WD 2012/ 015467PCT/ US2011/ 001281 CURABLE COWPOSI TIONS Fi el d of Disclosure

[ 1] Enbodi nents of the present disclosure are directed toward curable
conposi t iwoepirmses7speci fically, enbodi ments are direct edTiuseandorar abl e
conposi tions including a phosphono-net hyl -gl yci ne. Background [ 2] Epoxy
systens may consist of two conponents that can chemcally react with each
other to forma cured epoxycURMNERIE COMROQSITION® t material . The first
conponent can be an epoxy conpound and the second conponent can be a curing
agent, sonetinmes called a hardener. Epoxy conpounds contain epoxi de groups.
The hardener includes conpoundsFistd cfiDackesureacti ve to the epoxi de groups of
t he epoxy. conpounds. . [3] The_epoxy conpounds capn be cross]inked, also
referr edthod] as cur iBﬁﬁf’,OdH?eI%tﬁ@f&?é%‘ﬁS@&T diselgeure ars drectesdon) ?‘Hléﬁﬁr oups and

t he conp . t | Sy; ' : r ds
o or oag P B R A Bl R A i aoHe
Epoxy sysichringaphdsphomsethetlyyliphyotneconposite materials. Conposite material s
are materials that are nade fromtwo or nore conponents that have distinct
mechani cal properties. For exanple, a conposite material nmay be fornmed of
mul tiple layers of a reinforcing fgRgsrollgyi Ng an epoxy conpound that is
enployed as a matrix material. Eac ayer that nakes up the conposite

mat eri al [(0Rh be i mEpegysystemwinga cohastefowy comppoemsithaTtansehemigallys may be
referred to as, prepregs. .The prepregs can then be cured by .application of
heat andf%3ft Wﬂé%‘g‘r‘gﬁ‘%&offBWtcH@%ce@ }5’5‘?1?1 }t‘hsaat }éarrﬁa’in?rt%e%aéaﬁ%ﬁﬁﬁgtor

Pr essur ec&aSRnt B BPAXpox9EBRIPIHENA AndBR&kEdCoMPdnEM dandela duditgr s of the
prepreg together as the epoxy conpound cures. [5] For some applications,
it may degsintsometinteacalidiea boderssi Epoxncempeundsgoniain enpxidegranpfat T
propertigs.. Fire . is a gas-phase. reaction. .Thus, in. order osite
mat eri al E?'rgelﬂﬁtlﬂ?lu‘iesﬁé)gmo dso‘FVE‘\CEI aﬁeursetac%\ée tloﬁH? eoxglg(ciiesgT gﬁ%ss{)fﬁl %P§| ons of
conposi t gorfiph@idsal S can transition to the gas-phase by deconposition via
exposure to heat. Ignition of the gas-phase can occur either spontaneously
or resul {00Blom an dkeeposy capprunds st be grosyinkgdralsapreferregdiia as GBBRA: gni ti on
of the gasuph . i L fif.Lelent to keep
the deconpas roicd G OFflls BERIGKERDY i iibdipa: B Bkl LG (3
mai nt ai nThideuevglcysvtrgabe phageonponadeintscrosdlinked matdraispehantigall i m t, then
a sel f-sustaining conbystion cycle will be established. [6] CGenerally to
reduce ffe&ﬁ‘h%lb}"!tgtﬂ}‘% hardeRsdsite” materials have included either flame

retar dan@rﬂhat _he oRY QYhdifis EarPbLiRA kS HBKb %ﬁp@sﬁ-rﬁateﬁa&.h@romﬁseité he
conposi t terial that hel ps reduce deconposition to the gas-phase or

fl ame r etmateatmhs &e haddriabs/thayare amderfeony tgasr mponcatepeneptssthat lorve dastigict ut e t he

fl bl t hat ing i ti ngui shed. [.7].Th itability of
| o r ePSPRSRE QPSS Gt AR SPTORO TS ChBr e b9 fofed R fiiber of
accept ab|gefRirartRlsrcingaibes AviAE ah BEbHHEIPIUINAARRAES EfBloyRY 8§ h Rhatrix These

factors can include flammability properties and technical properties of the
conposi t mateatabr Eaghslay@ithatemakes u@]thapampesitewnateréatisan baimpregndted mathpr esent

di scl osupe include a curgbl e, conpasiii i i und
sel ect ed{}}ereé)ﬂfq Rempewtt, thsse fadp fsnrﬁg)bﬁé ger@ %rfréngﬂoc%ggg%)%y& (‘:?ﬁ%ﬁ%ﬁé’ggp garnl cyclic
epoxy coffeabedareddy ?]b}ilib&tﬁorﬁm}eﬁt SFpetare @forme tidiongiosiie sndidital eof ; a

curing agent sel ecte romthe group consisting of novalacs, am nes,
anhydr i débe heatapdiey pressuie cause thheppycomnpeupd o pepsratesndiipuaallolakers Bér eof ;

and a ph - < i h mﬁ@] nore enbodi nents of the present
di scl osu?%%gﬁc}g%@%{a%%fa%g%%eg%g? a?lr’la ergs;./ i npregnating a matri x conmponent
into a rgi0sfor cenefor sanpapyivhtiond) @rmaynddsirebledbatithe compasitembatesalt he cur abl e

conpositjion as disclosed herein._. [10] One or note odi nents. of the
present h?%%ﬁéd%?eéarfim%ﬂ@@ls?-oﬁﬁ%ts %%ﬁséﬁei’i‘?é?ireﬁ?/n%r ”d’n‘érgi')rrfoﬁﬁre of the
prepregs aapsliRchAsss 9 8ULARI, A portckldf if BRsEROYShS AN a¥ke OPortidfs Bf esent

disclosure Ts not intended to describe each disclosed enbodi nent or every
i mpl enentampositeghatetias paregansitiati tocheo gas-ghasy hi ddeapositidroviaekpesufolo ows nor e

particul arly.ex |rfies illustrative.enbodi nents, Ln ral _pl aces

t hr oughoﬁ?att ﬂ%“@%‘g?f 5tg|a§)'R!IaS§ JPBEREE e’lltgerpsrp&r/lla&%é:}ls%)ﬁ?rorﬁg‘ﬁyﬁlogl[ a§Pof exanpl es,
whi ch exggihffsdiade fhWs adpark ofdlahl Usdighitidhioftige gdstphase hif thesieance, the
recited list serves only as a representatjve group and shoul d not be

i nt er pr e vedbutheduening isaificignt to keep Hie|degompastipmiatepf theoomposite

2012/ 015467PCT/ US2011/ 001281 [12] Enbodi nents of the present disclosure
provi de curabl e conpositions. The curable conpositions can include a
phosphono- et hyl - gl yci ne, an epoxy conpound, and a curing agent. [13]
Phosphono- net hyl - gl yci nes, such as gl yphosate, have been used as a

br oad- spectrum system c herbicide to kill weeds. dyphosate salts have been
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[14] Surprisingly, it has been found that phosphono-nethyl-glyci nes may be
included in the curable conpositions of the present disclosure and that
product s wbtaizmassehy curing the curabl e conpositions haveThstiiidesst abl e
flammability properties, such as particular flame classifications, and

desi bl te i | ti , .such | t iti t t )
(1] ProBpkERLgE A TRt saipnant pedyEl B RERE sonRe e B PRI For mul 2
|1 " [16] gk 314%1- %@6{?@9 AR sub@RifM orhBudtiohi @k cleawiMbedestablisiasdh R i s

i ndependent a gen atom an al kyl group, an aryl group, a_glycidyl
group, a[0R6hydr oxy@Genérylly tr mdpee HarBmabditpopetpegite gratanials kpveanclmded=0 gr oup.

[ 18] The .al kyl groups, having the.formula.-CH2, 14-1,.can derived from
an al kan 8’89}ﬁ?"é‘%69'&1pdsaﬁﬁst atﬂV&?Bré’é( eﬁgﬁ*efpﬁﬁage%grgogﬁhgrt@ﬁ] Al kyl groups
can i ncl ygen e hRAlrar kA here SeduladedSositish thahebs2piaRERP fldmeCycl 0al Kyl
groups can be derived fromcycl oal kanes by renoval of a hydrogen atom from
a ring cmtdsdantsithehevolyel @] ineHegaanpon decompostion thdilyterthg Sgmmable gassefes by
renoval of  a bh dr ogen atorgilhf(rioma ring carbon atom Arenes, including

het er oar ¥H&et ggr%%b‘%’f &“or pol ycyclic aromatic hydrocarbons. WO
2012/ O15p@7PCT/ US29hd £QIbARY: of h2imeTieturddryt depbirlds 9h@upsienest fattotsutiat

nmet hyl ene oxi ranes, for exanple, that can be derived by displ acenent

cheni st r ymgfthghymbenaf apedntaie matarielethateandiel ipelyfgdin Gpmpasie mafgqials.

Fadi cal o Ty e R AR ARG bR and ARG o bR P o

t hat cancdigpaite iny-etidlg.om epoxy ring-openi ng reactions of ethylene oxide or
propyl ene oxide. [22] The RI C=0 groups can include acyl radicals where R
i s hydrogen, a CnH2n+1 group, a CnH2n_1 group, a cycl oal kane, an aryl
group, or a conbination thereof. &gﬂné{SpeCi fic phosphono-net hyl - gl yci ne,
where each R is independently hydrogen, 1s glyphosate. d yphosate nay be

r epr esenf(@g§] by t he Ohnelok avire gmbodimends of the pfeadit dismlomukainclude arurgble HO P/ N
OH HO [25] The phosphono-net hyl - gl irfes j pcl ude salts thereof, e.g.

sal ts of CoBPORiQn inclugiie By fpogy cﬁﬁlrpg“%‘fset ?‘Fée‘Je 8T copiighing o

phospho nQr'oHEﬁtiP %hé)%l é’&hlﬁﬁmg@,rhlfc?&ké’%x§ cSRipbufds, EH;BHBﬂi'c‘%pbx# Bahpbindg,

conmbi nation o atiron w th ah nono-"or dianionic formof Formula I.
Exanpl esamf canlsihatiaisttbereof; b igdeng bgant aelectad froni thietgaoun epnsistiRg lof anmoni um

salts such as ammopni u L anmonj um.. i sopr I ium, trinethyl sul foni um
phosphonP‘ENﬂqacﬁo‘PBg@?’d’m‘y‘g% Su?ﬁr{’?ﬁéﬁﬁfcﬁn?%%m%m{f}ﬁi ?ngncé’nﬁbd%} At i ons
t her eof . (HeRIFORR PFho¥PhchoellyRgRRRRAI ments, the nost preferred salts are

t he isopropyl amoni um and the trimethyl sulfoniumsalts. Additionally, the
phosphonf09$t hyl - glOpeionazore goibadienenihgithe dessentiiiscdesure gludgacprensesi nabl e by

wat er renpval .G. anhydrides . of r . - yl -gl yci ne
can'be POATD TudmgRrersb 8e s BBt Bk sIPRAAPARPREELY)

conposi t ixiBreirf Gk reatARRbApbRent phde Rl corhpusitial asalisosedmetrn f rom 1 wei ght
percent to 40 wei ght percent or from 2_ wei ght pe,rccient to, 30 wei ght percent

of the clH@bl e conp¥siorimare embodimends pktag PRserlj disclosyre inchydera proguet: v 5¢

| east one,.". " " i d . The term "and/or"
nmeans ongt,)tagl%g%grc% g?e glr){ngfel @{)@e?& ﬁ%q?%ssq{s gﬁ P%ggrrgé%il’ le recitations of
nuneri cal0indnges byheadpa ninsmanyadfubepmként disclosnes is nbsimtendedita tésaribbeach

;822?0(12 Q{%?]péf%f}' éﬁ%&%g&%grylﬁnpjlégémgﬁonz (')t7 ti’e p?éser%t' (islgc’losélu’re.5’1"h<§a (tigsbgipti(\)/r\ﬂhat

follows more particularly exemplifies illustrative embodiments. In several places throughout
the application, guidance is provided through lists of exampleé, which examples can be used in
various combinations. In each instance, the recited list serves only as a representative group

and should not be interpreted as an exclusive list.

Detailed Description




[ 27] For one or nore enbodi nents, the curabl e conpositions include an epoxy
conpound. A conpound is a substance conposed of atons or ions of two or
nore el erwote12/as4shen cal conbi nati on and an epoxy conp@dmdse&1acrenpound
in which an oxygen atomis directly attached to two adjacent or

non- adj acent carbopn atqQns of carbon chain or ripng system The epoxy
corrpou.nd[.oéah be frgﬁﬂil’i’g%tﬁ?fthﬁé’%séﬂtt‘ﬁf OJEE RV cuﬁ%tfﬁggﬂ?lpgilg?ﬁlfg curabl e
conposi t{flley e cBatr H%l#isnst@ﬁiﬁgmya%ﬁaﬁﬁuﬁgﬁéﬂylbgﬂ};ém@,mn?@owl ght percent

to 80 wel ght percen from 30 wei ght "‘percent to 70 wei ght percent of the
cur abl e congomid; argla curfrigdigehe epoxy conpound can be sel ected fromthe

group copsisting of, aromati c epoxy .conpounds | icycl.i ounds,

al i phati Qﬁéf)oxy cohb%i?ﬁﬂ%?'“&ﬁ&&c%%‘ﬂ??fg? 'Cg’n@ ggﬂg}og%t{\échav%é)g?r? oerdc%g or nore
enbodi Megybg4-shdteruptiéRRinGc Hermaat td Riliswédis! GigpiRataisalidhdve lepexyldagmound.
Exanpl es of aromati ¢ epoxy conpounds include, but are not limted to,

gl yci dyl archdrbicideamdeuthd dradenanet RERERBIUP®.sAdditignalty @hadasaie has beedsor ci nol |

bi sphenol A, bisphenol FE, 4. 4':dihydroxybi phenyl c, cresol
novol ac, U$Aie §ﬁ%‘ﬁ%}fe P&’?Rhgf?‘i&-aﬁ &9%1%%’@%? OAX%‘%Q’%%@%"%% ra( 4-

hydr oxy pparayREsHdaorud £did goit SRNERAN1 aban adhesive.
2,2-bis(4-hydroxygﬁgny;)-%?%%l,3,3,3- hexaf | uor opr opane L

1, 6- di hylékynapht Butpeismglyaichasent feunddhat nhephosp-methzbelyrises B or nore
enbodi ts, . the.cyrabl e, c SktlQnie$ | . [ | ARYy conpound.
Exanpl es %\“ncgﬁdf:&/%ﬁ}lecc S 6%<§°rm or%%éun%g)sf %kllénﬁr(lé%eglg,alsg@ts ellaeragﬁgié%t‘i.?lrl mted to,

pol ygl ychtiine@bpensn@thenakatdd sohpyditignsdiave ®ast desiteblalflamyadtilityr i ng, or
conmpounds i ncl udi ng cycl ohexene oxi de or cycl opentene oxjde obtaj ned by
epoxi di zPiegerighpyehasPIrienlauilamge slasglirams cxd H@IBFC%QWEWH?%ﬁé ring
with an el | exanpl es include, but are not limted to,
hydr ogeng{%%sél gﬁﬁgﬁ%ﬁoﬁ&ﬁﬂger%% yl et her;

3, 4- epoxj$t! ohexy Phedphyie-hethypriygingsmay b ydpresantedsbyl the &llowing

3, 4- epoxy- | - net hyl cycl ohexyl- 3, 4- epoxy- 1- net hyl hexane car boxyl at e;

6- et hyl Familaboxycycl ohexyl net hy1- 6- net hyl - 3, 4- epoxycycl ohexane

car boxyl ' Formula I '
3,4-epox§ﬁ§lnethylc?g?%ﬁexylnethy1-3,4-epoxy-3-nethy|cyclohexane

car boxyl at e; .

3, 4- epoxy- 5- met hyl cycl ohexyl met I(Q1- 3, FRepox¥D5- net hyl cycl ohexane

car boxyl ate; bis(3, 4-epoxycyclo xylnghhyl) i pat e;
met hyl ene- bi s( 3, 4- epoxycyc ney.,.~2, ' ééepoxycyclohexyl)propane;
di cycl opent adi ene di epoxi de; et Myl ene- bi s(3, 4- xycycl ohexane

carboxyl ate); dioctyl epoxyh dr opht hal at e; di - 2-et hyl hexyl
epoxyhexahydr opht hal ate; and conbi nati ons thereof. WD

2012/ 015467PCT/ US2011/ 001281 [31] For one or nore enbodi nents, the curable
conpositions include an aliphatic epoxy conmpound. Exanples of aliphatic
epoxy cof@dinds i nEbuBermilai, eack Rnistindeprndeady tadyydpagengitorsj atyalket her s of

al i phatic polyols or alkylene-oxide ducts thereof, p cidyl, esters of
al i phat i 819U¢n g2 éﬁ’éigFPugPoﬁﬁbéé‘fy& géﬂpdgi%dﬁ‘(‘?ﬁ@i’ ﬁ%lrggoggfﬁtoiigg‘%%éﬁgﬁv
vi nyl - po ,rg,lzdnrlgl_(gzl(yg}dg%[ acrylate or glycidyl nethacrylate, and -

copol yners synthesi zed by vinyl -pol ynerizing glycidyl acrylate or glycidyl
met hacr y[Gi#8¢ and ofTherlkyl axdupsdraine the fQomda pgﬁl%:inﬂwaé@rb@mmdé@m Al ude,

but are t limted to idyl _eth 0 I S, C 4- but anedi ol

di gl yci d%}l%a%% Fe;m‘i",a%‘-’f%@‘grﬂé%ﬁ’ %tgmdﬁé‘?‘yacguaﬁl%% ée{&lr‘%'ef";lI§ QP?B‘T‘ g}%‘? dyl ether of
gl yceri ninctudd é@lyslk gy groapbehatdfaverthegstyilelC phopahelodkykgroagk vahdyl et her
of sorbitol;- a hexaglycidyl ether of_ dipentaerythritol; a diglycidyl ether
of pol yebbgeiyrd fgemeyfloalkamesdyiegioyal eha hydrpgsn %‘Pm[f&r?BrfB’gg)ﬂagtP@ gl ycol ;

pol yglycgt%yfl et hers of pol yether polyols obtained by adding one type, or
two or nore ‘types, of alkylene oxide to aliphatic polyols such as propyl ene
gl ycol , {o19get hyl olThpraspgneypsaad bgldgdeed fromdirgieg biydyinoestefahydfogehi phat i ¢

| ong-chai n d%rbasi ¢ acids; and conbi naii ons. t her eof 32% Forl.one or nore
enbodi meAtos! PR BRg sAPRn RO SYFRGSo S Yding lerd%roareea%»ia#gm BRWEICPhe curing

agent cap,ReydR! £6hesk hyRBtdrBendr oup consisting of novol acs, amines,
anhydri des,” carboxylic acids, phenols, thiols, and conbi nations thereof The
curing agent can be from 1l weight percent .to 50 wei ght percent of the
curabl e conposition; for exanple the curing agent can be from5 wei ght
percent to 45 wei ght percent or from 10 wei ght percent to 40 wei ght percent
of the curable conposition. [33] For3one or nore of the enbodinents, the
curing agent can include a novol ac. Exanpl es of novol acs include phenol
novol acs. Phenols can be reacted in excess, with formal dehyde in the
presence of an acidic catalyst to produce phenol novolacs. [34] For one or

N Y L



[ 43] Exanpl es of aromatic anhydrides include, but are not limted to,

3,3 ,4,4" -benzophenonet etracar boxylic di anhydride, pyronellitic anhydride,
and conbiwetnmas4icher eof [44] Exanples of alicyclic anikgunisded/onrsi ude,
but are not limted to nethyltetrahydrophthalic anhydride,

tetrahydrgpht hal i c _anhydride, nethyl nadi c anhydri de, hexahydrpphthalic
anhydr | déQZDOr}et hyl h@%&@w%rﬁrw%%ﬂéﬁﬁv&%@ CHA @XHBSH te?%’ﬁgf)et eof

[ 45] Exa 4§ j j [ - HIbE to,
br opi ony R o detive by GlcenAT USRS of Bl haltite sEPa G AION i
Exanpl e §3213 pol ynmdthe@-laydnyxiretitid roupslcad énchindet HOCH 081, - tadnalsd t o,

Cich a6 BEFOIHITS: Bafcats BOCAR AP R abs by Sb R arsBHEPRART ons
thereof ofdilieh ﬁlﬁﬁ &B%e%g%& froftf Tﬁog? ﬁ%o@ﬁ%ti&bﬁf Sty idAE oRERMYr can

i nclude a carboxyli1c aci Exanpl'e I c acids include oxoacids
havi ng t popyleneoikidee RAC(=0 ) OH, where R4 is an al kyl group or hydrogen,

and conbi i ons theregqf 48] For onge .or r f the epbqdi,nents, the
curing ag&% can i ﬁ@pﬁﬁ?gﬂ FrEpyFan @ﬁg‘ﬁﬁla r ‘%"%ﬂ@h@f%ﬁi ﬁ%y&ﬁiﬁenb%t are not
l'imted @HZ,QI %Bgﬁ,@t%lzaﬂl%Y&Jp%%ycl@@lﬁaﬁé?%ﬁ|a%51 gtr&ﬁi, of aRoRBiAEbhved from

phenol and/ or eno erivative, and Combinations thereof [49] For one
or nore tfer¢dfe enbodi nents, the curing agent can include a thiol. Exanples

of thiols,jnclude conpoynds having the siructure R5SH,, where RS i.s an al kyl
gr oup, aiqj’b ombi nat’} %%§H?°H§1"§gtf°n°[@5?‘y}:gﬁy°3ﬁewbFrer'ﬁ?a?-:Réﬁ%‘%’l"ﬁ%‘%t“??’ t he
curabl e @oaResh lit SRPhEAR. GIGpHHEEeInSbAeyfdsentEX BY LB 110Wind Boreaflally st

i ncl ude, gut gare1 n(r)g? lim tegéto, 2-%\2% hy? i m dazg}me, 2- phenyl i m dazol e,
2- et hyl - £024dt hyl hdijogaulslle, 1- benzyl- 2- phenyl i mi dazol e, boric acid,

tri phenyl phosphi ne, tetraphenyl phosphoni umtetraphenyl borate, and

conbi nations thereof. The catal ﬁt catdbe u€ad in an amount of from0.01 to
5 parts per hundred parts of thjéepox;&lconp nd; for exanple the catal yst

can be used in an anount B0 per hundred parts of the
epoxy conpound or 0.1 to 4 partg per hundred p of the epoxy conpound.
[ 51] For one or nore enbodi , the curable conpositions can include an

i nhibitor. The inhibitor can inhibit the activity of the catalyst during
for mati of028] a pr efditeghosphgpnoBasthyplgglnginestineludnlsalts thereof g Isaltsofl ewi s aci d.
Exanpl es_of the inhibitor in de, . but are.not limted to, boric acid,

al | des. FERTUBS, FABRRA RS il SrROUmedls: BF Hioeionp ety RGR cobal t
nmanganes gnclhdeQsaltdfiHorRla 13R4tQ8 a cBMBIHaRUR LS aB8kisPWiRh RAth@RS of her eof . Boric
acid as used herein refers to boric acid or derivatives thereof, including

met abor i diaaisinic fom dfdiormubanhExampdes ofisack salisinelude Mybatetriop imitgdio.cont ai n
fromO.3 es of.inhibitor per nole of. catalyst. to 3 les.of inhibitor
per nol eag& W@P ,Sal Sostu&%)%'g e ‘%HP{;{‘S elxré’omé 53%1%%%0%“6{?1’ contain from
0.4 nol egiMbthyROIfOhILAY, pRESphoBIue, Pbtassitiml, YediuthPmdglesiteh efuinum)anbi t-or per
nol e of catalyst or 0.5 noles of inhibitor per nole of catalyst to 2.6

nol es of cpmhinstiews thewef. Yopreongfor angrs of die embashinents, the mospprefgsied gits t he

enbodi ne A0hEni L ' t flame

retar dan?}ezt&’%ﬁaﬁfg’?’[a ngrﬁl- a o;ﬁel%g?[ggthﬁgl#r%’%ﬁé#g?ﬂﬁﬁ%g It vtgg and/ or an

i nor gani phbdphoro-nedtlayl ggytineasddelnde enhydeides theeeof tatrerer dtt@natdebg wWatdrose fl ane

retardants that for oval ent bonds.wth one or re .of. the copponents of
{he. cur aBTEOBfob BV GES b orRURd. The PP SHIGRO S APHeE Ftins PP Tare
preferred.s wliaRl pdrént @50 WeighR pErcehit Iffie AFROIEICBRIPbSitiohRr EXAPIEthe

conposi tions can include a hal ogenated flane retardant’ additive. The
hal ogenatpbosphbaermethtleplyrame candeti fromd weighbper¢and o 40 weight persentcagrfromo 30

wei ght percent, of t rab conmposi;tion: .for exanpl e the hal ogenated
f1ame re?é?’ed&?{tpeéccwpﬁ @éwﬁlghte%eécé}gé’ﬁhf %?bé%forﬁg?sé{é]%f to 25 wei ght percent
or from jgpejei ght pey@edtheietn, 20, igh,ghthepeaciendt ok, "tahe "6ty ébmnerec@mposi ti on.
[ 54] The hal ogenated flane retardant additive can include a hal ogenated

epoxy conpwstinterchangenbly Bholesni and/ed rapanspne ARSI TROresonal ofdbalisled phenol i ¢
har dener , { et | - LS fanayal | nat ed
novol ac. 1S TRAEBMSBRGOAL e HIhy ARGt A0 Al hiffiBers bR ©

pol yst r ymethén tHaetangd (ogpbits plerdadesS, 180d, Z35iH, 380, dns, dthpr eof . Sone
suitable commercially avail abl e products include, but are not limted to,
D.E.R TM 542 (the diglycidyl ether of TBBA), and brom nated 'advanced
resins such as DDE.R TM 560, D.E.R TM 530, D.E. R TM 592, which are

avai l abl e from The Dow Chem cal Conpamy. Advanced resins can be produced by
reaction of a difunctional epoxy resin with a difunctional phenolic
hardener. [55] For one or nore of the enbodi nents, the curable
conpositions can include a non-hal ogenated fl ane retardant additive. The
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[ 60] Exanpl es of phosphazenes include, but are not limted to,

hydr oxyphenoxyphosphazene, phenoxyphosphazene, nethyl phenoxyphosphazene,

cr esyl phospharaneis7xyl enyl oxyphosphazene, net hoxyphosphaeens2011/001281

et hoxyphosphazene, propoxyphosphazene, and conbi nations thereof WO

2012/ 015467PCT/ US2011/ 001281 [61] . For one or nore of .the .erinadi ments, the
non- hal of@dht ed f 1 4198 ope PEFYEHEMARRIMEntse heATable FRMROSIEOSHRFIBRE™ or bor on
conmpound a L L not

T ed T o A R R o P o o et e

i ncl ude, mbtd eleents di channicilednbinatinrmdlanrepbry campoundes akongoend foar i um

nmet abor at e, . sodi um bor ate, . and conbi pnati ons,.t her eof. .62]  For one or nore
of the eWg’é’Hiawg?n e %&Fréﬁf%a‘?ggﬁ‘ggq Y Qafliacenhos m-ﬁcggce%ﬁc rEIB? ganic flame
retar danatom'%%m%n%amggg@n@g&em. PR Rk cHARbind HiH biRomDIY wéikht Not

limted to, nmagnesi um oOxi gnesium chloride, talcum alum na hydrate,

zi nc oxi percerdltaifid neight phrcdntaifahe alrabiervampagitioni fomexampleithereiNyi cat e, sodi um
silicate, zeolite, nesj um hydr oxi de,,.sodi um car bonat e, , cal ci um

car bonat %Om%(?’d‘?grﬁaﬁr}?f’%%&feég PF??ﬁntotQiS&)e",velgfét@eé eng_)?fﬁ m %(fwglgbﬁosphat e,

zi nc chl ikl 1o 90 wes?g%t%eﬂc@m,oﬂH@e&xﬁble%ﬁ@osﬁi@ﬂ! um di hydrogen phosphate, and

conbi nations thereof. The inorganic flane retardant can be from5 wei ght
per cent [028Y5 wei gfithe ppoxyesompsfuntivan baselbtted EonpheigrowmeonsistiingRénpl e t he

non- hal ogenat.ed fl ame retardant .additive can be_{rom [els) ercent to
70 wer onEOBBHE ERYOGTOTRER Rt R e SRR dY b pBe HoYE b BTN |0
65 wei ghindo@mssinitiodk thdieofcur abl e conposition. [63] The curable

conpositi ons can have a phosphorous content of from 0.1 weight percent to

10 wei ght028kr cent Bor enfeoranergisimbadimpris the swrablegompesiions inghedecdsr abl e
conposi t] . o] [ t f wei ght cent to 9
weigne paBRRE PR P FRABL AU CRIREIY crthy ChAbtadt MBLEE LSl P0H o

wei ght pgstdgitedto, glyeidglistadl @ngsounds bf psipphaols, swrh & hydr@fuingeey cent to 10

wei ght percent of the curable conposition. [64] The canponents of the
cur abl e BapEsE9lthighsnelah Mephenahlod¢ csilgwexnm%i,gﬁ?maéwew, gesalhe

curabl e Si.td C ositions can be
m xed, gfrf((g)ul?r?l%,’ 'trgélggﬁgorl (@ﬁ4a§}§g&§§’ﬂ%@éﬁ%?$%% ’eﬂpﬁj’? gicgeggg{slp A suitabl e device
or a conhydrakyphenyljetbarie] aitfabroteotisphenotey, H2-bésiiihydeckybbenylhi, 10,% B3¢,

grinding, and/or extruding. Paranmeters for the mxin ri.ndi ng, and/or

ext r udi nBBWVOKPQFCSPaf‘Fdn?'g%é’dé?iﬁln?@&ﬁ?l&ﬂeﬂa&d&ﬁ@ﬁ@?‘?ng@e?‘?fknown inthe art.
One exa of m xi i -0 B jXi Ng may be
enpl oyegRJ 1} gil parti gg?%éé%ﬁ{)l%cégl%g%?mk’?}ég}éﬁflahlequo ngrtlﬁebﬁ? ?Cgéde% curabl e
conposi t aloryslic epoxdyecogrpmund, Ezamplesiof hhehclic @paxy ecepaugels peolede; but e ze.  For
exanpl e, the conponent f the cyrabl e conposi,ti on can be cryoground or

gr ound b?OtHFWéf_f‘ _rP‘ﬁHgg{ﬁ%ﬁ} 8@8&#@8&9&%@%“9%@98???IGVHEC E8kpBnent s of the
curabl e gHAPASIdS RMudAS cREoKEKeHOExHe oa?%@a@rn@eg@ oR@dd dbthified By ze of 1

m cr onet ers.éin) to 1000 m_ for exanple the conponents of the curable
conposi t epxidzimglsempeundrdnelodimg asysiahgeensaiing el eyckipgatege rigg withaly’5 m or 5 m

to 50 gm_.Eor one or_nor mhodi c n abl e
conpost T PRk onf Pk Br SRR Btk blar REMARGR! G Ryarb Bl T
conponenbigpiidnol Aadiglytiall ethe 3pLrepdxyondokasyletheks ALupedycytithegyl r usi on
process may be a reactive extrusion. The extrusion process can be carried
out in ceabentaenhf-epprr-dsaethylcaelohemir4-epeNy- ksnethdhexang cadpEwiatxt r uder ,
or atw [ I JRSTR odi nent s
of the p?géﬁf%dféé?%%?%h%%% l-g%gtr@lggg’é%ﬁggﬁ epr ggn%%%ﬁi)leyl%gibai ned by
a pr ocess3 dtdpakyidrabihgyciohpxdoettyl 3¢t -eparat 3-metlodogedotertné carboxylate;

reinforc nt c onent. The matri onpongent surroynds and/ or .supports the
rei nf or C%PPXX%%BM&Y?IJ;W&IWF}%%;E oi frtqﬂyﬁ%yci 8 YOG ) %’8"1"?{8’{) ein can
be used f)i@(3,4—@Eoi%%lbﬁeﬁ@ﬁ‘i@@xﬁ?ﬂ%ipafgD&eﬂﬁﬁéﬂe%&i{ggp?&%yé&%xfaﬁé); 2,2-

rei nforcenent corfponent “of t repreg provide synergism_ This synergism
pr ovi desbistiat-cpirycpelebeatdpreprae odicyrloprntadiensistiep s lsthydaneitig(3t4he prepregs

have nmechani cal, and/ or physical,.properties that nat talnabl.e,with only
the i na CraercioBRaen EnPOAE R SR Tk A s he b ek AR e o
fiber. Egssrghesah9lrdphitaldte;ianalcut®inadiiohs tlegeofiot |inited to, glass, aramd,
carbon, polyester, polyethylene, quartz, netal, ceram'c, biomass, and
conbi nati ons thereof. The fibers can be coated. An exanple of a fiber
coating includes, but is not limted to, boron. [69] Exanples of gl ass
fibers include, but are not limted t®, A-glass fibers, E-glass fibers,
C-glass fibers, Rglass fibers, S-glass fibers, T-glass fibers, and

conbi nations thereof. Arami ds are organic polyners, exanples of which

i nclude, but are not limted to, Kevlare, Twaron(r), and conbi nations

Y p— o o e v -



[ 76] The product obtained by curing one or nore prepregs can have a thermnal
degradation tenperature (Td) of at |east 310 C. For exanple, the product
can have wotherarade7degr adati on tenperature of 310 C to B00/US2010/00280 C to
475 C. EXAMPLES [77] In the Exanples, various terns and designations for
material s were used including, for exarrpl e, the followng: [78] Epoxy
conmpoundtO3b] E. N. TMFaBene @mapneaqm@dﬂmwmécg@we@v@rﬁ%am%%ﬁ@n [ 79]

(50) cur RGBS SR Soh o e ot B0kl BT PEmPBh S RS R

agent :  RiotllfzhirE to) p&@é@md@llethbﬁbifahﬁham ;idlﬁol§br ng)lﬂ:ne ox[c&%iddﬁ‘asal yst: boric
acid, availahle fromSig drich Chem cal 83] tal yst:

2- et hyl thierﬁoaw%yméwleﬁﬂ%%almm Bngneham mlywlm% amoeﬁ%%% [ 84]
Phosphon 85

Non- IElal o%'enat%géh})?gyr@l et ar ant %ﬁiyl ve: %@%%IH?W&%@%&%%QV%FI[ ab} e from

G ar i ant cdpolynéraisymthedizedt is). vmiIBﬁc}lyinmzmgrglymdylamlatetoaglj@rd:yl silica (AST

600), avail abl e from Quarzwerke. 87] Rei nforcenent caq d ass cloth
(Style 7@2@96&%%1@%@@ Y%W@B@PF«EX Ble parfigigr q¥amplkes H@H@%-t ut &Fai | abl e

f r.om Duo. 9 Iyt I as

oM Duonltca kA MRipdd o7 Bty ol SR ke Sl dgvemypegeRne ¢

DURI TE( r hexab&dibl digb@ﬁiy@; eﬁms)a tmgbmdyﬂ letheedf glycdri() attoglyslyCether 060 m nutes in
a vessel to Eﬁpgrret m xt ure to al um num

foiled afitg Wﬁn%ﬁt@rawﬁliﬁ‘le I°fﬁ HQ[PW% X?lgyftrtﬁﬁrs cracked into a
nunber  OfipPhige tMehfdaglyeaaylreaﬁer%fbom@m{ee@%&darﬁi Ml!g?fchdylkﬂle%ft m xture

1. The corrpos lons of melt-m xtures 1 are shown in
Mel t - mi xp&lyp@pyleﬁe ahycel; abolyglyridyl etheandf polpetherdpalyals obtaingdiberaddingi eces.

ggglge[)bﬁﬁl\%@’%j’ n&g grBFf‘ ﬁiqr{az X%(ﬁ%@?ﬁene oxide {onﬁlp%gtelcp E)olyg)ls sucl\il M 439 DERTM
propylene glycol, trimethylol propane, and glycerin; diglycidy! esters of aliphatic
long-chain dibasic acids; and combinations thereof.
[032] For one or more embodiments, the curable compositions include a
curing agent. The curing agent can be selected from the group consisting of novolacs,
amines, anhydrides, carboxylic acids, phenols, thiols, and combinations thereof. The
curing agent can be from 1 weight percént to 50 weight percent of the curable
composition; for example the curing agent can be from 5 weight percent to 45 weight
percent or from 10 weight percent to 40 weight percent of the curable composition.
[033] For one or more of the embodiments, the curing agent can include a
novolac. Examples of novolacs include phenol novolacs. Phenols can be reacted in
excess, with formaldehyde in the presence of an acidic catalyst to produce phenol
novolacs.
[034] For one or more of the embodiments, the curing agent can include an
amine. Amines include compounds that contain an N-H moiety, e.g. primary amines
and secondary amines. The amine can be selected from the group consisting of
aliphatic polyamines, arylaliphatic polyamines, cycloaliphatic polyamines, aromatic
polyamines, heterocyclic polyamines, polyalkoxy polyamines, dicyandiamide and
derivatives thereof, arhinoamides, amidines, ketimines, and combinations thereof.
[035] Examples of aliphatic polyamines include, but are not limited to,
ethylenediamine (EDA), diethylenetriamine (DETA), triethylenetetramine (TETA),
trimethyl hexane diamine (TMDA), hexamethylenediamine (HMDA), N-(2-
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1 17.50 (g) . 13.13 (g) 1.80 (g) WD 2012/015467PCT/ US2011/001281

Melt-m xture 2 17.50 (g) 13.13 (g) 1.88 (g) Melt-mxture 3 17.50 (g) 13.13
(g) 0.38 woronlis4em xture 4 420.00 (g) 315.00 (g) 19.50prCmuskahiverzskt ure 5
15.75 (g) 11.82 (g) 0.74 (g) Melt-m xture 6

aminoethyl)-1,3-propanediamine (N3-Amine), N,N'-1,2-ethanediylbis-1,3-.
propanediamine (Ns-amine), dipropylenetriamine, and reaction products of an excess
of these amines with an epoxy resin, such as bisphenol A diglycidy! ether, and
combinations thereof.

[036] Examples of arylaliphatic polyamines include, but are not limited to,
m-xylylenediamine (mXDA), and p-xylylenediamine. Examples of cycloaliphatic
polyamines include, but are not limited to, 1,3-bisaminocyclohexylamine (1,3-BAC),
isophorone diamine (IPDA), and 4,4'-methylenebiscyclohexaneamine. Examples of
aromatic polyamines include, but are not limited to, m-phenylenediamine,
diaminodiphenylmethane (DDM), and diaminodiphenylsulfone (DDS). Examples of
heterocyclic polyamines include, but are not limited to, N-aminoethylpiperazine
(NAEP), 3,9-bis(3-aminopropy!) 2,4,8,10-tetraoxaspiro(S,5)undecane, and
combinations thereof.

[037] Examples of polyalkoxy polyamines include, but are not limited to,
4,7-dioxadecane-1,10-diamine; 1-propanamine; (2,1-ethanediyloxy)-bis-
(diaminopropylated diethylene glycol) (ANCAMINE® 1922A); poly(oxy(methyl-1,2
ethanediyl)), alpha-(2-aminomethylethyl)omega-(2-aminomethylethoxy)
(JEFFAMINE® D-230, D-400); triethyleneglycoldiamine; and oligomers
(JEFFAMINE® XTJ-504, JEFFAMINE® XTJ-512); poly(oxy(methyl-1,2-
ethanediyl)), alpha,alpha’-(oxydi-2,1-etha nediyl)bis(omega-(am'inomethylethoxy)‘)
(JEFFAMINE® XTJ-511); bis(3-aminopropyl)polytetrahydrofuran 350; bis(3-

aminopropyl)polytetrahydrofuran 750; poly(oxy(methyl-1,2-ethanediyl)); a-hydro-w-
(2-aminomethylethoxy) ether with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol
(JEFFAMINE® T-403); diaminopropyl dipropylene glycol; and combinations
thereof.

[038] Examples of dicyandiamide derivatives include, but are not limited to,
guanazole, phenyl guanazole, cyanoureas, and combinations thereof.

[039] Examples of aminoamides include, but are not limited to, amides
formed by reaction of the above aliphatic polyamines with a stoichiometric deficiency
of anhydrides and carboxylic acids, as described in U.S. Patent 4,269,742.

[040] Examples of amidines include, but are not limited to, carboxamidines,

sulfinamidines, phosphinamidines, and combinations thereof.



15.47 (g) 10.05 (g) 0.72 (g) Melt-mxture 7 14.18 (g) 10.64 (g) 0.67 (Qg)
[ 91] Exanples 1-7, Curable Conpositions [92] The pieces of nelt-m xture
1, REZI CURB(2012/@880 (4.75 grans), boric acid (0.13 granmpCI/uR2emaohes1

i m dazol e (0.058 grans), and gl yphosate (5.13 grans) were ground to an

average particle size of 1 to.10 mcropeters i PRI SM Pi | ot inder to
form Exatffilé 1, a @6?‘5‘8‘%0(@551%‘851}3@%‘? eé@&%ﬁﬂu@gsg@ n étlﬁ’ﬁ%g&aé Exanpl e

1, _with LRgThARgesH RRliL afhik|HERSp 2nd REARA su'Hytikoled, dnd Or Exanpl es
2-7, respectively; I%hxarrﬁ% es %&Gérﬁ)ﬁglgﬁ%ed a %Wer{%r c??n?g additive; and
Exanpl e Sombinhtuctsdhemof. norganic filler. The conponents of Exanples 1-7 are

Phosphond3het hyl - GPUBHER Rafe /LT SRPAHERALS U AR A0ER T 20 a AGT Hhni o

filler  DifEdNddMah3Rh{@dds & Bmiduba A8viagwDelI Peblips tbadedtd thk sbrk
oxygen atom. The anhydride can be symmetric or mixed. Symmetric anhydrides
have identical acyl groups. Mixed anhydrides have different acyl groups. The
anhydride is selected from the group consisting of aromatic anhydrides, alicyclic
anhydrides, aliphatic anhydride, polymeric anhydrides, and combinations thereof.
[043] Examples of aromatic anhydrides include, but are not limited to,
3,3',4,4'-benzophenonetetracarboxylic dianhydride, pyromellitic anhydride, and
combinations thereof. '
[044] Examples of alicyclic anhydrides include, but are not limited to
methyltetrahydrophthalic anhydride, tetrahydrophthalic anhydride, methyl nadic
anhydride, hexahydrophthalic anhydride, methylhexahydrophthalic anhydride, and
combinations thereof. '
[045] Examples of aliphatic anhydrides include, but are not limited to,
propionic anhydride, acetic anhydride, and combinations thereof.
[046] Example of a polymeric anhydrides include, but are not limited to,
polymeric anhydrides produced from copolymerization of maleic anhydride such as

poly(styrene-co-maleic anhydride) copolymer, and combinations thereof.

[047] For one or more of the embodiments, the curing agent can include a
carboxylic acid. Examples of carboxylic acids include oxoacids having the structure
R'C(=0 )OH, where R* is an alkyl group or hydrogen, and combinations thereof.
[048] For one or more of the embodiments, the curing agent can include a
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.

[049] For one or more of the embodiments, the curing agent can include a -
thiol. Examples of thiols include compounds having the structure R3SH, where R’ is
an alkyl group, and combinations thereof.

[050] For one or more embodiments, the curable compositions can include a

catalyst. Examples of the catalyst include, but are not limited to, 2-methyl imidazole,
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()ZOE eal I 11Dl z311 d yphosate (g) 2-nmethyl im dazole (g) Boric acid (g)
EXOLI TO OP 950 (8) Silica (g) 1 17.50 13.13 1.80 4.75 5.13 0.058 0.13 - - 2
17.50 13.w08 201288546750 4. 13 PCT/US2011/001281

2-phenyl imidazole, 2-ethyl-4-methyl imidazole, 1-benzyl-2-phenylimidazole, boric
acid, triphenylphosphine, tetraphenylphosphonium-tetraphenylborate, and
combinations thereof. The catalyst can be used in an amount of from 0.01 to 5 parts
per hundred parts of the epoxy compound; for example the catalyst can be used in an
amount of from 0.05 to 4.5 parts per hundred parts of the epoxy compound or 0.1 to 4
parts per hundred parts of the epoxy compound.

[051] For one or more embodiments, the curable compositions can include
an inhibitor. The inhibitor can inhibit the activity of the catalyst during formation of a
prepreg, e.g. B-staging. The inhibitor can be a Lewis acid. Examples of the inhibitor
include, but are not limited to, boric acid, halides, oxides, hydroxides and alkoxides of -
zinc, tin, titanium, cobalt, manganese, iron, silicon, boron, aluminum, and
combinations thereof. Boric acid as used herein refers to boric acid or derivatives
thereof, including metaboric acid and boric anhydride. The curéble compositions can
contain from 0.3 moles of inhibitor per mole of catalyst to 3 moles of inhibitor per
mole of catalyst; for example the curable compositions can contain from 0.4 moles of
inhibitor per mole of catalyst to 2.8 moles of inhibitor per mole of catalyst or 0.5
moles of inhibitor per mole of catalyst to 2.6 moles of inhibitor per mole of catalyst.
[052] For one or more of the embodiments, the curable compositions can
include a halogenated flame retardant additive, a non-halogenated flame retardant
additive, and/or an inorganic flame retardant additive. Reactive flame retardants
(those flame retardants that form covalent bonds with one or more of the components
of the curable compositions) or inert, metal containing materials are preferred.

[053] For one or more of the embodiments, the curable compositions can
include. a halogenated flame retardant additive. The halogenated flame retardant
additive can be from 5 weight percent to 30 weight percent of the curable
composition; for example the halogenated flame retardant additive can be from 7
weight percent to 25 weight percent or from 10 weight percent to 20 weight percent of
the curable composition.

[054] The halogenated flame retardant additive can include a halogenated
epoxy compound, such as a brominated epoxy compound, a halogenated phenolic
hardener, tetrabromobisphenol A (TBBA) and its derivatives, a brominated novolac
and its polyglycidyl ether, TBBA epoxy oligomers, brominated polystryrene,
tetrabromobisphenol-S, and combinations thereof. Some suitable commercially

available products include, but are not limited to, D.E.R.™ 542 (the diglycidyl ether
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0.061 0.12 - - 3 17.50 13.13 0.38 1.88 8.13 0.063 0.32 - - 4 420.00 315.00
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of TBBA), and brominated ‘advanced’ resins such as D.E.R.™ 560, D.E.R.™ 530,
D.E.R.™ 592 which are available from The Dow Chemical Company. Advanced
resins can be produced by reaction of a difunctional epoxy resin with a difunctional
phenoiic hardener.

[055] For one or more of the embodiments, the curable compositions can
include a non-halogenated flame retardant additive. The non-halogenated flame
retardant additive can be from 5 weight percent to 75 weight percent of the curable
composition; for example the non-halogenated flame retardant additive can be from
10 weight percent to 70 weight percent or from 15 weight percent to 65 weight
‘percent of the curable composition.

[056] The non-halogenated flame retardant additive can include a
phosphorous compound. Examples of phosphorous compounds include, but are not
limited to, phosphinates, phosphonates, phosphates, phosphazenes, metal salts of
phosphorus acids, organic salts of phosphorus acids, and combinations thereof.

[057] Examples of phosphinates include, but are not limited to, phosphinate
salts, phosphinate esters, diphosphinic acids, dimethylphosphinic acid,
ethylmethylphosphinic acid, diethylphosphinic acid, the salts of these acids, such as
the aluminum salts and the zinc salts, and combinations thereof. Specific examples of
the salts include, but are not limited to, EXOLIT® OP 910, EXOLIT® OP 930,and
EXOLIT® OP 950 available from Clariant. Additional phosphinates include, but are
not limited to, derivatives of ‘DOP’ (9,10-dihydro-9-oxa-10-phosphaphenanthren-10-
oxide) as described in U.S. Patent Application Publication No. 20070221890, U.S.
Patent No. 6645631, U.S. Patent Application Publication No. 20060149023, and by
Wang in Polymer, Vol 39, No. 23, 5819-5826.

[05 8]. . Examples of phosphonates include, but are not limited to, derivatives
of cyclic phosphonates such as 5,5-dimethyl-2-oxido-1,3,2-dioxéphosphorinane as
described in U.S. Patent No. 6645631, and combinations thereof.

[059] Examples of phosphates include, but are not limited to, ammonium
polyphosphate, such as EXOLIT® 700 available from Clariant, melamine
polyphosphate, and combinations thereof.

[060] Examples of phosphazenes include, but are not limited to,
hydroxyphenoxyphosphazene, phenoxyphosphazene, methylphenoxyphosphazene,
cresylphosphazene, xylenyloxyphosphazene, methoxyphosphazene, ’ '

ethoxyphosphazene, propoxyphosphazene, and combinations thereof.

10



5.63 0.1

50 0.12 4.21 - 15.47 10.05 0.72 3.87 5.53 0.130 0.12 6.58 -

WO

2012/ 015467PCT/ US2011/ 001281 714.1810. 640. 673. 555. 070. 1400. 113. 784. 10
[ 093] Tablwol2pi2/@hshs t he phosphorous content of each of PEYAispdie®os’ as a

wei ght p
# Phosph
2.70

ercentage of the respective curable conposition. Table 111
PO%?TS cont ?:gltr 0 g\gri r%glte cPfetLeC grrr]ﬁ)ogifmetn?s? thceur{o%l-)}lxa?ogce%a e(asfjlatngeon) !
retardant additive can include an antimony or boron compound or salt. Examples of
antimony compounds include, but are not limited to antimony oxides, such as Sb,0;
and Sb;0s. Examples of borates include, but are not limited to, zinc borate, zinc
metaborate, barium metaborate, sodium borate, and combinations thereof.

[062] For one or more of the embodiments, the curable compositions can
include an inorganic flame retardant. Examples of inorganic flame retardants include,
but are not limited to, magnesium oxide, magnesium chloride, talcum, alumina
hydrate, zinc oxide, alumina trihydrate, alumina magnesium, calcium silicate, sodium
silicate, zeolite, magnesium hydroxide, sodium carbonate, calcium carbonate,
ammonium molybdate, iron oxide, copper oxide, zinc phosphate, zinc chloride, silica,
clay, quartz, mica, sodium dihydrogen phosphate, and combinations thereof. The
inorganic flame retardant can be from 5 weight percent to 75 weight percent of the
curable composition; for example the non-halogenated flame retardant additive can be
from 10 weight percent to 70 weight percent of the curable composition or from 15
weight percent to 65 weight percent of the curable composition.

[063] The curable compositions can have a phosphorous content Qf from 0.1
weigh{ percent to 10 weight percent of the curable composition; for example the
curable compositions can have a phosphorous content of from 0.5 weight percent to 9
weight percent of the curable composition, from 1.0 weight percent to 8 weight
percent of the curable compqsition, or from 3 weight percent to 10 weight percent of
the curable composition.

[064] The components of the curable compositions can be summed to give

- 100 weight percent of the curable compositions. The components of the curable

compositions can be mixed, ground, and/or extruded by one or more processes. A
suitable device or a combination of suitable devices may be employed for the mixing,
grinding, and/or extruding. Parameters for the mixing, grinding, and/or extruding
may vary from one application to another, as is known in the art. One example of
mixing is melt-mixing. However, other types of mixing may be employed for
particular applications.

[065] The components of the curable compositions can be ground, e.g.
milled, to an average particle size. For example, the components of the curable
composition can be cryoground or ground by other grinding procedures known in the

art. The components of the curable composition can be ground to an average particle
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33.6042.705 4.40 6 5.40 7 4.00 [ 94] Extrusion process [95] A 24
mllimeter PREISMtw n screw extruder set a 20 rotations per mnute and
havi ng a wonst2/aeme tenperature of 15 C, a second zone rempseatooesof 50 C
and a third zone tenperature of 75 C was primed by adding D.E. R TM 6508
(200 grams) to the extruder. anple 4 was fed to the prjnmed extruder to
provi de 8% iUk masropetsas gtmto @[H‘Bsﬁe%ﬁxﬁp%lﬁ@i C%n%nﬁrcgjﬁggcwéﬁortar and
pest| e ang,pa e Shitiete dife B PURFR XA ISqim RS 8guct
powder 1. ?@%ﬁ%%gﬁdﬁwm\ﬁgrge%% merlgegf;egare as ext ?Eu}gi on product
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seconds whhbiRatibvdaherdofr essure of 20 psi to provide Exanple 17, a product
obtai ned by curing Exanple 9. [0103] Exanpl e 10 was consecutively heated
fromabout 37 Cto 140 C at 10.8 C per minute and held for 10 seconds while
under a pressure of 10 psi; heated from 140 Cto 196 C at 10.8 C per mnute
and held for 90 m nutes while under a2pressure of 30 psi; and cooled from
196 Cto 38 Cat 27 C per mnute and held for 30 seconds while under a
pressure of 30 psi to provide Exanple 18, a product obtained by curing
Exanpl e 10. [0104] Exanpl e 11 was consecutively heated fromabout 37 Cto




14.4 C per mnute and held for 10 seconds while under a pressure of 8 psi;
heated from 140 Cto 190 C at 14.4 C per mnute and held for 90 m nutes
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time 1), a duration o am ng conbustion after sécond burner flane
appl i cat pressufexalicsgandfpr predetempined Hthetinteredy areppstibleng UL- 94 f1 ame

| ifi i . Th | t f this testi i | | V. Tabl |V
chass T LT T SoHkS b RFPotE AL S L 7ot
Flame cl peaidti aakipeéprédd.caldbe 1peaeddfankibiormed into a shape before being more

cured. For some applications, e.g. when an electrical laminate is being produced,

e

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. One example of a process for obtaining the more fully

" cured product is pressing. The prepreg 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 90 °C to 240 °C or 100 °C to 230
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°C. For one or more 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. _

[073] During the pressing, the layered article can be subjected to a curing
force via the press. The curing force may have a value that is 20 kPa to 350 kPa; for
example, the curing force may have a value that is 30 kPa to 300 kPa or 70 kPa to 275
kPa. In addition to the ramp time interval, the curing force may be applied for a
predetermined curing time interval. The predetermined curing time interval may have
a value that is 5 s to 500 s; for example the predetermined curing time interval may
have a value that is 25 s to 450 s or 45 s to 400 s. For other processes for obtaining
the prepreg other curing temperatures, ramp time intervals, curing pressure values,
and/or predetermined curing time intervals are possible. Additionally, the process
may be repeated to further cure the prepreg and obtain the product.

[074] For one or more embodiments, the product obtained by curing one or
more prepregs can have a V-0 or V-1 flame classification according to UL-94
(Underwriters Laboratories) at 1.5 millimeters thickness. The UL-94 tests can
measure the propensity of a material to extinguish or spread flames once it becomes
ignited and can serve as a preliminary indication of a material’s acceptability with
respect to flammability for a particular application. The V-0 and V-1 flame
classifications indicate that the material was tested in a vertical position and self-
extinguished within a specified time, for each respective flame classification, after the 4
ignition source was removed. The V-0 flame classification indicates that burning
stops within 10 seconds after two applications, of ten seconds each, of a flame to a
test bar and no flaming drips are observed. The V-1 flame classification indicates that
burning stops within 60 seconds after two applications, of ten seconds each, of a
flame to a test bar and no flaming drips are observed.

[075] The product obtained by curing one or more prepregs can have a glass
transition temperature (Tg) of at least 100 °C. For example, the product obtained by
curing one or more prepregs can have a glass transition temperature from 100 °C to
500 °Cor 110 °C to 475 °C.

[076] The product obtained by curing one or more prepregs can have a
thermal degradation temperature (Td) of at least 310 °C. For example, the product
can have a thermal degradation temperature of 310 °C to 500 °C, or 320 °C to 475 °C.
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EXAMPLES
[077] In the Examples, various terms and designations for materials were

used including, for example, the following:

[078] Epoxy compound: D.E.N.™ 439, available from The Dow Chemical
Company.

[079] Epoxy compound: D.E.R.™ 6508, available from Thé Dow Chemical
Company.

[080] - Curing agent: DURITE® 357-D, available from Hexion.

[081] Curing agent: REZICURE® 3020, available from the SI Group.

[082] Catalyst: boric acid, available from Sigma Aldrich Chemical
Company.

[083] Catalyst: 2-methyl imidazole, available from Sigma Aldrich Chemical
Company.

[084] Phosphono-methyl-glycine: glyphosate, available from Monsanto.
[085] Non-halogenated flame retardant additive: EXOLIT® OP 950,
available from Clariant International Ltd.

[086] Inorganic flame retardant: silica (AST 600), available from
Quarzwerke. |

[087] Reinforcement component: Glass cloth (Style 7628), available from
JBS/Hexacel.

[088] Release sheet, available from Duo Foil.

[089] Melt Mixing

[090] Melt-mixture 1 was prepared as follows. D.E.N.™ 439 (17.50 grams),

D.E.R. ™ 6508 (13.13grams), and DURITE® 357-D (1.80 grams) were stirred at 140
to 150 °C for 60 minutes in a vessel to form melt-mixture 1. Melt-mixture 1 was
pouréd onto aluminum foiled and cooled to 20 °C. After cooling melt-mixture 1 was
cracked into a number of pieces. Melt-mixtures 2-7 were prepafed similarly to melt-
mixture 1. The compositions of melt-mixtures 1-7 are shown in Table I. Melt-

mixtures 2-7 were also cooled and cracked into a number of pieces.

Table I
Melt-mixture Epoxy compound Curing agent
# D.EN.™ 439 | D.E.R.™ 6508 DURITE® 357-D
Melt-rilixture 17.50 (g) 13.13 (g) 1.80 (g)
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Melt-r;ixture 17.50 (g) 13.13 (g) 1.88 (g)
Melt-rglixture 17.50 (g) 13.13 (g) 0.38 (g)
Melt-r‘r:ixture 420.00 (g) 315.00 (g) 19.50 (g)
Melt-r?ixture 15.75 (g) 11.82 (g) 0.74 (g)
Melt-rgixture 15.47 (g) 10.05 (g) 0.72 (g)
Melt-f{/}ixmre 14.18 (g) 10.64 (g) 0.67 (g)

[091] Examples 1-7, Curable Compositions

[092]

The pieces of melt-mixture 1, REZICURE® 3020 (4.75 grams), boric
acid (0.13 grams), 2-methyl imidazole (0.058 grams), and glyphosate (5.13 grams)

were ground to an average particle size of 1 to 10 micrometers in a PRISM Pilot

grinder to form Example 1, a curable composition. Examples 2-7 were formed as
Example 1, with the changes: melt-mixtures 2-7 replaced melt-mixture 1 for
Examples 2-7, respectively; Examples 4-6 included a flame retardant additive; and

Example 8 included an inorganic filler. The components of Examples 1-7 are shown

in Table II.
Table II
k= Q = =
= E .= 2
2 g 2g % Tel| E
g < 2 oo = S -2 .2
3 20 S L =S S g
o £ =y ) 23 )
x 3 =5 g S
z Ry g 73 RS
£ o
S| o 3 E‘ ® &
m [ V=4 v ol — 0 =) =
N 8 |4 1B_ |8 2218 |0 |«
*a|2a|82(38g faliigs|ea|is
Z & ETI§O STIFEET] 5 S 2
b f 2|y o |OFE | A o
A A 2 S
A o
1 17.50 | 13.13 1.80 4.75 5.13 | 0.058 | 0.13 -
2 17.50 | 13.13 1.88 7.50 4.13 | 0.061 | 0.12 -
3 17.50 | 13.13 | 0.38 1.88 8.13 | 0.063 | 0.32 -
4 |420.00|315.00 | 19.50 | 105.00 | 150.00 | 1.260 | 3.15 -
5 15.75 | 11.82 | 0.74 3.94 5.63 0.150 | 0.12 421
6 1547 | 10.05 | 0.72 3.87 5.53 10.130 | 0.12 6.58
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7 | 1418 | 10.64 | 0.67 3.55 507 |0.140 | 0.11 | 3.78 | 4.10

[093] Table III shows the phosphorous content of each of Examples 1-7 as a
weight percentage of the respective curable composition.
Table 111
Phosphorous content
Example # (weight percent of the curable
‘ composition)

1 2.25

2 2.70

3 3.60

4 2.70

5 4.40

6 5.40

7 4.00
[094] Extrusion process
[095] A 24 millimeter PRISM twin screw extruder set a 20 rotations per

minute and having a first zone temperature of 15° C, a second zone temperature of 50
°C, and a third zone temperature of 75 °C was primed by adding D.E.R.™ 6508 (200
grams) to the extruder. Example 4 was fed to the primed extruder to provide extrusion
prodlict 1. Extrusion product 1 was ground by mortar and pestle and passed through a
30 mesh sieve to provide extrusion product powder 1. Extrusion product powders 2-3
were prepared as extrusion product powder 1, with the changes that curable
compositions prepared as Examples 5-6 replaced Example 4, respectively.

[096] Examples 8,9, 10, 12, 13, and 16, Prepregs

[097] Prepregs were obtained by impregnating a matrix component into a

" reinforcement component as follows. A layered article was prepared as follows. Two

TYVEK® spacers were placed on a first metal sheet. A first release sheet was placed
on the TYVEK® spacers. A 30.48 centimeter by 30.48 cent‘imeter piece of the glass
cloth was placed on the first release sheet. Five and one half (5.5) grams of Example
1 was placed on the glass cloth and spread into a circular shapé. A second release
sheet was placed on the glass cloth and Example 1. Two additional TY VEK® spacers

were placed on the second release sheet. A second metal sheet was placed on the two

17

2



2.9 Bar 4 3.5 0.6 Bar 5 0.7 28.9 Exanple 21 Bar 1 2.2 4.2 V-1 Bar
3.5 10.9 Bar 3 8.5 5.8 Bar 4
WO 2012/015467 PCT/US2011/001281

additional TYVEK® spacers to form the layered article. The layered article was
placed in a 115 °C Tetrahedron Press Model 1401. The press was closed at 5,000
pounds for 100 seconds. The release sheets were removed from the pressed layered
article to provide Example 8, a prepreg. Examples 9, 10, 12, 13, and 16, prepregs,
were prepared as Example 8, with the changes that Examples 2, 3, 5, 6, and 7 replaced
Exarﬁple 1 for Examples 9, 10, 12, 13, and 16, respectively.

[098] Examples 11, 14, and 15, Prepregs

[099] Prepregs were obtained by impregnating a matrix component into a
reinforcement component as follows. A layered article was prepared as follows. Two
TYVEK® spacers were placed on a first metal sheet. A first release sheet was placed
on the TYVEK® spacers. Seventeen and one half (17.5) grams of extrusion p.roduct
powder 1 was placed in the first release sheet and spread into a square shape. A 30.48
centimeter by 35.56 centimeter piece of the glass cloth was placed on extrusion
product powder 1 and the first release sheet. An additional 17.5 grams of extrusion
product powder 1 was placed on the glass cloth and spread into a square shape. A
second release sheet was placed on the glass cloth and the additional extrusion
product powder 1. Two additional TYVEK® spacers were placed on the second
release sheet. A second metal sheet was placed on the two additional TYVEK®
spacers to form the layered article. The layered article was placedina 115°C
Tetrahedron Press Model 1401. The press was closed at 5,000 pounds for 100
seconds. The release sheets were removed from the pressed layered article to provide
Example 11, a prepreg. Examples 14 and 15, prepregs, were prepared as Example 11,
with the changes that extrusion product powders 2 and 3 replaced extrusion product
powder 1 for Examples 14 and 15, respectively.

[0100] Examples 16-24, Products obtained by curing the prepregs of

Examples 8-16

[0101] Prepregs were cured using the Tetrahedron Press Model 1401.
Example 8 was consecutively heated from about 37 °C to 140 °C at 10.8 °C per
minute and held for 10 seconds while under a pressure of 8 psi; heated from 140 °C to
196 °C at 10.8 °C per minute and held for 90 minutes while under a pressure of 32
psi; and cooled from 196 °C to 38 °C at 27 °C per minute and held for 30 seconds
while under a pressure of 32 psi to provide Example 16, a product obtained by curing

Example 8.
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[0102] Example 9 was consecutively heated from about 37 °C to 134 °C at
14.4 °C per minute and held for 10 seconds while under a pressure of 7 psi; heated
from 134 °C to 190 °C at 14.4 °C per minute and held for 90 minutes while under a
pressure of 20 psi; and cooled from 190 °C to 38 °C at 27 °C per minute and held for
30 seconds while under a pressure of 20 psi to provide Example 17, a product
obtained by curing Example 9.

[0103] Example 10 was consecutively heated from about 37 °C to 140 °C at
10.8 °C per minute and held for 10 seconds while under a pressure of 10 psi; heated
from 140 °C to 196 °C at 10.8 °C per minute and held for 90 minutes while under a
pressure of 30 psi; and cooled from 196 °C to 38 °C at 27 °C per minute and held for
30 seconds while under a pressure of 30 psi to provide Example 18, a product
obtained by curing Example 10.

[0104] Example 11 was consecutively heated from about 37 °C to 140 °C at
14.4 °C per minute and held for 10 seconds while under a pressure of 8 psi; heated
from 140 °C to 190 °C at 14.4 °C per minute and held for 90 minutes while under a
pressure of 60 psi; and cooled from 190 °C to 38 °C at 27 °C per minute and held for
60 seconds while under a pressure of 60 psi to provide Example. 19, a product
obtained by curing Example 11.

[0105] Example 12 was consecutively heated from about 37 °C to 134 °C at
14.4 °C per minute and held for 10 seconds while under a pressure of 7 psi; heated
from 134 °C to 196 °C at 14.4 °C per minute and held for 90 minutes while under a
pressure of 20 psi; and cooled from 196 °C to 38 °C'at 27 °C per minute and held for
30 seconds while under a pressure of 20 psi to provide Example 20, a product
obtained by curing Example 12. i} '
[0106] Example 13 was consecutively heated from about 37 °C to 134 °C at
12.6 °C per minute and held for 10 seconds while under a pressure of 10 psi; heated
from 134 °C to 196 °C at 12.6 °C per minute and held for 90 minutes while under a
pressure of 30 psi; and cooled from 196 °C to 38 °C at 27 °C per minute and held for
30 seconds while under a pressure of 30 psi to provide Example 21, a pfoduct
obtained by curing Example 13.

[0107] Example 14 was consecutively heated from about 37 °C to 146 °C at
16.2 °C per minute and held for 10 seconds while under a pressure of 12 psi; heated
from 143 °C to 198 °C at 14.4 °C per minute and held for 90 minutes while under a
pressure of 90 psi; and cooled from 198 °C to 38 °C at 27 °C per minute and held for
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60 seconds while under a pressure of 90 psi to provide Example 18, a product
obtained by curing Example 12.

[0108] Example 15 was consecutively heated from about 37 °C to 146 °C at
14.4 °C per minute and held for 10 seconds while under a pressure of 10 psi; heated
from 146 °C to 190 °C at 14.4 °C per minute and held for 90 minutes while under a
pressure of 85 psi; and cooled from 190 °C to 38 °C at 36 °C per minute and held for
60 seconds while under a pressure of 85 psi to provide Example 23, a product
obtained by curing Example 15.

[0109] Example 16 was consecutively heated from about 37 °C to 134 °C at
14.4 °C per minute and held for 10 seconds while under a pressure of 7 psi; heated
from 134 °C to 196 °C at 14.4 °C per minute and held for 90 minutes while under a
pressure of 20 psi; and cooled from 196 °C to 38 °C at 27 °C per minute and held for
30 seconds while under a pressure of 20 psi to provide Example 24, a product
obtained by curing Example 16.

[0110] Example 16-24 flame classifications were determined using the 94V
Vertical Burning Test, wherein a % inch by 5 inch bar is held at one end in the vertical
position and a burner flame is applied to the free end of the bar for two iO second
intervals separated by the time it takes for flaming combustion to cease after the first
application. Two sets of 5 bars were tested to determine a duration of flaming
combustion after the first burner flame application (extinguish time 1), a duration of
flaming combustion after second burner flame application (extinguish time 2), and the
corresponding UL-94 flame classification. The results of this testing are shown in
Table IV. |

Table IV
Extinguish Extinguish Flame
Example # Bar # Time 1 Time 2 classification
(seconds) (seconds) (UL-94)
Bar 1 43 8
Bar 2 42 10
Example 16 Bar 3 48 9 V-1
Bar 4 42 8
Bar 5 35 5
Example 17 Bar 1 49 4 V-1
Bar 2 42 10
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3.7 Exanple 24 Bar 1 52 V-0, Bar 2 4 3 Bar 3 9 4 Bar 4 8 3 Bar 5 4
4 [0111] The data in Table IV shows that each of Exanples 16-23 has a V-1

WO 2012/015467 PCT/US2011/001281
Bar 3 48 5
Bar 4 38 10 ‘
Bar 5 33 10
Bar 1 48 No ignition
Bar 2 52 No ignition
Example 18 Bar3 - 58 No ignition Mo
classification
Bar 4 63 No ignition
Bar 5 55 No ignition
Bar 1 42 4
Bar 2 48 5
Example 19 Bar 3 41 4 V-1
Bar 4 48 5
Bar 5 41 5
Bar1l 1.5 13.1
Bar 2 2.0 17.3
Example 20 Bar 3 9.6 2.9 V-1
Bar 4 3.5 0.6
Bar 5 0.7 28.9
Bar 1 22 4.2
Bar 2 3.5 10.9
Example 21 Bar 3 8.5 5.8 - V-1
Bar 4 4.5 4.5
BarS - 1.2 10.1
Bar1 1.0 13.8
Bar 2 11.0 2.0
Example 22 Bar 3 6.5 2.9 V-1
Bar 4 14.1 6.4
Bar 5 7.4 4.2
Example 23 Bar 1 10.0 6.4 V-1
Bar 2 4.6 2.5
Bar 3 4.3 2.0
Bar4 7.1 7.4
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flame classification. The data in Table IV also shows that Exanple 24 has a
V-0 flame classification. [0112] Exanpl e 16-24 glass transition tenperatures
wer e det ewoiznedhissrng a QRO0 Differential Scanni ng Cal oPCcwatSes1ifoorzsl TA
Instrunents. The tenperature of each sanple was increased 10 C per mnute
from 30 -— - asstransitiontenrperaturet—+s—+epoerted as the
tenperature at which B#eS ni d- poi A8 of {he fifst-drder transition is

obser veg—omttrefi rStRL E[IPETAtur &5 T anp The,tenpearat ur e was | hai nt ai ned
constant at 220 C{for 15 minute and théen allowed {to equilibnate at 30 C
Again, the tenperaturBaf the sample was i nGreasgd 10 C per {m nute from 30
Cto 220 C. dass ansi-tion tenperatute 2 I s repgorted as the m d- point

t enper aft Example 3¢ fiBatdorder trnsition. fhe tenperdtre .was -mai nt ai ned
constant at 220 Cifor %54ni nute dglt'r thematowedto equilibrfate at 30 C.
The tenperature of th% sanplle was i ncreased 20 Cjiper mnute|{from30 Cto
220 C. [dass transitipargenperatuge 3 s regoried as the m d-point
tenperature of the first-order transition Exanple 16-24 thernal
degradati on tenperatures were determ ned by using a thernogravinetric

anal yzer ) on &, TA i nstr t ! | Sx7_{he software
program @a;{-ﬁ:r sal iﬂ%@%i‘%%ﬁﬁg Sggg;%vég%}ge 'x egsm??%gé%égdif or

anal ysi sflaé cRsdifé@ionhaTRe @dta I TEBIBIV dl $dWsthat/Exaniple Ihhaba Wehd ght  per cent
deconposition tenperature was determ ned. The glass transition tenperatures

and t her fieémne glagsifieionon t enperatures are shown in Table V. Table V Exanpl e

# d ass ition Sgpﬁrt_ . | &l EMREL AL 2 (0O
Gass t r@;@?fi on tg‘%rpe atlﬁrée&{@%&&%ﬁ@?ﬁgﬁpﬁg{r}ggd‘%gghﬁ&t enpél?&as'!tlﬂtﬁae (O
Exanpl e Q800 Befféredttad SRarifibg Galfldneter from TA Instruments. The temperature of

each sample was increased 10 °C per minute from 30 °C to 220 °C. Glass transition

temperature 1 is reported as the temperature at which the mid-point of the first-order
transition is observed on the first temperature ramp. The temperature was
maintained constant at 220 °C for 15 minute and then allowed to equilibrate at 30 °C.
Again, the temperature of the sample was increased 10 °C per minute from 30 °C to
220 °C. Glass transition temperature 2 is reported as the mid-point temperanire of
the first-order transition. The temperature was maintained constant at 220 °C for 15
minute and then allowed to equilibrate at 30 °C. The temperature of the sample was
increased 20 °C per minute from 30 °C to 220 °C. Glass transition temperature 3is
reported as the mid-point temperature of the first-order transition. Example 16-24
thermal degradation temperatures were determined by using a thermogravimetric |
analyzer (TGA) on a TA instruments Q50 analyzer. For analysis, the software
program Universal Analysis V3.3B data was used. The method used for analysis was
a ramp rate of 10 °C/min to 600 °C in air. The 5 weight percent decomposition
temperature was determined. The glass transition temperatures and thermal

degradation temperatures are shown in Table V.

] Table V
Glass Glass Glass Thermal
E le # transition transition transition - degradation
Xampie temperature 1 temperature 2 temperature 3 temperature
O CC) WY) O
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Exanpl e 17 148.8 150.0 151.3 363.0 Exanple 18 141.7 140.2 145.6 355.6
Example 19 147.3 149.6 151.6 357.5 Exanple 20 155.0 161.5 165.0 379.3
Exanpl e 2W02bR/E5455. 3 159. 9 372.4 Exanple 22 155.0 156P@TA52013/001281

Example 16 148.5 153.2 155.6 370.1
Example 17 148.8 150.0 151.3 363.0
Example 18 141.7 140.2 145.6 355.6
Example 19 147.3 149.6 151.6 357.5
Example 20 155.0 161.5 165.0 379.3
Example 21 153.5 155.3 159.9 372.4
Exémple 22 155.0 156.9 161.5 376.5 .
Example 23 152.4 155.3 159.9A 362.4
Example 24 141.5 143.7 145.6 369.7
[0113] The data in Table V shows that each of Examples 16-24 has a glass

transition temperature greater than 140 °C. The data in Table V also shows that each
of Examples 16-24 has a thermal degradation temperature greater than 355 °C.

23



376.5 Exanple 23 152.4 155.3 159.9 362.4 Exanple 24 141.5 143.7 145.6 369.7
[0113] The data in Table V shows that each of Exanples 16-24 has a gl ass
transi ti onotzergpasayure greater than 140 C. The data in Pablus20i1abrel shows
that each of Exanples 16-24 has a thermal degradation tenperature greater
than 355 C. WO 2012/ 015467PCT/ US2011/ 001281 Clains Wat is clainmed: 1. A

curabl e ddeimssition conpri sing: an epoxy conpound sel ected fromthe
group consisting of aromatic epoxy conpounds, alicyclic epoxy compounds,
al i phati oxy. conpounds, and conbi nations thereof; a curing agent
sel ected %H? H@ngﬁoup consi sting of novol acs, am nes, anhydrides,

carboxylic aci dgurdpRefRhpositidhl @nsprisaipd conbi nations thereof; and a
phosphono- et hyl -gl ycine. 2. The curable conposition of claiml1, where the

phosphono- net harl epgiky compouryd sglsatérbEemehe g@upTeasisimgof womeHPERIM on of any
one of the precedi lains, where the.epoxy conmpound i,s _1Q wei ght percent
£0 90 weliGHIPENS aleycTcRBoRy, PRGOSt inre0s SRR aRERer S AP o 50 el ght
percent, QpthihdiRnkRRs&irono-methyl -glycine is 0.5 weight percent to 50

wei ght percent of the curable conmposition. 4. A prepreg obtainable by

i npregnating ae ewring agenoreirsirsromntbo Zeup SPRSIEHMVORGHIEHNBAY, wherein the

matri X conponent conpri,ses; .an e . e I ;. and a
phosphono@:rlriﬁv‘éfhﬂ@eisz ﬁﬁlgg’fyd‘&ac\‘&%e%ﬁ“ﬁ?%ﬁ%&?mr%ﬁ%%g%bdﬁ%%#émg%@m prepreg has a
phosphor us conryd gidspRénddméthytighitineper cent to 10 wei ght percent. 5. The

prepreg of claim4, wherein the phosphono-nethyl-glycine is glyphosate. 6.
The prepreg of claim4, wherein the epoxy conpound is selected fromthe

group congi st i, gl 3k ORALLGHEROIYaGRTPRNEA he BhUBKEH reRRRRIyGAEROUNDS,

al i phati c epoxy conpoun I'nations t
glyphosate.
3. The curable composition of any one of the preceding claims, where the epoxy

compound is 10 weight percent to 90 weight percent, the curing agent is 1 weight
percent to 50 weight percent, and the phosphono-methyl-glycine is 0.5 weight percent

to 50 weight percent of the curable composition.

4. A prepreg obtainable by impregnating a matrix component into a
reinforcement component, wherein the matrix component comprises:

an epoxy compound;

a curing agent; and

a phosphono-methyl-glycine, wherein the matrix component of the prepreg

has a phosphorus content of 0.1 weight percent to 10 weight percent.
S. The prepreg of claim 4, wherein the phosphono-methyl-glycine is glyphosate.
6. The prepreg of claim 4, wherein the epoxy compound is selected from the

group consisting of aromatic epoxy compounds, alicyclic epoxy compounds, aliphatic

epoxy compounds, and combinations thereof.
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WO 2012/ 015467PCT/ US2011/ 001281 7. The prepreg of claim4, wherein the
curing agent is selected fromthe group consisting of novol acs, am nes,
anhydri desQ 20mvdsseyl i ¢ aci ds, phenols, thiols, and conbipoattisesng/ovtrer eof .

8. The prepreg of claim4, wherein the matrix conponent further conprises a

non- hal ogenated fl ane rgt ar dant addiéli ve .and the tri x.conponent of the
prepreg Has a lososenies akclasndewhersin he gurpa pepe it "Tc“’t%ﬁ"i’@ PP percent.
9. The preps:g i %mi}ﬂ\@he i i frdi jconpri ses
an i nor gac‘é?%&ﬁgg#erﬁ)lrv g![aggr’ ant .’ 18. J‘FE% d%?geog(?leiggggg gjlhg?(tr)rllsbt?m%/l\hﬁglgi n the
epoxy corpmbirchtioss thereofi ght percent to 90 wei ght percent, the curing agent
is 1 weight percent to 50 wei ght percent, the phosphono-nethyl-glycine is
0.5 weight percent to 50 wei ght percent, the non-hal ogenated fl ane

retardantg, addiﬁﬂe\rf;ﬁeﬂré Bf URiH It whEREME rhftrif 2oMpbadtt el Binpriasa t he
inorganic flame ret ar%iant I's 5 weight percent to 75 wei ght percent of the

matri x cawpdntogenated flamehetaptappadsitivf ans the mabox compersnt of the prERIES x
conponent, further conprjses hal, ogenat ed .fl a retardant additive and the
hal ogena aP%%W@OPE@Pﬁ&ﬁPfg&&f%“?@%“‘?’%t '8 R?e‘i"%ﬁ‘?t B5&¢%nt to 30 wei ght
percent of the matrix conmponent. 12. A product obtained by curing one or
nmore prepregs as in any one of the preceding clains, wherein the product
has a gl &s t ridegireprog of elapye Bawhersinothe apatis gemponent furghes compsises a5, a

t her mal de%rgadagli on tterq)e ature of at |east 310 degrees Celsius, and a V-0
or V-1 fl"AedUF &S FEtA"6n according to UL-94 at 1.5 nillimeters '

t hi ckness.

10.  The prepreg of claim 9, wherein the epoxy compound is 10 weight percent to

90 weight percent, the curing agent is 1 weight percent to 50 v;/eight percent, the
phosphono-methyl-glycine is 0.5 weight percent to 50 weight percent, the non-
halogenated flame retardant additive is 5 weight percent to 75 weight percent, and the
inorganic flame retardant is 5 weight percent to 75 weight percent of the matrix

component.

11.  The prepreg of claim 10, wherein the matrix component further comprises a
halogenated flame retardant additive and the halogenated flame retardant additive is 5

weight percent to 30 weight percent of the matrix component.

12. A product obtained by curing one or more prepregs as in any one of the
preceding claims, wherein the product has a glass transition temperature of at least
100 degrees Celsius, a thermal degradation temperature of at least 310 degrees
Celsius, and a V-0 or V-1 flame classification according to UL-94 at 1.5 millimeters

thickness.
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