;e3e)""#<U@ %@ 6v) T)gqg HI GH SOLI DS COATI NG COVPCSI TI ONS The i nventi on
rel-ates to two conponent high solids coating conpositions, useful for a

cl ear coat red top coat for autonobiles and trucks and in general
in netal Jmm@h\ﬂwawumch as nmai ntenance coatings, general mst@'A;grﬂ iNAgSs or
i ndustri - 'More in particular the invention relates t0 't

. conponent hi ghés®el i ds coating conpositiops, conprising at |east a

hydr oxy-functional (neth)acryl ate copol yner derived from conononers
conprising an al kyl -substituted cycloaliphatic (nmeth)acrylic conmononer
-and/ or al kyl -substituted [ I nyl _ i onpositions were
known frome.g. US 4, 314,}@%&@%#8& %@E@W%’g@fﬁ’ rom US pat ent. No.
4,314,918, . coating conpositions were known, the vehicle portion of which
essentially consisted on a weight solids basis, of: § ) f.rgmB .to 55 w ~
of a cross-linki'i§ dgeiRntil) g AF 3% o L HRSTORRPTE g Bt9 liC’EdQEi bl e
cross-1inki Ega%(i%gt Bondds f MRS ud O PO £ OF 2 €uEabl ecpel yel aresin; and
(c) from 15~ to 50~ of "a reactive diluent derived fromthe reaction of (i)
from 0. 25 t godonless tofp £ty iy |awseebiteh F0¢)tEERSNBNE 6F a

functi onal ri.gl .havi a ! r I ; hydr oxy
equi val ent &E?\gﬁtﬁofﬂ}\‘ \rﬂom dt% 1 g’an%ﬁéatg(%sr %ﬁ%ﬁggﬁ%egﬁeégg\?\épgﬁf of
from50 to #@0erafr metddd ddeet ity slohyidrdixyt ranldl caabborygk .f ¥Yncei dnal ity of
the functional material is .at |least 2.0. The reactive diluen S

char act er i zB&Ehy 4 a&citﬁ‘%Lﬁﬂ)"eﬁn%olfo'} e%egl?%%% 59, T9o nSH‘-“E}SPSPh ﬁ%ggnt ent of
greater thago8%8sardat iGry dpddaltitorvs scosmpyioingess 1bastZall. 16

April 2002 - 2 However, by application of the di Sf| osed gre arati on
processes, RAYEROE T NTHARL r @A RS 13 ehit OB L 8SF ofierpred fgom
presently reghibhBheds AR SHard HIUSHT Vs @5ONOFh ESdaBdc by aeNhaeDBENT al
and health authorities, could .not be obtained, and the coating conpositions
obt ai ned acdpedihng cry titre comARsINEr \ANd A a\Awla%WaaH'y%ﬁeméaongaf:i vely

| ow soli ds GQ%E”E%H%%%&JR drying/ curing of these coatings could not be
attained at anbient tenperatures, so that a baking step after application
was necessary. Keieovempdstibdidns e mpperenimtbeom gt 9t héScéaBlAgd18,
conposi ti on_acgar,di to | conprised a binder without acrylate
copol yners. Wéu%%/cb!io%g;esr’ f@?rgsg)/]v%ro;ﬁd'en'se cross=linked cured coating

films, which showednt otsaldatantatNag.act, 3t f918n prapeitgeseompoeitionshard and
too glassy filnms, The coating.obtained wth the product_obtained according
to exanpl e Y’,erﬁn?f“toﬁ'é"'ustg\ﬂ e‘%ﬁﬁ%%&%trﬂa?résogp‘brg]a?%de§869%?‘#;{ inferior
coating fil ppaBkYtard cvhewed ipTeaeridn bascsepsabl e drying/ curing. WO

96/ 20968 di scl osed cqating co sitions, conprising as separate bjnder
conponents (&) 5T€8 %(%‘ ﬁ@ré&ng}:&o)ﬁ%\é dti° sf"]tlorf]%drg%i ﬁ?i%??’o?egﬁ‘ékﬁg nor e
hydr oxy- f ungtbanal velstgaestiens,; dREIY pésd £8bé onesbydinkyhggagepten each
of at |east three separate hranches of the oligoes er, @ pol Xaispersity-. of
| ess than 2(8) &LRYdrcRyItya%fe Gt bet BF 8b°Shhd &"Aunber average

mol ecul ar V\@Eghhemhsﬁett\&ﬁ%%l%}f antr 30001 vd )i Mudn t 04901 pescerbmby wei ght
of the total binder, of a hydroxy-functional acr%lic or

nmet hacrylic
copol yner wihR #82RF dser wident HoFza 9 560080 hhvidg= 8 A df of Y‘Fbﬁk‘i‘i onal
conmononer cgekert Whehwegn )Z@an ilav g peicendnal mheeedpdl yaeingnd at
| east 10 percent of conononers selected fro gr oup ,consi sti ng of
al kyl - subst Rt {EPéBCZ:'%@I‘oé‘I%% |°cfenleeﬁ'ﬁ( a3t in}cé&g’orﬁ)nlaﬁgfoﬁﬁd/ or
al kyl subst i th@¢aa@FRLIcG gHNYE £ COMBNOIET S0 aNGl € oatbd nat tapsoxy16 April 2002
- 3 thereof, wherein the al kyl -substi t ut ednﬁal?c(#oal igha&ia g{‘oug on_said
comonomer s REBixe legdstatigle &f Pt Pt e RFRYF98Hb5PFt hPEAL
aromat i c grﬂgergay&aia%&@mwwls kb @fod£pSty t&P €AEbBANCALOABL AS -
preferred hydroxy-functional oligonmer were used oligoesters obtained by the
reaction of matbranadhdd pdl Y0444 ¢ acid and a nonoepoxyester. Actually
appl i ed hydroxyzfungtl.ongly Old Srwdd OV L NG AELeRbabl eahi Rak gcoating
conposi tions, were the proéﬁc of a ring opening polyconde.nsation reaction
in which a auhbifrundt ilesd Punyd0,i s react eokaw t he apoatedtanfydredéeand

subsequentl¥h\é\nntla5§sn LPPX 98 dner-Holdr viscosity of less than 2z-10.

VR uII
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On the other hand pol ynmeric vehicles for high solids coatings were known
from 4V0 96/ 23034, which conprised a blend of at |east one non-nesogenic
substantially |inear oligoester diol and at |east one hardener which was a
nmesogeni ¢ pol yol, phenolic ester alcohol or crystalline pol y‘%IA MO%? bl end
is effective for reaction with a cross-linker, which is reactive i th the
_non-nesogeni ¢ ol i goester and hardener.. Bhe nesogeni ¢ pol yol had a nunber
average nol ecul ar weight in the range of from 186 to 4000, a pol ydispersity

i ndex of not nmore than 2,6 and.conprising fromA to 5 ' t

- nmesogens, the cH9EeREFi nBYpBPRPL CRdL OB F’goﬁ'&‘lﬁi ;thoosgg%ﬁzg%%#)ﬁfﬁd had
fromsS to %99«?@&989,&&9&&1 sbhe dolicaereit ¢eaatstad |deugot yob £ hadis aonunber
aver age nolecular wei ght “in the range of from 400 to, 4000,  the

non- ol i gomemdé e poayoprhadnslyokrequidedibivgRodesn Ra ¥ Ehgen 4S8 F¥m 120 to
500, and a solubility_i he ..ol oat| skt oo pf i 89 nore
than LO g/ 1e%?n%mf’8ﬁpgf1§t %peeogl?réggqtegﬂaqt %tn Ogléaq'lrﬂgg phenoII:i cl ester

al cohol hawigglat nbeast bboacskeer, gnoupde aatdast ameresipharsc hydroxy

group and at | east one phenolic¢c hydrox [ QUR. Iy 0 -

Preferably Q%%ahﬁgﬁgéﬁi:grgbpgo%ohég’et ﬁé‘ag‘gﬁ'gr%alv%%?an'ﬁ?avg%%-?E-li??l%mer ei n
R is the adgduchef r218809=0¥% 1aRe sallideh coanteiteceittivor e t han 25 carbon
atons. From WO 97/ 13741 | ow vi scosity, high sol%i PST§§}O| est er di o.,l_\% d
coating corfbo%iRg bRYraBat AENERESEEM EAETS IEPWT T8 o pof Yedt 87 i dr s had

| ow vi scosi fj 00 hat @h eXieNts tdp noficypl atile matter
i n excess O%A\%%e%%ggéakagpf%\%'ngﬁg?& ar wei ghtrﬁj(;i st rEi) bution of |ess than
about 1. 4. apelicetéoprwepar sdclhysastyerificati on of one or nore aliphatic

di carboxylic acjds or este Livati I , i t alb

mol ar excess of "CTBRESHY . rgqg ié%ata:bgsrgitcgﬁéc%gfnttﬁ& %ﬁc‘f%ﬂ%ﬁﬁ%er of |ess
than 20 is @shbeyedioandcebirdipigng cexomse ldi JIFT cranpel 3ed yash brde b
reaction product. Where esterification catalyst. was t t is
subst ant i al¥ytPeWbvagry¥r-rGR FBPérVFﬁpﬁsﬁg% ¢ ezbsln%re?g?%%s d?§f§?£r{%l\m¥€

pol yest er di o} o £ 8¢t hRBAPEQdEEt coblta neolfidastser ditalch ssheweducetabhy been
found to be useful in particular as coatings, Rai nthsai;agdagghggéves, ‘

provi di ng coRFREICHIVE Fédlic BFOBGTERS off Vol atid ' Bryahi ¢ conpounds but
conbi ned Wi%fa@@ upphact i ¢akl @okitSeRpidntainder winhmatheperadion conditions.
Because of an i1 nCreasing pressure fromhealth apthorities, and/ or

envi r onmentabt aunRGr REFEEdinke tonieF HHE Jfr M%tti @ BYR_hFc conpounds
(VOC) and i 5C 259 ridiGh Rakingrofiéhecost ghgakitesin
conpositi 0:?&%%?8%39?% Elgegi’%f\ég%itoﬁtwand coating indysty 7nd ?urther :
ext ensi ve reaskur shdeshowes havredygen adi rUé@tCé‘cFRfrﬁgq]fFe &F W9/ prEviEe | ow VOC

coat ing compost yLogs, WakGNTRCRNEl et Skl soidue ow viscosity T

order to meet nodefn’coating application ril 2002 - 5 requirenents,
and accept adbeptinahgprepeepiagatef timgagoHAMRPEBHPDsi tion after baki ng.

Due to econpn c.pressyr r pain Haref s ansh Adet | sHSEHREEs S,
there is a g‘ﬁ ogggﬁeég ﬁg%cgg\l/tvérb r;‘f{gﬁ' ttgrrperatures_.and shorter

appl i cat i onué i aeByHRosyrifunattiiomali tH i@rPd iR e d6tng |36, Le2shi PRebe
appreci ated_t hat as predom nant. Lr derdyegapyrpeesons skilled
in the art%Y‘gﬁ?f‘Hi ﬁé?@?nﬁgf %raec dﬁguﬁgﬁgﬁqm art ;hg Use of |east of

| ow nol ecul granehght odl ithee stldgess & nde P VdFHeTRNE S L HOWRF et ©SFnERRBSI ng

ci'ther pot f1be. SoFYAFAYg SAd oo ha baran o HI° (RE S S ehannaRale
average molecular weight (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



Therefore an object of the present invention is to . provide inproved
coating conpositions, showi ng an attractive conbination of viscosity, VOC
and final physical properties, such as hardness, flexibility, and pot life
and dryi ng behavi our. Another object of the present invention is to _provide
new bi nder conponents to enable, the hereinbefore specified1@b%ﬁm
~conpositions. As a result of extensive-rgsearch and experinentation such as
coating conpositions ained at and bi nder conponents to be used therein have
sur pri si ngl £ oupd. no ccoy di ngl ; nt, | t.ign.r.elates to a
- coating corr)ég%i%%%&:ﬁ cor?aprrell\'gli n‘fg%%oif’éygogl%%?gégﬁ%? \%/eflcg\étgq&ip?ﬁtnl er
conmponent s gmrdufr @am Haid dénmgrescents bydwet ghtast amner gambon iatwint
carrier, wherein the hinder conprises the foll ow ng separate conponents:

(a3 5%1 o B0aner Eom U GHS POt SFT AT eBe Ehe “HEPYR: B SBHE bi nder's.  of
one or norechnehOxerumdd enal 1 4 goeshessrgeni ¥edmkr,om at | east one

pol yol, free of carboxyl groups and having three or four hydroxyl groups,

and a rono- gl ycAdyPrefiearr st T dnanietiotneat ooxy| ptigerar were Asedi 2002
contai ning £ @8ha sk s3 &faw%%oftmhéh c DL DO/t BT ahBYLRGHRNUMDEr

aver age nol ecul"ar wei ght from 150 to 1000 g/ nol, a nol ecul ar wei ght
di stributi opoleByrboxyli® awlid dndiraxyovetpexpésberwedatu80land 700, (b)

40 to 60 perce y ight, felative to i ght . i nder, of one or
nor e hydrox?EPgéggigyésaﬁﬁjhéaégﬁoqﬁﬁPﬁéﬁ%ﬁ%%fgbpggéﬁég?ﬁgth a N n between
500 and 2508ccbhptibg ea fiydiloxyoatinet i asmed o conbDmoserwenat ehe pebdeen 10 and

50 wei ght percent ,of the copol r derived fromthe_ reaction, products of
nono-g?yciSQF Bsfeérg 8Peglﬁgaé§E§fQﬁ§?ﬂﬁék*%naf?ﬁchﬂ?a?ﬂiHBEFgoﬁ15 to 13

carbon at ongyapdraseyhiichadCigblgio INBlhacdydtdd acich andagoabhARyHEN8e
t hereof, and optionally m xed with an amobunt of at nost 10% by wei ght

rel ative to2RfesubsgauRditdht wifthc drorrRtide sel ected from the group

consi sting of cygl i ti..C t r qggﬁqgnf S a

substi tuted aro%gt?gkvpﬁgrrngﬁggégy?gﬁﬁﬁégr1t e a iy{?ggégéPthgg%ds

cycl oal'i phatdatgngapvenes kindweorformen#t® Has2 H34 edshiqh neosprbsadaaons and
t he al kyl -s Ltuted, an i r X 1.4 c qﬁng . (Y ten
car bon aton%lj?g'%!é) 8% 95 &%g%tetr %@%t ?llbrq‘e?{ahslso\?de&tlogt e %\@égﬁ?glg%?t#ég%?%der, of
pol yi socyanat egoesssz| dikér and dt dreasftf apte Ve xdmnet wiiichirvag gatal yst.
Wth the term"oligoether" . as _used.t.hroughout_ ecificatjion,are meant
nol ecul es é$%§???ﬂ?8dP8§YPQOWP e@glfé’ﬁ% é?yﬁ%H%%FigidﬁlégY%#ag}l?ﬁe
branched casdbyylicwatctl paenapliea mffdduing ifoml reottyddn Wheh pgesent
conpositions, dependig% on the presence of p%gﬂgnts, dyes and ot her usual

conponents SFC8Bat+AEEL cHRLGE dSed S2C PriSer SR M RITPERRISNES! our ed

basecoat angll pfoekearcaal. hardeb@rApril 2002 The present conpositions have
been surprisingly found to enable application by a spray gun at high

initial viscosity® PESRERNiFePEpyrdcinded MHRPE i/ sHade rekti Ut 5

shorter appldfahtoint tABSraARd 3% FCANSGHIANRER G0D COStpSIBEd £ASEr s ThHE
present conpositions preferabl¥ conprise from10 to 40 percent by wel ght of
a hydr oxy- firée X ophll neki BeEEhERANY @|-&t iARE! P AT YT IR 3 hel conpl et e

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.



10 birder. This hydroxy-functional, optionally branched oligoether, has at
| east one hydroxy group on each of the ends of the nolecule and preferably
on each of the possible separate branches of the oligoether, has a 15 ~
hydr oxy val ue of between 180 and 700, and preferably from 18&%0.&@%0, a
nunber average nol ecul ar weight of from 1SO to 1000 g/ nol, pr P from
. 250 to 850 g/nmol and nore preferably f+om-2250 to 500 g/ nol, and a nol ecul ar
wei ght distribution MAD < 1.10. 20 , Said oligoether may preferably be
prepared b'y usppgrarBBnQghkyei gyl I Of A Ranghe r yli¢ acid, such
DS CARDURA E10 ( CARDURA TS o tradsgﬁtg?llg’)c? poo'?“}c%‘jrAlRDuFeAthkg‘?1 e o e
derived froRPYRREATI C acid C10 (VERSATIC is a trademark) and pivalic acid
C5 respectivel yg_g2dpTheghydroxy-functional oligoether.s may be prepared by
enpl oyi ng a ring opening’ pol ycondensation reaction in which r noles of an
s-functi ona¥hgoeyol R whetbenasdust3 odr a4 mooro-a Kl etk ofwippElyol S, so that

t he averagebggpgiiogaligy is a Ieaz% 3, Z%F reacted with up to or 30 | ess
than r x s noles  of “nb3A gW?EFd%P@Et : BEECS &5QPSt-he hydr oxy- f unct i onal

ol i.goether is prepaw@doby1processas vascis3ehosed Jrn & 15.qFP 0244897A, EP
0449358A and EP 375078B 16 April 2002 _ g _ Suitable polyols for the
above-nenti%?i‘ée%%f%%ﬁ ard §P9ELRINECTPLSHELPPISOICOR Gy them,

pent aeryt hrid@d , kgt he i ke. By way of illustration, one structural
enbodi ment of the oligoether, which may be used in the present invention,
can be drawn asSFigl IRmkyesterdhioks ahafngopolyekoiss tieisnetthylled pridpane. H3 ~

OOH CHS .» C.2 O- - 0-CHZ C: - A ~ 3 R B wherein,in
this exanpl3e5,GORI2cPa%n'd %%&%ﬁ%gﬁéfa PBEX?&%%S%F&&&@ der987%d from
the glyci dyf &t ertof and emdivowy moldcubad R3igan Be seirtimertiofn YiF ucture A
or B. For. ogpo%ﬂgs descri bed as suitable in this invention, A can be

ﬁbe

present in-T: FoAPYthrbuh BIeRWVRER BECRRFREr PYr estardiiic@tAcsr B. In

the prefer ad doy eef unedtd (Hﬂaipﬁ@ﬂgié@@&rbéx}//‘:&k& RE@R8NGL ORGrANd R3 will
have the structure of B. The present conposition Ereferably conprises from

45 to 55 pé*%%ﬁﬁ?tHW9%nth¥ﬁ._¢rﬁ§%ﬁﬁgﬁF beagheabinemolor eweess wii e
(met h) acr yloale oe0RRI AETRIISE phEY & C@P@ié’”@ﬁt%?@l?' 8e%4 fdhpiQ 20 ‘ﬁfe's%ht
of a

percent, preferably 20-50 percent, by weight o he copol yner,
hydr oxy- f ut@Fordl ‘ForRGherevashd 318 DLaDPRERGhe X pef &edd o loff roomshener s

sel ected T oamyihe 4aun GAslSid e Aladbky| grubst LLbLed cerakqall phati c

I
(rmeth)acrylic conononer, alkyl-substituted aromatic vinyl conononer and
conbi nat i oRdtERFEEoMaswivsEes n thre cdtial ysubss i subedachihdali peabivedgr oup i s

at: | east CBrQB%St%;sk%%ggﬂﬁqﬁéﬁygég”héﬁéﬁgke£réi81aPL¥m9 to 12) and 16

April 2002 the al'k | - substit aromatic vinyl group™rs at |east Cl0 (has
at || east 1Po&é¥PBGR ratiods repdfiomalgnodict o 12); (c) 0-80 wei ght percent,

preferably 25 &‘He58039'é§%@trdi%f150ts erprcooaouoéélmaldz%égn CeORRa"ELSpe
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



5 Said hydroxy-functional nononers (a) partially or totally consist of a

reacti on product of a nonoglycidyl ester of a branced C5-Cl3 carboxylic

acid and acrylic or nethacrylic acid, said reaction product is optionally

m xed with hydroxy al kyl esters of nono- or di 10 ethyl eni cqléxpm bur at ed

carboxylic acids. Ethylenically unsaturated nononers contai ning hydroxy

~functionality that may be used in the-capel yner include hydroxy al kyl

acryl ates and hydroxy al kyl nethacryl ates, wherein the alkyl has 1 to 12
carbon atong, i 15 n LS.LnGglu dr yl.acry e, hydroxy

- propyl acry eacig?k%@glr‘gi;’/ Fggprgggﬁétgggfl gtqg, )ihf%x%%%sylggc%} at e,

hydr oxy et hwdatetdacoypasetibpdadrgy padpylg.net hacryl ate, hydroxy isopropyl

met hacryl ate, hycl roxy butgl.nethacr | ate, and m xtures thereof. Further 20

exanpl es are the1% bRt PORMCBFGAREESS r&c%ﬁ’imcp&' - T T YT S RcA R

itaconi c aqifghifeéeltemaek(, thupariig acisd réinkh meyenoxyl Swspogpgsnguch as

ethyl ene o:{fide, alkylepoxy ethers, al kyl epoxyesters. A , )

hydr oxyf unct§epRF 2 EyrfayapAssNpEtebt 4PRed CRLHAMTHGHT 5 $RRRIA&RISR for

exanmpl e, thg gpoxy %ﬁggvgg Bofl Yeiedyl methacrylate unit in a polymer. Such

an epoxy group may conhverted, in a post polynerization reaction with water

or a small anouit wilhchkd, apprachgtiedxyhgroag. pRegfamigiAnt asrend madur ce of

hydr oxy functional 30 0 r t he react] of

nonogl yci d)ﬂeee%t%‘gl%?gggéﬁéggz’&g- gfgiggpbégylt?% écﬁgs%oﬁng%?yl ic or

met hacryl i heatd thigsf obt aibsdubyed praeesarsutheamnstescf ikt . pow US

4, 350, 809. 10- 96 ril 2002 The herein _hefore nentioned

al kyl - subst"‘}ocltﬁce‘ﬂl?:ﬁc‘l"ég?%‘Bhagi"goﬁEFﬁFat 80P LREEFaGIRRE Hay i ncl ude,

anong ot hers, tHdp@fdy| cyrtpbgsyhgmehbagbyhiadke contluitylo £yd iahexdy

met hacryl ate, isobornyl nethacrylate, or 5 conbinations thereof. Preferred

aromatic viaRdinnopefsiueedairontsupsni catedLioNRtEn &S fch BRE tLibhR y|

styrene. The. | t §4C shakl ¥ rayaial if ech,

Interorgangﬁﬂﬁyi;ﬁ%ggﬂggg?ﬁgﬁﬁL%ggs&%ngdéfoxﬁfhggﬁiiigﬁﬁiﬁﬁ%hed

conononers, forThkewapbee anilobbhecyl ofyrbAePRESR NS VIRsiGRSY siasto

i sobornyl -, . thutylc | - o Lr - hexyl - l.ate or

nethabrylaﬁ@%ﬁ%ﬁ%ﬂ%@ﬁggﬁéébfgéggnérEEQFQ%F§¥8b%é Eé%ﬁ%%?éﬁ{the copol yrer

conpri ses Gitwradiretd) acmylageiandbér visnpbinynoVOCs anclflidialg 15

" (et 1y acr A<t SRracERSF Lot Bl 18 Heaarosdrnadsrste i e or
conbi nat i opsd Ner Bofandreteinbl yehbheomaj.ority of these nononer s (greater
t han 50% by wei ght) in the bal apce of the:-copolyner .shoul d be 20 .

met hacryl at e orpg&%%ﬁ’ét%bh%ﬁfén‘é?sgh?o?rsﬁﬁﬁgl énx'glnla}lon et Hr s

havi ng 1- 1 Gamianset Ncofiponkys go0upabas haeused et fasraret hyl

nmet hacryl ate, ethyl nethacryl ate, g[ogyl met hacryl ate, isopropyl

net hacr yl ats®eGislot it §Pabt ¥ eFPRBPYLBUPYF - net hacryl ate, penty

net hacryl ate, hexy] 25sHEtheerykebssivectbBYbaRenyhntelhae it a iy
nmet hacryl ate, lauryl nethacrylate, or conbinations thereof. Aryl

net hacr yl atseschs (feh @22 beng yFORRe RAELGNEt BL1BPS02EaR e RISEIRE Hal f- and

di esters of. g &idfrsi £8CHBI G5eQT thEFBLhChAGR] sane rGeMRIIAL ik t hereof can
al so be 30 uséd. The conposition of the hydroxy-functional copolymner is

such that tOeanddroxyl value is preferably between 60 and 180, the nunber
average M bel qw 4009; kbsenetigabneabaukaled kg tabave 30 C (as

cal cul at ed - 11 - __%%ﬂgpﬁ?f’%OOZ according to the FOX equation). The
copol yner @@ thgrg 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) 5 to 50 percent by weight, relative to the weight of
the binders, of one or more hydroxyffunctional
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,



prepared using free radical initiated polynerization in ,solution, for
exanpl e, as described in U S 4,322,508. The weight ratio of oligoether to
(meth)acrylate 5 copol'ymer is suitably from 10/90 up to 95/10; preferably
50/50 to 10/90, nost preferably between 40/00 and 20/80. The iﬁﬁ@{?%yl ate
copol ymer should have an OH valu a of 60 to 1SO, preferably 1) ~“T00 and
. 150, a calculated Tg (according to the-Fox-equation) of at |east 10 40 C
and a nunber average nol ecul ar wei ght Mh of between 500 and 2500. The

coating cOMBERkL: AN AGOH A = QNe PredDdh PO I OCYREALE 1 6bAR ALY NKer S,

- Many exanpl es such cross-linkers are comercially 15 available as will
be appreci ahettibg ehosebski BVErage theleoatdngsebght Mr) oo Esowydnlt es
enpl oyed as,_cr I nkii age L4 i n , 322, 508.
However, t hggbﬁér%gt ggrm %gyc%oﬁoﬁn%ﬁo%eﬁ'gygﬂﬁ h‘)i/?sé%&e%]il ?g%gygbﬁlg?% ér

i sophorone di lsoayanat & yalre:20 yaleferafedetween T80 famdt 70Aal i socyanates
may be used, for _exanmple, triphenyl methane trijsocyanate,, 1,3,5-benzene
trii socyanat‘BS 5,04}:6’:%& BEFE YN i 0%93{}6, ra%%aa%]d%%tt%ft{l?i ‘ﬁ%ﬂ‘ﬂ&:o? and
tetranet hyl ¢ Xyl gRgddid, SQEy anatl & saldt 2 S ety thend £ péga Dasery Cythane
3160," "DESMODUR' N_3390 which is the tiner of hexanethyl ene_diissocyanate
( DESMODUR i BeGhefFgyéar EpPodymegnalith adlh RAFYRYN 22051 §Pdoty8Rate acrylic
copol ymer dgri,ygd Lr QPui-3QQVaNAQaidNd 1 BRI Al&oh€ONTREEEAbLY avai |l abl e
as 30 T™M) gé,yﬁgr eg rrprl%g{?{ gir&scl osed in U S patent 4,965,317 (col. 5) .
As nost prel@rand pél yedgbyapsirses o |Ghketons! yiRed daeived| 6ceiner of
hexanet hyl epe_dj.i ate. .. i 002 - . i orm ng

pol ymers, p?lgf‘e%%é%xl%ﬁ gﬁogﬁﬁ:&%t %2‘1" “!‘Orrgomo%l%coljc%lol \%%fé?;el g?: %/e to the

wei ght of theahthder cambyxgllie heidsewbrtr icdnjqiciian Svitd thecarbon
abovenenti oned co nents. .G her, filmfqrmng .polyners nay be |inear or
branched andt#&y gﬁgl BEE YAdFyricds °§cr“§ﬂq:61?rce&1ldﬁ:esa,clp 'Iy%'g?vers, pol yest er
urethane, pebysihgtsonandneelyet her urethanes that are conpatible with the
ot her conponents of the binder. In addition, a coati ng{lcorrpf@i tion

accor di ng t#"€hePpreBEALYi AdERE ot P e AT £vdth R3S bi 1Ot hRY opti onal

i ngredi ent s,§ nghudi0gaRh YRERLS £ HREAJRIC M fHakss cdidh@hsxrs pl asti ci zers,
anti oxi dants, Surfactants and flow control agents. To inprove

weat her abi | $¢yeeted framskher SFOEd AN HUFE 101% i€ YD F hEPR-BFHSsi ti on, an
ultraviolet li % k idald onQf Wigaviohedql 1 ght

stabili zers(t{lc%%HL%é%gggg ié%&fﬁgn%nr%a?dgg a%ouky 0.1-3% by wei ght, based on
t he wei ght afomabibi mdeyl Sgclmetshilizers include ultraviolet light

absor.bers, screener q er i fJ i . am i ght
stabilizer s‘”?h'%fgﬁﬁ gp\ea%teilﬂgxi 53‘%5%@%#%%3 g&’é‘éﬁﬁﬁ%?b&ﬂ@%%S% by
wei ght, bassslidncohennmegist hef alte Usiasdemin®y giagdionulatens cdred theht
stabilizers at ar seful incud e henanes, .t [i iazi nes,
benzoat es, %’tr?ﬁ%?%agsﬁlﬁégeé‘na r%m%ttgrcgé%%@r g’o .sﬁéc%?%r?%&%%llg%é of
.ultraviol edt stabsti zenscareodi stloosed in U. S. patent No. 4,591,533. The
conposition y.al so,ncl ude conventi qnal .fornul ati.o i tives such as _
f1 ow cont rofggg%n{:g, 4boP95§§ I’efeg§§lllyf0xpst(1§o|v{/e&t§{hyﬁagog¢ ytlfr}ff e) (RESI FLOW
is a trademsikderBYKE330181603%ankhieglr rossedulnre nagi ght pol yacryl ates) (BYK
is a trademark) ; rtieolo Y contr ol %gents, suct%\ﬁgts fturred silica,
mcrogel s, HhH #BneLEEELLECPERERS 6 SOINVREr §° \Raret™ 'scavengers such as
13 16 April 20p2thetrastkirpatel igbietdldty! aor Useidbrtmmi@igtisutet tiyd
orthoformate. Wen the present conposition is used 6}"3“ a%cfl ear coat #topcoat)
over a pi g eHEE6RBbHPROAES( BEEECOMI)L S0 18 Sp AR T & e duf o5l ct ear coat
finish, small f‘(ﬁmﬂalésOfrtoﬁbgﬁ??tid%'éstt%:a(yie(iﬂeo_ﬁ:%d}lé@rc&méxﬂipi@r0V| de
e

speci al col our or aesthetic ects such as tinting.
acid per mole multifunctional polyol.

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.



The present conposition can be pignmented and used as the col ourcoat,
nonocoat, primer, or priner surfacer. The 10 conposition has excell ent
adhesion to a variety of netallic or non-netallic substrates, such as
previously painted substrates, cold rolled steel, phosphatized steel, and
steel coated with conventional prinecssby el ectrodepositi on,« érhﬁ ngsent
~ conposition can also be 15 v used to coat plastic substrates Qfl%
pol yester reinforced fiberglass, reaciian,inieqlion-smu ded Juef hahess and
partially crystatfnREpoTy mcanég?Sg\hg%hghgagjree(sbéﬁt coatl ng c#ébr_ osition is
- used as a basgcesibléyppsalcptgoenby that rean ghe addeéd alo et 20
conposition include the flowng: netallic oxides such as titani um di oxi de,
zi nc oxi de, Y¥®rCdkF¥es of various colours, carbon black, filler pignments
such as talc, chipawglaypebapptbesatear hamat edissivildatessend oo w de
Vari ety of organic col oured pi grrents such as qui na ZSe crirglcoenei'slri %ggper
pht h8l ocyani #R_r L p&Er §PRAES2LA2E FiGREnt &7 Rfarft TVHE PIULE Tarbazol es
such as carbgzplg;¥ELote, isoindolinones, isoindolones, thioindioge reds,
benzi m dazol 1 nones, netallic flake pignents such as al urrirn.urg fl acl><e. 0 The
pi gments can be Therpuaeedti APBPPRE “4OEL ﬁ&ecf&f&?gi&ficcﬁ@%yl_sh 5t°F ot i ng a
mll base or, pi gﬂﬁgErgéﬁgeb ! Q@i\@fnq:h_ogng Qg‘ydmgm@;@ﬁm;pned pol yners
used in the coating conposition or with andther conpatible o%/ner or
di spersant byltgneeheronskleséhgi Goesheswed A 3 Hith < xi ng, sand
grirl i ng, ba]IDI. Eigrling, attritor 16 April 2002 - 19 grinding or two roll
m | I°ng. The®m'FF bass is then bl ended with ot her constituents used in the
coating conposi t Tohst bydbbaiyn fuhe tpoasdnt Qedaitd g eopost s, The coati ng
conposition can _be i by .c tiQnaly jechni ques, sush ascispsaytng,
el ectrost at i 8%893;9%%%,’ glgSp%r?gci@ér%&sﬁ ng, #I wcgoa’[i nﬁéand the |ike. The
preferred t eehasqueE itaespodpicnd.e landnvidde deer aphr et ad2eh t gt CBfot her aspect
of the present invention_is. fornhe cyre i Ng coMpositionyl ayers on a
carrier or sﬁﬁﬁéﬁ%ﬁ'Tﬁ8p6F5§§ntb*ia%\/cteyr?tsl olgn" ickskﬁéi)lac}iu{s?? ated by the f ol | owi ng
exanp es,’ hOH?‘de',xyWivtallQ@t offe stertiwatdmd 80 sarstopd] , tand hpsel erdody nEAPS.
Exanple 1 A 21-reactor. _equipped w th thernoco e flu ndense anchor
stirrer and APPr&GeR ﬁ&ﬁge WA s B F AR T H W ér‘%)%;lecj?’ll? %E%QQS% g o{mCardura
E10 and 27.71g0XYlen® oweie ey rpatk fgdab Ihef reaci ®0 . tTh8 $O0i aim &l andact or
charge was heated to 165 C. Then, qv. a iod,of . 6 hours, mer feed
was added gr BQ&& IPfeafter&bgé’n raﬂﬁ”toztsgo:rﬁe? gf({flﬁ eg{)IFOJlBSa%? %n é?sgggg'?ant
stirring andgnder &ildtgitutiidrogaD f4 aw 1dvbnoner feed: 72.0 g acrylic acid
1I'30'200 J .hydr Oxyetsg%ldn%th%%reyclhaetre m3a0y0'p0regf§§¥gf§]ebe prepared by using a
monoglycidylester of a branched carboxylic acid, such as
CARDURA E10 (CARDURA is a trademark), or CARDURA ES3,
which have been derived from VERSATIC acid Cig (VERSATIC
is a trademark) and pivalic acid Cg respectively.
25 The hydroxy-functional oligoethers may be prepared by
employing a ring opening peolycondensation reaction in
which r moles of an s-functional polyol, wherein s is 3
or 4, or a blend of polyols, so that the average
functionality is at least 3, are reacted with up to or
30 less than r x s moles of monoglycidylester.
Preferably the hydroxy-functional oligoether is
prepared by processes as disclosed in e.g. EP 02448973,

EP 0449358A and EP 375078B.



-wei ght (Mv) wa

198.0 g nethyl nethacrylate 90 g di-tert.-butyl peroxide 83.3 g xyl ene Wen
the feed was conpleted, additionally 10g ditert.-butyl peroxi de were added
in small portions, and the reaction was continued for 1 hour under the
condi tions naned above. After the postreaction was finished, Zgﬁﬂ%@%gtor
charge was allowed to cool down to 100 C, then 16 April 6@

butyl acetate was added to a solids cont&nt (nmeasuring according to ASTM

- D2369) of 50.0 9%/ w. The nol ecul ar wei ght (Mv) was determned by gel

ti h I
pernmeation c rg[{?tg‘é%g%{og% X@'g”% g/n%féyibﬂf‘ﬁeﬁﬁé’rﬁ‘@?é:d d & FtHQE?EU ar

0 wth a nolecu

di stributi ene( MikNe) iofe, 2t¢hméﬁhyhnﬂ(pnnﬂanﬁ(ﬁpﬁmbaacyyhrctpé$|ﬁndas

det erm ned sin | SO 3682, it was found to be 5.78 ng KOH g Resin. Exanple
2 A 21-rea858r 25 |pped mnth t her nocoupl e, reflux condenser, anchor stirrer
and ni trogen pBrgeawas ff lildhed rettifoMi toregest ruldenr d50egboflifanducd E10 and
16.6 g xylenecgﬁre po%red into the reactor ThIS dnitial reactor charge was

heated to 1B8COLFABRCNGVar "Rish M5y &t P hddt SShE MR GDRBfrer feed was

added gradyalbMtabnd eamstantd Aarperatiyie s, 165 Ghendesregngtant stirring
and under a |ight nltrogen flow. Monomer feed: 43.2 g acrylic acid 180 g

hydr oxyet hpP hEe haé By L&ilaetdy 19 lompRaie 326. 8 g met hyl met hacryl ate 40 g

di -tent.-butyl peroxide 94.4 g xyl ene Wien the feed was conpl et ed,
additionally 10 @iditerg. - butyl peroxide were adged in small portions, and
the reactijon wag contjnued for 1 fpur under thefconditjons naned above.
After the %pstr acti n was finished, the reactof ch F@ Swas al l owed to cool
down to 1Q 68 g of but Iacetate wer e added. The solids content
was measurled a cordl #o IgO_" %2 Qf; ;YalH of 56.3 ~w w of
solid mattler. The nol ecular weig eﬂ=r ed2by gel perneati on
chr omat ogrfaphy, using pol ystyrene standards 16 Qpril 2002 - 16 The

mol ecul ar |wei ght (My) was feund to be 3450 g/ mo|, wigsh agnol ecul ar wei ght
di stribution (Mv M) of 2.19. The acid value . of the acrylic resin was

-determi nedwNété‘QnASIM FRE RO x28HI 2, | R Magnd Q{@nq:zt&éﬂz@t 6164 HDiKEkEgeresin.

Exanple 3
side branches derived from the glyc1dyL ester of a

tertiary acid, and R3 can be either of structure A or B.

For compounds described as suitable in this invention, A

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'presént 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
weight 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 Cy

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



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 nononer feed was added
gradual ly at a constant tenper ature_o‘f9 165 C, under constan* Rt ! rio'ggg and
. under a light nitrogen flow. Mononer feed 72.0 g acryli-c 6chr('J .0g
hydr ~oxyet hyl net hacryl ate 300. 0 styrene 198. 0.9 isaobornyl thacrylate 40
g di-tart.- bn@yla@@mdﬂsa@sg&@tgecgﬁ%%n"%%lf 868“%&%8&3?5?5’%,
~additionally 10 g di tert.t Wipelotde yesds pdgdedrerabagl Lopast lans, and
the reacti onl\gas continued for 1 hour under the conditi 8ns namegv\gb ve.
After the pastr@adil oreighs fanasidd, RIRESEMREBr 2ehiPge "WRELSFPGwedt o cool

down to 100 t hen butyl ac to a solids content (measuring
accor di ng tSQMM%MGgl %Q%ﬁ W T eéjfml ecul ar wei ght (Mv) was

det ey m ned by gela ipemheRtd:on DinanEtrogr aphyomeskndgapoPystyfénd Sfandar ds.
The nol ecul ar wei ght (My)_ was_ f ound. t.o. le, Wit 0@ 1R 1eGuI ar

wei ght di st rtio&ftli-‘%n B3 h)° o2 1?9855%%%%?%8\9%{‘3% Fof theogcr'ylffci}{r esin
was determ ped disidg 4 IO 682 C4-0ps caundxydibeasid7 amg ROAYG esih. 16
April 2002 - 17 Exanple 4 A 21-reactor_egui it h .t aupl.e, reflux
condenser, ARHFALEIITF AHhd ?1?fc?o@%?‘lcBhgaeggggugtugﬁeg%rﬁq?& lr{:\i tfogen.
Then 250 g of; JGaf duren By ey 2717y aytene weér eopour @t idito the reactor.
This initial reactor charge was heatgd to,_165.C. 'I;rg:g LOover a period of 6
houk®, the rASHOAERn ¥Rk Niadh SHHeEE BFAdTaF P Xt 18 ESnstant tenperature of
165 C, under CO@%Meﬁ&éIi OuRed: wpdesdambhnghie rai toooger rfilngw.h whroner
feed: 72.0 g acrylic acid 180.0 g hydroxyet hyl nethacr Iatee 30l .ngugjétyrene
100.0 g met MunoRierek i at Bhat M3y Be guFEGh s SmaHRCriT 4t & 40y

di -tert.-butyl i . Bc By Xyt egeaMhenvihe dfeed s et et tes,

addi tional | yryylcg”?%}?%i%g???-%ﬁt% peroxiade were added in sn?sl : pa(r)P:eti ons, and
the reacti onwhwase tonthauelkydr nashbdufCuhder 2Re e G o Heifief above.

After the pos Lo i RiLgbedy tReyneache ohar geydwskaldovedl to cool
dowﬁgto 100 ré&?rﬁé#bg?é\?gg%t ai/e wag addgd torgfsol i ds content (neasuring
accordi ng t caASTM D2368YdobxB3160PRARY LTRE IYHAEEU dtY Wl FhtPY was
determ ned by ge r ' c t QAR 1USidg ¥&ty rehnep $1 andar ds.
The nol ecul a Cg}é#aﬁ?'mgj‘kﬁé’ ?38 d to be BXS8 /rmklpﬁ?iwith a nol ecul ar )
wei ght di st rinbuhiaonyl MehhyetoRy6 i sPRE ofvild mﬁaﬁll%:@fl%%%f RY¥FPE resin was
determ ned ,, usin 0 36 it s f: O b b d2. npu KO g Resin.

Exanpl e 5 R%‘iw,éa%?g agaggéggd'»ﬁp@hmégﬁggﬁt ng mantle, thernocouple, reflux
congensat or, skahnplleesarst edle seiacrtérne pd o uFogeh @CFﬂfﬁé%l‘\?\/a%‘_”F‘Fushed with

ni trogen. 43géghgclyﬁi%ngc§%9'Qt%c%%ﬁ%y%%ﬂ%u)ﬂgiéiehééggg Fhoribe

react or,

acid with monoepoxy compounds such as ethylene oxide,
alkylepoxy ethers, alkylepoxyesters. A hydroxy-
functiocnality may also be obtained from monomer

25 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

30 monomer (a) are used the reaction product; of monoglycidyl
esters of branched Cg5-Cy3 carboxylic acids and acrylic or
methacrylic acid as obtained by a process such as

described in e.g. US 4,350,808.



. reaction was stopped at an EGC bel ow

.t hezpeact or. mEhEam:xztlarte was alfeatled camorgnaE s AtFq

16 April 2002 - 18 and honpgeni sed gradual |y increasing the tenperature.
When t he system was honogeni sed, normally at about 120 C, 1.24 g DAHCO T9
wer e added. Then, the tenperature in the reactor was slowy raised to 175
C. The reaction was followed by w thdrawi ng sanples at regular intervals
and determ ning the decreasing epoxy group content (EGC) v @

gl’oo4 eq./ kg by cool i na*éjégr ﬁ?itl ve
Exanple 1 (as described in patent appl ication P 4 p. 38,
Exanpl es 38- 42) T326 he I¢ ICARURA ’{) CeEtHY A 1Y3S % @tbégz éydr oxybenzoi ¢

- acid were CQ? ed gl h%t%cﬂ'éﬁﬁyﬂﬂﬁi?t&f r@étﬂa&tt«l@teqmappedcmdh a heat i ng
in

mantl e, a st ess steel stirrer, thernocou refl ug %ond n zind
ni trogen i nlagtongThee NABE Urtes MRS HEHE w9 ey ‘EettAf‘CFH g+

exot herni c 1eaotlal ki 109 aé'@ethfsé@é@@%ﬁtxuéehaaeweased ba 135 C. The
sol uti on was¥ool'ed 4o room . enperature, en the material was

charsct eri seddsi rfadi il cves : t e okl ei‘:{#%@rv\%‘?gﬁtfo‘(‘wcvv&énéfét BPRPRES by gel

perneation chromato LyLeng égaggagdgut he sgl-eeud .ar

wei ght (My) 8ids %@d%so%%g@% § vv%t lélt nmol ecul ar \])\j-/el ght distribution
(MvV Mn) of IpHXL. 1Jmﬁmmmnamsomecmhbm agprhgabse 3682 it was found
to be 138 KCEi / sin, the epox ntent y9sMRg. BKk@ndEhe sol i ds
content was "‘rt?'neﬁjteof% @FBa'7°/°>({n%%§g§| %g %gcordl ng to ASTM D2369) .
Conpar at i ve t@@@@«@—rﬁ@&ﬂ@ﬁ@dl bedonompas enfoappkiet@tlieon tPCT WO 96/ 20968,
p. 15, Exanple 1) 160.2 utyl acetate BuAc - -

monbpent aer)}l‘-tﬁl(lt%ttyr%fn% ﬁp{ S‘(S?I'Inlﬁ?’i:’ty'i(1 ﬁexéﬁyc}i%gp%tr&gl i é é:nhydrl de were
charged int %@t}lé\I,éI&Qk{z@S reactetmequympgdlmehyheatqrr}’@-mmre anchor
stirrer and nitrogen_inlet, g heat ed 59 reflux until they were fully

di ssol ved. TR FEOY 426 eeaoamé?esaaa@ ®fol | owed by 1.39 g of di butylti n
di | aureate (UBTLY gdissobved tRe8pflagcef of theAppiplol3062 comrlses

butyl acetate. The m xture was further keB ; refl ux rusntll aggl d val ue
(AV) is bel owtisery KepEhhacEReAt8daNE SRal *EY7. F8NGTGF BUt Y acert te were

add The ¢ o] hibg reeluatg WeTLe e;tﬁru@maednmrtecﬁd ovwsy The
ggul X Q@%@Q%m%tﬁm Ect/besep 2l yd

det er m ned by perne t.i ont .chr onat Oe%(rfr.ph :
u5| ng pol yst’yheneesman(ﬂ@ﬁ‘ﬁ@ a?ﬁé‘lﬁ‘ﬁfecﬁlnartW| Was fouhd to be 1020

g/mol, wth e gﬂgssutgt m;tgt@t b'rbléUn@ln(aM&/d\'hS) mfeﬂecﬂrs Pihe- sol i ds
content was determ ne measuring according to ASTM D236?9%
a 2.

Conpar ative Exasple, 3th(ea5\ade§e|tL/b@é thess Ranae No. (U SAE 918} T n

litre gl ass eac I; h sheat iy drmntd ola_n@ehprstscturd ese and
ni trogen i nI égéh% #Hcgglgwgtﬁd a916 g of neo%nt%a%)?% harged in.

ee'r a?tf?-‘éf 1.416 g

(0.1%) of DAB i v Q e K enpes EoUBS
i ncreased to™ %8 fgléji%nd%t%nﬂeﬁr%gctll@on&i‘%%V\eld by Wthd?ﬁngz?%(%?les at

regul ar i nt epealseanduddt esnimsitiy it me tdegedst iRy epoxyt grotp*c (EXO)
val ue. The reacti n_wag é%t gg%et%gat%%ﬁ%,b %&Qnggékglby-b‘@omngr The
170

viscosity wa¥ L&&der Mine t he nol ecul ar vvel %M/\/é
det er ni ned byegellaw—rmaybmqﬁﬂml@?%pm&nwi n@e‘b}bql?%i’ir‘?% Re%H ards
The nmol ecul ar ) b Jolk rrpgt, W £8n lrml ecul ar

h%t di st r {5 (l%%/,\%/h\,!a eftfr%}iogﬂé hjeqreép%gay gr oupecont e%t was det erm ned
as 37 meq. /kgletﬂaez@qjam contmeyntt mweshatet ek at fiedo ¥ ocpelbBa8iPRdasuri ng
according to AST 369 r mesthhehslate
~onposi - ~onpd<] ’&5’% 3123(%0%6 | r%oyﬁ‘spcgsél)g rrgn}gsfgogt%r%ogl Conposi §Corrp05| -tio
n htion Btior;i@d %rﬂb@mﬁdomﬂlﬂmr@mneﬂtenn pExafppéc, itaconic,

171.5984. 6979. 00g---57. 03 SgEX I ¥_4Bn- 28355~ neExanpl e
3----52.62g- Q% Q& 13 gb?n Zelonk Bndied n &¥s
30 used.

The composition of the hydroxy—functfonal copolymer
is such that the hydroxyl value is preferably between 60
and 180, the number average Mp below 4000, and the

theoretical calculated Tg above 30 °C (as calculated



- - - -52.72g --Eranple ".pl8.5g5.9911. 8gl11l. 0g7. 37g7. 279-
.-cornparatine_ - --7.969- Exanple 1 --Conparative--__-- 10.85g Exanple 2
~C. onparati ~Je----- __-8.45gExanpl e

3__.lsocyanat e34. 95927. 8g17. 40g24. 00g22. 60g22. 25g15. 10g15. 10g15. 10gDESMODUE

VPLS 2025, " 1B=ityl acet at €9. 599. 0g----11. 0g10. 0g6.59g N 0 0 D .
Exanpl es for clear coat compositions <]l ont ' d) : 1é\IA8"|cbOH2
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different . condigd onssc)a@rplené copdiymen: sB3uCd have an OH value
of 60 to 180, preferably between 100 and 150, a
calculated T4 (according to the Fox equation) of at least
10 40 °C, and a number average molecular weight Mp of
between 500 and 2500. o _
The coating composition contains one or more polyiso—~:
cyanate cross-linkers. " | |
Many examples of such cross-linkers are commercially
15 available as will be appréciated by those skilled in the
coatings art. Various isocyanates empldyed as cross- ‘
 linking agents are described in U.S. patent :'
No. 4,322,508. However, the'biuret or*cyclotrimer of
hexamethylene diisbcyanate or isophorone'diisocyénate are
20 | preferred. ' ‘ | v
Trifunctional isocvanates may be used, for example,
triphenylmethane triisocyanate, 1l,3,5-benzene tri- '
isocyanate, 2,4,6-toluene triisocyanate, an adduct of
trimethylol and tetramethyl xylene diisocyanate sold
25 under the'trade name “Cythane 3160,” “DESMODUR” N 3390
which is the timer of hexamethylene diilssocyanate
(DESMODUR is a trademark). Optionally, one can use a
polyisocyanate acrylic copolymer derived from
isocyanatoethyl methacrylate (commercially gvailable as
30 TMI) 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.



b) 20 m nutes at anbient conditions, then force-cure in a ventilated oven
at -80 C for one hour c) 10 m nutes at anbient conditions, than 1 hour at 80
C. Hardness was neasured hourly after the application were possible,

subsequently all coating properties were neasured after 7 d T
determine the acid resistance, the panels are pit in a vent ?‘?@%B@W@n at

50 C. Three droplets of 0.6 N H2SC7q arle put onto the panels in intervals
~of 30 mnutes. After 90 m nutes, the panels are rinsed with . dem neralised
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har dness afeart i%thdd| dompdisent s| odcpepefi dh-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 éomposition, 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, benzocates,
hinderad 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, RESIFLOW 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-agueous

dispersion polymers; water scavengers such as
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orthoformate.

When the present composition is used as a clearcoat
(topcoat) over a pigmented colourcoat (basecoat) to
5 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 pe pigmented and used as
the colourcoat, monocoat, primer, or primer surfacer. The

10 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 cah»aiso be

15 : used to coat plastic substrates such as polyester -
reinforced fiberglass, reaction injection-moulded
urethanes and partially crystalline polyamides.

When the present coating composmtlon is used as. a.
basecoat, typlcal pigments that can be added to the

20 composition include the flowing: metallic ox1des such as
citanium dioxide, zinc oxide, iron oxides of various
colours, carbon black, filler pigments such as talc,
china clay, barythes, carbonates, silicates and a wide.
variety of organic coloured pigments such as gquina-

25 cridones, copper phthalocyanines, perylenes, azo
pigments, indanthrone blues, carbazoles such as carbazole
viote, isoindolinones, isoindolones, thioindiogs reds,
benzimidazolinones, metallic flake pigments such as
aluminum flake. .

30 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

35 high speed mixing, sand grinding, ball milling, attrito



tack-free [m n] Koenig hardness after 7d [s]Erichsen slow penetrat- ion
[mM Direct / Reverse Inpact [Ib.in]Acid resist-
anceFa54n. a. | 44182>9 080/ 8028b557n. a. 192>9. 0100l 10028¢c54139n. a. 196>9. 0100/ 1
OOZBGt5025n.a.134>B.060/8027!-ac5062n.a.132>8.0>110/5028Ic50~§&.q.I§§>B.0>1
10/5027 Nn DNOON 2 5 16 April 2002 TS 6600 C L A | M18APTIEIRE ng
~conposition conprising 60 to 90 percgnt4bx_meight of bi nder conponents and
from40 to 10 percent by weight of an organic liquid carrier, wherein the
bi nder conprises the follow ng separate conponents: 5 (a) 5 to 50 percent
- by wei ght, gréhdiinge aro aue seigHtl biirhe Bradeildf bage a5 rbed

hydr oxy- fupgLi.anal \aldoeather dsrdvedhdiom ababieast come cBalvielg free of
car boxyl groups an avi ng ree or four hydroxyl groups, and - a
nmonogl yci dgbmpstértieh & draichied the boxes éot acpdtivgntampiosd ti®ns,om 5 to

Lo 0T, 2 0Tl B AL AT N9 8 PSP ERAOB, ! s or vl gt
a hydroxy ¥ahuenefichetiwvesrchkfilywael S06h as spraying, electrostatic
spraying, dipping, brushing, flowcoating and the like.
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 ité scope to these
embodiments.

Example 1 .

A 2l-reactor equipped with thermocouple, reflux
condenser, anchor stirrer and nitrégen‘purge was flushed
with nitroéen. 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 niﬁrogen 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 xXylene

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

/



(b) 40 to 60 percent by weight,  relative to the weight of 15 the binder,

of -one or nore hydroxy-functional acrylic or nethacrylic copolynmer with a

Mh between 500 and 2500, having a hydroxy-functional conononer content

bet ween 10 and 50 wei ght percent of the copolyner, derived fiéﬁytiﬁb

reacti on products of nono-glycidyl esters of a 20 branched c BUAGY2 aci d

~containing from5 to | 3 carbon atons ang-acrylic acid or nethacrylic acid,
and conbi nations thereof, and optionally m xed with an anount of at nost |0

wt % of conopnoners, which have been selected fromthe group 25 consisting of
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Vi nyl connqgﬂﬁg () 0 Nt = | at i o the weight of the
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curing cat al ystThe30n&l e Gobs ¥ nge tonposMiv) omaacdetdirmg nieal dyaignl ,

characterized in that the binder conprises from10 to - 2 6 - 16 Apri
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Coati ng conpesintd loft BlcLor ek gh t 0 (4k fi Wes1lf3undhebebr B8 hydmaxy, f uncti onal

ol i goet her has a hydroxy value of 5 from 180 to 700 and nupber average

mol ecul ar Weitght? df?jolr%%azw%g@%odgfﬁﬁwusﬁana (M &0l & Geidht

distribution NPWR ¢dlidlQrathe @AtENEG £0PPOSE! £0Y:ACGASIHRE drthitg Cl ai ms

1-3, characterized in that the oligoether has been derived 10 froma

nmono- gl yci dysliegt &SQf3 ianchediaar bow)Hi E0abkdy - 8vmgg KO8 /gaRssrinat ons. 5.

Coati ng CO@E%ﬂ;wénbaccording to clains 1-4, characterized in that the

ol i goet her beem derived fromglycerine, trinethylol propane,

pent aerythritolr @idrEactdiheduitmped. wldat thgrmoapopilei, omeddausr di ng to

claims | -5, characterized in that the_ hydro functional non r.(a

et |y SPOEBrRAY GOIRIAE & DrEEeT cabt: BRbFORRE: PEROR HBR0GIIREN est er
of a brancheadnCoHiG@rdqarbarndd cis@ig @0 eaddaeayELo aaddier.éngt hacrylic
acid. ' 7. Coating conposition according to cIainE_I-6,,characterized in
that the (ﬁﬁ@ﬁf&bﬂﬁ%ﬁePQHﬁﬁéxﬁﬁﬁoh%%eaF?aEFPGaIa 15t *PhéiP60 TEFCLSE, a
cal cul at ed -fig reaheyl aladacaqy didg t@,. theeFOXopaYaki pRYiok atr | east 40 C,
and a 25 nunber average nol ecul ar wei ght Mh of between 500 and 2S00. 8.
Coati ng cofpdsiiison thec MM Fe3di e 1, added agtediaédyi Att Bat as

POl Vi S0y 38318 BheS Sahigiart 1fle /0] 04 T¢ APT uffic PeXgAREYkeag sl sacyanat e
is used. 30 9. Cured coating conposition of clainms 1-3, applied on a
carrier orasdppoder 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 écCording to IS0
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.
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180.0 g hydrbxyethylmethacrylate
300.0 g styrene
198.0 g isobornyl 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 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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temperature of 165 °C, under constant stirring and under
a light nitrogen flow.

Monomer feed:

72.0 g acrylic acid

180.0 g hydroxyethylmethacryl&te
300.0 g styrene

100.0 g méthyl methacrylate

98.0 g isobornyl 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 84538 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 5

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,
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Comparative Example 1 (as described in patent application
PCT WO 97 13741, p.38, Examples 38-42)
326.6 g CARDURA E10 (CE10) and 173.4 g para-hydroxy-

benzoic acid were charged into a glass reactor of 1 litre

equipped with a heating mantle, a stainless steel
stirrer, thermobouple, reflux condeﬁser and nitrogen
inlet. The mixture was heated to 110 °C. At that pbint;
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 aetermined 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 88.7% (measuring
according to ASTM D2369).
Comparative Example 2 (as described in patent application
PCT WO 96/20968, p.l5, 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 B8.61 g of
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The molecular weight (Mw) 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 DRBCO 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 eq/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 meq./kg. The solids content was
determined to be 93.4% (measuring according to
ASTM D2369) .
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layer of paint mist onto the panel, then the full wet

film was applied in a single lavyer.

Q-panels coated with the clear coats from the
examples above were left to dry under different
conditions:

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 applicatioﬁ
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

H»S04 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 O (cbmpletely 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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(MA0YB& ()-Eeifkt10% an organic liguid carrier, wherein the binder
comprises the following separate components:

5 (a) 5 to 50 percent by weight, relative to the weight of
the binder of one or more hydroxy-functional oligqether
derived from at least one polyol free of carboxyl groups
and having three or four hydroxyi groups, .and a mono- .
glycidyl ester of a branched carboxylié acid, containing

10 from 5 to 13 carbon atoms, the oiigoether having a number
average molecular weight (Mn) of from 130 to 1000, a
molecular weight distribution (MWD) < 1.10 and a hydroxy
value of between 180 and 700, | v v
(b) 40 to 60 percent by weight, relative'to the weight of

15 the binder, of one or more hydroxy-functicnal acrylic or

methacrylic copolymer with a Mn between 500 and 2500,
having a hydroxy-functional comonomer content between
10 and 50 weight percent of the copoclymer, derived from
the reaction products of mono-glycidyl esters of a

20 branched carboxylic acid containing from 5 to 13 carbon
atoms and acrylic acid or methacrylic acid, and
combinations thereof,
and optionally mixed with an amount of at most 10 wts of
comonomers, which have been selected from the group

25 consisting of cycloaliphatic (meth)acrylic comonomers
and/or alkyl substituted aromatic vinyl comonomers,
(c) 5 to 40 percent, relative to the weiéht of the
binder, of polyisocyanate cross-linkers, and
(d) an effective amount of curing catalyst.

30 2. Coating composition according to claim 1,

characterized in that the binder comprises from 10 to
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3. Coating composition according to claims 1-2, wherein
the hydroxy-functional oligoether has a hydroxy value of
5 from 180 to 700 and number average molecular weight of
from 250 to 850 g/mol, and a molecular weight
distribution MWD < 1.10.
4. Coating composition according to the claims 1-3,
characterized in that the oligoether has been derived
10 from a mono-glycidylester of branched carboxylic acid,
having 10 carbon atoms. |
5. Coating composition according to claims 1-4,
characterized in that»the oligoether has been derived
from glycerine, trimethylol propane, pentaerythritol and
15 ¢ the like.
6. Coating composition according to claims 1-3,
characterized in that the hydroxy functional monomer (a)
partially or totally consists of a reactidn product o¢f a
monoglycidyl ester of a branched Cg-Ci3 carboxylic acid
20 and acrylic acid or ‘methacrylic acid. '
7. Coating compbsition according to claims 1-6,
characterized in that the (meth)acrylate copolymer has an
OH value of from 60 to 180, a calculated Tg (calculated
according to the Fox equation) of at least 40 °C, and a
25 number average molecular weight Mn of between 500 and
2500.
8. Coating composition according to claim 1,
characterized in that as polvisocvanate cross-linker the
cyclotrimer of hexamethylene diisocyanate is used.
30 9. Cured coating composition of claims 1—8; applied on a

carrier or support.
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