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COVPOSI TI ONS CROSS REFERENCE STATEMENT This application clains
benefit oboUWoBieBasent Application No. 61/265,806, fil es#chDarseoto@s618s 2009,
which is incorporated herein by reference. 5 BACKGROUND OF THE | NVENTI ON

Field of the Invention t o) Ion relates to

t her nosettabl e coati ng corrposiqwgrﬁ@?émdﬁ@%ﬁ@&% fically, the present
invention relates to thernosettabl e conpositions for powder coatings and
t he powdaTROSSREFERHENCE STAXBMABNTt her noset t abl e conpositions. 10

Description of Background and Rel ated Art Ther noset resins, such as
epoxy resins (ﬁﬁ@%ﬁ;ﬁélﬁod’@éﬁhﬁ%eﬁ&ﬂfbﬂmgrlﬁmént lish N NOrAPRI5Id0BStilear €
desirable for many applications such as |iquid coatings, powder coatings,

and cast iPepembéat 3,81089] wath éviscaporatedhgtdie byrgderenal. s are a cl ass of epoxy
resins that are commonly used, and there are many that are commercially

avai | gbl A f&ﬁfo kP 6 I%IHQE ERR ies for these aryl glycidyl ethers are
hi gh gl a ss—émﬁl-m—ﬁemﬁm-e%g greater than 190 C by dynam c

mechani c% 1t!hgr]@ aqal ysis with di cyandi am de cure), |ow nononer viscosity
(less th 150 C), and high epoxy equival ent weight (EEW.
Epoxi es of the_present invention exhibit viscosities as | ow as 120 nPa-s
and the di cyarﬁ}emsa@t RYPEIP RIS BeEmesifablg §Rating cogIPOYEoRs. ARG MO of
greater Fg@ﬂflgﬁl&g@leq{r%ﬁ( 1?19&1&1‘6%'@1@&5 ch(h%ﬂ)losettable co}E‘F&htl(;ﬁsfo@ Sydgeded for
applications where the coating wll be exposed terrpe ature, for
exanpl e towagugtand ttepovpdep eocatsed nfadc fltonanhsplmrmlosgtahbtcomﬂosuﬂﬁma properties of
t he coating degrade precipitously above the tenperature of the Tg. Low

vi scd9i t \Desesptih oftkekptouadsn®RelaedpXiepar e snooth coatings that are free
from defects, such as pinholes. Al so, 25adhesion usually is better for |ow
viscosity CoatTHé&ﬁoQ@%%Hﬁesdéﬁtats epkyabsihh@peLiep| Ea«nﬁ@hgcsdzl&hému wigk he
substrate is better. Finally, epoxy resins with high EEW give thernosets
with a rairapdrjes, Weld@wr%%@émmtapbﬁca@pnhwh@ﬁynglduqqatﬂmﬁé pavdas epRingsyandoxy| s
are forne q ch as with
di cyandi a(r%‘lSt eﬁ}ﬁéﬁ%ﬁl %fl agﬁé%pg%ﬁ&%ﬂr%g?éfass Spgﬁé)& P’égst%sqﬁ?t a?‘?ons hi p

bet ween modrmyy usmmmﬁhdhéﬁtar@man;n thent ald0oRMck¢iah B GABRBIE, UH2&1dbk0RA4 05

t her rmset and wat er absorpti.on. gh wat er absorption is undesirable in
coat ilAgs Pé%ﬂ%sefor:%ae?eo%rwbﬁywév&h% arethgh %lawtyanmt@ﬁé?m%atureongev. ty in wet

or humd g‘ggréa}gé}mt oo l%?&fnamlc mech ulﬂ:l% 8 4 ¥1s M‘J di a)él?l %he ngFFr S

t hat achi ese properties 1ndivi ut n em a
propert i dswsnongniearvesoostyy(lesT tias mélnd?aczeatdeOﬁC@,mdﬂmgseposy didifaleod weiglat

(EEW). Epoxies of the present invention exhibit viscosities as low as 120 mPa-s and the

dicyandiamide-cured thermosets have Tgs up to 202 °C and EEWs of greater than
20 190 grams/equivalent (g/eq).

High Tgs are needed for applications where the coating will be exposed to high
temperature, for example to coat steel pipe used for transporting hot oil. The properties of
the coating degrade precipitously above the temperature of the Tg. Low viscosity resins
make it easier to prepare smooth coatings that are free from defects, such as pinholes. Also,

25  adhesion usually is better for low viscosity coatings because wetting of the complex
microstructure of the substrate is better. Finally, epoxy resins with high EEWs give
thermosets with a relatively low concentration of hydroxyls in the backbone. Hydroxyls are
formed during typically curing reactions of epoxy resins, such as with dicyandiamide, a

multifunctional amine. There is a direct relationship between hydroxyl concentration in a



5achi eve. For exanple, one common strategy for high Tg is to use

pol ygl yci dyl ethers of highly functional polyphenols, especially phenol

f or mal dehyoeonassdsacs whi ch are known as epoxy novol acs PCHusemens61exanpl es
of such novol acs having viscosities of |ess than about 200 nPa-s are not
capabl e aherathétemdvgitdriapborpden. Hidh vexangbksenptibh . IMdEM BBSin(conthggacdosef The
Dow Chem cal Conpany), an industry standard epoxy novol ac, has a 10

Vi scosi t yFO5Psign 6"&1%455 typigalky higher #8d Bnse vl igives SR BnRiA dwirepments shEFhoset i s
only 173C. Accordingly, there is still a need in the coating industry
to devel op newheredgoway ard @l ysddyl st thatgichieya theagyproppigies dydevideallyved from

di functi f p >190C)
ow mononey "y} BEbMReY s by eo RED ik bERnd i Plorg Al
SUMVARY  Glchitki F(M\éﬁhfﬁb@\lone commdhetrgregsfonhighiventd ase pilpyliclagl @h@@bﬂtl on to
t he problens of the coating |ndustry The present invention is directed to

a_cur abl gy Hnctgpy eehrneRpls: SePecdyiphgRol formaldeivig neyolacgwhighare kgawn
t her noset S I is
Conos €1 Beroa nERIRES L8l Bhthylisdf sBth b FRHes B0nE WA AR M ol °
t her nos etabpesl(fisnPod afefret emtabler dfmckionipg hegit T¢sl )Eor kkdrhele sD.FoNgMeldBs, flow

ai ds, and ot her ifiers; wherein the coat S ar erived f an epoxy
Searn Thdimadanr or The DR ChAbEHR dkng i a BB s Eniud Py SRHcHE. B b
conbijpat '\Qﬂ:oﬁ)ifty & LDoghPSS bl 8o i‘gto'f% diEyHARTaatig- Surkd tlﬂe%@%e‘t\’ﬁ%hlﬁ yred with
di cyandi am de)’, | ow nmononer viscosity (<150 nPa-s at 150C) and hi gh EEW

(>190 g/ eq). Accordln y’f s t@%ﬁl £ HP@%E@ef‘%oaﬁflg igs ?%g%logm%%ﬂhérﬁ{bséts

directed to a proces ove cura
anot her aszpnes:mseﬁﬂ fd)ﬂt&)apngsthaltare dwretilfmm dguahitioegltredng mtba\mihlme:mht i ngs,

i.e., thernoset roducts) md t he abhaye curabl e
s ComBORTET ORI ALY BHSBR CRIOBR - GRUERT) TP+ RUPS ad
Accor di nehifiPEEReRbeSARY. | nvention, a curable resin conposition (also
referred to 30 herein as a ther m)settabl e conposition or hardenabl e

COIqu%I tiQmmVARS & T;% Lg@ﬁ?mﬁoat' ngs of the present invention disclosed

Yet

here one thernoset WO
2011/ 068645P US2010/ 056105 resin osi tion ke one
oot ing agont - THTECEBLEREHER FOTLE COTRERD IS o O e Bhohe B

co- cat al YHieSpres%ddllnkfélﬁfd)&ihs tihedte®et cui gsé fesmohofrﬁ@rsmh fafnrwmlﬁgsrawmmng( 1),
fillers, Eagments flow aids, and other nodifiers; wherein the coating has
a conbi nddiBieastonsithemaseidesin FamBPYYH aﬂ@ﬁ%b%té?%F@l%ﬁﬁlnE@ﬁP%t 8is

absor pt i q %I@% &1 Dbt 3 Bl fude TRANR P&“c b ?t fb%hf th@fndeie GERED! e of
bei ng subj ecred 16 c%m%t | gns? ei % W T render e Conposi tTon to a cured
or t Rer nokfftrest fadre compomand () filiters, pigments, flow alds, and other modifiers; wherein the
coatings are derived from an epoxy resin that exhibits a balance of desirable properties
including a combination of high glass transition temperature (> 190°C when cured with

dicyandiamide), low monomer viscosity (<150 mPa-s at 150°C) and high EEW (>190 g/eq).

Another embodiment of the present invention is directed to a process for making the

25  above curable composition.

Yet another aspect of the present invention is directed to powder coatings, i.e.,

thermoset products (cured resin products) made from the above curable resin composition.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, a curable resin composition (also referred to
30  herein as a thermosettable composition or hardenable composition), useful for powder
coatings of the present invention disclosed herein, may comprise (I) at least one thermoset
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The term "cured" or "thernoset"” is defined by L. R Wittington in
Whittington's Dictionary of Plastics (1968) on page 239 as follows: "Resin
or plastiwe20omssunds which in their final state as finipshas2@obsabes are
substantially infusible and insoluble. 10Thernpbsetting resins are often
l'iquid atrespeempddgen;iand (Meitreavnone acingragear Thisawegwkitign cwhbpionalle cured by
heat, catalysis, or sone other chem cal neans, After being fully cured,

t her nosetlgcle%%%lm% cPesabd ystn addifonal Shermossd wesing diderepisirogR CemPanRent fdr mal | v

t her mopl agid; %g?@%nl?ﬁeﬂ%dst hed aaaaeﬁlbm@grsbxvh ﬁpﬁle%a&{g%%' 'cBﬁibﬂQltl%toP ot her

materi al s. imting enbodi nents present” 1 nventi on,

t her nosethigleglass tiGsvivpdsnpiramye amlrtpwnmter E(blS()rptIOIfl the ther noset t abl e
conposition of the present invention may be selected, for exanple, fromthe
fol | 0wi ng: The térh) "a%matﬂ@unyaﬂselsdtmher@m;ﬁﬁmhedcatwblléwf eiing shbjedted ko i s
prepared frogma dih roxyd| phenyl cycl oal kane corrpound RIRL / Q() (0 Ra al
120\ - 1 / NeRgidens whichovifl rgndep s depreSition tgp cyrgd PW@‘F@ER@”E)@}%&%"QOFNWI a
| wherein Ra is a hydrogen or nethyl group; Rl and R2, independently from
each ot her, eakdl§ tﬁ@pr%@htoi "therpeiieb ge Aefanesy la Ranbtg@irgtoralns‘?{thgtam &d or

unsubsti tly gna?l k?’ i’ gtrc% 83 of %Qg%(bﬁfdj}tsefgllgws U %y So& T p eag&éas co?i{p%lllncgsrwfgfillgh or a

substltute nsu ro group;

a SubStl tltﬂt}ﬁiﬂr firial Bﬂﬁ%ﬂ@ﬂﬂliﬂdﬂaﬁhc&ﬂslﬁ@(%b@aﬁﬁﬂly ﬁifUSiSblé:h'lﬁi 1n€M(15i3) 25 or
C(R3) mis an integral nunmber between 8 and 20; R3 and R4,
i ndep ndeﬂterlwreftm fé%léﬁafétorﬁ*éla liquideas sorap plage Ht theis MapHiasRENORIBFRSS B hal ogen,

a substi tyit;ed, Qre Ha'?l hi & Al Kbl UiRMRheRica PR dst Uik vaf lﬂ?%ﬁf‘@tﬁ ytuted
aryl group, of a t1t Gt g%ggls unsll[ﬂ)stt?t uted Ql%(s group 8and n |Es’ an
i nt eger I’thmhr@geta cMBdoube fasofter@dtby habo WondOplastics Wthh are normally thermoplastic

can be made thermosetting by means of crosslinking with other materials.”

As non-limiting embodiments of the present invention, the thermoset resin
15  composition, component (I), of the thermosettable composition of the present invention may

be selected, for example, from the following:

(1) An epoxy resin represented by Formula I which is prepared from a

dihydroxydiphenyl-cycloalkane compound:

Ra
gia/ > <O v >\ /\ /> ) O¥z\
O I—’ C | O
Ra Ra R2 Ra
R3/ (X) R4 RB/ (X)m R4
20 Formula I

wherein R is a hydrogen or methyl group; R' and R?, independently from each other, each
represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group; a
nitrile group; a nitro group; a substituted or unsubstituted alkoxy group; X is CH,, CH(R"),
25 or C(R*)(R™Y); m is an integral number between 8 and 20; R’ and R”, independently from
each other, each represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl

group; and n is an integer having a value from O to about 10.

3.



WO 2011/ 068645PCT/ US2010/ 056105 In the Fornula | above, the
substituted or unsubstituted al kyl group, a substituted or unsubstituted
aryl groumo 20r1/@ms8@abstituted or unsubstituted aral kyl grouustaw/o0Ri105 R4 and
the substituted or unsubstituted al koxy group for R and R2 may i ncl ude,
for exanple, dn@he E&gnalklyibove, taé kitsdxyedysratpubsaitited kol @oyp, agubitjputeddr a
Cr-Cl12 aral kyl %roup S5As typically prepared the epoxy resins of Fornula |
are a mi MSERStigRreby HEREP-OW SLRSHREY Ph@nsuhstlt’emtaraélaﬂ ghpday RstR AeBendi ng

on the proag&asiedOPdhdbiated Wy ! \%ﬁé%é)h% § YAPRORIa Ync'hﬁiedﬁ)?'eg(gﬂ%legézgg@' ons

are chosen to give a mxture in orte menber Wt
pr edom natlled of 2k@lowty 29gup. & Ly-(An agtl geompeak ae@a@yz arelkylhgrogmposi ti on

represented in Fornmula |11, such those 10 which are prepared by reacting one
or noie bi sphexolypicaily brepaigt GheCdpoR reésinscof Foeasa IQire @ﬁﬁxtﬁfe ofwhgomfsrst\hlaq epoxy
resins of Faormula |I: 15Formul a 1| wherein R Ra, X, and m

are as deRr¥ieg B nthpisiambed Justeg degengling %%@FO%W%S“QWMW’@“W%H@ to about
20; pis yl ene
o cly, - And e R B i R ROt BRAE B I8 Ao lUChRaBEY ! o
20 0, S, w1t}hﬁdd)pmﬁemmatesleb7®wt g&)hydr ocar byl noiety. By
"hydr ocar byl ene noi ety" as used herein it is nmeant any dival ent radi cal
formed by renqg2) ngh ddvandeddpogeresat @mpokitiomrepreyedfedtaFbaiula Mysechspeei fical |y
t he hydrocarbyl ene nojety is a divalent npiety selected framthe group
consil8t i nyhieh agPrepmessodt Weﬁﬁt@&“@roféf%%PisP}ﬁﬁ“@& Witk § proichipmgEe BEteRt ot WG or

S“bSt't“QEQmﬁ¥8¥8§k$¥%%ﬁ§&s%§F§%gF§§'t“ted or substituted pol ycycl oal kyl,

an unsubstituted or stitute enyl, an unsubstituted or substituted
cycl oal kenyl, an unsubstituted or substituted di or polycycloal kenyl, or an

unsubstituted or substjtuted aromatic ring. By "hydr ocar byl iety" used
herein it |§oneant a novdl ent radi cal, mor e,speci fi Bal | yR any nongval ent

HRaC—CR —CH—0 O—CHz—(IiRa—CHRa—ZEQ—Z]—CHZ—(IZRE—CHRE—O O—CHy—ReC'—CHR®

C

( ) Iig ' g ( )

R3/ \R4 RS/(X)m\
y
15 Formula II

wherein Rl, Rz, R3, R4, R? X, and m are as defined in Formula I, y is an integer having a
value from 1 to about 20; p is an integer having a value of 1 to about 20; Q is a
hydrocarbylene moiety, and each Z is independently selected from the group consisting of

20 0,S, —NR" wherein R" is a hydrocarbyl moiety.

By “hydrocarbylene moiety” as used herein it is meant any divalent radical formed
by removing two hydrogen atoms from a hydrocarbon. More specifically the
hydrocarbylene moiety is a divalent moiety selected from the group consisting of an
unsubstituted or substituted alkyl, an unsubstituted or substituted cycloalkyl, an

25  unsubstituted or substituted polycycloalkyl, an unsubstituted or substituted alkenyl, an
unsubstituted or substituted cycloalkenyl, an unsubstituted or substituted di or
polycycloalkenyl, or an unsubstituted or substituted aromatic ring. By “hydrocarbyl
moiety” used herein it is meant a monovalent radical, more specifically, any monovalent
moiety selected from the group consisting of an unsubstituted or substituted alkyl, an

30  unsubstituted or substituted cycloalkyl, an unsubstituted or substituted polycycloalkyl, an
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noi ety selected fromthe group consisting of an unsubstituted or
substituted al kyl, an 30unsubstituted or substituted cycl oal kyl, an
unsubst i twoediiarwsaiabst i t ut ed pol ycycl oal kyl, an WD PCT/US2010/056105

2011/ 068645PCT/ US2010/ 056105 unsubstituted or substituted al kenyl, an
unsubst i tusketsktianesobsibitituteg diley gl, aalikabyituted or witstihaéd ¢ydtaatkeayl, smbst i t ut ed
di or polycycl oal kenyl, or an unsubstituted or substituted arqomatic ring.
The epoxyPERtiFtes opgprfifitgd di of RolygyCiapkenrle 8T ApEsyD e op pefitittedor epar ed
from5 (a),An Qfg MOr € epoxy resins of a dihydroxydi phenyl -cycl oal kane
conpound given in Formula | with (b) one or nore suitabl e conpounds having
an average of fRIGoLNANON%: SAEN ENILAGA AL AT RSIOATR SELEa sifier ef n
the reactive hydrogen atomis reactive w an poxi de group I n sald epoxy
resi n5 The) @rotyndrespoxussids bha tihgd@dvaiphadrtcloglagid @mpsayd gden i onal |y
include (c¢) any one or nore epoxy resins known in the art different from 10
conponentFYERLa Ioyigh (b one ppmogssiifable compgyidshayinggniepass pf @PFRHrbRear omat i ¢
conmpound : i i : i

P oduct s TEn AR Aoty o R R Cn A A R R R
conpound dnaepbxige groupvesadepofy meine Thhapoonesineaed intbe hgdmogeent atashoper

nol ecul e incl ude dj hydroxyaromatic, dithiol, disulfonanjde, diamde or 15
0 car boxyTRcadiforals HAHIE S s o st EP R e SR e o AP bR or

am dgogr Qépoh¥R (HEGRAGA! fr BNl HiOYPRAY] ARG s SEERNER% YardHae ch dthdand one
phenolic hyc}i)r OXy group, one secondafy aim ne group and one carboxylic acid
group, orThereepinaivnl df shaafdrementignasigsivamtd epex cresipaxgdices caoibd pgriouped and any
conbi nati on thereof., The ratio of the conpound having an average of nore
than one PESNIOVE HSBPSgen 20at om per nolecule to the epoxy resin is

generally fromabout 0.01:1 to out 0.95:1, eferably from aboyt 0.05:1
Po about 0. 5 XIS R ssruelpd By ab AT il Boeien s e pged

equi val enfiém @br hBRcHIBAEhMEIRYHL OB A O M RBY, dRAWoMAhRIB dighidehs epoxi de
group in the epoxy resin. The advancenent reaction may be conducted in the

pr esdAce drarbdyydineeldgbmposndswarbmpsundstdontairangps proatiyemind ohamaide grp,

m Xi ng. ‘I;he advancenent reaction nay be conducted,at atno Fe i C

Super a ndYBRETIAA MR BIHES S PR I SETP o S OR AT P BHSTRPEPREY 80Uy om
about 20GnkQeaaity aAGh rompafl@ba@&afbo;%m@rﬁbmbg}uﬁp,%@@né pheabRthyd6Rfercapd nore
preferably from about 100C to about 200C. The tine required to

conpl et e AMHENaYhATEIreIetd grenRtand any epahdgtigpdkiedact ors such 30 as the
t enperature enpl oyed, the chem cal structure of the conpound having nore
t han one reactThegaty df thgenmabam Ipemgnnl aerdge oé mpirothed onarmctiveehyelhegeinc al

str uEt()ur eatoor}cl pterh Fofelire Yo th\é\%pg)(c)% I:'Lelsglﬁlg %éée?z% y()sn%%%gét%éﬂ??o about 0.95:1,
preferably from about 0.05:1 to about 0.8:1, and more preferably from about 0.10:1 to about
0.5:1 equivalents of the reactive hydrogen atom per equivalent of the epoxide group in the

epoxy resin.

The advancement reaction may be conducted in the presence or absence of a solvent
25  with the application of heat and mixing. The advancement reaction may be conducted at
atmospheric, superatmospheric or subatmospheric pressures and at temperatures of from
about 20°C to about 260°C, preferably, from about 80°C to about 240°C, and more
preferably from about 100°C to about 200°C.

The time required to complete the advancement reaction depends upon factors such
30  as the temperature employed, the chemical structure of the compound having more than one

reactive hydrogen atom per molecule employed, and the chemical structure of the epoxy
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resin enployed. Hi gher tenperature may require shorter reaction tine
whereas | ower tenperature may require a |longer period of the reaction tine.
I n gener avp 20ti@68é45e for the advancenent reaction conpl eCirams2eepseiange from
about 5 mnutes to about 24 hours, preferably fromabout 30 mnutes to
about 8 hedn smpaivdd nbligheb tepipei@ii@lihyy keqoire sHoodt redBtion tirué edeicos Rivut 4

hour s. A catal yst may al so be added in the advancenent reaction.
Exanpl es tﬁmp?rﬁ@r‘?:@laélr‘i%lfre ﬁﬁ?ngeﬁBF%%OfﬁH%f&ﬁfl%gmequat ernary anmoni um
conpounds, phosphoni um conpounds, tertiary am nes, and m xtures thereof.
The catal yst ragendakhsltoyetorite %ﬁxamememé@aftmmmwommramée fpeabogt

pr ef er abl bout
0.05 to a oulg%uggge#ggﬁgﬁg 8m§98ﬂ%f ase B§%ﬁ9 {%%8§ﬁ§%&n%aggb%9§
epoxySreqnakumbw&mnemhemxn@hmkh30amﬁmammung an advancenent reaction usef ul
in preparing the advanced epoxy resin product for the resin conpound which
may be enpl oyed chilykiifaPales BOhddeavE i faRdethedi NaEidnD Bladpldsal et cabilyst
5,736, 620 and Handbook of Epoxy Resins by Henry Lee and Kris Neville,

i ncor por andvingde phosphinesfapEesy amBRRED FeBPnds Hosphomm eompows,

pol yhydr gx o I di hydr oal kanes
Gor ] ved fe et AEEL AP s ARG A5G CRap bR RS L e

cycl ododepamome] tocabouop, m&faﬂiegaﬂn@rﬁaboaﬂmbmcabaden&mﬂeno@ pcéfaabltycfmone,
and m xtures thereof wth phenol; hydroquinone; resorcinagl; catechol;

2, 4- d0metagrt Q¥ F3beyt 1. 54Pe’€9ﬁ11‘d?yo‘f"%‘§ %S%vpontta% FAMRY Figh R dePOR R 67D
blsphenol A 20(4, 4 -|sopropyI|dened|phenoI) 4, 4' - di hydr oxydi phenyl net hane;
4, 4" -t hiodi phéhtbi:r dedaily cogegriing yh ddphepopnt rzaczlonslaerfﬂbmmr@na@memlm advanced

;_1' ;_1' bdls ?% h;é}(e%mp hﬁdﬁ’ct Brxtlig ?drsiln cioirné)toll%lncri1 ¥v(ii1 ilf(fﬁa _egIZés)IR&%ngd’l 7 the present

rox ane;
( 4( 4- hydripxahpibg awgi}erpﬂnamsl Batbﬁmm)sdl%t@omhdeidwab@okﬂaf@pod} Rysdisoxsydempheny|
di sul fide; 3,3 5'- tetrachl oro-4,4' -isopropylidenedi phenol ;

3,3,3,5 ete@piié%wdwﬂ&e ANCOPRASHES BSEindBhiERIeicEnol -
253, 3. -di met hoxy-4, 4' -i sopropyl i denedi phenol ; 4, 4 - di hydr oxybi phenyl ;
4, 4' -1§i hydr oxyE?@lrml\%s-ofrﬂm Hypmeti¢ db@d@olﬂlydmxcﬂ pardriniogtsempanid inglde the

bi s(4- hyd en tere hala e
nyar oy pRUOTY LRSI e R e o B ST PN o o

4,4 -di hmemy@heﬁulcpaamtﬁlonbg Sicibpeividicaxyeheitdictatiedadaaz enedi i m ne;
1,1 -bis(4-hydroxy- phenyl%fyclohexane phl or ogl uci nol ; pyrogal |l ol ;
2, 2", 5, 5 YElricampaRG APANE K| tBePeTorigh Pk ihy draeRs IRhSiN heatreios:

oyt 2Pt A RARRl o bEENR AR EA RORSLELETRh 1ATAAA SO nat on

pol year qu;;u 4lsropaq1yﬂsleneﬂqihaﬂﬂ) 4, 44~dﬂ¢da:@<ryldq3hynly1m¢dmylé m% h}mmphtmlepht hal i c

e e T AT
i TR
phenoxy)-phenylsulfone)diphenyl ether; 4,4'-dihydroxydiphenyl disulfide; 3,3',3,5'-
tetrachloro-4,4'-isopropylidenediphenol; 3,3',3,5'-tetrabromo-4,4'-isopropylidenediphenol;
25  3,3'-dimethoxy-4,4'-isopropylidenediphenol; 4,4'-dihydroxybiphenyl; 4,4'-dihydroxy-alpha-
methylstilbene; 4,4'-dihydroxybenzanilide; bis(4-hydroxyphenyl)terephthalate; N,N'-bis(4-
hydroxyphenyl)terephthalamide; bis(4'-hydroxybiphenyl)terephthalate; 4,4'-dihydroxy-
phenylbenzoate; bis(4'-hydroxyphenyl)-1,4-benzenediimine; 1,1-bis(4-hydroxy-
phenyl)cyclohexane; phloroglucinol; pyrogallol; 2,2',5,5'-tetrahydroxydiphenylsulfone;
30 tris(thydroxyphenyl)methane; dicyclopentadiene diphenol; tricyclopentadienediphenol; and

any combination thereof.



54, 4' - di car boxydi phenyl ; 4, 4'-di carboxy- al pha-net hyl stil bene;

1, 4- bi s(4-car boxyphenyl)- trans-cycl ohexane;

1, 1' - bi s(wecarimezeaphenyl ) cycl ohexane; 1, 3-di car boxy- 4- meCgusbennsdies

1, 3-di car boxy- 4- net hoxybenzene; 1, 3-di car boxy- 4-bronobenzene;

4, 4" - benzani | iEkadiptardiaxey/dii andpolglcarboxd/lic pbien yichelezipsit dctirbayldiptighile aci d;

4, 4 -stllbenedlcarbox lic acid; and any conbi nation thereof. 10Exanpl es of

the di- dRAHSH Aigh }Sﬁelilta%iéc aci 1%%?1@6?@6}#%%11@ a‘b‘én%@nedl t hi ol ;
4, 4' - di Al r

o cogl SPRARHPASIY LT, DERas oyl R BRSNS

-di ner Captris(dhl}bhkynhlenyljmdthanqzdllelbleéémebhﬂyphmyl)pydlplﬁsxlaaecéir@cﬁ 3’ HewhmetRyl2'

(i meccapf adietiy] etheri, 3.2l et captoropansr bl of BB, 3RLRELY)
151, 1- bi Sty él@ﬁé%;taﬁ@hleﬂ%&(qy&alr&ﬁ%l@éﬁ%l)c?ﬂ&eﬁﬂﬂe QOB RBbL - hERYIBSE zene;

Exanpl es of t di - and pol yam nes i ncl'ude 1, 2-di am nobenzene;
1, 3- di ani hb@@ﬁﬂo@ﬁﬁ"L methowjbenrensh éAzberaboxy- 4brainehenrrgi ﬁﬁemmtlﬁwe,

4, 4" -di am od| hen m nodi

24 G anereny in g 2L by ek ®O AR AR Bibeh e Gimonytc acid and
3,3 d|n&h@y&mﬁnﬁnoﬂu@ﬁkmpdlphenyl 4,4 - dlanlno al pha- net hyl sti | bene;
04, 4' - di am nobenzanilide; 4,4'- dianinostilbene

hips ( 4- am nophflslorthe &0 and YAy RABR%AARS include 1,3-benzenedithiol;
bi s(4- am nophenyl ) cycl ohexane; tris(am nophenyl ) net hane;

4-
1-
4- cycl ohekenrededithioled.4 TdBadiespeorbphicayinmshansi pai- dznmeapt@dlhlwnah@dﬁam ne;
e
(
0

thyl en am ne: triethyl etr etr hy enta e; ..
o e nobc TP sed B RV S o ooy AFERTH b Asin:
pyl) sul i—b?(ﬂohdilaﬁe(cﬂtﬂﬂdlomihayiﬂeﬂﬂlﬁlbp rzrmnﬂmercaptodlethylether

2' bIS(4 am nocycl ohexyl ) propane; and any 25conbi nati on thereof.

Exanpl es o?-dimicyioprapanchbisGameiseropthy) siades sils(meecaptopben ybyusainei ne,
4- ty | di ph | de,
o oo Bhekr msr e AL %}&pﬁen@?@ﬁﬁﬁﬁ‘h L0 g o o henane.

4- am nodi phen 4-am 4- anln | stil

oy o e et SRR bR iR g fioR 1RAG bnk, DSafisipan ne.
am nonor hennarel 42ifniopaiAyd; an’ 1d1£1ﬁ1,noal@ﬁe®l‘ﬂle@1@ﬁ@|4[¥ﬁtd1£iﬂ1nbb%h@£§flsulfo¥i\@
2011/ 068645PCT/ US2010/ 056105 Exanpl es of the sul fonam des i ncl ude

phgnyl suIQ‘%ﬁam@édlphewuhf@%f]ﬁh‘érq@lﬁ@moﬁmhﬁmld%lde&ﬁéhﬁér %F?f@hﬁtﬂ 4 oHani de,
4 no A4
ro p;&%ﬂ&@%{]gﬂ%@ d6m gﬁhyff‘g% M}aﬁﬁﬂﬁé@p@‘éﬂ ' 4 dl?l%ﬂ]t%oeﬁﬁljxe 1—191@%%5?1%%6,

2
1
1
1,
di
1-

pr
2,

4-sul fon Ayl oXi phenyl e
4- sul2bonasd’ dﬁb@ﬁmaﬁhﬁﬁﬂrﬂe 4, 4’ 61uh1ﬁmulbam (ﬂGdjlﬂhezlm/lhop}ﬂanﬁl)lufaﬁﬂf:yclohexane'
5am dosti | bene, 4-sul fonam do- al pha- net hyl sti | bene

2, 6-di netlhybﬁ%elmwhwé}wﬁeh%ae dH§aBvnpAmhARY Ihange | dopyclohexanediamine;

1,6-hexanediamine; piperazine; ethylenediamine; diethylenetriamine; triethylenetetramine;
tetraecthylenepentamine; 1-(2-aminoethyl)piperazine; bis(aminopropyl)ether; bis(amino-
propyl)sulfide; bis(aminomethyl)norbornane; 2,2’-bis(4-aminocyclohexyl)propane; and any

25 combination thereof.

Examples of the primary monoamines include aniline, 4-chloroaniline,
4-methylaniline, 4-methoxyaniline, 4-cyanoaniline, 4-aminodiphenyl oxide, 4-aminodi-
phenylmethane, 4-aminodiphenylsulfide, 4-aminobenzophenone, 4-aminodiphenyl,
4-aminostilbene, 4-amino-alpha-methylstilbene, methylamine, 4-amino-4’-nitrostilbene,

30  n-hexylamine, cyclohexylamine, aminonorbornane, 2,6-dimethylaniline, and any

combination thereof.



Exanpl es of the am nophenols include o-am nophenol, m am nophenol,

p- am nophenol, 2-nethoxy-4-hydroxyaniline, 3-cyclohexyl-4-hydroxyaniline,
2, 6- di br ono4otwds@gyani | i ne, 5- butyl -4-hydroxyanili ne, PCT/US2010/056105

3- phenyl - 4- hydr oxyani | i ne, 104-(1-(3-am nophenyl)-1-net hyl et hyl ) phenol ,
4- (1- (4- am nodhamplgsaifhyd Jupfoamaides frc{uwbieqiieimaphtnaxydep hamahox yphenyl-

4- ((4-am ngphenyl )t hi o) phenol , (4-am nophenyl) (4-hydr oxyphenyl ) net hanone,
4- ((4- am‘SHHE%WF’)%&WPWHWI)YMBP@%= Hrqrméﬁvﬂau@nﬁna% Ac;ﬁ%%n%ny 1) -
1-nmet hyl %hﬁ%h%ﬁi%e,%—g*ﬁ()m%% 4-sMeORITMb BRI BEREENAIfonamido-

4- am no- 4" - hydr oxy- al phanet i | bene,

4- hydr ox ydighengmatiang| $helforanhgétsnzdihenene, 3;sHdnytehidpdipheiyt f-exy@ni | i ne,
15and _any cqnbination thereof. | es_of the am nogcarbaoxylic acids
el ude Sar SR, SrataRRito-arkkmnGiTthe Seimeair bR ERbER S s o

2- met hoxym¢cambialenarioraci d, 3-cycl ohexyl- 4-am nobenzoic acid,

2, 6-di br ond- 4- am nobenzoi ¢ acid, 5-butyl-4-am nobenzoic acid,

3- phenyl - 4- am gﬁ]gs i i SR RCTY-1) § 9‘%3”3 -1- yl ) benzoic
acid, 204-(1- (E}%a '1ngjg%}é%§1]€‘8{)lﬁeﬁ()§sﬁgﬁ%gél%gam ,¥%%1’(%1-%§nhﬁ%{§ﬁggoxy) benzoi c
aci d, 4- (f-dnmophapheameihbhy-é)iyenzgaciliae, d¢yclohexyl-4-hydroxyaniline, 2,6-dibromo-
(4-am nophenyl ) (4 car paxyph net hanone i

4- ((4- ani%_ﬁ’(fﬁ%%b&t")lgﬁl ?’Mﬁ)%E%%FFH ticg- —pheny1—4—hydroxyan%hne, . .

4- ( 1-104- aftf 100 Anfioghd ATRRRAINEHheRSt | 21 dopRe fin it pRBIRGNZOI ¢ aci d,
N- net hyl - 4- am nobenzoi ¢ aci d, 4-am no-4'- carboxy-alpha-nmet hyl stil bene,

4- car box y+@-aramoplengk pivhemmdt Ayt stniihpgheaydio)phanel, (25N kmaphhyy 1y Hyhyidray-

4o per: ARROLT DBEGE P8y n AP ITRESE 2Pl T ¥hhio-3.5-aibromopenyy)-
3, 5- di metihinkedteig PO BeiBRhfopaeddl, N aRdhyay atisBhérdl,| Oimindder agidrodpxapil-es of

the sul fanilam des include o-sul fanilam de, msulfanilam de, .

p- sul f animethylgélbene, Adrydesy-4-aminpoibazesthyladlbene, 3,5-dimethyl-4-hydroxyaniline,

3- nmetyhyl- 4- f . do-1-am-no- 30 benzene,

5- rretlﬁyl-aglf%ﬁwgrﬁgﬁa %1 %‘-ea%nobenzene,

3- phenyl- 4-sulf onam do-.1- ami nobgnzene, . . . L

4 (1 (3 sul o BB AV T OB ARkt gt Faminobenzoie acid, N

4- (1- (4- subhpBei AepRen ki bydnzaRidcid)e.mdhéd~5dhiibenide eyl skline,

4- ((4-sul fonam do- WO 2011/ 068645PCT/ US2010/ 056105 phenyl)thio)anili ne,
(4- sul f orfatmiepereid acid ZgnilibspheAyan)inehanaeis aeid, 5-butyl-4-aminobenzoic acid,

4-((4-sul ' | f.onyl MK -(4- i.do-.3
s AR SaRba UL L e gL doc
sul f @amdo-{4-Mnitephenybethphbanaeneid, 4-(@mnifephenoxy)benzoic acid,

sul f onam doal pha- net hyl stil bene, . ]

4-sul f oné&ﬁ<ﬂ@n&n9®ﬁvﬂ§hgﬂ>‘b€}¥émﬁ@€m (emingghenyl)(4-carboxyphenyl)methanone,

52, 6-di hyl-4- syl i —alF.nohenzenge. i, ar i i_pn thereof.
(3) An %Qﬁé&ﬁnﬁfﬁgﬁ%ggg%g%&gggl{aa??l?%ga?%gfﬁgct%%g{s@?%)‘ ?epr esented in
For mul a Irhé¢thylathiyb,b-ditpopberedichyid, daotithyy4 anenarennwre ecidi $jpmémoil’'s with a

SOl N O S e SR PEbehe, Aty TP il al e eRRdeitbE! ek, Formui @ 1
25  N-methylglycine, 4-aminocyclohexanecarboxylic acid, 4-aminohexanoic acid,
4-piperidinecarboxylic acid, 5S-aminophthalic acid, 3,5-dimethyl-4-aminobenzoic acid, and

any combination thereof.

Examples of the sulfanilamides include o-sulfanilamide, m-sulfanilamide,
p-sulfanilamide, 2-methoxy-4-aminobenzoic acid, 3-methyl-4-sulfonamido-1-amino-
30  benzene, 5-methyl-3-sulfonamido-1-aminobenzene, 3-phenyl-4-sulfonamido-1-amino-
benzene, 4-(1-(3-sulfonamidophenyl)-1-methylethyl)aniline, 4-(1-(4-sulfonamido-
phenyl)ethyl)aniline, 4-(4-sulfonamidophenoxy)aniline, 4-((4-sulfonamido-

-8-



OHOHOH 0-CH2-CRa -CHRa -Z-EQ - aCH2-CRa -CHRa - 00 - CHRa-CRa-CH2 EZ-Ql-Z
R2 ,(x).\ R3/'R4 10 Fornmula Ill wherein R, R2, R3, R4, Ra , X, Z, p, and
m are as weoefoneadsdss Fornula |, yl is an integer having &cvaisa@ofosans O t o
about 20; Qis a hydrocarbylene noiety; and Z1 is Z-H 15The terns
"hydrocaqﬂyhﬁmhkﬂmﬁﬁmy(4amﬂ) hmmﬁmemﬂhyhnﬁmmﬂkylmaaﬁmu&ed4agthﬂbﬁinbefore
defi ned e of the thernpbset resin conpositions descrlbed above
whi ch carﬁr%lé?%nz&isuy@ﬁﬁ%%h@e ¢10-Gruliranidermdertamhenrnpasiy et ot t he
present 1% @t Banif 4'sﬂ%HQﬁld@flyN%eth?ﬁnﬁMe%9t4 gL CHIRARpIdoonS
descri be n co-pending U.S. Patent cation Serial 20No. 61/265, 799,
filed onzéMEmndmybuheneWWmmmbmanvF&mneoaamarnmhﬁaﬂpaﬁated herei n by

refer he t f act conponent al so described in
e’ adoue SOMRE ho e Bl ks T Sambisting R 065, 700

In general, the powder coatlng conposition of the present invention may
conprise a t hdPhoYetdvapirsshbye hydrygenrGoniiniBgHisHt CURPISHIM ralssntesidnwt 9% t o
about 98 fy nor e
pref er abl%&[{qﬂragﬁrrlle (A@(E)%? L rOep \}\%t% % Qaacgigg%e gpr\}\lﬁ%%/%ga&e glﬁ%t 9%“%?%@% ght of
t he powdeleficeaty ofgoreanpaose bf te.epCoyeeme of Foinulamky be cured in accordance
with well known techni ques used by

on on
|
—CH,—CR'—CHR? —z-EQ—Z}CHZ—CRa—CHRa—o

OH

| )
a_ CR_CH, -EZ—Q]—Z
)

10
Formula IIT
wherein Rl, Rz, R3, R4, R*, X, Z, p, and m are as defined in Formula I, y1 is an integer
having a value from 0 to about 20; Q is a hydrocarbylene moiety; and Z' is Z-H.
15 The terms “hydrocarbylene moiety” and “hydrocarbyl moiety” are used as

hereinbefore defined.

Any one of the thermoset resin compositions described above which can serve as
component (I) of the thermosettable composition of the present invention, can include any
of the thermoset resin compositions described in co-pending U.S. Patent Application Serial

20  No. 61/265,799, filed on even date herewith by Metral et al., incorporated herein by
reference. The method of manufacturing component (1) is also described in the above co-

pending U.S. Patent Application Serial No. 61/265,799.

In general, the powder coating composition of the present invention may comprise a
thermoset component (1), in an amount of from about 20 wt% to about 98 wt%; preferably,
25  from about 30 wt% to about 96 wt%; and more preferably, from about 50 wt% to about 96

wt% based on the total weight of the powder coating composition.

Component (I) may be cured in accordance with well known techniques used by
those skilled in the art of curing conventional thermoset resins such as epoxy resins,

including for example, mixing a curing agent, component (II) with component (I) in the

9.



those skilled in the art of curing conventional thernoset resins such as
epoxy resins, including for exanple, m xing a curing agent, conponent (Il1)
wi t h conpwoent1/ge8g4si n t he WO 2011/ 068645PCT/ US2010/ 056 POD/Uspuoopsinat e
rati o; and subjecting the thernosettable conposition conprising the m xture
of conpo r@pt@n@ie)raamdm(i Ishhjedtingatie thegmeweadblt icomposition compiiwngthe infigtuagent ,
conponent (I1), (also referred to as a hardener or cross-Ilinking agent)

usef ul |ﬁoﬁﬁenﬂﬁepﬁﬁgegpéﬁFE“%%ﬁ%B@W?Fon may be sel ected, for exanpl e,
fromthose 5curing agents well known in the art |nclud|ng, but are not

limted to, anMipdiriaesgensaqontpeppntdladplye refaifedie asamaoiameasor gpsrking
Co”pounf'f] g{:.gtghé/e%ﬁn ﬂfé thBlds g{t&ﬁe E&Sﬁ%ﬁe@namay bes Eﬁ@t@ﬁ"f%e;&mﬁp“i{‘ %m‘%ﬁ’ Ho@%nage”t

usef ul resent 1 nvention rnc e curin

to be5usemﬂhghgﬂu§wenmgoepﬁx&mmﬁsnau@agaﬂne&nmmﬁnﬁmdmaanﬁﬂﬁhwm&mﬂkkghs

i nclude, for exanple, polyam ne, polyam de, polyam noam de, polyphenol, 10
pol ymer i @ctdsi ¥nine sempewidsoRfANPIC sRMpPUARH P@Hr%r)r Aexturss tReseof. and” any

conbi nation thereof or the |ike. Qher specific exanples of the curing
agent include Eﬁampé%drfélrﬁ @elngpiﬁerﬁorseﬁﬁbwﬁa@@sem|1e\rf«r1en@rnchldﬁ@wpé&@ phenol

novol acs QlindENe | PPERNAA RS o] N1 S085BLR) 5 AF bELANMHLG A )

COpO| ynmers nati on er eo exa uﬁe curi ng

agent naymategaly dﬁlu’depfw BodmFleV@l] peniné, pbll}eﬁlﬁﬂe @J@V}Qhﬁﬁoanﬁdé, posmakna,
drcyandranlde 15and any conbi nation t hereof yandi am de ("dicy")

may HE orf® wer%hwéop%&mxarﬁ%ﬂéﬁn@ h@lyélﬁfl? Ryl veherid aagépeblqaﬂor Hiergof e5ent
I nventiony. D CYo %?s eteﬁﬁae‘}\!lﬁ%}e@%?ﬂf%fcu pg\égélitﬂ&hﬂl%' dHEddIgnaldpce dicy

requires relative eratures activating its curing properties;
and t hus,nodblays, (baslphhmla’dnlre\cblaoe phehblaravoket df ahgydlepﬂnmdwmd gyenechaktic a@dm

t enper at ur 20 Addi ti onal file of resin
c02505|t| EY%¥§H§RG§E§%H§9“E%aeSae&ww&ﬁ%Wvﬂwﬁ é%%ﬁ§$a§xgn35§8 (&t such
as, for exanp |a§ent fayahiydd MpRaePhevdi; Medesol novolacI Bis@RAsr A d1c§a|ﬂ@1am1de

concentration of thé curing agent or hardener, conponent (11), present in
t he tlher modany abinbinpesi theofiposi ti on of the present i nvention nmay vary
dependi ng on the end use application. For exanple, the anount of curing
agent used mayDiegandidnniden ‘alxui) mly be 25¢ predbroudt enit@ipanttos tperuringndered parts

t her nosetta esin, hy weigh i.n some enbodi pents, other .emhodi nent s,
the curi rﬂjeﬂ; H’&‘?e‘lﬁégﬂl%l&ag' f?lcé[&laéﬁlﬁﬂﬁm‘rt&%?{%o’(lﬁ% K6t cwingesiafout 95
parts pergif\uRgnied BAlivSyhiel ERPeLhAN ®r h&Baflng RY cW¥i Bperﬁ@sd ahd S Uit N9
agent may be used in an”anobunt ranging from about 10 to about 90 parts per

hundr ed pants adc’rlﬂelrte rob@ttoadttieg resgi md syredvat ighim, tempelyerre @tbhetr25e€rbod| ments.

301 t t of t t

cur od0) n AR bR tn weP R e b LS 0s 6 S o ke T ¢ ne
art of cuhbdifle€0) dg:alt:at@ryaﬂ sRPAXYfok fdmSle, 1-Rethytiiiga bRy 2emanpl e, ni xi ng
conponent (1) as descri bed above

In general, the concentration of the curing agent or hardener, component (II), present
in the thermosettable resin composition of the present invention may vary depending on the
end use application. For example, the amount of curing agent used may vary from about 0.1
25  to about 150 parts per hundred parts thermosettable resin, by weight, in some embodiments.
In other embodiments, the curing agent may be used in an amount ranging from about 5 to
about 95 parts per hundred parts thermosettable resin, by weight; and the curing agent may
be used in an amount ranging from about 10 to about 90 parts per hundred parts

theremosettable resin, by weight, in yet other embodiments.

30 In another embodiment of the present invention, component (I) may be cured in
accordance with well known techniques used by those skilled in the art of curing

conventional epoxy resins, including for example, mixing component (I) as described above
-10-



WO 2011/ 068645PCT/ US2010/ 056105 wi t h anot her thernosetting resin conponent
(') in the appropriate ratio; and subjecting the thernosettable

conposi t w0 200Mp864Si Nng t he m xture of conponents (1) aneCiuskjlowssiotiri ng
conditions. In this enbodinent, the curing agent or hardener (I11) may be
opt i onal ,wiglasindtigdtltidrimpsdtting fecin dosatppned (Ihen ehaappheprzeaaosciid subjetiingthat ai ns
reactive functionalities that 5can react wwth the therposetting resin

wi t hout ttREMPseitable conRpsitiog capwreing firemytie shaPmeens Y eyt iy U8 any of
the curi Sta(thic) i aa%:gea mpsetting resin
corrponentr& ? fal?i?w'ulg&l&lenﬁ)graﬁl%ng’qg% e éggg%?rglérdcgggrrpgfs)?ﬁyoﬁn%#a%gﬁf ncl ude, for
exanpl e, mttidudmistinsineinsthecamebatinrtbscomporpodBhtomahecheadvef foneticaplitgs thasi ns,

i socyanate resins th)acrylic.resins,. phenalic resins, . .vinylic,resins,
0oy S acin Rt Mk AR RE e et RENOS S Pl CrinE e e Pt FEishe.
mel am ne arg6§tirﬂ§y b@zﬁlﬂz Sekd Sl e_lg@@trsf%ﬁf d¢s€ﬁ§écﬁdb@bé.y, an epoxy resin ' S

enpl oyed as conponent (I11) which is different fromconponent (1) in the

thermoset t abl eryeshd tﬁé?ﬁ?&?éhﬁ% R:?iln)comsponemrlgﬂ*sgfjﬂ oy tfm?ﬁox{«? J}%Baﬁ@e r moset

resin different from conponen uitab use | e present

i nvent i orcomgysiting] maeineldz, for 2eanie,syp larstaine Ahereypeotireliz ecnpdrenoiealetadovol ac,
15such asf epoxi di zed phenol novol g(gn 11Bi sg{]enol A novol ac, or. q oxi.di zed

bi sphenol U EPRYIFER MM MG G4 IS B BB TS OEntiRy i TRghs:

bi sphgnolsiheE rRIRTbOFERL BligOl stePrdd@0kiAconcaBANd, Medfhline resins; and

phosphor us- cont ai ni ng”bi sphenol A; or any conbi nation thereof. The other

t her nosetmixfigey thsienf. Riofepanerin epbxy Jesimmymiptoypd es ermpdnent HE) wheheset t abl e
20 conposj.tion at _a concentratjon rangi eneral |y .f.rom about 0 wei ght

er cent bR BomBefBOaGT 3% b Tt BRI DR BBttt 56 to. about 20 we %
and nore preferably from aﬁgtug 0 Mm% to out 40 % In ﬁge Pr?f?rred
embodi ment ,  t He a8t Ol theBE 9 TFPHE AH e SampyieBbHE AP EYE {9 use 1y t he

present iipvenikQnt infehdiiefafincl BB ehoaBBe€BRYNenbEAL BpoxIdiged SHeAbliERVYac! €SI N
25 herein nmeans a conpound whi ch possesses one or nore vicinal epoxy groups

per bl ecutleas ¢pogidizegitpherelgtovolae, bisphenapdrgvaacepepedidingl Wepleaol | n general ,
t he epoxy,.resin c ound.may be a turated or.unsaturated aliphatjc,
cyal oal | et reeGERRIPIOET CadtiaPed Bl Eonbbinec hrtsl S os ety | cast
one 1, 2-i2¢m¥Nold AodlacSepbki&opPphtiigRot & domeinfists§ghehdled, oriahy dembin@don W t h
one or nore non-interfering substituents, such as hal ogen atons, aliphatic
or 30 cydhegefi phatic hydroxy groups, ether radicals, |ower alkyls and the
| i ke. The epoxy resin conpound nmay al so be nononeric, oligoneric or
pol ymeric, i . €lhe dthe tegyoeyettiesiesinregmpenese(ldetedy e prieat mpho gponpaeabla
di ep%l dec’omaposi 1|01t1 Iat_ 2]; (l:Jgn%terllt?aQ%ln r%?g?t)l(g gén%%a{llrgf’ fr(gim ggélﬁ%pvgé:glgtepercent (wt%) to

about 80 wt%, preferably from about 0 wt% to about 50 wt%, and more preferably from

about 0 wt% to about 40 wt%.

In one preferred embodiment, the other thermosetting resin useful as component
(III), in the present invention includes at least one epoxy resin. The term “epoxy resin”

25  herein means a compound which possesses one or more vicinal epoxy groups per molecule,
i.e., at least one 1, 2-epoxy group per molecule. In general, the epoxy resin compound may
be a saturated or unsaturated aliphatic, cycloaliphatic, aromatic or heterocyclic compound
which possesses at least one 1, 2-epoxy group. Such compounds can be substituted, if
desired, with one or more non-interfering substituents, such as halogen atoms, aliphatic or

30  cycloaliphatic hydroxy groups, ether radicals, lower alkyls and the like. The epoxy resin
compound may also be monomeric, oligomeric or polymeric, i.e., the epoxy resin may be

selected from a monoepoxide, a diepoxide, a multi-functional epoxy resin, a polyepoxide;

-11-



WD 2011/ 068645PCT/ US2010/ 056105 an advanced epoxy resin; or mxtures
thereof. An extensive enuneration of epoxy resins useful in the present

i nvent i orwo=0fioes@si n Lee, H and Neville, K., "HandboolCofuSEpowysiResi ns, "
McG aw Hi | | Book Company, New York, 1967, Chapter 2, pages 257-307;

i ncor por anedvieeeiepobyresiaf araixt@es thékef. EAﬁ)e)(tehﬁSé asurkSetfied ofl epok heespisesent

i nvention may vary and .include conventional and comercially avail able
epoxy resiSHd inge ewswyn%tla% edfound by Hr antyroiifat s ofandberok RbEBY Yore. 1n
choosi ng ¥ I ation
B R < St T L P
Vi scosi t yinamporated derepr bperferers. t hat may i nfl uence the processing of the
resin conmposition. 10Particularly suitable epoxy resins known to the

skill éd wor kerTherepokassihs @Befubiaahe presgit ddieation by palyyddiadlidnanvadtiabpl s,
phenol s, cycl oaliphatic carboxylic acids, aromatic am nes, or am nophenol S
wi th epi CHEGPBIRFATIY yRilnklg caeRy o5 RV high B daivehtieng AHcinsae bimgpnexanpl e,

bi sphenol w%o‘ﬂhﬂiré’ Ci%ooﬁggﬁéo ﬁﬁé‘ﬁﬂ% lelgI#sY&iééﬁcyéed%Eﬁ‘ﬁ{ co T £tfd nol

di gl yci dyl l'ycid par a- am nopheno er

sui t abl e sapaldynor el tbs gi\&nknpmpettms bflélesﬂnal pI@dumoblkaitsonnc/isudatyraad@themn
products of epichloro gl’l n V\fl -cres and, resgectl vely, phenol

novol acs . PTPRETHIES ¢ ‘T‘tsrBa%eé urised ?Broﬁ%gémﬁ t}}&rﬁ?lg CgRPPHBCr nore of any of the

abovegoepoxy r gsifidarly sultablyéﬁof"}pl‘é%(]ﬁs KESW A& e Skitkd Woritdd @rdbB88E M rdaBy&NT i ON
for the preparation of the thernoset conposition, conponent (I11), may be

sel ect ed mv@mnfmé}rfumaioml aAgadiolsaphenopy oﬂl@almhatﬁmarlﬁ@@kaﬁglde ar@n@iR. Tm 331,
D.EER Tm 332 DERT 4 D E. m.431, ..N. TM 438,

D E R TP ShmSope oy s e A B e B e R iy may
be used. fOsexmpld,lbikphédliOdighicidyhethpr, @Esgﬂéndl PRg1iEian, etlﬁéiere%i@iﬁ)él resin
conponent of the g@esent i nvention nma e aliquird epoxy resin, D.E.R Tm

383 ( DCEBPyciHzhGthey. 24l tBp HiglHaddpioy of pe-apEngene th@wgsbleap%wagsty of

9.5 R
Chae oo ORI OO BN Son S U AMTEN I WIPBAIERIES e
TM 354, aespectively, phth@Idvolbed. IRisi adsogpdssibldecaska oiix thiveof Daw oCheine cedny@dnpany .

Q her suitable epoxy resins useful in the present invention are disclosed
in, for é&%ﬁ&ﬂ@ep%g@sm&tent Nos. 3,018, 262; 7,163,973, 6,887, 574;

2o el B BRR 3050 AR g Bl 408, B0 86T

20060293 kphpasitioR, G@&Q)bﬁ&lﬁ:{m) eng e oélevthd Glom emmeniapg nabitdldgodiats. b1§/or
ref erence. RO864 / 1 64,0 mhe, E epoxy
resi usefiPs rﬁqﬁ%e p%g @Fﬁ%&ﬂﬁﬁl %n@rpaﬁl ﬁp Eﬁé&f 0 g/leq to
about 20,19¢0N G¥eggang:, I@W%Qr&@E@WﬂI 9&&1@9@%0&5@«3%@@9&&&1@% §d. As

used herein the terms "epoxide equi val ent weight" refers to the nunber
aver age rotxkansgd. weiaghtluspiatiomef @p@mseﬂ@t inpingipy, the epexarrssipepmegusing af diat

(g/eq) dlp\ﬁ:s%gp mQXnt}orI]lemz%fvt?r aﬁqulg epoxy resin, D.E.R.™ 383 (DGEBPA) having an epoxide

equivalent weight of 175-185, a viscosity of 9.5 Pa-s and a density of 1.16 gm./cc. Other
25  commercial epoxy resins that can be used for the epoxy resin component can be
D.E.R."™ 330, D.E.R."™ 354, or D.ER." 332. D.ER is a trademark of The Dow Chemical
Company.
Other suitable epoxy resins useful in the present invention are disclosed in, for
example, U.S. Patent Nos. 3,018,262; 7,163,973, 6,887,574; 6,632,893; 6,242,083;
30 7,037,958; 6,572,971; 6,153,719; 5,405,688; PCT Publication WO 2006/052727,
U.S. Patent Application Publication Nos. 20060293172 and 20050171237, each of which is

incorporated herein by reference.
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50f epoxi de groups present in the nol ecul e. Exanples of diepoxides useful
in the present invention are the epoxy resins having an EEWof from about
100 g/ eq WO 20t1¢068644000 ¢/ eq. O her epoxy resins ugefmiS2@s/osdi1es at

| east one thernoset resin of conponent (I11), include; an epoxidized phenol
novol ac; a br oFierEEWaifitkd ¢porg refmxiysefugdi the paespitds noion issgenorllgifivinh gb@ipoXy
resin; and conbi nations thereof. 10More specific enbadi nents of the epoxy

resins us¥0u®eq 7 PAY A eeq iRt RsF Rl e a0aw oo akepPe) g5 As
epoxi di queéphéfgfﬁetg ler@s g@pe%h&%qu@aleﬁp%fégt"Zr@férsgéaeefgfhmﬂb&xa‘e{ﬂgggﬁ{o@&hﬁpe

novol ac; an epoxi di ze rom ne-cont al ni bi sphen A novo or any
conbi nat ivnglithd tieodpoxide ny@atyrialgranspeo rquieatbudigfeg htividedipyahemter{delnumberay be

present in the curable 15 copposition in an a nt of fram.about 0 w%to
Bbout 280 SUEDEXIAT BRUPABISEN i BinTHETHC. oETSRlE SO LTRSS UoToh N AN
pr ef er abljfyenkioR AredRO o3 184ife haiAOMEERo -3 RBs@d 001y/dd 8 abeh@doopight of

the conposition. The conposition of the present invention optionally

contains a fildge, ethzgrésylgqls@ma@aﬁeqpfeﬁéezfogg}1}%%%@8%%{%3?@@%&@@9. on the

type and anount of ‘other conponents. T y i ncl ude,
f or exanphdpdsiahiepaxidized phenal nowaler; adpuaninz;contagang ¢doayeedietagrhoaptiosous-
metallic powders, and an.y%éonif?{bnat.i on the£eof. Exanpl es of flane retardant
fillers rRY@HRS CRASYAPHN GO PIRVARLRFEE. magnesi um hydr oxi de,

phosphi nites such as al um num or zinc phosphinites, or boehmite. In

generl8l , the AMBEMPedic emPpdiment Al theagpory repinssisptul iththe RECSEHRYRIEIRR MA¥sin i s

from 25at18&ihdé)fo?%£é}ﬁ@%; &noeé%t%gf&ed%stpﬂgﬁﬁ%hm&\{ac‘{‘ﬁ% g xidiQ‘%cgélge% ply, from

about 2 percent to about ercen y wel ght, re pre y, from about
5 per centdityelapeotatlie85 nperlaenh epyxideedbitomisseontamning tpsphbwslabhyyolda; omambout
10 percent tbo aboE]% 80. percent by weight, and nost preferably, from about
15 per cerfPMPNABBHESH: ner cent by wei ght based on the total weight of the
t hernbset resin. 30The inorganic filler is ?Ieneral ly in a particle form and
has an aver agé[nlggpqrp]@ jnpone embodiment, component (III) may be present in the curable

15  composition in an amount of from about 0 wt% to about 80 wt%; preferably, from about

0 wt% to about 60 wt%; and more preferably, from about 0 wt% to about 50 wt% based on

the total weight of the composition.

The composition of the present invention optionally contains a filler. The type and
amount of filler may vary depending on the type and amount of other components. The
20 fillers used herein may include, for example, silica, talc, alumina, quartz, mica, flame
retardants, metallic powders, and any combination thereof. Examples of flame retardant
fillers may include aluminum trihydroxide, magnesium hydroxide, phosphinites such as

aluminum or zinc phosphinites, or boehmite.

In general, the amount of filler that may be present in the thermoset resin is from
25  about O percent to about 95 percent by weight, preferably, from about 2 percent to about
90 percent by weight, more preferably, from about 5 percent to about 85 percent by weight,
even more preferably, from about 10 percent to about 80 percent by weight, and most
preferably, from about 15 percent to about 75 percent by weight based on the total weight of

the thermoset resin.

30 The inorganic filler is generally in a particle form and has an average particle

dimension below about 1 mm, preferably below about 100 micron, more preferably below

13-



di nrensi on bel ow about 1 mm preferably bel ow about 100 m cron, nore
preferably bel ow WO 2011/ 068645PCT/ US2010/ 056105 about 50 m cron, and nost
pr ef er ablwohkeliss@bout 10 m cron, and above about 2 nm PprafSesiabsetomnbove
about 10 nm nore preferably above about 20 nm and nost preferably above
about 50 about 50 micron, khé ntokeppfesaily bdibe gbowdH)y moat, iand aborpbdsut2 am, of t he
present invention may further 5 conprise one or npre optional added
conmponentREeEHOl ahove faB?utéQalﬁw%ore areé%lr@'ahyw@f)vwb%}t BN F‘ﬁ‘d most prefeigblyypt i onal
corrponentab% fttut 5B nkhe thernosettabl e conposition of the present invention
i ncl udes east one catalyst. The catalyst used in the present invention
may be adapte i I e at
| east one the?rn}%gfel Sgt@@réoﬁdﬁ?@%t{ gr n% P\E}g ng@%t% Sgg{lhﬁ%ltetgg%ayoﬁﬁg}l&
presenst icowgpiisé one @f&ymlb&)pﬁdﬁzﬂtaﬁdecf @mfoneRR Gtidhoas, bﬁtenaﬁpletbeatﬂtystloeast one
thernosetting resin and the at | east one curing agent. The cat al yst
usef ul as°R§lbptional conponent in the thernpsettabl e conposition of the
present invention may be any catal yst well known in the art used for this
pur pose. For e‘)daﬁWQélal ediepangniEnsp Y 1y th%mpw@b@mwm@ﬁmn@émeaﬁwﬁen@ am ne,
phosphi ne Lr 0

noi eti es, n?ag}lg%ﬁs C%%{d% a&eésg;&fl\%a%}g@ tjﬂb‘eregl;‘l},&é ane@qgr%\t%% éngmr?g |on[{11 er eof .

Some non-ddapied Fdigpobytadtlagsn, aficlidiag damapylsinetisaionl of the bhleagpoas tietmodettaigt i on
may include, for exanple, ethyltriphenyl phosphoni um chlori de;

benzyOt r iTER: h@lltﬁlfﬂ%ﬁ‘rﬁf?lﬁ’rﬁaalﬂsé P?f‘diem ﬂI*F‘eEré?eé‘& JePREon ey By adpiesoRR FaRgon
catal yst Soeﬁﬁée‘h éh@%qusE' ot tﬁerrﬁésteﬁﬁji% Dn afld &%%t Pe% onls %ﬁﬁg&’géﬁi ed herein by
and I'n

ref erence; azol es trle on t hereof.

The sel ecti on ataly

The sel oot .00 il R EaLALI Ly ARl cLRpbI B tﬁ@?}@&%&?ﬁ%@ﬁl s8R0 o,

t he addi tth@presdnt anveatién may be anpazitalgstabelmﬂdwﬁﬁmeMsrt Qﬂadtfbﬁt}ﬁsyﬁirpcﬁﬁeplfepar ed.
When t he catal yst |ts used, preferred exanpl es of cat a}l1 |n}(1:I ude tertiary
ami nes, iGF@REothEsa abﬁ@%&ﬂ%@ﬁrﬁomunwn&eﬁnaﬂg amyines phorplips hetsra i ed

ri pr ooy und St Bl B AEhAGE Sy Anolt Bl EUATELE B HETLAC

m xtures zlnkiengbd’)mhmdtubmmefelokeSorEs peit illahduyg @raefpdaersrcffdheacraealyhaseful in the

al kyl -substituted jm dazol e 5 chI or i m dazol e

pheny! - s UBSENt Y SO AMALEIY % YKIB]E‘@%’QH@P@WMH EhioRde: Even nore
preferr e%eﬁf@%&ﬁh&fﬁﬂﬁ&n{?ﬁm&n@ @hl%ﬁ&él'}ﬁé&froc%h& ﬁi@ﬂo@eﬁ %ntﬁﬁlﬁlgl%ﬁa?ﬁ% dds@yigatihon 30
i ncl ude for ‘exanpl®e hyl i m dazol e 2-phe i m dazol

1, 8- di azdbiSchaknt[N0. 41 %&@demcmerwed(mm bymﬁemg_@Ilmlctbeo]evattlﬂthgklrrsnm lands
2_ ”Etsz' any combination thereof.

The selection of the catalyst useful in the present invention is not limited and
commonly used catalysts for epoxy systems can be used. Also, the addition of a catalyst is
optional and depends on the system prepared. When the catalyst is used, preferred

examples of catalyst include tertiary amines, imidazoles, organophosphines, and acid salts.

25 Most preferred catalysts include tertiary amines such as, for example, triethylamine,
tripropylamine, tributylamine, 2-methylimidazole, benzyldimethylamine, mixtures thereof
and the like. Especially preferred are the alkyl-substituted imidazoles;

2,5-chloro-4-ethyl imidazole; and phenyl-substituted imidazoles, and any mixture thereof.

Even more preferred embodiments of the catalyst suitable for the present invention
30  include for example 2-methyl imidazole, 2-phenyl imidazole,

1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), imidazole derivatives such as 2-methyl
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WD 2011/ 068645PCT/ US2010/ 056105 i m dazol e-epoxy resin adduct, such as EPON
TM P101 (avail abl e from Hexi on Specialty Chem cals), and any conbi nation

t her eof . WO 2011/d6864general , the concentration of the cat acyatS2goesant in the
t hernosettabl e resin conposition of the present invention nmay vary

dependi ngmiduzbleecpord resseadiippl, bwhitas HHPON e P30 h(availiblofrogaliadiys S pecsad may
vary fromabout 0.1 to about 20 parts per hundred parts thernosettable
resin, bfl?ﬁérflﬁffﬁ) apdany sombaRationithaetls. 1 n ot her embodi ments, catal yst may
be used in an amount ranging fromabout 1 to about 15 parts per hundred

parts ther nosdnapiral, fegioncengiptie phthe catahydt presst Ebibethezmpgetigblsuesing parts

per hundr %glpggjhlgﬁ of g p?’e)s%gtt ﬁlggltlt%ngrﬁ ngflt‘r\éﬁg smlfg Wrnd (i’/ @sre aBcheatlon. Th

enbodi nment speci‘fi ¢ anoun used Iven sys%em may
be deter mnneat eﬂwlym@écaxhhyvﬁﬂyrfmmghbcsjt opl & abaut® ﬁakt@qbemlgnﬂmlqrdrﬂgent s to
devel op the optinmumin properties desired. npl es of sol vents
useful  f Jherasetabls iepis by WHIZEt: poiRres cmbedimeptsc éth%lsli %m'a%hlef:ntﬁ,r@%)‘%eem

i nventi On MRy {6 &fﬁ&n@#&ﬁ%ﬂlg{iﬁ rﬂ%éut U6RpasH 1%(*}%%@g8ﬂ'iﬂ£%¥ Hsy avail abl e as

t he Dowanol Tm P seri es e Dow em cal npany, ones such as
acetone ctherﬂrtbseteibltwﬂesmt by iveight; (ané fioMERout 2 to abouk h0 getepea lhpndhhé parts
t her m)set abl e coat i n osition gf t he presen

% i nventi.on
corpr i se G2 e BRuRIEN i1 ot L SRPogimento et o “ReuRL  CABBE 20
W % 1r ef Re@RIr¥, gifdnoRROMA gr by Be Waedontife ABPFimERta g%r%roﬁglgsﬁlﬂeeraﬁg@igﬁdlﬁ?l Y,

fromabout 0 wt% to about wt % based on the t wei ght of

conposi t icoperidemn togtvelopahe eptimenanprapsefesidedirgdt he t her noset t abl e
conposition of the present invention includes at | east one chai n extender.
Exanpl es of t@campd&smfe&]tvemdesefu]sﬁef tHe thanmreteathth pdwmrbmttnlge:orr@npidshbf on of

t he prese i nvention may | a d|h dr ox cl alka suc

bi' < phenol M pier T atHEaaRbREY BT HEN e AP Gl kBTl e
such as i aRienplerfs @IQ)YIQ&@D&& chBanal conpXE), epeat)@éilsﬁaeam\éwneer bromi ne-
25 contai ni ng bi sphenol A such as tetrabronobi sphenol A(T

br onilde- ooethyli athyldretone pMEKOl A novol ac; phosphor us- cont ai n| ng bi sphenol A
novol ac; or any conbination thereof. In general, the additional optional
curing agent (Ihaeokenlerheaheratvaétmbixpentbe coatingednipositihe of:ﬁiafgmienti ioventiayt be
r nt in an n f from %
present Imayacon?pr;?slé atsoP ent co%lpo%ggtlﬂl ag amou(t)ltt é)f f?o%(l) l:fill;[)out(()) wt% ?o about 20 wt%;
preferably, from about 0 wt% to about 10 wt%; and more preferably, from about 0 wt% to

about 5 wt% based on the total weight of the composition.

20 An optional component useful in the thermosettable composition of the present
invention includes at least one chain extender. Examples of the chain extender useful as an
additive in the composition of the present invention may include a dihydroxydiphenyl-
cycloalkane such as bisphenol cyclododecanone, bisphenol A; dicyandiamide; a phenol
novolac such as a bisphenol A novolac or phenol dicyclopentadiene novolac; bromine-

25  containing bisphenol A such as tetrabromobisphenol A (TBBA); bromine-containing
bisphenol A novolac; phosphorus-containing bisphenol A novolac; or any combination

thereof.

In general, the additional optional curing agent (hardener or chain extender) used in
the composition may be present in an amount of from about 0 wt% to about 50 wt%;
30  preferably, from about O wt% to about 30 wt%; and more preferably, from about 0 wt% to

about 20 wt% based on the total weight of the composition.
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30 preferably, fromabout O wt%to about 30 wt% and nore preferably, from
about 0 wt% to about 20 wt % based on the total weight of the conposition.
WO 2011/ 0W6640REI¢48S2010/ 056105 The t her nosett abl e conpesirtisesonseivhe
present invention may include optional additives and fillers conventionally
found in ther Misahé¢@bsetabisédmsyBioans tislmbseasinfverti@xanplnelvdp oponaksi n
systens. The powder coating conpositjon of the present invention may

opt i onal 13/ditiyRe Arhiilbermepnveauerally deuaghin theraiosetifbis igHn sEHePh i 38 felended

uses. For, ot [Wale i | ; -ants and
T ow modi T e Py [ A Y Dol oty Ram B AR R P L R

exanpl es miy ¢ptenaldiylcdritaie othes edditivésnwhible apprussfmhforitimiemtanded bses! ide BaSO4,

Ti 02, _Mbdafl o M Acronal 4F Byk.361 T as a fl ow ifier), and
Ponanin iyt S iR Cmatinclide sEARIIERE kBl Mhotstoy i Sibiss “eed i n
the t her nosakiaBhekAbERLERTPRRH LRBiAN hmiRpenthoaRaidie: LRATAEE gisenel the

t her nosettabl e 10resi n conposi tion. or exanple, the optional

addi t i vesnyegibalfindlydet Brd Gy EdnMddaflewt | dyeremipbs| tBn3aiay’ @nelflode, but are
not limted,.to, silica. glass, talc, netal powders, titanium dioxid
wetting 0eHiS. Fogsiin® I3Rupifls el e oRRHEE P ul Lt AR A Yehen ng
agents, abélfetghea@EBI&iIn giongvifgRPER off thaMefididarseanths th@m@settable
i norﬂani c flanme retardants, hal ogenated flanme 15retardants, and
non- HAl odeHArR@PPsidere ret ardants such as phosphorus-containing materials),
ion scavengers, UV stabilizers, flexibilizing agents, tackifying agents,
stabilizers, diorfagnplntthe optiowl addififdsarssful fni the eresentpngmtion somposiy@smayl oss
control agents ntioxidants, mattin ents.curing . ini.tiator. curing
i bi t orgaoi bpfls raEhREY &, TRL AR A def B D ety BT atine
f | uor esceRknt PIPALIME ScoldiMeSigamk | thaldrrsleaden@eiits fibhigRhhg dobits GéSpling agents,
20r ei nforcenents, anti oxi §ants, i npact nodi fiers including thernoplastic
par ti cl eslegayitngrigntsfEane werdasgs (eppdnengoeis flame refardagisshatagenated dlamec| ude
fumedcsilj g t I 1 t :
pol yar r SeAlanBOR AR Bo e Hin BARRE YIS p oG Al o R AT LR
di sul fi ddon adavasdeve (N gabilivars, Vdxsltitising Mgdred uaikifginggeaits,, stdbilizems, ni tri de,
m ca, nucleating agents, and _stabjlizers, anong others. Fillers and
modi f i er SUHASAHE TBpredErediles- Biemratser dyfbirkthre B et N Bd!%n to the
t her noset}, afh agee%%g &rﬁ?%ﬂ%ﬂo}é, eftind Rl oRN3hdhoplBSE %Eésﬁ%@ids?@ﬁl tives
may have an effect on the properties of the con803|t|8n, befor e and/ or
af t er curhlogkingeuansiuadd, dlubeesteak eompninols 2d ¥ otabiliastse meftdiliand, dibrovg t he
conpqsition.and the desi.red cured product. The above i st isli nt ended to be
exenptar yCREYCHBEN T PRIPTIHS R8I PENSTE dickisng GRRONHC PRI ATl at i on of
t he preseftxnirBy@BlebPNAIBYvEORA MRE! Mhy 8o Melidrguskl kilied BbEdodR@such as
Preferably, the additives used in the present invention i nq[gude cat al yst,
co- cat al yslass beadscpélpictrnidneyoethnlgnad pol yohedsing, paliester agspis phanobarespeci fi c

iti h I i : f hesi
o e, BT BRI, RO redlEh B0 noffhest o

nitride, mica, nucleating agents, and stabilizers, among others. Fillers and modifiers may be

25  preheated to drive off moisture prior to addition to the thermosettable resin composition.
Additionally, these optional additives may have an effect on the properties of the
composition, before and/or after curing, and should be taken into account when formulating
the composition and the desired cured product. The above list is intended to be exemplary
and not limiting. The preferred additives for the, formulation of the present invention may

30  be optimized by the skilled artisan.

Preferably, the additives used in the present invention include catalyst, co-catalysts,
accelerators; and optionally other application-specific additives such as flame retardants,

wetting agents, defoamers, adhesion promoters, fillers, pigments, dyes, stabilizers,
-16-



WO 2011/ 068645PCT/ US2010/ 056105 UV- absorbers, and toughening agents. As is
known in the art, it is possible to add other thernosetting nononers such
as ot her wparildese4scyanat es, nal ei m des, triazi nes, andPbEnSexanse1es, as
wel | as other oligonmers or polynmers such as pol y(phenyl ene oxide). The
concent r di'Vabs@berts hendadaibehingalgeedAk iiviaswisingknak,dt isypobdblaeeadddbert 5 0
wt% to about 50 wt % preferably between about 0.01 wt%to about 20 wt %
more pr eftBFTAIIBS MABEMCEHER 20008 sROFdey ARRARS: T laNnes dHziResbr ef er abl v

bet ween %ﬁ%xagilnés,% Wel1Qs %ﬁféﬂ)li A % p@igfé@rs%ﬂcﬁ Qﬁ%ﬁ@gﬁ%}&% (;)J?(?e)f[ ot al

conposition. Below about 0.01 % the additives 0 not provide

any further signifl . . t.he.. . I roduct; and
above about ZO%C%I 8%‘%%“%%%@%? g‘%f%a#é@glﬁlégﬁ§%9%%1§Lg§§vg§‘g%§9“ hese

addi t bve) weko aisout 80 &ttfoy preyeralslp Sbdrden about 0.01Ck % b gbat0 P OSTL hoRs may

i nclude fromabout 0.1 to about 50 vol unme percent optional additives in

some enbdUFIRESOECVAeTHRBREE O 8Rnddi ey, ot atsind Ruhpesirthly Revrey abei| ude
[rom aboh Qi thIbARIYLP, ALY BE (RALGERorRRL LB RbmBHLL, VBStowAREul T oM about

0.5 to about 2.5 volune percent optio Itrves in yet o
enbodi mert.Gl wi%hGhneddililves, gentradplde nooproesictany fisthea yighdichor adsanthge @dhe xi ng

t he above c onents in stage r simulfanegusly in the desire nmounts to
for m t he TETHAR) BOREURPR G AR UMb ALATS: DE AP ST &TIeOHS RouEht

conpagi tignn&k APRivES REEMLs LRVEAY IcoRRY be adm xed to provide the curable
conposition of the present invention; and the final curable fornulation of

the present | r@ﬁ%lk%&nﬁ%g}&ﬁsﬁﬁ%@%{?ﬁ%&n ARAVE Mt MDA SQrVQEEI?Tc;é]&u%n?()ndi tions

to forma 20t hernoset. nown processes for acturing

t he powderptioondtaddigiveomposgictendodimgntd elnusiest .enfbodinotadrpluabletdomposinponany s  of
t he powder coajing,co sition_of the present invention are typical

pre- bl endBduds r@@&?ﬁﬁ?ﬂ@a‘“@”fﬁﬂ@@,meaﬂ? eflﬁgptf’oé’éﬂ‘f‘fdilthﬁsg?r@@ﬁ?fnﬁg%ag %n Xt ure
exi ting fahemi Heomti&lent SpiiddgNadd@thck i ot ¥bB@i@fents25! N the extruder,
the powder m xture is heated at | ow tenperature and nelted into a

sem ~lziquid f rj J . L xture
are tllgor oughl ;tﬁ éz?r?r uhf&g?ﬂﬁd%&ﬁpgslg‘gﬁ‘gﬁ B%@é%g&;ggg@%)ﬁg gts?'lt’B(‘?Voe[)rétgjlrnIl éﬁa 81?198 of
t he ext r udetagena siheltanebadly irethy dbdmwdtaermpatsad tiosren thie tchrablet dvenpexitiondédhe t he

conpqsi tjion of the present .i nvention wll

conponents of the er coatin
not under@§PRNEI ﬂf%‘g%lmﬁ%t}?@rﬁr%ampg@a% Pote Pigient mvéntion may be admixed (o

provide the curable composition of the present invention; and the final curable formulation
of the present invention can be cured under conventional processing conditions to form a

20  thermoset.

Any of the well known processes for manufacturing the powder coating composition
may be used. For example, the components of the powder coating composition of the
present invention are typically pre-blended or ground in a grinder, and the resulting ground

powder mixture exiting from the grinder is then fed into an extruder.

25 In the extruder, the powder mixture is heated at low temperature and melted into a
semi-liquid form. During this process, the components of the molten mixture are
thoroughly and uniformly dispersed. Because of the fast operation of the extruder and the
relatively low temperature within the extruder, the components of the powder coating
composition of the present invention will not undergo a significant chemical reaction. The

30  resulting molten extrudate of the powder coating composition of the present invention
exiting from the extruder is then passed from the extruder onto a flaker which then feeds the

flakes of the composition into a mill/classifier to obtain a powder coating final product with
-17-



30 resulting nolten extrudate of the powder coating conposition of the
present invention exiting fromthe extruder is then passed fromthe

ext ruder wotol1Aegd4aker which then feeds the flakes of tIireTASAPOSFE1IDHN | nt o
amll/classifier to obtain a powder coating final product with WO

2011/ 0686GA%RIdd hiSROIEG1Z85Gh0%inal stesder echtipgrprodiceissharepackigedfin olkedowder
coating product is then packaged in closed containers, using a packaging
unit to &PBIHSHDIENG @é)aiﬂf?@rr&wotﬁ VAR HNGEFRPT int6 the Pr?‘%é -appar at us for
manuf acturing the powder coating conposition of the present invention such
as the pre- bl efiapgastiatfpionamagipiingide powHer orting gempositian ¢f| thkpiesent he
5mll/cl r u ui prent in
The art. AR Fdnkiof %chae&olhé Elr% t@%ﬁ%&%&t&%n gy oggmt%ele oY elfxt%{\fﬁlell tﬁ%gg% ?llgenven tion may
be appl i erdﬂlt/c)a@fmb&tirﬂ@et lmcﬁﬁglﬁgluﬁﬂt hreaﬂlew&lykn/cam ﬂ}iﬁprﬁﬁith@dﬁ: arf-or exanple, in
one enbodi nent, the powder coating conposition may be applied to a
substrate by (The fooakl &@tf&@%ﬁ@bﬁﬁé@bﬂh&9rs@er&uh&@ab@nfawe@g li@nger ature for
t he conposition; and (2) applying the er coating conp05|t|on 10 by
known neanEstEApf ansartiele bly aatipussmethpds. sl%rayar@pleaqunauembﬁém@édhe pewégiot her
enbodi ne R n it cold
Subst r at SoBy Y Gy TRSnE wHREh I P SRR Bt PR u Sy BRR £% Sefls
Substrat&uﬁﬁggﬂmMﬁMbmﬁbr&ke@ﬁ@@@h@ﬁhmdiﬁp#b@ﬁﬁgQﬁ;ﬂﬁﬂﬁﬂdhhngbdmp&ﬁumﬁat|ng
t he powder and the substrate to a tenperature at which the owder fl ows and
cur ed? erkn@émén%a%é\éﬁlh@érﬁﬂlse ecgniads SR?%‘.&PW hijuidired bed ¥Ib%m>§t?r Bybagdisep-ng a

ther - SEL LARl S| &aaﬂgeeﬁgggleoslt bﬁh&h&@&&ﬁ%é@%ﬁ@f) BPIyife

curablet erno e resin
t her nos etthab;bcetyr;msudﬂr cowipg sbﬂnpomtsordtosthé slﬂaedatlaeée ei withisnalebtyost&gpuipptsatian

tenperature o st. about 30C, t o, about 250C, for J ods of nut es
up to hodpeho ea%@gﬁﬁf}ti’i’ét PP Af bitfalpios FRRPRS éEWf“Fﬁ ecRPr‘YC%
agent useghwad g catalyst, if used. In other enbodi nents, curing may
occur at a tenperature of at |east 100C, for periods of mnutes up to

hour §5 Post - t ngal REhiodfYenhe 8& c%%ﬁ'nh% d@%%&p@@ aﬁ%i‘ﬂ%{p’i‘%ﬂ&ﬁl Qordinarily

bei ng at tenperatures bet ween ' about the curing
react i on softailéeesinh@myosiioh abwh euhsﬁnmdtth@rr:ummg tireci2éble dretuotestdblatresin

t enper at ur e, gener ally, between about 20 C and about 250 C, preferably

bet ween &B8IPCYEENC and about 200 C, nore preferably between about 50 C and
about 150 C. The ti rre of curing the thernosettable resin co 03|t|on may be
for a predet erirHePlples Q?P“{'%i lereesiprgaprposisiens disglesqdrhsrsipupindlydeqiires ¢

hour s, gqg&g%’laL}le L 1éa§€rfée ! aISR ggtt(') %dﬁ?ggoacgoutl?egwé ofim HuBdt t@@guﬂsess

than about ours, pr ween m nutes an out
hour 20 anttpemtieg o &ifeehe&bioyettabtamean uadih dte dBinhagers vat aad dietcazlysauf ssedThe

dit the th tt abl d th
conponent!s cHsEATbaREAy CUHE BRAroAREIEREE A eH 5 ¢ bt GIBPt Bh such
as a cat ghifles upd RO/ PERGAIRHMR2PBO(QLBL AR 11 EucASRG:- tré:zft‘m@ﬁtlé‘%fdmanly

enbodi nents, curing may occur at a first tenperature foll owed by a second
t enper at Lhealgatt toratires &ttveeh abeutdOEosnd 20EAL nent s ordi narily being at
t enper at ures above 100C, preferably between about 100C and 200C.

For example, the curing reaction of the thermosettable composition may be

25  conducted at a temperature, generally, between about 20 °C and about 250 °C, preferably
between about 50 °C and about 200 °C, more preferably between about 50 °C and about
150 °C. The time of curing the thermosettable resin composition may be for a
predetermined period of time which can range from minutes up to hours, generally the
reaction time is more than about 1 minute and less than about 24 hours, preferably between

30  about 5 minutes and about 6 hours, and more preferably between about 10 hours and about
2 hours. The curing conditions of the thermosettable resin can also depend on the

components used, and any optional components added to the composition such as a catalyst,
-18-



Thernoset resins may be formed by curing the curable thernosettable resin 5
conpositions of the present invention as described above. The resulting

t her nosetwoeaesimss@s t he present invention may conprise CThiseomwssd10dr a

t hermoset network structure with fillers and/or other additives. The term
"t her nosaf tisedr Ifi biher embedimaetsyairingshayuaicur & fusedmpereaira folheddyto a
substantially cured and crosslinked thernpset resin structure. The

resul t i ngePIRIENPEBRYT AGPWE UEHECH SUROSHHEHRENS PrENPY Dyngek Eannesiyres
t her mo- Ja%ov&ﬁﬁb%@ Pl%kerm REf éeﬁ%bmﬁ‘i@b fnd8qPt oughness and nechani cal

strength, ntaln ermal stability. It has been

di scovered in f}ﬂ%?m%e??e%{h%l e{}rene?fitolrrggd 6%53{ e 9151%@ tfPé%Xl% e‘%&gﬂeyﬂe&}{c' oal kane

conmpounds of the presen on provi properties to
t he t 5er noagosikiend ofsthe presie ipreademts diemeusﬁdi szbvwhﬂib &@ﬂnag &d:rrh@seﬁ: e’usnifi onal
phenolic curing 15agents and/or. hardeners and/or chain extenders. For

exanpl e, tBHRSATIEINVERAH ML AOMBH A 2 theEReRsEta theunoset natwark siaicipe with fblersns of
the preseptdy Bﬁg@&&&&vé@o ARG kS hDhd ffos A BY dihe &%@&%Xﬂk ENCL0A KB Rerein |

conmpounds of t present invention have the l'owi ng i nproved properties
whi | e nairofead toiargbsttugtiadly varedpmdperssligsdsharmoas rédigktrdaturper at ure stability
and a high cross-linking density: 20(1) an inproved mechanical property
such as i nproVE® rtailghngssder cOABRDLI dlie lﬁl‘éidnﬂﬁivkmﬁﬁii dlslﬁsfysnﬁccmetnh tHe@wo-
crosslink density and therefore relatively an i nproved
ther il pReFHEricy REoRgstigss suchs gred tayihasss @?%H@Flﬁneﬁ%l ﬁtﬁﬁ?ﬁ@r av[heiﬁ SRIYRinggeat er

than abou 119Q. a1 RhQfierably greater than about 170 C, and nore preferably
greater t % gﬁﬁs %gg§c and above when cured with dicyandianide 25(3) a

hi gher humi di tIY{l sei:)seleﬁ %ngver%{ @Rﬁ %)Pésén%mveﬁ? onn&raPtth%r qxgcip%nlgﬁ or, in

ot her words, OM/Wa ower

const ant /tkalkaad cdmpduads of th(e IpkdsBlit)in n@PL hEovidesesleral 1mpro(e51) propseies wnrhan
epoxy resin that exhibits |low viscosity of |ess than about 150 nPa-s and
pr ef er abltyemeset reHanofHBe presaw anyeptos Whigromparrd beeas prtpnggsreliossings

W t hqut 'a‘éghd;%t LR of %ﬁd&L o | YA gﬁeﬁsOFGPé’ H{b‘?e %Qﬁg t borvenfif}Pr | zed

that the I on ring between th groups in the
d|hydoxydh@hﬁmyheynddahhammmshtmnmu#@cmayemadWﬂmonhempnMﬁgﬂmns of the
ence of the

bi sphenol ster hi ndrance an as a result, the p !
di hydoxy 1 W&dl@{eeylocaic Heang S%Bﬂmﬁls gg }]gd)[r%ﬁegt invention have the foﬁowmg
improved properties while maintaining its other properties such as high temperature stability

and a high cross-linking density:

20 (1) an improved mechanical property such as improved toughness - based on

difunctional resins with low crosslink density and therefore relatively tough;

(2) an improved thermal property such as a higher glass transition temperatures of
greater than about 150 °C, preferably greater than about 170 °C, and more preferably greater

than about 190 °C and above when cured with dicyandiamide;

25 (3) a higher humidity resistance property (a high moisture resistance or, in other

words, a low water uptake);
(4) a lower dielectric constant/dissipation factor (Dk/Df) property; and

(5) based on an epoxy resin that exhibits low viscosity of less than about 150 mPa-s

and preferably less than about 120 mPa-s.
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5increases the glass transition tenperatures (Tg) of the host resins
conpared to conventional resins which conprise bisphenol derivatives

Wi t hout twe 2alikgBedasi ng. The increase of the gl assPCTAIS3010i086105
tenperatures of a host resin conprising the dihydroxydi phenyl -cycl oal kane
conpounds of tWeahputdseirhg tHevieedehoinyetiopaoan@bhe/theoryt hés thangedahatftieom about
10 C to about 100 C or. hi gher d% endi ng on factors such as type of 10curing

agent ( haigeiaof theadkylyingieivecaths Yisphagekerorps Bubs Agyemedtbsits; and the
curing CQZ?QIOEH(QH? strubffte Nedike @mléltdtigﬁg QPthQ (B?s%h‘%rgjz gg)u?gﬂgge it Rehdrance

di hydr oxydi phenyl - cycl oal kane conpounds 1s als ower conpared
t 0o r esi nsandoaspriesiln ghebprsseinenof thd diiydat ydigtenyi-¢ yebeskanh eompyid stiuaguwe Thus,
the cqonpasitiong of the present inventjaqn_.exibit a higher 1t is

t heor Pz ed TEREE MERAS A Tl Oh TP Cal 18 1 ek bise B ENMEHES B SEREMBINhr oups
in the 15.dhhyHcR%YRbRRERYbreaYCdRRK ARG IERITP RS fRY. | over the _
cross-linking density due to higher steric hinderance and thus, provides

| nproved t oughpesge %eto?%{cf”%%%t&aﬁ@ti.%n'i ey E'BP?.ﬁést?Qs%i&?[f difiSthe EXAVPLES

The foll ow ng exanples an onpar ati1ve exanples further strate the
present Whydrentdigrenylacyditadliane banpaunels b thetppedost inoergioniegerteaallyiimithe t he

scope thereof. Various fer d designations used in the foll ow ng
ol 5 W@ fmarb Thef dp abas ThORRGub e R ORcb 36 s Sachifgh

et herjgof QiiapPRSAR hAINRY) RYinAAnEOANY Qs Maduein eleGhl; dEEW chpbween 177
g/eq and 189 g/eq, available from The Dow Chenical Conmpany; Dowanol TM PM

i s a sol wenditioont BienY oigngdy mogilena hosy eesin eranprisingdihpdrox gdiphenykdycdealkane The

Dow Chem cal Conpany; Pl enc 3943 is a .phenol noval ac .epoxy .resi

avai | abl oSS aabp S I BrdaTT s a®o e P50 FERE BT e

sol uti on pikhaeit thel Alikyil piagNThus, PROSRREHRI SRS BEihd pasehdh fenltion FRIbaabhavial, | abl e
fromAl fa Aesar; EPON TM P101 is a catal yst avail able from Hexi on Chem cal ;

"dicy" stlaitdBeaqrized.dhatybmelditioruef; the gl ring batwser Ge boiphenal graupain Seanni ng

Cal orjizret f.y; o " ' a ' ' P /.30 ds for
yclr iyt Doy E Rl SRR AL S0 o Uik athg Sk 000 727

i S bi sphetigier Ateriodldacinbasictethes, paandesdmprdied phgihatssAo dennesitabloeedin? 1% by
wei ght, commercially available as KBE F4113 from Kol on Chem cal (from

Kor ea) ; XPOPRISEPOXY IEIND 2011/ 068645PCT/ US2010/ 056105 bi sphenol A novol ac
har dener based on KBE F4127 has | ower bisphenol A content about 17 % by

wei ght, d2etHES |y avail abl e from Kol on Chenical (from Korea); and

Herinol KBE F4127 is a bisphenol A novol ac hardener based on KBE F4127 has

| ower bi sphendlheAoBowingrxambles and Fordpdyytiveedxghples d ot nldusabteythap@is¢rgbl e from

Kol mcal . . o
° Or}OCh SiVeéntion in detail but are not to be construed to limit the scope thereof.

Various terms and designations used in the following examples are explained herein
as follows: D.E.R. ™ 330 is a diglycidyl ether of bisphenol A having an epoxy equivalent
weight (EEW) between 177 g/eq and 189 g/eq, available from The Dow Chemical
Company; Dowanol ™ PM is a solvent containing propylene glycol methyl ether, supplied

25 by The Dow Chemical Company; Plenco 13943 is a phenol novolac epoxy resin, available
from Plastics Engineering Co.; “Al catalyst” is a catalyst solution of ethyltriphenyl-
phosphonium acid acetate in methanol available from Alfa Aesar; EPON ™ P101 is a
catalyst available from Hexion Chemical; “dicy” stands for dicyandiamide; “DSC” stands
for Differential Scanning Calorimetry; “EEW” stands for epoxy equivalent weight; “HEW”

30  stands for hydroxyl equivalent weight; “2-MI” stands for 2-methyl-imidazole; XZ92747 is
bisphenol A novolac hardener having a bisphenol A content about 21% by weight,
commercially available as KBE F4113 from Kolon Chemical (from Korea); XZ92755 is a
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5(from Kor ea) . The foll ow ng standard anal yti cal equi pnents and

nmet hods are used in the Exanples: Epoxy equi val ent wei ght (EEW was
measur ed W9 2a110@B@si netric titration of epoxy resin sanmpCeas¢@aioosdlod. 4 ng)
with 0.1 Mperchloric acid in the presence of 10 tetraethyl ammoni um brom de
in gl aci disphersliA nawilek: haGiaet bised o0 IKBE AR Hiplloyacdighensldi caitait aacwor di ng
to ASTM D_1652 net hod. ... The_glass transition tenperature (Tg) was
measur ed HyPByryentqramersiadlyfvaidittedrem Flep (-hemse) (g Fosw):@ndo " 220C with
a heaj[ : nq{p{rﬂ-ﬁp KE B9 098, Bﬁkﬁenol A novolac ha%ﬁ&%'s&?(l)n K@WIEV $3s RBovedd .
function of tenperature were neasured using Dynam c 15 Mechani cal Anal ysis
(D\VA) . bisphefitleA caderttiabodtyl 70k by washtncamherciably awaisabheefismribdoh ¢ hpinawl ng a
sanpls of tﬁggresin solution on the surface of a hot plate at 170C. The
react Pvi t{/ORESSGPement of the resin solution is reported as el apsed tine in
second required for gelation ("gel tinme") at 170C . . The softening
poi nt was det erhifRleEIngstadardpmakyties! egpigmepfsiand anatledsiargusedipthst 20 3

C/ mi nut e gr.gipdoom tenperature (about 25 C) to 200 C

Therno-gravinetric Analysis (TGA) was used to neasure the deconposition

tenperature Tdy . T erf. sin t.he - | ! lLyzer
ToAZ050 11 om TRORET e L SRER PP B R o BhRtC FEhEbT B RaY7 G
and conneaedigdarhple@(apeishnalg) @Al &1 perfkibrianéidyz e prasenapelr at ed under

ni trogen at nosphere.. The 25 deconpaosition tenperature Td was neasured
accorlfli ndgetsthpermepigspbromdein shiciy apstismcsbd-ystalpioltst wiat Bmalayedes ng ranp of

10C/ m nut:ey: i t i ght | t oth i
ront | oned r 8 S A P I LA "To%e) . The typichl exper i mental
1 G le.1 - Ad R [ f Bl sph: L. .

&yet odoaecanont i inearites HRTETER ki BELLER BN spnise. phenol

cycl ododeatandnetry IBSC BfroMI0)° (Wa20t S sidhveltkatiflg dadd df 3 @W/mbhndte. R TM 330
(371.8 nmol) in a 500 mM glass reactor at 140Cto forma -21 WO

2011/ 068645PCTbISRALA! H5F4A5s £ fihb@sh of TBApSAhME iveR MESuRAURY B BRC and
then 100 mlligrans (ng) of an Al catal yst

15  Mechanical Analysis (DMA).

The reactivity of a resin solution was measured by placing a sample of the resin
solution on the surface of a hot plate at 170°C. The reactivity measurement of the resin

solution is reported as elapsed time in second required for gelation (“gel time”) at 170°C.

The softening point was determinate with a Mettler FP80 with a heating ramp of

20 3 °C/minute from room temperature (about 25 °C) to 200 °C.

Thermo-gravimetric Analysis (TGA) was used to measure the decomposition
temperature Td. TGA was performed by using a thermo-gravimetric analyzer TGA2950
from TA Instruments which is fitted with an auto-sampling device and connected to a
personal computer. TGA analyzer was operated under nitrogen atmosphere. The
25  decomposition temperature Td was measured according to IPC-TM-650-2.3.40 with from
50°C to 700°C with a heating ramp of 10°C/minute. Td was determined at percent weight
loss (except otherwise mentioned, i.e. 1%, 2%, 5%, or 10% weight loss). The typical

experimental error was + 1 °C.

Example 1 — Advancement Reaction of Bisphenol Cyclododecanone with D.E.R.™330

30 A 66.8 gram (g) sample of bisphenol cyclododecanone (189.8 mmol) was dissolved

in 133.1 g of D.E.R."™ 330 (371.8 mmol) in a 500 ml glass reactor at 140°C to form a
21-



solution (70 %solids in nethanol) was added to the m xture to start the
reaction of the bisphenol cycl ododecanone with D.E.R 330. The advancenent
reacti on weooamwsdsed out at 150C to form Advanced Resi nPAT/UARG1eM05610H0Ur ,

t he Advanced Resin A was characterized 5 by titration. The EEWof the
Advanced skasion. Ahebblatioedaf caried foe80°Cland thean 0Odasilligtngl(rg) ¢fERVA heoatlyst- 551
g/eq). The Tg of the Advanced Resin A was neasured by DSC with a heating
ranp of TORMRNANR & sofide inrgetharolswes a@?ﬁﬁ%ﬁ&mwr%ﬁw&leﬁfe%t@z obths sanpl e
of bi Sph%%hefbl(ciglgdg’dég?ﬁ&?e WD RS9I/ eﬂle' Hté %ngregétlola Vgas%a;rﬁ\éd]&lt §t30
(411.7 ass reactor at 5 The m xture was cooled to
80C and tIHéfC ifdrmuA dfanead E&sncAt a’lf;estl hoof, lll]llﬂ Advz(nl‘@d BesolA dss ¢charavetrizadol )

was added to the a action of phenol A
wen o e thsen. The b of sk Rabeddifo e BB G der ot ColgRa 1 ve
Advanced (Resy N r'ﬁr 551 oplg) IThow T‘% of tHREA JVRARARYiV R WAEANGEEd BODIT Hithas
characterl zed E)y titration. EEW of the Conparative Advanced 15 Resin A
obt ai ned lentrg tahw ofi K0r@miiowendse Fgovay/¥HC( EEW heory =552 g/ eq). The Tg of

t he Conparative Advanced Resin A was neasured by DSC with a heating ranp of
10C¢/ m nut@ompdrativEExaapllAC., The advanced bi sphenol cycl ododecanone
resin (Exanple 1) has higher resin Tg than the advanced bi sphenol A resin

(Conpar ati ve Eé(aﬁﬁlg&saﬁiple & tiigeasl AR08 mandlpwhddisaiveddhe4banaffimiEdt.Y o t he
resin' s stor a(lge st abi 2- Curing the Advanced Resin_ of

Exanpl e
Bi spH&nol33@y¢ baaa@@éméo%%gbsww%@wc ATb@metgr%‘ﬁ%?;ﬂoe egfto SR Al anced
Resin A (FEW ) 0.48
g of dicy andooolﬁgg)fg{lg‘g1 Cé%%k?ﬁ%&l(ﬂ%gé 1r?rltiE)F(l'%l %%%h%ggm\{gassvggg?e ﬁgp%th ours
at 200C tto sfaorthe @Waﬁderﬁﬁs rencon dhlgspignolf A twith [l Rd3 Fe slihe réactias wisaswicdd by
Do S LR P St O AP s 09 Bl e Pl
g/ eq) obtginged RQM M%afabeéﬁzépbﬁﬁ@mne ﬂem%fm%ﬁguw Abvddcdd 9 of
dicy (equivalent wt 14 g/eq) and 0.26 g of EPON P

2011/166 8 8%5PCE /obs2aldr@s GkQEration was 569 g/eq (EEW geory =552 g/eq). The Tg of the

Comparative Advanced Resin A was measured by DSC with a heating ramp of

10°C/minute. The Tg was 49°C.

The advanced bisphenol cyclododecanone resin (Example 1) has higher resin Tg
than the advanced bisphenol A resin (Comparative Example A). A higher Tg for a resin can

20  be beneficial to the resin’s storage stability.

Example 2 — Curing the Advanced Resin of Bisphenol Cvclododecanone and
D.E.R.™ 330

A 20.0 g sample of the Advanced Resin A (EEW = 520 g/eq) obtained from
Example 1 above was mixed with 0.48 g of dicy and 0.25 g of EPON™ P101. The mixture
25  was cured for 2 hours at 200°C to form Cured Resin A. The Tg of the Cured Resin A was
measured by DSC with a heating ramp of 10°C/minute. The Tg of Cured Resin A was
141°C.

Comparative Example B

20.0 g of the Advanced Resin B (EEW=569 g/eq) obtained from Comparative
30  Example A above was mixed with 0.45 g of dicy (equivalent wt 14 g/eq) and 0.26 g of
EPON P101.

20-



The m xture was cured for 2 hours at 200C to form Cured Resin B. The Tg of
Cured Resin B was neasured by DSC with a heating ranp of 10C /m nute. The
Tg of Curwo 2Ragicse48 was 115C. The cured resins of ExanplPeTASand/oSanpar ati ve
Exanple B show the Tg's for 5 Cured Resin A (advanced bi sphenol

cycl ododecanoriknermeisiure wExxanﬂeHéorza haure atQpoed td?&ﬁianLBed Resiamc ethebli gspthenol A
resin, Conpparative Exanp d% With a simlar The use of_the blsphenol

cycl ododdedrbResin B wg%ma%sege %@%W@bﬁh@élpﬁrwmaél%/mm%a%d g8t over

Cur ed Res&ge@f{g; n?6w£‘s115°c Example 3 - Curing the Diglycidyl Ether of
Bi sphenol dodecanonie with a Phenol 10 Novol ac A m xture of the

(535 B enc?ﬁ{fﬁ%ﬁl"f@??%%amééé%ﬁo SRENPIRS B (R0uR OFRS, "oV o

t oget fer @ired ROGn AP(faﬂeainced)bisphl@ol bgclododeetnend fbsﬂﬂﬁxalﬁpEQl) dhd OnredfRRiMB ( 20%
W w in Dowanol ™ PM ng) was added. The mixture was pured into an

al uni num (p&yrnged lelelzheﬁﬁ% et Campasiiyefeamele Bbwibesimigr BEWodihs useofctiee.
Sanpl es f from
Chi S cast et OB a e i QIR AL R s R Ly TNl Fe PPEER T A
m xt ure d{esthoDZEf’(R. TM 330 (15.0 g) and a phenol novolac (8.38 g, Plenco
2013943TM was nelted together at 160C. After cooling the mxture to 80C, a
sol uti on Bxfampldd — (AR wheDiglydRdudaidr DYIBRhebd] @¥)odddscaaditedith APdefBIXt ur e
was paured into an alum num pan (60 mm di aneter) and heated to 200C for 2

hour 50t o Ne#otac sanpl es for DVA analysis with di mensions 11 x 55 x 3 mm were
machi ned fromthis casting. The DVMA results are di scussed bel ow. 25The

t oughness of t&v@liﬁf@m @fsthQ bycidytettoftisphenel dye ko dréedanorg) (1ndlsg) medsur ed by
ENA The pcfl"ejnoel IlO Ffég(gpifgél-% \OIEW%h xem[)'u? e I’BOeISO en% I gndame vanced

i sphenol ycloa he resin pre ared usi ng P oc In anple 1.
Resin C wagetﬁe:rae%m hAﬂ?éIe:@@nngl&%ﬁxuﬁdz oedebea p@lﬁﬁ@duﬁBMIr(zﬁ%anmm 2. The
cured resin is Treferred to herein as "Cured Resin C' (Exanple 3). WO
2011/ 06862BPEPI U100 0136 105 adtstp diatniverRess powred itgan @Hmﬂm SRE
bi sphenol iAo r t
[ her ggn (gg\rrpprgrﬁgtnfé\%%) %@J egz}?@g i &r)h ngris\r,\%?: i gel(; %%I fgr ;[\fﬂglg?liﬁgt he
pr ocedur eiménsGoamspldr-afs ¥ 8 rimxange mthmauﬁem tRssiasting. afid [Dddp@sdtsiare Cur ed

Resin C have sim ar | ass transition
dascussedbe’ 9

Comparative Example C

A mixture of the D.E.R.™ 330 (15.0 g) and a phenol novolac (8.38 g, Plenco
20  13943™) was melted together at 160°C. After cooling the mixture to 80°C, a solution of
2-MI (20% w/w in Dowanol™ PM, 50 mg) was added. The mixture was poured into an
aluminum pan (60 mm diameter) and heated to 200°C for 2 hours to cure. Samples for
DMA analysis with dimensions 11 x 55 x 3 mm were machined from this casting. The

DMA results are discussed below.

25 The toughness of two resins (Resin C and Comparative Resin C) was measured by
DMA. The cured resin of Example 2 which comprises Resin C is an advanced bisphenol
cyclododecanone resin prepared using the procedure in Example 1. Resin C was cured with
Plenco 13943 using the procedure in Example 2. The cured resin is referred to herein as

“Cured Resin C” (Example 3).
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5 tenperature (Tg) at about 130C. The toughness of the above two resins can
be conpared because the resins have simlar glass transition tenperatures
(Tg) . WO 20ugkeess may be defined by a drop in YoungPeTrusdubose10£ ). The
two resins get less stiff (nodulus decreases) as a result of the glass
transition at C&bﬂpﬁrati@(}&smT@és YoeivgnisormbBigphusio K, DEGS 330ur@&dnfestive Resin
decreases_from ahout 5 x 109 Pa before the Tg at 10130C to about 3 x 107 Pa
after thd ¥gs stred 30 Plsiee 1\386% &wéel HEaMparatipe Fueri Resbed” Hedpprgtiyen t he

rubber gy ( a | ower Young's nodul us
(E') (inprov e??ﬂ% é@i?ﬁkﬁgge? &@%a%gggg%%@?3% Cured Resin Cin the

same rubber : Sp fhd O a[r?ﬁ%‘lg red RAGES BRRIS gg?argr‘"i‘fsts%nél  oved

t oughness by u5|ng ecanone over red 15
Resi n5C whaimpératsedT e acabvne mwoom alheltbsghmesodf the above two Tdfsﬁilsrcﬁﬁ bk csmpfhred
Exanpl es of the present i nvention show that an epoxy resin conprising a
dlegC|d§PC@Fﬁ§F”BWn% WeraHy s SrRamien kpmesarrahk)conpound has a hi gher
resin glass transition tenperature (resin Tg) than a conventional epoxy
resin such as Tq\@b@fsmwd)e&@ﬁbﬁtdsl@he Aesip in Yovee' sexedvitse ED. aby t@erpansegdtve

Exanpl e ﬁ%ss dstl moldr ﬁJg dggrg%%%o) a‘%saI r@su%t onIle éﬂ% tpe[n‘gﬁ%%ta)t l?%%rllgd)@ OWS a

hi gher cure l'ass transi n tenperatur cure an an epoxy resin

conpri si rrgowng(m*ﬁu@ﬂﬁs anabf @m@X}RCEI@ﬂ deddasediron abbsysne no P#vdfeieahdEXgapl e 2
and Conparative Exanp cured_epoxy resin of the present invention

alsolﬁas]ﬁQﬂ?8%@%“%ééh%hﬁééﬁmﬁﬁ6a6ﬁ¥ﬂ@%Céuch as toughness conpared to a

conventional epoxy resin cured by phenolic hardeners; and therefore, the
epoxy resin ofTheneoyngesmpdulihife hof owre Kesipg® m@ﬁm@@r medilys aam«ge(afts:rTlgpact

(see ExarrBact%ﬁ? 1@%&@%”&@ aér' dm%lgtsatnrrgéu?ﬁl C()SE ) Efflgrq) eg tol: %(ss %'1%1? ﬂ%aﬁgf eCDON A

two | ter ee n roun tomgla or e

t her nost atdbpdrhtyvedOurtd Rlsélﬁ«t inahé bange RBBEA rﬁodhﬁﬁs @ahgy. ge@bdmlhglyt OerebiRepinenol
of cyclododecanone (-176 1.0 hydr.oxyl eq epi chl orohydrin (-694 g, 7.5
nol es) arfdhssBPHBRAYS! towgle?e by, usiii bispignokesygiododcangne vt @ﬁm@ﬁeﬁyfapmd

used) ques{neé%hqghm%@gg\;&l h LluApped wi th a condenser (maintained
at -fg %§a|s§%

a thernnneter adapt or, an overhead nitrogen WO

2011/ 068645pcgfh%8r%9 tso 6105][680 gr § Ill:il%el}lll ns d%’t ?a a‘oxs'[rI Liher assenbl y
(Tefl onTm pad ar varirapf e spee 5 AFPB 9’8|SSOIV|ng at

50 C, a s@hiprisog aQﬁgl?@ﬁbflldEﬂ]M raQthﬂEo;(}ZiQ%ehyll Welclkand 88mgounddss adiiedrt o a
side armvented addition funnel over 20-30 mnutes. Stirring commenced to
gi ve sl ureyin grass HRnsiR@RBALSE (eye T8y 08 d9BHatiopalepPEh IS HowG R RS Hoshd

I sopropangleq el;hﬁlsphenol A (see Example 1 and Comparative Example A). The cured epoxy resin
20  of the present invention shows a higher cured glass transition temperature (cured Tg) than
an epoxy resin comprising a conventional epoxy resin based on bisphenol A (see Example 2
and Comparative Example B). The cured epoxy resin of the present invention also has
improved mechanical properties such as toughness compared to a conventional epoxy resin
cured by phenolic hardeners; and therefore, the epoxy resin of the present invention has

25 improved resistance to impact (see Example 3 and Comparative Example C).

Example 4 — Synthesis of eCDON

A two liter, three necks, round bottom glass reactor equipped with a thermostatically
controlled heating mantle was charged with the bisphenol of cyclododecanone (~176 g,
1.0 hydroxyl eq), epichlorohydrin (~694 g, 7.5 moles) and isopropanol (~373 g, 35 %
30  weight of the epichlorohydrin used). The reactor was additionally equipped with a

condenser (maintained at -15 °C), a thermometer, a Claisen adaptor, an overhead nitrogen
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Stenperature was maintained at 50 C during the reaction. After 20 m nutes
of postreaction, stiffing was stopped and the aqueous | ayer was renoved
from t he woganiwsdsayer. Heating and stiffing of the org&aTaskayose1vms
resunmed to 50C. Dropwi se addition of a second portion of sodi um hydroxi de
(20% i n viakee(], LB N uded), ahe a etiigaiseenhtady €Tefluad™ paddit,aifled shafevadiblaspugt es
whil e maintai ning the tenperature at 50 C. After 10 20 m nutes of

post r eactPADs tAffar idingolwing 2 B phedsolutien efivedmgubrliexide (A% ihgateed80&d from

th ic| : ; ' : . i -
port i one. (DGR Tq gL veplQfhd i, BRARNE ICAFEYHER, ARNRE bt |
organi ¢ |@ayesluimpasf telbigyetbl oRoydAsdodevapas at ¢pachledohydién afdjiaspropdndy.eThdisi ng

an oil_bath tenperature of 75 C was used to rempve the bulk of the
vol at Pl edempgjptupeyay papained d0r st qusingdhe reagon difter 3@ npngenefirosiraastighar )

gave - 22551%?%; g%so rt%éfeagﬁg ?l{ee&%ﬁ?llgsq%)?erilgﬁé ?et#{)}%lﬁifgowa{eﬁ%égn% ia if:lf.i ed to a

brittle so m t enper esul't resn'was the
ol yerdyl ettcof bl spienol el edeticeanon, (hef 8o ogbON ) a0t the
Vi scosi t Yoralsednfd pGrtQ(SHD & s8llium hydroxide (20% in water, 80 g) to the organic layer was
completed over 20 minutes while maintaining the temperature at 50 °C. After
10 20 minutes of postreaction stirring was stopped, and the aqueous layer was removed from
the organic layer product. Then the organic layer was washed with 3-4 portions

(250 milliliters each) of deionized water until a pH of 7 of the organic layer was achieved.

Rotary evaporation of the organic layer using an oil bath temperature of
75 °C was used to remove the bulk of the volatiles. Further rotary evaporation at 125°C for
15 2-3 hour (16 mbar) gave ~225-235 g of transparent, colorless liquid which solidified to a
brittle solid at room temperature (~25°C). The resulting resin was the diglycidyl ether of

bisphenol cyclododecanone (herein “eCDON”) and had the following properties:

T Softening | Melt viscosity at meaEs:Er\Zi b
Example 4 Resin o g1 Point 150 °C . y
°O) °C)? (mPa.s) titration
' (gleq)
eCDON 31 74.6 120 236

"From -20 °C to 150 °C with 10 °C/minute
At 2 °C/minute

20  Example 5 — Preparation of a Powder Composition Using eCDON

A 20 g sample of the eCDON (EEW 236 g/eq) prepared in Example 4 above, 1.06 g
dicy (equiv. wt. 14 g/mol) and 0.35 g EPON™ P101 were mixed 10 seconds at 15 °C to a
fine powder. The powder was than cured for 30 minutes at 200 °C. The glass transition
temperature (Tg) of the resulting thermoset was recorded from 50 °C to 300 °C with a heat
25  ramp of 10 °C/minute. The Tg of the resulting thermoset was about 198 °C.
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EEW neasured by titration (g/eq) eCDON 31 74.6 120 236 'From-20 Cto 150
Cwith 10 Cmnute 2At 2 Cmnute 20 Exanple 5 - Preparation of a Powder
Conposi t 1w 20sl/ege46 CDON A 20 g sanple of the eCDORCTEESWIABE610% €q)
prepared in Exanple 4 above, 1.06 g dicy (equiv. w. 14 g/nmol) and 0.35 g
EPONTM PXOdmpweiiteyerfixo@tpld B -siaepiaksonadf alPowdel Coanpbbitien pwer ConiMeatipoider was
than cured for. 30 mnutes at 200 C. The glass transition tenperature (TQ)
of the rdZA¥iRe8INt her npset was recorded from50 Cto 300 Cwith a heat 25
ranmp of 10 C/m nute. The Tg of the resultn%g t hernoset was about 198 C. WO
2011/ 068645PCT+ E82020pB5E POSPCoFaND Bk g%EEWE” 9 a#@;iarimlmﬁyl@fhea

- epoxy JOLPREtSTR LR B TRKTIL. ATERRRYTERLY Ghoycal Rufitap. IRELC 0

A mat eri alicy @qmmami1a|g/gq)auaDBa@IER)GNWImaV@emQthm1Qal°caadpaﬁm)1uteaat4 g5
dicy (equjyv. and 0.35g EPONTM P101 were m xed at 120 C and 20
ni nut es a1t801§o Téze rfﬁﬁl 1%%9@% Rgs mlwiukq seggdsit k4G b SHRORRAAWNGHWVES t 0 a

fine powdgy, %&&fbr%%mhﬂé@a ! éﬁﬁ. e é{ﬂsg%ﬁl%m%tpr(%ﬂlgt $a r-Et?Srd-&Qﬁ%Bl t hi 0

resul ti ng product was recor om5 heat ranp of
C/ m nut e.50TReto BHOGE withea heas tinbp ofgl G WEmimoset TheaBg abdatresitBig@hermoset was

about 143 °C

10 As shown in the above Example 5 and Comparative Example E, the use of the
advanced diglycidyl ether of bisphenol cyclododecanone (Example 1) as compared to the
use of the diglycidyl ether of bisphenol A material (Comparative Example E) resulted in a
thermoset product with a Tg of 198 °C versus 143 °C, respectively. The use of the
diglycidyl ether of bisphenol cyclododecanone increased the Tg of the resulting thermoset
15  product by 55 °C.

Example 6 — Cure of eCDON with Dicy

A sample of eCDON (4.62 g), dicy (0.34 g), and 2-phenylimidazole (0.038 g) was
mixed by cryogrinding. This procedure involves adding the solids to a stainless steel
cylinder with threaded ends, adding a metal ball, cooling the contents in liquid nitrogen, and

20  shaking the assembly for 10 minutes. The cylinder was placed in a nitrogen-purged bag and
allowed to warm to room temperature. A portion of the powder was placed in an aluminum
pan, and heated in a vacuum oven at 190 °C for 90 minutes to form a clear casting. A Tg of
202 °C was observed by DSC. This casting was cut into 4 pieces, each was weighed, and all
were placed in a steam autoclave at 121 °C for 90 minutes. The weight gain of each piece

25  was expressed as a percentage, and the 4 values were averaged to give a value of 2.3 wt%.

Comparitive Example F — Cure of D.E.R.™ 331with Dicy

The experiment described in Example 6 was repeated using D.E.R.™ 331
(bisphenol A diglycidyl ether, 4.51 g), dicy (0.44 g), and 2-phenylimidazole (0.05 g). A Tg
of 139 °C was observed by DSC, and the water absorption was 3.9 wt%.

30 As shown in the above Example 6 and Comparative Example F, the use of the

diglycidyl ether of bisphenol cyclododecanone (Example 6) as compared to the use of the
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10As shown in the above Exanple 5 and Conparative Exanple E, the use of the
advanced di gl yci dyl ether of bisphenol cycl ododecanone (Exanple 1) as
conpar ed wo 2ohieswié of the diglycidyl ether of bi sphenolPCAUsSatIOOF@EDS
(Conparative Exanple E) resulted in a thernpbset product with a Tg of 198 C
ver sus 14Bglgcidyeshaalf ibwphynol Theatesiel (@fonipaeatide Gxymipliyif) redued irod thHeiapdrenol
cycl ododecanone i ncreased the Tg qf the resulting thernmoset 15 product by
55 C. Exdnplust@ith adg %o m@\ﬁ\% Ehreppacyively aadpiater gpsapisnet( 23 §5%g) , dicy
(0.34 g), [ o : ' Nelal hi s
pr ocedur evel?slr{:l\g/ig Izyv‘ggg’%%ﬁen 69%?%64[12%\65%02 31t§e0<‘i%1 st |1 %ﬁ%@g tﬁ%@g gféﬂggﬂlogg%éragnvan}h

t hr eaded ieardssed atdT pgf the nestiltingbbdrimosagpoddusgby Hhd °C ond sxdised water ahsbiption

ni trogen, aﬂd 20 shaking the assenbly for 10 mi nutes. The cylinder was

pl ace i rPYa n%trogen- purged bag and allowed to warmto roomtenperature. A
portion of the powder was placed in an al um num pan, and heated in a vacuum
oven at 190 C for 90 mnutes to forma clear casting. A Tg of 202 C was
observed by DSC. This casting was cut into 4 pieces, each was wei ghed, and
all were placed in a steam autoclave at 121 C for 90 m nutes. The wei ght
gain of each piece 25 was expressed as a percentage, and the 4 val ues were
averaged to give a value of 2.3 wt% Conparitive Exanple F - Cure of

D.E R TM331with Dicy The experinent described in Exanple 6 was
repeated using D.E.R TM 331 (bi sphenol A diglycidyl ether, 4.51 g), dicy
(0.44 g), and 2-phenylimdazole (0.05 g). A Tg of 139 C was observed by
DSC, and the water absorption was 3.9 wt% 30As shown in the above Exanpl e
6 and Conparative Exanple F, the use of the diglycidyl ether of bisphenol
cycl ododecanone (Exanple 6) as conmpared to the use of the WO

2011/ 068645PCT/ US2010/ 056105 di gl yci dyl ether of bisphenol A materi al
(Conparative Exanple F) resulted in a thernoset product with a Tg 202 C
versus 139 C, respectively and water absorption of 2.3 w%versus 3.9 w%
respectively. The use of the diglycidyl ether of bisphenol cycl ododecanone
increased the Tg of the resulting thernoset product by 63 C and reduced
wat er absorption 5 by 41 %
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WO 2011/ 068645PCT/ US2010/ 056105 CLAI MVs: 1. A curable powder coating
resin conposition conprising (I) at |east one thernoset resin conposition;
and (11) WO 2bea88646ne har dener; wherein when the powder PCOAIS2019/05E0E Ur ed,
the resulting cured product has a bal ance of properties including a
conbi nat iI@AINISa hi gh gl ass transition tenperature of greater than about
150 C, when cured with dicyandi am de and a noi sture absorption of |ess than

3.9 percent. |, A curlbrR poMUBPEdakin© e s c&h@slﬁolq,coM}ﬁirsﬁﬂgr(I)tdﬁ%aEﬂ'tﬁfemSet

resin conposition conprises an epoxy resin represented by the follow ng
gener al PRbermglsef rpsin compeyiten: ang (MhatresshorRahardengr; wheraig ethen theader  gr oup;

R and I nd ent.! r epr ; rogen atom
a halogsﬁ?ag %%ﬁ&ﬁfg%é%m%?%3%§%@§P?%%§é%ag?%%?(gﬁgﬁ%%%%qgﬁg@ﬁgfuted or
unsubst i tagtrthagion lof g htuhpslatradsisioh s ferdted oblerdans wixstabbut B @), alhky bwgdoup;
anitrile ggoup; a nitro group; a substituted or_unsubstituted al koxy
group; X Yigh digpandggmpiggnd g mogstess apsesption et lgssdhan P dgicant: nunber bet ween 8
and 20; R3 and R4, independently from each other, each represents a

hydr ogen at om2.a halhsgempositien bt elatnytl edheyeinfhe thesmesetrasth eonkppisitignoup, a

substitut . uns it Ut r [ it .or unsubstituted
ar al kyl é$g5%§e%%H%%§§g%ghggﬁﬁéé%%g%ggﬁﬁgggm§§%§§%#¢%ﬁﬁQ% "0 about 10. 3. The
conposition of claiml, whereip, the thernoset resin comﬁpsition conpri ses

an advanced epoEX(;SQ%%\fonpggﬁ_ion represente%ﬂ y the ol | owi ngs gener al
Formula I1: or, a 1y whéerei o RR2 —\R4.» Ra, {an oand are as
defined in FG?%ﬁPé I,\szsCaﬁ€¥2?g§LPLbéang Q\NQTUQ/T' r{b—aggit 20, p
is an integer having ap¥al(up from 1 tB°abidut 2082 Qi p ar*28- Ra

RB/ (X)m\ R4 RB/ (X)m\ R4

Formula I

wherein R is a hydrogen or methyl group; R' and R?, independently from each other, each
represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group; a
nitrile group; a nitro group; a substituted or unsubstituted alkoxy group; X is CH,, CH(R"),
or C(R*)(R"); m is an integral number between 8 and 20; R’ and R”, independently from
each other, each represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl

group; and n is an integer having a value from 0 to about 10.

3. The composition of claim 1, wherein the thermoset resin composition

comprises an advanced epoxy resin composition represented by the following general

Formula II:
1 1
/N RoAR on LA '
HR? CR2 —CH,—O o O—CH,—CR2—CHR2— Z.EQ_ Z]—CHZ —CRA—CHR? _04@ O—CH—RC’ CHR?
C
R ( ) R ’ I8 ( ) e
B/ \R4 R (X)m\\R4

Formula II

wherein Rl, Rz, R3, R4, R? and X, and m are as defined in Formula I, y is an integer having

a value from 1 to about 20, p is an integer having a value from 1 to about 20, Q is a
8-



WD 2011/ 068645PCT/ US2010/ 056105 hydr ocar byl ene noiety; and each Z is

i ndependently sel ected fromthe group consisting of 0, S, -NRb, wherein Rb
i s a hydrwoantilesdssi ety. 4. The conposition of claimi1, ROEUS2MOWHE0S

t hernoset resin conposition conprises an advanced hydroxyl -functional resin
COﬁpOSitHqﬂﬂkﬁﬂﬁﬁﬁemﬁﬁdybyui@@hEﬁkhmeﬂgbg@ﬁﬁﬂaﬁafﬁmﬁmmégkmpbmwmﬁﬁgbﬁula
11 wherein Ra -3, R4, X Z m and p are as defined in Formula |
yl is an@ ﬁie@gr‘W&V?ﬁé{éSQQVQEC?b$H$@£bb about 20; Qis a hydrocarbyl ene
noiety; and Z1 is Z-H. 5. The conposition of claim1, wherein the at
| east one t herfrosetTheaompogitipn ef elatm iy @ leeﬁﬁeﬂ@ﬁpm@FF*EUﬁﬁﬂkee@na resin
et e PR LA TS0 chS LN ARANE (L BN os TR NN, RN RSy
phenol i c e i C resins, FeRi e Fes resi %nd
antureSgkhaﬁEﬁdnmﬂaIH 6. The conposition of cla|n11 mhereln the at | east
one thernoset resin different fromconponent (1) conprises an epoxy resin.
7. The conp05|t|on ©of claim 1, wherein the concen&ratlp of the at | east

one t I|) cd¥tprises froffi abou p ent BY weight to
abou?Qeéygerceﬁto 06%%¥h%mﬁﬁ@ﬁhﬁs@%{%%@ﬁtﬁh eﬁﬂvéﬁéﬁﬁwe ht of
the conposition. ()&

The conp05|t|on of clarm(@) T urther conpr|5|ng at
| east one of: (V) ag E®P§1 st; and (VI) a sol vent y“% . |9. The conposition
of claim1l, wherein the at | east one t her moset resirlzﬁ sconponent (1)
conprises a diglycidyl ether of a di hydroxydi phenyl-cycl oal kane conpound;
and wherein the di hydroxydi phenyl - cysiroaladiine conpound conpri ses a
di hydr oxydi phenyl c cloalkane conpound represented by the follomﬁng gener al
For mul a IwhereiRR*HRI, R?, ®HR", X, Z, m, and p are as defined in Formula IT y' is an integer

having a value from 0 to about 20; Q is a hydrocarbylene moiety; and Z' is Z-H.

5. The composition of claim 1, wherein the at least one thermoset resin
different from component (I) comprises a resin selected from epoxy resins, isocyanate
resins, (meth)acrylic resins, phenolic resins, vinylic resins, styrenic resins, polyester resins,

and mixtures thereof.

6. The composition of claim 1, wherein the at least one thermoset resin different

from component (I) comprises an epoxy resin.

7. The composition of claim 1, wherein the concentration of the at least one
thermoset component (I) comprises from about 10 percent by weight to about

99 percent by weight of the thermoset resin based on total weight of the composition.

8. The composition of claim 1, further comprising at least one of:

(V) a catalyst; and (VI) a solvent.

9. The composition of claim 1, wherein the at least one thermoset resin of
component (I) comprises a diglycidyl ether of a dihydroxydiphenyl-cycloalkane compound;
and wherein the dihydroxydiphenyl-cycloalkane compound comprises a dihydroxydiphenyl-

cycloalkane compound represented by the following general Formula I'V:
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R2 ( )RR RB (X)R4 Fornula IV wherein R and R2, independently from each

ot her, each represents a hydrogen atom a hal ogen, a substituted or
unsubst i twDed11aleReas gr oup, a substituted or unsubstitut edTarsgéiogsaop, or a
substituted or unsubstituted aral kyl group; X is CH2, CH(R3), or C(R3)(R4);
mis an integral nunber between 8 apd 20; and R3 and R4, independently from
each other, each represents a h dr at hal ogen, a substituted or
unsubstituted al kyl group, a sf ‘jaﬁ;kﬁgﬁstltuted aryl group, or a
substituted or unsubstituted aralky gr@ 10. The conposition of
claim 1, wherein the di hydroxydi pheRyl c%f]%alkane conpound is made from a
cycl oal kane conpound cont ai ni ng froqpadﬁ p€8 to about C20 carbon atons.

11. The conposition of claim 10, wherein the cycl oal kane conpound conpri ses
cycl ooct anone, cycl odecanone, cycl odggdggangne, cycl opent adecanone,

cycl ooct adecanone, cycl oei cosanone, and m xtures thereof. 12. The

conposi ti.o0. af 2l.dh 'ﬁz%g%a%fﬂ%e y’h&r}{%h&?&ﬁé}“@ cﬁ(}Fﬁrgééﬂﬁs RER eﬁeﬁorﬁ‘ P sphenol

cyclododecanone conposition of I'n conponent
(1) conpriasgenfd aitsstdnedtor 20sybeticesdtalioy gmpgbltsuﬁsatmmMurﬁﬁbmmte@mtyl by wei ght

based on total weight of the conposition; ei n _conpone éé
conpri sesSrPYRRY aﬁmﬂméedp%rr%mstwemaawi gltoeipa%thHsoC%@% é’é%*itC(By)(

based on f,qha ra‘f"ﬁﬁ@’ﬂér RiwddA& GRMLGAd ROBnd 1ndegénﬁ$gag?roﬁpggaﬁ%'tﬁe'r Oé&ch

according to any of the previous ¢l ains, er el onposition has a
mol ecul arrepresagit a etrogamtah caubal 3N, aeulahomd d0600bstitwwed alkplogsupi t (g/ nol ).

15. A powd tin e fromthe conpgsi.tion o
P su stltuteg or ugsum%uted aryl group, or a substituted or un51(1:bst1tutedl aralkyl group.

10. The composition of claim 1, wherein the dihydroxydiphenyl-cycloalkane
compound is made from a cycloalkane compound containing from about C8 to about C20

carbon atoms.

11. The composition of claim 10, wherein the cycloalkane compound comprises
cyclooctanone, cyclodecanone, cyclododecanone, cyclopentadecanone, cyclooctadecanone,

cycloeicosanone, and mixtures thereof.

12. The composition of claim 11, wherein cycloalkane compound comprises a

bisphenol cyclododecanone.

13. The composition of claim 1, wherein component (I) comprises from about
20 percent by weight to about 98 percent by weight based on total weight of the
composition; and wherein component (II) comprises from about 2 percent by weight to

about 50 percent by weight based on total weight of the composition.
14. The composition according to any of the previous claims, wherein the
composition has a molecular weight between about 300 to about 10000 atomic mass unit

(g/mol).

15. A powder coating made from the composition of claim 1.
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