CURABLE COVPQCSI TI ONS BACKGROUND OF THE | NVENTI ON

This application clainms the benefit of priority under 35 U . S. C
119(e) to 5U. S. Provisional Application No. 61/359,540, filed June
29, 2010. Field of the Invent] ofe present invention
is related to epoxy-based congucti?/IéEgtRhéIEPeSI%Iorrposi tions and a
process for preparing such conpositions. Mre specifically, the
present inye o. I I = : y resin conposition based on

Vi nyl ar erre re—trse

t her noset s. . Te,c ositions of the present jnvention
be used as an adhesiti%®aPRiIRHANRYG m%éheagﬂeﬁea%mﬁgty BRdEri3p r%ﬁ& g%ldzgyto
Backgsoundsapdy el ReloHiatiohiRlock 9699, 840, ERAKI 99! S IROMPOST i ons have

been utilized for conductive 1l5appli'cations. For exanple, U S. Patent
No. 5, 92%,. fﬁ; i t he use of pol yepoxi de resins and

Conposi tiq:héllé% G é}ﬁl%ﬁf or preparing a flexible (less than 45 Shore

D) cured product intended f.or use.in.conductive applications.

fowever . Lhe. compoaErgennveen b BSha et Erdlondityf Eabien: age
of utili zbRGosiBehIdM priceds fdrgRefdating such’éddihoRitivhs Nvibr&bpeeERhRY, the present

chl oride content which can inpart poor perfornmance properties to the
resul ti ngnveotienraddepiodifPpXATesHl ¢nnositea basadran Yisylacay oz uegfubiog the

humi %tyn(%(a%%hreofc nductive t el%cﬂgtfé references that disclose the use
of reésins havi ng a di sagltvan ageous’ high level of hydrolyzable

Q ¢
Aanuf act ure of conductive

chl ori de incl ude, E[%r exan%)be %&70136 Bl which dibscl 0ses tgﬁ use of
acrylic and epoxy BPEFIEPPIHHOPSKT 1B PLeseit FhghteR g% bS #akas Ap a90gs1g in
Pat ent Neonducfi9Sapiflicatibtisch di scl oses the use of a hybrid pol ymer
network resulting in a reworkable 25 conductive adhesive; U S. Patent

No. 7, 018ef0intithi Btk S6Lab SR kEGedSG: Of a polyolefin el astomer for
conductive T1Tms i n sem conductor packagi ng applications; and U. S.
Patent No. 5,575,9 | j . Me] :
pol ymer for use in%%(r)n %)g{]ieggﬁg%géﬁ\?%’%gggﬁﬁag{eibgﬁé{.1 egr@a%gl%&we
gl yciflyl applivationse Jiorexanpleat/ed Phtent Ne. 3,820514 1adiscdbsep Henskiof polyepurideo

30 functional huilding blocks wifh epichlorohydrin can al so be used
in condue%sawng&%@9?139%@?1‘6%8%{9_&Pfepﬁ%%ﬂaléﬁéiﬁsat a84prhogrld) cured
di SadVa“?P&ﬁ@t HiRatPror hse ﬁmodmaﬁ&fde‘é?}éﬂcagigag%? ﬂl&x)é&ller,%e Baﬁfflfégiﬁ{ﬁ%tb'f%e

chlorides i n such resins. For exanp yci dyl ‘et her sphenol
A or di ghboiehatengttage thefdifidspitegrod ! dElizegirasnowith e dingha(l A0 b2868 ppab| e

hydrol yzabl e. chlorjde | evels of. from 150 mta 2000 m as sur egd.
Ve Don BroGhERg ehbRige Softett Which b Triadt doREhedntincs oMk Rongeulting
resipg, eweh pasiveysl feRipRfdnere GRPXV+) 8/ 0 BighdRMiidith (61908, | ow

hydr ol yzabl epchl ori éﬁg{coﬁ?gnt (‘E- 5 pp)rr) , W %gnout 1t hg(usg%of

5epi chl or ohydri n. @fﬁér?@i}efyg@%&l BRI hERVT r&R miqglsae&ls&iv%ggeo%

al ong with conventional g yl ether resins, 1 n applications

r equi r i ngighilgvel plihydrglyghtdechlonide incbleafor extmpe,) EP 1&0d3 ¢yl which pisaioses the

resins are de .without the us f epi chl orohydrjn .res i in alow
v oy 4 @ KRy g bt Rends ety Sy chBRiYe 1bRubes Ut et ooy
cycl oal i phabha7 h@sdEsdlSsek HHE ds8 G R\ ybAE pSIYRR: AEtwoHK 1eR61tiAE fNA rdWitkattan
be used in the formulation, i.e., t%e curing agent 10for "t he

cycl 3al i piraducdve adiesiye; d.Sr Batent Meo.&/0 18070 nilyich ilielosgs thewsesofagiodyadefid ng

agents. € La”sv['gﬁ‘l@{ fogf:or-[&'l%tilveN}{llEM {ncggmiconductor packaging applications; and U.S. Patent

No. 5,575,956 which discloses the use of a flexible epoxy polymer for use in conductive

adhesive applications.

Standard glycidyl ether resins prepared by the reaction of phenolic or amino
30 functional building blocks with epichlorohydrin can also be used in conductive
compositions. However, these standard resins are disadvantaged due to the comparatively

high level of hydrolyzable chlorides in such resins. For example, diglycidyl ether of
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The present invention is directed to providing an epoxy resin
conposition that (1) can be nmade w thout using epichlorohydrin, (2)
can be used wth a w de range of curing agents including am nes,

phenol i c 5y, i: :

5t hennomiSaiit pFEieBici BBV REnA PR P ol AR Gable hydrolyzsble
no ext r acthidride 1énads afefmeSQppmJtG 2pporpnalas deajyredind i¢d hromatogeaphal N a
high filler loading (e.g. >30 %by volunme filler loading) while

mai nt ai ni ng | ow vi gersildoyknb@nGo nelfACars radins Zuckadtycléaliphatid ¢gpoxy resins,
The present invention is advantageous over prior art because the
resin corfeBieEnee atow hrdrphaala chiofde pente (anarﬂpb Withoyt thewse of

Egg{)gély tzfeg c%lc?rg’ltl)ﬁﬁ'f d%jggo\éﬁbﬁeﬁgcge&gxgresﬁ% cgﬁ)ﬂl uge(a aﬁ&%éSPélglp%%%th conventional

i nvent i orglyddyietiee mdls]; 0 gppHEAions geg@rimngyhi gapuﬁﬁqumntd ooatantirationd;eind
formul ations Qor conpositions utilizing a divinylarene di oxide such as
di vi nyl bedsoplePhafigxesins aie made Bifperdhe “?Wfrﬁpwhl%%l?bﬂ&“rfﬁﬂ%’én&lﬁé’f Rset
systens i f i
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t enper at ures . g. 70 C.to 225 C, and low to no extractable
(e.g. <1GBYMAREIQLAREI N ION o "a very low to no extractabl e
(e.g. <1 ppm ionic contam nation inparted by the resin. |In addition,
the use of 30the pri"é@msentrmmlnoans disedted tojprortiding an@a@zm@gmtcnmpgyéom
a wide v f f

2gents oattptYerBig id PURRPRRs ebicforonob e bane Bk Wi gehiled

convent i @adhg egshmablmaimgtamm;ppwoneﬁ iphényl esters, anhydrides adhpte®fig tunable
enbodi ment, a di epoxide derivative aof a divin Iarene resin such, as
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and pri ntlmdlurg) whiletneantainkng lomnuib@iity (g, <D acoat@aratat 1élsse ) ow i oni ¢
5contam nation (e.g. <1 ppmCL) results fromthe synthetic route to
manuf acture the FYD|Tﬁaélpk&el\1ﬁh€é’ntldﬁ6§ad’v@htagéduls lozer ﬂ’rﬁir(ag&ﬁ:aﬁtﬁé the resin

i nt er nedi at es, g epi chl orohydrin. The use of conventijona
cycl oal i ﬁﬁlé*PP‘ée“FB ?@?rWFHnYWOPémHEﬁ%Yﬁ%FQVEIEYQTBH‘?@?{? chlgride Fﬁ"?’éd by

sui t gl e(ﬁgrélg%nﬁi‘t%%%%ﬁlégmh%n L6t %"gF%Eﬁt ifveafipydride or Lew s

acid curi ere esired to devel op and

i ncorporate epoxy Y i 0

chl ori de content V\/hl;[?%ll?pe%m\ﬂfi %\benltl%vlSd‘!h§ ?e%l tg)fmpgﬁg‘% éﬁg’é gﬁ%eclle%\é\{g@l&é‘{r}ri ng
agent s Wtidr®o st &ririulgions ﬂabchﬁpdslitﬁfm&azlhgmlmhylafeﬁeatdxn@suamds
increased filler loading for Inproved conduct|V|t§l either electrical
and/ or t HBfipdbenzepedipxile 4s 3 companss gxkigh PeRUEKNES iegrpseh By stesrginteadedor
sole res e

oe o ¢ e Bhe BBl hihlifhy H 1 LRODRHRE Ak LOREE iy (U
(e.g25 t Hemﬁlohﬂe&n}irargwd pmieemﬂnh@sn slid fnal ypplovadon sanydrddl diel

A S R S N Y S
C) in th%aﬂﬁ%@?ﬁé%% VO S)E HRgHE 812t rddidn t%hﬁ?)@raﬁﬁesgggggg% Gole; 929

enabl es ormul ati on rategies. In addit ity to
Cur e 225 °C), and low to no extractable (e.g. <10 ppm) halogen content, i.e., a very low to no

extractable (e.g. <1 ppm) ionic contamination imparted by the resin. In addition, the use of
30  the present invention resin, in turn, enables the use of a wide variety of curing agents, i.e., a
number of different curing agents can be used, in the resultant thermoset system, unlike

conventional cycloaliphatic epoxy resins.



the present invention resin with an expanded curing agent range,
offers the formulator 20significantly wider fornulation |atitude over
cycloaliphatic type resins. Low to no extractable haI ogen content is

desirabl e to maint aj h

Celian |ty (eg on SR RRPaRRAL e PR AN AR T
over the divihglbefizneis Lttnﬁeal&yam@oxyrba@arbotnﬂ@awetth@mmw@i YTHeQ¥sin
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DETAI BED doba@ih4Pibh @lgGR1 fipitr GITNYEsNTEE Ehm the synthetlc route tOnanbfaoante thepect

of the present i ny i on conprises an epoxy-hased cond ctlve curabl e
vi nyl ar erfolgslg@h hchelors BYrHssr bR Ries BT Iflgy ce SpighlgrohgAgn. 1he uso of

vinylar e%n?%?ﬁé{éérl%yglﬁgﬁ%}gaghc lr@sﬁ?stwﬁ{‘ﬁmﬂérdor@ﬂ(ﬁ%%nteﬁﬁ)s lﬂltéd%lt%lg

conductive ; optionally, at |east one catal

The vi nylcariegehaxisaties wdldnhrmclpnma(lw) anhydededr Lawis had pmelsgagentm\lemukin
may conpr for ubstltut ed or unsubstituted .aren
e | e EhsiFrort STy fovehaad Sipastls RROR 1S HATAI iy o gnd very
posi 1pon.joR&hs ERBLYe cddight WHBOLcIAE @K WAR 2 WG MhBY bf GoRY I%ﬁrmf@%ents
exanpl e, the arene portion of the vinylarene oxide nmay consist o

benzene, @ubwahlmnﬁéﬁﬂ@mmeq@msk properéied and lnqeaﬁq:d diller bddisgrieenes
or honol egously bo ene m xtures thereof
When t he @‘PWF%F%%&C@B?’E eL{ﬁ e Ifluc ‘i%?cﬁ %‘F%‘ﬁ OXI de has two 5 vinyl

: h th t
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i ncl udi ngd&%ﬂ/é‘((ﬁfd@ﬂt)% K ¥dsin %{leatlbﬁ’-l ?H@ﬂse dHthe ﬁresén%ﬁﬁr)éﬁ‘t’f@ﬁ RsinQmphs
where R may be a saturated al kyl or aryl). Ri'ng-annul ated benzenes

may ddnsiimpraykd pegphrtties &-gn thenmaltresistguiep el phie edisivily) eved comeentipiad glycidyl

Honol ogou ubstitut.ed) si st .of b henyl ,
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general I y by eneral chem cal Structures -1V as fol | ows: tructure

°C to 225 °C), enables new formulation strategies. In addition, the ability to cure
the present invention resin with an expanded curing agent range, offers the formulator
20  significantly wider formulation latitude over cycloaliphatic type resins. Low to no

extractable halogen content is desirable to maintain package or device performance in high
humidity reliability (e.g. 85 % relative humidity, 85 °C) testing and field use over the
lifetime of the device. In addition, the comparatively low viscosity (e.g. <0.020 Pa-s at
25 °C) enables higher filler loadings and smaller fillers to be used compared to standard

25  glycidyl ether resins, such as diglycidyl ether of bisphenol A or diglycidyl ether of
bisphenol F at viscosities of about 2.0 to about 15.0 Pa-s at 25 °C.

DETAILED DESCRIPTION OF THE INVENTION

One broad aspect of the present invention comprises an epoxy-based
conductive curable vinylarene oxide resin composition including (a} at least one vinylarene
30 oxide, (b) at least one curing agent, (c) at least one conductive filler; and (d) optionally, at

least one catalyst.

The vinylarene oxide, component (a), useful in the present invention may
comprise, for example, any substituted or unsubstituted arene nucleus bearing one, two, or

3.



15 Structure |1 Structure Il 5Structure |V In the
above Structures |, II, 111, and IV of the vinylarene oxide conononer
of the present invention, each RI, R2, R3 and R4 individually may be

hydr ogen,

300090 Mo SUELAPUY b . el B0, BEAL e Oy s
| socyanatir eesmple, fROagsne qnpmmhﬁlﬂaa ﬂnﬁafmy okrleamayadolyikt ofdieykener substituted
aral kyl; 10x is an inte of Ot IS an integer, greater than or

equal to bENZENEY, (P%bSHHlt‘?cﬁ gj@@@,nnplggeg bp%gqeg)gr quelpequslygbongeq gsubsituted)
i nteger QfenPede® (ﬁmﬁﬁﬁjesztﬁéfrei)is Whed g'lte larlaﬁféoﬁﬂﬁlﬂf ke vﬁ&‘i’ﬁl&né ifle b0
Ar is an arene Tragnent 1 ncluding for éxanple, 1, 3-phenylene group.
| n addi t ivomyl gRiupsasucheraups emytbievoe/gr matp( s) paradsantkirngr eryorixdee thereof.

5o enat oy SN ESEL N, LR ATD S STl AT

vinyl ar e'lﬁld?g’éh A8ty Sistyafats e RU-E&ATREe R@HMé zpﬂmﬁﬁﬁéd BecyPbP I)e‘kmé or
exanpl e, by the process described in International Pafent plication

No. WD zcanowl@tﬁﬁzt@&enbglnmmm%pf adphthlFleae, vétraflydrosaphtbalbrke and the like.
conposi ti.ons .t hat resent |nv are.als

i 561 osed HloRg 25 g Enyialal BRI SRR congSEttsBen] gndeSdeper ang
vi nyligrenge Bé.de i s a divinyl arene dioxide. In another 20 enbodi nent,
the vinylarene oxide useful in the present invention preferably may
conprise, divinyl bepgzangsRxbsige u@d“ﬂ)f‘? ? aAR{Y faLeRGoHi Kb tRe present

di vi nyl bi phenyl di oxi de,” di vi nyl di phenyl et her” di oxi de, or m xtures

t her eof invention may Henllmupte@fgntreﬂy bmg@hraimhbmmal Stmctpwee $d¥tas follows:

i nvention, the vinylarene oxide used in the epoxy resin conposition
may be for exanple divinyl benzene di X|dé)(DVB . 25 Most
preferably, the vinylarene oxide t tha& is useful in the
present invention includes, for|lexa T I vi'hiyl benzene di oxi de as
illustrated by the foll ow ng ch ornulaaof Structure V:
Structure V The cEe i rmul a of QP above DVBDO

conpound of Structure V may s follows: C10li 1002; the nol ecul ar
wei ght of the DVBDO nmay be a olit| 162.2; and the 5e|enenta| anal ysi s
of the DvBDO rmay be about as fol fows: C, 74.06; H, 6.21; and 0, 19.73
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wi th an epoxi de equival ent wei ght of about 81 g/nol.

Vi nyl arene oxides, particularly those derived fromdivinyl benzene
such as for exanple DVBDO, are a class of epoxides which have a
relatively low liquid viscosity (e. %‘tructﬁ? 0 Pa-s at 25 C) but have
a higher rigidity and crosslink densirty - 81 10 g/nol) than
conventi onal epoxy resins. Structure VI belowillustrates
an enbodi nent of a preferred chem cal structure of the DvVBDO usef ul
in the present invention: 15Structure Vi Structure VII

bel ow i | l ustrates another enbodi mrent of a preferred chem cal
structure of the DVBDO useful in the present invention: 20Structure
VI When DVBDO i s prepared by the Bsocess known in the art, it is
possible to obtain one of thr ssiple i rs: ortho, neta, and
para. Accordingly, the present iyZwention in des a DvBDO il | ustrated
by any one of the above Struc s i ndi vi dual f as a mxture
thereof Structures VI and VII db&ye show th&zn eta (1,3-DVBDO) and
para 5 isomers of DVBDO respectively. The ortho isonmer is rare; and
usual ky DVBDO i s nostly produced gegguéuteyivin a range of from9:1 to
1:9 ratio of neta (Structure VI) to para (Structure VII1) isoners. The
present invention preferably includes as one enbodi nent a range of
from6:1 to 1:6 ratlhdegboze ptisetuies IV Hlpam} et thegimplarenegiids epraenpsper

41 o 101 B isPaip, it Mot bnd i Ml o aShusrAn
of the p rc??)lr%gﬂcyf, Y GRf bPEh atfk§1 YoRY! G aeﬂ%i)z%is@ﬁnﬂﬁlﬂag ﬁg%}lﬁ%%% f3Y 8Rirhble &S

(such as exanpl € | ess than 20 wei ght percent™ |
subst i t uthelbgem,emeso, ahiheoyamaiator an®R G groupt whereinfR trag bs ub stkiyl,urddr aralkyl;

aren depend.qgn th rocess used in th reparatiaqn of .the

U ny 3 entes B autree 8F O e RnE et e et e a0 25 x By i tozer lss than
di vi nyl bRz tP6:808 LA htBYer i e t6l81MArA9a8 ah iRercples iRh Y bHRNEEnd Ar is
(DEB) may contain quantities of ethylvi g%émgenzene (EVB) and DEB. Upon
react i on agjareneHipgmegeinciéngdpoexarmlid 1 tege gravpl JIn agdibem Aurven be a
nonoxi de _whi.l e DEB. renmmifas unchanged. The pres f t : S
can 1 nr SOt VE roBish He TR G R naisr o P SERES By A3 74 SIRGRLS
a val ue droefb es 6 dbpandinpain thé sibidapion patanpPusfekablyt yean be utilized at
level s of O to 20 99 % of the epoxy resin portion. I'n one
enbogsnent, the DVEBROWSEM£AtkidSuet ¥l theDYBIR inberRionan&MROPoMRRH EfoR
DVBDO i s | ess than 100% purity when manufactured. For exan&{g, a
DVBDO t h&karspls, iethg pearepredasprbeadris lutgastienabVRem prpitration BentdP ni ng

) | .. th . 9 .
T

oxi de use@fdskntiifvdnifion pfLAfNdisd1086dRh,| foNeCaMeE, (5 8 SPatéaN®E R@IR|580. DVBDO,
a low viscosity liquid epoxy resin (e.g., 0.012 Pa-s at 25 C). The

vi scots! ty of the vippttRbEN&ic¥hfelSORdE Iy 4 NCInle&RIBoAle. t MGnBIRE eNt
I nventi on

20  embodiment, the vinylarene oxide useful in the present invention preferably may comprise,

divinylbenzene dioxide, divinylnaphthalene dioxide, divinylbiphenyl dioxide,

divinyldiphenylether dioxide, or mixtures thercof.

In a preferred embodiment of the present invention, the vinylarene oxide
used in the epoxy resin composition may be for example divinylbenzene dioxide (DVBDO).
25  Most preferably, the vinylarene oxide component that is useful in the present invention
includes, for example, a divinylbenzene dioxide as illustrated by the following chemical

formula of Structure V:



ranges generally from0.001 Pa-s to 0.1 Pa-s, preferably fromO0.01
Pa-s to about 0.05 Pa-s, and nore preferably from0.01 Pa-s to 0.025
Pa-s, at 25 C. 30The utility of the vinylarene oxides of the present
invention requires thermal stability al low fornmul ating or
processi ng the vinyl arene oxi des at ate tenperatures (for
exanpl e, at tenperatures of from 100 200 C) for up to several
hours (for exanple, for at | east ) without oligonerization or
honopol yneri zati on. A i goneri zafi on or| honmopol yneri zation during
formul ati on or processing is evidgnt by|a substantial increase (e.g.,
greater than 50 fold) in visgosi el ling (crosslinking). The

vi nyl arene oxi des of the p nt invention have sufficient thernal
stability such that the vifyl arene oxides do not experience a
substantial increase in viscosity or gelling during 5 fornmul ation or
processing at the aforenentioned nodafetuee Venper at ures. Anot her
advant ageous property of the vinylarene oxide useful in the present

invention is its riTHeGhbMical Rmiiatifdhd ¥boRe EPEEDY Rindolifd ¥f Sirhatii@Nemay
oxi de is measured Ey a cal cul ated nunber of rotational degrees of
1

f 1 eedom &k a5 fellagso Ghatbo@x dhampleguler weishhefithe DS G neayebarebonbE2s%; and the
Bi cer ano (s ah el L0 PLEG DRl pEAKIRL HRREEL 25 1PRkd ey BoYY 73

10 York,_ _ rigrdrty o vi nylarene "oxi de’ Us
present ivittest éporideryuivargewgighesdboyt 1 @mob. to 10, preferably from 6
to 9, and nore preferably from®6 to 8 rotational degrees of freedom

The conc entrat ' on GU' in%rl'ﬁ;%n& bﬁiﬂb&%&%&rlﬁ?{h&% cﬁeﬂv&&ﬁoﬁ%ﬂﬁ?}%ﬁ&ﬁe Qlchtfae
present invention will include a stoichionetric excess. The

st oi chi orfet ¢xanpéxP¥BD B farg B clashyl eposides whichdwve g selativelimeliqrid atscosity

daponai nge8n DRg EradB 28 EL Y A BER Qlaud Ui SRRl BuaBhy - o

| n geoer @/mol) HemconeationhatdpeRy fdsidshe vi nyl arene oxide used in the
present invention as conponent (a) of the conposition may range in
terms of equival entsuir®Vohel8RANLHRIdQAnEriboBEn@H 80k pREaesAHethiddl OM
0.1 to 3, preferably fromO0.9 to 1.1, nore preferably 20 from1.75 to
2.5, and sevenremditee PVERRO abdfyl inthnpres@inventionz5. I n one preferred
enbodi nent of the conposition of the present invention,

di vi nyl benzene di oxi de as conponent (a) may be used in terns of

equi valent ratio of epoxide to curing agent from1.0 to 1.05. If the
conposition of the present invq?tion is forml ghed outside of the

af orenenti oned ranges, the res ant product whey cured would result
in a thernoplastic polyner w in ted~uti |l L#Ey—n 25t he i nt ended
applications. The curi ng™g onponent (b), useful for
t he curabl e epoxy resin conposition present invention, may
conprise any conventional curing ag in the art for curing
epoxy resins. The curing agents, (alsoO erred to as a hardener or
cross-linking agent) useful in the curable conposition, may be

sel ected, for exanple, from 30those i gents well known in the
art ?%cluding, but are not limted ?%g&@%gggndianide, substituted

guani di nes, benzoxazi ne 1.doam.ne ol yam des ... anhydri des .
car boxyl i c acids, §ﬁ?ﬁ@“%gﬂﬁﬁﬁﬁﬁEﬂ$§ﬂ8§%F%ﬁﬁ§%ﬁBQﬁw%%¥F?HF@?&?‘@Pﬂnﬂl
M Xt ur es sirh@u@ff the DVBDO useful in the FRsadiPln@ent@in: curi ng agents useful in
the present invention may include ‘any of the curing materials known
to be useful for curing epoxy resin based conpositions. Such curing
agents include, for exanple, polyam ne, polyam de, pol yam noam de,

di cyandi am de, pol yphenol, polyneric thiol, polycarboxylic acid and
anhydride, and any 5conbi ngty on ther gof—oN the likGD O her specific
exanpl es of curing agent inglwde phgnol

20 Structure VII
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novol acs, bi sphenol - A novol acs, phenol novol ac of dicycl opent adi ene,
cresol novol ac, di am nodi phenyl sul fone, styrene-maleic acid anhydride
(SMA) copol yners; and any comnbi nation thereof Ampng the conventional

epoxy curing agent i n 1n ] i ni resi.

henol i cs are. prof o PERDVERE REHRD oY RSB Fdh B AL Pe Bl 0
of the pred&anbné oi@rdel(RBsiBlRNsIMErE W HB, Wigia)@nd/@dr 0 W csidaipihg Itk Sresdnng
agents including for exanple am nes, carboxylic acid anhydride

pol yphendn¥entignénaides al¥BPRiliagrated by any one of fhgabaive SErugtuFasriedixidasty or
may conpr,j - [ _

ot byl no S ot SRRl SHh AT I b e R B P 3V BP i hara
15t ri 6t hyitenet of DABD@, regpedtieasly N0k bichpispaeaiirae; aml wyallp BIVVBID@tLS mostly
am ne such as i sopho[ayo,nedi am ne. or net hy$ enedi cycl {)hexanam' ne; a

benzyl i c PAMUTE] SRR RSATRYSLHTHR dnh Re? BHOA gteit (srne Lsi0ae as
met hyl ev?gtra&hﬂe'm Rl g*;hgékés@x:ltqﬁ%ﬁbﬁg}é?@rﬁb@']ﬂclﬁaé%tag o eBEiRRbt 4

The stoichionetric ratio I nyl arene oxides rs determ ned using the
nunber ofragemtifien 6dub el mib ©f Sehetire/€l todtrustira ¥ithend of othet emediments the

hydr ogen equi val ents _ Qqf e 20 rin ent. in the case of phenolics
or amno r?%ﬁﬁlﬁﬂ'}%‘re rt?ﬁg'“‘éta%en ﬁ.ma ¢Tom 4:1 {‘])The carboxylic acid

anhydpi dg.-£4¢ frf}d 22p0Nt-2ay conpri se any substituted or unsubstituted
anhydride such as phthalic anhydride, tetrahydrophthalic anhydride,

net hyl t et r ahydr opht i i i i .
thergof The }s/t oi (F:) hiIgﬁéﬂtzrﬁllogi%? é%?%ﬁo englélfnjti}f‘:gﬁ%%&@ﬁ%@?i%ﬁ%@?ﬁ?ﬁ

usi ng t henaywwotin glantmike&uct aLfoy exarh@le éese thari2@evai ghtaieioeet fiva % ef
nunber of ol es.of anhydride curjng agen . Th 0 enol
U1 g aguORiRY Seniiny eyt S SioRls Bhs sbsH L entr SHEHLY PRenol
such as ?r&&é?s”'&led ORI REpaERDINDF it WhPISRhe PRLAISBEIONBS bihylREHE dkide. For
bi sphenol’ A novolac résin, a multi-phenolic conpound such as

cycl dhexsnanpler diphethehzengmdemargshiande dehysie gengtiayeidictbylbhnzene (DEBHmMag0
The Do i cal..Co . | i i ti L1y i,ncl udi
& phendPMEtLet T SR PIRERS VB R BRE TR Py apyPgrotth

nonophen@ercxifeN EFB frotindes eihlyPigylbénzede Pondigeivallt WBEBS@ainshinehalged. The
curing agent is Rezicure(r) 3700 (SI Goup) , an allyl substituted
phenol i c PEasERGepalpsa compagnds $ap ingigage thezpoxipa eqyivalentomeight of e vinylarene

stoichio i i i I i ' - S

nunbor. o tisupyahie Rttt A Bt SGRohdhd ik ShTbOERE R0 o
equi 2@l ewp s, of thchepopptegiphemidn.cur i ng agent. Di cyandi ani de may be one
enbodi ment of the curing agent useful in the present invention.

Di cyandi ani de has tnen@ehiBodiagst, Gle PVBYIGHRE cdebayede DVBDO, ¢.RIBVBDO
di cyandi am de requires relatively high tenperatures for activati %%O

its curi NgemibPMIPAds leanthan RS rurity when mamefactuked. For axpmenie 2Dy
epoxy re Led.

CP Y L e B g AL bSO LRt 4o
agent mayrefeaplyi geatartias 838, hhditrete prefdiatdy bedaiel taad5pP@) ysul fide or
pol ymer capt an conpound. Specific exanples of the conpounds useful as

the 39 curing agentn bRSEMB&IifRE:, fifel vakfhrehPotiaE LaFulah tROprESK vehiaY
thiols produced by Toray Fine Chemcals Co., Ltd. and pcure LOF

pol yner c &pmansesy HregegplesDEBDY); a low viscosity liquidgpoyyergein (8., ORG-S at

agent, c e : o eneral | saed | -an. eguival ept |.ar- rati
of “epoxi e Eh. Lh Ptk DR EROTRTHGKe HOEP ub  HolesiR By R elinlalicR
on the typgeobereullynfgora®0W] Fahddo 0. BPasgstefeRM Y H6mWIOSPae toibdud DS Pa-s,
range can result in | ow crosslink 15densities and poor nmaterial

pr oper t i @8d more prgEeredypiost -0 Rawtto OHRS Fiagss afdS CGavention is formul at ed
outside of the aforenentioned ranges, the resultant product when

cur ed®woul d resul t Tha utilithadrthe pinskrdns opoley pethepiresant inpgritiod requittes themnal

the int e@%ﬁﬁ'ﬁg}i &P z{lfo%va%oln%ﬂlseﬁing or processing the vinylarene oxides at moderate temperatures
(for example, at temperatures of from 100 °C to 200 °C) for up to several hours (for

example, for at least 2 hours) without oligomerization or homopolymerization.
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The conposition of the present invention nmay optionally include at
| east one conductive filler; and the filler is electrically
conductive. Cenerally, the conductive filler 20 has an el ectri cal

duct ..
e A PR AR PPl R S pgene by o
greater tsipftadticl Qfersasatelg., gie@téﬂhaﬁdoe(blapinr\hmblhyoﬁgﬁnmgtccmselxﬁumg)erIShe
i nclude silver, palladium gold, platinum graphite, ghene car bon

nanot ubesviBylaisne Axges ofcthe preseut igvention hayesu cnelt élaﬂ%kq tyrsuch giat the
usef ul

andl or ¢ NUIZefE SR 1d SRk BN B A A i s ol ring
exhi bist afotmhlum srgEbSdsking tiythie rafcaemamtgmed)inddemm tkmpedhtabsn cm to | x102
ohmcm preferably fromlx107 ohmcmto | x102 ohmcm and nost
preferably greater AﬂﬂﬁmerIa&&ﬂﬁﬁge@hﬁp@ffmﬁaﬂthmmgﬁfénémld@ugehﬂrlﬂiraie present
conductivity in the range of from1l WnK to 2000 WnK, preferably
from 70 \Wﬁntlpa ipitoigiiik; Thndediy proneay of #is vinyatsae axide HanemgEARyHK.

30The Co%q (Enddnhtlch 88 1ot %P@e%?ées%?hef&bﬁﬁf)ﬂhe'd%;&&e X%Pl{@lg%s%laé i

t he resen I nven 1on 1 nc exa ers SUC ver,

pal | ad| urasingGhélmefhlodtolf MicBrargr c&@dﬁtﬂﬁeﬁ mg%aﬁdfrmegf Rodnbo Properaks) iikker, New
alum_ na, alumnumtitanate, clay, talc, silica, calcium carbonate,

al unilAum¥9tknl#930,dihg élglCHYYLﬂﬁt%WWWSWHE ussq Wethe BEsseil IRy epfipg @ay Tange
al um nu f

i ca, al G Eomh 1 RS pRIR R B O bR rebly FO R ol
parti cul akeercks bfﬁchom t her added into the conposition in their end
state or forned in-situ. Preferably, the conductive filler, conponent
(c) is chosen fromTigicouedntration bt winyligmbkehe axliditin thincongoafitvintaf the
graphene, carbon nanotuhes, alunmna, alum numtitanate, clay, talc,
silica, ®AFSERiAYeN4ionsTildrelidg %ﬁpwbwmqt%wﬁ%%@ st%?h}?ﬁlﬁ%eﬁwﬁ 6%i de

oxi dgs bR Bl £4i8& us }E‘ae?é%mlﬁlédt 5& he fitmnb&Gb % 6‘72189 WAL B} ¢ 3

nitride, si'litcon carbide, mca, an um num o e accepta
parti cl e nsinber ofangles flepentling ohithé elassvalidqueisg fagemimmlmms descded below.
conventional mcro size, such as for exanple, in the range of from

0.0005 Arn to 500 A genddctietcabtatrbitibd 6f thewinyhotegixtde WY ibthePMsent
sui tabl e jones, including, for _ exanple platelet, anorphgus, spheri cal
or any comsPHAR ﬁwmw&ﬁa) ef théPWB%H%ﬁW&%W%W“F phequivaleniafio of

wei ght on
wei ght t oF %gh%ﬂ%c&ﬁ’l |a§ ﬁnt%%g n%H%D re % Iri“et: %%ﬁeﬂbiﬁh% rom E]Oﬂ& lé‘bmv%efeﬁably
to 8Q0% tﬁ;onwéﬁ § hld) 2 6namsbévied snore prdferablydirdm %215)&0 \ GM5u e one)prbﬁer%dtajnbodlment

vol une, ferably from. 10 % by. volune .to 50 % vqol unme; and
R 3 A b s Gk R STt TR EEA G ML g

catal yst bk'%@édhln tEiRs 6%uﬁﬁfeﬁ@aﬁo%@@ﬁd&1&@t%‘ d%nﬁ@ﬁ?é?ﬁ'ﬁfohpf‘ 020195, iPfe
present invention nmay conprise any conventional “catal yst known in the

art for ebmpesifiomof the pmamitlnmmtlbeuw@anulatedmuhr@ cideqatoramkendionedpemges, the

ST eot od PO 4 R vl R S G R i yotiy in

i ncl gdi Nghe iAtéhded Sphehtiddsm ted to, tertl ary am nes, imdazoles,
quat ernary anmoni um salts, quaternary phosphoni um sal ts, Lew s

aci d-Lew s base Com%%ﬁﬁﬁg a@¥nt, BoxtpBh&R (B)) ﬁ§§tﬂffo12§1€rcﬁfa%[@éﬂo)(¥ e

catal ysts useful in the present Invention include for exanple
composition of the present invention, may comprise any conventional curing agent known

in the art for curing epoxy resins. The curing agents, (also referred to as a hardener or

cross-linking agent) useful in the curable composition, may be selected, for example, from
30  those curing agents well known in the art including, but are not limited to, dicyandiamide,

substituted guanidines, benzoxazine, amidoamines, polyamides, anhydrides, carboxylic

acids, amine compounds, phenolic compounds, thiols, or mixtures thereof.



a tertiary am ne such as benzyl di met hyl am ne; an i m dazol e such as

1- benzyl- 2-net hyl i m dazol e; a quaternary anmoni um salt such as

t et rabut yl anmoni um brom de; a phosphoni um salt such as

tetrabutyl phosphom#m B[ el

as boron trichloride-e af%ﬁn%éc%gn%ﬁl?s%hﬂéljﬁgj\énr’%%(s?%r%g‘s’&? ere lﬁ%%#‘ggny()f
gener al , thbeurfpomyterigls |kﬁo®@ tpbSuderi foroduring@ppx eeitbasdale@nipositionBy Such
include from0.01 wt_%to 20 wt. %t he catalyst. Wen present, the

cat al yst GUsingPgenss isluge; for gxamle Relyagring, lﬁamldfs PRkyanyRasmIde, wt o
nore pref

0.2 ut o6 7 il Bolpheth, Bl Oy GHER ERGABAFLENERYY AR
-11- 5% dosibigutian cladredfyos thecliitec édtherespecific lermaplet bfcuringapetésdnddgitnoh

t he above r e,.results |n an insufficjent rate and degree of c

of the cd}?ffg]g’g% DispcRgl) BRI hyn ROYplae ifhc pieeHiteRe swsglrr@awé
than thaleidfsaipREs 1o B ABRSalRNGS amg»aﬁhé BN BepdinAE! &

fast rate of cure and/or ‘a del eterious ct on t e properiles of

t he cur ecoobmption thesepfagneongshe bmn\&oﬁonaﬂ opoxaXANpPE @ gent$, astinesi and aimino or
phase separgtl 0 nOc hgr opt. nal1 nfnte that may be useful in the
present iVER W Hed %Bﬁ*r%’éiﬁgﬁflgl Nifsig sed in resin conpositions
known to those skille n the art. For exanple, f{he optiaqnal

compofent s may conﬁrr@g@ bbb HsoinrRle ragHt compesiiiens atiba PRSeRtavention can be
conposi t'cgfédheuggr\fa thEH%H &ﬁ{d ehts GREdih £ for cRad 1e-°am1£@sceart)§mfc%1d

nodi fiers or Tl , 10reli Ity properties eg adhesi on
pr onot er aﬁhymﬁbcpmlgmanatseanmimm'cs thietepfof the reaction, and/or
catalyst lifetine. An assortment of opti onal additives

that may be added tThetahenecuraly @e@nﬂ@osdmlbﬁnes;npﬁuﬁslﬁmtﬁﬂ esenhbstituted
invention [nclude for exa [

are. i 11 GPBRTIFG SR AR |os AR RPRBY oS AORRIA ST iae
stabu5! 26fiéthylbhdit@iind 26l g{ln(%]éﬂ?)flioﬁ)gﬁgﬂl@e@hcﬁ&a)h hilARhing s

ay
catal yst de-activators; and xtu ereo Still
ot her opusaphaﬂonatﬂdmlnamsnmh}éénddlqynlohhmnammoabenzydncammm@chraex;kylene

i nvention.include for .exanpl e a hal ogen al n al o en free
o  oCIATIER R SR ER Gres oo RRE e f AR e v SR e e
r et ar dantmighirds thirest theas%lleﬁbm@?fﬁrfﬁﬂl@oﬁﬁnmﬁ%@%kﬂa YRR, usFigBe
borate, or netal ocenes; a solvent for process ability such as for

exanpl e avsbenef emmdwriumlmﬂs riletiomte, thonubeend ok tiveNrdregengdhiesicots of the
pro @er such_as fot ed. arg QOS' | anes %erﬂom di zed,
et halr yi e eeRRy e %ﬁea'gc?g?%n”i% PR g g, M o ecui es:

tt d di | di fi
3’?ga'n?>2i TR R KN IR —.
rel ease agglivshines a‘%ﬂi?ﬁhd”e%u%ﬁ al ﬂﬁthﬁmben@y Ifetéﬁy?@mpﬁylbhééa@dn@yk

A555, or Byk A 560: surface nodifiers such as for exanple $lip and
gl oss admetﬂn)d@@](l)aimmmb@m dllhﬁdﬂ@yka@helﬂh)@ﬁdeand awmevéhmof The

non-r eact resin

ol ypheny T IBREE PR ifiikERt S8 sBRrured PR Rstumbsr g6 molfsiofiene
f 1 uops de vimyedriped hedd fi e tcpﬂﬂemtﬁb@f bftndRs oPMNYAEBE bk fal. €,

acrylics, phenoxy, urethane, or m xtures thereof; nold rel ease agents

30 such as for exampk@oRRk&Rl cﬁt‘i‘ﬁjg SiBhmal %@ﬁbh%y saedithied 88 uubstituted

prereacted products toO iI'frprove
polyphenol such as a phenol novolac resin, a cresol novolac resin, and a bisphenol A
novolac resin, a multi-phenolic compound such as cyclohexanetetraphenol, and a phenolic
curing agent such as D.E.H. 80 (The Dow Chemical Company) phenolic resin, and

30  optionally including a diphenol such as bisphenol A, and also optionally including a

monophenol such as p-t-butylphenol. A particularly useful phenolic curing agent is
Rezicure® 3700 (SI Group), an allyl substituted phenolic curing agent that is liquid (~3.0

Pa-s) at 25 °C. The stoichiometric ratio of vinylarene oxides is determined using the

9.



pol ymer properties such as isocyanates, isocyanurates, cyanate
esters, allyl containi ng nol ecul es or other ethylenically unsaturated

corrpounds acryl ates, m xt ures t hereof The
t f
Concent S o AR UL ATl SRTUEOERL S SRR,

pr ef er ablpolfphenvlGubing agént% to 99 wt % nore preferably fromO0.01 wt %
to 98 wt % and nost preferably fromO0.05 wt %to 95 wt % 5The

preparation of the Biyaldisnit MaydDeNe eMbodRndnesf the CORROSIent B rdfin ke
present invention is achieved by adm xing (a) at |east one vinyl arene

oxi de, ( present nEenfione @cwﬂlangd@@@rthe adirseitage 1 providingdelayed ouripg since
and ot:her ;ona h
any otrsderc‘hg}p dl%l ‘h%]ﬁ" m 0\%/%l 1‘r{r"d\’el ;ﬁgg‘ gr%gurgs% cglsvsaﬁlrigq d “c"b“r%ga fefrlhgsﬁ and

addi ti veshud, @fcy@lxdiﬁfﬁid% c@ﬁlbahd/d‘ﬁ:l&o aﬂ&ym@l 128inlad s@ekickt teorh fenperature (about
corrp05|t|on durlng 10 the m xing or prior to the mxing to formthe
conposi t iZnC) 3 eed %?rﬁﬁ‘d(éieﬁféﬁflpefﬁtﬁées\if’ ByT®r &ie oxide, curing agent,
and optional conponents are adm xed prior to addition of the filler.
Al the conponent s Tfe thisbcuringagiat mingomprseanyshioisityted prunsobgtiated i on

are typica nd dispersed a er at nabl i ng

ot epa at oY 0% 2p BRSBTS R ul oSt SRRt R Bt Faetul s the
conpasi t icafinfayéntthotudeaié YhisROISLE Yerles oBPolFatkletier Biolcpaidudél by $6@yFine
for the desired application. The tenperature during tﬁe m xi ng of all
conponent@ertisalpeogbitbead CopquroFOF rolymereamaciiamdCeanes €ombl y from 20
Cto 70 C. In one enbodinent, the vinylarene oxide and curing agent
are m xed until horﬁi@éﬁ@bgﬁcqrilma@pets sedparenti{bd sis gonsdalpy used int an equivalent
addition of, o

Sort e afdiafBlib 8P Shodey B anEh: Redthfaekive hilioadd SEIREE 146 o ASHAT )
DM type mpeedf dufigbi&s (130 sSuséd SRatlos dtddidé sPhiRveskdliaaResustiif Tow arotsélme

roll mll (Exakt Technol ogies) can also be utilized. Key properties
of tHé bldendtiesrardpger patssigkpropertipy Idre samposifione thepreseptiny enfiofiia a

sui t abl e g heaies ‘8{1tsfd% 09 th eﬁ‘mje %hﬁ&%r}l‘ﬁ%ﬁﬁ%g 9&‘.211161& gﬂh%cﬁtdﬁé}p&?cq fvould

conposi tion conpris
and opti eeslt ig emmptastnapolgimslcmth(hdnmﬁmﬁtwmsthé hﬁenfdedl hplicatons.
properties; a viscosity of |less than 50 Pa-s at 25 C at 10 sec-1;

viscosity stabilit Wlﬁ%oh‘?&ﬁtlbﬂﬂaﬂth@ pfeseht 6V @@DE nidy optisHAB ihluaY 8 ledd one
hours at 25 C.. The curabl e conposition of the present invention can

be cur ed condustivgbillen ave Heifdleals Pectdentlyi cagdecsivai Geperslly.dhe %s:rmiilatwe filler
therppset,, H@Ie&tﬁ%ﬁ’ll ctoh fvﬂ m%?%n% osfrﬁ'o?ﬁ@ 1{111 %15)6107 S m’ I?Lref\%pbly

t hei nO- nechani ca oug ness
mi2) and ﬁmch;em%sah 36 memjtshn(‘ sdnidangst Iprﬁbrabl}@katafthm x10 SSnNPBJ)e,ferred
while maintainjng hjgh thermal stability,

electrically conductive fillers include silver, palladium, gold, platinum, graphite, graphene,

carbon nanotubes or blends thereof.

Alternatively, the conductive filler useful in the present invention may be
25  electrically insulative and/or thermally conductive. For example, the conductive filler may
exhibit a volume resistivity in a range of from 1x10* obm-cm to 1x10%° ohm-cm, preferably
from 1x107 ohm-cm to 1x10% ohm-cm; and most preferably greater than 1x10" ohm-cm,
and may exhibit a thermal conductivity in the range of from 1 W/mK to 2000 W/mK,
preferably from 70 W/mK to 2000W/mK; and most preferably greater than 350 W/mK.

30 The conductive filler, component (c), useful in the composition of the present
invention include for example fillers such as silver, palladium, gold, platinum, graphite,

graphene, carbon nanotubes, alumina, aluminum titanate, clay, talc, silica, calcium

-10-



The process to apply the thernoset products of the present invention
may be perforned by syringe di spensing, screen printing, stenci
printing, gravity casting, vacuum casting, automatic pressure

gel ation : : i T LR VIS o1 P i nt
o o A YASHIR BUSSRULR, PO R R opk Al ot hias AU
coati ng, rBpidaydilieh coatedublihingm rdttide] dikcdn daébide, mica, aluminuhi@welet,izirg oxide,
reaction conditions include, for exanple, carr igr% out the _c,uri_nﬂle_
react i on RHEF ORZapicRYdRQIER e pargeplatediliey. qithes arsled yg dhegromnposition dicthey end
300 G opr, g ; N chddeR C
to 250 & nEbARinted HLAM, Hekrdk fleckpudHE RERBHBHEIRD K chdcRGRP
carri éd ailter, pdiadexargold plaiium, Ephite gsaphend fcafboo mafhtGiespanmine, 40606num
bar, preferably fromO0..1 bar.to 100 bar; and nmore preferably from Q.5
par to 101 tlay, tle, silica, oelcinm gaephray iR I AW Ex BerAvRit LRy Ry 4o
be carri ediRuUboroh AtrifX aMRhBun Airid, ALSASLARREHuRELiRE, Qficdd dBbide, mica,
sufficient to partially cure or to conpletely cure the conposition.

For exanpné alunkisumpoimdgr.t i me may be chosen from 1 ninute to 24 hours,
15 preferably from 10 mnutes to 12 hours, and nore preferably from
100 minutes to 8 hdlhesacceptable particle sikheargerfontye fiilloc e s dfont femoppesent

i nvention nmay be a batch or _a conti nuous process.. The r t or din
t he |5bocé’§§" QY nigR Size SetiAs Tanekagnds: i hieyangsnf g OBY ey SO

those skiddcglabi@ iRt iholoBi& I‘g%; s B subtHRE BREE indAIdRcl G é%ﬁﬁ]?ge;lﬁgtefy,

curing the curable vinylarene oxl de resin conposition of

present iampgphicussphcivahtageousibmaitonithdresf. an i mproved bal ance of
t her no- mechani cal properties (e.g. glass transition tenperature,
modul us, and toughmiéa)loadings can vary frobh €.5Curtabl € ghti anydodidewe oxi de

resin conpasition of the present invention, when cured, is capable of
provi di n%gaz bhargbare gty fad 19 chrcteiabidp 80 o bk &reiahgaad paore proterably
trangst| %n?§0%‘ﬁy%fgﬁ['%%f@wgght%%ii%;'&fﬁohpm -55 Cto 300 G

preferably, from™-20Cto 275 d nore preferably, fromOCto 250 C
as neasuled%ulsi vodumde td €0 Enby edlume.arefieredply frbmr i thryyvol 80, 50 % by volume;

The curabl e vi nyl arene .oxi esin conpositions of the present
inventioﬁngpgmﬁégﬁﬁﬁﬁyépnfﬂgohk%ﬁﬁFg?ggn of epoxy thernosets or cured
product s 4o, beofugign of coatings, 30filns, adhesives, |am nates,
conposites, inks, and the like. In the case of electrically

mventf on. he vol Lng CPLaT A LU Sy BT £ IR P S e b e

rang@0f r ofithkextéseiit inhentomhay dondie ahyreammentionad canlysEnmpinyin theart fox10- 7

ohm cm t %fééilhog_thg pergfct(l:& beatargenr?gl}ri graeg];gtrﬁl |a¥1 épg)%? retslrllf?1 th]éXc%gt?ys?st] {lrge%ir? in
the curable composition, may be selected, for example, from those catalysts well known in
the art including, but are not limited to, tertiary amines, imidazoles, quaternary ammonium

salts, quaternary phosphonium salts, Lewis acid-Lewis base complexes, or mixtures thereof.

25 Preferably, the catalysts useful in the present invention include for example,
a tertiary amine such as benzyldimethylamine; an imidazole such as
1-benzyl-2-methylimidazole; a quaternary ammonium salt such as tetrabutylammonium
bromide; a phosphonium salt such as tetrabutylphosphonium bromide; Lewis acid-Lewis

base complexes such as boron trichloride-ethylamine complex; and mixtures thereof.

30 In general, the epoxy resin composition of the present invention may include
from 0.01 wt % to 20 wt % the catalyst. When present, the catalyst is preferably in an
amount of from 0.05 wt % to 15 wt %; more preferably from 0.1 wt % to 10 wt %; even
more preferably from 0.2 wt % to 7 wt %; and still more preferably from 0.5 wt % to 5 wt
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In the case of electrically insulative (dielectric) curable
vi nyl arene oxi de resin conpositions of the present invention the
volunme resistivity is generally greater than 51x105 ohm cm and the

: Egrnngl 5%‘#%%}%&&31 tco%eﬁ%%tg(%} y@s%? tehé{l arqéﬁsacrr,'l rg&‘\ Wﬁr}% 5V%br|al¥g [ &S an

The t her rnpseErabient Iﬁﬁ|anﬁrd@Ql%ébfEl&e@ftﬂel’tﬁn@dmﬁbhavﬂdrmshﬂfn%rhecamiysﬂe resin
conposi tions of the present invention can be tuned for the specific

appl i cat Wﬁ%ﬁraﬂﬁl@ greater thapibas descaibpd i the gbove 1aRee st by anndgsgirably fast

t her nmal )del ARG

of 20 Cto ?g%h%rhn&&-’[gdfe exu?gffférr(ggh jﬂges oF Q@g‘égf&g Cﬁl%d%gﬁ%gsﬂl\%l‘% Qi% E‘.glt
Pr ef esablof, foEtkampingdasticizativBor flase Lpuatidh. ppnf C with a Tg of 70 Cto
120C and a flexural nodulus of 5 GPa to 7 GPa at 25 C. Mre
preferably, the CTEthanggRnhlr@mpdtemtdHaCnia bdasdmNhEhdbicen? inken@dn 4€
Cto 110 C and a flexural nodulus of 6 GPa to 8 GPa at 25 C. 15As an

i |l ust ratqoawoa‘rnt@ nemallydsed inj rgsia gompesitions kgenartathose Helled b art. For

vi nyl ar eng a191 1edﬁle oﬁ‘)?hgal%gﬁgﬁént@] Efcélﬁf_{n&l cgﬂﬁ)%[lff %Q{C&ﬁ%@%ﬁag the

i nks, cas apsu ool

pr esent |dbmn*slt10m to enhpacd dpplitatidnyproparticdie . §L&faca|ténsiompﬁ@d1ﬁérs or ﬂow aids),
el ect r| cal .casting, potting, and encapsul ati.on appljcations; for
mol dilfg éﬁ‘éFbHFté(é’WR?ftﬂ%éP ﬁn@fhe%iﬁapmotﬁlﬁb reagHion Eate. iSeleCBItRATihe raetinn.

oxi de re%h&b?%ﬁ%%mﬁﬁ@ﬂﬁ%'tes parts, particularly for producing
20l arge epoxy resin-based parts produced by casting, potting and

encapsul ation. The £eaulihad FAMROSh baaTPLaHaha B abRa P B el SO

applications, such’as elec casting app ctronic

encapsul &bh@ﬂﬁtm@@@ﬂth@g&seﬂtfﬂh@hﬂ@ﬁmcl’mﬂ'e lﬂbrﬂegam@m afhstiedink @ﬁkﬁh as epoxy resins
|nject|on resin transtfer noldings, ites, coatings and
like. |n thaiarediffren ﬁeméhﬁﬂwg}sflarsw ¢1§x165,rq0m9pam|(9) dyl@w sfabkhze@eﬁll%rs

sen GonduaiRinAGHAHAN @ Blabhdté-eNauRal Behrlands NEHIBNLY HGORRNELL Ve

encapsul ant ermal i'nterface nmateri’a Ic
conpoundsher&fAMPLES I n the foll owi ng Exanpl es, vari ous terns and
desi gnations are used, such as for exanple. 30"DvBDO' stands for

di vi nyl benzene di oxsiilleother optional additivé? dsefdl TMhd 3BmipSsitloh 6ftheipsaesi ty
(4000- 6000 cP @25 C). bi spheno] A based_epoxy resin_ available from
The Dow @w{l%}m@é‘ﬁﬁwamﬁa halogen containing of halpgengfrepyflammprefagdagt; g\

1L AR T gl PR B B

avai |l abl e am ne
pol y&0 hemagnesiemdiydrongleagian bomtnwemetadddeyesay abllvarlttl for prooess labihitw soech .as for

(S:Q(r:nl g;lr ?ﬁggp%lagetggé r1]1}/ethyq q’lyﬂégtlogeh %)r( %%%TH&QPM% an (?}Ears%h promoter such as for
example modified organosilanes (epoxidized, methacryl, amino), acytlacetonates, or sulfur
containing molecules; wetting and dispersing aids such as for example modified
organosilanes, Byk 900 series, W 9010 or modified fluorocarbons; air release additives such

25  as for example Byk A530, Byk A525, Byk A555, or Byk A 560; surface modifiers such as
for example slip and gloss additives (a number from Byk-Chemie); a reactive or non-
reactive thermoplastic resin such as for example polyphenylsulfones, polysulfones,
polyethersolufones, polyvinylidene fluoride, polyetherimide, polypthalimide,
polybenzimidiazole, acrylics, phenoxy, urethane, or mixtures thereof; mold release agents

30  such as for example waxes; and other functional additives or prereacted products to improve
polymer properties such as isocyanates, isocyanurates, cyanate esters, allyl containing

molecules or other ethylenically unsaturated compounds, acrylates, or mixtures thereof.
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am ne curing agent comercially available fromAir Products.
Silver Flakes AA-0005, AA-4703, GA-0018, and SA-0201 are different
wades commercially available from Metalor. Silver Powder C 1284P is

one of many grades .gommer.cial.l ai | able from 10Met al. or .

S ane 2-6040 1o L iCRyerGrEYof R ool s BTN Gt B g composigon of
gl yci dyl thé pREert iiiGhtion flay $hrl gaien &alp Foftg) 98 ehio BOTWES ipadfebly from 0.001
avai l abl e from Dow Com ng. Exanples 1-4 General Procedure for

Pr epar i ng¥'Sarip P8 avt I aesinseferpbhelt Ol wbatsi Fywt e anhmestelerably from
descri bed § I | ow except that four different silver flake
products%aﬂe/%f‘}}rgﬂo?%‘?% Met al or were used. Exanple 1 used AA-0005,

Exampl.e 2 used AA-4703, EXx I us GA- 0018, and Exampl e .4 us
SAOD01. “The: samo) dUrr T e fRoe e ol et SR Pty §Efne
flake s e';ﬁ@éeh@iﬂvélﬂiolﬁ_qy a&ﬁ&&ﬂ:’\%’i aﬂﬁliﬁh%i(z?ta@ I@stone %ﬂy‘lﬁéné ba8€ (b)ﬁ‘éwéast/\@rﬁe
68% by wei ght on solids. 20 talor C 1284P silver powder was used in

al | four cwarpeeentanddc) ahjedst ¢fe b, angd atksrgptions cempprgsts. THie devae

curing agent . 1. 05: 1 st,Qi chi ' e .of e | de
to am ne%ﬁﬁ}? oton %‘%ﬁgg ng&ifﬁl]a\?gioé%?’ FA a ioglﬂgefn%@' %-gnn%%ﬁé%%g %1 a%\%@%e‘ér e
PACM | ngnaghosiabs atditi esp FireRamplRicatadysts, 8¢ dlsdDeadddd toth@Zgmpd¥itasi diing
jar and bl ended at 3500 rpmfor 60 seconds using_a DAC 150 Speed

M xertOdi $he mptingar porp faamining torferm thecomposisiop| dyonsemphqdimgalyfiesed

51010, R, AP byl 3t i
Wei ght  the filler.
All the components of the curable vinylarene oxide resin composition are
typically mixed and dispersed at a temperature enabling the preparation of an effective
15  curable vinylarene oxide resin composition having a low viscosity (<~50 Pa-s at 25 °C at 10
sec™) for the desired application. The temperature during the mixing of all components may
be generally from 0 °C to 100 °C and preferably from 20 °C to 70 °C. In one embodiment,
the vinylarene oxide and curing agent are mixed until homogeneously dispersed or

dissolved prior to addition of optional components and filler.

20 Compositions containing particulate filler are typically blended under
vacuum in a Ross PD or DM type mixer (Charles Ross & Son). For improved dispersion, a
three roll mill (Exakt Technologies) can also be utilized. Key properties of the blend
include viscosity and pot life which is measured via a suitable rheometer (e.g. TA

Instruments AR2000).

25 The curable composition comprising a vinylarene oxide, a curing agent, a
filler, and optional components as described above has the following properties; a viscosity
of less than 50 Pa-s at 25 °C at 10 sec™; viscosity stability of less than a 4x increase in

viscosity over 10 hours at 25 °C.

The curable composition of the present invention can be cured under
30  conventional processing conditions to form a thermoset. The resulting thermoset displays
excellent thermo-mechanical properties, such as good toughness (e.g. > 1 MPa mm) and
mechanical strength (strength at break of e.g. >45 MPa), while maintaining high thermal
stability.
-13-



DVBDO 0. 1310 Jeffam ne D230 0.0166 Amicu re PACM 0.0664 Silver Fl ake
0.6800 Silver Powder C-1284P 0.1000 Silane 6040 0.0060 1.00 Weigh
Up, mass (g) DvBDO 1.97 Jeffamine D230 0.25 Am cure PACM 1. 00

The process to apply the thermoset products of the present invention may be
performed by syringe dispensing, screen printing, stencil printing, gravity casting, vacuum
casting, automatic pressure gelation (APG), vacuum pressure gelation (VPG), infusion,
filament winding, lay up injection, transfer molding, prepreging, dipping, coating, spraying,

5  brushing, and the like.

The curing reaction conditions include, for example, carrying out the curing
reaction under a temperature, generally in the range of from 40 °C to 300 °C; preferably,

from 50 °C to 275 °C; and more preferably, from 60 °C to 250 °C.

The pressure of the curing reaction may be carried out, for example, at a
10 pressure of from 0.01 bar to 1000 bar, preferably from 0.1 bar to 100 bar; and more
preferably from 0.5 bar to 10 bar.

The curing of the curable composition may be carried out, for example, for a
predetermined period of time sufficient to partially cure or to completely cure the
composition. For example, the curing time may be chosen from 1 minute to 24 hours,

15  preferably from 10 minutes to 12 hours, and more preferably from 100 minutes to 8 hours.

The curing process of the present invention may be a batch or a continuous
process. The reactor used in the process may be any reactor and ancillary equipment well

known to those skilled in the art.

The cured or thermoset product prepared by curing the curable vinylarene
20  oxide resin composition of the present invention advantageously exhibits an improved

balance of thermo-mechanical properties (e.g. glass transition temperature, modulus, and
toughness).

The curable vinylarene oxide resin composition of the present invention,
when cured, is capable of providing a thermoset or cured product wherein the glass
25  transition of the thermoset ranges generally from -55 °C to 300 °C; preferably, from -20°C
to 275 °C; and more preferably, from 0 °C to 250 °C as measured using differential scanning

calorimetry (DSC).

The curable vinylarene oxide resin compositions of the present invention are
useful for the preparation of epoxy thermosets or cured products in the form of coatings,

30 films, adhesives, laminates, composites, inks, and the like.

In the case of electrically conductive curable vinylarene oxide resin

compositions of the present invention, the volume resistivity of the cured products can

-14-



Silver Flake 10.20 Silver Powder C-1 284P 1.50 Silane 6040 0.09
15. 00 Exanpl es 1-5 and Conparative Exanples A and B
in Tables Il - IV bel ow 5were characterized using the foll ow ng

anal ytic 3 3 tivity was
anal yzedarjgc% @Hr%glllt@o W@@g g@ﬁ &?’?{06%/8 é%’alkpﬁ%éév\ere pr epar ed
on gl ass 1410d ehmbym at 1 alh ahep- &p&ﬁmbﬂmeefbmbt}hessshmdbsloa‘sahapemer S,
filling sanple into the gap, and then renoving the tape. The gl ass

slides were then cunekk tdie dDcladtriomBinkdhtiA divledtti® Tuablediniarche bkideed
by 1 hour at 175 C. Sanpl e vol une was determ ned using calipers, and

the resi JESYCORPOEEO laﬁr@eseaémsntm BRNPIEIeaesisi ity 1 Benerally gegpiihan

pl aced at { }

resi s? [ VI X%(&ﬁﬁmcc vvasm(‘:.!:grf‘l Oh?ucg Vltg:gngg ?%P{fq%ﬁlvg&-\nﬁ%gﬁﬁgkﬁfembly
(L xWkHx dregérghany/2.6Wy/mhi€ngd mokGstefessbl preatet thaars WanKer at ur e

The glass transition tenperature was determ ned according to ASTM

E1356. Approxi mat elheAferinRich@acd! pEpeRies o dik e FinkRidhe DRARTBLIL
hermeti ¢ al um num pans and anal yzed via differential scanning

cal ori netePPEBECYs efsthe gregent MvepEen careln wnep o thespeeifigprlicatiqyef interest.

pr ogram e om 20C to

20 270 nggg%)?ﬁjg?dl% ‘t(”?ﬂm Cﬁ)ﬁeﬁ{&%&om%?ﬁ@%g%b%&ﬂéaﬁeg%@nd ranp at

10 Cloi mﬁoq:pfrrr/elm&@(} 1O Ca¥ith QTgBlﬁeo PCrts 125@ eathd g flefnmal ©odsids bfms GPa to
l e, while the second heatin was used to _neasure

gl ol ass tr du@s@% %¥r?5c§’1c tfflréfeﬁ%bhéﬁ%“g £e foBH |39é’P§’éTC i BRVSCapth %\Egéf&%sc
utilized i qygled &rb@l%xﬁﬂaﬁmghnﬂﬁﬁogﬁ é@ﬁ't& V@Patfﬁg?ebatl\)f&% Qélfgx)abf\;é{%q}’fﬁ"e

hal f extrapol at e tangents net | scosity he vi sc
neasur ed raﬂge&ﬁfonx?.ﬂ(dpmh@@rto R2atpemdTC Withselg oflk) Hhtoal 10 °C and a ﬂexural modulus

of 6 GPato 8 GPa at 25 °C.

15 As an illustration of the present invention, in general, the curable vinylarene
oxide resin compositions may be useful for adhesives, inks, casting, potting, encapsulation,
molding, and tooling. The present invention is particularly suitable for all types of electrical
casting, potting, and encapsulation applications; for molding and plastic tooling; and for the
fabrication of vinylarene oxide resin based composites parts, particularly for producing

20  large epoxy resin-based parts produced by casting, potting and encapsulation. The resulting
composite material may be useful in some applications, such as electrical casting
applications or electronic encapsulations, castings, moldings, potting, encapsulations,
injection, resin transfer moldings, composites, coatings and the like. In addition, the
composition is particularly useful for use in semiconductor packaging applications

25  including thermally conductive encapsulant, die attach, thermal interface materials, and

dielectric compounds.

EXAMPLES

In the following Examples, various terms and designations are used, such as

for example:
30 “DVBDO” stands for divinylbenzene dioxide.

D.E.R.™ 332 is a low viscosity (4000-6000 cP @ 25 °C) bisphenol A based

epoxy resin available from The Dow Chemical Company.

-15-



TA Instrunments AR 2000 rheoneter fitted wwith a 60 nm1 cone and plate
geonetry at 25 C according to ASTM D4287. Mass Loss The wei ght | oss
during cure was determ ned according to ASTM E1131. 10 Approxi mately
30 ng of each sanpl SM ced, i nt. € d o ] n
and anal yzed vi a thlg’r]é{n%'grg\b?-?sr‘:rse lrowlgcr?gﬁgg@bZ@)%p@izggégH%ﬂe%m PR
| nst r umendpsx blinaallyile fromDewTlegiiedan r epl i cated the standard cure
protocol with a ranp at 10 CU mnute fromroomtenperature (-25 C to

85 C, hol d i sot her nRffamined5299 it Aot amirfeaﬁmn%hgé;@ cSihnerAISy 4vanabI8S
Cto 175 C, and hold isothermal at 175 C for 1 hour. The nmss loss is

recor ded fiGasluatspwincent (% |oss fromthe original sanple weight.
Table Il bel ow contains a summary of the data collected on the
f ormubbat i ons pr eparfadionrd PACM isonsthWed el qyclohekanamiifid, alkpenprg dycloslifhatic

Exanples 1 .through 4. Table Il - |t s Sampl eExanpl e 1Exanmpl e 2
ool & ST At el et PR B AN POt ber Powdor (10%

| oadi ng) Vol une Resjstivity, 0-cmTg, CO%DSC, 10 & m.n ranmp) .
Viscosity, Pa-s (ARDGDFRRKeoMAtQ05, AAct7080G4-3018)andiSA(RZO] aye differentzp

30 ng) grades commercially available from Metalor.

Silver Powder C-1284P is one of many grades commercially available from

10  Metalor.

Silane Z-6040 1s [1-(Glycidyloxy)-3-(trimethoxysilyl) propane], a glycidyl

ether functional silane coupling agent commercially available from Dow Corning.

Examples 1-4

General Procedure for Preparing Samples

15 Samples were prepared using the same formulation described in Table I
below except that four different silver flake products available from Metalor were used.
Example 1 used AA-0005, Example 2 used AA-4703, Example 3 used GA-0018, and
Example 4 used SA-0201. The samples were used to investigate the impact of silver flake
selection on key properties of interest. Silver flake level was 68% by weight on solids.

20  Metalor C-1284P silver powder was used in all four samples at a level of 10% by weight on
solids. The amine curing agent was added at a 1.05:1 stoichiomteric balance of epoxide to
amine and contained a 1:4 weight ratio of Jeffamine D230 to Amicure PACM. Ingredients
were placed into a lidded 29.5 mL (1 oz} -plastic jar and blended at 3500 rpm for 60
seconds using a DAC-150 Speed Mixer distributed by FlackTek. The blended samples

25 were degassed for 10 minutes under vacuum in a bell jar at 25 °C at less than about 3000 Pa.

30
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Exanpl e 5 and Conparative Exanples A and B General Procedure for
Preparing Sanples Sanples were fornulated with DVBDO, D.E. R 332 or
D.E.R 354 to 5explore the inpact of epoxide selection on key
properties of interest. Equival eff, 0Pl & Lk of epoxide to curing
agent were used for each sanpl e.%—?ﬁa‘%&%wm al or SA-0201) and
silver powder (Metalor C 1284P) were added at a |evel of 68 % and 10
% by wei ght on solids, respectively. The am rgt;(a'qlpf'gqg4agents wer e
added at a 1.05:1 stoichionteric balance of epox de to am ne and
contained a 1:4 wei ght rGamrenestsjef f am ne 10 BR3@ vieghtAmi cure PACM

| ngredients were placedGyEpg a 11 dded 29.5 ML (g 9@ - prastic jar and
bl ended at 3500 rpm for j6secorEds usi ng a DAC d.bfseSpeed M xer

di stributed by Fl ackTek.amkhige bA@pnded sanpl es weggsgdegassed for 10

m nut es under vacuum i nsavdelakej ar at 25 C at | ggsoot han 3000 Pa.
Table I'll - Fornul ati on g¥d: Poxder Copament s, masgidopacti on Conparative
Exanpl e 5 Exanpl e A DVBREelsoky 354 Conparati veo.boganple B D.E. R 332
DVBDO D.E.R 354 D.E.R 332 Jeffam ne D230 Am cur@ PACM Sil ver Fl ake
SA- 0201 Silver Powder C-1 284P

Weigh Up, mass (g)

DVBDO 1.97
Jeffamine D230 0.25
Amicure PACM 1.00
Silver Flake 10.20
Silver Powder C-1284P 1.50
Silane 6040 0.09

15.00

Examples 1-5 and Comparative Examples A and B in Tables Il - IV beiow

5  were characterized using the following analytical techniques:

Volume Resistivity

Volume resistivity was analyzed according to ASTM D2739-97. Strips of
sample were prepared on glass slides by attaching Scotch tape to the slides as spacers,
filling sample into the gap, and then removing the tape. The glass slides were then cured in

10 an oven for 45 minutes at 85 °C, followed by 1 hour at 175 °C. Sample volume was
determined using calipers, and the resistivity was measured using an ohm meter with the
two probes placed at either end of the strip of cured sample. The volume resistivity (ohm-

cm) was calculated using the following equation:
(L x W x H x Resistivity)/length

15 (lass Transition Temperature

The glass transition temperature was determined according to ASTM E1356.
Approximately 40 mg of each sample was placed into separate hermetic aluminum pans and
analyzed via differential scanning calorimetry (DSC) using a TA Instruments Q200
calorimeter. The program consisted of three elements: ramp at 10 °C/minute from 20 °C to
20 270 °C, cool at 10 °C/minute from 270 °C to 20 °C, and a second ramp at 10 °C/minute from

20°C to 270 °C. The first heating ramp cured the sample, while the second heating ramp
-17-



Si | ane 6040 0.1310 0. 0000 0.0000 0.0166 0.0664 0.6800 0.1000 0.0060
1. 0000 0. 0000 0O.1644 0.0000 0.0099 0.0397 0.6800 0.1000 0.0060 1.0000
0. 0000 0.0000 0.1651 0.0098 0.0391 0.6800 0.1000 0.0060 1.0000 Weigh

Up, nass : 4 .

3320. 000, S8 et B 85 B e Ratiei® Dt Babvas o
Si | ver FlwisentBiked BROdderBlfe B@EIRO trondiNer teRpetarre CFd) udBdRhe BAT etfipolifed
Si | ane 60400. 060. 060. 06 1510. 0010. 0010. 00 Simlar

anal yt i cdr§retHBeEo4escri bed in Exanple 1-4 were used to characterize
the materials of Exanple 5 and Conparative Exanples A and B. In

addi tion, the Y#edsityci ent of thermal expansion was deternined for the
sanpl es of Exanple 5 and Conparative Exanples A and B. Coefficient
of Thérmal Expansi dPhe viscosity was measuTérbatadefetisbéaemate of 10 bew msing a

S0 A TSR BTN R B e
f1'4|0|1' Ng SBMY fechithif: ® ASTIONB4293 ds and curing in a Tetrahedron Model
press

Mass Loss
The weight loss during cure was determined according to ASTM E1131.

10 Approximately 30 mg of each sample was placed into separate standard aluminum pans and
analyzed via thermogravimetric analysis (TGA) using a TA Instruments Q50 analyzer. The
program replicated the standard cure protocol with a ramp at 10 °C/minute from room
temperature (~25 °C) to 85 °C, hold isothermal at 85 °C for 45 min, ramp at 10 °C/minute
from 85 °C to 175 °C, and hold isothermal at 175 °C for 1 hour. The mass loss is recorded

15 asapercent (%) loss from the original sample weight.

Table II below contains a summary of the data collected on the formulations

prepared with various Metalor silver flake products for Examples 1 through 4.

Table II — Results

Sample Example1 Example2 Example3 Example4

Silver Flake
(68% loading)

AA-0005 AA-4703 GA-0018 SA-0201

Silver Powder
(10% loading)

CP-1284P CP-1284P CP-1284P CP-1284P

Volume Resistivity, Q-cm

0.0002 0.0002 0.0002 0.0001
Tg,°C
(DSC, 10 °*C/min ramp) 176 174 177 181
Viscosity, Pa-s 15 15 12 1
{AR2000 rheometer, 25°C, 10 1/s)
0,
Mass Loss, % 1.7 17 17 17

20 (TGA, 30 mg)
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5according to the follow ng standard cure procedure: The
sanples were cured for 45 mnutes at 85 C, followed by 1 hour at 175
C. The cured slugs were anal yzed vi a t hernonechani cal anal ysis (TMY)
utilizing a TA Instruments Q400 anal yzer fitted with a 3 nmm probe.
The program consisted of a ranp at 10 G mnute from25 Cto 210 C

g%g | sot errr’nil li%id%%%g fagve%garrrp l%gtiesZ Ec);ool at 1010 C mnutes from

to - C, r 2 mnutes, ranp at 10

C/ mnute from-30C.to 250 ni ver sal Anal ysi s software was utilized
to determ ne tma%&?—g@m&e ! I pansi on (CTE) bel ow the Tg
(al CTE). Table IV belqw contains a_su data collected on

t he f or nul at i onsSames ‘a%rﬁéommaﬁte%%thd)\éﬁppa@r @1%!’1 é?% ofBRe-Baddt fon
vi scosi t yeg?ﬁge HRiHEC o‘?%héﬁ%é’ %él%ﬂoé ?ﬂ@?ggﬁ%eﬁﬁg eétn E1-591v ﬁPmQMPDO

(Exanpl e I's used vers rative
D. E. R 33ztidsCGfrepexidt it enringcagphtew & usdiafol eadh/samﬁhmﬂﬁvzer ﬂ&d (Wall@o&der

Vol urre. REGHEY 1 Sy s Pocia@orees 3 vees kv ALt g 103358
(AR2000 rvbﬁ%ﬂ%%%hd@§é§peétﬁreﬂ)§<ﬁﬂ\@a§ﬁnbg§l%g 2t Ghore 38T 28! Oqu E,
ppm deg C ( Chin ranp

stoichiomteric balance of epoxide to amine and contained a 1:4 weight ratio of Jeffamine
10 D230 to Amicure PACM. Ingredients were placed into a lidded 29.5 mL (1 oz)-piastic jar
and blended at 3500 rpm for 60 seconds using a DAC-150 Speed Mixer distributed by

FlackTek. The blended samples were degassed for 10 minutes under vacuum in a bell jar at

25 °C at less than 3000 Pa.
Table III — Formulation Matrix
Comparative Comparative
Example 5 Example A Example B
Components, mass fraction DVBDO D.E.R. 354 D.E.R. 332
DVBDO 0.1310 0.0000 0.0000
D.E.R. 354 0.0000 0.1644 0.0000
D.E.R. 332 0.0000 0.0000 0.1651
Jeffamine D230 0.0166 0.0099 0.0098
Amicure PACM 0.0664 0.0397 0.0391
Silver Flake SA-0201 0.6800 0.6800 0.6800
Silver Powder C-1284P 0.1000 0.1000 0.1000
Silane 6040 0.0060 0.0060 0.0060
1.0000 1.0000 1.0000

Weigh Up, mass (g)
DVBDO 1.31 0.00 0.00
D.E.R. 354 0.00 1.64 0.00
D.E.R. 332 0.00 0.00 1.65
Jeffamine D230 017 0.10 0.10
Amicure PACM 0.66 0.40 0.39
Silver Flake SA-0201 6.80 6.80 6.80
Silver Powder C-1284P 1.00 1.00 1.00
Silane 6040 0.06 0.06 0.06

15 10.00 10.00 10.00

Similar analytical methods described in Example 1-4 were used to
characterize the materials of Example 5 and Comparative Examples A and B. In addition,
the coefficient of thermal expansion was determined for the samples of Example 5 and

Comparative Examples A and B.
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Exanple 1 CP-1284P DvVBDO 0.0001 182 11 2.1 36 Conparative Exanple A
CP-1284P D.E. R 354 2048 101 61 0.4 34 Conparative Exanple B CP-1284P
D.E.R 332 5148

10

15

Coefficient of Thermal Expansion

The coefficient of thermal expansion was determined according to ASTM
E831-06. Cylindrical cured sample slugs (diameter = 5 mm, height = 4 mm) were prepared
by filling sample into silicone molds and curing in a Tetrahedron Model 1401 press

according to the following standard cure procedure:

The samples were cured for 45 minutes at 85 °C, followed by 1 hour at
175 °C. The cured slugs were analyzed via thermomechanical analysis (TMA) utilizing a
TA Instruments Q400 analyzer fitted with a 3 mm probe. The program consisted of a ramp
at 10 °C/minute from 25 °C to 210 °C, hold isothermal at 210 °C for 10 minutes, cool at
10 °C/minutes from 210 °C to -30 °C, hold isothermal at -30 °C for 2 minutes, ramp at
10 °C/minute from -30 °C to 250 °C. Universal Analysis software was utilized to determine

the coefficient of thermal expansion (CTE) below the Tg (a1 CTE).

Table IV below contains a summary of the data collected on the
formulations. The data indicate a extraordinary decrease in viscosity and volume resistivity;
and an increase in Tg when DVBDO (Example 5) is used versus D.E.R. 354 (Comparative
Example A) or D.E.R. 332 (Comparative Exampie B).

Table IV — Results

Comparative Comparative

Example 1 Example A  Example B
Stiver P-Q wder CP-1284P CP-1284P CP-1284P
(10% loading)
Resin Pack:?ge . DVBDO D.E.R. 354 D.E.R. 332
{D.E.R. 354 = bis F, D.E.R. 332 = bis A)
Volume Resistivity, Q-cm 0.0001 2048 5148
Tg, °C
(DSC, 10 °C/min ramp) 182 101 121
Viscosity, Pa-s
(AR2000 theometer, 25°C, 10 1/s) 11 61 25
Mass Loss, %
(TGA, 30 mg) 21 0.4 0.4
a1 CTE, ppmideg C - " s

(TMA, 10 °C/min ramp)
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121 25 0.4 38 WHAT IS CLAIMED | S: 1. A conductive

curabl e conposition conprising: (a) at |east one vinylarene oxide,

(b) at |east one curing agent, and (c) at |east one conductive
conposition of claim11, further conprising

filler. J

(d) at Ie\gs}{A%InSeC%%ﬁgR/s . 3. The conposition of claim

1, wherein the at |east pne conductive filler is electrical

conduct i ve. St S SR s ermoSHon PR G WA e

| east one,ipARAHEbLME, éf;) hil18dst BRScithoRlottt! AddC@) attend B boddb¥itdxilidre
range of friom 1x102 m1l to 10l x1§7 S nfl. 5. The

conposi tion of claiyn 3 whgrel e, oPRdLe | MgmEl d ol en: Lrom
silver, palladium "gold, plﬁ?@ﬁﬁmﬁnér ap]#t’e, grap?hg{]rles,@c(gpg%n& b

nanot Gbesamihygt.bl ends t her eof 6. The conposition of claim
1, wherein the at |east one conductive filler 15is electrically

insul ative and ther3ral | yrHeogipotitigs of claim 1, wherein the atTbg&t 6adpeRlutfi@ filler
of claim6, wherein the at |east one conductive filler exhibits a

vol ume r éseleelrigaligcanduetiveange of from | x104 ohmcmto 1x102 ohm cm
and has a thermal conductivity in the r_ange of from1l WnK to 2000

W nK. 208. The conpdsiti dmeghmpbsition ¢f clame p ewhereinghsyatdgdsth prheondnitie filker
chosen fromthe arou f .divi.nyl benze di 0xj di.vi nyl napht hal ene

i oxi de. Aot FGPEeEHRRG eI A e e TR E R Pettreraf oxi de. . and

m xt gpes 1khet®af' 9. The conposition of claim1, wherein the vinylarene
oxi de conprises divinyl benzene di oxi de. 2510. The conposition of claim

1, wherein the curisng ageRlcofPBRFibS8EcIAM 3 wherein the conductive filler is chosen

from silver, palladium, gold, platinum, graphite, graphene, carbon nanotubes and blends

thereof.

6. The composition of claim 1, wherein the at least one conductive filler

15  1is electrically insulative and thermally conductive.

7. The composition of claim 6, wherein the at least one conductive filler
exhibits a volume resistivity in a range of from 1x10* ohm-cm to
1x10*® ohm-cm and has a thermal conductivity in the range of from 1 W/mK to 2000
W/mK.

20 8. The composition of claim 1, wherein the vinylarene oxide is chosen
from the group of divinylbenzene dioxide, divinylnaphthalene dioxide, divinylbiphenyl

dioxide, divinyldiphenylether dioxide, and mixtures thereof.

0. The composition of claim' 1, wherein the vinylarene oxide comprises

divinylbenzene dioxide.

25 10.  The composition of claim 1, wherein the curing agent comprises an
amine, a carboxylic acid anhydride, a polyphenol, a substituted polyphenol, a thiol, or

mixtures thereof.

11. The composition of claim 2, wherein the catalyst comprises a tertiary

amine, an imidazole, an ammonium salt, a phosphonium salt, or mixtures thereof.
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am ne, a carboxylic acid anhydride, a polyphenol, a substituted

pol yphenol, a thiol, or m xtures thereof 11.The conposition of claim
2, wherein the cat al yst conprises a tertiary amne, an inmdazole, an
anmoni um sal t, hlxr}sphogl um safl Lo OF . mxtures t{u nr(gffai om risin

12. A process for epar’i Rgo F?fe%%nB%su%u SV OPOENY CJ! 310 %'%gg
admi xi ng:adtAxinkh@) aie at BAStoneenyIArblyd @ied) €b )kt delcadtbhe bmgadgeheaﬁd (D
curing agent, and (c) the at |east one conductive fill

13. The pit&eskanesPn@IGIVEIer.f urt her conprising t he step of heating

the 5 m xture at a tenperature of from40C to 300 C
13.  The process of claim 11 further comprising the step of heating the

5 mixture at a temperature of from 40 °C to 300 °C.
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