1.27 g 1-tri mejepylei | oxy-1-i sobut oxy-2-met hyl propene 5 ]
To the initial charge was thengegdumesamsarmy (Mfgalbdoe initial catal yst: _
n|t|aI4OCataIyst 50 microliters of alEO rrlolsar solutlon of ' r
i xample |
et rabUt y! ammgldlejsmlt?els Ihlelar(')elgaratlonlo agolv)(methyl mzthacrylate) star polymer havmg butylacrylate blocks
E at the ends of the arms. In this case, the core is prepared first.
NS The polymer is useful as arn additive for plastic sheeting, air-dry fimshes. low bake fimshes and
45 poly(methyl methacryiate) sheet.
A reaction vessel as described in Example 1 was purged with dry mtrogen and then charged with the
following initial charge :

Initial Charge
50 699.6g THF .
5.0 g xylene
70g 1-tr|methyI3|ony-1 -methoxy—2-methylpropane

To the initial charge was then added via syrmge the mmal catalyst

“Initial Catalyst O '
50 microliters of a 1 molar solution of tris(dimethylamino)-sulfonium bifiuoride (TASHF,) in glyme.
The mixture thus obtained was then stirred continuously under dry nitrogen while adding the feed
compositions shown below at oonstant rates via synnge pumps The feed composmons and the addltlon
80  schedules were as follows: -
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whi | e addi ng the feed 10 corrp05| ti ons shown bel ow at constant rates via

The m xture thus obtained was then stirred conti nuously under dry nitrog 3
syr{i nge punps. The feed conposi gpoigs188%39hgqaddi ti on schedul es were as @

fol™ws: Clock Tine Mnutes Addition Addi tion 15 Feed

Feed Composition Started %M%%r_ 200
mcroliters of ¢\ TBAHE 0 Il

23.1 g 2-eth YJ—B@(—)‘I—@J éed Comlpoiltlon tarted | Comp!eted8 15 20 |1
14.16 § methyl + et hacry¥ ghexane diol ' 30 40 1V

24.0 g-methyl met hacrydaethagnite4. 42 et hyl ene @l yxol dinethyacryl ate

50 65 25 90 e reaction was quenched by the
addi tion of quéncher: &@'ﬁﬁ é‘n'sg O?Tgaﬁ#gt hanol 3g The goesul ting

conpos?ti on was a di spersi on I n hexane of a star ‘pol yner consisting of a
core to which Hany ar m89%&emeahyiaektackylatthe cor e 4accounts fsbr 43% by wei ght
of the star polynmer and is a crosslinked copol yner of 16% by wei ght

et hyl ene gl ycolY di met ha¥84 ?;H“éa"&'f'ﬂie 84% met hyl r?ét hacrvl'?ﬂaé“VThe ar ms

accouns foromgothvadummhﬁw RnpbfirERR0 4 bSars Rlifagds, copol ymer

consi sting Afa diodltiaekof @b maltas(a21 §lpbiibm BKM ré&&i aﬁw edWdd)re é\)éh'?éhnﬁalé’ﬂ@'ﬂ@r
aver age moenshed immethenakht of about 4080 and 1 bl ock of 35 pol y(nethyl

net hacr y| at & 9ipgl img oh12A minsas. the eeherors wee Reanctied by tsi agditionodt 1&bsmeﬂ@4@_0 The
pol y(net hyl methacrylate) block has qpe end attached to the core. The .
pol y(2- et hY+Hﬁ%¥$rlb9ﬁhb%B¥£tﬁh%)apcll\gﬁgth{'lﬁp Enﬁﬁ&hﬁma&n&a%@n@ d has the other... ...

end\gt t'achethet mlvirtee hedit hevalgRstshsitibn tdivpeRtry lliﬁﬂfsmébeclﬁw HEYAT) )éE %h%}:dm@ﬁ;k
npl e ]mprq(jng the impact resistance of plastics or the toughness élicspingsi on of a Small Core

St ar ngu oug%% i ssg'rfé dspcpect InExapPint was avrapbvish oitoash aad dhen chasaddywitl they

conducti ng 8 m§|9| zation in hexane. In this case, the core is snaller

t han thaunuﬁwCI&Irgwd I n Exanpl e 10. A reaction vessel as described in Exanple

1 was smll\tdm nltrogen and then charged with the following initial

char g% 461 E]F" dsobytoxy-2methylnrprend 8. 2 g tetrahydrofuran 1.24 g

1 tr| met hyl %W'a'lc Pre% Bt Bg] addeq,vp F\‘Sﬂ“ﬁﬂﬂbé‘l‘f@ otplyst:  To the initial charge
Ahenimdfedayska syringe the initial catalyst: Initial Catalyst 50

m (0) i t er S5oahicralitdrs Bf S0 Aolab Sitioh B trigtfimfet a1 SUkEHTEHR BifieRd irf ditRg.i de in
gl yne. The Thexmme thysLrbtairiet avas dun \sdrsedt doatinustsiy urgler drp nitdgenl MitiBe ydditigdRe feed Y

ni t rogsé’:n cmqs {onsshpw, balgypaticanstantigtes vig gyringe pirons- Biedend chmbesitions anddivesadgition
rates vi zicgg/‘fj‘fsﬁéaée?f ¥® The feed conpositions and the additiieschedul es
were as follows: 60 21 EP 0188 539 Bl C ock Ti meggiK e
Addi ti on Fegg - Feed Confp@&iflonCONMPOSI ti ON Started Complétedr t ed
Conpl ePed : ' .
0 1 90_ 200 microliters in TASHF, and 2.0 g acetonitrile 0 - - 60

Y n 486 g ethlene glycol dimethacrylats S T s

® w5847 g 2-ethylhexyl methacrylate s &

During the additions, the temperature rose, reaching a maximum of 41°C ét 50 r'ninutes.-
At a clock time of 70 minutes, the polymer was quenched by the addition of quencher.

Quencher .
. 2.0 g methanol -
The resulting solution of star polymer contams 36.7% solids (vs 35 44% theoretlcal) The star polymer
consists of about 8% core and about 92% arm, the arms being poly(2-ethylhexyl methacrylate} having a
85 number average molecular weight of about 8000.

' ~‘Example 10 -
' . DISPGI‘SIOI‘I of a Large Core Star '
Thls descnbes the preparation of a dispersion of a star polymer by conductmg the polymerization in
60 hexane. The relatively large core is a copolymer of methyl methacrylate and ethylene glycol
dimethacrylate.
A reaction vessel as descrlbed in Example 1 was purged with nitrogen and then charged with the
following initial charge.




30.7 g 2-ethyl hexyl nethacrylate 0

5 10 32.4 g methyl nethacrylate 30 -
A5 4 W 4.1 g ethylene glycol dinethyacrylate 55 )]
70 ¥ At 100 minutes, the reactﬁBrﬂMS%ﬁﬂe hed 15 by the addition of
quencher: u@adheige2. 0 g net hanol The resulting conposition was a

di spersi on 120 diexanee of a star pol ynmer consisting of a core to which 20
many arms a’g%é; Qi}etf?mﬂregiﬂr%‘gq%aguqés, whi (lzﬂ%was .made from et hyl ene gl ycol .
di net hacr yl . . eght of the star polymer. The arns
account edyfor%ﬁggo%?ha\?\%ﬁ@%tmeg §¥%’e S N |5el"§l'ﬂ%'|9§t§yslt:‘ach armwas a bl ock
copol yner cwitsicatalygg of 1 bl ock of pol y(2-ethyl hexyl methacryl ate)

havi ng. a: nunbhée m@m@gg arfesl regarl salutionsif giviabuafiaradanidm bifiGdlidamoglimdd| ock  of

pol y(met hyl neb et ? btﬁa%‘mg thenrtirrerbeontinuspgly endebiing ditloagn wite gHdingythe ddsdut
5650. The"p 3@&3@%3@% CF SANEER Yt R R IPRESUBTHE TEhgehtomeetitars frf fhddition

. core. The poly(Z-ethylhexyl methacrylate) block is free at one end and has
the other end attached to the outboard end of the pol yddRtritél mimaiehacr yl at e)
bl ock. Conparative Test A Gelled GIP Batch 30 Thi Addgloanpl e sliddiiori hat a
si nul t and®usfeddi ti on (as oppbeed§ompesitiofuent i al addi €ia8ed i n t heCanpintad

exanpl es) of ; nononet hag kLl A96 18t hacryl ate produged a gel rgfher than

the desired star polyner. A reaction Vessel as described in Exanple 1 was

purged with #itrogen 2ang 2tdtemeshaetedyistet h the followimg initial akarge: 3s
ILnitial Gharge 88.74 ggl yme 1.25 g
t=timet hyl s oxy=1-1'83b%
then added via syringgohuiyinbhayifdbd yst: 40 Initial Catal yst 50
microliters of a 1.0 smigathyfend gliroPd ydcRAgteabut y| anmorgeum bi f | uor iggle in
gl ynme. The M Xt ure tnus oplalned Was termr—stT T etcontrrtotustHy—thder—er y
3i trogen whi | &t RN thagesctienwassivprrbed Bvdhe addBiRn obeesieat const ant rates
dia syri ngeu.%,{m . The feed conpositions and the addition schedul es were as
jol | ows: 45 Cl2@GKmethdigr M nut es Addi tion Addi ti on- Feed
feed Conposi t iTbelresulting composition was a &gFsicdn hexane of a Siarfolyaiefebnbifling of 4 core to which
§00 ni cr ol | manvarms$ are pitachgid-{Fe ¢ore gtcqunty foyl 43PAcby weigh® of the star polymer and4i§ a kiosslinked

¥

ra

[ O I Spre R T

i fof
axhvion qiveak o

u e ;
Vil bat dveRige MBRcUIR \WaighBbf dBodt'24100 $he" SURRMELRY]

40! ut i on a9 epdiy@rdethylimetHaeryfate/TRa _
whi ch had beethacadkte tlovkiss bnd’end 3ttached toithel cateOThe pdiy(Zesthyhexyyinsthacrylate) block is free at
Fonomet hacrsnegpgandcthapthgrother end attached (@ ting eutbaredciind af thepelvimethy Thatkaceyiatalblotkhat  a
$ xture of nononet hacryl ate and di net h%%rxlleahe gel s when pol ynerized by a

§ree radjgal process.. A reaction pigssioh o%’@%mﬁh%wﬁgr with the foll ow ng
igni tial char géanis bedciibed the Prepai@Gor(ds a dispetbiodofth st pbiAREHDyY 2énducting thebbRRipARtifhlin
fhe i ni ti al hextnar lgthiscase, thexp@ds sraallerahdnukatahwlinedi@iExdmadlel it - ref | ux and stirred
gontinuousl y o@vh;f?‘i’&‘t’_%}ﬁ?ﬂ'\ g feseribed iExamais dswasi Ryraed Misumitigaencand shencabprgechwith that e
¢ a a syp n‘éé DD 9 eed - conposi tion and addition e
. 3 Initial Charge - '

72.3 g hexane - e

18.2 g tetrahydrofuran = - ' ' o

1.24 g 1-trimethyisiloxy-1-isobutoxy-2-methylpropene . S
50 To the initial charge was then added via syringe the initial catalyst: "

Initial Catalyst o : S

50 microliters of a 1.0 molar solution of tetrabutylammonium bifluoride in glyme.

. The mixture thus obtained was then stirred continuously under dry nitrogen while adding the feed

s5 composition shown below at constant rates via syringe pumps. The feed compositions and the addition

schedules were as follows: -
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o
schedul e were as follows: 5 o

Clock-Tine Mnutes Addition Addi ti on Feed . " Feed '
Conos¥ t i on St #pP 91188 539 Bbnpleted 1 25.0 ¢

met hyl net hacrylate 10 1.4 g ethyel ene 1gI ycol dinmethacryl ate

0. 25 g Vazo 67 n Clock Timeé Minutes t a

. . L Additi dditjgn .
clock tigg,of about 30 ni Ei reaction sol’§Lgh gel | Noqt he tine
of gell aip%%gn, the mole rﬁf%éﬁ%?#p‘%s §n added reactants was 1-5 ij C?? of

initidtor: dinetbeomniglonte of MOMBARR, Bat23d @t e. 15 Exanple 12 Lightly

Crossl i nked Cor e tefhhwirafessrcr i bes t he preparation of %a star pol r having a
core whigh is no s, highly crosslinked as those i g other exapples. The
core is ﬁade fi rrg?il z'ethﬁ'lng’xé&'gﬁ% & 20 . A react |Bon vessel 33; descri bed
in Exdfrpiie 1 was apuggRehylvhéthacRidig 0gen and then chawoged with the fol | owi ng
initial charge. Initial Charge 86.4 glyme 25 1.21 ¢

1-tri met Wyl si | ox¢-1D-athyispeg diE‘EWﬁchgﬁti)ropene To t¥e initial éharge was
then ad : : Ny e : O,

m cr ol t er 8t ¥P minutesOthaveaction 2wak atanched 35 by te pdditicnyf guemcher:um bi f | uori de [err]
in glyme, 3 The m xture thus obtained was then stirred continuously
under dr?)"e&‘[) " AuERowhi | e adding the feed conposition shown bel ow at
constant r Fhei@sumting coMpdsitePwh d Wispersibih HeRfHd of 9 BRIQRlyirePERsiating of )18 redd WhichON
schedub esanyarmes @s attadhddOWs: cofel whikh Wwasreadyifioon edisyleBd glycol dimethacrylate, accounted for
Addi t i orf-1% by weigin@fjthe p@wm The arms accounted for 93.9% byweight Chthe staf halwgrers. Each

St axted arm was awm%rmmmiﬁﬁgpg (2~$thx}f1:.x¥|+rprhg;ﬁ/ ziﬁzgg:;gﬁ?r Qe e e
verage moleculdar weight of a 0 C oly{me methactylate] ‘havi n er

80 40 Ijverage molecular weig fﬂ)oﬁ?(tjs . Ily(ngﬁt&lfq‘rqgthﬁzwge )Iﬂﬁgl{%gatf nd Bétac %thg

met hy| 25 ngake e polyfd-dhylhexyl methacrylate) block is free abone end and has the othek @2nd attached to the

58. 93 g outtioardlendret thaipolylinathyl methacrylate) block. 30 : 60 45 At
90 m nutes, the reaction was quenched 30 b&/ t he addition of quencher: '
Quencher 2.0 g methanol The resul t m’ | ymer consi sts of -about 11% by
vei ghtgy COT @ni@ BkhnidtPdkows Bt B ¥imRAridBls #4titin (ad dBpcalbl ©o0JeQuentidl diGorliR &Rk sTREIC
from a rexbmgples)bf radrdtHethactiiats ¥nd/\@ingthicnadtéhloduted gbef eatler thaithie Aesirey star polyaned

about 38% Byreagtioryyeisselves destribae inhExemple dtwasi puraed with sitlegerhdng thenoehergpd itk thas
cor'es/ ndalowingdpifidchagesne gl ycol di methyacryl ate al one. Exanple 13 Lightly
Crossljn 'ﬁgcﬁ%?’ armfirst This describes the preparation of a star

pol ynmer g3@¥igla@nid COre which is not as highly crosslinked as those in other
exanpl esi.2sign-timethyisibay 1-isbhisutady:Bngetiyipnapene S nmade first. A reaction vessel as
_descri bed iTatheinitiabrharge wea shep added yiagviinge thetinitig eatalygtd t hen charged with the
foll ow qﬁmilr&{ai’ gl charge. 60 Initial Charge 91.07 g glyme 1.2 ¢

1- tri et NYggTn cdiﬁké_'rs?ﬁf'a%%ﬁl&?&éﬁm?dnrﬂ?fte@rl(w%{:%ﬁ&ﬁurl BinhdHe igyrhé@d! charge was

t hen addedTwé mixtivd thid§ Gothined wadlthendstirréciéontiniiplisly BideP dry nitrogen while adding the feed

. composition shown below at constant rates via syringe pumps. The feed compositions and the addition
\_/ schedules were as follows: - o

45 .
-Clock Time Minutes
: Addition "~ Addition
Feed : Feed Composition Started = Completed
0 | 100 microliters of 1M TBAHF, in 20 g glyme .0 ' _ 45
] 60.0 g methyl methacrylate and .
4.6 g ethylene glycol dimethaacrylate 0 o 30
&  Ataclocktime of about 16 minutes, the reaction solution gelled. At the time of gellation, the mole ratio

of the components which had been added was 1:2:52 of initiator: dimethacrylate: monomethacrylate.

Comparative Test B
Free Radical Control
&0 This shows that a mixture of monomethacrylate and dimethacrylate gels when polymerized by a free
radical process.
A reaction vessel was charged with the following initial charge:

Initial Charge
65 25.0 g tolunene
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EP 0188 539 Bl Initial Catalyst 50 mcroliters of a 1.0 nol ar solution of
tetrabutyl amoni um bi fluoride [err] in glyme. The nixture thus obtained v“

“thepn §tirred continuously under cEp 0i188°889 BAi | e adding the feed

comost 1 oga A R S e

M-nutes Ad ere as follo

Started Conpl eted 10 200 mcrollters of ‘1. OM TBAHF2 and 2 0 g gI yme
0 5 80 11 63.98 g net hyl net hacryl&losk Time M'""‘est

0 30 15 111 4. 4 gethylene di net24rat e and
6.6 g net hyIFeFﬁLT hacrylate Feed Composition @dg{};@ E %éﬁ

m nutes, thg react|0fso/\@,$.etqge{mad|aﬁo by the addltlon of quencher 20
QJencher 2.0 g net hanob efhipdene gtyodi inrghastyiate pol yner consi sted of about 85.5%
by wei ght of arm pol %ﬁaevazh"dmabout -14.5% - by weight of core. Theéfcore,

havi ng beer}lt TT1Tg m Tt

monomet hac 'iﬁé? aﬁc‘ﬁ time of ab(sft%‘d minutes, the reactiof s Iﬁlokaslfécll q\ﬂh‘e‘?‘ Xjﬂ% da%o]p Ghe moI? F‘Iat'? 2e

as @%4 BB infitidtbrV ditnetnld
gl ycol disnmet hyacry ate 25 alone. The arns consi sted of poly net hacryl ate

havi ng a nunber average nol ecuI ar wei ght@mole 12bout 11, 700. Exarrpl e 14 Star
Pol yner HaV| s of - Lightty|Crosalinksgy Gyt C%/A 'ﬁ
descri bes fg@'ﬁ‘fa‘ " ﬁafﬁ‘}: ﬁf,@@f@ggg“ﬁah 3P 08 REMHESHTeRg A

One ki ndzoo aA 'r@abtﬁmpt@ sxl% |bém Was pirbed itt@irodeh Rk ihen BrakgbB RNt Ythe
met hacryI atfdﬂo@mpmd:l siatg. a bl ock of poI ygl ycidyl nethacrylate. A reaction.

Ve ssel™ as ‘described in Exanple '1"was purged wi th nitrogen and "t hen charged

V\nththef% ﬁf}f%mltlal charge. 35 Initial Charge 187.7 g glyne 5.2 ¢
1-tri

xylene 1,4 hySb sl mesdppeny- 2- met hyl propene 40 To the

nitial char &gadd%em@e&w bytigge thb fitlandatalysd: catal yst: Initi al
Cat al yst 100 mcrollters of a 1.0 m)l ar sol utlon of tetrabutyl anmoni um

i 1 uorlde"‘["eﬂl'ﬁ ta'Vﬁﬁl Sli{h %ﬁ( n s then stirred
ot 'niogs! SR e S m::g. i jﬁ;‘% i 3t ke
shown be Worﬁ osﬁi951§ oW befoﬁ a@§on¥ﬂaﬁ’t r§t¥§ \h JsMbBARY tHeQiagitie d
"he addi t | Gthe8@EOAliIe SSfoNdNsE aS | rre M nut es so

\dd@ Addi ti on Feed ' : Feed
ptarted . Compl et ed 400 mcrollters of 1.OMT Z me

' Feed }gol?? M Feed gq,rﬁgdsﬁgg‘g met hyl rret
) ] = =5 > s an | A=y ~an v | CLlllellC gTybUl UIIIBLIIOI.\.,IyIaLC
g 0 | 35 200 microliters of 1M TBAHF, and 2.0 g glyme 0 80
; 40 i 4.09 g ethylhexyl glycol dimethacrylate and . :
3 2.54 g methyl methacrylate - _ 0 15
i " 58.93 g rhethyl methacryiate | 30 60

4  At90 mmutes, the reactlon was quenehed 30 by the addmon of quencher
: Quencher '

2.0 g methanol
Thegresultlng star polymer consists of about 11% by weight core and about 89% by welght arms. The
50 core, having been made from a ratio of about 62% by weight ethylene glycol dimethacrylate and about
38% by weight methyl methacrylate is not as hlghly crosslinked as cores made from ethylene glycol
dimethyacrylate alone

: S : Examp|e 13
55 -Lightly ( Crosslmked Core, arm first
This descnbes the preparation of a star polymer having a core which is not as hrghly crosslmked as
those in other examples. In this case the arm polymer is made first.
A reaction vessel. as described in Example 1 was purged with nitrogen and then charged with the
followmg initial charge

Initial Charge a _
91.07. g glyme .
1.2 g 1-trimethylsiloxy-1-isobutoxy-2-methylpropene
To the initial charge was then added via syringe the initial catalyst:
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60 1V 78.58 g mgthyl nethacrylate 50
70 VY~ 3.9 g glycidyl nethacrylate 83
83 kedd V was added in one shotERt0488 83% Bine of 83 minutes. At a clo ng)
time of §hR ¢ddndt €s. the reaction was 65 quenched by the addition of
quencher: Zhém.crolEEstal&BmEBBsouan SUansigmmoiug bifRbiRTPBAHFD 6 gigsal ting star
pol yner co n‘Eha sﬂuemte dfus beined Ha8dehstirmed cgitinuably ciodee dtyonitrdgiet vhileadding tttiedfedie d
about §1 tbe'e\w aheINSIPRL r918A viayipReAUTIPRTRe ferdrgompeaitiensand ths additios,

wei ght ofc IX”ef)e HeWSar ms. The 5 pol ynet hyl methacryl ate arms had a
nunber average nol ecul ar wei ght of about 6300. The kgdetmemalydrer arns had
a nunber average nol ecul ar wei ght of about 12, 700 adadios ONST ST @dditién a

pol yma%fhyl Feedt hacryl at e bl obded Bevpasiiom nunber aver Sgdedinl eculCorwletedi ght  of
about 12, T and a acrylate DI OCK hgaving a nu I aver age
nol ecul ar gg. ght of %% "‘Y"éﬁg%M'ﬂ%%bfvyﬁeotgrﬁ/?‘fm%et hacryl ate bl ogE‘?of each

bl ock copolyner armggag;ma&,maﬁd&adwraﬁ the core and t hegpol ygl yci dgé

met hacryl ate bl ock (which 10 consisted of about 4 nmonomer units of glycidyl
net hacfyl alle) was 4éwathyiene glycol dimetserylaieard end of the pol ynet hyI

met hacryl at e bl ock 8@, haFY!#8si s, 50% of the arf's had no gfYcidal

gr oup and TG ke, BORaGon WaEalRhihed BFE) o Wldfion OV huehGRHDS each at Thei r

outer ends. Exanple Star Polyner with 2
Ki nds ¥f Om-'rmerThl s descrl bes t he preparatlon of a star polyner with tvvo
different actiaon vess as des cr| bed in

puriged tﬁ bfiﬁﬁﬁ;é’@ﬁmfhm E% fg.gggt\ﬁg *’mg' Sh e CERPRACTATS, ﬁcm% Qe o

I nitial sﬂnked as cores made from ethyiene glycol dimethyacrylate
1-tri nast hryshes rrhomyhslconmfcmw Reztyidyd Raving @umber average rrtolaeularrwdigmraf sdoat ge

was then'ht@ed via syringe the initial catalyst: Initial Catalyst 50
mcroliters of a 1.0 nolar solution of tetrabutyl ammoni um bi fl uoride -
(TBAHF2) in glyne. g/y%ﬁ rggr%\gn Jﬂzbs W@t dn WnsltidM£d continuously
under &y ninis'dagdiBe Eepasiﬁh ragéa Qﬁdma hdvmg RS kihdss? agﬁwme laRd SMUrmlis
const ant pelgrhebyl wiethaarylatenige ofhemiirat. is potgméting chethacryiats icsripediwitina tiotk s palgiglydidybn

sch | eg‘ew‘\étx;t%ﬁ v];sglellagvc\i/sg@glgled%k AL rlT%E] al\ﬁl/lﬁsn g&gﬁ: vﬁ%ﬂnt%g%g and y%FEaQ%glvsltlhotEe 35
Feed At ﬁb‘ﬁ@i

Conpl e;sezf"?wmg initial °"a'9§'oo mcroliters of 1.OM TBAHF2 and 4.58 g glyne

0 Initial Charge90 40 I 27.77 g 2-ethyl hexyl nethacryl ate

0 187.7 g glyri@® | | | 5.32 g et hyI ene glycol dinethacrylate

25 f:gﬁ':;‘;t 85" 1 isobuto %'ty met hyl met hacryl ate

50 9 Y- Iafpobytoxy et 5"Fﬂ? W 100 nminutes, the reactlon was

quenched byrolth€inRitithirg®Rather BHREENS Syringd @O MR cataiysh: § BT hanol so The -
resulting star polymer consisted of a core to which many arns-were

at t ached InitiphGatal 05| t ion was: 4.3%core of EGDVA 23.4% ZEHVA arm (M =

4, ')‘O-@) 72 3}%9 C mol ro! of tetrabutylammonium bifluoride (TBAHF,) in glyme.
-] mlxture thus bbtained was’ then stirred contmuouslv under dry nitrogen at 0°C while adding the

feed composition shown below at oonstant rates via syringe pumps. The feed composmons and the
addition schedules were as follows: .

. .Clock Time Miﬁutes -
50 S - _Addition : . Addition

Feed . Feed COmposition . Started -Completed
| 400 microliters of 1.0M TBAHF, and | B
6.17.g glyme 0 : . 100
S B 3989 g 'methyl. methacrylate : : -0 . 10
m 6.92 g ethylene glycol dimethacrylate 20 : 35
o IV 78.58 g methyl methacrylate 50 70
Y 3.9 g glycidyl methacrylate 83 . 83

Feed V was added in one shot at a clock time of 83 minutes. At a clock time of 115 minutes, the reaction was
85 quenched by the addition of quencher:
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55 Exanple 16 A reaction vessel as described in Exanple 1 was purged with
nitrogen and t hen. charged with the following initial charge. Initial Cha
17943 g glyme 4.85 g 1-trinethylEP| 04881539 ag¥t oxy- 2- net hyl propene 2.4 ég\ )
xyl &rfe To the initial charge’ was then added via syringe the initial

catal yst: .@B@ncher EP 0188539 Bl Initial Cat aI yst 50 microliters of a 1.0

nol ar sol uti oﬁhe res but I am"rrpln %I fI é'ﬁ §Z v?W ne. Th (rp ture

thus obt ai nad RS, Jnéf& eq:é%ﬂr g s s v

the feed £qsRaRthil MBthadidae AN & nuﬁesrssvaﬂbe rnﬁieeéaarvw Kt Ydf | a0 3

f eed conposiopolyms aswschati Iaelumddlat(eraye riolesglargkidhe of aboute 2,300 afno chremu oﬁ mkneThyne

M nut es Addnethasyylate block hapifg]iat umeraverge moleculare weight of about 120180 awh APOlyplydidah
.methac ny mber avera em =] f 0. l t

Started bloc g?mﬂﬁ?g %Qera Va:tagched E @P Ftfo P? gpem&egttgﬂ tebn;Ek ?&ﬁiéh

3.0 g gl Vi ondisted of about 4 monome glycld | meth ab gfgg‘&eh{ﬂ) t %@

0 polymeth?ﬁnéhﬁacrylaid block. On a numb lé Eis, 30% loh tjﬁ , @IS hall ARG IVRAI grba #id the other

45 - 50% of the@Pmsihadadl gifcidellgraupsreach fat t&ﬁr eateviehdss, a 101. 28 g sanpl e was
renoved for anal ysis and was quenched t €, addltlon of 2.0 g methanol. At
a clock time of 95 m nutes, r{%ggﬁﬂ 20 Exanple 17 A
reaction vess'erl..sae%c.rtemalphssiaﬁda WLHifERt Whdslbf Bints! 0EN and t hen

charged wi th Aheacfi@l Jesssi sgdesdribed dl Exarhﬁlé gevas Dbrgbdivith Aikrodain ihd ehet £Barged withGthy e
2.34 g 1-t rfelipmirgynitial chexge. 1- i sobut oxy- 2- met hyl propene 1.72 g xyl ene To the
initial czh mgaec\('vars then added via syringe the initial catalyst: 30 Initial

Cat al yst % hters of a 1.0 nolar solution of tetrabutylammonium . .~ .
bi- fI\_gorI de 1rbe ,g,prgﬁe “Thie “mi Xt iir & tHUS 6Bt i fied "Was then §tirred conti nuousl y
under dry m31rgOlgameﬂWIsuloey-atslohungy-ﬂheﬂ{ytpmﬁemnpos| ti on shown bel ow at

constant rates via._s r|n %ngd The feed co ositlio_ns and the addition 35
schedul e wer &° %8 i ngR RAdpe ia syinge the YRy EA Y SEin Addi ti on Feed
Feed ConpoShitidi @Bralyst Started Conpl eted 40 300 mcroliters
Df 1. OM TBAHF80 ﬁl&d)llt'irs(hf g 19|muie solfion of tetrabutylammon@fh bifluoride (TBAHF.Jlid §lyme. ¢
net hyI met hac ﬂ'l}q lamglre thus obtained was then stlrretn:ontlnuously under dry nig0gehwhile pdiding the feed
W stant rates via syringe pumpscThe feed compositions the addition
58 9 etsﬁﬁ:he ules were as follows: acen o5 W
O . - Clock Time Minutes
' ' Addition - Addition
35  Feed Feed Composition Started ~ Completed
| 300 microliters of 1.0M TBAHF, and
4.58 g glyme 0 -90
1 o I 27.77 g 2-ethylhexyl methacrylate 0 10
' i 5.32 g ethylene glycol dimethacrylate 2% 40
. : . -
¥ N\ v 88.54 g methyl methacrylate . B0 .70,
At a clock time of 100 minutes, the reaction was quenched by the addition of quencher:
Quencher . ' . -
2.0 g methanol '
50 The resultmg star polymer consisted of a core to whlch many arms were attached The composmon
was: o
: 4 3% -core- of EGDMA
23.4% ZEHMA arm (Mn = 4,700)
- 72.3% MMA arm (Mn 14,600)
85 S .

' Exemple 16 :
A reactlon vessel as descnbed in Example 1 was purged with nltrogen and then charged with the -
following initial charge.

so Initial Charge -
179.37 g glyme
485¢g 1-tr|methylslloxy- -|sobutoxy-2-methylpropene
2.4 g xylene
To the initial charge was then added via syringe the initial catalyst:
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At a clock tinme of 45 mnytes, a 94.09 g sanple was renoved for analysis
and )Aar's quenched by the addition of 2.0 g nethanol. At a clock tine of
i ny s, 2 g methanol was add&P G088 53 Bitidi ti onal advant age of maki
star M%t%l by group t ransf er pol ymeri zati on |s that it gi ves good

ol ecul AF sy EbiTter 0% hoi 0Bl e L Almand th , nar r ow
nol ecul ar Twemgklre dlh§9ﬁ5|ﬁéot\hﬁ5théh oﬁ&r&ggﬁ ! onl m gi)" § TB th% feed
neasure@ngysumlshﬂmmmatannﬁmf mstvagv:a@b)bum rrhéaaéama SacﬁH R Q&ﬁnoﬂf this
Exanpf escheslulgp e ag fobipwsal |y gi ve arns that woul d have a I\/N 11, 900; MW =
18,000; and D (MWM) = 1.51 when neasured by GPC. d'mmeammuﬁgle fromthese
arnms woul d ‘have a MN = 312, 000; 55 MW = 455, 000; s isin
contrast Reed previ ous attemt:,@cafﬁpdgmk,e met hacryl atgtaﬁgdars z.lﬁ,b%d(a
Potymer—Scrence—Part—C—Potyner

Zi || oR. |-r Renpp, and—J-—Parrod;,J-

Synposi a 'No. 22, B??"THS“‘&%B“‘(%W 23nd3dotabtret hat t Be nethacrydte star he
made by lonic p ol ydi spersed becguse the nugper of
branchesaIPattachegl Hﬁtﬁ&'ﬁ ugtg?téa eéé) appreci abl y. 60626 EP 07188 539 B1
Exanpse 18 A reactassrg armmehmaamdets«arl bed i n Exanplag 1 was purgﬁd W th
mtrogen alru LIICII char h—ttre—fot+owm rrtTat—char i al
Charge 1 3 ‘2‘!'“5'53' 13’%Wﬁwa§fﬂ"6’5‘(‘§f’ for ?"é%ﬂﬁ?’t?%g’sﬂu?t’é't‘ﬂﬁy Heopene
2.23 g ¥ |A§g§| P f;,gntutegl Jﬂ@tﬁ%| WasSaghihien added via syringe the initial
cat alzyst : In|t|a Cata yst 5 mcroliters of a 1.0 nolar sol ution of

tet rabutyl ammoni um bi fl uoride in glBxaem@e 17The mi xture thus obtai ned was then
stixred, cdnessior viss aﬂﬁ@ferr'bedr"yﬁwmfeob@# RuFgedavithattragen endthereehgrasdimibahet i 6n”
shown bRI'BYPGPERSAYBANt rates via syringe punps. The feed conpositions and
t he agldphibitharke Schedul es were as follows: Cock Time Mnutes Addition

Addi t i otvgB2gdiyme Feed Conposition Started
Conpl et ?g}; QG:ermlmmliowtsxveﬁ-m@hquee#r] and 3.Q g glyne 0

80 11 g xyleng eth di.met hacryl at e - 30

60 25, |IPthe i °“a'§°3, %3@%‘3,*1 svrfgqeﬁé%w?'aﬂf‘g'vﬂ 61

71 At angibitatesi e Of 130 m' nutes, 2 g nethanol was added to a quench the
i v) pOlsy midrolitdr 6fal.0emdiSr sollition oft&hb&yldmmomudnwluariqarrm‘l\eﬁe ed procedure for
t hat_pol yrfbe mbaure @m-sobtanst Wod therpstivad continuausiy sindan deyrnittpeem whitsadding shevfeqd and
acet qpi *TT?"%%‘*,Z%WED PioM: At OBt ZptesafaAV] e RUBIEJUF fo5 BTSRRI nAtP &Rt N
vessel as ol r-F i ‘Exanple 1 was purged with nitrogen and then charged
with the following initial charge. 35 Initial Char§leckili®eMigutdsH-E 1.0 ¢
1-trimet hyl sil oxy-1-net hoxy-2- met hyl - propene 1. 0Additionl ene ToAdditni ni ti al
char ge wdged hen added vi a FesgrGompesitione i nitial cat¥tedt: 40 Compelptgd Cat al yst
50 m‘ﬁrorllters OT 308 mtcrdiit %qorns,%AH;aag@sgfggk%tBrabut yA amoni um g4

m chl oroacetate in ace on

U fl 128.39 g methyl methacrylate o 0 30
4 W 658 sthylene dimethacrylste & e

At a clock time of 45 minutes, a 9409 g sample was removed for analysis and was quenched by the

addition of 2.0 g methanol. . _ .
' At a clock time of 95 minutes, 2 g methanol was added. '

50 An additional advantage of making star polymers by group transfer polymerization is that |t gnves good
molecular weight control of both the arm and the star. That is, narrow molecular weight dispersities are
obtained when these components are measured by Gel Permeation: Chromatography For example, the
process of this Example 16 would typically give arms that would have a MN = 11,800; MW = 18,000; and D
{MW/MN) = 1.51 when measured by GPC. The star made from these arms would have a MN = 312,000;

s5 MW = 455,000; and D = 1.46. This is in contrast to previous attempts to make methacrylate stars. Zilliox (J.
Zillox. P, Rempp, and J. Parrod, J. Polymer Science: Part C, Polymer Symposia No. 22, pp 143-156 (1968))

‘reported that the methacrylate star he made by anionic polvmenzatlon is polydlspersed because the
number of branches (attached arms) fluctuates appreclably
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The m xture thus obtained was then stirred continuously under dry nitr

whi addi ng the feed conposition shown bel ow at constant rates via syr
punps; The feed conpositions, and EBR #8853 BH schedul es were as fol

o Time M nutes Addition Addi tion Feed Feed
Conposi tion l&) Exampled8np| et ed 50 50 microliters of

1. OM TBAHF%M%@I&? vl g\s%% %F‘ﬁr ecl llnéxample 1 was pur d w1th nitrogen and then chaoged with the
80 11 9 hyl nethacryl ate 0

30 11l % initial @hageg et hyl ene di net hacryl ate 61

71 At a cl dék4dgdgemef 30 nminutes, a 34.20 g sanple was renoved for anal ysis
and quenchgcggﬁ)ﬂ'tlf’ﬁéthﬁﬂ'm‘\ﬂ -geputory-2methyloreRentanol . 60 At a clock tine of

130 m nut es; ?oél?ﬁgt wiBseAses a R & .iving polymer. 65 27
EP 0188 %39 81 Exarrprae% rgag‘ﬁéo\r’l‘g\%sg%wgas éieag%rsl bed in Exarrpl e 1 was

purged wi t hnitidl Cateigen and t hen charged with the following initial charge. 5
Initial Char g@ﬂ ml;@h@gog yqﬂ;r golu;@ngf tetrabutylammomum bifluoride in glyme.

L-tri met hyl gj FRCPNES o ‘l"a"’ﬂt Srgai T by R A 8 e 1% he e

. char ge was Jilan @,ﬂ@ M, fhe T ArrPar C° BRI 121 P AP Y st
50 microliters of 1.0 rml ar sol ution of tetrabutyl ammnl um b|f| uor| de in
glyme. The m xture thus obt ai ned was then stirred cantiSeskbigeMindesy dry

ni trogen whi e adding the fee osition shown bel const Aetient es
via syriage k?fﬂ'ns The feed rg‘?‘?‘a?fggf’? SH?8 and the addwl‘?m 15 ocpmpleteds were

as fol | ows: @l ock Ti mMc%e%fdesAwandsoggnwﬁﬂdltl0!0 Feed . . 80 ... ... ...
Feg,Corrpom tion Start Conpleted 20 I 300
mcroliters #f 1.0M [1é-9$¢etaﬂd\e31lr®et§pcgla}ene 0 - 30 80 || 60

8.77 g ethyl gne di ne acr 0 25

R 0392 g ?g%%f“e (el PR e & 20 77

60 At a cl ockAt a &eck@imed0 130 milhkit@S 2 g aelfand) dvag) akiRA R £quebch thelvinggdiyfer. anal ysi s
and quenched by the addition of 2.0 g met hanol . At a clock tinme of 100
M nutes, ,2 g

| ;vessel as d@&gg?jﬁ'ﬂc&j;mﬁg%@ &fﬁpﬁé”ﬁ@, %Eﬁ "15:9"'3%6}% gihas 2'?11' f’?l'égna" °x‘ha |9 ged

_ the fol | Qwedifior Viséel 8 deaétibed)fh E ple 1 wus du With inGrBgehS¢hd 4RenGngrged Withlthd 4
O B Ari netfhudvaImﬂglcﬁarge sobut oxy- 2- et hyl propene 2.31 g xyl ene

] 35 Initial Charge

110.0 g THF

1.0 g 1-trimethylsiloxy-1 -methoxy-2-methyl-propene

¥ 1.0 g xylene

1 ' To the initial charge was then added via syringe the initial catalyst:

Initial Catalyst _
50 microliters of a 1.0 molar solution. of tetrabutylammonium m-chloroacetate in acetonitrile.
The mixture thus obtained was then stirred continuously under dry nitrogen while adding the feed
composition shown below at constant rates via syringe pumps. The feed compositions and the addition
45 schedules were as follows:

Clock Time Minutes

_ - . . Addition Addition’

Feed o Feed Composition _ Started Completed
50 . _ . . .

| 50 mlcrohters of 1 OM TBAHFz and

3.0 g acetonitrile 0 . 80

i 62.9 g methyl methacrylate 0 30
55 o .

W . 709 ethylene dimethacrylate ' 61 R &

Ata clock time of 30 mmutes. a 34 20 g sample was removed for analysis and quenched by the addition
of 2.0 g methanol.

60 At a clock ttme of 130 mmutes, 2 g methanol was added to a quench the living polymer
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To the initial charge was then added via syringe the initial catalyst: 40
Initial Catalyst 50 mcroliters of a 1.0 nolar sol ution of

t et rabut yl anmoni um bi f1 uori de i ERy0/188 589eB# xt ure thus obtai ned was th %
stirred continudusly under dry nitro en ‘al e adding the feed conpositio N
shown bel o [ g¥p§

t he addi w&ﬁga%%é&g}%%u%edg%ﬁg%éxggaﬁ cllt<h Jpgget‘%fnﬂ‘tg rggiﬂi Ag@}g%&gﬁe

Addi ti on Feed . . .Feed Corrp05| tion Started
Conpl etse(%l;'gﬁisgcs;w‘m mcroliters of 1.0OM TBAHF2 and 3.0 9 glyrre 0

80 Il A gl yhagrylate 0

15 55 g?gx;,;ner?ﬁw&o%? ' %ugx‘frefnﬁt%l"p nﬁ?nl%uacr yl ate - 30

60 of 2. 0 gTd ek haﬁmargébvaame.l §ualsd Vib BRInGgd thd (Htiandatses, 2 g met hanol

foll owhg initial char ge Exanpl e 22 A reaction vessel as described in
‘Exanpl e %@g sofa h nltro §§ an i{hen clhla d V%rth the followng
nita St LR R i
1-trimet W&&s‘t:@%%o%h'b‘éﬂ Ua Qﬁﬁ){ta Oﬂl@@&-d% sfiorsYan %dmon

t he i nirt isetedwésatgeasfaowshen added Vi a syrl nge the initial catalyst: Initi aI
Catalyst 50 mcroliters of a 1.0 nolar solution of t trarbut mDnl um

bi fluoride in glynme. The m xture thus obtai ned - dm
conti nuousl,:yedunder dry ni t r?&%%o)lfﬂbéufbnadd' ng the feg '°jf0 con@g‘;eﬂéoon shown

4

bet ow at ce RS e-BURpS—Fhe—f-ced-composH-+ens—aned-t he
-addi tion. s«:hedul es mmmcafersfomh bM\'A'BAHFQIaﬁn:S(OQ'ngBe M nut @s Add| t | onsgo _
Additi on 15 Feéd Cofrposi tion =~ B e
Started M m?r@lgé’d“’!?ﬂbd'ﬁ’f’@l"ﬁ‘fq'f'érs 'of 1.0M TBAHF2 and 3. 013 gI yne 0

28 '21) = W 119 Tag> Hrlettyl métRdcRAR V! at € 30 - @o

60 At a cl oetlectopkmnedfsakﬁmmsmatBMQsamﬁlees rgmemplrenal\asanmm& Byahe agiditiby si s
~and quen@ﬁég‘a%"lam!- addi t r% frq ﬁ At a clock tinme of 95
mi nut eg, - 2 ChERSP PBM'WSr?gg l“ﬁlhf 4 feliwag '(3@“’"‘ f8f'yti cal Characterization
of  Star. Pol yners Exanples 12-13, 16- gﬁanq,ﬁ@ 20-22 Sonme of the star polyners
desegN bed aRQuaRtioNSVeSsel H2deBsibbd inEXEmBIY 1%%{.@&&&&& fitrbgenednd ltthed thar§écbivitiLth Ng
30 - LS)follQMi'lgbr}ltlalmargenSI c vi.scosity. The "QELS" t.echnique is described by
Provder and M E. Kohler, Journal of Coatings Technol ogy,

.-VoI l‘ﬂE:a'? Qe pp 41-48 (July, 1983), and B. J. Berne and R Pecara,
Dynan ¢ S i G5 nckf oMiloRipeds Sons, New York (1976).,

measur enmexg gO(fylehd"ltrl nsic viscosity” is described by J. F. Rabek,
Exper| rent 39 thhirtitabeharge wvapPthieyy added @laemrm the'initia) edtalysW | ey & Sons, New York
(1980)% gﬁmj[%ml%g@ and by W R Sorenson and T. W Canpbell, "Preparative

IVEt hOdS 50 microliters of a 1.0 .molar solution of tetrabutylammonium bifluoride in glyme.

. The mixture thus obtained was then stirred contmuously under dry nitrogen while adding the feed
: \/ composition shown below at constant rates via syringe pumps. The feed composmons and the addition
45 schedules were as follows :

* Clock Time Minutes

: : T i Addition . Addition
o Feed _  Feed Composmon S " Started Completed

/ I 300 microliters of 1.0M TBAHF, and3099lyme 0 . s

. 5.85 g ethylene dlmethylacrylate T 0 15
& Ill." . _ 87249 methyl methacrylate : —" o | _-30' ._ | ..o L

_ Ata clock time of 30 mmutes, a 44,90 g sample was removed for analysls and quenched by the addition
of 2.0 g methanol. S

At a clock time of 100 mmutes, 2g methanol following initial charge

Example 22

A reaction vessel as described in Example 1 was purged with nitrogen and then charged with the
following initial charge.
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)5 Pol ynmer Chem stry", Second Edition, Interscience Publishers, New York
(v‘fl96/8.1 pp 44-50. The nol ecul ar wei ghts of the star polyners were

cal cufat ed by the "QELS" techni quEPari188&3% B i ntrinsic viscosi ty [n], @
accordi ng t le'}.‘?\aJ |l owi ng equation: [err] where M nolecul ar wei ght of

t he star pojgg Jgé = Avogardro's constant = 6.023 x [err] 45 RH =
hydr odynam 3z g ir?d‘&tiﬁyl&smv1%xy{2nﬂaethylmd’ﬁﬁyﬂdrdﬂﬁh£ viscosity Al neasurenents
were made .i #H02@xepb et hyl ketone. The nunber of arms for star polymer

mol ecul e fas dattednital ehergpwagithen afdeg viapuringstheduilial ratahetght of t he wei ght
aver age WD|EQH|(%}'3|\§§I ght (as determ ned by GPC) of the arm pol yner.

Al though t hi's s6 glicediked 6fQN.0 ot Qofslidnl ot tdtdbot@drhdlordhith WifldiRB indinest ar ol ecul e
i s i n sol uti omhamiktiré ehub yotaioehwathen stitred@ingnsuoudy Urelesdry InBriogdOhilandditg Beteed
t he cal cul?atoMpagitioneshewn belew aisaestgnbrates [via syringg ermes: Shesfeddnompenifiens prsi theadditien
resul ts ar eSBHWYIRRA WP 2TiaiPws| - 55 60 65 29 ~ EP 0188 539 Bl TABLE 1 Star

Mol ecul ar 5 Pol yrer Intrinsic _ ClocK®in@hiinutes

Nunber of of Vi scosity [err] of " Addition Addition

Arms per #xanfded (m/ g) Feed Cérﬁposiﬁon St ar s Started Aoneleted
Star 12 19. 68 7 X 107 16, 600

4320 13 ' 14.72 3°°’"'°'°"‘2’2?f’°MTBA"bF=‘2t§'35? fg‘f“?ﬁ © 16,600 %0

38 16 #3.87 - 1191 &QQﬂyl methacrylate31 X [e”] 08, 035 30

4120 1s 20 17 4. 89 387 3.07 x [err]

16, 600_. W 185 BSSgethvlene dihetBylacrylate 4380 3583 X [err]60
? 60%0/0 . z%t:ﬁgth tlLae o¥ h mlztﬁes. a75.0g sampl%rvas removed%orﬂalﬁszf and quen8he3 %B‘ dJmon
1.55 X [e‘fsrf At a clock titrle St@6 minutes, 2 g RethbholfolidWing inididl charge: ~ 20. 91 155
4.29 x [err] 27,900 15 25 These results show t hat

this invention provi des acryl A@'\SWP“%@H‘E%PB%%%POUMSM desi gned to have

any of a wide f cu ] ‘fﬁz i ns
N i T A L S L b
pol ymer s i nKéef Jonmhal of ChtingOTdchwdidgy, VoD 5s) Bis) 102 cuﬁsuaueuplr/,ensaa),edd ang Belme and R.

I e d t ogBechmr “Qyvarhio erhaSchtt fng’s glohnd Wilesh But Song rivemeYork 3876 measmmynteqf intrinsic
ut iJon viscosity” is described by J. F. abek “Experimental Methods in Polymer Chemlstry Jo ons,

e e P s LS ] T S
._chyl ate P59 PR ﬂﬁ?';:a E%gﬁs? .}aaem : m@awr&s the
gonvent i onalintrinsie @istoaitli [Qlahccbuambm el etigwibg eduatal: yner (descri bed in Exanpl e
18) 25.0 40 Wite MIlbase (a
gt andard 4r51 | base corrposed of 70% te‘ﬁ!‘&ﬁ@nt 10% acylic polymer [from
dcrylic polymer solution described ovel ,3[ﬂpd 20% et hyl arryl ket one

| am ne Resin

_-0- IO where M = molecular weight of the star polymer
kAN N, = Avogardro’s constant = 6.023 x 10% mol.!
: 45 Ry = hydrodynamic radius from “QELS"

[n] = intrinsic viscosity .
. All measurements were made in methy! ethyl ketone.
The number of arms for star polymer molecule was calcuiated by dividing the molecular welght of the
weight average molecular weight (as determined by GPC) of the arm polymer. Although this calculation is:
50 strictly valid only when the star molecule is in solution and the hydrodynamlc diameter i is less than 600
angstroms, the calculations were also done for the larger stars for comparision. - '
The results are shown in Table I.
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P- Tol uene Sullfonic Acid Solution ' _
2.8 (17. 7% P-tol uene sul fonic acid, 12.5% dinethyl oxazolidine, and 69.

met Ranol ) 50 Xylene . EP 0188539 Bi - | @
4Q.0 Met hyl Anyl Ketone BL '

22.2 Total 200.0 55 The above corrp% E'on was sprayed onto a steel panel
primed with amral kyd primer and bakeghdietiar30 M nutes at about [err] to give
a gl gssy, haslgméri ni dinrindic h a good app®#aighnce. TheM,i ni sh wasnbeesfi stant to
weat heri ng, _s#f vent s\!'sc@é\r atch and hagtfexcel | ent %hi p r esfssr¢te The above
properties BRBWS hat " coatiMg conpodffion is WM™yl for i shing cars
and trucks. The abovqggPnposi {hpn whenysRpayed anglgdgaked di gagpot sag.
Control s that had no star pol yner produced sag when placed in the baki ng
oven’” This shtgxs t hati4zhe starzzbolyrrﬁ:zsxanfe usef aé.6d0n coati ng38 65 30 EP
0188539 Bl Exanpl e 24 This des ri bes_the e of s pol ynmer s, as t ougheners
for plastic sfF eting. B8 ied st° 9 pol )71%?‘1?520 0 g)g&és preparé%? in Exanple 2
was di ssol vedqsi n 75. Qa89 Of netgdgy! neghpcryd ate bygéwati ng toqgserr] for
abouf® 30 minutes. This solution was cooled to roomtenperature, and 5.0 g
of a 5 solutith of 51034y et MBBO met h&88 I8t e, 0. 88.¢pSof Lupb?@ollosll per oxi de

catal yst fron}oLum dol _;ind 0. %ﬁg g of az0, 64 azq%ogl sobut rile . E

pol ymeri zati oh cat al fg? from Pont 'Refe added resul ng ter white
sol u® on was ghegr asseqladisi ng o aspi n@k eriof or 15278dout es. gF&ex f@sul ting

sof ut.i on.was.poured.into a thernocoupl ed nold nade from 6.35 squares of ;
0.535 cm saf e?d gl as99hel d apsbt by 4898107 cm §a¥Wet . The ntid was ~ = -
i mrer sed |ﬁ+e—aﬁ—f-eF+]—waPeF—baP-h—aﬁd—+reFd—1—}e—+mf—ﬁ¢—51—m-m$ a i

maxi #um ra of ved
DS b ek ok e 4l i R
roomterrperature CF e resu casting was a clear s rong sheet. This was
cut into 5.08 cm (2") squares and Eespel23f or |rrpact strength using an
i nst:rourrenﬂ'wﬂqwmxamdsﬁlmwsmetdﬁe af sBapdiveers frecatingeonet ry. Crack initiation
ener gy 1§m eofoliqving: campepitiens afy; Breprsechand; thenblensleg dogstherto formpa high splids whitent r ol
mes nac]e w thout the star polynmer gave a result of 0.23 joules, while
co r ci ahcrglicPakmp@oysioet hyl met hacryl ate) sheet gave 0.17 0. O6gggoul es.
Thesg' resul t s shdapdiynedr of sheenaiitbityi/sthazfyiate/mityiscrpab/y ner i ncr eased t he
strength of a p| atyﬁqogvepychryla@()ﬁﬁlmo prepared at 75% solids in methyl
Industrial Appl i Gl Yerongusiog caexaniangiiree Gdictiiectpieeslof star pol ymers of the
new i nvenigiaPPoiribr tougheners for plastic sheeti ng, d as
t ougfeners forst pl %ﬁ'g‘“@ﬁg’g‘?‘?ﬁgg’ and in the other applications i n%?cat ed
above, suW¥fhitg Millbaseol rrers have many ot her potentlal uses, as do ot her

p@}i‘“ Spun or bipﬁ?ﬁwﬁf; 0 grv'écmvﬁwgf o o EAE, L ochude cast.
mate

ials, 25 multi ayer coatings, photopol yrrerl zable materi al s,
phot or esi Mebmlrst!iﬁeélace active agents including soil repellents andoo

physi ol oglpcraJ Y. | vV rfaces adhesi ves, adhesi on pronoters and coupling
agent s, aroRyBHIPHCK %J‘;ﬁmn&ada%da%zéi) L S5 BR80T heol ogy*Eont rol
addi t| ves, heat g;st%o,p, bthatay) t enper. atur rmpact nodifiers,

- reinforci o{glewaddl tives, stiffening rmdl fiers and appl i cations: whi mhoal SO

take advay{ ge of narrow nol ecul ar wei ght and | ow bi modal pol ydi spersity.
End produ SV ARY Kgo%dvant age of 30 avail abl e characteristics caRe? ncl ude

| acquers, enanels, electrocoat finishes. high solids finishgs aggFous or

sol v&nt based finishes, clear or filled acrylic sheet or castl ngs,

incl udi ng Tmbsvmompeﬂmdvaasm'med outb asabl pgheh priimag veitlndamalk#dmmmbnmkdmuaongs

and ref’P "(ﬂ'°36¥' harg figish YXE’I' a 9oqdappreranee. Ahg finidhyyas megi

out door gog "“%é&‘{ﬁ”ﬁs %ﬁﬁq‘ Wiioly ;SE °p igtistentR 45 Tq%eb%a’r"ﬂ?'ﬁrfamﬁ f'iec

cont®ol dend ave cd’rﬁd&iﬂé“ #héH Q:ré} ed aiHQ\ofT?JQYCa\tﬂlaﬁrtﬁat had no star polymer

produced sag when placed in the baking oven. This shows that the star polymers are useful in coatings.
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,;ar m 1. An acryl ic star polymer corrprr si ng a. a core corrprr sing a pon B
dérived froma m xture conpri sing és, é éhOO%by wei ght of one or nof
npno“q_e,rs each having at |east two &L§ 5F 1 0- 99% by wei ght of
or _nore m)norrers each havrn one groupkxa eher2 b. attached 'to the core

| east 5 arns c e | ?’pé’ arerf 3 df‘?'rpl?ﬁ‘lv %"" re DNOMEr St
each havi ng P Rgat; ,c ?Tﬂs iﬁ }@ e e#‘;gg ﬁ%; acryoi e

di f f er ent sagélution of6.0 b Aet l ﬁ*é’cﬂ;llalie 5?8 gloB Lup8rsbil11 B ecata tof Lrbcldél gp %
of the nol ededods azpbisisabutyraittdie p@yrheriamion baalest frond Du Bdnt Wwerasdded. Thé)reamﬁ@(we&@@mte

arns, and srﬁ%‘l‘r"%r"ﬁsdw@ hﬁ ysing Bn gspirptor for ‘sﬁe'vlsutefflewdr fferen% ty andg(t”rsrs%
acryl ic star_g xPﬁ!';' ing &q gl“g;?%?d 'E‘l"lérr Tegougladim F 'P'Eeg s fayares § cm
ty g r 17 ket d tep,hat 1
apartby a cm gaske was |m se :\ g‘ g/a eB a tE)?'é“mﬁ'de

foll ows: - "’34510ur At'51 minutes a maxjmum mold te °

perature of 92.2 C
24 This descriWhén th neelﬂolh‘ﬁrﬁs ovel fivadfl Tc‘é&rﬁra32@§oJe9W§ﬂrﬂﬁﬁt§s triah reRlo@étiahé cooted to
sheeting. Drecitesiparetupol yner (20.0 g) as prepared I n Exanpl e 2 was

di ssol ved i n 7BeQesyltant castindwd sarmehsmn Bheete This/whrceyt in QBGm[(é"H ualreepncbtmfoeo
e rm"@%%',s;ﬂ.r%r% o rfrgﬁwgzgf LA

sol ution of ggr gv; rl c ercnl a p Itmégeﬁét Géu ? 7+006

-catal yst frgsmdsuci dol, and O Vazo 64 azobr SI SO utyronrtrr

pol yneri zat i onThesd raéu}tsermlnrtbmﬂ[awdaldon of\ecsta palgitd@dncrebiseet theestnahdth nfp aneparuml te
sol ution ypas degrassed using an aspirator for 15 m nut es The resul ti ng

sol ution was ppured 049 a.ther nocoubf "’gﬂzﬁ’% Lo S AR ol

0635 o S aropb st i ufhs b TR oo bl et bl BB R o Hamte.
i mMessed i NtpdlyMmers[heve hanywather pdmhlﬂ uséak docdtithr prodiGktdvaate. by:@'touB haﬁﬁféatpbleﬁer&anon '
maxi mum I dheserepre maﬂsxdar @sto blojverspiin was:ravevtemﬁemlonsﬂhe"hert filen, stleticommositeanaterialy,

it was pI é'd‘" 3 ts .k M%ﬁ'vﬁ:gr“?; ﬁls egshO éd';ar?aefts;oaw@eﬂs §oil
room termer%m é' f. rige-lyiaher \5@5 é@s‘éﬁ?@‘fﬂfﬂl}tﬁ’ﬁ ton Jraralie
cut into 5. dms itp, amaéesrem ed. ovd drRMgpIRatibns Relick Biso take

instrume nt e cdvaniagedf nmm @blesuldr hrelahtGad libwemmadas;iolygemtyr Bnd ptadaaktaking ddvaritage of
énergy 15°f @ra"P'elmha ﬂe%cammludelpelumsvweem'e elgetrogoap finishgs. @wh drslls éeshee@mqoeer

s T °§;"a '°§‘ Rl ng L

The resul tpaodeh@ahd a:ty a ddi t | on a star polyner increased
strength36f a plastic part.
| ndustri al Efi‘ﬂl‘*lcabrllty In addrtron to the uses of star polyners of the

new i nvention §. E@ b gheners for plastic sheeting and as
dolwies&ﬁ

t-ougheners forg, pca,g b pris véd ¥rdm & mBkdi@ EonttiaiBthd Cat i ons i ndi cated
above, suth stial—mobybyveighhenone bbmyre aidnomerR GbehHaliag atlessBtwogtoug Ot her -

products nade by group transfer pol ymer i zatron These can incl ude cast,

bl own, spun or sprayed applications in fi film sheet conposite
mat erial s, 25 multilayer coatings, photop _ri zable materials,
phd‘t*()r esissts, surface active agent s | nchLgi CHQiahd r epel [ ent's and

physrologrcally active surfaces, adhesives, adhesion pronoters. and: coupling
agents, anong bOmes% bvws'ebtqfn@qw@reeopnmp@hhgw@gmwuw heol ogy. contr ol
addi tives, heat di stort i on -t enperat ure m)GI fd ers, inpact -nodifiers, _
rei nforcismg addi-tives, stiffening nodifieys and appI i cations which al so
take advantage of ‘narrow nol ecul ar ' wei-giH-Caitd-CHgwndi nodal pol ydi- spersr ty.
End - product S tak| nq‘gadvant age of *30 avail abl e characteristics. can include
l-acquers, ! m chéhav QROHEa(at feast; & praS copptaseAlveRe chaips datived f'%(ﬂlfé’ﬁl?é mgre
sol vent b;asedof’ B Res '3?8'5?”8‘?‘ filled acryl ic sheet or casti ngs

I ncI udi ng aut onoti ve and archr tect ural o R

[
—~Z'—C—C=CH,,

60 in each ofwhlch Ri |s the same or drfferent and isH, CH,, CH,CH:, CNor COzR' and Z'is 0 or NR’ wherem R'
is CyL4 alkyl, - T _ . . .
wherem - ' '
at least 50% of the molecules of such star polymer have from at least 5 to 2, 000 000 arms, and such
. arms belng of 1 or more sets of different types, and the acrylic star polymer bemg further characterised by
65 (i) to ili as follows:— .
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glazing and illum nation housings and refractors additives for oil and
fuely, including antim sti'ng agents, outdoor and i n m ﬂ m | udi ng
si gns ‘and billboards and traffic ERn 0 188 539 &is, tm [Iﬂ lﬂ']l) uct s

and “many ot hers. 35 Claims 1. An acryléxemgleas polyrrer Kirfg 4. a cf
conpri si ng aT sld es@lerusvetkta‘rrpolmnarsmmuumeaetsm}nrasmlsn tld@ . 1-100%dy
wei ght of eat S‘PF%’ P’%Ri .s ”t,§ Za%agl ‘tedﬂ'v\l‘s';ﬁ E%@V%ﬁ%ﬁ?‘%m
-Z'--C Cs— met] y 1 %taiwl'f id |e %9 119
one group,v 2@54' @51503&&@ Ih’ oﬁéHt J oltrl rwh|te

pol ymer chsvlutisn des“degea@lseﬂruang amssplmomr'es nfmmesrer s each haV| ng one group, 55
[err] 60 I N Teaclsultidg sohutichwes patirddhisto samemodoupled ﬁweldemtde #mul 6.35 shljardsaf DJ5380dm
[err] etw siase *tfld Ryt by Ay e*lnmaﬂet The w sar" rsed SP°f-waler batin aod hald) by
of t he ITD| %‘%’%g them %‘ecﬂgﬂ ag vr;niw Qipi ,aEced| ﬁh ? % th%n I‘e%ogezpaqg (? Qe% to
arnms, and erent types Te

acr yI ic star Tpe)l-eymm daeun@gvafs Hl’cteh&troﬁd’lﬁfealcﬂﬂif w&eﬂt By 508 o (2°) bquates bndi@sted for
fol | ows:; MBpact s"@ﬂ"ﬂlsme Sn Eggmmlteﬂ impaqttestes wjthe [Gatgheritest geomepy |Csai0hgmm epérgy

d set’s ©ffoursmols bepzawofoé tar polymer
B O S e e ro e W i e 17 o5

conpri si ng thﬂesatr&samsh% thetthd aB@tiordf adkaiBolyrhér lﬁcmsmhe/mﬁgts Iaaa pigstic aRr | Si ng
each se of arnms have an arm pol ydlsper5|ty of 1.0 to 2.0, vvhere said 5 arm

pol ydi spersity is thet vvesle ht aver a Ed‘ﬁsrﬁ'P'e‘bﬂgl"&P"'KXerl‘ ht. di VI ded heo nurtﬁ:)er
average molg “%ﬁ Qme il amf‘ﬁﬂé‘ thal ¢ Eféaﬁiﬁ 534% |
ST < POl y MBiyindrl1RIVE Rla SthorCAOIREA %bd%ga {okhet BloBu Qérp fner.

have/a 0| Biesd &dn ipedbde s Difl6VEN, tspurDdr shrdyed Qap’ﬁcdﬁpns/\rh Gfiba-l, ﬂlns amh tavhpoeite mﬁtenals
pol ydi sffer @p!-qurscoamsmp olvav@pﬂg@miabcmmrem ghltfacellawvaeqserny inchyding (aather
aver age. Mo LA R e e B vt ancrpt dcptv aJ‘X ’S A nerature.
pol yner of bl il ripse?oﬁ.ﬁﬁh i"ﬁﬁméfﬂ’@aﬁél. sy Ay rﬁxd. TV h@i"?f&oi;i
the range sivankags ok Rarfowbmol@ilfir v raw.raosdamiwﬂ b&a&rmnalptrdaue:&aknngs thge g e
of 1.3 % @alﬁablﬁharihmsﬂmsrcyd indudnlauqu eylanagls, electacait fimidhesvihigblsoliva $inithes stqueaius

ar . 4 é°%&;?‘g’P$eé ﬂglsms Eégs E'hﬂ\ed e#f‘/'tglsh?‘i*r caﬁfﬁﬂgé-H"MS‘Q2"'&9F‘I°¥“@ra@ﬁta’°§lé:¢e§:‘;§bf
ar-As; out gor a é' cslg mdgﬁ%t&@n@nmqﬁxb eeltm Ep*golgrgaﬁ]hlc
conp)rl SI NOpradictsPand orrprl ses a. a erive

m xt ur e¥¢conpri si ng |. 1 100% by WEI ght of one or nore nononers, each having
at | east t%mgroups [err] ||. 0-99% by wei ght of one ‘or nore nonomers,
each havi ng Qg qu err b. attached to the core, at least 5 arns
conprising pgly g‘g é,ﬁﬁ, 'fgdqm"pg e B Sisi gpnomers each havi ng
one growp, [er1 1009 b§ Werdh fomhb rRmichorhélS, eaéh aviAg adlbdsf Wo@dupgnd is H,

[err] CNor [err] and Z' is or NR, wherein-R is [err] alkyl,

O R
: |
.\/‘ % ~2Z'~—~C— C=CHj,, and
il. 0—99% by weight of one or more monomers, gach having one group,
: _ O R
50 o
—Z'—C~—C=CH,, and
b. attached to the core, at least 5 arms comprising polymer chains derived from one or more
monomers, each having one group,
55 .
O R
.
—2'—C— C=CH,,
6¢  in each of which R is the same or different and is H, CH;, CH,CH,, CN or CO,R’ and Z’ is O or NR’, wherein R’
is C,_, alkyl,
wherein:

at least 50% of the molecules of such star polymer have from at least 5 to 2,000,000 arms, and such
arms bemg of 1 or more sets of different types, and the acrylic star polymer being further characterised by
65 (i) to iii as follows:—
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wherei n: 40 at | east 50% of the nolecul es of su ave
| east~from5 to 2,000,000 arns, wherein the i ratc1 mmq mm I!' f ar

to tRe nunber of di functi onal acE?I 0488539tBdnits imn ttheLcore s S 4 ess

por e g S EIE R o PRl e ?eﬁf@r;@ifr

equal to 1: lii thépolymerEhaids compaisinggachosetydf amnssvharanpmh paneiisperityaf &0 210, @herdsaid
conpris |5ngmapolw'%ppos\sls|thﬂ<edglu@veas,edn¢¢qu@r wglgbr qaweyrmfrthelermhpedverm imalgcular

m xture c(ﬂ’ﬁ'ﬁf‘ t%f 'ﬁgg’lyerefs emsel com core angarms of g‘r mor see%s ha ea molecV\Pr
car bon- caphioils Pl 0ros swhgra nfoe@m% Yisgoréty RS Wiighh Serdge HOlotil wefgfit | ON

process aas}.dapwma rhbr bverag nB&%r et Sthe .aareaueaonorrer aving one

car bon- ear b(mTl!h)ub/IheStbmWnpob b |l vyl by a group 50 transfer

pol yneri zat i §Be'5'!¥°faﬂc aenéer"w the rengeef 1-ato 1eard 5 arns conprising
pol ymer chai ig) gkwlygigvgoyﬁﬁzg,@“ﬂmff s}ipgfearrss pol ymeri zabl e by a group
transfer proggreacryibstar folynfé i o 316, diffdrént Odis &rarrdd, | east some of the
arns, "l vi nggA sgiisiel foriic s8SiolimepadcytBibg toZkirh 0 toMbiisity.a cbsslifkeaiicals whith yorairises

obt ai ned by #eaelyinerxterivey fiolnea thixtuve gegibrisitear pol yner of Claim 7 by reaction
with a 55 rielgtAt byaysight &f ope oraa(e fMoperers Gach haying ﬁgj“s'g‘Y“BQIE?“Pﬁransfer

pol ymerization sites. 9. An armicore prgcegss for prepar| ng acrylic star

pol ymerge of claim 7 conprising a. prepaging a "living" polyner by reacting

a group transfer initiator wth one-er—gpieCHpaedrer s having a carbon-carbon

double bond pol yneri'zabl e by a group transfeér” pol yneri‘zation process t'hen
b. contacti n‘bo't"ﬁ 6 Py weiphtiof e 9rimprGonansrs, psh 8a\iR% 99 8P xt ure conpri si ng 60
i 1- 1OQ5A) by wei ght of a nonomer havi ng at | east two carbon-carbon double
bonds pol yneri zabl e by a group transfer Op® yreri zabl e process and
optionally ii. 0-99% by weight of a_pnn mélr nagllupg one car bon-carbon doubl e
bond pol ynerizable by a group transfer pol yme?l zation process 10. A

ggr el ar % pr O&eﬁk;che&) l’to e‘B%r Ia{' %asqcsr Xr l%}:ﬁsmg ?Jlm rcﬁau?s de% %Z &9@%0?& ng
a.  |HonbAérs, 'd8chthavi éUheQﬂoupPO yrrer y redac ransfe
|n|g®tor With a mxture conprising 32 EP0188 539 Bll 1100%by

wei of a nononer having at |east twoOcd bon-carbon doubl e bonds
pol ynmeri zabl e a group transf.er pol yrre%i atf:]:g: process and optionally ii.
0- 99% by® wei ght of a nononmer havi ng ©he “cat #- car bon doubl e bond

POl yIer i Zadagh diWhidh Bis@ilaié anﬁffeeérm SMalidHTBH), SREHHON BY R SRd 2D &riNB¥) wherein R* D

cont acti ngs ¢ halkyesul ting "living" core with one or nore nononers havi ng one
car bon- car"\befﬂ'"dsotubl e bondI pol ymer i zabpl|e E ‘ﬁﬂﬁ transfer E £ré/rrerl zation
40

2{ g.lcﬁ’lsi C%%m é?eﬁﬁero ?&as?:wfhg nug\.g:grag ole nc:PoPgBatr m@ ?080 of Q@s&hialﬁp$ of
transf er inig. Aabroﬂsle Wlbstﬁﬂﬁlyﬁi’erdfﬁléﬁr mmlﬁﬁbﬁyrﬁéh)zathawtﬁ@réheﬁo%bb@ﬁblﬁiﬁhbﬁ&n
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a nononer hakioRge% hﬁwﬁmbﬁa’mmﬁhvdﬁ wbé erﬂwms}b@odopme bomaiolymebgabla bga orapp
transf e fran plvrzrarzafm ess t o produce a "living" st arE‘P '\ﬁ ~havi ng
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contacting t Herwre ?Jr \dt st 5 o RO LS vttt ShoH VanStor SBRmforisBRBHORE.S
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reacting a group tr initiator with one or more mono
Acryl pol'y W@g%ﬁ@ﬂﬂﬁ% ben-dd uﬁ% ondbgolymenzable by a group transfer polymerlzatlon process, then '
b. contacting the resulting “living” polymers with a mixture comprising
60 i. 1—100% by weight of a monomer having at least two carbon-carbon double bonds polymerizable by
a group transfer polymerizable process and optionally
ii. 0—99% by weight of a8 monomer having one carbon-carbon double bond polymerizable by a group
transfer polymerization process.
10. A core/arm process for preparing acrylic star polymers of claim 7 comprising
65 a. preparing a “living” polymer by reacting a group transfer initiator with a mixture comprising
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Pol ymer ket tg P ‘g star polymey wih asn 8
haben ei ne j:?""ﬁ" é%%&&ﬁﬁ&ﬁ$& ougI} ni%: E@m wag'? Cess, where th n%q'! E??;S‘
Arm Pol ydi spersitit des Gewi chtsm ttel - Mol e ul argevm cht d| VI d| ert durch das

Zahl en- @t tRagantansriradhel ar gevm cht der PoI yrrer ketten in dem Satz ist, und iii. "

di.e sternfgr I ne, IbsWe S \whl dem Kern al s auch Arrren aus

ei nst oder q%f g eryaghmar v beﬁe.mﬂo%kemkamecﬂg ViichPGrmd at von 1,0
1

bis 2,0, wobei. selomzlwa béso érsm&rﬁ;hfel'et‘ vE@genen jedes wenigstens zwei Gruppen
Gew cht sms ttel - Ml ekul argewi cht dividiert durch das
Zahl enm tt el - Mol ekul ar gewi cht der: Mol ekO@ RSt . 2. Sternftrm gee

Acryl pol ymer nach Anspruch 1, wori die Arln Pol d| sperS|t|t ei nes j eden
Satzes von Arnen im Bereich von 1,3 bT@‘f‘GCf"F"égt und di e nol ekul are

Pol ydi sped si ildist ykyBerei ch von 1,3 bis: 1,6 liegt 3. Sternf6rmges

Acryl pol ymer nach nspruch 1, wel ches einen Satz Arne hat. 4. St er nf or m ges
Acr ol ymer iaxhis $99G4w. -9 inek odétasehrard iMonemered) vackiznen j&des side Bruppe hat . * 5.
LosN.£hes, sternform ges Acryl polymer mt_ei nemvenetzten Kem welches
unfaot s§  (a) ein aus einer M schung aﬁPg‘?—:l ei tetes Pol ymer, wel ches

1. 1 bis 100 Gew. - % ei nes oder rrehrerer I\/bnorrerer von denen j edl es

weni gst ens aufwdist@dppern O R aufweist, und H. O bis 99 Gew. -% eines oder
nmehrerer nomnerer, von dene edles ei ne e 1l ' .

O R auf vl oo Bgagen i oAphofatate's A 2y e Phem Bt retrasee Menorperen hpyeln
ei.nem oder rre reren orrere abgel el ete@ gol ynerketten, von denen j edl es
sine Guppe OR 20 . I -1 "Kwobel fWn
i cI\-davon R gI ei ch oder veqr schi eden +E-eme=. CH3, CH3CH2,. CN oder CQO2R

stun d ufwe: Q, wobel in jeder davon R glelch oder verschieden ist und H, CH,, CH,CH,, CN oder CO,R’ nst undZ'0
. oder NR’ ist, worin R’ C,-,-Alkyl ist, worin wenigstens 50% der Molekiile eines solchen sternférmigen
- Polymers wenigstens 5 bis 2 000 000 Arme aufweisen und solche Arme aus einem oder mehreren Satzen
verschiedener Typen bestehen; welches stemfﬁrmnge Acrylpolymer weiterhin durch 3 b|s m wne folgt
50 .-gekennzelchnet ist: : B
. i. die. einen’ dceser Sétze von Armen umfassenden Polymerketten haben das glevcbe oder ein
verschiedenas Molekulargewicht und sind von den gleichen .oder verschledenen Monomeren abgeleitet
wie die die anderen dieser Sitze von Armen umfassenden Polymerketten. T
ii. die einen jede Satz von Armen. umfassenden Polymerketten haben eine Arm-Polydnspersltét von 1,0
56 bis 2,0, wobei die: ‘Arm-Polydispersitét das Gewnchtsmlttel-MoIekuIargeWIcht delert durch das Zahlen-
mmel-Molekulargemcht der Polymerketten in dem Satz ist, und
. jil. die stemférmlgen Polymere selbst mit sowoh! dem Kern als auch Armen aus einem oder mehreren
Sétzen haben eine molekulare’ Polydlspersltat von 1,0 bis 2,0, wobei die molekulare Polydispersitat das
Gewnchtsmlttel-Molekulargewieht dividiert durch das Zahlenmnttel-Molekulargewucht der.Molekiile ist.
&0 2, Sternfarmlges Acrylpolymer nach Anspruch 1, worin die Arm-Polydnspersntét eines jeden Satzes von
- Armen im Bereich von 1,3 bis 1,6 Ilegt und die molekulare Polydlspersuit im Bereich von 1,3 bis 1,6 liegt.
3. Sternfdrmiges Acrylpolymier nach Anspruch 1, welches einen Satz Arme hat.
4, Sternformiges Acrylpolymer nach Anspruch 1, das zwei verschiedene Sitze Arme hat.
-8, Losliches, sternfarmlges Acrylpolymer mit einem vernetzten Kern, welches umfafit
65 (a) ein aus einer Mischung abgeleitetes Polymer, welches umfaBit
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