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LOW VOC COATI NGS AND PAI NTS The present invention
relates to coating conpositions which have | ow
wenios®ies and in particular paints with | ow spCT/EP1005/008191
em ssions. The invention is particularly concerned
Wi th aqueous bagesiyarst CORTINGRIRIDPAIRTSSPeci al |y
aqueous based palnts though it is equally applicable
to transparent coatings such as varnishes and to
The ?r%rséﬁt' Avartiss: eYaGfe§Qm8§flr[?' %Iﬁposﬂb%s'm@rﬁ‘th'a%‘ bW dri€Sions and in
'ates to po nmers be used bi nder in
partiasiat Hpadpa twithglow @mnt@nlmsrhe dm@ntupm@ pantiggamarencgrned with
aque#ﬂ@b&?édl% gg% ﬁsﬁ"i'or{s' %Hgbgalﬁﬁédde%ﬁs 'EﬁgédJﬁélﬁféChltﬁOUQH #s equally

gether w th other conponents
apph@aﬁmtoﬁam@mﬂt @@%tlngs(:qugal iaf yatmsher eandrte cgrgintashesive compositions.

The iIREAREA AR FIAEs tPholfAdsSHhicH ey BE Used 48 Elnhéqu ISgCh coatings.

carrier can conprise water or organic sol vent
i ndeed a m xture of the twod. The binder pol ymar may be

Coatm ctonﬁ)ogﬂgﬁg Qrfufl r‘@ EQiﬁfsstyﬂea"XrboHiﬁlsé%r KouRd cérhgrul'n@dlu;n and a film

é exl s articul a form or
formlngyblbéerdupgb'meVe gpthet H@tfb&thqreﬁompmﬁnéﬁ éﬁ'@h bas sdditives including

thlckérﬂ’alr%ta'ne%r COHER \A%é?ﬁtﬁ"‘@%@&f?% rkﬁgrﬁ@htgt ST hebl(ql}i‘@'cﬁnle\* $an comprise

alnts In e carrier ui d onpri ses
watenor @'ganlarsosﬁnb\pm/mmcba nixtHee @fethﬁﬂ\ﬁféter haebilrhﬂ@r oplyersr gnay be in the

form o'f ggﬂ sﬂ)ers@{ fn tHé HeY Ilaﬁ’iﬂ Wh&éﬁgtr}ésbd?ﬁn@r' £ irPRAMERAR form or it

er si on, own as tices pal nts are
may beﬂsaolved @rtheaaltn@r wlféﬁmd@&@ﬁobmmts Exanpl es of such
paints include the matt and silk enmulsions. In
contrast, solventbonme paints are nornal | ¥| f or mul at ed
Aqueggs ngwptelrb}crre@ paigtss vyl whieh is meangaaints in Whighdhe exraapliasil comprises

moreZthaf %'\th/a\/\/%ie%r (E‘Fel %ﬂ%lrﬂiefﬁémg%r@irﬁc llcﬂu@j[’%?e gﬁ{aﬂy If@rﬁwlated using

description gi ven
bnndetrmodsyrsegre dn disparsiasn alsgderowngascleiigassi $tuca5h§alnf§s€tre @ﬁen §¢fyrred to as

emulSiBh (i, | Egé?hgl‘é%fﬁﬁ%h Eﬂﬁtsm fRe MEEnd BROL @lglgns In contrast,

requirenen éﬁcan bereadllya
solvqmtbmcnm&:@amhs faoe mogoallyl fajeulated: h@ln@mlyn@efsmﬁssgw&@ enganic llqwd

Exant.gp@go éjgﬁggﬁ‘q“cﬁ,qe% g)g?.&é ngs dry rapidly and harden

t'o produ e req ni sh. Paints and coating
conpositions are typically applied at anbi ent

MA b i . t
A € BREIE iy R RO  HEOR ke A
that the coatings dry and harden to forma hard |ayer
CoatPdchipbsitdheY miQt S8y AHbiRKlequRSments. For example three important
requirements are that they can be readily applied to produce uniform coatings of the desired

thickness and that once applied the coatings dry rapidly and harden to produce the required
finish.

Paints and coating compositions are typically applied at ambient temperature which,
depending upon local conditions, can range from about 3°C to about 40°C. It is important
that the coatings dry and harden to form a hard layer and that they do so as quickly as
possible. For example where paneis and “doors are being manufactured it is
disadvantageous if, after they have been painted or coated they must stand for extended
periods of time to allow the paint or coating to dry and harden before they can be stacked
and/or transported. 1t is equally important when painting in the domestic environment for the
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possi bl e. For exanpl e where panels and doors are being
manufactured it is disadvantageous if, after they have
whe@a/op@snt ed or coated they nust stand for exPEnERI05/008191
periods of tinme to allow the paint or coating to dry
painf sl hbﬂeﬂe@ph}ﬁf 8% &hisRlniraies RrRnga alsettle u3Ht dMesulting from accidental
transported is equally inportant when painting in
°°nt?¢f@yd€?@%‘i‘ﬁp€m§nw ronnent for thepaint to harden
rapidly as this m nimses danage to the paint

resulting from acci dental contact br?/ t he occupants
Usually, & rofdertp f@F‘&Ieﬁ“ﬂo"WF‘Hﬁ"&ofb‘H‘sc‘HPﬁ HEIBg SvateIbege,/EwIsion paints

formUFé'té@QuéWé REBR R Péﬂém tR&Y tAE Filrh wrmﬂgaﬁlﬁebrtﬁdhgﬂer has a low Fox

latices It is inportant that _the filmform ng
glass) FROSHGN teaweraturen (s kegwyy as ek 1igh 'ér?ttoéPBlQMb?fUP'@nt temperature
at w|(1|6I|1 B deb@m@ o@ aiffis aplied ﬂ'ﬁlsQFsué]Fy éh@hl‘é‘é/tﬁé'ﬂih@mlmmum temperature

erat ur whi ch the coatin aint is ap ed.
at W'T'ﬁh §h%§@513'l ﬁPr’éﬁ Qﬁ"@b aﬂ%lf“q"‘ﬁ‘ea X 'érﬁb‘@r Iaqlgwéhlgttemperature

Howéldre kh bRer 'b?&fucécﬁ RErda th1t£6k§/5Ho§ﬁhd< RRYVbirRfer ! £ffér Mpiphdation and

is also below this tenperature. However, in order to
dW'ﬂ&%@H@é"aé(e RakrHwhigh it 3t0E ROV RE |5H§"e"tt RESHVise EMPYALE-
application and drying should have a Tg which is at or

above the anbient or service tenperature. Known
Know gaueriscoatinth ePeRRsingtst based onglizpession P@V@Eép@ﬂ%rﬁ’ achieve this by

usin§ Yﬁﬁf biMdBE PEFMERCH MRt ihbSpo)bf URé rsamabmaérd |sl0|a66’\§b" ambient, in
ol |nvvh|chtheT of the said binder is ab

combiRR@Ywith EPRleSA MARICINPAIYET af be Effars Ob isssahvand iy reduce the

Tg aﬁ@'l\)ﬂ’ﬁﬂlt §f thyﬂﬁno%F ESI@Fne@%nG h@né‘é)ih\é%btl (?Stotﬁéldvﬁghh‘bﬁeni h®nce applied
MFFT of bi nder pol yner and hence the

to ﬂaq)@ppﬁgate,otr@erﬂa% Basinesit of dhe esolif ptaading tigerepes to above ambient

tempeiieid By fossidignd sBRbnthaidibiessstieiset. h¢h§%dcﬂrs¢r%&ﬂaﬂ)@ as the coating
i ncreases to above anbient tenperature by |oss of

driess@ Gaarhe agsaletrteg by increasingrthe teRneraure and/as zﬁ@'ﬁ'f‘ﬁlﬂl'%/a'ﬁ@w
the coating dries or can be accel erated by increasing
the tenperature and/ or raisi the airflow. Known
Knowp solpitbeinaeoatings wéo%f@ﬁnwate%d{sm bindeq palymegs Whish@re capable of

autoRBhYAFE r'ﬁwlg\'@étfsgs JffashRad lf&mocfet\ﬂégrpﬁdhﬁﬁénr; ér?ﬁlns-WHe?\ the |IqUId coating

causes crosslinks to form bet ween hal ns
is expreed IQq@ir,dn @QHFPHQ OKYJ&RYK M’B@édn fign anqr eaqeﬁ t'ﬁ%?ﬁl%‘dltﬁﬁds hardness of

the d}@ggﬁgtmd\gﬁéﬂ& bitatigh.n i ncreases the Tg and thus
har dness of tﬁe dried coating after application. Both

of these nethods suffer fromthe di sadvant ages t hat

BotH %ﬁsthége haghar! ¥arhr Rad/ l‘% Hﬁgﬁﬁ/‘éh&bé@rthéitufokggofdfh)é' 88lvent and/or

results in undesirable volatile or%anlc conpound '
plasticjgarsduripgi diyng riesulisding Wndesisakie vplagigeeraanic rpoamum% YOC's) being

emitlddtol the HinbsHerd." A ddlRioh CWe Tighridiibh TR i0%Atr§ Mring application,
either through simple loss of carrier liquid or by autoxidation, to the higher Tg required of the
final dried coating can take considerable time during which the paint on the coated surface
remains tacky and cannot be touched or used.

The present challenge facing coating and paint formulators is one of formulating coatings
and paints with low or no volatile components which also meet challenging performance
criteria of ease of application, rapid drying and improved hardness.

Known aqueous paints contain one or more film-forming binder polymers. As a coating of
liquid paint dries on a surface, this film-forming binder polymer serves to form a film (i.e. a
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either through sinple loss of carrier liquid or by

aut oxi dation, to the higher Tg required of the fina
waleioed136nt i ng can take consi derable tine duri PQI/wP2005008191

the paint on the coated surface remains tacky and

dried ajpaf)t whight bowdsedo Ghe Usifthce TARI @l@semﬁsctbgbih@fﬂgﬂ the non-volatile
one O

compGiiey £F 5. ERl MAE BT 391 SPACBR or Piggents and extenders
presenl. A imMde m@w%hﬁenubhglhilmif@rﬁ}mge@h?awyn@é}g 'al‘kgavaélable, but those
o SRR b BRSS! SR oo obtaned ron
monc@myvémbaq?afrgsetmée mbultudsnaér_@rmmgnMﬂﬂctfbpocﬁméw{rﬁé She A8crlics”, the
on a surface, is
“vinfi” et A FEPES R B e e ORI of o foash o alkyl esters
of oiié of morslmefd-stedénicalyl iitahested ch®okiiR &iids ALE RByRheMacrylate-
i nds, toget her all tre non-yol atile conponents of "the _
butyﬁa?fw?t% ﬁ@?%ﬂ?% Wsulrh ihey Viawlsy USHRIY RArSP 0B olvplesehagmono-vinyl
estendfl acodteracay Sarbbgfﬁér&cid AniMatl@eastionBtof Efhef GRVASH/IIcOMBhomer or a

vee L f ' bi r polymers are avail abl e, but’ those o
gl P 535 SRS 2o S oG sneoe  siier

mon6dvinlyh&@endlit aashdnydrp fogelticriwihich Ebﬁb’l%'rﬁ@’f@b%t MBh&MBERhICH is usually
unsat urated nononers and known colloquially as the

an acifiGylics", the "vinyls" and the "styrenics". The
"acrylics" are usually copolyners of at |east two
esters of one or nore nnno-ethglenlcally

Suchilﬁg'ﬁ{‘%n 8f SFPEEHYD £PPFIMErS; wrefyl syfiimydariyng binder polymers, whether

solveTet tr6é Yorajvaler B cdan! Bé emadd Byy Well-kndWi |sdlutibR €polymerisation or
[ nPrlse_coponners of a nono-vinyl

“vinyls" usually co
emulé@pé%kyg}erlgag%mpgpga SRESHRYl i ¢ acid and at | east oné
of either an acrylic nmononer or a different nono-vinyl
reni cs" are copol yners containi ng

ester. The "s | .
As rSiosts 2paye. hd i AoRBIS BOYEL Bl Prefarably oeipsce to form a
substzpEEIEINtMAAUS fAimG9 BRIeY B2 theSattldecoaBny Rtavethe Rededsary properties to
usyal Iy an acrylic. Such solution or dispersion . ]
pmteé’gg'ﬁl%@V%%?@%’Gﬁc%@ef‘?f‘rk?ief"BPrr?iVﬂ‘bblb?%I@g ofganiErReraglled “coalescing
solveriettbahe HAINY EdHNURAILA Al ty¥iBdI T Jaeh g sAIferdi®@fe Blhylene glycol,
sol utjon polynerisation or enul sion

PropYnS elitob bl AISOREISNY A cvenripdTy SolmisalediZeranl which is

trimetipentariehtiol Pstbutyedtes of bi nder pol ymer nust preferably
coal esce to forma substantially continuous filmin

order for the dried coating to have the necessary
In ofE RS piddeite [ddaliigl BRA palls MERHrE A&y d4MB4IRG IERE drdfonment the
be inproved by adding organic so-called ™coal esci ng _ _
coatigg inpupirs has devalppegdhntise efrarveays alkyddigrergions.avhit helndhreducing
the VOGARHfssFMsY €Nthe fchnSIbgY | @IesOIoME Polecular weight alkyds which are
dispersed, using surfactants, into water and although this technology is being increasingly
used in decorative low emission coatings the time required for the coating to dry and harden

is too long and the hardness of the coatings is poor.

Alkyd resins are made by condensation polymerization of dihydric or polyhydric alcohols,
polybasic acids and a drying oil glyceride or acid. Typically, the drying-oil glyceride is
converted to @ monoglyceride, which is then reacted with an acid or acid anhydride to create
an alkyd resin. When such resins are applied as coatings, the polymer backbones cross-link
by autoxidation. The presence of frace amounts of certain metal salts, such as cobalt
naphthenate, can be used as catalysts to speed up the autoxidation process.
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propyl ene gl ycol, benzyl alcohol and the proprietary

sol vent called "Texanol" which is trinethyl pentane
walr@s/oi1®ebut yrate. In order to produce coati ngBCHEPR2005/008191

paints that are | ess damaging to the environnent the

coating i ndustry has devel oped the use of aqueous

al kyd di spersions, which help in reducing the \ ,
EUroRARSAHGRAPPIRRIONAHAGTCRPVGES A SEUSIRRAIIBh MAIen can be used i
a watdEb&tYd aiNglso J\‘}Bbé’rﬁbnahl‘ﬂcﬁilsﬂ‘l%%r cﬁ%latllésdoﬁ[ésélhgfag%t@rﬁrﬁi which can

I nto water [t hou this techngl og

cure piAe MaedsnMigy 9ut9§d%lthnnwa?@6 Gmpign; eonditip OSHQUB@ E%’g't“P?]‘g%PrOteC“Ve
coati d’]e time required for the coating to dry and harden is

too long and the hardness of the coatings is poor.

Al kyd resins are made by condensation pol yneri zation

The é%{l{gghgg@eérgloﬂrof P' 1363)@93 ﬁc@ﬁ@@ﬁ%bgmep%b&ﬁ@é %o@ﬁieﬂ@atlon product

ycer i de or

of vingllig/inagormers, wheiei | Q{é apauicpiphay 90% QEY ‘M‘Bﬁ'@}g}f)‘}*&Y‘M@ monomers
are Mé&@d | forh h%‘eft@%mo? & VH@IH%%II @giad aﬁﬂ aci lﬂwsaﬂlﬁétéﬂl Qpha beta -

to create an resin en _such resins are g
polyragfizablgt urwgturafeﬁé:aﬁtzﬂxylfﬁeam@»a%m@lo&ﬁ@saw&@sﬁ/ﬁ |t?|l@b89t 0% by weight,
basealéhocfﬂé qrﬁ”&f thykﬁopﬁfyﬁﬁ# NG RYdrépRbR SHIEGH sar®l egié?bﬁhmrymg oil

such as cobalt napht henate, can be ed
acid grd gawcqubsﬂstot&p"/g, (96 éhe g@pquq@eramplggql%ha@qa molecular welght of 300-
3000RINA%RE %o;?éfyrgé’retﬁébe':) 855 Rhs é\@el it @Ned 9 4ERIB I PIkSWQ@éif the use of
an aqueous” di spersion whi ch can be used in a wate
the c!m@gdmb@aeaﬁtﬂg canngsbient thenceating rands can @éS%ﬁ'%Mawm the curing by
autO)&)?c?AtlSﬁ ?sng Sibuit Ey 1RO Exuhipfdd imaEP C1U4ﬂ9@€‘@vh|ihw d@rﬂoﬁétrate that the

aut oxl dat1 on under anbi ent conditions

systegiefi Emé@%gﬁﬁélpé‘@t have e gapaRjlity %@Oamﬁe'wg flﬂv%ﬁf&rsﬁpakpat'on and
drylnge vER aft AR gb@hb@e&ftﬁ]eﬁ’o! ymer which is a _
l'ymerizat| on roduct of vinylic nononers, wherein
from about 5% to about 90% by wei ght of the vinylic
EP 1'&&@@33 o ® B os4iest 5‘79?‘79?'\/\%&@8@3&53@ cgbc‘ﬂyrﬂGrlthlbn of vinylic

id an an unsaturated a pol yneri zabl e
moangrat u\ﬂtat alycelaroomssiars c Ofacdrwng 2l 2Gidsm 3o AP, S%tﬁo -unsaturated

polyrf &(B&%/Pwélﬂé‘gsm%ﬁi‘ﬁéﬁu@%rﬂuﬁs@oﬁ“ﬁél%&ni&ftloﬁ hene glyc?l co-esters

I cC ester or partl al ester
of dringiojiasigiscand alphai befa-unsplbrajes PolYmeEzaRFPoRE acids, which have

r
both %88%&%%% fyﬁgloﬁﬁlu%reﬁp Ay gir@%é;rglsl ?‘gﬁk'%m&* Q/l?gre %fg'ﬁ'?@g‘{e S|%;n|f|cantly
more resgtiverien faYor MRONS. ARIOTISE .S etk e 760 181, the co.polymers

it de%cﬂ%%& qid ﬁ&"bbxﬁfbfttaﬂg &gnﬁé%mw&o@l@ﬁi\scﬁﬁm@ﬁ %%a? |cQHY|rﬁ!|9¥i§‘ films, and

t1on I's shown
undeExemuwldaﬂVEmmoaMgeamQ@mf@@ﬂ@m§Qtﬁu§t§ VP'hé,n order to obtain

uniformly clear continuous films, the illustrated coating composition in U.S. Patent 5,750,751

contained 10 weight percent on total emulsion or 18 weight percent on the resin non volatile
content , of the volatile coalescing solvent, 2-butoxyethanol.

Accordingly there remains a need for coatings that combine good early and final hardness
with low solvent emissions and for polymers that may be used in such coatings.

It is therefore an aim of the present invention to provide coating or paint compositions which
may be applied from aqueous systems including systems free of organic solvents and / or
coalescers to produce films of comparable hardness to solvent based systems and which
have a reduced drying time when compared with existing aqueous systems. Although the
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systens of EP 1044993 do not have the capability to
produce hard filns after application and drying even

w@paoen13®xt ended periods of tinme. EP 1044993 r ePE&T/EP1005/008191
U S. Patent 5,750,751 which describes copol yneri zation

mvenfi’érf \HroVdds ugxgﬂp E@étﬁlg"‘éyfslibrﬂé yiee! ofc @rg%ﬁlce{;élv&fts dlf %] @@vmaged that

acids a a, beta -unsaturat ed e/{na
formuiedetsangy wishde m&yda SPivgnts @ne o Blaghsises 8}5 specific appli Bations.
pol ymeri zation. The glycol co-esters of drying oil
aci ds and al pha, beta -unsaturated pol ynerizabl e
The preserBxipyentiondirerdesaiconting $ampesifion FOrmerisig, Aecopolymer dispersion
capatﬁIHrb?tférﬁﬂ?é aGiirR WP of BeIof AthBientOlempk Gk sMa¢dphibeSof OBRE to form a

be significantly nore reactive than earlier

hard gpektm ate@,r b@]ow,@@@t@q:ra,tg@lpp@tqqe @ndplgﬁnghpa@jlqaj(be 5 lessthgn 4 hours
after ﬁﬁplﬁ:@ ﬂﬁ"g SRi6 'cgﬁﬁlrﬁ\gdleﬁgttheﬁ?(%%'ﬂy WYnt of a volatile organic

at| probl ens, forned clear continuous
SOlveﬂiaﬁ%OFFdaﬁilcﬁﬁGerV\ent aut oxi dative cure in the presence
of drying catal ysts. However, in order to obtain
uni formy clear continuous f| Ims, the illustrated
In a eefeired) araasimenti A inventios, provges, @nsautgidisable Gogfing remposition

comp?‘lglng‘eé Qlﬁhldoﬁﬁﬁgﬂgfonoﬁeﬁ@hﬁlaﬁ”é‘|b$rﬁdé? Werdil #8i BiRber comprises an

e resin non volatile content , of the
unsawwad copolyaen eosnristpodbatieast one Upsatysaed fally afid dry'ng oil component

and l@%ﬁgroﬂj 'nﬂ% frie yé@%nﬁbﬁsﬁbl@%ﬂ if RhereMPdtiiEuEs 1598y weight of the

i ne ear har dness with | ow sol'vent
bindegri$ Peesen aarednmczﬁ@gqboMywep@erﬁI@lv thg yingriURgLc CORPIRRI HOMprises at

Ieastqg?tw&ﬁ;hf6frh|§robgleref°re an ai mof the present

to provi de coating or paint conposi tions
whi ch nmay be applied from aqueous systens incl uding

The ?r%%r%cééﬂﬁ? cemg%l?@fg b&ntﬁi‘ﬁk‘f@é&t t‘ﬁaﬁ%dto{al%rf 1@?@'n¢&6€ﬁr§ferably less

duce npar abl e hardness to sol vent

than 5%5@dwggabt efras velalile argaie wa«%t ang plasticiser.angrierRyeferably less than 3%
by w%YHﬁPar‘r‘oogp&éfépabW frbe bt 'rﬁ&ler"f’élé‘e‘?Hé aﬁ%‘éh?éﬁsoh@h{ ER&JGPpIastlmzer

el nvent'li on provi des use coat | ng syst ens free of
&

to beasgdmay @eﬂemd nipgn the Tg olthe ipolvged itseitsinee thausalvent angfay plasticizer
has thb %?fe{:toof' r@&u#f‘&bethéol*g\gﬁg ﬁ%rﬂ:%dm&re a2 r&duhed %vﬁeﬁrusmg polymers of

specific applicati resent” i nvention provi

highex Tgo a‘lfherfgem@i atspb(ﬁnt;a_-n#ﬁr, rgqsﬁglzgr Bay be yﬁ@‘pl to improve the wetting
of théaj\l%gﬂgen F—:l %/&QH@Qﬂ)r‘éa%bllg?H%B Qostidg domkitieh. bel ow

tenperature and capable of curing to forma
hard coating at or bel ow anbi ent tenperature and being

In a%ﬁﬁéreéﬁlbsmh{én |r1i\}3-:13l["t])r€r M Qf&%FerﬁQ'ﬁ"de@*siaﬁﬂatééi &polymer

rtion containin
Comnrtsirmt ll) |3é lest ané GmSﬁUR?éQﬂ faifi cprcist dyingseil @Q@@nent fnd, ii) one or more

monc% e&%&@r@gﬁg% M i} Whekdhy eé?tléé’é? PRVAGRIGAD of the unsaturated

coa I'ng’ conposi t
polymer or copolymer is present as a mlcrogel Preferab|y, the copolymer is autoxidiseable.

Even more preferably the copolymer is as defined in claims 17 to 28.

The term microgel means that the copolymer is insoluble in tetrahydrofuran at 25°C when
using 30 mi of tetrahydrofuran per 2 grams of the composition. These microgels may have
such a high molecular weight that they will not pass through a Gel Permeation
Chromatography column also the copolymers have a maximum calculated Fox Tg of 8°C,
preferably a maximum calculated Fox Tg of 5°C. It is also preferred that the microgels
containing copolymers have a calculated Fox Tg no lower than -10°C preferably no lower
than -5°C. It is preferred that the composition of the present invention containing at least 25%
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conprising a liquid dispersion nmediumand a bi nder
wherei n the binder conprises an unsaturated copol yner

w@eovp/Hi®snNg i) at | east one unsaturated fatty BCI/@#P2005/008191
drying oil conponent and ii) one or nore nonomers

mlcr&g’%r@! 15I373é‘ttlle§st"l!5t’/<l1 rhore W&eRbIY ai‘]eds?@ﬁ% éifh"/mQé‘t phEfeeHMly at least

bi nder present as a nlcroge
75% pansk up 4819p% rvé fI]lﬁEP@?lJr dhedistnss|sy arsr f%@ﬁﬁrhyse@selmkmg during the

poly&&?s%‘ﬂoﬂ%@&%n "@b@ hé ?tfdu'&b GRS BRder E&ﬁe@r efh@& r8@inCaHidisH residual

osition contain ess than a total nor e
unsawf@tfqgﬂg@neblpég@hqrmmes@%ng)bwt@pgat@p age(,@,pp&geq@ of the coating.
or gani c solvent and pl asticiser, nore preferably | ess
than 3% Db ¥ ght and is preferably free of both
Another beneficial aﬁﬁéCtaﬁfoth‘?t pesserioinyentionaigdingt the arigiogel, partiglgs of the

dlspé?ﬁoH%gﬁ H@Marﬁ SMAsHAP s tc@r?npglgzd%ltﬁ e F%Hléf fze'&fstr%ldftlonal binder
I'nce the solvent” and/or plasticizer has t ef of

polymereu@seﬁiglrt peatingsandihe @pas h%”tl@erﬁd%fi 6N hequp rtedqmemanometers in

dlameﬁa'r n&efé‘? B RbA R toh’l dble o;ré?pr F?&bl??r%?neﬂ?ﬁ) ﬁfo %vér?h'n\b?é‘breferably

asticilzer e use rove

fromva@m @ﬁlllmmesqnefetab féoraraﬂ)/@rZQOnen%moebaemrabw;from 100 to 150
nanpo?er%oablsrbgrs‘?&HQ)Q&hbﬂlsg{b Ech%sfBglé\ﬁeéboﬁﬂ%dhéT?Metergecan appear
I nvention provides a di's erS|on of unsaturate
transpayseit ﬁnérare @ﬁmen@reagefeyreeﬂo pe sotution®e Raiticle sizatie dandagtitegl using a
conmponent and ii) one or nobre nononers
Malvg'g{plg?gré%ﬁé%a I'e with i) wherein at |east 15% by wei ght
of the unsaturated polyner or copolyner is present as
We r%v@fﬁﬁrgﬂ%t hFru%E\" &hbiver Taﬁﬁlecs‘?ipﬁlﬁ?@r&r sults in i proved fllm formation
aut oxi di se ven nmo e prefera e copo yner
perhaps de¢ itpdrcreased| intenpartice injeragtionTaed @bpmmnads d@erOVﬁea@s to the
n at
coatlSherthale G35 HETHalcB eh g Parifes Mool e
of the conposition. These mcrogels nay have such a
Gel&in W@ gl ar wei ght that they will not pass through
er meat i on Chr omat ography col umm al so t he
copol ymers have a maxi me cal cul ated Fox Tg of 80C,

Aboli rze%r‘?aﬁ%b+fythé‘ Id&@{h/%%(ﬁcg %e?i‘\eg o @3%! [ﬁgStlcl dentrifuge tube that

pretrerre cont al
was dhgyofilede up WiﬁvéOanb@ItrebmofecanFa&d Tgpwrsl. | J\herlatepqams dissolved by

shak{rﬁgmgtrﬁg(ﬂ@fo?%}f aﬁ%oluP%F%rﬁbﬁﬁpm a59r%ke|'t Cbﬁtrigfﬁ%{i&{ fo?‘#wo hours at

e COHDOSIt on o resent 1 nve o
35,00 vdows rike gel Iteesettlezawnier@tg)m of ghefleveabl heacleareligiid was then

sefi 3 BELAGREL W AT oS HOE At OB ER)boo v 4
houra fadlofved ipg é@inbihecd djserl atﬁHD?@awsmhsgquemlyMighmn sation
reacti on used to produce the binder however, they

retain sufficient residual
The percentage of gel content in the non-volatile latex fraction is defined as follows:

(weight of gel/NVweight of sample) x 100  (NV = non volatile)

We have found that the use of these copolymers as binders provides autoxidisable
decorative coatings which air dry rapidly at room temperature and harden quickly fo give
hard, tough, durable, water resistant coatings requiring little if any volatile organic coalescing
solvents or low molecular weight plasticisers and which give excellent wear resistance, even
at high pigment to volume concentration, PVC and which improves with cure on storage.
Preferred coating systems based on these copolymers contain less than 10% by weight of
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unsaturation to enable further crosslinking by
aut oxi dation after application of the coating. Another
wheweli®snl aspect of the present invention i sPCTEP20051€08191
m crogel particles of the dispersion can be
's hiridimb Bfék SLGW
e R Qg'mneﬁé o b APrERAEL D% TP levels are
preferedrashis thigimises Q’EIS@QBIS ped uppleasanbenelifapepasially i ¢mplosed spaces.
The ?éﬁ&qgagae % RieP&d Yuifh! ﬁﬁbéocobﬁnésogothdﬁgﬁﬁ td)rb%f Slﬁ@% Ythe partial
even nore preferably from 2

crosslinking thab oecyss Mtélﬂatbe polym@ﬁpg@clp@ duyrijtg mlﬂnqmlon and crosslmklng of
the rQé&uaq fuﬂQétMrJnBHfﬂ Och‘B gﬁ%\?\l b?%ﬁ:&ﬁfaﬁbﬁ aftéd e?pﬁﬁ[:&lo%%d exposure to

ising part about nanoneters ca

él'bp erapldtheadm;ar@vsloamnbptetf@m'nm thowgbt focke dye é@ the fact that
Mal vern
somfRRPHRR S GEr e BRARAI o oSl
smal l er particle size binders results in inproved film

Ina ﬁ:ﬂ{\é‘iaﬂréf%ﬂee %Hbgeﬁném e %éaﬁﬁét@@?ﬁfgvdgm &Pﬁaro‘il 'cSHfoonent used in the

eraction an al so arts | 0oSs to
prodgtigniaf ke pmdnap@pqixmert the eresen &quttO@n%ﬁ%rg}s an atUt?éﬂdlsable fatty

acid Hﬁﬂ% %lnﬁsméf b? GRS biRtster irSiRted t@ﬂeaﬁ% %t %e dhj?é’tgd /thRPémg with the

atex were accurat el Into
oxnrapeagnoun ey ﬁWlQaneUftSﬁMa’[%smﬂmef’f ﬁucpfbcaSuglymylhacrylate or

methggglgtc? %ﬁﬁg L%H&ﬁrbrﬁémﬁg%’&%gol}/ ﬁ%elb?é %td%%&rbleatmonomer of

hydreaybrapiitent rdl@st@h@nmprlsw@umsraﬁura@dtlom clﬂajn fatiioaeid upeietytlinked to an

unsaﬁﬁg@gah@xgﬁear Stelb tﬁe°d|§£%ﬁtlh§ldfbtx %‘Péo P%POfThEhﬁnsaturatlon

Iquid was then sep rom't
in the ahsafiigitad earbonylic ahidestards then@vadabl@tpnqap@lmeasaiwn with the other

moné@ér%tt%gééngtﬁg bcktnebt Wécrt)ﬁ’llolc]aegﬁqnﬁrﬁ& {RBUhEA ratiol T?'Wne pendant

subse ue ercenta%
long ghéin daiy acid denvattwes rﬂnde:ﬁomauoplqur aalsculer awpmdlﬁab 8. Preferably the

B e

storagk stdhilifys copol ymers as bi nders provi des autoxi di sabl e
decorative coatings which air dry rapidly at room
tenperature and harden quickly to give hard, tough,

The dosailyiated loag ehain ajfysacithis mafafabhg@ dryénrgudit umﬂytwriatqila@ld guch as the

[ 0

fts Y ol R th SRR BEnGE Fllhnd O TP S 28 ot Mbrmaly used inthe

painigdrrdusirg aresofmegetablevand animali agiging i Tey wonsist iv dieumain of mixed glycerol

estergstoog ?o}ééc_rharni IRBar ¥Toditb it £8dd SBE YR HdsmandY FurfBer of minor non

glyceride components.

In the paints industry oils are split into four different classes, namely — drying oils, semi-
drying oils, non-drying oils and chemically modified oils. We prefer to use the drying oils
such as linseed oil, tung oil, oiticia oil etc, although the semi-drying oils such as soya bean
oil, sunflower seed oil, and tobacco seed oil can also be used. Commercially available “Tall
Oil Fatty acid” is the preferred material and in particular the refined tall oil fatty acids
containing less than 4% of rosin acids.

The properties of an oil depend largely on the type and proportion of the fatty acids making
up the various triglycerides. The faity acids which occur in natural oils (as glycerides) are
either oily liquids or solids with low melting points. They are colourless when pure, and can
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Preferred coating systens based on these copol yners
contain |less than 10% by wei ght of organi ¢ sol vent
w@e@botabl y | ess than 5% by wei ght and nost pre¢PERINY008191
0% Low levels are preferred as this mnimses
be dfAHRIShIBMSatBfed! AR RS AFatSI Rty BciddS R rbreYeo only occurring ones
encl osed spaces. The rapid hardening achi eved Wt
are listpsheldwat i ngs is thought to be due to the parti al
crosslinking that occurs within the polyner particles
during polynerisation and crosslinking of the residual
Saturgfedt uration in the copol yner by autoxidation after

LaurfPRlid cation @ CHERISO0R to air. The rapid hardness
devel opnent of the coating is thought to be due to the

Myrigtigcacid hat sofElsEHeyes$PRK ng has taken place prior to

of pl i cat | ating. In a further preferred
Palng%%_a&lpnent tﬁg%ﬁ%g%%?g?gd fatty acid drying oil
Steagg@pldnent usEHs(GHziHeORHbducti on of the binder

copol ynmer of the present invention contains an

aut oxi di sable fatty acid noiety and may be the diester
Unsatyiatedy by reacting the unsaturated fatty acid with the

Olei®¥éigane gr ou_g,.Q_(bﬁ57_@Hgy3l|.@(@j|.%bbeJnsat urat ed nononer
such as gl yci glylégacrél ate or net hacrél ate. Such a
6.

Linoleiga9d on pr oftie€8Hz4 EbisoiH; Gz GH=BI £CllIt-69QH sabl e
LinolSRiRYERY  of hmﬁg.@mmmﬁ.@s.dh%.@mma@m@ -COOH

unsaturated | ong chain fatth/ acid noi et to an

Eleogiegde asidt ed Ehis-Heblys. CH=Et1 @HESH&HHH (G )uP Gt
RicirdYei 8y PT °pybﬂ@.g%g,{)]r‘,?éﬂzCIIQ@H%FI?{‘EHE)‘%@GUH' n the

unsat urated car yl'ijc acid ester i's then avail able
for copol ynerisation th the other nononers to form
t he backbone of the macronol ecul e whil st the

unsaturation in the pendant |long chain fatty acid
To agtoridisatar lseiry, @cimseerably,aInjaies atisassdQ¥e preferably 50% of a fatty acid

cont%rHﬁﬁ)ﬂvg glfﬁﬁpl%go%aé;egeq{e?gl%r}iﬁ@ 8@?3163% ggtafrﬁﬁtvyitha&itsgcontaining a

_ yrn onent 1S store erature

highj n@p@rgi@ni ofs fafyoreige eandaining t freeTideutla sbendsatpadtiquisnly if they are

conifRAE TRElird S sl RS S0 BasEitlyWiiloaly of saturaed acids are

non-gaing; Seya heeatailn ydichernsists, pringieally af sunsatiraied aicids linoleic acid (2
ChiiRqt Lt S . . .

doutRE BRI e FT g PGS o T CHRIES R, (T ur FRRSISR folenic aci

(3 dayiblecleansis) kas @qosl aif dryipadprensalias. | i near nonocar boxyl i c

acids called fatty acids and a nunber of m nor non

_glyceride conponents. In the paints industry oils are
Oils speh esilinserd ollwithi a fhighe pententaef sunsatunaipe 1agids kpvriang double bonds
polyn%}'s% reggmdr ying oils, non-drying oils and chem cally
rmdl fie [

oils. We prefer to use the drying oils
Preferred acids are the C,,-Cy4 unsaturated drying or semi drying -oil acids such as
oleostearoyl, linoleoyl, linolenoyl, oleoyl, arachidonoyl as single entities or in naturally
occurring combinations that result form the processing of linseed oil, tung oil, soybean oil,
menhaden oil, tall oil, dehydrated castor oil and the like. In the preferred systems of present
invention the amount of drying oil acid that is reacted to produce the copolymerisable
compound should be at least 5% and we prefer to use an amount between 10% and 40%.

Other milti-unsaturated monomers may be used as well as the unsaturated drying oil fatty
acids. For example, allyl methacrylate or divinyl benzene may be used. However, they
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such as linseed oil, tung oil, oiticia oil etc,

al though the sem -drying oils such as soya bean oil
waevbloseer seed oil, and tobacco seed oil can PCEBP1E5/008191

used. Commercially available "Tall G| Fatty acid" is

cannétgﬁ c%f ﬁ'{er ﬁﬂty"?t'ﬁﬁ déO%c%n g 58 é’lﬂfohbﬁuétﬁh BBorh&s| Br%‘éuce gelled

acl inin eSs than 4% of rosin
particasi they aTﬁBOknappbletOifes’tOwﬁaEﬁﬂ Oi I depend largely on the
type and proportion of the fatty acids nmaking up the
various triglycerides. The fatty aci ds which occur in

A moshtpreferredi teshrique fryiotreduning ther autexidisableonpigties daMolies taking a

copol&ﬁleﬁgéﬂlg%omgngn& O Fﬁ%h&'n@g !temlﬁg al [oRY éﬂaf'h ﬁﬁééwlrai&s?atty acid

‘anbe |V|d Into "“satdurated
mOIehynQaducmCdMnér@mQy itaoviths othkie MebP@etso MsBH | i &ecmrpdw@on of the

e BBEPES, HTL80 O6on AR ol Rl R A bty
shoulGHDOGIBE | fronCOMH 58t vetetoi (end eispeaziy (10HR)40 WCuDef the monomers which
oo AT B BBy St () T80

Li noienic acid CH3. CH2. CH=CH. CH 2. CH=CH. CH2. CH=CH. (CH

We @%r ?@i\?@%@%ﬁﬁ@hﬁ%ﬁe &[}/I?Q:ﬁll 20)09"38% c‘antalrr\llg ethe long chain

unsatucatdd GB/ thﬂ-lﬁ)dietm ChHolYORerEed (wiiHg v aggiiHmoremer to form the binder
used‘riHJ h%)ﬂr%%%?m&[eré i, a%{a%pé%g})fodfcbllew %H@géc\?ﬂélﬁ gﬁ?'t{ésus%ﬁ to produce

the pblsmedsausﬂcbmﬁbladlwenb@t tneludaiacrytie pr rr@tnacmbe ecidesters éUCh as methyl

ed S hi io
L
butquaxaylatecul abltylmdthadndatear e emwwvleayla‘amer eﬂo&tbylmxymethacrylate
s C con al |
cocy BT SOEOME et o IO RRARE ! i fbogpymetracnat
hydraxypmipglasrytate aod Wﬁﬂowwbpylmsﬁlauwiat@d Exeingles| of rdiesi eopolymerisable

monﬁﬁ%rghﬁ%&gr&ékz tb% nggﬁﬁclﬁ% Sa%negréﬂc Yas létlﬂﬁ&%d 2Rk progylene; and

S lar unsat ura olenic a
polymerizable carboxylic acids such as acrylic acid, methacryllc acid, itaconic acid, maleic

acid and fumaric acid. Examples of other suitable copolymerisable monomers include vinyl
monomers such as acrylonitrile; dienes such as 1,2-butadiene, 1,3-butadiene and
chloroprene; 1,3 ,5-hexatriene; styrenic monomers such as styrene, alpha -methyl styrene,
vinyl toluene; vinyl carboxylate esters such as vinyl acetate; vinyl versatate; vinyl halides
such as vinyl chloride and vinylidene chloride; etc. Preferred vinylic monomers include
acrylic acid, methacrylic acid, acrylic acid and methacrylic acid esters of aliphatic or aromatic
alcohols, styrene, substituted styrenes, vinyl acetate and other vinyl carboxylate esters.
Other monomers that may be used include a-olefins such as ethylene, propylene or butene-1
and styrene or its homologues. Copolymerised styrene and its homologues have the
additional advantage of being particularly active in generating and coupling to free radicals
and so they promote the autoxidation process which in turn accelerates the onset of water-
resistance.

As a further embodiment of the present invention the autoxidisable copolymers of this
invention are derived from and contain amide containing alpha, beta unsaturated monomers
preferably up to 6% of these monomers. This has been found to further improve both the
attainment of early hardness, for example at one day, and the film properties of the



10

15

20

25

30

35

(3 doubl e bonds) has good air drying properties. Gls
such as linseed oil with a high content of unsaturated
wa@eiods1doari ng 3 doubl e bonds pol yneri se readi | BCT/EP2005/008191

Preferred acids are the Cl10-C24 unsaturated drying or

dispe 5ﬂ dé%]'rrﬁﬂ?s & %ucﬁ%h‘ﬁ’&e édl'ﬁé]nlﬁé uﬁéﬁ@ﬂ&ﬁﬁn@ﬂémers include acrylamlde

I nol'eno ol eoyl ; arachi donoyl as single
methem'lramldas ad | alkowt mca{laryld@%camci i mgthaspianmides osieht 1agt a  butoxyl

methé&?%hﬁde}( oWétd?@feﬁrt&‘ﬁ@éSdt rl@as‘?fZ% 'Wﬁ@ﬁhpbéseot HHQhé"tJ)tal weight of

drat ed castor
unsatorated rmogomies, Partisulary/frome tprﬁéﬂteﬁrOéGU@y@t unRatgpted BEYmt

i nvention the anmount of drying oil acid that is

reacted to produce the copol ynerisabl e conmpound shoul d
The lwepalymieemsaf B aindentionpeed elypicdllyu PEeraiednilnree adisalhn emulsion

I.
poWnﬂf&'e% \rl/\bg{%blygﬁﬁe unég? {l}}rﬂ%\?}gﬂ tgéyl ng ol G’Z‘?'?BM FP@ smulsified.
A praatennd1§|onF@‘rthe>ra¢nﬂn@;ers a8 preferglly mqv%trba@raqueQHSnfgﬂlutlon containing

surfaPlSst,%% ﬁg%cébﬁ%?@é‘dg{ ing 2 HF ran I%%Elggg}%t ﬁ%\%ﬁ%@??h&ﬁ&s oxidation

statepriogheiraesferaUana ot feghislr nnaVetg/e inFlidein the papPaUlsion to control the
gel &H’{t&ﬁ' dagiBn. |rﬁrc5321§fngl geffrﬁgr Rfidaf GRNA@H Ein oorthe system to initiate

roducrng the auto I sa noi eti es invol ves “taking
polyreerization, yther prsaémulsionnisopieferaily hmmge@rzedc@nﬁa@wgﬁg i§ preferably

dlsplz%:c%gq[o%bﬂ'l rbdl&ﬂﬁ@r%é{léﬁ ?)%tefn‘?%t}{ ARG et y and

yNeri's her nono used in the
production of the macronol ecul es. Preferably, t he

The QrRBSAtVJF%r k‘@uﬁmg'ﬂ o NbRb&IHEtE pbieYs 8ChE invention are
B 45F ek ftSpbinls

nmprise rom
not behqa&edltalueypar(ibwaﬂymmml devertheless, minowet @mmté lare pegferably used

in or?%pttgl Péﬁgéé 3 gaHQe %é %ﬁ%&? :J?nedr%dnﬂg{ 9@&5%3?%0%30\%/5@? resistance.

unsat ur a acid
Suitablen sarifavitargs tmmwemgloohamnnmm:atsmdap@mbmamrys therepf. Examples of

amorﬂp Fﬁk%%érﬁgﬁ%ﬁ@eyéﬁg ‘thy"\‘ﬁgn 4hd r%%ﬁWehﬁ: AP0 BRddntation products

reed I'nventi on.
of nakthateine suibnia acidl snd fnmrrawﬁlf‘ryge \mﬁlomhmn‘ﬁyulbewalgbtd cagpoxylic polymers
t U 0
and g%po %rsoéﬂ‘ethgﬁgé@'h?te ﬁ)?oqo%ﬂ Pg;?hsllbsrwucﬂ{de Qlk'af‘%lr Lé\‘iir'?monlum alkyl
sulfatest kgt gulfonis, a@dwalbut mpbphanic acifly| faty m@ypweéhylated alkyl phenol

sulfager oﬁi\é ,@}%%é'l‘ﬁé$ aF%n‘?@&: ?ﬁﬁ({]ﬁ‘gﬁ%'eﬂlﬁ& é?%”iﬁéll@%ra)ﬂlyi’ﬁh%nol ethoxylates,

xylacr
poly@(yemmhaieﬂylaikgrt laamhglsatammejezswmﬂylcan@ensates modified polyethoxy

cy, I
addt%%d Ig@= %\ﬁa‘ﬁf y&a?t%cﬁg J;%/éizioo’@éﬁér%%’ gﬁo&g?régg;%%r}at?d alkylary) ether, and
alkylmybtbmy@cqjms nEhé amoyhbofesuriartanpussas isftyricdliy from about 0.1 to about
10% %9Wéi§’hq%5§§oagrll fhe total weight of all monomers.

A redox initiation system is used in which the initiators are coupled with a suitable reducing
agent and a compound that reversibly changes oxidation state. Examplés of reducing
agents include reducing sugars, sodium formaldehyde sulfoxylate, and various amines.
Suitable compounds that reversibly change oxidation state include various metal ions and
their complexes, such as complexed ferric and ferrous ions  with
ethylenediaminetetraacetetate (EDTA) being common examples. Another example of a
suitable ferric complex which can reversibly change oxidation states is ferrocene. The
reducing agents are typically employed at a level of from about 0.5 to about 10% by weight
based on the total weight of all monomers. The species that reversibly changes oxidation
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nononers that may be used include al kenes such as

et hyl ene and propyl ene; and pol yneri zabl e carboxylic
w@eids1®ech as acrylic acid, nethacrylic acid, PCT/BRIN5/G08191

acid, maleic acid and fumaric acid. Exanples of other

state%é‘h/gﬁghfp liy gﬁ%hﬁﬁlﬁ{ & fmﬁf‘%ﬁi‘!’t@ 00166 EQSUM' 5‘%|by weight based on

as acCr onitril e, di enes such
the tataloweightaefi alivBonamersh Rhectiserf higher @MUKl dnitiaton can result in lower

conveéloﬁe%@trfgéﬁp fo u§é YoR10.95 T8 @05“7? ?&i Wite fheadnar {;é! kS M reactor together

yrene, vinyl toluene; viny
with ﬁﬁ@m@dktpl 1:%6“@@(@*360 Sien. %% Qﬂ*}%ﬁled%@ﬂ ﬁ@%‘t vinyl
versatate; vinyl halides such as vinyl chloride and
vinylidene chloride; etc. Preferred vinylic nononer
Chain trahsfercagents, or chaiiciegulatess paitbg eMployed i anamountef ér@moabout 0.001
to ab%Pij'ﬁe 9%9{%/ a6 SnBRL %tél \ﬁ{ejlgﬁﬂ bfpéllaﬁ\bﬁor%rsarR"&%Fncregmator or

rene, substit yrenes, V|ny acet
chairatrdnsgfehagentiigyan egﬂrﬁdhyﬂ @lStEICt§sm@le§U|auM$&ht rvﬁmn@rﬁsent in a small

amoﬂilﬁ ahturlﬂ@?%) Sﬁiori [ﬁcé c&lntﬁofl > 8@!” ef)’bYéaﬁyV‘ ®hain transfer

utene yrene its honol 0g

agenteo mlqmeaiksledn@s y&t@hea%lrmdodegylhthiﬂbl agu Eociyh ol he,Certam halogen
com;?o‘a%é bf@@lso ﬁgégap"s@&faé)fzarg@ﬁ ;é@raeﬁ"frﬁlaé: ubﬁé tha@QﬁeP ‘o’l?«%ﬁtQ do not stop

ree radica
polyrpermtwre th%eteammi@ qraa plamn while stedtingia aew igrowing ghain. T¥16 overall or

net é?f%%ﬂ eﬁ‘aﬁeio@%ﬁg’ﬂ%rﬁésﬁﬂ : V@\fréenr Ll GNGBnorfer, aanfduggfi%;é, a lower

nvention the autoxidis
averagmnblynwasweght his invention are derived from and
contain am de containi ng al pha, beta unsaturated
nononers preferably up to 6% of these nononers. This
The preferteddempenatistes at Which ipelymernipationds performedaleaends emhetmonomers
ear d S y h
selociod. o FiosiBF 46 i By o8, 18V preRioly Earred out at
temparatui'es cheiwasa‘ich dypinaliyt fmmta@duh@%‘otﬂea@out Y] dwplcally to about 40°C,
and %8{%})@1‘&?&”@585@%#) < gaquﬁ{‘%?( @I Mﬂé\?@!ﬂeg&{rﬁl f &n%@gut 30°C to
abouyb Bé‘fcaerWtedwayséomd thati§ hlgn%tampmttgm a@ag@d convergien can e reduced

e 15, il SR SEBRTEay l SESET oon
Furtiteninerej, riifvee polyoer spaelilespéarateng torflopeuiate dyhigheseemaaiagaps and low
temp%%{hr%'tq%glnﬁ)é}ls%ﬁa{ fs%ﬁéﬁefbg? gfefér?erdqg lré’taiﬂtsrﬂ@vﬁagt?cfg’ﬁfét ure

nonorer s pre y pre-enulsi
pre-enul sion of the nmonomers is preferably prepared in

A pr%?g?cg Eg%#%js gb? Ilrttié dhr%ﬂu&%'ﬂtoq'a%ﬁ%rsgéﬂ {)ﬁﬂsgmrac'te?%g?olymer of i) at least

CI ng agent a specl es
one runsatusatbll y fattyaagids doyingl atii mompoaer. aAdchhlqmet oangioe monomers

coneilisle Y, BEhodpdyvPELY 35001ty il B S microe
conterstdif @ahleasnid Wafyowheneimtheipartsgﬁtmﬂﬁetably havel aamean particle size in the
range 20 to 750 nanometres, comprises copolymerising an unsaturated fatty acid drying oil
component and the copolymerisable monomer in an emulsion employing a redox initiation
system wherein the polymerisation is performed at a temperature in the range 30-45°C.

Mini-emulsion or micro-bulk polymerisation has been suggested as a way to reduce the
amount of VOC's since it provides a finer emulsion of highly water-insoluble species such as
monomers . Mini-emulsion polymerisation (see Schork et al, J. Appl. Polym. Sci., 60, 2069
(1996) and E. M. S. van Hamersveid et al., FATIPEC congr., 24, VOL D/247 (1998)) is
thought to differ from conventional emulsion polymerization by proceeding in the monomer
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pol yneri zation, the pre-enulsion is preferably
honogeni zed, and oxygen is preferably displaced from

W0 b@sfpadogneri zati on systemwith an inert gas. HGEEP2005/008191
amount and type of surfactants used in preparing the

dropfe®Péx mgﬁws‘iﬁn Diffusidniorens mﬁﬂlc&}ﬁ&wdﬁﬁérs BRbiHBE dgBed® phase is not
partlcular Yy critical. Nevert hel ess, m ni mum anounts

necegsaYprlafainkBNyisigacRplyrmerisatien. the mengmess are, PredrByisified in water, in

the bd&eb of QriakthrRE ahdl lanhyarSRbIc @fpoRthudfallpaERE high shear to form
resi stance. Suitable surfactants include anioni C,

smalh aiifprghidkopleied Y5 ARt eilbRaIUPIReiniiator, inx RATYIFYSr gp used, the small

moné‘r‘ﬂbp&‘oﬁle‘{’élBéc%%@fhbﬂoédé%f%ﬁm%%éﬁonoéndfﬁFrﬁ Xhd gﬁgﬁ\ea icles of the
apht heni ¢ aci ds, condensati on products of

dlsp%nonontt ds Hqughb gt e hydrgehgkie camppeglt rfeiaer@uihsrmore water-soluble
mon¥RERNithi® N@&ﬂ@fﬁél ‘baﬁf?ﬁééﬂﬁl‘iléh ﬁf@thﬁ‘?@éﬂsmﬁé p&&mbh@atlon Schork et

appropriate hydrophile-|ipophile balance,
al. usenfoRPIYMEHS Wﬁ"oﬁbplP%uaésan aﬂ@‘?‘t’e 0 preohition fi the ,allgydyxgsin in vinylic

mon%@%bﬁ al%cthgﬁ dISE)éItSEM iRGh géued&%%%ﬁjhé(rl\ 8f ﬁﬂfa%{éﬁl@ Van Hamersveld

henol fates and phosphates. l es of non-ionic
et aleuﬁgdsﬁs'ﬁergpgy thecamecpraredure Huth with Qg #ng assthe hydrophobic additive.
pol yoxyet hyl enat ed al kyl al cohols, am ne pol yglyco
condensates, nodified pol yethoxy adducts Ionﬁwchain

Hydrexyrsenyjene: mixeddiesiersr of, unsgilrated dathe sty aneé dmeffgerdioyacids which
are tﬁ%h?éctuoﬂ”ﬂo@udfé/ bPQhé(a%Fé?e’d I%h& Q:h@lhsfalgﬂ_ Q&d@'ﬁ% r&lyé?cfyl (meth)acrylate

surfactant used 1s typical froma
esters0 @' {henrriefaitedyngrReMeys Qqe;guqq)’thgy ay@rqjqxﬂvelyf e@lly avallable However
| driral Tdsdi
ey BRRENTRI i URBABNE UL, SAFIATS Sy bl Wi e
activifyjeifit canwerﬁloaajrr@auwsr mpoh’éﬁéﬁéﬂlobl yarq,qeams:mﬁasmnwmnmenta"y

unwéi&%@ amotf (g&l Srgic 5 %r@&@?%ﬁesbﬂl‘:' MRS Ecg‘é?%ééb@ered that this

sugars, orna e sul [ate, and vari
can bensnbfgd bmtrrrm @emm@mmgrSt(mwdmgvtbe §pmlymefmb@%compound such

as th@ﬁlgﬁ?ée ) eﬁ*e?mh'm%@éﬂﬁ%’l mefid dﬁH’Pe rlrﬁﬁ\ttdf’rjan'élcg1 a8 A érﬂnethén subjecting

such as exe ric an errous 1o
the sfjr rﬁﬂ neixthie terietansive agitasion guticiest tatceegieEpvayy |I§Egerfg—"'@bﬂﬁ% Mery small

(less m}ﬁ%ﬂpé(ﬁﬁlm ﬁpebh?di%r?%@é@ S maRd! i 2BlRoddihdrs & FIBbHerisation

can reversi ange oxldation states iIs

Imtlaf%rmayt@waterrﬁ@uiale@uml ﬁglub@eﬂi‘ﬁ’slsé\(P gay sqhikiein the emioniesel When an
oil s@hbl@ hig¥8t, <akn &5 Z%Uraeb&l‘gx@e ? Gﬁ‘édal?@éjbre@r@dbt}éﬁw ifitt dissolved in

ase on the tot nononer s € specl es
the meramere\aad subjegted Haﬁg&e@tamvgaagit@tm Ritoe ta eausjngi tbalpolymerisation to

procgéc? Se\ﬂl‘hﬁh 'bb %“961061 Oﬁolyrﬁgﬂgaﬂm Li'ﬁm&oro %1 Fé?d,aaﬁﬁt ad 18 %example
t ase on t tot al nononer s.
ammmwmu 9ersufphhteg htemambgmﬁd@dcﬁltheh beﬁoeq grr aﬁ@rrinteesiue tagitation. When

such}lcé;\‘gﬁ{lc\anr tgﬂ[]%ﬂ ﬁﬁlﬁgr is & ,rct%ﬁs&m(eﬁséfﬁﬁ id lhﬁ’gleﬁgrgr%et\ﬁatgr Bidse but then

arge e’reactor
the copolymerising system W|II mlgrate into organic zones created by the droplets where

copolymerisation will continue. The migration will be quick because it is favoured by the high
surface area provided by the very large number of very small droplets of co-monomer. This
migration permits effective copolymerisation of very low water-solubility monomers, in this
case the autoxideable copolymerisable compounds.

The preferred mixed diester comprises methacrylate moieties and moieties derived from
drying and semi-drying oil fatty acids and the most preferred from tall oil fatty acid.
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with fromO0.4 to 1% preferably 0.5 to 0.7% of the
reduci ng agent. Chain transfer agents or chain

WO e@dlostoer s can be enployed in an anount of frpOT/ARP0O$/008191
0.001 to about 5.0% by wei ght based on the total

Polyﬁﬁ@héﬁﬁbn @hn %'eﬂ@@l‘é@'@rr&smﬁtﬁé‘%nﬂbé@g#& Ferafersyl fe!?n%éi‘atures of 30 fo
transfer gent i s an agent restricts nol ecul

80°Cyeiogth Prefera Iyp$%§§rq arey uge@naﬁqdltgﬁgl@yn@nqj@}tgrﬁgtlvely, a redox initiator

systeRP HYEBd 884d. OBuitabI® e&hples of BOEH 8Ystéhe .r@mdecrwawgaq peroxide and
Typi cally chain transfer agents include alkyl

asCoRNi ACifls aRRItIEE JiersUirhaite 4R sPdigat metabaﬁ%nhltec%r%osmm Sulphoxylate

AW HStaPs s BLSIP 8!8 FOICSIB AP AdYed.
form%]g%@g%rom%g H[C}h{;lalan trsansfgr %ﬁg?rs do not iyf%p °

pol ymerization, they ternmnate one chain while
The I%Tq?fréd ﬁﬂerﬁlﬁ%lﬁflmg b‘ér}ﬂb\ﬂdedTW nfé\&ﬁérﬁédl eﬁfuls"fﬁirs SlflCh as a Ross

IS nmore po chains fo gi ven anount
100 (ayatahis frOEhBOSS‘lém: onaHﬁWgawue\agY@rlﬁdP%mra@ Sikergan (available

from TQﬁ‘ve?é&i‘ ‘?ﬁécﬁ'ﬂwe%eﬂﬁer@ﬁééh@ﬁl FuckiHgREMBRtel MBK) Zt bﬁmINAS emulsifier

formed depends on the nonomers sel ected.’ Howev

(avai qb@ fiemi IKAMYPEG dic. fangimrats 2RI, MPA)s Allestadivels 3 S@ﬁ?‘?foé(ﬁava"able
from C‘?;Hm@boh? @tl%{t@ffdJ r%n@@l’iéﬁw @@AJ) mtaz ﬂiect?ée'dywﬁlbﬁ’ @nﬁ}kﬁkﬂ ultrasound to

to about OC ty i cal to about C, and nore
genepat@f@ea@qylrerﬂ @rlmeabo efmizb't 69%?@9m134%¢ﬂmlynmqrgetlc to produce

evenﬁLa?fp%H?;@hsy 01:1 heRbRish WRER Hale 3P AUMbEP Gverdbe hvRtid @li@dof below

er tenperatures are used conversion can
500"%@%@@“&@@)’@9'°Wr§§@ﬁge of the chains in the

unsaturated fatty acid drying oil conponent.

Furthernore, the polyner particles can tend to
The foalinasystemsaef thegresent énveation eabbe aMPIaYeH i ¥Afiels@qHesUSs paints,

coatlﬁgé Wfﬂ%r L&Rd<iRE a'nE sEQl@ﬁ@f Qr'ic?mﬁfaﬁfc%fa"r ﬁ{jwét@r-f)é‘ée@' sgrsﬁem%' that are free

e S| Ze. pre erred process or the ucti1 on
of organlg SQW@b@r@' englaseenifs ather eRatiag s wmﬁ!earo@aﬂyg%\pr in the case of

pamtgﬁcgé @;EP%OMQ%% ﬁ@@ﬁféd obfidriatly %‘Zieﬂd@rr Yigh@ntl dls%wg%ﬁnts for the

) nononer s COpO ynerlsa
pigments OEshaps Mireesiby medifigrsoang dlowpaids.t rﬁaﬁimcaﬁb'sa is preferably

adde'a‘ t8rtﬂ§4% u&&ﬁtféek?eéﬂf) ?ia&c%?e?éte]tﬁe Witk &boBs-fifkng and hardening

S pre ave a nean partl e Ssize I n

of theawémgo Tioe TiRingaaiGivstsr @iso kvt RS elyers (| Wﬁ.&tl}/@ﬁ)r@e generally
orga@%n%‘ﬁ%ﬁﬁéﬁr@%cgﬁdg nafﬁ)éaﬁf'n%r?glgﬁﬁ gﬁehtﬁls Iggér?%'@ngfhe 3§ @cﬁﬂltt Rpthenate.
Other @iemplem in¢lude sranggResemleddeand Arqonbinp&esnder i %ucpbait, inganganese,
lead %ﬁ&fz%gﬁﬁm%aﬁs %m&fr@éﬁe%é& fwr?:sn{bﬁ'féﬂgn *ih %%? metal soaps, such

I -emul st on or mcCr o- nmeri1 sation has
as calcigge tpothssitimasagry, which urdb@r@sqalh%s are not dryers.

We have found that the high gel containing autoxidative dispersions of the present invention
show very much improved early cure than conventional water dispersible alkyds.
Furthermore, we have found that this may be achieved when catalysed with very low levels
of Vanadium driers. We have found that when using the systems of the present invention
harder coatings may be obtained using surprisingiy low amounts, below 1% typically 0.2% to
0.6wt% based on the weight of non volatile materials in the coating of Vanadium driers. This
is opposite to the behaviour observed with waterborne alkyds where the use of Cobalt is
necessitated to obtain acceptable cure with time. Thus compositions based on our novel
dispersions can be cured with low levels or even without use of Cobalt driers which is a
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amount of VOCs since it provides a finer emulsion of
hi ghl y wat er-insol ubl e speci es such as nononers .
worec/eIel si on pol yneri sation (see Schork et aPCT/BP2005/008191
Appl. Polym ScL, 60, 2069 (1996) and E. M S. van
furthéla&ﬂb??iﬁkﬂt @ﬁthé'preseﬁﬁﬁ{/&ﬁ@ncQ'ﬁercoatlr?g% ob‘tﬁﬂaedjfré’rﬂ%he systems of the

i s thought differ fraom conventi onal
presemfum\@naﬁn e Rarder tbar@ P@ﬁﬁ'"E? opiained d@Mmereviqus Agueous coating systems.
nmononer dropl ets of the enulsion. Diffusion of the

vinylic nononers through the aqueous phase is not
Flllerﬁegggg@qry pigpeptshand: gihes pgﬁtl\&gx  i9dhe @ may@lso be used in the

Commg“yﬁgr&trﬁgmvém@hewg@efdl ed in water, in the presence
surfactants and a hydrophobic conponent usual 'y
u3| ng high shear to formsmall uniformdroplets. \Wen

We ﬁé‘vé"fdun@oﬂhblphrﬁ okdérttbaﬂreauce' Hut@fdﬂ&é&é'rﬁétené@ tH&te6an bBSapplied as
snmal | nononer droplets becone the |o

aqueeyp w@tﬁwa@ndowh@hdmh SPhARt éa@@nyﬁ@ﬂlyptarmp@r@sd%ﬂrablﬁé:oatmgs the

polyrﬁéﬁ@%rﬁe@nshdutd ) P%P&Qﬁnkbaalh fnaefdmndbPRNARiEBgel, should have a
onponent retains the nore water-sol ubl e nononers

Calchﬁt?ﬁuF@Xt%Sotfﬁf‘@'twaltefﬂ?ﬁ?'iailtw &8 ke B @ipesferabin kelew 5gf and should

contélherdéﬂulém?fnbétﬁ?étﬁﬂ Fopohk ﬁirp@ée o‘f'stﬁe% pf@i BéH?%[ll’aﬁons the Tg of
hydr ophobe as an additive to sol ution

hydr@@@rqpymevmﬁ@m ‘Ee%rﬁ'o?fe‘iaﬂ QHH?EYI agideand, GWCGV%WQP"&%B’YQ’[% has been
assu?rfédaﬂﬂ%@%ﬁaﬁejf %féaﬂf! rﬁéth§éﬂ/lﬁféc%féhsls (WCWF%% l‘t’f’r‘é ‘ﬁo?tposmble to

. used essenti al Sane procedure, " but
homp@{gﬂ@r@@n\glﬂgﬂ p@sm}gotgmrmlr@j@q pmpélmentally derlved Tg. The resins
used M %é’ édé-’tfn@ Rﬁblrrﬁﬁ@ltlﬂhé( §ckne 'p?e%teﬁf véHtioH ifétbidréb&iftaih @t High proportion

acids and (meth)acrylic acids which are the reaction
of dfp!tnéd_u'c@%d of itg ﬁ@ﬂV@IWﬁ% @nd a6 éh%mﬁ@ilwsffwrﬂ)y upgatergtegh grhe resins are
how&lleY GirE¥dy é (oBdInkas E%E%gre%stBﬁfréd@EGfré hﬁcrep?lf S 6F‘ngve Lolund that this
nononer s because t re relatively eas aval |
combﬂm\eﬁan&umtf@tme@tmgﬁ dervachiom; tb%%ﬁ/éﬁﬁtfﬁgﬁfe csmlqkadmn@ te, form hard
coathﬁgé YhroR¥h SQltKddtichy We ‘P@@@raléﬁhfdhhd'tﬂ?i Bids8 feBfk can be used in
tivity in conventional ueous copol ynerisation
aqueskis @@@tgtgscmmncx§§@né chhdﬁﬁmbﬁ totally f"&ﬁ\né p@@ﬁ@ seivsDistas dispersants or
C
may eglgsgé\(lielpe a?ﬁéJﬁ@MEo%ﬁ@gﬁérﬁ@o@%? mﬁéa@%l???d.@é@%&nount of organic
solvends apdispersants; decerdingly the @fQS@Bb'nyﬂ‘ﬁiOﬂﬁBWé theopredugtign of coatings
which lél?é‘ a8 hatd s, Yr PR rh}nr&e?ﬂ'%‘nrbgv%tlﬁgst Sbt¥iRb& from conventional alkyd resins
merisation initirator an factant and nh
or fl'@d@ﬂ@'ﬁﬂ ineg aroslinking aeryliofesing aad mdhichrdry ger \ase agndl%ahle)m less than

f

4 ho?ﬁéeédrﬁétﬁﬁ'és I&%soﬁ{r%ﬁﬁ] nlg:{ \)eﬂrn%;ﬁgr op? H?@ﬁeﬁ Rm ¥ uér6g§ g?étlams
co- nononers. The pol yrrerl sation initiator rray be wat er

We RS Rlufid CEﬁ ik cﬁﬂiér‘g{) R% pr‘e§er§t%\§@ﬂ’|oﬁoér‘éb%d?naddﬁbfeh\ﬁith a wide
NONOIEr S. en u l'e Initiator S

rangg agfr pthepeaqeiode p@vmgre@hspetsmng whv@hemclgdetaibyd idispegsions, acrylic

d.spérgroﬁg afll gsg' afgmah@a&@ﬁc RRRATER rsm wglhseé Rflnki tdt s use of the

I ntensi v rror to aus
compsiitioms rof $e pregentdnvention enhances the f|Im forming properties in particular they
improve the speed of hardening of the coatings and we prefer to use from 20% to 80% by

weight of the fotal composition of the compositions of the present invention.

The present invention is illustrated by reference to the following Examples in which the
polymeric binders were prepared as follows.
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proceed. When a water soluble polynerisation initiator
is used, such as for exanpl e ammoni um persul phate, it
woregooloesoatdded eit her before or after intensivePCI/EP2005/008191
agi tation. Wien such a water soluble initiator is
ProcéiCfbr HEP o)dﬂafdnsaf iGNIAT®FANbgdiRE e 8n | Uhshii@atd@tfBfy RIBRS Brying oil
yneri sing systemw mgrate Inio
compeanghfi c zones creat ed by the droplets where
500. %‘jBPLaWB‘ﬂffa&?talcRﬁ(m#A) Q%tg%‘ﬁ@etra'éhﬁll Bh@fcHiurR bréfnlde é}ﬁi 0.86g of

because 1t Is favoured by t hi gh surface ar

hydresiuingng erersycherged, epder| menn@n%@Pe d'Fre\/f@P?d bpitpm flask Fited with a
refluﬂ?c?'gfgﬁgesr 4 £ TE 'bontEHtls%f eS8k Wéﬂa §ftfdd dridl heated to 80°C and

tive coo mer i sation ver
then @49 @goéglygusvll methapiyladevers adwdt%a%la@wéert%eﬂod of 2 hours whilst at
el *= S Rl @ampam Thendiref erred
ate gllegfﬂ?set%rf"‘ﬁ@gﬁ']ﬁ'ﬁms met allcry late rrmretl es and
noi eties derived fromdrying and sem -drying oil fatty

Dun@‘:ﬂ'lg %ﬁ@({é@s LPSFARSAcHEY RitR BRI?é?'lef rﬁ&@llésalln' th& blycfd?léh&hacrylate to form

merisation can be y rarsin

a cop@men%qhﬁ diestardn ewhigh wnﬁﬁﬁw&damﬁtwn@tesnwbess@@@ linked to an
autoi@ggolé’ i RBlbxnRettPS Wﬁ)ﬁ?%yleﬁ@@nﬁdlé?ﬁ%rb&’p am@ reaction was

ternatively, a redox initiator system my be used
catalgeict kibthe teitagthylemmpnigoncromndst @%pnemaltura o isalign was inhibited

by tt{éegﬁd‘rjogﬁn@ﬁ% Quﬁlng%@ Wﬁ”ﬁoﬁﬁfoﬁ% R § @Mdlymerisable

um' et |te phoxyl at e
autoXidisatié dreanpmer aq£ van slargd gbdl usHl wseds dc mokes exgpyfepf the glycidyl
methb&&fétéévér%hé*% R%N%d&%g The required intensive
tron may e provi ded by mechanical enulsifiers
such as a Ross 100 (available from Ross and Son,

o [BUBPRUE Y Bafeq s & MU APt 1) an

miniagayision maihod<desonibed below: /(\@dmtﬂ with lewer @ﬁﬁﬂ%ﬂ?'?ﬁrmglaf eXCGSS can
i nels i ' natively, a
also %%g %@Hr:b’?gsfé‘?”iaégﬁé% ro éé@ocr?léjgﬁ orp, Stratford,

Connecticut, USA) may be used which enploys ultrasound

Tablkq generate the required shear. Preferably, agitation
Is sufficiently energetic to produce eventual

15

Exsmele clles1of n2ni erdl si g whi 8h have a ndnber @ver age 7 8
MON@MRER | Clle si ze of Dbel ow 500nm and preferably bel ow
EMULSIOMIM |The coating systens of the present invention
BoraxG#uiBe lenpiP®yed283n 2a#i 0B35 aqueBus PdPnt sO-7coat#hgs 075 075 074
Watef ks 39649 v 85.8 NP5 6@ 19844 3596a‘ﬁd 98- 1%aﬁ9$t€hl 8959 n59619 596.19 593.43
D"“"M@?‘) agedd sy3benwSthatdat e #58e BP49r ganft 3oflvendStd 2543 2532
Dispog} A4008, | e§§éﬁts36 Theb68dat’fAYys #halp be'*GdFeal?’6 toabfPfys Hr13 3613 3596
s in the |case of paints they will contain
Mty{s tion I1F196@xt3éﬁﬂiew4ﬁF gWéMsm‘chp@f‘g‘ndOé%eﬁﬂ%ﬂf ofl04.21 10421 103.73
Meth R/Bte 6.60 6.6 211.55 21155 21238 27535 23871 3345 202.66 184.50 237.62
2-Ethyl Hexyl
acrylate 97.61 982 100.78 100.78 72.47 176.30 212.88 209.47 221.14 225.30 211.89
Methacrylamide 0.00 00 000 000 2779  0.00 0.0 0 2779 4169  0.00
GMA/TOFA
adduct 277.90 279.5 277.63 277.63 27790 138.94 13895 138.81 138.95 138.95 138.30
n Octyl
Mercaptan 6.93
A-SEED
OXIDANT SHOT
Water 2.64 27 264 264 264 264 264 264 264 264 263
t-Butyl Hydro
peroxide 0.55 06 055 055 055 055 055 055 055 055 056
B-PREFEED
OXIDANT SHOT
Water 2006 202 29.03 29.03 2906 29.06 29.06 29.03 29.06 29.06 28.92




pi gment
ai ds.

A drying catal yst

s and perhaps viscosity nodifiers and fl ow
is preferably added to the

waoueou®edi spersion to accel erate the aut oxi daPCT/8P2005/008191

cross-|

Ammoﬁﬁ;nal Y3
Persulgledﬂaer al

C-SOLUTIONS | t
(REDYGTANT) gx

Wa’(erS oaps.
Sodlurar

Metablsulghlt of
D-MoP 04PSyp
OXIDA

Watergel con
t-Butyl nv &lydre

peroxi
oMo dnve rg

RED
FEEDW [N V§

Watert hat W
t-Butyhar dligdro
peroxi €munt q
SPIKE 1\ " o]

t-Buty padi u

perbe
10% O
Ascorbse Nedr

sBlivdd W th wat er

i nki ng and hardeni ng of the coating. The drying
ts (also known as dryers or siccatives) are
| yo.04 gangget abd i csagonpaigads, 2.04/pi caddl y 2.94
ion nmetal soaps such as cobalt napthenate.
anpl es include manganese, | ead and zirconi um

TH&2Cob%§ | G%hgﬁ‘i‘@se 6682%ad 8AH 2P5FonfiAh scﬁ?ﬁ%
Bt IES Use d 4 Jy cogrhi natjgn w kh ot‘p‘%r ﬁa 4.48
such as cal cium or potassi um soaps,
ves are not dryers. We have found that t he h| gh
t ai.ed ngtimt oxszalatns@ d11§1@ersn6ms of.64t het.42r es vy
on_show very nuch inproved early cure than
i ofrd] weter %i?’%pe?%fi bl €381 ky&d® " Flrherntre, 28
und that this may be achi eved when cat al ysed
ry low | evel s of Vanadiumdriers. W have found
en4esi ng.g hessystess ofs.s3he 1peRSEM.53 nvesit | 013.53
coati ngs may be obtai ned using surprisingly |ow
, B&Y ow A% t ¥4 cab Yy 0.3% t 03 89 6wt A%as?é% 3.19
ght of non volatile materials in the coatlng of
m er Thjsgi s pogjAge t he avgRur o.79
O E)Zgrre %I%Izyd?ﬁ\?her?% he ﬁfsﬂ; of Cobalt
ssitated to obtain acceptable cure with tine.

294

water Thus cd

mpddé ti ohs baded &fF ourdMovel78i spefssi ch® car-7®

be cured with ow | evels or even wi thout use of Cobalt

driers
i nvent i

t he present

whi ch is afurther enbodi nent of the present
on. The coatings obtained fromthe systens of
i nvention are harder than coatings

obt ai ned from previ ous agueous coating systens.

Fillers,

in the

this invention,

order t

appl i ed as aqueous systens and which wl|

har den
pol ymer
of am
transit

ext enders, pignents and ot her additives known
art may al so be used in the conpositions of

if desired. We have found that in

0 produce autoxidisable materials that can be
dry and
rapidly to produce desirable coatings the

i ¢ binder should be precrosslinked in the form
crogel, should have a cal cul ated Fox gl ass

ion tenperature Tg bel ow 8C preferably bel ow

50C and shoul d contain residual unsaturation. For the
pur pose of these Tg cal cul ations, the Tg of
hydr oxypropyl ene m xed diesters of tall oil fatty acid

and gl yci dyl
of stearyl

net hacryl ate has been assuned to be that
nmet hacrylate which is (-500C) since it is

not possible to

16

2.94

66.27

4.48

11.64
2.36
14.53

3.19

0.79

3.76

2.93

65.97
4.46

11.58

2.34

14.46

3.18

0.78

3.74
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honopol yneri se without crosslinking to determne its
experinmentally derived Tg. The resins used in the
weo@bionyeconposi ti ons of the present inventi onPCT/EP2005/008191
therefore contain a high proportion of drying oil acid
or its derivatives and are thensel ves highly
spikgipsat urjpt ed. The resins are however already
+-But@l 0ssl ipked to a degree to produce the mcrogel. W
perbehaaie f ound.7@hat 0.8hi 8.7¢onbirdhat i ©T® endupes 0.nat Comt i rge 0.79
lg‘érderﬁovié;d fromthese resins are quick drying to form
weier et d cBptings thgough autoxi dagjon. g hays, al s foupd 47
PolynleRdliont NES€ resi ns can be used I'n aqueous coating
Temp6rafROGI | i 038 whisch may be4sotaldoy frae of erganic 30 30
Convggdnents @v.3di spersanvgs op3 may be used in gpating - -

Averagg ngadisiel | ons enpl oyi
size e or aani 11 Viska

prgéeﬁf iﬁvéﬁtién éllomé fﬁe p;oduétio of céatingé
Disp¥fiil ATE8Y #hPRAGER! dle 8Grfadkint® BUABbRAFHE thet HsHke Catbdrafish

obt ai ned from conventional alkyd resins or film

form ng non crosslinking acrylic resins and which dry

Methda®f aFedahdtiodl eabl e in | ess than 4 hours, sonetines
[ess tﬁan,g hours and whi ch n,be applied from

1. aqﬁ@oﬁ?ug‘&%f"&fﬁ?nwrﬁﬁe@e@éGﬁg5t(ﬁf€ﬂagﬁ‘@"%ﬂ%per§i ons of

2. theniigesSEb of MtRidkieP @muiich, ¢8i80 ad I30PE unbiéMNBro¥és Blanket and slow
range of other aqueous pol yner di spersions which
i neiTiefe!&AMiBPd di spersi ons, “acrylic dispersions and

POAYNd YblatsRIS anahuldifer To/Ririsd di spersi ons. W have
found t hat ons of _the present
[

this use of the co ti
bR 28 8% ef (R aed alavio Pxofarmo R e dPBpat 89S | n
Panbd & 4l784 of (0F¥né HBIGQU@GM%SW@%GMM@QFS@@ ng of the
coatings and we prefer to use from 20%to 80% by

ref : .
vve-irﬂfﬁaec‘ﬁ”lpf%(sﬁét Q!‘e@‘cﬂ?&ﬂ? ?'F%rP"b?nq ?&l'dé-o_rrposi tions of
t hRJP1(BF @itin feBY TBfbRBer dNEC)PSARRRALaridMBRGhENemElsion (80%) over 3
illustrated by reference to the follow ng Exanples in
whh@¥St he pol yneric binders were prepared as
f ohl e ofEe8 BSIA fér0M0 rhing. producti on of GVW TOFA adduct .
an unsaturated fattv acid drying oil conponent. 500. Qg
of AH@(P)-0i | fatty acid (TOFA), 11.1 g of tetraethyl

10. ang{yﬂfggaggﬁveggom_o. 86g of hydroqui none were
charged under nitrogen to a one litre round bottom

11. 1| Held fpf 1Q mipsithenadd spéellux condenser and a stirrer.

12. ThRoRIGBE StMninstheh B&d §piRsk. were stirred and heated to
80C and then 355. Qg of cidyl nmethacrylate were

I
13. dHeld 1gF A0S {epvampie ad PaaeksonverRigns AddRXIra spikes i necessary.

t e@BSIraHdUIRr e P8 pradektstirring were maintained for a
further 1.5 hours.

N o o ko

A drier was added to the products of Table 1, when a Cobalt drier was used - 10 g of latex
was mixed with 0.125g of Cobalt drier and mixed thoroughly (2.5% on solids); when
Vanadium driers were used - 10g latex was mixed with 0.02 g of vanadium driers (0.4% on
solids) 100 micron films of these formulations were then cast on a glass plate and allowed to
dry.

The hardness was measured after 1 day and 60 days using an Erichson Pendulum Hardness
tester.

The results are set out in Table 2
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During the process, TOFA reacted with oxirane noieties
in the glycidyl nethacrylate to forma copol yneri sabl e
wale@soeinei n whi ch unsat ur at ed net hacryl at e noi PCT/8B2005/008191
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Hydro peroxide 2.36(2.4 2.35 2|35 .36 P. 35

Z. 00 Z.0b Z.54 E- UFP RE TANT FEED Water 14.53

14.6 14.51 14.51 14.53 14.53 14.53 14.51 14.53 14.53
* 2.5% Copalt drier ( Combi LS from Condea Servo BV) in samples 9-16 and 2% in sample

17

**0.4% Vanadium drier ( VP0132 from Borchers G ) in all sample

*** commercial alkyd emulsion (Uradil AZ554- Z50 from DSM

¢ Example 16 demonstrates that low gel content lowers the early hardness of the coatings.
Examples 11, 14, and 15 demonstrate that higher values of hardness are achieved when
methacrylamide is employed as a co-monomer.
Example 17 shows that early hardness is not developed with commercial alkyd
dispersions when used with vanadium driers while examples 9,10,12 and 13 demonstrate
excellent hardness observed in our coatings using low levels of vanadium driers.

Examples 18 - 20

Paints were prepared from the binders produced according to Example 1-8 employing the
following paint formulation. The millbase was first prepared by dispersing in a high speed
paint disperser and then the other ingredients listed in the paint make up were added to
finish making of the paint.

Ingredients Formulation
Millbase

Water 10.2
Rocima V189 (a biocide from Rohm and Haas, UK) 0.1
Disperlair CF246 (a defoamer from Blackburn Chemicals, UK) 0.1
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t-Butyl Hydro peroxide 3.19 3.2 3.19 3.19 3.19 3.19

3.19 3.19 3.19 3.19 3.18 SPIKE 1 t-Butyl perbenzoate
w@2008/003081 0. 79 0.79 0.79 0.79 0.79 0.79 0.79 OPGREP2088008191

10% sodi um Ascorbate in water 3.76 3.8 3.76 3.76 3.76

Dispetbyk0198 (& @gﬁ%erﬁ@hsﬁer@ﬁ"at Forh® ﬁgﬁé;g@%}(sgzot 75Ut0y|79 0. 79 1.0
Rho‘%F"fgfpée%g 8"@5@?‘5 Ascorbate in water 3.76 3.8
Acry®] RB 2020 & tBlclmeGromR&m?Gnd}laﬁs WKY6 3.76 3.74 1.3
Tiond éésgmlfeﬁrﬁ;réné\f@rp-r&%?ﬁr@ﬁ Ll\ﬁlﬁ"eanﬁ:l Iﬁ(ggaggb df%n‘f‘r&lio 40 30 4945

AcrysQl BMS fruthiskener E?%@P'Eé“‘hﬁ?ﬁ@ )115 127 135 - 125 114 - 99

Borcllﬁ)gé% veoasds (Ath@furiag dgehvd OGO Banckers, Frdnae) ant s avai l able 05
Paint ;ﬁ&@u%he Henkel corporation Method of preparation 1.

| sify the nononmer charge at 10-1 50C in a
watelSj | verson. 2. Charge 20% of nonomer emrul sion, raise tb4
wate8Q0C under Nitrogen bl anket and slow stir for 10 mi ns3.0
3. Add solution (A) and hold for 10 mns. 4. Add 23. 6{%

Waterof (C and allow to exotherm Hold the tenp at 300C.

miniemulsiadataxiasrabioder (C) and hol d for 20 m ns whil st 52.8
Empift] O M8(a8Lirfz3¢dACirom Albright Wilson, UK) 0.5
Combi LS (a cobalt dryer from Condea Servo,BV) 0.6

0
Total 100.2

The paints had a PVC of 20%, a solids content of 51.5% by weight and a volume nv% of
38.65%; volume nv% is the total volume of the non volatile part of the coating expressed as a
percentage of the total volume of the coating.

The paints were applied using a 200 micron block spreader and allowed to become touch dry

and the second coat was applied.

Finger tackiness and marking resistance was tested at regular intervals on both single coats
and double coats. '

For marking resistance measurement, a hard 1cm x 1cm square plastic textured matt was
stuck to a 10kg iron weight. This weight was applied on the surface of the drying paint film
with the textured matt surface face down for a period of 5 seconds. The mark was observed
after the paint film had dried fully.

In the case of the paints of the invention, the marks disappeared within several minutes after
the removal of the weight. However, the marks remained in the paint layers produced from

the comparative waterborne alkyd emulsion.

The results are set out in Table 3
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rB.lrhhlr 1]1
g oqpm\&}rgna A s
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ds)24100

m PO i | s dP™PRese

f oPAYYt i ons VBFEK

then cast ©Bn a §loatigBckplacky ¢ Rintcharaingriowesightigaddrtgeky Thieint mark-mark
har dnesg Was a@mupacky Bty §r lantheayk ar dsl@'@y t@ba,wmkwc,l Bl markimark
Ex 1d§ﬁéd9#b§0ﬁ§ﬂﬂ$T P UTOR RS 1 Gt dhc |1TE ShgRFBHY S AT € faifark
g YA ey g T T TR T i O PR 0 a%”ﬂg*
17 ** 0 4% vanladPvsieEasy ( VBATE2 orﬁ%tgrtaél?‘fer g _Gpmark
in all lsanil e [** rerdeeder cijal "M% d gnul §9"&9Y( Ur adi o mark
AZ554- 1Z50%T r onrsiigiiacki=teckny]] eervIdnt m@ng ndithtistbadagtackihat — Faptnark
gel confen ré’thﬁerﬂkyear 'y daeness thhtty&e(ycoamew@,&aint mark
Ex zdﬁ%&ﬁmheﬁ I e it i MO bRt et Vé?;}shdﬂ!r}r&)ddﬁ' val ek
E)%F‘n lFé‘rd esg—ane “"n'drlltgele” Yien '"’k"“‘_‘v véry slightly tacky o mark
nﬁ oyed_as a lco- monamer Fyarm e 1 eéyh rY Tha f earV
hardnesk i & ndt dé¥drbed |wi tR"@Bmmgr ci 41" B5Pkyd o
24 non tacky no mark non tacky no mark
. Y very tacky very very bad mark very tacky very very bad mark
Ex 21 1 Tacky very bad mark very tacky-tacky very bad mark
Commercial paint 2 Tacky mark tacky-slightly tacky bad mark
based on Alkyd 3 slightly tacky mark slightly tacky mark
Emulsion 4 non tacky faint mark non tacky mark
24 non tacky no mark non tacky very faint mark

It is clear from the data that paints from the examples of the invention containing no solvents
or coalescents can cure very fast to give films which are handleable and mark resistant much
faster than conventional waterborne alkyd paints

Another surprising finding is that styrene containing compositions demonstrate good film
forming ability with increased cure rate in our systems as exemplified below in Tables 4 and
5.

Table 4

Example ex 22 ex 23 ex 24
MONOMER EMULSION

Borax Granular 1.483 1.5 1.48
Water 603.23 600.3 600.29
Disponil A1580 25.70 25.6 25.57
Disponil A4066 36.51 36.3 36.33
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di spersions when used with vanadiumdriers while
exanples 9,10,12 and 13 denonstrate excel |l ent hardness
Wob®eHvidel i N our coatings using | ow |l evel s of REIERI005008191

d_riers. Exanpl es 18 - 20 Paints were prepared fromthe
Styreri‘b nmders—produced jaccypgitmy t@4_gxanﬁg@311 8 enpl oyi ng
e follow ng paijnt formullation | base was
Methyl Methecretepar ed by dP®plr silng4Bft 3 H?@W dpeed pai nt
2-Eth{l HeRE eflacgRie T NGN {{g4adT rer115|99redu£sv_c g listed in the
< e added Ho—tinpsh—akiAg of the
Methggaiiamide | ngr edi entls F&P%ul 4t i 9P M1 B8 [water 10. 2
GMA/ROEA GBI 89 (a bifocktesd r qmaeoAm [ardo.4agds, UK) 0.1
A_SEF‘ SpRetLat EoRE 246 Ha—defoarfer—fromBlackqurn Chem cal s,
byk 190 (a pilgnent di spersgnt from Byk
WaterChem e ) 1.0 Rhodgol i #87 DF |66&1 (a défdaner from
- AcTyqot— 82020 (o T TE; from Rohm and
tBut gdbe%ﬂ?H?eL‘l 3 Tilona 595(4 white finorgadi c pi gnent
B-PREFEER OXIDANE $HOT for gani ¢ Gheni calls) 24.9 Acrysol RVB
Watef & [ hi CKener 11 o/ Rgpzand Ha@z, UKl Z3. 9 Bor chi gel
, agert—romBerchers, France )
Ammeniugn Bﬁrsﬁlf’h%ke ug §8 1a it er| 328wdter 3.2
SOIIUITIMESJILWTAN'MEX as a b| nder 52. 8 Enpijm n OT 75(a
str-fact-ant—fromA-brizght—WH Y Conbi LS (a
Watel obal t dryer frorh Condea Cer{e/%)'?lB\h E Total 100.2
Sodium Metabisulphite 4.52 4.5 4.50
D-MOP UP OXIDANT SHOT
Water 11.76 11.7 11.71
t-Butyl Hydro peroxide 2.38 2.4 2.37
E-MOP UP REDUCTANT FEED
Water 14.68 14.6 14.61
t-Butyl Hydro peroxide 3.23 3.2 3.22
SPIKE 1
t-Butyl perbenzoate 0.8 0.8 0.79
10% sodium Ascorbate in water 3.8 3.8 3.76
SPIKE 2
t-Butyl perbenzoate 0.8 0.8 0.79
10% sodium Ascorbate in water 3.8 3.8 3.76
TOTAL 1509.15 1509.16 | 1509.10

The above miniemulsions were made exactly as described for miniemulsions 1-8 in Table 1

except that the temperature of polymerisation was kept at 60°C.

The above latices were then made into clearcoats with addition of Cobalt drier as in
examples 9-16 and applied on glass plates. The hardness coatings measured after 1 day, 7

days and 30 days. The results are given in Table 5.
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wat er bore al kyd pai nts Another surprising finding is

that styrene containing conpositions denonstrate good
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systens as exenplified belowin Tables 4 and 5. Table
4The above m ni emul si ons were nade exactly as
described for mnienulsions 1-8 in Table 1 except that
the tenperature of polynerisation was kept at 600C.
The above | atices were then made into clearcoats with
addition of Cobalt drier as in exanples 9-16 and
applied on glass plates. The hardness coati ngs
neasured after 1 day, 7 days and 30 days. The results
are given in Table 5. Table 5
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The data show that as the styrene content is
i ncreased, the hardness devel opnent or cure rate is

wo poswt®ed as well as the final hardness. CLAI MCERP20REA)08191

CA, AR BR MX. Uy, JO SA AU CN HK, IN ID PK

CLAfGs TW TH 1. An aut oxi di seabl e m crogel contai ning

coatl ng_composition conprisi “g P% copol

AA- R

mer_di spersion

{.Ann_nn . E n;s 4!

tenperature and capabl e of curing to fr a hard

coating at or bel ow anbi ent tenperature_and being

- AMufytaxisdineablen migregel; pRIHaINiNg oerading f gammpogfieni exoprisings &i gopolymer
FPERAS haﬁﬁblé%ﬂtr@mmg]g figsst csrh%rovmr{qd%twgﬂnasﬁat&é @M capable of

organi ¢ sol vent and/or pl astici ser.

0&'0%)’@ Hraa» hardcenating @t @b hploYi ambjwté@m@etﬁtwg ang heing handleable in
6 REh & mr@ahéroébp%éhom%ﬁo%&ﬂpdmh%@mn E riﬁz{?{w% by weight
wherei n the binder conprises an unsaturat ed copo

of SmerganiaRplyent apd/peplasticisge unsaturated fatty acid

drying oil conponent and ii) one or nore nonomers

copol ynerisable with i) wherein at |east 15% by wei ght

2. Ay aytprdipabig epating ¢anarastiion ascerdingde 6lpém .1 @mpising a liquid dispersion

AGH! dhé 2! Bindaratiridfeif OO BIridbP LR REL! B &r%aﬁjh&bm dopolymer

wherein the copol ymer conprises 15%
RMPFisihal), atdeashore Hpsatdratadlatty Aeig dnmgawi/ccarn@or@mt awéu) one or more
C ozh
BB R 5% B TR 4 M incer is
PEPSENHAR A Hricrogel. precedlng claims in which the partlcles
of the copolyner are of a size between 20 and 750
nanonmeters. 6. A coating conposition according to any

. Agnautgridisplle poatig capesitamacconting fosFlain drora?juberein the copolymer

C@hﬁ,ﬁgésﬂ@}g by Wei t%pﬁﬁdrgébmonposul on according to any

one of claifrs I n"which the unsaturated fatty
acid drying oil conponent is formed by reacting the

. ABS4tn ra‘&@ﬁ ifcPld dnP6h& ot J‘eﬂgr‘éﬁecﬁﬁd E%ﬁ\is rlﬁh YRe LBpolymer has a

et hy I ni ca unsaturate nomer
"@@@mﬁ@lcﬁicﬁlﬁt%d:'é@xagrfﬁﬁﬁ claim?7 in whi ch the

et hyl eni cal ly unsaturated nononer is glycidyl acrylate
or methacrylate.9 A coating conposition according to

. Aapgating agcardirg o epy ®nerofvihe diiecsdinguelsimsuinawbigh fthe particles of the

copolymer are of a size between 20 and 750 nanometers.

. A coating composition according to any one of the preceding claims comprising an

aqueous dispersion.

. A coating composition according to any one of claims 2 to 6 in which the unsaturated

fatty acid drying oil component is formed by reacting the unsaturated fatty acid with an
oxirane group on an ethylenically unsaturated monomer.

A coating composition according to claim 7 in which the ethylenically unsaturated
monomer is glycidyl acrylate or methacrylate.
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acid contains at |east 40% of an unsaturated fatty
acid drying oil containing at |east two doubl e bonds.

wao6A13ent i ng conposi tion accordi ng to cl ai mPCT/8PB05/008191

whi ch the copol yneri sabl e nononmer is an acrylic

oA @B%Hn gic?n?p%*sﬁen ageammgw bh¢ opéua.%tmcs W Wﬁc@ﬂ‘le%néaturated fatty

esters ['I'c aci acry I ¢ acid, acry

acid pentaing ﬁbteayﬂ Q% afi an pasatvratask faffy jasidadiyingopil serpiingcat least two

doulsié 6

10.

11

12.

13.

14.

15.

16.

17.

18.

g styrene, substituted styrenes, and vinyl

car oxylate esters and ol efins selected from et hyl ene,

propyl ene or butene-1 and styrene or its honol ogues.

L1 /A e0algCorfiBSIRR biQRUiAG 18'HiNGo 18 AT WD e biS
precegﬁng cﬁgﬁns ?ﬁ m% ﬁ§ cépo ynerqys er%3 5Ebymensaue
f r BYenamar @ﬁnaaqmcm@n@meﬁéelécf@dﬁmwra@mh@etu ramhaéryhc acid esters

cogtaidaa8, AbMBenilstia, Hé@lﬁ%ﬁl?%ﬁg rq@ﬁW%SaCIdlgsteﬁ ofgallphatlc or

coatlng COﬁpOSItIOﬂ accor € prece

c| afomatie oAieatioss, rs@/ranm@ﬁbfawdstmnﬁs, and3vingl earhoxyirje esters and
Co%ﬂﬁé gélé’&e@ﬁﬁﬂr&ﬁ%e{ gr@gbaétnefor 6Li2h8% ahdlsirdde or its J‘nomologues

nprisin conposi tion accor
to any one of the preceding clalns containing a

a d ali : e
A R R BB 5o 35 off, O Y proc Bl XRims 1o which the
ac cepalymey is derived ftﬁm éhdicagtainstone 4 moge CApp xm%raaed mlé@ contammg
CoQ@hX“&’é’ta ght?sa‘?@r’é@d% ising i) at least one
att

unsat urat e y acid drying oil conponent and ii)
one or nore nononers copol ynerisable with i) wherein

at AI ([%%ﬁ éi”ﬁ?)@éftld?‘faé%}dlﬁé‘t&mgrg oge?tp%c%ﬁﬁﬁ cﬂ)é?llT%'Fan %lng a water-

copoly I's present as copo
acbaﬁQﬁpﬁmﬁ(a cl ai m 16 having a maxi mum Tg of 80C 18.
A copol yner according to claim16 or claim 17 in which
the particles of the copolyner are of a size between
2 0Axeatimboompasitioptascerding. to any epelaigsel todld ceomtirisingtan inlay
of clainms 16 to 18 in which the unsaturated fatty acid
drying oil conponent is forned by reacting an
undacaating ednpasition @accerdingt fo any one phite gresedingelaims containing a

et Qh&dinG FohintS A Rhe s AP Catalyst.

A coating wherever produced from a coating composition according to any of claims 1
to 14

An unsaturated copolymer dispersion comprising i) at least one unsaturated fatty acid
drying oil component and ii) one or more monomers copolymerisable with i) wherein
at least 15% by weight of the unsaturated polymer or copolymer is present as a
microgel.

A copolymer according to claim 16 having a maximum Tg of 8°C.

A copolymer according to claim 16 or claim 17 in which the particles of the copolymer
are of a size between 20 and 750 nanometers.
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20. A copol yner according to claim 19 in which the
ethyl enically unsaturated nononer is glycidyl acrylate

worong®ideecr yl ate. 21. A copol ynmer accordi ng t orPCI/aP2985/008191

19.

20.

21.

22.

23.

24. .

25.

26.

27

28.

29.
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A copolymer according to any one of claim 16 to 24 in which the fatty acid is tall oil
fatty acid.

A copolymer according to any of claims 16 to 25 further containing styrene and/or its
homologues.

An unsaturated copolymer according to any of claims 16 to 27 containing at least 15
wt % microgel and wherein the particles have a size in the range 20 to 750

nanometres.

A copolymer dispersion according to any one of claims 16 to 26 wherein said
dispersion is aqueous.

A process for the production of a dispersion of unsaturated copolymer of i) at least
one unsaturated fatty acid drying oil component and ii) one or more monomers
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enpl oying a redox initiation systemwherein the
pol ynerisation is perforned at a tenperature in the

wo 2090136t 45C. 30. A process accordi ng to cl ai P R8P2005/008191
wherein fromO0.15 %to 0.50 % by wei ght of the redox

ie%o[pg%.ge?@am%ﬁm)aﬁéec%perynreh%awbgmgo%f FBNRBRS $hdrS 8°C and a
microgel content of at least 15 wt %, comprising copolymerising an unsaturated fatty
acid drying oil component and the copolymerisable monomer in an emulsion
employing a redox initiation system wherein the polymerisation is performed at a
temperature in the range 30-45°C.

30. . A process according to claim 28 wherein from 0.15 % to 0.50 % by weight of the
redox initiation system based on the weight of monomers is employed.
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