THERMOSETTING COMPOSITIONS COMPRISING SILICONE POLYETHERS, THEIR
MANUFACTURE, AND USES FIELD OF THE INVENTION  The present invention relates to
thermosetting compositions comprising thermosetting resins, silicone polyethers, and fillers.

BACKGROUNEERNBHENNNENTIBIPOSMIGNS CONIRESING S CoMEKBestisting) the use of
certain Hazardous Substances in ric ectronic equipment) Directive in several countries
around the world, the soldering o ﬁ&ﬁ&qﬁfmﬁi@sﬁ%ﬁ&ﬁ@ large part lead free. In
conjunction with this change, non-dicynadiamide (mostly phenolic) FR-4 (woven glass and epoxy)
base materials for printed wire board manufacturing are now preferred. This change in the resin matrix
is often accompanied by a higher brittleness of the resin system. The higher brittleness leads to some
processing diHidJhieE WHEHRVENTHAMyY associated with drilling and grinding, and which can lead to
subsequent failures like Conductive Anodic Filament (CAF) growth, resin recession, and pad lifting.

In view of these probidHEEHEFSHEPRAIAE HoBETRQFRIAR SORPRPIINASE YHEYIRESetting compositions.
SUMMARY OF THE INVENTION In one aspect, there is provided a thermosetting composition
comprising 4JERRSEES FribtrEHeRISRERG FEGnAS) st one silicone polyether which is reactive
with the thermosetting resin, such that it is incorporated into the final network upon curing, wherein the
silicone poly. | | re: TH301 H3TH30OH3 H30- Si S 0S OH XY3 Jz
CH3CH3(C§%§%§E@%§§?E? EO),(I?(%:}%E%%FH wherein x, y, z, p, g, kK, m, and n are independent
integers; x and y are greater than or equal to 1: z is greater than or equal tg 0;_p and g are greater than
or equal to 1: Ic, n, S %8?83?&%1% %P%ﬁﬁ%ﬁ&’ﬁ“éﬂ@iﬁ%%ﬁ%%?% Fadf8ater than or equal
to 1; R1 is Hsabsalk2dsnchasseafram deotthitapinmngnd Dpeadm pristhgralibyni 200 NHIR, :
(CH2)nCHS3 where,n is.an.integer greater than or equal to 0 and R represents an alkyl group, acetate,
and (meth)ag/r(? é‘rt?a}?easho} %%Oeég%rﬁglgm é?lﬁ%t%q%ro%fl)%ﬁén ?)I%éfé}g) 2{2} Elacfr%e'bu yl ene oxide; and c)
at least one fitrmtian i tinn eHibasusaeidifyredimande (moit aplsthadicadiedt wheer thprandded a base
material for pinted,wire heardlscompHSING ALIeAsLARRANBIMEsSLIINAL. B) Rlleaspgne silicone

polyether which is reactive with the thermosetting resin, such that it is incorporated into the final

network upol &iTRHD RREHEIR PHESATCORD PHRItha ReBIFidnEasnsie PoRBRiIpRPStYEERrdhe Sj
HCH3CH3Thikfer bhiti0sekOreh&s B Sdth? yrobssibkddi €l { GRZ IR fabhdr{(EQRB e (BR)KORI

drilling and grinding, and which can lead to subsequent failures like Conductive Anodic

Filament (CAF) growth, resin recession, and pad lifting.

In view of these problems, there remains a need in the art for improved

thermosetting compositions.



wherein x, y, z, p, g, k, m, and n are independent integers; x and y are greater than or equal to 1; z is
greater than or equal to O; p and g are greater than or equal to 1; k, n, and m are greater than or equal

to 0 and th@@ﬁ%&yﬁﬁm%mmﬁ%r la equal to 1;121 is H and R2 is chosen from H or H

function groups comprising -OH, -NH2 or NHR, (CH2)CH3 where n is an integer greater than or equal
to 0 and R represents an alkyl group, acetate, and (meth)acrylate; EO is ethylene oxide, PO is
propylene oxide, dhat30§tblitjfaharasiges §ﬁﬁn€§e§ﬂ4’§§§ffé}%’tfﬂfé?ﬁmpmﬁ%/et another aspect, there is
provided the use of the base material as defined above in the production of printed wire boards. In yet
another aspect, there is provided a thermoset product comprising: a) at least one thermoset network,
b) at least die silicéhespatyetidharmpsistisngsisstive with the thermosetting resin, such that it is

incorporateginto tQ@lé%[é?BH@@M?J&%%&SHEP%11‘1\5'}]%99%&9&\%'{k@?é Qi%egﬁb mp“é%ssuc? following

structure: c) OH 3cH,OH - sI-Osizsi'cH3 x_ cHop (cH2)gR2 cH wherein X,
Y, Z, p, 0, k, in, andhatdkeésiFeperiatdtineedersns aﬁWdi@gmemmanlmequbhtmliqmts greater than

orequaltoO; p a”ﬂo‘ﬂy@fﬁegE%%Eﬁg%%a@[ﬁﬁﬂﬂ@h?s@nﬁtﬂreand m are greater than or equal to 0 and the

sum of k+n+m is greater than or equal to 1; R, iSs H and R2 is chosen from H or H function groups
comprising -OH, -NH2 or NHR, H2)OCH3 where n is an integer greater than or equal to 0 and R
represents an alkyl ég sand ( acrylat@}F*tO is eth pe oxide, PO is propylene oxide,
and BO is butylene o

, acet
ide; a at Iea t f|IIer f ous rei ement or aspect shaped inorganic
material. Hjaver hm’r@ ief‘th@lh‘lgoset product as defined |
above, potting, encapsulation, atlng p03|te lor Iam In yet another aspect, there is

provided a thermose€ptoduct fdilhigd fronﬁ erm@éﬁﬁyj Fegrr@bgltlon as defined above.  Inyet
another aspect, there is provided a method of maklng a thelwoset product comprising combining a) at

least a fII‘S'[. thermpsettlng reS|r! !O) at leas éi\aéé? Zﬁﬁg{%ﬁ er which is reactive with the y
thermosetting resin, such that it is incorpo th ork upon curing, wherein the silicone
POl et oIS e, O S hr T et det tosgns; 5 Ao 3 ava arcis than
or equal to 1; z is greater than or equal to 0; p and q are greater than or equal to {;
k, n, and m are greater than or equal to 0 and the sum of k-+nerm is greater than or
equal to 1; Ry 1s H and R; is chosen from H or H function groups comprising -OH,
-NH, or NHR, (CH,)nCHj; where n is an integer greater than or equal té Oand R
represents an alky! group, acetate, and (meth)acry}ate and EQ is e{hylene oxide,
PO is propylene oxide, and BO is buty}ene oxide; and
c) at least one filler or at least one fibrous reinforcement.
In another aspect, there is provided a base material for printed wire boards comprising 2) at
least one thermoset network, b} at least one silicone polyether which is reaciive with the thermosetting

resin, such that it is incorporated into the final network upon curing, wherein the silicone polyvether

comprises the following structure:

CH, CH,  CH, CH, CH,
Ll ol oq

H,C ?I len o—H%: ® JyLE[}l o) JZTIM—-CHB
CH, CH,  (CH), (CH.)R, CH,

wherein X, v, Z, p, 6, k, m, and n are independent integers; x and y are greater than
or equal to 1; z is greater than or equal to 0; p and q are greater than or egual to 1;

k, n, and m are greater than or egual to 0 and the sum of k#+n+m is greater than or
la '



-OCH -O SiI-X CH3(CH2)p Si-0Si -0 I--LH (CH2),3R. (EO0),(P0),(B0) OR, wherein x, y, z, p, q, k, in,
and n are independent integers; x and y are greater than or equal to 1; z is greater than or equal to 0O;
p and g are greater than or equal to I; k, n, and m are greater than or equal to 0 and the sum of kin-km
" is greater than or |1041pR: d | f r pFsing -OH,
2 or NHR, (LD e e o e A e vl
group, acetate, andNihet)HERyliehatdE®heethideneiviide, POy propylecs:aiidd, addBO is
butylene oxide; and ¢) at | ast h ther osetin s n and the gt.least one
silicone polyether {optl)orm § aﬁe %(%B’roduct Drs(%oéene Er%Y h’;}mﬁ%@ef ?1{% annff O&s%rdr?sb and
thermoset networksexhdoitingidnpraVBO mdchpnicatpadiomednger b’spe«maltﬁjimnhanced drillability,
while maintaining good processability, especially lower melt viscosity of the solid varnish composition.
Preferably, the improved performance is_exhibited by filled epoxy- based systems. Most of the
conventional tougherfing ABB A TEtFih Tr%?ﬁﬁ%%deﬁﬁéls&o%ﬁﬁéi%ﬁ%aﬁﬂﬂ@érd%’é’reg S Fatfcles,
thermoplastrodoloick phlyimet s bmaatscombine very well with 1 ¢ filler, as the toughening polymer is
often high in molecular weight in order to function. The addition of filler to thermoset formulations
comprising convemitipeahttheg ke dheayénts dded thérefosecfortidort iroresgecthe viscosity, often leading
to unacceptably high viscosity for processing. Moreover, the introduction of filler into epoxy resin
matrices comprising a 5toughening agent (or, in some instances, more than one toughening agent)
can reducedhat dgshtsdtughesimgatfedt, The present disclosure provides at least the following
advantages and features: The present disclosure combines toughness and good processability
with the use of fillers. The present disclosure also exhibits excellent mechanical properties, especially
when 10 usbﬁaﬂrdi@hsadﬂl’exil‘ﬁbe@mmbethéﬁ wiateveresénhnthentioseitinprekimatich trith filler also
has an effect at. surprisi W40 |t|on the resent disclpsure can be coated.
Furthermore the fiter E%%%%? rele(%g%te%e\][/vrfﬁ : IrcI:}“o?{‘elztr her otr%|1 enhanced 9oﬁeqﬁenrng The
present drs«:lmwreswsbeafbdiwsfﬂmg gjtastimnd prepreg surface modrfrcatrons with advantageous effects. -
15These features and advantages are provided at least by the following specific embodiments: A
- thermosetting composition irgldding: a)@Heastafu@ﬂﬂgermoseiﬂ resin, (B)-’%t least one silicone

polyether, wherein the srlrcor*e polyeth com rige he foll¥Etg structgre I) 20(1)

rrsCH3CH3CH3CHa_H@C—ir—@$1-Q3{ @pely@; g;@GH@)qRZ CH3
(E0),(P0),,(BO)kORI wihereinjx X, Y, Z, p, k in, may b. epend At mtegers % and y may be
greater than or equal to 1; z gy be gre r than ({r gyel to 0 ]qnsi %ma@Qe greater than or equal

to 1;
(EQ),(PO),(BO)OR,

wherein X, ¥, Z, p, ., k, m, and n are independent integers; x and y are greater than
01'. equal to 1; z is greater than or equal to (; p and q are greater than or equal to 1;
k, n, and m are greeter than or equal to 0 and the sum of k-+n+m is greater than or
equal to 1; R; is Hand R; is chosen from H .or H function groups comprising -OH,
-NH; or NHR, (CH;),CHj; where n is an integer greater than or equal to 0 and R
represents an alky! group, acetate, and (meth)acrylate; ‘EO 15 ethylene oxide, PO is

propylene oxide, and BO is butylene oxide; and

c) at least one filler, fibrous reinforcement, or aspect shaped inorganic material.

1b



k, n, and m may be greater than or equal to 0 and the sum of k+n+m may be greater than or equal to
1; R1 and 121 may be independent end groups chosen from H or H function groups comprising -OH
-NH2 or NHR, (CH2)nCH3 where n is an integer greater than or equal to 0 and R represents any one
of the alkyl groups, acetate, and (meth)acrylate; a %50 is 5 ethylene oxide, PO is propylene oxide,
and BO is buty.lenéIl o&%ggglﬁﬁaéf%’lgagg 10%%(?}?1%@15% &Sl Bh IR EE R A @?ﬁa/ab‘“’el?he
present dis@FugerepRIAEMTOrEVS thenmsichantionlpeifoemance of epoxy resin compositions

- containing at least one silicone polyether as described herein. Other features and advantages of the
present disclosure will be set forth in the description of the invention 10that follows, and will be
apparent, in part, fromstthetiesopptiohor maybddbartieddoypractice fofihe foveniianrtbepigsent
disclosure will-bsskealizedapd.atained by the compositions, products, and methods particularly
pointed out in the written description and claims hereof. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows exemplary results of Cu-peel and adhesion analysis for formulations 15comprising

filler. Figure 2 shows exemplary results of Cu-peel n&l5 dhesion analysis for non-filled
formulations. Iff’g{lerteaﬁogﬁlbag P Eee Fte eﬁf‘é %@f%ﬁqﬁﬁﬁsﬁé’g’é‘ﬁiwﬁ@F THE

exemplary punc
INVENTIONombingglas gt othbinice Srimeetcrirefictonbe 1o leesompaiinchopdertiponsith ibcledes the
compound eiEeB RN d BRI, aswelkasisembiaatondyhpiiek COMNEUAS-OL cofpRgnents,
such as miﬁurS%]scoJec%rin S%QQS- A%S(leﬂs]ee (()erein,sttrggtgrin_gular forms aand "the" include the plural
reference unfess the context clrélg?fqy iCtates otherwioe. Except where otherwise indicated, all
numbers expressing quantities of ingredients, reaction conditions, and so forth used in the
specification and claims are to be understood as being modified in all instances by the term "about."

Accordingly, unless indicatéeg the corfprlity, the népigiical pardhidters set it in the following

specification and attached ollaims are apgproximati that may, vbry,dep di|]1g upon the desired
properties sought tg ie-ebtained- Presant @;m%yw@%. gnd.n be considered
B

as an attempt 5to lindit the plication bfithe doctihd of equivglepts to the Bcppe of the claims, each
numerical parameter shoul p? construgd_jn light of. umbe(aé i nificar&jgits and ordinary -
rounding conventions. Additionally, the reci#ation of puraérical kang ithin tHis specification is
considered to be a disclosure of all numerical valueg and ranges within that range. For 10example, if a
range is from about Ito about 50, it is deemed to in ,i@r a{g{%‘éﬁ 34, 46.1, 23.7, or any other
value or range within the range. As noted above, changés in résin matriced used in base materials
compliant with thewoeHeSmDirecfZive ar orfl%egn adclg%mpggied %]y a Git?her brittleness of the resin system.
The higher brittlendss 164ds 10 €dthe” protesaing drfiedfieL iR it ANt es2Es Sbaistdh®hith
15drilling and grindingyas welll assdiffetdtidnpadingtbis hsegidentiailteastike.c ongustive Anodic
" Filament (CAF) gr%w]%h resin r%cgssgonﬂand ;[)ad Ijlting é[he present invention provides thermoset
networks exhibiting “SIgAMCART. aAd 1 50Me TStARces gljﬂﬂ’l RGP SVemBns st dbavERtional
thermoset networksyespediaily imlﬁémﬂlaﬁsimhmse@ﬁhc%biﬁaﬂﬁe%ﬁkg’fbap@E@%ﬁ@iﬂﬁ@’ﬁ;ﬂﬂﬁrs
described herein. The pre g%in&;ﬁg)og}%esg{ibes the use of siliconegolyether resing in thermosetting
compositions. Preférabiy'the thermogating compostith eesh 8Bl dhaip e riudiip thandbRposition
contains inorganiciifees&ilicanslBdlyether okthe, astamh davestiond he siicone-peivgtharsesins of the
present invention i aqrt greq#e%r%é)roc ssa i%é%ghd fxcelle t toughening properties upon
* thermosetting compositiBna- THE SitGh& o eiieT Tesie SBHREiA e srogditeertter the
addition of filler to theifrtse tiothdviastecinyentionaldeughaping AgentRRRGLRRMbReIs qre-shell
particles, and ther %%[%stic blogk E)olymers, have a high molecular weight to initiate suitable
toughening mecha SR 8?1 molecular weight, however, has an undesirable effect on the
viscosity of the uncured thermoset formulation. The increase in viscosity is exacerbated by the addition
of filler to the composition. Because of the high viscosi'%égese formulations are less desirable for

compositions that PSSR ITRE R e FREL e AR ’ piprEigat silicone polyether resins with

low moleculartubight anshortbweadsaositypertbiehinn ashSGiBAIahPROCE asRaihy Maiain excellent
toughening p{ﬁg}%ieﬁ. oo dR&)@agﬁgﬁJ% the silgﬁor}eﬁolgé%her resins of the present invention maintain
their ability t3 ImMpart gréater processabnity and excenehttougHENY Pros VBTER after filler is
added to thedfonprsisiion PTaisablants impuntd setirthersesekbiiventionntdepghenassavhich do not
combine welgyg;%g_ller. For example, the toughening effect of rubber- 10containing block copolymers
decreases when filler is introduced into the formulation. Furthermore, the effective use level of the
silicone polyether resins in.conjunction with g*:lge‘/rs is very low compared to_other toughening reagents
Mg %{I]ﬁﬁgégvﬁtéoﬁ?\%@?l 38§t9%?¥?1@%ﬁi@0%@5‘8@?€ﬂ9§&0§§%§?ﬁ%red to other

like rubber or block co‘E‘b
toughening dgevis alse-emdbtesthighehdoacplevéidioicliieynibile doaintadmingmbighprenessability and
mechanical 15properties. Indeed, because the siliéene polyether acts as a dispersant, the decrease in
viscosity is also observed in systems comprising one or more fillers. However, the silicone
polyether resins of the instant invention have also been found to act as efficient toughing agents for

the epoxy network even in conjunction with fillers. Thus, not only does the presence of silicone
nnoh/ethear recine enahle hinher toirinchneace when



20 compared to unmodified thermoset networks, such compositions show a lower melt viscosity than
compositions containing conventional block copolymer toughening agents, leading to better
processability and easier handling. Use of the silicone polyether in thermosetting compositions
comprising at least one filler has an effect at surprisingly low load levels. For example, the silicone
polyether capi2bhe wseshipgathepsvithcilennidaach Ieyveals ofahoutdnl % aalowskirsyeh ag.for
example, 0.09%, 0.08%, 0.07%, 0.06%, 0.05%, 0.04%, 0.03%, 0.02%, or 0.01%. The silicone
polyether alSSHASRETRSTIT) RFREESIPTHY 6%?“%8@33%568&?’5&?%@&%58%&%@ Sfd A100H. It
therefore carhreduied thbeyiscasity bEaifilerimotlificlt séisin wystemeptably Aigtordiag dorthe present
invention, a siI!(i)C(e)rgSl po%;@g\;&d@g%@r}g@& tpoen gg%fﬁsdr f'rr;tct}he thermoset network through the reactive
groups. Mostof the onventonal toUgheners are Not reactive = they ara physicany ikéd to the
network Yoy enighegilegriant) Gut Wotcokreiriealss borgetiatroeabodherentsighith eapredert trevention, the
silicone poWEé@ﬁ‘s%HgQ@nﬁ{géﬁ@!E with the thermoset system and consequently be incorporated into
the final network. Migration of the toughening agent is prevented, even at high temperature. The
silicone polyether resins of the instant invention also create suitable phase separation for grafting.
When block polymEigrareceichiriastitnianyidesetles the§hlering agertscarapieifiesequence of blocks is
relied upon to enable proper phase separation. In 10the instant embodiments, it is surprising to see
that the silicone paiyethes-resiss @ieatestitable.phase sepaitien g afi@the useOMBrs,
improvemeq@eopegggyﬁgc%vgapetqe in%t t embo imerﬁts.mfirrelgte to the yse 1(1)fnsilicone polyethers, and

. ?SO,GX IDILS EXCelient mecnanica cgnfe 1e8, €5 eclad,'w [ . .
more particularly, to the use of silicone polyethers having preferred structures, especially in epoxy

base lahlinatsE LRt At h LT SOl G H) P BRI AR 5 S QSR BT Pontain fillers

or fibrous reinoreements: %@a@l%q&%&h%&ﬁu&tmﬁ&{_IH@&&/&@&Q&@Q&E@& Hehact r?s toughening
agents, imparting,excellent mechanical properties and reducing moisture uptake in the thermoset
network, whife mnggir%fr%ﬁg oW \tggc%o@%y%ﬁ %’ Grea %%&nap%gﬁ%ﬁ%\% r%ﬁea%‘t?‘?ﬂ combination

~ with filler. TheugresiepCEopitiensilicanapalyeiners fassliseshherging impad sofgateibtoughness and
20lower mo@%‘%&%ﬁﬁg@&% compared to thermoset networks lacking the silicone polyethers. To
provide context for the following detailed description, some definitions may be helpful. "Thermosetting
compositions" are compaositions that include elements that may be included and mixed together, or

reacted! 1o form a “THeirfedEtpraniladvanesssfie BPHecd Rinfent S oy fellerinssermificcomposition” may
react with ong,ppmeasa:of g@@ﬁ@m@@cm@giMQments of a thermosetting composition may
no longer be present in the final "thermoset product.” A "thermoset product” will generally include a
"thermoset n\;e)\;[wqgk t W, icth is descriptive of the structure formed by a "thermosetting resin,” examples
of which are { ' RRoMAH %%mé?tg.e‘lit né’r?%%%’etting Compositions WO _
2009/102566PCT/US2009/032820 The invention provides thermosetting compositions comprising
a) at least a fivstt hestmossiicnpsasilyeeatibasinthe siliconogpbiytbtienmphisreithdfidisdioane polyether
comprises thg fallawipg structure: TH3 51 -0 CH3 TH,r3r,OH r_o Si SiCH3 Yizl JXL
CH3(CH2)pOH2)ciR2 CH3  (EO0),(P0),(130)kOR, 5where EO is ethylene oxide, PO is propylene
oxide, and BO is butylene oxide; and c) at least one filler or at least one fibrous reinforcement. In
an alternative embodi , the t mosetti% £0MpOS fibn doedi comprise a filler or fibrous

reinforcement. and _Z__gpﬁy I_n_q$0 eD_L nd groups chogen, for example, from H or H 10
function groups ieiludi b O, N2 0 ', (C H3 Wher *ﬁ“i“é%integer greater than or equal
to 0 and R represents one of

Ef alkyl (359[”535 a ﬁt , or (meth)acrylate. In alternative
embodiments, R1 and R2®may be intlependgnt/end w;s%ho from H, CH3, and acetate. The

values of x, y, z, p, g, k, m, and n may be ingependent integers; x and y may be 15 greater than or
equal to,1; z rgay be greater than or equal {60} Pand(B®aPBe greater than or equal to 1; and k, n,
and m may b% greater than or equal to 0 and the sum of k+n+m may greater than or equal to 1. The
value of z may range from 0 to 50, 0 to 45,0 to 40, 0 to 35, 0 to 30, 0 to 25, 0 to 20, O to 15, 0 to 10, O
to 5, and mayrberdn The vguaskox addynmaleeiipdetran dengintegers andiegruy reage from 1 to
2000, 2 to 160,340,890, 404060305 2020 0,400, 3Py 9Ly Y MAKIHGE TG0 2000. 2 0
1000, 5 to 800, 10 to 600, or 20 to 400. The values of p and g may beindependent and range from 1
to 10,suchas 1, 2,3,4,5,6,7,8,9, or 10, and from any number to any number, such as, for
example, from 2 to 7, or from 2 to 5; in some embodiments, both p and q are 3. The sum of n+in may
be greater than or equal to 1 and k may be equal to g



The values of x, y, p, and g may be independently chosen such that the average molecular weight of
the at least one silicone polyether is from about 400 to about 100,000, or about 600 to about 60,000,
or from about 1,000 to about 50,000, or from about 2,000 to about 30,000. The values of X, y, p, and g
may be independently chosen such that the 5percentage by weight of silicone backbone in the at least

one silicone polyethekis k05 about BY tp ARaUL5Ld ST BbRULIN%:AorR1eLE 90 oF from about
15% to about 60%. The values of x, y, p, and g may be indeé%gndently chosen such that the average

molecular wefgHtdp & sAbRe BEcRb ORI ot BhEPSIRoE I Eth MR ST 3ES ut 200 to
about 30,000:@fffRL00UtSA0 to MERUCERIHDKIHers AROM! iARQ 40048000 JQAT hepat least
one silicone polygether is generally chgsen such that its viscosity, when measured in accordance to
AT DO B B B R S B0 S B B BP0 about 10,000
cSt, or frém adogiedOoe B 1F@ o060 cSisonftdodbbuty2eStite;alndut 4,000 cSt, or from about
100 cSt to about 3,000 cSt. The concentration of the at least one silicone polyether is generally from
about 0.02 15 ﬂ@?&ﬂtoﬁgﬂfg{oopﬁtffé%@ &Q%}&Qgﬁgﬂg@&tﬁ% wt%, or from about 0.1 to about 20 wt%,
or from about 0.2 to about 15 wt%, or from about 0.5 to about 12 wt%, or from about 1 to about 10
wt%, of the composition, excluding the weight of volatile components. The at least one silicone
polyether is generall§PERTAISHOT Tt ATy HIGGRIFSH 2BBRerde R SBUreE Wi, or from
about 0.2 to aloaubaifi it msifriamaalkettodsilicalzoptllbthedes ass2afkarh-afinuiieefatdd? wt%, or
from about 2 toda%outtlo deo/g of the compositign, excluding the weight of any solvents, fillers, and
fibers.  Th& QdREEHr SO S PIRE A AR TR LA Sh E TR R SR 8P RY B M ERER S that of the
surface & thetlfiiiéelinwnaanderdidstramiures. mdten fensificolrsqpiotetive ey thelsurkceyof the filler such
that it forms 3 manola¥er QNG e silace ohns s, The sligne Analyeer may ps,matched

with the surface of the filler to achieve a desired morphology. T%e concentration of the at least one
silicone polyeffréiuAtatEHER S e RETHFARE HPRRE S R TR R BHEH SamRtipa Rd 61z BIreee filler. In
one embodiment, the concentration of the silicone polyether is from about 100 wt% to about 0.05 wt%
by weight of fliRIEH HBSCREBTION ORI EabeUW WINGSo by weight of filler, or from about 25 wt% to
about 0.5 wt% by weight of filler. The desired ratios of filler to silicone polyether may be determined
empirically. For examplg. insthevsasapiAQREuwhatthe concentiatinn afiheifiler dshauids, the
concentration of the silicone polyether may range from about 1 wt% to about 3 wt% by weight of
fommlation, eXRRSIGEHEnts or other volatile compounds. In one Sembodiment, talc may be used as
afiller. In such instances, the concentration of filler may be 15 %, and the optimal range for the
silicone polyether isHrowe dsbare 28melanoer05oh0%-byehvaid atkdsine fortyriddtonerefdledling solvents
and other volagile preducts. The first thermosetting resin may comprise a resin selected from epoxy
resins, isocyanate resins, (meth)acrylic resins, phenolic resins, melamine resins, vinylic resins,
10vinylester resins, styrenic resins, silicone resins, and polyester resins: In a preferred embodiment,

~ the first thermoSettinﬁg{gr‘gginécsléoé?ws 3%%mx§’/ af‘é’s?ﬁ?ﬁhwe%h%%’n%éetting composition of the invention may
further comprise at least one hardener for the at least one thermosetting resin. Hardeners may be
chosen from, BEtIrELAG? RS, A E%gﬁyﬁgﬁ@@wboxylic acids, carboxylic anhydrides,
and polyol resins. In a preferred 15 embodiment, the thermosetting resin is different from the hardener.
In embodiments whéieksthehfirstthemmdbsettiegenesin eamprises! an @ppopdadindhes ahdeast one
hardener-is pref. g%/ %1 ines, IC resin rboxylic acids, and carboxylic
anhydrices, 1 R B B e, the at least
one hardener 48Trererab s eh oS8T YoRBROURGThe thermosetting composition may be
water-based. Water-based thermosetting compositions may allow the silicone polyether to permeate
across solid surfaces.sheedkampledrisgaiatioamatt theasilicode peotyathel-mayhepriassad with a
water-based e\lﬁ)]?e)g. tﬁé vc\:/ar}teripc se tgl.l%[a g%ﬁggpvgsgomposition may also achieve faster and enhanced
migration to siliCone an Silicone-like suriaces. addition, water-based thermosetting compositions
25may enable better orientation of the silicone polyether to the filler. The thermosetting
compositidn of the invETEbI IR CHIFIREE HdGaE G AL BSRERE BHRTLRESI AU 2B86HIgpeIuding
hornopolyrnerizadinm, @hthecat|aastkonethesnaselinge:raxa: o 08 apackiendeiveenstbsiat least one
thermosetting resin and the at least one hardener. The thermosetting compaosition may further include
a second thermosetting resin 30different from the first thermosetting resin and different from the at
least one hardener. The thermosetting composition may further include at least one solvent. The
thermosetting composition according to the invention%ay further include one or more additives
chosen from toughening agents, curing inhibitors, wetting agents, colorants, thermoplastics,
processing aids, dyes, UV-blocking compounds, and fluorescent compounds. This list is Sintended to
be exemplary and not limiting. The thermosetting composition may further include one or more fillers
or fibrous reinforcements, The filler may be inorganic, organic, or mixed organic/inorganic. In a further
embodiment, the filler may be a flame retardant. Examples of fillers include, but are not limited to,

inorganic fillers, including, but not limited to, silica, talc, quartz, mica, 10aluminum trihydroxide,
manneciiim hvdrovide and bhnehmite An evamnle of an oraanice fillar ic ammaonitim nolvvnhnenhate An



75toughening reagent into the composition. Not only does such a method provide for use of desired
amounts of toughening agent, it also avoids the migration of excess reagent to other surfaces of the -
formulationt’ thERBIRE Embodiment, the filler is glass and the glass surfacE AR B MBERd with the
silicone polyether. For example, when the filler is a glass weave, the filler can be 30impregnated with
the toughening agent. In one embodiment, the silicone polyether may be introduced into the system
by coating theeglassodifiédde 4f tineaglasdwbawethabisuuseddnrthe:plasdesinidireed plastic with the
silicone polyether. In another embodiment, surface. defects of prepregs bhe maodified by lowering
the surtace R A T T e T e caeting
compositionsBithaunspartinaions thhbvehighcteriig iteipnhe dearthareditsheagti e setting
networks. Unlike; QmMRosiiqes. #OMRHSIG aQmyentionaliouahsnind:agsiiRieHchred sampositions
comprising the silicone polyethers described herein do not exhibit lower viscosity when combined with

filler, leading "ttty FREESREALAIP A ABCHS &F ARAHEMGES TR efrnd BEsts 62the silicone
polyether resinsiiddearjwaci enowid véilensusadairyHigh eomparetdocd thel toughigimgreagents like
rubber or b|08¥d{7%;%09{)@(ﬁ55- 'I(;Qge]lncgv(\)/gsr viscosity of the silicone polyethers as compared to other
toughening agenr}s SO enanies higher load levels of filler, while maintaining high processability and
mechanical properties. The silicone polyethers in the thermoset networks of the invention also enable
an improved coefficRi MBS TE%RING S BRI HIM 470 25 PG HPa<IR RSt SaEMR &g other properties.
The instant cemgpesiibnrshalsaiexbibit exaallentaneghanicaknr opgdiosiivianasagdn Bembination with
filler. In contrast, the use of conyentional rmop ic, block polymer.sych.as rubber-containing block
potymer s G OLE Tt GULHELLE! AT by R e B SO i to be Bound
by any particédarthiedf/oboperation vithe: sificorze polyethermgrphology appears to be controlled by the
orientation of the silicone portion to the filler particle. This leaves the polyether structure free to interact
with the epoxy matris fanenhaneeshiopghnessn BasecMaieralsHiae Rinted \WirepBaardstame Other
Thermoset Pfo . 25Als0o provided by the present.invention are base materials for printed wire
poarcs and OB AT BT ERAILY LA CHLRST 30 BB Lt Rothrks. and by one
or more silicdnghpolyitiaerss ladiereincthe siticona pdiifeth s comiordsesitecstias tsrec{iigheiin above,
where thg vayiahlis AR i MeanUios deselRRd hawe Ubmeilinds Rlmaldeg dhgsame. The base

materials and thermoset products can also include at least one filler, fibrous reinforcement, or aspect
shaped inorgaRfdisBtapsnt (CARTRVERTSHbIS THCRIdES FEtHEEE of making a thermoset product
comprising combining: 5a) at least a first thermosetting resin b) at least one silicone polyether, wherein
the silicone polyeth&heprepensesdhiecfoliowite steaise fErworly(ED)hiiRR)%iBdRiat@wherein X, vy, z,
p. g, K, in, a”Qoﬂlé‘fﬁsé&?e%?&ﬁﬂﬁ&hg}E%%B%’eﬁll@rﬁéio\(zéféog{}%ﬁ’&%B&%&%@&%@l&%&s,%&%e%{% er than or

equal to 0; p and q are greater than or equal to 1; k, n, and m are greater than or equal to 0 and the
sum of k+n-+i18igrlgterihasbinsquiitetPaRita e Rbcaps RedegErtdHcah dstips Thvsen from H or
H funlctigxm gr%#ﬂ@&l@ﬁﬁ'&fﬂﬁjﬁlﬂes@l‘&esNié%ffﬁﬁ\'kﬂli&koﬁgb@}@@bﬁéﬂhﬂﬁtﬂdﬁlﬁﬁea l tﬁ}@er @JIrec':lte';l than or
equal to 0 and R represents any one 150f the alkyl groups, acetate, a eth)acrylate; and EO is
cihylene oxidS B K Doy AR G e AR 63 04 R L5 AP BTG fer fibrous
reinforcementonmspect cshaged ingrganitileraterial; and curing the first thermosetting resin and the at
least one silicone polyether to form a thermoset product. 20 Utility and Practical Applications The

present basegnatedals angktRermoset:pr edueis:find use in any application in which a tough and
mechanically stress-resistant network is desired, especially those in which a filler or fibrous

reinforcement is inclyded, The thermo roduct can be.formed 5 Y:of the thermosetting
compositions comg#slﬁ?g ’ﬁ) atle éctma i%tsﬁsé)rmosgetﬁrelg Fgg?%%tﬁ{gﬁg{égstéﬁg é}ﬁclolrﬁg polyether,
whereinZthe giidenechonhgicabiaprigssigicsaudireostsrp ppmapivensyidesthectariables have the

meanings deggriked abaye: R0 hehakiedsh aRS IHRE ardiRURIRIBIERME N 290kl ARRlications of

the invention include, for example, casting, otting, coating, ,
Most conventicnal toughening agents, such as rubbers, core-shell particles, and

thermoplastic block polymers, have a high molecular weight to initiate suitable toughening

mechanisms. The high molecular weight, however, has an undesirable effect on the



10and encapsulation. The instant invention may also be used in composites, laminates and coatings.
More specific uses include electrical or electronic castings; electrical or electronic pottings; electrical or
electronic M&B%%ﬂﬁﬁ%ﬁ?s; electrical or decorative laminates; structural corﬁﬁggﬁg&?ﬁ) %ﬂed
reinforced plastic components; pm-impregnated materials based on woven glass fabric impregnated
with epoxy, melamine, or silicone resins for tube winding 150r molding applications; machined parts
from compositiesoaingdiihe sinhight téemplasticsmadenofiimrimated paperpdaminatectfabeictas sheets;
tubes; rods; duropiastic sami-fished Rraduts: Bllolo-. and sqideriesists: mnsligisig,bonded
tubes; protective coatings, conformal ¢ atings; and decorative t%,oatlngs. e themioset networks
prepared fromrenysesitibisiooetaipiaigisiicbel poldeobiforasing agts sty buita b suorikigh
performance applisalinnsolikereripies, wis Rrardsciesinssoatericonner faband IGraubsties.  The

thermoset networks prepared according to the present invention are especially suitable tfor use in
electricalinsSI5AER RIGRIFIRIIEY SAURIAE HistEE VARS8 EPsE Sl lowing examples are illustrative of

the present invention, and are not to be 75 construed as limiting the scope of the invention. Variations
and equivalents of tResedstdmpiesiviticedppre rstbsthiode pleskill inythecartialight beithe present

disclosure. Unles eitispaisgisialatoal apiesniapesale: ouiaighi ohie iatcamaasiing

EXAMPLES arious terms, abbreviations and designations for the raw materials and tests used in
the following 1E§9¢ﬁ6|@§%’@€?bﬁ§}ﬁ%dQ%Sfétﬁaﬁﬁsﬁnﬁ%‘iré%é“fig}%]%ém%ﬁwtwrﬁ% propylene

glycol methyketheriaaiaiemeommear sialyiavailable fiaipld e RO Ehaniced GorapsRy . _
DOWANOLTM PM .is %%%%p%le e n%lycgl methgllggﬁl;elé commer |allg avaltlg\eb%e from.The Dow Chemical

Compa. SEE ARG STHESHE BOIjETEr oS Wi fiyeduced o theTomiuaion

Poly(StyrenefButediame( e ttiiiviatvaciyiate) the WiCdsipeledhoy foins digitmuntben (siich as DC 5097)
are products frm ROW GG, LG MABEHIAE MEIAN Maligs tOHROHLIBR AreseY ghalcation are

calculated based on thé published molecular weight values of these Dow Coming products. TBB A

stands for tetFABISHBDISEABHAAL SRR SRAMBYS AHTOMPREthi RBESRISDNIPA 2eR88!58r dynamic
mechanical thessnal apaly sisd TR semds fensbientbitadishgeiRasniaiacepelymen Td stands

for therq\éal de radatiorz‘,jtl%%nfg9 rature. sl,#ands f%r %a?ss transiﬂ&n tem er ture. 20CTE Coefficient of
thermal'éxpa SRy 5UBBEPEFATE2L081055890 FEL oS a%clrgaff “est No.
Description Gusvwrignis als@ Ghi08Fiarmysabiinpoptisngmateor 12/04i1214.8C Peel Strength of Metallic
Clad Laminates2/94 2.4.24.1 Time to Delamination (TMA Method)--12194 T 288 2.4.24.6

However, the silicone polyether resins of the instant invention have also been found
to act as efficient toughing agents for the epoxy network even in conjunction with fillers.
Thus, not only does the presence of silicone polyether resins enable higher toughness when
20 compared to unmodified thermoset networks, such compositions show a lower melt
viscosity than compositions containing conventional block copolymer toughening agents,

leading to better processability and easier handling.

Use of the silicone polyether in thermosetting compositions comprising at least one
filler has an effect at surprisingly low load levels. For example, the silicone polyether can
25 beused together with filler at load levels of about 0.1% or lower, such as, for example,

0.09%, 0.08%, 0.07%, 0.06%, 0.05%, 0.04%, 0.03%, 0.02%, or 0.01%.

The silicone polyether also has the ability to wet out inorganic OH-functional
surfaces, such as 5i02 and AIOOH. It therefore can reduce the viscosity of a filler-

modified resin system,



Decomposition Temperature (Td) of Laminate Matenal Using TGA -4/06 2.4.30 Impact Resistance,

Polymer Film-10/86 Similar to this test method a dropping weight has been used to measure

h
energy to SELHIRAAE$2.4.24C Glass Transition Temperature and Z-Axis%gﬁﬁ%ﬁgﬁl%gﬁgior: bey

TMA--12/94 CTEz 2.4.24.4 Glass Transition and Modulus of Materials Used in High Density
Interconnection (HDI) and Microvias - DMA Method - 11/98 2.4.11 Shear Strength Flexible Dielectric
Matenals-4/73 Instead@fithetd iho prédise inSinpien,'Y sTiester goblethmp fddm wwan knprafised.com has been

used. Rating were est bl‘j3 \Q all i an d.inj o = Cross plus
delaminated Elere% insic eat '&12 h%l%g% é :égc\:{}r%s%a&l% %%?glf%n%%% gafﬁeﬁ%,c%{é%ﬁé?a&i?éa eo‘l§1 afsea is round

and reachingi®\est fisacsisss Himitge phy o Byiiakedip cestins ek pe fatape it TR o PLamsinate Material
Using TGA - 4/06ic214- 40nte - aysbarairenofeafiMuliiayes, Riinigddel sl SQards-vk0/87 This

test method has been used to measure the first ply adhesion as described in the method but also for

the 4th ply adFE&EHY 1B BT RITORTE: By P U eIBIT S 875 MBS AR R B BYS Bk B RN Brinted
Wiring--5/98 Mg d P o€ ssureMesiel MdethvgioreGlassepaxyitiarmnatatintegrity-7/85 This method
has been used to determine the water pick up. Calculations have been used from the test method

2.6.2c Test SySte”ﬁle silico?i&’;?q@éth@b/ﬁiﬁﬁ@%w&é%f@&m%ﬁ%@oﬂ' hedermulationi-asgacalled LF 150 and
EBPAN in the foIIowmquescnptlon. The first test system, LF 150, has been formulated as 5shown in

the following YBB19H B B g 50V BT RARK RN PETHEROB BB IPIRE SR SOTUHBRE (XQ 82955.01,
available fronpByyGhesticabEenceonosedsatReBhponiraéachpoxyeResise andipaxyINovolac in a

solution of Butanone, Methyl ethyl ketone, and Acetone 963.9.Epoxid . Wit.. on resin 250-280
75% sl N TR A OG5 T U S Sk Ehemical Co.,

suitable phase separation when grafted.

Some improvements observed with the instant embodiments may relate to the use of
silicone polyethers, and more particularly, to the use of silicone polyethers having preferred
structures, especially in epoxy base laminates and other thermoset products, The thermoset

15  products may optionally contain fillers or fibrous reinforcements. The silicon polyether
structures of the invention appear to act as toughening agents, imparting excellent
mechanical properties and reducing moisture uptake in the thermoset network, while
maintaining low viscosity in the uncured composition, even when used in combination with
filler. The presence of the silicone polyethers, as used herein, imparts greater toughness and

20  lower moisture uptake, as compared to thermoset networks lacking the silicone polyethers.

To provide context for the following detailed description, some definitions may be
helpful. “Thermosetting compositions™ are compositions that include elements that may be
included and mixed together, or reacted, to form a “thermoset product.” As some of the
elements of a “thermosetting composition” may react with one or more of such elements,

25  the original elements of a thermosetting composition may no longer be present in the final
“thermoset product,” A “thermoset product”™ will generally include a “thermoset network,”
which is descriptive of the structure formed by a “thermosetting resin,” examples of which

are well known in the art,

Thermosetting Compositions




composed of Phenol A Novolac resin blend with tetrabromobisohenol A a in a mixture of 461.8
DOVVANQL" PM and PMA [-60% solid content] 2-methyl-imidazole [20% IsT/V] 13 Additional
DOWANOPIRIABE TOTAL SOLIDS 1000 +TOTAL NON-SOLIDS 487 %‘ﬁ%ff“%ﬁ “EtioN 1487
% SOLIDS 67.3% DIN 4 Viscosity 56 Gel Time: 246 WO 2009/102566PCT/US2009/032820 The
second test system, E-BPAN, has been fommlated as shown in the following table: Table 3 Epoxy
Bisphenol A Novoldh¢aniSRANBysterth¢RIG:20Q 200163 fkorn L9mavaitehie frdrmsDdwsChemical Co.)

In a similar faghi -29.f N e n E-BPAN Epoxy
resin solutiorﬁ%&ﬁ'gcs%%%%%%gﬁgé? é\%ﬁpabﬁ%pﬁgr%}ﬁggévm 8%?%(%%%%#%%@??%?@% NV in

MEK][EEW c®'88liges $5Xd]orBR A BSphenol A Novolac (Rezicur (4000)) Hardener [-60.0 % fly in
MEKJPM] 34.07 2-methylimidazole [-20% in Dowanol PM] 0.07 TOTAL SOLIDS 56.3 +TOTAL
NON-SOLIDS 21.6 CH, H,

A AN AR AED i
Hscws};im—o—ﬁs——oﬂ?imoﬂ?i——o%?1--CH3
CH, C (CH,),

H CHz)qF{2 CH,

3

(EO),(PO),,(BO)OR,

5  where EO is ethylene oxide, PO is propylene oxide, and BO is butylene oxide; and c) at

least one filler or at least one fibrous reinforcement,

In an alternative embodiment, the thermosetting composition does not comprise a

filler or fibrous reinforcement.

R1 and R2 may be independent end groups chosen, for example, from H or H
10 function groups including -OH, -NH2 or NHR, {CH2)nCH3 where n is an integer greater
than or equal to 0 and R represents any one of the alky!l groups, acetate, or {(meth)acrylate.
In alternative embodiments, R1 and R2 may be independent end groups chosen from H,

CHs, and acetate,

The values of x, v, z, p, q, k., m, and n may be independent integers; x and y may be
15  greater than or equal to 1; z may be greater than or equal to 0; p and q may be greater than
or equal to 1; and k, n, and m may be greater than or equal to 0 and the sum of k+n+m may
greater than or equal to 1. The value of z may range from 0 to 50, 0 to 45, 0 to 40, 0 to 35, 0
t0 30, 0t0 25,0 t020,0¢to 15,0to 10,0 to 5, and may be 0. The vajues of x and y may be
independent integers and they may range from 1 to 2000, 2 to 1000, 5 to 800, 10 to 600, or
20 20to 400. The sum of x+y may range from 1 to 2000, 2 to 1000, 5 to 800, 10 to 600, or 20
to 400. The values of p and g may be independent and range from 1 to 10, such as 1, 2, 3, 4,
5,6,7,8,9, or 10, and from any number to any number, such as, for example, from 2 to 7,
or from 2 to 5; in some embodiments, both p and q are 3. The sum of n+m may be greater

than or equal to 1 and k may be equal to .



- TOTAL SOLUTION 78.0 % SOLIDS 72.25 Additional Dowanol PM 8.00 TOTAL SOLUTION 85.96 %
SOLIDS: 65.52 Gel Time: 276 5The so produced varnishes were used to im nate glass weave
(7628 gIas?QtﬁP@?’éW%Fﬂonzontal Caratsch treater. The above formulgﬁﬁ %ﬁ@é‘?ﬁ%’f}%th fillers
and silicone polyethers at different ratios, were run over a treater with typical settings as follows:
typical air pressures applied to the treater were in the range from about 170C to about 180C; typical
gap settings of 10thasqueezerralls weard ﬁamymauﬁ@aﬁmt@mmtﬁaé&mtmpiMrsgnaed of the glass

that was carrleq throug/ ?‘? m%chlﬂ%a\éV%% é‘rscgm abou 1g)lsa out a%ou outIB&B? conditions
reached prepreg o e?ogl owing typlca parame ers: eI ime of from a ut Oa about 150 sec;

minimum viseosigubHfbin dootdR00b @!bf@wn:@@@lPéQ@QIWQﬂ‘ﬁréﬁﬂa@cﬁnfmébabb%Q@% 15The

prepregs wetg StaskepolotheRerls and gpge({&ﬂ@fwﬁwe@% pehRISBEEMRMAGR@RBEM out in a
multilayer press for 90 mm at 190C at 15 KN7sgm t0 yield copper clad WO

zoog/loéseerﬁ@w%sEb@@f@é@%fmla%ﬁﬂ%&fé&%ﬁ |’a+%éfée&ﬁél9‘iéﬁ“f8?etéal;¥ﬁ%‘é§ fio¥er resistance,
flammability, aandtcst}aeﬁ pEOREIEES or frofaddeud ﬂﬂ%tﬁ&ﬂﬁﬁzﬁ%%ﬂ&&&@ﬁdﬁfﬁtﬂﬂ%ﬁ 1nRiresi. system

thermosettin comp sitions: 5Table 4 E em Filler.Type Filler Load Modifier Type
Modifier Loadi ng E]_'l?f Ndne 8 §|\}|135Y>f€i_']% igﬁ%eneg i i the average mo qecu?ar

weight of the silicone backbone in the at least one silicone polyether is from about 200 to

about 30,000, or from about 300 to about 13,000, or from about 700 to about 6,000.

10 The at least one silicone polyether is generally chosen such that its viscosity, when
measured in accordance to A.S. T.M. D445, at 25°C, is from about 1 ¢St to about 50,000
¢St, or from about 5 ¢St to about 10,000 cSt, or from about 10 ¢St to about 6,000 cSt, or
from about 20 ¢St to about 4,000 ¢St, or from about 100 ¢St to about 3,000 cSt.

The concentration of the at least one silicone polyether is generally from about 0.02
15  to about 30 wt%, or from about 0.03 to about 25 wt%, or from about 0.1 to about 20 wt%,
or from about 0.2 to about 15 wt%, or from about (0.5 to about 12 wt%, or from about 1 to
about 10 wt%, of the composition, excluding the weight of volatile components. The at
least one silicone polyether is generally from about 0.05 to about 30 wt%, or from about (.1
to about 25 wt%, or from about 0.2 to about 20 wt%, or from about 0.5 to about 15 wt%, or
20 from about 1 to about 12 wt%, or from about 2 to about 10 wt%, of the compesition,

excluding the weight of any solvents, fillers, and fibers.

The concentration of the at least one silicone polyether may be matched to that of
the surface of the filler. It may be desirable to match the silicone polyether to the surface of
the filler such that it forms a monolayer on the free surface of the filler. The silicone

25  polyether may be matched with the surface of the filler to achieve a desired morphology.

The concentration of the at least one silicone polyether matched to the surface of the
filler may depend on the particle size of the filler. In one embodiment, the concentration of
the silicone polyether is from about 100 wt% to about 0.05 wt% by weight of filler, or from
about 50 wt% to about 0.1 wt% by weight of filler, or from about 25 wt% to about 0.5 wt%



3 LF150 Talc 15 SBM 5 4 LF150 AOH20 15 None 0 5 LF150 AOH20 15 SBM 5 6 LF150 AOH20 15

DC 5097 5 7 LF150 AOH20 15 DC 5247 5 8 LF150 None 0 None 0 9 LF150 AOH20 15 DC 5097 1 10
LE150 WO 2009/162566 PCT/US2009/032820

by weight of filler. The desired ratios of filler to silicone polyether may be determined
empirically. For example, in the case of AOH, when the concentration of the filler is 15
wt%, the concentration of the silicone polyether may range from about 1 wt% to about 3
wt% by weight of formulation, excluding solvents or other volatile compounds. In one

5 embodiment, talc may be used as a filler. In such instances, the concentration of filler may
be 15 %, and the optimal range for the silicone polyether is from about 0.25 to about 0.5

wt% by weight of the formulation, excluding solvents and other volatile products.

The first thermosetting resin may comprise a resin selected from epoxy resins,
isocyanate resins, (meth)acrylic resins, phenolic resins, melamine resins, vinylic resins,

10 vinylester resins, styrenic resins, silicone resins, and polyester resins. In a preferred
embodiment, the first thermosetting resin is an epoxy resin. The thermosetting composition
of the invention may further comprise at least one hardener for the at least one
thermosetting resin. Hardeners may be chosen from, but are not limited to, amines,
phenolic resins, carboxylic acids, carboxylic anhydrides, and polyol resins. In a preferred

15  embodiment, the thermosetting resin is different from the hardener. In embodiments

“wherein the first thermosetting resin comprises an epoxy resin, the at least one hardener is
preferably chosen from amines, phenolic resins, carboxylic acids, and carboxylic
anhvdrides. In embodiments wherein the first thermosetting resin comprises an isocyanate,

the at least one hardener is preferably chosen from poiyols.

20 The thermosetting composition may be water-based. Water-based thermosetting
compositions may allow the silicone polyether to permeate across solid surfaces. For
example, interaction with the silicone polyether may be enhanced with a water-based epoxy.
A water-based thermosetting composition may also achieve faster and enhanced migration
to silicone and silicone-like surfaces. In addition, water-based thermosetting compositions

25  may enable better orientation of the silicone polyether to the filler.

The thermosetting composition of the invention may further include at least one
catalyst for polymerization, including homopolymerization, of the at least one thermosetting
resin, or for a reaction between the at Jeast one thermosetting resin and the at least one
hardener. The thermosetting composition may further include a second thermosetting resin

30 different from the first thermosetting resin and different from the at least one hardener. The



AOH20 15 DC 5247 1 11 LF150 AOH20 15 DC 5097 3 12 LF150 AOH20 15 DC 5247 3 13 LF150

AOH20 15 None 0 14 LF150 AOH20 15 DC 5097 5 15 LF150 AOH20 15 DC 5247 5 16 LE150 None 0
DC 5097 519 1¥44H /b ne 0 PCT/US2009/032820

thermosetting composition may further include at least one solvent. The thermosetting
conposition according to the invention may further include one or more additives chosen
from toughening agents, curing inhibitors, wetting agents, colorants, thermoplastics,
processing aids, dyes, UV-blocking compounds, and fluorescent compounds. This list is

5  intended to be exemplary and not limiting.

The thermosetting composition may further include one or more fillers or fibrous
reinforcements, The filler may be inorganic, organic, or mixed organic/inorganic, In a
further embodiment, the filler may be a flame retardant. Examples of fillers include, but are
not limited to, inorganic fillers, including, but not limited to, silica, talc, quartz, mica,

10 aluminum trihydroxide, magnesium hydroxide, and boehmite. An example of an organic
filler is ammonium polyphosphate. An example of a mixed organic/inorganic filler is
aluminum phosphinate. Examples of flame-retardant fillers are aluminum trihydroxide,
magnesium hydroxide, and boehmite. The concentration of the filler, such as inorganic
filler, may range from about 1 to about 95 wt%, or from about 2 to about 90 wt%, or from

15  about 5 to about 85 wt%, or from about 10 to about 80 wt%, or from about 15 to about 75
wt%, based on the total weight of the composition. The average particle size of the
inorganic filler will generally be less than about 1 m, such as less than about 100 microns,
or less than about 50 microns, or even less than about 10 microns. The average particle size
of the inorganic filler may be greater than about 2 nm, or greater than about 10 nm, or

20  greater than about 20 nm, or greater than about 50 nm.

Fillers can also be pre-coated with the compositions described herein, In one
embodiment, the compositions can be used to coat the surface of fillers, thus creating
modified fillers that show enhanced toughening when compared to non-coated fillers,
Methods which incorporate the pre-coating of filler can provide an efficient deposition of

25  toughening reagent into the composition. Not only does such a method provide for use of
desired amounts of toughening agent, it also avoids the migration of excess reagent to other

surfaces of the formulation.

In another embodiment, the filler is glass and the glass surface can be modified with
the silicone polyether. For example, when the filler is a glass weave, the filler can be

30  impregnated with the toughening agent, In one embodiment, the silicone polyether may be

10
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introduced into the system by coating the glass surface of the glass weave that is used in the
glass-reinforced plastic with the silicone polyether. In another embodiment, surface defects
of prepregs can be modified by lowering the surface tension with the use of the silicone

polyethers described herein.

The thermosetting compositions of the instant invention have higher toughness when
compared to neat thermosetting networks. Unlike compositions comprising conventional
toughening agents, uncured compositions comprising the silicone polyethers described
herein do not exhibit lower viscosity when combined with filler, leading to better
processability and easier handling. The effective use level of the silicone polyether resins in
conjunction with fillers is very low compared to other toughening reagents like rubber or
block co-polymers. The lower viscosity of the silicone polyethers as compared to other
toughening agents also enables higher load levels of filler, while maintaining high
processability and mechanical properties. The silicone polyethers in the thermoset networks
of the invention also enable an improved coefficient of thermal expansion of [aminate

boards without sacrificing other properties,

The instant compositions also exhibit excellent mechanical properties when used in
combination with filler.” In contrast, the use of conventional thermoplastic block polymer
such as rubber-containing block polymer fails to improve the toughness of silica-filled

epoxy networks,

Without wishing to be bound by any particular theory of operation, the silicone
polyether morphology appears to be controlled by the orientation of the silicone portion to
the filler particle. This leaves the polyether structure free to interact with the epoxy matrix

for enhanced toughness.

Base Materials for Printed Wire Boards and Other Thermoset Products

Also provided by the present invention are base materials for printed wire boards
and other thermoset products that may include a) one or more thermoset networks, and b)
one or more silicone polyethers, wherein the silicone polyether comprises the structure (I)

shown above, where the variables have the meanings described above, and methods of

11



25 LF150 None 0 DC 5247 0.2 26 LF150 None 0 DC 5247 0.2 Each of the different
thermoset ositions from Table 3 was analyzed for adhesion, Cu-peel, other
properties%g%%e%%%%ﬁ 2 provide exemplary statistical results for Cu-pe%lcg}ﬁ{g%%%%%%gr?oDCSOw
and DC5247 give similar improvement in first and mid layer adhesion as SBM, while Cu-peel suffers
with DC products (Figure 1). In the non-filled formulation the Cu-peel strength fades with increased DC
Product usageakaithugliGu-peebsitangfthiids rerdithetingdth priditioncet filieriuitifichne loptivnem usage
level of the D rofGE foL HREayest IoUABaSS AFIg WS gdnic maRUACH ratings were determined as
follows: a rating of 1 indicates cross without delamination; a rating of 2 indicates cross with
delamination; and ating of 3 irylgjiﬁc.at?s Cross Wi&h laminatign where thg delaminated area is larger
(4 Oas OF 111

or equal to the crosS GiMEASIh  MAAALHE AR a R T A W ABTE A H RS SRy S rrespond to
the punch ratiogbianegshown in Figure 3. A summary of the results for each of the exemplary

LF150 resin system compositions may be found in Tables 5 and 6. Table 5 Example Td [degC] Tg

[degC] T288 IminkRunehsEmeraydaiaeisidJ] Cu-Peel [N/cm] 1st Layer Adhesion [N/cm] Mid Layer

Adhesion [N/cm] IPC Test Methods 2.4.24.6 2.4.24 2.4.24 2.4.11 2.4.30 2.4.80 2.4.80 2.4.8C 333 160
81 b) at least one silicone polyether, wherein the silicone polyether comprises the following

structure (I):

H, CH,  CH,  CH,

c CH,
Hsc——ii—o_{, | ;—O%%%HOHE:\"WO%?%WCHS

I
H, C CH,),  (CH,),R, CH,
(EQ),(PO),,(BO),OR,

(D

10 wherein x, v, 2, p, q, k. m, and n are independent integers; x and y are greater than or equal
to 1; z is greater than or equal to 0; p and q are greater than orequal to 1; k, n, and m are
greater than or equal to 0 and the sum of k+n+m is greater than or equal to 1; R; and R; are
independent end groups chosen from H or H function groups comprising -OH, -NH2 or
NHR, (CH2)nCH3 where n is an integer greater than or equal to 0 and R represents any one

15 of the alkyl groups, acetate, and (methjacrylate; and EQ is ethylene oxide, PO is propylene

oxide, and BO is butylene oxide; and
c) at least one filler, fibrous reinforcement or aspect-shaped inorganic material;

and curing the first thermosetting resin and the at least one silicone polyether to form a

thermoset product,

20
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Utility and Practical Applications

The present base materials and thermoset products find use in any application in
which a tough and niechanically stress-resistant network is desired, especially those in
which a filler or fibrous reinforcement is inciuded. The thermoset product can be formed

5  from any of the thermosetting compositions comprising a) at least a first thermosetting
resin, with by at least one silicone polyether, wherein the silicone polyether comprises the
structure (I) shown above, where the variables have the meanings described above; and ¢) at

least one filler or fibrous reinforcement.

General applications of the invention include, for example, casting, potting, coating,
10  and encapsulation. The instant invention may also be used in composites, jaminates and
coatings. More specific uses include electrical or electronic castings; electrical or electronic
pottings; electrical or electronic encapsulations; electrical or decorative laminates; structural
composites; machined reinforced plastic components; pre-impregnated materials based on
woven glass fabric impregnated with epoxy, melamine, or silicone resins for tube winding
15  or molding applications; machined parts from composites and tubes; high tech plastics made
of laminated paper; laminated fabric as sheets; tubes; rods; duroplastic semi-finished
products; photo- and solder resists; synthetic resin bonded tubes; protective coatings,

conformal coatings: and decorative coatings.

The thermoset networks prepared from compositions containing silicon polyether
20  resins are also suitable for high performance applications like printed wire boards, resins

coated copper foil and IC-substrates.

The thermoset networks prepared according to the present invention are especially

suitable for use in electrical insulation composites such as printed wire boards.

The following examples are illustrative of the present invention, and are not to be
25  construed as limiting the scope of the invention, Variations and equivalents of these
examiples will be apparent to those of skill in the art in light of the present disclosure.

Unless otherwise stated, all percentages are by weight of the total composition.

13
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EXAMPLES

Various terms, abbreviations and designations for the raw materials and tests used in

the following Examples are explained as follows:
Abbreviations

5 DOWANOL™ PMA is a propylene glycol methyl ether acetate, commercially

available from The Dow Chemical Company.

DOWANOL™ PM is a propylene glycol methyl ether, commercially available from
The Dow Chemical Company.

SPE stands for silicone polyether
10 SBM stand for Poly(Styrene-Butadien-(methyl)Methacrylate)

DC followed by four digit number (such as DC 5097) are products from Dow
Corning. The molecular weight values throughout the present application are calculated

based on the published molecular weight values of these Dow Corning products.
TBBA stands for tetrabromobisphenol A.
15 MEK stands for methyl ethyl ketone,
DMTA stands for dynamic mechanical thermal analysis.
SBM stands for styrene-butadiene-methacrylate copolymer.
Td stands for thermal degradation temperature.
Tg stands for glass transition temperature.

20 CTE Coefficient of thermal expansion.

14
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Test Methods (Table 1)

122114514 337155182 1.918.515.815

PCEAUS2009/032820

TestNo. | Descripfion Comments
2.3.108 Flammabitity of Laminate - 12/94
24.8C Peel Strengih of Metallic Clad Laminates--12/94
2.4.24.1 | Time o Detamination {TMA Method)--12/94 7288
24245 | Decomposition Temperature (Td) of Laminate
Material Using TGA ~ 4/08
2430 Impact Resistance, Polymer Fim—10/86 Similar fo this test method a dropping weight
has been used to measure the energy 0
gelamination
24.24C | Glass Transition Temperature and Z-Axis Thermal CTEz
Expansion by TMA--12/94
24.24.4 | Glass Transition and Moduius of Materials Used in
High Density interconnection (HOH) and Microvias -
DMA Method - 11/98
2411 Shear Strength Fiexible Dielectric Materials--4/73 Instead of the Tinus-Clsen Super “L" Tester a
clamp fram www.kriu-vige.com has been used.
Ratings were establishad as follows:
1= Cross. Can be broad in fis appearance.
2 = Cross plus delaminaled area inside the
Cross.
3= Cross plus delaminaied area, The
delaminated area is round and reaching over
the cross iimiis.
24.248 | Decomposition Temperature (Td) of Laminate
Material Using TGA - 4/06
2.4.40 inner Layer Bond Strength of Multilayer Printed This test method has been used to measure
Circuit Boards--10/87 the first ply adhesion as described in the
method but also for the 41 ply adhesion, 8.
the middle layer adhesion
25.2C Moisture Absorption, Flexibie Printed Wiring--5/98
28,16 Pressure Vessel Method for Glass Epoxy Laminate | This method has been used to determing the
Integrity--7/85 water pick up. Calculations have been used
from the test method 2.6.2¢

15
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Test Svystems

Two test systems were formulated. The formulations are called LF 150 and E-
BPAN in the following description. The first test system, LF 150, has been formulated as

5  shown in the following table:

Table 2

Clear
LF 150 System System
EPOXY RESIN SOLUTION (XQ 82955.01,
available from Dow Chemical Co., composed of a
Brominated Epoxy Resin and Epoxy Novolac
in a solution of Butanone, Methyl ethyl ketone, 9635
and Acetone

Epoxide Eq. Wt., on resin 250-280 [~75% solid
content]

EPOXY RESIN HARDENER (X752745.01,
available from Dow Chemical Co.,

composed of Phenol A Novolac resin blend with

tetrabromobisphenol A a in a mixture of 461.8
DOWANOL™ PM and PMA
[~60% solid content]
2-methyl-imidazole 19
20% NIV )
Additional DOWANOIL™ PMA, 60
TOTAL SOLIDS 1000
+TOTAL NON-SOLIDS 487
TOTAL SOLUTION 1487
% SOLIDS 67.3%
DIN 4 Viscosity 56
Gel Time: 246

16
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The second test system, E-BPAN, has been formulated as shown in the following
table:
Table 3
Epoxy Bisphenol A Novolac (E-BPAN System) (RTC
200704753 Expl9, available from Dow Chemical Co.) Clear
In a similar fashion also EBPAN-20 from Nippon System
Kayaku could be used
E-BPAN Epoxy resin solution (RTC 200503310-35,
available from Dow Chemical Co.) 36.47
[~78.29% NV in MEK][EEW on solid ~ 202.0]
TBBA + Bisphenol A Novolac (Rezicure (40000 34.07
Hardener [~60.0 % nv in MEK/PM] )
2-methylimidazole 0.07
[~20% in Dowanol PM] '
TOTAL SOLIDS 56.3
+TOTAL NON-SOLIDS 21.6
TOTAL SOLUTION 78.0
% SOLIDS 72.25
Additional Dowanol PM 8.00
TOTAL SOLUTION 8596
% SOLIDS: 63.52
Gel Time: 276
3 The so produced varnishes were used to impregnate glass weave (7628 glass style)

on a horizontal Caratsch treater,

The above formulations, modified with fillers and silicone polyethers at different
ratios, were run over a treater with typical settings as follows: typical air pressures applied
to the treater were in the range from about 170°C to about 180°C; typical gap settings of

10 the squeeze rolls were from about 0.35 to about 0.45 mm,; typical speed of the glass that

was carried through the machine was from about 1.0 to about 2.0 m/min.

These conditions reached prepreg of the following typical parameters: gel time of
from about 50 to about 150 sec; minimum viscosity of from about 20 to about 100 Pa5;

flow of from about 20 to about 30%.

15 The prepregs were stacked to 8 sheets and covered with copper. This set up was

pressed out in a multilayer press for 90 min at 190°C at 15 KN7sqm to yield copper clad

17



8.7 11.8 Table 6 Example Modulus < Tg [EA9 Pa] Modulus > Tg [Pa] 2 DMTA Tg [00] CTE<Tg
[ppm/k] CTE > Tqg [ppm/k] Water Uptake (1 hr) [%] Water Uptake (2 hr) [0/a] IPC Test Methods '
2.4.24.4 2WOARIR6 4 2 4240 2.4.24C 2.6.16 2.6.16 21 7.5 176 68 288 YUY Y8 382053 286 4

laminates which were analyzed for toughness, water resistance, flammability, and other

properties.

Table 4 illustrates a number of different LF 150 resin system thermosetting

compositions:
5 Table 4
Example | Resin System | Filier Type | Filler Load | Modifier Type | Modifier Loading
1 LF150 None 0 | SBM 5
2 LF150 Talc 15 | None 0
3 LF150 Taic 15 | SBM 5
4 LF150 AQHZ20 15 1 None 0
5 LF150 AQHZ0 15 | SBM 5
6 LF150 AQHZ0 15 | DC 5097 5
7 LF150 AQH20 15 | DC 5247 5
8 LF150 Nong 0 | None 0
9 LF150 ACH20 15 | DC 5097 1
10 LF150 ACHZ0 15 | DC 5247 1
11 LF150 AQH20 15 | DC 5097 3
12 LF150 AQH20 15 | DC 5247 3
13 LFi50 ACH20 15 | None 0
14 LF150 AOH20 15 { DC 5097 5
15 LF15C ACH20 15 | DG 5247 5
16 LF150 Nong 0 1 DC 5097 5
17 LF150 None G ] DC b247 5
18 LF150 None G 1 None 0
19 LF150 Talc 15 | None 0
20 LF150 Tale 15 | SBM 5
21 LF150 Tale 15 | DC 5097 5
22 LF150 Tale 15 | DC 5247 5
23 LF150 Tale 15 { DC 5097 25
24 LF150 Tale 15 | DC 5247 2.5
2h LF150 None 0 | DC 5247 0.2
26 LF150 None 0 | DC 5247 0.2

18
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Each of the different thermosetting compositions from Table 3 was analyzed for
adhesion, Cu-peel, punch, and other propersties. Figures 1 and 2 provide exemplary
statistical results for Cu-peel and adhesion. DC5097 and DC5247 give similar
improvement in first and mid layer adhesion as SBM, while Cu-peel suffers with DC
products (Figure 1), In the non-filled formulation the Cu-peel strength fades with
increased DC Product usage, although Cu-peel strength is retained with addition of filler

until the optimum usage level of the DC product for improved toughness (Figure 2).

Punch ratings were determined as follows: a rating of 1 indicates cross without
delamination; a rating of 2 indicates cross with delamination; and a rating of 3 indicates
cross with delamination where the delaminated area is larger or equal to the cross
dimension. Minimum and maximum allowable damages as they correspond to the punch

ratings are shown in Figure 3.

A summary of the results for each of the exemplary LF150 resin system

compositions may be found in Tables 5 and 6.

19
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Table 5
Example | Td Tg T288 | Punch | Energytc | Cu-Peel | 1st Layer | Mid Layar
[degCl | [degC] | [min] delam[J] | {Nfem] | Adhesion | Adhesion
[Nfem] INfem]
IPCTest | 24246 § 2424 | 2424 | 2411 24.30 2.4.8C 24.8C 2.4.8C
Methods
1 333 180 8 1 12.3 17.4 15
2 336 156 | 16 3 14 16 10
3 332 156 11 2 11 14 7
4 335 158 14 2 14 17 14
5 335 154 11 11 16 14
6 338 153 | 17.5 3 25 15 15
7 339 157 16 2 9 21 14
8 334 162 15 3 12 15 15
9 338 158 3 6.5 28 15.5
10 339 163 2 8 22.5 16.6
it 338 161 17 2 3.4 28 13
12 338 162 2 8.4 23 14.7
13 336 163 14 12 21 14.5
14 337 155 18 2 1.8 185 15.8
15 338 157 17 1 7.8 24.3 14.7
16 339 154 17 2 2.1 13 13
17 338 157 15 1 7.5 10 14
18 342 | 1a7 1 3.56 14.2 76
19 343 132 3 .89 12.8 6
20 333 135 3 0.89 10.5 54
21 340 133 2 1.78 15 8.1
22 342 136 2 1.78 7.7 75
23 135 2 1.72 1.7 59
24 136 2 1.72 11.4 6.4
25 16.2 11.5
26 8.7 11.8
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Table 6
Example | Modulus< | Moduluis> | DMTATg | CTE<Tg | CTE>Tg | Water Water
Tg[EASPa) | TglPa]2 | [°C] [ppm/k] [ppmik] Uptake (1 | Uptake {2
hr) [%] hr} [%]
IPC Test 2.4.24 4 24.24.4 24244 2.4.24C 2.4.24C 2.6.16 2.6.16
Methods
1 21 7.5 176 68 288 0.18 0.28
3 63 285
4 18 ' 7 170 46 265 0.25
5 19 8.5 173 63 286
5 23 8 170 55 321 ¢.3 0.35
7 21 8 175 40 275 0.25 0.32
8 23 9.4 176 61 314 0.19 0.22
2 26 1.2 176 52 284 0.26
10 25 1.2 175.5 0.26
11 25 1 173 47 247 0 0.3
12 24 1 1756 0.28
13 22 1.1 176 46 266
14 25 9.4 170 55 321 0.3 0.35
15 24 2.3 173 36 275 .25 .32
i6 23 1.2 170 61 236 0.22 0.31
17 23 8.4 173 50 278 0.2 0.35
18 18 g 155
19 24 1.25 144
21 18.5 7 151.6
23 19.8 10 164
24 217 i0 160

In addition, flammability testing showed that the thermosetting compositions both
with and without the addition of filler were highly flame-retardant. Table 7 summarizes
the results for three LF 150 resin system thermosetting compositions. Each achieved a

UL94 class VO rating.

21
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thermosettinﬁ]coméﬁ)é)sitions both with and without the addition of filler were hlzgé}%/
¥ results for three LF 150 resin system thermosettir?gC
achieved a UL94 class VO rating. WO 2009/102566PCT/US2009/032820 Table 7 Example Resin
System Filler Type Filler Load rol Modifier Type (SiO/EOQ/P0O) Modifier Loading F/0] Flammability 1st

Table 7 sulimaH?

In addition, flammability testing showed that the

fols&

flame-retardant.

&% Each

burn [sec] Flammability 2nd burn [sec] Total Flammability [sec]. IPC Test methods Reference

2.3.10B Table 7 -
Example | Resin | Filler Filler | Modifier Modifier | Flammability | Flammability | Total
System | Type Load | Type Loading | 1% bum 2 bum Flammabitity
%] | (SIO/EQ/PO) | [%] [sec] [sec] [secl.
IPC Test methods Reference 2.3.108
4 LF150 | AOH20 15 | None 16 18
8 LF150 | None G i None 3 19 22
14 LF150 | ACH20 15 | DC 5087 1 17 18
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4 LF150 AOH20 15 None 0 2 16 18 8 LF150 None 0 None 0 3 19 22 14 LF150 AOH20 15 DC 5097 5

11718 Table 8 illustrates a number of different E-BPAN resin system thermosettin§m
&flodifier

compositioWé)i ﬁog%lllé%ﬁﬁxample Resin System Filler Type Filler Load [OA]PI\%gfﬁ%?‘)ﬁu%
Loading p/o} 27 E-BPAN None 0 None 0 28

Table 8 illustrates a number of different E-BPAN resin system thermosetting

compositions:
Table 8

Example | Resin System | Filler Type | Filler Load [%] | Modifier Type Modifier Loading {%]
27 E-BPAN None 0 None o
28 E-BPAN Tale 15 None 0
29 E-BPAN None 0 DC 5247 5
30 E-BPAN Tale i5 DC 5247 5
31 -E-BPAN None 0 DC 5247 1
32 E-BPAN Tale 1 DC 5247 1
33 E-BPAN None 0 DC 5247 0.1
34 E-BPAN None 0 DC 5247 0.1
35 E-BPAN None 0 DC 5247 05
36 E-BPAN Tale 15 DC 5247 0.5
37 E-BPAN None 0 None
38 E-BPAN Talc 15 None 0
39 E-BPAN Talc 15 DC 5247 0.1
40 E-BPAN Talc 15 DC 5247 0.1
41 E-BPAN Tale 15 DC 5247 02
42 E-BPAN coated Tale 15 DC 5247 Coated
43 E-BPAN Si02 15 DC 5247 0.2
44 E-BPAN Si02 coated 15 DC 5247
45 E-BPAN Taic 15 None 0
46 E-BPAN Taic 15 DC 5247 1
47 E-BPAN Taic 15 bC 5247 0.5

The thermosetting compositions from Table 8 were also analyzed for adhesion,
punch, and other properties. A summary of the results for exemplary E-BPAN resin

system compositions may be found in Table 9.

Table 9

23



E-BPAN Talc 15 None 0 29 E-BPAN None 0 DC 5247 5 30 E-BPAN Talc 15 DC 5247 5 31 E-BPAN
None 0 DC 5247 1 32 E-BPAN Talc 1 DC 5247 1 33 E-BPAN None 0 DC 5247 0.1 34 E-BPAN None O

DC 5247 OO EHEAR None PCT/US2009/032820
Example | Contact | Tg T288 Punch Energy | Cu-Peel | Mid layer
Angle [°1 | [degC] [min] Rating o [N/em] Adhesion

delamiJ] [N/em]

27 79.5

28 98

29 78.5

30 87.5

31 75 2 111

32 87.5 3 9.7

33 82.5 2 10.9

34 104.5 3 1.3

35 2 116

36 2 10.2

37 193 1.72 12 3.9

38 188 1.72 12.4 4.2

39 194 1.72 11.8 4.8

40 ' 194 1.72 124 4.8

41 2 12.4 7.4

42 2 11.8 8.3

43 3 8.1 6.3

44 3 11.8 6.4

45 193 1.71 8.9 6.1

46 195 3 1.71 9.6 5.9

47 194 3 1.71 9.9 6.4

Although the present invention has been described in considerable detail with
regard to certain versions thercof, other versions are possible, and alterations,
permutations, and equivalents of the versions shown will become apparent to those
skilled in the art upon a reading of the specification and study of the drawings. Also, the
various features of the versions herein can be combined in various ways to provide
additional versions of the present invention. Furthermore, certain terminology has been
used for the purposes of descriptive clarity, and not to limit the present invention.

Therefore, any appended claims should not be limited to the description of the preferred
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0 DC 5247 0,5 36 E-BPAN Talc 15 DC 5247 0.5 37 E-BPAN None 0 None 0 38 E-BPAN Talc 15 None
0 39 E-BPAN Talc 15 DC 5247 0.1 40 E-BPAN Talc 15 DC 5247 0.1 41 E-BPAN Talc 15 DC 5247 0.2

42 E-BPAN 8B4 FAR¢ 15 DC 5247 Coated PCT/US2009/833820

versions contained herein and should include all such alterations, permutations, and

equivalents as fall within the true spirit and scope of the present invention.

Having now fully described this invention, it will be understood to those of
ordinary skill in the art that the methods of the present invention can be carried out with a
wide and equivalent range of conditions, formulations, and other parameters without

departing from the scope of the invention or any embodiments thereof,
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43 E-BPAN 5i02 15 DC 5247 0.2 44 E-BPAN Si02 coated 15 DC 5247 45 E-BPAN Talc 15 None 0 46
E-BPAN Talc 15 DC 5247 1 47 E-BPAN Talc 15 DC 5247 0.5 The thermosetting compositions
from Table 8 were also analyzed for adhesion, punch, and other properties. A summary of the results
for exemplary E-BPAN resin system compositions may be found in Table 9. Table 9 Example
Contact AngleafOf Fifeled ] T288 [min] Punch Rating

I. A thermosetting composition comprising
a) at least a first thermosetting resin,
b) at least one silicone polyether which 1s reactive with the thermosetting resin, such

- that it is incorporated into the final network upon curing, wherein the silicone

polyether comprises the following structure:

CH,  CH, CH, H, CH,

™
TEWO-];?imCHs

CH,).R, CH,

. N RN
HSCMS:WO-{SI——O Si—0
| | Ix Jyt

CH, CHy  (CH,),

(£0),(PO),,(BO)OR,

wherein X, v, z, p, q, k, m, and n are independent integers; x and y are greater than
or equal to 1; z is greater than or equal to 0; p and q are greater than or equal to 1;
k, n, and m are greater than or equal to 0 and the sum of k-+n+m is greater than or
equal to 1; R, is H and R; is chosen from B or H function groups comprising -OH,
-NH; or NHR, (CH,)nCHj; where n is an integer greater than or equal to 0 and R
represents an alkyl group, acetate, and (meth)acrylate; and EO is ethylene oxide,
PO is propylene oxide, and BO is butylene oxide; and

c) at least one filler or at least one {ibrous reinforcement.

2. The thermosetting composition according to claim 1, wherein the first
thermosetting resin comprises a resin selected from epoxy resins, isocyanate
resing, (meth)acrylic resins, phenolic resins, melamine resins, vinylic resins,

vinylester resins, styrenic resins, silicone resins, and polyester resins.
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Energy to delam[J] Cu-Peel [N/cm] Mid layer Adhesion [N/cm) 27 79.5 28 98 29 78.5
87.5 3175 2 11.1

10.

11.

The thermosetting composition according to claim 1, further comprising at least

one hardener for the at least one thermosetting resin.

The thermosetting composition according to claim 3, wherein the at least one
hardener is chosen from amines, phenolic resins, carboxylic acids, carboxylic
anhydrides, and polyol resins, provided that the thermosetting resin is different

from the hardener.

The thermosetting composition according to claim 1, further comprising at least
one catalyst for polymerization of the at least one thermosetting resin, or for a

reaction between the at least one thermosetting resin and the at least one hardener.

The thermosetting composition according to claim 1, further comprising a second
thermosetting resin different from the first thermosetting resin and different from

the at ieast one hardener.

The thermosetting composition according to claim 1, further comprising at least.

one solvent.

The thermosetting composition according to claim 1, further comprising at least

one additive chosen from toughening agents, curing inhibitors, wetting agents,

colorants, thermoplastics, processing aids, dyes, UV-blocking compounds, and

fluorescent compounds.

The thermosetting composition according to claim 1, wherein the composition is

water-based.

The thermosetting composition according to claim 1, wherein z ranges from 0 to
50.

The thermosetting composition according to claim 1, wherein p and q are

independent and range from 1 to 10.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

The thermosetting composition according to claim 1, wherein the sum of n+m is

greater than or equal to 1 and k equals 0.

The thermosetting composition according to claim 1, wherein R; is H and R; is
chosen from H or H function groups comprising -OH, -NH, or NHR, {CH),CH;
and CHs, where n is an integer greater than or equal to 0 and R represents an alkyl

group and acetate.

The thermosetting composition according to claim 1, wherein x, y, p, and q are
independently chosen such that the average molecular weight of the at least one
silicone polyether is from 400 to 100,000.

The thermosetting composition according to claim 1, wherein %, y, p, and q are
independently chosen such that the percentage by weight of silicone backbone in

the at least one silicone polyether is from 5% to 95%.

The thermosetting composition according to claim 1, wherein x, v, p, and g are
independently chosen such that the average molecular weight of the silicone

backbone in the at least one silicone polyether is from 200 to 30,000.

The thermosetting composition according to claim 1, wherein the thermosetting
composition comprises an inorganic filler selected from the group consisting of

silica, talc, quartz, and mica.

The thermosetting composition according to claim 1, wherein the thermosetting
composition comprises an inorganic filler which is a flame retardant selected from
the group consisting of aluminum trihydroxide, magnesium hydroxide, and
boehmite.

The thermosetting composition according to any of claims 17-18, wherein the
concentration of the inorganic filler is from 1 to 95 wt% based on the total weight

of the composition.

The thermosetting composition according to any of claims 17-18, wherein the

average particle size of the inorganic filler is less than 1 mm.
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21. The thermosetting composition according to claim 1, wherein the concentration of
the at least one silicone polyether is from 0.05 to 30 wt% of the composition,

excluding the weight of any solvents, fillers, and fibers.

22. The thermosetting composition according to claim 1, wherein the viscosity of the
at least one silicone polyether, when measured at 25°C in accordance with

A.T.S.M. D445, is from 1 ¢St to 50,000 ¢St.

23.  The thermosetting composition according to claim 1, wherein the concentration of

the at least one silicone polyether is matched to that of the filler.

24, A base material for printed wire boards comprising a) at Jeast one thermoset
network, b) at least one silicone polyether which is reactive with the thermosetting
resin, such that it is incorporated into the final network upon curing, wherein the

silicone polyether comprises the following structure:

CH

1 3
t C"'—TI“‘"'O‘—{SI—“OHQE_‘ ‘}‘{S\WO%‘SE_CH

H, (CH,) )P CH

(E0),(PO),,(BO),OR,

wherein x, v, Z, p, q, k. m, and n are independent integers; x and y are greater than
or equal to 1; z is greater than or equal to 0; p and q are greater than or equal to 1

k, n, and m are greater than or equal to 0 and the sum of k-+n+m is greater than or
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Although the present invention has been described in considerable detail with regard to certain
versions thereof, other versions are possible, and alterations, permutations, and equivalents of the
versions shown will become apparent to those skilled in the art upon a reading of the specification and
study of the drawiigs! mde Rhis Vhrsd B fdarhrss it Tersibrdmlieneeairb s WBrisieaMivarious

ways to provide agdglifionalugrsiens, piihe wreseRtinvetian Fysharmare, ceftaindermia®ogy has

been used for the purposes of descriptive clarity, and not to limit the resent invention. Therefore, any
appended claims ishotsriictalh IR apt e b B bRIRE e feR- S HEkes S dsntdihEd herein

and should includg, all such-alterationscPrrpudations«iand-equyalents asdalwithin the true spirit and
scope of the present invention. '

" 25, Use of the base materia! of claim 24 in the production of printed. wire boards.
26. A thermoset product comprising:
a) at least one thermoset network,
b) at least one silicone polyether which is reactive with the thermosetting resin, such that

it is incorporated into the final network upon curing, wherein the silicone polyether

comprises the following structure:

(IJHB c];H3 CH, cl:H3 (13H3
Hsc—*SimO-{Si—OHSi——*OHSE—O-}-Si—CHs
| I o
CH, CH,  (CH,), (CH,),R, CH,

(EO},(PO),,(BO),OR,

wherein x, v, z, p, ¢, k, m, and n are independent integers; X and y are greater than
or equal to 1; z is greater than or equal to 0; p and g are greater than or equal to 1;
k, n, and m are greater than or equal to ¢ and the sum of k+n+m is greater than or
equal to 1; Ry is H and R, is chosen from H or H function groups comprising ~OH,
-NH, or NHR, (CH»),CH; where n is an integer greater than or equal to 0 and R
repfeseuts an alkyl group, acetate, and (meth)acrylate; EO is ethylene oxide, PO 1s

propylene oxide, and BO is butylene oxide; and

c) at least one filler, fibrous reinforcement, or aspect shaped inorganic material.
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Having now fully described this invention, it will be understood to those of ordinary skill in the art that
the methods of the present invention can be carried out with a wide and equivalent range of
conditions, formulations, and other parameters without departing from the scope of the invention or

any embodiments thereof. What is claimed is: 1. A thermosetting composition comprising a)at least a
first thermedetting resth () draeaet S s lEbAE ORGP RO ST 8RE NS Mith @i tBermosetting resin,
such that it s INcOIpAAIS iR e AL RAYOHs AR EUAG KRl he silicone polyether comprises
the following structure: TH3OH3OH3CHS3 fi-0 [ fi-O Si-0 YSIi-0 -CH3 CH3CH3( CHjp (CH2)gR2 CH3
(EO)n(P0),;(BO)kORI wherein x, y, z, p, 4, k, m, and n are independent integers; x and y are greater
than or equg! to 15 zisgreaies tharabeasdiioir Mt aAR et 1banar feualiig 3ok, n, and m
are greater than or equal to 0 and the sum of k-i-n+m is greater than or equal to 1; Rl is H and R2 is
chosen from H orH4iféiriction groups comprising -OH, -NH2 or NHR, (C11.2)riCH3 where n is an
integer greater than or equal to 0 and R represents an alkyl group, acetate, and (meth)acrylate; and
EO is ethylene oxide, PO is propylene oxide, and BO is butylene oxide; and c)at least one filler or at
least one fiffous reiheSrRE A MR IRERNSSBIRHY C SRIPBERBA SriEbing 1oLk ¢ Htlerein the

first thermosettingygsin COMBrises iesinselested from spQXesingisRGyanale weginse (meth)acrylic
resins, phenolic resins, melamine resins, vinylic resins, vinylester resins, styrenjc resins, silicone

resins, and polye§}ﬁ§¥i¥§§?ﬁ‘§?g§eﬁﬁeSﬂllﬁehrﬁlfé}%gttﬁf@%l;ﬁ’ﬁ%ﬁiSﬁ%@f‘oﬁd’iﬂd%“ﬂélﬁﬂwnfﬁw’
comprising at leastipng hardeneoiRrihe ahlsashonpiberesrtiingrasindeThe thermosetting
composition according to claim 3, wherein the at least one hardener is chosen from amines, phenolic
resins, carboxylic acids, carboxylic anhydrides, and polyol resins, provided that the thermosetting resin
is different from the harderf@r! 5. The tgiposettingddmpositiof Hgcording@dtjaim 1, further

comprising at least one catialyst for p I*merizat' %)f the atyl #t onet rmbsetting resin, or for a
reaction between mqﬁJe@m@haEr@sH@%gpan@’i%i kprdegy 6. The
thermosetting composition Rccording ltq claim |, ffdrther co ng a seca@n thermogetting resin
different from the first therr£ etting regin and diff tjrom tlr ﬂ IEq ton pra\rdener. 7. The
thermosetting composition-acesording t éﬂéim 1, furghet’eomprising st oné solvent. 8. The
thermosetting composition according to claim 1, further comprising at least one additive chosen from
toughening agents, curing inhibitors, wetting agen I }QB stics, processing aids, dyes,
UV-blocking compounds, and fluorescent compou Ed(sﬁﬁ)g?ﬁ?é?‘f elgrﬁn%?eﬁhg composition according to
claim 1, wherein thf composition is water-based. 10. The thermasettin colgg%%étio}%a coprding to
claim 1, wherein 27ARGEs ront-d'td50. 111 thefmosetting Composition adcordmg to claim 1,
wherein p and q asedgaependerit gnchtanpenfroryltel 100; 12aithe dhegmesetting compakitidn according

to claim 1, wherein the sum of nm is greater than or equal,to 1 and k ugls 0. 13, The thermosetting
composition ac:cogﬂilflfg‘ll)cﬁlII Sty %1%}%9 1ﬁ1§iggq§g%§ ?‘?ﬁ] @%ﬁ%@eﬁﬁo% P OrH° &%c%gﬁ (g)]iroups
comprising -OH, -8ifd2 o5 NHR i{ GH2)I BHB ahek&H3)wHese A feaniintegargreatgrithag é¥équal to 0
and R represents an Ik_lb%r p é tate. 14. The thermosetting composition : or(%i to claim 1,
wherein x, y, p, an ’a?}él ﬁgp{e(?ﬁ@ ntly &nosen Stic 1tﬁlz?%ﬁle ls‘étr&a&mrhgiebéngr%vcgi% ?)gthe at least
one silicone polyetheeisifronn 400 t@b0Q,006taLb afhérthenmoséitingubRPositibplewcordikg to claim 1,

wherein x, y, p, ar?jF are independently c n such that the percentage by weight of silicone
backbone in the a ()3 SPORe gﬁ%gﬁé %’gfgeﬂﬁgﬁiga}lﬂe%&o %‘6‘%5%&1‘"@%%3 Stﬁ%r}%w%@%}ftfﬁ%gdcomposition
according to claimcizimghérefirs, theppandig@aresindegehdentpsthosen!suck théydherdedkageamolecular
weight of the silicope bac!%bonq ir]tthe at least one silicone polyether is from 200 to 30,000. 17. The
thermosetting comPBEsH g%%%‘rlﬁlhg to claim 1, wherein the thermosetting composition comprises an
inorganic filler selected from the group consisting of silica, talc, quartz, and mica. 18. The

thermosetting composition according to clajm 1, whegein the thermosetting. composition comprises an
inorganic fiteh whiLHod 5 HAINE T LR SIS QLR GPallp CORSRURe of Aty Eihycroxide.
magnesium hydroxide, and boehmite. 19. The thermosetting composition according to any of claims
17-18, wherein the concentration of the inorganic filler is from 1 to 95 wt% based on the total weight of
the composition. 20. The thermosetting composition according to any of claims 17-18, wherein the
average particle size of the inorganic filler is less than 1 mm. 21. The thermosetting composition
according to claim 1, wherein the concentration of the at least one silicone polyether is from 0.05 to 30
wt% of the composition, excluding the weight of any solvents, fillers, mid fibers. 22. The thermosetting
composition according to claim 1, wherein the viscosity of the at least one silicone polyether, when
measured at 25C in accordance with A.T.S.M. D445, is from | ¢St to 50,000 cSt. 23. The thermosetting
composition according to claim I, wherein the conceptration of the at least one silicone polyether is
matched to that of the filler. 24. A base material for printed wire boards comprising a) at least one
thermoset network, b) at least one silicone polyether which is reactive with the thermosetting resin,
such that it is incorporated into the final network upon curing, wherein the silicone polyether comprises
the following structure: TH3TH3 Si Si CH3 _Z 1 tH2)r)(OH2 )ciR2 CH3 (E0),P0),,(BO)kORI



wherein x, y, z, p, q, Kk, in, and n are independent integers; x and y are greater than or equal to 1; z is
greater than or equal to O; p and g are greater than or equal to I; k, n, and in are greater than or equal
to 0 and the sum of km+m is greater than or equal to 1; Riis H and R2 is chosen from H or H function
groups comprising -OH, -NII2 or NHR, (CH2),1CH3 where n js an integer re%er_than.or equalto O
and R reprgsents!&s &1@1}@%@%&&&%@%&Eﬁﬁ@ﬂf}%@l%}@bY@“&‘Eﬁ'ﬂﬂﬁﬁ‘e 80 BB propylene
oxide, and BO is Qutyleng oddgrand c) at least one filler. 25.Use of the base material of claim 24 in
the production of printed wire boards. 26.A thermoset product comprising: a) at least one thermoset
network, b) at least one silicone polyether which is reactive with the thermosetting resin, such that it is
incorporated into the final network upon curing, wherein the silicone polyether comprises the following
structure: CH 30OH30H?hi,r, H3C-Ti-0 [0 tcti Oy fizSi CH3 CH3CH3( CH2)13CH2)9R2 CH3
(EO),(PO)m(SO)kORI wherein x, y, z, p, q, k, m, and n are independent integers; x and y are greater
than or equal to 1; z is greater than or equal to O; p and q are greater than or equal to 1; k, n, and m
are greater than or equal to 0 and the sum of k+n+m is greater than or equal to 1; R, is H and R2 is
chosen from H or El function groups comprising -OH, -NH2 or NHR, (CH2)ICH3 where n is an integer
greater than or equal to O and R represents an alkyl group, acetate, and (meth)acrylate; BO is
ethylene oxide, PO is propylene oxide, and BO is butylene oxide; and. c)at least one filler, fibrous
reinforcement, or aspect shaped inorganic material. 27. Use of the thermoset product according to
claim 26 in any one of a casting, potting, encapsulation, coating, composite, and/or laminate. 28. A
thermoset product formed from the thermosetting composition according to claim I. 29. A method of
making a thermoset product comprising combining a) at least a first thermosetting resin, b) at least one
silicone polyether winch is reactive with the thermosetting resin, such that it is incorporated into the
final network upon curing, wherein the silicone polyether comprises the following structure: r13TH3
H3C-ti O[ Ti CH3CH3 TH3CH3TH3 Si 00Li -OH 11.(H2)(CH2),IR2 CH3 (E0),(P0),(BO)k011i  wherein
X, Y, Z, p, 4, k, m, and n are independent integers; x and y are greater than or equal toz is greater than
or equal to 0; p and g are greater than or equal to 1; k, n, and m are greater than or equal to 0 and the
sum of k+n+m is greater than or equal to 1; R, is H and R2 is chosen from I-1 or H function groups
comprising -OH, -NI12 or MAR, (CHZ2),1CF13 where n is an integer greater than or equal to 0 and R
represents an alkyl group, acetate, and (meth)acrylate; and EO is ethylene oxide, PO is propylene
oxide, and BO is butylene oxide; and c) at least one filler; and curing the first thermosetting resin and
the at least one silicone polyether to form a thermoset product. 30. The thermosetting compaosition
according to claim 1, whereine s organic. 31.The thermosetting composition according to claim 1,

- wherein the filler is mixed organic/inorganic.
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