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*particularly, the inv lon relates to powder coajgang conposjtion
(F:)orrpri si ng gt | east ‘ t her moset ti ng Iroesi n and Igeas'[rpé15 (gust 3004

poly( ph¥¥yPE2d5%t her). Organi c sol vent type coatings, whiRCI/HSW2846ai ned by
2di ssol ving main conponents such as resin and the like in an organic

sol vent and adding thereto auxiliary conmponents such as col ori ng agent,
curing agent and the |like, have heretofore been us&d widely in coating

&

applications. However, the problens of these 10 organic sol vent=type

coatings, such as fire h ty and hygiene,
envi ronnmental pollution gg\% t Eeﬁﬁ%fﬂ%‘g?@?m%@ﬁﬁ I ncreased attention

being paid to coatings which vaporize no organic solvent, particularly
aqueous enul sion type coatings and powder coatings. Aqueous enul sion type
coati ngs, %%S&EF%MCE&QWK@PLE@ATTOH%MWI e in producing such a
coating resin particles and a pignent-are typically di'spersed stably in an

. aqueous nedi um and t efore.a hydrophilic.s ce. such as_. enulsifier or
the like is used, ththq% &1 CPB??TQ%"W '?‘ﬁ bf'ﬁ"g.’t@ggfg oVsiquabdpplgation Nk er i or

in  properélV ks ,683¢ filed OB 'S, 1955, WHICR incdrpdthied RS baRGEregld the 1ike;

noreover, the film often has | ow adhesivity to a material to be coated;

further, i S i obtain a 20 dried film as conpared with the
case of ar#‘%¢g§%(&€§b5§ﬂ%&%‘é5@g&@qng and, in order to conplete film
drying in a short time, special equipment and a high cost are required. In
_ contrast, powder coahidm%entidH x‘éﬂlt&qah@bvﬁeln&aﬁﬁg@mnﬁoﬁﬁbﬂﬁ?%m have various
excel | ent advant ages. For exanple, they have veéry Tow vola "Fe organic | 4
Au_gust 20@articglarkynthedmeengon eelates topyvyddricosting covhpusitions raimprisial at Ragthe
envi ronme when -ed: the re free fromfire hazard, adverse effect on
saf et5§ an%hﬁygl eﬁ%e?ﬁlgl\‘/lsl oaﬁlﬁeaﬁf}agfmnﬁaollmﬁ%}?(flenﬁrﬂqqﬁ like; they can be
stored in an ordinary storehouse; the anount of wventilation air in a spray
booth can be a m ni @rgadosolives: tygsddakiags, Which sreGdhifal by 8iRidIGHE MA4,
resulting in high enﬁrag\éeaeffici ency, and the coating film obtarned has no
foans whi 8ﬂma%%sew@ in3nd the like goan orgenissobrntwyidasdingiherety fil m
dryi ng. Paukifiry @a#ohfes sidvg Hil; g%§ e, they can be
used as' t hey arrye \?\nﬂ{ohout S_ t he neé*en?ggtegeg?ﬂa% s%flﬁg{hfﬁfei‘%%ésvgosi ty, solid
content, Begtoforglhgen heed widalybia coatirig applicatimseHoevért thepiroblemis BF tigsd he

o a0pl § cartsh BNEbBALELIEe Tt P Bithreatd aftest v ohieoiams 0

hygiene, environmental pollution and the like, has resulted in increased attention

being paid to coatings which vaporize no organic solvent, particularly aqueous

emulsion type coatings and powder coatings.

Y Aqueous emulsion type coatings, however, also have drawbacks. For
15 example in producing such a coating resin particles and a pigment are typically
dispersed stably in an aqueous medium and therefore a hydrophilic substance such as
emulsifier or the like is used, the film formed with the coating is inevitably inferior in
properties ;uch as water resistance, alkali resistance and the like; moreover, the film
often has low adhesivity to a material to be coated; further, it takes a time to obtain a
20 dried film, as compared with the case of an organic solvent type coating and, in order

to complete film drying in a short time, special equipment and a high cost are
required.

In contrast, powder coatings, which contain no organic solvent, have

various excellent advantages. For example, they have very low volatile organic
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total cost including cost of materials, pretreatnent cost ggwcoatl ng
operation, equipnent cost, etc., are very econom cal as con%

organi ¢ solvent type coatings and aqueous emul sion type coatings. Powder
coatings generally conprise a solid filmformng resin, often wth one or
nore pignments. They can be thernopl astic-based but are nore usually

t her noset - based, typically incorporating two co-reactive filmformng
resins or incorporating a curing agent for a filmform ng resin in the
powder part y an
epoxy resi ndoﬁgcﬁlgand'gggpﬁf; eﬁ?%ﬂe glg{r#ﬂgrgrp oygglja e ar@ﬁé&q%é al t hough
t hese generae fige tﬁam*eﬁredmatdgﬂrhrmwdﬁ'acben safag(aad hagims,lemmuomndntahr face

har dness, t he exhi ) n o hani cal properties
such as i naﬁ?glﬂfﬁﬁ%eor%]?% ?léeytct?ﬂ ﬁ&{% aWGFﬁStor&ﬂ'ésep&@sa@?ﬂuq ﬂge ntors,
as a resul tyepfilation aittig BSp§ anﬁﬁ@hlt@@mﬁﬁnahmawa%am@m%be of a
powder coating coggjom tion have found _a thernoset conposition for powder

coati ngs wHeeiFcudat gitmerg}gefﬁatymy,mdmeumh@ﬁhmﬂb@wdhes r@ughness

and ot her e S he and
surface har%%i‘glgg éh g vé%%%bgre C gPé: glrogg%l élgt#&nfh @ﬁqﬁﬂgpﬁgﬁ@a
resi n- bas ecbopﬂngﬁiave tfmtﬂmgdvalw ebmpl-tHel\daiNbe Ghed Bathep mectittut t he

present i nv ntlon ro |des a owder coalln coO 0S 1.0Nn CO rIS ng at
| east one tHEPFESH r?&msegg CIASFOSHY. 158 @Pg‘%}ﬁ%’f "t}é Iagr% er),

wher ei n there@&%%&h{th no;b?@ﬂuoﬁ‘é'?éé}i& oy aé?cé’ F&ﬂ@ﬁﬁ&b‘ous

nor phol ogy. -2 4 August 200 er aspect f t he sent invention

prf)w dezI ?Mcom:mgs cany emhpdbymu@m&eﬂqnahsgp@c?dum@m lmwewarfgh?/ rﬁ5| n
t t
pox df zed DALOT IR ROk Boledls brebeABEEE ort o i atne ooy de.

novol acs, eeflipmdit zed, @t. kaﬂeﬁﬂeﬁy\@donbﬁﬁm bhslednip@ed oNtl ciganic @cﬂeéntdylieed
y

phenol - di ¢ pent di ene nov l.acs and epoxi di zed bronophenol - f ornal dehyde
novol acs, AEUCQUS SHBGTION BPCIceEiSsone
pol y(2, 6- dlnethyl-l 4- phenyl ene ether) having an intrinsic viscosity of

| ess than 0.35 dl. /gpom%gﬁ tths¥endally téin gﬁécure@rﬂneni fo feGASSRANE

curlng agent, wherein the COﬁESSItIOﬂ S a conp eX

co-conti nudmhmmomgygmsntsi qmnheﬁhqm@p&sh@basddénupmmeusuﬂmt i on
PEOLoes Rl SRR e FRIRR R e RRR Q05 5P o5

incorporating a curing agent for a film-forming resin in the powder particles.

Heretofore, powder coatings which contain primarily an epoxy resin
and a curing agent have been employed in the art, and although these generally have
good chemical resistance, adhesion, and surface hardness, etc., they often exhibit less
than optimal mechanical properties such as inadequate fracture toughness. Therefore,
the present inventors, as a result of an intensive investigation aiming at development
of a powder coating composition have found a thermoset composition for powder
coatings which can provide a coating layer with improved fracture toughness and
other properties without loss of chemical resistance, adhésion, and surface hardness,

etc. which are characteristics in typical epoxy resin-based powder coatings.
SUMMARY OF THE INVENTION

One aspect of the present invention provides a powder coating
composition comprising at least one thermosetting resin and at least one
poly(phenylene ether), wherein the composition, when cured, exhibits a complex co-

continuous morphology.
2




ether) having an intrinsic viscosity of |less than 0.35 dI ./4g Ve
25C in chloroform and at |east one curing agent, wherein t’N{-:g“(S,
conposition exhibits norphol ogy conprising cured thernposet particles having
an average diameter of 100 to 1000 microns and continuous poly(phenyl ene
et her) domains containing cured thernoset particles having an average
di aneter of less than 20 m crons, wherein the conposition, when cured,
exhibits a conpl ex comuindriaspetof thepdtehiiVention proddes & HoR@d Q) her aspect
of the invention is a process for naking a powder coating conpdSition
whi ch conpro8\esitiep amAAFIRGA! leest Preepexydern sdiastedfisratheigregp casisting efbispheabl-A-Emed
one p;)! yl( pkﬂg{glvg;dmgmrs;egﬁd&ed @endl-formenihyte lhO\@ElE'@éﬂo,xi@i_&edd?é,oilfé}#ﬁtﬁéﬂy&’erho?&f%\g] d;as
an article i -nﬁéﬂ:}@ﬁlﬁi . opprising at Ieas
one t her rmsecept ilér? amelﬂ’izl_ ?@gn apé Fgﬁ@? Eé' g‘%éﬁ%éﬁ@%%@%%eﬂé%@%er), wherein
t he conposi PYHHs =R ?f“‘Jzzﬁ bramopagel-pmaldetyde pvplpGsxand mixiusesearenfious  nor phol ogy.
Yet anot heratdsgesic feeditdeney | i jcle. ¢ - Wi a
cured powder coati n}ﬁﬂ)(/:(%nposi ti on’ugglr?g?%g? ggﬁgﬁ{%‘rg{%dtn ltlr)lﬁ—lensgﬁ?@%%%é tog?ff?@
resin and dhan @3sulmemepsirgd ptii(linnhlosofoem)and whiznss dheldi€ing QEBAS WhiRh When
cured, exhibits a.conpl.ex co-continuous norphol ogy. . BRI EF DESCRI PTI ON OF
~ THE DRAW NG £97gpesitt . SRS cexH bifichprmpleK ce{ceniinunusmepbelogph (TEM for
the PPE 1 EPON 8281 MDEA conposition of exanple 3 containing 0.12 IV
(intrinsic viscosity), PPE. Figure 2 shows the transm ssion electron
m crograph (TEM for anothppaspegtrodfithgpgsent imeation ppwddds opowtieracating € 7
cont ai ni ngcdin@@ition deRMprisigQuleastdns Bpwes tdam, ki RASHS HoP29- By h
(TEM forp‘%{q& ik L E t&)ﬁlsi§28 / MO 0Si ti [) of ijg%zﬁdl gl%ét.gr%?aﬁ%él}%%
0.40 1V PPEICRPA g an MUEIIH iscosite pL leftihan, p35t5§ SBeasprd 3t 258G dn thlemafore.
t oughness dmwtatdeasporsi tiurdipsagent) wdierdimthe RBFed corfbMtRa&xhitEbmibgly € 5 shows
t he di el ec&]'i c-const%i;hﬁ(rgt 1 M—Jz‘) gs a function of PPE corﬂjent n a PPE /
EPON 828 7 “NBERTE s erraeset Barfisien PAYng 28 avergepiamaternf 100do dAdhaeeas and
di ssi pat i @onfideieho Rhe G ' ' .content in a
PPE / EPON 8281 corrgosi ) ol ?ﬁﬁ“‘%ﬁ%@“‘%@“@&?@ﬁo

DESCRI PTI mymgﬂgpgmggdgng@|mglan 20 rmcrons, wherein the composition, when
cured, exhibits a complex co-continuous morphology.
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Thernpsetting resins useful in the present invention are thoase .comamonly
used in powder coating applications. Representative exanples i°ncl'ude 3 4
August 2004 WD 01/ 25358 bP PCTI USOQ 27496 t hernosetting resins conprising
car boxy-functional polyester resins, hydroxy- functional polyester resins,
acrylic polyners, fluoropolyners, and epoxy resins. Useful polyester resins

are typical ly obtai negindtliercepett o8 del iftfentidliy AfdcéstfoPthakBaG povddpet ween a
saturated poly-basic acid or_its anhydride and a 5 pol yal cohol.
Non- | i m ti rfgatngemneesitsm whish spmprssseombining 6 lgash ohg thetmesetting reginjand

pur pose i ng t lc acid, thalic anhydride,, isophthalic acid,
terephthalf%ﬁggﬁﬁgpgﬁgQ@%Q%W%ﬁﬂ@ alic anhydride, tetrachl orophthalic
anhydri de, hexahydrophthalic anhydride, pyronellitic anhydride, succinic

acid and adi pi ¢ aci d.Stilbadtheraspeatof the atphtion plovides i hrtiotd doated vaiftea et hyl ene

gl ycol, diethy]ene glycol, triethylene ycol , 10 propyl ene glycol,
di pr opyl end E%?EE“%@ICQ@PFIHPHFPWREF% Iagi%t@ﬁﬁﬁ@n'ﬂﬂ F%Fk#ﬂ‘%f’é cast

neopent yl @{&F, n i e L NKInE: or the
pol yest er ?Jg}é?gisy nc L%g%g%ﬁa%gﬁ%ggﬂrh ?Sﬁ?eélgﬁﬁ@%é%%ﬁ%mlﬁ%dri de,
trinelliti cosonfisudugenorphelogy.i Yetanothdr aspect oftht invertioniprovidesanchrticle ;

am nopl asts_sugh .as hexanet hoxynet hyl ol nel anme, tri hyl ol el am 15

Cr1 ety GPRER wiR e PO S Rae SRS e pRiprisEieE oot one herfhoseting
hexarmet hyl gtdi®badvatleast siipdlyiphBhylvhedthal Adanan e aeapdiionotvhen blred, and

bl ocked aliphatic and_aromatic polyisocyanates, particularly

di i socyanate&ibits aeamplexogoRtipuens,BeehalPEEne  di i socyanate, bl ocked

i sophorone diisocyanate, and bl ocked pol ynet hyl ene pol yphenyli socyanat e.
20 Pref er alBrerEN PESCRIPAONOF TIPE DEEAGHNER W t h pol yi socyanates are

oxi mes, such as nethyl ethyl ketoxine, nethyl-n-anyl ketoxine, acetone

oxi me, cycl ohexanone_oxi ne_and caprol actam O her, bl ocki n% agent s incl ude

mal oni ¢ esters and a@g%iltSHBWéﬂéﬂmﬁﬁﬁsiﬂnﬁwoﬁmmh& thec and
| kyl P - . -~ aliohati
2l cohol s sah a2 ON S8 MDEAN Mgl o P SR sTeon BiHe .15 1 (LBl °, ' Phat ! ©

hexyl, heptwdcpsidPPE, nonyl, 3, 3,5-trinethyl hexanol, decyl and | auryl
al cohols, and the like. Exanples of aromatic-al kyl al cohols, include

Figure 2 shows the transmission electron micrograph (TEM) for the
PPE / EPON 828 / MDEA composition of example 7 containing 0.30 IV PPE.

Figure 3 shows the transmission electron micrograph (TEM) for the
PPE / EPON 828 / MDEA composition of example 9 containing 0.40 IV PPE.

Figure 4 shows the relationship between PPE IV and fracture
toughness for compositions containing PPE / EPON 828 / MDEA.

Figure 5 shows the dielectric constant (at 1 MHz) as a function of PPE
content in a PPE / EPON 828 / MDEA composition containing 0.12 IV PPE.

Figure 6 shows the dissipation factor constant (at 1 MHz) as a function
of PPE content in a PPE / EPON 828 / MDEA composition containing 0.12 IV PPE.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

Thermosetting resins useful in the present invention are those

commonly used in powder coating applications. Representative examples include

3



phenyl car bi nol, ethyl ene gl ycol nonoethyl ether, nonobutyl ﬁ%ﬂ?ﬂer’

nmonopr opyl ether and t | i ke. Other bl ocking agen are gp§a004

conpounds such as phenol®™tself and substituted phé™ol s where the

subst i W@M2$3%0 not - adversely affect the coating 4 0 4 MEFUEL02004 WO

01/ 25358 PCTI USOQ 27496 operations including cresol, nit rophenol ,

chi orophenol and t-butyl phenol. Also suitable ar &; di butyl am ne and

~tertiary hydroxyl am nes such as diethyl et hanol am rfe. Exanpl es ¥ suitable
acrylic polyners for purposes of the present invention are well known in

the art, @RémeetiMeradineREMBAsiRY cRBbYyRichbRA 3 je@%g!r%ég%t g@% mononer s

with ot her functi onal group-contai ning nono opol yneri zabl e
mononer s fieHge polyesienresingacaylio palpuenspflaorepsiymers) and epedygsiage, propyl ene
and i sobutyl ene, aromatic nononers such as styrene, vinyltoluene and

-.al pha. -net hyl styr s of. acr cid a lic acid wth

al cghol s haviyng 1yt gﬂ?@lggl&gé?frﬁ%%w ﬁa@' 'ﬁ@'t“ﬁ PYSB?'%I‘& ton et hyl 10

met hacr y| pblgmegitition ﬁﬁﬁtidndieﬁueeﬂtakﬁéhuﬂ@& PG stﬁia%id&r M{hgﬁﬁ !n?d? propyl .
0 ,

met hgcryl ate, n-butyl acrylate, n-butyl nethacrylate, acryl ate,

i sobdtyl PReWasehs) %I%- 1m189&1=’€ﬁ%3!§q Ofdhbaﬁlcaﬂc@ds @,dcﬂccdwﬂmdndmfmadnyl ate,

2-ethyl h I I t d
Fauryl b hRoRcinkhuge Poindreictt shBIaNc anlfFOqlC bR iic o34 dhaepfililio 5i8, 1"
carbon at b&mhsdrohhtaalwa:dyﬂndc;ecttadch]owphﬂydhcpmhpdﬂmﬂ:exaﬂd: ihidlic2 15

et hyl hexy] }4 at e an 6’1%% rmnorrersg s VI nyl chI oride, -

acryl oni t?rﬁyg drpyr ?FE? @'PY ErSUcEICHE Nondynitsg used si ngl y
cont ai ni L’é"“‘m“"n‘%r#ﬂ“é&?%&?j"e"é?ﬁ Baffent PGP %\Aﬁﬁ‘%‘m%’* e G248 »)

hydd®xy- f REYIP@ﬁlﬁb’C@eflgﬂﬂmqu;@Ig}m,sglmymbmmﬁhyﬂatbrbpanczﬂenmpmnw] of the

copol yner iz d et h acryl ate, hydroxybutyl acryl ate,
'hydroxybul!tl y?gljlri ﬁggﬁﬁgthwoﬁch i@'ﬁg rAacryI ate and the |ike. Am no
functional acrylic nonomers woul d include t-butyl am noethyl nethacryl ate

and t- butyl am noet GydssiinkingagentsHbethe pobesiey ehsisyinéluachdia Oy&mgygbcooo 2
an

ooyt Bk SRR RS Smeliaspide pbGaliamtsinie angameioe by
reacti on Ay didE ARTHRSPadiANIcR 8 Emetﬁdk%{étmah&&ﬂﬂﬁsmﬁﬁyl@ﬁn&a%c edY!
YS "trimethy] ether, hexamethylolmelamine hexamethyl ether, hexamethylolmelamine
and trimethylolbenzoguanamine; glycol urils; and blocked aliphatic and aromatic
polyisocyanates, particularly diisocyahates, such as blocked hexamethylene
ditsocyanate, blocked isophorone diisocyanate, and blocked polymethylene

polyphenylisocyanate.

20 ‘ " Preferable blocking agents for reaction with polyisoc;lfanates are
oximes, such as methylethyl ketoxime, methyl-n-amyl ketoxime, acetone oxime,
cyclohexanone oxime and caprolactam. Other blocking agents include malonic esters
and any suitable aliphatic, cyclbaliphatic, aromatic and alkyl monoalcohols.
Additional blocking agents include the lower aliphatic alcohols such as methyl, ethyl

25 'chloroethyl, propyl, butyl, amyl_', héxyl, heptyl, octyl, nonyl, -3,3,5-trimethylhexanol,
decyl and lauryl alcohols, and the like. Examples of aromatic-alkyi alcohols, include -

y

phenylcarbinol, ethylene glycol monoethyl ether, monobutyl ether, monopropyl ether
and the likg:. Other blocking agents are phenolic compounds such as phenol itself and

substituted phenols where the substituents do not -adversely affect the coating



*)gl yci dyl nethacryl ate 1yl glycidyl ether. Car y functi gnal ps may
be i ncorporated into .aacryl ic polymer by react @ with aé gf"%tgi.@#d,
met.hacr wg g1/@8d4gd, itaconic acid, naleic acid, fumaric aecwusanwdrae®noesters .
,0f maleic acid and fumaric 30 acid with nonohydric al cohols. 5 4 August
2004 WO 01/ 25358 PCT/ US00127496 ' Hydroxy-functional acrylic resins may be
crosslinked by the am noplasts described above as gseful for polyesters.

‘@ her useful crosslinkers include blocked diisocyadnates, fornmett by

ti bl ogki | t with., dii t ' di [ h
i socyanaPBragons HeBRPE reat Bivpheal i@l oS! oo SeReaRR Ao t of uene
dii socyanakeuanleird s iR B tertity BAGYAN Anfined bR YL Gy CthaNELAMRE*Y
di i socyanate, 2-nethyl-1|,5-pentane dilsocyanate, 2,2,4-trinethyl- 1T 6-

hexane diisocyanate and 1, 12-dodecane diisocyanate. Were the functional
radi cal s of the acrylExamplespfisuiablecsrilivnpiymens or pirpases pfitierpgeszsgent may be

I df . . L, Sit d ' ds,. .10 I i
and polyai BuanaaeafabiSh Tl 22 ol ool B0 ES BN WS eraig®’ 07 Lol are

gl yci Gyl , cepodymerdzbte mentrab héthartoes Shiotishalozroge dbimtainiy réformerdsy car boxyl i c

-acids and thei.r anhydrid such as phthalic . acid, phthalic anhydride,
trimelliti "%ﬁm“ya?n%%nmgfé@?wm inciude oipfipic pefaturged maneRsTssich@l as

cat echol, éﬁ?g&g,i p10byleftVAHIQEHHuBALE:, arbmaR¥ %@nh{ye?ée%%g% ishy@fe09! umi ne; and

pol yam nes such as €t hyl enedi arii ne; net a- Iam’ne,
4- 4" - di am visyltplters/andoeiphaemethylstyrdne resterschfpeniel ackidridomethaenylic acid

4, 4' - di ani padi l, ether, Gth itable th tt i ns includ
funct | onal M akeBEk o tingd to 18 con e el a5 SRR G RErnrEShng f unct onal
fI'uon@acr yiethapellsteriisyl acs e, thMeﬂihcqﬂﬂe,rﬁM?ﬁQcﬂMﬁt&%F LiEtha &Y fle, OF

car boxy-functional, and may be used-as the sole thernosetting resin polyner
or in conj Bnvubvl asrvlate M- methassylate; isebutybaiylates ispbutyl megisicydateer and/ or

The pref or paip M R Rl (At BECD T Rl S 0 2 0B 55 ™" =
i hvent i on methpeiydate,dquryemsylaenad énoylymethscrplate] vinyd estesarficathoryRPacis r esi n
enpl oyed | I?aving 2 to 11 carbon atoms such as vinyl acetate, vinyl propionate and vinyl 2-
15 ethylhexylacrylate and other co-monomers such as vinyl chloride, acrylonitrile and
methacrylonitrile. These co-monomers can be used singly or as a mixture of two or
more of them. Suitable functional group containing monomers are described as

_ follows.

For example, hydroxy-functional acrylic polymers may be formed by
S 20 reaction of the copolymerizéblc monomer with hydroxyethyl acrylate, hydroxybutyl
acrylate, hydroxybutyl methacrylate, hydroxypropyl acrylate and the like. Amino
functional acrylic monomers would include t-butylaminoethyl methacrylate and t-
butylaminoethylacrylate. Preferred hydroxy functional acrylic resins typically have a
molecular weight of between 10,000 and 50,000.

25 Epoxy ﬁ.mctioﬁal groups may be incorporated into an acrylic polymer
' ~ by reaction with monomers héving epoxy functional groups such as glycidyl acrylate,
glycidyl methacrylate, allyl glycidyl ether. Carboxy functional groups may be
incorporated into an acrylic polymer by reaction with acrylic acid, methacrylic acid,
itaconic acid, maleic acid, fumaric acid, and monoesters of maleic aci_sl and fumaric

30 acid with monochydric aicohols.



not particularly restricted. Epoxy resins, including advanged (or st aged)
epoxy resin systens, h are general ly enpl oyed coagipf’r’(?{'f'ﬁa%oégi al ,
can be used. Exanples oWepoxy resins include bisp ol A type. epoxy
resi ns, WA®NB53¥8 epoxy resins or alicyclic epoxy resins, P&h '%gﬁ'r esi ns
advanced t hrough reaction w th bisphenols. 6 F. 0 4 August 2004 WD 01/25358
PCT/ USOQ' 27496 I n general, the at |east one epoxy r’?esi n conponent may '
conprise virtually any epoxy resin that is liquid,” or preferab¥y solid, at
roomtenperature having a nean epoxy functionality of about 2 or greater
than 2, that is to Hydronafinegonaacrylie resins mipbt ctoaslinked bpiee t han two epoxy

roups per_.nol,ecul.e,. .su as, for ex | e, rrespondi ng pol ygl yci dyl
Ot hers bATIBRRIET aPeLaboR? s usety dor Bilyosters. (et elilarestimears of ; osi s
sui tabl € idlidd 16ciRld diRaglanfiB 1ERRLIMYY RAUTHCPIRORRR beed WaldS: L11 0l yCT Y]

i socyanurate; trinelliti'’c acid triglycidyl” ester; exahydrotrinellitic
aci d t ri dliigedyayateriichdingsistrhgroniexdiidogyanatesthe dsogyarsiratg of hexars¢thylenerponent

~selacted Ll Lt | d triglycidyl .. hexahydrotrimelliti i d
o 011 gi yuiedhyphdtky Bk bfecR ot ol opeibd Flisond R BRYERS) | ot or “and "

hexahydr disycluhkxylidiigo@@hatef 2-h@thydil hrpertaieadiisoditat, 320N RIMEAYROGENT

sel ected,from _terephthalic acid diglycidyl ester, hexahydroterephthalic
acid di gW@IHﬁUS%%&?te&ﬁ@l,lﬂfdadﬁffaé@%@ﬁoct)@ﬂ@sht halic acid diglycidyl ester
and hexahydroterephthalic acid diglycidyl ester; epoxyphenol novol acs;
epoxycresol novol aﬁﬁh&@%e”‘ﬁ:ﬁéﬁﬁxﬁ?mﬁfcak@&ﬂé acr%ﬁc FRfrFargfcmttﬂ&ZF heesins. Solid
m xed phases- as nentioned above are based on at [|east one POXy resin
conponentrashlinkingageot indy bt selected frompthe graupecomsidting of dizpoxypcempqmdy, r esi n

co%onen%gﬁrggi&gﬁﬁlq%}%ﬁy@% roomtenperature. M xed phases of that kind ana)

the  pre @i§¥&scri bed, for exanple, in European Patent
Application 20 536,085. Preferred epoxy resin conponents are epoxyphenol

novol acs and epoxy¥hesdle fapmiunabadicabAthe@adrytié Reid at e®ycigince, inter
aiia, they t gi cal Ly do not cause any appreciable_reduction of the Tg
val ue (gFf ‘%‘éﬁ%ﬂ- teblssressludng agpnds inglude pelyspbeyylic snidoanditheirand hence

resul t* i BuigieRiYs ka8 plinkhith&E, ARG ARPIRSE Bilié Bh§iride and
pyromellitic anhydride; polyphenols such as catechol, resorcinol, hydroquinone,
15 pyrogallol and fluoroglumine; and polyamines such as ethylenediamine, meta-
phenylenediamine, 4-4"-diaminodiphenylmethane, 4,4'-diaminodipheayl suifone and

4,4'-diaminodiphenyl ether. -

Other suitable thermosetting resins include functional fluoropolymers,
functional fluorochioropolymers and functional flucroacrylic polymers, each of which
20 may be hydroxy-_ﬁmctioﬁal or carboxy-functional, and may be used as the sole
thermosetting resin polymer or in conjunction with one or more functional acrylic,
polyester and/or epoxy resins, with appropriate curing agents for the functional

polymers.

The preferred thermosetting resin for compositions of the present
25 invention comprise at least one epoxy resin. The at least one epoxy resin employed is
not particularly rcsn'ictcdf Epoxy resins, including advanced (or upstaged) epoxy resin
systems, which are generally employed for coating material, can be used. Exampies
of epoxy resins include bisphenol A type epoxy resins, novolac epoxy resins or

alicyclic epoxy resins, and epoxy resins advanced through reaction witti_bisphenols.

6
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*25 softeni:ng t enper at , which has a positive eféagct on t
stability of the fi nﬁed powder coating conposiwons. Thg%é%gdlgt;ﬁrégsi n

conponewbuzsass i f desired, also conprise small anpunt s PCTBISO&XHWAP| e | ess
. han approxi mately 15% by wei ght of total epoxy resin conponents, of
ot her, preferably solid, epoxy resins, for exanple a conventional 30
diglycidyl ether of bisphenol A The addition of sq:;;h ot her epoxy resins is
sonetinmes 7 . WD 01/25358 4 August 2004 PCTI USQOQ 27496 unavoi datit’e, si ncea

nunber of resins of that Ki rgﬁl re present in.commercial additives for
powder coating conpo 'QCPSWL, ‘T%rleaégg%ﬁ’pé)x?’ﬁcsdﬁg?‘ﬁwtHlj‘é’r?PE‘pF'éT’ nodi fyi ng
the surf agauilensiyodpoRl ragiar is tiqid, Bopeasms :sbii&%rd&%wnp%@dud ng

|l ocal differences in surface tension, are able to prevent, for exanple,
crater forhayingonmgen epaxytfaectiopality of ahows 204 greasentbanis thadisitmsaydsavingy. | n
addi ti on, t] it may_cont ai n;one or re

- catal ysts %Jr]&gu n§5‘§3§’§t°§q’g°ﬁ§m3&8§9§§§$‘ﬁé‘§? pgrr{ngk? ‘I’iﬁ’ S&;:ggg,%{ nki ng

agentS As examipid, ogrresp@ading pbligheidyhvthess drgelghyiidkiesd) Bspavidlhy f or an epoxy
resin, e.g.,_.a gol yami ne_type .curipng agent, an acid anhydride type curing
agent, a pUFIFPRE¥EmPlSH el rehing syjtabirtor theat loast ang enexy reun Gempenaat i on

catal yti ¢ iGUEOUrBHR] isfeyblAbimORl IEld diplycRR egbal YL ¢ curi ng agent,

a latent curing agént “and ‘the I'Ike. Represen e exanpl es include, but
are not | ihexekydirowimedlitio/arid ttighyridid eatedt solid nuized phasesesmprsingla &ndty dr i des

such as ht hal i ¢, anhydr. de, . tri.pel li.ti.c anhydrid ronel | itic gnhydride,
hgx ahydr OBCI?P}%’P{:@ Sc@ﬁ%@ﬁ"ﬂb&!‘?‘ﬂh{‘r‘gF‘E}'déﬁﬁ‘y&@vﬁﬁs‘%fnﬁé’?gﬁé@ﬁ?’ee%h%ﬁi dg; |

ar oned i ¢ peiplyeidyd eter AMdGhixffreslSf tHRVIRRIM GIBIFAdyl@icpandeny| enedi ani ne,
-di-et hyl t ol uenedi anmi ne, meth ne bis(2,6- dinmethylaniline),

tris( gi methéyrhudrofsimel kg g%é%ﬂiyq:dﬂsaten@ndmsa@m@mmt s¢gsted from
APTAN TR AR _ ! o A AT
3 pheny - 1o InBARENcid B @R estr, e RROBRHHBRBO KBl FHiay Pl 308

1, 2- di et hyixkresletetephthalic awt diglycitylastr end hexdhgtoretephthalid atad ol e,

2-ethyl -4-pet hyl i m dazol e, 2 20 undecy;im dazole, and .

1- (2- oy ansiriypHiyl e Enasyphenglooyolacspxyriesel ey plags andmipuresiof Fyg or

avai 1;abl e héredFaise raaintl ene pol yam ne m xtures can be used; such as. those
m xtures containing arylene polyarnines with a high degree of alkyl

substitution on the amvatic ring, typi cally at l.east three such
substituents. Solid mixed phases as mentioned above are based on at least one

epoxy resin component that is solid at room temperature and at least one epoxy resin
component that is liquid at room temperature. Mixed phases of that kind and the

. prepa ation thereof are described, for example, in European Patent Application
20 536,085.

Preferred epoxy resin components are epoxyphenol novolacs and
epoxycresol novolacs, especially the latter since, inter alia, they typically do not cause
any appreciable reduction of the Tg value (glass transition temperature) of the epoxy
component and hence result in epoxy resin mixtures having an especially high

25 softening temperature, which has a positive effect on the étorage stability of the

finished powder coating compositions.

The epoxy resin components may, if desired, also comprise small
amounts, for example less than approximately 15% by weight of total epoxy resin
components, of other, preferably solid, epoxy resins, for example a conventional

30 diglycidyl ether of bisphenol A. The addition of such other epoxy resins is sometimes

7



The at | east one pol yphenyl ene et her (PPE) conponent of thg i!‘nsgi?fg}ic_ 25 "

I nvention typically com:."ses_at | east one of a plurgkity AU ﬂr al

units represented by atWeast one of Forrmulas I, | 1, 1V, V, and VINI:

6 8 4 W0K1s3s8004 WO 01/ 25358 PCT1US00127496 (1) OH 5 9 PORUSNY228%58 (V). Al

L (MIlI) Hmn 2 4 August 2004 PCT/US00127496 5 wherein Q1 and

i ndependent |y represent hydrogen, hal ogen, alkyl, atyl, mxed alkyl-aryl

hydr ocar bons, al koxv, or thioalk/l; R at each occdrrence i ndependent | y

represents hydrogen, Cl-10 alkyi, or C6_,0 aryl; R2 at each occurrence is

I ndependainhlyidably, e - D - - |, Al is
Y hunBer of r%ﬁxs?é" i %(ﬁﬂl (@E ‘?{)égAté? ?/?l%%é%%dg{vﬁl ,

C6-Cl O aryl, optionally substitut W
C1l- C20 al'RORSMdergpafingicopa®sitiony, for ©6anple inl Qustorydrp ayents Mr%@?ﬂﬁh@r yl,
hydr ocar bon;

a3

. C6-C10 ar | f | ur,C6-C20 m xed. aromati.c-aliphatic o) n
repr esentsékg%utf:ﬁﬁ(gyggfrpq‘?%c?a 1§ compasipions which, by reaucing lpeal differemgesm  about

5 to abouh suifide tEisETC BRNILYe toaREVer® fbr baniI& rater foRAEN dufifRRE s | Y C 1-4

ARG GOR iR powder reshh conting, “
In addition, the powder coating compositions may contain one or more
catalysts or curing agents and, if so desired, an extra cross-linking agent. As a curing
agent, there may be used conventional ones for an epoxy resin, €.g., a polyamine type
curing agent, an acid anhydride type curing agent, a polyphenol type curing agenf, an oo
10 anionic polymerization catalytic curing agent, a cationic polymerization catalytic )
curing agent, a latent curing agent and the like. Representative examples include, but
are not limited to, dicycandiamide and its derivatives; acid anhydrides such as |
phthalic anhydride, trimellitic anhydn'de, pyromellitic anhydride, hexahydrophthalic
anhydride, maleic anhydride and succinic anhydride; aromatic polyamines, such as
15 ethylenediamine, meta-phenylenediamine, diethyltoluenediamine, methylene bis(2,6-
dimethylaniline), tris(dimethylaminomethyl)phenol, 4—4‘-diamjnodiplierﬂlyi'mt.:thane,
4,4'-diaminodipheny! sulfone, 4,4'-diaminodiphenyl ether, and and 3-phenyl-1,1-
dimethyl urea; imidazole, 1-methylimidazole, 1,2-dimethylimidazole, 2-
methyimidazole, ”-heptadecylimidazole, 2-ethyl-4-methylimidazole, 2-
| 20 undecyiimidazole, and 1-(2-cyanoethyl)-2-phenylimidazole; and dihydrazide.
Commercially available imidazole-arylene polyamine mixtures can be used; such as )
those mixtures containing arylene polyamines with a high degree 6f alkyl substitution

on the arc.natic ring, typically at least three such substituents.

~ The at least one polyphényiene ether (PPE) component of the instant
25 | mvention typically comprises at least one of a plurality of structural units represented
by at least one of Form_ulas L ILIIL, 1V, V, and VHI:



“l Both hoﬁnpolyner an opol ymer PPE are include The preferre
honmopol yners are thosgl!ontaining 2, 6-di met hyl -1, .phenyleazugyﬁépagnits.

Sui t abl W@R§#Sner s i ncl ude random copol yners cont ai ni ng,PCFfHS“g&.fi‘%l e,
Such--runts in conbination with 2,3,6-trinethyl-I,4-phenyl ene ether units.
Al so included are PPE 10 4 August 2004 WO 01/ 25358 PCTI US00127496
containing noieties prepared by grafting vinyl nonaopers or polynmers such as
pol ystyrenes, as well as coupl ed PPE in which coupl’ ng agents s&th as | ow
nol ecul ar wei ght pol ycarbonates, aqali nones, heterocycles and fornals
undergo reaction in known mamnjer fwth the hydroxy groups of two PPE chai ns
to produce a higher 5 nolecul a pol ynmer. Such pol ynmers may be
,produced by pol ynerization-i er. described in the presence or
absence of a chain stopper or as described in the prior art.

Al so included are PPE contai nifig of her substituents gfafted onto the
,polynmer. These polyners 'are flescridped in the patent |literature and may be
prepared 10 by grafting such®ot her substituents onto the pol yphenyl ene
ether in a known manner. Included are PPE grafted with polyneric resins
such as pol ystyrene, pol ybutadi , or other vinyl containing polyners. In
a one enbodi ment, at |east sone of the PPE is a "functionalized PPE. "
Functionalized PPE refers to PPE that contain species such as acid,
anhydride, 15 amine, imide, époxyQ?ox@zol @ghe, orthoester, hydroxyl,
phosphat e, phosphonate, and the{like. the final blend, the
functionalized PPE may be-+@f< oohpati bilized PPE" because of
the resultant inproved conpatik een the PPE and the other
conponents. Accordingly, apprQprigtesunchtonalized PPE are those which
may affect the conpatibility of the E with thesvarious conmponents of 20
the blend (e.g., the PPE and the thernosetting resin). Conpatibility is
meant to include the stabilizatioqjgf gross phase separati on between the
conponents of the blend. Indicators”of inproved conpatibilization include,
for exanple, reduced |amnation tendency, increased ductility and inproved
phase norphol ogy stabilizatlen. Rt i@ thgough the effect of inproving the
conpatibility of the blend 25 %oy

desi rabl e physical propertHe

5 lQ Qz Q2 Ql ’
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One way to prepare appropriate functionalized PPE is to al [:ow Lgtez BFE

react wth at | east oner.rrpound having both (i) a bon- car (?oubl
bond or a carbon-carbo riple. bond and (ii) at | t one speC| es of the
group C¥ANAESHg of carboxylic acids, acid anhydrides, aBFHUSAYHEES” i des,
am nes, hydroxyls and 30 carboxylic acid anmmoni um salts. These conpounds
are sonetines referred to as Il 4 Augus i 20 PGIIUSOO 27496 ' WO
01/25358 O functionalizers. Illustrative conmpounds “used to accofplish the
functi.onalization of the PPE include mal eic anhydride, fumaric acid,

mal ei m des such as N phenyl nal ei m d d 1, 4- phenyl ene-bi s.
nmet hyl ene-, ' -bi smal ei m de, naleic §K i de, nethyl nadi c anhydride, fatty
oils (e.g., soybean oi-l, tong oi I |l ilnseed oil, 5 sesame oil), unsaturated

&10mi c, nethacrylic acid and oleic
Al | yl al cohol and ¢rotyl al cohol and
e and trial kyl amne salts of

car boxylic acids such as acryli
acid, unsaturated al cohols such §
unsat urated am nes such as al
unsaturated acids such as triet Bt um fumarat e and
tri-n-butyl anmoni um fumarate. Ex4np es of such typical reagents for
preparing useful functionalizedbPPE @'e described in U S. 10 Pat. Nos.

- 4,315,086, 4,755,566, and 4, 888, 397, which Sfe i ncor porated herein by
reference. Non-polyneric aliphatic polycarboxylic acids are al so useful for
preparing an appropriate funct{Vpnalized PPE. Included in this group of

species, also known as conpatibilizers or functionalizers, are, for
exanmpl e, the aliphatic 15 paolycarboxylic acids, and acid esters represented
by the formula (11): (RIOQnR(COORI)n(CONRIIIRV)S (I1) wherein Ris a .
l'inear or branched chain, sgturated aliphatic hydrjocarbon of from2 to 20;)
preferably 2 to 10, carbon gtons; RE pd firom t he group consi sting
of hydrogen or an al kyl, arlyl, & yl jdi oxy group of | to 10,
preferably I to 6, 20, nogt pref 4, | carlpon atons, w th hydrogen
bei ng especial |y preferred; |each Enddnt |y sel ected fromthe
group consi sting of hydroger] or § yl [group of from1l to 20
carbon atons preferably from | tgd bns;| each

m

L -

(VIIH

5 wherein Q1 and Q2 independently represent hydrogen, halogen, alkyl, aryl, mixed
alkyl-aryl hydrocarbons, alkoxy, or thioalk/l; R' at each occurrence independently
represents hydrogen, Ci.10 akkyl, or Cg y aryl; R? at each occurrence is independently

‘,,,_
Pt
Loyl

hydrogen, or C,.20 alkyl, preferably a C,-C,oalkyl, Al is CG-C,O aryl,.optionaily

substituted with Cﬁ~(‘2,0 aryl, C,-Cy, alkyl, C,-C,, alkoxy, thio C,-C,, alkyl, C,-C,,
10 aryloxy, thio C¢-C,, aryl, C,-C,q aryl sulfonyl, ur C4-C,, mixed aromatic-aliphatic

hydrocarbon; n represents an integer from 1 to 5, and m represents an integer from

about 5 to about 100, Preferably, each Q! is alkyl or phenyl, especially Cy_4 atkyl,

and each Q2 is hydrogen.

Both homopolymer and copolymer PPE are included. The preferred
15 homopolymers are those containing 2,6-dimethyl-1,4-phenylene ether units, Suitable
copolymers include random copolymers containing, for example, such-units in

combination with 2,3,6-trimethyl-1,4-phenylene éthé; units. Also included are PPE

10

-



-R11' and i?lv is indep ently selected fromthe ﬁup Consh%hpﬂ&f804

3

essentially of hydro® or an al kyl or aryl groUsof fro

preferagof2zss8 | to 6, nost 25 preferably 1 to 4, carborPGHG8/274%6i s equal
,Jo 1 and (n+s) is greater than or equal to 2, preferably equal to 2 or 3,
"and n and s are each greater than or equal to zero; and wherein (ORl) is
al pha or beta to a carbonyl group and at | east two 4 fcar bonyl groups are
separated by 2 to 6 carbon atons. vai ously; R, R, RI11 and™-RIV cannot

be aryl ctive substituent .has Iess th car,bon atons. i r
12 4 Augusct(’%g’é%lﬁg Wﬁ%ﬁ% d%@lﬂr fﬁéﬁgg)qﬂn}eﬁ YR ?W?Wéuﬁassw tabl e

pol ycar boxpdiystyrefidstlas #eR as tduplsd PEE i whigh b@u;ﬂﬁ@%em@&%h%%ﬁr%&eaﬁérd

i ncludi ng the various commercial forms thereof, sSuch for =~ exanple, the

anhydr ous \&ﬁahwcaf@ala% quinoneg, hetaregyclos @nééq@a&qr@cgmswm iher ei n

Land the 11 e RARIeR wilCRE Kyarbiy s AR T B Bod bRE T C ol 0.

N, N -#li et hmblecilar wexghcpcﬂymalrr&’ldl pdlyidersdhgy bppriodacddrbypotpmerizatiotién thy pheny!
citric acid amg lgl—ﬁgdc citric,k acid amde; N N - gdodecyl citric acid
ani de and RETMGHEESFFLAAIN the REssencs o gbsencerfa chin Yarpesror bisghensl 8y oi ng

pol ycar boxgekdrihe@Gh @i fHide aftl SO suitable for use in the practice of the
present invention. Exanpl es of suitable functionalizing conmpounds 10 can be

found in U S Pat. Nos. 4,315,6086, 4,755,6566, 4,873,286 and 5, 000, 897, all
of which are i ncor pbisainsdudedrass RPByontaimingeother substituenis grafted bntorthe above

. q ! o ; |
Funct | onaRebafite, SRR oh Ak B YekorliaBin ik i HlcHftul SordRREBE D
coivpEd i bi Ihﬁgaﬁagwadﬂomh&u‘bmimm onwthepapplenylent Rthee NPRAGWAH HAnnAS

preV|oust 5.djsc di catj ons, of |npr ved conpatibiljity include
resi st ancdnf Hd?da‘?ff E’g %‘ﬁﬁe VHPPS WSH?%%‘%SA#C 3% BPYFDTERS, Pelientadienaar | i zed

mor phol ogy)tmw eoﬁ@&lﬂwﬂmeﬁomonent phases under static or |ow shear
condi tions. I"'s thou reactions can occur between sone of the

conponent s of t he conposition, for exanple between the PPE and the
t her noset ting resin Iandmeenthedieent, at heast somst ofghe PPEdsia Ffulictionhliztd 20

ther noset tpphd £ GRidnail A8 PRE GAR L ¥PE HaPeditlih Y&es'ch 805l Ak §hify)S

copol yners
15 amine, imide, epoxy, oxazoline, orthoester, hydroxyl, phosphate, phosphonate, and

the like. In the final bilend, the functionalized PPE may be referred to as
“compatibilized PPE” because of the resultant improved compatibility between the
PPE and the other components. Accordingly, appropria.¢ functionalized PPE are
those which may affect the compatibility of the PPE with the various componénts of
... 20 the blend (e.g., the PPE and the thermosetting resin). Compatibility is meant to
include the stabilization of gross phase separation between the comiac-ments‘ of the
blend. Indicators of improved compatibilization include, for example, reduced
lamination tendency, increased ductility and improved phase morphology
stabilization. It is through the effect of improving the compatibility of the blend
25 components which determines, in part, the desirable physical properties of the blend.

One way to preﬁare appropriate functionalized PPE is to allow the PPE
to react with at least one coz_npound having both (i) a carbon—barbon double bond or a i}
carbon-carbon triple bond and (ii} at least one species of the group consisting of
carboxylic acids, acid anhydrides, acid amides, imides, amines, hydroxyis and

30 carboxylic acid ammonium salts. These compounds are sometimes referred to as

11



bet ween the conponents of the blend. An effective anount ohl&uh%r..a;l?g%e .
mentioned functionali zi, agents, based on the anpgim of e IﬁE,‘“l"s :
generally up to about 8

about %90 by235a88 ght. Jthe nost. preferred enbodi nents, tHEI/HEMATAYOT t he-
functionalizing agent is in the range of 25 about 0.1 %to about 2.0% by
wei ght based on the anmount of the PPE. The actual n;anount utilized will

al so depend on the nol ecul ar wei ght of the functiofializing agent; the
nunber. and type of reactive species per nolecule of functionalizing agent,

the type L.hg resin enplo . .the .crosslinking. agent type and
anount pr ef@%crﬁo Paﬁg%;ﬁ?\kgaggeg?wwﬁggﬁgg i (fqn?ﬁiﬁf’[‘t MQD@@%&%“ n the
final congsPPE aftludongaiet aRRydidd] Amiaticdeid, maldmided Rl adNL! be able to
deternmine an appropriate |evel wthout undue experinentation. 13 4 August
2004 WO 0Phewyimglepuire anbdy4onhrmglengdbis methylenef, itbismeldimitief aralgic epari ng an
appropria ti ' I RVol v |l owi ng t.he PPE t.0 react with a
- conpound glgﬂ{ag?fréﬁ ﬂﬁg&giﬁﬁg‘g%‘l@)ﬁﬁé | noelﬁ%%' bﬁ%yvgafﬁ'gogh%mgpﬁt h@seﬁs(?‘t‘:lenent i oned _
speciSes osesamepsh); msammabtta?bmfylibaibialg suél%?%ﬁ?td,@n@fdrﬁé,%&ﬂ@ct?ﬁc h&]ﬁsg g
species. Non-]imting exanples ipclude chlorofornyl 5 succinic anhydride,
chl or oet héﬂ%y{e' ‘ifé‘ti"g‘ﬁﬁé“'arﬁﬁ‘fg?qh&&,sufh pHaifylizioboband cetydalegelandchl or i de,

1- acet oxy ya&fidled 3nfindish | ' ' : t halic.acid acid
chl ori de. uAddi t i‘_eonal éeixsa%%ée)ésl%én ingea?ﬂgﬁﬁ%k*lgﬁlg?ggg§e&§ﬁ§ﬂh%3#c Tonal i zed
PPE can beauckfasunethylamm@iumfumanitsanditricddp@lammoniug fh2raeSExanples of Whi ch

I's incorpqrated. herein reference., JThe. af or I ongd t.ho for
prepari ngs%c %%?ﬁergﬁ%ﬁ“fsz@!yj“ PE 95%%1 ﬁ‘&%’%&@ﬁ%@* s¢ eegﬁg_f‘ﬁation wi th
one 1@not hPat. Nbee4, PRL08Y, 4,758 [5i66 2dddva, BEEPIY, @éhidlark R ofpididdMeted@byve coupl ifg)
of at |east one correspondi ng rmnohydroxyarorrat I ¢ conpound. Particularly ™
usef ul an&fereB&Ri |y avail abl e monohydr oxyar omati c conpounds are 2, 6- xyl enol
(wherein each Q@ is nmethyl and each @ is hydrogen), whereupon the polyner
may be characteri zefi@dymetids i | & ; ther), and
2,3, 6-tri net hyl phenol ?pv\/neré?n ﬁg&‘?&gryggﬁgwc}#eac %é?gﬁﬁe@sﬁf&rfogn‘d t he ot her
Q@ i.s hydpwpgenig an sppadptiate bmctioiaiized RREcinchided dathis froupof spocies; alsed with a
e KnounPorm i e Hizats o5 fepfionatizdt, e, for Exaipie, e afphatic - ¥° YS!
15 polycarboxylic acids, and acid esters represented by the formula (II):

[~

(RIO),R(COORIL) (CONRIIRIV),  (11)

wherein R is a linear or branched chain, saturated aliphatic hydroca, son of from 2 to

20, preferabiy 2 to 10, carbon atoms; R! is selected from the group consisting of
_ hydrogen or an alkyl, éryl, acyl, or carbonyl dioxy group of 1 to 10, preferably ! to 6, u)
20. most preferablj 1 to 4, carbon atoms, with hydrogen béing espccie;lly preferred; each
RIL i independently selected from the group consisting of hydrogen or an alkyl or

aryl group of from 1 to 20 carbon atoms preferably from 1 to 10 carbon atoms; each

RII and RIV js independently selected from the group consisting essentially of
hydrogen or an alkyl or aryl group of from 1 to 10, preferably from 1 to 6, most
25_‘ preferably 1 to 4, carbon atoms; m is equal to | and (n+s) is greater than or equat to 2, 3

-

preferably equal to 2 or 3, and n and s are each greater than or equal to zero; and
wherein (ORI} is alpha or beta to a carbonyl group and at least two carbonyl groups

are separated by 2 to 6 carbon atoms. Obviously; R, RH, RII and RIV cannot be aryl

when the respective substituent has less than 6 carbon atoms.

12

by weight, and is. prefer y from about 0.05%to . -



“pol yphenyl-ene et hers oxi dative coupling. Ther egas no pa4tAL}§;H£ta2'004

limtation as t . 20 al yst choice and any of t¥® known catal ysts can be
used. Peio@ls3380st part, they contain at | east one heavPCFRBIS4/2H86rpound

»Such as a copper, nmanganese or cobalt conpound, usually in conbination

, , Th
cupric ions, halide “Stém e‘ﬁls &?epo%?adﬁ‘?wgmcﬂp’

with various other materials. A first class of preferred catal yst systens
consists of those containing a copper conpound. Su};h catal ysts are
di scl osed, for exanpl e in US. Pat. Nos. 25 3,306,874, 3 306, 875,

3,914,266 and 4, 028 t ong_j rous or
?Cd‘?ﬁ“ wehcHl, | east

one am neand%taﬂbmbdsmm heRhALIY ddEhBORERRAR IRQEFONRSsCopsti tute a

.second preferred cl ass. ey are generally al kaline systens in which

»

di val ent mcammmghﬁsanhxdmsmbnmeagnd& IHatratiseer @ es@6s mﬁgdmm i's
mbi ned wi ft
he. mmngar BuibdP8Ee MR 8L Oalediy pRaS? Eha5 At BRI St e ot o

chel a§i ng S\.gabléacsdlﬁ:rhlcﬁswa@ ﬁeyélmmcrm forlekampleaN|Mediettil itieaddi am nes, o

hydroxyaronatlc hydes 0- hydr ox 0 .conpqunds, . c- hydr.oxyoxi nes, 5
(nononer i cAmaKg: N 31' hei %ﬁm@ylaﬁnme&\ma&mﬂd&a Nedadsed citnics o

usef ul  ar exikRauR; mtﬂa&ho&&pl SHAL 8 GAIR AN YL TS iaplife Menganese

and cobal t-contal hi hg catalyst systens f pol yphenyl ene et preparation
are known mea&zeresaoﬁmbforcgtasg)polacarbdmml @gbraee also suitablofos upatreuhbs and

ubl i cations a rent..to t hose .skil n.,.the art fromthe
1I‘O or egoi ng Rrﬁ(g{cem'gﬂe qﬁseﬁbﬁp"g@lmne#ﬁ tfa 0? 5‘@3@ éﬁ“ﬁtl?%gzﬂgé:é’@’rﬂo UM% ent i on
i ncl wgle al dantbaqBendnES.8NPAtY NkE @B 55088, 4,795,566,4)873,280/4dODOBMEI DI JFor
exérrpl e, General Electric Oorrpan i rrespective of variations in

, structuralwhiﬁh??'QFOTEW@MC‘IMWH@M@PFP@&FCfeatures For the purposes of the

present invention, the PPE conposition (including any funct i onal | zed PPE)

has a number averagem@alrﬁ&mtam\@%sbé gehudRdIBhURRAARGUEHDMhaFI about

28, 000, preferably between about about nor e pr ef erably
bet ween .abequired] tm@@pmpdamboﬁmcmahwthceﬁﬁﬁ isokat whiel Brsaﬁﬁqxentbetmpmvcabout

2,600 and Lﬁeb ggxgapéll%lloty%etweenqﬁé %nngurg%gmpgnﬁs in t%e compos:Plon As prev:ously

15 discussed, indications of improved compatibility include resistance to lamination,

U

improved physical properties, and a stabilized morphology between the blend
component phases under static or low shear conditions. It is thought that reactions can
occur between some of the components of the composition, for example between the
PPE and the thermosetting resin and/or between the functionalized F2E and the

20 thermosetting resin. These reactions are believed to lead to various cupolymers

'fif,'l between the components of the blend. An effective amount of the above mentioned

functionalizing agents, based on the amount of the PPE, is generally up to about 8%
by weight, and is preferabiy from about 0.05% to about 4% by weight. 1.1 the most
preferred embodiments, the dlnount of the functionalizing agent is in the range of

25 about 0.1% to about 2.0% by weight based on the amount of the PPE. The actual
amount utilized will aiso depend on the molecular weight of the ﬁmctionalizing agent,
tﬁe number and type of reactive species per molecule of functionalizing agent, the
type of therfnosetﬁng resin employed, the crosslinking agent type and amount present,
and the degreé of compatibility that is desired in the final composition. One of

30 ordinary skill in the art will be able to determine an appropriate level without undue

experimentation.
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Chromat ography (GPC). Low nol ecul ar wei ght PPE of the typey L&y@%herel n
(for exanple, PPE with | ecul ar wei ght bel ow abou 2, 000) re not
readily avail able as 20 nmerci al products at pres . In one procedure,

| ow nowaxelzsssswei ght PPE are prepared from PPE typi cal PGT/HSN2T406a nunber
average nol ecul ar weight in the range of about 15, 000-25, 000. Such
preparation of a | ow nol ecul ar PPE-conposition can pe acconpl i shed by
reacting the PPE with an oxidi zing agent such as a perOX| de or “&" qui none

- with aor without a phenol (including bisphenols). Another procedure is to 25

obtain a | ow nol ecular ,wei ght, PP oxi dative couplin s .descri bed above
to produce resins o F&EB&?MHC‘E ggﬂﬂﬁmﬁa&\w&ﬁ’é’ Fﬁ%ﬁ"@ﬁ@ﬂ’%ﬂ‘z ¢ki ght whi ch
are isol BPE(inquﬁfaﬁbWhlg’t,helPPE&odédc@CvﬁthlaSéH;ﬁﬁduﬂa cgg&ﬁﬂqg ver, even such
| ow nol ecul ar, wei ght resins can optionally be functionaliz W|th a

peroxi de BmcHenad grawp andeng of Hiecaforementiansd speeies obn spesivsicapatile ofibeing wei ght .

15 v 01/ TR in e ol hec? Sheids MU RRE BRdmiles WERC QRS hoquer

20045 Pﬁmﬁﬁ@ﬁ#@ﬂnﬂ%&hmrﬁetﬁandﬁ swotihi@asliviride, trigdel ieddhs dridk 46id
al i phati c ﬁll c h droca heter&cycl es or derivatives of the |ike,
Xis a hyQh &a &EF X'aﬁﬂﬂ ’I ibenapi 3pid gahydnide, and terephthalis acid 2t and,

pref er abl Mﬁoﬁd@md'(datidhaﬁé}&&ﬁpl& aﬂﬁjﬂgtieugd’ibﬁ%k arg bidth e(‘ﬂﬂcting%,ggg) @? be average

mol ecul ar _wei ght acting t y Wth a
per oxi de ﬁauﬂdnlllH?aPpeans; #608,741 and WMISS danh géwhich is 1mypqreted)hetﬁn woul d

be useful |n the | I nvent i,on and woul d . i nclude t scri bed by
the foll o éer%crcﬁgﬁ%a%rwcnuf@ewethodg forpreparjpg g kﬁ’ ﬂﬂ'@p &g TRHEDNA3 ar e

any 1@l i phagel @lch@k in esmhbinkficn Witk long aAstRer. al Kyl , or m xed £
al i phatic-aromatic hydrocarbon, hydrogen or inorganic ester noiety or =

“derivatives of the_ like. Typical of peI’OXI des useful in this invention
i ncl ude wi thout 15 Th%??%@rfowpwﬂly prepated bycthe knerss oxidativesounlisgefey |

per oxi de, jedst hne EbrrdspBhidik REABRYAroR§Hr8#HAE compound. Particularly useful and
readily available monohydroxyaromatic compounds are 2,6-xylenol (wherein each Q'
is methyl and each Q? is hydrogen), whereupon the polymer may be characterized as a
15 _ poly (2,6-dimethyl-1,4-phenylene ether), and 2,3,6-tn'methyiphcnol (wherein each Q'
and one Q° are methyi and the other Q? is hydrogen). In addition, these materials can

be copolymerized with a chain stopper such as 2,4,6 trimethyiphenol.

A variety of catalyst systems are known for the preparation of
| polyphenylene ethers by oxidative coupling. There is no particular limitation as t ) _
20 cataiyst choice and any of the known catalysts can be used. For thc maost part, they ' )
contain at least one hcavy metal compound such as a copper, manganese or cobalt

compound, usually in combination with various other materials.

A first class of preferred catalyst systems consists of those containing a
. copper compound.- Such catalysts are disclosed, for example, in U.S. Pat. Nos.
25 3,306,874, 3,306,875, 3,914,266 and 4,028,341. They are usually combinations of
' cuprous or cupric ions, halide (i.e., chloride, bromide or iodide) ions and at least one -

amine.

Catalyst systems containing manganese compounds constitute a

second preferred class. They are generally alkaline systems in which divaient

14

B

L]



“or other aryl-substit d derivatives, dilauryl oxi de, éq?qzoyl
peroxi de, acetyl cycl xyl sul fonyl peroxide or thaloyl r oxi

Per oxydweoembessat es such as di cetyl peroxydi carbonate. 20 B¢IWEQ%X@at|ds such
.as perbenzoi c acid, 3-chloroperbenzoic acid, 4- nitroperbenzoic acid, and
ot her substituted derrvatrves of perbenzoic acid, peroxyacetic,

per oxypropanoi ¢ aci d, peroxybutanoi-c acid, peroxynoganorc aci d,

per oxydodecanoi ¢ aci d, diperoxyglutaric aci d, diperoxyadlplc acrd

di per oxyoc | C_.aci. di.pero ecanedrorc
.acPd 2)5/ d%‘%ggg{ x%%ﬁ g{aﬁlcfd 1ol C agﬁém%ﬁg %"*A@Sx%)g 1&%1?521%88?‘ Swel | as
- the i nor gafiér; theamaniganssedh pAseas 8 XpmplekUbititoRCordnolR b éidu%é%f ¢ acid,

_.peroxyphosg ric acid, 16 V\D 01/ 25358 It()eroxyd| phosi)horl ¢ acid and their
cor r espond tffgatglgw[ggntsgu%@al@launnes,(gl anolangnes, gty emd:emm)s 0-

Per oxycar b er f or.mat { - but per acet at e,
t-butyl - gﬁﬁf-tﬁﬁﬁ &gﬁt?{/@dwgt %E’hd}dré)x Sé?f)%ﬂ%?yé‘fi&' 5& ?‘Wénzoate t-butyl
peroxynonamaimeric dndtp»lmmrwpﬁnﬁﬁumtﬁaixﬁnegmtautaiketmeﬁamg&ﬁ thal ate, di
5 t-butyl per fﬁ’é di pat es, -di nmet hy| -2 bi s(benzoyl per oxy) hexane.
These per ol f; csetaugwcerlaﬁéyarmr rS‘B@‘ﬁb‘r manganpeseand gobzlt-gpnthiging  t he
presence e_and i.ncrease
the rat eoé)z_ifwﬂ ?ggﬂﬁ%rrt |on&ed&ﬁ&:p?%§d}%{og’:}ﬁgfgé%ﬁ it %gt\m TeRonel art
i ncl udi ng d}&ﬂlmmemnmmhuwtattgancﬁpt&hcaManet hyl di phenoqur none (TVMDQ nmay
al so be used in the 10 presence or absence of a phenol. The at |east one

thernosetting resin js. ed in.compasitions of. th resent |nvent|on
in anpunts between aiéé‘ﬂﬁ%g /g ﬁr&t‘é%’a%g@ i, e qg; ERBOHE {‘
conbided VR bént@hplhdrispastihi iiRGpreht venibriatMae sN AR ?ré@ﬂw

| éast one aéﬂdilyphenyl ene ether is present is anounts ween ‘a out %and

about 70% qsg “&F‘é‘f‘?ﬁ”&lﬁ’ﬂ’?‘%&m&ﬁ"aﬁ’@lﬁ C@W@hEle&MOIBD%YQy wei ght based
of the configs guy@?%angﬁs ﬁlr]sﬁ{lgaﬁge sa?rlésﬂ g% Qll%%ﬂ‘fé%}'l ene ether. Any

of the conventional additives may use t hese powder
coating conpositions. Such additives incl ude, but are not limted to,
fillers, (particul drdrghgpurposesof tmlmmnmventtdmﬂmdﬁ?ﬁcomﬂ)@ﬁidmi zers, flow

addi tives (m%m&ngb‘Jmo Ctl'(unctgonahzed PPE) has a number average molecular weight of
‘15 between about 500 and about 28,000, preferably between about 1,500 and about

22,000, more preferably between about 2,100 and about 21,000, and most preferably
between about 2,600 and about 16,000, as determined by Gel Permeation
Chromatography (GPC). Low molecular weight PPE of the type employed herein (for
example, PPE with molecular weight belmtv about 12,000) are not readily available as
20 commercial products at present. In one procedure, low molecuiar wc1ght PPE are
prepared from PPE typically having a number average molecular weight i in the range
of about 15,000-25,000. Such preparation of 2 low molecular PPE composition can be
accomplished by reacting the PPE with an oxidizing agent such as a peroxide or a
quinone with or without a phenol {including bisphénols). Another procedure is to
25 obtain a low molecular weight PPE by oxidative coupling‘as described above to
produce resins of less than 3,000 number average molecular weight which are
isolated, preferably, by a direct isolation method. However, even such low molecular -
weight resins can optionally be functionalized with a peroxide or peroxide and a

phenol to achieve even lower molecular weight.

730 Phenolics useful in the redistribution reaction described herein include
15 |



20 agents, antistatic agents, antioxidants, hindered am nezld@htt 2004 s

stabilizers and ultravi ot |ight absorbers. A povm coating conponent of

a conposition of the in tion my be free from ad col oring agents, but

usual | wa@ssssns one or nore such agents (pignments or REYSWAMEN

contain one or nore performance additives such as a flow pronoting agent,

a plasticizer, a stabilizer, for exanple a stabilizer against U/ 25

degradation, an anti-gassing agent, such as benzoiff, a filler, “or two or

- nore such additives may be present in the coating conposition. Exanpl es of
pi gnents Whoselexempfibeh Fﬁﬁnﬂéglfo)?‘m gani c pignments such as zinc oxide, zinc

sul fide, lithopone, titanium di oxide, black iron oxide, red iron oxide,

yel low iron oxide, chrone pignents, antinony white, red | ead, cadm um

yel l ow, barium sulfate-, |ead @Lﬂ(j’pt e,(Ify 0 WO 01/25358 4 Aug.s d' 2064

PCTI USCG 27496 ' barium carbonate™ white | ead, alum na white, and carbon

bl ack; and .organic pignents such as, for exanple, azo pignents,

pol yconder¥hereimnA biz anp agmeaticsaliphatie| mixed plighaticazemai@padtbsarb&&) zi M dazol one
pi gnent s, t hal pcyani ne pi ts. _ue, green),. . thioindigo, pignents, :
ant hr aqui ﬁ‘%&“ﬁf%ﬁr&ﬁaﬁﬂ"aﬁ*ﬁ&%ﬁﬁ f‘&é& b Py Tesidie ARG Rdsany PHeRERENt S|

ant hrsapyr ifébn0 ¢ (®@hEER 2DS and® Yré¥etabl2 RnPl §EWYuE 5, | SOi ndol i none pi gment s,

peryl ene pignents, quinacridone pignments, iIsodi benzanthrone pignents,

tri phendi oxane pigments, perinone pigments, quinacridone pignments, vat dye
pi gments and | akes d¥S Heviguslyatated, thed’ PRonuebar auerage nfoleculabpenigligMme used

i nstead of., I -'g%gep% . i .content of |ess than about
40% and p?neafygearg?‘i/éé@gb’ vl\-/eea}rtll%a ou éﬂ%%%@@%&%%ﬂ%wﬁ@ ada ¢ ot al
conposi ti ]?hcrgﬂ.ylntynelgh cdny bbmaidewoulld\/ﬁe ﬂsdg'ulﬁhgh?iﬂﬁtahﬁinpél?ﬁ(gfﬁnf \amlqhg ment 9
content of ut 25-30% 1.5 used,  although . in the case o ark colors
“opacity cé‘?f?‘ﬂj%t ‘bsceﬁeﬁ%r&’eﬂni’tyﬁﬁ? gé?“tlh&ﬁowﬁaﬂ‘%% by wei ght of pignent.
Where appropriate, a filler nay be used to assist opacity and mnim ze
costi9. 15 Other additives Map'oc;abl_;LAcorrp(Ii\ge bet ween about 0% and about
30% preferably 5 to 25% and nore preferabl'y between about 10% and about
20% by -wei glgéﬁibaged op total coati ng conposi ti on wei ght. Powder coatings
nAn é

o

of the pr# ndRhy 3¢ anyyplipbatierasyli eeumagic acyl group, alkyl, or mixed
alipha_tic-arornatic hydrocarbon, hydrogen or inorganic ester moiety or derivatives of
 the like.
Typical of peroxides useful in this invention include without
15 limitation:

1) Diacyl peroxides such as dibenzoyi peroxide, 4,4'-di-t-butylbcnzoyl peroxide
or other aryl-substituted derivatives, dilauryl peroxide, acetyl benzoyl peroxide, :: )
acetyl cyclohexylsulfony! peroxide or diphthaloyl peroxide.

2) Peroxydicarbonates such as dicetylpéroxydicarbonate.

20 3) Peroxyacids such as perbenzoic acid, 3;ch!oroperbenzoic acid, 4-
nitroperbenzoic acid, and other substituted derivatives of peri)enzoic acid,
peroxyacetic, peroxypfopanoic acid, peroxybutanoic acid, peroxynonanoic acid, .
+ peroxydodecanoic acid, diperoxyglutaric acid, diperoxyadipic acid,
diperoxyoctanedioic acid, diperoxynonanedioic acid, diperoxydecanedioic acid,
25 diperoxydodecandioic acid, monoperoxyphthaiic acid, as well as_the inorganic

acids such as peroxysulfuric acid, peroxydisulfuric acid, peroxyphosphoric acid,

16



sconvent i onal et hods wn to those skilled int rt andggener.al-ly
conprise 20 appropria y conbining at | east one erm)settl ng resin and at
| east oneo oped3s§ phenyl ene ether), together with any cat al BGEUBI/2G46I ng
,agent, fluidity-controlling agent, coloring agent, charge control agent,
and other additives, Typically, the conbined conponents nmay be subjected
to heating, nelting and kneadi ng by the use of an ;extruder or other m xing
device, and subjecting the kneaded product to cooli’ng, 25 gri i i'ng and

cl assi.ficati on. pelweyddshifdstioricQRid 44 (REFB&Pdshb tst he present invention
may be enpl oyed for coating substrates bybc%HrIE%%Jtlonal met hods. Such

nmet hods conventionally include electrostatic coating processes and
fluidized bed chHHaremycarborylicsesters suthes bt petfernae, tehutylgresdcktatd) e bptygheat ed

prior to appll S|t|on ronote uniform
and thi cker - \C/%Igé’wgsé)% ?(C:IIIIII" IQ%II%%%%} gg.ngg EEWP PCT/ USOO’ 27496
I n- one pref er r;me)QImbMOmnt-bﬁypm@ﬁwoiﬁialéd@é mbﬁl@l@n Bk Eﬂalﬁte

substr%te conpri.s Cdaply ng a conposition of the invention a su strate

by an el ect r odteHyl diRgspeyadingtes; herdipethpka, - tas{beni'@alneﬁgcyomaa@m i ed

‘conposition to nmelt and fuse the particles and cure the coating. The

el ectrostatic spray CagbdeHrddidssssy E@xﬁe@‘é e%r&?é&ﬂ@in&%ﬁhﬁ%r%th%ﬁt’ bo

charging process. In the Case of a’t arglng process
r econrendedthetiaesenepeofporatadyst ¢ induegydesomposition of ﬂmmm:ddd:)mcbmerehkeame has been

f I d I f I h f
cui tabre paryaeacalproffcst HuRE B fhtors oy Raas il nulngaes

exanpl e or iuchtab@;21%566" abtraretiyldiphesoqiincil (TMDQPmahlalsdHeGREd B ther t O
extxru on.in'a manner known per se. 10 ldeally the particle size

di str ut i OWC?%EPF%IEF"F‘E?‘) rﬁﬁ’tenﬁbmrerm al electrostatic spray apparatus is
between 10 and about 140 microns, with a nmean particle size by vol une

wi thin the range of alppdihe &R éfe Iﬂ:ﬁﬁ&%ﬁlngr sih @?erﬁ%}ﬁ? gf (ﬂﬁ@%mo%g 8?er$d t he

process the powder coating particles are-electros arge
char ged - parpreggng Hlvan%olamtanmmadmmemcstjm raad ebouti 30% by vmgltt bm:dmf

oppositely owder coati.n h. does no ere to-the
substrate ctglg ¢ %Sglgg Bt -IIIeI 8 f pnp%em%rgsmga%ﬂ&ph ‘E)"a&II?I ghleast one
econoni cal polyplraylehe ether 8 prepeiisis amoukts lbefveefl ABoutP®h latl hBsut!79% R
envi ropment .- :

pgn preferably between about 5% and about 30% by weight based of the combined weight

of thermosetting resin and polyphenylene ether.

Any of the conventional additives may be satisfactorily used in these
powder coating compositiqns. Such additives include, but are not limited to, fillers,
| ~ (particularly silica or alumina}; thickeners, plasticizers, flow additives, anti-blocking
) l" 20 agents, antistatic agents, antioxidants, hindered amine hght stabilizers and ultraviolet
light absorbers. A powder coating component of 2 composition of the invention may
be free from added coloring agents, but usually contains one or more such agents
(pigments or dyes) and can contain one or more performance additives such as a flow-
promoting agent, a plasticizer, a stabilizer, for example a stabilizer against UV
25 degradation, an anti-gassing agent, such as benzoin, a filler, or two or more such
additives may be present in the coating composition. Examples of pigments which -
can be used are inorganib pigments such as zinc oxide, zinc sulfide, lithopone,
titanium dioxide, black iron oxide, red iron oxide, yellow iron oxide, chrome

pigments, antimony white, red lead, cadmium yellow, barium sulfate, lead suifate,

17



The powder -nay then be cured on the substrate by the appligati,on-of, heat .
(the process of stoving usual ly for a period of f,(;n about é to about 30

m nutes 20 and usually a tenperature in the rang f fromabout 150 to
about W»aZD@/25358al t hough tenperatures down to 120C may be R¢FEIS008749%6ne
resins, especially epoxy resins.. The coating powder can be applied in a
single sweep or in several passes.. The thickness gf the applied coating is
| ess than or equal to about 200 25 microns, preferdbly |ess thaf about 100
m crons, nore preferably |less than about 50 mcrons, and nost preferably

| ess t han batiumtcaftfnaie; white lead ultunixia whitg dhdrestbo® blakkcaridrorgatié glggﬁ%)r i ses
coated substrates or articles coated with the conpositions of the

i nvent i on Sugli2% &Y cXamples azapigmentsy Polyenndensation azapigments, metal complexe pl asti ¢

mat eri al , : ' i]e.19 . / 58 0 . 4 August
2004 porPORRTs PR RidadoloEt Bl phiiok funepifneld PRE e o 1 o

cheni cal | yhioindigecpi ; .'gmiﬁetztﬁ,:c dmhmb?lﬁaamipb.igmkhtgrﬂa\mnﬂ@@ih \d SigineAR, ddaiithfene f
conpqQsi.tion, and i refera subj ected to. chem cal retreatnent, for i
exanpl e, WA GRHETRYEIns REMeR a P YEHTURIORS PIETRAS, FOUHRTIBonE BB o5 ot her
~than net alpkhferd fghnts pfiRHdMEHBRERE, i@édieénztaﬁm?aﬁ'ﬂi@é\%@,“ or are
pretreated with a material that Wil aid electrostatic spray application.
Typi cal duphendigxane pigaiendcperinone pigmants, qhingtriidahetpigmends,alasdgeich as st eel

or alumn | ) byl l.ding materhal . Q. gonposi.tes.  The function of
coati ngs ﬁg'?ey%u%n%g&poﬁ\%{:@cE?S@%?H%WPIC%'BL%Fgﬁée Vé?%“sl?f usedonsfead it and
the at Ieashswaleaiﬁigmgetti ng resin and other ingredients are selected 10
so as to provide the desired performance and appearance characteristics.

Thusg,, for . exanple, jin relation tq appearance, as well as differently
col jped coatings, vaYpgggnt ‘Eﬂ“l‘?"ﬁr"glﬁsg Fﬁ@‘t“i@%%ﬁﬂﬁ@é’?hw@ﬁ“@@m e

reduced ghpsi 094shd £H6hbi56 Hyiwéigil?iﬁiﬁth@wf%%gwpgimshg%@ibg'deaggﬁetgﬁahg” to

performance, the coatings génera are e an bod

weat her abmhen 9 pigmeritis presaiit,ra pigmenteantene of aimen26310%is wed, withbuglesi st ance

? pgé? Lr‘go L35S 0F datk Eglto?sné:p%hit}él %aﬁ"ﬁé (lJbtgi?:c&] %?31 Ierr:%C_ ' éﬁ:o%lt-IB%Othe\;/gf tor © 9
pigment. Where appropriate, a filler may be used to assist opacity and minimize costs.

15 . Other additives typically comprise between about 0% and about 30%, preferably 5 to
25%, and more preferably between about 10% and about 20% by weight based on

total coating composition weight.

- Powder coatings of the present invention may be produced by
conventional methods known to those skilled in the art and generally comprise
20 appropriately combining at least one thermosetting resin and at least one )
| poly(phenylene ether), together with any catalyst or curing agent, fluidity-controlling
agent, coloring agent, charge control agent, and other additives, Typically, the
- combined components may be subjected to heating; melting and kneading by the use
of an extruder or other mixing device, and subjecting the kneaded product to cooling,

25 grinding and classification.

The powder coating compositions of the present invention may be
employed for coating substrates by conventional methods. Such methods
conventionally include electrostatic coating processes and fluidized bed coating
processes. The substrate can optionally be preheated prior to application of a powder

30 coating composition to promote uniform and thicker powder deposition.
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*t oughness, hardness, xibility and/or resistan o0 mechamn nApact .

Al t hough the inventi ’i s not inant to be limt by thegrwu,aa%ttzoiag

beli eveWOMH&S358npr overrent in  certain properties such asPﬁr&é"W'@s’f oughness
,is related to the norphol ogy of the cured 20 PPE-thernosetting resin
conpositions. |In particular, cured coatings -conprising PPE and epoxy resin
typically exhibit either two-phase -norphology wth ,gli screte PPE dispersed
particles or conplex co-continuous norphology with'irregular PPE” domains

and large [rrequl ar engypRdihidaihid iAol e Todlingachs within the

ot her phase as observed by transm ssion el'ectron m croscopy . The 25
nor phol ogy sdlistraterpothpaisgsappbying @ nompesitiomofithe afveRfin pr £sdbstratetiyeanPPE

LSl i s St RS b ™
co- cont i NUALE diepaIcleOd olré HR doBMhg. "I‘?xle‘%ﬁéhé&aﬂ@&lﬂ‘lﬁ C(Pd?fnﬁgirigcvéégﬁ%? pamount s

»of PPE tend to give discrete PPE dispersed particles. acture
t oughAess, acerofa ghargmasi dnby elipsging procsss. Jipthe zhse ofseibocbazingpioes,lit 25358

ot phal ogs s Feomaenddati b 4d8 DRSS AR Aol sESrEMRBNBES i1

- nmor phol ogy. I'nprove
hi gher cur ortnaiaet especially fordutloagdicaterr, fortaxample, B tigy usefflsizaie on and

Contog: | abFTRESISIG feshheNiod HoBprsa” St prin IATPIOT e wegofi o
topcoat cagidives vHiclEBR BroBud8lpts teExRRRAdn Q%n@[gkﬁw%x"gct. h an

am nopl ast -resin, an acrylic polyner-based coating cured h an
am nopl ast resin, a mxed _ resinous blend of an acrylic polyner and
pof yd8t er cont ai ni ngldsaby thegpaciigle sizedistritation sequitsd| fasmosteommertiad t opcoat

may be sol - oy - L her er. coating. The topcoat
| ayer may %@8505%3%%@@ @’%‘%‘é@ﬁ%ﬁ%ﬁ%?%Mgb"é'?ﬁ%}“é‘&“%rw%gb‘re@‘ﬂent ed
basecoat opaticleizelbyivohaspadthinatie sarigeafapautdst70omictoealn tReadlectrbe@tit nventi on
is illustrated by the, f»}?,cho""i ng non-limti n% exanpl es. Bisphenol - A

( BPA) - bas e3P 8 BIOUESS 494 Rawr coripianpasbeles arsiclpctrpstatically shaegedrand theshel |

Cheni cal arblaldut GRS h b L WY i ERBled X OG- ciRLy cur i ng
agent) was obtained fromLonza Corporation. ' I—ll- NVR espec a we g cBlTect ed
i3 The powder coating which does not adhere to the substrate can be recovered for re-
use, so that powder coatings are economical in use of ingredients as well as non-

polluting to the environment.

The powder may then be cured on the substrate by the application of
heat (the process of stoving), usually for a periad of from about 5 to about 30 minutes
20 and usually at a temperature in the range of from about 150° to about 220°C.,
althoﬁgh femperatures down to 120°C may be used for some resiné, especially epoxy

resins..

The coating powder can be applied in a single sweep or in several
passes. The thickness of the applied coating is less than or equal to about 200
25 microns, preferably less than about 100 microns, more preferably less than about 50

microns, and most pfefcrably less than about 30 microns.

Anoiher embodiment of the invention comprises coated substrates or
articles coated with the compositions of the invention. Suitable substrates may

comprise a metal, a heat-stable plastic material, wood, glass, or a ceridmic or textile
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15 on a GE QE-300 MHz NMR spectronmeter using CDCl, solvent ,and g 20,
tetranet hyl sil ane (TMS) ﬂternal standard. "P-NWR s tra weré€ recorded on
a CGE G\N-500 MHz spectr ter with endgroup anal ysi‘erform&d as

previ oWsl 81/25888scri bed by K P.Chan et al. in "Macronol ec REEUS00RH%6 27, p.
6371 (1994). Using these techniques tail (H Ar) and head (Ar-OH) endgroup
concentrations were deternmned and absol ute nol ecytar wei ghts cal cul ated.
Gel Perneation Chronatography (GPC) was perforned ‘using a Watets Gel
Permeati on Chronmat ograph with a bank of Phenonenex Phenogel 105, 104, and

500 A col ygdigrial. Admhagésﬁslf,cal HétaPsubseHRE 418 H‘%ﬁ%‘fﬁﬁ%&%@{%%@%f g- 3% by

wei ght) was injected_ and he pol ynmer elute

“chl or of or prieptoapplicatéon ofithe campositon? sndispreferably subjédtediordiemiell 1.5 'l min.
El uti on .t ored usi a. UV defector set ,at_ 254 nm The colums were
cal i brat \é\%%té@ﬁ%én 0 §/§’F’>"P‘?ggfew‘§lf UAY RRORDLA, FRe PhosPhats T GBIP®AeD| ). Intrinsic”
vi scosi ty StbdfjatdraBer tRALRMEGINAIE i Sérlefd| Pechedied Hoibr Id APlicafd o T M

sol uti ons. usi ng .an Ubbel ohde visconeter. Differential 'scanning calorinetry
(DSCP was Ppriteatse vath asiategiabtimpwilhaid eleeineststion@ag applioationdFygni¢al 30 cal i brat ed "

usi ng an iy Faga ' . re.analyzed from21 Wc)
01/ 25358 Bﬁl%g'ﬂ?s?ﬁ = .’.[’g”{'éﬁ%hﬁﬁﬁgﬁ [ﬁé?i"i?g“fg%é%eg pﬁB’%‘?’Hﬁ‘E’ely 25-25 0C at
a heat i ngavtatrmbilés, boilding matekial 0s odmpogies.el ectron mi crographs (TEMs). were
obt ai ned on specinens sectioned with a dianond knife on an ultram crotone.

Th [ ' USI 4. h - PPE .
Tre"sect o1 Vet Sl et e, ot Soped L cotance cpery. P cont o
Dynam ¢ Mafipating aind A4 edst ond IMEYm R finarefin ai8 dités Ed&e@eﬁgmwcie(&s

Dynam ¢ Spectrometer 7700. Sanpl es having approxi mate di mensions of 3.2 x
64 A0 13 sesiemsovide hexdssired perfamanee A peatance thamdteristicat Bhusf for C/ mi n.

Then el BRI VR AL e BT 2
anal yzed differer? sestBdliclfihishes fopetumaple Petucad glosd arlid fekfiréd filfisBesTRAFWeEMENL S
were perfor rre(g | n accordance wth ASTM E399. Sanples approxinmatély 3.2 x 64
x 13 nm i Po¥9E: were first
In relation to performance, the coatings geneml!y are durable and
15 - exhibit good weatherability, stain or dirt resistance, chemical or solvent resistance
and/or corrosion resistance, as well as good mechanical properties, e.g. fracture
toughness, hardness, flexibility and/or resisténce to mechanical impact. Although the
nvention is not m .ant to be limited by theory, it is believed that improvement in
certain “roperties such as fracture toughness is related to the morphology of the cured
20 PPE-thermosetting resin compositions. In particular, curcd‘coat_ings -comprising PPE “:)
| and epoky resin typically exhibit either two-phase morphology with discréte PPE
dispersed particles or complex co-continuous morphology with irregular PPE
domains ard large irreguiar epoxy particles with particles of each phase within the
other phase as observed by transmission electron microscopy (TEM). The
.25 morphology obtained depends upon the amount of PPE present, the PPE molecular
wéight (or intrinsic viscosity), and cure conditions. Typically high molecuiar weight
PPE and higher amounts of PPE tend to give cd-continuous morphology while low
molecular wcight PPE and loWel_' amounts of PPE tend to give discrete PPE dispersed

particles. Improved fracture toughness, to mention one property, is typically seen to

20



“not ched and then a sh crack was initiated wt razor Blsgge.: Jpad to
failure was determ n.)usi ng an Instron 8500 P servo- hydraulic test

i nst runsvaol/fBhssxural  Properties were determ ned in accopdaridssoaf4h ASTM
.D790. Dielectric Properties 15 were neasured using a ASTM D150-95. Four
PPE resins varying in intrinsic viscosity fromO0.12 to 0.40 dug were

eval uated in epoxy resin-containing conpositions. shown in Table 1, the
‘hydroxyl endgroup concentration of the PP = resi ns decreased wit h

I ncr easi ng £ el | NS Cr. VI S | ower nol ecul ar
wei ght O._l? eaiqggc?% g%lg&%@#%ﬁé}@r 34 %ﬂoa b[rg?{ %‘fh rt8 S8 15 also

di sper si vi trysallyt dsascidted with 3gtrn Surd-téfipdrvtuldSland lobiger &tk mednshi p bet ween
intrinsic viscosity and Tg showed that the Tg val ues increase steadily with

"IV up to 0.25 dug (Tg, 2C 5 ¢ and then remined fairly- constant. 25 TABLE
| PPE dePPO 857A PPO BPPJI“@“GQG“&P@W¢%B¢W%§PW%¢QWI&$IW@ID herty:

I 66. 5208. 0
150, 3 Concanirgat toist bt debobablay ndlhe buioBt) Sblieq BROYE acdiinlelct- %)
Augustd 2004 he pproaSRO/bR7%9 éxample, a polyester-based coating cured with an aminoplast

resin, an acrylic polymer-based coating cured with an aminoplast resin, a mixed

resinous blend of an acrylic polymer and polyester coniaining coating cured with an
aminoplast resin. The topcoat may be solvent-based, water-based or another powder

coating. The topcoat layer may be a composite coating comprising a colored or

L

10 .pigmented basecoat over which is deposited a transparent or clear coat.

The invention is llustrated by the following non-limiting examples.
Bisphenol-A (BPA)-based diglycidylether (EPON 828 resin) was obtained from Shell
Chemical Company. Methylene bis(2,6—diethylaniliné) (LONZACURE MDEA
curing agent) was obtained from Lonza Corporation. '"H-NMR spectra were collected
15 on a GE QE-300 MHz NMR spectrometer using CDCl, solvcﬁt and a
tetramethylsilane (TMS) internal standard. *'P-NMR spectra were recorded on a GE
GN-500 MHz spectrometer with endgroup analysis performed as previously
described by K.P.Chan et al. in "Macromolecules”, vol. 27, p. 6371 (1994). Using
these techniques taif( H-Ar) and head (Ar-OH) endgroup concentrations were
20 ‘determined and absolute molecular weights calculated. Gel Permeation
Chromatography (GPC) was performed using a Waters Gel Permeation
Chromatograph with a bank of Phenomenex Phenogel 10%, 10¢, and 500 A coluruns.
A polymer solution {100 microliters; approximately 0.3% by weight) was injected and
the polymer eluted from the column using a chloroform solvent containing 0.5%
25 ethanol at a flow rate of 1.5 ml/min. Elution was mon_itofed using a UV detector set
at 254 nm. The columns were calibrated using polystyrene standards (2,030 to
860,000 g/mol). Intrinsic viscosity (IV) measurements were performed at 25°C from -
chloroform solutioﬁs using an Ubbelohde viscometer. Differential scanning |
calorimetry (DSC) was pefformed using a TA Instruments DSC2920 instrument
30 calibrated using an indium standard. Samples of 10-20 mg were analyzed from
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nmol 7, 88211 00723, 96939, 868 3.583.532. 602. 58 Tg (DSC, C166. QZN@LBZ;Q@;OZIZ 0

EXAI\/PLES | -1 1 PPE/ Epoxgmresin blends were fornul by first dissolving
PPE in 3ON 828 re at 220-260 C. The sol uti %@9' ed to
180C an was added with vigorous stirring. As the curing agen nt”

di ssol ved the solution cooled to approxinately 150C. The fornulated resin

was then resin transfer nolded using a Radius Engizpeering Fl owwareT " RTM
2100 I njector System The resins were cured in a 203 nillinetér(m) x 203
mm x 3.2 nun nold and the resulting part machined 10 into appropriate test

Speci mpn@mmat;bez&-zsmm atreatinpraposf 10°GVinin. Jrinsundsidbeladtion N parts by

wei ght_. . Tabl ert I es of ,PPE/ EPON 828/ MDEA bl ends from Tabl e. 2
TABL E icr ‘@%ﬁﬁ%@w taiped op specimens sgotiogedsvith 3/diamond daifkoEA

an30. ff‘f‘i't‘éﬁ""s“z‘%‘%%"f?"l“%é@?‘s%s Aot Rs R, vy O sl 808%6 003 ug

8B20- SWhontrasn Mixrasepleo2se ket 0B-2- EHiliss (BmaoanMbﬁemtea%Gwozs 40 15

?bgf)eiépz\gg%q_lat?_‘ @Z"}"&?‘)ﬂ"ﬁ) !E EI SMW%PS%O resin cured at 150C (1

ing 3 REGOmeEIFEE at 230C (3
hour s)DyoanfPBpélittop@itecryob) Sﬁﬁlpkb Raviap aPhiokffiste BRthidsidrS of 328 64 R €POXY,

resin cured at
3 mm were analyzed from 25 to 230°C, at a heating rate of 2°C/min. Thermal
mechanical analysis (TMA) was performed on a TA Instruments TMA2940
instrument. Samples approximaiely 3 x 3 x 3 mm in size were analyzed from 25-280
10 °C at a heating rate of 5 °C/min. K, mea’surcﬁents were performed in accordance /)
with ASTM E399. Samples approximately 3.2 x 64 x 13 mm in size were first
notched and then a sharp crack was initiated with a razor blade. Load to failure was
determined using an Instron 8500 Plus servo-hydraulic test instrument. Flexural
Properties were determined in accordance with ASTM D790. Dlelcctnc Properties

15 were measured using a ASTM D150-95.

Four PPE resins varying in intrinsic viscosity from 0.12 to 0.40 dl/g
were evaluated in epoxy resin»containihg compositions. As shown in Table 1, the
hydroxy! endgroup concentration of the PP™ resins decreased with increasing |
moiecular weight and intrinsic viscosity. Ti.e lower molecular weight 0.12 and 0.15

20 IV PPE resins also exhibited broader dispersivities, than the 0.30 and 0.40 IV PPE,
The relationship between intrinsic viscosity and Tg showed thét the Tg values T

5

L e

increase steadily with IV up to 0.25 dl/g (Tg 205 °C) and then remained fairly

constant.
TABLE 1
25 .
PPO 857A PPO 857B PPO 630 PPO 640
PPE grade resin resin ~resin resin
Property: ‘ B
Intrinsic Viscosity 0.12 0.15 -0.30 1 0.40
(dv/g) - , '
Hydroxyl endgroup 464.6 366.5 208.0 . 120.3
Concentration (umol/g) ' o
M, (g/mol) : 2,197 3,114 9,219 15,399
22
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«150C (I hour), 200 C hours). 20 PPE wt.% 23 4 | L ; u tlﬁ]ﬁgtl

01/ 25358 TABLE 3 PCT/ @0/ 27496 ' PPE Tg K t Fl effal Exarrpl SR (Tan S
Mor.phol w1 B8 mi nModul us (% maxi ma) kpsi 0, . 12W PPS 1017¢HYS8HI G

9501. 1(10. 2) 210169/ 200D0. 73( 0. 03) 528. 6(31. 2) 320169/ 198. OD -- 0. 74( 0. 04) _
'534. 4 (33.9) 430165/ 19500. 72( 0. 04)535.6 (FR 7 415 |V - PPE

520171/ 204D0. 76( 0. 09) 535. 5 30. 3 630155/ 205CC | 1. 02 }D 14- 0.30 N PPS

720152/ 213CCl 1. 56 e
M. (g/mol) 7,882 11,007 23,969 39,868
MM, 3.58 3.53 2.60 2.58
Tg (DSC, °C) 166.0 176.3 208.0 2120

EXAMPLES 1-11

10

15

20

PPE/Epoxy resin blends were formulated by first dissolving PPE into
EPON 828 resin at 220-260 °C. The solution was then cooled to 180°C and MDEA

was added with vigorous stirring. As the curing agent dissolved the solution cooled

to approximately 150°C. The formulated resin was then resin transfer molded using a

Radius Engineering FlowWare™ RTM 2100 Injector System. The resins were cured

in a 203 millimeter (mm) x 203 mm x 3.2 mm mold and the fesulting part machined

into appropriate test specimens. Table 2 shows the compositions; all values are in

parts by weight. Table 3 shows propérties of PPE/EPON 828/MDEA blends from

Table 2.
TABLE 2.
PPE (wt.%) -
Example Process 0.12IV | 0151V | 0,301V | 0401V | EPON 828 | MDEA
Conditions' (wt.%) (wt.%)
1 A 0 - - - 70.75 29.25
2 A 10 - - - 63.68 26.32
3 A 20 - - - 56.60 23.40
4 A 30 - - - 49.52 20.48
5 A - 20 - - - 56.60 23.40
6 A - 30 - - 49.52 20.48
7 A : - 20 - 56.60 23.40
8 B 20 - 56.60 23.40
9 A 20 56.60 23.40
10 B - - .20 56.60 23.40
11 C - - - 20 56.60 2340

! Process conditions:
A) PPE dissolved in epoxy, resin cured at 150°C (1 hour), 200°C (2 hours)
B) PPE dissolved in epoxy, resin cured at 230°C (3 hours)

C) PPE dispersed (less than 60 microns particle size) in epoxy, resin cured at

150°C (1 hour), 200 °C (2 hours).
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431.1 (8.0) 0.05 8 (cured 201571223CCI 1. 76 - 2300.07 MO W 4RPE, .. -4

920155/ 217C1. 10 545.7 (

“or prPR

218CC2134 *

) 0.07 10 (cured 20157/ 2: | 1.'81%°7230¢4 05)

1=conpl ex concontinuous (irregular

particles;
conti nuous;

(0.04) (Standard deviatio
Honobgeneous; D=PPE di spersed phase; C= c &
PPE donmai ns,
particles of each phase within the others;phase);

P2=PPE conti nuous with PPE particles

L/

iLven i
gC

Thopa

| arge irregular.

EIS.;
P 1=PPE

_Ear ent heses)
f3

5 CC

epoxy

i spersed in-the matri x.

The nor phol ogy of cured PPEI'EPON 828f MDEA bl ends was 10 determ ned from

transthABLBA el ectron nicrographs (TEMs). These nicrographs

show phase

separat ed norphol ogi es conprising PPE-rich (dark regions) and epoxy- rich

10

Locot r N

domai ns {(I'1ght rggi o . Hi gur Sho The (TangmrssTomreteet+oen
_mecr ogr_6|(oh ?or t%?&l%%%m/ Eg egg% / |MDEA conpos tiqq of ex?ﬁﬁf‘é’als _
cont ai niing, 8, 1p1Y. (1 pTngi c 1S osift g PRE ol 10 LV Piioddps ai
exanpl e prfinee-worprol-og-os P3N e Ril kpsi
PPE
i 0 171 H - 0.63(0.09) |. 501.1(10.2)
2 10 169/200 D 0.73(0.03) | 528.6(31.2)
3 20 169/198.0 D 0.74(0.04) | 534.4 (33.9)
4 30 165/195 D 0.72(0.04) | 535.6(FR.7)
Q15IV
PPE
‘ 5 ' 20 171/204 D 0.76(0.09) | 535.5(30.3)
_ 6 30 155/205 .CCl1 1.02(0.14) -
0301V :
PEE
7 20 152/213 CCti 1.56 431.1 (8.0)
(0.05)
8 (cured 20 157223 CCl 1.76 ;
@ 230) ' (0.07)
0401V
PPE _
9 20 155/217 C 1.10 545.7 (24.2)
_ (0.07)
10 (cured 20 157/225 CC1 1.81 -
@ 230C) | {t 05)
10 . 20(Disp) 168/218 CC2 134 -
| - (0.04)

EStandard deviations giveh in parentheses) . )
Morphology: H=Homogeneous; D=PPE dispersed phase; C=co-continuous;
CCl=complex concontinuous (irregutar PPE domains, large irregul. epoxy -

particles; particles of each phase within the other phase

P2=PPE continuous with PPE particles dispersed in the matrix.

), PI=PPE continuous;

The morphology of cured PPE/EPON 828/MDEA blends was
q_etermined from transmission electron micrographs (TEMs). These micrographs

show phase separated morphologies comprising PPE-rich (dark regions) and epoxy-

rich domains (light regions). Figure 1 shows the transmission electron micrograph for
the PPE / EPON 828 / MDEA composition of example 3 containing 0.12 I'V.(intrinsic
viscosity) PPE. The 0.12 IV PPE contzining example produced morphologies in

24
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WO 01/ 25358 PCTI USOQO 96 al which PPE-rich donﬂ‘s were disgReLSRfsi N an
epoxy-rich matrix. Fige 2 shows the transm ssi el ectron crograph for
t he PPBwIO (226348828 / NDEA conposition of exanple 7 cont RCTIURYOR7H6 |V PPE.
.The 0.30 IV PPE contai ning exanple exhibited a conplex co-continuous

nor phol ogy (designated CC 1) in which elongated irregular domains of
PPE-rich and | arge epoxy-rich particles were presery. Wthin each of these
two phases particles of the other phase were al so dbserved. Figtte 3 shows

the | I ansihs RFE-ACR Cohi¥ind W ért QuUpaEd i EAyERR daR Bl lnddble

conposi tion of exanple 9 containing O. PE. This eXanp
PPE cont i ntrensmission plhdrmglyuqrogmm t‘mthepBREJ EPON §28 t MEYEXS compesition 601 nl y

Ceront on P8 7onfafibe VR I haEE THROSN TV BPE Ghioie SromBleeubR bl ends
cured at 15&6?1(;:;1 chUﬁﬁnuo%@%rﬂ?ol@@U{] sighdied &m m/ﬁhié%lddgﬁfmﬁ% lar
non-1 i nearl romQ0.67 MPa-mln in the control MPa- mlR a 0.30 IV

PPE. @nexpéemé@wf PBE-richangd hrge aroxy- mhsmdsg/wg!re nrmnpﬂvﬁxthmaéhgéd to 0.40

IV 15 the gseﬁarrﬁ hought
to be a rgéa%ectl of t eésggfrﬁhgg e}ghi\égﬁgﬁ%ﬂso rmrp %f%%{’/gap@{"g “hi gher
mol ecul ar mayhss;on ¢lectan: RictGgraph for ThePRE § EBON 88 MdDyEY0 compoyitiog of ur t her

el uci dat ed arin V_PPE con i ni.n e cured at 150C (1
hour), 200@‘%@%%%‘)”"@&%%8?‘2%55 Tﬁb”‘ "é‘aﬁl %9@%F%tm“ﬁ§ssarrpl e cured
at 230C ( 3poepHotdgy(if %At &hokPrich Hattices wardRinffoflfyads Jﬁi-sédqiﬁﬁlhntae”per ature,
whi ch exhi bited a PPE conti nuous 'nor phol ogy vyielded a KIC value of 1.10

MPa- tin, wreticelatedtHPE piREe.sanpl e cured at hi gher tenperature produced a
cqfrpl ex co-continuous norphology and a K1C value of 1.81 MPa-nf. The

significant enhancemppt ?%éd? ofb?E%&?éﬁfﬁdw% gﬁt SOk Oﬁﬂgﬁﬁgﬂnﬁﬁgﬁgl ni ng

nmor phol ogi es i ndi cat es ortance of ese norp

high 25 ffsaﬁbwﬁalF%u@*m%sblbﬁBymedEt gsmeqlﬁxoanglz@omoaﬁlglthmw of PPO
857 to epoxy thernpbsets produces blends with significantl é npr o ved

di el ect ri cVprespBeEniEd nolincanle fregt .64 MRrmmLt iribe canealde | g Pasar
et eSS BV AL R I AU i SEMIGHE 2ok DRSO 2010
15 the K,c value decreased to 1.10 MPa-m'”. These results were thought to be a
reflection of the dominating effects of morphology at the higher molecular weights
. (0.30-0.40 IV). The effects of morphology were further elucidated by comparing a
0.40 IV PPE containing sample cured at 150°C (1 hour), 200°C (2 hours) (exampie 9)
to a 0.40 IV PPE containing sample cured at 230°C (3 hours) (examp:e 10). The
20 sample cured at lower temperature, which exhibited a PPE continuous morphology
A yielded a K, value of 1.10 MPa-m'?, whereas the PPE sample cured at higher
temperature produced a complex co-continuous morphology and a K¢ value of 1.81
MPa-m'?, The significant enhancements in K. observed for complex co-continuous
morphologies indicates the importance of these morphologies in obtaining high

25 fracture toughness values.

Figures § and 6 show addition of PPO857 to epoxy thermosets
produces blends with significantly improved dielectric properties. The dielectric -
constants showed nearly linear decreases with increasing PPE content. As expected,

the dissipation factor of these blends also decreased with increasing PPE content,

25



S WO 01125358 EXAMPLES 12-17 4 August 2004 PCTI US00/ 27496 4RRgusorgoai ning - »
conpositions were prepa” with mxtures of epoxy I ns and curing agent.
Both multifunctional an i functional epoxy resins | oyed. The
conposWOIWf2§358nd t her mal properties are shown in Table @CTﬁEr‘g’ ?‘

provide nelt formable conpositions having good thermal properties. 26 C) S
N r4 WD 01/25358 0 0 4 Auauv_ 2002; PCT/ USOQ 27496? OCcINNN v Uaa' -a-
N+--. {y 66 0C 06 WOOa+ar(- i r oN O ON® xQ R

&

EXAMPLES 12-17

PPE-containing compositions were prepared with mixtures of epoxy
resins and curing agent. Both multifunctional and difunctional epoxy resins were
5 employed. The compositions and thermal properties are shown in Table 4. The blends

provide melt formable compositions having good thermal properties.
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EXAMPLE 18

A polyphenylene ether resin (IV 0.30 dI/g) is melt-mtxed at between

about 150°C and about 200°C with EPON 828. After the PPE is well-nuxed with the

epoxy resin, a tetraethylmethylene dlamlme curing agent is (41 wt. % based on epoxy .
5 resin) added and the composition is quickly cooled to room temperature, and the

resulting solid is cryogrou.nd to a powder having an average particle size distribution

of between about 10 and about 120 microns, with a mean particle size by volume

within the range of about 15-75 microns. The resin is coated onto an aluminum

s‘ubstrate by an electrostatic process. The coated article exhibits improved adhesion of 7}
10 coating to substrate, improved cracking resistance under thermal cycling, and less )

téndcncy to soften at higher temperatures compared to those properties in an article

coated with a composition not containing polyphenylene ether.
EXAMPLE 19

The procedure of example 18 is repeated except that a steel substrate is
15 used in place of alﬁminum. The coated articie exhibits improved adhesion of coating
to substrate and improved cracking resistance under thermat cycling, and less
ten&ency to soften at higher temperatures compared to those properties in an article
coated with a composition not containing polyphenylene ether. -

EXAMPLE 20 | . )

20 -The procedure of example 18 is repeated except that EPN 1138
(epoxyphenol novolac available from Ciba) is used in place of EPON 828. The coated
article exhibits improved adhesion of coating to substrate and improved cracking
resistance under thermal cycling, and less tendency to soften at higher temperatures
cbmpared to those properties in an article coated wiﬁ a composition not containing -

25 polyphenylene ether. : _ -

EXAMPLE 21
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0 4, Aug PCTI OO’27496 A pol yphenyl ene e 0 dug)
S melt“ﬁ%zzg?%t bet ween about 150C and about 200C Wlth%E% 5@9&3

After
«the PPE is well-mxed with the epoxy resin, a tetraethyl nethyl ene
dianiline curing agent is (41 w. % based on epoxy 5 resin) added and the
conposition is quickly cooled to roomtenperature, ?nd the resulting solid

is cryoground to a pg}ﬁd havi n an average particl® size distribution of
bet ween about 10 and ?)BES’Fe@Z@O xampie 18 id repeatedienapithatt ECNd 198 ze by vol une

al i num - Cppefieece] nd¥i aviiathe sFCRAT s 08l @Bt RGN ROE e vl
‘exhibits i mmmrms hmpmwad adbeiﬁn(ufabath@ tb QubstAtd &l ithp ranH&%?é’&ﬁh%r ﬁCkihQ?
i g

resi stance _under t nd | ess tendency to soften

t enper at ur 'éeglsi?Bﬁ?)H‘?cgeﬂ ﬁ&“dﬁi@i&“‘% raagéw tendency sofen pdrigherdernperdtunést h a
conposi t i Ogorred @thad & % RA rgcedure of
exanple 18 i s repeat edcqjég%ept It ha’?ﬂgdlg'?(gaé‘%}gggstra g?bgn@%c%gaez MEn pl ace
of al um nupRlyphesylsoeeder.articl e exhibits inproved adhesion of coating to
substrate and i nproved cracking resistance under thermal cycling, and |ess
t endency tm@ﬁt hi gher tenperatures conpared to those properties in
an art icle

The procedure of example 18 is repeated except that ARALDITE PT
810 (triglycidyl isocyanurate available from Ciba) is used in place of EPON 828. The

B

10 coated article exhibits improved adhesion of coating to substrate and improved
cracking resistance under thermal cycling, and less tendency to soften at higher
temperatures compared to those properties in an article coated with a composition not

containing polyphenylene ether.

While typical embodiments have been set forth for the purpose of
illustration, the foregoing descriptions and examples should not be deemed to be a
limitation on the scope of the invention. Accordingly, various modifications,
adaptations, and alternatives may occur to one skilled in the art without departing

from the spirit and scope of the present invention.
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coated with ‘a conposition not containing polyphenylene ether UM&E 20 20
The procedure of exanple 18 is repeated except that EPN 1134\ epoXyphenol

novol ac available from G ba) is used in place of EPON 828. The coated
article exhibits inproved adhesion of coating to substrate .and inproved
cracking resistance under thermal cycling, and | ess tendency to soften at
hi gher tenpergmies conpared to those properties in an article coated with
a conposition not containing 25 polyphenyl ene ether. EXAMPLE 21 28 WO

01/ 25358 4 August 2004 PCTIUSOQ 27496 The. procedure of exanple 18 is
repeat ed except that ECN 1A7gowderpoaiyng @suiostiionebmprisingiat lebdtentér om Ci ba) is
used in plage of EPON 828. .The coate rti.cle exhibits. ijnproved adhesion
of coating ﬁgﬂgﬁ%&l}gﬁgﬂgﬂ%aﬁﬁﬁg{}%gglg@}gwlﬁ@eetﬁ%rs,i\g IR under t her mal
cycling, ancorhpssitidngathen enretCexhibiitserconipléit ghesntingbiematphosgy. 5 conpared to
those properties in an article coated with a conposition not containing

pol yphenyl ene et her. EXAI\/P 22 The pr.ocedure of exanple 18 |s. repeated
except that ARALDITE PT 818epewdsynaiipg compesd Lwyksreadhe from G ba)
is used in plag ; d |-hi L hmr oved
adhesi on of Coaﬁe%ngtﬁgéﬂg'a%%ﬁcge??o é%%%%g?‘g\g%%ﬁ%ggﬁﬁg*fggﬁg?ﬁce under

t her mal cycpélyesteransing, dyydroxg+funetional polyestirensiag, abiytib polymersiper at ur es
conpar ed togt haos ro er&ies in.an article coated with a conposition not
cont ai ni ng BB?VB&E[M% BRRE i | e typical embodi ments have been set

forth for the purpose of illustration, the foregoing descriptions and
exanpl es shoul d not ba. deefMhd pb@dbieccating cathpesiticibfethitnlEinselddetef t he
i nvention. Accordingly,. various nodif.ications, adaptations, and

al ter nat i vediSFags £sinds Yleast Rng PRAXYITESIhe art without departing from
the spirit and scope of the present invention. 29 4 August 2004

4, The powder coating composition of claim 3 wherein the epoxy
resin is selected from the group consisting of bisphenol-A-based diglycidylethers,
epoxidized phenol-formaldehyde novolacs, epoxidized cresol-formaldehyde novolacs,
epoxidized alkylphenol-formaldehyde novolacs, epoxidized phenol-dicyclopentadiene

novolacs and epoxidized bromophenol-formaldehyde novolacs, and mixtures thereof.

5. The powder coating composition of claim 3 wherein the epoxy

is a blend of a difunctional and a multifunctional epoxy resin.

6. The powder coating composition of claim 3 further comprising
at least one curing agent.
7. The powder coating composition of claim 6 wherein the curing

agent is selected from the group consisting of a polyamine type curing agent, an acid
anhydride type curing agent, a polyphenol type curing agent, an anionic
polymerization catalytic curing agent, a cationic polymerization catalytic curing

agent, and a latent curing agent.

8. The powder coating composition of claim 3 in which the

poly(phenylene ether) is a poly(2,6-dimethyl-1,4-phenylene ether).
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CLAIM5S 1. A powder coating conposition conprising at |east 400¢ust 2004
thernosetting resin and at | east one pol y(phenyl ene ether), erein the
conposition, when cured, exhibits a conpl ex co-continuous norphol ogy. 2.
The powder coating conposition of claim1l wherein the thernosetting resin

is selected fromthe grou ons|.sting of carhboxy-finctional polyester
resins, hydrox?_/‘-f hct?‘?)%%qp”d%'bwm%ﬁpﬂ@ﬁ? ?13: ?f‘&}?‘i’"&h 8Ip§;IP?'ers,
f | uor opol yner §henyigte atengs andafiingis vis@sity pha08sisolllers pes gmmithapodi®®bosi ti on of
claim2 in whigtefsper grdnh@midasiRdlid dABrofoRf bt25ics at | east one epoxy resin. 4.
The powder coating conposition of claim3 wherein the epoxy resinis

sel ected fromthe group consisting of bisphenol -A-based diglycidylethers,
epoxi di zed phenol 14 or Helpawdey epatingeompesitian of slgimd iywhightheral¥s ol - f or nal dehyde
novol acs,  e[gshenyting etflerpak win ipfissiodscdsity oTa 1 2lédeyide engarm tobsut 0.8poxi di zed

phenol - di Cyclglgéﬂm;?qurgrﬂt‘%%m@%ﬁ@@%ﬁl?%ﬂﬂn8\%3‘3.di zed bronophenol - for mal dehyde

novol acs, and m xt'ur ereo € po coating conposition of claim3
wherein the epoxy is a blend of a difunctional and a multifunctional epoxy
resin. 6. The powder Theabtwdegcoatnyeospdsiionof diim@liravhohdhefcampdsiion isonpri sing at
| east one cur,R 296 e tufe ab EFW ' osition of claim®6
wherein the gur??\g agiaanuteallg%?g ect g]gp?lﬁ@#n@lh{'%ee%g!r up consi sting of a
pol yam ne type curing agent, an acid anhydride type curing agent, a
pol yphenol type cleri nthepgeder coating campasitiorcof pleimyinereindite aredcat al yti ¢ curing
agent, a cat IcBrdoRitidhEkIMET FrioAAdlody Borfisking oaPédcmeﬁwsbtrparﬁcaélgﬁmgag%_@éﬂag&h ! aL etn}]
curing agent. r. . 0 m3in ic e
pol y( phenyl er?%"ﬁ‘é ?E@??Oq?i%g mbcgt%;a g@%h@lg%%mpbér\%ﬁe%%e@r@#nglﬂse ether). 30 4
August 2004 $OntaHrg cyisplihermosel RertivRs havirganaveragsdiapetecof fasqihan 20, whi ch the pol y-
(phenyl ene emniiong. has an intrinsic viscosity of 0.08 deciliters per gramto
about 0.56 deciliters per gramas neasured in chloroformat 25C. 1Q The
powder coating cojposition,.of claim9.in which the poly- (phenylene ether)
has an intrinsic Vlsc ipP‘Q}deé?oa@'?gfﬁmﬂoé@Prl ?f\é\@”g vg}ereglrllgerﬁuﬁag about 0. 30

. thermoset particles having an average diameter of 100 to 1000 microns contain poly-

(phenylene ether) domains with average diameter of less than 20 microns.

14.  The powder coating composition of claim 1 further comprising at least one
of fillers, silica, alumina, thickeners, plasticizers, flow additives, anti-blocking
agents, antistatic agents, antioxidants, hindered amine light stabilizers, ultraviolet
light absorbers, coloring agents, pigments and dyes.

15. A powder coating composition comprising at least one epoxy resin
selected from the group consisting of bisphenol-A-based diglycidylethers, epoxidized
phenol-formaldehyde novolacs, epoxidized cresol-formaldehyde novolacs,

- epoxidized alkylphenol-formaldehyde novolacs, epoxidized pheno!-dicyclopentadiene
novolacs and epoxidized bromophenol-formaldehyde novolacs, and mixtures thereof,
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deci Iiteré per gram as neasured in chloroformat 25C. 11. Th W
coating conposition of claim9 in which the conposition is4'§’ﬂf$"§ at4 a

t enperature above the Tg of the pol y(phenyl ene ether). 12. The powder
coating conposition of claim1l wherein the cured conposition exhibits

nor phol ogy conprising cured thernoset particles having an average dianeter
of 100 to 1QQQa8l sHeGRLADS-GaRIHYIIALUsheRPlté BB HaFRE BliRSHhkicAMTBRSof Tess
cont ai ning cured thernoset particles having an average di aneter of |ess
than 20 i ¢chan@35 dB/g. Meesyedwtsd5°Caatchlonoforrniapd at kagne cudh@agent, wiezeiai n
the cured thernoset particles having an average dianmeter of 100 to 1000

nmi crons contt ‘?FPIBB‘PS}Q(PD(: ﬂwf@ﬁee’@(ﬂl’ig“r*) CIBNEF RS CORIINIONS BroApOlea et er of

| ess than 20 microns. 14. The powder coating conposition of claim1l further
conprising at |east ogg offufik ér%l? il I ARimtR I
plasticizers, flow additives, IpaJ)r‘Irtal - F@I(ll: %%gpogg{edrl#{gs, grr\ltli%svtﬂ}g}?%ﬂgegent S,

ant i oxi dant syring aghat sdnethylese bis(hb-detipfarilimgr s, ultraviolet |ight
absorbers, coloring agents, pignments and dyes. 15. A powder coating

Conoy et g ot b spnend?- . BoESAAERGp BRNeRRRRD con Btk koM &y S O
phenol - f or medsitg hy tasinneqlody(2,6-dipexiylil ZeghepRae Ietﬁeﬁyhmzlircgeiwﬁﬁ-iﬂmol acs,
epoxi di zed al kyl.phenol ;‘%&r Ige yde nov(gl acs,..epoxidi zed

phenol - di cy¥Is§ E’t“éﬁiﬁ% ‘ﬂg% |/ge measmredpido iin shloseigrs gnd ableastongal dehyde

novol acs, a@éﬁl}%ﬁéﬂf Shel iR HRAureddo %\%ﬁ%@%#ﬁh&l@@&o ing cured

pol y(2, 6-di ne I-I,’4_—pheny|ene et her trimsic viscosity of
| ess than the3mosit pagiclasdasinged axerags Gianmeterrdfd 00 tod 60Gmdcrans shst one

curing agent, wherei e _conpogi t.i.on, .when cured hi bits a _conpl ex

o cont | huote BBl EnRRE Sheh sBisal® ‘BB uEhE st MRt a1 m 15
wher ei n t he hawitg i @vagentiahfteior sk 6RAA 20ificrom; Wherehytha Bbipb&ien, WhenA
powder coating conpaosition conprising at |east one epoxy ftesin, at |east
one pol y( 2, 6UEAngtERifs complere pyrCeptEeLHBIOTPIREYg an intrinsic viscosity
of less than 0.35 dl./g. neasured at 25C in chloroformand at |east one
curing agent, whereinjthe GyE86wa9 3SHd & kR g,t,]g% i sing
cured thernoset part_iclesqiﬁaglgvrgg an a%r%&%%%gdﬁﬁgp 1 Qflghe‘i

m crons andthecmnset padigtes pavipg@hangtage diameierrof 100 teil 680 tierord euntagn cur ed

thermoset pfanglty'(pcﬂe%?dene ether) domains with average diameter of less than 20 microns.

19. An article coated with the powder coating composition of

claim 1.

20.  An article coated with the cured powder coating composition of
claim 1.

21.  An article coated with the powder coating composition of
claim 8.

22.  An article coated with the cured powder coating composition of

~claim 8.

23.  An article coated with the powder coating composition of
claim 16.

24,  An article coated with the cured powder coating composition of
claim 16.
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having an average dianeter of |ess than 20 mcrons, wherei & AdpRst 2004
conposition, when cured, exhibits a conplex co-continuous norphol ogy. 18.
The powder coating conposition of claim 17 wherein the cured thernoset
particles having an average di ameter of 100 to 1000 microns contain

pol y(phenyl ene ether) domains with average dianeter of |ess than 20
mcrons. claiml. claiml. claim8.- claim8. claim116'. claim116. 19. An
article coated with the powder coating conposition of 20. An article coated

ith the cured powderyscoaty T s : i ith
Wi ured p 25 m%m%@%édhgﬁgn%&m&%ofﬁ%ﬁﬁyﬁﬁﬁ%%é’“

t he powder .coating conposition of . rticle coate the cured
powder coat¢negheroraselting resin istetvadn 38mnd 99V cirsl tho at least wine holyfhepyleoer

coating co i1 of 24. rticl,e coat. with the curned powder .coating
composyt | onttih bs¥ivdkn it B RY Sicter ab® B hettmo e S A BB S8 "l o
1 wherein tdistribitidieRtiveeroIRadd A0 Mitebis ahd aB&in paricl® Siz¥B e Rolktheanthi 9% and
the at | east one p(tzl égqphenyl ene ether) is between 1 and 70% by wei ght and
sai d ther granga@t Lo i3 7 WEEOBS.particle size distribution between 10 and

140 m crons and a nean particle size by volune within the range of 15 to
75 mcrons. 32a ‘ '
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