;e3etL4j6 Tthp - 1 H SCL| DS COATI NG COVPCSI TIONS 16 April 2002 The
sinvention relates to “IMIMHMH’"‘M hi gh solids coating conpositions, useful
for a clear coat or a coat for autonobiles and trucks and in
general in metal coatings*iésagch as nmai nt enance coati ngs, gen?§91rwgbgé
coatings or industrial coatings. More in particular the inven |5% relates
to two conponent high solids coating conmpositions, conprising at |east a
hydr oxy-functional (neth)acryl ate copol yner derived from cononomners
conprising an al kyl -substituted cycloaliphatic (nmeth)acrylic conmononer
and/ or al kyl -substituted grogasbEI¥EN¥ba®PRBNEBRbOSDRITGNGONPOSi ti ons were
known frome.g. US 4,314,918, WO 96/20968, WD 96/ 23034. From US patent No.
4,314,918, coating conpositions were known, the vehicle portion of which
essentially conspfbed,oR:3 86l 98480l 43 BA% Sorfland®) HIAM P {4, 55 wes
of a cross-1inking agent, Se ected from a vast v rrety o |~ possi bl e
cross- | i nki ngoagénts cofipp sfitdmnks~ utse £~ fofr & ciresddt ecqeot yaot a esin; and
(c) from1l5a _to 50~ .of a reactive diluent .derived, fromthe reaction of (i)
From 0 25 ¢ oA LREPES. SPPa oS iy U EPRALET (1Y) B s o &
functional ngeéeerall havimegad mehedwgar, \weicihtasoimdiesserdrare 1dHK: imydlydr oxy
equi val ent weight of from 30 to 1000 and a car.bqxy equi val ent wei ght of
from 50 to | BBBSIPRoBRAEH CREABERI Oy SRy S CRATHRAS 1 MIRAT oithl i Ly of

the functionghredtglbal the ahveaasbn? R1athe RAGWy &dhidditdit Wakgh
characterized by an acid nunber of |ess than 50, a non-volatile content of

greater thanS8bddand08tERAdREFPASLEL OFiSsc GOMPYF IS NG thfas Z-a0. 16
ril 2002 - | @@t f, .t-he di.sgl td
Ap h drbkey%sﬁct%na@p un%%)%égllattfé c%gf%qagf@ Y ERA AL

processes, high so content reactive uents 0 or nobre, as
present|y regomerdnpysnodepigangt annddkydy sabsidrrvdedamy ddye ardhadrinent al

and health a (L.esy:G0 e tained, .an . i sjitions
obt ai ned accg%%€%5£%g§%ﬁg gégﬁgﬁgggvﬁﬁ%éﬁé %ﬁF a%ﬁﬁ%ﬁ%#gﬁéﬁéﬁféelacively
| ow solids coiteht sompdombe.dryi ng/ curing of these coatings could not be
attained at anbignt ,t [ [ t hat baki ng _step .af ter,.appl,ication
was necessary. ?%%vggas?sg§ﬁ?ﬁsbgggspgggggtggophgfgfhéﬂkéﬁfF%b%ls’
conposition woco6d20g680 WRampl/@3VBKI. conprised a binder without acryl ate

copol ynmers. Such_bi nd fornms, ver e rgss-linked cured cqating filns,
whpon Showed totEFPY IRaPRFaEE! BR%r A Algr Sodr: Feath e S Tt and. t 00
gl assy fil neweddiekgorhl Nnghebtrahnedewpbltibe prodndkhokisaigred aaggording to
exanple |, and the usabl e pol yi socyanates appeared to forman inferior
coati ng filrﬁ?ﬁﬁbsgﬁa gﬂoﬁeﬂegﬁpéoéQ}lQﬁ Gﬁégéeppéble dryi ng/ curing. WO
96/ 20968 di scdpseeor0abi A §9MPESI biEORS creQBPILEBKAG gAS gBRRFI Alel itader

conponents (a) 5 to 50 percent, b% Mﬁight of total binder, of one or nore
hydr oxy- f uncti¥hat BRFHoBREEPEY RAVRRG BPSPERLE 6RO SHydroiNGresRtei each

of at |east thyeerSRpasateobsapchesaoktuthg1el pg29steresanpolay@ spersity of
| ess than 2.5, a hydroxyl value of between BO and 280, and a nunber average

mol ecul ar wei Ghtf{dm) 1 bkt Ween0150faAdrsegbivebiiiioens derpercedroBy wei ght

of the total¢hi r@@gat%naoby@igwrwn@t.b@n% ACHBhes @F BENRIWIC
copol ymer with an NMh between 500 and 15000, having a_hydroXy-functional
comononer cERtEn Wwetheéhiloeand Bolaeprdhe purcsaenel fmas&ecdpd Wwawingnd at

east 10 pereans) of, cOMODOUEKE. 58! ELed:hLAM bh, gEoupazens) sting of

al kyl -substituted cyc atic nmeth(acry conono d/ or
al kyl subst i tagwidrakemtt veighhypfcdromodér scahf08oabidnat icemboxy

equivalent weight of from 50 to 1000, provided the total
hydroxyl and carboxyl functionality of the functional
material is at least 2.0.

The reactive diluent was characterized by an acid
number of less than 50, a non-volatile content of greater

than 85% and a Gardner-Holdt viscosity of less than Z-10.

ARV
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16 April 2002 - 3 thereof, wherein the al kyl-substituted cycloaliphatic
‘group on said conononers had at | east nine carbon atons and the

al kyl -substituted aromati ¢ group on said conononers had at |east ten carbon
atons. As preferred hydroxy-functional oligonmer were used ol i1g@-ﬁ%62

obtai ned by the reaction of a branched pol ycarboxylic acid an
nonoepoxyester. Actually applied hydroxy-2functional oligoners, providing
acceptabl e final coating conpositions, were the product of a ring opening
pol ycondensati on L-ONy, i N h G ol s ti | ict.ed with
an acid anhydri dgsgﬁgggabé’é’qﬁgﬁ#gﬁlﬁ tgg gg%mﬁ%@%%%%?%% eliaﬂﬁgénrg

pol yneri c vepretessesr hiigh solliids coodteinigsenaitd vienslin Yergrm WG 957923034,

whi ch conpri a blLe f_at | : n- enj t jally linear
ol i goest er drlﬁggeénggaggﬁgg&glgn2%%2%%%%Egmﬁggﬁ%\?\la;yagnicue?}g@r%ﬂcrBf)ol yol ,
phenol i ¢ estetoabmndbsl aad byyshalilronaepdalayolndmieal tdh entthcy isffesgt i ve for
reaction with a ross-LinkEr,,mhich IS rgactive.mﬁth t he non- nesogeni c

ol i goester anethdrBBheP® PREAABETgeAPE FOfy PR % SATRSS. SiSage

nol ecul ar webighiih8dt BechaRUBqOk of £AR b&EmMbY 400G, 1 anRPIwdisRRISIANL y nNdex
of not nore than 2.6 and conprising from5 to 50 wei ght percent nesogens,

the crystal |$#7p8| yelathyedyi 46HePPd 188 REATENEFoREd ¢idnd had from 5 to
200 carbon %Pﬂfng?@@r%bggﬂe'&hﬁsﬁrE%E%hhl;@ec%'l)ﬁo'nof%a%ea SR A VRY age
mol ecul ar wei ght in the fange of from 400°to 4000, the non-oligoneric

pol yol had s2mdiectl bemperghvred,t Be thB§eaobakiom IR ¢BBY and a
solubility i I d [ conposition of not nore than 10 g/ 1 at
a tenperatur%)é)?f?%g%g% %?onégg%‘ggxé phenol i ¢ ester al cohol having at

| east two ester Mpoepwseratiteasilobhe apppbkaibtebydhexy tipeowpadricigat | east
one phenolic_hydroxy. group. 16 ril 2002 - Pref erahl y, t he .nesqgeni c
b0l ol had (GRNGRTEY LR T SPraFALRETER. PARTOIRrETT ROFE RS thdd it o o
nmono- oxi r aneyitowh €£onybhbedcopblpmeest hancRSbdatken fatravss vekiyomeGe

97/ 13741 | ow viscosjty, ,high solids, polyesterdipols,and coatin ositions
contai ning tHAS TRt RRRAOTRT S SaFBa bR gt LT of 1R Rd SFOWSG: SOaites of

| ess than 35{{hepsachigé ﬁpnﬁ\eﬁtopéra@asyohaéi.l €oBBhhed amdexerss of 96
wt a, and narrow nol ecul ar wei ght distripution of ,Itgss t han about 1.4. They

g |
were prepar @taRSest &1 T chEf oRCFIBAcOBF2HDRE YL PhEN P PdC@boxyl i ¢ aci ds

or ester derdptadies d8€5£8{ngUsbnNgxahpleast and. ehedudapgxcess of one or
nore aliphatic diols until' an acid nunber of |ess than 20 is achieved, and

strippi ng eRIsElRerandens t HRPPRr§ester 8PN PBadRLEAIprodGetinghdidm

esterificatiq calah yShoNes Hé@@l@véPe_aﬁa&awéép£§b§eba&g&hbalchxihgrroved
prior to stripping excess unreacted diol from polyesterdiol” reaction

product. The pol¥est®f#R e dbsplotedeaonblnbeePmPOEA81PBShe useful in
parti cul ar a0l Ngs o pAaks- 200 BURESLVESmoBRONE]i Ng coalings with

reduced content of volatile organic conpounds but conbined with an
unpract i cabl(@)visdesily rewesnhorkbml wopehat ¢bntebadi PibAsSr, Bedagse of an
aut hor 1 a5 o o L e B o s ST VOl 5nd e nl y
of organi c $gldmmsl dirdur drakéagh obfthe beagtnbhreessapgoapesiti on, nust
of for s have SOOI roet SUF oL THeSSE ot o pPoby Lt pEhs BEK° BT, Bag "RREL
conposi ti ong,. whiachyrreoykervakbow i sefdeen ed® | gndo2B0j sendi aynunberder to
meet nDdern£¥g¥£J5J£g¥géu é%‘%%ight (Mn) between 150 and 3000,
(b) 10 to 90 percent by weight of the total binder, of a
hydroxy-functional acrylic or methacrylic copolymer with
an Mn between 500 and 15000, having a hydroxy-functional
comonomer content between 10 and 50 weight percent of the
copolymer and at least 10 percent of comonomers selected
from the group consisting of alkyl-substituted
cycloaliphatic meth(acrylic) comonomer and/or alkyl-

substituted aromatic vinyl comonomers and combinations



16 April 2002 - 5 requirenents, and acceptable final properties of the
»coating conposition after baking. Due to econom c pressure from paint

manuf acturers and their custoners, there is a strong need for |ower drying
tenperatures and shorter application tines in conbination mﬁﬁglgﬂ"b oved
pot life. It will be appreciated that as Eredoninant trend has Deen derived
by persons skilled in the art fromthe Nhefernbefore discussed prior art the
use of |east of |ow nolecul ar weight oligoesters as binder conponent.
However, i ncreaxiaaf t hensoditistioond Byl ofulpat btstby addioglhieaatiyve

di l uents can deterionate, ither(ggt life, or 9r¥ing and curbng behavi our of
the applied FEWP OFheiRrOreeBr IR EetPaf FhelpreseRtPEnGRRPPENAESME

provi de inprawed theatd INgy CoNmest 14 0Nsd $POMk DOc agratbr ast k¥eqconbi nation of
viscosity, VOC and final physical properties, such as hardness,
flexibility, CRA@N RS thadrift dr§3hy BRMaGRHeen 2RSfBer object of the

present inventiogpg %ﬂ(?cfeqrz%vd q?ycﬁea&ybijf\ﬂ%tf&ggpn@mao orepablbe,thg

her ei nbef ore specified coati ng ‘conpdsitions. a result of extensive
resear ch andoéipeeisfEnsatdldrainesh s toatieactomposftd onsanched at and

bi nder, compoRent,5.2be A8 used INerel ays, surisiogly heen,{pynd now
Accordi ngly thé“préesent’ invention relates A coa I'hg conpo r{ion
conpri sing 68ppdied mgrdrentyfunesd igirta ofo bi gqutes r £ongooreitd snand from 40 to

10 percent by wei ght .of an arganic liquid carrier, wherein the binder
conpri ses t hécF8PIg‘8\%ﬁlr?g f?‘é)@;r 05%%29%?&%51?%1‘3“%' 58D pRY BRRPIBGEwei ght ,
relative to beaweiight oplertifry RPoldeichdeis Aicororr e i by df ®xyhigmcs i onal

ol i goethers derived from at | east one polyol, free of carboxyl groups and
havi ng t hr ee™Bt LR EUR iy @RSy P SHps. S Fftf S SrbLHt y3F RFLésiphYdride

branched car Rayykissagu@nt 1yl & iAN idn 2%k ad. containing from5 to 13
carboy) atons, the oli'goethér having a nunber average nol ecul ar wei ght (M)

of from 150 to 1000themeithex hanec wodiymaiightveadiistisplemmigmpokids 10 and
a_hydroxy valyg:eholetueen chdQ-atd offio (), A 36, Ghpal C@s}ﬁﬁbysa@! gnt,
ght of the binder, of one or nore hydrox uncti onal

acrylic or neleadrgEi @tcdpaisymenenindn aneve dsdtive erh B0 tihich PEDOL itk ng a
the copol ymer - SRors 8T Pay A R e i< B € et ers of
a branched cmebogghic acilgodonphiemiolg of resrhes tad ckaglardyore mtsiresl ik acryl i c
acid or methaciylic agidn 819nGOTR' RIS J'¥diP reaction with a

cross-linker, which is reactive with the non-mesogenic

oligoester and hardener.

The mesogenic polyol had a number average molecular

weight in the range of from 186 to 4000, a polydispersity

index of not more than 2.6 and comprising from 5 to

50 weight percent mesogens, the crystalline polyol was

oligomeric or non-oligomeric and had from 5 to 200 carbon

atoms, the oligomeric crystalline polyol had a number

average molecular weight in the range of from 400 to

4000, the non-oligomeric polyol had a molecular weight in

the range of from 120 to 500, and a solubility in the

formulated coating composition of not more than 10 g/l at

a temperature of from 0 °C to 40 °C.

The phenolic ester alcohol having at least two ester
groups; at least one aliphatic hydroxy group and at least

one phenolic hydroxy group.



and optionally m xed with an anmount of at nost | oo by weight relative to

. the total weight of conononers, selected fromthe group consisting of
cycloaliphatic (neth)acrylic conmononmers and/or al kyl substituted aromatic
vi nyl nononers, wherein the al kyl-substituted cycloaliphatic @?@szm sai d
conononers has at |east nine carbon atons and the al kyl -subs!l ted
aromatic group on said conpnoners has at4least ten carbon atons, (c) 5 to
40 percent, relative to the weight of the binder, of polyisocyanate
cross-linkers, (Rheferahlectheemasoganiof polUybbghadt ahystyendital the term
"ol i goet her"_as ed t hroughout the specification are neant nol ecul es
constituted fb?/rr?‘ﬁsﬁn 1 to 10 nol es nmonogl yci dyl ester of the branched
carboxylic acid per-grad<r ul ti functional polyol. The present conpositions,
dependi ng on the presence of pignents, dyes and ot her usual conponents of
coatings, catlkeiRed bs Bhe nedduUGEi Ar 2 SHPPATerir@BRoulBd Basecoat and/ or

ci earcoat. co]rpcaréliﬁ(é& X025 d m;}gezgrgégggncgwﬂgji ons have been

surprisingly fou to enable application by a spray gun at high initial
viscosity. It wildomhdiQphteL3 v edlemarishosivy) | higgubplidsshorter

application tjnes @JEFI n ence in : r . The prt nt
conposition CJpllrs}eaefsetra y@f:soﬁaprgc?s%g%%ﬁglﬁéql%ggﬁbgggeﬁsﬁgﬁl\;};\éﬁahfg%?"a

hydr oxy- f uncteém@nadnati goet her, relative to the weight of the conplete

bi nder. This hydraxy-functi.onal., .optionally branched.oliggether, has at

| east one hydr o%ld&r/@uogyoensteea’%#ﬁ%lfgtthaeda%‘g B> Thdt ?30%?;%5 [SB@Per ably
on each of G0pess bl gtepastentbranches-eblibel ol mgoeebein Baseashydr oxy

val ue of bet 18Q and 700, and preferably from 180 to.a 600, a_nunber
aver age nol & ul%gr Wi gIRANDIMEFIRN et o hdbovet Fdt hatpRPELABI 9Lfrom 250

to 500 g/ molpesandraniRaid ar. seighdy distd | Prép SPeMB, <edtdPi rSahHion
oligoether may preferably be prepared by using a nonoglycidylester of a
branched caBo@fs ©@radiake fdchphast iGARBURRE FeY | T Si 8raeffadenark), or

CARDURA ES. qahisGh e, ek dler | Yok {3 ot VERSAT! £ 80k cnCL0-(VERSATI Gl 5

t rademar k) pivalic acid G5 respectively. The hydroxy-functiona
ol i goet her s omgy ore Merrep &rldd AL el io3d hgnt ¥4 ngn opehd ngupbkycefdéasat i on
reaction | “tﬂ%‘ncﬁor iPle% iUy Sifdingt s x‘lszioéz_l/c.oés?\’\@_@éfl BrSml $nd OF 4,

or a blend of polyols, so that the avera ctionality 1s at least 3, are
react ed wit podpyets¢emdilods sedrdiian oodinttes Wie ppnogtgei 8icetien.

o oLy, SIS g ol Ll el s copter by, PraRgaase o
prior to stripping excess unreacted diol from
polyesterdiol reaction product.

The polyesterdiols so produced had been found to be
useful in particular as coatings, paints and adhesives,
providing coatings with reduced content of volatile
organic compounds but combined with an unpracticable
viscosity under normal operation conditions.

Because of an increasing pressure from health
authorities and/or environmental authorities, the
emissions of volatile organic compounds (VOC) and mainly
of organic solvents during baking of the original resin
composition, must be reduced by paint and coating
industry and further extensive research efforts have been
directed on the aim to provide low VOC coating
compositions, which moreover, show a sufficiently low

viscosity in order to meet modern coating application



16 April 2002 _ g _ Suitable polyols for the above-nentioned synthesis are
+glycerine, trinethylol propane, pentaerythritol, and the |like. By way of
illustration, one structural enbodi ment of the oligoether, which my be

used in the present invention, can be drawn as follows, if t hi g
polyol is trimethylol propane. H3 ~ o OHCHtl CC~ 25 'O-EQéﬁﬁﬁgégg

0-CH2 CG[CHZ OH R A ~ 3 R H wherein, Fn3this exanple, Rl and R2 present
the aliphatic side branches derived fromthe glycidyl ester of a tertiary

acid, and R3-&LAl DEm&hEHET 2Rl 8LEUSEHEEArOhaB pFOpetRNRAURGS gscri bed as
suitable in this invention, A can be present in range from1 through 3, R3

can be eithetoafing reerppeinion Bften bakipgeferred threefunctional
embodi ment, A wigle HEESEOlnOREe APds 5Bl %Loaaﬁgigbeggkg%%%%e% Bnalhne

present conposition preferably conprises from457to ercent, relative to
the wei ght dfheie ¢isdenerof ohererisvaestuend)aeeyl dbe dopelryderyingThi s

v ght o RETESET eSS 40 TngE 88, PELERT bhaR Boeierh SRipdaptetto

wei ght per cevitth afn conpnoved spsel ecfed from the group consi sting of

al kyl -substituted c | i phatic (neth)acrylic comnoner
it 2t

clo Ter s
al kyl - subst i t ut & atohht?e PESFCEINHo afhd RPROPRAPRBRS tEREFebrs

wher ei n t he paldsy ldestibpd d Ly esk £y6h 9ab kphasdci9r oHp hgtakrbpasheCyg (has at
| east nine carbon atons, preferably 9 to 12% and 16 April 2002 g _ the

al kyl - subst naRed Rt | ¢ F ST eGrREROF s2 Bt Feasvselof( haasat ofedst 10
carbon at omgy. 1I&f 181 A0y ik t@lﬂ&’aéséfés 05 80 YR ght ceﬁggﬁﬁﬁylgr.pr eferably 25

to 50 percent, of other copol ynerizable conononers. Sal “oxy-functional
monomers (a) paftiawgvsr orinenedsingomze siobida eencenbnopr pdavtsobya

gt”ﬁgl:?’d ij'ad%ﬁg-ﬁgf %a@tpf]@%fﬂa&g ar?acﬁé’%é‘lé&aﬁ iQi@HQraﬁEﬁé' E‘i;%r
ylic acid-and/or the copolyner can contain hydroxy al Kyl" &sféfs of
nmono- or di et kpdyemacand ansatqrizeledy canboxf| te agpdsied paint.

Therefore an object of the present invention is to
provide improved coating compositions, showing an
attractive combination of viscosity, VOC and final
physical properties, such as hardness, flexibility, and
pot life and drying behaviour.

Another object of the present invention is to provide
new binder components to enable the hereinbefore
specified coating compositions.

As a result of extensive research and experimentation
such as coating compositions aimed at and binder
components to be used therein have surprisingly been
found now.

Accordingly the present invention relates to a
coating composition comprising 60 to 90 percent by weight
of binder components and from 40 to 10 percent by weight
of an organic liquid carrier, wherein the binder
comprises the following separate components:

(a) S to 50 percent by weight, relative to the weight of
the binders, of one or more hydroxy-functional
oligoethers derived from at least one polyol, free of
carboxyl groups and having three or four hydroxyl groups,

and a mono-glycidyl ester of a branched carboxylic acid,



Et hyl eni cal | y unsaturated nonomers contai ni ng hydroxy functionality that
may be used in the copolyner include hydroxy al kyl acrylates and hydroxy
al kyl methacryl ates, wherein the alkyl has 1 to 12 carbon atons. Suitable
nononers i nclude hydroxy ethyl acrylate, hydroxy propyl acryl.lﬁtl%pr"?bﬁgoxy
i sopropyl acryl ate, hydroxy butyl acrylate, hydroxy ethyl nethacrylare,
hydroxy propyl nethacrylate, hydroxy isopropyl nethacrylate, hydroxy butyl
nmet hacryl ate, and the |ike, and m xtures thereof. Further exanples are the
reacti on prodvatadhiagr ¥idotn dcitd, lBetdaation iaxcaci,d,thd acloigsetitd d, mal efic
aci d, fumarig acid witthDnoepox co undsg such as ethyl ene_oxi de,

al kyl epoxy et'R&r8I &l KYFEFox FeSEESE, PHE T eI M oxRE Furt i i ity
may al so be ebt abpedgl/mem, ManeREle RNEGUREAGHt Al taxaid isn t pavepoxy group
of a glycidyl nethacrylate unit in a polynmer. Such an eCPox group may
converted, ih-40p88f pohyRerxyatiadner &fctoedmamint H 8kt ofC® smal | anount
of acid, to ydpo ouR- f gr.abl I f éyqb

functi onal ngﬁgngp(g¥ gPegggggh?hgyfggggﬁgﬁngﬁggﬁgﬁgpgfpég%%g{yc é?fxzsters
of branched tseCe3ndarboryl icoeaeirdsoaed hysimplxive fom atetdnect yad oy laicd dPras
obt ai ned by . SU cri.hed . ip e 4, ,.809. 6 April
2002 - to Tﬁ%p{}g%g?%lge?ngiX&%?i %ﬁg &l E]f/ll P%Eggt%lnt l?gje%g aglydglzosa O|1’phati C
acryl ate or hethagr gl avdromy-ifncktdenadmeogoabmens cdntiemet dtoyedohexyl

met hacryl at e, 5t - byt cycl phexyl methacrylate, isoborny] nethacrylate, or
conbi nat i ons® ? haP o¥b ﬁ%é?g}:rg rﬁFS&i’af’i c)éblenﬁf’pﬁg‘ﬁ’g%r éieaﬁ’lev‘"ﬁ1 £2bn

al kyl - subst i tiué edleatyi eneprsdabtas off- hidhpl-gstyyiege. eBredsatdfera nononer is
comercially available from Deltech, I nterorg%ga, npco in the U S A

: or
Bl ends of t RFABOVESNEAFPEREGIEORBAINEPET2EE ST S Bt wi th
such nonomer st s i §A80ERYY1 i ct RUEX ey¥Chah@Xykylier acid, and
trimet hyl cycl ohexyl -acrylate or nethacrylate are also suitable. Preferably,
t he bal ance @PMPheatbpbFyEBRLEBAPri ses other (meth)acryl ate and/or vinyl

monomers i nc ugi t§5¥5§[‘?1 mIREAY L i $hYRANEmoARE/ 8F %itN¥ds@! Y@ae yypnoners.
By the term"(neth)acrylate” in this application is neant nethacryl ate,

acryl ate or wohbhhar¢basivaeteothepretetabkyghthefngpacinopeats t hese
monomers (01 &2l £6:LBAR-SRcRY UELAR! bohdiLBENBALENES TballRrEan yITer
shoul d be nethacrylate or acrylate nononmers. For exanple, alky

met hacryl at egnélvl dgrulic campoamera ehd/akkglkylogpbssnthidegsed such as
met hyl net ha&téﬂlﬂ - 9#9%_{ HEhL ﬁgggl ate, propyl nethacrylate, isopropyl

met hacryl ate,” 1so-buty r tertiary-butyl methacrylate, pentyl

met hacryl at eyhdmexint tee hatkylasebsfiethgh- hgrybaliephatiyl greupnomyl

met hacryl ate,_J auryl thacrylate _and_the Like or inati qns, t hereof .
Ayl et hacr i o e oA BES LSy F et At DrAF coareBRoatohe 308 Barr- and
di esters of aitef+eybstaconed, apomébtirar geoapi dnandidopbmpabimers thhear eof can
al so be used._The con'gositi on_of éhe hydr oxy-functional copolynmer is such
that the hydtoxyTe¥alte?i S hreFef 5BFS bet ween 60 and 180, the number
average bl n @l dv D00 perckéhe, t hebseivveatocahei netlghg alfiovee30 C (as
calculated , .16 ril.2002 - 11 acgordi ng ti).tFe FOX equation. The

copol ymer iy B o parRY YT AGY #7286 r GHPRAT L AFEF At ed pol yreri zation in
sol ution, ford)exand&ieasigesatiobet 6n tubing, S2€abPBt . The weight ratio of
ol i goether to (me,tqrﬁ acryl ate copolyner is,sui tabl% féom 18/ 90 uR to 95/10,
preferably 50/ 504! t1D0-eHbstObtEPRFABFy BBt WeRH %BFBBIARHE26180. The

(et h) acryl ate COP WESn SAPd | He ARV emale S ¥ 3l HEnoE1 6Qtta B§0frBRefier ably
bet ween 100 and 150, a calculated Tg (according to the Fox equation) of at

| east 40 C, tand G wufvermeney hyeldplestear ofet it LRANBReBecaEbBA%XF Cand
2500, The CQRLINGLOTROR hiole £ARAGE N3n@RepOy TRl € POl yi socyanat e
The present compositions, depending on the presence
of pigments, dyes and other usual components of coatings,
can be used as primer, primer surfacer, coloured basecoat

and/or clearcoat.



Many exanpl es of such cross-linkers are comercially available as will be

- appreciated by those skilled in the coatings art. Various isocyanates

enpl oyed as crosslinking agents are described in U S. patent No. 4,322, 508.
However, the biuret or cyclotrimer of hexamethyl ene diisocyaqg ?nPéOO

i sophorone diisocyanate are preferred. Trifunctional isocyanates nma %)e
used, for exanple, triphenylnethane triT s?)cyanate 1, 3, 5- benzene
triisocyanate, 2,4,6-toluene triisocyanate, an adduct of trimethylol and
tetramethyl xyl eméedid somyranatensod i lonerhda ne beadesnapeisyighan€odaao, "

" DESMODUR" N_3390 ich is the timer of hexanet hyl epe di ssocyan te, and
the I ke (DESTOSORNE PREGARARIT POt i Rty yl Bkt canohobRgt 1ot

pol yi socyanatag saefslt . copol yner deri ved from i socyanat oet hyI nmet hacryl ate
(comrercially available as TM) and the |ike, as, for_ exanple, disclosed in

U.S. patent 4,96553MWAllci® MPIesiaiRd Phat erh 3 phili S8eGahate
cross-1 i nker giys, 4sed ataba.l%célcar{ltr@ﬁe@f i}%a&@tm&@ﬁ@eeuéﬁeey%%sst 16
April 2002 - 127 Other filmformng poI yners, preferabl'y in an anmount of
fromO to 10d@c¥keass.ative to the weight of the binder, may al so be used in
conjuction with t V. nt | pokymers
may be |inear or g l}% %mgn(; %ﬁ’ c%%%%@ %:%Pyaéér)yﬁg%%rgé g%g 26

pol yesters, pol yl@sperrqsarrﬂ:t Hra,mwe;rgﬂtyeﬁlex sy ik pof ye¢ heonat et hanes that

are conpatible.,with.the at er .CO sof e n ition,

coati ng corrp8§|lf3f)8rrrh§c:rdorrd’ LS rmch r]}ees"qee k?ht"nve%ntél:'i%% ?r%@pg%g?al n a
variety of obhedeeptional ingredients, including pignments, pearlescent
flakes, fillers,_plasticjzers, antioxidants, surfactants and flow control
agents. To inpr o@g‘l\ﬁe YOG tene & rﬁ%"ﬁlod}%@u%gdr ali“ﬁ% present
coating conpegsibbefhed) Wals Mt Aledtst icHY Bidddty ZeFo@b @nC@ﬂ@hna‘fl ©Re Of
ultraviolet light stabili zers can be added in the anmount of about 0.1-3% by
wei ght, baseBN8A Phe the gwlesulEnanl RIGie Ry Andchers Fhel ude

ul traviol et beQEbQQS%re%%&%tes%&%We% SHHh S 53 éPeChébCah' nder ed
amne light stabilizers. Also, an antioxidant can %e added, in the about
0. 1- 3% by wehyHEoxlazed uen ofhdekelagm 10 tand bmﬂieranqwmﬁ%%e?r@bﬂaﬁ'r@het
LLgnt stabith gar 8ol Baksodf @ siidle ) NGNS e JAE20 Cprom

triazines, benzoates, hinder am nes and m xt ures ereo Specl
exanpl es of UBOr v 3060 gl iazer Prefe b ditat |2H5QJ D Ak ecmt’msz

4, 59|, 533. 0d Y} on rul ation
addi ti ves su%ﬁd rT?‘Pow Iclzlgr%tr?gﬁé hZtnt s%ﬂ%%%et%?&pﬁggm Eg[ F{@

(pol ybut yl acryl asea}d( RESUEE@IMeu:smayt rercbereando)Ly Bﬁ(mﬁpmﬂﬁm L(thlrgm a
nol ecul ar wej gh ares BYK. i r I heol ogy ¢ r
agents, such™ g%gguxﬁégglfgl %ﬁ(fcroberlasl%haﬁgdcﬁ%%’ a ulelo@usé %per%p%n
pol ymers; vvad:RRDSBAvemger SARtIDUIRAaas al & rapreanla 2002 or JC?\RD@RA& aBy) i cate,

trimethyl orthofor eth or t hof or thel

present conp®&itfio av? B??d 815 V@Id F@dh{%{ﬁes oata)CJDC{/ b%ﬁgg

col ourcoat (pasgceabhehdrR] 04he o vaaliQUILaat /g G scg;@étﬂéw.h smal |
anounts of piIgnent can ad tpo the clear coat to provide special col our
or aesthetic eff'eﬁésh§debxgsfhhﬁﬁ:uﬂ’@alﬂaﬂl@ro@s:euaatrscmmp&iéipnfe;szafed)eby

pi gnent ed and uied as the,col ourcqat, noccr)\%% r| ner, tFI’I mer surfacer.
The conposi t TR UL ExBeFLBAL °88ﬁ‘é§'|gor? eEt By ]?ﬁeatca 19T B

non- et al | i cyisLBBt £ aihB3esSBEN aas sPrERcUDINA 1Ipdlyed sublsdretess €913 roll ed
steel, phosphatized steel, and steel coated with conventional prinmers by

el ect r odepos?¥i n. ©The BreseneicERiySlsi ofcihad ShHEYRAI% 0 coat plastic
substrates SP?@C@§OHQ& eyt €5 ES'QE%%QE@'hégﬂfyéggied‘ﬁﬁﬂdcﬂb to or

i nj ection-noul ded uret ahes and partially crystalline polyam des.
less than r x s moles of monoglycidylester.

Preferably the hydroxy-functional oligoether is
prepared by processes as disclosed in e.g. EP 0244897A,
EP 0449358A and EP 375078B.



When the present coating conposition is used as a basecoat, typica
“pignments that can be added to the conposition include the flowng: netallic
oxi des such as titaniumdioxide, zinc oxide, iron oxides of various
colours, carbon black, filler pigments such as talc, china chguprip2byshes,
carbonates, silicates and a wi de variety of organic col oured pignments such
as qui nacri dones, copper phthal ocyani mes3 peryl enes, azo pignents,

i ndant hr one bl ues, carbazol es such as carbazol e viote, isoindolinones,

i soi ndol ones, tBuoitadilededlgdss RZitHdana)iaronas: ismdal syschéake pignents
such as alum num_fl ake and the like. The pigments can be introduced into

t he coatingaESNﬁéMQﬁQﬁ?qA/WQ%%ﬁtW%%Qﬁrﬂfé¥QﬁQ4 B BF Y PR ERERAL - dRRBer si on
wi th any of +LBeafkare-nmenti oned polymers used in the coating conposition or
w th anot her conpatible polynmer or dispersant by conventional techniques,
such as hi gh spB&dwaivxiofg lldasd @Gitdi ngrofIryftiuysg, ereedinent ofic April
2002 - 14 gpindiRgoe 0 LlilonTnldy e B Mid leasgerd sedbien bl ended with
ot her constituents used I n the coati'ng conposition to obtain the present
coating conpo¥eniéns., The dsatdnayncampdsillicors carf dehappt detihy

conventi ona ni;ques. . ing, electrostatic spraying, dipping,
brushing, f Smgggt%%g%gﬁggﬁ%éa%ﬁ%g%%¥ﬁ%gpreferred technique is spraying. It
wi |l be appreciated that another aspect of the pfesent invention is fornmed
by cured co ting‘?bnpos'@ion | ayers on a carrier|or support. The present

i nvention i illdstra d by the fodd owi ng exanpl ps, hewgver, w thout
restrictinglrlts_scapec’to these enmbpdi ments. Exanpl e A‘¥1-reactor equi pped
with ther oupl g, refiux condensef, anchor stirrey/ind nitrogen purge was
fl ushed wi tlh nitrlogen. n_ZQS_gHoL“Gmgduoa_Ek _and (@770 Xyl ene were
poured intg the rRfactor. This fnitial réactor c argg\még heated to 165 C
Then, over |a period of 6 hours, the nononer feed|l was, added gradually at a
constant t erature of 165 & under constant st rrinﬁ aml under a |ight
nitrogen flow. Mnoner feed: 72.0 g acrylic acid 180.0 ¢ ' .
hydroxyethywmﬁtﬁhﬁryﬂat§h3§0963@Péﬁyr8ﬁeaPQBB% HresEnA ridithackiphatel 9o g
di-tert.-bu ] 3 I f; ed,
additionalI%y%ggﬁg%?gﬁﬁg- %fgW%érggﬁggﬁﬁgrgﬁggéggqi%giﬁgfﬁﬂigitions, and
the reacti opev@sacpnttndedahar RE Baur bender hklre oFordiduAnsrngmesk above.
After the postreaction was fini shed, the,reaiton charge was al |l owed to cool
down to 1005Qf $ﬂgﬂoun§5 gﬁ§ppl§6§2as suitable in this invention,

can be present in range from 1 through 3, R3 can be

either of structure A or B. In the preferred three-

functional embodiment, A will present one, and R3 will
have the structure of B.

The present composition preferably comprises from 45
to 55 percent, relative to the weight of the binder, of
one or more (meth)acrylate copolymers. This copolymer
comprises:

(a) 10-50 weight percent, preferably 20-50 percent, by
welight of the copolymer, of a hydroxy-functional monomer;
and

(b) 0-10 weight percent, of comonomers selected from the
group consisting of alkyl-substituted cycloaliphatic
(meth)acrylic comonomers, alkyl-substituted aromatic
vinyl comonomer and combinations thereof, wherein the

alkyl-substituted cycloaliphatic group is at least Cg

(has at least nine carbon atoms, preferably 9 to 12) and



- 15 butylacetate was added to a solids content (neasuring according to

. ASTM D2369) of 50.0 ow w. The nol ecul ar wei ght (Mv) was determ ned by gel
per neati on chromat ography, using pol ystyrene standards. The nol ecul ar

wei ght (Mvy) was found to be 3800 g/nol, with a nol ecul ar meiqghpﬂ|2002

di stribution (Mv M) of 2.41. The acid value of the acrylic resrn was
determ ned using | SO 3682, it was found 8o-be 5. 7B ng KOH g Resin. Exanple
2 A 21-reactor equipped with thernocouple, reflux condenser, anchor stirrer

and ni troger jRUrQ& yBss b sishac o theHhd £ 08epinfhegrd @ 9sohtCacdyea E10 and
16.6 g xylene were poured into the reactor. This initial reactor charge was
heated to 1680C. (MAfert ovdsta HerGatb ot stomer sbreferabhvnef feed2has added

gradual ly at onst ant, tenperature of 165 C,_ under copstant stirripg and
Onder a 11 gHE IntE RSy eiF i DMt RESETaBLS 05 aoy P b COREFBREB008

hydr oxyet hy loFgliaeaf At nedO0z 46 18 Ve sensmér 8. g met hyl met hacryl ate 40 ¢
di-tert.-butyl peroxide 94.4 g xyl ene Wien the feed was conpl et ed,

addi tional |y 105§ i tefdX @BniHTT B0 ale NRRFITER—IetR ) P3RBERLpBreFons, and
the reactiopopag 16O T ol Oure Wl -ddigc cOngli 41 ﬁaﬁoaggleﬁdﬁpove-

After the postreaction was finished, the reactor charge was owed to cool
down to 100e€tetthedf G6drpnsfedh@yiGcrtcarbouy bl aried amé sorydic cont ent

was neasured according to | SO hod 3251, gjving a value of 56.3 %W w of
sol i d mat t eMeERRET YT A v@é@ r (6 sers ey T3 CHYE P b¥$¥f‘é¥a¥i on

chronat ogr aﬁhﬂéglu%is%r%o'o)@%rﬁﬁe oxt afdad syl en b YO§ | kngPPdratd® The

nol ecul ar wei ght (MW was found to be 3450 g/nmol, with a nol ecul ar wei ght
di stributi oR2FRREMANL CORCAABY. The acid val ue of the acrylic resin was

deter m ned usi ngeASTUNTRINAY ke drta iR kO E6nifa S AP KRAEGcy oSi N
w functionality that may be used in the copolymer include

hydroxy alkyl acrylates and hydroxy alkyl methacrylates,
wherein the alkyl has 1 to 12 carbon atoms. Suitable
monomers include hydroxy ethyl acrylate, hydroxy propyl
acrylate, hydroxy isopropyl acrylate, hydroxy butyl
acrylate, hydroxy ethyl methacrylate, hydroxy propyl
methacrylate, hydroxy isopropyl methacrylate, hydroxy
butyl methacrylate, and the like, and mixtures thereof.
Further examples are the reaction product of acrylic
acid, methacrylic acid, itaconic acid, maleic acid,
fumaric acid with monoepoxy compounds such as ethylene
oxide, alkylepoxy ethers, alkylepoxyesters, and the like.
A hydroxy-functionality may also be obtained from monomer
precursors, for example, the epoxy group of a glycidyl
methacrylate unit in a polymer. Such an epoxy group may
converted, in a post polymerization reaction with water
or a small amount of acid, to a hydroxy group.

Preferably as main source of hydroxy functional
monomer (a) are used the reaction products of monoglycidyl

esters of branched Cg-C;3 carboxylic acids and acrylic or

methacrylic acid as obtained by a process such as

described in e.g. US 4,350,800,



A 21-reactor equipped with thernocouple, reflux condenser, anchor stirrer
and nitrogen purge was flushed with nitrogen. Then 250 g of Cardura E10 and
27.7 g xylene were poured into the reactor. This initial reactor charge was
heated to 165 C. Then, over a period of 6 hours, the nnnoner1%9ﬁ§ﬂeﬁﬁzadded
gradually at a constant tenperature of 16S C, under constant stiTtring and
under a light nitrogen flow. Mnomer feadr -72.0 g acrylic acid 180.0 g

hydr oxyet hyl met hacryl ate 300.0 g styrene 198.0 g i sobornyl rnethacrylate 40

g di-tert.-butylpgs %P&ir@%@f?zé‘%@z}i‘%ﬁ%@@ ip %iEQQb\é@?LtEQ%H' eted,

additionally 10 g ditert.-butyl peroxide were added in snall portions, and
t he reacti orwHe domhiafued dorylateuer undeacheladadneyorsciaded above.

After the C1,J,0 s, fini act s al to coo
down 1o 100 BITh A BT st S ey TS R R Al R o i g
accordi ng t @ayASENDAB6 Ne tfa Sy Ya by W sdbernyl eeathacreilghe, (by) was
deternm ned b el perneati.on chromat ography, using.pol ystyrene standards.
The ol ecul SCTRENGH Tyt BEEET bunkt ¢ b be-SoBBOBARDE, Vehvts TORGREES) ar

wei ght di st Eideuta 1oy (MUY iicdd Sstyhenasi suyil e efbtibglastylrieaer.esin was

det er m ned usin% | SO 3682, it was found to be 5.47 ng KOH g resin. 16
April 2002 The7 13EEGH IROPIRD 1 RIVHR L it bhedlVat + APt RefABBoupl e, refl ux

condenser, @RARQCISt T r ANFhAH | rOYeindit 9en Vase f U USHRD whbR4RI bEOgeN.
Then 250 g of Cardura E10 and 27. 7 g xylene were poured into the reactor.

Thi s i ni ti altheeadode ERiigongs drrareness 1650 C. eAnBRler Bver a period of 6
hours, the sRROMRE Sesd WAt Adlad Hatially & As608hOIL, [emperature of
nt stirring and under 'fF

165 C, under const a l1ght nitrogen ow. Mononer
feed: 72.0 fuaylylyicd casixy 1H80.4x ¢ iyl wixylkt hol dlee kpnkryEtayea8000® g styrene
100.0 g net hyl t hacryl ate 98.0 [ S yl methacrylate 40 g

di-tert.- bufnéltsgr%gﬁ é:er.r‘f ga%'xyq (%ndel%:%f’]é]’t he feed was conpl et ed,

addi tional | y 10Pgedietreitl. -, buthd perloxiae a®rthadostol ymsnatbmpetsesns, and
t he reactiongﬁgs cont i under the conditions med above.

d f 1 h
After the p8 Eac(ﬂe?}ﬁ’q\%sryf]%ﬁeshaéoﬁé,f?%ev*%lct%?n%rﬁ%aelv\ﬁéggwgwed to cool
down to 100s€yriehen menHaceimireeni®s atilask twimy sobldeneonbasdine fBeaByri g

according to, ASTM D2369) of 53.6 ow w., The nol ecu] ar wei ght ( was
det er ni ned E?egéﬁrﬂbrﬁﬁéﬁ S ogr™ap ,stﬁﬁ?iﬁ%%?&%gy?éngg%PSndards.
The ol ecul aktWaiceil atM)) aas foundt e BEDS SHaDthe bbb, appalecul ar
wei ght di st Efleggyl?/r,] I\lr/11g/I>/nr<!:1)joorfitzy' 6ca'f these monomers (greater than 50%
by weight) in the balance of the copolymer should be
methacrylate or acrylate monomers. For example, alkyl
methacrylates having 1-12 carbons in the alkyl group can
be used such as methyl methacrylate, ethyl methacrylate,
propyl methacrylate, isopropyl methacrylate, iso-butyl or
tertiary-butyl methacrylate, pentyl methacrylate, hexyl
methacrylate, 2-ethyl~hexyl methacrylate, nonyl
methacrylate, lauryl methacrylate and the like or
combinations thereof. Aryl methacrylates such as benzyl
methacrylate also can be used. Half- and diesters of
maleic, itaconic, or fumaric acid and combinations
thereof can also be used.
The composition of the hydroxy-functicnal copolymer
is such that the hydroxyl value is preferably between 60
and 180, the number average My below 4000, and the

theoretical calcined Tg above 30 °C (as calculated



The acid value of the acrylic resin was determ ned using | SO 3682, it was

. found to be 6.12 ng KOH g Resin. Exanple 5 A 3l1-reactor equipped with a
heati ng mantl e, thernocouple, reflux condensator, stainless steel stirrer
and nitrogen inlet was flushed with nitrogen. 430.0 g TM angg 343 Sodp
Cardura E10 were charged into the reactor, 16 April 2002 - 18" and
honogeni sed gradual |y increasing the tenperature. Wen the system was
honogeni sed, normally at about 120 C, 1.24 g DABCO T9 were added. Then, the
tenperat ure J4xd.Rei F@aeb Ot n¥apog! LYtk 8hse@nkoclpe1Gme @ diLaLt i On was

foll owed by w thdrawi ng sanpl es at regul ar interval s and det'erm ning the
decr easi ng P8R IRDUPS EbGL BREe (EED) codl deitTREcdeneotlivoe nikks titcapded at an

patent appl i LS G HeT WD 07 18031, 25, BB CEXaRt a8 JaSuz) 7356 16 ) “CARDLRA

E10 (CE10) and I8 4weiglat ardyde oxfbehzgpetherdtwermethargeyliatteo a gl ass

reactor of 1 litre equipped.with a_heati ntl st,ai nl_ess. st eel
stirrer, thetRSE re,lge?‘llhtia%gﬁdgﬁggr hgzagﬁFPr gSe%Si/ﬁfﬁét .pr‘Pﬁfe@rﬁ%j'tyure was
heated to 1HD /G0 Aiothatdppimbst aprefeihblLiy beteaehi a0 /Eaolend 20¢sand t he

tenperature increased to 135 The sol ution S oled to rgom
tenperature, g h&“m)e??ﬁft%%‘% Eﬂ@?g}ff‘@ﬁ \é\gﬂugg #‘GI"PO%: oﬁhéfaﬂ‘b‘leecul ar
wei ght (My) grss@leierm neds byt 8ehbper BRaLEEA ¢hooaBHOGBBRNY, Uusi ng

pol ystyrene standards. The nol ecul ar vvep/l,\}:ght g_MN) was found to be 992 g/ nol,
with a nol e@dldaudatiehtTqli 62¢¢D0ding tMERR) FoR e2902tiphRe &di @tvadkastnas
det er m ned i | SO 3682, it was found to,be 138 . K resin, the epoxy
r oup Cont e ST AHEPLD FUeTEaR BRESGALIRePE Ahe it Gthe 9B 706
(measuring A NE 4 {¥s$69). Conparative Exanple 2 (as described in
pat ent appl ?’cce;t?{on PCT V%%GI\S% 20968, p. 15, Exanple 1) 160.2 g butyl acetate
(BuAc), 136 g ofTheorpehniraereampds btioandosoaigs opnaebhyimokexabydiepht halic
anhydri de | ht p. -litre glass reactor equi pped with heating
mant | e, angﬁrﬁnsmﬁe:%ggo%%dp%ﬁgr%égén inlet, and heated to reflux until they
were fully di sstlargd.exdmpled®of DiclCEiDoger biaklded, atel tommdrbyallg9d g of
di butyltin dilaureate (UBT i ssolved in_ 8,61 g, of 16. Apri,l .20 - 19
but yl acet at @.Vaf‘ﬁ'ea%gi?t%ﬁ ew%/_\%ls%%r?%%#%éﬁe%tbYeFﬁﬁﬁeuﬁ?i"ﬁ‘?efihénagﬁﬁ val ue
(AV) is bel @yadithgOHirty, Yaeiowsldi $oopahaidy. 88pJopédHasykraeetate were
added. The characteristics of this prodyct re determned as follows: The
mol ecul ar weirgHE (VAT SRS daeﬁeer‘ﬂ?% ’gltbﬁggéﬁ‘v‘ﬁegneﬁ?}:ﬁﬂtchronat ogr aphy,

usi ng pol ystwyr.eng 38838 dsHowdies 1P| egdl BIuvet gbt €M) ovasmbeupd to be 1020
g/nmol, with a nolecular wejght distribution él\/l/v/ Nh% of .1.08. The solids
content was NgeRAEHMEETO Bl SBEYANT MR aRhir 1 AGPRRESRRI AL EBCKITRELR3ES) .
Conpar at i veped@dre . (as described in US patent No. 9,314,918) Into a 2
litre glass reactaor equipped with heating nmantle, anchor stirrer_and

ni trogen inl et, T96¢ 4§ L0 IFRF YA b DM opent §Fd gl §€8I eReTRLEhar ged in
the reactor tr}%‘?xe’ﬁ'ﬁw&é’i@é dheat &L @4nd09, G, A sthahzLgaperature, 1.416 g
(0.1%) of DABCO T9 dissolved in 100 g of CE10. The t enperat ure was

i ncreased t 4SPEYANAFC and! 44Tt RS ofr § HF POVRER b WRRhafdWFAgoSanpl es at

regul ar int | d 1\ ’ i, NGs p tent (ECC)
val ue. The (rég\é%ﬁ?gﬁn\%}s%fsrfclr)Ep%d%%égﬁyg%gﬁ%\?v&b?ggéga?é%bf/sggol ing. The

g
vi scosity wasdest & fethde MR 17y iFane, 31 6@ hrol REEMEPUREI YhB3PMy) was
det er mi ned gel .perneati. i hg: e ndar ds.
The ol ecul Aas 4Rt TRy ke 0 TR PER RN 1) dor SOoKTRNEERE ShETS
vei ght di st thbutliidee ((MESWODUR ils 02.t fddernpoily. gPpUpotaht gt onascdet er mi ned
:icgzdrﬁg'iggé gh%oa%f§§%§§¥g§g“aé¥§iPgtggggf§§££cﬁggiggd49rgﬂeasurIng
isocyanatoethyl methacrylate (commercially available as

TMI) and the like, as, for example, disclosed in U.S.
patent 4,965,317 (col. 5).
As most preferred polyisocyanate cross-linker is used

the cyclotrimer of hexamethylene diisocyanate.



ASTM D2369) . Ei sanpl es for clear scat conpositions: Conposi- tion

. h~" onmposi - tion BConposi- tion CConposi- tion DConposi- tion EConposi -
FConposi - tion GConposi- tion HConposi- tion | Exanple

171.5989. 6g79_00g- - -57. 03g54. 14956. 55gExanpl e ?---78.29---- 168
3----52.629---- Exampl ~ - - - _ 52 729 ?ﬂPEGOZ
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Other film forming polymers, preferably in an amount
of from 0 to 10 wt%, relative to the weight of the
binder, may also be used in conjuction with the above-
mentioned components. Other film-forming polymers may be
linear or branched and may include acrylics,
acrylourethanes, polyesters, polyester urethane,
polyethers, and polyether urethanes that are compatible
with the other components of the binder.

In addition, a coating composition according to the
present invention may contain a variety of other optional
ingredients, including pigments, pearlescent flakes,
fillers, plasticizers, antioxidants, surfactants and flow
control agents.

To improve weatherability of a finish produced by the
present coating composition, an ultraviolet light
stabilizer or a combination of ultraviolet light
stabilizers can be added in the amount of about 0.1-3% by
weight, based on the weight of the binder. Such
stabilizers include ultraviolet light absorbers,
screeners, quenchers, and specific hindered amine light
stabilizers. Also, an antioxidant can be added, in the
about 0.1-3% by weight, based on the weight of the
binder.

Typical ultraviolet light stabilizers that are useful
incude benzophenones, triazoles, triazines, benzoates,
hindered amines and mixtures thereof. Specific examples
of ultraviolet stabilizers are disclosed in U.S. patent
No. 4,591,533,

The composition may also include conventional
formulation additives such as flow control agents, for
example, RESIFLCW S (polybutylacrylate) (RESIFLOW is a
trademark), BYK 320 and 325 (high molecular weight
polyacrylates) (BYK is a trademark); rheology control
agents, such as fumed silica, microgels, and non-aqueous

dispersion polymers; water scavengers such as

tion



- --Exanpl e 516. 595. 4g11. 8g11. 0g7. 3797. 27g-- - Conpara ~ive Exanple 1---_ -7

- 96g__~onparatine Exanple ;' -------- 10. 85g_C onparati ue Exanpl e

; 3---_-__-8.45¢gl socyanate GESt~I GAF: VvPLS
2025,'I34.95927.8917.40924.00922.60922.25915.10915.10915.109$gy¥hﬁggg@teg.5
09.0g----11.09g10.09g6.5g NO DN OON Exanples f~~r clear coat
conpositions (cont'd): - 13 -

Conposi - Conposi - Conposi - Conposi - Conposi - Conposi - Conposi - Conposi - Conposi -ti o
n Ation Bti aetQdoin {¥aes, BidRethydnoGhéhfokhben, | dpTkbrhlt
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] (topcoat) over a pigmented colourcoat (basecoat) to

provide a colourcoat/clearcoat finish, small amounts of
pigment can be added to the clear coat to provide special
colour or aesthetic effects such as tinting.

The present composition can be pigmented and used as
the colourcoat, monocoat, primer, or primer surfacer. The
composition has excellent adhesion to a variety of
metallic or non-metallic substrates, such as previously
painted substrates, cold rolled steel, phosphatized
steel, and steel coated with conventional primers by
electrodeposition. The present composition can also be
used to coat plastic substrates such as polyester
reinforced fiberglass, reaction injection-moulded
urethanes and partially crystalline polyamides.

When the present coating composition is used as a
basecoat, typical pigments that can be added to the
composition include the flowing: metallic oxides such as
titanium dioxide, zinc oxide, iron oxides of wvarious
colours, carbon black, filler pigments such as talc,
china clay, barythes, carbonates, silicates and a wide
variety of organic coloured pigments such as quina-
cridones, copper phthalocyanines, perylenes, azo
pigments, indanthrone blues, carbazoles such as carbazole
viote, isoindolinones, isoindolones, thiocindioge reds,
benzimidazolinones, metallic flake pigments such as
aluminum flake and the like.

The pigments can be introduced into the coating
composition by first forming a mill base or pigment
dispersion with any of the afore-mentioned polymers used
in the coating composition or with another compatible
polymer or dispersant by conventional techniques, such as

high speed mixing, sand grinding, ball milling, attritor



Films were applied to mld steel panels via spraygun. The wet film built-up
. was achieved applying first a thin |ayer of paint m st onto the panel, then
the full wet filmwas applied in a single layer. Q panels coated with the
clear coats fromthe exanples above were left to dry under dﬁéf%rr“aﬂéo
conditions: a) anmbient condition: 23 C b) 10 m nutes at anbi ean condl%ions,
then force-cure in a ventilated oven at 180-C for one hour c) 10 m nutes at
anbi ent conditions, than 1 hour at 80 C. Hardness was neasured hourly after

t he appli cat.i re | bl S tl . | o] i es were
measur ed af%ggggﬁg yggp gkgéﬁgﬁhﬁﬁgﬂgﬁgfhéygg%é%?gﬁg%%%,P%hgﬁ%énels are put
In a ventil bleddedewidath Sxher Bomee idnoplted susdd QL6 Phé2SOdt ane put onto

the panels in_intervals ofﬁgg:ninqﬁgs. After 90 mnutes the.ganels are
rinsed wit hCaBRPR&FACTSEE BRED (11 Bhftfd by et B GPTRORLEE883 in a
scale fromO (courpl ebalty ndamRged)s ittd ot 10 be Sigd ki &d timgk) . The three

results for 30, 60 and 90 m nutes exposure are added, dlisted in the

table 2:  §aBrEn3iopadsiteahrdsiyete &l FRGPET eSS BCEF9F hgttondi -
tionspry fikpyrhbiek, @esDilngl Koo ddar desacdtdaed lanaf e cuke.

The preferred technique is spraying.

It will be appreciated that another aspect of the
present invention is formed by cured coating composition
layers on a carrier or support.

The present invention is illustrated by the following
examples, however, without restricting its scope to these
embodiments.

Example 1

A 2l-reactor equipped with thermocouple, reflux
condenser, anchor stirrer and nitrogen purge was flushed
with nitrogen. Then 250 g of Cardura E10 and 27.7 g
Xylene were poured into the reactor. This initial reactor
charge was heated to 165 °C. Then, over a period of 6
hours, the monomer feed was added gradually at a constant
temperature of 165 °C, under constant stirring and under
a light nitrogen flow.

Monomer feed:

72.0 g acrylic acid
180.0 g hydroxyethylmethacrylate
300.0 g styrene
198.0 g methylmethacrylate
40 g di-tert.-butylperoxide
83.3 g xylene

When the feed was completed, additionally 10g di-
tert.-butylperoxide were added in small portions, and the
reaction was continued for 1 hour under the conditions
named above. After the postreaction was finished, the

reactor charge was allowed to cool down to 100 °C, then
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1007100( ZQbNE@T%éé J%é“d%é)géded to a solids content (measuring
according to ASTM D2369) of 50.0 %w/w.

The molecular weight (Mw) was determined by gel
permeation chromatography, using polystyrene standards.
The molecular weight (Mw) was found to be 3800 g/mol,
with a molecular weight distribution (Mw/Mn) of 2.41.

The acid value of the acrylic resin was determined
using ISO 3682, it was found to be 5.78 mg KOH/g Resin.
Example 2

A 2l-reactor equipped with thermocouple, reflux
condenser, anchor stirrer and nitrogen purge was flushed
with Nitrogen. Then 150 g of Cardura E10 and 16.6 g
Xylene were poured into the reactor. This initial reactor
charge was heated to 165 °C. Then, over a period of
6 hours, the monomer feed was added gradually at a
constant temperature of 165 °C, under constant stirring
and under a light nitrogen flow.

Monomer feed:

43.2 g acrylic acid
180 g hydroxyethylmethacrylate
300 g styrene
326.8 g methylmethacrylate
40 g di-tert.-butylperoxide
94.4 g xylene
When the feed was completed, additionally 10 g di-
tert.~butylperoxide were added in small portions, and the
reaction was continued for 1 hour under the conditions
named above. After the postreaction was finished, the
reactor charge was allowed to cool down to 100 °C, then
668 g of butylacetate were added.
The solids content was measured according to ISO
method 3251, giving a value of 56.3 %w/w of solid matter.
The molecular weight (Mw) was determined by gel

permeation chromatography, using polystyrene standards.



Tabl e 2: Physical and nechanical properties (cont'd) Ex.Dr_ring condi-
.tionsDry filmthick- ness [um Koenig Hardness directly after cure [s]Tirne
to tack-free [m n)Koenig hardness after 7d [s]Erichsen sl ow penetrat -

16 April 2002
- 16 -

The molecular weight (Mw) was found to be 3450 g/mol,
with a molecular weight distribution (Mw/Mn) of 2.19.

The acid value of the acrylic resin was determined
using ASTM method 2849, it was found to be 6.64 mg KOH/g
resin.

Example 3

A 2l-reactor equipped with thermocouple, reflux
condenser, anchor stirrer and nitrogen purge was flushed
with nitrogen. Then 250 g of Cardura E10 and 27.7 g
xylene were poured into the reactor. This initial reactor
charge was heated to 165 °C. Then, over a period of 6
hours, the monomer feed was added gradually at a constant
temperature of 165 °C, under constant stirring and under
a light nitrogen flow.

Monomer feed:

72.0 g acrylic acid

180.0 g hydroxyethylmethacrylate
300.0 g styrene

198.0 g isobornyl methacrylate
40 g di-tert.-butylperoxide

83.3 g x»ylene

When the feed was completed, additionally 10 g di-
tert.-butylperoxide were added in small portions, and the
reaction was continued for 1 hour under the conditions
named above. After the postreaction was finished, the
reactor charge was allowed to cool down to 100 °C, then
butylacetate was added to a solids content (measuring
according to ASTM D2369) of 54.4 %w/w.

The molecular weight (Mw) was determined by gel
permeation chromatography, using polystyrene standards.
The molecular weight (Mw) was found to be 3950 g/mol,
with a molecular weight distribution (Mw/Mn) of 1.8.

The acid value of the acrylic resin was determined

using ISO 3682, it was found to be 5.47 mg KOH/g resin.
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conposition conprising 60 to 90 percent by wei ght of binder conmponents and
from~0 to 10 percent by weight of am afganic liquid carrier, wherein the
bi nder conprises the foll owi ng separate conponents: (a) 5 to 50 percent by

wei ght, rekabinvad @ the weight of the binder of one or nore
hydr oxy-funtri“gn‘a'l—ol i goet her derived fromat | east one polyol free of

carboxyl group® ZAduUsRaAtey tEHEEnRd foidrh Hlroxgdop beipsre fhdxa

monogl yel dgbngshle:0f AHANAG GAT ARy | & ARl a@g@@fgi PLO9sffoRLg to 13

car bon at ons, ol'i goet her Ving a nunber a | ecul ar "werght (M 1)
of from 1S@itd 1AA0ogemoD|Ten &50vy ghf ChrsdurdE1OnagidWBy.% §. 10 and a

hydroxy val ue of between 180, an 705% (be} 40 to ﬂ(ﬁ ercegt gy wei ght ,
relative t 8YERESWETHT AHE B AdE° i3 NHor ef hydr BRYEH cFFBﬁgPracryl ic
or met hacr yhia@geopelsy myatd rta b bt wertebQ st 2508ribavbagea

hydr oxy-f unct i onal__comononer cont ent bet ween 110 and. 50 wei ght percent of
the copol yRePE SderShFe WL HESE AT d?fj\,\%%o%ki‘ u%‘}*?}‘mﬁlﬁ- I98RE§P“Esters

of a brancheetpedzhd idx ags wonti{dd NddHrade t ot 13reagbanqat,pge rand
acrylic acid_or nethacrylic acid, and conbi nations thereof, and optionally

m xed with23adighsumi oo ft¥ 10 wt ~ of conpnoners, which have been

sel ected fyemddes &, . consisting of cycloaliphatic (nmeth)acrylic
conononer s substituted aromatic vinyl conmononers, (c) 5 to 90
percent, rékatli ge acrylie weiight of the binder, of polyisocyanate

O oD 00 e A S LM ST O cur 19 cat eyt B conti
conpri ses BOOMOL@ tskyrene

100.0 g methyl methacrylate

98.0 g iscbornyl methacrylate

40 g di-tert.-butylperoxide

83.3 g xylene

When the feed was completed, additionally 10 g di-
tert.-butylperoxide were added in small portions, and the
reaction was continued for 1 hour under the conditions
named above. After the postreaction was finished, the
reactor charge was allowed to cool down to 100 °C, then
butylacetate was added to a solids content (measuring
according to ASTM D2369) of 53.6 %$w/w.

The molecular weight (Mw) was determined by gel
permeation chromatography, using polystyrene standards.
The molecular weight (Mw) was found to be 8458 g/mol,
with a molecular weight distribution (Mw/Mn) of 2.6.

The acid value of the acrylic resin was determined
using ISO 3682, it was found to be 6.12 mg KOH/g Resin.
Example O

A 3l-reactor equipped with a heating mantle,
thermocouple, reflux condensator, stainless steel stirrer
and nitrogen inlet was flushed with nitrogen. 430.0 g TMP

and 810.0 g Cardura E10 were charged into the reactor,



16 April 2002 - 26 40 percent by weight of a hydroxy-functional oligoether
(a). 3. Coating conposition according to clains 1-2, wherein the

hydr oxy-functional oligoether has a hydroxy value of from 180 to 700 and
nunber average nol ecul ar wei ght of from 250 to 850 g/ nol, a”36¢\ bgey!l ar
wei ght distribution MAD < 1.10. 4. Coating conposition accor |néﬁ?o t
clainms 1-3, characterized in that the 19 igoet her has been derived froma
nono- gl yci dyl ester of branched carboxylic acid, having 10 carbon atons. 5.

Coating c [ 1] dj ai -4, ch C i in that the
ol i goet her a?%r{éeﬁergfe%?%eéépgcrl%%gi"y%g?f:%%?l?gi r@fétgh)%%o Zé%%&ﬁ%ﬁe or

pent aer yt ihdmol thé. s Coeémnga s onposgéhbdnedecapdinad 1o atl abmsitl- 5,
characteri dnt t he 0, functiqnal oner (a) partially or
totally co#gqjst(g’ o??%‘l r%a%gég{% ﬁ%o‘dﬁﬁf“ Sagsdmnﬁgﬁf‘ycit | CENRST SIS
branched Gir Gl cosdoOxytiwagcstoadyd asiykdctaciidsorcnetipacmddctiagi d. 7.

Coating co oz&t on according to clains 1-6, characterized in that the

(et h) acr Y ?iﬁﬁﬂ?%e?yhﬁé AT B 09| SB8MBfefr 8 E&IUS T33P e VA Sul ated Tg
of at | easdndtQids e ARith BnHUERET da¥eEagenOLBEUL AL rWabIklonVRe f (Befcyeen 500
and 2500. 8. Coating conposition according to claim1l, characterized in
that as pdl34ucybritLeaeEbeBs- VaakeEoPREACHEl 8hr EFEr befl oveXarfed hyl ene

di i socyanale }igg C%oéhiﬁ%fed coating conposition of clains 1-8, applied
on a carriefr or” support. 10. Internedi ate hydxoxyfunctional oligoether
derived fromparadense Brempbéydl (dsedesfriébheboxpl patemis appd imbimg t hr ee
or four hnﬂ&p&m& 0pps, 1 an nmopo- 'dgh_ er of a branched carboxylic
acid, cont i b——16" 13 carbon atons, the

ol i goet her havi2®. @ quthRDURNeEAQe (OBLecubad W23Bglt g( Ma)ach vidraxy}50 t o
1000, a molgoulat vel ghte dlstylbython, (WD) (7,551,304 3 fyyfnoxy (al ve of

. AYY% A, h. ~q@i 06 d\{ W i &b Adba AbNg Aha AALAF. A{ sAEYnAeAls. AltbaAl F. A3{1 1. A3
A.YA.FEs(.AYLA.LA.PY9.AY.AIF.iFl(Gé%?lbchVM%mmnhc“Y%pa%gg%ca ca] ca] ca] ca] ca
] ca] ca] ca] & Tai ta] CAFFAPCATRAF caF e B¥] EQEETESFcANEa &%) ca] ca] cal] ¢

ral"+9?  inlet. The mixture was heated to 110 °C. At that point,

an exothermic reaction took place and the temperature
increased to 135 °C. The solution was cooled to room
temperature, then the material was characterised as
follows: The molecular weight (Mw) was determined by gel
permeation chromatography, using polystyrene standards.
The molecular weight (Mw) was found to be 492 g/mol, with
a molecular weight distribution (Mw/Mn) of 1.01. The acid
value was determined using ISO 3682, it was found to be
138 mg KOH/g resin, the epoxy group content 9 meq./kg.
The solids content was determined to be 98.7% (measuring
according to ASTM D2369).
Comparative Example 2 (as described in patent application
PCT WO 896/20968, p.l1l5, Example 1)

160.2 g butyl acetate (BuAc), 136 g of monopentaery-

thritol and 504 g of methyl hexahydrophthalic anhydride
were charged into a l-litre glass reactor equipped with
heating mantle, anchor stirrer and nitrogen inlet, and
heated to reflux until they were fully dissolved. Then
750 g of CE10 were added, followed by 1.39 g of
dibutyltin dilaureate {(DBTL) dissolved in 8.61 g of
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o%/a[&' () - 4@%6“/%?8%5&6&& E‘)CO?F?E%‘Y li[’G%Eo(l %!Y@ex‘e standards.

109PP& () -BHOMRO (¢l d0%e{hht1QME was found to be 1020 g/mol,

with a molecular weight distribution (Mw/Mn) of 1.08. The
solids content was determined to be 78.7% (measuring
according to ASTM D2369).

Comparative Example 3: (as described in US patent

No. 4,314,918)

Into a 2 litre glass reactor equipped with heating
mantle, anchor stirrer and nitrogen inlet, 900 g of CE10
and 416 g of neopentyl glycol were charged in the
reactor. The mixture was heated at 100 °C. At that
temperature, 1.416 g (0.1%) of DABCO T9 dissolved in 100
g of CE10. The temperature was increased to 160-170 °C
and the reaction followed by withdrawing samples at
regular intervals and determining the decreasing epoxy
group content (EGC) value. The reaction was stopped at an
EGC below 0.04 eqg/kg by cooling. The viscosity was
determined to be 3170 mPa.s, the molecular weight (Mw)
was determined by gel permeation chromatography, using
polystyrene standards. The molecular weight (Mw) was
found to be 509 g/mol, with a molecular weight
distribution {(Mw/Mn) of 1.02. The epoxy group content was
determined as 37 meqg./kg. The solids content was
determined to be 93.4% (measuring according to

ASTM D2369).
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condltlons.

a) ambient condition: 23 °C

b} 10 minutes at ambient conditions, then force-cure in
a ventilated oven at 80 °C for one hour

c) 10 minutes at ambient conditions, than 1 hour at

80 °cC.

Hardness was measured hourly after the application
were possible, subsequently all coating properties were
measured after 7 days.

To determine the acid resistance, the panels are put

in a ventilated oven at 50 °C. Three droplets of 0.6 N

Ho504 are put onto the panels in intervals of 30 minutes.

After 90 minutes, the panels are rinsed with
demineralised water, the damage by the acid is assessed
in a scale from 0 (completely damaged) to 10 (no visible
attack). The three results for 30, 60 and 90 minutes

exposure are added, and listed in the table 2:
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partially or totally consists of a reaction product of a
monoglycidyl ester of a branched Cg-Cy3 carboxylic acid
and acrylic acid or methacrylic acid.
7. Coating composition according to claims 1-6,
characterized in that the (meth)acrylate copolymer has an
OH value of from 60 to 180, a calculated Tg of at least
40 °C, and a number average molecular weight Mn of
between 500 and 2500.
8. Coating composition according to claim 1,
characterized in that as polyisocyanate cross-linker the
cyclotrimer of hexamethylene diisocyanate is used.
9. Cured coating composition of claims 1-8, applied on a
carrier or support.
10. Intermediate hydroxyfunctional oligoether derived
from at least one polyol free of carboxyl groups and
having three or four hydroxyl groups, and a mono-glycidyl

ester of a branched carboxylic acid, containing from 5 to
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13 carbon atoms, the oligoether having a number average
molecular weight (Mn) of from 150 to 1000, a molecular
weight distribution (MWD) < 1.10 and a hydroxy value of
between 180 and 700.



