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POADER COATI NG COVPCSI TI ONS CROSS REFERENCE TO RELATED APPLI CATI ONS

PCT/ USOQ' 27496 This application clai ns the benefit ?f U.S. Pr pv?jmsi onal
Application No. 60/ 157 683, filed October 5, 1999,” which is inebrporated

herein by reference. CK#W Aty I&l_ﬁu'rfp Eﬂg invention relates to
powder coating conpositions par t(‘:}cu a gi‘r{ §| nvention relates to
powder coating conpositions conprising at |east

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Apphcanon No.
60/ 157,683, filed October 5, 1999, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to powder coating compositions. More
pafticularly, the invention relates to powder coating compositions comprising at least

5 one thermosetting resin and at least one poly(phenylene ether).

Organic solvent type coatings, which are obtained by dissolving main
components such as resin and the like in an organic solvent and adding thereto
auxiliary components such as coloring agent, curing agent and the like, have
heretofore been nsed widely in coating applications. However, the problems of these

10 organic solvent type coatings, such as fire hazard, adverse effect on safety and
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.

N 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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one thernosetting resin and at |east one pol y(phenyl ene etbﬁ&&' ﬁ% ni c
sol vent type coatings, which are obtained by dissolving main 5 ents
such as resin and the like in an organic solvent and addi ng thereto

auxi liary conponents such as col oring agent, curing agent and the like,
have heretofore been used widely in coating applications. However, the
probl ens of these 10 organic sol vent type coatings, such as fire hazard,
adverse effect on safety and hygiene, environnmental pollution and the
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and powder arefiee figs fivkchaeands advemdesiffeot oy gafety aad hygiene, lenwizumnental so have
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speci.al eq\lljehgmant 'antgfqaql'hl' h _cost are é& uired. In ntrast, pqwder
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2004 content and give off very ITttle volatile mat “the envitonnent
when cur ed;pavidey coatings tarcle appdied biy automatet ehating pecsdures fmt; in viewsafitet y and

hygi ene, enyj_ronment al. ollption, ,or the |like: they can.be stored in an
or di nary sﬂSilagg%SﬁE ‘%t'%g%?ﬁﬁﬁﬂ’? bipls, g %F&f‘rﬁ%t’éﬁofyqf??oﬁu%?%a%t h can be
a nini num angipnieht ¢est étb.ﬂ&ré@l&r}&édon@ﬁﬁbeﬂles corfpared Withl @ fanié Sslvbititiee | n hi gh
energy efficiency; and the coating filmobtal ned has no foans which are
gener at ed HPatpgs @é@ﬁW%tePBﬁsl%ﬂtb@él%’@ﬁ%gsduri ng filmdrying. Powder
coatings have further advantages. For exanple, they can be used as they are

wi thout the necessi tyoWerdBhislglfietultf B dotid MRl i Bl ondi C. © and

they can be easily recovered w thout staihing the operation site and
produci ng awijh eesermorpighentsorhey capbadesrmoplastierhaseddnt bre mpnsiiseallby

cuvomat oSG8k a8 ALESSHEA, APSvohlol el e S rithsilfl L0t n0 oo

cost, etc. ,m@drpomﬁﬁgaemag‘mfo@sﬁmmﬁﬁ@gireémtihﬂ@dlgm'ﬂ@paéicmnt type

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.
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coatings and aqueous emul sion type coatings. Powder coatings, gen ly
conprise a solid filmformng resin, often wth one or m%@'&“@ﬁé@lﬁs. They
can be thernopl astic-based but are nore usually thernoset-based, typically
incorporating two co-reactive filmformng resins or incorporating a
curing agent- for a filmformng resin in the powder particles. Heretofore,
powder coatings which contain primarily an epoxy resin and a curing agent
have been enpl oyed i nrdikeranpect afithe préseauigiertvagRodianes FohderBafy 900d
chem cal resistance, adhesion,-and surface hardness, etc., they often
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har dness, etc. Mi}t:dﬁﬂgre charact Zél}eglﬁlﬁgég?ﬁgﬁlf& a fgg}g{}(si/caﬁg%olssﬁ&gggeé;ﬁ
powder coatth#t@.35 dlfgvrr¥suerd 7135 CNENDr (Rinfed as kastorefout g apeRsfikrein

i nvention ovi des .agﬁo%er coating ‘composition conprising at |east one

_ t her moset t i T PBRYTHOH &VISR chredsextuhits a ¢psnpler Respnimousmerphologher ei n t he
conposition, when cured, exhibits a conplex co- continuous norphol ogy. 2 4
August 2004 Anot her aSZiﬁeCt of the present invention provides a powder
coating -conposi ti on ¥apether agpeeiofitbepresent invepting prasddes = powdtradafingm t he
gr oup conscahposiionfcohipsisingaoleasi-onaepoky redirg by ehehdRtda®s3.6-8RhdiiZe

phenol - f Oﬁém%’fﬁﬁF%ﬂgéﬂﬁ‘ﬁ%ﬁgs . eﬁ Xi fjkzye&‘?g?eso -for @ygﬁyﬁgﬁh@gﬁ&?ﬂﬂme
epoxi di zed" A&y T RREABITFOF ey H2 &18 8 bra 05> d s nensieeg at 25°C in chloroform
phenol - di cyml aipeast auti ewringupent, absreinitheeneod dWnfriitRh MR MUphoLER! dehyde
novol acs,d&qg néixt l{]rr%js t her eof , a.{e beast one . ' ) :

pol y( 2, 6- dF WETRIE TUrL fERoTeE R ticles BaYing 29 @Keragen diamater i L0y 400Q migrops and
lless t harofitidioudpolygphdiRas bfidr)londfs ddhtdittin rcﬁfegrtﬁéﬁﬁ@eﬁ]%arhgl@g one
curing agent, wherein the conposition, when cured, exhibits a conplex

co- cont i nHGYEERBAVAEES dipmesiriof less fhant8y migsersc whofeit e qongmsition] whemt i on

provi des @,pQ . i ] [fion c rising at |east one epoxy resin,
at | east one bo| 3}?@ géddﬁrq}g}f E@@ﬁﬁ%ﬁg}?ﬁqﬁgyet her) having an intrinsic
viscosity of less than 0.35 dl./g. Measured at 25C in chloroform and at
| east one curing agent, wherein the cured conposition exhibits norphol ogy

conprising cured thernoset particles having an average dianeter of 100 to
1000 microns and

Ty
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conti nuous pol y(phenyl ene ether) domains containing cured hﬁ@hﬂ@%ﬁ%g
particles having an average di ameter of |ess than 20 microns, “Wherein the
conposition, when cured, exhibits a conplex co-continuous norphol ogy. 2a 4 .
Aug us 004 Anot her aspect of the invention is a process for meking a powder
coating conposition which conprises conbining at |east one thernosetting
resin and at |east ofgothéd aspedteniHedieerRiofqs A prodkds for AARINBEI pRedeect of the
i nvention provides an_ article coated with a powder coating conposition
conpr i si ng @elngemmPesHion Weicheemprisasgombining algasion¢ thesmoseding resin and

ol henyl et her erei n,the conposition, when cured, exhibits a
Eon%fgx zéE@%ﬂFFﬁﬁﬁﬁﬁPﬁ%W%W8F§5 . Yet anot her aspect of the invention
provides an article coated with a cured powder coating conposition
conprising at |east oftllddethioragsict ofide inveatiion prosidet ah aakle ated with a

pol y(phenyl ene, ether), wherein the conp when Qursd. exhibits a

ation
conpl ex coROBKET FRASHE CRBIPRFIBPB §9mpnsm&p§5{§é%3ﬁwm
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Figure 1 s RN ) : PE 1
EPON 5251 MR- D ey AP Bhed), ARl Lo RS RA Il Wb o pplel
vi-scosity) cPrentiFapsmaeorphelogysy ¢thsothenaspaitafitenne¢ionpoovidéscancegtidph ( TEM
for the PPE{ EP@I 828d/ IV%)EA corgositigj? of exanmple,7 tcont I Ni naﬁS.SO |V
PPE. Fi gur §O¥C Tt vHed PO foddh e o Qs simhTts PEERFIIOSFIRe  PPE
I EPON 828 résitvRirPatdedspend polphehylencdthdrd, wheraifi iRl sunithsRiohOwhdh Blted, Fi gure 4
shows the %{@%onshi g.@{betwengg PE Ivha];\)d fracture 'toughness for
conpositio AEPHIPHE PRRENIINERENIGPIOENDEA. Figure 5 shows the
dielectric constant (at 1 MHz) as a function of PPE content in a PPE /
EPON 828 /, BYOER ORPSPRIPTIONOFOIRIDR A% |V PPE. Figure 6 shows the
di ssi pation factormgonstgt)gﬁtn (at 1 MHz) as(,j%, function of PPE content in a
PPE / EPON 8281 NMDEA conpagsition containi nglo. 12 IV PPE. DETAltI‘_EtEI)l
DESCRI PTI ON; PREFERR WE @ﬁﬁ&@t@qﬂi@gm@@gmph@@@ Of W€t he
present i Ny i@ t Jom! WEE i [ ']@IBE'. cations.
Represent at'i ve/ exaﬁp@gélﬂ@gﬁuﬁ’e ig ﬁi"ﬁd’gg’g gnfélgg%% é:Q'%WQ i

viscosity) PPE.

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
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WO 01/ 25358 bP PCTI USOCQO 27496 t hernosetting resins conprisi .

car boxy-functional poly er resins, hydroxy- funct gal pélr}g"gg?te%oo‘rd'esi ns,

acrylic polyners, fluoro®lynmers, and epoxy resins. eful polyester resins -

are typmaelisgssobt ai ned by condensation pol ynmeri zati on rRIEU$MHA7496t ween -a

saturated poly-basic acid or its anhydride and a 5 pol yal cohol .

Non-1imting exanples of dibasic acids and acid anhydrides for this

~ purpose include phthalic acid, phthalic anhydride,,” i sophthalic™acid,
terephthalic acid, hexahydrophthalic anhydride, tetrachl orophthalic :

.anhydr i dethehpusdttigls fol bR I . b LG an jde, succinic
aci d and adi pic 'alf:gl diﬁENEﬁllnPﬁ%n P%ggﬁégg'ﬁg%‘g 0 Jﬁ?gké&f‘gpg?(‘%*g‘ are et hyl ene
gl ycol, dﬁélcgwfﬂri@lmsﬁcmsinslacir)didgdlﬁnasgﬂwopoiyﬁﬁrspmqbyﬂm@&eghgcol :

di propyl ene glycol, glycerin, trimethylol propane, pentaerythritol,

-neopentyl glycol an at ed bi sphen .. Crosslinking, agents for the )
pol yester resins i ng{sgﬁlgb‘g@? érgﬁﬂ?‘ﬁ?rieg@?ﬁlys%nﬁgB?Sﬁ?%‘t@ﬁ%ﬁ“i ¢ anhydride,
trimellit polyarhystidrieactivhttealden sxahisted goly-Ba &Ur6r i &qyﬁfwé( ?ﬁdﬁje;
am ngpl ast's such as hexamnet hoxynet hyl ol nellame, trinethylol mellam ne 15

t ri met hyl PelypigpholNonhmuting examplesefdibasioeeids and acit anhydrides for this |
h h am ] | iqae: .qgl AR
examet V*NIQJBB&' inthide Bhﬁgﬁc ﬁflﬂ,ﬁiﬁ%ﬂc%&f&gﬁﬁgﬁkl&;ﬁl&é %ghtijg.[xc': acid, "

b

bl ocked a hat1c and aronatl cyah
di i socyanbexebydrophthabisarilydcie detreehhvethlydlzrmhydiide beyaiyatsphuihiiecked

[ hor ong .di;i.gocyanat.e.. and bl.ocked. pol t hyl.ene . pol'yphenyl i socyanat e.
IZSOFF;r ef er%{g'ly:ghg?’d%'ﬁ(i’rﬂﬁl 1ie, anydride, suceinic QCW%/ P’ﬁéF@E%@éﬁHﬂ&%lléls arg

: , | i o . ; o . -
8?: gs iycl ohexanoﬁﬁetll g?(l:?ﬁﬂé and@%‘gﬁ(g)ilyg?f gﬁmy&rﬁgkﬁ*’ocﬁﬂﬁg gﬁct%goinﬁcl ud‘e__?.)

mal &% ¢ eBoRYleneakyceln dipsenyicusishycal,i ghyeering trimsthyloliropminas pentacaythrivglj ¢ and

al kyl no Lkl onal ocki ng,agents include the | ower aliphatic
‘al cohol sqg%kﬁﬂggéiﬁg?lh@ﬁiﬁ%ﬁffﬁteé@gﬁ%ﬁpg‘ﬁoet hyl, propyl, butyl, amyl,

hexyl, heptyl, octyl, nonyl, 3,3,5-trinethyl hexanol, decyl and | auryl

al cohol's, and the |Chssliskiegagents fof thefpolyrbict redins)ihclale 8618 hshydrues ude
phenyl car bi

ol , ethylene glycol nonoethyl efher, nonobutyl ether,
nonopr opyﬁucg?ﬁ@m i ‘W@gﬂ’?’(‘%e mpeihye aﬁgmenah@@%wﬁﬂé&rﬂ@éﬁﬁwlmc
conpoundsanhiy@fide? anfisiiadhs duch 8b h ﬁﬂ%th(ﬁﬁhﬁﬂ H&%ia,ﬁﬂ,' e,
subisstituentgI do not-adversuel a?fect t he CC#al.tl ng gpﬁini?u g{'&z]Jwe

trimethyl ether, hexamethylolmelamine hexamethyl ether, hexamethylolmelamine

and trimethylolbenzoguanamine; glycol urils; and blocked aliphatic and aromatic
polyisocyanates, particularly diisocyanates, 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 like. Other blocking agents are phenolic compounds such as phenol itself and

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



WO 01/ 25358 PCTI USOQ 2496 operati ons incl udi ng sol, nitro heg%
chi or ophenol and t-bu phenol. Also suitable dlbutyﬁ ' Qﬁd
tertiarwdwmesesgyl am nes such as diet hyl et hanol am ne. Exaophessoefsosui t abl e
.acrylic polymers for purposes of the present invention are well known in
the art, and can be prepared by polynerizing 5 copol ynerizabl e nononers
with other functional group-containing nononers. Suyjtable copolynerizable
‘mononers include ol efinic unsaturated nDnoners suc as et hyl eng® propyl ene

d but yl | t ol d
o pha, - mobRgROaa e GeRl Sksphenil shcioniend! S-wuthehengl iAfsaci d i th

al cohol s haiitable dreldtbubyl aEBROMY RERFFh 1 { |10
met hacryl ate1 et hyl ell%brayl ate, eth&li]?n%(?ﬁg%r lg%em%?%g{‘;p{acryl}%ﬂxpropyl

met hacryl ate, n-butyl acrylate, n-butyl nethacrylate, isobutyl acrylate,
i sobutyl met hacryl at €xamplgs psteple ageylicinelymers for pyaposis ofithelpaesent at e,

2- et hyl hex ve ?ﬂ&@%lll&oﬁ}nm{lﬂrheﬂl Cargegﬁ{eigmﬁggpag’mwcryl ate and

| auryl acrylate, vinyl ‘esters K I'C a g 2to 11

car bofs at ormpcﬂjanlmmlamogdmm aﬁﬁtc&her\fmwlbnﬂrgeﬁmpﬁﬁit@mﬁ@ndhémbrs2 15
—ethylhexylg ate and o er co- nDnonFrs such as vinyl chloride,
acrylonitr ‘?1809‘1%@9 e menamers mcludg olefinicunsghuated songmesesushad si ngl y

or as a m xhylefie, Hropenend iSBtufy1&e, bid 1c§'rB ﬂ@ﬁ%ﬂcﬂ%#&?& group

cont ai ni ng nonomner s ‘are descri bed as r exa

hydr oxy- f umvlt@lﬁane ansk.glpha- rpdhykﬁymnm;ytetse)ﬁaorymmyan@ﬁemeamw acidof t he

| th d tyl | at
yar oxy bt ST elelBRIRed il s e Sl toon 35 e Semeimetivke amno
f unctdonal mafaymae reEtiy0 Bery fatay@thydl mdﬂcak:tgdaetprapywcwmeq%byﬂ merﬁh&@faﬁa/' ate

and t- butyl am noet hyl acryl ate. Preferred hydroxy functi onal acry
resins. typoegil psrylag@- %Pty*rm?fémme webuit aigylatss tspbutyl mﬁ@@wlauqd 50 ooo 25

Epoxy f uncé)}c(ﬂ{}{é mc%%hga'oht&%[' t@éﬂﬁtﬁgfa&t 94 asflfl&ryggc@ﬂté( lingthgfﬁ&ﬁljgl dy|

reaction wi'th orrer S nction

acryl at e, mglhjicny&b}d: lamﬂmcylyﬂeand Jaulyll mbthgdrylatajyinydzbhefs of Carboaylic heiget | onal
groups nay, he inco tedlnto an -acrylic po by reaction with acrylic
acid, net h&aW3e ? g Lﬁ on 3toms Speh.as ‘E,‘Pﬂ aceateay E&ge 'iOB“}IDIaEFr%dI Wngd-d, and
monogst er Setﬂﬂhe@l@drylaa:%ﬂ oMk cbUfiSidnfers A0S vihichlbride] w?yﬁhiuqleadnﬂom' s. 5

4 August 2004
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 copolymenzablc monomer with hydroxyethyl acrylatc 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.



WO 01/ 25358 PCT/ US00127496 ' Hydroxy-functional acrylic resins e
crosslinked by the aningal asts described above as ful ?cﬁ“gﬂgtla%l)@gters.
Q her useful crosslinker i ncl ude bl ocked diisocyar® es, fornmed bzl '
react i MYO#1B$J8kKi ng agent with diisocyanates including PSEAIFEHBHES"

di i socyanate, the isocyanurate of hexanethylene 5 diisocyanate, toluene

di i socyanat e, nethyl ene di phenyl diisocyanate, net t})/l ene dicycl ohexyl

di i socyanate, 2-nethyl-I|,5-pentane diisocyanate, 2,%2,4-trinethy¥= 1, 6-
hexane diisocyanate and 1, 12-dodecane diisocyanate. Were the functional
radi cal s of the acriyydroxy-8uictional ecrylic besind may he crosslimked bpkherg agent nay be

sel ected fr.om,the.qro onsi st f di.epoxy.conpounds, .10 pol yoxazoli nes
and pol yd@8%4 fasts d%ﬁgﬁ@ %ﬁéﬂ?ﬁlﬁiﬂ?ﬁéﬁwﬂy s pleppsefylcrogshipkers resin are
gl yel dyl inclGacTBLIRS disodhd @R iGrmfciPlebctlla Wb IREERS a%%di%pade pol ycarboxyl i ¢

acids and their a_nhéldljl des such as "phthali ¢ aci thal'i c anhydri de,
trimel | i tdiisocyanstes ingudingdsonheranesiiisocyiapatanthy dsdcgianurate lof heeamaéthyleneh as

. cat echol 4. ' hydr ogui_none 5 pyrogall.ol and fluo | um ne; and .
ol yam nduSEIERE BluenD Ui ele Hormdhe bR o sor Befassnigbyiéne

4-4' - di anficyotbhpih ryiso®lahas,2-methdl-1¢5-petitandiiiRbeyinates 2 i RaanaRgl-1 6-

4, 4" -di agi nod%enyl ether. O her suitable thernosetting resins include

f unct i on&FXanesyseydnytsend 1.12tdpdesans shisogyapdeochl or opol yners and functi onal

fluoroacrylic polynmers, each of which 20 may be hydroxy-functional or

car boxy- f unct i onal waAd B BfodPR%AR dfife 5 ﬁc}égﬁfm%%&o}(gﬂugees' n pol ymer

or in conjunction with one or nore FinRcti ona acryli1c, polyéster and/or

epoxy resfasslinking #geapmay be seiteted fromthe ggmipt @nbisting bfdiepoxyt campoundpol ymers. _

Thepreferred thernpsetti resin for conpositions of the present 25 4

in\e/lgntioﬁo{é'gﬁ%zlplﬂggs %ﬂﬁ"@%@&‘%‘ﬁ% epoxy resin. The at |east one epoxy resin °

enployed is not particularly restricted. Epoxy resins, including advanced

(or upstaged) epoxyWhes e fusitidralfadicalii sfh@dctyBe RaIPdrk phyrag1oyed for

coating materjal, cap be used. Exanples of epoxy resins irnclude bisphenol

A type eB&wP‘P%%fi Swatablesresslinking agapts iaslude pelycaghoxylicadids agsbthgirr esi ns, and
epoxy I eghiyriaey &A% phithRY 88d! BRGdHANYEsde, HimelEUhRyafadand 4 August

2004 '
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



& . i
WO 01/ 25358 -PCT/ USOY 96 In general, the at Iem one epgwugrugts;édw
conponent nay conpris virtually any epoxy resir™hat is liquid, or

pr ef er alvoywiasdsgd, at room tenperature having a nean epoRETUSMGR1Bmal ity of
.about 2 or greater than 2, that is to say having on average about two or
nore than two epoxy groups per nol ecule, such as, for 5 exanple,
correspondi ng pol ygl yci dyl ethers or polyglycidyl e;ft ers. Especially
preferred exanples of resins suitable for the at | east one epoxy resin
component include: griglyecidyl .isocyanurate; trinmellitic acid triglycidyl
ester; hexahydrotri mcﬂF%ﬁﬁé{;@ilﬁs{ ?‘?{eg?li%‘mﬁm8%’%‘8?‘,‘3%&“?’&0?11%3 phases
conpri si novigudlly &y epoRYPANLIHat i FofR, 6Fplef@abll Shi® ! ak kddnft thpathtd 9! YCi dy!
ester, hexahydrotrinmellitic acid 10 trigl | ester and 'm xtures of

acl ¢ yci dy
trimellitikeving amesn epoxyifugqtiopalityof ah@ut%lmwmtbm R.ibiat is to sayakaving

triglycidy , selected fram terephthalic acid
~diglyci dylénezfs‘\t%tﬁ‘aa%,re aﬁé@ﬁﬁ@&?%@%ﬁ%ﬁﬁ%&%%ﬁ%‘%?@1'98li° s Sélgﬁg?’qgﬁd m Xt ures
of t ef ephtdxakipte, acirespdhdihy polglyckizl ethearnt polyedyaidylesris: Bspdvadliyc aci d
di gl yci dyl ester; epoxyphenol noviel cs; epoxycresol novol acs and m xtures
of two or Préismggdexargples phresing gwitahle forthe 3y leastkene opoxy sesin somperendned above

are based jgayad: dig@léfggg?B?aﬁﬁﬂ@f Bﬁtﬂéf!i@ic%eﬂﬂﬁg%%dgri] tgé}tE .15 solid at room

tenperature and at _ ne epoxy resin co 1i‘]at is liquid at room
t enper at urhexabydrewinmsiliticoacid frigiyradylicsted salid miked pasepeompriing & fiesteof ar e

descri bed, for exanpl I n_Eur gpean .Rat.ent. lLication, 20.536,.085.
Preferred % S S T esgf% ﬁ‘%@&?ﬂbﬁ@ﬂ@ﬁ“ﬁ?’éd g’ﬂ@!ﬁ‘ﬂﬁ@%&r’ ﬁ%&?ﬁﬂ%’%’&ﬁ@ﬁc 8p¥xycr esol
novol@®cs, tfigBerdydbitdr dnidenixBirtLof thinfefiftic dcid @iglpdidyl.estepaid t ypi cal 'y do not
-calise any appreciable reduction of the Tg value (glass transition

t enper at urlsxalprdretranetliisaeid wighysidid ester,2nd 2isepend qomananens selesipgiyomesi n

m Xt ures haul | L gh. | . .gh has a
posi t1 ve arfppatall BRAGILS®, BaxdRaraticpiiic bATRRUPL e BhE L a0 ng
conposi t i onxturdhef terephthaliescid diglyqidylastes andiiexahlydabesreplabtaliedcid conpri se
simal | armcﬁ&t S., H[por exanpl e Ifss tlha_n apgroxi mately 15% by wei ght of total
epoxy r esiEYEgRh TR EROXYBleng] payolacs; epcxycrssq) noyplags a B‘k’%}“‘?"éé" h¥o of of
exanp e a hére\Elidse falns30 di gl yci dyl ether of bisphenol A The addition of
such other epoxy resins is sonetimes 7 . WD 01/ 25358

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



4 August 2004 PCTI USOQ 27496 unavoi dabl e, sincea nunber of ;resins of that 4
kind are present in co hcial additives for powdergigoati ﬁg":\"@éﬂﬁ‘p/& ’i""‘tions,
for exanple in custonaryWgents for nodifying the face tension of
powder WibeW15388 conposi ti ons which, by reducing | ocal di fREEHMIEI496| n
surface tension, are able to prevent, for exanple, crater formation during
the full 5 cure of the powder resin coating. In addition, the powder
coating conpositions may contain one or nore catal®sts or curi¥g agents
and, if so desired, an extra cross-linking agent. As a curing agent, there
my be usgdveidable Hince Whungng teen I 1 ne type
curing agent, an aci_d%hydr?ggﬁpf?gﬁgﬁr?gég taér%%l}t_q%g%m&ﬁ%r%ﬁmvﬁﬁe curing
agent, arionpovAr Atingsimypositionat fooexanagle iy tistormary iagents % Hodifyif@iheONi C

. pol yneri ' |ytic, curing agent, a latent curing agent and the |ike.
Repr esentzs g{q‘%& eésf(}éf?rﬁ{% w‘?ﬁﬁ(’?f’ﬁt&g,g cqpositigng whig ’BV ﬁ?quealgﬂeqaqdiﬁgre@mm amide °
and its desiakisiiion, g ISR PETRTsr 18%ratBfolahd @I}L}ﬁ&,}: &
alic

trinellitic anhydride, pyronellitic anhydride, hexahydrop

anhydr i dSUTeRf|ta¢ powdaryesin @eatingd succi ni ¢ anhydride; aronatic pol yani nes,
such as 15 et hyl enedi am ne,  net a- phenyl enedi am ne, di et hyl tol uenedi am ne,
nmet hyl ene bi s(2, 6- 14 hylant ] i T I et hyl am nonet hyl ) phenol

4- 4' - di ani nodi phem; hg%ﬁ lgﬁetﬁgbhwgg)cﬁg% gé)‘ﬁ?ﬁ%‘ﬂélm@u(fmg?xeo more

4,4 - di aritabysisphensihg egdntr andaifboaiedirél, ph exiyh cibss HinkingRpéntl AV&@arng M dazol e,
1-met hyl im |imdazol e, 2- methy'im dazole, :

qﬂfz_lole 152-dirrethé/ :
~ hept ade@ETInPEEIRRYebe 'és-engQY nftopal gngs fofiagpeKLresn, o@.arplymingitypezol e, and
1- (2- Cyaaﬂﬁigl%éeht, An BRI} 8% 885k %m@@%&k,%iﬂﬁﬁieﬂ&b%p@mﬁg %}?h laés

avai | abl e i m dazol e-aryl ene pol'yam ne xt'ur'es’can used
m ¥Pur es2weRICHOkIRTIZAEION eafalybicIcyring agent, aationix pulyherizgioaeantytil ky!

substi t ug, I.c ring,..typicall t .l east three such

subst it ué‘?lr?dsk. a#ﬂgtag?le\q{e@e%@ %gggntpﬁﬁ%gﬁ?%ﬁé%gﬁﬁ% €g esigelydeett of the
i nstant  a25ot limited it@lidycphdiamide LATR desiostivds; AQaGhhRIRIcOEuch 4 ural ity of
structural ulnlt re resen}e,d by at |east one of Formulas I, IIl, Ill, 1V,
V, and- \A’al?‘f‘? ‘%ﬂfgl)’ﬂ"&i.dﬂ% Iysmbydnide pymosdlivcmhydode.drexelaydrophtipic

anhydride, maleic anhydride and succinic anhydride; aromatic polyamines, such as

a3

t hosgg

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:
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wherein Q1 and Q in

m xed ¥HO@W25308y |
ol hdependent |y

alkyl, A1l is C6-ClO aryl,
Cl - C20 al kyl, Ci1-C20 al koxy,
ClO aryl, C6-Cl10 aryl

hydr ocar bon;

,phenyl

hydr ocar bons,
represents hydrogen,
occurrence i's i ndependently

sul f ony®,
n represents an i
integer from about 5 to about/F50

, especially C 1-4 alk @
honmopol ymer and copol ymer PPE g
are those containing 2,6-di methyT-
,copol yners include random cop6l ynmeng:
in conmbination with 2,3,6-tTinmethyl-|

L (MIl) Hmn 2 4 Augu
endently represent hydrog®,
or thioalk/l;
Cl-10 al kyi,
or C, .20 alkyl,
substltuted-mnth C6-C0 0 aryl,
c6-"c10 10 aryl o%y,

ur &£%-C20 nixed aromatic-aliphatic
tegér from1l to 5 and mrepresents an
Pref erably,

epch Q2 is hydrogen. a |
ncl uded. The preferred
, 4- phenyl ene et her “units.
cont ai ni ng,

al koxv,

hydr ogen,
optionally
‘thio Cl1-C20 al kyl,

004 P

or CB_,O aryl ;
preferably a Cl1-C10

a 0 soq égar
na gl v

R2 at each

thlo C6

each Q1 is alkyl or

for exanple,

, 4- phenyl ene ether units.

Bot h

15 honopol yners

Sui t abl e
such--runts
Al so

i ncl uded are PPE 10 4 August 2004 WO 01/ 25358 PCTI US00127496 cont ai ni ng
nmoi eti es prepared by grafting vigryl nononers or pol ymers such as

pol ystyrenes, as well

nol ecul ar

e ¢ @ <

a

R @ @
lQ @ Q@ Q!

(III)

NR®R?),

as coupled PPE in mhlch coupling agents such as | ow



wei ght pol ycar bonat es, qui nones, heterocycles and fornals gqgﬁhggzbgaction s
in known manner with t hydr oxy groups of two PPEg@lRai ns to proéhce a
hi gher 5 nol ecul ar wei g™ pol ynmer. Such pol yners mayWe produced bz
pol ynerWoMREA8i n the nmanner described in the presence BFTAIS8UHER6Of a
chai n stopper or bisphenol as described in the prior art. Al so included
are PPE containing other substituents grafted onto 4$he polynmer. These
pol yners 'are described in the patent literature arfd may be prepared 10 by
grafti.ng such other substituents onto the pol yphenyl ene ether in a known
manner. Included are PPE grafted MALR leyneric resins such as
polystyrene, polybutadi ene, or othe Bi yl containing polyners. In a one
enbodi nent, at |east sonme of the PPElis a "functionalized PPE. " ‘
Functional i zed PPE refers to PPR?% hatR«dont ai n speci es such as acid,
anhydri de, 15 am ne, imde, epox xazol i ne, orthoester, hydroxyl,
phosphat e, phosphonate, and the the final blend, the
functionalized PPE nay be referr "conpatibilized PPE'" because of
the resultant inproved conpati bi between the PPE and the other
conponents. Accordingly, approp PateCfunc;ionaIized PPE are those which
- may affect the conpatibility of the PPE wi t BTt he vari ous conponents of 20
the blend (e.g., the PPE and the thernosetting resin). Conpatibility is
meant to include the stabilizati(®¥p of gross phase separation between the
components of the blend. Indicators of inproved conpatibilization include,
for exanple; reduced |am nation tendency, increased ductility and inproved
phase norphol ogy stabilizatjion. #+t is throughythg effect of inproving the
conpatibility of the blend 25 cor detlerm nes, in part, the i
desi rabl e physical propertigs of . b Wy to prepare appropriate
functionalized PPEis to alljow tHe P ct With at | east one conpound
having both (i) a carbon-garibon doubfe b | a _|carbon-carbon triple.
bond and (ii) at |east one dpeci € b ddnsi sting of carboxylic
acids, acid anhydrides, acid am ¢ m ngs, hydroxyls and 30
carboxylic acid amonium saljts. T 5 arle sonetines referred to
as Il 4 Augus i 20 PCTIUYSOO 27 25358 O

n

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



~-functionalizers. Illu ative conpounds used to onplish,t
functionalization of ne PPE ingFude mal ei ¢ anhyN |gg 4Am§u$2w04

mal €i m Q0L as N- phenyl nal ei m de and 1, 4- phenyl ene- l:ﬁQéFfU800127496

,ethyl ene-," -bismal ei mide, maleic hydrazide, nethylnadic anhydride, fatty
oils (e.g., soybean oil, tong oil, linseed oil, 5 sesane oil), unsaturated
carboxylic acids such as acrylic, crotonic, nethacrylic acid and oleic
acid, unsaturated al cohols such as allyl al cohol afd crotyl al cehol and

unsat ur at b AE i pfpefod o Aghit B %ﬂkﬁ#@%&@ﬁrx‘gﬁ%ﬁ@éﬁ% o
tri-n-but ydolyempenes s wolaatsupl PRI ewhioh cowpl E aighits §@éh quaﬂ%ﬁlécd‘iaf

preparing useful functionali zed PPE are_descri 10 Pat.
4, 315, 086, Waightamlweebongies, quiguws.dpterogyeles ﬁnéf(émalﬁclmdpmwlonenel n by

Tt ence i ABTYiACH Py MR LREbHOT PR ASH RNl Loty

speci®s, aheleculkmwwghapolpmmp Shctbpd;lymrs&nw bé prodided s/ pcﬂﬁhénzambﬁ in fHer

exanpl e, the aI| 15 pol ycar lic acids, and acid esters represented
by the foerﬂF‘&f Lﬂfm éﬁemr @%{' thoeg SpRPerOf Pisphenolah R is a

| i near or &g&lﬂféﬁ A it PHd? al.tsaturat ed aliphatic hydrocarbon of from2 to 20,
preferably 2 to 10, carbon atonms; Rl is selected fromthe group consisting
of hydrogen or an alkyl, aryl, or carbonyl dioxy group of I to 10,
preferably | to 6, 2blsoiaskd m&BPébwammgcptherS@hﬁmtamﬁcd omfotthe hydr ogen
bei ng esp y t ct ed fromthe
group congﬁ)!“%}hér TH%'% ﬁ%%&g&t}%%b%gllwq% ﬂa?&?a?%r%@lﬁ ??rgﬁ?rfdto 20
caljbih at chyegrpﬁmgeudbbweﬁ mlammcﬁt@oﬁﬁ thapdﬂgpha:tywm,eﬁﬁamm:ﬂmnﬁﬂﬂerﬂ Vis

I ndependently selected fromt roup cqQnsi sfing essentiall hydr ogen
or an alk Pclﬁﬂeda%ryﬁ’ Erméecg]w pofimeric gestes S“;SL@F BPIQ(BW“FrB?W%/“‘{‘@e@, Ofpst 25
pr ef er abl %tﬂertv% ‘""’ﬁ‘ar"?ﬁw}‘%ﬁ mis equal to 1 and (n+s) is greater than

or equal to 2, “prefe equal to 2 or 3, and n and s are each greater
than or requal to zero; and wherein (ORI) is alpha or beta to a carbonyl
group and at | east tlmcmare pedimentcal tm@@b&?&l’:@sjaﬁﬁmzuomhaectar bon

atons. Oby s annot espective
substit uen i:'y cnorslalfﬁg? Péﬂ g[e}so%n%ﬁh ¥sg onjtaip s % s/E{U ag?m%y %\255?@1/ 25358
PCT/ USOO_l%ﬁAﬂﬁ 1m1de, epoxy, oxazoline, orthoester, hydroxyl, phosphate, phosphonate, and

the like. In the final bilend, the functionalized PPE may be referred to as

3

“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



u lllustrative of suitable polycarboxylic acids are citri 04%} ,l,m;l/l c N
acid, and agaricic aci C‘I ncl udi ng the vari ous corrmci al 7 OmE ‘thereof, -
such as, for exanple, t anhydrous and hydrated a®®s. Illustrative acid

est er swef2Bstherein include, for exanple, acetyl citraRCI/HEPATE¥o- and/ or
distearyl citrates and the like. 5 Suitable acid am des useful herein

i ncl ude, for exanple, N, N -diethyl -citric acid am.e; N, N -dipropyl citric
acid am de; N-phenyl citric acid ami de; N-dodecyl €itric acid-&m de;

N, N - di dodecyl citric acid am de and N-dodecyl malic acid am de.

Trrthat ! Rindtonkibfers. PREHRICAENAAE RN St off Brttigpuiizaionor © O |°°
f unct i onalthe PP irctudeahdles adRydrie, Réndrituitil, nfaldimNesRat s. 4,315, 086,
4,755,566, 4,873,286 and 5, 000, 807, all of  whi s Sch po S porated herein

by ref er ebenylmaicimidsand 1 gfphanylenpbicemethylanenetismateimidenataleic ng agent s t hat

I [ : et | [ t he PPE..is that . .whigh..i
sut 1 ot engd d2idtDRERRIRH: Shkyddhe MBS €F. bk b ik Ml i8S Blonent s i n
t he dorrgpisgsahm_rnil),ié‘mdsmumtéqm{equyliﬁtadidls@u@tﬁﬁgharﬁmb@ﬁd@ﬁﬁ%@ﬁﬁw@ﬁaﬁed
conpatibility, incl.ude resistance to |ami pation, inprove si ca

op nd élr?bc %F“gt“&ﬁqqnia?\gcﬁ? brgelp g3 2lbd aigospl Mg'ﬁﬂ}’éﬁ@‘)ﬁ%léwonent phases

propertie&
under St abigatdthici AiAARAEn SO Snd kiall HRAVEE JrAkaGERG 4ads Can
occur between sone of the conponents of the conposition, Tor exanple

bet ween t Rech Fpgethyldmmbeniumhdumasatt andiigi-n-betylaramdhiom fusaseenExdsples of
functionaljzed F' E and the 20 ther ting resj These reactions are

el eved PuH Splalts R S erpaling brren Sunosbalien! dhe apehSoteais B he”
bl ert@. Anpef. tNos!4,YE5,088)UIMs 5366 il ABEB/PITTHIHOAE theotputaicidRadih ByNg. agent Sf?;a)
based on the anmount of the PPE, is generally up to about 8% Dby weight, ant
is. prefefd®iePe%r om about 0. 05% to about 4% by wei ght. Jthe nost.

preferred enbodi nents, the amount of the functionalizing agent-is in the
range of 25 about O 2 09 | G unt of the -
PPE. The act ual am%gté%ﬁﬁ?gggyh\%}l?f{ %Q}éaseg@gg%teaﬁg#gﬁg? ﬁg u%rg@agg?‘ar wei ght
of the fuptpaongan apprgpringe fitnctiondlized BREechiddd tiry this gloup @fepécies, slseci es per

nol ecul e pf -functionali.zing ent, the type of thernosetting resin
enpl oyed, E‘P?%“E‘?%%‘?ﬁ k‘f%ﬁ&%’éﬁﬂﬁ“%%fﬁﬁﬁéjg ‘PE‘?’é'%ee%fEhat‘ﬁnd the degree .
of agnpat plytarbixylitacidssardafid effers PeprB@niedhy! th€ BIFRRH tien. One of 30

[~

ordinary skill in the art will be able to déterm ne an ‘appropriate | evel
. Wi thout undue experinmentation. 13 4 Aulgust 2004
(RIO),R(COORIT) (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



“WO 01/ 25358 PCTI USOO 96' Anot her useful net howr Pr epard RYsesho4.
appropriate functiona ed PPE involves allow ng"he PPE to react with a
conpounW(nnnszﬂsni ng an acyl functional group and one of PCRAIS40/8T486rent i oned
»Species or a species capable of being transfornmed into one of these
species. Non-limti ng exanpl es include chlorofornyl 5 succinic anhydride,
chl or oet'hanoyl succinic anhydride, trinellitic anhy;drl de acid chloride,

1- acet oxy-acetyl - 3, 4- dlben20|c acid anhydride, and terephthalic™acid acid

chl ori.de. Additional nd . net.hod pr.e uc unctional i zed
PPE can be found i nm% %’ ‘isa‘{ S“'f@gepﬂly%soxﬁﬁlf aﬁh(g%ﬂe %‘i'f%‘éé éé?c"r?‘ f whi ch
is 'nCOfp%ﬂ@@nbﬁra@dnlncMM|$&€&%% cOM@faDr@ﬂﬁ%er%E%ﬂ%h%gs for

preparing a functionalized may be 10 used alone or in conbination with

“one anot hegxampig thﬂ@ha(ﬂ@llﬁypd bﬂimydpﬁlé{%{ﬂéﬂrﬂwetaﬁ@ egteoswseblibgetin ve coupl i ng

of at X und.. .Particularly
. useful an?i]%lrugg m@ﬁ&f’a@%&ﬁ&tﬂ%ﬁ%ﬁﬁﬂ%é@%ﬁa E{eﬁ?@% c?gdéi?a{ 6 xyl enol
(wher &i n eSyitablg ac1d Smides hséﬁll&m?elﬁﬂﬁ:ﬂhd@Zfdr&xhﬁﬁfepﬂﬁﬂ\)dlaﬂwbﬁtﬂ@@cﬂdt he pol ymer
may be charagcterized as a .15 poly (2, _pq]gmst h%\lga@i phenyl ene et her), and

2,3, 6- t r i iEENg) NN rdipropyheiinds acidamuleN-phspdl ¢ aypile; WFC)ér%F“tche ot her
Q2 is hydrwmldclﬂr@d&kﬁaa&s}l citdtesgd mi&rdnalw.ds lﬁﬁléglfoiﬁcat 15' zed with a

chai n stopper such as 2, 4,6 trinethyl phenol. A va |ety 0 yst systens
are known mvames pﬁthpéoragomg]pdwcarpoxﬂwmr@ﬂaemelsesm@bbefnyue:xudzhbl ve

coupl i ng. re | ticular Jimtat 20..cat aI t choi ce and
ooy of " ne R o T e Rt nvetlicH, ExgBoleR ol SePe fneacEe YolipySd oy ai - a
| eastoone daadeoirel alU.SOPRONGS 453GI08654,755,566,64,87 I ERWAIES 00MLIT N rt
conppound, .usual l'y in conbi nation with various other materials. A first

class of pvhicharedacerperataddieraiy by sefsredemsi sts of those containing a copper
conpound. Such catal ysts are disclosed, for exanple, in US. Pat. Nos. 25

3, 306, 874, 3, 306, 875rheaargg,ﬂ,tg§§,e%gyélmgﬁ ?fan&?ﬁl(hﬁﬁgcg?ﬁ@h%e bromi de or

conbi nati ons of cuprous or cupric 1ons,
i odi de) i a'nemmwbtoatppﬂopaaitel}ofumctxmaimethe(ﬁ’tFailsyhat veyeh sreefiiienitae mpyveanganese

COMPOUNS RSk ben SR BB B Shein DGl Kl 7
15 discussed, indications of improved compatibility include resistance to lamination,
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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. _ L
or phenoxi de. Mst oftgme the nanganese is present a corrpgex wth one

or nore conpl exi ng and/ chel ati ng agents such as al kyl am nes, -

al kanowaressss al kyl enedi anmi nes, o hydroxyaronatic al dehBEBYSORTHB6Ar oxyazo
conpounds, c-hydroxyoxines 5 (nmononeric and pol yneric), o-hydroxyaryl

oxi nmes and, -diketones. Also useful- are known cobag}t-containing catalyst
systenms. Suitabl e manganese and cobal t-containing “catal yst systens for

- pol yphenyl ene ether preparation are known in the art by reason of -

di scl osure in nuner at ent ublications. It will be apparent to
those skilled in th(%ylé - P?egﬁf 'P?‘u“gg? g?fevggqqﬁglga%ppmgateﬁnﬁma@m enpl at ed
for use i RPEligvolvesatiowingthe PPEAD redie Widles nhpdufi@ BnRIBSERT hey known and

t hose under devel opnent , for exanple, General Electric npany,

i rrespect fupstignal gegupandoms of thesafprementianed spiceies of a spreidsicapable hEbeingl

features. LT p .4 pventiaqn he PPE co sition
(includ ntgrEﬁa!;Ezm gﬁ@ﬁ @%ﬁ%ﬁéﬁ%ﬁq%i@ﬁg%?“%@igg‘@ﬁ%ﬁi’%ﬂgb ght of,
we esuca mieianhydfide rdllca 3 c 3 otiyn S@iydadedéidl, an
about 22 qOO que referggl y _get ween _about 2,100 and about _211, 000, and
most pr ef EHABS; 1-35 dhetbedrdibenysrr aghydrde jandgersphihaligacidagidned by Gel

Per meat i oghlofi, QERIRHE PRGN mé@&?ﬂﬁl@?@gﬁ?néﬁﬂm%{gﬁgt&fﬁPég 0 by Pe

enpl oyed herein (for exanple, PPE w ar wel g ow abou
12, 000) afoundén UrSeRdt. Nosad,600,38] end4,642,368,each of whighris dhootpsorated heesient . | n

navi ng o pLiserd SRaE i P o rfpadte s Bngonalfeed BBmay be ¥

15, 000- 254420 QionSWe kn ESBPiARESH With @he andthivy, Mol ecul ar PPE conposi tion can be:
acconpl i shed by reacting the PPE with an oxidi zi ng agent such as a peroxid
"or a quinone with gor without a phenol (including bisphenols). Another

procedure is to 25 oWt BPRasg %Waﬁﬁpéf@éﬁérbmFbmePE v seundmgwé at oupl i ng

as descri ; | . : [_average
nol ecul arleﬁ i°§ﬁt9 e{ﬁﬂjgﬂdlgg gmﬁlsg%@ti ié%,ﬁmg{r“é% g@éﬁ%ﬁ?gémg llﬂieégﬁ' i f“s’%l ation
net hod. Heedileavailable manobdloayanouiatic ebmpoundsi ayh 2,6rademd (whereirpédchi@l |y be
functionalized. w th er oxi,de o eroxi de and-a phenol to achi eve even

| ower nnlléglﬁ%&'rl aﬁéﬁfﬁ’t(ﬁ ‘§8‘y¢ﬁ’ Bf'i TDRR the p y‘F‘ﬁ’é‘%ﬁg F shamagigizetas®act i on
dests i becpdip (E6-dihéthyH18-phenyleh®dthen3afi 2,3,6-trimethylphenol (wherein each Q'

and one Q° are methyi and the other Q? is hydrogen). In addition, these materials can

e PCT/ USOQY 27496 manganese i s conbined with such anions as4b@% '&920_03' koxi de .

L]

=T

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 )
200 catalyst choice and any of the known catalysts can be used. For the most part, they ' )
contain at least one heavy metal compound such as a copper, mméﬁnese 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



‘those exenplified by nula (1) ALX)n (I1T1) ugust ZQ%gust 2004
PCTNS00/ 27496 \Wherein Is any aromatic, aliphat", m xed:

al i phatwo-anrsssst i ¢ hydrocarbons, heterocycl es or derivaPCV&iSoBI74%he | i ke,
X is a hydroxy residue and n is any integer 5 from1l to about 200 and,
preferably, froml to about 5. As previously stated, the PPE nunber average
nol ecul ar weight (M1) rmay be reduced by reacting the PPE directly with a

£

peroxide or with a peroxide and a phenol. In general, any pero¥Xide would
be useful | H8sd Lnyv:ant i on _an | i ncl.ude .t hose descri bed by
the foll owh"ralﬁé %%ﬁénﬁﬁgﬁﬁﬁw%ﬁﬁéuﬁpmﬁnggs%{d% ﬂjfz‘”ﬁ‘ﬂ%"ﬁm@?‘ﬁci‘ﬁ%d A3 are

any al i phabften, dsynanguneseit bresart b a@ompRx wittde orthor€icsffplexing and/or
_aliphatic- regqrmt i ¢ hydrocarhon, hydrogen or inorganic ester Toiety or
deri vat i veSieANgagents speh asdjglkylamings, %@M@g& alertemediamings e- i nvent i on
i ncl ude wi 1] jan: i_acyl peroxide uch as di benzoyl
. per oxi de, Wﬁﬁé@%‘{ﬁﬂy’%’gﬁ%’ﬁ %%y&%’&gﬁpwé&t(ﬁ%y AYPEEEBst i tut ed
deri vat i ve@nombimeicrand m@mﬂoqte)-}éﬁﬁemkymﬁﬁ@y&ndgeawoqe& ASCh3eRy| are
I P

cycl ohexyl sul f onyl . peroxi de or ht hal oyl peroxi de. 2) Peroxydi carbonates
such as di CEMA i%%s&?&%ﬁ%%ﬁwsyma)slp@b angapeseand isobalt-pentiisingoi ¢

acid, 3-chi {1008\ 86m2 %) X s ddhdrh NERZ ' Qt her
substituted dggr%i gat i ves&gwpg?)gé%ezéglﬂ% pg‘%?%'}, [z)ag‘!r: %(%%gﬁhgmpbé’r%w&%panoi c
aci d, per odsdlosusevi numeroul patentpandyubdicationsaci d,  per oxydodecanoi ¢ aci d,

di peroxyglutaric acid, diperoxyadipic acid, diperoxyoctanedioic acid,

di per oxynonanedi oi ¢ Aci. di per ecanedi ol c,aci 25 di per oxydodecandi oi ¢
aci d, nonoper oxypht hgl“f!@ bﬁ@?&“‘ﬁ@ -?Qlﬂggc?l%%‘e Pﬁg?%%?for%!%‘héﬁ}éﬁ as
per okysul fRRE coremplatedeorusech 1Y fresentindehtibn LA ¥R AR PRIk Pidm 16 WO

01/ 25358 p ori.c acid and their_corresponding salt’s. 4 Augus~

er.oxydi phosph r
2,--. () ra“dpﬁémewséw %}'&b’ewyt 6 foperampli Gene@l ElectiosCerpanyas t - but yi
per f or mat Grredpebtibe/ bf ViHaR6h! Mlstructuidl hid or ancillary chemical features,

For the purposes of the present invention, the PPE composition

(including any functionalized PPE) has a number aver_agc molecular weight of

15 between about 500 and about 28,000, preferably between about 1,500 and.aﬁout '
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 beloﬁv about 12,000) are not readily available as

20 commercial products at present. In one procedure, low molecular weight PPE are
preparéd from PPE typically having a number average molecular w;:ight in the range
of about 15,000-25,000. Such preparation of a low molecular PPE compo:sition 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 |



per oxyi sobutyrate, t-butyl perbenzoate, cunyl perbenzoate,ﬂmguﬂﬁﬁm _
per oxynonanoat e, t-but yltqonoperoxymal eat e, t-butylﬂnoperox pht hal ate, di
5 t-butyl diperoxyadipa , 2,5-di methyl -2, 5-bis(be yl per oxy) hexane.
These p&@xissE8s may be used al one or in conbination witP@EUMLAHINEt t he
presence of a catalyst to i nduce deconposition of the peroxide and increase
the rate of radical production. OQ-her oxidizing agents known in the art

i ncl udi ng qui nones such as 2,2',6,6"-tetranet hyl di‘fphenoqui none=tTVDQ nay
~also he used in the 10 presence or absence of a phenol. The at |east one

t her noset tthégdggﬁlbﬂﬁg@_bfpgwgg[ i)p conpositions of the present invention
i n anounts between about 99% a é about 30% by wei ght based of the

conbi ned wei ght of thernosetting resin and pol yphenyl ene ether. The at

| east one pol yphenyl ene etherplxXjpresgy is anounts between about 1% and

about 70% and 15 preferably between about 5% and about 30% by wei ght based

of the conbi ned weight of thernosetting resin and pol yphenyl ene ether. Any
of the corWhereinohhis any dicmatiesalipimtibanixad aplaticarohytic Battotdibbigse  powder
coating c ositjons. Such agght 'hﬁéesjsl nc] ude, but are nat limted to,
fillers, ?‘(3 5‘?°tyi°L3(§I°5p1"§/"a§’ivF§ & kg X, 15 BYdroxy fesidup apd n ippsinteserer s, 1 ow
addi t5 ves fradl ito Bbait 200 nd Grere@BlyS froaii ikt §. agents, anti oxi dants,

hi ndered amine |ight stabilizers™and ultraviolet 1ight absorbers. A powder
coating conponent of a conposition of the invention may be free from added
col ori ng agents, butASEHPHSY s@indathed Paaurpher auerage mobecadprweaight(Mmynent s or

o anbt | ng "y o By R (PPEE Bk R e ile or iy A0 o

pronoting agent, a plastici I zer, exa -
agai nst Uph@®ldageneial,iany peraniderwould bs asefal iagbdinstafittiefSolDaRZRbEd a )
filler, or t r re.sych additives_nmay be present in the coating
“conposi ti &fﬁ‘\{%ﬁﬂsﬁl §°r8?°%l§1yg‘ﬁ%%l _ Wgwm‘é&ﬁl‘gé used are inorgani c pigments
such as zinc oxide, zinc sulfide, l|ithopone, titaniumdioxide, black iron

oxi d@, red iron oxide, yel ImAI_'U’_a@.QAFde,(IQA')r one pignents, antinony white,
red | ead, cadmiumyellow, bariumsulfate-, I'ead sulfate, 17 O WD 01/ 25358 4
Aug. s d' 2064 PCTLUSOQ, 27496 ' barium carbonate” white |ead, alumna white,

and car bofYhETeHb R’ anhd aveqayiabiphatipasit, gromaticacybgropipralkydanpméxedazo pi gment s,

pol yco ”degﬁﬁhkiggr&ﬁﬁi@ﬁm%n, 5 é3bet O Rbfitinic 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 cyclohckylsulfonyi 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

o



*‘azo pignents, benzim g.“ce)l one pignments, phthal o%ne pi gm@%gs.:.(fpghge,
green), thioindigo pi nts, anthraqui none pig , flavanthirone

pi gment syvoipnessss hr ene  pi gnents, ant hrapyri di ne pi gnent s, PEE/UARAT4%ne
Jpignents, isoindolinone pignents, perylene pignents, quinacridone

pi gnents, isodi benzant hrone pignents, triphendi oxane pignents, perinone
pignents, quinacridone pignents, vat dye pignents @and |akes of acid, basic
and nordant dyestuffs. Dyes can be used instead of * or as well -&§ pignents.

10 A pi grment  copdrexyidigtos !ﬁﬁﬁaﬁ:hﬁﬁd&ﬁﬂ%oﬁ@ﬁ% f erabl y between about
0% and about SSIgforby \A‘/Set{g t of the total co lgds}?%?%ﬁ may be used. Usually,

when a pignent is present, a pignment content of about 25-30%is used,
_al though in t het)esexysarbguylic estirosuchas &bty pecfornese, dtitusylipethceiatd) t-bags t han

about 10% by ' . ' nt.. er propriate, a filler nay be used to
assi st opacity a%%hgﬁ?ﬂ@gﬂgb&?ﬂs”me@%ﬁw%ﬁ PHApALE - B‘iyial ly conprise
bet ween about (Sdraytiondrmate, 8Byl pordfRiGBmAaléatd, @-bablmadperRyShiRAIBlC4RD! ¥
betvveerg about 1g‘:®n about._ 20% b \zveltght based on total coating
conposi’ti on wei fgfAy dinges; %é‘éj“{}? yhd Spigbennoylpevasydbexanemy be
‘produced by conventional nethods known to those skilled in the art and

general ly conprise 20—[1;195;3@3{;3,&@45%@9 &Oﬁg@{iﬁigﬁ‘? ogﬁ%gﬁg?@%{aﬁ{ﬁ%; Wtixettt i ng

resin and at |east one poly(phenyl'ene eth any gl yst
or curing ahemresensanii eajalyshte indute degompgsition of teqrerajdagmhincreatethge

control age . I Klves, . Jypi cal t he conbined, conponents may
be subj ect efc}ﬁ? %ﬁﬁggﬁ ‘!’r}é‘[’“‘%’é t'lt).ﬁ'(fr %‘8‘ 3EEP W‘t‘ﬁéh mcqux%q RetS¥der or
ot her i xi nghoties 22,6, Glrerandthgidiphegodultoné TFRMIBY) a9 dUbibeliBed APMENY, 25

gr iy ndi Bg and cl assification.. The powder coating conpositions of the present
i nventiPon nBEFSEge opabeBsRAf aRftenebat i ng substrates by conventional methods.
Such met hods conventionally include electrostatic coating processes and

fI1ui dized bed coati NoTnoRAERPaRSHERS AR} aRBRyARH QRIS PREheat ed
g conposition

prior to application of a powder 30 coatin np n 1o pronote utfi for m
and t hi ckerPIgesalmvenegrom amammis He8wihd (bouPFRS and aBow 3O BY 84ighP6adedsPO 27496

I n- one pr r . odi a process for formng.a coati on a -
substrate gﬁgrgrﬁ%“l%ggg%&h PEB"’E”@ %b‘%%‘iefifl&ﬂd(?f’{mml@‘%f IeRR roﬂﬂ‘f' Btnlﬁasé @BStrate
by an polyphenylene ether is present is amounts between about 1% and about 70% and

15 - 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 }ight 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-gassiﬂg 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



el ectrostatic spray coating process, and heating the appligg,compesition to .
nmelt and fuse the partles and cure the coating. q el ectrcfstatic spr ay
coating process nay be corona charging or tribo argi ng process. In
the caww® @f25368tri bo charging process, it is recomendedGIMEI00ZR®6 onder-
coating conposition should be one that has been fornulated especially for
such application, for exanple, by the use of suitahle polymers of which
the so-called "tribo-safe" grades are an exanple or by the-use of

addi ti.ves which can be introduced prior to extrusion in a nmanner known per
se. 10 | déahhm dartmnptey white fead) diemihiasivhitd) abd ofrbok BlACK;Sd REarli® pignspdrer ci al
el ectrostatic spray apparatus is between 10 and about 140 mcrons, with a
mean par tSHEl 2 E‘?fzeéaw ey BTUPIEMENIShPRly¢andensatign azs pigmeats, 18tat Somplaxons. | n

the el ectr, | BLAV: - Qat | n tigles are

el ect rostgtg;é@%&xjfegltséﬁargegﬁgﬁgﬁ€ﬁ@?@l?gﬁe{gkﬁg‘mec?’@%g{sggﬁ%58?)% to the
subst r at e thvhindigo igmants hanthraquinpposiginehts, flivangeche pipmene, induttirengcoat i ng

whi ch does.not adhere tq.the substrate can be recovered for re- use, so i
that Spowd SIETRSUL PRECRSING FUABAR S Ay THHRIODE PIEme ity SHIdoHeNeRIBRERIS. a5 non-

~ pol | ut i ng peRy1dR SRV, YuiRRtdonk 15 gReME Sk o B Y@ odRSigMERS, On the substrate
by the application of eat (the process of stoving), usually for a period
of from abephendioxanepigmentsOperinone pignimts quingenidonepigends tvahgpe at ure i n the

range of 0.4 0. about 220C. |t hquaoh te ratures d to 120C
may be us%ﬁ%ﬁbﬁ)&r}g&%@ iaﬁlg? g%sé%%% QPT%&&?S‘%E@V&% cd insts Wr}powoler

can be appl aedell 8s pighiengl € sweep. or in several passes. The thickness of :
the applied coating is | ess than or equal to about 200 25 m crons,
preferably | ess than about 100 m'?ronﬁ], ggée referably | ess than about 50§
m crdns, and nost prePSMEBRE sPnied of fass thanzbout 403 and pisiirablrbstwren enbodi ment

of the i nyBsii0NarkABut 50%_@%&%13( &fqgfHtﬁtc%ﬁmtppéiﬁoﬂh{r#ﬁy;de%ﬁe&ft%ﬁﬂyw th the

conposi tions of the inventiodn. Suitable substrates conprise’a netal, a
heat - st abMheph pigment ispresdns| a pigment captent of almut 25-36Paisiusedyralthough ine 19 WO

01/ 25358 4 Augus 004 - PCT/ US00/.27496 '. terial, A t ageously, .a
netal sub er°&f°e‘_"?§"‘fé ﬁéWp%aF@FS?nsﬁ%BﬁﬁWFgﬂwgﬁ ‘é%fh%‘%?“‘ﬁf“%y \9’8‘ bﬁ?ﬁll cation
~of the copipasnt.iWhereapgropfiate] £ fiflecby be ubddet8dst spacie M Minimize costs.

15 . Other additives typically comprise between about 0% and about 30%, preferably 5 to

c

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.

18



‘pretreatnent, for exage, wth iron phosphate, zgc phosphalg,Qropphr onat e.
Substrates ot her than tallic are in general pr at ed grior to

appl i caMiOii/25358are pretreated with a material that wil| P&STESEMEMS ost atic
,Spray application. Typical substrates include, but are not limted to,
metal s such as steel or alum num autonobiles, building material or
conposites. The function of coatings is typically pg:ot ective, bhut
appearance is also inportant, and the at |east one thernosettiffg resin and
ot her ingredients arey ; ' e rf ormance
.and appear ance char aglt1 gﬁé @??ﬁ%d Je%hb?g?ﬁ?g%%rée%gér/r%?g?&pﬁg gg?’g{llﬁ‘%ﬁrpﬁo

appear ance substratgeiompmiseiipplying a tbmposition efithe imtentigs to o sutistrate bydinf f er ent

.aesthetic fjnjishes, for exanple reduced gl qss and.textured finishes, may be
ot ovi ded. PN B SooHEE Pisten il heaHte A-APPHES QRGNS (9 BPLSWL: ab o
and 15 exfiseithe goadeyaat AR alidobfiNg. THe MddnBEadl §pray eﬁtﬁg?as&ssﬁﬁgc' cal or

» solvent ‘resistance and/or corrosjion resistance, as we good nechani cal
propePt i esa caroga chargmg fr &ribe eliagging processainithesase off atxibbichangyngprotess, it

resi stance;t ' ' : t kN tionJds,not in ant to
be lini tedlsbyccpﬁ"eglg%%dqﬁt 4’@‘%@?’&%‘%‘@%%%@%&@% o thd} i3 hecr

proper ti esfambtabespeaaliyfor shchiggphiestion, forrexhmplg by thd i@ ofetitdé ogy of the

cured 20 PPE-thernpsetting resin, conpositions. In particular, cured .

coatings -B Wf%??ﬁg“ﬁ’b@egﬂtfaaﬁgx??’?'égﬁn BFAfGT 8551 A FXAIRI 9,0 bYetheves of wo- phase

nor phol 0gy addifives i KieK @atrﬁbéalﬁﬁodﬁjdeaﬁﬂofﬁge)ﬁﬂ{sfthhﬁﬁnﬂﬁlePﬂﬁEMéclcﬁi continuous

nor phol ogy with irregular PPE domains and |arge 1rregular epoxy particles

Wit h &articl es of each phase within the other phase as observed by

trandfi ssi.on el ect r oleglly thequantine sizeN)jsiribption 2equired fbomosfyconimmercisbd depends

th 2s ent. [ | wei ght., intri [
TP ocos ty) el spisS ABRAARRs bl RO TE 2P USti 16 mit¥Eod it Simneatl, ' PPE” and
hi gher anopartisle afzeByEohandwithinghv eanpe-of @bt 13cTFsmiteems) i d@\elsdtiokRtit ow

nol ecul ar wei ght PP an%b#omer,armunts of PPE tend to give discrete PPE
di sper sed SHI3Y Progtssdhe poysercagiing pacticievare slsstinataicallyshatgediand e property,

Is typical &Bﬁ,r?ﬁ%ﬁrﬁ&eszé}c Qe 1) %rré;’s%iﬁsﬁ{te hfcrY ‘éz'ughed; or}oggggé@%ﬁgcﬂ 96 be

associ ated with co-continuous norphology. I'nproved fracture to ess is
al sol5 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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typical | y associ at ed wi th higher cure terrperatures and | ongey, Gur£-times. .
After application and c ng of the powder coating osi ti Of on t he

article, at |east one t oat |layer may be optional appl i ed over the
coat i nWOMy283s8 5 The topcoat can be, for exanple, a pol ysEES0BAd coat-i ng
cured with an am noplast resin, an acrylic polyner-based coating cured
with an am noplast resin, a mxed -resinous bl end 05» an acrylic polymer and
pol yester containing coating cured with an ami noplast resin. THé topcoat
may be sol vent - based, water-based or another powder coating. The topcoat
layer ey dhfterial CANVBSgBuIPHrhOS! SARIEH OenficAf) QIR hicky BieEN! o
basecoat. over which is deposited a transparent ear coar |nvent|on
is illust paoetp applicetion dfdhe cmnpasitivon abd is prefecabdy subjecrad to dhieandaenol -

( BPA) - bas Leth PON 8 Sin bt ai ned from Shel I

Chemi cal Ejerf'geaan é/'ﬁ“é E"g’l Fon Bg%ﬁpg?ﬁy?‘éﬁmﬁ?ng“e(oﬁ MDEA curing’
agent) wasublitatésithe fthﬂfﬁhbﬁﬂ?caa@ﬂ{ it col l ected
15 on a GEUQE- 300 M—rlz NWVR sp ectrron%étﬂgr ll}gfhr?ate%m(}:o vﬁe:?ll?mg\%r %1 20

t et r anet hpreiepigdavithraympateniat @lﬁhw“ sid glestrostatic spraj/Rpplipationalypicat recorded on ~

provi ousl 3 Rge AR, RAES b kb S ARAL R Rl G BB o 27, o

6371 (1994§mn1dbllasgbuﬂﬂnﬁgmdtmdmrqmtﬁposhﬁsI (HAr) and head (Ar-CH) endgroup
concentrations were determ ned and absol ute nol ecul ar wei ghts cal cul at ed.

Gel Perneation ogr.a was rformed using a Waters Cel -
Per meat i on IChr onat oﬁawgﬁ}(ﬁé%%ﬁ)ﬁ ‘Wﬁﬁﬁﬁ&%@e&f&ﬁﬂaéﬂm‘l@% albo4, and
500 A col HﬂWantAnﬁQﬁé’ifﬂéasﬁ&lléJﬂ:bﬂﬂos@&Q%r@klﬁraﬁh'o&{%"r ERBLO A RiRlgy O 3% bY..,

ght) was injected and the polyner eluted fromtie co um usi ng a
chi dPof or A avtowsavide dhe desimechperiorainosanst appealance charddtarsticat Busf fot. 5 m | ni n:

El ution | I.n et ect or at ,254 nm_The col ums were

cal i brat 2%&"?%9‘58%‘? 2 é’aé’ﬁem cehg @af Q:fgeéﬁntycol écﬁng/ WBIOMS | ntrinsic
vi scosi t ydiffexgnt mmrceﬁrﬁm fop eaniysie tatuced ghss 2adtekfupdd fiaRRhaY, a9

sol utions_usi an Ubbel ohde vi sconet er. D| fferential scanning “calorinetry
(DSC) wasPi5 é‘l‘{‘ggr med using a TA Instrunents DSC2920 instrunment 30 cal i brated
usi ng an: |nd| um st andard. Sanples of .10-20 ng were anal yzed from 21 Wc)

01/25358 0 49 4 /- ~In relatidh to ggx%nnancc the coatings general!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
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*PCTI USOQ 27496 appr‘nmatel y 25-25 0C at a heat'.g rate gfs 106G/ mcn.
Transm ssion el ectron®n crographs (TEMs). were ai ned on speci nens
sect i on& sw/tshssa di anmond knife on an ultram crotone. Th@®CIAII0DRTH6 Wer e
,Stained using RuO4 vapor to enhance epoxy- PPE contrast. M crographs were
taken on a Philips CM 100 TEM operated at 100 5 KeV. Dynam c Mechani cal
Anal ysis (DMA) was performed using a Rheonetrics I;%ynam’ c Spectroneter
7700, Sanpl es havi ng approxi mate di nensions of 3.2°% 64 x 13 mfiwere

anal yzed fp : -1 ' f 2C.mn. Thermal, mechanical
anal ysi s _('P%&J\%gg&p‘gﬁﬁg?ﬁe l@ﬁngﬂ{f}kﬂ?’rﬂé f%ﬂ@ﬁf%&ﬂm “geq"ﬁﬁ S@hent .

Sanpl es appmypiedllyedsedoiatdd with highitr GbReitémpérataresRng loupet ¥ikefintdsom 25- 280 10 C
at a heating rate of 5 CUmn. K c neasurenents were performed in accordance
wi th ASTM E399. Sanpl gs appr, oxi matgly_3.2 X 64 x 13 mmin size were first
notched and then a sh%é%aEP’é‘@POME Firing ofitaeipqwdes caatingenmpasiting onbad t o

Fai lure wasndieleloiad ftloBtagét hiobd ioRaRPuBINS o9 YO BN AUlL test

instrument. Flexural Properties eter I'n accord th ASTM
D790. 3Di el déetopsop apet fos sxariple)vepalyestasasaticaating qured ASTH\DAnoPRst Four

"PPE resins yarying kn. intrinsic,viscosity from0..12 to 0..40 du wer e
eval uat ed ir.ens?néégfgry:llgﬁoﬁ!_r%eéhaa?%?% %8%%&'%38@?1“%&13%8%%1 ble 1, the
hydroxyl epggous plendgan hérarli'b polyaier i@ pbifester doffiifig €6&TRANLEH WithAn

i ncreasing nol ecul ar wei %’t and intrinsic viscosity. TL.e | ower nol ecul ar
wei ght 0. 19miplast resin dhe fppopat massbasolvantbasedwater-basedros atether powder

nrinei o e THERPkBR ierthedle 4 obalite bdding oftiBb R ORI o cadi 'y wi ¢
| Vi ug0t o Qpizenitmy KaSera@Cover @hicinid depesited @ tmnsyacent af tlejir c@nst ant . 25 TABLE
| PPE dePPO 857A PPO 857B PPO 630 PPO 640 resinresinresinresin Property:
Intrinsic Viscosity Q'h% %Rfegiégﬂ %QHuéh'gited 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 solutions using an Ubbelohde viscometer. Differential scanning |

calorimetry (DSC) was performed using a TA Instruments DSC2920 instrument
30 calibrated using an indium standard. Samples of 10-20 mg were analyzed from
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dl / Hydroxyl endgroup 464. 6366.5208. 0 120.3 Concentration gl L-ims 20 | ’
nol ) 2, 1973, 1149, 21915, 33@m 22 WO 01/25358 a 4 August 04 PCT/ USOO/27496

nol 7, 8 23, 96939, 3.583.532.602.58 Tg (DSC 8.0212.0
EXAI\/PLE?‘?UZQ?;% PPE/ Epoxy resin bl ends were fornul at ed Wgt 4%lgssol vi-ng
PPE into 5 EPON 828 resin at 220-260 C. The solution was then cooled to
180C and MDEA was added with vigorous stirring. As 4he curing agent

di ssol ved the solution cooled to approxinately 150C. The fornitated resin
was then resin transfer nolded using a Radius Engineering Fl owwareT " RTM
2100 mpmmptesy&i-éwqm treaingmtewef H°Cimar TramnAssidieladtdn Net er (mm x 203

nun | ting,part machi ned 10 into-appropriate test

: dth
speC| r@WEOgml% é.gﬁsgmgl?t{;’gg BRBPGiImERs sectioned with @ diamond kngfe opar t s by
. Wei ghtan yl@ithRrétofR0The REARRE WefSstBiped \ﬁ}gﬁgg%%ﬁg& I\@E@eﬁr gnds from Table.2.

TABLE 2. Exanpl eProcess 0.12 1V0.15
Condi tHE@hepngmast. %i(omgranlxso»ere Eded 50 Q. mlmloom%&a&a a8A80- - - 56. 6023. 40

A30- k- ﬁﬁ%mxé%decﬁ‘ 1ca1 a]y51 2&)@3) was performed using a Rheometrics ' )

Dynamic Spectrometer 7700. Samples ha_vmg approxlmatc dimensions of 3.2 x 64 x

&

13 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

H

‘..

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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EXAMPLES 1-11

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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415 |V - PPE 520171/ 204D0. 76(0. 09) 535. 5 30. 3 630155/ 205CC |1, 02.0x24- 0.30°

N PPS 720152/213CCl 1.56431.1 (8.0) 0.05 8 (cured J#571223CCi'1.76 -
ured 20157/ 225Cc

2300. PPE 920155/717C1.10 545.7 (24.2) 0.07 C

1. 81%0§€6%805) 1020( Di sp) 168/ 218CC2134 - (0.04) (St aﬁ’&é’(‘&?“&’é@“ﬁ'&tions :
gi ven in parentheses) 'Mrphol ogy: H=Honogeneous; D=PPE di spersed phase; C= "
co-continuous; 5 CC 1=conplex concontinuous (irregular PPE domains, |arge

irregul ar. epoxy particles; particles of each phas€ within the“5ther
P2=PPE conti nuous with PPE particles dispersed

phase); P 1=PPE conti nuous;
in thdABREBx. The norphol ogy of cured PPEI EPON 828f MDEA bl ends was
PPE Tg Flexural
Amount - (Tan & Kie Modulus
Example (%) maxima) Morphology' | MPa-m'? kpsi
0121V
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)
0151V
PPE
‘ 5 20 171/204 D 0.76(0.09) | 535.5(30.3)
6 30 155/205 .CCI 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)

(Standard deviations giveh in parentheses)

‘Morphology: H=Homogeneous; D=PPE dispersed phase; C=co-co:{tinuous;

5 CC l_=complex concontinuous (irregular PPE domains, large irregul..; epoxy .
particles; particles of each phase within the other phase), P1=PPE continuous;
P2=PPE continuous with PPE particles dispersed in the matrix. )
The morphology of cured PPE/EPON 828/MDEA blends was
10 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
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‘10 det ermined fromtr m ssion el ectron m crogrﬁs (TEMs).A EUQS%O
m cr ographs show pha separ at ed nor phol ogies ¢ rising PPE-TI ?dark

r egi onsyoenssssoxy- rich domains (light regions). FigurePCTAIEI0R749ke :
Jgransm ssion electron mcrograph for the PPE/ EPON 828 / NMDEA conposition

of exanple 3 containing 0.121V.(intrinsic viscosity) PPE. The 0.12 |V PPE
cont ai ni ng exanpl e produced norphol-ogies in 24 4 ?ust 2004 10 WO 01/25358
PCTI USOQ' 27496 al which PPE-rich donains were dispersed in an effoxy-rich

mat ri X. Fi gikich PPBReNSdohiién RERp I PPE /
EPON 828 / NMDEA COITD%I?I ti Ons%%r@ exaééagpgﬁiﬁ?ﬂlrﬁétﬁ&ogwgﬁééﬁﬁe 0. 30

| V PPE contransmisgjor sleetporemincogroph fut tbc PREAEPORN &Zﬂ/ddiﬂﬂm vompositiopbp| ogy

_ (designated CC IF ins of P and
“large epoxfixW%lﬁb chPfIB?%Q 3&/&?% iglslqti(ﬁ%%ﬁ ﬁ°rg§‘BH‘goefxamtﬂl|"e§’51‘§\Riﬁri‘)has es
particl es epmplee ceicbminm@ﬁﬁ) @%ﬂd@g 8€C01Yin WhithefongaflRanecliae

. transm ssign el ectron mcrograph PPE / EPON 828 VDEA conposition

T of exanpl domaigsgf BPRirich apd kuge wwmcmwgclewmmemhmmm@aahpm

i sper sed TR EHaSpa oM BRRF Yk LRSS bseRred Bt i Ll

wei ght on treminmsfieraelectron mizuggragts for ¢hé BI)E/EE’ON]&MV M@H?\ gumposit:oﬁef bI ends
cured at 150C (,1.hour 2 9 %’PR—ZO 5) t he Ki |ncreased

ron- | i near PPARIGCSBIRERAHY RER: ThE complepities AR 0.30 IV

PPE. Unexpgag %ﬂwmgy iAwHitegoRY IridhSabtictesSy O iunWoRhly di§perdel wilsihgased to 0.40
IV 15 the K1 al’ue decreased to '1.10 MPa-nlR These results were thought

to_bd0a reeticuleteddPEaphastie domi nating effects of norphol ogy at the higher
mof ecul ar wei ghts (0.30-0.40 1V). The effects of norphol ogy were further

el uci dat ed- by conpari I I 0 50C (1
hour), 200C (2 hours?ﬂ‘?%gg:tgrﬁgg%ngﬁgﬁag@WgBmga&ﬁbggss | e cured
at 230C ( 3ishhows in FipupevhlFor blthds dlred aalwm:(llexoﬁgr 200°@ (2 1wies) theRper at ur e,
whi ch exhi bited a PPE conti nuous nor hoI og yi el ded a K1C val ue_of 1.10

MPa- iln, wWHaKeSHECeRed mpp-lisgagly from 0.6 Mita-o gWethe contrpide 4160 MPgrafated a
ol o e e gl it P B
15 the K. value decreased to 1.10 MPa-m”2 These results were thought tobe 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,
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mor phol ogi es indicates the inportance of these norphol ogi ea Augusttoaiyni ng
high 25 fracture tough s values. Figures 5 and 6 ow addition of PPO
857 to epoxy therm)sets‘roduces bl ends with signi ant n})roqu

di el ecWOW/2p¥8perties. The dielectric constants showed Pr?é'éwos‘) 214%ear
decreases with increasing PPE content. As expected, the dissipation factor :
of these blends also decreased with increasing PPEgontent. 25 S WO '
01125358 EXAMPLES 12-17 4 August 2004 PCTI US00/ 27 196 PPE- cont afii ng
conpositions were prepared with m xtures of epoxy resins and curing agent.
Both nul tifunctional and difunctional epoxy resins were 5 enployed. The
conposi t i GRAMPIES hgnrmal properties are shown in Table 4. The bl ends

provi de nelt fornmabl e conpositions having good thernmal properties. 26 C) s

N r4 WO 01/25358 0.0 4 Auauv_ 2002; PCT/USOQ 27496  COc1INNN v Uaa' - a-
N+--. {y 66 0C 06 PPE-containing: compositions were prepared with rixtures 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
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
substrate by an electrostatic process. The coated article exhibits improved adhesion of
c‘:oatihg 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
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

-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 -

polyphenylene ether.

EXAMPLE 21
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27 WO O EXAMPLE™18 0 4 August 2004 PCTI USCY 2749 ﬁ}] nyl ene
et her é((ﬁﬁ%?%\? 0.30 dug) is nelt-m xed at between abou?cﬁg‘g i gabout
«200C with EPON 828. After the PPE is well-m xed with the epoxy resin, a

t et raet hyl met hyl ene di aniline curing agent is (41 wt. % based on epoxy 5
resin) added and the composition is quickly cooled ‘?no room tenperature, and
the resulting solid_is cryoground to a powder having an averag& particle
size distribution of hpBlofRdNe abotmple 18 drepested except thatBONd178i th a nean

Pa oat ed (pBxRtestlnbitiac Mol iR FBECHAN ULl PN o BB &Bh Bl Gastedrne. -
»coat ed art amticke sxhitiits |1mprdva@adheetdmaﬁ leestingtochbstAtearlinfpgoded Falkdld at e,

i mproved crackin si sta nder thermal cycling, and less tendency to
soften at Iff W@F‘QP%{% %ﬁﬁﬁr’@a ¢ C‘t“ﬁ’o@éoﬁ%ﬁéﬁgh@sfﬁmnerawr@srt icle

» coat egl Wi t&brﬁpa@@dmﬁbﬁe'ﬁapéi‘ﬁés iR QAR e&tapmia%g{psaﬁog %X@NPLE 19

The procedure of exanple I's repeated except th Bate is
polyphenylene ether.
EXAMPLE 22

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

S

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.

29



15 used in place of alum num The coated article exhibits iypr dhesi on
of coating to substrate and inproved cracking resistance &%ﬁg\éf%eo?'ml
cycling, and |l ess tendency to soften at higher tenperatures conpared to
those properties in an article coated with a conposition not containing
pol yphenyl ene et her. EXAMPLE 20 20 The procedure of exanple 18 is repeated
except that (EAW438 (epoxyphenol novol ac avail able from Ciba) is used in
pl ace of EPON 828. The coated article exhibits inproved adhesi on of coating
to substrate .and inproved cracking resistance under thermal cycling, and
I ess tendency to softén at Avpgdar coatimpromposision comprising dt kastohese
properties jpn.an articl.e coated wWith .a conpositio t coptaining 25

pol yphenyl e n@?ﬁ?ﬁf'%%%&ﬁ&@é%?%%‘?wg%e% etheriu%eg m%‘“(m

PCTI USOQ' 274&fipdditéon, hes edietd cexbiibiuastiptex So-tontihapeametpkpspt t hat ECN
1173 (epoxycresol novol ac available from G ba) is used in place of EPON

828. The coated arti (il e exhibits inproved adhesion, of coating to substrate
and i nproved cracki ng“ resi £ RAWECT OGHRS EHTRPOSIO gy Whergthe s t endency

to soften aﬁeﬁh%ﬁiné@%?ﬁs%ﬁé&eﬁ%oﬁ%ﬁ? EShsidBink RPS b%nycﬁbﬁaﬁ in an

article coated wth™a conposition n arning- poly ene et her.
EXAVPLE 22 fbipesteraesivs hydwkyduactpinal palyesterrepins terylie pobymers,hat  ARALDI TE PT
810 (trigl yﬁi (g%l 1| so%:%/an#uate available from G ba) is used in place of EPON
828. The 107 ¢TURPRY™NFY ALY PBYVHFBM™ s i nproved adhesion of coating to

substrate and i nproved cracking resistance under thermal cycling, and | ess

tendency to- soften at 3hi gh@he pbedpescativg esmpesigoal &l 2 Maslicpfteperties in
an article coated with .a.cogposi tion.not .containing pol yphenyl ene ether.
Wil e typic HTHIEFESITLS Hatast PREFPEITEYBr t h for the purpose of

illustration, the foregoing descriptions and exanpl es should not be deened

to be a limitation on, t heThepBRAE coatify ERMBRIANLS REGOT $hABinthe ¥ifxyOUS
nodi fications, adaptations, and alternatives may occur to one skilléd in

the art wit¥esitis selpeted fram the gepvprasasisiing ef bisphenakAhsed digysidyleben;
I nvention.  enoxidized 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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29 4 August 2004 CLAIMS 1. A powder coating conposition conppgj %@t | east
one thernosetting resin and at |east one pol y(phenyl ene et her%iIg erein
the conposition, when cured, exhibits a conpl ex co-continuous norphol ogy.
2. The powder coating conposition of claim1 wherein the thernosetting
resin is selected fromthe group consisting, of carboxy-finctional

pol yester resins, 9hyd ?@ﬁ@%ﬁ%‘?ﬁr@n@fﬂp%@y@g?@w 8r'%§'ﬁ'ﬁi?(‘e§8|ﬁ| i ¢ polyners,

f | uor opol yner §henyigue atenhgs andafiingis vis@sity ph08sisolllers pes gamitnapodi®®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 CUfchrB@at%Q&ﬁHeratu?e ab{@h{wg}g pgﬁggn%w{"%eceg, osition of claimé®6

wherein the curing agent Is se € group consisting of a

pol yam ne type curing agent, an acid anhydride type curing agent, a

pol yphenol type clri ntheapgeder ¢oating campasitioroof plaimyimherieindite awredcat al yti ¢ curing
agent, a cat IcBrdoRitidhEkIMET FrioAAdlody Borfisking dﬁi'éd%eﬁﬁtfsbtrpﬁrﬁclé?ﬁﬂﬁgag%@ag\%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 $OontaHag Gﬁ@ﬂﬁ‘ém&%a@% havirganaveragsdiapetecof fesiihan 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 cofp Os‘!’r{elpg\ﬂde%oagrlg%'orrﬁ]po%itibnnof\(’:\(gilrn%hwhtepe% tl?eocluye_d
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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(phenyl ené ether) has an intrinsic viscosity of 0.12 decili tfﬁr!;gl ramto
about 0.30 deciliters per gramas neasured in chloroform zf't éﬁéol(% The
powder coating conposition of claim9 in which the conposition is cured at
a tenperature above the Tg of the pol y(phenyl ene ether). 12. The powder
coating conposition of claim1 wherein the cured conposition exhibits

mor phol ogy GRTEas sile bR GEdnRR MASEenPiRhs bk halRY aAGn@RsRUABEE ofegiTet er
of 100 to 1000 m cros ‘and conti'nuous pol y(phenyl ene ether) domal ris

cont ai ni ng dbae@3$ dbfgromasuredatt 35 Can chiwofognand avleasigae didnghgnt,ofhdreias
than 20 mcyons. 13, Th owder coati ng conposition of claim1l wherein
the cured tt %?m%ﬂeﬁ%m%eg Pg@dh%zﬁv%s BEPTERIEF SrEORATHIAKE BIOTBIOlABO to 1000

m crons contain poly- (phenylene ether) domains with average di aneter of

| ess than 20 mcrons. 144. N TaIcT ' &W {L laim 1 further
conprising at |east one o?ﬂgpﬁﬁer S, a5| %dcrgl%sa um %!a??lh?%i o %ﬁ%?g{n

pl asti ci zer syrifig agenhbdnethyless bia®,6-distindkiilme)agent s, antistatic agents,

anti oxi dants, hindered amne light stabilizers, ultraviolet [|ight

absorbers, coloring agents,, pi . an . 15. A _.powder .coatin
conposition conprisi ngs‘at ﬁe@i@%ﬁé@%&gw%glgﬁcg@@%ﬁ%\é@ew8’&? ?H?é(?gr oup
consi sti ng ofsidias Hasn@le-pdlaBedintbtigeli-phengldne kther Bpmii iz @ttinsic

phenol - f or mal dehyde, novol aé:é epoxi di zg(g cresal -f ormal dehyde novol acs,
epoxi di zed M%%Héfd%ﬁs—tm $é%a@a% Pl C 1 ghloreforagnd at least one

phenol - di Cyféhﬁ’]ﬁ? Al R Sein ARV R g% E@{gﬁ]i— dehyde
novol acs, and xtures t?}%reo@,&&fﬁo btg%st %ﬁ%ﬁ(ﬁg@gt esﬁé’&[@&

pol y( 2, 6- di therimpbetipagticidsdayingrie avetage ianzetérod 180 to 0G0 me¢ronsarscosi ty of

l ess than Q, 35 dI '/ﬁf asur ed, at d(%’SC.in C I.oroforgand at | east one
curing agent HHErEP yﬁ“ﬂ%”% SUED (ISAEIGH RoR RS Gured REIOsT PATHAS 0l ex

co- cont i NUOKaVifAR &P Bvragy diakter b esP EHAH Q0 BRASHSNFh&RIRS cbinPBsifbn, Ghidinm 15
wherein the curing agent is nmethylene bis(2,6-diethylaniline). 17. A
powder coat FHgdcEHIIE 2 qosmPlebapePRimguamaiplesione epoxy resin, at |east
one poly(2,6-dinmethyl-1,4-phenyl ene ether) having an intrinsic viscosity

fol th 0. 35 dl. ) i :
of Iess than hg. MRS PhRHerdoa dggpdg%ﬁr&fc&ﬁlﬁu@gﬂﬁém liRASkeL e

curing agent, wherein the cured conpositi I bits nor ogy conpri sing
cured t her thesepsgs pattickdsdevingenrayermge dissreteyeofdi0t e { €00 microgcdntain 000

[n hg; g,g: e? nSBP A\ telggfégg %th@l%ld%gr%kﬁlesn%itﬁ Qger%ehgigu)ne%%) g?ierslss th%g %%rc‘:}orﬁ% cur ed

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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