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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 complications of a two-step process
20 may be unattractive and make the resulting branched polymer expensive to use.
Alternatively a one-step process can be used in which a polyfunctional monomer is
present to provide functionality in the polymer chain from which polymer branches may
grow. However, a limitation on the use of conventional one-step processes is that the
amount of polyfunctional monomer must be carefuily 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 to
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
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group is reacted with melamine-formalidehyde crosslinkers. US-A-4988760 and
US-A-5115064 define similar compositions which include functionalised monomers having

different cross-linkable groups which include carboxy! and isocyanate.

20 In a first 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% 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% w/w (of the weight of the monofunctional monomer)

25 of a chain transfer agent and optionally 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
monofunctional monomer having one polymensable double bond per molecule, from 0.3 -
30" 100% wiw (of the weight of the monofunctional monomer) of a polyfunctional monomer

having at least two polymerisable double bonds per molecule, from 0.0001 - 50% w/w (of
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that special reaction conditions, including carryling-o
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50% g5 e metigods a8l SiIcbeOfei FoH REARY hERIABLNEFthe 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 solution 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.
suspension or bulk polymerisation. It is surprising that branched polymers may be
successfully formed from polyfunctional monomers in a non-solution method because the
25 formation of gels would be expected. US-A-4880889 teaches that épecial reaction
conditions, including carrying out the polymerisation in solution .at a relatively low solids
content of about 50%, are required to obtain ungelied polymer.

Therefore in a further aspect of the invention, we provide a method of preparing a
branche_q 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



Therefore in a further aspect of the invention, we provide a nethods @fSEP 2002
preparing a branched pol yner by suspension pol ynerisation conprising 30

(1) -m xi ng W&r468¢1 a nonof uncti onal nononer havi ng one poly, .sabl e

doubl e bond per nolecule with frgmO0.3 - 100% w w (of the m’éﬁh?”&“’ﬂhe
nonof uncti onal nononer) of a 1 2 8 E P 2002 WD 99/ 46301 PCT/ GB99/ 00617 4
pol yfuncti onal nmononer having at | east two polynerisabl e doubl e bonds per

nol ecul e a@otyfudctionalinEfierhabiRgoaeys | t he nonof uncti onal
mononer) gf, a %@I n hg a@sfer ggent; t?’%iprfngﬁeﬁ%dgg;(ig%ktq?@d? Bsiumeleadle @nstt ur e
as a di sconti A0804 - SRW™ @ theviaht of thesmartometiormal monbhéd) of HendRARGES ar e
rel ati vel yagensol ubl e in the presence of a dispersing agent which I's

capabl e of . maintining the mxture of nonomers as a discontinuous phase in
the = cont i('Hug’ﬁge'ﬁH‘&stg? resulting mixtunei asta digeqatihyote phagd inAeaRfinddle pRROOET

m xture Mhich thgi i the.di rsion of nonomer in continuous phase at
a react] on terrper”zlgt%rlffﬁlﬂrngiI rg%ﬁ A?%P%S'E?‘ g?‘@b'&ﬁ? %Fipﬁ%sepge efrigisrersing agam ernithss t 0
react to FBPFRIQOhERINYBING thenmbixtury oSmba@ma@ratslaydgﬁﬁﬁ,{lﬁ,{,g gﬁ’asﬁahﬁthdi spersed
phase cont;@,i,tmuggsbhg epolyrrer fromthe continuous phase. The Cont i nuous
phase is normal Iy Warer. Suitable di spersing agents are well known in the

art and i Al udidatnghdiyreetisation of the mopemEPRkdurée- 0 hydroxy ethyl, hydroxy

propyl, hydr : opyl nmethyl), polyacrylic acid, polynmethacrylic acid,
partially 'gngém?'ﬂ"f/‘gﬁ’qeeugg%ﬁrf'%&}/%?%'g%g ceMtinupessrhase iatis reaetibry tevripdyture

al cohoal(, Isyfigieny timelltc eftdlid thieiydnoases anongst ot hers. The
foisyfficieny _ MdnoiRd @ Ract (O RANY Wivine AL O Cat oy at

di sper si o rs in the continuous phase isn

hi gh speelg) %&JP g%dg]%omﬁ SeRAalg e disPeraed shessrcsnteining the belymekean thd1e

di sper si ofpntiptiald phamed t 0o enabl e good heat transfer between the continuous
phase and the dispersed 20 droplets or particles. As the polynerisation
reacti on proceeds, the nononers in the dispersed phase react to form

S R L B M R
"typi cdlT 5! lymens (egamyoraxyiethyl, ingdrosy RpPOnydréRP C.
Sui t ahbe prepy tmeathyly, PERAERidAES, ﬁéfﬁné@ﬁééwli&%&%érﬁallty g%d ?JIIE/ neutralised
versions of these acids, poly vinyt alcohol, poly(vinyl alcohol/vinyi acetate) copolymers
amongst others. The dispersion of monomers in the continuous 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 typically between 20 and 150 °C, for example in the range 50 - 120 °C.
Suitable reaction temperatures are well known in the art.

25 The monofunctional monomer May comprise any monomer which can be polymerised by
a free-radical mechanism such as methacrylates and acrylates, styrene and derivatives
thereof (styrenics), vinyl acetate, maleic anhydride, itaconic acid, N-alky! (aryl) maleimides

and N-vinyl pyrrolidone, viny! pyridine, acrylamide, methacrylamide, |

N,N-dialkyimethacrylamides and acrylonitrile. Vinyl monomers, such as styrenics,

30 acrylates and methacrylates, (meth)acrylamides and acrylonitrile are preferred monomers

Mixtures of more than one monofunctional monomer may be used to produce a random
alternating block or graft copolymer. |
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Trifunctional examples include: tripropylene glycol triimeth)acrylate, trimethyiol propane
triimeth)acrylate, pentaerythritol tri{meth)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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The ¢ nsfer ent be chosen froma range of thiol conpounds

i ncl ug? ng hen%r?o”f %95%%{“ "&&&%ﬁ%mﬁewdﬁage efihiel epmpasmds incbudingnal t hi ol s

i ncl ude, rmnofmmommtandi bclilyftlEtéhonbpthloll:r AR oA SR Hdls inRIMGY! bUITREE ARLRReg hexyl

mer capt aqo ;%8}39’ mercap an E)utyl mgr%ggtanl hexy! mercaptan, octyl mercaptan, dodecyl
mercaptan, thioglycollic acid, mercaptopropionic acid, alkyl thioglycoliates e.g. 2-ethyl
hexyl thioglycollate or octyithioglycollate, 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 tetrathiogiycollate,
pentaerythritol tetrathiolactate, pentaerythritol tetrathiobutyrate; hexafunctional
compounds such as dipentaerythritol hexa(3-mercaptopropionate), dipentaerythritol

25 hexathioglycoliate; octafunctional thiols such as tripentaerythritol
octa(3-mercaptopropionate), tripentaerythritol octathiogiycollate. 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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suspensi ofl S cobalt complexes, €.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 suitable compound is
20 bis(borondiﬂuorodimethylglyoximate) cobaitate (11) 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 < 0.19%

by weight (on monofunctional
monomer), since they are generally highly effective at low

cdncentrations. We have
surprisingly found that catalytic chain transfer compounds

based on cobalt complexes
25 may be very effectively used at concentrations of less tha

n 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 asanazo compound, 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-radicai polymerisation reactions, e.qg. azo initiators such as

azobis(isobutyronitrile) (AIBN), azobis(2-methylbutyronitrile).
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whi ch polcgpeyrmeas thelint&ion may be used alone or blended with other polymers in the
20 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 (df the weight of the monofunctional
25 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,

30 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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con %th(?‘éspec? to tﬁe total concentration of monofunctional monomer.

The weights of polyfunctionali monomer,

chain transfer agent and initi :
as a weight 9 itiator used, described

% is calculated as a percentage of the weight of total mo
20 monomer. For example, for a polymerisation of MFM invoiving 3%
PFM and 4g of CTA would be added to 100g of MFM.

nofunctional

PFM and 4%CTA, 3g of

Preparation of Polymers by Suspension Poivmerisgﬂgn

Polymers wer i
€ prepared by suspension polymerisation of a monomer mixture containing
monofunctionai and polyfunctional monomers in the presence of t

he chain t
25 e.g. dodecy! mercaptan (DDM), ransfer agent,

a dispersant (hydroxy ethyi cellulose, 1-2%

by weight
monomer) and a free-radical initiator (AIBN, 1% e

by weight on monomer) in deionised

water. In a typical preparation, 2000mi deionised water and about 49 hydroxy ethyl

Celiulose (HEC) were added to a 5000m| baffled flask. Nitrogen was purged through th
e

w . .
ater for 30 minutes to remove dissolved oxygen and the flask was agitated with
a

5 . . .
(500 g of the MFM mixed with the required amount of PFM), and then added to the

reacti
ction flask followed by the AIBN. The reaction flask was heated at full power to 75 °C
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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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Examples 5-9 (comparative)
The polymer was made as described 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

Table 1
Examp.|DDM |TPGDA solty in Brookﬁeld Mn Mw Mw {Bn|{ ¢ a | logk
(Wt %) | (wt %) | toluene |viscosity | (g.mol™) (g-mol'}} /Mn
(cP)
1 4 0.75 | good 19 5,190 | 12,600 | 2.4 |0.92]0.87 |0.59 [-3.31
2 4 1.5 | good 22 2,670 | 14300 | 54 {0.18{0.97 |0.51 |-2.92
3 4 3 good 34 1,370 | 56,100 | 41 |{3.32(0.85 [0.36 |-2.25
|4 4 3.5 mod 46 5,850 |150,100| 25.7 |7.6 |0.62 (0.5 |-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 03 0 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 good 31 10,380 | 19,500 1.9




11 alpha, log K and Bn, where Bn is the average nunber of br anches! Be§EP 2002
mol ecul-e. Bn=O for a linear polynmer and Bn>0 for a branched polyner; g is
t he' Zi nm brwoopjsg; f act or equivalent to the ratio of nean square radius of
gyration of the (branched) material to that of |inear matefiGVCRI/PHE same
nol ecul ar weight (g' =1.0 for a lilRear polynmer and g' <1.0 for 5 a branched
polyner). Alpha and logK are determined fromthe relationship between
viscosity and nol ecul ar wei ght fromthe Mark-Houwi nk equation, ,t = KM,
log [rl)= Iog M+ log K. Determ nation of solution viscosities The
vi-scosity = gliygli on of the polyner in toluene was neasured
using a YBeBo i t al a tenperature of 25C using an LV2
spi ndl e. Exa%’ ﬁ@ls@cnfdﬂiﬂT ess%g yn‘@&?%ﬁq A EPIREET eurtirecd M(A apy 1s2spedA%i on
pol yneri s¥{WdPaRA igheiabaenosret chaim trdngfe? agbntMPhdWsulfRy B@i?@)é}s%&e( M) as MM
cand tri pr%ﬁ‘u%réedgljné{r?sﬂati é%\%%l atﬁ, %I’PGDA) as PFM Yyielding a branched
pol ymer according to the 1 nyeAfiosHnkes polymByresults in 1% atrenre obadirand t he
pr oper t§ e§ansfer dgent,even ti m@tim&mévégzgpgﬁg@ﬁ-hrﬁ% n&C nethod 2) are
shown in Table 1. Exanples 5-9 (conparative) 'Il e pol yner was made as
descri bed above but ..using only MVA as the nononer. The resulting polyner
was essengEkarnpislippear. For a linear polymer Bn = 0, g'=1.0, a = 0.68 and
20 | ogK = -|3. 65 Table 1 Exanp. DDM TPGDA solty in Brookfield Mh Mv Mv Bn @'
R AN AN oo it g
: goodo DAYd ) : . « - 3. .5 goo ,
14,300 5.4 0.18 0.97 0.51 -%éggz)mg%a%%z‘évg&%ﬁef; 370 56,100 41 3.32 0.85
0.36 -2.25 4 4 3.5 nod 46 5,850 150,100 25.7 7.6 0.62 0.5 -3.04 50.10

good 2,164 60, 760 157,700 2.6 6 0.2 Orag%()éj 716 36,690 81,900 2.2 7 0.3 0

[l aVaY QO
good 185363} 5”TP%%9\ Jébn?: in | Brookfield | - Mn Mw [ Mw [Bn] g

(Wt %)| (wt %) | toluene |viscosity (g.-mol”) [ (g.mol") | /Mn ? R

(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 11.25]0.83|0.63 -3:47
15 1 0.75 | good 140 16,800 | 131,400 7.8 1268(0.72 | 0.59 |-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 26 {1.42| 08 {061 |-3.41
19 2 1.5 good 75 11,500 | 80,100 7 13.2110.72| 0.48 | -2.86
20 2 2 good 200 5,820 |338,500| 58.2{9.95| 063 0.44 | -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 linear polymers with simiiar Mw.

Examples 21 - 26
Polymers were made by solution polymerisation as described above using different
15 polyfunctional monomers (PFM). The polymers were characferised 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



8 1 0 good 71 20,690 39,700 1.9 0 1.0 0.68 -3.65 9 2 0 good 31 10, 380Sgp 2002
19,500:1.9 1 2 SEP 2002 WD 99/46301 PCT/ GB99/00617 12 Exanples 10-12
(compar at i ¥&) o @eP0! yneri sati on was carried out using a nopgwmm)&q.yre of
MVA and 1, 2 and 3% ww TPGDA in the absence of chain transter agent. The
resulting polyners were insolubl®, denonstrating that a crosslinked

polymer results in the absence of chain 5 transfer agent, even at

relativel S, 0 | yf uncti onal nononmer.  Exanples 13-20 Pol yners
wer e nade%‘l“np%gﬁlletg\ég%m\ﬂgﬁﬁg’éé{ I%r(aé}?%?‘gg‘%’im@rslf"eﬂ% PRigingAusEReTRNaregraof ve
anmount s diffefBPGActodiithDM  The properties are shown in Table 2. Table 2 Ex
DDM TPGDA solty in Brookfield - Mi Mv Mv Bn g a logK (w %9 (w %

t ol uene viscosity (g.nol-") (g.nmol-") /Wn (cP) 13 1 0.25 good 85 16, 700
40, 200 2. Bxdhndiéds@79800.69 -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 0.59 -3.32
16 1 1 gobdY®sE w&eéwemg,ogwen aglymersatjon gsingthe. falpwing gfferenv cizaid trangjerod 39
7,78 222, 28¥h2(S1A: 15 0.98 0.63 -3.42 EIl 82 1 good 50 13,700 35,100 6 1142
0.8 0.61 -3.41 9 2 1.5 good 75 11,500 80,100 7 3.21 0.72 0.48 -2.86 20 2
2 good 200RMREOrimsthybbRrosaNetris(3gBercamepropiadateY. 67 10 The measur ed '
properti esgsix ched and have a wi de variety of
nol ecul ar _wei %Egﬁ%%%g}o?%grﬁﬁﬁ%ﬁﬁéﬁg%%s 5 - 8 show that these polyners
pr.oduce aDPEH\%@r'Ss’tﬂeOtaPthwQemﬁhiogiyadtaa linear polyners with simlar M.
Exanpl es wer : ol ution pol ynerisation as descri bed
above usi%grgggfﬁﬁrgﬁﬁ& ?ﬁ&ﬁ%?ygg%@mnoners (PFM . The polyners were
char actter TRE:BCYeEPEreeharacierised BFHEPE oletroni Tnandptbe yéaults ErestawmB TRz Wer e
used:

The results show that chain transfer agents with a varying plurality of thiol groups can be

used with a polyfunctional monomer to make scluble branched polymers.

Examples 31 - 33

The polymers were made by solution polymerisation using the polyfunctional monomers
15 (PFM) and polyfunctional chain transfer égents 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 polvmers

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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TPGDA i-s tripropyl ene glycol diacrylate TMPTA is trinmet hIXJAO! propan%
triacrylate PETA is pentaerythritol tetraacrylate 20 D:DEd. Itshacr ate 1 o
di pent aer ytwoisbabsohexaacryl ate ECDMA is ethyl ene glyco i Hg?r’%?%ﬂﬂé
SEP 2002 WD 99/46301 PCT/ GB99/ 002417 13 The res]th_I tZi fspg\rNetnt poSoTes Ly

were obtained ustng nononers o : _ _ .
lé;:nclhgg ggl }/rrg(r)spm ymers were made by solution polynerisation usi ?ﬁ H;F
f ol Irrgvvi ng different chain transfer 5 nfs (CTA): TRIMP ||s trimethy

ot éritree HPEM teped | A Jesiytiyim T OMn

EI'I(gtEE)'(fil'gE|rEit‘:;:ﬁralg‘r,r.?@n aeryt hiWok) joct at hi potyeql kaateae 1Qg.Hee) pelgig| s were e
charact eti sed by| GPOMret hot 1 ardphhf rg@pl?gbog‘r'?v‘%pgérg‘\nl "odg Pt SR
AN L B AR ) T U e g o A
g(r)wﬁ:rgdna%gnpr :BQY a3 21 ;ayrf%rlp\/rr r3-"fer edntide BYseo| 85.5mn| 722
pol yneri sati®dn usi REM he pal yif DREHA ohak.8adnogoed s | 6504 %'432 211,

otre 31T S5+H+S GPC
pol yf uncti oRal cjhabpmt r ansfer BGBMAS| shpvvr‘ |_2,2 a :,§;§§9 i TR y
rr_elt h?ﬂng i zhe}N t[l?bpraa‘[ 'g?s%f coﬁ(’g’b‘@g; Icwé;n; h 899 1 |1 083 vi P77 ur Aldst y| of
Qgr% ate'urafhi | TRWMP L™ 398 TRCHAKe 1ol ukdoed  hr aAahe
34 - 36 R0 _Thesd F5T¥Rel s4®ereTRr@Rie [by 1501 Utgosd [1OF ¥8ET
and TPGDA aR¥ grifersed) by osPCrpenAidd § .5 [Ng fesutLs o

1 2 SEP P0030 HHGTESP TR 17 FRS5L 9064 7% 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 1.76 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 3.26
35 DDM 2 TPGDA | 45 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, a 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.
Table 4
Example | TPGDA | COBF AIBN |polymerisation Mn Mw
wt % {ppm) (wt %) [method (g/moie) | (g/mole)
37 1.5 10 1 solution 24,388 | 90,416
38 1.5 20 1 solution 12,220 | 46,070
39 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 resuiting 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



14 Table 3 Exanple CTA type Cl A PFMtype PFM sol ubil i t1y5i nog/g g/vv%/gﬂi/gfg(ggm
% (wt % toluene (g.nol-1) (g.mof-') 21 DDM 2 TPGDA 1.5 g ETA 1.76 good
2/()6‘7 22 D WOAMETVPTA 1. 48 good 7, 138 26,318 263920(2)343[))9\/'21 %GB%GO&M 5

' .22 24 DDM 2 DPEHA 2.89 good 9, 1 -

EGDNA’ oo ?5’9383 ;,850 26, 638 3. 39 53% E)gVI?gOE%g/A gsgggwéohogg %gégizl%ggood
27 TRIMP 3.98 TPGDA 1.5 good 6, ) 3180 2. 31 30
5,990 13, 100w inIBable29 ﬁ%&g&?%%@ﬁ%r%a@%&@% @ﬁl%g;aéw’gigmw 1. 48 good

(0] ] ’ "

EPESEGZZ"E ;g%é bly'ég"(g%elt‘.oasiPETA 1.76 good 6, 350Pég,A9§0 36348 §SOD§5T§§O
’ ’ ) i . ‘ X 4 DOM 2 T gO ) ’
326 55 DOM 2 TRCOA Aoy S-Sy e pigenns? with gemas PRamAsEmas

' BRES were made according
9, 530 103, %% Teegder weightpl 4% @mole, pBeciby e @ﬁ%r?ﬁgﬁg,fer ot The. WEM

; : . Sa0y W08 |
t Ost RA?AASI rTEr?% af’y'egl? |1?fslnd§'gat§§2% ‘é’%‘“%@%‘?%fﬂléecﬂ%@g"l% withg| a@_rylafg fft:tigaél:g"mnlgtwhg gmit
wa . ) . . A |
m crogel @Bﬁﬁdf’?'@warm@hmﬂ Bd0Iganoleesugplied WU@B@E%&BI:& % {pp M (w0

' i sation Mh Mv
Tethod (ol motey (ol mal eyl Rt il wih 2awvies wheionatarbugs 20 1
e . .
e L‘? ? Oggfgg gquleg%ga@w@ighgg 5000 §/rioles, sEPEIRE UGB EHBmRdd 00
Ebecryl™ 605 is an epoxy-acrylate oligomer with 2 acrylate functional groups per

16 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™ 80 is a polyether-acrylate oligomer with 4 acrylate functional groups per
molecule and a molecular weight of 1000 g/mole, supplied by UCB Chemicals.

15 Table 5

Exampie| Oligomer Oligomer| DDM AIBN |methog* Mn Mw
(Wt%) | (wt%) | (wt %) (g/mote) | (g/mole)
40 Ebecryi 605 25 2 1 sof 8,613 | 28,384
41 Ebecryl 80 5 2 1 sol 5,706 | 20,165
42 Ebecryi 81 3 2 1 sol 6,279 18,012
43 Ebecryi 4858 2.25 2 1 sol 8,405 | 28,257
44 Ebecryi 4858 4.5 2 1 sol 8,530 56,7186
45 Ebecryl 4858 6.75 2 1 sol 12,165 | 437,690
46 Ebecryt 210 7.5 2 1 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 8,270 | 31,125
_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 Ebecry! 230 43 8.6 14 sus 3,500 | 13,300

* sol

Examples 54- 57

= solution polymerisatio, sus = suspension polymerisation

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

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



Pol ymeri sations simlar to those in exanples 37 and 38 were al so pe’r?-osrﬁﬁaw
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out using MVA as nonofunctional nononer with acryl at e-functronariog
oligoners as PFM of different types in varying quantities, as shown 1 2 SEP
2QU WD 99/46301 PCT/ GB99/00617 15 below in Table 5. The resulting
polymers were all soluble. Ml ecular tzar\k:?l ts were determ ned by GPC net hod
1. Ebecry¥FM-4858-is an aliphatic ure é -acrylate oligomer with 2
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ol i gomer Wi t¥H 2 [MMAMIBNA f USc3a orjal sgr qups !and aj mpecyrar werghnt—pf 1500
flundt

g/ nol e, supps € chern rats—Ebeet-y c

ur et hane- act y-at W,ﬁ*‘%;gﬂ éH.mf\é 4 acryllat nd¥s gr A8 | 3HRP

nol ecul ar wel’ght “BHOMA19P1%5_|suidpl ijed8by] UTB [Chews cal3wooEbextso | TM 605

i s an epoxy-HcryMMAEBYA gonEsr2owi tth 2 adryhkatle functs@nal «HopUps: gy 10

mol ecul e &l r i 0f 500 g/ ot e —suppttetd—by—YeB—Erehi cal s.
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acryl at e nethacryletea MA igmoatiecnpieraciaol ecul e and a nol ecul ar wei ght  of

600g/ nol e , supplied by UCB Chenmicals. Ebecryl TM 80 is a

pal yet her-acryl ate oligomer with 4 acrylate functional groups per nolecule

and a nolExampigs S8igtht of 1000 g/ nole, supplied by UCB Chenicals. 15 Table

5 Exanpl i A i goner Al BN nethod* Mh Mv (wt % (wt %9 (w %

(g/ m)lng) %( @dﬁgﬁg?’[y%s %BE?JP?‘YQ%/I%S%PS“%O& Palymegsagiog usigg 3gonofibcEmatr yl 80 5

2 1 sol Horo6e?Gridtife ofER%EBRIAL $0%MMA andl o6 A HitreP oEhecryl 4858
1 gg’?é%%gbat@é Ehestd

2.25 2 1 8,25 44 Ebecryl 4858 4.5 2
Ebecryl Zég%‘agw'égﬁzg pt ébzl%lpf[l@@r 284 0gowt % 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
Example | PETA [PETMP | DDM TLA Mn Mw microgel | viscosity

(wt%) |(wi%) (Wt%) | (wt%) | (g/mole) {g/mole) (cP)
58 0.5 0 2 0 9,830 22,800 minor 134.1
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 05 0 1.5 0.25 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




46 Ebecryl 210 7.5 2 1 sol 9,043 32,846 47 Ebecryl 210 10 2 1 _sol 182 $£8 2002
42,930 - 48 Ebecryl 210 12 2 1 _sal 10,033 52,594 ..49 Ebecryl 230 25 2 1
_sal 8,270 w.oddése; 50 Ebecryl 230 30 2 1 sol 10,475 76,464 51 Ebecryl 230
40 2 1 sol- 12,7081 44 177 52 Ebecry1230 18 3.5 1.2 sus 6, 40FCTGRBU(E6153
Ebecry1230 43 8.6 1. 4 sus 3,500 13,300 " sol = solution polynerisatio, sus
= suspensi on polynerisation Exanples 54- 57 These pol yneri sations were
conduct ed-lgi,ng a m xture of nore than one nonofunctional nononer (MM
and TPGDA ‘5’5—€>FM Mol ecul ar wei ghts were determ ned by GPC 20 nethod 1. 1 2
SEP 20 WO 99/ 46301 PCT/ GB99/ 00617 16 Table 6 Exanple MM MFM TPGDA DDM

‘Al BN rreth I\%/ %W (Wt %9 (vt %9 (g/nole) (g/nole) 54

MVA+| BI\/A %" °f1°r§Eﬁ"”§§ ARG EdRANes SomorigEn@ mikidg wyethér, H50 33, 750 56

|\/MA+B|\/A+|\AAoﬁau3@5 8l riorbnfdd h1a9 25 3 4 1 sus 6,300
y 2vinb 2ne PouimHsand allR B0 Aok e e | <

32, 000 th met hacry
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Branched mohoti@Havivg=® 1e3BC ol merisation using
monof unct i gnal nnwgrrer m xtouroéﬁﬁ%gggléﬁ)dgmg%gé oRﬁw&“%{ﬁﬂﬂela%fwmom PETA as
PFM at O. /9 A & th%We'SB‘tCﬁlthWFManUZCNmaPmMﬁérb rufrauoatamr:raaﬁfdr Shent %ha %0

Ver si col TiptiSASly SUpRERSI-9) Jhaiokactic acid (TLA) chain transfer
agent was used with or i rr}gcat%;eadJ a'gﬁr?[nﬁaator ?é’?ﬁ?%ﬁ‘?é reacigd st EixwrE te hat f or

t hose mi XPUR 8POWAeRhi ch microgel s tended to form this tendency was 10
greatly reduced or eradicated when TLA, a secondary nercaptan, was present.

Mbl ecul ar ) . .
2. A method as claimed in claim 1, wherein the monofunctional monomer is selected from

10 methacrylates and acrylates, styrene and derivatives thereof, vinyl acetate, maleic

anhydride, itaconic acid, N-alky! (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
15 comprises a mixture of more than one such monomer.

5. A method as claimed in any preceding claim, wherein the polyfunctional mbnomer
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
20 thereof.

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

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

25 8. A method as claimed in any of claims 1 - 5, wherein the cham transfer agent
comprises a catalytic chain transfer agent. T
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ﬁonomer' is selected from 10 nmethacrylates and acryl ates, styrene agd
derivatives thereof, vinyl acetate, maleic anhydride, itaconic acid.

' nctldigni b5l i done. 3. A method as cl ai ned
N-al kyl 5( atyhmehape peraisecindiaimvidepinppsing ol i _ as claimed
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i ] re than.one such nononmer. 5. A met hod
as ol ai neﬁ’”ﬁ‘ﬁ@‘amng:%?’?@Sﬁ?ﬁﬁ‘ﬁiftﬁ]@a T YR THsBbls IOy D FD el Malerdmend

ted fFENPHPOT upRYeivewaliof hewelghaofithie aioasfunttidnal HEWSM&N 8t a chain transfer
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havi ng nor® gResfsienhersisyitiog mbairkas i digtbhinu@us PRaseand BhidHLE 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;

15 (i) initiating polymerisation of the monomer mixture;
i) 'maintainih'g:ihe 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.

20 12. A branched polymer comprising:
99.8% - 50% (based on polymer) residues of a monofunctional vinylic monomer,
0.3 - 50% wi/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 cfaims 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,
plasticisers, flexibilisers, perfumes and stabilisers.



20 thereof. 6. A nethod as clainmed in any preceding claim wherein yhesgp 2
chain transfer agent is selected from nonofunctional and pol yfuncti onal
thiols. 7. WoBlbwed as clained in claim6 wherein the chain transfer agent
conprises a secondary nmercaptan. 25 8. A nethod as cl ai med PER/GEN)/0p417
claims 1.- 5, wherein the chain t9ansfer agent conprises a catalytic chain
transfer agent 1 2 SEP 2001 WD 99/46301 PCT/ GB99/00617 18 9. A nethod as
claimed in 'ﬁé ere| n.said catalytic chain transfer agent is present
at a concentra Pgfeg poly %’Efge FUHRINING analymsi agsisihedio eitteradf clamo MR br Wei ght .
10. A nmethadd as cl ai rred in, any of the preceding clains wherein the

pol ynerisation reaction is carried out by suspension polynerisation. 5 11.
~Anethod as clainmed in claim10 conprising (i) mxi ng together a

nmonof unct i@nakse @08 PERMeNay Eibih I nol ecul e
with from0.3 - 10©g<?w/w(of teﬁgeﬁieﬂfgr)ﬁ%f1§{%ﬁl'§agg usﬁ' gﬂfaé%%'ﬁSrrer) of a
pol yf unct [P6RYting egiRiveigding C<Pféa@ﬁlthmmrpbibyomsmesabh@wdﬂuwléy@;pbondS per
nol eculse mddidedl kAR SO 0 f the nonofuncti onal
rrnnorrers)e of a chain trani«? rekré ?L%wae%er{r?tg baﬁ rt@ys%?@? AgmeMer dResive.ng

m xture as a'discontinuous phase in a continuous phase in which the
nononers are relatively insoluble in the presence of a dispersing agent
which is capable of maintining the m xture of nononers as a di sconti nuous
phase in the continuous phase; 15 (iii) initiating polynmerisation of the
monomer mxture; iii) maintaining the dispersion of nononer in continuous
phase at a reaction tenperature for sufficient time to enable the nononers
to react to forma polyner; and iv) subsequently separating the dispersed
phase containing the polyner fromthe continuous phase. 20 12. A branched
pol ymer conprising: 99.8%- 50% (based on polyner) residues of a

nmonof uncti onal vinylic nononer, 0.3°- 50% w w residues of a pol yfunctional
vinyli c nononer and



0.0001 - 50% w w residues of a chain transfer agent. 13. A branchea zpBFf}m

made by tuymwxot\mm@mmmgﬁaﬂgﬁ iln-aﬁylbf 25 if-lelz i
position containing a polynmer as o T A at2—13—an
opt ] I ngedi ents sel ected from rmnoma’gFJ nig) onali sed

optionally further 096}7 ng agent s

oligo .rcmsgﬂéimokwébéﬁcﬁ%&h 6+68s-|nkingspec pqt roctrassi ng &l ds
col ounfdft 6, JdIBHAR8ES, 08¥Re0/Ai2ng cabfs7 Aggbri cants, p f1loxibillsers
fillegs, carrier fluids, toughening agents, plasticisers, exibili ,

coati ng
a 1.9 o

perfufes and stabilisers. 1 2 SEP 2002 WD 99/46301 PCT/GB99/00617 19 1§
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wor kt acrylic sheet, shower tray, curable cenent or adhe5|e. 1 2 SEl?
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1A s ) i
g

a branched po . DTerAring ' toget her a monofunctional nononer
e % %:fg‘“@giwmm S
havi ng afoy e dondsyer R mi 8@‘ tional donoger tﬂf&% le'3' 4™ (Bf'bbdieigh
- 509 W of & chiait renqfg 0 in? 00 L50% whe(ofMEg, Bﬁyﬁﬁalmainble

t r ansf ersaitheitngng mﬁ%&whﬁ%@m&%ﬂ el el the nF%‘Pﬁm;ﬁonalaﬁénomﬂ)
t her eaf tpai o S v @fvmtﬁ@mp I ) ] reacti
aver age mﬁ?ﬁiﬁg&gmmzopm&om he branched Sparg) |°§°‘B#Nne)oﬂlh§m:?§
2000- 200, 000. 2. A method as claimed in claim11, wherein the nonofuncti onal
nononer i s selected from 10net hacryl ates and acyrl ates, styrene and
derivatives thereof, vinyl acetate, nmaleic anhydrids, itaconic acid,
n- al kyg( aryl ; mal am des and N-vinyl pyrrolidene. 3. A nethod as clained in
calim & AR m-&hﬁbdmwﬁqﬁtional nonomer conprises at | east one of
met fiy| metBeslabale, . but yI~ et EW&Q}W.C acid. 4. A method
as claimed in an BARIGE Hyrehe il caRGi 52 d mDNoTUTTCT FAeted fromoer
anhydrida, Haconic acig, N-alkyl (aryf) malein '“ + Vinyl acotate, matei: :
a"d”'ﬁnylmrmm
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_ _ _ _ 12 SEP 2002
oIl IsesER un Xt ure: 6f ppe: voreher 725 A 38t frodsH
Charied: n any preceding claim S e ol ol yfuncti onal nononer
from b-functi ;Peneth)acryl ates, tri-functional (meth)acryl ates,
tatra-function ”C th)acryl ates, penta-functional (neth)acryl ates,
haxa-functi onal (meth)acrylates, oligoners or polynmers having g® one
pol ynmeri sable vinylic groupm and migtures 20 thereof. 6. A metﬁf?gm’
clainmed in any preceding claim wherdin the chain transfer agent is
sel ected framﬂmwagahm- d §O| Xf unctional thiois. 7. A nethod as
clairmed in gﬂ@'gga 6 wher ei n t Ne=<UR& ‘aﬁsﬂmatmgera,dﬁ%ses a secondary
mer capt an. 25 8. ATAdeR st a@dbaﬁmﬂagegcﬂ% cl.aims 1-5, E79MN I$ presentai n
transfer agent conprises a catalytic chai nﬂ“%%mnagmw@h@ S E P 2002
9. A net hodloas claimed in claim8, wherein said catalytic chain transfer

agent is preée‘h{"e éSGlaimemwaﬁyidpg,,#Er%éOO mv, based on nonof uncti onal
dﬁ'%%"%

nononer weirgdition & od as cl al Whesmin the peRfidigatdl M
wherein the pol yneQ?'T"?g{E?‘gﬂYﬁmmmed out by suspension

pol ynerisation. 5 11. A nmethod as clainmed in claim 10 conprising (i) mXxing
toget hers atmOpkingg bi @pal _nononmer having one pol yneri sabl e doubl e bond per
nol ecul e \(/)\&t h. from 0. %E%%%m1mmng\ei ght of the nonofuncti onal

nmonomer) )'H'xhpdﬂgﬂhmatrhm!m havi ng at |east two pol ynmerisable
doubl e bonﬁaeaggwﬂp},g‘?m and ?romngﬁmlmmmw;bg E%of t he
monof unct i opal ~ nonomer) ’:_gf 130% vetw fafitheweibng of Wb w1 1) dI SpEnst Y’ t he
{ﬁsul ting Wmahmquesm{d. Q%F'@BW@CO dnnemear) ofa whi ch
€ NDNnoNfrBm amﬂ@(’?@vﬁ' i nsol u [ mm,apy%ogn?? gent

which js capable of fiheyelohteo! therrhonarusms; rs as a uous
phase 0 % ont i nuous phase; 15 (iii) initi aﬂgﬂl!ag‘éWias@ﬁmw he

nmonomer  niifx tokpBisinky! 1} Lhtani ng the"di spensi on of nononer in continuous

phase at a .reacti grﬁéﬁmmfﬁf@ra disdcintificRtorhi R 1 O _enabl e the nmononers

to react WWMMW@MMH@R‘s&guem y s_eﬁammmsper sed
m the presence L

phase cormapabie dfmhiniRG W TBLy ! O

of monom
cantinuous phage; "197% 88 a discontinuous phase in the

15 (@) inttiating polymerisation of th'.a.
i) maintaining the dispersion of

monamar mixture;
fonomer in continuous phage A a reaction temperansrs
onunmtomactto'fonnam,m - and

20 12 ‘A branched polymer comprising:
89.8% - 50% (based on polymer)
0.3 - 50% wiw residues of 5 pol
0.0001 - 50% wiw residues of a

residuss of monafunctiona; vinytic mone
yfunctional vinylic monomer and .
chain transfer agent,
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EBKHES V220 12.¢ A- br-anchedg [i:9h 895299, 8%, &0 EpSER A
). residues of a nonof unctiorfat ¢ nononer, 0.3 - 50%
resi dues of a peky ional vinnylic nonomer and 0.0001 - 50% w w resi
of a chain transfer agent. 13. A branched pol yner made by the net hod
claimed in any of clainms 1 -11. 25 14. A coating conposition containing as
claimed in any clains 12 - 13 and opt$onally further ingredient mgw,
from m)nomars,,sfunct ional lised oligonmers and copol yners, cross-Ilinking
speci es, pol yner S’meeﬁg urants, solvents, dispersing aids,

| ubri cants, ptdbcessing aids, filters: P paiymes 34 t ougheni ng agents,

pl asticisers, flexibilisers, perfunes and stabilisers: h%wwqg 2002
19 15. A noul ded polynmer article containing a polynmer as clainmed In i¥Fher
of clainms 12168r Udsdes 4 8., Use a polynmer as claimed in either claim12 or 13
as a constityents of Mamemm} hot or esi st, noul di ng

conposi ti on,'gﬂ%ﬂepwi 'HPG ponomner %&m1m%chen si nk.

wor kt op, gcrﬁ%ﬂom me%ﬁ#qent a Qa.eaam@t hod
of preparing a bra

wprktdp, G ising m Xl MWWnct i onal
nmononer havi ng one pol yneri sabl e % le wit 0.3 -

100% W w ( pF, thﬁ wej ght of the nmonofunctional nononer W"Mpmw&%i onal
w_

gﬁgo; Eg(r:r;“q, @&p;gmﬁh'gt% ol \ﬁmer iesr%tgl e doubl e bonds per nmol ecul e
a chain t'rdgﬁﬁ : némbmém Y

intiator- g ‘;ﬂ ml@m%r%o 3 Polyfinctiong i

t he pol yf UESF WM BRnsferrag ez éﬁé 9-080850Phw ekl

di arycl at £3< Faxtu torddrip ﬂg Vrigfree-hididag 0 iR
toge%/her hexane dind diai § E‘érm hot VITersasn

ues

mol ecule with fromo0.5 %w w (of the:weight of  PhE°Remes g
of a poly, umxt i onal nmonomer having at |east two pol ynerisable
per nol eclt e
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50% w w (of the weight of the nonofunctional nmononer) of %?%%QEMEF'%{&;]F‘EET
agent and optionally a free-radical polynerisation initiator and thet égf’g?tﬂg?
reacting sakgh g, sy € to forma polymer. AMENDED SHEET Print e 4- 031 2002
20(c)0' TOTAL P. REPLACEMENT SHEET 1 2 1 T SPZ 2002 WO 98C3§539/00617

PCT/ GB99/ 00617 17 Cdaim1l1 A nethpd of preparing a branched pol yner

conprising m xing together a nonofunctional nononmer at |east conprising a

met hacr yl@aéntmpnoner, sai.d nonofunctional nononmer having one pol ynerisabl e

doubl e band per nBfded| &f wpieRad 2R (Pranched 0pokymiew, contarisi anixire togitedt 201

t he nonof yrbhRRa functiaopal noner having at | east

two pol yneri sabl e r(ltlougl e Legr?gisea%eér%mr%Fg’cgui} @egﬁwm%mt’e?@e@fald mmfiygciional

based on Bohotrieeh¥dhg lone @blynteisaile AbURIC tHoAB Her FRIIRS witkffrdd, phal Eoé%a\,{}ﬁ“ﬁ er
a 2

agent and oj@ti onal ly a free- radical polynerisation initiator an
ther eaf t eP2¥8 Q817 ieight af Hiepenoduncionalmensanal, efod atpfunctiodabmehsmédieigl ght

aver age I of the branched mer 1s in the range  of
2, 000t 9?8%?%”88‘.50’2&’2&%{ %.%’l%ém‘c SqeRaipleie wifh%m .09 34% Wew, based on

nonof unctl thenati ghosrotive rmar fisthiof il @HoddnMR oA chilh tdABLs i A S ast..one
of 10 net haé'gl;éf'es and. acT yl-ates.--st yr ene and deF-_iE-Sgggg&ééﬁ‘?ﬁgtﬂ%b_?\#‘?ﬁl
acet at e, - nEAEL POYFERMITITo At theprafter raqctmgpaid (mixyir to rfomh i sdgmand
N-vi nyl Y heHel@Bveight AeliBL Rfledfar HALITRRLL o £hdiym 2, Jher ein. sai d
nonof unct i onal rmnor%gh corr]rpggl&sese atﬁr%egéﬂg‘t%&odﬁeo o‘#’er?&“ﬁ??‘ymﬂ@mawynémange
butyl met hefc2.00Gt0@i®0or net hacrylic add. 4. A nethod as clainmed in any
pr ecedi ng?cl ai n?h ahercgifgediai d nonof uncti onal nononer 15 conprises a
m xture of: AOPNPAZR incitaimoh evierein fhe Momatiinvtion $ndHoRle PR G elebted
pr ECEdjd’lgg@@\n r|%§gms§éfl§@ %W{Jng%wdor}glt no omsrf .sel ected fer _or% #om
bi -functional (meth)acrylates, tri-1unctonar Qteﬁeé’t HY e AGgtale caleic
t et r a- f unBRNVEHEe. itacaric B¥idcNyAlkyl Gsyl) pelkimidésiand Nomral pyrrgitibeacr y| at es,
hexa-functional (meth)acrylates, oligoners or polyners having nore than
one pol yneri sabl e vi nP/! ic group, and mxtures

3. A method as claimed in claim 2, wherein said monofunctional monomer comprises at

least one of methyl methacryiate, butyl methacrylate and/or methacrylic acid.

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

5. A method as claimed in any preceding claim, wherein the polyfunctional monomer
selec{ed from bi-functional (meth)acrylates, tri-functional (meth)acrylates, tetra-functional
(meth)acrylates, penta-functional (meth)acryiates, hexa-functional (meth)acrylates |

ohgome_rs or polymers having more than one polymerisable vinylic group, and mixtures
~ L2 o o~
20 ‘therecf.

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

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

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

N



20 theteof. 6. A nethod as clained in any preceding cl ai nﬁmw SHEET
chain transfer agent is selected from nmonofunctional and pol yfur?c P 2002
thiols. 7. Womstdbwad as clainmed in claim6 wherein the chain pcmfg%oﬁgent
conprises a secondary nercaptan: 25 8. A nmethod as clained in any of

claims 1 - 5-, wherein the chain t¥ansfer agent conprises a catalytic

chain transfer agent. REPLACEMENT SHEET 2 S 1 P2 22P 2002 WO 99/ 46301

PCT/ GB99/ 0§)6 A
‘catal yti coghéhéﬁda%s?lérw;bg(r%% rﬁ? \gllr‘&g'%g'dl &ttaq\ét%cégﬁ%’etha["rsgetr 38?1”‘6? pr‘fs‘e”tSOO

ppmw,  base? HFPRBMEIIGRE 1 or¥&P PRoMb hasedwi rgbrafuridiiona mrtofved wasght! ai med i n
any of the preceding clains wherein the polynerisation reaction is carried
out by sus1pen5| on polynerisation. 5 11. A nethod as clained in claim10
conpri si ng'q-i A methddns ¢l@gedhe maofitbe pfeaeding oreexhs WRdTOIRRhe bagm@gsaqraﬁ

_ polyneri Sarl% &r&\qyp%rﬂeggnp??pgﬁs%ﬂ%?{i%yrmnsa& fromO.3 - %ww (of the

wei ght of theé nonof unctr o 1©hol yf unctional nonomer havi ng
at | east tvvo pol ymeri sabl e doubl e bonds: per nolecule and from 0,0001 - 50%
w w (of _t th&d% ahe ém‘g unctional nonomer) of a chain transfer 10
agent ; ?ll d| spersi ﬁg {ig th rﬁ?"]‘?f'ﬁ'f‘@rre as a7 discontinuous phase in a

~ cont i nuous(i)phiaisg tagethantai mbnéfbmmcarmbﬁueahanﬁ%bﬁé "“‘W‘n%'.’%?{“féﬁ‘?d#gme?%d"g defe

presence rL.sin

of mnom?@oggagaﬁﬁg@@n ] @@5 %’a@gmfer’f’et%“ B8 MIRirGEogah peomer) dba( i i )

cinitiati ng:qjufunymnenalsamomeroravhbet IEBSIAWE bolfinktishite dddble bmsrﬁeawré&reté}g

. di sper si onfc?;]or& PMBhod 1, C oys phase at a reaction tenperature for
sufficient tine p ena%\?'wégﬁg’ ehql}}‘ﬂ@ thempnofunctionah mogpwmer 9 gl dpaiertransfed i v)

subsequentagenteparati ng the di spersed phase containing the polyner fromt he

. continuou branched mer conprising: 99.8%- 50% (based
on poI ymes( )ola 28'3 éqm fesa ftﬂﬁcﬁsl% ¥°r\)f‘ﬁ‘ﬁiisrﬂf‘aﬁ%ﬁ‘cﬂrﬁﬁ’"t'”uous phasein .

whrc"\ the monomers are relatively insoluble in the presence of a dispersing agent which is
capable of maintining the rﬁixture of monomers as a discontinuous phase in the
continuous phase;

15 (i) initiating polymerisation of the monomer mixture;
i) - 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.

20 12. Abranched 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% wi/w 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 speciee, polymers, curing agents, colourants, solvents,
dispersing aids, lﬁbriéants. processing aids, fillers, carrier fluids, toughening agents,
plasticisers, ﬂ_ex_ibilisers, perfumes and stabilisers.

3



0.3 50% wW w resi dueof a pol yfunctional vinylic rmnorrgr:ra"r'\‘duﬁ'.\"&;)' Q-Pn 60%
w W resi dues_of a chain transfer agent. 13. A branched pol yner made 2 iSEP 2002
met hod cl ai mM¥® 9#628My of clainms 1 - 11. 25 14. A coating conpegiridadsoes
containing a polynmer as claimed in any of clains 12 - 13 and optionally
further ingedients selected fromnononers, functionalised oligoners and
copol yrrers,wcross-l i nki ng species, polyners, curing agents, colourants,

sol vents, . Fheosided poiytissr artitlr dof@iHigg a L Dl ds i1 Lers, carrier
flujds, toughening agents, plastici srzgr 5?5'?f\§§;§%?lﬁpgegﬂg:antlb ¥ GRS Lpar
stabilisers. R rccru-~~civic~v i ~ncc |l 1 2 S E P 20112 WD 99/46301 12 S
E-P2002 PCT/ &99/00617 19 15. A noul ded polyner article containing a

pol ymer as 1%I ﬂﬁmaq in either of claims 12 or 13. 16. Use of a polyner as
clai med in ‘6 ther & R a2sHained Beitheradaiat 12 oretd asd constitidhi &% coating

f or mul at i ofgrmukEtivay SttdtSiesis ML ition, cyrable pol'ynmer in Trononmer
syrup, 5 moul g{eg\)@ tchen si nk.ugﬁvrjoa?:l?t @p,@&'r";‘/‘ﬁ%&e %ﬁﬂ@?ﬁ'nmrﬁmm curabl e
cenent ot JH cherysini wrrkinp.eeofiic ghetastiongr BraficaRBREE:RG %S &RIPT i si ng
m xi ng toget her _a_nonofunctional nononmer havi ng one pol yneri saﬁq eR%Eubl e

bond per nolecule with Trom0:-3:100% w w (of the wei ght ™ of the

monof unct i ohal rdmsthed pf pleparingal bydndialtfotfdt cORRRIR miRAY td@hal a :
pol ymer i sabmenomieshsyisg burpidymerisabto i@ty na pet ﬁdl@%%e%ﬁplé&i%g%@t%/ Q tglg}gaé/eight
wei ght of t Réthermaodfunrtiona mainonten) ofepolyfundtional GiHomhet KRl Elea BRI oisable
optional |y dovbleciondsptr omlecplelaydrrom Da000 DBO% M /ivi(at tBE waBE: Jr RN RRH R EE e R ont
sai d mi xt ur ef 2 dhaingransfer ggehtyant pptionhky £iree-falieaipalyyieriioh AR or D MR AE K&
0.35 % by - wesidymixtus¢ tolform 6 phiyxar) evhelieil md@apmydtahﬁ-mo]a%mefexmﬁél%s%bﬁ&%ﬁ@?{ o619
a branched poexprediotdiapylaei ng i xi ng toget her a nonof uncti onal” moho ’
havi ng one pol yneri sabl e doubl e bond _per nolecule with from 0.3.7- w w (of
the wei ght of the nmonofunctional nononer) of a pol yfunctional nononer

havi ng at | east--two pol yneri sabl.e_doubl e bonds per_nolecule and from 0. 0001

- 50% w o . functi onal & le and frof (
agent andopt | anciPaopfins BBl bUBI 0P RORSH bt ana "

t her eaf t er MAaRNFEYRNat miodomexhaving ome pdlpnenisabeodoubRr bond per molecule with from.
037% 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% 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.



