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‘Ol GOESTERS 5 AND NON- EM SSI VE URETDI ONE POLYI SOCYANATES ' The present
iFnvention relates to powder coatingconpositions which can be cured at |ow
t enper at ur esBiQ¥WE7148 t h or without the use of a urethane cat aPGEUSIR0ES4
particularly, the present invention rel at'mmm w hed hydrf y’lﬁ

term nated oligoesters which whencrossli m m,nmt npr oved ﬁ o?%nce
properties atlow curing tenperatures and whi Gheg@ not rel ease

bl ocki ngagents from crosslinker into the environnment. 15BACKGROUND OF THE

| NVENTI ONTher nosetti ng powder coating conpositions are wellknown in the art

and are widely usegdqops ﬁoéé‘hfgﬁc;é%ﬁé%téﬁ%ﬁéﬁﬁ]ﬁ%ﬁ@#ﬁﬁ% gar den

furniture, accessori es or the autonotive In al 20parts and
the |ike.5 Ther noset ARy NOBUndR4 TS SE s iURE TSI O )?9&#6 OCYANHTESary resin and
one or nore crosslinkers)often called hardeners or curing agents. The
gener al approach associ ated with powder cqating technology is tofornulate a
coating from sol i "% IR sm‘fﬁ%%%rﬁ%esqpépsé’oﬁid&n‘erﬁoét(% ot her

i nlsol ubl e co:mmﬁh } ltS:)orisﬂ wiHRdH icarofbd ey it Fdﬂ&@n@@m&mﬁ@s& aRd |
pul veri ze thefqrnul ation jnt. owder. 1n ar Qss) achparticle
contains allI® Jb@"?lf'ue J'r‘h}g‘;rce]%h"" O:thsoﬁnmqh miltadh &?e 5\% Yg: ‘applied to
t he subst r atMnBOuzard i gulanlnottHea mrceaﬁntto imvesitdlon amadaftmd:d 0

acont i nyQus yid {B e Bakd G0 MMAH ity v&rl%ésr&f‘e'féd%qrcgiawen
pol yhydr oxyconpounds and bl"ocked to inc|ude i nternal or

sel f - bl ocke FASA SHEAh ALY Idq) WRLAYeS @LFOFRCe FEPPEFIcSatdlr e) 35ar e

} npor t ant | biinsli rxglﬁg@teexﬁpuratdiﬁrdmldmﬁ AT Idon%I S%Q}é%ere %a%dmmg%g Zee
or exanpl e,
bOT/ US00] 2088F E S O § e LA AY 50 TR O FREEe aystems i the

di sadvantage that) during thermal cross-Iinki ng the corrpounds used as
bl ocki ng ;agents, excludi ng gghf (5\51@1? s, are split off and
escape %lnto t he environnment. <'ér%ere ore, dlﬁrl ng cure and crosslinking
speci al precaut i GFReTRRCYEnRIRAVIEF KRAtARG KOTRISHE 19ne ard oreltlo recover

the bl ocki ngcrﬁﬁemlﬁ Ofhe a1t 3TN R rQf wemilquls@rad a\éorcl@af&migeneforThe
el imhation olheemssm fromth %atlngs has been

.curi.n
att enpt ed witH et QLR PG ﬁagl St rgég e&r tu(fl &*§r'oup- cont ai ni ng
pol yur et hanac(dﬂﬁomsjeﬁomaate ragltrmrcdam sindus tirlye s g ene@rads intd tars

cross-|ink %g?;rp t s@?rl;: oups.
(See for exg%ﬁt.%( L?gee \g:tkteérﬁ:t hl\lg{ sgézt%q&ggf g%%f%rn%t%%torﬁyg{ cally,
films pr odué@e?c‘wlf% ehes ey d?reﬁj{fbtadidoﬁ@eclo&sﬂqrﬁk@r@sséd\/vé‘iﬁeﬁs do not
have opti nalodddin L oRed tHaM Gl & wxcm@s%,gefnltem bithiet Yyerediavent

resi st ance, corr05| on reS| St ance at he abl I | t %}h%eg 20 ,Anat her
probl em wi t FERVRAS tceéfrﬂ"&srl 36’ G 1A FRe | ow
gl ass transmammltae:\spea actcwtesag( 'lfgjonarmb]wd Icoag:@ln@msat aior tslemt er when

stored el &\ r |9 u f yl Thi s
phenorre?]zta caus%ss an g‘?@‘%& ca Jdal eh‘{g'm mg%l%he%k%)vﬁg?lt(%a?&n
conposi tion m@&@?{w%nﬁ@ aRaiRE %1 SHRERRNERtEnd aPé‘q@urlé@rrJe?rﬁ Ittieng,
whi ch may oredmy,Noliferifdo e\orﬁdw@ﬁ on 19 & EAWdelk ¢RRkHina avag a

sui tabl e particle size. of the ., nvention to provide a
powder 30pccpﬁ§ﬁfgc%%ncp?}“s'iaﬁ’§n a@& rf’r1"J h:g'se FredierEsy IR fhsyl gss transition
t enper at ur e faochwi Yett iow | | 'erssmmwcnagglmrerpqﬂjmd dor ithg subsagatd,t is an
obj ect of th?sdanl"% }% (%Splr- achco%v\q[eertacioaghrag f%]%ggoscl tlalon which w il

maxi m ze |Impro ardness, 'flI'exi biTity, sol vent

resi stance, XUrEUHHE r%@%t@hé@k%t her abi | i ty and gl oss) yet also -2

WO 00/17148 ~ , cEidoLrs: el WiEIH 20R54h Y Mida iz akh E@ Yeposition with
t her, obj

'a rel ati vel y highglass transiti on tenperature.’lt is_ano ect of the
i nvention t FHRNRE AR XERSDHI ﬂd‘%ﬁjﬁoﬁnttle&ﬁ% O&h &t 58 AheEd at .
.5t enper at ur qsomlé@ayasa@émlandﬁﬂﬁcmaﬂmlﬁoltﬂae ats eodin arefdeaeidute amount

of uret e catalyst _or at te ratur s than_a ut 1E0C, -with.the use
of an eriborT i RRITEIE (Ut AORhy S0k AR e 11y croes- 1

1, 5-di azabi gyt . o) ings Stsmwe, fdy &mmlﬂ,alﬂ Sy.clPaf5. Aa®). undec- 7- ene,

di butyltin dilaurate, butane stannoic acid, dibutyltin oxide, and others
knownin the art.It is yet another object,of the invention to providea

t hernosetting powder coating conposition that includesl5crosslinker that
does not rel ease a bl ocking agent intothe environnment up

anot her object of the invention to provide apovvder coati h)m“‘lmuwﬂﬂmmmn W t h
Or bend performance, andaccel erated cure schedul es at tenperat ﬁ)go%@ greater

t han20about 160C. which are typical requirenents for coil coat |
appli catl ons. It |s anot her Ob] ect of the |nvent| on to pr OVI de apovvder
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10 nol ecul ar wei ght, hydroxyl nunber, and acid nunber which provides a
‘relatively high glass transition tenperature) and hence, aggl onmeration
resi stance. Wien the latter branched oligoester polyol is cured, 9iMA( 2063
ur et di one, tweogenfagnati on of branched ol i goester polyol and péTaselztsHINe
provides a coating with good performance characteristics wthout the
production 8f 886l L8l endr gaavs, EbﬁboundsmmVGCtp mmeheosyﬂuémanlsruhawe of
ur et hane ca nt oy n e e vity and
B gh rate ofiERPLRgrARE LRAEL BOPLRE PEhdoRat o RRR 3Rtk T out
sacrificingcgmﬁpagéssvaﬁﬁlaﬁyggééhhﬁﬁ agenhgl or¥EAUAdMPor sintering. The

branched ol ge%?aﬁ&eeﬁgyobleeﬁe@ Jgeﬁésatakeag 13BOoulr ARG tes t 80C., a
nunber average nol ecul ar wei fromabout 1000 to about 7500 daltons, a

25 hydroiyllﬁﬁﬁcFPSnﬁPVﬁﬁoﬁwgﬁboutTEEBGFBeroGPrSnS)C&rﬁy&Vﬁ& nunber of

from about ééobalahnmthEﬁeamdlapracadthﬁbemuei: peotkkr ctcal;mrtlfg,s and
in an very inportant as?ect ci d_nunber gggﬁ% 5 tQ ab

anot her |np5 affgs ?p%& )apﬂéoﬁr Rch8a“s ?Fggegt hg.en. §EHV|SCOS|ty

of from aboutagbnsoofibeablogypandewarkabpgte280C. The powder coating
conposition of t [ r e i ol yol and
ur et di one pomder%ggagyﬁaagggégﬁ iléﬁ§gégﬁ?gegg%R|ghgéf%}|§gf3épannunts
whi ch ai8 ePPEé@F‘véO%FnﬁFoWﬂlh@“’ér%’éé?ﬂﬁl&@é wéhhi f§ecHPsosifiions with a
penci | hardBQéEkQﬁgabgbﬁ@SEré@QU\EréBdl@nél- @b Lapaek ikQsigst ance of at

| east about 89 V%%gg g &73 PCT/ 99/20654 inlb
and a rever B8 VHﬁﬁEPaPES| EO% eﬁtc?% é?ga885 §5°FF - 15 R “BeS5 nder

t hi ckness otoaposttfiofst orabsulidiihg whkascpibng wdttwondheotmed at

t enper at ur abou 0 ut Ce Ih Qg}{gﬁr
coatanSCongogg%ggﬁ 8? %ﬁg ?%%gﬁg?%ﬁ éﬁ éﬁg (gggsgg¥fﬁé a%%heé%llgoester
pol yol ahd BreestoNeshal. 82Tg06t ¢$@nﬂaﬁéétQZ®C t o THPG@a180GC. fidmen

i npor t ant aﬁE%thEBewE!EHU%BEQéttﬁﬁe@oﬁﬁoﬁkéta@oﬁ@m&b‘é‘?ﬁ1frﬂé€9s5‘b0Ut 40 to
about 97wei ercent of e branched hg}roxg ternlnatedlqﬁllgoester

th
based on th °W€8§Ht gp BP&nEﬁ%ﬂ IPF B8Rt EFpYI PEPPERG1ES0 SIS hIEShg agent . The
branched ol hgeaakes, pﬁlyﬂhbmmytpe syht-besi zedibyhace, ngearmenaeal |y | i near
hydr oxyl term.g a diol and a diacid and then
react|n915t%gggg gfg 9%83&%%9#9% %1%§§eéhgglgoester diol withless than a
st oi chi 8fetric anDuntA@péhatlDéObbethhybrQQVﬁ@roﬁOﬁﬁénm i goester) of a
pol yaci d ha&b&goéeeagaéy&sf HHQE'QH@&' weaﬁeﬁug,eﬁ&beafzw gashi s | essthan

stoi chionetric anount provi des sone” car box sZOto t he ol i gonmer, but
its nore |nﬁéﬁ?&ﬁFlSGrES@@erét?Bﬁ%né?dlFym%r%%4h ISHPPeXabraREhi ng of the
ol i goester p@hyxﬁlerSthhabtalrteQOﬂEreEQﬁaﬂédexbﬁ@értﬁﬁu&@@ feases, fromall of
t he carboxyl nct i I|t e yac aol yacids are
|nterconnecP§8E 998ﬁ|§353 gché?ntgg%n aﬁgl gﬁg aspe%#% %f%

car boxyRBuneprpdrshictipnf pyebl be poeyathd peudegdcwthmhmmn}mgm is not
more than abauknl30.f otB2agauiyalenisnatatha shal elbpMElY C amount of

carboxyl equival entneeded t0 react™wt of the hydr,oxyl, groups of
the300||goe§?@#llPﬁganwhﬁﬁBrWéHtOﬁsﬁéﬁtnOFhEEFQﬂFo PP EEHAAT 1% @ nat ed
ol i goester goakelrocbtaagdnhoihgoavboiitaBle: patreiabeutsidy.l, preferably
about 10:1 to ab&EIZO 1.1n_an #nB?Léﬁnt asgBEt of _the _inve tion

t he35hydr oxyl A5t 88 GPaFc PeABYEBN 18P0 8R P 185 SIPHASE di ol
(open ch&i ncoatdygl camppsatior whilchnhasenat reldcaviedy diiadi d¢rllwads de, or
di aci d anhy i 00437 MA X
terephthal|g&§%%&t§wﬁlgeﬁﬁﬁgéfggg gﬁﬁ éﬁ%&ywagérngﬁé%gd |goe§%§$'3l
havi ng aronﬁPFén@T§G9§a9RIternatlvely in this aspect, the acid my be a

ﬁtlrald ght cgal n OrItC)z[%| aal bBBéEtCoﬁl @ﬁlada.ndéﬁ%h@naQBY@rrlcﬁlﬂdg ® w’ﬁéxd
alide, and t

ﬁg % none rovlde hgg 0 oester\M
aromati c moff& F?gaFSWE ?951 |Hl nmﬁ &Fﬁé? i S}ﬁﬁﬁg’ , the
di ol used f@mchhasohagdasser dnek1b$latytrsoghbnchmasuﬂuaﬂuﬂ|c or ' 10

anhyari o, GPEAPRACR REFLAEIGRT cHeRSRBREEEEEY, B ool B o

havi ng cycl oal i phatic groups. In yet another aspect, if the d|a0|d di acid
15 anhydride or halide and diol used to make the oligoester diol are both
straight chain, an aromatic nononer havi ng hydroxyl and carboxyl
functionality may be used to inprove prdoperties of the ultimate coating
conposi tion. These aromatic nononers havi ng hydroxy and carboxyl 20
functionality include ortho, neta, and parahydroxybenzoic acid. Wile not
intending to be bound by any theory, it appears that the ring and strai ght
chai n conbination, or aromatic cycloaliphatic conbination provide desired
f|In1propert|es 25 The hydroxyl term nated oligoester diol is the reaction



t WO 06/17148 7 , 9 MAY:2~3 PCT/ US99/ 20654 average nol ecul ar weight in the
fange of from about 400 to about 1500 daltons and then the rea oMY 593

sl owed by cogl about 170C. to about 200C. to provide theggdk 4

ol i goest er dﬁghﬁg&%ﬁerally, t he reaction which 5 provides the$glﬁé%§§¥gr
~diol is condugiedeal éo&@ﬂﬁ@ré&H?@sQEiaBOWEt%4QCréW@tﬁﬂ§I# rigro about 15
fhours before_the reaction iS cooled. This relatively | ow nol ecul ar wei ght
hydr oxyl tePhPREt EH2BF1HLERt BFMBRER HREN is reacted with the 10

“pol yaci d/ anhydri de/ psl yabsher ebjkucestt breeohvealtdeired d pamwidy izc aci d)
pyromel litic anhydride, trinellitic _anhydride, trinethylolprqpane,

L11 mot hyol cBRAREY SRefibaBHYTnt PEBPS TERATAPEE CReERPol Bt GHARE. A an i mpor t ant
aspect of themprventres,ashkopohgagbdudrlé8°Cri azditdilqn#ti ¢ihe sigeeadt et Wit h
the hydroxylckeEripat aflooht 0eshepchbal L3:alyaEORR! bt Athfle HigALANCHI Ng
reaction is conducted for a tinme and tenperature effective for providing
the branchedesBi §bast @popel 6P °desvirBetinfenepnciTRE edd@atdiyenhi ch forns

the branchedn2Qnel bgogstehaRe! ¥otal §seo8duat 84 at sa tenperature of about
180C. to abaqut about 1g_hours. Uretdione is an

240C. for about 4 to
i nportant cP38ZRPARYRY° AGent O RORRa BREseht ®invention. The anount of
crossl i nki ngiagepticyolohe. cooposdéeéton- eseef 8eébtitye tiar dinewrditeg an
equi val ent 25 i L$QC te Xy r f.fr about
05 1 to abButadpPydingEE ABNE PatkReRECEe, BXTREDY arl BB ol
uretdi one has the &ovtlowing structure _$ WD 00117148 OC/ \ RN NR\/
C O~ g MY 2~-31PCILUR90/ 206 Wh8HgeFr CaR tH@'Eﬁ%e%ﬁEB%UQQSp&b%qbkhe
nmononeri c diisocyanates, such as 4, 4" dii socyanat odi ¢cyci ohexyl nmet hane,
1,4-diisocyéné?%ﬁﬂ?ﬁﬁ%?l%g powder coating ctomposition that includes
1-i socyapat exds8l bnket nEhdy | dbesonyanat DeRERY hCptbehanagnageht34inad
1,4-pheny|eﬁ§ diisocganate,una hth¥Lene-1,5-diisocyanate) 2,4- and/or
2,6-toluyle edﬁpgbfy%%%?%, 8?%h8ﬂy%ﬂ%thane-2,4'- and/ or 4,4'-diisocyanate,
1, 3- and 1, 4-di i $bcyananochet obkxane, oiOtAe6idiventdpandaopecarides a
1, 10-dii soc d 2 43141 At =1,.6- G natohexane,
1,5diisocyaﬁggggg,gg%?%%?h?%%éﬁ?gﬁg?éaﬁéE%tEgrggbﬁoﬁgr?ﬁ t gM%?t.gghe
ur et di one sBFGELEFated @uUF@sefiedrlefeaEat8peratised FEERESY Shass

nonomer o diabsoeyasates, wibtghaseergppasat edqghi eambhe sufceaciaad
excess-isocyanate nmononer_in the presence of a catalyst. The unreacted

i socyanat e éPénggo?P? %C%#%?H?One structure are then chain extended with
ester diols. A t¥pitalanoeheironkjstrtucfurbemapvbationt te gnesrideati on
product of 1 y =3, =L Lk y 1.5QC h ycl ohexane
(isophoroneﬁakﬁgggegﬁég?§lé%ﬁ??é%gg?ga#§¥hn§t?%%g%??3%o¥k?ﬁése oligoners is
approxinateV93295¥%H-knomn uretdione dinmer is thermally cleaved in the

presencesof a cabehgstoBietO¥Lraddaheapesat geasutresyhaldd a cured powder
coating at a IOM/%engeéature bake schedul e, Uncg}alyzeﬂ ug@tdlone di mers
typical ly t RBRRBFFGEEPEAGE Gf SPPrBXFRELE pP18BELPE FatthEFFEE Wit h t he
hydr oxyl greppsrefitthpohraochidergtionWE00hae7£4812wing He¥c2Geltlon
PCT/USQQ{Zogﬁéagh%ggggggée@obygkmsin formr:g a cured powder coating
conposi tion. talyz uretdione dinmers in a powder coating thermally

cl eave at tenperatures |ess than 160C to further react with the hydroxyl

groups of the branched 5 ol ignesAry oRl¥YRE INVERTIORg a cured powder
coatingP%onposithgg.PCIeavage of e uretd-.one_ring.n the presence~of |,

th [
hydr oxyF“f uncti o ES8ERh $PYERFAPRI BFRYLEES n88g§F5r§§a§§nﬁom1as about
160C. and curmpgsdtibhetidit pentidr novateaditgnpggilbmerapeodeedagw t hout the
need for an i a ng .o yure SLS. ra | ess
t han about Sﬁgggaeiéﬁ? g%#c%%tEﬁ?%?h§%e£§§?§F§§Fggéa§§dlgﬁngﬁeg%éPéht of
the powder @64tFngweohpesitheonusesofiodneftechane taralysthadadcatal ysis and

15 does not rkRpkeas8resattsONthaheabothergbhetdi QRen WReN yliXed Wi th
branched ol i oggter nd cured, does not emt any volatiles as the

ol yol a
ur et di of@ r M ﬁEﬁsg?BZbﬁﬁErat@°F§8¥?5naFEe(NEEFeﬁFoﬁﬁgePGlGPo§§ﬁink with
hydroxyl grawpadaftibrabradchedagki goeatelitang veosynatkitgpaweart s,
coatings. In an inportant aspect, when uretdione is used as the
crosslinking agent in the conposition, the conposition contains from about
3 to about 60 wei ght percent uretdione-gowder coating crosslinking agent,
based on the weight of branched ol irgoester polyol and



25 crosslinking agent. In,another inportant aspect, the present invention
‘further provides a process for the preparation of powder coating
conpositions wherein the branched ol i goester polyol prepared asjgegmigtmd
herein, is bhwanehpdi1a8 th a 30 uretdi one powder coating crossli moTNGINYESA
-and optionally with auxiliary substances conventionally used in the :
manuf act ur e wafi giowisn caadldgse. - 1do nMD I dad« S DEdi hg: EyEHSERI T ON OF
THE | NVENTI g\l 1, 9vl~\£H§nD3 PCT/ US99/ 20654 Definitions As used herein .
"coating bi &lfr'eni 4 ?fbrryrreri c portion of a coating film after baking
and after . 5 cr &%= iptkider codiPohy neemposdti ah edf nelaesintdnpbdymeri ¢ and
resi nous co j n, they 1084 | r L mat i on.
Pi gment s an?bgrgﬁi:lﬁ%vées% rr‘grsl%\gé %@%%ﬁ&% hcgel?p%lkilﬁa%??%é@eﬁ}%éeé%%%y ovi de a
formul at &d PROATEL R i PP LVRPRS| IV WID OF "WRED aCBRP ot LGS hit wo
hydroxyl gr QURGatiP) %elth | desi £ADPO UM ddl | WOL &% 1iHDT Ly KOKYdntdr oups.
"Diacid" is a conpound with twp carboxyl groups. "Polyacjd" is conpound
Wi th two or HRSS R OGRS 1S SHRF AR beVeRF BT b1 L 56i A nhydr | de. A
“filn is feled.by Hplbratdiosd obl 1 desgew esowal | eys canposinié on to a base
or substrate n%a%:‘ib%eao“f%ré:ﬁ%?é{lh%%&& reSI &89 S VBANS, t he | oss of

particul ate characteristics owder durtng storage"tesulting in
| unps and agyilemilad oreight i nhedkrexye nuesy, andla ol dasenbenodrich of

material are UsAhdd 4 N COMRAST § | R 0fgidies PY 258 « 1 A e h@- i D are

effective for providing a powdered coating that 1s substantially
nonsi nt er ed 2185 heqaest HAIEPTST HoHOR | FREITAFRan IR ERE t ¥ Shosure of a

powder to a};g;ia\tﬁ;{hesi{etolojfg ﬁhgml-!f i@t_ﬁlByQBfiS?_erl@éﬂh :Wl;g;h;a)nhg)@@ﬁdﬁjmv\h_ I ﬁt ure, bi t
retains its particul.ate characterist.c th o a few]u ich can be
readily br ok ﬁ"&%%%r%febﬁ%gg eﬂjﬁpeﬁ?nr‘%ﬁt%?&?i ﬁédefi ned as an
addi ti vast o wratekione v Mdesra poerieing odt tim g eodpesr foxmamte a desired
concentrati I I | C - :fcﬂ?é@ | on. a prescribed
t enper at ur e(yz;llllr‘;:L %ﬁcgé’!‘ﬁ%”b%ﬁiﬁ%§%€é gﬁh%g@"a yst,:IPJ(ZIlledfsfr?;l\);/éjbée)rEIl escribed as a
gas, |iqui dOrEsIERd/CHRHIRES WeEH) dvidt 5 HimgubePputEedPhn a -

suppor t/ car iyt Pl ey e slef i miesl LonGedmtp e ieyel apeinyei g  of
catal yst for, arpresc.rl,bed

| e ?{131 of -11 o%éDOO/NMS b g MAY 20a3
PCT/ US99/ 20634 T&GQNHREY ﬁf%,a FH yER e RE TR P artPRE SRR S y to
esteri f i2@at iwdrchcutanzd eand iwathont sackif et iranestcorage hemistiritgs. O 5

"Pol yester™ ]:@% a I L.ch. has. - ']pig?%es in the main chain of

t he polyner. ™ %%eoﬁﬁ"gﬁg%%@ggg%%o%ﬂﬁ#a% geheral |y has repeating :
monomeric units dME raneRedrolWeEPRy malydutharisa alaupbeat eatige

wei ght 10 n%ﬁﬂcglr@%to?rc.twwlgéﬂ@. dad t@nn{?&téb@fag@t@@mln@@at! ngt f
nononeric units. ol yner" wi ve a nunber_aver nol ecul ar wei ght o
over about %@h&aqugnégoﬁﬁwlhﬁn%&?o or° %‘%a?%%oen‘g%ﬁ??%'e “hunber of 15
mlligrass dydrabgdsifiumdiyionmd dey refjlavect fors neataladuizat i®dn of free acids
present in foJ1€Sd . o} " or h%/}% y. " | Chs 1S

al so call ed%y%é%t Il \ﬁl'la ueew(lsjfs ]?(Jﬁrﬂ er \I\/(]]I'éghtcl)n |c§%eéssc¥ﬁ%&gx%ﬁgr%&to whi ch
a subst ance nvapeaye Glc @lydut el; Lo tabaul S 2RI ranfVery | 1Pt

IO'OL aSSIt u? h)&érp@ecq_efarrﬁ%%&%&]@éeﬁe?f lr@f%d@@ts oala OefchBlb@ ACEl 1 %&I@helr

i berated on saponifyin of acetyl ated sanpl e. Branche r oxy

Ter m nat ed anm%é:arg;v ‘tho"'cl'hetﬂlég/‘?‘g‘eafﬂoolrfggp?e%%’&o‘ﬁﬁy%w? e resin are
25 greatdyy ivifdamsiosd df fhemcdlobwe f t@rERIS. 90 patse nPordwnit aspect of
the inventi the branched hydroxyl '~ rm nated oligoester resin is nade
by a two stage process. In stage one, a hydroxyl term nated oligoester diol
is prepared, and The ReuRex weoat brancerrbiifdiexydt Jhe ekmvenitieh ol i goest er
pol yol is foudmshi ARG R Beantfed! 08N Mme A IYHFOXYAnd O A A Sk

oligoester diol_is formed through, the esterification or condensatlon
reacti on of PPSH GRIMERT | eXADF hinEIREATHIC LTI 1R refMEIE to the

car boxyl3s oramidimmacivhiah téir@ 8bfdtcardopyt i sreeidingi epsdoxieaq aci d
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coating compositions with a pencil hardness of at leas

about HB, a direct impact resistance of at least about 80
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V\D 00/ i?l 48 9.9 MAY 2003 PCT/ US99/2065A - (1) Diols which ma; be used in
the reaction may be sel ected fromthe group consisting of neopergt m\(%@écol

1,6 hexane di tyl-2-ethyl-1, 3-propane diol, 1,4
cycl ohexaned|"r%{"l){f§7r{81rl di et hyl ene glycol, 1,3 5 propanediol, ﬁf r/%sgg/%%st%d

“bi sphenol A4z, }[% %&aearﬁeeébyé ﬂm @vcfeeygemeé %f ks hdene ghyse! .
propyl ene glyco di met h hexane- 1,
2et hyl - 2-i so%htlﬂ b ?br%p%h’é‘?ﬁ%l th‘ic}Sn‘b%? a‘ﬁ%d?]?ﬂ’ut 10 4 RrRRPSF | 4

"1, 5-pentanedipls wheQdeetiagols dordddr &3 Chohexapes fBtdnedlow about

1, 3-cycl ohex met hanol , 1, 4xylyl (egléol et hox ‘%/%ated bi sphenol A, ester
di ol 204 (Un]i‘g% r%’i‘%e‘)‘? 50 h%ﬁ‘b%yfg 2= di mEthyP PFRT | MRkt gunoxol 6 diol,
Lre'élhyl prmpladmﬂbc&htﬂenebflythé Bapenpaoe wihibth d:mnpmcslqm vaiellbranched t

ydr oxypi va P ol, ester
di ol s) di rretcfw 44_%%%?%%?&%&% %&?Qe@é xt% 69 "leoﬁ‘[‘eo L}Af\trcomattlc
di ol s sucr. % Chyedy cefedwo ) Gat deha@n urrm;rt@molaspeo@ t@nehp@m@xa;r di phenyl
met hane, Dbi sphanglg Atzorﬁp@m@'i&ﬂdé&%ﬁ(rﬁéé’é‘ef‘%mk@é&ﬂ? 40 to about 97

p, p' - di hydr oxydi henyI 20 and m xtures thereof, also may be reacted with
st rai ght cha"?ei‘llgﬁt BT oent phht Fhe o*?’é%’???sed(lﬁyjdlﬂ@’@ﬁlatq%n%ﬁ%% al i phatic

di aci ds mnd/suidgyed oat | pmse@ oh athel sweotglenhyglrbeascrosd asli igdwddales may be
25 In an inportant aspect, the

used to make t.he hydrox term,nat ed diols.
aromatic am%‘?%’n‘?@ﬁ? e¥5%?%fjhré}f3r%% 1% ected fromthe group consi sting
of terephthalic &the, bpmblatd colhigokstpin hadlyohmeydrbel eyt indd by

t hLhal ﬁlﬁ'

tZ;:Bht hgl : ?%@\gg ggp%j]&@?i‘co SE%QP%%&%&M ?%:é%glimdaqt bu]tm‘;#d I sop thal iC
acid, and m%qiré%ymeae%%ngoa &EPH Wl%}le@%%’ei et tAeThRaaEting

aci d/ anhygr i es/ eed el hahd d@dm}m tE@Mnil?atb@&doligdéba:éxn\tﬁrBl opidmcl ude

fumari c aci adi pi c aC|d c ac c acid, d decanoi ¢ aci d,
glutaric amdldE Lf@'ﬁrhl?: %%?ﬁﬁshb%?l?%l%cﬁ‘rﬁou?tf ag%#act’a"(ﬁ do diftfer fatty
aci ds, mal efhiydaovtys | ok, tlsencm:lig@eﬂrrhr;/)drmﬂea polyadid haviig G0l 17148 1, 9

~Y Z13 PCT/ Q%g%gt;ggﬁ i d,m | 5 id, and
m xtures thereo c’F oaﬁ %Eitl c -aci d/ anhyd%%%%’gﬁ gachal I s|a§ch may be
used in the ﬁhﬁferﬁﬁ@*ﬁﬁlmﬁ%@lﬁéw%k@/@?% 3‘@%&:??86@035%1 GrPuexane

di aci d, Jp 3-1yalhexs ggorﬁéﬁarwyiw r@&féi,lrhw@&a&df ;h@éé G anhydri de,

di et hyI cycl ohex 1’53?130% car bé)xyl at e ur es tthrﬁéee M xtures of these
conpounds meFH RERE-Forc? ?f&b’fﬁ SIEORFHS as ni xed
functional ];ibMyﬁbrsmdUaatesol:E_sdamr dtmimarecttémi;amrmm ethdas a fammwn
manner from ct i 0 r hrough a
ri ng openi ngé reacti on %11 %gga% |éc;)n g%aﬁ%ﬁ%}d:{e | act ones
such as ~3- s @ﬁac‘tmepowm% oaee;tadﬁéercpnmeﬁlhm OJJ-SLM@’ ol act one,

E-caprolaft oiains 5. 5in @@dlrﬁp&f@ﬁg r@éﬁy&@apg A HBAr M xtures thereof.
Suitable starter nolecul es i ncl e t descrl bed dj hydric alcohols listed. .

In a very inpBtiERakhettEeemy Th, T3S HrdhdthS acid is one or
nor e ar onat il Aseist sel ﬂ@tzedtfmmt&mazgrahmmm Sebif rtgze)feqtﬁrmhimﬁé ic acid
(TPA), isop ylci i T ese are
reacted wt hlgé;?léﬂﬁc gﬁ <|:I(Q:L(g))r{r$gtf':r r{‘ Lprh\ztélfc c‘sl 0 35?1 1‘{s‘iq}r‘;’leq‘oepeér11tyI gl ycol)
1, 6 hexane diegded- tb@ltl;@aQ5 mfeln h%lll qf ke opetheifytl ,growpsl,of gylrd ohexane

di et hang . Jiﬁ%&éé’t’:eformﬂ@% A0 b SERONaite & IRAGE Present in
anounts effective for providi e coating. composition and subsequent

coating wi t PFAHPPFbper b c?H%%esrr%r PR e Gishd@ T3tom he
invention, tdied) TOODLned i Howd IEOPerBydfgtariol asuhtl 10 hexanewhwd in a
nol ar rati o0 of.about 4.0:1 to about 7.0:Z, preferably about 5.6:Z, is
sfeacted with , | PA or t-butyl isophthalic acid provides a coating
conposition vvi t h Tn agcippobtantTas@sctThet regeetimrentoiabt dilre hydr oxyl

term nat r quap ut 4 to
-about 15 ours an ?h%%@%n%g%?bﬁntgre@%%l?% f"éﬁ@&%%r 1’3213&18":8'P 1AAY 213
PCT/ US99/ 2065 RIFAL Her@ial | (opemeha it oofticey Hera Highatel qvn astd fam)m about 400
to about 15Q0-shtPPSAidéi@) MlaPlRtinLl 2gd d b5 dRactEhMyidy ik arqrmtic
dlhydroxyl conpound such as hydroqui none, catechol, resorcinol,

p, p' -di hydroxy 5 di phenyl nethane, bisphenol -~1, p,p' dlhydroxy di phenyl

ket one, p, p'-di hydroxydi phenyl, and m xtgres thereof, the , use of base
catal ysts typically are required. Stage Two: In stage two, the hydroxyl
term nated oligoester diol prepared in stage one is reacted to form10 a
branched hydroxyl term nated oligoester polyol. In an inportant aspect of
the invention, the hydroxyl term nated oligoester prepared in stage one is
reacted with a polyacid/anhydrides or blend of polyacids/anhydrides which
are at Ieast a tr|a0|d The 15 tr|a0|d or tr|a0|d bIend |s selected from
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20'resulting branched hydroxyl term nated oligoester has a hydroxyl
functionality of about 1.5 to about 5.0, a hydroxyl nunber of frfg1@$p

to about 250, an acid value of about 1 to about 25, and a number’dv

mol ecul ar  weM$he/i7#8 he range of from about 1000 to about 25 FSTOVHIRIGAs.
“The branched h drox I rnlnated 0 ester f .at, | east about

40C., and i ff ﬁﬁ%?@gﬁﬁ adyedy Vb& aBSSFlgﬁé at&' 6ﬁf]80C In a very
|nportant aapenunatbd|Gﬂmg@estehydnokyhaVenglaabmauﬂaggnnugs to pol yacid

i s about 9. t in C

Crossllnker§l£F%95%q9%133gg thg g%@éé# Egglﬁ§§n ﬁ%ﬁﬁkﬁa ure {cﬁ%ne
crossllnkerqn§um1qnﬂQ%Q¥ﬂ&L}Pbﬁééﬁeélﬁ§é@yaﬁaﬁ§l§r&@hﬂdﬁﬂdQﬁO%h

i socyanatse. gipsaRl 8518fUr ahel @Re 85 83Shk k%ésh% Blghd o use in the 35
present inventiagn i ncl ude Cretan LS2147 %E and -15 WO 00] 17148 ~ , g
MY 2CD3 PEFPYSSS Sd6spLidrestrE Wikh ¢ "FHGr P@noﬁ?ﬁ%&ﬂdﬁi%ﬁts The

preparatlonn@hnu@@hgmgne crosslinking agent provides an average NCO
functionality, sed_on he free N rou Qu The free NCO
content is typlcgpiﬁqqgﬁf ﬁgﬁogbgcg)gsPSQEF %g gﬁf& H&ﬁq RT dd¥ect, the
powder coat iolggoespesi tiied visl b sncamghtabhaunBaﬂaphbmutzaﬁ:melght per cent
uretdio Cry | e d i glat jofs hydr oxyl
ternlnag§d o&%%gggﬁg%gtq% gﬁ gﬁgrBQEI?E ng agen y%%. e%ara?ﬁ%n and
Appl i cat i ondépcie é@@NﬁéidPowGérdFéﬁlﬁh aéﬁ@ﬁar&hkﬂhof t he
thernoset ti pgnpMadar pseRRGR HnOBSigbhetbi-anghed nhydnex Wy dieyal 1A ¢

ol i goester resin, the crosslinking agent and various auxiliary substances
conventlonaHF?u@§ed for the manufacture of 1S powder coatings and paints
are m xed honpgedmoyelty anditherhespgeni zati ohei siaaid, ediadid or exanpl e by
mel ting.,t.he er L0 i g ng. .a h va |ary
subst ancltgs a?llhgg%qﬁ eP)a:t Eqrggl\% t%ﬁh Egﬂrggga E]p P‘(r;(}){t% gbloutd]%?cf 0 albo

130C. , prefdﬂ@bl?rﬁnb@ﬁhZ@teﬁﬂgbﬁeﬁyaiév éﬂaﬁﬁp@aélBu§§mK@EKhé§ﬁeﬁ¥Extruder
or a twin- S G BWA! 1r%%%Fd%&bbﬁ?lvéﬁﬁéﬁigﬁaﬁh@?r&%yobéHﬂﬁﬁa.QQSK'”S type.

The extrudaté i1s then allowed fo cool, groun sieved to obtain a
powder sui t 2BPEOVEr PEICREEEdEEaLEc LBE P%EF@ E@dcﬁéﬁléﬁbHQﬂHQ§ﬁFl@% Anot her
fact or affecmee@ wmsntcymmmfekewmslhbehydeblﬂy ahdpicgmi-at ar df i

llers i t.em_,Hi el RLgnEN ti and/ f .S detract
fron1th§ofI§Wn %l°ﬁ3%§tt é d%n8F8a8r2E %%e %@ p%i%@¥§5°£§9§$&9partlcle
si ze organi@CpﬁgneWbsl§u®@tasncan§@ngbtach? BOUpﬁthHI@@wamhﬁpmﬁueuand

qui nacri donggeaLse that! el rqant ahacgeeaeghe EBE nV icR@Sidat f%en &t | ow
| evel s. The aUX|I|ary substances whi ¢can be added to the thernnsettlng

powder conp8ErRsAS 56@3F@1ﬁ@hﬁéthéomﬁégﬁFPSH PHOVEGE FeSiRADI LN i ght
absorbi ng cerpeperdiedq such as Tinuvin 900 (from Cl HA-GEI GY Corp.), light

stabilizers based,an.st 211,63 in d or 6 . WO 00/ 171 48
1. 9--2¢ 25pCT UsoGPB0ETAE "é’xa&%lﬂq ‘i‘ggﬁ@. iﬂ&gfsgfgr 1@3&‘ & Sorp. ),

phenol i ¢ antieaxitdam priddocterdnpkeessgdhol ¥4t andikcga¥.os ’ﬂ'l're)rdJ@_HBA- CGEl GY
Corp.) and gb'ble' e%resggfgwﬁ B@%EB“QQ&E&% BhesPRIE SR A variety of

pi gnent s may hernosetting powd€r conpositions
accor di ng t &O8Fd StARghGfomecPRRNBI e S 1 BECPI ghe it HEFRRE FEPlbe Ziiedled in
thedl nventi Qne[%mglrrat ,al- pt)@ﬁa?e augm as, it &&@ﬁb&h@l@d@.&}efdrfaﬂbloxl ?f zi )nc
oxi de and the li roxides, net al, er.s, sulfi sul f at es
carbonagg Q%ﬁ?b%ﬁ 'iﬁ 8F88§ne§%8§ WgyF§&§ &ﬁﬁlc yel | ows,
organi c nar@am@hamwltme BlBe4 Auxetramythybsﬂaﬁeeycﬁwbuﬂanrdxmmude fl ow
control age f E).,. N%%af w3 and 2000
(fromI\/[:NSA%?])YS'L %?%%Eygﬁé ?9 eS|f§ . 8 oé?Estr Qﬁ

pl astici zer £ty n@sld@cyiepéhe%yﬁtbmﬂ-h& atsebuttﬁrlpﬁe@wprmm

grinding aids 3amshtde@asving 19dephsastaiods BeRzZeehrameaiies of fillers are

caIC|un1 arhb nate, si um.car b te) blane fixe, barytes silicates,

tal c, % gl a%ﬁ§’|lkg Yh 9@8&%9@9&5@§%§e@&vaﬂcé% are added 20 in
conventl onalcymlmhreb&.nedmmm@wndersmgdyulaatedufolt he tihvetyisedd i ng powder
conposi ti ons. .qf the i nventj ans Arg d clear le |ng
auxiliary sul% aﬁ@gg 2ho&1&eﬁé ?ég (ﬁﬁlggd |4§ﬁg re?%aﬁp ysts can

al so be mxed 25 with the thernnsettlng powder conposition of the
invention. Catalysts useful in the present invention include

1, 5- di azabi cycl o(4. 3. 0) non-5-ene, 1, 8di azabi cycl o(5. 4. 0~) undec- 7- ene,

di butyltin dilaurate, butane st annoi ¢ acid, dibutyltin oxide, stannous
oxi de, 30 and others known in the art. The powder coating conpositions
whi ch are the subject matter of the present invention are suitable to be
applied on articles to be coated by, but not limted to conventi onal
technlques e.g. by appllcatlon by means 35 of an eIectrostatlc or
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After . having been applied on the article in question, the deposi ted
coatings are cured by heating in 5 an oven. In an inportant as

W t hout cat ak)qs&o S48 effected at a tenperature of as | ow as ab ’g?ﬁ
about less t Qg m nutes in order to obtain , sufficient cross rn |ng to

‘provi de t he descfinkathAealdd d?lranéerUn%&olA'Gt e&eatlmela« 1desirabl e coating
properties i0 can be obt ai ned ﬁ curing at a erature of ,abqut 200C. for.

about 5 ni nPEEPENFLQINg 25 11@0@r°P6|nea968 (1 BYRFRYELVadNd coil

coating by ridi@patvaala&let 3@@@) folngrllOldztyc46h§ﬁ§.ﬁédiolQJrl ng by infrared
(IR) or ind QtIOI’l g_[atl sotapllc bIe bggs ect qf 15 the
i nvention &°&| y §6YE géf“?& YeCcoBEPRG Yo ferti es can

be obtai Bed aayldc WDMRR)at amd m:qm:mtesreh&scelo«ﬁw as about 1300 for about 10

Lo sbout 56, i, Tkl 0 miagpan sl ok

carrying out theinventlon an ood C1t rati ve of ,
but not i mtthengmmthrh@r@@ﬁée@ﬂ:eﬂhérloﬁ\/éh?l BHOVAI @ﬁnEQS@QMQn@(# in the

appended cl gig¥ep &XM&@%&& EnﬁllCZEC%agehéhE&eeaaah?eelete hydr oxyl
term nated ql,i gorrer React ht .Neopen man) 805 gns 1,6

hexanedi ol rl«?pﬁ'f:ﬁgl' %%Bae‘%\;rﬁcgi rhexytgce,
But yl chlior ottjettxdaidmdfmpm:aaz.w.b e d( EterApached) cAatiaxbdaal ycbést on

618- General El ectri, he _m Le. radual Ly to 205C
and then pr SE5ERa SPEdEtEE AR s PiRa® 4B PERY E HEREh M eny Rt a0
WO 00/ | 7148 rRGTMISSO/L266%HE. KOH/ gramresin with an 1Cl cone ~.nd plate
viscosity of 10- lAé. ?iaﬁﬁ@%c&%@?an%rﬁﬁ@%?é%EdnHH?QBle uts@f%l 1@l 1 gomer

was found to be a 130-1 ramresin g 5 Preparation of
hydr oxyl ter‘”—rﬁ%éﬁ?@%ﬁ@ﬁ@@t@i@g%ﬁ éﬁl‘FﬁéengV@moF §oFEPYRas cool ed to

180C ands15%cnsdidt iQfg t0f FRiairtiicc aerihydeudelweaeladdedelame begperature was
raised to 210-215C and va o%%’IV\B.S .Sl ow 5 :ﬁgd Qver , 50 m _nut.e period
¢u @u

until a vacGERSF334 1 Eﬁl@?lgf aﬁé‘ §18b‘—f18f" dsufﬁénf'gactl on was
noni t ored byaiggulcaally alqudg dtsanplie avdddetiémarnEagtyhecadisd nunber and

|0 joone andlae thsaaaidy GL200G: MIER, AR, AC! EADS-BRH.R BLaa! soos Ly

of 50-60 poise and an aC| ramresin were oObtained,
15 the nel t 48 YESOIi&d afddn 13dLg58C4Rd an Wa?iﬁ‘ééeﬁr‘éﬁ??-’ﬁ@fflask The

co: or oféot hﬁ resm@:a&@al 1'1‘%3?1%1"(:%cC@'c%ﬁ's?&%b@ﬁ%ﬂ&@@V&Bidt ﬁah%ﬁgb ?ﬁ%leHOWnl n
color. Furt exa es of the roxyl .term ranc ol i.ggester are
shown in tafd %%‘tl':l)@&vﬂ_aﬁ 2”’1#@8% éﬁléﬁ/afl ﬁémg?‘?’(ﬁaf n6§ ArE"

ol i goesters qyerl@hmdmel 1dtiaca dhi gh 3glegsdphetrahe dowdeborgaticngcprkepar ed as
fol |l ows: O i f | Al 4 r Technol ogi es)
Modaf | ow 20 i;l 4521\?531 ?\'g age d%éarqgg‘%ﬁgg%zéyé% egéégl ng agent)

Ti t ani um Di &4 }“H‘@@@‘e&r aRereP6 - gr MiBLRLegr 8fs thegeans 450

grams Abg tf&n@i&\tﬂsﬂ r:\e@eduercbt peai@ednicbirakhy pr¥gdrhnianhibghcspeed nill
such as a Wel ex_m where a honogeneous mix is obtained. The resulting

m x was profErE& %gh a twin screw extruder (ZSK 30 \erner- Phl ei der)
wth Zone 1 at SOE‘oarruthomhoz.satorlaZﬁydfbe;yr phahoilhg oempovasisdwadkar ged

onto a pair | e u G 9 52148 ~, g MAY
2003 PCT/ usé‘g'/yz\oﬁ%gi{sferqg% mﬂ‘jﬁ% e erlrg %ﬁt—?%og ‘éjdv@ﬁggé was roughl y
crushe. pri SYQreGINANE zi0d§ sGod , Blfleﬁk?ﬁ&‘ﬁngh nBi BY-GLhYArPre resul ting

powder was Wiyt lhrnﬂsligﬁrfé 1@QS %ﬂofichee Th!ﬁh?@%ﬁﬂ/ g9ahkhgi1as

el ectrosLati cal | pra e ouyn neI s, The ysi cal properties
of the formiisH ﬁ’g‘y g‘&é‘ty r'rriEl dmmerea Ep’ﬁl’:ﬁ&fe cure at

200C for 1. E‘ygnz:amllys vihdrmstuh:mIprmeml115heyp_eCdmnpdrbxpncam@ouhast ask
results of 11eSP OIS GO 1193t Y WeR1L" 8bkechraiflis is
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typically required.

35 The reaction which forms the hydroxyl terminated
oligoester diol is conducted for a time and temperature
effective to provide an oligoester diol having a number
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average molecular weight in the rance of from about 400
to about 1500 daltons and then the reaction is slowed by
cooling to about 170°C. to about 200°C. to provide the
latter oligoester diol. Generally, the reaction which
5 provides the oligoester diol is conducted at a
temperature of about 240°C. for about 4 to about 15 hours
pefore the reaction is cooled.
This relatively low molecular weight hydroxyl
terminated oligoester diol then is reacted with the
10 polyacid/anhydride/polyols or mixtures thereof selected
from citric acid, pyromellitic anhydride, trimellitic
anhydride, trimethylolpropane, trimethyolethane,
pentaerythritol, and ditrimethyolpropane. In an
important aspect of the invention, the polyacid or
15 triacid which is reacted with the hydroxyl terminated
oligoester diol is an aromatic acid. The branching
reaction is conducted for a time and temperature
effective for providing the branched oligoester polyol
described herein. The reaction which forms the branched
20 oligoester polyol is conducted at a temperature of about
180°C. to about 240°C. for about 4 to about 15 hours.
Uretdione is an important crosslinking agent in the
present invention. The amount of crosslinking agent in
the composition is effective for providing an eqguivalent
25 ratio of isocyanate groups to hydroxyl groups of from
about 0.5:1 to about 1.8:1.
In an important aspect of the invention, the
uretdione has the following structure
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where R can include compounds from the monomeric
diisocyanates such as 4,4'-
diisocyanatodicyclohexylmethane, 1,4-diisocyanatobutane,
5 1-isocyanato-3,3,5-trimethyl-5-
isocyanatomethylcyclohexane, 1,3- and 1,4-phenylene
diisocyanate, naphthylene-1,5-diisocyanate, 2,4- and/or
2,6-toluylene diisocyanate, diphenylmethane-2,4'- and/or
4,4'-diisocyanate, 1,3- and 1,4-diisocyanatocyclohexane,
10 1,6-diisocyanatohexane, 1,l10-diisocyanatodecane, 2,2,4-
and 2,4,4-trimethyl-1,6-diisocyanatohexane, 1,5-
diisocyanato-2,2-dimethylpentane, and others known in the
art.
The uretdione structure is a result of the catalytic
15 dimerization of monomeric diisocyanates, which are
separated from the unreacted excess-isocyanate monomer in
the presence of a catalyst. The unreacted isocyanate
groups of the uretdione structure are then chain extended
with ester diols. A typical uretdione structure may be
20 the dimerization product of l-isocyanato-3,3,5-trimethyl-
5-isocyanatomethyl cyclohexane (isophorone diisocyante;
IPDI). Typical functionality of these oligomers is
approximately 2. The known uretdione dimer is thermally
cleaved in the presence of a catalyst at lower
25 temperatures to yield a cured powder coating at a low
temperature bake schedule. Uncatalyzed uretdione dimers
typically thermally cleave at approximately 160°C to
further react with the hydroxyl groups of the branched
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‘ composition. Catalyzed uretdione dimers in a powder
coating thermally cleave at temperatures less than 160°C
to further react with the hydroxyl groups of the branched
5 oligoester polyol in forming a cured powder coating
composition.

Cleavage of the uretdione ring in the presence'of
hydroxyl functional reactants is initiated at
temperatures as low as about 160°C. and curing of the

10 powder coating composition proceeds without the need for
an effective amount of polyurethane catalysts.
Generally, less than about 0.02 weight percent urethane
catalyst, based on the weight of the powder coating
composition, is not effective for urethane catalysis and

15 does not increase reaction rates. The uretdione, when
mixed with branched oligoester polyol and cured, does not
emit any volatiles as the uretdione ring opens to
generate isocyanate (NCO) groups to crosslink with
hydroxyl groups of the branched oligoester to give cured

20 powder coatings. In an important aspect, when uretdione
is used as the crosslinking agent in the composition, the
composition contains from about 3 to about 60 weight
percent uretdione powder coating crosslinking agent,
based on the weight of branched oligoester polyol and

25 crosslinking agent.

In another important aspect, the present invention
further provides a process for the preparation of powder
coating compositions wherein the branched oligoester
polyol prepared as described herein, is blended with a

30 uretdione powder coating crosslinking agent, and
optionally with auxiliary substances conventionally used
in the manufacture of powder coatings.

-10-
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CLAIM5S 1. A powder coating congpsition conprising: a branched hydroxyl
term nated ol i goeSPetyperye| vehicle" means all polymeric and reSinous

components in the formulated coating; i.e. before film
formation. Pigments and additives may be mixed with the
polymeric vehicle to provide a formulated powder coating

10 composition.

"Diol" is a compound with two hydroxyl groups.
"Polyol" is a compound with two or more hydroxyl groups.

"Diacid" is a compound with two carboxyl groups.
"Polyacid" is a compound with two or more carboxyl groups

15 and may be an acid or acid anhydride.

A "film" is formed by application of the powder
coating composition to a base or substrate, and
subsequent crosslinking.

"Sintering" means the loss of particulate

20 characteristics of the powder during storage resulting in
lumps and agglomeration or, in extreme cases, a solid
mass. Amounts of material are used in the composition of
the present invention which are effective for providing a
powdered coating that is substantially nonsintered.

25 "Substantially non sintered" means that after exposure of
a powder to a given set of conditions, after cooling, to
room temperature, it retains its particulate
characteristics with only a few lumps which can be
readily broken up with moderate pressure.

30 A “"catalyst" is defined as an additive to a
resin/curative or powder coating composition at a desired
concentration level which accelerates the chemical
reaction at a prescribed temperature and pressure. The
type of catalyst used may be described as a gas, liquid,

35 and/or solid. A solid catalyst may be mounted on a
support/carrier to provide a defined concentration level
per weight of catalyst for a prescribed level of
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.5 which has a hydrcxyl value in the range of from about 15 to about 250, an
“acid nunber of about 1 to about 25, and a r.~, nber average m)l BRI ght
in the rangg £fo QM about 1000 to about 7500 daltons, V\herelp@Tmeched
hydr oxyl term nate ol i goester polyol is the reaction 10 product of

- hydroxyl tefdd fategd olTrg@Etsett%u}fyay FHE B Y VREd 0nOf aikydendenhavi ng a
reater d a pretdione crosslinki ng agent,

.carboxyl functio aI| %/

t he branchéed Iﬁ%‘i’%&’y’% ‘Eaetr’rﬁrhat RSP SES S CHot Yol 3 EFSEE‘FPﬁkFHﬁ agent
- each 15 beidigemisteliedi ve anounts effective for curing the powder coating
conposition at a tenperature of about | 60C w thout the use of an effective
anount og .urethane catal yst and at a tenperature of Ies than 1 60C. with
the use ©of a uret pr.owui tIE 2 a
pencil hardness 1%‘@{1&‘@0&%aé B)%‘;rargs‘r)ga g)\riﬁ%%%%?[g I?r%;l‘ct ?es?%?gé ggof about
80 in | b oriyrtdr aradmdchaievad shy rﬁ@d&’tmer%m stQegoraer AHB8EN80ai n | bs or

greater at @ygpieh finde tgrarféﬂaqqu @fasa%ﬁe-&ﬁu qn@fb@m@rﬂcouﬂhtg ahae
coating conposition hawgacEt geﬁ: about "40C. or greater. 2. A
[

coating compdsiifolPhst? ic PR S \ﬂﬂé?‘gf‘l?me’{ h%v%’ﬁ%ﬁ?a}“’%gh atl o of
hydr oxydo t eqdt rg'ﬁwlt@i IthﬁStaQJ"Oth al5 otoo dmjt;cﬂoa dvitth aﬁhhy\ditﬁﬁuts f rom about :

30 9:1 t bout QD3 t
recited ?na%e%;ﬁafﬁlzng vﬂll%r?oel?er{:'t% nnl?t roxé ﬁ’ﬁg’{mﬂggg e(r:OgPSISI i Iso'?hgs

reacti on prodgustr @tvwmmlmmm w@m: dl@(ﬂ"\délr @k@@aﬂﬂsoéel ected from
t he group C&H‘Pﬂcﬁ{é ng of an open chain aliphatic dicarboxylic acid, a

cycl oal i phatic I car boxylic acid, an aromatic dicarboxylic acid, an open
chain aliphatic RFtArHERAT CBADRVMRAIHE deans ke JatpREt PE di car boxyl i c

aci d aniydrmﬂmlg?\fmé %‘Btﬂ&a&ldincaf}@@@éiﬂd?e acdgh ey dfbde, an open chain
di carboxylic acid hal,ide cl oal i,phatic dlcarbox I|c cid halide, an
aromatic dit@t TR ooaﬁnaqy]iec?e SHRGSHHL tHerkof , Ot hESFdHceti on of the

di ol reactant an'tt{)tdueoxy]amu\he&a‘ctca:nt"mxdmwmmm ewﬂplacht useaégbecti ve

for 15 pro t der a qlqﬂﬂjl [ a rml ecul ar
wei ght in t%éeii];%inggf%%y rom a outlrg4 0to a ou %@%ﬁ t%§§¥ gﬂe
com ng conpysienortaswhieh tae(fqt}ﬁt(ﬁ%ernn@&@@m%ﬁﬂﬂﬁ%dm oF Féaébant |s
2 but vl 2 i, o e e d ey oherae het hanal & et byl ene

uty e ropane. di.o cycl .o nedi ano i ethyl ene
glycol, 1, & ‘%l%"b%lnleﬁ{) é’ e&&cblas‘:p‘ﬁ;;%} Cﬁre‘?ﬂyl ol propionic
acid, 2,3, Asaapd’lfnf}einga:rmg h:yﬂ -a:be&yiys&ﬂembﬁmmm oI et hyl ene gl ycol,

propyl ene glycol, 2,4-dinethyl-2-ethyl hexane-1, 3- dioI
2etryl -2-isobutyl -1, 3-3ropaned|ol 1 3 butanedlol 1 4butaned|ol

1, 5- pent aneBianched; Eydromyzn e

1, 3- cycl ohexanedi s hanolwg b mwws@mg o@tﬂ%yi—étéfﬁ Bi:sphenol A,

nmet hyl 1.9 I\/AY 2(13 26 pr ne |oI math ro ane_di o
hydr oxyp? vad5f ‘?fg‘f%ff Hé; di pFBp?Pene gl ycol ,

di et hyl ol nngmmmmm mp@bt a:rﬁ)rnﬁa ardne)itmnpcnlmgamdcmadthyamkym eof . 5
terminated oligoester resin is made by a two stage

process. In stage one, a hydroxyl terminated oligoester
diol is prepared, and in stage two a branched hydroxyl
30 terminated oligoester polyol is formed.

Stage One: 1In stage one, a hydroxyl terminated
oligoester diol is formed through the esterification or
condensation reaction of a stoichiometric molar excess of

. a diol (relative to the carboxyls on the acid) with a
35 dicarboxylic acid, dicarboxylic acid anhydride or
dicarboxylic acid halide such as an acid chloride.

-12-



.5. A powder coating conposition as recited in claim4, wherein the diacid

- r.eactant includes aromatic diacid reactant and the aromatic dif;i“h¥r2ﬁ§tant
‘i's an aronatvbgoﬁﬁilﬁ, acid anhydride or acid halide of terephtgrafngpoasdsd, 10
phthalic acid, phthalic anhydride, dinethyl terephthalic acid, naphthal ene

. di carboxyl at e, teiyaphdDs optid dial hay aod dused@r phthal reaatiidnbimagl yeol ester,
.isophthalic_acid -gugﬁl i sophthalic acid, or mxtures thereof. 15 6. A
powder coat Pfi eﬁgﬁ%o TP ORI TUR t edF e L BF nPh, RRRRFBEY Tt FdYFRA¢i d

- react ant i ntl| edesxame opiml chaibuayl phattloy i acB dprepenantiiviier & ,#he open

chai n aliphat,] Laci IS chal i phatic acid, acid

anhydri de o?§gg?%é%%#?%%ﬁ%§ﬁ%%%%}i%igg?g?ggﬁi??geggfd?’ 0 azelaic acid,

sebaci ¢ aci Hropadedidbi chydreerp uedrPtspleedol shecknbe4adi-d, oxalic acid,

itaconi c actdy rghdBhyf af [ Y- apd OShufBh&d1 61 ACk EhySHEE Phgc@qi d, chlorendic
acid, diglycolic_acid, nadjc acid, or mXxtures ¥ ereof. 25_7...A_powder
.coating conBBSPY}ERe aB1YERY t et 4 TOENSF WY 4~ 2 k¥t HerRBeailadi §iPéactant

i ncludes a éynypaiizlomtlmﬁ,yrﬁ poler @tepmﬁcmionndlthebﬁyah_eaﬁbmﬁagi,gadi aci d
reactant is_the cyclpaljphatic aci e_.cycloa ti nhydri de or

cycl oal i phaP} aﬁ%%bdozﬁaljroge]'%?mf = %x%iE bh‘é%%‘él%%hgf@;rb X?II'i c acid,

1, 3- cyclohezpokobéxamddimge tiramel d, 1, 3 CPclelve@uad2fehbrakydr dpAthal i c
acid, dinet a i | i j ram S gt her . 8. A
powder coat?%%?g%%§§§?¥ig%jggﬁgggg%%db?%ﬁﬁ%g?%1%’5§g§%grg%%§t gﬁdiol
reactant is(Yeieete@rhidmm + he RESip<tons? sEiRYtBY LREEPEACYRESIycol , 1,6
hegan_e fli ol unté’x@ytéﬂii%hghet]hﬁt %@@meec%ii@i, irﬂeengnoheaa@%ba?bganol,

and m xtures,thereof. : r _coating co on_as recited in

Cl'ai m 5, et n TR R b A O T e WA SR CRml REHEL, AV iRy ar | de of aci d
hal i de pf anyalonexawe@diol, sdimctryl énonglheolr oaptevndisiisng of

t erepht hal i g; agi i 3&@5 i.c.acid; <t i ht hal.i ci m Xt ures
15 thereof.ﬁiﬁgtg?%éf er égigfﬁgq%%ﬁ%ogﬁ¥%%L'aéﬂge%??gggfﬁ E Sf%p , Wwherein
the ol i goester eR¥enatioldiely ruckesikyCpradieenss &gargehede sel ected

fromthe grodgosensds! i PG 203 DhydBoRy 0Pl Phas PNRet nahit Y bekpakane, ay- and
del ta val erol actone, . E-capt ol act one,

3,55,- and 3, 3.5 .
rrimet hyl caBr Bl a0t BYErRA FHBRTHES FRETRO! , PaRd™ ST RVAYAFYELiebfpYind. 25 11.
A powder0coahd ngixonpesithereds, refsd edhy roel aeasted #ith, s8radgltwherein

the polyaci g, 0f, a0pydbl 61 forad {4 a1 deias .

(2) Aromatic diacids, aliphatic diacids and/or
cycloaliphatic diacids or anhydrides or acid halides may
be used to make the hydroxyl terminated diols.

25 In an important aspect, the aromatic
acid/anhydride/acid halide is selected from the group
consisting of terephthalic acid, phthalic acid, phthalic
anhydride, dimethyl terephthalic acid, naphthalene
dicarboxylate, tetrachlorophthalic acid, terephthalic

30 acid bisglycol ester, isophthalic acid, t-butyl
isophthalic acid, and mixtures thereof, or acid halides
thereof.

Aliphatic acid/anhydrides/acid halides which may be
used in the invention include fumaric acid, adipic acid,

35 azelaic acid, sebacic acid, dodecanoic acid, glutaric
acid, succinic acid, oxalic acid, itaconic acid, dimer

fatty acids, maleic anhydride, succinic anhydride,

-10-



" ,9 1~11Y 2013 28 12. A powder coating conposition as recited in claim11,
" wherein the triacid is selected fromthe group cons-sting of trj| 'Mtz'béé
‘anhydride, ciddofi7p@l d. and m xtures thereof. 5 13. A powder @@;ﬁ@ﬂzmy
conposition as recited in claim1l, wherein the triacid is trinmellitic
- anhydride. 81ofepaidetcdadnt i Vigrloaglasd taaid andd@icd tadid n fidi m 10 |,
-wherein the brgnched ?&drm%%/l term nated oligoester polyol has a hydroxyl
functionali Wx PL850t* %0 about 5.0. 15. A powder coating conposition
~as recited in cl &yadoddiphatizy ashiel/Einhydrd qemmberi & detl idpscortpiadi ti on has

about 40 to (o] i;gh er-q,ﬁ,tét]1 r dr.oxy. 1. nat ol i goest er
pol yol , bas%‘%go%tet ﬁé%ﬁ%h?h%f The ‘%’iﬁgﬁgﬁﬁh%r oa%ast}eaﬁ{n%%?ed}dsol i goest er
pol yol ahd &nebsREnRi Ag cagdehexzmel 6liak jsowder3 -cvrliqie@stposi tion as
recited _n a&eh%o%tyqri@ac%e;r@ié&a&mﬂ%ﬁm{aﬁccatamﬁj&ﬂr@,s'dﬂmms about
3 to about 60 wei ght percent  uretdi one crosslinking agent, based on the
wei ght of t RECBPRRIRES Ry FASRAXYIR % Mida B bsfoddteheHol yol and

grogsl i ngi \rllvlgl agemﬁxﬁhresAoﬁQWsé:Qﬁ?ﬂpwlrmeh h' g:il@b i’t& nesd e&tbﬂdrttfel ai ns

: or erein_the reaction that r t he r t.ern nate

ol i gcest er BFSPairgtt&(?gI 8% E:(Sleabed{}taeﬁ f@@q%t §° mﬁfeépﬁ\(ﬁ‘cﬂl&r? 9 about 200C.
to provide theeoheddosesr. diEsitem tdialse amns edvise preimginedfid rokrabout 400
to about 1 5QQ,Aak! 23%m 3§-c|ti/ég%rso%%§ ditly el A LA £a201 NG 2

conposi tion Wt c n_app to a substrate 1s effective for providing a
cured coati BGLREVIRE &DTHUGH &FUTRHUCRETIIFERELO% peiftd | har dness of

about HB or pgepataktiod @iff el PR Y efishaaadd 13hadnd) durd kg or
grea.er and_a reverie IrT‘FlaCt r&)m stance of about 80 2{1 10 I bs or greater at
a cured fil fPRPERAEESEEPCap i UFYE T4 SE58 G 4.0 3Rd €244 process

conpri siBg: valerndilagtankr, aerclvaghdyidraporie ,t &, 18 ,Mat-echrmd iydess-er pol yol with
a uretdione_gt i, Akl t 0 A coatj. nposi tion,
wherein thet%ﬁ.@%@h&?&h@%ﬁ%}%ﬁ&%{? tog %ﬂr%%gggglq%%\é%gc{fe:r %f)"i%yq%bq%as a

hydr oxyl vabtartert Relegngéesofinaladalidst desaw @ipalyiamrlasahpksunber
of about 1 §9gabqut 25, and a nunber average nol ecul ar weight in the range
of from about 1000 to about, 7500 dal tons, and wherein the branched hydroxyl

ternmnated 20 ol FfHofsVEXYpafPAT fadt RERESc Qo s ddVER 0O HyAF oxyl
term nated akbgaestencdidolisamthea qroimeae cromaanity drdidis raaliguy el cardaoxy|

functionali of r (P L L uret.di o rosslinki ng agent
is effecti véylfeo?rg}‘lg)\{ic%%%gtsgﬁngg{}%vgég@hﬁﬁaiqgCo_ C}l?oc@gprf;)t'e groups to 25
hydr oxyl gr dgpehshafliemagidut(I®PA5:.1.a04 ¢ -dydntl L.s®phtded ichedirdet di one

crosslinki ngnagent rieS RS Wit AR AWML ey 8, d104a 1GWHHAMG 4 he powder
coating conposition at tenperatures of about 160C. wthout 'the use of an

effective afBBht SHENUAS REFPSTLYA Y dtr & &ifsdna (st 2-butyl-
25 2-ethyl, 1,3-propanediol, and 1,4-cyclohexane dimethanol.

The diol component and diacid component are each
present in amounts effective for providing the coating
composition and subsequent coating with the properties
described. In an important aspect of the invention, the

30 combination of neopentyl glycol and 1,6 hexane diol in a
molar ratio of about 4.0:1 to about 7.0:1, preferably
about 5.6:1, is reacted with TPA, IPA or t-butyl
isophthalic acid provides a coating composition with an
acceptable Tg.

35 The reaction to obtain hydroxyl terminated
oligoester diol may be conducted at about 240°C. for
about 4 to about 15 hours and then is cooled to obtain
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1, 9.MAY 2UD3 30 of less than 160C. with the use of an effective anount of
‘ur-et hane catal yst. 19. A process for preparing a powder coating % Y 2003
conmposi tion gg) dofiGidsed i n claim 18, wherein the equival ent raptf89/20654
hydr oxyl term nated oligoester diol to polyacid or anhydride 1s from about

9:1 to ?bouﬁ:h3ogbn_e%ﬁj.&_ypflqlﬁm_ fpglrod\%{h&p&t{ai\ﬁ?lhga mwuﬂ@fh 4 dlzogtﬂoagabt%ug
conposition as recited in _clai : erein hydr ax .erm nat e

ol i goest er &P°81 tPs a&%‘?éltr gé(’qq églé:lpéﬁuct I% aq 313'6‘1 &tt%né a diacid
" reactant selreateed wdmit e grrom thensiistyidrexyfl aomeemdcisaich aki phati c
di carboxyl i ¢ a6i.¢h, 3 el ali phai c Aiearhoxyl | ¢ acl s an acometic 15

|
di car boxyl i c-aci an opgen chai n dl iphati ¢ dicda xyl1c acy% anhydri de, a
cycl oal i phatilphgnydr betyicine adiidrdempdr ifde P, & -siddywyarioxydiddahisoyyl i ¢ aci d
anhydr i de, N ehain dirAbedidhaasid hald 48R RECkaalibpl- | fhic
di car boxyi i g@;gﬁ 'h%lhfﬂde, %r omat :pgledi?lcar boxyl i C’Xtaci d 20 haIBi de and
mi xtures t h8fEoPI PRES CAGFIFIF R GildlY PESct@IiZ®d t he diacid reactant

at atime and tenperature effective for providing the hydroxyl term nated
ol i goester di ol vi ng mol ecul ar weight in the ran f _fromahout 400 to
about 1500 dal to%g.ﬁgfsl%ﬁﬂ gg:ggef& %r &p&r N&%’%MSF“&B%F%

conposi ti onodd gresitieed dimlclpmiapa2@d Jimeseiaget lomediigc ireéaceadt ant fomal udes

aromati g o %@ahg:g%a%m AT Gaddlieactaiioh s gmggmi c

acid, acid 30 anhydride”or aci _ terephthali ic ~,
g ~tAY 213 3WPRETANtpRERPAGTe Uity ¥ endiiesy hyher &YEgeeMal i c acid,
napht3~a|en%e@h&ﬁhﬁgﬁyb&@@oé@&kﬁa%ﬁ%%hQﬁﬂtﬁ%l%%a@%'@netﬁéeﬁahbéehs acid
bi sgl ycol esteg, |soghthal cid, tbutyl |sophtggllc acid, or mxtures
thereof. 5 Y3ERAZpPE é(§§lflldrar’§’ryéiﬁlérdieﬁg° B&&#Er Ooati ng conposition as
recited i n pbayacids /andryeim ddse whilati drecact Arhisitnal waddsacddcycirtaal | phatic
diacid actan d ge (Gl i I ¢ di.agid.r t P
cycloalﬁ%ha??&gfgaéc% ,qﬁgééﬁiﬁﬁaiﬁpggtF%agnﬁfﬁfgggﬁthcyé gaPiphatic acid
hal i de of 1consysitdnaxaie tdimalidnia endyidaide ITRd| anexagasrdiccar boxylic
aci d, hexahydngpht Bl ixCaghd infidRbie aeyelehexane (dijganboxyl be acid , or
m xtures thereof. . , . . )
aromatic acid such as trimellitic anhydride.
In an important aspect of the invention, the
20 resulting branched hydroxyl terminated oligoester has a
hydroxyl functionality of about 1.5 to about 5.0, a
hydroxyl number of from about 15 to about 250, an acid
value of about 1 to about 25, and a number average
molecular weight in the range of from about 1000 to about
25 7500 daltons. The branched hydroxyl terminated
oligoester has a Tg of at least about 40°C., and in an
important aspect from about 40°C. to about 80°C. In a
very important aspect, the ratio of hydroxyl terminated

oligoester to polyacid is about 9.0:1 to about 30:1.

30 Crosslinking Agents
Uretdione Crosslinkers: In an important aspect of

the invention, the uretdione crosslinker is an internally
blocked isocyanate or a dimer of an isocyanate. Examples
of uretdione crosslinkers acceptable for use in the

35 present invention include Crelan LS2147 (Bayer), and
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15 23. A process for preparing a powder coating conposition as recited in
‘cl-ai m 20, mherein the diol reactant is selected fromthe group ¢@#MASt203Q
of neopentyl 1,6 hexane diol, 2-butyl-2-ethyl-1,3 20 p&Ppesogso!
1,4 cyclohexanedlne§hanol and i xt ures t hereof, the diacid reactant is

-selecied framchbe gLayp (ﬂ@mbstéﬂgweéhﬁm@g@aaw C Ghacigel &@t@rﬁn €
-cycl oal i phat i,aci d reac m Xt ur es tgereof and t aromatic diacid

react ant |suFﬁEgéPBﬁaFFesﬁiﬁaklﬁglﬁgﬁ%taRHQE? g 8P QXFJaﬁﬁlqﬁg
" terepht hal i guaetionphthgl i baseddonpbhbatree aNbgdgirdapsdi oEt Iaydouuer epht hal i c

aci d' bl agl yeoP - osTaP. CeRpkeRarputEht ot BIRPRe S heRE Foskteling  ©

m xt ur es5t hakeof Iand vhey3®mpyct@at|@ﬂ9¢¢t,rehctEQWdeg Cbetawgloallphatic
diacid, the, nggYw%EEBlgg 1648 Q@%u@h?tﬁﬁ gggﬁgrgg w@r Xploallphatlc
e |car

acid hallde o?posi xane i c acl exane
di car boxyl i PeAERBE Hés% AyarepRraasl Enatrd, aﬁ?’ﬁ’ét h?PSQSICPBhé%&né’elght

di carboxyl i graghd brahchedt Hy@Sokier eofmidadd H1pgeesssrl pblRAPAHAY a
powder coatlng gnggsltlon ag recited in claim23, wherein the polyacid or
anhydri de i §*85Fria¢i83 38°25: A process for preparing a powder coating
conpcsi ~ion as recited in claim 24, wherein the branched hydroxyl

termnaigd glLgoest¢hnPalYChoRRec e YO OXYLnd URRLLANBLLLY Q! pBRAHL, 1.5 1O
about 5 ion as

recited in clainfFay therprapahetkercef ofhe hatefoeaettheghpewdey termi nat ed
ol i goester gbfﬂ og§tgeﬁgedthe BPQHéhéEQ%FI f@xy'lpoeén%%&eaoo@ Held® dihe

ol i goest er hé nol ecul ar wei from about t o about
| 500 dalton§esﬁn' ﬁpﬁrﬁﬁeﬁﬁalﬂ§ﬂ?%xﬁ$e r%?%aY%HIBFFgGE§PéFaﬁalyo
conpri si ng shestapetsonopreduttnally hyeld okytr trenmaatiedceurgoest er di ol

Vi ng 25 uBBRhaPY RaUSHTEL SR A eL o, 28208 hURCEARgE. BN, r omalout 400

to abou t 6nsS “an aci d having a car onalr}y of
about 3 or gemagenizahdobr aacheur hgdroxy| feerakanpid byi pedstiag pdiegy ol

having a hydiouxlevakycchs Lhessanae el deam abaut ks Lorabowl 250, an acid

nunber of aboul_ 1 to about a_nunber average
nol ecul ar méPﬁh%lﬁﬁYtﬁEbﬁéﬂﬁée%faFr%n?%ﬁﬁ%¥aﬁ%99 Wbtabﬁth?SG@nﬂﬁiﬁﬁhs

from about 70° to about 130°C., preferably in an

20 extruder, for example a Buss-Ko-Kneader extruder or a
twin-screw extruder of the Werner-Pfleiderer or Baker
Perkins type. The extrudate is then allowed to cool, is
ground and sieved to obtain a powder suitable for
electrostatic or fluidized bed application.

25 Another factor affecting viscosity and flow is the
revel of pigmentation and fillers in the system. High
levels of pigmentation and/or fillers detract from the
flow of the system by increasing the melt viscosity.

Fine particle size organic pigments such as carbon black,

30 phthalocyanine blue and quinacridones cause a significant
increase in melt viscosity even at low levels.

The auxiliary substances which can be added to the
thermosetting powder compositions according to the
invention include ultraviolet light absorbing compounds

35 such as Tinuvin 900 (from CIBA-GEIGY Corp.), light
stabilizers based on sterically hindered amines (for

-16-



mhéréIn t he hydroxyl term nated oligoester diol is the reaction product of
+a diol reactant and a diacid 5 reactant, the diol reactant selethﬂwiﬁﬁﬁn

‘t he group ksiing of neopentyl glycol, 1,6 hexane diol, y
2- but yl 2- eﬁﬁgﬁbihéppropane diol, 1,4 cycl ohexanedi net hanol , %Fwyﬁngﬁé

. glycol, 1, éx&agpén@ﬂh@unhym Wt@pbﬂw@@f@@oéofp di rTFhaylehlar oprionic

aci d, 2 3,4 O,tetra clobutanedlol é % %l¥co
propyl ene ©P§E8¥ld%nﬁsgf %I@*a@P M FRhet 413 apg| 1rgatos Trom
: ieg hyl - 2- lsmbmltcyti%*z%@fpﬁﬁrmm C&taﬁ;ﬁt?&bﬁl@n@ﬂlbhe ﬁarhlébplhanedeobr

, 5- pent anedi 9 i odi et ohexanedi met
cyclohexan@gPﬁBPhgﬁoF YP§- 4 %5&%&%3 dl%&gm %x@%ﬁt%gg gﬁngA, net hyl
- propanesi oto Qheethgrmdsetmmmgmpmwdhxﬂqomg@BDwy@msaayCOhﬁdngxyplVabate,

I I |, I t d,

vinyl cycl ehexapedsol  eQlRb oDy oG ) %%reo@agg Uhl ObePLAphOYes 36!

aromati c diol npounds m xtures t eact ant
. sel ected fEbf weeg%@p %éﬁsm%‘ﬁln@?@fd%ﬁ\ B ahaF htanipradiexdfear boxylic

acid, a cyekgal bphati cdheashxyldka achdl, 1 ke ArmaBLL Chiaeakhaxyl i c acid, an
open chain aliphati dlcarbqaé§|c aci d_anhydri de cl oali phatic

di car boxyl PELALi BOYSSERhyIH T HEISSm SHOMETT dﬁ%ﬁ?%ﬁ§§¥ﬁc §8Fd°&nhydride, an
open CMalnbdachrbeghlblaesd dmedy a rotiec Ee@gpl@m@&mhetyelﬂbwanboxghh¢cacid

hal i de, an i b iC u eof, wherein
t he dlaC|dm$ea n%ngngﬁédggﬂg cyc OgII tléﬁ%%aﬁ&§%|é§§e ?ént mhere t he
cycl oal i phantsudeatl awr eant ot agQﬁEEEBuGM-$% ReelEyeroBVEpHALP® acid, the

cycl oali phﬁbkﬁEﬁPhYﬁéaQﬂG& §y&Icpaécswa{) :?orﬁlCM@N@ﬁlhTQE okcasoﬁa@y@bohexane
dlcaboxyllc ac-d cl ohexane di carboxylic ac exahydr opht ha~i c

acid, dinme ﬁmec§%$€hex %lEI%%r%d§§lI%n@“a%$ﬁr%ﬁh PxBEFES1ERERPeOf . 28. A

branchegd hydenxys &eepthohedy Dl pigaesiere pot yophasyl ephbsﬁhalﬂecl aim 27,
wherein the di Cld [e ctané %hcludes aronntlc dégc eac gnt and t he

aromatic d¥aek 1?%a%% RSP ?S%ﬁs%%gl%geun%IS%C|d an €'or acid 10
halide of Emamphebadfcfatleyrs pitdhatdchondcaphematéec magyesndm di et hyl

t er epht hal bgr%hgtenaﬂmﬂ@' EDEe dl&@f}bpégl aéﬁlégéééchkgiephfcn%hc aci d,

terephthalic acid gcol estler, isophthalic acid |sophthaI|c
acid, or nF%FMré@thE?e tkeqs EEPSQ\%#%&%ﬁﬁﬁi’ﬁ?ﬂ?%???cﬁérﬁFﬁaP@GeGI|goester

pol yol 28S rLﬁCtbﬁdenﬂl@nal naraauntymerﬂ bé heg diege dst eaat ankti agl ydes an open
chain allpggtlc d| t he opep chain allghatlc diacid

react ant Fﬁ@oﬁﬁ ﬁlﬁﬁ Bﬂgéﬁ aﬁ?TﬁﬁﬁI l%%?do aEhﬁ anHyB i'd850f8ci d hal i de
of fumaricuaseddasadigac aoad;ngaxﬂQpanziyLMgsebaclcaayIeubdodecaﬁOIC aci d,

glutaric a 18U d, oxalic acid, itaconic acid, dinmer fatty
aci ds, nal%??g ac?% Bhﬁfgggndlc aci d, dlglycollc aci d, nadlc acid, or

m xtures 25 t heFBoRdd3Bion, HHERIEIRRE KRFDLYFLS eFPNALER BFi B&8Her pol yol

as recnsedwuthctnentﬁzmwét@i tﬂ?@wdiéﬂccbrﬁ@@éﬁﬁiohsosetﬁ@t ed fromthe
group consi,stin i

2-but yl - 2- éPK?Pgigé B?gg L%%ﬁ %%}38nlthehe§gggngl9£Vention
include 1, dlazablcyclo(4 3.0)non-5-ene, 1,8-
diazabicyclo(5.4.0)undec-7-ene, dibutyltin dilaurate,
butane stannoic acid, dibutyltin oxide, stannous oxide,
30 and others known in the art.

The powder coating compositions which are the
subject matter of the present invention are suitable to
be applied on articles to be coated by, but not limited
to conventional techniques, e.g. by application by means

35 of an electrostatic or tribostatic spray gun; Powder
Cloud technology (Material Sciences Corporation) or by

the well-known fluidized bed coating technique. In an
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.~ , g MAY 2Q03 35 cycl ohexanedi net hanol, and m xtures thereof, the diacid '
.reactant includes an aromatic diacid reactant and the aromatic dhar iy 2003
reactant isyphgafgmatic acid, acid anhydride or acid halide pefruses20654
tereohthalic acid, phthalic 5 acid, phthalic anhydride, dinethyl

-. terepht hal ump@mtd,nmeqﬁpeh:ai erteh@llmnpmytmm of ethacptesepht hal i c aci d,

t erepht hal i, i r sophthalic .
acid, or m %’E\%%eg'oqhereo?oelldf%& 5\0 bg‘%%%%%?g%l(g?kt%?%E%g %d ol i goest er
- pol on as recited inAitg@mizninhdresn apel Hedl oncblee anrticlehdnr eacti on
product of SRe s%%%e S efdReh from é@@tﬂﬁé’é‘pafgnéu§é&pﬁYoﬂeatlng in

( 3- propi ol one, but yr ol act one, y- delta-val e actone, ~e-
capr ol aét oR&, oyes . 5 Irgf 3oy gany r{ PR Ay c‘é‘h?bql%c‘t’bﬁ}éo‘é\%dcﬁ’f—%hﬁ‘és

thereof, ang @zftilelat@d Catcmﬁﬁbrc&zuré\ &f a8 hpsw hyslr axyhe t espP oat ed
wherein the 20

ol i goest er poI as recit | aj ms_ 27
pol yaci d i fox Pgﬁ% desit qﬁ%%éﬁ%ﬁ“%ﬁrb&y?r%%lf n"r%a%}éﬁabﬁll goest er pol yol
as recited suffdlcajemtSZ:roﬂmirmknngletd> rpacvide stlsel det edibednrdheigy oup

conS|st|ng iti 25 C her eof .
34. A br angh g%oéxyl ]fler mhn 'ﬂt’i‘ﬂ&o}(l g%%s%%ér"kg}o%l %%t%ggré}ééééglfnécl aim
33, mhéﬁe|wamh@etmhﬂﬁkﬁad;hx|¢ﬁﬂl¢3|%ﬁaﬁmwmwemﬁturQ.@ihmh09003 36 35. A

branched hygipexy| ﬁd’r”&ﬂlﬁ}tedj %ixgpc.eéé erh@aniy@é 28 d56it efgboc - pEm 27,
wherein the hydr 3;(51y term nat ed ol |8oester is ~he reaction pr oduct of

a hydr oxyl 8Mndt AU tE] oD ac%ﬂl%gd?%lcl?%ﬁqk%%t%%tag%ﬂl%ct ed from
the group conicst ifg @fbc&ft omrs@dstamms al lcmf:aim@ blycmbmyédic B8R} dor a

cycloallphatlc i.,carhoxylic acid dic n open
chain ali pﬁé‘ﬂ & i @a?beo RS lasmadl anh ahg% cygf%atf ha"??% g of

di car basy| itheadnyeathiyady ivlegreamzg o e m@lt@hy@bxw N:Sa@l adeshyarlee, an
open chai nc@laccqr ?"Jé! Cala‘ﬁloxyr@iﬂd@e @b@é(ﬁllQ@J blph@ﬁffnglggrgoxyl ic acid

hal i de, an ar onmat’ lic acid halide and m xtures thereof. 15 36. A
branched hy6FBRMREEafteY T eRterl 3] Jol 25 FRRYE eHO | hO CRRPWY 35,

wher ei n t heohydm@eds functional ester conpound is

3- hydroxy- 2, 2-di net hyl propri onate. 37. A branched hydroxyl term nated

ol i goester polyol 20 as recited in claim36, wherein the diacid reactant is
an aromatic diacid ré&ast allawiintdeesampies ciileasithreaneéthodssfan aronatic

aci d, id r &P I | cpaci d,
pht haI ?@ ar?%r}%ﬁéfeqd E‘odfy' rretarﬁéyq'rgzér% t a?llgcg acg%fén%%h&ga%éﬁgg%i?%&r) bo%yl at e,
25 tet rachllérl@ﬁ*ﬁtq?eﬁ%\@ & d b%fer%%thw}’él%il WPPR sty oFceBeePt tB®phthalic

aci d, t-butivlyentaRiH Ralidh asd die PIndd xi kI €%e tAgh&0ded 381afmP! ocess for
preparing a branched hydroxyl 30 ternrnated ol goester polyol, the process
conpri si ng: 1.9 ~Y 2~3 37 blending a hydroxyl term nated oligoester diol
and a ' polyacid having a carboxyl functionality of about 3 or

EXAMPLES
EXAMPLE 1
25 Stage 1
Preparation of hydroxyl terminated oligomer
Reactant Weight
Neopentyl Glycol (Eastman) 805 gms
1,6 hexanediol (UBE) 161 gms
30 Terephthalic acid (Amoco) 1145 gms
Butylchlorotin dihydroxide 2.1 gms
(E1f-Atochem)
Antioxidant
(Weston 618-General Electric) 4.6 gms
35 The mixture was heated gradually to 205°C and

then processed at 240°C to an acid value of 4 to 7 mg
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~great, wherein the equi'valent ratio of hydroxyl term nated oligcester diol
* to polyacid is fromabou~ 9:1 5 to abou~ 30:1; and reacting theghyaf @03
-term nat ed @v@bo/emaB t he polyacid for a tinme and tenperature &dramswy/wss4 o
provide the branched hydroxyl term nated oligoester polyol which has a

. hydroxyl vako#/gnamheesangwith frodCiboanelsndorabset vigcesdryanfacid

nunber of apgu Ps@bout 1 28 candrae NHHBBExRAY ChEHBe POLECHL AL Wei ght in the
range of frg§1%%1%é i3 QH % about 7 %0 gglt%%s theeh droxy term nated

. oli goest er @lbgo%%Fn@aﬁh@OPEQCFPoPepFBGHEt159 440i B8 @géﬂéﬁF 5R818- di aci d
reactant selected fromthe group con5|st|ng of an 15 open chain aliphatic
di carboxylic acid, a cycloaliphatic xyllc acid, an aromatic

-di carboxylic acid, an open chain allghﬁt dlcarboxyllc acid anhydride, a
cycl oal i phat i prebara by | 6 £ hpddompbytertinated aBpanthedddtagbesyérc acid
.anhydri de, an open c rb Li 0 i jyd 174 i phatic

‘di carboxylic acid hapﬁ% gangargéé P§Eg|8§§bg§§?%§ gglgeﬁ ? %géand m Xt ures
t her eof , thESEL@Igmeacfahrlmﬁéldtaélénhﬁdﬁtdﬁtwﬁéﬁngdﬂéécteﬁhﬁor atine and

tenperaturetéggafgyhﬁs @ang59§¥dt%6”&@@t§95dt0An&‘%Qc@uﬁuﬂg§rsﬁdﬁi ge
nol ecul ar wel he range of from about 400 to about 1500 daltons,

cool i ng theaPB%t?¢oﬂV%¥ ?hé0dW6PuF§aE?5HPdaHHtHFaE|HaFBH@taﬁtzéf 4bout t he
tine th%eo ol 1@@R§§gdsfdmekcuegchas bheannaber ameragacngbﬁcwhar wei ghtd| n the
range of 400 to about a act i ernlnate 30
diol with tR&" 5?§%§ Hy u9g§9 E@Elns % mﬁgpé a?é §§§ dreact ant

i ncludes a cmelwaiﬁphamber addadlCd rceanet ant phate Vhecoyctma@lbﬁaf¢c di aci d
reactant isgfhe gycy ?lbgﬂ@t?ﬁda&igtetbﬁsexgheg g@hab'@oa BXQ&'%ﬁdcr

cycl oal i pha~i'c aci d all exane I caboxyl c ac

1, 3-cycl ohe&an@ca@cﬁab\éﬁypﬁc4aépdm9h§S?Hﬁgiaﬁ@pﬁ?ﬁam wexgi abtainethy!

cycl ohex@ner g cas Dexihk CcasileddoBownXtr 855t bese@f diS8habged ocesm fi0¢

hed, hyd I ted_ol t | yol t ed
Clarm 36, wFGrern {RRCUFALPH PRatbEntoPADI HRBSPARTAYomt|c Ui acid 1 oactant |

where t he amoharlesd/aradspeaenant0|élghe gedbawi ¢nacpderaci 8uabhgdri de or
acid halide phth C h d i e, 15

di et hyl te?%éﬂ%ﬁé$|§£a§#g hg %?Kg %Eghg?%gggo§§ﬁgkg?htg%?ggﬁggégphthaI|c
aci d, terep@?ﬁa$h@wﬁcia bRrb4eydel ester, isophthalic acid, t-butyl
isophthallc acid, or mxtures thereof. 20 40. A process for preparing a
branched hydr ox I term nated oligoester polyol as recited in claim 38,
wher ei n® Qhe—%ﬁ%ﬁ—gegctant is selected fromthe group consisting of
neopentyl glycol, 1,6 hexanepdtat;oﬁ-bﬂtybﬁderhgbatiﬁgpropane diol, 1,4
cycl ohexanedi et hano 11384528 YLuLCRLOCL gOL o1 BT 'g%gsreaﬁaegt an
aromatic diacid reac he "aromati c |aC|d ant is an aromatic
acid, acid Eﬁﬁ?ﬁrl@@aéﬁnacpée@éﬁﬁéeaéffPé#@Hﬁfhal|c acid, phthalic acid,
phthalic anhydride dinethyl terephthalic acid naphthalene dicarboxylate,

tetrachlorophtqgl

igoester Resin of Example 1 1000 grams
Alcure 4147 (McWhorter Technologies) 310 grams
Modaflow 2000 15 grams
(flow leveling agent-Monsanto)
Benzoin (degassing agent) 6 grams
Titanium Dioxide (DuPont R-960) 450 grams

All the above ingredients are initially mixed in a high
speed mill such as a Welex mixer, where a homogeneous mix
is obtained. The resulting mix was processed through a
twin screw extruder (ZSK 30 Werner-Phleider) with Zone 1
at 80°C and Zone 2 at 122°C. The resulting melt was
discharged onto a pair of water cooled squeeze rolls,
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a ; ~ ' Zoa3 39 acid, terephthalic acid bisglycol ester, isophthalic °
acid, t-butyl |sophthaI|c acid, or mxtures thereof . 41 A process for
preparing a branched hydroxyl 5 term nated oligoester polyol ad g A t 2008

cl ai m 38, \A/rﬁéf’@f’/h”t‘%e poI yacid is a triacid. 42 A process fdi€ W@B@P?%g a

--branched hydrogﬁ gagﬁd ol i oester c¥ recited in claim4l, 10
wherein the br 8H‘e5 R gl e’f‘% AL E fﬂﬁtﬁ 5(]5‘§settet”a§oﬁ%’1 ds X oxyl
functionality griabout pulveoiaboatis. i)Bnﬁhkmanpgau@dsnmomupﬂepaﬂmmg a ’

~branched hydro&%@u&ﬁlhg ?BQ %Edw9é'9 &”tﬂ%ﬂ%?ﬂ a9 0f Al %'a'”B 38
or 440 wherein the reaCtfon between t di ol ctant. an aC| react ant
that fornms the Thyj@r BRYFSTeFARAARS IWHT | YorStr&s Wditdicald Yo SRy & CavGut  170C.
to about 200C. g2Quéd. sAeauopaﬁsléor_m@@f}isrig:aa. tyrwpémdelsydffoxyﬂe

term nated ol i goest recited in c wherein _the
reacti on bet WE%O "?"Heaﬁggr ég Fe?%%]a?%aaroq |égeoeeszfm eéio&féég %d %6l FAEUE S hat
forns the branchee aydB@QyC t@rnirﬁﬂZuﬂ(Mhl@oésﬂertbowy@ESSS c@hducted at a
25 tenperature 6@9:%0?189% tReabost 240G d Ur ahRule %avfaealb%fata%g@ours
45. A branched hydroxyl term nated ol i goester pclyol conprising the
reaction produ@®eofiyeRydioXgPietni nated 30 ol i goester diol having a
nunber average nol ecul ar wei ght ~, g M4Y 213 ... 40 in the range of
from about 400 to about 1500 daltons and a pol yacid having a carboxyl
functionality of about 3 or greater, the branched hydroxyl term nated

ol i goester pol yo-~ having a hydroxyl value in the range of fromabout 5 15
to about 250, an acid nunber of about 1 to about 25, and a nunber average
nol ecul ar weight in the range of from about |500 to about 7500 daltons,
wherein the hydroxyl term nated oligoester diol is the '~eaCtion product of
a diol reactant and a diacid 10 reactant, wherein the diol reactant is the
reaction product of a | actone selected fromthe group consisting of
(3-propiol actone, y-butyrol actone, y- and del taval erol act one,

s-caprol actone, 3,5,5,- and 3, 3,5trinethyl caprol actone and m xtures
thereof, and a 15 di hydric conmpound. 46. A branched hydroxyl term nated

ol i goester polyol conprising the reaction product of a hydroxyl term nated
ol i goester diol having a nunber average nol ecul ar weight 20 in the range of
from about 400 to about 1500 daltons and a pol yacid having a carboxyl
functionality of about 3 or greater, the branched hydroxyl term nated

ol i goester polyol having a hydroxyl value in the range of from about
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15 t'o' about 25@®o0c3n7agi d nunber of about 1 to about 25, 25 and achiiEboiosss
average nol ecul ar weight in the range of from about |500 to abou{ 97RA0 2003

dal t ons,
product of a hydroxyl
. selected fromthe group

wherei n the hydroxyl
f unctianal

term nated ol i goester diol
nsalallla}

ester C

is the reaction

and a diacid reactant

9 ~Y 2003

isting of an

pen chain

al i phatic dicarboxylic aci a cycloali i carboxylic aqid, an
aromati c di carboxylic acidl ,gngapeh %’cmag atie gicarbogylic acid
anhydride, a cycloaliphatilf di¢arboXyrig anhydr? de, aromatic
di car boxy@i ¢ acid anhydrid an opera chgi arboxylic aci g halide, a
cycl oal i pBatic di car boxyl i } } i i ylic acid
hal i de ang m xtures thereol, {wherein the] hydfoXyl functional lester conpound
i's 310 hygroxy-2, 2-di met hyfprioprignate ang khegidi acid reactaft is an
aromatic diacid reactant afdst €2 & gt pe gdpﬁcg’frd réadt@mg i &jar aronmtic
acid, acig anhydride or ac}jdlhalide of Terepht¥alic acid, phfhalic acid,
pht hal i c @nhydride, dinmethyl |terephthalig acid,| naphthal ene 35
di car boxyRat e, tetrachl orophtnalric acid,|terepntnartc actrd boijsgl ycol ester,
i sopht hal kc acid, t-butyl |sqphthalic acjd, ¢r |m xtures thergof.
CAA AN B A . Al . AUf. ,&\{F_. NIAE L Ay (SAIHBE BAR] AB|r . Ahy. AYS@ ofin. AHS. A. A@% A
a.A.A & b M8 NS Reg woeds 3
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10 9. A powder coating composition as recited in claim
8, wherein the diacid reactant is an aromatic acid,
anhydride or acid halide of an aromatic acid selected
from the group consisting of terephthalic acid,
isophthalic acid, t-butyl isophthalic acid, and mixtures

15 thereof.

10. A powder coating composition as recited in claim
1, wherein the oligoester ester diol is the reaction
product of a lactone selected from the group consisting
20 of B-propiolactone, y-butyrolactone, y- and delta-
valerclactone, e-caprolactone, 3,5,5,- and 3,3, 5-
trimethylcaprolactone and mixtures thereof, and a

dihydric compound.

25 11. A powder coating composition as recited in claims
1, 2, 5, 8 or 9 wherein the polyacid or anhydride is a

triacid.
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5%{q)c n as recited in claim
11, whereln the triacid is selected from the group
consisting of trimellitic anhydride, citric acid, and

mixtures thereof.

13. A powder coating composition as recited in claim

11, wherein the triacid is trimellitic anhydride.

14. A powder ccating composition as recited in claim
1, wherein the branched hydroxyl terminated oligoester
polyol has a hydroxyl functionality of about 1.5 to about
5.0.

15. A powder coating composition as recited in claims
1 or 2, wherein the powder coating composition has about
40 to about 97 weight percent branched hydroxyl
terminated oligoester polyol, based on the weight of the
branched hydroxyl terminated oligoester polyol and

crosslinking agent.

16. A powder coating composition as recited in claims
1 or 2, wherein the powder coating composition has about
3 to about 60 weight percent uretdiocne crosslinking
agent, based on the weight of the branched hydroxyl

terminated oligoester polyol and crosslinking agent.

17. A powder coating composition as recited in claims
3, 8 or 9 wherein the reaction that forms the hydroxyl

terminated oligocester diol is coocled to about 170°C. to
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rovide tH goestgg diol with the

molecular weight of from about 400 to about 1500 daltons.

18. A process for preparing a powder coating

5 composition which when applied to a substrate is
effective for providing a cured coating having a Tg of
about 40°C. or greater, a pencil hardness of about HB or
greater, a direct impact resistance of about 80 in 1lbs or
greater and a reverse impact resistance of about 80 in

10 1lbs or greater at a cured film thickness of about 0.8 to
about 4.0 mils, the process comprising:

blending a branched hydroxyl terminated oligoester

polyol with a uretdione crosslinking agent to provide the
powder coating composition, wherein the branched hydroxyl

15 terminated oligoester polyol has a hydroxyl value in the
range of from about 15 to about 250, an acid number of
about 1 to about 25, and a number average molecular
weight in the range of from about 1000 to about 7500
daltons, and wherein the branched hydroxyl terminated

20 oligoester polyol is the reaction product of a hydroxyl
terminated cligoester diol and a polvacid or anhydride
having a carboxyl functionality of 3 or greater; and
wherein the uretdione crosslinking agent is effective for
providing an equivalent ratio of isocyanate groups to

25 hydroxyl groups of from about 0.5:1.0 to about 1.8:1 and
the uretdione crosslinking agent is present in an amount
effective for curing the powder coating composition at
temperatures of about 160°C. without the use of an

effective amount of urethane catalyst and at temperatures
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wlt use o ectlve amount

of urethane catalyst.

19. A process for preparing a powder coating
5 composition as recited in claim 18, wherein the
equivalent ratio of hydroxyl terminated oligoester diol

to polyacid or anhydride is from about 9:1 to about 30:1.

20. A process for preparing a powder coating

10 composition as recited in claim 19, wherein the hydroxyl
terminated oligoester diol is the reaction product of a
.diocl reactant and a diacid reactant selected from the
group consisting of an open chain aliphatic dicarboxylic
acid, a cycloaliphatic dicarboxylic acid, an aromatic

15 dicarboxylic acid, an open chain aliphatic dicarboxylic
acid anhydride, a cycloaliphatic dicarboxylic acid
anhydride, an aromatic dicarboxylic acid anhydride, an
open chain dicarboxylic acid halide, a cycloaliphatic
dicarboxylic acid halide, an aromatic dicarboxylic acid

20 halide and mixtures thereof, the reaction of the diol
reactant and the diacid reactant at a time and
temperature effective for providing the hydroxyl
terminated oligocester diol having a molecular weight in
the range of from about 400 to about 1500 daltons.

25

21.A process for preparing a powder coating

‘composition as recited in claim 20, wherein the diacid
reactant includes aromatic diacid reactant and the
aromatic diacid reactant 1s an aromatic acid, acid

30 anhydride or acid halide of terephthalic acid, pnthalic
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acid, phthalic anhydride, dimethyl terephthalic acid,

naphthalene dicarboxylate, tetrachlorophthalic acid,

terephthalic acid bisglycol ester, isophthalic acid, t-

butyl isophthalic acid, or mixtures thereof.

22. A process for preparing a powder coating
composition as recited in claim 20, wherein the diacid
reactant includes a cycloaliphatic diacid reactant and
the cycloaliphatic diacid reactant is the cycloaliphatic

10 acid, the cycloaliphatic anhydride or cycloaliphatic acid
halide of 1,4-cyclohexane dicarboxylic acid, 1,3-
cyclohexane dicarboxylic acid, hexahydrophthalic acid,
dimethyl cyclohexane dicarboxylic acid , or mixtures
thereof.

15

23. A process for preparing a powder coating
composition as recited in claim 20, wherein the diol
reactant is selected from the group consisting of
neopentyl glyccl, 1,6 hexane diol, 2-butyl-2-ethyl-1, 3-

20 propane diocl, 1,4 cyclohexanedimethanol, and mixtures
thereof, the diacid reactant is selected from the group
consisting of an aromatic diacid reactant, a
cycloaliphatic diacid reactant and mixtures thereof and
the aromatic diacid reactant is the aromatic acid, acid

25 anhydride or acid halide of terephthalic acid, phthalic
acid, phthalic anhydride, dimethyl terephthalic acid,
naphthalene dicarboxylate, tetrachlorophthalic acid,
terephthalic acid bisglycol ester, isophthalic acid, t-
butyl isophthalic acid, and mixtures thereof and the

30 cyclcaliphatic reactant is the cyclcaliphatic diacid, the
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1l,4-cyclohexane dicarboxylic acid, 1,3-cyclohexane
dicarboxylic acid, hexahydrophthalic acid, dimethyl

cyclohexane dicarboxylic acid , or mixtures thereof.

24, A process for preparing a powder coating
composition as recited in claim 23, wherein the polyacid

or anhydride 1is a triacid.

10 25. A process for preparing a powder coating
composition as recited in claim 24, wherein the branched
hydroxyl terminated oligoester polyol has a hydroxyl

functionaiity of about 1.5 to about 5.0.

15 26. A process for preparing a powder coating
compcsition as recited in claim 24 wherein the reaction
that forms the hydroxyl terminated oligoester diol is
cooled to about 170°C. to about 200°C. to provide the
oligoester diol with the molecular weight of from about

20 400 to about 1500 daltons.

27. A branched hydroxyl terminated oligoester polyol
comprising the reaction product of a hydroxyl terminated
oligoester diol having a number average molecular weight

25 in the range of from about 400 to about 1500 daltons and
a polyacid having a carboxyl functionality of about 3 or
greater, the branched hydroxyl terminated oligoester
polyol having a hydroxyl value in the range of from about

15 to about 250, an acid number of about 1 to about 25,
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1099 & () - N2gK# -2 %%mﬁgﬂ)ng%adgymégé&dﬂgpéweight in the range of
from about 1500 to about 7500 daltons,
wherein the hydroxyl terminated oligoester diol is
the reaction product of a diol reactant and a diacid

5 reactant, the diol reactant selected from the group
consisting of neopentyl glycol, 1,6 hexane diol, 2-butyl-
2-ethyl-1, 3-propane diol, 1,4 cyclohexanedimethanol,
diethylene glycol, 1,3 propanediol, hydrogenated
bisphenocl A, dimethyol proprionic acid, 2,3,4,4-

10 tetramethyl-1,3-cyclobutanediol, ethylene glycol,
propylene glycol, 2,4-dimethyl-2-ethylhexane-1,3-diol, 2-
ethyl-2-isobutyl-1, 3-propanediol, 1,3-butanediol, 1,4-
butanediol, 1,5-pentanediol, thiodiethanol, 1,2-
cyclohexanedimethanol, 1,3- cyclohexanedimethanol, 1,4-

15 xylylenediol, ethoxylated bisphenol A, methyl
propanediocl, 2-methyl-1, 3-propane diol, hydroxypivalyl
hydroxypivalate, vinyl cyclohexanediol, dipropylene
glycol, dimethylol propionic acid, aromatic diol
compounds and mixtures thereof,

20 the diacid reactant selected from the group
consisting of an open chain aliphatic dicarboxylic acid,
a cycloaliphatic dicarboxylic acid, an aromatic
‘dicarboxylic acid, an open chain aliphatic dicarboxylic
acid anhydride, a cycloaliphatic dicarboxylic acid

25 anhydride, an aromatic dicarboxylic acid anhydride, an
open chain dicarboxylic acid halide, a cycloaliphatic
dicarboxylic acid halide, an aromatic dicarboxylic acid
halide and mixtures thereof,

wherein the diacid reactant includes a cycloaliphatic

30 diacid reactant where the cycloaliphatic diacid reactant
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or cycloaliphatic acid halide of 1,4-cyclohexane
dicaboxylic acid, 1,3-cyclohexane dicarboxylic acid,
hexahydrophthalic acid, dimethyl cyclohexane dicarboxylic
5 acid and mixtures thereof.
28. A branched hydroxyl terminated oligoester polyol
as recited in claim 27, wherein the diacid reactant
includes aromatic diacid reactant and the aromatic diacid
reactant 1s an aromatic acid, acid anhydride or acid
10 halide of terephthalic acid, phthalic acid, phthalic
anhydride, dimethyl terephthalic acid, naphthalene
dicarboxylate, tetrachlorophthalic acid, terephthalic
acid bisglycol ester, isophthalic acid, t-butyl
isophthalic acid, or mixtures thereof.
15
29. A branched hydroxyl terminated oligoester polyol
as recited in claim 27, wherein the diacid reactant
includes an open chain aliphatic diacid reactant where
the open chain aliphatic diacid reactant 1is the open
20 chain aliphatic acid, acid anhydride or acid halide of
fumaric acid, adipic acid, azelaic acid, sebacic acid,
dodecanoic acid, glutaric acid, succinic acid, oxalic
acld, itaconic acid, dimer fatty acids, maleic acid,

chlorendic acid, diglycolic acid, nadic acid, or mixtures

25 thereof.

30. A branched hydroxyl terminated oligoester polyol
as recited in claim 27, wherein the diol reactant is
selected from the group consisting of neopentyl glycol,

30 1,6 hexane diol, 2-butyl-2-ethyl-1,3-propane diol, 1,4
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cyclohexanhedimethanol, and mixtures thereof, the diacid
reactant includes an aromatic diacid reactant and the
aromatic diacid reactant is the aromatic acid, acid
anhydride or acid halide of terephthalic acid, phthalic

5 acid, phthalic anhydride, dimethyl terephthalic acid,
naphthalene dicarboxylate, tetrachlorophthalic acid,
terephthalic acid bisglycol ester, isophthalic acid, t-

butyl isophthalic acid, or mixtures thereof

10 31. A branched hydroxyl terminated oligoester polyol
as recited in claim 27, wherein the diol reactant is the
reaction product of a lactone selected from the group
consisting of PB-propiolactone, y- butyrolactone, y- and
delta-valerclactone, &- caprolactone, 3,5,5,- and 3,3,5-

15 trimethylcaprolactone and mixtures thereocf, and a

dihydric compound.

32. A branched hydroxyl terminated oligoester polyol
as recited in claims 27, 28, 29, or 30 wherein the

20 polyacid is a triacid.

33. A branched hydroxyl terminated oligoester polyol
as recited in claim 32, wherein the triacid is selected
from the group consisting of trimellitic anhydride,

25 citric acid, and mixtures thereof.

34. A branched hydroxyl terminated oligoester polyol
as recited in claim 33, wherein the triacid is

trimellitic anhydride.
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35. A branched hydroxyl terminated oligoester polyol
as recited in clilaim 27, wherein the hydroxyl terminated
cligoester diol is the reaction product of a hydroxyl
5 functional ester compound and a diacid reactant selected
from the group consisting of an open chain aliphatic
dicarboxylic acid, a cycloaliphatic dicarboxylic acid, an
aromatic dicarboxylic acid, an open chain aliphatic
dicarboxylic acid anhydride, a cycloaliphatic
10 dicarboxylic acid anhydride, an aromatic dicarboxylic
acid anhydride, an open chain dicarboxylic acid halide, a

cycloaliphatic dicarboxylic acid halide, an aromatic

dicarboxylic acid halide and mixtures thereof.

15 36. A branched hydroxyl terminated oligoester polyol
as recited in claim 35, wherein the hydroxyl functional

ester compound is 3~hydroxy-2,2-dimethylproprionate.

37. A branched hydroxyl terminated oligoester polyol
20 as recited in claim 36, wherein the diacid reactant is an
aromatic diacid reactant and the aromatic diacid reactant
is an aromatic acid, acid anhydride or acid halide of
terephthalic acid, phthalic acid, phthalic anhydride,
dimethyl terephthalic acid, naphthalene dicarboxylate,
25 tetrachlorophthalic acid, terephthalic acid bisglycol
ester, isophthalic acid, t-butyl isophthalic acid, or

mixtures thereof.

38. A process for preparing a branched hydroxyl

30 terminated oligoester polyocl, the process comprising:
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10 & ()-N2. 10%9 & ()-N2. 1099 & ()-N2. L0 & ()-N2rstuw}rR2,:
109 & ()-N2. 10%9 & ()-N2. 109 & ()-N2. 109 & () - N2. 10%&'()-N25Wy
brRe, 10@6&f() gglnéogagié%oggl terminated oligoester diol and a
polyacid having a carboxyl functionality of about 3 or
great, wherein the equivalent ratio of hydroxyl
terminated oligcester diol to polyacid is from about 9:1
5 to about 30:1; and
reacting the hydroxy terminated diol and the polyacid
fer a time and temperature effective to provide the
branched hydroxyl terminated oligoester polyol which has
a hydroxyl value in the range of from about 15 to about
10 250, an acid number cf about 1 to about 25, and a number
average molecular weight in the range of from about 1500
to about 7500 daltons, the hydroxy terminated oligoester
diol being the reaction product of a diol reactant and a
diacid reactant selected from the group consisting of an
15 open chain aliphatic dicarboxylic acid, a cycloaliphatic
dicarboxylic acia, an aromatic dicarboxylic acid, an open
chain aliphatic dicarboxylic acid anhydride, a
cycloaliphatic dicarboxylic acid anhydride, an aromatic
dicarboxylic acid anhydride, an open chain dicarboxylic
20 acid halide, a cycloaliphatic dicarboxylic acid halide,
an aromatic dicarboxylic acid halide and mixtures
thereof, the diol reactant and diacid reactant being
reacted for a time and temperature to provide a hydroxy
terminated diol with a number average molecular weight in
25 the range of from about 400 to about 1500 daltons,
cooling the reaction of the diol reactant and diacid
reactant at about the time the oligoester diol reaches
the number average molecular weight in the range of 400
to about 1500 and before reacting the hydroxy terminated

30 diol with the polyacid,
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diacid reactant where the cycloaliphatic diacid reactant
is the cycloalivhatic acid, the cycloaliphatic anhydride
cr cycloaliphatic acid halide of 1,4-cyclohexane

5 dicaboxylic acid, 1,3-cyclohexane dicarboxylic acid,
hexahydrophthalic acid, dimethyl cyclohexane dicarboxylic

acid or mixtures thereof.

39. A process for preparing a branched hydroxyl

10 terminated oligoester polyol as recited in claim 38,
wherein the diacid reactant includes an aromtic diacid
reactant where the aromatic diacid reactant is the
aromatic acid, acid anhydride or acid halide of
terephthalic acid, phthalic acid, phthalic anhydride,

15 dimethyl terephthalic acid, naphthalene dicarboxylate,
tetrachlorophthalic acid, terephthalic acid bisglycol
ester, isophthalic acid, t-butyl isophthalic acid, or

mixtures thereof.

20 40. A process for preparing a branched hydroxyl
terminated oligoester polyol as recited in claim 38,
wherein the diol reactant is selected from the group
consisting of neopentyl glycol, 1,6 hexane diol, 2-butyl-
2-ethyl-1, 3-propane diol, 1,4 cyclohexanedimethanol, and

25 mixtures thereof, the diacid reactant an aromatic diacid
reactant, and the aromatic diacid reactant is an aromatic
acid, acid anhydride or acid halide of terephthalic acid,
phthalic acid, phthalic anhydride, dimethyl terephthalic

J

acid, rnaphthalene dicarboxylate, tetrachlorophthalic
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5 anhydride, an aromatic dicarboxylic acid anhydride, an
open chain dicarboxylic acid halide, a cycloaliphatic
dicarboxylic acid halide, an aromatic dicarboxylic acid
halide and mixtures thereof,
wherein the hydroxyl functional ester compound is 3-
10 hydroxy-2,2-dimethylproprionate and the diacid reactant
is an aromatic diacid reactant and the aromatic diacid
reactant is an aromatic acid, acid anhydride or acid
halide of terephthalic acid, phthalic acid, phthalic
anhydride, dimethyl terephthalic acid, naphthalene
15 dicarboxylate, tetrachlorophthalic acid, terephthalic
acid bisglycol ester, isophthalic acid, t-butyl

isophthalic acid, or mixtures thereof.



