WO 99/ 46301 PCT/ GB99/00617 Pol ymer conposition The present invention
relates to a polynmer conposition, in particular to a branched polyner and
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Branched polymers may be made by a two-step process in which a linear polymer
containing branching sites is subjected to a further polymerisation or modification step to
form branches from the branching sites. The inherent comptlications of a two-step process
20 may be unattractive and make the resulting branched polymer expensive {0 use.
Alternatively a one-step process can be used in which a polyfunctional monomer is
present to provide functionality in the poiymer chain from which polymer branches may
‘grow. However, a Ijmitation on the use of conventional one-step processes is'that the

amount of polyfunctional menomer must be carefully controlled, usually to substantially

25 less than about 0.5%w/w in order to avoid extensive cross-linking of the polymer and the

formation of insoluble gels. It is very unusual to avoid crosslinking using this system

especially in the absence of a solvent as diluent and/or at high conversion of monomer fo |
polymer.

GB-A-2294467 describes a branched polymethyimethacrylate polymer which has a

30 molecular weight of 80,000 - 400,000 in which the molecular weight between the



WO 99/ 46301 PCT/ GB99/ 00617 branching points is between 30,000 and

1, 000, 000 V\/ni ch includes 0.05 - 0.2%of a polyfunctional nononer and < 0.5
nol'e % of g‘%]transfer agent. US-A-5,767,211, published June 16 1998.
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copol ymer srgg#%t'g %ﬂ?'? 1S %%W?%%%%OQH ¥R ©040.800 pdigprineiedasdnes - aevybbse and

1- 30% of ;bawmmatuan@elm&@m:gagﬁ@& o@,ql.egeb% Egl ﬁg;nq%r{g?er;grertl sation in the
presence @é § ain transfer ag ‘? anct1 onai-ecdmononer provi des an
active crossrPihkihl Peplished dure 151@)9980démrmea thom srithnegsisCof MMS Fuin @S hat

crossl i nkiggehyai®rgd8s; e r US- A; 48 89 descri bes a

pre-cr os?lelfﬂ, nked sol Eb?ﬁ%}&f} ﬁr:réeérgg%‘rrallt%‘yﬁn?{&ai'ang U5 BF ARV MABRTREAN theed
mononep, MeseNme of 2 ghaip ﬁ@n&fer caitdlyst ahd bewdtpetobe fre@ ramdal MitdRs atrys at ed

doubl e baadsgtianh further nonofunctional nononers. The pol ymer
conposition 1% r?égeé%r@(?ys@i”ﬁq "BAteH@Fymer i sati on process in organic
solvent at a | ow polynerised 15 solids content of about 50%in order to

pr oduce using >0.5% of a nmeri sation regul at or.
The pol yfr%; }sﬁln%?ebﬁg%sﬁnﬁ?ls %998& E]ef%?fég’ul%aﬁyiﬁj@ Wi X ‘e%ﬂ@b@ﬁ!cﬁg@ apryia&se

react ed vandH- 3ﬁ%afﬁunehd‘naf¢m4|dﬂ©h1)éﬁ|ﬁ1aﬁé% Sbidabh £

US- A—511§ﬁ 4 define si %ar Conposi t i o?s whi cﬁgpgglﬁa%'gﬁﬁlﬁﬁﬁct r%?%‘lcﬁé’éﬁ
NONONer s Navi r?&s CHRIFEr Hi5: (URGIGEY comeramRe PEvisies envistichcross linkthe serdsexy!  and
| socyapattefordQa doating borhpdsitRhResEsiied by e h8¥ﬁ§§tfoﬂr&hé\n{§ﬁ%h°d of preparing a
branched pol ymer conprises the steps 01‘D m Xin r a nonofunctional -
nmononer havi ng one pol yneri sabl e double bond per rml ecule with fromO0.3 -

100% W wUSA-48BE83%Gbibe 2 5,@@@@[}9&3 Ewbpéﬁg& mgpgoglg%@)jg 8@ r68 pal yf unct i onal |

nononer 2@'{% g at | east two goﬁ%’merl sa fot’ecul e and
from 0. 000 T UNCERlisHameRmarhe 2 |ccjratmmommemﬂnmjéam@tarm&bny’r@fs@mét)ed25 of a
chai n tr aoshieboR@eia BNghe ica risation initiator
and thereafte(rj reacti ng ggf%:ﬂ%@#xﬂpx?ogué%ﬁg %'I;'ﬁg'éorﬂ%rfy nﬁxrﬂertw OGN a

sol ubl e By EAMhRY2 spigligmralymerisatien mewrte@rggm@savemla% eRep@frRgisebocess. |

a secwdsa&i@%hteﬁ{oftd%u! wgm%e&tog?onegva' qg aP?ng%)P”E( d_ﬁ“ sl res' due

of a nonofunctional nononer havin
mol ecul e p°'V'F"6ﬁ‘?Q§'°B regulsior] O0eopRlymer® fret Lkwd\m legisksiirded ebatinge mfe%@mal

mononer ) glupds RALME WG IR e%}ﬁﬁu Ry qu‘l%ghﬁq\ﬁ%e@%ﬁ-‘sé%'f’gm I%/marl sabl e

doubl e bonds per nol ecule, from
US-A-5115064 define similar compasitions which include functionalised monemers having

different cross-linkable groups which include carboxyl and isocyanate.

n
S

20 In afirst aspect of the invention a method of preparing a branched polymer comprises the
steps of mixing together a monofunctional monomer having one polymerisable double
bond per molecule with from 0.3 - 100% wiw (of the weight of the monofunctional

‘monomer) of a po'tyfu_rjctional monomer having at least two poiymerisable double bonds
per.molecule and from 0.0001 - 50% wiw (of the weight of the monofﬁnctionai monomer)

25 of achain transfer agent and aptionally a free-radical polymerisation initiator and
thereafter reacting said mixture to form a polymer. In this way a soluble branched

polymer may be prepared by a simple one-step process.

In a second aspect of the invention, we provide a polymer comprising residues of a
monofundétional monomer having one polymerlsable double bond per molecule, from 0.3 -
30" 100% wiw (of the weight of the monofunctional monomer) of a polyfunctional monomer

havi_ng at least two polymerisable double bonds per molecule, from 0.0001 - 50% w/iw {of



WO 99/ 46301 PCT/ GB99/00617 3 the weight of the nonofunctional nononer) of
a chain transfer agent and a polynerisation initiator. For sinplicity, a
nmononer hayhng,eie Pol ymeri sabl e doubl e bond per nolecule will be referred
to hereinafter as a nonofunctional nononmer (MFM and a nondif@/CHAGING at 5
| east two pol ynerisabl e doubl e lkpnds per nolecule will be referred to as a
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15 methods may all be used. For many applications of the branched polymers of the
invention, the material is required in solid form. For these applications, polymers made by
solution polymerisation require the solvent to be removed before use. This increases the
cost and it is difficult to remove all of the solvent providing deficiencies in utilisation of the
polymer. Alternatively when the polymer is required for use in soiution form, it is

20 necessary to conduct the polymerisation in the solvent which is to be present in the
end-use application if the step of isolating the polymer is to be avoided. Therefore it may
be advantageous to produce the branched polymer by a non-solution method, e.g.
‘suspen3ion ‘or bulk polymerisation. It is surprising that branched polymea:s méy be
successfully formed from polyfunctionai monomers in é non-solution method becausé the

25 formation of gels would be expected. US-A-4880889 teaches that Special reaction
conditions, including carrying out the polymerisation in solution at a relatively low solids

content of about 50%, are required to obtain ungelled poiymer,

Therefore in a further aspect of the invention, we provide a method of preparing a
branche__d polymer by suspension polymerisation comprising
30 (i) mixing together a monofunctional monomer having one polymerisable double bond per

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



nol ecule with fromO0.3 - 100% w w (of the weight of the nonofunctional _
nmononer) of a WO 99/46301 PCT/ GB99/ 00617 4 pol yfunctional nononer having
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nononer s iY)nSlﬂb@qudrhtbjrmpa@n@h%s@s R ner which remains within
the di Sp%ﬁﬁr%o‘?ﬂ%%%' The reactioﬂn ten%ﬁea(rg%%ﬁ?tgeﬂ]ﬁgb%ﬁﬂyy‘eé@%FﬁPng to the .
type of nonomers "a tinitiator which is used and is typically between 20
and 150 C, for exanple in the range 50 - 120 C. Suitable reaction

tenper at g,63.,af; well known in the art. 25 The nonofunctional nononmer nmay
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met hacr yvemiode of these acids, pc_:ly vinyt alcohol, poiy{vinyl aicohol!vinyl acetate) éoboiymers
an?ongst others. The dispersion of monomers in the continﬁous phase is normally
agitated at high speed throughout the polymerisation process to help keep the dispersion
stable and to enable good heat transfer between the continuous phase and the dispersed

20 droplets or particles. As the polymerisation reaction proceeds, the monomers in the
dispersed phase react to form polymer which remains within the dispersed phase. The
reaction temperature may vary according to the type of monomers and initiator which is
used and is typicaily between 20 and 130 °C, for example in the range 50 - 120 °C.

Suitable reaction temperatures are well known in the art.

25 The monofunctional monomer may éomprise any monomer which can be

olymeri
a free palymerised by

-radical mechanism such as methacrylates and acrylates, styrene and derivatives
thereof (styrenics), vinyl acetate, maleic anhydride, itaconic acid, N
and N-vinyl pyrrolidone, viny! pyridine, acrylamide, methacrylamide

N,N-dialkylmethacrylamides and acrylonitrile. Vinyl monomers, such as styrenics
30 acrylates and methacrylates, (meth) '

-alkyl (aryl) maleimides

1

= acrylamides and acrylonitrile are preferred monomers,
Ixtures of more than one monofunctional monomer may be used fo produce a random
alternating block or graft copolymer, |



N, N- di al kyl met hacryl am des and acrylonitrile. Vinyl nmononers, such as
styrenics, 30 acrylates and nethacryl ates, (neth)acryl ani des and

acryl oni t ryy8eAks, Preferred nononers. M xtures of nore than one
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sui tabl e ?{fun tiongl nononers " inclu éne” gly %) acryl at e,

0 “&‘Fr(yﬁé?ﬂ EAPRIRgaYS gerylgteopsy emesegl ycol  di (meth)acryl ate

hexanedi 0
but anedi ol di (neth)acryl ate, neopentyl glycol di(neth)acrylate, diethylene
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gl ycol 2@ gfﬁ ‘?’W‘él:’i“?!‘%l?@? W&l msAn § metbrnerovhjdhatas at ibiawi tvylpohanziease and

deri vat i sesld hide ok bifiell ' Les include: tripropylene glycol
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é?egt.hylen.e g?ycol di(meth)acrylate, triethylene glycol di{meth)acrylate, dipropylene glycol
20 di(methjacrylate, ailyl {meth)acrylate, di\}inyl benzene and derivatives thereof.
Trifunctional examples include: tripropylene giycol triimeth)acrylate, trimethylol propane
tri(heth)acrylate, pentaerythritol triimeth)acrytate. 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
fu_nctionai polymers and oligomers in the term "palyfunctional 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 fimited to,

epoxy-(meth)acrylates, polyether{meth)acrylates, polyester-(meth)acrylates and



pre-pol yner having at |east two double bonds per nolecule which are
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20 thiolactic acid, thiobutyric acid. Polyfunctional thicls include trifunctional compounds such
as trimethylo! propane tris(3-mercaptopropionate), tetréfunctional compounds such as
pentaerythritol tetra(3-mercaptopropionate), pentaerythritol tetrathiogiycollate,
pentaerythritol tetrathiclactate, pentaerythritol tetrathiobutyrate; hexafunctional
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25 ‘hexathioglycoliate; octafunctional thiols such as tripentaerythritol
octa(3-mercaptopropionate), tripentaerythritol octathiogiycollate. The use of
polyfunctionatl thiols is a useful way o 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 wi% of the total initial
menofunctionat monomer concentration. In a first embodiment, the amount of chain

transfer agent present is 0.1 - 20% whw, 2.g. 0.5 - 10%w/w based on monomer. The
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the art and are described in WO 98/04503. A

particularly suitable compound is
20 bis(borondiﬂuorodimethyrgIyoximate) cobaltat

e (H} aiso known as CoBF. Catalytic chain

transfer agents may be used in relatively low concentrations compared to conventional

preferably < 0.19
monomer), since they are generally highly effective at low

surprisingly found that catalytic chain transfer compounds

thiol chain transfer agents, e.g. <0. 5% by weight (on monofunctional

concentrations. We have
based on cobalt complexes

n 0.05% (500 PPM) w, e.g.
%w (1 - 100 ppmw) based on monofunctional mono

Polymerisation pracess of the present invention to give soluble b

25 . may be very effectively used at concentrations of less tha

0.0001 - 0.01 mer in the

ranched polymers.

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

30 such as an azo Cempound, peraxide or peroxyester. Therefore the polymerisation mixture

also preferably contains a polymerisation initi

ator which may be any of those known and
Conventionally used in free-

radical polymerisation reactions,

.. azo initiators such as
azobis(isobutyronitﬁle) (AIBN), azobis(2-methylbutyronitriie),
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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% wiw (of the weight of the monofunctional monomer) of a
-palyfunctional monomer and from 0.0001 - 50% wiw (c_Sf the weight of the monofunctional

25 monomer) of a chain transfer agent and a polymerisation initiator. The surface cioafing

compasition 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
30 stabilisers and other components as appropriate.

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

branched polymer which comprises moncfunctional monomer having one polymerisable



phot or esi sts, adhesives (including pressure-sensitive adhesives) etc. The
branched copol yner of the invention may be used al one or blended with

ot her pol ynmer®oisw44spe 20 end-use application. In a further aspect of the

i nvention we provide a surface coating conposition conprising rrrsckdsighgn Of
a branched pol ynmer which conprises %esidues of a nonofunctional nononer
and fromO0.3 - 100% w w (of the weight of the nonofunctional nononer) of a
pol yf unct i odaubleboa®dr naghdky, 0Q1.s 50% w w (of the weight of the
monof unct i ogal 25 ngnorrer) Iﬁﬁgﬁ&igi 26?ﬁ’aWH@Fthﬂg‘@?ﬁhtahtﬂmemqmlfmﬁa?at i on

i ni tiator. OUiFT o4 e aclytsaetiong! mcmmasmédir@btt;ygg{g@w al so rrad%ei ncl ude

pol ymer i sabber g6l rosHEHoAS. gbgs/]ogers, functional s 'aerbﬁapg ble honds
copol ymers and ot her conpounds’ <u&hY &Y 18¢ weight ofithe n@noﬁmeﬂrdrgsmo,p&}]ggjﬂagf&
curing agent'$!" E3fIsiiegentand sqiovemirsatish FREES F}ﬁe ﬁif)lds’ | ubricants, @
processi By #ssleontdih | g ,n.sgbﬁrri er fluids, toughenrMg agericl orspating mager s,
flexibilisers, 30 stabil13e %s%ﬁﬁfso'%%rasdbmmmtmmﬁﬁnal&@ﬂ%ﬁ’%}ﬁé,g.a Ln a
further asp&PPlyoErsane dtmebmb@umdsvg,cgragvj:rggs_@{pol meric artitle or toati ng
conpri sing a@enér@d?&ﬂg po| ynmer which conpri’s §AchRahaners, cuningner

havi ng one pol yheri sabt'e W6 ofismgeing e, mﬂwrﬁ@@}&cesgngg}d@ epond per
ol ecul e, fﬂH@m@d:Baughé;Q@VgggInyg’ bRk tLiDg < Rl )%oht of the nondfunt Pon Sprmer
monomer ) ofy,, ?esEH&EX%”%%i onal MONOMET . RAvi dhs&ﬁ;, F’@Q%‘?erﬁ\ﬁ@dpme’ymbﬁr@@ﬁsﬁ
doubl e bonds per ule, fromO0.0001 - 50% w w (of the weight of the
monof uncti onal nmononer) of a chain transfer agent and a pol ynerisation

I niti atﬁg. The BI ynmeric article or coating nmay 5 also contain

pol ymer a@%“@% E?‘@@%mea@rm@wm)oﬁmr'% Lised oligoners and

copol ymer sramgd 200006 AR OHLYS SHCh s cr 0ss- |n%| RG Y E)58 &i REsTerahly inrtiee s
curing agents, colourants, sgfte'grﬂp?,'Cféfi%‘ﬁeﬁ-g-iVﬂ@raidiztsoluiidtbcﬁfitﬁ@&taﬁched
processi ng® Y’H%r,'squulf@‘,saiowrmiowcufaf-w&giﬁ q,-,{%U hening agents,

pl asti ci sesreferdehexi bi lisers, stabilisers 'afi% 0 %ergn%%#rﬁgﬂea'@%m%mayesi %es
thereof. 10 The wei ght average nol ecul ar wei ght (Mwv) of the branched ‘

polymer is preferably in the range 2,000 - 500, 000." For certain

app i cat hompfgﬁ\feggowg«hﬁ,b%g_ﬁ@?ér}é%'s?r{i]r@%ﬁxﬂ%g&%manCgf:ezﬁggbéée qu%r ohe
pr ef er féd. 3 PHRMPIRGMEM oefemi tb mcmeRinefofd! HdBimel g5y L bed. W th Telerencd to
the fol | owha@ X8 TR4E $undsl: age - . 0 polyfunctional monomer

t and initiator used, described

is calculated as g percentage of the weight of total monofunctiona]

mon isati
omer. For example, for a polymerisation of MFM involving 3%PFM and 4%CTA, 3
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P .
eparation of Polymers by Suspension Polvmerisation

. Polymers v{veafe prepared by suspension_ polymerisation of g monomer mixture containi
monofunctional and polyfunctional monomers in the presence of the chain transfe oy
€.g. dodecy! mercaptan (DDM), a dispersant (hydroxy ethyl celluiose, 1 v
monomer) and a free-radicaj initiator (AIBN, 1% l '

25
-2% by weight on

30 stainless steel stirrer get at 1400rpm. The CTA

500 . : .
(500 g of the MFM mixed with the required amount of PFM), and then added to the

reactio
n flask followed by the AIBN. The reaction flask was heated at fuy] power to 75 °C
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hexane ysefl @g the mobile phase with a flow rate of 1mi/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 methad 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 Withlout 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
Poiymer 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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Examples 5-9 (comparative)
The polymer was made as describad above but using only MMA as the monomer. The

resulting polymer was essentially linear. For a linear polymer Bn = 0, g'=1.0, o = 0.68 and
20 logK=-3.65

dable 1
E:;amp. DDM | TPGDA| solty in Srookﬁeld - Mn Mw Mw | Bn'| ¢ a | logk
(wt %)| (wt %) | toluene Jviscosity {g.mol™) | (g.moi}| /Mn~
N (cP) B
1 4 0.75 | good 19 5,190 | 12,600 | 2.4 |{0.920.87 lo.59 -3.3%
2 4 1.5 good 22 2,670 | 14,300 5.4 10.18|0.97 10.51 |-2.92
3 4 3 good 34 1,370 | 56,100 41 (3.32{0.85 {0.35 |-2.25
4 4 3.5 mod 46 5,850 |150,100{ 25.7 {7.6 10.62 {05 -3.04
5 0.1 o good | 2,164 60,760 | 157,700 2.6
6 0.2 0 good 716 36,690 | 81,800 2.2
7 03 70 good 185 30,890 | 58,800 1.9
8 1 0 good 71 20,690 | 39,700 1.9 0| 1.0} 0.68{ -3.65
9 2 0 goad 31 10,380 | 18,500 1.9




: : . i on
-4 , The polynerisation was carried out by suspensi
E)c(}?;/mrrle(r‘aissition usi ng aym)norrer ‘m xture of methyl nethacrylate E)M;l/ﬁ%hgz VFM
and tripropyl ene glycol diacrylate- (TPGDA) as PFM vyielding a br be
pol yrer acc%Pcﬁ%@"ﬂo the invention. The anount ofdlgyTgDGéAngtgﬁg%@gggéare
' ' | ynper (characterise
properties of the resulting po B _ rised by GhC method o)
[ ble 1. Exanples 5-9 (conparative) pol y .

Zgg\x‘i IbngZboSe but ursr}ong only MVA as the m)nomer_. Thel _rlegul ;I Egopggygﬁa
was essentially linear. For a linear polyner Bn = 0, ¢g'=1.0, |Vh_MN- o8 an,
20 1 ogK =3 TR £ chnbXaip, DPM TPGDA sal ty i n Brookfle! d "

" a IgogK (wt ¢ < “UT—.zne viscosity (g.nor') (g.nor') /I\/g (cp)2 60
8. 75 good T19 POlyIEisatipn6Gs crrikdbuddsify 8 indloB@r mandd of @l&@ %%1 %g%q ’

- d 34 1, 370 0. 85
050 s pe TEBL, @z'%%ég%écé?fg%‘@f“%%?%@ggéﬁ. ThemesultngizolPmérs vedd 50.10
0000 2, L08carbbagemama0 2ot schifid 8990 MO RINY B oS % s
320" Gool PSR 640 g ey B o 4o IoPaE GBERENS17 12 Exanp) oS
10- 12 (conpar ati(/e)- The pol ynerisation-was carried out using a nononer

- i f chain transfer

- MVA d1, 2 and 3% ww TPGDA in the absence 0 7

Q“gétn?reTﬁ%’%@&?E%g pol ymers were insol uble, de.m)“;”a“ 0g ﬁhgéeﬁt even
- in. .t apsence of chain 5 transfe '

C; O?‘Z : ;{1 :({S&?’mgll‘%‘}\?vﬁlé 35,%%3‘1‘ E)I'% éggTey\?aS/n%ﬁ - ?eshfbhﬁ Heirg different refative amounts

a onI‘FyGDA and DDM. The properties are shown in Table 2.

Table 2
Ex |DDM |TRPGDA solty in { Brookfield | - Mn Mw Mw | Bn | g a | logK
{wt %) | (wt %) | toluene viscosity (g-mol™) | (g.mal"){ Mn
(cP)
13 1 0.25 | good 85 16.700 | 40,200 24 0.17]0.97 | 0.69 | -3.68
14 1 05 good 123 17,700 §{ 66,300 3.8 11251083 | 0.63 | -3.47
15 1 0.75 | good 140 16,800 | 131,400 7.8 |2.68({0.72 ] 059 |.-3.32
16 1 1 good | 338 10,300 | 488,600 47.4|5.90]0.73 0.44 | -2.55
17 2 05 goed 39 7,780 | 22,200 2.9 10.151 098 | 0.63 |-3.42
18 2 1 good 50 13,700 | 35,100 2.6 {142{ 0.8 | 0.61 [-3.41
19 2 1.5 good 75 11,500 | 80,100 7 13211072 0.48 | -2.86
20 2 2 good 200 5,820 338,500 58.2[9.95| 063 044 | -267

10 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 finear polymers with similar Mw.

Exampies 21 - 26
Polymers were made by solution polymerisation as described above using different

15 poiyfunctional monomers (PFM). The polymers were characierised by GPC method 1.
The following polyfunctional monomers were used:

TPGDA is tripropylene glycol diacrylate
TMPTA is trimethylol propane triacrylate
PETA is pentaerythritol tetraacrylate

20 DPEHA is dipentaerythritol hexaacrylate
EGDMA is ethylene glycol dimethacrylate



Exanpl es 13-20 Polynmers were nmade in the sane way as Exanples 1. - 4 using
different relative anounts of TPGDA and DDM The properties are shown in
Table 2. Table 2 Ex DDM TFGDA salty in Brookfield v\n Mv Mv Bn g' a | ogK
(wt 9% (wt Y98 9¥#¥ene viscosity (g.nor') (g.mot') /M (cP) PCBGBIGIES good
85 16, 700 40,200 2.4 0.17 0.97 ;469 -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
0.59 -3.32 116 1 1 good 336 10,300 488,600 47.4 5.99 0.73 0A44 -2.55 17 2 -
0.5 good B ESpEDSRY 1haGsoRivt:, Brabbhdd Siyrfers Jersotdined GsAg ndiemekr58 13, 700
35,100 2. gsd. ég%pl @ongnt 1-3.41 19 2 1.5 good 75 11, 500 80,100 7 3.21 0.72
0.48 -2.86 5 5 2005820338500582995063044 2.67 10 The
measured properties show that the polynmers are branched and have a w de
variety of _ Ie yl melghts Conparison with Exanples 5 - 8 show t hat
these pol | ower solution viscosity than |linear polyners

Wi th simPaiymbby w&)earﬁaaib séiliti

pol yrrerl sat i descr ?ged a%nogcgyrﬁi}fsﬁg@gﬁ: gﬁ@%@‘%‘mﬁé@hﬁ% aﬁﬁ;tﬁ%qsfer
nononers {95¢ %)(Ca‘%ﬂe pol ymers were characteri sed by GPC nethod 1. The

f ol | owi ngrrIRdFY fsuAgkihgiBRdro PGDA is tripropylene glycol
di acryl at TNPTA | 89'[?% n@%&ﬁg?%‘éﬁ?ﬁ? t‘g} ae-r ylate PETA is

pent aeryt"l_(’?ﬁ-\"\/l |is pertRe4britp) tatr@mgmampamonstem pentaerythritol hexaacryl ate

EGDMA i s m:bElbiT@ﬂﬁdﬁbb‘tﬁ&}/thﬁ!oﬁﬁéﬁ 56%\} . WD 99/ 46301 PCT/ GB99/ 00617 13 The
results show that sol ub ranc po yrrers wer e obtai ned usi ng nononers

of diff elferi TRUnEPPHA Nl cetstaioglyedla®? - 30
10 The polymers were characterised by GPC method 1 and the resuits 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 menomer to make soluble branched polymers.

Exampies 31 - 33

The polymers were made by salution palymerisation 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 menomers and polyfuncnonal

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 palymerisation using DDM and TPGDA and
analysed by GPC method 1. The results are shown in Tabie 3.
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2.26 L 28 PRIV IPERIOTPQES®41. 5Pgosd| 5, 690 130d20 3.459 | 14.020 2.16

31 TRIMP 3.98 | TMPTA 1.48 good 6,850 | 22480 3.28
32 PETMP 4.88 PETA 1.78 good 6,320 | 24,980 3.94
33 DPETHG 6.98 | DPEHA | 2.89 good 8,010 | 53,470 6.67
34 boM 2 TPGDA 3 good 8,380 | 27,330 3.26
35 DDM 2 TPGDA 4.5 good 8,400 | 46,040 5.48
38 DeMm 2 TPGDA 6 good 9,530 /103,320] 1084

Examples 37~ 39

Branched polymers were made according to the invention using CoBF, =z 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/male) | {g/mole)
37 1.5 10 1 solution 24,388 | 90,418
38 - 1.5 20 1 solution 12,220 | 48,070
g 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 microge! 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



29 DPEHTG 6.98 TPGDA 1.5 good 5,700 13,180 2.31 L30 TPEOTG 9. 64 TPGDA 1.5
good 6,480 14,020 2.16 L31 TRI'MP 3.98 TMPTA 1.48 good 6, 850 22,460 3.28 32

PETMP 4. 88 WEBA4k), 76 good 6,350 24,980 3.94 33 DPETHG 6. 98 DPEHA 2. 89
good 8,010 53,470 6.67 34 DDM 2 TPGDA 3 good 8,380 27, 330 BCREBISESDDM 2

TPGDA 4.5 good 8, 400 46, 040 5.48)5 36 DOM 2 TPGDA 6 good 9,530 103, 320 10. 84
Exanpl es 37 - 39 Branched pol ymers were made according to the invention

usi ng CoBlggg, chal n transfer agent. The MFM was MVA. The
resul ting ﬁroar{ﬁﬁ%@‘a% 5%?% e pely@grsumtre dlisolublet dflalengarwididhaie i cr ogel

for rrat|ondefEh‘e|na®b¢C;‘,9baﬁem@d ghts were determned by GPC nethod 1. Table 4
% net hod

737 e TP %F’,F ynmerisation Mh Mv w % (ppm (w

(g/ nol e) G?é? 4% 5 aﬁé*'ﬂfaﬁ@vr@thaoarazw 888ilglﬁne4rh%th 2 doratdQuris g; ugrsn

12,220 46a0F9 moBulr Pol ynmeri sations 's | a
iy 51 ggggmﬁﬁgu ?I%gobﬁ’z&?é%%@@“ﬁ%h 5 and 2.5 ppm CoBF

to those
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15 bel ow arti d ABl=Buizr w %ﬁ E%%n E merI S wer éH\g I ét?‘%%fmg%'f “EBRI ar .
wei ght s fdes'ig?_’r m n t igd E%?WWHB% is an aliphatic
ur et hane-gttercw at895ds $rgmy—awytalte Qigafiey Wathe 4 ' and a

; df%agé‘%% b'?:% g&d’ngE'becryl ™ 210

ol ecybparmuebdbngs 4 ol mog DY
'S an B et - 0ot RARCoBL o os S s Vesie o e Cemracsinct | onal o oups
ecryl™ 81is a polyester-acrylate oligomers with an average of 2.5 acrylate functional
groups per molecule and a molecular weight of 600g/mole , suppiied by UCB Chemicals.
Ebecryl™ 80 s a polyether-acrylate oligomer with 4 acrylate functionai groups per

molecule and a molecular weight of 1000 g/mole, supplied by UCRB Chemicals.

15 Table 5
Example! Oligomer Oligomer| DDM | AIBN method® Mn Mw
. . (Wt %) | (wt%) [ (wt %) (g/mole) | (g/mole)
40 Ebecryi 605 2.5 .2 1 sol 8,613 | 28,384
41 Ebecryl 80 5 2 1 sof 5,706 | 20,1 65 |
42 Ebecryl 81 3 2 1 sol 6,279 | 18,012
43 Ebecryl 4858 2.25 2 1 sol 8,405 | 28,257
a4 Ebecryl 4858 4.5 2 1 sol 8,530 | 58,716
45 |Ebecryl 4858| 6.75 2 1 sol 12,165 437‘ 650
48 Ebecryl 210 7.5 2 1 500 9,043 | 32 1848
47 Ebecryl 210 10 2 1 50l 8,813 42T930
48 Ebecryl 210 12 2 1 sl 10,033 52'594
49 Ebecryl 230 25 2 1 sal 8,270 31:125
50 Et?ecryf 230 30 2 1 50l 10,475 | 76,464
51 | Ebecryi2ao | 40 2 1 s | 12.081 | 42177
52 Ebecryi-230 18 3.5 1.2 sus 6,400 |22 ;soo
53 Ebecryl 230 43 8.6 14 sus 3,500 13:300

* sol = solution polymerisatio, sus = suspension polymerisation
Examples 54- 57 |
T I )
hese polymerisations were conducted using a mixture of more than one monofunctional

monomer (MFM) and TPGDA as PFM. Molectdar weights were determined by GPC
20 method 1.




and a nol ecul ar wei ght of 1500 g/ nole, supplied by UCB Chemi cals. Ebecryl TM
230 is an aliphatic urethane-acrylate oligoner with 2 acrylate functional

gr oups aq,g ggmogcul ar wei ght of 5000 g/ nole, supplied by UCB Chenicals.
Ebecryl T™M 8 I'S an epoxy-acrylate otigonmer with 2 acryl at @CTi@RIoENAl
groups per 10 nol ecul e and a nojgecul ar wei ght of 500 g/nole , supplied by
UCS Chem cals. Ebecryl TM 81 is a polyester-acrylate oligoners with an
average of 2.5 acrylate functional groups per nolecule and a nol ecul ar
wei ght of _600g/ mole , supplied by UCSaliedini cals. Ebecryl TM 80 is a

pol yet herf Eaemygit at e oddngonel wediN | $ra@skY B | ti-onal-1graups—per— nol ecul e
and a noliecul ar [wei ght of 108009/ W %) wp@l i(ﬁﬁz W% %}%@F) !T‘g’fl 15 Tabl e
5 Exanpl ¢ Oskgo MAQBMgonerﬁo_Js)Envi BNt 1 #iiﬁ@fﬁge),wt %
(9/ mol e) Hg+wete)}—40 Ebecryl 605] 2 211 sol|_ 8,613 , 384 41 Ebecryl 80 5
2 1 sol %, 786 20NEBMAMERESPY| | 8133 2 14 s¢l 6, 4/%ud8,|0830 F3aEHe¢ryl 4858
2.25 2 1|soF6 8, #08APBIARBA [6d:40EbpcryT 4858 4.5, 2|t 18y o307 56 7-t6 45
Ebecryl 485876. lmmAigmA Ol =§25A 43;’,6"‘ 4 E}accry. 92 03'?@: :ﬁ'i’éo’? sol

9, 043 3284647 tEbecry—248-10L 1°sot & 813 U2 loFS 485-8ebRPO0D 12 2 1
sot 10, 0¥8IA5is methyl metbadyieler BMA2S -BflyiZndths@)ia®, B1fh 3lsobdmys S0 _Ebecryl 230

30 2 1 s@bthk@ndie MBid .E6ecryl 230 40 2 1 sol 12,081 44,177 52
Ebecryl 230 18”%?5’ 1. %@é@ag‘}%ﬁm 2,600 53 Ebecryl 230 43 8.6 1.4 sus 3,500

13,300 ' sot = solution polynerisatio, sus = suspension polynerisation

Exanpl es,;,@{lﬁg@gﬂ'bg%e pol ynmeri sati ons were conducted using a m xture of

nore than one monof uncti onal nononmer (MFM and TPGDA as PFM Mol ecul ar

wei ghtss BepenatenaiymeneromatPBy20spatisitholymaiR A% (3 ULBRK,-ER99) 00617
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™ $19 suspension stabiliser.

Thiclactic acid (TLA) chain transfer agent was used with or instead of other mercaptans.
We abserved 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
Example | PETA |PETMP | DDM TLA Mn Mw microgel | viscosity

(wt%) [(wi%) (wi%) | (wi%) (gfmole) | (gimole) {cPF)
58 0.5 0 2 0 9.830 | 22,800 { minor 1341
59 0.5 0 0 2 12,850 | 45,670 | none 387.5
60 0.5 0 0 1 24,762 { 159,212 | none 1,665
61 0.5 0 1.5 0.25 25,440 | 57,430 | none 180
62 1 6 0 0.5 9,100 | 26,400 [ none 62
63 1 ‘ 6 0 1 7,050 22,250 | none &2




16 Table 6 Exanple MFM MFM TPGDA DDM Al BN net hod* Mh Mv ratio (wt % (w
%W (W% (g/nole) (g/nole) 54 MVA+I BMA 5050 5 2 1 sol L 55 MVA+13NMA+NMA
65305 3 4 1 sus 5,950 33,750 56 MVA+gMA+MA 65:305 6 8 1 sus 3,700 17,150
57 MVA+BVA 75:25 3 4 1 sus 6,300 32,000 MMVA is nethyl nmethacrylate, BMA is
n-butyl methacrylate, I1BVA is isoborry;k met hacrylate, MA is nethacrylic
acid. Exanples 58 - 61 5 Branched polyners were nmade by suspensi on

pol ymer i ggfion using a nonofunctional nonomer m xture of 60% BVA, 39% MVA
and 1 %%%_Wlth PETA as PFM at 0.5% based on total MFM 1.2 wt % Al BN
initiator and-0.5 wt % Versi col TM S19 suspension stabiliser. Thiolactic
acid (TLR) Actuatseiutivanmstted of geaparings soisield brartchedpolymert acoagbrisihg atitimg together

mer capt ans. nded
o form ot iy ToferBiRaeha brbhh nafa bOSG e EBuLR b ot dRIEEAORI SR
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159, 212 SpBRal SRR raﬁl@,alg)o%n%n&atﬁn%@éo%d“tﬂ@regﬁerl}é&tlHQQﬁd Hureds 1 6 0 0.5
9, 100 26 400 none 62 7,050 22,250 none 62 Cl ai ns

non- sol UPT®A PR¥MSHFUEH thet s crnYRisian sonenaraerie aplymetis 58P nuhereisipe w'glsh*g

i Xi ng togeidaeholeduldraenii (M) éfﬂlﬁ’é braREIEIolyARtidig tRN@n§e boveracsaiY. e doubl e
bond per nol ecul e W|th from 3 100% w/ w (of the weight of the

nmonof uncti onal nononer) of a g/f uncti onal ) )
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 mixfure 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 cataiytic chain transfer agent.



nononer having at |east two pol ynerisable double bonds per nolecul e and
from 0. 0001- 50%w/w (of the weight of the nonofunctional nononer) of a
chain transfer ent and optionally a free-radical polynerisation
initiator a‘ﬁ‘ag? Peafter reacting said mxture to forma POk fRIBos/GkGH t hat
t he conversion of nononer to pol yge is >90% wherein the weight average
nol ecul ar wei ght (Mwv) of the br aléhed polymer is in the range 2000- 200, 000.
2. Anmethod as clainmed in claim1l1, wherein the nonofunctional nonomer is

sel ect ed f9r o%nnetmutaamtamnaaﬁrs GRHB, AREE rivatives
t her eof , T8l of ¢ anhyd &ﬁﬁcatélg%oﬁ%@ tgégllgaquﬁl?’gl'i?res?%tr yl)

t )
mal ei mi deg ananﬁ”\gﬁ% ool 7 v ?W@as@ onymgeefhnctioas mdrame sheignt.cl ai m 2,
wherein sal d nonof uncti onal nononer conprises at |east one of nethyl
met hacryl : bu% net hacryl ate and/or nethacrylic acid. 4. A nethod as
cl ai med i < BBICiFgNed Hiary ofihe pricadisg climowhdéraindiie pHlginendytgAer

conpri ses r@adﬂbﬁ(tsltéﬁ;e{af JMBL e h.nmononer. 5. A nethod as cl ai ned
in any preceding cl ai rr? mﬁ%e?e@gorﬁgagﬁ?ﬁs’r&d%tl onal nonomer selected from

bi -functional (meth) acrylates, tri-functional (meth) acryl ates,

tetra- fynqnwﬁ@khod(ége\%,g%eg%& ﬂ,heoséogﬁenta functional (meth) acr yI at es,

hexa- f unct j onal acr q”@‘&ﬂers or polyners having nore than
one pol yr’rﬁ} MEHIS) t@%ﬁh?fyﬂ F@ngﬂuoapnalanwomexhww@oné pyrefsabl- doﬁbl@%ﬁ%sﬁas

cl ai med i mofdMieRERG o V\% el n. hal n transfer agent
sel ected from r?orllofﬁl:':tﬂgon{a g ﬁlmctnﬁf“BFtéonavaNTﬁ%ﬂI@bd as

cl ai med i Pohduastions mraqarrhavmg amastnwb pammtaﬂgabm@mme%ﬁa& |p§p§,o@cu,%eaq,9ndar y

mer capt ango.o. I of clainms 1-5, wherein
t ransf er é%entdboggtr?g??ggg(ogt%at q}}f’?‘é‘ UFP”FF%F‘QFW%@M a clyg gan=es01

PCT/ GB®9/ 8817 18 9. A nethod as clainmed in claim8, wherein said
catal yti C(u?'&ﬁ’ép@rsﬁ i sent. at a concentration of 1 - 500

ent. is pr

ppmy, based on m)ﬁq P unc{ U arplx%n%prﬁs ISCRBHIRAUS Phgse ’Aarﬁ@mmp‘ésﬁhesmmed in
any gf t hhigh mntgrllerbaremelamay Eisﬂiubljb-(ih %@'p)‘%%hﬁé@ﬁd &E‘peréaﬁg%fr:; Hrc‘?h TSN ed
out by suspgggi met hod as clal ne
conpri si ng &I) %&)?F}ﬂg){-{ﬁ ?’ﬁ Preé’fWBH‘EJF?Iﬁ@Fn%%ﬂOﬂW@ﬁ@hamwm@ one
pol yner i sépfieuaispbhes;:bond per ol ecul e WI th from0.3 - 100% w w (of the
‘A’e"ghtlsqf(iilg hf?ﬂt%ﬁb%ﬁ%&h%?% O%Q(r)nrg%{a er rmxture

iif) maintaining the dispersion of monomer in continuoys phase at a reaction ternperature

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
coniinuous phase,

20 12. Abranched polymer comprising:
99.8% - 50% (based on polymer) residues of a monofunctional vinylic monomer,
0.3 - 50% wiw residues of a polyfunctional vinylic monomer and
~. 0.0001 - 50% wiw residues of a chain transfer agent.

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

25 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
piasticisers, flexibilisers, perfumes and stabilisers.



pol yfuncti onal nononmer having at | east two pol yneri sabl e doubl e bonds per
nol ecule and from 0.0001 - 50% w w (of the weight of the nonofunctional
nononer) of a chain transfer 10 agent; (ii) dispersing the resulting
m xture as VO 8%488Bht i nuous phase in a continuous phase in pdERsHR
mononers are relatively insolubl%hin t he presence of a dispersing agent
which is capable of maintining Phe mixture of monomers as a di sconti nuous
phase in the continuous phase; 15 (iii) initiating polynerisation of the
nonomer ni &t &maguiddd Polymedr AkHRIeYoRGir: ' | i mer in continuous
phase at fhreaction tenperature fd?ﬁggyIﬁgf%%?Q?%égpgggéﬂaﬂﬁguﬁH%Oﬁnnoners
to react t0 forma polyner; and iv) subsequently separating the dispersed
phase containing the polyner fromthe continuous phase. 20 12. A branched
pol ymer c rising: 99.8% - 50% (based on polyner) residues of a
~ onof unct 1 ond¥e ?‘%W'Y’Eerrﬁrﬁ!ﬁﬁﬁ?q in ether claif0 au/ W asestatisiiBertor @ daghing unct i onal
vinylic rfenaugtior? P00 ot % .esi dues of a chain transfer” agent. :
13. A br an%Qed _oFy-me,r matqiﬂeO U@Btﬁ?ﬁl{p\r@{%i@ﬁ%& “&ale"zﬁ PRYNSTAN BR)omer $irgpns 1 - 11
25 14.5A8 ‘t”‘?qwg'tféléﬁﬁwwqrbtnp.@@miaismetgsrmmatrmmaaﬁ cehRintBthdHasRRY Of
clainms 12 - 13 and optionally further ingedients selected from nononers,
functionalised oligoners and copolyners, cross-1linking species, polyners,
curing agents, colourants, solvents, dispersing aids, lubricants,
processing aids, fillers, carrier fluids, toughening agents, plasticisers,
flexibilisers, perfunes and stabilisers. WO 99/46301 PCT/ GB99/00617 19 15.
A nmoul ded pol yner article containing a polynmer as clained in either of
claims 12 or 13. 16. Use of a polymer as claimed in either claim12 or 13
as a constituent of a coating fornulation, photoresist, noul ding
conposition, curable polynmer in nononmer syrup, 5 noul ded kitchen sink,
wor kt op, acrylic sheet, shower tray, curable cenent or adhesive.



