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NANOPOROUS LAMINATES Field of the Invention The present
invention relates to a process for preparing hanoporous substrates, such
as electrical laminates having a low dielectric constant. 5 Background of
the Invention It is KAOWOPORGIKS Bladiisal Tatdinates and other
composites from a fibrous reinforcement and an organic matrix resin such
Fichb afiibedaxgntiontaining matrix. Examples of suitable processes usually
contain the following steps: (1) An epoxy-containing formulation is
applied to, Bhérpraseghitechiino relaes thspatedsy falprepatipg manoporaying,

suliRaE oML ER0GLA T AL PR ARRIGRL diishpstrale is
ypicafy a woven Of honwoven tiber nat containing, for instance, glass
fiber r . (2) The impregnated substrate is "B-staged" by
'&%llge% d Be Invent1one sufficient to draw off solvent in the epoxy
formulatio IR0RINAAC RATBNIGUF HARd REPOINEIABTIARNINR 5% a fibrous
that the im%ﬁeg;ﬁg%?u strate can be %%%Idc'ed easily. Thg%l'g!g- staging”
reisfervémentail) anorgahicunatrix resipsveh ae 25 ¢noxyoRCtainEDCatmkl fBramples of
time of from 1 minute to in .ne impregnated substrate that
Smt%%%lpsnf?g?ﬁe %St%agﬁé"?‘sl E“%}Iec? %ﬁ%&v&)ﬂéé@% he temperature is most

o R R A s e

20(3) One or'mor prepreg are stac up In ating
subairetshyitblling, dipping sireptsgobthedmwn vechmgussiniohcambinspiens thereof.
Thfeoéldblgt%é}eeﬁ%ﬁcﬁ%&ﬁEn\krr]c%gn' %rd 5 Sﬁ&%’ven ﬁl?er gﬁ&t@?)%ilﬂ g ﬁ? ?ﬁ%&% glass

pressed a emperature and pressure for a time suffici@nt to cure t
fibeesisy pmekform a laminate. The temperature of this lamination step is 25

usually between 100C and 230C, and is most often between 165C and

190C. The (0 Thatiopsgrichyubitaicdcirigadged? by thestrabadanpgeatre

o SRR AR S AR PN e

ep&OPditani Rt T edatininsimptegnitadsuiibjrate canbetziuiledtrasilpf FoeiB-

minyte to 200 minutes, and most often for 45 pinutes. 1o, 90 JiRut .
oA D ) Soher Sy SERIHRLE AR B tme of
frasharigintitoes [Suninaiesn Thentimregsaketiuhtivatptivaessalsy fofoBistaging is

imes, at lower,t ratures (such as, in low energy.press processes). o
ool ARG YRe LB AT O AL 0ok R P fd 130°Cto
200vayfbechastitt deddasekeating for a time at high temperature and

ambient pressure. The 5 temperature of post-treatment is usually between

120C and 23)Ont loe post-theatsufiprtipreguseathcksdetiaé mBi mlieuteting layers

.and 12 hours. The current trend.of the.electrical laminates industr
il 5 2 R PG A PR ERAT SRieA BYER aR cemse o g p st
ladlialeetideangtant (Dk) and loss factor (Df); superior thermal properties

including high glass transition temperature (Tg) and 10 decomposition

temperatur¢4)rtheasid-gp cHaeto arsprisiliey at high tetipeetfierend arisssre for a time
ethods have been, used o try to improve the dielectric constant of . .
suRGAT SR L T AT F OISR B R pation step i
usiglydingciar Foermplal byoadding yesivssdhenrbepiasti¢ 684l tngs] 307 dthe
polyphenylene oxide (PPO), polyphenylene ether (PPE), or allylated b
laragwgﬂ%ﬁ RAEHED PRSBETCE gﬁa%ﬁ@e&maﬁﬁirféﬁgeeﬁfy st stage between

100PMRASIISIPC and a sbetind RRERBIDRHEAE 65PE Wridathoray tDhicpiessutbds usually
dielectric consfant of electrical laminates made from oraanic resjns. ¥ore

befaipae. Ay cmis2ad SPAINVSTBre Jare FHRBAAN St M e TRy Sates ofy for a time of
FERPYAR D [BRIRRs Y thestytiah s Ao uRs R {88 9(eANER O amination

matrixes upon curing. 20 Summary of the Invention The present

stepVanYi @Hﬁ@%ﬂr]éf&é@%iﬁdm%@s@%!%mﬁ@faﬁ#&ﬁ Spsovenrtertimes (sush as in
electrical laminate by grafting onto an organic resin backbone a
thermolabile functionality by reacting the hydrogen active groups of the
organic resin with a compound containﬁ%g a thermolabile group; and then
thermally degrading the thermolabile groups 25 grafted on the organic
resin, such that a nanoporous matrix is prepared. Such nanopores provide
a low dielectric constant because of the air present in the nanopores and

the lowest dielectric constant is for air. In one embodiment, the
nracant invventinn ic directed to a nrocece nf MakinA Nnanonarniic
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10 known epoxy resin chosen for its expected performance, for example,
brominated or bromine-free standard or high Tg standard, or low Dk
standard and the like. The thermolabile-groups (also called "foaming
copeusdrnipatitacporrese Do blacidootientsralgiveh ensrtioneyiuthes in low
n%f X follle) he modified resin is stable at ambient temperature.
© During pso%meﬁsz%%mn, thermolabile groups degrade, leading to gas
generation ﬁMﬁ i{hgiggl ce.voids.in the palymerized e resi
matrix. Becg)ése t@(?y foaming%{é? r??%“&’f‘r%e%ffifﬁ’r%‘tﬂ%% b%t%OHggre%gwammaQe, may
be pesttigricdly beainiphirre iaratbhigh eeperasis didhinbiept pvedhire. The

T LT | We——

tintbanrsetdy o ibtsvoench) maryubes sk d@e0 nm) and well-dispersed within

the laminate. The continuous 20 epoxy matrix gives thermal resistance

and mechaidieatimtenfrityitd ofi heyeltetni callientiastth éndaids dequaes entiterials with
. dl ric.constant. resultina.in,low.Dk electrical laminates r example,
S e R B eor o,

supreriobthenen] hopenties ikechidiae high it ctRisitien saparatute@ ) ehiess
than 4.2, preferably less.than 4.0, more preferably less than 3.8, even
ol T B R BB oo

embodiment, of the present invention, an epoxy resin is reacted directly,.in, .
an aprotic ;%F\%Er?g) \%ﬁﬁag%sml%%%lﬁ X %%%ﬁﬁﬁ%ug%é? BRI PY G i diclectric
cotistantao frebelifiextldpmiyatesinade fonihgorpbadiinan ebihedssitions including,
invention,.the thermolabile group is 30 first.reacted with a phenolic .
for O R R R P ST LI Sk PRSI BRERG i d (PPO),
pobypingylierd; éthersRPEY, arcilyigabpstyihéagichwiha SPPRY, (BIHb Guslyas
introduce the thermolalide groups into the epoxy resin and form a

to | !
CO%%&%}%ﬂ%&eéﬁb%}’}E%W’n- The amount of thermolabile group used is
selected su&qstgatth

weight percent of thermolabjle groups jn a final
formulation or vfﬁﬁgﬁt&ﬁﬁ%‘g#ﬁ% H“f&"fPé‘Fh"é%‘fofﬁtfﬁdﬁi%G‘é? ShgseRfant of
eleptricaliyninateouisid Wopernemnichesiasatioieoparabalilf, it Ve RREN0 Brepare
ﬁﬁ%ﬁ 5 wt percent, and more _referab] Jfrom about 0.2 wt percent to
oSBTt S ERAE FHRSHE @Wgﬁﬁf’ﬁ@’gﬁﬂa’{aﬁn& e dBRpoLEls arspe to lead
to imgiyenchasedrbiesapels curing.  Optionally, a catalyst can be added to the
composition to accelerate the reaction between the compound containing
Suthmdheofitiabilestionp and the hydrogen active groups of the organic
resin. For example, hydroxylamine is known to catalyze the tertiary butoxy
carbonlylatiﬂli:j@mﬁeyﬂlﬁlnﬁmﬁmtimdimwmm neaqiw&isiﬂﬁijaltﬁﬁgra(nbh%porous matrix
. example imethyl aminopyridyne acts as a catalyst for the reaction
in G e R 1 PR REH 0 e b BT Aol
fune!lﬁopelfiaytb'gre_flﬁ_mﬁg m&ﬁS%@%%%PFWMBiM@mmémm,d @bmpound
xample, auxiligry .bases suc triethylamine or |
S R TR
graftebentthevaatinie o BosY i Ambpyioe: AnaueAFRPHEI SUBRAABBores
epoXxy group per molecule and, on average, more than zero hydroxyl
ng}ggﬁﬁ g‘é‘?’ ﬁ%?%%ﬁe%&%&hﬁg%ﬁwﬁ%@wﬁé% nemanenerse anddhe lowest

diefésin eneemiesifnhaying an average of more than one epoxy groups per
molecule and, on average, one or more hydroxyl groups per molecule, (2)

a mixture ofr bhaBRIRTRRGHLY tIRSHIIBM RN BRBUERRAEMETS SHALIWF making

epoxy groups per molecule but no hydroxyl groups. 20 The exact

PGB BRI Efhe) TSR LIRERHER IR e RRATesinfosridgne with 2
thePRRASHIRSATHH %&%ﬂ%@oﬁ%@ﬂ%@%f%?éﬂgs 3r ﬁi%eﬁ%élg}a le’iﬁ, and then

include, for example, those having an epoxy equivalent weig
by theynglhndeeradingihs thermplabilecmment rd dreitageunii dtia ntmopreompiectrical
U.S. Patent Nos. 4,251,594, 4,661,568; 4,710,429; 4,713,137; and
4,868,059, and The Handbook of Epox§Resins by H. Lee and K. Neville,
25 published in 1967 by McGraw-Hill, New York, all of which are
incorporated herein by reference. Epoxy resins, which can be used
as one epoxy resin component in the present invention, may be
represented by the general Formula (I): Fmmula I: H2C-C-C82-0 OH

CH2-r -cH?2-0 whereain A ic indenendentl\y a divvalent chemical bond a




group of an epoxy resin under CO2 pressure at the appwpriate

temperature, such as, for example, 80C with an adequate ion exchange

resin. Such epoxy carbonate resins can be used as the epoxy resin
lamioabplaseniaw difiziiriv odifséohefiixyreaine oitthéremoptabsl @r@@egtdmﬂs: matrix.

The modifi resrnsare dvantage ed in rod a
T e R e B o B P SR R TP PR S ageorous
mattie thﬂmotaitrtﬂlgdaiispersiegraﬁeampbmharmﬁmﬂlaﬂ |sizerofluateporestinglose

orou trix within the ina uItln in a laminate with a reduced
P‘“&% %%8%?@?5& Rt leyk ? 1;5 of systems using the

5  Br QFﬁent |r)cvent|P are not changed by the modified resins, such as varnish
Wssamhw, and laminate performances, such as
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thermal pr ertle 5f|ame retar?nanc drrllabllr cal clea in )
‘iP g HEWever 3 trd}ﬁ Iml%rlc C %gﬁt% s%ingrtﬂe inter

etching, an %hnél 325U ng
lantanatfedetuseaiviicto@esinsivlr acka) ed. d‘ﬁatmnmms&hmmmoaicmtbmmmwte.
mventron may show an |mprovement of up to 20 percent compared to the
SOV IHY ndimdderause the foaming agent is
dlrectly grafted onto the epoxy molecule, voids are small (for example, 60
inn or Iess)(hmdmlbn i pevsesd mﬁthntinasdmellarmmmmmtmrzéﬁst step,

COﬂdItIOﬂ.“ he resultin amlnate is homo ous a
rea T Ao A e A e AR e cen?orsg%%ﬁ%n’wg
a th&tmiabdﬁegaup, adesg mgwmmmmmmmum backbdreroflibe organic
#}?Ey‘( |amet |m|zed tou hness e Ia te can be
res

R g P O e e R S s the hycrogen
actﬁ&lpu@mmhblsb@a@mésmbound to any theory, the nanovords 15 may act
as energy disperser for cracks, by increasing the radius at the crack front

line when theqm&bt@ﬁmjémumﬂalﬂkcgmpsheer@mdwtﬁy tmbjed;ting the

db the nanoporo str ture, the glas srtron te era

o TR B R 8 Gk T AL Eperatind, Wy A RTRET B 6m about
12080 toaiiesat 20U he thesifitig &@x&aé&dﬁmﬁﬂi&hﬂ@g&t@mmﬁhﬁnﬂm produces

that lamin tors can uce laminate |th |m rove l.ele tric 20
D T e L AL o T ALV O i I i o
resgﬁﬂﬁ‘rﬁi@ﬁtmﬁhtw groap d@g@dsﬁag Bropicdtpdueisd bt daris@rite pressing step of

requirements for material handling, same formulation techniques, and

the duction conditions. Moreover laminators can use current glass
reinforcements and er The regjstration of the laminates rema
e S e R e

seledudioeneperatRdhe, padidie eppxypsibnsd ofdsaspiptenhldyessiog mtge;ter

that prod cers ¢an use prod tion conditigns that are similar.to prev#]ousl

reseasa BhAF S B RAISTBOR e 7R tERRS o B YRR G HER TRSIABAERY est resins,
hy&6URaBIh4esiIY) RROAUREHBIeRR [THehRclietamtivecabainiandhelected from,

same base material depending on the |evel of porosity, 30The epoxy resm

for S IAEH PREPR s SHO BTSN £ Semides, l36ig, carbamates,

pyfeIBHoRGRhERIS Yl desleatan@ adilngaction of the epoxy groups of the

epoxy resin and the hydroxyl groups of the curing agent. Such catalysts
are describgghtiRs expeamMeo? HRARRENEVEBOR, WcchidbliBintaining a
3 379,684, 3,477,990; 3,547,881; 3,637,590; 3,843,605; 3,948,855;
eselgbilereraupmaie ubershonatend stsdaivaiiyes paahappic Bg ts derivatives,
and g %%ﬁ;p%m%ﬂ% edttathidgQetkButyiXatharsted BREGIS Sf¢bthp&haLontaining

Examples of the suitable catalysts are imidazoles such as

theymqlal Pt‘}ﬁrﬁi@l%ﬁ 618; @wﬁéﬁ}rﬁé] faadbterthutyd disgrbansieitpriaele;
dlé%b?l{é(téfﬁiﬂt‘t‘ﬁ § 25 JIGHY BRHRR pHBERMRRMNg; Aath VI ROABBUAE; dibenzyl

phosphonium’salts such as ethyltrrphenylphosphonrum chloride,
dicagibpmaish seribrab ptibarate a;r@mr@rel@ﬁsdl@mﬁnghemt%wmmma
acetate; and ammonium salts such as benzyltrimethylammonium chloride
and benzyltrimethylammonium hydroxrée, and mixtures thereof. The
amount of the catalysts 10 used in the present invention generally ranges
from about 0.001 weight percent to about 2 weight percent, and preferably
from about 0.01 to about 0.5 weight percent, based on the total weight of

the reaction mixture. In another specific embodiment for
illhiectration Nniirnncece iMidaznlee mav he nartlhvy or fiillhy modified with a
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15preferred suitable stabilizer used in the present invention is
methyl-p-toluenesulfonate. The stabilizer may suitably be used in an
amount of from about 0.001 to about 10 weight percent, and more suitably

them:mmabﬂetgrﬁlﬁiﬁa@gntﬁgeguarj{gbmmermmmmwpﬁnest@ﬁafli%mlhwﬁﬂyzed
e,composition. As desired, the epoxy resip compositions,of the present
g CoRa 00 B P ARG P O TR BRI ons oF by

theemmpligyed additives for epoxy resins, for example, a reaction accelerator,
pigment, dye, filler, surfactant, viscosity controller, flow modifier, flame

retardant ahdomxpereisufaeexafuple of thdppeae SEvertieQaoRg ARins containing
hy I?e;gﬁical laminate usjng an organi e present

anic resin compasition of t .
ERORAPD B b 0, A e RERoUi 1 87 ereaRlf resin because
epEOrMENintias widek Rrrddntieveaiifioal arepats dinosen gt resins offer good

appropyiate_amount of the organic resin with the compound containing the
PRSP istiouhhdintRPoptis faR deRaveeisntly used syt thprgolabile

groviplabigtinng LRAGHREhE BN EI§Q sRadie1i18, rOANNGI SaaI iR DERENGe
the thermolabile groups into the back bone of the organic resin resulting in
a modified By gessdesinindediien| Gactifnat anditlanscDebrydbaanseaeifNbe any
are selected to insure gg efficient reaction between the compound
|

ke QWA ERATGF BN (FRARSBI % LS PO eth BT ARSI J O Sx el ¢ Rgpinated. or

brodanfeceasihd e JERGIOT! S ARAl i dSy Dk athh limied Py hecthermal
" stabiillimg@y1 of the therraolabile compound. The reaction generally processes

FodvRsialseried afsning agenl) aseritnd A dbp s arybagkbone
threBgHRACa RIS YHRIWRER PRRMbL SEHRRRIPRLE AR RRATO4  ambient

preferably between about 20C and about 5 35C; for a period of from about

terpperpyts- (HrnaRlymenizaietchmmoleilcgours degradealnsdingn gamgeneration
wHRR! SaRERIE RBBLEO R RRAN DR GBI eDAY resin malti? BRAGH'BIE foaming

step, the above-modified organicresin, a curing agent and other desired

ageM aniizesyesrafiediontptbp srexy molasrethe stafisiienlsenemition pfghemsdds is

s . . ittt o ]
nigfiP SRR BiEtted o BRI RORBIRA Y BRI, B A e

conawrssaitrvoidsd the m_mtmm mamdlab@qr@aamnl@t@ diraneter of the
voRSAFIP O ETANaN: Oy HIRHIRAO PN MHBKES 18080 3. 000Rous

resin-based prepreg. As used here , for

epesamaiex glaes thommabrasistibes agfweqbapioal poiseritsutol thiersyateorgahireas the
. | I id f]
voft RIS B B M SRR D R T ey, por

exahplorgsontaiydativnatechanng g Rk atcautvetd atd iS§Hded lesichatn®may be
c sition temperature of the.grafted ther ile grou
o S B DR e S e P 2 ey
lesstthge 48 snitregpirefepaibdpiesy thish 2u8,isveromedequsfeefidyclepetiiad BS, may be
Pbtacipe,d prepreg is then cut into a desired size. One single cut prepreg 20
obtamed. . . .
or a plurality of cut prepregs (desired number, for example, 2 to 10 pieces)

are laminated and ﬁ%@&cmd to %{essin%]gt a pressure of for exam
0

le,
from about I RGOSR S B  BF A A raPL ERy R M s ed
dirkotlycin2io apipotit 461 keicwmizh atcan®oprl aduteivih o Bsandidill e w@oieUorm a
c;ﬁﬁDC to about 220C; for a period of time of, for example, from about 0.5
m 65?4&%Wlﬁe§lﬂburs to obtain a laminate. During this heating step the

thermolabile 25 groups are, degra and nanopores are formed jn the )
aminate. - BB GBS AR R e g LAFRIALLE group i
firstdeasttaigeith ol phaesiideongdandaat eier/ thSredilatatientiond Paewtuct, a modified

ressure of; for, example, from about 1 kgPcm2 tg about 10 kgf/cm2, ma
PO PO BB TS, G B A EAETA 57 TRACh YA B SR KB PSR

inteduiuet 1hOGefalotapiad eeoahsane ianeplyFesh akdubbnl AnteaRedbdoRy resin.

Then, 30 fill pressure of, for example, from about 5 kgf/cm2 to about 50
kggcm2, may be applied at a higher tetfperature of, for example, from
about 160C to about 220C, for a period of time of, for example, from about
0.5 h to about 2 h. Multi-stage pressing can be used to control -11- the
morphology of the nanoporous laminate. It has been generally observed

that, for a given volume fraction of voids, smaller and better dispersed
narec lead to lower DIk than bicnaoear and more acdarenated norae An
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Boric acid (H3BO03) is used as 20 percent N.V. in MeOH. Perstorp
85.36,28 is a phenol novolac (n = 4.5-5) (50 percent N.V. in DOWANOL
PMA), with a hydroxyl equivalent weight (HEW) of 104, commercially
evalable Taaufemiot RSB alant in )
ercent N.V. in , With a of 180, commercially ava rom
per R HTENSRIE O L o BRSO RS Db ove
0.0 PR EEER Yo (WiEiticauit) 1@ Ao t\M0okA g Ehceptpretkeially BvallablafRmwt
ippon Kayaku. MD1 stands for 4,4'-methy eneg'és(phenyl isocyanate)

N
Perosabio S WiBFrSEBlARABIME I RIBERRT BB SRR % ATy PRTISHAE aRaw 2.5 Wt
percfitEFNY %g% %%%@MGWM@EWQHHH%B% oW daRBeieah solids.

Company. 528 is a bromine-free epoxy resin (75 percent N.V. in

MEKJIDO\GAhHAAIFM)eiihsabal bY@ ctlto, theRvntisiaivnavaileblerdte The
The Dow Chemica Comiany. 25SMA 3000 is a styrene-maleic anhydride

reactiopdighrers g reBkinDg the Bermelrldle sopR nd e Rydrogen active
gro *Bﬂﬂg%%ﬂﬂié!%i}f.%ﬂ@i&ﬁﬁﬁ% EdnicRTYRESHR! yalRRlekestiary

tofma. RICON 130MA13 is a maleinize polybutadiene, with an average

butexpksshanyletinmef pikylenunetaneratemperRie (7Y Qodimsepthenexample,

ainBRA SO AR ARE L 4 ity for BTG B8 Ren hycronst erqups or
phenelaikaid diftertrbatylidicarbonatef Robnragprr ey clOdhipheatid gowsefakin, the

with an EEW. 01,195, commergial al Bﬁﬁﬁgi 3
pres&%%{bvgr%‘? EM@ g }f%‘ég%%o %?i\]gr%% %%)vo gc?gvﬁ%p eno?ﬁlll\r’N
diisepropylsthylamigiet of 120, commercially available from Arakawa

Chemicals. E-BPAPN is an epoxydized bisphenol-A phenol ‘
novolac, 78ppepes suliiféd epemnesinia! the BRYENS ISR pRIAIIEPAXY resin

o R A o T G T OO v

zerallgigminy] gtivep pehispleentsimaybicnsedEEig ep@80resimmmagp talected from (1)

available from The Dow Chemical Gom R. i
an SRy rete airie o 20U BRI AT 38Ky eroupe ol mitiecki® fnd, o
avelgey Glsaminatorimaryy gl 18P 5RHdsudep(® ronductad 0l atidrpsPoxy resin

ercent solids ip DO NOL PMA, with a hydroxyl equivalent weigh
b SRR 2 TR AR P, RO R PR a5t O S oA groups.
Théaaup aelgchiviz 6T thOEpABPrisia boamporiedsajsenymiasihfemtutienin8hded
ercent solids i cetone, with an EEW ,of 360 (based on.sqlids),
Do e O ST SR R BRI BB ot for example,
tho &-Ehaﬁné fiﬁlépa;@ b@hml@lﬁwb?gh(i/lefwbbdﬁg lYOiffb/ hbﬂi:]es sobispbein epd%lcy resins
with an EEW . of 3245, commercially. avajlable from _The D emi
aro S YIDP0 o 0% SSEGA 1 S LN et L e S o 0:429:
4, 7EEW0bARS %, SER IR &l Y7Vl Ao ST Hvey DRy B HC Rk andi Yeville,
25X7-92568.01 is an anhydride hardener solution, with an EW of 398, .
pullishihdhAS) BYAMASTH G N S BRESH RS OBRI AR SRR bY
refdRLdynamic mechanical thermal analysis. The anhydride hardener
solution ("A111") used in the examples was prepared as follows:

An anhydrigg XarARney, $@Heiaiad HHusebBenRaspekiirasiDdorBifintasen the present

. steel reactar, equipped with a mechanical stirrer, and a heating jacket;

invepipRERWhe TSI RE BN dhs erBpBlpTe (86 71.9 Grams of
DOWANOL PMA and 3623.2 grams of solid SMA 3000 were charged into
the reactor and the mixture was heated to 90C. After 5 complete dilution,
730.7 grams of RICON 130MA13 was incorporated into the resulting
solution. The resulting solution turned white turbid. After 30 minutes, the
resulting solution was allowed to cool down to 80C and 974.2 grams of an
SBM 1A17 solution in MEK (15 percent non-volatile) was introduced into
the solution in the reactor at 80C. Alter complete cooling at ambient
temperature, the resulting anhydride hardener solution 10 was turbid
whitish homogeneous. The theoretical anhydride equivalent weight was
439 (based on solids). The properties of the resultant laminates
were tested using the following testing methods and apparatuses: (a)

Dielectric Measurements 15A Hewlett Packard Analyzer was used to
maeaciire DIk and Df in air at ambieant temneratiire from 1 MH7 t0 1 CH7




Mode 1 laminate fracture toughness was determined by controlled crack
10 propagation in accordance with ASTM D5528. Toughness was
measured by the strain energy release rate, Gic, which is an intrinsic
material property, no geometry-dependent. A servo-hydraulic MTS 810
test frame was U perform the test. The fracture surface analysis was
done by SEM. (g) Scanning Electron Microscopy (SEM) 15Samples were

studied with a Hitachi 8-410Q.PEG SEM instrument with 4pi/N. IH Image

Cpl\igital image itio m‘bl S weggprepared a : ture
e, ol gfragturg tonghpe '
fror}hthe peel Cbars ga opiﬁgan gﬁg 0 the f
selected for SEM. These smaller piecés of the fracture surfaces wer€n

molEith i fnfsnsadentbradiselast hetmigeatbebr tiymeaticidanabon20opginitably
SThéaming MismeK e bR e pRsTaia Witk CEuIokS Weggy?&e%? g]oqn%l‘:t%out 3
S used in tne

Im cquired digitally at 5KV. The standard methods
Ex%ﬁ)s?gvﬁtgg% e%sh rg ((:gertaﬁé?o rb'ﬁé@ﬁé’s Eﬁeo atoitbn &R ifindependently 2

MehySeneen plepene aliul s s EbHMaeiE0 B8, 1 6RBlanoabilitytods; cach X is
lamii &4 : ' f
aminiRdith@A 1RSI aBR 0223 %ﬁg@ﬁ;&@fgg R 250t 10

treate %i%%rﬁin content] IPC sin flow percent of

pre%l}ear\% sin How] TR e Brefesably fem imboptd Sry hikms s

10[préwplegsngéaditon] sSCH RBINW BShRrIstOTindrriaksetakitinb iz Peel
strength of metalig.elackiinales IEaRRR. REELRIL

L RS S RS 0 e
temperatyre and z-axis Thermal expansion by ' Mechan

Hy

O

! X ) hermal Me Ica

An&IVETE FYTR P ARG FRHHEF O SRR e PEYIoE #h €v@age of more

delthaaitvetiepoxFTdvipb et vosly il 6P 288 mERORh GlRsSs dhRSIEaR, inciude, for

te r d RPermittivity a Ss tangent,
RG] @r@gpf&ﬂfﬁd@ﬁg%pyo%% B Tesin lyeno\{—l'grfn%g# de

paraIIeIeB_Iate, 1 MHz to 1.5 GHz eadurements Al Stresdory

15 anffiiSP1EBRIeHhoatdes Pperessifttiryelsarmidiorscriiotol Newlaperyry resin,
lantirggly divkdgriphéydinghess ireakBOR s dgsk {pHRG Tihbe, Example 1
A heemiRaiRheRRNosEES] . was chemically modified wit
%%%%%m@ agg %ﬁ%ﬁﬁ%&e&c aIlcy Teve: t%@ resultant

di-tertbutyl dicarbonate groups using owing con‘Pp05| Ion:

CoRPSERE RIS e Forsiayinn Bighvisnositn ieEhrdrirmnm Dmsthant, 250 g

30 #iakif(glyriagioxgpiAnPrdesdund piteabamicamarigalianaOT D oforred
2ocPasyEssip asdistdissoled dndishiaemeliane (CA12Ed2) aL apC in

an Erlenmeyer flask with a magnetic strrar. Afler €0 6%{83’3” , solid
di- BRI PHe arrRlAcfeowers Rt bt beect dawstvielec sotariaesiTve preferred. In
solutésrodiielienieit pe-frind st iCRIRMARABE PSS RYis preferred.

ch .nto.1h lution in the flask. The resulting solution was stirred at
am%%%%@%géf %?reéa geﬁlcgggeu% T@%@ﬂ?@% SRIBYEES oV aralerilar
25 Tieeehtiketurina e rramats ca Mo Maoulin of ROTAYA P.S3Ribmd210).
45 Vacuum, from zgntllaigaqlt tem‘g%?ture to 50C. The dry resin was solid at
room temperatufa CPAY> & SUERIEQTRauS sqlyaR an bovawt fnsinedbawmargyation of
chikesiediGedionseoicttesimobtiéiecbsironviarited cipasytie Sikcddite dfknd REMR
andtRc-NMRiSREGE ir: ical mqdificatio t .
br%mgated%eh%lox res%n{;%fgg %g%%g%ing of tgegill |-'§%uréﬁas§}t§f%ls%g?goon% fcontain

grot) so%er?tﬁ"?g'g RN i APec SRIVRIM Ray Gregsyenipaticeset eehas, for
3.C2qpie, ICtadb RiclV/S doctod is apyih i Redhe AR LGB RAM AL SRl ne;
to ' - methyl groups from tertio-putyl

T L B S TR
ppm 4-0-c-0-1- - appearance of carbonylat 152.79 pprn These
peaks are not due to free di-ter-butyl dicarbonate because the carbonyl
would appear at 146.5 ppm instead of 152.8 ppm.
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15C. Thermal characterization of the modified brominated epoxy resin The
thermal characterization was done by TGA. Before modification,
D.E.R. 560 was stable to > 200C. D.E.R. 560 started to decompose

PMN)@'amhi’amﬁarzo ddammmegxﬁﬁa@éfwﬁhd ; tiaszréﬁeluﬁ@:leﬁmaf@mens cyclic
Mogified D starte to ecompose at lower
th%esn%%s Tﬂ@éﬁﬁg&agq?ﬁe tht59bs. A significant weight loss

was seen etween 17 OC (%4 rcent), before the degradation

of the bro %nﬁﬁ?ﬁ il 85%8%%’&8%%%% own
t~bmym@ﬂaﬁ5mglagdamwmdmwaﬁegmdM6ﬁaImmgtbmeeeacﬁon with

to CO2 and |so£ﬁﬂgene evaporation. At higher temperature( >

by B O SRS B WA GrBu peRyE-R. 539-

EK@@@HHQ@n—bronunéEEﬁ%ﬁd%ﬂﬁﬁiﬂl@é\l&rh% W%Q{P%%mﬁc%@iﬁﬂl £va11able
isatherm prafiles. The resin weight loss was measured at the end o

fromdirehinw ChemisplCompam@aydn ensressiily m?@ﬁﬁﬂqm&d%@mr&n@nts

suclPSSVIBR QB Oeraithy, @At the end of the isotherm at 185C for 60
minutes, the weight loss was 4.48 percent and 5(3) At the end of the

isotherm afpl §Yeh R HELRY D dIRR: lﬂﬁﬁr@é@&s RHe derivatives
Exam les 2A 2D A bromlnate epoxy resin, D.E.R. 560, was

dified raseas ngﬁfe@w&e@snﬁm@mleﬁ.eﬁﬁeannercxaﬂy
avdm@éfiﬂ%m&feaﬁ%ﬁ;aee&gm lﬁzsam&éeblsgmﬂ% AoV RBeh as BPN17,

composmons as show in Table | below. Table I. Component Exa le 2A

conereially 2pagtable frpbrakasyaptadmipteres theserfy pky o zg@hc
derNUES dGintiiid bR oPQW@H%l%éngn&@ t@ﬁ%&&ﬂ%ﬁ%ﬁe&&ﬂ
30.4 30.4 DMAP (g) 0.51 0.17 0.085 0.0 The modified resins in
hydrpevwinamecpdamiouresihereefi Otkerpbenglie sesingrendnbenobissaivativesut
mcﬁumg'a (?aﬁé%ﬁ‘éHQB %ﬁ%@@ﬁd&%ﬁ:@?@ﬁéﬂﬁﬁ&ﬁ%@pﬁ%ﬂlﬁs

confirmed the modifidation of the epdxy resins. E> le’3 A'brorninated

halmpeﬁbsmw«klﬂpmlmgfghmh@ewwmﬁmmmmbe@m;HCT
Ap h‘é@ff&%”@f% YOS YRNGGRA ﬁ&&?&%&%ﬂb&&l&%@ﬁﬁ%ﬁﬁ%‘é‘&ﬁéﬁ Neville,

e one 20 described in.Example 1, except’using't

puibiishndcei Uo7 buMssnentHillobies OYerk, S50WBEH g BiBORIAR Elprein by
refe!PM@él?OAl g DOWANOL PMA1400.1 g

It is noteworthy that the organic resin shows generally a lower viscosity in
organic solvent after modification. Although not wishing to be bound by any theory, it
would appear that the lower solution viscosity could be due to the decrease of the hydrogen-
bonding effect, because of the grafting of the thermolabile group of the hydroxyl
functionalities.

In another specific embodiment for illustration purposes, epoxy resins are
partly or fully modified to epoxy carbonate resins, for example, by carbonation of the epoxy
group of an epoxy resin under CO; pressure at the appropriate temperature, such as, for
example, 80°C with an adequate ion exchange resin. Such epoxy carbonate resins can be
used as the epoxy resin component to obtain modified epoxy resins with thermolabile

groups.

The modified epoxy resins are advantageously used in producing a laminate.

During the pressing stage of a laminate, for example, at 180°C, the thermolabile groups
-7-
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Di-tert-butyl dicarbonate was charged to a reactor at ambient temperature
within 3 hours, and then the solution was kept at ambient temperature for
4 hours. The modified resin was used without further purification,

degaatit withgetlcsHip RISt IR HFIRIME kiR phiRmsthR fesnithiF Kamalas A4
A brominated epoxy resin, D.E.R. 539-EK80, was patrtially

resxﬁ?a%%& It Witk A Aedechd Bitlaetr SiopseRindind ebhpkerpiopaties of

SysENRiHY dicat RWentrilerd nGIURRARATYEKBTHIG A FXHEEH Bs varnish
D.E R. 539-EK80 (g) 617 416 MEK (g) 54 24 DE30C(g) 96 133 DMAP (g)

reagiygy, ropgprensesebilits anddagrpmie dudormances sechag thopeal properties,
ﬂmﬂ&q@ﬁmﬂc@yd&ﬁeb{ﬁﬁgp&{&mﬁ éxéaiﬁg%ﬁha SMR sperliashvathsder, the

_ the chemical modification was successful and that no residual di-tert-butyl

dicleeiriaramstantcrh thasesniting laarinssmisadyanipeaarsly reg aredw Serepoiesh
lanfh MBS SRR DREEAN RGN [‘9&3’ LESQMDS %dﬁ%%m up to 20 percent compared

understochiometric amount of di-tert-butyl dicarbonate. Example™5 15In

to thesamesRpky, Diggrenshovtaprnesss doeapesibe faning gy disgfipgrafied
ontd/He Q{s&%?(;ﬁluixwf&a&!}%%% &E&&i&%@%&gﬁﬁg& Kb%ggirgp Y Q@eﬁzﬁﬁ?grsed

in Example 1. The composition used wa follows: nentAmoun

withigthelstinate4 BoDepmdaaio masimseeeditivioismeshidingadigate is

o P M R N AT ol o opaaue
WigopgresoeuadeguztolamisieBdd witbif tanipieinatendfwhetidhappteediameter is

oL PN A5,36,28, 2 shemeal modg B MEK Wit
di-tert:bu \'4 arponate groups, using the }}))I’OCG ure descripoed In

systexavnitiveit. ianoeurés) A ithoaghom twintdsgcteelig ddwid tamy theory, the nanovoids

Tt AR B B RGN PRDERE BRI e e

theGfoi36 2421 adg i OB b @theliddtRAaGTxMontk e &g tkOhb @anoporous
successful modification was confirmed py NMR measurement. After

st o D0 B b A A RS AR S -t
groups are reqenerated. Comparative Examples | and Il In these .
Comparati LPAR LSRR 0 BHAPRRE Skt R toRdbhR S of e

prevens iusedtion are dadilamifatonicanggeduaridmoiates ftdth dniedhedaligheitic
resin; and.compared with a reference material without azodicarbonamide .

conslapts, WIS Fie P JERe ACRIBUTD SRR TEE GRSISe Sonctaiggwith

previcasboeaiitin®Epaopisatwenathif tsasméaaquinenegenioniaaterbsiNaeiitlsy, same
to a pon-stable varnish (precipitation overnight) and a non-hompgeneous

for T B S AR T B TSRy o5 ommhiots G use

current glass reinforcements and copper foils. The registration of the laminates remains the

1 po?

same.

Additional advantages for producers of printed circuit boards, which
incorporate the modified epoxy resins of the present invention, are that producers can use
production conditions that are similar to previously existing epoxy systems. Producers can
also obtain higher flexibility in systems design because they can tailor the dielectric

constants of the same base material depending on the level of porosity.

The epoxy resin compositions of the preéent invention may comprise, as an
optional component, catalysts for catalyzing the reaction of the epoxy groups of the epoxy

resin and the hydroxyl groups of the curing agent. Such catalysts are described in, for

-8-



Table 1ll. FORMULATION Comparative Example | (reference)
Comparative Example 11 (with azodicarbon.amide) XZ 92528 [75 percent
N.V.in MELODOWANOL PMI (g) 31.9 31.9 azodicarbonamide (g) 0.35

exampleY([13) PaikeeNos. BSIEYRTMEIMNOE TV, 3G 6546 3,467 DH0YI3 3@ hestent

o BRI RIS A o
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4,1'HQ4a0A, DPARAUE, dr30@,S i SPSEIR2) 438 8 STIRMB6E, 00 tap 4,389, 520.
conditions 90 minutes Q)185C, 125N/cm2 90 minutes @185C, 125N/cm2

LAM|NATEﬁageﬁRmE&ﬁm naﬁﬁyasiar@ﬁnidmmemhthsﬂf%ﬁbthylimidazole'

2 DR BORIR BORAEE AP BUHHELT AR oA g e mine

mﬂaﬂhm&mﬂﬁ&m&m&@j@%@n&mﬂm@m aﬁm;ma@@féﬁsﬂlﬁx&s&omum
560, 5w sed tQ prepare electrlc lamjnate forlgula{lolqs, s described
chlqﬁc}ﬁeeﬁla' 950%| rR;m e and ethyltriphenyl-phosphonium acetate; and

ammonium salts such as benzyltrimethylammonium chloride and
benzyltrimethylammonium hydroxide, and mixtures thereof. The amount ‘of the catalysts
used in the present invention generally ranges from about 0.001 weight percent to about 2
weight percent, and preferably from about 0.01 to about 0.5 weight percent, based on the
total weight of the reaction mixture.

In another specific embodiment for illustration purposes, imidazoles may be
partly or fully modified with a compound containing a thermolabile group to form a latent

catalyst.

The epoxy resin composition of the present invention may comprise known
curing agents. Such curing agents include, for example, amine-curing agents such as
dicyandiamide, diaminodiphenylmethane and diaminodiphenylsulfone; anhydrides such as
hexahydroxyphthalic anhydride and styrene-maleic anhydride copolymers; imidazoles; and
phenolic curing agents such as phenol novolac resins; and mixtures thereof. Such curing
agents can be added to the composition immediately before curing, or can be included in the
composition from the beginning if they are latent. The amount of the curing agents used
may normally range from about 0.3 to about 1.5 equivalent per epoxy equivalent of the
epoxy components, and preferably from about 0.5 to about 1.1 equivalent per epoxy

equivalent of the epoxy components.

Imidazoles can be used to promote epoxy homopolymerization. Depending
on the varnish composition, a pure homopolymerized epoxy network can be obtained, or a
hybrid network can be formed between the homopolymerized epoxy and the epoxy/hardener
network.

The epoxy resin composition may also include a suitable organic solvent
component to make handling of the epoxy resin varnish easier, and such solvents are added

to lower the viscosity of the above compositions. Known organic solvents can be used. The
-9-
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FORMULATION Example 7A (50 percent modified D.E.R. 560) Example

7B (100 percent modified D E.R. 560) D.E.N. 438 (80 percent N.V. in

MEK1(g) 31.53 36.03 D.E.A. 560 (70 percent N.V. in cyclohexanonel (g)
solvefit asefiddifido PréSdRt HEOHEQupantadt, iforyeianslzakeinnt{8ndy BRGHGE: and

[ e T e

glydel)riehyl 2haFasdd/pdpd qrer gbroNnGrionddt3] dibg) Ao 8Bglycol ethers such as

PROPERTIES _stroke.cuye reactivity g 170C (s) 2 4 248 .183 film,
ProRg e B SR IRGLEA. SRS DN g
arofbeiregiek dubleg s sirte 4s) DB f1é ssieges aligitaticdydrocarbons; cyclic ethers;
and halogenated hydrocarbons.

In the practice of the present invention, the amount of the organic solvent
employed may range from about 10 to about 60 parts by weight, and preferably from about
20 to about 40 parts by weight, based on 100 parts by weight of the above epoxy resin

composition.

To improve storage stability, the epoxy resin compositions of the present
invention may comprise a suitable stabilizer. Suitable stabilizers, as used herein, include,

for example, alkylphenylsulfonates or halogenated alkylphenylsulfonates such as methyl-p-

‘ toluenesulfonate, ethyl-p-toluenesulfonate and methyl-p-chlorobenzenesulfonate. A

preferred suitable stabilizer used in the present invention is methyl-p-toluenesulfonate. The
stabilizer may suitably be used in an amount of from about 0.001 to about 10 weight
percent, and more suitably from about 0.01 to about 2 weight percent, based on the total

amount of the composition.

As desired, the epoxy resin compositions of the present invention may
comprise an effective amount of other commonly employed additives for epoxy resins, for
example, a reaction accelerator, pigment, dye, filler, surfactant, viscosity controller, flow

modifier, flame retardant and mixtures thereof.

A process for preparing an electrical laminate using an organic resin

composition of the present invention will be described below.

In a first step, the organic resin composition of the present invention is
prepared by contacting an appropriate amount of the organic resin with the compound
containing the thermolabile group, and with optional additives, such as solvent and
catalyst; and reacting the mixture to modify the organic resin to introduce the thermolabile

groups into the back bone of the organic resin resulting in a modified organic resin.

The reaction conditions for the above reaction are selected to insure an

efficient reaction between the compound containing the thermolabile group and the

-10-
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90 &tisanes @ 185C 40 N/cm2 90 minutes @ I185C 40 N/cm2 LAMINATE
PROPERTIES Ilaminate color whitish translucent white opaque laminate
Tg (C),. 178 182 The above results show that the modified D.E.R. 560,

hydeparactiae geseinerih Enrgamiberdsislidhek:ehangehp ceacibiBusiAlle limited by

na rem S|m|I Also no 5 thennal degradation was
th%%%mi&%h *B%%a FRD SERTEALY progesses around
rooa@%mﬁhdm@agm ﬁSBCWbﬁl%gﬁ@@Bﬂﬁrﬂwf aquf@gdﬂﬁﬂmm[) i 5£t§ﬁeﬁmﬁy
ressing stage ylncreasm the amount of modifie the
be@ éPgWé H&?@%@@W@ﬂ%ﬁ@w hefeer aheyb 2hhétend about

35WAaYe ?&Q@&éﬁ b RIgesI WM@@WW@?&&W 6% §Po89.2 h to
813 and Comparative Example LH In these xamples, various

abotpest B m%ﬁ%@%aﬁhﬁ%@hﬁg&ﬁéﬁtaébé%l%% Example 1, were

used in resin formulations, as described in Table V below. 5Table V.

FORMULAI®RMessavsar siehe ths ahope e fifisd ermuisisaines oringessm and

otheXassRifl %&d(ﬁ@&%%@@@%?&b&&a%am Epianaifisd & theR; &?ﬂﬁted into
modified D.E.R 5F7Q)33D E.N. 438 (80 percent N.V. in MEM (g) 234.

2 sylpsirateE Webs SEherepiined RGBSR SHoRERE 8 feied gto BB example, from about
900 i5EuPoFobE: 360 &ﬁ?&ﬁ%}ﬁﬂeﬂ% 896 X82006! $80°C1 fof FaREEHRRte to

85.36,28 [50 percent V. in DOWANOL PMA1 (g) 299. 9165.3 230.5 XZ
abchgfﬁ@anmutes and preferably from about 0.5 minute to about 30 minutes to obtain an

organic resin-based prepreg. As used herein, the substrate may include, for example, glass
cloth, glass fiber, glass paper, paper, and similar organic substrates such as polyethylene,

polypropylene, aramid fibers and polytetrafluoroethylene (PTFE) fibers.

In one specific embodiment of the present invention, the impregnated
substrate is dried below the decomposition temperature of the grafied thermolabile group.
Consequently, no foaming or very limited foaming occurs during the drying stage, resulting

in a prepreg with an improved cosmetic aspect.

The obtained prepreg is then cut into a desired size. One single cut prepreg
or a plurality of cut prepregs (desired number, for example, 2 to 10 pieces) are laminated
and subjected to pressing at a pressure of, for example, from about 1 kgf/cm® to about 50
kgf/cm?, and preferably from about 2 kgf/em? to about 40 kgf/em?; at a temperature of, for
example, from about 120°C to about 220°C; for a period of time of, for example, from about
0.5 hour to about 3 hours to obtain a laminate. During this heating step the thermolabile

groups are degraded and nanopores are formed in the laminate.

In one embodiment, multi-stage pressing can be advantageously used during
lamination. As an illustration, a lower pressure of, for example, from about 1 kgf/cm® to
about 10 kgf/om®, may be first applied at a lower temperature of, for example, from about
120°C to about 160°C, for a period of, for example, from about 0.1 h to about 1 h. Then,
full pressure of, for example, from about 5 kgf/em? to about 50 kgf/cm?, may be applied at a
higher temperature of, for example, from about 160°C to about 220°C, for a period of time

of, for example, from about 0.5 h to about 2 h. Multi-stage pressing can be used to control
-11-
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[50 percent N.V. in cyclohexanone] (g) | 56.1 DOWANOL PMA (g) 15.0
boric acid solution (20 percent in MeOH1 (g) 9.05i 4.91 6.96 2E-4M1 [20
percent N.V. in Me01-11 (g) 5.17 3.36 4.77 PROPERTIES stroke cure

the neaphvlyp@of MG iapRRGRIGRRbtardphey bapesimiilly sbiryvstightly for a given

S e N 0 M IO B

and enteé yedeyapaieyritow translucent white opaque high pressure cooker
test tinie/1120 pick-up/percent pass 20s solder 180 minutes/ 0.27

percent/1Qmpelecamntad@sadidbvaiayée shay be formed on the laminate with an
electrical conductive material. As used herein, suitable electrical conductive materials
include, for example, electrical conductive metals such as copper, gold, silver, platinum and

aluminum.,

In another specific embodiment of the present invention, metal foil, such as
copper foil, may be coated by the organic resin varnish of the present invention. The
varnish then may be partly cured (B-stage) or fully cured (C-stage) to obtain a resin coated

metal foil, such as resin coated copper foil.

The electrical laminates manufactured, as described above, can be preferably
used as copper clad laminates and multi-layer printed circuit boards for electrical or

electronics equipment.

The present invention will be described in more detail with reference to the
following Examples and Comparative Examples, which are not to be construed as limiting.

Unless otherwise indicated, "part" means "part by weight".

The raw materials used for the chemical modifications and for the varnish

formulations in the Examples which follow were as follows:

D.E.R. 560 is a brominated epoxy resin, with an epoxy equivalent weight
(EEW) of 450, commercially available from The Dow Chemical Company.

MEK stands for methyl ethyl ketone.

D.E.R. 539-EK80 is a brominated epoxy resin (80 percent nonvolatile (N.V.)
in MEK), with an EEW of 450, commercially available from The Dow Chemical Company.

DIBOC stands for di-tert-butyl dicarbonate, and is commercially available
from Aldrich. '

DMAP stands for dimethyl amino pyridine, and is commercially available
from Aldrich.

DOWANOL PM is a propylene glycol monomethyl ether, commercially

available from The Dow Chemical Company.

-12-



0.39 percent/100 percent pass 0.41 percent/O 180 minutes/ percent pass
T288 (minutes) 15 10 13 Cu peel (N/cm) 14.6 13.6 14.1 solder dip @288C
(s) >180 103/106 4/5 solder float @288C (s) > 180 118/116 3/2 UL94
rating V-DOWWINQIK RO AGHzpRp§ eh 8 §lbcoBiBoadiftiny] diGHacase,

0.018 0,020 Q.021 The above results show that the use of
ConETSEEY 5‘.’@@%5&6?%%%%%0 a((fz}éloE Ir%xlcnaéeéc? ’E&%?Xme 1, did not change

the reactivj g@egg%}sm%t rmal stability remained similar. The
modified brominate epoxy fesin B B RU560 still acted as an efficient fire

retardant (Me \éf d;-?oerm%ﬁﬁl%? of modified D.E.R. 560 changed the 5
appearance of the Taminate, from clear yellow to white opaque, due to

M T BT S

nanoporous materi is much lower than the
50/56)erence in Comparative Example Ill. Bubbles in Example 8B are visible

under the optical microscope. These  bubbles are about 10-100 pm in

diameter. BeMBisanidstfs Bvoashiyimidanple (20 ersasot NoVisibideAter

these conditions. Transmission electron microscopy of Example

8A showe@BetYE stands foblesthyltdemethybirsidaaied29msraens 3. Yo ipAYEK or
Megﬂ;ﬁa number mean average diameter of 0.059 pm. The reference

omparative Example Il shows no bubbles under these conditions.

15The diameiny QLRI 65 H | féf(gesoqmeb%mw.q&?m Ws:
. pores diameter (tun) 0.00- 0.02 0.02 - 0.04 0.04- 0.06 0.06- 0.08 0.08-

0.10 0.10- ﬁ&ﬂ@a@i&ﬁgﬁéﬁ is used as 20 percent N.V. in MeOH.

Perstorp 85.36,28 is a phenol novolac (n = 4.5-5) (50 percent N.V. in
DOWANOL PMA), with a hydroxyl equivalent weight (HEW) of 104, commercially

available from Perstorp.

D.E.N. 438 is an epoxy novolac (n = 3.6) (80 percent N.V. in MEK), with an
EEW of 180, commercially available from The Dow Chemical Company.

EPPN502H is an epoxy novolac (80 percent N.V. in MEK), with an EEW of
170, commercially available from Nippon Kayaku.

MDI stands for 4,4’-methylenebis(phenyl isocyanate).

XZ 92505 is an epoxy/MDI flow modifier (50 percent N.V. in DMF), with an
EEW of 850, commercially available from The Dow Chemical Company.

X7 92528 is a bromine-free epoxy resin (75 percent N.V. in
MEK/DOWANOL PM), with an EEW of 325, commetcially available from The Dow
Chemical Company.

SMA 3000 is a styrene-maleic anhydride copolymer solution (50 percent
N.V. in DOWANOL PMA/MEK), with an anhydride equivalent weight (AnhEW) of 393,

commercially available from Atofina.

RICON 130MA13 is a maleinized polybutadiene, with an average molecular
weight (Mn) of 2900, and an AnhEW of 762, commercially available from Sartomer.
13-
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> 0.14 pores concentration (percent) 8.2 16.523.534.110.65.91.20
Mean average diameters: Dn = 0.059 pm; Da = 0.065 pm; Dv = 0.069 pm
Example 9 and Comparative Example IV In these Examples,

modified Dy 1260, iBEeRFERARAEIAE R MRIREEIMAE RS BoB/mer,

formulation of the present invention and compared to Comparative

conmyerqiplly pueilablotfiom MefRddified D E R 560, as described in the

following Table VI. Table VI. FORMULATION Comparative Example \Y

(referenceF&daEnBROS A ﬁﬁgﬁé}’é@é‘?BeE%y B W o 1 mEK

conteiEANAIAEEIE MRdHRE Dok Rnaddchi ¢ oRiraRt N.V. in DOWANOL
PMAL1 (g) 0.00 121.11 D.E.R. 560 [70 percent N.V. in DOWANOL PMAi

(9) 242.235301 YL Sehsigheritl- AR HRIRRMAMNN: PhédOMIAN ekt Makht of
(e) 261.70 26130 X2 92 05 [50 percent N.V..in cyclohexanone] (g) 90.43

1209 gommssrialbeayailablsohopogekasik Khemifite01-1] (8) 7.91 7.91
2E-4M1 [20 percent N.V. in MeQ11] (9) 5200 5.200 Table I ce
PROPER P ADRb iR sROFY AR PR oAy : 5rS percent solids

in ARSROWER LRG99 (RRA)s6Tiks), conntnercxally avallable from The Dow

Chemical Company.

TBBA stands for tetrabromo bisphenol-A.

D.E.R. 330 is a diglycidyl ether of bisphenol-A, with an EEW of 180,

commercially available from The Dow Chemical Company.

D.E.R. 6615 is a solid epoxy resin, with an EEW of 550, commercially
available from The Dow Chemical Company.

X7-92535 is a phenol novolac solution, 50 percent solids in DOWANOL
PMA, with a hydroxyl equivalent weight (OHEW) of 104, commercially available from The
Dow Chemical Company.

D.E.R. 592-A80 is a brominated epoxy resin solution, 80 percent solids in
acetone, with an EEW of 360 (based on solids), commercially available from The Dow

Chemical Company.

D.E.R. 669E is a high molecular weight diglycidyl ether of bisphenol-A, with
an EEW of 3245, commercially available from The Dow Chemical Company.

XZ-§2567 .01 is a brominated epoxy resin solution, EEW of 385,

commercially available from The Dow Chemical Company.

XZ7-92568.01 is an anhydride hardener solution, with an EW of 398,

commercially available from The Dow Chemical Company.
DMTA stands for dynamic mechanical thermal analysis.
The anhydride hardener solution (“AH1”) used in the examples was prepared

as follows:
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163 168 Hand Lay Up Prepreg Properties time in oven 0 180C (s) 180

180 residual gel time (s) 65 65 pressing conditions 8-ply, 90 minutes (r)

190C, 7 N/cm2 8-ply, 90 minutes @ 190C, 7 N/cm2 LAMINATE

PROPERTAR $nlgdridatemdenyelionisin (dfi)yeneomepat &l ipelibdvisbtainless steel

el SR Sl 5 RS R B £ e

10

15

20

25

and fioddoppRESfuise] 285713 Gralde bfPAW28SOL(DHM B 36 62824 ratingfédlid
(U3 22 -0 s 249) DI () 1z 25C 545 415 B0 iz 25
complete dilution, 730.7 grams of RICON 130MA13 was incorporated into the resulting
solution. The resulting solution turned white turbid. After 30 minutes, the resulting
solution was allowed to cool down to 80°C and 974.2 grams of an SBM 1A17 solution in
MEK (15 percent non-volatile) was introduced into the solution in the reactor at 80°C.
After complete cooling at ambient temperature, the resulting anhydride hardener solution
was turbid whitish homogeneous. The theoretical anhydride equivalent weight was 439
(based on solids).

The properties of the resultant laminates were tested using the following

testing methods and apparatuses:
(a) Dielectric Measurements

A Hewlett Packard Analyzer was used to measure Dk and Df in air, at
ambient temperature, from 1 MHz to 1 GHz. Sample size was about 10 cm x 10 cm with a
thickness of about 1.5 mm.

(b) Nuclear Magnetic Resonance (NMR) Measurements

A Brucker apparatus operating at 250 MHz was used to determine "H- and
BC-NMR specira.

(c) Thermogravimetry Analysis (TGA)

A DuPont apparatus TGA V5.1A was used to determine the weight loss of
modified epoxy resins from ambient temperature to 300°C.

(d) Optical Microscopy

100 pm thin sections were prepared with a rotating diamond saw. The
sections were studied with a LEICA POLYVAR 2 light microscope operating with
transmitted light and differential interference contrast according Nomarski. Images were
captured with a Polaroid DMC digital camera.
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20

25

30

5.34 4.06 Df g 10MI-Iz 25C 0.013 0.012 Dk 0 100MHz 25C 5.20 3.95 Df
(r) 200MHz 25C 0.014 0.012 Dk 0 500MHz 25C 5.08 3.87 Df 0 500MHz
25C 0.016 0.013 Dk (r) 10ll1z 25C 4.95 3.82 Df 0 1GHz 25C 0.017 0.013

The above (gpuiimshanidh s dsRIRkoReead BME R. 560, prepared
according to Example 21), did not change the reactivity of the varnish; and

Tg ’| thermahSsitapifityepfidd pmeyratar dancydeonsidpetsimiiailathe the glass
ielectric constant_of the n orous material in Example, 9 is mych lower .
bl Ve o AL U THFARIES MR CBRC B (pg Krife.
TheEst S MHALARNE FraIDP M (setting). [Bdetidns GRyeatudied Had acorting

to the procedure described in Example Zzlé and used in the formulations
trangEUSSIoR FiFCtraB QTP IR PPEERHNG 30146 kifn %&R?Hr?ﬂ?r&t@%‘\ﬁfé‘ffé? onto

cleﬂ[&ﬁm%@%@%%miﬁs@ﬂﬂ%’ﬂ%ww&rh HSAGHPHEAIaURIEL600 TEM at
W

vacuum and laminates pressed without vacuum showed similar thickness
100V rdFhemresegranhbfeespmade pivienresedstive srapnpiibe sectiense v (0
percent modified D.E.R. 560) Example 10A (50 percent modified D.E.R.
560) Exam{dieMere b bminate rachiesuinRelBess R. 560) EPPNS02I1 [80
percent N.V. in MEKl_(g% 197418 197.418 197.418 D.E.N, 438 180

percent N.\Mads /2 rmiggie tsache loughess es degtaipcd bysgniglied crack
prop8saath th McodidsAVEANEP W ENMADER28. Toughness was measured by the strain

energy release rate, Gy, which is an intrinsic material property, non geometry-dependent. A
servo-hydraulic MTS 810 test frame was used to perform the test. The fracture surface

analysis was done by SEM. -
(g) Scanning Electron Microscopy (SEM)

Samples were studied with a Hitachi S-4100 FEG SEM instrument with
4pi/NTH Image digital image acquisition. Samples were prepared as follows: The fracture
regions of the mode 1 laminate fracture toughness samples were isolated from the peel test
bars using a coping saw and one of the faces was selected for SEM. These smaller pieces of
the fracture surfaces were mounted on aluminum SEM stubs using carbon tape and carbon
paint. The mounts were sputter coated with Cr prior to imaging with the SEM. Images
were acquired digitally at 5KV.

The standard methods used in the Examples to measure certain properties are

as follows:
IPC Test Method Property Measured
IPC-TM-650-2.3.10B Flaﬁnnability of laminate [UL94]
IPC-TM-650-2.3.16.1C Resin content of prepeg, by treated weight [resin

content]

IPC-TM-650-2.3.17D Resin flow percent of prepreg [resin flow]
IPC-TM-650-2.3.18A Gel time, prepreg materials [prepreg gel time]
IPC-TM-650-2.3.40 Thermal stability [Td]
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375.587 187.793 0.000 modified D.E.R. 560 Po percent N.V. in

DOWANOL PMA1 (g) 0.000 r 187.793 375.587 Perstotp 85,36,28 [50

percent NV. in MEK1 (g) 450.073 450.073 450.073 3CZ92505 [50 percent
NPE-IMewsohexaaonei (0) 107 1%k e bilAZalb babtasi.soWigper peel
[20 percent N.V. in MeOH1 CO 13.146 13.146 13.146 2E-4M1 [20 percent
NV. in MEK] (g) 11.268 11.268B%BIPROPER11ES  stroke cure

NN GG)-3 A05iCS) 204 213 BRAHARGLAY IR RISRIARIONSI S ermal
time in oven A 180C (s) 260 275 270 residual geltime (s) 44 49 50

Laminate with vacuum ON pr%@ﬁé%hﬁmb?@@lﬁﬂﬁmmyﬁs (TMA)

@190C, ) [Coefficient of Thermal Expansion (CTE)]

IPC-TM-650-2.4.24.1 Time to delamination (TMA Method) [T260, T288,
T300}

IPC-TM-650-2.4.25C Glass transition temperature and cure factor by DSC
[Tg]

IPC-TM-650-2.5.5.9 Permittivity and loss tangent, parallel plate, 1 MHz to
1.5 GHz [Dk/Df measurements]

IPC-TM-650-2.6.8.1 Thermal stress, laminate [solder float test]

[PC-TM-650-2.6.16 Pressure vessel method for glass epoxy laminate

integrity [high pressure cooker test (HPCT)]

Example 1

A brominated epoxy resin, D.E.R. 560, was chemically modified with di-tert-

butyl dicarbonate groups using the following composition:

Component Amount
D.E.R. 560 250 g
DIBOC 304g
DMAP 1.01g
dichloromethane 200 g

A. Procedure of the chemical modification

The epoxy resin was first dissolved in dichloromethane (CH,Cl) at 25°C in
an Erlenmeyer flask with a magnetic sfin‘er. Aﬁér vcomplete dilution, solid di-ter-butyl
dicarbonate was added to the resulting solution. Then a solution of dimethyl amino pyridine
in dichloromethane was slowly charged into the solution in the flask. The resulting solution

was stirred at ambient temperature for about 18 hours to ensure complete conversion.

The dichloromethane was evaporated in a ROTAVAPOR under vacuum,

from ambient temperature to 50°C. The dry resin was solid at room temperature.
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50 N/cm2 2-ply, 90 minutes @190C, 50 N/cm2 2-ply, 90 minutes @190C,
50 N/cm2 LAMINATE PROPERTIES appearance pale yellow,
transparent pale yellow, transparent pale yellow, translucent laminate

resin cont@)iNpeleee ofic Rasd: YURER) 8h A 8&G entative Dittanpibdified

- bromivibtéiarenceesimn 1 0.98 0.92 Laminate with vacuum OFF  pressing

10

15

20

25

S0 Wi S e B SRS TSR AR PR RS the
bromppged @poeypelinyaibiitetpraliparefithpdistyeitay] dicarbonate groups onto the

resin had occurred.
'H-NMR
- disappearance of -OH at 3.02 ppm

B NMR

\ —8-on ] —C-0 ——g-o—l—-—
- disappearance of carbon | at 69.6 ppm and shift toward carbon ' ¢

GHs
~GCHa
- appearance of methyl groups from tertio-butyl ©H  at 27.84 ppm
GHa
—C"'CHa

- appearance of quaternary carbon Chy gt 82.44 ppm

—g-o -g_:-o-—!—
- appearance of carbonyl ' © at 152.79 ppm

These peaks are not due to free di-ter-butyl dicarbonate because the carbonyl

would appear at 146.5 ppm instead of 152.8 ppm.

C. Thermal characterization of the modified brominated epoxy resin
The thermal characterization was done by TGA.

Before modification, D.E.R. 560 was stable to > 200°C. D.E.R. 560 started
to decompose around 230°C-250°C because of the standard thermolysis of the bromine

groups.

Modified D.E.R. 560 started to decompose at lower temperature because of
the thermolabile groups. A significant weight 16ss was seen between 170°C and 220°C
(4.77 percent), before the degradation of the bromine groups. The weight loss was due to
the thermal breakdown of the thermolabile carbonate groups grafted onto the resin
backbone, leading to CO, and isobutene evaporation. At higher temperature (T > 230°C-
250°C), the standard thermolysis of the bromine groups finally occurred.

Three other TGA runs were performed with different isotherm profiles. The

resin weight loss was measured at the end of the isotherm:
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transparent pale yellow, translucent laminate resin content (percent) 39 39
....... 39 Tg (C) '185 184 185 relative Dk (arbitrary unit) reference = 1 0.85

- 0.80 Examples 11A and 11B and Comparative Example VI . D.E.R.
560 was modifl¢datenedihof thehsiirane dui@ s foibe thintEosathpledght loss
and used in the fo(sr?#lationst.described in Table var below. The results of
using varying‘g?ﬁou SEHE modified D.E.R. 560 are described in the

following TablgV111. Table VII. FORMU Comparative

VI (0 percént ﬁ%éﬁélc? ﬁiﬁ%ﬁ?@%ﬁp%@%%ﬁ%@ el L,X\btiti%é(ggr}gﬁ% 088
modified D.E.#a56@8gtcéhizasdre) Comparative Example 113 (50

percent modified D.E.A. 560 Low Pressure) SMA 3000 [so percent N.V. in
DOWANOL P@pAvihK pid)of $a0isisen. at Die°E. f566( Tdinpdessihesigin loss
DOWANOL PMA 1799.0 modified D.E.R. 560 [65 percent N.V. in
DOWANOL PR (3%25%9? 2073.5 2E-4M1 (20 percent N.V. in MEI(' (g)

Examples 2A-2D

A brominated epoxy resin, D.E.R. 560, was modified with di-tert-butyl
dicarbonate groups using the same chemical modification procedure used in Example 1,

except with the compositions as show in Table I below.

Table L.
Component Example 2A | Example 2B | Example 2C | Example 2D
D.E.R. 560 (2) 250 250 250 250
MEK (g) 118 118 118
DOWANOL PMA 118
®
DIBOC (g) 30.4 30.4 30.4 304
DMAP (g) 0.51 0.17 0.085 0.085

The modified resins in MEK or DOWANOL PMA could be used directly

after modification, without stripping the reaction solvent.

TGA and NMR results on dried samples confirmed the modification of the

epoxy resins.
Example 3

A brominated epoxy resin, D.E.R. 560, was chemically modified with di-tert-
butyl dicarbonate groups using the same chemical modification procedure as the one

described in Example 1, except using the following composition:

Component Amount
D.E.R. 560 24524 g
DIBOC 1472 ¢g
DMAP 041 g
DOWANOL PMA 1400.1 g
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10.7 7.00 7.00 PROP ERVIES stroke cure eactivity g 170C (s) 210 258
258 pressing conditions 8-Ply, 90 minutes @190C, no Vac1111111, 150
Nicm2 8-ply, 90 minutes @190C, no vacuum, 40 N/cm2 8-ply, 90 minutes
@190C, n®isednbutybdicdibonate AMINAFER RQRERDTESamhjsd tenapeeature

R B R A

10

15

V-0 V-0 Diey@ 1Mz Aot Tt Sidflotd Mélzpagﬁcaﬁon, and without

stripping the DOWANOL PMA from the resin.

Examples 4A and 4B

A brominated epoxy resin, D.E.R. 539-EK 80, was partially modified with di-

tert-butyl dicarbonate groups using the composition as shown in Table II below.

Table IL
.Component Example-4A Example-4B
D.E.R. 539-EK80 (g) 617 416
MEK (g) 54 24
DIBOC(g) 96 133
DMAP (g) 0.285 0.372
PROPERTIES
weight loss between
170°C and 220°C, measured 6.6 14.1
by TGA. (percent)

The NMR spectra showed that the chemical modification was successful and
that no residual di-tert-butyl dicarbonate remained in the solution. NMR spectra also
showed a portion of unreacted secondary hydroxyl groups because of the under-

stochiometric amount of di-tert-butyl dicarbonate.

Example 5

In this Example, bisphenol A, a phenolic compound, was chemically
modified with di-tert-butyl dicarbonate groups according to the procedure described in

Example 1. The composition used was as follows:

Component Amount
bisphenol-A 114 g
DIBOC 109 g
DMAP 3.66 g
dichloromethane 200 g
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0.009 0.008 0.007 Dk A 100MHz 25C 4.21 4.02 3.94 Df p 100Mflz 25C
0.007 0.007 0.007 Dk a 500Milz 25C 4.18 3.99 3.89 Dfp 500MHz 25C
0.010 0.008 0.008 Dk @ 1GHz 25C 4.16 4.03 3.88 Df @, 10Hz 25C 0.012
0.007 0.0QNMExDITend TG AR ahdtiGoenaiatied FxabigbediliA was

Ton A TR RO AU BLACR AT 18 CHGHUI Ao e oocured

Bx shcl\éve in Table IX below, the use of modified D.E.R. 539 did not change
ctivity of the varnish and Tg remained similar. The increase of

modified R. 539 changed appearance qf the laminate lear
o o WA XA Gy R ERSRARER AN e 836,28,
wasfrhetidoatifaiiificldh MEK. WwR4teHATIgINiCobypate gveupsarsiple thiél fi®cedure

I T -,

rati¢3 Chpefors)toN1y pitt MIEKIPhR6dIR 4fbdss wadifirdiBdd. RIS his@at@n was as

fong‘%rstgent N.V.in fat (g) 50.44 10027

Component Amount
Perstorp 85.36,28 203 ¢
DIBOC 024 g
DMAP 0.67 mg
MEK 29

The successful modification was confirmed by NMR measurement. After
heating to 220°C and degradation of the carbonate groups, phenolic —OH groups are

regenerated.

Comparative Examples I and 11

In these Comparative Examples, azodicarbonamide, a known foaming agent,
was used as an additive foaming agent and not grafted onto the organic resin; and compared
with a reference material without azodicarbonamide or any other foaming agent as described
in Table III below.

The incorporation of azodicarbonamide as a foaming agent into a resin leads
to a non-stable varnish (precipitation overnight) and a non-homogeneous laminate

(macrobubbles which leads to delamination).
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DICY solution [10 percent N.V. in DOWANOL PM/DMF] (g) 23.28 23.27
23.27 2-MlI [-20 percent N.V. in Me01-11 (g) 0.427 0,465 0.504
DOWANOL PM (g) 2.39 0.41 0.00 PROPERTIES stroke cure reactivity
A 170C (s) 229 232 231 film Tg (cyrings D' (Th, 170C+ 90" @ 190C) (t)

139 137 1:0‘1 I_Ianrl | n_)’ Up Prcpr(\n Dvnparhc\c hmx:\ | -ovehR /\ 1_an‘ (S}
250 250 250 residual gel time (s)|82 ¢ 83w ERIGHIAP P AFRREER N R¥ample 1T
yellow paFé)WTéﬁ tly foamy|pale yglemsdgamy plressiigaestisiiioamide)
‘.2=p1§,L,_90_mi.mJ];es_@_ll.9.D.C,_5.0_NM‘m? 2-ply, 90 minutes @)190C, 50
N/cm2 2-ply X465
f%r}aerceﬁw Vin i %&NANOL 319 31.9
PMI(®
azodicarbonamide (g) 0.35
DICY
[10 percent in DME/DOWANOL PM] (g) 4.76 476
2-Phil
[20 percent N.V. in MeOH] (g) 118 118
PROPERTIES
stroke cure reactivity @ 170°C (s) 241 224
film Tg (°C) 131 131
varnish appearance clear yellow solution 0%122;?&?5; gj}iﬁ;ﬁn’
. s 90 minutes @185°C, 90 minutes @185°C,
pressing conditions 125N/om? 125N/om®
LAMINATE PROPERTIES
laminate resin content {percent) 42 41
whitish opaque,
. inhomogeneous, large
laminate appearance yellow transparent bubbles between layers,
delamination

Examples 7A and 7B
In these Examples, a modified brominated epoxy resin, modified D.E.R. 560,

5  was used to prepare electrical laminate formulations, as described in the following Table IV,
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@190C, 50 N/cm2 LAMINATE PROPERILES appearance yellow,
transparent Pale yellow, translucent very pale yellow, opaque Example

13 D.E.R. 560 was modified according to the procedure described
in Example 3, 5 except with the cofaptsivon described in the following
Table X. The results of measutements;canrgd out on the compositiiyare
also desasibedrigtimaollowing [TabiRréentabigied IHOR MULADIEMNent modified
Example 13 anhydride hardengr solutioni#111) 50 er¢ent N.\DR.ER. 560)
DOWANOL ENASEK 4137. 210 E-R.L. 4299 232.8° g modified D,E.R. 560
desmthedinEXamaEg 5 pefcent N.V A DOWANOL PMA] 26000 g
borlc acid SgiRIdh020 percent N.V. in mgthanol] 38.6 g 2E-41v11 120
ppaseoRNNY  ImopgoReragoey (@R OPERTIES —stroke-curg-reactivity-@~170C—
27? S W@%}m neg%f&TlESﬂ _'p’)‘renpregzmsid_ual ge tli_nje 49ﬁ§3ﬁ15_epreg
IZULTTT7TU P A4S PIessinyg Co TAItons SuU IMrutes
@)%Q&tﬁ@/rmmﬁm@ﬂ;%@ ply, no vagauym, 3.5 N/gm2 LAMINAE
PROPERIIES(g@ppearance whitish TL 183.5 C T300 20 minutes CTE < Tg
DOWANOL PMA (g) 2.67 3.06
boric acid solution
[20 percent in MeOH] () 1.2 139
2E-4MI
[20 percent N.V. in MeOH] (g) _ 0.7 088
PROPERTIES
stroke cure reactivity @ 170°C (s) 231 248
film Tg (°C) 184 183
PREPREG PROPERTIES
preprog resin content (percent) 45 47
prepreg residual gel time (s) 98 65
. - 90 minutes @ 185°C 90 minutes @ 185°C
pressing conditions 40 N/om? 40 N/em?®
LAMINATE PROPERTIES
laminate color whitish translucent white opaque
laminate Tg (°C) 178 182

" The above results show that the modified D.E.R. 560, prepared according to

Example 1, did not change the reactivity of the resin and Tg remained similar. Also, no

thermal degradation was observed during a DSC scan of the fully cured laminate sample up

to 230°C, which means that all thermolabile groups were degraded during the pressing

stage. By increasing the amount of modified D.E.R. 560, the appearance of the laminate

changed from whitish translucent to white opaque because of bigger and more numerous

pores.
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88 ppm/K CTE > Tg 240 ppm/K Td onset 364 C Cu peel 7.6 N/cm IL 94
rating V-0 Dk @ 1MI-lz 25C 3.53 Df g 1MHz 25C 0.007 Dk A 100MHz 25C
3.45 Df @ 100MHz 25C 0.007 Dk A 500MHz 25C 3.41 Df @ 500MHz 25C

. ExafhflR B fmdRBlimATOE tedHC 0.007 Example 14 A

modified brominated epoxy resin solution was prepared ina 5 L glass 5
reactor, eduifise Bwisnplescciramis anstvngs, efmoodified ihg RckeD, arepared

e R R e U

charged into the reactor, and the solution was heated to 90C. After
complete dilution, the solution was cooled down to 25C. 136 5 Grains of
dltert butyl dlcarbonate and 0.38 grpibq;ﬁethyl amlnopyrldlne were added

Example 8B
0 percent

eitn'g lfied D.ER.
OugpAt

ric aczmhsolutlc
Ic DLIULIUII. J.I) I IIB

=>W@ﬂa%tibedf& RieAiePXy equialent
vas 401 (baseg@)on solids). Examples 15A-16

|sphenmbdi\ﬁp¢1@:ﬁdl rﬁéQ/oIac sqlutions were p*epareoHQ a glas$ reactgf g

et an he pe tage jof modification of BPN
Waggg et rﬁ%gmgmag%cent 50 pg%(s:gnt ang 100 %éegfc?ent forl Exa }37?6
m——m&xam Example I5Cand Example 15D, reSpectiVely, as
Shpopettediatie iXdoriewnddae solutions of BAN17 waéd charged into the
leactor and di-€ext-butyl dicarbonate and dimethyl aminnpyridihp were
ncorporiRANGD. Pveagglutions jin portions over a period of 2 h.|Foamiag

[

( 3 Fert-putyrdicgroonate and dimgthy!
aminopyriging:wareontiesuced into tA%10 reactor. Afttr all of the 55
(

|

_pl -tert- butIdZEnte and di ethy |nopyridine3vggre incarporatgd,

for ﬂ ) extra ? hours 0 fnnmlnn

vas notlce%ﬁgﬁg?‘% perlod of{time. The solytions were transparent.
FOdsbitelinfe kbl iEp@nmote GbAlExamde 15B Exampiasl5C ExampleZB51)
35 reactiomteregmepattire (C) 359 35 26hing0 BPN17 [S8mercent] saligkfly(fppmy
$293.0 592.6 459.8 320.2 DI B(bé“{%‘lgm@m 90 minutes @ 90 minutes @
pressing conditions 180°C 190°C 190°C
40 N/em?* 48 N/om® 7 N/cm?
LAMINATE PROPERTIES
color yellow ﬁs¥§fg white opaque
180 minutes/ . .
hig?l pressure cooker test time/H,0 0.27 O.;g(;):::‘fafx/oo 012(1) g:ggj%
pick-up/percent pass 20s solder percent/100 peroent pass percent pass
percent pass
T288 (minutes) 15 10 13
Cu peel (Wem) 14.6 13.6 14.1
solder dip @ 288°C (s) >180 103/106 4/5
solder float @ 288°C (s) > 180 118/116 3/2
UL94 rating V-0 V-0 V-0
Dk @ 1 GHz, 25°C 4.95 4.08 3.93
Df @ 1 GHz, 25°C 0.018 0.020 0.021
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solids in toluenel (g) 198.2 67.3 261.0 363.5 DMAP (g) 0.44 0.15 1.17
0.81 PROPER.11ES percent modification of the phenolic groups
(calculated) (percent) 5.3 10 50 100 15 Examples 16A-16D and
Com_paraifhe Ebavepisultsishow thatibhesedE xandified, VATRUS60, prepared

e AR R i et

renfa@BMithidar) Ol dxxadifitel bfoinated iso § Befin PR, 560 Eithactdé a3

Comparatiye Ex le 'Vl (reference) 21.10 E- P lution [79.6
oSSl e A oe B e BARORt Somely SPRT s
appaaihiﬁ_:émm&laﬂﬁﬁaﬁ@) o3 cleaB yR1fAOS @mﬁ%pmxﬁ,f &gk BPMkgenand more
nungieer%%rsl %%gelsr.] %ﬁ%%%ﬁclh‘?cc c[)?l%tggtrg? ﬁ%es&'&?oﬂof LSEL I%Etznsaﬁg in Examples 8A and
8B is much lower than the reference in Comparative Example III.

Bubbles in Example 8B are visible under the optical microscope. These
bubbles are about 10-100 pm in diameter. Bubbles in the two other samples were not

visible under these conditions.

‘Transmission electron microscopy of Example 8A showed very small
bubbles in the range of from 0.01 pm to 0.15 um, with a number mean average diameter of
0.059 um. The reference Comparative Example III shows no bubbles under these

conditions.

The diameter of pores in the laminate of Example 8A were as follows:

pores diameter | 0.00- | 0.02- | 0.04- | 0.06- ] 0.08- ] 0.10- | 0.12- | >
(um) 0.02 004 | 006 | 008 | 010 | 0012 | 014 | 014

pores concentration 8. 16.5 23.5 34.1 10.6 5.9 1.2 0
(percent)

Mean average diameters: Dn = 0.059 um; Da = 0.065 pm; Dv = 0.069 um

Example 9 and Comparative Example IV

In these Examples, modified D.E.R. 560, prepared according to Example 2D,
was used in a formulation of the present invention and compared to Comparative Example
IV without the modified D.E.R. 560, as described in the following Table V1.

Table VL
FORMULATION Comparative Example IV Example 9
(reference) (nanoporous)
D.E.N. 438 {80 percent N.V. in MEK] (g) 189.69 189.69
modified D.E.R. 560 [70 percent N.V. in 0.00 121.11
DOWANOL PMA] (g)
D.ER. 560 [70 percent N.V. in DOWANOL 24223 121.11
PMA] (g)
Perstorp 85.36,28 261.70 261.70
[50 percent N.V. in DOWANOL PMA] (g)
X7 92505 {50 percent N.V. in cyclohexanone] 90.43 90.43
(&
boric acid solution [20 percent N.V. in MeOH] 7.91 7.91
9]
2B-4MI [20 percent N.V, in MeOH] (g) 5.200 5.200
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10

2.21 1.10 0 13PN17 solution [50 percent solids' (g) 0 9.58 10.22 11.50
12.78 TBBA (g) 9.90 9.90 6.60 6.60 6.60 2-phenyl imidazole solution [20
percent solids] (g) 0.38 0.38 0.25 0.25 0.25 DOWANOL PM (g) 9.50 8.20
4.954.'78 4.60 Table XII cont. TRROVERIAMES  stroke cure reactivity

@170C (s)rreipROBEM 1 247 259 filin appearance [cure|schedule: 10
TGRS @t (i B TIheEy @ T99CTopagge itk o opaleseeit, a fot
W}%%py@@e@m@ear, ablinubopsItens €lear, no pubble
This Example iligstrates that the final morph&%’qy of the epoxy m '#rix
varigbmdithtip Bepee Btoatities of thermolabile groups. 5 Examples 17A-17D
and U OEhRd i@ 1Pdy '~ 180 180
residual gel time (s) 63 65
8-ply, 8-ply,
pressing conditions 90 minutes @ 190°C, | 90 minutes @ 190°C,
7 N/om? 7 N/em?
LAMINATE PROPERTIES
appearance ‘ yellowish, homogeneous| vellowish, homogeneous
Tg (°C) 152 152
T 288 (min) 18 15
CTE < Tg (ppmv/K) 84 68
CTE > Tg (ppm/K) 255 234
Cu peel (N/om) not determined 14.6
Solder float at 288°C (s) 265 135
Solder dip at 288°C (s) 250 130
UL 94 rating V-0 (sum = 24s) V-0 (sum = 24s)
Dk @ 1MHz 25°C 545 4.15
Df @ 1MHz 25°C 0.013 0.012
Dk @ 10MHz 25°C 534 4.06
Df @ 10MHz 25°C 0.013 0.012
Dk @ 100MHz 25°C 5.20 3.95
Df @ 100MHz 25°C 0.014 0.012
Dk @ 500MHz 25°C 5.08 3.87
Df @ 500MHz 25°C 0.016 0.013
Dk @ 1GHz 25°C 4,95 3.82
Df @ 1GHz 25°C 0.017 0.013

The above results show that the use of modified D.E.R. 560, prepared
according to Example 2D, did not change the reactivity of the varnish; and Tg, thermal
stability and flame retardancy remained similar. The dielectric constant of the nanoporous

material in Example 9 is much lower than the reference in Comparative Example IV.

Examples 10A and 10B and Comparative Ef{mnple '

D.E.R. 560 was modified according to the procedure described in Example
2D and used in the formulations described in Table VII below.

Thin (0.40 mm thick) laminates were pressed with and without applying
vacuum. Laminates pressed under vacuum and laminates pressed without vacuum showed

similar thickness and resin content.
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In these Examples, various concentrations of thermolabile groups were
used to prepare the formulations as described in the following Table XB1.
Table X01 FORMULATION Example 17A Example 17B Example 17C
Example 17D Comparative aamplerig{gefgrence) E-BPAPN solution [79.6-

percent solids1 (g) 31.66 31.66] 21 38hddatVeZ 1. T0 BRApReoh SAUTSRLIFL 10C
percent solids in methanol] (g) {L.23Ek4a3082 0.82 @58 z2emadificd BEO0bércent
as des@%é@lrﬁ@@ﬂnple 15C [@ pensermatifies| (gydiB:4p BRg| 2 mudified®.ER.
NAZ solution{50-parcent-solid SR 88)58 10.22 $40k0 12 78 TREH)
R SRR A A mMEE] I/ IO NS\ A NN 2 TE
DEN 780 e LT oy VT SOHIRE =0 P Ceis RIS Y VoH 615
: ffém
" DOWANOL PMA] (5) 375.587 187.793 0.000
modified D.E.R. 560
[70 percent N.V. in DOWANOL PMA] (g) 0.000 187.793 375.587
Perstorp 85.36,28
[50 percent N.V. in MEK] () 450.073 450.073 450.073
X792505
[50 percent N.V. in cyclohexanone] (g) 107311 107.311 107.311
boric acid solution [20 percent N.V. in
13.146 13.146 13.14
MeOH] (g) > 6
28-4MI
[20 percent N.V. in MEK] (¢) 11.268 11.268 11.268
PROPERTIES
stroke cure reactivity @ 170°C (s) 204 213 216
Hand Lay-Up Prepreg Properties
time in oven @ 180°C (s) 260 275 270
residual gel time (s) 44 49 50
Laminate with vacoum ON
2-ply, 2-ply, 2-ply,
\ o , 90 minutes 90 minutes 90 minutes
pressing conditions . @190°C, @190°C, @190°C
50 N/om® 50 N/em® 50 N/em®
LAMINATE PROPERTIES
ADDEATANCe pale yellow, pale yellow, pale yellow,
PP iransparent transparent translucent
laminate resin content (percent) 41 40 42
Tg (°C) 185 185 185
relative Dk (arbitrary unit) reference = 1 0.98 0.92
Laminate with vacuum OFF :
2-ply, 2-ply, 2-ply,
ressing conditions %0 90 minutes 90 minutes
prossing minutes@190°C, @190°C, @190°C,
50 N/cm® 50 N/em® 50 N/em®
LAMINATE PROPERTIES
pale yellow, pale yellow, pale yellow,
appearance transparent transparent transiucent
laminate resin content (percent) 39 39 39
Tg (°C) 185 184 185
relative Dk (arbitrary unit) reference = 1 0.85 0.80

Examples 11A and 11B and Comparative Example VI

D.E.R. 560 was modified according to the procedure described in Example 3

and used in the formulations described in Table VI below. The results of using varying
amounts of the modified D.E.R. 560 are described in the following Table VIIIL
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0.60 4.78 0.60 4.60 DOWA

NOL PM (g)

PROPERI LES

film

appearance [cure schedule: 30 minutes (4)130C + 30 minntes @140C +
90 minntes @190C] opalescent foam clear, very fine bubbles clear, no
bubble clear, no bubble clear, 11akwlebigt10This Example illustrates that

the final morphology of the{epoxy matrix varigs vmlmﬂatamnc ntr&tiopacfive
thennolabile groups. A con pan@empbetween 4 8and Ex&rma (Pnéﬁi?B
showsthatihgitnal morph()l fﬁ‘l“?ﬁ]é lﬁt R{?ﬁ% Wlt th(‘%‘percent
processing conditions, such Z np@f’ amplEtE S yER-
Comparative Example X Exclmq@ﬁgggggbatl nmpressm)
describgrAnsgge following ljable XIV were compared. STable XIV.
[FQRMIUNATH IO BaNQiaratjve Exasapke X (referenc8pExample 18
E-BPRABAMEKIt{eh [79.6 percent solids] (g) 248 0 248 0 modified BPN17
as desé?rE@dﬁﬁPExamge 1%8 [58 gercent ' sollds] (g) 129.9 BPN17
[oresen tids)|(g) 156'4YBBA () 77.4 77.4
modified D.E.R. 560
[65 percent N.V. in DOWANOL 2073.5 2073.5
Pé\éA] (®)
~-4MI
[20 percent N.V. in MEK] (g) 10.7 7.00 7.00
PROPERTIES
stroke cure eactivity @ 170°C.(s) 210 258 258
8-ply, 8-ply,
' N 90 mimft:;l}él 90°C 90 minutes 90 minutes
pressing conditions 10 vacuum, ’ @190°C, @190°C,
150 N/om? no vacuum, no vacuum,
40 N/om® 25 N/em?
LAMINATE PROPERTIES
appearance whitish whitish whitish
Tg (°C) 178 180 179
T 300 (min) 28
CTE < Tg (ppnv/K) 73
CTE > Tg (ppm/K) 199
Cu peel N/cm) 9.0 9.0
UL 94 rating V-0 V-0
Dk @ 1MHz 25°C 4,29 4.10 4.01
Df @ 1MHz 25°C 0.009 0.008 0.007
Dk @ 100MHz 25°C 4.21 4,02 3.94
Df @ 100MHz 25°C 0.007 0.007 0.007
Dk @ 500MHz 25°C 4,18 3.99 3.89
Df @ 500MHz 25°C 0.010 0.008 0.008
Dk @ 1GHz 25°C 4,16 4.03 3.88
Df @ 1GHz 25°C 0.012 0.007 0.007

Examples 12A and 12B and Comparative Example VII
In these Examples, varying amounts of modified D.E.R. 539, prepared

according to the procedure described in Example 4B, were used. As shown in Table IX

below, the use of modified D.E.R. 539 did not change the reactivity of the varnish and Tg

remained similar. The increase of modified D.E.R. 539 changed the appearance of the

laminate, from clear yellow to white opaque, due to larger pores or due to a higher volume

fraction of voids.
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5

2-MI solution [20 percent solids] (g) 8.75 8.75 acetone (g) 30.2 50.7
PROPERTIES stroke cure gel time @130C (s) 180 175 film appearance
[cure schedule: 15 minutes @ 130C + 60 minutes @, 190C] clear, almost

no bubbles clear very fme bubblesTise TH.(mid

point): Tgl (Ed

scan)/Tg2

(rd scan) (C) 195.7/205.5 198.
brominREBROGKESIN solutid

equipped with a mechanical st

7/2mﬂp£axdample

n wegspplspdfed

rf%?ﬁ% %g@% !

b Fample 12AA
n 438 pe: P&és

1gb d

B s A B el v

R. 560 were ché¥géd into

NI, T1LOT. I Jldl

S OT DU VVI'\I

the ré&tdor an

mEdifige 128
cdt9p percent

fit

d the

SolxHensyaEResieanrarUC. A

ter complete dilu

cqommvmemgn 6 Grams of di-tert-butyl dlcar

on, th olut
%Snate

on w,
solu §’r§7(80

Q;EI’G al

11.4 g of dimethyl amino %I’Idlr
ided t3iré solutipn dr?}pf

Ise

bver 53|§€r|od

e solution (5

¥ IJUITGLC al Iu

r, théd-4&iution

JII I ICI.I I_yl

was &¥fited

apty xgg;ii@q qy,%@dm@gr)ooratnd into%H¥ react
“%ﬁﬁﬁﬂmw@bb NO Togaming wes notice

d aftginis perod @idame.

The theemrmmxy equwale

nt weight of the 1

BRI b TR ORES 2

2PA= LUEz

esultant prodyict was 470

ar at'yﬁ Exar

preXy330Am

EPOXY TESI o was prepaq

(cufeD1 & @ 165E5 @480 ) eLRC

et by brernding
etone (H&rein "E

5087 Of D.EF

oxy Blénd").

330, 392G
28.4 G3hms

ol iheIEpUx\Piies thresiiesoluti

bn were weighed

in_glass bottlé

ps. Magnetic

les andliﬁe Lem

eratufdlyas c

Wm@me bat

sququpmgra@era&md of 30 mi

1ut%ni§baltable 7

L.UIII[JUbIlIUI LIS) Ubb‘u I lll:' bUIULIL
period of time, splvent was ren

Clear, NERPERLUEO liquids wd

'S VVB% IIIEU fi

re fln@lyoob,talne
red ﬁQthrmn g

ntrolfSq at
2Q

ovedy@Macuum aehmia2C

. @190°CI he
a\/lfﬂmf\ma na

fop@eliftes
ten@PBEure

at 1 wt percent loss was meas

ThéAMNRIBFB HRIER the fo

IIowmg Table XV,

Table XV

ysid ‘{WQ@’)

Example 13

D.E.R. 560 was modified according to the procedure described in Example 3,

FORMULATION Comparatlve =

20E 28. 4 Epoxy Blend solutlon [70.4 percent solids] (g)

xanvptedBA
(5]

except with the composition described in the following Table X. The results of

measurements carried out on the composition are also described in the following Table X.

Table X.
- FORMULATION Example 13
anhydride hardener solution (AH1) 41372 g
[50 percent N.V, in DOWANOL PMA/MEK] ’

' E.R.L. 4299 232.8¢
modified D.ER. 560 described in Example 3 2600.0
65 percent N.V. in DOWANOL PMA] )

boric acid solution 386 ¢
[20 percent N.V. in methanol] )
2E-4MI 0.0 g
[20 percent N.V. in MEK] :
PROPERTIES
stroke cure reactivity @ 170°C 2728
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15

DB30C (g) 2.25 di-tert-amyl dicarbonate (g) 2.23 diallyl
pyrocarbonate g) 231 diethyl pyrocarbonate (0 2.30 dirnethyl

pyroarebonate (g)  2.35 DMAP [5 percent solids in MEK] (g) 0.76 0.66
0.91 1.04 1.28 PROPERTIES Table X (cont.)

PREPREG PROPERTIES
prepreg residual gel time 493
prepreg minimum melt viscosity @140°C 170 Pa.s
‘ 30 minutes @190°C + 60 minutes
pressing conditions @210°C
8-ply, no vacuum, 3.5 N/cm®
LAMINATE PROPERTIES
appearance whitish
Tg 183.5 °C
T 300 20 minutes
CTE<Tg 88 ppm/K
CTE>Tg 240 ppm/K
Td onset 364 °C
Cu peel 7.6 N/ocm
UL 94 rating V-0
Dk @ 1MHz 25°C 3.53
Df @ 1MHz 25°C 0.007
Dk @ 100MHz 25°C . 3.45
Df @ 100MHz 25°C 0.007
Dk @ 500MHz 25°C 3.41
Df @ 500MHz 25°C 0.007
Dk @ 1GHz 25°C 3.40
Df @ 1GHz 25°C 0.007

Example 14

A modified brominated epoxy resin solution was prepared in a 5 L glass
reactor, equipped with a mechanical stirrer, and a heating jacket; and fitted with a Ny inlet
and an addition funnel. 1225.4 Grams of DOWANOL PMA, 2275.8 g of solid D.E.R. 560
and 310.3 g of E.R.L. 4299 were charged into the reactor, and the solution was heated to
90°C. After complete dilution, the solution was cooled down to 25°C. 136.5 Grams of di-
tert-butyl dicarbonate and 0.38 g of dimethyl aminopyridine were added to the solution in 4
portions over a period of 2 hours. Foaming occurred after multiple charges of di-tert-butyl
dicarbonate and dimethyl aminopyridine. After all of the di-tert-butyl dicarbonate and
dimethyl aminopyridine was added, the solution was stirred for an extra 2 hours at 25°C.
No foaming was noticed after this period of time. The solution was transparent. Then, 51.7
g of boric acid solution (20 percent non-volatile in methanol) was added to the solution.
The solution was stirred for an extra hour. The theoretical epoxy equivalent weight for the

resultant resin was 401 (based on solids).

-30-



percent modification of the secondary hydroxyl groups (calculated)

(percent) 0 50.8 44.6 61.1 69.9 86.4 weight percent of grafted carbonate
(calculated) 0 555 5 5 temperature at 1 weight percent loss measured by

. Exankfiés (92041376 93 110 102 134 10Example 20C gelled during heating
to 190C. This could be due to reactive multifunctional molecules coming

from the Qq@ampaﬁ@nqnmdmmmmmmmnmmmmép@mﬂén a glass
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mco?ﬁgfiﬁed]uﬁg the solutions in portions over a period of 2 h. Foaming occurred after the

charges of di-tert-butyl dicarbonate and dimethyl aminopyridine were introduced into the

10

reactor. After all of the di-tert-butyl dicarbonate and dimethyl aminopyridine were

incorporated into the reactor, the solution was stirred for an extra 2 hours. No foaming was

noticed after this period of time. The solutions were transparent.

Table XI.
FORMULATION Example 15A Example 15B Fxample 15C Example 15D
reaction (tfgperature 35 35 20-30 35
BPN17 {50 percent
solids] () 3293.0 592.6 459.8 320.2
DIBOC [80 percent 198.2 673 261.0 363.5
solids in toluene] (g)
DMAP (2) 0.44 0.15 1.17 0.81
PROPERTIES
percent modification of
the phenolic groups 53 - 10 50 100
(calculated) (percent)

15

Examples 16A-16D and Comparative Example VIII

In these Examples, various concentrations of thermolabile groups were used

to prepare the formulations as described in the following Table XIL

Table XIL
' Comparative
FORMULATION E"f‘gfh E"fggle E"fé‘g’le Exfg‘g’le Example VIIL
(reference)
E-BPAPN solution [79.6 percent solids] 31.66 31.66 21.10 1.10 21.10
() i ' i i i
boric acid solution [20 percent solids in 1.3 123 0.82 0.82 0.82
methanoi] (g) ) ) ’ ) )
modified BPN17 as described in
Example 15C [58 percent solids] (g) 16.57 8.28 2.21 L0 0
BPN17 solution [50 percent solids] (g) 0 9.58 10.22 11.50 12.78
TBBA (g) 9.90 9.90 6.60 6.60 6.60
2-pheny] imidazole solution {20 percent
solids] (¢) 0.38 0.38 0.25 0.25 0.25
DOWANOL PM (g) 9.50 8.20 4.95 4.78 4.60
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10

52.2 2EMI solution [20 percent solids.' (g) 0.60 24.62 MEK (g) 4.87
DOWANOL PMA 25.9 PROPERIIES stroke cure gel time @,130C (a).
365 265 filna Tg (midpoint): Tgl (1st scan)/Tg2 (rd scan) (C) 183.4/184.7
87.4/ 85 3 PREPREG PROPERRHSX Py residual gel time @170C
(s) 4Pm[agﬂmln|mum melt viscpsity (r)140C 41 pregsing condjtions

Aedd-Ded-A\

' gf/\zhz EAMSAT 559

ate Tq (mid RRIRAY: oM (ISt

% qi&émm/meﬁ&o bubble
ute¥PHB0C/20s

~solder dip @260C)

This Example illustrates that tﬁe final morphology of the epoxy matrix varies
with the concentration of thermolabile groups.
Examples 17A-17D and Comparative Example IX

In these Examples, various concentrations of thermolabile groups were used

to prepare the formulations as described in the following Table XIII.

Table XIII.
Comparative
FORMULATION Example 174 | EXemple | Example | Example | oo o) 1y
17B 17C 17D
(reference)
E-BPAPN solution [79.6 31.66 31.66 21.10 21.10 21.10
percent solids] (g)
boric acid solution [20 '
percent solids in methanol] 1.23 1.23 0.32 0.82 0.82
(@)
modified BPN17 as described ‘
in Example 15C [58 percent 16.57 8.28 2.21 1.10 0
solids] (g)
BPN17 solution [50 percent - 0 9.58 10.22 11.50 12.78
solids] (g)
TBBA (g) 9,90 9.90 6.60 6.60 6.60
2-PhI solution [20 percent
solids] (g) 0.60 0.60 0.60 0.60 0.60
DOWANOL PM (g) 9.50 - 8.20 4.95 4,78 4,60
PROPERTIES
film appearance [cure
schedule: 30 mn.mtes opalescent clear, very clear, no clear, no clear, no
@130°C + 30 minutes foam fine bubble | bubble bubble
@140°C + 90 minutes bubbles
@190°C]

This Example illustrates that the final morphology of the epoxy matrix varies
with the concentration of thermolabile groups. A comparison between Example 16 and
Example 17 shows that the final morphology of the epoxy matrix varies with the processing

conditions, such as the curing temperature.
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15

20

100 percent pass/water pick-up -- 0.34 percent UL 94 rating V-0 (sum t=
7s) Dk @, Htfit 25C 4.52 Df @ 1MHz 25C 0.012 Dk @ 100MHz 25C
4.36 D1@ 100MHz 25C 0.012 Dk @ IGHz 25C 4.22 Df @ lalz 25C
0.012 Examples 22A-22D In these Examples, the formulations,
as described in the table below, were 10 prepared; and the properties of

BxdnS f%rfga%%s&)r}gvlglg Qgﬁfa%ﬁ%zgred therefrom were measured. The

esults are SHoWwTrT 1 the TOHOW able XVII. -35- Table XVII.

FORMULATI %Etﬁ{ ion 70 h %é&ﬁ . .
438 soluti?%%gggercen %21%5 llﬁg%go&s gaf%%%%%%ﬁ% as (}zelsﬂgr?g% ir}1(IV
wexamphretbA [50 percent solids] 1801A g boric acid solution [20 percent

solids] 52.2 g DOWANOL PMA 102.9 g 2E-4M1 r20 percent N.V. in
methanol] 29.83g PROPERTIES EallecXdi¥re reactivity @ 170C

scan)/Tg2 (211d scan) 266s 184.3/183.5@ filtk e point): Tffi
JTg2 ( FORMULA)TION t Edfgx?fenx poin ) grlilagblg 18
(reference)
E-BPAPN solution [79.6 percent solids] (g) 248.0 248.0
modified BPN17 as described in Example 15B [58 129.9
percent solids] () .
BPN17 solution [50 percent solids] (g) 1504
TBBA (g) 774 714
2-MI solution [20 percent solids] (g) 8.75 8.75
acetone (g) 30.2 50.7
PROPERTIES
stroke cure gel time @130°C (s) 180 175
film appearance [cure schedule: 15 minutes @ 130°C + clear, almost no
P s @ 190°C] e bubbles clear very fine bubbles
film Tg (mid point): Tgl (1* scan)/Tg2 (2™ scan) (°C) 195.7/205.5 198.7/213.7
Example 19

A modified brominated epoxy resin solution was prepared in a 5 L glass
reactor, equipped with a mechanical stirrer, and a heating jacket; and fitted with a N inlet
and an addition funnel. 1131.9 Grams of DOWANOL PMA and 2102.1 g of solid D.E.R.
560 were charged into the reactor and the solution was heated to 90°C. After complete
dilution, the solution was cooled down to 35°C. 254.6 Grams of di-tert-butyl dicarbonate
solution (80 percent solids in toluene) and 11.4 g of dimethyl aminopyridine solution (5
percent solids in MEK) were added to the solution drop-wise over a period of 30 minutes.
After all of the di-tert-butyl dicarbonate and dimethyl aminopyridine were incorporated into
the reactor, the solution was stirred for an extra hour at 35°C. No foaming was noticed after
this period of time. The theoretical epoxy equivalent weight of the resultant product was
470 (based on solids).

Examples 20A-20F and Comparative Example X1

An epoxy resin solution was prepared by blending 608 g of D.E.R. 330, 392
g of D.E.R. 6615 and 420 g of acetone (herein “Epoxy Blend”). 28.4 Grams of the Epoxy

Blend resin solution were weighed in glass bottles. Magnetic stirrers were placed in the
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PREPREG PROPERTIES Example 22A Example 228 Example 22C
Example 22D prepreg residual gel time @170C (s) 60 60 60 60 prepreg
minimum melt viscosity @140C (Pa.$) 11.511.5 11.5 .11.5 pressing

botdesdiitbtie 1G06efauR0MmErotes) k6 MJIAG2 DR ion@tnd dirteshl
kgf/cra2 190C fqr 90 minu

s, 2 kgf/em2 140C for 1Q mi 5
SRGRB6E T SEFHAIRD L R CARRREFE S0 PRI Tho table
beloRneaciies dikalaapenitionsiasderTiaeahaing iecBisked ShcPA)lLab 3266 After
U s R B o PP, Cl v

viscous liquids were finally obtained.

The temperature at 1 wt percent loss was measured by thermo-gravimetry
analysié (TGA). The results are shown in the following Table XV.

Table XV.
Comparative

Example | Example | Example | Exampl | Example
FORMULATION E’(‘f:f‘;fn’cg) 20A 208 20C | e20D | 20E

Epoxy Blend solution
[70.4 percent solids) 28.4 28.4 284 284 284 284
(8
DIBOC (g) 2.25
di-tert-amyl
dicarbonate (g)
diallyl pyrocarbonate 231
(4] :
diethyl py(rg(;carbonate ‘ : 230
‘ dimethyl
pyroarcbonate (g)'
DYAR {lfd%“iz‘]’e(‘g) 0.76 0.66 091 1.04 1.28

PROPERTIES

percent modification
of the secondary
hydroxyl groups
(calculated) (percent)
weight percent of
grafted carbonate 0 5 5 5 5 5
(calculated)
temperature at 1
weight percent loss
measured by TGA
(WY)

2.23

2.35

0 50.8 446 61.1 69.9 86.4

204 176 93 110 102 134

Example 20C gelled during heating to 190°C. This could be due to reactive
multifunctional molecules coming from the decomposition product released during the

cleavage of the thermolabile group.
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6.2 10 7.3 CTE < Tg (ppm/K) 54 55 30 38 CTE > Tg (ppm/K) 229 226 224
217 Cu peel (N/em) 12.7 UL 94 rating V-0 high pressure cooker test

- (60 minutes (¢)120C/20s solder dip @260C) 100 percent pass /water
pick-up = 0.23 percent 100 percent pass /water pick-up = 0.25 percent
100 percent pass /water pick-up = 0.57 percent 100 percent pass /water

Ex giciégaﬁo.lgﬂﬂcent 100 percent pass /water pick-up = 0.50 percent
/water pick-up = 0.18 percent high pressure cooker test
(120 minu %%Q s%g i Nh VS
pick-up = é%sstg@:)sjgf%gént %1( a 1% @%%%3%%%5%5%%4 %%%am@%cw ore
prefafets aBd0h8 friie?tivkoftikOnRiHes? 36l atind{eoptonaresk therebom-tvers C
5 mea%i?r%é. The results are shown in the following Table X VI

Table XVI.
FORMULATION Example 21A Example 21B
D.E.N. 438 solution [85 percent solids] (g) 34,16 1373.5
modified epoxy resin solution from Example 19 (g) 3791 1566.7
BPN17 solution [50 percent solids] (g) _ 48.06
X7-92535 solution [50 percent solids] (g) 1644.5
boric acid solution [20 percent solids] (g) 1.39 52.2
2E-4MI solution [20 percent solids] (g) 0.60 24.62
MEK (g) 4.87
DOWANOL PMA 25.9
PROPERTIES
stroke cure gel time @130°C (s) 365 265
film Tg (mid point): Tgl (1% scan)/Tg2 (2" scan) (°C) 183.4/184.7 187.4/185.3
PREPREG PROPERTIES
prepreg residual gel time @170°C (s) 41
prepreg minimum melt viscosity @140°C (Pa.s) 41
190°C for 90
pressing conditions minutes (hot charge
@180°C), 2 keflom’
LAMINATE PROPERTIES
appearance opalescent
laminate Tg (mid point):
Tgl (1% soan)/Tg2 (2% sean) (°C) 185/181
T 288 (min) 21
CTE < Tg (ppm/K) 58
CTE > Tg (ppm.K) 179
high pressure cooker test (120 minutes @120°C/20s solder /100 per‘.;e;:t _
dip @260°C) pass/water pick-up =
0.34 percent
UL 94 rating V-0 (sum = 7s)
Dk @ 1Mz 25°C 4.52
Df @ IMHz 25°C 0.012
Dk @ 100MHz 25°C 4.36
Df @ 100MHz 25°C 0.012
Dk @ 1GHz 25°C 422
Df @ 1GHz 25°C 0.012

Examples 22A-22D
In these Examples, the formulations, as described in the table below, were
10  prepared; and the properties of the prepregs and laminates prepared therefrom were

measured. The results are shown in the following Table XVIL
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0.014 0.014 Dk @ 10Hz 25C 4.16 4.55 4.34 Df @ 1GHz 25C 0.015

0.015 0.013 Example 23

A modified 2-ethyl-4-methyl imidazole

solution was prepared in a glass bottle, equipped with a magnetic stirrer.
11.0 Grains of 2-ethyl-4-methyl imigesigsolution (20 percent solids in

DOWANOL I%Mva\)rwasmmlghed in the glasqg bottle; and 5.45 g of di- 5

tert Ubuﬁlﬁ,u 1 é‘(’)}ﬂﬁ&'ﬁ?@

U
[

uULlL Sk)?l&s ercents

s T totUg sy 7S

MCOTRPERER L0k 89

QJQQ]-WISG over a period oﬁggml@utes, at

modiled BRI ES GebbabREI Silatid I$NG A6 ipzeud (ﬁ& butyI
dlcarbonate Aftescﬂill&)f the di- tert butvl dic rbonate ha ng

atio

n of di-

di

incor

transpar?%mmp%@es t%4A1124F and Co paratlve Ex@@ples XII-XIV

mtese EAaIII%ERMIIIIUIdLIUIIb asdescribed |n thetabte DeIOW wer

0 T m 1 s
~ flm Ta (mi s Tel (1 sppn)/Ted (7 scan) , ARk o |
i e SR SR TRE Ak A aegaag
solution percent solids] (g) 60.44 604£@ 60.00 60.00 60.00 DIC
SRPRP kkdiibh R Gl SO 1dsl (gp 15.47 15.36 15.36 15.86 15.36 2E-4M1
soluti@n 1&@ percent solids] (g) 0.484 __modified 2E-4M1 soluti

lmigign@8ngiercent soli 115 11.5 115
viscosity @140°C (Pa.s) HS] ©
pressing conditions 190°C for 90 190°C for 190°C for 90 | 140°Cfor 10
minutes, 90 minutes, minutes, minutes @ 0.5
0.5 kgflem® 1 kgffem? 2 kgflom? kef/om* +
190°C for 90
minutes @ 5
kef/em’
LAMINATE PROPERTIES -
appearance opalescent opalescent clear _opaque
thickness (cm) 1.55 1.66 1.49 1.44
laminate Tg (mid point): Tgl 184/185 181/180 184/184 188/188
(1st scan)/Tg2 (2nd scan)(°C)
T 300 (min) 9 6.2 10 7.3
CTE < Tg (ppm/K) 54 55 30 38
CTE > Tg (ppn/K) 229 226 224 217
Cu peel (N/cm) 12.7
UL 94 rating V-0
high pressure cooker test (60 100 percent 100 percent | 100 percent 100 percent
minutes @120°C/20s solder dip | pass /water | pass /water pass /water pass /water
@260°C) pick-up = pick-up = pick-up = pick~up = 0.18
0.23 percent | 0.25 percent | 0.19 percent percent
high pressure cooker test (120 50 percent 100 percent | 100 percent
minutes @120°C/20s solder dip | pass /water . | pass /water pass /water
@260°C) pick-up = pick-up = pick-up =
0.56 percent | 0.57 percent | 0.50 percent
Dk @ 1MHz 25°C 437 4.7 4.64
Df @ 1MHz 25°C 0.013 0.013 0.012
Dk @ 100MHz 25°C 4.19 4.62 443
Df @ 100MHz 25°C 0.014 0.014 0.014
Dk @ 1GHz 25°C 4.16 4.55 4,34
Df @ 1GHz 25°C 0.015 0.015 0.013
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0.34 0.65 131 1.63 DOWANOL PMA (g) 0.69 0.76 0.76 0.76 0.76 catalyst
concentration (percent, based on solids) 0.19 0.19 0.37 0.74 0.92 2E-4M1
concentration (percent, based on solids) 0.19 0.10 0.19 0.39 0.48

p— EX$§%I3§RTIES stroke cure gel time @)170C (s) 309 675 565 371 322

10

15

ablé XIX. FORMULATION Comparative Example XllI Example 24E
Comparative Example XIV Example 24F 12E2, 592-A80 solution [80

percent soffe@odified 6thyl-Fsmehyd imideralgeeluing Bes mnErddpe glass
botﬁ@,“@’@lﬁiﬁﬂ:)ea ¥h a magnetic stirrer. 11.0 Grams of 2-ethyl-4-methyl imidazole solution

(20 percent solids in DOWANOL PMA) was weighed in the glass bottle; and 5.45 g of di-
tert-butyl dicarbonate solution (80 'percént solids in toluene) was incorporated into the
solution drop-wise over a period of 5 minutes, at 20°C. Foaming happened during the
incorporation of di-tert-butyl dicarbonate. After all of the di-tert-butyl dicarbonate had been
incorporated into the bottle, the solution was stirred for 48 h af 20°C. No foaming was

noticed after this period of time. The solution was transparent.

Examples 24A-24F and Comparative Examples XII-XTV

In these Examples, the formulations, as described in the table below, were

prepared; and the properties measured are shown in Tables XVIII and XIX below.

Table XVIIL
Comparative
Example | Example Example | Example
FORMULATION Example XII 24A 248 24C 24D
D.ER. 592-A80 solution [80 60.44 60.00 | -60.00 60.00 | 60.00
percent solids] (g) :
DICY solution [10 percent 1547 . | 1536 15.36 1536 | 15.36
solids] (g)
2E-4MI solution [20 percent 0.484
solids] (g) ’
modified 2E-4MI solution
from Example 23 [28 percent 0.34 - 0.65 1.31 1.63
solids] (g) :
DOWANOL PMA (g) 0.69 0.76 0.76 0.76 0.76
catalyst concentration
(percent, based on solids) 0.19 0.19 0.37 0.74 0.92
2E-4M1 concentration
(percent, based on solids) 0.19 0.10 0.19 0.39 0.48
PROPERTIES
+ [+]
stroke cure gﬁg‘me @170°C 300 675 565 371 322
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15

7.61 9.29 9.29 2E-4MMI solution [20 percent solids' (g) 0.483 0.15
modified 2E-4M1 solution from Example 23 [28 percent solids1 (g) 1.619
0.19 DOWANOL PMA (g) 0.700.390.10 1.83 1.14 0.10 1.18 0.18 catalyst
concentration (percent, based on solids) (percent)- 2E-4Ml
concentration (percent, based on gglifis){percent) 0.39 0.96 0.10 0.10

PROPERIIES _ SIrokg Cuusugehive [Q E: 1€S) B/ L adplisatiwdroe cure
gel fi %‘%"{5’2‘05‘81?5) 148 Bfple XTI ﬂéﬁ% Example X[y | LXample 24F
D.E.R. 592-A80 solution [80
percent solids] (g)
DICY solution [10 percent
solids] (g)
2E-4MMI solution [20 percent
solids] (g)
modified 2E-4MI solution
from Example 23 [28 percent 1.619 . 0.19
solids] (g)
DOWANOL PMA (g) 0.70 0.10 1.14 1.18
catalyst concentration
(percent, based on solids) 0.39 1.83 0.10 0.18
(percent)
2E-4MI concentration
(percent, based on solids) 0.39 0.96 0.10 0.10
(percent)
PROPERTIES !

stroke cure gel time @140°C
(s

stroke cure gel time @200°C
()

30.16 29.73 36.30 36.27

7.72 7.61 9.29 9.29

0.483 0.15

372 > 900

148 160

This Example shows that modified 2-ethyl-4-methyl imidazole solution from
Example 23 acts as a latent/blocked catalyst. At temperature lower than the unblocking
temperature, the modified 2-ethyl-4-methyl imidazole solution from Example 23, shows no
catalytic activity or a much lower catalytic activity than 2-ethyl-4-methyl imidazole. When
the temperature reaches the unblocking temperature, the catalytic activity of the modified 2~
ethyl-4-methyl imidazole solution from Example 23 increases. Furthermore, the modified
2-ethyl-4-methyl imidazole solution from Example 23 shows almost the same catalytic
efficiency than 2-ethyl-4-methyl imidazole at a temperature higher than the unblocking

temperature.

Example 25

A modified phenol novolac solution was prepared in a glass bottle, equipped
with a magnetic stirrer. 21.51 Grams of XZ-92535 phenol novolac resin solution (50
percent solids in DOWANOL PMA) were weighed in the glass bottle. The phenol novolac
resin was modified with a stochiometric amount of di-tert-butyl dicarbonate in order to cap
all phenol groups. 28.15 Grams of di-tert-butyl dicarbonate solution (80 percent solids in
toluene) and 0.38 g of dimethyl aminopyridine (solid) were incorporated into the solution in
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This Example shows that modified 2-ethyl-4-methyl imidazole solution
from 5 Example 23 acts as a latent/blocked catalyst. At temperature lower
than the unblocking temperature, the modified 2-ethyl-4-methyl irnirlazole

5 peatisisrofram fexd plel B3atstovaswialeadiadiiig. aBtiviting leappeabd dwésig the

. catalytic activity than 2-ethyl-4-methy| hnidazole, When_the temperatur
inchRRAMEON Y CHTELRING LA o AEF A e oA GLRTE oReen
incdepbytédiathid Buehy gl solution wrassxadtelcl 88 40 Q0PESENo foaming was

Furthermore, the mo?itied 10 2-ethyl-4-methyl imidazole solutjon from |
nof&%@:ﬁrﬂ R Busaieeind e thbesahition gt EuHRALIL Wilkha low viscosity.

2-ethyl-4-methyl imidazole at a temperature higher than the unblocking
tempihraCiendrixismngke HxAditg dif KE 919361 way 0186 Jad8tiomiviie Cannon-Fenske

BRI R AOSER SAeAar TUREIELFColion (50 porcent soids i
ighed in the glass bottle., The phenal I
sin was rIOBELATE ALQAT S PR SR AL B TR ) B rolee

resin il tda-baybtaieng growpdradt ddlEranccs tit-setttoyhetoaiiyppaibably

solution (80, percent a%g s in tgluene) and 0.38 g of dimethyl
be‘éﬂﬂﬁ%ﬁl he & 88RShrated into the solution in 5 portions

B over. a period of |h, at 20C while stirring. Foaming happened during the
%ﬁgﬁtion of di-tert-butyl dicarbonate. After all di-tert-butyl dicarbonate

has been ingorpatated into the Qhottle, the solution was stirred for 18h at
e, No foih TS TSE REERER SA B eSTAP S aroF RECATS 4§ ddes bottle
eqtippsparithta widbreticwtitise0389. SGhanisafibE-Re 56Rdriatnsitd @boxy resin
-92535 was 1166,1.cSt; -Fenske, viscosity af th
solifinial Rosa Al AN PR Sepned Bl dgotte. 106
Greappifdithatiheriodgmbpat sblatie (80 peelacshdinwvitiere)undyl0.143 g of
. carbanate group, drastically redyces the solytion viscqsity, probahl .
g SO SR BTGP SRELA S SLCB A e over & peiod
oms)r?ﬁ ’ﬁwm'merlsg 3. ' fDE%geg%%b 'wﬂgmﬁg fagoslof di-
with a magnetic stirrer. .3.Grams o R, rotninated epoxy . .
terfaltyl éiﬁﬁ%%?’%‘?@‘pé%%‘iﬁ%&)ﬁﬁaiﬁ‘mﬂ(ﬁkﬁlw&@%%ﬁ@ﬂrﬁ){% into the
soRlsH, REIR LA w43 5NE:e0 dhiad Uty sHoarpRisnseias {Shcee Meatthis period

solids in toluene) and 0 143 g of 15 dimethyl aminopyridine (solid) were
of s Sha EpIHEPMESBAREBAT Sty Bt RAN iS$9od of 15 minutes, at

25C under stirring. Foaming happened during the incorporation of
ditert-butyl ditarbanaie-Fafisteal @bty dFBIERI 60 iniatmmtd waky resin solution

incorporated intqQ the solutign, the solution was stirred_for 4 a . NQ
RS R H RGP L TGP I & O ook SO0 bioriated
epggpg,g@ﬁegmuwgﬂ wd910giassity. 20The Cannon-Fenske viscosity of

D.E.R. 560 brominated epoxy resin solution was 262.3 cSt; and the

Cannon-Fengke viscosity of the modified D E.A. 560 brominated epox
resin solutio M?E&W?%tﬁ%gmﬂ% IR gi}%&'ﬁ%? ?Ngxécj)up Yof the
brogaanddrypoxsiiexid gihition efitheert-bughunbtedite poxypesituseiufiesolition
tert-putyl carponate groups reduces the solytion 25viscosity, probably
W%@ééf@fg@%?ﬂ?ﬁé%ﬁ?&ﬁ?&@ﬁ %ﬁ%?ﬁ@ogﬁ’ée&o g% To perform
Ethe [Q‘Eoz':?cation in this Example, a 12 L round bottomed flask with a
- ttted lid and equipped with a condenser, mechanical stirrer, N2

inlet, addition funnel and thermacouple was used. An 8 rcent solids

Cohion of DL JEFI5 130 B CREEHOR B e TR e R ped fask
witieafskedoifaved dib vl e dppedwiftog eteidendeB heckaficdb stagetc@liHealet, addition

solytion, viscosity. Dj-tert-buty] dicarhonate (168,7 g, colorless liguid) \
o SRR 5 B R B DD T et L0 ki
dARBIORY KHREIAE)YAR8 chdredanat el ripasie st ovas tis sSdvRTdinoacet ab&one (589 g)

and added drop' -wise to the solution. The addition proceeded over a

30-minute time period to reduce the amd¥mt of 5 foaming in the reactor.

After the addition was complete, the solution was stirred for an additional

3 hours. At the beginning of this time period, the solution was dark brown

in color and filled with bubbles. At completion, no bubbles remained.

Examples 28A-28D In these Examples, the formulations, as
Aeceribed in the tahle helow were 10 nrenared: and the nronertiac




10

Example 28D pressing conditions 190C for 90 minutes, 100 psi 150C for
15 minutes + 190C for 90 minutes, 60 psi 150C for 15 minutes + 190C for
90 minutes, 45 psi 150C for 15 minutes 190C for 90 minutes, 30 psi
to reANAE TSGR RE Pl S Di-aRPBafaieeak i 6 Ea! daloviEeliguid) was
cloudy brown and cloudy brown and cloudy laminate Tg (mid point): Tgl, .
theppdded iR hepERoE Bekihs colui Yo Bepfor ket 16 Drosybarmgy idine

(0.48 bwRiRCERRMINA QT 6 Y adtis304 30 bckforte had RRAYEdroivided® the

CIE> Tg (ppin/C) 307
solution. The addition proceeded over a 30-minute time period to reduce the amount of

foaming in the reactor. After the addition was complete, the solution was stirred for an
additional 3 hours. At the beginning of this time period, the solution was dark brown in
color and filled with bubbles. At completion, no bubbles remained.

Examples 28A-28D

In these Examples, the formulations, as described in the table below, were

prepared; and the properties measured are shown in Tables XX and XXI below.

Table XX.
FORMULATION
modified D.ER. 592 solution as described in Example 27 7055
[76 percent solids] g
XZ 92505 solution [50 percent solids] 643 g
boric acid solution [20 percent solids] 161.7¢g
acetone 80¢g
2E-4M1
[10 percent solids] 13416 ¢
PROPERTIES
stroke cure reactivity @ 150°C 265 s
prepreg residual gel time @170°C 81s
Table XXI.
Example 28A Example 28B Example 28C Example 28D
190°C for 90 150°C for 15 150°C for 15 150°C for 15
ressing condifions minutes, minutes + 190°C | minutes + 190°C | minutes + 190°C
p g 100 psi for 90 minutes, for 90 minutes, for 90 minutes,
60 psi 45 psi 30 psi
LAMINATE
PROPERTIES
brown and clear brown and brown and
appearance cloudy brown and cloudy cloudy
laminate Tg (mid _
point): Tgl (1*
scan)/Tg2 (2™ scan) 167/172 174/180 1741179
(W)

T 260 (min) 7 7 7
Td,5 pezsgr)lt wt loss 302 302 301
CTE < Tg (ppw/°C) 26 42 65
CTE > Tg (ppm/°C) 307 328 332

Cu peel (Ib/in,) 44 4 3.91 3.85
UL 94 rating V-0 V-0 V-0
Dk @ 1MHz 25°C 4.56 4.14 4.05 4.03
Df @ 1MHz 25°C 0.01 0.01 0.01 0.01
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328 332 Cu peel (Ib/in.) 4.4 4 3.91 3.85 UL 94 rating V-0 V-0 V-0 Dk @
1MHz 25C 4.56 4.14 4.05 4.03 Df RD, 1MHz 25C 0,01 0.01 0.01 0.01 Dk
@ 100MHz 25C 4.38 3.97 3.88 3.86 Df @ 100MHz 25C 0.01 0.01 0.01
D Z 25C4837 3.86 3.7433775 Df @ 1GH2825C 0.02 0.03.8501
D @ 10@MB72506s| 204 - A In th&8k Examples fé formulation<0-8
RE@ 18Hz25Cd table SHlow-were-prafbred: dn i Sived ]
D e 2O Lt i etomTFabie e FORMUPRIHON rodindd:
Exdmpldr 2992 201ution as described in Example 27 [76 percent solids] 7455 g
DICY 110 percent solids 1643.5 g 2-MI (10 percent solids) 198.9 g
In these Examples, the formulations, as described in the table below, were

prepared; and the properties measured are shown in Table XXII below.

Table XXII.
FORMULATION
modified D.E.R. 592 solution as described in Example 27 2455
176 percent solids] g
DICY [10 percent solids 16435 ¢
2-MI [10 percent solids] 1989 ¢
PROPERTIES
stroke cure reactivity @ 150°C ’ 297 s
prepreg residual gel time @170°C 81s
Example Example Example Example
294 298 29C 2op | Example 29E
130°C for
) 130°C for 15
ool for | 1rsoctor | B et | 17s°Cfor | minutes+
pressing conditions 1‘5‘3““‘?S= 60 minutes, 60 minutes, | 175°C for 60
pst 60 psi for 60 45 psi mimutes,
Tinutes, 30 psi
60 psi
LAMINATE
PROPERTIES
yellowand | yellowand | yellowand | yellowand yellow and
appearance
clear clear clear clear clear
laminate Tg (msitd
sc;;‘;,‘;;ﬁg,{d(:cm) 154155 | 156155 | 1527155 159/159
o)

T 260 (minutes) 7 7 4 6
4,5 pe;gg;t wt loss 301 302 302 301
CTE < Tg (ppm/°C) 114 65 84
CTE > Tg (ppm/°C) 208 ' 242 233 375

Cu peel (Ib/inch) 6.3 5.92 597 6.36

UL 94 rating V-0 V-0 V-0 V-0
Dk @ 1MHz 25°C 4.5 4.34 4,49 4.28 4.1
Df @ 1MHz 25°C 0.01 0.01 0.01 0.01
Dk @ 100MHz 25°C 4.36 4.14 4.29 4.08 3.96
Df @ 100MHz 25°C 0.01° 0.01 0.01 0.01
Dk @ 1GHz 25°C 4.36 4.09 4.12 3.92 3.79
Df @ 1GHz 25°C 0.01 0.01 0.01 0.01
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PROPERTIES stroke cure reactivity @ 150C 297 s prepreg residual gel
time @170C 81 s Example 29A Example 29B Example 29C Example
29D Example 29E pressing conditions 175C for 60 minutes' 100 psi 175C
Ex$air3€ 30inutes’ 60 psi 130C for 15 minutes + 175C for 60 mirages, 60 psi
175C for 60 minutes, 45 psi 130C for 15 minutes -I- 175C for 60 minutes,

30 psi LAMMNAGH RREBIERIcHar vadglaasisngervsiaolaishairlmepad ina 1 L
gla?rs]q %%: c()%;t E%Vﬁl nd’&%%%%%azggﬁ%%gxf Q%Vga%g(gj jg&%g;lgnr%%qc%eedtgﬁh aNp
inlet and an addition funnel. 316.6 Grams of D.E.R. 669E solution [40 percent NV in
DOWANOL PMA] were charged into the reactor and the temperature was controlled
between 25°C and 30°C. 118.8 Grams of di-tert-butyl dicarbonate solution [80 percent NV
in toluene] and 5.32 g of dimethyl aminopyridine solution [10 percent N.V. in MEK] were
added drop-wisé to the solution ovef aperiod of 2 hours. Foaming occurred during the
incorporation of di-tert-butyl dicarbonate and dimethyl aminopyridine. After all of the di-
tert-butyl dicarbonate and dimethyl aminopyridine were incorporated into the solution, the
solution was stirred for an extra 2 hours at 25°C. The solution was transparent. The

theoretical epoxy equivalent weight was 4179 (based on solids).

The modified D.E.R. 669E solution was then used as an epoxy-functional

foaming agent additive in electrical laminates formulations.

The Cannon-Fenske viscosity at 25°C of D.E.R. 669E solution [40 percent
N.V.] was 1542 cSt; and the Cannon-Fenske viscosity at 25°C of the modified D.E.R. 669E
solution [40.4 percent N.V.] was 743 cSt.

Example 31 and Comparative Example XV -

In this Example, the formulation, as described in the table below, was

prepared and the properties measured are shown in Table XXII below.

Table XXIIL
FORMULATION " i | ‘Comparative Example XV | ° Example 31
X7-92567.01 [65 percent NV] 543.1g 1994.2 ¢
X7-92568.01 [50 percent NV] 6934g 23514 ¢
modified epoxy resin described in Example 30 ' 254.1
[40 percent NV] 18
DOWANOL PMA 584 ¢ 1224 ¢
2E-4M1 140 g 590
[20 percent N.V. in DOWANOL PMA] 8
PREPREG PROPERTIES
prepreg residual gel time @170°C 77 s 728
prepreg minimum melt viscosity @140°C 492 Pa.s 410 Pas
. diti 190°C for 90 minutes, 10 190°C for 90 minutes,
pressing conditions X gf/cm2 10 keflom?®
LAMINATE PROPERTIES
appearance opaque, homogeneous opaque, homogeneous
laminate Tg measured by DMTA @10Hz 195°C 194°C
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154/155 156/155 152/155 159/159 T260 (minutes) 7 7 4 6 Td, 5 percent
wt loss (C) 301 302 302 301 CTE < Tg (ppm/t) 114 65 84 CTE > Tg
(pran/C) 208 , 242 233 375 Cu peel (Ib/inch) 6.3 5.92 5.97 6.36 UL 94

raigh grekétﬁe lzdnﬂm\le@ (120oixot@® 1 MHI@BtSodt Dadk/B4tet pi€k4 P8 0D, pepénbpass/water
2 @260 01 Dk @ TmOoMPLreRetA 36 4. pigkaps 0.30 percent
Dk measured @ IOOMI—Iz (43 percent resin 3.78
content, 7628-type E-glass) 3.50
Df measured @ 100MHz (43 percent resin 0.0078 0.0064
content, 7628-type E-glass) )
strain energy release rate, Gy 0.83 KJ/m® 1.10 KJ/m’

The dielectric constant Dk 6f the nanoporous laminate of the Example 31 was reduced by
7.5 percent compared to the non-porous Comparative Example XV with the same matrix
composition, except the nanoporous additive. The loss factor Df was also reduced by 18
percent. Despite the nanoporous structure, the water uptake and the solder resistance
remained unchanged. The strain energy release rate Gy, of the nanoporous laminate of the
Example 31 was increased by over 32 percent compared to the non-pérous Comparative '
Example XV with the same matrix composition, except the nanoporous additive. The fan-
shaped epoxy fracture regions of the Example 31 (see Figure 1) indicate ductile deformation
of the epoxy resin rich regions. Although not wishing to be bound by any theory, the
nanovoids can act as energy dispersers for cracks by increasing the radius at the crack front
line, if the pores size is adequate. - Despite the higher toughness, the glass transition
temperature remained unéhanggd. Sub-micron size domains or cavities are noticed in the
epoxy at higher magnification. The average pores diameter appears to be about 100 nm,
ranging from less than 30 nm to less than 200 nm. Because of the distortion of the sample,

precise analysis of the pores size was not petformed on the SEM picture.
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4.08 3.96' Df @ 100MHz 25C 0.01 0.01 0.01 0.01 Dk @ 10Hz 25C 4.36
4.09 4.12 3.92 3.79 Df @, 10Hz 25C 0.01 0.01 0.01 0.01 Example 30
A modified high molecular weight epoxy resin solution was prepared ina 1
L glass reactor, equipped with a mechanical stirrer, and a heating jagket) i p
C@%g‘% ted with a N2 inlet and an addition funnel. 316.6 Grams of D ER.
E solution [40 percent NV in 5 DOWANOL PMA.] were charged into
the reactor &nd theAtermpessforenakis Cemroiiper Detweestr 26 CoanuiSOE the steps
of118.8 Grams of di-tert-butyl dicarbonate solution [80 percent NV in
toluene] and 5.32 g of dimethyl aminopyridine solution [10 percent N.V. in
MEK] were @dded ghafpngisetecatheckbiugor ever gaperios mfatimmslabile

Foaming occurred HE‘(‘P&%{ @'Bﬁ%&%ﬁ%@ﬂ/&f %éﬁ%&&%ﬁoﬁi%@%@%@&?@ﬂ% resin

dimethyl aminopyridine. A of the di-"10 tert-butyl onate an
&methyl aminopyriditie avererineodordteel igtththe sehitiogroima solution

was stirred EBS an g@gn%o&%% &fton! lt}?lﬁgllllljﬂl? tWéa§rg§H§9@§%rgthQﬁnng

theoretical epoxy alent weight was 4179 (bas d on solids).
The modified D.E. Rleeegs@&ﬂmronpwasthq@dqasb@l caglaa f&;m%ydﬁ%ctlonal

foaming agepy addeﬂy&llglﬁ'ﬁ%?g%%ﬂ%{ﬂ%%@&m% L%’E%Héﬁ on the organic

Cannon-Fenske viscosity at 2 E.R_ 669E solution [40 percent
N.V.] was 1542 cStesindutleas anpossrsiskenouositp esese;of the

modified D.E.R. 6%1%%%%% %&%gggﬁe@ éé 43 cSt. Example

31 and Comparative Example ample the
formulation,2as desditbeig¢asthel falsienplelsheroviasheeyrepaedd aligninate.

properties measured are shown in Table XXIII below. Table xxm.
FORMULATION Comparative Example XV Example 31 1CZ-92567.01
r65 percent NV] 54B1¢ prososs oiClagy Iowhepgs the grearicorsesd smninated
R \}; et NI/1  modified epoxy resin described in Example 30 [40 percent
254.1 g DOWANOL PMA 58.4 g 122.4 g 2E-4M1 [20 percent N.V. in
DOWANOLPMAI Thropgose of PREPREEFPRORERIIESTesin is a phosphorus-

containing epoxy resin.

5. The process of Claim 1 wherein the organic resin is an epoxy resin
with an epoxy equivalent weight higher than 500.

6. The process of Claim 1 wherein the hydrogen active group is
selected from the group consisting of amines, phenols, thiols, hydroxyls, alcohols, amides,
lactams, carbamates, pyrroles, mercaptans, imidazoles, guanidine and mixtures thereof.

7. The process of Claim 1 wherein the compound containing the
thermolabile group is selected from the group consisting of dicarbonates, derivatives of
dicarbonates, carbazates, derivatives of carbazates, and mixtures thereof.

8. The process of Claim 1 wherein the compound containing the
thermolabile group is tert-butyl dicarbonate.

9. The process of Claim 1 wherein the thermolabile group is a
carbonate.

10. The process of Claim 1 wherein the thermolabile group is tert-butyl

carbonate.
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prepreg residual gel time @,170C 77 s 72 s prepreg minimum melt

viscosity @140C 492 Pa.s 410 Pa.s pressing conditions 190C for 90

minutes, 10 lcgfcm?2 190C for 90 minutes, 10 kgVall2 LAMINATE MCSLLP

PROPERTIES appearance opague homogeneous opaque,

homogeneous laminate Tg measured tE gI\/JTA 10117 1 194C high :

pressure cobKer (oLt (b2t UG (L0000 Shida s B TB et bt n
thpesaanispaasiwatetmickt wpck . tipescegitittcpetr of tiiqrasdAlvaterroups in the

ick-up - 030 perce };'me ured @ 100MH é 3 percent resin content, .

o A 78 B0 Bt e Ch e 1y SO o e Rt soias

content, 7628-typelhegass)sd GO7BM00 64 kidaig enehgntelease rate, Gk

0.83 KJ/m2 1,10 1(1/m2 The dielectric constant Dk of the nanpporou

laminate of the Examy éfoﬁs\?v(gfﬁga%ge%%%mflg El}?eer(S:%rY'? %%%%%@% Scetate
of dyeplostieesGomparativth&rafnple XV with the same matrix composition,

except the ngnoporous additive. The loss factor Df was also reduced b

185 percerrPDespl ee%rgcﬁg%g%é%ﬂ%qs r\lygeﬁ?g,l %Sv%%teélf bsp?gfggngr% %gmount
ofedaentesistaneetsemdioeddlnehanged. The strain energy release rate

Cnc of the oporqus laminate of the. Example 31 was increased

32 percentZ%qmparﬁgast%r?ﬁgs%ﬁggg%ulsl gcl)lrln(%n gtlc\%a )S(%ﬁ%e)r(@%%ﬁ%%{ween
ththe garice ¢siat ixdchm pasipom exaspiting Hanbporoleddditive. The

fan-shaped epoxy fracture reqi of the Example 31 Figure 1

indicate duc i{i)é defrggr%g{%ﬁsi%’?oﬁ e ;fgo\%yerrglsﬁn&]r?c agr%%%ﬁs%%% ugh
anm@byyshingeto be bound by any theory, the nanovoids can act as energy

dispersers f cracﬁb increasing, the radius at the crack f o%)" 1jlft e i

pores size ig Z’dequa %ﬁ%gspﬁt% t%qea Wg%g%tegﬁghthgsrs?t 1gnglifé{sséztgrgr'%s(liti}((}) ane
reb@nyperaie cergmaidedninohanged Sulo!latidequgipesdontains tengevities of from

ar ticed in the epaxy at higher magnification. The average pores
ab&%%n?gte@r%é)pap%ggr%?o %’e about 100 urn, 15 ranging from less than 30 inn to

less than 2008urn. Beeausesith€ldistdriionudithedhngpl¢hpraejdestic compound
to Ha%sis.ég\ﬁ\phw&e&lgi&i%l\év%ﬁcncotrggarﬁ%rmed on the SEM picture. MC S

1. BEEANISA process for ma INg a nanoporous substrate comprising

the steps of (&)grafiihg pntesa bECkbonkE of lzaradnghe b aesim] astiheomviaiilbis

functionalit reacting hydrogen ac i}“?d DS %fl £.0 g{éi% in with

pcg gr%%ﬁ%%%é%%fﬁﬁ?xgq%n%%ﬁ%ﬁ%%géoupg%gprgp nS ;@ comgg%%iﬁon by

blending the26rganidwesgamsontsiimmgnipresitivolabilpgyrogps with at least a

curing agent; and (9)therm Ill;é qlggrading the thermolabile groups grafted

on the organcl%?loreas%lr?ré&gﬁ as 1 produce a nanoporous substrate;

wherein the @rganie resipdsneitepeiyjngsifermolabile group; and

(c) optionally a solvent,

wherein the organic resin is selected from the group consisting of a
brominated epoxy resin, a phosphorus-containing epoxy resin, an epoxy resin with an epoxy
equivalent weight higher than 500, and mixture thereof.

21. The composition of Claim 20 wherein the thermolabile group is a
carbonate.

22. The composition of Claim 20 wherein the thermolabile group is tert-
butyl carbonate.

23. The composition of Claim 20 wherein the thermolabile group is
present in an amount such that the weight percent of thermolabile groups in the resin
composition is from about 0.01 weight percent to about 70 weight percent, based on solids.
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2. The process of Claim | wherein the substrate is a laminate. 3. The

process of Claim 1 wherein the organic resin is a brominatcd 15epoxy

resin. 4. The process of Claim 1 wherein the organic resinisa  ji(SLLP

phosphorus-containing epoxy resin. 5. The process of Claim |

wherein the,qrganig resin is an ep resiywith an epox uival

weight higha than SO0 DbE g Bt K e g qoctre
of gtyive gheuypisisstestethérom the group consisting of amines, phenols,

thiols, hydroxyls, alcaohals, amide . %ﬂrt%ﬁ?{'ﬁt yrrole: .

mereaptans?giymid:iz% ecé),m l?gr.}r%]llo mge’f ?r%%{rr%étures t ere%%lve {l% '?SQF%I n
anpragegSionCladnt 10phssdinatheitcdhneosnd containing the theiwlabile

group is selggted from the gro isting. of di carbon atives.Q

25dicarbona§t§és, cﬁ?ﬁ’g%%%%%%g‘gﬁ?ﬁ%g E%gifzatgﬁogg%%m%\%é Ih
dethrereaiditives in@Gudihg procegsgiClaim 1 wherein the compound

containing tg ther U 0 i 1e 5{2 txlltgﬁge&r onate. trix 2 Ilﬁg

process of fétim 1%%%%%%&%&%@% #e group(% %angb%lr%tg?’ inciiling an
or80101THe propess of Clairdingwheteim e thermolabile group is te butyl

Carbonate.’ 28. The é‘b%r Ié}ﬁfglrﬁzﬁec%%l?ggg%&ev@%ﬁ%& 5]79 Whicﬁl ilg] a laminate

thermolabilé group is present in the composition in an amount such that
ortherepsigHopercistad tnsnitolabile groups in the varnish is between about

0.01 weight percent and. aout 40 VSIS REISEAL PASELARNEE HSine of th

12. The process o C|§]im 1 incl%"gtl;ng a solvent. é) 13.11'%e prlé1 eOss ©
orgfiGitaisinl Owhesidipntissuivgrie islaikei8ne, an acetate of glycol ethers or

mbdures hefol _ procektPRSIRLARESS AL B L ZSTEIN B8 AN AR bice

is present in an amount of from about 10 parts to about 60 parts. .
with alT hegprogess ef@iding toikdiiding ancdiedyiseibe braieskbastiols reewedhe organic
edifthe organic resin and the compound containing the thennolabile group.

16. The process of Claim 15 wherein the catalyst is dimethyl

aminopyridyhle.  The process afifelgnodesuhstali dhmattighaeseimeta feibction

between thesgrgania,{asigand fag, sApPQuREk GORIANG Fe 11EARRAYYA or an

group is done at a temperature of from 15about 15C to about 45C.
alugintefprocess of Claim 1 including adding a du.moplastic compound to

the varnish g%]owegtgﬁ%ﬁ[%%M&f‘s%tams. 19. The process of

Claim 18 wherein the thermoplastic compound is polyphenylene ether,

polyphenyletié oxideyoraligatedapelyphenyleue ether. 2020An organic

resin compagion GABRIFHC( BAIGARIR G, ) compound

containing a thennolabile group; and (e)optionally a solvent, wherein the

organic resid4s selAdEHIRESHTOREYFBED consisting of a 25brominated

epoxy resin @ posRQLSTE ARG FRAIAIEn W FRRRICHESITIAIN 0 and

epoxy equivalent weight higher than'500, and mixture thereof .
The compodiibn of&izgFPP D diclisnotpdamehisathpie syrsies ¢f sid substrate.

carbonate. 35 Tigl HRGEUTERHINER QL&A LNRAESIRE comprises a

theimolabile group is ten- 30butyl carbonate. 23. The composition

regfoRameR0ovh BIBIAREIE TthERRSI AR RO TSEPRESISRITANS P AATBENTE Stich
irﬁB?éﬁ%WS}gﬂ%%&&p%Q&t@mIahiIe groups in the resin composition is

from about 0.01 weight percent to about 70 weight percent, based on

solids. -45- 3. TheAcorinsssitisn ob itk PPwRadeint the setinait of glaim 34.
ketone, an apetate gfl Qbé%ﬁl&%%%&ﬁﬁ%%%@%ﬁ%%%ﬁé%Eh&;ed viscosity by at
composition of Claim 20 wherein the solvent is present in an amount of

leps A tserant coprgEcid absuonoplifacd organic mesimslish prepared by
blending thes%omp%iﬁlgm %&iﬁliearﬁgo\é{{%%%i@%miéws including a
curing agent. 7.A fiber reinforced composite article comprising a.

matrix, includthg ar‘dpskrd rasipgcsgAp aBndse Hekonrib e digreastive groups
at e dRen rinfRsed £ampesits. article of Claim 27, which is a laminate

10or a prepreg for an electric circuit. 29.An electric circuit component

having an insulating coating of the orgédfiic resin composition according to

Claim 28. 30.A process of producing a coated article,

comprising coating the article with an organic resin according to Claim 20,

and heating the coated article to cure the organic 15resin. 31.The process

of Claim 30 wherein the article is a metal foil. 32.The process of Claim 31
wherain the metal foil ic 2 connear foil or an
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aluminum 33.A prepreg comprising: 20(a)a woven fabric, and (b)an
organic resin composition of Claim 20. 34.A laminate comprising: (a) a
substrate including an organic resin composition of Claim 20, and (?EP§LLP
layer of metal disposed on at least one surface of said substrate.

35. The lamijnate of Claim 34 wherein t ubstrate further comprises a
reinforcemét of a ‘EF&Q’&M&O\?,%QB} ﬁw@%@i A FERCARGTRS e
capiiden@rtiaseninpotgirtedan the woven glass fabric. 36.A printed wiring
board (PW13) ma%a of the laminate of Claim 34t 37.A%org§£ic resin_ . d
solution of Gfaim 20 AR ?8%0%“%‘3(0%&&? BY BBl 20 gereent s ane @
blerapareddenths aoansadified organic resin solution. 38.A light weight
composite made of Claim 27. 39.A blocked curi nt made of Claim 20
where the réctive! PhREF SRR O S%rg%?%%aﬁa HifS %%eg 5%2.10&\/%3’”
prodGdBbéponents dtQink thtatcaialystinadendlaiangadavhere the reactive
groups are capped with the themmlabile.groups. .. A siorage
stable one- gck re‘é?ﬁ%ﬁ%?é%%&%nmoghg%gaﬁﬁ%drg i%oaér% b g@&%@lﬁﬁﬁb
impeeRt ebiglaitdsIF abldsAT0 prgadnicorgstatsotutipared @laino2thtidified organic resin
introduces reactive by-(Pro uct comgonﬁnts (H)ripg the cleavage of the
O RPFHSIABTE LD SORBRA T YHRAT P8 S EBRS Bt G aReording to Claim
26 having amdmpratecigugbresscofimbiéast A0 hencdftvdregtipatercomposition
cgmpared fo a ég)n-m.ogified organic resi ] corg%%sition.withc?gth%r dener are
o S SR SR Ay SR BB LS e organie résin
ingaoYpesitionetislaierddimbeareairetiie composition further comprises fiber
reinforcement, wherein the organic resin and a hardener are impregnated
into the fiber reinforcement.
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