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RELATED AP%&@%}SQ\IS This application clains the benefi tpcafusbhifisos
Provi si onal” "‘Application No. 60/157,683, filed Cctober 5, 1999, which is

i ncorporated herein by reference. BACKGROUND OF THE | NVENTI ON Thi s
invention relates to powder coating conpositions. Mre particularly, the
invention relates to powder coating conpositions conprising at least 5 one

t hernosetting resin and at et her). Organic sol vent
type coatings, which are og{@?ﬁgg‘%ﬁﬁg@?@?%{ﬁ@ﬁ§ conponent s such as
resin and the like in an organic solvent and adding thereto auxiliary

conponents such as col oring agent, curing agent and the |ike, have
her et of or e beSROSBEFERENCY TORESIENYPRIIOATEGNBoNns. However, the probl ens
of these 10 organic solvent type coatings, such as fire hazard, adverse

effect on safety and ?MQé;ﬁ{ﬁ?atioﬁ@Eahﬁﬁﬂé’E&Egﬂof@?é.'?ﬂéx@iﬁ&m?ﬂ ik Eﬁmxlﬂz&e’ has

resulted in increased att on eing pard to coatings g vapori ze no
or gani ¢ sol vea¥f15758%.thilest Pesotiey 5 dG8B odkich ivimpdradrated berpia by sefeienegs and powder
coatings. Aqueous emul sion type coatings, however, also have drawbacks. For

15 exanpl e i g RrREROURD SHERFENRARION resin particles and a pignment are
typically dispersed stably in an aqueous nedium and therefore a

hydrophi |l i ¢ substance such as. enulsifier or the like is_used, the film
formed with the coati ngbif BVEHieyrelafey i PPWEE £o%ng FAMPYSHigpRM98s such as water

resistance, alakrhiarlyOfid BIHAEE M 16 Péwdel KRting BnQRBbns doiribink B1e@f t en has

| ow adhesivity to a material to be coated; further, it takes atine to
obtain a’20 diedyIReseiing Esinagd ppwstoRR POl @Ry e¢SEeRf an or gani ¢ sol vent
type coating and, in order to conplete filmdrying in a short tine,

speci al equi prent and ©Orgaiig boleas typat@utingsg Gtich @ oblaihed 6 disaBiing Malader
coatings, which contain no or i ¢.solvent, haye variqus excell ent

advant ages. FOFPRIERTSIER 85, 1&?&@“?&%%9"&?‘@8%&@%@@‘% WO 01/ 25358

PCT/ US00/ 2749%xiliary components such as coloring agent, curing agent and the like, have
heretofore been used 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.

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 s_uch as water resistance, alkali resistance and the like; moreover, the film
often has low adhesivity to 2 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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content and give off very little volatile material to the environnent when
cur ed; tQ&Mnhggg free fromfire hazard, adverse effectpotusnheioy and

hygi ene, ‘environnental pollution, or the like; they can be stored in an
ordi nary storehouse; the anmount of ventilation air in a spray booth can be
a mninmumand the ventilation air can be 5 recirculated, resulting in high
energy efficiency; and the coating fil mobtained has no foans mhich are

gener at ed bzo&té}ﬁ aﬂ@a% bg% Qi&leqfolaiﬂ)é M&Bial %J{he eMoh}n@Wae

coatings have furthér advantages. For exanple, they can Be uselg as they are
wi t hout t herefreedeom fisg hezar@x@jdmseueuﬁfgcttméafetywdbysme, gnfifopmentalt ent, etc.; and

they can beﬁgﬂ’lﬁfohyortﬁ urtﬁ%f@an"ﬂets&gég[m V\g:‘ a%st%@fo@@%eaa&%% (& e and

produci ng any waste nor e I ngs can be applied by
aut omat ed coerntilatipnpirde @ sprabootinetn bea nunmumandtthtevennbtlan aiccamntbei ncl udi ng cost

Of T & 1 2! SeeilBLE SBLIBn (98 bner 8y SR RaBAPERS biillnca BYNHL P

cost, € are VEery eco TVER type
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conprise a soli pi gment s.
They can be ?ﬁ%mg mer%gg%%fgsﬁog bar é’tlee g%%\éallgﬁe %Fpgérﬁor&gﬁel utbased,
typically i Mepasxqtofngnmm’g th?)vmcmam]t: sclvlid o‘ontent, Btoy; nmchtyey mlha:eamy i

i ncor por at i ent or a.fi r es owder
particles. IE%%?S#J‘&@C%B the Qpetation, S‘Q\/ﬁqg dﬂgn }JwaSke lr:r%l‘{ihef]‘g &h epoxy
resin l@and @owdarlcngmggeantbehgpledﬂogantomawﬂoyamhglpmcbdweseanﬂ, in e aﬂth:hough t hese
general ly hav che esi st and surface

har dness, ?(35 °°f2t chfg[c@ﬁt ?)?Pﬁ%ﬁ'ia[s’ pregee %Pﬁgﬁos FOdr!r'ﬁE RS properties
such as inadaﬂpahﬁcbaﬁnéuﬁev&pughmmxahmfbmmaémmmhouyhesﬂwesenm i nvent ors,

as a result of nten5|ve %P %gtlon aimng at devel opment of a
powder coat i°ff mé%?ﬁ?c?él}“fq“&ﬁmﬂ 5§ t her moset conposition for powder
coatings which can provide a coating layer with inproved fracture toughness
and 25 ot her pr opertiEmdﬁcdaﬁngsgewdlmnmﬁmmﬂdfdmslbsmiagmm,em‘:hlesi on, and

o5t n- Bheed HDadeer Bb il iR REEATMISL RER b S RbE VB2
i nvention i sheemqm_%dased (tmcallugmomap(aag twapcp-reaasivp filmiforgping rebinset one
thernmosetting [e3hile 30 ageGds! 2 MREfRRInY (RREAREI S dE] PiEfidles.

Heretofore, powder coatings which contain primarily an epoxy resin
and a curing agent have been employed in the art, and although these generally have
20 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
25 other properties without loss of chemical resistance, adhesion, and surface bardness,

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

One aspect of the invention is a powder coating composition

comprising at least one thermosetting resin and at least one poly(phenylene ether).
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WD 01125358 PCTI US00127496 Anot her aspect of the invention is a process

for maki ng ?/?%{gge coating conposition which conprises pg@pRighhisg at | east
one t her noset resin and at |east one pol y(phenylene ether). Still

anot her aspect of the invention is an article coated with a powder 5
coating conposition conprising at | east one thernosetting resin and at
| east one pol y(phenyl ene ether). Yet anot her aspect of the invention is an

e o 2 AR B 5B 8 ORI R BRSS!
DESCRI PTI ON @atmglﬁoﬂm&udﬁ@u&&oﬁtpgwmoﬁbmgm ldafr@ns thamsosttaing ﬁﬁn eﬂz@ct ron

m cr ogr aph (TE{}/&qfor oﬁﬂs PFE / EEO\I 828 / MDEA conposition of exanple 3
contai ni ng 02155 g08 ply(Phenyiere etlisthcosity) PPE. Figure 2 shows the

transm ssion electron mcrograph (TEM for the PPE / EPON 828 / NDEA

conposi tion of exanpl eStmmmbﬁAsﬁécngftﬁeﬂOeﬂtMnﬁl%ﬁanib&dShtg&lw&hB shduss the
transm ssion el ectron mCI’Oﬁ‘P%J %}Egp r t he . PPE / EFP 828 [ NDEA
conposi t Pon d&f? R AP Y Pn SERPETITE oFHt e’(?"?sﬁﬁngmﬁfl g s Bus t he

rel ationship pb@(piﬂﬁ)ﬂetﬁ%ci‘)wamdotﬁér&@ﬁddﬁﬁ'thdMﬁﬁkﬁﬁan ﬁz@f:ie@eifeu)@itﬁaons
cont ai ni ng PPE _/ hovvs éhe di el ectric, constant

re 5
(at | M) a§“§dﬁ’&ﬁ CB"r'i“‘BF"’EE‘E““’EG"’g qaﬁoae BEORCHiRERPIR 334 3t \DEA
conposi ti on qeust dhle RN GhEnylehekMeRPE. Figure 6 shows the dissipation factor
constant (at 1 MHz) as a function of PPE content in a PPE / EPON 828 /

VDEA conposi tg L0l LV, R DETAI LED DESCRI PTI ON; PREFERRED
EVMBODI MVENTS ﬁ}ﬁ?ﬁ@?@?ﬁfdgﬁ‘e@# @Pgﬁ‘ﬂ&ﬁ‘"ﬁ% the present invention are those
25 conmmonly used in powder coating applications. Representative exanpl es

i ncl ude 103 WO 01/ 25358 iREFA Wmﬂmhsibecimmmgapleg‘m) foothpr i si ng

car boxy- { unCigg) BooRON RS LS8hion Y ALNICs LHAREAA ABER' or " esi ns.

acrylic polyner r'esi ns
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.

15 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
20 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

25 commonly used in powder coating applications. Representative examples include



Useful polyester resins are typically obtained by condensation

pol yneri | eaction between a saturated poly-basic o6374d6t S
anhydridZeﬁ'él*r)llz{g%f{8 5 polyal cohol. Non-limting exanpl es of dibasic acids and
acid anhydrides for this purpose include phthalic acid, phthalic anhydride,
I sophthalic acid, terephthalic acid, hexahydrophthalic anhydri de,

tetrachl oropht hal i ¢ anhydri de, hexahydrophthalic anhydride, pyronellitic

anhydri de, L4 Ex‘%‘ilﬂ adl pi Gid.. -l imting . exanpl es of useful
pol yol s are et ﬁ?#gﬁ’é g y5%?“%?%%%"2;%%8@%gf’i,yc{lgrri'v" ) P’éﬁ%‘ gl ycol , 10
propyl ene glfyrstibnal golyestay yésinscacgylic polymen) flusopolymérs,iand eposlyeésinsopane,
pentaerythritol, neopentyl glycol and hydrogenated bi sphenol A
Crosslinking agents f | i.ncl.ude acid anhydrides, such
as pyronel litic anhyd‘?{egg?gky?é?%ﬁés% %&gﬁﬂ%‘% eﬁd%gﬁf)ﬂ‘gﬁnf%mﬁnhydri de, and
succi ni ¢ ampblytherigasion seactimnticwden asatotated polyebasicmtid @x jtsrmihydtiddumdlaani ne,

trimet hyl ol ) | ; t her . .hexanethyl ol mel.am ne, hexanet hyl

et her, exaﬁg{ya{ﬂ) %H?'n%q%é%wﬁ’gg E’%AJ’ let%roltfﬁjgﬁwcé(?s@@hf%gﬁﬁgﬁgﬁeﬁgr WSycol arils:
and bl ocked paipoghiatlide phttulia rcidephthalic palysiideo isypinirdlie acidparebhtbaticcldy

di i socyanat . ck examet hyl ene LI socyanat | ocked

i sophor one §?’|‘%‘g§§g‘ﬁ§$‘8?L%r%ﬁgﬁ%:aﬁ@amsﬁwﬁe%ﬁ&‘ﬁzhﬂ%%ﬂgﬁ?ﬁ%& i socyanat e.
20 Pr ef er ablashydfide; lpyroqetigieratbydhide, snexinit acidiand ddipipsdid. Noadimitiag es ar e

oXi nes, suc hyleet hyl . ket gxi,ne, ,ne .- n-anyl ket qgxine,. acetone

oxi me, cycl ’c()%zp}%ﬁogﬁgef@ﬂ)ﬁglsaaﬁe q‘ﬁ’gﬁrfetﬁ]ﬁ?{'g?%my&"ﬁ%c%lr B’Eﬁ\y ge &yt s i ncl ude
nal oni 0 est rapyleanglyeniydiprupyledel glycal, iglyberin, aimetyylblpripare) péritaerytiiterat i ¢ and

al kyl nonoaln%g)ggl 841 Addci ti.onal teéb%bogpﬁi%? agents include the |ower aliphatic
al cohol s suBFPPEAYhElysR) pud hydrogenated DISRRERGT At 'hy i . propyl, butyl, anyl, hexyl,
heptyl, octyl, nonyl, 3,3,5-trinethylhexanol, decyl and |auryl alcohols,
and the |ike. Exanpl €osslinkingagenisdorthkpdlyestec cesink fncludaatid dshydribesny| car bi nol ,

et hyl ene gl I : . et . monopr.opyl. ether and the
7l e, G hor s PROEIME sl wiBRAP Y ride A AR R B e 1 ¢ oo 1
and subst i aghydddg; hminoplastssshas béramsthosymethidolirelatine) aimethylelmetiminaf f ect t he
coating 4 . oper.ations. i ncl yudj cresol,
i1 opleanol Rt e pEetiyiginddting neRREEh oBR upBetSloltlihE

and trimethylolbenzoguanamine; glycol urils; and blocked aliphatic and aromatic

polyisocyanates, particularly diisocyanates, such as blocked hexamethylene
diisocyanate, blocked isophorone diisocyanate, and blocked polymethylene

polyphenylisocyanate.

20 Preferable blocking agents for reaction with polyisocyanates 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, cycloaliphatic, aromatic and alkyl monoalcohols.
Additional blocking agents include the lower aliphatic alcohols such as methyl, ethyl,

25 chloroethyl, propyl, butyl, amyl, hexyl, heptyl, octyl, nonyl, 3,3,5-trimethylhexanol,
decyl and lauryl alcohols, and the like. Examples of aromatic-alkyl alcohols, include
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



suitable are dibutyl amne and tertiary hydroxyl am nes such as

di et hyl et k\%gol Lne. Exanples of suitable acrylic pol ympggukfirar poses of
t he presen 0 tion are well known in the art, and can be prepared by

pol ynmeri zing 5 copol yneri zabl e nononmers with other functional
group-cont ai ni ng nononers. Suitable copol yneri zabl e nononers i ncl ude
ol efinic unsaturated nononers such as et hyl ene propyl ene and i sobutyl ene,

aromati ¢ nononers, suc S st ene, Ito d | pha. - et hyl
styrene, est e‘?&em&f’n‘%‘e‘gﬂ‘@%“ d“%ﬂ*?ae {}‘1 WIMP} Alseohol s havi ng
| to 18 car bomameai&dmwnaﬁﬁmaﬁmﬁimﬂ%w Emmmh&wasdi&ymaaaﬁﬁx%ate et hyl

acryl ate, ethyl nethacryl ate, propyl acry at e, propyl nmet hacryl ate

n-butyl acrylate, n-bu &Ec{? ate obut acr{elﬂ k , 1 sobuty

net hacryl ate, cycl ohe%"]lm &S “89’3:‘1:8 PF Gp gresgt o hyI hexyl
acryl ate, 2- efnbltion sl wellBbWR 6 ¢ &t Qnd éaatbwfepmd by dlpméighg auryl

nmet hacryl ate, vinyl éa%ters of carboxyl.ic aci ds having 2 to 11 carbon atons

such as Vi nyl copelstizable mopomers v ofpes fumctiony gP‘I’W?O“?’W BEPRASRR Xyl acryl at e

and ot her co- sRRERR Tﬁoiﬁh‘ﬁﬁaﬁé mbhétidrs RO b1€8hic ﬁ%ﬁwa%'ﬁédohﬁrs%ﬂ& as
met hacrylonitrile. ese co-nononers can _be used si ngl ¥wor as a mxture of

two or nore Shylgngensopdeneiane isebytylere, Amatic HERNTSTYHR 25 > nDNONMErs are

described as vﬁagkd@ﬁ@mf%memm@k ayreﬂe/@ﬁ%ufécwmtma@aé mehbofylicCacRol ynmers may
be formed by 20 reaction of thé copolynerizab nmononmer w th hydroxyet hyl

acryl ate, hydvBkgiseholshaviggiye éﬁ@quliﬁﬂ%@y%sﬂe%@méﬁeymﬁ?ﬂ hydr oxypr opyl
acT Yl at NG e e, ctyTh e AR BBl Bt RO RS HBMS ] U

t - butyl am noet hyl nethacrylate and t- bdtyl anzi noét hy Iate Preferred

hydr oxy funct #-oual acasd&tsslnrbptyimgxyta;ﬁp;se!wtyiycw%rsabutym@ww&te,we| ght of
bet ween 10, Oo&cﬂ,gafﬁ%rg@{e cy%iihagt héin] ws&w&a}m&&%aamwe@ﬁhé@por porat ed

into an acryli’c mononefl s havi ng €poxy functi onal
g { (ﬁups égcg a@e‘f?ﬁwlzﬁgﬂhufzhcwlm and lawgvgmt@ml%wmtmqé?f@arbamiwamgxs IyC| dyl
et her r box [ E6hed HaQ, acrylic

pol ymer by re%agt&lé?ﬁt Vl\lli)t@ % %rgc{rt&#?%cgg% tﬂ%??’?ﬁﬁlacf% |nt%ggon| c acid,
mal ei ¢ aldi d, $thylhexylacrybats and omdcqmnmsh afvind Celpdden atrplonifrile fadar i ¢ 30

acid with no nﬁ@%%&igmﬁh& %@e%b—n?onomers 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
20 reaction of the copolymerizable monomer with hydroxyethyl acrylate, hydroxybutyl
acrylate, hydroxybuty! 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 functional groups may be incorporated into an acrylic polymer
by reaction with monomers having 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 acid and fumaric

30 acid with monohydric alcohols.



WO 01/ 25358 PCT/USOO/27496 Hydr oxy-functional acrylic resins may be
crossli nlg? Mesdghe am nopl asts descri bed above as usef ucthusopaseyest ers.
Q her use P crossllnkers i ncl ude bl ocked diisocyanates, formed by
reacting a bl ocking agent with diisocyanates including isophorone

di i socyanate, the isocyanurate of hexanethylene 5 diisocyanate, toluene
di i socyanat e, nethyl ene di phenyl diisocyanate, nethylene dicyclohexyl

di i socyanat e, 2 rret I‘M;dr&xﬁﬁ:ﬂ&iﬁnalmanﬁibkésﬁﬁm&bemsﬂin&ecﬂb)tﬁlé”Et hyl -1, 6-
hexane di i soc ﬁ gdfl 12- dodecane Hﬂl i socyanate. Where_ the functional
radi cal s oPmE f§ Ascriped abey ¢ as Hsefuldor pRYsIeTs- usefid seassligkeMg agent nay be

sel ect ed fﬁﬁﬁlﬂdelbﬁ)cgédll{féoéﬁﬂﬁéssfdnﬂ&wyregdtﬁ QbYockRPRGMRdSm 10 pol yoxazolines
and pol ydi oxanes. \Were the functional radjcals of the acrylic resin are

gl ycidyl, dasesypers insuding isephprane dilsesiansii theyiseryanirate phksxamethplsts car boxyl i ¢

acids gnd tdlﬂﬁﬁcganaﬁnm&hé Qﬁs%c)%l% rAsthyléHe WipHefiylaftis Sbyadalid, hdtiyfen@nhydr i de,
trlnellltlc anhydri de and % romel litic anhydri de; pol yphénol s such as

cat echol , xbfb‘li“SOFWG? pibylcl,5-pentang dijacyanste, 3ad- Wﬁw&gﬁum ne; and
pol yani nes hé*&gdﬁs%cféngﬁlaﬁﬂ?qhﬁi%&% d"ﬁ%&c;? anftdle€ny| enedi am ne,
0

4- 4" - di am nodi phenyl et hane] I am nodi phenyl sul fone and
4,4' -di am nodi phenyl _ether. Oher suitable thernpbsetting resins include

functional fl uoropol {hesedh eﬁ‘?"iﬁ’r‘?&% ireslicals o thpAcpdiciresinye cyrRexyd thehd functi onal
f 1 uoroacr y|cf&sl§ﬂlln?'§§érﬁma?%@bel@ited’f?drﬁthe ghupEBsididg Y Blepoxy-chmpalnggnal  or
ona

carbox functi be used as the sol e thernpbséetting resin polyner

%Oﬂj RRbyexasplings apd peledieNanesr e f unct i onal acrylic, polyester and/or
epoxy resins, with appropriate curing agents for the functi onal pol ymers.
The pref erred ther rrowq:exteitmmmmhﬂrimalmmbmcomnﬁégtybﬁypr esent 25

i nvention co ast one epoxy resin
enpl oyed i §* é't"ﬁbi"tﬁ %56%{@0".?/8%?% Tudi ng advanced

(or Upstagedﬂydﬁawcﬁwphﬂmnsxﬁa hd\hﬂﬁhmﬁi wmﬁf@hydhdem oyed for
coating materia an be us of .epox reS| ns i ncl ude bi sphenol

| es
A type epoRyrorE }‘W@W&I%’iyp@ﬁwnge%‘lcﬁgcw resoroipgl HYdEOquINgss; resi ns, and
epoxy 15 esi pgrogslicd BEEHudrogloMng; dndolynaihes\bich adethlbfidtintine, meta-

phenylenediamine, 4-4'-diaminodiphenylmethane, 4,4'-diaminodiphenyl sulfone and

4,4'-diaminodiphenyl ether.

Other suitable thermosetting resins include functional fluoropolymers,
functional fluorochloropolymers and functional fluoroacrylic polymers, each of which
20 may be hydroxy-functional 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 restricted. Epoxy resins, including advanced (or upstaged) epoxy resin
systems, which are generally employed for coating material, can be used. Examples
of epoxy resins include bisphenol A type epoxy resins, novolac epoxy resins or

alicyclic epoxy resins, and epoxy resins advanced through reaction with bisphenols.
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6 WO 01/ 25358 PCT1USOO 21495 1In general, the at |east one epoxy resin
conponent may conprise virtually any epoxy resin that i Sehhf 60"

pr ef er abl yWQy&lfFﬁggD roomtenperature having a nmean eposyfyhjfgunct ionality 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 yglycidyl ethers or polyglycidyl esters. Especially
preferred exanples of resins suitable for the at | east one epoxy resin
conmponent i ncl ude: tr [ABepeRkithe at sest gra-RPPEX 1ESin CohpRRER R4y CORPHEE tri gl yci dyl
ester; hexa Lo (B dxd, b I s o Ed %4% | irs€d phases
conpri si ng ah?iﬁ?ésﬁty ggérggngrﬁﬁtﬁés\téﬂé@gdég} ro%xbrslgﬁn%ﬁﬁe??g%%%r triglycidyl
est er, hexahykavisgmsimasi epaxy funstipuplityOofabony 2 pe grdatbr thant 2 thabisdo sAy)bavings  of

trimellitic agj | | e Lokl Lidi cid
triglycidyl @%ﬁ*ﬁ%%ﬁ*@é%éﬂ%‘@%ﬂ&%@%@%@é@%@%ﬁ%‘“ cﬁ%mg‘l"g‘égr’ef%ht halic acid
di gl yci dyl estxemplehenuabpoddiog polpgiinidd lethersac palyglyady) estety. Espsiatly and i xt ures
of terephthal]j ' Lal yei dyl e nd, hexahydr ot er.epht halic acid

i gl yor dyl st ElREd Saltbflh SEICEN B Bhelor B BEY BV GE) REBEDERGIERE 11 S ur s
of two or 15inoode triglycidyd Becyamentadrimsihitic deidirighdidyhessoers as nenti oned above

are based on at | east epoxy rI.esin c onent, that is .solid, at room
Lemper at ur e alaaprRmefiic el taeolavt esler SO BRE phase® SoRRISIRE® i o ot oom
t enperat ure. ddmeedenbided foln tribeiliticiacid tdgigbidyh esterplieaplsydadtfimellitihsidof are
described, for. ex | e, i,n European Patent, Appl.icgation.20 536, 085.

Pr eferrgg epo%gfggﬁﬁteémgﬁﬁsﬁm}@ﬁ&&%ﬁéﬁ%ﬁﬁr‘?ﬁ)t?foatnﬁcs and epoxycresol
novol acs, espesk I@ldm(nbl'mélﬁtid aid ﬁglyeiid?m%r,iam eﬁeciﬁid' @mpf:ﬂi@ysdlgctﬂd(fﬁkd y do not
cause any apprecgj e. reduction t T e (glass.transitjon

t enper at ur e) ?ep’?‘h’g“’@ﬁ’gﬂgqycé }rﬁ%‘?’fgl?ﬁ‘ahé’ t‘%@*@?ﬂ? @éﬁi’l@g’m%eamﬂ esin

m xtures h;a?mg;m cﬂ‘ﬁ@@h&h&lié abidld'iigl?cf_a?l_e@ﬁf ix?rhbm y&fe_fé&@bﬁhl(ijtfa&id whi ch has a
positive effegt, an the storage stahility of the i ni ghed powder coating
Ponost £ ons. GBSy ShakRaSin e xR0l Tovolend Bass oSy | So
smal | asountgorefobtheasil € | ess than approxi mately 15% by wei ght of total
epoxy resin

Solid mixed phases as mentioned above are based on at least ope
epoxy resin component that is solid at room temperature and at least ohe epoxy resin
component that is liquid at room temperature. Mixed phases of that kind and the
preps 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 storage 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 diglycidy! ether of bisphenol A. The addition of such other epoxy resins is sometimes
7



conponents, of other, preferably solid, epoxy resins, for exanple a

convent i Qb x3sksdi 9l ycidyl ether of bisphenol A The aggihistghils such ot her
epoxy resins I's sonetimes 7 WO 01/25358 PCTI USOQ' 27496 unavoi dabl e, since

a nunber of resins of that kind are present in commercial additives for
powder coating conpositions, for exanple in customary agents for nodifying
the surface tension of powder coating conpositions which, by reducing

| ocal diff ks ' Oo_prevent or exanpl e,
crater 1 or ey sy, e bl of U3 Sbar Mol o prbechiin BomingiiahaddBiet ng. 1

addi tion, tfhepgysistiesating sompugitionsy fuekimpeain custpmaryrigenté fod AR ing He €

catal ysts I ts an I f so.desited,, an,extra craoss-1inking
agent. As %%#i ‘%'{g;l’g’“%ggﬁ‘f’f?ertc "‘gﬁ"é C%Vsﬁ’é’“ﬁgﬁﬁg-cbaﬁs‘@mgd?ﬁal differegcesor an epoxy
resin, e.g.insafelepsion,nee dbjpe pravent] fog exagpid, craten farmatonidufng EHedBlI t YPe curing

agent, ca po nol e .curing agent, an 10 anionic pol ynerization
catal yfic cchge:)gr#gheapéjé‘}r#,m?ng%"inghi c polynerization catalytic curing agent,

a latent curing agent and the |ike. Representative exanples include, but
are not linmited to, biasdditiandheapdivdier coating ¢ommbsitionsrhaw@mtairéretbradvie/dr i des

such as p ' ' t Il Ltic anhydrid pyrongllitic anhydride,
hexahydr op%%ﬁ%%%%r %&gén?sg%rd lr%ng f“éﬁﬂf‘%ﬂ %%ss'éwgingaé?ﬂt-pﬁ%a ARARGdr i de;
aronati ¢ poggsthere may buosedasnvedtiatahyies firdn epoxyaesiniRigd aPodamigigst an ne,
di et hyl t ol i apd . hyl.ene bis(2, 6- dinethyl aniling),
tris(dimet %;%%Mﬂ%é?@ﬁ%“&gg aﬁeawg&aﬁ%@ﬁ fgent, an
4, 4" - 49 ani roignisipelypierigaticheatelytid cutingdigentj nadomib polyinesiakion catd@pst and
3-phenyl -1, 1-_di net rea: i m dazol - net hyl.i m dazol e,
© 5T et ning 44T tenb g et RERs B, KPRl miaiblestetods) e
2- et hyl - 4- aettoy limitediez dicycandiamide andlircderivativds;zeidanhydiides such as
1-(2-cyano ) - 2-phenyl i md dazol e:, and di hydrazj de. cially
avai | abl e ﬁhméﬂé")zﬂ% &ﬂ%ﬁ‘@hﬁ@‘tw%dﬁwmwwﬁﬁm°b‘§"%vgg§{l@ale% as those
m >l;t ures p@nh;@l'ridft,mﬁﬂm yihydridepmll wastiniemhydride; iﬁ-ohxhaa?asmiﬁ@ Gich @ kylh
subst k§ uti .t he an,. nati ri.n typl ca at .l east ree suc
subst H uen';8 {sil.y I#%dégnélpc’l'%%%'Pﬁ%'ﬁgnﬁd&'%ﬁg@fyztﬂt“%ﬁdﬁé’m% Iglsﬁ)yﬁeél& @fsnt of the
i nstant  2Simethydatiline), ttig(ineeylaminemnaiyl phenolt4-4' diinsdishenImathahe)r al i ty of
Structur ab b RidodRhERT R e, L4 alinitcihbny] e hod 2id piiaytr - 1 1Y
dimethyl urea; imidazole, 1-methylimidazole, 1,2-dimethylimidazole, 2-
methy!imidazole, ;"-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

2

those mixtures containing arylene polyamines with a high degree of alkyl substitution

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

_ The at least one polyphenylene ether (PPE) component of the instant
25 invention typically comprises at least one of a plurality of structural units represented
by at least one of Formulas I, II, I, IV, V, and VIIIL;
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(VIT1) 5 wherein Q and @ independently represent hydrogen, hal ogen

al kyl, afploapgsxked al kyl-aryl hydrocarbons, al koxv, orcibsoo2t4ls/1; R at
each occurrence independently represents hydrogen, C1.10 alkyl, or C6, 10
aryl; R2 at each occurrence is independently hydrogen, or Cl.20 al kyl,
preferably a Cl-C10 al kyl, Al is C6-Cl0 aryl, optionally substituted with
C6-Cl10 aryl, Ci1-C20 al kyl, C,-C20 al koxy, thio C-C20 al kyl, C6-C10 10

aryl oxy, thin C6-Cl0 aryl, C6-Cl10 a&é quonyI ur C6-C20 m xed
aromatic-aliphatic hydrocarbon; ksents an integer from1l1l to 5 and m
represents an integer from about 5 & about 100. Preferably, each Q1 is
al kyl or phenyl, especially C 1 af and each @ is hydrogen. Both
honopol ymer and copol yner PPE ar¥_i cIuded The preferred 15 honopol yners
are those containing 2,6-diinetkf Gphenyl ene ether units. Suitable
copol ymers i nclude random copol y§ contai ning, for exanple, such units in
conbination with 2,3,6-trinethyl/ A'phenylene ether units. Al so included
are PPE 10 WD 81/ 25358 PCT/ USO 6 conbmi ning noieties prepared by
grafting vinyl nononers or polymers such as polystyrenes, as well as

coupl ed PPE in which coupling ag s such as | ow nol ecul ar wei ght

pol ycar bonat es, qui nones, heterocycles and formals undergo reaction in
known manner with the hydroxy groups of two PPE_chains to produce a higher
5 mol ecul ar wei ght polyner. [Such polymers nmay befproduced by polymerization
in the nmanner described in fthe gresence or apsence of a chain stopper or

bi sphenol as described in the p i o art® Alsp included are PPE cont ai ni ng
ot her substituents grafted onto tthe )pe ) Thﬁse pol ymers are descri bed
i i by grafting such other

' kpown manner. Included are
PPE grafted with polyneric r{esins y styrene, pol ybutadi ene, or

ot her vinyl containing poly i enbpdi grent, at | east sone of the
PPE is a "functionalized P nctlonallz nPPE refers to PPE that
contain species such as acid; anhydrlde - 3

(VIID

5 wherein Ql and Q2 independently represent hydrogen, halogen, alkyl, aryl, mixed
alkyl-aryl hydrocarbons, alkoxy, or thioalk/l; R' at each occurrence independently
represents hydrogen, C, ,, alkyi, or C, o aryl; R? at each occurrence is independently
hydrogen, or C, ,, alkyl, preferably a C,-C,,alkyl, Al is C,-C,, aryl, optionally
substituted with C,-C,, aryl, C,-C,, alkyl, C,-C,, alkoxy, thio C,-C,, alkyl, C,-C,,

10 aryloxy, thio C,-C,, aryl, C,-C,, aryl sulfonyl, ur C¢-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 Q1 is alkyl or phenyl, especially Cj.4 alkyl,

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 ether units. Also included are PPE

10



15 am ne, im de, epoxy, oxazoline, orthoester, hydroxyl, phosphate,
phosphonat geo gndshe like. In the final blend, the functp@ngdhzfask PPE may
be referred to as "conpatibilized PPE'" because of the resultant inproved
conpatibility between the PPE and the other conponents. Accordingly,
appropriate functionalized PPE are those which may affect the
conpatibility of the PPE with the various conponents of 20 the blend (e.g.,

the PPE and the fhermasetting resin atibility is neant to include
the stabili zé‘PPtﬁW“’&m‘ﬂ?’:ﬁféﬁeﬁng@@Eé 35’("%@‘”&?&1%&?0 ResSBiSnent s of the

bl end. 1 ndi cgoBistyredbs, afREP¥LDuSIONPEE inbiidZapIeR agaﬁa éﬁgl?as bR mdtecanpl e,
reduced |am nation tendency, |ncreased ductl I I't I nproved phase
mor phol ogy  SYeABHtPPLysarbesAtes,iqpinpaes hetesprypies 3nd f é‘ﬁldﬁigﬂ feRgsionn ng t he
compat i bi |1 t Yn@hm bfiiodt bR aRRTRANGII TwiPLE ChallRhObARS hidr PAT L, L he

desirabl e physi cal propertles of One way to prepare appropriate
functi ondl i zagelemiar wgighbpaymhesvbuch polpmers may be grducediby polsmmetization inghe conpound

having. both Gl GRLRONLSH Hop i Ib&nlARd flin SopkPSARRnGRE RO 11 PL e bond

and (ii) at |east one specie Foup Consr ox I'ng of carboxylic acids,
aci d anhydri disscribedindhepricdes. i nsi des, am nes, hydroxyls and 30 carboxylic
acid ammoni um salts. These conpounds are sorreti nes referred to as |1 WO

01/25358 PCT/ US00/ 2749ﬁisofir}éﬁﬁEd&Q?PE%&{tﬁnm%bith%ﬁé‘Me){ﬁ FARBEREER used to
acconplish the functionalization of I ncl ude mal ei ¢ anhydri de,

fumaric acid JPofyaesi Thetrolnpsteradespritsd dmtpe petpwtilitratere apdimay e praeargA ene- bi s
net hyl eng-, t@ ggi{mmleé E%, Her sﬁﬁéuﬁicﬁts of}%nseeﬁgﬂﬁg %Eﬂﬂg'kﬁo\ﬁp{ﬂ?x@} de, fatty

oils (e.g., ean ol 5 sesane ol unsat ur at ed

car boxylic adndgdeé@cdi’%sgraﬁﬁdymmolme@pmm suckess helystyrene; pelypuiadiand. ©l ei ¢
aci d, unsatuog{eggmﬁ&gﬁ @ﬁwsas allyl al cohol and crotyl alcohol and
am nes” suc

unsat ur at ed am ne and trialkyl amne salts of
unsaturated acids such as triethylanmoni um fumarate and

tri-n-butyl anmoni um f uhﬁr%?émb@t‘&h&ﬂ"ééeaﬁfmm%@he PEB is@aifuncienglizpds f or

preparing usepgl~ fimpcd b @R IpPE ‘?@ferg) Et)ﬁPlfH ﬁatd:%ﬁﬁfn' sP&Sksishknlds Beid, LOnfRige, NOS.
4, 315, 086, 4, 755,566, and 4, 888 7, whi are | ncorporated herein by

ref erend®. NGO Wiﬁbrﬁp@ﬁ}'aﬁapﬁéﬁ mhp@ﬁtvdyﬂmxy phasphats, pRosphasatglasd useful for
the like. In the final blend, the functionalized PPE may be referred to as

“compatibilized PPE” because of the resultant improved compatibility between the
PPE and the other components. Accordingly, appropria.¢ functionalized PPE are
those which may affect the compatibility of the PPE with the various components 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 components 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 prepare appropriate functionalized PPE is to allow the PPE
to react with at least one compound having both (i) a carbon~carbon double bond or a
carbon-carbon triple bond and (if) at least one species of the group consisting of
carboxylic acids, acid anhydrides, acid amides, imides, amines, hydroxyls and
30 carboxylic acid ammonium salts. These compounds are sometimes referred to as

1



prepari ng an appropri ate functionalized PPE. Included in this group of

speci es, sghown as conpatibilizers or functionali permsectrds for

exanpl e, a?l phati c 15 pol ycarboxylic acids, and acid esters represented
by the forrrul a (Il): (RRONR(COORIT)n(CONRIII RN)s (11) wherein Ris a

| i near or branched chain, saturated aliphatic hydroca. ion of from2 to

20, preferably 2 to 10, carbon atom; Rl is selected fromthe group

consisting qQf . an aIk r cat bo di oxy group of
1to 10, pr E‘f”@f'?ﬁéf '?ﬁ‘&g%“"%% 8%%?“‘38‘"&‘51‘ tﬁ%ﬁ"ﬂcu %BH“% oms, with
hydr ogen bemm@aﬁdeahmcmgfdaaé @ldnarﬁ:&@id mhlkimiliés suégnendent |y sel ect ed
fromthe group consi s(gf ngéofl +y rogen or an alkyl or aryl group of from1l

to 20 car boRPEYbTAleY ArRhenylensrois mathyleng-grbtsmplemidesmalgisch RI11 and RN
i's Independap&rhz{desmea@hﬂdlcfah%’a@efa@r&mee £. 046§ béuhioNTmAS 81 Ninkédd!o, Of

hydrogen or an al k or ar group of froml| to 10, preferably from1 to 6,
nost 25 pr eFERARHPI: 0 e q,aéhoeww 315 fych asacerylie, Grptonic, gnethagpylic peids) | s

gr eat er tharan&sleiequalmfsﬁuﬁted albbﬁél@é@ﬁ'aé’al%hl%hdl Qnd'zcrgl?'l Acot®Nshd" and s are
each greater than or equal to _zerq; and, wherein I's al pha or beta to
a carbonyl YPBtHR FSSI“E*h%St“ﬁ'WH“WSWY gi“tﬂ?ﬁ% %'r“ésaé‘é"ﬁﬁﬁia‘t'@d by 2 to 6
carbon at 0Mgych(@ Ve Hnmoritim ﬁﬁhime%ddn A8 bmpigbgn the
respective substituent has |ess than on atom; 12 V\D 01?25358
PCT1US00/ 27 89rh tynical rragenss ﬂovarewrgmfalbﬁlecupmlyew%%mdeacr@ed ad8re citric
acid, p@licpacivgs, 43496899%5%9 aﬁ@hﬂsssww&haﬁblh%dﬁ’téd RékSin by T Ci 2l
forms thereof, such as, for exanple, the anhydrous and hydratéed aci ds.

|1l ustrativeeferencs. esters useful herein include, for exanple, acetyl
citrate and nono- and/or distearyl citrates and the like. 5 Suitable acid

am des useful herein Naﬁbd;ﬁﬂcncf&phﬁfé@mhaboiyhmaads £E BNd uselfﬁlrfbxc acid am de;
N, N -dipropyl citric acid am d citric acid am de; N-dodecyl

citric aci QTCRATREAD aRP‘NPn‘HF g@awpze@ﬁ? Fr 1{!“’1&9‘?"0‘“&}?415 goup Afispeeigbaléey| mal i c

aci d am de. xné®d As\c@npitfsiliits drifenctionAoa&s, e, RileX&aapIb, Ak AliphakCi ds are al so
suitable for use in the prac ce of the present invention. Exanples of

sui t abi& f uRebrabraylis pqids. f#5 reppereaisd by thedomanls (DU S, par . Nos.
4, 315, 086, 4, 755, 566, 4, 873 286 and 5, 000,897, all of which are incorporated
herein by reference. (RIO)pR(COORH)(CONRIIRIV), (1)

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

20, preferably 2 to 10, carbon atoms; Rl is selected from the group consisting of
hydrogen or an alkyl, aryl, acyl, or carbonyl dioxy group of 1 to 10, preferably 1 to 6,
20 most preferably 1 to 4, carbon atoms, with hydrogen being especially preferred; each
RIL is 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 is 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 1 and (n+s) is greater than or equal to 2,
preferably equal to 2 or 3, and n and s are each greater than or equal to zero; and
wherein (OR]) is alpha or beta to a carbonyl group and at least two carbonyl groups
are separated by 2 to 6 carbon atoms. Obviously, RI RIL RII and RIV cannot be aryl
when the respective substituent has less than 6 carbon atoms.
12



The amount of the above mentioned functionalizing agents that is required
to appropriat unctionalize the PPE is that which is et to

| mprove hﬁnﬁéﬁﬁgtlbl|lty bet ween the vari ous conponenggﬁln ?%
conpositlon As previously 15 di scussed, indications of inproved

conmpatibility include resistance to Lanination, I mproved physi cal
properties, and a stabilized nDrphoIogy bet ween the bl end conponent phases
under static or |ow shear conditi ons. i s thought that reactions can

occur between sone of fﬁ’éﬁﬁfﬂﬁﬁéﬂ’é‘ﬂmél’@i’%ﬂ%y &ecitgp aciggralig reifp| e
between the 2§ ibiGEofnfittdial §5HHs MerddEUGER, hi'e

functionalized E& and the 20t hernpsetting resin. Theése reactions are

bel i eved to |exaapicothe arhydteys ansihurisated meids. Banstrtive a@iﬁ@st@rgrmﬁﬂémem of the

bl end. An eff t g agents,
based on the %%ﬁm‘”%wg g@&&mg\r{fg}? aI wop&g@m{%&&% %@&)Heéikgwe i ght, and
i s prefedabl ysmtabhlaabamde@uﬁﬁﬂ/chemam ﬁ%ﬂamp!neN@htd;ethyltim ami;t preferred

about 0.1 56 1 S dER Dol G0G b Ads NS B AN Mt Mo B0 0 2
actual  anoundcidamide; 26N’ -ﬂndbdlei:pllmnc skigpamide ami Widedarpl redislagid amddeght of t he
functional i | {9&1&9&&3% the FOIE o’?@gﬂ%gcax%ﬁgh%%ﬁs ot P&fﬁﬁt‘aﬁﬂé?or%?ee%'tﬁs per

nol ecul e of f m:tlona |2|n nosetting resin
enpl oyed, thepractmssfﬂmhmmt mgeribn.tBxpmpland saimhlnfungiioaslentg compmthds he degr ee

or di nar y %k 1 1R e s B ke e iR FRIRBR bt Sl BB PER: T eve

wi t hout unduawhieh(aeﬁncmﬁtawdllﬁﬁzn byJeféfonerl/ 25358 PCT/ USO0/ 27496  Anot her
useful nethod for preparing an appropriate functionalized PPE invol ves
allowing the PPE to re ONd.Al uncti onal
group and one of the a orerren?(’%%eg Qg@.gg&ﬂxgg or émsugg‘g%e ag%%% l%e of bei ng
t ransf or med imgwred meappfophhetyeﬁmpemlesthe RBE 44 thativthichgs sxbeipitésimpradeude

ch orof 0T Y1 B SHEALANS, AU 5ol APAEMMA TG G A O
anhydri dé, arrdsmesleé,pmmmsmfanpxﬁv@mmpatdm&p uncdﬂe re&rsdma to thakingtioanpl es and
met hods to pr.epare.such functionalized..PPE ¢ . S. Pat. Nos.
4600, 741 andripss Biadl i SR p ABhr BRI e freblin

component phases under static or low shear condztmns. Itis thought that reactions can

oceur between some of the components of the composition, for example between the
PPE and the thermosetting resin and/or between the functionalized F®E and the

20 thermosetting resin. These reactions are believed to lead to various cupolymers
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 preferably from about 0.05% to about 4% by weight. X the most
preferred embodiments, the amount 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 also depend on the molecular weight of the functionalizing agent,
the number and type of reactive species per molecule of functionalizing agent, the
type of thermosetting resin employed, the crosslinking agent type and amount present,
and the degree 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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by reference. The aforenentioned nmethods for preparing a functionalized PPE
may be 1Q.usgfl.gl one or in conbination with one anot herpcrhisdosfibs ar e
typically prepared by the known oxidative coupling of at |east one
correspondi ng nonohydr oxyaromati c conpound. Particularly useful and

readily avail abl e nnnohydroxyaronatic conpounds are 2, 6-xyl enol (wherein
each Q@ is nethyl and each I s hydrogen), Wnereupon t he pol yner may be

characterized as a 1 6- h enyl ene_et her), and

2,3, 6-trinmethyl phenolAﬁ%%r“&?ﬁ"é%‘h‘?%gm%géﬁép@p “eﬁ‘H@i"l‘P zednd t he ot her
QZ I s hydr opeg)invdlves allislvihg m&,PPEheﬁdacm”ﬂBa{ ¢ompouidéontdfing APRYYeri zed with a
chain stopp&wrl Sucrl] as 2,4,6 tri mia henol . A variety of catalyst systens
are known f dMacHARR W@Bé?%?’fecﬂ{ thrato ReshPesifor aspesics capablofbaiugy e

coupl i ng. ThRhomsedito BA¢ &ﬂtﬁé&l&ﬁ% eclek. mrdnammmag aﬁmiﬂes ifudehRkdfemythoi ce and
any of the known cat&ngts can be used. For, the nost part, they contain at

| east ohe hEUSAMIGRRARY ﬁ‘ﬂ@feﬁaawbwcagwanwﬁs@mmﬁlﬁﬁ@mggdwx obal t
conpound, UgHRKHY, 1LdeetoRyhdeRAR|40Mibaizb a¥idlahidside) 2@ terdphitalié Aidacid® 1 1St

cl ass of pref erred cat al yst systens consists of thosé containing a copper

conpound. SEalerigeAddifiopal eaweplea g mshags tg mpaéw“rb functionglizedPPEmgn be Nos. 25
3,306, 874, Fodldbn B/ Pat3NBd. 4,60054 path 446@23%8 ?Aéh of WRi¥h faru?cox—b%ﬂﬁéd Nerei

conbi nati ons of cuprous or cupric ion ide (1.e., chloride, IE‘)romde or

i odi de) i on@yé?fﬁfeﬁ‘ie Theafpregsptiongdmgthod %ﬁraqenggfﬂ@ﬁ@aleeﬂgﬁ miay be manganese

conmpoungls CQR&E A1drdlo? ifconbimAs with 8hé&idodr. C! ass. They are general ly al kal i ne
systens in which divalent 14 WO 01/25358 PCTI USOQ 27496 nanganese i s

combi ned with such anj ons as halide, alk e . or phenoxi de. Mst often,
the manganese is presBHFrEArS YRl %‘fpwqoﬁ’;"gﬁ?‘%m "ES‘?HBF'E&?% and/ or

chel ati ng ag&st she Sbiedsparsdirh @édenywymnatalckﬁpmnpmuwgyﬂuﬁaﬁdI ani nes, o-
hydroxyaromatlc al dehydes, o- hydroxe)((gﬁx‘Hl ounds ydr oxyoxi nes 5
p

(rononeri ¢ Avrdily aYailakle monohygraxyarome éﬁﬂleml(ﬂ”k@'f"’é‘r?é%h Qal so
useful are li(lﬂ@m 48 lafdht@qpﬁst&ég%ﬁ /hertipdnithd pﬁg\r&ﬁéﬁ@ beMhrhatbliRdABHganese

and co t- cat a| tens for nyl ene et her preparation
ar e kngg\l/n | rﬁ’°Bﬂ2 63*1@19@ lrv‘é'alé%‘ﬂ eps ctﬁer), and 2,3,6- tnme ylp et¥ol (wherein each (5)‘ P

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

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

A variety of catalyst systems are known for the preparation of
polyphenylene ethers by oxidative coupling. There is no particular limitation as t »
20 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, manganese or cobalt

compound, usually in combination with various other materials.

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

amine.

Catalyst systems containing manganese compounds constitute a

second preferred class. They are generally alkaline systems in which divalent
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di scl osure in nunerous patents and publications. It w II be apparent to
those skilled in the art fromthe foregoing that the ,Pﬁm&g@g errpl at ed
for use in ?ﬁ’éz’ﬁsesent i nvention include all those present Known

t hose under devel opnent by, for exanple, General Electric Corrpany,

i rrespective of variations in structural units or ancillary chem cal
features. For the purposes of the present invention, the PPE conposition

(i ncluding an unctj ona i zed, PPE) has a_nunber avera nmol ecul ar wei ght of
15 bet ween aa%?a*sa@wsawa iBerbith ok %W%P@!’d@f%"}ﬁieﬁéi’%@éﬁ 1, 500 and

about 22, 000, fgRke Iﬁﬁx@iﬁé’s@@ﬂfes@ﬂ%ﬁ@&nﬂ%&h gnejaggm?é”%nﬁ:ﬁ‘iﬁzg afidio pOO and

nost preferably bet ween about 2, about 16,000, "as determ ned by GCel
Per meat i on mcima«sgmapma%@@iamm@wammwaimp@marrmmf the type

enpl oyed her P | al‘ I ow about
12,000) are 2’3’ o&%a(?ém?y ava*’%’q@ém y%cgrg y% m?s at present. In
one procédur e(mohmermﬂnépnibrmma)mwdroﬁwl odimes gmﬁepﬁkwﬁei.rﬁdm BBl drypi cal |y
having a nu ge nol ecul i ght, .in, the range , of .about .

15 000- 55, ooatouf bl naPing R e s ieciese g ShHEREHE can be
acconpl i shed da;alyswabmmgnrphlgplﬁﬁﬁemmrmpmimﬁazé lagwadethk ag bg Feass: of per oxi de
or a qui none.Mt or with ‘ E‘{)él g{)] gl ncl udi ng bi sphenol s). Anot her
procedure is ¢ %gegb?“ﬁeﬁwﬁp% RRedfREP™Sei ght PPE by oxi dative coupling
as descri bed above to produce resins of |less than 3,000 nunber average

nmol ecul ar wei ght whi chitailébe ép@mmtemosquﬁhéim&mﬁbmtmmmgemg thasthk at i on

nmet hod. even Iecular h ns_ca tlonally be
functi onal [ Z\ﬁ%ogﬁmglaggﬁ%%sagn rffé?%&”&%“é’ﬁ% ge alg’ﬁgsﬁé’lmsf ve even

| ower nol eculaadthngidbzde@ﬂoﬁhﬁmby iferexaraplé,Fenkmal Elagric €dinpdnyl but | | on reaction
descri bed her.ein_incl 5. 01125358 [ 274 t hose

exenplified b?“ﬁPS“%P Va(“f’ l?ﬁs:lgl%&%‘ﬁgwgl a'w}é qf?n%?al ?egtugﬁy aromati c,

al i phatic, mxed aliphatic-aromati c hydrocarbons, heterocycles or
derivatives of the |i kigrthé fugposestof theprogent gwention, he8PH compaitieni nt eger 5

from1 to ab C{H'itcluaﬁ)lg a&pfémctporngﬁz%& ?Pé)y{!as L 5\91%61' a@é?ag%%)&écu?ar weight of
15 between about 500 and about 28,000, preferably between about 1,500 and about
22,000, more preferably between about 2,100 and about 21,000, and most preferably
between about 2,600 and about 16,000, as determined by Gel Permeation
Chromatography (GPC). Low molecular weight PPE of the type employed herein (for

example, PPE with molecular weight below about 12,000) are not readily available as

20 commercial products at present. In one procedure, low molecular weight PPE are
prepared from PPE typically having a number average molecular weight in the range
of about 15,000-25,000. Such preparation of a low molecular PPE composition can be
accomplished by reacting the PPE with an oxidizing agent such as a peroxide or a
quinone with or without a phenol {including bisphenols). 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.

30 Phenolics useful in the redistribution reaction described herein include
15



As previously stated, the PPE nunber average nol ecul ar weight (WMn) my be
reduced qupﬁggging the PPE directly with a peroxi de opcywukduaoper oxi de and
a phenol. Tn general, any peroxide would be useful in the instant
invention and would include those described by the following Formula (I1V):
10 A2-O0---OA3 (IV) wherein A2 and A are any aliphatic acyl, aromatic acyl
group, alkyl, or mxed aliphatic-aromatic hydrocarbon, hydrogen or

i norganic e j o .ves of the like. Typical of peroxides
Laof SN o b RN B POl @RV ED OF e 1 Ke. VD] 1) Diacyl

per oxi des such as di benzoyl peroxide, 4,4'-di-t-butyl benzoyl peroxide or
ot her aryl-substituted deeratMﬂé@n di (IBuryl peroxide, acetyl benzoyl

per oxi de, acetyl cycl ohexyl sul fonyl peroxide or diphthal oyl peroxide. 2)
Per oxydi car hopat es ,such as dj cetyl peroxydj car.bonate. 20 3), Peroxyaci ds such
as per benzoi Whefgind ‘Wﬁf‘lﬂ%‘ﬁeﬁ’lﬁéﬁ o’i“é?‘eééilé‘,at‘?t?“’mq‘?@ﬁ‘é?%m%i c acid, and
ot her subst iHetérR¥clefsr déavdtivesofthe BIR! RGHZ BYdRodGedidue aRE h XanYGRbges .

per oxypr.opanoi c_aci er oxybut anoi ¢ aci d, peroxynonanoi ¢ aci d,

d,
per oxydédecaffﬂﬁ‘i‘&t%iq°8‘,2%8iaﬁ%ri’6§f§f§\’1éit%‘?m&‘%%ti%}t,s-di per oxyadi pi ¢ aci d,
di per oxyoct anedi oi ¢ aci d, di peroxynonanedi oi ¢ acid, diperoxydecanedi oic
acid, 25 di per oxydodeaspsiviously sgted, the'PPEmeribex yverigeadlecule wdighe@in)el | as t he
i norganic acids such,as pero ric acid eroxydi sul furic acid,
per oxyphos pHBP| & & cﬁqby’fg‘:%wg&i%&’bmi?ﬁgb‘fi%?%ﬁ'éhab"é?ﬂ%ﬂ%ﬁhosphori c
acibd alnd th?h&ndlﬂhrgexmbm&@ﬁmiﬁhh&uld% ﬁa’algnmﬁwjﬂvbmm&gemmuch asb |
t-butyl perfornpte, t-bu racet at t- | peroxyisobutyrate, t-buty
per benzoat e,‘“@MseSﬁﬁém%g&?wﬂgﬁffmmﬂg[&éxynonanoat e, t-butyl
nonoper oxymal eate, t-butyl nonoperoxyphthalate, di 5 t-butyl

di per oxgadi pates, 2, 5-di net hxl—2-80biA( be@Dy| per oxy) hexane. These
peroxi des may be used alone or in conbination with or without the presence

of a catal yShhdfn APGCR HPGY MR 00, RbmbdiachFEtay, Ity RBEmixaE" case the

aliphatic-aromatic hydrocarbon, hydrogen or inorganic ester moiety or derivatives of

the like.

Typical of peroxides useful in this invention include without

15 limitation:

1) Diacy! peroxides such as dibenzoyl peroxide, 4,4°-di-t-butylbenzoyl peroxide
or other aryl-substituted derivatives, dilauryl peroxide, acetyl benzoyl peroxide,
acetyl cyclohexylsulfonyl peroxide or diphthaloyl peroxide.

2) Peroxydicarbonates such as dicetylperoxydicarbonate.

20 3) Peroxyacids such as perbenzoic acid, 3-chloroperbenzoic acid, 4-
nitroperbenzoic acid, and other substituted derivatives of perbenzoic acid,
peroxyacetic, peroxypropanoic acid, peroxybutanoic acid, peroxynonanoic acid,
peroxydodecanoic acid, diperoxyglutaric acid, diperoxyadipic acid,
diperoxyoctanedioic acid, diperoxynonanedioic acid, diperoxydecanedioic acid,

25 diperoxydodecandioic acid, monoperoxyphthalic acid, as well as the inorganic

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

16



rate of radical production. Oher oxidizing agents known in the art

i ncl udi ng g/ui nones such as 2,2',6,6"'-tetranethyl di phen RePBads TMDQ may
al so be us¥®%45¥he 10 presence or absence of a phenol. The at |east one
thernosetting resin is enployed in conpositions of the present invention

i n amounts between about 99% and about 30% by wei ght based of the conbined
wei ght of thernosetting resin and pol yphenyl ene ether. The at | east one

pol yphenyl ene et;?; I.S:.Rresent i u bet ween, about | % and about 70%
and 15 pref erabl e%%{yﬁz g%pg‘ﬁﬁﬁc’%g&%&f%‘gﬁﬁ?ﬂdﬁﬁﬁ wei ght based of the

conmbi ned weight of thernosetting resin and pol yphenyl ene ether. Any of the
conventi onal addi 4)iReascycmboxlyhic estrs sith ad tenuil perfismaie) trbut pamcetpgwiietyl coat i ng

conpositions. Such _additives includ but are, nat |im to, fillers,
(particularly si |?36§"Vg595‘3¥’&%1 hﬂﬁlpfrﬁiﬂgﬁéﬁ&%‘?’ipﬁr‘ sf‘fag"]rﬁ'g‘ﬂ‘é, f1ow additives,
anti - bl ocki ng 20 pgetyhenansad, it-bitgl moncpG@REaleatd) t-boxl abaroxyphtidRreed- am ne
l'ight stahkilizers and ultravjolet, _Ijght orbers. A pqwder coating
conmponent Jof a co'rﬁ}@gidmem’fy pafqﬁez’?'ﬂ't?%ﬂml”g% Senz épef?’&g“ef‘?“(?m added
coloring agents, but usually contains one or nore such agents (pignents or
dyes) and can cont ai n ofliesoperonides npgibe asadrivne oniicGbmbinetsorswitthorasthautf | ow

pronoti ng age a plasticizer,.a stabilizer r_exanple .a stahilizer
e st v oabe e chaB o it Gadhfon gb f oSSR Rl 7
filler, or twoaenfraicel soditioraQehiet bxidigingagentscknpwe dethe adt imchidimg qoiabresg

conposi tion. EXx I . . RI ngs.which ¢ use re iporgani c pignents
such as zinc cf)‘(‘iahn%,ziiéi"t&?%agfphﬁ%ﬁw%%@m ‘F@’nags(? ed’is%‘{}f’ . black iron
oxi de, ra@ ir qiesendedeabsysiclofwphenol oxi de, chrome pignents, antinony white,
red | ead, cadm umyellow, bariumsulfate, |ead sulfate, 17 WO 01/ 25358
PCTNS00/ 27496 bari um cas.b e, ite .l . 118 : Wl s ar bon

bl ack; and organic pi g&ﬁaﬁe@%@%ﬁé@g%&&fﬁé}%ﬁﬁﬁ , )}a‘lgcl)ﬁ,\%ﬂ1i %%H?@%f&c

pol ycondensat i preseatdnvepiigne amsyninettatencbog 98% and almup3@fabnwsightieseal ofi dazol one
pi gments, phthal ocyani.ne. pi nts (blue. gree hi oi ndigo .pi gnents,

ant hr aqui nonqu? ﬁ)r%’r‘ﬂeg ,wefﬁg\g/]{a{ﬁ?rﬁ?%e&‘éugﬁfegmp? %P?%‘Hfifﬂ? ﬁ‘k‘%rhzg%mgﬁa Teht s,

ant hr apyr i di nepopjipljenyiehs ether)is priasent 0 amomitgbarnien abows dvamidlabao Me%pagnent s,

Peryl ene ;31 OMept S 3eAE! 45301 RRABN! s by 0LRSAR20 B ORSHRIATER

of thermosetting resin and polyphenylene ether.

(0

Any of the conventional additives may be satisfactorily used in these
powder coating compositions. Such additives include, but are not limited to, fillers,
(particularly silica or alumina); thickeners, plasticizers, flow additives, anti-blocking

20 agents, antistatic agents, antioxidants, hindered amine light stabilizers and ultraviolet
light absorbers. A powder coating component of 2 composition of the invention may
be free from added coloring agents, but usually contains one or more such agents
(pigments or dyes) and can contain one or more performance additives such as a flow-
promoting agent, a plasticizer, a stabilizer, for example a stabilizer against UV

25 degradation, an anti-gassing agent, such as benzoin, a filler, or two or more such
additives may be present in the coating composition. Examples of pigments which
can be used are inorganic 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 sulfate,
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tri phendi oxane pi gnments, perinone pignments, quinacridone pignments, vat dye
pi gnent s es of acid, basic and nordant dyest uff $cTRgei795n be used

i nstead o of as well as pignents. 10 A pignent content of |ess than about
40% and preferably between about 0% and about 30% by wei ght of the total
conposition may be used. Usually, when a pignent is present, a pignent
content of about 25-30%is used, although in the case of dark colors

opaci ty can aguRkhmoRs whitk feall QhEnind ¥hits RAYEardAOGIRY; M @FfHniHigm@tird TEN -
Where appropriate, a filler may be used to assist opacity and mnim ze
costs. 15 Orsuehtasafearrample; azq piments, polygensiensstionazopigmentsometal Gsrlerd about

30% pref er abh fighehd, beﬂﬁ%dﬁiﬂ@g{.‘gF@ﬁ:%&?ﬁ@xﬁl%@}éﬁn@ﬁﬁ%%ﬁgr@&%eﬁg% and about

20% by wei ght based on total c i onposi t1oNn ] r coatings
of the presehicindigp@igments, anthraguingne pigmeats, Havanthrone pignieotsaindanthremeds known t o

t hose skill | b&ha [g&dp ,gkni fits. i y y conbi ni ng
at Ieas'lt'ét ongg%rh%hrtstr‘mset E’hg relglﬁ%ﬁgéggkgwgg{ otrﬁ’el po@?%%&% é‘ﬁéé et her),

t oget her wi tieryleng pigmeatsyquinasridenerpigmentsgisndiberizanthndng pigmentss ol | i ng  agent,
coloring ag ‘ rol. | 1 pically, the
conbi ned coﬁpiél l}legg{ag{x%&fl gehég‘{ﬂnggf@gmtmgg gg’%‘f’%?%ﬁ‘%’g’%%%ykneadi ng by
the use of pigmentsanddakes of acist, hasic andoaardant dyeistiéfs. Dived can ity used instgad 6fe  kneaded
product to Co?%%iw?lﬁas iéxﬁerﬂgi ndi ng and cl assification. The powder coating
conpositions o € presernt invention may be enployed for coating

substrates by conventional nethods. Such methods conventionally include
el ectrd@tati c coati ngApigreens sentens ptless| thanpbowt #0feand peeferably beesesses. The

substrate cap,aRbi Hibbyt 709, W@&gﬁ]{oﬁhe%m&e{,{@sag@fﬂn&ﬁé 4sed éje%%%lgli, powder 30

coating conposition to pronot'e uniforman C powder Sition. 18
WO 01/ 25358 VHEnapEmene Epowent] pigoert cprtentof pbayt 2B diisusad, althengbdess f or

formng a c | J: : | of the
i nvention 't %&%ﬂg@%ﬁg%&%éﬁ%ﬁ@e ect Fé%?i‘i’?’@%%&b@’éggu ng pérl%rgggs, and
heating t he pigpént.chere agnoeiriateo p filler mayl he userito assist epacity apdminimizesosind cure
the cogsi ng. ol dBhieE! GASHR dofmpRtd ttéeA 2 8% Hnd G663 305 priferably 5 to

25%, and more preferably betvyeen 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 appropniately combining at least one thermosetting resin and at least one
poly(phenylene ether), together with any catalyst or curing agent, fluidity-controlling
agent, coloring agent, charge control agent, and other additives, Typically, the
combined components may be subjected to heating; melting and kneading by the use
of an extruder or other mixing device, and subjecting the kneaded product to cooling,

25 grinding and classification.

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

30 coating composition to promote uniform and thicker powder deposition.
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5 a corona charging or tribo charging process. In the case of a tribo
charging p, I s reconunended that the powder c osition
shoul d be %ﬁ%ﬁ?%gi has been fornul ated especially for gﬁ%ﬁﬂgﬁg cation

for exanple, by the use of suitable polyners of which the so- called
"tribo-safe" grades are an exanple or by the use of additives which can be
introduced prior to extrusion in a nanner known per se. 10 ldeally the
particle size distribu on re U|re f or nost co rcj al electrostatlc

spray apparatus is bet é’ﬁieml%"?ﬁ piesnIngAaCRAtSBAn  particl e
size by vol Unﬁbﬂ&aﬁﬂd&pﬁl@& aQBmﬁ&‘i’tiHn of Bre [eRfidat0 B Substrite b 6n

el ectrostatic spra processwge powder coating particles are

el ect rost at | cEFIPSERLIPHYFoatng rrorgss, andheaing thrappiied compasidontomeianéd to the
substrate whi gl s nSRLEOSR QF 9&"? 23 ati ng

whi ch does not % gre to tr?e estg @?ﬁ% 2’5%3153&%5: re Ba\%erogeigl% or\ég%ayﬁjge

t hat powder coearprigphanging o ribechirgial prasesssla thefcaserngp eribiocbargingpracess! it as non-
polluting to fhe, s e substrate
by the appli cfgti&on o*jaéahrmg%l&;e Om&cg Em usﬂhragg‘lshrllgg &}&stgaglh?% %r a period
of from about fosmtll@teébﬂlm!al&dommhmmélcatm, fanckampleaby the age Qismab’pverat ure in the
range of fro ﬁﬁﬂ g[@ﬁ to 120C
may be used P% s%gn%é?@g%%g@@g%{eggég Safe %OXQ&Q%EI n é%ﬁlﬂgtge;%stg?ﬁg powder
can be appli eaﬁdm‘veawmchgdnéaesm;;chrpmnm%mmm a pRssee EnowWhgershi ckness of
the applied coating is |less than or equal to about 200 25 m crons,
preferabjyy | ess than akg - k an about 50
m crons, and nost preferg{l))félggaelggl Eﬁggmmbm{&r%&%@co?g{%t& not%@r enbodi nment
of the |nventﬁ:lmoetempr%@ppaém@@ewmsifmﬂébmﬂ%ra:rcmnem@ha:maaned with the

conposi tions Qhidihe.d MRl thu?‘&z' ‘raflg Efﬁdgﬁ%rﬁtrﬁémﬂ?% HEUREER2 mEtal, a

heat - st abl e pla stlc teria ass, a ceramc or textile 19V\D
01/ 25358 PCTI| sps00rocraabe pqmeemaang p%hlmva@msmalhacmdlanmbst rate is

chem cally or hﬂ@;@@
conposition, g% g%%?%%ﬁ‘?@d;@gheec{’h%{ kaﬁc g?nﬂggﬁ%g% %Hc o R for
exanpl e, 15w t hThemwdphmstpigaviech dhen notyaﬁh:sqohahgubm'amm hateeovered 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 period 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.,
although temperatures down to 120°C may be used for some resins, especially epoxy

resing.

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 preferably less than about 30 microns.

Another 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 ceramic or textile
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Substrates other than netallic are in general preheated prior to

appl i cat iyggdsssgr © S pretreated with a material that wpcitraisect rostatic

spray application. Typical substrates include, but are not limted to,

metal s such as steel or alumnum autonobiles, building material or

conposites. The function of coatings is typically protective, but

appearance is also inportant, and the at |east one thernosetting resin and

ot her ingredifigia} AdvantE&loaaY,Anetdl Quiitass HRmiafly bfiRednafficAlfRidangh Per f or mance

and appearance characteristi'cs. Thus, for exang e, inrelationto

appear ance, RESr toeApplication)pf the paspposijion,and isquefershlyisnljested tarchermical di f f er ent

aesthetic fipi f Q I finish b
. Erent, 6 exE | finishes, may be

provi ded. | nd? %%aat I on teé p@rg’%lr&n%(_ﬁ%}eh?%g %@i@@ﬁ%sa{egog%gr%&qfey are durabl e

and 15 exhiSubstratesmthepthan metallisiar¢ inygeneralpireheated piiiorito applicationrecate cheni cal or

sol vent cresi : : i LSt I ood nechani cal

propert |5es, "Z&ge%ﬁ r é@[& Ségémﬁ%gﬂﬁleag%léﬁglﬁgﬁg%@ ??E%(l J|l'I’Ii‘y?§algnd/ or

resi st ance tsobsmateh anelude) but axp act limitdditd,aneydls such as stepl enaluminuims not m ant to be

limted by theor R L& L .nprovenment in certain -)roperties

such as fracuﬁ’?"e%%l%sﬂélﬁkdz!grﬁ%“é&;{gfl%@bttég'the nor phol ogy of the cured 20

PPE-t hernosetting resin conpositions. In particular, cured coatings

conprising PPE and epbsdfunetioniof ceajingsiatypjcallx RiotActives butappearanse jstadsoe

nor phol ogy w Emg]h SR R hSiR: ihtah& bsc i : = £onti nuous

mor phol ogy WIVHnﬁJ L rr egg{egﬁ egggn%omisﬁgg%%gl I arge&i@?gglu a%r%)éf)lg%/&part i cl es

wi t h pdPti clsess tefprevidéithp desired perfdsmancelsnd appeprancesharaeterstics Jous, ferd by

transm ssio t. ' : ai ned depends

upon & he anc gy Blafnfs dpicalice, 1) as Wtferdely TRIORATAMRE ABHITEY, Toc

vi scosity), dffetensaesshetiofigishésofes example redudeq glossjanditerttered finishescinghbe PPE and

hi gher arm\llj\;btré‘ﬁ?g PPE tend to give co-continuous norphol ogy while | ow

nol ecul ar g dPPE and | ower amounts of PPE tend to give discrete PPE

di spersed particles. Inproved fracture toughness, to nmention one property,

is typically seen to hoelirmtprefommnersthegoaines panserllyges dusaedndt ed wit h

CO- CONtyk NUOUSh{BR 5BEP e iberati i) MLk dift 3sistiinge, CR&EIARF Solbent AksBfance YPI cal |y

associ ated with higher cure tenperatures and | onger cure times.
and/or corrosion resistance, as well as good mechanical properties, e.g. fracture

toughness, hardness, flexibility and/or resistance to mechanical impact. Although the
invention 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, cured coatings comprising PPE
and epoxy resin typically exhibit either two-phase morphology with discrete PPE
dispersed particles or vomplex co-continuous morphology with irregular PPE
domains and large irregular 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
weight (or intrinsic viscosity), and cure conditions. Typically high molecular weight
PPE and higher amounts of PPE tend to give co-continuous morphology while low
molecular weight PPE and lower amounts of PPE tend to give discrete PPE dispersed
particles. Improved fracture toughness, to mention one property, is typically seen to

20



After application and curing of the powder coating corrposition on the

article, ne topcoat | ayer may be optionally ap t he
coating Iaygjouqlggaf‘ﬁe topcoat can be, for exanple, a pol yes er- @%ged coating

cured with an am noplast resin, an acrylic polyner-based coating cured
Wi th an am noplast resin, a mxed resinous blend of an acrylic pol yner and
pol yester containing coating cured with an am noplast resin. The topcoat

may be sol vent; based sed or ot her powder coating. The topcoat
| ayer may be ab%%&‘?‘%’%ﬁ%ﬁsﬁnﬂa‘wswwﬁe@% ﬁapr@mdofrveawoua@eﬁ.xgmt ed

basecoat over wpically isSoci@RDSitt Hghe clirk fRAGRALRR AN lon ér%ﬁfet%&@ A The '”Ve”t'on
sphe

Is illustrated by the foIIovm ng non- I|mt|ng exanpl es nol -

(BPA) - based di gl yci dyl et éﬂlf:'PCN resi F% was_ obtai ned from Shel I
Cheni cal Conpany. Met hyl éa igation GUGEUEING T e POWdSE FoatipEROTYDSHER MDA  cur i ng

agent) was obt adicietht idagtont RIpsat ROy %}gﬁe | | ected 15
on a CE - 300 gg‘z NI\/I% S egﬁroneﬁ't?gr usi ﬁgﬂh ‘f%ﬁ%h%g% g%ﬁp
tetranet hyl si | AFcOPPRASER PRt fer SXampls annlvestEr-bagedreorting eyrdsvithangarieoplast or ded on

a GE G\-500 Mdginspeeiylie @smer.ms&&h ARy i Rl ¥t 1391%{19 r}ﬁﬂe@S
previously describ Chan_et . in "Macronol ecul €s", vol. 27, p.

6371 (1994). UESiRgpS eﬂ?%&%ﬂ*t Mmpqmr %Hﬂ(ﬂﬂﬁtﬂ@n@mgmwg(wedw agndgr oup

concent r at i onNSaMRblas? EsHETRY tga] e sBReRlbHleR, m&%«%@{ﬁh&@%
cal cul ated. Gel Perneation romatogr aphy (GPC) was or using a
Waters Gel Per$Retitg dhe tW%HﬁWé@Yé’QHCWPWHQCMHRCMP!?EHmmrPhenogel

105, 1041040 SBQerte ki over (iBPK YR iAY bl Aol FQRaPLisf 01 1 LeT

approxi mately 0.3% by wei ght) was injecte e po yner eluted fromthe

col um using a chl orof O\[XE sol vent \i‘tfnt ai ni ng 0 5% 25 ethanol at a flow rate
of 1.5 m/mn. E ution WASINENOR isilestrated by tha folipyingaoadingfingeramples. 254 nm

The col ums mem:epzﬁﬁdam(mi@%akﬁﬂdﬂgyd%hmyﬁmsﬁéﬁﬂ%&%b 1ed Hdn She 60, D00

g/nmol). Intringic w?:cosm Q’&F neasur enent s Wereg orne from
chl or of orm soI@E&F’B‘??é BPHY- {XMP@%“‘%@@%‘#@@& NBACLREMDEA scanni ng
cal ori metry ( Q@Ehg st RRE B&Eﬁi@cﬂﬁb&ﬁ Le&aa:og;%rétiaﬁt'Ws?aicg}%%‘?g&ue{@& rument

30 cali br ted using _an indium standard | es of were anal yzed
from 21t 019112%%’29 Ert66 1 Midp MRy spggrometer using CDCl, solvent 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 a2 Waters Gel Permeation
Chromatograph with a bank of Phenomenex Phenogel 10°, 10%, and 500 A columns.
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 monitored 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
chioroform 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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approxi mat el y 25-2500C at a heating rate of 10G mn. Transm ssion el ectron
m crogr apRPIRBEAE) were obtai ned on speci mens secti oneBCHUPIW2HOi anond
knife on an ultram crotone. The sections were stained using RuO4 vapor to
enhance epoxy- PPE contrast. M crographs were taken on a Philips CMLO0 TEM
operated at 100 5 KeV. Dynam ¢ Mechani cal Analysis (DVA) was perforned
using a Rheonetrics Dynam c Spectroneter 7700. Sanples having approxi nate
di mensi approaha&lﬁzsezmmtahaatiﬁgmebemmeﬁmznﬁshﬁamn&&c&en 230C, at a heating
rate of 2C/ m n chani cal  anal SIS TNA) was erforrred on a TA

I nstru g:p%@é%&s) M on sB%ﬁ‘\’B?‘E§ ‘Xﬁ%f”é!"?n knifepnx 3 mmin size

wer e anahyheshiérodme? The Séttidms \Q@Etaﬁe@ﬁﬁﬁgmr@ 6t 18 bnhanld dpbiy- K. C

nmeasur e ts Were erfornmed in accordance. w th ASTM E39 Sanpl es

appr oxi regraphs were taken ong; Philing GML00 TEM operated #t@0and t hen a shar p
cragk wegew., 'luyharﬁic%em&n AnkREio (DRAY Hs plefied Bsidefd Ritiomaettfts _det er i ned

using an_Instron 8500 Plus sérvo-hydraulic test 1nstrunent. Flexural
Pr opert |%@%§P°6€Q‘Eﬁ‘?ﬁ7ﬁ@@i $%“I&Q§(R9F@&REIE°WW dimemsiony of 3.2 Ribdkect r i ¢

Pr oper {1 1@%nh SrehPiflyIEPRb 99 1d/59056, 4 a Aot e Br PRymfriO helglaf ' eS1 NS varying

inintrinsic viscosity fromo UG were evalUated in epoxy
r esi n- cawrchanidah gnatysis{ SMA)i vas performed oo wTA Insurrngs TIMAtZMD hydr oxyl endgroup

concent r@stctr‘umé S -1dg | ecul ar
wei ght and 1n t(r)lg%r;sx & \Pﬁ?é‘b‘{s‘?q?‘?a Sﬁﬁ.‘? qze%ﬁw%ﬁ '!nggtzsgl)ﬂ and 0. 15
2010V PPEmehcaMgadtsofiaﬁcrﬁrﬁn K dmbasorttents desqyeefornied inascordanen t he 0. 30 and
0.40 IV R onshl Intrinsic.viscosity and Tg showed
that the" &5‘%@[@35% %38@°§F@§w\f§x\ﬂ4€‘H3l“¥;‘“L’ﬂ)s’?%w§°%‘S“dug (Tg 205 C) and
t hen r ematchetlardahdnl d/shapidck avis initladéd with a razbr i, B2dd o8 wé8 PPO 630 PPO
640 PPE L ade, Loo] B o bshE Bl keSS harae 5 Ll FlefiSaf V1 SC0S1 Y 0-12
Properties were determined in accordance with ASTM D790. Dielectric 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-containing compositions. As shown in Table 1, the
hydroxyl endgroup concentration of the PP~ resins decreased with increasing
molecular 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 that the Tg values

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:
Intrinsic Viscosity 0.12 0.15 0.30 0.40
(dVg)
Hydroxyl endgroup 464.6 366.5 208.0 . 120.3
Concentration (umol/g)
(M, (g/mol) 2,197 3,114 9,219 15.399
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Hydr oxyl endgroup 464.6 366.5 208.0 120.3 Concentration (Whol/g) M nol
2,197 3, 114w 22854 5. 399 22 WO 01/ 25358 PCT/ US00127496 woatusdoB8e 11, 007
23,969 39,868 3.58 3.53 2.60 2.58 Tg (DSC, C 166.0 176.3 208.0 212.0
EXAMPLES 1-1 | PPEI Epoxy resin blends were fornulated by first dissolving
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 the curing agent

di ssol ved the gol)ON cool'ed 1§ gappr gXi mgg Bay lgot, 231958 10 rrui3§(8 t-Tgsi n

was then resi anster ot agut us g0 a 5 Engiegrdamg—H uwv?.g;wﬁr“. RTM

LD

2100 | nj ect of The-Tesrns egured mat203 e t-e =t 203
nm x 3.2 nun 56 )the r“°u!t1},§op3rt Z?ﬁbmd ?Q)Eé\ja-pnp\c.oﬁézﬁt_e_test

speC|nens Tabl e 2 shows the conpositions; all values are in parts by

wei ght . W;E% properties of PPElI EPON 828/ MDEA bl ends from Tabl e. 2.

TABLE 2. P le Process 0.12 IV 0.15 1V 0.30 IV 0.40 |1V EPON 828
MDEA Conditi ons' .% | AO- - - 70.7529.25 2 A 10 - - - 63.68
26.32 3 A20 - - - Haalsﬁbxg&esﬁmeﬂsmemommated ¥ORRPIR0IvitE PHE ifto- 20 - -

56. 60 23.4 49.52 20.48 7 A 20 - 56.60 23.40 8 B 20 - 56.60
23 40 g %PO?NI Aﬁs resm 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 resulting part machined

10 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 0121V {0151V | 0301V | 0401V | EPONS28 | MDEA
Conditions' {(wt.%) (wt.%)
1 A 0 - - - 70.75 29.25
2 A 10 - - - 63.68 2632
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 2340
10 B - - 20 56.60 23.40
11 C - - - 20 56.60 23.40
15 ' 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).

20
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9 A 20 56.60 23.40 10 B - - 20 56.60 23.40 1l C- - - 20 56.60 23.40 15
" Pr oce%%g%g gtions: A) PPE dissolved in epoxy, resipceusanges 150C (|
hour), 200 hours) B) PPE dissolved in epoxy, resin cured at 230C (3
hours) C) PPE dispersed (less than 60 mcrons particle size) in epoxy,
resin cured at 150C (1 hour), 200 C (2 hours). 20 23 WD 01/ 25358
PCT/ US00/ 27496 TABLE 3 PPE Tg Fl exural Anpbunt (Tan 8 Kjc Mdul us Exanple

(9 ma-BKg Elybrphol ogy' MPa-min kpsi 0.12 1V 1 0 171 H _-0.63(0.09)

1

501. 1( 10 169/ 200 D 0.73(0.03) 528.6(31.2) 3 20 169/198.0 D
--0.74(0. 3l 43O 4B/ 05D G PB4 ~0.15 1V
5 20 171/ p04 D O. ?70551"’ é 535, 338? 3[ 6 30 155/205, CC | ;ﬁuﬁl 14 - 0.30 IV
PPE 7 20| 152/ 213 ;ai-‘“ 6 431 Dvtorbl og}) 8M(Plél§r,gd 2 °E8‘Pf223 cc |
1.76 - 23 ] i)~ | Morbb16
0121V’
|__EEE
1 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)
3 30 165/195 D 0.72(0.04) | 535.6 (F27) |
QIS [V
PPE
5 20 171/204 D 0.76(0.09) | 5355 (30.3)
6 30 155/205 CCl 1.02(0.14) .
0301V :
PPE
7 20 1521213 CcCl 156 | 431.1(8.0)
(0.05)
8 (cured 20 1571223 CcCl 1.76 ;
@ 230) (0.07)
0401V
PPE
9 20 1551217 C TI0 | 545.7 (24.2)
(0.07)_
10 (cured 20 1571225 ccl 1.81 )
@ 230C). ( 05)
10 20(Disp) | 1687218 cC2 134 3
(0.04)

(Standard deviations given in parentheses)

‘Morphology: H=Homogeneous; D=PPE dispersed phase; C=co-continuous;
5 CCl=complex concontinuous (irregular PPE domains, large irregul..c 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 determined 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 containing example produced morphoiogies in
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PPE 9 20 155/217 C 1.10 545.7 (24.2) (0.07) 10 (cured 20 157/225 CCL 1.81

- 230C 05) sp) 168/218 CC2 134 (0.04) (StandapgefgMisdikons given
I n parent heses ,%g%ﬁ?rphol ogy: H=Honobgeneous; D=PPE di sperseg ??Iase

C=co-continuous; 5 CCl =conpl ex concontinuous (irregular PPE domai ns, | arge
irregul:.: epoxy particles; particles of each phase wthin the ot her
phase); P 1=PPE continuous; P2=PPE continuous with PPE particles dispersed

in the matrix. wmbﬁpﬁ;%ezh%&gms%e agefﬁﬁﬁg‘i’grﬁﬁm 3 5984;:@'2&@% %/T\@grégraphs

determ ned fromtransm ssion el ectron mcro
show phase sepmméélowpmlrmgmgsphEnnﬁvelPﬁEd@Pmmllwﬂ)EMammpasmgnofls) and

epoxy- rich do né r hows .t he trans

el ectron m crogragﬁe 7190%1& WE&P%E\’%W% ? %&d%xanpl e 3
cont a: ni ng 8 1®ériplex(qommmmumomhcgzgs(\gtsymaﬁg’Egéﬂggﬂli%ﬂ&odgb{;ﬂ?&gm&mh_t alh ni ng
exanpl e pr.oduc or 0 n ic
PPE-rich donai osma\%graggg#'ggé%delargfﬁp%r& %@ é??fffe %f‘ EP?‘é’fz shows t he
transm ssi on ethesettwo phasésquaaiiptea phthe othet fiasdRikre élsm}v&Q&g‘tﬂd\AMWQﬁDOSi tion
of example 7 cont a |V PPE. . T P nt ai ning exanpl e
exhibited a compH “’"%‘égwﬁﬂwagﬁgh56%3’%?35?8&%& @ﬁ%ff@am@as 1R Af whi oh

el ongat ed i [regnainpre Sonaitkrigiss0dl Mﬁ%emwexhﬁﬁt&{a%mwm?u?ﬁ pg[ Lgf' Sﬁase
were presen i,n_eac ases rtjcles a e

were al so obse‘?“?/‘é’g"m@' ‘ﬂﬂi"’g@%ﬁw V\%SI:Q"F ’EIEIYS’HP%? SRR ni crogr aph
for the RPE | E=RaNEPH phiddEA conposition of exanple 9 containing 0.40 |V
PPE. Thi s exanpl e exhi bited a PPE conti nuous m)rphol ogy in which epoxy-rich

particles were uniform ¥hedf.iﬁse9te ort"i’%g n\f\(l)llécrﬁlar welght on rgs% ﬁgc%.llrgio%d I?:E hase.
is shown in Figure 4. For blends cured at 150°C (1 hour), 200°C (2 hours) the ch
values increased non-linearly from 0.67 MPa-m'* in the control to 1.60 MPa-m'?at
0.30 IV PPE. Unexpectedly, as the intrinsic viscosity of the PPE increased to 0.40 IV
15 the K¢ value decreased to 1.10 MPa-m'?, These results were thought to be a

=

reflection of the dominating effects of morphology at the higher molecular weights
(0.30-0.40 IV). The effects of morphology were further elucidated by comparing a
0.40 IV PPE containing sample cured at 150°C (1 hour), 200°C {2 hours) (exampie 9)
to a 0.40 IV PPE containing sample cured at 230°C (3 hours) {examg.e 10). The

20 sample cured at lower temperature, which exhibited a PPE continuous rorphology
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 5 and 6 show addition of PPO 857 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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The effect of PPE nol ecul ar weight on resin fracture toughness (K c) is
shown i noEiogskzg 4. For blends cured at 150C (I hour), mOGESedZabours) the

Ki c values |ncreased non-linearly fromO0.67 MPa-m' in the control to 1.60
MPa-m at 0.30 IV PPE. Unexpectedly, as the intrinsic viscosity of the PPE
increased to 0.40 IV 15 the K, c value decreased to 1.10 MPa-ni 2. These
results were thought to be a reflection of the domnating effects of

nor phol ogy at the higher nolecular weights (0.30-0.40 IV). The effects of
mor phol ogy paespf pstign el uci dated by conparing a 0.40 |V PPE contai ni ng
sanpl e cured at 150C (1 hour), 200C (2 hours) (exanple 9) to a 0.40 IV PPE

contai ni ng sanple cured at 230C hours) (exa e. 10) 20 sanpl e cured
at | ower tenperaturel @vﬁ?‘ﬁﬂm@&ﬁ?’é?qsﬁﬁnﬁwﬁpEre@ﬁﬁnme%%P MR¥Hgy vi el ded

a Kic val ugedfs ahd %&w@eﬁﬂ BothhafiFaktibieatdRifusaidbrepexy Reinsiverdi gher

tenperature produced a conpl ex co-conti nuqQus morphol o and a_ Kic val ue of

1.81 fPa- r@PlOWﬁeT@WaﬁPW%ﬁﬂndéﬁmb@ﬁﬂﬁﬁF§ aF"nShRP’B iy 53¢ §-lheplsndse onpl ex

co-conti nuﬁ:h’évdJ‘iHElPﬁa?:thﬂkE‘&nﬂo@ﬁﬁbﬁsaﬁaeﬁngtgbé‘d!h%ﬁllbr%ﬁﬁﬁeﬁf t hese nor phol ogi es
in obtaining high 25 fracture toughness values. Figures 5 and 6 show

addi tion of PPO 857 to epoxy thernosets produces blends with significantly
i nproved dielectric properties. The dielectric constants showed nearly

| i near decreases with increasing PPE content. As expected, the dissipation
factor of these blends al so decreased with increasing PPE content. 25 WO
01/ 25358 PCT/ US00/ 27496 EXAMPLES 12-17 PPE-cont ai ni ng conpositions were
prepared with m xtures of epoxy resins and curing agent. Both

mul ti functional and difunctional epoxy resins were 5 enployed. The
conpositions and thermal properties are shown in Table 4. The bl ends
provide nelt formable conpositions having good thermal properties. 26 WO
01125358 PCTIUSOO 27496 O Mt'+1 NO O~ . ~..
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z Ny en C11 m 27 WO 01/ 25358 PCT/ US00/ 27496 EXAMPLE 18 A pol yphenyl ene
ether regi M.0.30 dl/g) is nelt-m xed at between a and about
200C wi t?@gg{#&& After the PPE is well-mxed with t%g%bg%éo&%ﬂ esin, a
tetraet hyhnet hyl ene dianiline curing agent is (41 w. % based on epoxy 5
resin) added and the conposition is quickly cooled to roomtenperature, and
the resulting solid is cryoground to a powder having an average particle
size distri lpAMPLE9E between about 10 and about 120 microns, with a nean
particle size by volume wthin the range of about 15-75 microns. The resin
is coated onto an alum num substrate by an el ectrostatic process. The
coated article exhi bi &olyphanyleaeietherivesin N 0530 difg) isouelt-mixed at tetwestr at e,

i mproved cr ' ' Ryal | ijad,. a l.ess . .tendency to
Sorton at it TS0 LB Shal ore AR EROSPE Akt tre IR s B St a1 1
coat ed wi t h epoxyoegimssi tetrapthymmdthydene tdianiline gurirgy agpita(all are% afdlon LE 19

The progedurg. Qf e 18 is.repeated except that a steel substrate is

15 usedgi np ggdgé?%g?h‘ﬁicﬁﬁﬁ?mﬁ%épg% %8°°3‘?d[%85‘l’°é”§?’r?l‘”ﬁf“t'§ap oved adhesi on
of coating resoltingbalidiatmyogmoand wapowder haviag ki Bérage paticRRIGR diskilatiod her mal
Cyeling. angrbéaten bEAIEIEN sl T 1Rl vl Sl atREL AN 5 COMPar ed. 10

those propertres in an ar S%ont ai ni ng
pol ypheny| eméthix therang&E¢abBitH 52713 rRidroht) The kil tatedUntanrdidhiukS | S r epeat ed

except that EPN 1138 (epoxyphenol novolac availaple fromC ba) is used in
pl ace of EP&%SE%%yﬁglg%tgoéi‘g‘égpmﬁ?sf'i @°§§‘f]‘?"ﬂ?lf’ extupits ippeayed aghesionaf of

coalti nPto sodlniag ncastbst(;mej imprpvmm?bkﬁrgaeéﬁmgge uhidR6 theindd) epeliARdad 1dsher mal g
cycling, and l.ess.tendency to soften at higher tenperatures conpared to

t hose pr ope?etnfl%yit%s" n %ﬁff pmpgtiuces ‘RRP‘PPF%‘E:‘Q:@WC%‘PWFW imraridet ai ning 25

pol ypheny| eneatex wieh a composition not containing polyphenylene ether.

EXAMPLE 19

The procedure of example 18 is repeated except that a steel substrate is
15 used in place of aluminum. 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 compared to those properties in an article

coated with a composition not containing polyphenylene ether.

EXAMPLE 20

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

25 polyphenylene ether.

EXAMPLE 21
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EXAMPLE 21 28 WO 01/ 25358 PCTf USOQ 27496 The procedure of exanple 18 is
repeated e t ECN 1173 (epoxycresol novol ac avail apksdehosCi ba) is
used in pl égg@g%sra ON 828. The coated article exhibits ?nproved adhesi on
of coating to substrate and inproved cracking resistance under thernmal
cycling, and less tendency to soften at higher tenperatures 5 conpared to
those properties in an article coated with a conposition not containing

xcupt that AmaLDI TE P OaTEeCe e polpl Aot SRR I LT o i ba)

is used in pl depxpire@POvoBR@yailfible frol0Ciba)ds wseld arlace loEERQNISDB I heicoRiEdV ed

adhesion of c J d.inproved. cracking resistance under
thermal cycli ﬁ“g‘?&gﬁ%’}ﬁ?‘éss‘ %%%%ﬁecs%gtogc%a f& té)r?u%&%m iaaé]gx?prmfe FEFEB ur es
conpared to t iressanse opder themml cycliag) and fesclemdeacyetb aofieniat Righer Caigeamirkd on not
cont ai ni ng pol yphenyl ene et her. Mil e, ical .enmbodi nents have, been set
forth for 9t he c\églp %5%&0 tg?se PFIPPRYEY AR f‘gﬁge@)’f‘fé&vﬁﬁéQ%P?PQIUBE%‘ﬁ%W% and
exanpl es shoulpdlyphényleee ebatred to be a I|imtation on the scope of the

i nvention. Accordingly, various nodifications, adaptations, and
alternatives ?& to one skilled in the art without departing from
the spirit an sc,gggggg the present invention. 29 WO 01/ 25358

PCT/ USOQ/ 27496 WHAT IS CLAIMED I'S: 1. A powder coating conposition
conprising at |east onelhetmeoeduss ef axamplerl@ds napeated extept thatsARALRITE PT

pol y( phenyl eng8tRefdidyi gra%om LR | L) jm 1 wherein
the thernosetti E\ EI‘rs.’els?{ nsﬁcf-g?lse ect{(ga[c?l fr ombgﬂéﬁggggggb%%eg%@{qhﬁ%ﬁoﬁe

car boxy- #8inct icosted artigle pehiifitssmprovedadhesion dfpoatiog yo fubsimte apdamprovddy est er

resins, acryl i pb YiRfbce untlérqgerrﬂgloéyé/l% Znd 184 %nﬁ?n%ﬂ%o doBRh Nhigher

temperatures compared to those properties in an article coated with a composition not

containing polyphenylene ether.

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

from the spirit and scope of the present invention.
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3. The powder coating conposition of claim2 in which the thernpsetting
resin i SyyjorheRgt one epoxy resin. 4. The powder coati pgr/osmpe®éti on of
claim3 wherein the epoxy 10 resin is selected fromthe group consisting
of bi sphenol - A-based di gl yci dyl ethers, epoxidized phenol -formal dehyde
novol acs, epoxidi zed cresol -fornmal dehyde novol acs, epoxidized

al kyl phenol - f or mal dehyde novol acs, epoxi di zed phenol -di cycl opent adi ene
novol acs andvEROISAIZAMED mophenol - f or mal dehyde novol acs, and m xtures
thereof. 5. The powder coating conposition of claim3 wherein the epoxy 15
is a blend of a difungtion and a pul tifunctional, resin. 6. The
powder coating compositio B?Wi!?’&f’?ﬂ“ﬂc?‘ﬂ?‘lsﬁ&“°8@HB?‘P£?‘§%’“°&‘F | east one

curing agenttherfiosettity roaHERd at téast dné PolyPHBHAdnk iethier)of cl aim 6 wherein the
curing agent is selected fromthe group consi sting of a polyan ne type

curing agent, an acid, 20 hydr.i de type cur. ol. yphenol type

curing agent, an ani ofiic p FF'Z???%"E’BP%#‘?}?? é’ﬁ‘é’Brl "H{f"gb a cationic

pol yneri zat |tb¢medmigy:ém 1scsurectadjfromghmgrou;ﬁcmdsmdgaﬁfeﬂboxa,ummgmment 8. The

powder Soatr n co osr h@cl ai (phenyl ene et her)
3’%

is a poPy(2,RNEM @P‘ﬁ’é‘i‘#‘s’éﬁf? °P‘r1§'§i 111111111212 1111

111111 C L Mﬁrdﬂb@)ne&léx&ﬁ@‘&ﬁyi%ﬁﬁiUSOOlZM% 9. The powder coating
conposi tion of claim8 i n whi ch the poI y(phenyl ene ether) has an intrinsic

viscosity of about O. I|t ciliters per
gram as neasured in cgl oro E C%U'po °n° ?‘88’3{%“3@‘ conposi ti on
of claim9 itlnrndokatﬁngtrbanfsapbla;t(ophepv}ymm et her) has an intrinsic viscosity
of about 0.12 deciliters per gram to about 0.30 deciliters per gram as

nmeasured in chloroforp at | 9$ of claim
9 in which the corrposr ti on I s cur %ﬁ%&&‘ﬁgﬁﬁongé}gcy&ﬂ% ‘gt%ove etﬁ g of the
pol y( pHény| gesn stsklestyd fram theTgreumneislngmﬁhtSphugolebfbp&dld:glymdsdétherk,ai m9 in
whi ch the C%Sﬂdized 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
15 is a blend of a difunctional and a2 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
20 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).

o I



10 conposition exhibits a conpl ex co-conti nuous norphol ogy. 13. The powder
coating corw‘g%%s%égn of claim 12 wherein the cured conmpopifd;euenRys bits

nor phol ogy € sing cured thernoset particles having an average di aneter
of 100 to 1000 mi crons and conti nuous pol y(phenyl ene ether) donains
containing cured thernoset particles having an average di aneter of |ess
than 15 20 mcrons. 14. The powder coating conposition of claim 12 wherein
the cured thermosel papliclfis Ui idedi} BYBORAS o LRIPS B wikn 480 L0 1000

m crons contain poly(phenyl ené et er? omalfns wth average di aneter of

| ess than 20 micdy{phenylensetherhims pointinsicodsbsitypf elomp® 88 décditersperg@ramto 1 f urt her
conprising 20,at t.one of fillers, siljca, alugipa; thickeners,

pl asti ci zers, ?qoﬁﬂfé‘%ao%ﬁh?%@fg@ﬁﬁsmeﬁ?ﬁiqipﬁ o mag% gﬁt i static agents,
antioxi dants, hindered amne light stabilizers, ultraviolet |ight
absorbers, coloring agemd.s, THegphwdérzoating cdypssitich@! clainp® iDelticichat i ng

conpositiQn conprising at, least one epoxy. resin ct.ed fromthe group
consi st i ng of %(B%@H%Pq %l;%glgaéan ,%tr&sy;cvllsaéﬁxtgtoﬁgqogf &‘%geéﬂ’g??f BB to

phenol - f or mal d&hw@sm&m@@;&rg@mmiﬁwﬁ@m&% p¥cdehyde novol acs,
epoxi di zed al kyl phenol - f or mal dehyde novol acs, epoxidi zed

phenol - di cycl opent adi en nqyol acg and. epoxi di.zed .brp henql - f or mal dehyde
novol acs, and mi xtures fhere ,p"Wé?c??ﬂngc%ﬁB%sfmlglé’gc nﬁ%‘b‘&é@@d

11111111120 11 f | cokdpdditidrlit tdrdd at’aCbdvirati a0dve2b3 Do kel pdligpRbn I AdEhernt | east one

pol y(2, 6-di met hyl -1, 4- phenyl ene ether) having an intrinsic viscosity of

| ess than 0.35 dl./g. sured at ,25C . in chlorof or.m and. at,.l.east one curing
agent. 17. The powder gggti n@%&?ﬁﬁﬁs"f’ﬂn&ﬁmﬁm&t oﬁio&c%’én gﬂ‘e‘V‘EF%&F ﬁ'gegcuri ng
agent i s et hydoetpesitioisdxBibds 6l c@biisyl ardontimels morphBlogyd powder coati ng
conposition conprising at | east one epoxy resin, at |east one

pol y(2, 6-di net hyl -1, 4- phenyl . I.ng. ' | D] Visscosi,ty of

| ess than 0:35 dl./g. mggsur@g%gghgggtfng%}éﬁﬁ%ﬁtgog 8?%5%?g§erfl}e{asetcu§ﬁe

curing agent, ovhppstion dxhibits moptiologymsprisingoured hetmdsst padticids dhaiggyarconpri si ng
cured

average diameter of 100 to 1000 microns and continuous poly(phenylene ether)
domains containing cured thermoset particles having an average diameter of less than

15 20 microns.

14.  The powder coating composition of claim 12 wherein the cured
thermosvt particles having an average diameter of 100 to 1000 microns contain

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

15.  The powder coating composition of claim 1 further comprising
20 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.

16. A powder coating composition comprising at ieast one epoxy
resin selected from the group consisting of bisphenol-A-based diglycidylethers,
25 epoxidized phenol-formaldehyde novolacs, epoxidized cresol-formaldehyde novolacs,
epoxidized alkylphenol-formaldebyde novolacs, epoxidized phenol-dicyclopentadiene

novolacs and epoxidized bromophenol-formaldehyde novolacs, and mixtures thereof,
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t hernoset particles having an average di aneter of 100 to 1000 m crons and
10 conti Rewpmsig! y(phenyl ene ether) domai ns cont ai ni ng pew/usebdiyer noset
particles having an average dianeter of |less than 20 mcrons. 19. The
powder coating conposition of claim18 wherein the cured thernoset
particles having an average dianeter of 100 to 1000 m crons contain

pol y(phenyl ene ether) domains with average dianeter of |ess than 20
mcrons. 15 AQeastihepb -infeRil (Ter= ition of
claiml1l. 21. An arti %’Pgé coat e Q\(}mwﬁﬁ)?%ﬂeer}gﬁ?ed p%\)\aﬁg@ﬂc%gvtll ngggogrrpo& tion
of claim 1. lesszhandh3dlie. neaswedat@4°Guintchlordfernpandoie leagtmat curingagemosi t i on of
20 claim8. 23. An article coated with the cured powder coating conposition

of claim8. 24. An anjicl L QRlder: &,ﬁgg i t 05|t|on of
claim17. 25 25. An article coat ed W té}: o CUr e alﬁ edfﬂégeorg
conposi ti on @fing ageat inmethylge bis(2,6-diethylaniling)1 11 11 | | | | 11Ul |

5 18. A powder coating composition comprising at least one epoxy

resin, at least one poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic
viscosity of less than 0.35 dl./g. measured at 25°C in chloroform and at least one
curing agent, wherein the cured composition exhibits morphology comprising cured
thermoset particles having an average diameter of 100 to 1000 microns and

10 continuous poly(phenylene ether) domains containing cured thermoset particles

having an average diameter of less than 20 microns.

19.  The powder coating composition of claim 18 wherein the cured
thermoset particles having an average diameter of 100 to 1000 microns contain

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

15 20.  An article coated with the powder coating composition of

claim 1.

21. Anarticle coated with the cured powder coating composition of

claim 1.

'22.  Anarticle coated with the powder coating composition of

20 claim 8.
23.  An article coated with the cured powder coating composition of
claim 8.
24.  Anarticle coated with the powder coating composition of
claim 17.
25 25.  Anarticle coated with the cured powder coating composition of
claim 17.
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