COPOLYMERS Fi el d of D sclosure [1] This disclosure relates to
polymers, and in particular copolyners. 5 Background [ 2] Epoxy systens
may consiwo 20f2/@2¥&33conponent s that can chem cal |y react paridN2emanesrher to
forma cured epoxy, which is a hard, inert material. The first conponent
can be an epoxy conpound and the second conponent can be a curing agent, 10
sonetinmes called a hardener. Epoxy conpounds contain epoxide groups. The
har dener i ncl udes conpounds which are reactive to the epoxi de groups of the
epoxy conpounds. [3] Epoxy systgeggp@pynvaergsed to nmake conposite
materials. Conposite materials are materials that are nade fromtwo or nore
conponents that have distinct nmechanical properties. The conponents of the
conposite materials can be a naiﬁ{ +DiGepnent and a reinforcenent
conponent. [4] Copol yners derivegﬁfrcnréggrene and mal ei ¢ anhydri de (SMVA)
have beenoosled as higdstssard et pOEylyS¢st @itsin pamichlatdtopolyuses.i n el ectroni c
applications, e.g. printed circuit boards, where the copolyner is enployed
as a matrix conponent. These hardeners can provide a conbi nation of
accept abl e properties that may inch runjoOw 20di el ectric constant and a
hi gh glass transition tenperature. The ratio of styrene to nmaleic
anhydri dd0B3ln be adipesy exstans mas eansshel tyyp papeneats thit can epmpeditreadiat eri al .

I n general. t i t . Q, jC: i | Scj.ncreased the

i ef et ¢ty ERblRy A il MO RS R R R P 2 02
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viscosity is highly desirable. It is known that chain transfer agents can

be added [@03§ ng pr JOKY Pstenescan e uSIRO arfle cgmBesite materiadu Commegithrol ecul ar
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[005] The ratio of styrene to maleic anhydride can be adjusted to alter the
properties of a composite material. In general, as the ratio of styrene to maleic anhydride
is increased the dielectric constant is reduced, which is desirable, but the glass transition
temperature is concurrently reduced, which is undesirable.

25  [006] A process to prepare printed circuit boards can involve first making a
prepreg, e.g. a partially cured, coated glass mat, by coating glass with a solution of an
epoxy compound and hardener. For this process, low viscosity is highly desirable. It is
known that chain transfer agents can be added during production of the SMA copolymers
to reduce the molecular weight (and therefore solution viscosities) to acceptable levels.

30 However, obtaining low molecular weight SMA copolymers becomes more difficult as

the ratio of styrene to maleic anhydride is increased.



10 for sone applications, it can becone difficult to apply sufficient heat
for a long enough tine to drive off all of the solvent fromthe prepreg.
Because oWothe/i2ugssease in viscosity as heat is appli edpCIaiNzervio7633at
remai ns after the gel point is reached diffuses through the prepreg very
slowy. In the worst case the trapped solvent can boil, leaving 'craters
in the prepreg that are very undesirable. 15[009] The gel tinme for an
anhydride copolyner is primarily determ ned by the average nunber of
anhydri degoper Pol YimRipr&aakibn ombﬁﬂole&lhﬂwélg'ﬁtrsmtcgﬁéﬂlﬂ@ﬁ cByp& he nol ecul ar
wei ght and the ratio of anhydride to other co-nmononers. [010]1t is known

t hat copaichieredbodddiatyieh eyels vhuideakirgpDrRBREeRtnGUARISE, 2;6énhydr| de (MA) can

be prepar r ossi bl e
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rigid _and it _can rovi de ad ate glass transition tenperatures.
However r%ﬁas%ﬁﬁ#ﬁ?ﬂ*ﬁﬁ“&??gﬂﬁéFan copol ymer, or worse, a polycyclic

structuregovsth a 112wWwRbREulkAkEShtQhh cb Miefs YAsSddsRaIs tRtot 8hly Pol ymer
Internatlonal vol 54, 215-220, 2005 11]A further limtation of the

al t er nat i ashiepeiony m&lt&@p@ww bu@lwgﬁnaﬂnf@nameﬁqﬂy smgigshtipel Bhe gdtpnent
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deri vat i visdeatipppbicAcelventibatyemane afenthe gal pows s reashed F%ethtioeg#sthst her eof
[14] The ﬂ}%ﬁé%%ryql % %@WBFS‘PXASQ%%Bgec?{?lv@hh&n%moﬁ at&fs g curable

conpositio |nc es an epoxy co e copd |scussed
her ei n, ahdpapsgnhamnavmyUﬁWxﬁMMeone or nore of the enbodi nents, the

pr esent osure des a ct obt ai ned ring.th ur abl e
P ompea t (19Ak s e et BRLER A5t ot ARERR kol i S it § Yol inge By B
di scl osurgetage ﬂ@mbérmfaiﬂﬁgel@déﬁpéﬂ@sr‘ymbehmmlai 8 ¢l esedetentindi tyehé or every

i npl ementatjon of the present disclosure. The description that follows nore
parti cul amply%%éﬁ%glatfapwenraqlmfi%naww ta RHSEFrBIRAeMeT several pl aces

t hroughoyty e appl b9 Bt BARSE: buiBiRYlerEdieh(ISB) ddshaie! exarl es,

whi ch exanples can be used 1 n various 15conbi nation I n" each I nstance, t he
recited Ianshr/drs@(%%) c@nlby peepared vatir wéferienslyilow ngﬂmubtrmcgh§hdums not be
|nter eted odi nents of
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these copolymers is that, in comparison with styrene, DCPD is relatively rigid and it can
help provide adequate glass transition temperatures. However, DCPD and MA form an
alternating copolymer, or worse, a polycyclic structure with a 1:2 molar ratio of DCPD to
MA (Vasilescu et al, Polymer Intemational, vol 54, 215-220, 2005).

25  [011] A further limitation of the alternating DCPD/MA copolymer is that the
amount of non-polar component (DCPD) is lower than desired. This can help establish
an undesirable limit on the dielectric constant reduction that can be achieved.

[012] Therefore, there continues to be a need for improved hardeners.

30 Summary



20copol yners as di scussed herein are useful, anmong other things, as curing
agents, e.g. hardeners, of curable conpositions that include epoxy
conmpoundswOThe/es36l yners have a wei ght average nol ecul CTaN2ghi07633d a

pol ydi spersity index that can help provide that curable conpositions have
gel point, as discussed herein, suitable for sone processing applications.
The gel points of the curable conpositions help provide for solvent renoval
25from t he curabl e conpositions. Solvent entrapnent can contribute to the
undesi rabﬁb'l!i]ty of  PHRGRGES dIRIRBE ph6\388s3nE Bf ABlEntIARASH S b copolyhidt
Additional ly, the curable conpositions as discussed herein can be cured to
obt ai n pradaieabde byheeactingseyrenicl eernpaind emeleisianhedriderandfa aypleratefin, avhdredi el ectric
properti ] I: I opert.ies i gl ass transition
t enper at &?l%c%—%go giérl%%g c?eghf%%gt@r%ﬁ{rp aclggélget?n%é)r@wﬁfgg%et#?&gbl e dielectric
propert i eficéopentadicniclderivatiads] nabiraems horbuinklye dontdativhs Sgidpambarntib@ct or . Such
products can be useful for powder coatings, electrical encapsul ates,
conposi t €8¢qldhesi ves, prepregs and/or electrical |aminates. [19] As used
herein, "@i14] "an,” Th%@?es'ént'ﬂ@éclds@@ﬁiro\%@ndhe BNshoRNENIYdi B Lo B @irdbied

i nt erchangeably. The term "and/or"™ means one, one or nore, or all of the

| i sted i t@mposigynthat weludat IncrpexpEomprradi haronddyipeslissyssed bersinntl 4 ncl ude al |
nunber s ss%lﬂ%g{md within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75,
3, 3.80, 4, 5, etc.). [20] A copolyner is a polynmer that is obtainable by
conbi ni ngOoi®f e t hafFoonee speai e thefembodomats, theprasheniicidsuregactideasn. Mononer s

of t presen i sclosure inclu styreni c conpoynd, . mal ei ¢ anhydri de, and
a cygl%o- o‘?rgﬁcﬁuogt@lngég%ﬂurmg& ‘E‘Hgﬁﬁ%%ﬁos Wéﬁ%qggﬁeaﬁﬁfe& di cycl opent adi ene,
di cycl opeotedi ene  d@iiabekd Sfmar{ 6f A8 HREAR disoRERe i eR entélRlel YRl ds¥ o cadhld

conbi nati ons thereof. A derivative is a conpound derived or obtained from
anot her cHsFisahambedimentesy eperyi@plemenntionobifie arepent diseloswap dhmdescripiion that
derivativ i - : i

subst anceCLoRE hRlE RS B Enlnds uddAED m STRENT i Ly G AR e Bt he
conbi nat i applicat®ph0RddBry rsemdad alchpogh tsts abexaspibshehieh axampled eadds usdukein various

conpaound styrene having the chem cal .f.ormul a HSCH=CH2 and conpounds
dor viad (FETLRTEM 16 o LG e aered U SBe o po S ErLk FP LT L aged
ot her wi senot bk iit@PpiefederApexdlcsiv@lystbe represented by the follow ng Formula I,
where each R group is independently a hydrogen, Cl1-C20 al kyl or al koxy,
chloro, fluor, brono. The R groups may al so be bound into ring structures
20such as napht hal ene and tetra I ne. [022] Formul a | [ 23]
Mal ei ¢ anhydride, which may al s?ég‘élg@ggigrn?géﬁt 0 as ci s-butenedioic
anhydri dd017loxi | i c Eantiodiméndeof the pugbdny disdloqurs prdivaleafagpelimehakhea cheni cal
formﬂoa: 025 ICanst(ag)d)ls%o' j'YE' elincransfé?lqrgn(lje mﬁy %nre Sréasrent edntsb I he

fol |l oW ng P3P AT P?ﬁ Foils 2 c[nﬁﬂ eIléxan%jgl’ TS PRE c;y?(,gl' o-ol efin
i ncl ude, Hudenatscofftdtabld dompeitibas theiAFlodnER <y epnpaaids. eThdyopbyenekohdvew ng

Formula 111 apd Formula IV, wherein: and R3 are ,
a weight average molecular weight and a p%%y 1spersity 1nc{ex that can help provide that

curable compositions have gel point, as discussed herein, suitable for some processing

applications. The gel points of the curable compositions help provide for solvent removal
25  from the curable compositions. Solvent entrapment can contribute to the undesirability of

products formed from a curable composition.

[018] Additionally, the curable compositions as discussed herein can be cured to

obtain products that have a desirable combination of thermal and dielectric properties.

The desirable thermal properties can include glass transition temperature and degradation

30 temperature, and the desirable dielectric properties can include relative permittivity and



each independently a hal ogen atom an al kyl group having one to ten carbon
atons, a 5cycl oal kyl group having five to seven carbon atons, or an
aromat i ¢ woao/2m3sepr esents an i nteger of 0 through 4; pamacNIIEIemBdIent s an
integer of > 0. [26] Forrmula IlIl [27] Formula W10 Rl [28] Some specific
exanpl es of the cyclo-olefin include dicycl opentadi ene, dicycl opentadiene
derivatives, norbornene, norbonene derivatives, and conbi nations thereof
15[ 029] The copol ynmers as di scussed herein can be obtained by free radical
pol ymeri zgaidiomon Hfor 'Reh hAfiueR karPd YoaRf 'f(?r%to'v&’élgr &ﬁﬂngsnglleé’cﬂ@alm xing a first,
or a first and a second, of the nononers with a radical initiator in a
first porftnncmutafesacogmovléfmadh@m’@rmeareg$ akorredegtricahlamiatasur e, An exanpl e of
t he radi ni tiatgQr es, w QUL wl1.S, wM e

azobi si sﬁthj%fyr oni tré)sluesw rgqf gadl QH :[h%i t ?Qte%)# m&%ngﬁa\%e 8 rggrnecgrnetursg ion
based a tiateathangeabigmiihe veinghhd/of" nfleraﬁsmﬁh, Oile wvahgref onadirof et listeal ilébnswei ght

percent, npreferabl rom.0.1 wei ercent, to wej perc Exanpl es
bF e soTiFarniRE sidement e RoendPoie @alué%al?ewiv% Sy RHBRL MBI, ¢ anone,
met hanol , thaGeieNee  Meb Byhcreleby! 1 ket onvs, 3 aysh aosthidati ons ther eof . 5[ 030] The
first reactant mi xture can be placed into an inert environnent at a
reaction [fPessure df caBImaropnBeEmey thirtd}) obtinable bk pembiningyeotkdianadet o a
reaction sf[l)%&?semﬁé{{o S @E&m‘&?h\i{&n‘éﬁle&%ﬂ@ r}?e?lhﬁsclm? IRt
envi ronnment can 1 nclude an i ne gas. An exanple 5 e 1 nert gas incl udes,
but i S nodtyreniticompouna, ma]eicramggclnde[ﬁﬁtld@zckaecleﬁldseflmmmmd gtowyr € can be

by m xi. cond 10 ndathlr nononmers with
s edtna BB S SE BT Bl ficy SRe Bgiign B Pl bamp Phee. 8 R F el ude a
chai n tr adesilived ¢RA comPihaB¥@TRéreofOfA EdiRafitais A chmpbsddederia8®b obtdifddudes, but
IS not Ilmted to, dodeccgl mercaptan. For one or nore of the enbodinents, a
nononer, 16em getbercomppund thatmawsbq igéarigd delas sparend cpmpayndy dhedamtativext ure can
al so be i a opol yners
by react |ér§)8{at ge%lr%ér%stn%?rheerslgﬁa{%%g ?‘rﬁ@t %%%Hé HH?Sn% %(Bf% atrglgéegdr?gﬁp%%g csPecond
react ant armms oriencefitwoer cwmbelaments o ¢hemeahc@nipdaten. nmi xt ure t hat cont ai ns

t he poI rs. For,, exanpl e econd reac nt m xture c added to
the 1 otfPELCt ant SHFRTRPRDgR P rRer B RaRe RSt obitibe FB g Paie:
m xture thathemodldomald OFLCIPUY.HE Sompbendsiduititiiabersfddn hee Stiréeed bef ore,
during, and/or after the dropw se addition. 20[032]1n obtaining the

copol ymerdernvatives dinlgse ewff‘ﬁm%ﬁ%%ewee SHITEiC Sompougd maéak@trsm@sqmefétbm e t hat
i ncl udes ths'?olfowag)p&hﬁidmﬁ&% %ﬁg@ i€ ﬁgﬁ_nls&\aént | 240 eH@tcgo'aﬁJyvdes

styreni c conpound and mal ei ¢ an t|on I'ly, for these
appl i cat i @rgkoxytchicrn, thowradveme. a@ graups mag lalsd de bhendcinto ing stmiowfasr agent in

the %Consqlc}g &4 I%[phglalene anc}J telerahydronaphthalene

[022] Formula T
R R
R
R R
R
[023] Maleic anhydride, which may also be referred to as cis-butenedioic

anhydride, toxilic anhydride, or dihydro-2,5-dioxofuran, has a chemical formula:
25  CHx(CO),0. Maleic anhydride may be represented by the following Formula II:
[024] Formula 1T



[ 33] The copol yners can be isolated fromthe product m xture by
precipitation 25 via dropwi se addition of the product m xture into

met hanol .wohe12xmps3Byners t hat have been isol ated can bePCuniNIero/qu633cessed.
Exanpl es of the further processing include, but are not limted to,
filtering, drying, and grinding. [ 34] Mol ecul ar wei ght and/or a

pol ydi spersity index of the copolyners can be affected by which conponents
are included in the first reactant m xture and the second 30react ant

m xture and/or concentrations of those(gonponents therein. WO

2012/ 024833PCT/ CN2010/ 076337 [35] For//one or nore enbodi ments, the

copol yner can have a wei ght average-ﬁﬁﬁecular wei ght from 800 to 20, 000;
for exanple the copolymer can have & welyht average nol ecul ar wei ght from
1,000 to 18,000, or from1,500 or 167QQ0. [36] For one or nore
enbodlnents t he copol yner can have a pol ydi spersity 5index of 1.05 to
5.00; for exanple t he copol yners can h&ve a pol ydi spersity index from 1. 07
to 3.50, @psil. 10 t (Ex%rngges of {h%%lfclﬁlbﬁédﬁ%m&@ butﬁngH@trlﬁﬁl?e?l to ecoﬁlé)lo rmal

properties and/or di el ectric properties, oduct's obt by curing
t he d|scH@m@ﬁm@@ﬂaﬁh@ﬁﬂbn@uS&ﬂnm- 1c@deenamﬁ%CW GMyRiﬁ@anﬁReamractlons of
Lhe MOnONBES i 0RngBhf, I RRGLEA D RBHAN Dol DB SRPRINTEL S bl ae 107 10 more
of the enDGdient W] ol"yner ca H Be oot '%y F €At i'ng a styrenlc
conpound d’yﬁloalkfyf @otip bznznog fitk @keten dArtdA atcdansyet 81 Gomntiygtousien raplesenty act i on of
0.01 to 0.50, and a cy cI -olefin nole fraction of 0.10 to 0.50, such that
the styr e 1BTege QGW@UQ% é“@ﬁ%gﬁﬁﬁﬁnsﬁh@“WﬁT i=0-anhydride nol e fraction,
and the cyep- ol ef im@henfraction equal 1.00. 15[ 038] For exanple, the
styreni ¢ conmpound nole fraction can be 0.20 to 0.85, or 0.50 to 0.80; the
mal ei ¢ anhydride nole fraction can be g2 05 to 0.35, or 0.08 to 0.25; and
the cyclo-olefin nole fraction can hE&@\05 to 0.35, or 0.08 to 0.25. [39]
As di scussed herein, the copol ymers e~ybt ai nabl e by conbi ning the
mononers via chem cal reaction. The rﬁav‘ed mononers form constitutiona
units of the 20copol yners. The cope include constitutional units that
are derived from styreni c conpound, hc anhydride, and the cycl o-olefin.
[40] Constitutional units derived f e styrenic conmpound are froml

wei ght percent to 80 wei ght percent_/f ihe copolynmer; for exanple the
constitutional units derived fromt ymeni ¢ conpound can be from 2

wei ght percent to 75 meight 25per cen or 5 weight percent to 60 wei ght

per cent ﬂﬁzyhe copgl rv [41] Constitutional units derived fromthe

mal eic a Jrlde are on11 wei ght percent to 50 wei ght percent of the
copolier; for exanple the constitutional units derived fromthe maleic
anhydri de can be from2 weight percent to 45 wei ght percent, or 5 weight
percent to 30 wei ght percent of the coBbl ymer. 30[042] Constitutional units
derived fromthe cyclo-olefin are fr wei ght percent to 45 wei ght
percent of the copolyner; for exa constitutional units derived from
the cyclo-olefin can be from2 weig cent to 40 wei ght percent, or 5
wei ght percent to 35 wei ght percent of| the copolynmer. [43] The present

di scl osure provi des one or nore enbodiRfents of a curable conposition. For
one or mpggenbodi %Me%pe&h@eﬁ‘rﬁlﬁéllo‘?t&%%%sdléﬁtpfﬁéluﬁé‘chkla&%éﬁ%léﬁ@ 5epoxy

conpound, the copol yner as di scussed herein, and a sol ven As di scussed
her ei n, dicyclopentadiene derivatives, norbornene, norbomene derivatives, and combinations

thereof.

15 [029] The copolymers as discussed herein can be obtained by free radical
polymerization. The free radical polymerization can include mixing a first, or a first and
a second, of the monomers with a radical initiator in a first portion of a solvent to form a
first reactant mixture. An example of the radical initiator includes, but is not limited to,

azobisisobutyronitrile. The radical initiator can have a concentration based a total



t he copol yners can be enpl oyed as hardeners for curable conpositions that

i ncl ude epoxy conpounds. [ 44] For one or nore enbodi nents, the curable
conposi t iwoe0inekssde an epoxy conpound. An epoxy conpoumldTicN2at0ad6330und i n
whi ch an oxygen atomis directly 10 attached to two adjacent or
non- adj acent carbon atons of a carbon chain or ring system [45] The epoxy
conpound can be selected fromthe group consisting of aromatic epoxy
conpounds, alicyclic epoxy conpounds, aliphatic epoxy conmpounds, and

conbi nat i g8 hdd e of frbM@lo1RREI AR @At tBQb%v&‘gm BQﬂc&ﬁ@@fer%ﬂefr&HrOalbl e
conposi tions include an 15 aronmatic epox npound | €s of aromatic
epoxy conpeghtdsrdencto ddecighswercante Exemples th@doltvgnt igglyds, btyq arendtdimitednpounds
of polyp 0 | A, bisphenol F,
3, 4 a Py e SHER PSS BOE net SRRy SRR S heno

(tris- (4 doptritippddeneb) et hane) , 1, 1, 2, 2-t et r a(4- hydr oxyphenyl ) et hane,

tetra sphenol__ A, . . . .

2 2. b S ZL%E@ hir oxy pAiyist-raacing mixtare sai bs Blppqddpiggindperhavirpnigent ata

20di hydr oxydiaRprdialre 850 RilkpaSAMXPRRHLI 200 %Ph BEJ Bheated[td { kedc@bn ONe or nore
enbodi ments, the curable conpositjons include an alicyclic epoxy conpound.

Exanpl es tempemriugsef G0cdeapssx § elswrpS ri52q e | Theanerhenviran@enigen inchideed t o,

ol ygl yci t V; t c ring, or
Comaundseflafh SRl oint DbRaR: biSEnbe BRRAR YRS ot T ned by
epoxi di zi[@§l conmpourkisecaind reattantinmgtuae %nddedbmxe&irt@f mixng aecaydc bopswbehe ring

with an oxidize articu] ar ex | es clu are.not. |imted to,
hydr o@en ae{ng& ﬁ]irémﬁ g}?d‘]no n&ﬁrbw% p a%onggﬁ% gﬁl& soﬁlfer’lt %e second reactant
epoxycyclahexy bmhbwate 3 cl{’al@ﬁ%if'&)égérﬁh%)élxaﬁ Te® e b transfer agent

3, 4- epoxy-| met hyl cycl ohexy1l ony 1- met hyl hexane car boxyl at e;
6- et hyl -igcludes, éﬁa&%&m@ﬁé@e;ﬂpﬁw peicgpiapt Roriong o moprxitey em TN

car boxyl at & h 1 1
30met hyl 3@&“‘%&@ et Ny r(\i)i R e e S e SRy Pat e
3, 4- epoxynaudmbmhmdﬁv@kthXyﬁnamhyﬂﬂBnﬂXQQdxymﬁdum@hﬁWawnmogdwane

carb | ate; bis - epox cl ohe net h

ot by oend IS AR s PR SNBSS et} Miiurs o e cGMBIASH e opane;
di cycl Opefbfrﬁdlpﬂﬂﬁlcdﬁlﬁcmﬁé € cor@diRyihe aepdEérs. Ror @;@%}éctl@s@cfm& adetant

carboxyl ate); diocty oxyhexahydr opht hal ate; di-2-et hyl hexyl

epoxy hex aR{HH® Ht lPFaarddFQe o th§irss EBRAENIEHS ViRKE R a@r@&ﬁy pbRinghe or nore
enbodi meng ?ducrt Hﬁxtﬁfé&ﬁé%'c@ntﬁfhg%%ogb@&%rs' FI% WoCuAR cah bé’&ﬁ?éd%eﬁﬂ@@dnﬁg mpound.
Exanpl es of aliphatic epoxy conpounds include, but are not limtedto,

pol ygl yciangdlor eftérehe duopwaseiagdigion.c polyols or al kyl ene-oxi de adducts thereof,

ynt et 288y ot S HERE Soy i o B G 2y P S
met h?c ryl I@i(ﬁar}t aﬁﬁtgmlxn@tl mﬂﬁm tﬂé)@Mmdﬂeﬁn zrﬁbh sby‘oﬁd ﬂéydtatﬂ @hxm&rﬂhzu inguddsy Ci dy:
acrylate or glycidyl netha er VI mononers. Sone particul ar
exanpl es StHeMGgempnd agd % ar} YPrfl gﬂ@tleﬂa;l)& whe%et weheatigps. it &8s, such
as 1, 4- bu‘{d@ iedlis © 18148 ¥ bhagh H%s,fer]agghth@ﬁﬁ@@éiinﬁlreééh&i wpligl ether; a
triglycid er of glycerin; a triglycid ether of trinmethylol propane;
a tetragl ﬁéaww et Hée copolsmmlsucarobe 1sa1at¢é>f@gi the ipehyductemixgyre by precipitation

di pe er it e I nd a
dlglg%?d ?58{ ggkoﬁangbgk (¥gﬁé XFre?tO%QR@LM’HﬂX @&ggﬁ%éﬁg/o %polyether
pol yol s di#eaisotttdyin @d djrt‘hyr pmeestsgtbe‘:“,xaﬁmlés\w t}mrﬁmhnfr@rcbqemscv, includglbkiy| ene

oxide to aI| at| ol s such as prqpyl ene glycol, trinethylol propane,
and egcé??H dfgﬂﬁ§¥mgslﬁwg=Hﬁé§@8§ﬁat|c | ong- chai n di basi ¢ aci ds; and
conbi nat i gn4 t her egkolle&ﬂ&]&&ghﬂaa@/o% ?apaﬁpe%m?,qgaml% cotpbr%/nfew@kalb@

conposi tions include a sol vent I's selected fromthe group consisting

of C3- C8 af@md@sf whigh ompgneiieare icjuded én ﬂieaﬂrsa:yeac@mh@mure@ed @fze@m@rrat ic

hydr ogga 9$R | kyl al kanoates, C2-C6
aIkyI cyan tG%ngn&B |ﬁ§%§§%§m¥ﬁ£@§%# ?ngggﬁgﬁuﬁunber ranges refer to
the total nunber of carbon atonms in a solvent nolecule. For exanple, a

C4- C16 dial kyl ether has 4 to 16 total carbon atons.



25[ 050] Exanpl es of C3-C8 ketones include, but are not limted to, acetone,
net hyl et hyl ketone, nethyl isobutyl ketone, cycl ohexanone, and

conbi nat iwo0tdenssef . [ 051] Exanpl es of Cl- C6 ami des i nclPaaa&N2buwio76a32¢ not
limted to, formam de, dinethylformam de, dinethyl acetan de,

N- net hyl - 2- pyrrol i di none, and conbi nati ons thereof WO

2012/ 024833PCT/ CN2010/ 076337 [52] Exanpl es of C4-Cl6 dial kyl ethers

i nclude, but are not limted to, tetrahydrofuran, ethylene glycol

nonomet hyjogsher, er%I%ﬁ’ePéﬁl Roe eﬁlb)ﬂ&%enﬁoﬁﬁ@ @%ﬁ&]&'ﬂleﬁaﬁﬁﬁve DO RNReraad
conbi nations t her eof [5 (% Exanpl es of - aromati ¢ hydrocarbons

i ncl ude, okecularevgight fromBedkie 2@(9005@9@23@1@6 thespp@yaer caplhavrea waight
conbi nat '%f&g% ﬁ%ﬁe%ﬁ[arm %ﬁfi}rd\ﬁﬁadﬂ%'tﬁs% St r%h P?(i)]d)ﬁ 133jgd hydrocar bons

i ncl ude, are no [ oro or m ené chl ori de, and
conbi nat i [OBS] ther edor one @ﬁﬁ@relﬁmmhmtspﬂheeapcﬂﬁnai daylha‘a:j kpolpdisssityncl ude,

but are no ed tg, .nmeth cetate, eth cet i onat e,
et hyl pr dB? s taéo%f%ﬁéaféw e GRRpkfers Fvwélﬁ VeHRRY la%ealtyaﬁfﬁf X3 nat i ons
t hereof {&B6{, ﬁ@@phqgt@ﬁ 562- C6 al kyl cyanides include, but are not limted
to, acetonitrile, pr0|on|tr|Ie butytonitrile, and conbinations thereof
[57] For 838 or nofarbesmss. peencsios: &g tharmabirepebessmsiar dishestrecapoperidsude a

CO- curi ng,Qge duc% &t&@é& ¥y &8 ri!f?e cf%?gﬁé{ %Jaﬁle%gmgbﬁﬁ&ﬁ%ﬁg PQ?{]&‘&& byt he

co-curing age s are reac € epoxi de"groups o
conpoundsthe fiioée ftawtions ofithe mgeasmﬂs airat hne rsa&tezeldb etitaﬁlrtberccbﬁm@rmrm ulﬁ)orc;ma 9r s ting of

I drid b h I t hi. ol d
Conbi ot BAE o Reresr g Foies OUTEr o s G e BB AR 5. 1 ho

CO- CUr i NGcoagRGAd £k ﬁd&ﬁbﬁldﬁo a1 fOY 90, aGnalEi¥ aAmdeige alold@actbAcs0.00ed 08¢ phenol
novol acs. Phenols can be reacted in 20excess, with formal dehyde in t he

presence B agyclaclefitmeletecyer of &l hrodui sughtbaighe HogakcgegpoudsnpleFor one or
mor e of t#?a%nﬁﬁ’hﬁéjhm%ma%h i G0 %Eﬁéﬁga@cgﬂ"l@%; %@%le’ﬁ'ﬂ%éﬂgﬁa ﬂ)n fe. An amine

is a conpoun at contal ns an R-H ol am ne can ected from
t he gr oupl ebnsi sting of aliphatic pol yam nes, arylaliphatic poI yam nes, 25

cycl C poI m nes tic an n het er o lJC l.yam nes,
pol ya Q@gﬁ)l yanmi é’ oex péﬁlglh‘?ﬁr{grﬁfnagg é %g?fzt\/oélscaflﬁ’éﬁeigfto 8%&1 Hoani des
am di nes, 0.k®{d 01801€the rﬁdl@ic@@}ﬁgialnaatnoqmaadnbﬁbaotﬁe 0.0§ &0].356a0PRes 006 aldi phat i ¢
pol yam nes i ncl ude, but are not limited to, et hyl enedi am ne (EDA)

di et hyl erfbe FY%WH@“(‘E@'K?CUOPW%P%W%%Q a0ra0i 080 0RETA) . 30 trinethyl hexane
di am ne (fh he)ﬁ%@ééﬁé@e@'ﬂ@t@h@me%gélg%gé are OF élg @%99&{1155}{1 “the

1, 3- pr opanedi am ne (N3- Am ne hane b| s- 1, 3- pr opanedi am ne
( N4- ani net)loncdnqm mpyh@n@akmmneThamcm@mnomﬁs ﬁwrodmls‘stumnaénm@mfélys of

t hes m nes e res et her, and
conb Wt 1 SRa ity 9P SPEeRR e it Ro TR Bl Ao CpS iR e fel e,

but alre r@]tcmﬂouﬁrall tr@?leleﬁnhyﬂmyé)ahi&ﬂe%;almmaid Ier(([j)A) band p- xyl yl Iened| a(rjn ne.
Exarrp es 0 cycloallp atl.c PO | NCl ude ut are no Imte to,

1, 3- bi sanPA®kycl oh&apptHiionR mlt esx@f Fro bpHvepiscompaRdiEe %f@lrndA) and

4,4" - net Wélgﬁﬁ}ékc%ﬁb’t%|8©hz§‘e¥§ﬁ§@r%ﬂ}%ft@ﬁ%ﬁ@l&§r‘ér @br RhAPRIthEcHRlitiagdnes i ncl ude,
but are not Iimted enyl enedi am ne, di am nodi phenyl net hane (DDMV),

and di ani umf@|dpweerdyﬁcgmtlfe@neer(1@ggypoumampbeeﬁomﬁ wieightmetopel toJ S piestighani nes
include. bule,@f s Wit bibf % 5OwelhAT-OAEL AL BLRGAG ne (NAEP),

[041] Constitutional units derived from the maleic anhydride are from 1 weight
percent to 50 weight percent of the copolymer; for example the constitutional units
derived from the maleic anhydride can be from 2 weight percent to 45 weight percent, or
5 weight percent to 30 weight percent of the copolymer.

30 [042] Constitutional units derived from the cyclo-olefin are from 1 weight

percent to 45 weight percent of the copolymer; for example the constitutional units



103, 9- bi s(3-am nopropyl) 2,4, 8, 10-tetraoxaspiro(5,5)undecane, and

conbi nations thereof. [62] Exanples of polyal koxy pol yam nes include, but
are not |woi20exh28833 4, 7- di oxadecane-1, 10-di am ne; 1-pr @QRICNID 10676337

(2, 1- et hanedi yl oxy) - bi s- (di am nopr opyl at ed di et hyl ene gl ycol) (ANCAM NE(r)
1922A); poly(oxy(met hyl-1, 2-ethanediyl)), al pha-(2-

am nonet hyl et hyl ) onega- ( 2- am nonet hyl et hoxy) (JEFFAM NE(r) D230, D-400);
15 triethyl enegl ycol di am ne ; and oligonmers (JEFFAM NE(r) XTJ-504,

JEFFAM N'-:t(errlxe&@féé]t@ ¢ clﬁpl)l)éfif?&ﬁﬂi@ﬁ&ﬁ@ weightPefeamad uy Weloht ercent or5

al pha, al pha' - (oxy 2y 1- et ha nedi y1) bi s(onmega(am norret%1 et hoxy))

(JEFFAM Nfz@gl)t pxmn‘stmﬁﬁ -weghd pereent ol themopplymepol yt et rahydr of uran 350;

bi s(3-am ropyl ) I % {

pol y( oxy(0athy 2 1) SRR SRR AL ee or more cbodimens A UIRIS o ey
with 2- etd‘oyﬂposﬁen 2Fa§1’rmﬂro®momérhtydd)mént§${hrr @pﬁﬂ@@b@os(nbEFEdWhNEder dn T- 403) ;

di am oprop yl ene col ;.. and conbi nat.i ons t her eqof Exanpl es
of di Boxil b Porriiras bisdae CIRRCINASONE AR SEAPPRI o0 to,
guanazol epe E&W%erg bR 2 QhRoy a8 AMERRS for 2R b RBRIpBAidRABat i ROf . [ 64]
Exanpl es of am noam des include, but are not Iimted to, am des fornmed 25by
reacti on PXY peme®wde al i phatic pol yanines with a stoichi orretrl C defl ci ency
of anhydr and 69, 742.
65 BeanSrie of amCariey héeRikdime3. dEShhbRmpBiblR niE bl [oe.
sul fi nam azlxmp@snd pAmspﬂnyrmmpdumrbﬂ,a camgowwinh iwhath amrscypéreatenfis directly 66]

d h l. f | a 30
(i) 362 R B Sl et s BHORI R AP ATS & ST OR Sl BT WP oup or
hydr ogen, joas_ conmbimalchoREcohiiROkan Bé@e%@ﬂa@&i@ﬁﬂtﬁ@@i%@iﬂc@ﬁ@é@lo@76337 [67]

For one or nore of the enbodinents, the co-curi n%aagent can include an
anhydr i dearomaliGeneyy EPTHROUNSS. Aligyshis SDPTer GeavIoHRAs: HEPPABS PPOYY SOFEOBEAREd t o t he
same oxyge Qihs hBg,ANhydride can be symmetric or mixed. Symetric
anhydri des avaelg%lsdent |ocal acyl groups. M xed anhydrides have different acyl
gr oups. TﬂQé6]anhydr|Ftd>eon$oﬁaeieenfoedhrﬁenmmhehmagh@uplposmmssmlm@pamf aromatic

anhy des lLicyclic anhydri des hati c anh drid i nati ons

her dot - o @b aPnBN EiiRtles & ARGt faeBE o Rbo s MRfiE AR U ¢ el
to, 3,3, 4lirdited tbeglgapﬁeaﬂwae@ﬁpmq%b@iwheﬁol@llsaaha/sdfydetﬁmwé aeRkdindli C
anhydride, and conbi nations thereof 10[069] Exanpl es of allcycllc anhydrldes

i ncl ude, tisrhengld\. pisphenakft 44 QIW%@fmm@xlr@wpalrwﬁkaﬁaﬂwse BeHNAGr i de,

t et rahydr nagic pht hal i ¢
anhydri deﬁ)l%}{eH yqtr%e r}ﬂ’yg{rgggﬁetnﬁgmeﬁ%?hggrz |2d%HQMq{cY d | na??%%iseot her eof .

[ 70] Exarmptrdsombblaphepﬁa‘t i2¢2-hitiyleirdreephemr Litld,3 bﬁhe@ﬂgommpmemlt@d to,

pr opini 5 ace anh dr de, rand conbi nations thereof [71] For
one 02?)” (}lﬁ aa tgaﬁ% dimrft(hmbm JLh (b,fjrl ng agent can include a

Cﬁl‘ boxy: |[?4ap| FI Bfg(ﬂph@g:r rﬁére\(ﬁhaibb@m&ltscma@uldbllelkca?ipuﬁ&omxma{]w%a havi ng tge
chem ca orrruaR6 0 H ere R6 is. an al ky p or hydrogen, an
combi nat i BIFECHIRPPELFOMPQURY] Exapplgnef abieydlisreaost cqm@uagsolaeh% Rukare fife

CO- CUr i NY;AYRND, Akl ﬂﬂ;}l'llé%rsaof%g%%r}ﬁk/mg%{( ﬁ%bﬁ@ adycRO ARSI chipusde, but

are not limted to, bisphenols, novolacs, and resoles that can be derived
from phen@tluémé/cmlolaexmﬂaw*r@de afeyFlengritens, oxalecbtndirdiby 2ppoidizingtremponinds [ 73]

B e B e e e e R K L ey
R7SH, wh eexama&RYndhﬁieahsut atdamt 11gmed| [, h@.di‘td samddi hmhem A dibetidef ether; 3,4-
epoxycyclohexylmethyl-3,4-epoxycyclohexyl carboxylate; 3,4-epoxy-1-
methylcyclohexyl-3,4-epoxy-1-methylhexane carboxylate; 6-methyl-3, 4-
epoxycyclohexylmethyl-6-methyl-3 4-epoxycyclohexane carboxylate; 3,4-epoxy-3-
30  methylcyclohexylmethyl-3,4-epoxy-3-methylcyclohexane carboxylate; 3,4-epoxy-5-

methylcyclohexylmethyl-3,4-epoxy-5-methylcyclohexane carboxylate; bis(3,4-



[ 74] For one or nore enbodi nents, the curable conpositions include a
catalyst and/or a 'latent catalyst' or co-catalyst. Exanples of the

cat al yst wodb02#833] at ent catal yst' or co-catal yst i ncl ed@/CN20to/86337 not
limted to, 2-nethyl imdazole, 2-phenyl imdazole, 2ethyl-4-nmnethyl

i mdazol e, 1-benzyl-2-phenylim dazole, boric acid, triphenyl phosphine, 30
t et raphenyl phosphoni umt etraphenyl borate, and conbi nations thereof. The
catal yst can be used in an am)unt of fromO0.01 parts by weight to 10 parts
by wei ghtepBQj{?cy@:QQe%Etﬁyll?é'm Oﬁénetﬁléb Q%&Xy@@%ﬁ%ﬂ@) 20.flg3parts by
weight to 9 parts er 100 parts by weight of the epoxy compound,

or 0.1 paﬁmsyqyylmwona@e @lqyabpsntwemedlwqge«tthmem lpﬂa@t% by wei ght of the

ePOXY SRR siopkak oG E AR SRRt I8 £ ARLE ComPosT L s
consi st i ngogyhedyesirophiigimed)asd ceabiadtéiont sherenfit | oxi dants, heat stabilizers,

| ight stahilizers, plasticizers, |ubricants | ow nmodi fiers drip
retar éanf[? 5 ane OF SPGTPEre eabpligIegisid ﬁgufaa%ﬁpglp%% iPeidefle agent s,

t ougheni ngipasedpdxy l:a% el Ekempidebtdlpastic @bk@é&gﬁ&huﬁfnc@d@hﬂm ¥@%ot and
conbi nati on ther eof e additive can be enplo in an effective amunt

for a parltmiéed tar padysiysiédethsrs ofaliphasic polyetser stkylraetoyids pddusds theigobr di nar y
skill in i i can have
G 1 er enct Oy fdy <bph of e Moo ARl 5t 0 Sejol REBho Ll KB ERAR by

conposi t i onylemitymercingddyadyl iaotyl atd mrcglycid'yiendﬂma'rymite andcapolymbxisbi t t he
activity of .the catal yst during for. t|o pr tagi ng, as
i s cudk s ibeared Sy a0t e5ifRac STyt v B el et na

i nhi bi t oryihylGhdtdenerdd SondS fRrtidlar %kdﬁlﬂl@éjlnblﬁde At dr6 n@ﬂirﬂﬁedﬁ@'glﬁﬁﬁd efxisdes,
hydroxi des and al koxi des of zinc, tin, titanium cobalt, manganese, iron,

silicon, Baobels. suchms hdnfutanediol diehiciivl ethers 1 SrheranstioBdisiveidyd pliens used
hereln r r [ t abori c
heta "t r EfRid o eIRERE o3fi B R ORI FropdnlCs HEMADIR 2007 E
curabl e c@lmqwﬁmrbmisa hmgbfordvhétherqudmeﬁta&yﬂmit@sa diglyicrdyl btheraf 20per nol e of
cat al .y t . 0 nol es. of hi. bi. e of catal yst: for, ex | e

o b ausler L 3hd p AR e RE P D et ROl R e b8l TERERL o o
cat al yst dfepoRiethepdl9sls 0btainel b{?hﬁdlﬁg @@rtyﬁ@loetm oC@brltysds, ofalkylsn? offdlees of

i nhibitor per nole of catalyst to 2.6 nmoles of inhibitor per nole of

cat al yst .to afll?lﬂtlcmélryolﬁédb?s w%er@r&kwﬂ Hemedylof PioRane ardgyee®onposi ti on, the
epoxy 25 &agl%gym e?@&“alﬁghﬁfé lﬁlﬁ%éﬁanp&bé{!% S 50 Snth@foRs @Dére\é}?' ght based on
100 parts by weig t t ot e epoxy conpound, the copolyner, and the

curing adéa?l for doanper mére eebodlynemmh@umbba:nnipesmmsrtn%dqﬁawﬂ@nby wei ght

to 7 arts .b 1or 30 t. based on
100" abos e G o erd ARG Tt e o B cer Ry e
curing ?gﬁlﬁﬁrs @%%ﬁhﬁﬁb hmc@?%ﬂﬁDCﬁCeﬁﬁldemdﬁtrcﬁfaonhe GAT iy t .
conposition, a caopbination o e co mer an e co-curipg agent can be
20 parts aglv%%ﬁ%z-% ﬂ@é (I {lor&a@@aofoﬁ f@@r%a%flv@gwa%ﬁgm t ot al
of the epgpwy t&ﬂ%@%ﬂﬁmb%ﬁ@f&%ﬁ'a}{&ﬁ‘sf in a%BQ/eﬁthﬁol%lﬂé NEorad&hble, { ©f-cexanpl e the
combi nation of the copolyner and the co-curing agent can e from25 parts
by wei ghtdlalbylmhq@izhﬁi%t%%wg?hbonmmso parts by weight to 70 parts by

wei g on 10 R f. L o]

copol yne %gglnd the%é(ll%ff’%L I g bﬁﬁk &QBTngﬁlu OrBUtoaﬁggcgﬁggno%%\réécgeggtggggneﬂi of the
cur abl e camdsione, cm\ethytlhﬁ)baqll kebite, cmo}tmeaﬂ)npﬁernﬁmb&)maao@hherbof 100 parts by

wei ght b on 10Q parts ight to of the ound, the

copol yme(ra[%gﬂ]nd t he LF@ géé\ﬁg ‘g‘f‘t?ﬁ tP‘lg,‘a’ie'ri‘lé’tg ifﬂ?? M. r om 5
parts by a/iﬁieglmfomn%ée m%&tﬁylayetmug ht:-me@ﬁ y1-20p RNl oRY, aW@L&bindtnd0 parts by
wei ght 10 baséd on 0 parts by weight tot al "of the epoxy conmpound, the
copol ynerthergpld t he curl ng agent. [80] For one or nore enbodi nents, the
curabl e conposition can have a gel tine of 200 seconds (s) to 400 s at 171
Cincluding all individual values and/or subranges therein; for exanple the

curabl e conpositions can have a gel tine of 205 s to 15395 s at 171 C, or
210 s to 390 s at 171 C



[81] Cel tine can indicate a reactivity of the curable conpositions, e.g.
at a specific tenperature, and can be expressed as the nunber of seconds to
gel poi ntwoQGel2/qe83at refers to the point of incipient p@CYRN20ME76E37 K
formati on wherein the structure is substantially ramfied such that
essentially each unit of the network is connected to each 20 other unit of
the network. When a curabl e conposition reaches the gel point remnaining

sol vent becones entrapped within the substantially ram fied structure. Wen

the trapp[@gz]sol VentphL Rl 88 Cl-rs; d%ﬁ’lk{rl'e'ﬁger@f?ﬂclﬁhe bbbl @3t GRRed, formed in the
structure, €e.g. the prepre resulting in an undesirable product. [82] As

di scussedetidhydrafuran.gthydens Ycohmoeoreﬁbﬂéihnﬂemt@rommegmcabnenozwh»ﬁpos| tions
have a ge i f 0 seconds at 171 C. In sone instances
curabl e c%}gféﬁo(g? a?lohaglg%g%l%ﬁﬁﬂg&th?reéf?ne that is greater than 400 seconds at
171 C canobg] rmdl flEadmlp;esaﬂdg @gzeaomaﬁcaﬂlmcbcaﬁmlé aiclugn, ad dictriov Bmitadtogi scussed

her ei g t%na the tinme to 200 onds to 400 seconds at 171 C, 200
S t

secon Bhdd e&f’ apg fo@Llnﬁ?OIﬁé r§ conds to 350 seconds at 171 C.
For sonme [apyp| i cat| Exampfed bAD|-€; CRITRASED hyRiScadfdAd HicN@le Bl 8fe rot MAited | ess

t han 200 seconds at 17£ C can be considered too reactive. WD

2012/ 0248tsscﬂxtqrpf9|qzomeml1eeegmoruﬂeaar}dE}m‘luaﬁtmﬁtl@re@f the present disclosure
provide regs. C r at __hLnel udes
ot cgnatitng a-mat FrBsgrGast dt kaRbdl REfddh R R RE ARRed RERE! 082, |
conponentacstate; euhmbb&emwdﬁmﬁlybplppmnats, dtfing prapioviate; pepelete glgojpoetbyitethefhe

di scl sed cu abldecaqqg)n%(ism@gns can be used for the matrix 5 conponent. The
mat ri ang Brcement component of the prepreg provide a
synergis n[gsé’]hl S SYFafipRIoPCOT GRS éyanided MRIuE BRE 8ESoBMEl & topr oduct s

obtai ned by curing the prepregs have nechani cal and/ or physi cal properties
that ar e asai@nitalenapienifiilenbusyipyitiilpeand sambingtiens teseRfonent s. [ 84] The

rei nf orcagen ComaRephe SRR nolinRE: thé%am Bsﬁmecraﬁ idigkuds. 10but
are not limted to ass, aramg car bon yet hyl ene, quartz,
met al , ceauaint'gageﬂnl Smakasly ta et oopmibmnatas drssustshblmelh thE h@cmmﬂyzgenhsare be

coat e of fi ber coating inclu but is not ted to,

cont ot AL GRTRE By b S A bR Ty B Bl hd 4 10

A- gl ass fsieha@t’e& frokm Gk assupfcobgstihe oEngldlss, drhidey, Snhydrigb 8&bbtylierasids, S- gl ass
fibers, T-glass fibers, and 15conbi pati ons thereof. Aranids are or gani c

pol ymer s, Pherelpihiels, wid Gombinationetheiel but are not limted to, Kevlar(r),
Twaron(r)josgnd contionghd siiod REfiEXmboltAsH ﬁéc@%uﬁﬁ‘é%@%&dnqgflﬁdé@c' ude, but

are not Ilmtedto those fibers formed from pol yact nitrile, ch,
rayon, cetdvalaos Exarapies @fowtyphai inolude plmapbmvolaESc alhlwlnels carf beresnetpd fnu ber S

i ncluge, but a St al | ess.

ol at - m e 2 el Bl 5 et ot SR Rt st Pl an
conbi nat i @Rslather eof Exanpl es of ceramc fibers include, but are not

limted tq, those f| bers forne fror&)al um num oxi de, silican dioxide,

zi rconi un0d?loxi de, FOF PRGYMeReOf fheembopimentnthe£PISUEBS ag55t 67 1BEPE: e, bor on
nitride, shihé CRA 2R 1§l§coﬁPalrElQHQ'cﬂﬁ’tﬁfn99§Ntﬁ%cﬁ& TR #Rle@8n B¢ bi omass
fibers include, but are not limted to, those fibers forned from wood,
non- wood, Seémwd(f@nbihngtduomsnilﬁéllgexﬁﬁlllﬂa[ﬂ%@ljymnmes giryltltnheerpelyansivaponent can
be a br Q h sed herein.
Beamtes SPoPIRis B8N ABE drfule UoNine PRl BEuRe SRREHRRET oo,
woven fahmlmmnémdhcyamlimmﬂdé arainderivineres diereof enif edmiides, amidines, kemindnesect i onal
mul ti axi al conbl at| ns thereof. The reinforcenment conponent can be a
combi nat |ac5’r‘1°8’fn fnaons;t "erFo and the fabric. 30[087] The prepreg i s obtainable

by i mpregusgé g t heamblds %f APRRAOSEY arhAELinkRiGe Mt At AbEBMREY toCOMPONENt .
| mpregnating the matrix conponent into the reinforcenent conponent nay be

acconpl i stedensgiamine(ElA)y disthylenetciemeney DEfiHY. thiedysleagtetamingéTEbANed by

cont iy %ﬂg gﬁg%

roll ?3(% gf‘%g‘?’%fg‘jg’la%?%g‘?ng, Rg@(rgre 0 lﬁ?ﬂ%ﬁi%agg% Mb% Cﬁz?g{qﬁ{eb p&gpreg

rei nfor cehmptopammmmea(NhAmub@eN,Mdr,ﬂ-athamdlmAbmh 3 ﬂ)IquiIreémnﬁ!lga (Natamixe),
conponent, the solvent can be renoved via 5volatilization. While and/or
after the solvent is volatilized the prepreg matri x conponent can be cured,
e.g. partially cured. This volatilization of the solvent and/or the partial
curing can be referred to as B-staging. The B-staged product can be
referred to as the prepreg. For sone applications, B-staging can occur via
an exposure to a tenperature of 60 Cwo 250 C, for exanple B-staging can
occur via an exposure to a tenperature from 1065 Cto 240 C, or 70 Cto
230 C. For some applications, B-staging can occur for a



period of tinme of 1 mnute to 60 mnutes; for exanple B-staging can occur
for a period of time from 2 mnutes to 50 mnutes, or 5 mnutes to 40

m nut es. wowe12ar483Bor sone applications the B-stagi ng caaTamNeur/ase33anot her
tenperature and/ or another period of tine. [088] One or nore of the prepregs
may be cured, e.g. nore fully cured, to obtain 15a product. The prepregs
can be layered or/and fornmed into a shape before being cured further. For
sonme applications, e.g. when an electrical lam nate is being produced,
layers 0fd1f)ﬁ6§yl@ﬁ&ﬂ£rﬁﬁe CAR rBR8H bRIBGS 8Fhxkbss| R RESaRfewRR AR BSdxyV e
material. An exanple of the conductive material includes, but i1s not
limted tr@smmyplpafr blmhenol Adglystdypetbgr, hrad/eanebivations Hereobe exposed to

Oy BB At sl bF BRI RRE RSB Grd i

20[ 089] nple 0o process r"obtarnin cUr ed product
i s pressixdylefadéntne ﬁm(BApraaﬁrpeg&ylafaaﬁlalnﬁn@lEcaﬁq)msrﬁfcydoajrphsm where it

subjected 0 a curin orcef predet er m ned ring.ti erval to
obtai n t hR® mle%rlml}@e waraéﬁ%tr BRifrd. lTﬁélsbm@@gywﬁsﬁ ea(mélﬁ«‘\{?

t enper at Us&hefonBQidmih®(1BDA) Gnd 40r'- eBistoHekAREmIARY EQQﬁ’lﬁle@of?U“ ng
tenperature of 85 Cto 240 C, or 90 to 230 C. For one or nore

25enbodi risematic pieamypessigclydes but are potimitasiipenphemdencdigming r anped from a
| K t
| ‘r)];’"g: Vg l‘*%%%?@%ﬁ%&pﬁe @mh%‘% %Hd%d?len;‘grﬁﬁ%% QBBS? A 1@5 Jramp tine

repreg can be
subj ect edchetavoeycbapolpgmines melude,dut e npt kaged BhN- anunomkyylmpemanaﬁyAEB){e a

val ud & nat o8 Gempepih 3dh Erb il S tetsne et sysatopeedt o ©

predet er nioggd curi fE:aHIpr&of@bgfaH@kyﬁ@]&aﬁﬁfé@m@lu‘d@'ﬂmaﬂeh@t11ﬂn&ec5to$¢¢0nds to
500 seconds for exanple the predeterm ned curing tinme interval nmay have a

val ue t hadioxadecagedd@® agln@ol-sma@aéweﬁdgl %ban&@Y@éﬁblﬂétédlﬁ@l@E@WB&gnds For

ot her pro @h‘% bi 12>} curing
force valétjgtg§1%§e EOIP redeter m@qnfez)&EAz %O%(Hrrlg{hyﬁ?ezr vangﬁgpj%% Héf
Addi ti onadnhlyometlhelemyt)oas& (ieamlbeme‘éple&toayi) (BFF AMINE® 12288, R-HE0)pr epr eg and

obt al t he du 091] The . produ u t bl e
corpos ¢ 1 BREVRES bR pE i B B AP s AR A S e
di scussedsmr@moxﬂ@ethbam e@w@b@gﬂ:}) hrpamsllpha byt Testad hiddeylis(dmBgC t o 250
C, for exanple, the glass transi enperature can be from 160 C to 230

C, or 17da@1ftQ§‘leﬂZ@et@XY))[@§]fFWE®(?é%§l]dbl?léﬁ3ned by curing one or nore of
the cur abin%ns&gggg%owt&%ygﬁoﬁﬁén siso'sggggﬁqmlasfo &lﬁpolﬁ@ﬂ?@ﬁ}’&%e t@@r mal

degradation te rature or 300 C r exanp her mal
degr adat i my(peyfpethyi-li2ectznadiyd); 310/ d®-we 2 4mEn@netbyletgy)Ctites Wi @-ghyl- | 93] A

i ccuth e HRHERImEby i DB AT RS ind 11 G B3 b0,

gi gahertZglydd)l‘anﬁ)(:@ﬂibln@ﬂons]tﬁeré(ﬂ% rel ati ve permttivity at 1 gi gahertz can be
2.8 to 3.05, or 2. Feso when the cu | e corrp05|t| on :ncl udes the epoxy

conpound, [0f$le copoIEWfﬁ‘tp gEd HY%’@I‘%@@W esivptives fhergofi and/ or

the cat al ¥ffed to{ Sthha AP HRANE EuRiA ReshdVeas, %H RBEmPBAGtiSHs thEPEST. Of the
di scl osed curable conpositions, as discussed herein, can have a di ssi pation

factor of[0641006 t o ExampBsaf armlnwgldgam@mdz buft ae nok hmﬁbféto ahalesl fasmiepat i on
fact 5 att%}, re%tgﬁ%?[heﬁbgﬁq%@%agﬁéoq%aﬁlges wﬁ)ﬁLa stdlc g%n%e}?ﬁc &e%c1ep9 ng V\/nen the

curab osiItioninc npoun
di scl os eohnihgaimdes and bebegAdic ucidngs dmnbeo‘amdl Br Pithet 41[;23&967!4325t EXAI\/PL ES
[065] Examples of amidines include, but are not limited to, carboxamidines,

sulfinamidines, phosphinamidines, and combinations thereof.
[066] Examples of ketimines include compounds having the chemical formula
30 (R%,C =NR’, where each R* is an alkyl group and R’ is an alkyl group or hydrogen, and

combinations thereof.
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25[095] I n the Exanples, various terns and designations for materials were
used including, for exanple, the following: [96] Styrene (95% pure
CoH5CH=CHap 20mvraird3abl e from Si nopharm Chemi cal Co. [97pChilinedw/aedsydri de
(97% purity), available from Si nopharm Chem cal Co.

30[ 098] Di cycl opent adi ene (cyclo-olefin), (95% purity), available from
Sigma- Aldrich. [099] Nor bonene (cyclo-olefin), (analytical grade) avail able
from Signma- Aldrich. [0100] Azobi sbutyronitrile (radical initiator),

(chemi calpg7pure) . FYshd &hsrelof 18 eAHRARRRAIMHERBERRS adedit cadl iBdIAdd dlodecy

mer capt an n&;hal n transfer agent), (analytical grade), available from

Si nophar ran@yiétdec ain abydiide1e 2 cOppPwiddrsmg ieo eexd lcvams pondednathgtshmeal gr ade) ,

avai l abl e My 1 C - t ol ' gr ade) ,
avai | abl em{y%gl{r%t | n?@?%{lﬁg‘@qg rgnancgﬁl Sy@etég%ﬁ%'Zg ﬂ@?’ﬁ%&%ﬂ%@f gﬁéeve

(cat al ystijflent{cainalyysrooml Mixad enhydeades Haab dffetand seybicrooph aftm {dhednidsat Co.

[ 0105] Met hyl et hyl ketone (solvent), (analytical reagent)  available from
Si nopMar el RR th@&”“ﬂ’(??é%ﬁ“ﬁ@t"? aMISF@FBéﬁlfie%eg?ﬂcﬁgP&B)#Flé?ﬁa IRJREC Al dr i ch.
15[ 0107] Qinky&Hd8 28Q 0BG sither8ffOXy conpound), available fromthe Dow

Chem cal Conpany. 01081£NA(r) 3000P, (styrene -maleic anhydride

copol yner[PS8lavai | agixempres of SBamatierarhydgAgsengluda, hut arg oatdonisIie 3,3 60t EF,
(styrene ;BlelGo A bAE1E ARAhYITRI) pyro@liki 2RI dhio Thd LomphhesmEr  Company,

I nc.

thereof.

10 [069] Examples of alicyclic anhydrides include, but are not limited to
methyltetrahydrophthalic anhydride, tetrahydrophthalic anhydride, methyl nadic
anhydride, hexahydrophthalic anhydride, methylhexahydrophthalic anhydride, and
combinations thereof.

[070] Examples of aliphatic anhydrides include, but are not limited to, propionic

15  anhydride, acetic anhydride, and combinations thereof.

[071] For one or more of the embodiments, the co-curing agent can include a
carboxylic acid. Examples of carboxylic acids include oxoacids having the chemical
formula R°C(=0 YOH, where R is an alkyl group or hydrogen, and combinations thereof.
[072] For one or more of the embodiments, the co-curing agent can include a

20  phenol. Examples of phenols include, but are not limited to, bisphenols, novolacs, and
resoles that can be derived from phenol and/or a phenol derivative, and combinations
thereof.

[073] For one or more of the embodiments, the co-curing agent can include a
thiol. Examples of thiols include compounds having the chemical formula R’SH, where

25  R’is an alkyl group, and combinations thereof.

[074] For one or more embodiments, the curable compositions include a catalyst
and/or a ‘latent catalyst’ or co-catalyst. Examples of the catalyst and/or a ‘latent catalyst’
or co-catalyst include, but are not limited to, 2-methyl imidazole, 2-phenyl imidazole, 2-
ethyl-4-methyl imidazole, 1-benzyl-2-phenylimidazole, boric acid, triphenylphosphine,

30 tetraphenylphosphonium-tetraphenylborate, and combinations thereof The catalyst can

be used in an amount of from 0.01 parts by weight to 10 parts by weight per 100 parts by

12



[ 0110] Exanpl e 1- Copol yner obtai ned by reacting styrene, naleic anhydride,
and cyclo-olefin. [0111] A styrene nole fraction of 0.64, a nmaleic

anhydri dewoobe/dfussat i on of 0. 15, and a di cycl opent adi eneCrunN2ofovoactsvon of
0.21 were reacted to obtain Exanple 1. A

25di cycl opent adi ene- azobi si shutyronitrile solution was forned by dissol ving
28.2 granms (g) of dicyclopentadiene and 2.4 g of azobisisbutyronitrile in
130 miIliliters (m) of cycl ohexanone. The

di cycl Ope\%igﬂ &%‘%%b&hﬁ&%w.@i‘béﬁ'ﬂrﬁv&g{t% b BRHVRBwWEIGH 26 100 Ry

t hree-necked fl ask equipped with a refluxing conderiser, a thernonmeter, a
magnet i ¢ weightradthe eparly eompaundges®. § partstby weighitte & gaits bnweigbimee he0 pasts provi ded
by addin i £ t sk over a five mnute period. The contents
of the flgozi{s]‘k&%gtggghee toegg?rgg%ac whil e being stirred. A maleic anhydride
sol uti on [@&3] f or re@obyndorsaere \embgditdeni®, the etirabiel einpodtibnsdndldde dnn 20 ml  of
cycl ohexangne. ﬁ,st .ene-d%decyl rcaptan m xtur.e V\? formed by m xing
66.3 g ofd8firedae afftve o8 bg sepctederRyhe SapR SSSHNS A digh-dhigments,

anhydri degforh@8@ntodemed, hER saBzeR, 156 sthbifRery\aastiOize® dubtycafRMMWI N t he

mal ei ¢ anhydride sol ution and the styrene-dodecyl nercaptan m xture. A
react i on mpdifiems drip fetardppie.| flagned e Ragispandiblocking eagrss. yiradd relessangeats. by reacting
styrene, ' Y Wol: cyclo- ol.efin.. i se

e g ¢ OB A0 B R i oo R B Aol 06l B, HEER 2% | i
over a siTKieadditivatcen peempldyaind ah kffe@akteountbnd parnculgr appBecaBidn Gstienper at ur e

and stirri or,.,120 additiaonal m.nutes. The reaction,.m xture was cooled to
30" C liha wldistrot o5 5ar B6heea et TR B erer SRRSO AE orcessive
such t hateffddgveldmoi@k bdEhvaldifeer&f valgact i on m xture to net hanol was about 1
to 10. Methanol was separated from Exanple 1 by filtering, then placing
Exanmpl e 107&l a f undoneeriofraeregmbedimentsaihig cutably compesitign @odpgirdean jnto a

vacuum Oviﬁﬂibg%rt. a[}fe(?fé’lﬂgﬁcﬁtcgﬁ it RO a&iviQTof # c{ﬁ&Ws?duan%gf%ﬁ%ag%ﬂ%TPll e

2- Copol ymer ai ned by reacting styrene, maleic an and
cycl o- ol gfrepreg, el BostdBhA as tligcwspe andie Thamhibator odn W@ a7 wisaa@l ei ¢ anhydri de

o ok el SHEERTLATAPSR eLha Sl O 10 vere

anhydr i denyazedides aa®ulky%iaes dfizidcetis altatiiBcobals, havcamde Mondiifenl vorag, 19. 8 g of
di cycl opent adi ene,  14. 7 %,of mal ei ¢ anhydride, and 2,8 g of
azobi si s YA f1d eanbinatipggthereoh BercacihisusaohereinTeisrs to boric acid or

di cycl OPeJ&i%Q@i\?eﬁ%e?@Jﬁ%ﬁudiﬁg n?erfhlgxﬂé sge,waﬁ@myﬁﬁ&@eetaxg Bibicf Bdrhte eSt@lsUt i ON was
poured into a three-necked flask equli pped wth a refluxing condenser, a
t her nonetaad bogic pelyydede.cThe ¢uratde comprgitmns tan @ygeam fromdt3 malesof mbipatar

envi ronnent S_Provi ddi.ng..nitrogen to the flask oyer five mnute
por 1 ol R RRRLSER RiboRR S RRIL PRI P e P S Bl ot v e
A st yr enegagReiyibnd@heaithifrdth RUUHE eyeRinkhibitodr bladHeatalysitd. B8 ol oSt yr ene
and 5.4 g of  dodecyl 25 rcaptan. A re,ac,hi on m xsure t hat included Exanpl e
2, a copdpw?ﬁi»rR%%ﬁlmfcfag@%@aeéirﬂ@e%?fym@ gor nehmeecofARYEr toded makky a

cycl o- ol effiifhib¥&@ et MoES BMIyde opwi se addi ng the styrene-dodecyl nercaptan
m xture to the flask over a’sixty mnute period and thereafter naintaining

the 80 C [0&Wper at urfeor anglorsnoneembgdiiments kf theamititld eomaglositionthespoxyhe react i on
m xt Ui s, 5004 e 1.0 30-C,a0d AFfled droRw a6 i BL.A R HARAL L SES, the 30

met hanol EXCESssl Ve 'suc u PECOPT Y eARTI O re to
met hanol teasoftheupoxy compdind, Metdopsigmenasd tepariag ecbnf; fomaxkxahytheedxas

descri bed for aml e, 1. 2012/ 024833PCT/ CN2010/ 076337 114] Exanpl e
3- Copol yn@fnp&tﬁ%fﬁ?%ﬁ% fegym 23t gvaghiiare ParEe eI ﬁqﬁg,ior Pa&%%y Weghi
70 parts by weight based on 100 parts by weight total of the epoxy compound, the
copolymer, and the curing agent.
30 [078] For one or more embodiments of the curable composition, a combination

of the copolymer and the co-curing agent can be 20 parts by weight to 80 parts by weight
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and cyclo-olefin. [0115]A styrene nole fraction of 0.70, a nmaleic
anhydride nole fraction of 0.10, and a dicycl opentadi ene nole fraction of
0. 20 wer ewpeaced3Bo obtain Exanpl e 3. 5Exanple 3, a copolyaseniogdszsined by
reacting styrene, naleic anhydride, and a cyclo- olefin, was obtained and
processed as described for Exanple 1, except that 26.4 g of

di cycl opent adi ene, 9.8 g of nmaleic anhydride, and 72.9 g of styrene were
used for Exanple 3. [0116] Exanpl e 4- Copol yner obtai ned by reacting styrene,
mal ei ¢ anhydf bfifoo paét@;%ggve%ﬁd%il%mfe!eﬂoxy #&%}%}1}21& tBd ¥ BREndTIng the @fibon of

0.75, a mal eic anhydri racti on o and a "di cycl opent adi ene

mol e fr acageoth fasfexampls theegombinssion etithe sopmymerangtmgs-eurmg agent can be from

di cycl op i - F i ri da- i Sl REA Fon was

For e by s orgrenmt B P AN T AR RS B bR il BT L P

anhydr i dehasedeh D00agts bf wkihz alval ®if SHelgpyxyocunigouhe, thecdhdnidr, @il thy/@irdexanone.
The dicyclogentadiene-naleic anhydri de- azobi si sbutyronitrile solution was
poureé i %™ t hr ee- necked fl ask equi pped with a refluxi ng condenser, a

t her monmet[ero] a MagnRk be Sitrhére@mboditténd ofiite Redle ddMREitio thé §1RGR Ban _
envi ronment ‘was prOV|dedi£€padd|ng,n|tro en to the flask over a five mnute

period. Thee2 peststhenvesehito arts g Vit based #n d 0 partgy weighiitpiel efeheg stirred.

A nal ei c i de- | si.shut vroniteil 0 '

R o L S T
20 M of fegmSglaaxbnoreht th Stparte e dedhe \or 1 fpatsaipt weight ta O0 pertwmsweightred by

m Xi 62. 4 of . styrene an .3 of dodecyl nercaptan. A styrene-dodecyl
rer oot artasear Lo B S sl hegae i b nahes o ier el e R by
conbi ni ngaokefe Nul ei ¢ anhydri de-azobi si sbutyronitrile solution and the

25st yrene-dodecyl nercaptan m xture. A reaction m xture that included
Exanpl e 4088 copol ieepnoeitraeeembpdimeaticthe surableypmpesitipmeagihavaneéldri de, and
a cycl o-aolef] f I i 1&@% f P ecyl

mer capt a&E%F%Ogvggﬁ nﬂ%ﬁi‘ﬁ%ﬁé@% ?sl?g\l;{tat%%rlom Jrrﬁpaegﬁuéﬁﬁa}%@?g@?ﬂe flask over a
si xty m rabmnpesrtherdinafod exdneple dfetcmrabhecomipas iiongcan hev@9 g tinengfe2 Gt uoe and
stirridng r di tional,bn o~ The reaction 30 m xture was cooled to
20 C]Qnd:g§6§%%2¥ggﬁfég?fﬁf%ﬂ%§¥h2ﬁé%, where the nmethanol was excessive
such that[oghe vol urgl tigdeican @fdidaeacieh @vitiof tHercarabl JaipdsiFehs, wasatabout 1 to

10. Met hanol, _was separated from Exanpl e 4 as described for Exanple 1.
[ 0118] ExaRetilic temnsyrg rasd %%P%FW%FS%aSrtB%‘Em‘PFQ o ssrpdrdo geknasitc Gehhydri de,

and cycl %&Atﬁ%ﬂe#&-w Rl fo At 8F ﬁgﬁﬁéﬁt SQ@aﬂéPh&waolﬁf%%ﬂfann&}?egeig the s%.u%}eq? ¢

anhydride nole fraction of 17, "and a norbornene e fraction o
wer e r eaciubsfantllymanified Bxclrthites@ntigllyreach onineftbenewioss is lsonnectsdite edche
sol ut4.on s farned by djssql vin 4 af...norbagrnene and. 1.6 ¢.of
2o < st Tty S et o phoby By AT RO o B i
nor bor nenwhaaokdcemsbedtiuppdd Wwithih eheSsabsthntiatly vinsifipd stheture 'Wherathe i pgednecked
flask equi pped wiith a refl uxing ndensef, a 10 thernoneter, a nmagnetic
stirrer, SRN@Hreashes H@Ecﬁﬁn&p@tﬁ. bla&%l%r £RBRRHTEEA AN B HBISHUIGWES. BlederIedH by

addi ng nh@gg@ign%gLﬁb§m5$@%Kxﬂg@r a five mnute period. The contents of the
flask were heated to 80 C while being stirred. A styrene-malic

anhydr i def08adecy! merdisqussed hewinifdrone namoteomidigntditeswrablg 41.6 g of
styrepe, c%h%ogitigrfls ﬁg%le?ilg(é\l t%pxpfdods%c‘:onds to 400 seconds at 171 °C. In some instances

curable compositions having a gel time that is greater than 400 seconds at 171 °C can be

0. 16

modified by adding a catalyst and/or an additive, as discussed herein, to adjust the gel
time to 200 seconds to 400 seconds at 171 °C, 200 seconds to 375 seconds at 171 °C, or
200 seconds to 350 seconds at 171 °C . For some applications, curable compositions

30  having a gel time of less than 200 seconds at 171 °C can be considered too reactive.
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and 1.8 g of dodecyl nmercaptan in 30 m of cyclohexanone. A reaction

m xture that 15included Exanple 5, a copol yner obtai ned by reacting
styrene, wal2ei2n2as3dydri de, and a cycl o-ol efin, was formedTN20r086d33 e
addi ng the styrene-malic anhydri de-dodecyl nercaptan solution to the
contents of the flask over a thirty mnute period and thereafter

mai ntai ning the 80 C tenperature and stirring for seven additional hours.
The reaction m xture was cooled to 20 C and added dropw se into mnethanol,

wher e thegoget hanol g ZRGXCESRE YRs Y aRCIARE pdiRic R . MRE bRpRi; agaction
m xture te[ogﬁ]et hanol was about 1 Fos 10. R/Et halrjlol \ﬁgﬁgée%ar at gdpf rgor% Exanpl e

5 as desche deaingddry aaxaegss that includesioiprscantiiee BatDyFompaerent otie ai ned by

reacting i i | 0- fi A styrene nol e
fraction %@%%S%e’mg&lﬁgﬁ,@flg"fa}}@ﬁg%}gga%ﬁﬁ@]eg@@bﬂ%ﬁ d@{ Slbti.pgg.t,g 5 and a

nor bor neneinf@tendnt acmparennf TH. distlosed eursldacompositione bimbaudes &srphembtrixThe
Exanple 6, a co 3}% mer obt ai ned béﬁireac.t' n st\érene, mal ei ¢ anhydri de, and

a cyclo- ofostnonett, Jae gytra; qoawpoaen 2pd Hredeiatogcement eppqneRl pfihs PERIgs | ¢ 5,

except t habyidea Qyrbraim S il PeerdBQ pBoiddd 1ot tickash M%sdﬁﬁfo@ Ridabks Wehmeltsed for
Exanpl e 6. \[IO,lz%IV‘é%qght ave?lgeg%1 rmplg%cul ar wei gﬁlfr Mn) , gunber aver age

nol ecul arbyirgatheamenirgs have mechamicabiansider by tigal prapestics Mat Meunagfaimbimpl es 1- 6
wer e det%m?y@ﬁﬁ a@g&ﬂﬁ%ﬂﬁ%mo system having two PL-GEL M xed D
i gi I'ent

colums in series, an detector and Agilent chenstation GPC
anal ysi s [984] war e, Theeeinfoseentest afmmpineatitambe a sihesvExiamplalof fbdrs inthele,

cal i bration standard s, Pol yner Laboratorjes polystyrene Easi.Cal (r) vials
(par t1tho. SBaBAREIRLFA BERET G bR SRS er e e s ol ved 1
t et r ahy dr @fd#hidIbiba! i BenbiRibhWerS MR Fiberktan SY 84260, Was exfartipl@df 35 C, the
el uent was 5tetrahydrofuran, the flowrate was 1.0 m/m nute, the testing

sanpl e coifssReatiagitmiudeasPualsoet limited 1o, befoans (ng)/m, and the injection
(o1 AT 199520, A o Pl A e W gblocngose Tohgeniag el o
glass fibers, C-glass fibers, R-glass fibers, S-glass fibers, T-glass fibers, and
15  combinations thereof Aramids are organic polymers, examples of which include, but are
not limited to, Kevlar®, Twaron®, and combinations thereof. Examples of carbon fibers
include, but are not limited to, those fibers formed from polyacrylonitrile, pitch, rayon,
cellulose, and combinations thereof Examples of metal fibers include, but are not
limited to, stainless steel, chromium, nickel, platinum, titanium, copper, aluminum,
20  beryllium, tungsten, and combinations thereof Examples of ceramic fibers include, but
are not limited to, those fibers formed from aluminum oxide, silicon dioxide, zirconium
dioxide, silicon nitride, silicon carbide, boron carbide, boron nitride, silicon boride, and
combinations thereof. Examples of biomass fibers include, but are not limited to, those
fibers formed from wood, non-wood, and combinations thereof
25  [086] The reinforcement component can be a fabric. The fabric can be formed
from the fiber, as discussed herein. Examples of fabrics include, but are not limited to,
stitched fabrics, woven fabrics, and combinations thereof. The fabric can be
unidirectional, multiaxial, and combinations thereof The reinforcement component can
be a combination of the fiber and the fabric.
30 [087] The prepreg is obtainable by impregnating the matrix component into the

reinforcement component. Impregnating the matrix component into the reinforcement
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4116 1.63 Exanple 2 4869 2877 1.69 Exanple 3 5193 2520 2. 06 Exanple 4 4686
2614 1.79 Exanple 5 5227 2863 1.80 Exanple 6 4790 2671 1.80 10[0123] The
data in Taibl2e12202¢836wWs t hat Exanple 1-6 had a wei ght avePaA NIl 0d06H3Ar
wei ght of 4,686 to 6,711, a nunber average nol ecul ar wei ght of 2,520 to
4,116, and a pol ydispersity index of 1.63 to 2.06. [0124] The constituti onal
units derived fromthe styrene, constitutional units
component may be accomplished by a variety of processes. The prepreg can be formed
by contacting the reinforcement component and the matrix component via rolling,
dipping, spraying, or some other procedure. After the prepreg reinforcement component
has been contacted with the prepreg matrix component, the solvent can be removed via
5 wvolatilization. While and/or after the solvent is volatilized the prepreg matrix component
can be cured, e.g. partially cured. This volatilization of the solvent and/or the partial
curing can be referred to as B-staging. The B-staged product can be referred to as the
prepreg. For some applications, B-staging can occur via an exposure to a temperature of
60 °C to 250 °C; for example B-staging can occur via an exposure to a temperature from
10 65°Cto240 °C,or70°Cto230°C. Forsome applications, B-staging can occur for a
period of time of 1 minute to 60 minutes; for example B-staging can occur for a period of
time from, 2 minutes to 50 minutes, or 5 minutes to 40 minutes. However, for some
applications the B-staging can occur at another temperature and/or another period of time.
[088] One or more of the prepregs may be cured, e.g. more fully cured, to obtain
15 aproduct. The prepregs can be layered or/and formed into a shape before being cured
further. For some applications, e.g. when an electrical laminate is being produced, layers
of the prepreg can be alternated with layers of a conductive material. An example of the
conductive material includes, but is not limited to, copper foil. The prepreg layers can
then be exposed to conditions so that the matrix component becomes more fully cured.
20  [089] One example of a process for obtaining the more fully cured product is
pressing. One or more prepregs may be placed into a press where it subjected to a curing
force for a predetermined curing time interval to obtain the more fully cured product.
The press may have a curing temperature of 80 °C to 250 °C; for example the press may
have a curing temperature of 85 °C to 240 °C , or 90 °C to 230 °C. For one or more
25  embodiments, the press has a curing temperature that is ramped from a lower curing
temperature to a higher curing temperature over a ramp time interval.
[090] During the pressing, the one or more prepregs can be subjected to a curing
force via the press. The curing force may have a value that is 30 kPa to 350 kPa; for
example the curing force may have a value that is 75 kPa to 300 kPa, or 100 kPa to 275
30 kPa. The predetermined curing time interval may have a value that is 5 seconds to 500

seconds; for example the predetermined curing time interval may have a value that is 25

16



derived fromthe mal ei c anhydride, and constitutional units derived from
the cyclo-olefin 15for Exanples 1, 3, 4, 5, and 6 were determ ned using
Fouri er twansfxnussdnfrared spectroscopy (FT1R) , the re®alrieNofo/onbdsch are
shown in Table 2. Calibration curve sanples were prepared by separately
di ssolving mal ei ¢ anhydride and styrene into respective tetrahydrofuran
portions that had been dried via nolecular sieve. Test sanples were
prepared by placing portions of each of Exanples 1, 3, 4, 5, and 6 into a

100 C vacybideYeMd @bonkR OorMsiEedas to-2@! sebtihdb. MeorR@kdr b RRtasskifoR o B8 Rifc at or ,
and di ssol ving each of the cooled portions into a respective

t et r ahydrtbé orognctpdher conng tamikratirest quring foQe wilues, pdjor Riedss¢rmingdsutisgd f or

calibrati -and , ynk | ej j
concent r At kil SELURALCAUDEBAN, BB Rl eRu A SRl bER e, i gnea
t o vi br atprepregfindweteih chesprbdudte.i de car bonyl and the 702 cm 1 peak of the FT1R

spectra assign to vibration of styrene omati c.ring. The peak
hei ght’s 081 br opor (TERAIUER oRiMER LY SHRGLIE qUrBls FOBRPHERTSOREARE st yr ene

concent r airbibid @ithid Ui 1R SleB(E), HOEULkQ3REMIchd oyl 1 brati on
curves. The calibration curves were used to determ ne the data 10shown in

Tabl e 2. trabitien sempesigreiof {50 Anéa 230niG Sorganmpledthe elsss transitionltemperatitéydr i de
(39 OB BEC HOL0SCIRE e g =turene (. b4 ot ut onal
[092] The product obtained by curing one or more of the curable compositions,
10  as discussed herein, can have a thermal degradation temperature of 300 °C to 500 °C; for
example, the thermal degradation temperature can be 310 °C to 475 °C, or 320 °C to
450 °C.
[093] A product obtained by curing one or more of the curable compositions, as
discussed herein, can have a relative permittivity of 2.7 to 3.1 at 1 gigahertz; for example,
15  the relative permittivity at 1 gigahertz can be 2.8 to 3.05, or 2.9 to 3.0 when the curable
composition includes the epoxy compound, the copolymer, as disclosed herein, the co-
curing agent and/or the catalyst.
[094] A product obtained by curing one or more of the disclosed curable
compositions, as discussed herein, can have a dissipation factor of 0.006 to 0.013 at 1
20  gigahertz; for example, the dissipation factor at 1 gigahertz can be 0.007 to 0.01, or 0.008
to 0.009 when the curable composition includes the epoxy compound, the copolymer, as

disclosed herein, the co-curing agent and/or the catalyst.

EXAMPLES
25  [095] In the Examples, various terms and designations for materials were used
including, for example, the following:
[096] Styrene (95% pure CsHsCH=CHy), available from Sinopharm Chemical
Co.
[097] Maleic anhydride (97% purity), available from Sinopharm Chemical Co.
30 [098] Dicyclopentadiene (cyclo-olefin), (95% purity), available from Sigma-
Aldrich.
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Example 1 19 66 15 Exanple 3 12 66 22 Exanple 4 12 67 21 Exanple 5 24 59 17
Exanple 6 19 69 12 15[0125]The data in Table 2 shows that constitutional
units derwoediZdmesssst yrene were not greater than 80 wei ght/qperwans33of
Exanples 1, 3, 4, 5, and 6, constitutional units derived frommal eic
anhydride were not greater than 30 wei ght percent of Exanples 1, 3, 4, 5,
and 6, and constitutional units derived fromthe cyclo-olefin were not
greater than 30 wei ght percent of Exanples 1, 3, 4, 5, and 6. 20

[ 0126] Exampbes 7- 1%\7@661{9}9%%%1’6@%%) '(Qﬁﬁmcﬁl%e?d@ BBl 8nT Sibfa- Cur abl e
conposi tions, were formed by separately ‘dissolving a portion of each of
Exanpl es Aldﬂcﬁln a respective portion of methyl ethyl ketone, then adding

i dazol aOT had GashuyEATEIRRRA! NERRA ARy M FRIGHHER T O (0

each Sinopharm Chemical Co.
5 [0101] Dodecyl mercaptan (chain transfer agent), (analytical grade), available
from Sinopharm Chemical Co.
[0102] Cyclohexanone (solvent), (analytical grade), available from Sinopharm
Chemical Co.
[0103] Methanol (analytical grade), available from Sinopharm Chemical Co.
10 [0104] 2-methyl imidazole (catalyst), (analytical grade), available from
Sinopharm Chemical Co.
[0105] Methyl ethyl ketone (solvent), (analytical reagent), available from
Sinopharm Chemical Co.
[0106] Tetrahydrofuran, available from Sigma-Aldrich.
15 [0107] D.E.R™ 560 (aromatic epoxy compound), available from the Dow

Chemical Company.

[0108] SMA® 3000P, (styrene -maleic anhydride copolymer), available from

Sartomer Company, Inc.

[0109] SMA® 60 EF, (styrene -maleic anhydride copolymer), available from
20  Sartomer Company, Inc.

[0110] Example 1—Copolymer obtained by reacting styrene, maleic anhydride,

and cyclo-olefin.

[0111] A styrene mole fraction of 0.64, a maleic anhydride mole fraction of 0.15,
and a dicyclopentadiene mole fraction of 0.21 were reacted to obtain Example 1. A

25  dicyclopentadiene-azobisisbutyronitrile solution was formed by dissolving 28.2 grams (g)
of dicyclopentadiene and 2.4 g of azobisisbutyronitrile in 130 milliliters (ml) of
cyclohexanone. The dicyclopentadiene-azobisisbutyronitrile solution was poured into a
three-necked flask equipped with a refluxing condenser, a thermometer, a magnetic stirrer,
and a nitrogen inlet. A nitrogen environment was provided by adding nitrogen to the

30 flask over a five minute period. The contents of the flask were heated to 80 °C while

being stirred. A maleic anhydride solution was formed by dissolving 14.7 g of maleic
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of the respective portions. Exanples 7-12 had a non-volatile organic wt %
of 60% Table 3A shows the conpositions of Exanples 7-12. [0128] Conparati ve
Exanpl es WOR012J24839] Conpar ati ve Exanpl es A-B were for ne@CaLNnemmibsg 7- 12,
except that 5 SMA(r) 3000P and SMA(r) 60 EF were used respectively for
Conpar ati ve Exanpl es A-B where Exanples 1-6 were used for Exanples 7-12.
Tabl e 3B shows the conpositions of Conparative Exanples A-B. Table 3A
EXAMPLE # D.E. R TM 560 (aromatic epoxy compound) (g) Copolyner (g) 2-nethyl

i m dazol eanql\llg@ﬁcfél i3b )ml(d?@%l@hetwndﬂ‘é | gy rBRL d&(@%(lﬁﬁerr&ﬁ)téwm&ﬁirg Bhs Rfrmbdie epoxy
conpound) et hyl ketone (sol vent
by mixing 66.3 g of styrene and 2.22 g of do ecyl mercaptan A maleic anhydride-
styrene-dodecyl mercaptan solution was formed by combining the maleic anhydride
solution and the styrene-dodecyl mercaptan mixture. A reaction mixture that included
5  Example 1, a copolymer obtained by reacting styrene, maleic anhydride, and a cyclo-
olefin, was formed by dropwise adding the maleic anhydride-styrene-dodecyl mercaptan
solution to the flask over a sixty minute period and thereafter maintaining the 80 °C
temperature and stirring for 120 additional minutes. The reaction mixture was cooled to
20 °C and added dropwise into methanol, where the methanol was excessive such that the
10  volume ratio of reaction mixture to methanol was about 1 to 10. Methanol was separated
from Example 1 by filtering, then placing Example 1 in a fume hood for 8 hours, and then
placing Example 1 into a vacuum oven at a temperature of 80 °C for 12 hours.
[0112] Example 2—Copolymer obtained by reacting styrene, maleic anhydride,

and cyclo-olefin.

15 [0113] A styrene mole fraction of 0.70, a maleic anhydride mole fraction of 0.15,
and a dicyclopentadiene mole fraction of 0.15 were reacted to obtain Example 2. A
dicyclopentadiene-maleic anhydride-azobisisbutyronitrile solution was formed by
dissolving 19.8 g of dicyclopentadiene, 14.7 g of maleic anhydride, and 2.8 g of
azobisisbutyronitrile in 150 ml of cyclohexanone. The dicyclopentadiene-maleic

20  anhydride-azobisisbutyronitrile solution was poured into a three-necked flask equipped
with a refluxing condenser, a thermometer, a magnetic stirrer, and a nitrogen inlet. A
nitrogen environment was provided by adding nitrogen to the flask over a five minute
period. The contents of the flask were heated to 80 °C while being stirred. A styrene-
dodecyl mercaptan mixture was formed by mixing 72.8 g of styrene and 5.4 g of dodecyl

25  mercaptan. A reaction mixture that included Example 2, a copolymer obtained by
reacting styrene, maleic anhydride, and a cyclo-olefin, was formed by dropwise adding
the styrene-dodecyl mercaptan mixture to the flask over a sixty minute period and
thereafter maintaining the 80 °C temperature and stirring for 120 additional minutes. The
reaction mixture was cooled to 20 °C and added dropwise into methanol, where the

30  methanol was excessive such that the volume ratio of reaction mixture to methanol was

about 1 to 10. Methanol was separated from Example 2 as described for Example 1.
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13.4 (Exanple 1) 0.50 15.6 Exanple 8 20.0 28.6 (Exanple 2) 0.10 32.4
Exanple 9 10.0 19.1 (Exanple 3) 1.00 19.4 Exanple 10 10.0 16.0 (Exanple 4)

1.00 17. 3wbxrarppi2es331 18.4 18.4 (Exanple 5) PCT/CN2010/076337
[0114] Example 3—Copolymer obtained by reacting styrene, maleic anhydride,

and cyclo-olefin.

[0115] A styrene mole fraction of 0.70, a maleic anhydride mole fraction of 0.10,
and a dicyclopentadiene mole fraction of 0.20 were reacted to obtain Example 3.

5  Example 3, a copolymer obtained by reacting styrene, maleic anhydride, and a cyclo-
olefin, was obtained and processed as described for Example 1, except that 26.4 g of
dicyclopentadiene, 9.8 g of maleic anhydride, and 72.9 g of styrene were used for
Example 3.

[0116] Example 4—Copolymer obtained by reacting styrene, maleic anhydride,

10  and cyclo-olefin.

[0117] A styrene mole fraction of 0.75, a maleic anhydride mole fraction of 0.12,
and a dicyclopentadiene mole fraction of 0.13 were reacted to obtain Example 4. A
dicyclopentadiene-maleic anhydride-azobisisbutyronitrile solution was formed by
dissolving 13.6 g of dicyclopentadiene, 4.7 g of maleic anhydride, and 0.9 g of

15  azobisisbutyronitrile in 130 ml of cyclohexanone. The dicyclopentadiene-maleic
anhydride-azobisisbutyronitrile solution was poured into a three-necked flask equipped
with a refluxing condenser, a thermometer, a magnetic stirrer, and a nitrogen inlet. A
nitrogen environment was provided by adding nitrogen to the flask over a five minute
period. The contents of the flask were heated to 80 °C while being stirred. A maleic

20  anhydride-azobisisbutyronitrile solution was formed by dissolving 4.7 g of maleic
anhydride, and 0.9 g of azobisisbutyronitrile in 20 ml of cyclohexanone. A styrene-
dodecyl mercaptan mixture was formed by mixing 62.4 g of styrene and 4.3 g of dodecyl
mercaptan. A styrene-dodecyl mercaptan-maleic anhydride-azobisisbutyronitrile mixture
was formed by combining the maleic anhydride-azobisisbutyronitrile solution and the

25  styrene-dodecyl mercaptan mixture. A reaction mixture that included Example 4, a
copolymer obtained by reacting styrene, maleic anhydride, and a cyclo-olefin, was
formed by dropwise adding the styrene-dodecyl mercaptan-maleic anhydride-
azobisisbutyronitrile mixture to the flask over a sixty minute period and thereafter
maintaining the 80 °C temperature and stirring for 120 additional minutes. The reaction

30  mixture was cooled to 20 °C and added dropwise into methanol, where the methanol was

20



0.30 22.3 Exanple 12 10.0 19.1 (Exanple 6) 0.30 19.7 Table 3B COVPARATI VE
EXAMPLE # D.E.R TM 560 (aromatic epoxy conpound) (0) poly(styrene-co-

mal ei ¢ arwoadni2dey¥s3gg) 2-net hyl im dazole (catal yst) (paPC3I/AN20NITGHIT per
100 parts by weight of the epoxy

excessive such that the volume ratio of reaction mixture to methanol was about 1 to 10.
Methanol was separated from Example 4 as described for Example 1.

[0118] Example S—Copolymer obtained by reacting styrene, maleic anhydride,

and cyclo-olefin.

5 [0119] A styrene mole fraction of 0.66, a maleic anhydride mole fraction of 0.17,
and a norbornene mole fraction of 0.16 were reacted to obtain Example 5. A norbornene-
azobisisbutyronitrile solution was formed by dissolving 9.4 g of norbornene and 1.6 g of
azobisisbutyronitrile in 20 ml of cyclohexanone. The norbornene-azobisisbutyronitrile
solution was poured into a three-necked flask equipped with a refluxing condenser, a

10  thermometer, a magnetic stirrer, and a nitrogen inlet. A nitrogen environment was
provided by adding nitrogen to the flask over a five minute period. The contents of the
flask were heated to 80 °C while being stirred. A styrene-malic anhydride-dodecyl
mercaptan solution was formed by dissolving 41.6 g of styrene, 9.8 g of maleic anhydride,
and 1.8 g of dodecyl mercaptan in 30 ml of cyclohexanone. A reaction mixture that

15 included Example 5, a copolymer obtained by reacting styrene, maleic anhydride, and a
cyclo-olefin, was formed by dropwise adding the styrene-malic anhydride-dodecyl
mercaptan solution to the contents of the flask over a thirty minute period and thereafter
maintaining the 80 °C temperature and stirring for seven additional hours. The reaction
mixture was cooled to 20 °C and added dropwise into methanol, where the methanol was

20  excessive such that the volume ratio of reaction mixture to methanol was about 1 to 10.
Methanol was separated from Example 5 as described for Example 1.

[0120] Example 6—Copolymer obtained by reacting styrene, maleic anhydride,
and cyclo-olefin.

[0121] A styrene mole fraction of 0.72, a maleic anhydride mole fraction of 0.14,
25  and a norbornene mole fraction of 0.14 were reacted to obtain Example 6. The Example

6, a copolymer obtained by reacting styrene, maleic anhydride, and a cyclo-olefin, was

obtained and processed as described for Example 5, except that 52.0 g of styrene and 3.6

g of dodecyl mercaptan were used for Example 6.

[0122] Weight average molecular weight (M,,), number average molecular weight
30 (M,), and polydispersity index (M,/M,) of Examples 1-6 were determined with an

Agilent 1200 system having two PL-GEL Mixed D columns in series, an Agilent RID
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conpound) Methyl ethyl ketone (solvent) (g) Conparative 19.1 15.0 0.30 22.7
WD 2012/ 024833PCT/ CN2010/ 076337 Exanple A (SMAO 3000P) Conparative
Exanpl e BvOD2912/024832. 0 ( SMAO 60 EF) 0.70 149.3 PCT/CN2010/076337

10

15

detector and Agilent chemstation GPC analysis software, the results of which are shown
in Table 1. The calibration standard was Polymer Laboratories polystyrene EasiCal®
vials (part no. 5064-8281). Portions of each of Examples 1-6 were dissolved in
tetrahydrofuran to provide testing samples. The system was run at 35 °C, the eluent was
tetrahydrofuran, the flow rate was 1.0 ml/minute, the testing sample concentration was

about 5 milligrams (mg)/ml, and the injection volume was 20 microliters (ul).

Table 1
molesular weight | molecularweighe | PONdispersity ndes
Example 1 6711 4116 1.63
Example 2 4869 2877 1.69
Example 3 5193 2520 2.06
Example 4 4686 2614 1.79
Example 5 5227 2863 1.80
Example 6 4790 2671 1.80
[0123] The data in Table 1 shows that Example 1-6 had a weight average

molecular weight of 4,686 to 6,711, a number average molecular weight of 2,520 to 4,116,
and a polydispersity index of 1.63 to 2.06.

[0124] The constitutional units derived from the styrene, constitutional units
derived from the maleic anhydride, and constitutional units derived from the cyclo-olefin
for Examples 1, 3, 4, 5, and 6 were determined using Fourier transform infrared
spectroscopy (FTIR) , the results of which are shown in Table 2. Calibration curve
samples were prepared by separately dissolving maleic anhydride and styrene into

respective tetrahydrofuran portions that had been dried via molecular sieve. Test samples
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[0130] The gel tinmes of Exanples 7-12 and Conparative Exanples A-B were
determ ned via stroke cure on a 171 C hot plate, the results of which are
shown i n wakzbe/n483and Tabl e 4B respectively. 5 Tabl e 4APEXANRLE/0H6I3R2] tinme
at 171 C (s) Exanple 7 237 Exanple 8 259 Exanmple 9 221 Exanple 10 268
Exampl e 11 227 Exanple 12 278 Table 4B COVWPARATI VE Gel tine at 171 C
EXAMPLE # (s) Conparative Exanple A

were prepared by placing portions of each of Examples 1, 3, 4, 5, and 6 into a 100 °C

vacuum oven for 120 minutes, cooling the portions in a desiccator, and dissolving each of

the cooled portions into a respective tetrahydrofuran portion. A Nicolet™ 6700 with

liquid cell was used for calibration curve setup and unknown maleic anhydride and

5  styrene concentration testing. The 1780 cm™ peak of the FTIR spectra was assigned to

vibration of maleic anhydride carbonyl and the 702 cm-1 peak of the FTIR spectra was

assigned to vibration of styrene aromatic ring. The peak heights are proportional to

maleic anhydride concentration and styrene concentration repetitively, and were used to

establish the calibration curves. The calibration curves were used to determine the data

10  shown in Table 2.

Table 2
Constitutional units
Constitutional units | Constitutional units derived from the
derived from the derived from the cyclo-olefin
maleic anhydride styrene and
(wt %) (wt %) dodecyl mercaptan
(wt %)
Example 1 19 66 15
Example 3 12 66 22
Example 4 12 67 21
Example 5 24 59 17
Example 6 19 69 12

15 [0125] The data in Table 2 shows that constitutional units derived from styrene

were not greater than 80 weight percent of Examples 1, 3, 4, 5, and 6, constitutional units
derived from maleic anhydride were not greater than 30 weight percent of Examples 1, 3,
4, 5, and 6, and constitutional units derived from the cyclo-olefin were not greater than 30

weight percent of Examples 1, 3,4, 5, and 6.

20 [0126] Examples 7-12—Curable compositions
[0127] Examples 7-12, curable compositions, were formed by separately

dissolving a portion of each of Examples 1-6 in a respective portion of methyl ethyl
ketone, then adding D.E.R. ™ 560 to each of the respective portions, and then adding 2-

methyl imidazole that had been dissolved in methanol to form a 10 wt% solution to each
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19.1
Example 9 10.0 (Example 3) 1.00 19.4
16.0
Example 10 10.0 (Example 4) 1.00 173
18.4
Example 11 18.4 (Example 5) 0.30 23
19.1
Example 12 10.0 (Example 6) 0.30 19.7
10
Table 3B
2-methyl
imidazole Methyl ethyl
D.ER.T™ 560 poly(styrene-co- I
COMPARATIVE | (aromatic epoxy maleic (cata y.st) ketone
EXAMPLE # compound) anhydride) (parts by weight per (solvent)
(2) (2) 100 parts by weight
of the epoxy (8
compound)
Comparative 19.1 15.0 0.30 22.7

24

tenperature of 350.0 C, and a ranp rate of
stability dsd¢ §4i s was used to detern ne

| es
The
A

es CGD

d Tabl e
i meter

[ts of



Tabl e 5A Exanple # dass transition tenperature ( C) Exanple 13 213
Exanpl e 14 205 Exanple 15 161 Exanple 16 184 Exanple 17 198 Exanple 18 176
WO 2012/ OR028BRREIS3EN2010/ 076337 Tabl e 5B Conpar ati ve ExaoplGN2410076353
transition tenperature ( C) Conparative Exanple C 207 Conparative Exanple
D 165

Example A (SMA® 3000P)

Comparative 132.0

Example B 019 (SMA® 60 EF) 0.70 149.3
[0130] The gel times of Examples 7-12 and Comparative Examples A-B were

determined via stroke cure on a 171 °C hot plate, the results of which are shown in Table

4A and Table 4B respectively.

i Table 4A
EXAMPLE # Gel time(:;[ 171 °C
Example 7 237
Example 8 259
Example 9 221
Example 10 268
Example 11 227
Example 12 278
Table 4B
COMPARATIVE Gel time at 171 °C
EXAMPLE # (s)
Comparative Example A 265
Comparative Example B 736
10
[0131] The data in Table 4A shows that the curable compositions, Examples 7-12,

have a gel time of 221 seconds to 278 seconds at a temperature of 171 °C. The gel times
of Examples 7-12 are comparable to the gel times of Comparative Examples A-B, which

15  have gel times of 265 s and 236 s respectively, as shown in Table 4B.

[0132] Examples 13-18—Products obtained by curing Examples 7-12
[0133] Portions of each of Examples 7-12 was brushed onto respective E-glass

fiber mats. The coated mats were then put into an oven at 171 °C for 180 seconds. Then
each of the mats was twisted to obtain a respective powder. The respective powders were

20  hot pressed at 195 °C for 60 minutes to provide cured products Examples 13-18, such that
Examples 7-12 provided Examples 13-18 respectively.

[0134] Comparative Examples C-D
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Tabl e 6A Exanpl e # Degradation tenperature ( C) Exanple 13 357 Exanple 14
339 Exanple 15 341 Exanple 16 350 5Table 6B Conparative Exanple #

Degr adat iwo 20evmes3at ure ( C ) Conparative Exanpl e C 370PCorqansiia7es’ Exanpl e
D 365 Table 7A Exanple # Relative permttivity at 1 gigahertz

[0135] Comparative Examples C-D were formed as Examples 13-18 except that
Comparative Examples A-B were used respectively for Comparative Examples C-D
where Examples 7-12 were used for Examples 13-18, respectively.
[0136] A RSA TIT dynamic mechanical thermal analyzer (TA Instruments) was
5  used to determine glass transition temperatures for Examples 13-18 and Comparative

Examples C-D, the results of which are shown in Table 5A and Table 5B respectively.
The DMT A employed a frequency of 6.28 rad/s, an initial temperature of 20.0 °C, a final
temperature of 350.0 °C, and a ramp rate of 3.0 °C/min.
[0137] Thermal stability analysis was used to determine degradation temperatures

10  for Examples 13-16 and Comparative Examples C-D, the results of which are shown in
Table 6A and 6B respectively. The thermal stability analysis employed a Q5000 machine
available from TA Instruments that utilized a heating rate of 20.0 °C/min. Degradation
temperature was determined as the temperature at 5 % weight loss of material occurred.
[0138] The relative permittivity of respective 0.3 millimeter thick samples of

15  Examples 13-18 and Comparative Examples C-D was determined by ASTM D-150
employing an Agilent E4991 A RF impedance/material analyzer, the results of which are
in Table 7A and Table 7B respectively.
[0139] The dissipation factor of respective 0.3 millimeter thick samples of
Examples 13-18 and Comparative Examples C-D was determined by ASTM D-150

20  employing the Agilent analyzer, the results of which are in Table 8 A and Table 8B

respectively.

Table SA
Example # Glass transition temperature
(°C)
Example 13 3B
Example 14 203
Example 15 &
Example 16 184
Example 17 o8
Example 18 176
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Exanpl e 13 3.02 Exanple 14 3.01 Exanple 15 2.94 Exanple 16 2. 85 Exanple 17
2.89 Exanple 18 2.92 Table 7B WO 2012/ 024833PCT/ CN2010/ 076337

Conpar at iwe 2ma3e D2. 85 Tabl e 8A Exanpl e # Di ssi pat i oRCTAIN2010/086331

gi gahertz Exanple 13 0.008 Exanmple 14 0.009

Table 5B
Comparative Example # Glass transition temperature
(°C)
Comparative Example C 207
Comparative Example D 165
Table 6A
Example # Degradation temperature
(°C)
Example 13 357
Example 14 339
Example 15 341
Example 16 350
Table 6B
Comparative Example # Degradation temperature
(°C)
Comparative Example C 370
Comparative Example D 365
Table 7A
Example # Relative permittivity at 1 gigahertz
Example 13 3.02
Example 14 3.01
Example 15 2.94
Example 16 2.85
Example 17 2.89
Example 18 292

Table 7B

Comparative Example #

Relative permittivity at 1 gigahertz

Comparative Example C

3.03
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Exanpl e 15 0. 007 Exanple 16 0.007 Exanple 17 0.01 Exanple 18 0.01 Table 8B
Conparative Exanple # Dissipation factor at 1 gigahertz Conparative Exanple
C 0. 01 Cownparmtizyss3Exanple D 0.006 5 [0140] The data i nPCakin2oBA76I30Ws t hat
Exanpl es 13-18 had a glass transition tenperature of 161 Cto 213 C. The
data in Table 5B shows that Conparative Exanples C-D had glass transition
tenperatures of 207 C and 165 C respectively. [0141] The data in Table 6A
shows that Exanples 13, 15, and 16, had a 10degradati on tenperature of 357

C, 341 ¢ and 33 fpffniiSamp¥® Y and Bxanple 14 had jggsdegradation
tenperature of 339 C The data in Tahlle 6B shows that (‘nrrparm‘i\/p anrrpl es

C-D had degradations tenperatures of 370 C and 365 C respectively.
[0142] The data in Table 7A shows thafLegpective 0.3 millimeter thick
sanpl es of Exanples 13-18 had a relative permttivity of 2.85 to 3.02 at 1

gi gahertiz. The dat a ExampeFabl e 7B shows t habisCipagarfattove 1kiahglzes C-|D had a
rel ati ve—permttivityof 303 and
Example 13 0.008
Example 14 0.009
Example 15 0.007
Example 16 0.007
Example 17 0.01
Example 18 0.01
Table 8B
Comparative Example # Dissipation factor at 1 gigahertz
Comparative Example C 0.01
Comparative Example D 0.006
5
[0140] The data in Table 5A shows that Examples 13-18 had a glass transition

temperature of 161 °C to 213 °C. The data in Table SB shows that Comparative
Examples C-D had glass transition temperatures of 207 °C and 165 °C respectively.
[0141] The data in Table 6 A shows that Examples 13, 15, and 16, had a

10  degradation temperature of 357 °C, 341 °C, and 350 °C respectively and Example 14 had
a degradation temperature of 339 °C. The data in Table 6B shows that Comparative
Examples C-D had degradations temperatures of 370 °C and 365 °C respectively.
[0142] The data in Table 7A shows that respective 0.3 millimeter thick samples of
Examples 13-18 had a relative permittivity of 2.85 to 3.02 at 1 gigahertz. The data in

15  Table 7B shows that Comparative Examples C-D had a relative permittivity of 3.03 and
2.85 at 1 gigahertz respectively.
[0143] The data in Table 8 A shows that respective 0.3 millimeter thick samples of
Examples 13-18 had a dissipation factor of 0.007 to 0.010 at 1 gigahertz. The data in
Table 8B shows that Comparative Examples C-D had a dissipation factor of 0.006.and

20  0.01 at 1 gigahertz respectively.
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2.85 at 1 gigahertz respectively. [0143] The data in Table 8A shows that
respective 0.3 mllinmeter thick sanples of Exanpl es 13-18 had a

di ssi pat iwo 2beaes33of 0.007 to 0.010 at 1 gigahertz. Thecuamnaoiown7dzmbl e 8B
shows that Conparative Exanples C-D had a dissipation factor of 0.006.and
200.01 at 1 gigahertz respectively. Cains 1. A copolyner obtainable by
reacting styrenic conpound, mal eic anhydride, and a cyclo-olefin, wherein
the cyclo-olefin is selected fromthe group consisting of

5di cycl opent adi ene, di cycl opent adi eng,ggri vati ves, norbornene, norbornene
derivatives, and conbinations thereof. 2. The copolyner of claim1,
wherein constitutional units derived fromthe styrenic conpound are not
greater than 80comilgher qberimabie byokadting styognod gameround, onaeic tnhidoidalandni t s

10derived_f he ,mal.e,c anhydrid de ar t greater than 50.wei ght percent
of the. coBSITMENT UREE bR PSP dGhF srSiad Yelo- ofef i n
are naot gfieal@enfathidne, 4cysbghidigerdeanitive$, nofrtdpaloyenenesefitativeat a

conmbi nation of the copstitutional units derived fromthe styrenic compound,
t he consﬁWﬁ&PW@HﬁPmﬁﬁP?Eo erived fromthe maleic anhydride, and the
constitutional units derived fromthe cyclo-olefin constitute 100 15wei ght
percent of the copolynmer. 3. The copolyner of any one of the preceding

cl ai ms, wher eiThetdepolympodfiaiaim Ih adereimedingtitutionad naitsedenvbdromnahe stetegist of 800
to 20,000 | yvdi ' I.n Q0. . he..copol ynmer
of any oﬁﬁ%%gu@%%%6¥g%§§§ﬁéhé%%?ﬁgﬁ¥%%%?%?ﬁﬁ?h@x%%%%1?%g?mﬁgugglgined by
reactliong deristy fremithe salguoanhelddel aee fistagdate mhanf 500véghttpercentATthea nal ei ¢

anhydride noJe fraction of 0.01 to, 0.50, and cyclo-olefin nple fraction
of 0.01 t@pe‘l.ygw,n ag eﬁn%lﬁaleneln@ﬂ%fiwéﬂgr@nbfgﬁﬁzsﬂﬁ-ﬁ%aée 19t grqafed thandile | ei ¢

anhydr i dew&BhtSefdeAlditRcopdRthet JuBethay £ tnth&ldndr iR @nétftaedraPimigqual 1. 00.
5. A curable conposition conprising: an epox npound; t he

Cco
copol ynerdegged fomyihe grenigfcompeursk ecanstgutianal yrsts dericeddoum dimadeie. WO

2012/ 0248%ﬁl}’&ﬂe%%@é%ﬁ%%nal%n't? hg?"rg%h'?l%ﬁl fhe E&Jf&-%iseiﬁhic%stﬁte ?b@i m S,

wherei n the epoxy conpound 1's sele romthe group consisting of

ar oS ¢ egghktypeaenpafulndspohimetycl i ¢ epoxy conpounds, aliphatic epoxy
conpounds, and conbi nati ons thereof, and wherein the solvent is selected
fromthe group consisting of C3-C8 ketones, Ci -C6 am des, C4-Cl6 dial kyl

et hers, 5(6- ClghealhpdBinkeEofine A of the Pfecedthg ERRintN wvlbletthe BofttHh&rdas hons,
C3-C6 al kyl al kanoat es, , . o
weight average molecular weight of 800 to 20,000 and a polydispersity index of 1.05 to

5.00.

20
4. The copolymer of any one of the preceding claims, wherein the copolymer is
obtained by reacting a styrenic compound mole fraction of 0.01 to 0.90, a maleic
anhydride mole fraction of 0.01 to 0.50, and a cyclo-olefin mole fraction of 0.01 to 0.50,
such that the styrenic compound mole fraction, the maleic anhydride mole fraction, and

25  the cyclo-olefin mole fraction equal 1.00.

5. A curable composition comprising:
an epoxy compound,
the copolymer as in any one of the preceding claims; and

30 a solvent.
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C2-C6 al kyl cyani des, and conbi nati ons thereof. 7. The curable
conposition of any one of the preceding clains, further conprising a

co- curi ngvagertozsssBect ed from the group consi sting of neCol@esio/am3nes,
anhydri des, 10carboxylic acids, phenols, thiols, and conbi nations thereof.
8. The curable conposition of claim7, further conprising a catalyst. 9.
The curabl e conposition of claim8, wherein the epoxy conpound is 20 parts
by 15 weight to 80 parts by weight, a conbination of the copol yner and the

Co-curings agenfhe'oﬁra%@a RAPoSitiBY oPQhighs, &&réﬁt&%&% SOmphditselcbieg sol vent is
2 parts b ght to 100 parts by weight, wherein the parts by weight are

based on {1Q0 tlmagrow epsigsngypitaremoatad epoky edrepapdx pliexship epery, compeurdspol yrrer ,

and the Ci h&%l%g%:&m{léﬂ%dg qu S(ﬁ%@lh?&%'ﬁer&foa}ld%{e}eﬁnﬁ\é X‘%&*}got o_10 parts

by melght poXy co The
curable qmﬁp&émmmmme@ﬁn@ﬁyn@nEQQﬁCkhﬁkpmaaﬁdhmgaﬁh@mp@eruhﬂhﬁmﬂmnﬂprising

an ad e sel ecteqd fromthe g consi st ng of dyes, .pi nts,

Sol or dnt i %mar%m%gwégoc gk Céfgﬁﬁ]l"iﬂ%tf*@ﬁy‘hi"%ﬁ‘?"“étéﬂ@é? %@ﬁi@nmﬂ%u ci zers,
Iubricant@TCJM JyRsliés BiBcontHindtionethefedant s, flane retardants, antiblocking
agents, nold rel ease agents, toughening agents, low profile 25additives,

stress-relief additives, and conbination thereof. 11. A product obtained

by curing,the r ai s

3012 The o odult GFof GRIRET0 b Ae el i R bR T et
co-curing agent selected from the group consisting of novolacs, amines, anhydrides,

10  carboxylic acids, phenols, thiols, and combinations thereof.
8. The curable composition of claim 7, further comprising a catalyst.

9. The curable composition of claim 8, wherein the epoxy compound is 20 parts by
15  weight to 80 parts by weight, a combination of the copolymer and the co-curing agent is
20 parts by weight to 80 parts by weight, the solvent is 2 parts by weight to 100 parts by
weight, wherein the parts by weight are based on 100 parts by weight total of the epoxy
compound, the copolymer, and the curing agent, and the catalyst is 0.01 parts by weight
to 10 parts by weight per 100 parts by weight of the epoxy compound.
20
10.  The curable composition of any one of the preceding claims, further comprising
an additive selected from the group consisting of dyes, pigments, colorants, antioxidants,
heat stabilizers, light stabilizers, plasticizers, lubricants, flow modifiers, drip retardants,
flame retardants, antiblocking agents, mold release agents, toughening agents, low-profile

25  additives, stress-relief additives, and combination thereof.

11. A product obtained by curing the curable composition as in any one of the

preceding claims.

30 12. The product of claim 11, further comprising a reinforcement component.

30



