;e3ej 7001D2": 3667Tj) 7n} WO 991 46310 Pol yner conposition ~ 6 AUG ~il <;;
PCT/ G B99! 00618 The present invention relates to a polyner corrp05| tion, in
particular to a branched pol yner which haamﬂm"mm’"%mﬂe dout® & Al and to
a met hod of ration therefor. Branche e pol ul es
of a fini Wé’g;‘g ich are branched, often 5 having éﬁ@ﬁ@gg&%fanched
polynmers differ fromcrosslinked poI ymer net woPRE* whi ch tend t owar ds an
infinite size having interconnected nol ecul es and which are generally not
sol ubl e. %&[ﬁ%& mers are usual ly s MHM”&MMWMWM vents which dissol ve
anal ogou rnear polymers but have the a sol utions of branched
polymers are usually |l ess viscous than sol uttmee+of the sane concentration
of the | L.n nol ecul ar
el gnt. Harapa el reles b £ pok P Bim B In AR 8B, TG <
especi al gofyradr whighhhapolgdsheosatiie dbubianbornds)anddo medethors ofitgreparatiorns thersfert  t han
solutions of linear polyners. For this reason, branched polyners are useful
additives to sol vent-based coatings and inks, for exanple and they al so

have rraruraa&bﬁp@pﬁéﬂsca%blwﬁneﬁelae&m@@adéﬂmtetmmﬂﬂadarbodrme{eﬁ itsro have a
| ower melt viscosity than_anal o q%ous | i near polyners and are useful for
¢

i npr ovi NRAVIRG Mapy br@pshes Pranghed\pglymensdifen freBLIBSSiRkedRAlRRSRSWAKBDUI di ng)
ext r usi OpnigR Y tBitafds aﬁﬂ\‘\ﬁﬁfe ggstﬁm@%rteﬁmneaeé rrﬂﬁc\leégra%drmﬁclpﬁ'e”ade by a

t wo-step process I n which | 1 near mer contai ni ng branc sites is
subj ect egenesally oy pelHele. aqud.@amm a@r usygliy soleble lftﬁﬂ“ﬁnéﬁpwh@h ﬂt§$¢h’€br anches
fromthe i T process
e e T S L A
use. Al tamerkavalless wserus resolghansed shecsame eonssatiation qﬁMa;homequmymgmct i onal
nono I t [ from whi ch
pol yﬁ L@gﬁ@ﬁ%ﬁ'@? hé\ﬂn§ a%Wn V\n/ﬁeé{/%éri},iérg" Hr%‘l @%@f&ggdgﬁerejsbe A(;:ﬁln"zél:]onventl onal
one- st eppq:iymeesaresas&r tchaandiehespammat tigh paildgfoontent antayrbe omale usingt be

o der t oo SPeR A sp IR orbod, RURRE ool teaeieh e A e AR | on of

i nsol ubl esefal additives tessotesnt-dases U@dtmtge any inkd, for exnple knd theyalstchadvBintangy st em

[ t h b ) di I d/
of P rononéiner BPRERATEr AAaTP T, R R P R R AR e A et 0B vae ek BRE bonae
are a| $0anabyeu lineaepblymersisndiyte Idefunor Hhgrpving mmsm:w feinjesiiong

conventi ona .rgolcgmerl sation rocessesé&bol /mer i sab) e ou in the pol yner
woul d pof'm & CPBPFESEIANCPEYEing; §itwigio ing REP Spically 2 6 AUG

2002 WO 99146310 2 PCT/ (GB99/ 00618 polyrrensabl e doubl e bonds may be added to

a functi gnal r backbone b ost - pol yneri sati on action of the
Funat | onBransrB pibTiers Fi2y e Bate o) SAve RRpFeass rLUh 8 TR Bnd  These

t wo- st ep cBhRGRsSbraAdtindg Beesis %asiéaea ?&Q%rﬁer pByrRASRidn 6P MYdfthiion a&sito
therefore cost conpared to sinp preparation nethods. 5

GB- A- 22940y Pigachas; frpm the Bﬁaaﬁeneal%%ﬁmﬂmr}#ﬁ?'ﬁa@ayw&t@ WIOpFHER PRASSEH has
a ol ggulppdy WLtk racdtive 3AdARSke thEXPELLRIAG uréhdweugbnyhbeemn@nehehsmel ght

bet weén the branchi ng points is betweén , 000 which includes
0.05 - 0.Afesnatively gaNereieR PresRas CafbbeHead inndich DPYYTHRGONa) BeNeMertini n

{r ansf er ghaik to biSuife Rurkbndiinind Wbl e ek W Wifcr SithoiaREAda0Rayt he
synthesis of nulti-functional hypér branched pol yners by free-radi cal

pol yner i GeWolrowrver; a ligtitatien ovﬂwserﬁfmmré!onﬂ onRwEigprRIgessses ifthat tE‘ﬁbal n
transfer £l eboiiicihndPRioREMeX Edrondd)iut deniaRS Yl ting
pol ymer s ag'?tse ol I'Soﬁp C%'Pg rrgtgr?‘lgaalnggtglggai?fggglgg desgr'i’%lggaggp y'rr@rss of

t - but gk dessythan ebwttQﬁ%Mw:a%rpler tof avoict éxtensivesaress-inking of thelp@@neraind the
function d Y, i ce of a
15" ohat n TPrIRERY FEELER G BYeH iRy XIBE RSl A R ERFT

cross-| i rdspegialy mehelabsbrtoe dftarsmivantmdaluegtandﬁqn‘csmhtghonnmreuss lof rdoedne!yto
condensat j r}n&hem stry. US-A-4880889 descri bes a pre-crosslinked sol ubl e
pol yner oM AT i ng 10-60% of OHfunctionalised nononer. 5-25% of a nononer
with at least 2 olefinically unsaturated doubl e bonds and 15-82% of further

pol yrrer | ROV BT YRBTES AR IaCis PR PR S APy Rl elmegs Pl
cont enfy Ofivoadtepl prot8dédsbeiadss u§|ﬂ%§6rﬁléhﬁ&\aﬂlbowﬁﬂﬁ$dt@d pFotR84asTpblymelisabe >0. 5%
of a polyneri satl on r é;{ul at or éqje/rrers are used in crosslinked

coat i ngs 9RHASdN fNeePtymefr weiyd ipelymegse &fofn CrPSTENKSA PRYTeTReleadss dbpically
crosslinkers. US- A— 4988760 and US- A-5115064 define sim/lar conpositions
whi ch include functionalised nmononers having 25 different cross-1linkable
groups whi ch include carboxyl and isocyanate.




US- A- 5227432 describes a process for neking acrylate copol yners Wlk %@ﬁe
doubl e bands in which an acrylate copol yner nmade by pol ymeri si né Ue

m xture containing 5 - 60% of funchonalised nononmer, 3 - 30% of a nononer
with at | easby/a@308 ef i ni cal | y unsaturated doubl e bonds and ®dTeGB99/00618
nonof uncti onal nonomers is reacRed in a 3 0 subsequent stage with a
conpound having a functional group which can react wth the functional

group of the polynmer and which also has at | east one ethylinically
unsat ur a@ymersa Q@@'QWSW%*’@QBMGQI@E’#‘@B"%QP'@U‘G&@E%P%@Y| sabl e doubl e

bond. Thisgl g%ly?nén‘é@tsént l%g&dﬂro@91%3§dct1'oﬂalt§}§$pst\piﬁ1 é’@drﬂﬁﬂ%d%ﬁa%}w %ém&é h&’é}?"
group I s e’in a first stage and then conpound wnich inc es the

et hyl eni gdbllte bopat liheseetodrprrecassidve she @sadvettages ¢f indreasashemplendty gr oup
'n e.g. Qrfﬁ‘uﬁ%ge%éef Jefkd dﬂ&é& Cs%&g 8@%9&4&%&%%&#&%“ bes an

acryl ate ionallTséd acrylate € by a two-stage process of
formi ng a copol ymer having an esterifi abI e functional group and

ool ymes | CEE oA (8ot ReeheeR Aol P Ree el BRTREARRDR  cacti on

bei ng Cakoleiliap Weight of BROQT emrm:)e uﬁ)ho&:thBé Prtbcular dmgawmaadthelo There is

Funct i onBraneBas goiyhs Rewseno P ara QP athNier bydes By ikl 46 1 ne

i nventi Oeownt:m.—,ﬂewnemerswddesancsreto/baﬂaeﬁaumrgﬁgéﬂégana pol ymer whl ch
includes at |east one ynmensabl e doubl e bond conprising: (i

) ng

t oget her US-fronti7udth PB&!'&Pefﬂréﬁ'ﬂ?n\@N%évﬂ?ﬁfnaﬁ%thﬁéwtﬁéw Qfa'BPE"fHG‘F}lS’Pé' bond per
15 ”Di(?c'ﬁk/ﬁ’erménlﬂhéé pal e’ by fpeQQa{EQ’.‘élVbo(ﬁﬁerfsBﬁod’@'dgmr trQ‘ffln;'lhﬁoﬁmfsWﬁH onai
nmononer) Of a pol yfunctional nononer having at |east two pol ynerisable
doubl e bemienpepf ashain Yresianiatysh ANG agWoPerodimired fdicalfinitiater. wBhigyht of t he
nonof unc Q{‘ﬁ’d 9 nsfer agent and optionally a
free- radltrle ;‘);di &ne%ﬁgs%? |8I n%ﬁl@rgltegéé (ii) reacting said mxture to forma
polymer, 20 (iii) term nating the polynerisation reaction when < 99%of t he

pol ymer i t L
poI gmer sﬁ%)ke‘ Oggggﬁég ABQEQ?"%;@ %g} tlé\% #ﬁ/hﬂ% s Oelr%& lg%g{’)'?g aE'R/l; i ch
i ncl udes amtl 1-8Ge6 tof f).metnqmdl ymdmlmmmtbomdlymnsahsnumg\ecﬁresemecbﬁas of

i) a n d

L e (T e A e e e e R o
m)norrer) tofform P odatingrmomposadn crossdinksd h;aumn@nsatloheaahlsuy\o pol yneri sabl e
doubl e bonds per nolecule; iii) from0.0001 - 50%wWw (of the weight of the
nmonof uncti onal nmononer) of a chain transfer agent and optionally iv) a

f r ee- r adi gSIA-BH0BBR Ides@ibes B prarcrbsslinked soluble okumdr Eoridaiding\ @0 bB10 4

PCTI GB991QQ618_ Such | f d in. d
post - pol YIRSt aReR SPEFSe A +0A P T o fionents vifl 2hisptie il ubreietes ' o
exanpl e, dpubfy Eprisiang 15r8236 bhfLatie? ricnotdnotiosdi |mdmpfd ymepollymet bempuwsitiat age

| at 1! I d
poly o | & R S ARV TRBHEN RPC I AREOEONeR & AVaK PPbTeTEed o

nmonomer vx&uneb cbﬁt&ntaoffabaﬂtt sa%lalormnd@ﬂidu@é @HRingélled co&lymérahblﬁg)*b 5% ofli ne,
t hen the be su ected to os -pola%/)rrerl sation reacti ons |_?f t hat

functiona 0'6%/‘6&&?“% r ed'e PRYMERRR P?)%F@PV“ gslinged cRatRgBwheRe th

met hacr yl gloip nsa@éyﬂeatvﬁtn%eummb féritiidengte grdesihkerdl lUSAROBBES0 dharei ght | are
cal cul at ed based on the total weight of nonofunctional 10 nononer. For

exanpl e. MB-AB1Perdefipn 6%’%@%1“% WHIRBrinqlyde; functinpslised monpmers havieg
di f f erant giaRAt eroeslittble FBAKYRIIEN inkidt $8boxy adl Mocidnaf®?! ¥f uncti onal

mononer is 5 g on this basis. For sinplicity, a nononmer having one
pol yrmeri sabl e doubl e bond per nolecule will be referred to hereinafter as a

monof unct U@”@'sam@r@scﬁé\é%'\é pr@é&s%dﬁ?ﬁﬂ%%f@%be e?];nepss\«/#tr?ﬁéé dbme

pol yneri sabl e doubl e bonds per nol ecu erred to as
pol yf unct pomndg in which an acrylate copolymer made by polymerising a monomer mnxture

containing 5 - 60% of functionalised monomer, 3 - 30% of a monomer with at least 2
olefinically unsaturated double bonds and other monofunctional monomers is reacted in a
30 subsequent stage with a compound having a functional group which can react with the

functional group of the polymer and which also has at least one ethylinically unsaturated



nononer (PFM . By pol yner which includes at | east one pol yrne*ri%glﬁw,(3 mjbl e
bond we nean a pol yner having a doubl e bond which can take part in further
pol ynmeri sation reactions after it has been made. The pol ynersi abl e doubl e
bond may be pendant or terminal but preferably the polyner includes at

| east one POINHEHOsabl e doubl e band in a 20 pendant group. ThEGRPYMHEP

whi ch includes at |east one pofynerisable double bond may be referred to
herei nafter as a pol yneri sabl e poI yrrer The nonof uncti onal nononer nay

conpri se any non r i nNeri se ree-radi cal nmechani sm
cooh be e R Dbt AR S8 S8 SR A E st R D e ot
(st yr eni fufigtiondl GidupaICebad @)a fired sﬁgecar&ﬂﬁhhd cbth@ournd aﬁuemmuaes ¢he N-al kyl

(aryl) maleinmdes 25 and N-vin yrrolidone, v ri dine) acryl am de,
net hacr yRHrEREFININNAHIBER ¢ Prrie g@l‘f i Iraptad with e 'JHEﬁi'/tﬂﬂ”ge‘lﬂrP‘l“? !”é‘- 9%t ures of

nmor e t hagsgmseaidmeaddsnst i onal nmononmer may be used to produce a random
alternating block or graft copolyner. Preferred nonofunctional nononers
conprise acrylates and nethacrylates) i.e. preferably the double bond is a

0 S0/ AT SR Rinsd Py ED S BB IES Sl bR by a = © AT 2002

( met h) actwd-stage protess pfoimiog actepcblymerr hauingyan esterfiablg, fundioazi@raurkahg

(meth)acryl ates., e . I ) propyl
(net h) ac?%ssﬁs?mw.%%?fﬁé ey g@ﬁé}lg?@é)’ ‘L’?’L%C%&PMC’(% acrw%’?stea%‘% but yl
(et h) ac agriyteor ethiabpylatérgroyp, therestiitiaatipn etactiombeing camed byibiothye at e or
dodecyl (net h ac; I ahe... A$d| tionally) 5 cyclic alkyl nononeric species may
be used SWERNESC %//E"T" RAyFe CAPRMY eyl ate, | sobonyl (meth)acryl ate and

di cycl opent enyl (neth) acr yl ate. Functional nononers such as nethacrylic

acid and_acrylic acid, drox al kyl__nmethacr es s as dr oxy et hyl
(et h)&c FPF’&H% thersiaro% P dofﬁf/P w%&% e Wf\%ﬁiﬁé ’H’f)ﬁ 'stﬂwcﬂona ised
(et h) ackyhafeds intd dtatR¥l slrpi wh@cryl ate, dial kyl am-noal kyl (neth)acryl ates
such as dinethyl ami noetttyl 10 (meth)acryl ate, diethyl am~-noethyl
(meth)acrylate) dinethyl am nopropyl (neth)acrylate and di ethyl am nopropyl
(meth) ac %k&%ﬁwg t§¥hé me&moﬂ%ytha:eﬁore %mmbm o@'pFé?ﬁhné BRoljRichamicH ate or
t he anal ogous acryl ate be used. By pol yfuncti onal nonomeér, we nean a
nmononer mmsm@aatomeemmqrweblp@pyhlernoga@p@paﬁw e bands per nolecule. W
al so ncI r or

' gﬂﬁx.ﬁt&gaﬁwér% BB nlidHAF FoRBRer RBHRYTEH eﬁ&?rﬁéﬁéé@e]&uﬁie' KRRt

reactive re-pol ynmers havin ast doubl e bond
pof ymes i Sadiequle, with fomy @2 - 48R e (efdbe meightof the masioénclignal mopabre °f a

bi functi edi ol
di (et h) gjag)ﬁf atei rcl%p'rrﬁc%gb%wﬁ%atq% lct)\ﬁ 830?}&% b:!t%!rjé/ m@%tﬁé k gﬁge uhféuﬁf‘

di (et h) aitorryD@D@} ﬁ@%pe’wt ithglwsetgb\t oﬂih(emncﬁwﬂw@lmnome@tqimén@ teanséar|

di (et h) ryl ate, di propyiene glycol
20 di (et écﬁo?%;%tfohbg$¥+ee %m?woq@% %(.Hﬁ FQ.I}a\q}IS:rhW benzene and substituted
anal ogues(u)trbecte'rgfsardl'mntmemioanalpoepmerpl es include: tnpropylene glycol

tn( moeh) 4B st W SR RlorEieSRBR G TR B ARy M

t et r a{ netbonds pydsahtinahe mivtuca haves teaotedl to iamropayregr. e. g. di pentaerythritod
hexa(nmet h)acryl ate may al so be used. Optionally, the pol yfunctional nononer
may 25 conprise a mxture of nore than one pol yfunctional conpound. The

pol yrrer i sialal secpoad wspect otttie b@eﬁttUnl;m/d provide a polyeree hich imdiudgs eleast onecact i ve

pol ymer or pre- yIer Vi, n | egst ol ymeri sabl e doubl e bonds per
nol ecul e ?@%8{‘9 ﬁ‘@"{hﬂnﬁﬁ ”ﬁ%\“ﬁﬂjﬁ%ﬁ' ‘ﬁ?ﬁ? nononers. W include such
functi onaLa mmmcﬁom%dabmgpﬁwffg orie é&lﬁnéﬁame duble Bondtpep AdlecOorRNONEr "
because t B ] neri sabl e doubl e bonds, which are 30 preferabl

€

(et hR&cripl & P @ﬁﬁ\s|wee'qmef#heare@an\énqypwamw HERMYEURBRYy mer to

pol yner i sgohdthér ﬁmggét%sn@vo%&uwﬁ@rsaam RfileBonds péhﬁofééuﬂ'@ way as a sinple
pol yfunctional monorer . pi cal reactive oligoners inclu e) but are not

linmted ti) ffeﬁbwo%eﬁfw})aﬁwwféiﬂ%we'gbbweﬁ W@"°t‘ﬁ‘é@9ﬁ)aém°wa?fe}§53 chain

pol yesterﬁémr@g@ﬁ{yg@éﬁ%a@d 2 6 AuG 2002 WO 99/ 46310 G PCT/ GB99100618
uret hane-(nmeth)acrylates. Typical reactive polyners include addition or
condensathﬁfm—vﬁmﬂhp@mﬂlsaﬁommé@mfene or acrylic copol ymers contai ni ng
pendant pol ynerisable (neth)acrylate groups or unsaturated polyesters. The
nol ecul ar wei ght range of the oligoner or reactive polynmer may vary from
500 - 500, 000 gl noi e. When such reactive 5 oligoners or polyners are used
to provide at |east a part of the polyfunctional nononers the anount of
pol yfunct~onal material included in the reaction process is normally much
greater than when sinple nononers are used, due to the higher nolecular
WEI ght of such materials. The armunt of poI yfunctional nononer present may

o A NSNS s N7 r M v



10 nonofunctional nononer concentration. Preferably, the arrt)urzscﬁu“"zm2

pol yfunctional nononer present is 0.3 - 25,'0. e.g. 0.5 - 10% based on
nDnofunctlonaI nononer when the pol yfunctional nononmer ~s a sinple nonomner,
not E\ﬁbeﬁﬁ Jjye oligonmer or polynmer. Wien reactive polygerscmboshgoners
are used en the concentration gay vary up to about 50% wW w or greater. 15
The chain transfer agent may be chosen froma range of thioi conpounds

i ncl udi ng nmonof unctional and pol yfunctional thiois. Mnofunctional thiols

i ncl ude HiRRY OroWéiQtﬁ%refbre BEEY hotBAEARE AU SPY bosTRbyARIr8atorPCt Y
mer capt an, mer captan, thioglycollic acid, nercaptopropionic acid,

al kyl t h|f@f@tl9ﬁiﬂ$ﬁ%ﬁ”ef§a§whw%ﬂ§h 15 nechssitatgd xipr ewa'gl bxeepatied ar oct yl

t hi ogl yc h ([ C acid,
R e e S R e S R A AT ot
such as twheme (mdtolRcpylaip Amstiondhs¢Bpatrmerap papacs @n@e@)eth@@pfmﬁmmenbnal

conpound 0 e

pent ae?ytsirr'l\%l)”ftﬁgrl1 G% S’{‘)rat ﬁtryco# J\a[s aﬁhpenga@r}%% @gp‘? %’h%aor % ate

pent aer ytdming,dhert ttrermwwmenbuawbasm;eMafpostpmimahsationpenmdss elitbht as

di pent aer?jvgrl tlol eégé ngr capt opropi onate), dipentaerythritol

hexat hi ogf Gre'freyp %‘EF functional thiois such as tripentaerythritol

oct a( 3- ner capt opropl onate)) tripentaerythritol octathioglycollate. The use
of pol yfunctiona fﬂlO|S is a useful way to increase the degree of

br anchi ngPY gt & e Mmeap ErperAnetiacryiate. aeryiake o ‘P%Pﬁ%fy@FSQ §8UPray conpri se
a mxture of nore than one type of conpound. The anobunt of chain transfer
agent present nay be up to 50 wt % of the total initial 30 nonofunctional
nmonomer cAthamagntain weight % age thicsiated berti erpiie, totahweighbefmondfurdtiahal t r ansf er
agent Br ‘5‘r??ﬁ:‘1‘c5mérS F%rl.axam "/?r%% &n%nofﬁnégé%%%?ﬁ&%h%a;( TBOAfHREH gnal
nono : e pol yneri sabl’é pol yner e using an a Irate anmount of
chain  ~diferabiGnargfungiongl ME3droe PUT LSGRD 8/ B 18 pblywmsﬁtmal ageamet & g event
the for Q‘{ af a substantial amount of insoluble cross-linked polynmer.
The maj or 53’%‘1‘5 t he pol yner produced is soluble, even at high conversion of
nononmer to polyner. A small anmount of cross-Ilinked polynmer may be forned
but the reaction _conditions and | evel of_ chain transfer agent should

pr ef er abl §oBumMEBkhMOnees211Rq creROVERRSIFAPIESOUBIERRED PER RIFIPIHE YR f or med
is <10% ( i@féy}éd tmmpéf@fr Ak Ah¥nstal@ibNd! YonoHer eVPMS BRd athdnorertidvinglar) and

optimal Iy 0% ( V\/@ have found that the use of secondary rrercapt ans as
chai n t aWéF'etl”oé’@ Aiesispilg doubls bendwrrIcTqIRRHI Wil berefestrd| to 3p apabdundtippated

pol ymer a%n&ﬁdﬂm)t hey fperymtr WQhQ*fcldEbQ ra@%hﬁodé‘po?y%éﬁs‘aﬁlésdd%let t¥d we

resul ting branch 95- yners. Therefore, for certain | yneri sati on systens,

the use of“es”B@(ﬂ?&’é'? '"ﬁ@r%&?ﬂ%ﬁ’f“@w‘ﬁ]’% §aniake part ﬁgfé'ﬁf‘%r RANMEISARPRS er r ed.

Chain tr a&'ﬁcﬁén%&%aﬁ%@@ﬁ e dRg ﬁ@%@@ﬂﬁ?ﬁaﬁf@%@tﬂ& %Bﬁd ﬁHa? HRaddndSatlarr | Y
preferred when t polynerisation is Carried out in bulk”or ‘suspension

pol yneri staménel b'#tdt'f%@é@év the| pobtmrrs inoludes ahiensttqmmerﬁgblmdyuhﬁbmé i@y
kng |
ol ynedd o Btk Grob e BEAEELw i WEL B of ot Mip PR S By 8604 Ry ©2

di sul phi dée I’thﬁefb@emﬁre@ﬁﬂqlaﬂ angolsupemaéb polyree) catal ytic chain transfer
agents such as cobalt conplexes, e.g. cobalt (11) chelates such as cobalt
por phyrin conpounds are useful chain transfer agents for the invention.

Sui t abl e Jdbbatanofineticnad aapenek Nn@ApToMprisehanyamponamer whieh dars be ipblytherisedAB

bi s bor ond e Eclsa heabed SidP e RBRAHAR A acryvtes sgne Ans deriettaser.

Catal ytic tmﬂmofr(stgféntqsaa.nmfyeaceigtenmletm@nhbdndjs @dcanic acid,N-aikgl (anli)onaleimides
concentrat| a?\g ”grr Ic% to c nventi ona' BI ol chai Ea t.ransfer agents, e.qg.
Co. sogbr &gyt Purtgidene i i dRe. 2eHamide MGV EM R  al | y hi ghl v

ef f ect i ve NaN-digiyirethaerylansiiié Oasd adwodﬂﬁm;e Mixtures of mg&eythémuml miohatunétidnal yti c
chain transfer co unds based on cob (f g‘&gex m&y % ver effectively
oo at | ORI D RSB 1 BEa A 2 oo TS Gk o TR FOROVERDL - 0. Lo
(1 - 100 m}éw}reaﬁwdmaﬁﬁdt@fbl FYMORREs ddindride aRB)Iate® BhG Aletradnites,ees of the

pr esent |nvent| on ive soluble branched polyners. Theg&é nmeri sation of

t he monongeferadly the dPﬁ'P'?lbéf‘%dF %)‘/'"&'!ﬁ}m%'ﬁtb&ﬁp@f AR @RRlate e 3ei ng
free-ragi cahfpoigh as by thermally induced deconposition of a thernal
initiator such as an azo conpound, peroxide or peroxyester. Therefore the
pol ymeri sation m xture 30 al so preferably contains a polynerisation
initiator which may be any of those known and conventionally used in
free-radi cat polynerisation reactions, e.g. azo initiators such as

azobi s(i sobutyronitrile) (A BN), azobis(2-nethylbutyronitrile),

azob| s(2 4 d| rret hyI val er on| tril e) azob| s(4 cyanoval eric acid), peroxides



PCT/ G'B99/ 00618 peroxi de, tent-butyl peroxyneodecanoate, di benzo% 6
per oxi de, cunyl peroxide, tert-butyl peroxy-2-ethyl hexanoate A tgmzyl
peroxy diethyl acetate and tert-butyl peroxy benzoate. The pol ynmerisation
of the nmonomer m xture nay be perforned using any free-radical

pol ymeri sa¢® o963t hod, e.g. solution, suspension, enulsion RPOTGBH/A0618

pol yneri sati on nmethods may all ke used. For sone applications of the

pol ymeri sabi e polyners of the invention, the material is required ~n solid
form For these applications, it may be advantageous to produce the_ pol ynmer
by a norﬁmnﬁaQfﬁumehwno@ngtoneugp@hmcwtem%emﬁrﬁo@p‘yﬁeﬂmerta“@h1e C,

Sur pri si y | y be
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aspect o ve rovi de t h of. eparin | ymer whi ch

ho udesmath ReuE S BingReraLin anhsiate eRieBbABRPTE S a () i xi g
t oget her mathaBRid A€ e atry ROAGETRYJ | MRthaRlateRsuchady fydidykdigy bond per

nol ecul e wi t hﬂf romO0. 3 -ry100% vvlyw%é“?/he wei @ht of the %’Dnofun@tl onal

nononer ) (Mgthigcryiate: hydexyrRIARY! (Wﬁﬁﬁm'%‘s‘?qﬂ@’d&xypkg&%@%mcbﬁl@ rayGdyhbl e
doubl e bapds) aEErTatha@lW#Bﬁ\f:ﬁ:gﬂzL(n?é’fh cﬂﬂﬁ%se suchas Wrﬁ’éﬂ( Inlﬁx*‘b’eél‘(\}g' ght of the

nonof unct 1 onal "nononer’) ain transter agent; persing the
r esul 10 nfnethlectytate. dietay! @munasinil fmetagilatee dimethyl ammpmmﬁnpmmelatm whi ch
t he nono ; egl j i ng agent
b ch | ST oBbEarb oo chelliZdl i ol (biBoRiE Eedh B URBRRE 10 Moous
phase i nmettacyiate onire B ajpgaseacryiate maymetused.i ng pol yneri sati on of the
nmononer mxture; 25 iii) maintaining the dispersion of nonomer in

conti nuous phase at a reaction tenperature for sufficient tinme to enable

the mnoevrpenymcﬁ@e%ohemépw rﬁe&%wﬁ&{omér%uéhq{amawédsﬂavd P&lyrRerisyBRr i sati on
reaction when < 99% of the pol ynerisable th)acryl ate groups present m

t he m xt dpeble hordsrres maleruley Weriapioriae in t amn\/golsémleqalernpmqmeépeﬁﬂ&m ng

the disp i&lﬁg &;m% SiRuUs phase.
The po ol I sagegégg %@r‘g%rg%e?t%Pegk%ﬁﬁvn gant rret ?acr | at e
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pol yvi ny ARG AKER e Ml e Ao miet N1atE ip s o

di spepsi daliimeth)awyietes ally! (methleendatet divinglisenzhessand substituted ayalegyies degebfat hi gh

Cani o artoatelbrmge heRakAblBh e AR B Pk bERES 20

t he di speri@eain dcrglateetpemaery}tmnml|tn(lnesth)a%sylatheTeméfymmbnalahommereaotn amn

b e T e

accor di ngheixa( nndnte)atryme mfay mncumrsedarmlptldnaﬂy fHeqrolyddratibnaismorsaer
typically ber, Neen 20 and 150 C Ielntherange 50 - 1200

Sui t aBbe GOTIREER 8 MtHIRLRmerE than 'P%p qnc MRPUPHe art. Bul k

pol ynmeri sati on nmet hods may be used) although they are | ess preferred.
Typically in a bul k polynerisation, the nononer m xture is placed in a
seal ed co?h%amimenseb!g polymesqayite fosgedivsing v reactive eligamer enreactiva @olmar n

transfer nﬁ;ﬁ; t@&l | bet ween
50 and 15 l?&gr ggée%s,llé%e?/?:gb ers rﬁgﬁgﬁg@ gg’?\&a |evg§ﬁé #Hﬁ&fl y the

t enper at uPne ¢f$ha/m1yfemctlphalongrmmrst W¥e inetusteisuch funationabpalymersand digomense  of

£o vake 2 Rofooduind BRCHSRL S BRCRe U BONRBIRE o ficie AR  whBn 57 1
conpl i opr,eferat&y (nheth)ackyldt® Qfdups enablel tha reattive oligbimies onaeactive polpmerdabl e

pol yners, hed pol rs which have acrylate functionality can be

D oauced. PAYBSGIRG o Sobie diene BoleghiR B SRt Y 3R R and! or

f or mul at edolymhanoaalmrmbrl\ee aypieaiTehtive @ligdmbl‘seﬁcmdba@wdrevﬁdtmnmémx

Dol yimor | coRRUAPP VA ess Ry (HRGh Beriiiy APPSR (o PSR RO A o

term nated at a conversion of 80 - 98% nore preferably 85 97% The

pol ynmeri sation reaction nmay be term nated by cooling the reaction m xture

or by add| ng a poI yrrerlsatlon |nh| bltor to the reactlon mxture before t he
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WO 99146310 10 2 g AUG 202 PCT/ G B99/ 00618 Alternatively the polypgerisation
may be term nated before conplete conversion of nononer byZdbﬁQ t4™g a
conbination of initiator type, initiator concentration, polynerisation
tenperature and pol ynerisation tinme such that the initiator jj ,

i.e. the é»ﬁ]?%ﬁ?“ﬁty of free rad~cais to ~n~tiate polyneriggifﬁﬁg@%@gnes

| ess and stops) before all 5 of @ he avail abl e nonomer has been pol yneri sed.
Therefore the polynerisation reaction is initiated using a combmat~on of
Inithat %re%é‘?f’el(tnhé?ﬁ)tat@k@és. CRAREMehaletblyrihs WHeRbE 288G of &IFRERGBRE and

pol ynmerisation time such that the availability of free radicals to initiate
pol yer i Relyiers s$uchiasugtyieoe enacyc ecanolyaers edntaipiog pargant aplymetgabigos i n t he

nononer r i i i ctions
"ol ot o R PRI nsd i SANGI. PROIMoRELITRERAEhOE oL FE°L L T b
t 0 r eact oligoeneroroamtivé polgaep mal eagoimne 580 0800, 600agY mefEp Mieni saitie rdactive
Sonetines.a m xture of initiaﬁgors iS S L?ectedr{o rovifde desjred

ool ymsr | QUEOMERYS,08Pa¥Mes 2l isee {3 ipvige 3 Ieariaen o the AHEciosalPeRame asur ed
and specite flods df belyflacligiarl maadrkr intilieéed mNMereattitreproddse idMdrmially fiughor s are

chosen to have an ropriate half-life at th 5 te rature of

pol ynmens8eatgy. than t’/ﬁg‘ﬁé' %”QBBWSM%“HW-WQ%‘R&?’H%@W %Ecglaf WeGht Pfach s to
sel ect aphgidhidig ator or a conbination of initiators which has a relatively
short half-life at the polynerisation tenperature. The selection of short
hal f-1ife or "fast"” initiators is well known in the art. The half life
(172) Of thgATMRLS ddlrlidioRh éndiss drbdiit rBfie LYo 60 A BPMeLdg) iRkiGO! nal
initiator 2p content at a given tenperature to 50% and rmay be determ ned by
di f f er@enmomofynctianal mpnoaies comentratiest. Rrefanably, did ampwiiof pelyfunaionali ti at or i n
monochi o I t4 At 9k0, hal f o l=i v "%MF j atures
are usua y%%eg&??sfhgég'ﬁa% e ?’lgb%ﬁsna@z/? g%gﬂg)grs Lft{&gér’rgag uHro é?més‘g??gﬁ

"1 niti at trespolgfunPlidnghmpnémetia @t simple-méhanhndte. Gatt anteagtivefaligomékorpooiee] . Al BN
has a 10 F 10 f [ i: i I or

pr oduci né’aﬁ%h&%g\f\ev%dr'gﬁ%%%g? Fééﬁ&e%ﬁ%éég%ﬁ%%‘ tﬁé%gﬁé?‘?ab%n g‘é# ;’?&é’%ﬁol ynmers at
a pol yneabeat 5@% wempgresterr e of 75 C. At this polynerisation tenperature) a
faster initiator which has a 10-hour half-life tenperature of |less than 64
Cis preferred for the nethod of the invention . Suitable fast initiators

i ncl uge ZTh2'crmhrobarsfe? agedi may by khedearfoom & rarge Jof thie! chmpasnds iddudmur  hal f

R e e T
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constituents, including the polynerisable polynmer, are dissolved or

di sper sedetra(Gamemtapipprapicste). penjeerdthital tatrathis ate.entagrvtititolpr esence of
radiatio 0 ' ; . -Deam, .k Ef - - aedUCh
coati ngsqﬁgééﬂg ggétgw&nst%%r?ﬁbt%%lt%o é%r?fsaéﬁagegﬁﬁg&raﬁ%?%g%@1{:%1@5; peri od
of 10 ti ndipémtaeiythriddl bexri-rodrecartdprapiopate) Clinentagrydinritelrhexathicgiykdllate: of t he

pol ymeLi Sahl@nRRAnaick %ﬂcﬁw'ﬂsﬂri?erﬁ%%&{h@%st g@%@ﬁ@@;&gﬂgpﬁﬁé@f sol vent

r ési st™ance, hardness and resista kage I'ngs”’cont a~rnng such
pol yner s tipgntaesdhritél oatatmpglpeaddtea difresiserof aolgiunctinat thidtsyis agseful way fong

speeds. T I i od.of the.invention are
branched ||n§re%§ ﬁ'ﬁ%%‘%i%’ﬁ?’?%ﬁ'@%@f‘?%ﬁﬁ?grrr%@%\’/‘e )}sgheu %’nltf nsfeﬁaﬂ%ﬂo rs or
15 sol ventamprsgpamedurt of ceng dranidne typeefcsompolydrer s. For application in such
coating fornul ations) the polynerisable, e.g. (neth)acryl ate-functionaiised
pol ymer may be supplied w thout renoving residual nmononmer (if any) fromthe
pol yrre_ribisahé gmr?mmome?ainbmte;{egér:ﬂqarewit?@Ibgmpnosewtwtrhetoﬁahia}tisage as or
conpati bl e wi nmeri sabl e |iqui rmn constituent t he coating
or e Bnohc el minamer ftiveatatry da e erppament v amomiel S pol yirer
i's made utrbhgfeMiffernd fredenins OfUNZI% QAR| e GDOO TRO%WIW BaseRiSaH thbmBurik@bydier .
cont ai ni nmorre unreacted MMA) is suitable for use in a coating faornulation
based on Ofa h ol RolRRFISALIBPOREET IR TRARHHRMBY 2PAFRRNate ARRYMPAFNHB yirer s
are al so useful in coatings applications such as powder coatings and
hot - nel t adhesi ves (conventional and radi ati on-cured) which do not require
the use of 25 a diluent. In addition to surface coatings applications, the
branched pol yners of the invention are useful for the preparation of bulk
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30 noul di ng conpositions for noul ding of e.g. kitchen sinks) worktops,

acrylic sheets, shower trays, curable cenents, photoresists, aéllﬁfjms
(i ncluding pressure-sensitive adhesives) etc. The pol yneri sail hed

copol yners of the invention may be used al one or blended with other

pol ymers iWOt9986HAd- use applicati on. y 6 AUG WD 991 46310 PGT/GB99/00618
PCTI GB99/ 00618 I n anot her aspect7 of the invention we provide a surface
coating conposition conpr|5|ng a branched polynerlsable polyner whi ch

conprises_r due rwh n at at risable
(ot ) adTafeie caesnp apere e e BanEn o g sePgeting Smpotad Ptk brs iBonomes
havi ng qiflyraet. yninealeriey dfrms bamaérydraa@eermmremlaealghebn@rsabh of. 3 - 100%
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(meth)acrylate group per nolecule, ii) 0.3 - 100% W w (of the weight of the
nmononer H'd'bl%é“é?ﬁé“‘&?l ‘?@éﬁﬂfbp@eeséﬁ%t h)acryl ate group per nolecule) of a
nmononer having at |east two pol ynensable (neth)acrylate groups per

nmol ecule; iii) from0.0001 - 50% w w (of the weight of the nononer having

one pol yApMaiNe EnIRERASTACAGANE Bay PR ARY FREcIESHNEWD 1R Fedyre malacsian Weighhsf er

agent angh @x@téd?ﬁ)éﬁtloﬁai fde-dicafstifrachsafidn GARYRIoh8MEHO rE;daFl'lpﬁésarﬁéPud@nd
optional 'y 25 ot her conpounds sel ected from nononers, functionalised
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processing al ers r|er s and t ougheni ng agents,
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pol ymer i smalmmsnmre:oaﬂiouudisabaédam oobait varhflexssspacbe t/erytel’fecttvelyajsed at

rononor | SCRAPNAEEARET P Bt Ch AT G S aat Oy BB OLPEmET G o

i s cabgultaised chsmendmdrde tHexgtyridrishatien proterstof te present inventidriingivetsuilble
nmononer. For e | e. for a polynerisation of MFM i nvol ving 3% PFM and 4%
CTA, 3g R52ggh YRAHYS4g of CTA woul d be added to 100g of MFM Pre~oaration
of Polymers by Suspension Polymerisation Polymers were prepared by

suspensi on pol ymerisation of a nmonomer mi xture containi ng nonofuncti onal
and pol yf Uit RelM@erisasion ef the menamess maa@@neléate¢ by pey suitable metind Pbr agent ,

e.g. dod gcf?é;_.t Qg\,% 1- 2%
by wei ghfé‘éoﬂn rmno%\ela'r%a an n agP%@ﬁg C(ela?’er%'g:laé%‘ Azyéfgaﬁé#iﬁg% %{?I'\-BI ght
on nononesuchi as afeazmdanapbundt mroxmmoaperymesar Eh@‘p@zrathemjynm(sattor&mMr@m sed

bat 11 a0 r1'a2 rerefeByelees Boiendion HORR i hal B SplGHGsd i) ™
renmove di Gmndemmhalixjagm:nafrak ttaldmalfﬂcﬂt,s‘kensaﬁpragactM\Gde gl 3o initistbesi suicbas st eel
stirrer Sﬂobﬂ(is%é@t?ro%ﬂme) (-H]ENE:-Ia_éobls -metﬁﬁgutyl%%tlllle} 0 the monomer mxture

azobis(2,4-dimethylvaleronitrile), azobis(4-cyanovaleric acid), peroxides such as dilauroyl



20 (500 g of the MFM mi xed with the required amount of PFM, and then added
tq the reaction flask followed by the AIBN. The reaction flasR 6nAHG W&t ed
at full power to 75 C and then the heating was reduced. The reacti on was

al I oned t [ until the exotherm began to subside. The i

pol ymer i s;\?'laggﬁgsggrper ature was 8typi cally 90C The fl ask was Téefjpht%c%)wﬁgat
treat for 1 hr. The flask and contents were cooled with air 25 to 40 C and
the contents were dewatered by centrifuging. The polynmers were dried in

ei ther garogideneAtbudNpéroRyndodiedariohtdl Bibsetbybestortiy edumyl bk foxiiRSieft-tiigg pPensi on
pol ynerisation nethod was varied to term nate the polymerisation before
conpl et BeWSY¢ERY BExaNG2ls: Rrt-BeY|PEIansiatitd BratalsAnertbuld Paexy PRIE!E - n t he
exanpl es bel ow. 30 Preparation of Polynmers by Sol ution Polynerisation y 6
AUG 2002 WD 991 46310 14 PCT/ (GB99/ 00618 Pol yners were nmade by sol ution

pol yner Tsapplymepsatian 9§ tlevnagormimikiura mey ba @e(faEnedwsiyg arwitieerpdidab chosen
concentrat cli r( j . agent
(Cray " aRarfgstion LN L, <BMon, TORRAGEn) ob o iR R eelet 70
nonongr metfmisymay alidwet wseds Roeisempepploatierd citthd8folgnerisaite polymbatdi thender

ni trogen. usi nser. Pol risation r er.n.na cool i ng and
by addi MyeTIGF s BRAE"S Mo e R i 1O R B tBieBpl SRR E R BAY. The

nol ecul advamaggous tasrotecs ihegiblymer G2 la néarsoldibn oretidt, @ptsagpsgion onduikg nm xed
gel colums_ and. naryow nol ecul ar wei ght . PNV t apdards for calibration.

2hl or of GPRTLSSegs PR STy 4 Spiabie SEm B R bnale BiAh e S i B n and an
infra-r %dc(leb%&falw ffmed hom/Eilghictidhal APbA@es M BeHbatioMrngitbd bbldusettie nunber
aver age .nol ecul ar wei
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det edfhi rienation pEgeis WSS‘F&W srPecstuf ?rﬁam%‘%g@&‘*@?o%@weﬁ% atspesiel a 30%
(W W)  sqbadtioR @oﬁﬁmdnlaememhMg%rarrl,m%b@d tHE BBy HRBSARAIH 66 idS A WrefatiReI @ | el d
Vi sconeter at a tenperature of 25C usi n% an LV2 spindle. 15 MVA Is nethyl

nmet hacr yAcHdsecatant pEabeub G0 Y. afreRtadye abeireuagelied selMer.net hacryl ate MAA is
met hacrylic acid TPGDA is tripropylene glycol diacrylate 20 TMPTA i s
trimethylol propane triacrylate PETA is pentaerythritol tetraacrylate DPEHA
i s di pentheeigreHn pfgther asee of thetirveptmyve Rrowde anegtbod Pl Rreparindriet hacr yl at e

TRI VP i j AWVAR j = ' it PILMP i's
pent aer I ol o AR Db B e AR R et | v Lo

hexatll§i déj)lMisiog tegetheppmonoiigisgens) maremeapaarg PR perENerisablederiireband pefe

AUG 2002 W 51 1540 U 2R e BB B S D e R R e o T it s
at 90C wvedlyfensdtiablinginether bawibg at eagi9%e polynerisaie dofblebandseper nadégutreand wi t h

bl ymor i (D CR0F - BEANAS (HP0E REIR P B et it P Ehns AT AE:

pol yneri ion times I eve I ng queous sol ution of
agent;

20 (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 maintaining the mixture of monomers as a discontinucus phase in the
continuous phase;

(iii) initiating polymerisation of the monomer mixture;

25 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;

iv) terminating the polymerisation reaction when < 89% of the polymerisable
(meth)acrylate groups present in the mixture have reacted to form polymer; and
v) subsequently separating the dispersed phase containing the polymer from the

30 continuous phase.

The polymerisable polymer preferably contains pendant (meth)acrylate groups.



hydr oqui none) equi val ent to 0.05% hydroqui none on nonof uncti o ? Gmo
The 5 sanples were immediately cooled with air for 10 m nut 8 The
resul ting pol yrrers wer e subsequently anal ysed by NWR spectroscopy and the %
of pendant acryl ate groups was cal cul ated. Ml ecul ar wei ght

det er mi nedv®y? ’%1555’ The acryiate %is the nunber of unreact écﬂgﬁg%{?ﬂms
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were iso recipitation in fiexane Ina vacuum
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Ebecryl P115 5 The fornul ati ons were coated on to r substrates to a
thi-ckmes BulitPobamagisaton e oga mayhe \ReF<aiPAush ey ete Ieed PrgTerresh | RIRIR curi ng

unit wit B sulbdindHsassn e FRINBMEY mhx&ire id ;blg&fd if 8 4eSIed bnRIrAVER. Hbadl
Wcm-Z. The optimum cure rate was assessed % est abl i shi n? thé maxi mum rat e
&

at whih (2BRUIAMIBANG Wilielar 388 AN ARBIET BBA AREDEAISD & SHitable. B MARSAIARY o

then testgdpddiursBetwBBA SDERLSIERE GnAtAe BAHRE comrdiSi had BSéS hasRdNas 10
determ ned 1 n respect of nmethyl ethyl ketone (MEK). The cured coating was

rubbed wiNaimallcthgtemeeratwraisedriar thiougheubihg reasdomtims éo central imrate plibs
recor ded np‘} fyridiSatlol ds'thé r%ctiBngro%Q@és %ch%héﬁ%ékﬁ o 0 tﬁ@%‘morﬁbEab' es 2 ~

3 and de trate that the coatings contalning acry unct ona I sed
br anched 3safligRelymerfave cure rates sinmlar to or faster than the coating
containing linear non-functionalised polyner and superior solvent 15
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resist anQﬁﬁ@%o}Mﬂeﬁgﬁg ’%olymers. e.g. branched polymers which have acrylate
functionality can be produced. Such polymers may then be further reacted, isoiated
and/or formulated into a curable composition and then reacted with other polymerisable or
cross-linking species to form cured or cross-linked polymeric materials. Preferably the
25 polymerisation reaction is terminated at a conversion of 80 - 98%, more preferably 85 -
97%.

The polymerisation reaction may be terminated by cooling the reaction mixture or by

, adding a polymerisatton inhibitor to the reaction mixture before the monomer has been
completely converted to polymer. Suitable inhibitors include (optionally substituted)

30 hydroguinones, e.g. methyl hydroquinone or other species known to have an inhibiting
effect on vinylic polymerisations such as t-butyl catechol, substituted phenolics, e.g.

2,6-t-butyl(4-nonylphenol), phenothiazine and substituted analogues.
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half-hfe temperature. Thermal initiators are chosen to have an appropriate half-life at the

15 temperature of polymerisation. A preferred approach in the method of this invention is to
select an initiator or a combination of initiators which has a relatively short half-life at the
polymerisation temperature. The selection of short half-life or "fast" initiators is well
known in the art.

The half life (t,,) of a thermal initiator is the time required to reduce the original initiator

20 content at a given temperature to 50% and may be determined by differential scanning
calorimetry of dilute solutions of the initiator in monochiorobenzene. Initiator haif lives and
10-hour half-life temperatures are usually readily available from manufacturers' literature,
e.g. “Initiators for Polymer Production - Product Catalog" from Akzo Nobel. AIBN has a
10-hour half-life temperature of 64 °C.

25 AIBN is suitable for producing high conversion of (meth)acrylate monomers to acrylic
polymers at a polymerisation temperature of 75 °C. At this polymerisation temperature, a
faster initiator which has a 10-hour half-life temperature of less than 64 °C is preferred for
the method of the invention . Suitable fast initiators include '
2,2'-azobis(2,4-dimethylvaleronitrile) which has a 10-hour half-life temperature of §2 °C

30 and t-butylperoxyneodecanoate which has a 10-hour half-life temperature of 46 °C.
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and optionall
. polymeérs are cured in situ, e.g. in polymer-in-monomer syrups for reactive flooring, filled

30 moulding compositions for moulding of e.g. kitchen sinks, worktops, acrylic sheets,
shower trays, curable cements, photoresists, adhesives (including pressure-sensitive
adhesives) etc. The polymerisable branched copolymers of the invention may be used
alone or blended with other polymers in the end-use appiication.
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water. In a typical preparation, 2000 mi delomsed water and about 4g hydroxy ethyl

cellulose (HEC) were added to a 5000 mi baffled flask. Nitrogen was purged through the
water for 30 minutes to remove dissolved oxygen and the flask was agitated with a
stainless steel stirrer set at 1400 rpom. The CTA was dissolved into the monomer mixture

20 (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
and then the heating was reduced. The reaction was allowed to proceed until the
exotherm began to subside. The maximum polymerisation tc-.:mperature was typically
90°C The flask was left to heat treat for 1 hr. The flask and contents were cooled with air

25 1040 °C and the contents were dewatered by centrifuging. The polymers were dried in
either an oven at 40 °C or in a fluidised bed dryer.

This basic suspension polymerisation method was varied to terminate the polymerisation

before complete conversion to provide polymerisable polymers as described in the
examples below.

30 PEreparation of Polymers by Solution Polymerisation



10 10]]Y" _w_dEHC 10!s "10%& ()- " L10%R& ()- 3109 ()- ! 10%32 fg

10968 () - 10968’ ()- ' 9aaabdEHC 10! FOMLOYGE' () - #109%G8 () - 3" s! 10% )4!162002
#1098 ()-1109%G8 ()-fs 10%& ()- bbcSdeeeeeaVK@ 10! 10G 10G

10G : ! 10%gfo(opraésto " 10968 () -2 "10%& () - 3+ PCT/GB99/00618

" 10968 () -y! 3(" 10%GGE () -f ef f $f f f kgdEVK@ 10! 10F ! 109%: () - 23

910%& ()- 1 109%& ()-"10% ()- 10%& () - %10%: () - kgghhi i j dEVK@ 10! 10L

109%& ()-" 109 ()-y9! 10% ()- & ! 10%& () - z&S10%& ()- Y@ 10%& ()-]j ejj kY! | mIEVK@

10! 10s Pokfe's Werdmbtio ¥ 'sbitdd pdilBadeatidn ¥) HRIBVInG-MMA in toluene (33% wiw),
"109%& ()-L! 10%&

107& 10R89(e-the ¢ /‘@“(Cf“%wﬁpafgg/éod%funquiﬁwwe&(MEW&H% FORIBAENSET () - p[ pppp

ppagbC %@En@@&%«%nﬁ)m&é@?«%&hﬁé&%& dsirgRIBR (36 BhOwid ¥isbd ohlrSdnomer).
109 ()-dqgqqgrerr' sdebC

1f 109 (F)dmmﬁorqa wgfcpmoweq a1V ipyanioildagh wnder nitpg@n USing SseEIMEBLY.dELC

10! 1L#! 9

"109&° () - 2Fy %@gﬁﬂé’gl{gﬁa?@ g 836iinbnd by PYESENgTNGIn RS B55FIREIPEM hog () -
()-

+109%& ()-f  +10%& ()-f  +10% & ()-f)!10%& () #ybyyzzzzz+sz 10!

1109 ()= O )= 0 10F: "109%&' ()-8F10%&' ()-5 109%& ()-+z.z=zzf{{}dEbC
0! 1" %&éﬁ%ﬁéﬁ%Y M 10%&' ()-zS 10%& ()-f"10%& () -

&10%' () FHeOhplkeuwlalaéilhint W4d measured by Gel Permeation Chromatography using mixed gel

1" 10%! ()5 FRLL 109BLrhe 2ol e O 208 Lo iR Gad O
used as the mobile phase with a flow rate of 1ml/min and an infra-red detector. The weight
10 average molecular weight (Mw), the number average molecular weight (Mn) and the
polydispersity (Mw/Mn) were determined.

terminati jon v

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 spindie.

15 MMA is methyl methacrylate
BMA is n-butyl methacrylate
EMA is ethyl methacrylate
MAA is methacrylic acid
TPGDA is tripropylene giycol diacrylate
20 TMPTA is trimethylol propane triacrylate
PETA is pentaerythritol tetraacrylate
DPEHA is dipentaerythritol hexaacrylate
EGDMA is ethylene glycol dimethacrylate
TRIMP is trimethylol propane tris(3-mercaptopropi‘onate)
25 PETMP is pentaerythritol tetramercaptopropionate
DPEHTG is dipentaerythritol hexathioglycoilate
DDM is dodecyl mercaptan

Examples1-95
Polymers were made by the suspension polymerisation of MMA and TPGDA in the
30 presence of DDM.
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5 samples were |mmed1ately cooled with air for 10 minutes to 40°C. The resulting polymers
were subsequently analysed by NMR spectroscopy and the % of pendant acrylate groups
was calculated. Molecular weights were determined by GPC. The acrylate % is the

number of unreacted pendant acrylates as a fraction of the total of acrylate groups in the
TPGDA incorporated.

10 Table 1
Exampie |TPGDA |, DDM | MeHQ |conversn| acrylate Mn Mw
wt% ' wt% time % % (g/mole) | (g/mole)
i (min)
1 3 ¢ 4 none 99 - 6,900 43,000
{comparative)
2 3 4 40 97 21 6,450 | 34,500
3 3 4 38 96.3 24 5,800 32,000
4 K) 4 a3 92.3 44 5,050 18,850
5 3 4 30 94 1 59 5,100 15,950
les 6 - 21 late-fi

Acrylate-functionalised polymers were made by solution polymerisation, stopping the
polymerisation by removing the polymerisation from the water bath followed by the
addition of 0.05 %w based on polymer of Topanol-A™ (Great Lakes Chemicals) inhibitor,

15 resulting in approximately 85-90% conversion of monomer to polymer. All polymerisations
were based on MMA as monofunctional monomer and the polyfunctional monomer shown
in Tables 2 & 3. A linear control polymer (Example 13) was made by polymerising MMA
in the absence of polyfunctional monomer. All polymers were isolated by precipitation in
hexane followed by drying in a vacuum oven at 50°C.

20 Clear varnish coating compositions were prepared using the acrylate-functionalised
potymer, tripropyiene glycol diacrytate as monomer and Ebecryl™ 605 (UCB Chemicals)
epoxy acrylate oligomer or Ebecryl™ 4858 urethane-acrylate oligomer. Darocur™ 1173
(Ciba-Geigy) was used as photoinitiator with an amine synergist Ebecryi™ P115. The
coating formulations were:

25 wt%
Acrylate-functionalised polymer 15
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5 The formulations were coated on to paper substrates to a thickness of 12 um. The

10

15

coatings were then cured using a Primarc UV curing unit with a high-pressure mercury

lamp light source at a power of 80 W.cm?. The optimum cure rate was assessed by

establishing the maximum rate at which a surface tack-free film was obtained. The cured

coatings were then tested for solvent resistance and gloss. Solvent resistance was
determined in respect of methyl ethyl ketone (MEK). The cured coating was rubbed with a
cloth saturated with MEK and the number of double rubs recorded at the failure of the

coating. The results are shown in Tables 2 & 3 and demonstrate that the coatings

containing acrylate-functionalised branched polymers have cure rates similar to or faster

than the coating containing linear non-functionalised polymer and superior solvent

resistance.
T i ntaini | 60 ligomer
Polyfunctional monomer Chain transfer agent cure solvent
rate | resistance
TPGDA | TMPTA | PETA| DPEHA | DDM | TRIMP | PETMP | DPEHTG | (m/min)| (doubie
wt % wt% |[wt% | wt% |[wtd%h | wt% | wi% wt % rubs)
6 1.5 - - - 2 - - - 48 125
7 - 1.48- - - 2 - - - 52 171
8 - - 1.76 - 2 - - - 52 195
9 - - - 2.89 2 - - - 52 250
10 - 1.48 - - - 398 - - 48 155
11 - - 1.76 - - - 4.88 - 48 145
12 - - - 2.89 - - - 6.98 48 117
13 - - - - 3.2 - - - 48 80
inin | 4858 yrethane- late oligomer
Polyfunctional monomer Chain transfer agent cure
TPGDA | TMPTA{PETA | DPEHA | DDM | TRIMP | PETMP | DPEHTG rate‘
W% | wt% |wt% | wt% |wt% | wt% | wt% | wt% |(m/min)
14 1.5 - - - 2 - - - 39
15 - 1.48- - 2 | - - - a9
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19 - - 176 - - - 4.88 - 32
20 - : - | 289 | - - - 6.98 | 32
21 e . - 3.2 - - - 20
Examples 22 - 25

Polymers were made by suspension polymerisation in a similar fashion to examples 1 - 5.
Molecular weights were determined by GPC. The polymers were dissolved in TPGDA
monomer at 30% w/w and the resulting solution was mixed 50/50 with a UV-curing ink

5 based on black pigment. epoxy acrylate oligomer, TPGDA monomer and photoinitiator.
Inks were coated with wire bars to produce coat thicknesses of approximately 20 um.
Cure rate and solvent resistance were measured as described in Examples 6 - 21. Ink

viscosity was measured by Brookfield viscometer at 25°C. Results and polymer
compgositions are shown in Table 4.

10 Jable 4
Example MFM TPGDA DDM | viscosity |cure rate |solvent
wt % wt % (cP) (m/min) |resistance
{(double rubs)
22 MAA/NBMA/EMA 0 0.4 5,260 <20 120
(3:39:58)
23 MMA 3 4 2,860 28 >400
24 MMA 3 4 2,250 20 >400
25 MMA/BMA/MAA 3 4 2,650 20 >400
(95.5:3:1.5)
26 MMA/BMA/MAA as 4 3,290 20 >400
(67.5:31:1.5)
Example 26 Fast initiator

Polymers were made by the suspension polymerisation of MMA and 3% wt TPGDA in the
presence of 4% wt DDM as described in the general method but using an equimotar
quantity of Vazo 52 in place of AIBN. No inhibitor was added to the polymerisation. Vazo
15 952is a commercially available free-radical initiator based on
2,2'-azobis(2,4-dimethylvaleronitrile). The resulting polymer had Mn = 6,600 g/mole, Mw

= 30,050 g/mole, the residual monomer was 4%, and the polymer contained unreacted
acrylate groups.
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an oven with a programmed temperature cycle running from 55 °C to 120 °C over 40

5 hours in a step-wise patiern The resulting polymer had residual MMA of 13%w/w, Mn =
7,050 and Mw = 42,700 and contained residual acrylate functionality.
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4{ least one of methyl methacrylate, butyl methacrylate and/or methacrylic acid.

4. A method as claimed in any preceding claim, wherein the monofunctional monomer
comprises a mixture of more than one monofunctional monomer.

5. A method as claimed in any preceding claim, wherein the polyfunctional monomer is

20 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 at least two polymerisable (meth)acrylate groups per
molecule, and mixtures thereof.

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

7. A method as claimed in any preceding claim, wherein the reaction is terminated by the

addition of a polymerisation inhibitor to the reaction mixture and/or by cooling the reaction
mixture.
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14. A moulded polymer article containing a polymer as ciaimed in claim 11 or claim 12.
18. Use of a polymer as claimed in either claim 11 or 12 as a constituent of a coating
formulation, photoresist, moulding composition, curable polymer in monomer syrup,

mouided kitchen sink, worktop, acrylic sheet, shower tray, curable cement or adhesive.



