WO 99/ 46. 301PCTi (899100611 Pol ynmer conposition The present invention
relates to a poiynmer conposition, in particular to a branched pol yner and a
nmet hod of pg@gaﬁation t herefor. Branched pol yners are pol ynmer nol ecul es of
afinite siz iCM are branched, often s having many branchesycBsanefied
polyners differ from crosslinked polﬁger networks which tend towards an
infinite size having interconnected | ecul es and which are generally not
sol ubl e, B, qnched ol yners are usually soluble in solvents which dissolve
anal ogous é?ﬁ%%#gﬁgﬁ¥ﬁ§ﬂs but have the advantage that sol utions of branched
pol ymers are usually |l ess viscous than solutions of the sane concentration
of the corresponding 10 |linear polynmer having a simlar nol ecul ar weight.
Ther ef or e 51 kfEF®NdIveNtiaN eetretd apolyyme esmabaicasigicliar Raagle especi al |y at
hi gh sol i dsoiRatSiats A8 oy pe que usi.ng | ess solvent than solutions of
l'inear pol'yrmers, For thi’s I Ba8oR ObPeFHed pol yners are useful additives to
sol vent - based coatings and inks, for exanple and they al so have many ot her
applicati e (&ﬁéy onal%%, branched pol yners al so have a | ower nelt
vi scosity dr;a an 1s anal ogousoNNReErepats At fnitanite ashuse brdnched, dBRT OVi ng
mel t procews@birharyybramchied] FAncAEY FEAMHH ion _mpul di ng, extrusion
noul di ng %r{}.\ﬂ_]O\AUgr coatings, Br'%ljnchedéjr%o fﬁ,ﬁ‘?@%o%}%lﬁ'%gd Rﬁn@@eﬁyeg’qkﬁo-step
'€R] fpwardear Infoits sies hayimgtinteriongedtanabiunes sid @8ich Bresubj ect ed

process in
to a furtheneRo) MoRGILER | B3nHeq to formbranches fromthe

ification.ste
branching sites. The i nherent c?gnghetsa |ou%ga@fs‘o@b'te\}\?)‘f’@‘(%'ﬁsHPEE@&%OQ'@ may be
unat t r act V8GR HEREPeI@ersdwiihaverioe ba\amtredha) @byigHs B XRERSEY Boll/@eHsSe.
Al ternati wed yswa) . can. be used in which a polytunctional
nononer iﬁ %%r:eseg{ég : g%g?%%%’gg?ﬁﬁtﬁggf’%‘ﬁ(%ﬁaw GoRCRHRNGS e ForegraPpRdifig om whi ch
pol ynel0 br3rfE ey Meapavigs ewjmikoweleenlar weightri thatdia® setdiReo 455 Alg
convent i opalmeRe ; ses Ls that. the anmount of polyfunbtional
nonomer mqs'ty be %%treg? 'Srfcgﬁ%gﬁter%ﬁ'@a,a?hghélol"% ‘optestayst aaY paimage26irigess t han
about 0, SHF FAIVER torrtiesiuians al riedr potgrearsi \Rer @¥sA85sdni &Iéhaged%%&rn&sl%l yner and

the formatian Qi le,gels, It is very unusual to avol d crosslinkinc
using this syStem @%gp%(?\feg'f ?/Se’ldﬁo?tﬁ'(@s55'9é’?%ef°b?xa&’%¢%meya§0diawammyandI or

at hich cei¢ersilispticps. Auditometly, beanpodd/iBymers also HaRs AMRAQ4467,i S 1Hags a

branched pody. ryl.ate pol r which.has a 30 noi ecul’ar’” wei ght of
eormohs400, Oﬁ‘% ﬁX%%%g aPré)F'@dﬁFéFF‘\V\EP@HY'“%@FM@ﬁ%S@"it)binamjecttiong poi nt's
i s bet weefioBQiNGOCorapTessioN BBLERY, whiusibn inislivees Bwlsr Coa%n%s% of a
pol yfunctional nononmer and < 0.5 nole % of a chain transfer agent.
US;?;S%YS;éﬁll, puinsEﬁd Jung 13}1998, geifribes t he Eynthesis_oft_ f
mul ti-fu o pdiypeshnansheddds) ¥ FR-st de&enl nerisation o
di - or tréo’n‘@iﬂ}{%; %n%mrﬁ inthe 5 {%ir esgn)(?é of Ig. c.é‘%ﬁ qe%ghélyrgfrcat al yst
and a n?r;- per ox BE"FYad SHesiiE sublested 1o aiuiner Aenerissiidne orrogqifidayine sepase oi |y,
| ow Td nrefoen bedrshesERerAAOBLASiASSEE | HRSinAORA! RN S:Bhs & DYLYL acrylate with
0.1- 3%/%p%#w%%@g?ativs%%%%tggh a?ag é- 38’% O;%gf unctional “comon 7R PR by
fsalngtl ozaéﬁteuétnsglgmef patey haes 582; @ztdmgg o L e S| te:tbufggnab ;r(r)lef orm
nepdt, 5 . . -

a coatin rq&pf sitLgn crqssLinkeg byscoHﬁ%ﬁgg?PEQK@E%ﬁELFVQQmeUé-A—4880889
descri bes a Of & FPEES f{kereiyon s relypotryatein foomykitmpoigmepbGABh& may

. , ) _ o o .
S’rTs2?3‘r’;'tg“""ed”“‘bgﬁgﬁé@‘éﬁﬁﬁfﬁ%%’ﬁ"%@%%%ﬁf;ﬁdﬁ?ﬁﬁﬁé'pwﬁ%ﬂeﬁ%ﬁ'e%%%%afm%%ﬁéh&'r o The
pol ymer EOHPE5PHRVAUTLORaIdeoIsynea must et camfypbyrmelisds asiamg tHEAERSRialy) Or gani c
b oduce %Ssﬁﬁégﬁﬁ?ﬁﬁb?ompoi“iﬁr‘?éaié“%@%?@é‘ieﬁ% Ak Rt e et anegor at or
The pol yHEM@tigp af ngelble gets BS'ﬁs\'re'mmuaklataivni@&rd&bl&ikmgtd%ﬁ)g%scsry%gii s reacted
Wi th nmei aghdresihon iRl lj nkers. US-A-4988760 and US- A-5115064
define siﬁ?lar@conpégﬁgygﬁgﬁa%ﬁ%ﬁl?%@ﬁﬁﬂEaW%ﬂf¥REHQPW§§8°ﬁ9ﬁ@ﬁE¢@eh@ving
.dlffergnPOWFﬁés-llnkable groups whi ch include carboxyl and isocyanate, 20
In a first aspect of the invention a nethod of preparing a branched pol yner
conprises the steps of m xing together a noncfunctional nononer having one

pol yner i SEpA-@284467 desodibes @Bn’anBﬁdd%Nn%t%lH@tﬁaE&m@?ﬁ%ﬁq?mm{g Yaw_(of the
yt uncti

wei g o] of unct i I 'mononer) cif a péil onal 'fdAomer havi ng
at | stF”t°Eﬁb}@&E'5‘ng")%}9Hngédaﬁ‘$®‘b%ﬂﬂoén wa%aslhpmolemaewgm twrteieérr ien 0. 0001 - 50%
+NM (of the weight of the nonofunctional nmononmer) 25 of a chain transfer
agent and optionally a free-radical polynerisation initiator and thereafter
reacting said mxture to forma polynmer. In this way a sol uble branched

pol ymer may be prepared by a sinple one-step process. In a second aspect of
the invention, we provide a polyner conprising residues of a nonofunati onal

a o~ o~ o~y



PCT/ G1399100617 4 10 pol yfuncti onal nononer having at |east two

pol ymeri sabl e doubl e bonds per nolecule and from 0.0001 - 50% w w (of the
wei ght of the nonotunctional mononmer) of a chain transfer agent; (ii)

di spersing the resulting mxture as a discontinuous phase in a continuous
phase i n whi ¥R %A&S%hononers are relatively insoluble in the pcesmmeeio! a
di spersi ng agent which is capable of maintining the m xture of nononers as
a discontinuous phase in the continuous phase; (iii) initiating

pol ynmeri sation of the nmonomer mxture; iii) maintaining the dispersion of
nononer i n EHHNINGURSINES 'prb&b/@eawoém@admam memcmmrueesf 005s0f2k4 @Fgnt time
to enable t C f.or ..and iv) subsequently
separating dt?) e%?gﬁ%@gérﬂerr%?ei %%n Af %fa %%XHEPV%?QEW om t he conti nuous
phase. ThéJ?cérﬁ ?671.1251115 ptpﬂllalsaj e r16r1maBJ deseabey theSyhihadt ef rﬂhlﬁlﬁﬁ{cﬁbﬁ‘;ﬂ agents

are wel | rt and_inc nodi fied cellul ose polyners (e.gqg,
hydr oxy et ﬂ\@/ﬁnrbﬁa}?& %‘ﬁ‘ffﬁl Yooy freﬁy?#?ﬁiﬁoweﬁ?%%ﬂ Ofifst o fi-Yinyl rppaeesd indhaaci d,
pol ymet hac rwéswcaci aicha@axrrénsadrlcma@@ﬂarfcﬁyn&aﬁéf&dé@& raéll@él%lﬁ%fér et hese
acids, poly V|Qy olivinyi acetate) copolymers

E,I cohol , pol y% inyl alco

amongst ot HET LIS AN Mers#&ly.dp &8 Midseiéer s in the conti nuous phase is
normal |y agitated at hi gh speed throughout the polynerisation process to
hel p keep the dispersion stable and to enabl e good heat transfer between
the conti nkéud? Bﬁg%%d%ﬁr@bqsw.@p@lvrgpr@roﬁéauuoawam wttl$00F3°/ﬁ)aolyﬁund:t®aal #sylstbe

pol yneri satzhgn 50@9&%9&? I 4 sed hase react
to form pol ymer rlgﬁ%?:%@%&&n#rﬂ??%@y gg@{lfgnr ngrhsg 8" B‘%%prﬁ?g

t enper at ur ENgAYT aoaﬁvyag;e@b dhdifurgtiersl orsonyper pbvides anectveansssilinking aité)ﬂsé&hl ch
i's used,ang, j, tay 150 or exanple in the range 50
- 120 CISISUH e&rbe@c%%ﬁgﬁ'éﬁng@rsé%g%gy5?%‘1%@?; AW Th the art. 25 The -
nonol unctional nonomer may aonprise any monomer which can be polyrnerised

by a free-g m_such_as rre crylates and acr Iat es, styrene
and deri vatﬁ}gg%% Wt eo?g}{b%f FPLRTOSYINkG ﬁ?a/]fjgléc%‘jﬁﬁf‘%f ORI 1019 & i de,
'l aconi ¢ aéiHdfunblicaklksgk nfaafie), Smﬂmoﬁhdi&moam} thVatﬂédst Py lefifibalf Qngatuidtdly |

pyri di ne, r l.am de | met hacryl am des and
acrylonitri ? e %mscg%ﬁt;nonf {fzgtbe(fﬁnoﬂofﬂcy |"5%‘¥ OmgsS- T(!‘Pﬁ%(f’@é CefRgosition

met hacryl atse'Bade( bmtd:lqltmrpplmsmsatwm pﬁﬁﬁbsa?rﬁ phcimid §dl\}eﬁt Qt@loﬂrﬁéfyﬁ{e'it;@éd q
nmonomner t monof uncti onal nononmer nay be used to
pr oducefsa Fa If&% Oﬁéa 550 %’f%o b'”tﬂr‘geéﬁo Brodyat ?”WES?WOIY"WUQQEEQWQ_F’M

LI GL399/ 006dIymErsatiph esgaiatdr. Ttk balpher@eaissa et cRaknkbE e@étmbaﬁmé{ﬂe%@d@no”ﬁf S

rcL e | UL kg iyt BB s St

(et h) acr yUStAe51 15064 lmaf:r}d su(nnmeioh)pa@lhod\samch Endmﬂeyﬁ;n&ﬂasﬁars)ea ni‘crm:‘nln_?s.t Raving
2- et hyl é (rnetti)acrylate or dodecyl

'ﬁ % gﬁ)rfa |ate, o

(et h) acr yl'ate. 18 W‘E’Sé@@" 'BC"éq’%%rbﬁﬂH@ﬁﬁﬂﬁoéy%n@éﬁies may be used
such as cycl ohexyl frrieth)acryizite, |sobornyi (noth)acrylate and

di cycl enh1 % Hé gtd?%?y'r yl ate. Functional nmononers such as nethod-0c acid
and ac rfﬂ H[UPHESPR NYENEON 2/ RRIpPrhe RFPRARMRG 3 hiEAches! PR)IPesOpMBXikgd the
(rniat h) aCEtﬁbﬁbﬁnlxh@% i RITAENOfurlctiowd mcﬁ‘\%hiérq‘{aeln e Exgh{%ﬁ%gﬁg Jduble
(rreth)acrylgate g“L%EFFI (el h)acro§| al e, dialky rn|

( et h) acr y PR meffmpﬁw i WUHCI’EWE mlemtre&the w@pfjahettoeal di et hyl

ar ni noet hyotémel B) apbiyiuakiRdnalcthomdnh!

di et hyl ar nlonoprgrt())py P ?i#ettw ggﬂpyl ate, ha@ %Qr%é%ﬁ) acé%@éﬁ@g(ﬁ&g b%nﬁ%t

ei t her thePefeETePats W%‘[@“Q Ophe59%&4”&&3(@0@%\@!9Efamféhmmyntbfanmsed :mdByomer)

pol y: f unct bonaaid AR QUL

pol ynelfﬂlsgabl e (?cl)ubl ef%ggaiﬁﬂg‘ra%ﬂn% gg%lqe \?gm, ééc;‘y'?nc aﬂén mﬁ rﬁag\?erm
pol y- f unct nefeafterisagingrsaidgaisture o fpgn elnogmenerle this wagacbiuble paigpeder S or
pre-pol yne I onrnerlsabIe via a
free-rzidi %Ym%@ﬁg%?érﬁkgﬁétbﬁtﬁ%g% sw %l functional nononers

i ncl ude: ethyl ene gl ycoI di Oret hj acryl at e hexanedl CI | di(nett)acryl ate,

tripropyie tane icil rnet acryl ate,

neci pent yl mei %&éﬁ&)é p% a@?grmléfpewe p&‘?vé ?/PQ é”%lc%’B isipg Fﬁ@!"ﬁﬁ dcdyl ate,

tr: eI t hyl elrmenefhlycciloodal mbr(ome? hé\ﬂngiahéib@lymdhﬁm@mb@lﬁlé bghdlﬁeﬁl m&ééd@?ﬂ%}@ﬁﬁyl ate,
aily t her eof

t vi.n benzene and derivatives
Tri funo%raE ﬂ}qﬂf &%‘éﬂ%ﬁi& ?'ﬂ'&tlcﬁ&l’é’*m?'?aﬁ“&“?"&ﬁﬁ'lf@ﬂ@@ﬁg}@éa pelyfungiana) memgmen e,
tri met hyl ahavimgepanet twd foehdisasie )ﬂbé‘&l&boﬁ@é"f;élem'b)étchl'é' fr&h oldoo§ T8b&) BRI (%% at e
Tetrafunctionzil nononmers such as pentaerythritol tetra(neth)acrylate
hexat unoti onal nonomers, e.g. dipentaerythrirol itexa(nmeth)acrylate may
al so be used, Optionally, the polyfunctional nononer may cis 'conprise a
m xture of nore than one pol yfunctional conpound, The branched pol ynmer may



15 The chain transfer agent may be chosen froma range of :hid conpounds

i ncl udi ng nonotunctional and pol yfunctional thiois. Mnofunctional thiols

i nclude, but are not limte to, propyi nercaptan, butyl nercaptan, hexyl
rner capt an,We@@PAi30r ner capt'an, dodecyl mnercaptan thiogl ycol | ipctasbgosi7

mer capt opropi oni c: acid, alkyl thioolycollates e.g. 2-ethyl hexyl

t hl ogl ycol l ate or octylthioglyccilate, nercaptoe.thanol,

mer capt ounde, canoi ¢ acid, thiolactic acid, thiobutyric acid.

Pol yi t unctficonaight dfitied reondichdsideal tidriote] iop BahaihAERGENSEnsHGhaas trirnet hyl oi

propane tri rca ropi onate), tetrafunctional conpounds such as
pent aer yt HPFVf'bﬂ”S?‘EPH'ﬁﬁ(ngner capt opropi onate), pentaerythritol

t et rat hi ogl ycoI | ate, peritaerythri toI tetrat hi ol actate pent aerythritol
tetrathi o? rate: hexafunctione. 1l 'conmpounds such 'as dipe,ntaeryithritol
hexa( 3- nef €a frtPﬂiF'Bp? BYRaeER! hayilr;geoneamiymemsabta dableltexdihi mglegde Mildtiee;

cct af unot

oct a( 3- neréggﬁ%%édﬂé%@aﬁ%f ggaqﬁﬁo@éﬁﬁaery & tmwF{% AhT SRVRET Padng 2t the use
of poI Vil ui?@ﬁgm Pqime(mlssble sloable berfds| panayoltculé mireasierieb e degpegiuattiochsianchi ng
in the polyg pponal 'y, the chain transfer agent may conprise a mxture
of nore than one yp)e of cornpound. 30 The anpunt of chain transfer agent
present my be up to 50 wt % of the total initial monofunctional mononer
concentrahl%gL1r Q rst tgrrg ng t he ampunt of chain transfer agent
present is Pl ranghegd polYifeHMAY PePsRAP bR PRGHBIEFE The WO
SOVB391 Pca’m@@/mawebbraagecdnepbrﬁ@{ ¥ polyfuindhsial HhdHeribcaliy QB at e,

amount of )Ral n transfer agent to prevent the formation of a substanti al

amount of MPHYEP IR 'meally - §5PRREH t?)BH?’HE? aneluplg) asessriipked pelweepol ymer

producgd hstweet. u@bﬁfcaamenh@boli?rhsﬁ*saﬁemésﬁ%b%rfefmémﬂ‘aﬂ@rstépqn R LB e f STRI
anmount of cross-1inked gl be forned but the reaction conditions

and | evel SYYEURAR (AREP i %FO'&@éﬂQ” sHeanempF fralvats > 8- Joh oisshe smnmtethat t he
amount of brehesss pdiyk@d , g polyner fornmed is <10% (w), nicre preferably <5%
(wml,v), nore preferably <2.5% (wiw) I: and optimally 0% (ww). W have
found that the use of secondary nercaptans as chain transfer agents | eads
to a reduiid plymBridain beKEImdoter RRulel MSE BeRRIMMRI AL df QeSS Lhe
formation of rnicrogels in solutions of t esul ting po yIers.
Ther ef or ePOlYHErigRtier Meliod. poI Sateionssspensionsemmisionahe bulse:obffnesleaimndar y

rner egpt aneHdak hmd, AR 8L a0 J'?éga & nsfer agents
cor np??m ng seconaté/ nmer ca ?Ha%nén ar thn [ c‘%ﬁg% ﬁrgnct}géﬁ:'o n]ié’rg TStte“ﬁ t he

poi ymer i sAY$HIRN %‘eéféﬁ*(?ﬂaé@ f@mlradnn b@llckfocm mpiESmappiucpmbrysrrpolyma@lma by

pr ocessesggifidn drvSt an eci es _known

reduce m)sloecu Zédﬁlné 1091:}@ hﬂrétﬁ%&él&%ﬁt\}g%‘%ﬁ”}gﬁ% ?P%grer% |i§fs '%qufﬁ?e&’f“’satl on
of vinyl tRshaReis difiebliorepires 8l ditbé sdeesuprphidibgsigfidérsidsphiutiazstion of the

cobalt coren AR RRGEY Bhen el € it TR it SRR por phyr 11
co [)rpf)?odﬁnax:eesarsebj cﬂndottahél pblpmaﬁéaﬁlb?aﬂﬂ'l(’j& §ol\f'é?ié whitg |s1btla\§%r]5rb%t 513% Zggl?)e A
coba C es_ar.e an ar e escri pe In

particul arly su?‘fpéﬁzft'tgn ggﬁ%ﬁ'ﬁﬂ&?ls@a%@ HiSPYH¥TEhiaite PaisYdeRdreteyaigieyionaymat e)

cobai t at etz sdvaareouss fredice thabhyidCp&PRen by b nBRSbBliorRSeMHog {‘By he used
inrelattvel %?I .ow concentratigns conpared to conventional thi ol “chain

transfer HHBREECN @ Yyik RYlymefsiafon f 'éwr[aﬂ%n@tf@wwcm RATMETE Mgy be

mori at unCHUCeQﬁlfullW@ﬁféﬁrfbom §d)l?fﬁﬁcﬂoh§ymaﬁ§mg?snﬁraaﬂdnyso 18R et &id Rk s\é'%h@t ow
concentrzfol ons. have surprisingly found that catalytic chain tTansf er

conpodAdsCBRLRY qirse@mlct be-exRsCisede Sr&y‘*&f@%@r@acéeﬁ @Qt m@la}lraatsm at

concent r adon@isn&findi goﬁsﬂﬂ 0 pprnw)
based on mnofunctlﬁgwngr‘bo%eu?ﬁi@n EH%R;{?TQ@%%Q%M?%@Z Wsofr

present |W@ﬂtloﬁﬁbqhb%%véfeg@ﬂmtﬁdéol@b@mhegeltadlppmes The pol ymeri sation of
the nononers may be initiated by any suitable method of oerierating
free-radicals such as by thermally induced deconposition of a thermal

i nitiat oreoeforrcin adartizar aazeptobﬁponumlxtlopewemrmim“ meeoaxy eedparing dher ef ore

the poly i al.so efera contai ns a polynerisation
initiat orﬂ%%aﬁh p%&dgb)églgk 98F'°Pr?§é’é"ﬂ£ﬁ8 SNGPSventional Iy used in
free-gadi(® ahuxvpgltggmer satlmrmfurfcﬁar@etl Inﬁmbm@ HavirZhel palytieRt O618 dSWIOb&R per
azobi Sf'srﬁggé%% tfrllcg @4!}% b i s(2-nriethylbutyronitrile), 8
azobi s( 2, t“?luqb VAl PYfoi /i of ?d’b‘?‘g’('WW}%H‘BO%TP@?‘!O@HBPW”M@OX| des
such as dil aur oyl perOX|de tert-butyl perazynecdecanoate, dibenzoyl

per oxi de, cunyl peroxide, tert-butyl peroxy-2-ethyl hexanoate, tert-butyl

peroxy diethyl acetate and tert-butyl peroxy benzoate. The branched
polymers of the invention are useful as conponents of a number of surface 5



copol yners and ot her conpounds such as cross-1|inking species, polyners,
curing agents, colourants, solvents, dispersing aids, |lubricants,
processing aids, Hier's, carrier fluids and toughening agents,

pl asticisers., flexibilisers, stabilisers and other conmponents or residues
t hereof . 30 Th@9%é¢3§ht average nol ecul ar wei ght (My) of the by @NERED 0617
polynmer is preferably in the range 3003,- 500, 000. For certain
applications, e.g. where dissolution of the branched polyner is required, a
| oner nol ecul ar-weight, e.g. in the range 2,000 - 200,000 may be

or . ef err ed, Pai&Nchiuren tricoomiad haviroay 1t fug b&ﬁﬁeﬂﬁggrdir,%‘?e?c\é\éd% Ber:fgfﬁg'{r;@gggﬁggm

the foll ow €S, | [5 all exanples,

nmonorer , PRﬁ 'tngd( po yi‘%f"’?‘%ﬁ%m%ﬁ@ﬁb@ftaﬁmomfmqtionaihmjnnmén@ﬂﬂ:ﬁéin adrgkr The
quantities afematertals used in the polyrnerisations are calculated as ww
wi th respec o b the total concentration of nonofuno.tional nononer. The

wei ghts of {3&@?%&%’{'9 a[FSLP%WdﬁE‘FWeéﬁaidiscpnﬁmstﬂﬁmhaag&rﬁccﬁh'ﬂﬁhdu@iphg ar used,
descri bed ashiahwed 8BhoMeisSir& aliGHLAL ercentage of the wei ght of
total rnonofuncti onal_CJ npr?oﬁe?%lgtl%ﬁ '@%é‘?rﬁﬁ %,tg? USRI § AEPSrERg Reent efhidvry

i nvol vi ng 3GR2DisHimaiefinvache miktuBgofofiorRindraneia 4QcainelApndQuh ¢ e added to
100g of NFMonﬁﬁ@&%rmggg.on of Polynmers by Suspension Polynerisation .

Pol ymers were prepared by suspension pol ymerisation of a nonomer mixture
cont ai ni ng (fhotiéiating pplpmatisaaind op tleyhomahéroRaireTONOMEr s in the presence of
the chain tihansfipl; +.22 e.d., dodecyl rnercaptan (DDM), a dispersant

( hydr oxy et”r%yl ng'{af uibogé,d 'sEg%%"g‘ﬂf WC’Q}% IFPNHBHPeEhyseatd reacdtioe emipreditaa]
initiatd® (P ENficiamtime twehghit HeNmBROOERT réddt Q%rﬂﬂé g&ngEnec{]’ in a typical
preparati ORy) Hp,erq@;s%ni Sﬁfd p@tc&rj} and about 4g hydroxy'ethyl cellul ose
(HEC) were added to a’5000Uf"bANE EPefiedsiasggentavion theasiyper e tidir ough t he
wat er for 3Zontnunusebased renove di ssol ved oxygen and the flask was agitated
with a 30 stainless steel stirrer set at 1400rprri. The CTA was dissol ved
into the nonomer mxture (500 g of the MFM mi xed with the required anount
of PFM), aiitletchetnuatdedaseis hbeEmAiRaediEo s filasks wed by the AIEN. The
reaction flaﬁsalﬁdv@g cpea'lggi t full p(;wer tlga%ﬂs gJ5|r§\695'§i¥@@i'I3@?WGBQ§P00617
In The reaction Was & cqlylase pelaera g Inydrhey mmﬂfyﬂrdxybft@'slmh%d}owbﬂ de,
The maxisvupigpel yetyi)sediy=eR/it arBerRLHES ically. 90"C The flask was
left to heﬁérs;or eat . for 1 Elr. Thebffaskagﬁgc%:%Gglp%ﬁf"i’nglé"ydﬁlﬂ’%ﬁewth air to
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The pr OpeHét%rﬁ'&%C%%%\gnacwhcg%%, ﬁydzroxy aallkyl r_ntethacrylates such as hydroxy ethy

(meth)acrylate, hydroxypropyl (meth)acrylate and hydroxybutyl (meth)acrylate, glycidyl

(meth)acrylate, dialkyl aminoalkyl (meth)acrylates such as dimethyl aminoethyl

10 (meth)acrylate, diethyl aminoethyl (meth)acrylate, dimethyl aminopropyl (meth)acrylate
and diethyl aminopropyl (meth)acrylate. By (meth)acrylate, we mean that either the

methacrylate or the analogous acrylate may be used.

By polyfunctional monomer, we mean a monomer which has at least two polymerisable
double bonds per molecule. We also include in the term polyfunctional monomer reactive
15 oligomers or reactive polymers or pre-polymers having at least two double bonds
polymerisable via a free-radical mechanism. Examples of suitable bifunctional monomers
include: ethylene glycol di(meth)acrylate, hexanediol di(meth)acrylate, tripropylene glycol
di(meth)acrylate , butanediol di(meth)acrylate, neopentyl glycol di(meth)acryiate,
diethyienle g!ycol di{meth)acrylate, triethylene glycol di(meth)acrylate, dipropylene giycol
20 di(meth)acrylate, allyi (meth)acrylate, divinyl benzene and derivatives thereof.
Trifunctional examples include: tripropylene glycol triimeth)acrylate, trimethylol propane
triimeth)acrylate, pentaerythritol triimeth)acrylate. Tetrafunctional monomers such as
pentaerythritol tetra(meth)acrylate and hexafunctional monomers, e.g. dipentaerythritol
hexa(meth)acrylate may also be used. Optionally, the polyfunctional monomer may

25 ‘comprise a mixture of more than one polyfunctional compound.

The branched polymer may be formed using a reactive oligomer or reactive polymer or
pre-polymer having at least two double bonds per molecule which are polymerisable via a
free-radical mechanism as the, or one of the, polyfunctional monomers. We include such
fqnctional polymers and oligomers in the term "polyfunctional monomer" because the

30 polymerisable functional groups enable the reactive oligomer or reactive polymer to
polymerise into the growing polymer molecules in the same way as a simple
polyfunctional monomer. Typical reactive oligomers include, but are not limited to,

epoxy-(meth)acrylates, polyether(meth)acrylates, polyester-(meth)acrylates and
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5 oligomers or polymers are used to provide at least a part of the polyfunctional monomers
the amount of polyfunctional material included in the reaction process is normally much
greater than when simple monomers are used, due to the rather higher molecular weight

of such materials.

The amount of polyfunctional monomer present may be up to 100 wit% of the total initial
10 monofunctional monomer concentration. Preferably, the amount of polyfunctional
monomer present is 0.3 - 25%, e.g. 0.5 - 10% based on monofunctional monomer when
the polyfunctional monomer is a simple monomer, i.e. not a reactive oligomer or polymer.
When reactive polymers or oligomers are used then the concentration may vary up to

about 50% w/w or more if a high molecular weight reactive polymer or oligomer is used.

15 The chain transfer agent may be chosen from a range of thiol compounds including
monofunctional and polyfunctional thiols. Monofunctional thiols include, but are not limited
to, propyl mercaptan, butyl mercaptan, hexyl mercaptan, octyl mercaptan, dodecyl
mercaptan, thioglycollic acid, mercaptopropionic acid, alkyl thioglycoliates e.g. 2-ethyi
hexyl thioglycollate or octylthioglycollate, mercaptoethanol, mercaptoundecanoic acid,

20 thiolactic acid, thiobutyric acid. Polyfunctional thiols include trifunctional compounds such
as trimethylol propane tris(3-mercaptopropionate), tetrafunctional compounds such as
pentaerythritol tetra(3-mercaptopropionate), pentaerythritol tetrathioglycollate,
pentaerythritol tetrathiolactate, pentaerythritol tetrathiobutyrate; hexafunctional

‘compounds such as dipentaerythritol hexa(3-mercaptopropionate), dipentaerythritol

25 hexathioglycollate; octafunctional thiols such as tripentaerythritol
octa(3-mercaptopropionate), tripentaerythritol octathioglycollate. The use of
polyfunctional thiols is a useful way to increase the degree of branching in the polymer.
Optionally, the chain transfer agent may comprise a mixture of more than one type of

compound.

30 The amount of chain transfer agent present may be up to 50 wt% of the total initial
monofunctional monomer concentration. In a first embodiment, the amount of chain

transfer agent present is 0.1 - 20% wiw, e.g. 0.5 - 10%w/w based on monomer. The
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may be preferred. Chain transfer agents comprising secondary mercaptans are

particularly preferred when the polymerisation is carried out in butk or suspension
polyrerisation processes.

Alternative chain transfer agents may be any species known to reduce molecular weight

15 inthe conventional free-radical polymerisation of vinyl monomers . Examples include
sulphides, disulphides, halogen-containing species. Also, catalytic chain transfer agents
such as cobalt complexes, e.g. cobalt (1) chelates such as cobalt Porphyrin compounds
are useful chain transfer agents for the invention. Suitable cobalt chelates are known in
the art and are described in WO 98/04603. A particularly suitabie compound is

20 bis(borondiﬂuorodimethylglyoximate) cobaitate (1l) aiso known as CoBF. Catalytic chain
transfer agents may be used in relatively lbw concentrations compared to conventional
thiol chain transfer agents, e.g. <0, 5% preferably < 0.1% by weight (on monofunctional

monomer), since they are generally highly effective at low concentrations. We have

25 . may be very effectively used at concentrations of less than 0.05% (500 PPM) w, e.g.
0.0001 - 0.01%w (1-100 Ppmw) based on monofunctional monomer in the

Polymerisation process of the present invention to give soluble branched polymers,

The polymerisation of the monomers may be initiated by any suitable method of
generating free-radicals such as by thermally induced decomposition of a thermal initiator

30 such as anazo tompound, peroxide or peroxyester. Therefore the polymerisation mixture
also preferably contains a polymerisation initiator which may be any of those known and
conventionally used in free-radical polymerisation reactions, e.g. azo initiators such as
azobis(isobutyronitﬁle) (AIBN), azobis(2-methylbutyronitn’le).
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azobis(2,4-dimethylvaleronitrile), azobis(4-cyanovaleric acid), peroxides such as dilauroyl
peroxide, tert-butyl peroxyneodecanoate, dibenzoyl peroxide, cumy! peroxide, tert-butyi

peroxy-2-ethyl hexanoate, tert-butyl peroxy diethyl acetate and tert-butyl peroxy benzoate.

The branched polymers of the invention are useful as compenents of a number of surface
coatings applications where a diluent is used to apply the surface coating. Applications
where the diluent is an organic solvent include paints, clear varnishes, inks and
adhesives. The branched polymers are also useful as components in radiation-curable
fon'nulatioﬁs where the diluent is a polymerisable liquid which polymerises in the
presence of radiation (such as UV, electron-beam and infra-red). The branched polymers
are also useful in coatings applications such as powder coatings and hot-melt adhesives
(conventional and radiation-cured) which do not require the use of a diluent. In addition to
surface coatings applications, the branched polymers of the invention are useful for the
preparation of bulk polymer articles via injection moulding, compression mouiding or
extrusion moulding. The branched polymers may also be used as constituents of
compositions for use in other applications in which acrylic polymers are cured in situ, e.g.
in polymer-in-monomer syrups for e.g. reactive flooring, filied moulding compositions for
moulding of e.g. kitchen sinks, worktops, acrylic sheets, shower trays, curable cements,
photoresists, adhesives (including pressure-sensitive adhesives) etc. The branched
copolymer of the invention may be used alone or blended with other polymers in the

end-use application.

In a further aspect of the invention we provide a surface coating composition comprising
a solution of a branched polymer which comprises residues of a monofunctional monomer

and from 0.3 - 100% w/w (of the weight of the monofunctional monomer) of a

‘polyfunctional monomer and from 0.0001 - 50% w/w (of the weight of the monofunctional

monomer) of a chain transfer agent and a polymerisation initiator. The surface coating
composition typically also may include polymerisable species such as monomers,
functionalised oligomers and copolymers and other compounds such as cross-linking
species, polymers, curing agents, colourants, solvents, dispersing aids, lubricants,
processing aids, fillers, carrier fluids, toughening agents, plasticisers, flexibilisers,

stabilisers and other components as appropriate.

In a further aspect of the invention, we provide a polymeric article or coating comprising a

branched polymer which comprises monofunctional monomer having one polymerisable
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double bond per molecule, from 0.3 - 100% w/w (of the weight of the monofunctional
monomer) of a polyfunctional monomer having at least two polymerisable double bonds
per molecule, from 0.0001 - S50% wiw (of the weight of the monofunctional monomer) of g
chain transfer agent and a polymerisation initiator. The polymeric article or coating may
also contain polymerisable species such as monomers, functionalised oligomers and
copolymers and other compounds such as cross-linking species, polymers, curing
agents, colourants, solvents, dispersing aids, lubricants, processing aids, fillers, carrier
fluids and toughening agents, plasticisers, ﬂexibilisers, stabilisers and other components

or residues thereof.

The weight average molecular weight (Mw) of the branched polymer is preferably in the
range 2,000 - 500,000. For certain applications, e.g. where dissolution of the branched

preferred.

The invention will now be further described with reference to the following Examples. in

all examples, MFM refers to monofunctional monomer, PFM to polyfunctional monomer

and CTA to chain transfer agent. The quantities of materials used in the polymerisations
are calculated as w/w with respect to the total concentration of monofunctional monomer,
The weights of polyfunctional monomer, chain transfer agent and initiator used, described
as a weight % is calculated as a percentage of the weight of total monofunctional
monomer. For example, for a polymerisation of MFM involving 3%PFM and 4%CTA, 3g of
PFM and 4g of CTA would be added to 100g of MFM.

Preparation of Polymers by Suspension Polymerisation

monofunctional and polyfunctional monomers in the presence of the chain transfer agent,

€.g. dodecy! mercaptan (DDM), a dispersant (hydroxy ethyl cellulose, 1-2%, by weight on

monomer) and a free-radical initiator (AIBN, 1% by weight on monomer) in deionised

stainless steel stirrer set at 1400rpm. The CTA was dissolved into the monomer mixture
(500 g of the MFM mixed with the required amount of PFM), and then added to the
reaction flask followed by the AIBN. The reaction flask was heated at full power to 75 °C.
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The reaction was allowed to proceed until the exotherm began to subside. The maximum
polymerisation temperature was typically 90°C The flask was left to heat treat for 1 hr.
The flask and contents were cooled with air to 40 °C and the contents were dewatered by

centrifuging. The polymers were dried in either an oven at 40 °C or in a fluidised bed

Ln

dryer.

Preparation of Polymers by Solution Polymerisation

Polymers were rﬁade by solution polymerisation by dissolving MFM in toluene (33% wiw),

adding the chosen concentration of polyfunctional monomer (PFM) and chain transfer

agent (CTA) and initiating polymerisation using AIBN (1% by weight based on monomer).
10 Polymerisations were performed at 80 °C in an oil bath under nitrogen using a condenser.

After 7 hours polymerisations were terminated by cooling. The resulting polymers were

isolated by precipitation in hexane and dried.

Characterisation by GPC method 1

The molecular weight was measured by Gel Permeation Chromatography using mixed
15 gel columns and narrow molecular weight PMMA standards for calibration. Chloroform

was used as the mobile phase with a flow rate of 1ml/min and an infra-red detector. The

weight average molecular weight (Mw), the number average molecular weight (Mn) and

the polydispersity (Mw/Mn) were determined.

Characterisation by GPC method 2

20 Polymers were characterised using Triple Detector GPC (TDGPC). Chain branching
significantly alters the molecular size to molecular weight relationship. The triple detector
enhancement to GPC enables the measurement of molecular size concurrently with
‘molecular weight without recourse to a conventional calibration. Initially, the relationship is
standardised for.a linear control polymer and this becomes the starting point for all

25 subsequent branching calculations. Comparison of the data from the branched polymer
with that of the linear control enables detailed determination of the branching variation as
a function of molecular weight. The instrument used in this study was by Viscotek and
incorporates a Laser Differential Refractometer, a Differential Viscometer, and a Right
Angle Laser Light Scattering photometer. The data acquisition and reduction software was

30 Trisec Version 3, also by Viscotek. A styrene-divinyl benzene, mixed bed column from
Polymer Standards Service (PSS) was used with chloroform as the eluent at a flow rate of

1.0 mi/min. In addition to molecular weight information, GPC method 2 determines g,
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alpha, log K and Bn, where Bn is the average number of branches per molecule. Bn=0 for
a linear polymer and Bn>0 for a branched polymer; g'is the Zimm branching factor
equivalent to the ratio of mean square radius of gyration of the (branched) material to that
of linear material of the same molecular weight (g'=1.0 for a linear polymer and g'<1.0 for
a branched polymer). Alpha and logK are determined from the relationship between
viscosity and molecular weight from the Mark-Houwink equation, n=KM* , log [n]= « log
M + log K.

Determination of solution viscosities

The viscosity of a 30% (w/w) solution of the polymer in toluene was measured using a

Brookfield Viscometer at a temperature of 25°C using an LV2 spindle.

Exampies 1-4

The polymerisation was carried out by suspension polymerisation using a monomer
mixture of methyi methacrylate (MMA) as MFM and tripropylene glycol diacrylate.
(TPGDA) as PFM, yielding a branched polymer according to the invention. The amount of

TPGDA used and the properties of the resulting polymer (characterised by GPC method
2) are shown in Table 1.
Examples 5-9 {comparative)
The polymer was made as described above but using only MMA as the monomer. The
resuiting polymer was essentially linear. For a linear polymer Bn = 0, g'=1.0, a = 0.68 and
logK = -3.65
Table 1
[Examp.[DDM | TPGDA| solty in |Brookfieid | Win Mv | Mw [Bn[ g | o |logk
' (wt %)| (wt %) | toluene |viscosity | (g.mol") (g.mol"}| /Mn
(cP)
1 4 0.75 | good 19 5,190 | 12,600 24 |0.92(0.87 |0.59 |-3.31
2 4 1.5 good 22 2,670 | 14,300 5.4 |0.18(0.97 |0.51 |-2.92
3 4 S good 34 1,370 | 56,100 41 13.32(0.85 |0.36 |-2.25
4 4 3.5 maod 48 5,850 |150,100| 25.7 |7.6 |0.62 |05 -3.04
5 0.1 0 good 2,164 60,760 | 157,700 2.6
6 0.2 0 good 716 36,690 | 81,900 22
7 0.3 0 good 185 30,890 | 58,800 19
8 1 0 good 71 20,690 | 39,700 1.9 0| 1.0/ 0.68| -3.65
9 2 0 good 31 10,380 | 19,500 1.9
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Examples 10-12 (comparative)

The polymerisation was carried out using a monomer mixture of MMA and 1 ,2and 3%
wiw TPGDA in the absence of chain transfer agent. The resulting polymers were
insoluble, demonstrating that a crosslinked polymer results in the absence of chain
transfer agent, even at relatively low levels of polyfunctional monomer.

Examples 13-20

Polymers were made in the same way as Examples 1 - 4 using different relative amounts
of TPGDA and DDM. The properties are shown in Table 2.

Table 2
Ex |DDM [TPGDA solty in |Brookfield | + Mn Mw Mw (Bn| ¢ a logK
(wt %) (wt %) | toluene |viscosity (g.mal™) [ (g.mol") | /Mn
(cP)
13 1 0.25 | good 85 16,700 | 40,200 2.4 |0.17|/0.97 | 0.69 | -3.68
14 1 0.5 good 123 17,700 | 66,300 3.8 [1.25|0.83 | 0.63 | -3.47
15 1 0.75 | good 140 16,800 |131,400| 7.8 |2.68|0.72] 0.50 -3.32
16 1 1 good 336 10,300 | 488,600 | 47.4|5.99|0.73| 0.44 | -2.55
17 2 0.5 | good 39 7,780 | 22,200 2.9 |10.15|0.98 | 0.63 |-3.42
18 2 1 | good 50 13,700 | 35,100 | 2.6 [1.42] 08 | 0.61 |-3.41
19 2 1.5 good 75 11,500 | 80,100 7 13.21|0.72 | 0.48 | -2.86
20 2 2 ‘ good ‘ 200 5820 |338,500| 58.2(9.95|063| 044 [-267

The measured properties show that the polymers are branched and have a wide variety of
molecular weights. Comparison with Examples 5 - 8 show that these polymers produce a

lower solution viscosity than linear polymers with similar Mw.

Examples 21 - 26

Polymers were made by solution polymerisation as described above using different
polyfunctional monomers (PFM). The polymers were characterised by GPC method 1.
The following polyfunctional monomers were used:

TPGDA is tripropylene glycol diacrylate

TMPTA is trimethylol propane triacrylate

PETA is pentaerythritol tetraacryliate

DPEHA is dipentaerythritol hexaacrylate

EGDMA is ethylene glycol dimethacrylate
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Exanol es 37 - 39 Branched pol yners were made according to the invention
using CoBF, a catalytic chain transfer agent. The MFMwas M A. The

resul ting brdAéRéeOpol yners were soluble in toluene without RCTHGBY®b617
formati on. The nol ecul ar wei ghts :{\ﬁre determ ned by GPC net hod 1.

Pol ynmerisations simlar to those in exanples 37 and 38 were also perforwith
5 and 2.5 ppm CoEF resulting in viscous polymer solutions wthout rnicrogel
formati on. The réxamphes t0soiuths bFARNBObMTRERS SRlé BPGiNMBNRIGahsAEEeOYE USi ng
nr AA as no ,‘FrfeP”‘itfi onal I.{mnomar wi th acryl ate-functionalised oligonmers as
PFM of different Lﬂfﬂ%%a'yn varying quantities, as shown WO 89/46301
PCT/ C699100617

Exampies 27 - 30

Polymers were made by solution polymerisation using the following different chain transfer
5 agents (CTA):
TRIMP is trimethylol propane tris(3-mercéb;(opropionate)
PETMP is pentaerythritol tetramercaptopropionate .
DPEHTG is dipentaerythritol hexathioglycollate
TPEOTG is tripentaerythritol octathioglycollate
10 The polymers were characterised by GPC method 1 and the results are shown in Table 3.
The results show that chain transfer agents with a varying plurality of thiol groups can be

used with a polyfunctional monomer to make soluble branched polymers.

Examples 31 - 33

The polymers were made by solution polymerisation using the polyfunctional monomers
15 (PFM) and polyfunctional chain transfer agents shown in Table 3. The results (by GPC

method 1) show that various combinations of polyfunctional monomers and polyfunctional

chain transfer agents, both with a varying plurality of acrylate or thiol can be used to make

soluble, branched polymers

Examples 34 - 36

20 These polymers were made by solution polymerisation using DDM and TPGDA and
analysed by GPC method 1. The results are shown in Table 3.
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gbéi?y:sollZ,OSl | 44,177 52Ebecryl 2301.2 sus6,400 122,600 1 53new 12130
438. 61. 4sus3, 50013, 300 sal e solution poiynerisatio, sus e suspension
bolyﬁErisatibﬁ)ﬁkﬁﬁ@Ies 54- 57" These p0|yner|sat|ons(ngkf gﬂgg$%%%%ng:|ng
i xture of nore than one nonol unctional nmonomer

gFg: Mol ecul ar wei ghts were deternﬁ%ed by GPO 20 nethod 1, WD 99/46301 M~

ratio 50:50 653053 6 Table I TPGDA (wit ,0) 6 M (girnold) 5,950
PCTI GB99100617 Mw (gi noie) Exam pie 557Ns1

Exampie |CTAtype | CTA |[PFM type | PFM |solubility in| Mn Mw Mw/Mn
(wt %) (Wt %) | toluene |(g.mol™) {(g.moi ")

21 DDM 2 TPGDA 1.5 good 6,750 18,020 2.67
22 DDM 2 TMPTA 1.48 good 7,190 26,510 3.89
23 DDOM 2 PETA 1.76 good 9,080 | 65,504 7.22
24 DDM 2 DPEHA 2.89 good 9,600 |200,432 21.11

25 DDM 2 EGDMA 1 good 7,850 | 26,638 3.39

26 DDM 2 EGDMA 2 good 10,034 | 99,712 9.93
27 TRIMP 3.98 | TPGDA 1.5 good - 6,530 | 14,780 226
28 PETMP 4.88 | TPGDA 1.5 good 5,990 13,120 219
29 DPEHTG 6.98 | TPGDA 1.5 good 5,700 13,180 2.31
T 30 TPEOTG 9.64 | TPGDA 1.5 good 6,480 14,020 2.16
31 TRIMP 3.98 | TMPTA 1.48 good 6,850 22,460 3.28
32 PETMP 4.88 PETA 1.78 good 6,350 24 980 3.94
33 DPETHG 6.98 | DPEHA |° 2.89 good 8,010 53,470 6.67
34 DDM 2 TPGCA 3 good 8,380 27,330 3.26
35 DDM 2 TPGDA 4.5 good 8,400 46,040 5.48
36 DDM 2 TPGDA 6 good 9,530 |103,320 10.84

Examples 37 - 39
Branched polymers were made according to the invention using CoBF, = catalytic chain
transfer agent. The MFM was MMA. The resulting branched polymers were soluble in

5 toluene without microgel formation. The molecular weights were determined by GPC

method 1.
Tabie 4
Example | TPGDA | COBF AIBN  |polymerisation Mn Mw
wt % (ppm) (Wt %) |method (g/mole) | (g/mole)
37 1.5 10 1 salution 24,388 | 90,416
38 .15 20 1 solution 12,220 | 46,070
38 2 75 1 suspension | 5,200 | 28,400

Polymerisations similar to those in examples 37 and 38 were also performed with 5 and

2.5 ppm CoBF resulting in viscous polymer solutions without microgel! formation.

10 Examples 40 - 53

The polymerisations were carried out using MMA as monofunctional monomer with

acrylate-functionalised oligomers as PFM of different types in varying quantities, as shown
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below in Table 5. The resulting polymers were all soluble. Molecular weights were
determined by GPC method 1.

Ebecryl™ 4858 is an aliphatic urethane-acrylate oligomer with 2 acrylate functional groups
and a molecular weight of 450 g/mole, supplied by UCB Chemicals,

Ebecryl™ 210 is an aromatic urethane-acrylate oligomer with 2 acrylate functional groups
and a molecular weight of 1500 g/mole, supplied by UCB Chemicals.

Ebecryl™ 230 s an aliphatic urethéne-acrylate oligomer with 2 acrylate functional groups
and a molecular weight of 5000 g/mole, supplied by UCB Chemicals.

Ebecryl™ 605 is an epoxy-acrylate oligomer with 2 acrylate functional groups per
molecule and a molecular weight of 500 g/mole supplied by UCB Chemicals,

Ebecryl™ 81 is a Polyester-acrylate oligomers with an average of 2.5 acrylate functional
groups per molecule and a molecular weight of 600g/mole , supplied by UCB Chemicals.
Ebecryl™ 80is a polyether-acrylate oligomer with 4 acrylate functional groups per

molecule and a molecuiar weight of 1000 g/mole, supplied by UCB Chemicals.

Table 5
Example Oligomer | Oligomer| DDM AIBN (method* Mn Mw
(Wt %) | (wt %) | (wt %) (g/mole) | (a/mole)

40 | Ebeoyieos | 25 | 2 1 sol | 8613 | 28384
41 Ebecry! 80 5 2 1 sol 5,706 | 20,165
42 Ebecryl 81 3 2 1 sol 6,279 18,012
43  |Ebecryi 4858| 225 2 1 sol 8,405 | 28257
44 |Ebecryl 4858 45 2 1 sol 8,530 | 56,716
45  |Ebecryl 4858 6.75 2 1 sol 12,165 | 437,690
46 | Ebecryl210| 75 2 sol 9,043 | 32,846
47 Ebecryl 210 10 2 1 sol 8,813 | 42,930
48 | Ebecryl 210 12 2 1 sol 10,033 | 52,594
49 | Ebecryl 230 | 25 2 1 sol 8270 | 31125 |
50 | Ebecryl 230 30 2 1 sol 10,475 | 76,464
51 Ebecryl 230 40 2 1 sol 12,081 | 44,177
52 | Ebecryl 230 18 35 1.2 sus | 6,400 | 22,600
53 Ebecryl 230 43 8.6 1.4 sus | 3,500 |[13,300

sol = solution polymerisatio, sus = suspension polymerisation
Examples 54- 57

These polymerisations were conducted using a mixture of more than one monofunctional

monomer (MFM) and TPGDA as PFM. Molecular weights were determined by GPC
metheod 1.



700 6,300 17,150 57 EAMA+ENMAL7S5: 25 _ 4_ 1 susi ;
!32. 8881 L moA is methyl methacrylate, BVA is n-butyi .
met hacrylate, 1BVA is isobornyl methacrylate, MA is nmethacrylic acid. _
Exanpl es 58 - 61 s Branched pol ymers were nmade by suspension pol yneri sat |hon
usi ng a nondf@AAY#E36hal nonomer m xture of 60% BMA, 39% MVA arch/dfooddsni t
PETA as PFM at 0, 5% based on total WLLI 1.2 Wt %AIBNinitiator and .0.5
wt % Versicoirm 319 suspension st aBi Ii ser.

_ Table 6
Example MFM MFM | TPGDA | DDM | AIBN method*| Mn Mw
ratio (Wt %) | (wt %) [ (wt %) (¢/mole) | (g/mole)
54 MMA+IBMA 50:50 5 2 1 sol
55 MMA+BMA+MA (65:30:5 3 4 1 sus 5,850 | 33,750
56 MMA+BMA+MA |65:30:5 6 8 1 sus 3,700 | 17,150
57 MMA+BMA 75:25 3 4 1 Sus 6,300 | 32,000

MMA is methyl methacrylate, BMA is n-butyl methacrylate, IBMA is isobornyl
methacrylate, MA is methacrylic acid.

Examples 58 - 61
5 Branched polymers were made by suspension polymerisation using a monofunctional

monomer mixture of 60% BMA, 39% MMA and 1% MA with PETA as PFM at 0.5%-based
on total MFM 1.2 wt % AIBN initiator and 0.5 wt % Versicol™ S19 suspension stabiliser.
Thiolactic acid (TLA) chain transfer agent was used with or instead of other mercaptans.
We observed that for those mixtures in which microgels tended to form, this tendency was

10 greatly reduced or eradicated when TLA, a secondary mercaptan, was present. Molecular
weights were determined by GPC method 1.

Table 7
E)gm-pie PETA |PETMP | DDM TLA Mn Mw microgel | viscosity

(wWit%) |(wi%) (Wt%) | (wi%) | (g/mole) | (g/moie) {cP)
58 0.5 0 2 0 9,830 | 22,800 | minor 134.1
59 05 | 0 0 2 12,850 | 45,670 | none 387.5
80 05 { 0 0 1 24,762 | 159212 | none 1,665
61 0.5 0 15 025 | 25,440 | 57,430 | none 190
62 1 6 0 0.5 9,100 | 26,400 | none 62
63 1 6 0 1 7,050 | 22,250 | none 62




Thi ol actic acid (TLA) chain transfer agent was used with or instead of

ot her nercapi ans. We observed that for those m xtures in which mcrogels
tended to fornit, this tendency was 10 greatly reduced or eradi cated when
TLA, a secondary nercaptan, was present. Ml ecul ar wei ghts were determ ned
by GPC nethod 1. Table 7 Exanple 58 Ep,60 61 ' PETA (W% 0.5 0.5 0.5 0.5
PETMP (W% O O O 6 DDM (m % TLA (wt%/() 01025 0.51 M (ginpie) Mv

(gl moie) picron& mnor none viscosity (cP) 134,1 387.5 2001.500
9.830 22, %45, 670

1. A non-solution method of preparing a soluble branched polymer comprising mixing together
a monofunctional monomer having one polymerisable double bond per molecule with from
0.5 to 100% wiw (of the weight of the monofunctional monomer) of a polyfunctional

monomer having at least two polymerisable double bonds per molecule and from 0.0001-

50% wiw (of the weight of the monofunctional monomer) of a chain transfer agent and
optionally a free-radical polymerisation initiator and thereafter reacting said mixture to

form a polymer, such that the conversion of monomer to polymer is >90%, wherein the weight
average molecular weight (Mw) of the branched polymer is in the range 2000-200,000.

2. A method as claimed in claim 1, wherein the monofunctional monomer is selected from
methacrylates and acrylates, styrene and derivatives thereof, vinyl acetate, maleic
anhydride, itaconic acid. N-alkyl (aryl) maleimides and N-vinyl pyrrolidone.

3. A method as claimed in claim 2, wherein said monofunctional monomer comprises at
least one of methyl methacrylate, butyl methacrylate and/or methacrylic acid.

4. A method as claimed in any preceding claim, wherein said monofunctional monomer

comprises a mixture of more than one such monomer.

5. A method as claimed in any preceding claim, wherein the polyfunctional monomer
selected from bi-functional (meth) acrylates, tri-functional (meth) acrylates, tetra-functional
(meth) acrylates, penta-functional (meth) acrylates, hexa-functional (meth) acrylates,
oligomers or polymers having more than one polymerisable vinylic group, and mixtures

thereof.

6. A method as claimed in any preceding claim, wherein the chain transfer agent is
selected from monofunctional and polyfunctional thiols.

7. A method as claimed in claim 6 wherein the chain transfer agent comprises a
secondary mercaptan.

8. A method as claimed in any of claims 1-5, wherein the chain transfer agent

comprises a catalytic chain transfer agent.
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9. A method as claimed in claim 8, wherein said catalytic chain transfer agent is present

at a concentration of 1-500 ppmw, based on monofunctional monomer weight.

10. A method as claimed in any of the preceding claims wherein the polymerisation

reaction is carried out by suspension polymerisation.

11. A method as claimed in claim 10 comprising

(i) mixing together a monofunctional monomer having one polymerisable double bond
per molecule with from 0.5 to 100% w/w (of the weight of the monofunctional monomer)
of a polyfunctional monomer having at least two polymerisable double bonds per
molecule and from 0.0001-50% wi/w (of the weight of the monofunctional monomer) of a
chain transfer agent;

(i) dispersing the resulting mixture as a discontinuous phase in a continuous phase in
which the monomers are relatively insoluble in the presence of a dispersing agent which
is capable of maintining the mixture of monomers as a discontinuous phase in the
continuous phase;

(iiii) initiating polymerisation of the monomer mixture;

iii) maintaining the dispersion of monomer in continuous phase at a reaction temperature
for sufficient time to enable the monomers to react to form a polymer; and

iv) subsequently separating the dispersed phase containing the polymer from the
continuous phase.

12. A branched polymer comprising:
99.8%-50% (based on polymer) residues of a monofunctional vinylic monomer, 0.3-50%
w/w residues of a polyfunctional vinylic monomer and 0.0001-50% w/w residues of a

chain transfer agent.
13. A branched polymer made by the method claimed in any of claims 1-11.

14. A coating composition containing a polymer as claimed in any of claims 12-13 and
optionally further ingedients selected from monomers, functionalised oligomers and
copolymers, cross-linking species, polymers, curing agents, colourants, solvents,
dispersing aids, lubricants, processing aids, fillers, carrier fluids, toughening agents,
plasticisers, flexibilisers, perfumes and stabilisers.



-. none 63 16 - 22,250 62 dCdains 1. A non-solution nmethod of
preparing a sol uble branched pol ynmer conprising m xing together

anonof uncti onal nonomer havi ng one pol yrneri sabl e doubl e bond per nol ecul e
with from0.5 to 100% wivy (of the weight of the nonofunctional nonomer)
of a pol yf un€Pi%8Hedl! nonomer having at | east two pol yneri sable-geubbgdonds
per nol ecule and from 0.0001- 50% w w (of the weight of the nonofuncti onal
nononer) of a chain transfer ageni and optionally a free-radical

pol ynerisation initiator and thereafter reacting said mxture to forma

pol ynmer, sG8hAtmatidéeoiEaeneesc @i 8 r.is >90% wherein
t he meight1§verage nol ecul ar meightl?%a§>gﬁk{hgdgﬁgﬁc %Hwb8f B 14% n the
range 2000-200,000. 2. A nmethod as clainmed in claim1l, wherein the

nmonof uncti onal nononer is selected from nethacryi ates and acryl at es,
styrene and_derivatives thereof, vinyi acetate, maleic anhydride, itaconic
acid. N al Ky YE&P)R polarersideed areithie vimy fi2 py1I & & donRGwentdf aAcBBhGOd as

cl ai ned i nfoghalizfibR, Y ji ctionai noner conprises at | east
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A met hod aS°¢rs idhenmindnyorpios celjicghetaiowanhey eiuRsbiAtsh MBS NSl Onai
nmonomer conprises a mxture of nore than one such nononer. 5. A nethod as
claimed in any preceding claim wherein the poiyfunctional nononmer sel ected
frombi-functionai (nmeth) acrylates, tri-functional (nmeth) acryl ates,
tetra-functional (meth) aoryl ates, penta-functional (nmeth) acryl ates,
hexa-functional (nmeth) acrylates, oligoners or polyners having nore than
one pol ynerisable vinylic group, and m xtures thereof. 6. A nethod as
clainmed in any preceding claim wherein the chain transfer agent is

sel ected from nonofundi onal and poly-functional thiols, 7. A nmethod as
claimed in claim6 wherein the chain transfer agent conprises a secondary
rnercaptan. 8. A nethod as clainmed in any of clains 1-5, wherein the chain
transfer agent conprises a catalytic chain transfer agent. 18 9. A nethod
as claimed in claim8, wherein said catalytic chain transfer agent is
present at a concentration of 1-500 ppnmw, based on nonofunctional nononer
wei ght. 10. A nethod as clained in any of the preceding clainms wherein the
pol ymeri sation reaction is carried out by suspension polynerisation. 11. A
met hod as clainmed in claim10 conprising (i) mxing together a

nonof uncti onal nonomer havi ng one pol yrneri sabl e doubl e bend per nol ecul e
with from0.5 to 100310 wiw (of the weight of the nonofunctional nonomer)
of a polyfunctional nononmer having at |east two poiynerisabl e doubl e bonds
per nol ecule and from 0.0001-50./0 ww (of the weight of the nonofunctional
nmononer) of a chain transfer agent; (ii) dispersing the resulting m xture
as a di scontinuous phase in a continuous phase in which the nononmers are
relatively insoluble in the presence of a dispersing agent which is capable
of maintining the m xture of nononers as a discontinuous phase in the
continuous phase; (iii) initiating polynerisation of the nononmer m xture:
iii) maintaining the dispersion of nmononmer in continuous phase at a
reaction tenperature for sufficient tine to enable the nononmers to react to
forma polyner; and iv) subsequently separating the dispersed phase
containing the polynmer fromthe continuous phase. 12. A branched pol yner
conprising: 99.8% 50% (based on pol yner) residues of a nonctuncti onal
vinyl.ic nmonomer, 0.3-50 wlwresidues of a polyfunctional vinylic nononer
and 0. 0001-50% w w residues of a chain transfer agent. 13. A branched

pol ynmer made by the nethod clained in any of clainsl . 14. A coating
conposition containing a polynmer as clainmed in any of clains 12-13 and
optionally further ingedients selected fromnononers, functionalised

ol i goners and copol ynmers, cross-1inking species, polynmers, curing agents,
col ourants, solvents, dispersing aids, lubricants, processing aids,

fillers, carrier fluids, toughening agents, plasticisers, flexibilisers,
perfunes and stabilisers. WD 99P6' *i 15. A nothdsd poyncir aclide
contatning p..ilymer as dairned n ether of danms 12 or 10, Use of a pol yner
as claimed in either claim12 or 13 an a constituent of a coatiric
formul ati on, photcresist, noul ding conposition, oufable polynmer hi nonomer
syrup, noul ded Kitchen sink, worktop, at:in/tic Sheet, shower tray, curable
cement or adhesive.,



